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C7-FLUORQ SUBSTITUTED TETRACY CLINE COMPOUNDS

RELATED APPLICATION
This application claims the benefit of U.S. Provisional Application No.
61/188,307, filed on August 8, 2008. The entire teachings of the above application

5 are incorporated herein by reference.

BACKGROUND OF THE INVENTION

The tetracyclines are broad spectrum anti-microbial agents that are widely
used in human and veterinary medicine. The total production of tetracyclines by
fermentation or semi-synthesis 1s measured 1n the thousands of metric tons per year,

10 The widespread use of tetracyclines for therapeutic purposes has led to the
emergence of resistance to these antibiatics, even among highly susceptible bacterial
specics. Therefore, there 18 need for new tetracycline analogs with improved
antibacterial activities and efficacies against other tetracycline responsive diseases or

is

disorders.

15 SUMMARY OF THE INVENTION

The present invention 1s directed to a compound represented by Structural

Formula (A}):

OH O HOHO O

(A),
or a pharmaceutically acceptable salt thereof, wherein:
20 X 15 selected from hydrogen, -(Cy-Chlalkyl, carboeyclyl, aryl and heteroaryl;
Y is selected from hydrogen, -(Ci-Crlalkyl, carbocyclyl,
{(C1-Ch)alkylene-N(RMHRY),
{(C-Coalkylene-N(RM)-C(O)-[C(RP)RH) Jo.-NRMNRP), -CH=N-OR®, -N(RM(R®),
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NR)-CO)-[CRDRY1-NRMRP), -NR")-C(O)}-NRM(RY),
-N(R")-C(0)-(C1-Ce)alkyl, -N(RM)-C(0)-heterocyelyl, -N(R")-C(0)-hetzroaryl,
N(R)-C(O)-carbocyelyl, -NR")-C(O)-aryl,
N(RD-8(0)(C1-Coyalkylene-N(RM(R),
N(R)-8(0)u(C-Calkviene-carbocyclyl, and -N(R)-8(0),~(C1-Cyalkylenc-aryl;

at least one of X and Y 15 not hydrogen;

each R* and R™ are independently selected from hydrogen, (C;-Cyalkyl,
-0-(C-Cralkyl, -(Co-Colalkylene-carboeyclyl, -(Cy-Co)alkylene-aryl,

-(Cy-Celalkylene-heterocyelyl, -(Co-Co)alkylene-heteroaryl,

-(CW-G,)a]ky]ene—()—carbocyclvl -(C1-Coalkylene-O-aryl,
-(Ci-Celalkylene-O-heterocyelyl, -(C-Coalkylene-O-heteroaryl,
-S{O)W-{C-Colalkyl, -(Cp-Calalkylene-S{O)y-carbocycelyl,
-(Co-Cayalkylene-S(Q)y-aryl, -(Co-Calalkylene-S(Q)w-heterocyclyl and
-(Cp-Caalkylene-S(Q)y-hateroaryl; or

R* and R taken together with the nitrogen atom to which they are bound
form a heterocyelyl or heteroaryl, wherein the heterocycle or heteroaryl optionally
comprises | to 4 additional heteroatoms independently selected from N, S and O;
each R and each R" is independently selected from hydrogen, (Cy-Co)alkyl,
carbocyelyl, aryl, heterocyclyl, heteroaryl, or a naturally occurring amino acid side
chamn molety, or

R and R" taken together with the carbon atom to which they are bound form
a 3-7 membered carbocyclvl, or a 4-7 membered heterocyclyl, wherein the
heterocyclyl formed by R and R* o ptionally comprises one to two additional
heteroatoms independently selected from N, 8 and O,

RY is selected from hydrogen, (C1-Cralkyl, carbocyelyl, aryl and heteroaryl;
and

mis | or 2, wherein;

each carbocyclyl, aryl, heterocyelyl or heteroaryl is optionally and
independently substituted with one or more substituents independently selected from
halo, -(C;-Cyalkyl, -OH, =0, -O-(C;-Cyalkyl, -(C1-Cy)alkyl-O-(C-Cylalkyl,
halo-substituted -(Cy-Cy)alleyl, halo-substituted -O-(C1-Cyalkyl, -C(O)-(C;-Cyalkyl,
-C(O)-(fluoro-substituted-(C;-Cyalkyl), -S(0)n-(C1-Ca)alkyl, -NRTWR™, and CN;
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each alky! in the group represented by R, RY, R” and R” is optionally and
independently substituted with one or more substituents independently selected from
halo, -(C,-Cy)alkyl, -OH, -0-(C;-Chalkyl, -(C-Cy)alkyl-O-(C;-Ca)alkyl,
fluoro-substituted-(Ci-Cylalkyl, -S(OYn-(Ci-Colallyl, and -NRY)(RY), wherein

5 each R" is hydrogen or (C;-Cy)alkyl, wherein zach alkyl in the group

represented by RY is optionally and independently substituted with one or more
substituents independently selected from -(C;-Cy)alkyl, (C3-Ce)eveloalkyl, halo,
-OH, -0-(C,-Calkyl, and (C-C,)alkyl-0-(Cy-Cyalkyl.

Another embodiment of the present invention 1s directed to a compound

10 represented by Structural Formula (II)

dn,
or a pharmaceutically acceptable salt thereof, wherein:

R’ and R” are each independently selected from hydrogen, (C,-Cpalkyl,
(Cs-Cs)eyeloalky(Cr-Cy)alkyl, (Cr-Chalkoxy(Ci-Cilalkyl,

15 (Cs-Coeyeloalkoxy(C,-Coalkyl, (C5-Co)eycloalkyl, aryl, aryl{C,-Cy)alkyl,
aryloxy(Cy-Cs)alleyl, arylthio(C-Cy)alkyl, arylsufinyl(Ci-Cy)alkyl,
arylsutfonyl{C;-Cylalkyi, and -O-(C;-C5)alkyl, or

R' and R* taken together with the nitrogen atom to which they are bonded
form a monocy clic or bicyelic heteroaryl, or a monocycelic, fused bicyche, bndged

20 bicyclic or spiro bicyclic heterocycle, wherein the heteroaryl or heterocvcele
aptionally cantains one or two additional heteroatoms independently selected from
N, Oand S; and

wherein each alkyl, cycloalkyl, alkoxy and cycloalkoxy moiety in the groups

represented by R' and R and each heterocycle represented by NR'R? taken together

o]
wn

15 optionally substituted with one or more substituents independently selected from
the group consisting of (C1-Cylalkyl, halo, -OH, (C;-Cyalkoxy, (Ci-Cylalkylthio,
(Cy-Cyalkylsulfinyl, (Cy-Cyalkylsulfonyl, {Ci-Cyalkoxy(C-Cq)alkyl, and
-N(RY)RY; and
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each aryl, aryloxy, arylthio, arylsufinyl and arylsultonyl moiety in the groups
represented by R' and R” and each heteroaryl represented by NR'R” taken together is
optionally substituted with ane or more substituents independently selected from the
group consisting of (C;-Cy)alkyl, halo, -OH, (C;-Cy)alkoxy, -5-(C1-Cyalkyl,

5 -S(O)C-Cypalkyl, -8(0)(C1-Calkyl, (C)-Cpalkoxy(Ci-Co)alkyl, -N(RHRY;

-CN, halofC1-Cyalkyl, and halo(C,-Ca)alkoxy, and

R? and R” are each independently selacted from the group consisting of -H
and (C1-Cyalky], wherein the (C1-Cy)alkyl represented by R and R” is optionally
substituted with one or more substituents independently selected from the group

10 consisting of (C-Cyjalkyl, halo, -OH, (C,-Csjalkoxy, and

(C-Coalkoxy(C-Caolalkyl Values for X and R' are as described above for
Structural Formula (A).

Another embodiment of the present invention is directed to a compound

represented by Structural Formula (1)

HSC\N/CHS

| o
QR/N\)J\N/ \’(/

OH O HO O O M,

oy

or a pharmaceutically acceptable salt thereof, wherein:

R' and R” are each independently selected from hydrogen, (C;-C-)alkyl,
(Cs-Ce)eyeloalkyl(Cr-Calalkyl, (Cr-Crlalkoxy(Ci-Cy)alkyl,
(C5-Co)eyeloalkoxy(Cy-Calkyl, (Cs-Co)eyeloalkyl, aryl, aryl{Ci-Cylalkyl,

200 aryloxy(Ci-Cq)alkyl, arylthio(C,-Ca)alkyl, arylsulfinyl(C,-Cy)alkyl, and
arylsulfonyl(C:-Cy)alkyl, or

R' and R taken together with the nitrogen atom to which they are bonded
form a monocyclic or bicyclic heteroaryl, or a monocyclic, fused bicyelic, bridged

bicyclic or spiro bicyclic heterocycle, wherein the heteroaryl or heterocycle

b2
i

optionally contains one additional heteroatom independently selected from N, O and
S; and the remainder of the variables are as described above for Structural Formula

(If).
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Another embodiment of the present invention (s directed to a pharmaceutical
composition comprising a pharmaceutically acceptable carrier or diluent and a
compound represented by Structural Formula (A}, (IT) or {I) or a pharmaceutically
acceptable salt thereof The pharmaceutical composition is used in therapy, such as
S Areating an mfection i a subject.
Another embodiment of the present invention is a method of treating an
infection in a subject comprising administering to the subject an effective amount of
a compound represented by Structural Formula (A), (I1) or (I) or a pharmaceutically
acceptable salt thereof,
10 Another embodiment of the present invention is a method of preventing an
infection in a subjoct comprising administering to the subject an effective amount of
a compound represented by Structural Formula (A), (IT) or (1) or a pharmaceutically
acceptable salt thereof
Another embodinient of the present invention s the use of a compound
15 represented by Structural Formula (A), (11) or (1) or a pharmaceutically acceptable
salt thereof tor the manufacture of a medicament for treating an infection in a
subject.
Another embodiment of the present invention is the use of a compound
represented by Structural Formula (A), (IT) or (I) or a pharmaceutically acceptable
20 salt thereo! for the manufacture of a medicament for preventing an infection in a
subject
Another embodiment of the present invention 1s the use of a compound
represented by Structural Formula (A), (IT) or (1) or a pharmaceutically acceptable

salt theresof for therapy, such as treating or preventing an infeciion 1n a subject,

25  DETAILED DESCRIPTION OF THE INVENTION

The present invention 1s directed to a compound represented by Structural
Formula (A) or a pharmaceutically acceptable salt thereof. Values and alternative
values for the variables in Structural Formula (A) are defined as the following:
X 15 selected from hydrogen, -(Ci-Cr)alkyl, carbocyelyl, arvl and heteroaryl,
30 Inone embodiment, X is hydrogen. In an altemative embodiment, X is -(C;-

Cryalkyl Alternatively, X is -(Cy-Cyalkyl. In anoiher embodiment, X 1s
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carboeyelyl. In another alternative embodiment, X is aryl or heteroaryl In another
alternative embodiment, X is phenyl.

Y 1s selected from hydrogen, -(C:-Calkyl, carbocyelyl,
(C-Cy)alkylene-NRM(RP),
«(Cy-Cpalkylene-N(RH-C(O)-[CRIRF) o4-NRM(RP), -CH=N-OR*, -N(R*)(IR?),
-NRD-CO-CRP) R -NRMYR®), -NR)-C(O)-NRM(R"),
NRM-C(O)-(C;-C)alkyl, -N(R)-C(0)-heterocyclyl, -N(RM-C(0)-heteroaryl,
-N(R")-C(O)-carboeyelyl, -N(R")-C(O)-arvl,
N(R)-S(0)-(C1-Cy)alkylene-NRM(R),
N(R")-8(0)=(C1-Co)alky lene-carbocyclyl, and -N(R™)-S(0),-(C1-C)alkylenc-aryl,
provided at least one of X and Y is not hydrogen, In one embodiment, Y is selected
from hydrogen, -(C;-Crlalkyl, -(C;-Cyalkylene-N(R™MR™),
-(C1-Calalkylene-N(R)-C{O)-[ C(RPWRT) o..-N(RMRYY, -CH=N-OR™*, -N(R*(R"),
ANRH)-COHCRPIRH]1-NRMR?), -NR)-C(O)-NRMR),
-N(RD)-C(O)-(C1-Coalkyl, -N(RF)-C(O)-heterocyelyl, -N(RY-C(0)-heteroaryl,
“N(R)-C(O)-carboeyelyl, -N(RN-C(O)-arv],
N(RY-8(0)(C:-Coalkylene-N(R )R,
NERH-8(0)n-(C -Caalkylene-carbocyclyl, and -N(R)-5(0),-(C1-Celkylenc-aryl,
provided at least one of X and Y is not hydregen. In one embodiment, Y is selecied
from hydrogen, -{Ci-Co)alkyl, «(C;-Ca)alkylene-N(R*)(R™),
«(C-Coalkylene-N(R"-CO)-[C(RPIR) [o.e-N(RM(R®), -CH=N-OR", -N(R")R?),
NR)-CO)}[CRWRY]14-NRM)RY), -NH-C(0)-CR” YR)-NRMR"),
NRD-CO)-NERMHRP), -N(R")-C(0)-(C1-Co)alkyl, -N(R")-C(O)-heterocyelyl,
“N(R")-C(O)-heteroaryl, -N(R¥)-C(O)-carboeyelyl, -N(RY)-C(O)-ary]
N(R)-8(0)n~(C.-Cyalkylene-NRMR"),
~N(R¥)-S(0)-(C-Cy)atkylenc-carbocyelyl, and -N(R)-S(0)y~(C-Coalkylenc-aryl,
In another embodiment, Y is selected from hydrogen, -(C-C7)alkyl,
-(C1-Calkylene-N(R MR, -(Cy-Coyalkylene-NH-C{O)-(CHy)or-N(R*(R™),
»-N(’I{A)(RB), -NH-C(O)-carbocyclyl, -NH-C(O)-aryl, -NH-C(O)-heterocyelvl,
-NH-C(0)-heteroaryl, -NH-C(OQ)-N(RM(R™), -N(RF)-C(O)-CH:-N(R*WR"),
-NH-C(0)-C(R” HRM-NRMR") and -NH-$(O)n~(C,-Ca)alkylene-N(RM(RP).
Alternatively, the -(C;-Crralkyl represented by Y described above is a -{Ci-Cy)alkyl.

In yet another embodiment, Y is selected from -NR™(RP),

PCT/US2009/053142
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-IN(H)-C(O)-carbocyclyl, - C(O)-aryl, -N(H)-C(O}-heterocycle, and
-N(H)-C(O)-heteroaryl. Al emdtl\ely Y is -NH-C(0)-CHa-N(R*(R®) More
specifically, R* and R” in —NH-C(O)—C.Hy_-N(R‘ )(R ) are R and R’, respectively.
Each R* and R are independently selected from hydrogen, (C;-Cy)alkyl,
5 -0-(C1-Cryalkyl, -(Co-Cealkylene-carbocyelyl, -(Co-Cy)alkylene-aryl,
-(Co-Cs)alkylene-heterocvelyl, -(Cy-Cslalkylene-heteroaryl,
-(C-Cglalkylene-O-carbocyclyl, -(C1-Cg)alkylene-O-aryl,
-(C1-Cyralkylene-O-heterocyclyl, -(C;-Cs)alkylene-O-heteroary!,
=S(0)u-(Ci-Celalkyl, -(Co-Cylalkylene-S(O),,-carbocyclyl,
10 -(Cp-Cpalkylene-S(Q)p-aryl, «(Cy-Coallvlene-S(O)y-heterocyclyl and
-(Co-Cayalkylene- S(O)y-heteroaryl; or
R* and R” taken together with the nitrogen atom to which they are bound form a
heterocvelyl or heteroaryl, wherein the heterocyele or hetercary! optionally
comprises 1 to 4 additional heteroatoms independently selected from N, S and O. In
IS oneembodiment, each R™ is independently selected from hydrogen and methy!; R”
15 selected from hydrogen, (C-Cr)alkyl, -(Cy-Ce)alkylene-carbocyelyl,
~(Co-Cg)alkylene-aryl, -(Cy-Cy)alkylene-heteroaryl, -S(QO),-(C-Cg)alkyl,
-(Cy-Cy)alkylene-S(OQm-carboceyelyl, (Co-Cylalkylene-S(O)w-aryl,
-(Co-Coralkylene-S( O)p-heterocyele and -(Cy-Cy)alkylene-S(O)y,-heteroaryl; or R*
20 and R taken together with the nitrogen atom to form a heterocycle, wherein the
heterocycle is optionally substituted with =0 and -N(RF)RY), In another
embodiment, R is hydrogen: and RY is selecied from (Cy-Cy)alkyl, and -S(0),-CHs,
or R* and R” taken together to form 4-7 membered heterocyclic ring.
Each R” znd each R is independently selected from hydrogen, {C;-Cy)alkyl,
25 carboeyclyl, aryl, heterocyclyl, heteroaryl, or a naturatly occurring amino acid side
chain moicty, or RP and R¥ taken together with the carbon atom to which they are
bound form a 3-7 membered carbocyclyl, or a 4-7 membered heterocvelyl, wherein
the heterocyclyl formed by R” and R¥ optionally comprises one to two additional
heteroatoms independently selected from N, § and O. In one embodiment, R" and
30 R are both -H,
R" is seleeted from hydrogen, (C,-Cy)alkyl, carbocyclyl, aryl and heteroaryl.
In one embodiment, R" is hydrogen. In another embodiment, R is selected from

hydrogen, (C;-Cx)alkyl, aryl and heteroaryl. In another embodiment, R" is selected
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from hydrogen, (C;-Cyalkyl and phenyvl. In another embodiment, R" is selected
from hydrogen, (Ci-Caqpalkyl and phenyl

RY is selected from (C,-Cs)alkyl, carbocyelyl, aryl, heteroaryl, heterocyelyl,

and a naturally occurring amino acid side chain moiety, or R” and R" taken together
5 with the carbon atom to which they are bound form a 3-7 membearad carbocyclyl, or
a 4-7 membered heterocyelyl, wherein the heteracyclyl formed by R” and R"
optionally comprises one to two additional heteroatoms independently selected from
N, § and O. Tn one embodiment, R and R” taken together with the carbon atom to
which they are bound form a (Cs+-Cy)eyeloalkyl.
10 niis 1 or 2. In one embodiment, m is 2.

Fach carboeyelyl, aryl, heterocyclyl or heteroaryl described above (e.g.,
the groups represented by Y, R, R® R” R and R¥) is optionallv and independently
substituted with one or more substituents independently selected from hale,
-(Cy-Cyyalkyl, -OH, =0, -0~(C,-Cyalkyl, -(C;-Cylalkyl-O-(C)-Cyalkyl,

15 halo-substituted -(Cy-Cs)alkyl, halo-substituted -O-(C,-Cy4lalkyl, -C(O}-(C1-Cyalkyl,
-C(Q)-(fluoro-substituted-(Ci-Caalkyl), -S{(0)n-(C1-Ca)alkyl, -NROWR™), and CN.
In one embodiment, each carboeyclyl, heterocyclyl or heteroaryl is optionally and
independently substituted with one or more substituents independently selected from
halo, -(C1-Cy)alkyl, halo-substituted -(C1-Ca)alkyl, -O-(C1-Cy)alkyl. and -NRE(R),

20 In another embodiment, each carbocyclyl, aryl, heteroaryl, or heterocyele is
optionally and 1ndependently substituted with one or more substituents independently
selected from -CHs, fluoro, and -N(CH;),.

Each alky] described above (e g, in the groups represented by Y, R*, R®, R,

RY, RE, R and R™) 15 optionally and independently substituted with one or more

b2
hn

substituents independently selected from halo, -(Ci-Ca)atkyl, -OH, -O-(C-Cralkyl,
-(Ci-Calkyl-O-(C1-Chalkyl, fluoro-substituted-(Ci-Ca)alkyl, -S(O)p-{C1-Ca)alkyl,
and -N(RG)(R('}) In one embodiment, each alkyl group (e.g., in the group
represented by Y or R®) is optionally and independently substituted with one or
more substituents independently selected from halo, -OH, and -N(R%)(R%).

30 Each R is hydrogen or (C1-Cy)alkyl, wherein each alkyl in the group
represented by R* is optionally and independently substituted with one or more
substituents independently selected from -(C. -Cy)alkyl, (Cs-Cs)eveloalkyl, halo,
-OH, -0-{C;-Cyalkyl, and (C-Cy)alkyl-O-(C;-Cyalkyl. In one embodiment, each
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alkyl in the group representsd by R” is optionally and indepencently substitued with
(Cs-Cg)eyeloalkyl,

As used herein, when R* and R” taken together with the nitrogen atom to
which they are bound form a a heterocvelyl or heteroaryl, the heterocyelyl or
heteroary! represented by -NR*R" can include a ring system that has a heteroatom
adjacent to the nitrogen atom to which R* and R® are bound. For example, -NR"R”

can be, but is not limited to, the following nng systems:

N 7 N'//A\N N7 \
\N / \ ) \N /

Similarly, when R” and RE or R” and R taken together with the carbon
atom to which they are bound form a heterocvelyl, the heterocyclyl can include a
ring system that has a heteroatom adjacent to the carbon atom to which R” and R” or
R" and R" are bound.

The present invention is directed to 4 compound represented by Structural
Formula (1) or (I) or a pharmaceutically acceptable salt thereol. Values and
alternative values for the variables in Structural Formula (1) or (II) are defined as the
following:

R ic selected from hydrogen, (C,-Crialkyl, (Cs-Cg)eyeloalky {Cy-Ca)alkyl,
(Ci-Coalkexy (C;-Cpalkyl, (Cs-Coleycloalkoxy(C-Caalkyl, (C5-Ce)eyeloalkyl,
aryl, aryl{Cy-Cylalkyl, arvloxy(Ci-Cyalkyl, aryithio(C-Cayalkyl, aryisulfiny (C-
Cyyalkyl, arylsulfonyl(Cy-Cayalkyl and -O-(Cy-Co)alkyl. Each alkyl, cycloalkyl,
alkoxy, cycloalkoxy, aryl, aryloxy, arylthio, arylsulfiny! and arylsulfonyl moiety in
the groups represented by R' can be optionally substituted with one or more
independently selected substituents defined above for Structural Formula (T).
Altemnatively, R' is selected from hydrogen, (C1-Chalkyl,
(C5-Co)eyeloalkyl(C-Cyoalkyl, (Ci-Crlalkoxy(C-Cy)alkyl,
(Cs-Co)eyeloalkoxy(C-Caalkyl, (C5-Cgloycloalkyl, arvl, aryl(Ci-Ca)alkyl,
aryloxy(Ci-Caalkyl, arylthuio(C,-Cyalky!, arylsulfiny[(C;-Cy)alky] and
arylsulfonyl(C;-Cy)alkyl. In another alternative, R is -H, (C,-Cyjalkyl, or -O-(C-

Cyalkyl In another alternative, R' is -H or (C;-Cojalkyl. Tn another altemative, R’

is -H, methyl or ethyl. In yet another alternative, R'is -OCH; or -OC(CH; ).
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R? is selected from hydrogen, (Ci-Cralkyl, (Ci-Celeveloalkyl(C1-Cs)alkyl,
(C1-Cralkoxy(Cr-Chalkyl, (C5-Cqleycloalkoxy (Cr-Calalkyl, (C3-Co)eycloalkyl,
arvl, arvl{C-Cylalkyl, aryloxy(C,-Cylalkyl, arylthio(C;-Cyalkyl, aryvlsulfinyl(C;-
Cyalkyl, arylsulfonyl(Ci-Cy)alkyl and -O-(Cy-Cralkyl. Each alkyl, cycloalkyl,

5 alkoxy, cycloalkoxy, aryl, and aryloxy moiety in the groups represented by R” can
be optionally substituted with one or more independently selected substituents
defined above for Structural Formula (I). Alternatively, R” is selected from
hydrogen, (C-Cyalkyl, {C5-Cy)eycloalkyl{ Ci-Cylalkyl, (Cy-Crlalkoxy(Cy-Cy)alkyl,
(C5-Cs)eyeloalkoxy(Ci-Coalkyl, {Cs-Ce)eycloalkyl, aryl, aryl(Ci-Ca)alkyl,

10 aryloxy(Ci-Cy)alkyl, arylthio(C,-Cyialkyl, arylsulfiny!{C;-Cy)alky] and
arylsulfonyl(Ci-Caalkyl, Alternatively, R” is selected from (C,-Cralkyl,
(Cs-Cg)eycloalkyl(Cr-Ca)alkyl, (Ci-Chalkoxy(Ci-Cy)alkyl, phenyl,
phenyl{C-Cqalkyl, (Cz2-Celeyeloalky! and halo(Cy-C.)alkyl, wherein each allyl,
alkoxy and cycloalkyl moiety in the groups represented by R” is optionally

15 substituled with cne or more substituents independently selected from the group
consisting of (C;-Cy)alkyl and halo; and each phenyl moiety in the groups
represented by R” is optionally substituted with one or more substituents
independently selected from the group consisting of (C-Cy)alkyl, halo,
(Ci-Caalkoxy, (C1-Caalkoxy(Ci-Cylalkyl, -CN, halo(Ci-Cy)alkyl. and

20 halo(Cy-Cy)alkoxy. In another alternative, R” is selected from the group consisting
of eyclopropyl, cyclobutyl, cyclopentyl, cyclopropylmethyl, cyclobutylmethyl,
phenyl, benzyl, -(CH,)-0-CHs, -(CHy)s-OCHz, -C(CHy)s, -CH(CHs)s,
CH-C(CH)s, -CHLCH(CH ), -CH,-CFy, <(CHo)p-CHLF, and -(CH),CHa, wherein

nis0, 1.2, 3. 4, 5 or 6; and wherein the phenyl or benzy!| group represented by R” is

|39
w

optionally substituted with one or more substituents independently selected from the
group consisting of (C1-Cyalkyl, halo, (C,-Cs)alkoxy, (C1-Cyralkoxy(C:-Cyalkyl,
-CN, halo(C-Cyalkyl, and halo(Cy-Cyalkoxy. In another alternative, R* is a phenyl
or beneyl group optionally substituted with one or more substituents independently
selected from the group consisting of (C1-Cyaikyl, haio, (C,-Cy)alkoxy,

30 (C-Coalkoxy(Ci-Ca)alkyl, -CN, halo(C;-Cylalkyl, and halo(Cy-Cyyalkoxy. In
another alternative, R* is unsubstitutad phenyl or benzyl. In another altemative, R>

15 selected from cyclopropyl, eyclopropylmethyl, cyclobutyl, cyclopentyl,
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cyclohexyl, -(CH»)»-0O-CHs, -C(CH:)s, -CH(CHa),, -CH2-CFs, -CH,CH{CHs),, -CH;
and -CH;CHa.

Alternatively, R' and R* taken together with the nitrogen atom to which they
are bonded can also form a monocyclic or bicyclic heteroaryl, ot a monocyclic,
fused bicyclic, bridged bicyclic or spiro bicyclic heterocycle, wherein the heteroaryl
or heterocycle optionally contains one or two additional heteroatoms independently
selected from N, O and S in addition to the N atom to which R and Ry are bonded.
The heteroaryl or heterocvele can be optionally substituted with one or more
independently selected substituents described above for Structural Formula (I).
Alternatively, the heteroary! or heterocycle contains one additional hetercatom
selected from N, O and S, Alternatively, R and R? taken together with the nitrogen
atom to which they are bonded form a heterocycle selected from the group
consisting of azztidine, pyrrolidine, morpholine, piperidine,
octahydrocyclopenta[clpyrrol, isoindoline, and azabicyclo[3.1.0]hexane, wherein the
heierocycle is optionally substituted with one or more substiiuents independently
selected from the group consisting of (C-Cylalkyl, halogen, -OH, (C,-C,)alkoxy,
(C-Cyjalkylthio, (C;-Cy)alkylsultinv, (Cy-Cq)alkylsulfonyl,
(Ci-Caalkoxy(Cr-Coalkyl. and -NRHR™). Tn a more specific embodiment, these
heterocycles are optionally substituted with one or more substituents independently
selecled from the group consisting of halogen, (Cy-Ci)alkoxy, hy droxy,
(C1-Calkoxy(Cr-Chialkyl and -N(R')YRY). In another alterative embodiment,
these heterocycles are optionally substituted with one or more substituents
independently selected from the group consisting of halogen, methoxy, hydroxy,
methoxymethyl and dimethylamino. Altematively, R' and R? taken together with
the nitrogen atom 10 which they are bonded form a ring selected from pyrrolidinyl,
morpholiny|, azetidinyl, piperidinyl, octahvdrocvclopentalclpyrrolyl, 1soindolinyl,
indazolyl, imidazolyl, pyrazolyl, triazolyl, and tetrazolyl, wherein the ring formed by
R' and R” taken tagether with the nitrogen atem to which they are bonded is
optionally substituted with halogen, (C-Cy)alkoxy, hydroxy,
(C1-Cy)alkoxy(C;-Cyalkyl and -N(R)R"). More specifically, the ring formed by
R' and R? taken together with the nitrogen atom to which they are bonded is

optionally substituted with fluoro, -OH, -OCH;, or N(CHj3),.
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R* and R” are each independently selected from the group consisting of -H
and (C1-Cy)alkyl, wherein the (C;-Cy)alky! represented by R* and R* is optionally
substituted with cne or more substituents independently selected from the group
consisting of (Cy-Cylalkyl, hale, -OH, (C;-C,)alkoxy, and
5 (Cr-Cualkoxy(Ci-Cpalkyl  Alternatively, R” and R are both methyl. In another
alternative, R* and R* are both -11. In yet another alternative, R’ and R* are cach
unsubstituted (C-Ca)alkyl.
Tn a first alternative embodiment, the compound of the present invention 1s
represented by Structural Formula (1) or (U}, or a pharmaceutically acceptable salt
[0 thereof, wherein,
R'is-Ifor (C1-Cryalky!; and
R” is selected from (C;-Cr)alkyl, (C3-Co)eycloalkyl(Cr-Ca)alkyl,
(C1-Cralkoxy (C1-Chalkyl, phenyl, phenyl(C:-Calkyl, (C;-Ce)eycloalkyl and
halo(Cy-Cayalkyl, whercin each alkyl, alkoxy or cycloalkyl moiety in the groups
15 represented by R” is optionally substituted with one or more substituents
independently selected {rom the group consisting of (Ci-Cs}alkyl and halo; and each
phenvi motety in the groups represented by Ris optionally substituted with one or
more substituents independently selected from the group consisting of (C1-Cyalkyl,
halo, (Ci-Calalkoxy, (C1-Caalkoxy(C-Cyalky], -CN, halo(C;-Ca)alkyl, and
20 halo(C)-Cy)alkoxy. Alternatively, R” is selected from the group consisting of
cvclopropyl, evclobutyl, cyclopentyl, cyclopropylmethyl, cyclobutylmethyl, phenyl,
benzyl, -(Cl,),-0O-CHy, -(CHy)3-OCH;, -C(ClHa)s, ~CH(CH; ), -CHC(CH)s,
-CIHLCH(CH;);. -CH-CF, ~(CHy)o-CHLF, and -(CHy)oCHs, wherein nis 0, 1, 2, 3,
4, 5 or 6; and wheremn the phenyl or benzyl group represented by R? is optionally
25 substituted with one or more substituents independently selected from the group
consisting of (C1-Cyalkyl, hale, (Ci-Calkoxy, (C)-Ca)atkoxy(C,-Ca)alkyl, -CN,
halo{C;-Cy)alky] and halo(Cy-Cylalkoxy. In another alternative, the phanyl or
benzyl group represented by R” is unsubstituted. In yet another alternative, R? is
selected from cvclopropyl, cyclopropylmethyl, cyclobutyl, cyclopentyl, evclohexyl,
{(CHa),-O-CHj, -C(CHz)s, -CH(CHs)y, -CHo-CFa, -CH,CH(CHz)s, -CH; and
CILCH;.

O8]
<
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In a second alternative embediment, for compounds represented by
Structural Formuta (1) or (I1), RY is hydrogen, methyl or ethyl; and values and
alternative values for R” are as described above for the first alternative embodiment.
In a third alternative embodiment, for compounds represented by Structural
5 Formula (I) or (II), R' is hvdrogen, (Cy-Coalkyl or -O-(Cy-Cyalkyl; R? is selected
from (C,-Ch)alkyl, (Cs-Co)eyeloalkyl(C;-Cyalkyl, (C1-Cqlalkoxy(C;-Cy)alkyl,
phenyl, (C3-Coleyeloalkyl, and Muoro(Ci-Cy)alkyl: or R and R? taken together with
the nitrogen atom to which they are bonded form a rning selected from pyrrolidinyl,
morpholinyl, azetidinyl, piperidinyl, octahydrocyclopentalelpyrrolyl, isoindolinyl,
10 1ndazolyl, imidazolyl, pyrazolyl, trizzolyl, and tetrazolyl, wherein the ring formed by
R' and R” taken together with the nitrogen atom to which they are bondad is
optionally substituted with fluoro, -OH, -QCH;, or N(CH,),. More specifically, R®
is hydrogen, methyl, ethy!, methoxy or tert-butoxy.
In a fourth alternative embodiment, for compounds represented by Structural
15 Formula (1) or (1), R’ hydrogen, methyl, or ethyl; R? is selected from methyl, ethyl,
n-propyl, isopropyl, n-butyl, 2,2-dimethylpropyl, t-butyl, isobutyl, n-pentyl,
(C4-Co)eyeloalkyl, (Ci-Cs)eycloalkylmethyl, methoxyethyl, and 2-Nuoraethyl; or R!
and R* taken together with the nitrogen atom to which they are bonded form a ring
selected from azetidinyl, pyrrolidinyl, piperidinyl, tetrazolyl, or
20 octahydrocyclopentaclpyrrolyl, and wherein the ring formed by R' and R” taken
together with the nitrogen atom to which they are bonded is optionally substituted
with fluora.
In a fitth alternative embodiment, for compounds represented by Structural
Formula (A), when X is hydrogen, Y ig selected fronm hydrogen, -(C;-Cy)alkyl,
25 -(C1-Cy)alkylene-N(R*)(RP),
AC-Calkylene-N(R)-C{O)-[CRVIRH) 1oo-NRM(RP), -CH-N-OR™, -N(R*}(RP).
N(RT-CO)-TCRHRM] a-N(RM(RP), -NH-C(0)-C(R”WR)-NR R,
SN(RD-CO)-NERMRY, -N(RH-C(0)-(Ci-Coalkyl, -N(R)-C(O)-heterocyclyl,
“N(R)-C(0)-heteroaryl, -N(R")-C(0)-carbocyclyl, -N(RM)-C(O)-aryl
30 -NRD-S(0)-(C1-Coalkylene-NR*HRP),
—‘\T(RF)~S(O)m-(Cl-Cﬂaikyiene=carbocycly1, —N(RP)-S(O)m—(Cl—C{)alkylene-aryl;
R™ is selected from (C;-Cg)alkyl, carboeyelyl, aryl, heteroaryl, heterocyelyl,

and a naturally occurring amino acid side chain moiety, or
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R” and R" taken together with the carbon atom to which they are bound
form a 3-7 membered carbocvelyl, or a 4-7 membered heterocyclyl, wherein the
heterocyclyl formed by R” and RY optionally comprises one to two additional
heteroatoms independently selected from N, 8§ and O; and

5 R" is selected from (C,-Colalkyl, carbocyclyl, aryl and heteroaryl,
Values and alternative values for the remainder of the variables are as described
above for Structural Formula (A). Alternatively, R" is selected from (C}-Ci)alkyl
and phenyl and the remainder of the variables are as described above in the fifth
alternative embodiment.

