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PYRIDINE AND PYRIMIDINE CARBOXYLATE HERBICIDES AND METHODS
OF USE THEREOF

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims the benefit and priority of U.S. Provisional Patent Application
Serial No. 62/577,972 filed October 27, 2017, the entire disclosure of which is expressly

incorporated by reference herein in its entirety.

FIELD

[0001] Provided herein are herbicidal compounds, compositions containing the same,

and methods of use thereof for controlling undesirable vegetation.

BACKGROUND

[0002] The occurrence of undesirable vegetation or weeds, is a constant problem
facing farmers in crops, pastures, and other settings. Weeds compete with crops and can
therefore negatively impact crop yield. The use of chemical herbicides is an important tool in
controlling undesirable vegetation.

[0003] There remains a need for new chemical herbicides that offer a broader
spectrum of weed control, selectivity, minimal crop damage, storage stability, ease of handling,
higher activity against weeds, and/or a means to address herbicide-tolerance that develops with

respect to herbicides currently in use.

SUMMARY

[0004] Provided herein are compounds of Formula (I):

Y
z
X7
)l\ Z OR
Ar N
°c O

wherein

Aris
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R4

X118 N or CRe;

R is hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted phenyl,
substituted or unsubstituted benzyl, substituted or unsubstituted pyridinylmethyl, substituted
or unsubstituted alkenyl, or substituted or unsubstituted alkynyl;

R1, Ro, R3, R4, and Rs are independently selected from the group consisting of
hydrogen, halogen, hydroxy, substituted or unsubstituted alkyl, substituted or unsubstituted
haloalkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted haloalkenyl,
substituted or unsubstituted alkynyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted halocycloalkyl, substituted or unsubstituted aryl, substituted or unsubstituted
aryloxy, substituted or unsubstituted alkoxy, substituted or unsubstituted haloalkoxy,
substituted or unsubstituted alkylsulfanyl, substituted or unsubstituted haloalkylsulfanyl,
substituted or unsubstituted alkylsulfinyl, substituted or unsubstituted haloalkylsulfinyl,
substituted or unsubstituted alkylsulfonyl, substituted or unsubstituted haloalkylsulfonyl,
substituted or unsubstituted alkylsulfonyl(oxy), substituted or unsubstituted
haloalkylsulfonyl(oxy), amino, alkylamino, dialkylamino, amido, formyl, 2,2-
dimethylhydrazono, methoxyimino, hydroxyimino, alkylcarbonyl, alkoxycarbonyl, nitro, and
cyano, or R; and R», R> and R3, R3 and R4 or R4 and Rs together can form a substituted or
unsubstituted 5- or 6-membered aliphatic or aromatic ring, containing 0 to 3 heteroatoms
selected from the group consisting of O, N, and S;

Re is hydrogen, halogen, substituted or unsubstituted alkyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkynyl, substituted or unsubstituted
alkoxy, substituted or unsubstituted alkylsulfanyl, hydroxy, amino, cyano, or acylamino;

Y is selected from the group consisting of hydrogen, halogen, substituted or
unsubstituted alkyl, substituted or unsubstituted haloalkyl, substituted or unsubstituted
alkenyl, substituted or unsubstituted haloalkenyl, substituted or unsubstituted alkynyl,
substituted or unsubstituted alkoxy, substituted or unsubstituted haloalkoxy, substituted or
unsubstituted alkylsulfanyl, substituted or unsubstituted alkylsulfinyl, substituted or

unsubstituted alkylsulfonyl, nitro, and cyano;



WO 2019/084353 PCT/US2018/057626

Z is selected from the group consisting of hydrogen, halogen, alkyl, haloalkyl,
alkynyl, alkoxy, haloalkoxy, alkylsulfanyl, amino, nitro, and cyano;
with the proviso that when X1 = N, Y is not alkoxy;

with the proviso that the compound of Formula (I) is not

7 | AN cl
> Z O.
N N CHs
0
Cl Cl Cl
CH;
Cl
N Cl X
Z (0]
0 = OH ~
“CH, N i N I CHjx
F 0 .
F F

F

[0005] Also provided herin are compounds of Formula (I):

wherein

Aris

X118 N or CRe; X218 N or CRy; X3 is N or CRy; X418 N or CR3;

R is hydrogen, substituted or unsubstituted alkyl, phenyl, substituted or unsubstituted
benzyl, substituted or unsubstituted pyridinylmethyl, substituted or unsubstituted alkenyl, or
substituted or unsubstituted alkynyl;

R1, Ro, R3, R4, and Rs are independently selected from the group consisting of
hydrogen, halogen, hydroxy, substituted or unsubstituted alkyl, substituted or unsubstituted
haloalkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted haloalkenyl,
substituted or unsubstituted alkynyl, substituted or unsubstituted cycloalkyl, substituted or

unsubstituted halocycloalkyl, substituted or unsubstituted aryl, substituted or unsubstituted

3-
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aryloxy, substituted or unsubstituted alkoxy, substituted or unsubstituted haloalkoxy,
substituted or unsubstituted alkylsulfanyl, substituted or unsubstituted haloalkylsulfanyl,
substituted or unsubstituted alkylsulfinyl, substituted or unsubstituted haloalkylsulfinyl,
substituted or unsubstituted alkylsulfonyl, substituted or unsubstituted haloalkylsulfonyl,
substituted or unsubstituted alkylsulfonyl(oxy), substituted or unsubstituted
haloalkylsulfonyl(oxy), amino, alkylamino, dialkylamino, amido, formyl, 2,2-
dimethylhydrazono, methoxyimino, hydroxyimino, alkylcarbonyl, alkoxycarbonyl, nitro, and
cyano, or R; and R», R> and R3, R3 and R4 or R4 and Rs together can form a substituted or
unsubstituted 5- or 6-membered aliphatic or aromatic ring, containing 0 to 3 heteroatoms
selected from the group consisting of O, N, and S;

Re is hydrogen, halogen, substituted or unsubstituted alkyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkynyl, substituted or unsubstituted
alkoxy, substituted or unsubstituted alkylsulfanyl, hydroxy, amino, cyano, or acylamino;

Y is selected from the group consisting of hydrogen, halogen, substituted or
unsubstituted alkyl, substituted or unsubstituted haloalkyl, substituted or unsubstituted
alkenyl, substituted or unsubstituted haloalkenyl, substituted or unsubstituted alkynyl,
substituted or unsubstituted alkoxy, substituted or unsubstituted haloalkoxy, substituted or
unsubstituted alkylsulfanyl, substituted or unsubstituted alkylsulfinyl, substituted or
unsubstituted alkylsulfonyl, nitro, and cyano; and

Z is selected from the group consisting of hydrogen, halogen, alkyl, haloalkyl,
alkynyl, alkoxy, haloalkoxy, alkylsulfanyl, amino, nitro, and cyano;

with the proviso that when X is N, then Y is not alkoxy.

[0006] In various aspects, compounds may include compounds wherein R is selected
from the group consisting of hydrogen, C;—Cs alkyl, substituted C1—Cs alkyl, C>—Cs alkenyl,
C>—Cs alkynyl, benzyl, substituted benzyl, and pyridinylmethyl.

[0007] Some compounds according to various aspects may include compounds where
R1 or RS is selected from the group consisting of hydrogen, halogen, cyano, amino, amido,
nitro, C1-C8 alkyl, C1-C8 haloalkyl, C2—C8 alkenyl, C2—C8 alkynyl, C1-C8 alkoxy, C1-C8
alkylsulfanyl, C1-C8 alkylsulfinyl, C1-C8 alkylsulfonyl, formyl,

[0008] Also, some aspects may include compounds where R2 or R4 is selected from
the group consisting of hydrogen, halogen, nitro C1-C8 alkyl, C1-C8 haloalkyl, C1-C8
alkoxy, C1-C8 alkylsulfanyl, and C1-C8 alkylsulfinyl.

[0009] In various aspects, R3 may selected from the group consisting of halogen,

substituted or unsubstituted haloalkyl, substituted or unsubstituted cycloalkyl, substituted or

4-
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unsubstitutedhalocycloalkyl, substituted or unsubstitutedhaloalkysulfanyl, substituted or
unsubstitutedalkylsulfonyl(oxy), and cyano.

[0010] Some compounds according to varous aspects include compounds wherein R1
and R2, R2 and R3, R3 and R4 or R4 and RS together can form a substituted or unsubstituted
5- or 6-membered aliphatic or aromatic ring, containing O to 3 heteroatoms. Such as those
selected from the group consisting of O, N, or S. For example, such as those selected from the

group consisting of

P © 0

%] OO O
@ , <\:j , <\(N)j , and E:}

S

[0011] In some aspects, R may be selected from the group consisting of hydrogen,
C1-C8 alkyl, substituted C1-C8 alkyl, C2—C8 alkenyl, C2—C8 alkynyl, benzyl, substituted
benzyl, and pyridinylmethyl.

[0012] In various aspects, wherein R1, R2, R3, R4, and R5 may be independently
selected from the group consisting of hydrogen, halogen, cyano, amino, amido, nitro, C1-C8
alkyl, C1-C8 haloalkyl, C2—-C8 alkenyl, C2—C8 alkynyl, C1-C8 alkoxy, C1-C8 alkylsulfanyl,
C1-C8 alkylsulfinyl, C1-C8 alkylsulfonyl, and formyl.

