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SEMI-SYNTHESIS PROCEBURES

RELATED APPLICATION

G001 This application claims the benefit of U.S. Provisional Application No.
62/067,697, filed on October 23, 2014, The entire teachings of the above-application is

incorporated herein by reference.

BACKGROUND OF THE INVENTION

[G002] Eravacyline is a tetracycling antibiotic that has demonstrated broad spectrum
activity against a wide variety of multi-drug resistant Gram-negative, Gram-positive and
anaerobic bacieria in humans. {n Phase | and Phase I chinical trials, eravacvcline also
demonstrated a favorable safety and tolerability profile. In view of its attractive
pharmacological profile, synthetic routes to eravacveline and, in particular, synthetic rouies
that result in suitable quantitics of eravacycline for drug development and manufacturing, are
becoming increasingly important.

{6063} As described in International Publication No. WO 2010/017470, eravacychne s
conveniently svathesized from 7-fluorosancyeline, another tetracveline. 7-Fluorosancvcling
can be synthesized, in turn, from commercially available 7-aminosancycline or a protected
derivative thereof. However, very few procedares for the conversion of C7-amino-
substituted tetracyclines, such as 7-amunosancycline, to C7-fluoro-substituted tetracyclines,
such as 7-fluorosancycline, have been reported, and those that have arc not suitable to be
deployed at production-scale.

[G004] Therefore, there is a need for improved processes, particularly improved
production-~scale processes, for converting C7-amino-substituted tetracyclines to C7-fluoro-

substituted tetracyclines.

SUMMARY OF THE INVENTION

TLEIRY Provided herein are improved processes for converting C7-amino-substituted
tetracyclines to C7-flucro-substituted fetracyclines, as well as intermediates produced by or

used in these processes.
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EEEY One embodiment 1s a compound represented by Structural Formula I

N X

or a salt, solvate or combination thereof, wherein values for the variables are as deseribed and
defined herein,
{3007} Another emmbodiment is a method of preparing a compound represented by

Structural Formula II:

OH O OH O O (H}

or a salt, sclvate or combination thereof, by thermal Huorination. The method comprises
heating a suspension comprising a non-polar organic solvent and a compound of Structural

Formula I

OH O oD O N

or a salt, solvate or combination thergof, at a temperature of from about 95 °C 1o about 200
°C to provide the compound of Structural Formula {1, or the salt, solvate or combination
thereof. Values for the varables are as described and defined herein.

3608} Yet another embodiment is a method of preparing a compound represented by
Structural Formula Ha:

5Cu. LCH,

N
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or a salt, solvate or combination thereof, the method comprising heating a suspension
comprising a perfluorinated organic sclvent and a compound of Structural Formula la:

N OPF,
NO®

HaCu gy CHs

OH
NHa
o 6 OH'B o (1),
or a salt, solvate or combination thereof, at a temperature of from about 120 °C to about 160

°C to provide the compound of Structural Formula Ha, or the salt, solvate or combination

thereof.

6609} Another embodiment is a compound represenied by Structural Formula X:

X,

or a salt, solvate or combination thereof, wherein values for the varables are as defined and
described herein.

3610} Another embodiment 15 a method of preparing a compound represented by
Strectaral Formula i, or a salt, solvate or combination thereof, by photolyvtic flaorination.
The method comprises urradiating a solution comprising an tonic iquid and a compound of

Structural Formula X1

N X
i HSC\N,,CH;a

Tonl
CH O OH O O (XD:

CH

NH,

or a salt, solvate or combination thereof, to provide the compound of Structural Fornmda IE, or
the salt. solvate or combimation thereof. Values for the variables are as described and defined
herein.

6611} Yet another embodiment 1s a method of preparing a compound represented by
Struetural Formula Ha, or a salt, solvate or combination thereof, the method comprising

trradiating a solution comprising an tonic liquid and a compound of Structural Forowla Xla:
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oH G OH © © (Xla).
or a salt, solvate or combination thereof, to provide the compound of Structural Formula Ha,
or the salt, solvate or combination thereof. Values for the variables are as described and
defined herein.
16012} The fluonnation methods described berein enable the plant scale production of 7-
fluoro-substituted tetracyclines, such as 7-fluorosancycline from 7-ammo-substituted
tetracychines, such as 7-aminosancycline, and represent dramatic timprovements over known
methods for converting C7-amino-substituted tetracyclines, such as 7-aminosancycling, to
C7-fluoro-substituted tetracyclines, such as 7-fluorosancycline. In particular, the methods
described herein significantly increase the vield and purity of the fluorination reaction, and
give consistent access to C7-fluoro-substituted tetracyclines containing less than about 5% of
undesired 7-H tetracycline side products. The enbanced purity of the fluorination reaction
¢nables, for example, the chromatography-fice isolation of 7-fluorosancycline m high punity,
which results, in turn, in a high vicldof 7-fluorc-9-nitrosancycline in the subsequent nitration

step.

DETAILED DESCRIPTION OF THE INVENTION

[G013] A description of example embodiments of the mvention follows.
Compounds, Salts and Solvates

[6614] A first embodiment is a compound represented by Structural Formula |

oH O o0 O

or a salt, solvate or combination thercof, wherein:
X 18 PRy, AsFy or HSiF,
Y is selected from the group consisting of hydrogen, halo, mitro, -«€C-Cralkyl,

carbocyelyl. ~(C-Coalkylene-N(R WRF),
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-{C-Cyalkviene-NER-COCRDIRD) os-NERHWRE).

SCH=N-OR?, -NRRE), -NRH-CO-CRY MR} - NERDHRD),
NERH-CONERDYERD), -NERH-C(0)-0R", NRH-C(O)C,-Coralkyl,
NERH-C{O)-heteroeyelyl, -N(RD-C(O)-heteroaryl, -N(R-C{O)-carbocyelyl,
NERH-C(O-arvl, -NR-S(Ohn-(C1-Colalkyviene-NER DR, -NERH-S(0)nC-Cyal
kvlene-carboeyclyl, and -N{R-8{0),-(C-Cylalkylene-arvl (e.g.. hydrogen, -(C;-
Cyyalkyl, carbocyelyl, «(C1-Cyatkylene-N(RMHERD),
{C-Cylalkylene-NRH-C{O-CRPMRH o4-NERMHRE),

NERH-CONERDYERD), -NERH-C(0)-0R", NRH-C(O)C,-Coralkyl,
NERH-C{O)-heteroeyelyl, -N(RD-C(O)-heteroaryl, -N(R-C{O)-carbocyelyl,
NERH-C(O-arvl, -NR-S(Ohn-(C1-Colalkyviene-NER DR, -NERH-S(0)nC-Cyal
kvlene-carboeyclyl, and -N{R-8(0),-(C1-Cylalkylene-arvl), wherein:

cach R® and R® arc independently selected from the group consisting of
hydrogen, (Ci-Cryalkyl, ~0~(C1-Cralkyl, -(Co-Colalkviene-carbocycivi,
~{Co-Colalkvienc-aryl, {Co-Colalkylene-heterocyelyl, (Co-Colalkylene-heteroaryl,
-{C-Colalkylene-0-(C-Cralkyl, (Ci-Colalkviene-G-carbocyelyl,
~{C-Colalkylene-0-arvl, -{(Ci-Coralkylene-O-heterocyclyl,
~{C-Coalkylene-O-heteroarvl, -5(0)~(C-Colalkyl,
{Co-Caalkyiene-S{GY-carbocyelyl, (Co-Cohatkyviene-5{Ohpmarvl,
~{(Co-Cylalkyiene-S{On-heterocyelyl and ~{Co-Colalkylene-S{0)y-heteroarvl; or

R* and R” taken together with the nitrogen atom to which they are bound form
a heterocyclyl or heteroaryl, wherein the heterocvcle or hetersaryl optionally
comprises 1 to 4 additional hetercatoms independently selected from the group
consisting of N, § and O;

cach R” and each R” is independently selected from the group consisting of
hyvdrogen, {Ci-Cglalkyl, carbocyelyl, arvl, heterocyelyt or heteroaryl, or

R and R taken together with the carbon atom to which they are bound form
a 3-7 membered carbocyclyl, or a 4-7 membered heterocyelyl, wheremn the
heteroeyelyl formed by R° and R” optionally comprises one to two additional

heteroatoms independently selected from the group consisting of N, § and O;
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R" is selected from the group consisting of hydrogen, (C;-CrJalkyl,
carbocyclyl, arvl and heteroaryl; and
mis 0, 1 or 2, wherein:
cach carbocyclyi, arvl, heterocyelyl or heteroaryl is optionally and
independently substituted with one or more substituents independently selected from
the group consisting of halo, {C-Cylalkyl, -OH, =0, -0-(C-Cylalkyl,
~(C1-Cyoalkyiene-0-(Ci-Cyialkyl, halo-substituted -(Ci-Cylalkyl, halo-
substituted -0-(C,-Cylalkyi, -C(O)-(C1-Cylalkyl, -C{O)-(fluoro-substituted~-(C-Cyalk
¥1), ~S(0){C1-Coalkyl, -NEREOWRY), and CN;
cach alkyl in the group represented by R™, R”, R” and R” is optionally and
mndependently substituted with one or more substituents mdependently selected from
the group consisting of halg, -(C,-Cyalkyl, -OH, -0-(C;-Crlalkyl,
~(Cr-Caralkylene-0-{C~-Coalkyl,
fluoro-substituted-(C,-CyJalkvl, ~S(0)u~(C1-Cyatkyl, and -N(ROWR®), wherein
each RY is hydrogen or (C;-Cylalkyl, wherein cach alkyl in the group
represented by RY is optionally and independently substituted with one or more
substituents independently selected from the group consisting of -{C-Cylalkyl, (Cs-
Coeyeloalkyl, halo, -OH, -O~(C-Cylalkyl, and (C-Calkyl-0-(C-Clalkyl.
[3615] In a first aspect of the first embodiment, X is PFs . Values and alternative values
for the remaining variables arc as defined in the first embodiment.
6616} in a second aspect of the first embodiment, Y 1s hydrogen. Values and alternative
values for the remaining vanables are as defined in the first embodiment, or first aspect
thereof.
16617} In a third aspect of the first embodiment, the compound of Structural Formula 1 is

represented by Structural Formula Ib:

N O PFg
N®

HsC., CHy HPF;
6] N ) 51

L Teul T
OH O OoH O O (Ib),

or a solvate thereof,
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[0618] In a fourth aspect of the first embodiment, Y is selected from the group consisting
of -N{R™M(RY), -N(R)-CIO)-[CRMYERELa-NER YR, -NER)-CO-NERNRE),
NED-C{O)(C-Colalkyl, ~-N(R"-C(O)-heterocyelyl, -NRD-C(O)-heteroaryl.
NERH-C(O)-carboeyelyl, -NRD-C{O-arv], -NRH-S(0)-(C1-Colalkviene-NERMHRY),
NERD-S(D)-(C 1-Chlalkviene-carboeyelyl, and -N{R")-8(Q~(C1-Cy)alkviene-arvl. Values
and alternative values for the remaining variables are as defined in the first embodiment, or
first aspect through third aspects thercof.

{6815} In a fifth aspect of the first embodiment, Y 18 -NEH)-C{0)-CH,-pyrrohidin-1-y1.
Values and alternative values for the remaining variables are as defined in the first
cmbodiment, or first aspect through fourth aspects thercof.

3620} In a sixth aspect of the first embodiment, the compound is represented by

Structural Formula Ic:

or a salt, solvate or combination thercof. Values and alternative values for the remaining
variables arc as defined in the first embodiment, or first through fifth aspects thercof.
16021} In a seventh aspect of the first embodiment, the compound is represented by

Structural Formula Ia:

N OPF,
N®

HaCx, - CHs

N

on 6 Pt 9§ (1),

or a salt, solvate or combination thereof.

3622} A second embodiment is a compound represented by Structural Formulaf, ora

salt. solvate or combination thereof, wherein Y is -N(RD-C(O)-CH,-N(R'HR?), wherein:

R' and R? are each independently selected from the group consisting of

hydrogen, (Ci-Cralkyl, (Cs-Cojeycloalkvl{C-Cayatkyl, {Ci-Crialkoxy(Ci-Coyalkyl,
{{5-Coeycloalkoxy{C-Celalkyl, (Cs-Celoveloalkyl, arvl, aryl{C-Cyplalkyl,
arvioxy(C;-Caialkyi, arvithio{Ci-Cylalkyl, arvisufinvi{C-Cqjalkyl,
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arvisulfonvi(C,-Cylalkyl, and -0-{C-Colalkyl; 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 bicvclic, bridged
bicyelic or spiro bicyclic heterocvcle, wherein the heteroary! or heterocycle optionally
contains one or two additional hetercatoms mndependently selected from the group
consisting of N, O and 5, wherein
cach atkvl, cveloalkyl, alkoxy and cycloalkoxy moiety m the groups
represented by R' and R? and each heterocyele represented by NR'R? taken together
is optionally substituted with one or more substituents independently selected from
the group consisting of {C~Cyjalkyl, halo, -OH, (C,-Cylalkoxy, (C-Cylalkvithio,
(C~Cyalkyisulfinyi, (C,~-Coalkyisuifouvl, (C-Cyatkoxv(C,-Cyjalkyl,
and -N(RIRY: and
cach aryl, aryloxy, arvithio, arylsufinyl and arvisulfonvl moicty in the groups
represented by R' and R” and cach heteroary! represented by NR'R” taken together is
optionally substituted with one or more substituents independently selected from the
group consisting of (C;-Cylalkyl, halo, -OH,
(Ci~Cyalkoxy, -S~(C~-Coralkyl, -S{OXC,-Cyralkyl, ~S(0(C,-Cylalkyl,
{Ci-Cyralkoxv(C-Cyhalkyl, ~N(R3)( R4); ~CN, halo{C,-Cyalkyl, and halo{C,-
Cyalkoxy; and
R’ and R* are each independently selected from the group consisting of -H and
(C1-Coalkyl, wherein the (C,-Cyjalky] represented by R’ and R is optionally
substituted with one or more substituents independently selected from the group
congisting of {C-Cyalkyl, halo, -OH, (C,-Cyalkoxy, and (C1-Calalkoxy{C-Cylalkyl.
Values and alternative values for the remaining variables are as defined in the first
embodiment, or any aspect thereof,
3623} In a first aspect of the second embodiment, R' is hydrogen or (C;-Cyalkyl.
Values and alternative values for the remaining variables are as defined in the firgt
embodiment, or any aspect thereof, or the second embodiment.
6624} Tn a second aspect of the second embodiment, R' is selected from the group
consisting of hyvdrogen, methyl and ethyl. Values and alternative values for the remaining
variables are as defined in the first embodiment, or any aspect thereof, or the second

embodiment, or first aspect thereof,
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[0625] In a third aspeet of the second embodiment, R is selected from the group
consisting of {C-Cralkyl, {(5-Coleycloalky T -Calkyl, (Ci-Crialkoxy(C-Cyalkyl,
phenvl, phenyl{C-Cyalkyl, (C5-Coeveloalkyl and halo(C,-Cylalkyl, wherein cach alkyl,
alkoxy and eycloalkyl moiety in the groups represeunted by R? is optionally substituted with
one or more substituents mdependently selected from the group consisting of {C,-Cylalkyl
and halo; and each phenyl moiety in the groups represented by R” is optionally substituted
with one or more substituents mdependently selected from the group consisting of
{C1-Cyalkvl, halo, {C;-Cyalkoxy, (Ci-Cylalkoxv(C-Cylalkyl, -CN, halo(C,-Cylalkyl, and
halo{C-Cyalkoxy. Values and alternative values for the remaining variables are as defined
in the first erobodiment, or any aspect thereof, or the second ermbodiment, or first or sccond
aspect thereof,

3626} In a fourth aspect of the second embodiment, R” is selected from the group
consisting of eyclopropyl, cyclobutyl, cvclopentyl, cyclopropylmethyl, cyvelobutylmethyl,
phenvl, benzyl, ~{(CH;),-0-CH;, ~(CHL)-0OCH;, ~C{CH3)s, -CH(CH: ),

~CHLYC{CHz)s, ~-CHyCH(CHz),, ~CHo-CF;, «(CH:-CHOF, and «(CH:23.CHs 018 0, 1,2, 3,4, 3
or 6; wherein the phenyl or benzyl group represented by R” is optionally substituted with one
or two substituents independently selected from the group consisting of (C;-Cylalkyl,
halogen, {C,-Cyalkoxy, (C)-Cyalkoxy{C,-Cylaltkyl, ~-CN, halo{C~Cypalkyi, and
halo(C,-Cylatkoxy. Values and alternative values for the remaining variables are as defined
in the first embodiment, or any aspect thereof, or the second embodiment, or first through
third aspects thereof.

6627} To a fifth aspect of the second embodiment, R” is selected from the group
consisting of cyclopropyl, cvelopropylmethyl, cyvelobutyl, cvelopentyl,

cvelohexyl, {CH3-0-CH;,

-C(CH3)s, -CH(CH; ), ~-CH,-CFs, ~CHRCH(CH;),, -CH; and ~-CH,CH;. Values and
alternative valoes for the remaining variables are as defined in the first embodiment, or any
aspect thereof, or the second embodiment, or first through fourth aspects thereof.

6628} fn a sixth aspect of the second embodiment, R’ and R” taken together with the
nitrogen atom to which they are bonded form a monocyelic or bicyclic heteroaryl, or a
monocvelic, fused bicyelic, bridged bicyclic or spire bicyclic heterocyele, wherein the
heteroaryl or heterocvele optionally contains one additional heteroatom selected from the

group consisting of N, O and §; and the heterocycle is optionally substituted with one or
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more substituents independently selected from the group consisting of (C-Cylalkyl,
halo, ~OH, (C;-Coalkoxy, (C-Cylalkyhthio, (Ci-Caatkyisulfinyt, (C-Colatkyvisulfonyl,
(C1-Coalkoxy(C-Coalkyl, and -N{R'}RY: and the heteroaryl is optionally substituted with
one or more substifuents independently selected from the group consisting of (C-Cyalkyl,
halo, -OH, (C-Cylatkoxy, -5-(C-Cylalkyl, -S{OXC,-Cylalkyl, -S(OR(C;-Cylalkyl,
(C1-Cayalkoxy(C-Cyalkyl -NERWRY. -CN, halo(C-Cyalkyl. and halo(C-Cyalkoxy .
Values and aliemative values for the remaining variables are as defined 1o the first
embodiment, or any aspect thereof, or the second embodiment, or first through fifth aspects
thereof.
G829} In a seventh aspect of the second embodiment, R' and R’ taken together with the
nitrogen atom to which they are bonded form a heterocycie selected from the group
consisting of azetidine, pyrrolidine, morpholine, piperidine, octahydrocyclopentafcipyrrol,
isoindoline, and azabicyclo]3.1.0fhexane, wherein the heterocycle is optionally substituted
with one or more substituents independently selected from the group consisting of
(C1-Cyalkyl, halogen, ~-OH, (C,-Cyalkoxy, -S-(C-Cylalkyl,
S{OHC-Caalkyl, -S(O(Ci-Coyalioyl, (Ci-Colalkosy(C)-Cylalkyl, and -NRHRY. Values
and alternative values for the remaining variables arc as defined in the first embodiment, or
any aspect thereof, or the second embodument, or first through sixth aspects thereof.
13630} In an eighth aspect of the second embodiment, the heterocycle formed by R! and
R taken together with the nitrogen atom to which they are bonded is optionally substituted
with halogen, methoxy, hydroxy, methoxvmethy! or dimethylamino group. Values and
alternative values for the remaining variables are as defined in the first embodiment, or any
aspect thereof, or the second embodiment, or first through seventh aspects thereof.
16831} In a ninth aspect of the second embodiment:

a) R’ is methyl, and R” is cyclopropyl:

b) R! is hydrogen, and R is cvelopropyl:

¢) R’ is hydrogen, and R? is cyclobutyl;

dy R is methyl, and R is cyclobutyl;

¢) R’ is hydrogen, and R” is cyclopropylmethyl;

f) R is hvdrogen, and R? is cyelobutylmethyl;

o) R' is hydrogen, and R” is benzyl;

1) R'is hydrogen, and R is methoxypropyl;
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i) R’ is hydrogen, and R is methoxyethyl;

R is hydrogen, and R’ is phenyt;

k) R is methyl, and R” is t-butyl;

1 R’ is hydrogen, and R is t-butyl;

m) R’ is hydrogen, and R” is methyl;

n} R’ is hydrogen, and R? is ethyl;

o} R is hydrogen, and R is propyl:

p) R is hydrogen, and R? is butyl;

g) R' is hydrogen, and R” is pentyl;

1) R’ is hydrogen, and R” is hexyl;

sy R' is hydrogen, and R” is heptvl;

1) R’ is methyl, and R” is methyl;

up R is hydrogen, and R? is isopropyl;

v} R is hydrogen, and R? is 2.2-dimethylpropyl;

w) R is hydrogen, and R is trifluorocthyl;

x) R' is hydrogen, and R” is 2-methvlpropyl;

v} R' is hydrogen, and R” is 3-fluoropropyl;

z) R’ is othyl, and R7 is ethyl;

al)R'is methyl, and R*is methyl;

b1} R’ is hydrogen. and R? is hvdrogen:

¢y R'is hydrogen, and R” is cvclopentyl;

d1) R is methyl, and R” is evelopentyl; or

ely R is methyl, and R is propyl.
Values and alternative values for the remaining variables are as defined in the first
embodiment, or any aspect thereof, or the second embodiment, or first through eighth aspects
thereof.
[6632] in a tenth aspect of the second embodiment, R' and R” are taken together with the
nitrogen atom to which they are bonded form a group selected from the group consisting of

ay azetidin-1-yl;

b) 3-fluoroazetidin-1-y1

¢} 3-methylazetidia-1-vi;

d} 3-methoxyazetidin-1-v1;
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e} pyrrolidin-1-yk
) morpholin-4-y1.
@) 3-flucropyreolidin-1-vi;
h) 3-hydroxypyrrohidin-1-vl;
1} 3-N N-dimethylaminopyrrolidin-1-vl
1) Z-methoxymethylpyrrolidin-1-yi;
k) pipendin-1-vi;
1}y octahvdrocyelopenta]clpyrol-2-yL
m} isoindolin-2-vi; and
n) 3-azabicyclo]3.1 Ofhexan-3-vl.
Values and alternative values for the remaining vanables are as defined m the first
embodiment, or any aspect thereof, or the second embodiment, or first through ninth aspects
thereof.
6633} in an cleventh aspect of the second embodiment:
R is hydrogen or a (C-Coalkyl; and
R? is selected from the group consisting of {C-Crlalkyl,
{C5-Coieycloalkvl{C,-Cyalkyl, (C-Cohalkoxy(C,-Cylalkyl, phenyl,
phenyi(C-Cylalkyl, (Cs-Coieveloalkyl and halo(C,-Cylalkyl, wherein each alkyl,
alkoxy and eycloalkyl moiety in the groups represented by R” is optionally substituted
with one or more substituents independently selected from the group consisting of
(C1-Cyalkyl and halo; and cach phenyl moiety in the groups represented by R” is
optionally substituted with one or more substituents independently selected from the
group consisting of (C;-Cylalkyl, halo, (C-Caalkoxy,
{C1-Cyalkony{Ci-Caalkyl, -CN, halo{Ci-Caalkyl, and halo{Ci-Colalkoxy; or
R and R’ taken together with the nitrogen atom to which they are bonded
form a monocyclic or bicyelic heteroaryl, or a monocyclhic, fused bicyclic, bridged
bicvelic or spiro bicvclic heterocvele, wherein the hetersaryl or heterocycle optionally
contains one additional heteroatom sclected from the group consisting of N, O and S;
and the heterocycle 1s optionally substituted with one or more subsiituenis
independently selected from the group consisting of (;-Cylalkyl, halo, -OH,
{Ci-Cypalkoxy, (Ci-Caalkylthio, (C-Coalkylsulfinyt, (C-Caalkylsulfonyl,
(C1-Coyalkoxv(C-Coalkyl, and -NERWRY; and the heteroaryl is optionally
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substituted with ong or more substituents independently selected from the group
consisting of {C-Calkyl, halo, -OH, (C,-Cyalkoxy, -5-(C;-Cylaltkyl,
SS{ONC-Caalkyl, ~S(00(C-Cyatkyl, (C1-Coalkoxy(Ci-Coalkyl, -NRHMRY, -ON,
halo{C~Cylalkyl, and halo(C,-Cyalkoxy. Values and alternative values for the
remaining vanables are as defined in the first embodiment, or anv aspect thereof, or
the second embodiment, or first through tenth aspects thereof.

6634} in a twelfth aspect of the second embodiment:

R is hydrogen, methyl, ethyl, methoxy or tert-butoxy;

R” is selected from the group consisting of (C,~Co)alkyl,
{C5-Coeycloalkvl{C,-Cyalkyl, (C-Chalkoxy(C,-Cylalkyl, phenyl, {C5-Coievcloalkyl,
and tluoro(C;-Cylalkyl; or

R' and R taken together with the nitrogen atom to which they are bonded
form a ring selected from the group consisting of pyrrolidinyl, morpholinyl,
azetidinyl, piperidinyl, octahvdrocyclopentacipyrrolyvl, isoindolinyl, indazolyi,
imidazolyl, pyrazolyl, triazolyl, and tetrazolyl, wherein 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{CH:z}),. Values and altemative values for
the remaining variables are as defined in the first embodiment, or any aspect thereof,
or the second embodiment, or first through cleventh aspects thereof.

[6635] In athirtcenth aspect of the second embodiment:

R! hydrogen, methyl, or cthyl; and

R’ is selected from the group consisting of methyl, ethyl, n-propyl, isopropyl,
n-butyl, 2, 2-dimethyipropyl, t-butvl, isobutyl, n-pentyl, (Co-Coleveloalkyl, (Cs-
Csievcloalkyimethyl, methoxyvethyl, and 2-Huocrocthyl; or

R and R’ taken together with the nitrogen atom to which they are bonded
form a ring selected from the group consisting of azetidinyl, pyvrrolidinyl, prperidinyi,
tetrazolyl, or octahvdrocvclopentalcipyrrolyl, and wherein the ring formed by R' and
R’ taken together with the nitrogen atom to which they arc bonded is optionally
substituted with fluoro. Values and alternative values for the remaining variables are
as defined m the first embodiment, or any aspect thereof, or the second embodiment,

or first through twelfth aspects thereof.

SUBSTITUTE SHEET (RULE 26)



CA 02964957 2017-04-18

WO 2016/065290 PCT/US2015/057167

- 14 -

10636} In a fourteenth aspect of the second embodiment, RY is hvdrogen. Values and
alternative values for the remaining variables are as defined in the first embodiment, or any
aspect thereof, or the sccond embodiment, or first through thirteenth aspects thercof.