10 In a sixth alternalive embodiment, for compounds represented by Structural
Formula (A), X s selected from hydrogen, methyl, ethyl and phenyl; and Y 15
selected from hydrogen, -(C1-Cy alkyl), -(C,-Cyalkylene-N(R™)(R"),
~(C1-C)alkylene-NH-C(O)-[CHaloa-NR™M(RP), -N(R™)(RP),
~NH-C(O)-carboeyelyl, -NH-C(O)-aryl, -NH-C(O)-heterocyclyl,

15 -NH-C(O)-heteroary!, NH-C(O)-N(R™R™), -N(R")-C(0)-CH-N(R*WRY),
NH-C(0)-C(RPWRM)-NRMR") and -NH-S(0)n-(C:-Cy)alkylene-N{R*R); or

X is selected from methyl, ethyl and phenyl; and Y is
-N H-C(0')-CHZ-N'('RA)('RB), wherein:

each R™ is independently selected from hydrogen and methyl:

20 R” is selected from hydrogen, (C1-Cr)alkyl, -(Co-Colalkylene-carboeyelyl,
-(Cy-Celalkylene-aryl, -(Co-Colalkylene-heteroaryl, -S(0),-(Cy-Colalkyl,
-(Cyp-Cy)alkylene-S( O, -carbocyelyl, -(Cy-C.)alkylene-8{0)-aryl,
~(Cp-Cylalkylene-S{O)y-heterocycle and -(Co-Cyalkylens-S(Q),,-heteroaryl; or

R* and R® when bound to & common nitrogen atom are taken together with

25 the nitrogen atom to form a heterocycle, wherein the heterocycle is optionally
substituted with =0 and -N(R°}RY);

R and R are taken together with the carbon atom to which they are bound
form a (C;-Cy)eycloalkyl; and

mislor2;

30 each carbocyelyl, aryl, heterocyclyl or heteroaryl is optionally and
independently substituted with one or more substituents independently selected from
halo, -(C,-Cylalkvl, hale-substituted -(C,-Cylalkyl, -O-(Cy-Cy)alkyl, and
NRHRE):;
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each alkyl portion in the group represented by Y or R® is optionally and
independently substituted with one or more substituents independently selected from
halo, -OH, and -N(R“}R}, wherein
R" is hydrogen or (C;-Cs)alkyl, and wherein each alkyl in the group
5 represented by RY is optionally and independently substituted with (C3-Ce)
cvcloalkyl. The remainder of the variables are as described above in the fifth
alternative embodiment.
In a seventh alternative embodiment, for compounds represented by
Structural Formula (A), X is selected from hydrogen and methyl, and
10 Y is selected from «N(RA)(RB), N(H)-C(O)-carboeyely], -N(H)-C(O)-aryl,
~-N{H)-C(O)-heterocycle, and -N(H)-C(O)-hetercaryl; or
X is methyl; and
Y is -NH-C{O)-CHo-N(RM(RP),
wherein:
15 R” is hydrogen; and
R" is selected from (C,-Cyalkyl, and -S(O)-CHs, or R”* and R” taken
together to form 4-7 membered heterocyclic ring; wherein each carbocyelyl, aryl,
heteroaryl, or heterocycle is optionally and independently substituted with one or
more substituents independently selected from -CHz, fluoro, and -N{(CHs),.
20 In a eighth alternative embodiment, for compounds reprasented by Structural
0o R¥

Fy N

" @
Formula (A), Y 1s , wherem ring A represents a 4-7 membered

heterocyelyl; and R is hydrogen or (C;-Celalkyl. Values and alternative values for
the ramainder ol the variables are as described above for Structural Formula (A).
More speaifically, nng A s selected from the group consisting of azetidinyl,

25 pyrrolidinyl, piperidinyl, or octahydrocyclopentac]pyrrolyl, each of which is
optionally substituted with one or more substitutents independently selected from
the group consisting of halo, -(C,-Cyalkyl, halo-substituted-(C-Cylalkyl (e.g.,
-CF3), -OH, -0-(C-Cyalkyl, or -N(RTYR), wherein R" is hydrogen or (C;-
C,jalkyl Even more specifically, ring A described above is optionally substituted

30 with one or more fluoro,
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In a ninth altemative embodiment, for compounds represented by Structural

Formula (A), Y is -NH-C(O)-heteroary]. Values and alternative values for the
remainder of the vanables are as described above for Structural Formula (A). More
specifically, the heteroaryl in -NH-C(O)-heteroaryl i selected from the group

5 consisting of thienyl, pyridinyl, pyrrolyl, oxazolyl, pyrazolyl and thiazolyl, each of
which is optionally substituted with one or more substituents independently selected
from -(C;-Cy)alkyl, halo-substituted-(Cq-Cy)alkyl (e.g., -CFy), ~-OH, -O-(C;-Cy)alkyl,
and -N(RPYRY), wherein R is hydrogen or (C,-Ca)alkyl. More specifically, the
pyrrolyl and pyrazolyl are optionally substituted with a methy! aroup on the N atom

10 in the ring,

In a tenth alternative embodiment, for compounds represented by Structural
Formula (A), Y is -NH-C(Q)-phenyl. Values and alternative values for the
remainder of the variables are as described above for Structural Formula (A). More
specifically, the phenyl in -NH-C(Q)-phenyl 1s optionally substituted with one or

15 more substitutents independently selected from -(C;-Cyalkyl, halo-substituted-(Cy-
Cyalkyl (e.g., -CFs), -OH, -O-(C -Cq)alkyl, and -N(R®)R), wherein R” is
hydrogen or (C,-Cy)alkyl. More specifically, the pheny! in -NH-C(O)-phenyl 15
optionaly substituted with one or more substitutents independently selected from
-CFs, -OCH; and -N(CH3)s.

20 In aeleventh alternative embodiment, for compounds represented by
Structural Formula (A), Y 15 represented by -NH-5(O}-(C-Cealkyl,
~NH-8(0)z-phenyl, -NH-8(O),-heteroaryl. Values and alternative values for the
remainder of the variables are as described above for Stnictural Formula (A). More
specifically, the phenyl, heteroaryl or alkyl in the group represented by Y is

25  optionally substituted with one or more substituents independently selected from
-(C:-Cyalkyl, halo-substituted-(C-Ca)alkyl (e.g., -CF3), -OH, -O-(C,-Cylalkyl, and
N(RP)R), wherein R” is hydrogen or (C-Cy)alkyl,

In a twellth alternative embodiment, for compounds represented by
Structural Formula (A), Y is represented by -N(R™M(R®), wherein R* and R” are

30 each independently selected from hydrogen, (C,-Cry)alkyl, <{C,-Cy)alkyl-
(Ci-Coleveloalkyl, wherein the (Ci-Cy)alkyl is optionally substituted with
-N(R¥)(R), wherein R” is hydrogen or (C,-Cyalkyl. Values and alternative values

for the remainder of the varables are as described above for Structural Formula (A).
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In a thirteenth alternative embodiment, for compounds represented by

Structural Formula (A). Y is represented by -CHz-N(R™*}R”), wherein R* and R
are each independently selected from hydrogen, (C,-Cs)alky], -(C1-Cy)atkyl-
(Cs-Co)eyeloalky!, or R” and R® taken together with the nitrogen atom to which they

5 are bound form a heterocyclyl, wherein the (C;-Cr)alkyl represented by R* or R” is
optionally and independently substituted with -N(R)(RY), wherein RY is hydrogen
or (C;-Cyalkyl, and the (C;-Cyjalky! represented by RY s optionally substituted
with -F. Values and alternative values for the remainder of the variables are as
described above for Structural Formula (A),

10 In a fourteenth altermnative embodiment, for compounds representad by
Structural Formula (A), Y is represented by -CHo-NF-C(O)-(CH)o.r-N(R*)(RP),
wherein R* and R” are each independently selected from hydrogen, (C-Cr)alkyl,
-(C1-Cyalkyl-(Cy-Coeyeloalkyl, Values and alternative values for the remainder of
the variables are as described above for Structural Formula (A).

15 The compound of the present invention 1s exemplified by the
compounds shown in the Table below or a pharmaceutically acceptable salt thereof
and compounds described in Examples |-12 below or a pharmaceutically acceptable

salt thereof’

COMPOUND CHEMICAL STRUCTURE
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“Alkyl” means a saturated aliphatic branched or straight-chain monovalent
hydrocarbon radical having the spec:fied number of carbon atoms. Thus, “(C;-
Co)alkyl” means a radical having from 1-7 carbon atomis in a linear or branched

5 arrangerment. “(Ci-Cylalkyl” includes methyl, ethyl, propy!, butvl, pentvl, hexyl
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and heptyl. Suitable substitutions for a “substituted alky]” include, but are not
limited to, -halogen, -OH, (Cy-Cyalkyl, (Ci-Cyalkoxy, (Ci-Cyalkyithio,
(Cy-Coalkytsulfinyl, (C-Co)alkylsulfonyl, (C1-Cyalkoxy(C,-Caalky!, and
-N(RH(RY), wherein R and R* arc as described abeve,

“Cycloalkyl” means a saturated aliphatic cyclic hydrocarbon radical having
the specified number of carbon atoms. (C3-Cg)eycloalkyl includes cyclopropyl,
cveloburyl, cyclopentyl, and cyclohexyl.  Suitable substituents for a “substituted
cycloalkyl” include halogen, -OH, (C,-Cy)alkyl, (C,-Cgalkoxy, (Cy-Cy)alkylthio,
(Cy-Calalleylsulfinyl, (C)-Caalkylsulfonyl, (C)-Ca)alkoxy(Ci-Ca)alkyl, and
N(RY)RY, wherein RY and R* are as described above

B

“IHeterocycle” means a 4-12 membered partially unsaturated or saturated
heterocyclic ring containing 1, 2, or 3 heteroatoms independently selected from N,
O or S When one heteroatom 1s S, 1t can be optionally mono- or di-oxygenated
(1.e. =S(O)- or -5(0),-). The heterocycle can be monocyclic, fused bicyclic, bridged
bicvelic, or spiro bicyclic.

Examples of monccyclic heterocyele include, but not mited to, azetiding,
pyrrolidine, piperidine, piperazine, hexahvdropyrimidine, tetrahydrofuran,
tetrahydropyran, morpholine, thiomorpholine, thiomorpholine 1,1-dioxide,
tetrahydro-2H-1,2-thiazine, tetrahydro-2H-1,2-thiazine |, 1-dioxide, 1sothiazolidine,
isothiazolidine 1,1-dioxide.

A fused bicyclic heterocycle has twao rings which have two adjacent ring
atoms in common, The first ring is a monocyclic heterocyele and the second ring is
a cycloalkyl, partially unsaturated carbocycle, phenyl, heteroaryl or a monocyelic
heterocycle. For example, the second ring 1s a (Cs-CsJoveloalkyl, such as
cyclopropyl, eyclobutyl, cyclopentyl and cyclohexyl. Alternatively, the second rmg
is phenyl. Example of fused bicyclic heterocycles includes, but not limited 1o,
indoline, isoindoline, 2,3-dihydro-1H-benzo|dlimidazole, 2,3-
dihydrobenzo[d]exazole, 2,3-dihydrobenzo[d|thiazole, octahydrobenzo|djoxazole,
octahydre-1H-benzo[d)imidazole, octahydrobenzo[d]thiazole,
octahydrocyclopenta[clpyrrole, 3-azabicycle[3.1,0Thexane, and 3-
azabicyclo{3 2 O]hepiane

A spiro bicyche heterocycle has two rings which have only one ring atom in

common. The first ring is a monocyclic heterocycle and the second ring is a
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cycloalkyl, partially unsaturated carbocycle or a monoeyelic heterocvele. For
example, the sccond ring 13 a (Cs-Ce)eycloalkyl. Example of spiro bicyclic
heterocycle includes, but not limited to, azaspiro[4.4|nonane, 7-
azaspiro[4.4Jnonane, azasprio[4 5]decane, 8-azaspiro[4.5]decane,
azaspiro[5.5Jundecane, 3-azaspiro[5.5|undecane and 3,9-diazaspiro[ 5. S|undecane.

A bridged bicyclic heterocycle has two rings which have three or more
adjacent ring atoms in commeon. The first ring 18 a menocyclic heterocycle and the
other ring is a cycloalkyl (such as (C3-Cy)eycloalkyl), partially unsaturated
carbocvele or a monocyclic heterocyele. Txamples of bridged bicyclic heterocycles
include, but are not limited to, azabicyclo[3.3. 1 ]nonane, 3-azabicyclo[3 3.1 nonane,
azabivyclof3.2. 1 octane, 3-azabicyclo[3.2. 1]octane, 6-azabicyclo[3.2.1]octane and
azabicyclo[2.2.2]octane, 2-azabicy¢lo|2.2.2]octane,

When the heterocycle contains a N atom other than the nitrogen atom to
which R! and R? are bonded, the N atom can be substituted with H, alkyl,
cveloalkyl, cycloalkylalkyl, aryl, arylalkyl, heteroarvl, heteroarylalkyl, each of
which can be optionally substituted with halogen, hydroxy, alkoxy, haloalkyl, alky],
cte. The heterocyele can be optionally substituted with an oxo group (C=0) and
oxo substituted heterocyelic rings include, but are not limited 1o, thiomerpholine 1-
oxide, thiomorpholine 1,1-dioxide, tetrahydro-2H-1,2-thiazine 1,1-dioxide, and
isothiazolidine 1,1-dioxide, pyrrolidin-2-one, piperidin-2-one, piperazin-2-one, and
morpholin-2-one. Other optional substituents for a heterocycle include
(Cy-Cyalkyl, halo, -OH, (C;-Cylalkoxy, (C1-Cyalkylthio, (C,-Cyalkylsulfinyl,
(C1-Cyalkylsulfonyl, (C1-Colalkoxy(Cr-Colalkyl, -N(RHY(R™M, -CN,
halo(C (-Cy)alkyl, and halo{Cy-Cy)alkoxy.

“Heteroary!” means a 5-12 membered monovalent heteroaromatic
monocyelic or bicylic ring radical. A herteroary! contains 1, 2 or 3 heteroatoms
independently selected from N, O, and S. IHeteroaryls include, but are not limited
to pyrrole, imidazole, pyrazole, oxazole, isoxazole, thiazole, isothiazole, 1,23~
triazole, 1,2, 4-triazole, 1,3 A-oxadiazole, 1,2 S-thiadiazole, 1,2, 5-thiadiazole 1-
oxide, 1.2 5-thiadiazole 1,1-dioxude, 1,3,4-thiadiazole, pyridine, pvrazine,
pyrimidine, pyridazine, 1,2 4-triazine, 1,3, 3-triazine, and tetrazole. Bicvclic
heteroaryl nngs include, but are not limited to, bicyclo[4.4.0] and bicyclo[4 3.0]

tused ring systems such as indolizine, indole, isoindole, indazcle, benzimidazole,
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benzthiazole, purine, qumoling, 1soquinoline, cinnoline, phthalazine, quinazoline,
quinoxaling, 1,8-naphthyridine, and pteridine.

“Carbocycle” means 4-12 membered saturated or unsaturated aliphatic
cvehic hydrocarbon ring.

5 “Alkoxy” means an alky] radical attached through an oxygen Iinking atom.
“Alkoxy” can also be depicted as -O-alkyl. For example, (C,-Cs)-alkoxy can also
depicted as -O-(Cy-Colalkyl, “{C,-Cy)-alkoxy” includes methoxy, ethoxy, propoxy,
and buloxy.

“Alkylthio” means an alkyl radical attached through a sulfur linking atom.
10 “Alkylthio” can also be depicted as -S-alkyl. For example, “(C-Cy)alkvlthio” can
be depictad as -S-(C,-Cyalkyl “(Ci-Cpalkylthio” include methylthio, ethylthio,
propylthio and butylthio.

“Alkylsnlfinyl” means an alkyl radical attached through a -S(O)- linking
group. “Alkylsulfinyl” can be depicted as -S{Q)-alkyl. For example,

15 *(Cy-Cyalkylsulfiny]l™ can be depicted ag -S(O)-(C;-Cyyalkyl.
“(C-Coalkylsulfiny!” include methvisulfinyl, ethylsulfinyl, propylsulfinyl and
butylsulfinyl.

“Alkylsulfonyl” means an alkyl radical attached through a -S(Q),- linking
group. “Alkylsulfonyl” can be depicted as -S{O).-alkyl. For example,

20 H(C-Cyelkyisulfinyl” can be depicted as -S(0)-(C-Cyyalkyl.
HC1-Cyelkylsulfony!” include methylsulfonyl, ethylsulfonyl, propvlsul fonyl and
butylsulfonyl.

Haloalkyl and halocycloalkyl include mono, poly, and perhaloalkyl groups
where each halogen is independently selecied from fluorine, chlorine, and bromine,

25 Haloalkyl and halocycloalkyl can also be referred as halo-substituted alkyl and
halo-substituted cycloalkyl, respectively.

“Cycloalkoxy” means a cycloalkyl radical attached through an oxygen
hinking atom. “Cycloalkoxy” can also be depicted as -O-~cycloalkyl For example,
“(Cs5-Ce)eyeloalkoxy™ can be depicted as -O-(Cs-Cq)eycloalkyl. “(Cs-

30 Cyieycloalkoxy” includes cyclopropyloxy, cyclobutyloxy, cyclopentyloxy and

cyclohexyloxy.
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“Aryl” mesans an aromatic monocyclic or polyeyclic (e.g. bicyclic or
tricyclic} carbocyelic ring system. In one embodiment, “aryl” 15 a 6-12 membered
monocylic or bicyclic systems. Aryl systems include, but not limited to, phenyl,

naphthalenyl, fluorenyl, indenyl, azulenyl, and anthracenyl.

“Aryloxy” means an aryl moiety attached through an oxygen hinking atom.
“Aryloxy” can be also depicted as -O-aryl. Arvloxy mcludes, but not hmited to,
phenoxy.

“Arylthio” means an aryl moiety attached through a sulfur linking atom.
“Arylthio” can be also depicted as -S-aryl. Arylthio includes, but not limited to,

phenylthio.

“Arylsulfiny]” means an aryl moiety attached through a -S(0)- linking
group. “Arylsulfinyl” can be also depicted as -S{O)-aryl. Arylsulfinyl includes, but
not limited to, phenylsulfinyl.

“Arylzulfonyl” means an ary! moiety attached through a -S(O),- linking
group. “Arylsultonyl” ™ can be also depicted as -S(O).-aryl. Arylsulfonyl includes,

but not limited to, phenylsulfonyl,

“Hetero” refers to the replacement of at least one carbon atom member in a
ring system with at least one heteroatom selected from N, §, and O. “Hetero” also
refers to the replacement of at least one carbon atom member in a acyclic system.
A hetero ring sysiem or a hetcro acyclic system may have 1, 2, or 3 carbon atom

members replaced by a heteroatom.

“Halogen”or “halo” used herein refers to fluoring, chlorine, bromine, or
lodime.

As uzed herein, cvcloalkylalkyl can be depicted as -alkylene-cycloalkyl. For
example, {Cs-Csleycloalkyl{C-Cayalkyl can be depicted as
- Cy-Cpalkylene-(Cs-Co)eyeloalkyl,

As use herein, alkoxyalkyl can be depicted as -alkylene-O-alkyl. For
example, (C;-Cy)alkoxy(C;-Cy)alkyl can be depicted as
-(Cy-Cyalkylene-0-(C;-Cyalkyl

As use herein, cycloalkoxvalkyl can be depicted as -alkylene-O-cyeloalkyl.
For example, (Ca-Ce)eyeloalkoxy(Ci-Cy)alkyl can be depicted as

-(C1-Cylatkylene-0-(Cs-Cs)alkyl.
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As use herein, arylalky] can be depicted as -alkylene-aryl. For example,
aryl{C1-Ca)alkyl can be depicted as -(Ci-Cy)alkylenc-aryl.

As used herein, arvloxyalkyl can be depicted as -alkylene-O-arvl. For
example, arvloxy(Ci-Calkyl can be depicted as ~(C1-Cy)atkylene-O-aryl.

As used herein, arvithioalkyl can be depicted as -alkylene-S-aryl. For
example, arylthio(Ci-Cy)alkyl can be depicted as -(C,-Cy)alkylene-S-aryl,

As used herein, arylsufinylalkyl can be depicted as -alkylene-5(O)-aryl. For
example, arylsufinyl{C;-Cy)alky] can be depicted as -(C;-C;)alkylene-S{O)-aryl.

As used herein, arvlsulfonylalkyl can be depicted as -alkvlene-S(O)y-aryl.
For example, arylsulfonyl(C;-C.)alky] can be depicted as
-(Cy-Csyalkylene-S(0)z-aryl.

Another embodiment of the present invention is a pharmaccutical
composition comprising one or more pharmaceutically acceptable carrier and/or
diluent and a compound disclosed herein or a pharmaceutically acceptable salt
thereof.

“Pharmaceutically acceptable carrier” and “pharmaceutically acceptable
diluent” means non-therapeutic components that are of sufficient purity and quahty
for use 1n the formulation of a composition of the invention that, when appropriately
administered to an animal or human, typically do not produce an adverse reaction,
and that are used as a vehicle for a drug substance (1.e. a compound of the present
invention).

Pharmaceutically acceptable salts of the compounds of the present invention
are also included. For example, an acid salt of a compound of the present invention
containing an amine ar other basic group can be obiained by reacting the compound
with a surtable organic or morganic acid, resulting in pharmaceutically acceptable
anionic salt forms. Examples of anionic salts include the acetate, benzenesulfonate,
benzoate, bicarbonate, bitartrate, bromide, calcium edetate, camsvlate, carbonate,
chloride, citrate, dihydrochloride, edetate, edisylate, estolate, esylate, fumarate,
glyceptats, gluconate, glutamale, glycollylarsanilaie, hexylresorcinate,
hydrobromide. hydrochlonde, hydroxynaphthoate, iodide, isethionate, lactate,
lactobionate, malate, maleate, mandelate, mesylate, roethylsulfate, mucste,

napsylate, nitrate, pamoate, pantothenate, phosphate/diphosphate, poly galacturonate,
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salicylale, stearate, subacetate, succinate, sulfate, tannate, tartrate, teoclate, tosylate,
and tricthiodide salts.

Salts of the compounds of the present invention containing a carboxylic acid
or other acidic [unctional group can be prepared by reacting with a sutable base.

5 Such a pharmaceutically acceptable salt may be made with a base which affords a
pharmaceutically acceptable cation, which ncludes alkali metal salts (especially
sodium and potassium), alkaline earth metal salts (especially calcium and
magnesium), aluminum salts and ammonium salts, as well as salts made from
physiologically acceptable organie bases such as trimethylamine, triethvlamine,

10 morpholing, pyridine, piperidine, picolme, dicyclohexylamine,
N N’-dibenzylethylenediamine, 2-hydroxyethylamine, bis-(2-hydroxyethyl)amins,
tri-(2-hydroxyethyl)amine, procaine, dibenzyipiperidine, dehyvdroabietylamine,
N,N’-bisdehydroabiatylamine, glucamine, N-methylglucamine, collidine, quinine,

quinoline, and basic amino acids such as lysine and arginine,

[u—
wh

The invention also includes various isomers and mixtures therecf. Certain
ol the compounds of (he presen( invention may exist In various siereoisomeric
forms, Sterecisomers are compounds which differ only in their spatial
arrangement. Enantiomers are pairs of stereoisomers whose mirror images are not
superimposable, most commonly because they contain an asymmetrically
20 substituted carbon atom that acts as a chiral center. “Enantiomer” means ona of a
pair of molecules that are mirror images of each other and are not superimposable.
Diastereomers are stercoisomers that are not related as mirror images, most
commonly because they contain two or more asymmatrically substituted carbon
atoms. “R” and “S” represent the configuration of substituents around one or more
25 chiral carbon atoms, When a chiral center is not defined as R or S, either a pure
enantiomer or a mixture of both configurations 1s present
“Racemate” or “racemic mixture” means a compound of equimolar
quantities of two enantiomers, wherzin such mixtures exhibit no optical activity;

1.2, they do not rotate the plane of polarized light.

I
<

The compounds of the invention may be prepared as individual isomers by
etther isomer-specific synthesis or resolved [rom an isoneric mixlure.
Conventional resolution techniques include forming the salt of a frec base of cach

isomer of an isomeric pair using an optically active acid (followed by fractional
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crystallization and regeneration of the {ree base), forming the salt of the acid form
of cach tsomer of an 1someric pair using an optically active amine ([ollowed by
fractional crystallization and regeneration of the free acid), forming an ester or
amide of each of the isomers of an 1someric pair using an optically pure acid, amme
5 oralcohol (followed by chromatographic separation and removal of the chiral

auxiliary), or resolving an isomeric nuxture of either a starting material or a final
product using various well known chromatographic methods.

When the stereochemustry of a disclosed compound is named or depicted by
structure, the named or depicted stereoisomer is at least 60%, 70%, 80%, 90%, 99%

10 or 99.9% by weight pure relative to the other stereoisomers. When a single
enantiomer is named or depicted by struclure, (e depicted or named enantiomer is
at least 60%, 70%, 80%, 90%, 99% or 99.9% by weight optically pure. Percent
optical purity by weight is the ratio of the weight of the enantiomer that is present
divided by the combined weight of the enantiomer that is present and the weight of

IS its optical isomer.

The present invention also provides a method of treating or preventing a
subject with a tetracycline-responsive disease or disorder comprising administering
to the subject an effective amount of a compound of the present invention or a
pharmaceutically acceptabie salt thereof.

20 “Tetracycline-responsive disease or disorder” refers to a disease or disorder
that can be treated, prevented, or otherwise ameliorated by the administration of a
tetracyclme compound of the present invention. Tetracycline-responsive disease or
disorder includes infections, cancer, inflammatory disorders, autoimmune disease,
arteriosclerosis, comeal ulceration, emphysema, arthritis, osteoporosis,

25  osteoarthritis, multiple sclerosis, osteosarcoma, osteomyelitis, bronchiectasis,
chronic pulmonary obstructive disease, skin and eye diseases, periodontitis,
osteoporosts, theumatold arthritis, ulcerative colitis, prostatitis, tumor growth and
invasion, metastasis, diabetes, diabetic proteinuria, panbronchiolitis; aortic or
vascular aneurysms, skin tissue wounds, dry eye, bone, cartilage degradation,

30 malaria, senescence, diabetes, vascular stroke, ncurodegenerative disorders, cardiac
disease, juvenile diabetes, acute and chronic bronchitis, sinusitis, and respiratory
infections, including the common cold;, Wegener’s granulomatosis; neutrophilic

dermatoses and other inflammatory diseases such as darmatitis herpetiformis,
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leukocytoclastic vasculitis, bullous lupus erythematosus, pustular psoriasis,
erythama elevatum diutinum; vitiligo; discoid lupus erythematosus; pyoderma
gangrenosum; pustular psoriasis; blepharitis, or meibomianitis; Alzheimer’s disease;
degenerative maculopathy: acute and chronic gastroenteritis and colitis; acute and
chironic cystitis and urethritis; acute and chronic dermatitis; acute and chronic
conjunctivitis; acute and chronic serositis; uremic pericarditis; acute and chronic
cholecystis; cystic fibrosis, acute and chronic vaginitis; acute and chronic uveitis;
drug reactions; insect bites; burns and sunburn, bone mass disorder, acute fung
injury, chronic lung disorders, ischemia, stroke or ischemic stroke, skin wound,
aortic or vascular aneurysm, digbetic relinopathy, hemorrhagic stroke, angiogenesis,
and other states for which tetracveline compounds have been found to be active (see,
for example, U. S. Patent Nos, 5,789,395; 5,834,450; 6,277,061 and 5,532,227, each
of which 15 expressly incorporated herein by reference).

In addition, a method to treat any disease or disease state that could benefit
from modulating the expression and/or function of nitric oxide, metalloproteases,
promflammatory mediators and cytokines, reactive oxygen species, components of
the immune responge, including chemotaxis, lymphocyte transformation, delayed
hypersensitivity, antibody production, phagocytosis, and oxidative metabolism of
phagocytes. A method to treat any cisease or disease state that could benefit from
modulating the expression and/or function of C-reactive protein, signaling pathways
(e.g.. FAK signaling pathway), and/or augment the expression of COX-2 and PGE,
production is covered. A method to treat any disease or disease state that could
benefit from inhibition of neovasculacrization is covered.

Compounds of the invention can be used to prevent or treat important
mammalian and veterinary diseases such as diarrhea, urntnary tract infections,
miections of skin and skin structure, ear. nose and throat infections, wound
infection, mastitis and the like, In addition, metheds for treating nzoplasms using
tetracycline compounds of the invention are also included (van der Bozert et al.,
Cancer Resg., 48; 6686-6690 (1988) ).

Infections that can be treated using compounds of the invention or a
pharmaceutically acceptable salt thereof include, but are not limited to, skin
infactions, Gl infections, urinary tract infections, genito-urinary infections,

respiratory tract infections, sinuses infections, middle ear infections, systemic
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infections, cholera, influenza, bronchitis, acne, malarnia, sexually transmitted disease
including syphilis and gonorrhea, Legionnaires’ disease, Lyme disease, Rocky
Mountain spotted fever, Q fever, typhus, bubonic plague, gas gangrene, hospital
acquired infections, leptospirosis, whooping cough, anthrax and infections caused by
the agents responsible for [ymphogranuloma venereum, inclusion conjunctivitis, or
psittacosis. Infections can be bacterial, fungal, parasitic and viral infections
{including those which are resistant to other tetracycline compounds).

In one embodiment, the infection can be caused bacteria. In anather
embodiment, the infection is caused by a Gram-positive bacteria. In 4 specitic
aspect of this embodument, the infection 15 caused by a Gram-positive bacterium
selected from Staphylococeus spp.. Streptococcus spp.. Propionibacteriuim spp.,
Enterococcus spp., Bacillus spp., Corynebacterium spp., Nocardia spp,. Clostridium
spp., Actinobacteria spp.. and /isteria spp. .

In another embodiment, the infection is caused by a Gram-negative
bacterium. In one aspect of this embodiment, the infection is caused by a
proteobactena (e.g.. Betaproteobacteria and Gammaproteobacteria), including
Escherichia coli, Salmonella, Shigella, other Enterobacteriaceae, Pseudomonas,
Moaraxella, Helicobacter, Stenotrophomonas, Bdellovibrio, acetic acid bacteria,
Legionelia or alpha-proteobacteria such as Wolbachia In another aspect, the
infection is caused by a Gram-negative bacteria selectzd from cyanobacteria,
spirochastes, graen sulfur or green non-sulfur bacteria. In a specific aspect of this
embodiment, the infection is caused by a Gram-negative bacteria selected from
Interobacterviceae (e.g., E. coli. Klebsiella prenmonia including those containing
extended-spectrum -lactamases and/or carbapenemases), Bacteroidaceae (e.g.,
Bacreroides fragilis)., Vibrionaceae (Vibrio cholerae), Pasteurellae (e .o,

N
)]
i

Haemophilus influenza), Pseudomonadaceae (2.g., Pseudomaonas aeruginosa
Neisseriaceae (e.g. Neisseria meningitidis), Rickettsiae, Moraxellaceae (e g,
Moraxella cararrhalis), any species of Proteeae, Acinetobacier spp., Helicobacrer
spp., and Campylobacter spp.

In a particular embodiment, the infection is caused by Gram-negative
bacterium selected trom the group consisting of I'nterobactericeae (e.g., L. ¢oli,

Klebsiella pneumoniae), Pseudomonas, and Acineiobacter spp.
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Tn another embodiment, the infection 1s caused by an organism selected from
the group consisting of K. preumoniae, Salmonella, It hirae, A baumanii, M

catarrhalis, H. influenzae, P. aeruginosa, E. faecium, £ coli, S. aurens, and .

Jacealis,

In another embodiment, the infection is caused by an organism selected from
the group consistng of rickettsiae, chlamydiae, Legionella spp. and Mycoplasma
spp.  In another embodiment, the infection 1§ caused by an organism resistant o
tetracycline or any member of first and second generation of tetracycline antibiotics
(e.g., doxycycline or minocycline).

In another embodiment, the infection 15 caused by an organism resistant 1o
methicillin,

In another embodiment, the infection is caused by an organism resistant to
vancomy cin.

In another embodiment, the infection is caused by an organism resistant 10 a
guinolone or fluoroquinolone.

In another embodiment, the infection 1s caused by an orgamsm resistant to
tigecycline.

In another embodiment, the infection 1s caused by a multidrug-resistant
pathogen (having mtermediate or full resistance to any two or more antibiotics). In
another embodiment the mfection is a Bacillus anthracis infection. "Bacillus
anifiracis infection” includes any state, diseases, or disorders caused or which result
from exposure or alleged exposure to Bacillus anrhracis or ancther member of the
Bacillus cerews group of bacteria. Tn another embodinient, the infection is caused by
Bacillus anthracis (anthrax), Yersinia pestis (plague), or Francisella tularensis
(tularemia)

In yet another embodiment, the infeciion can be caused by more than one
organism described above. Examples of such infections include, but are not limited
(o, intra-abdorminal infections (often & mixture of a gram-negative species like .
coli and an anaerobe like B fragifis), diabetic foot (various combinations of
Smrepiococeus, Servatia, Staphylococcus and Enterococcus spp., anaerobes (S E.
Dowd, et al., PloS one 2008:3:¢3326) and respiratory disease (especially in patients
that have chronic infections like cystic fibrosis —e.g., S awrens plus P. aeruginosa

or A influenza. atypical pathogens), wounds and abscesses (varlous gram-nagative
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and gram-positive bacteria, notably MSSA/MRSA, coagulase-negative
staphylococci, enterococci, Acinelobacter, P. aeruginosa, E. coli, B. fragilis), and
bloodstream infections (13% were polymicrobial (H. Wisplinghoff, et al., Clin.

Infect Dis 2004:39:311-317)).

()

In a further embodiment, the tetracycline responsive disease or disorder 1s
not a bactenial infection. 1n another embodiment, the tetracycline compounds of the
invention are essentially non-antibacterial, For example, non-antibacterial
compounds of the invention may have MIC values greater than about 4 ng/ml {as
measured by assays known in the art and/or the assay given in Example 14, In
10 another embodiment, the tetracycline compounds of the invention have both

antibactertal and non-antibacterial cifects.

Tetracycline responsive disease or disorder also includes diseases or
disorders associated with inflammatory process associated states (IPAS). The term
"inflammatory process associated state” includes states in which inflammation or

15 inflammatory faciors (e g., matrix metalloproteinases (MMPs), nitric oxide (NO),
TNF, mterleukins, plasma proteins, cellular defense systems, cytokines, lipid
metabolites, proteases, toxic radicals, adhesion molecules, etc.) are involved or are
present in an area in aberrant amounts, e.g., in amounts which may be advantageous

to alter, e.z., to benefit the subject. The inflammatory process is the response of

N3
—
<

living tissue lo damage. The cause of inflammation may be due to physical damage,
chemical substances, micro-organismes, tissue necrosis, cancer or other agents.
Acure inflammation is short-lasting, lasting only a few days. If it is longer lasting
however, then 1t may be referred to as chronic inflammation.
IPASs include mflammatory disorders, Inflammatory disorders are generally
25  characterized by heat, rednsass, swelling, pain and loss of function. Examples of
causes of inflammatory disorders include, but are not limited to, microbial infections
(e.g., bacterial and fungal infections), physical agents (e.g., burns, radiation, and
trauma), chemical agents (e.g., toxins and caustic substances), tissue necrosis and
various tvpes of immunologic reactions,
30 Examples of inflammatory disorders can be treated using the compounds of
the invention or a pharmaceutically acceptable salt thereof include, but ars not
linuted to, ostecarthritis, rheumatoid arthritis, acute and chronic infections (bacterial

and fungal, including diphtheria and pertussis); acute and chronic bronchitis,
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sinusitis, and upper respiratory infections, mcluding the common cold; acute and
chronic gastroenteritis and colitis; inflammatory bowel disorder; acute and chronic
cystitis and urethritis; vasculitis; sepsis; nephritis; pancreatitis; hepatitis; lupus;
inflammatory skin disorders including, for example, eczema, dermatitis, psoriasis,

5 pyederma gangrsnosum, acne rosacea, and acute and chronic dermatitis; acute and
chronic conjunctivitis; acute and chronic serositis (pericarditis, peritonitis, synovitis,
pleuritis and tendinitis); uremic pericarditis; acute and chronic cholecystis; acute and
chronic vaginitis; acute and chronic uveitis; drug reactions; insect bites; burns
(thermal, chemical, and electrical); and sunburn.