[0013] In some aspects, R2 or R4 may be selected from the group consisting of
hydrogen, halogen, nitro C1-C8 alkyl, C1-C8 haloalkyl, C1-C8 alkoxy, C1-C8 alkylsulfanyl,
and C1-C8 alkylsulfinyl.

[0014] Also included herein are compounds, according to various aspects, where R
is selected from the group consisting of hydrogen, methyl, cyanomethyl, 2-methylallyl,
propargyl, benzyl, substituted benzyl, and pyridinylmethyl; R1 or RS is selected from the group
consisting of hydrogen, halogen, cyano, (C1-C4)alkyl, and (C1-C4)alkoxy; R2 or R4 is
selected from the group consisting of hydrogen, halogen, (C2-C4)alkynyl, and (Cl-
C4)haloalkyl; R3 is selected from the group consisting of halogen, substituted (C3-
C6)cycloalkyl, (C1-C4)haloalkylsulfanyl, (C1-C4)haloalkyl, and (C1-C4)haloalkoxy or R1
and R2, R2 and R3, R3 and R4 or R4 and RS together can form a substituted or unsubstituted
5- or 6-membered aliphatic or aromatic ring, containing 0 to 3 heteroatoms selected from the
group consisting of O, N, and S; R6 is selected from the group consisting of hydrogen, halogen,

and hydroxy; Y is H; and Z is a halogen.
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[0015] In some aspects, R may be selected from the group consisting of hydrogen,
methyl, cyanomethyl, 2-methylallyl, propargyl, benzyl, substituted benzyl, and
pyridinylmethyl; R1, Ro, R3, R4, and Rs are independently selected from the group consisting
of hydrogen, halogen, (C1—Cas)haloalkyl, and (C1—Cas)alkoxy; Re is selected from the group
consisting of hydrogen, halogen, and hydroxy; Y is H; and Z is a halogen.

[0016] In some aspects, compositions may comprise (include) any of the foregoing
compounds and an agriculturally acceptable adjuvant or carrier.

[0017] In some aspects, compositions may include any of the foregoing and an
additional herbicidal compound.

[0018] In various aspects, compositions may include any of the foregoing and a
safener.

[0019] Alsoincluded herein, according to various aspects, are method for controlling
undesirable vegetation, which includes (a) contacting the undesirable vegetation or area
adjacent to the undesirable vegetation, or (b) pre-emergently contacting soil or water, with any
of the foregoing compounds or compositions. Such methods and aspects may include methods
where the compositions are applied pre-emergent, post-emergent, or both pre-emergent and

post-emergent.

DETAILED DESCRIPTION

L Definitions

[0020] As used herein, control of or controlling undesirable vegetation can be
understood to include killing or preventing the vegetation, or causing some other adversely
modifying effect to the vegetation e.g., necrosis, chlorosis, stunting, deviations from natural
growth or development, regulation, desiccation, retardation, and the like.

[0021] As used herein, herbicide, herbicide composition, and herbicidal active
ingredient can be understood to include a compound that controls undesirable vegetation when
applied in an appropriate amount.

[0022] As used herein, a herbicidally effective or vegetation controlling amount can
be understood to include an amount of herbicidal active ingredient the application of which
controls the relevant undesirable vegetation.

[0023] As used herein, applying a herbicide, herbicidal composition, or herbicidal
active ingredient can be understood to include delivering it directly to the targeted vegetation

or to the locus thereof or to the area where control of undesired vegetation is desired. Methods
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of application include, but are not limited to, contacting the undesirable vegetation or area
adjacent to the undesirable vegetation pre-emergently, post-emergently, on the foliage, on the
soil, and/or in-water.

[0024] As used herein, plants and vegetation include, but are not limited to, dormant
seeds, germinant seeds, emerging seedlings, plants emerging from vegetative propagules,
immature vegetation, mature vegetation, reproductive vegetation, and established vegetation.

[0025] As used herein, immature vegetation may be understood to include small
vegetative plants prior to reproductive stage, and mature vegetation may be understood to
include vegetative plants during and after reproductive stage.

[0026] As used herein, “safener” may be understood to include molecules used in
combination with herbicides to reduce the effect of the herbicide on crop plants and to improve
selectivity between crop plants and weed species being targeted by the herbicide.

[0027] As used herein, “adjuvant” may be understood to include a substance in a
herbicide formulation or added to the spray tank to improve herbicidal activity or application
characteristics. Spray adjuvants can be grouped into two broad categories: activator adjuvants
and special purpose adjuvants.

[0028] As used herein, agriculturally acceptable salts and esters may be understood
to include salts and esters of compounds of Formula (I) that exhibit herbicidal activity, or that
are or can be converted in plants, water, or soil, to the referenced herbicide. Exemplary
agriculturally acceptable esters are those that are or can be hydrolyzed, oxidized, metabolized,
or otherwise converted, e.g., in plants, water, or soil, to the corresponding pyridine carboxylic
acid which, depending upon the pH, may be in the dissociated or undissociated form.

[0029] Suitable agriculturally acceptable salts include those derived from alkali or
alkaline earth metals and those derived from ammonia and amines. Preferred cations include

sodium, potassium, magnesium, and aminium cations of the formula:

[0030] RIR!R12R1N*
[0031] wherein R0, R, R!? and R'3 each, independently represents hydrogen or C1-Ci2
alkyl, C3-C12 alkenyl, or C3-Ci2 alkynyl, each of which is optionally substituted by one or
more substituents such as hydroxy, C1-C4 alkoxy, C1-Cj4 alkylthio, or phenyl groups, provided
that R1°, R, R'?> and R'? are sterically compatible. Additionally, any two R'?, R, R!? and
R together may represent an aliphatic difunctional moiety containing one to twelve carbon
atoms and up to two oxygen or sulfur atoms. Salts of the compounds of Formula (I) can be

prepared by treatment of compounds of Formula (I) with a metal hydroxide, such as sodium
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hydroxide, with an amine, such as ammonia, trimethylamine, diethanolamine, 2-methyl-
thiopropylamine, bisallylamine, 2-butoxyethylamine, morpholine, cyclododecylamine, 2-
methylheptylamine, or benzylamine, or with a tetraalkylammonium hydroxide, such as
tetramethylammonium hydroxide or choline hydroxide. Amine salts of compounds of
Formula (I) are useful forms or derivatives of compounds of Formula (I) because they are
water-soluble and lend themselves to the preparation of desirable aqueous based herbicidal
compositions.

[0032] Suitable agriculturally acceptable esters include straight chain or branched
chain alkyl groups. Typical C;-Ci2 alkyl groups include, but are not limited to, methyl, ethyl,
propyl, 1-methylethyl, butyl, 1,1-dimethylethyl, 1-methylpropyl, pentyl, hexyl, heptyl, 1-
methyl-hexyl, octyl, 2-ethylhexyl, 2-methylheptyl, nonyl, decyl and dodecyl. Methyl and ethyl
are often preferred. Alkyl esters substituted with groups such as halogens or CN are also
included. Other preferred esters include Ci1-Cs heterocyclylalkyl esters, including pyridin-2-
ylmethyl, pyridin-3-ylmethyl, and pyridin-4-ylmethyl; C7-Cio arylalkyl esters, including
benzyl, substituted benzyl, and phenethyl, such as 24-dichlorobenzyl, 3-
(trifluoromethyl)benzyl, and 3-(trifluoromethyl)benzyl; alkenyl esters, such as 2-methylallyl;
and alkynyl esters, such as propargyl.

[0033] As used herein, “alkyl” may be understood to include saturated, straight-
chained or branched hydrocarbon moieties. Unless otherwise specified, C1-Ci» alkyl groups are
intended. Examples include, but are not limited to, methyl, ethyl, propyl, 1-methyl-ethyl, butyl,
1-methyl-propyl, 2-methyl-propyl, 1,1-dimethyl-ethyl, pentyl, 1-methyl-butyl, 2-methyl-butyl,
3-methyl-butyl, 2,2-dimethyl-propyl, 1-ethyl-propyl, hexyl, 1,1-dimethyl-propyl, 1,2-
dimethyl-propyl, 1-methyl-pentyl, 2-methyl-pentyl, 3-methyl-pentyl, 4-methyl-pentyl, 1,1-
dimethyl-butyl, 1,2-dimethyl-butyl, 1,3-dimethyl-butyl, 2,2-dimethyl-butyl, 2,3-dimethyl-
butyl, 3,3-dimethyl-butyl, 1-ethyl-butyl, 2-ethyl-butyl, 1,1,2-trimethyl-propyl, 1,2,2-trimethyl-
propyl, 1-ethyl-1-methyl-propyl, and 1-ethyl-2-methyl-propyl.

