wo 20147201172 A1 [N A 00000 0O

(43) International Publication Date

Organization

International Bureau

—~
é

=

\

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

(10) International Publication Number

WO 2014/201172 Al

18 December 2014 (18.12.2014) WIPO I PCT
(51) International Patent Classification:
CO7D 403/12 (2006.01) CO7D 413/04 (2006.01)
CO7D 401/04 (2006.01) CO7D 413/12 (2006.01)
CO7D 403/04 (2006.01) CO7D 417/12 (2006.01)
CO7D 239/26 (2006.01) CO7D 271/06 (2006.01)
CO7D 405/12 (2006.01) CO7D 495/04 (2006.01)

CO7D 409/12 (2006.01)
CO7D 409/14 (2006.01)

AG1K 31/506 (2006.01)
AG1P 3/10 (2006.01)

Enugurthi; 11795 Spruce Run Drive, #C, San Diego, Cali-
fornia 92131 (US). FOWLER, Thomas; 15 Blacksmith
End, Stathern, Melton Mowbray Leicestershire LE14 4EZ
(GB). NOVAK, Andrew; 35 Upper Wellington Street,
Long Eaton Nottinghamshire NG10 4NH (GB). MEGH-
ANI, Premji; 23 Nicolson Road, Loughborough Leicester-
shire LE11 3SD (GB). KNAGGS, Michael; 2 St. Peters
Street, Burton-on-Trent Derbyshire DE15 9AW (GB).

(21) International Application Number: (74) Agents: HERMANNS, Karl, R. et al.; Seed Intellectual
PCT/US2014/041997 Property Law Group PLLC, Suite 5400, 701 Fifth Avenue,
(22) International Filing Date: Secattle, Washington 98104-7064 (US).
11 June 2014 (11.06.2014) (81) Designated States (unless otherwise indicated, for every
- . . kind of national protection available): AE, AG, AL, AM,
(25) Filing Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(26) Publication Language: English BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
L. ) DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(30) Priority Data: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(71) Applicant: RECEPTOS, INC. [US/US]; 10835 Road to OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
the Cure, Suite 205, San Diego, California 92121 (US). SC, SD, SE, 8G, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
(72) Inventors: BOEHM, Marcus, F.; 2811 Maple Street, San ZW.
Diego, California 92104 (US). MARTINBOROUGH, Es-
ther; 5054 Camino Playa Portofino, San Diego, California (84) Designated States (unless otherwise indicated, for every
92124 (US). MOORJANI, Manisha; 8389 Reagan Glen, kind of regional protection available): ARIPO (BW, GH,
San Diego, California 92127 (US). TAMIYA, Junko; 934 GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
Daisy Avenue, Carlsbad, California 92011 (US). HUANG, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
Liming; 12788 Adolphia Court, San Diego, California TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
92129 (US). YEAGER, Adam, R.; 7958 Normal Avenue, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
La Mesa, California 91941 (US). BRAHMACHARY, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, S, SK, SM,
[Continued on next page]
(54) Title: NOVEL GLP-1 RECEPTOR MODULATORS
MWW (1)
R
R, O
(Rs)q n
Y R
R1
Wi

(57) Abstract: Compounds are provided that modulate the glucagon-like peptide 1 (GLP-1) receptor, as well as methods of their
synthesis, and methods of their therapeutic and/or prophylactic use. Such compounds can act as modulators or potentiators of GLP-1
receptor on their own, or with incretin peptides such as GLP-1(7-36) and GLP-1(9-36), or with peptide-based therapies, such as ex -
enatide and liraglutide, and have the following general structure (where "(I)" represents either or both the R and S form of the com -
pound): where A, B, C, Y1, Y2, Z, Ry, Ro, Rs, Ry, Rs, Wy, n, p and q are as defined herein.



WO 20147201172 A1 W00V A0 0 00 00

TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, Published:
KM, ML, MR, NE, SN, TD, TG).

—  with international search report (Art. 21(3))

Declarations under Rule 4.17: —  before the expiration of the time limit for amending the

— as to applicant’s entitlement to apply for and be granted claims and to be republished in the event of receipt of
a patent (Rule 4.17(ii)) amendments (Rule 48.2(h))

— as to the applicant's entitlement to claim the priority of
the earlier application (Rule 4.17(iii))



WO 2014/201172 PCT/US2014/041997

NOVEL GLP-1 RECEPTOR MODULATORS

FIELD OF THE INVENTION

[0001] The invention relates to compounds that bind the glucagon-like peptide 1
(GLP-1) receptor, methods of their synthesis, and methods of their therapeutic and/or
prophylactic use. The present invention is directed to compounds adapted to act as
modulators of the GLP-1 receptor, and potentiators of incretin peptides, such as GLP-
1(7-36) and GLP-1(9-36), as well as peptide-based therapies such as exenatide and
liraglutide.

BACKGROUND

[0002] Glucagon-like peptide 1 receptor (GLP-1R) belongs to Family Bl of the
seven-transmembrane G protein-coupled receptors, and its natural agonist ligand is the
peptide hormone glucagon-like peptide-1 (GLP-1). GLP-1 is a peptide hormone arising
by its alternative enzymatic cleavage from proglucagon, the prohormone precursor for
GLP-1, which is highly expressed in enteroendocrine cells of the intestine, the alpha
cells of the endocrine pancreas (islets of Langerhans), and the brain (Kieffer T. J. and
Habener, J. F. Endocrin. Rev. 20:876-913 (1999);, Drucker, D. J., Endocrinology
142:521-7 (2001); Holst, J. J., Diabetes Metab. Res. Rev. 18:430-41 (2002)). The initial
actions of GLP-1 observed were on the insulin-producing cells of the islets, where it
stimulates glucose-dependent insulin secretion. Subsequently, multiple additional
antidiabetogenic actions of GLP-1 were discovered including the stimulation of the
growth and inhibition of the apoptosis of pancreatic beta cells (Drucker, D. J.,
Endocrinology 144:5145-8 (2003); Holz, G. G. and Chepurny O. G., Curr. Med. Chem.
10:2471-83 (2003); List, J. F. and Habener, J. F., Am. J. Physiol. Endocrinol. Metab.
286:E875-81 (2004)).

[0003] On activation, GLP-1 receptors couple to the a-subunit of G protein, with
subsequent activation of adenylate cyclase and increase of cAMP levels, thereby
potentiating glucose-stimulated insulin secretion. Therefore, GLP-1 is an attractive
therapeutic target to lower blood glucose and preserve the f-cells of the pancreas of

diabetic patients. Glucagon has been used for decades in medical practice within
1
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diabetes and several glucagon-like peptides are being developed for various therapeutic
indications. GLP-1 analogs and derivatives are being developed for the treatment for

patients suffering from diabetes.

SUMMARY OF THE INVENTION

[0004] The present invention is directed to compounds adapted to act as
potentiators or modulators of GLP-1 receptor; methods of their preparation and
methods of their use, such as in treatment of a malcondition mediated by GLP-1
receptor activation, or when modulation or potentiation of GLP-1 receptor is medically
indicated.

[0005] Certain embodiments of the present invention comprise a compound
having the structure of Formula I-R or I-S or a pharmaceutically acceptable isomer,

enantiomer, racemate, salt, isotope, prodrug, hydrate or solvate thereof:
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wherein

A is a 5-, 6- or 7-membered heterocyclyl having one, two or three
heteroatoms where each such heteroatom is independently selected from O, N,
and S, and where any ring atom of such heterocyclyl may be optionally
substituted with one or more of Ry;

B is aryl, aralkyl, heterocyclyl, or heterocyclylalkyl;

C is aryl, aralkyl, heterocyclyl or heterocyclylalkyl, and when C is aryl
A and C may be taken together to form a fused bicyclic ring system between the
5-, 6- or 7-membered heterocyclyl of A and the aryl of C;

Y1 and Y, are both null, or one of Y; or Y, is -NH- or —O- and the other
YiorY;isnull

Z is —C(O)- or —-S(0),-;

each R; is independently H or C, 4 alkyl;

R; is “OH, -O-Rg, -N(R;)-SO3-R7, -NR41R42, —N(R)-(CRRp)m-COORg,
-N(R1)-(CRaRp)m-CO-N(R)(R40), -N(R;1)-(CR4Rp)m-N(R1)C(O)O(Rs), -N(R;)-
(CRaRp)m-N(R1)(R4g), -N(R;)-(CRaRp)m-CO-N(R;)-heterocyclyl, or -N(Rj)-
(CR.Rp)m-heterocyclyl, which heterocyclyl may be optionally (singly or
multiply) substituted with R7;

cach R3 and Ry is independently H, halo, alkyl, alkyl substituted (singly
or multiply) with Rjjalkoxy, haloalkyl, perhaloalkyl, haloalkoxy,
perhaloalkoxy, aryl, heterocyclyl, -OH, -OR7, -CN, -NO,, -NR;R; -C(O)R~, -
C(O)NR;R7, -NR;C(O)R7, -SR7, -S(O)R7, -S(0)2R7, -OS(0)2R7, -S(0),NRR7, -
NR;S(O):R7, -(CR4Rp)mNR R,
-(CRaRp)mO(CR4Rp)mR7,-(CR4Rp)mNR 1(CRRp)mR7 or
-(CR,Rp)mNR1(CR,R},)COORs; or any two R; or R4 groups on the same carbon
atom taken together form oxo;

cach Rj; is independently H, halo, hydroxyl, -NR4;R4;, or alkoxy;

each Ry is independently H, R, alkyl which may be optionally (singly
or multiply) substituted with R;,or R4y and R;taken together with the N atom to
which they are attached form a 3- to 7-membered heterocyclyl which may be

optionally (singly or multiply) substituted with R7;
3
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each R4 and Ry, 1s independently Rag, -(CHR40)»-C(O)O-Rao, -(CHR40)s-
C(0)-Rug, -(CH)»-N(R)(R7), aryl or heteroaryl any of which aryl or heteroaryl
may be optionally (singly or multiply) substituted with Ry; or any two R4; and
Ry4; taken together with the N atom to which they are attached form a 3- to 7-
membered heterocyclyl which may be optionally (singly or multiply) substituted
with R~;

Wi is null or —L;-(CR,Rp)m-L1-Re;

each L, is independently, from the proximal to distal end of the structure
of Formula I-R or I-S, null, -C(O)0O-, -S(0O)-, -S(0)-, -S-, -N(R)-C(O)-N(R)-
, -N(R1)-C(0)-0-, -C(O)- or -S(02)-NR-;

cach R, and Ry, is independently H, halo, alkyl, alkoxy, aryl, aralkyl,
heterocyclyl, heterocyclylalkyl (any of which alkyl, alkoxy, aryl, aralkyl,
heterocyclyl or heterocyclylalkyl may be optionally (singly or multiply)
substituted with R7), -(CHR40)mC(O)OR40, -(CHR40)mOR40, -(CHR40)mSR4o,
-(CHR40)mNR41R42, -(CHR40)mC(O)NR41R42, -(CHR40)mC(O)N(R1)(CHR40)m-
NR41R4, -(CHR49)mC(OIN(R)(CHR40)mC(O)NR41R42, -(CHR40)mC(O)N(R})-
(CHR40)mC(O)OR4g, or -(CHR40)m-S-S-R4; or any two R, and Ry, taken together
with the carbon atom(s) to which they are attached form a cycloalkyl or
heterocyclyl optionally substituted (singly or multiply) with R7; or R; and any
one of R, or Ry, taken together with the atoms to which they are attached form
heterocyclyl optionally substituted (singly or multiply) with R;;

Rs is R7, (CRRy'm-(CR.Ru)m-R7, or -(-L3-(CR,Ry)-L3-R7, wherein the
carbon atoms of any two adjacent -(CR4Rp)m or (CR4Ry): groups may be taken
together to form a double bond (-(C(R,)=(C(R,)-) or triple bond (-C=C-);

Rs is H, alkyl, aryl, heteroaryl, heterocyclyl, heterocycloalkyl, any of
which may be optionally substituted (singly or multiply) with R; or -(CR,Rp)m-
L2-(CR4Rp)m-R7;

cach Ry is independently Rjo; a ring moiety selected from cycloalkyl,
aryl, aralkyl, heterocyclyl or heterocyclylalkyl, where such ring moiety is
optionally (singly or multiply) substituted with R;o; or when a carbon atom
bears two Ry groups such two R groups are taken together to form oxo or

thioxo, or are taken together to form a ring moiety selected from cycloalkyl,
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aryl, heterocyclyl or heterocyclyl, wherein such ring moiety is optionally singly
or multiply substituted with R,¢;

cach Ry is independently H, halo, alkyl, haloalkyl, perhaloalkyl,
-(CR.Rp)mOH,  -(CRRp)mORg, -(CRRp)mCN, -(CR,Rp)mNH(C=NH)NH,,

-(CR.Rp)mNRRg, -(CRaRp)mO(CR.Rp)mRs, ~(CRaRp)mNR1(CRaRp)mRs,
(CRRY-CORs,  -(CRR)mC(O)ORs,  -(CRR)mC(ONRRs, -
(CRaRp)mNR(CR4Rb)mC(O)ORs, -(CRaRp)mNR1C(O)Rs,
~(CR:Rp)mC(O)NR;S(O):Rs, -(CRaRp)mSR, ~(CR.Rp)mS(O)Rs,

-(CRaRp)mS(0)2Rs, -(CR4Rp)mS(0)2NR 1R or -(CRRp)mNR1S(O):Rs;

cach Rg is independently H, alkyl, aryl, -(CRyRp)m-L2-(CR4Rp)m-Rj0r
-(-L3-(CR4Rb)i-)s-Ls-Ry;

L, is independently, from the proximal to distal end of the structure of
Formula I-R or I-S, null, -O-, -OC(O)-, -NR;- , -C(O)NR;-, -N(R;)-C(O)-, -
S(02)-, -S(0)-, -S-, -C(O)- or -S(02)-N(R)-;

each Ls is independently null, -O-, or -N(R)-

cach m is independently 0, 1, 2, 3, 4, 5 or 6;

cach n is independently 0 or 1 or 2;

pis 0, 1,2 or3;

qis0,1,2o0r3;

cach r is independently 2, 3, or 4; and

cach s is independently 1, 2, 3, or 4.

[0006] In certain embodiments, a pharmaceutical composition comprising a
compound of the invention together with at least one pharmaceutically acceptable
carrier, diluent or excipient is provided.

[0007] In certain embodiments, a method of use of a compound of the invention
comprising preparation of a medicament is provided.

[0008] In certain embodiments, the invention provides a pharmaceutical
combination comprising a compound of the invention and a second medicament. In
various such embodiments, the second medicament is an agonist or modulator for
glucagon receptor, GIP receptor, GLP-2 receptor, or PTH receptor, or glucagon-like
peptide 1 (GLP-1) receptor. In various such embodiments, the second medicament is

exenatide, liraglutide, taspoglutide, albiglutide, or lixisenatide or other insulin
5
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regulating peptide. In various embodiment, the second medicament is medically
indicated for the treatment of type Il diabetes. In various embodiments, the second
medicament is a biguanide, a sulfonylurea, a meglitinide, a thiazolidinedione, an o-
glucosidase inhibitor, a bile acid sequestrant, and/or a dopamine-2 agonist, and in more
specific embodiments is metformin (a biguanide) or sitagliptin (a DPPIV inhibitor).
[0009] In certain embodiments, a method of activation, potentiation or agonism of
a GLP-1 receptor is provided comprising contacting the receptor with a compound,
pharmaceutical composition or pharmaceutical combination of the invention.

[0010] In certain embodiments, a method is provided for treatment of a
malcondition in a subject for which activation, potentiation or agonism of a GLP-1
receptor is medically indicated where such method comprises administering to such
subject a compound, pharmaceutical composition or pharmaceutical combination of the
invention. In various such embodiments, selective activation, potentiation or agonism
of a GLP-1 receptor, is medically indicated. In various such embodiments, the
malcondition comprises type I diabetes, type 1l diabetes, gestational diabetes, obesity,
excessive appetite, insufficient satiety, or metabolic disorder.

[0011] In certain embodiments, the invention provides methods for synthesis of
certain compounds including compounds of the invention. In certain other
embodiments, the invention provides certain intermediate compounds associated with

such methods of synthesis.

DETAILED DESCRIPTION OF THE INVENTION

[0012] Certain embodiments comprise a compound having the chiral structure of
Formula I-R or I-S (with the chirality as indicated) or a pharmaceutically acceptable
isomer, enantiomer, racemate, salt, isotope, prodrug, hydrate or solvate thereof:

[0013] Certain embodiments of the present invention comprise a compound
having the structure of Formula I-R or I-S or a pharmaceutically acceptable isomer,

enantiomer, racemate, salt, isotope, prodrug, hydrate or solvate thereof:
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where A, B, C, Y1, Y2, Z, R, Ry, Rs, R4, Rs, Wy, n, p and q are as defined
above.
In certain embodiments, the compounds have the structure of Formula I-R or a
pharmaceutically acceptable isomer, enantiomer, salt, isotope, prodrug, hydrate or
solvate thereof. In other embodiments, the compounds have the structure of Formula I-
S or a pharmaceutically acceptable isomer, enantiomer, salt, isotope, prodrug, hydrate

or solvate thereof.

[0014] In certain embodiments, the compounds can be substantially
enantiomerically pure.

[0015] In certain embodiments, the invention provides a compound of Formula I-
Rand/or Formula I-S where Y; and Y, are null, Z is —C(O)- and A is a 5- or 6-

membered heteroaryl group. Representative compounds of this embodiment include
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compounds of the following structures (wherein “ YWW' ” represents either or both the R

and S form of the compound):
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In certain embodiments, the invention provides a compound where Y; and Y, are null,
Z is —=C(O)- and A is a 5-, 6- or 7-membered non-aromatic heterocyclyl group.
Representative compounds of this embodiment include compounds of the following
structures (wherein “ YWW'” represents either or both the R and S form of the

compound):

14
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[0016] In certain embodiments, the invention provides compounds of ecach of
structures I-R/S (1)-(29) where R, of the phenyl group is H.
[0017] In certain embodiments, the inventions provides compounds of each of

structures I-R/S (1)-(29) where the A group (i.e, the 5-, 6- or 7-membered
heterocyclyl) is not substituted by R4, or substituted by R4 where R4 is alkyl, haloalkyl,

16
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alkoxy, -NR;R; where R; and R; are independently hydrogen or alkyl, or substituted by
two R4 groups which taken together form oxo.

[0018] In certain embodiments, the invention provides a compound of Formula I-
R and/or Formula I-S whereY; and Y, are null, Z is —C(O)- and C is aryl.
Representative compounds of this embodiment include compounds of the following

structures (wherein “ YWW'” represents either or both the R and S form of the

compound):
R
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[0019] In certain embodiments, the invention provides compounds of each of
structures I-R/S (30)-(32) where q is zero.

[0020] In certain embodiments, the invention provides compounds of ecach of
structures I-R/S (30)-(32) where q is one, two or three.

[0021] In certain embodiments, the invention provides compounds of structure I-
R/S(30) where q is one and Rs is -(CR,Rp)m-Lr-(CR,Rp)m-R7 or —(-L3-(CR,Rp),-)s-La-
R7. Representative compounds of this embodiment include compounds of the following

structure (wherein “ YWW' represents either or both the R and S form of the

compound):
R
R, O
>n 0O
A
R7-(CH)nrL2-(CH2)re =/ G
1
Wi RS 33)

[0022] In certain embodiments, the invention provides compounds of structure I-

R/S(33) where R; is H or alkyl and L, is O. Representative compounds of this
embodiment include compounds of the following structure (wherein ““ "YWW' * represents

either or both the R and S form of the compound):

R
R, ©
>n O
Rr-(CHz)rO R/ «
Wi RS 34y
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[0023] In certain embodiments, the invention provides compounds of structure I-
R/S(30) where Rs is R;. Representative compounds of this embodiment include
compounds of the following structure (wherein “ "YWW' ** represents either or both the R

and S form of the compound):

R
R, O
)
n O
A n N 3/p
R/
w
' RIS (35)
[0024] In certain embodiments, the invention provides compounds of structure I-

R/S(35) where R7 is halo, alkyl, haloalkyl, perhaloalkyl, alkoxy, -(CR.Ry)mOH,
-(CRaRp)mORs, -(CRaRp)mCN, -(CR4Rp)mNH(C=NH)NH,,
-(CRaRp)mNRR3 -(CRRp)mO(CR4Rp)mRs,-(CR4Rb)mNR 1 (CRyRb)mR3,-(CR4Rp)mC(O)Rs
, -(CRRp)mC(O)ORs,-(CR Rp)mC(O)NR | Rg,-(CR,Rp)mNR (CRRp)mC(O)ORs,
--(CRaRp)mNRIC(O)Rs,  -(CRRp)mC(O)NR Rg,  -(CR4Rp)mSRg-(CR.Rp)mS(O)Rs,
-(CRaRp)mS(0)2R3s, -(CR Rp)mS(0):NR 1Rs, -(CRaRp)mNR1S(O)2Rs.

[0025] In certain embodiments, the invention provides compounds of structure
I-R/S(35) where Ry is a ring moiety selected from cycloalkyl, aryl, aralkyl, heterocyclyl
or heterocyclylalkyl, where such ring moiety is optionally (singly or multiply)
substituted with halo, -OH, -CN, alkyl, alkoxy, haloalkyl or perhaloalkyl.

[0026] In certain embodiments, the invention provides a compound of Formula I-
Rand/or Formula I-S where Y; and Y, are null, Z is —C(O)- and C is heterocyclyl.
Representative compounds of this embodiment include compounds of the following
structures (wherein “ "WW' > represents either or both the R and S form of the

compound):
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R
R, O
)
(R)asex n 0
< (o)
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R
R, O
(R7)q ) 6
A n N (R3)p
HN R1/
T IR (37)
R
R, O
(R7)q )y 6
A n N (R3)p
< (o)
Wi LR (38)
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R
R, O
(R7)q )y 6
n
A n N (R3)p
HN R1/ e
Wi LR (39)
R
R, O
(R7)q )y 6
n
A n N (R3)p
R
HN
T 1-R/S (40)
R
R, O
(R7)q )

O<

I-R/S (41)
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I-R/S (42)
R
R, O
(R7)
r >n O
N—A LN (Ra)p
R}
Wi iR 43)
R
R, O
(R7)
| >n O
N  N—A ; (Rs)p
/ R/ Q
1
Wi LRss (44)

In certain embodiments, the invention provides compounds of each of

[0027]
structures I-R/S(36)-(44) where R; is halo, alkyl, haloalkyl, perhaloalkyl, alkoxy,
-(CR4Rp)mOH, -(CRaRp)mORs, -(CRaRp)mCN, -(CRaRp)mNH(C=NH)NH,,

-(CR4Rp)mNR R -(CRRp)mO(CR Rp)mRs,-(CR R p)mNR 1 (CR,Rp)mRs,-(CR,Rp)mC(O)Rg

(CRR)mC(O)ORs,  ~(CR.Ry)mC(O)NRRs,  -(CRRy):mNR;(CR.Rb)mC(O)ORs,

2
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«(CR.R)mNR;C(O)Rs,  ~(CR:Rp)mC(ONR{Rs,  -(CR.Rp)mSRs~-(CR.Ry):mS(O)Rs,
~(CRuRb)mS(0):Rs, -(CR,Rb)mS(0):NR R, -(CR.Rp):mNR;S(0),Rs.

In certain embodiments, the invention provides compounds of each of

structures 1-R/S(36)-(44) where R; is a ring moiety selected from cycloalkyl, aryl,

aralkyl, heterocyclyl or heterocyclylalkyl, where such ring moiety is optionally (singly

or multiply) substituted with halo, -OH, -CN, alkyl, alkoxy, haloalkyl or perhaloalky]l.

In certain embodiments, the invention provides a compound of Formula I-

R and/ or Formula I-S whereY, and Y, are null, Z is —C(O)- and B is aryl or aralkyl.

Representative compounds of this embodiment include compounds of the following

structures (wherein “ WW' > represents either or both the R and S form of the

compound):

Rz
R, O
(RS)q >n ®)
A n N
/

(R3)p
R
Wi irs (45)
R2
R, O
(RS)q )n O (Rg)p
@A n N
R/
W1 Lrss (46)
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Ro
R, O
(R5)q >n ®)
R/

R

2
R, O
(Rs)q ) o
@A 5N IA (Ra)p

/
Ri < W rs

(R3)p

Wi I-R/S (47)

(48)
[0030] In certain embodiments, the invention provides compounds of ecach of
structures I-R/S (45)-(48) where W is null.
[0031] Representative compounds of this embodiment include compounds of the

following structure (wherein “ Y"WW' ** represents either or both the R and S form of the

compound):

I-R/S (49)
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[0032] In certain embodiments, the invention provides compounds of structure I-
R/S(49) where R; is halo, alkyl, alkyl substituted with Rji;, alkoxy, haloalkyl,
perhaloalkyl, haloalkoxy, perhaloalkoxy, aryl, heterocyclyl, -OH, -OR7, -CN, -NO,
-NR;R7, ,-C(O)R7, -C(O)NRR7, -NR;C(O)R7, -SR7, -S(O)R7, -S(O);R7, -OS(O),R7, -
S(0)NR; R, -NR;S(O)2R7, -(CRaRp)mNR R,
-(CR.Rp)mO(CR4Rp)mR7,-(CRRp)mNR 1 (CRRp)mR7 o1 -(CR,Rp)mNR 1 (CRRp)COORg,
[0033] In certain embodiments, the invention provides compounds of ecach of
structures I-R/S (45)-(49) where Rj is alkyl.

[0034] In certain embodiments, the invention provides a compound of Formula I-
Rand/or Formula I-S whereY; and Y, are null, Z is —C(O)- and B is heterocyclyl or
heterocyclylalkyl. Representative compounds of this embodiment include compounds
of the following structures (wherein “ "WW' * represents either or both the R and S form

of the compound):

R2
R, O
(Rs)q ) 0
ORati e
/ O

R1 \
Wi rss (50)
Ro
R, O
(Rs)g Y
R1/ HN\
Wi iR (51)
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Wi irss (56)
R
R, O
(RS)q >n 9)
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R
R, O
(RS)q >n ®)
@A n (R3)p
/

R1 s
Wi RS (60)
R2
R, O
(RS)q >n ®)
@A n (R3)p
R/
S
T I-R/S (61)
R2
R, O
(RS)q )n 9)
@A n N (Ra)p
R/
S
T L-R/S (62)
[0035] In certain embodiments, the invention provides compounds of ecach of
structures I-R/S(50)-(62) where W is null.
[0036] In certain embodiments, the invention provides compounds of ecach of

structures I-R/S(50)-(62) where W, is null and Rs is halo, alkyl, alkyl substituted with
R3; alkoxy, haloalkyl, perhaloalkyl, haloalkoxy, perhaloalkoxy, aryl, heterocyclyl, -OH,
-OR7, -CN, -NO,;, -NRR;, ,-C(O)R;, -C(O)NR;R7, -NR;C(O)R7, -SR; -S(O)Rs,
-S(0)2R7, -OS(O);R7, -S(O);NRR, -NR;S(0)2R7, -(CR4Rp)mNR R,
-(CRaRp)mO(CR4Rp)mR7,-(CR4Rp)mNR 1(CRRp)mR7 o1 -(CR4Rp)mNR1(CRaRy).
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[0037] In certain embodiments, the invention provides compounds of each of
structures I-R/S(50)-(62) where W, is null, p is 1 and Rj is alkyl.

[0038] In certain embodiments, the invention provides compounds of each of
structures I-R/S(1)-(62) where R, is —OH, -N(R;)-(CR,Rp)»-COOH or -N(R;)-SO,-R7;
where R; is H; where R, and Ry are independently H, alkyl, alkoxy,
-(CHR40)mC(O)NR41R4;, -(CHR40);mC(O)OR 49, -(CHR40):mNR41R 47, -(CHR40)SR4g, aryl
optionally substituted with R; or wherein R; and any one of R, or Ry, taken together
with the carbon(s) to which they are attached form heterocyclyl; Rg is alkyl; and m is 1
or 2.

[0039] In certain embodiments, the invention provides compounds of the
following structures (wherein “ "YWW' ** represents either or both the R and S form of the

compound):

(R5)q R2 @)
SO
N (Rs)p
RO

I-R/S (63)

[0040] In certain embodiments, the invention provides compounds of structure
I-R/S(63) where A is a 5-membered heteroaryl.
[0041] In certain embodiments, the invention provides compounds of structure
I-R/S(63) where A is a 6-membered heteroaryl.
[0042] In certain embodiments, the invention provides compounds of structure
I-R/S(63) where A is a 6-membered heteroaryl having one or two nitrogen atoms.
[0043] In certain embodiments, the invention provides compounds of structure
I-R/S(63) where A is pyrimindinyl.
[0044] In certain embodiments, the invention provides compounds of structure
I-R/S(63) where A is pyridinyl.
[0045] In certain embodiments, the invention provides compounds of structure
I-R/S(63) where B is aryl.
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[0046] In certain embodiments, the invention provides compounds of structure
I-R/S(63) where B is phenyl.

[0047] In certain embodiments, the invention provides compounds of structure
I-R/S(63) where B is heteroaryl.

[0048] In certain embodiments, the invention provides compounds of structure
I-R/S(63) where B is thiophenyl.

[0049] In certain embodiments, the invention provides compounds of structure
I-R/S(63) where R, is —OH.

[0050] In certain embodiments, the invention provides compounds of structure
I-R/S(63) where R; is -N(R;)(CR,Rp)mCOORs.

[0051] In certain embodiments, the invention provides compounds of structure
I-R/S(63) where R; is -N(R;)SO;R .

[0052] In certain embodiments, the invention provides compounds of structure
I-R/S(63) where R; is -NHCH,COOH.

[0053] In certain embodiments, the invention provides compounds of structure
I-R/S(63) where R, is -NH(CHR,)COOH where Ry, 1s alkyl optionally substituted with
R7, -(CHR40)mOR4, -(CHR40)mSR40, -(CHR40)mNR41R42, -(CHR40)mC(O)NR4iR42,
-(CHR40)mC(O)N(R1)(CHR 40)m-NR41R 42, -(CHR40)mC(O)N(R)(CHR40)mC(O)NR41R 43,
-(CHR40)mC(O)N(R 1 )(CHR 49)mC(O)OR4o or -(CHR49)m-S-S-Ry

[0054] In certain embodiments, the invention provides compounds of structure
I-R/S(63) where R; is -NH(CR,Rp)nCOOH where R, and Ry, are independently H, alkyl
optionally substituted with R7, -(CHR40)mOR49, -(CHR40)mSR40, -(CHR40)mNR41R47,
-(CHR40)mC(O)NR41R42, -(CHR40)mC(O)N(R 1 )(CHR40)m-NR41R4;,
-(CHR40)mC(OIN(R1)-(CHR40)mC(O)NR41 R4,

-(CHR40)mC(OIN(R)(CHR 49)mC(O)ORy 01 -(CHR49)m-S-S-Ryy,

[0055] In certain embodiments, the invention provides compounds of structure
I-R/S(63) where R, is -NR;(CHRp),COOH where R; and R, taken together form
heterocyclyl.

[0056] In certain embodiments, the invention provides compounds of structure
I-R/S(63) where R, is -NR;(CR,R},),,COOH where R; and one of R;, taken together

form heterocyclyl.
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[0057] In certain embodiments, the invention provides compounds of structure
I-R/S(63) where any two R, and Ry, taken together with the carbon to which they are
attached form a cycloalkyl.

[0058] In certain embodiments, the invention provides compounds of structure
I-R/S(63) where R; is -NH(CR,R,),COOH where one of R,and Rpis H and the other
R, and Ryis aryl substituted with R5.

[0059] In certain embodiments, the invention provides compounds of structure
I-R/S(63) where p is 1 or 2 and each R; is independently alkyl, alkoxy, -OH,
perhaloalkyl or .C(O)Rs.

[0060] In certain embodiments, the invention provides compounds of structure
I-R/S(63) where p is 1 and each Rj is alkyl.

[0061] In certain embodiments, the invention provides compounds of structure
I-R/S(63) where q is 1 and Rsis -(CR,Rp)m-Lo-(CRRy)y-R7, and in more specific
embodiments where q is 1 and Rs is (CH;)m-Lo-(CH3)m-R7.

[0062] In certain embodiments, the invention provides compounds of structure
I-R/S(63) where q is 1 and Rs is alkoxy.

[0063] In certain embodiments, the invention provides compounds of the
following structures(wherein “ "YWW' » represents either or both the R and S form of the

compound):

(R5)q CN R2 ®)
O
< > /> < >\ ;
\ N N (Rs)p
(&
I-R/S (64)

[0064] In certain embodiments, the invention provides compounds of structure
I-R/S(64) where B is phenyl or thiophenyl. Representative compounds of this
embodiment include compounds of the following structure (wherein ““ "YWW' * represents

either or both the R and S form of the compound):
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[0065] In certain embodiments, the invention provides compounds of structure
I-R/S(65)-(66) where p is 1 and Rj is alkyl.

[0066] In certain embodiments, the invention provides compounds of structure
I-R/S(65)-(66) where p is 1 and Rj is tert-butyl.

[0067] In certain embodiments, the invention provides compounds of structure
I-R/S(65)-(66) where q is 1 and Rsis alkoxy.

[0068] In certain embodiments, the invention provides compounds of structure
I-R/S(65)-(66) where q is 1 and Rsis Cyg alkoxy.

[0069] In certain embodiments, the invention provides compounds of structure
I-R/S(65)-(66) where q is 1 and Rsis Cg_g alkoxy.

[0070] In certain embodiments, the invention provides compounds of structure
I-R/S(65)-(66) where q is 1 and Rsis Ce alkoxy

[0071] In certain embodiments, the invention provides compounds of structure
I-R/S(65)-(66) where q is 1 and Rsis C; alkoxy.

[0072] In certain embodiments, the invention provides compounds of structure
I-R/S(65)-(66) where q is 1 and Rsis Cg alkoxy.

[0073] In certain embodiments, the invention provides compounds of structure

I-R/S(65)-(66) where q is 1 and Rsis alkyl.
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[0074] In certain embodiments, the invention provides compounds of structure
I-R/S(65)-(66) where q is 1 and Rsis C;4 alkyl.

[0075] In certain embodiments, the invention provides compounds of structure
I-R/S(65)-(66) where q is 1 and Rsis cycloalkyl.

[0076] In certain embodiments, the invention provides compounds of structure
I-R/S(65)-(66) where q is 1 and Rsis cyclopropyl.

[0077] In certain embodiments, the invention provides compounds of structure
I-R/S(65)-(66) where p is 1, R3 is alkyl, q is 1 and Rsis alkoxy.

[0078] In certain embodiments, the invention provides compounds of structure
I-R/S(65)-(66) where p is 1, R is tert-butyl, q is 1 and Rsis Cs alkoxy.

[0079] In certain embodiments, the invention provides compounds of structure
I-R/S(65)-(66) where p is 1, R is tert-butyl, q is 1 and Rsis Ce_g alkoxy.

[0080] In certain embodiments, the invention provides compounds of structure
I-R/S(65)-(66) where p is 1, R is tert-butyl, q is 1 and Rsis Cs alkoxy.

[0081] In certain embodiments, the invention provides compounds of structure
I-R/S(65)-(66) where p is 1, Ry is tert-butyl, q is 1 and Rsis Cy alkoxy.

[0082] In certain embodiments, the invention provides compounds of structure
I-R/S(65)-(66) where p is 1, R is tert-butyl, q is 1 and Rsis Cg alkoxy.

[0083] In certain embodiments, the invention provides compounds of structure
I-R/S(65)-(66) where p is 1, R is tert-butyl, q is 1 and Rsis alkyl.

[0084] In certain embodiments, the invention provides compounds of structure
I-R/S(65)-(66) where p is 1, R is tert-butyl, q is 1 and Rsis C;4 alkyl.

[0085] In certain embodiments, the invention provides compounds of structure
I-R/S(65)-(66) where p is 1, Ry is tert-butyl, q is 1 and Rsis cycloalkyl.

[0086] In certain embodiments, the invention provides compounds of structure
I-R/S(65)-(66) where p is 1, Rs is tert-butyl, q is 1 and Rsis cyclopropyl.

[0087] In certain embodiments, the invention provides compounds of the
following structures(wherein “ WWW' » represents either or both the R and S form of the

compound):
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(R5)q\ =N R2 O
AralkyI4<\: />—©\j 0
N N (Rs)p
-

I-R/S (64-1)

[0088] In certain embodiments, the invention provides compounds of structure
I-R/S(64-1) where B is phenyl or thiophenyl. Representative compounds of this
embodiment include compounds of the following structure (wherein ““ "YWW' * represents

either or both the R and S form of the compound):

(Ro)g —N N
\Ara|ky|—<:/>—©\/\[j 0

N N

H

(Rs)p
I-R/S (65-1)
R
(R5)q\ =N 2 O
Aralky|—<\: p O
N
N R
H | S ( 3)p

I-R/S (66-1)
[0089] In certain embodiments, the invention provides compounds of structure

I-R/S(65-1)-(66-1) where aralkyl is benzyl (-CHphenyl), phenylethyl (-
CH,CH;phenyl) or phenylethylene (-CH=CHphenyl).

[0090] In certain embodiments, the invention provides compounds of structure
I-R/S(65-1)-(66-1) where aralkyl is benzyl (-CHyphenyl).

[0091] In certain embodiments, the invention provides compounds of structure

I-R/S(65-1)-(66-1) where aralkyl is phenylethyl (-CH,CH,phenyl).
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[0092] In certain embodiments, the invention provides compounds of structure
I-R/S(65-1)-(66-1) where aralkyl is phenylethylene (-CH=CHphenyl).

[0093] In certain embodiments, the invention provides compounds of structure
I-R/S(65-1)-(66-1) where p is 1 and Rj is alkyl.

[0094] In certain embodiments, the invention provides compounds of structure
I-R/S(65-1)-(66-1) where p is 1 and Rj is tert-butyl.

[0095] In certain embodiments, the invention provides compounds of structure
I-R/S(65-1)-(66-1) where q is 1 and Rsis alkoxy.

[0096] In certain embodiments, the invention provides compounds of structure
I-R/S(65-1)-(66-1) where q is 1 and Rsis C4 alkoxy.

[0097] In certain embodiments, the invention provides compounds of structure
I-R/S(65-1)-(66-1) where q is 1 and Rsis Ceg alkoxy.

[0098] In certain embodiments, the invention provides compounds of structure
I-R/S(65-1)-(66-1) where q is 1 and Rsis Cg alkoxy

[0099] In certain embodiments, the invention provides compounds of structure
I-R/S(65-1)-(66-1) where q is 1 and Rsis Cy alkoxy.

[00100] In certain embodiments, the invention provides compounds of structure
I-R/S(65-1)-(66-1) where q is 1 and Rsis Cg alkoxy.

[00101] In certain embodiments, the invention provides compounds of structure
I-R/S(65-1)-(66-1) where q is 1 and Rsis alkyl.

[00102] In certain embodiments, the invention provides compounds of structure
I-R/S(65-1)-(66-1) where q is 1 and Rsis C;4 alkyl.

[00103] In certain embodiments, the invention provides compounds of structure
I-R/S(65-1)-(66-1) where q is 1 and Rsis cycloalkyl.

[00104] In certain embodiments, the invention provides compounds of structure
I-R/S(65-1)-(66-1) where q is 1 and Rsis cyclopropyl.

[00105] In certain embodiments, the invention provides compounds of structure
I-R/S(65-1)-(66-1) where aralkyl is benzyl, phenylethyl or phenylethylene, p is 1, Rz is
alkyl, q is 1 and Rs s alkoxy.
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[00106] In certain embodiments, the invention provides compounds of structure
I-R/S(65-1)-(66-1) where aralkyl is benzyl, phenylethyl or phenylethylene, p is 1, Rz is
tert-butyl, q is 1 and Rsis Cy.5 alkoxy.

[00107] In certain embodiments, the invention provides compounds of structure
I-R/S(65-1)-(66-1) where aralkyl is benzyl, phenylethyl or phenylethylene, p is 1, Rz is
tert-butyl, q is 1 and Rsis Ce_g alkoxy.

[00108] In certain embodiments, the invention provides compounds of structure
I-R/S(65-1)-(66-1) where aralkyl is benzyl, phenylethyl or phenylethylene, p is 1, R is
tert-butyl, q is 1 and Rsis Cs alkoxy.

[00109] In certain embodiments, the invention provides compounds of structure
I-R/S(65-1)-(66-1) where aralkyl is benzyl, phenylethyl or phenylethylene, p is 1, Rz is
tert-butyl, q is 1 and Rsis C5 alkoxy.

[00110] In certain embodiments, the invention provides compounds of structure
I-R/S(65-1)-(66-1) where aralkyl is benzyl, phenylethyl or phenylethylene, p is 1, Rz is
tert-butyl, q is 1 and Rsis Cs alkoxy.

[00111] In certain embodiments, the invention provides compounds of structure
I-R/S(65-1)-(66-1) where aralkyl is benzyl, phenylethyl or phenylethylene, p is 1, Rz is
tert-butyl, q is 1 and Rs s alkyl.

[00112] In certain embodiments, the invention provides compounds of structure
I-R/S(65-1)-(66-1) where aralkyl is phenylethylene, p is 1, Rj is tert-butyl, q is 1 and Rs
is alkyl.

[00113] In certain embodiments, the invention provides compounds of structure
I-R/S(65-1)-(66-1) where aralkyl is phenylethylene, p is 1, Rj is tert-butyl, q is 1 and Rs
is Cj_4 alkyl.

[00114] In certain embodiments, the invention provides compounds of structure
I-R/S(65-1)-(66-1) where aralkyl is benzyl, phenylethyl or phenylethylene, p is 1, Rz is
tert-butyl, q is 1 and Rs s cycloalkyl.

[00115] In certain embodiments, the invention provides compounds of structure
I-R/S(65-1)-(66-1) where aralkyl is benzyl, phenylethyl or phenylethylene, p is 1, Rz is
tert-butyl, q is 1 and Rsis cyclopropyl.
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[00116] In certain embodiments, the invention provides compounds of structure
I-R/S(65)-(66) where R, is—N(R;)(CR,Rp)mCOORs. Representative compounds of this
embodiment include compounds of the following structure (wherein “ "YWW' * represents

either or both the R and S form of the compound):

07/0R8
(RaRbc\)m

RN

(Rs)q N o
C <\:N/>_©\I i
N R
H ( 3)p
I-R/S (67)
(RaRbC\)m
R4N
(R5)q —N ®)
< %<\ / i
N
N R
N | S ( 3)p
I-R/S (68)
[00117] In certain embodiments, the invention provides compounds of structure

I-R/S(65-1)-(66-1) where R; is -N(R;)(CR,Rp)nCOORs. Representative compounds of
this embodiment include compounds of the following structure (wherein W >

represents either or both the R and S form of the compound):
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[00118] In certain embodiments, the invention provides compounds of structure
I-R/S(67), (67-1), (68) and (68-1) where R, is hydrogen.
[00119] In certain embodiments, the invention provides compounds of structure
I-R/S(67), (67-1), (68) and (68-1) where Ry is hydrogen.
[00120] In certain embodiments, the invention provides compounds of structure

I-R/S(67), (67-1), (68) and (68-1) where m is 2, R; is hydrogen, each occurrence of R,
and R, are hydrogen, and Rg is hydrogen.

[00121] In certain embodiments, the invention provides compounds of structure
I-R/S(67), (67-1), (68) and (68-1) where m is 2, a single R, (i.e., one of the two) is
hydrogen, each occurrence of Ry, is hydrogen, and Rg is hydrogen.

[00122] In certain embodiments, the invention provides compounds of structure

I-R/S(67), (67-1), (68) and (68-1) where m is 1 and R;, R,, R, and Rg are hydrogen.
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[00123] In certain embodiments, the invention provides compounds of structure
I-R/S(67), (67-1), (68) and (68-1) where m is 1, R, is alkyl and R;, R, and Rg are
hydrogen.

[00124] In certain embodiments, the invention provides compounds of structure
I-R/S(67), (67-1), (68) and (68-1) where m is 1, R, is methyl and R;, R, and Rg are
hydrogen.

[00125] In certain embodiments, the invention provides compounds of structure
I-R/S(67-1)-(68-1) where aralkyl is benzyl (-CHphenyl), phenylethyl (-
CH,CH;phenyl) or phenylethylene (-CH=CHphenyl).

[00126] In certain embodiments, the invention provides compounds of structure
I-R/S(67-1)-(68-1) where aralkyl is benzyl (-CHyphenyl).

[00127] In certain embodiments, the invention provides compounds of structure
I-R/S(67-1)-(68-1) where aralkyl is phenylethyl (-CH,CH,phenyl).

[00128] In certain embodiments, the invention provides compounds of structure
I-R/S(67-1)-(68-1) where aralkyl is phenylethylene (-CH=CHphenyl).

[00129] In certain embodiments, the invention provides compounds of structure
I-R/S(67), (67-1), (68) and (68-1) where p is 1 and Ry is alkyl.

[00130] In certain embodiments, the invention provides compounds of structure
I-R/S(67), (67-1), (68) and (68-1) where p is 1 and Rj is tert-butyl.

[00131] In certain embodiments, the invention provides compounds of structure
I-R/S(67), (67-1), (68) and (68-1) where q is 1 and Rsis alkoxy.

[00132] In certain embodiments, the invention provides compounds of structure
I-R/S(67), (67-1), (68) and (68-1) where q is 1 and Rsis C4galkoxy.

[00133] In certain embodiments, the invention provides compounds of structure
I-R/S(67), (67-1), (68) and (68-1) where q is 1 and Rsis Cgg alkoxy.

[00134] In certain embodiments, the invention provides compounds of structure
I-R/S(67), (67-1), (68) and (68-1) where q is 1 and Rsis Cs alkoxy

[00135] In certain embodiments, the invention provides compounds of structure
I-R/S(67), (67-1), (68) and (68-1) where q is 1 and Rsis C7 alkoxy.

[00136] In certain embodiments, the invention provides compounds of structure

I-R/S(67), (67-1), (68) and (68-1) where q is | and Rsis Cs alkoxy.
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[00137] In certain embodiments, the invention provides compounds of structure
I-R/S(67), (67-1), (68) and (68-1) where q is 1 and Rsis alkyl.

[00138] In certain embodiments, the invention provides compounds of structure
I-R/S(67), (67-1), (68) and (68-1) where q is 1 and Rsis C;_4 alkyl.

[00139] In certain embodiments, the invention provides compounds of structure
I-R/S(67), (67-1), (68) and (68-1) where q is 1 and Rsis cycloalkyl.

[00140] In certain embodiments, the invention provides compounds of structure
I-R/S(67), (67-1), (68) and (68-1) where q is 1 and Rsis cyclopropyl.

[00141] In certain embodiments, the invention provides compounds of structure
I-R/S(67-1)-(68-1) where aralkyl is benzyl, phenylethyl or phenylethylene, p is 1, Rz is
alkyl, q is 1 and Rs s alkoxy.

[00142] In certain embodiments, the invention provides compounds of structure
I-R/S(67-1)-(68-1) where aralkyl is benzyl, phenylethyl or phenylethylene, p is 1, R is
tert-butyl, q is 1 and Rsis Cy.5 alkoxy.

[00143] In certain embodiments, the invention provides compounds of structure
I-R/S(67-1)-(68-1) where aralkyl is benzyl, phenylethyl or phenylethylene, p is 1, Rz is
tert-butyl, q is 1 and Rsis Ce_s alkoxy.

[00144] In certain embodiments, the invention provides compounds of structure
I-R/S(67-1)-(68-1) where aralkyl is benzyl, phenylethyl or phenylethylene, p is 1, Rz is
tert-butyl, q is 1 and Rsis Cg alkoxy.

[00145] In certain embodiments, the invention provides compounds of structure
I-R/S(67-1)-(68-1) where aralkyl is benzyl, phenylethyl or phenylethylene, p is 1, Rz is
tert-butyl, q is 1 and Rsis C5 alkoxy.

[00146] In certain embodiments, the invention provides compounds of structure
I-R/S(67-1)-(68-1) where aralkyl is benzyl, phenylethyl or phenylethylene, p is 1, R is
tert-butyl, q is 1 and Rsis Cs alkoxy.

[00147] In certain embodiments, the invention provides compounds of structure
I-R/S(67-1)-(68-1) where aralkyl is benzyl, phenylethyl or phenylethylene, p is 1, Rz is
tert-butyl, q is 1 and Rs s alkyl.
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[00148] In certain embodiments, the invention provides compounds of structure
I-R/S(67-1)-(68-1) where aralkyl is phenylethylene, p is 1, Rj is tert-butyl, q is 1 and Rs
is alkyl.

[00149] In certain embodiments, the invention provides compounds of structure
I-R/S(67-1)-(68-1) where aralkyl is phenylethylene, p is 1, Rj is tert-butyl, q is 1 and Rs
is Cy_4 alkyl.

[00150] In certain embodiments, the invention provides compounds of structure
I-R/S(67-1)-(68-1) where aralkyl is benzyl, phenylethyl or phenylethylene, p is 1, R is
tert-butyl, q is 1 and Rs s cycloalkyl.

[00151] In certain embodiments, the invention provides compounds of structure
I-R/S(67-1)-(68-1) where aralkyl is benzyl, phenylethyl or phenylethylene, p is 1, Rz is
tert-butyl, q is 1 and Rsis cyclopropyl.

[00152] In certain embodiments, the invention provides compounds of structure
I-R/S(67)-(68) where m is 2, R; is hydrogen, each occurrence of R, and R}, are
hydrogen, and Rg is hydrogen. Representative compounds of this embodiment include
compounds of the following structure (wherein “ "YWW' ** represents either or both the R

and S form of the compound):

HO. _O
(Rs)q —N HN 0
)~ ¢
N N (Ra)p
I-R/S (69)
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[00153] In certain embodiments, the invention provides compounds of structure
I-R/S(69)-(70) where p is 1 and R; is alkyl.
[00154] In certain embodiments, the invention provides compounds of structure
I-R/S(69)-(70) where p is 1 and Rj is tert-butyl.
[00155] In certain embodiments, the invention provides compounds of structure
I-R/S(69)-(70) where q is 1 and Rsis alkoxy.
[00156] In certain embodiments, the invention provides compounds of structure
I-R/S(69)-(70) where q is 1 and Rsis Cyg alkoxy.
[00157] In certain embodiments, the invention provides compounds of structure
I-R/S(69)-(70) where q is 1 and Rsis C; alkoxy.
[00158] In certain embodiments, the invention provides compounds of structure
I-R/S(69)-(70) where p is 1, R3 is alkyl, q is 1 and Rsis C4g alkoxy.
[00159] In certain embodiments, the invention provides compounds of structure
I-R/S(67)-(68) where m is 1 and R;, R, and Rg are hydrogen. Representative
compounds of this embodiment include compounds of the following structure (wherein

“ W represents either or both the R and S form of the compound):
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[00160] In certain embodiments, the invention provides compounds of structure

I-R/S(67)-(68) where m is 2, a single R, (i.e,, one of the two) is hydrogen, each
occurrence of Ry, is hydrogen, and Rg is hydrogen. Representative compounds of this
embodiment include compounds of the following structure (wherein ““ "YWW' * represents

either or both the R and S form of the compound):

HO 0

Ra

(Rs)q CN AN
0]
{ %\ @j
N N
H

(RS)p

I-R/S (73)
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[00161] In certain embodiments, the invention provides compounds of structure

I-R/S(71)-(74) where R, is alkyl optionally substituted with R7, wherein alkyl includes
straight and branched alkyl groups such as methyl, ethyl, n-propyl, iso-propyl, n-butyl,
iso-butyl, sec-butyl and tert-butyl, as well as cycloalkyl groups such as cyclopropyl,
cyclobutyl, cyclopentyl and cyclohexyl.

[00162] In certain embodiments, the invention provides compounds of structure
I-R/S(71)-(74) where R, is methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-
butyl or tert-butyl.

[00163] In certain embodiments, the invention provides compounds of structure
I-R/S(71)-(74) where R, is methyl.

[00164] In certain embodiments, the invention provides compounds of structure
I-R/S(71)-(74) where R, is cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyl.

[00165] In certain embodiments, the invention provides compounds of structure
I-R/S(71)-(74) where R, is heterocycle or heterocyclylalkyl, either which may be
optionally substituted with Rs.

[00166] In certain embodiments, the invention provides compounds of structure
I-R/S(71)-(74) where R, is heterocycle, such as pyrazinyl, pyrimidinyl, pyridazinyl,
thiadiazolyl, oxadiazolyl, imidazolinyl, hexahydropyrimidinyl, diazepanyl, triazinyl,
imidazolyl, pyrrolidinyl, furanyl, tetrahydrofuranyl, tetrahydro-2H-pyranyl, dioxolanyl,
piperidinyl, piperazinyl, morpholinyl, pyrrolyl, pyrazolyl, triazolyl, tetrazolyl, oxazolyl,
isoxazolyl, thiazolyl, pyridinyl, thiophenyl, benzothiophenyl, benzofuranyl,
dihydrobenzofuranyl, indolyl, dihydroindolyl, azaindolyl, indazolyl, benzimidazolyl,
azabenzimidazolyl, benzoxazolyl, benzothiazolyl, benzothiadiazolyl, imidazopyridinyl,

isoxazolopyridinyl, thianaphthalenyl, purinyl, xanthinyl, adeninyl, guaninyl, quinolinyl,
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isoquinolinyl, tetrahydroquinolinyl, quinoxalinyl, and quinazolinyl, any of which may
be optionally substituted with R5.

[00167] In certain embodiments, the invention provides compounds of structure
I-R/S(71)-(74) where R, is aryl or aralkyl, either of which may be optionally substituted
with R-.

[00168] In certain embodiments, the invention provides compounds of structure
I-R/S(71)-(74) where R, is aryl or aralkyl, such as phenyl or benzyl.

[00169] In certain embodiments, the invention provides compounds of structure
I-R/S(71)-(74) where R, is aryl or heteroaryl substituted with R5.

[00170] In certain embodiments, the invention provides compounds of structure
I-R/S(71)-(74) where R, is phenyl or benzyl substituted with hydroxyl.

[00171] In certain embodiments, the invention provides compounds of structure
I-R/S(71)-(74) where R, is -CH(OH)Cg¢Hs.

[00172] In certain embodiments, the invention provides compounds of structure
I-R/S(71)-(74) where R, is -(CHR49)nC(O)OR .

[00173] In certain embodiments, the invention provides compounds of structure
I-R/S(71)-(74) where R, is -(CH;)C(O)OH.

[00174] In certain embodiments, the invention provides compounds of structure
I-R/S(71)-(74) where R, is -(CHR4)mOR 4.

[00175] In certain embodiments, the invention provides compounds of structure
I-R/S(71)-(74) where R, is -(CH;),OH.

[00176] In certain embodiments, the invention provides compounds of structure
I-R/S(71)-(74) where R, is -CH,OH.

[00177] In certain embodiments, the invention provides compounds of structure
I-R/S(71)-(74) where R, is -(CHR4¢)mSR 40.

[00178] In certain embodiments, the invention provides compounds of structure
I-R/S(71)-(74) where R, is -(CH)mSR40, where Ry is H or alkyl.

[00179] In certain embodiments, the invention provides compounds of structure
I-R/S(71)-(74) where R, is -(CHR40)mNR41R4;.

[00180] In certain embodiments, the invention provides compounds of structure

I-R/S(71)-(74) where R, is -(CH)mNR41R4;.
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[00181] In certain embodiments, the invention provides compounds of structure
I-R/S(71)-(74) where R, is -(CHR40)mC(O)NR4;R4,.

[00182] In certain embodiments, the invention provides compounds of structure
I-R/S(71)-(74) where R, is -(CH)mC(O)NR41R4;.

[00183] In certain embodiments, the invention provides compounds of structure
I-R/S(71)-(74) where R, is -CH,C(O)NH, or —-CH,CH,C(O)NH,

[00184] In certain embodiments, the invention provides compounds of structure
I-R/S(71)-(74) where R, is -(CHR49)mC(O)N(R)(CHR40):mNR4 1R 45.

[00185] In certain embodiments, the invention provides compounds of structure

I-R/S(71)-(74) where Ra 18 -(CHz)mC(O)N(Rl)(CHz)mNR41R42.

[00186] In certain embodiments, the invention provides compounds of structure
I-R/S(71)-(74) where R, is -(CHR40)mC(O)N(R1)(CHR40)mC(O)NR 41 R45.
[00187] In certain embodiments, the invention provides compounds of structure

I-R/S(71)-(74) where R, is -(CH2)mC(O)N(R1)(CH2)mC(O)NR41R4,.

[00188] In certain embodiments, the invention provides compounds of structure
I-R/S(71)-(74) where R, is -(CHR40)mC(O)N(R1)(CHR40)mC(O)OR 4.

[00189] In certain embodiments, the invention provides compounds of structure
I-R/S(71)-(74) where R, is -(CH;),C(O)N(R)(CH3)mC(O)OR 4.

[00190] In certain embodiments, the invention provides compounds of structure
I-R/S(71)-(74) where R, is -(CHR49)m-S-S-Ruo.

[00191] In certain embodiments, the invention provides compounds of structure
I-R/S(71)-(74) where R, is -(CH2)m-S-S-Ryp.

[00192] In certain embodiments, the invention provides compounds of structure
I-R/S(71)-(74) wherein, within the R, group, Ri, R4o, R4; and Ry, are hydrogen.

[00193] In certain embodiments, the invention provides compounds of structure
I-R/S(71)-(74) wherein, within the R, group, m is 1.

[00194] In certain embodiments, the invention provides compounds of structure
I-R/S(71)-(74) wherein, within the R, group, m is 2.

[00195] In certain embodiments, the invention provides compounds of structure

I-R/S(71)-(74) where p is 1 and Rj is alkyl.
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[00196] In certain embodiments, the invention provides compounds of structure
I-R/S(71)-(74) where p is 1 and Rj is tert-butyl.

[00197] In certain embodiments, the invention provides compounds of structure
I-R/S(71)-(74) where q is 1 and Rs is alkoxy.

[00198] In certain embodiments, the invention provides compounds of structure
I-R/S(71)-(74) where q is 1 and Rsis C,_g alkoxy.

[00199] In certain embodiments, the invention provides compounds of structure
I-R/S(71)-(74) where q is 1 and Rsis C; alkoxy.

[00200] In certain embodiments, the invention provides compounds of structure
I-R/S(71)-(74) where p is 1, R3 is alkyl, q is 1 and Rsis C4g alkoxy.

[00201] In certain embodiments, the invention provides compounds of structure
I-R/S(67)-(68) where m is 1, Ry, is hydrogen and R; and R, taken together with the
atoms to which they are attached form a heterocyclyl optionally substituted (singly or
multiply) with R;. Representative compounds of this embodiment include compounds
of the following structure (wherein “ "YWW' ” represents either or both the R and S form

of the compound):

OH

AN

R1\

RO %I

(R3)p

I-R/S (75)
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[00202] In certain embodiments, the invention provides compounds of structure

I-R/S(67)-(68) where m is 2, Ry, of the second (CR,Ry) group is hydrogen and R; and
R, of the second (CR,Ry) group taken together with the atoms to which they are
attached form a heterocyclyl optionally substituted (singly or multiply) with R-.
Representative compounds of this embodiment include compounds of the following
structure (wherein “ YWW' represents either or both the R and S form of the

compound):

O

R7\€ Ra/<\kOH

CR;R
R1\ / ab

(R5)q CN N O
O
OO
N N
H

(RS)p

I-R/S (77)
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[00203] In certain embodiments, the invention provides compounds of structure

I-R/S(75)-(78) where R; and R, taken together with the atoms to which they are
attached form azetidinyl, pyrrolindinyl, piperidinyl optionally substituted (singly or
multiply) with R;. Representative compounds of this embodiment include compounds
of the following structure (wherein “ "YWW' represents either or both the R and S form

of the compound):

Rz OH

(RS)q —N N ®)
OGO
H

(R3)p

I-R/S (79)

Ry OH

O Mﬁ

R3)p

I-R/S (80)
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[00204] In certain embodiments, the invention provides compounds of structure
I-R/S(75)-(86) where p is 1 and Rj is alkyl.

[00205] In certain embodiments, the invention provides compounds of structure
I-R/S(75)-(86) where p is 1 and Rj is tert-butyl.

[00206] In certain embodiments, the invention provides compounds of structure

I-R/S(75)-(86) where q is 1 and Rsis alkoxy.
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[00207] In certain embodiments, the invention provides compounds of structure
I-R/S(75)-(86) where q is 1 and Rsis Cyg alkoxy.

[00208] In certain embodiments, the invention provides compounds of structure
I-R/S(75)-(86) where q is 1 and Rsis C; alkoxy.

[00209] In certain embodiments, the invention provides compounds of structure
I-R/S(75)-(86) where p is 1, R3 is alkyl, q is 1 and Rsis C,_g alkoxy.

[00210] In certain embodiments, the invention provides compounds of structure
I-R/S(75)-(86) where R; is absent.

[00211] In certain embodiments, the invention provides compounds of structure
I-R/S(75)-(86) where Ry is hydroxyl.

[00212] In certain embodiments, the invention provides compounds of structure
I-R/S(75)-(86) where R is absent, p is 1, Rz is alkyl, q is 1 and Rsis C4.g alkoxy.
[00213] In certain embodiments, the invention provides compounds of structure
I-R/S(75)-(86) where R~ is hydroxyl, p is 1, R3 is alkyl, q is 1 and Rsis C4s alkoxy.
[00214] In certain embodiments, the invention provides compounds of structure
I-R/S(65)-(66) where R,is—N(R;)-SO;-Rs. Representative compounds of this
embodiment include compounds of the following structure (wherein ““ "YWW' * represents

either or both the R and S form of the compound):

I-R/S (87)
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[00215] In certain embodiments, the invention provides compounds of structure
I-R/S(87)-(88) where R, is hydrogen.
[00216] In certain embodiments, the invention provides compounds of structure

I-R/S(87)-(88) where R; is hydrogen an Rs is alkyl optionally substituted (singly or
multiply) with R+,

[00217] In certain embodiments, the invention provides compounds of structure
I-R/S(65)-(66) where R, is -OH. Representative compounds of this embodiment
include compounds of the following structure (wherein “ YWW' > represents either or

both the R and S form of the compound):

2 — 0
\ />_®\/7j
N N
H

(RS)p

I-R/S (89)

o

(Rs)q —N HO 0
<O ¢
H s (Rs
L/
I-R/S (90)

[00218] In certain embodiments, the invention provides compounds of structure

I-R/S(65)-(66) where R, is—N(R)(R4;). Representative compounds of this embodiment
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include compounds of the following structure (wherein “ YWW' > represents either or

both the R and S form of the compound):

R
R
(R5)q 41\N

OGO

(RS)p

I-R/S (91)

R
R
(R5)q 41\N

et @I

[00219] In certain embodiments, the invention provides compounds of structure
I-R/S(91)-(92) where R4 and Ry, are independently Rap, -(CHR40)n-C(O)OR4g,
-(CHR49)1-C(O)Ryg, -(CH),N(R)(R7), aryl or heteroaryl, which aryl or heteroaryl is

S (R3)p

optionally substituted (singly or multiply) with R».

[00220] In certain embodiments, the invention provides compounds of structure
I-R/S(91)-(92) where R4 is hydrogen and R4 is alkyl optionally substituted (singly or
multiply) with R7.

[00221] In certain embodiments, the invention provides compounds of structure
I-R/S(91)-(92) where Ry, is hydrogen and R4zis -(CHR 49)nC(O)OR 4.

[00222] In certain embodiments, the invention provides compounds of structure
I-R/S(91)-(92) where Ry; is hydrogen and Ra4;is -(CHR40),C(O)Ryo.

[00223] In certain embodiments, the invention provides compounds of structure
I-R/S(91)-(92) where Ry is hydrogen and Ry, is -(CH,),N(R;)(R7).

[00224] In certain embodiments, the invention provides compounds of structure
I-R/S(91)-(92) where Ry; is hydrogen and Ry, is aryl optionally substituted (singly or
multiply) with R7.
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[00225] In certain embodiments, the invention provides compounds of structure
I-R/S(91)-(92) where Ry4; is hydrogen and R4, is heteroaryl optionally substituted
(singly or multiply) with R».

[00226] In certain embodiments, the invention provides compounds of structure
I-R/S(91)-(92) where R4 and Ry, taken together with the N atom to which they are
attached form a 3- to 7-membered heterocyclyl optionally substituted (singly or
multiply) with R7.