10 TPASs also include matrix metalloproteinase associaled slales (MMPAS),
MMPAS include states characterized by aberrant amounts of MMPs or MMP
aclivity. Examples of matrix metalloproteinase associated states ("MMPAS's")
san be treated using compounds of the invention or a pharmaceutically acceptable
salt thereof,

15 include, but are not limited to, arteriosclerosis, corneal ulceration, emphysema,
osteoarthritis, multiple sclerasis (Licdtke et el., Ann. Neurol 1998, 44: 35-46,
Chandler et al., T Neuroimmunol. 1997, 72: 155-71), osteosarcoma, osteomyelitis,
bronchiectasis, chronic pulmonary obstructive disease, skin and eye diseases,
periodontitis, osteoporosis, rheumatord arthritts, ulcerative colitis, inflammatory

20 disorders, tumor growth and invasion (Stetler-Sievenson et al., Annu. Rev. Cell

Biol. 1993, 9: 541-73; Tryggvason et al., Biochim. Biophys. Acta 1987, 907

191-217 ; Lietal, Mol. Carcillog. 1998, 22: 84-89) ), metastasis, acute lung injury,

stroke, 1schemia, diabetes, aortic or vascular anewrysms, skin tissug wounds, dry eye,

boue and cartilage degradation (Greenwald et al., Bone 199822 1 33-38; Ryan et al ,

Cwr. Op. Rheumatol. 1996, 8: 238- 247). Other MMPAS include those described in

U. S. Pat. Nos. 5,459,135, 5,321,017, 5,308,839; 5,258 371; 4,935,412 4,704,383,

D
wh

4,666,897 and RE 34,656, incorporated herein by reference in their entirety.
In a further embodiment. the IPAS includes disorders described in U, S.
Patents Nos. 5,929,055, and 5,532,227, incorporated herein by reference in their
30 entirety.
Tetracyceline responsive disease or disorder also meludes discases or
disorders associated with NO associated states. The term "NO associated states"

includes states which involve or are associated with nitric oxide (NO) or mducible
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nitric oxide synthase (iINOS). NO associated state includes states which are
characterized by aberrant amounts of NO and/or iNOS. Prefergbly, the NO
associated state can be treated by administering tetracycline compounds of the
invention, The disorders, diseases and states described in U. S. Patents Nos,
6,231,894; 6,015,804; 5,919,774; and 5,789,395 are also included as NO associated
states. The entire contents of each of these patents are hereby incorporated herein by
reference.

Fixamples of diseasas or disorders associated with NO associated states can
be treated using the compounds of the present invention or a pharmaceutically
acceptable salt thereof include, but are not limited to, malaria, senescence, diabetes,
vascular stroke, neurodegenerative disorders (Alzhenner's disease and Huntington's
disease), cardiac disease (reperfusion-associated injury following infarction),
juvenile diabetes, inflammaiory disorders, osteoarthritis, rheumatoid arthritis, acute,
recurrent and chronic infections (bactertal, viral and fungal); acute and chronic
bronchitis, sinusitis, and respiratory infections, including the common cold; acute
and chronie gastroententis and colitis; acute and chronic cystitis and urethritis; acute
and chronic dermatitis; acute and chronic conjunctivitis; acute and chronic serositis
(pencarditis, peritonitis, synovitis, pleuritis and tendonitis); uremic pericarditis;
acute and chronic cholecystis; cystic fibrosis, acute and chronic vaginitis; acute and
chronic uveitis; drug reactions; insect bites; burns (thermal, chemical, and
glectrical); and sunburn,

In another embodiment, the tetracycline responsive disease or disorder 1s
cancer. Examples of cancers that can be treated using the compounds of the
nvention or a pharmaceutically acceptable salt thereof include all solid tumors, i.e.,
carcinomas e.g., adenocarcinomas, and sarcomas. Adenocarcmomas are carcinomas
derived from glandular tissue or in which the tumor cells form recognizeble
glandular structures. Sarcomas broadly mclude tumors whose cells are embedded in
a fibrillar or homogeneous substance like embryonic connective tissue. Examples of
carcinomas which may be treated using the methods of the invention include, but are
not limited to, carcinomas of the prostate, breast, ovary, testis, lung, colen, and
breast. The methods of the invention are not Limited to the treatment of these tumor
types, but extend to any solid tumor derived from any organ system. Examples of

treatable cancers include, but are not limited to, colon cancer, bladder cancer, breast
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cancer, melanoma, ovarian carcinoma, prostate carcinoma, lung cancer, and a
variety of other cancers as well. The methods of the invention also cause the
inhibition of cancer growth in adenocarcinomas, such as, for example, those of the
prostate. breast, kidney, ovary, testes, and colon. In one embodiment, the cancers
treated by methods of the invention include those described in UL 8. Patent Nos.
6,100,248; 5,843,925 5,837.,696: or 5,668,122, incorporated herein by reference in
their entirety.

Alternatively, the tetracycline compounds may be useful for preventing or
reducing the likelihood of cancer recurrence, for exaimple, to treat residual cancer
following surgical resection or radiation therapy. The tetracycline compounds
uselul according to the invention arc cspecially advantageous as they are
substantially non-toxic compared to other cancer treatments.

In a further embodiment, the compounds of the invention are administered in
combination with standard cancer therapy, such as, but not limited to, chemotherapy.

Examples of tetracycline responsive states can be treated vsing the
compounds of the invention or a pharmaceuticallv acceptable salt thereof also
include neurological disorders which include both neuropgychiatric and
neurodegenerative disorders, but are not limited to, such as Alzheimer's disease,
dementias related to Alzheimer's disease (such as Pick's diseasz), Parkinson's and
other Lewy diffuse body diseases, senile dementia, Huntington's disease, Gilles dz la
Tourette's syndrome, multiple sclerosis, amyotrophic lateral sclerosis (ALS),
progressive supranuclear palsy, eptlepsy, and Creutzfeldt-Jakob disease; autonomic
function disorders such as hypertension and sleep disorders, and neuropsychiatric
digorders, such as depression, schizophrenia, schizoaffective disorder, Korsakotl's
psychosis, manta, anxiety disorders, or phobic disorders; learning or menory
disorders, ¢. g., amnesia or age-related memory loss, attention deficit disorder,
dysthymic disorder, major depressive disorder, mania, obsessive-compulsive
disorder, psychoactive substance use disorders, anxiety, phobias, panic disorder, as
well as bipolar affective disorder, e. g., severe bipolar affective (mood) disorder
{BP-1), bipolar affective newrological disorders, e. ., migraine and obesity.

Further neurological disorders include, for example, those listed in the

American Psychiatric Association's Diagnostic and Statistical manual of Mental
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Disorders (DSM), the most current version of which s incorporated herain by
reference n 1ts entircty.

[n another embodiment, the tetracycline responsive disease or disorder is
diabetes. Diabetes that can be treated using the compounds of the invention or a

5  pharmaceutically acceptable salt thereof include, but are not limited 1o, juvenile
diabeles, diabetes mellitus, diabetes type I, or diabetes type T1. Tn a further
embodiment, protein glycosylation is not affected by the administration of the
tetracycline compounds of the invention. In another embodiment, the tetracycline
compound of the invention 1s administered in combination with standard diabetic

10 therapies, such as, but not limited to insulin therapy.

In another embodiment, the tetracycline responsive disease or disorder is a
bone mass disorder. Bone mass disorders that can be treated using the compounds
of the invention or a pharmaceutically acceptable salt thereof include disorders
where a subjects bones are disorders and states where the formation, repair or

15 remodeling of bone is advantageous. For examples bone mass disorders include
osteoporosis (e. g, a decrease in bone strength and density), bone fractures, bone
formaticn associated with surgical procedures (e. g., facial reconstruction),
osteogenesis imperfecta (brittle bone disease), hypophosphatasia, Paget's disease,
fibrous dysplasia, osteopetrosis, myeloma bore diseasz, and the depletion of calcium

20 inbone, such ag that which 1g related to primary hyperparathyroidism. Bone masg
disorders include all states in which the formation, repair or remodeling of bone ig
advantageous to the subject as well as all other disorders associated with the bones
or skeletal system of a subject which can be treated with the tetracycline compounds
ol the invention. In a further embodiment, the bone mass disorders include those

25 described in U. S, Patents Nos. 5,459,135, 5,231,017: 5,998,390, 5,770,588, RE
34,656, 5,508,839; 4,925.833: 3,304,227, und 4,666,897, each of which is hereby
incorporated herein by refsrence in its entirety,

In another embodiment, the tetracycline regponsive disease or disorder is

acute lung injury. Acnte lung injuries that can be treated using the compounds of

(%)
<

the vention or a pharmaceutically acceptable salt thereof include adult respiratory
distress syndrome (ARDS), post-pump syndrome (PPS), and trauma. Trauma

includes any 1ajury to living tissue caused by an extrinsic agent or event. Examples
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of trauma include, but are not limited to, crush injuries, contact with a hard surface,
or cutting or other damage to the lungs.
The tetracycline responsive disease or disorders of the imvention also include
chronic hing disorders. Examples of chronic lung disorders that can be treated using
5 the compounds of the invention or a pharmaceutically acceptable salt thereof
include, but are not limited, to asthma, cystic fibrosis, chronic obstructive pulmonary
digease (COPD), and emphysema. In a further embodiment, the acute and/or
chronic lung disorders that can be treated using the compounds of the invention or a
pharmaceutically acceptable salt thereof include those described in U, S, Patents No.
10 5977,091; 6,043 231, 5,523,297, and 5,773,430, each of which 1s herehy
meorporated herein by reference i its entirety,
In yet another embodiment, the tetracycline responsive disease or disorder is
1schemia, stroke, or 1schemic stroke.
In a further embodiment, the tetracycline compounds of the invention or a
15 pharmaceutically acceptable salt thereof can be used to treat such disorders as
described above and in U, 8. Patents No. 6,231.894; 5,773,430; 5,919,773 and
5,789,395, incorporated herein by reference.
In another embodiment, the tetracycline responsive disease or disorder is a
skin wound. The invention also provides a method for improving the healing
20 response of the epithelialized tissue (e.g., skin, mucosae) to acute traumatic injury
(e.g., cut, burn, scrape, etc.). The method includes using a tetracyeline compound of
the invention or a pharmaceutically acceptable salt thereof to improve the capacity
of the epithelializad tissue to heal acute wounds. The method may increase the rate

of collagen accumulation of the healing tissue. The method may also decrease the

2
L

proteolytic activity in the epithelialized tissue by decreasing the collagenolytic
and/or gellatinolytic activity of MMPs. In a further embodiment, the tetracycline
compound of the invention or a pharmaceuticallv acceptable salt thersof is
administered {0 the surface of the skin (e. g, topically). Tn a further embodiment,
the tetracycline compound of the invention or a pharmaceutically acceptable salt
30 thereof'is used to treat a skin wound, and other such disorders as described in, for
example, U. S. Patent Nos. 5,827,840; 4,704,383; 4,935.412; 5,258,371 5,308,839,
5,459,135, 5,532,227, and 6,015,804 each of which is incorporated herein by

reference in ils entirety.
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In yet another embodiment, the tetracycline responsive disease or disorder is
an aortic or vascular aneurysm in vascular tissue of a subject (e.g., a subjeet having
or at risk of having an aortic or vascular aneurysm, etc.). The tetracycline
compound or a pharmaceutically acceptable salt thereof may be effective to reduce

5 the size of the vascular aneurysm or it may be administered to the subject prior to
the onset of the vascular aneurysm such that the aneurysm is prevented. In one
embodiment, the vascular tissue 13 an artery, e.g., the aorta, e.g., the abdominal
aorta. In a further embodiment, the tetracycline compounds of the invention are
used to treat disorders descrnibed in U, S, Patent Nos. 6,043,225 and 5,834,449,

10 incorporated herein by reference in their entirety.

The compounds of the invenzion or a pharmaceutically acceptable salt
thereof can be used alone or in combination with one or more therapeutic agent in
the methods of the invention disclosad herein.

The language "in combination with" another therapeutic agent or treatment

IS includes co-administration of the tetracycline compound and with the other
therapeutic agent or treatment as either a single combination dosage form or as
multiple, separate dosage torms, admunistration of the tetracycline compound first,
followed by the other therapeutic agent or treatment and administration of the other
therapeutic agent or treatment first, followed by the tetracycline compound

20 The other therapeutic agent may be any agent that is known in the art to treat,
prevent, or reduce the symptoms of a tetracyciine-responsive disease or disorder,
The choice of additional therapeutic agent(s) 1s based upon the particular
tetracycline-responsive disease or disorder being treated. Such choice 1s within the

knowledge of a treating physician. Furthennore, the other therapeutic asent may be

b2
N

any agent of benefit to the patient when administered in combination with the
administration of a tetracycline compound.

As used herein, the term “subject” means a mammal in nsed of treatmeant or
prevention, e.g., companion animals (e.g., dogs, cats, and the like), farm animals
(e.g., cows, pigs, horses, sheep, goats and the like) and laboratory anmmals (e.g., rats.
30 mice, guinca pigs and the liks), Typically, the subject 1s a human m need of the
specified treatmeni.

As used herein, the term “treating” or “treatment” refers to obtaining desired

pharmacological and/or physiological effect. The effect can include achieving,
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partially or substentially, one or more of the following results: partially or totally
reducing the extent of the disease, disorder or syndrome; ameliorating ot improving
a clinical symptom or indicator associated with the disorder; delaying, inhibiting or
decreasing the likelihood of the progression of the disease, disorder or syndrome.
5 As used herein, “preventing” or “prevention” refers to reducing the
likelihood of the onset or development of disease, disorder or svndrome,
“Effective amount” means thal amount of active compound agent that

alicits the desired biological response in a subject. In one embodiment, the
effective amount of a compound of the invention is from about 0.01 mg/kg/day 10

10 about 1000 mg/kg/day, trom about 0.1 mg/kg/day to about 100 mg/kg/day, or from
about 0.5 mg/kg/day to about 50 mg/kg/day.

The invention further ncludes the process lor making the composition
comprising mixing one or more of the present compounds and an optional
pharmaceutically acceptable carrier; and includes those compositions resulting from

15 such aprocess, which process incluces conventional pharmaceutical technicues.

The compositions of the invention include ocular, oral, nasal, transdermal,
topical with or without ecclusion, intravenous (both bolus and infusion), inhalable,
and injection (intraperitoncally, subcutaneously, intramuscularly, intratumorally, or
parenterally) formulations. The composition may be in a dosage unit such as a

20 tablet, pill, capsule, powder, granule, liposome, 1on exchange resin, sterile ocular
solution, or ocular delivery device (such as a contact lens and the like facilitating
immeadiate release, timed release, or sustained release), parenteral solution or
suspension, metered aeroso!l or liguid spray, drop, ampoule, auto-injector device, or
suppository; for administration ocularly, orally, intranagally, sublingually,

25 parenterally, or rectally, or by inhalation or insufflation.

Compositions of the invention suitable for oral administration include solid
forms such as pills, tablets, caplets, capsules (each including immediate release,
timed release, and sustamed release formulations), granules and powders; and,
liquid forms such as solutions, syrups, elixirs, emulsions, and suspensions. Forms

30 useful for ocular administration include sterile solutions or ocular delivery devices.
Forms useful for parenteral administration include sterile solutions, emulsions, and

suspensions.
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The compositions of the invention may be administered in a form suitable
for once-weaekly or once-monthly administration. For exammple, an msoluble salt of
the active compound may be adapled to provide a depot preparation for
intramuscular injection (¢.g., a decanoate salt) or to provide a solution for
ophthalmic administration.

The dosage form containing the composition of the invention contains an
effective amount of the active ingredient necessary to provide a therapeutic effect.
The composition may contain from about 5,000 mg to about 0.5 mg (preferably,
from about 1,000 mg to about 0.5 mg) of a compound of the invention or salt form
thereof and may be constituted into any form suitable for the selected mode of
admirustration. The composition may be administered about 1 to about 5 times per
day. Daily administration or post-periodic dosing may be employed.

For oral administration, the composition is preferably in the form of a tablet or
capsule containing, ¢.g., 500 to 0.5 milligrams of the active compound. Dosages will
vary depending on factors associated with the particular patient being treated (e.g..
age, weight, diet, and time of administration), the severily of the condition being
treated, the compound being employed, the mode of administration, and the
sirength of the preparatiot.,

The oral composition 1s preferably formulated as a homogeneous
composition, wherain the active ingredient is dispersed eventy throughout the
mixture, which may be readily subdivided into dosage units containing equal
amounts of a compound of the invention, Preferably, the compositions are prepared
hy mixing a compound of the invention {(or pharmaceutically acceptable salt
thereot) with one or more optionally present pharmaceutical carriers (such as a
starch, sugar, diluent, granulating agant, lubricant, glidant, binding agent, and
disintegrating agent), one or more optionally present inert pharmaceutical
excipients (such as water, glycols. oils, aleohols, flavoring agents, preservatives,
coloring agents, and syrup), one or more optionally present conventional tableting
megredients (such as corn starch, lactose, sucrose, sorbitol, tale, stearic acid,
magnesium stearate, dicaleium phosphate, and any of a variety of gums), and an
optional diluent (such as water).

Binder agents include starch, gelann, natural sugars (e g, glucose and

2
beta-lactose), corn sweeteners and natural and synthetic gums (e.g., acacia and
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tragacanth). Disintegrating agents include starch, methy! cellulose, agar, and
bentonite.

Tablets and capsules represent an advantageous oral dosage unit form
Tablets may be sugarcoated or filmcoated using standard techniques. Tablets may
also be coated or otherwise compounded o provide a prolonged, control-release
therapeutic effect. The dosage form may comprise an mner dosags and an outer
dosage component, wherein the outer component is in the form of an envelope over
the inner component. The two components may further be separated by a layer
which resists disintegration in the stomach (such as an enteric layer) and permits the
inner component (o pass intact into the duodenum or a layer which delays or
sustains relcase. A varlety of enteric and non-enteric layer or coating materials
(such as polymeric acids, shellacs, acetyl alcohol, and cellulose acetate or
combinations thereof) may be used.

Compounds of the invention may also be administered via a slow release
composition, wherein the composition includes a compound of the invention and a
biodegradable slow release carrier (e.2., a polymeric carrier) or a pharmaceutically
acceptable non-biodegradable slow release carrier (e.2., an ion exchange carrier),

Biodegradable and non-biodegradable slow release carriers are well known
i the art. Biodegradable carriers are used to form particles or matrices which retain
an active ageni(s) and which stowly degrade/dissolve in a suitable environment
(e.z., aqucous, acidic, basic and the like) to release the agent. Such particles
degrade/dissolve in body fluids to release the active compound(s) therein. The
particles are preferably nanoparticles or nanoemulsions (e.g., in the range of about 1
to 500 nm in diameter, preferably about 50-200 nm in diameter, and most
oreferably about 100 nm in diameter). In a process for preparing a slow release
composition, a slow release carrier and a compound of the nvention are first
dissolved or dispersed in an organic solvent. The resulting muxture is added into an
atjueous solution containing an optional surface-active agent(s) to produce an
emulsion. The organic solvent is then evaporated from the emulsion to provide a
colloidal suspension of particles containing the slow release carrier and the
compound of the mvention,

The compound disclosed herein may be incorporated for administration

orally or by mjection in a liquid form such as acqueous solutions, suttably flavored
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syrups, aqueous cr oil suspensions, flavorad emulsions with edible oils such as
cottonseed oil, sesame oil, coconut oil or peanut o1l and the like, or in elixirs or
similar pharmaceutical vehicles. Suitable dispersing or suspending agents for
aqueous suspensions, include synthetic and natural gums such as tragacanth, acacia,
5  alginate, dextran, sodium carboxymethylcellulose, methyleellulose,

polyvinyl-pyrrolidene, and gelatin. The liquid forms in suitably flavored suspending
or dispersing agents may also mclude synthetic and natural gums. For parenteral
administration, sterile suspenstons and solutions are desired. I[sotonic preparations,
which generally contain suitable preservatives, are employed when intravenous

10 admunistration 1s desired.

The compounds may be administered parenterally via injeclion. A
parenteral formulation may consist of the active ingredient dissolved in or mixed
with an appropriate inert liquid carriar. Acceptable liquid carriers usually comprise
aqueous solvents and other optional ingredients for aiding sclubility or preservation,

15 Such aqueous solvents include sterile water, Ringer's solution, or an isotonic
aqusous saline solution. Other optional ingredients include vegetable oils (such as
peanut oil, cottonseed o1l, and sesame oil), and organic solvents (such as solketal,
glycerol, and formyl). A stenle, non-volatile oil may be employed as a solvent or
suspending agent. The parenteral formulation is prepared by dissolving or

20 suspending the active ingredient in the liquid carrier whereby the final dosage unit
contains from 0.005 to 10% by weight of the active ingredient. Other additives
include pressrvatives, isotonizers, solubilizers, stabilizers, and pain-soothing agents.
[njactable suspensions may also be prepared, in which case appropriate liquid

carners, suspending agents and the like may be employed.

b
i

Compounds of the invention may be administered intranasally using a
sultable intranasal vehicle,

In another embodiment, the compounds of this invention may be
administered directly to the lungs by inhalation.

Compounds of the invention may also be administered topically or enhanced
30 by using a suitable topical transdermal vehicle or a transdermal patch,

For ocular admrmistration, the composition is preferably n the form of an
ophthalmic composition. The ophthalmic compositions are preferably formulated as

eye-drop formulations and filled in appropriate containers to facilitate administration
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to the eye, for example a dropper fitied with a suitable pipette. Preferably, the
compositions are sterile and aqueous based, using purified water. In addition to the
compound of the invention, an ophthalmic composition may contain one or more of:
a) a surfactant such as a polyoxyethylene fatty acid ester; b) a thickening agents

S guch as cellulose, cellulose derivatives, carboxyvinyl polymers, polyviny] polymers,
and polyvinylpvrrolidones, typically at a concentration n the range of about 0.05 to
about 5.0% (wt/vol); ¢) (as an alternative to or in addition to storing the
composition In a container containing nitrogen and optionally including a free
oxygen absorber such as Fe), an anti-oxidant such as bulylated hydroxyamsol,

10 ascorbic acid, sodium thicsulfate, or butylated hydroxytoluene at a concentration of
about 0.00005 o about 0.1% (wt/vol); d) ethanol at a concentration of about 0.01 to
0.5% (wt/vol); and e) other excipients such as an 1sotonic agent, buffer,
preservative, and/or pH-controlling agent. The pH of the ophthalmic composition is
desirably within the range of 4 to 8.

15 1Ir: certain embodiments, the composition of this invention includes one or
more additional agents. The other therapeutic agent may be ay agent that is capable
of treating, preventing or reducing the symptoms of a teiracychine-responsive disease
or disorder. Alternatively, the other therapeutic agent may be any agent of benefit
a patient when administered in combination with the tetracycline compound in this

20 invention.

While this invention has been particularly shown and described with
references to example embodiments thereof, it will be understood by those skilled in
the art that various changes in form and details may be made therem without

departing from the scope of the invention encompassed by the appended claims.

b3
h

IRXEMPLIFICATION

The following abbreviations and the terms have the indicated meanings:

Abbreviation/Term Meaning

Ac acety|

AIBN 2,2’ -azobis(2-methylpropionitrile)

aq agqueous

Bn benzyl

brine saturated aqueous sodium chlonde

Boc {eri-butoxy carbonyl or (~butoxy carbony!
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(Boc),0 di-fert-butyl dicarbonate
BBr, boron tribromide
Bu buty!
Chz benzyloxycarbonyl
CH,Cl, methylene chloride
CH;CN or MeCN acetontitrile
Cy tricyclohexylphosphine
dba dibenzylideneacetone
DIBAL-H ditsobutylaluminum hydride
DIEA N, N-diisopropylethylamine
DMAP 4-(dimethylamino)pyrdine
DME ' 1,2-dimethoxyethane
DMF N.N-dimethylformamide
DMPU 1,3-dimethyl-3,4-5, 6-tetrahydro-2( 1 H)-pyrim:done
DMSO dimethyl sulfoxide
EDC N-(3-dimethylaminopropyl)-& -ethylcarbodiimide
ES] electrospray onization
equiv. equivalent
[Tt ethyl
Ev,O ethyl ether
EtOAc ethyl acetats
h, hr hour
HCl hydrochloric acid
KHPQO,4 potassium hydrogenphosphate
HPLC high performance liquid chromatography
HOBt 1-hydroxybenzotriazole
i 150
IBX 2-1odoxybenzoic acid
[L.DA lithium ditsopropylamide
LHMDS lithium bis(trimethylsilylJamide
[L.TMP lithiura 2,26, 6-letramelthypiperidide
Me methyl
MeOH methano!
Mel methyl iodide
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min minute
Ms methanosulfonyl
MS mass spectrum
MTBE mathyl tert-butyl cther
MW molecular weight
NaHCO; sodium bicarbonate
NaOH sodium hydroxide
NazS0; sodium sulfate
NBS N-bromosuccinimide
NCS N-chlorosuccmimide
NMR nuclear magnetic resonance spectrometry
Ph phenyl
Pr propyl
g secondary
! tertiary
RP reverse phase
TMEDA tetramethylethylenediamine
TBS fert-butyldimethylsiivl
TEA triethylamine
Tt trifluoromathanesulfonyl
TFA trifluoroacetic acid
TFAA trifluoroacetic anhydride
THE tetrahydrofuran
TLC thin layer chromatography
Ts para-toluenesulfony!
TsOH para-toluenesul fonic acid
Xantphos 4,5-bis(diphenyiphosphino)-9,9-dimethy [xanthene

Example 1. Synthesis of Compounds of Structural Formula (1),
The compounds of the tnvention can be prepared according the synthetic

scheme shown in Scheme L.
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F F F F
1) sBuLi CH,  1)(COCI), CHs o -CHs

| TMEDA [ O 2PhOH [ 8, [
A O BT N O TN OPh /WOPh

CH,O0 O CHC O o)

1

HNO2/H,80,

Scheme 1

Specific conditions for the reactions depicted in Scheme 1 are provided in

5 the following examples.

Compound 1
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To a THF solution of 5-fluore-2-methoxybenzoic acid (500 mg, 2.94 mmol,
Aldrich $23097) cooled at -78 °C was added a THF solution of s-Bul.i (4.60 mlL.,
1.40 M, 6.44 mmol, 2.2 equiv) and TMEDA (0.97 mL, 6.47 mnol, 2.2 equiv). The
reaction was stirred at -78 °C for 2 h. Mel (1 10 mL, 17 64 mmol, 6.0 equiv) was
added to the reaction mixture dropwise. The reaction was allowed to warm to 23 °C
over 1 h and stirred al 25 °C (or 1 h. NaOH {6 N, 20 mL) was added. The resulting
mixture was extracted with t-butylmethy! cther (20 mL % 2). The aqueous laver was
acidified with HCI (6 N) to pH 1 and extracted with EtQOAc (20 mL x 4}, The
combined EtOAc extracts were dried (NaxSOy) and coneentrated to give 510 mg of
crude product i "H NMR (400 MHz, CDCl3) § 7.06 (dd, ./ —9.8,8.5Hz | H), 6.75
(dd,.J=9.8,3.7 Hz, 1 H), 3.86 (s, 3 H), 2.34 (d, J = 2.4 Hz, 3 1i); MS (ESI) m/z
185.12 (M),

Compound 2

Oxalyl chiloride (0.95 mL, 11.10 mmol, 5.5 equiv) was added to CH,Cl, solution
(15 mL, anhydrous) of 1 (510 mg, 2.00 mmol). DMF (0.1 mL) was added to the
resulting mixture. The reaction was stirred at 25 °C for 1 h and concentrated. The
resulting solid was re-dissolved in 15 mL of anhydrous CIH,Cla. Phenol (520 mg,
5.50 mmol, 2.8 equiv), DMAP (670 mg, 5.6 mmol, 2.8 equiv), and triethylamine
(1.90 mL, 13.90 mmal, 7.0 equiv) were added to the reaction nuxture. The reaction
was stirred at 25 “C for 12 h and concentrated. EtOAc and H,O were added to the
residue, The organic layer was washed with NaQH (1 N), H,0, and brine, dried
{NazS0.), and concentrated. Flash chromatography on silica gel (40:1
hexanes/EtOAc) yielded 400 mg of compound 2 (52% for 2 steps): 'H NMR (400
MHz, CDCly) 8 7.47-7.41 (m, 2 H), 7.31-7.24 (m, 3 H), 7.08 {dd, J= 92,92 Hz, |

mz 261,12 (M-+H).
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Compound 3

F
\/CH’I

o

I
OH O
3

BBr: (1.85mL, 1 M, 1.85 mmol, 1.2 cquiv) was added to a CH,CL solution
5 (8 mL)of 2 (400 mg, 1.54 mmol) at -78 °C. The reaction was stirred from -78 °C to
25 °C for 1.5 h, quenched with saturated NaHCQs and concentrated. EtOAc and
HoO were added 1o the reaction mixture. The aqueous layer was extracted with
FtOAc The combined FtOAc extracts were died (NazSO4) and concentrated to
yield 360 mg of crude 3. "H NMR {400 MHz, CDClL) 8 10.66 (s, 1 1), 7.50-7.44
(0 (m 2H),736-7.31 (m,1 H), 7.26-7.18 (m, 3 H), 6.86 (dd, /= 9.3, 4.9 Hz, | H),
260 (d,J= 24 Hz, 3 H), MS (ESI) m7z 245.11 (M-H).

Compound 4

‘ \‘;b:,,‘

U _oPh
RN
7

BooC 0

Boc,O (350 mg, 1.60 mmol, 1.1 equiv) and DMAP (20 mg, 0.16 mmol, 0.
squiv) were added to a CH.ClL solution of crude 3 (360 mg). The reaction was
stirred at 25 °C for 1.5 h and concentrated. Flash chromatography on silica gel (35:1
hexanes EIOAc) yielded 400 mg of compound 4 (94% for 2 steps): 'H NMR (400

20 MHz CDCL) § 7.46-7.41 (m, 2 11}, 7.31-7.23 (m, 3 H) 7.18 (dd, J = 8.8, 8.7 Hy, |
H), 7.10 {dd, J = 8.8, 4.4 Hz, | H), 2.41 (d, J = 2.3 Hz, 3 H), 1.4 (s, 9 H); MS (ESI)
Bz 345,18 (M-H).

Compound 5

< .CHj
F HRC N

H
f //\/\/ \ O

w“ﬁv

BocO O Ol Bn
5 OTBS

b2
I
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A THF solution (6 mL) of 4 (487 mg, 1.40 mmol, 2.0 equiv) was added to a
THF solution (5§ mL) of LDA (6. 30 mL, 10% wt, 4 20 mmol, 6.0 equiv) and
TMEDA (1.70 mL, 11.20 mmol, 16.0 equiv) at -78 °C. The reaction was stirred at
5 -78 °C for 5 min. A THF solution of enone (339 mg, 0.70 mmol, 1.0 equiv) was
added to the reaction mixture dropwise. The reaction was stirred from -78 °C to
25 °C for | h, quenched with saturated WH4Cl, and extracted with EtOAc. The
combined EtOAc extracts were dried (Na,S04) and concentrated (o yield (he crude
product. Preparative reverse phase HPLC purification on a Waters Autopurification
10 system using a Sunfire Prep C18 OBD column [5 um, 19 = 50 mm; flow rate, 20
mlL/min: Solvent A: FLO with 0.1% IICO.IL Solvent B: CTLCN with 0.1%
HCO,H; injection volume: 4.0 mL (CH;CN); gradient: 80—100% B over |5 min;
mass-directed fraction collection] Fractions with the dasired MW | eluting at 6.3-
8.0 min, were collected and concentrated on a RotaVap at rt to remove most of the
15 acetonitrile. The resulting mostly aqueous solution was extracted with EtOAc. The
combined FtOAc extracts were dried (NaxSO4) and concentrated to give 185 mgp of
pure 3 (35%): "H NMR (400 MHz, CDCL) & 15.67 (s, 1 H), 7.51-7.46 (m, 2 H),
739-7.29 (m, 3 1), 7.21 (dd, /= 8.9, 8.9 Hz, 1 H), 7.03 (dd, /= 8.9, 4.0 Hz, 1 H),
534 (s, 2H),393 (d, J=104Hz, | H),330-3.21 (m, 1 H),3 10-3.00 (m, | H),
20 2.57-2.41 (m, 3 H), 248 (5, 6 H), 2 17-2.12 (m, 1 H), 1.53 (s, 9 H), 0.82 (s, 9 H),
0.26 (s, 3 H), 0.12 (5, 3 H); MS (EST) m/z 735,45 (M+H).

Compound 6

- HLC. - CH
H o2

i/ L\j//\\:/ A‘\l/"\‘ ‘ /O\
N
Sy T
T [ 64 \<
CH O ¢H ©  QBn
6

[ 3]
A

Aqueous HE (3 mL, 48%) and TFA (4 ul.) were added to a CH.CN solutton (7 mL.)
of 5 (210 mg, 0.29 mmol) in a polypropylene tube at 25 °C. The reaction was stirred
at 25 °C for 18 h. The resulting mixture was poured mto an aqueous solution of

KoHPO, (21 g, dissolved m 150 mL water). The mixture was extracted with EtOAc.

30 The combined EtQOAc extracts were dried (Na;SO,) and concentrated to yield
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180 mg of crude 6. 'TT NMR (400 MHz, CDCL) 8 14.64 (s, 1 H),, 11.47 (s, | H),
49-745(m, 2 H), 7.39-732 (m, 3 H), 7.14 (dd, /=9.2, 8.8 Hz, 1 H), 6¢.77 {dd, /=
92,43Hz L H),536(s,2H),368(d, J=37Hz, | H),3.09(dd, J=156,46Hz,
1 H),3.02-2.92 (m, 1 H), 2.84-2.79 (m, | H), 2.49 (s, 6 H), 2.34-2.22 (m, | H), 2.09-
5 2.02(m,1H), 1.55-1.44 (m, 1 H); MS (ESI) mz 521 .30 (M+H).

\1

Compound 7

F ’IMIB“C,\N,CHS’

10 Palladium on carbon (35 mg, 10 wt%6) was added to a MeQH/dioxane
olution (4 mL/4 mL.) of crude 6 (180 mg). The reaction was purged with hydrogen
and stirred under H; (balloon) at 25 °C for | h, The reaction mixture was fittered
through a small Celite plug. The filtrate was concentrated to yield the crude product,
Preparative reverse phase HPLC purification on a Waters Autopurification system

15 using a Phenomenex Polymerx 10 w RP-1 L00A column [10 pm, 150 x 21.20 mm;
flow rate, 20 mL/min; Solvent A: 0.05 N HCl/water; Solvent B: CH;CN; injection
volume: 4 0 mlL (D.65 N HCl/water), gradient: 0—100% B over 15 min; mass-
directed fraction collection]. Fractions with the desired MW, eluting at 6.4-8.2 min,
were collected and freeze-dried to yield 51 mg of compound 7 (41% for 2 steps). 'H

20 NMR (400 MHz, CD;0D) 8 726 (dd, .J=92,92 Hz, 1 1), 6.80 (dd,./=92,43
Hz, 1 H), 4.09 (brs, 1 H),3.14 (dd, /= 15.0, 4.6 Hz, 1 H), 3.04 (s, 3 H). 2.96 (s, 3
H), 3.09-2.91 (m, 2 11), 2.31-2.18 (m, 2 H}), 1.68-1.56 (m, 1 H); MS (ESI) m/z
433 28 (M),

25 Compound 8

HiCw CHj
LD
‘/\\\Nl/\:[/\ /\/OH
|
J e A NH
OsN \\1/ \] =
0
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A mixture of HNOz (8.5 pl., 69%) and H250; (0.5 ml) was added to a
H>80: solution (1 mL) of 7 (51 mg, 0.12 mmol) at 0 °C. The reaction was stirred at
0 “C for 30 mun. The resulting mixture was added dropwise to vigorously stured
diethyl ether (60 mL). The suspension was filtered through a small Celite pad and
washed several times with more diethy! ether. The Celite pad was then eluted with
MeQH until the eluent became colotless. The yellow MeOH eluent was collected
and concentrated under reduced pressure to afford crude 8 "H NMR (400 MHz,
CD;0D) 8 8.03 (d, /J=85Hz 1 H), 409 (brs, | H),3.50-2.97 (m, 3 H}, 3.04 (s, 3
H), 2.96 (s, 3 H), 2.46-2.36 (m, 1 H), 2.29-2.20 (m, 1 H), 1.71-1.59 (m, 1 H); MS
(EST) m/z 478 20 (M+H).