[0034] As used herein, “haloalkyl” may be understood to include straight-chained or
branched alkyl groups, where in these groups the hydrogen atoms may partially or entirely be
substituted with one or more halogen atom(s). Unless otherwise specified, C1-Cs groups are
intended. Examples include, but are not limited to, chloromethyl, bromomethyl,
dichloromethyl, trichloromethyl, fluoromethyl, difluoromethyl, trifluoromethyl,
chlorofluoromethyl, dichlorofluoromethyl, chlorodifluoromethyl, 1-chloroethyl, 1-
bromoethyl, 1-fluoroethyl, 2-fluoroethyl, 2,2-difluoroethyl, 2,2,2-trifluoroethyl, 2-chloro-2-
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fluoroethyl, 2-chloro-2,2-difluoroethyl, 2,2-dichloro-2-fluoroethyl, 2.,2,2-trichloroethyl,
pentafluoroethyl, and 1,1,1-trifluoroprop-2-yl.

[0035] As used herein, “cycloalkyl” may be understood to include saturated, cyclic
hydrocarbon moieties. Unless otherwise specified, Cs3-Cs cycloalkyl groups are intended.
Examples include cyclopropyl, 2,2-dimethyl-cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl and cyclooctyl.

[0036] As used herein, “halocycloalkyl” may be understood to include a cycloalkyl
group as defined above wherein the carbon atoms are partially or entirely substituted with one
or more halogen atoms.

[0037] As used herein, “alkenyl” may be understood to include unsaturated, straight-
chained, or branched hydrocarbon moieties containing one or more double bond(s). Unless
otherwise specified, C»-Cs alkenyl groups are intended. Alkenyl groups may contain more than
one unsaturated bond. Examples include, but are not limited to, ethenyl, 1-propenyl, 2-
propenyl, 1-methylethenyl, 1-butenyl, 2-butenyl, 3-butenyl, 1-methyl-1-propenyl, 2-methyl-1-
propenyl, 1-methyl-2-propenyl, 2-methyl-2-propenyl, 2-methylallyl, 1-pentenyl, 2-pentenyl, 3-
pentenyl, 4-pentenyl, 1-methyl-1-butenyl, 2-methyl-1-butenyl, 3-methyl-1-butenyl, 1-methyl-
2-butenyl, 2-methyl-2-butenyl, 3-methyl-2-butenyl, 1-methyl-3-butenyl, 2-methyl-3-butenyl,
3-methyl-3-butenyl, 1,1-dimethyl-2-propenyl, 1,2-dimethyl-1-propenyl, 1,2-dimethyl-2-
propenyl, 1-ethyl-1-propenyl, 1-ethyl-2-propenyl, 1-hexenyl, 2-hexenyl, 3-hexenyl, 4-hexenyl,
5-hexenyl, 1-methyl-1-pentenyl, 2-methyl-1-pentenyl, 3-methyl-1-pentenyl, 4-methyl-1-
pentenyl, 1-methyl-2-pentenyl, 2-methyl-2-pentenyl, 3-methyl-2-pentenyl, 4-methyl-2-
pentenyl, 1-methyl-3-pentenyl, 2-methyl-3-pentenyl, 3-methyl-3-pentenyl, 4-methyl-3-
pentenyl, 1-methyl-4-pentenyl, 2-methyl-4-pentenyl, 3-methyl-4-pentenyl, 4-methyl-4-
pentenyl, 1,1-dimethyl-2-butenyl, 1,1-dimethyl-3-butenyl, 1,2-dimethyl-1-butenyl, 1,2-
dimethyl-2-butenyl, 1,2-dimethyl-3-butenyl, 1,3-dimethyl-1-butenyl, 1,3-dimethyl-2-butenyl,
1,3-dimethyl-3-butenyl, 2,2-dimethyl-3-butenyl, 2,3-dimethyl-1-butenyl, 2,3-dimethyl-2-
butenyl, 2,3-dimethyl-3-butenyl, 3,3-dimethyl-1-butenyl, 3,3-dimethyl-2-butenyl, 1-ethyl-1-
butenyl, 1-ethyl-2-butenyl, 1-ethyl-3-butenyl, 2-ethyl-1-butenyl, 2-ethyl-2-butenyl, 2-ethyl-3-
butenyl, 1,1,2-trimethyl-2-propenyl, 1-ethyl-1-methyl-2-propenyl, 1-ethyl-2-methyl-1-
propenyl, and 1-ethyl-2-methyl-2-propenyl.

[0038] As used herein, “haloalkenyl” may be understood to include straight-chained
or branched alkenyl groups, where in these groups the hydrogen atoms may partially or entirely
be substituted with one or more halogen atom(s). Unless otherwise specified, C»-Cg groups are

intended. Examples include, but are not limited to 1-chloroethenyl, 1-chloro-1-propenyl, 2-
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chloro-1-propenyl, 1-chloro-2-propenyl, 2-chloro-2-propenyl, 1-chloro-1-butenyl, 2-chloro-1-
butenyl, 3-chloro-1-butenyl, 1-chloro-2-butenyl, 2-chloro-2-butenyl, 3-chloro-2-butenyl, 1-
chloro-3-butenyl, 2-chloro-3-butenyl, 3-chloro-3-butenyl, 1-fluoroethenyl, 1-fluoro-1-
propenyl, 2-fluoro-1-propenyl, 1-fluoro-2-propenyl, 2-fluoro-2-propenyl, 1-fluoro-1-butenyl,
2-fluoro-1-butenyl, 3-fluoro-1-butenyl, 1-fluoro-2-butenyl, 2-fluoro-2-butenyl, 3-fluoro-2-
butenyl, 1-fluoro-3-butenyl, 2-fluoro-3-butenyl, and 3-fluoro-3-butenyl.

[0039] As used herein, “alkynyl” represents straight-chained or branched
hydrocarbon moieties containing one or more triple bond(s). Unless otherwise specified, Ca-
Csg alkynyl groups are intended. Alkynyl groups may contain more than one unsaturated bond.
Examples include, but are not limited to, C2-Cg-alkynyl, such as ethynyl, 1-propynyl, 2-
propynyl (or propargyl), 1-butynyl, 2-butynyl, 3-butynyl, 1-methyl-2-propynyl, 1-pentynyl, 2-
pentynyl, 3-pentynyl, 4-pentynyl, 3-methyl-1-butynyl, 1-methyl-2-butynyl, 1-methyl-3-
butynyl, 2-methyl-3-butynyl, 1,1-dimethyl-2-propynyl, 1-ethyl-2-propynyl, 1-hexynyl, 2-
hexynyl, 3-hexynyl, 4-hexynyl, 5-hexynyl, 3-methyl-1-pentynyl, 4-methyl-1-pentynyl, 1-
methyl-2-pentynyl, 4-methyl-2-pentynyl, 1-methyl-3-pentynyl, 2-methyl-3-pentynyl, 1-
methyl-4-pentynyl, 2-methyl-4-pentynyl, 3-methyl-4-pentynyl, 1,1-dimethyl-2-butynyl, 1,1-
dimethyl-3-butynyl, 1,2-dimethyl-3-butynyl, 2,2-dimethyl-3-butynyl, 3,3-dimethyl-1-butynyl,
1-ethyl-2-butynyl, 1-ethyl-3-butynyl, 2-ethyl-3-butynyl, and 1-ethyl-1-methyl-2-propynyl.

[0040] As used herein, “haloalkyny]l” may be understood to include straight-chained
or branched alkynyl groups, where in these groups the hydrogen atoms may partially or entirely
be substituted with one or more halogen atom(s). Unless otherwise specified, C>-Cs groups are
intended. Examples include, but are not limited to, 1-chloro-2-butynyl, 1-chloro-3-butynyl, 2-
chloro-3-butynyl, 1,1-dichloro-2-propynyl, 1-chloro-2-propynyl, 3-chloro-1-pentynyl, 4-
chloro-1-pentynyl, 1-chloro-2-pentynyl, 4-chloro-2-pentynyl, 1-chloro-3-pentynyl, 2-chloro-
3-pentynyl, 1-chloro-4-pentynyl, 2-chloro-4-pentynyl, 3-chloro-4-pentynyl, 1,1-dichloro-2-
butynyl, 1,1-dichloro-3-butynyl, 1,2-dichloro-3-butynyl, 2,2-dichloro-3-butynyl, 3,3-dichloro-
1-butynyl, 1-fluoro-2-butynyl, 1-fluoro-3-butynyl, 2-fluoro-3-butynyl, and 1,1-difluoro-2-
propynyl, 1-fluoro-2-propynyl, 3-fluoro-1-pentynyl, 4-fluoro-1-pentynyl, 1-fluoro-2-pentynyl,
4-fluoro-2-pentynyl, 1-fluoro-3-pentynyl, 2-fluoro-3-pentynyl, 1-fluoro-4-pentynyl, 2-fluoro-
4-pentynyl, 3-fluoro-4-pentynyl, 1,1-difluoro-2-butynyl, 1,1-difluoro-3-butynyl, 1,2-difluoro-
3-butynyl, 2,2-difluoro-3-butynyl, and 3,3-difluoro-1-butynyl.