[00227] In certain embodiments, the invention provides compounds of structure
I-R/S(91)-(92) where R4, and Ruptaken together with the N atom to which they are
attached form pyrazinyl, pyrimidinyl, pyridazinyl, thiadiazolyl, oxadiazolyl,
imidazolinyl, hexahydropyrimidinyl, diazepanyl, triazinyl, imidazolyl,pyrrolidinyl,
piperidinyl, piperazinyl, morpholinyl, pyrrolyl, pyrazolyl, triazolyl, tetrazolyl, oxazolyl,
isoxazolyl, thiazolyl or pyridinyl, any of which may be optionally substituted (singly or
multiply) with R7.

[00228] In certain embodiments, the invention provides compounds of structure
I-R/S(65)-(66) where R; is—N(R;)(CR,Rp)mCON(R;)(R40). Representative compounds
of this embodiment include compounds of the following structure (wherein * VW »

represents either or both the R and S form of the compound):

/(CRaRb)mCON(R1)(R4O)

(R5)q CN RiN O
O
OO T
N N
H

(R3)p

I-R/S (93)
,(CRaRp)mCON(R1)(Rao)

(R5)q CN R4N ®)
0
O~ L
N N
A

S (R3)p
/

I-R/S (94)
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[00229] In certain embodiments, the invention provides compounds of structure
I-R/S(93)-(94) where m is 1, Ry, is hydrogen and R; and R, taken together with the
atoms to which they are attached form a heterocyclyl optionally substituted (singly or
multiply) with R;. Representative compounds of this embodiment include compounds
of the following structure (wherein “ "YWW' ” represents either or both the R and S form

of the compound):

R7 Ra |
€ iy
R~
(R5)q N

OO
/
\ | N

H

(R3)p

I-R/S (95)

R7 Ra |
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Ri~

CN N\/O
0
PPN,
N N
T
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[00230] In certain embodiments, the invention provides compounds of structure

(R5)q

S (R3)p

I-R/S(93)-(94) where m is 2, Ry, of the second (CR,Ry) group is hydrogen and R; and
R, of the second (CR,Rp) group taken together with the atoms to which they are
attached form a heterocyclyl optionally substituted (singly or multiply) with R,.
Representative compounds of this embodiment include compounds of the following
structure (wherein “ YYWW'** represents either or both the R and S form of the

compound):
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[00231] In certain embodiments, the invention provides compounds of structure

S (RS)p

I-R/S(95)-(98) where R; and R, taken together with the atoms to which they are
attached form azetidinyl, pyrrolindinyl, piperidinyl optionally substituted (singly or
multiply) with R;. Representative compounds of this embodiment include compounds
of the following structure (wherein “ "YWW' ” represents either or both the R and S form

of the compound):
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[00232] In certain embodiments, the invention provides compounds of structure

I-R/S(93)-(104) where p is 1 and Ry is alkyl.
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[00233] In certain embodiments, the invention provides compounds of structure
I-R/S(93)-(104) where p is 1 and Rj is tert-butyl.

[00234] In certain embodiments, the invention provides compounds of structure
I-R/S(93)-(104) where q is 1 and Rs is alkoxy.

[00235] In certain embodiments, the invention provides compounds of structure
I-R/S(93)-(104) where q is 1 and Rsis C4_g alkoxy.

[00236] In certain embodiments, the invention provides compounds of structure
I-R/S(93)-(104) where q is 1 and Rsis C; alkoxy.

[00237] In certain embodiments, the invention provides compounds of structure
I-R/S(93)-(104) where p is 1, Rs is alkyl, q is 1 and Rsis Cy4s alkoxy.

[00238] In certain embodiments, the invention provides compounds of structure
I-R/S(93)-(104) where R is absent or hydroxyl.

[00239] In certain embodiments, the invention provides compounds of structure
I-R/S(93)-(104) where R is absent or hydroxyl, p is 1, Rs is alkyl, q is 1 and Rsis Cag
alkoxy.

[00240] In certain embodiments, the invention provides compounds of structure
I-R/S(93)-(104) where R, is hydrogen.

[00241] In certain embodiments, the invention provides compounds of structure
I-R/S(93)-(104) where Ry is Ry,

[00242] In certain embodiments, the invention provides compounds of structure
I-R/S(93)-(104) where Ry is Ry, R; is -(CR,Rp)mS(0O),Rs, and Rg is -(CRRp)m-Lo-
(CRaRp)m-R;.

[00243] In certain embodiments, the invention provides compounds of structure
I-R/S(65)-(66) where R; 1s-N(R;)(CRaRp)mN(R1)C(O)O(Rs). Representative
compounds of this embodiment include compounds of the following structure (wherein

W represents either or both the R and S form of the compound):
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[00244] In certain embodiments, the invention provides compounds of structure

I-R/S(65)-(66) where R, is-N(R;1)(CR.Rp)mN(R1)(R7). Representative compounds of
this embodiment include compounds of the following structure (wherein *WW' >

represents either or both the R and S form of the compound):

{(CRaRp)mN(R1)(R7)
(R5)q —N R1N ®)
< %<\ / P
H (RS)p
I-R/S (107)
(CRaRp)mN(R1)(R7)
(R5)q —N R4N 0
< %<\ / i
N
N R
H | S ( 3)p
/
I-R/S (108)
[00245] In certain embodiments, the invention provides compounds of structure

I-R/S(65)-(66) where R, is-N(R;)(CR.Rp)mCON(R))heterocyclyl.  Representative
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compounds of this embodiment include compounds of the following structure (wherein

“ WW 2 represents either or both the R and S form of the compound):

CR aRb)mC(O)N(R1)-heterocyclyl

@Cm

I-R/S
(109)
CR aRp)mC(O)N(R¢)-heterocyclyl
3)p
/
I-R/S
(110)
[00246] In certain embodiments, the invention provides compounds of structure

I-R/S(65)-(66) where R, is-N(R;)(CR,Rp)n-heterocyclyl, which heterocyclyl may be
optionally substituted with R;. Representative compounds of this embodiment include
compounds of the following structure (wherein “ "YWW' * represents either or both the R

and S form of the compound):

/(CRaRb)m-heterocycIyI
(Rs)g N RIN_ ¢
( >—< >\ : @)
< > /)
\ N

I-R/S (111)
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/(CRa Rp)m-heterocyclyl
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L ¢
Ut
-R/S (112)

[00247] In certain embodiments, the invention provides compounds of structures
I-R/S(65-1)-(66-1) where R, is as shown in each of structures I-R/S(69) through
I-R/S(112). Such compounds are referred to herein as I-R/S(69-1) through I-R/S(112-
1). For example, structures I-R/S(67-1)-(68-1) depict structures I-R/S(65-1)-(66-1)
when R; is —N(R;)(CR.Rp)mCOORs.  In a similar manner, structures I-R/S(69-1)
through I-R/S(112-1) correspond to structures I-R/S(69) through I-R/S(112), but with
the specific R, group of structures I-R/S(69) through I-R/S(112) serving as the R,
group of structures I-R/S(65-1)-(66-1).

S (R3)p
W,

Iz

[00248] In certain embodiments, the invention provides a compound of Formula I-
R and/or Formula I-S where Y, and Y, are null and Z is —-S(O),-. Representative
compounds of this embodiment include compounds of the following structures (wherein

“ WW represents either or both the R and S form of the compound):

R>
R, O
(Re)q D o
Il
A A N///S (Ra)p
w
T RS 113)
[00249] In certain embodiments, the invention provides compounds of structure

I-R/S(95) where A is pyrimidinyl, B is phenyl and C is phenyl. Representative
compounds of this embodiment include compounds of the following structure (wherein

W represents either or both the R and S form of the compound):
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[00250] In certain embodiments, the invention provides a compound of Formula I-

Rand/or Formula I-S where Y, is null, Y; is —O- and Z is —C(O)-. Representative
compounds of this embodiment include compounds of the following structures (wherein

“ WW 2 represents either or both the R and S form of the compound):

R2
R, O
(Re)q h o
/
oA N (Ro)s
Wi LR (115)
[00251] In certain embodiments, the invention provides a compound of Formula I-

Rand/or Formula I-S where Y, is NH, Y, is null and Z is —C(O)-. Representative
compounds of this embodiment include compounds of the following structures (wherein

“ W represents either or both the R and S form of the compound):
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[00252] In certain embodiments, the invention provides a compound of Formula I-

R and/or Formula I-S where C is aryl and A and C are taken together to form a fused
bicyclic ring system between the 5-, 6- or 7-membered heterocyclyl of A and the aryl of
C. Representative compounds of this embodiment include compounds of the following

structures (wherein “ WWW' > represents either or both the R and S form of the

compound):
R2
R, O
n
R
(Relg Y; ez Ra)p
O] )
W
T RIS 117)
[00253] In certain embodiments, the invention provides compounds of structure

I-R/S(99) where Y, is null and Z is —C(O)-. Representative compounds of this
embodiment include compounds of the following structures where one or both of X,

and Xp is nitrogen (wherein “ "YWW' * represents either or both the R and S form of the

compound)

65



WO 2014/201172 PCT/US2014/041997

R2
R, O
— Xy
(Re)y b o
/ /
XB n N (R3)p
R
Wi Lwrs (118)
[00254] In certain embodiments, the invention provides a pharmaceutical

composition comprising a compound of the invention together with at least one
pharmaceutically acceptable carrier, diluent or excipient.

[00255] In certain embodiments, the invention provides a pharmaceutical
composition comprising a compound of the invention and a second medicament. In
certain of such embodiments, the second medicament is a GLP-1 agonist or a DPPIV
inhibitor.

[00256] In certain embodiments, the invention provides a method of use of
compounds of the invention for preparation of a medicament.

[00257] In certain embodiments, the invention provides a pharmaceutical
combination comprising a compound of the invention and a second medicament. In
various such embodiments, the second medicament is an agonist or modulator for
glucagon receptor, GIP receptor, GLP-2 receptor, or PTH receptor, or glucagon-like
peptide 1 (GLP-1) receptor. In various such embodiments, the second medicament is
exenatide, liraglutide, taspoglutide, albiglutide, or lixisenatide or other insulin
regulating petptide. In various such embodiments, the second medicament is a DPPIV
inhibitor, such as sitagliptin. In various such embodiments, the second medicament is
medically indicated for the treatment of type Il diabetes. In various combinations, the
second medicament is a sodium-glucose co-transporter (SGLT) inhibitor, such as a
SGLT1 and/or SGLT2 inhibitor. In various such embodiments, the second medicament
is a biguanide such as metformin, a sulfonylurea such as glibenclamide, glipizide,

gliclazide, and glimepiride, a meglitinide such as repaglinide and mateglinide, a
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thiazolidinedione such as pioglitazone and rosiglitazone, an o-glucosidase inhibitor
such as acarbose and miglitol, a bile acid sequestrant such as colesevelam, and/or a
dopamine-2 agonist such as bromocriptine.

[00258] In certain embodiments, the invention provides a pharmaceutical
composition comprising a compound of the invention and a second medicament,
wherein the second medicament is metformin.

[00259] In certain embodiments, the invention provides a pharmaceutical
composition comprising a compound of the invention and a second medicament,
wherein the second medicament is sitagliptin.

[00260] In certain embodiments, a method is provided for activation, potentiation
or agonism of a glucagon-like peptide 1 comprising contacting the receptor with an
effective amount of a compound, pharmaceutical composition or pharmaceutical
combination of the invention.

[00261] In further embodiments, a method is provided for activation or agonism of
a GLP-1 receptor by contacting the receptor with an effective amount of an invention
compound and GLP-1 peptides GLP-1(9-36) and GLP-1(7-36), pharmaceutical
composition or pharmaceutical combination, wherein the GLP-1 receptor is disposed
within a living mammal; in certain embodiments wherein such mammal is a human.
[00262] In certain embodiments, a method is provided for treatment of a
malcondition in a subject for which activation, potentiation or agonism of a GLP-1
receptor is medically indicated, by administering an effective amount of an invention
compound to the subject at a frequency and for a duration of time sufficient to provide a
beneficial effect to the patient. In yet further embodiments, a method is provided for
treatment of a malcondition in a patient for which activation, potentiation, or agonism
of a GLP-1 receptor is medically indicated, by administering an effective amount of an
invention compound to the patient at a frequency and for a duration of time sufficient to
provide a beneficial effect to the patient, wherein the malcondition comprises type I
diabetes, type II diabetes, gestational diabetes, obesity, excessive appetite, insufficient
satiety, or metabolic disorder. In certain embodiments, the subject is a patient or a
human being. In certain embodiments, the human being is afflicted with, or at risk of

developing, a disease or condition selected from the group consisting of type I diabetes,
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type II diabetes, gestational diabetes, obesity, excessive appetite, insufficient satiety,
and metabolic disorder. In certain of such embodiments, said disease is type I diabetes
or type II diabetes.

[00263] In certain embodiments, the invention provides methods for synthesis of
certain compounds including compounds of the invention as more fully illustrated
herein. In certain other embodiments, the invention provides certain intermediate
compounds associated with such methods of synthesis as illustrated herein.

[00264] In certain embodiments, methods are provided for use of an invention
compound for preparation of a medicament adapted for treatment of a disorder or a
malcondition wherein activation or inhibition of a GLP-1 receptor is medically
indicated. In certain embodiments, the malcondition comprises type I diabetes, type 11
diabetes, gestational diabetes, obesity, excessive appetite, insufficient satiety, and
metabolic disorder. Preferably said disease is type I diabetes or type 11 diabetes.

[00265] In certain embodiments, the method additionally comprises administering
to the subject a second medicament selected from the group of biguanides, peptidic
GLP-1 agonists and DPPIV inhibitors, wherein such second medicament is either a
component of the pharmaceutical composition or a second pharmaceutical composition.
In certain of such embodiments, the second medicament can be metformin, exenatide or
sitagliptin.

[00266] As used in the specification and the appended claims, the singular forms
"a," "an" and "the" include plural referents unless the context clearly dictates otherwise.

[00267] As used herein, “individual” (as in the subject of the treatment) means
both mammals and non-mammals. Mammals include, for example, humans;
non-human primates, e¢.g., apes and monkeys; cattle; horses; sheep; and goats.
Non-mammals include, for example, fish and birds.

[00268] A "receptor”, as is well known in the art, is a biomolecular entity usually
comprising a protein that specifically binds a structural class of ligands or a single
native ligand in a living organism, the binding of which causes the receptor to transduce
the binding signal into another kind of biological action, such as signaling a cell that a
binding event has occurred, which causes the cell to alter its function in some manner.

An example of transduction is receptor binding of a ligand causing alteration of the
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activity of a "G-protein” in the cytoplasm of a living cell. Any molecule, naturally
occurring or not, that binds to a receptor and activates it for signal transduction, is
referred to as an "agonist" or "activator." Any molecule, naturally occurring or not, that
binds to a receptor, but does not cause signal transduction to occur, and which can
block the binding of an agonist and its consequent signal transduction, is referred to as
an "antagonist." Certain molecules bind to receptors at locations other than the binding
sites of their natural ligands and such allosteric binding molecules may potentiate,
activate or agonize the receptor and may enhance the effect of a natural ligand or a co-
administered ligand.

[00269] A "GLP-1 compound" or "GLP-1 agonist" or "GLP-1 activator" or "GLP-1
inhibitor" or "GLP-1 antagonist”" or “GLP-1 potentiator” or “GLP-1 modulator” as the
terms are used herein refer to compounds that interact in some way with the GLP-1
receptor. They can be agonists, potentiators, or activators, or they can be antagonists or
inhibitors. A "GLP-1 compound" of the invention can be selective for action of the
GLP-1 receptor family.

[00270] "Substantially” as the term is used herein means completely or almost
completely; for example, a composition that is "substantially free" of a component
cither has none of the component or contains such a trace amount that any relevant
functional property of the composition is unaffected by the presence of the trace
amount, or a compound is "substantially pure" is there are only negligible traces of
impurities present.

[00271] Substantially enantiomerically or diasteromerically pure means a level of
enantiomeric or diasteromeric enrichment of one enantiomer with respect to the other
enantiomer or diasteromer of at least about 80%, and more preferably in excess of 80%,
85%, 90%, 95%, 98%, 99%, 99.5% or 99.9%.

[00272] “Treating” or "treatment" within the meaning herein refers to an
alleviation of symptoms associated with a disorder or disease, or inhibition of further
progression or worsening of those symptoms, or prevention or prophylaxis of the
disease or disorder.

[00273] The expression “effective amount”, when used to describe use of a

compound of the invention in providing therapy to a patient suffering from a disorder or
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malcondition mediated by GLP-1 refers to the amount of a compound of the invention
that is effective to bind to as an agonist or as an antagonist a GLP-1 receptor in the
individual's tissues, wherein the GLP-1 is implicated in the disorder, wherein such
binding occurs to an extent sufficient to produce a beneficial therapeutic effect on the
patient. Similarly, as used herein, an “effective amount” or a “therapeutically effective
amount” of a compound of the invention refers to an amount of the compound that
alleviates, in whole or in part, symptoms associated with the disorder or condition, or
halts or slows further progression or worsening of those symptoms, or prevents or
provides prophylaxis for the disorder or condition. In particular, a "therapeutically
effective amount" refers to an amount effective, at dosages and for periods of time
necessary, to achieve the desired therapeutic result by acting as an agonist of GLP-1
activity. A therapeutically effective amount is also one in which any toxic or
detrimental effects of compounds of the invention are outweighed by the therapeutically
beneficial effects. For example, in the context of treating a malcondition mediated by
activation of a GLP-1 receptor, a therapeutically effective amount of a GLP-1 receptor
agonist of the invention is an amount sufficient to control the malcondition, to mitigate
the progress of the malcondition, or to relieve the symptoms of the malcondition.
Examples of malconditions that can be so treated include, but not limited to, type II
diabetes.

[00274] All chiral, diastercomeric, racemic forms of a structure are intended,
unless a particular stereochemistry or isomeric form is specifically indicated.
Compounds used in the present invention can include enriched or resolved optical
isomers at any or all asymmetric atoms as are apparent from the depictions, at any
degree of enrichment. Both racemic and diastercomeric mixtures, as well as the
individual optical isomers can be synthesized so as to be substantially free of their
enantiomeric or diastereomeric partners, and these are all within the scope of certain
embodiments of the invention.

[00275] The isomers resulting from the presence of a chiral center comprise a pair
of non-superimposable isomers that are called “enantiomers.” Single enantiomers of a
pure compound are optically active, i.e., they are capable of rotating the plane of plane

polarized light. Single enantiomers are designated according to the
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Cahn-Ingold-Prelog system. Once the priority ranking of the four groups is
determined, the molecule is oriented so that the lowest ranking group is pointed away
from the viewer. Then, if the descending rank order of the other groups proceeds
clockwise, the molecule is designated (R) and if the descending rank of the other groups
proceeds counterclockwise, the molecule is designated (S). In the example in Scheme
14, the Cahn-Ingold-Prelog ranking is A > B > C > D. The lowest ranking atom, D is

oriented away from the viewer.

A A
).\\\ D ).\\\D
C B B~ *c
(R) configuration (8) configuration
[00276] “Isolated optical isomer” means a compound which has been substantially

purified from the corresponding optical isomer(s) of the same formula. Preferably, the
isolated isomer is at least about 80%, and preferably at least 80% or even at least 85%
pure. In other embodiments, the isolated isomer is at least 90% pure or at least 98%
pure, or at least about 99% pure, by weight.

[00277] Enantiomers are sometimes called optical isomers because a pure
enantiomer rotates plane-polarized light in a particular direction. If the light rotates
clockwise, then that enantiomer is labeled “(+)” or “d” for dextrorotatory, its
counterpart will rotate the light counterclockwise and is labeled “(-)” or “1” for
levorotatory.

[00278] The terms '"racemate" and '"racemic mixture" are frequently used
interchangeably. A racemate is an equal mixture of two enantiomers. A racemate is
labeled “(£)” because it is not optically active (i.e., will not rotate plane-polarized light
in either direction since its constituent enantiomers cancel each other out).

[00279] It is understood that due to chemical properties (i.e., resonance lending
some double bond character to the C-N bond) of restricted rotation about the amide
bond linkage (as illustrated below) it is possible to observe separate rotamer species and

even, under some circumstances, to isolate such species, example shown below. It is
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further understood that certain structural elements, including steric bulk or substituents
on the amide nitrogen, may enhance the stability of a rotamer to the extent that a
compound may be isolated as, and exist indefinitely, as a single stable rotamer. The
present invention therefore includes any possible stable rotamers of compounds of the
invention which are biologically active in the treatment of type I diabetes, type II
diabetes, gestational diabetes, obesity, excessive appetite, insufficient satiety, or

metabolic disorder.

O /A hindered rotation Q /B
N - > N\
\B "
[00280] The preferred compounds of the present invention have a particular spatial

arrangement of substituents on the aromatic rings, which are related to the structure
activity relationship demonstrated by the compound class. Often such substitution
arrangement is denoted by a numbering system; however, numbering systems are often
not consistent between different ring systems. In six-membered aromatic systems, the
spatial arrangements are specified by the common nomenclature “para” for

1,4-substitution, “meta” for 1,3-substitution and “ortho” for 1,2-substitution as shown

below.
P
M M
O O
[00281] All structures encompassed within a claim are “chemically feasible”, by

which is meant that the structure depicted by any combination or subcombination of
optional substituents meant to be recited by the claim is physically capable of existence
with at least some stability as can be determined by the laws of structural chemistry and

by experimentation. Structures that are not chemically feasible are not within a claimed

72



WO 2014/201172 PCT/US2014/041997

set of compounds. Further, isotopes of the atoms depicted (such as deuterium and
trittum in the case of hydrogen) are encompassed within the scope of this invention.
[00282] In general, “substituted” refers to an organic group as defined herein in
which one or more bonds to a hydrogen atom contained therein are replaced by one or
more bonds to a non-hydrogen atom such as, but not limited to, a halogen (i.e., F, Cl,
Br, and I); an oxygen atom in groups such as hydroxyl groups, alkoxy groups, aryloxy
groups, aralkyloxy groups, oxo(carbonyl) groups, carboxyl groups including carboxylic
acids, carboxylates, and carboyxlate esters; a sulfur atom in groups such as thiol groups,
alkyl and aryl sulfide groups, sulfoxide groups, sulfone groups, sulfonyl groups, and
sulfonamide groups; a nitrogen atom in groups such as amines, hydroxylamines,
nitriles, nitro groups, N-oxides, hydrazides, azides, and enamines; and other
heteroatoms in various other groups. Non-limiting examples of substituents that can be
bonded to a substituted carbon (or other) atom include F, CI, Br, I, OR', OC(O)N(R"),,
CN, CF;, OCF;, R, O, S, C(0), S(O), methylenedioxy, ethylenedioxy, N(R"),, SR,
SOR', SO;R', SO;N(R"),, SO;R', C(O)R', C(O)C(O)R', C(O)CH,C(O)R', C(S)R',
C(O)OR', OC(O)R', C(O)N(R")2, OC(O)N(R")2, C(S)N(R")2, (CH2)92NHC(O)R', (CH2)o-
)N(R)N(R")2,  NR)INRHC(O)R',  NRIN(R)C(O)OR',  N(R)N(R"CON(R'),,
N(RHISOR',  N(RHISO,N(R'),, NRHC(O)OR', N(RHC(O)R', N(RHC(S)R',
NRHYC(O)NR"),, NRHC(S)N(R'),, N(COR")COR', N(OR)R', C(=NH)N(R"),,
C(O)N(ORMR', or C(=NOR")R' wherein R’ can be hydrogen or a carbon-based moiety,
and wherein the carbon-based moiety can itself be further substituted.

[00283] Substituted alkyl, alkenyl, alkynyl, cycloalkyl, and cycloalkenyl groups as
well as other substituted groups also include groups in which one or more bonds to a
hydrogen atom are replaced by one or more bonds, including double or triple bonds, to
a carbon atom, or to a heteroatom such as, but not limited to, oxygen in carbonyl (0xo),
carboxyl, ester, amide, imide, urethane, and urea groups; and nitrogen in imines,
hydroxyimines, oximes, hydrazones, amidines, guanidines, and nitriles.

[00284] Substituted ring groups include substituted aryl, heterocyclyl and
heteroaryl groups. Substituted ring groups can be substituted by one or more
substituents at any available ring position. In some embodiments, two substituents on a

substituted ring group may taken together with the ring to which they are attached to
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form a ring, such that the two rings are fused together. For example, benzodioxolyl is a
fused ring system formed by two substituents taken together on a phenyl group.

[00285] Such substituted ring groups also include rings and fused ring systems in
which a bond to a hydrogen atom is replaced with a bond to a carbon atom. Therefore,
substituted aryl, heterocyclyl and heteroaryl groups can also be substituted with alkyl,
alkenyl, cycloalkyl, aryl, heteroaryl, and alkynyl groups as defined herein, which can
themselves be further substituted.

[00286] The linking groups (e.g., L; and L,)of Formula I-R or I-S are partial
structures which may be represented by a formula, say, for example, -N(R;)-C(O)-,
which is read from left-to-right. Accordingly, the nitrogen atom of the -N(R;)-C(O)-
linker will be attached to the proximal end of the structure of Formula I-R or I-S, and
the carbonyl carbon atom of the -N(R;)-C(O)- linker will be attached to the distal end of
the structure of Formula I-R or I-S.

[00287] The term "heteroatoms" as used herein refers to non-carbon and non-
hydrogen atoms, capable of forming covalent bonds with carbon, and is not otherwise
limited. Typical heteroatoms are N, O, and S. When sulfur (S) is referred to, it is
understood that the sulfur can be in any of the oxidation states in which it is found, thus
including sulfoxides (R-S(0O)-R") and sulfones (R-S(O),-R"), unless the oxidation state is
specified; thus, the term "sulfone" encompasses only the sulfone form of sulfur; the
term "sulfide" encompasses only the sulfide (R-S-R') form of sulfur. When the phrases
such as "heteroatoms selected from the group consisting of O, NH, NR' and S," or
"[variable] is O, S . . ." arc used, they are understood to encompass all of the sulfide,
sulfoxide and sulfone oxidation states of sulfur.

[00288] Alkyl groups include straight chain and branched alkyl groups and
cycloalkyl groups having from 1 to about 20 carbon atoms, and typically from 1 to 12
carbons (C;-C; alkyl), or, in some embodiments, from 1 to 8 carbon atoms (C;-Cs
alkyl), or, in some embodiments, from 1 to 4 carbon atoms (C;-C4 alkyl). In the case of
cycloalkyl groups, such groups have from 3-20 carbon atoms. Examples of straight
chain alkyl groups include, but are not limited to, methyl, ethyl, n-propyl, n-butyl, n-
pentyl, n-hexyl, n-heptyl, and n-octyl groups. Examples of branched alkyl groups
include, but are not limited to, isopropyl, iso-butyl, sec-butyl, t-butyl, neopentyl,
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isopentyl, and 2,2-dimethylpropyl groups. Alkyl groups as used herein may optionally
include one or more further substituent groups. Representative substituted alkyl groups
can be substituted one or more times with any of the groups listed above, for example,
amino, hydroxy, cyano, carboxy, nitro, thio, alkoxy, and halogen groups.

[00289] Cycloalkyl groups are alkyl groups forming a ring structure, which can be
substituted or unsubstituted, wherein the ring is either completely saturated, partially
unsaturated, or fully unsaturated, wherein if there is unsaturation, the conjugation of the
pi-electrons in the ring do not give rise to aromaticity. Examples of cycloalkyl include,
but are not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
and cyclooctyl groups. In some embodiments, the cycloalkyl group has 3 to 8 ring
members, whereas in other embodiments the number of ring carbon atoms range from 3
to 5,3 to 6, or 3 to 7. Cycloalkyl groups further include polycyclic cycloalkyl groups
such as, but not limited to, norbornyl, adamantyl, bornyl, camphenyl, isocamphenyl,
and carenyl groups, and fused rings such as, but not limited to, decalinyl, and the like.
Cycloalkyl groups also include rings that are substituted with straight or branched chain
alkyl groups as defined above. Representative substituted cycloalkyl groups can be
mono-substituted or substituted one or more times with any of the groups listed above,
for example, but not limited to, amino, hydroxy, cyano, carboxy, nitro, thio, alkoxy, and
halogen groups.

[00290] The terms "carbocyclic" and "carbocycle" denote a ring structure wherein
the atoms of the ring are carbon. In some embodiments, the carbocycle has 3 to § ring
members, whereas in other embodiments the number of ring carbon atoms is 4, 5, 6, or
7. Unless specifically indicated to the contrary, the carbocyclic ring can be substituted
with as many as N substituents wherein N is the size of the carbocyclic ring with for
example, amino, hydroxy, cyano, carboxy, nitro, thio, alkoxy, and halogen groups.
[00291] (Cycloalkylalkyl groups, also denoted cycloalkylalkyl, are alkyl groups as
defined above in which a hydrogen or carbon bond of the alkyl group is replaced with a
bond to a cycloalkyl group as defined above.

[00292] Alkenyl groups include straight and branched chain and cyclic alkyl
groups as defined above, except that at least one double bond exists between two

carbon atoms. Thus, alkenyl groups have from 2 to about 20 carbon atoms, and
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typically from 2 to 12 carbons or, in some embodiments, from 2 to 8 carbon atoms.
Examples include, but are not limited to -CH=CH,, -CH=CH(CH3), -CH=C(CH3);,
-C(CH3)=CHg,, -C(CH3)=CH(CH3), -C(CH,CH3)=CH,, -CH=CHCH,CH3,
-CH=CH(CH;),CH;s, -CH=CH(CH;);CH3, -CH=CH(CH,)4sCH3, vinyl, cyclohexenyl,
cyclopentenyl, cyclohexadienyl, butadienyl, pentadienyl, and hexadienyl among others.
[00293] The term "cycloalkenyl" alone or in combination denotes a cyclic alkenyl
group wherein at least one double bond is present in the ring structure. Cycloalkenyl
groups include cycloalkyl groups having at least one double bond between two adjacent
carbon atoms. Thus for example, cycloalkenyl groups include but are not limited to
cyclohexenyl, cyclopentenyl, and cyclohexadienyl groups, as well as polycyclic and/or
bridging ring systmes such as adamantine.

[00294] (Cycloalkenyl)alkyl groups are alkyl groups as defined above in which a
hydrogen or carbon bond of the alkyl group is replaced with a bond to a cycloalkenyl
group as defined above.

[00295] Alkynyl groups include straight and branched chain alkyl groups, except
that at least one triple bond exists between two carbon atoms. Thus, alkynyl groups
have from 2 to about 20 carbon atoms, and typically from 2 to 12 carbons or, in some
embodiments, from 2 to 8 carbon atoms. Examples include, but are not limited to —
C=CH, -C=C(CHj;), -C=C(CH,CH;), -CH,C=CH, -CH,C=C(CHs), and
-CH,C=C(CH,CHj3), among others.

[00296] Aryl groups are cyclic aromatic hydrocarbons that do not contain
heteroatoms. Thus aryl groups include, but are not limited to, phenyl, azulenyl,
heptalenyl, biphenyl, indacenyl, fluorenyl, phenanthrenyl, triphenylenyl, pyrenyl,
naphthacenyl, chrysenyl, biphenylenyl, anthracenyl, and naphthyl groups. In some
embodiments, aryl groups contain 6-14 carbons in the ring portions of the groups. The
phrase “aryl groups” includes groups containing fused rings, such as fused aromatic-
aliphatic ring systems (e.g., indanyl, tetrahydronaphthyl, and the like), and also includes
substituted aryl groups that have other groups, including but not limited to alkyl, halo,
amino, hydroxy, cyano, carboxy, nitro, thio, or alkoxy groups, bonded to one of the ring
atoms. Representative substituted aryl groups can be mono-substituted or substituted

more than once, such as, but not limited to, 2-, 3-, 4-, 5-, or 6-substituted phenyl or
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naphthyl groups, which can be substituted with groups including but not limited to
those listed above.

[00297] Aralkyl groups are alkyl, alkenyl or alkynyl groups as defined above in
which a hydrogen atom of an alkyl, alkenyl or alkynyl group is replaced with an aryl
group as defined above. Representative aralkyl groups include benzyl (-CHzphenyl),
phenylethyl (-CH,CH,phenyl) and phenylethylene (-CH=CHphenyl) groups and fused
(cycloalkylaryl)alkyl groups such as 4-ethyl-indanyl. The aryl moiety or the alkyl,
alkenyl or alkynyl moiety or both are optionally substituted with other groups,
including but not limited to alkyl, halo, amino, hydroxy, cyano, carboxy, nitro, thio, or
alkoxy groups.

[00298] Heterocyclyl or heterocyclic groups include aromatic and non-aromatic
ring moieties containing 3 or more ring members, of which one or more is a heteroatom
such as, but not limited to, N, O, S, or P. In some embodiments, heterocyclyl groups
include 3 to 20 ring members, whereas other such groups have 3 to 15 ring members,
including for example single ring systems containing 5, 6 or 7 ring members. At least
one ring contains a heteroatom, but every ring in a polycyclic system need not contain a
heteroatom. For example, a dioxolanyl ring and a benzdioxolanyl ring system
(methylenedioxyphenyl ring system) are both heterocyclyl groups within the meaning
herein. A heterocyclyl group designated as a C,-heterocyclyl can be a 5-ring with two
carbon atoms and three heteroatoms, a 6-ring with two carbon atoms and four
heteroatoms, and so forth. Likewise a Cs-heterocyclyl can be a 5-ring with one
heteroatom, a 6-ring with two heteroatoms, and so forth. The number of carbon atoms
plus the number of heteroatoms sums up to equal the total number of ring atoms.
[00299] The term “heterocyclyl” includes fused ring species including those having
fused aromatic and non-aromatic groups. The phrase also includes polycyclic and/or
bridging ring systems containing a heteroatom such as, but not limited to, quinuclidyl
and 7-azabicyclo[2.2.1]heptane, and also includes heterocyclyl groups that have
substituents, including but not limited to alkyl, halo, amino, hydroxy, cyano, carboxy,
nitro, thio, or alkoxy groups, bonded to one of the ring members. A heterocyclyl group
as defined herein can be a heteroaryl group or a partially or completely saturated cyclic

group including at least one ring heteroatom. Heterocyclyl groups include, but are not
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limited to, pyrazinyl, pyrimidinyl, pyridazinyl, thiadiazolyl, oxadiazolyl, imidazolinyl,
hexahydropyrimidinyl, diazepanyl, triazinyl, imidazolyl,pyrrolidinyl, furanyl,
tetrahydrofuranyl, tetrahydro-2H-pyranyl, dioxolanyl, piperidinyl, piperazinyl,
morpholinyl, pyrrolyl, pyrazolyl, triazolyl, tetrazolyl, oxazolyl, isoxazolyl, thiazolyl,
pyridinyl, thiophenyl, benzothiophenyl, benzofuranyl, dihydrobenzofuranyl, indolyl,
dihydroindolyl,  azaindolyl, indazolyl, = benzimidazolyl,  azabenzimidazolyl,
benzoxazolyl, benzothiazolyl, benzothiadiazolyl, imidazopyridinyl, isoxazolopyridinyl,
thianaphthalenyl, purinyl, xanthinyl, adeninyl, guaninyl, quinolinyl, isoquinolinyl,
tetrahydroquinolinyl, quinoxalinyl, and quinazolinyl groups. Heterocyclyl groups can
be substituted. Representative substituted heterocyclyl groups can be mono-substituted
or substituted more than once, including but not limited to, rings containing at least one
heteroatom which are mono, di, tri, tetra, penta, hexa, or higher-substituted with
substituents such as those listed above, including but not limited to alkyl, halo, amino,
hydroxy, cyano, carboxy, nitro, thio, and alkoxy groups, and in the case of two
substituents on the same carbon atom of the heterocycle include oxo (=0) and thioxo
(=S).

[00300] Heteroaryl groups are aromatic ring moieties containing 5 or more ring
members, of which, one or more is a heteroatom such as, but not limited to, N, O, and
S. A heteroaryl group designated as a C,-heteroaryl can be a 5-ring with two carbon
atoms and three heteroatoms, a 6-ring with two carbon atoms and four heteroatoms and
so forth. Likewise a Cs-heteroaryl can be a 5-ring with one heteroatom, a 6-ring with
two heteroatoms, and so forth. The number of carbon atoms plus the number of
heteroatoms sums up to equal the total number of ring atoms. Heteroaryl groups
include, but are not limited to, groups such as pyrrolyl, pyrazolyl, pyridinyl,
pyridazinyl, pyrimidyl, pyrazyl, pyrazinyl, pyrimidinyl, thiadiazolyl, imidazolyl,
oxadiazolyl, thienyl, triazolyl, tetrazolyl, triazinyl, thiazolyl, thiophenyl, oxazolyl,
isoxazolyl, benzothiophenyl, benzofuranyl, indolyl, azaindolyl, indazolyl,
benzimidazolyl, azabenzimidazolyl, benzoxazolyl, benzothiazolyl, benzothiadiazolyl,
imidazopyridinyl, isoxazolopyridinyl, thianaphthalenyl, purinyl, xanthinyl, adeninyl,
guaninyl, quinolinyl, isoquinolinyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl,
quinoxalinyl, and quinazolinyl groups. The terms "heteroaryl”" and “heteroaryl groups”
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include fused ring compounds such as wherein at least one ring, but not necessarily all
rings, are aromatic, including tetrahydroquinolinyl, tetrahydroisoquinolinyl, indolyl and
2,3-dihydro indolyl. The term also includes heteroaryl groups that have other groups
bonded to one of the ring members, including but not limited to alkyl, halo, amino,
hydroxy, cyano, carboxy, nitro, thio, or alkoxy groups. Representative substituted
heteroaryl groups can be substituted one or more times with groups such as those listed
above.

[00301] Additional examples of aryl and heteroaryl groups include but are not
limited to phenyl, biphenyl, indenyl, naphthyl (I-naphthyl, 2-naphthyl), N-
hydroxytetrazolyl, N-hydroxytriazolyl, = N-hydroxyimidazolyl, anthracenyl (1-
anthracenyl, 2-anthracenyl, 3-anthracenyl), thiophenyl (2-thienyl, 3-thienyl), furyl (2-
furyl, 3-furyl), indolyl, oxadiazolyl (1,2,4-oxadiazolyl, 1,3,4-oxadiazolyl), thiadiazolyl
(1,2,4-thiadiazolyl, 1,3,4-thiadiazolyl),isoxazolyl, quinazolinyl, fluorenyl, xanthenyl,
isoindanyl, benzhydryl, acridinyl, thiazolyl, pyrrolyl (2-pyrrolyl), pyrazolyl (3-
pyrazolyl), imidazolyl (1-imidazolyl, 2-imidazolyl, 4-imidazolyl, 5-imidazolyl),
triazolyl (1,2,3-triazol-1-yl, 1,2,3-triazol-2-yl, 1,2,3-triazol-4-yl, 1,2,4-triazol-3-yl),
oxazolyl (2-oxazolyl, 4-oxazolyl, 5-oxazolyl), thiazolyl (2-thiazolyl, 4-thiazolyl, 5-
thiazolyl), pyridyl (2-pyridyl, 3-pyridyl, 4-pyridyl, pyrimidinyl (2-pyrimidinyl, 4-
pyrimidinyl, 5-pyrimidinyl, 6pyrimidinyl), pyrazinyl, pyridazinyl (3- pyridazinyl, 4-
pyridazinyl, 5-pyridazinyl), prazolo[1,5-a]pyridinyl, quinolyl (2-quinolyl, 3-quinolyl, 4-
quinolyl, 5-quinolyl, 6-quinolyl, 7-quinolyl, 8-quinolyl), isoquinolyl (1-isoquinolyl, 3-
isoquinolyl, 4-isoquinolyl, 5-isoquinolyl, 6-isoquinolyl, 7-isoquinolyl, 8-isoquinolyl),
benzo[b]furanyl  (2-benzo[b]furanyl, 3-benzo[b]furanyl, 4-benzo[b]furanyl, 5-
benzo[b]furanyl, 6-benzo[b]furanyl, 7-benzo[b]furanyl), isobenzofuranyl, 2,3-dihydro-
benzo[b]furanyl (2-(2,3-dihydro-benzo[b]furanyl), 3-(2,3-dihydro-benzo[b]furanyl), 4-
(2,3-dihydro-benzo[b]furanyl), 5-(2,3-dihydro-benzo[b]furanyl), 6-(2,3-dihydro-
benzo[b]furanyl), 7-(2,3-dihydro-benzo[b]furanyl), benzo[b]thiophenyl (2-

benzo[b]thiophenyl, 3-benzo[b]thiophenyl, 4-benzo[b]thiophenyl,
5-benzo[b]thiophenyl, 6-benzo[b]thiophenyl, 7-benzo[b]thiophenyl), 2,3-dihydro-
benzo[b]thiophenyl, (2-(2,3-dihydro-benzo[b]thiophenyl), 3-(2,3-dihydro-
benzo[b]thiophenyl), 4-(2,3-dihydro-benzo[b]thiophenyl), 5-(2,3-dihydro-
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benzo[b]thiophenyl), 6-(2,3-dihydro-benzo[b]thiophenyl), 7-(2,3-dihydro-
benzo[b]thiophenyl), indolyl (1-indolyl, 2-indolyl, 3-indolyl, 4-indolyl, 5-indolyl, 6-
indolyl, 7-indolyl), indazole (1-indazolyl, 3-indazolyl, 4-indazolyl, 5-indazolyl, 6-
indazolyl, 7-indazolyl), benzimidazolyl (1-benzimidazolyl, 2-benzimidazolyl, 4-
benzimidazolyl, 5-benzimidazolyl, 6-benzimidazolyl, 7-benzimidazolyl,
8-benzimidazolyl), benzoxazolyl (1-benzoxazolyl, 2-benzoxazolyl), benzothiazolyl (1-
benzothiazolyl, 2-benzothiazolyl, 4-benzothiazolyl, 5-benzothiazolyl, 6-benzothiazolyl,
7-benzothiazolyl), benzo[d]isoxazolyl, carbazolyl (1-carbazolyl, 2-carbazolyl, 3-
carbazolyl, 4-carbazolyl), 5H-dibenz[b,flazepine (5H-dibenz[b,flazepin-1-yl, SH-
dibenz[b,f]lazepine-2-yl, SH-dibenz[b,f]lazepine-3-yl, SH-dibenz[b,f]azepine-4-yl, SH-
dibenz[b,flazepine-5-yl), 10,11-dihydro-5H-dibenz[b,flazepine (10,11-dihydro-5H-
dibenz[b,flazepine-1-yl, 10,11-dihydro-5H-dibenz[b,f]lazepine-2-yl, 10,11-dihydro-5H-
dibenz[b,flazepine-3-yl, 10,11-dihydro-5H-dibenz[b,f]lazepine-4-yl, 10,11-dihydro-5H-
dibenz[b,f]lazepine-5-yl), and the like.

[00302] Heterocyclylalkyl groups are alkyl, alkenyl or alkynyl groups as defined
above in which a hydrogen or carbon bond of an alkyl, alkenyl or alkynyl group is
replaced with a bond to a heterocyclyl group as defined above. Representative
heterocyclyl alkyl groups include, but are not limited to, furan-2-yl methyl, furan-3-yl
methyl, pyridine-2-yl methyl (a-picolyl), pyridine-3-yl methyl (B-picolyl), pyridine-4-yl
methyl (y-picolyl), tetrahydrofuran-2-yl ethyl, and indol-2-yl propyl. Heterocyclylalkyl
groups can be substituted on the heterocyclyl moiety, the alkyl, alkenyl or alkynyl
moiety, or both.

[00303] Heteroarylalkyl groups are alkyl, alkenyl or alkynyl groups as defined
above in which a hydrogen or carbon bond of an alkyl, alkenyl or alkynyl group is
replaced with a bond to a heteroaryl group as defined above. Heteroarylalkyl groups
can be substituted on the heteroaryl moiety, the alkyl, alkenyl or alkynyl moiety, or
both.

[00304] By a "ring system" as the term is used herein is meant a moiety comprising
one, two, three or more rings, which can be substituted with non-ring groups or with
other ring systems, or both, which can be fully saturated, partially unsaturated, fully

unsaturated, or aromatic, and when the ring system includes more than a single ring, the
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rings can be fused, bridging, or spirocyclic. By "spirocyclic" is meant the class of
structures wherein two rings are fused at a single tetrahedral carbon atom, as is well
known in the art.

[00305] A "monocyclic, bicyclic or polycyclic, aromatic or partially aromatic ring"
as the term is used herein refers to a ring system including an unsaturated ring
possessing 4n+2 pi electrons, or a partially reduced (hydrogenated) form thereof. The
aromatic or partially aromatic ring can include additional fused, bridged, or spiro rings
that are not themselves aromatic or partially aromatic. For example, naphthalene and
tetrahydronaphthalene are both a "monocyclic, bicyclic or polycyclic, aromatic or
partially aromatic ring" within the meaning herein. Also, for example, a benzo-[2.2.2]-
bicyclooctane is also a "monocyclic, bicyclic or polycyclic, aromatic or partially
aromatic ring" within the meaning herein, containing a phenyl ring fused to a bridged
bicyclic system. A fully saturated ring has no double bonds therein, and is carbocyclic
or heterocyclic depending on the presence of heteroatoms within the meaning herein.
[00306] When two “R” groups are said to be joined together or taken together to
form a ring, it is meant that together with the carbon atom or a non-carbon atom (e.g.,
nitrogen atom), to which they are bonded, they may form a ring system. In general, they
are bonded to one another to form a 3- to 7-membered ring, or a 5- to 7-membered ring.
Non-limiting specific examples are the cyclopentyl, cyclohexyl, cycloheptyl,
piperidinyl, piperazinyl, pyrolidinyl, pyrrolyl, pyridinyl.

[00307] The term "alkoxy" refers to an oxygen atom connected to an alkyl group,
including a cycloalkyl group, as are defined above. Examples of linear alkoxy groups
include but are not limited to methoxy, ethoxy, n-propoxy, n-butoxy, n-pentyloxy, n-
hexyloxy, n-heptyloxy, n-octyloxy n-nonyloxy, and the like. Examples of branched
alkoxy include but are not limited to isopropoxy, sec-butoxy, tert-butoxy, isopentyloxy,
isohexyloxy, and the like. Examples of cyclic alkoxy include but are not limited to
cyclopropyloxy, cyclobutyloxy, cyclopentyloxy, cyclohexyloxy, and the like.

[00308] The terms "aryloxy" and “arylalkoxy” refer to, respectively, an aryl group
bonded to an oxygen atom and an aralkyl group bonded to the oxygen atom at the alkyl

moiety. Examples include but are not limited to phenoxy, naphthyloxy, and benzyloxy.
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[00309] An "acyl" group as the term is used herein refers to a group containing a
carbonyl moiety wherein the group is bonded via the carbonyl carbon atom. The
carbonyl carbon atom is also bonded to another carbon atom, which can be part of an
alkyl, aryl, aralkyl cycloalkyl, cycloalkylalkyl, heterocyclyl, heterocyclylalkyl,
heteroaryl, heteroarylalkyl group or the like. In the special case wherein the carbonyl
carbon atom is bonded to a hydrogen, the group is a “formyl” group, an acyl group as
the term is defined herein. An acyl group can include 0 to about 12-20 additional
carbon atoms bonded to the carbonyl group. An acyl group can include double or triple
bonds within the meaning herein. An acryloyl group is an example of an acyl group.
An acyl group can also include heteroatoms within the meaning here. A nicotinoyl
group (pyridyl-3-carbonyl) group is an example of an acyl group within the meaning
herein.  Other examples include acetyl, benzoyl, phenylacetyl, pyridylacetyl,
cinnamoyl, and acryloyl groups and the like. When the group containing the carbon
atom that is bonded to the carbonyl carbon atom contains a halogen, the group is termed
a “haloacyl” group. An example is a trifluoroacetyl group.

[00310] The term "amine" includes primary, secondary, and tertiary amines
having, e.g., the formula N(group)s wherein each group can independently be H or non-
H, such as alkyl, aryl, and the like. Amines include but are not limited to R-NH,, for
example, alkylamines, arylamines, alkylarylamines; R,NH wherein each R is
independently selected, such as dialkylamines, diarylamines, aralkylamines,
heterocyclylamines and the like; and R3;N wherein each R is independently selected,
such as trialkylamines, dialkylarylamines, alkyldiarylamines, triarylamines, and the
like. The term "amine" also includes ammonium ions as used herein.

[00311] An "amino" group is a substituent of the form -NH;, -NHR, -NR;, -NR;,
wherein each R is independently selected, and protonated forms of each. Accordingly,
any compound substituted with an amino group can be viewed as an amine.

[00312] An "ammonium" ion includes the unsubstituted ammonium ion NH,', but
unless otherwise specified, it also includes any protonated or quaternarized forms of
amines. Thus, trimethylammonium hydrochloride and tetramethylammonium chloride

are both ammonium ions, and amines, within the meaning herein.

82



WO 2014/201172 PCT/US2014/041997

[00313] The term "amide" (or "amido") includes C- and N-amide groups, i.c.,
-C(O)NR;, and -NRC(O)R groups, respectively. Amide groups therefore include but
are not limited to carbamoyl groups (-C(O)NH;) and formamide groups (-NHC(O)H).
A "carboxamido" group is a group of the formula C(O)NR,, wherein R can be H, alkyl,

aryl, etc.

[00314] The term "carbonyl," refers to a -C(O)- group.

[00315] "Halo," "halogen," and "halide" include fluorine, chlorine, bromine and
1odine.

[00316] The term "perhaloalkyl" refers to an alkyl group where all of the hydrogen
atoms are replaced by halogen atoms. Perhaloalkyl groups include, but are not limited
to, -CFsand —C(CF3);. The term “haloalkyl” refers to an alkyl group where some but
not necessarily all of the hydrogen atoms are replaced by halogen atoms. Haloalkyl
groups include but are not limited to -CHF, and —CH,F.

[00317] The term "perhaloalkoxy" refers to an alkoxy group where all of the
hydrogen atoms are replaced by halogen atoms. Perhaloalkoxy groups include, but are
not limited to, -OCFzand —OC(CF3);. The term “haloalkoxy” refers to an alkoxy group
where some but not necessarily all of the hydrogen atoms are replaced by halogen
atoms. Haloalkoxy groups include but are not limited to -OCHF, and —OCH,F.

[00318] The terms "comprising," "including," “having,” "composed of," are open-
ended terms as used herein, and do not preclude the existence of additional elements or
components. In a claim element, use of the forms "comprising,” "including," "having,"
or “composed of”’ means that whatever element is comprised, had, included, or
composes is not necessarily the only element encompassed by the subject of the clause
that contains that word.

[00319] A "salt" as is well known in the art includes an organic compound such as
a carboxylic acid, a sulfonic acid, or an amine, in ionic form, in combination with a
counterion. For example, acids in their anionic form can form salts with cations such as
metal cations, for example sodium, potassium, and the like; with ammonium salts such
as NHy or the cations of various amines, including tetraalkyl ammonium salts such as

tetramethylammonium, or other cations such as trimethylsulfonium, and the like. A

"pharmaceutically acceptable" or "pharmacologically acceptable" salt is a salt formed
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from an ion that has been approved for human consumption and is generally non-toxic,
such as a chloride salt or a sodium salt. A "zwitterion" is an internal salt such as can be
formed in a molecule that has at least two ionizable groups, one forming an anion and
the other a cation, which serve to balance each other. For example, amino acids such as
glycine can exist in a zwitterionic form. A "zwitterion" is a salt within the meaning
herein. The compounds of the present invention may take the form of salts. The term
“salts” embraces addition salts of free acids or free bases which are compounds of the
invention. Salts can be "pharmaceutically-acceptable salts.” The term
“pharmaceutically-acceptable salt” refers to salts which possess toxicity profiles within
a range that affords utility in pharmaceutical applications.  Pharmaceutically
unacceptable salts may nonetheless possess properties such as high crystallinity, which
have utility in the practice of the present invention, such as for example utility in
process of synthesis, purification or formulation of compounds of the invention.

[00320] Suitable pharmaceutically-acceptable acid addition salts may be prepared
from an inorganic acid or from an organic acid. Examples of inorganic acids include
hydrochloric, hydrobromic, hydriodic, nitric, carbonic, sulfuric, and phosphoric acids.
Appropriate organic acids may be selected from aliphatic, cycloaliphatic, aromatic,
araliphatic, heterocyclic, carboxylic and sulfonic classes of organic acids, examples of
which include formic acetic, propionic, succinic, glycolic, gluconic, lactic, malic,
tartaric, citric, ascorbic, glucuronic, maleic, fumaric, pyruvic, aspartic, glutamic,
benzoic, anthranilic, 4-hydroxybenzoic, phenylacetic, mandelic, embonic (pamoic),
methanesulfonic, cthanesulfonic, benzenesulfonic, panthothenic,
trifluoromethanesulfonic, 2-hydroxyethanesulfonic, p-toluenesulfonic, sulfanilic,
cyclohexylaminosulfonic, stearic, alginic, B-hydroxybutyric, salicylic, galactaric and
galacturonic acid. Examples of pharmacecutically unacceptable acid addition salts
include, for example, perchlorates and tetrafluoroborates.

[00321] Suitable pharmaceutically acceptable base addition salts of compounds of
the invention include, for example, metallic salts including alkali metal, alkaline earth
metal and transition metal salts such as, for example, calcium, magnesium, potassium,
sodium and zinc salts. Pharmaceutically acceptable base addition salts also include

organic  salts made from basic amines such as, for example,
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N,N'-dibenzylethylenediamine, chloroprocaine, choline, dicthanolamine,
cthylenediamine, meglumine (N-methylglucamine) and procaine.  Examples of
pharmaceutically unacceptable base addition salts include lithium salts and cyanate
salts.  Although pharmaceutically unacceptable salts are not generally useful as
medicaments, such salts may be useful, for example as intermediates in the synthesis of
Formula I compounds, for example in their purification by recrystallization. All of
these salts may be prepared by conventional means from the corresponding compound
according to Formula I by reacting, for example, the appropriate acid or base with the
compound according to Formula I. The term "pharmaceutically acceptable salts" refers
to nontoxic inorganic or organic acid and/or base addition salts, see, for example, Lit et
al., Salt Selection for Basic Drugs (1986), Int J. Pharm., 33, 201-217, incorporated by
reference herein.

[00322] A "hydrate" is a compound that exists in a composition with water
molecules. The composition can include water in stoichiometric quantities, such as a
monohydrate or a dihydrate, or can include water in random amounts. As the term is
used herein a "hydrate" refers to a solid form, i.e., a compound in water solution, while
it may be hydrated, is not a hydrate as the term is used herein.

[00323] A "solvate" is a similar composition except that a solvent other that water
replaces the water. For example, methanol or ethanol can form an "alcoholate”, which
can again be stoichiometric or non-stoichiometric. As the term is used herein a
"solvate" refers to a solid form, i.e., a compound in solution in a solvent, while it may
be solvated, is not a solvate as the term is used herein.

[00324] A "prodrug" as is well known in the art is a substance that can be
administered to a patient where the substance is converted in vivo by the action of
biochemicals within the patient’s body, such as enzymes, to the active pharmaceutical
ingredient. Examples of prodrugs include esters of carboxylic acid groups, which can
be hydrolyzed by endogenous esterases as are found in the bloodstream of humans and
other mammals.

[00325] “Isotopes” are well known in the art and refer to atoms with the same

number of protons but different number of neutrons. For example, carbon 12, the most
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common form of carbon, has six protons and six neutrons, whereas carbon 14 has six
protons and eight neutrons.

[00326] In addition, where features or aspects of the invention are described in
terms of Markush groups, those skilled in the art will recognize that the invention is
also thereby described in terms of any individual member or subgroup of members of
the Markush group. For example, if X is described as selected from the group
consisting of bromine, chlorine, and iodine, claims for X being bromine and claims for
X being bromine and chlorine are fully described. Moreover, where features or aspects
of the invention are described in terms of Markush groups, those skilled in the art will
recognize that the invention is also thereby described in terms of any combination of
individual members or subgroups of members of Markush groups. Thus, for example,
if X is described as selected from the group consisting of bromine, chlorine, and iodine,
and Y is described as selected from the group consisting of methyl, ethyl, and propyl,

claims for X being bromine and Y being methyl are fully described.

[00327] The GLP-1 compounds, their pharmaceutically acceptable salts or
hydrolyzable esters of the present invention may be combined with a pharmaceutically
acceptable carrier to provide pharmaceutical compositions useful for treating the
biological conditions or disorders noted herein in mammalian species, and more
preferably, in humans. The particular carrier employed in these pharmaceutical
compositions may vary depending upon the type of administration desired (e.g.,
intravenous, oral, topical, suppository, or parenteral).

[00328] In preparing the compositions in oral liquid dosage forms (e.g.,
suspensions, elixirs and solutions), typical pharmaceutical media, such as water,
glycols, oils, alcohols, flavoring agents, preservatives, coloring agents and the like can
be employed. Similarly, when preparing oral solid dosage forms (e.g., powders, tablets
and capsules), carriers such as starches, sugars, diluents, granulating agents, lubricants,
binders, disintegrating agents and the like can be employed.

[00329] Another aspect of an embodiment of the invention provides compositions
of the compounds of the invention, alone or in combination with another GLP-1agonist

or another type of therapeutic agent or second medicament, or both. Non-limiting
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examples of the GLP-1 receptor agonists include exenatide, liraglutide, taspoglutide,
albiglutide, lixisenatide, and mixtures thereof.

[00330] In one embodiment, the GLP-1lagonist is exenatide (Byetta®) or Byetta
LAR®. Exenatide is described, for example, in U.S. Pat. Nos. 5,424,286; 6,902,744,
7,297,761, and others, the contents of each of which is herein incorporated by reference
in its entirety.

[00331] In one embodiment, the GLP-lagonist is liraglutide(VICTOZA®) (also
called NN-2211 and [Arg34, Lys26]-(N-epsilon-(gamma-Glu(N-alpha-hexadecanoyl))-
GLP-1 (7-37)), includes the sequence
HAEGTFTSDVSSYLEGQAAKEFIAWKVRGRG and is available from Novo Nordisk
(Denmark) or Scios (Fremont, Calif. USA). See, e.g., Elbrond et al., 2002, Diabetes
Care. August; 25(8):1398404; Agerso et al., 2002, Diabetologia. February; 45(2):195-
202).

[00332] In one embodiment, the GLP-1agonist is taspoglutide (CAS Registry No.
275371-94-3) and is available from Hoffman La-Roche. See, for example, U.S. Pat. No.
7,368,427, the contents of which are herein incorporated by reference in its entirety.
[00333] In one embodiment, the GLP-1 agonist isalbiglutide (SYNCRIA® from
GlaxoSmithKline).

[00334] In another embodiment, the GLP-1 agonist is lixisenatide (Lyxumia®
from Sanofi-Aventis/Zealand Pharma).

[00335] Non-limiting examples of the second medicaments are as disclosed above.
In various such embodiments, the second medicament is exenatide, liraglutide,
taspoglutide, albiglutide, or lixisenatide or other insulin regulating peptide. In various
such embodiments, the second medicament is a DPPIV inhibitor. In various such
embodiments, the second medicament is medically indicated for the treatment of type 11
diabetes. In various such embodiments, the second medicament is a biguanide, a
sulfonylurea, a meglitinide, a thiazolidinedione, an a-glucosidase inhibitor, a bile acid
sequestrant, and/or a dopamine-2 agonist.

[00336] In another embodiment, the second medicament is metformin.

[00337] In another embodiment, the second medicament is sitagliptin.
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[00338] As set forth herein, compounds of the invention include stercoisomers,
tautomers, solvates, hydrates, salts including pharmaceutically acceptable salts, and
mixtures thereof. Compositions containing a compound of the invention can be
prepared by conventional techniques, ¢.g., as described in Remington: The Science and
Practice of Pharmacy, 19th Ed., 1995, incorporated by reference herein. The
compositions can appear in conventional forms, for example capsules, tablets, acrosols,
solutions, suspensions or topical applications.

[00339] Typical compositions include a compound of the invention and a
pharmaceutically acceptable excipient which can be a carrier or a diluent. For example,
the active compound will usually be mixed with a carrier, or diluted by a carrier, or
enclosed within a carrier which can be in the form of an ampoule, capsule, sachet,
paper, or other container. When the active compound is mixed with a carrier, or when
the carrier serves as a diluent, it can be solid, semi-solid, or liquid material that acts as a
vehicle, excipient, or medium for the active compound. The active compound can be
adsorbed on a granular solid carrier, for example contained in a sachet. Some examples
of suitable carriers are water, salt solutions, alcohols, polyethylene glycols,
polyhydroxyethoxylated castor oil, peanut oil, olive oil, gelatin, lactose, terra alba,
sucrose, dextrin, magnesium carbonate, sugar, cyclodextrin, amylose, magnesium
stearate, talc, gelatin, agar, pectin, acacia, stearic acid or lower alkyl ethers of cellulose,
silicic acid, fatty acids, fatty acid amines, fatty acid monoglycerides and diglycerides,
pentaerythritol fatty acid esters, polyoxyethylene, hydroxymethylcellulose and
polyvinylpyrrolidone. Similarly, the carrier or diluent can include any sustained release
material known in the art, such as glyceryl monostearate or glyceryl distearate, alone or
mixed with a wax.

[00340] The formulations can be mixed with auxiliary agents which do not
deleteriously react with the active compounds. Such additives can include wetting
agents, emulsifying and suspending agents, salt for influencing osmotic pressure,
buffers and/or coloring substances preserving agents, sweetening agents or flavoring
agents. The compositions can also be sterilized if desired.

[00341] The route of administration can be any route which effectively transports

the active compound of the invention to the appropriate or desired site of action, such as

&8



WO 2014/201172 PCT/US2014/041997

oral, nasal, pulmonary, buccal, subdermal, intradermal, transdermal or parenteral, e.g.,
rectal, depot, subcutaneous, intravenous, intraurethral, intramuscular, intranasal,
ophthalmic solution or an ointment, the oral route being preferred.

[00342] For parenteral administration, the carrier will typically comprise sterile
water, although other ingredients that aid solubility or serve as preservatives can also be
included. Furthermore, injectable suspensions can also be prepared, in which case
appropriate liquid carriers, suspending agents and the like can be employed.

[00343] For topical administration, the compounds of the present invention can be
formulated using bland, moisturizing bases such as ointments or creams.

[00344] If a solid carrier is used for oral administration, the preparation can be
tabletted, placed in a hard gelatin capsule in powder or pellet form or it can be in the
form of a troche or lozenge. If a liquid carrier is used, the preparation can be in the form
of a syrup, emulsion, soft gelatin capsule or sterile injectable liquid such as an aqueous
or non-aqueous liquid suspension or solution.

[00345] Injectable dosage forms generally include aqueous suspensions or oil
suspensions which can be prepared using a suitable dispersant or wetting agent and a
suspending agent Injectable forms can be in solution phase or in the form of a
suspension, which is prepared with a solvent or diluent. Acceptable solvents or
vehicles include sterilized water, Ringer’s solution, or an isotonic aqueous saline
solution. Alternatively, sterile oils can be employed as solvents or suspending agents.
Preferably, the oil or fatty acid is non-volatile, including natural or synthetic oils, fatty
acids, mono-, di- or tri-glycerides.

[00346] For injection, the formulation can also be a powder suitable for
reconstitution with an appropriate solution as described above. Examples of these
include, but are not limited to, freeze dried, rotary dried or spray dried powders,
amorphous powders, granules, precipitates, or particulates. For injection, the
formulations can optionally contain stabilizers, pH modifiers, surfactants,
bioavailability modifiers and combinations of these. The compounds can be formulated
for parenteral administration by injection such as by bolus injection or continuous
infusion. A unit dosage form for injection can be in ampoules or in multi-dose

containers.
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[00347] The formulations of the invention can be designed to provide quick,
sustained, or delayed release of the active ingredient after administration to the patient
by employing procedures well known in the art. Thus, the formulations can also be
formulated for controlled release or for slow release.

[00348] Compositions contemplated by the present invention can include, for
example, micelles or liposomes, or some other encapsulated form, or can be
administered in an extended release form to provide a prolonged storage and/or delivery
effect. Therefore, the formulations can be compressed into pellets or cylinders and
implanted intramuscularly or subcutancously as depot injections. Such implants can
employ known inert materials such as silicones and biodegradable polymers, e.g.,
polylactide-polyglycolide. = Examples of other biodegradable polymers include
poly(orthoesters) and poly(anhydrides).

[00349] For nasal administration, the preparation can contain a compound of the
invention, dissolved or suspended in a liquid carrier, preferably an aqueous carrier, for
acrosol application. The carrier can contain additives such as solubilizing agents, e.g.,
propylene  glycol, surfactants, absorption enhancers such as lecithin
(phosphatidylcholine) or cyclodextrin, or preservatives such as parabens.

[00350] For parenteral application, particularly suitable are injectable solutions or
suspensions, preferably aqueous solutions with the active compound dissolved in
polyhydroxylated castor oil.