3637} A third embodiment is a compound represented by Structural Formula X:

Xl

on 6 B 6 ().
or a salt, solvate or combination thereof, wheremn:

X is BFy, PFe, AsFg or HSiFq

Y 15 sclected from the group consisting of halo,
nitro, -N(R™(R"), NR-CO-CRIHRY]-NRHRE),
NER-CONRYR), -NERH-CO)(C-Colalkyl, NRD-C(O-ORY,
SN(RTJ-C(O)-heterocyclyl, -N(RD-C(Oy-heteroaryl, -N(R")-C(O)-carbocyclyl,
NRO-C(O)-arvl, -N(RT)-S(0)-C-Cajalkyiene-NR R,
N(R")-8(0)(C -Colalkylene-carbocvelvl, and -N(R"-S(0)~(C-Cy)alkylenc-ary!
{e.g., NERMERD), -NRH-CO)-[CROHRE - NERHRD,
NERH-CONERMNERE), -NERD-C(0)-(C,-Coratkyvl, -NR-CO)-OR™,
NERH-C(O)-heteroeyelyl, N(RN-C{O)-heteroaryl, -N(RH-C{O)-carboeyelyl,
NERH-CO)-arvl, -NR-S(O)(C1-Colalkyviene-NER MR,
SN(RTJ-8(0) o C-Colalkviene-carboeyclyl, and -N{RD-8(0),~(C,-Cylalkylene-arvl);

cach R® and R® arc independently selected from the group consisting of
hydrogen, (C-Cralkyl, ~-0~(C-Cralkyl, -(Co-Colalkviene-carbocycivi,
~{Co-Colalkvienc-aryl, {Co-Colalkylene-heterocyelyl, (Co-Colalkylene-heteroaryl,
-{C1-Colalkylene-0-(C-Crialkyl, {Ci-Celalkylene-O-carbocyelyl,
-{C1-Colalkylene~-O-aryl, -{Ci-Colalkylene-O-~heterocyelyl,
~{C1-Colalkylene-O-heteroarvi, -5(0)u~(C1-Celalkyl,
{Co-Caalkyiene-S{GY-carbocyelyl, (Co-Cohatkyviene-5{Ohpmarvl,
~{(Co-Calalkyiene-S{On-heterocyelyl and ~{Co-Colalkylene-S{0)y-heteroarvl; or

R* and R” taken together with the nitrogen atom to which they are bound form

a heterocyclyl or heteroaryl, wherein the heterocvcle or hetersaryl optionally
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comprises 1 to 4 additional hetercatoms mdependently selected from the group
consisting of N, § and O
R” and R® arc cach independently selected from the group consisting of
hvdrogen, {C;-Colalkyl, carbocycelvi, arvi, heterocyelvl or heteroarvi; or
R” and R” taken together with the carbon atom to which they are bound form
a 3-7 membered carbocvclyl or a 4-7 membered heterocyclyl, wheren the
heterocyely! formed by R” and R” optionally comprises one or two additional
heteroatoms independently selected from the group consisting of N, 5 and O;
R" is selected from the group consisting of hydrogen. (C;-C-alkyl,
carbocyelvl, arvl and heteroarvl; and
mis 0, 1 or 2, wherein:
cach carbocyclyl, aryl, heterocyelyl or heteroaryl is optionally and
independently substituted with one or more substituents independently selected from
the group consisting of halo, -(C-Cyalkyl, ~OH, =0, -0-(C-Cypalkyl,
~(C-Cyalikviene-0-(C1~-Cqlalkyl, halo-substituted -(Ci-Cqlalkyl, halo-
substituted -O-(C,-Cyralkyi, -C(O)-(C-Calalkyl, -C{O)-(fhuoro-substituted~-(Ci-Caalk
V1), ~S$(0){C-Coyalkyl, -NERODR), and CN; and
cach alkyl in the group represented by R®, R®, RY and RF is optionally and
independently substituted with one or more substituents independently selected from
the group consisting of halo, {C-Cylalkyl, -OH, -0-(C;-Cralkyl,
~(C-Caalkyiene-0-(C,~-Cyalkyl,
fluoro-substituted-(C;-Cyalkyl, -S(0)u~(C1-Coalkyl, and -N(RYNR®), wherein
each RY is hydrogen or (Ci-Cylalkyl, wherein cach alkyl in the group
represented by R s optionally and independently substituted with one or more
substituents independently selected from the group consisting of ~(C-Cylalkyl, (Cs-
Coieycloalkyl, halo, -OH, -0-(C;-Cyalkyl, and (C-Cyalkyl-0-(C-Cylatkyl.
[6638] In a first aspect of the third embodiment, X 15 BF,. Values and aliernative vahies
for the remaining variables arc as defined in the third eobodiment.
[6639] In a second aspect of the third embodiment, the compound is represented by

Structural Formula (Xa):
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or a salt, solvate or combmation thercof, wherein:

X 15 BF,, PF¢, AsFg or HSiF,,

R' and R” are cach independently selected from the group consisting of
hvdrogen, (C-Cralkyl, (Ci-Cedevcloalky{C~-Cayalkyt, (C1-Cryalkoxy{Ci~Cayalkyt,
{Cs-Ugieycloalkoxy(Ci-Calalkyl, {(C5-Coloveloalkyl, arvl, arvi{C;-Cylalkyl,
arvioxy({C,-Coalkyl, arvithio(C,-Cyalkyl, arvisufinyli(C,-Caalkvi,
arvisulfonvi{C,-Cylalkyi, and -0~C-Cratkyl; or

R' and R? taken together with the nitrogen atom to which they are bonded
form a monocychic or bicyclic heteroaryl, or a monocyclic, fused bigyclic, bridged
bicyclic or spiro bicyelic heterocycle, wherein the heteroary] or heterocycle optionally
contains one or two additional heteroatoms mdependently selected from the group
consisting of N, O and S, wherein

gach alkvi, cveloalkyl, alkoxy and cycloalkoxy moiety in the groups
represented by R' and R” and each heterocvele represented by NR'R” taken together
is optionally substituted with one or more substitients independently selected from
the group consisting of {C-Cylalkyl, halo, -OH, (C-Cylalkoxy, (C-Cialkylthio,
{C,-Cyalkyisulfinyl, {C,-Cyalkvlsulfonyl, (C,-Cylalkoxy{C,~Cylalkyl,
and -N{ R%(R“); and

cach arvl, aryloxy, arvithio, aryisufinyl and aryisulfonyl moiety in the groups

represented by R' and R” and cach heteroaryl represented by NR'R” taken together is
optionally substituted with one or more substituents independently selected from the
group consisting of {C;-Cylalkyl, halo, -OH,
(Ci-Cyalkoxy, -S-(C-Cyapalkyl, -S(OXC1-Cylalkyl, -S(On(Ci-Cajalkyl,
(C1-Cyalkoxy(Ci-Caalkyl, NRWR): -CN, halo(C-Cydalkyl, and halo(C)-
Cypalkoxy; and

R’ and R* are each independently selected from the group consisting of -H and

(Ci-Cyralkyl, wherein the (C;-Cyjalkyl represented by R’ and R is optionally
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substituted with ong or more substituents independently selected from the group

consisting of {C-Coalkyl, halo, -OH, (C,-Cyalkoxy, and ({1-Cylalkoxy{C,-Cyalkyl

Values and alternative values for the vanables are as defined in the second

embodiment, or any aspect thereof, or the third embodiment, or first aspect thereof,
3640} In a third aspect of the third embodiment, the compound 1s represented by

Structural Formula Xb:

oH O O O O (xp

or a salt, solvate or combination thereof. Values and alternative values for the vanables are
as defined in the third embodiment, or first aspect thereof,

06041} A fourth embodiment provides a compound represented by Stractural Formuda I

H.C. CH:
= oyt

OH

LNH;

OH O Oi“PH&} O (H)

or a salt, solvate or combination thereof, wherein:

Y is selected from the group consisting of hydrogen, halo, nitro, -(Cy~Crjalkyl,
carboeyelyl, «(C-Coalkylene-NRMRD),
~(Cy-Cajalkylene-NRN-C(O)-[ CRPHR) o-NRMHR),
~CH=N-OR®, -NRM(ERD), -NER-CO-[CRDBH .- NERHYRY),
NRD-COINERMNRY), -NERH-CO)-(C-Colalkvl, -NRHN-C(O)-OR,
N(R-C(Oy-heterocyelvl, -NRD-C{O)-heteroaryl, -NR-C(D)-carbocyelyl,
NERH-CO)-arvl, -NRH-S(0)-(C1-Colalkvlene-NRMRP),
NERDY-SO)(C-Colalkviene-carboeyelyl, and -N{R"1-8(0)-(C-Coialkylene-aryvl
(e.g., hvdrogen, -{(C-Cpalkyl, carbocyelyl, -(C-Coalkylene-NR (R
~(Cy-Cajalkylene-NRN-C(O)-[ CRPHR) o-NRMHR),
~CH=N-OR®, -NRM(ERD), -NER-CO-[CRDBH .- NERHYRY),
NRD-COINERMNRY), -NERH-CO)-(C-Colalkvl, -NRHN-C(O)-OR,
N(R-C(Oy-heterocyelvl, -NRD-C{O)-heteroaryl, -NR-C(D)-carbocyelyl,

B
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NERH-C(Oy-aryl, -NR)-S(0)-(C-Codalkylene-NRMRP),
-N(RD)-S(0)-(C1-Colalkylene-carbocvelvl, and ~N(R-8(0)u-(C1-CaJalkyiene-aryl)
wherein:

cach R™ and R® are independently selected from the group consisting of
hvdrogen, {C-Crlalkyl, -O-(C-Crialkyl, -(Co-Ceolalkylens-carbocyelvi,
{(Co-Colalkyiene-aryl, (Co-Colalkylene-heterocyelyl, {Co-Colalkylene-hetercaryl,
~(C1-Colalkyiene-0-(C~-Chalkyl, Ci-Celalkyiene-G-carbocvelvl,
~{{C-Colalkvlene-O-aryl, -(C-Cylalkvlene-O-heterocyelyl,
-{C-Colalkylene-O-heteroaryl, -S(0),~(C-Coatkyl,
~{Co~-Caalkylene-S(Op-carbocyelyl, (Co-Coralkviene-5{O)y-arvi,
«{Co-Cylalkylene-S{On-heterocyelyl and -(Co-Cylatkviene-5{0)y-heteroaryl; or

R™ and R® taken together with the nitrogen atom to which they are bound form
a heterocyclvl or heteroarvl, wherein the heterocvele or heteroary] optionally
comprises 1 to 4 additional heteroatoms independently selected from the group
consisting of N, § and O

each R” and cach R® is independently selected from the group consisting of
hvdrogen, (C-Coalkyl, carbocycelyl, arvl, heterocyclyl or heteroaryl, or

R” and RF taken together with the carbon atorn to which they are bound form
a 3-7 membered carbocyelyl, or a 4-7 membered heterocyelyl, wherein the
heterocyelvl formed by R and R® optionally comprises one to two additional
heteroatoms independently selected trom the group consisting of N, 8 and O;

R is selected from the group consisting of hydrogen, (C;-Cr)alkyl,
carbocvelyvl, aryl and heteroaryl; and

mis 0, 1 or 2, wherein:

cach carbocyclyi, arvl, heterocyelyl or heteroaryl is optionally and
independently substituted with one or more substituents independently selected from
the group consisting of halo, {C-Cylalkyl, -OH, =0, -0-(C-Cylalkyl,
~(C-Cyalkyiene-0-(C,-Cyalkyl, halo-substituted -(C,-Cylalkyl, halo-
substituted ~-O-(C;-Chlalkvl, -C(O)(C-Cylalkyl, -C(O)-(fluoro-substituted-(C,~Cyjalk
y1), S0 C1-Coalkyl, NROHR), and CN;

each alkyl in the group represented by R™, R®, R® and RF is optionally and

ndependently substituted with one or more substituents independently selected from
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the group consisting of halo, -(C-Cyjalkyl, -OH, -0-<(C-Crlalkyl,

-{C-Caoalkylene-0-(C-Cylalkyl,

fluoro-substituted-(C1-Calkyl, -S{0)n-(C1-Coalkyl, and -NRURE), whercin
cach RY is hydrogen or (C;-Cyalkyl, wherein each alkyl in the group

represented by RC is optionally and independently substituted with one or more

substituents mdependently selected from the group consisting of -{C-Cyalkyl, (s

Ceieyeloalkyl, halo, ~OH, ~O~(C-Cyalkyl, and (C1~Cyalkyl-O~(Ci-Cajalkyl.

Alternative values for the variables in Structural Formula U are as described in the

first or second embodiment. or any aspect of the foregoing.

G042} In a first aspect of the fourth embodiment, the compound is represented by

Structural Formula Ha:

or a salt, solvate or combination thereof,

[6043] A ffth embodiment provides a compound of Structural Formula 1

(HI),

or a salt, sclvate or combination thereof, wherein values and alternative values for Y are as
described in the first, second or fourth embodiment, or any aspect of the foregoing.

{0044} In a first aspect of the fifth embodiment, Y 1s selected from the group consisting
of hydrogen. halo, nitro, {(C-C-)alkyl, carboeyelvl, -(C-Cylalkylene-N(R™(R®),
{C-Copalkylene-NRD)-COHCRDR Do NERHR),

-CH=N-OR", -N(R)(R"), NR)-CO}-[CRIIRY]-NRHR),
NERDH-CO-NERHUREY, -NEH-C(O-(C-Colalkyl, -N{RH-C(O-OR?,
N(RD)-C(0)-heterocyelyl, -N(RD-C(O)-heteroaryl, -N(R-C(O)-carbocyelyl,
~N(R™)-C(O)-aryl, -NR)-8${0)u(C-Colalkylenc-NRMHRE),
N{R-8(0,,-(C-Calkylene-carbocyelyl, and -N(R)-8{0)-(C -Colalkylenc-aryl,
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preferably, hydrogen, (Ci-Crlalkyl, carbocyelyl, _(C1~C4)aﬂ<yiene~N(R‘[‘)(RB),
+{C-Coatkylene-NRD-CIO-CRDIRD) .- NRMDHURD),

-CH=N-OR", -NRM(RP), NERH-CO)-[CRIRH.-NRHR),
NEH-CO)-NRMRDY, NEH-C(O)-(C,-Colalkyl, -N(R-CO-ORY,
NERH-C{O)-heterocvelvl, -NRD-C(O)-heteroaryl, -NR-C(O-carbocyclyl,
N(RD)-C(O)-aryl, -N(R -S04 C-Cylalkylene-NRMHRE),
N{R-S(0)(C1-Colalkylenc-carbocyelyl, and -N{R")-S(0)~(C 1-Ca)atkyiene-arvi. wherein
at least one of R® and R® is not hydrogen when Y

is (C1-Cyalkylenc-NRMHRD), (C-Coalkylene-N(R-CO-CRPHRD ] - NRMHRF),
NEMHRE), -NER)-COMCRDNRY)1a-NRHRP), or
NEH-S(0)-(C1-Chlalkviene-N(RMR®). Values for the remaining variables are as
described in the first, second or fourth embodiment, or any aspect of the foregoing, or the
fifth embodiment.

16045} A sixth embodirnent provides a compound of Structural Formula X1

x!

OH
OH O OH © O (X1)

or a salt, solvate or combination thereof, wherein X' 1s BFy, PFg, AsFs or HS1F, " and values
and alternative values for Y are as described in the first, sceond or fourth embodiment, or any
aspect of the foregoing. Alternative values for X7 are ag described in the third embodiment,
or any aspect thercof.

6046} In a first aspect of the sixth embodiment, the compound 1s represented by

Structural Formula Xla:

OH C OH O O (XIa),

or a salt, solvate or combination thereof. Values and alternative values for X7 are as
described in the third embodiment, or any aspect thereof, or the sixth embodiment.

6647} A seventh embodiment provides a compound of Structural Formula XIH:
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or a salt, solvate or combination thereof, wherem values and alternative values for Y are as
described in the first, second or fourth embodiment, or any aspect of the foregoing.
[G0438] In a first aspect of the seventh embodiment, Y is selected from the group
consisting of hydrogen, halo, «(C-C-alkvl, carbocyelyl, (C-Calkylene-N{RM(RP),
AC1-Catkyvlene-NRD-CIOMHCROWRD o-NRMHURDY,

SCH=N-OR®, -NRMRT), -NRT)-COCERPWRY - NERAYRT),
N(RD-COI-NERMRY), -NERH-CO-(C-Coralkyl, -NRH-C(O)-ORY,
N{R-C(O)-heterocyelvl, -N(RD-C(O)-heteroarvl, -N{RN-C(D)-carbocyelyl,
NRE-C(O)-aryl, -N(RD-S(0)u-(C-Colalkylene-NRMR,
NED-8(0)-(C1-Colalkylens-carbocyelyl, and -N(R)-S(0)n-(C-Colalkylenc-aryl (e.g..
hydrogen, «(C-Cr)alkyl, catbocyelyl, «(C-Cylalkylene-N(R*HR"),
~{C1-Cahalkylene-N(R")-C(O)- CROHRD jo-NRMH(RT),

SCH=N-OR®, -NRMRT), -NRT)-COCERPWRY - NERAYRT),
N(RD-COI-NERMRY), -NERH-CO-(C-Coralkyl, -NRH-C(O)-ORY,
N{R-C(O)-heterocyelvl, -N(RD-C(O)-heteroarvl, -N{RN-C(D)-carbocyelyl,
NED-8(0)-(C 1-Colalkylene-carbocyelyl, and -N(R)-S{0)n-(C1-Colalkylenc-aryl)),
wherein Y is not nitro and at least one of R” and R” is not hydrogen when Y

is (C-Cpalkylene-NR R,

{C-Coatkvlene-NRD-CO-CERDWRT | -NERMR),

NRMER®), -NRI-CLOHCR™HRY]L-NERMYR), or

N(RF)-S(O 1 (C-Coralkylene-NRMRP). Values for the remaining variables are as
described in the first, second or fourth embodiment, or any aspect of the foregoing, or the
seventh embodiment.

[(049] An cighth embodiment provides a comapound of Structural Formula VI
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CH O OH O © Vi),

or a salt, solvate or combination thereof, wheremn:

Y 1s selected from the group consisting
of -N{R™YR®). -NR-CUOFCRMDRT 1 NERYRY, -NRD-CO-NRYRY),
NERH-CIO)(C-Coalkyl, NR"-C(O)-heterocvelyl, -N{RN-C(O)-heteroaryl,
NRH-C(O)-carbocyelvl, -NRD-COY-arvl, -NERD-S(0)u-(C1-Cylalkviene-NRMHR
%,
SN(RTJ-8(0)(C-Coialkylenc-carboeyelvl, and -N(R-S(0)-(C1-Colatkylenc-aryl,
wherein:

at least one of R™ and RY is not hydrogen when Y77 is -N(R*}R®);

each R™ and R® arc independently sclected from the group consisting of
hvdrogen, (C-Cralkyl, -O0-(Ci-Cralkyl, ~(Co-Colalkylene-carbocyelvi,
{Co-Colalkylene-arvl, (Co-Colalkylene-heterocyclyl, (Co-Colalkylene-hetercaryl,
~{C;-Colalkyiene-0-(C-Coalkvl, ({-Colalkviene-O-carbocyelyl,
~(C-Colalkyiene-O-arvl, -(C;-Colalkylene-O-heterocyelyl,
~(C-Colalkviene-O-heteroarvi, -S{O)y-(C1-Celalkyl,
~{Co-Coalkviene-S{(O-carbocvelyl, {(Co-Caalkylene-S(O)aryl,
-{Co-Coalkylene-S{Oip-heterocyclyl and {Co-Cslalkylene-S{O)w-heteroaryl; or

R™ and R® taken together with the nitrogen atom to which they are bound form
a heterocyelvl or hetercaryl, wherein the heterocyele or heteroary] optionally
comprises 1 to 4 additional heteroatoms independently selected from the group
consisting of N, S and O

cach R” and cach R" is independently selected from the group consisting of
hydrogen, (C-Celalkyl, carbocyelvl, aryl, heterocyclyl or hetersaryl, 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 heterocvelyl, wherein the
heterocyelyl formed by R” and R” optionally comprises one to two additional

heteroatoms independently selected from the group consisting of N, S and (3,
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R" is selected from the group consisting of hydrogen, (C;-CrJalkyl,
carbocyclyl, arvl and heteroaryl; and

mis 0, 1 or 2, wherein:

cach carbocyclyi, arvl, heterocyelyl or heteroaryl is optionally and
independently substituted with one or more substituents independently selected from
the group consisting of halo, {C-Cylalkyl, -OH, =0, -0-(C-Cylalkyl,
~(C1-Cyoalkyiene-0-(Ci-Cyialkyl, halo-substituted -(Ci-Cylalkyl, halo-
substituted -0-(C,-Cylalkyi, -C(O)-(C1-Cylalkyl, -C{O)-(fluoro-substituted~-(C-Cyalk
¥1), ~S(0){C1-Coalkyl, -NEREOWRY), and CN;

cach alkyl in the group represented by R™, R”, R” and R” is optionally and
mndependently substituted with one or more substituents mdependently selected from
the group consisting of halg, -(C,-Cyalkyl, -OH, -0-(C;-Crlalkyl,
~(Cr-Caralkylene-0-{C~-Coalkyl,
fluoro-substituted-(C,-CyJalkvl, ~S(0)u~(C1-Cyatkyl, and -N(ROWR®), wherein

each RY is hydrogen or (C;-Cylalkyl, wherein cach alkyl in the group
represented by RY is optionally and independently substituted with one or more
substituents independently selected from the group consisting of -{C-Cylalkyl, (Cs-
Coeyeloalkyl, halo, -OH, -O~(C-Cylalkyl, and (C-Calkyl-0-(C-Clalkyl.
Alternative valugs for the variables are as defined o the first embodiment, or any
aspect thereot,

16034} in a first aspect of the cighth embodiment:

Y is -NR"-C(O)-CH:-N(R YR, wherein:

R' and R* are cach independently selected from the group consisting of
hydrogen, (Ci-Calkyl, (Cs-Coleyeloaltkyv{C-Caalkyl, (Ci-Crialkoxy{Ci-Cyjalkyl,
{Cs-Coyeveloalkoxy(C-Cyalkyl, (C5-Coleveloalkyl, arvi, arvl{C,-Cylalkyl,
aryloxy{C-Cyalkvl, arylthio(C-Cyatkyl, arvisufinyl{Cy-Cylalkyl,
arvisutfonyiC,-Cyalkyl, and -0-(C-Crjalkyl; or

R and R? taken together with the nitrogen atom to which they are bonded
form a monocyclic or bicyelic hetercaryl, or a monocyclic, fused bicyclic, bridged
bicyclic or spiro bicyelic heteroevcle, wherein the heteroaryl or heterocycele optionally
containsg one or two additional heteroatoms mdependently selected from the group

consisting of N, O and S, wherein
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each alkyl, cycloalkyl, alkoxy and cycloalkoxy moety n the groups
represented by R’ and R” and each heterocycle represented by NR'R? taken together
is optionally substituted with one or more substituents independently selected from
the group consisting of the group consisting of (C,-Cyalkyi, halo, -OH,
(Ci-Cyralkoxy, (C-Cylalkylthio, (C)-Calalkyisulfinyt, (C-Cyialkyisulfonyl,
(Ci-Cralkoxv(C-Cyalkvl, and -NERMR'Y); and

cach arvl, arvioxy, arvithio, arylsufinyl and arvisulfony! moiety in the groups
represented by R' and R? and each hetercary! represented by NR'R? taken together is
optionaily substitiited with one or more substituents independently selected from the
group consisting of (C;-Cylalkyl, halo, -OH,
(Ci~Cpalkoxy, -S<(C~-Cyyalkyl, -S{OXC,-Cyralkyl, ~S(0R(C-Cylalkyl,
(Ci-Cralkoxyv(C-Cylalkyl, ~N(R3)(R4'); -CN, halo{Cy-Cylalkyl, and halo{C,-
Cyalkoxy; and

R’ and R* are cach independently sclected from the group consisting of -H and
(C1-Cyalkyl, wherein the (C1-Cy)alky! represented by R and R is optionally
substituted with ong or more substituents independently selected from the group
consisting of {C-Cyalkyl, halo, -OH, (C,-Cyalkoxv, and (Ci-Cyjalkoxy{C,-Cylalkyl.
Alternative values for the vanables are as defined in the second embodiment, or any
aspect of the foregoing.

[6051] A minth embodiment provides a compound of Structural Formula VI

HoCy-CHa

(V),

or a salt, sclvate or combination thereof, wherein values and alternative values for Y are as
described in the first, second or fourth embodiment, or any aspect of the foregoing.

16052} Int a first aspect of the ninth embodiment, Y 15 selected from the group consisting
of -NRHR), -NR)-C(O)-[CRHR - NRHR),

NEH-C(O)-NERMMRP), -NERH-C(O)-(C,-Colalkyl, -NR")-C{O)-heterocyelyl,
NERH-C{0)-heteroaryl, -N(R"-C(0)-carbocvelyl, -NRN-C(O)-arvl,
NER-$(0)(C1-Calkylene-NRMMRE), -NRH-8(0)u-(C1-Colalkylene-carbocyelvl,

and -N{RH-SO)(C1-Coalkylenc-aryl, wherein at loast one of R and R® is not hydrogen
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when Y is -NRM(RE), -NRH-CO-CERDWR 1 -NEMRP) or
SNERD-8(0),-(C1-Calkylene-N(RWR™). Values for the remaining variables are as defined
in the first, second or fourth embodument, or any aspect of the foregoing, or the ninth
embodiment.

[B653] “Alky]” means a saturated aliphatic branched or straight-chain monovalent
hydrocarbon radical having the specified number of carbon atoms. Thus, “{C-Crlalkyl”
means a radical having from 1-7 carbon atoms in a linear or branched arrangement. “{(C)-
Cralkyl” mcludes methyl, ethyl, propyl, butyl, pentyl, hexyl and heptyl. Switable
substitutions for a “substituted alkyl” tnclude, but are not himited to, -halogen, -OH,
(C1-Cpalkyl, (C~Coalkoxy, (C-Cajalkylthio, (C-Caalkylsulfinyl, (C;-Cylalkyisulfonyl,
(C1-Coalkony(C;-Cylalkyl, and -N( R’ )(R‘*), wherein R’ and R* are as described above.
[3654] “Alkvlene” means a saturated aliphatic branched or straight-chain divalent
hydrocarbon radical having the specified number of carbon atoms. Thus, “(C-Cylalkylene”
means a diradical having from 1-4 carbon atoms in a linear or branched arrangement. “(C;-
Cajalkyvlene” mcludes methylene, ethvlene, propyviene and butviene.

[0055] “Cycloalkyl” means a saturated aliphatic cyclic hyvdrocarbon radical having the
specified number of carbon atoms. {C5-Co)eveloaltkvl mcludes cyvclopropyl, cvelobutyi,
cvclopentyl, and cvclohexyl. Switable substituents for a “substituted cycloalkyi” include
halogen, -OH, (C1-Cyaalkyl, (T-Cylalkoxy, {C-Coatkylthio, (C-Coalkyiselfing,
(C1-Cyyalkvisulfonyl, (C-Chlalkoxv(C -Cylalkyl, and -N(R* MR, wherein R and R are as
described above.

[6056] “Heterocvele” or “heterocyvelyl” means a 4-12 membered partially unsaturated or
saturated heterocyclic ring containing 1, 2, or 3 heteroatoms independently selected from N,
O or 5. When one heteroatom is 8, it can be optionally monc- or di-oxygenated (i.e. -S{0}-
or -5{0}-}. The heterocyele can be monocyelic, fused bicyelic, bridged bicvclic, or spiro
bicvelic.

[6657] Examples of monocyclic heterocycle include, but not limited to, azetidine,
pyrrolidine, piperiding, piperazine, hexahydropyrinidine, tetrahvdrofuran, tetrabvdropyran,
morpholine, thiomorpholine, thiomorphohne 1, i-dioxide, tetrahvdro-2H-1,2-thiazine,
tetrahydro-2H-1,2-thiazine 1, 1-dioxide, isothiazolidine, isothiazohdine 1, 1-dioxade.

{0058] A fused bicvelic heterocycle has two rings which have two adjacent ring atoms in

common. The first ring is a monocyclic heterocyele and the second ring is a cycloalkyl,
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partially unsaturated carbocyele, phenyl, hetercaryl or a monocyelic heteroeycle. For
example, the second ring 1s a {Cs-Ugieveloalkyl such as cyclopropyl, cyclobutyl, cyelopentyt
and cyclobexyl. Altematively, the second ring is phenvl. Exampie of fused bicyclic
heterocyeles includes, but not himited to, indohine, isomdoline, 2, 3-dihydro-1H-
benzofdjimidazole, 2,3-dithyvdrobenzold]oxazole, 2,3-dihydrobenzofdithiazole,
octahydrobenzoldioxazole, octahydro-1H-benzoldlimidazole, ootabydrobenzofd fthiazole,
octahydrocyclopentajcipyrrole, 3-azabicvclo[3 . 1.0thexane, and 3-azabicyclo|3 .2 .0lheptane.
{6659} A spiro bicyclic heterocyele has two rings which have only one ring atom in
common. The first ring is a monocyelic heterocycle and the second ring is a cycloalkvi,
partially unsaturated carbocycle or a monocychic heterocyele. For example, the second ning
is a {C5-Coleveloalkyl. Example of spiro bicyclic heterocycle mcludes, but not hnuted to,
azaspirol4 dnonane, 7-azaspiro[4 .4 nonane, azaspriof4 .5]decane, 8-azaspirol4 Sldecane,
azaspiro} 5.5 jundecane, 3-azaspiro]S Shundecane and 3,9-diazaspiro]S 5lundecane.

6064} A bridged bicvelic heterocvcle has two rings which have three or more adjacent
ring atoms in common. The first ring is a monocvclic heterocyele and the otherring is a
cveloalkyl (such as (C3-Cooycloalkyl), partially unsaturated carbocvele or a monocyclic
heterocyele. Examples of bridged bicycelic heterocveles include, but are not limited to,
azabicvelof3.3 1 jnonane, 3-azabicyelo]3.3 1 nonane, azabicyclo{3.2.1 joctane, 3-
azabicyclof3.2 1loctane, 6-azabicyclo]3.2 1 octane and azabicyclo{2.2 Zloctane, 2-
azabicyclo}2 2 Zjoctane.

16061} 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, cycloalkyl, cycloalkylaliyl,
arvl, arvialkyl heteroaryl, heteroarylalkyl, each of which can be optionally substituted with
halogen, hydroxy, alkoxy, haloalkyl, atkvi, etc. The heterocycle can be optionally substituied
with an oxo group (C=0) and oxo substituted heterocyclic rings mclude, but are not limited
to, thiomorpholine 1-oxide, thiomorpholime 1, 1-dioxade, tetrahydro-2H-1,2-thiazine 1,1~
dioxide, and isothiazolidine 1,1-dioxide, pyrrolidin-2-one, pipendin-2-one, piperazin-2-one.,
and morpholin-2-one. Other optional substituents for a heterocycle mehude (C,-Cylalkyl,
halo, -OH, (C,-Cyjalkoxy, (C;-Cyalkvithio, (C,-Cyalkylsulfinyl, (C-Cyalkyisulfonyl,
(C-Calkoxy(C-Cyalkyl, -NR'HRY), -CN, halo(C,-Caialkyl, and halo(C,-Cylalkoxy .
106862} “Heteroaryl” means a 5-12 membered monovalent heteroaromatic monocyclic or

bicvlic ring radical. A heteroarvl contains 1, 2 or 3 heteroatoms independently selected from
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N, O, and 5. Hetercaryls include, but are not imited to pyrrole, imidazole, pyrazole, oxazole,
isoxazole, thiazole, isothiazole, 1.2, 3-triazole. 1,2 4-triazole, 1.3.4-oxadiazole, 1.2.5-
thiadiazole, 1.2, 5-thiadiazole 1-oxude, 1,2.5-thiadiazole 1,1-dioxude, 1,3 4-thiadiazole,
pyndine, pyrazine, pyrimidine, pyndazine, 1,2, 4-tnazine, 1,3,5-tnazine, and tetrazole.
Bicvelic heteroaryl rings include, but are not hinuted to, bicyclo][4.4.0} and bicyclo[4.3.0]
tused ring systems such as indolizine, indole, isoindole, indazole, benzimidazole,
benzthiazole, purine, quinoline, isoquinoline, cinnoline, phthalazine, quinazoline,
quinoxaline, 1,8-naphthyridine, and pteridine.

6063} “Carbocycle” or “carbocyelyl” means 4-12 membered saturated or unsaturated
aliphatic cyclic hvdrocarbon ring.