Compound 9
HeCw, -CHy
TR
® f\?[
/ ~
=
AZN @\ 1
OH UH O

Palladium on carbon (12 mg, 10 wt%) was added to a MeOH solution
(4 mL) of crude 8. The reaction was purged with hydrogen and stirred under H,
(balloon) at 25 °C for 2 h. The catalyst was filtered off with a small Celite pad. The
filtrate was concentrated to yield crude 9. Preparative reverse phase HPLC
purification on a Waters Autopurification system using a Phenomenex Polymers

10 p RP-1 100A column [10 pm, 150 < 21.20 mm; flow rate, 20 mL/min; Solvent A:
0.05 N HCY; Sotvent B: CILCN; Injection volume: 4.0 mL (0.05 N HCV/water),
eradient: 0—100% B over 15 min; mass-directed fraction collection]. Fractions with

the desired MW, eluting at 5.0-6.6 min, were collected and freeze-dried to yield
1 H), 410 (brs, | H),3.22-3.16 (m, | H), 3 15-3.08 (m, | H), 3.06-2.95 (m, 1
H), 3.04 (s, 3 H), 2.96 (s, 3 H), 2.40-2.31 (m, | F), 2.28-2.21 (m, 1 H), 1.71-1.59

(m, 1 H); MS (ESI) ne'z 448.24 (M1 11},

Compound 11
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{3C.. .Ci
F HaCy -Ca
| H O H:
‘|/’t\\\“ BVt | CH
h\j\ I
.G i S ot NH
MO NN TN TSy ’
Hee | Ho L OH 1
CHa HO O H o 0
11

2-1-Butylaminoacetylchlondz hydrochlonde (4.2 mg, 0.022 mmol, 2.0 equiv)
was added to a DMF solution (0.1 mL) of 9 (5 mg, 0.011 mmoly at 25 °C. The
reaction was stirred at 25 °C for 30 min. The reaction mixture was diluted with 0.05
N HCI (2 mL) and injected into a Waters Autopurification system equipped with a
Phenomenex Polvmerx 10 p RP-1 100A column [10 pm, 150 = 21.20 mum; flow rate,
20 mL/min; Solvent A: 0.05 N HC; Solvent B- CH:CN; gradient. 0--100% B over
20 min;, mass-directed fraction collection]. Fractions with the desired MW, cluting at
6.4-7.0 min, were collected and freeze-dried to yield 3.9 mg of pure 11 (62%): 'H
NMR (400 MHz, CD:0D) 8§ 8 25 (d,.7= t1.0Hz, 1 H), 4 11 (brs, 1 H), 409 (5,2
H), 3.22-2.86 (m, 3 H), 3.05 (5,3 H), 2.97 (5. 3 H), 2.33-2.20 (m, 2 H), 1.69-1.57
(m, | H), 1.42 (s, 9 H); MS (ESI) mz 561,38 (M+H).

Compound 32

HsCw. .CHs

Anhydrous Na,CO; (16 mg, 0.15 mmol, 5.5 equiv) was added to an
anhydrous DMPU/acctonitrile (150 ub/50 wl.) solution of 9 (12 mg, 0.027 mmol).
Bromoacetyl bromide (2.8 uL, 0.032 mmol, 1.2 equiv) was added to the mixture.
The reaction was stirred at 25 °C for 10 min. LC/MS analysis indicated complete
formation of intermediate 10. Azetidine (36 pul, 0.54 mmol, 20 equiv) was added to
the reaction mixture. The reaction was stirred at 25 °C for 2 h. The reaction
mixture was concentrated and acidified with HCL (0.5 N in MeOH, 0.7 mL). The
resulting mixture was added dropwise to vigorously stirred diethy! ether (10 ml.)

The suspension was filtered through a small Celite pad and washed several times

PCT/US2009/053142
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with more diethy! ether. The Celite pad was then eluted with MeOH until the eluent
became colorless. The vellow MeQH eluent was collected and concentrated under
reduced pressure to afford crude 32. Preparative reverse phase HPLC purification
on a Waters Autopurification system using a Phenomenex Polymerx 10 p RP-1
5 100A columm [10 pum, 150 < 21.20 mm; flow rate, 20 mL/min; Solvent A: 0.05 N

HCI; Solvent B: CH;CN: myection volume: 2.0 mL (0.05 N HCl/water); gradient:
10—-20% B over 30 min; mass-directed fraction collection]. Fractions with the
desired MW, eluting at 10.8-12.5 nun, were collected and [reeze-dried o yield
2.0 mg of pure 32: 'H NMR (400 Mz, CD:OD) 8 8.18 (d, /= 11.0 Iz, 1 IT), 4 41~

10 43531 (m, 2H),4.32 (s, 2H), 4.24-4.13 (m, 2}, 4.08 (brs, 1 H), 3.18-2.86 (mm, 3 H),
3.03 (s, 3 H), 2.95 (s, 3 H), 2.71-2.57 (m, | H), 2.54-2.42 (m, 1 H), 2.33-2.16 (m ,2
H), 1.69-1.57 (m, 1 H); MS (ESI) m’z 545.20 (M-+H).

Compounds 12 -31 and Compounds 33-46 are prepared simuilarly to Compownds
1S 11 or 32, substituting the appropnate acy! halide for 2--Butviammoacetylchloride i
the synthesis of Compound 17 or cyclic amine for azetidine in the synthesis of

Compound 32.

Compound 12

20

UH NMR (400 MHz, CD:0D) 5 8.23 (d,J = 11.2 Hz, | 1), 4.08 (s, 3 H),
3.17-2.97 (m, 11 H), 2.31 (dd, J=14.8, 148 Hz, 1 H), 2.24 (ddd, J = 14.0, 5.2, 2.8
25 Mz 1H). 1.79-1.72 (m, 2 1), 1.66 (ddd, J = 13.6, 13.6, 13.6 TIz, 1 H), 1.05 (1,.J =
7.2 Hz, 3 H); MS (ESI) m/z 547.2 (M+H).

Compound 13
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3C /CHJ

P ' %
Hs G N s N . NH.

"H NMR (400 M¥lz CD,0D) 8823 (d,J= 112 Hz, 1 H), 4.08 (s, 3 H),
3.16-2.97 (m, 11 H), 230 (dd, /= 14.8, 14.8 Hz, 1 H), 2.24 (ddd, /= 14.4, 5.2, 2.8
Hz, 1H), 1.75- lCQ(m H), 1.66 (ddd,.J=13.6, 13.6, 13.6 Hz, | H), 1.49-1.41 (m,

2 H),1.01 (1,7 = 72 Hz, 3 1), MS (BSI) m'z 561.2 (M+H),

Compound 14

HzCw, CH,
F wow
,O H

HsC o™ N\,ﬁ ijw/: WTJ\T NH

OH O Oh o
14

'H NMR (400 M}z, CD;0D) 8 8.21(d, /=112 Tz 1 H), 4.08 (s, | T1),
4.06 (s, 2 H), 3.16-2.96 (m, 11 H), 2.28 (dd, J = 14.8, 14.8 }z, 1 H), 2.22 (ddd, J =
144,52, 2.8 Fz, 1H), 1.77-1.71 (m, 2 H), 1.66 (ddd,.J = 14.0, 14.0, 14.0 Hz, | )
1.43-1.35 (m, 6 H),0.93 (t../ = 7.2 Hz, 3 H); MS (ESI) m/z 589.2 (M-H).

>

Cormpound 15

. HaCo., ~CHs

! s
o H/{Q‘_\/\T/\\'_/\ OH
HAC- Ha HoJ !
HC “L \V/J\.N/\\T//\ \V/\FT (NHZ
Hoon o
15

1H\IMR(lOCMHz CD;0D) 5 8.23 (d,J =108 Hz, | H), 4.09 (5, 2 H),

4.07 (s, 1 H),315-295(m, 11 H),229(dd, /=144, 144 Hz, | H), 2.25 (ddd, .J=
144,52, 28 Hz, TH), 1.66 (ddd,J =13.2,13.2, 13.2 Hz, 1 H), 1.10 (s, 9 H), MS
(ESL) m/z 575.2 (M+H).
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Compound 16

5 "H NMR (400 MHz, CD50D) 5 8.24 (d, J = 11.0 Hz, 1H), 4.08 (s, 2H), 4.01-
3.89 (m, IF1), 3.50-3.42 (m, 1H), 3.20-2.84 (m, 9H), 2.30 (at,J = 14.7 Hz, 1H),
2.23-2.15 (m, LH), [.70-1.58 (m. 1H), 1.37 (d,J = 6.7 Hz, 6H), MS (ESD) m/z
547.25 (M+H).

10 Compound 17

HaC. -CHj
2 N 3

I
TS ™
Y " on o ot 0

17

'H NMR (400 MHz, CD:0D) 5 8.24 (d,./ = 11.0 Hz, | H), 420 (s, 2 H),
4.09 (brs, 1 H),3.19-3.13 (m, | H), 3.12-2.89 (m, 2 H), 2.89-2.38 (m, | 1), 3.04 (s,
3 H), 2.96 (s, 3 H), 2.35-2.19 (m, 2 H), 1.71-1.59 (m, 1 H), 0.95 (brs, 2), 0.94 (brs,
2); MS (BST) 'z 545.37 (M—H).

—
A

Compound 18
20

H4C-. .CH
3Gy CH,

F
I e
~ N g i
o 10
7Ty
A OH

H :

T /\,T,OH

T T

O ol g
o o oo o

18

'H NMR (400 MHz, CD;0D) 8 8.23 (d, /= 10.8 Hz, | TT), 4.09 (s. 3 H),
3.68-3.61 (m, 1 H), 3.16-2.97 (m, 9 H). 2.29 (dd, J = 14.4, 14.4 Hz, | H), 2.25 (ddd,
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J=144,52. 2.8 Hz, [T),2.20-2.12 (m, 2 ), 1.98-191 (m, 211}, |.75-1.68 (m, 4
H), 1.66 (ddd, J = 13.6, 13.6, 13.6 Hz, 1 H); MS (ESI} m’z 573.1 (M+H),

Compound 19

o
= 3

Y o e D -OH

vyt OO
s N s : o A NH
Hae™ ™ 7 H/ OH\\H/T_Hr \Tr 2

Q o 0
19

'H NMR (400 MHz, CD;0D) 6 8.26 (d, /= 11.0 Hz, 1 H), 4.09 (br s, 3 T),

3.19-2.93 (m, 5 T1), 3.04 (s, 3 10), 2.96 (s, 3 H), 2.35-2.26 (m, 1 H), 2.25-2.18 (m, |

10 H), 2.14-2.02 (m,1 H), 1.71-1.59 (m, | H), 1.07 (d, J = 6.7, 6 F); MS (ESI) m'z
61.24 (M+H).

Compound 20
an\ ~CHa
\/\ o
AR A J\/\
N\/ P e . NH
\V ) Wr

'"H NMR (400 MHz, CDs0D) & 8.24 (d, /= 11.0 Lz, 1 11), 411 (s, 2 ),
4.08 (brs, 1 H), 3.22-2.92 {m, 5 H). 3.03 (s, 3 H), 2.95 (s, 3 H), 2.33-2.24 (m, 1 1),
2.24-2.17 (m, 1 H), 1.69-1.58 (m,1 H), 1.17-1.07 (m, 1 F), 0.77-0.71 (m, 2 H),
20 0.46-0.40 (m, 2 H); MS (ESI) mz 559.23 (M+T).

Compound 21

Hs C\ /CHa

NI _~OH
RE C\ s /N\_ ~ /(/\H)i( \ NH-,
b oH. OT‘*/

oH O OH ©
21
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"H NMR (400 MHz, CD3013) 8 8.25 (d. /= 11.0 Hz, 1H), 4.12 (s, 2H), 4.09
(s, 1H). 3.72-3.67 (m, 2H), 3.43 (s, 3H), 3.19-2.92 (m. 11H), 2.35-2.18 (m, 2H)
1.76-1.58 (m, 1H); MS (EST) mvz 563.23 (M+H),

5
Compound 22
. Hs <|~:{\_,cH3
FaGe t j\ /H\ /\,\[\T NH,
i ch o ol o
22
10 "H NMR (400 MHz, CD.0D) 8 8.25 (d, ./ = 11.0 Hz, 1H), 4.22 (s, 211), 4.14-
4.05 (m, 3H), 3.18-2.84 (m, 9H), 2.34-2.17 (m, 2H), 1.70-1.57 (m, 1T1); MS (ESI)
mz 587.28 (M-+H).
Compound 23
15

"H NMR (400 MHz, CD:OD) § 8.24 (d, /= 11.0 Hz, 1H), 4.24 (s, 2H), 4.09
(s, IH), 3.14-2.93 (m, 15H), 2.24-2.18 (m, 2H), 1.65 (dt.J = 13 4. 116 Hz, [H); MS
20 (ESL) mrz 533.17 (M+H).

Compound 24

CH ;H
HaCm. W NH

OHO
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'H NMR (400 MHz, CD;0D) 8 8.23 (d./ = 10.4 Hz, 1H), 429 (d,/ = 165
Hz, 1H), 4.18 (d,.J=15.9 Hz, 1H), 4 09 (s. 1H), 3.19-2.89 (m, 14H), 2.36-2.17 (m,
2H), 1.70-1.58 (m, 1H), 1.38 (1, / = 7.32 Hz, 3H); MS (BSI) m/z 547.25 (M+H).

5
Compound 25
HaC. CHs
F N
HaCo, j\ H%/\/ /\, -
HaC_ N / : NH
CTTT T
25
1o "H NMR (400 MHz, CDs0D) ¢ 8.21 (d,J ~ 10.8 Hz. I H), 4.25 (5, 2 H),
4.10(s, 1 H),3.35(t,J=72Hz, 3 H), 334 (t, /=72 Hz 3 H), 3.13-2.99 (m, 9 H),
231 {dd, /=148, 148 Hz, 1 H), 227 (ddd, J = 148,52 2.8 Hz, 1H), 1 78-1.74
(m, 2 H), 1.68 (ddd, J = 13.6, 13,6, 13.6 Hz, | H), 1.38 (t, /= 7.2 Hz, 6 H); MS
(ES1) m/z 561.2 (M+H).
15
Compound 26
HyCs -CHy
I)\/\/\i/\\/UH
e /N\/E T/‘\/\/\W
26
20 "H NMR (400 MHz, CD;0D) 8 8.23 (d,./= 11.2 Hz, 1 H), 4.10 (s, 3 H),

3.16-2.96 (m, 11 H), 231 (dd, J= 144, 14.4 Hz, | H), 2.24 (ddd, /= 144,52, 2.8
Hz, 1), 1,78-1.71 (m, 2 H), 1.66 (ddd, J = 14.0, 14.0, 14.0 Hz, 1 H), 1.45-1.38 {m,
41),0.98 (t, J = 7.2 Hz, 3 H); MS (ESI) mz 575.2 (M+H).

25 Compound 27
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H:Co -CHs
F u N

H N
NI OH
~3 : /

S
H J | H it
0w ~_N \/i — (\\(/g;{ Nt

Hoow o a®b o
27

H,C

"H NMR (400 MHz, CD;OD) 6 8.24 (d, /= 10.8 Hz, | 1), 4.09 (s, 3 F),

3.59 (1, J=5.6 Iz, 2 H), 3.40 (s,3 H), 3.23 (t../ = 5.6 Hz, 2 H), 3.15-2.94 (m, 9 H),
5 232(dd,J=152, 152 Hz, | H), 2.24 (ddd, /= 14.0, 5.2, 2.8 Hz, |H), 2.08-2 02
(m, 2 M), 1.66 (ddd, ./~ 152,152,152 Hz 1 H); MS (ESI) m’z 577.2 (M+H).

Compound 28

HyCw . CHy
F oGy G
| H B
- P T f\\/OH
YHgi ‘ ‘:
A ‘
e M NA“» TN \WNH?
H OH O OH 0 Q

'"H NMR (400 MHz, CD;0D) 5 8.24 (d, /=10.8 Hz, 1 H), 432 (d, /=80
Hz, 1 H), 421 (d,/=8.0Hz | H), 4,10 (s. 1 H), 3.18-2.99 (m, 9 H). 3.01 (s, 3 H),
233 (dd, J=14.8, 148 Hz, 1 H), 2.29 (ddd, /= 15.2, 5.2, 2.8 Hz, 1H), 1.78-1.74
15 (m.2 H), 1.88-1.81 (m, 2 H), 1.68 (ddd,.J=15.6, 15.6, 15.6 Hz, 1 FI), 1.08 (1, J =
7.2 Hz, 3 H); MS (ESI) mz 561.2 (M+H),

Compound 29

9]

H i
T N
14C N

20 26

'H NMR (400 MHz, CD:0D) 8 8.25 (d,./ = 10.8 Hz, 1 H), 4.10 (s, 3 H),
308298 (m, 11 H), 231 (dd. /= 14.8, 14.8 Hz, | 1), 2.26 (ddd, /= 14.4,5.2, 2.8
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Hz, 1H), 1.78-1.74 (m, 2 H), 1.66 (ddd, J = 13.6, 13.6, 13.6 Hz, | H), 1.42-1 30 (m,
8 1),0.94 (1, / = 6.8 Hz, 3 F); MS (ESI) m/z 603 .2 (M-+H).

Compound 30
5
HyCu CHy
PO
o EPaN _OH
s H j\ ' /" (‘[ ‘ MH
Xy e N - ‘\‘7 B Tr 2
4
| = Hoon o of'h

'H NMR (400 MHz, CD0D) 5 8.32(d, /= 10.4 Hz, 1 H), 7.38-7.34 (m, 2
H), 7.10-7.06 (m, 3 1), 4.17 (5, 2 H), 4.10 (s, 1 H), 3.18-2.99 (m, (L H), 2.29 (dd, J
10 =15.6,15.6 1z 1 T0), 2.25 (ddd, /= 14.8, 5.2, 2.8 Hz, 1H), 1.66 (ddd, J = 14.8,
14.8, 14.8 Hz, | FI); MS (ESD) m/z 581.1 (M+T1).

Compound 31

"H NMR (400 MHz, CD,0D) 5 8.25 (d, /= 10.8 Hz, 1 H), 4.36 (d, /= 8.0
Mz, 111),4.21 (d,/=8.011z 1 H), .10 (s, | H), 3.68-3.61 (m, 1 H), 3.18-2.98 (m, 9
H), 3.00 (s, 3 H), 2.29 (dd, /= 14.4, 144 Hz, 1 H), 2.20-2.10 (m, 3 H), 1.96-1.89
20 (m,2H), 1.78-1.68 (m, 4 H), .66 (ddd, /= 14.4, 14.4, 14.4 Hz, 1 H); MS (ESI) m/z
587.2 (M+H).

Compound 33
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put i ! L I):j\f N

"H NMR (400 MHz, CD;0D) 3 8.20 {d,.J = 11.0 Hiz, | H), 5.54-533 (m, 2

1), 4.71-4.37 (m, 4 H), 4.40 (s, 2 H), 4.06 (br s, 1 H), 3.17-2.92 (m, 3 H), 2.99 (s, 6

5 H), 2.33-2.24 (m, 1 H), 223-2.16 (m. | H), 1.70-1.58 (m ,1 H); MS (ESI) m’z
563.20 (M+H).

Compound 34

Hs C\ ~CHp

o /\/OH
o
\/,N\/ji}E \g/\J/\)/\/\H/ NH-

o o o'
10 34

'"H NMR (400 Mz, CD50D) 8 8.22 (d,./= 11.0 1z, 1H), 4.33 (s, 2H), 4.10
(s, D), 3.83-3.72 (m, 2H), 3.25-2.89 (m, 12H), 2.32-2.00 (m, 6H). 1.69-1.56 (m.
1H); MS (ESI) m/z 559.39 (M+H).

15
Compound 35
Ha cd\ - CHe
\
FUANCN \/E \J; NH;
YOQW T
35

20 "H NMR (400 MHz, CD:0D) 8 8.25 (d,.7= 11.0 Iz, 1H), 5.54-531 (m,

LFD), 4.39-4.20 (m, 2H). 4.09-4.01 (m, 1H), 3.40-3.30 (m, 2H), 3.09-2.89 (m, 12H),
2.50-2.34 (m, 2H), 2.34-2.25 (m, 1), 2.24-2.16 (m, 1H), 1.71-1.58 (m, 1H); MS
(ESI) miz 577.32 (M+H).
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Compound 36
HsCy ~CHs

J /\ / /OH
Frs NH,
i 2

Jf T

5 "H NMR (400 MHz, CD;0D) 8 8.23 (d,./= 104 He, 1H), 5.57-5.37 (m,

1H), 4.47-4.33 (m, 2H), 4.15-3.87 (m, 2H), 3.72-3.40 (m, 1H), 3.17-2.83 (m, 12H),
2.55-2.34 (m, 2H), 2.33-2.18 (m, 2H), 1.69-1.57 (m, 1H); MS (ESI) m/z 577.37
(M-+H)

10 Compound 37

HLG. ,c:H3

H;C,

W2
yRenye ;L |
e J\/‘ TFPJ Lr\H

15 3.91 (m, 2H), 3.09- 237(m [8H), 3.26-3. lS(m 3H), 2.49-2.34 (m, 2H), 2.35-2.06
(r, 2H), 1.72-1.59 (in, 1 H); MS (EST) m/z 602.37 (M+H).

Compound 38
HaC. -CHj
3 N 3
dH A o
e A I
N=", I ‘
; N P -~ e -INH
HE(_‘, o H \/\F/ Ry 0’3‘2/\\[(" Z
OH 0 OH O ©
20 38

"H NMR (400 MHz, CD:0D) 5 8.24 (d, J = 11.0 Tz, [H), 4.46-432 (m,
2H), 4.26-4.16 (m. 1H), 4 08 (s, 2H), 4.00-3.72 (m. 2H), 3.18-2.91 (m, 16H), 2.68-
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256 (m, 1), 2.51-2.39 {m, 1H), 2.34-2.24 (m, 1H), 2.23-2.17 (m, 1H), 1.70-1.57
(m, 1H), MS (ESL) m/z 602,37 (M+H).

Compound 39

"H NMR (400 MHz, CD;0D) 8 8.23 (d, /= 11.0 Hz, LH), 4.62-4.54 (m,
1), 4.48-4.24 (m, 2H), 4 08 (s, 1H), 3.99-3.69 (m, 3H), 3.50-3.40 {m, 1H), 3.17-
10 2,90 (m, 9H), 2.44-2.11 (m, 4H), 2.10-2.00 (m, 1H), 1.69-1.56 {m, 1H); MS (ESI)
m’z 57527 (M+H),

Compound 40

- He(;\r:J,CHS

™ (&/mi e

HO™™ i P l 1
A R g N N NH,
M T =
OH O OH O O
15 40

'T1 NMR (400 MHz, CD;0D) 8 8 23 (d, J = 11.0 Hz, [H), 4.62-4.54 (m,
IH), 4.50-4.38 (m, 1H), 4.37-4.27 (m, 1), 4.10 (s, 11I), 3.99-3.70 (m, 3H), 3.50-
3.40 (m, 1H), 3.24-2.84 (m, 9H), 2.40-2.11 (m, 4H), 2 10-2.01 (m, 1H), 1.70-1.57
20 {m, 111); MS (BST) m/z 575.33 (M+H),

Compound 41

w ~CHs
F y Hai N Hs
~ o /i\ z - OH
V]
\/N\V/LN/‘\// %r - \W/NH2
HiC, 3 H Lo
OH O
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T NMR (400 Mz, CD;0D) 6 8.25 (d,./ = 11.0 Hz, 1H), 4.54(d,./= 16.5

Hz, IH), 426 (d, /= 159 Hz, [H), 4.09 (s, 1H), 3.95-3.81 (m, 2H), 3.81-3.75 (m,
1HD), 3.69-3.62 (m, 1H), 3.35 (s, 3H), 3.23-2.92 (in, 9H), 2.35-2.04 (m, 6H), 1.91-
1.80 (m, 1H), 1.71-1.539 (m, [H); MS (EST) m/z 603.35 (M+H).

Compound 42

H3C\ /CHj
/\ = _OH

e LO%QW

10

"H NMR (400 MHz, CD:0D) 8 8.24 (d,./ = 11.0 Hz, 1H), 4.55(d,.J = 16.5
Hz, 1H), 4.27 (d, J = 16.5 Hz, 1H), 4.10 (s, 1H), 3

95-3.82 (m, 2H), 3.81-3.75 (m,
IH), 3.70-3.63 (m, 11I),

3.38 (s, 3H), 3 20-2.92 (m, 9H), 2.35-2.02 (m, 6H), 1.92-
15 1.80 (m, 1H), 1.70-1.58 (m, 1H}; MS (ESIL) m/z 603 .41 (M+H).
Compound 43

HsC~ .CH
d L\I 3

!
SN NS
e N N \\%\( SN \‘ NH,
COH (5 Ot—iOHO é
43

20

"H NMR (400 MHz, CD;0D) 8 8.22 (d,./ = 11.0 Hz, 1H), 4.19 (s, 2H), 4.09

{s, LH), 3.65-3.58 (m, 2I1), 3. 19-2.92 (im, 10H), 2.34-2.18 (m, 2H), 2.02-1.79 (m,

6H), 1,69-1.50 (m, 2H), MS (ESI) mz 573,35 (M+H).

25  (Compound 44
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G -CGHy
£ Haf MR
B2 on
i/\\v O I R T M \?/— 1
\/"N\, ,/3\ ,/{\ A |\4H2
NOT OJT IT
OH O OH

44
'"H NMR (400 MHz, CD:OD) 6 8.24 (d, /= 11.0 Hz, LH), 4.28 (s, 2H), 4.03-
4.00 (m, 2H), 3.94-3.81 (m, 2H), 3.68-3.55 (m, 2H), 3.20-2.88 (m, 12H), 2.36-2.18

5 (m, 26). 1.71-1,57 (m, 1H); MS (ESI) m/z 575.37 (M+H).

Compound 45

qu\ CH,
\/ “OH
\,/ N Vj)\ /C:q/i\/ \[K\W/N"b
OH ©
45
10
"H NMR (400 MI1z, CD:0D, 2:1 mixture of diastereomers) 8 8.25 (d + d, ./
=110 Hz, 1H), 429, 424 (s +s, 2H), 4.08 (5 — 5, TH), 4.01-3.92 (n +m, 311), 3.20-
2.62 (m+m, 13H), 2.35-2.16 (m + m, 3H), 1.83-1.46 (m +m, SH); MS (ESI) mz
599.30 (M-+H},
15
Compound 46
. Hgo\\fc:'—
Qx e,
Lol ‘ .
46
20 '"H NMR (400 MHz, CDs0D) 8 829 (d, ./ = 11.0 Hz, 1H), 7.41 (s, 5H), 4.50-
437 (m, 2H), 4.05 (s, 1H), 3.95-3.81 (m, 2H), 3.40-3.37 (m 1H), 3.24-3.15 {m, 3H).
3.10-2.70 (m, 9H), 2.36-2.25 (m, 111), 2.25-2.16 (m, 1H), 1.72-1.59 (m, 1H); MS

(ESI) r/z 607,34 (M+H).
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Compound 47

'H NMR (400 MHz, CDs0D) 5 8.15 (d, /= 10.8 Hz, 1 H), 4.00 (s, 1 H),
3.99 (s, 2 H), 3.10-2.87 (m, 11 H), 2.32-2.12 (m, 2 H). 1.59-1.51 (m, 1 H), 1.26 (1, J
5 =7.2Hz 3 H); MS (ESI) m/z $33.1 (M),

Compound 48

HaC . .CHs
i
Hout

"H NMR {400 Mz, CD:0D) 8 8.15 (d, J=11.2 Hz, | H), 4.00 (s, 1 H),
10 3.96 (s, 2H),3.08-287 (m, 11 H), 2.70-2.6 1 (m, | H), 2.23-2.09 (m, 4 H), 1.97-1.75
(m, 4 H), 1.59-1.51 (mm ,1 H); MS (ESI) mz 572.2 (M—H).

Compound 49

15 'H NMR (400 Mz, CDs0D) 6 8.26 (d,./ = 10.8 Hz, | H), 4.10 (s, 3 H),
3.21-2.97 (m, 11 H), 2.35-2.20 (m, 2 H), 2.15-2.05 (m, 1 H), 1 98-1 82 (m, 2 H),
1.77-1.61 (m, 5 H), 1.35-1.26 (m, 2 H); MS (ESI) mz 587.1 (M+H).

Compound 50

HaCw,  .CHa
HoHY
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TH NMR (400 MHz, CD,0D) 8 826 (d, J=10.8 Hz 1 H), 4.16 (5, 1 H),
414 (5,2 H), 3.20-2.95 (m, 11 H), 2.32-2.20 (m, 2 H), 1.88-1.59 (m, 6 I1), 1.39-1.21
(m, 4 H), 1.12-1,02 (m, 2 H); MS (ESI) m/z 601.1 (M+H).

5 Compound 51

HaCuy ~CHa

'H NMR (400 MHz, CD;0D) 5 8.14 (d, /= 10.8 Hz, 1 H), 4.00 (s, 1 H),
388 (s, 2 ), 3.77-3.73 (m, 1 H), 3.00-2.87 (m, 9 H), 2.29-2.10 (m, 6 H), 1.88-1 81
(m, 2 H), 1.59-1.50 (m, 1 H); MS (ESI) m/z 559.1 (M- 11).

10
Compound 52
HeCw -CHa
A
o S CH
1

N\)J\ 0 NHy

g N z r

1 Hoon & ofth I}

52
'H NMR (400 MHz, CD:0D) § 8.24 (d, J =10 8 Hz, 1 H), 4.10 (s, 3 H),
3.17-2.97 (m, 9 H), 2.32-2.09 (m, 4 H), 1.92-1.85 (m, 2 H), |.75-1.63 (m, 2 H),
15 1.43-126 (m, 6 H); MS (ESI) m/z 587.2 (M+H),

Compound 33

'H NMR (400 MHz, CD;0OD) § 8.20 (d, /=112 Hz, | H), 8.16 (d, J = 2.4

200 Hz [ H),806(d, J=52Hz 1 H), 785-7.78 (m, 2 H), 427 (s, 2 H), 411 (s, 1 H),

3.18-2.98 (m, 9 H), 232-2.21 (m, 2 H), 1.70-1.60 (m, 1 Hj; MS (ESI) mz 582.2
{M+H)

Compound 54
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'H NMR (400 MHz, CD;0D) 6 8.24 (d, ./ = 11.0 Hz, | H), 431 (s, 2 H),
411 (s, 1 H), 3.22-2.88 (m, 9 H), 2.36-2.16 (m, 2 H), 1.70-1.56 (m, I H), 1.44 (5, 9
FE): MS (ESI) m/z 577.41 (M+H),

Compound 58

HiCo. .CHs
F ¢
H A oH
L9 : .
NG N A
Hoth o oft o

55
'"H NMR (400 MHz, CDs0D) 3 8.15 (d,J = 10.8 Hz, 1 H), 4.65 (t,J = 4.8
Hz, 2 H), 4.08 (s, 2 H), 4.00 (s, 1 H),3.45 (t. /=44 Hz, 1 1), 338 (t, /= 5.6 Hz, |
10 [0),3.20-2.87 (m, 9 ), 2.25-2.09 (m, 2 1), 1 59-1.50 (m, 1 H): MS (EST) m/z 551.0
(M),

Compound 56

15 '"H NMR (400 MHz, CD:0D) 6 8.25 (d, /= 11.2 Hz 1 H), 6.39 {tt, J = 53.6,
3.2Hz, 1 H), 424 (s, 2H), 4.13 (s, 1 F),3.71 (td, /= 15.2, 2 8 Hz, 2 H ), 3.19-2.91
(m. 9 1), 2.33-2.24 (m, 2 H), 1.70-1.60 (m, | H), MS (BSI) m/z 569.0 (M+H),

Compound 57

HgFI\N,CHg

20
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"H NVIR (400 MHz, CDs0D) 6 8.21 (d, /= 10.8 Hz, 1 H), 4.01 (s, 1 H),
3.85 (5,2 H), 3.73 (s, 3 H), 3.59-3.51 (m, 1 H), 3.12-2.87 (m, 9 H), 2.23-2.12 (m, 2
H), 1.88-1.50 (m, 9 H); MS (EST) mz 559.1 (M+H),

5 Compound 58

"H NMR (400 MHz, CD;0D) 6 8.24 (d, J = 10.8 Hz, 1 H), 4.48 (s, 2 H),
412 (s, 1 H), 4.10-4.07 (m, 2 H), 3.93-3.86 (i, 2 H), 3.19-2.90 (m, 9 H), 2.79-2.67
(m, 2 H), 2.37-2.21 (m, 2 H), 1.59-1.51 (m, 1 H); MS (ESI) n1/z 595.0 (M+H).

10
Example 2. Synthesis of Compounds of Structural Formula (I), wherein R’
and R taken together with the nitrogen to which they are bonded form a
monocyelic or bicyelic heteroaryl.
Scheme 2

15

F F
_CHy CH BnBr/Kl b _.CHa
Y HNO; YT Koy \“ Ness:0;
o ——— P
CO4Ph 0N COPh COaPh COZPw
OH OH
3 21

allylbromide
KGOy |
HiC. .CH é’
o F L F
H 4
Q 2\\ 8 o a) LDA/TMEDA CHs
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The following compounds were preparsd according to Scheme 2.

Compound 2-1

CHs
0N COPh

OH

5 24
To a 250 ml round bottom flask was added compound 3 (14.47g, 56.30
mmol, 1.0 equiv, crude), tetrabutylammonium bromide (0.90 g, 2.80 mmol, 0.05
equiv), 1,2-dichlorcethane (60 mL), and water (60 mL). The clear bi-layer was
cooled in a 20 °C water bath. Nitric acid (7.2 mL, 70 wt%, 112.60 mmol, 2.0 equiv)
10 was added After the addition, the reaction temperature slowly rose to 26 °C. The
reaction wag stirrad at room temperature overnight (19 hrs). TLC (heptane/EtOAc =
9.5/0.5) showed the reaction was complete. The organic layer was separated, washed
with water (60mL x 2) and brine. and dried over anhydrous sodium sulfate. The
solvent was removed to give compound 2-1 as a brown oil, which solidified on
15 standing (17.7] g, quantitative). The crude product was used directly for the next

step.

Compound 2-2

F
CHy
O:N COPh
OBn
2-2
20 To a 250 mL round bottom flask was added compound 2-1 (17.7 g, 56.30

mmol 1.0 equv), acetone (177 mL), anhydrous potassiun carbonate (15.6 g, 113.00
mmol, 2.0 equiv), and potassium iodide (0.47 g, 2.80 mmol, 0.05 equiv) To the
stirred suspension al room temperature was added benzyl bromide (7.03 mL, 59.10
mmol, 1.05 equiv). The suspension was then heated to 56 °C for 4 hrs. TLC
25 (heptane/BtOAc = 9/1) showed the reaction was complete. The solid was removed
by filiration and washed with acetone (30 mL). The filtrated was concentrated to
give a paste. The paste was partitioned between methyl t-butyl ether (MTBE, 120

ml} and waler (80 ml.). The arganic layer was washed with waler (80 mlL) and
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brine, dried over anhydrous sodium sulfate, and concentrated to give compound 2-2

as a brown otl (21.09 g, 98%%). The crude product was used directly for the next step.

Compound 2-3

CHz
Fhald COPh

OBn

5 23
To a1 L round bottom flask was added compeound 2-2 (21.08 g, 55.40 mmol,
1.0 equiv) and THF (230 mL). The solution was cooled in a cold water bath to 10
°C. To another 500 mlL round bottom flask containing water (230 mL), sodium
hydrosulfite (Na:$,04, 56.7 g, 276.80 mmol, 5.0 equiv) was added slowly with
10 stirring. The aqueous solution of sodium hydrosulfite was added to the THF solution
of compound 2-2. The temperature quickly rose from 10 °C to 20.4 °C after the
addition, The yellow suspension was stirred while the cold water bath slowly
warmed up to room temperature overnight to give an orange cloudy solution. The
reaction temperature during this period was between 15 °C to 19 °C, TLC
15 (heptane/EtQAc = 9/1) showed the reaction was complete. The orange cloudy
solution was diluted with EtOAc (460 mL). The organic layer was washed with
water (150 mL x 2) and brine, dried over anhydrous sodium suylfate, and
concentrated under reduced pressure to give the crude product as a brown oil. The

crude product was purified by flash silica gel column eluted with heptane/EtQOAc 971

20 tovield the desired product 2-3 (15.83 g, 80%, 3 steps).

Compound 2-4

F
/[\ CHs
SN N 0.Ph
NG

OEn
24

To an NMP solution (50 mL) aniline 2-3 (10.02 g, 28.5 mmol, 1 equiv) was

fa)
h

added allyl bromide (7.65 mL, 85.5 mmol, 3 equiv) and potassium carbonate (11.79
g, 85.5 mmol, 3 equiv), Potassiun iodide (994.8 mg, 6 mmol, 0.2 equiv) was added
and the reaction mixture was placed under nitrogen and heated to 100 °C, After 16

h, the reaction was cooled, diluted with warer (60 ml), and extracied with EtOAc
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(75 mL, then 2 x 50 mL). The combined organic extracts were washed with water (2
x 35 mL), were dried (Na;SQy), filtered, and concentrated to yield the crude procuct.
Purification via flash column chromatography on silica gel (RediSep, 125 ¢, gradient
]-6% EtOAc in hexanes) gave 10.97 g of pure 2-4 (89%): '"H NMR (400 MHz.
CDCl;) & 7.42-7.30 (m, 7H), 7.42-7.20 (m, 1 H}, 7.00 (d, /= 8.5 Hz, 2 H), 6.72 (d,
J=110HZ, 1 H), 5.77-5.70 (m, 2 H), 5.20-5.12 (m, 6 H), 3.81 (d, /= 6.1 Hz, 4 H),
2,26 (s, 3 H); MS (ESI) #/z 432.34 (M+H).