[00351] Dosage forms can be administered daily, or more than once a day, such as
twice or thrice daily. Alternatively dosage forms can be administered less frequently
than daily, such as every other day, or weekly, if found to be advisable by a prescribing
physician.

[00352] An embodiment of the invention also encompasses prodrugs of a
compound of the invention which on administration undergo chemical conversion by
metabolic or other physiological processes before becoming active pharmacological
substances. Conversion by metabolic or other physiological processes includes without
limitation enzymatic (e.g., specific enzymatically catalyzed) and non-enzymatic (e.g.,
general or specific acid or base induced) chemical transformation of the prodrug into

the active pharmacological substance. In general, such prodrugs will be functional
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derivatives of a compound of the invention which are readily convertible in vivo into a
compound of the invention. Conventional procedures for the selection and preparation
of suitable prodrug derivatives are described, for example, in Design of Prodrugs, ed.
H. Bundgaard, Elsevier, 1985.

[00353] In another embodiment, there are provided methods of making a
composition of a compound described herein including formulating a compound of the
invention with a pharmaceutically acceptable carrier or diluent. In some embodiments,
the pharmaceutically acceptable carrier or diluent is suitable for oral administration. In
some such embodiments, the methods can further include the step of formulating the
composition into a tablet or capsule. In other embodiments, the pharmaceutically
acceptable carrier or diluent is suitable for parenteral administration. In some such
embodiments, the methods further include the step of lyophilizing the composition to
form a lyophilized preparation.

[00354] The compounds of the invention can be used therapeutically in
combination with 1) one or more other GLP-1 modulators and/or ii) one or more other
types of therapeutic agents or second medicaments which can be administered orally in
the same dosage form, in a separate oral dosage form (e.g., sequentially or non-
sequentially) or by injection together or separately (e.g., sequentially or non-
sequentially).  Examples of combination therapeutic agents include Metformin,
Sitagliptin (MK-0431,Januvia) an oral antihyperglycemic (antidiabetic drug) of the
dipeptidyl peptidase-4 (DPP-4) inhibitor class and Exenatide (Byetta) an incretin
mimetic. In other embodiments, the second medicament is a biguanide such as
metformin, a sulfonylurea such as glibenclamide, glipizide, gliclazide, and glimepiride,
a meglitinide such as repaglinide and nateglinide, a thiazolidinedione such as
pioglitazone and rosiglitazone, an «-glucosidase inhibitor such as acarbose and
miglitol, a bile acid sequestrant such as colesevelam, and/or a dopamine-2 agonist such
as bromocriptine.

[00355] Combinations of the invention include mixtures of compounds from i) and
i1) in a single formulation and compounds from i) and ii) as separate formulations.

Some combinations of the invention can be packaged as separate formulations in a kit.
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In some embodiments, two or more compounds from ii) are formulated together while a
compound of the invention is formulated separately.

[00356] The dosages and formulations for the other agents to be employed, where
applicable, will be as set out in the latest edition of the Physicians' Desk Reference,
incorporated herein by reference.

[00357] In certain embodiments, the present invention encompasses compounds
that bind with high affinity and specificity to the GLP-1 receptor in an agonist manner
or as an activator or a potentiator. In certain embodiments a compound of the invention
acts as a positive allosteric modulator of GLP-1 receptor.

[00358] In certain embodiments, the present invention provides a method for
activating, potentiating, or agonizing (i.c., to have an agonic effect, to act as an agonist)
a GLP-1 receptor, with a compound of the invention. The method involves contacting
the receptor with a suitable concentration of an inventive compound to bring about
activation of the receptor. The contacting can take place in vitro, for example in
carrying out an assay to determine the GLP-1 receptor activation activity of an
inventive compound undergoing experimentation related to a submission for regulatory
approval.

[00359] In certain embodiments, the method for activating a GLP-1 receptor, can
also be carried out in vivo, that is, within the living body of a mammal, such as a human
patient or a test animal. The inventive compound can be supplied to the living
organism via one of the routes as described above, e.g., orally, or can be provided
locally within the body tissues. In the presence of the inventive compound, activation
of the receptor takes place, and the effect thereof can be studied.

[00360] An embodiment of the present invention provides a method of treatment of
a malcondition in a patient for which activation of an GLP-1 receptor is medically
indicated, wherein the patient is administered the inventive compound in a dosage, at a
frequency, and for a duration to produce a beneficial effect on the patient. The
inventive compound can be administered by any suitable means, examples of which are
described above.

[00361] In certain embodiments, the present invention is directed to compounds

adapted to act as modulators or potentiators of Class B GPCRs. These compounds may
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have activity on their own or in the presence of receptor ligands. Receptors include
incretin peptides including GLP-1(7-36) and GLP-1(9-36).

[00362] Methods of treatments provided by the invention include administration of
a compound of the invention, alone or in combination with another pharmacologically
active agent or second medicament to a subject or patient having a malcondition for
which activation, potentiation or agonism of a glucagon-like peptide 1 receptor is
medically indicated such as type 1 diabetes, type II diabetes, gestational diabetes,

obesity, excessive appetite, insufficient satiety, or metabolic disorder.

General Synthetic Methods for Preparing Compounds

[00363] Molecular embodiments of the present invention can be synthesized using
standard synthetic techniques known to those of skill in the art. Compounds of the
present invention can be synthesized using the general synthetic procedures set forth in

Schemes 1-37.

Scheme I:

|
Rs 0 Ho.ci~ % R, S
o i W, 0

Reagents: PG, and PG, are protecting groups; (i) If Z = CO then amide
coupling with acid chloride: DIEA, DCM or amide coupling with acid: EDC,
HOBt, DMF or HATU, DMF; If Z=SO,, then coupling with sulfonyl chloride:
DIEA or NEt;, DCM or DMF; (ii) Deprotection of PG, e.g., methyl ester

deprotection: LiOH, dioxane, water.

[00364] The other enantiomer can be prepared in a similar manner using Scheme 1.

Scheme 2:
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(Rs)q i (Rs)q i (Re)g NH,
N-OH

Reagents: (1) Zn(CN),, Pd(PPhs)4, NMP; (i) NH,OH HCI, TEA, EtOH.

Scheme 3:
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Reagents: PG is a protecting group; (i) EDC, HOBt, DMF then heat;
(i1) Deprotection e.g., methyl ester deprotection: NaOH, MeOH, water.

[00365] The other enantiomer can be prepared in a similar manner using Scheme 3.

Scheme 4:

Reagents: PG is a protecting group; (i) NH,OH, TEA, water or EtOH; (ii)
EDC, HOBt, DMF then heat; (iii) Deprotection e.g., methyl ester deprotection:
NaOH, Mc¢OH, water.

[00366] The other enantiomer can be prepared in a similar manner using Scheme 4.
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Scheme 5:
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Reagents: X; = O or S; (1) N-Methylmorpholine, isobutyl chloroformate,
THF, DMF; (ii) For X; = oxygen, then 2-Chloro-1,3-dimethylimidazolinium
chloride, TEA, DCM; For X, = sulfur then 2,4-bis(4-methoxyphenyl)-1,3,2,4-
dithiadiphosphetane 2,4-disulfide, THF; (iii) Deprotection e.g., methyl ester
deprotection: NaOH, MeOH, water.

[00367] The other enantiomer can be prepared in a similar manner using Scheme 5.
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Scheme 6:
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Reagents: PG is a protecting group and X and Xp are CR4 or N; (i) For
Z=CO, then amide coupling with acid chloride: DIEA, DCM or amide coupling
with acid: EDC, HOBt, DMF or HATU, DMF; For Z=SO,, then coupling with
sulfonyl chloride DIEA or NEt;, DCM or DMF(ii) DIEA, 1,1,1-trifluoro-N-
phenyl-N-((trifluoromethyl) sulfonyl) methanesulfonamide, DCM; (iii) KOAc,
bis-pinacolatoborane, PdCly(dppf) or Pd(dppf)Cl,, Na,CO;, THF, ACN, water;
(iv) Pd(dppf)Cl,, Na,COs, THF, ACN, water; (v) Pd(dppf)Cl,, Na,COs, THF,
ACN, water; (vi) Deprotection e.g., methyl ester deprotection: NaOH, MeOH,

water.
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[00368] The other enantiomer can be prepared in a similar manner using Scheme 6.
Scheme 7:
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Reagents: PG is a protecting group and X and Xp are CR4 or N; (i)
Pd(dppf)Cl,, Na,COs, THF, ACN, water; (ii) Pd(dppf)Cl,, Na,COs, THF, ACN,
water; (ii1) Deprotection e.g., methyl ester deprotection: NaOH, MeOH, water.

[00369] The other enantiomer can be prepared in a similar manner using Scheme 7.
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Reagents: PG is a protecting group;(i) DIEA or TEA, acetonitrile;

(i1) Acetamide, boron trifluoride etherate, DCM; (iii) Deprotection e.g., methyl

ester deprotection: NaOH, MeOH, water.

[00370]
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Scheme 9:
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Reagents: PG is a protecting group; (i) Boron trifluoride etherate, acetamide,
DCM; (i1)) Zn, I,, Pdy(dba)s;, dicyclohexyl(2',6'-dimethoxy-[1,1'-biphenyl]-2-
yl)phosphine, DMF; (iii) Deprotection e.g., methyl ester deprotection: NaOH,
MecOH, water.

[00371] The other enantiomer can be prepared in a similar manner using Scheme 9.

Scheme 10:
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Reagents: PG is a protecting group;(i) Pd(dppf)Cl,, Na,COs, THF, ACN,
water; (i1) Deprotection e.g., methyl ester deprotection: NaOH, MeOH, water.

[00372] The other enantiomer can be prepared in a similar manner using Scheme
10.

Scheme 11:
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Reagents: PG is a protecting group;(i) Pd(dppf)Cl,, Na,COs, THF, ACN,
water; (i1) Deprotection e.g., fert-butyl ester deprotection: DCM, TFA.

[00373] The other enantiomer can be prepared in a similar manner using Scheme

11.
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Scheme 12:
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Reagents: PG, PG;, and PG; are protecting groups;(i) Zn, 1, Pdx(dba)s,
dicyclohexyl(2',6'-dimethoxy-[ 1,1'-biphenyl]-2-yl)phosphine, DMF;
(i1) Deprotection of  PGe.g., fert-butyl carbonate and PG;, e.g., SEM
deprotection: DCM, TFA; (ii1) If Z=CO then coupling with acid: base (DIEA,
TEA, or NMM), coupling reagents (EDC, HOBt or DCC, HOBt, or DCC,
DMAP or HATU), solvent (DMF or DCM), If Z=SO, then coupling with
sulfonyl chloride: DIEA or TEA, DCM or DMF; (iv) Deprotection of PG, e.g.,
tert-butyl ester deprotection: DCM, TFA

[00374] The other enantiomer can be prepared in a similar manner using Scheme

12.
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Scheme 13:
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Reagents: PG and PG; are protecting groups; (i) 2,4-bis(4-phenoxyphenyl)-
1,3,2,4-dithiadiphosphetane 2,4-disulfide, DME, THF; (i) isopropanol; (iii) Zn,
I, Pdx(dba)s;, dicyclohexyl(2',6'-dimethoxy-[1,1'-biphenyl]-2-yl)phosphine,
DMF; (iv) Deprotection of PG,, e.g., tert-butyl ester deprotection: DCM, TFA;
(v) If Z=CO then coupling with acid: base (DIEA, TEA, or NMM), coupling
reagents (EDC, HOBt or DCC, HOBt, or DCC, DMAP or HATU), solvent
(DMF or DCM); If Z=SO; then coupling with sulfonyl chloride: DIEA or TEA,
DCM or DMF; (vi) Deprotection of PGy, e.g., methyl ester deprotection: NaOH,

MecOH, water.
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[00375] The other enantiomer can be prepared in a similar manner using Scheme
13.

Scheme 14:
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Reagents: PG; and PG, are protecting groups;(i) Zn, I, Pdy(dba)s,
dicyclohexyl(2',6'-dimethoxy-[ 1,1'-biphenyl]-2-yl)phosphine, DMF;
(i1) Deprotection of PG,, e.g., tert-butyl carbonate deprotection: DCM, TFA;
(ii1) If Z=CO then coupling with acid: base (DIEA, TEA, or NMM), coupling
reagents (EDC, HOBt or DCC, HOBt, or DCC, DMAP or HATU), solvent
(DMF or DCM); If Z=SO; then coupling with sulfonyl chloride: DIEA or TEA,
DCM or DMF; (iv) Deprotection of PG, e.g., tert-butyl ester deprotection:
DCM, TFA.
[00376] The other enantiomer can be prepared in a similar manner using Scheme
14.
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Scheme 15:
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Reagents: PG, and PG, are a protecting group;(i) 1,1,3,3-
tetramethylguanidine, THF; (ii) H,, Dioxane; (iii) Deprotection of PGie.g., boc-
amine deprotection: DCM, TFA; (iv) If Z=CO then coupling with acid: base
(DIEA, TEA, or NMM), coupling reagents (EDC, HOBt or DCC, HOB, or
DCC, DMAP or HATU), solvent (DMF or DCM); If Z=SO, then coupling with
sulfonyl chloride: DIEA or TEA, DCM or DMF; (v) Deprotection of PG, e.g.,
tert-butyl ester deprotection: DCM, TFA.
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Scheme 16:

Reagents: PGy

and PG, are

protecting

PCT/US2014/041997

(Ra)p

/ZW1
iv | [OH.CI

groups;(1)  1,1,3,3-

tetramethylguanidine, THF; (ii) H,, Dioxane; (iii) Deprotection of PGe.g., boc

amine deprotection: DCM, TFA; (iv) If Z=CO then coupling with acid: base
(DIEA, TEA, or NMM), coupling reagents (EDC, HOBt or DCC, HOB, or
DCC, DMAP or HATU), solvent (DMF or DCM); If Z=SO, then coupling with
sulfonyl chloride: DIEA or TEA, DCM or DMF; (v) Deprotection of PG, e.g.,
tert-butyl ester deprotection: DCM, TFA.
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Scheme 17:
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Reagents: PG is a protecting group;(i) 3-bromo-5-chloro-1,2,4-
thiadiazole,NaHCOs, Pd(dppf)Cl,, water and THF, ACN or dioxane; (ii)
NaHCOs, Pd(dppf)Cl,, water and THF, ACN or dioxane; (iii) Deprotection of
PG, e.g., tert-butyl ester deprotection: DCM, TFA.

[00377] The other enantiomer can be prepared in a similar manner using Scheme
17.
Scheme 18:

Ra OH
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Reagents: PG is a protecting group;(i) NaO'Bu or Cs,COs, Pd(dppf)Cl, or
Pd,(dba)s, 2-dicyclohexylphosphino-2'-(V,N-dimethylamino)biphenyl, water
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and THF, ACN or dioxane; (ii) Deprotection of PG, e.g., fert-butyl ester
deprotection: DCM, TFA.

[00378] The other enantiomer can be prepared in a similar manner using Scheme

18.

Scheme 19:

R NH
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Reagents: PG is a protecting group;(i) NaO'Bu or Cs,COs, Pd(dppf)Cl, or
Pd,(dba)s, 2-dicyclohexylphosphino-2'-(V,N-dimethylamino)biphenyl, water
and THF, ACN or dioxane; (ii) Deprotection of PG, e.g., fert-butyl ester
deprotection: DCM, TFA.

[00379] The other enantiomer can be prepared in a similar manner using Scheme

19.

Scheme 20:

(Rs) .
NONNIANU I RNy ¢
, —_— n
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Reagents: PG is a protecting group;(i) (a) where R; is NH-(CR,Ry,)n,-COOH:
NH,-(CR,Ry,),-COOPG, HATU, DMF then deprotection e.g., fert-butyl ester
deprotection:. DCM, TFA;(b) where R, is NH-SO;-Rg: RsSO,NH,, DCC,
DMAP, DCM (c) where R; is NR4R4: HNR4Rs4;, HATU, DMF then

107



WO 2014/201172 PCT/US2014/041997

deprotection e.g., fert-butyl ester deprotection: DCM, TFA; (d) where R, is
N(R1)-(CR,Rp)m-CO-N(R)-heterocyclyl: HN(R;)-(CR,Rp)M-CO-N(R))-
heterocyclyl HATU, DMF then deprotection e.g., tert-butyl ester deprotection:
DCM, TFA; (e) where R, is—N(R;)-(CR,R,),-CO-N(R;)(R7): NHy-(CR,Rp) -
COOPG, HATU, DMF then deprotection e.g., fert-butyl ester deprotection:
DCM, TFA then HN(R;}R»), HATU, DMAP, DCM (f) where R, is N(Ry)-
(CRaRp)m-heterocyclyl: HN(R;)-(CRaRp)m-heterocyclyl HATU, DMF then
deprotection e.g., tert-butyl ester deprotection: DCM, TFA.

[00380] The other enantiomer and diastereoisomer can be prepared in a similar

manner using Scheme 20.
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Scheme 21
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Reagents: PG, and PGsare protecting groups; (i) DIEA, 1,1,1-trifluoro-N-

phenyl-N-((trifluoromethyl)sulfonyl)methanesulfonamide, DCM; (ii) KOAc,
bis-pinacolatoborane, PdCl,(dppf); (iii)) Pd(dppf)Cl,, Na,COs;, THF, ACN,
water; (iv) Pd(dppf)Cl,, Na,COs, THF, ACN, water; (v) Deprotection of PG,
e.g. CBZ: Pd/C, Hy, EA; (vi) If Z= CO then amide coupling with acid chloride:
DIEA, DCM or amide coupling with acid: EDC, HOBt, DMF or HATU, DMF;
If Z=SO,, then coupling with sulfonyl chloride: DIEA or NEt;, DCM or DMF;

(vii) Deprotection of PGy, e.g., tert-butyl ester deprotection: DCM, TFA.
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[00381] The other enantiomer can be prepared in a similar manner using Scheme
21.
Scheme 22:
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Reagents: PG is a protecting group; (i) Pd(dppf)Cl,, Na,CO;, THF, ACN,
water; (i1) Deprotection of PG, e.g., tert-butyl ester deprotection: DCM, TFA.

[00382] The other enantiomer can be prepared in a similar manner using Scheme

22.
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Scheme 23:
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Reagents: PG is a protecting group; (i) Zn(CN),, Pd(Phs)s, NMP;

(i1) hydroxylamine,

NEt;, EtOH; (iii) EDC, HOBt, DMF then heat;

(iv) Deprotection of PG, e.g., tert-butyl ester deprotection: DCM, TFA.

[00383]
23.
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Scheme 24:
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Reagents: PG is a protecting group; (i) NH4Cl, NaN3;, DMF; (ii) CsCOs, or

K,COs;, DMF, acetone or acctonitrile;

ester deprotection: DCM, TFA.

(ii1) Deprotection of PG, e.g., tert-butyl

[00384] The other enantiomer can be prepared in a similar manner using Scheme
24.
Scheme 25:
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Reagents: PG is a protecting group; (i) sodium tert-butoxide, Pd,(dba)s,

dioxane; (ii) Deprotection of PG, e.g., tert-butyl ester deprotection: DCM, TFA.
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[00385] The other enantiomer can be prepared in a similar manner using Scheme
25.
Scheme 26:
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Reagents: PG is a protecting group; (i) NaO'Bu or Cs,COs, Pdy(dppf)Cl, or
Pd,(dba)s, 2-dicyclohexylphosphino-2'-(V,N-dimethylamino)biphenyl, water
and THF, ACN or dioxane; (ii) Pd/C, H,, EtOH, (ii1) Deprotection of PG, e.g.,
tert-butyl ester deprotection: DCM, TFA.

[00386] The other enantiomer can be prepared in a similar manner using Scheme

26.
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Scheme 27:
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Reagents: PG; and PG; are protecting groups; (i) HATU, DMF, DIEA; (i1)

Deprotection of PG,, e.g. benzyl ester deprotection: Pd/C, H,, MeOH; (iii)
HNR4R4;, HATU, DMF; (iv) Deprotection of PG;, e.g., tert-butyl ester

deprotection: dioxane, HCI or DCM, TFA.

[00387] The other enantiomer and diastercomers can be prepared in a similar

manner using Scheme 27.

114



WO 2014/201172 PCT/US2014/041997

Scheme 28:

Reagents: PG and PG, are protecting groups and X, and X are CR4 or N;

(1) Deprotection of PG, e.g., tert-butyl ester deprotection: DCM, TFA; (ii)
HATU, DIEA, DMF.

[00388] The other enantiomer can be prepared in a similar manner using Scheme

28.
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Scheme 29:

Reagents: PG and PG, are protecting groups and X, and X are CR4 or N;
(1) Pd(dppf)Cl,, Na,COs;, THF, ACN, water; (ii) Br-(CR,Rp)m-R7, K2COs3,
DMEF,; (iii) Deprotection of PGy, e.g., tert-butyl ester deprotection: DCM, TFA.

[00389] The other enantiomer can be prepared in a similar manner using Scheme

29.

Scheme 30:
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Reagents: PG; and PG, are protecting groups and Xa and Xp are CR4 or N;(i)
Pd(dppf)Cl,, Na,COs, THF, acetonitrile, water; (ii) Deprotection of PGy, e.g., fert-butyl
ester deprotection: DCM, TFA.

[00390] The other enantiomer can be prepared in a similar manner using Scheme
30.
Scheme 31:
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Reagents: PG; and PG, are protecting groups and Xs and Xy are CR4 or N; (i)
Pd,(dba)s, 2-dicyclohexylphosphino-2'-(N,N-dimethylamino)biphenyl, = NaOtBu,
dioxane; (ii) Deprotection of PGy, e.g., tert-butyl ester deprotection: DCM, TFA.

[00391] The other enantiomer can be prepared in a similar manner using Scheme
31.
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Scheme 32:

PCT/US2014/041997
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Reagents: PG, and PG, are protecting groups and X, and Xy are CR4 or N;
(1) Lithium formate, DIEA, Ac,O, DMF, then PdCly(dppf); (i1)) HOBt,
EDC,DMF, EtOH; (iii) Deprotection of PG,, e.g., tert-butyl ester deprotection:

DCM, TFA.

[00392]
32.
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Scheme 33:

. PG

(Rs)a Xa__Cl ) P

S e ©

Lz K/;E;;g f \ [ ln

O~g” =
l i (I) : /N_Z
5q
sl I Nm@
m ( W, _Xb
b /Xb > (RB)p
i .e
l iii
Wiy
R4 OH
R4 R
[ ; C e T AR
(/_\ n - a}o m(\\ Xaﬂ/_
}<]m Ry Lz_: n N—7
Xb 2 R{ (Ra)
W, Wi

Reagents: PG is a protecting group and X, and X are CR4 or N; (i) Br-
(CRaRp)m-R7, K,COs, DMF; (ii) Pd(dppf)Cl,, Na,COs, THF, ACN, water; (iii)
Deprotection of PG, e.g., tert-butyl ester deprotection: DCM, TFA; (iv) (a)
where R, is NH-(CR,R},),,-COOH: NH,-(CR,R},),,-COOPG, HATU, DMF then
deprotection e.g., fert-butyl ester deprotection: DCM, TFA; (b) where R, is
NR4i1R42: HNR4R4;, HATU, DMF then deprotection e.g., tert-butyl ester
deprotection: DCM, TFA.

[00393] The other enantiomer can be prepared in a similar manner using Scheme
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Scheme 34:
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Reagents: PG;, PG; and PGs are protecting groups; (i) DIEA, 1,1,1-

(RS)p

Wiy

trifluoro-N-phenyl-N-((trifluoromethyl)sulfonyl)methanesulfonamide, DCM; (ii)
KOAc, bis-pinacolatoborane, PdCly(dppf); (iii) Pd(dppf)Cl,, Na,COs;, THF,
ACN, water; (iv) Pd(dppf)Cl,, Na,CO;, THF, ACN, water; (v) Deprotection of
PG, e.g., tert-butyl ester deprotection: DCM, TFA; (vi) (i) (a) where R, is NH-
(CR4Rp)m-COOH: NH-(CR4Rp)m-COOPG, HATU, DMF then deprotection e.g.,
tert-butyl ester deprotection: DCM, TFA;(b) where R, is NH-SO,-Rs:
RsSO,NH,, DCC, DMAP, DCM (c) where R; is NR4jR4,: HNR4 R4, HATU,
DMF then deprotection e.g., fert-butyl ester deprotection: DCM, TFA: (d) where
R, is N(R;)-(CR,Rp)m-CO-N(R)-heterocyclyl: HN(R;)-(CR.Rp)m-CO-N(R))-
heterocyclyl HATU, DMF then deprotection e.g., tert-butyl ester deprotection:
DCM, TFA; (e) where R; is —-N(R;)-(CR,R},)n-CO-N(R)(R7): NHy-(CRRp) -
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COOPGs;, HATU, DMF then deprotection e.g., fert-butyl ester deprotection:
DCM, TFA then HN(R;}R»), HATU, DMAP, DCM (f) where R, is N(Ry)-
heterocyclyl: HN(R;)-heterocyclyl HATU, DMF then deprotection e.g., tert-
butyl ester deprotection: DCM, TFA. (vii) Deprotection of PG,, ¢.g. CBZ: Pd/C,
H,, EA; (viil) If Z= CO then amide coupling with acid chloride: DIEA, DCM or
amide coupling with acid: EDC, HOBt, DMF or HATU, DMF; If Z=S0O,, then
coupling with sulfonyl chloride: DIEA or NEt;, DCM or DMF; (ix)
Deprotection of PG, e.g., tert-butyl ester deprotection: DCM, TFA.

[00394] The other enantiomer can be prepared in a similar manner using Scheme
34.
Scheme 35:
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Reagents: PG; and PG; are protecting groups; (i) HATU, DMF, DIEA; (i1)
Deprotection of PGy,e.g., tert-butyl ester deprotection: dioxane, HCI or DCM,
TFA; (iii)) HNR4;R42, HATU, DMF; (iv) Deprotection of PG; e.g. benzyl ester
deprotection: Pd/C, H,, MeOH.

[00395] The other enantiomer and diastercomers can be prepared in a similar

manner using Scheme 35.

Scheme 36:
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[00396] Reagents: PG is a protecting group; (i) (a) where Ry is NH-(CR,Rp)m-
COOH: NH,~(CR,R},),-COOPG, HATU, DMF then deprotection e.g., tert-butyl ester
deprotection: DCM, TFA;(b) where R, is NHy-heterocyclyl, NH-SO,-Rs: RsSO,;NH,,
DCC or EDC, DMAP, DCM (c) where R, is NR4jR4;: HNR4; R4, HATU, DMF then
deprotection e.g., tert-butyl ester deprotection: DCM, TFA.

[00397] The other enantiomer and diastercoisomers can be prepared in a similar

manner using Scheme 36.

Scheme 37:
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Reagents: PG is a protecting group; (i) (a) where Ry is NH-(CRRp)m-
COOH: NH;-(CR4Rp)m-COOPG, HATU, DMF then deprotection e.g., tert-butyl
ester deprotection: DCM, TFA;(b) where R; is NH-SO;,-Rs: RsSO,;NH,, DCC,
DMAP, DCM (c) where R, is NR4Rs: HNR4y R4, HATU, DMF then
deprotection e.g., tert-butyl ester deprotection: DCM, TFA.

[00398] The other enantiomer and diastercoisomers can be prepared in a similar

manner using Scheme 37.
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Scheme 38:
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Reagents: PG;, and PG, are protecting groups and X, and Xp are CR4 or N;
(1) Pd(dppfH)Cl,, Na,COs, THF, ACN, water; (ii) Pd(dppf)Cl,, Na,CO;, THF,
ACN, water; (iii) Deprotection of PGy, e.g. CBZ: Pd/C, H;, EA; (iv) If Z= CO
then amide coupling with acid chloride: DIEA, DCM or amide coupling with
acid: EDC, HOBt, DMF or HATU, DMF; If Z=SO,, then coupling with sulfonyl
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chloride: DIEA or NEt;, DCM or DMF; (v) Deprotection of PGy, e.g., tert-butyl
ester deprotection: DCM, TFA.

[00399] The other enantiomer can be prepared in a similar manner using Scheme
38.
Scheme 39:
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Reagents: (i) HATU, DMF; (i) hydrazine hydrate, THF, EtOH; (iii)
thiocarbonyldiimadazole, DIEA, THF.

[00400] The other enantiomer and diastercoisomers can be prepared in a similar

manner using Scheme 39.

EXAMPLES

[00401] The invention is further illustrated by the following examples. The
examples below are non-limiting are merely representative of various aspects of the

invention.
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General Methods
NMR spectra

[00402] 'H NMR (400 MHz) and "*C NMR (100 MHz) were obtained in solution
of deuteriochloroform (CDCls3) or dimethyl sulfoxide (ds—DMSO). NMR spectra were
processed using MestReNova 6.0.3-5604.

LCMS data

[00403] Mass spectra (LCMS) were obtained using one of 6 systems. System 1la:
Agilent 1100/6110 HPLC system equipped with a Thompson ODS-A, 100A, 5 u (50 X
4.6 mm) column using water with 0.1% formic acid as the mobile phase A, acetonitrile
with 0.1% formic acid as the mobile phase B, water with 5 mM ammonium acetate as
the mobile phase C, and acetonitrile with 5 mM ammonium acetate as the mobile phase
D with a flow rate of 1 mL/min. Method I: 20-100% mobile phase B (80-0% A) over
2.5 min then held at 100% B for 2.5 min. Method 2: 5% mobile phase B (95% A) for 1
min, 5-95% B over 9 min, then held at 95% B for 5 min. Method 3: 20-100% mobile
phase B (80-0 % A) over 2.5 min then held at 100% B for 4.5 min. Method 12: 5% D
(95% C) for 1 min. then 5-95% D over 9 min. and held at 95% D for 5 min. System 1b:
Agilent 1100/6110 HPLC system equipped with a Agilent Poroshell 120 EC-CS, 2.7 u
(50 X 3 mm) column using water with 5 mM ammonium acetate as the mobile phase C,
and acetonitrile with 5 mM ammonium acetate as the mobile phase D with a flow rate
of 1 mL/min. Method 13: 5% D (95% C) to 95% D over 12 min. then held at 95% D for
2.8 min. and to 5% D over 0.2 min. System 1c¢: Agilent 1100/6110 HPLC system
equipped with a Agilent Poroshell 120 EC-C18, 2.7 u (50 X 3 mm) column using water
with 5 mM ammonium acetate as the mobile phase C, and acetonitrile with 5 mM
ammonium acetate as the mobile phase D with a flow rate of 1 mL/min. Method 14:
5% D (95% C) to 95% D over 12 min. then held at 95% D for 2.8 min. and then to 5%
D over 0.2 min. Method 15: 20% D (80% C) to 95% D over 3 min. and hold at 95% D
1.8 min. then to 20% D over 0.2 min. Method 16: 20% D (80% C) to 95% D over 3.0
min. and hold at 95% D for 3.8 min. then 20% D over 0.2 min. System 2: Agilent 1200
LCMS equipped with an Agilent Zorbax Extend RRHT 1.8 um (4.6 x 30 mm) column

using water with 0.1% formic acid as mobile phase A and acetonitrile with 0.1% formic
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acid as mobile phase B. Method 4: 5-95% mobile phase B over 3.0 min with a flow rate
of 2.5 mL/min, then held at 95% for 0.5 min with a flow rate of 4.5 mL/min. Method 5:
5-95% mobile phase B over 14 min with a flow rate of 2.5 mL/min, then held at 95%
for 0.5 min with a flow rate of 4.5 mL/min. System 3: Waters Fractionlynx LCMS
system equipped with an Agilent Zorbax Extend RRHT 1.8 um, (4.6 x 30 mm) column
using water with 0.1% formic acid as mobile phase A and acetonitrile with 0.1% formic
acid as mobile phase B. Method 6: 5-95% mobile phase B over 3.0 min with a flow rate
of 2.5 mL/min, then held at 95% for 0.5 min with a flow rate of 4.5 mL/min. Method 7:
5-95% mobile phase B over 14 min with a flow rate of 2.5 mL/min, then held at 95%
for 0.5 min with a flow rate of 4.5 mL/min. System 4: Agilent 1260 LCMS equipped
with an Agilent Zorbax Extend RRHT 1.8 um (4.6 x 30 mm) column using water with
0.1% formic acid as mobile phase A and acetonitrile with 0.1% formic acid as mobile
phase B. Method §8: 5-95% mobile phase B over 3.0 min with a flow rate of 2.5
mL/min, then held at 95% for 0.5 min with a flow rate of 4.5 mL/min. Method 9: 5-
95% mobile phase B over 14 min with a flow rate of 2.5 mL/min, then held at 95% for
0.5 min with a flow rate of 4.5 mL/min. System 5: Agilent 1260 LCMS equipped with
a Waters Xselect CSH C18 3.5 pm (4.6 x 50 mm) column using water with 0.1%
formic acid as mobile phase A and acetonitrile with 0.1% formic acid as mobile phase
B. Method 10: The gradient was 5-95% mobile phase B over 13.0 min with a flow rate
of 2.5 mL/min, then held at 95% for 1.0 min with a flow rate of 4.5 mL/min. Method
11: The gradient was 5-95% mobile phase B over 3.0 min with a flow rate of 2.5
mL/min, then held at 95% for 0.6 min with an flow rate of 4.5 mL/min. System 6:
Waters Acquity UPLC system equipped with a Acquity UPLC BEH C18, 1.7 um (2.1 x
50 mm) or Phenomenex Kinetex C18, 1.7 um (2.1 x 50 mm) column using water with
10 mM ammonium formate as mobile phase A, acetonitrile as mobile phase B with a
flow rate of 0.5 mL/min. Method 17: 10% mobile phase B (90% A) for 0.5 min, 10-
95% B over 3 min, then held at 95% B for 1.1 min, 95-10% B over 0.1 min then held
for 0.3 min and the total run time is 5 min. Method 18: 20% mobile phase B (80% A)
for 0.5 min, 20-95% B over 3 min, then held at 95% B for 1.1 min, 95-20% B over 0.1
min, then held for 0.3 min and the total run time is 5 min. Method 19: 30% mobile
phase B (70% A) for 0.5 min, 30-95% B over 2.2 min, then held at 95% B for 1.9 min,
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95-30% B over 0.1 min, then held for 0.3 min and the total run time is 5 min. Method
20: 40% mobile phase B (60% A) for 0.5 min, 40-95% B over 1.9 min, then held at
95% B for 2.2 min, 95-40% B over 0.1 min, then held for 0.3 min and the total run time
is 5 min. Method 21: 20% mobile phase B (80% A) for 0.5 min, 20-95% B over 2.7
min, then held at 95% B for 1.4 min, 95-20% B over 0.1 min, then held for 0.3 min and
the total run time is 5 min. Method 22: 40% mobile phase B (60% A) for 0.5 min, 40-
95% B over 1.6 min, then held at 95% B for 2.5 min, 95-40% B over 0.1 min, then held

for 0.3 min and the total run time is 5 min.

Hydrogenations

[00404] Hydrogenation reactions were performed using a Thales Nanotechnology
H-Cube reactor equipped with the specified CatCart or using standard laboratory

techniques.

Reaction Conditions and Abbreviations

[00405] Pyridine, dichloromethane (DCM), tetrahydrofuran (THF), and toluene
used in the procedures were from Aldrich Sure-Seal bottles or Acros AcroSeal dry
solvent and kept under nitrogen (N,). All reactions were stirred magnetically and
temperatures are external reaction temperatures. The following abbreviations are used:
cthyl acetate (EA), I-methy-2-pyrrolidinone (NMP), triethylamine (TEA), N-
hydroxybenzotriazole (HOBt), 1-cthyl-3-(3-dimethylaminopropyl) carbodiimide
hydrochloride (EDC), N,N-dimethylformamide (DMF), dimethyl acetamide (DMA),
Di-tert-butyl dicarbonate (Boc,0), N,N-Diisopropylethylamine (DIEA), acetic acid
(AcOH), hydrochloric acid (HCD), O-(7-azabenzotriazol-1-yl-N,N,N' N'-
tetramethyluronium hexafluorophosphate (HATU), 4-dimethylaminopyridine (DMAP),
tert-butanol (~BuOH), sodium hydride (NaH), sodium triacetoxyborohydride
(Na(OAc):BH), ethanol (EtOH), methanol (MeOH), acetonitrile (ACN).

Purifications

[00406] Chromatographies were carried out using a Combiflash Rf flash
purification system (Teledyne Isco) equipped with Redisep (Teledyne Isco), Telos

(Kinesis) or Grace Resolv (Grace Davison Discovery Sciences) silica gel (Si0O;)

128



WO 2014/201172 PCT/US2014/041997

columns. Preparative HPLC purifications were performed using one or two systems.
System 1: Varian ProStar/PrepStar system equipped with a Waters SunFire Prep C18
OBD, 5 um (19 x 150 mm) column using water containing 0.05% trifluoroacetic acid as
mobile phase A, and acetonitrile with 0.05% trifluoroacetic acid as mobile phase B. The
gradient was 40-95% mobile phase B over 10 min, held at 95% for 5-10 min, and then
return to 40% over 2 min with flow rate of 18 mL/min. Fractions were collected using a
Varian Prostar fraction collector by UV detection at 254 nm and were evaporated using
a Savant SpeedVac Plus vacuum pump or a Genevac EZ-2.System 2: Waters
Fractionlynx system equipped with an Agilent Prep-C18, 5 pm (21.2 x 50 mm) column
using water containing 0.1% formic acid as mobile phase A, and acetonitrile with 0.1%
formic acid as mobile phase B. The gradient was 45-95% mobile phase B over 7.5 min,
held at 95% for 1 min, and then returned to 45% over 1.5 min with a flow rate of 28
mL/min. Fractions were collected by UV detection at 254 nm or by mass and

evaporated using a Genevac EZ-2.

Chiral Methods

[00407] Chiral Method: Enantiomeric excess was determined by integration of
peaks that were separated on a Diacel Chiralpak IA, 4.6 x 250 mm column, 5 pm
particle size. The solvents used were “Solvent A”: 4:1 (hexanes with 0.2% TFA):
DCM, and “Solvent B”: EtOH. The flow rate was held at 1.0 mL / min with the
following gradient: Increase Solvent B from 2-10% over 30 min, hold Solvent B at 10%

for 15 min.

[00408] Chiral Method 2: Enantiomeric excess was determined by integration of
peaks that were separated on a Daicel Chiralpak IC, 4.6 x 250 mm column, 5 pm
particle size running an isocratic mixture of 76% (0.2% TFA in iso-hexanes), 19%

DCM and 5% EtOH at a flow rate of 1.5 mL/min.

[00409] Chiral Preparative HPLC: This was carried out using a Gilson preparative
HPLC system equipped with a Daicel Chiralpak IC column, 20 x 250 mm column, 5
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um particle size running an isocratic mixture of mobile phase A (60% (0.2% TFA in
iso-hexanes) and 40% DCM) at 15 mL/min and at-column-dilution with mobile phase B
(EtOH) at 1.5 mL/min. Fractions were collected by UV detection at 254 nm and

evaporated using a Genevac EZ-2.

Experimental Procedures

General Procedures

General Procedure 1: Preparation of Nitriles.

[00410] A stirred a solution of bromide or triflate (1 eq), zinc cyanide (2 eq) and
tetrakis (triphenylphosphine) palladium (1 — 5 mol%) in dry NMP (0.5 — 1 M) was
degassed with N,. The reaction was heated to 100°C for 18 h while stirring under N,.
The reaction mixture was cooled and poured into water and DCM. The solid material
was removed by filtration and the filtrate was extracted with water. The organic layer
was dried over MgSO, and concentrated. The crude product was purified by

chromatography.

General Procedure 2: Preparation of Amidoximes.

[00411] To a stirring solution of nitrile (1 eq) in EtOH was added hydroxylamine
(50% solution in H,O, 5 eq) and TEA (1.1 eq). The mixture was heated for 2 — 12 h at
80 — 85°C then concentrated. The resulting solid was dissolved in EA, washed with
water, then dried with Na,SO,, concentrated and used without further purification.
Alternatively, to a stirring solution of nitrile (1 eq) and TEA (2-3 eq) in DMF or EtOH
was added hydroxylamine hydrochloride (2-3 eq). The mixture was stirred at room
temperature up to 80°C for up to 24 h then concentrated. The resulting solid was
dissolved in EA or DCM, washed with water or brine, then dried with Na;SO,,

concentrated, and used without further purification.

General Procedure 3: Preparation of Amides via Acid Chlorides.

[00412] To a solution of amine (1 eq) and base (cither DIEA or TEA) (2 - 3 ¢q) in
DCM (0.06 — 0.30 M) was treated with the appropriate acid chloride (1.0 — 1.5 eq). The
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reaction mixture was stirred until the reaction was complete. The reaction was diluted
with DCM and washed with saturated aqueous NaHCO;. The organic layer was dried
over MgSO,; and concentrated. The product was purified by chromatography.
Alternatively, the crude reaction mixture can be carried on to the next step without

further purification.

General Procedure 4: Hydrolysis of Esters to Acids.

[00413] To a stirring solution of ester (1 eq) in THF or dioxane and water, was
added NaOH or LiOH (1 — 3 e¢q). The reaction mixture was stirred at up to 60°C for up
to 18 h. The reaction mixture was neutralized with AcOH or HCI and either diluted
with water or concentrated. If the reaction mixture was diluted with water, then HCI
was added to acidify the reaction mixture to a pH of approximately 2. The resulting
precipitate was isolated by filtration to yield product which can be purified by
chromatography, preparative HPLC, or used without purification. If the reaction
mixture was concentrated, the crude material was diluted with DCM or EA and washed
with brine. The organic layer was concentrated and purified by chromatography or
preparative HPLC to give final product. Alternatively, the crude material can be carried

forward without purification.

General Procedure 5: Preparation of Oxadiazoles via Acids or Acid Chlorides.

Oxadiazoles via Acids:

[00414] To a solution of acid (1 eq) in DMF was added HOBt (2 eq) and EDC (2
eq). After stirring for 2 h, amidoxime (2 eq) was added and the mixture was stirred at
room temperature for up to 12 h. The reaction mixture was then heated to 100°C for up
to 12 h. Alternatively, after stirring at room temperature, the reaction mixture was
diluted with DCM, washed with NaHCOs;, then dried with Na,SO,4 and concentrated.
The resulting residue was dissolved in EtOH and heated in a microwave for 35 min at
110°C. The solvent was removed and the final product was purified by preparative

HPLC.
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[00415] Oxadiazoles via Acid Chlorides: To synthesize oxadiazoles via acid
chlorides, dioxanes and DIEA (1.5 eq) were added to a stirred solution of amidoxime (1
eq) followed by an acid chloride (1.1 eq). The reaction mixture was stirred at room
temperature for 30 min then at 120°C for up to 6 h. The reaction mixture was allowed
to cool to room temperature, diluted with EA and washed with brine. The organics

were concentrated and the residue purified by chromatography.

General Procedure 6: Removal of tert-Butyl Carbamate.

[00416] A solution of the tert-butyl carbamate (1 eq) in DCM (0.06 M) was treated
with TFA (0.16 — 0.33 M) or HCI in ether (0.16 — 0.33 M). The reaction mixture was
stirred at either room temperature or 30°C until complete. The solvent was removed and

the product was purified by chromatography or preparative HPLC.

General Procedure 7: Preparation of Amides via Peptide Coupling.

[00417] A solution of amine (1.0 eq) and base (DIEA, TEA or NMM) (0 — 3.0 eq)
in DCM or DMF (0.08 — 0.10 M) was treated with the appropriate carboxylic acid (1.0
— 1.5 eq). To this mixture was added the coupling reagent. The coupling reagent could
be HATU (1.05 — 2.5 eq) optionally with DMAP (0.01 — 1 eq), EDC (1.5 eq) with
HOBt (1.5 eq) or DMAP (0.01 — 1 eq), DCC (1.1 eq) with HOBt (1.1 eq) or DCC (1.5
eq) with DMAP (2.0 eq). The reaction mixture was stirred until the reaction was
complete. The reaction was diluted with EA and washed with saturated aqueous
NaHCOj;. The organic layer was dried over MgSO, and concentrated. The product was
purified by chromatography or alternatively can be carried on to the next step without

further purification.

General Procedure 8: Deprotection of Esters to Acids, Deprotection of Boc-Amines,

and/or protodesilylation of protected alcohols

[00418] A solution of the tert-butyl ester or Boc-amine (1.00 eq) in DCM (0.06 M)
was treated with TFA (0.16 — 0.33 M) or 1 - 4N HCl in ether or dioxane (10.0 — 20.0

eq). The reaction mixture was stirred at either room temperature or 30°C until
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complete. The solvent was removed and the product was purified by chromatography
or preparative HPLC. This procedure was also applicable for protodesilylation of fert-
butyl, dimethylsilyl protected alcohols.

[00419] A solution of the methyl ester (1.00 eq) in dioxane (0.04 — 0.08 M) was
treated with 1 - 6N aqueous HC1 (10 — 100 eq). The reaction mixture was stirred at
cither room temperature or 30°C until complete. The solvent was removed and the

product was purified by chromatography or preparative HPLC.

General Procedure 9: Formation of Triflate.

[00420] A solution of the phenol (1.0 eq) in DCM (0.25 M) was treated with 1,1-
trifluoro-N-phenyl-N-((trifluoromethyl)sulfonyl)methanesulfonamide (1.1 eq). The
reaction mixture was stirred at room temperature until complete. The reaction was
stirred with water and saturated aqueous NaHCQO;. The organic layers was dried and
concentrated. The material was purified by chromatography or alternatively used

without purification.

General Procedure 10: Palladium-catalyzed Coupling Reactions.

[00421] A solution of boronic acid or boronate ester (1.0 — 1.3 eq), halide (1.0 —
1.3 eq), sodium bicarbonate or sodium carbonate decahydrate (2.0 — 2.5 eq), and
dichloro[1,1’-bis(di-tert-butylphosphino)ferrocene]palladium(Il) or Pd(dppf)Cl, were
combined in THF, acetonitrile, or dioxane (0.1 — 0.2 M) and water (0.25 — 0.50 M).
The reaction was heated at 80 to 100°C until complete. The reaction was diluted with
EA and washed with saturated aqueous NaHCQOs;. The organic layer was dried over
MgSQO, and concentrated. The product can be purified by chromatography, preparative

HPLC, or carried on to the next step without further purification.

General Procedure 11: Palladium-catalyzed aryl Amidation.

[00422] A solution of aryl bromide or triflate (1.00 eq), sodium tert-butoxide or
cesium carbonate (1-2 eq) and amine (1.0-1.5 eq) in dioxane or THF (0.05M) was
degassed wusing N; bubbling for 10 min. Pdy(dba); (0.10 eq) and 2-
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dicyclohexylphosphino-2'-(N,N-dimethylamino)biphenyl (0.15 eq) are added and the
reaction mixture was heated for 45-60 min at 100-120°C in a microwave reactor or up
to 80°C with conventional heating for up to 18 h. The reaction was diluted with EA and
washed with saturated aqueous NaHCO;. The organic layer was dried over Na;SO4 and
concentrated. The product can be purified by chromatography, preparative HPLC, or

carried on to the next step without further purification.

General Procedure 12: Alklation of Phenols, Imidazoles, Lactams and Amines.

[00423] To a solution of a phenolic intermediate in DMF, acetone or ACN (0.1 M)
were added the appropriate bromoalkane (1.5 eq) or tosylate and either CsCOs (1.5 -2.0
eq) or K,CO5 (1.5 -2.0 eq). The reaction mixture was heated at 40-70°C for up to 18 h,
then diluted with DCM and washed with H,O. The organic layer was dried over
Na,SO, and concentrated. The product can be purified by chromatography, preparative

HPLC, or carried on to the next step without further purification.

General Procedure 13: Sulfonate or Sulfonamide formation.

[00424] To a solution of alcohol or amine in DCM (0.02 M) was added the
sulfonyl chloride (2 eq) and triethylamine (3 eq). The reaction was stirred at room
temperature until complete. The reaction was diluted with DCM and washed with
saturated aqueous NaHCO;. The organic layer was dried over MgSO, and
concentrated. The product can be purified by chromatography, preparative HPLC, or

carried on to the next step without further purification.

General Procedure 14: Reduction of Aryl Nitro to an Aryl Amine.

[00425] To a stirring solution of aryl nitro (1 eq) in THF purged with N, was added
palladium on carbon. The reaction mixture was subjected to an H; atmosphere for up to
4 h. The reaction mixture can be filtered over a pad of celite and solvent concentrated.

The crude material was carried forward without further purification.
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General Procedure 15: Preparation of a Secondary or Tertiary Amine via Reductive

Amination.

[00426] To a stirring solution of aldehyde or ketone (0.9-1.0 eq) in DCM or 1,2-
dichloroethane or THF was added an amine (0.9-1.1 eq). After stirring at room
temperature for up to 2 h, one drop of acetic acid (optional) was added followed by
sodium triacetoxyborohydride (1.5-2.0 eq) and the reaction mixture was stirred
overnight. In some cases it is necessary to filter the reaction mixture, redissolve and
add additional reducing agent to drive the reaction to completion. The crude reaction
mixture was quenched with NaHCO; and stirred for 5 min. The aqueous layer was
extracted with DCM and the organic layer was dried over MgSO, and concentrated.

The final product was isolated by chromatography.

General Procedure 16: Preparation of 2-lodopyrimidines

[00427] To a stirring solution of a 2-chloro pyrimidine (1 eq) in 57% aqueous
hydrogen iodide (1 mL) was added sodium iodide (2 eq). The reaction mixture was
stirred at ambient temperature until the starting material was consumed. The reaction
mixture was quenched with NaHCO; (5 mL) then extracted with EA (3 x 5 mL). The
combined organic layer was washed with brine (10 mL), dried over MgSO4 and

concentrated. The crude product was used in the subsequent step without purification.

General Procedure 17. Preparation of 2-lodopyridines

[00428] To a stirring solution of a 2-chloropyridine (1 eq) in acetonitrile (2 mL)
was added sodium iodide (6 eq). The reaction mixture was heated to 40°C and acetyl
chloride (0.6 eq) was added. The reaction mixture was stirred until the staring material
was consumed. The reaction was quenched with NaHCO; (5 mL) and extracted with
EA (3 x 5 mL). The combined organic layer was washed with brine (10 mL), dried
over MgSO,4 and concentrated. The crude product was used in the subsequent step

without purification.
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General Procedure 18: Deprotection of Cbz to Amine or Deprotection of Benzyl Esters
to Acids.

[00429] Conventional Hydrogenations: To a stirring solution of Cbz-protected
amine or benzyl protected ester (1.0 eq) in EA, THF, EtOH, or MeOH (0.01 — 0.05 M)
was added Pd/C and the reaction was stirred under hydrogen until complete. The
catalyst was filtered and the solvent was removed. The product was purified by
chromatography or alternatively can be carried onto the next step without further
purification.

[00430] Hydrogenation using H-cube: A solution of Cbz-protected amine or benzyl
protected ester (1.0 eq) in dioxane or THF (0.01 — 0.03 M) was passed over a 10% Pd/C
CatCart in a Thales Nanotechnology H-Cube reactor at 1 mL/min. The solvent was

evaporated and the product was carried to the next step without further purification.

General Procedure 19: Preparation of Aryl-Acids from Aryl Bromides

[00431] To a stirring solution of oven-dried lithium formate (3 eq) and DIEA (2
eq) under N, in DMF (0.1 M) was added acetic anhydride (2eq). After 30 minutes, the
mixture was degassed by N, bubbling for 15 min and then added to a similarly degassed
solution of aryl bromide (1 eq) and PdCl,(dppf) (0.1 eq) in DMF (0.1 M). The resulting
mixture was heated in a microwave reactor for 1 hr at 120°C. After cooling, the
mixture was diluted with DCM and washed with water. The organic layer was dried
(NayS0O4) and concentrated.  The resulting crude material was purified by

chromatography.

General Procedure 20: Alkylation of Phenols via Mitsunobu condensation of alcohols

[00432] To a stirring solution of phenol (1 eq) in THF was added an alcohol (1.1
eq), triphenyl phospine (1.1 eq) and diisopropyl azodicarboxylate (1.1 eq). The reaction

mixture was stirred overnight, concentrated and purified by preparative HPLC.

General Procedure 21: Palladium catalyzed coupling (Sonogashira coupling)

[00433] To a suspension of alkyne (1 eq), iodide (1.2 eq), and diethylamine (5 eq)
in anhydrous diethyl ether (0.2 M) was added Cul (0.1 eq) followed by Pd(PPhs),Cl,
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(0.05 eq). The reaction mixture was stirred under N, at room temperature for 24 h. The
reaction mixture was diluted with ethyl acetate, washed with saturated aqueous
ammonium chloride then brine, and dried over MgSQO4. The crude product was purified

by silica gel column chromatography.

General Procedure 22: Methyl or Ethyl ester formation

[00434] To a stirring suspension of amino acid (1 eq) in MeOH or EtOH (0.5 M)
was added TMS-Cl (4-10 eq) and the mixture stirred at ambient temperature (RT-
reflux) for 4-24 h. The reaction mixture was cooled and concentrated/purified to yield

desired ester.

General Procedure 23: BOC protection.

[00435] To a stirring suspension of amino ester (1 eq) in DCM (0.25 M) at 0°C
was added DIEA (1.1 eq) and di-fert-butyl dicarbonate (1.2 eq). The reaction was
stirred for between 4-24 h before being washed with water and dried over MgSO4. The

final product was isolated by chromatography.

General Procedure 24: Swern oxidation

[00436] To a stirring solution of oxalyl chloride (1.6 eq) in DCM (0.17 M) at -
78°C was added DMSO (3.2 eq) and the reaction stirred for 10 mins. A solution of
alcohol (1 eq) in DCM was then added by cannula and the reaction stirred at -78°C for
2 h before the addition of DIEA (5 eq). The solution was warmed to 0°C, stirred for an
additional 60 minutes then washed with saturated ammonium chloride solution. The
organic layer was dried over MgSO, and concentrated. The crude product was purified

by column chromatography or used directly

General Procedure 25: Sodium borohydride reduction

[00437] To a stirring solution of ketone (1 eq) in MeOH (0.17 M) at -78°C was
added NaBH, (0.7 eq). The reaction was stirred for 30 min before the addition of
saturated ammonium chloride solution and warming to room temperature. MeOH was

removed by reduced pressure distillation and the aqueous extracted with DCM. The
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combined organic extracts were dried over MgSQO, and concentrated. The final product

was isolated by chromatography.

General Procedure 26: t-Butyl ester formation

[00438] To a stirring suspension of acid (1 eq) in DME (0.5 mL) at -10°C was
added concentrated sulfuric acid (6 eq) followed by 2-methylprop-1-ene (100 eq). The
mixture was sealed in a pressure vessel and stirred at 0°C for 18 h. The reaction was
then cooled to -10°C and the vessel opened. The reaction was warmed to RT over 30
minutes over which time all the isobutylene evaporated. The reaction was diluted with
EA and saturated sodium bicarbonate was added to pH 8 with vigorous stirring. The
phases were separated and the aqueous re-extracted with EA. The combined organic
extracts were dried over MgSO, and concentrated. The final product was isolated by

chromatography.

General Procedure 27: Boronic acid synthesis.

[00439] To a stirring solution of bromide (1 eq) in THF (0.14 M) at -78°C was
added butyllithium (1.5 eq) and the solution stirred for 20 mins. Trimethyl borate (1.1
eq) was added and the reaction warmed to RT. The mixture was quenched with water
and extracted with ethyl acetate. The combined organics were washed successively with
1 N HCI and saturated brine (50 ml), dried over MgSO4 and concentrated. The final

product was isolated by chromatography.
General Procedure 28: Hydrazide formation

[00440] To a stirring solution of methy ester (1 eq) in 1:1 THF: EtOH (0.05 M)
was added hydrazine hydrate (10 eq) and the solution stirred for 16 h. The product was

precipitated with water and isolated by filtration.

General Procedure 29: Oxadiazole thione formation

[00441] To a stirring solution of hydrazide (1 eq) and DIEA in THF (0.027 M) was
added thiocarbonyldiimidazole (1.2 eq) and the solution stirred for 2 h. The mixture

was warmed to 45°C for a further 1 h then quenched with aqueous AcOH and extracted
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with DCM. The organics were dried through a hydrophobic frit and concentrated. The

final product was isolated by chromatography.

General Procedure 30: Amino alcohol synthesis.

[00442] To a stirring solution of diisopropylamine (1.15 eq) in THF (0.34 M) at
0°C was added butyllithium (1.1 eq of a 2.4 M solution in hexanes). After 30 mins, the
mixture was cooled to -78°C  and treated with  tert-butyl  2-
((diphenylmethylene)amino)acetate (1 eq). After 30 mins, chlorotrimethylsilane (3 eq)
was added and the mixture allowed to warm to room temperature. The resulting
solution was added to a stirring solution of aldehyde (1 eq) and zinc chloride (0.05 eq of
a 0.5 M solution in diethyl ether) in THF (0.36 M). After 16 h, the mixture was
quenched with 10% aqueous citric acid and stirred for a further 16 h. The product was
isolated by direct strong-cation-exchange ion-exchange chromatography of the reaction

mixture and used without further purification.

Synthesis of Representative Compounds

4-(heptyloxy)benzonitrile

[ J— o
NN NN

[00443] Prepared using General Procedure 1: A stirred a solution of 1-bromo-4-
(heptyloxy)benzene (2.0 g, 7.37 mmol), zinc cyanide (1.73 g, 14.74 mmol) and tetrakis
(triphenylphosphine) palladium (76.12 mg, 0.07 mol) in dry NMP (20 mL) was
degassed with N,. The reaction was heated to 100°C for 18 h while stirring under
nitrogen. The reaction mixture was cooled and poured into water (100 mL) and DCM
(20 mL). The solid material was removed by filtration and the filtrate was extracted
with water (3 x 20 mL). The organic layer was dried over MgSO4 and concentrated.
The crude product was purified by chromatography (EA / hexanes) to afford 1.15 g
(73%) of 4-(heptyloxy)benzonitrile as a light yellow solid. LCMS-ESI (m/z) calculated
for C14HoNO: 217.1; found 218.1 [M+H]", fr = 11.14 min (Method 2). "H NMR (400

MHz, CDCls) 8 7.64 — 7.50 (m, 2H), 7.05 — 6.83 (m, 2H), 3.99 (t, J = 6.5 Hz, 2H), 1.89
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— 1.69 (m, 2H), 1.58 — 1.12 (m, 8H), 0.90 (dd, J = 9.1, 4.5 Hz, 3H). *C NMR (101
MHz CDCly) & 162.47, 133.91, 132.78, 132.12, 129.13, 119.31, 115.18, 103.58, 68.41,
31.73,28.98, 25.89, 22.58, 14.07.

(Z)-4-(heptyloxy)-N'-hydroxybenzimidamide
NH,

CN
N VY
O \/\/\/\O

[00444] Prepared using General Procedure 2: To a stirring solution of 4-
(heptyloxy)benzonitrile (1.0 g, 4.6 mmol) in EtOH (15 mL) were added hydroxylamine
hydrochloride (0.96 g, 13.8 mmol) and TEA (2.22 g, 23.0 mmol). The reaction was
heated to 85°C for 2 h. The solvent was removed under reduced pressure and the
residue was diluted with water (20 mL) and extracted with DCM (3 x 10 mL). The
combined organic layers were concentrated under reduced pressure. The crude material
was crystallized from isopropanol (20 mL) to afford 1.05 g (91%) of (£)-4-(heptyloxy)-
N'-hydroxybenzimidamide as a white solid. LCMS-ESI (m/z) -calculated for
C4H2N,0,: 250.2; found 251.3 [M+H]", fx = 1.70 min (Method 1). "H NMR (400
MHz, CDCls) 6 9.45 (s, 1H), 7.59 (d, J = 8.6 Hz, 2H), 6.93 (t, /= 14.7 Hz, 2H), 5.82 —
5.48 (m, 2H), 3.97 (t, /= 6.5 Hz, 2H), 1.83 — 1.55 (m, 2H), 1.56 — 1.05 (m, 8H), 0.87 (t,
J=6.7Hz, 3H). C NMR (101 MHz CDCls) § 159.19, 150.53, 126.64, 125.55, 113.87,
67.40, 31.21, 28.62, 28.40, 25.44, 22.02, 13.92.

(S)-methyl 4-(2-amino-3-methoxy-3-oxopropyl)benzoate
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[00445] To a solution of (S)-2-amino-3-(4-(tert-butoxycarbonyl)phenyl)propanoic
acid (500.0 mg, 1.88 mmol) in MeOH (20 mL) at 0°C was slowly added thionyl
chloride(447.64 mg, 3.77 mmol). The reaction was stirred for 1 h at 0°C then warmed to
room temperature and stirred for 1 h. The solvent was removed under reduced pressure.
The reaction mixture was washed with saturated aqueous NaHCO; (20 ml) and
extracted with DCM (3 x 10 ml). The organic layer was dried over MgSO4 and
concentrated. The crude product was purified by chromatography (EA / hexanes) to
afford 425 mg (95%) of (S)-methyl 4-(2-amino-3-methoxy-3-oxopropyl)benzoate as the
HCl salt. LCMS-ESI (m/z) calculated for C1,H;sNO,: 237.1; found 238.0 [M+H]', #
=1.01 min (Method 1). "HNMR (400 MHz, CDCl3) 3 8.55 (s, 3H), 7.94 (d, J = 8.3 Hz,
2H), 7.41(d, J = 8.3 Hz, 2H), 4.37 (t, J = 6.8 Hz, 1H), 3.86 (s, 3H), 3.68 (s, 3H), 3.20
(dd, J=11.8, 6.8 Hz, 2H).

(S)-methyl 4-(2-(4-(tert-butyl)benzamido)-3-methoxy-3-oxopropyl)benzoate

[00446] Prepared using General Procedure 3: To the solution of (S)-methyl 4-(2-
amino-3-methoxy-3-oxopropyl)benzoate (425.0 mg, 1.79 mmol) in DCM (10 mL) and
DIEA (463.0 mg, 3.58 mmol) was added 4-(fert-butyl)benzoyl chloride (556.6 mg, 2.83
mmol) at room temperature. The reaction was stirred for 2 h and the reaction was
partitioned between DCM and saturated aqueous NaHCO;. The organic layer was dried
over MgSO, and concentrated. The crude product was purified by chromatography (EA
/ hexanes) to afford 317 mg (45%) of (S)-methyl 4-(2-(4-(tert-butyl)benzamido)-3-
methoxy-3-oxopropyl)benzoate. LCMS-ESI (m/z) calculated for C,3Hz7NOs: 397.2;
found 398.1 [M+H]", fx =2.31 min (Method 1). 'H NMR (400 MHz, CDCl3) § 7.97 —
7.75 (m, 2H), 7.67 — 7.51 (m, 2H), 7.46 — 7.26 (m, 2H), 7.14 (d, J = 8.3 Hz, 2H), 6.60
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(d, J=7.4 Hz, 1H), 5.03 (dt, J = 7.4, 5.7 Hz, 1H), 3.82 (s, 3H), 3.68 (s, 3H), 3.28 (dd, J
=137, 5.8 Hz, 1H), 3.18 (dd, J = 13.7, 5.5 Hz, 1H), 1.24 (s, 9H).