3064} “Alkoxy” means an alkyl radical attached through an oxygen linking atom.
“Alkoxy” can also be depicted as -O-alkyl, For example, (C,-Cy)-alkoxy can also depicted
as -O-{C-Caralkyl  “(C-Cypraltkoxy™ includes methoxy, ethoxy, propoxy, and butoxy.
16065} “Alkyithio” means an atky! radical attached through a sulfur linking atom.
“Alkvithio” can also be depicted as ~S-alkvl. For exampie, “(C-Cyalkyithio” can be
depicted as -5-{C-Caalkyl. “(C-Caatkylthio™ include methvlthio, sthylthio, propyithic and
butyithio.

3066} “Alkylsuifinyl” means an alkvl radical attached through a -5(0)- linking group.
“Alkvisulfinyl” can be depicted as -S(O)-alkyl. For example, “(Cy-Cylalkylsulfinyl” can be
depicted as -S(O) - -Coalkyl, “(Ci-Coalkylsulfinyl” include methyisulfingl, ethyvisalfinyl,
propylsulfinyi and butylsulfinyl.

6667} “Alkylsulfonvl” means an alkyi radical attached through a -S{0O)~ linking group.
“Alkylaulfonyl” can be depicted as -S{Q)-alkyl. For example, “(C-Cyalkylsulfinyl” can be
depicted as -5{0)-{C-Caoalkyl. “(C-Cylalkyisulfonyl” inclode methylsulfonyl,
ethylsulfonyl, propyvisulfonyl and butylsulfonyl.

[3668] “Haloalky!” includes mono, poly, and perhaloalkyl groups where each halogen s
independently selected from fluorine, chlorine, and bromine. Haloalkyl can also be referred
as halo-substituted altkvl.

[6669] “Cyveloatkoxy™ means a cyeloalkyl] radical attached through an oxygen linking
atom. “Cycloalkoxy” can also be depicted as -O-cycloatkyl. For example, “(Cs-
Coyevcloalkoxy” can be depicted as ~O-{Cs-Usieycloalkyl, “((s5-Ceioycloatkoxy™ includes

cyelopropyloxy, cyclobutyloxy, cyclopentyloxy and cyclohexyloxy.
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[6678] “Aryvl” means an aromatic monocyvelhic or polveyclic {(e.g., bicvelic or tricyclic)
carbocyclic ring system. In one embodiment, “aryi” is a 6-12 membered monocylic or
bicvelic systems. Arvl systems include, but not limited to, phenyl, naphthalenvl, fluorenyl,
wndenvl, azulenyl, and anthracenyl.

{3671} “Aryloxy” means an aryl moiety attached through an oxygen linking atom.
“Arvloxy” can be also depicted as -O-aryl. Arvioxy includes, but not imited to, phenoxy.
16072} “Aryithio” means an arvl moicty attached through a sulfur linking atom.
“Arvithio” can be also depicted as -S-aryl. Arylthio inclades, but not lmted to, phenylthio.
16873} “Aryisalfinyl” means an arvl moiety attached through a -S(0)- linking group.
“Arvisulfinyl” can be also depicted as ~-S(O)-arvl. Aryisulfinyl includes, but not limited to,
phenyisulfinvl.

[3674] “Aryisulfonvl” means an arvl moiety attached through a -5(0),- linking group.
“Arvlsuifonyl” 7 can be also depicted as -5{O)-arvl. Arylsulfonyl includes. but not himited
to, phenylsulfonyl.

[06675]  “Diazo” refers to -N'=N.

16676} “Hetero™ refers to the replacement of at least one carbon atom member in a ring
gystern with at least one heteroatom selected from N, 8, and O. “Hetero” also refers to the
replacement of at least one carbon atom member in a acvelic system. A hetero ring system or
a hetero acvelic system may have 1, 2, or 3 carbon atom members replaced by a heteroatom.
16077} “Halogen™or “halo” refers to fluonne, chloring, broming, or iodine.

6678} As used herein, cyvcloalkylalkyl can be depicted as -alkylene-cveloalkyl. For
example, (Cs5-Coleycloalkyl{ C-Cyalkyl can be depicted

as -{C-Coyatkylene-{Cs-Coloveloalkyl,

16879} As used herem, atkoxyalkyl can be depicted as -alkylene-O-alkyl. Forexample,
(C1-Chyalkoxy(C-Cylalkyl can be depicted as «(C;-Cylalkylene-O-{C-Cralkyl

13680} Ag used herein, cyeloalkoxyalkyl can be depicted as -alkylene-O-cycloatkyl. For
example, (C5-Cgleycloalkoxy{Ci-Cyalkyl can be depicied as -(C-Coalkylene-0O-
(C5-Copalkyl.

6681} As used herein, arvialkvl can be depicted as -alkviene-arvl. For example,
arvl{C-Cilalkyl can be depicted as -(C-Cyalkylenc-aryl.

{6682} As used herem, arvioxyalkyl can be depicted as -alkylene-O-aryl. For example,

arvioxv{C-Cyyalkvl can be depicted as -{C-Cyalkylene-O-aryl,
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[0083] As used herein, arylthioalky] can be depicted as -alkylene-5-arvl. For example,
arvithio{C-Catkyl can be depicted as -{C-Cialkyvlene-S-aryl

G084} As used herem, arvisulfinylalkyl can be depicted as -alkviene-5(0O)-arvl. For
example, arvisufinvl{C,~-Cylalkyl can be depicied as «C,-Cygalkyviene~-S{O)~arvl.

[3685] Ag used herein, arvisulfonylalkyl can be depicted as -alkyvlene-S{O)-arvl. For
example, arvisulfonyl{C,-Cylalkyl can be depicted as -(C)-Cylalkylene-5{0);-aryl.

3686} The compounds described herein can exist as salts. For example, an acid salt
containing an amine or other basic group can be obtained by reacting a compound with a
suitable organic or inorganic acid, resulting in anionic salt forms. Examples of anionic salis
mchide the acetate, benzenesulfonate, benzoate, bicarbonate, bitartrate, bronude, calcium
edetate, camsviate, carbonate, chlonde, citrate, dihvdrochlonde, edetate, edisviate, estolate,
esvlate, fumarate, glyceptate, gluconate, glutamate, glycollylarsanilate, hexylresorcinate,
hydrobromide, hydrochloride, hydroxynaphthoate, todide, isethionate, lactate, lactobionate,
malate, maleate, mandcelate, mesylate, methylsulfate, mucate, napsylate, nitrate, pamoate,
pantothenate, phosphate/diphosphate, polvgalacturonate, salicvlate, stearate, subacetate,
succmnate, sulfate, tannate, tartrate, teoclate, tosylate, and triethiodide salts. Other examples
of anionic salts include tetrafluoroborate, hexafluorophosphate, hexafluorcarsenate and
hexafluorosilicate {or monohydrogen hexafluorosilicate) salts.

{3687} Base salts containing a carboxyvlic acid or other acidic functional group can be
prepared by reacting with a suitable base. Such a pharmaceutically acceptable salt may be
made, for example, with alkali metal salts {especially sodium and potassium), atkaline earth
metal salts {especially calcium and magnesium), aluninum salts or ammonium salts, as well
as salts made from organic bases such as trimethylamine, triethyvlamine, morpholine,
pyridine, pipendine, picoline, dicyclobexylamine, NN -dibenzylethyienediamine,
2-hvdroxyethylamine, bis-(2-hydroxvethyDamine, tn-(2-hyvdroxyethyhamine, procaine,
dibenzylpipenidine, dehydroabictylamine, NN -bisdehydroabietylamine, glucamine,
N-methylglucamine, colhidine, quinine, quinoline, and basic amino acids, such as lysine and
arginine.

[6688] ¢ compounds described herein {(e.g., compounds of Structural Formula I} can
exist as solvates. As used herein, “solvate” refers to a chemical compound formed by the
interactive of a solute {(¢.g., a compound or salt described hereiny and one or more solvents.

Thus, “solvate” includes solvates containing more than one tvpe of solvent molecule (mixed
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solvates), for example, a tolueng-cthyl acetate solvate or a (trifluoromethvl}benzene-dicthyl
cther-tetrahydrofuran solvate. Typically, the ong or more solvents in solvates described
herein is an organic solvent or a combination of organic solvents, although water can also
form solvates, called hyvdrates. Exemplary solvates include (trifluoromethvi)benzene, ethyl
acetate, toluene, diethyl ether and tetrahydrofuran solvates, or any combination thereof.
[6089] In some embodiments, the compound or salt {e.g., the compound of Stractural
Formula ) is a (tnifluoromethyljbenzene solvate. In some embodiments of asolvate {fe.z.. a
solvate of a compound of Structural Formula 1), the solvate comprises
{(trifluoromethylibenzene.

[G096] The compounds described herein {e.g., compounds of Structural Formula 1) can
also exist as a combination of a salt and solvate. A combination of a salt and a solvate can
also be referred to as a solvated salt. An example of a solvated saltisa

(triffucromethylbenzene solvate of the salt represented by the following structural formula:

OH G OHOHO o

{6091} In some embodiments, a solvate {e.g.. a mixed solvate, a solvated salt, a solvate of
a compound of Structural Formula I} compnses from about 0.1 to about 2.3, from about 0.1

to about 1, from about 0.3 to about 1, from about 0.75 (o about 1 or about 0.8 molar
equivalents of solute per molar ¢quivalent of the compound or salt.

6692} Each carbon atom in a tetracychine compound described herein can be referred to

using the numbering systern depicted m the tetracyeline compound depicted below:

HsCuy CH
! S 453 om

167 10 120 5alt
oH O OO O

For example, a C7- or 7-substituted tetracvclineg compound refers to a tetracycling compound
substituted with an indicated substituent {e.g., fluoro, diazo) at the carbon atom labeled with a
“77 in the structure above. A C9- or Y-substituted tetracycline compound refersto a

tetracvching compound substituted with an mdicated substituent (e.g., fluoro, diazo) at the
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carbon atom labeled with a “9” m the structure above. A 7,9-disubstituted tetracycline
compound refers to a tetracycline compound substituted with an mdicated substituent at the
carbon atom labeled with a “7” m the structure above and an indicated substituent at the
carbon atom labeled with a *9” m the structure above.

16693} Each ring in a tetracyeling compound described herein can be referred to using the
lettering scheme depicted i the tetracycling compound depicted above. For example, a
tetracycling compound having a DD ring substituent refers to a tetracycline compound
substituted at the 7-, 8- or 9- position in the structure above.

16694} The compounds described herein can also include varicus isomers and mixbires
thereof. Certain of the compounds may exist in various stercoisomeric forms. Siercoisomers
are compounds which differ only 1n their spatial arrangement. Enantiomers are pairs of
stereotsomers whose mirror images are not superimposable, most commonly because they
contain an asymmetrically substituted carbon atom that acts as a chiral center. “Enantiomer”
means one of a pair of molecules that are nurror images of cach other and are not
superimposable. Diastercomers are siereoisomers that are not related as mirror images, most
commonly because they contaim two or more asymmetrically substituted carbon atoms. “R”
and “S” represent the configuration of substituents around one or more chiral carbon atoms.
When a chiral center is not defined as R or §, cither a pure enantiomer or a mixture of both
configarations is present,

[6095] “Racemate” or “racemic mixture” means a compound of equimeolar quantities of
two cnantiomers, wherein such mixtures exhibit no optical activity; i.e., they do not rotate a
plane of polarized light.

10696} The compounds described heremn can be prepared as individual isomers by either
isomer-spectfic synthesis or by resolution from an isomeric mixture. Conventional resolution
techniques include formung the salt of a free base of each somer of an isomeric pair using an
optically active acid (followed by fractional crystallization and regeneration of the free base),
forming the salt of the acid form of each isomer of an isomeric pair using an optically active
amine (tfollowed by fractional crystallization and regencration of the free acid), forming an
cater or amide of cach of the isomers of an isomenic pair using an optically pure acid, amine
or alcohol (followed by chromatographic separation and removal of the chiral awnabary), or
resolving an isomeric mixture of cither a starting material or a final product using various

well known chromatographic methods.
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16697} When the stereochemistry of a disclosed compound is named or depicted by
structure, the named or depicted sterecisomer 1s at least 60%, 70%, 80%, 90%, 99% or 99.9%
by weight pure relative o the other stercoisomers. When a single enantiomer is named or
depicted by structure, the depicted or named enantiomer 1s at least 60%, 70%, 80%, 90%,
99% or 99.9% by weight optically pure. Percent optical purity by weight 1s the ratio of the
weight of the enantiomer that is present divided by the combimed weight of the enantiomer

that is present and the weight of its optical isomer(s}).

Methods Comprising Thermal Fluorination
098] One embodiment 1s a method of preparing a compound represented by Structural

Formula 11

Lo OHil
OCH O OoH © O (an,
or a salt, solvate or combination thereof, by thermal fluorination. The values and alternative
values for variable Y are as defined in the first, second or fourth embodiment, or any aspect
of the foregoing. The method comprises heating a suspension comprising a non-polar

organic solvent and a compound of Structural Formula 1

oH 0 oD © N

or a salt, solvate or combination thereof, wherein X 18 PFy", AsFq or HSiFs and Y 1s as
defined for the compound of Structural Foumula U, at a temperature of from about 93 °Cto
about 200 °C to provide the compound of Structural Formula H, or the salt, solvate or
combination thereof.

16699} As ased herein, “suspension” refers to a heterogeneous mixture comprising sohid
particles in a medium. Typically, the suspensions described herein are formed by suspending
the compound of Structural Formula [ in a non-polar organic solvent in which the compound

of Structural Formula [ is poorly soluble or insoluble.
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160180} Non-polar organic solvents useful in the thermal fluorinations of the mvention are
not particafarly limited, except that they should not dissolve or only poorly dissclve a
compound of Structural Formula [ Typically, a non-polar organic solvent has a dielectric
constant of less than or about 15, more particularly, less than or about 10, vet more
particularly, less than or about 5, or less than or about 2. Exemplary non-polar organic
solvents useful in the thermal fluorinations of the invention include saturated or aromatic
hydrocarbons {e.g., mineral oil, xylene, toluene, mesitvicne), halogenated hydrocarbons {e.g.,
chlorobenzene, trifluorotoluene, perflucromethyldecaling perfluoro-1,2-dimethylhexane,
perflucrodecalin, perfluorotoluene, perfluorcoctane, perfluorononane), ethers {e. g,
diphenylether, ligrom) and fluorinated organic solvents {e.g., partially fluorinated organic
solvents, perfluonnated organic solvents).

[36101] “Perfluonnated organic solvent” refers {0 an organic compound in which each C-
H bond has been replaced with a C-F bond. A “perfluorinated organic solvent” does not
contain any C-H bonds. “Pertluorinated organic solvents” can contain heteroatoms, such as
nitrogen, oxygen and sulfur, in addition to carbon and fluorine. Exemplary perfluorinated
organic solvents include perfluoromethyldecalin, perfluoro-1,2-dimethvihexane,
perfluoradecalin, perfluorotoluene, perfluorooctane, perfluorononane, perfluoroatkyiamines
(Fluorinert® FC-40), perfluorotnibutylamines (Fluorinert® FC-43), perfluorotripentylamime
(Fluorinent® FC-70) and perfluorctripropylamine (Fluonnert® FC-3283). In preferred
embodiments, the non-polar organic solvent is a perflucrinated organic solvent, in particular,
a perfluorinated organic solvent sold under the trade name Fluonment® (e.g.,
pertluorotributylamimes (Fluorinent® FC-433).

[08182] In some embodiments, the non-polar organic solvent has a boiling point of at lsast
or about 100 °C, preferably, at least or about 125 °C, more preferably, at least or about 150
°C.

[361063] In some embodiments, the method comprises heating the suspension at a
ternperature of from about 100 °C to about 160 °C, from about 120 °C to about 160 °C, from
about 125 °C to about 140 “C or from about 130 °C to about 135 °C.

[60104]  When the boiling point of the non-polar organic solvent 1s less than the
temperature at which the suspension is heated, undesired solvent loss through evaporation
can occur. Thus, in preferred embodiments, the botling point of the non-polar organic

solvent is greater than or approximately equal to the temperature at which the suspension is
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heated. Undesired solvent loss can also be mutigated when the boiling point of a solvent is
legs than the temperature at which the suspension is heated by conducting the thermal
fluorination in a secaled pressure vessel.

[B8165] The thermal fluormation can be conducted in an nert vessel. As used herein,
“mert vessel” refers to any vessel that does not react chemically with the chemical species or
the combination of chemical species in a reaction for which it is being used or does not cause
the chenical species or combination of chemical species to react chemically. Particularly
preferred inert vessels include vessels constructed of or coated with a perfluoropolvmer, such
as polvietrafluoroethyiene or perfluorcalkoxy alkancs (PFA). Other inert vessels include
steel-based (e 2., stainless steel) vessels or Hastelloy® vessels, which can be inert, for
example, under thermal fluorinations involving a suspension of a compound of Structural
Formula I in 2 non-polar organic solvent in which the compound of Structural Formula § has
near-zero solubility i the non-polar organic solvent.

[66106]  In certain embodiments, the method of preparing a compound of Structural
Formula {1 by thermal fluorination, further comprises diazotizing a compound of Structural
Formula I

HiC. .CHs

NH,

OH

OoH O OHOHO O (IH)

or a salt, solvate or combination thereof, wherein Y is as defined for the compound of
Structural Formula I wherein at least one of R™ and R® is not hydrogen when Y

is (C-Cyalkylene-NR MR, «C-Coalkyvlene-NRD-CO-[CERPHRH - NRMIHURD)
NERHR?), -NR-CO}-{CROURT - NERMR?). or
N(RD)-8$(0)(C1-Calkylenc-NRMMRP), to provide the compound of Structural Fornula 1,

or salt, solvate or combination thergof. The purpose of the proviso for Y in Structural
Formula (1) 15 to remove the possibility that there are two primary amino groups
simultancously present in the molecule in the diazotization reaction.

[B6197] As used herein, “diazotizing” or “diazotization” refers to a chemical reaction in
which a primary amino group 1s replaced with a diazo group. Tvpical conditions for diazo
formation are known to those of skill in the art and imnclude treatment of a compound

comprising a primary amine group {2.£.. a compound of Structural Formula ) with nitrous

SUBSTITUTE SHEET (RULE 26)



CA 02964957 2017-04-18

WO 2016/065290 PCT/US2015/057167

~
-3

(]

acid, typically generated in sivu, for example, from sodiem nitrite n the presence of a mimeral
acid. PHazotization can alsc be accomplished by treating a compound comprising a primary
amino group {e. 2., a compound, salt, solvate or combination thereof of Structural Formula
1) with an alkvinitrite, such as butyl nitrite, 1n the presence of a mineral acid. In some
embodiments, the diazotization reaction is conducted in the presence of an agueous solution
of a mineral acid.

[66108]  As used herein, “mineral acid” refers to an acid derived from one or more
mnorganic compounds. A “mineral acid” forms a hydrogen ion and a conjugate base 1on when
dissolved in water. Exemplary mineral acids include hydrochloric acid, nitric acid,
phosphoric acid, sulfuric acid, boric acid, hydrofluoric acid, hydrobromic acid, perchlonic
acid, hexafluorophosphoric acid, fluoroboric acid, hexafluoroarsenic acid and
hexaftuorosihicilic acid. Preferred muneral acids (for use m the diazotization reactions
described herein) include hexafluoorophosphoric acid, fluorcboric acid, hexafluorcarsenic acid
and hexafluorosilicilic acid.

160109]  Typically, the diazo compound is isolated as the diazomium salt of the mineral
acid used in the diazotization reaction.

[G0116]  in some embodiments of a method of preparing a compound of Structural Formula
¥ by thermal fluorination, Y 1s hvdrogen. In an aspect of these embodiments, the method
further comprises nitrating the compound of Structural Formulda H, or the salt, solvate or

combination thereof, to provide a compound of Structural Formula IV having a nitre group:

HoCoy CHs

(v,
or a salt, sclvate or combination thereof

{66111}  As used herein, “nitrating” or “nitration” refers to a chemical reaction 1n wiich a
hydrogen atom is replaced with a nitro (-NGy) group. An aromatic nifration is a chemical
reaction in which the hydrogen atom and the nitro group are substituents on an aromatic ring.
Nitration of a compound of Structural Formula 1, for example, involves aromatic nitration
and, consequently, can be accomplished using electrophilic aromatic substitution. Conditions
for nitration and, in particular, aromatic nitration, of a compound are known to those of skl

i the art, and include treating a compound {e.g., a compound of Structural Formula Il
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wherein Y 1s hydrogen, a compound of Structural Formuala IX) with an alkyl nitrate, such as
isopropyl nitrate, 1o the presence of a mineral acid, such as salfurnic acid. Alternative
conditions for nitration mehude treating a compound (e. 2., a compound of Structural Formula
1T wherem Y 18 hvdrogen, a compound of Structural Formula IX) with an alkali metal nitrate
salt, such as sodium nitrate or potassium nitrate, in the presence of a mineral acid, such as
sulfuric acid, or treating a compound directly with nitric acid.

[66112]  in a further aspect of the embodiments of a method of preparing a compound of
Structural Formula I wherem Y is hvdrogen by thermal flaorination, the method further
comprises reducing the nitro group of the compound of Structural Formula 1V, or the sali,

solvate or combination thereof, to provide a compound of Structural Formula V!

or a salt, solvate or combination thereof,

[36113] Condinons for reducing an aromatic nitro group {0 a primary amine group are
known to those of skill in the art and include catalytic hydrogenation, iron in acidic media,
sodium hydrosulfite, sodium sulfide or hyvdrogen sulfide and a base, tin(if) chloride,
titanium{Ii) chlorde, zinc and samarium. In some embodiments, the nitro group of the
compound of Structural Formala IV or the compound of Stractural Fornnila VI is reduced to
the primary amino group by catalvtic hydrogenation, for example, using palladium on carbon
or platimum on carbon, in the presence of hydrogen.

[36114]  In a vet further aspect of a method of preparing a compound of Stractural Formula
1f wherein Y is hydrogen by thermal fluorination, the method further comprises

functionalizing the primary amino group of the compound of Structural Formula V, or the

salt, solvate or combination thereof, to provide a compound of Formula (V1)

HaC.. .CH
AN 3

SUBSTITUTE SHEET (RULE 26)



CA 02964957 2017-04-18

WO 2016/065290 PCT/US2015/057167

or a salt, solvate or combination thereof, wherein the values and alternative values for Y,
and the variables forming Y'', are as described in the first, second or eighth embodiment, or
any aspect of the foregoing.

[B8115]  As used herein, “functionalize” or “functionalization” refers to a chemical
reaction in which one or more hvdrogen atoms of a primary amino group is independently
replaced with a recited substituent. For example, 1o form a compound of Structural Formula
Viwherein Y is -N{H)}-C{O)}-CHy-pyvrrolidin-1-yi, one hydrogen atom of the primary amino
group on the B ring of the compound of Structural Formula V 15 functionalized

with -C{0)-CHy-pyrrolidin-1-vl.

[G8116] Functionalization of a primary amino group can be cffected by a variety of
methods known to those of skill i the art. For example, a compound of Structural Formula
VY or Structural Fornula VI can be treated with an addition reagent designed to react with
the primary amino group on the D ring of the compound of Structural Formula ¥V or
Structural Formula VHI, respectively, to form a compound of Structural Formula Vi or
Structural Formula VH, respectively, thereby functionalizing the amino group by addition of
all, or a component of, the addition reagent to the amine group. Various addition reagents
can be used to functionalize a primary amino group. For example, an addition reagent such
as R-C(0)-LG, wherein R~-C{O}- is the substituent 1o be added to the amino group and LG s
aleaving group (e.g., chloride), can be used to functionalize a primary amino group.
Addition reagents can also be, for example, isocvanates (R-N=C=0), activated csters (such as
N-hydroxysuccintmidyl esters), acid chlondes (R-C(O)-Cl), sulfonyl chlondes (R-S(0),Cl),
activated sulfonamides, activated heterocycles, activated heteroarvls, chloroformates
(R-O-CNCH and cvancformates (R-O-C(0)-CN). An addition reagent can also be an
aldehyde or ketone that reacts with the amine uader reductive conditions to form an alkyiated
amine. Other reagents that can be used to functionalize a primary amino group or form an
addition reagent to functionalize a primary amino group include peptide coupling reagents,
e.g., PyBOP® (benzotriazole-1-yl-oxy-tris-pyrrolidino-phosphonium hexafiuorophosphate),
HBtU (2-(1 H-benzotrniazole-1-y1}-1,1,3,3-tetramethyluroniom hexafluorophosphate),
HBIU/HOB (2-(1 H-benzotriazole-1-yh-1,1,3 3«tetramethyvluronium hexafluorophosphate/N-
hydroxybenzotriazole) and DCC {dieyclohexrylearbodumde).

68117} In some embodiments of a method of preparing a compound of Structural Formula

It by thermal flucrination, Y 1s selected from the group consisting
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of N(RMHRE), -NR)-CIO)-[ CRUUR s -NER MR, -NR)-COI-NRHRY),
SNED-C(O)C-Colalkyl, -N{R"-C(O)-heterocyclyl, -N(RN-C(O-heteroaryl.
NERH-C(O)-carbocyelyl, -NRD-C{O)-aryl, -NERH-S(0)-(C1-Colatkylene-NRHR),
NERH-S(0)-(C -Chlalkvienc-carboeyelyl, and -N(R-8(0-(C1-Colalkylene-arvi, for
example, Y is -N{H}C(O)}-CHy-pyrrolidin-1-y1. In some embodiments of a method of
preparing a compound of Structural Formula H by thermal floorination, Y is selected from
the group consisting

of NRMRP), -NR)-CIOHCRZHRM - NRMDHRE), -NR-CO)-NRMRY),
SNED-C(O)C-Colalkyl, -N{R"-C(O)-heterocyclyl, -N(RN-C(O-heteroaryl.
NERH-C(O)-carbocyelyl, -NRD-C{O)-aryl, -NERH-S(0)-(C1-Colatkylene-NRHR),
NERD-S(0)-(C 1-Chlalkviene-carboeyelyl, and -N(R-8(0)p-(C1-Co)alkylene-aryl, wherein
at least one of R* and R® is not hydrogen when Y 1s NERMWERD),
NRH-COCRPURH - NERMHEF) or -NERH-8(0),(C1-Cadalkylene-NR R, for
exaraple, Y is -N{H}-C(O)-CH,-pyrrolidin-1 -y,

[66118] In an aspect of these embodiments, the method further comprises reducing the

nitro group of a compound of Structural Formula VIL

HsC.., .CHs

{(VID,

or a salt, solvate or combination thergof, to form the compound of Structural Formula HI or
salt, solvate or combination thereof. Specific conditions for reducing a nitro group to a
primary amino group are as discussed above.

106119]  In a further aspect of these embodiments, the method further comprises
functionalizing a primary amino group of a compound of Structural Formula VI

HaC.  CH3
NO, shong e

CoH O OHOHO O (VI
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or a salt, solvate or combination thereof, to form the compound of Structural Formula VH, or
sali, solvate or combination thereof. Specific conditions for functionalizing a primary amino
group are as discussed above.

[B8126] In a yet further aspect of these embodiments, the method further comprises

nitrating a compound of Structural Formula IX:

oH O O O O (I3}

or a salt, sclvate or combination therecf, to form the compound of Structural Formula VHL or
salt, solvate or combination thercof. Specific conditions for nitration and, in particular,
aromatic nitration, are as discussed above,

160121}  Ancther particular embodiment of a method comprising thermal fluorination

provides a method of preparing a compound represented by Structural Formula Ha:

| ol
CH C OH O O e
or a salt, solvate or combination thereof. The method comprises heating a suspension

compnsing a perfluorinated organic solvent and a compound of Structural Formula la:

O pF,
i ° HSC‘*N”CHS

N®

oH o ofb o 1z)

o1 a salt, sclvate or combination thereof, at a temperature of from about 120 °C to about 160
°C to provide the compound of Structural Fornmula Ha, or the salt, solvate or combination
thereof. Alternative solvents and conditions {e.g., temperature ranges) for the thermal
fluormation are as discussed above.

{60122} In an aspect of this particular embodiment, the method further comprises nitrating
the compound of Structural Formula Ha, or the salt, solvate or combination thereof, to

provide a compound of Structural Formula IV:
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ov o o't o (V).

or a salt, solvate or combination thereof. Specific conditions for mitration and, m particular,
aromatic nitration, are as discussed above.

[B6123] In a further aspect of this particular embodiment, the method further comprises
reducing the nitro group of the compound of Structural Formula IV, or the salt, solvate or

combination thereof, to provide a compound of Structural Formula V:

oH o oo o V),
or a salt, sclvate or combination thereof. Specific conditions for redustion of an aromatic
nitro group to a primary amino group are as discussed above.

160124}  In a vet further aspect of this particular embodiment, the method further comprises
functionalizing the primary amino group of the compound of Structural Formala V, or the

salt, solvate or combination thereof, to provide a compound of Formulda (Via):

OH O (!)H O O (Via)

or a salt, solvate or combination thereof. Specific conditions for fimctionalizing a primary
amino group are as discussed above. In a preterred aspect of thas particular aspect of this
particular embodiment, the compound of Structural Formula V| or the salt, solvate or
combination thereof 1s treated with C1-C(0)-CHa-pyrrolidin-1-vi to provide the compound of
Structural Formula Via, or the salt, solvate or combination thercof.

[66125] In another aspect of this particular embodiment, the method further comprises

diazotizing a compound of Structural Formula Ha:
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oH O 0!"‘95-{() @) (111a)

or a salt, solvate or combination thereof, to provide the compound of Structural Formula la,
or salt, solvate or combination thereof. Specific conditions for diazotizing a compound are as

discussed above.