[0041] As used herein, “alkoxy” may be understood to include a group of the formula
R-O-, where R is alkyl as defined above. Unless otherwise specified, alkoxy groups wherein

R is a C;-Cg alkyl group are intended. Examples include, but are not limited to, methoxy,

-10-



WO 2019/084353 PCT/US2018/057626

ethoxy, propoxy, I1-methyl-ethoxy, butoxy, 1-methyl-propoxy, 2-methyl-propoxy, 1,1-
dimethyl-ethoxy, pentoxy, 1-methyl-butyloxy, 2-methyl-butoxy, 3-methyl-butoxy, 2,2-
dimethyl-propoxy, 1-ethyl-propoxy, hexoxy, 1,1-dimethyl-propoxy, 1,2-dimethyl-propoxy, 1-
methyl-pentoxy, 2-methyl-pentoxy, 3-methyl-pentoxy, 4-methyl-pentoxy, 1,1-dimethyl-
butoxy, 1,2-dimethyl-butoxy, 1,3-dimethyl-butoxy, 2,2-dimethyl-butoxy, 2,3-dimethyl-
butoxy, 3,3-dimethyl-butoxy, 1-ethyl-butoxy, 2-ethylbutoxy, 1,1,2-trimethyl-propoxy, 1,2,2-
trimethyl-propoxy, 1-ethyl-1-methyl-propoxy, and 1-ethyl-2-methyl-propoxy.

[0042] As used herein, “haloalkoxy” may be understood to include a group of the
formula R—O—, where R is haloalkyl as defined above. Unless otherwise specified, haloalkoxy
groups wherein R is a C;-Cg alkyl group are intended. Examples include, but are not limited
to, chloromethoxy, bromomethoxy, dichloromethoxy, trichloromethoxy, fluoromethoxy,
difluoromethoxy, trifluoromethoxy, chlorofluoromethoxy, dichlorofluoromethoxy,
chlorodifluoromethoxy,
1-chloroethoxy, 1-bromoethoxy, 1-fluoroethoxy, 2-fluoroethoxy, 2,2-difluoroethoxy,
2,2 2-trifluoroethoxy, 2-chloro-2-fluoroethoxy, 2-chloro-2,2-difluoroethoxy, 2,2-dichloro-2-
fluoroethoxy, 2,2,2-trichloroethoxy, pentafluoroethoxy, and 1,1,1-trifluoroprop-2-oxy.

[0043] As used herein, “alkylthio” or “alkylsulfany]” may be understood to include a
group of the formula R—S— where R is alkyl as defined above. Unless otherwise specified,
alkylthio or alkylsulfanyl groups wherein R is a C;-Cg alkyl group are intended. Examples
include, but are not limited to, methylthio, ethylthio, propylthio, 1-methylethylthio, butylthio,
1-methyl-propylthio, 2-methylpropylthio, 1,1-dimethylethylthio, pentylthio, 1-
methylbutylthio, 2-methylbutylthio,  3-methylbutylthio,  2,2-dimethylpropylthio, 1-
ethylpropylthio, hexylthio, 1,1-dimethylpropylthio, 1,2-dimethylpropylthio, 1-
methylpentylthio, 2-methylpentylthio, 3-methylpentylthio, 4-methylpentylthio, 1,1-
dimethylbutylthio, 1,2-dimethylbutylthio, 1,3-dimethylbutylthio, 2,2-dimethylbutylthio, 2,3-
dimethylbutylthio, 3,3-dimethylbutylthio, 1-ethylbutylthio,2-ethylbutylthio, 1,1,2-
trimethylpropylthio, 1,2,2-trimethylpropylthio, 1-ethyl-1-methylpropylthio, and 1-ethyl-2-
methylpropylthio.

[0044] As used herein, “haloalkylthio” or “haloalkylsulfany]l” may be understood to
include an alkylthio group as defined above wherein the carbon atoms are partially or entirely
substituted with one or more halogen atoms. Unless otherwise specified, haloalkylthio or
haloalkylsulfanyl groups wherein R is a C1-Cs alkyl group are intended. Examples include, but
are not limited to, chloromethylthio, bromomethylthio, dichloromethylthio,

trichloromethylthio, fluoromethylthio, difluoromethylthio, trifluoromethylthio,
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chlorofluoromethylthio, dichlorofluoromethylthio, chlorodifluoromethylthio, 1-
chloroethylthio, 1-bromoethylthio, 1-fluoroethylthio, 2-fluoroethylthio, 2,2-difluoroethylthio,
2,2 2-trifluoroethylthio,  2-chloro-2-fluoroethylthio,  2-chloro-2-difluoroethylthio, 2,2-
dichloro-2-fluoroethylthio, 2,2,2-trichloroethylthio, pentafluoroethylthio, and 1,1,1-
trifluoroprop-2-ylthio.

[0045] As used herein, “aryl,” as well as derivative terms such as “aryloxy,” may be
understood to include a phenyl, indanyl, or naphthyl group. In some aspects, phenyl is
preferred. Unless otherwise specified, the aryl groups may be unsubstituted or substituted with
one or more substituents selected from, e.g., halogen, hydroxy, nitro, cyano, formyl, C;-Cs
alkyl, C>-Cg alkenyl, C>-Cg alkynyl, C;-Cs alkoxy, Ci-Cs haloalkyl, C1-Cs haloalkoxy, C1-Ce
acyl, Ci-Ce alkylthio or alkylsulfanyl, Ci-Cs alkylsulfinyl, Ci-Cs alkylsulfonyl, (Ci-Ce
alkoxy)carbonyl, C;-Cs carbamoyl, hydroxycarbonyl, (C;-Cs alkyl)carbonyl, aminocarbonyl,
(C1-Csalkylamino)carbonyl, (di(C1-Ce alkyl)amino)carbonyl, provided that the substituents are
sterically compatible and the rules of chemical bonding and strain energy are satisfied. In some
aspects, preferred substituents include, for example, halogen, C1-Cz alkyl, and C;-C; haloalkyl.

[0046] As used herein, “heterocyclyl” may be understood to include a phenyl,
indanyl, or naphthyl group. In some aspects, phenyl is preferred. Unless otherwise specified,
the aryl groups may be unsubstituted or substituted with one or more substituents selected from,
e.g., halogen, hydroxy, nitro, cyano, formyl, Ci-Cs alkyl, C2-Cs alkenyl, C2-Cs alkynyl, C1-Cs
alkoxy, C1-Ce haloalkyl, C1-Cs haloalkoxy, C1-Cs acyl, C1-Cs alkylthio or alkylsulfanyl, C1-Ce
alkylsulfinyl, Ci-Cs¢ alkylsulfonyl, (Ci-Ce¢ alkoxy)carbonyl, Ci-Cs¢ carbamoyl,
hydroxycarbonyl, (C:-Ce alkyl)carbonyl, aminocarbonyl, (C;-Cs alkylamino)carbonyl, (di{(C;-
Ce alkyDamino)carbonyl, provided that the substituents are sterically compatible and the rules
of chemical bonding and strain energy are satisfied. In some aspects, preferred substituents
include, for example, halogen, C1-C; alkyl, and C;-C> haloalkyl.

[0047] As used herein, “arylalkyl”, “arylalkenyl”, and “arylalkynyl” may be
understood to include an alkyl, alkenyl, or alkynyl group substituted with an aryl group as
defined herein.

[0048] As used herein, “heterocyclylalkyl” may be understood to include an alkyl,
group substituted with a heterocyclyl group as defined herein. In some aspects, a substituted or

unsubstituted pyridinylmethyl group is preferred.
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[0049] As used herein, “alkoxycarbonyl” may be understood to include a group of
0

PN

[0050] As used herein, “alkylamino” or “dialkylamino” may be understood to include

the formula OR wherein R is alkyl.
an amino group substituted with one or two alkyl groups, which may be the same or different.

[0051] As used herein, “alkylcarbamyl” may be understood to include a carbamyl
group substituted on the nitrogen with an alkyl group.

[0052] As used herein, “alkylsulfiny]” may be understood to include —S(O)R,
wherein R is alkyl (e.g., C1-Cio alkyl).

[0053] As used herein, “haloalkylsulfiny]” may be understood to include an
alkylsulfinyl group as defined above wherein the carbon atoms are partially or entirely
substituted with one or more halogen atoms.

[0054] Asusedherein, “alkylsulfonyl” may be understood to include —SO2R, wherein
R is alkyl (e.g., C1-Cip alkyl).

[0055] As used herein, ‘“haloalkylsulfonyl” may be understood to include an
alkylsulfonyl group as defined above wherein the carbon atoms are partially or entirely
substituted with one or more halogen atoms..

[0056] As used herein, “carbamyl” (also referred to as carbamoyl or aminocarbonyl)

O

may be understood to include a group of the formula HaN

[0057] As used herein, “haloalkylamino” may be understood to include an
alkylamino group wherein the alkyl carbon atoms are partially or entirely substituted with one
or more halogen atoms.

[0058] As used herein, “Me” refers to a methyl group.

[0059] As used herein, the term “halogen,” including derivative
terms such as “halo,” refers to fluorine, chlorine, bromine, or iodine (or
fluoride, chloride, bromide, or iodide).

[0060] Asused herein, plants and vegetation include, but are not limited to, germinant
seeds, emerging seedlings, plants emerging from vegetative propagules, immature vegetation,
and established vegetation.

[0061] As used herein, “substituted” means replacing one or more hydrogen atoms
on the parent chain of hydrocarbon or heteroatoms with a different atom or group of atoms.