(S)-4-(2-(4-(tert-butyl)benzamido)-3-methoxy-3-oxopropyl)benzoic acid (INT-1)

~ ~
o o H
0 N 0
o} 0
_0 HO
0 e}

[00447] Prepared using General Procedure 4: To a stirred solution of (S)-methyl 4-

(2-(4-(tert-butyl)benzamido)-3-methoxy-3-oxopropyl)benzoate (316.6 mg, 0.79 mmol)
in dioxane (15 mL) and water (1 mL) at 0°C was added lithium hydroxide monohydrate
(93.52 mg, 2.23 mmol). After 2 h, the solution was neutralized with 1 M HCI to pH
7.0. The mixture was partitioned between DCM (15 mL) and saturated aqueous
NaHCOs; (10 mL). The organic layer was washed with saturated aqueous NaHCO; (3 x
10 mL) and brine (10 mL). The organic layer was dried over MgSQOj4 and concentrated
to afford 208 mg (69%) of (5)-4-(2-(4-(tert-butyl)benzamido)-3-methoxy-3-
oxopropyl)benzoic acid, INT-1. LCMS-ESI (m/z) calculated for CyH,sNOs: 383.2;
found 384.1 [M+H]", tg = 2.13 min. (Method I). '"H NMR (400 MHz, DMSO) 3 12.86
(s, 1H), 8.80 (d, /= 8.0 Hz, 1H), 7.87 — 7.78 (m, 2H), 7.75 — 7.65 (m, 2H), 7.50 — 7.35
(m, 4H), 4.72 (ddd, J = 10.3, 8.0, 5.1 Hz, 1H), 3.65 (s, 3H), 3.28 — 3.05 (m, 2H), 1.29
(s, 9H). °C NMR (101 MHz, DMSO) & 173.00, 167.21, 166.29, 154.39, 143.10,
130.85, 129.34, 129.27, 129.21, 129.03, 127.21, 125.39, 125.10, 53.75, 52.04, 34.64,
30.92, 30.88.
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(S)-methyl 2-(4-(tert-butyl)benzamido)-3-(4-(3-(4-(heptyloxy)phenyl)-1,2,4-oxadiazol-
S-vl)phenyl)propanoate

~

o )

o N d HN
o)
o
HO
o)
N=

[00448] Prepared using General Procedure 5: To a solution of (S)-4-(2-(4-(tert-
butyl)benzamido)-3-methoxy-3-oxopropyl)benzoic acid, INT-1 (10.0 mg, 0.026 mmol)
in anhydrous DMF (1 mL) was added HOBt (5.27 mg, 0.39 mmol) and EDC (7.48 mg,
0.39 mmol). After stirring for 2 h, (Z2)-4-(heptyloxy)-N-hydroxybenzimidamide (9.76
mg, 0.39 mmol) was added. The reaction mixture was stirred at room temperature for 2
h, partitioned between saturated aqueous NaHCO; (5 ml) and EA (5 mL), and
concentrated under reduced pressure to afford the intermediate (S)-methyl 2-(4-(tert-
butyl)benzamido)-3-(4-(((4-(heptyloxy)benzimidamido) oxy)carbonyl) phenyl)
propanoate. The intermediate was dissolved in DMF (1mL) and heated to 100°C for 18
h. The reaction mixture was cooled to room temperature and partitioned between EA (5
mL) and saturated aqueous NaHCOs (5 mL). The organic layer was extracted with
water (2 x 5 mL) and brine (5 mL). The organic layer was dried over MgSO, and
concentrated. The brown oil was purified by preparative HPLC to afford 4.5 mg (29%)
of (8)-methyl 2-(4~(tert-butyl)benzamido)-3-(4-(3-(4-(heptyloxy)phenyl)-1,2,4-
oxadiazol-5-yl) phenyl) propanoate. LCMS-ESI (m/z) calculated for C;cHs3N3Os:
597.3; no m/z observed, fz = 12.75 min (Method 2). '"H NMR (400 MHz, DMSO) &
8.85(d, J=8.0 Hz, 1H), 8.09 (d, J = 8.3 Hz, 2H), 8.00 (d, /= 8.9 Hz, 2H), 7.74 (d, J =
8.5 Hz, 2H), 7.59 (d, J = 8.4 Hz, 2H), 7.48 (d, /= 8.6 Hz, 2H), 7.12 (d, /= 8.9 Hz, 2H),
4.87 — 4.56 (m, 1H), 4.06 (t, J = 6.5 Hz, 2H), 3.67 (s, 3H), 3.32 — 3.13 (m, 4H), 1.74
(dd, /=142, 6.5 Hz, 2H), 1.51 — 1.37 (m, 2H), 1.33 (s, 4H), 1.26 (d, /= 20.2 Hz, 9H),
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0.88 (t, J = 6.9 Hz, 3H). °C NMR (101 MHz, DMSO) & 175.00, 171.91, 167.89,
166.27, 16121, 154.37, 143.68, 130.78, 130.30, 128.76, 127.80, 127.18, 125.07,
121.69, 118.21, 115.07, 67.72, 53.61, 52.05, 36.15, 34.60, 31.20, 30.87, 28.54, 28.39,
25.40,22.02, 13.93.

(S)-2-(4-(tert-butyl)benzamido)-3-(4-(3-(4-(heptyloxy)phenyl)-1,2,4-oxadiazol-5-
vl)phenyl)propanoic acid (Compound 1)

[00449] Prepared using General Procedure 4: To a solution of (S)-methyl 2-(4-
(tert-butyl)benzamido)-3-(4-(3-(4-(heptyloxy)phenyl)-1,2,4-oxadiazol-5-yl)phenyl)
propanoate (4.52 mg, 0.008 mmol) in MeOH (2 mL) was added of 1 N NaOH (1 mL).
The reaction mixture was stirred at 50°C for 3 h. The resulting mixture was purified by
preparative HPLC to afford 0.36 mg (8%) of (S)-2-(4-(tert-butyl)benzamido)-3-(4-(3-
(4-(heptyloxy)phenyl)-1,2,4-oxadiazol-5-yl)phenyl) propanoic acid. LCMS-ESI (m/z)
calculated for C3sH41N3Os: 583.7; no m/z observed, fr = 12.59 min (Method 2).

(S)-methyl 2-amino-3-(4-cyanophenyl)propanoate

OH
N_ O
O

NC NC
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[00450] To a solution of (8)-2-((tert-butoxycarbonyl)amino)-3-(4-
cyanophenyl)propanoic acid (1.0 g, 3.44 mmol) in MeOH (20 mL) at 0°C was slowly
added thionyl chloride (818.1 mg, 6.89 mmol) over 1 h. The reaction was warmed to
room temperature and stirred for 1 h. The solvent was removed under reduced pressure.
The reaction mixture was washed with saturated aqueous NaHCO; (20 ml) and
extracted with DCM (3 x 10 ml). The organic layer was dried over MgSQO,4 and
concentrated. The crude product was purified by chromatography (EA / hexanes) to
afford 789 mg (97%) of (S)-methyl 2-amino-3-(4-cyanophenyl)propanoate as the HCI
salt. LCMS-ESI (M/z) calculated for C;;H2N;O,; 204.1; found 205.0 IM+H]', & =
3.25 min (Method 1). 'H NMR (400 MHz, CDCl3) & 8.69 (s, 3H), 7.83 (d, J = 8.3 Hz,
2H), 7.51 (t, J = 8.8 Hz, 2H), 4.37 (t, J = 6.7 Hz, 1H), 3.68 (s, 3H), 3.23 (qd, J = 14.4,
7.7 Hz, 2H).

(S)-methyl 2-(4-(tert-butyl) benzamido)-3-(4-cyanophenyl)propanoate

NC
NC

[00451] Prepared using General Procedure 3: To the solution of (S)-methyl 2-
amino-3-(4-cyanophenyl)propanoate (789.2 mg, 3.32 mmol) in DCM (15 mL) and
DIEA (1.29 g, 9.96 mmol) was added 4-(tert-butyl)benzoyl chloride (981.3 mg, 4.99
mmol) at room temperature. The reaction was stirred for 2 h and the reaction was
partitioned between DCM and saturated aqueous NaHCOs3. The organic layer was dried
over mgSO4 and concentrated. The crude product was purified by chromatography
(EA / hexanes) to afford 1.06 g (88%) of (S)-methyl 2-(4-(tert-butyl)benzamido)-3-(4-
cyanophenyl)propanoate. LCMS-ESI (m/z calculated for C,;H4N,0s3: 364.2; found
365.3 [M+H]", t =3.55 min (Method I). '"H NMR (400 MHz, CDCl3) 3 8.81 (d,J = 8.0
Hz, 1H), 7.85 - 7.60 (m, 4H), 7.49 (dd, /= 15.1, 8.4 Hz, 4H), 4.85 — 4.60 (m, 1H), 3.65
(s, 3H), 3.30 -3.23 (m, 1H), 3.18 (dd, /= 13.7, 10.6 Hz, 1H), 1.29 (s, 9H).
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(S,Z)-methyl 2-(4-(tert-butyl)benzamido)-3-(4-(N'-hydroxycarbamimidoyl) phenyl)
propanoate(INT-2)

~ N\
0 0
H H
o N —_— o N
o o
NC Ho~ N
HoN

[00452] Prepared using General Procedure 2: To a stirring solution (S)-methyl 2-
(4-(tert-butyl)benzamido)-3-(4-cyanophenyl)propanoate (1.0 g, 2.74 mmol) in EtOH
(15 mL) were added hydroxylamine hydrochloride (572.2 mg, 8.22 mmol) and TEA
(1.38 g, 13.7 mmol). The reaction was heated to 85°C for 2 h. The solvent was removed
under reduced pressure and the residue was diluted with water (20 mL) and extracted
with DCM (3 x 10 mL). The combined organic layers were concentrated under reduced
pressure. The crude material was crystallized from isopropanol (20 mL) to afford 1.04
g (95%) of (S,Z2)-methyl 2-(4-(tert-butyl)benzamido)-3-(4-(N'-
hydroxycarbamimidoyl)phenyl)propanoate(INT-2) as a white solid. LCMS-ESI (m/z):
calcd for: CoH27N304, 397.2; found 398.1 [M+1], tx = 2.26 min (Method 1). '"H NMR
(400 MHz, DMSO) 6 10.19 (s, 1H), 9.57 (s, 1H), 8.78 (d, /= 7.9 Hz, 1H), 7.74 (d, J =
8.4 Hz, 2H), 7.58 (d, /= 8.2 Hz, 2H), 7.48 (d, /= 8.4 Hz, 2H), 7.30 (d, J = 8.3 Hz, 2H),
4.79 — 4.49 (m, 1H), 3.65 (s, 3H), 3.15 (dt, /= 13.6, 6.0 Hz, 2H), 1.75 (d, /= 13.6 Hz,
1H), 1.29 (s, 9H).

(S)-methyl 2-(4-(tert-butyl)benzamido)-3-(4-(5-(4-(heptyloxy)phenyl)-1,2,4-oxadiazol-
3-vl)phenyl)propanoate
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[00453] Prepared using General Procedure 5: To a solution of 4-
(heptyloxy)benzoic acid (400.0 mg, 1.54 mmol) in anhydrous DMF (6 mL) were added
HOBt (312.3 mg, 2.31 mmol) and EDC (442.75 mg, 2.31 mmol). After stirring for 2 h,
(S, Z)-methyl 2-(4-(tert-butyl)benzamido)-3-(4-(N'-hydroxycarbamimidoyl)phenyl)-
propanoate, INT-2 (673.3 mg, 1.69 mmol) was added. The reaction mixture was stirred
at room temperature for 2 h, partitioned between saturated aqueous NaHCO;3 (15 mL)
and EA (15 mL), and concentrated under reduced pressure to afford the intermediate
(S)-methyl 2-(4-(tert-butyl)benzamido)-3-(4-(N-((4-
(heptyloxy)benzoyl)oxy)carbamimidoyl)phenyl)propanoate. The intermediate was
dissolved in DMF (10 mL) and heated to 100°C for 18 h. The reaction mixture was
cooled to room temperature and partitioned between EA (10 mL) and saturated aqueous
NaHCOs (50 mL). The organic layer was extracted with water (2 x 10 mL) and brine
(10 mL). The organic layer wsa dried over MgSO, and concentrated. The brown oil
was purified by chromatography (EA / hexanes) to afford 710 mg (77%) of (S)-methyl
2-(4-(tert-butyl)benzamido)-3-(4-(5-(4-(heptyloxy)phenyl)-1,2,4-oxadiazol-3-
yl)phenyl)propanoate as a white solid. LCMS-ESI (m/z) calculated for CssH43N3Os:
597.3; no m/z observed, fr = 12.80 min (Method 2). "H NMR (400 MHz, DMSO) &
8.84 (d, J=8.0 Hz, 1H), 8.08 (t, /= 17.2 Hz, 2H), 7.97 (dd, /= 18.2, 8.5 Hz, 2H), 7.74
(d, /= 8.5 Hz, 2H), 7.50 (dd, J = 18.6, 8.3 Hz, 4H),7.18 (d, /= 8.9 Hz, 2H), 4.85 - 4.63
(m, 1H), 4.09 (dd, J = 13.8, 7.3 Hz, 2H),3.67 (s, 3H), 3.24 (ddd, J = 23.8, 15.7, 7.3 Hz,
4H), 2.08 (s, 4H), 1.74 (dd, J = 14.1, 6.9 Hz, 2H), 1.42 (dd, J = 13.6, 6.3 Hz, 2H), 1.30
(d, J = 14.5 Hz, 9H), 0.88 (t, J = 6.8 Hz, 3H). C NMR (101 MHz, DMSO) § 174.05,
170.87, 133.81, 165.14, 161.43, 153.21, 140.51, 129.70, 128.85, 128.78, 126.06,
125.84, 123.93, 123.39, 114.36, 114.25, 66.86, 52.66, 50.88, 34.32, 33.47, 30.06, 29.74,
27.33,27.24, 24.23, 20.89, 12.80.
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(S)-2-(4-(tert-butyl)benzamido)-3-(4-(5-(4-(heptyloxy)phenyl)-1,2,4-oxadiazol-3-
vl)phenyl)propanoic acid(Compound 2)
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[00454] Prepared using General Procedure 4: To a solution of (S)-methyl 2-(4-
(tert-butyl)benzamido)-3-(4-(5-(4-(heptyloxy)phenyl)-1,2,4-oxadiazol-3-
yl)phenyl)propanoate (710.0 mg, 1.19 mmol) in MeOH (20 mL) was added 1 N NaOH
(10 mL). The reaction mixture was stirred at 50°C for 3 h. The resulting mixture was
purified by chromatography (DCM/ MeOH) to afford 218 mg (31%) of (S)-2-(4-(tert-
butyl)benzamido)-3-(4-(5-(4-(heptyloxy)phenyl)-1,2,4-oxadiazol-3-
yl)phenyl)propanoic acid as white solid. LCMS-ESI (m/z) calculated for CssH41N3Os;
583.3; no m/z observed, fr = 12.16 min (Method 2). "H NMR (400 MHz, DMSO) &
8.69 (d, /= 8.3 Hz, 1H), 8.16 — 8.02 (m, 2H), 7.98 (d, J= 8.3 Hz, 2H), 7.74 (d, /= 8.5
Hz, 2H), 7.53 (d, J = 8.3 Hz, 2H), 7.47 (d, J = 8.5 Hz, 2H), 7.18 (d, J = 9.0 Hz, 2H),
4.70 (ddd, J = 10.8, 8.4, 4.5 Hz, 1H), 4.09 (t, J = 6.5 Hz, 2H), 3.30 (dd, J = 13.8, 4.2
Hz, 1H), 3.17 (dd, J = 13.8, 10.7 Hz, 1H), 1.74 (dd, J = 14.5, 6.7 Hz, 2H) 1.42 (dd, J =
13.8, 6.1 Hz, 2H), 1.37 - 1.14 (m, 14H), 0.87 (t, J = 6.9 Hz, 3H). *C NMR (101 MHz,
DMSO) 6 175.16, 173.00, 167.96, 166.19, 162.55, 154.18, 142.11, 131.08, 129.95,
129.89, 127.14, 126.92, 125.01, 124.39, 115.49, 115.37, 67.98, 53.72, 36.19, 34.58,
31.19, 30.89, 28.46, 28.37, 25.36, 22.01, 13.92.

[00455] Compounds 3 — 11 and 13 — 61 were prepared from (S,2)-methyl 2-(4-
(tert-butyl)benzamido)-3-(4-(NV'-hydroxycarbamimidoyl)phenyl)propanoate INT-2

using General Procedures5 and 4 sequentially.
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[00456] Compounds 62 — 66 were prepared from (S,2)-methyl 2-(4-(tert-
butyl)benzamido)-3-(4-(V'-hydroxycarbamimidoyl)phenyl)propanoate INT-2  using

General Procedures), 6, and 4 sequentially.

(S)-2-(2-(4-(tert-butyl)benzamido)-3-(4-(5-(4-(heptyloxy)phenyl)-1,2,4-oxadiazol-3-
vl)phenyl)propanamido)acetic acid (Compound 67)
0

\/\/J \/\/Jo

[00457] Prepared using General Procedures 7 and 8: To a solution of (S5)-2-(4-
(tert-butyl)benzamido)-3-(4-(5-(4-(heptyloxy)phenyl)-1,2,4-oxadiazol-3-

yl)phenyl)propanoic acid, Compound 2(10.0 mg, 0.017 mmol) in anhydrous DMF (1
mL) was added HOBt (3.52 mg, 0.027 mmol) and EDCI (4.88 mg, 0.027 mmol) at
room temperature. After 2 h, tert-butyl 2-aminoacetate (3.49 mg, 0.027 mmol) was
added and the reaction mixture stirred at room temperature for 2 h. LCMS analysis
showed complete conversion to the intermediate. The reaction mixture was partitioned
between NaHCO; aqueous (5 ml) and DCM (1 mL), the organic layer was collected and
concentrated by vacuum and then was re-dissolved in 1 mL of DCM and 0.1 mL of
TFA. The mixture was heated to 30°C for 3 h. The final compound was purified by
HPLC to afford 9.6 mg (88%) of (S5)-2-(2-(4-(tert-butyl)benzamido)-3-(4-(5-(4-
(heptyloxy)phenyl)-1,2,4-oxadiazol-3-yl)phenyl)propanamido)acetic acid. LCMS-ESI
(m/z) calculated for Cs37H44N4Os 640.3; no m/z observed, tr = 11.51 min (Method 2).
'H NMR (400 MHz, DMSO) &: 8.60 (d, J = 8.4 Hz, 1H), 8.47 (t, J = 5.7 Hz, 1H), 8.10
(d, J= 8.8 Hz, 2H), 7.96 (d, J = 8.2 Hz, 2H), 7.75 (d, J = 8.4 Hz, 2H), 7.57 (d, /= 8.0
Hz, 2H), 7.45 (d, J = 8.4 Hz, 2H), 7.17 (d, J = 8.8 Hz, 2H), 4.83 (d, J = 8.1 Hz, 1H),
4.09 (t, J = 6.4 Hz, 2H), 3.94 — 3.69 (m, 2H), 3.34 (s, 2H), 3.26 (d, J = 13.5 Hz, 1H),

3.15 - 3.01 (m, 1H), 1.83 — 1.65 (m, 2H), 1.50 — 1.15 (m, 16H), 0.87 (t, J = 6.7 Hz,
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3H).""C NMR (101 MHz, DMSO) &: 175.12, 171.58, 171.13, 167.99, 166.02, 162.54,
154.10, 142.44, 131.16, 130.02, 129.89, 127.23, 126.81, 12491, 124.25, 115.50,
115.36, 67.97, 54.23, 40.10, 37.12, 34.57, 31.19, 30.88, 28.46, 28.37, 25.36, 22.02,
13.93.

[00458] Compound 68 was prepared from Compound 5 using General Procedures
7, and 8 sequentially.

[00459] Compound 69 was prepared from (S, Z)-methyl 2-(4-(tert-
butyl)benzamido)-3-(4-(NV'-hydroxycarbamimidoyl)phenyl)propanoate Compound 2

using General Procedure 7.

[00460] Compound70 was prepared from (S, Z)-methyl 2-(4-(tert-
butyl)benzamido)-3-(4-(NV'-hydroxycarbamimidoyl)phenyl)propanoate Compound 2

using General Procedures 7 and 8 sequentially.

[00461] Compounds 71 and 72 were prepared from Methyl 2-amino-2-(4-
bromophenyl)acetate hydrochloride using General Procedures 7, 1, 2,5, and 4

sequentially.

[00462] Compounds 73 and 74 were prepared from (S)-methyl 2-amino-4-(4-
hydroxyphenyl)butanoate hydrobromide using General Procedures 7, 9, 1, 2, 5, and 4

sequentially.

[00463] Compound 75 was prepared from (S)-methyl 3-amino-4-(4-
hydroxyphenyl)butanoate hydrochloride using General Procedures 7, 9, 1, 2, 5, and 4

sequentially.
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4-(heptyloxy)benzohydrazide
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[00464] To a stirred solution of 4-(heptyloxy)benzoic acid (679 mg, 2.87 mmol) in
THF (5 mL) was added 1,1'-carbonyldiimidazole (559 mg, 3.45 mmol). After stirring at
room temperature for 2 h, the solution was added to a stirred mixture of hydrazine
hydrate (0.729 mL, 5.75 mmol) in THF (2 mL) and stirred a further 2 h. The reaction
mixture was poured onto water (20 mL) and stirred for 30 min. The resulting precipitate
was collected by filtration, washed with water (2 x 10 mL) then acetonitrile (3 mL) to
afford 0.54 g (71%) of 4-(heptyloxy)benzohydrazide as a white solid. LCMS-ESI (m/z)
calculated for C14H,,N,05: 250.3 found 251.0 [M+H]', %z = 2.05 min. (Method 4).

(S)-methyl 2-(4-(tert-butyl)benzamido)-3-(4-(2-(4-(heptyloxy)benzoyl)hydrazine-
carbonyl)phenyl)propanoate (INT-3)

~
o\(©)< OH\(QX
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o)

[00465] To a stirring solution of ($)-4-(2-(4-(tert-butyl)benzamido)-3-methoxy-3-
oxopropyl)benzoic acid INT-1 (260 mg, 0.68 mmol) in THF (5 mL) were added 4-
methylmorpholine (0.15 mL, 1.36 mmol) and isobutyl carbonochloridate (0.09 mL,
0.71 mmol). After stirring at room temperature for 2 h, 4-(heptyloxy)benzohydrazide
(187 mg, 0.75 mmol) was added and stirring continued for another 2 h. The reaction
mixture was poured onto NaHCO3 (50 mL) and extracted with DCM (3 x 20 mL). The
combined organics were dried over MgSQO4 and evaporated. The crude product was
purified by column chromatography (100% EA in iso-hexanes) to afford 297 mg (71%)
of (8)-methyl 2-(4~(tert-butyl)benzamido)-3-(4-(2-(4-
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(heptyloxy)benzoyl)hydrazinecarbonyl)phenyl)propanoate INT-3as an off-white foam.
LCMS-ESI (m/z) calculated for C3sHssN3Og: 615.8 found 616.0 [M+H]', x = 2.89
min. (Method 4).

(S)-Methyl 2-(4-(tert-butyl)benzamido)-3-(4-(5-(4-(heptyloxy)phenyl)-1,3,4-oxadiazol-
2-yl)phenyl)propanoate

[00466] To a stirring solution (S)-methyl 2-(4-(tert-butyl)benzamido)-3-(4-(2-(4-
(heptyloxy)benzoyl)hydrazinecarbonyl)phenyl)propanoate INT-3 (127 mg, 0.21 mmol)
and TEA (0.09 mL, 0.62 mmol) in DCM (4 mL) was added 2-chloro-1,3-
dimethylimidazolidinium chloride (41.8 mg, 0.25 mmol). The reaction mixture was
stirred at room temperature for 18 h then warmed to 40°C for 1 h. The reaction mixture
was cooled to room temperature, diluted with NaHCO; (15 mL), shaken, split through a
hydrophobic frit and evaporated to afford 120 mg (95%) of (S)-methyl 2-(4-(tert-
butyl)benzamido)-3-(4-(5-(4-(heptyloxy)phenyl)-1,3,4-oxadiazol-2-
yl)phenyl)propanoate as a white solid. LCMS-ESI (m/z) calculated for CssH43N3Os:
597.8; found 598.0 [M+H]', fx = 3.25 min. (Method 4).

[00467] Compound 76 was prepared using (S)-methyl 2-(4-(tert-butyl)benzamido)-
3-(4-(5-(4-(heptyloxy)phenyl)-1,3,4-oxadiazol-2-yl)phenyl)propanoate and  General

Procedure 4.
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2-bromo-1-(4-(heptyloxy)phenyl)ethanone (INT-4)
0

(0]
Br
/@)‘\ /@)K/
NN
\/\/\/\O (0]

[00468] To a stirring solution of 1-(4-(heptyloxy)phenyl)ethanone (500 mg, 2.13
mmol) in THF (8.5 mL) under nitrogen was added phenyltrimethylammonium
tribromide (842 mg, 2.24 mmol). The reaction mixture was stirred at room temperature
for 2 h, filtered under vacuum and the captured solid washed with THF. The combined
liquors were concentrated to afford 919 mg (100%) of 2-bromo-1-(4-
(heptyloxy)phenyl)ethanone INT-4 as a yellow oil. LCMS-ESI (m/z) calculated for
C15H,1BrO;: 313.2; found 313.0 [M+H]", # = 2.12 min. (Method 4).

(S)-2-(4-(heptyloxy)phenyl)-2-oxoethyl 4-(2-(4-(tert-butyl)benzamido)-3-methoxy-3-

oxopropyl)benzoate

0
0
P o) o~
o o HN.__O
HO HN_ O - . I
NN
5 0

[00469] A solution of 2-bromo-1-(4-(heptyloxy)phenyl)ethanone, INT-4 (166 mg,
0.45 mmol) in acetonitrile (I mL) was added to a solution of (§)-4-(2-(4-(tert-
butyl)benzamido)-3-methoxy-3-oxopropyl)benzoic acid INT-1 (190 mg, 0.50 mmol)
and TEA (75.0 ul, 0.54 mmol) in acetonitrile (4 mL). The reaction mixture was stirred
at room temperature for 18 h then poured onto 0.5 M citric acid (30 mL) and extracted
with EA (3 x 25 mL). The combined organics were dried over MgSQy, filtered and
concentrated. The residue was triturated with Et,O (10 mL) and the filtrate concentrated
to afford 159 mg (49%) of (S)-2-(4-(heptyloxy)phenyl)-2-oxoethyl 4-(2-(4-(tert-
butyl)benzamido)-3-methoxy-3-oxopropyl)benzoate as a white solid. LCMS-ESI (m/z)

calculated for C37H4sNO7: 615.8; found 616.0 [M+H]', tr = 2.76 min. (Method 4).
153



WO 2014/201172 PCT/US2014/041997

(S)-methyl 2-(4-(tert-butyl)benzamido)-3-(4-(4-(4-(heptyloxy)phenyl)oxazol-2-
vl)phenyl)propanoate

oty O ﬁ{w@“

[00470] To boron trifluoride diethyl etherate (33.3 ul, 0.27 mmol) was added a
mixture of acetamide (763 mg, 12.9 mmol) and (S)-2-(4-(heptyloxy)phenyl)-2-oxoethyl
4-(2-(4-(tert-butyl)benzamido)-3-methoxy-3-oxopropyl)benzoate (159 mg, 0.26 mmol).
The reaction mixture was stirred at 140°C for 1 h. The reaction mixture was allowed to
cool to room temperature, diluted with EA (15 mL) and extracted with NaHCO; (3 x 15
mL) and brine (15 mL). The combined organics were dried over MgSQ,, filtered and
concentrated. The residue was recrystallized from Et,O (5 mL), filtered and rinsed with
Et,0. The filtrate was concentrated to afford 55 mg (16%) of (S)-methyl 2-(4-(tert-
butyl)benzamido)-3-(4-(4-(4-(heptyloxy)phenyl)oxazol-2-yl)phenyl)propanoate as an
orange oil. LCMS-ESI (m/z) calculated for C3;H44N,Os: 596.8; found 597.0 [M+H]',
tr = 3.11 min. (Method 4).

[00471] Compound 77 was prepared from (S)-methyl 2-(4-(zert-butyl)benzamido)-

3-(4-(4-(4-(heptyloxy)phenyl)oxazol-2-yl)phenyl)propanoate using General Procedure
4.

2-(4-bromophenyl)-2-oxoethyl 4-(heptyloxy)benzoate

o 0 Br
/@/U\OH . /©/U\O/\”/©/
NN . °
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[00472] To stirring mixture of 4-(heptyloxy)benzoic acid (2.0 g, 8.46 mmol) in
acctonitrile (30 mL) at room temperature was added TEA (1.24 mL, 8.87 mmol) drop
wise. The reaction mixture was stirred at room temperature for 1 h, poured onto 0.05 M
citric acid (100 mL) and EA (10 mL) then stirred for 10 min. The precipitate was
isolated by filtration, washed with water (30 mL) and iso-hexanes (2 x 10 mL) then
dried in air to afford 3.8 g (98%) of 2-(4-bromophenyl)-2-oxoethyl 4-
(heptyloxy)benzoate. LCMS-ESI (m/z) calculated for CyxH,sBrO4: 433.3; found
455.0/457.0 [M+Na]’, tz = 3.21 min. (Method 4).

4-(4-bromophenyl)-2-(4-(heptyloxy)phenyl)oxazole
Br

0 Br AN
\/\/\/\O o) \/\/\/\O

[00473] To boron trifluoride etherate (0.322 mL, 2.5 mmol) was added 2-(4-
bromophenyl)-2-oxoethyl 4-(heptyloxy)benzoate (1.0 g, 2.3 mmol) and acetamide (4.91
g, 83.0 mmol) in DCM (10 mL). The reaction mixture was heated to 50°C then 140°C
for 16 h, DCM was distilled off. The reaction mixture was cooled, diluted with
acetonitrile and stirred at room temperature for 1 h. The precipitate was isolated by
filtration  to afford 273 mg  (23%) of  4-(4-bromophenyl)-2-(4-
(heptyloxy)phenyl)oxazole as a brown solid. LCMS-ESI (m/z) calculated for
C,,H24BrNO,: 414.3; found 414.0 [M+H]', tx = 3.00 min. (Method 4).
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(S)-methyl 2-((tert-butoxycarbonyl)amino)-3-(4-(2-(4-(heptyloxy)phenyl)oxazol-4-

vl)phenyl)propanoate

Br
(@]

[00474] To zinc (104 mg, 1.59 mmol) stirring in DMF (1.5 mL) was added iodine
(202 mg, 0.08 mmol). After the color disappeared, (R)-methyl 2-((tert-
butoxycarbonyl)amino)-3-iodopropanoate (175 mg, 0.53 mmol) and further iodine
(20.2 mg, 0.08 mmol) were added. After 30 min, the mixture was de-gassed by
bubbling through N, then treated with 4-(4-bromophenyl)-2-(4-
(heptyloxy)phenyl)oxazole (220 mg, 0.53 mmol), Pd,dbas (12.2 mg, 0.01 mmol) and
dicyclohexyl(2',6'-dimethoxy-[1,1'-biphenyl]-2-yl)phosphine (10.9 mg, 0.03 mmol)
followed by THF (1 mL). The reaction mixture was heated to 50°C for 2 h, cooled to
room temperature and purified by column chromatography (gradient of 15-95% EA in
iso-hexanes) to afford 188 mg (65%) of (S)-methyl 2-((fert-butoxycarbonyl)amino)-3-
(4-(2-(4-(heptyloxy)phenyl)oxazol-4-yl)phenyl)propanoate. LCMS-ESI (m/z)
calculated for C3H4oN,Og: 536.6; found 537.0 [M+H]', fx = 3.72 min. (Method 11).

[00475] Compound 78 was  prepared from  (S)-methyl  2-((fert-
butoxycarbonyl)amino)-3-(4-(2-(4-(heptyloxy)phenyl)oxazol-4-yl)phenyl)propanoate

and 4-(tert-butyl)benzoic acid using General Procedures 8, 7 then 4.

2-(4-bromophenyl)-4-(4-(heptyloxy)phenyl)thiazole
Br

O
_ -
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[00476] To a stirring solution of 2-bromo-1-(4-(heptyloxy)phenyl)ethanone INT-4
(1.37 g, 4.38 mmol) in EtOH (10 mL) were added 4-bromobenzothioamide (0.95 g,
4.38 mmol) and isopropanol (10 mL). The reaction mixture was stirred at room
temperature for 16 h. The solid was isolated by filtration, washed with EtOH (5 mL)
then taken up in DCM (10 mL) and NaHCO; (20 mL) and stirred for 1 h at room
temperature. The solid was isolated by filtration, washed with water (2 x 10 mL) and
acetonitrile ( 2 x 4 mL) then dried to afford 1.02 g (52%) of 2-(4-bromophenyl)-4-(4-
(heptyloxy)phenyl)thiazole as a white micro-crystalline solid. LCMS-ESI (m/z)
calculated for C2,H,4BrNOg: 429.1; found 430.0 [M+H]', fz = 3.20 min. (Method 4).

(S)-Methyl 2-((tert-butoxycarbonyl)amino)-3-(4-(4-(4-(heptyloxy)phenyl)thiazol-2-

Y@/}W{%

vl)phenyl)propanoate
Br

S A

[00477] To a stirring suspension of zinc (228 mg, 3.49 mmol) in DMF (2 mL) was
added diiodine (44 mg, 0.17 mmol). When the color was discharged, (R)-methyl 2-
((tert-butoxycarbonyl)amino)-3-iodopropanoate (382 mg, 1.16 mmol) and further
diiodine (44.2 mg, 0.17 mmol) were added. After stirring at room temperature for 30
min, the reaction mixture was de-gassed by bubbling through N, then 2-(4-
bromophenyl)-4-(4-(heptyloxy)phenyl)thiazole (500 mg, 1.16 mmol),
dicyclohexyl(2',6'-dimethoxy-[ 1,1'-biphenyl]-2-yl)phosphine (23.8 mg, 0.06 mmol),
Pd,dba;(26 mg, 0.03 mmol) and DMF (2 mL) were added. The reaction mixture was
heated to 50 °C for 3 h, cooled and purified by column chromatography (10-80% EA in
iso-hexanes) to afford 620 mg (96%) of (S)-methyl 2-((fert-butoxycarbonyl)amino)-3-
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(4-(4-(4-(heptyloxy)phenyl) thiazol-2-yl)phenylpropanoate. LCMS-ESI (m/z)
calculated for C3;H4oN,OsS: 552.3; no ion observed, tr = 3.37 min. (Method 4).

[00478] Compound 79 was  prepared from  (S)-methyl  2-((fert-
butoxycarbonyl)amino)-3-(4-(4-(4-(heptyloxy) phenyl) thiazol-2-yl) phenyl propanoate

and 4-(tert-butyl)benzoic acid using General Procedures 8, 7 then 4.

4-(heptyloxy)benzothioamide
o S

/@*NHZ - . dNHZ
NN NN

[00479] To stirring suspension of 4-(heptyloxy)benzamide (1.24 g, 5.29 mmol) in
DME (20 mL) and THF (10 mL) was added 2,4-bis(4-phenoxyphenyl)-1,3,2,4-
dithiadiphosphetane 2,4-disulfide (2.80 g, 5.29 mmol). The reaction mixture was stirred
at room temperature for 16 h. The reaction mixture was concentrated onto silica and
purified by column chromatography (0-60% EA in iso-hexanes) to afford 1.4 g (62%)
of 4-(heptyloxy)benzothioamide as a yellow waxy solid. LCMS-ESI (m/z) calculated
for C14H, NOS: 251.4; found 252.0 [M+H]'", & = 3.13 min. (Method 6).

4-(4-bromophenyl)-2-(4-(heptyloxy)phenyl)thiazole

S S\
/@)J\NHZ W&
—_—
NN N0 NN N0

[00480] To a stirring mixture of 4-(heptyloxy)benzothioamide (1.30 g, 5.17 mmol)

in isopropanol (20 mL) was added 2-bromo-1-(4-bromophenyl)ethanone (1.44 g, 5.17

mmol). The precipitate was collected by filtration and washed with EtOH (2 x 5 mL).

The filter cake was slurried with NaHCO; (2 x 20 mL), water (2 x 20 mL) then EtOH (2

x 5 mL) and dried to afford 926 mg (41%) of 4-(4-bromophenyl)-2-(4-
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(heptyloxy)phenyl)thiazole as a pale yellow powder. LCMS-ESI (m/z) calculated for
C,H24BrNOS: 429.1; found 430.0 [M+H]", %z = 3.41 min. (Method 4).

(S)-Methyl 2-((tert-butoxycarbonyl)amino)-3-(4-(2-(4-(heptyloxy)phenyl)thiazol-4-

vl)phenyl)propanoate
S
H/\ /@/k\}\@& \©\( %
N
0 W, |NH

[00481] To a stirring mixture of zinc (182 mg, 2.79 mmol) in DMF (2 mL) was
added diiodine (35.4 mg, 0.14 mmol). When the color was discharged, further diiodine
(354 mg, 0.14 mmol) and (R)-methyl 2-((fert-butoxycarbonyl)amino)-3-
iodopropanoate (306 mg, 0.93 mmol) were added. After 30 min, DMF (1 mL) was
added and the mixture de-gassed by bubbling through N,. To the reaction mixture were
added 4-(4-bromophenyl)-2-(4-(heptyloxy)phenyl)thiazole (400 mg, 0.93 mmol),
Pd,dbas (21 mg, 0.02 mmol) and dicyclohexyl(2',6'-dimethoxy-[1,1'-biphenyl]-2-
yl)phosphine (19 mg, 0.05 mmol), the mixture was further de-gassed then heated to 50
°C for 3 h. The reaction mixture was cooled and purified by column chromatography
(10-80% EA in iso-hexanes). The product obtained was taken into DCM (4 mL) and
washed with water (20 mL) and dried through a hydrophobic frit. The organics were
suspended in ACN (4 mL) and concentrated to afford 432 mg (83%) of (S)-methyl 2-
((tert-butoxycarbonyl)amino)-3-(4-(2-(4-(heptyloxy)phenyl)thiazol-4-
yl)phenyl)propanoate as a yellow foam. LCMS-ESI (m/z) calculated for Cs;H4oN2OsS:
552.7; no ion observed, tg = 3.36 min. (Method 4).

[00482] Compound 80 was  prepared from  (S)-methyl  2-((fert-
butoxycarbonyl)amino)-3-(4-(2-(4-(heptyloxy)phenyl)thiazol-4-yl)phenyl)propanoate

and 4-(tert-butyl)benzoic acid using General Procedures 8, 7 then 4.
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4-(5-(4-(heptyloxy)phenyl)thiazol-2-yl)benzaldehyde
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[00483] To a stirring suspension of 4-(thiazol-2-yl)benzaldehyde (349 mg, 1.84
mmol), tricyclohexylphosphine (27 mg, 0.07 mmol), pivalic acid (64.2 ul, 0.55 mmol),
potassium carbonate (382 mg, 2.77 mmol) and palladium (II) acetate (8 mg, 0.04 mmol)
in DMA (5.15 mL) under nitrogen was added a solution of 1-bromo-4-
(heptyloxy)benzene (500 mg, 1.84 mmol) in DMA (1 mL). The reaction mixture was
evacuated and purged with nitrogen 3 times then heated at 100°C for 6 h. Once cooled,
the reaction mixture was diluted with EA (40 mL), washed with water (3 x 40 mL) and
brine (40 mL). The organic phase was dried over MgSOQ., filtered and concentrated in
vacuo to afford a brown-green solid. The crude product was purified by
chromatography (0-50% EA in hexanes) to afford 270 mg (37%) of 4-(5-(4-
(heptyloxy)phenyl)thiazol-2-yl)benzaldehyde as an iridescent yellow solid. LCMS-ESI
(m/z) calculated for Cp;:HasNO,S: 379.5; found 380.0 [M+H]", tx = 2.99 min. (Method
8).

Methyl 2-((tert-butoxycarbonyl)amino)-3-(4-(5-(4-(heptyloxy)phenyl)thiazol-2-
vl)phenyl) acrylate
o}
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[00484] A stirring mixture of 1,1,3,3-tetramethylguanidine (86 ul, 0.69 mmol) was
added to a suspension of 4-(5-(4-(heptyloxy)phenyl)thiazol-2-yl)benzaldehyde (260 mg,
0.685 mmol) and methyl 2-((tert-butoxycarbonyl)amino)-2-
(dimethoxyphosphoryl)acetate (185 mg, 0.62 mmol) in anhydrous THF (10 mL) under

nitrogen, at -70°C. The reaction mixture was stirred at -70°C for 1 h then at room
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temperature for 18 h. The reaction mixture was diluted with DCM (50 mL), washed
with water (50 mL), passed through a phase separation cartridge and the organic phase
concentrated in vacuo to afford a yellow solid. The solid was triturated with EA/EtOH
(20 mL) and the collected solid washed with EtOH (10 mL) and Et,O to afford 284 mg
(79%) of methyl 2-((tert-butoxycarbonyl)amino)-3-(4-(5-(4-(heptyloxy)phenyl)thiazol-
2-yl)phenyl) acrylate as a yellow solid. LCMS-ESI (m/z) calculated for C3;H3sN,OsS:
550.7; found 551.0 [M+H]', tz = 3.11 min. (Method 8).

Methyl 2-((tert-butoxycarbonyl)amino)-3-(4-(5-(4-(heptyloxy)phenyl)thiazol-2-
vl)phenyl) propanoate
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(0]
(0]
N HN e} N HN o
\ —_—
S O—
O o

[00485] A stirring mixture of Methyl 2-((fert-butoxycarbonyl)amino)-3-(4-(5-(4-
(heptyloxy)phenyl)thiazol-2-yl)phenyl)acrylate (50 mg, 0.091 mmol) dissolved in
dioxane (5 mL) was hydrogenated using an H-Cube hydrogenator (10% Pd/C, 30x4
mm, full hydrogen, 40°C, 1 mL/min). The reaction mixture was concentrated in vacuo
to afford2l1 mg (29%) of methyl 2-((fert-butoxycarbonyl)amino)-3-(4-(5-(4-
(heptyloxy)phenyl)thiazol-2-yl)phenyl)propanoate as a yellow solid. LCMS-ESI (m/z)
calculated for C3;H40N,05S: 552.7; found 553.0 [M+H]", %z = 1.85 min. (Method 8).

[00486] Compound 81 was prepared from Methyl 2-((tert-butoxycarbonyl)amino)-
3-(4-(5-(4-(heptyloxy) phenyl) thiazol-2-yl) phenyl) propanoate and 4-(tert-
butyl)benzoyl chloride using General Procedures 8, 3 then 4.
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[00487] Compound 82 was prepared in a similar fashion to Compound 81 using 4-
(2-(4-(heptyloxy) phenyl) thiazol-5-yl)benzaldehyde in place of 4-(5-(4-
(heptyloxy)phenyl)thiazol-2-yl) benzaldehyde.

(S)-methyl 2-(4-(tert-butyl)benzamido)-3-(4-(5-(4-(heptyloxy)phenyl)-1,3,4-thiadiazol-
2-yl)phenyl)propanoate

\
o H N-N
N [N NH
(0]
0 S
H
HN—N o
(0]

[00488] Prepared using INT-3: To a stirring solution of 2,4-bis(4-methoxyphenyl)-
1,3,2,4-dithiadiphosphetane 2,4-disulfide (65.7 mg, 0.16 mmol) in THF (3 mL) was
added (8)-methyl 2-(4-(tert-butyl)benzamido)-3-(4-(2-(4-
(heptyloxy)benzoyl)hydrazinecarbonyl)phenyl)propanoate INT-3 (100.0 mg, 0.16
mmol) and the mixture heated to 65°C. After 1h, the reaction mixture was
concentrated and purified by column chromatography (10-100% EA in iso-hexanes) to
afford 370 mg (29%) of (S)-methyl 2-(4-(tert-butyl)benzamido)-3-(4-(5-(4-
(heptyloxy)phenyl)-1,3,4-thiadiazol-2-yl)phenyl)propanoate as a yellow solid. LCMS-
ESI (m/z) calculated for CssHa3N304S: 613.8; no ion observed, fr = 3.31 min. (Method
4).

[00489] Compound 83 was prepared from (S)-methyl 2- (4-(tert-butyl) benzamido)
-3-(4-(5-(4-(heptyloxy) phenyl)-1,3,4-thiadiazol-2-yl)phenyl)propanoate using General

Procedure 4.
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[00490] Compound 84 was prepared using 3-bromo-5-chloro-1,2,4-thiadiazole, (4-
(heptyloxy)phenyl)boronic acid and INT-13 using General Procedures 10, 10, and 8

sequentially.

(S)-tert-butyl 2-(((benzyloxy)carbonyl)amino)-3-(4-(((trifluoromethyl)sulfonyl)oxy)-
phenyl) propanoate (INT-5)

HO‘@Q O}—o/_Q Tf04®j\2 O}—o/_Q

A A

[00491] Prepared using General Procedure 9: A stirred solution of (S)-tert-butyl 2-

(((benzyloxy)carbonyl)amino)-3-(4-hydroxyphenyl)propanoate hydrate (25 g, 64.2
mmol) in DCM (100 mL) was treated with MgSQO4 (4.01 g, 33.7 mmol). After 15 min,
the mixture was filtered and washed with DCM (2 x 20 mL). The organics were treated
with N-ethyl-N-isopropylpropan-2-amine (17.41 g, 134.7 mmol) and stirred. This
solution was treated with 1,1,1-trifluoro-N-phenyl-N-
((trifluoromethyl)sulfonyl)methanesulfonamide (26.44 g, 74.01 mmol) and the mixture
was allowed to stir overnight at room temperature. The mixture was treated with water
(50 mL) and saturated aqueous NaHCO; (20 mL) and stirred vigorously for 10 min.
The layers were separated and the organic layer was further washed with saturated
aqueous NaHCOs; (2 x 50 mL), water (50 mL), and saturated aqueous NaHCO; (50 mL)
and concentrated. The compound was purified by chromatography (EA / hexanes) to
afford 26.85 g (79%) of (S)-tert-butyl 2-(((benzyloxy)carbonyl)amino)-3-(4-
(((trifluoromethyl)sulfonyl)oxy)phenyl) propanoate INT-S. LCMS-ESI  (m/z)
calculated for C2H,4F3NO5S: 503.1; found 526.1 [M + Na]', fz = 4.12 min (Method 3).

(S)-tert-butyl 2-(((benzyloxy)carbonyl)amino)-3-(4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl)propanoate (INT-6)

=030 30,30
o §o\
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[00492] A solution of (S)-tert-butyl 2-(((benzyloxy) carbonyl)amino)-3-(4-
(((trifluoromethyl)sulfonyl)oxy)phenyl)propanoate INT-§ (26.85 g, 53.4 mmol),
potassium acetate (15.71 g, 160.1 mmol), bis-pinacolatoborane (27.1 g, 106.7 mmol)
and DMSO (100 mL) was degassed with a steady flow of nitrogen gas for 5 minutes.
To this solution was added PdCLy(dppf) (1.95 g, 2.67 mmol) and the solution further
degassed and kept under an atmosphere of nitrogen. The mixture was heated at 100°C
for 18 h then cooled to room temperature and diluted with EA (50 mL) and washed with
saturated aqueous NaHCO; (20 mL), water (3 x 30 mL), dried over MgSQO,, filtered,
and the solvent removed under reduced pressure. The compound was purified by
column chromatography to give 11.10 g (41 %) of (S)-tert-butyl 2-
(((benzyloxy)carbonyl)amino)-3-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl)propanoate INT-6 as an oil. LCMS-ESI (m/z) calculated for C,7;H3sBNOg:
481.3; found 504.3 [M+Na]", 1z = 4.21 min (Method 3). 'H NMR (400 MHz, DMSO) §
7.72 (d, J = 8.3 Hz, 1H), 7.60 (d, J = 8.0 Hz, 2H), 7.42 — 7.11 (m, 6H), 4.98 (s, 2H),
4.22 —4.08 (m, 1H), 3.03 (dd, J = 13.7, 5.2 Hz, 1H), 2.85 (dd, J = 13.6, 10.1 Hz, 1H),
1.36 (s, 6H), 1.30 (s, 9H), 1.22 — 1.13 (m, 6H).

(S)-Tert-butyl 2-(((benzyloxy)carbonyl)amino)-3-(4-(5-bromopyrimidin-2-yl)phenyl)
propanoate (INT-7)

S SveS AnE S v S T

0

A L

[00493] Prepared using General Procedure 10: A stirred mixture of (S)-fert-butyl
2-(((benzyloxy)carbonyl)amino)-3-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)phenyl) propanoate INT-6 (21.7 g, 45.0 mmol) and 5-bromo-2-iodopyrimidine (15.4
g, 54.0 mmol) in dioxane (400 mL) with sodium carbonate decahydrate (25.7 g, 90
mmol) in water (100 mL) was de-gassed. PdCl,(dppf) (0.99 g, 1.4 mmol) was added
and the mixture further de-gassed then heated to reflux for 5 h. The mixture was
allowed to cool while stirring overnight. The mixture was poured onto water (1 L) and

EA (300 mL) and stirred for 30 min. The mixture was filtered and the layers were
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separated. The aqueous layer was further extracted with EA (2 x 200 mL) and the
combined organic layers were washed with water (2 x 100 mL) then brine (50 mL),
dried over MgSO,4 and concentrated. Column chromatography (EA / hexanes) gave
1484 g (63 %) of (S)-tert-butyl 2-(((benzyloxy)carbonyl)amino)-3-(4-(5-
bromopyrimidin-2-yl)phenyl) propanoate INT-7. LCMS-ESI (m/z) calculated for
CysHp6BrN3;Oy4: 511.1; found 534.0 [M + Na]+, tr = 2.97 min (Method 11).

(S)-Tert-butyl 2-(((benzyloxy)carbonyl)amino)-3-(4-(5-(4-(heptyloxy)phenyl) pyrimidin-
2-yl) phenyl)propanoate (INT-8)

0.0
Q2SS a

[00494] Prepared using General Procedure 10: A stirred solution of (S)-tert-butyl
2-(((benzyloxy)carbonyl)amino)-3-(4-(5-bromopyrimidin-2-yl)phenyl)propanoate INT-
7 (759 mg, 1.48 mmol), (4-(heptyloxy)phenyl)boronic acid (455 mg, 1.93 mmol) and
sodium bicarbonate (311 mg, 3.70 mmol) in acetonitrile (5 ml), THF (5 ml), and water
(4 ml) was degassed with N, for 5 min. Pd(dppf)Cl, (108 mg, 0.15 mmol) was added
and the reaction was heated to 110°C in the microwave for 50 min. The reaction was
diluted with EA and water then filtered. The organic phase was dried over MgSO4,
filtered, and concentrated. The crude product was purified by chromatography on silica
gel (EA / hexanes) to afford 591 mg (62 %) of (S)-tert-butyl 2-
(((benzyloxy)carbonyl)amino)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)
propanoate INT-8 as a yellow solid. LCMS-ESI (m/z) calculated for CsgHssN3Os:
623.8; no m/z observed, tr = 3.42 min (Method §).
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(S)-Tert-butyl 2-amino-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-yl)phenyl) propanoate

(INT-9)
OYO .\\NHZ
wNH

oA -
NN

\/\/\/\O

[00495] To a stirred solution of (S)-tert-butyl 2-(((benzyloxy)carbonyl)amino)-3-
(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanoate INT-8 (591 mg, 0.95
mmol) in EA (25 ml) was added Pd/C (101 mg, 0.09 mmol) and the suspension
degassed with H;. The mixture was stirred vigorously under an atmosphere of H;
overnight then filtered through celite and the filtrate was concentrated to give 405 mg
(83%) of (8)-tert-butyl 2-amino-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
yl)phenyl)propanoate INT-9.LCMS-ESI (m/z) calculated for C3oH39N303: 489.3;found:
490.2 [M+H]', tg = 2.35 min (Method 8).

(S)-2-(4-(tert-butyl)benzamido)-3-(4-(5-(4-(heptyloxy)phenyl) pyrimidin-2-

vl)phenyl)propanoic acid (Compound 85)
OH

oNH;

Nmo mo
| Ny HN._O

ZN —_—

o4 >
NN

NN
[00496] A stirred solution of  (S)-tert-butyl 2-amino-3-(4-(5-(4-
(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanoate INT-9 (1.34 g, 2.74 mmol) and 4-
(tert-butyl)benzoic acid (0.54 g, 3.01 mmol) in DMF (5 mL) and N-cthyl-N-
isopropylpropan-2-amine (1.01 ml, 5.47 mmol) was treated with HATU (1.09 g, 2.87
mmol). After stirring for 1 h, the mixture was treated with water (60 mL) and iso-

hexanes (20 mL) and stirred for 1 h. The product was collected by filtration, washed
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with water (3 x 10 mL) then iso-hexanes (10 mL) and dried in the vacuum oven. The
ester was taken up in DCM (5 mL) and treated with TFA (5 mL). After 2 h, the mixture
was treated with toluene (5 mL) and evaporated. The residue was taken up in DMSO (6
mL) then treated with water (20 mL) and stirred for 1 h. The product was collected by
filtration, washed with water (3 x 15 mL) then acetonitrile (2 x 5 mL), and dried in the
vacuum oven to give 1.40 g (85 %) of (S)-2-(4-(tert-butyl)benzamido)-3-(4-(5-(4-
(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanoic acid Compound 85 as a white
solid. LCMS-ESI (m/z) calculated for C37H43N304; 593.3; found: 594.0 [M+H]+, R =
11.18 min (Method 9) and 97% e.c. (Chiral Method). "H NMR (400 MHz, DMSO-d6)
0 12.79 (br, s, 1H), 9.16 (s, 2H), 8.66 (d, J = 8.2 Hz, 1H), 8.45 — 8.27 (m, 2H), 7.89 —
7.69 (m, 4H), 7.57 — 7.38 (m, 4H), 7.18 — 7.02 (m, 2H), 4.77 — 4.62 (m, 1H), 4.03 (t, J =
6.5 Hz, 2H), 3.30 — 3.24 (m, 1H), 3.22 — 3.12 (m, 1H), 1.80 — 1.68 (m, 2H), 1.48 — 1.20
(m, 17H), 0.96 — 0.82 (m, 3H).

[00497] Compounds 86 — 102, 104 — 158 and 296 were prepared from (S)-tert-
butyl 2-amino-3-(4-(5-(4-(heptyloxy) phenyl) pyrimidin-2-yl)phenyl)propanoate INT-8

using General Procedures 3 or 7 followed by 4 or 8.

(S)-Tert-butyl 2-(((benzyloxy)carbonyl)amino)-3-(4-(5-(4-(tert-butyl)phenyl)pyrimidin-
2-yl) phenyl)propanoate (INT-10)

GO o
7<o o | ¢ °

[00498] Prepared using General Procedure 10: A stirred solution of (S)-tert-butyl

2-(((benzyloxy)carbonyl)amino)-3-(4-(5-bromopyrimidin-2-yl)phenyl)propanoate INT-

7 (0.96 g, 1.86 mmol), (4-(tert-butyl)phenyl)boronic acid (0.43 g, 2.42 mmol) and

sodium bicarbonate (0.39 g, 4.66 mmol) in acetonitrile (5 ml), THF (5 ml) and water (5
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ml) was degassed with N, for 5 min. Pd(dppf)Cl, (0.136 g, 0.186 mmol) was added and
the reaction was heated to 110°C in the microwave for 45 min. The reaction was diluted
with EA (50mL) and filtered over celite. The organic phase was washed with water
(100mL) and concentrated. The crude product was purified by chromatography on silica
gel (EA/ isohexanes) to afford 757 mg (70 %) of (S)-tert-butyl 2-
(((benzyloxy)carbonyl)amino)-3-(4-(5-(4-(tert-butyl)phenyl)pyrimidin-2-yl) ~ phenyl)
propanoate INT-10 as a white powder. LCMS-ESI (m/z) calculated for CssH3oN3O4:
565.3; no m/z observed, fr = 3.39 min (Method §).

(S)-Tert-butyl 2-amino-3-(4-(5-(4-(tert-butyl) phenyl)pyrimidin-2-yl)phenyl)-propanoate

(INT-11)
Oﬁ/HO NH;

\ |N\j/©/olo
SASS XQL 4

[00499] To a stirred solution of (S)-tert-butyl 2-(((benzyloxy)carbonyl)amino)-3-
(4-(5-(4-(tert-butyl)phenyl)pyrimidin-2-yl)phenyl)propanoate INT-10 (757 mg, 1.34
mmol) in EA (100 ml) was added Pd/C (142 mg, 0.13 mmol) and the suspension
degassed with H;. The mixture was stirred vigorously under an atmosphere of H;
overnight then filtered through celite and the filtrate was concentrated to give 532 mg
(88%) of (8)-tert-butyl 2-amino-3-(4-(5-(4-(tert-butyl)phenyl)pyrimidin-2-
yl)phenyl)propanoateINT-11.LCMS-ESI  (m/z)  calculated  for  Cy7Hz3N3O;:
431.3;found: 432.0 [M+H]', tz = 2.01 min (Method 4).

[00500] Compounds 159 — 181 were prepared from (S)-tert-butyl 2-amino-3-(4-(5-

(4-(tert-butyl) phenyl)pyrimidin-2-yl)phenyl)propanoate INT-11 using General
Procedures 3 or 7 followed by 4 or 8.
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[00501] Compound 182 was prepared in a manner analogous to 165 starting from
(R)-tert-butyl 2-(((benzyloxy)carbonyl)amino)-3-(4-hydroxyphenyl)propanoate.

[00502] Compound 183 was prepared from (8)-3-(4-(5-(4-
(heptyloxy)phenyl)pyrimidin-2-yl)-2-(4-hydroxybenzamido)propanoic acid, Compound
114 using General Procedure 13.

[00503] Compounds 184 — 190 were prepared from (S)-tert-butyl 2-amino-3-(4-(5-
(4-(heptyloxy) phenyl)pyrimidin-2-yl)phenyl)propanoate INT-9 using General

Proceduresi3 and 8 sequentially.

[00504] Compound 191 was prepared in a manner analogous to 85 starting from

(R)-tert-butyl 2-(((benzyloxy)carbonyl)amino)-3-(4-hydroxyphenyl)propanoate.

(S)-2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-(heptyloxy)phenyl)-pyrimidin-
2-yl)phenyl)propanoic acid (Compound 192)

aNH>
N 0O
| \W/Q/Olo N HN_ O
L S
_ )
NN N
O

[00505] A stirring solution  of  (8)-tert-butyl  2-amino-3-(4-(5-(4-
(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanoate INT-9 (5.50 g, 11.23 mmol) and
5-(tert-butyl)thiophene-2-carboxylic acid (2.13 g, 11.57 mmol) in DMF (50 mL) and
DIEA (6.22 ml, 33.70 mmol) was treated portion wise with HATU (4.48 g, 11.79
mmol). After stirring for 1 h, the mixture was treated with water (200 mL) and iso-
hexanes (20 mL) and stirred for 10 min. The product was collected by filtration, washed
with iso-hexanes (2 x 30 mL), water (2 x 50 mL) then MeOH (20 mL) and iso-hexanes
(30 mL).The ester was taken up in DCM (50 mL) and treated with TFA (10 mL). After
1 h, additional TFA (15 mL) was added. After a further 5 h, the mixture was treated
with toluene (20 mL) and concentrated. The residue was washed with acetonitrile (25

mL) then taken up in DMSO (20 mL) then treated with water (100 mL) and stirred for 1
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h. The product was collected by filtration, washed with water (4 x 50 mL) then
acetonitrile (3 x 30 mL), and dried in a vacuum oven to give 5.30 g (75 %) of(S5)-2-(5-
(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
yl)phenyl)propanoic acid, Compound 192 as an off-white solid. LCMS-ESI (m/z)
calculated for C3sH41N304S: 599.3; no m/z observed, tr = 11.10 min (Method 10). The
chiral purity was 98% c.e. (Chiral Method)."H NMR (400 MHz, DMSO-d6) & 12.87 (s,
1H), 9.17 (s, 2H), 8.68 (d, J = 8.3 Hz, 1H), 8.47 — 8.17 (m, 2H), 7.96 — 7.71 (m, 2H),
7.64 (d, J=3.8 Hz, 1H), 7.55 - 7.29 (m, 2H), 7.26 — 7.02 (m, 2H), 6.93 (d, /= 3.8 Hz,
1H), 4.79 — 4.48 (m, 1H), 4.03 (t, J = 6.5 Hz, 2H), 3.27 (dd, /= 13.9, 4.5 Hz, 1H), 3.12
(dd, J=13.9, 10.6 Hz, 1H), 1.90 — 1.58 (m, 2H), 1.58 — 1.01 (m, 17H), 1.01 — 0.69 (m,
3H).

[00506] Compound 193 was prepared in a manner analogous to 192 starting from

(R)-tert-butyl 2-(((benzyloxy)carbonyl)amino)-3-(4-hydroxyphenyl)propanoate.

Tert-butyl (4-(tert-butyl)benzoyl)-L-tyrosinate

0O
o epen
ik LT
HO NH,

[00507] Prepared using General Procedure 7. Into a solution of 4-(tert-
butyl)benzoic acid (8.3 g, 46.4 mmol) in DMF (100 mL) were added HATU (19.2g,
50.6 mmol), TEA (17.6 mL, 1264 mmol) and (S)-tert-butyl 2-amino-3-(4-
hydroxyphenyl) propanoate (10.0g, 42.1 mmol). After 5h, the reaction mixture was
diluted with EA, washed with saturated aqueous NaHCO; and brine, then dried
(Na;S04), concentrated, and purified by chromatography (EA/ hexanes) to provide 12.9
g (69%) of fert-butyl (4-(tert-butyl)benzoyl)-L-tyrosinate. LCMS-ESI (m/z) calculated
for C,4H3;NO4: 397.5; no m/z observed, tg = 3.59 min (Method 1). "H NMR (400 MHz,

CDCl3) 87.71 - 7.65 (m, 2H), 7.47 — 7.39 (m, 2H), 7.04 (t, ] = 5.7 Hz, 2H), 6.78 — 6.70
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(m, 2H), 6.59 (d, J = 7.5 Hz, 1H), 4.91 (dt, J = 7.5, 5.6 Hz, 1H), 3.15 (qd, J = 14.0, 5.6
Hz, 2H), 1.45 (s, 9H), 1.33 (s, 9H).

Tert-butyl (S)-2-(4-(tert-butyl)benzamido)-3-(4-(((trifluoromethyl)sulfonyl)oxy)
phenylpropanoate (INT-12)

o] Q J<
Mok @/\Hko
HN 0]
HO HN 0] — 10

[00508] Prepared using General Procedure 9. Into a solution of tert-butyl (4-(tert-
butyl)benzoyl)-L-tyrosinate (8.0 g, 17.9 mmol) were added DIEA (3.7 mL, 1.2 mmol)
and N-Phenyl bis(trifluoromethanesulfonimide) (7.0 g, 19.7 mmol). After stirring for
36 h, the reaction mixture was diluted with DCM then washed with 10% aqueous citric
acid and saturated aqueous NaHCQO;. The organic layer was dried over Na,SO,, and
concentrated to provide 9.5 g (100%) tert-butyl (S)-2-(4-(tert-butyl)benzamido)-3-(4-
(((trifluoromethyl)sulfonyl)oxy) phenyl) propanoate INT-12, which was used without
further purification. LCMS-ESI (m/z) calculated for C,sH3oF3:NOgS: 529.6; no m/z
observed, fr = 4.42 min (Method ). 'H NMR (400 MHz, CDCL3) § 7.71 — 7.65 (m,
2H), 7.49 — 7.43 (m, 2H), 7.32 — 7.26 (m, 2H), 7.22 — 7.16 (m, 2H), 6.69 (d, J = 7.0 Hz,
1H), 4.94 (dt, J = 6.9, 5.9 Hz, 1H), 3.24 (t, ] = 7.1 Hz, 2H), 1.41 (s, 9H), 1.33 (s, 9H).

Tert-butyl (S)-2-(4-(tert-butyl) benzamido)-3-(4-(4,4,5, 5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl)propanoate (INT-13)

i 1
fsron jops:
O« HN O
THO HN O —_— a/,B
(@]
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[00509] Into a degassed solution of (5)-2-(4-(tert-butyl)benzamido)-3-(4-
(((trifluoromethyl)sulfonyl)oxy) phenyl) propanoate INT-12 (9.5 g, 24 mmol), KOAc
(7.0 g, 72 mmol), and bis-pinacolatoborane (9.1 g, 36 mmol) in DMSO (20 mL) was
added Pd(dppNCl, (0.87 g, 1 mmol). The reaction mixture was heated at 100°C for 12
h under an atmosphere of N,. The reaction mixture was diluted with EA then washed
with saturated aqueous NaHCO; and H,O. The organic layer was dried over Na,SOy,
concentrated, and purified by chromatography (EA / hexanes) to provide 7.2 g (60%) of
tert-butyl (S)-2-(4-(tert-butyl)benzamido)-3-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yl)phenyl)propanoate INT-13. LCMS-ESI (m/z) calculated for C3yH4,BNOs: 507.5;
no m/z observed, fz = 4.53 min (Method 1). "H NMR (400 MHz, CDCl3) 8 7.74 (d, J =
8.0 Hz, 2H), 7.72 — 7.67 (m, 2H), 7.48 — 7.43 (m, 2H), 7.21 (d, J = 8.0 Hz, 2H), 6.59 (d,
J=7.4Hz, 1H), 5.05-4.92 (m, 1H), 3.27 (qd, J = 13.7, 5.4 Hz, 2H), 1.47 (s, 9H), 1.36
(m, 21H).