Methods Comprising Photolytic Fluorination

108126] Anocther embodiment is a method of preparing a compound represented by
Structural Formula {1, or a salt, solvate or combination thereof, by photolytic fluorination.
The values and aliemative values for varable Y in Structural Formula H are as defined i the
first, second or fourth embodiment, or any aspect of the foregoing. The method comprises
trradiating a solution comprising an ionic liquid and a compound of Structural Forouda X

NoX .
i HaCu ~CH

oH O OB 6 (XD,

or a salt, solvate or combination thereof, wherein X is BF, PFy, AsFy or HSiF,, preferably
BF,", and Y 15 as defined above for the compound of Structural Formula 1L, to provide the
compound of Structural Formula I or the salt, solvate or combination thereof,

{68127}  As used herein, “solution” refers to a homogeoeous mixture. Typically, the
solutions described herein arc formed by dissolving the compound of Structural Formula X1
n an iomc hquid m which the compound of Structural Formmla 1 1s soluble.

130128]  Asused herein, “tonie hguid” refers to a salt (comprising a cation and an anion} in
a liguid state. Typically, tonic liguads are Liquid below about 100 °C. Exemplary cations
used 10 jonic hiquids melade 1,3-dialkyl imidazolium (as n 1-butyl-3-methvlnudazolivm
tetrafluoroborate, 1-butyl-2 3-dimethvimidazolium tetraflucroborate, for example);
1-alkvlpyridiniem (as in 1-butyl-3-methylpyridinium tetraftucroborate, for example):
1.2-dialkylpyrazolium {as in 1,2 4-tnimethyipyrazolium methvisultate, for example):

L -diatkylpyrrohidinium (as in I-butyl-1-methvipyrrolidium chionide, for example);
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ammoniin (as in benzyltrimethylanmonium tribromide or tnbutylmethylammonivm methyl
sulfate, for example); phosphonivm {(as in tetrabutvlphosphonium methanesulfonate or
trihexyltetradecylphosphonium bromide, for example); and sulfonium {as in
cyclopropyldiphenvisulfonium tetrafluoroborate, for example). Preferred cations include the
1,3-dialkyl imidazolium cation.

106129] Exemplary anions used in ionic liquids include halides, acetate, dicyanamide,
hexafluorophosphate, hexafluoroantimonate, tetrafluoroborate,
bis(triflacromethylsulfonyDimide, tnibromide, tritodide, hydroxide, hyvdrogen sulfate,
trifluoromethanesulfonate, alkvicarbonate, alkylsulfate, diatkyiphosphate, alkanoate, tosylate,
formate, alkvisulfate, alkylphosphate and glyeolate. Preferred anions include
hexathuorophosphate and tetrafluoroborate.

160138] Exemplary ionic liquids include any combination of a cation and an anion listed
above. Preferred ionic liquids include -butyl-3-methylimidazchium tetrafluorchborate, 1-
butyl-2,3-dimethylimidazolium tetraftuoroborate, 1-butyl-3-methvipyridinium
tetrafluoroborate and I-butvi-3-methvhimudazohum hexafluorophosphate.

160131}  Asused herein, “trradiating” means exposing to radiation. Typically, the radiation
is ultraviolet radiation {electromagnetic radiation having a wavcelength of about 10 nm to
about 400 nm}. In some embodiments, the method of preparing a compound represented by
Strectaral Formula I, or a salt, solvate or combination thereof, by photolytic fluorination
comprises irradiating the solution with ultraviolet light. For example. 254 nm-wavelength
light has been found to be quite effective 1n the photolytic fluorination reactions described
herem.

[08132] In certain embodiments of a method of preparing a compound of Structural
Formula I by photolvtic fluorination, the method further comprises diazotizing a compound

of Structural Formula I

' OH
OoH O OH C O (1)
or a salt, solvate or combination thereof, wherein Y 15 as defined for the compound of

- . sy A E. .
Strectaral Formula I whercin at least one of R™ and R™ 15 not hydrogen when Y

is ~(C-Cyalkylene-NRMRP), «C -Coatkviene-NRD-CO-[CRPHRFT 4-NRMRP),
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NRHRE), -NR-CLOHCRHR14-NRHR), or
NED-8(0),-(C1-Calkylene-N(RHR™). to provide the compound of Structural Formula 1,
or salt, solvate or combination thereof, Specific conditions for diazotizing a compound are as
discussed above for methods comprising thermal fluormation.

[36133] In an aspect of these certain embodiments of a method of preparing a compound
of Structural Formula I by photolytic fluorination, the method further comprises reducing the

nitro group of a compound of Structural Formula Xif:

or a salt, solvate or combination thercof, wherem Y is as defined for Structural Formula I
wherein Y is not nitro and at least one of R and R is not hydrogen when Y

is (C1-Cyjalkylenc-NRMHRD), (C1-Coalkylene-N(R"-CO-CRPURD ] 4-NRMHRF),
NERHER?), -NR-COHCRHURL-NRMRT), or

NER-$(0)n-(C1-Calkylene-NR MR, to form the compound of Structural Formula 111,
or salt, solvate or combination thereof. Specific conditions for reducing a nitro group to a
primary aming group are as discussed above for methods comprising thermal fluonnation.
The chemical reasons for the proviso for Y i Structural Formula XH will be understood by a
person skilled in the art, and inchide removing the possibility that there are two nitrg groups
in the molecule simultaneously during the reduction.

[B8134] In some embodiments of a method of prepanng a compound of Structural Formula
II by photolvtic fluornation, Y is hydrogen. In an aspect of these embodiments, the method
further comprises nitrating the compound of Structural Formuda H, or the salt, solvate or
combination thereof, to provide a compound of Structural Formula 1V:

HoCopy-CHa

F

N T oMl
OoH O OH O O (V)

or a salt, solvate or combination thercof. Specific conditions for nitration and, n particular,

aromatic nitration, are as discussed above for methods comprising thermal fluorination.
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[08135] In a further aspect of the embodiments of a method of preparing a compound of
Structural Formula 1 wherein Y is hvdrogen by photolytic fluonnation, the method further
comprises reducing the nitro group of the compound of Structural Formula 1V, or the salt,

solvate or combination thereof, 1o provide a compound of Structural Formula V:

OoH O OHOHQ O V),
or a salt, solvate or combination thereof. Specific conditions for reducing a nitro group to a
primary amino group are as described above for methods comprising thermal fluonnation.
[66136]  in a yet further aspect of a method of preparing a compound of Structural Formula
IF wherein Y 1s hydrogen by photolvtic fluorination, the method further comprises

functionalizing the primary amino group of the compound of Structural Formala V, or the

salt, solvate or combination thereof, to provide a compound of Forommuda (V1)

HaCry - CHs

(V).

or a salt, solvate or combination thereof, wherein the values and alternative values for Y,
and the variables fornung Y'', are as described in the first, second or eighth embodiment, or
any aspect of the foregoing. Specific conditions for functionalizing a primary amino group
are as described above for methods comprising thermal fluonpation.

[66137] In some embodiments of a method of preparing a compound of Structural Formula
If by photolytic fluormation, Y is selected from the group consisting

of -N{R™M(RY), -N(R)-CIO)-[CRMYERELa-NER YR, -NER)-CO-NERNRE),
NED-C{O)(C-Colalkyl, ~-N(R"-C(O)-heterocyelyl, -NRD-C(O)-heteroaryl.
NERH-C(O)-carboeyelyl, -NRD-C{O-arv], -NRH-S(0)u-(C1-Colalkviene-NERMHRY),
NERH-S(D){C 1-Colalkviene-carboeyclyl, and -N{R-8(0,~(C-Colalkylene-aryl, for
gxample, Y 15 -N{H}-C(O)-CHy-pyrrolidin-1-yl. In some embodiments of a method of
preparing a compound of Structural Formula H by thermal fluonination, Y is sclected from

the group consisting
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of N(RMR"), NR-C{O}-[CRPHRY 1g-NER MR, -NRD-C(O)-NRWRY),
SNED-C(O)C-Colalkyl, -N{R"-C(O)-heterocyclyl, -N(RN-C(O-heteroaryl.
NERH-C(O)-carbocyelyl, -NRD-C{O)-aryl, -NERH-S(0)-(C1-Colatkylene-NRHR),
NERD-S(0)-(C 1-Chlalkviene-carboeyelyl, and -N(R-8(0)p-(C1-Co)alkylene-aryl, wherein
at least one of R* and R® is not hydrogen when Y 1s NERMWERD),
NRH-COCRPURH - NERMHEF) or -NERH-8(0),(C1-Cadalkylene-NR R, for
exaraple, Y is -N{H}-C(O)-CH,-pyrrolidin-1-vi,

[08138] In an aspect of these embodiments, the method further comprises reducing the

nitro group of a compound of Structural Formula VI

{(VID,

or a salt, solvate or combination thergof, to form the compound of Structural Formula HI or
salt, solvate or combination thereof. Specific conditions for reducing a nitro group to a
primary amino group are as discussed above for methods comprising thermal fluonnation.
10613%]  In a further aspect of these embodiments, the method further comprnises
functionalizing a primary amino group of a compound of Structural Formula VHI:

HoCay-CHs

OH O OHOHO O (VI

or a salt, solvate or combination thereof, to form the compound of Structural Formula VH, or
salt, solvate or combination thereof. Specific conditions for functionalizing a primary amino
group are as described above for methods comprising thermal fluorination.

[B61406]  In a vet further aspect of these embodiments, the method further compnises

nitrating a compound of Structural Formula X0

HsC.,  .CH
3 N 2
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or a salt, solvate or combination thereof, to form the compound of Structural Formula VHE, or
salt, solvate or combination thereof., Specific conditions for nitration and, in particular,
aromatic nitration, are as discussed above for methods comprising thermal fluorination.
{30141}  Another particular embodiment of a method comprising photolvtic fluorination
provides a method of preparing a compound represented by Structural Formula Ha, or a salt,
solvate or combination thercof. The method comprises irradiating a solution comprising an

ionic hiquid and a compound of Structural Formula Xla:

N X
NO®

HsCe

el
zLJHg

N

OH O OH' O O  (xp)

or a salt, solvate or combination thereof, to provide the compound of Structural Formula Ha,
or the salt, solvate or combination thereof. Particular ionic liquuds and conditions {e.g.,
wavelength of radiation} for the photolytic flucrination are as discussed above. In a preferred
aspect of this particular embodiment, X' is BF,"

[66142] In another aspect of this particular embodiment, the method further comprises
nitrating the compound of Structural Formula Ha, or the salt, solvate or combination thercof,
to provide a compound of Structural Formula IV:

HsCoy ~CHs

F

O,N

OH

or a salt, solvate or combination thereof. Specific conditions for nitration, in particular,
aromatic nitration, are as described above for methods compnising thermal fluorimation,
[36143]  In a further aspect of this particular embodiment, the method further comprises
reducing the nitro group of the compound of Structural Formula 1V, or the sali, solvate or

combination thereof, to provide a compound of Structural Formula V:
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or a salt, solvate or combination thergof. Specific conditions for reducing a nitro group to a
primary amino group are as described above for methods comprising thermal fluorination.
[G0144]  in a yet further aspect of this particular embodiment, the method further comprises
functionalizing the primary amino group of the compound of Structural Formula V, or the

salt, solvate or combination thereof, to provide a compound of Formula (Via}:

L TN

or a salt, solvate or combination thereof. Specific conditions for functionalizing a primary
amino group are as described above for methods comprising thermal fluorination. fn a
preterred aspect of this particular aspect of this particular embodiment, the compound of
Structural Formela V), or the salt, sobvate or combination thereof, is freated with
CLI-L{O)y-CHypyrrolidin-1-vi to provide the compound of Structural Formula Via, or the salt,

solvate or combination thereof

EXEMPLIFICATION

130145]  The following abbreviations and terms have the mdicated meanings:

Abbreviation/Term Meaning

Ac acetyl

AcOH acetic acid

aq agueous

AUC area under the curve

BMIM L-butyl-3-methylimidazolium

Bn benzvi

brine saturated agueous sodiam chioride
Bu butyl

bz benzyloxycarbonyl

CH;CN or MeCN acetonitrile

d density

DCM dichloromethane

DMSO dimethyl sulfoxide

ESI electrospray ionization
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equivalent(s)

Et

ethyl

EnO cthyl ether

FtOAc ethyl acetate

g gram

h, hr hour

HPLC high performance liquid chromatography
1 S0

PA or IPAC

1sopropy! alcohol

L

titer(s)

LCMS tiquid chromatography-mass spectrometry
m meta

Me methyl

MeOH methanol

mg milligram{s}

min nunuie

mb millititer(s}

MS mass spectrum

MTRE methyl ferr~butyi ether
MW molecular weight

N normal

NBS N-bromosuccinimide
Am nanometer{s}

NMP N-methvl-2-pyrrohidone
NMR nuclear magnetic resonance spectrometry
o ortho

Ph phenyl

Pr propyl

Py pyridine

rtoret room temperature

SM starting material

TBME fert-butyl methyl ether
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TFA trifluoroacetic acid
THF tetrahydrofuran
wit weight

Example 1. Preparation of 7-Fluorosancycline from 7-Aminosancycline

Preparation of 7-aminosancycline

O OB
e G ST il g iy Ry Ot T
H\ : MeOHHCI \ OH
: o P?
OH oH O ”WH O
7nammosancycime.2HC!
Material Oty MW d Mol Mbole eq.
7-HT 80 p 7127 9.112 1.0
Pd-CE101 NEW 4z - - ~ %% wi
& NHCI 84 mL - - 0.5 4.5 eq.
MeOH 860 mlL - - - 10x
CH.CN 800 mL ~ 10x
7-aminosancycline*2HC! 56.3¢g 502.35 - 0112 1.0
(429.42)

[B8146] Ina 2-L, round-bottomed flask equipped with a mechanical stirrer, CH:ON and 7-
HT were charged under nitrogen. The mixture was stirred at room temperature for 18 h. The
solid was filtered, washed with methyl #-butyl ether (MTBE), and dried to vield pre-treated 7-
HT.
60147}
MeOH, 6 N aqueouns HCL and the pre-treated 7-HT. The mixture was stirred unti the 7-HT

A 2-L, round-bottomed flask equipped with a mechanical stirrer was charged with

was dissolved. The solution was vacuumed briefly and purged once with Ny, Pd-C was

added. The suspension was vacuumed briefly and purged throe times with N;, then three
times with H,. The reaction was stirred at rt under a hydrogen atmosphere until completion (if
using a hyvdrogen balloon, the overhead space was briefly vacuumed and refilled with Hy after
30 and 90 minutes). The reaction mixture was filtered through a Celite® pad. The Celite®
pad was washed with MeOH and the filtrate was concentrated on a rotary evaporator 1o 3x
volume (240 mL) or less. Isopropanol (320 mb} was slowly added to the stirring red oil
residue, followed by the addition of MTBE (480 mL). The mixture was stirred at it for 1 h.
The solid was filtered, washed with MTBE, and dried to yicld 44 g (78% yield) of 7-
aminosancycline*2HC! as a light tan solid (90% purity by HPLC): 'H-NMR (400 MHz,
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CD0D) 6 7.52 (A, J=92 He, 1 HY, 6.97(d, J=92 Hz, 1 H), 4.15 (s, 1 H), 3.25-2.9 (m, 9
H), 245 (m, 1 H). 2.3 (m, 1 H), 1.65 (m, 1 HY, MS (ESD) m/z 430.1 (M+H).

Prepararion of 7-flucrasancycline By Thermal Fluorination

4Gy C o Moo 8 HiCL LCHy HPFy
itz HC s Y e 1) NaPFg, EtOACH,C ji@ T )
. OH \al'Fe, EDACH,C |
B ™~ 2) BuONO, CF,Fh [ >y
L7 XA AN L
cH O OH O O OH
7-aminosancycline. 2HCI T-diazosancycline. PFg.HPFg
Material vy MW d Mol Mole eq.
7-aminosancycline*2HCI 44 g 502.33 - 0.088 1.0
6 N HCl 37 mL - - 0.022 0.25
NaPF, 36.9¢ 167.95 - 0.22 2.5

H,O 440 mL - - - 10x

butyl mtrite 15.4 mL 103.12 0.882 { 0.132 1.5
EiCAc 352 ml - - - 8x
CF,Ph 528 mL - - ~ 12x
7-diazo- 04 4g 732.08 - 0.088 1.0

sancycline *PFEHPE,

60148 A 1-L, round-bottomed flask equipped with a stir bar was charged with H,G, 7-
aminosancycline™2HCL, 6 N agueous HCL, and NaPFe. The deep red solution was stirred at
room temperature for 30 minutes and transferred 1o a 2 L separatory funnel. The sclation was
extracted twice with EtOAc (440 mL + 220 mL). The organic phases were combined, dried
over sodium sulfate, and filtered Y The filtrate was concentrated to an oily residue.? The ol
was dissolved in EtOAc up to 352 ml total volume and the solution was cooled 1o 8 °C.
Buty] nitrite was added dropwise over 20 minutes with a syringe pump while keeping the
temperature at <8 °C. The reaction was stirred at 8 °C for 1 h. The cold (8 °C) reaction
solution was then transferred slowly 1o a separate flask with a mechamical stirrer containing
528 mL (12x volume} of stirrning CF3Ph at 0 °C. Once the addition was complete, the
resulting shurry was stirred at 0 °C for 1 h and filtered under a N, blanket. The filter cake was
sturried and washed with dichloromethane (DCM)® and the solid was dried in a vacuum
oven to vield 61 g of the desired product as a light tan powder (95% by wt}. The product was
a CFsPh solvate or isolated containing residual CF+Ph (0.86 mol equiv by 'H NMR) with 7%
mol residual ethyl acetate: "H-NMR (400 MHz, CD:0D) §8.52(d, /=98 Hz, 1 H), 7.28 (d,
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J=G8Hz 1H),4.11(s, 1 F), 3.1-2.8 (m, 8 FI), 2.35 {m, 1 FD), 1.7 (m, 1 H): MS (EST) m/z
4412 (M+H).

Notes:

{1} The purpose of the filtration was to not only remove sodium sulfate, but also residual dark solid.

{2} The concentration of the EtQAc solution was to remove water (azeotrope), which is important
prior to the next step (diazoninm formation).

(3} DCM was added up to the top of the filier cake and the solid was shuried before applving vacuum to
the filirate.

o 0 ot 4

7-diazosancycline.PFg. HPF; 7-fluorosancycline. HPFg
Material Gy MW 4 Mol Mole eq.
7-diazosancycling*PFG6*HPFG 61 g 732.08 - 0.0833 1.0
3IM™ Fluoripert™ FC-43 732 mL - - ~ i2x
7-fluorosancycline HPF, 482 ¢ 578.37 - 0.0833 10

{36145} o aZ-L PTFE (polytetrafluoroethylene) reaction vessel equipped with a
mechanical stirrer, a thermocouple, a Ny inlet, and an off-gassing condenser {at 1t connected
to a scrubber,'’ FC-43 and 7-diazosancycline* PFo*HPF; were charged. The reaction was
slowly heated under N, sweeping with stirring to 135 °C internal temperature. Once the target
temperature was reached, stirring was continued for 1 b under nitrogen flushing while
keeping the reaction temperature between 133 °C and 140 °C. The reaction mixture was
cooled to room temperature and filtered. The filter cake was washed twice with MTBE and
dried under high vacuum to vield 47 g of the desired product (97% by wi} as a brown solid
(HPLC: 7-fluorosancycline = 72%, sancycline = 4%, 7-OH sancycline = 2.8%). MS of 7-
fluorosancycline: (EST) m/z 433.2 (M+H).

Notes:

(1) The scrubber consisted of a flask contalning stirviug aguecus NaGH + bromothymol biue pH indicator
and was equipped with an open “chimney™ filled with strongly basic resin,

HsCL, LCHy 1} Hz0, NaOH

HaCo CHs
F N7 PHPF, Sy

2) DCM
3) Celite fittration

[T 6 W
o+ O OH O O OH © CH & O
7-fluorosancycline. HPF, 7-fiuorosancycline
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Material Oty MW Mol Mole eq
7-fluorosancy cline® HPFy 47 g 732.08 0.04 (1) 1.0
1 N NaOH 935 ml - 0.095 wa
H,0 705 mL - - 13x
DCM 940 mlL - - 20
heptane 120 mL - 2.5%
7-fluorasancycline i74g 432.4 0. 04 1.0

[36150] Ina 2-L, round-bottomed flask equipped with a mechanical stirrer, a pH probe,
and a thermocouple, water and 7-fluorosancycling*HPF," were charged. Aqueous NaOH (1
N} was added slowly until pH = 7.2.%) The agueous suspension was then transforred to a
separatory funnel and extracted with 564 mL (12x volume) of DCM for 10 minutes. The
suspension was filtered through a pad of Celite®. The filtrate was charged back to the
scparatory funnel and the DCM laver was separated. The pH of the aqueous laver (pH 7.5)
was adjusted back to 7.2 using 6 N agqueous HCI {(a fow drops) and the agueous layer was
extracted a second time with 376 mL (8x volame} of BCM. The suspension was filtered
through a pad of Celite® and the filtrate was charged back to the separatorv funnel. The
DCM laver was separated and combined with the first DCM extraction. The combined DCM
sohstiong were dried over sodmum sulfate, filtered, and concentrated to an oil of about 40-50
mk total volume. The oil was then added slowly to a separate flask containing 120 mL of
stirring heptane and the resulting slurry was stirred at room temperature for 1 h. The sohd
was filtered, washed with heptane, and dred 10 a vacuum oven (30 °C}) untii the weight

became stable to yvield 11.3 g of the desired product as a bright vellow sghid (HPLC: 7-

(1, /=92Hz, 1 HL68m, 1 H)L 35, T H), 3.1 (my, 1H)Y, 3.0(m, 1 H),2.75(s, 6 H), 2.65
(o, TH)Y, 23 {(m, 1D, 2.15 (m, 1 H), 1.65 (m, 1 H); MS (ES]) mz 433.2 (M+H).

Notes:

(1) SM potency was 37%, which transiated to 17.4 g frce base (0.04 mol).

(2 Initial pH = 1.8, pH was adjusied up to 7.2 to a point where the reading on the pH meter was stable at
7.20 for at least 1 minuie. Actual volume of I N agueous NaOH necded was 95 mi.

FPreparation of 7-flucrosancyciline By Photolviic Fluorination

[36151]  7-Flugrosancvcling was also prepared using a photolvtic fluorination.
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HiC. LCH BUONG  WNTBFY e .Gy HsC.. .CH,
NH, H «H ‘_\_1 HB?’A i { | - licht F o UH F.‘J 3
. e LOH MaOH i OH igh A H2 ow
LN Nyt NH, # A NH; : P !
oo ofth o on o o OH O o
7-aminosancycline 7-diazosancycline.BF , 7-fiuorosancycline

[G0152)  Specifically, 7-aminosancycline (120 mg) was dissolved in 2 mL methanol. The
solution was cooled with ice/water. To the solution was added 0.2 mL 48% HBF, followed
by 0.1 mL »-BaNO,. After stirring at the same temperature for 10 minutes, dicthyl ether (8
mkb} was added to the reaction mixbure to precipitate 7-diazosancycling® BF,. After filiration
and drying, 110 mg 7-diazosancvcline®BF, was obtained as a vellow solid. MS (ESI) m/z
4412,

{68153} In a photoreactor, 7-diazosancycline®BF, (100 mg} was dissolved in I mL 1-
methyl-3-butyiimidazolinm tetrafluoroborate. The solution was irradiated while being cooled
with running water tor 18 h. Afier the reaction was complete, HPLC analysis showed the
reaction mixture contained 58.8% of 7-flusrosancyeling and 17.7% of sancycling. The crude
product was purified by preparative HPLC to vield 70 mg of 7-flucrosancycline (containing

some sancycling). MS (ESI) m/z 433.2 (M+H).

Example 2. Preparation of Eravacycline from 7-Fluorosascycline

c HaC. ) Q,CH.@ . }isc\N,iZE-l3 {H2804)12
: H.80 :
OH e OH
/L\ | PTG, O
# 5 i i N OzM 1i i C:ji-i i
OoH O oo 6 OH O OH G O
7-flusrosancycline 1
Material Lot {3ty MW d Mol Mole eq.
7-fluorosancycline | 433-100-1 113g 432.4 - 0.026 1.0
HzSO4 34 mL - -~ - 3X
Isopropy | ndtrate 3.5 mb 105.09 1.04 0.0312 1.2
1 433-102-1 1495 ¢ 575.09 (1,80, - 0.026 1.0
477.12 {(free base)

[36154] Toa 100-mL, round-bottomed flask equipped with a mechanical stirrer was added
H;50,, and the flask was cooled with a brine/ice bath. 7-Fluorosancycline was added to the

cold sulfuric acid. The reaction mixture was stirred at 0 °C under nitrogen sweep until the
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starting matenal was completely dissolved. Isopropyl mitrate was added over 30 minutes
while keeping the reaction temperature below 2 °C. The reaction was stirred at 0 °C until
completion, as monitored by HPLC. The reaction mixture was then added slowly to a
separate flask containing 30x volume of a stirred mixture of 283 mk i-PrOH and 37 mL
heptane at 0 °C. The resulting suspension was stirred at 0 °C for 1 h and the solid was
filtered,”” washed with a cold mixture of 37 mL 7-PrOH and 11 mL beptane followed by
heptane, and daed in a vacuum oven at 30 °C overnight to vield 12.8 g of the desired product
as a vellow solid (LCMS: compound 1 = 85%; 67% by wt}: MS (ESI m/z 4782 (M+H).
Notes:

(1) Filiration rate was moderate and stable. The solid obtained was a dry, yellow powder. Only 5%
compound 1 was lost in the mother liquor.

{H2504)472
. 3G N,cm 1) ::QC\A (g):Q wi) j\ Haka/CHa HC
] H 5, MeOH, rt. L, : OH
2} IRA-400 (CF) | \N\/\/
e o 7 A A NHy
N HoN W\ﬂ/
cH 0 oH'C O
4 2
Material Lot Gty MW Mol Mbole eq.
1 433-102-1 128¢g 57549 0.022 1.0
Pd-C 10R39 0.64 g ~ - %o wi
3N HCH 4.6 ml - .044 2.0
MeOH - 384 mL - - 30x
2 - (4474 free base) 0.022 1.0
I6.6g (483.9.HCl)
- (520.3. 2HCY)
[B81585] Toa 1-L reaction flask equipped with a stiv bar was added MeOH and 3 N

aqueous HCEL Compound | and 10% Pd-C were added portionwise to the stirring solvent
mixture. The reaction mixture was vacuumed briefly and purged with dry nitrogen three
times, followed by three times with hvdrogen (balloon). The reaction was stirred at 1t until
completion. The reaction mixture was filtered through a pad of Celite®, and the Celite® pad
was washed with MeOH. The filtrate was charged into a round-bottomed flaskand 13 ¢
{10% wt} of Siliabond DMT was added. The nuxture was stirred at 1t tor 90 minutes and
filtered. The solid was washed with MeOH. The filirate was charged to a round-bottomed
Hask and 77 g (6x weight) of wet Amberlvst resin IRA-400 (chlonde form)} was added. The
suspension was stirred at room temperature for 2 h and the resin was removed by filtration

and washed (soaking + vacuum pulling) with methanol. The filtrate was concentrated on a
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(]

(]
P

rotary evaporator to roughly half the volome. Isopropano! (64 mL) was added. The mixture
was concentrated further to an 01l and charged with 102 mb of /-PrOH and 51 mL of MTBE.
The mixture was stirred at room temperature for 18 h {overmight}. The solid was collected by
filtration, washed with MTBE, and dried in a vacuum oven at 30 °Cto vield 9.1 gof
compound 2 as a dark orange powder (mono-HCI salt, 81% vield {corrected), HPLC punty =
83%} MS (EST) mvz 448 2 (M+H).

CH ) HiCuy-CHa,

F H3C”;y"" ¥ Hel N HCE
\ A O 1) HCHELOH C‘ s mﬂ"
oH 6 oo O < 1 \)j\ Ho OfG O
3
Material ooy 0 MW 1 d4 ] Mel | Moleeq.
Step (B
2 9.1g 483.9 - (.03188 1.0
MeOH 91 mL - - ~ 10x
HCH(2.2 Nin BEtOH) 14,9 mL - - 0.0329 1.75
EtQAc 364 mL ~ - - 40x
Heptane 91 mlL - - - 10x
Step (2)
Product from step (1) (9.78 &) 520.34 - 00188 1.0
3 {90%) 44%¢g 184.1 - (.0244 13
NMP 55 ml - - ~ 60X
BiOAC 546 mlL - - - 60x
d{eravacyciine) 1ifg 631,48 - 0.0188 1.0
(558.6)

[B8156]  Step (1): Mono-HCT salt 2 (9.1 g} was suspended in MeOH, and HOI 2.1 N
EtOH} was added. To the resulting dark solution was added 20x volume (182 mbL} EtOAc
over 30 minutes. The slurry was stirred for an additional 30 munutes. Another 20x volume
portion of EtOA¢ (182 mL) and 10x volume heptane {91 mL} were added. The suspension
was stirred at room temperature for 1 h. The sohid was filtered, washed with heptane, and
dried in a vacuum oven. The resulting light browan solid (bis-HC salt, 9.22 g) was taken to
step (2).

[B81587] Step (2): N-methyi-2-pyrrohdone {(NMP} and the bis-HCI salt from step (1) were
charged into a round-bottomed flask and stirred at room temperature until full dissclution
{typically 30 nun}. The solution was cooled to <0 °C with a brine bath. Acid chloride 3 was
added portionwise while keeping the reaction temperature below 0 °C. The reaction was

stirred at 0 °C for 10 min and quenched by adding 2 eq of water (0.677 mL). The reaction
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sohbution was transferred to 60x volume (546 mL) stirring EtOAc. The resulting slurry was
stirred for 1 h and filtered vnder a N, blanket. The filier cake was washed with EtOAc and
dried on the filter with vacuum under a continuous flow of dry nitrogen. The solid was
transferred to a stirmng solution of acetone: HoO (30:1, v/v, 435 mL/9.1 mL). The resulting
slurry was stirred at room temperature for 2 b, filtered, washed with acetone, and dried under
vacuum to yvield 11.3 g of compound 4 (cravacyching} as a dark yvellow solid {91% corrected

vield, HPLC purity = 89%): MS (EST) m/z 559.3 (M+H).