Compound 2-5

A THF solution (6.5 mL) of 2-4 (875 mg, 2.03 mmol, 1.25 equiv) was added
to a freshly-prepared solution of LDA in THF (0.051 M, 2.03 mmol, 40 mlL., 1.25
equiv) and TMEDA (304 ul., 2.03 mmol, 1.25 equiv) at -78 °C. The reaction was
stured at -78 °C for 15 min, A THF solution (6.5 mL) of enone (784 mg, 1.62 mmol,
1.0 equiv) was added to the reaction mixture dropwise, followed by addition of
LIIMDS solution (1.0 M m THF, 2.03 ml, 2.03 mmol, 1.25 equiv). The reaction
was stirred from -78 °C to -10 °C for 1 h, quenched with saturated NH4C1 (6 mL),
and warmed to 25 °C. The solution was poured into saturated NH;Cl (20 mL) and
extracted with EtOAc (2 x 75 mlL). The combined EtQAc extracts were dried
(Na;S0.), filtered, and concentrated to yield the crude product. Preparative reverse
phase HPLC purification on a Waters Autopurification system using a Sunfire Prep
C18 OBD column [5 pm, 19 = 50 mm; flow rate, 20 mL/min; Solvent A: H,O with
0.1% HCO:H; Solvent B: CH3CN with 0,1% HCO»H; injection volume: 4x 3 6-
4.2 mL (CH;CNj); gradient: 88—100% B over 12 min; mass-directed fraction
collection]. Fractions with the desired MW, eluting at 6.6-10.6 min, were collected
and Ivophilized to give 552 mg of pure 2-5 (41%): 'H NMR (400 MHz, CDCl;) &
16.22 (5, 1 1), 7.49-7.47 (m, 4 1), 7.37-7.31 (m, 6 H), 6.80 (d, J=11.0 Az, 1 H),
5.76-5.64 (m, 2 H), 5,35 (s, 2 H), 5.17-5.11 (m, 4 H), 4.98 (d, /= 9.2, 1 H), 4.87 (d

J=98Hz, 1 H),3.96 (m, ] =104 He, 1 H), 3.83-3.71 (m, 4 H), 3.14 (dd, J = 14.7,
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43 Tz, | H),3.0-2.87 (m, | H), 2.55-235 (m, 9 H), 2.11 {d, J=14.7 Hz, 1 H), 0.82
(s, 9 H), 0.26 (s, 3 H), 0.13 (5, 3 H), MS (ESI) m/z 820.55 (M+H).

Compound 2-6

HsCe CHs
F 3
4oa
»090
| N
W P
BhO O HDZoO O3
2.6 OTBS

A solution of 2-8 (550 mg, 0671 mmol, 1.0 cquiv) in degassed CH-.Cly (2.5
mL, with 1 and | 5 mL ringe) was added under nitrogen via svringe to a flame-dried
flask containing N,N-dimethylbarbituric acid (324 mg, 2.07 mmol, 3.0 equiv), and
Tetrakis(triphenyphosphine)palladium(0) (56.9 mg, 0.0492 mmol, 0.07 equiv). The
resulting solution was heated to 35 °C for 4 h, then concentrated (o remove the
solvent. The resulting crude mixture was purified via preparative reverse phase
HPLC on a Waters Autopurification system using a Sunfire Prep C18 OBD column
[Sum, 19 =50 mm; flow rate, 20 mL/min; Solvent A: HoO with 0.1% HCO-H;
Solvent B: CH;CN wath 0.1% HCO-H; injection volume: 3x 3.1 mL {CH3;CN),
gradient: 80—100% B over 17 min; mass-directed fraction collection]. Fractions
with the desired MW, eluting at 6.1-10.1 min, were collected and fresze-dried to
give 352 mg of pure 2-6 (71%): "H NMR (400 Mz, CDCly) 8 16.10 (s, 1 H), 7.51-
743 (m, 4 H), 7.9-7.29 (m, 6 H), 6.61 (d, J = 9.8 Hz, 1 H), 5.35 (s, 2 H), 4.87 (dd, .J
=22.6,104 Hz, 2H), 396 (d, /=104 11z, 1 T1), 391 (s, 2 H), 312 (dd, /= 13.3,
10.1 Hz, 1 H), 3.04-2.92 (m, { H), 2.55-2.31 (m, 9 H), 2.11 (d, J = 147 Hz, | H),
0.82 (s, 9H), 0.27 (s, 3 H), 012 (s, 3 H); MS (ESI) m/z 740.44 (M+H).

Compound 59

To a solution of aniline 2-6 (30 mg, 0.041 mmol, [ equiv) in THF (600 L)
was added bromoacetylbromide (3.7 uL, 0.043 mmol, 1.05 equv). After 15 minutes,

indazole (53 my, 0.45 mmo), 10 equiv) was added. After 15 h the reaction was
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heated to 80 °C. After an additional 26 h, another 20 mg indazole (0.17 mmol, 4
equiv} was added and the reaction heated at 80 °C. After 20 h, the solvent was
removed in vacuo and the tesulting crude mixture dned under vacuum.

The above crude intermediate was transferred o a plastic vial in dioxane (1.2
mL) and an aqueous solution of hydrogen fluoride (50%, 300 ul.) was added. After
five hours, the reaction solution was diluted with an aqueous solution of KoHPO,
(3.6 g in 30 mL) and extracted with EtOAc (2 x 30 mL). the combined organic
layers were dried (NapSOy), filtered, and concentrated to yield the crude product.

Palladium on carbon (10%, 10 mg) was added to solution of the above crude
intermediate in dioxane mathanol (1:1, 1 mL). The flask was fitted with a septum
and evacuated and back-filled three times with hydiogen gas. Hydrogen gas was
bubbled through the reaction solution for two minutes, then the reaction was stirred
under an atmosphere (balloon) of hydrogen gas for 1.5 h. The reaction mixture was
filtered through celite to remove the palladium catalyst and concentrated under
reduced pressure. Preparative reverse phase HPLC purification of the resulting oil
was performed on a Waters Autopurification system using a Polymerx 10
RP-y 100 R column [30 = 21.20 mm, 10 micron, solvent A: 0.05N HCl m water,
solvent B: CH:CN; injection volume: 4.8 mL (0.03N HCI in water); gradient elution
with 10--60% B over 15 min, then held at 100% for 5 min; mass-directed fraction
collection]. Fractions with the desired MW, eluting at 14-14.65 min, were collected
and freeze-dried to yield 3.6 mg of compound 59 (15%): 'H NMR (400 MHz,
CD:0OD) & 8.71 (s, 1 H), 8.19(d, J=11.0 Hz, [ H), 7.92-7.90 (m, 1 H), 7.72-7.57
(m, 2 10, 7/35-7.29 (m, | H), 5.65 (s, 2 H), 4.08 (s, 1 H), 3.16-2.92 (m, 9 H), 2.31-
2,18 (m, 2 Hy, 1.67-1.60 (m, 1 H); MS (ESI) 'z 606.41 (M-+H).

Compound 60

G, :

OH

OH O O
80

To a solution of aniline 2-6 (22 mg, 0.030 mmol, 1 equiv) in THF (500 uL)
was added bromoacetylbromide (2.7 uL, 0.031 mmaol, 1.05 equiv). Afier 30 minutes,

pyrazole (36 mg, 0.533 mmol, 18 equiv) was added. After 20 min the reaction was

PCT/US2009/053142
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heated to 80 °C for 1.5 h, cooled to room temperature for 15 h, then heated at 80 °C
for 4.5 h. The solvent was removed in vacue and the resulting crude muxture dried
mder vacuum.
The above crude intermediate was transferred to a plastic vial in acetonitrile
5 (1.0 mL) and an aqueous solution of hydrogen fluoride (50%, 200 pL) was added.
After 20 h, the reaction solution was diluted with an aqueous solution of KoHPO,
(2.4 g in 20 mL) and extracted with EtOAc (2 x 25 mlL). The combined organic
layers were dried (NapSQ.), filtered, and concentrated to yield the crude product.
Palladium on carbon (10%, 10 mg) was added to solution of the above crude
10 inlermediate in dioxane:methanol (1:1, 1 mL). The flask was fitted with a seprum
and cvacuated and back-filled three times with hydrogen gas. Hydrogen gas was
bubbled through the reaction solution for two minutes and the reaction was stirred
under an atmosphere (balloon) of hydrogen gas for 1.5 h. The reaction mixture was
filtered through celite to remove the palladium catalyst and concentrated under
15 reduced pressure, Preparative reverse phase HPLC purification of the resulting oil
was performed on a Waters Autopurification system using a Polymerx 10
RP-y 100 R column [30 ~ 21.20 mun, 10 micron, solvent A: 0.05N HCl in water,
solvent B: CH;CN, injection volume: 3.0 mL (10% CH;CN in 0.05N HCI in water);
gradient elution with 10—60% B over 10 min, then held at 100% for 5 min; mass-
20 directed fraction collection|. Fractions with the desired MW, eluting at 8,8-10.2 min
were collected and freeze-dried. The resulting yellow solid was purified a second
time via preparative reverse phase HPLC punfication using the above procedure
with a gracdient over 20 minutes, with the fractions with the desired MW eluting at
10.7-12.4 min were collected and freeze-dried to give 8.2 mg of pure 60 (50%): 'H
25 NMR (400 MHz, CDsOD) 6 8.19 (d, /= 11.0 Hz, 1 I}, 8.05-7.92 (m, 2 H), 6.62-
6.57 (m, 1 H), 5.33 (d,J = 4.9 Hz, 2 H), 4.08 (s, | H), 3.16-2.90 (m, 9 H}, 2.31-2.17
{m, 2 H), 1.69-1.55 (m, 1 H), MS (ESI) sz 556,42 (M+H).

Compound 61
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To a solution of aniline 2-6 (23 mg, 0.032 mmol, 1 equv) in THF (500 pL)
was added bromoacetylbromide (2.9 ul, 0.034 mmol, 1.05 equiv). After 30 minutes,
imidazole (32 mg, 0.47 mmol, 15 equiv) was added and the solution was heated to
80 °C. After 2 h, the solution was cooled and the solvent was removed in vacio.

5 The above crude intermediate was transferred to a plasiic vial in dioxana (1.2

ml.) and an aqueous solution of hydrogen fluoride (50%, 200 ul) was added. After
1.5 h, the reaction solution was diluted with an aqueous solution of K:HPO, (24 g
in 30 mL) and extracted with FtOAc (2 x 25 ml.) The combined organic layers
were drisd (Na;5Q0y), filtered, and concentrated to yield the crude product.

10 Palladium on carbon (10%, 8 mg) was added to solution of the above crude
intermediate in dioxane:methanol (1:1, 1 mL). The flask was fitted with a septum
and evacuated and back-filled three times with hydrogen gas. Hydrogen gas was
bubbled through the reaction sohition and the reaction was stirred under an
atmosphere (balloon) of hydrogen gas for 1.5 h. More palladium catalyst was added

15 and the evacuation and backfilling with hydrogen was performed twice more at 1 5h
and 5 h. The reaction mixture was filtered through celite to remove the palladium
catalyst and concentrated under reduced pressure. Preparative reverse phase HPLC
purification of the resulting ol was performed on a Waters Autopurification system
using a Polymerx 10 i RP-y 100 R column [30 » 21.20 mm, 10 micron, solvent A:

20 0.05N HCI in water, solvent B: CH;CN; injection volume: 2.8 mL (0.05N HCl in
water); gradient elution with 10—60% B over 15 min, then held at 100% for 5 min;
mass-directed fraction collection]. Fractions vath the desired MW, eluting at 7.0-7.8
min were collected and freeze-dried to give 4.1 mg of pure 61 (23%): 'H NMR {400
MHz, CD;0D) 8 9.02 (s, 1 H), 817 (d, J = 11.0 Hz, 1 H), 7.67 (s, 1 H), 7.61 (s, ]

25 1D), 534 (s, 2 H), 409 (s, 1 H), 3.18-2.90 (m, 9 H), 2.34-21.7 (m, 2 H), 1.71-1.56
(m. 1 i), MS (ESI) m/z 556.45 (M+H).

Compound 62
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To a solution of aniline 2-6 (20 2 mg, 0.027 mmol, | equiv) in THF (500 pL)
was added bromoacetylbromide (2.5 pl, 0.029 mmol, 1,05 equiv). After 30 minutes,
1H-1,2,3-trazole (31 uL, 6.54 mmol, 20 equiv) was added and the solution was
heated to 80 °C. After 17 h, an additional 31 uL (20 equiv) of 1H-1,2 3-triazole was

S added and the solution was heated for 22 h. The solution was cooled and the solvent
was l'Bl]"lOVBd i vacio.

The above crude intermediate was transferred to a plastic vial in dioxanc (1.0
mL) and an aqueous solution of hydrogen fluoride (50%, 200 uL) was added. After
17 h, the reaction solution was diluted with an aqueous solution of KoI1PO4 (2.4 g n

10 20 mL) and extracted with EtOAc (2 x 25 mL). The combined organic layers were
dried (Na,SOu), filtered, and concentrated to yield the crude product.

Palladium on carbon (10%, 7 mg) was added to solution of the above crude
mtermediate 1n dioxane:methanol (1:1, 1 mL). The flask was fitted with a septum
and evacuated and back-filled three ttmes with hydrogen gas. Hydrogen gas was

15 Dbubbled through the reaction solulion and the reaction was stirred under an
atmosphere (balloon) of hydrogen gas for 1.5 h. The reaction mixture was filiered
through celite to remove the palladium catalyst and concentrated under reduced
pressure. Preparative reverse phase HPLC purification of the resulting oil was
performed on a Waters Autopurification system using a Polymerx 10y RP-y 100 R

20 column [30 x 21.20 mum, 10 micron, solvent A: 0.05N HCl in water, solvent B:
CH;CN; injection volume: 2.5 mbL (0.05N HCl in water); gradient elution with
10—-60% B over 15 mun, then held at 100% for 3 min; mass-directed fraction
collection]. Fractions with the desired MW, eluting at 9.25-10.5 min were collected
and [reeze-dried. Punificarion was performed a second tims as above and the

25 fractions with the desired MW, eluting at 9.75-10.25 min were collected and freeze-
dried to give 1.5 mg of pure 62 (10%): "H NMR (400 MHz, CDs0D) 5 8.24 (s, 1 H),
8.17(d,/=11.0Hz 1 H), 800 (s, L H), 557 (s, 2H), 4.09 (s, 1 H), 3.16-2.92 (1, 9
ED), 2.34-2.16 (m, 2 H), 1.71-1.67 (m, | H); MS (ESI) m/z 557.44 (M-+H),

30 Compound 63
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T a selution of aniline 2-6 (16.7 mg, 0.023 mmol, 1 equiv) in THF (500 pL)
was added bromoacetylbromide (2.0 pl., 0.024 mmol, 1.05 equiv). After 20 minutes,
a tetrazole solution (0.45M in CH;CN, 500 pi., 0.23 mmol, 10 equiv)y was added and
5 the solution was heated to 80 °C. After 4 h, potassium carbonate {35 mg, 0.25 mmol,
11 equiv) was added and the reaction heated for 35 minutes, The solution was

cooled and filtered through celite, and the solvenl was removed in vacuo.
The above crude intermediate was transferred 1o a plastic vial in dioxane (1.0
mL} and an aqueous solution of hydrogen fluoride (50%, 200 ul) was added. After
10 18 h, the reaction solution was diluted with an aqueous solution of KoFHPO,s (2.4 2 in
20 mL) and extracted with EtOAc¢ (2 x 25 mL). The combined organic layers were

dried {(NaxSO,), filtered, and concentrated to yield the crude product.

Palladium on carbon (10%, 7 mg) was added to solution of the above crude
intermediate in dioxane:methanol (1:1, | mL). The flask was fitted with a septum
15 and evacuated and back-filled three times with hydrogen gas. Hydrogen gas was
bubbled through the reaction solution and the reaction was stirred under an
atmosphere (balloon) of hydrogen gas for 1 h. The reaction mixture was filtered
through celite to remove the palladium catalyst and concentrated under reduced
pressure. Preparative reverse phase HPLC purification of the resulting oil wag
20 performed on a Waters Autopurification system using a Polymerx 10 ¢ RP-y 100 R
column [30 > 21.20 mm, 10 micron, solvent A: 0.05N HCl in water, solvent B
CH;CN; injection volume: 2.5 mL (10% CH;CN in 0.05N HCI in water); gradient
shition with 10—60% B over 15 min, then held at 100% for S min; mass-directed

fraction collection]. Fractions with the desired MW, eluting at 11.2-12.1 min were

ro
A,

collected and freeze-dried. Purification was performed a second time as above with
the gradient extended over 20 min. Fractions with the desired MW, eluting at 13 7-
14.5 min were collected and freeze-dried to give 1.6 mg of pure 63 (13%): 'H NMR
{400 MHz, CD,0D) §8.78 (s, I H), 8.14 (d, /=11.0 Hz, 1 H), 5.78 (s, 2 H), 4.07 (s,
1 H), 3.17-2.81 {m, 9 L), 2.36-2.16 (m, 2 I, 1.70-1.52 (m, 1 FE), MS (ESI) mz
30 533843 (M+H),
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Example 3.  Synthesis of Compounds of Structural Formula (A), wherein X is
hydrogen and Y is -NH-C(O)-heterocyclyl, -NH-C(O)-heteroaryl
NH-CO)-[CRPY R o -NRMHRP), -NH-C(O)-carbocyclyl, -NH-C(O)-aryl,

5 «NH-S0,-(C-Coalkyl, -NH-80,-carbocycelyl, -NH-SO;-aryl,
-NH-S0s-heterocyclyl or -NH-SO;-heteroaryl.

Scheme 3

¢ y Hli;\EJ/CHH
5 A OH
i ‘1
R, ! NH
N éHﬂ/W 2
Hoon 0 HOU B 0 R=RGO, RNHCO, or R'S0,)
3-1
R'CODH/coupling reagent
or RCOC
or RNCO
or RSO.Cl R j,\
£ HgC\N,CHg QDZ';J\I\KHZ OH r ch\N,CHg
Hoo4 g HoH:
b = A . ~ - g O
, \) Y o HATE N R0 | A A
i N e !
Had /W/J\“T/C:)LH(LWNHZ or ,Fj:ﬁ Cbz’NXE\H T/ q & N2
OH 0 HO D © Cor” X ROREH on o w0 0o

-
T s
°8
sl
&

(@]
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Na(OASKBH  ox o 2
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rY Rz H

on o e o
53

10 In Scheme 3, R’ represents heterocyclyl, heteroaryl, carbocyelyl, aryl, (C;-
Cejalkyl or -[((:(J{])‘)(RE)J(‘,\,]-N( RA)(RB); and R? represents hydrogen, (C1-Cg)alkyl,
-(Co-Cs)alkylene-carbocyclyl, -(Co-Cslalkylene-aryl, -(Cq-Cs)alkylene-heteroary!, or
-(Cy-Cslalkylene-heterocyelyl. For certain cormpounds made by Scheme 3 and
described below, R? is hydrogen and R* and RY arc taken together with the carbon

15 and mitrogen atoms to which they are bound to form an optionally substituted 4-7
nmiembered saturated heterocyclyl. It will be readily apparent to those of skill in the
art, however, that this Scheme 3 will also be useful to synthesize compounds where
R* R" and R” are R®, R” and R¥, respectively, as defined in structural formula (A).

The following compounds were prepared according to Scheme 3.
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Compound 64

To a solution ol aniline 9 (17.0 mg, 0.038 mmol, 1 equiv) in DMF (200 pL)
was added N-Benzyloxycarbonyl-1-proline acid chionde (1.C M i toluene, 57 pl,
5 1.5 equiv). After 50 min the reaction mixture was diluted to 3 mL with 0.05 N HCI
in ;0 and filtered to remove any solids. Preparative reverse phase HPLC
purification of the resulting solution was performed on a Waters Autopurification
systemn using a Polymerx 10 RP-y 100 R column [30 x 21.20 mm, 10 micron,
solvent A: 0.05N HCl in water, solvent B: CH3CN; injection volume: 3.5 mL (0 0SN
10 HCI in water); gradient elution with 10-—20% B over 25 min, then held at 100% for
5 min; mass-chrecied fraction collection). Fractions with the desired MW, eluting at

27.1-28.4 min, were collected and freeze-dried.
Palladium on carbon (10%, 10 mg) was added to a solution of the above
mtermediate in dioxane:MeOH (1:3, 2.3 ml). The flask was fitted with a septum
15 and evacuated and back-filled three timeg with hydrogen gas. The reaction solution
was stirred under an atmosphere (balloon) of hydrogen gas for 1.7 h, then was
filtered through celite to remove the palladium catalyst and concentrated under
reduced pressure. Half of the resuliing residue was purified via preparative reverse
phase HPLC purification on a Waters Autopurification system using a Polymerx
20 10 RP-v 100 R column [30 x 21.20 mm, 10 micron, solvent A: C.05N HCI in
water, soivent B: CH:CN: injection volume: 1.8 mL {0.05 N HCI in water): gradient
elution with 0—33% B over 10 mun, then held at 100% for 5 min; mass-directed
fraction collection|. Fractions with the desired MW, eluting at 7 8-8.5 muin, were
collected and freeze-dried to yield 1.9 mg of compound 64 (30%): 'H NMR (400
25 MHz CD:OD) 5 816 (d, /= 11.0 Hz, 1 H), 4.59-4.56 (m, 1 H), 4.10 (s, 1 H), 3 48-
3.33 (m, 2 H), 3.18-2.95 (m, 9 F1), 2.59-2.50 (m, 1 H), 2.34-2.05 (m, 5 H), 1.70-1.60

(m, 1 H); MS (ESI) m/z 545.38 (M+H).

Compound 65
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To a solution of aniline 9 (15.7 mg, 0.035 mmol, 1 equv) mn DMF (200 pl)
was added N-Benzyloxycarbonyl-D-proline acid chloride (1.0 M in toluene, 53 ul.,
1.5 equiv) Afier 50 mim, the reaction was complete. The reaction mixlure was
5 diluted to 3 mL with 0.05 N HCI in H;O and filtered to remove any solids.
Preparative reverse phase HPLC purification of the resulting solution was performed
on a Waters Autopurification system using a Polymerx 10 u RP-y 100 R column
[30 % 21.20 mm, 10 micron, solvent A; 0,05 N HCL in water, solvent B: CHiCN;
injection volume: 3.5 mL (0.05 N HCI in water); gradient elution with 15—80% B
10 over 10 min, then held at 100% for 5 min; mass-directed fraction collection].
Fractions with the desired MW, eluting at 6,95-8.10 min, were collected and freeze-
dried.
Palladium on carbon (10%, 15 mg) was added to a solution of the above
intermediate in dioxane:MeOH (1:3, 2.3 ml.). The flask was fitted with a septum
5  and evacuated and back-filled three times with hydrogen gas, and the reaction was
stired under an atmosphere (balloon) of hydrogen gas for 1.5 h. The reaction
mixture was [iltered through celite 1o remove the palladium catalyst and
concentrated under reduced pressure. Half of the resulting residue was purified via
preparative reverse phase HPLC purification on a Waters Autopurification system
20 using a Polvmerx 10 p RP-y 100 R column [30 x 21.20 mun, 10 micron, solvent A:
0.05 N HCI 1n water, solvent B: CH3CN; mjection volume: 1.8 mL (0.05 N HCI in
water); gradient elution with 0—35% B over 10 min, then held at 100% for 5 min;
mass-directed (raction collection]. Fractions with the desired MW, eluting at 8.35-
8.85 min, were collected and freeze-dried to yield 0.93 mg of compound 65 (24%):
"H NMR (400 MHz, CD;0D) 3 8.17 (d. /= 11.0 Hz, 1 H), 4.59-4.53 (m, 1 Hy, 4.09
(s, | H), 3.48-3.37 (m, 2 H), 3.18-2,90 (m, 9 H), 2.59-2.50 (m, | H), 2.34-2.05 (m, 5
H), 1.70-1.59 (m, 1 I); MS (ESI) m/z 545.37 (M+H).

bJ
Wh

Compound 66
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The second half of crude 64 (0.012 mmol, 1.0 equiv) was dissclved in DMF
(500 pl), and formaldehyde (37% aqueous solution, 5.3 pb, 0.072 mmel, 6 equiv),
triethy lamine (5.0 pL, 0.036 mmol, 3 equiv), and sodiom triacetoxyborchydride (8.4
5 mg, 0.039 mmol, 3.2 equiv) were added sequentially. After 2 h, the reaction mixture
was diluted to 1.8 mL with 0.05N HCl in H,O and purified via preparative reverse
phase HPLC on a Waters Autopurification system using a Polymerx 10 u RP-v 100
R column [30 x 2120 mm, 10 micron, solvent A: 0.05 N HCI in water, solveat B:
CH;CN; injection volume: 1.8 mL (0.05 N HCI in water); gradient: 0-->30% B over
10 10 min; mass-directed {raction collection]. Fractions with the desired MW, eluting at
8.6-9.35 min, were collected and freeze-dried to provide a muxture of the desired
compound and an over-formylated product The resulting compound mixiure was
dissolved m 4 N aqueous HCI solution (1.5 miL) and stirred for 50 h, then freeze-
dried to provide 1.0 mg of the desired compound 66 (15%)  'H NMR (400 Mz,
15  CDOD)8817(d, J=104 Hz, 1 H), 436 (1, /= $.6 Hz, | H), 4.08 (s, | H), 3.82-
3.73 (m, 1 H), 3.20-2.90 (m, 12 H), 2.73-2.68 (m, | H), 2.35-2.10 (m, 5 H), 1.70-

1.60 (m, | H); MS (EST) sz 559.38 (M+H),

Compound 67

HsC.

LCH
o

The second half of crude 65 (0.007 mmol, 1.0 equv) was dissolved in DMF

(500 L), and formaldehyde (37% aqueous solution, 3.1 pL, 0.042 mmol, 6 equiv)

and TIEA (3.0 pl., 0.021 mmol, 3 equiv), and sodium tnacetoxyborohydride (4 mg,
0.026 mmol, 2.6 equiv) were added sequentially. After 2.2 h, the reaction mixture

25 was diluted to 1.8 ml. with 0.05N HCI in H:O and purnified via preparative reverse
phase HPLC on a Waters Autopunfication system using a using a Polymerx 10

RP-y 100 R column [30 x 21,20 mm, 10 micron, sclvent A; 0,05 N HCl in weter,
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solvent B: CH;CN; injection volume: 2.0 mL (0.05 N HCl n waler);, gradient:
0—30% B over 10 min; mass-directed fraction collection]|. Fractions with the
desired MW, eluting at 8 9-9.6 min, were collected and freeze-dried to provide a
mixture of the desired compound and an over-formylated product. The resulting
5 compound mixture was dissolved m 6 N aqusous HCI solution and stirred for 50 h,
then (reeze-dried to provide 1.5 mg of the desired compound 67 (38%) . 'H NMR
(400 MHz, CD:OD) 8 8.17 (d, J = 10.4 Hz, | H), 4.45-434 (m, 1 H), 4.08 (s, [ H),
3.84-374 (m, 1 H), 3.20-2.90 (m, 12 H), 2.79-2.65 (m, { H), 2.33-2.05 (m, § H),
1.70-1.58 (m, 1 H); MS (ESI) m/z 539.40 (M+H).
10
Compound 68

To a solution of (8)-(-)-1-Cbz-piperidinecarboxylic acid (34.2 mg, 0.13

mmol, 3 equiv), and (2-(7-aza-1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium

15 hexafluoro-phosphate) (50.0 mg, 0.13 mol, 3 equivy in DMF (200 ul) was added
triethylamine (18 uL, 0.13 mmeol, 3 equiv). After 30 min, aniline 9 (17.5 mg, 0.039
mmol, 1 equiv) was added, After 16 h, the reaction mixture was diluted to 3 mL with

0.05 N HCI in H,0 and purified via preparative reverse phase HPLC on a Waters
Autopurification  system wusing a Polymerx 10u RP-v100 R column

20 [30=21.20 mm, 10 micron, solvent A: 0.05 N HCI in water, solvent B; CH:CN;
injection volume: 3.5 mL (0.05 N HCI in water); gradient elution with 15—70% B

over 10 mun, then held at 100% for 5 min; mass-directed fraction collection].
Fractions with the desired MW, eluting at 9.07-10.0 min, were collected and freeze-

dried. Palladium on carbon (10%, 4 mg) was added to a solution of this foam in

25 dioxane:MeOH {13, 1.2 mL). The flask was fitted with a septum and evacuated and
back-filled three times with hydrogen gas. The reaction mixture was stirred under an
atmosphere (balloon) of hydrogen gas for 1.5 h, then was filiered through celite to
remove the palladium catalyst and concentratzd under reduced pressure. Preparative
reverse phase HPLC purification of the resulting oil was performed on a Waters

30 Autopurification  system  using a  Polymerx 10p RP-y 100 R columm
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[30 % 21.20 mm, 10 micron, solvent A; 0.05 N HCI mn water, solvent B: CH,CN;
injection volume: 2.0 mL, (0.05 N HCI in water); gradient elution with 0—35% B
over 10 min, then held at 100% for 5 min; mass-directed fraction collection].
Fractions with the desired MW, eluting at 8.15-8.58 min, were collected and freeze-
dried to yield 0.75 mg of compound 68 (4%): "H NMR (400 MHz, CD;0D) 5 8.15
(d, /=110 Hz, 1 H), 4.12-4.06 (ny, 2 H), 3.48-3.40 {m, 2 H), 3.20-2.90 (m, 9 H),
2.36-2,18 (m, 3 H), 2.02-1.90 (m, 2 H), 1.82-1.60 (m, 4 H); MS (ESI) m/z 559.37
(VD).

wn

10 Compound 69
FaCu CHy

r N
| HoH =
‘ S~ _OH
1 2 U
§ o~ B = NH-
o 6 ot o
69

To a solution of (R)-(+)-1-Cbz-piperidinecarboxylic acid (35.0 mg, 0.13
mmol, 3 equiv), and (2-(7-aza-1H-benzotriazole-1-v1)-1,1,3 3 -tetramethyluronium
hexafluoro-phosphate) (50.0 mg, 0.13 mol, 3 equiv) in DMF (200 ul) was added

IS5 TEA (18 uL, 0.13 mmol, 3 equiv). After 30 min, aniline 9 (16.6 mg, 0.037 mmol, 1
equiv) was added. After 16 h, the reaction mixture was diluted to 3 mL with 0.05 N
HCl in H20 and purified via preparative reverse phuse HPLC on a Waters
Autopurification system using a Polymerx 10p RP-y 100 R column
[30 x 2120 mm, 10 micron, solvent A: 0.05 N HCI in water, solvent B: CH:CN;
200 injection volume: 3.5 mL (0.05 N HCI in water); gradient elution with 10--50% B
over 10 min, then held at 100% for 5 min; mass-directed {raction collection].
Fractions with the desired MW, eluting at 12.1-12.9 min, were collected and freeze-
dried. Palladium on carbon (10%, 5 mg) was added 1o a solution of this foam in
dioxane: MeOH (1:3, 800 uL). The flask was fitted with a septum and evacuated and
25 back-filled three times with hydrogen gas. The reaction mixture was stirred under an
atmosphere (balloon) of hydrogen gas for 1.75 h, then was filtered through celite to
remove the palladium catalyst and concentrated under reduced pressure Preparative
reverse phase HPLC purification of the resulting o1l was performed on a Waters
Autopurification  system  using a  Polymerx 10p RP-y 100 R column

30 [30= 2120 mm, 10 micron, solvent A: 0.05 N HCI in water, solvent B: CILCN;
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injection volume 2.0 mL (0.05 N HCI in water); gradient elution with 0—35% B
over 10 mun, then held at 100% for 5 min; mass-directed fraction collection].
Fractions with the desired MW, eluiing at 8.75-9.16 min, were collected and freeze-
dried to vield 0.55 mg of compound 69 (3%): 'TI NMR (400 MIz, CD:0D) 8 8.16
(d, /=110 Hz, 1 H), 413-4.06 (im, 2 H), 3.50-3.43 (m, 2 H), 3.20-2.90 (m, 9 H),
2.38-2.18 (m, 3 H), 2.04-1.88 (m, 2 H), 1.83-1.60 (m, 4 M), MS (ESI) m’z 559.38
(M-+H).

Compound 70

HHE  on o Ot-éHO 111:,

70

To a solution of compound 68 (0.0138 mmol, 1 equiv) in DMF {750 ul),
were added formaldehyde (37% aqueous solution, 6.2 ul., 0.083 mmol, 6 equiv),
TEA (5.8 pl, 0.041 mmol, 3 equiv), and sodium triacetoxyborohydrde (11 mg,
0.051 mmol, 3.7 equiv) sequentially. After 17 h, the reaction mixture was
concentrated to remove amine and 6 N aqueous HCT (500 pl) was added. After 19
days, the reaction solution was purified via preparative reverse phase HPLC on a
Waters Autopurification system using a Polvmerx 10y RP-y 100 R column
[30 > 21.20 nun, 10 micron, solvent A: 0.05 N HCI in water, solvent B: CH;CN;
mjeetion volume: 2.5 mb (0.05 N HCI 1n water); grad:ent: 15—50% B over 15 nun;
mags-directed fraction collection]. Fractions with the desired MW, eluting at 5.75-
6.2 min, were collected and freeze-dried to provide 2.4 mg of the desired compound
70 (319): 'H NMR (400 MHz, CD:0D) 5 8.16 (d, J = 11.0 Hz, 1 ), 4.08-4.04 (m,
1 H), 359-3.53 (m, 1 H}, 3.20-3.10 (m, 5 H), 3.06-2.96 (m, S H), 2.90m (s, 3 H),
2.36-2.25 (m, 2 H), 2.11-2.05 (m, 1 H), 2.02-1.94 (m, 2 H), 1.90-1.74 (m, 2 F),
1,71-1.58 {m, 2 H); MS (ESI) m/z 573.33 (M+H).

Compound 71

PCT/US2009/053142
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Compound 9 (20 mg, 0.045 mmol, 1.0 equiv) in THF was added Na,CO;

(9.5 mg, 0.089 mmol, 20 equiv), (4R)-4-Mluoro-1-methyl-L-proline (9.8 mg, 0.067

mmol, 1.5 equiv) and HATU (34.6 mg, 0.047 mmel, 2.0 equiv). the reaction

S mixture was stirred at room temperature for 20 hour. LC-MS analysis indicated the

starting material was consumed completely. HHCI/MeOIT (1 mL, 4 N) was added to

the mixture at 0 °C and stured for 2 min. The mixture was concentrated under

vacuum, the residue was purified hy reverse phase HPLC to afford product 7L (6.1

mg): 'TT NMR (400 MHz, CD:OD) 6 8.18 (d, J = 10.8 Hz, 1 H), 551 (d, /= 516

10 Hz 1 H), 476-4.72 (m, | H), 422-416 (m, | H), 410 (s, | H), 3.74-3.63 (m, 1 H),

3.21-2.97 (m, 14 H), 2.35-2.21 (mm, 2 H), 1.69-1.60 (m, 1 H); MS (ESI) mz 577.]
(M-+H).

Compounds 72 and 73 were prepared similarly 1o conpound 71 using the

[5  corresponding amino acids.

Compound 72

£ H3C\N,CH3
HoHE o
HG O N
MN : NH,
NP R T e Lo
e 72

Prepared similarly to compound 71; "H NMR (400 MHz, CD-QD) & 8.16 (d,
20 J=1081z 1 H). 548 (d..J=51.2Hz1 H), 4 60-4.56 (m, 1 H), 4.11 (s, 1 H), 4.05-
3.98 (m, { H), 3.67-354 (m, | H), 3.24-2.96 (m, 13 H). 2,55-2.44 (m, | H), 2.34-
2.22 (m, 2 H), 1.70-1.66 (m, 1 Hy, MS (EST) m/z 577.1 (M+10).