Examples of substitutents include, but are not limited to, halogen, hydroxyl, nitro, cyano,
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amino, formyl, acyl, carboxyl, amide, alkyl, alkenyl, alkynyl, keto, thiol, sulfonic acid,

sulfonate ester, sulfoxide, sulfone, alkoxy, phosphonic acid, and phosphate.

II. Compounds

[0062] Compounds of Formula (I) and agriculturally acceptable derivatives thereof

are described herein:

Y
Z
X7
)I\ < OR
Ar N
c

wherein
Ar is an aromatic or heteroaromatic group.

[0063] In some aspects, Ar is an aromatic group having the formula:

Ry

R, Y

Rs Rs
R4

[0064] In some aspects, Ar is an heteroaromatic group having the formula:

X118 Nor CRg; Xzis N or CR1; X3 is N or CR»; X4 is N or CR3;

R is hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted
phenyl, substituted or unsubstituted benzyl, substituted or unsubstituted alkenyl, or
substituted or unsubstituted alkynyl;

Ri1, Ro, R3, R4, and Rs are independently selected from hydrogen, halogen,
substituted or unsubstituted alkyl, substituted or unsubstituted haloalkyl, substituted
or unsubstituted alkenyl, substituted or unsubstituted haloalkenyl, substituted or

unsubstituted alkynyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
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haloalkoxy, substituted or unsubstituted thioalkyl, aminoalkyl, nitro, and cyano, or R;
and R», R> and R3, R3 and R4 or R4 and Rs together can form a substituted or
unsubstituted 5- or 6-membered aliphatic, aromatic, or heteroaromatic ring;

Re is H, halogen, substituted or unsubstituted alkyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted thioalkyl, hydroxy, amino, cyano, and acylamino;

Y is selected from hydrogen, halogen, substituted or unsubstituted alkyl,
substituted or unsubstituted haloalkyl, substituted or unsubstituted alkenyl, substituted
or unsubstituted haloalkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted alkoxy, substituted or unsubstituted haloalkoxy, substituted or
unsubstituted thioalkyl, nitro, cyano, or S(O)nalkyl, wherein n is 0, 1, or 2;

Z is selected from halogen, alkyl, haloalkyl, alkynyl, alkoxy, haloalkoxy,
thioalkyl, and cyano; with the proviso that when X is N, Y is not alkoxy,

[0065] In some aspects, R is H, alkyl (e.g., methyl or ethyl), substituted alkyl, benzyl,
and alkynyl (e.g., ethynyl).

[0066] In some aspects, R is as defined above as and Z is hydrogen, amino, halogen
(e.g., chlorine or bromine), alkyl (e.g., methyl), alkynyl (e.g., ethynyl), cyano, haloalkyl (e.g.,
trifluoromethyl), and alkoxy (e.g., methoxy).

[0067] In some aspects, R and Z are as defined above and Y is hydrogen, halogen
(e.g., chlorine, fluorine, or bromine), alkynyl (e.g., ethynyl), cyano, alkyl (e.g., methyl), alkoxy
(e.g., methoxy or ethoxy), .

[0068] Insome aspects, R, Z, and Y are as defined above and X is N or CRg, wherein
Re¢ is hydrogen, alkynyl (e.g., ethynyl), cyano, alkyl (e.g., methyl), halogen (e.g., chlorine,
fluorine or iodine), hydroxyl, haloalkyl (e.g., trifluoromethyl), thioalkyl (e.g., thiomethyl),
amino, and acetamide.

[0069] In some aspects, the pyridine or pyrimidine ring has the following structure:
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[0070] In some aspects, R, Z, Y, and X are as defined above and Ar is phenyl or
biphenyl. In some aspects, Ar is substituted or unsubstituted phenyl.

[0071] In some aspects, Ar is a mono-substituted phenyl, such as a 4-substituted
phenyl. In some aspects, Rz (4-position) is halogen (e.g., bromine, chlorine, iodine, or fluorine),
alkyl (e.g., methyl), alkoxy (e.g., methoxy or t-butoxy), alkylthio (e.g., methylthio),
alkylsulfinyl (e.g., methylsulfinyl), alkylsulfonyl (e.g., methylsulfonyl), alkylsulfonyl{oxy)
(e.g., (methylsulfonyl)(oxy)), haloalkoxy (e.g., trifluoromethoxy, difluoromethoxy,
fluoromethoxy), haloalkyl (e.g., 1-fluoroethyl, trifluoromethyl, difluoromethyl), haloalkylthio
(e.g., (trifluoromethylthio), substituted alkyl (e.g., 1-hydroxyethyl), alkylcarbonyl (e.g.,
acetyl), formyl, substituted or unsubstituted cycloalkyl (e.g., cyclopropyl, 2,2-
difluorocyclopropyl), ethenyl (e.g., vinyl), substituted or unsubstituted alkynyl (e.g., ethynyl

or trimethylsilyl ethynyl), nitro, amino, or cyano. Examples include, but are not limited to
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[0073] In some aspects, Ar is a di-substituted phenyl, for example, phenyl substituted
at the 2 and 4 positions (relative to position 1, the point of attachment to the pyridine,
pyrimidine, pyridinium, or pyrimidinium ring). In some aspects, Rs (2-position) is halogen
(e.g., bromine, chlorine or fluorine), alkynyl (e.g., ethynyl), substituted alkynyl (e.g.,
trimethylsilyl ethynyl), haloalkyl (e.g., trifluoromethyl), cyano, amido, alkoxy (e.g., methoxy),
or alkyl (e.g., methyl). In some aspects, Rs is as defined above and R3 (4-position) is halogen
(e.g., bromine, chlorine or fluorine), alkyl (e.g., methyl), substituted or unsubstituted alkoxy
(e.g., methoxy, f-butoxy, or trifluoromethoxy), alkylsulfonyl (e.g., methylsulfonyl),
alkylsulfonyl(oxy) (e.g., (methylsulfonyl)(oxy)), haloalkylsulfonyl(oxy) (e.g.,
(trifluoromethylsulfonyl)(oxy)), haloalkylthio (e.g., (trifluoromethyl)thio), haloalkyl (e.g., 1-
fluoroethyl, trifluoromethyl, difluoromethyl), substituted alkyl (e.g., 1-hydroxyethyl, 1,1-
difluoro-2-methoxyethyl, carboxydifluoromethyl, cyanodifluoromethyl, 2-amino-1,1-difluoro-
2-oxoethyl), alkylcarbonyl (e.g., acetyl), formyl, 2,2-dimethylhydrazono, methoxyimino,
hydroxyimino, substituted or unsubstituted cycloalkyl (e.g., cyclopropyl, 2.,2-
difluorocyclopropyl, 1-cyanocyclopropyl), ethenyl (e.g., vinyl), substituted or unsubstituted
alkynyl (e.g., ethynyl or trimethylsilyl ethynyl), hydroxy, amino, substituted or unsubstituted
phenoxy (e.g., 4-fluorophenoxy), or cyano.

[0074] In some aspects, Ar is as shown below:
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[0075] In other aspects, Ar is a 2,3-disubstituted phenyl. Examples include, but are

not limited to,
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[0076] In other aspects, Ar is a 2,5-disubstituted phenyl, for example, but not limited

to
F
i %,
F
cl.
[0077] In other aspects, Ar is a 2,6-disubstituted phenyl, for example, but not limited
to

Cl

*

OCHj

[0078] In other aspects, Ar is a 3,4-disubstituted phenyl. Examples include, but are

not limited to

$/”s /Q}s $}a >(©/H
LS N Cl kgc/N\CHs - NH,
Begie Ve gS ey

OCHj, F OCH, F C
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[0079] In other aspects, Ar is a biphenyl. One or both of the phenyl rings can be

substituted or unsubstituted, for example, but are not limited to
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[0080] In some aspects, Ar is a trisubstituted phenyl, such as a 2,3,4-trisubtituted
phenyl, a 2.,4,5-trisubstituted phenyl, a 2,4,6-trisubstituted phenyl, or a 2,3,5-trisubstituted
phenyl. In some aspects, Ri-Rs are independently hydrogen, halogen (e.g., bromine, chlorine,
iodine, or fluorine), alkyl (e.g., methyl), alkoxy (e.g., methoxy, or t-butoxy), haloalkoxy (e.g.,
trifluoromethoxy), haloalkyl (e.g., 1-fluoroethyl, trifluoromethyl, difluoromethyl), substituted
alkyl (e.g., 1-hydroxyethyl), alkylcarbonyl (e.g., acetyl), formyl, 2,2-dimethylhydrazono,
methoxyimino, hydroxyimino, alkylthio or alkylsulfanyl (e.g., methylsulfanyl), alkylsulfinyl
(e.g., methylsulfinyl), alkylsulfonyl (e.g., methylsulfonyl), substituted or unsubstituted
cycloalkyl (e.g., cyclopropyl, 2,2-difluorocyclopropyl), ethenyl (e.g., vinyl), substituted or
unsubstituted alkynyl (e.g., ethynyl or trimethylsilyl ethynyl), hydroxy, nitro, substituted or
unsubstituted amino (e.g., amino, methylamino dimethylamino, diethylamino), or cyano.