Example 3. Preparation of Eravacycline From 9-Aminosancycline Using a Photelytic

Filuorination
Hy Ch3\ LCHa
Br Br N
NBS Br
Iul KMNO4 OH
m/\/n fFA m TFA I/l% -~ \// e
NH) Lz !\'HZ m——— s NH,
O,
JT TT 2 \T \i/
OH AR S O g Y”HT T! O Br | OH
sancycline T 6
5 PA/C, Hy P
= PYC, Hy / l NauSTiy
e
A// /
HaC. |, -CH;
Br ) oC N CHy

ey T

oH O OHTO O

I oy oy H o H: o
; N NN mx/\fo“*
. A A NH LA~ : NH, \ /[
P o AT T oY

7 8 ®

[06138]  Sancycling (0.414 g, 1.0 mmol) was dissolved m tnflucroacetic acid (TFA). The
solution was cooled to 0 °C. To the solution was added N-bromosuccinimide (NBS, 0.356 g,
2.1 mumol}. The reaction was complete after stirring at 0 °C for 1 h. The reaction mixture was
allowed to warm to rt. Solid KNG; (0.11g, 0.11 mmol) was added and the reaction mixure
was stirred at tt for 1 h. The reaction solution was added to 75 mL cold dicthy! ether. The
precipitate was collected by filtration and dned to give 0.46 g of compound 6. Compound &

can then be reduced to compounds 7, 8, or 9 using standard procedures.
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N
~ /ﬂ\?'f"c‘
3 0
. | ACN
HoN Water
7 10
e CH . HiCx,,-CHy
\JO/ i jmz 4 BZ NaNO,
H P:/C O Is) j n /‘\":'//\\.'-' /\I LOH HSF,;‘
12 . ! T s
\,J\ / \/I;;j% E— \/h\/u\?fi \1/// ARy Ey NHp
'OHOO!‘O " OH O oH'O O
12
H4Cu, CHg
MNOBFS HCl CHg F v
'\i N i = P S
L L irradiation (‘“\ o RN v O
S NN O i L |
; | NN A A _NH;
Nl = N & NHp H i i OH R/
N 2 OH & OH O ©
on & &P b A

13
[6613%]  9-Aminosancvchine (7, 1 g, 0233 nunol) was dissolved in 20 mb sulfuric acid and
the reaction was cooled using an ice bath. Potassium nitrate (235 mg, 0.233 mmol) was added
i several portions. After stirring for 15 min, the reaction mixture was added to 400 mL
MTBE foliowed by cooling using an ice bath. The solid was collected by filtration. The filter
cake was dissolved m 10 mL water and the pH of the agueous solution was adjusted to 5.3
using 25% aqueocus NaOH. The resulting suspenston was filtered, and the filter cake was
dried to give | g compound 16 MS (ESD mz 4751 (M+1),

[06166] Compound 18 (1.1 g) was dissolved in 20 ml. of water and 10 mi of acetonitrile,
To the solution was added acvl chloride 3 (in two portions: 600 mg and 650 mg}. The pH of
the reaction muxture was adjusted to 3.5 using 25% aqueons NaOH. Another portion of acyl
chlornide {800 mg) was added. The reaction was monitored by HPLC analysis. Product 11 was
isoated from the reaction mixture by preparative HPLC. Lyophilization gave 1.1 g of
compound 11: MS (ESI) m/z 5863 (M+1},

08161] Compound 1§ {1.1 g} was dissolved in methanol. To the solution was added
concentrated HCI (0.5 mL) and 10% Pd-C (600 mg). The reaction muxiure was stirred under a
hydrogen atmosphere (balloon}. After the reaction was completed, the catalvst was removed

by filtration. The filtrate was concentrated to give 1 g of compound 12: '"H NMR {400 MHz,
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DMS(), 8.37 (s, 1H), 4.38-4.33 (m, 3H), 3.70 (br s, 2H), 3.30-2.60 (m, 12H), 2.36-2.12 (m,
2H}, 2.05-1.80 {m, 4H), 1.50-1.35 (m, 1H); MS (ESI) m/z 53563 (M+1).

60162 Compound 12 (150 mg) was dissolved in 1 mL of 48% HBF.. To the solution was
added 21 mg ot NaN{(,. After compound 12 was completely converted to compound 13
(LC/MS m/z 539.2}, the reaction mixture was irradiated with 254 nm hight for 6 h while being
cooled with running water. The reaction mixture was purified by preparative HPLC using
acetonitrile and 0.05 N aqueous HC! as mobile phases to vield the compound 4 (cravacycline,
33 mg) as a bis-HCl salt (contaming 78% of 4 and 10% of the 7-H byproduct, by HPLC): MS
{(ESD m/z 5593 (M+1}.

Example 4. Thermal Fluorination of 7-Diazesancycline: Counterion Effects

HaC., .CHy
sl Lt

/ CH, .
N H H tj , i H H =
G Ok neating ARG ;/'\/[OH
” i e i i | | .
f - NH2 \/\r . Trrmg
i Sl i P i OH
OoH O OoH O O OoH O OO O
7-diazosancycline BF , 7-fiuorosancycline

[08163] U.S. Patent No. 3,239,499 (“the "499 Patent™), issued March 8, 1966, reports a
thermal fluorination reaction in which 7-diazosancychine tetrafluoroborate is converted to 7-
fluorosancycline by heating with a flame. The "499 Patent only reports that flucrinated
product tormed. There 18 no vield, no analvtical data and no byproduct information
associated with the transformation. Such a direct thermal decomposition using a flame is a
known bench-scale technique used to convert only minute quantities of starting material. The
method disclosed in the "499 Patent does not have practical applications or meanmgful value
bevond a simple proof of concept, and 1s not a usable large-scale process.

[68164] Manufacturing of 7-diazosancycline™ BF, using the procedure reported in the "499
Patent was attempted, but no product was obtained. Instead, 7-diazosancycline*BF, was
manufactured by treating 7-ammosancycline with z-butyl nitrite in methanol in the presence
of agueous HBF, to form 7-diazosancycline®*BF,. The 7-diazosancyeline® BF, product
precipitated by addition of ether to the reaction mixture.

[66165] Instead of heating using an open flame as described in the "499 Patent, 7-
diazosancycline®BF, was heated to 160 °C in an oil bath for 1 h. The reaction gave 38.7% 7-
F product by LT (160 mg SM, see experiment 407-27 in Table 1). The major impuritics have

am/z of 481 on LCMS and are likely BF; adducts of sancyeline. Repeating the thermal
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fluorination according to the procedure described in the “499 Patent on larger scale appeared

to increase the amount of “4817 byproducts.

[00166]

The heating of a solid can only be performed at small scale and would not be

applicable to manufacturing, for example, of eravacycline, for clinical and commercial use.

Because of this, the thermal fluonnation reaction using 7-diazosancycline®BF, was also

gxamined in a variety of solvents {e.g., xvlenes, perflucrinated solvents) {see

Table 13 Many

of the solvent conditions were superior the procedure m the "499 Patent, especially at small

scale (approximately 10 mg). For example, the reaction in m-xylene gave 65% of product by

L {see experiment 272-63 in Table 1), but at larger scale, more “481” byproducts formed.

Table §.

Héc,

i\/];Tj O}r/\’;:\ib L

LCHa

heating

PN

OH Tv/ o@ﬁr

2

7-F 7-H 7-0H BF 2 adducts
Experiment” | Solvent Condition(s) | 7-F 7-H 7-0H | BF3 Comment(s)
adducts
407-27° 1o 160 °C 38.7% ’499 Patent
conditions
272-53 tohuene Microwave | 59% 16% 3% S0Mme
150°C. th
272-54 CFy- Microwave | 30% 9% 3% some
benzene 150 °C, ih
272-59 m-xvlene | 165 °C, 48% 8% 4% some
40min
272-63 m-xylene | 130°C, th | 65% 5% 2% some
272-63 m-xylene 140°C. th | 57% 12% 1% s0me
27266 mesitylene | 150 °C, 56% 8% 1% some
40min
27268 none 160 °C, 619 5% 1% some
vacuum,
40min
272-71 BMIM BF, | 150 °C tiny major SOMe
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Experiment” | Solvent Condition(s) | 7-F 7-H 7-0H | BF3 Commeni(s)
addusts
27271 Diphenyt 150 °C 53% 8% 2% some
cther

272-71 o-xvlene 150 °C 46% 10% 2% SOme Additive 1°
272-71 o-xylene 150 °C, none some | some 2 drops

Tmin concentrated

H,504
272-73 o-xylene 130°C, 1.5 | 48% 8% 50mMe 2.5% SM
272-75 HC{OMe)s | 135°C, th some decomposed
289-59 Ph{l 135°C.2.5h | 38% 3% 5% 4%
289-39 MIBK 135°C, 1.5h | 25% 1% | 4% 3% Many other
tmpuritics

289-59 IPAC 135°C, 1 5h | 36% 9% 7% 5%
289-59 Anisol 135°C. 1.5h | 40% 10% (7% 4%
289-59 2.6-hatidine | 135 °C, 1.5h decomposed
289-60 S 130°C, th |30% | 19% | 7% %
289-63 mesitylene | 60 °C none major Added Cu
289-67 BMIM.BF, | 60°C none major Added CsF
289-69 Na,50,° 140°C th | 49% 8% 6% 4%
289-69 Me,SOL 1 140°C. 1h [49% [ 11% 5% 13%
289-69 CuSO," 130°C, 1h |55% | 11% 4% 16%
289-69 Celite® 130°C, th | 54%  [9% 6% 4%

a: all the reactions were at a few milligram scale

b: this coundition is to mimic the *499 Patent conditious

¢: Additive 1 tri-t-butylphosphiniumtetrafluooborate

d: The diazonium sait was mixed with the comesponding solid first, then heated 1o the indicated temperature, No
solvent.

{60167}  The thermal fluorination of 7-diazosancycline® BF, was also performed using
perflucrinated solvents at milligram scale (see Table 2). Promising results from the small-
scale thermal thuorinations in perfluormated solvents were subsequently performed on
hundreds of mulligrams of 7-diazosancycline*BF,. The results of these expeniments are
summarized in Table 2. Using perfluoninated solvents gave inconsistent resolts, as the BF3

adducts could not be avoided on larger scale.

Table 2.
7-diazo-
Experimen sancychin T Reaction BF
¢ Solvent T 0) ti;ﬁé 7-F | adduct Commenti(s)
& o 13w
“BF, i
125 , L
. < &% Reaction is
IRNG.REG - A N (3'/ ’, :
289-86 perfluorodecalin | Few mg 1?;15 51% 70, Slow at 125 °C
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T-diazo- .
Experimen sancyclin T Reaction - BF; .
Solvent : o . 7-F adduoct Comment(s)
t e (°C) tme i
*BF,,; S
. . ] 10%
289-86 petfluorodecalin | Few mg 135 46% w0
S
NO 3 "y R a L0 U.ég'/ﬁ, Very hlﬂ@ BI‘ X
289-88 perfluorotoluene | Few mg | 135 65% 139 adduct, others
0 very similar
Almost
. Perfluoro-1.2- - : 20 1% identical {o
- ’ lew T7e 354 2 ’
289-88 dimethythexane Fewmg | 133 6% 1% perfluorotoluen
g
, Perfluoro-1,2- overpigh | 43.4 | 102%,
2RG.C ” AyRT s
995 | Gimethyl hexane | oW mg | 106 ¢ % | 93%
ok Perfluorooctance, . a 60.4 2.6%,
289-93 oy 100 myg 135 1h % 0%
785-93 Perﬂug;i}ocmn& 200 mg 135 | %5 min 35.24 (/)i(/)? Couipdég tgrfpeat
v /0 e ] LBT=TF .
Perfluorooctane, refla 475 6.5%, | Couldn’t repeat
Ou€ > N >
289-93 3mL Womg | A % | 56% 289-93
o o 7 G 0’t repaai
289-101 | TOMOOIONENE | pgg g | a3s | n | dom | L7000 | EOuGn sbeat
L2 pe =
Perfluoro(methy] o o
289102 ) Fewmg | 135 Ih 398 | 16.3%,
. < % 14.9%
decalin
4 45 3.2%
289-102 | Perflyorooctane | Fewmg | 135 1h 5.2 ) 1325,
= 76 4 6%
A ) 16.2%
289-105 petfluprononane | Few mg 135% th 36% 1 41 40 /0’

# Reaction was conducted in a sealed tube because the boiling point of the solvent was lower than the reaction
temperatute,

7-diazosancycline PFg 7-fluorosancycline

[36168] A breakthrough for the thermal reaction was to use PF4 as counterion. When PF
was used as counterion, the “481” byproducts (BF; adducts) were eliminated. Table 3
summarizes the resulis of the thermal fluonination of 7-diazosancycline* PFy, in non-

fluorinated, non-polar organic solvents.
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Table 3.
Experiment | Solvent Condition{s} | 7- 7-H 7-OH Comment(s}
272-36 toluene Microwave 27% Maternal
150 °C, 40 tarred
min
272-57 toluene Microwave No No stirrer
135 °C, 40 reaction bar
min
272-59 m-xviene 165 °C, 40 43% 8% 4%
min
27267 mesitylene | 150 °C, 40 46% 11% 8%
min
272-70 none 150 °C, 48% 12% none
vacuum, 40
min

[36169]  Yet further improvements in reaction vicld were obtained by conducting the
thermal fluornation in perfluorinated sclvents. The results of the thermal fluorination of 7-
diazosancvcline®PFs in non-polar, organic, perfluorinated solvents are sununarized m Table
4. The resolts of the thermal fluorination of 7-diazosancycline®PFg in

perflucro{methylldecalin, mixture of isomers, are summarized in Table 5.

Table 4.

Expermment | Perfluoro 7-diazo-~ T Time 7-F 7-0H
solvents sancycline®PF, | {(°C)

289-95 Perfluoro 1,2- Few mg 135 I.5h 53% 3.0%
methvihexane

289-97 Perfluoro Few mg 135 1.5h 44% 9.3%
decalin

289-97 perfluorotolucne | Few mg 135 I5h 49.6% 1.5%

289-99 Perfluoro 1,2- Few mg 133 I.5h 58% 4.0%
dimethvibexane

289-103 Perfluoro 30MmC 135 I5h 493% |2.3%
toluene

289-103 Perflusro 30 mg 135 1.5h 556% | 2.7%

gctane, Iml
289-1035 Perdluorononane | Few mg 135 I5h 56.8% |3.7%
289-105 perfluorononane, | 200 mg 135 [5h 375% | 4.9%
4mL
289-109 perfloorononane, | 500 mg 135 I5h 65.9% | 6.8%
omk
Table 5.
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Experniment | 7-diazo- 7-F Mass Yield by
sancychne* P, recovery HPLC
321-53 92¢ 75%
321-91 21g 1.665¢ 100.4% 77.4%
321-95 1.18¢g 0971 g 104.2% 75.4%
321-96 118 ¢ 1182 126 6% 75.7%
321-84 43%¢g 35¢ 101.0% 76.9%

Y Added 0.25g SaCl, to the reaction. No effect was observed.

[G0176G] Dunng the 9.2 g-scale reactions (Experiment 321-53 1 Table 3}, it was observed
that the reaction started generating gas at 100 °Cto 110 °C, indicating the fluonnation can
occur at temperatares as low as about 100 °C. After stirring at 130 °C to 135 °C for 0.5h, the
bubbling slowed dramatically, indicating that the fluormation was mostly complete

[60171]  The perfluorinated solvents known as Fluorinert™ (marketed by 3M™) were
discovered as an alternative to perfluoromethyldecalin. The Fluorinert™ solvents are
marketed as cooling liquids for the efectronic industry. Exemplary Fluorinert™ solvents
compatible with the thermal fluorination of 7-diazosancycline*PFy mnclude, but are not
timited to:

perfluorotributy] amime (FC-43), botling point = 178 °C;
perfluorotripropy! amine (FC-3283), boiling point = 128 °C;
perfluoro-tralkylamines mixture (FC-40), boiling point = 158-173 °C; and
perfluorotripentylamine (FC-70), boiling point =215 °C.

[66172] In addition to the PFy counterion described above, the thermal fluorination of 7-
diazosancychine was also tried using other counterions. The results of the thermal

fluormation of other salts of 7-diazosancycline are summarized in Table 6.

Table 6.
LN
e : A o Haf‘.'\l’r“h3 ; oy
SBolven i H oz { H o3 o I H H o
seee e Jessseiicoseriives ey
TJ. [ L ol b on 5 o g oH g mo l@r
7F 7-OH 7H
Experiment | X Solvent Reaction 7-F 7-H 7-0H
conditions
272-85 AsFg o-xylene 140°C, 1h | 24% 30% 2%
321-29 HSiF, | perfluoromethyldecalin | 135 °C, 1 h | 35% 24%
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The thermal fluorination of 7-diazasancychineg®™PF,, as disclosed herein, 1s more

than an improvement of the thermal fluorination procedure reported in the "499 Patent.

Rather, the use of 7-diazasancycline® PFy in the thermal fluorination enables the plant scal

o
1)

production of 7-fluoro-substituted tetracvelines, such as 7-fluorosancyeling from 7-amino-

substituted tetracyclines, such as 7-aminosancycline. Table 7 provides a brief comparison of

the thermal fluorination reported in the "499 Patent and the thermal fluorination reported n

Example 1 above.

Table 7.

Thermal Floorination from

the *499 Patent

Example 1 hereinabove

Diazonium salt Counterion

BF,

PFs

Diazonium salt formation

Could not be repeated

Robust anhvdrous conditions

Solvent

No solvent

F(C-43, solvent 1s reusable

Heating Flame, no temperature Controlled temperature
control
Reactor Small glass flask Tatlon on PFA reactor
Scale unknown 200 g
HPLC purity Not originally described, but | 73%
repetition of the procedure
showed 33%
Impurities Not orniginally described, but | 7-H, <5%

repetition of the procedure
showed 7-H, 7-0OH and
BF; adducts

7-0H, ~2%

Isolation of 7-F product

Not originally described, but
was accomplished only by
preparative HPLC

Isolated by DCM extraction
of free base.

[00174]

As reported in Example 1, 7-diazasancycline® PFs can be isolated from the

diazotization reaction of 7-aminosancycline as a solvate or a compound containing residual

solvent. Table 8 provides sclect exarmaples of the residual solvent content of 7-

diazasancyvcling® PFg salts, and the corresponding results of the thermal fluorination,

expressed as HPLC purity (AUC), after the thermal fluorination reaction. Entry 1

corresponds to the thermal fhuorimation reported in Example 1, which was carried out at 200g

scale. Entry 5 is a representative example of a non-solvated 7-diazasancveline®P¥g salt,

containing only residual solvent.
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Table 8.
Entry Residual solvent{s) HPLC
(by 'H NMR) purity
(%)
1 PhCF3, 0.78 mol ¢g. 77
EtOAc, 2%
2 Ph{F3, 0.82 mol eq. 68
EtOAc, 29%
3 Toluene, 0.9 mol eq. 64
Ethvl acetate, 0.1 mol eq.
4 PhCF3, 0.3 mol eq. 63
Dicthyl cther .16 eq.
THF 0.47 ¢q.
5 TBME, 10% 69
Hcpta,ne, 14%
THF, <2%

Example 5. Photolytic Fluorination of 7-Diazosancycline Salts

[B0175] A 1962 literature report (Hlavka, §. J., ef al., Journal of Organic Chem.. Vol. 27,
1962, 3674-3675) disclosed the fluonination of 7-diazosancycline tetrafluoroborate using light
wrradiation. Hlavka er af. reported the formation of 7-fluorosancycline without vield and the
composition of other impuritics.

108176]  In order to ascertain the utility of the Hiavka er o/ procedure, the procedure was
repeated. Although the ultraviolet (UV) wavelength was not reported in the paper, 1t was
found that 254 nm is quate effective. Using the Hlavka ef o/ procedure, approxamately

11.9% of 7-F was obtained, along with 26.3% 7-H and 29.9% 7-0Ac as the two major
byproducts. Thus, the ratio of 7-H:7-F.7-0Ac was 2.2:1:2 5.

N* O HaCo CH AcOH oH
30y NaBF4 ’ oH HiCo,,-CHs
ot e 3 Moy © Ay q: N
’\ met H O H ' g5
oS / “/ SN E/\vdi T SN E AOH
NH, ! o N
'\r ircadiation LV//’Q :YI\I,NHZ '\..y Sy WJ'W(N'“’Z
OF o o' ! 5 i = OH i
© GH G oo D oHTo O
7-F 70 7-H

[08177] In order to improve both the vield and the purity of the photolytic fluorination of
7-diazosancycling, many solvents were screened. The results of this screen are reported in
the Table 9. As can be scen from Table 9, the reactions conducted in BMIM.BF,, an ionic

Liguid, provided 7-fluorosancycline i igh vields without the formation of BF; adducts.
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Table 9.

@ N HiCo., LCHy
N KCu Ot

Or Scivent(s)
NH;,
irradiation
F 7-0H 7-H
Experimen | X Solvent Conditio | 7-F 7-H |7 Comment{s)
t 1 OH
272-24 BF, | 48% HBF, | hY 19 6 7
272-25 B¥, | DMSO hY none majo | none
r
272-27 BF, | HF/Py hY tiny tiny | none
272-48 BF, | TFA, hY sOMme Majo | mino
water r r
272-52 BF, | toluene hY Ne Not scluble
reactio
i
272-54 BF, | CF;- hY No Not soluble
benzene overigh | reactio
t n
272-61 BF, | ACN hY iy
272-62 BF, | TFA hY 22% none | 42% | SM 29%
272-64 BF, | Conc hY nONe none | majo
H,50, T
27272 BF, | MeSOsH hy none
272-72 BF, | NE{; HF hY 27% 36%
272-72 BF, | HBF, E,0 | hY 53% 2% inong | Lots of BF3 adducts
272-72 BF, | DCM, hy tiny majo | Som
MeOH t ¢
GM@
27272 BF, | NMP hY none majo | none
;
27272 BF, | IPA/NEtz | hY none majo | none
¥
272-74 BF, | BMIMBF | hY 55% 22%
4
2792-75 BF, | CI3CCN hY some somie Not scluble
272-75 B, | Water, NEt | hY none majo | none
3 r
27277 BF, | DCM hy 1.4% 7.4% difluorotriphenyisilica
i
272-31 PF; | water hY none
2723 PFs | DMSO hY none
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Experimen | X Solvent Conditio | 7-F 7-H |7 Comument(s)
1 il OH
464-1 PF; | BMIMBF | hY 719 139
4

272-86 AsF | BMIMBF | hY 40% 32% 2%

6 4

[66178]  As a result of the experiments in BMIM BF, reported in Table 9, the photolytic
fluorination of 7-diazosancycline was scaled up to 100 mg in four different 1onic hguids. The
results are summarized i Table 10, For example, when 1-butyl-3-methvl-imidazolivm
tetrafluoroborate (BMIM BF4} was used as solvent 10 a 100-mg scale reaction, the reaction
gave 38.8% 7-F together with 7-H (17.7%) as the major bvproduct (see Experiment 289-48 n
Table 9). Using preparative HPLC, 70 mg was isolated from this reaction as a mixture of 7-F
and 7-H. The reaction in BMIM BF4 was scaled up to 1 g, with a similar reaction profile by
HPLC.

Table 10.
R ; HiC., .CH
N | Hg.il.\f)‘ CHy onic o F " IJH\?{ 3 H HgC\N,CHa
TG . ' T e OH H O H:
S \ET/OH N . i)\/\/ RN
LA NH, irradiation P : NH; i M b
m Ty Y50 ; YW&
o O oH D O OH O OH O O OH O g
i-F 7-H
Experiment | lonic hgud | Time 7-F 7-H Comment{s}
289-4% 1 i18h 39% 189% HPLC isolated 70mg
of 7-F and 7-H
289-49 i 40 h 35% 24% Isolated 45mg
289-5§ i 24 h fery slow, most are
decomposed
289-66 v 1% h 37% 14% 25 mg 7-
diazosancycline®PFg
in ImL IV was used

I I-butvl-3-methyhimidazolium tetrafluorcborate (BMIM BF4}
IE: 1-butyl-2, 3-dimethvhimidazolim tetrafluoroborate

I -butyl-3-methylpyridinium tetrafluoroborate

IV: 1-butyl-3-methylimidazolivm hexaffuorophosphate
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Example 6. Fluorination Reactions of 7-Diazo-9-substituted Teiracyclines

[00179]

Several flusrination conditions to produce eravacveline were explored. For

example, 7-diazosancycline hexatluorophosphate can be transtormed into 7-flucrosancycline

by heating 7-diazosancycline hexafluorophosphate in perfluorodecalin or perfluorooctane at

120 °C for 1h. Both reactions

gave 36

% 7-fluorcsancychne by LC. The reactions were also

scaled up to 100 myg, and the resolts were similar. The results of other fluorination reactions

1o produce eravacychine are summarized in Table 11.

Table 11.
N"'N+-BFT, qf"N’CHS F \ HsﬁEfCHs
H o H: s N b e OH
(:l O\ g J:\:/\A/\/\/\!/ ’N“lz ------------------ ” <\,N \,KN/L: s,
;g,/\g \o(HéHo Lr Wb b ?)?%GH(‘E:' !
/FL ) Hg’(j\i LCHy oy o H,c\h,w;
QI . Qi LY ; S QUID 0
) :J/H; cj kacj o \/I V/LN /Ko}o o}o b -7 ‘ ‘ (\\H/\f(
eravacychine 7oH 7-OH
Experument | Solvent Condition(s) | eravacycline | 7-H+ | 7-0OH | Comment(s)
epimer
289-52 mesitylene 150 °C, 28% 19% 7%
40min
289-52 BMIM BF, hY, I8 h 35% 31%
289-53 o-xylene Microwave |31% % &% SM
135 °C, remained
4.5h
289-54 48% HBF, hY,5h 38% 11% 26%
289-57 Si0, 135 °C 26% 18% 12%
289-57 Ph{i 35°C, 15 | 36% 7% 7% 10% 7-(1
h
289-57 Ph{l 125°C 1.5 Not
h complete
289-65 Ph(l 125°C,3h §22% 13% 5% Stilf not
complete
289-62 48% HBF, it 100% Added Cu
289-68 MgS§0; 140°C, th §{35% 19% 6%
289-81 perflucrodecalin | 120 °C, 1h | 34% 19% 10%
289-81 perfluorooctane | 120 °C, Th 1§ 36% 19% 10%
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[B0180] Experiment 289-54 was scaled up to 150 mg of diazonium salt {see Example 1).
After preparative HPLC, 35 mg of eravacycline was obtained. A PFy diazoniom salt was
also prepared and subjected to photolytic fluorination conditions. However, the fluorination
gave mostly 7-0OH.

[36181] Fluonnation reactions mvolving other 7-diazo-9-substituted tetracyclines were
also explored. The results of fluorination reactions involving other 7-diazs-9-substituted

tetracychines arc swomanzed in Table 12

Table 12.