Compound 73
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Prepared similarly to compound 71: 'H NMR (400 MHz, CD,0D) & 8.18 (d,
J =108 Hz, 1 H), 4.76-4.71 (m, 1 H), 4.17-4.12 (m, 1 H), 4.09 (s, | H), 3.96-3.86
(m, 1 H), 3.67-3.53 (m, 1 H), 3.55-2.53 (m, 1 ), 3.25-2.73 (m, 12 F), 2.33-2.19 (m,
2 H), 1.68-1.59 (m, 1 H); MS (ES1) sz 5953 (M+H)

A

Compound 3-1-1

HsCu,  ~CHy

L-(Bocamino)cyclopropanecarboxylic acid (67.4 mg, 0.335 mmol), O-(7-

10 azabenrotriazol-1-v1)-N N, N' N'-tetramethyluronium hexafluorophosphate (127 mpg,
0.335 mmol), and triethylamine (0.078 mL, 0.56 mmol) were stirred in DMF (1 mL)

for 30 minutes. Compound 9 (50 mg, 0,112 mmol) was added. After stirring
overnight, the reaction mixture was purifiad directly by preparative reverse phase
HPLC purification on a Waters Autopurification system using a Polymerx 10 p RP-y

15 100 R column [30 x21.20 mm, 10 micron, solvent A: 005N HCI, solvent B:
CH:CN, gradient elution with 0--50% B over 10 imin; mass-directed fraction
collection]. Fractions with the desired MW were collected and freeze-dried. The
material was repurified by preparative reverse phase HPLC purification on a Waters
Autopurification  system using a Polymer< [0p RP-y 100 R column

20 [30 % 21.20 mm, 10 micron, solvent A: 0.05N HCIL, solvent B: CH:UN, gradient
elution with 0—100% B over |5 min; mass-directed fraction collection]. Fractions

with the desited MW were collected and freeze-dried This gave 42 mg of

compound 3-1-1 (59%, ~80% pure) which was used without further purification.:

Compound 74
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Compound 3-1-1 (42 mg, 0.067 mmol, ~80% pure) was stirred in 4M HCI in

1.4-dioxane (5 mL) overniglit. The reaction mixture was concentrated under reduced
pressure and was purified by preparative reverse phase HPLC purification on a
5 Waters Autopurification system using a Polymerx 10 RP-y 100 R column
[30 = 21.20 mm, 10 micron, solvent A: 0.05N HCJ, solvent B: CH;CN, gradient
elution with 0—50% B over 10 min; mass-directed fraction collection], Fractions
with the destred MW were collected and freeze-dried. The material was dissolved in
McOH (i mL), and the solution was added dropwise to vigorously stirting diethyl
10 ether {200 mL). The resulting solid was collected by filtration on a pad of Celite.
This was washed with diethyl ether (3 times), and the solid was dissolved in MeOH
and concentrated under reduced pressure. The material was freeze-dried, yielding
25.8 mg of compound 74: 'Hl NMR (400 MHz, CD;CD with | drop DCI) § .00 (d,
J=70Hz, 1 H),4.05 (s, 1 H), 3.20-2.85 (m, 9 H), 2.36-2.06 (m, 2 H), 1.70-1.52 (m,
15 3 H), [.35-1.22 (m, 2 H); MS (ES1) mz 531.33 (M+I).

Compound 75

20 To a dichloromethane (5 mL) suspension of compound 9 (0.260 g, 0.50
mmol, 1.0 equiv) at rt was added triethylamme (0.139 mL, 1.00 mmol, 2.0 equiv).
The reaction was stirred at rt until form a clear solution. Methylisocyanate (89.4 ul.,
1.50 mmol, 3.0 equiv) was added to the reaction mixture dropwise. The reaction was
allowed to stir at 25 °C for 1 h. Additional methylisocyanate (45 ul, 0.75 mmol, 1.5
25 equiv) was added and stirred overnight. LCMS indicate there are still starting
material present. The solvent was removed under vacuum to give the crude 75. The

crude product was purified by HPLC on a Polymerx 10 u RP-y 100 R column



WO 2010/017470
4142.1017001

10

15

20

25

- 90 -

[30 % 21.20 mm, 10 micron, solvent A: 0.05 N HCI, solvent B: CH:CN, sample m
2.0 mL (0.05 N HCI), gradient elution with 15—65 % B over 13 min, mass-directed
fraction collection)] to vyield the desired product 75 as a vellow solhid (80 mg, 31.7
%): 'H NMR (400 MITz, CD;0D) 8 8 12 (d, J=11.4 Hz, 1 H), 407 (s. 1 H), 3.04 (s,
3 H), 296 (s, 3 H), 3.13 -2.93 (m, 3 H), 2.77 (5, 3 H). 2.27-2.15 (m, 2 H), 1.69-1,57
(1 H); MS (EST) m/z 505.41 (M+H).

3

Compound 76

Compound 9 (20 mg, 0.045 mmol, 1.0 equiv) in THF was added Na:COs;
(9.5 mg, 0.089 mmol, 2.0 equiv) and 0.1 mL benzoyl chloride solution (54 UL n |

mL THE, 0.047 mmol, 1.05 equiv). The reaction mixture was stiured at rocom
temperature for 1 hour. LC-MS analysis indicaled the starting material was
consumed completely. HCl/MeOH (1 mL, 4 N) was added to the mixture at 0 °C and
stirred for 2 min. The mixture was concentrated under vacuum, the residue was
purifiad by reverse phase HPLC 1o afford product 76 (5.5 mg): 'H NMR (400 MHz,
CDsOD) 8823 (d, J=10.8 Hz, | H), 7.97 (d, /= 7.6 Hz, 2 H), 7.66-7.54 (m, 3 H),
411 (s, 1 H), 3.21-2.90 (m, 9 H), 2.37-2.24 (m 2 H), 1.72-1 66 (1, 1 H); MS (ESI)
iz $52.1 (M+H).

Compounds 77 — 83 were prepared sinularly to compound 76 using the

corresponding acid chlorides.

Compound 77

C
F 4 Mt
- EPN OH
L I
F.C ] N I _WNHR
Hoon o ofth &

PCT/US2009/053142
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'HENVIR (400 MEz, CD;0D) 5 8.25 (s, 1 H), 8.21 (d, /= 8.0 Hx, 1 H), 8.14
(d,/=104Hz, 1 H), 792 (d,/J=80Hz 1 H), 7.76 (t, /= 8.0 Hz, ] H), 4.08 (s, |
H), 321-2.89(m, 9H), 2.35-222 (m, 2 H), 1.71-1.61 (m, 1 H); MS (ESI) mz 620.1
(M),

Compound 78

1 NMR {400 MHz, CD;0D) 8 8. 10 (d, .J = 10.8 Hz, | H), 741-7.33 (1, 3
H), 7.09-7.07 (m, 1 H), 4.00 (s, 1 H), 3.78 (s, 3 H), 3.12-2.86 (m, 9 T1), 2.23-2.13
10 (m, 2 H), 1.60-1.50 (m, 1 H); MS (EST) mz 582.1 (M—H).

Compound 79

15 Hz 1H), 778 (d,J =48 Hz, 1 H), 7.22 (1, J = 8.8 Hz, | 1), 4.10 (s, 1 H). 3.20-
2.98 (m, 9 H). 2.36-2.20 (m, 2 H), 1.68-1.61 (m, 1 H): MS (ESD) m/z 558.1 (MHH).

Compound 80

20 'HONMR (400 MHz, CD:0D) § 9.34 (s, 1 H), 9.04-9.00 (m, 2 H), 8 20-8.15
(m, 2 H), 4.07 (s, 1 H), 3.27-2.94 (m. 9 H), 2.34-2.18 (m 2 H), 1 68-1.59 (m. 1 11);
MS (EST) sz 553.1 (M),

Compouad 81
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'H NMR (400 MHz, CD:0D) § 8.13-8.06 (m, 2 H), 7.98 (d, /= 7.6 Hz, | H
), 7.77(d, J=72Hz, | H),7.67 (t,J=8.0 Hz, 1 H1 ), 4.01 (s, 1 H), 3.26 (s, 6 H),
3.14-2.83 (m, 9 H), 2.27-2.13 (m, 2 H), 1.64-1.52 (m, 1 H); MS (ESI) m/z 595.1
5 (M-H).

Compound 82

HaCw, -CHa
H T

é-"{:s 82
"H NMR (400 MHz, CD;0D) § 8.08 (d, ./ = 10.8 Hz, 1 H), 758 (d, / = 8.4
10 Hz,2H), 749(d,J=84Hz 2H), 402(s 1 H),3.19(s, 6 H), 3.12-2.88 {m, 9 H ),

2.24-213 (m, 2 H), 1.60-1.51 (m, | H): MS (ESI) m/z 595.1 (M+H),

Compound 83

15 '"H NMR (400 MHz, CD;0D)  8.19-8.14 (m, 2 H), 8.05 (d,/=8.4 Hz, | H),
7.91-7.89 (m, 1 H), 7.76-7.74 (m, L H),.4.12 (s, 1 1T}, 3.32 (s, 6 H), 3.21-2.96 (m, 9
H), 2.41-1.98 (m, 211, 1.72-1.59 (m, 1 H); MS (EST) m/z 595.0 (M+H),

Compound 84
0

Cﬁ?}‘m NN
Vs ©7 w6 ofb o

20 84
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Compound 9 (20 mg, 0.045 mmol, 1 0 equiv) in THF was added DIEA (11.5

mg, 0.089 mmol, 2.0 equiv) and 2-thiophenesulfonyl chlonde (12.2 mg, 0.067
mmol, 1.5 equiv). The reaction mixture was stirred at room temperature for 20 hour,
LC-MS analysis indicated the starting material was consumed completely.

5 HCI/MeOH (1 mL, 4 N) was added to the mixture at 0°C and stirred for 2 min The
mixture was concenirated under vacuumy, the residue was purified by reverse phase
HPLC to afford compound 84 (2.0 mg): "H NMR (400 MHz, CD0D) § 7.75 (dd, J
=352,12Hz 110, 7.59(d, /=28 Hz, 1 H), 7.52 (d,J= 104 Hz, 1 H), 7.09 (t, /=

44 Hz 1 H), 407 (s, 1 H), 3.11-2.92 (m, 9 H), 2.30-2.18 (m. 2 H), 1.68-1.58 {in, |

10 H): MS (ESL) mz 593.9 (M+H).

Compounds 85 - 87 were prepared sumnilarly to compound 84 using the

corresponding sulfonyl chlorides.

15 Compound 85

"H NMR (400 MHz, CD;0D) 8 7.44 (d.J = 10.0 Hz, 1 H), 4.10 (s, | H),
3.21-2.90 (m, 12 H), 2.34-2.22 (m, 2 H), 1.67-1.61 (n, | ), MS (EST) m/z 526.1

{(M+H).
20
Compound 86
"H NMR (400 MHz, CDs0D) 6 7.82 (d, /= 7.6 Hz, 2 H), 7.58-7.46 (m, 4
H), 407 (s, 1 H), 3.10-2.92 (m, 9 H), 2.35-2.25 (m, 2 H), 1.65-1.55 (m, 1 ), MS
25 (ESD) mz 3321 (M~H).

Compound 87
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"H NMR (400 MHz, CD;0D) § 7.72 (1, J = 5.6 Hz 1 H), 7.62 (d, J = 7.6 Hz,
1 H), 7.50 (d, /= 8.4 Hz, 1 H), 7.41-7.38 (m, 2 H), 3.97 (s, | H), 3.03-2.82 (m, 9 H),
S 2.19-2.06 (m, 2 H), 1.53-1.50 (m, 1 H): MS (ESD m/z 622.1 (M+H).

Example 4. Synthesis of Compounds of Structural Formula (I), wherein X is
hydrogen and Y is -NH-C(Q)-heterocycly or -NH-C(O)-heteroaryl

Scheme 4

10
F ~-{3C\N,CH3 - HgC\N,OHa
| H H T R¥ ) . ' H H ¥
AN 0 i AL, oI PN
e N i - -
N O NTErT
BrO O HO : OBn 7 b s
2-6 OTBS Y R? -
!
‘ depreoctection when
RCOCI !2R is a protecting
{group
Y
" I‘!QC\N{C} I . | H3C~N~CH3
2 A o YT
RJ\N : ( (or °R) H’N%J\‘N' # = {
P O Mo io  OBn ROR Hpo o woio 0B
44 0OTBS 4-2 oTBS
1)ag HF 1) ay -IF
23 Hy/Pd-C 2) Hy/Pd-C
E y H’Jﬁ\r;‘,CH:-\ F y HEE\N‘CHS
o )‘k G OH RC o NP e Nplel
| w \
P RN IHz ,
A AL LT ey
oH 0w o RY R? R
4.5 4-3

In Scheme 4, R represents heteroaryl and R” is R* as defined in Structural
Formula (A). For certain compounds made by Schems 4 and described below, R™ is
hydrogen and R™ and R” are taken together with the carbon and nitrogen atoms to

15 which they are respectively bound to form an optionally substituted 4-7 membered
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saturated heterocyclyl. Tt will be readily apparent to those of skill in the art,
however, that this Scheme 4 will also be useful to synthesize compounds where R,
RY and R” are R®, R” and R, respectively, as defined in structural formula (A).

B

The following compounds were prepared according to Scheme 4.

L

Compound 88

HN

aH O
a8

To a suspension of 1-Fmoc-L-azetidine-2-carboxylic acid (135 mg, 042
mmol, 2.9 equiv), and (2-(7-aza-1H-benzoiriazole-1-y1)-1,1,3 3tetramethyluronium
10 hexafluoro-phosphate) (164 mg, 0.43 mol, 3 equv) in THF (1.5 mL) was added
triethylamine (60 plL, 0.43 mmol, 3 equiv). After 30 nun, aniline 2-6 {106 mg, 0.14
mmol, 1 equiv) was added. After 18 h, the reaction mixture was concentrated under
reduced pressure. Preparative reverse phase HPLC of the resulting ol was
performed on a Waters Autopurification system using a Sunfire Prep C18 OBD
15 column [5um, 19 x 50 mm; flow rate, 20 mL/min; Solvent A: HaO with 0.1%
HCO,H; Solvent B: CH;CN with 0.1% HCO:H; injection volume: 3 x 2.0 mL
(CHACN), gradient 80--100% B over 15 min; mass-directed fraction collection].
Fractions with the desired MW, eluting at 10.35-12.0 min, were collected and
freeze-dried to provide 131 mg of a yellow powder.
20
To a solution of the above intermediate in CH,Cl, (2 mlL} was added
piperidine (500 pl.). After 30 min, the reaction solution was poured into aqueous pH
7 phosphate buffer and extracted with FtOAc (3 x 20 mL). The comhined organic
layers were dried (NaxSOy), filtered, and concentrated under reduced pressure.
25 Punfication of the resulting crude oil via flash column chromatography on silica gel
(Silicycle, S g, 0 to 5 to 10 1o 50 % EtOAc i hexane gradient) provided 47,6 mg of

the intermediate.

Half of the above intermediate (24 mg) was dissolved in acetomitrile (1 mL),

30 and an aqueous solotion of HF (50%, 200 L) was added. Afier 18.5 h, the reaction
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solution was poured into an aqueous K,[PO4 solution (2.5 g in 20 mL) and
extracted with FtOAc (2 x 25 mL) The combined organic layers were dried

(NapSQ.), filtered, and concentrated under reduced pressure.

5 Palladium on carbon (10%, 12.5 mg) was added to a solution of the above
intermediate in dioxane:MeOH (1:1, 1 mL). The flask was fitted with a septum and
evacuated and back-filled three times with hvdrogen gas. Hydrogen gas was bubbled
through the reaction solution for three minutes, and the reaction mixture was stirred
under an atmosphere (balloon) of hydrogen gas for 4.5 h, The reaction mixture was

10 filtered through celite to remove the palladium catalyst and concentrated under
reduced pressure. Preparative reverse phase HPLC punfication of the resulting oil
was performed on a Waters Autopurification system using a Polymerx 10
RFP-y 100 R column {30 x 21.20 mm, 10 micron, solvent A; 0.05N HCl in water,
solvent B: CHaCN; injection volume: 3.0 mL (0.05N HCI in waler); gradient elution

15 with 0—30% B over 10 min, then held at 100% for 5 min; mass-directed fraction
collection]. Fractions with the desired MW, eluting at 9.8-11.25 min, were collected
and freeze-dried. The resulting impure powder was purified via preparative reverse
phase HPLC as above with gradient elution with 15—350% B over 12 min, then held
at 100% for 3 mm; mass-directed fraction collection. Fractions with the desired

20 MW, eluting at 6.5-8,0 min, were collected and [reeze-dried to yield 2.0 mg of
compound 88 (5%): "H NMR (400 MHz, CD;0D) & 8.25 (d, J = 11.0 Hz, 1 H),
5.29-524 (m, T H), 420-4.11 (m, 1 H), 4.09 (s, 1 H), 3.19-2.89 (m, 10 H), 2.69-2.56
(m, | H), 2.33-2.19 (m, 2 HJj, 1.68-1.56 (m, | H); MS (EST) mz 531,30 (M-I,

25 N-methyl-L-azetidine-2-carboxilic acid
o

HaG
NQ<U\OH
H
To a suspension of L-azetidine-2-carboxylic acad (290 mg, 2.87 mmol, |
squiv) in MeOH (3.6 mL), was added aqueous formaldehyde solution (37%, 235 ulL,
315 mmol, 1.1 equiv) and palladium on carhon (10%, 76 mg). The flask was fitted
30 with aseptumn and evacuated and back-filled three times with hydrogen gas. The
reaction was stirred under an atmosphere (balloon) of hydrogen gas for 19 h, and

was filtered through celite to remove the palladium catalyst. The resulting solution
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was concenlrated under reduced pressure, concentrated from toluene three times and
dried under vacuum to afford N-methyl-L-azstidine-2-carboxilic acid: "H NMR (400
MHz, CDs0D) 8 4.50 (t, /= 9.5 Hz, | FI), 3.96 (dt, /= 4.3, 9.8 Hz, | H), 381 (q,
= 9.8 Flz, 1 TT), 2.86 (s, 3 H), 2.71-2.60 (i, 1 H), 2.50-2.38 (m, 1 H),

Compound 4-1-1

To a suspension of aniline 2-6 (302 mg, 0.408 mmol, 1 equiv) and N-methyl-
L-azetidine-2-carboxilic acid (148 mg, 1.28 mmol, 3.1 equiv) in CH,Cl; (6 mL) was
10 added O-(Benzotnazol-1-yD)-N,N,N' N'-tetramethyluronium tetrafluoroborate (395
mg, 1.23 mmol, 3 equiv) and DIEA (285 ul., 1.64 mmol, 4 equiv). After 16,5 h, the
resulting orange solution was concentrated under reduced pressure and purified via
preparative reverse phase HPLC on a Waters Autopurification svstem using a
Sunfire Prep C18 OBD column [S um, 19 x 50 nun, flow rate, 20 mL/min; Solvent
15 A H:O with 0.1% HCO:H, Solvent B: CH;CN with 0.1% HCO.H; injection
volume: 4 5 2.5-3.0 mL (CH;CN); gradient; 50—90% B over 15 min; mass-directe
fraction collection]. Two sets of fractions with the desired MW, eluiing at 4.6-
6.5 min and 6.5-9.4 mn, were collected separately and freeze-dried to provide 147
mg of 4-1-1 (43%): 'H NMR (400 MHz, CDCly) 8 16.04 (s, 1 H), 10.10 (s, | H),
20 848 (d, .~ 11.0 Hz, 1 H), 7.54-7.48 (m, 4 H), 7.40-7.32 (m, 5 H), 5.36 (s, 2 H),
499(d,/J=98Hz 1 H),490(d, /=98 Hz, 1 H),396(d, /=104 Hz 1 H), 3.54
(t, J= 7.9 Hz, | H), 3.39-3.34 (m, 1 H), 3.25-3.19 (m, | H), 3.05-2.92 (m, 2 H),
2.38-2.36 (m, 10 H), 2.23-2.06 (m, 4 H), 0.81 (5, 9 H), 0.28 (5, 3 H), 0.11 (s, 3 H),
MS (EST) m/z 837.37 (M+H),
25
Compound 89

HaC,,~CHa
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To a solution of 4-1-1 (147 mg, 0.175 mmol, 1 equiv) in dioxane (3.5 ml.)
was added an aqueous solution of HF (50%, 750 uL). After 4 h, the reaction solution
was poured into an aqueous Ko;HPO, solution (9 g in 90 mL) and extracted with
EtOAc (2 x 50 mL). The combined organic layers were dried (Na;SOu), filtered, and

5 concentrated under reduced pressure to provide 128 4 mg of a crude yellow foam.

The HF deprotection product (144 mg, 0.199 mmol, | equiv) wag dissolved

in dioxane: MeOH (1:1, 4 mil.), and palladium on carbon (10%, 43.5 mg) was added.

The flask was fitted with a septum and evacuated and back-filled three times with

10 hydrogen gas. Hydrogen gas was bubbled through the reaction solution for three

minutes, and the reaction mixture was stirted under an atinosphere (balloon) of

hyvdrogen gas for 3.25 h. The reaction mixture was filtered through celite to remove

the palladium catalyst and concentrated under reduced pressure. Preparative reverse

phase HPLC of this 01] was performed on a Waters Autopurification system using a

15  Polymerx 10 u RP-v 100 R column [30 > 21,20 mm, 10 micron, solvent A: 0.05 N

HCI in water, solvent B: CH;CN; mjection volume: 2 x 3.2 mL (0.05 N HCI in

water);, gradient: 10—35% B over 20 min;, mass-direcied fraction collection].

Fractions with the desired MW, eluting at 6.10-8.40 min and 6.9-9.4 min,

respectively for each run, were combined. The pH of the solution at 0 °C was

20 adjusted (pH 1.8 to pH 7.4) via dropwise addition of 0.5 M aqueous NaOlT solution

(approximately 7.8 mL) and careful monitoring with an electronic pH meter, The

aqueous solution was extracted with CHyClz (3 x 60 ml.) and the combined organic

layers were dried (NaxSQy), filtered, and concentrated under reduced pressure 1o

provide 79.7 mg of compound 89 as the free base (0.146 mmel, 73%). This vellow

25 solid was dissolved in MeOH (3 mL), and MeSO:I (19 pl., 0.292 mmol, 2 equiv)

was added The solution was concentrated under reduced pressure, dried under

vacuum, and freeze-dried from water to provide 105 mg of 89 as the dimesylate salt.

'H NMR (400 MHz, CD50D) 8 8.22(d, J=11.0Tz 1 TT), 5.16 (1, J = 8.6 Hz, | H),

4.21-4.12 (m, 1 H), 4.09-4 02 (m, 2 H), 3.17-2.85 (m, 10 H), 2.68 (3, 6 H, mesviate

30 H), 2.64-2.59 (m, | H), 234215 (m, 2 H), 1.70-1.58 (m, | H); MS (ESD) m’z
545,18 (M+H),

General Propeedures for the Preparation of Compounds 90 - 94
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To a solution of aniline 2-6 (1 equiv) in THF (0.05-0.09M) was added an
acid chloride (3 equiv). The reaction soiution was filtered through celite and
concentrated under reduced pressure. The resulting oil was dissolved in dioxane (1

5 mL) and an aqueous solution of TTF (50%, 200 uL) was added. Upon completion, the
reaction was poured into an aqueous K;HPO, solution (2.6 g in 30 mL) and
extracted with EtOAc (2 x 25 mlL). The combined organic layers were dried
(Na;58Qy), filtered, and concentrated under reduced pressure. Palladium on carbon
(10%) was added to a solution of this crude oil in dioxane:MeQIUl (1:1, 1 mL), The

10 flask was fitted with a scptum and evacuated and back-filled three times with
hydrogen gas, and then the solution was degassed with bubbling hydrogen for 2
minutes. The reaction was stirred under an atmosphere (balloon) of hydrogen gas for
2 h, The reaction muxture was filtered through celite to remove the palladium
catalyst and concentrated under reduced pressure. The crude products were purified

15 bvpreparative reverse phase HPLC.

Compound 90

Prepared by above general procedure with the following reagents: aniline 2-6

20 (21.1 mg, 0.028 mmol, 1 equiv), picolinoyl chloride hydrochloride (15.8 mg, 0.088,
3 equiv), with triethylamme (11.7 ulL, 0.084 minol, 3 equiv), and 10% Pd-C (10

mg), provided a crude oil. Preparative reverse phase HPLC of the crude product was
performed on a Waters Autopurification gystem uging a Polymerx 16 p RP-v 100 R
column [30 = 21.20 mm, 10 micron, solvent A: 0.05 N HCl in water, solvent B:

25 CH;CN:amjection volume: 2.5 mL (0.05 N HCI in water), gradient: 10—60% B over
20 min; mass-directed fraction collection]. Fractions with the desired MW, eluting at
14.8-16.4 min, were collected and freeze-dried to provide 5.8 g of the desired
compound 90 (37%); 'H NMR (400 MHz, CD;0D) 5 8.73-8.69 (m, | T1), 8.58-8.52

{m, 1 H), 827-821 (m, 1 H), 8.08-8.00 (m, | H), 7.66-7.60 (m, 1 H), 4.09 (s, | H),
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329-2.92 (m, 9 H), 2.38-2.18 (m, 2 H), 1.72-1.60 (m, 1 H); MS (ESI) mz 55327
(M),

Compound 91

5 91
Prepared by above general procedure with the following reagents: aniline 2-6

(31.0 mg, 0.042 mmol, | equiv), I-methylpyrrole-2-carbonyl chloride (22 mg, 0.15
mmol, 3 equiv), and 10% Pd-C (10 mg). Preparative reverse phase HPLC of the
crude product was performed on a Walters Autopurification system using a Polymerx

10 10w RP-y 100 R column [30 < 21,20 mm, 10 micron, solvent A: 0.05 N HCl m

water, solvent B: CH;CN; mjection volume: 2.0 mL (0.05 N HCI in water); gradient;

desired MW were collected and freeze-dried and repunfied via the same system with
the gradient: 10-—60% B over 20 mun, Fractions with the desired MW, eluting at

15 15.5-16.5 mm, were collected and freeze-dried to provide 2.5 mg of the desired
compound 91 (11%): '"H NMR (400 MHz, CD:OD) 8 8.20 (d, J = 11.6 Hz, 1 H),
6.98-6.86 (m, 2 H), 6.17-6.10 (m, 1 H), 4.08 (s, | H), 3.94 (s, 3 H), 3.19-2.90 (m, 9
H), 2.33-2.18 (m, 2 H), 1.80-1.56 (m, | H): MS (ESI) m/z 555.32 (M+H),

20 Compound 92

=z

~x

o

e

ol 92
Prepared by above general procedure with the following reagents: amline 2-6
(31.0 mg, 0.042 mmol, 1 equiv), 5-methylisoxazole-3-carbony] chloride (19.0 mg,
0.13 mmol, 3 equv), and 10% Pd-C (10 mg) Preparative reverse phase HPLC of the
25 crude product was performed on a Waters Autopurification system using a Polymerx
16 1 RP-y 100 R column [30 = 21.20 mm, 10 micron, solvent A: 0.05 N HCl in

water, solvent 3. CHaCN; ingection volume: 2.8 ml. (0,05 N HCI in water);, gradient:
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10—060% B over 20 min; mass-directed fraction collection]. Fractions with the

desired MW, cluting at 14.5-15.5 mun, were collected and freeze-dried to provide 4.0

mg of the desired compound 92 (17%): "H NMR (400 MHz, CID:0D) 8 8.32 (d, /=

11.0 Hz, [ H), 6.59 (s, 1 H), 4.09 (s, 1 H), 3.19-2.90 (m, 9 H), 2.52 (s, 3 H), 2.34-
5 218 (m, 2 H), 1.71-1.58 (m, | H); MS (ESI) m/z 557.26 (M+H).

Compound 93

c HiCuy -CHs
H dz
e} Ry o5 = OH
N A L A NHs
H?C‘N;j N H
SV TR I S ol B
93

Prepared by above general procedure with the following reagents: amline 2-6
10 (30.0 mg, 0.04] mmol, 1 equiv), I-methyl-1H-pyrazole-3-carbonyl chloride (16.8
mg, 0.12 mmol, 3 equiv), and 10% Pd-C (20 mg). Preparative reverse phase HPLC
of the crude product was performed on a Waters Autopunfication system using a
Polymerx 10 g RP-y 100 R column [30 = 21.20 mm, 10 micron, solvent A: 0.05 N
HCI in water, solvent B: CHyCN; injection volume: 3.2 ml (0.05 N HCI in waler),
15 gradient: 10—60% B over 20 min; mass-directed fraction collection]. Fractions with
the desired MW, eluting at 12.5-14.5 nin, were collected and freeze-dried to provide
11.2 mg of the desired compound 93 (49%): "H NMR (400 MHz, CD:0D) & 8.38 (d,
J=110 Hz, 1 H), 7.68 (s, 1 H), 6.82-6.76 (m, | H), 4.09 (s, 1 H), 3.99 (s, 3 H),
3.16-2.90 (m, 9 H), 2.31-2.16 (m, 2 H), 1.70-1.56 (m, 1 H); MS (ESI) m/z 556.31

20 (M)

Compound 94

Prepared by above general procedure with the following reagents: aniline 2-6
25 (30.0 mg, 0.041 mmol, 1 equiv), 1,3-thiazole-2-carbonyl chloride (17.8 mg, 0.12
mmol, 3 equiv), and 10% Pd-C (15 mg). Preparative reverse phase HPLC of the

crude product was performed on a Waters Autopurification system using a Polymerx
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10 g RP-v 100 R column [30 = 21 20 mm, 10 micron, solvent A; 0.05 N HCI in
water, solvent B. CH;CN: wjection volume: 3.2 mL (0.05 N HCI in waler), gradient:
10-560% B over 20 min; mass-directed fraction collection]. Fractions with the
desired MW, eluting at 14.6-17.0 min, were collected and freeze-dried to provide 5.4

5 mg of the desired compound 94 (23%): '"H NMR (400 MHz, CD;OD) & 838 (d, J =
IL.OHz 1 H), 802 (d, /J=3.0Hz 1 H), 795 (d, /=24 tz, 1 ), 4.09 (s, | H)
3.20-2.90 (m, 9 H), 2.34-2.17 (m, 2 H), 1.70-1.56 (m, | H); MS (BEST) m/z 559.23
(M+H).

1O Example5, Synthesis of Compounds of Structural Formula (A), wherein Y is
-N(RYRP), or -NH-SO,-(CI)s-N(R*)RP),

Scheme 3

HaC.., .CHa
3Lt
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2) Hy/Pd-C

RCHO/HOAG
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In Scheme 5, R represents -(C1-Cy)alkyl, -(Cy-Cs)alkylene-carbocyclyl,
-(Co-Cs)alkylene-ary!, -(Co-Cs)alkylane-heterocyclyl, -(Co-Cs)alkylene-heteroaryl,
«(Cy-Cs)alkylene-N(R™)(R®), Ar represents an aryl or a heteroaryl group: and R" and
RY are R™ and R, repectively, as defined in Structural Formula (B).

5 The following compounds were prepared according to Scheme 5.

Compound 51-1

S J\ﬂ‘%

BhO O HO SBn

5.1-1 oT

Compound 2-6 (150 mg, G.203 mmol, 1.0 equiv) was dissolved in 1,2-

10 dichloroethane (3 mL). HOAc (38.1 uL, 1.01 mmol, 5 equiv.) and isovaleraldehyde
(32.9 ul, 0304 mmel, 1.5 equiv) were added. The mixture was stirred for | h.
Na(QAc):BII (129 mg, 0.609 mmol, 3.0 equiv) was added and the resuliing mixture

was stirred for another hour. The mixture was washed with H,0 (10 mL)y and
concentrated to give crude 5-1-1 (250 my), which was used for the next step without

15 further purification: MS (ES1) mz 810.59 (ML)

Compound 95

Aqueous HF (0.3 ml, 48-50%%) was added to a CH;CN solution (1.5 mL) of

20 5-1-1 (250 mg crude) in a plastic vial at 25 °C. The reaction was stirred at 25 °C for

18 hrs, The resulting mixture was poured into an aqueous solution (10 mL) of

K,HPO, (2 g). The solution was extracted with EtOAc (3 x 15 mL) The combined

FiOAc exiracts were dried over sodium sulfate and concentrated to give the crude
intermechate (155 mg).

25 10% Pd-C (20 mg) was added to a dioxane/MeQH solution (4 mL, 1:1) of

the above crude intermediate, HC/MeQFL (0.5 mL, 0.5 N) was also added. The

reaction mixture was stirred under H, (balloon) at 25 °C for 2 hrs and filtered
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through a pad of Celite. The filtrate was concentrated to give the crude product 144
mg. The crude product was purified by HPLC on a Polymerx 10 RP-y 100 R
columm [30 < 21 20 mm, 10 micron, solvent A: 0.05 N HCL, solvent B: CH;CN,
sample in 2.0 mL (0.05 N HCI), gradient elution with 10—100% B over 15 min,

5 mass-directed fraction collection] to yield the desired product 95 as a vellow solid
(82 mg, 78 %, 2 steps): "H NMR (400 MHz, CD;0D) & 7.44 (d, J = 9.2 Hz, 1 H),
412 (s, 1 H), 3.42-3.37 (m, 2 H), 3.05 (s, 3 H), 2.97 (s, 3 H). 3.21 -2.97 (m, 3 H),
2.39-230 (m, 1 H), 2.29-2.22 (m, 1 H), 1.79-1.59 (m, 4 ), 0.98 (d, J = 6.4 Hz, 6
), MS (BESH) mz 518.43 (M F).

10 Compounds 90 — 101 were prepared similarly to compound 95 using the

corresponding aldehydes in the reductive alkylation step.

Compound 96

15 "H NMR (400 MHz, CD;0D) 8 7.39 (d, 7= 9.2 Hz, | H), 4.10 (s, 1 1), 3 34
(t, /=78 Hz, 2 1), 3.04 (s, 3 H), 2.96 (s, 3 11), 3.21 -2.95 (m, 3 I1), 2.35 (t, /= 13.7
Hz, | H), 2.27-2.20 (m, | H), 1.82-1.72 (m, 2 H), 1.71-1.60 (m, 1 1), 1 05 (t, /= 7.4
Hz, 3 H); MS (ESI) m/z 490.32 (M+H).

20 Compound 97

"H NMR (400 MHz, CD;0D) 8 7.34 (d, /= 9.2 Hz, | H), 4.10 (5, 1 H), 3.34
(t,.J =78 He, 2 H), 3.04 (s, 3 H), 2.96 (s, 3 H), 3.24 -2.95 (m, 11 H), 233 (1, J =
13.7Hz, 1 H), 2.27-2.20 (m, 1 H}, 2.11-1.98 (m, 1 H), 1.71-1.60 (m, 1 H), 1.08 (d, J

25 =69 Hz 6 H), MS (ESI) mrz 504.46 (M-=H).

Compound 98
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'"H NMR (400 MHz, CD50D) 8 7.43 (d,.J=8.7 Hz, 1 H), 4.10 (s, 1 1), 3.34
(t,J =78 Hz 2 H),3.04 (s, 3 F), 296 (s, 3 H), 3.28 -2.95 (m, 11 H), 2.41-2.3] (m,
1 H)Y, 2.27-220 (m, 1 H), 2.11-1.98 (m, 1 H), 1.72-1.60 (m, 1 J1), 1.20-1.11 (m, 1
H), 0.74-0.68 (m, 2 H), 0.43-0.38 (m, 2 H), MS (ESI) m/z 502.40 (M+H).

n

Compound 99
HeCn, CHs
_OH

"H NMR (400 MHz, CD:0D) § 6.97-6.89 (m, 1 H), 4.07 (s, | H), 3.34 (t, /=

10 78 Hz, 2 H),3.03 (s, 3 H), 2.95 (s, 3 H), 3.14-2.92 (m, 11 H), 2.30-2.15 (m, 2 H),

1.89-1.59 (m 7 H). 1.38-1.20 (m. 3 H), 1.11-1.00 (m, 2 H); MS (ESI) mz 544.50
(M),

Compound 100

15
L NMR {400 MHz, CD;0D) 8 6.83 (d, J = 10.5 Hz, 1 H), 4.06 (s, | L),
334 (1,J= 7.8 Hz, 2 H), 3.03 (s, 3 H), 2.95 (s, 3 H), 3.11 -2.93 (m, 5 H), 2.27-2.14

(m, 2 H), 1.67-1.57 (m, 1 H), 1.04 (s, 9 H); MS (ESI) n/z 518.48 (M+H).

20 Compound 101

‘\ '
HiCuy i p »\\]/I/\F/ _NHy
) '%{
CHy; CH © O
101
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"H NMR (400 MHz CD:0D) 8 7.46-7.42 (m, | H), 4.15 (s, | H), 3.33 (5, 6
H), 3.04 (s, 3 H), 2.96 (s, 3 ), 3.17 -2.95 (m, 3 H), 2.44-234 (m, 1 H), 2.29-2.22

(m, 1 H), 1.71-1.60 (im. 1 H): MS (ESI) m/z 476 29 (M+H).