Examples include, but are not limited to,
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[0081] Insome aspects, Ar is a tetrasubstituted phenyl. Examples include, but are not
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[0082] In some aspects, Ar is phenyl and R3 and R4 or R4 and Rs taken together form
a 5- or 6-membered aliphatic or aromatic ring, containing 0 to 3 heteroatoms selected from

oxygen (O), nitrogen (N), and sulfur (S). Examples include, but are not limited to,
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[0083] In some aspects, Aris a heterocyclic ring. In some aspects, Ar is a substituted
or unsubstituted pyridine ring. In some aspects, Ar is a 2,3,5-trisubstituted, a 3,4,5-
trisubstituted, a 2,3-disubstituted, a 2,4-disubstituted, a 2,5-disubstituted, a 3,5-disubstituted, a
6-substituted, or a 2,6-disubstituted pyridyl (relative to the nitrogen on the pyridine or
pyrimidine ring). In some aspects, Ri-Rs are independently hydrogen, halogen (e.g., chlorine)

and haloalkyl (e. g., trifluoromethyl). Examples include, but are not limited to,
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III. Methods of Preparation

[0084] Exemplary procedures to synthesize the compounds of Formula (I) are
provided below.

[0085] Instepa of Scheme 1, an aryl or heteroaryl halide 1.1, wherein R4, Rs, X2, X3,
and X4 are as previously defined and Y is Br or I, can be converted to the corresponding
boronic acid or boronate 1.2, wherein Rs, Rs, Ry, X», X3, and X4 are as previously defined,
using methods known in the art, including but not limited to halogen-metal exchange followed
by reaction with a boron source such as trimethylborate or metal-catalyzed cross-coupling with
a boron source such as, but not limited to, bis(pinacolato)diboron. Metals used in the halogen-
metal exchange reaction can be lithium or magnesium, and those in the cross-coupling reaction
can be palladium, nickel, or copper.

[0086] The pyridine carboxylate 1.4, wherein R, R4, Rs, X1, X, X3, X4, Y and Z are
as previously defined, can be synthesized under Suzuki cross-coupling conditions of a pyridine
or pyrimidine halide 1.3, wherein R, Xi, Y, Y>, and Z are as previously disclosed with an
appropriate boronic acid or boronate 1.2, wherein R4, Rs, Ry, X», X3, and X4 are as previously
defined in the presence of a catalyst, with or without an added ligand, and a base in a variety
of solvents at an elevated temperature as in step b of Scheme 1. In one aspect, the catalysts can
be palladium catalysts, such as palladium (II) catalysts (e.g., palladium (II) acetate PAd(QAc)a,
palladium(II) chloride (PdCl>)), and tetrakis(triphenylphosphine)palladium (0) (Pd(PPh3)4);
nickel catalysts, such as NiClx(dppf) and G3;DenP-Ni; iron catalysts; copper catalysts; and
ruthenium catalysts.

[0087] Suitable ligands for the catalyst system include, but are not limited to,
trialkylphosphines and triarylphosphines. These include, but are not limited to, tri-tert-
butylphosphine, tricyclohexylphosphine, di-tert-butylphenylphosphine,
dicyclohexylphenylphosphine, triphenylphosphine, 4-diphenylphosphinomethyl polystyrene
resin crosslinked, sodium diphenylphosphinobenzene-3-sulfonate with 2% DVB, tri(p-
tolyl)phosphine, (+)-2,2'-bis(diphenylphosphino)-1,1'-binaphthyl.

[0088] The pH can be adjusted using one or more bases, such as potassium carbonate,
potassium bicarbonate, the sodium carbonates (including bicarbonates), potassium acetate,
sodium acetate, potassium phosphate bases (mono, di and tribasic), sodium tetraborate,
potassium hydroxide, sodium hydroxide, cesium fluoride and potassium fluoride and organic
bases such as triethylamine, triisopropylamine, diisopropylamine, diethylamine, and
diisopropylethylamine. In another aspect, the reaction mixture can be pretreated with carbon

dioxide (CO»>) to adjust the pH prior to the Suzuki coupling reaction.
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[0089] Alternatively, the Suzuki coupling can be conducted in the presence of CO»,
e.g., bubbling CO: into the mixture reaction. The reaction can be performed in a mixture of
organic solvents containing methyl isobutyl ketone (MIBK), dimethoxyethane (DME),
acetonitrile (MeCN or CH3CN), toluene, benzyl alcohol, and methanol (MeOH), including
mixtures with and without water. Compound 1.4 can be further elaborated using methods

known in the art.

Scheme 1
o~
|
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[0090] In step a of Scheme 2, the pyridine carboxylate 1.4, wherein R, R4, X», and
X3 are as previously defined; each Rs, Rs, Y, and Z independently is Br; and Re independently
is I, which can be converted to an intermediate, wherein R, R4, X», and X3 are as previously
defined; each Rz, Rs, Y, and Z independently is —C=CSi(CH3)s3; and Re independently
is -C=CSi(CH3)3, via a Sonogashira cross-coupling with a trimethylsilylacetylene, in the
presence of a base such as triethylamine and catalysts such as Pd(PPh3)>Cl» and copper(I)
iodide, in a polar, aprotic solvent such as THF, at a temperature from about 50 °C to about
75 °C. The silyl protecting group can be removed by methods known by those skilled in the
art, including but not limited to, tetrabutylammonium fluoride in a polar, aprotic solvent such
as THF, at a temperature from about -10 °C to about 10 °C to provide 2.1, wherein R, R4, Xo,
and X3 are as previously defined; each Rs, Rs, Y, and Z independently is -C=CH; and Rs
independently is -C=CH. The pyridine carboxylate 1.4, wherein R, R4, Rs, Re, X2, X3, Y, and
Z are as previously defined and Rs is Br, can be transformed into 2.2, wherein R, R4, Rs, R,
X2, X3, Y, and Z are as previously defined and R3 is a cyclopropyl or a substituted or

unsubstituted phenyl, under Suzuki cross-coupling conditions, such as by treatment with an
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appropriate boronic acid or boronate, in the presence of a palladium catalyst such as Pd(PPh3)4
or Pd(PPh3)2Cl», in the presence of a base such as potassium phosphate or potassium fluoride,
in a variety of solvents such as toluene or acetonitrile—water mixtures, at a temperature from
about 80 °C to about 120 °C, as in step ¢ of Scheme 2. In step d of Scheme 2, the pyridine
carboxylate 1.4, wherein R, R4, Rs, X5, and X3 are as previously defined; each R3, Y, and Z
independently is Br; and Rs independently is I, can be converted to 2.3, wherein R, R4, Rs, X>,
and X3 are as previously defined; R3, Y, and Z independently is —C=N; and Re independently
is —C=N, by treatment with zinc(Il) cyanide, in the presence of a palladium catalyst such as
Pd(PPhs3)4 or Pd(PPh3),Cl, in a polar, aprotic solvent such as N, N-dimethylformamide (DMF),
at a temperature from about 140 °C to about 160 °C. Compounds 2.1, 2.2, and 2.3 can be further

elaborated using methods known in the art.

Scheme 2

R4 R5 = cyclopropyl or
substituted phenyl

[0091] In step a of Scheme 3, the pyridine carboxylate 1.4, wherein R, R3, R4, Rs, Xo,
and X3 are as previously defined; each Y and Z independently is Br or I; and R¢ independently
is I, can be converted to 3.1, wherein R, R3, R4, Rs, X5, and X3 are as previously defined; each

Y and Z independently is Br or I; and R¢ independently is CH3, via palladium-catalyzed cross-
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coupling with methylboronic acid, in the presence of a base such as potassium phosphate and
a catalyst such as tetrakis(triphenylphosphine)palladium(0) (Pd(PPh3)4), in a non-polar, aprotic
solvent such as toluene, at a temperature from about 90 °C to about 110 °C. The pyridine
carboxylate 1.4, wherein R, R3, R4, Rs, Rs, X2, X3, and Y are as previously defined and Z is Br
or I can be transformed into 3.2, wherein R, R3, R4, Rs, Re, X%, X3, and Y are as previously
defined and Z is CFs, by treatment with methyl-2,2-difluoro-2-(fluorosulfonyl)acetate, in the
presence of a catalytic amount of copper(l) iodide in a polar, aprotic solvent such as DMF, at
a temperature from about 90 °C to about 110 °C under microwave conditions as in step b of

Scheme 3. Both 3.1 and 3.2 can be further elaborated using methods known in the art.

Scheme 3

[0092] In step a of Scheme 4, the pyridine carboxylate 1.4, wherein R, R3, R4, Rs, R,
X>, X3, and Z are as previously defined and Y is NH2 can be converted to 4.1, wherein R, Rs,
R4, Rs, Re, X2, X3, and Z are as previously defined and Y is Cl or Br, under Sandmeyer reaction
conditions with a chlorine or bromine source such as copper(Il) chloride or copper(Il) bromide,
respectively, in the presence of tert-butyl nitrite in a polar, aprotic solvent such as acetonitrile
at a temperature of about 15 °C to about 40 °C. The pyridine carboxylate 1.4, wherein R, R3,
R4, Rs, Re, X2, X3, and Z are as previously defined and Y is NHz can be transformed into 4.2,
wherein R, Rz, R4, Rs, R¢, X2, X3, and Z are as previously defined and Y is H, by treatment
with isoamyl nitrite in a polar, aprotic solvent such as tetrahydrofuran (THF) at a temperature

of about 45 °C to about 65 °C or with sodium nitrite in the presence of an acid such as sulfuric
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acid, in a polar, protic solvent system such as ethanol—toluene, at a temperature from about 70
°C to about 90 °C as in step b of Scheme 4. Both 4.1 and 4.2 can be further elaborated using
methods known in the art.