NOBFS e N-CHe

LI?UH J—

B
O

N AoHs
RA/L&I(
QH O
F 7-H 7-OM
Experime | R Solvent Condition( | 7-F | 7-H } 7- | Comme
nf g} OH | nt
272-50 -NMe, 48% HBF, hY 34 154 123
% | % %
272-60 -NG» tohuene 135°C non | majo
¢ r
321-31 ~NG, perfluoromethyidec | 135 °C majo
alin ¥
272-78 NG, BMIM.BF, hy 29 | 25% | 2% | slow
%%
272-34 -N(HA¢ o-xvlene hY finy | tiny eSSy
272-8% -N{H)Ac BMIM BF, hY 39 1 21%
G/
/0
289-7 ~Br BMIM.BF, hY 18 | 57%
Yo
289-13 MeOQC(O)N({ | 48% HBF, hy 36 | none | 21
H)- %% %
289-15 MeQC(ON( | Water hY non | majo | non
Hj- e r €
289-15 MeOC{OIN( | 48% HBF, hY 46 | none | 25
H)- Yo %
289-15 McOC(ON( | BMIM BF, hY 36 | 18% | 9%
H)- %
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Experime | R Solvent Condition( | 7-F | 7-H | 7- | Comme
nt 8) OH |nt
289-20 MeOC(ON( | Mesttylene 150°C, 40 130 5% 8% | 19%
H)- min %5 aM
289-2 MeOQC(O)N( | BMIM.BF, hY 48 | 20% | 10
H)- Yo %
289-17 {bzNH- BMIM.BF, hY messy
289-19 CbzNH- Mesitylene 150 °C no 7-F
289-30 BnlNH- 48% HBF, hyY non messy
&
160182]  The teachings of all patents, published applications and references cited herein are
mcorporated by reference in their entirety.
[60183] While thus 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 torm and details may be made therein without departing from the scope of the

invention encompassed by the appended claims.
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CLAIMS

What is claimed 1s:

I. A compound represented by Structural Formula It

N X
ENiF@ HSC"N‘”CHS

I Tadl 0
CH © OH O O (1),

or a salt, solvate or combination thereof, wherein:

X is PFy, AsFy or HNiF,

Y is selected from the group consisting of hvdrogen, halo, nitro, ~(C;-Cralkyi,
carbocyelvl, -(C-Cyalkylene-N(R MR,
-{(C1-Calalkylene-NR-CO-TCRDIRF) o -NERMNRE),

-CH=N-OR", NRR?), NRD-CO)-CRIRY1a-NRHR),
NEH-COPNERDYRE, -NERH-C(0)-0R", -NRN-C(O)(C-Coralkyl,
NR-C{O)-heterocyelyl, -N(RD-C(M-heteroaryl, -NR-C{O)-carbocyelyl,
NRO-C(O)-arvl, -N(RF)-S(0)n~(C -Catalkyviene-NERWRE), -NER-S(O)u(C1-Co)al
kylene-carbocyelvl, and -N(R-S(0)u-(C1-Cylalkylenc-aryl wherein:

each R® and R® are independently selected from the group consisting of
hydrogen, (Ci-Cralkyl, -0-{C-Crlalkyl, -({e-Colalkylene-carbocyclyl,
-{Co-Colalkylenc-aryl, {Co-Colalkylene-heterocyelyl, «(Co-Colalkviene-heteroaryl,
~{C1-Colalkylene-0-(C-Cralkvl, (C1-Colalkviene-O-carbocyelyi,
~{C-Colalkylene-0-arvl, -(Ci-Colalkylene-G-heterocyclyl,
~{C;-Colalkyliene-O-heteroaryl, -5{0)n{C-Celalkyl,
~(Co-Calalkyiene-S{On-carbocyclyvl, {(Co-Cajaltkyiene-S{(O)prarvi,
~{Co-Calkviene-S{(O,-heterocyelyl and -(Co-Cdalkylene-S(0)n-heteroaryl or

R™ and R® taken together with the nitrogen atom to which they are bound form
a heterocycelvl or beteroaryl, wherein the heterocycle or heteroarvl optionally
comprises | to 4 additional heteroatoms mdependently selected from the group

consisting of N, § and G
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each R” and cach R® is independently selected from the group consisting of
hydrogen, (Ci-Cojalkyl, carbocyclyl, arvl, heterocycelyl or heteroaryl, or

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 heterocvelvl, wherein the
heterocyelvl formed by R and R” optionally comprises one to two additional
heteroatoms independently selected from the group consisting of N, § and O;

R" is selected from the group consisting of hydrogen, (C1-CrJalkyl,
carbocvelyvl, aryl and heteroaryl; and

mis 0, 1 or 2, wherein:

cach carbocyelyl, arvl, heterocyciyl or heteroaryl is optionally and
mndependently substituted with one or more substituents mdependently selected from
the group consisting of halg, -(C;-Cylalkyl, -OH,
=0, ~0-{C1-Calalkyl, (C,-Cyalkviene-O~(C;-Cylalkyl, halo-substituted -(C-Caalkyl,
halo-~substituted ~0~(C,-Cylalkyl, -C(O)-(C-Cyiatkyl,
-C(O)~(fluoro-substituted-(C1-Coalkyl, -S(OMu(Ci-Coalkyl, -NROURY), and CN;

each alkyl in the group represented by R™, R®, R® and R” is optionally and
ndependently substituted with one or more substituents independently selected from
the group consisting of halo, «(C;-Cylalkyi, -OH, -0~(C,-Crjalkyi,
-(C1-Capalkylene-0-{C-Cyalkvl,
fluoro-substituted-(C,-Cyalkyl, -8(0),+(C-Caialkyl, and -NROWR"), wherein

cach RY is hydrogen or (C1-Cylalkyl, wherein each alkyl in the group
represented by RY is optionally and independently substituted with one or more
substituents independently selected from the group consisting of -(Ci-Cylalkyl, (Cs-

Colevcloalkyl, halo, -OH, -0-(C,-Cyalkyl, and (C-Cylalkyl-0-(C-Calalkyl

2. The compound of Claim 1, wherein the compound represented by Structural Formula

1 is a solvate or a salt and a solvate.

3. The compound of Claim 2, wherein the compound represented by Structural Formula

11s a (triflacromethybenzene solvate.
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The compound of Claim 1, 2 or 3, wherein the solvate comprises from about 0.1 to
about 1.0 molar equivalents of solute per molar equivalent of the compound of

Structural Formula @

The compound of Claim 4, wherein the solvate comprises about 0.8 molar equivalents

of sohute per molar equivalent of the compound of Structural Formuda |

The compound of any one of Claims 1-3, wherein X is PFy".

The compound of any one of Claims 1-6, wherein Y is hydrogen.

-y
7

The compound of any one of Claims 1-7, represented by Structural Formulda Ib:

or a solvate thereof.

A method of prepanng a compound represented by Structural Formula [6

o4 O OHO}-ED- O
or a salt, solvate or combination thereof, wherein:

Y is selected from the group consisting of hydrogen, halo, nitro, -(C;-Crlalkyl,
carboeyelyl, (C-Cyalkylene-N(R*HRP),
~(C1-Coalkylene-NR)-C(O)-[CRZIR o -NRMHR),

SCH=N-DRA, NERMRE), -N(RH-CO-CRMB - NERMNERE),
NERH-CONERMNED), -NERH-C(0)-0R”, -NRO-C(O)-(C-Colalkyl,
NRN-C(O)-heterocyelyl, -N(RD-C(O)-heteroaryl, -NR-C{O)-carbocyelyl,
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NERH-C(Or-ary], -NR)-S(0)-(C-Cadalkylene-NERMMRE), -NER-8(0),+(C1-Codal
kylene-carbocyelvl, and ~N(R")-8(0)u-(C -Cylalkylenc-aryl wherein:

cach R™ and R® arc independently sclected from the group consisting of
hvdrogen, (C-Cralkyl, -O0-(Ci-Cralkyl, ~(Co-Colalkylene-carbocyelvi,
{Co-Colalkylene-arvl, (Co-Colalkylene-heterocyclyl, (Co-Colalkylene-hetercaryl,
~{C;-Colalkyiene-0-(C-Coalkvl, ({-Colalkviene-O-carbocyelyl,
~(C1-Colalkyiene-O-arvl, -(Ci-Cylalkylene-O-heterocyelyl,
~{C-Colalkvlene-O-heteroaryl, ~S{),(C-Celalkyl,
-{Co-Coyalkyvlene-S{QY~carboeyelyl, {Co-Cadatkylene-S(0-aryl,
-{Co-Cylalkylene-S(Op-heterocyelyl and -(Co-Cylalkylene-S{0)y-heteroaryl; or

R™ and R® taken together with the nitrogen atom to which they are bound form
a heterocyelvl or hetercaryl, wherein the heterocyele or heteroary] optionally
comprises 1 to 4 additional heteroatoms independently selected from the group
consisting of N, S and O

cach R” and cach R" is independently selected from the group consisting of
hydrogen, (Ci-Celalkyl, carbocyelyl, aryl, heterocyclyl or hetersaryl, or

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 heterocvelvl, wherein the
heterocyelvl formed by R and R” optionally comprises one to two additional
heteroatoms independently selected from the group consisting of N, § and O;

R" is selected from the group consisting of hydrogen, (C1-C-Jalkyl,
carbocvelvl, arvl and hetercaryl; and

mis 0, 1 or 2, wherein:

each carbocyelyl, arvl, heterocyclyl or hetercaryl is optionally and
mndependently substituted with one or more substituents mdependently selected from
the group consisting of halg, -(C,-Cyalkyl, -OH, =0, -O-(C-Cylalkyl,
~{C;-Cayalkyiene-0-(C-Colalkvl, halo-substituted -(C-Cylalkyl, halo-
substituted ~O-(C-Chlalkyl, -C(O-(C-Coalkyl, -C(O)-(fluoro~substituted-(C,-Cyalk
V1), SO~ C1-Calkyl, -NEROHR), and CN;

each alkyl in the group represented by R™, R®, R® and R” is optionally and
independently substituted with one or more substituents independently selected from

the group consisting of halo, (C;-Cyalkyl, -OH, -0~(C,-Cyjalkyl,
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~{C-Cyalkviene-0-(C-Cylalkyl,
fluoro-substituted-(C;-Calalkyl, -S(0)n-(C1-Caalkyl, and -NR“YRE), wherein
cach RY is hydrogen or (C;-Cy)alkyl, wherein cach alkyt in the group
represented by RY is optionally and independently substituted with one or more
substituents independently selected from the group consisting of (C-Cylalkyl, (Cs-
Coieycloalkyl, halo, -OH, -O-(C-Calkyl, and (C-Calkyl-0-(C-Cylaliyl,
the method comprising:
heating a suspension comprising a non-polar organic solvent and a compound of

Stractural Formula I

o 0 OH'0 O

or a salt, solvate or combination thereof, wherein X 15 PFy, AsFy or HS1Fand Y 15
as defined above for the compound of Structural Formula 11,
at a temperature of from about 95 °C to about 200 °C to provide the compound

of Structural Formula 1, or the salt, solvate or combination thercof.

The method of Claim 9, wherein the method comprises heating the suspension at a

temperature of from about 120 °C o about 160 °C.

The method of Claim 10, wheremn the method comprises heating the suspension at a

temperature of from about 125 °C to about 140 °C.

The method of Claim 9, 10 or 11, wherein the non-polar organic solvent has a botling

point of at least or about 100 °C.

The method of Claim 12, wherein the non-polar organic solvent has a boiling point of

at least or about 125 °C.
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The method of any one of Claims 9-13, wherein the non-polar organic solvent is a

saturated or aromatic hydrocarbon, a halogenated hvdrocarbon or an ether.

The method of Claim 14, wheremn the non-polar organic solvent is selected from the
group consisting of diphenylether, mineral o1, ligrom, xvlene, mesitylene,

chlorobenzene, toluene and trifluorotoluene.

The method of any one of Claims 9-13, wherein the non-polar organic solvent is a

perflucrinated solvent.

The method of Claim 16, wheremn the perfluorinated solvent is selected from the
group consisting of perfluoromethyldecalin, perfluore-1,2-dimethylhexane,
perfluorodecalin, perflucrotohuene, perfluorooctane, perfluorononane,
perfluorcalkviamines (Fluorinent® FC-40), perfluorotnbutviamines (Fluorinett®
FC-43), perfluorotripentylamine (Fluorinert® FC-70) and perfluorotnipropylamine
{Fluornnert® FC-3283).

The method of anv one of Claims 9-17, further comprising diazotizing a compound of

Structural Formula HI

(HI),

or a salft, sclvate or combination thereof, wherein Y s as defined for the compound of
Structural Formula I wherein at least one of R and R” is not hydrogen when Y

is «(C-Coalkyvlene-NRMR®), «(C-Cyalkviene-NRH-CO)-[CRPHRM] - NERM
R,

NERMRP). -NR-CO)-[ CRPYR4-NRR®), or

NR-S(0) - (C1-Colalkvlene-N{RMRY. to provide the compound of Structural

Formula I, or salt, solvate or combmation thereof.

The method of any one of Claims 9-13, wherein Y is hydrogen.
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The method of Claim 19, further comprising nitrating the compound of Structural
Formulda I1, or the salt, solvate or combination thereof, to provide a compound of
Structural Formula TV having a nitro group:

HiC.  .CH
ELIY 3

F

. OH
OH ¢ OH O O av),

or a sakt, solvate or combination thereof.

The method of Claim 20, further comprising reducing the nitro group of the
compound of Structural Formula 1V, or the salt, solvate or combination thereof, to

provide a compound of Structural Formula V-

or a salt, solvate or combination thereof.

The method of Claim 21, further comprising functionalizing the primary amino group
of the compound of Steuctural Formula V, or the salt, solvate or combination thereof,

to provide a compound of Formula (Vi)

HiC. .CHj
?:— 3 b}' 3

(i)H O C)HOHCED O (VD
or a salt, solvate or combination thercof, wherein:
Y s selected from the group consisting
of -N(RHR®). -NR)-C(O)-{CRPWRT .- NRMHR), -NR)-COF-NRYR),

NERD-COHC-Coyalkyl, -NR-C(O)-heterocyelyl, -N{RD-C(O)-heteroaryl,

SUBSTITUTE SHEET (RULE 26)



CA 02964957 2017-04-18

WO 2016/065290 PCT/US2015/057167

- 78 -

N(R"-C(Op-carboeyelyl, -N{R-C(O)-ary],
NERH-S(0) o (Ci-Coralkylene-N(RMHMRE), -N(RT)-8(0),(C1-Cy)alkylene-carboeycly
I, and -N (RF)-S( O(C1-Coalkylene-aryl, wherem:

at least one of R® and R® is not hydrogen when Y~ 1s ~N(R‘A‘)( RB);

R* and R® are each independently selected from the group consisting of
hyvdrogen, {Ci-Cojalkyl, -O0-(C-Crialkyl, -{Co-Lolalkylene-carbocyelyl,
~(Co-Colalkyienc-aryl, {Co-Cslalkylene-heterocyelyl, {(Co-Colalkylene-heteroaryl,
~{C-Colalkviene-O-(C-Cralkyl, {Ci-Celalkylene-O-carbocvelyl,
-{Ci-Colalkylene-O-aryl, -{C-Cylalkviene-O-heterocyelyl,
-{C-Colalkylene-O-heteroaryl, -5(0)n~(C-Celalkyl,
“{Co-Clalkylene-S{Om-carbocvelvl, «(Co-Cylalkviene-5{Omaryi,
~{Co-Cgyalkylene-S{OYp-heterocyelyl and «€Co-Cylalkylene-S{O)y-hetercarvl; or

R* and R® taken together with the nitrogen atom to which they are bound form
a heterocyely! or heteroaryl, wherein the heterocvele or heteroary! optionally
comprises 1 1o 4 additional heteroatoms mdependently selected from the group
congisting of N, § and O

cach R” and cach R® is independently selected from the group consisting of
hvdrogen, (C-Cglalkyl, carboceyelyl, arvl, heterocyelyl or heteroaryl, or

R” and R” taken together with the carbon atom to which they are bound form
a 3-7 membered carbocyclyl, or a 4-7 membered heterocyclyi, wherein the
heterocyely! formed by R” and R” optionally comprises one to two additional
heteroatoms independently selected from the group consisting of N, 5 and ;

R" is selected from the group consisting of hydrogen, (Ci-Cr)alkyl,
carbocyclyl, arvl and heteroaryl; and

mis 0, 1 or 2, wherein:

cach carbocyclyl, aryl, heterocyelyl or heteroaryl is optionally and
independently substituted with one or more substituents independently selected from
the group consisting of halo, -(C-Cyalkyl, ~OH, =0, -0-(C-Cypalkyl,
~(C-Cyaliviene-0-(C-Cylalkyi, halo-substituted -(C,-Cylalkyl, halo-
substituted -0-(C,-Cylalkyi, -C(O)-(C1-Cylalkyl, -C{O)-(fluoro-substituted~-(C-Cyalk
y1), SO C1-Calalkyl, -NEREOWRY), and CN;
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each alkyl in the group represented by R™, R®, R® and R” is optionally and
independently substituted with one or more substituents independently selected from
the group consisting of halo, (C-Cyalkyl, -OH, -0~(C,-Crjalkyl,
-(C1-Cyapalkylene~-0-(C-Cyalkvl,
flaoro-substituted-(C;-Cyalkvl, -8(0,-(C-Calalkyl, and -NROHR®). wherein

cach RY is hydrogen or (C1-Cylalkyl, wherein each alkyl in the group
represented by RY is optionally and independently substituted with one or more
substituents independently selected from the group consisting of -(C-Cylalkyl, (Cs-

Colevcloalkyl, halo, -OH, -0-{C-Cyalkyl, and (C-Cylalkyl-0-(C-Calalkyl

The method of Claim 22, wheremn:

Y is “N(RH-C(O)-CH-N(R MR, wherein:

R' and R? are each independently selected from the group consisting of
hydrogen, (C-Cralkyl, (Cs5-Cojeycloalkvl{C-Cyaatkyl, {C-Crialkoxy(C-Cyialkyl,
{C5-Coeyeloalkoxy(Ci-Coalkyl, (Cr-Celeveloalkyi, arvl, arvli{C-Cyalkyl,
arvioxy{Ci-Calalkyl, arvithio{Ci-Cylalkyl, aryisufinyl{C-Caalkyl,
arvisulfonyi(C,-Calalkyl, and -0-(C-Chlalkvl; or

R and R’ taken together with the nitrogen atom to which they are bonded
form a monocyclic or bicyelic heteroaryl, or a monocyclhic, fused bicyclic, bridged
bicvelic or spiro bicvclic heterocvele, wherein the hetersaryl or heterocycle optionally
contains one or two additional heteroatoms mdependently selected from the group
consisting of N, O and S, wherein

cach alkvl, cycloalkyl, alkoxy and cycloalkoxy moiety n the groups
represented by R’ and R and each heterocyele represented by NR'R” taken together
is optionally substituted with one or more substituents independently selected from
the group consisting of (C;-Cyalkyl halo, -OH, (Ci-Cylalkoxy, (C-Cylatkylthio,
{(Ci-Cyralkyisulfinyl, (C-Cyralkylsulfonyl, (C-Chatkoxy(C-Cylalkyl,
and -N{RMR*); and

each aryl, arvioxy, arvithio, arylsufinyl and arvisulfony! moiety in the groups
represented by R' and R” and each heteroaryl represented by NR'R” taken together is
optionally substituted with one or more substituents independently selected from t the

group consisting of (C;~-Cylalkyl, halo, -OH,
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(C-Cpalkoxy, -S-(C-Cypalkyl, -S(OXC-Cylatkyl, -S(O(C-Cyialkyl,
(C1-Cyalkoxy(C-Coalkyl, NRMWRY): -CN, halo(C;-Cylalkyl, and halo(C;-
Cyalkoxy; and

R and RY are each independently selected from the group consisting of -H and
(C-Cyralkyl, wherein the (C;-Cylalky] represented by R and R” is optionally
substituted with one or more substituents independently selected from the group

consisting of {C-Cyalkyl, halo, -OH, (C;-Cypalkoxy, and (C1-Cylalkoxy{(C,-Cylalkyl.

The method of Claim 23, wherein R’ is hydrogen or (C;-Cyalkyl.

The method of Claim 24, wherein R’ is selected from the group consisting of

hydrogen, methyl and ethyl.

The method of Claim 23, 24 or 25, wherein R” is sclected from the group consisting
of (C1-Chalkvl, (Ci-Cejeveloalkvi{Ci-Chlalkyl, (C-Crlalkoxy{C-Calalkyl, phenyl,
phenyl{Ci-Cyalkyl, (C5-Coleycloalkyl and halo{C-Ca)alkyl, wherein each alkyl,
alkoxy and cycloalkyl moiety in the groups represented by R” is optionally substituted
with one or more substituents independently selected from the group consisting of
(C-Cydalkyl and halo; and each phenyl moicty in the groups represented by R is
optionally substituted with ong or more substituents independently selected from the
group consisting of (C,-Cylalkyl, halo, (C-Cylalkoxy,

{C1-Coalkoxv{Ci-Caalkyl, -CN, halo{C-Cyatkyl, and halo{Ci-Cylalkoxy.

The method of Claim 26, wherein R is selected from the group consisting of
cvclopropyl, cyclobutvl, cvclopentyl, cyclopropyimethvi, cyclobutyvimethyl, phenyi,
benzvl, ~(CHy}-0-CHs, (CH;}5-0OCH;, -C(CHs)s, -CH(CHR),, -CHC(CHa)s,
-CHyCH(CH: ), -CH-CF;, {CH, -CHLF, and -(CH,3,CHa:n18 0. 1, 2, 3,4, 5 or 6;
wherein the phenvl or benzyl group represented by R? is optionally substituted with
one or two substituents independently selected from the group consisting of
{(C1-Cyalkyl, halogen, (C-Cyalkoxy, (C-Cyalkoxy{C-Calalkyl, -CN,
halo{C-Calkyl, and halo{C-Cialkoxy.
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The method of Claim 27, wherein R” is selected from the group consisting of
cyvelopropyl, evclopropyimethyl, eyclobutyl, eyclopentyl,

cvelohexyl, «(CHy),~0-CHs, -C{CH3)s, ~-CH{CHa),, ~CH,-CF;, -CH,CH(CH:)n,
-CH; and -CHCH-.

The method of Claim 23. wherein R' and R” taken together with the nitrogen atom to
which thev are bonded form a monoeychic or bicyclic heteroarvl, or a monocvchic,
fused bicyclic, bridged bicyclic or spiro bicyelic heterocyele, wherein the heteroaryl
or heterocycle optionally contains one additional hetersatom selected from the group
consisting of N, O and S; and the heterocycle is optionally substituted with one or
more substituents independently selected from the group consisting of (C-Cy)alkyl,
halo, -OH, (C)-Cyalkoxy, {C-Caalkylthio, (C-Cyalkyisulfinyl,
(Ci-Coralkylsulfonyl, (C-Colalkoxy(C-Cyalkyl, and -N(R)RY); and the heteroaryl
15 optionally substituted with onc or more substituents independently selected from
the group consisting of {C-Cyalkyl, halo, -OH,

(Ci-Cyalkoxy, -S-(C-Cyapalkyl, -S(OXC1-Cylalkyl, -S(On(Ci-Cajalkyl,
(C1-Cyyalkoxv(C-Coalkyl, -NRMURY), -CN, halo(C-Cpalkyl, and halo(C;-
Cypalkoxy.

The method of Claim 29. wherein R' and R” taken together with the nitrogen atom to
which thev are bonded form a heterocyele sclected from the group consisting of
azetidine, pvrrolidine, morpholine, pipendine, octahydrocyclopentalcipyrrol,
isoindohine, and azabicyelo|3.1 . Othexane, wherein the heterocycle is optionally
substituted with one or more substituents independently selected from the group
consisting of (C-Cylalkyl, halogen, -OH,

(Ci-Cyalkoxy, -S<(C1-Cylalkyl, -S(ONCi-Cyialkyl, -S(0){C-Cajalkyl,
(Ci-Calkoxv(C-Cyalkyl, and -NERMRY).

The method of Claim 30, wherein the heterocycle 1s optionally substituted with

halogen, methoxy, hydroxy, methoxymethyl or dimethylamino groap.

The method of Claim 23, wherein:
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a) R' is methyl, and R? is eyclopropyl;

b) R' is hydrogen, and R” is eyclopropyl;

¢) R' is hydrogen, and R” is cyclobutyl;

&) R' is methyl, and R? is eyclobutyl;

¢) R is hvdrogen, and R” is cyclopropylmethyl;
£y R'is hydrogen. and R’ is eyclobutylmethyl;
2} R is hydrogen, and R” is benzyl;

h) R' is hydrogen, and R” is methoxypropyl:
i} R is hydrogen, and R is methoxyethyl:
i) R is hydrogen, and R” is phenyt:

WRis methyi, and R%is t-butyl;

B R’ is hydrogen, and R is t-butyl;

m) R’ is hydrogen, and R” is methyl;

0} R’ is hydrogen, and R? is ethyl;

o} R' is hydrogen, and R? is propyl:

p)} R' is hydrogen, and R” is butyl;

gy R' is hydrogen, and R” is pentyl:

1 R' is hydrogen, and R” is hexyl;

s} R' is hydrogen, and R” is heptyl;

) R’ is methvl, and R? is methyl;

u) R’ is hydrogen, and R? is isopropyl;

v} R! is hydrogen, and R” is 2, 2-dimethyipropyi;
w) R is hydrogen, and R is trifluoroethyl;
x) R' is hydrogen, and R” is 2-methylpropyl;
v} R' is hydrogen, and R? is 3-fluoropropyl;
2) R’ is ethyl, and R? is ethyl;

al) R'is methyl, and R? is methyl:

b1y R’ is hydrogen, and R” is hydrogen;

¢ty R'is hydrogen, and R” is cvclopentyl;
d1) R is methvl, and R? is cvclopentyl; or
ely R’ is methyl, and R is propyl.
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33, The method of Claim 23, wherein R’ and R” taken together with the nitrogen atom to
which thev are bonded form a group sclected from the group consisting of:
a) azetidin-1-vi;
b) 3-flucroazetidin-1-vl;
¢} 3-methylazetidin-1-y1;
dj 3-methoxyazetidin-1-vi;
¢} pvrrolidin-1-yi;
) morpholin-4-y1;
g} 3-flusropyrrolidin-1-vl;
h) 3-hydroxypyrrolidin-1-vi;
1) 3-N N-dimethylaminopyrrohidin-I-vl;
1} Z-methoxymethylpyrrolidin-1-y1;
k) pipendin-1-vi;
)y octahvdrocyclopentalcipyrrol-2-vi;
m) isomdolin-2-vl; and

n} 3-azabicyclo][3.1.0thexan-3-yl.

34, The method of Claim 23, wheremn

R' is hydrogen or a (C-Cylalkyl; and

R’ is selected from the group consisting of (C,-Cralkyl,
{C5-Coieycloalkv i C-Cyialkyl, (C,~-Chalkoxy(Ci-Cylalkyl, phenyl,
phenvl{C~Cypalkyl, (Cs-Co)eycloaikyl and halo(C-Cyalkyl, wheren each alkyi,
alkoxy and cycloalkyl moiety in the groups represented by R” is optionally substituted
with one or more substituents independently selected from the group cousisting of
(C,-Cyyalkyl and halo: and cach pheny! moiety in the groups represented by R’ is
optionally substituted with one or more substituents independently selected from the
group consisting of {(C-Cylalkyl, halo, (C-Cylalkoxy,
{C-Cyalkoxy(C-Cylalkyl, -CN, halo{C,-Cyalkyl, and halo{Cy-Cylalkoxy; or

R' and R* taken together with the nitrogen atom to which they are bonded
form a monocyclic or bicyclic heteroarvl, or a monocyclic, fused bicyclic, bridged
bicyclic or spiro bicychic heteroeycle, wherein the heteroary! or heterocycle optionally

contains one additional heteroatom selected from the group consisting of N, G and §;
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and the heterocycle 13 optionally substituted with one or more substituents
independently selected from the group consisting of ({-Cylalkyl, hale, -OH,
{C,-Cyalkoxy, (C-Cylalkylthio, (C)-Cyalkylsulfinyl, {C,-Cyalkylsuifonyl,
(C1-Cyyalkoxy(C-Coalkyl, and -NRWRY; and the heteroaryl is optionally
substituted with one or more substituents mdependently selected from the group
consisting of (C-Cyjalkyl, halo, -OH, (C5-Coalkoxy, -5-{C;-Cylalkyl,

~S(OYC -Coalkyl, -SON(C-Caalkyl, (C1-Coatkoxy(Ci-Cyjalkyl. -NRHMRY. -CN,
halo{C-Cyalkyl, and halo{C-Cylalkoxy.

The method of Claim 34, wherein

R! is hydrogen, methyl, ethyl, methoxy or tert-butoxy;

R” is selected from the group consisting of (C-Chalkyl,
{Cs-Uieycloalky K Ci-Calalkyl, (C-Chalkoxy{Ci-Coalkyl, phenyl, (C5-Coievcloalkyl,
and fluoro{C-Cylalkyl; or

R' and R* taken together with the nitrogen atom to which they are bonded
form a ring selected from the group consisting of pyrrohdinyl, morpholinyl,
azetidinyl, piperidinyl, octabydrocyclopentalcipyrrolyl, isoindolinyl, indazolyi,
imidazolyl, pyrazolyl, triazolyl, and tetrazolyl, whercin the ring formed by R' and R®
taken together with the nitrogen atom to which they arc bonded is optionally

substituted with fluoro, -OH, -OCH;, or N(CH:),.

The method of Claim 35, wherein:

R! hydrogen, methyl, or ethyl; and

R” is sefected from the group consisting of methyl, ethyl, n-propyl. isopropyl,
n-butyl, 2,2-dimethylpropyl, t-butyl, isobutyl, n-pentvl, (Ci-Coleveloalkyl, (Cs-
Csieycloalkyhmethyl, methoxyethyl, and 2-fluoroethyl; or

R' and R taken together with the nitrogen atom to which they are bonded
form a ring sclected from the group consisting of azetidinyl, pyrrolidiny!, piperidinyi,
tetrazolyl, or octahvdrocyelopentalclpyrrolyl, and wherein the ring formed by R’ and
R’ taken together with the nitrogen atom to which they are bonded is optionally

substituted with fluoro.
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The method of Claim 18, wherein Y 1s selected from the group consisting

of -N(R™(R®). -N(R)-C(O)-[CRMIRT) 1 -NERMHR),

NERH-CONERDMERD), -NERH-C{O)-(C,-Colatkyl, -N(RT)-C(O)-beteracyelyl,
NRN-C{O)-heteroaryl, -N(R)-C(O)-carboeyelvl, -N(RM-C(O)-aryl,
NRH-S(0) o C1-Calkvlene-NERMMRY), -NRD-S(0)(C-Clalkylene-carbooyely
1, and ~N{R"}-8(0),~(C-Cyalkviene-arvl, wherein at least one of R* and R is not
hydrogen when Y is -N(R™MR®), -NRH-CO[CRDIED La-NERYHRY) or
N{R-8(0)-(C-Colalkylene-N(R IR

The method of Claim 37, wherein Y s -N(H}-C(O}-CHa-pyrrohidin-i-vi,

The method of Claim 37 or 38, further comprising reducing the nitro group of a

compound of Stractural Formula VI

(VEH),
or a salt, solvate or combination thereot] to form the compound of Structural Formula

HE or salt, solvate or combination thereof.

The method of Claim 39, further comprising functionalizing a compound of Structural

Formula VIIL

i OF
OoH O OH O O (VHD
ot a salt, solvate or combination thereof, to form the compound of Structural Formula

VI, or salt, solvate or combination thereof,

The method of Claim 40, further comprising nitrating a compound of Structural

Formula IX:
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or a salt, solvate or combination thereof, to form the compound of Structural Formula

Vi, or salt, solvate or combination thereof.