Tert-butyl (S)-3-(4-(5-bromopyrimidin-2-yl)phenyl)-2-(4-(tert-
butyl)benzamido)propanoate (INT-14)

0]
o} J< J<
O
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[00510] Prepared using General Procedure 10. Into a degassed solution of (§)-2-
(4-(tert-butyl)benzamido)-3-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)phenyl)propanoate INT-13 (1.0 g, 2.0 mmol), Na,HCO3 (420 mg, 3.9 mmol), and 5-
bromo-2-iodopyrimidine (615 mg, 2.2 mmol) in 2/2/1 ACN/THF/H,O was added
Pd(dppfCl, (140 mg, 0.2 mmol). The reaction mixture was heated at 110°C for 1 hin a
microwave reactor. The reaction mixture was concentrated, dissolved in DCM and
washed with H,O. The organic layer was dried over Na;SQ4, concentrated, and purified
by chromatography EA / hexanes) to provide 630 mg (58%) of tert-butyl (5)-3-(4-(5-
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bromopyrimidin-2-yl)phenyl)-2-(4-(tert-butyl)benzamido)propanoate INT-14. LCMS-
ESI (m/z) calculated for C,3H3,BrN4Os: 538.5; no m/z observed, tr = 4.66 min (Method
I). "HNMR (400 MHz, CDCls) & 8.84 — 8.78 (s, 2H), 8.31 (t, J = 7.0 Hz, 2H), 7.75 —
7.64 (m, 2H), 7.46 — 7.38 (m, 2H), 7.30 (dd, J = 12.9, 7.1 Hz, 2H), 6.65 (d, J = 7.2 Hz,
1H), 5.10 —4.94 (m, 1H), 3.43 —3.20 (m, 2H), 1.45 (s, 9H), 1.32 (s, 9H).

[00511] Compounds 194 — 236 were prepared from tert-butyl (S5)-3-(4-(5-
bromopyrimidin-2-yl) phenyl)-2-(4-(tert-butyl)benzamido)propanoate INT-14 using

General Procedures 10 and 8 sequentially.

Tert-butyl (5-(tert-butyl)thiophene-2-carbonyl)-L-tyrosinate

O
o o
Jon sk ad
HO NH2 7 s

[00512] Prepared using General Procedure 7. Into a solution of 5-(tert-
butyl)thiophene-2-carboxylic acid (1.93 g, 10.0 mmol) in DMF (20 mL) were added
HATU (4.56 g, 12.0 mmol) and TEA (4.18 mL, 30.0 mmol). The mixture was stirred at
room temperature for 30 min and (S)-fert-butyl 2-amino-3-(4-hydroxyphenyl)
propanoate (2.37 g, 10.0 mmol) was added. After 1 h, the reaction mixture was poured
into 400 mL of ice-water and the solid was filtered. The solid was dissolved in DCM
and EA, dried over MgSQ4, concentrated, and purified by chromatography (EA/
hexanes) to provide 3.6 g (89%) of tert-butyl (5-(tert-butyl)thiophene-2-carbonyl)-L-
tyrosinate. LCMS-ESI (m/z) calculated for C,,H,0NO4S: 403.2; found: 426.1 [M+Na]’,
tr = 9.07 min (Method 2).
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Tert-butyl (S)-2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-
(((trifluoromethyl)sulfonyl) oxy) phenyl) propanoate (INT-15)

0 0O
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[00513] Prepared using General Procedure 9. Into a solution of tert-butyl (5-(tert-
butyl)thiophene-2-carbonyl)-L-tyrosinate (3.52 g, 8.72 mmol) were added DIEA (4.56
mL, 26.17 mmol) and N-phenyl bis(trifluoromethanesulfonimide) (3.27 g, 9.16 mmol).
After stirring for 18 h, the reaction mixture was diluted with DCM then washed with
saturated aqueous NaHCOi;. The organic layer was dried over MgSOs and
concentrated. The crude product was purified by chromatography to provide 4.10 g
(87.6 %) of tert-butyl  (5)-2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-
(((trifluoromethyl)sulfonyl)oxy)phenyl)propanoate  INT-15. LCMS-ESI  (m/z)
calculated for C,3H2sF3NOgS;: 535.1; no m/z observed, tr = 4.22 min (Method 3).

Tert-butyl (S)-2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)phenyl)propanoate (INT-16)
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[00514] Into a degassed solution of fert-butyl (S)-2-(5-(tert-butyl)thiophene-2-
carboxamido)-3-(4-(((trifluoromethyl)sulfonyl)oxy)phenyl)propanoateINT-15 (3.89 g,
7.26 mmol), KOAc (2.14 g, 21.79 mmol), and bis-pinacolatoborane (2.40 g, 9.44
mmol) in DMSO (50 mL) was added Pd(dppf)Cl, (0.27 g, 0.36 mmol). The reaction

mixture was heated at 100°C for 18 h under an atmosphere of N,. The reaction mixture
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was poured into 600 mL of ice-water and the solid was filtered. The precipitate was
diluted with EA, dried over MgSQj, concentrated, and purified by chromatography (EA
/ hexanes) to provide 3.68 g (99%) of tert-butyl (S)-2-(5-(tert-butyl)thiophene-2-
carboxamido)-3-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)propanoate
INT-16. LCMS-ESI (m/z) calculated for C,sH4oBNOsS: 513.3; no m/z observed, g =
4.51 min (Method 3).

Tert-butyl (S)-3-(4-(5-bromopyrimidin-2-yl)phenyl)-2-(5-(tert-butyl)thiophene-2-
carboxamido)propanoate (INT-17)
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[00515] Prepared using General Procedure 10. Into a degassed solution of tert-
butyl  (S)-2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl)propanoate INT-16 (510 mg, 1.0 mmol) and 5-bromo-2-
iodopyrimidine (570 mg, 2.0 mmol) in 2/2/1 ACN/THF/saturated aqueous NaHCOs3 (10
mL) was added Pd(dppf)Cl, (30 mg, 0.4 mmol). The reaction mixture was heated at
120°C for 1 h in a microwave reactor. The reaction mixture was diluted with water
(100 mL) and EA (50 mL) and filtered over Celite. The aqueous layer was extracted
with EA (3 x 30 mL) and the combined organic layer was dried over MgSQOu,
concentrated, and purified by chromatography (EA / hexanes) to provide 342 mg (63%)
of tert-butyl (S)-3-(4-(5-bromopyrimidin-2-yl)phenyl)-2-(5-(zert-butyl)thiophene-2-
carboxamido)propanoate INT-17. LCMS-ESI (m/z) calculated for C;sH3BrN;Os:
543.1; found: 488.0 [M-tBu+H]’", tz = 10.95 min (Method 2).

[00516] Compunds 237 - 247 were prepared from fert-butyl (S5)-3-(4-(5-
bromopyrimidin-2-yl)phenyl)-2-(5-(tert-butyl)thiophene-2-carboxamido)propanoate
INT-17 using General Procedures 10 and 8 sequentially.
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Tert-butyl (S)-2-(4-(tert-butyl)benzamido)-3-(4-(5-cyanopyrimidin-2-yl)phenyl)-
propanoate (INT-18)
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[00517] Prepared using General Procedure 1. Into a degassed solution of (.5)-3-(4-
(5-bromopyrimidin-2-yl)phenyl)-2-(4-(tert-butyl)benzamido)propanoate INT-14 (100
mg, 0.190 mmol), and Zn(CN), (44mg, 0.370 mmol) in NMP (5 mL) was added
Pd(Ph3); (2 mg, 0.002 mmol). The mixture was heated for 45 min at 80°C in a
microwave reactor then partitioned between DCM and H,0O. The organic layer was
dried over Na,SQ4, concentrated, and purified by chromatography (EA/ hexanes) to
provide 75 mg (84%) of tert-butyl (S)-2-(4-(tert-butyl)benzamido)-3-(4-(5-
cyanopyrimidin-2-yl)phenyl)propanoate INT-18. LCMS-ESI (m/z) calculated for
C20H1;:N40;: 484.60; no m/z observed, fx = 4.17 min (Method 1). '"H NMR (400 MHz,
CDCls) 6 8.97 (s, 2H), 8.38 (d, J = 7.9 Hz, 2H), 7.67 (d, J = 8.0 Hz, 2H), 7.46 — 7.35
(m, 2H), 7.33 (d, J = 7.9 Hz, 2H), 6.77 (d, J = 6.8 Hz, 1H), 4.96 (d, J = 6.1 Hz, 1H),
3.27(dd, J=13.1, 8.0 Hz, 2H), 1.37 (d, J = 34.5 Hz, 9H), 1.26 (d, J = 21.0 Hz, 9H).

Tert-butyl (S)-2-(4-(tert-butyl)benzamido)-3-(4-(5-(N-hydroxycarbamimidoyl)-
pyrimidin-2-yl)phenyl)propanoate

O )< O J<
O O
N\ HN.__O N\ HN.__O
—_—
NCLN HNﬁ)l/\¢

[00518] Prepared using General Procedure 2. A solution of (S)-2-(4-(tert-
butyl)benzamido)-3-(4-(5-cyanopyrimidin-2-yl)phenyl)propanoate INT-18 (35 mg,

0.07 mmol), hydroxylamine (25 pL, 0.36 mmol, 50% solution in H,0), and NEt; (11
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uL, 0.08 mmol) in EtOH (5 mL) was heated at 80°C for 1.5 h. The reaction mixture
was concentrated, dissolved in DCM and washed with H,O to provide 22 mg of tert-
butyl (S)-2-(4-(tert-butyl)benzamido)-3-(4-(5-(N-hydroxycarbamimidoyl) pyrimidin-2-
yl)phenyl)propanoate. LCMS-ESI (m/z) calculated for C20H3sNsO4: 517.6; found 462.2
[M-But+H]", tz = 3.72 min (Method ). '"H NMR (400 MHz, CDCls) & 9.19 (s, 2H),
8.42 (d, J = 8.2 Hz, 2H), 7.67 (dd, J = 8.5, 2.1 Hz, 2H), 7.40 (dd, J = 9.2, 8.0 Hz, 2H),
7.34 (dd, J = 10.3, 8.4 Hz, 2H), 6.74 (dd, J = 7.1, 4.7 Hz, 1H), 5.00 (q, J = 5.6 Hz, 1H),
2.83 (d,J=5.3 Hz, 2H), 1.44 (s, 9H), 1.28 (d, J = 22.0 Hz, 9H).

Tert-butyl (S)-2-(4-(tert-butyl)benzamido)-3-(4-(5-(5-hexyl-1,2,4-oxadiazol-3-
vl)pyrimidin-2-yl)phenyl)propanoate (Compound 248)

0O J< 0)
\(@/\H‘\O YQ/Y‘\OH
N\ HN.__.O N\ HN.__O
HN§)|/\¢N Nj)l/\¢
7
Ho " /\/\/\< o-N

[00519] Prepared using General Procedure 5. A solution of heptanoic acid (7 mg,
0.05 mmol), HOBt (12 mg, 0.09 mmol) and EDC (13 mg, 0.09 mmol) was heated at
80°C for 2 h. The reaction mixture was diluted with EtOAc and washed with NaHCOs.
The organic layer was dried over Na,SO4 and concentrated. The resulting mixture was
dissolved in EtOH (2 mL) and heated for 45 min at 80°C in a microwave reactor. The
mixture was concentrated and purified by preparatory HPLC to provide 1.5 mg of fert-
butyl (S)-2-(4-(tert-butyl)benzamido)-3-(4-(5-(5-hexyl-1,2,4-oxadiazol-3-yl)pyrimidin-
2-yl)phenyl)propanoate. LCMS-ESI (m/z) calculated for Cs;sHssNsO4: 611.8; no m/z
observed, fx = 5.5 min (Method I). "H NMR (400 MHz, CDClz) § 9.45 (s, 2H), 8.44 (d,
J =83 Hz, 2H), 7.71 (d, J = 8.5 Hz, 2H), 7.48 (d, J = 8.5 Hz, 2H), 7.38 (d, J = 8.3 Hz,
2H), 6.80 (d, J = 7.3 Hz, 1H), 5.04 (dd, J = 12.7, 5.5 Hz, 1H), 3.37 (ddd, J = 18.9, 13.8,
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5.5Hz, 2H), 3.02 (t, J=7.6 Hz, 2H), 1.92 (dt, J = 15.3, 7.5 Hz, 2H), 1.49 (s, 9H), 1.44 —
1.28 (m, 15H), 0.93 (t, J = 7.1 Hz, 3H).

[00520] (8)-2-(4-(tert-butyl)benzamido)-3-(4-(5-(5-hexyl-1,2,4-oxadiazol-3-yl)
pyrimidin-2-yl) phenyl)propanoate was deprotected using General Procedure 8 to
provide 1.4 mg (6% overall) of (5)-2-(4-(tert-butyl)benzamido)-3-(4-(5-(5-hexyl-1,2,4-
oxadiazol-3-yl)pyrimidin-2-yl)phenyl) propanoic acid Compound 248. LCMS-ESI
(m/z) calculated for Cs,H37Ns504: 555.68; no m/z observed, fr = 11.03 min (Method 2).
'H NMR (400 MHz, CDCl3) § 9.41 (s, 2H), 8.47 (d, ] = 8.2 Hz, 2H), 7.66 (d, ] = 8.4
Hz, 2H), 7.42 (dd, J = 15.1, 8.4 Hz, 4H), 6.60 (d, J = 6.8 Hz, 1H), 5.21 — 4.95 (m, 1H),
3.43 (ddd, J =20.0, 14.0, 5.6 Hz, 2H), 3.05 — 2.90 (m, 2H), 1.98 — 1.76 (m, 2H), 1.55 -
1.22 (m, 15H), 0.91 (t, J = 7.0 Hz, 3H).

Tert-butyl (S)-2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-
hydroxyphenyl)pyrimidin-2-yl)phenyl)propanoate

[00521] Prepared using General Procedure 10. To a degassed solution of tert-
butyl (8)-3-(4-(5-bromopyrimidin-2-yl) phenyl)-2-(5-(tert-butyl)thiophene-2-
carboxamido) propanoate INT-17 (180 mg, 0.3 mmol), sodium carbonate (70 mg, 0.7
mmol) and 4-hydroxyphenylboronic acid (55 mg, 0.4 mmol) in 5 mL of 2/2/1 ACN/
THF/ H,O was added Pd(dppf)Cl, (24 mg, 0.03mmol). The reaction mixture was
heated at 110°C for 45 min in a microwave reactor. The mixture was filtered through
celite, concentrated, then dissolved in DCM and washed with H,O. The organic layer
was concentrated and purified by prep HPLC to provide 131 mg (78%) of tert-butyl
(S)-2-(5-(tert-butyl)thiophene-2-carboxamido) -3-(4-(5-(4-hydroxyphenyl) pyrimidin-2-
yl)phenyl) propanoate. LCMS-ESI (m/z) calculated for C;;H3sN304S: 557.7; no m/z
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observed, g = 4.08 min (Method 1). '"H NMR (400 MHz, CDCls) & 8.98 (s, 2H), 8.35
(d, /= 8.1 Hz, 2H), 7.49 (d, J = 8.6 Hz, 2H), 7.40 — 7.31 (m, 3H), 6.94 (d, J = 8.5 Hz,
2H), 6.81 (d, J=3.8 Hz, 1H), 6.51 (d, J= 7.5 Hz, 1H), 5.00 (dd, J = 12.9, 5.8 Hz, 1H),
3.28 (qd, J=13.8, 5.6 Hz, 2H), 1.47 (s, 9H), 1.39 (s, 9.H).

(S)-2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-(decyloxy)phenyl)-pyrimidin-
2-yl)phenyl)propanoic acid (Compound 249)

HN
HN

OL o QL &

[00522] Prepared using General Procedures 12. To a solution of tert-butyl (5)-2-
(5-(tert-butyl)thiophene-2-carboxamido)  -3-(4-(5-(4-(hydroxyphenyl)  pyrimidin-2-
yl)phenyl)propanoate (20 mg, 0.04 mmol) in DMF (0.5 mL) were added 1-
bromodecane (8 uL, 0.05 mmol) and K,COs (8 mg, 0.05 mmol). The reaction mixture
was heated at 40°C for 18 h, then diluted with DCM and washed with H,O. The
organic layer was dried over Na,SO,; and concentrated. The crude material was
deprotected using General Procedure 8 then purified by prepartory HPLC to provide
39 mg (17%) of  (S)-2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-
(decyloxy)phenyl)pyrimidin-2-yl)phenyl)propanoic acid compound 249. LCMS-ESI
(m/z) calculated for Ci:sH47N304S: 641.9; no m/z observed, fg= 13.49 min (Method 2).
'H NMR (400 MHz, CDCls) 8 9.01 (s, 2H), 8.36 (d, J = 8.1 Hz, 2H), 7.56 (d, ] = 8.7
Hz, 2H), 7.44 (d, J = 8.2 Hz, 2H), 7.33 (d, J = 3.8 Hz, 1H), 7.03 (d, J = 8.8 Hz, 2H),
6.80 (d, J =3.8 Hz, 1H), 6.54 (d, J = 6.8 Hz, 1H), 5.13 (d, J = 6.8 Hz, 1H), 4.01 (t,J =
6.6 Hz, 2H), 3.44 (d, J = 4.9 Hz, 2H), 1.91 — 1.72 (m, 2H), 1.47 (dd, J = 15.0, 7.3 Hz,
2H), 1.38 (s, 9H), 1.28 (s, 12H), 0.88 (t, J = 6.8 Hz, 3H).
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[00523] Compounds 250 — 252 were prepared from fert-butyl (S)-2-(5-(tert-
butyl)thiophene-2-carboxamido) -3-(4-(5-(4-hydroxyphenyl) pyrimidin-2-yl)phenyl)

propanoate using General Procedure 12 followed by General Procedure 8.

(S)-2-(4-(tert-butyl)benzamido)-3-(4-(5-(4-(tert-butyl)piperidin-1-yl)pyrimidin-2-
vl)phenyl)propanoic acid (Compound 253)
0]

O J<
O OH
N HN O N HN 0]
~ —
BrJ/\¢N w Z

N

[00524] Prepared using General Procedure 11. Into a degassed solution of INT-14
(50 mg, 0.09 mmol), sodium tert-butoxide (18 mg, 0.19 mmol) and 4-tert-
butylpiperidine HCI (23 mg, 0.11 mmol) in dioxane (2.5 mL) were added Pd,(dba); (9
mg, 0.01 mmol) and 2-dicyclohexylphosphino-2'-(N,N-dimethylamino)biphenyl (6 mg,
0.015 mmol). The reaction mixture was heated for 45 min at 120°C in a microwave
reactor. The mixture was diluted with EA and washed with NaHCO;. The organic
layer was dried over Na,SQs, concentrated, and purified by preparatory HPLC. The
isolated intermediate was deprotected using General Procedure 8 to provide 2.9 mg
(6%) of (S)-2-(4-(tert-butyl)benzamido)-3-(4-(5-(4-(tert-butyl)piperidin-1-yl)pyrimidin-
2-yl)phenyl)propanoic acid Compound 253. LCMS-ESI (m/z) calculated for
C33H4N4O05: 542.7; found 543.3 [M+H]', tr = 10.79 min (Purity). "H NMR (400 MHz,
CDCls) 6 8.52 (s, 2H), 8.23 (d, /= 8.0 Hz, 2H), 7.72 (d, J = 8.4 Hz, 2H), 7.44 (dd, J =
11.3, 8.4 Hz, 4H), 6.79 (d, J = 6.8 Hz, 1H), 5.18 (d, J = 6.5 Hz, 1H), 3.89 (d, /=119
Hz, 2H), 3.47 (d, J = 5.2 Hz, 2H), 2.83 (t, /= 11.5 Hz, 2H), 1.88 (d, / = 12.0 Hz, 2H),
1.52 - 1.37 (m, 2H), 1.34 (s, 9H), 1.24 (dd, /= 24.7, 12.8 Hz, 1H), 0.92 (s, 9H).

[00525] Compound 254 was prepared from INT-14 using General Procedure 11

then General Procedure 8.
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Tert-butyl (S)-3-(4-(5-(2H-tetrazol-5-yl)pyrimidin-2-yl)phenyl)-2-(4-(tert-butyl)-

benzamido) propanoate
0]
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[00526] Into a solution of tert-butyl (S)-2-(4-(tert-butyl)benzamido)-3-(4-(5-
cyanopyrimidin-2-yl)phenyl)propanoate INT-18 (34 mg, 0.07 mmol) in DMF (2 mL)
were added NH4CI (7.5 mg, 1.4 mmol) and NaN; (7 mg, 0.1 mmol). The reaction
mixture was heated at 100°C for 3 h then diluted with EA and washed with NaHCOs.
The organic layer was dried over Na,SQO,, concentrated, and purified by preparatory
HPLC to provide 4.6 mg (12%) of tert-butyl (5)-3-(4-(5-(2H-tetrazol-5-yl)pyrimidin-2-
yl)phenyl)-2-(4-(tert-butyl)benzamido)propanoate. LCMS-ESI (m/z) calculated for
C20H13N703: 527.6; no m/z observed, fx = 3.83 min (Method 1). '"H NMR (400 MHz,
CDCl3) 6 9.35 (s, 2H), 8.42 (d, J= 8.1 Hz, 2H), 7.75 (d, J = 8.4 Hz, 2H), 7.47 (d, T = 8.5
Hz, 2H), 7.43 (d, J = 8.2 Hz, 2H), 7.11 (d, J = 7.8 Hz, 1H), 5.13 (dd, J = 14.4, 7.1 Hz,
1H), 3.28 (ddd, J = 21.0, 13.6, 6.7 Hz, 2H), 1.47 (d, J = 6.8 Hz, 9H), 1.33 (s, 9H).

[00527] Compound 255 was prepared from tert-butyl (S)-3-(4-(5-(2H-tetrazol-5-
yl)pyrimidin-2-yl)phenyl)-2-(4-(tert-butyl)benzamido)propanoate ~ using  General

Procedure 12 then General Procedure §.

[00528] Compound 256 was prepared from INT-14 and 5-(4.4,5,5-tetramethyl-

1,3,2-dioxaborolan-2-yl)isoindolin-1-one using General Procedures 10, 12 and §.

[00529] Compound 257 was prepared from INT-14 and 6-Hydroxypyridine-3-

boronic acid pinacol ester using General Procedures 10, 12 and 8.
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[00530] Compound 258 was prepared from INT-13 and 5-(benzyloxy)-2-

chloropyrimidine using General Procedure 10, followed by General Procedure 8.

[00531] Compounds 259 and 260 were prepared from INT-14 and the appropriate

boronic acid using General Procedures 10 then 8.

Tert-butyl 4-(4-(heptyloxy)phenyl)-3-oxopiperazine- 1-carboxylate

UUUS & A W & e

[00532] To a stirring solution of 1-bromo-4-(heptyloxy)benzene (447 mg, 1.65
mmol) in dioxane (5 mL) were added tert-butyl 3-oxopiperazine-1-carboxylate (330
mg, 1.65 mmol), copper I iodide (314 mg, 0.17 mmol), (1R2R)-N1,N2-
dimethylcyclohexane-1,2-diamine (234 mg, 1.65 mmol) and potassium carbonate (456
mg, 3.30 mmol). The reaction mixture was heated at 120°C for 16 h. The reaction
mixture was passed through a plug of celite, eluted with EA (50 mL). The organics
were washed with ammonium chloride (25 mL), water (25 mL) and brine (25 mL) then
dried over MgSO4 and concentrated to afford 602 mg (89%) of tert-butyl 4-(4-
(heptyloxy)phenyl)-3-oxopiperazine-1-carboxylate. LCMS-ESI (m/z) calculated for
C22H34N,04: 390.5; found 319.0 [M+H]', & = 2.90 min. (Method 4).

1-(4-(heptyloxy)phenyl)piperazin-2-one

[00533] To tert-butyl 4-(4-(heptyloxy)phenyl)-3-oxopiperazine-1-carboxylate (540
mg, 1.38 mmol) was added 4M HCI in dioxane (2.07 mL, 8.30 mmol). The reaction
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mixture was stirred at room temperature for 2 h. The precipitate was filtered, washed
with hexane (5 mL) and dried. The crude product was purified by column
chromatography (79/20/1 DCM/MeOH/NH,4) to afford 325 mg (80%) of 1-(4-
(heptyloxy)phenyl)piperazin-2-one as a colorless solid. LCMS-ESI (m/z) calculated for
C17H26N,07: 290.4; found 291.0 [M+H]', tz = 1.49 min. (Method 4).

[00534] Compound 261 was prepared from INT-12 and 1-(4-
(heptyloxy)phenyl)piperazin-2-one using General Procedures 11 and §.

[00535] Compound 262 was prepared in a similar fashion from INT-12 and 1-(4-
(heptyloxy)phenyl)imidazolidin-2-oneusing General Procedures 11 and 8.

[00536] Compound 263 was prepared using (S)-methyl 2-amino-3-(4-
nitrophenyl)propanoate  hydrochloride,4-(tert-butyl)benzoic ~ acid  and  1-(4-
(heptyloxy)phenyl)piperidin-4-oneusing General Procedures 7, 14, 15 then 4.

Tert-butyl 4-(4-(heptyloxy)phenyl)-4-hydroxypiperidine-I-carboxylate

.Boc

Br
NN /©/ NN on
@) 0O
[00537] To a stirring solution of 1-bromo-4-(heptyloxy)benzene (668 mg, 2.46
mmol) in THF (5 mL) at -78°C was added butyllithium (985 ul, 2.46 mmol). After 30
min, a solution of fert-butyl 4-oxopiperidine-1-carboxylate (491 mg, 2.46 mmol) in
THF (2 mL) was added. After 10 min, the cooling bath was removed and the reaction
mixture stirred for 16 h. The reaction mixture was poured onto NH4CI (50 mL) and
extracted with Et,O (3 x 20 mL). The combined organics were washed with water (20

mL), dried over MgSO, and evaporated. The crude product was purified by column

chromatography (5-70% AcMe in iso-hexanes) to afford 0.4 g (33%) of tert-butyl 4-(4-
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(heptyloxy)phenyl)-4-hydroxypiperidine-1-carboxylate. LCMS-ESI (m/z) calculated for
C3H37NO;: 391.5; found 414.0 [M+Na]', tr = 2.24 min. (Method 4).

4-(4-(heptyloxy)phenyl)piperidine (INT-19)
OH -

[00538] To a stirring solution of fert-butyl 4-(4-(heptyloxy)phenyl)-4-
hydroxypiperidine-1-carboxylate (388 mg, 0.99 mmol) and triethylsilane (791 ul, 4.95
mmol) in DCM (2 mL) cooled to -30 °C was slowly added 2,2,2-trifluoroacetic acid
(379 ul, 4.95 mmol) in a drop- wise fashion. The reaction mixture was allowed to warm
slowly and stirring continued for 16 h. The reaction mixture was poured onto ice-
water/NaOH (50 mL/5 mL, 2 M) and extracted with DCM (3 x 20 mL). The combined
organic extracts were washed successively with water (50 mL) and NaHCO3 (20 mL),
dried over MgSO4 and evaporated to afford 166 mg (58%) of 4-(4-
(heptyloxy)phenyl)piperidine INT-19 as a white, waxy solid. LCMS-ESI (m/z)
calculated for C1sH,0NO: 275.4; found 276.0 [M+H]', tr = 2.88 min. (Method 11).

[00539] Compound 264 was prepared using INT-12 and INT-19 using General
Procedures 11 then 8.

[00540] Compound 265 was prepared in a similar fashion to 264 using INT-12 and
3-(4-(heptyloxy)phenyl)pyrrolidine using General Procedures 11 then 8.

[00541] Compound 266 was prepared using INT-12 and 1-([1,1'-biphenyl]-4-

yl)piperazine using General Procedures 11 then 8.
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[00542] Compound 267 was prepared using INT-12, fert-butyl 4-(4-
hydroxyphenyl)piperazine-1-carboxylate and  1-bromoheptane using  General

Procedures 12, 8, 11 then 8.

[00543] Compound 268 was prepared using INT-12, tert-butyl 1,4-diazepane-1-
carboxylate andl-bromo-4-(heptyloxy)benzene using General Procedures 11, 8, 11

then 8.

[00544] Compound 269 was prepared using 5-bromo-2-iodopyridine, INT-13 and
(4-(heptyloxy)phenyl)boronic acid using General Procedures 10, 10, and &

sequentially.

[00545] Compound 270 was prepared using 5-bromo-2-iodopyridine, (4-
(heptyloxy)phenyl)boronic acidand INT-13 using General Procedures 10, 10, and 8

sequentially.

[00546] Compound 271 was prepared using 5-bromo-2-iodopyrimidine, (4-
(heptyloxy)phenyl)boronic acid and INT-13 using General Procedures 10, 10, and 8

sequentially.

[00547] Compound 272 was prepared using 2-bromo-5-iodopyrazine, (4-
(heptyloxy)phenyl)boronic acid and INT-13 using General Procedures 10, 10, and 8

sequentially.

[00548] Compound 273 was prepared using 3-chloro-6-iodopyridazine, (4-
(heptyloxy)phenyl)boronic acid and INT-13 using General Procedures 10, 10, and 8

sequentially.
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3-(4-bromophenyl)-6-(4-(heptyloxy)phenyl)-1,2,4-triazine (INT-20)

Br
o) N YQI
_— = N
NN N0 NN

[00549] To a stirring solution of 4-bromobenzohydrazide (1.85 g, 8.62 mmol) in
ethanol (10 mL) was added acetic acid (1 mL). The reaction mixture was stirred at 60°C
for 30 min then 2-bromo-1-(4-(heptyloxy)phenyl)ethanone (1.35 g, 4.31 mmol) INT-4
and sodium acetate (0.389 g, 4.74 mmol) were added and the mixture heated to reflux
for 30 min. The reaction mixture was cooled to room temperature and the resultant
precipitate was filtered and washed with iso-hexanes (20 mL) then dried. The solid was
dissolved in NMP and heated to 120 °C for 16 h. The crude material was cooled to
room temperature, diluted with Et,0O (4 mL), filtered, triturated with ethanol (3 x 2 mL),
filtered and dried to afford 241 mg (13%) of 3-(4-bromophenyl)-6-(4-
(heptyloxy)phenyl)-1,2,4-triazine INT-20 as an orange solid. LCMS-ESI (m/z)
calculated for C2H,4BrNzO: 425.1; found 426.3 [M+H]', fz = 3.40 min (Method 8).

[00550] Compound 274 was prepared in a similar fashion to 79 using 3-(4-
bromophenyl)-6-(4-(heptyloxy)phenyl)-1,2,4-triazine  INT-20 in place of 2-(4-
bromophenyl)-4-(4-(heptyloxy)phenyl)thiazole.

6-(4-bromophenyl)-3-(4-(heptyloxy)phenyl)-1,2,4-triazine (INT-21)
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[00551] To a stirring solution of 4-(heptyloxy)benzohydrazide (400 mg, 1.60
mmol) in ethanol (15 mL) was added acetic acid (1 mL). The reaction mixture was
stirred at 60°C for 30 min then 2-bromo-1-(4-bromophenyl)ethanone (222 mg, 0.80
mmol) and sodium acetate (72.1 mg, 0.88 mmol) were added and the solution heated to
reflux for 2 h. The reaction mixture was cooled to room temperature and the resultant
crystals were filtered, washed with iso-hexanes (20 mL) then dried to afford 108 mg
(31%) of 6-(4-bromophenyl)-3-(4-(heptyloxy)phenyl)-1,2,4-triazine INT-21. LCMS-
ESI (m/z) calculated for C,,H,4BrN;O: 425.1; found 426.1 [M+H]+, ftr = 3.38 min
(Method 8).

[00552] Compound 275 was prepared in a similar fashion to 274 using 6-(4-
bromophenyl)-3-(4-(heptyloxy)phenyl)-1,2,4-triazineINT-21  in  place of 3-(4-
bromophenyl)-6-(4-(heptyloxy)phenyl)-1,2,4-triazine.

[00553] Compound 276 was prepared using 274 using General Procedures 7 and
8.

[00554] Compounds 277 and 278 were prepared using INT-16 and 5-bromo-2-

iodopyridine using General Procedures 10, 10, and 8 sequentially.

[00555] Compounds 279 and 280 were prepared using INT-16 and 3-chloro-6-

iodopyridazine using General Procedures 10, 10, and 8 sequentially.

[00556] Compounds 281 and 282 were prepared using INT-16 and 2-bromo-5-

iodopyrazine using General Procedures 10, 10, and 8 sequentially.

[00557] Compound 283 was prepared from Compound279 and tert-butyl glycinate

using General Procedures 7 and 8 sequentially.
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[00558] Compound 284 was prepared from Compound 281 and zert-butyl glycinate

using General Procedures 7 and 8 sequentially.

[00559] Compound 285 was prepared from Compound 277 and tert-butyl glycinate

using General Procedures 7 and 8 sequentially.

2-(4-(heptyloxy)phenyl)-2-oxoethyl 4-bromobenzoate

N0 — /\/\/\/O\Q\H/\ o)
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[00560] To a solution of 2-bromo-1-(4-(heptyloxy)phenyl)ethanone INT-4 (1.3 g,
4.2 mmol) and 4-bromobenzoic acid (0.70 g, 3.5 mmol) in ACN (30 mL) was added
TEA (0.72 ml, 5.2 mmol). After stirring overnight, the mixture was poured onto aq.
citric acid and EA then stirred for 10 min before the solid was collected by filtration.
The cake was washed with water and iso-hexanes then dried to provide 905 mg (57%)
of 2-(4-(heptyloxy)phenyl)-2-oxocthyl 4-bromobenzoate. LCMS-ESI (m/z) calculated
forCyH,sBrO4: 432.1; found 433.2 [M+H]', tz = 3.24 min (Method 8).

2-(4-bromophenyl)-5-(4-(heptyloxy)phenyl)-1 H-imidazole
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[00561] To a solution of 2-(4-(heptyloxy)phenyl)-2-oxoethyl 4-bromobenzoate
(905 mg, 2.09 mmol) intoluene (6 ml) was added CH;COONH,4 (1600 mg, 20.9 mmol).
After heating overnight at 115°C, the reaction mixture was diluted with aq. NaHCO3
and extracted into DCM. The organic layers were combined, dried over MgSOs,
filtered, and the solvent was removed under reduced pressure. The crude reaction

mixture was purified by chromatography (EA/ hexanes) to provide 370 mg (33%) of 2-
188



WO 2014/201172 PCT/US2014/041997

(4-bromophenyl)-5-(4-(heptyloxy)phenyl)-1H-imidazole. LCMS-ESI (m/z) calculated
forCH,sBrN,O: 412.1; found 413.2 [M+H]', fz = 2.33min (Method §8).

2-(4-bromophenyl)-5-(4-(heptyloxy)phenyl)-1-((2-(trimethylsilyl)ethoxy)methyl)- 1 H-
imidazole

N0
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[00562] To a solution of 2-(4-bromophenyl)-5-(4-(heptyloxy)phenyl)-1H-
imidazole (370 g, 900 mmol) in DMF (4 ml) was addedNaH (40mg, 980 mmol). After 2
h,2-(trimethylsilyl)ethoxymethyl chloride (160 g, 990 mmol) in THF (2 ml) was added
dropwise and reaction mixture was stirred overnight. The reaction mixture was diluted
with EA and washed with aq. NaHCOs. The organics were dried over MgSQy, filtered,
and the solvent was removed under reduced pressure. The crude product was purified
by chromatography (EA / hexane) to afford 32 mg (65%) of 2-(4-bromophenyl)-5-(4-
(heptyloxy)phenyl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-imidazole as a tan solid.
LCMS-ESI (m/z) calculated forC,sH3oBrN,O,Si: 542.2; found 543.3 [M+H]+, trR=3.35
min (Method 8).

(S)-methyl 2-((tert-butoxycarbonyl)amino)-3-(4-(4-(4-(heptyloxy)phenyl)-1-((2-
(trimethylsilyl)ethoxy)methyl)- 1 H-imidazol-2-yl)phenyl)propanoate
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[00563] A stirred suspension of zinc (68 mg, 1.03 mmol) in DMF (2 mL) was
treated with I, (12 mg, 0.05 mmol). After the color disappeared,((R)-methyl 2-((fert-
butoxycarbonyl)amino)-3-iodopropanoate (110 mg, 0.34 mmol) and further I, (12 mg,
0.05 mmol) were added.After 30 min, the mixture was de-gassed then 2-(4-
bromophenyl)-5-(4-(heptyloxy)phenyl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-
imidazole (170 mg, 0.31 mmol), dicyclohexyl(2',6'-dimethoxy-[1,1'-biphenyl]-2-
yl)phosphine (7 mg, 0.02 mmol) and Pd,(dba); (8 mg, 7.8 umol) were added. After
further de-gassing, DMF (2 mL) was added and the reaction mixture was heated at 50°C
overnight. The reaction mixture purified by column chromatography (EA / hexane) to
provide 55 mg (25%) of (8)-methyl 2-((trert-butoxycarbonyl)amino)-3-(4-(4-(4-
(heptyloxy)phenyl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-imidazol-2-
yl)phenyl)propanoate as a colorless oil. LCMS-ESI (m/z) calculated forCs7HssN3OgSi:
665.9; found 666.4 [M+H]', tr = 3.10 min (Method 8).

(S)-methyl 2-amino-3-(4-(4-(4-(heptyloxy)phenyl)-1 H-imidazol-2-yl)phenyl)-

propanoate
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[00564] (S)-methyl 2-amino-3-(4-(4-(4-(heptyloxy)phenyl)-1H-imidazol-2-
yl)phenyl)propanoate was prepared from (S)-methyl 2-((tert-butoxycarbonyl)amino)-3-
(4-(4-(4-(heptyloxy)phenyl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-imidazol-2-yl)
phenyl) propanoate using General Procedure 8. LCMS-ESI (m/z) calculated
forCysH33N303: 435.6; found 436.3 [M+H]', tz = 1.43 min (Method §8).
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(S)-2-(4-(tert-butyl)benzamido)-3-(4-(4-(4-(heptyloxy)phenyl)- 1 H-imidazol-2-
vl)phenyl)propanoic acid hydrochloride (Compound 286)

[00565] To a solution of 4-(tert-butyl)benzoic acid (25 mg, 0.14 mmol), (S)-methyl
2-amino-3-(4-(4-(4-(heptyloxy)phenyl)-1H-imidazol-2-yl)phenyl)propanoate (55 mg,
0.13 mmol), and TEA (53 ul, 0.38 mmol) in DMF (1 mL) was added HATU (53 mg,
0.14 mmol). The reaction mixture was stirred at room temperature for 2 h, diluted in
DCM, and washed aq. NaHCOs. The organic layer was dried, concentrated and purified
by chromatography (EA / hexane) to provide 14 mg (17%) of methyl (S)-2-(4-(tert-
butyl)benzamido)-3-(4-(4-(4-(heptyloxy)phenyl)-1H-imidazol-2-yl)phenyl)propanoate.
LCMS-ESI (m/z) calculated for C37HysN304: 595.8; found 596.4 [M+H]", f = 2.33
min.(Method 8).

[00566] The isolated ester intermediate was deprotected using General Procedure
4 to provideld mg (17.5%) of (S5)-2-(4-(tert-butyl)benzamido)-3-(4-(4-(4-
(heptyloxy)phenyl)-1H-imidazol-2-yl)phenyl)propanoic acid hydrochloride Compound
286 as a light tan solid. LCMS-ESI (m/z) calculated for Ci;H43N304: 581.8; found
582.4 [M+H]', tr = 6.56 min(Method 9).

4-bromo-1-(4-(heptyloxy)phenyl)-1H-imidazole

[00567] Into a vial was charged (4-(heptyloxy)phenyl)boronic acid (1.00 g, 4.24
mmol), 4-bromo-1H-imidazole (0.31 g, 2.1 mmol), Cu-(TMEDA),(OH),Cl, (0.10 g,
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0.21 mmol) and DCM (12 ml). Afterstirring at room temperature for 42 h, the mixture
was purified by chromatography (EA / hexane) to provide 80 mg of impure product.
Further purification by chromatography (CAN / DCM) provided 42 mg (6%) of 4-
bromo-1-(4-(heptyloxy)phenyl)-1H-imidazole as a colourless oil. LCMS-ESI (m/z)
calculated for C1sH,1BrN,O: 336.1; found 337.1 [M+H]', fx =2.71 min (Method 8).

(S)-2-(4-(tert-butyl)benzamido)-3-(4-(1-(4-(heptyloxy)phenyl)- 1 H-imidazol-4-
vl)phenyl)propanoic acid (Compound 287)
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[00568] Prepared using General Procedure 10. Into a vial containing INT-13 (96

mg, 0.19 mmol) and 4-bromo-1-(4-(heptyloxy)phenyl)-1H-imidazole (64 mg, 0.19
mmol) in 2/2/1 THF/CAN/H,0O (3 mL) was added Na,COs (40 mg, 0.38 mmol). The
reaction mixture was degassed and Pd(dppf)Cl, (14 mg, 0.02 mmol) was added. After
heating at 120°C for 30 min in a microwave reactor, the mixture was diluted with EA,
washed with aq. NaHCOs, dried over MgSO4 and concentrated. Purification by
chromatography (EA/ hexanes) provided 14 mg (12%) of the intermediate tert-butyl
(8)-2-(4-(tert-butyl)benzamido)-3-(4-(1-(4-(heptyloxy)phenyl)-1H-imidazol-4-
yl)phenyl)propanoate as a white solid.

[00569] The intermediate was deprotected according to General Procedure 8 to
provide 9 mg (8%) of (S5)-2-(4-(tert-butyl)benzamido)-3-(4-(1-(4-(heptyloxy)phenyl)-
1H-imidazol-4-yl)phenyl)propanoic acid, Compound 287 as a white solid. LCMS-ESI
(m/z) calculated forCisH4sN3O4: 581.3; found 582.2 [M+H]', tz = 8.33 min (Method
9).
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(S)-2-(4-(tert-butyl)benzamido)-3-(4-(1-(4"-methyl-[ 1, 1"-biphenyl]-4-yl)- 1 H-pyrazol-4-
vl)phenyl)propanoic acid (Compound 288)
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[00570] Prepared using General Procedure 10. Into a vial containing INT-13 (100
mg, 0.20 mmol) and 4-bromo-1-(4'-methyl-[1,1"-biphenyl]-4-yl)-1H-pyrazole (63 mg,
0.201 mmol) in 2/1 ACN/H;O (3 mL) was added sat aq. NaHCO; (670 pL, 0.60 mmol).
The reaction mixture was degassed and Pd(dppf)Cl, (15 mg, 0.02 mmol) was added.
After heating at 120°C for 60 min in a microwave reactor, the mixture was diluted with
DCM, washed with aq. NaHCOs;, passed through a phase separation cartridge, and
concentrated. Purification by chromatography (EA / hexane) provided 58 mg (47%) of
the intermediate tert-butyl (S)-2-(4-(tert-butyl)benzamido)-3-(4-(1-(4'-methyl-[1,1'-
biphenyl]-4-yl)-1H-pyrazol-4-yl)phenyl)propanoate as a white solid. LCMS-ESI (m/z)
calculated forC4oH4:N:03: 613.8; found 614.0 [M+H]', #x = 3.02 min (Method 8). The
intermediate was stirred in 4M HCI / dioxane for 132 h and filtered. The resulting solid
was washed with hexane to provide 13 mg of solid product. The filtrate was loaded
onto a strong anion exchange (SAX) column, washed with MeOH, and eluted with 5%
AcOH in MeOH. The elution liquors were combined with the trituration solid and
concentrated in vacuo to afford 18 mg (32%) of (S5)-2-(4-(tert-butyl)benzamido)-3-(4-
(1-(4'-methyl-[1,1'-biphenyl]-4-yl)-1H-pyrazol-4-yl)phenyl)propanoic acid 288 as a
white solid. LCMS-ESI (m/z) calculated forCisHasN3Oz: 557.3; found 558.0 [M+H]', fr
=9.37 min (Method 9).
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Methyl 2-(4-bromophenyl)-2-(5-(tert-butyl)thiophene-2-carboxamido)acetate

NH,
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[00571] Prepared using General Procedure 7. To a solution of methyl 2-amino-2-
(4-bromophenyl)acetate, HCI (730 mg, 2.6mmol), 5-(fert-butyl)thiophene-2-carboxylic
acid (480 mg, 2.6 mmol) and TEA (1090 ul, 7.8 mmol) in DMF (10mL) was added
HATU (1090 mg, 2.9 mmol). After stirring overnight, the reaction mixture was diluted
with EA (100mL) and washed with 1M HCI (100 mL) and brine. The organiclayer was
dried over Mg,SQO4, concentrated, and purified by chromatography (EA /hexane) to
provide 900 mg (76%) of methyl 2-(4-bromophenyl)-2-(5-(tert-butyl)thiophene-2-
carboxamido)acetate as a white powder. LCMS-ESI (m/z) calculated forC,sH20BrNOsS:
410.3; found 412.0 [M+2]", tr = 2.71 min (Method 8).

Methyl 2-(5-(tert-butyl)thiophene-2-carboxamido)-2-(4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl)acetate

[00572] Prepared using General Procedure 10. A solution of 2-(4-bromophenyl)-
2-(5-(tert-butyl)thiophene-2-carboxamido)acetate (900 mg, 2.2 mmol), KOAc (650 mg,
6.6 mmol) and 4,4,4',4',5,5,5",5"-octamethyl-2,2'-bi(1,3,2-dioxaborolane) (670 mg, 2.6
mmol) in DMSO (10 mL) at 40°C was de-gassed. PdCl,dppf (80 mg, 0.11 mmol) was

added and the mixture was heated at 100°C for 3 h. The reaction mixture was purified
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by chromatography (EA / hexane with 1% TEA) to provide 491 mg (41%) of methyl 2-
(5-(tert-butyl)thiophene-2-carboxamido)-2-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yl)phenyl)acetate. LCMS-ESI (m/z) calculated forC,4H3,BNOsS: 457.4; found 458.0
[M+H]', %z = 2.89 min (Method 8).

2-(4-(5-bromopyrimidin-2-yl)phenyl)-2-(5-(tert-butyl)thiophene-2-carboxamido)acetic

acid
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[00573] Prepared using General Procedure 10. A mixture of methyl 2-(5-(tert-
butyl)thiophene-2-carboxamido)-2-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl)acetate (320 mg, 0.71 mmol) and 5-bromo-2-iodopyrimidine (220 mg, 0.78
mmol) in THF (2 mL) and ACN (2 mL) was treated with saturated aq. NaHCO3 (1600
ul, 1.40 mmol) and de-gassed (N, bubbling). PdCLdppf (26 mg, 0.04 mmol) was added
and the mixture was heated at 120°C for 30 min in a microwave reactor. The mixture
was poured onto H,O (30 mL), acidified with AcOH and extracted with EA (3 x 15
mL). The combined organics were dried over MgSQ,, evaporated, and purified by
chromatography (EA / hexane with 1% AcOH) to provide 160 mg (46%) of 2-(4-(5-
bromopyrimidin-2-yl)phenyl)-2-(5-(tert-butyl)thiophene-2-carboxamido)acetic acid as
a white solid. LCMS-ESI (m/z) calculated forC, H2BrN3;OsS: 473.0; found 474.0
[M+H]', &z = 2.68 min (Method 8).
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(S)-2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-(heptyloxy)phenyl)-pyrimidin-
2-yl)phenyl)propanoic acid (Compound 289)
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[00574] Prepared wusing General Procedure 10.A solution of 2-(4-(5-
bromopyrimidin-2-yl)phenyl)-2-(5-(tert-butyl)thiophene-2-carboxamido)acetic acid
(160 mg, 0.34 mmol), (4-(heptyloxy)phenyl)boronic acid (94 mg, 0.40 mmol) and sat
aq. NaHCOj; (930 ul, 0.84 mmol) in ACN (1.5 mL) and THF (1.5 mL) was degassed
(Nzbubbling). PdCly(dppf) (262 mg, 0.34 mmol) was added and the reaction mixture
was heated at 110°C in a microwave reactor for 50 min.The reaction was partitioned
between EA and H,O. The organic layer was dried over MgSOQ,, filtered, concentrated
and purified by chromatography (EA / hexane with 1% AcOH) to afford 113 mg (55%)
of 2-(5-(tert-butyl)thiophene-2-carboxamido)-2-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-
2-yl)phenyl)acetic acid Compound 289as a white solid. LCMS-ESI (m/z) calculated
forCs4H30N30,4S: 585.3; found 586.0 [M+H]", x = 3.37 min (Method 9).

(S)-N-(1-amino-3-(4-(5-(4-(heptyloxy)phenyl) pyrimidin-2-yl) phenyl)- 1 -oxopropan-2-
yl)-4-(tert-butyl)benzamide

[00575] A solution of Compound 85 (245 mg, 0.413 mmol) in DMF (5 mL) was
treated with NH4Cl (180 mg, 3.3 mmol),DIEA (760 pl, 4.1 mmol) and HATU (170 mg,

0.4 mmol).After stirring overnight, the reaction mixture was diluted with EA (50 mL),
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washed with aq. 0.5 M HCI (100 mL) and brine (20 mL), then dried over MgSO, and
concentrated. The residue was re-slurried from ACN (4 mL) to afford 204 mg (77%) of
(8)-N-(1-amino-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)-1-oxopropan-2-
yl)-4-(tert-butyl)benzamide as a fine white solid. LCMS-ESI (m/z) calculated
forCs7H44N403: 592.3; found 593.0 [M+H]', tz = 3.43 min (Method 6).

(S)-methyl 3-(4-(tert-butyl)benzamido)-4-(4-hydroxyphenyl)butanoate

HO

[00576] Prepared using General Procedure 7.A solution of (S§)-methyl 3-amino-4-
(4-hydroxyphenyl)butanoate hydrochloride (2.1 g, 8.7 mmol), 4-(tert-butyl)benzoic
acid (1.6 g, 9.0 mmol) and DIEA (3.5 ml, 18.8 mmol) in DMF (20 mL) and DCM (20
mL) was treated with HATU (3.3 g, 8.5 mmol). After 1 h, the mixture was poured onto
IM HCI (100 mL) and extracted with EA (3 x 50 mL). The combined organic extracts
were washed successively with 1M HCI (50 mL), water (50 mL) and brine (20 mL),
then dried over MgSO,4 and concentrated. The resulting residue was purified by
chromatography (EA/ hexane) to provide 2.3g (72%) of (S)-methyl 3-(4-(tert-
butyl)benzamido)-4-(4-hydroxyphenyl)butanoate as white needles. LCMS-ESI (m/z)
calculated forC,,H7NO: 369.4, found 370.0 [M+H]', tr = 2.52 min (Method 6).

(S)-methyl 3-(4-(tert-butyl)benzamido)-4-(4-(((trifluoromethyl)sulfonyl)oxy)-

HN.__O /©/\;/
HO — 5 HN._.O

phenyl)butanoate
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[00577] Prepared using General Procedure 9. A stirred solution of (S)-methyl 3-(4-
(tert-butyl)benzamido)-4-(4-hydroxyphenyl)butanoate (2.30 g, 6.3 mmol) in DCM (25
mL) was treated with DIEA (1.4 ml, 7.6 mmol) then 1,1,1-trifluoro-N-phenyl-N-
((trifluoromethyl)sulfonyl)methanesulfonamide (2.5 g, 6.9 mmol). After 18 h, the
reaction mixture was diluted with DCM (100 mL), H,O (50 mL) and NaHCOs (75 mL)
and stirred for 1 h. The organic layer was isolated, washed with NaHCO; (100 mL),
dried over MgSQ,, concentrated, and purified by chromatography (EA/ hexane) to
provide 2.5 g (75%) of (8)-methyl  3-(4-(tert-butyl)benzamido)-4-(4-
(((trifluoromethyl)sulfonyl)oxy)phenyl)butanoate as a thick oil. LCMS-ESI (m/z)
calculated forC,3HzsF3NO6S: 501.5, found 502 [M+H]', #z = 3.20 min (Method 6).

(S)-methyl 3-(4-(tert-butyl)benzamido)-4-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
vl)phenyl)butanoate

[00578] To a vial under a N,atmosphere wereadded 4,4,4',4',5,5,5',5"-octamethyl-
2,2'-bi(1,3,2-dioxaborolane) (530 mg, 2.1 mmol), (8)-methyl 3-(4-(tert-
butyl)benzamido)-4-(4-(((trifluoromethyl)sulfonyl)oxy)phenyl)butanoate (810 mg, 1.6
mmol), KOAc (280 mg, 4.8 mmol) and DMSO (14 mL). The solution was degassed.
Pd(dppf)Cl; (59 mg, 0.08 mmol) was added and the solution was heated to 80°C for 6
h.The reaction mixture was cooled to room temperature, diluted with EA (100 mL) and
washed with sat aq. NaHCO; (50 ml) and brine (50 mL). The organic layerwas dried
over MgSQO,, concentrated and purified by chromatography (EA / hexane) to afford
446 mg (57%) of (S)-methyl 3-(4-(tert-butyl)benzamido)-4-(4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)phenyl) as a colorless crystalline solid. LCMS-ESI (m/z)
calculated forC,sH3sBNOs: 479.4, found 480.3 [M+H]', fz = 2.86 min (Method 6).
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(S)-methyl 4-(4-(5-bromopyrimidin-2-yl)phenyl)-3-(4-(tert-butyl) benzamido)-butanoate
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[00579] Prepared using General Procedure 10. Into a vial wereadded(S)-methyl 3-
(4-(tert-butyl)benzamido)-4-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)
(390 mg, 0.81 mmol), 5-bromo-2-iodopyrimidine (240 mg, 0.85 mmol), Na,CO; (170
mg, 1.6 mmol), THF (1.5 mL), ACN (1.5 mL) and H,O (0.75 mL). The solution was
degassed and PdCILy(dppf) (60 mg, 0.08 mmol) was added.The reaction mixture was
heated in a microwave reactor at 110°C for 60 min.The sample was cooled, diluted with
EA (50 mL), and washed with sat aq.NaHCO;3 (30 mL). The organic layers were dried
over MgSOQ,, filtered,concentrated, and purified by chromatography (EA / hexane) to
afford 205 mg (49%) of (S)-methyl 4-(4-(5-bromopyrimidin-2-yl)phenyl)-3-(4-(tert-
butyl)benzamido)butanoate as a colourless solid. LCMS-ESI (m/z) calculated
forCysH,sBrN303: 510.4, found 512.2 [M+H]', tz = 2.77 min (Method 6).

(S)-3-(4-(tert-butyl)benzamido)-4-(4-(5-(4-(heptyloxy)phenyl) pyrimidin-2-
vl)phenyl)butanoic acid (Compound 291)
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[00580] Prepared using General Procedures 10 and 4. Into a vial wereadded(S)-

methyl 4-(4-(5-bromopyrimidin-2-yl)phenyl)-3-(4-(tert-butyl)benzamido)butanoate

(180 mg, 0.35 mmol), (4-(heptyloxy)phenyl)boronic acid (98 mg, 0.41 mmol), Na,CO;

(73 mg, 0.69 mmol), ACN (1.2 mL), THF (1.2 mL) and H,O (0.7 mL). The solution

was degassed, Pd(dppf)Cl, (25 mg, 0.03 mmol) was added, and the reaction mixture
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was heated in a microwave reactor at 110°C for 80 min. The reaction mixture was
diluted with EA (50 mL) and washed with sat aq. NaHCO3 (30 mL). The organics layer
was dried over MgSQj, concentrated, and purified by chromatography (EA / hexane) to
afford 44 mg of methyl ester intermediate. The solid was dissolved in THF (1 mL) and
IM LiOH (1 mL). The solution was stirred at ambient temperature for 1 h,
concentrated, and 1M HCI (1.5 mL) was added. The solid was collected by filtration,
washing with water (2 x 5 mL) and hexane (2 x 5 mL) to provide 19 mg (9%) of (5)-3-
(4-(tert-butyl)benzamido)-4-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
yl)phenyl)butanoic acid Compound 291 as a colorless solid. LCMS-ESI (m/z) calculated
forCssHasN304: 607.8, found 608.4 [M+H]', fz = 10.99 min (Method 10).

5-bromo-2-chloro-4-methoxypyrimidine

N Cl N Cl
Y e
=N | N
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[00581] To a stirred solution of 5-bromo-2,4-dichloropyrimidine (500 mg, 2.19
mmol) in MeOH (5 mL) was added a 30% solution of sodium methoxide (0.40 mL,
2.26 mmol). The reaction mixture was stirred at room temperaturefor 2 h then
concentrated. The residue was dissolved in water (5 mL) and extracted with EA (3 x 5
mL). The combined organic layer was washed with brine, dried over MgSO4 and
concentrated to afford 432 mg (88%) of 5-bromo-2-chloro-4-methoxypyrimidine as
white solid. LCMS-ESI (m/z) calculated for CsH4BrCIN,O: 223.4; found 224.2
[M+H]', tx = 7.66 min. (Method 2).

5-bromo-2-iodo-4-methoxypyrimidine

N Cl N |
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Br /N Br /N
O

~ O\

200



WO 2014/201172 PCT/US2014/041997

[00582] Prepared usingGeneral Procedure 16: To a stirred solution of 5-bromo-2-
chloro-4-methoxypyrimidine (100 mg, 0.447 mmol) in 57 % aq. HI (1.0 mL) was added
sodium iodide (125 mg, 0.838 mmol). The reaction mixture was stirred at 40°C for 16
h, cooled, then quenched with NaHCOs; (5 mL) and extracted with EA (3 x 5 mL). The
combined organics were washed with brine, dried over MgSQO4 and concentrated to
afford 22.0 mg (16%) of 5-bromo-2-iodo-4-methoxypyrimidine as an off-white
solid LCMS-ESI (m/z) calculated for CsH4BrIN,O: 314.9; found 315.9 [M+H]', # =
8.22 min. (Method 2). '"H NMR (400 MHz, DMSO) & 8.25 (s, 1H), 4.07 (s, 3H).

Tert-butyl (S)-3-(4-(5-bromo-4-methoxypyrimidin-2-yl)phenyl)-2-(4-(tert-
butyl)benzamido)propanoate
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[00583] Prepared using General Procedure 10:A mixture of tert-butyl (S)-2-(4-
(tert-butyl)benzamido)-3-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl)propanoate INT-13 (30.0 mg, 0.06 mmol), 5-bromo-2-iodo-4-
methoxypyrimidine (22.3 mg, 0.07 mmol), and sodium carbonate (12.5 mg, 0.12 mmol)
in acetonitrile (0.80 mL), THF (0.80 mL) and H,O (0.40 mL) was degassed for 10 min.
Pd(dppf)Cl,:CH,CI; (5 mg, 0.005 mmol) was added and the reaction mixture heated at
110°C in a microwave for 30 min. Once cooled, the reaction was diluted with NaHCOs
(5 mL), extracted with EA (3 x 5 mL) and the combined organics dried over MgSO4
and concentrated. The residue was purified by column chromatography (EA/hexanes)
to afford 20.0 mg (60%) of fert-butyl (S5)-3-(4-(5-bromo-4-methoxypyrimidin-2-
yl)phenyl)-2-(4-(tert-butyl)benzamido)propanoate as a white solid. LCMS-ESI (m/z)
calculated for C2oH34BrN3Oy: 568.5; found 514.2 [M-tBu+H]', fz = 11.0 min. (Method
2).
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Tert-butyl (S)-2-(4-(tert-butyl) benzamido)-3-(4-(5-(4-(heptyloxy)phenyl)-4-
methoxypyrimidin-2-yl)phenyl)propanoate

O O
owEs o
N\ HN__O N\ HN.___O

oL NN o<

[00584] Prepared using General Procedure 10:A mixture of tert-butyl (S)-3-(4-(5-
bromo-4-methoxypyrimidin-2-yl)phenyl)-2-(4-(¢ert-butyl)benzamido)propanoate (18.0
mg, 0.031 mmol), (4-(heptyloxy)phenyl)boronic acid (10.0 mg, 0.042 mmol) and
sodium carbonate (8.97 mg, 0.084 mmol) in acetonitrile (0.80 mL), THF (0.80 mL) and
H,0 (0.40 mL) was degassed for 10 min. Pd(dppf)Cl,:CH,CI; (3.09 mg, 0.003 mmol)
was added and the reaction mixture heated at 110°C in a microwave for 30 min. Once
cooled, the reaction was diluted with NaHCO; (5 mL) and extracted with EA (3 x 5
mL). The combined organics were dried over MgSO, and concentrated. The residue
was purified by column chromatography (EA:hexanes) to afford 20.0 mg (60%) of tert-
butyl (8)-2-(4-(tert-butyl)benzamido)-3-(4-(5-(4-(heptyloxy)phenyl)-4-
methoxypyrimidin-2-yl)phenyl)propanoate as pale yellow solid. LCMS-ESI (m/z)
calculated for C4,Hs3N3Os: 679.8; no ion observed, tr = 13.83 min. (Method 2).

(S)-2-(4-(tert-butyl)benzamido)-3-(4-(5-(4-(heptyloxy)phenyl)-4-methoxypyrimidin-2-
vl)phenyl)propanoic acid (Compound 292)

Ik i

o OH
|N\ HN (o] S N\ HN O
NN o< NN N0 2N

[00585] Prepared using General Procedure 8: A solution of tert-butyl (S5)-2-(4-

(tert-butyl)benzamido)-3-(4-(5-(4-(heptyloxy)phenyl-4-methoxypyrimidin-2-

yl)phenyl)propanoate (20.0 mg, 0.029 mmol) in DCM (1 mL) was treated with TFA
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(0.350 mL). The reaction mixture was stirred at room temperature for 12 h. The solvent
was concentrated and the product was purified preparative HPLC to yield 15.0 mg
(82%) of (8)-2-(4-(tert-butyl)benzamido)-3-(4-(5-(4-(heptyloxy)phenyl)-4-
methoxypyrimidin-2-yl)phenyl)propanoic acid, Compound 292 as pale yellow solid.
LCMS-ESI (m/z) calculated for CisHasN3Os: 623.8; no ion observed, tr = 12.17 min.
(Method 2).

[00586] Compound 293 was prepared using tert-butyl (S)-2-(4-(tert-
butyl)benzamido)-3-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)propanoate
INT-13 and 5-bromo-2-chloro-N,N-dimethylpyrimidin-4-amine using General
Procedures 10, 10 and 8 sequentially.

[00587] Compound 294 was prepared using tert-butyl (S)-2-(4-(tert-
butyl)benzamido)-3-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)propanoate
INT-13 and 5-bromo-2-iodo-4-methylpyridine using General Procedures 10, 10 and 8§

sequentially

5-bromo-2-iodo-4-(trifluoromethyl)pyridine

| N\ Cl | N\ |
Br 7 Br Z
CF3 CF3
[00588] Prepared using General Procedure 17: To a stirred a solution of 5-bromo-

2-chloro-4-(trifluoromethyl)pyridine (150 mg, 0.576 mmol) in acetonitrile (2 mL) was
added sodium iodide (518 mg, 3.45 mmol). The reaction mixture was heated to 40°C
and acetyl chloride (26.0 mg, 0.345 mmol) was added. The reaction mixture was stirred
at 40°C for 90 min. Once cooled, the reaction was quenched with NaHCO; (5 mL) and
extracted with EA (3 x 5 mL). The combined organics were washed with brine (10
mL), dried over MgSOjand concentrated to give 80.0 mg (40%) of 5-bromo-2-iodo-4-

(trifluoromethyl)pyridine as a white crystalline solid which was used in the subsequent
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step without purification. LCMS-ESI (m/z) calculated for CqH,BrF;IN: 351.9; found
352.5 [M+H]', tr = 3.91 min. (Method 1).

[00589] Compound 295 was prepared by employing tert-butyl (S)-2-(4-(tert-
butyl)benzamido)-3-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)propanoate
INT-13 and 5-bromo-2-iodo-4-(trifluoromethyl)pyridine using General Proceduresi0,
10 and 8 sequentially.

(S)-(2-(4-(tert-butyl)benzamido)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
vl)phenyl)propanoyl)glycine (Compound 297)

OH NH

0 0
| Ny HN___O | N\ HN.__O
A VAV
NN (0)

[00590] Prepared using General Procedures 7 and 8: To a solution of (§5)-2-(4-
(tert-butyl)benzamido)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanoic
acid Compound 85 (185 mg, 0.312 mmol), fert-butyl 2-aminoacetate hydrochloride
(52.2 mg, 0.312 mmol), and DIEA (163 ul, 0.935 mmol) in DMF (3 mL) was added
HATU (124 mg, 0.327 mmol). The mixture was stirred for 1 h at room temperature.
The crude material was diluted in EA (50 mL), washed with saturated aqueous sodium
bicarbonate (20 mL) and brine (20 mL). The organic layerwas dried over MgSOQs,
filtered, and the solvent removed under reduced pressure. The crude product was
purified by chromatography (EA / hexanes) to afford the intermediate tert-butyl ester
(110 mg).