Scheme 4

[0093] In step a of Scheme 5, the pyridine carboxylate 1.4, wherein R, R3, R4, Rs, Xo,
X3, Y and Z are as previously defined and Re is H can be transformed into 4.1, wherein R, R3,
R4, Rs, X5, X3, Y, and Z are as previously defined and Rg is I, via reaction with periodic acid
and iodine in a polar, protic solvent such as methanol, at a temperature from about 50 °C to
about 75 °C. The pyridine carboxylate 1.4, wherein R, Rz, R4, Rs, Rs, X», X3, and Z are as
previously defined and Y is Br or Cl, can be converted to 5.2, wherein R, Rz, R4, Rs, R¢, X2,
X3, and Z are as previously defined and Y is OCH3s, by treatment with sodium methoxide, in a
polar, protic solvent such as methanol, at a temperature from about 15 °C to about 40 °C as in
step b of Scheme 5. In step ¢ of Scheme 5, the pyridine carboxylate 1.4, wherein R, Rz, R4, Rs,
X2, X3, Y, and Z are as previously defined and Re is Br or Cl, can be treated with sodium
thiomethoxide, in a polar, aprotic solvent such as DMF, at a temperature from about 40 °C to
about 65 °C to afford 5.3, wherein R, R3, R4, Rs, X5, X3, Y, and Z are as previously defined
and R¢ is SCH3. Compounds 5.1, 5.2, and 5.3 can be further elaborated using methods known

in the art.
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Scheme 5

[0094] In step a of Scheme 6, the pyridine carboxylate 1.4, wherein R, R3, R4, Rs, R,
Xs, X3, Y, and Z are as previously defined and Rz is Br can be transformed into the
corresponding vinyl 6.1, wherein R, Rz, R4, Rs, Rs, X2, X3, Y, and Z are as previously defined
and Rs is vinyl, via palladium-catalyzed cross-coupling with a vinyl source such as
trifluorovinyl borate potassium salt, in the presence of a base such as potassium carbonate and
a catalyst such as Pd(PPh3)>Cl,, in a polar, aprotic solvent such as dimethyl sulfoxide, at a
temperature from about 75 °C to about 100 °C. The pyridine carboxylate 1.4, wherein R, R?,
R* R, R® X2 X3, Y, and Z are as previously defined and R3 is Br can be transformed into the
corresponding ketone 6.2, wherein Ri, R», R3, Rs, Rs, Re, X», and X3 are as previously defined
and Rj3 is C(O)CHs, by treatment with tributyl (1-ethoxyvinyl)stannane, in the presence of a
palladium catalyst such as Pd(PPh3)>Cl», in a polar, aprotic solvent such as dichloroethane
(DCE), at a temperature from about 100 °C to about 140 °C as in step b of Scheme 6. Both 6.1
and 6.2 can be further elaborated using methods known in the art (including, but not limited to,

oxidation/reduction, cyclopropanation, fluorination) to provide other groups at Rs.
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Scheme 6

COMPOSITIONS AND METHODS

[0095] In some aspects, the compounds provided herein are employed in mixtures
containing a herbicidally effective amount of the compound along with at least one
agriculturally acceptable adjuvant or carrier. Exemplary adjuvants or carriers include those that
are not phytotoxic or significantly phytotoxic to valuable crops, e.g., at the concentrations
employed in applying the compositions for selective weed control in the presence of crops,
and/or do not react or significantly react chemically with the compounds provided herein or
other composition ingredients. Such mixtures can be designed for application directly to weeds
or their locus or can be concentrates or formulations that are diluted with additional carriers
and adjuvants before application. They can be solids, such as, for example, dusts, granules,
water dispersible granules, or wettable powders, or liquids, such as, for example, emulsifiable
concentrates, solutions, emulsions or suspensions. They can also be provided as a premix or
tank mixed.

[0096] Suitable agricultural adjuvants and carriers that are useful in preparing the
herbicidal mixtures of the disclosure are well known to those skilled in the art. Some of these
adjuvants include, but are not limited to, crop oil concentrate (mineral oil (85%) + emulsifiers
(15%)); nonylphenol ethoxylate; benzylcocoalkyldimethyl quaternary ammonium salt; blend
of petroleum hydrocarbon, alkyl esters, organic acid, and anionic surfactant; Co-Cii

alkylpolyglycoside; phosphated alcohol ethoxylate; natural primary alcohol (Ci2-Cis)
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ethoxylate; di-sec-butylphenol EO-PO block copolymer; polysiloxane-methyl cap;
nonylphenol ethoxylate + urea ammonium nitrrate; emulsified methylated seed oil; tridecyl
alcohol (synthetic) ethoxylate (8EO); tallow amine ethoxylate (15 EO); PEG(400) dioleate-99.

[0097] Liquid carriers that can be employed include water and organic solvents. The
organic solvents include, but are not limited to, petroleum fractions or hydrocarbons such as
mineral oil, aromatic solvents, paraffinic oils, and the like; vegetable oils such as soybean oil,
rapeseed oil, olive oil, castor oil, sunflower seed oil, coconut oil, corn oil, cottonseed oil,
linseed oil, palm oil, peanut oil, safflower oil, sesame oil, tung oil and the like; esters of the
above vegetable oils; esters of monoalcohols or dihydric, trihydric, or other lower polyalcohols
(4-6 hydroxy containing), such as 2-ethylhexyl stearate, n-butyl oleate, isopropyl myristate,
propylene glycol dioleate, di-octyl succinate, di-butyl adipate, di-octyl phthalate and the like;
esters of mono-, di- and poly-carboxylic acids and the like. Specific organic solvents include
toluene, xylene, petroleum naphtha, crop oil, acetone, methyl ethyl ketone, cyclohexanone,
trichloroethylene, perchloroethylene, ethyl acetate, amyl acetate, butyl acetate, propylene
glycol monomethyl ether and diethylene glycol monomethyl ether, methyl alcohol, ethyl
alcohol, isopropyl alcohol, amyl alcohol, ethylene glycol, propylene glycol, glycerine, N-
methyl-2-pyrrolidinone, N,N-dimethyl alkylamides, dimethyl sulfoxide, liquid fertilizers, and
the like. In some aspects, water is the carrier for the dilution of concentrates.

[0098] Suitable solid carriers include but are not limited to talc, pyrophyllite clay,
silica, attapulgus clay, kaolin clay, kieselguhr, chalk, diatomaceous earth, lime, calcium
carbonate, bentonite clay, Fuller's earth, cottonseed hulls, wheat flour, soybean flour, pumice,
wood flour, walnut shell flour, lignin, and the like.

[0099] In some aspects, one or more surface-active agents are utilized in the
compositions of the present disclosure. Such surface-active agents are, in some aspects,
employed in both solid and liquid compositions, e.g., those designed to be diluted with carrier
before application. The surface-active agents can be anionic, cationic or nonionic in character
and can be employed as emulsifying agents, wetting agents, suspending agents, or for other
purposes. Surfactants conventionally used in the art of formulation and which may also be used
in the present formulations are described, inter alia, in McCutcheon’s Detergents and
Emulsifiers Annual, MC Publishing Corporation: Ridgewood, NJ, 1998, and in Encyclopedia
of Surfactants, Vol. I-1ll, Chemical Publishing Company: New York, 1980-81. Typical
surface-active agents include but are not limited to salts of alkyl sulfates, such as
diethanolammonium lauryl sulfate; alkylarylsulfonate salts, such as calcium

dodecylbenzenesulfonate; alkylphenol-alkylene oxide addition products, such as nonylphenol-
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Cis ethoxylate; alcohol-alkylene oxide addition products, such as tridecyl alcohol-Cie
ethoxylate; soaps, such as sodium stearate; alkylnaphthalene-sulfonate salts, such as sodium
dibutylnaphthalenesulfonate; dialkyl esters of sulfosuccinate salts, such as sodium
di(2-ethylhexyl) sulfosuccinate; sorbitol esters, such as sorbitol oleate; quaternary amines, such
as lauryl trimethylammonium chloride; polyethylene glycol esters of fatty acids, such as
polyethylene glycol stearate; block copolymers of ethylene oxide and propylene oxide; salts of
mono- and dialkyl phosphate esters; vegetable or seed oils such as soybean oil, rapeseed/canola
oil, olive oil, castor oil, sunflower seed oil, coconut oil, corn oil, cottonseed oil, linseed oil,
palm oil, peanut oil, safflower oil, sesame oil, tung oil and the like; and esters of the above
vegetable oils, e.g., methyl esters.