42, The compound of any one of Claims 1-6 or the method of any one of Claims 9-18, 37
and 39-41, wherein:

Y is -N(RD-C(O)-CH,-NR HRY). wherein:

at least onc of R' and R’ is not hydrogen;

R' and R? are each independently selected from the group consisting of
hydrogen, (Ci-Cryalkyl, (Cs-Coloycloalkyl{C-Cayalkvt, (C-Cryalkoxy{Ci-Cylalkyl,
{Cs-Coioycloalkoxy{C-Cajalkyl, (Cs-Usleycloalkyl, arvl, aryH{C-Colalkyl,
arvioxy(C-Cypalkyi, arvithio(C,-Cylatkvl, arvisufinvl{C,~Cyalkyl,
arylautfonyiC,-Cylalkyl, and ~-0-(C-Crlalkyl; or

R' and R taken together with the nitrogen atom to which they are bonded
form a monocyclic or bicvelic heteroarvl, or a monocyclic, fused bicycelic, bridged
bicyclic or spiro bicyehic heterocvele, wherein the heteroaryl or heterocyele optionally
contains one or two additional heteroatoms independently selected from the group
consisting of N, O and S, wherein

cach alkyl, cycloalkyl, alkoxy and cycloalkoxy moiety i the groups
represented by R' and R” and each heterocycle represented by NR'R” taken together
is optionally substituted with one or more substituents independently selected from
the group consisting of (C-Cyalalkyl, halo, ~-OH, (C;-Cyalkoxy, (C-Cyjalkyithio,
(C-Cpalkvisultinyl, (C,-Cylalkyvisuifonyl, (C-Chalkoxy(C-Cilalkyl,
and -N{RMRY; and

each aryl, aryloxy, aryithio, arvisufiny! and arvisulfonyl moicty in the groups
represented by R’ and R” and cach heteroaryl represented by NR'R? taken together is
optionally substituted with one or more substituents independently selected from the
group consisting of (C-Cylalkyl, halo, -OH,

(C-Cyalkoxy, -5-(Ci-Cypalkyl, ~-S(OXCi-Coialkyl, -S{0)(C,-Coalkyl,
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(C-Cyalkoxy(C-Cyalkyl, NRWRY: -CN, halo(C-Cyalkyl, and halo(C)-
Coalkoxy; and

R’ and R* are cach independently selected from the group consisting of -H and
(C1-Cyyalkyl, wherein the (C1-Cyalkyl represented by R and R is optionally
substituted with one or more substituents mdependently selected from the group

consisting of (;-Cyjalkyl, halo, -OH, (C;-Calkoxy, and (C-Calalkoxy(C-Cylalkyl
The compound or method of Claim 42, wherein R is hydrogen or (C-CyJalkyl.

The compound or method of Claim 43, wherein R’ is selected from the group

consisting of hvdrogen, methyl and ethyl.

The compound or method of Claim 42, 43 or 44, wherein R” is selected from the
group consisting of (C,-Crlalkyl, (Cs-Coleycloalky{Ci-Cylalkyl,
{C1-Chalkoxy(Ci-Caalkyl, phenvi, phenyl(Ci-Coalkyl, (C5-Colevcloalkyl and
halo{C-Caalkyl, wherein cach alkyl, atkoxy and cveloalkyvl moiety in the groups
represented by R” is optionally substituted with one or more substituents
mdependently selected from the group consisting of (C,-Cylalky! and halo: and cach
phenyl moiety in the groups represented by R is optionally substituted with one or
more substituents independently selected from the group consisting of (Ci-Cyjatkyl,
halo, (C,-Cyalkoxy, (C-Cyalkoxy({C-Cylalkyl, -CN, halo(C,-Cglalkyl, and
halo{C-Cajalkoxy.

The compound or method of Claim 45, wherein R’ is selected from the group
consisting of cyclopropyi, cvclobutyl, cvelopentyi, cyclopropyimethyl,
cyclobutylmethyl, phenvl,

benzyvl, -{CH»~0-CHs, {CH,)5-0CH;, ~C{CHs)s, -CH(CH;),, -CHC(CH:)s,
~CHLCH(CH: ), ~CH-CF;, (CHL,~CHLF, and -(CH,CHn18 0, 1,2, 3,4, 5 01 6;
wherein the phenvl or benzyl group represented by R” is optionally substituted with
one or two substituents independently selected from the group consisting of
{C1-Cyalkyl halogen, (Ci-Coalkoxy, (Ci-Cyalkoxy{Ci-Caalkyl, -CN,
halo{C~Caalkyl, and halo{C;-Cyalkoxy.
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47, The compound or method of Claim 46, wherein R’ is selected from the group
consisting of cyclopropyl, cvelopropvimethyl, evelobutyl, cvelopentyl,
cvclohexyl, (CH,)-0-CH;, -C(CH:);, -CH(CH:),, -CHL-CF;,

-CHy CH(TH: ), -CH; and -CHRCH;.

48, The compound or method of Claim 42, wherein R' and R taken together with the
nitrogen atom to which they are bonded form a monocyclic or bicvelic heteroaryl ora
monocychc, fused bicvelic, bridged bicyclic or spirg bicyclic heterocycle, wherein the
hetercaryl or heterocyele optionally contains one additional heteroatom selected trom
the group consisting of N, O and §; and the heterocycle 1 optionally substituted with
one or more substituents mdependently selected from the group consisting of
{Ci-Uyalkyl halo, -OH, (Ci-Caalkoxy, (T-Cyjalkvhthio, (Ci-Cyatkyisulfiny,
(C1-Coalkylsulfonyl, (C-Calkoxy(C -Cyalkyl, and -N(RHRY; and the heteroary!
15 optionally substituted with one or more substituents independently selected from
the group consisting of {C1-Cylalkyl, halo, -OH,

(Ci~Cyalkoxy, -S~(C~-Coralkyl, -S{OXC,-Cyralkyl, ~S(0(C,-Cylalkyl,
(C1-Coatkoxy(C-Coalkyl, -NRWRY), -CN, halo(C-Coalkyl, and halo(C-
Cyalkoxy.

49, The compound or method of Claim 48, wherein R' and R taken together with the
nitrogen atom to which they are bonded form a heterocyele selected from the group
consisting of azetidine, pyrrolidine, morpholine, piperidine,
octahyvdrocyelopentalclpyrrol, iscindoling, and azabicyelo{3.1 Othexane, wherein the
heterocvele s optionally substituted with one or more substituents mdependently
selected from the group consisting of {C-Cyalkyl, halogen, -OH,

(Ci-Cyialkoxy, -S-(Ci-Cajalkyl, -S(OKC;-Colalkyl, -S{0){C-Calalkyl,
(C1-Coralkoxy(C-Cajalkyl, and -NRMRY).

50.  The compound or method of Claim 49, wherein the heterocycle is optionally

substituted with halogen, methoxy, hydroxy, methoxymethyi or dimethylamine group.
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5L The compound or method of Claim 42, wherein:
a) R' is methyl, and R is cyclopropyl;
b) R' is hydrogen, and R is cyclopropyl:
¢) R’ is hydrogen, and R is cvclobutyl;
d) R' is methyl, and R” is cyclobutyl:
¢) R is hydrogen, and R’ is cyclopropylmethyl;
f) R'is hydrogen, and R’ is cyclobutylmethyl;
2} R! is hydrogen, and R? is benzyl;
) R' is hydrogen, and R” is methoxypropyl;
i} R is hydrogen, and R is methoxyethyl;
i) R’ is hydrogen, and R is phenyl:
k) R! is methyl, and R is t-butyl;
) R is hydrogen. and R” is t-butyl;
m) R' is hydrogen, and R is methyl;
n} R is hydrogen, and R* is ethyl;
o} R' is hydrogen, and R? is propyl:
p) R'is hydrogen, and R” is butyl;
gy R' is hydrogen, and R? is pentyl;
) R is hydrogen, and R” is hexyl;
s} R is hydrogen, and R’ is heptyl;
) R’ is methyl, and R? is methyl:
u} R is hydrogen, and R is isopropyl;
v) R is hydrogen, and R” is 2, 2-dimethyipropyl;
w) R is hydrogen, and R” is trifiuoroethyl;
%) R' is hydrogen, and R? is 2-methvipropyl;
v R' is hydrogen, and R? is 3-fluoropropyl;
z) R’ is othyl, and R? is ethyl;
al) R is methyl, and R” is methyl;
b1) R’ is hydrogen, and R” is hvdrogen;
ey R' is hydrogen, and R” is cvelopentyl;

d1} R' is methyl, and R? is cyclopentyl; or
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ely R is methyl, and R is propyl.

52.  The compound or method of Claim 42, wherein R’ and R’ taken together with the
nitrogen atom o which they are bonded form a group selected from the group
consisting of’

ay azetidin-1-vi;

b} 3-tluoroazetidin-1-vi;

¢} 3-methylazetidin-1-vL

d) 3-methoxyazetidin-1-y1;

¢} pyvreohidin-1-vk;

) morpholin-4-vl1;

g) 3-flucropyrrohdim-1-vh

h) 3-hvdroxypyrrolidin-1-vi;

1) 3-N, N-dimethylanunopyrrolidin-1-yi;
1} 2-methoxymethyipyrrolidin-1-vl;
k) pipendin-1-yL

1} octahvdrocvelopentalcipyrrol-2-vi;
m) isoindolin-2-vl; and

n) 3-azabicyclo{3.1.Othexan-3-yL.

53, 'The compound or method of Claim 42, wherein

R is hydrogen or a (C-Coalkyl; and

R? is selected from the group consisting of {C-Crlalkyl,
{Cs-Coioycloalky G -Coyalkyl, (C-Cralkoxy{C-Cylalkyl, pheayl,
phenyi(C-Cylalkyl, (Cs-Coieveloalkyl and halo(C,-Cylalkyl, wherein each alkyl,
alkoxy and eycloalkyl moiety in the groups represented by R” is optionally substituted
with one or more substituents independently selected from the group consisting of
(C1-Cyalkyl and halo; and cach phenyl moiety in the groups represented by R” is
optionally substituted with one or more substituents independently selected from the
group consisting of (C;-Cylalkyl, halo, (C-Cilalkoxy,
{C1-Cyalkoxny{Ci-Caalkyl, -CN, halo{C-Caalkyl, and halo{Ci-Coalkoxy; or
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R' and R? taken together with the nitrogen atom to which they are bonded
form a monocychic or bicyclic heteroaryl, or a monocyclic, fused bigyclic, bridged
bicyclic or spiro bicyelic heterocycle, wherein the heteroary] or heterocycle optionally
contains one additional heteroatom selected from the group consisting of N, O and §;
and the heterocyele is optionally substituted with one or more substitoents
independently selected from the group consisting of {C-Cylalkyl, halo, -OH,
{Ci-Cyaalkoxy, (C-Cyjalkyithio, (C-Caalkvisulfinyl, (C-Cyoalkvisulfonyl,
{C-Cpalkoxy(C-Coalkyl, and -N{RHRY); and the heteroaryl is optionally
substituted with ong or more substituents independently selected from the group
consisting of {C-Cyalkyl, halo, -OH,

(Ci~Cpalkoxy, -S<(C~-Cyyalkyl, -S{OXC,-Cyralkyl, ~S(0R(C-Cylalkyl,
(C-Caralkoxy(C-Caalkyl, -NERWRY, -CN, halo(C-Cpalkyl, and halo(C -

Cyalkoxy.

The compound or method of Claim 33, wherein

R! is hydrogen, methyl, ethyl, methoxy or tert-butoxy;

R” is selocted from the group consisting of (C,-C-)alkyl,
{(Cs-Coieycloalky{Ci-Calkyl, {C-Chyatkoxy(Ci-Cilalkyl, phenyl, (Ci-Coleveloalkyl,
and fluoro{C;-Cylalkyl; or

R' and R taken together with the nitrogen atom to which they are bonded
form a ring selected from the group consisting of pyvrrolidinyl, morpholnyl,
azetidinyl, piperidinyl, octahvdrocyclopentacipyirolvl, isoindolinvl, indazolvi,
imidazolyl, pyrazolyl, triazolyl, and tetrazolyl, wherein the ring formed by R' and R
taken together with the nitrogen atom to which they are bonded is optionally

substituted with fluore, ~OH, ~OCH;, or N{CH:),.

The compound or method of Claim 54, wherein:

R! hydrogen, methyl, or cthyl; and

R’ is selected from the group consisting of methyl, ethyl, n-propyl, isopropyl,
n-butyl, 2, 2-dimethyipropyl, t-butvl, isobutyl, n-pentyl, (C4-Coleveloalkyl, (Cs-

Csievcloalkyimethyl, methoxyvethyl, and 2-Huocrocthyl; or
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R' and R? taken together with the nitrogen atom to which they are bonded
form a ring selected from the group consisting of azetidinyl, pyrrolidinyl, piperidinyl,
tetrazolyl, or octahydrocyclopentafclpyrrolyl, and wherein the ring formed by R’ and
R taken together with the nitrogen atom to which they are bonded is optionally

substituted with fluoro.

A method of preparimg a compound represented by Structural Formula Ha:

OoH O OH © O (I1a),
or a salt, solvate or combination thereof, the method comprising:
heating a suspension comprising a perfluorinated organic solvent and a

compound of Structural Formula la:

N ©PFg
i © MG LCHg
N® M NI

o 6 oL o (1a).

ot a salt, solvate or combination thereof, at a temperature of from about 120 °C o
about 160 °C 1o provide the compound of Structural Formula Ha, or the salt, solvate

or combination thereof.

The method of Claim 536, further comprising nitrating the compound of Structural
Forowula [la, or the salt, solvate or combination thereof, to provide a compound of

Structural Formula IV

or a salt, solvate or combination thereof.
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58. The method of Claim 57, further comprising reducing the nitro group of the
compound of Structural Formula 1V, or the salt, solvate or combination thereof, to

provide a compound of Structural Formula V-

L Aell ]
OH O OH 0 O

or a salt, solvate or combination thereof.

59. The method of Claim 38, further comprising functionalizing the primary amino group
of the compound of Structural Foroula V., or the salt, solvate or combination thereof,

to provide a compound of Formula (Via):

or a salt, solvate or combination thercof.

60.  The mecthod of any one of Claims 56-59, further comprising diazotizing a compound

of Structural Formula Tila:

CcH © OE-‘?HD O (TTa).

or a salt, solvate or combination thereof, to provide the compound of Structural

Formula la, or salt, solvate or combination thereof.

61. A compound represented by Structural Formula X
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or a salt, solvate or combination thereof, wherein:

X 13 BF,, PFy ', AsFy or HSiFy

Y’ is selected from the group consisting of halo,
nitro, -N(RMR®). -NRJ-CLOMCRDR - -NR YR,
NRD-CONEMNRY), -NERH-CO)-(C1-Colalkvl, -NRHN-C(O)-OR,
NRD-C(Oy-heterocvelyl, -NRD-C(O)-heteroaryl, -N{R-C(O)-carbocyelyl,
NERD-COy-arvl, -NR-S(0)-(C1-Coalkylene-NRMR®Y,
NERD-SO) - C1-Colalkviene-carboeyelyl, and -N{R"1-8(0)u-(C,-Calalkylene-aryl;

R* and R® are each independently selected from the group consisting of
hyvdrogen, {Ci-Cojalkyl, -O0-(C-Crialkyl, -{Co-Lolalkylene-carbocyelyl,
~(Co-Colalkyienc-aryl, {Co-Colalkylene-heterocyelyl, {(Co-Colalkylene-heteroaryl,
~(C-Colalkyviene-0-(C-Cralkyvl, {C-Celalkylene-O-carbocvelvi,
~{C1-Colalkviene-O-aryl, -(C1-Celalkylene-O-heterocyelyl,
-{C1-Colalkylene-O-heteroaryl, -S(0)-(C1-Cealkyl,
-{Co-Coralkylene-S(Op-carbocyelvl, |(Co-Colalkvlene-5{O)ymarvl,
~{Co-Cgyalkylene-S{O)p-heterocyelyl and «€Co-Cylalkylene-S{O)y-hetercarvl; or

R* and R® taken together with the nitrogen atom to which they are bound form
a heterocyely! or heteroaryl, wherein the heterocvele or heteroary! optionally
comprises 1 1o 4 additional heteroatoms independently selected from the group
congisting of N, § and O

R” and RF are each independently selected from the group consisting of
hvdrogen, (C;-Colalkyl, carbocyelyl, arvl, heterocyelvl or heteroaryl; or

R® and R” taken together with the carbon atom to which they are bound form
a 3-7 membered carbocvclvl or a 4-7 membered heterocyclyl, wheren the
heterocyely! formed by R” and R” optionally comprises one or two additional

heteroatoms imdependently selected from the group consisting of N, 5 and ;
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R" is selected from the group consisting of hydrogen, (C;-Cr)alkyl,
carbocyclyl, arvl and heteroaryl; and

mis 0, 1 or 2, wherein:

cach carbocyclyi, arvl, heterocyelyl or heteroaryl is optionally and
independently substituted with one or more substituents independently selected from
the group consisting of halo, {C-Cylalkyl, -OH, =0, -0-(C-Cylalkyl,
~(C1-Cyoalkyiene-0-(Ci-Cyialkyl, halo-substituted -(Ci-Cylalkyl, halo-
substituted -0-(C,-Cylalkyi, -C(O)-(C1-Cylalkyl, -C{O)-(fluoro-substituted~-(C-Cyalk
¥1), ~S(0){C1-Coalkyl, -NROWR"), and CN; and

cach alkyl in the group represented by R™, R”, R” and R” is optionally and
mndependently substituted with one or more substituents mdependently selected from
the group consisting of halg, -(C,-Cyalkyl, -OH, -0-(C;-Crlalkyl,
~(Cr-Caralkylene-0-{C~-Coalkyl,
fluoro-substituted-(C,-CyJalkvl, ~S(0)u~(C1-Cyatkyl, and -N(ROWR®), wherein

each RY is hydrogen or (C;-Cylalkyl, wherein cach alkyl in the group
represented by RY is optionally and independently substituted with one or more
substituents independently selected from the group consisting of -{C-Cylalkyl, (Cs-

Coyeyeloalkyl, halo, -OH, -0-(C1-Caatkyl, and (C1-Calkyl-0-(C1-Coalkyl.

62, The compound of Claim 61, represented by Structural Formula (Xa):

fFoon 0 o 5 (Xa).
or a salt, solvate or combination thereof, wherein;

R' and R” are cach independently selected from the group consisting of
hydrogen, (Ci-Cryalkyl, (Cs-Coloycloalkyl{C-Cayalkvt, (C-Cryalkoxy{Ci-Cylalkyl,
{Cs-Coioycloalkoxy{C-Cajalkyl, (Cs-Usleycloalkyl, arvl, aryH{C-Colalkyl,
arvioxy(C-Cypalkyi, arvithio(C,-Cylatkvl, arvisufinvl{C,~Cyalkyl,
arylautfonyiC,-Cylalkyl, and ~-0-(C-Crlalkyl; or

R' and R taken together with the nitrogen atom to which they are bonded
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form a monocyclic or bicyclic heteroarvl, or a monocyclic, fused bicyclic, bridged
bicyclic or spiro bicychic heteroeycle, wherein the heteroary! or heterocycle optionally
contains one or two additional heteroatoms mdependently selected from the group
consisting of N, O and S, wherein

cach alkyl, cyeloalkyl, alkoxy and eycloalkoxy moiety m the groups
represented by R' and R” and each heterocycle represented by NR'R” taken together
15 optionally substituted with onc or more substituents independently selected from
the group consisting of {C-Cylalkyl, hale, -OH, (C;-Cylalkoxy, (C-Caalkylthio,
{C-Cyalkyisalfinyl, {C-Cyalkylsulfonyl, {{-Cylatkoxy{C-Cilalkyl,
and -N(RRY; and

cach arvl, arvioxy, arvithio, arvisutinyl and aryisulfonvl moiety in the groups
represented by R' and R and cach heteroaryl represented by NR'R” taken together is
optionally substituted with ong or more substituents independently selected from the
group consisting of {C,-Cyjalkyl, halo, -OH,
(Ci-Cyalkoxy, -S-(C-Capalkyl, ~-S(OXC1-Cylalkyl, -S{OR(Ci-Cyjalkyl,
(C1-Cyalkoxy(Ci-Calalkyl, -N{RWRY: -CN, halo(C-Cyalkyl, and halo(Cs-
Cyalkoxy; and

R and RY are each independently selected from the group consisting of -H and
(C-Cyyalkyl, wherein the (C;-Cylalky] represented by R” and R” is optionally
substituted with one or more substituents independently selected from the group

consisting of {C-Cyalkyl, halo, -OH, (C;-Cypalkoxy, and (C1-Cylalkoxy{(C;-Cylalkyl.

The compound of Claim 62, represented by Structural Formula Xb:

N X

or a salt, solvate or combination thereof.

The compound of Claim 61, 62 or 63, wheremn X 13 BF,.
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A method of preparing a compound represented by Stractural Formnuda I

OH o ors o an,
or a salt, solvate or combmation thercof, wherein:

Y is selected from the group consisting of hydrogen, halo, nitro, ~(C,-C;jalkyl,
carboeyelyl, «C-Coalkylene-NRMHRY),
~(Cr-Capalkylene-NR)-COMCRHR Yo NRHR®),

-CH=N-OR", -N(R"HR?). -NR)-C(O)-| CRY R 1.4-NRYR),
NERO-COPINERDYRDY, -NERH-CO-(Ci-Coatkyl, -NRH-C(O)-OR?,
N(R"-C(O-heterocyelvl, -N(RD-C(O)-heteroaryl, -N{R"-C(D)-carbocyelyl,
NERH-C(Oy-aryl, -NR-S(0)u-(C-Cadalkylene-NRMRP),
NR)-S(0)-(C1-Colalkylene-carbocvelvl, and -N(R"-$(0)n-(C1-Calalkylenc-aryl
wherem:

cach R™ and R® are independently selected from the group consisting of
hydrogen, {Ci-Cojalkyl, -0-(C-Crialkyl, -{Co-Lolalkylene-carbocyelyl,
~(Co-Colalkyienc-aryl, {Co-Colalkylene-heterocyelyl, {(Co-Colalkylene-heteroaryl,
~(C-Colalkyviene-0-(C-Cralkyvl, {C-Celalkylene-O-carbocvelvi,
~{{C-Colalkvlene-O-aryl, -(C-Cylalkvlene-O-heterocyelyl,
-{C1-Colalkylene-O-heteroaryl, -S(0)-(C1-Cealkyl,
-{Co-Colalkylene-S{(Op-carbocvelvl, (Co-Cialkviene-5(0ymaryl,
~{Co-Cgyalkylene-S{O)p-heterocyelyl and «€Co-Cylalkylene-S{O)y-hetercarvl; or

R* and R® taken together with the nitrogen atom to which they are bound form
a heterocyely! or heteroaryl, wherein the heterocvele or heteroary! optionally
comprises 1 1o 4 additional heteroatoms mdependently selected from the group
congisting of N, § and O

each R” and cach R® is independently selected from the group consisting of
hvdrogen, (C;-Coalkyl, carbocycelyl, arvl, heterocyclyl or heteroaryl, or

R” and RF taken together with the carbon atorn to which they are bound form

a 3-7 membered carbocyelyl, or a 4-7 membered heterocyelyl, wherein the
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heteroeyclyl formed by R® and R” optionally comprises one to two additional
heteroatoms independently selected from the group consisting of N, § and O;

R" is sclected from the group consisting of hydrogen, (C;-C-alkyl,
carbocyelyl, arvt and heteroaryl: and

mis 0, 1 or 2, wherein:

gach carbocyclyl, aryl, heterocyelyl or heteroaryl is opticnally and
mdependently substituted with one or more substituents independently selected from
the group consisting of halo, ~(C-Cyjalkyl, -OH, =0, -0-(C,-Cylalkyl,
-{C-Coalkylene-0-(C-Cylalkyl, halo-suabstituted -(C;-Cylalkyl, halo-
substituted ~O~(C,-Cyjalkyl, ~C(O)-(C,-Cyjalkyl, ~-C(O)-{fluoro-substituted-(C;~Cylalk
W1}, -S(0)u(C -Coyatkyl, -NRHRE), and ON;

cach alkyl in the group represented by R®, R®, R” and RE is optionally and
independently substituted with one or more substituents independently selected from
the group consisting of halo, -(C-Cyalkyi, ~OH, ~0-(C;-Cralkyl,
~(C1-Cyoalkviene-0-(C~-Caialkyl,
fluoro-substituted-(C;-Calalkyl, -S(0)u-(C1-Ca)alkyl, and -N(R“}R®), wherein

cach RY is hydrogen or (C;-Cy)alkyl, wherein cach alkyt in the group
represented by RY is optionally and independently substituted with one or more
substituents independently selected from the group consisting of (C-Cylalkyl, (Cs-
Coieycloalkyl, halo, -OH, -O-(C-Calkyl, and (C-Calkyl-0-(C-Cylaliyl,

the method comprising:
irradiating a solution comprising an ionic liguid and a compound of Structural

Formula XT:

OH
oH O OH O O (XD,
or a salt, solvate or combination thercof, wherein X7 18 BF,, PF¢, AsF¢ or HSiF"
and Y 1is as detined above for the compound of Structural Formula H, to provide the

compound of Structural Formula 11, or the salt, solvate or combination thereof,
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66. The method of Claim 65, wheremn X 1s BF,

67. The method of Claim 65 or 66, whercin the tonic liquid is selected from the group
consisting of 1-butvl-3-methylimidazolium tetrafluoroborate, 1-butvl-2,3-
dimethyvlimidazolium tetrafluorsborate, 1-batyl-3-methylpyvridinim tetrafluoroborate

and 1-butyl-3-methylmidazoliom hexaftuorophosphate.

68.  The method of Claim 65, 66 or 67, comprising irradiating the solution with ultraviolet
hight.
69, The method of anv one of Claims 65-68, further comprising diazotizing a compound

of Structural Formula T

OH O OH'O O

or a salt, solvate or combination thercof, wherein Y 15 as defined for Structural
Formula If wherein at least one of R® and R® is not hydrogen when Y

is «(C-Coalkyvlene-NRMR®), «(C-Cyalkviene-NRH-CO)-[CRPHRM] - NERM
R,

NERYER?), -NR-C(O)- | CRHR - NRUR), or

NERD-S0) - (C1-Coalkvlene-N(RMR). to provide the salt of Structural Formula

X1, or solvate thereof,

70.  The method of Claim 69, further comprising reducing the nitro group of a compound

of Structural Formula X3L
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or a salt, solvate or combination thercof, wherein Y 18 as defined for Stractoral
Formula I wherein Y is not nitro and at least one of R® and R® is not hydrogen when
v

is -(C-Calkylene-NRM(RE), «(C,-Cpalkylene-N(R-COMCERDWRH] 4 NERM
R"),

NRYRT), -NED-CO-CRIHRT4-NERHR?), or
NERT-8(0)a{C-Coyalkylenc-NR*¥RP), to form the compound of Structural

Formula I, or salt, solvate or combination thereof,

71 The method of any one of Claimas 63-70, wherein Y is hydrogen.
72, The method of Claim 71, further comprising nitrating the compound of Structural

Formula 1}, or the salt, solvate or combination thereof, to provide a compound of

Structural Formula IV

o 0 OH o O (V).

or a salt, solvate or combination thereof.