[00591] The fert-butyl ester was dissolved in DCM (1 mL) and TFA (2 mL) was
added. The solution was stirred at room temperature for 3 h and the solvent was
removed under reduced pressure.The crude mixture was dissolved in DMSO (0.8 mL)
and precipitated by the addition of water (3 mL). The precipitate was filtered, washed

204



WO 2014/201172 PCT/US2014/041997

with water (3 mL) and hexane (2 x 2 mL) to yield 58 mg (28%) of (S)-(2-(4-(tert-
butyl)benzamido)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
yl)phenyl)propanoyl)glycine, Compound 297 as a colorless solid. LCMS-ESI (m/z)
calculated for C3oH4sN4Os: 650.4; found 651.4 [M+H]', tx = 10.43 min (Method 10).
The chiral purity was calculated at 92% e.e. (Chiral Method). 'H NMR (400 MHz,
DMSO0-d6) & 12.62 (s, 1H), 9.15 (s, 2H), 8.60 (d, J = 8.6 Hz, 1H), 8.49 — 8.40 (m, 1H),
8.35 — 8.25 (m, 2H), 7.84 — 7.70 (m, 4H), 7.58 — 7.49 (m, 2H), 7.48 — 7.41 (m, 2H),
7.16 — 7.02 (m, 2H), 4.90 — 4.75 (m, 1H), 4.03 (t, J = 6.5 Hz, 2H), 3.93 — 3.75 (m, 2H),
3.25(dd, J=13.8, 3.8 Hz, 1H), 3.09 (dd, J = 13.7, 11.2 Hz, 1H), 1.79 — 1.68 (m, 2H),
1.51-1.21 (m, 17H), 0.94 — 0.80 (m, 3H).

(S)-3-(2-(4-(tert-butyl)benzamido)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
vl)phenyl)propanamido)propanoic acid (Compound 298)

[00592] Prepared using General Procedures 7 and 8: HATU (116 mg, 0.31 mmol)
was added to a stirring solution of (§)-2-(4-(fert-butyl)benzamido)-3-(4-(5-(4-
(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanoic acid Compound 85 (173 mg, 0.29
mmol), fert-butyl 3-aminopropanoate hydrochloride (53 mg, 0.29 mmol) and DIEA
(153 ul, 0.87 mmol) in DMF (3 mL).The crude material was diluted in EA (50 mL),
washed with saturated aqueous sodium bicarbonate (20 mL) and brine (20 mL). The
organic layerwas dried over MgSOQ,, filtered, and the solvent removed under reduced
pressure. The crude product was purified by chromatography (EA / hexanes) to afford

the intermediate fert-butyl ester (122 mg).
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[00593] The fert-butyl ester was dissolved in DCM (1 mL) and TFA (2 mL) was
added. The reaction mixture was stirred at room temperature for 3 h and the solvent was
removed under reduced pressure.The crude mixture was dissolved in DMSO (0.8 mL)
and precipitated by the addition of water (3 mL). The precipitate was filtered,
washedwith water (3 mL) and hexane (2 x 2 mL) to yield 48 mg (25%) of (S5)-3-(2-(4-
(tert-butyl)benzamido)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
yl)phenyl)propanamido)propanoic acid, Compound 298 as a colorless solid. LCMS-ESI
(m/z) calculated for C4H4sN4Os: 664.4; found 665.4 [M+H]+, tr = 10.36 min (Method
10). The chiral purity was calculated at 92% e.e. (Chiral Method, isocratic with 40%
Solvent A, 60% Solvent B). '"H NMR (400 MHz, DMSO-d6) 812.26 (s, 1H), 9.15 (s,
2H), 8.51 (d, /= 8.5 Hz, 1H), 8.40 — 8.25 (m, 2H), 8.25 — 8.14 (m, 1H), 7.96 — 7.65 (m,
4H), 7.65 — 7.36 (m, 4H), 7.28 — 6.99 (m, 2H), 4.84 — 4.64 (m, 1H), 4.03 (t, /= 6.5 Hz,
2H), 3.32 - 3.24 (m, 2H), 3.17 (dd, J = 13.7, 4.4 Hz, 1H), 3.06 (dd, J = 13.7, 10.4 Hz,
1H), 2.41 (t, J= 6.9 Hz, 2H), 1.81 — 1.68 (m, 2H), 1.50 — 1.20 (m, 17H), 0.88 (t, /= 6.7
Hz, 3H).

(S)-4-(tert-butyl)-N-(3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)-1-
(methylsulfonamido)- I-oxopropan-2-yl)benzamide (Compound 299)

[00594] To a  solution of  (5)-2-(4-(tert-butyl)benzamido)-3-(4-(5-(4-
(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanoic acid Compound 85 (78.0 mg, 0.13
mmol), methanesulfonamide (20.0 mg, 0.21 mmol), and DMAP (16.1 mg, 0.13 mmol)
in DMF (1.5 mL) was added EDC (40.3 mg, 0.21 mmol) and the solution stirred
overnight at room temperature. The reaction mixture was diluted in EA (50 mL), washed

with aqueous saturated sodium bicarbonate (2 x 20 mL) and brine (20 mL). The organic
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layer was dried over MgSO,, filtered, and the solvent removed under reduced
pressure. The crude product was purified by chromatography (hexane/ EA) to afford 36
mg  (40%) of  (S)-4-(tert-butyl)-N-(3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
yl)phenyl)-1-(methylsulfonamido)-1-oxopropan-2-yl)benzamide, Compound 299 as a
colorless solid. LCMS-ESI (m/z) calculated for Cs;sHisN4OsS: 670.3; found 671.3
[M+H]', tg = 11.01 min (Method 10).

[00595] Compounds 300 — 304 were prepared from (S)-2-(4-(tert-
butyl)benzamido)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanoic  acid
Compound 85 using General Procedures 3 or 7 followed by 4 or 8.

[00596] Compounds 305 — 317 were prepared from (S)-3-(4-(5-(4-
(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)-2-(4-isopropylbenzamido)propanoic acid
Compound 94 using General Procedures 3 or 7 followed by 4 or §.

[00597] Compound 318 was prepared from (S5)-2-(4-(tert-butyl)benzamido)-3-(4-
(5-(4-(hexyloxy)phenyl)pyrimidin-2-yl)phenyl)propanoic acid Compound 225 using
General Procedures 7 followed by §.

(S)-(2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-
2-yl)phenyl)propanoyl)glycine (Compound 319)

[00598] Prepared using General Procedures 7 and 4: TEA (93 ul, 0.67 mmol) was
added to a solution of (S)-2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-
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(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanoic acid Compound 192 (100 mg,
0.167 mmol), methyl 2-aminoacetate hydrochloride (23.03 mg, 0.18 mmol) and HATU
(76 mg, 0.20 mmol) in DMF (2 mL). The solution was stirred at room temperature for
18 h. The reaction mixture was diluted with EA (25 mL) and washed with saturated
aqueous NaHCOs (2 x 25 mL) and 1 M HCI (2 x 25 mL). The organic phase was dried
over MgSQ,, filtered, and concentrated. The solid was purified by chromatography (EA
/hexanes) to afford the methyl ester intermediate as a colorless solid.

[00599] The solid was dissolved in THF (3 mL) and 1 M LiOH (333 ul, 0.33
mmol) was added. The resultant yellow solution was stirred at room temperature for 1
h. The reaction mixture was acidified to pH 1 using 1M HCI and the THF removed irn
vacuo. The residue was suspended in water and the mixture filtered under vacuum. The
solid was azeotroped with MeOH and dried in a vacuum oven to afford 48 mg (44 %)
of (8)-(2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-
(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanoyl)glycine, Compound 319 as a
yellow solid. LCMS-ESI (m/z) calculated for Ci;H4N4OsS: 656.3; found 657.0
[M+H]", &x = 10.34 min (Method 10). The chiral purity was calculated at 95% ec.c.
(Chiral Method). "H NMR (400 MHz, DMSO0-d6) 3 12.61 (s, 1H), 9.16 (s, 2H), 8.62
(d, /J=8.7 Hz, 1H), 8.51 — 8.41 (m, 1H), 8.36 — 8.26 (m, 2H), 7.84 — 7.75 (m, 2H), 7.68
(d, J=3.8 Hz, 1H), 7.55 - 7.43 (m, 2H), 7.14 — 7.05 (m, 2H), 6.92 (d, J = 3.8 Hz, 1H),
4.84 —4.72 (m, 1H), 4.03 (t, J = 6.5 Hz, 2H), 3.89 — 3.73 (m, 2H), 3.22 (dd, J = 13.9,
3.7 Hz, 1H), 3.10 — 2.96 (m, 1H), 1.78 — 1.66 (m, 2H), 1.31 (s, 17H), 0.94 — 0.81 (m,
3H).

((S)-2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-
2-yl)phenyl)propanoyl)-L-glutamine (Compound 320)
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[00600] Prepared using General Procedures 7 and 8: To a stirred solution of (§)-2-
(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
yl)phenyl)propanoic acid Compound 192 (250 mg, 0.42 mmol), (S)-tert-butyl 2,5-
diamino-5-oxopentanoate hydrochloride (109 mg, 0.46 mmol) and TEA (145 ul, 1.04
mmol) in DMF (4 mL) was added HATU (190 mg, 0.50 mmol) and the reaction
mixture was stirred at room temperature for 2 h. The reaction mixture was diluted with
EA (50 mL), washed with 1M HCI (50 mL) and brine (100 mL), dried over MgSQOsu,
and concentrated.

[00601] The crude product was dissolved in DCM (5 mL) and TFA (3 mL) was
added. After 3 h, toluene (10 mL) was added and the solvent removed. The compound
was purified by preparative HPLC to afford 78 mg (25%) of ((S)-2-(5-(tert-
butyl)thiophene-2-carboxamido)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
yl)phenyl)propanoyl)-L-glutamine, Compound 320 as a white powder. LCMS-ESI
(m/z) calculated for C4oH40Ns506S: 727.3; found 728.0 [M+H]", tz = 10.71 min (Method
10). The chiral purity was 90% d.e. (Chiral Method)."H NMR (400 MHz, DMSO-d6) &
9.15 (s, 2H), 8.56 (d, J = 8.6 Hz, 1H), 8.42 — 8.34 (m, 1H), 8.34 — 8.27 (m, 2H), 7.84 —
7.75 (m, 2H), 7.66 (d, J = 3.9 Hz, 1H), 7.54 — 7.48 (m, 2H), 7.32 (s, 1H), 7.12 — 7.04
(m, 2H), 6.90 (d, J = 3.8 Hz, 1H), 6.77 (s, 1H), 4.81 - 4.65 (m, 1H), 4.19 - 4.11 (m, 1H),
4.03 (t,J = 6.5 Hz, 2H), 3.20 (dd, J= 14.1, 3.5 Hz, 1H), 3.07 - 2.96 (m, 1H), 2.24 - 2.09
(m, 2H), 2.06 - 1.93 (M, 1H), 1.90 - 1.79 (m, 1H), 1.78 - 1.68 (m, 2H), 1.47 - 1.20 (m,
17H), 0.93 - 0.82 (m, 3H).

[00602] Compounds 321 - 326 were prepared from Compound 192 using General
Procedures 3 or 7 followed by 4 or 8.

209



WO 2014/201172 PCT/US2014/041997

(S)-2-(((benzyloxy)carbonyl)amino)-3-(4-(5-(4-(heptyloxy)phenyl) pyrimidin-2-yl)
phenyl) propanoic acid (INT-22)

[00603] Prepared using General Procedure 8. To a stirred solution of (S)-tert-butyl
2-(((benzyloxy)carbonyl)amino)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-yl) phenyl)
propanoate INT-8 (6.4 g, 10.26 mmol) in DCM (30mL) was added TFA (20mL) and
the mixture was stirred at room temperature for 3 h. Toluene (50 mL then 2 x 30 mL)
was added and the solvent as removed under vacuum. The material was sonicated in
DCM (20 mL) and acetonitrile (30 mL) was added. The DCM was partially removed
under a flow of air until a precipitate began to appear. The suspension was stirred for a
further 2 h and the yellow solid was isolated by filtration and washed with additional
iso-hexanes (100 mL). The solid was dried under suction then at under vacuum at 40°C
overnight to afford 5.5g (90%) (S)-2-(((benzyloxy)carbonyl)amino)-3-(4-(5-(4-
(heptyloxy)phenyl)pyrimidin-2-yl) phenyl) propanoic acid INT-22 as a yellow solid.
LCMS-ESI (m/z) calculated for C34H37N3Os: 567.3; found 568.3 [M+H]', t = 10.11
min (Method 10).
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Tert-butyl ((S)-2-(((benzyloxy)carbonyl)amino)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-
2-yl)phenyl)propanoyl)-D-alaninate (INT-23)

[00604] Prepared using General Procedure 7. To a stirred solution of (S)-2-
(((benzyloxy)carbonyl)amino)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
yl)phenyl)propanoic acid (1000 mg, 1.762 mmol) and (R)-tert-butyl 2-aminopropanoate
HCI (352 mg, 1.938 mmol) in DMF (8 mL). The solution was cooled to 0°C and TEA
(737 ul, 5.28 mmol) was added. To this mixture was slowly added HATU (804 mg,
2.114 mmol) over 5 mins then the reaction mixture was allowed to warm to room
temperature. The reaction mixture was diluted with EA (150 mL) and washed with 1M
HCl (100 mL) then brine (100 mL). The organic layer was isolated and dried over
MgSOQ,. The solvents were removed to give a white solid and ACN (50 mL) was added
and the suspension was sonicated. The fine suspension was stirred for 30 mins then
filtered and washed with iso-hexanes to afford 881 mg (70.5%) of tert-butyl ((5)-2-
(((benzyloxy)carbonyl)amino)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
yl)phenyl)propanoyl)-D-alaninate INT-23 as a white powder. LCMS-ESI (m/z)
calculated for C4;Hs5oN4Og: 694.4; no m/z observed, tg = 3.39 min (Method 11). The
chiral purity was calculated at >99% ec.c. (Chiral Method).
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Tert-butyl ((S)-2-amino-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
vl)phenyl)propanoyl)-D-alaninate (INT-24)

D

OTO
Y oA
e}
N\ N
& =N
e VY
O NN N0

[00605] Prepared using General Procedure 18: To a stirred solution of tert-butyl
((S)-2-(((benzyloxy)carbonyl)amino)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
yl)phenyl)propanoyl)-D-alaninate (860 mg, 1.238 mmol) in THF (30 mL) was added
palladium on carbon (10 wt%) as a slurry in EtOH (4 mL). To this mixture was added
acetic acid (1 mL) and the reaction mixture was hydrogenated at 4 bar pressure at room
temperature. The reaction mixture was diluted with THF (50 mL) and filtered through
Celite. The crude product was loaded onto a column in 5% AcOH in MeOH/THF. The
column was washed with MeOH/THF/DCM and then the product was eluted with 0.7
M ammonia in MeOH/THF/DCM. The resultant mixture was concentrated in vacuo to
afford 565 mg (77%) of tert-butyl ((S)-2-amino-3-(4-(5-(4-
(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanoyl)-D-alaninate INT-24 as a yellow
solid. LCMS-ESI (m/z) calculated for C33H44N4O4: 560.3; no m/z observed, tr = 2.61
min (Method 11).
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Tert-butyl ((S)-2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-
(heptyloxy)phenyl) pyrimidin-2-yl)phenyl)propanoyl)-D-alaninate
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[00606] Prepared using General Procedure 7. To a stirred solution of tert-butyl
((S)-2-amino-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanoyl)-D-
alaninate (418 mg, 0.75 mmol), 5-(fert-butyl)thiophene-2-carboxylic acid (137 mg, 0.75
mmol) in DMF (8 mL) was added TEA (208 ul, 1.49 mmol). The mixture was cooled
to 0°C and HATU (298 mg, 0.78 mmol) was added in 2 portions over 5 mins. The
mixture was stirred at room temperature for 2 h. The reaction mixture was diluted with
EA (150 mL) and washed with saturated aqueous NaHCO; (100 mL), 1IN HCI (100
mL), and brine (100 mL). The organic layer was dried over MgSQO4 then concentrated.
The crude product was purified by chromatography 0-30% ACN in DCM to afford 382
mg (69%) of tert-butyl ((S)-2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-
(heptyloxy)phenyl) pyrimidin-2-yl)phenyl)propanoyl)-D-alaninate as a white solid.
LCMS-ESI (m/z) calculated for C4,Hs54N4Os5S: 726.4; no m/z observed, g = 3.47 min
(Method 11).
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((S)-2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-
2-yl)phenyl)propanoyl)-D-alanine (Compound 327)
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[00607] Prepared using General Procedure 8. To a stirred solution of tert-butyl
((S)-2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-

(heptyloxy)phenyl)pyrimidin-2-yl)phenyl) propanoyl)-D-alaninate (375 mg, 0.495
mmol) in DCM (8 mL) was added TFA (4 mL) and the mixture was stirred at room
temperature for 3 h. The reaction mixture was azetroped with toluene (2 x 30 mL) to
give a viscous oily solid. DMSO (5 mL) was added and the solution was sonicated. To
this solution was added water (60 mL) and the mixture was sonicated for 5 mins then
stirred at room temperature for 20 mins. The white solid was isolated by filtration and
washed with additional water (20 mL) and isohexanes (30 mL). The material was dried
under vacuum, suspended in ACN (20 mL), then diluted with diethyl ether (30 mL) and
stirred for 20 mins. The suspension was filtered and the wet solid was dried under
vacuum to give 189.3 mg (55%) of ((S)-2-(5-(tert-butyl)thiophene-2-carboxamido)-3-
(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-yl)phenyl) propanoyl)-D-alanine Compound
327 as a white powder. LCMS-ESI (m/z) calculated for CssH4sN4OsS: 670.3; found
671.0 [M+H]'", tx = 13.32 min (Method 10). The chiral purity was calculated at >99%
e.c. (Chiral Method). ' NMR (400 MHz, DMSO-d6) 3 12.64 (s, 1H), 9.16 (s, 2H), 8.56
(d, J =8.8 Hz, 1H), 8.48 (d, J = 7.4 Hz, 1H), 8.35 — 8.26 (m, 2H), 7.84 — 7.76 (m, 2H),
7.70 (d, J = 3.9 Hz, 1H), 7.54 — 7.45 (m, 2H), 7.13 — 7.05 (m, 2H), 6.92 (d, J = 3.8 Hz,
1H), 4.86 —4.77 (m, 1H), 4.29 — 4.18 (m, 1H), 4.03 (t, J = 6.5 Hz, 2H), 3.20 — 3.10 (m,
1H), 3.08 — 2.94 (m, 1H), 1.80 — 1.68 (m, 2H), 1.51 — 1.22 (m, 20H), 0.94 — 0.83 (m,

3H).
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(S)-tert-butyl 1-((S)-2-(((benzyloxy)carbonyl)amino)-3-(4-(5-(4-
(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanoyl)pyrrolidine-2-carboxylate (INT-
25)

[00608] Prepared using General Procedure 7. A stirred solution of (§)-2-
(((benzyloxy)carbonyl)amino)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
yl)phenyl)propanoic acid (419 mg, 0.738 mmol), (S)-tert-butyl pyrrolidine-2-
carboxylate HCI (153 mg, 0.738 mmol) and TEA (257 ul, 1.845 mmol) in DMF (6 mL)
was cooled to 0°C and HATU (295 mg, 0.775 mmol) was slowly added over 5 minutes.
The reaction was stirred at room temperature for 2 h, then diluted with 1M citric acid
(30 mL) and iso-hexanes (20 mL). EA (100 mL) was added and the organic layer was
isolated, washed with brine (100 mL), dried with MgSO,. The solvent was removed and
the crude product was purified by chromatography 0-20% ACN in DCM to afford 436
mg (81%) of (S)-tert-butyl 1-((S)-2-(((benzyloxy)carbonyl)amino)-3-(4-(5-(4-
(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanoyl) pyrrolidine-2-carboxylate INT-25
as a viscous oil. LCMS-ESI (m/z) calculated for C43Hs,N4Og: 720.4; no m/z observed,
tr = 11.45 min (Method 10).
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(S)-tert-butyl 1-((S)-2-amino-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
vl)phenyl)propanoyl)pyrrolidine-2-carboxylate (INT-26)

o L) o)
?\\‘ N H NS N
0O

[00609] Prepared using General Procedure 18: A solution of (S)-tert-butyl 1-((S)-
2-(((benzyloxy)carbonyl)amino)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
yl)phenyl)propanoyl) pyrrolidine-2-carboxylate (436 mg, 0.6 mmol) in THF (25 mL)
was hydrogenated in the H-Cube using a 10% Pd/C CatCart at 60 °C (Full hydrogen, 1
mL/min). The reaction mixture was passed over the catalyst a second time at 65 °C.
The solvent was removed to give 307 mg (83%) of (S)-tert-butyl 1-((S)-2-amino-3-(4-
(5-(4-(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanoyl)pyrrolidine-2-carboxylate
INT-26 as a white powder. LCMS-ESI (m/z) calculated for C3sH4sN4O4: 586.4; found
587.4 [M+H]', tx = 6.99 min (Method 10).

(S)-tert-butyl 1-((S)-2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-
(heptyloxy)phenyl)pyrimidin-2-yl)phenyl) propanoyl)pyrrolidine-2-carboxylate

o LD o LD
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[00610] Prepared using General Procedure 7: A stirred solution of (S)-tert-butyl 1-
((S)-2-amino-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-

yl)phenyl)propanoyl)pyrrolidine-2-carboxylate (306 mg, 0.522 mmol) and 5-(tert-
butyl)thiophene-2-carboxylic acid (106 mg, 0.574 mmol) in DMF (6 mL) was added
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TEA (145 ul, 1.043 mmol), cooled to 0°C, then HATU (218 mg, 0.574 mmol) was
slowly added over 5 minutes. The reaction was stirred at room temperature for 2 h, then
diluted with EA (70 mL), washed with saturated aqueous NaHCO; (70 mL) and brine
(100 mL). The solvent was dried over MgSO,4 and removed. The crude product was
purified by chromatography 0-30% ACN in DCM to afford 363 mg (92 %) of (S)-tert-
butyl 1-((S)-2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-
(heptyloxy)phenyl)pyrimidin-2-yl)phenyl) propanoyl)pyrrolidine-2-carboxylate as a
sticky solid. LCMS-ESI (m/z) calculated for C44HssN4OsS: 752.4; no m/z observed, #g
= 11.99 min (Method 10).

(S)-1-((S)-2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-
(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanoyl)pyrrolidine-2-carboxylic
acid(Compound 328)

O ..
s & e O\\,\“'Q
X o NM HO H\(@\é
d o s
0
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NN NN
[00611] Prepared using General Procedure 8. To a stirred solution of (S)-tert-
butyl 1-((S)-2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-
(heptyloxy)phenyl)pyrimidin-2-yl)phenyl) propanoyl)pyrrolidine-2-carboxylate (350
mg, 0.465 mmol) in DCM (5 mL) was added TFA (5 mL) and stirred at room
temperature for 2 h. The reaction mixture was diluted with toluene (10 mL) and solvent
removed. The residue was dissolved in EA (50 mL), THF (5 mL) and acetone (10 mL)
and washed with a mixture of saturated aqueous NaHCO; (10 mL) and brine (40 mL).
The aqueous layer was removed and acetic acid (5 mL) was added. The organic layer
was washed with brine (50 mL) and dried over MgSO,. The solvent was removed and
residual acetic acid was removed under high vacuum overnight. The material was
dissolved in DCM (5 mL) and ACN (5 mL) was added. The material was stirred under

a flow of air for 1 hour and the suspension was filtered and the solid washed with
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additional ACN (5 mL) and iso-hexanes (20 mL) to give 134 mg (41%) of (S)-1-((5)-2-
(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-(heptyloxy)phenyl)-pyrimidin-2-

yl)phenyl)propanoyl)pyrrolidine-2-carboxylic acid Compound 328 as a yellow powder.
LCMS-ESI (m/z) calculated for C4H4sN4O5S: 696.3; found 697.3 [M+H]+, tr = 10.59
min (Method 10). The chiral purity was calculated at >93% ec.e. (Chiral Method). 'H
NMR (400 MHz, DMSO-d6) 6 12.47 (s, 1H), 9.17 (s, 2H), 8.74 (d, J = 8.3 Hz, 1H),
8.38 —8.27 (m, 2H), 7.86 — 7.76 (m, 2H), 7.71 (d, J = 3.9 Hz, 1H), 7.57 — 7.48 (m, 2H),
7.14 -=7.02 (m, 2H), 6.92 (d, J = 3.9 Hz, 1H), 4.94 — 4.86 (m, 1H), 4.33 — 4.27 (m, 1H),
4.04 (t, J = 6.5 Hz, 2H), 3.86 — 3.74 (m, 1H), 3.69 — 3.59 (m, 1H), 3.19 — 3.01 (m, 2H),
2.24 - 2.13 (m, 1H), 2.01 — 1.84 (m, 3H), 1.80 — 1.68 (m, 2H), 1.52 — 1.23 (m, 17H),

0.93 — 0.85 (m, 3H).

[00612] Compounds 329— 350 were prepared from Compound 192 using General

Procedures 3 or 7 followed by 4 or 8.

[00613] Compounds 351 — 368 were prepared from Compound 165 using General

Procedures 7 followed by 4 or §.

[00614] Compound 369 was
Procedures 7 followed by 8.

[00615] Compound 370 was
Procedures 7 followed by 8.

[00616] Compound 371 was
Procedures 7 followed by 8.

[00617] Compound 372 was
Procedures 7 followed by 8.

prepared from

prepared from

prepared from

prepared from
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[00618] Compound 373 was prepared from Compound 182 using General
Procedures 7 followed by 8.

[00619] Compounds 374 — 379 were prepared from Compound 193 using General
Procedures 3 or 7 followed by 4 or 8.

[00620] Compound 380 was prepared from Compound 191 using General
Procedures 7 followed by 8.

(S)-4-(tert-butyl)-N-(3-(4-(5-(4-(heptyloxy)phenyl) pyrimidin-2-yl)phenyl)-1-((2-
(methylsulfonamido)-2-oxoethyl)amino)-1-oxopropan-2-yl)benzamide (Compound 381)

Oy OH H

OxN._.0
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[00621] TEA (32.1 pl, 0.23 mmol) was added to a suspension of (S)-(2-(4-(tert-
butyl)benzamido)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
yl)phenyl)propanoyl)glycineCompound 297 (75.0 mg, 0.11 mmol),
methanesulfonamide(12.1 mg, 0.13 mmol), HATU (52.6 mg, 0.14 mmol) and DMAP
(1.41 mg, 0.01 mmol) in DCM (2 mL). The resultant yellow suspension was stirred at
room temperature for 3 h. The reaction mixture was washed with saturated aqueous
NaHCO; (2 mL) and the mixture passed through a phase separation cartridge. The
organic phase was concentrated in vacuo to afford a yellow solid. The crude product was
purified by chromatography (EA / 1% AcOH in hexanes) to afford 9 mg (11%) (S)-4-
(tert-butyl)-N-(3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)-1-((2-
(methylsulfonamido)-2-oxoethyl)amino)-1-oxopropan-2-yl)benzamide, Compound 381
as a yellow solid. LCMS-ESI (m/z) calculated for CsoHsoNsOsS: 727.3; found 728.0
[M+H]', tx = 10.51 min (Method 10).
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[00622] Compounds 382 — 390 were prepared from Compound 192 using the

appropriate combination of General Procedures 4, 7, and 8 as needed.

Ethyl 2-amino-3-(3-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

vl)phenyl)propanoate
0] Y
O
Ph
)% o) NH2
Ph” N

o)

[00623] To a stirred solution of ethyl 2-((diphenylmethylene)amino)acetate (300
mg, 1.12 mmol) in anhydrous THF (3 mL) at -78 °C was added 0.5 M KHMDS in
toluene (2.46 mL, 1.23 mmol). After stirring for 15 min, 2-(4-(bromomethyl)-2-
fluorophenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (353 mg, 1.12 mmol) was added.
The reaction mixture was stirred at -78 °C for 3 h and warmed to -20 °C. To the
mixture was added 6 N Hydrochloric acid (0.5 mL) and the mixture was stirred
overnight at room temperature. The reaction mixture was diluted with water (5 mL)
and 1 N HCI (5§ mL) and then extracted with diethyl ether. The aqueous layer was
basified with 1N NaOH and then extracted with EtOAc (3 x 10 mL). The combined
organic extract was washed with water, brine and then dried over MgSQO,. Filtration
and concentration gave 177 mg (46 %) of cthyl 2-amino-3-(3-fluoro-4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)propanoate which was used in the next step
without purification. LCMS-ESI (m/z) calculated for C,7H2sBFNO4: 337.2; found
338.2 [M+H]', tx = 2.78 min (Method I).

[00624] Compound 391 was prepared using ethyl 2-amino-3-(3-fluoro-4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)propanoate and 5-(tert-butyl)thiophene-2-
carbonyl chloride using General Procedure 3 followed bytreatment with 5-(4-(tert-

butyl)phenyl)-2-iodopyrimidine and General procedure 10.
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[00625] Compounds 392 — 396 were prepared from Compound 192 using, as

needed, the appropriate combination of General Procedures 4, 7, and 8.

(S)-2-(4-(3-(tert-butoxy)-2-(4-(tert-butyl)benzamido)-3-oxopropyl)phenyl) pyrimidine-5-

carboxylic acid

% %
O O
N HN @] N HN (@]
| |
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[00626] Prepared using General Procedure 10. Into an oven-dried vial containing
lithium formate (58 mg (1.1 mmol) in DMF (5 mL) were added DIEA (400 uL, 2.2
mmol) and acetic anhydride (210 puL, 2.2 mmol). After stirring for 1 h, the reaction
mixture was degassed by N; bubbling. A second, degassed solution containing (S)-tert-
butyl 3-(4-(5-bromopyrimidin-2-yl)phenyl)-2-(4-(¢ert-butyl)benzamido)propanoate,
INT-14 (200 mg, 0.4 mmol) and PdCl,(dppf) (27 mg, 0.04 mmol) in DMF (5 mL) was
added via cannula. The resulting mixture was heated for 1 h at 120°C in a microwave
reactor. The reaction mixture was diluted with 10% citric acid and extracted with EA.
The organic extract was dried (Na,SO4), concentrated, and purified by chromatography
(EA/ hexane) to provide 166 mg (88%) of (S)-2-(4-(3-(tert-butoxy)-2-(4-(tert-
butyl)benzamido)-3-oxopropyl)phenyl)pyrimidine-5-carboxylic acid as a brown solid.
LCMS-ESI (m/z) calculated for C,0H33BN3Os: 503.6; found 504.2 [M+H]', tz = 3.87
min (Method 1). '"H NMR (400 MHz, CDCls) & 9.24 (s, 2H), 8.42 (d, J = 8.2 Hz, 2H),
7.75 (t,J=11.9 Hz, 2H), 7.45 (d, J = 8.4 Hz, 2H), 7.34 (d, /= 8.2 Hz, 2H), 691 (t, J =
11.5 Hz, 1H), 5.12 (dd, J = 12.9, 5.5 Hz, 1H), 3.32 (qd, J = 13.8, 5.4 Hz, 2H), 1.50 (s,
9H), 1.29 (d, J=29.8 Hz, 9H).
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Tert-butyl (S)-2-(4-(tert-butyl)benzamido)-3-(4-(5-(2-heptanoylhydrazine-1-
carbonyl)pyrimidin-2-yl)phenyl)propanoate

O O N
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[00627] Prepared using General Procedure 7. Into a stirring solution of (S5)-2-(4-
(3-(tert-butoxy)-2-(4-(tert-butyl)benzamido)-3-oxopropyl)phenyl)pyrimidine-5-
carboxylic acid (50 mg, 0.10 mmol) in DCM (2 mL) were added EDC (34 mg, 0.20
mmol), DMAP (3 mg, 0.02 mmol) and heptanehydrazide (16 mg, 0.11 mmol). After 18
h, the reaction mixture was diluted with NaHCOj; and extracted with DCM (2X). The
organic layers were combined, dried (Na,SO4), concentrated and purified by
chromatography (EA/ Hexane) to provide 38 mg (61%) of tert-butyl (S)-2-(4-(tert-
butyl)benzamido)-3-(4-(5-(2-heptanoylhydrazine-1-carbonyl)pyrimidin-2-
yl)phenyl)propanoate. LCMS-ESI (m/z) calculated for C;sH47BNsOs: 629.8; no m/z
observed, fx = 3.84 min (Method 1). "H NMR (400 MHz, CDCls) & 9.17 (s, 2H), 8.42
(d, J=8.2 Hz, 2H), 7.69 (d, J = 8.4 Hz, 2H), 7.43 (d, J = 8.4 Hz, 2H), 7.34 (d, /= 8.2
Hz, 2H), 6.70 (d, /= 7.3 Hz, 1H), 5.01 (dd, J = 12.6, 5.8 Hz, 1H), 3.41 — 3.20 (m, 2H),
2.35 (t, J =7.5 Hz, 2H), 1.81 — 1.61 (m, 2H), 1.59 (d, J = 14.0 Hz, 2H), 1.45 (s, 4H),
1.42 - 1.22 (m, 18H), 0.88 (t,.J= 6.8 Hz, 3H).

Tert-butyl (S)-2-(4-(tert-butyl)benzamido)-3-(4-(5-(5-hexyl-1,3,4-thiadiazol-2-
vl)pyrimidin-2-yl)phenyl)propanoate
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[00628] To a solution of fert-butyl (S)-2-(4-(tert-butyl)benzamido)-3-(4-(5-(2-
heptanoylhydrazine-1-carbonyl)pyrimidin-2-yl)phenyl)propanoate (38 mg, 0.06 mmol)
in THF (1.5 mL) was added 2,4-bis(4-methoxyphenyl)-1,3,2,4-dithiadiphosphetane 2,4-
disulfide (24 mg, 0.06 mmol). After 1.5 h, the reaction mixture was concentrated and
purified by preparative HPLC to provide 10 mg (27%) of tert-butyl (S)-2-(4-(tert-
butyl)benzamido)-3-(4-(5-(5-hexyl-1,3,4-thiadiazol-2-yl) ~ pyrimidin-2-yl)  phenyl)
propanoate. LCMS-ESI (m/z) calculated for Cs¢HasNsOsS: 627.9; no m/z observed, fr
= 3.89 min (Method 1). "H NMR (400 MHz, CDCl3) § 9.29 (s, 2H), 8.44 (d, /= 8.2 Hz,
2H), 7.75 — 7.66 (m, 2H), 7.50 — 7.41 (m, 2H), 7.35 (d, /= 8.3 Hz, 2H), 6.68 (d, /= 7.3
Hz, 1H), 5.02 (dd, J = 12.7, 5.6 Hz, 1H), 3.33 (qd, J = 13.8, 5.5 Hz, 2H), 3.26 — 3.15
(m, 2H), 1.87 (dt, J=15.3, 7.6 Hz, 2H), 1.46 (d, J= 5.1 Hz, 10H), 1.41 — 1.23 (m, 14H),
0.96 — 0.85 (m, 3H).

(S)-2-(4-(tert-butyl)benzamido)-3-(4-(5-(5-hexyl-1,3,4-thiadiazol-2-yl)pyrimidin-2-
vl)phenyl)propanoic acid (Compound 397)
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[00629] Prepared using General Procedure 8 from tert-butyl (S)-2-(4-(tert-
butyl)benzamido)-3-(4-(5-(5-hexyl-1,3,4-thiadiazol-2-yl) ~ pyrimidin-2-yl)  phenyl)
propanoate. LCMS-ESI (m/z) calculated for C3,H37NsO3S: 571.4; found 571.7 [M+H]',
tr = 10.66 min (Method 2). 'H NMR (400 MHz, CDCl3) & 9.30 (d, J = 2.6 Hz, 2H),
8.48 (d, J = 8.2 Hz,2H), 7.67 (d, J = 8.4 Hz, 2H), 7.43 (dd, J = 13.7, 8.3 Hz, 4H), 6.61
(d, /= 6.8 Hz,1H), 5.20 — 5.04 (m, 1H), 3.45 (ddd, J = 36.2, 13.9, 5.6 Hz, 2H), 3.20 (t,
J=17.6 Hz, 2H), 1.95 — 1.75 (m, 2H), 1.54 — 1.36 (m, 2H), 1.39 — 1.19 (m, 13H), 0.91
(t,J=7.0 Hz, 3H).
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(R)-tert-butyl 2-((S)-2-(4-(tert-butyl)benzamido)-3-(4-(5-(4-
(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanamido)propanoate
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[00630] Prepared using General Procedure 7. A stirred solution of (R)-tert-butyl 2-
((S)-2-amino-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
yl)phenyl)propanamido)propanoate (122 mg, 0.218 mmol), 4-(tert-butyl)benzoic acid
(38.8 mg, 0.218 mmol) and TEA (60.7 ul, 0.435 mmol) in DMF (4 mL) was cooled to
0°C and HATU (87 mg, 0.228 mmol) was slowly added over 5 minutes. The reaction
was stirred at room temperature for 2 h, then diluted with EA (100 mL), washed with
saturated aqueous NaHCO3 (100 mL) and brine (100 mL). The solvent was dried over
MgSQO, and removed. The crude product was purified by chromatography 0-30% ACN
in DCM to afford 123 mg (78 %) of (R)-tert-butyl 2-((S)-2-(4-(tert-butyl)benzamido)-3-
(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanamido)propanoate as a white
solid. LCMS-ESI (m/z) calculated for C44Hs¢N4Os: 720.4; no m/z observed, tr = 3.47
min (Method 11).
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(R)-2-((S)-2-(4-(tert-butyl)benzamido)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
vl)phenyl) propanamido)propanoic acid (Compound 398)
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[00631] Prepared using General Procedure 8. To a stirred solution of (R)-fert-butyl
2-((S)-2-(4~(tert-butyl)benzamido)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
yl)phenyl)propanamido)propanoate (120 mg, 0.166 mmol) in DCM (4 mL) was added
TFA (3 mL) and stirred for 2 h. The reaction mixture was diluted with toluene (15 mL)
and solvent removed. DMSO (3 mL) was added and the solution was sonicated. This
solution was added to vigorously stirring water (30 mL) and the white solid was
isolated by filtration and washed with additional ACN (10 mL). The material was dried
under high vacuum for 24 h to afford 75 mg (66%) of (R)-2-((S)-2-(4-(tert-
butyl)benzamido)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
yl)phenyl)propanamido)propanoic acid Compound 398 as a white powder. LCMS-ESI
(m/z) calculated for C4oHysN4Os: 664.4; found 665.0 [M+H]', tr = 12.33 min (Method
10). The chiral purity was calculated at >99% c.c. (Chiral Method). '"H NMR (400
MHz, DMSO-d6) 6 12.64 (s, 1H), 9.15 (s, 2H), 8.52 (d, J = 8.7 Hz, 1H), 8.45 (d, J = 7.4
Hz, 1H), 8.35 - 8.20 (m, 2H), 7.85 — 7.68 (m, 4H), 7.56 — 7.50 (m, 2H), 7.49 — 7.39 (m,
2H), 7.14 — 7.03 (m, 2H), 4.93 — 4.80 (m, 1H), 4.38 — 4.17 (m, 1H), 4.03 (t, J = 6.5 Hz,
2H), 3.22 - 3.12 (m, 1H), 3.12 — 3.02 (m, 1H), 1.81 — 1.67 (m, 2H), 1.53 — 1.24 (m,
20H), 0.95 — 0.80 (m, 3H).

[00632] Compounds 399 — 409 were prepared using, as needed, the appropriate

combination of General Procedures 4, 7, 8, and 18.
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(S)-4-amino-2-((S)-2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-
(heptyloxy)phenyl)pyrimidin-2-yl)phenyl) propanamido)butanoic acid (Compound 410)
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[00633] Prepared using General Procedures 7,4, and 8: A stirring solution of (S)-
2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
yl)phenyl)propanoic acid Compound 192 (25 mg, 0.042 mmol), (S)-methyl 2-amino-4-
((tert-butoxycarbonyl)amino)butanoate hydrochloride (12 mg, 0.042 mmol), and TEA
(0.015 mL, 0.105 mmol) at 0 °C was treated with HATU (17 mg, 0.046 mmol) in DMF
(1 mL). The solution was stirred at room temperature for 18 h. The reaction mixture
was diluted with DCM (5 mL) and washed with saturated aqueous NaHCOs (5 mL),
water (5 mL), and brine (5 mL). The organic phase was dried over MgSQy, filtered,
and concentrated to afford the methyl ester intermediate. The ester was dissolved in
THF (2 mL) and MeOH (1mL) and 1 N aqueous NaOH (0.1 ml, 0.1 mmol) was added.
The solution was stirred at 60 °C for 5 h. The reaction mixture was concentrated then
dissolved in DCM (0.5 mL) and treated with 1N HCI in ether (0.42 mL, 0.42 mmol).
The reaction was stirred at 27 °C for 18 h. The compound was purified by preparative
HPLC to afford 21 mg (60.0%) of (S)-4-amino-2-((S)-2-(5-(tert-butyl)thiophene-2-
carboxamido)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
yl)phenyl)propanamido)butanoic acid as the trifluoroacetate salt. LCMS-ESI (m/z)
calculated for C3oHyoN;505S: 699.4; found 700.3 [M+H]", 1z = 9.24 min (Method 12). 'H
NMR (400 MHz, DMSO) 6 12.95 (s, 1H), 9.15 (s, 2H), 8.63 — 8.55 (m, 2H), 8.32 (d, J
= 8.1 Hz, 2H), 7.78 (d, J = 8.7 Hz, 2H), 7.76 — 7.63 (m, 4H), 7.51 (d, J = 8.2 Hz, 2H),
7.09 (d, J= 8.7 Hz, 2H), 691 (d, /= 3.7 Hz, 1H), 4.87 — 4.66 (m, 1H), 4.50 — 4.31 (m,
1H), 4.03 (t, /= 6.5 Hz, 2H), 3.23 —3.12 (m, 1H), 3.12 - 3.00 (m, 1H), 2.95 — 2.77 (m,
2H), 2.18 — 2.02 (m, 1H), 2.02 — 1.84 (m, 1H), 1.83 — 1.64 (m, 2H), 1.50 — 1.38 (m,

2H), 1.38 — 1.14 (m, 15H), 0.87 (t, J = 6.7 Hz, 3H).
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[00634] Compounds 411 — 418 were prepared using, as needed, the appropriate

combination of General Procedures 4, 7, 8, and 18.

[00635] Compounds 419 — 423 and 435 were prepared in a similar fashion to
Compound 381.

[00636] Compounds 424 — 433 were prepared using, as needed, the appropriate

combination of General Procedures 4, 7, 8, and 18.

[00637] Compound 434 was prepared from Compound 422 using General

Procedure 4.

[00638] Compounds 436 — 440 were prepared using, as needed, the appropriate

combination of General Procedures 4, 7, 8, and 18.

[00639] Compounds 441 and 442 were prepared from Compound 192 using

General Procedures 3 and 8.

[00640] Compound 443 was prepared from fert-butyl (S)-3-(2-(4-(tert-
butyl)benzamido)-3-(4-(5-(4-hydroxyphenyl)pyrimidin-2-
yl)phenyl)propanamido)propanoate using General Procedures 12 then 8.

[00641] Compounds 444 — 455 were prepared using, as needed, the appropriate

combination of General Procedures 4, 7, 8, and 18.
[00642] Compounds 456 — 458 were prepared from tert-butyl (S)-3-(2-(4-(tert-

butyl)benzamido)-3-(4-(5-(4-hydroxyphenyl)pyrimidin-2-
yl)phenyl)propanamido)propanoate using General Procedures 12 then 8.
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[00643] Compounds 459 — 464 were prepared from Compound 192 using, as

needed, the appropriate combination of General Procedures 4, 7, and 8.

[00644] Compounds 465 — 466 were prepared from Compound 85 using, as

needed, the appropriate combination of General Procedures 4, 7, and 8.

2-((S)-2-(4-(tert-butyl)benzamido)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
vl)phenyl)propanamido)-3-(1H-1,2,4-triazol-1-yl)propanoic acid (Compound 467)
/=N

|
NN
d N Oﬁj\
o NH
S OH N

[00645] Prepared using General Procedure 7 and then 4. (S)-2-(4-(tert-
butyl)benzamido)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanoic  acid
(90 mg, 0.152 mmol) and (S)-methyl 2-amino-3-(1H-1,2,4-triazol-1-yl)propanoate (25.8
mg, 0.152 mmol) in DMF (2.5 mL) was added TEA (52.8 ul, 0.379 mmol) and then
cooled to 0 °C. To this mixture was added HATU (57.6 mg, 0.152 mmol) and left at
room temperature for 2 h. The reaction mixture was quenched by the addition of 0.1 M
Citric acid (aq. 15 mL) and the solid precipitated was allowed to slurry for 30 mins.
The solid was filtered, washed with water (10 mL), isohexanes (10 mL) and then dried.
Then the solid was dissolved in mixture of THF (4 mL) and MeOH (2 mL). To this
solution was added 2M aq. NaOH (380 pL, 0.76 mmol) and the mixture was stirred
vigorously at room temperature for 1 h. The reaction mixture was diluted with 0.1 M
aq. citric acid (20 mL) and stirred for 1 h. The solid formed was filtered and washed
with water (10 mL) and isohexanes (10 mL). The crude product was purified by
column chromatography (0-20% MecOH in EA) to afford 12 mg (11%) of 2-((S)-2-(4-
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(tert-butyl)benzamido)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
yl)phenyl)propanamido)-3-(1H-1,2,4-triazol-1-yl)propanoic acid as a white powder.
LCMS-ESI (m/z) calculated for C4,H49oN-Os: 731.9; no m/z observed, tx = 9.75 min
(Method 10). '"H NMR (400 MHz, DMSO-d6) 13.21 (s, 1H), 9.20 (s, 2H), 8.70 (d, J =
8.1 Hz, 0.5H), 8.60 (dd, J = 8.4, 4.6 Hz, 1H), 8.56 (d, /= 7.8 Hz, 0.5 H), 8.52 (d, J =
7.1 Hz, 1H), 8.37-8.34 (m, 2H), 8.01 (d, J= 6.9 Hz, 1H), 7.85-7.82 (m, 2H), 7.80-7.78
(m, 2H), 7.56-7.49 (m, 4H), 7.14 (d, J = 8.9 Hz, 2H), 4.87-4.74 (m, 2H), 4.71-4.55 (m,
2H), 4.08 (t, J = 6.5 Hz, 2H), 3.24-2.97 (m, 2H), 1.82-1.75 (m, 2H), 1.51-1.29 (m,
17H), 0.95-0.91 (m, 3H).

[00646] Compounds 468 and 469 were prepared from Compound 85 using, as

needed, the appropriate combination of General Procedures 4, 7, and 8.

[00647] Compound 470 was prepared from (S)-tert-butyl 2-amino-3-(4-(5-(4-
(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanoate INT-9 using General Procedures
7 and 8.

(S)-3-(4-(5-bromopyrimidin-2-yl)phenyl)-2-(4-(tert-butyl)benzamido)propanoic ~  acid
(INT-27)

O J< O
O OH
N HN O —_— N HN O
@ 1
Br 2N Br &

N

[00648] Prepared using General Procedure 8. LCMS-ESI (m/z) calculated for
C24H24BrN;0;: 482.3; found 481.1 [M - H]', tr = 2.6 min (Method 15), and 98.7% e.c.
(Chiral Method, isocratic with 2% Solvent A, 98% Solvent B). 'H NMR (400 MHz,
CDCls) 6 8.87 (s, 2H), 8.32 (d, J = 8.3 Hz, 2H), 7.64 (d, J = 8.5 Hz, 2H), 7.45 (d, J =
8.5 Hz, 2H), 7.36 (d, J = 8.3 Hz, 2H), 6.64 (d, ] = 6.9 Hz, 1H), 5.16 (dd, J = 12.7, 5.7
Hz, 1H), 3.42 (ddd, J = 38.8, 14.0, 5.7 Hz, 2H), 1.32 (s, 9H).
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Tert-butyl (S)-3-(3-(4-(5-bromopyrimidin-2-yl)phenyl)-2-(4-(tert-
butyl)benzamido)propanamido)propanoate (INT-28)

o} o} o
on K
Ny HN._O . Ny HN g
| s
BrJ/\fN Br =N
[00649] Prepared using General Procedure 7. A stirring solution of B-alanine tert-

butyl ester hydrochloride (4.9 g, 27.4 mmol), (S)-3-(4-(5-bromopyrimidin-2-yl)phenyl)-
2-(4-(tert-butyl)benzamido)propanoic acid (12.0 g, 24.9 mmol) and DIEA (11.1 mL,
62.0 mmol) in DMF (200 mL) was cooled to 0°C. A solution of HATU (9.9 g, 26.1
mmol) in DMF (75 mL) was added dropwise over 20 min. The reaction mixture was
allowed to warm to room temperature over 2 h, then diluted with EA and washed with
NaHCOs (sat aq). The aqueous fraction was back-extracted with EA. The combined
organic fractions were dried (Na;SO4) then concentrated onto celite and purified by
column chromatography (EA/hexane) to provide 11 g (65%) of fert-butyl (S)-3-(3-(4-
(5-bromopyrimidin-2-yl)phenyl)-2-(4-(tert-butyl)benzamido)propanamido)propanoate
INT-28. LCMS-ESI (m/z) calculated for C3;H37BrN4O4; 609.6; found 610.2 [M+H]',
tr = 3.99 min (Method 15), and 87.1% e.e. (Chiral Method, isocratic with 20% Solvent
A, 80% Solvent B). 'H NMR (400 MHz, CDCl;) 88.80 (s, 2H), 8.32 (t, J = 6.5 Hz,
2H), 7.74 — 7.62 (m, 2H), 7.41 (d, J = 8.5 Hz, 2H), 7.35 (t, /= 7.9 Hz, 2H), 6.91 (d, J =
7.7 Hz, 1H), 6.53 (t, J = 5.9 Hz, 1H), 4.93 — 4.81 (m, 1H), 3.52 — 3.34 (m, 2H), 3.34 —
3.14 (m, 2H), 2.46 — 2.24 (m, 2H), 1.34 (d, J = 5.2 Hz, 9H), 1.31 (d, /= 5.2 Hz, 9H).

Tert-butyl (S)-3-(2-(4-(tert-butyl)benzamido)-3-(4-(5-(4-hydroxyphenyl)pyrimidin-2-
vl)phenyl)propanamido)propanoate (INT-29)
0

/\/(l)]\ok MNJKOK
BJI/\;N Ny N
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[00650] Prepared using General Procedure 10 from tert-butyl (S)-3-(3-(4-(5-
bromopyrimidin-2-yl)phenyl)-2-(4-(tert-butyl)benzamido)propanamido)propanoate and
4-hydroxyphenyl boronic acid. LCMS-ESI (m/z) calculated for C;7H4,BN4Os: 622.8;
found 621.3 [M-H]", & = 3.53 min. (Method 15), and 80.1% e.c. (Chiral Method,
isocratic with 20% Solvent A, 80% Solvent B). '"H NMR (400 MHz, CDCls) & 8.96 (s,
2H), 8.42 (d, /= 8.0 Hz, 2H), 7.70 (d, /= 8.2 Hz, 2H), 7.56 — 7.32 (m, 6H), 6.95 (d, J =
8.2 Hz, 2H), 6.82 (d, J = 7.6 Hz, 1H), 6.35 (s, 1H), 4.88 (d, J = 6.9 Hz, 1H), 3.46 (s,
2H), 3.39 - 3.12 (m, 2H), 2.48 — 2.15 (m, 2H), 1.36 (s, 9H), 1.33 (s, 9H).

[00651] Compound 471 was prepared from fert-butyl (S)-3-(2-(4-(tert-
butyl)benzamido)-3-(4-(5-(4-hydroxyphenyl)pyrimidin-2-
yl)phenyl)propanamido)propanoate using General Procedures 12 then 8.

Tert-butyl (S)-3-(2-(4-(tert-butyl)benzamido)-3-(4-(5-(4-((35-
methylhexyl)oxy)phenyl)pyrimidin-2-yl)phenyl)propanamido)propanoate

O O J< O O J<

o~ o~
| N\ HN o | N\ HN o

HO )\/\/\O

[00652] Prepared using General Procedure 12 from tert-butyl (S)-3-(2-(4-(tert-
butyl)benzamido)-3-(4-(5-(4-hydroxyphenyl)pyrimidin-2-
yl)phenyl)propanamido)propanoate and 1-bromo-5-methyl hexane. LCMS-ESI (m/z)
calculated for C44HssN4Os: 720.9; found 721.4 [M+H]', tr = 5.39 min. (Method 16).
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(S)-3-(2-(4-(tert-butyl)benzamido)-3-(4-(5-(4-((5-methylhexyl)oxy)phenyl)pyrimidin-2-
vl)phenyl)propanamido)propanoic acid (Compound 472)

(0] (0] J< (0] (0]
o~ o~
| N\ HN 0 | N\ HN 0
oS ot
)\/\/\O )\/\/\O

[00653] Prepared using General Procedure 8 from tert-butyl (S)-3-(2-(4-(tert-
butyl)benzamido)-3-(4-(5-(4-((5-methylhexyl)oxy)phenyl)pyrimidin-2-
yl)phenyl)propanamido)propanoate. LCMS-ESI (m/z) calculated for CasoHssN4Os:
664.9; found 664.8 [M+H]', tr = 10.32 min. (Method 14).

[00654] Compound 473 was prepared from fert-butyl (S)-3-(2-(4-(tert-
butyl)benzamido)-3-(4-(5-(4-hydroxyphenyl)pyrimidin-2-yl)phenyl)propanamido)-

propanoate using General Procedures 12 then 8.

Tert-butyl  (S)-3-(2-(4-(tert-butyl)benzamido)-3-(4-(5-(4-(2-cyclohexylethoxy)phenyl)-
pyrimidin-2-yl)phenyl)propanamido)propanoate

L~k

N
| N\ HN 0 | N\ H
” - O\/\ /©)/\¢N
HO O

[00655] Prepared using General Procedure 12 from tert-butyl (S)-3-(2-(4-(tert-

L~ J K

N
N0

butyl)benzamido)-3-(4-(5-(4-hydroxyphenyl)pyrimidin-2-
yl)phenyl)propanamido)propanoate and (2-bromoethyl)cyclohexane. LCMS-ESI (m/z)
calculated for C4sHssN4Os: 732.9; found 733.5 [M+H]+, tr = 5.59 min. (Method 16).
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(S)-3-(2-(4-(tert-butyl)benzamido)-3-(4-(5-(4-(2-cyclohexylethoxy)phenyl) pyrimidin-2-
vl)phenyl)propanamido)propanoic acid (Compound 474)

(0] (0] )< (0] (0]
o~ o

| N\ HN o | N\ HN o
O O

[00656] Prepared using General Procedure 8 from tert-butyl (S)-3-(2-(4-(tert-
butyl)benzamido)-3-(4-(5-(4-(2-cyclohexylethoxy)phenyl)pyrimidin-2-
yl)phenyl)propanamido)propanoate. ~LCMS-ESI (m/z) calculated for Cs;H4sN4Os:
676.9 found 677.4 [M+H]', tz = 10.61 min. (Method 14).

[00657] Compounds 475 and 476 were prepared from Compound 85 using General

Procedures 7, 4, then 8.

4-Benzyl 1-(tert-butyl) ((S)-2-(4-(tert-butyl)benzamido)-3-(4-(5-(4-(heptyloxy)phenyl)-
pyrimidin-2-yl)phenyl)propanoyl)-L-aspartate (INT-30)

[00658] Prepared using General Procedure 7:To a stirred solution of (S)-2-(4-(tert-
butyl)benzamido)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanoic  acid
Compound 85 (594 mg, 1.00 mmol), L-aspartic acid f-benzyl ester a-tert-butyl ester
hydrochloride (398.4 mg, 1.20 mmol) in DMF (6 mL) was added DIEA (554 ul, 3.00
mmol). The mixture was cooled to 0°C and HATU (418 mg, 1.10 mmol) in DMF (4
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mL) was added over 5 mins. The mixture was stirred at 0°C for 1 h. The reaction
mixture was added to water (200 mL) and the precipitate was filtered. The precipitate
was dissolved in DCM (20 mL), dried over MgSOs,and concentrated. The crude
product was purified by chromatography 0-100% EA in hexane to afford 751 mg (88%)
of 4-benzyl 1-(tert-butyl) ((S)-2-(4-(tert-butyl)benzamido)-3-(4-(5-(4-
(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanoyl)-L-aspartate INT-30 as a white
solid. LCMS-ESI (m/z) calculated for Cs;Hs;N4O7: 854.5; found 855.5 [M+H] 'tz =
6.22 min (Method 16).

(S)-4-(tert-butoxy)-3-((S)-2-(4-(tert-butyl)benzamido)-3-(4-(5-(4-(heptyloxy)phenyl)-
pyrimidin-2-yl)phenyl)propanamido)-4-oxobutanoic acid (INT-31)

BnO NH HO NH

WO WO
N HN (0] N HN 0]
| N | N
NN NN

[00659] Prepared using General Procedures 18: To 4-benzyl 1-(tert-butyl) ((S)-2-
(4-(tert-butyl)benzamido)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
yl)phenyl)propanoyl)-L-aspartate (50 mg, 0.058mmol) in THF (2 mL) was added 10%
Pd/C (10 mg). The reaction vessel was flushed with hydrogen gas and the reaction was
stirred vigorously under hydrogen for 2 h at room temperature. The reaction mixture
was filtered to remove the catalyst and the solvent was removed to give 38 mg (86%) of
(8)-4-(tert-butoxy)-3-((S)-2-(4-(tert-butyl)benzamido)-3-(4-(5-(4-
(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanamido)-4-oxobutanoic acid INT-31 as
a white solid. LCMS-ESI (m/z) calculated for CssHssN4sO7: 764.4; found 765.4
[M+H] "t = 4.24 min (Method 16).
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N°~((8)-2-(4-(tert-butyl)benzamido)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
yl)phenyl)propanoyl)-N*-methyl-L-asparagine (Compound 477)

HO NH N
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[00660] Prepared using General Procedure 7 and 8: To a stirred solution of (§)-4-
(tert-butoxy)-3-((S)-2-(4-(tert-butyl)benzamido)-3-(4-(5-(4-
(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanamido)-4-oxobutanoic acid(19 mg,
0.025 mmol), methylamine (40 wt% in water, 5.8 uL, 0.075 mmol) in DMF (0.25 mL)
was added DIEA (13.8 ul, 0.075 mmol). The mixture was cooled to 0°C and HATU
(19 mg, 0.05 mmol) was added. The mixture was stirred at room temperature for 18 h.
The reaction mixture was added to water (2 mL) and the precipitate was filtered. The
precipitate was dissolved in DCM (2 mL), dried over MgSOs,and concentrated. The
crude ester was dissolved in DCM (1 mL) and TFA (0.2 mL) was added. The reaction
was stirred overnight. The solvent was removed and the crude material was purified by
preparative HPLC to afford 5 mg (25%) of N*-((s)-2-(4-(tert-butyl)benamido)-3-(4-(5-
(4-(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanoyl)-N'-methyl-L-asparagine.
LCMS-ESI (m/z) calculated for C4HsNsOg; 721.4; found 722.4 [M+H}', tzx = 8.67
min (Method 14). "H NMR (400 MHz, DMSO) & 12.62 (s, 1H), 9.14 (s, 2H), 8.53 (d, J
= 8.5 Hz, 1H), 8.36 (d, /= 7.9 Hz, 1H), 8.29 (d, J = 8.2 Hz, 2H), 7.86 (d, J = 4.6 Hz,
1H), 7.78 (d, J=8.7 Hz, 2H), 7.72 (d, J = 8.3 Hz, 2H), 7.51 (d, /= 8.3 Hz, 2H), 7.44 (d,
J = 8.4 Hz, 2H), 7.08 (d, J = 8.8 Hz, 2H), 4.89 — 4.73 (m, 1H), 4.66 — 4.53 (m, 1H),
4.03 (t,J = 6.5 Hz, 3H), 3.26 -3.18 (m, 1H), 3.11 — 3.00 (m, 1H), 2.64 — 2.53 (m, 5H),
1.80 -1.67 (m, 2H), 1.51 —1.38 (m, 2H), 1.38 — 1.21 (m, 15H), 0.87 (t,J = 6.8 Hz, 3H).
[00661] Compounds 478 — 487 were prepared from (S)-4-(tert-butoxy)-3-((S)-2-
(4-(tert-butyl)benzamido)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-

yl)phenyl)propanamido)-4-oxobutanoic acidusing General Procedures 7 and 8.
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[00662] Compound 488 was prepared from Compound 85 using General

Procedures 7 and 4.

[00663] Compounds 489 and 490 were prepared from tert-butyl (S)-3-(2-(4-(tert-
butyl)benzamido)-3-(4-(5-(4-hydroxyphenyl)pyrimidin-2-
yl)phenyl)propanamido)propanoate using General Procedures 12 then §.

[00664] Compound 491 was prepared from Compound 85 using General

Procedures 7 then 4.

Tert-butyl ((S)-3-(4-(5-bromopyrimidin-2-yl)phenyl)-2-(4-(tert-butyl)benzamido)-
propanoyl)-D-alaninate (INT-32)

[ORge)

0 WSNH
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[00665] To a stirring solution of (§)-3-(4-(5-bromopyrimidin-2-yl)phenyl)-2-(4-
(tert-butyl)benzamido)propanoic acid INT-27 (1.50 g, 3.10 mmol) in DMF (15 mL)
were added fert-butyl D-alaninate (680.0 mg, 3.73mmol) and Et;:N (802.3 mg, 6.2
mmol). The reaction was stirred for 1 hour at 0 °C and then HATU (877.5 mg, 3.37
mmol) in 2 mL DMF was added. The reaction was stirred for 1 hour at 0 °C and then
warmed to room temperature with stirring for 18 hours. The reaction solution was
extracted with aqueous NaHCO; (3 x 20 mL). The combined organics were dried over
MgSO, and evaporated. The crude product was purified by column chromatography
(50%) EA in hexanes) to afford 144 g (76%) of tert-butyl ((S)-3-(4-(5-
bromopyrimidin-2-yl)phenyl)-2-(4-(tert-butyl)benzamido)-propanoyl)-D-alaninate

INT-32 as a solid powder. LCMS-ESI (m/z) calculated for C3H37BrN4O4: 609.6;
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found 610.2 [M+H]", tr = 4.05 min. (Method 16). "H NMR (400 MHz, DMSO) & 9.03
(s, 2H), 8.49 (d, J = 8.7 Hz, 1H), 8.41 (d, J= 7.2 Hz, 1H), 8.24 (d, J= 8.2 Hz, 2H), 7.73
(t,J = 7.4 Hz, 2H),7.54 — 7.37 (m, 4H), 4.85 (td, J = 10.1, 4.6 Hz, 1H), 4.16 (t, J=7.2
Hz, 1H), 3.24 —2.97 (m, 2H), 1.50 — 1.29 (m, 9H), 1.32 — 1.17 (m, 12H).

(S)-2-(4-(3-((3-(tert-butoxy)-3-oxopropyl)amino)-2-(4-(tert-butyl) benzamido)-3-
oxopropyl)phenyl)pyrimidine-5-carboxylic acid (INT-33)

> >

\ \

NH NH

N
N N
Br HOOC 7

[00666] Prepared using General Procedure 19. Oven-dried lithium formate (136
mg, 2.6 mmol), DIEA (700 uL, 3.9 mmol), and Ac,O (370 uL, 3.9 mmol) were
dissolved in anhydrous DMF (10 mL) in a flame-dried flask under N,. After stirring for
30 min, the solution was degassed via N, bubbling. In a separate flask, INT-28 (400
mg, 0.7 mmol, azeotropically dried from THF) was dissolved in DMF (10 mL) and
degassed via N, bubbling. Into the INT-28 solution was added PdCl,(dppf) (48 mg,
0.07 mmol) and the resulting solution was transferred via cannula into the lithium
formate solution. The flask was scaled and heated at 120°C for 4 h in a microwave
reactor. The reaction mixture was diluted with EA (250 mL)and washed with 10%
citric acid (250 mL) and then washed with H,O (250 mL) and purified by
chromatography (EA/ hexanes) to afford 400 mg (99%) of (S)-2-(4-(3-((3-(tert-
butoxy)-3-oxopropyl)amino)-2-(4-(tert-butyl)benzamido)-3-
oxopropyl)phenyl)pyrimidine-5-carboxylic acid INT-33. LCMS-ESI (m/z) calculated
for C3,H3sN4Og: 574.7; found 575.3 [M+H]', tr = 2.41 min. (Method 15).
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Methyl 2-(4-bromophenyl)-2-(4-(tert-butyl) benzamido)acetate

B
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[00667] Prepared using General Procedure 7. To a stirring solution of methyl 2-
amino-2-(4-bromophenyl)acetate (421 mg, 1.5 mmol), 4-(tert-butyl)benzoic acid (321
mg, 1.8 mmol), and DIEA (831 ul, 4.5 mmol) in DMF (3 mL) cooled to 0 °C was
slowly added a solution of HATU (380 mg, 1.65 mmol) in DMF (1.5 mL) in a drop-
wise fashion. The reaction mixture was allowed to warm slowly and stirring continued
for 4 h. The reaction mixture was poured onto ice-water and the solid was filtered. The
solid was dissolved in DCM (10 mL), dried over MgSO,4 and evaporated to afford 532
mg (88%) of methyl 2-(4-bromophenyl)-2-(4-(tert-butyl)benzamido)acetate. LCMS-
ESI (m/z) calculated for Cy0H»BrNO;: 403.0; found 404.1 [M+H]', # = 3.61 min.
(Method 16).