5 Compound 102

HaCo .CH
g N 3

Prepared similarly 10 95 using tBuN(Cbz)CILCHO: 'H NMR (400 MHz,
CD:0D) 8 6.72 (d, /= 11.0 Hz, | H), 4.07 (s, | H), 3.54-3.46 (m, 2 H), 3.26-3.19
(m, 2 H), 3.03 (s, 3 H), 2.95 (s, 3 H), 3.14-2.92 (m, 3 H), 2.23-2.14 (m, 2 H), | 67-
10 1,55 (m, 1 H), 1.38 (s, 9 H); MS (EST) m/z 547.51 (M+H).

COmp oun d 1 ()3
2Cw, CHs

N N
% LE o
HeNo o~ - |\(f%wz
H oo of s
103

Compound 103 was also isolated from the preparation of 102: "H NMR (400
15 MHz CD:OD) 5671 (d, /= 11.0 Hz, | H),4.07 (s, | H), 3.47 (t, /= 6.0 Hz, 2 H),
3.17 (t, 7= 6.0 Hz, 2 H), 3.03 (s, 3 H), 2.95 (5, 3 H), 3.13-2.92 (m. 3 H), 2.23-2.12

(m, 2D, 1.66-1.54 {m, 1 T); MS (EST) m/z 491 42 (M),

Compound 5-3-1

"so O HOZO  UBn
20 5-3.1 oTBS

A vessel containing aniline 2-6 (8.2 mg, 0.024 mmol, 1 equiv), Pdadbas (3.0
mg, 0.0033 mmol, 0.13 equiv), Xantphos (3.4 mg, 0.06059 mmol, 0.25 equiv), KsPO,
(40 mg, 0.188 mmol, 7.8 equiv) and 4,6-dichloropyrimidine (6.5 mg, 0.044 mmol,

1.8 equiv) was evacuated and back-[illed with nitrogen gas three times. Dioxane

™~
h

(500 puL) was addad, and the reaction mixture stirred vigorously and heated at 80 °C
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for 4.5 h. The reaction mixture was filtered through celite and concentrated under
reduced oressure. Preparative reverse phase HPLC of the resulting vellow o1l was
performed on a Waters Autopurification system using a Sunfire Prep C18 OBD
column [5um, 19 x 50 mm; flow rate, 20 mL/min; Solvent A: H,O with 0.1%

S HCOH, Solvent B: CH,CN with 0.1% HCO;H: injection volume: 1.8 mL
(CH;CN); gradient: 80--100% B over 15 min; mass-directed fraction collection].
Fractions with the desired MW, eluting at 9.2-9.8 min, were collected and freeze-
dried to provide 7.5 mg of compound 5-3-1 (37%). "H NMR (400 MHz, CDCL) &
15.97 (s, 1 H), 8. 48 (s, 1 H), 833 (d, /= 5.5 Hz, | H), 7.52-7.46 (m, 2 H), 7.40-7.28

10 (m, 8I),7.07(s, | L[}, 6.11 (s, 1 LD), 534 (s, 2 H), 497 (d, /= [1.6 Hz, | HO0, 4.88
(d,.J=11.0 Hz, 1 H), 3.95 (d, J= 10.4 Hz, 1 H), 3.28-3.19 (m, 1 H), 3.09-2.98 (m, |
H), 2.61-2.54 (m, 1 H), 2.54-239 (m, 8 H), 2.16 (d, J=14.6 Hz, | H), 0.83 (s, 9 H),
0.28 (5,3 H), 0.14 (s, 3 H); MS (ESI) m/z 852.57 (M 11D,

15 Compound 104

To a solution of §-3-1 (7.5 mg, 0.0088 mmol, 1 equiv) in dioxane (1.4 ml)
was added an aqueous solution of HF (50%, 200 pL). After 15.5 h, the reaction
solution was poured mto an aquecus KoHPOQs solution (2.4 g m 20 ml.) and

20 extracted with EtOAc (2 x 20 mL). The combined organic layers were dried
(NaxSQy), filtered, and concentrated under reduced pressure. Palladium on carbon
(L0%, 10 mg) was added to a solution of this oil 1n dioxane:MeOH (1:1, | mL). The
flask was fitted with a septum and evacuated and back-filled three times with
hydrogen gas. Hydrogen gas was bubbled through the reaction solution for three

25  minutes, and the reaction mixture was stirred under an atmosphere (balloon) of
hydrogen gas for 2.5 h, The reaction mixture was filtered through celite to remove
the palladium catalyst and concentrated under reduced prassure. Preparative reverse
phase HPLC purification of the resulting oil was performed on a Warters
Autopurification  system  using  a  Polymerx 10u RP-y 100 R column

30 [30 = 2020 mm, 10 micron, solvent A: 0.05 N HCI 1n water, solvent B: CHaCN:
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injection volume: 2.0 ml (0.05 N HCl m water), gradient elution with 10—50% B
over 10 min, than held at 100% for § min: mass-directed fraction collection].
Tractions with the desired MW, eluting at 6.90-7.80 min, were collected and freeze-
dried to provide 2.2 mg of 104 (48%) "H NMR (400 MHz, CD,0D) 6 8.83 (s, | H),

S 8.37-8.25 (m, | H), 8.18-8.05 (m, 1 H), 7.30-7.20 (m, 1 H), 4.10 (s, 1 H), 3.20-2.90
(m, 9 HD, 2,.40-2.29 (m, 1 H), 2.27-2.19 (m, 1 H), 1.72-1.58 (m, 1 H); MS (ESI) mvz
52631 (M-+H).

Compound 105

10 105
To a solution of aniline 2-6 (300 mg, ¢.041 mmol, 1 equiv) in I,2-
dichloroethane (500 ul)y was added pyridine (16.3 L, 0.20 mmol, 3 equiv) and 2-
chloroethanesulfony] chloride (21 pl., 0.20 mmol, 5 equiv). The reaction vessel was
sealed and heated to 45 °C, After one hour, the reaction was a solid vellow gel, and
15 another 500 ul. 1,2-dichloroethane was added to form a suspension and the reaction
was sealed and heated to 45 °C. After 18.5 h pyvrrohdine (68 ul., 0.82 mmol, 20
equiv) was added and the reaction heated to 45 °C for 2.5 hours. The solution was
poured into aqueous pH 7 phosphate buffer (8 mL) and exiracted with FtOA¢ (2 x
25 mL). The combined organic layers were dried (Na.SOy), filtered, and
20 concentrated under reduced pressure. To a solution of thig crude oil in CH;CN (1.8
mL) was added an aqueous solution of HIF {50%, 300 ul.). After 15 h, the reaction
solution was poured into an aqueous KoHPO, solution (3.6 g in 30 mlL) and
extracted with FtOAc (3 x 15 ml). The combined organic layers were dried
(Na,S0.), filtered, and concentrated under reduced pressure. Palladium on carbon
25 (10%, 8.4 mg) was added to a solution of this oil in dioxane MeOH (11, 1.2 mL).
The flask was fitted with a septur and evacuated and back-filled three times with
hydrogen gas, and the reaction mixture was stirred under an atmosphere (balloon) of
hydrogen gas for 1.5 h. Another 10 mg palladium catalyst was added and the
reaction was evacuated and back-filled with hydrogen gas as before. After 6 h, the

30 reaction mixture was filtered through celite to remove the palladium catalyst and
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concentrated under reduced pressure. Preparative reverse phase HPLC purification
of the resulting oil was performed on a Waters Autopurification system using a
Polymerx 10 p RP-y 100 R column [30 = 21.20 mm, 10 micron, solvent A; 0.05 N
HC! in water, solvent B: CH;CN; injection volume: 3.5 mL (0.05 N HCI in water);
gradient zlution with 0—100% B over 10 mm, then held at 100% for 5 min; mass-
directed fraction collection]. Two sets of fractions with the desired MW, eluting at
6.3-7.1 min and 8.7-9.3 min, were collected separately and freeze-dried to provide
9.7 mg of crude compounds 105. Purification via preparative reverse phase HPLC
with gradient elution with 20--70% B over 20 min; mass-directed fraction
collection] provided 3 3 mg of pure 105 (13%): 'H NMR (400 MHz, CD;0D) & 7.44
(d,/=9.8Hz 1 H), 4.09 (s, 1 I1), 3 79-3.65 (m, 4 H), 3.63-3.56 (m, 2 H), 3.18-2.90
(m, 11 ED), 2.35-2.26 (m, 1 H), 2.26-2.10 (m, 3 H), 2.10-1.96 (m, 2 H), 1.69-1.59 (m,
I H); MS (EST) mrz 609.36 (M+H).

Compound 106

LS~
e

Compound 106 (1.7 mg, 7%) was also isolated from lhe preparation of
compound 105: 'H NMR (400 MHz, CD-0D) 3 6.71 (d, J= 11.0 Tz, 1 T1), 4.06 (s, |
H). 3.67-3.60 (m, 2 H), 3.38-3.33 (m, 4 H), 3.09-2.90 (m, 9 H), 2.24-2.13 (m, 2 H),
1.95-1.91 (m, 5 FI), 1.90-1.85 (m, 1 M), 1.68-1.55 (m, 1 H); MS (EST) m/z 609,36
(MHH),

106

Example 6.  Synthesis of Compounds 107 and 108

Scheme 6
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The following compounds were prepared according to Scheme 6.

5  Compound 6-1

F
CHy
HaC-
2 N COLPh
OH
6-1

Compound 2-3 (5.0 g, 14.25 mmol, 1.0 equiv) in MeOH (20 mL}) was added
3

5
a aqueous solution ol HCHO (2.3 g, 37%, 28.50 mmol, 2.0 equiv) and palladium on
carbon (0.5 g, 10 wt%s). 'the reaction was purged with hydrogen and stirred under Hp

10 (balloon) at room temperature for 2 hours. The reaction mixture was filtered through

celite and concentrated to afford 1.3 g crude compound 6-1 as a yellow solid,

Compound 6-2
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F
HoCo C0OzPh
Boc OBoc
62

To compound 6-1 (0.9 g, 3.27 mumol, 1.0 equiv) it DCM was added Boe,O

(2.14 g, 9.81 mmol, 3.0 equiv) dropwise. DMAP (135 mg, 15 wt%) was added to the
mixture and the reaction was stirred at room temperature for 1 hour. Then the

§  reaction muxture was heated to reflux for | hour. The reaction mixture was
concentrated. The crude compound was purified by column chromatography on
silica gel eluted with (PE:EA= 200:1—100:1) to yield compound 6-2 (1.16 g,
73.4%) as a light yellow solid. "H NMR (400 MHz, DMS0) § 7.60 (d, /= 10.0 Iz,

L H), 7.53-7.44 (m, 2 H), 7.36-7.31 (m, 1 H), 7.28-7.22 (m, 2 H), 3.06 (s, 3 H), 2.33

10 (d,/=2.0Hz, 3 H), 1.38 (s, 9 H), 1.34 (s, 9 H); MS (EST) mz 476.2 (M-+H).

Compound 6-3

~2

p :
T T
0.0 HOZO
Bocgs ~ OTBs

To diisopropylamire (0.28 ml, 3.2 mmol, 10.0 equiv) in THF at -78 °C was

15 added nBuli (0.8 mL, 2.50 M/hexane, 3.2 mmol, 10.0 equiv) and TMEDA (0.40
ml., 5.0 mmol, 10.0 equiv) at -78 C dropwise. The reaction was stirred at -78 C for

40 min. Compound 6-2 (480 mg, 1.0 mmol, 3.0 equiv) in THF was added to the
reaction mixture dropwise at -78 C. The resulting deep-red solution was stirred at

-78 °C 60 nun, the encne (160 mg 0.33 mmol, 1.0 equiv) in THF was added to the

20 mixture dropwise at -78 C. The deep-red solution was gradually warmed up with
stirring from -78 C te -20 °C over a period of | h. The resulting orange solution was
brought 1o 0°C, and quenched with aqueous saturated ammonium chloride (100

mL). The vellow-green mixture was extracted with EtOAc two times. The combined

EtOAc extracts were dried (INa;SO4) and concentrated to vield the crude product.

I
k)

Flash column cluomatography on silica gel with 0%, 3%, 10%, EiQOAc/hexane
sequentially yielded the desired product 6-3 as a hzht-yellow solid (42 mg, 14.8%%).
'"H NMR (400 MHz, CDCL) & 15.70 (s, 1 H), 7.52-7.50 (in, 2 H), 7.42-7.33 (m, 3
), 7.16 (d, /= 8.4 Hz, 1 H), 5.37 (s, 2 H), 3.95 (d, /= 10 8 Hz, 1 H), 3.28-3.23 (m,
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1 H), 3.14 (s, 3 H), 3.10-3.05 (m, 1 H), 2.58-2.47 (m, 9 H), 2.16 (d, /= 14.0 Hz, |
), 1.53 (s, 91T, 1.42 (s, 9 H), 0.89 (s, 9 H), 0.29 (s, 3 H), 0.15 (s, 3 H), MS (ESD)
ri’z 864 .43 (M+H).

5 Compound 107

f |3C\r , CHa

O
O‘O‘l

OH O HO Q%
107

Compound 6-3 (120 mg, ¢ [4 mmol) was dissolved in THF (5 mL) and

aqueous [TF (40%, 2 mL) was added dropwwse_ The vellow solution was stirred at

10 an aqueous KoHPQ4 solution with stirring. The pH of the mixture wag adj usted by
aqueous K;HPQ, solution to about 8. The vellow mixture was extracted with FtOAc

two times. The combined EtOAc extracts were dried (Na;SO4) and concentrated to

vield the crude product,

The above crude compound (120 mg, crude, ~0.14 mmol, 1.0 cquiv) was

15 dissolved in HPLC grade MeOH(10 mL) and 10% Pd-C (25 mg, 0.03 mmol, 0.2
squiv) were added The mixture was purged with hydrogen by bubbling hydrozen
through with gentle stirrmg for 5 min. The reaction was then vigorously stirred
under hydrogen balloon at room temperature for 2 hr, LC-MS analysis indicated the
reaction completed. The catalyst was [iltered off and the mixture was concentrated,

20 the residue was purified by reverse phase HPLC to afford the desired compound 107
(50 mg, 78%) as a yellow solid. "H NMR (400 MHz, CD:0D) 8 7.462 (d, J = 8.4
Hz | H), 414 (s, 1 H), 3.21-2.93 (m, 9 H), 3.10 (s, 3 F), 2.38-2.25 (m, 2 H), 1.68-
1.62 (m, 1 H); MS (ESI) m/z 462.2 (M+H),

25  Compound 108

- 3/ 3
‘ H H*
o NE = A OH
\ -
CN\)L~N m NH;
h OH r
CHs OH O HO o)

108
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Compound 107 (15 mg, 0.033 mmol, 1.0 equiv) in THF (2 mL) was added
with pyrrolidin-1-yl-acetic acid (10.2 mg, 0,066 mmol, 2.0 equiv), Na,CO; (10.2
mg, 0.066 mmol, 2.0 equiv) and HATU (255 mg, 0.066 mmol, 2.0 equiv). The
reaction mixture was stirred at room temperature for 48 hours. LC-MS analysis
5 ndicated the reaction completed. The reaction mixture was concentrated under
vacuum, the crude product was purified by reverse phase HPLC 1o afford the desired
compound 108 (2.1 mg) as a yellow solid. "H NMR (400 MHz, CD:0D) 6 7.44-7.40
{m, 1 H), 4.02-3.97 (m, 2 H), 3.83-3.76 (m, | H), 3.60-3.58 (m, 2 H), 3.15(d, J=6.4
Hz, 3 H), 3.03-2.83 (m, 11 I1), 2.31-2.13 (m, 2 H), 2.03-1 85 (m, 4 H), 1.61-1.52 (m,
10 1 H); MS (ESI) m'z 572.9 (M+H),
Example 7. Synthesis of Compounds 149-112

Scheme 7
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The following compounds were prepared according to Scheme 7.

Compound 7-2

PP
Bnojj\;/\/ OCH,

NBOCQ
7-2
5 To Boc-L-glutamic acid-1-bsnzvl ester (7-1) (3.00 ¢, §.89 mmol. 1.0 eq) in

DMF (20 mL) at rt was added potassium carbonate (1.84 g, 13.33 mmol, 1.5 eq) and

methyl iodide (0.67 mlL, 10.74 mmol, 1 2 eq). The mixture was diluted with EtOAc

(200 mL), washed with water (200 mL), saturated aqueous sodium bicarbonate (100

mL x 2), and brine (100 mL x 1). The EtOAc solution was dried over sodium sulfate
10 and concentrated in vacuo: Ry 0.33 (20% EtOAc/hexane).

Boc,O (2.91 g, 13.33 mmol, 1.5 eq), DMAP (54 mg, 0.44 mmol, 0.05 eq),
and DIFA (3.10 mL, 17.80 mmol, 2 eq) were added to the above miermediate in
acetonitrile (20 ml.). The solution was stirred at rt for 60 hrs, added with saturated
aqueous sodium bicarbonate (100 mL), and extracted with EtOAc¢ (100 mL x 1, 50

15 mL x 2). The CtOAc extracts were combined, dried over sodium sulfate, and
concentrated i vacuo to yield the desired product 7-2 as a pale liquid (quantitative):
R; 0.45 (20% EtOAc/hexane); "H NMR (400 MHz, CDCly) 8 7.25-7.35 (m, 5 H),
5.14 (s, 2 H), 495 (dd, J= 4.9, 9.8 Flz, | H), 3.65 (s, 3 H), 2.43-2.52 (m, | H), 2.37-
242 (m, 2H), 2.15-2.25 (m, | H), 1.42 (s, 18 H); MS (ESI) mz 452.3 (M-+H).

Compound 7-3

Q
aano’Ji \;/\)J\H
NBoo,
7-3

To compound 7-2 (8. 89 mmol, 1 eq) n anhydrous diethy] ether (40 mL) at -

78 °C was added DIBAL-H (12.33 mL, [ M/hexane, 12.33 mmwol [.25 eq)

25  dropwise. The reaction was stirred at -78 “C for 2 hrs. Additional DIBAL-H (1.20
mL. 1| M/exane, [.20 mmol) was added. The reaction was stirred at -78 °C for
another 1 hr and quenched with HOAc (2.80 mL) at —78 °C. The reaction was
warmed to rt and added with 10% aqueous sodium carbonate (75 mL). The mixture

was stirred for 15 min and extracted with methylene chloride (200 mL x [, S0 mL x

30 2) The methylene chloride extracts were combmed, dried over sodium sulfate, and
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concentrated in vacuo to vield the desired product 7-3 (quantitative): Ry 0.40 (20%
EtOAc/hexane): "H NMR (400 MHz, CDClz) § 9.75 (s, 1 H), 7.25-7.35 (m, & H),
514 (s, 2 H), 4.87-4.92 (m, 1 1), 2.45-2.65 (m, 3 H), 2.12-2.22 (m, | H), 142 (5. 18
H)y, MS (ESI) m/z 422.3 (M+H).

W

Compound 7-5

To aniline 9 (90 mg, 0.20 mmol, bis-HC1 salr, 1 eq) in anhydrous DMF (2

mL) was added aldehyde 7-3 (101 mg, 0.24 mmol, 1.2 eq), triethylamine (0.028 ml.,

10 0.20 mmol, 1 eq), and Na(OAc):BH (64 mg, 0.30 mmol, 1.5 eq). The solution was

stirred at rt for 1 hr and added slowly into diethyl ether (50 niL) with rapid stirrng,

The yellow solid was collected, washed with more diethyl ether (5 ml x 3), and
dried under vacuum to afford the intermediate 7-4.

Intermediate 7-4 was dissolved irn dioxane/methanol (5 mL, 1:4 vfv,

15 containing 0.1 N HCI). 10% Pd-C (85 mg, 0.04 mmol, 0.2 eq) was added. The

mixture was purged wath hydrogen and stirred under 1 atm hydrogen at rt for 1 hr.

The catalyst was filtered with a small Celits pad and washed with methanol (2 mL. x

3). The filtrate was concentrated in vacuo. The crude product was purified by

reverse phase preparative HPLC using methianol and 0.05 N HCl/water as mobile

20 phases Free-dryving vyielded mostly the Boc-deprotected product as a brown solid

(25 mg, 22%, 2 steps), which was re-protected by treatment with Boc,O (11 mg,

0,050 mmol, 1.1 eq) and DTEA (0.039 ml, 0.22 mmol, 5 eq) m THE/water (5 ml,,

I:1 wvivy at rt for 1 hr. Concentration yielded the desired product 7-5 as a vellow

solid: MS (EST) sz 663.2 (M+H), which was used directly in the subsequent steps

25  without further punfication.

Compound 7-6
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CH © HO O e}
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To a suspensicn of compound 7-5 (0,044 mmol, 1 eq) and sodium carbonate
(7 mg. 0.066 mmol, 1.5 eq) in THF at rt was added HATU (20 mg, 0.053 munol, 1.2
eq). The mixture was rapidly stirred at rt for 2 hrs. Methanol (5 mL) was added. The
solids were filtered off. The filtrate was concentrated under reduced pressure to yield

crude 7-6 as a yellow solid; MS (ES1) m/z 645.1 (M+H).

Compound 109

Compound 7-6 (0.044 mmol) was treated with 4 N HCl/dioxane (5 mL} at rt
for overnight and concentrated m vacuo. The residue was re-dissolved in methanol
(1 mL) and added dropwise into diethyl ether (50 mL) with rapid stirring The
yellow precipitates were collected, washed with more diethyl ether (5 mL x 3), and
dried under vacuo to afford crude 109 as a brown solid,

One fifth of the above crude product was purified by reverse phase HPLC to
yield pure 109 as a yellow solid (1.5 mg, 31%¢): "H NMR (400 MHz, CD;0D) 6 7.36
(d, 9.2 Hz, 1 H), 4.09-4.15 (m, | H), 4.08 (s, 1 H), 3.70-3.80 (m, 1 H), 3.58-3.68 (m,
[ H), 2.90-3.50 (m, 12 H), 2.30-2.45 (m, 2 H), 2.10-2.25 (m, 3 H), 1.95-2.10 (m,
H), 1.58-1.70 (m, 1 H); MS (ESI) m/z 545.1 (M+H),

Compound 110

F HG(}:@,LHQ
: : T A OH
CH; O B
He Ny \/) L NH,
on o 1o °%h o
110

To 2/5 of crude 109 (0.018 mmol, 1 eq) in DMT (1 mL) was added aquzous
formaldehyde (0.007 mL, 36.5%/water, 0.094 mmol, S eq), InCly (0.4 mg, 0.002
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mmol, 0.1 eq), and Na(OAc):;BH (15 mg, 0.071 mmol, 4 eq). The reaction was
stirred at 1t for 2 hrs and quenched with 0.5 N HCl/methanol (I mL). The solution
was addad dropwise into diethyl ether (100 mL) with rapid stirring. The precipitates
were collected, washed with more diethyl ether (2 mL x 4), and punified by reverse

5 phase HPLC to afford the desired compound 110 as a yellow solid (1.8 mg, 18%):
"H NMR (400 MHz, CD;0OD) 5 7.7.44 (d, J= 9.1 Hz, 1 H), 437 (dd, J=6.1, 116
Hz, 1 H),4.09 (s, 1 H), 3.60-3.75 (m, 2 H), 2.92-3.50 (m, 15 H), 2.86 (s, 3 1), 2.10-
2.50 (m, 6 H), 1.60-1.72 {m, 1 H), MS (ESI) m'z 573.3 (M+H).

10 Compound 111

[5G -Cl s

H
ALK, ]
CoH O HO OHO O

111

To 2/5 of crude 109 (0.018 mmol, | eq) in DMF (1 mL} was added
cyclopropanecarboxaldehyde (1.4 pl, 0.018 mmol, 1 eq), InCly (0.4 mg, 0.002
mmol, 0.1 eq), and Na(OAckBH (6 mg, 0.028 mmol, 1.5 cq). The rcaction was

15 stirred at rt for overnight and quenched with 0.5 N HCl/methanol {1 mL). The
solution was added dropwise into diethyl ether {100 mL) with rapid stirring, The
precipitates were collected, washed with more diethyl ether (2 mL x 4), and purified

by reverse phase HPLC to afford the desired compound 111 as a yellow solid (1.3

mg, 12%): "I NMR (400 Mz, CD;0D) § 7.38 (d, J= 9.2 Hz, 1 H), 422 (dd, /-~

200 6.1, 11.6 Hz, | H),4.09(d, | H), 3.60-3 78 (m, 2 H), 2.85-3.50 (m, 12 H), 2.00-2.50
(m. 6 H), 1.60-1.72 (m, 1 H), 1.10-1.20 (m, 1 ), 0.70-0.75 (m, 2 1), 0.40-0.50 (m,

2 H); MS (ESI) m/z 599 .4 (M+H).

Compound 112

25 112
Dialkylated product 112 was also isolated from the preparation of compound

111 (1.0 mg, yellow solid, 9%). "H NMR (400 MHz, CD.0D) 8 7.42(d, /=9.2 Hz,
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1 H), 4.70-4.80 (m, 1 H), 4.09 (s, | H), 3.55-3.80 (m, 3 II). 2.95-3.50 (m, 13 H),
2.10-2.50 (m, 6 TI), 1.55-1.75 (m, 1 H), 120-1.30 (m, 2 II), 0.68-0.90 (m, 4 L),
0.38-0.58 (m, 4 H); MS (EST) m/z 653.3 (M-+H).

5  Example 8. Synthesis of Compounds of Structrual Formula (A), wherein Y is
«(C-Copalkylene-N(R*)RY), or -(C;-Cyalkylene-N(R")-C(O)-[CR"WR")]p 4
NRM(RP),

Scheme 8

F2Cn, CH3
H N

W

for Ky H |).~\ : ,/\i O

o NH2 N > A NH,
W/ R C)HO
OH O HO o

81
CHaS0:H RCHO
HOCHNCO,Bn e HEC‘N’CHS/ NE(OAC)SBH

H

qAm

RNCO

R

. H
v M
Al
0
10 8-3
Ir Scheme 8, R and R is R¥ and R®, respectrvely, as defined in Structural
Formula (A} and R¥ represents -[C({R”)R")];.--NRMH(RY).

The following compounds were prepared according to Scheme 8.

15 Compound 113

H,N

o o o OB o
113

Benzyl N-(hydroxymethyljcarbamat2 (92 mg, 0.31 mmol, 2.0 equiv) was

added to a TFA/CH;SO:H (1 mL/1 mL) solution of compound 7 (110 mg,
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0.25 mmol) at 25 °C. The reaction was stirred at 25 °C for 30 min. Preparative
reverse phase IPLC purification on a Waters Autopurification system using a
Phenomenex Polymerx 10 1 RP-1 100A column [10 pm, 150 » 21.20 mm; flow rate,
20 mL/min; Solvent A: 0.05 N HCI; Sclvent B: CH;CN; injection volume: 4.0 ml.

5  (0.05 N HClUwater), gradieni: 0—30% B over 20 min;, mass-directed fraction
collection]. Fractions with the desired MW were collected and freeze-dried to yield
23 mg of pure 113: "I NMR (400 Mz CD;0D) 8 7.47 (d, /= 9.2 Hz, | H), 4.16
(s,2 H), 413 (s, 1 H), 3.21-2.94 (m, 3 H), 3.06 (s, 3 H), 2.97 (s, 3), 2.37-2.22 (m, 2
H), 1.70-1.58 (m, | H); MS (ESL) mz 462.26 (M~H).

Compoound 114

HiCw, ~CHs
H

F N
LA o
e J
o N 4 NH,
OH
o 0

o]
OH O HO
114

BN (2 ul, 00136 mmol, 2.0 equiv) was added to a mixture of 113 (3 mg,

0.0065 mmol) and pivaldehyde (0.8 pl., 0.00715 mmel, 1.1 equiv) in DMF (0.1 mlL)

15 at 25°C. The reaction was stirred at 25 °C for 15 mu1. NaBH(OAc); (3 mg,
0.013 mmol} and HOAc (2 pL) was added to the resulting mixture. The reaction was
stured at 25 °C for 1 h. Preparative reverse phase HPLC purification on a Waters
Autopurification system using a Phenomenex Polymerx 10 u RP-1 100A column [10

um, 150 = 21.20 mm; flow rate, 20 mL/min; Solvent A: 0.05 N HCl; Solvent B:

b
[

CH:CN; injection volume: 4.0 mL (0.05 N HCl/water); gradient: 0—100% B over
15 min, mass-directed fraction collection]. Fractions with the desired MW were
collected and freeze-dried to yield 1 mg of 114: "TH NMR (400 MHz, CD;0D) 8 7.52
(d,J=9.1 Hz, | H), 4.30 (5, 2 H), 4.09 (s, | 1), 3.23-2.93 (m, 5 1), 3.04 (s, 3 1I),
2,95 (s, 3 H), 2.40-2.19 (m, 2 H), 1.71-1.60 {m, 1 H), 1.05 (s, 9 H): MS (ESI) m/z
25 53227 (MHH),

Compounds 115 - 118 were prepared similarly to compound 114 using the

corresponding aldshydes.

30 Compound 115
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'H NMR {400 MHz, CD:0D) 8 7.51 (d, J =8 8 Iz, 1 I), 4.25 (s, 2 1), 4.10
(s, 1 ID), 3.25-2.90 (m, 5 H), 3.05 (s, 3 H), 2.96 (s, 3 H), 2.40-2.21 (m, 2 H), { 90-
1.60 (m, 7 H), 1.42-0.95 (m, 5 H); MS (EST) m/z 558 31 (M+H).

Compound 116

116
'H NMR (400 Mz, CD;0D) 8 7.50 (d, /= 9.0 Hz, 1 H), 4.24 (s, 2 H), 4.09
(s, | H), 3.25-2.90 (m, 5 H), 3.07 (s. 3 H), 2.94 (s, 3 H), 2.40-2.21 (m, 2 H), 1.82-
10 1.58 (m, 3 H), 1.01(1,.J=6.7 Hz, 3 H): MS (ESI) m/z 504.22 (M),

Compound 117

CHy O O HO " O O
17

'H NMR (400 MHz, CD;0D) 8 7.51 (d, /= 8.9 Hz, 1 H), 4.23 (s, 2 H), 4.09
15 (s, 1H),3.25-2.92 (m, 4), 3.02 (s, 3 H), 2.95 (s, 3 H), 2.40-2.19 (m, 2 H), 1.71-1.60
(m, 1 H), 1.40 (d, J = 7.0 Hz, 6 H): MS (EST) m’z 504 23 (M+H),

Compound 118

i FaCx, CHg
i H H N o
(%He i
N a NH,
H;C H “
) CH O HO OHO O
118
20 "H NMR (400 MHz, CDs0D) 8 7.54 (d, J=9.1 Hz, 1 H), 437 (s, 2 H), 4.10

(s, 1 H), 3.20-2 85 (i, 3 H), 3.05 (s, 3 H), 2.97 (s, 3 1), 2.91 (s. 3 H), 2.90 (s, 3 H),
2.42-2.20 (m, 2 H), 1.72-1.60 (m, 1 H); MS (EST) m/z 490,19 (M 11,
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Compound 119

CH; CHs

HaC .
oo

119

Prepared from compound 114 by reductive alkylation using formaldehyde
5 under similar conditions: 'H NMR (400 MHz, CDs0D) & 7.57 (d, J = 9.1 Hz, | H),
461 (d,J=128Hz 1 H),427(dd. J=128,64 Hz | H), 410 (s, 1 H), 3.25-2.90
(m, 5),3.03 (s, 3 H), 2.96 (s, 3 H), 2.95 (s, 3 H), 2.42-2.33 (m, | H), 2.29-2.20 (m, |
M), 1.72-1.61 (m, 1 H), 1.10 (d, J = 6 Hz, 9 H), MS (ESI) m/z 546 30 (M+11),

10 Compound 120

120

Prepared similarly to t14 by reductive alkylation of 113 with t-Bu-N(Cbz)-

CH,CHO followed by hydrogenation: "H NMR (400 MHz, CD;0D) 8 7.59 (d, J =

8.6 Hz, 1 1), 438 (5, 2 1), 4.09 (s, 1 H), 3.60-2.95 (m, 7H), 3.03 (s, 3 H),2.96 (s, 3

15 H), 241-2.30 {(m, 1 H), 2.28-2.20 (m, 1 H), 1.72-1.60 (m, 1 H), 1.44 {5, 9 H); MS
(ESI) msz 561.31 (M+H).

Compound 121

20 2-t-Butylaminoacetylchloride hvdrochloride (5.8 mg, 0.031 mmol, 1.2 equiv)
was added to a DMF solution (0.2 mL) of 113 (12 mg, 0.026 mmol) at 25 °C. The
reaction was stirred at 25 °C tor 30 min. The reaction mitxture was diluted with .05
N HCI (2 mL} and injected into a Waters Autopurification system equipped with a

Phenomenex Polyimerx 10 n RP-1 100A coluran [10 wm, 150 x 21.20 mm, flow rafe,
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20 mL/min; Solvent A: 0.05 N HCI, Solvent B; CH;CN;, gradient: 0—100% B over
15 min; mass-directed fraction collection]. Fractions with the desired MW were
collected and freeze-dried to yield 3.0 mg of purs 121: 'H NMR (400 MHz,
CD;0D) 6 7.34 (d, J= 9.6 Hz, 1 H), 4.46 (5,2 H), 4.08 (5, 1 H), 3.81 (s, 2 H), 3 18-

S 292 (m, 3 H), 3.03 (s, 3 H), 2.96 (s, 3 H), 2.32-2.18 (m, 2 H), 1.69-1.60 (m, 1 F),
1.38 (s, 9 H); MS (EST) m/z 575.30 (M+H).

Compound 122

10 Prepared similarly to compound 121: "H NMR (400 MHz, CD;0D) & 733
(d,/J=99Hz | H), 446 (s, 2 H), 408 (s, | H), 4.00 (s, 2 H), 3.23-2.91 (m, 3), 5.04
(s. 3 H), 297 (s, 3 H), 295 (s, 6 H), 2.32-2.18 (m, 2 I), 1.70-1.58 (m, 1 H); MS
(EST) m/z 547.23 (M-+H).

15 Compound 123

. HsC, ~CHy
HooH:
] OH
H K |
H.»zc’\/N\n’N 4 NH,
o) oH 0 HO 9B o
123

Prepared similarly to 121 using n-propyl isocyanate: 'H NMR (400 MHz,

CD:OD) 8 7.24(d, J~ 9.8 Hz, 1 H), 431 (5, 2H), 4.08 (s, | H), 3.18-2.93 (m, 3 H),

300 (1, /= 6.7 Hz, 2 H), 3.03 (s, 3 H), 296 (s, 3 1), 2.32-2.18 (m, 2 H), 1.69-1.58

20 (m, 1H), 1.55-1.46 (m, 2 H), 0.92 (1. /=67 Hz, 3 H); MS (EST) m/z 584.01 (M+H)

Example 9. Synthesis of Cempounds of Structural Formula (A), wherein Y is
-(CHy)s-NRM(RY).

Scheme 9

[\
(%)
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9-8
In Scheme 9, R and R” are R® and R respectively, as defined in Structural
Formula (A).

The following compounds werer prepared according to Scheme 9.

Compound 9-1
F
| Sy
B “Co,ph

OH
94

CHy

Br, (2.7mL, 52.0 mmol, [.2 equiv) was added to a solution of 3 (10.6 g,
43.3 mnol) in acetic acid (100 mL) at 25 C. The reaction was stirred at 25 °C for

10 12 h. The resulting mixture was added dropwise to 1ce-water (400 mL). The mixture
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was allowed to warm to 25 °C over | h. The resulting suspension was filtered
through a pad of Celite. The solid was washed off with EiQAc. The combined

organic layer was dried (Na;SO4) and concentrated to give 14 g of crude 9-1.

Compound 9-2

Potassium carbonate (8.9 g, 64.5 mmol, 1.5 equiv) and benzyl bromide
(11.5 ml, 96,8 mmol, 2.25 equiv) were added o an acetone solution {100 ml) of
crude 9-1 (14 g, 43 mmol) at 25 °C. The reaction was stirred at 25 °C for 12 h and
concentrated. The resulting mixture was partitioned between H;O and EtOAc, The
aqueous layer was extracted with LtOAc. The combined EtOAc¢ extracts were dried
(Na;SOy) and concentrated to vield crude 9-2. Flash chromatography on silica gel
(100:7 1o 30:1 hexanes/EtOAc) yielded 15.4 g of compound 9-2 (87% lor 2 steps).