73, The method of Claim 72, further comprising reducing the nitro group of the
compound of Structural Formula 1V, or the salt, solvate or combination thereof, 1o

provide a compound of Structural Formula V:

or a sakt, solvate or combination thereof.
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74.  The method of Claim 73, further comprising functionalizing the primary amino group

of the compound of Structural Formula V| or the salt, sclvate or combination thereof,

to provide a compound of Structural Formula VE

HaCup - CHa

o o oo o V1),

or a salt, solvate or combination thereof, wherein:

Y’ is selected from the group consisting
of -NRRT), -NR)-COMH TR IR - NERHR),

NERO-CO-NERMYRY, -NERD-CO(C-Colalkyl, -N(RN-C(O)-hetorocyelyl,
N(R")-C(O-heteroaryl, -NR-C(O)-carboeyelyl, -N(RM)-C(G)-arvl,
NRD-S(0)a(C-Copalkylene-NRMHRP), NR-8(0),+(C1-Colalkylene-carbocycly
1. and -N(R)-S{0)u-(C1-Co)alkylene-aryi, wherein:

at least one of R® and R® is not hydrogen when Y~ 1s ~N(R‘A‘)( RB);

R* and R® are each independently selected from the group consisting of
hyvdrogen, {Ci-Cojalkyl, -O0-(C-Crialkyl, -{Co-Lolalkylene-carbocyelyl,
~(Co-Colalkyienc-aryl, {Co-Colalkylene-heterocyelyl, {(Co-Colalkylene-heteroaryl,
~(C-Colalkyviene-0-(C-Cralkyvl, {C-Celalkylene-O-carbocvelvi,
~{{C-Colalkvlene-O-aryl, -(C-Cylalkvlene-O-heterocyelyl,
-{C1-Colalkylene-O-heteroaryl, -S(0)-(C1-Cealkyl,
-{Co-Colalkylene-S{(Op-carbocyelvl, (Co-Cialkviene-5(0ymaryl,
~{Co-Cgyalkylene-S{OYp-heterocyelyl and «€Co-Cylalkylene-S{O)y-hetercarvl; or

R* and R® taken together with the nitrogen atom to which they are bound form
a heterocyely! or heteroaryl, wherein the heterocvele or heteroary! optionally
comprises 1 1o 4 additional heteroatoms mdependently selected from the group
congisting of N, § and O

each R” and cach R® is independently selected from the group consisting of
hvdrogen, (C-Coalkyl, carbocycelyl, arvl, heterocyclyl or heteroaryl, or

R” and RF taken together with the carbon atorn to which they are bound form

a 3-7 membered carbocyelyl, or a 4-7 membered heterocyelyl, wherein the
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heteroeyclyl formed by R® and R” optionally comprises one to two additional
heteroatoms independently selected from the group consisting of N, § and O;

R" is sclected from the group consisting of hydrogen, (C;-C-alkyl,
carbocyelyl, arvt and heteroaryl: and

mis 0, 1 or 2, wherein:

gach carbocyclyl, aryl, heterocyelyl or heteroaryl is opticnally and
mdependently substituted with one or more substituents independently selected from
the group consisting of halo, ~(C-Cyjalkyl, -OH, =0, -0-(C,-Cylalkyl,
-{C-Coalkylene-0-(C-Cylalkyl, halo-suabstituted -(C;-Cylalkyl, halo-
substituted ~O~(C,-Cyjalkyl, ~C(O)-(C,-Cyjalkyl, ~-C(O)-{fluoro-substituted-(C;~Cylalk
W1}, -S(0)u(C -Coyatkyl, -NRHRE), and ON;

cach alkyl in the group represented by R®, R®, R” and RE is optionally and
independently substituted with one or more substituents independently selected from
the group consisting of halo, -(C-Cyalkyi, ~OH, ~0-(C;-Cralkyl,
~(C1-Cyoalkviene-0-(C~-Caialkyl,
fluoro-substituted-(C;-Calalkyl, -S(0)u-(C1-Ca)alkyl, and -N(R“}R®), wherein
cach RY is hydrogen or (C-Cyalkyl, wherein cach alkyl in the group represented by
RY is optionally and independently substituted with one or more substituents
independently selected from the group consisting of -(C-Cylalkyl, {(C5-Coleycloalkyl,
halo, -OH, -O-(C-Cylalkyl, and (C)-Cylalkv-O-{C-Colalkvl

The method of Claim 74, wheremn:

Y is -N{R"-C(O)-CH:-N{R YR, wherein:

R' and R” are each independently selected from the group consisting of
hvdrogen, (C-Cralkyl, (Ci-Colevcloalky{C~-Coyalkyt, (C-Cryalkoxy{C~Cyyalkyt,
(Ca-Ueievcloalkoxy(Ci-Caalkyl, (C5-Coloyeloalkyl, arvl, arvl{C;-Cylalkyl,
arvioxy{C-Cyalkyl, arvithio{C-Coatkyl, arvlsufinyl{C-Cylalkyl,
arvisubfonyi{C,-Cylalkyl, and -0-{C-Crjalkyl; or

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

bicyclic or spiro bicychic heteroeycle, wherein the heteroary! or heterocycle optionally
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contains one or two additional heteroatoms independently selected from the group
consisting of N, O and S, wherein

cach alkyl, cycloalkyl, alkoxy and cycloalkoxy moicty o the groups
represented by R' and R” and each heterocyele represented by NR'R” taken together
ts optionally substituted with one or more substituents independently sclected from
the group consisting of the group consisting of (C;-Cyyalkyl, hale, -OH,
{Ci-Cyaalkoxy, (C-Cyjalkyithio, (C-Caalkvisulfinyl, (C-Cyoalkvisulfonyl,
{C-Cpalkoxy(C-Coalkyl, and -N{R'HRY; and

each aryl, aryloxy, arylthio, arvisufiny! and arvisulfonyl moicty in the groups
represented by R’ and R” and cach heteroaryl represented by NR'R? taken together is
optionally substituted with one or more substituents independently selected from the
group consisting of (C-Cylalky], halo, -OH, (C-Cgalkoxy, -5-{C-Cyalkyl,
SS(ONC-Calkyl, -SON(C-Calalkyl, (C1-Caatkoxy(C-Cyalkyl, -NRHRY; -CN
halo{C-Cygalkyl, and halo(C,-Cylalkoxy; and

R’ and R? are each independently selected from the group consisting of -H and
(C1-Cyalkyl, wherein the (Ci-Cylalkyl represented by R and R is optionally
substituted with one or more substituents independently selecied from the group

consisting of (C~-Cyalkyl, halo, -OH, (C,-Cpalkoxy, and (C-Cylalkoxy(C,-Cylalkyl.

The method of Claim 75, wherein R’ is hydrogen or {{;-Cygalkyl.

The method of Claim 76, wherein R’ is selected from the group consisting of

hydrogen, methy! and ethyl.

The method of Claim 75, 76 or 77, wherein R” is selected from the group consisting
of (C-Calkyl, (C-Coleycloalky T -Cylalkyl, (C-Crralkoxyv(C-Cylalkyl, phenyl,
pheaviC-Cyalkyl, (G5-Ceicvcloalkyl and halo(Cy-Cylatkyl, wherein each alkyl,
alkoxy and cycloalkyl moiety in the groups represented by R” is optionally substituted
with one or more substituents independently selected from the group consisting of
{C;-Cyalkyl and halo; and each phenyl moiety in the groups represented by R is

optionaily substituted with one or more substituents independently selected from the
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group consisting of (C;-Cylalkyl, halo, (C-Cilalkoxy,
{C-Cypalkoxy{Ci-Caalkyl, -CN, halo{C-Calkyl, and halo{Ci-Cylalkoxy.

79.  The method of Claim 78, wherein R” is selected from the group consisting of
cyclopropyl, cyvclobutvl, cvelopentyl, cyclopropyimethyl, eyclobutyvimethyl, phenyi,
benzyl, -(CHyn-0-CH;, -{CH,);-0CH;, -C{CHg);, -CH(CH;),, -CHC(CH:)5,
~CHLCH(CH), ~CHR-CF5, (CHL)~CHRF, and -(CH)CH 1180, 1,2, 3,4, 5 01 6;
wherein the phenyl or benzyl group represented by R” is optionally substituted with
oneg or two substituents independently selected from the group congisting of
{C,-Cyalkyl, halogen, (C-Cyalkoxy, (C,-Cyalkoxy{C~-Cyalkyl, -CN,
halo{C,~-Cylalkyl, and halo{C,-Cyalkoxy.

80.  The method of Claim 79, wherein R” is selected from the group consisting of
cyclopropyl, cyclopropyimethyl, cyclobutyl, cyclopentyl,
cyclohexyl, {CHy)-0-CHs, ~-C{CHs)s, -CH(CH: )y, -CH-CF,
-CHCH{CHs ), -CHs and -CHLCH;.

§1.  The method of Claim 75, wherein R’ and R taken together with the nitrogen atom to
which they are bonded form a monocyclic or bicychic hetercaryl, or a monocyclic,
fused bicvclic, bridged bicyclic or spire bicyclic heterocycle, wherein the heteroaryl
or heterocyele optionally contains one additional heteroatom selected from the group
consisting of N, O and S; and the heterocycle is optionally substituted with one or
more substituents independently selected from the group consisting of {C-Ca)alkyl,
halo, -OH, (Ci-Coalkoxy, (C-Caalkylthio, (Ci-Calkyisulfinyl,
(C1-Cyyalkylsulfonyl, (C-Coalkoxy(C-Cyalkyl, and -N(R R and the heteroaryl
ts optionally substituted with one or more substituents independently selected from
the group consisting of (C-Ustaltkyl, halo, -OH,

(C-Cyalkoxy, -5-(Ci-Cypalkyl, ~-S(OXCi-Coialkyl, -S{0)(C,-Coalkyl,
(C-Coalkoxy(C -Caalkyl, NRMURY, -CN, halo(C -Cyalkyl, and halo(C,-
Cylalkoxy.
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82.  The method of Claim 81, wherein R' and R taken together with the nitrogen atom to

84.

which thev are bonded form a heterocycle selected from the group consisting of
azetidine, pyrrohiding, morpholine, piperidine, octahvdrocyelopentalclpyrrol,
isoindobine, and azabicvelof3.1 Olhexane, wherein the heterocycele is optionally
substituted with one or more substituents mdependently selected from the group
consisting of (C-Cylatkyl, halogen, -OH,

(Ci-Cyalkoxy, -S-(C-Cyapalkyl, ~-S(OXC-Cyialkyl, -S{On(Ci-Coalkyl,
{C-Cpalkory(C-Coalkyl, and -N{RHRY.

The method of Claim 82, wherein the heterocycle is optionally substituted with

halogen, methoxy, hyvdroxy, methoxymethyl or dimethylamino group.

The method of Claim 75, wherein:
a) R’ is methyl, and R? is cyclopropyl;
b} R is hydrogen, and R? is eyclopropyl;
¢} R' is hydrogen, and R is cvelobutyl;
d) R' is methyl, and R” is cyclobutyl:
¢) R'is hydrogen, and R” is cyclopropylmethyt:
£y R is hydrogen. and R? is eyclobutylmethyl:
g} R is hydrogen, and R? is benzyl;
h) R’ is hydrogen, and R? is methoxypropyl;
1) R’ is hydrogen, and R” is methoxyethyl;
i3 R' is hydrogen, and R is phenyl;
k) R is methyl, and R” is t-butyl;
1 R’ is hydrogen, and R is t-butyl;
m) R’ is hydrogen, and R” is methyl;
n} R’ is hydrogen, and R? is ethyl;
o} R is hydrogen, and R is propyl:
p} R is hydrogen, and R* is butyl;
g} R' is hydrogen, and R” is pentyl;
1) R' is hydrogen, and R” is hexyl;

s} R’ is hydrogen, and R is heptyl;
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£y R' is methyl, and R” is methyl:

u) R' is hydrogen, and R is isopropyl;

v} R is hydrogen, and R” is 2,2-dimethylpropyl;
w) R' is bvdrogen, and R” is triflucrocthyl;
<} R is hydrogen, and R” is 2-methylpropyl;
v) R is hydrogen, and R? is 3-fluoropropyl:
z) R is ethvl, and R is ethyl;

al)R' is methyl, and R* is methvl;

b1} R' is hydrogen, and R’ is hydrogen;

c1y R} is hydrogen, and R? is cyclopentyl;
d} R is methyl, and R” is cyclopentyl; or

¢1) R’ is methyl, and R” is propyl.

PCT/US2015/057167

85, The method of Claim 75, wherein R’ and R” taken together with the nitrogen atom to

which they are bonded form a group selected from the group consisting of:

a} azetidin-1-y1;

b} 3-flucroazetidin-1-vi;

¢} 3-methylazetidin-1-vl;

d} 3-methoxyazetidin-1-vl;

¢} pvrrohdin-1-vi:

f) morpholin-4-vi;

g} 3-fluoropyrrolidin-1-yk;

h) 3-hvdroxypyrrolidin-1-y1;

i} 3-N N-dimethylaminopyrrolidin-1-vi;
1) 2-methoxymethylpyrrolidin-1-y1;
k) pipendin-1-vi

D octahvdrocyclopenta{cipyrrol-2-vi;
) isoindolin-2-vl; and

n} 3-azabicyclo[3.1.0thexan-3-y1.

86. The method of Claim 75, whercin
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R' is hyvdrogen or a (C-Cy)alkyl: and

R” is selected from the group consisting of (C,~Co)alkyl,
{C5-Coieycloalkvl{C,-Cyalkyl, (C-Cohalkoxy(C,-Cylalkyl, phenyl,
phenyi(C-Cylalkyl, (Cs-Coieveloalkyl and halo(C,-Cylalkyl, wherein each alkyl,
alkoxy and eycloalkyl moiety in the groups represented by R” is optionally substituted
with one or more substituents independently selected from the group consisting of
(Ci-Coalkyl and halo; and cach phenyl moiety in the groups represented by R” is
optionally substitiited with one or more substituents independently sclected from the
group consisting of (C;-Cylalkyl, halo, {(C-Cilalkoxy,
{C,-Cyalkoxy({Ci~Cyalkvl, ~-CN, halo{C-Cgalkvl, and halo{Ci-Cylalkoxy; or

R and R’ taken together with the nitrogen atom to which they are bonded
form a monocyclic or bicyelic heteroaryl, or a monocyclhic, fused bicyclic, bridged
bicvelic or spiro bicvclic heterocvele, wherein the hetersaryl or heterocycle optionally
contains one additional heteroatom sclected from the group consisting of N, O and S;
and the heterocycle 1s optionally substituted with one or more subsiituenis
mdependently selected from the group consisting of (C1-Cylalkyl, halo, ~-OH,
{C,-Cyalkoxy, (C-Cylalkylthio, (C)-Cyalkylsulfinyl, {C,-Cyalkylsuifonyl,
(C1-Cyyalkoxy(C-Coalkyl, and -NRWRY; and the heteroaryl is optionally
substituted with one or more substituents mdependently selected from the group
consisting of (T;-Cyialkyl, halo, -OH,
(C-Cyalkoxy, -5-(Ci-Cypalkyl, ~-S(OXCi-Coialkyl, -S{0)(C,-Coalkyl,
(C-Coalkoxy(C-Caalkyl, NRMURY, -CN, halo(C-Cyalkyl, and halo(C;-
Caalkoxy.

The method of Claim 86, wheremn

R' is hydrogen, methvl, ethyl, methoxy or tert-butoxy;

R’ is selected from the group consisting of (C,-Cralkyl,
{C5-Coyeycloalkv i C-Clalkyl, (C,-Chalkoxy(Ci-Cylalkyl, phenyl, (Gs5-Cojeveloalkyl,
and fluoro{C-Cylalkyi; or

R' and R? taken together with the nitrogen atom to which they are bonded
form a ring selected from the group consisting of pyrrohdinyl, morpholinyl,

azetidinyl, piperidinyl, octahydrocyclopentalcipyrrolyl, isoindoliny, indazolyl,
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imidazolyl, pyrazolyl, triazolyl, and tetrazolyl, wherein 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{CH3),.

88, The method of Claim 87, wherein:

R! hydrogen, methyl, or ethyl; and

R’ is selocted from the group consisting of methyl, cthyl, n-propyl, isopropyl,
n-butyl, 2, 2-dimethyipropyl, t-butvl, isobutyl, n-pentyl, (C4-Coleveloalkyl, (Cs-
Csievcloalkyimethyl, methoxyvethyl, and 2-Huocrocthyl; or

R' and R” taken together with the nitrogen atom to which they are bonded
form a ring sclected from the group consisting of azetidinyl, pyrrohidinyl, piperidinyl,
tetrazolyl, or octahvdrocyclopentalclpyrrolyl, and wherein the ring formed by R' and
R’ taken together with the nitrogen atom to which they are bonded is optionally

substituted with fluoro.

89.  The method of Claim 69 or 70, wherein Y 13 selected from the group consisting
of -NRM(R®), -N(R)-CLOMCRDHBM 1L NRHRY),
NERH-COPNERMRE, -NERH-C(0)-(C,-Colalkyl, -N(R)-C(O)-beterocyelvl,
N(R-C{O)-heteroaryl, -N(R"-C(O)-carboevelvl, -N(RM-C(O)-arvl,
SNERF-8(0) 5 C1-Coyalkyvlene-NERMHRE), -NRH-S(0)(C-Colalkylene-carbocyely
i, and -N(R}-8(0)~(C1-Codalkviene-aryl, whercin at least one of R® and R” is not
hydrogen when ¥ is -N(R™M(R®), -NERDY-COMCERDIBH-NERMR®) or
NRH-S(0)u(C-Capalkylene-N(RMHRE).

90, The method of Claim 89, wherem Y s ~-N{H}-C({0)}-CHy-pvrrohdin-i~v1.

91, The method of Claim 89 or 90, further compnsing reducing the nitro group of a

compound of Structural Formula VIE
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or a salt, solvate or combination thercof, to form the compound of Structural Formula

111, or salt, solvate or combination thereof.

92, The method of Claim 91, further comprising functionalizing a compound of Structural

Formula VIII:

, 5
OH © o4 O O Q‘VIH)
or a salt, solvate or combination thereof, to form the compound of Structural Formula

V11, or salt, solvate or combination thercof,

83, The method of Claim 92, further comprising nitrating a compound of Structural

Formula IX:

oH O OH O O (1X).

ot a salt, solvate or combination thercof, to form the compound of Structural Formula

VI, or salt, solvate or combmation thereof,

94.  The method of any one of Claims 63-70 and 91, whercin:

Y is -N(RD-CO-CH,-N(R R, wherein:

at least one of R’ and R’ is not hydrogen;

R' and R” are each independently selected from the group consisting of
hvdrogen, (C;-Chalkyl, (C5-Coyeveloalkv{C-Coyalkyl, (C)-Crialtkaxy(C,-Cyalkyl,
(Cs-Coyeycloalkoxy(Ci-Caalkyl, (Cs-Coleyeloalkyl, arvl, arvi{Ci-Cyjalkyl,
aryloxy{C-Cyalkvl, arylthio(C-Caatkyl, arvisufinyl{Cy-Cyjalkyl,
arvisutfonyiC,-Coalkyl, and -0-(C-Crjalkyl; or

R’ and R’ taken together with the nitrogen atom to which they arc bonded

form a monocyclic or bicyclic heteroarvl, or a monocyclic, fused bicyclic, bridged
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bicyclic or spiro bicyelic heteroevcle, wherein the heteroaryl or heterocycele optionally
containsg one or two additional heteroatoms mdependently selected from the group
consisting of N, O and S, wherein

cach alkyl, cycloalkyl, alkoxy and cycloalkoxy moiety n the groups
represented by R' and R” and each heterocycle represented by NR'R” taken together
1s optionally substituted with one or more substituents independently selected from
the group consisting of (C;-Cilalkyl, halo, ~-OH, (C,-Cyalkoxy, (C-Cajalkylthio,
{(C-Cylalkyisalfinyl, {C-Cyalkylsulfonyl, (C-Cyatkoxy{C-Cylalkyl,
and -N{RHRY; and

cach arvl, arvioxy, arvithio, arylsufinyl and aryisulfonvl moiety in the groups
represented by R' and R” and cach heteroaryl represented by NR'R? taken together is
optionally substituted with one or more substituents independently selected from the
group consisting of {C;-Cylalkyl, halo, -OH,
(C-Cyalkoxy, -5-(Ci-Cypalkyl, ~-S(OXCi-Coialkyl, -S{0)(C,-Coalkyl,
(C-Coalkoxy(C-Caalkyl, NRMRY: -CN, halo(C-Coalkyl, and halo(Ci-
Caalkoxy: and

R’ and R* are cach independently selected from the group consisting of -H and
(C1-Cyyalkyl, wherein the (C1-Cyalkyl represented by R and R is optionally
substituted with one or more substituents mdependently selected from the group

consisting of (;-Cyjalkyl, halo, -OH, (C;-Calkoxy, and (C-Calalkoxy(C-Cylalkyl

95.  The compound of Claim 62 or method of Claim 94, wherein R is hydrogen or

(C“(34)&1k\,’1

- - . 1. )
96.  The compound or method of Claim 95, wherein R 1s selecied from the group

consisting of hydrogen, methyl and ethyl.

97. The compound of Claim 62, 95 or 96 or method of Claim 94, 95 or 96, wherein R’is
selected from the group consisting of {C-Crhalkyl, (Ci-Coeveloalkyl{TC-Cyjalkyi,
{(C-Cryalkoxy(C-Calalkyl, phenvl, phenylC-Cylalkyl, (C5-Coleveloalkyl and
halo{C-Calkyl, wherein each alkyl, altkoxy and cycloalkyl moiety in the groups

represented by R” is optionally substituted with one or more substituents
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mdependently selected from the group consisting of {(C,-Cylalkyl and halo; and each
phenyl moiety in the groups represented by R’ is optionally substituted with one or
maore substituents independently selected from the group consisting of {C-Cylalkyl,
halo, (C;-Cyalkoxy, (C-Cylatkoxy(Ci-Cylalkyl, ~-CN, halo(C,-Cyalkyl, and
halo(Cy-Calatkoxy.

9%, The compound or method of Claim 97, wherein R” is selected from the group
congisting of cvelopropyl, evelobutyl) evelopentyl, cyclopropyvimethyl,
cvelobutylmethyl phenyl, benzyl, -{(CHy)-O-CH;, -{CH3:-0CH;, -C{CH;);,
~-CH({CH:),, -CHLC(CH3)s, -CH,CH{CH ), -CHL-CFs, <(CHo~-CHLF,
and {CH.LCHy nis 0, 1, 2, 3, 4, 5 or 6; wherein the phenyl or benzyl group
represented by R7 is optionally substituted with one or two substituents independently
selected from the group consisting of {C-Coalkyl, halogen, (C-Cyatkoxy,

{C-Cyralkoxy(C-Cylalkyl, -CN, halo{C,-Cylalkyl, and halo{Cy-Cylalkoxy.

99,  The compound or method of Claim 98, wherein R” is selected from the group
consisting of cyclopropyl, cvelopropvimethyl, evelobutyl, cvelopentyl,
cvclohexyl, (CH,)-0-CH;, -C(CH:);, -CH(CH:),, -CHL-CF;,

-CHy CH(TH: ), -CH; and -CHRCH;.

100, The compound of Claim 62 or method of Claim 94, wherein R’ and R taken together
with the nitrogen atom to which they are bonded form a monocyclic or bicyelic
heteroaryl, or a monocyclie, fused bicyclic, bridged bicvelic or spiro bigyclic
heterocyele, wherein the hetercary! or heterocycle optionally contains one additional
heteroatom selected from the group consisting of N, O and S, and the heterocvele s
optionally substituted with one or more substituents independently selected from the
group consisting of {C;-Cylalkyl, halo, -OH, (C-Cgalkoxy, {(C-Cyaalkvithio,
{(C-Coalkyisulfinyl, {(C;-Cylalkyisulfonyl, (C-Cyaltkoxy{C-Cylalkyl,
and -N{R*}RY); and the heteroary! is optionally substituted with one or more
substituents independently selected from the group consisting of {Ci-Cylalkyl,

halo, -OH, (C1-Caalkoxy, -8-(C1-Caalkvl, -S(OKC1-Caiksl, -S(0)(C1-Cajalkyl,
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{C-Cyalkoxy(C-Caalkyl, NRURY), -ON, halo(C-Cyalkyl, and halo(C;-

Coiatkoxy.

The compound or method of Claim 100, wherein R’ and R* taken together with the
nitrogen atom to which they are bonded form a heterocyele selected from the group
consisting of azetidine, pyrrolidine, morpholine, piperidine,
octabvdrocvelopentalcipyrrol, isoindoline, and azabicyclo{3.1.0lhexane, wherein the
heterocycle 13 optionally substituted with one or more substituents mdependently
selected from the group consisting of (;-Cyjalkyl, halogen, -OH,

(Ci~Cyalkoxy, -S~(C~-Coralkyl, -S{OXC,-Cyralkyl, ~S(0(C,-Cylalkyl,
(C1-Cyyalkoxy(C-Coalkyl, and -NRHMRY.

The compound or method of Claim 101, wherein the heterocycle is optionally

substituted with halogen, methoxy, hydroxy, methoxymethvl or dimethviamine group.

The compound of Claim 62 or method of Claim 94, wherein:
a) R’ is methvl, and R’ is cyclopropyl:
by R' is hydrogen, and R is cvelopropyl:
¢) R' is hydrogen, and R? is cyclobutyl;
&y R is methyl, and R’ is cyclobutyl:
¢) R’ is hydrogen, and R’ is cyclopropylmethyl;
) R'is hydrogen, and R’ is cyclobutylmethyl;
) R' is hydrogen, and R? is benzyl;
h) R' is hydrogen, and R’ is methoxypropyl:
iy R is hydrogen, and R is methoxyethyl;
i) R’ is hydrogen, and R” is phenyl;
k) R! is methyl, and R is t-butyl;
1y R’ is hvdrogen, and R is t-butyl;
m) R’ is hydrogen, and R’ is methyl;
n} R is hydrogen, and R” is ethyl;
o) R' is hydrogen. and R” is propyl:

p) R is hydrogen, and R” is butyl;
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g} R' is hydrogen, and R” is pentyl;

1) R' is hydrogen, and R” is hexyl;

s} R’ is hydrogen, and R is heptyl;

) R' is methyl, and R” is methyl;

u) R! is hydrogen, and R” is isopropyl:

v} R is hydrogen, and R? is 2.2-dimethylpropyl;
w) R is hydrogen, and R is triflucrocthyl;
x} R' is hydrogen, and R” is 2-methylpropyl;
v) R' is hydrogen, and R? is 3-fluoropropyl;
z) R' is ethyl, and R? is cthyl;

al)Ris methyl, and R’ is methvi;

b1} R' is hydrogen, and R” is hydrogen:

c1) R is hydrogen, and R” is evclopentyl;
a1y R is methyl, and R? is cvelopentyl: or

el) R is methyl, and R is propyl.

PCT/US2015/057167

104, The compound of Claim 62 or method of Claim 94, wherein R' and R” taken together

with the mitrogen atom to which they are bonded form a group selected from the

group consisting of:
ay azetidin-1-y1;
b} 3-tluoroazetidin-1-vi;
¢} 3-methviazetidin-1-vL;
d) 3-methoxyazetidin-1-y1;
¢} pyreolidin-1-vi;
) morpholin-4-vl1;
g) 3-flucropyrrohdim-1-vh
h) 3-hvdroxypyrrolidin-1-vi;
1) 3-N, N-dimethylanunopyrrolidin-1-yi;
1} 2-methoxymethyipyrrolidin-1-vl;
k) pipendin-1-yL
1} octahvdrocyelopentalcipyrral-2-vi;

m} isoindolin-2-vl; and
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n} 3-azabicyclo[3.1.0thexan-3-yl.

105, The compound or method of Claim 94, wherein

R is hyvdrogen or a (C1-Cyalkyl; and

R” is selected from the group consisting of (C-Chalkyl,
{Cs-Uieycloalky K Ci-Calalkyl, (C-Chalkoxy{Ci-Colalkyl, phenyl,
phenyl{Ci-Cyjalkyl, (Cs5-Csievcloalkyl and halo(C-Cyjalkyvl, wherein each alkvl,
alkoxy and cycloalkyl moiety in the groups represented by R’ is optionally substituted
with one or more substituents independently selected from the group cousisting of
(C1-Cyaliyl and halo; and each pheny! moicty in the groups represented by R is
optionally substituted with one or more substituents independently selected from the
group consisting of (C-Cylalkyl, halo, (C;-Cylalkoxy,
{Ci-Cyralkoxy(C-Cylalkyl, -CN, halo(C-Cylatkyl, and halo(C-Cylalkoxy; or

R and R? taken together with the nitrogen atom to which they are bonded
form a monocyclic or bicyelic hetercaryl, or a monocyclic, fused bicyclic, bridged
bicyclic or spiro bicyelic heteroevcle, wherein the heteroaryl or heterocycele optionally
contains one additional heteroatom selected from the group consisting of N, G and §;
and the heterocyele 1s optionally substituted with one or more substituents
independently selected from the group consisting of {(C-Cylalkyl, halo, -OH,
{(Ci-Cyralkoxy, (C-Cylalkylthio, (C-Caalkyisulfinyl, (C)-Cylaltkyisulfonyl,
(C1-Coalkoxy(C-Cyalkyl, and -N(RMR"); and the heteroaryl is optionally
substituted with one or more substituents independently selected from the group
congisting of {C-Cyalkyl, halo, -OH,
{Ci-Cypalkoxy, -5~-(C-Caralkyl, -S{OXC1-Calalkyl, ~S(OR(Ci-Cajalkyl,
(C1-Coatkoxy(C-Coalkyl, -NRWRY), -CN, halo(C-Coalkyl, and halo(C-
Cyalkoxy.

106.  The compound or method of Claim 1035, wherein
R is hydrogen, methyl, ethyl, methoxy or tert-butoxy:
R? is selected from the group consisting of {C-Cralkyl,
{Cs-Coioycloalky K Ci-Coalkyl, (C-Cralkoxy (T -Cyalkyl, pheayl, {Ts5-Coleycloalkyl,
and fluoro(C;-Cylalkvl; or
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R' and R? taken together with the nitrogen atom to which they are bonded
form a ring selected from the group consisting of pyrrohdinyl, morpholinyl,
azetidinyl, piperidinyl, octabydrocyclopentalcipyrrolyl, isoindolinyl, indazolyi,
imidazolyl, pyrazolyl, triazolyl, and tetrazolyl, whercin the ring formed by R' and R®
taken together with the nitrogen atom to which they arc bonded is optionally

substituted with fluoro, -OH, -OCH;, or N(CH:),.

107, The compound or method of Clamm 106, wherein:

R! hydrogen, methyl, or ethyl; and

R” is selocted from the group consisting of methyl, ethyl, n-propyl, isopropyl,
n-butyl, 2,2-dimethylpropyl, t-butyl, isobutyl, n-pentvl, (Ci-Coleveloalkyl, (Cs-
Csieycloalkyhmethyl, methoxyethyl, and 2-fluoroethyl; or

R' and R taken together with the nitrogen atom to which they are bonded
form a ring sclected from the group consisting of azetidinyl, pyrrolidiny!, piperidinyi,
tetrazolyl, or octahvdrocyelopentalclpyrrolyl, and wherein the ring formed by R’ and
R’ taken together with the nitrogen atom to which they are bonded is optionally

substituted with fluoro.

108, A method of prepaning a compound represented by Structural Formala Ha:

(Ha},
or a salft, sclvate or combination thereof, the method comprising:
uradiating a solution comprising an ionic liquid and a compound of Structural

Formula Xia:
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or a salt, solvate or combination thergof, to provide the compound of Structural

Formula Ila, or the salt, solvate or combination thereof.

109, The method of Claim 108, further comprising mitrating the compound of Structural
Formula Ha, or the salt, solvate or combination thereof, to provide a compound of
Structural Formula FV:

:"‘]3@\;};/(}}'53

OoH C OH O O (1V)

or a salt, solvate or combination thereof

110, The method of Claim 109, further comprising reducing the nitro group of the
compound of Structural Formula 1V, or the salt, solvate or combination thereof, to

provide a compound of Structural Formula V:

or a salt, solvate or combination thereof.

111, The method of Claim 110, further comprising functionalizing the primary amino
group of the compound of Structural Formula ¥V, or the salf, solvate or combination

thereof, to provide a compound of Formula (Via):

or a salt, solvate or combination thereof.
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