Methyl 2-(4-(tert-butyl)benzamido)-2-(4-(4,4,5,5-tetramethyl- 1,3, 2-dioxaborolan-2-
vl)phenyl)acetate (INT-34)

[00668] Prepared using General Procedure 10. A solution of methyl 2-(4-
bromophenyl)-2-(4-(tert-butyl)benzamido)acetate (202 mg, 0.5 mmol), KOAc (147 mg,
1.5 mmol) and 4,4,4',4',5,5,5',5'-octamethyl-2,2'-bi(1,3,2-dioxaborolane) (165 mg, 0.65
mmol) in DMSO (3 mL) was de-gassed. PdCl,dppf (18 mg, 0.025 mmol) was added

and the mixture was heated at 90°C for 1.5 h. The crude reaction mixture was poured
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onto ice-water and the solid was filtered. The solid was dissolved in DCM (5 mL), dried
over MgSQO,, evaporated and purified by chromatography (EA / hexane) to provide 71
mg (31%) of methyl 2-(4-(tert-butyl)benzamido)-2-(4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl)acetate INT-34. LCMS-ESI  (m/z) calculated for
C6H34BNOs: 451.3; found 452.2 [M+H]", tz = 3.83 min (Method 16).

(S)-3-(4-(5-bromopyrimidin-2-yl)phenyl)-2-(5-(tert-butyl)thiophene-2 carboxamido)-

propanoic acid

[00669] To a stirring solution of tert-butyl (S5)-3-(4-(5-bromopyrimidin-2-
yl)phenyl)-2-(5-(tert-butyl)thiophene-2-carboxamido)propanoate INT-17 (15.7 g, 28.8
mmol) in DCM (30 mL) was treated with TFA (30.0 g, 263.1 mmol). The reaction
mixture was stirred at room temperature for 18 hours to complete. The solvent was
evaporated and then co-evaporated with toluene (3 x 20 mL) to remove trace TFA. The
compound was dried under vacuum overnight to afford 13.7 g (97%) of (S)-3-(4-(5-
bromopyrimidin-2-yl)phenyl)-2-(5-(tert-butyl)thiophene-2-carboxamido)propanoic acid
as powder. LCMS-ESI (m/z) calculated for CH2BrN;OsS: 487.1; found 488.1
[M+H]", % = 2.55 min. (Method 16). 'H NMR (400 MHz, DMS0) & 9.05 (d, J= 5.0
Hz, 2H), 8.64 (d, J = 8.4 Hz, 1H), 8.25 (d, J = 8.1 Hz, 2H), 7.62 (d, J = 3.8 Hz, 1H),
7.45 (d, J = 8.2 Hz, 2H), 6.92 (d, J = 3.8 Hz, 2H), 4.64 (td, /= 10.5, 4.5 Hz, 1H), 3.26
(dd,J=13.8,4.4 Hz, 1H), 3.11 (dd, J=13.7, 10.7 Hz, 1H), 1.32 (s, 9H).

239



WO 2014/201172 PCT/US2014/041997

Methyl (S)-1-((S)-3-(4-(5-bromopyrimidin-2-yl)phenyl)-2-(5-(tert-butyl)thiophene-2-
carboxamido)propanoyl)pyrrolidine-3-carboxylate (INT-35)
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[00670] To a stirring solution of methyl (S)-pyrrolidine-3-carboxylate (357.0 mg,
2.16 mmol) in DMF (10 mL) were added DIEA (465.26 mg, 3.60 mmol) and (S)-3-(4-
(5-bromopyrimidin-2-yl)phenyl)-2-(5-(tert-butyl)thiophene-2-carboxamido)propanoic
acid ( 700.0 mg, 1.44 mmol). The solution was cooled to 0 °C at ice bath and then
HATU (677.55 mg, 2.88 mmol) in 2 mL DMF solution was slowly added. The reaction
was stirred 1 hour at 0 °C and then warmed to RT with stirring for 2 hours. The reaction
solution was extracted with DCM (3 x 20 mL) and aqueous NaHCO; (3 x 10 mL). The
combined organics were dried over MgSO4 and evaporated. The final compound was
purified by column chromatography (40% DCM in hexane) to afford 501.0 mg (58 %)
of methyl (5)-1-((S)-3-(4-(5-bromopyrimidin-2-yl)phenyl)-2-(5-(zert-butyl)thiophene-2-
carboxamido)propanoyl)pyrrolidine-3-carboxylate INT-35 as a powder. LCMS-ESI
(m/z calculated for C,sH3;BrN4O4S: 598.1; found 599.3 [M+H]+, tg = 3.553 min.
(Method 16). 'H NMR (400 MHz, DMSO) § 9.05 (d, J = 1.1 Hz, 2H), 8.77 (dd, J =
11.5, 8.3 Hz, 1H), 8.25 (d, J= 7.7 Hz, 2H), 7.72 (d, J = 3.5 Hz, 1H), 7.46 (d, J = 8.3
Hz, 2H), 6.92 (d, J = 3.8 Hz, 1H), 4.98 — 4.73 (m, 1H), 3.88 (dd, J = 10.3, 8.0 Hz, 1H),
3.71 (dd, J = 15.5, 7.5 Hz, 1H), 3.50 (ddd, J = 18.3, 12.2, 5.4 Hz, 2H), 3.38 (dd, J =
17.3, 7.6 Hz, 1H), 3.23 (ddd, J = 28.0, 15.0, 8.7 Hz, 1H), 3.18 — 2.85 (m, 3H), 2.17 —
1.96 (m, 2H), 1.87 (td, J=15.2, 7.4 Hz, 1H), 1.32 (s, 9H).
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Tert-butyl ((S)-3-(4-(5-bromopyrimidin-2-yl)phenyl)-2-(5-(tert-butyl)thiophene-2-

carboxamido)propanoyl)-D-alaninate

[00671] To a stirring solution of tert-butyl D-alaninate (5.60 g, 30.80 mmol) in
DMF (50 mL) were added DIEA (829 g, 64.18 mmol) and (5)-3-(4-(5-
bromopyrimidin-2-yl)phenyl)-2-(5-(tert-butyl)thiophene-2-carboxamido)propanoic acid
(12.5 g, 25.67 mmol). The solution was cooled to 0 °C at ice bath and then HATU (9.06
g, 38.50 mmol) in 15 mL DMF solution was slowly added. The reaction was stirred 1
hour at 0 °C and then warmed to RT with stirring for 2 hours. The reaction solution was
extracted with DCM (3 x 50 mL) and aqueous NaHCOs (3 x 30 mL). The combined
organics were dried over MgSQ4 and evaporated. The final compound was purified by
column chromatography (40% DCM in hexane) to afford 14.7 g (94%) of tert-butyl
((S)-3-(4-(5-bromopyrimidin-2-yl)phenyl)-2-(5-(tert-butyl)thiophene-2-
carboxamido)propanoyl)-D-alaninateas solid powder. LCMS-ESI (m/z) calculated for
CoH3sBRN,4O,4S: 614.2; found 615.3 [M+H]", tx = 3.914 min. (Method 16). 'H NMR
(400 MHz, CDCls) 6 8.83 (d, /= 3.6 Hz, 2H), 8.36 (d, /= 8.2 Hz, 2H), 7.39 (d, J = 8.2
Hz, 2H), 7.34 (d, J = 3.8 Hz, 1H), 6.81 (d, J = 3.8 Hz, 1H), 6.66 (d, J = 7.6 Hz, 1H),
6.34 (d, J=7.2 Hz, 1H), 4.88 (d, /= 5.9 Hz, 1H), 4.41 (t,J= 7.2 Hz, 1H), 3.31 (dd, J =
13.6, 5.8 Hz, 1H), 3.20 (dd, /= 13.6, 7.8 Hz, 1H), 1.51 — 1.32 (m, 18H), 1.27 (d, J=7.1
Hz, 3H). "C NMR (101 MHz, DMSO) & 172.02, 171.31, 162.28, 162.13, 161.42,
158.55, 142.27, 136.34, 134.66, 130.20, 128.82, 127.92, 123.07, 118.63, 80.90, 54.45,
48.86, 39.59, 39.38, 32.39, 28.04, 17.68.
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Tert-butyl ((S)-2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-hydroxyphenyl)-
pyrimidin-2-yl)phenyl)propanoyl)-D-alaninate (INT-36)
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[00672] To a 100 ml flask were added (4-hydroxyphenyl)boronic acid (224.6 mg,
1.6 mmol), sodium carbonate decahydrate (96.0 mg, 1.6 mmol), fert-butyl ((S)-3-(4-(5-
bromopyrimidin-2-yl)phenyl)-2-(5-(tert-butyl)thiophene-2-carboxamido)propanoyl)-D-
alaninate (500.0 mg, 1.6 mmol), Pd(dppf)Cl, (58.5 mg, 0.08 mmol), THF (2.0 mL),
CH;CN (2.0 ml ) and water (1.0 mL). The solution was degassed using N, bubbling for
10 min. The reaction mixture was heated to 80 °C for 2 hours. The reaction mixture was
dried under reduced pressure to remove the solvent and diluted in DCM (20 mL). The
mixture was extracted with DCM (3 x 20 mL) and aqueous NaHCO3 (3 x 10 mL). The
combined organics were dried over MgSQO, and evaporated. The final compound was
purified by column chromatography (40% DCM in hexane) to afford 462.3 mg (91%)
of tert-butyl ((S)-2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-
hydroxyphenyl)pyrimidin-2-yl)phenyl)propanoyl)-D-alaninate INT-36 as a solid.
LCMS-ESI (m/z) calculated for C3sH4oN4OsS: 628.3; found 629.3 [M+H]", tz = 3.447
min. (Method 16). "H NMR (400 MHz, DMSO) 3 9.79 (s, 1H), 9.12 (s, 2H), 8.55 (t,J =
16.2 Hz, 1H), 8.43 (d, J = 7.2 Hz, 1H), 8.30 (d, J = 8.1 Hz, 2H), 7.69 (t, J = 7.5 Hz,
3H), 7.50 (dd, J = 15.4, 8.3 Hz, 2H), 7.00 — 6.85 (m, 2H), 6.75 (t, /= 9.9 Hz, 1H), 4.80
(td, J=9.7, 4.7 Hz, 1H), 4.15 (p, J = 7.2 Hz, 1H), 3.10 (ddd, J = 39.3, 19.4, 11.8 Hz,
2H), 1.40 (d, J=6.6 Hz, 9H), 1.31 (s, 9H), 1.23 (t, /= 11.1 Hz, 3H).

242



WO 2014/201172 PCT/US2014/041997

Methyl (S)-1-((S)-2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-
hydroxyphenyl)pyrimidin-2-yl)phenyl)propanoyl)pyrrolidine-3-carboxylate (INT-37)
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[00673] To a 10 ml flask were added (4-hydroxyphenyl)boronic acid (60.7 mg,

0.44 mmol), sodium carbonate decahydrate (26.4 mg, 0.44 mmol), methyl (5)-1-((S)-3-
(4-(5-bromopyrimidin-2-yl)phenyl)-2-(5-(¢ert-butyl)thiophene-2-
carboxamido)propanoyl)pyrrolidine-3-carboxylate INT-35 (130.0 mg, 0.44 mmol),
Pd(dppf)Cl, (16.09 mg, 0.022 mmol), THF (2.0 mL), CH3CN (2.0 ml ) and water (1.0
mL). The solution was degassed using N, bubbling for 10 min. The reaction mixture
was heated to 80 °C for 2 hours. The reaction mixture was dried under reduced pressure
to remove the solvent and diluted in DCM (20 mL). The mixture was extracted with
DCM (3 x 10 mL) and aqueous NaHCO; (3 x 10 mL). The combined organics were
dried over MgSO4 and evaporated. The final compound was purified by column
chromatography (50% DCM in hexane) to afford 102.0 mg (76%) of methyl (S)-1-((S)-
2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-hydroxyphenyl)pyrimidin-2-
yl)phenyl)propanoyl)pyrrolidine-3-carboxylate INT-37 as a solid powder. LCMS-ESI
(m/z) calculated for CiH3eN4OsS: 612.3; found 613.3 [M+H]", fr = 3.138 min.
(Method 16). "H NMR (400 MHz, DMSO) & 9.81 (s, 1H), 9.13 (d, J = 1.5 Hz, 2H),
8.77 (dd, J=11.4, 8.1 Hz, 1H), 8.31 (d, J = 8.2 Hz, 2H), 7.73 (d, J = 3.8 Hz, 1H), 7.69
(d, /= 8.4 Hz, 2H), 7.46 (d, J = 8.3 Hz, 2H), 6.99 — 6.84 (m, 3H), 4.88 (s, 1H), 3.72 (d,
J=89Hz, 1H), 3.62 (s, 1H), 3.59 (d, J = 6.4 Hz, 1H), 3.50 (ddd, /= 18.7, 12.0, 5.8 Hz,
1H), 3.36 (d, /= 7.5 Hz, 1H), 3.27 - 3.16 (m, 1H), 3.18 — 2.97 (m, 3H), 2.15 — 1.95 (m,
2H), 1.88 (dd, /=12.5, 7.5 Hz, 1H), 1.32 (s, 9H).
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Tert-butyl (S)-1-(3-(4-(5-bromopyrimidin-2-yl)phenyl)-2-(5-(tert-butyl)thiophene-2-
carboxamido)propanoyl)azetidine-3-carboxylate (INT-38)

[00674] To a stirring solution of fert-butyl azetidine-3-carboxylate (64.55 mg,
0.41 mmol) in DMF (1 mL) were added DIEA (169.6 mg, 1.31 mmol), and (S)-3-(4-(5-
bromopyrimidin-2-yl)phenyl)-2-(5-(tert-butyl)thiophene-2-carboxamido)propanoic acid
(100.0 mg, 0.21 mmol). The solution was cooled to 0 °C at ice bath and then HATU
(74.11 mg, 1.31 mmol) in 1 mL DMF solution was slowly added. The reaction was
stirred 1 hour at 0 °C and then warmed to RT with stirring for 2 hours. The reaction
solution was extracted with DCM (3 x 10 mL) and aqueous NaHCOs (3 x 10 mL). The
combined organics were dried over MgSQ4 and evaporated.to afford 117.6 mg (85%) of
tert-butyl (8)-1-(3-(4-(5-bromopyrimidin-2-yl)phenyl)-2-(5-(¢ert-butyl)thiophene-2-
carboxamido)propanoyl)azetidine-3-carboxylate INT-38 as a solid powder without
further purification for next step. LCMS-ESI (m/z) calculated for C;,H3sBrN4O4S:
626.2; found 627.2 [M+H]', tg = 3.884 min. (Method 16).

Methyl (S)-1-((S)-2-(((benzyloxy)carbonyl)amino)-3-(4-(5-(4-
(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanoyl)pyrrolidine-3-carboxylate

O I
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[00675] Prepared using General Procedure 7. To a stirring solution of (§)-2-
(((benzyloxy)carbonyl)amino)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
yl)phenyl)propanoic acid INT-22 (2082 mg, 2.75 mmol), methyl (S)-pyrrolidine-3-
carboxlate HCI (545 mg, 3.30 mmol), and DIEA (1523 pl, 8.25 mmol) in DMF (6 mL)
cooled to 0 °C was slowly added a solution of HATU (1254 mg, 3.30 mmol) in DMF (5
mL) in a drop- wise fashion The reaction mixture was allowed to warm slowly and
stirring continued for 4 h. The reaction mixture was poured onto ice-water and the solid
was filtered. The solid was dissolved in EA (50 mL), dried over MgSQ,, evaporated
and purified by chromatography (EA / hexane) to provide 932 mg (52%) of methyl (S)-
1-((S)-2-(((benzyloxy)carbonyl)amino)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
yl)phenyl)propanoyl)pyrrolidine-3-carboxylate. =~ LCMS-ESI (m/z) calculated for
C40H4sN4Og: 678.3; found 679.3 [M+H]', tr = 4.50 min (Method 16).

Methyl (S)-1-((S)-2-amino-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
vl)phenyl)propanoyl) pyrrolidine-3-carboxylate (INT-39)

[00676] Prepared using General Procedure 18: To a stirred solution of methyl (S)-
1-((S)-2-(((benzyloxy)carbonyl)amino)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
yl)phenyl)propanoyl)pyrrolidine-3-carboxylate (962 mg, 1.42 mmol) in MeOH (10 mL)
was added palladium on carbon (10 wt%, 150 mg). The reaction mixture was flushed
with hydrogen and stirred under hydrogen at room temperature for 1.5 h. The reaction
mixture was filtered through Celite and concentrated to give 752 mg (97%) of methyl
(8)-1-((8)-2-amino-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanoyl)
pyrrolidine-3-carboxylate INT-39. LCMS-ESI (m/z) calculated for Cs,HaoN4O4: 544.3;
found 545.3 [M+H]', tr = 3.61 min (Method 16).
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(S)-2-(((benzyloxy)carbonyl)amino)-3-(4-(5-bromopyrimidin-2-yl)phenyl)propanoic
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[00677] Prepared using General Procedure 8: To a stirred solution of (§)-tert-butyl
2-(((benzyloxy)carbonyl)amino)-3-(4-(5-bromopyrimidin-2-yl)phenyl)propanoate (1.08
g, 2.11 mmol) INT-7 in DCM (10 mL) was added TFA (5 mL). After 16 h the mixture
was diluted with toluene (10 mL) and evaporated. Furthertoluene (2 x 10 mL) was
evaporated from the residue to afford 962 mg (100%) of (5)-2-
(((benzyloxy)carbonyl)amino)-3-(4-(5-bromopyrimidin-2-yl)phenyl)propanoic acid as
an off-white solid. LCMS-ESI (m/z) calculated for C,;H;sBrN3O4: 455.1; found 456.0
[M+H] "tz = 5.81 min (Method 10).

Tert-butyl ((S)-2-(((benzyloxy)carbonyl)amino)-3-(4-(5-bromopyrimidin-2-
vl)phenyl)propanoyl)-D-alaninate (INT-42)
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[00678] Prepared using General Procedure 7: To a stirred solution of (§)-2-
(((benzyloxy)carbonyl)amino)-3-(4-(5-bromopyrimidin-2-yl)phenyl)propanoic acid
(962 mg, 2.11 mmol) and (R)-tert-butyl 2-aminopropanoate hydrochloride (383 mg,
2.11 mmol) in DMF (20 mL) was added DIEA (1.2 mL, 6.32 mmol). The mixture was
cooled to 0°C and HATU (802 mg, 2.11 mmol) was added portionwise. The cooling
bath was removed and the mixture was allowed to warm to room temperature. After 1 h
the mixture was poured onto citric acid (100 mL of a 0.1 M aqueous solution) and iso-

hexanes (20 mL) and the resulting precipitate collected by filtration, washing
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successively with water (2 x 10 mL), ACN (3 mL) and iso-hexanes (2 x 5 mL) to afford
1.1 g (89%) of tert-butyl ((S)-2-(((benzyloxy)carbonyl)amino)-3-(4-(5-bromopyrimidin-
2-yl)phenyl)propanoyl)-D-alaninate INT-42 as a white solid. LCMS-ESI (m/z)
calculated for CpsH31BrN4Os: 582.2; found 605.2 [M+Na]', tz = 7.94 min (Method 10).

2-amino-2-(2,5-dimethyloxazol-4-yl)acetic acid hydrochloride
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[00679] To a stirred solution of 2,5-dimethyloxazole-4-carbaldehyde (272 mg, 2.17
mmol) and ammonium carbonate (564 mg, 5.87 mmol) in EtOH (6 mL) and water (2
mL) at 50°Cwas added dropwise over 20 minutes a solution of potassium cyanide (177
mg, 2.72 mmol) in water (3.8 mL). The solution was stirred at 60°C for 16 h. The EtOH
was distilled off at 80°C and HCI added (0.2 mL of a 37% aqueous solution). The
mixture was allowed to cool to room temperature and the precipitate collected by
filtration, washing successively with water (5 mL) and iso-hexanes (2 x 5 mL). This
was dissolved in MeOH (14 mL) with stirring and treated with potassium hydroxide
(5.2 mL of a 2.5 M aqueous solution, 13.1 mmol) and the solution stirred at 60°C for
100 h. The mixture was allowed to cool and acidified with HCl. Solvents were
evaporated and the residue treated with MeOH (10 mL). The mixture was filtered and
the filtrate evaporated to afford 205 mg (55%) of 2-amino-2-(2,5-dimethyloxazol-4-
ylacetic acid hydrochloride as an orange oil. LCMS-ESI (m/z) calculated for
C7HoN,O3: 170.1; found 171.1 [M+H] ;g = 0.23 min (Method 11)."H NMR (400
MHz, DMSO) ¢ 8.71 (br s, 3H), 5.13 (s, 1H), 2.38 (s, 3H), 2.34 (s, 3H).

Methyl 2-amino-2-(2,5-dimethyloxazol-4-yl)acetate hydrochloride (INT-43)
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[00680] Prepared using General Procedure 22: To a stirred solution of 2-amino-2-
(2,5-dimethyloxazol-4-yl)acetic acid hydrochloride (150 mg, 0.726 mmol) in MeOH (5
mL) was added HCI (1.2 mL of a 37% aqueous solution, 14.5 mmol) and the mixture
heated under reflux for 4 h.The mixture was allowed to cool and solvents evaporated.
The residue was treated with MeOH (12 mL) and filtered. The filtrate was evaporated
to afford 135 mg (84%) of methyl 2-amino-2-(2,5-dimethyloxazol-4-yl)acetate
hydrochloride INT-43. LCMS-ESI (m/z) calculated for CsH;,N,05: 184.1; found 185.1
[M+H]",tz = 0.23 min (Method 11)."H NMR (400 MHz, DMSO) & 8.94 (br s, 3H), 5.35
(s, 1H), 3.73 (s, 3H), 2.38 (s, 3H), 2.36 (s, 3H).

4-Benzyl 1-(tert-butyl) ((S)-2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-
(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanoyl)-L-aspartate (INT-47)
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[00681] Prepared using General Procedure 7. To a stirred solution of (S)-2-(5-
(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-

yl)phenyl)propanoic acid Compound 192 (600 mg, 1.00 mmol), L-aspartic acid S-
benzyl ester a-tert-butyl ester hydrochloride (398.4 mg, 1.20 mmol) in DMF (6 mL)
was added DIEA (554 ul, 3.00 mmol). The mixture was cooled to 0°C and HATU
(418 mg, 1.10 mmol) in DMF (4 mL) was added over 5 mins. The mixture was stirred
at 0°C for 0.5 h. The reaction mixture was added to water (250 mL) and the precipitate
was filtered. The precipitate was dissolved in DCM (20 mL), dried over MgSQ,, and
concentrated. The crude product was purified by chromatography 0-100% EA in
hexane to afford 789 mg (92%) of 4-benzyl 1-(tert-butyl) ((S)-2-(5-(tert-
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butyl)thiophene-2-carboxamido)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
yl)phenyl)propanoyl)-L-aspartate INT-47 as a white solid. LCMS-ESI (m/z) calculated
for CsoHgoN407S: 860.4; found 861.4 [M+H]',tz = 6.028 min (Method 16).

(S)-4-(tert-butoxy)-3-((S)-2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-
(heptyloxy)phenyl)pyrimidin-2-yl)phenyl) propanamido)-4-oxobutanoic acid (INT-44)

BnO NH Ho)k)\.:

NH
o o)
AN AN 20 Ny HN.__O
L~ |
S > g
e VY = ==
O \/\/\/\O

[00682] Prepared using General Procedures 18: To 4-benzyl 1-(tert-butyl) ((S)-2-
(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
yl)phenyl)propanoyl)-L-aspartate INT-47 (345 mg, 0.4mmol) in THF (5 mL) was
added 10% Pd/C (60 mg). The reaction vessel was flushed with hydrogen gas and the
reaction was stirred vigorously under hydrogen overnight at room temperature. The
reaction mixture was filtered to remove the catalyst, the solvent was removed, and the
crude product was purified by chromatography 0-100% EA in hexane to afford 228 mg
(66%) of (S)-4-(tert-butoxy)-3-((S)-2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-
(4-(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanamido)-4-oxobutanoic acid INT-44
as a white solid. LCMS-ESI (m/z) calculated for Ci3Hs4sN4O-S: 770.4; found 771.3
[M+H] ,tx = 4.21 min (Method 16).
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Tert-butyl ((S)-2-(4-(tert-butyl)benzamido)-3-(4-(5-(4-hydroxyphenyl)pyrimidin-2-
vl)phenyl)propanoyl)-D-alaninate (INT-45)
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[00683] To a 10 ml flask were added (4-hydroxyphenyl)boronic acid (317.23 mg,
2.30 mmol), sodium carbonate decahydrate (138.0 mg, 2.3 mmol), tert-butyl ((S)-3-(4-
(5-bromopyrimidin-2-yl)phenyl)-2-(4-(tert-butyl)benzamido)propanoyl)-D-alaninate
INT-32 (700.0 mg, 1.15 mmol), Pd(dppf)Cl, (87.8 mg, 0.12 mmol), THF (10 mL),
CH;CN (10 ml ) and water ( 5 mL). The solution was degassed using N, bubbling for
10 min. The reaction mixture was heated to 80 °C for 2 hours. The mixture was
extracted with DCM (3 x 20 mL) and aqueous NaHCOs (3 x 10 mL). The combined
organics were dried over MgSQ4 and evaporated. The final compound was purified by
column chromatography (40% DCM in hexane) to afford 595.0 mg (83 %) of tert-butyl
((S)-2-(4-(tert-butyl)benzamido)-3-(4-(5-(4-hydroxyphenyl)pyrimidin-2-
yl)phenyl)propanoyl)-D-alaninate INT-45 as solid. LCMS-ESI (m/z) calculated for
C37H4N,Os: 622.3; found 623.3 [M+H]", tz = 3.635 min. (Method 16). '"H NMR (400
MHz, DMSO0) 6 9.79 (s, 1H), 9.11 (s, 2H), 8.50 (d, /= 8.7 Hz, 1H), 8.41 (d, /= 7.2 Hz,
1H), 8.30 (d, /= 8.2 Hz, 2H), 7.75 (d, /= 8.4 Hz, 2H), 7.68 (d, J = 8.6 Hz, 2H), 7.51 (d,
J=18.2 Hz, 2H), 7.46 (d, J = 8.4 Hz, 2H), 6.92 (d, J = 8.6 Hz, 2H), 4.85 (td, J=9.9, 4.6
Hz, 1H), 4.17 (p, /= 7.1 Hz, 1H), 3.24 — 3.00 (m, 2H), 1.46 — 1.34 (m, 9H), 1.32 - 1.19
(m, 12H).
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Tert-butyl N°-(((9H-fluoren-9-yl)methoxy)carbonyl)-N'-methyl-D-asparaginate
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[00684] Prepared using General Procedures 7: To (R)-3-((((9H-fluoren-9-
yl)methoxy)carbonyl)amino)-4-(tert-butoxy)-4-oxobutanoic acid (205.7 mg, 0.5 mmol)
in DMF (5 mL) at 0°C was added HATU (380 mg, 1.0 mmol). After stirring for 3 min,
DIEA (277 uL, 1.5 mmol) and methylamine (40 wt % in water, 116 puL, 1.5 mmol)
were added. The reaction mixture was stirred at room temperature for 1 h. The reaction
mixture was added to water (75 mL) and the precipitate was filtered and dried to give
201 mg (95%) of tert-butyl N’-(((9H-fluoren-9-yl)methoxy)carbonyl)-N*-methyl-D-
asparaginate as a colorless semi-solid. LCMS-ESI (m/z) calculated for C,4H23N>Os:
4242; found 425.2 [M+H] "tz = 3.22 min (Method 16).

Tert-butyl N'-methyl-D-asparaginate (INT-46)
)J\ rd )J\ -~
Qg ™ ey

[00685] To tert-butyl  N*-(((9H-fluoren-9-yl)methoxy)carbonyl)-N'-methyl-D-
asparaginate (200 mg, 0.47 mmol) in DCM (0.93 mL) was added piperidine (233 uL,
2.35 mmol). The reaction mixture was stirred at room temperature for 1 h. All solvent
was removed to give 215 mg of fert-butyl N'-methyl-D-asparaginate as a mixture with
1-((9H-fluoren-9-yl)methyl)piperidine. The mixture was used without purification in

the next reaction. LCMS-ESI (m/z) calculated for CoHisN2Os: 202.1; found 203.1
[M+H] "tz = 0.534 min (Method 16).
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Tert-butyl (S)-1-(2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-hydroxyphenyl)-
pyrimidin-2-yl)phenyl)propanoyl)azetidine-3-carboxylate (INT-48)
0._0
>( X >(o o
: S
N
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Nm o 0O
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[00686] Prepared using General Procedure 10. Into a solution of INT-38 (60 mg,
0.1 mmol) in dioxane (2 mL) and H,O (1 mL) were added sodium carbonate,
decahydrate (60 mg, 0.2 mmol), 4-hydroxyphenylboronic acid (17 mg, 0.1 mmol) and
PdCly(dppf) (7 mg, 0.01 mmol). The mixture was heated at 80°C for 2.5 h then cooled
to room temp, diluted with H,O (100 mL) and extracted into EA (2 x 100 mL). The
resulting organic layers were combined, dried (Na,SO4) and concentrated to yield 75
mg (117%) of crude tert-butyl (S)-1-(2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-
(5-(4-hydroxyphenyl)pyrimidin-2-yl)phenyl)propanoyl)azetidine-3-carboxylate (INT-
48) which was used without further purification. ~LCMS-ESI (m/z) calculated for
C16H40N405S: 640.8; found 341.3[M+H]', tr = 3.42 min. (Method 15).

[00687] Compound 492 was prepared from (S)-2-(((benzyloxy)carbonyl)amino)-3-
(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanoic acid INT-22 and ($)-
methyl 2-amino-6-((zert-butoxycarbonyl)amino)hexanoate hydrochlorideusing General

Procedures 7, 18, 7, 4 and 8 sequentially.

[00688] Compounds 493, 494 and 500 were prepared from (S)-1-((S)-2-(5-(tert-
butyl)thiophene-2-carboxamido)-3-(4-(5-(4-(heptyloxy)phenyl) pyrimidin-2-yl)
phenyl)propanoyl)pyrrolidine-2-carboxylic acid Compound 328 wusing General

Procedures 7 and 4 sequentially.
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[00689] Compounds 495 and 496 were prepared from(S)-1-((S)-2-(5-(tert-
butyl)thiophene-2-carboxamido)-3-(4-(5-(4-(heptyloxy)phenyl) pyrimidin-2-yl)
phenyl)propanoyl)pyrrolidine-2-carboxylic acid Compound 328 wusing General

Procedure 7.

[00690] Compound 497 was prepared from(S)-1-((S)-2-(5-(tert-butyl)thiophene-2-
carboxamido)-3-(4-(5-(4-(heptyloxy)phenyl)  pyrimidin-2-yl)  phenyl)propanoyl)-
pyrrolidine-2-carboxylic acid Compound 328 using General Procedures 7 and §

sequentially.

[00691] Compounds 498 and 499 were prepared from  (S5)-2-
(((benzyloxy)carbonyl)amino)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
yl)phenyl)propanoic acid INT-22 using General Procedures 7, 18, 7 and 8 sequentially.

[00692] Compounds 501, 592- 602, 604, 607- 621, 625 — 629, 631, 633, 634,
636— 641, 644, 655, 668 and 669 were prepared from Compound 192 using General

Procedures 7 then 4.

[00693] Compound 502 was prepared from INT-30 using General Procedure 8.

[00694] Compounds 503 — 507, 579, and 580 were prepared from Compound 502

using General Procedures 7 then 8.

[00695] Compounds 508 — 511 were prepared from INT-31 using General
Procedures 7 then 8.

[00696] Compounds 512 — 523 were prepared from INT-44 using General
Procedures 7 then 8.

[00697] Compound 524 was prepared from INT-47 using General Procedure 8.
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[00698] Compounds 525 — 533 were prepared from Compound 524 using General
Procedures 7 then 18.

[00699] Compound 534 was prepared from Compound 524 using General
Procedures 7,18, then 8.

[00700] Compound 535 was prepared from Compound 192 using General

Procedures 3 then 8.

[00701] Compound 536 was prepared from (S)-2-(4-(tert-butyl)benzamido)-3-(4-
(5-(4-(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanoic acid Compound 85 and 2-
amino-2-(2,5-dimethyloxazol-4-yl)acetic acid hydrochloride INT-43 using General

Procedures 7 and 4 sequentially.

[00702] Compounds 537 and 554 were prepared from Compound 85 using General

Procedures 7 then §.

[00703] Compounds 538 — 553, 555 — 578, 583 — 588, 622-624, 632 and 660 —662

were prepared from Compound 85 using General Procedures 7 then 4.

[00704] Compound 581 was prepared from Compound 85 using General
Procedures 7, 4 then 18.

[00705] Compound 582 was prepared from Compound 85 using General
Procedures 7, 8 then 4.
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Tert-butyl (R)-3-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-4-(methylamino)-4-

oxobutanoate

0 :)Oj\o/l< o} :)Oj\o)<
Q. OJLH)\[O]/OH — Q. O)]\H/"\ENHMe
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[00706] Prepared using General Procedure 7. To a stirring solution of (R)-2-
((((9H-fluoren-9-yl)ymethoxy)carbonyl)amino)-4-(fert-butoxy)-4-oxobutanoic acid (308
mg, 0.75 mmol), methylamine (40 wt% in water, 174 uL, 2.25 mmol), and DIEA (415
ul, 2.25 mmol) in DMF (7.5 mL) cooled to 0 °C was added HATU (569 mg, 1.5
mmol). The reaction mixture was allowed to warm slowly and stirring continued for 18
h. The reaction mixture was poured onto ice-water and the solid was filtered. The solid
was dissolved in DCM (10 mL), dried over MgSO, and evaporated. The crude product
was purified by column chromatography to afford 226 mg (71%) of tert-butyl (R)-3-
((((9H-fluoren-9-yl)ymethoxy)carbonyl)amino)-4-(methylamino)-4-oxobutanoate.
LCMS-ESI (m/z) calculated for Co4H,sN,0s: 424.2; found 447.1 [M+Na]’, = 3.12
min. (Method 16).

Tert-butyl (R)-3-amino-4-(methylamino)-4-oxobutanoate

o}
o}
O Ben AKX
“_NHMe — :

. 0 H/\g/ HZN/\g/NHMe

[00707] To a stirring solution of tert-butyl (R)-3-((((9H-fluoren-9-
yl)methoxy)carbonyl)amino)-4-(methylamino)-4-oxobutanoate (226 mg, 0.53 mmol), in
DCM (1.05 mL) was added piperidine (263 uL, 2.7 mmol). The reaction mixture was
stirred for 1 h at room temperature. The solvent was evaporatedto afford 250 mg (100

%) of tert-butyl (R)-3-amino-4-(methylamino)-4-oxobutanoate as a mixture with 1-

((9H-fluoren-9-yl)methyl)piperidine. The mixture was used without purification in the
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next reaction. LCMS-ESI (m/z) calculated for CoH;sN,Os: 202.1; found 225.1
[M+Na]', fz = 0.50 min. (Method 15).

[00708] Compound 589 was prepared from Compound 85 and fert-butyl (R)-3-

amino-4-(methylamino)-4-oxobutanoate using General Procedures 7 then 8.

Tert-butyl (S)-1-(2-(((benzyloxy)carbonyl)amino)-3-(4-(5-(4-
(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanoyl)azetidine-3-carboxylate
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[00709] Prepared using General Procedure 7: A stirred solution of (§)-2-
(((benzyloxy)carbonyl)amino)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)
propanoic acid INT-22 (1 g, 1.76 mmol), fert-butyl azetidine-3-carboxylate (0.554 g,
1.76 mmol) and DIEA (1.30 mL, 7.05 mmol) in DMF (20 mL) at 0°C was treated with
HATU (0.703 g, 1.85 mmol), added portionwise. After 10 min, the cooling bath was
removed. After a further 1 h the mixture was poured onto 0.2 M HCI (100 mL) and
extracted with EA (3 x 30 mL). The combined organic extracts were washed with brine
(20 mL), dried over MgSO, and evaporated. Column chromatography (EA/DCM/iso-
hexanes) gave 708 mg (58%) oftert-butyl (S)-1-(2-(((benzyloxy)carbonyl)amino)-3-(4-
(5-(4-(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanoyl)azetidine-3-carboxylate  as
an off-white solid.LCMS-ESI (m/z) calculated for C4;HsoN4Os: 706.4; found 707.1
[M+H]', tz = 3.60 min (Method 6).
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Tert-butyl (S)-1-(2-(4-(tert-butyl)benzamido)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
vl)phenyl)propanoyl)azetidine-3-carboxylate

N v
% o$o

[00710] Prepared using General Procedures 18 and 7: To a stirred solution of (S)-
tert-butyl 1-(2-(((benzyloxy)carbonyl)amino)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-
2-yl)phenyl)propanoyl)azetidine-3-carboxylate (708 mg, 1.00mmol) and triethylsilane
(352 uL, 2.20 mmol) in DCM (10 mL) was added a solution of diacetoxypalladium
(22.5 mg, 0.100 mmol) and triethylamine (43 uL, 0.30 mmol) in DCM (2 mL). After 16
h, the mixture was filtered through Celite and solvents evaporated.The residue was
taken up in DMF (6 mL) and the resulting solution added to a stirred solution of active
ester prepared by the action of HATU (399 mg, 1.05 mmol) and DIEA (0.55 mL, 3.00
mmol) on 4-(tert-butyl)benzoic acid (196 mg, 1.10 mmol) in DMF (5 mL) over 10 min.
After 1 h, the mixture was poured onto 0.5 M HCI (100 mL) and extracted with EA (3 x
50 mL). The combined organic extracts were washed with brine (20 mL), dried over
MgSQO,4 and evaporated.Column chromatography (EA/DCM/iso-hexanes) gave 583 mg
(80%) of tert-butyl (8)-1-(2-(4-(tert-butyl)benzamido)-3-(4-(5-(4-
(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanoyl)azetidine-3-carboxylate. LCMS-
ESI (m/z) calculated for C4sHs6N4Os: 732.4; no m/z observed, tr = 3.99 min (Method
11).
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(S)-1-(2-(4-(tert-butyl)benzamido)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
vl)phenyl)propanoyl)azetidine-3-carboxylic acid (Compound 590)
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[00711] Prepared using General Procedure 8: To a stirred solution of (S)-tert-butyl
1-(2-(4-(tert-butyl)benzamido)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
yl)phenyl)propanoyl)azetidine-3-carboxylate (580 mg, 0.791 mmol) in DCM (6 mL)
was added TFA (2 mL). After 3 h, the mixture was diluted with toluene (20 mL) and
the solvents evaporated. Column chromatography (acetic acid/EA/DCM/iso-hexanes)
gave moderately pure product. This was further purified by re-slurry from DCM/ACN
then iso-propyl acetate. The resulting solid was again purified by column
chromatography (acetic acid/EA/DCM/iso-hexanes) then reslurried from diethyl ether
to afford 212 mg (40%) of (S)-1-(2-(4-(tert-butyl)benzamido)-3-(4-(5-(4-
(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)-propanoyl)azetidine-3-carboxylic acid
Compound 590. LCMS-ESI (m/z) calculated for C41H4sN4Os; 676.4; no m/z observed,
tr = 10.23 min (Method 10). The chiral purity was >95% e.¢ (chiral Method). "H NMR
(400 MHz, DMSO-d6) ¢ 12.80 (s, 1H), 9.16 (d, J = 1.5 Hz, 2H), 8.75 (dd, J = 8.1, 3.7
Hz, 1H), 8.36 - 8.31 (m, 2H), 7.85 - 7.75 (m, 4H), 7.49 — 7.46 (m, 4H), 7.11 — 7.05 (m,
2H), 4.74 — 4.68 (m, 1H), 4.45 (t, J = 8 Hz, 0.5H), 4.33-4.30 (m, 0.5H), 4.24 — 4.16 (m,
1H), 4.06 — 4.00 (m, 3H), 3.47-3.40 (m, 1H), 3.90 (ddd, J = 13.5, 9.7, 6.0 Hz, 1H),
3.18-3.05 (m, 2H), 1.77 - 1.70 (m, 2H), 1.46 — 1.24 (m, 17H), 0.89 — 0.86 (m, 3H).

[00712] Compound 591 was prepared from Compound 85 and INT-46 using

General Procedures 7 then §.

[00713] Compounds 603, 605, 645 — 648, 652, 653, 656 — 659 and 664 were

prepared from Compound 192 using General Procedures 7 then §.
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[00714] Compound 606 was prepared from Compound 192 using General
Procedures 7, 4 then 8.

[00715] Compound 630 was was prepared from Compound 192 and fert-butyl (R)-

3-amino-4-(methylamino)-4-oxobutanoate using General Procedures 7 then 8.

(S)-methyl 1-(2-(((benzyloxy)carbonyl)amino)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-
2-yl)phenyl)propanoyl)azetidine-3-carboxylate
|
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[00716] Prepared using General Procedure 7: To a stirred solution of (§)-2-
(((benzyloxy)carbonyl)amino)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)-

propanoic acid INT-22 (2.2 g, 3.88 mmol) and methyl azetidine-3-carboxylate, HCI
(0.705 g, 4.65 mmol) in DMF (25 mL) was added DIEA (2.7 mL, 15.5 mmol)and the
mixture cooled to 0°C. HATU (1.621 g, 4.26 mmol) was added portion-wise over 10
minutes. After 3 h further methyl azetidine-3-carboxylate, HCI (0.223 g, 1.938 mmol)
and HATU (0.456 g, 1.938 mmol) wereadded. The mixture was allowed to stir at room
temperature for 100 h. The mixture was treated with citric acid (50 mL of a 0.1 M
aqueous solution) and water (20 mL) and extracted with EA (2 x 100 mL). The
combined organic extracts were washed with brine (80 mL), dried over MgSO,4 and
solvents evaporated. Column chromatography (EA/iso-hexanes) gave 1.45 g (56%)
of(S)-methyl 1-(2-(((benzyloxy)carbonyl)amino)-3-(4-(5-(4-
(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanoyl)azetidine-3-carboxylate  as  a
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colourlessglass. LCMS-ESI (m/z) calculated for C;oH44N4Os: 664.3; found 665.3
[M+H]', tz = 3.37 min (Method 6).

(S)-methyl 1-(2-amino-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanoyl)-

azetidine-3-carboxylate
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[00717] Prepared using General Procedure 18: A solution of (S)-methyl 1-(2-

(((benzyloxy)carbonyl)amino)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)-
propanoyl)azetidine-3-carboxylate (1.2 g, 1.81 mmol) in MeOH (150 mL) was passed
over a 10% Pd/C CatCart (55x4 mm) at 65°C in a Thales Nanotechnology H-Cube
reactor at 2.1 mL/min. The solvent was evaporated and the residue purified by column
chromatography (Ammonia/MecOH/DCM) to afford 604 mg (63%) of (S)-methyl 1-(2-
amino-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanoyl)azetidine-3-
carboxylate. LCMS-ESI (m/z) calculated for C3;H3sN404: 530.3; found 531.0 [M+H]',
tr = 1.60 min (Method 6).

Methyl (S)-1-(2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-(heptyloxy)phenyl)-
pyrimidin-2-yl)phenyl)propanoyl)azetidine-3-carboxylate
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[00718] To a stirred solution of (S)-methyl 1-(2-amino-3-(4-(5-(4-
(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanoyl)azetidine-3-carboxylate (360 mg,
0.678 mmol) and 5-(tert-butyl)thiophene-2-carboxylic acid (125 mg, 0.678 mmol) in
DMF (6 mL, 77 mmol) was added DIEA (0.47 mL, 2.71 mmol) and the mixture cooled
to 0°C. HATU (284 mg, 0.746 mmol) was added portion-wise and the reaction stirred at
room temperature for 1 h. The mixture was poured onto citric acid (70 mL of a 10%
w/w aqueous solution) and extracted with EA (2 x 100 mL). The combined organic
extracts were washed with brine (50 mL), dried over MgSO, and solvents evaporated.
Column chromatography (EA/iso-hexanes) gave 389 mg (82%) of (S)-methyl 1-(2-(5-
(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
yl)phenyl)propanoyl)azetidine-3-carboxylate as a pale yellow solid. LCMS-ESI (m/z)
calculated for C4oH4sN405S: 696.3; found 697.0 [M+H]", tz = 3.60 min (Method 6).

(S)-1-(2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-
(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanoyl)azetidine-3-carboxylic acid
(Compound 635)

[00719] To a stirred solution of (S)-methyl 1-(2-(5-(fert-butyl)thiophene-2-
carboxamido)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-

yl)phenyl)propanoyl)azetidine-3-carboxylate (341 mg, 0.489 mmol) in THF (10 mL)
was addedsulfuric acid (3 mL of a 5 M aqueous solution, 15 mmol). After 24 h, the
mixture was diluted with water (100 mL) and extracted with EA (2 x 100 mL). The
combined organic extracts were washed with brine (50 mL), dried over MgSO,4 and
solvents evaporated. Column chromatography (AcOH/EA/DCM/iso-hexanes) gave 233
mg (70%) of (8)-1-(2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-
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(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanoyl)azetidine-3-carboxylic acid
Compound 635 as a white solid. LCMS-ESI (m/z) calculated for C3oH4sN4OsS: 682.3;
no m/z observed, fr = 10.17 min (Method 10). The chiral purity was >98% e.e. (Chiral
Method). "H NMR (400 MHz, DMSO-d6) & 12.75 (s, 1H), 9.17 (d, J = 1.8 Hz, 2H),
8.77 (app dd, J = 8.3, 2.7 Hz, 1H), 8.32 (dd, J = 8.2, 4.7 Hz, 2H), 7.79 (d, J = 8.7 Hz,
2H), 7.70 (d, J = 3.9 Hz, 1H), 7.47 — 7.52 (m, 2H), 7.11 — 7.07 (m, 2H), 6.93 (app dd, J
=3.9,14Hz, 1H), 4.70 — 4.63 (m, 1H), 4.43 (t,J = 9.0 Hz, 0.5H), 4.30 (dd, J = 8.7, 6.0
Hz, 0.5H), 421 (t, J = 8.9 Hz, 0.5H), 4.15 (dd, J = 8.5, 6.3 Hz, 0.5H), 4.08-3.99 (m,
3H), 3.47-3.40 (m, 1H), 3.93-3.87 (m, 1H), 3.15 — 3.01 (m, 2H), 1.77-1.70 (m, 2H),
1.49-1.16 (m, 17H), 0.88 (t, J= 6.8 Hz, 3H).

[00720] Compound 642 was prepared from (2S,3R)-2-amino-3-hydroxy-3-
phenylpropanoic acid and (S)-2-(5-(fert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-
(heptyloxy)phenyl)-pyrimidin-2-yl)phenyl)propanoic  acid Compound192  using

General Procedures 26, 7 and 8 sequentially.

[00721] Compounds 650 and 654 were prepared from Compound 635 using

General Procedure 7.

[00722] Compound 649 was prepared from Compound 654 using General

Procedure 4.

Threo-methyl 2-amino-3-hydroxy-3-phenylpropanoate HCI

HO HO

H 0
© NH, -

O O

NH,

[00723] Prepared using General Procedure 22: To a stirred solution of threo-2-
amino-3-hydroxy-3-phenylpropanoic acid (7 g, 38.6 mmol) in MeOH (20mL) was

added chlorotrimethylsilane (19.8 mL, 155 mmol). The mixture was heated under
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reflux for 16 h then solvents evaporated to afford 8.95 g (100%) of threo-methyl 2-
amino-3-hydroxy-3-phenylpropanoate HCI. LCMS-ESI  (m/z) calculated for
C1oH13NO3; 195.1; found 196.0 [M+H]", rz = 0.18 min (Method 10). "H NMR (400
MHz, DMSO-d6) 6 8.45 (s, 3H), 7.42 — 7.31 (m, 5H), 5.03 (d, J = 5.4 Hz, 1H), 4.18
(app t, /= 5.4 Hz, 1H), 3.63 (s, 3H).

Threo-methyl 2-((tert-butoxycarbonyl)amino)-3-hydroxy-3-phenylpropanoate

HO HO
o .~
d NH; A0 NHBoc
O O
[00724] Prepared using General Procedure 23: To a stirred mixture of threo-

methyl 2-amino-3-hydroxy-3-phenylpropanoate, HCI (1.1 g, 4.75 mmol), MeOH (10
mL) andNaHCOs3 (8.44 mL of a 0.9 M aqueous solution, 7.60 mmol) was added di-tert-
butyl dicarbonate (1.451 g, 6.65 mmol). After 3 h, the bulk of the MeOH was
evaporated under reduced pressure and the aqueous extracted with diethyl ether (2 x
40mL). The combined organic extracts were dried over MgSO,; and solvents
evaporated. The residue was re-slurried from iso-hexanes and the solid collected by
filtration to afford 1.1 g (78%) of threo-methyl 2-((fert-butoxycarbonyl)amino)-3-
hydroxy-3-phenylpropanoate. LCMS-ESI (m/z) calculated for C;sH;NOs: 295.1; found
318.0 [M+Na]', tr = 4.45 min (Method 10).

Methyl 2-((tert-butoxycarbonyl)amino)-3-oxo-3-phenylpropanoate

HO e

O
-~ NHBoc A NHBoc

O O

[00725] Prepared using General Procedure 24: To a stirred solution of oxalyl
chloride(0.47 ml, 5.42 mmol)in DCM (50mL) at -78°C was added DMSO (0.77 mL,
10.8 mmol) and the reaction stirred for 10 mins. This was then treated with a pre-cooled

solution ofthreo-methyl 2-((tert-butoxycarbonyl)amino)-3-hydroxy-3-phenylpropanoate
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(1 g, 3.39 mmol) in DCM (20mL). After 2 h, DIEA (2.96 mL, 16.93 mmol) was added
and the mixture allowed to warm to 0°C. After 1 h, the mixture was washed with NH4C1
(2 x 20 mL of a saturated aqueous solution) and the organics dried over MgSO, and
solvents evaporated to afford 964 mg (97%) of methyl 2-((fert-butoxycarbonyl)amino)-
3-ox0-3-phenylpropanoate. LCMS-ESI (m/z) calculated for C;sH1oNOs: 293.1; found
316.0 [M+Na]', tg = 2.15 min (Method 11).

Erythro-methyl 2-((tert-butoxycarbonyl)amino)-3-hydroxy-3-phenylpropanoate

O HO
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[00726] Prepared using General Procedure 25: To a stirred solution of methyl 2-
((tert-butoxycarbonyl)amino)-3-oxo-3-phenylpropanoate (0.5 g, 1.705 mmol)in MeOH
(10mL) at -78°C was added sodium borohydride (0.045 g, 1.193 mmol). After 0.5 h,
the reaction was quenched with NH4Cl (8 mL of a saturated aqueous solution) and the
MeOH evaporated under reduce pressure. The mixture was extracted with DCM (2 x 30
mL) and the combined organic extracts dried over MgSO,4 and solvents evaporated. The
residue was purified by column chromatography (EA/iso-hexanes) to afford 312 mg
(62%) oferythro-methyl 2-((tert-butoxycarbonyl)amino)-3-hydroxy-3-
phenylpropanoate. LCMS-ESI (m/z) calculated for C;sH21NOs: 295.1; found 318.0
[M+Na]’, tx = 1.84 min (Method 11).

Erythro-methyl 2-amino-3-hydroxy-3-phenylpropanoate

HO HO

o >
- NHBoc O NH,
o 0O

[00727] Prepared using General Procedure 8: To a stirred solution of erythro-
methyl 2-((tert-butoxycarbonyl)amino)-3-hydroxy-3-phenylpropanoate (0.3 g, 1.02
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mmol) in DCM (15mL) was added TFA (1.57 mL, 20.32 mmol). After 3 h, solvents
were evaporated and the residue purified by strong-cation-exchange ion exchange
chromatography to afford 195 mg (98%) of erythro-methyl 2-amino-3-hydroxy-3-
phenylpropanoate as a white solid. LCMS-ESI (m/z) calculated for C;oH;3NOs: 195.2;
found 196.0 [M+Na]', fg = 0.19 min (Method 11).

[00728] Compound 651 was prepared from erythro-2-amino-3-hydroxy-3-
phenylpropanoic acid and (S)-2-(5-(fert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-
(heptyloxy)phenyl)-pyrimidin-2-yl)phenyl)propanoic  acid Compound192  using

General Procedures 7 and 4 sequentially.

[00729] Compound 663 was prepared from Compound 192 and INT-46 using

General Procedures 7then §.

[00730] Compound 665 was prepared from erythro-2-amino-3-hydroxy-3-
phenylpropanoic acid and (S)-2-(5-(fert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-
(heptyloxy)phenyl)-pyrimidin-2-yl)phenyl)propanoic acid Compound 192 using
General Procedures 7 and 4 sequentially, followed by chiral preparative HPLC.

Methyl (2,3-erythro)- 2-((S)-2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-
(heptyloxy)phenyl)pyrimidin-2-yl)phenyl) propanamido)-3-hydroxy-3-phenylpropanoate

OH

[00731] Prepared using General Procedure 7: To a stirred solution of (S)-2-(5-

(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-

yl)phenyl)-propanoic acid Compound 192 (578 mg, 0.963 mmol) and erythro-methyl 2-

amino-3-hydroxy-3-phenylpropanoate (188 mg, 0.963 mmol) in DMF (8mL) was added
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DIEA (503 uL, 2.89 mmol). The mixture was cooled to 0°C and treated with HATU
(384 mg, 1.01 mmol), added portionwise. The cooling bath was removed and the
reaction allowed to stir for 2 h. The mixture was treated with citric acid (100 mL of a
10% w/v aqueous solution) and extracted with EA (3 x 20mL). The combined organic
extracts were dried over MgSO4 and solvents evaporated. Column chromatography
(EA/iso-hexanes) gave 654 mg (87%) ofmethyl(2,3-erythro)- 2-((S)-2-(5-(tert-
butyl)thiophene-2-carboxamido)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-
yl)phenyl)propanamido)-3-hydroxy-3-phenylpropanoate as a white solid. LCMS-ESI
(m/z) calculated for C4sHs;N4OgS: 776.4; no m/z observed, fr = 3.24 min (Method 11).

(2R, 3R)-2-((S)-2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-
(heptyloxy)phenyl)-pyrimidin-2-yl)phenyl)propanamido)-3-hydroxy-3-phenylpropanoic
acid (Compound 666)

[00732] Prepared using General Procedure 4: To a stirred solution of methyl(2,3-
erythro)-2-((S)-2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-(heptyloxy)-

phenyl)pyrimidin-2-yl)phenyl)propanamido)-3-hydroxy-3-phenylpropanoate (327 mg,
0.421 mmol) in THF (5mL) was added LiOH (231 uL of a 2 M aqueous solution,
0.463 mmol). After 30minutes the mixture was poured into citric acid (25mL of a 10%
w/v aqueous solution) and extracted with DCM (3 x 30mL). The combined organic
extracts were dried over MgSQOaand solvents evaporated. The residue was purified by
column chromatography (AcOH/MeOH/DCM) then preparative chiral HPLC to afford
15 mg (5%) of (2R,3R)-2-((S)-2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-
(heptyloxy)-phenyl)pyrimidin-2-yl)phenyl)propanamido)-3-hydroxy-3-phenylpropanoic
acid Compound 666. LCMS-ESI (m/z) calculated for CssHsoN4OgS: 762.4; no m/z
observed, fr = 10.68 min (Method 10). The chiral purity was >70% d.e. (Chiral Method
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2). "H NMR (400 MHz, DMSO-d6) & 12.71 (s, 1H), 9.15 (s, 2H), 8.51 (d, /= 9.3 Hz,
1H), 8.42 (d, J = 9.0 Hz, 1H), 8.27 — 8.23 (m, 2H), 7.80 — 7.77 (m, 2H), 7.61 (d, J=3.9
Hz, 1H), 7.42 — 7.37 (m, 4H), 7.27 — 7.20 (m, 3H), 7.10 — 7.08 (m, 2H), 6.89 (d, J=3.9
Hz, 1H), 5.81 (s, 1H), 4.80 (d, J = 8.8 Hz, 1H), 4.68 — 4.62 (m, 1H), 4.55 (t, /= 9.0 Hz,
1H), 4.04 (t, J = 6.5 Hz, 2H), 2.59 — 2.52 (m, 2H), 1.80 — 1.68 (m, 2H), 1.43-1.29 (m,
17H), 0.94 — 0.83 (m, 3H).

(2R, 38)-2-((S)-2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-
(heptyloxy)phenyl)pyrimidin-2-yl)phenyl)propanamido)-3-hydroxy-3-phenylpropanoic
acid (Compound 667)

WOH
GPS B G LI
o o) NI
g 0
- . S
N
L NS
N
NN o~~~
0
[00733] Prepared using General Procedures 7 and 4: To a stirred solution of

threo-methyl 2-amino-3-hydroxy-3-phenylpropanoate (50 mg, 0.256 mmol) and (S)-2-
(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-

yl)phenyl)propanoic acid Compound 192 (140 mg, 0.233 mmol) in DMF (3 mL) was
added DIEA (122 uL, 0.699 mmol) and the mixture cooled to 0°C. HATU (97 mg,
0.256 mmol) was added portionwise and the mixture allowed to warm to room
temperature over 2 h. The mixture was treated with citric acid (40 mL of a 5% w/v
aqueous solution) and the liquid decanted. The aqueous was extracted with EA (50 mL)
and this used to dissolve the solid residue. This solution was diluted with toluene (5
mL) and solvents evaporated. The residue was purified by column chromatography
(ACN/DCM). The intermediate ester thus obtained was dissolved in THF/MeOH (1:1, 3
mL) and allowed to stir with LiOH (0.23 mL of a 2 M aqueous solution, 0.46 mmol).
After 16 h, further LiOH (0.58 mL of a 2 M aqueous solution, 1.17 mmol) was charged.
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After an additional 1 h, the mixture was treated with citric acid (20 mL of a 10% w/v
aqueous solution) and the precipitate collected by filtration. Purification by preparative
chiral HPLC gave 5 mg (3%) of (2R,35)-2((S)-2-(5-(tert-butyl)thiophene-2-
carboxamido)-3-(4-(5-(4-(heptyloxy)phenyl)pyrimidin-2-yl)-phenyl)propanamido)-3-
hydroxy-3-phenylpropanoic acid Compound 667. LCMS-ESI (m/z) calculated for
Ca4Hs5oN4O6S: 762.4; no m/z observed, fg = 10.63 min (Method 10). The chiral purity
was <80% d.e. (chiral Method 2). 'H NMR (400 MHz, DMSO-d6) § 12.71 (s, 1H),
9.08 (s, 2H), 8.30 (dd, /= 17.6, 9.1 Hz, 2H), 8.24 — 8.13 (m, 2H), 7.78 — 7.66 (m, 2H),
7.53(d,J=3.9 Hz, 1H), 7.32 (app ddd, /= 16.7, 7.6, 1.8 Hz, 4H), 7.25 — 7.08 (m, 3H),
7.08 — 6.90 (m, 2H), 6.83 (d, J = 3.8 Hz, 1H), 5.81 (d, J = 4.6 Hz, 1H), 5.17 (s, 1H),
4.72 (ddd, J=11.0, 9.0, 3.9 Hz, 1H), 4.50 (dd, /= 9.2, 2.8 Hz, 1H), 3.96 (t, J = 6.5 Hz,
2H), 2.78 (dd, J = 13.8, 3.7 Hz, 1H), 2.68 — 2.54 (m, 1H), 1.75 — 1.59 (m, 2H), 1.42 —
1.12 (m, 17H), 0.89 — 0.75 (m, 3H).

[00734] Compound 670 was prepared from INT-34 and 5-(4-(heptyloxy)phenyl)-

2-iodopyrimidine using General Procedure 10.

[00735] Compound 671 was prepared from 2-chloroquinolin-6-ol and 1-
bromoheptancusing General Procedure 12, General Procedure 10 using INT-13, then

General Procedure 8.

[00736] Compound 672 was prepared from 3-chloroisoquinolin-7-o0l and 1-
bromoheptancusing General Procedure 12, General Procedure 10 using INT-13, and

General Procedure 8.

[00737] Compound 673 was prepared from 2-chloroquinazolin-6-ol and 1-
bromoheptancusing General Procedure 12, General Procedure 10 using INT-13, then

General Procedure 8.

[00738] Compound 674 and 693 were prepared from INT-28 using General
Procedure 11 thenS.
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[00739] Compounds 675 — 691, 694, 695 and 696 were prepared from INT-28

using General Procedures 10 and$.

[00740] Compounds 692, 744 — 748, 751 — 755, 758 — 760 were prepared from
commercial nitriles using General Procedure 2, then General Procedure 5 using INT-

33andGeneral Procedure 8.

[00741] Compounds 697-705 were prepared by coupling commercial phenol
boronic acids and INT-28 using General Procedure 10 followed by General
Procedures 12 and8.

[00742] Compounds 706 — 716, and 803 were prepared from INT-29 using

General Procedures 12 and 8.

[00743] Compounds 717 — 742 and 800 were prepared from INT-32 using General
Procedures 10 then 8.

[00744] Compounds 743, 749,750, 756 and757 were prepared from INT-33 using

General Procedure 5 and 8.

[00745] Compounds 761 — 769 were prepared from INT-35 using General
Procedures 10 then 4.

[00746] Compounds 770 and 771 were prepared from INT-36 using General
Procedures 12 then 8.

[00747] Compounds 772 — 774 were prepared from INT-37 using General
Procedures 12 then 4.
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[00748] Compound 775 was prepared from INT-38 using General Procedures 10
then &.

[00749] Compound 776 was prepared from (3-methyl-4-hydroxyphenyl)boronic
acid and INT-38 using General Procedure 10, then with 1-bromoheptane using
General Procedure 12 then§.

[00750] Compounds 777 — 789 were prepared from INT-38 using General
Procedures 10 then 8.

[00751] Compound 790 was prepared from (4-hydroxy-2-methylphenyl)boronic
acid and (R)-tert-butyl 2-((S)-2-(((benzyloxy)carbonyl)amino)-3-(4-(5-bromopyrimidin-
2-yl)phenyl)propanamido)propanoate INT-42 using General Procedures 10, 12, 18, 7

and & sequentially.

[00752] Compound 791 was prepared from 4-bromo-3,5-dimethylphenol and (R)-
tert-butyl 2-((S)-2-(((benzyloxy)carbonyl)amino)-3-(4-(5-bromopyrimidin-2-
yl)phenyl)propanamido)propanoate INT-42 using General Procedures 12, 27, 10, 18, 7

and & sequentially.

[00753] Compounds 792 — 794 were prepared from INT-45 using General
Procedures 12 then 8.