Compound 9-3

TBSO g, couph

93

Pd(OAc): (227 mg, 1.0 mmol, 0.2 equiv) and P(O-Tol); (462 mg, 1.5 nimol,
0.3 euiqv) were added to a DMT solution (10 ml.) of 9-2 (2.1 g, 5.06 mmol). The
reaction was purged with Ny for 5 mun, EtzsN (3.5 mL, 25.3 mmel, 5 equiv) and
altyloxy-t-butyldimethylsilane (2.2 mL, 10.1 mmol, 2 equiv) were added to the
reaction. The reaction was heated to 88 °C and stirred at 88 °C for 5 h. The reaction
was allowed to cool to 25 °C and quenched with H,Q. The resulting nixture was
extracted with ELOAc The combined EtOAc extracts were drisd (NapSQy) and
concentrated to give crude 9-3. Flash chromatography on silica gel (100:0 to 1G0:1

hexanes/EtOAc) vielded 1.2 g of compound 9-3 (47%).

Compound 9-4
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n-Buli (1.3 mL, 2.07 mmol, 5.5 equiv) was added to a THF solution (5 mL)

of diisopropylamine (0.3 mL, 2.07 mmol, 55 equiv) at 0°C. The reaction was
stirred at 0 °C for 30 min and cooled to -78 °C. TMEDA (0.8 mL., 5.64 mmol, 15

5 equiv) was added to the mixture. To the resulting solution was added a THF solution
(5 mL) of 9-3 (475 mg, 0.94 mmol, 2.5 equiv). The reaction was stirred at -78 °C for

10 min. A THF solution (5 mL) of enone (181 mg, 0.376 mmol) was added 1o the
rcaction at -78 “C. The reaction was stirred at ~78 °C for 30 mun and allowed to
warm to 25 °C over 1 h, cuenched with saturated NH,Cl, and extracted with EtOAc.

10 The combined EtQAc extracts wers dried (NaxSO4) and concentrated to yield the
crude product. Preparative reverse phase HPLC purification on a Waters
Autopurification systent using a Sunfire Prep C18 OBD column [5 pum, 19 « 50 mm;

flow rate, 20 ml/min; Solvent A: FLO with 0.1% FCQO-H: Solvent B: CH;CN with

0.1% HCOzH; injection volume: 4.0 mL (CH;CN); gradient: 100—100% B over 15

15 min; mass-directed fraction collection]. Fractions with the desired MW were
collected and concentrated on a RotaVap at 25 °C to remove most of the acetonitrile.

The resulting mostly aqueous solution was extracted with EtOAc. The combined

EtOAc extracts were dried (Na:$04) and concentrated to give 200 myg of 9-4 (59%).

20 Compound 9-5

TFA (0.5 ml) was added to a THF/H,O (2 mL/0.5 ml.) solut.on of 9-4 at

25 °C. The reaction was stirred at 25 °C for | h. The reaction was quenched with sat.
NaHCO; solution. The reaction was extracted with EtOAc, The combined EtOAc

25 extracts were dried (NaxSQ4) and concentrated to give crude 9-8. Preparative reverse
phase HPLC purification on a Waters Autopurification system using a Sunfire Prep

C18 OBD column [5 pm, 19 = 50 mm; flow rate, 20 ml/min; Solvent A: HO with
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0.1% HCO,H; Solvent B: CH;CN with 0.1% HCO.I injection volume: 4.0 mL
(CH3CN}; gradient: 80—100% B over 15 min;, mass-directed fraction collection].
Fractions with the desired MW were collected and concentrated on a RotaVap at
25 °C to remove most of the acetonitrile. The resulting mostly aqueous solution was
5  extracted with EtOAc. The combined EtOAc extracts were dried (Na,SQO4) and

concentrated to give 80 mg of 9-5 (46%0)

Compound 9-6

10 Degs-Martin periodinane (18 mg, 0.043 mmol, 1.2 equiv) was added to a
CHaCly solution (1 mL) of 9-5 (28 mg, 0.036 mmal) at 25 °C. The reaction was

stirred at 25 °C for 30 min and diluted with H;O. The resulting mixture was
extracted with CH,Cly, The combined CH,Cly extracts were dried (Na;SO4) and

concentrated to give crude 9-6.

Compound 9-7-1

H:C., CHs
F H N

e H s A O
- % TN
s ses ey,
= YT
BrO O HO IO n
0TS
9.7-1

Pyrrolidine (15 ul, 0.18 mmol, 5 equiv) was added to a dichloroethane

solution (1 mL) of crude 9-6 (0.036 mmol) at 25 °C. The reaction was stirred at

20 25°C for 10 min. HOAc (15 pL) and NaBH(QAc); (15 mg, 0.072 mmol, 2 equiv)
were addad 1o the reaction. The reacnon mixture was stirred at 25 °C for 1 h and
quenched with H;O. The resulting mixture was extracted with CH,Cl. The
combined CHoCly extracts were dried (NapSOy) and concentrated to give crude 9-7-

1. Preparative reverse phase HPLC punfication on a Waters Autopurification system

=7
h

using a Sunfire Prep C18 OBD column [5 pm, 19 x 50 mm; flow rate, 20 mL/min;
Solvent A: 110 with 0.1% TCOH: Solvent B: CH:ON with ¢.1% HCO,H:

injection volume: 4.0 mL (CH;CN); gradient: 0-->100% B over 15 min; mass-
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directed fraction collection]. Fractions with the desired MW were collected and
concentrated on a RotaVap at 25 °C to remove most of the acetonitrile. The resulting

mostly aqueous solution was extracted with EtQAc. The combined FtOAc extracts

were dried (Na;S04) and concentrated to give 6 mg of 9-7-1 (20% for 2 steps).

Compound 124

HaC~, -CHs

o

Aqueous HF (0.3 mL, 48%) was added to a CH;CN solution (2 ml.) of 9-7-1

(6 mg, 0.007 mmol) in a polypropylene tube at 25 °C.. The reaction was stirred af

10 25°C for 18h The resulting mixture was poured into an agueous solution of
K HPO, (2 g, dissolved in 15 mL water). The mixture was extracted with EtQAc.

The combined EtQAc extracts were dried (NaxSQO.) and concentrated to yield crude

desilyl product.

15 Palladium on carbon (2 mg, 10 wi%) was added to a HCI/MeOH solution
(G.5N, 2 mL.) of the crude desilyl product The reaction was purged with hydrogen
end stirred under Hy (balloen) at 25 °C for 4 h. The reaction mixture was filtered
through a small Celite plug. The filtrate was concentrated to yield the crude product,
Preparative reverse phase HPLC purificaiion on a Waters Autopurilication system

20 wusing a Phenomenex Polymerx 10 w RP-1 100A column [10 pwm, 150 % 21.20 mm;
flow rate, 20 mL/mun; Sclvent A: 0.05 N HCl/Awater, Solvent B: CH;CN; injection
volume: 4.0 mL (0.05 N HCl/water); gradient: 0-—50% B over 7 mun, 50—100%
over 3 min, and 100% over 5 min; mass-directed fraction collection]. Fractions with
the desired MW, eluting at 6.4-8.2 min, were collected and freeze-dried 1o vield

25 1.5 mg of compound 124: "H NMR (400 MHz, CD;0OD) 8 7.28 (d, /= 9.7 Hz, 1 H),
4.08 (s, | ), 3.71-3.63 (m, 2 1), 3.32-2.95 (m, 7 H), 3.04 (s, 3 FI), 2.96 (s. 3 H),
2.81-2.73 (m, 2 H), 2.32-1.98 (m, § H), 1.70-1.59 (m, 1 H); MS (EST) mz 544.18
(M+H).

Compounds 125 — 127 were prepared similarly to compound 124 using the

30 corresponding amines in the reductive amination step.
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Compound 125
H«JC\E,CH3

o o o 2B o
125

"H NMR (400 MHz, CDs0D) 8 7.28 (d, /= 9.7 Hz, | H), 4.08 (5, | H), 3.25-
5 2.94 (m, 5 H), 3.04 (s, 3 H), 2.96 (s, 3 H), 2.89 (s, 6 H), 2.80-2.70 (m, 2 H), 2.32-
2,18 (m, 2 H), 2.10-2.00 (m, 2 1), 1.70-1.58 (m, 1 H); MS (ESI) n'z 518.26 (M-H).

Compound 126

HsC+, -CHsz
F N
! H H*

AN OH
H |

HsCu N N N,

HaG

CHa CH © MOOO 0]
126

10 "H NMR (400 Mllz, CD;0D) 8 7.27 (d, ./ = 9.6 Hz, 1 H), 4.08 (s, 1 H), 3.20-
2.93 (m, 5 H), 3.04 (s, 3 H), 2.96 (s, 3 H), 2.82-2.72 (m. 2 H), 2.33-2.19 (m, 2 11),
2.04-1.94 (m, 2 ), 1.70-1.58 (m, 2 H), 1.37 (s, 9 H); MS (ESI) m/z 546,20 (M+H).

Compound 127

H:C«, .CHs
Ho o

OH O HO OHO C

15 127
"H NMR (400 MHz, CD;0D) 5 728 (d, J= 9.7 Hz, 1 H), 4.09 (s, 1 H), 4.04
(q./ =90Hz 2 H), 325295 (m, 5I1), 3.04 (5, 3 H), 2.97 (s, 3 H), 2.84-2.75 (m, 2
H), 2.32-2.20 (m, 2 H), 2.13-2.03 (m, 2 H), 1.70-1.38 (m, 1 H). MS (ESI) m’z
57222 (M+H).
20
Compound 128
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Compound 128 was prepared from compound 9-5 by HF treatment following

by hydrogenation under similar conditions: 'H NMR (400 Mllz, CD:0D) & 7.21 (d,

J=9.87 Hz, 1 H), 4.07 (s. 1 H), 3.63-3.57 (m, 2 H), 3.20-2.90 (m, § H), 3.04 (s, 3

5 ), 2.96(s, 3 H), 2.75-2.68 (m, 2 H), 2.32-2.17 (m, 2 H), 1.8-1.79 (m, 2 ), i 70-
1,57 (i, L F), 125 (d,J— 7.2 Hz, | H); MS (ESL) mz 491,18 (M+H)

Example 10, Synthesis of Compound 129
Scheme 10

10
- r . HiC. Oy
CH. 8) 1PrMgCI-LiCl Cr a) LDA/TMEDA B
(L“\ ° 1) CHyl s ® bj enone O~N
P e o L
B o, ph H.C CO.Ph iGN SN
Ofn CEBn BnG O HO IO CBn
5.2 10-1 1029788
aq HF
H:CL LCHg
3 SN

HooHs
Ho/Pd-C 7

.

The following compounds were prepared according to Scheme 10.

15 Compound 10-1

F

FsC CO2Ph

0OBn
1014

iPrMeCleLiCt (0.68 mL., 1.2 M, 0.82 mmol, 2 equiv) was added to a THI
sotution (5 mL) of 9-2 {170 mg, 0.41 mmol) at 0 “C. The reaction was stirred at 0 °C

for 30 min. Mel (0.2 mL, 1.64 mmol, 4 equiv) was added to the reaction mixture.
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The reaction was stirred at 0 “C for 30 min and allowed to warm to 25 °C over 1 h.
The reaction was quenched with NH4Cl solution and extracted with EtOAc. The
combined EtOAc extracts were dried (Na;S04) and concentrated wo give crude 10-1.
Flash chromatography on silica gel (30:1 hexanes/EtOAc) vielded 31 mg of
compound 10-1 (22%).

A

Compound 10-2

HsC : g
BRG © HO I g OB
102 OT88

A THF solution (1 mL) of 10-1 (31 mg, 0.088 mumol, 1.7 equiv) was add to a

10 THF solution (1 mL) of LDA (0.13mL, 13 M, 0176 mmol, 3.3 equiv) and
TMEDA (39 ul, 026 mmol, 4.9 equiv). The reaction was stirred at -78 °C for

10 min. A THF solution (I mL) of enone (26 mg, 0.053 mimol) was added to the
reaction at -78 °C. The reaction was stirred at -78 “C for 30 mm and allowed to
warm to 25 *C over 1 h, quenched with saturated NH4Cl solution, and extracted with

15 EtOAc. The combined EtOAc extracits were dried (NapSOu) and concentrated to
yield the crude 10-2. Preparative reverse phasc HPLC purification on a Waters
Autopurification system using a Sunfire Prep C18 OBD column [3 um, 19 x 50 mm;

flow rate, 20 mL/min; Solvent A: H20 with 0.1% HCO-H; Solvent B: CH3CN with

0.1% HCO-H; mjection volume: 4.0 mL (CH;CN); gradient: 80—100% B over 15

20 min; mass-directed [raction collection]. Fractions with the desired MW were
collected and concentrated on a RotaVap at 25 °C to remove most of the acetomtrile.

The resulting mostly agqueous solution was extracted with EtOAc. The combined

EtOAc extracts were dried (Na;SOy) and concentrated 1o give 10 mg of 10-2 (26%).

25 Compound 10-3

CHo

BnO 0 -40 580
10-3
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Aqueous HF (0.3 mL, 48%) was added to a CH;CN solution (2 mL) of 10-2

(6 mg, 0.008 mmal) in a polypropylene tube at 25 °C. The reaction was stirred at
25°C for 18 h. The resulting mixture was poured into an aqueous solution of

K ;HPQ, (2 g, dissolved in 13 mL water). The mixture was extracted with EtOAc

5  The combined EtOAc extracts were dried (Na,SOy4) and concentrated to yield crude

10-3.

Compound 129

F HgC\N,CHg

10 Pallachum on carbon (2 mg, 10 wt%) was added to a HCI/MeOH solution
(0.5N, 2 mL) of the crude 10-3. The reaction was purged with hydrogen and stirred
under Hs (balloon) at 25 °C for 4 h. The reaction mixture was filtered through a
small Celite plug. The filtrate was concentrated to yield the crude product.
Preparative reverse phase HPLC purification on a Waters Autopurification system

15 using a Phenomenex Polymerx 10 p RP-1 100A column [10 pm, 150 = 21.20 mun;
flow rate, 20 mL/min; Solvent A: 0.05 N HCl/water; Solvent B: CH:CN; injection
volume: 4.0 mL (0.05 N HCl/water); gradient: 0—70% B over 7 min, 70—100%
aver 3 min, and 100% over 5 min; mass-directed fraction collection]. Fractions with
the desired MW were collected and freeze-dried to yield 1.5 mg of compound 129:

20 'H NMR (400 MHz, CD:0D) 8 719 (d, J =97 Hz, 1 H), 4.07 (s, | H), 3.20-2.93
(m, 3 H),3.03(s,3H),29(s,3H),231-217(m, 2 H),222(s,3H), 1 69-1.58 (in,
[ H), M5 (ES]) mz 447.23 (M+H).

Lxample 11. Synthesis of Compounds 130-132
25 Scheme 11
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F F RS F RS F R®
a) sBuLi/TMEDA. a) (COCH, J N
™™ b) RECH.Er or RACH. | e b) PROHIDMAP (7 BBr; 1
e T NN
ARy CO.H CO.Ph CO,Ph
UCH; OCH; OCH; OH
1141 11.2 1.3
Boc,O
pops  HCayCHs

a) LODA'TMEDA
b} enche
OH O HO g O O
116
1) HNO4
2) Ho/Pd-C

1) BrGHCOBr
2 RIRINH

e

117

In Scheme 11, R®, R’ and R” is X, R®, and R®, respectively, as defined in
Structural Formula (A).
5

Compounds 130 — 132 were prepared according to Scheme 11.
Compound 130

- © HiCu, OHs

<z N
tH H=:

Compound 131

OH O HO ©

Compound 132
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Example 12. Synthesis of Compounds 133-135

Scheme 12

5
F CH F G F  CHa F CHg
. a) LDA/TMEDA Br 1)BBrs  Bro,
Bra/HOAC b) CoBruCly 2) Boo,O
Bttt ol -

#COPh Br CGO,Ph Br CO,Ph Br CO,PhH
OCH, OCH, OCH; OBoc
11211 124 12.2 123

(Prepared according to Scheme 11
using Et-1 in the first step) ay LDATMEDA |
b) enone
Y
HaC. .CH;
) aq HF FHG oyl
2) Hy/Pd-C Br N ol
- N
Br :
BocO O HO IO  ©OBn
124 OTBS
e | M CHs
1) Brok;COBr - H OH
2) RERINH RY O :
R s
F ; SR’N\/JJ\N jf” ) NH;
OH O HOHO © H onowolo o
125 126
1 0 9. =B A . . .
In Scheme 12, R and R” is R”, and R™, respectively, as defined in Structural
Formula (A).
10

Compounds 133 — 135 were prepared according to Scheme 12

Compound 133

Compound 134
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HiC -CHs
FHG N

Compound 135

Example 13
The antibacterial activities for the compounds of the invention were studied
according to the following protocols.

Minimum Inhibitory Concentration Assay

Frozen bacterial straing were thawed and subcultured onto Mueller Hinton
Broth (MHB) or other appropriate media (Streptococcus requires blood and
Haemophitus requires hemin and NAD). Foliowing incubation overnight, the strains
were subcultured onto Mueller Hinton Agar and again incubated overnight.
Colontes were observed for appropriate colony morphology and lack of
contamination, Isolated colonies were selected to prepare a starting inoculum
equivalent to 2 0.5 McFarland standard. The starting inoculum was diluted 1:125
using MIIB for further use. Test compounds were prepared by dilution mn sterile
water to a final concentration of 5.128mg/mlL. Antibtotics (stored frozen, thawed
and used within 3 hours of thawing) and compounds were further diluted 1o the
desired working concentrations.

The assays were run as follows. Fifty pl, of MHB was added to wells 2 - 12
of a 96-well plate. One hundred pL. of appropnately diluted antibiotics was added o
well 1. Fifty pL of antibiotics was removed from well | and added to well 2 and the
contents of well 2 mixed by pipetung up and down five times. Fifty ul. of the
mixture in well 2 was removed and added to well 3 and mixed as above. Senal
dilutions were continued in the same manner through well 12. Fifty pL was removed
from well 12 so that all contained 50 pl.. Fifty ul. of the working immoculum was

then added to all test wells, A growth control well was prepared by adding 50 pl. of
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working inoculur and 50 ul. of MFB to an empty well. The plates were then
ircubated at 37 °C overnight, removed from the incubator and each well was read on
a plate reading mirtror. The lowest concentration (MTC) of test compound that

inhibited the growth of the bacteria was recorded.

5 Example:
[ 1 3 a4l s5]e] 7] 8 9 10 | 11 ] 12
| [Abt] 32 1161 8 4 2 1 105 102510.12510.06100370015
‘ grow - E _ = _ - - 1 | { b [ + + l

,
[abt] = antibiotic concentration 1 the well Grow = bacterial growth (cloudiness)

Interpretation: MIC = 2 pg/mL
10
Protocol for Determining Inoculum Concentration {Viable Count)

Ninety uL of sterile 0.9% NaCl was pipetted into wells 2-6 of a 96-well
microtiter plate, Fifty 50ul of the inoculum was pipetted into well 1. Ten ul. was
removed from well 1 and added it to well 2 followed by mixing. Ten ul. was
removed from well two and mixed with the contents of well 3 and so on creating
serial dilutions through well 6. Ten pl. was removed rom each well and spotted
onto an appropriate agar plate. The plate was placed into a CO» incubator overnighl,
The colonies in spots that contain distinct colonies were counted. Viable count was
calculated by multiplying the number of colonies by the dilution factor.

20

Spot from
Well
Dilution 5

N 10
Facior

10° 10°

Bacterial Strains
Fifteen bacterial strains, listed below, were examined in minimum inhibitory

concentration (M1C) assays.

1)) Organism Source Resistance Comments | Gram Rx
Smith strain
(animal
SA100| S aurens |ATCC 13709 MSSA model} positive
SAL0L] 5 aureus |ATCC 29213 MSSA control positive
tet resistant: tetik ii
SATS8| S aureus MR, SK75 (efflux) pOSIVe
Micromyx, | tet resistant:tet{M) i
SAl6l| S aureus LLC ribosomal protection postive
BF103| FE fuecalis |ATCC 29212 tet control positive
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mtermediate/resistant
- mechanism not
specified
’ ' ; tet resistant:te\ﬂvl (rib positive
EF159| E faecalis | MR, DS160 protect) cip-R, ery-|
SP106|S. preumoniac| ATCC 49619 wt control positive
v tet Tgsistant:tet M positive
SP160|5. pnewmoniae| MR, 54 (1ib protect) pen-R, ery-R
EC107 E coli ATCC 25922 wi control negalive
et resistant;tetA negative
ECI155 E. coli MR, 10 (efflux) )
i £ . e negative
KP109| pneumoniae |ATCC 13883 wi
K tet resistant:tetA negative
KP153| preumoniae MR, 1 (efflux) cip-R, gen-R
ECL08] FE. cloacae |ATCC 13047 wit negative
ABL10| A baumanii |ATCC 19606 wi negative
PALILP. aeruginosa |[ATCC 27853 wit control negative

MSSA = methicillin susceptible S. aureus

wt = wild type

ATCC = American Type Culture Collection
MR = Marilyn Roberts, Umversity of Washington

tel ~ tetracyeline
cip = ciprofloxacin
R = resistant

gen = gentamicin
ery = erythromycin
pen = penicillin

Results

Values of minimum inhibition concentration (MIC) for the compounds of the

wvention are provided in Tables 1a, 1b, 2a , 2b and 3.

Compound MICs (ug/mL)
i sa101 | SA100 | satet | sa158 | EF03 | EF1s8 | sPice | spiso
11 0125 .25 6.25 00625 | DOE25 | 0125 | <0.0156 | <0.0155
12 <0.0156 | =0.0156 | 0125 05 | <0.0156 | 0.0625 | 00156 | <0.0155
13 £0.0156 | <0056 | 00825 | 025 | =0.0156 | 00825 | £0.0156 | =0.0155
14 95 C.25 05 0.25 C.125 0.25 0.03 0125
15 05 05 05 0.25 05 05 0.016 0.018
16 0125 0.25 0.25 05 00625 | 00675 | 50.0186 | =0.0155
17 0.25 05 2 035 1 0.0625 | 00625
18 0.0625 | <0.0156 | 0.0625 | Q125 | <0.0156 | 00313 | <0.0156 | <0.0156
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19 0.125 0.25 0.25 025 | =0.0156 | 0.125 | <0.0156 | =0.C156
20 £0.0156 | 025 0.25 05 Z0.0156 | 00625 | =0.0156 | £0.0156
21 025 025 05 4 0125 1 <00156 | 00625
22 1 1 2 4 2 4 05 1
23 <0.0156 | 05 0.125 D25 | 00156 | 0.0313 | <0.0158 | <0.0156
24 0.25 0.25 0.125 0125 | 00156 | <0.0156 | <0.0158 | <0.0156
25 0125 | 0125 | 0125 | 00313 | 00156 | 0.0626 | 00158 | 0.0456
26 1 1 1 1 0.25 05 | <00156 | <0.0156
27 2 2 4 18 2 4 0.125 05
<8 1 2 2 1 1 1 0125 | 0.0825
29 4 4 4 2 2 2 1 1
30 2 1 4 2 2 2 2 4
3 1 2 2 1 05 1 0.25 .25
Table 1a

Compound MiCs (ug/mL)

1D

Ecio7 | Ec155 | aB1io | PAat11 | Ecios | KP109 | KP153

11 0.25 2 0.5 18 1 1 2

12 G.25 g 1 16 1 T 4

13 0.125 4 025 15 1 05 2

14 05 4 25 15 2 1 2

15 1 4 0125 15 4 2 4

18 05 8 1 18 1 1 4

17 2 32 0.5 32 8 4 32

18 0.125 4 0.25 16 05 05 4

19 0.25 4 0.25 18 2 1 4

20 0.25 8 1 8 f 1 4

21 1 18 2 16 4 2 8

22 16 =32 2 »32 >32 a2 »32

23 0.125 g 0.125 s 1 05 8

24 us 8 0.0313 16 p) 1 8

25 05 8 0.125 32 2 2 8

26 05 4 0.25 18 2 2 4

27 4 32 16 »32 16 8 3

28 2 16 05 32 8 4 16

29 8 8 8 >32 8 3 8

30 =32 32 8 532 32 32 >32

31 2 8 05 >32 8 4 3

Table Ib
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Compound MiCs {ug/mL)
iD sA101 | sa100 | satet | sa1ss | EF03 | EF159 | P06 | SP16D
32 0.125 as 025 05 00625 | 0125 | 00156 | 00166
33 025 05 1 2 0.25 . <0156 | 0128
34 <0.0156 | DOB25 | aos25 | 0125 | <00156 | <00158 | <0.0156 | £0.0156
38 025 0.25 05 05 0.125 0.25 0.016 0.016
36 025 05 05 1 .25 025 | 00158 | <0.0136
37 8 8 32 »32 16 15 2 4
38 8 8 16 &7 g 15 2 8
39 2 2 2 16 2 2 0.25 0.5
40 1 1 1 16 1 1 0.0625 05
a4 i 1 2 1 1 2 0.125 0.125
42 05 1 2 1 05 1 0125 | 0.0625
43 05 05 1 05 0,28 05 | 00156 | <0.0156
44 4 4 8 8 g ] 05 1
45 Cs 08 1 c5 0.25 05 0,125 0.06
46 0.25 0.25 0.5 0.25 0.25 05 0125 0.125
Table 2a

Compound MICs {ug/mlL)

iD

Ecior | £ctss | AB11a | pat11 | EC108 | KP109 | KP153

32 0.25 a 2 g 1 1 4

33 2 532 4 532 16 4 32

34 025 2 0.125 16 1 05 2

35 1 16 0.25 >32 8 4 8

38 2 32 0.125 >32 4 4 )

37 32 32 32 =32 >32 »32 32

38 >32 >32 »32 32 >32 32 232

39 4 >32 32 >32 16 16 >32

40 4 >32 8 ) a 8 2

41 4 6 04 >32 16 8 18

42 4 15 05 ~32 18 8 18

43 1 4 0,125 32 4 2 4

44 R 32 8 32 »32 32 >32

45 1 2 006 32 4 2 4

46 2 4 0125 | »32 32 4 32

Table 2b
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Teble 3. MIC Values for Compounds of the Invention Compared to Sancyeline, Minocycline and Tigecycline. A = lower than or equal
to lowest MIC among three control compounds; B = preater than lowest MIC among three control compounds, but fower than highest
MIC among three control compounds; C = greater than MIC of all three control compounds. The lowest concentration hinut of the
assay 15 0.016. Thus, reported values in the assay of 0.016 represent an MIC of 0.016 or lower.

Crpd SATOT | 8A100 S&‘;ﬁi SA158 | FFI03 | FF159 | SPI06 | SPI60 | BCI07 | FC1SS | ABIIO | PATIL | ECI08 | KP109 | KP153
- 20213 | 13709 | V00T | retk | 29212 | tetM | 49619 | fetM | 25922 | tetA | 19606 | 27853 | 13047 | 13883 | (etA
11 B B B E B B A A B B C B B B B
12 A A A F A B A A B B C B B B B
13 A A A [ A B A A B B B B i R R
14 B B B B B B B B B B B R B B B
13 B B B B R B A A B 3 B R B R B
14 B 3 B B B B A A B B C B B B B
7 B I B £ B B B B B 3 C C B B B
18 B A A B A A A A B R B B B B B L
19 B B B B A B A A B B B B B B B >t
20 A B E B A B A A B B C A B B B '
21 B B R B B B A B B R C B B B B
22 C B B B B B C B C C C C C C C
23 A B A B A A A A B B} IE] A JE] B B
24 B B A R A 2 A A B R A B B B R
25 B B A B A B A A B B B C B B B
25 C B B B B B A A B B B B B R B
27 C C B C B B B B B = C C C g B
2R C C B B i) 3] B B B 3 C C 3 B B
29 C C B B B R C B B B C C B B B
30 C B 13 B B B C B C C C C C C C
31 C C ] B B B B B B B C C B i) B
B 32 B B R R B B A A B B C A B B B
33 i i) B B B R A 3 B C C C C i C
34 A B A B A A A A B iE] IE] B 3 B B
35 B B R i B R A A B B B C B B i)
36 B B 3 3] B 3 A A B B B C B Bl B
37 C C C C C B C B C C C C C C C

100LT0TTF 1Y

OLVLTO/0T0T OM

TPIES0/600TSN/LOd
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EDsq IV study
Compounds of the present invention were evaluated for efficacy in a mouse
systemic infection model against a susceptible S. aureus 1solate, ATCC 13709,

5  Mice were infected via intraperitoneal injection with a bacterial load that would
result in 0% survival within 48 hours after infection. Mice received the test
compounds 60 minutes post infection via intravenous injection. Infection contrel
groups did not receive treaument. Survival was assesszd over a 48 hour period.

Percent survival was calculated and PDso values determined using Probit analysis.

10
Tet-R sepsis study
The protocol for tetracycline-resistance sepsis study was simtlar to the
protocol for EVsy IV study deseribed above except the infection model used .
aureus SA161, atetracycling-resistant strain,
15

GN sepsis

The protocol for GN sepsis study was similar to the protocol for EVsg 1V

study described above except the infection model used £ coli ATCC 25922.

20 Metabolic stability

A stock sohation of the test compounds were prepared by dissolving the
compound in DMSO to a final concentration of 1.0 mg/ml..
The analytes and internal standard were diluted and infused into the LC/MS

system to determine optimal tonization, polarity and MS/MS fragmentation for

S
N

selection of specific MRM (multiple reaction monitoring) transitions. Generic

chromatographic conditions were developed with a less than 5 minute cycle time.
Pooled human microsome assays were conducted at 0.2 mg/ml. protein with

an NADPH generating cofactor system {1, 3mM NADP+, 3.3mM glucose-6-

phosphate, 0.4U/mL glucose-6-phosphate dehydrogenase, and 3. 3mM magnesium

30 chloride).

Test compounds were diluted from DMSO stocks to 1 pM reaction

concentrations. Time points were removed at 0 and 60 minutes. After a protein crash
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with acetonitrile, samples are analyzed by LC/MS/MS, Peak areas are compared to
the time 0 sample, and the percent analyte remaining is calculated. A reaction
containing no cofactor was used to control for analyte loss due to non-specific

binding, thermal degradation and solubility.

SA MIC90

Twenty rendomly selected clinical isolates of S awrcus were used to
delermine the minimal inhibitory concentration (MIC) of test compounds for 90% of
the 1solates (MICsn). MICs were performed by mucrotiter broth dilution in a 96-well
format according to Clinicat Laboratory Standards Institute (CLSI) guidelines, as
described above.

Viable counts were determined by 1 0-fold serial dilution. Dilutions were
prepared in sterile 0.9% NaCl. Ten microliters of the inoculum and of each of 5
dilutions were plated onto blood or Mueller Hinton agar plates, incubated overnight

at 37 °C with 5% CO,, and counted.

TetlR MIC90
Ten isolates selected based on resistance to tetracycline were used to

determine the MICq as described above.

Twenty randomly selected clinical 1solates of 2. coli were used to determine

the MICsp as described above.

Protein binding

Test compounds were preparad as 1.0 mg/ml. stock solutions in DMSO. The
analvtcs and internal standard were diluted and infused into the LC/MS system to
determine optimal ionization, polarity and MS/MS fragmentation for selection of
specific MRM (multiple reaction monitoring) transitions. Generie chromatographic

conditions were developed with a less than 5 minute cycle time.
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The DMSO stocks were diluted to | and 10 pg/mL in human plasma and
incubated in RED devices for 4 hours at 37 °C. The time point was removed at the
end of the mcubation pertod. After a protein crash with acetonitnle, the samples

were analyzed by LC/MS/MS, Peak areas for the buffer (receiver) and sample

(9]

(donor) chambers were compared and the protein bound fraction is calculated.

Analysis was conducted in duplicate.

Thigh burden
Female CD-1 mice were pre-treated with cyclophosphamide to render the

10 rmmce neutropeme. Mice were infected with §. gureus ATCC 13709 via injection
mto the right thigh muscle of 0.1 ml per mouse. One and a half hours post infection
mice were treated [V with test compounds in doses ranging from 0.3 to 30 mg/kg or
0.3 to 20 mg/kg. TFour mice were treated with each drug concentration. Twenty-four
hours post treatment, mice were euthanized by CO, inhalation, The right thighs of

15 the mice were aseptically removed, weighed, homogenized, serially diluted, and
plated on TSA medium. The plates were incubated overnight at 37 °C in 3% CO;.
Colony forming units per gram of thigh was calculated by enumerating the plated

colonies then adjusting for serial dilutions and the weight of the thigh,

20 The results for the biological activity studies described above are listed in

Table 4.
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EDso: mgike required to protect 50% of mice in septicemia model with S. aureus Smuth strain.

Mcta Stab % % compound remaining after 60 min, 37 °C incubation with human liver microsomes.

SA MIC90: concentration {ug/mL) required 1o inhibit 90% of S. aureus climical 1solates (n=20).

TetR MIC90: concentration (ug/mL.) required to inhibit 90% of tetracycline-resistant S. aureus (n=10).

EC MIC0: concentration {ug/ml.) requited to inhibit 90% of E. coli clinical isolates (n=20).

Prot Bind: %5 Protein binding in human plasma with compound atl GuM.

TetR sepsis mg/kg required to protect 50% of mice in septicemia model with tetracycline-resistant S. aureus strain.
GN sepsis: mg/kg required to protect 30% of mice in septicemia model with E. coli strain.

Thigh Burden: maximum logl0 reduction in bacteria compared to untreated control

Maximum log10 reduction: maximum bacterial count (logl0) reduction achieved at tested doses.

- 8Pl -

100L101°CF1¥

OLVLTO/0T0T OM

TPIEC0/6002SN/LDd



WO 2010/017470 PCT/US2009/053142
41421017001

- 149 -

While this invention has been particularly shown and described with
references o example embodiments thereof, 1t will be understood by those skilled in
5  the art that various changes in form and details may be made therein without

departing from the scope of the invention encompassed by the appended claims.



150
Claims

1. A compound represented by the following structural formula:

H,c\

CH,

\

stz

AT

.mullllI

IOy

or a pharmaceutically acceptable salt thereof.

2. A pharmaceutical composition comprising a compound as defined in Claim 1, or a
pharmaceutically acceptable salt thereof, a pharmaceutically acceptable carrier or
diluent, and optionally one or more additional therapeutic agents.

3. A compound as defined in Claim 1, or a pharmaceutically acceptable sait thereof, for use

in treating or preventing infections caused by bacteria.

4. The use of a compound as defined in Claim 1, or a pharmaceutically acceptable salt
thereof, for the manufacture of a medicament for the treatment or prevention of

infections caused by bacteria.

5. Compound for use according to Claim 3, or use according to Claim 4, wherein the
infection is caused by a Gram-positive bacterium selected from Staphylococcus spp.,
Strepfococcus spp.. Propionibacterium spp., Enterococcus spp., Bacillus spp.,
Corynebactenium spp., Nocardia spp., Clostridium spp., Actinobacteria spp., and Listeria

Spp..

B. Compound for use according to Claim 3, or use according to Claim 4, wherein the
infection is caused by a Gram-negative bacteria selected from Enterobactericeae,
Bacteroidaceae, Vibrionaceae, Pasteurellae, Pseudomonadaceae, Neisseriaceae,



10.

11.

12.

13.

14,

15.
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Rickettsiae, Moraxellaceae, any species of Profeeae, Acinefobacter spp., Helicobacter

spp., and Campylobacter spp..

Use or compound for use according to Claim 6, wherein the Enferobacterniceae bacteria

is E. coli or Klebsiella pneumonia.

Compound for use according to Claim 3, or use according to Claim 4, wherein the
infection is caused by K. pneumoniae, Salmonella, E. hirae, A. baumarnii, M. catamrhalis,

H. influenzae, P. aeruginosa, E. faecium, E. coli, 8. aureus or E. faecalis.

Compound for use according to Claim 3, or use according to Claim 4, wherein the
infection is caused by rickettsiae, chlamydiae, Legionella spp. or Mycoplasma spp..

Compound for use according to Claim 3, or use according to Claim 4, wherein the
infection is a skin infection, a respiratory tract infection or a hospital acquired infection.

Compound for use according to Claim 3, or use according to Claim 4, wherein the

infection is an intra-abdominal infection.

Compound for use according to Claim 3, or use according to Claim 4, wherein the
compound as defined in Claim 1, or a pharmaceutically acceptable salt thereof, is

administered alone.

Compound for use according to Claim 3, or use according to Claim 4, wherein the
compound as defined in Claim 1, or a pharmaceutically acceptable salt thereof, is

administered in combination with one or more additional therapeutic agents.

A process for making a composition as defined in Claim 2, which process comprises
mixing the compound as defined in Claim 1, or a pharmaceutically acceptable salt

thereof, and a pharmaceutically acceptable carrier or diluent.

Compound for use according to Claim 3, or use according to Claim 4, wherein the

infection is a urinary tract infection.