[00754] Compounds 795 — 797 and 799 were prepared from INT-48 using General
Procedures 12 then 8.
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Tert-butyl(S)-1-(2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-((4-
methylpentyl)oxy)phenyl-)pyrimidin-2-yl)phenyl) propanoyl)azetidine-3-carboxylate

o o
Nog ol e

7 g

[00755] Prepared using General Procedure 12: To a stirred solution of INT-48
(300 mg, 0.479 mmol) in DMF (5 mL) was added Cs,CO3 (197 mg, 0.58 mmol) and 1-
bromo-4-methylpentane (158 mg, 0.96 mmol). The reaction mixture was stirred for 18
h at 65°C then diluted with aq. NaHCOj3 (100 ml, saturated) and extracted with EA (2 X
100 mL). The combined organic layers were dried (Na,SO4), concentrated, and
purified by column chromatography (EA/ hexane)to afford 188 mg (54%) of tert-butyl
(8)-1-(2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-((4-
methylpentyl)oxy)phenyl)pyrimidin-2-yl)phenyl)propanoyl)azetidine-3-

carboxylate. LCMS-ESI (m/z) calculated for C4;Hs;N4OsS: 724.96; found 725.3 [M+H]
¥, tg = 12.71 min (Method 16). '"H NMR (400 MHz, CDCl3) § 8.97 (d, J = 7.5 Hz, 2H),
8.45 (d, J = 5.5 Hz, 2H), 7.55 (s, 2H), 7.49 — 7.31 (m, 3H), 7.05 (d, J = 6.6 Hz, 2H),
6.82 (s, 1H), 6.68 (d, J = 28.8 Hz, 1H), 4.82 (s, 1H), 4.30 (s, 0.5H), 4.07 (m, 5.5H), 3.56
(s, 0.5H), 3.31 — 3.09 (m, 2H), 2.91 (s, 0.5H), 1.83 (s, 2H), 1.60 (d, J = 25.3 Hz, 1H),
1.40 (s, 16H), 1.29 (s, 4H), 0.95 (s, 6H).
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(S)-1-(2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-((4-
methylpentyl)oxy)phenyl)-pyrimidin-2-yl)phenyl) propanoyl)azetidine-3-carboxylic acid

(798)
>(O O HO.__O
K K
(@]

0
N HN O N\ HN (0]
® - |
2N g =N

[00756] Prepared using General Procedure 8: To a stirred solution of tert-butyl
(8)-1-(2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-((4-
methylpentyl)oxy)phenyl)pyrimidin-2-yl)phenyl)propanoyl)azetidine-3-
carboxylate(188 mg, 0.26 mmol), in DCM (2 mL) was added TFA (2 mL). The
mixture was stirred for 4 h then concentrated. The resulting solid was dissolved in
DCM (10 mL) and concentrated (5X) to remove excess TFA, affording169 mg (98%)
of 1-(2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-((4-
methylpentyl)oxy)phenyl)pyrimidin-2-yl)phenyl)propanoyl)azetidine-3-carboxylic acid
798 as a yellow solid. LCMS-ESI (m/z) calculated for CisH44N4OsS: 668.85; found
669.3 [M+H] "tz = 9.121 min (Method 16)."H NMR (400 MHz, CDClz) § 9.17 (s, 2H),
8.12 (d, J = 7.8 Hz, 2H), 7.58 (m,3H), 7.45 (m, 1H), 7.42 (m, 2H), 7.06 (m, 2H), 6.84
(m, 1H), 4.71 (d, J = 7.7 Hz, 1H), 4.33 — 4.14 (m, 2H), 4.08 (dd, J = 19.8, 9.1 Hz, 2H),
4.03 (t, J = 6.6 Hz, 2H), 3.30 (dd, J = 12.5, 4.2 Hz, 1H), 3.06 (t, J = 11.9 Hz, 1H), 2.91
(s, 1H), 1.91 - 1.76 (m, 2H), 1.64 (dt, J = 13.0, 6.6 Hz, 1H), 1.43 — 1.33 (m, 11H), 0.95
(d, J=6.6 Hz, 6H).

[00757] Compound 801 was prepared from Compound 2 wusing General

Procedures 7 then 8.

[00758] Compound 802 was prepared from Compound 83 using General

Procedures 7 then 8.
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[00759] Compound 804 was prepared from Compound 267 using General

Procedures 7 and 8.

[00760] Compounds 806 and 807 were prepared from compound 671 using

General Procedures 7 thenS.

[00761] Compound 808 was prepared from compound 672 using General
Procedures 7then 8.

[00762] Compound 809and 810 were prepared from 673 using General Procedures
7 then8.

[00763] Compound 811 was  prepared  from  (S)-tert-butyl = 2-
(((benzyloxy)carbonyl)amino)-3-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl)propanoate INT-6 and 5-bromo-2-iodopyridine using General Procedures
10, 10, 8, 7, 18, 7 and 8 sequentially.

[00764] Compound 812 was prepared from 2-bromo-5-iodo-3-methylpyridine and
(S)-tert-butyl 2-(((benzyloxy)carbonyl)amino)-3-(4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl)propanoate INT-6 using General Procedures 10, 10, 8, 7, 18,
7 and 8 sequentially.

[00765] Compounds 813 — 830 and 832 - 843 were prepared from INT-24 using

General Procedures 7 then §.

[00766] Compounds 844 853 and 855 — 868 were prepared from INT-39 using

General Procedures 7 then §.

[00767] Compounds 869 and 870 were prepared from Compound 90 using General

Procedures 7 then §.
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[00768] Compounds 871 — 879 were prepared from Compound 192 using General

Procedures 7 then §.

[00769] Compounds 880 — 882 and 888 were prepared from Compound 192 using

General Procedures 7 then 4.

[00770] Compound 883 was prepared from Compound 192 and methyl (28, 35)-2-
amino-3-((tert-butoxycarbonyl)amino)-3-phenylpropanoate using General Procedures

7, 4 then 8.

[00771] Compounds 884, 885 and 887 were prepared from Compound 349 using

General Procedure 7.

[00772] Compound 886 was prepared from Compound 192 using General

Procedure 7.

[00773] Compound 889 was prepared from Compound 192 using General

Procedures 7 then 8.

Methyl 2-amino-3-methoxy-3-phenylpropanoate

OH

O HoN
o)

BocHN

[00774] To a stirring solution of threo-methyl 2-((fert-butoxycarbonyl)amino)-3-
hydroxy-3-phenylpropanoate (148 mg, 0.5 mmol) in DCM (5 mL) was added proton
sponge (430 uL, 2.0 mmol), 4A molecular sieves (520 mg) and trimethyloxonium
tetrafluoroborate (260 mg). The reaction mixture was stirred vigorously at room

temperature for 24 hours and the solids were removed by filtration. The filtrate was
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washed with 10% aqueous copper sulfate (10 mL), saturated aqueous ammonium
chloride (10 mL), saturated aqueous sodium bicarbonate (10 mL), and brine (10 mL).
The organic layer was dried over magnesium sulfate and concentrated. The crude
compound was purified by column chromatography (0-100% EA in hexanes) to afford
86 mg of methyl 2-((fert-butoxycarbonyl)amino)-3-methoxy-3-phenylpropanoate which
was dissolved in DCM (1 mL) and treated with TFA (425 uL). After 1 hour, all solvent
was removed to give 96 mg (59%) of methyl 2-amino-3-methoxy-3-phenylpropanoate.
LCMS-ESI (m/z) calculated for C;;H;5sNO;5: 209.1; found 210.1 [M+H]+, tr = 1.46 min
(Method 16).

[00775] Compound 890 was prepared from methyl 2-amino-3-methoxy-3-

phenylpropanoate and Compound 192 using General Procedures 7 then 4.

[00776] Compound 891 was prepared from 1-tert-butyl 3-methyl piperazine-1,3-

dicarboxylate and Compound 192 using General Procedures 7, 4 then §.

[00777] Compound 892 was prepared from 1,3-pyrrolidinedicarboxylic acid, 5-
methyl-, 1-(1,1-dimethylethyl) ester using General Procedures 22 then 8, and

Compound 192 using General Procedures 7 then 4.

[00778] Compound 893 was prepared from Compound 85 and 1,3-
pyrrolidinedicarboxylic acid, 5-methyl-, 1-(1,1-dimethylethyl) ester using General
Procedures 22, 8, 7 then 4.

[00779] Compound 894 was prepared from 3-(aminomethyl)-1-methylpyrrolidin-3-

ol and Compound 192 using General Procedure 7.

[00780] Compound 895 was prepared from Compound 192 and (2R,3R)-methyl 2-
amino-3-hydroxybutanoate hydrochloride using General Procedures 7, 28 and 29

sequentially.
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[00781] Compounds 896 — 899 were prepared from 2-amino-3-phenylbutanoic acid
using General Procedure 22, and INT-22 using General Procedures 7, 18, 7 and 4

sequentially.

[00782] Compounds 900 — 908 and 911 — 918 were prepared from a suitable
aminoalcohol, prepared using General Procedure 30, and Compound 192 using

General Procedures 7 and 8 sequentially.

[00783] Compound 909  was  prepared from (28, 38)-2-((tert-
butoxycarbonyl)amino)-3-phenylbutanoic acid using General Procedure 22, and

Compound 192 using General Procedures 7 and 4 sequentially.

[00784] Compound 910  was  prepared from (2R,  3R)-2-((tert-
butoxycarbonyl)amino)-3-phenylbutanoic acid using General Procedure 22, and

Compound 192 using General Procedures 7 and 4 sequentially.

[00785] Compounds 919 — 922, 944 and 945 were prepared from INT-48 using

General Procedures 12 then 8.

Tert-butyl 2-((S)-3-(4-(5-bromopyrimidin-2-yl)phenyl)-2-(5-(tert-butyl)thiophene-2-
carboxamido)propanamido)-3-(tert-butoxy)-3-phenylpropanoate

o
0 HN T<
ol
o
N HN._ O N HN

£ L O
Br AN 7 Br AN 7 S
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[00786] Prepared using General Procedure 7. To a stirring solution of tert-butyl 2-
amino-3-(tert-butoxy)-3-phenylpropanoate (198 mg, 0.7 mmol) in DMF (5 mL) were
added DIEA (267 pL, 1.54 mmol), and INT-17 (300 mg, 0.6 mmol). The solution was
cooled to 0 °C at ice bath and then HATU (245 mg, 0.6 mmol) was added. The reaction
was stirred for 1 hour at 0 °C and then warmed to RT with stirring for 2 hours. The
reaction solution was diluted with aqueous NaHCO; (50 mL) and extracted with EA (3
x 50 mL). The combined organics were dried over Na,SO4 and purified by
chromatography (EA/ Hexanes) to afford 308 mg (67%) of tert-butyl 2-((S)-3-(4-(5-
bromopyrimidin-2-yl)phenyl)-2-(5-(tert-butyl)thiophene-2-carboxamido)propanamido)-
3-(tert-butoxy)-3-phenylpropanoate. LCMS-ESI (m/z) calculated for C3;oH47BrN4OsS:
763.79; found 764.2 [M+H]+, tr = 4.64 min. (Method 15).

[00787] Compounds 925 — 934 and 943 were prepared from fert-butyl 2-((S)-3-(4-
(5-bromopyrimidin-2-yl)phenyl)-2-(5-(tert-butyl)thiophene-2-
carboxamido)propanamido)-3-(zert-butoxy)-3-phenylpropanoate using General

Procedure 10 then §.

Tert-butyl 3-(tert-butoxy)-2-((S)-2-(5-(tert-butyl)thiophene-2-carboxamido)-3-(4-(5-(4-
hydroxyphenyl)pyrimidin-2-yl)phenyl)propanamido)-3-phenylpropanoate (INT-51)

[00788] To a 100 ml flask were added (4-hydroxyphenyl)boronic acid (63 mg, 0.5
mmol), sodium carbonate decahydrate (217 mg, 0.8 mmol), tert-butyl 2-((S)-3-(4-(5-
bromopyrimidin-2-yl)phenyl)-2-(5-(tert-butyl)thiophene-2-carboxamido)propanamido)-
3-(tert-butoxy)-3-phenylpropanoate (290 mg, 0.4 mmol), Pd(dppf)Cl, (28 mg, 0.04

mmol), dioxane (10.0 mL), and water (2.0 mL). The reaction mixture was heated to 80
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°C overnight. The reaction mixture was dried under reduced pressure to remove the
solvent and diluted in DCM (20 mL). The mixture was washed with aqueous NaHCO;
(3 x 10 mL). The combined organics were dried over Na,SO4 and evaporated to afford
309 mg (106%) of crude tert-butyl 3-(tert-butoxy)-2-((S)-2-(5-(tert-butyl)thiophene-2-
carboxamido)-3-(4-(5-(4-hydroxyphenyl)pyrimidin-2-yl)phenyl)propanamido)-3-
phenylpropanoate INT-51 which was used without further purification. LCMS-ESI
(m/z) calculated for C4sHs:N4OsS: 776.9; found 721 [M-BuO]+, tg = 11.03 min.
(Method 14).

[00789] Compounds 923, 924 and 935 — 942 were prepared from INT-51 using

General Procedure 12 followed by General Procedure 8.

[00790] Compound 946 was prepared from 2-bromo-5-iodo-3-methylpyridine and
4-(heptyloxy)phenyl boronic acid using General Procedure 10, and then with INT-6
using General Procedures 10, 18, 7 and 8 sequentially.

[00791] Compounds 947 — 960 were prepared from INT-49 using General

Procedures 7 then 4.

[00792] Compounds 961 — 978 were prepared from Compound 192 using General

Procedure 7.

[00793] Compounds 984 — 989, 991 and 1047 were prepared from Compound 192

using General Procedures 7 then 8.

[00794] Compounds 979 — 983 and 990 were prepared from Compound 24 using

General Procedures 7 then §.
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((S)-3-(4-(5-bromopyrimidin-2-yl)phenyl)-2-(5-(tert-butyl)thiophene-2-

carboxamido)propanoyl)-D-alaninate using General Procedures 10 then 8.

[00796]

General Procedures 7 then §.

[00797]

Table 1, where the LCMS data was collected using the method indicated.

Compounds 992 — 1046 and 1050 — 1055 were prepared from fert-butyl

Compounds 1048 and 1049 were prepared from Compound 192 using

Selected compounds and their corresponding analytical data are shown in

Table 1
LCMS
COMPOUND PURITY
STRUCTURE NUMBER RETENTIQN METHOD
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OH H
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© 1 12.42 2
o) N
/\/\/\/ \©\<\N’O
OH
(6]
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25 10.50 2
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Biological Assays

Assay Procedures
GLP-1 PAM shift cAMP assay: dose response of peptide ligand in presence of fixed

concentration of compound.

[00798] A GLP-1R expressing CRB-bla CHO-K1 cell line was purchased from
Invitrogen.  Cells were seeded into 384-well white flat bottom plates at 5000
cells/well/20uL. growth media (DMEM-High glucose, 10% dialyzed FBS, 0.1 mM
NEAA, 25 mM Hepes, 100U/mL penicillin/100pug/mL streptomycin, 5 pg/mL
Blasticidin, 600 pg/mL Hygromycin) and incubated for 18 h at 37°C in 5% CO,.
Growth medium was replaced with 12 uL assay buffer (Hanks Balanced Salt solution,
10 mM Hepes, 0.1% BSA, pH 7.4). A 5x peptide dose response curve (12-point) was
generated in assay buffer containingl.5 mM IBMX, 12.5% DMSO, and 50 uM
compound. Peptide ligand was GLP-1(9-36). The 5x peptide dose response plus
compound mix was added (3 uL) and cells were incubated for 30 min at 37°C. Direct
detection of cAMP was carried out using DiscoveRx HitHunter cAMP kit according to
manufacturer’s instructions and luminescence was read using a SpectraMax M5 plate
reader. Luminescence was analyzed by non-linear regression to determine the ECsy and

Emax. A GLP-1(7-36) dose response was included to determine maximum efficacy.

ECy) GLP-1(9-36) PAM cAMP assay: dose response of compound in the presence of
fixed concentration of GLP-1 (9-36).

[00799] GLP-1R CRE-bla CHO-K1 cells cultured in growth medium (DMEM-
High glucose, 10% dialyzed FBS, 0.1 mM NEAA, 25 mM Hepes, 100U/mL
penicillin/100pug/mL streptomycin, 5 pg/mL Blasticidin, 600 pug/mL Hygromycin) were
trypsinized and plated in suspension into 384 well white flat bottom plates at 5000
cells/well in 12 pL assay buffer (Hanks Balanced Salt solution, 10 mM hepes, 0.1%
BSA, pH 7.4). A 5x compound dose response curve (12-point) was generated in assay
buffer containing 1.5 mM IBMX, 4% DMSO. GLP-1(9-36) was diluted to 4.2 uM in
assay buffer containing 1.5 mM IMBX and 4% DMSO. The 5x compound dose
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response was added (3 uL), followed by 0.5 puL of GLP-1(9-36) and cells were
incubated for 30 min at 37°C. Direct detection of cAMP was carried out using
DiscoveRx HitHunter cAMP kit according to manufacturer’s instructions and
luminescence was read using a SpectraMax MS5 plate reader. Luminescence was
converted to total cCAMP using a cAMP standard curve and data was analyzed by non-

linear regression to determine the ECsy and Emax.

Peptide sequences

[00800]  GLP-1(7-36): HAEGTFTSDVSSYLEGQAAKEFIAWLVKGR-NH,,
GLP-1(9-36): EGTFTSDVSSYLEGQAAKEFIAWLVKGR-NH, GLP-1(7-36) was
purchased from GenScript. GLP-1(9-36) was purchased from Biopeptide Co., Inc.

Reported GLP-1 Activity

[00801] Activity data for selected GLP-1modulators are displayed in 7able 2. The
ECyGLP-1(9-36) PAM Activity range is denoted as follows: + denotes activity < 0.8
UM, ++ denotes activity between 0.8 and 2.5 UM, +++ denotes activity between 2.5 and

5 UM, and ++++ denotes activity 5 to 10 uM.

Table 2
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COMPOUND | EC;; GLP-1(9-36)
NUMBER PAM ECs
1 ++
2 +++
3 -+
4 ++++
5 +++
6 -+
7 -+
8 ++
9 -+
10 +++
11 ++
13 ++
14 +++
15 +++
16 -+
17 +++
18 ++
19 ++
20 ++
21 +++
22 +++
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COMPOUND | EC,; GLP-1(9-36)
NUMBER PAM ECs
23 +++
24 ++
25 ++
26 +++
27 ++
28 +++
29 ++
30 ++
31 ++
32 ++++
33 +++
34 +++
35 +++
36 +++
37 +++
38 ++
39 ++
40 +++
41 +++
42 +++
43 +++
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44 +++
45 ++
46 ++
47 +++
48 -+
49 -+
50 +++
51 +++
52 ++
53 +++
54 +++
55 +++
56 +++
57 +++
58 +++
59 +++
60 +++
61 +++
62 +++
63 ++
64 ++

533

PCT/US2014/041997

COMPOUND | EC,; GLP-1(9-36)
NUMBER PAM ECs
65 +++
66 +++
67 ++
68 +++
69 -+
70 -+
71 +++
72 ++++
73 ++
74 +++
75 +++
76 ++
77 ++
78 ++
79 ++
80 ++
81 ++++
82 ++
83 ++
84 ++
85 ++
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86 ++
87 ++
88 ++++
89 ++
90 +++
91 ++
92 ++
93 -+
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99 ++
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107 ++
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NUMBER PAM ECs
108 ++
109 ++
110 ++
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192 +
193 ++
194 ++
195 ++
196 +++
197 +++
198 -+
199 ++
200 +++
201 +++
202 -+
203 -+
204 +++
205 ++
206 +++
207 +++
208 +++
209 ++
210 +++
211 ++++
212 ++++




WO 2014/201172

COMPOUND | EC;; GLP-1(9-36)
NUMBER PAM ECs
213 +++
214 +++
215 +++
216 +++
217 ++++
218 -+
219 ++
220 -+
221 +++
222 ++
223 ++
224 ++
225 +
226 ++
227 +++
228 ++
229 ++
230 ++
231 ++++
232 ++
233 +++

537

PCT/US2014/041997

COMPOUND | EC,; GLP-1(9-36)
NUMBER PAM ECs
234 ++++
235 +++
236 -+
237 ++
238 ++
239 ++
240 -+
241 ++
242 ++
243 ++
244 +++
245 ++
246 ++
247 ++
248 -+
249 -+
250 ++
251 ++++
252 ++++
253 +++
254 ++
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COMPOUND | EC;; GLP-1(9-36)
NUMBER PAM ECs
255 ++++
256 -+
257 ++
258 -+
259 ++
260 +
261 +++
262 +++
263 ++
264 ++
265 -+
266 -+
267 ++
268 ++
269 ++
270 +++
271 ++
272 ++
273 ++
274 ++
275 ++
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COMPOUND | EC,; GLP-1(9-36)
NUMBER PAM ECs
276 ++
277 +
278 +++
279 -+
280 +++
281 +
282 ++
283 -+
284 ++
285 ++
286 +++
287 -+
288 +++
289 +++
291 ++
292 ++
293 +++
294 ++
295 ++
296 ++
297 +
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COMPOUND | EC,, GLP-1(9-36)
NUMBER PAM ECsg
298 +
299 +
300 +
301 ++
302 +++
303 ++
304 ++
305 ++
306 +
307 ++
308 ++
309 +
310 +
311 ++
312 ++
313 ++
314 ++
315 ++
316 +
317 +
318 +
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COMPOUND | EC,, GLP-1(9-36)
NUMBER PAM ECs
319 +
320 +
321 +
322 ++
323 +
324 ++
325 -+
326 +
327 +
328 +
329 ++
330 ++
331 ++
332 ++
333 +
334 ++
335 ++
336 +
337 ++
338 ++
339 ++
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COMPOUND | EC,, GLP-1(9-36)
NUMBER PAM ECsg
340 ++
341 +
342 ++
343 ++
344 +
345 +
346 ++
347 +
348 ++
349 +
350 +
351 +
352 +
353 ++
354 +
355 ++
356 ++
357 ++
358 ++
359 ++
360 ++
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COMPOUND | EC,, GLP-1(9-36)
NUMBER PAM ECs
361 ++
362 +++
363 ++
364 ++
365 +++
366 +++
367 ++
368 +
369 ++
370 ++
371 +
372 +
373 ++
374 ++
375 +
376 ++
377 +
378 +
379 +
380 ++
381 ++




WO 2014/201172

COMPOUND | EC,, GLP-1(9-36)
NUMBER PAM ECs
382 ++
383 +++
384 -+
385 -+
386 ++
387 -+
388 -+
389 ++
390 ++
391 +++
392 +++
393 ++
394 +++
395 ++
396 +
397 -+
398 +
399 +
400 +
401 +
402 +
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COMPOUND | EC,, GLP-1(9-36)
NUMBER PAM ECs
403 ++
404 +
405 +
406 ++
407 +
408 ++
409 ++
410 ++
411 ++
412 +
413 -+
414 +
415 +
416 +
417 +
418 +
419 +
420 +
421 ++
422 +
423 ++
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COMPOUND | EC,, GLP-1(9-36)
NUMBER PAM ECsg
424 +
425 +++
426 ++
427 ++
428 ++
429 +++
430 -+
431 +
432 +
433 +++
434 ++
435 ++
436 +
437 +
438 -+
439 +++
440 +
441 ++
442 ++
443 ++
444 +
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COMPOUND | EC,; GLP-1(9-36)
NUMBER PAM ECs
445 +
446 ++
447 ++
448 +
449 ++
450 +
451 +
452 +++
453 ++
454 ++
455 +
456 ++
457 -
458 ++
459 ++
460 -+
461 ++
462 ++++
463 -+
464 ++++
465 ++
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COMPOUND | EC;; GLP-1(9-36)
NUMBER PAM ECs
466 ++
467 +
468 +
469 ++
470 +
471 ++++
472 ++
473 -+
474 ++
475 ++
476 +++
477 +
478 +
479 +
480 ++
481 ++
482 +
483 ++
484 ++
485 -+
486 +
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COMPOUND | EC,, GLP-1(9-36)
NUMBER PAM ECs
487 +
488 ++
489 ++
490 ++
491 +
492 -+
493 +
494 +
495 +
496 +
497 +
498 ++
499 +
500 ++
501 +
502 +
503 ++
504 +++
505 ++
506 ++
507 ++




WO 2014/201172

COMPOUND | EC;; GLP-1(9-36)
NUMBER PAM ECso
508 +
509 ++
510 +++
511 ++
512 +
513 +
514 +
515 +
516 +
517 +
518 ++
519 ++
520 ++
521 +
522 ++
523 +
524 +
525 +
526 +
527 +
528 +
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COMPOUND | EC,, GLP-1(9-36)
NUMBER PAM ECs
529 +
530 +
531 ++
532 +
533 +
534 ++
535 -+
536 ++
537 -+
538 -+
539 -+
540 +
541 ++
542 +
543 +
544 +
545 +
546 ++
547 ++
548 +
549 +
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COMPOUND | EC,, GLP-1(9-36)
NUMBER PAM ECsg
550 ++
551 +
552 ++
553 ++
554 +
555 +++
556 +
557 +
558 +
559 -+
560 ++
561 +
562 +
563 +
564 ++
565 ++
566 +
567 +
568 +
569 +
570 +
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COMPOUND | EC,, GLP-1(9-36)
NUMBER PAM ECs
571 ++
572 ++
573 ++
574 ++
575 +++
576 ++
577 +++
578 +++
579 +
580 +
581 ++
582 ++
583 -+
584 ++
585 ++
586 +
587 +
588 ++
589 ++
590 +
591 +
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COMPOUND | EC,, GLP-1(9-36)
NUMBER PAM ECsg
592 ++
593 +
594 +
595 +
596 ++
597 +
598 +
599 +
600 +
601 ++
602 +
603 ++
604 ++
605 +
606 ++
607 ++
608 ++
609 +
610 +
611 +
612 +
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COMPOUND | EC,, GLP-1(9-36)
NUMBER PAM ECs
613 ++
614 ++
615 -+
616 ++
617 +
618 -+
619 ++
620 -+
621 +++
622 ++
623 ++
624 +
625 +
626 +
627 +
628 ++
629 ++
630 +
631 ++
632 ++
633 ++
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COMPOUND | EC,, GLP-1(9-36)
NUMBER PAM ECsg
634 +
635 +
636 +
637 ++
638 +++
639 +
640 +
641 +
642 +
644 +
645 +
646 +
647 +
648 ++
649 ++
650 +
651 +
652 +
653 +
654 +
655 ++
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COMPOUND | EC,, GLP-1(9-36)
NUMBER PAM ECs
656 ++
657 ++
658 +
659 +
660 ++
661 +
662 +
663 ++
664 +++
665 ++
666 ++
667 ++
668 ++
669 ++
670 +++
671 +++
672 +++
673 ++++
674 ++++
675 ++++
676 +++
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COMPOUND | EC,, GLP-1(9-36)
NUMBER PAM ECs
677 +++

678 ++

679 ++

680 -+
681 -+
682 +++
683 ++

684 ++++
685 +++
686 +++
687 +++
688 +++
689 +++
690 +++
691 +++
692 +4+++
693 -+
694 +++
695 +++
696 +++
697 +++
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COMPOUND | EC,; GLP-1(9-36)
NUMBER PAM ECs
698 +
699 -+
700 -+
701 +++
702 ++
703 +
704 ++
705 ++
706 ++
707 -+
708 ++
709 ++
710 -+
711 +++
712 ++
713 ++
714 +++
715 +++
716 ++
717 ++
718 +++
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COMPOUND | EC,, GLP-1(9-36)
NUMBER PAM ECsg
719 ++
720 +++
721 ++
722 ++
723 ++
724 ++
725 ++
726 ++
727 +++
728 ++
729 ++
730 +++
731 +++
732 ++
733 ++
734 ++
735 ++
736 +
737 +
738 +
739 +
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COMPOUND | EC,; GLP-1(9-36)
NUMBER PAM ECs
740 +++
741 +++
742 +++
743 -+
744 ++++
745 ++
746 -+
747 -+
748 -+
749 ++
750 -+
751 +++
752 ++++
753 -+
754 ++++
755 +++
756 -+
757 ++
758 +++
759 ++
760 ++




WO 2014/201172

COMPOUND | EC;; GLP-1(9-36)
NUMBER PAM ECs
761 +++
762 -+
763 ++
764 +
765 ++
766 -+
767 -+
768 ++
769 -+
770 +
771 ++
772 +
773 ++
774 ++
775 +
776 +
777 ++
778 +
779 ++
780 +++
781 +++
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COMPOUND | EC,, GLP-1(9-36)
NUMBER PAM ECs
782 ++
783 ++
784 -+
785 +++
786 ++
787 ++
788 -+
789 +++
790 ++
791 ++
792 ++
793 ++
794 ++
795 +
796 +
797 ++
798 ++
799 ++
800 -+
801 -+
802 +++
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COMPOUND | EC,, GLP-1(9-36)
NUMBER PAM ECs
803 ++
804 ++
806 ++
807 -+
808 +++
809 ++
810 -+
811 ++
812 ++
813 ++
814 ++
815 +
816 ++
817 ++
818 ++
819 -+
820 -+
821 ++
822 +++
823 ++
824 +
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COMPOUND | EC,, GLP-1(9-36)
NUMBER PAM ECs
825 +
826 +++
827 ++
828 +
829 ++++
830 -+
832 +++
833 -+
834 ++
835 +++
836 +++
837 +
838 ++
839 ++
840 ++
841 ++
842 ++
843 ++
844 ++
845 +++
846 +++
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COMPOUND | EC,, GLP-1(9-36)
NUMBER PAM ECs
847 +++
848 +++
849 +++
850 +++
851 +++
852 +++
853 ++
855 ++
856 ++
857 -+
858 ++
859 -+
860 ++
861 +++
862 ++
863 ++
864 ++
865 ++
866 +++
867 ++
868 ++
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COMPOUND | EC,, GLP-1(9-36)
NUMBER PAM ECs
869 +++

870 ++
871 +++
872 ++
873 +
874 ++
875 ++
876 ++
877 ++
878 +
879 +++
880 +
881 ++
882 ++
883 -+
884 ++
885 -+
886 ++
887 +
888 ++
889 ++
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COMPOUND | EC,, GLP-1(9-36)
NUMBER PAM ECsg
890 ++
891 ++
892 +
893 +++
894 -+
895 +
896 -+
897 -+
898 +++
899 +++
900 ++
901 ++
902 +++
903 -+
904 +++
905 -+
906 +++
907 ++
908 ++
909 +++
910 ++
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COMPOUND | EC,, GLP-1(9-36)
NUMBER PAM ECs
911 ++
912 +
913 +
914 +++
915 ++
916 ++
917 ++
918 -+
919 -+
920 ++
921 -+
922 -+
923 ++
924 +++
925 +++
926 ++
927 +++
928 +++
929 -+
930 -+
931 +++




WO 2014/201172

COMPOUND | EC,, GLP-1(9-36)
NUMBER PAM ECs
932 +++
933 -+
934 -+
935 +++
936 ++
937 ++
938 -+
939 -+
940 ++
941 +++
942 +++
943 ++
944 +
945 +
946 +++
947 ++
948 -+
949 ++
950 ++
951 ++
952 +++
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COMPOUND | EC,, GLP-1(9-36)
NUMBER PAM ECs
953 ++
954 ++
955 ++++
956 +++
957 ++
958 ++
959 ++
960 ++
961 +++
962 ++
963 -+
964 +++
965 -+
966 -+
967 +++
968 -+
969 +++
970 +++
971 +++
972 ++++
973 ++++
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COMPOUND | EC,, GLP-1(9-36)
NUMBER PAM ECs
974 +++
975 -+
976 +++
977 -+
978 ++
979 -+
980 ++
981 +++
982 ++++
983 -+
984 +++
985 -+
986 ++
987 -+
988 -+
989 ++
990 -+
991 ++
992 +++
993 +++
994 ++
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COMPOUND | EC,, GLP-1(9-36)
NUMBER PAM ECs
995 ++++
996 ++
997 ++++
998 +++
999 +++
1000 -+
1001 -+

1002 ++
1003 -+
1004 ++
1005 ++
1006 ++
1007 ++
1008 -+
1009 -+
1010 +++
1011 -+
1012 +++
1013 ++++
1014 ++++
1015 ++
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COMPOUND | EC,, GLP-1(9-36)
NUMBER PAM ECsg
1016 -+
1017 +++
1018 -+
1019 +++
1020 -+
1021 -
1022 -
1023 +++
1024 ++
1025 ++
1026 +++
1027 -+
1028 +++
1029 +++
1030 -+
1031 +++
1032 ++
1033 -+
1034 +++
1035 ++
1036 +++
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COMPOUND | EC,, GLP-1(9-36)
NUMBER PAM ECs

1037 ++

1038 +++
1039 ++

1040 -+
1041 ++

1042 ++++
1043 +++
1044 +++
1045 +++
1046 ++

1047 +++
1048 -+
1049 ++

1050 ++

1051 -+
1052 +++
1053 -+
1054 +++
1055 +++
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In Vivo Assays

In Vivo Procedures

The oral glucose tolerance test in C57Bl/6 mice.

[00802] Fasted C57BL/6 female mice were 8-10 weeks of age.  Sitagliptin,
compound, or vehicle was dosed at least 1 hr prior to the oGTT. Mice receive a bolus
of glucose (3 g/kg) by oral gavage (time 0). Blood samples are collected at frequent
time intervals from the tail tip for glucose measurement (BD glucometer; Becton-

Dickinson, Lincoln Park, NJ).

The oral glucose tolerance test in ob/ob mice

[00803] Fasted ob/ob female mice were 7-10 weeks of age. Sitagliptin, compound,
or vehicle was dosed at least 1 hr prior to the oGTT. Mice receive a bolus of glucose
(0.2 g/kg) by oral gavage (time 0). Blood samples are collected at frequent time
intervals from the tail tip for glucose measurement (BD glucometer; Becton-Dickinson,

Lincoln Park, NJ).

The oral glucose tolerance test in fa/fa rats.

[00804] The use of these compounds to lower glucose can be evaluated in rats
using the protocol described by Pederson er. al. (Diabetes, Vol. 47, August 1998, 1253-
1258). After an overnight fast, lean or obese animals are administered oral glucose by
syringe and feeding tube (1 g/kg) as a 40% solution (wt/vol). Compound is dissolved
and administered along with the glucose. In control experiments, vehicle is
administered along with oral glucose. Blood samples are collected from the tail veins of
conscious unrestrained rats into heparinized capillary tubes at 0 and 5, 10, 20, 30, and
60 min after glucose administration. Blood samples are centrifuged at 4°C, and plasma

is stored at -20°C until analysis for glucose and insulin measurement. Glucose levels
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arc measured using the glucose oxidase procedure (Beckman glucose analyzer;

Fullerton, CA).

[00805] The various embodiments described above can be combined to provide
further embodiments. All of the U.S. patents, U.S. patent application publications, U.S.
patent applications, foreign patents, foreign patent applications and non-patent
publications referred to in this specification and/or listed in the Application Data Sheet,
are incorporated herein by reference, in their entirety. Aspects of the embodiments can
be modified, if necessary to employ concepts of the various patents, applications and
publications to provide yet further embodiments. These and other changes can be made
to the embodiments in light of the above-detailed description. In general, in the
following claims, the terms used should not be construed to limit the claims to the
specific embodiments disclosed in the specification and the claims, but should be
construed to include all possible embodiments along with the full scope of equivalents
to which such claims are entitled. Accordingly, the claims are not limited by the

disclosure.
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CLAIMS

We claim:

1. A compound having the structure of Formula I-R or I-S or a pharmaceutically

acceptable isomer, enantiomer, racemate, salt, ester, prodrug, hydrate or solvate

thereof:
(RS)q
(R3)p
Wi
I-R
Ro
R, O
(RS)q >n
YQ_A/Y1 0 (S) N/Z (R3)p
R/
Wi
I-S
wherein

A is a 5-, 6- or 7-membered heterocyclyl having one, two or three
heteroatoms where each such heteroatom is independently selected from O, N,
and S, and where any ring atom of such heterocyclyl may be optionally
substituted with one or more of Ry;

B is aryl, aralkyl, heterocyclyl, or heterocyclylalkyl;
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C is aryl, aralkyl, heterocyclyl or heterocyclylalkyl, and when C is aryl
A and C may be taken together to form a fused bicyclic ring system between the
5-, 6- or 7-membered heterocyclyl of A and the aryl of C;

Y. and Y, are both null, or one of Y; or Y, is -NH- or —O- and the other
YiorY;isnull

Z is —C(O)- or —-S(0),-;

each R; is independently H or C,_4 alkyl;

R, is “OH, -O-Rg, -N(R;)-SO,-R7, -NR41R42, —N(R)-(CRRp)-COORg,
-N(R1)-(CRaRp)m-CO-N(R)(R40), -N(R;1)-(CR4Rp)m-N(R1)C(O)O(Rs), -N(R;)-
(CRaRp)m-N(R1)(R4g), -N(R;)-(CRaRp)m-CO-N(R;)-heterocyclyl, or -N(Rj)-
(CR4Rp)m-heterocyclyl, which heterocyclyl may be optionally (singly or
multiply) substituted with R+;

cach R3 and Ry is independently H, halo, alkyl, alkyl substituted (singly
or multiply) with Rjjalkoxy, haloalkyl, perhaloalkyl, haloalkoxy,
perhaloalkoxy, aryl, heterocyclyl, -OH, -OR7, -CN, -NO;, -NR;R7, ,-C(O)R7, -
C(O)NR; R, -NR;C(O)R7, -SR5, -S(O)R7, -S(O),R, -OS(0),R7, -S(O),NR R, -
NR;S(O):R7, -(CR4Rp)mNR R,
-(CRaRp)mO(CR4Rp)mR7,-(CR4Rp)mNR 1(CRRp)mR7 or
-(CR4Rb)mNR 1 (CRRp)mCOORs; or any two Rs or R4 groups on the same carbon
atom taken together form oxo;

cach Rj; is independently H, halo, hydroxyl, -NR4;R4;, or alkoxy;

cach Ry 1s independently H, R, alkyl which may be optionally (singly
or multiply) substituted with R7, or R4 and R; taken together with the N atom to
which they are attached form a 3- to 7-membered heterocyclyl which may be
optionally (singly or multiply) substituted with R5;

each R4; and Ry; s independently Rag, (CHR40)5-C(O)O-Rag, -(CHR40)s-
C(0)-R40, -(CH2)n-N(R)(R7), aryl or heteroaryl any of which aryl or heteroaryl
may be optionally (singly or multiply) substituted with Ry; or any two R4; and
R4, taken together with the N atom to which they are attached form a 3- to 7-
membered heterocyclyl which may be optionally (singly or multiply) substituted
with R~;

Wi is null or —L;-(CR,Rp)m-L1-Re;
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each L, is independently, from the proximal to distal end of the structure
of Formula I-R or I-S, null, -C(0)0O-, -S(O3)-, -S(O)-, -S-, -N(R)-C(O)-N(R)-
, -(R1)-C(0)-0-, -C(O)- or -S(0O2)-NR-;

cach R, and Ry is independently H, halo, alkyl, alkoxy, aryl, aralkyl,
heterocyclyl, heterocyclylalkyl (any of which alkyl, alkoxy, aryl, aralkyl,
heterocyclyl or heterocyclylalkyl may be optionally (singly or multiply)
substituted with R7), -(CHR40)mC(O)OR40, -(CHR40)mOR40, -(CHR40)mSR4o,
-(CHR40)mNR41R42,  -(CHR49)mC(O)NRy1R4;,  -(CHR40)mC(O)N(R)(CHR 40) -
NR41R42, -(CHR40)mC(O)-N(R1)(CHR40)mC(O)NR41R42, -(CHR40)mC(O)N(R1)-
(CHR40)mC(O)OR4g, or -(CHR40)m-S-S-R4; or any two R, and Ry, taken together
with the carbon atom(s) to which they are attached form a cycloalkyl or
heterocyclyl optionally substituted (singly or multiply) with R7; or R; and any
one of R, or Ry, taken together with the atom(s) to which they are attached form
heterocyclyl optionally substituted (singly or multiply) with R7;

Rs is R7, -(CRiRp)m-L2-(CR:Rp)m-R7, or —(-L3-(CRyRp)-)s-L3-R7,
wherein the carbon atoms of any two adjacent -(CR,Rp)m or —(CR,Ry), groups
may be taken together to form a double bond (-(C(R,)=(C(Ry)-) or triple bond (-
C=C-);

Rs is H, alkyl, aryl, heteroaryl, heterocyclyl, heterocycloalkyl, any of
which may be optionally substituted (singly or multiply) with R or -(CR4Rp)m-
L2-(CR4Rp)m-R7;

cach R; is independently R¢; a ring moiety selected from cycloalkyl,
aryl, aralkyl, heterocyclyl or heterocyclylalkyl, where such ring moiety is
optionally singly or multiply substituted with Rjo; or when a carbon atom bears
two Ry groups such two R7 groups are taken together to form oxo or thioxo, or
are taken together to form a ring moiety selected from cycloalkyl, aryl,
heterocyclyl or heterocyclyl, wherein such ring moiety is optionally singly or
multiply substituted with Rjo;

cach Ry is independently H, halo, alkyl, haloalkyl, perhaloalkyl,
-(CR.Rp)mOH,  -(CRRp)mORg, -(CRRp)mCN, -(CR,Rp)mNH(C=NH)NH,,
-(CR.Rp)mNRRg, ~(CR.Rb)mO(CRRp)mRs, ~(CR4Rp)mNR1(CRaRb)mRs,
-(CRRp)mC(O)Rs, -(CR4Rp)mC(O)ORs, -(CRaRp)mC(O)NRRs,

561



WO 2014/201172 PCT/US2014/041997

-(CRaRp)mNR 1 (CR4Rp)mC(O)ORs, -(CRaRp)mNR1C(O)Rs,
-(CRaRp)mC(O)NR;S(O)2Rs, -(CR4Rp)mSRs, -(CRaRp)mS(O)Rs,
-(CRaRp)mS(0)2Rs, -(CR4Rp)mS(0)2NR 1R or -(CRRp)mNR1S(O):Rs;

cach Ry is independently H, alkyl, aryl, -(CR,Rp)m-L2-(CR.Rp)m-R;0r
-(-L3-(CR4Rb)i-)s-Ls-Ry;

L, is independently, from the proximal to distal end of the structure of
Formula I-R or I-S, null, -O-, -OC(O)-, -NR;- , -C(O)NR;-, -N(R;)-C(O)-, -
$(02)-, -8(0)-, -S-, -C(0)- or -S(02)-N(R,)-;

each Ls is independently null, -O-, or -N(R)-

cach m is independently 0, 1, 2, 3, 4, 5 or 6;

cach n is independently 0 or 1 or 2;

pis 0, 1,2 or3;

qis0,1,2o0r3;

cach r is independently 2, 3, or 4; and

cach s is independently 1, 2, 3, or 4.

2. The compound of claim 1 having the following structure:

(RS)q CN Rz ®)
O
< > /> < >\ ;
\ N N (R3)p
-
I-R/S (64).

3. The compound of claim 1 having the following structure:

R, —N Ren o
Aralkyl{ p O
N N (R3)p
" (e
I-R/S (64-1).

562



WO 2014/201172 PCT/US2014/041997

4. The compound of claim 2 wherein B is phenyl and having the following

structure:

(R5)q CN Rz O
O
W @I
N N
H

(RS)p
I-R/S (65).
5. The compound of claim 3 wherein B is phenyl and having the following
structure:
(R5)q\ —N R O
Aralkyl—<\: / O
N
N R
H ( 3)p
I-R/S (65-1).
6. The compound of claim 2 wherein B is thiophenyl and having following
structure:
(R5)q —N R2 ®)
OO
N
N R
H | S ( 3)p
/

I-R/S
(66).
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7.

10.

11.

12.

13.

14.

15.

The compound of claim 3 wherein B is thiophenyl and having following

structure:
R
(R5)q\ =N 2 O
Aralky|—<\: p O
N N
"

(66-1).

S (R3)p
/

I-R/S
The compound of any one of claims 2-7 wherein p is 1 and R is alkyl.

The compound of any one of claims 2-7 wherein where p is 1 and Rj is tert-

butyl.

The compound of any one of claims 2-7 wherein q is 1 and Rs is alkoxy.

The compound of any one of claims 2-7 wherein q is 1 and Rs is Cy.g alkoxy.
The compound of any one of claims 2-7 wherein q is 1 and Rs is C; alkoxy.
The compound of any one of claims 2-7 wherein R, is -N(R;)(CR4Rb)mCOORs.

The compound of any one of claims 3, 5 or 7 wherein Aralkyl is benzyl,

phenylethyl or phenylethylene.

The compound of any one of claims 3, 5 or 7 wherein Aralkyl is phenylethylene.
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16.  The compound of claim 4 having the following structure:

O\rORS
(RaRbi)m

(R5)q R1 N

OGO

(RS)p

I-R/S (67).

17.  The compound of claim 5 having the following structure:

@)

ORg
(Ra szm/

(R5)q —

(RS)p

I-R/S (67-1).

18. The compound of claim 6 having the following structure:

(Ra RbC)m

RO %j

S (RS)p

I-R/S (68).
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19.  The compound of claim 7 having the following structure:

@)

ORg
(Ra szm/

(Rs) =

S (Rs)p
I-R/S (68-1).
20.  The compound of any one of claims 16-19 wherein R; is hydrogen.
21.  The compound of any one of claims 16-19 wherein Rs is hydrogen.
22.  The compound of any one of claims 16-19 wherein m is 2, R, is hydrogen, each

occurrence of R, and Ry, are hydrogen, and Rg is hydrogen.

23.  The compound of any one of claims 17 or 19 wherein Aralkyl is benzyl,

phenylethyl or phenylethylene.
24.  The compound of any one of claims 17 or 19 wherein Aralkyl is phenylethylene.

25.  The compound of claim 16 having the following structure:

HO O

(Rs)q CN HN
< f\ m
N N

H

(R3)p

I-R/S (69).
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26. The compound of claim 18 having the following structure:
HO O
HN
(R5)q; : —N ®)
N
N R
H | S ( 3)p
I-R/S (70).
27.  The compound of any one of claims 16-19 wherein m is 1 and R;, Ry, and Rg are
hydrogen.
28.  The compound of claim 16 having the following structure:
Ox—ORs
Ra
(Rs)q N HN 0
DW=
N
N R
H ( 3)p
I-R/S (71).
29.  The compound of claim 18 having the following structure:
OxoORg
Ra
HN
(R5)q; : —N O
N R
H | S ( 3)p
I-R/S (72).
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30.  The compound of any one of claims 16-19 wherein m is 2, a single R, is
hydrogen, each occurrence of Ry is hydrogen, and Ry is hydrogen and R;, Ry, and

Rs are hydrogen.

31. The compound of claim 30 having the following structure:

HO O

Ra

(Rs)q : N HN o
N N (
H

R3)p
I-R/S (73).
32. The compound of claim 30 having the following structure:
HO O
Ra
HN
(R5)q; : —N 9
N
N R
H | S ( 3)p
I-R/S (74).

33. The compound of any one of claims 27-32 wherein R, is alkyl optionally
substituted with R-.

34.  The compound of claim 33 wherein alkyl is a straight or branched alkyl selected
from methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl and tert-
butyl.

35.  The compound of claim 33 wherein alkyl is cycloalkyl selected from isopropyl,
cyclobutyl, cyclopentyl and cyclohexyl.
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36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

The compound any one of claims 27-32 wherein R, is heterocyclyl optionally

substituted with R; or heterocyclylalkyl optionally substituted with R5.

The compound any one of claims 27-32 wherein R, is aryl optionally substituted

with R or aralkyl optionally substituted with R5.

The compound of any one of claims 27-32 wherein R, is -(CHR40)mC(O)OR4.
The compound of any one of claims 27-32 wherein R, is -(CHR40)mOR4o.

The compound of any one of claims 27-32 wherein R, is -(CHR49)mSR40.

The compound of any one of claims 27-32 wherein R, is -(CHR40)mNR41R4;.

The compound of any one of claims 27-32 wherein R, 1is

-(CHR40)mC(O)NR41R 4.

The compound of any one of claims 27-32 wherein R, 1is

-(CHR40)mC(O)N(R )(CHR 46)y-NRy  Ry.

The compound of any one of claims 27-32 wherein R, 1is

~(CHR40)C(O)N(R)(CHR 40)-C(O)NR41 Rz,

The compound of any one of claims 27-32 wherein R, 1is

~(CHR40)mC(O)N(R1)(CHR4)m-C(O)OR4.
The compound of any one of claims 27-32 wherein R, is -(CHR40);-S-S-Ryq.

The compound of any one of claims 16-17 wherein m is 1, Ry is hydrogen and
R, and R, taken together with the atoms to which they are attached form a
heterocyclyl optionally substituted with R5.
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48.  The compound of claim 47 having the following structure:

O

OH

haN

R1\

RO M

(RS)p
I-R/S (75).
49.  The compound of claim 47 having the following structure:
O
R, R4 OH
R1\
RO Mf
S (RS)p
I-R/S (76).
50.  The compound of any one of claims 16-19 wherein m is 2, Ry, of the second

(CR4Ryp) group is hydrogen and R; and R, of the second (CR,Ry) group taken
together with the atoms to which they are attached form a heterocyclyl
optionally substituted with Rs.
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51. The compound of claim 50 having the following structure:

O
OH

haN

R1\

RO M

(RS)p

I-R/S (77).
52. The compound of claim 50 having the following structure:
O
R, R4 OH

R1\

O M

S (RS)p

I-R/S (78).

53.  The compound of claim 47 having the following structure:

O

R7 OH

\ W
N N
H

(R3)p

I-R/S (79).
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54.  The compound of claim 47 having the following structure:

O

Rz OH

(@)
CoN L
N N

T

s (Ra)p
I-R/S (80).
55.  The compound of claim 50 having the following structure:
OH
O
R7
(Rs)q N N o
MNW i
N (Ra)p
I-R/S (81).
56.  The compound of claim 50 having the following structure:
OH
O
Ry
(Rs)q —N N o
N | s (Rs)p
I-R/S (82).
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57.  The compound of claim 50 having the following structure:

OH
0

R7
(Rs)q CN N o
<O ¢
Ny N (Rs)
N p

I-R/S (83).

58.  The compound of claim 50 having the following structure:

OH
O

R7
(Re)y CN N o
0
OO L
N N
T

59.  The compound of claim 50 having the following structure:

S (RS)p

I-R/S (84).

O
OH

R7

@)
\ @I
N N
H

(RS)p

I-R/S (85).
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60.  The compound of claim 50 having the following structure:

O
OH

Rz

(@)
C
N N

"

s (Ra)p

I-R/S (86).

61.  The compound of any one of claims 2-7 wherein R, is -N(R;)-SO-Rs.

62.  The compound of claim 61 having the following structure:

Rs
/
0=S=0
\
(Rs)q N R4N o
L ¢

N R
H 3)p

I-R/S (87).

63.  The compound of claim 61 having the following structure:

OO0
\ P
N s (Ra)p

=

I-R/S (88).
574



WO 2014/201172 PCT/US2014/041997

64.

65.

66.

67.

68.

69.

70.

The compound of any one of claims 62-63 wherein R, is hydrogen.

The compound of any one of claims 62-63 wherein R; is hydrogen and Rg is

alkyl optionally substituted with R7.
The compound of any one of claims 2-7 wherein R, is -OH.

The compound of claim 66 having the following structure:
(R5)q C N HO ')
OO T
N N (Rs)p
H

I-R/S (89).

The compound of claim 66 having the following structure:
(R5)q CN HO 0O
)<L
N N
H

The compound of any one of claims 2-7 wherein R, is -N(R;)(Ra4z).

S (R3)p
/

I-R/S (90).

The compound of claim 69 having the following structure:

R
R
(Rs)q 4N

OGO

(R3)p

I-R/S (91).
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71.

72.

73.

74.

75.

76.

77.

78.

79.

The compound of claim 69 having the following structure:

R

R
(R5)q 41\N

@C@I

The compound of any one of claims 70-71 wherein R4y and Ry, are
independently Rao, -(CHR40)n-C(O)ORy4, -(CHR40)n-C(O)R 40,
-(CH2)uN(R1)(R7), aryl optionally substituted with Ry, or heteroaryl optionally

S (RS)p

I-R/S (92).

substituted with R.

The compound of any one of claims 70-71 wherein Ry4; is hydrogen and Ry, is

alkyl optionally substituted with R7.

The compound of any one of claims 70-71 wherein Ry; is hydrogen and Ry, is

_(CHR40),C(O)OR .

The compound of any one of claims 70-71 wherein Ry4; is hydrogen and Ry, is

-(CHR40)2C(O)R 4,

The compound of any one of claims 70-71 wherein Ry4; is hydrogen and Ry, is

-(CH)aN(R)(R7).

The compound of any one of claims 70-71 wherein Ry4; is hydrogen and Ry, is

aryl optionally substituted with R.

The compound of any one of claims 70-71 wherein Ry4; is hydrogen and Ry, is

heteroaryl optionally substituted with R;.

The compound of any one of claims 70-71 wherein R4; and Ry, taken together
with the N atom to which they are attached form a 3- to 7-membered

heterocyclyl optionally substituted with R5.
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80. The compound of any one of claims 2-7 wherein R, is

-N(R)(CR4Rp)mCON(R)(R40).
81.  The compound of claim 80 having the structure:
[(CRaRp)mCON(R1)(Ra0)

(R5)q CN RiN O
O
O T
N N
H

(R3)p

I-R/S (93).

82.  The compound of claim 80 having the structure:

(CRaRp)mCON(R1)(Rao)

(Rs)q N RIN
L p

)=,
"

s (Rs)p
/
I-R/S (94).
83.  The compound of any one of claims 81-82 wherein m is 1, Ry is hydrogen and

R, and R, taken together with the atoms to which they are attached form a
heterocyclyl optionally substituted with R;.

84.  The compound of claim 83 having the following structure:

O

R, Rg N

R~

z >7<:N T
N
\ N N
H

(Rs)q
(Ra)p

I-R/S (95).
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85.  The compound of claim 83 having the following structure:
O
Rao
v
R, Ra N
R1
R1\N
(Rs), N N
Da e,
N
N R
H | S ( 3)p
I-R/S (96).
86.  The compound of any one of claims 81-82 wherein m is 2, Ry, of the second

(CR4Ryp) group is hydrogen and R; and R, of the second (CR,Ry) group taken
together with the atoms to which they are attached form a heterocyclyl
optionally substituted with Rs.

87.  The compound of claim 86 having the following structure:

R N Rao

R7\€ RaKK ©

CR;R
R1\N/ alb

CN =0
O
< > \ N/> < >\/4:N
H

(Rs)q
(RS)p

I-R/S (97).
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88.  The compound of claim 86 having the following structure:

R N Rao

R7\€ RaKK ©

CR;R
R1\N/ alnb

O-Cr-O
(@)
\ N/ N
S

(R5)q

S (RS)p

I-R/S (98).

89.  The compound of claim 87 having the following structure:

o) "Ry
R7
(R5)q CN N O
O
oL
N N
H

(RS)p

I-R/S (99).

90.  The compound of claim 87 having the following structure:

o) "Ry
R7
o)
CoS L
N N
"

s ,(Ra)p

I-R/S (100).
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91. The compound of claim 87 having the following structure:
||?4o
N
o— R
Ry

(R5)q CN N O
@)
) W
N N
H

(R3)p
I-R/S (101).
92. The compound of claim 99 having the following structure:
||?4o
o) N\R1
R7
(Rs)q N N o
DGO,
N | s (Ra)p
I-R/S (102).
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93.  The compound of claim 87 having the following structure:
o ||?4o
N
~ R
Ry

(R5)q CN N O
@)
OO
N N
H

(RS)p

I-R/S (103).

94.  The compound of claim 88 having the following structure:

S (RS)p

(Rs)q CN N o
O

oL
N N
T

95. The compound of any one of claims 2-7 wherein R, is

N(R1)(CRR):N(R1)C(O)ORs.

I-R/S (104).

96.  The compound of claim 95 having the structure:

{(CRaRo)mN(R1)C(O)ORs

(R5)q CN RiN O
O
OO
N N
H

(RS)p

I-R/S (105).
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97.  The compound of claim 95 having the structure:

{(CRaRp)mN(R1)C(O)ORg

(R5)q CN R4N ®)
O
AL
N N
"

98. The compound of any one of claims 2-7 wherein R, is

-N(R)(CRRp)mN(R)(R7).

S (RS)p
/

I-R/S (106).

99.  The compound of claim 98 having the structure:

/(CRaRb)mN(R1)(R7)

o CN r
@)
< %\ H?Qi
N N
H

(RS)p
I-R/S (107).
100. The compound of claim 98 having the structure:
(CRaRp)mN(R1)(R7)
(R5)q —N R1N 0
D °
N
N R
H | S ( 3)p
I-R/S (108).

101.  The compound of any one of claims 2-7 wherein R, is

-N(R)(CR,R,)mCON(R)heterocyclyl.
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102.  The compound of claim 101 having the structure:

/(CRaRb)mC(O)N(R1 )-heterocyclyl
(RS)q —N RaN ®)
N
e

I-R/S (109).

103.  The compound of claim 101 having the structure:

/(CRaRb)mC(O)N(R1 )-heterocyclyl

- CN r
< %\ @Jf
N N

H

s (Rs)p

/ I-R/S (110).

104. The compound of any one of claims 2-7 wherein R, is

-(CR4Rp)mN(R)heterocyclyl.
105.  The compound of claim 104 having the structure:

CRaRb N(R1)-heterocyclyl

@C@I

(111).

Ra)p

I-R/S
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106.

(Rs)q

107.

108.

109.

110.

I11.

112.

113.

—N RN o)
OGO ¢

The compound of claim 104 having the structure:

(CRaRp)mN(R1)-heterocyclyl
/

I-R/S
(112).

The compound of claim 1, wherein the compound has the structure of any one
of the compounds of Table 1 or a pharmaceutically acceptable isomer,

enantiomer, racemate, salt, ester, prodrug, hydrate or solvate thereof.

A pharmaceutical composition comprising a compound of any one of claims 1-
107 together with at least one pharmaceutically acceptable carrier, diluent or

excipient.

A pharmaceutical combination comprising the compound of any one of claims

1-107 and a second medicament.

The pharmaceutical combination of claim 109 wherein the second medicament
is an agonist or modulator for glucagon receptor, GIP receptor, GLP-2 receptor,

or PTH receptor, or glucagon-like peptide 1 (GLP-1) receptor.

The pharmaceutical combination of claim 109 wherein the second medicament

is exenatide, liraglutide, taspoglutide, albiglutide, or lixisenatide.

The pharmaceutical combination of claim 109 wherein the second medicament

is a DPPIV inhibitor.

The pharmaceutical combination of claim 109 wherein the second medicament

is sitagliptin.

584



WO 2014/201172 PCT/US2014/041997

114.

115.

116.

117.

118.

119.

The pharmaceutical combination of claim 109 wherein the second medicament
is a biguanide, a sulfonylurea, a meglitinide, a thiazolidinedione, an o-

glucosidase inhibitor, a bile acid sequestrant, and/or a dopamine-2 agonist.

The pharmaceutical combination of claim 109 wherein the second medicament

is metformin.

A method of activation, potentiation, modulation or agonism of a glucagon-like
peptide 1 receptor comprising contacting the receptor with an effective amount
of a compound of any one of claims 1-107 or a pharmaceutical composition of

claim 108 or a pharmaceutical combination of claim 109.

A method of treatment of a malcondition in a patient for which activation,
potentiation, modulation or agonism of a glucagon-like peptide 1 receptor is
medically indicated, comprising administering an effective amount of the
compound of any one of claims 1-107 to the patient at a frequency and for a

duration of time sufficient to provide a beneficial effect to the patient.

The method of claim 117 wherein the malcondition is type I diabetes, type 11
diabetes, gestational diabetes, obesity, excessive appetite, insufficient satiety or

metabolic disorder.

The method of claim 117 wherein the malcondition is type II diabetes.

585



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2014/041997
A. CLASSIFICATION OF SUBJECT MATTER
INV. C07D403/12 C07D401/04 C07D403/04 C07D239/26 C07D405/12
C07D409/12 C07D409/14 C07D413/04 C07D413/12 C07D417/12
C07D271/06 C07D495/04 A61K31/506 A61P3/10

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Co7D

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, CHEM ABS Data, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X WO 2011/094890 Al (ARGUSINA INC [US]; LIAO 1,
JIAYU [US]; HONG YUFENG [US]; WANG YONG 108-119
[US];) 11 August 2011 (2011-08-11)
examples A39, A40, A43, A46, A69

X WO 2005/077915 Al (JANSSEN PHARMACEUTICA
NV [BE]; BARBAY KENT [US]; HE WEI [US];
GONG YON) 25 August 2005 (2005-08-25)

1,108

claims 42, 43

4 March 1999 (1999-03-04)
claims 35, 38

17 November 2004 (2004-11-17)
claims 26, 32

X WO 99/10312 Al (HOFFMANN LA ROCHE [CH])

X EP 1 477 482 Al (AJINOMOTO KK [JP])

1,108

1,108

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority

date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be

considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

14 November 2014

Date of mailing of the international search report

01/12/2014

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Bakboord, Joan

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2014/041997
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X EP 1 700 850 Al (AJINOMOTO KK [JP]) 1,108
13 September 2006 (2006-09-13)
claims 19, 51
X,P WO 20137090454 A2 (RECEPTOS INC [US]) 1-119

20 June 2013 (2013-06-20)
examples 82-260

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2014/041997
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2011094890 Al 11-08-2011 AR 080112 Al 14-03-2012
CA 2788782 Al 11-08-2011
EP 2531198 Al 12-12-2012
JP 2013518888 A 23-05-2013
US 2012004198 Al 05-01-2012
WO 2011094890 Al 11-08-2011
WO 2011097300 Al 11-08-2011

WO 2005077915 Al 25-08-2005 AR 047538 Al 25-01-2006
AU 2005212424 Al 25-08-2005
BR PI0507574 A 03-07-2007
CA 2555594 Al 25-08-2005
CN 1938283 A 28-03-2007
EP 1720839 Al 15-11-2006
JP 2007522225 A 09-08-2007
KR 20070004676 A 09-01-2007
US 2005192279 Al 01-09-2005
WO 2005077915 Al 25-08-2005

WO 9910312 Al 04-03-1999 AT 267801 T 15-06-2004
AU 739511 B2 11-10-2001
AU 9262098 A 16-03-1999
BR 0811730 A 05-09-2000
CA 2301377 Al 04-03-1999
CN 1281430 A 24-01-2001
co 4990955 Al 26-12-2000
DE 69824183 D1 01-07-2004
DE 69824183 T2 21-04-2005
DK 1005445 T3 04-10-2004
EG 23729 A 28-06-2007
EP 1005445 Al 07-06-2000
ES 2221197 T3 16-12-2004
HR P20000080 A2 31-12-2000
HU 0003642 A2 28-02-2001
ID 24304 A 13-07-2000
IL 134550 A 18-12-2005
JP 3555876 B2 18-08-2004
JP 2001514162 A 11-09-2001
MA 26533 Al 20-12-2004
MY 138140 A 30-04-2009
NO 20000841 A 21-02-2000
NZ 502813 A 25-10-2002
PE 107399 Al 03-11-1999
PE 111299 Al 20-11-1999
PL 338857 Al 20-11-2000
PT 1005445 E 30-09-2004
RU 2220950 C2 10-01-2004
TR 200000482 T2 21-06-2000
TW 490458 B 11-06-2002
vy 25151 Al 31-01-2001
WO 9910312 Al 04-03-1999
YU 9600 A 18-03-2002
ZA 9807604 A 28-07-1999

EP 1477482 Al 17-11-2004 AT 464299 T 15-04-2010
AU 2003211560 Al 09-09-2003
EP 1477482 Al 17-11-2004
JP 4470219 B2 02-06-2010

Form PCT/ISA/210 (patent family annex) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2014/041997
Patent document Publication Patent family Publication

cited in search report date member(s) date
US 2005101779 Al 12-05-2005
WO 03070709 Al 28-08-2003

EP 1700850 Al 13-09-2006 AU 2004303696 Al 07-07-2005
BR PI0418026 A 17-04-2007
CA 2550843 Al 07-07-2005
CN 1917881 A 21-02-2007
CN 103784458 A 14-05-2014
EP 1700850 Al 13-09-2006
EP 2615087 A2 17-07-2013
EP 2803667 Al 19-11-2014
IL 176469 A 31-12-2012
JP 4743659 B2 10-08-2011
KR 20060127065 A 11-12-2006
KR 20110098980 A 02-09-2011
NZ 548420 A 26-03-2010
US 2005222141 Al 06-10-2005
US 2008108634 Al 08-05-2008
WO 2005061466 Al 07-07-2005
ZA 200605587 A 27-02-2008

WO 2013090454 A2 20-06-2013 AU 2012352349 Al 03-07-2014
CA 2857197 Al 20-06-2013
CN 104080767 A 01-10-2014
EP 2791112 A2 22-10-2014
KR 20140107340 A 04-09-2014
US 2013178420 Al 11-07-2013
WO 2013090454 A2 20-06-2013

Form PCT/ISA/210 (patent family annex) (April 2005)

page 2 of 2




LS

Pefit T EREE S MAE R LGLP-1)ZRBHILEY) - Hapiik - REGRIERFI/= a0
MERREY 7702 - sE B EEYE S0 LIRIE GLP-1 Z G aRE T sl ok - 2E w40 GLP-1(7-
36)F1 GLP-1(9-36)HYH5 (el B AR SHEIE A - S S SRR S IR A R a5

(44 29
s - A ek VWWE P2 g g s i s mrehaty— st -

Ra

Re O

(Ra, g}\ h

29 e
R;

alo

- ‘j
| @
z =

:,H_;IT'A‘B‘C‘Y:[‘Yz‘Z‘R1‘R2‘R3‘R4‘35‘W1‘n‘pjﬁ]q
WASER



	Biblio page:1
	Description page:3
	Claims page:561
	ISR page:588