[00100] Insome aspects, these materials, such as vegetable or seed oils and their esters,
can be used interchangeably as an agricultural adjuvant, as a liquid carrier or as a surface active
agent.

[00101] Other exemplary additives for use in the compositions provided herein include
but are not limited to compatibilizing agents, antifoam agents, sequestering agents, neutralizing
agents and buffers, corrosion inhibitors, dyes, odorants, spreading agents, penetration aids,
sticking agents, dispersing agents, thickening agents, freezing point depressants, antimicrobial
agents, and the like. The compositions may also contain other compatible components, for
example, other herbicides, plant growth regulants, fungicides, insecticides, and the like and can
be formulated with liquid fertilizers or solid, particulate fertilizer carriers such as ammonium
nitrate, urea and the like.

[00102] The concentration of the active ingredients in the herbicidal compositions of
this disclosure is generally from about 0.001 to about 98 percent by weight. Concentrations
from about 0.01 to about 90 percent by weight are often employed. In compositions designed
to be employed as concentrates, the active ingredient is generally present in a concentration
from about 5 to about 98 weight percent, preferably about 10 to about 90 weight percent. Such
compositions are typically diluted with an inert carrier, such as water, before application. The
diluted compositions usually applied to weeds or the locus of weeds generally contain about
0.0001 to about 1 weight percent active ingredient and preferably contain about 0.001 to about
0.05 weight percent.

[00103] The present compositions can be applied to weeds or their locus by the use of
conventional ground or aerial dusters, sprayers, and granule applicators, by addition to

irrigation or flood water, and by other conventional means known to those skilled in the art.
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[00104] In some aspects, the compounds and compositions described herein are
applied as a post-emergence application, pre-emergence application, in-water application to
flooded paddy rice or water bodies (e.g., ponds, lakes and streams), or burn-down application.

[00105] In some aspects, the compounds and compositions provided herein are utilized
to control weeds in crops, including but not limited to citrus, apple, rubber, oil, palm, forestry,
direct-seeded, water-seeded and transplanted rice, wheat, barley, oats, rye, sorghum,
corn/maize, pastures, grasslands, rangelands, fallowland, turf, tree and vine orchards, aquatics,
or row-crops, as well as non-crop settings, e.g., industrial vegetation management (IVM) or
rights-of-way. In some aspects, the compounds and compositions are used to control woody
plants, broadleaf and grass weeds, or sedges.

[00106] In some aspects, the compounds and compositions provided herein are utilized
to control undesirable vegetation in rice. In certain aspects, the undesirable vegetation is
Brachiaria platyphylla (Groseb.) Nash (broadleaf signalgrass, BRAPP), Digitaria sanguinalis
(L.) Scop. (large crabgrass, DIGSA), Echinochloa crus-galli (L.) P. Beauv. (barnyardgrass,
ECHCG), Echinochloa colonum (L.) LINK (junglerice, ECHCO), Echinochloa oryzoides
(Ard.) Fritsch (early watergrass, ECHOR), Echinochloa oryzicola (Vasinger) Vasinger (late
watergrass, ECHPH), Ischaemum rugosum Salisb. (saramollagrass, ISCRU), Leptochloa
chinensis (L.) Nees (Chinese sprangletop, LEFCH), Leprochloa fascicularis (Lam.) Gray
(bearded sprangletop, LEFFA), Leptochloa panicoides (Presl.) Hitchc. (Amazon sprangletop,
LEFPA), Panicum dichotomiflorum (L.) Michx. (fall panicum, PANDI), Paspalum dilatatum
Poir. (dallisgrass, PASDI), Cyperus difformis L. (smallflower flatsedge, CYPDI), Cyperus
esculentus L. (yellow nutsedge, CYPES), Cyperus iria L. (rice flatsedge, CYPIR), Cyperus
rotundus L. (purple nutsedge, CYPRO), Eleocharis species (ELOSS), Fimbristylis miliacea
(L.) Vahl (globe fringerush, FIMMI), Schoenoplectus juncoides Roxb. (Japanese bulrush,
SCPIJU), Schoenoplectus maritimus L. (sea clubrush, SCPMA), Schoenoplectus mucronatus L.
(ricefield bulrush, SCPMU), Aeschynomene species, (jointvetch, AESSS), Alternanthera
philoxeroides (Mart.) Griseb. (alligatorweed, ALRPH), Alisma plantago-aquatica L. (common
waterplantain, ALSPA), Amaranthus species, (pigweeds and amaranths, AMASS), Ammannia
coccinea Rottb. (redstem, AMMCO), Eclipta alba (L.) Hassk. (American false daisy, ECLAL),
Heteranthera limosa (SW.) Willd./Vahl (ducksalad, HETLI), Heteranthera reniformis R. & P.
(roundleaf mudplantain, HETRE), Ipomoea hederacea (L.) Jacq. (ivyleaf morningglory,
IPOHE), Lindernia dubia (L.) Pennell (low false pimpernel, LIDDU), Monochoria korsakowii
Regel & Maack (monochoria, MOOKA), Monochoria vaginalis (Burm. F.) C. Presl ex Kuhth,
(monochoria, MOOV A), Murdannia nudiflora (L.) Brenan (doveweed, MUDNU), Polygonum
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pensylvanicum L., (Pennsylvania smartweed, POLPY), Polygonum persicaria L. (ladysthumb,
POLPE), Polygonum hydropiperoides Michx. (mild smartweed, POLHP), Rorala indica
(Willd.) Koehne (Indian toothcup, ROTIN), Sagittaria species, (arrowhead, SAGSS), Sesbania
exaltata (Raf.) Cory/Rydb. Ex Hill (hemp sesbania, SEBEX), or Sphenoclea zeylanica Gaertn.
(gooseweed, SPDZE).

[00107] In some aspects, the compounds and compositions provided herein are utilized
to control undesirable vegetation in cereals. In certain aspects, the undesirable vegetation is
Alopecurus myosuroides Huds. (blackgrass, ALOMY), Apera spica-venti (L.) Beauv.
(windgrass, APESV), Avena fatua L. (wild oat, AVEFA), Bromus tectorum L. (downy brome,
BROTE), Lolium multiflorum Lam. (Italian ryegrass, LOLMU), Phalaris minor Retz.
(littleseed canarygrass, PHAMI), Poa annua L. (annual bluegrass, POAAN), Setaria pumila
(Poir.) Roemer & J.A. Schultes (yellow foxtail, SETLU), Setaria viridis (L.) Beauv. (green
foxtail, SETVI), Cirsium arvense (L.) Scop. (Canada thistle, CIRAR), Galium aparine L.
(catchweed bedstraw, GALAP), Kochia scoparia (L.) Schrad. (kochia, KCHSC), Lamium
purpureum L. (purple deadnettle , LAMPU), Matricaria recutita L. (wild chamomile,
MATCH), Matricaria matricarioides (Less.) Porter (pineappleweed, MATMT), Papaver
rhoeas L. (common poppy, PAPRH), Polygonum convolvulus L. (wild buckwheat, POLCO),
Salsola tragus L. (Russian thistle, SASKR), Stellaria media (L.) Vill. (common chickweed,
STEME), Veronica persica Poir. (Persian speedwell, VERPE), Viola arvensis Murr. (field
violet, VIOAR), or Viola tricolor L. (wild violet, VIOTR).

[00108] In some aspects, the compounds and compositions provided herein are utilized
to control undesirable vegetation in range and pasture. In certain aspects, the undesirable
vegetation is Ambrosia artemisiifolia L. (common ragweed, AMBEL), Cassia obtusifolia
(sickle pod, CASOB), Centaurea maculosa auct. non Lam. (spotted knapweed, CENMA),
Cirsium arvense (L.) Scop. (Canada thistle, CIRAR), Convolvulus arvensis L. (field bindweed,
CONAR), Euphorbia esula L. (leafy spurge, EPHES), Lactuca serriola L./Torn. (prickly
lettuce, LACSE), Plantago lanceolata L. (buckhorn plantain, PLALA), Rumex obtusifolius L.
(broadleaf dock, RUMOB), Sida spinosa L. (prickly sida, SIDSP), Sinapis arvensis L. (wild
mustard, SINAR), Sonchus arvensis L. (perennial sowthistle, SONAR), Solidago species
(goldenrod, SOOSS), Taraxacum officinale G.H. Weber ex Wiggers (dandelion, TAROF),
Trifolium repens L. (white clover, TRFRE), or Urtica dioica L. (common nettle, URTDI).

[00109] In some aspects, the compounds and compositions provided herein are utilized
to control undesirable vegetation found in row crops. In certain aspects, the undesirable

vegetation is Alopecurus myosuroides Huds. (blackgrass, ALOMY), Avena fatua L. (wild oat,
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AVEFA), Brachiaria platyphylla (Groseb.) Nash (broadleaf signalgrass, BRAPP), Digitaria
sanguinalis (L.) Scop. (large crabgrass, DIGSA), Echinochloa crus-galli (L.) P. Beauv.
(barnyardgrass, ECHCQG), Echinochloa colonum (L.) Link (junglerice, ECHCO), Lolium
multiflorum Lam. (Italian ryegrass, LOLMU), Panicum dichotomiflorum Michx. (fall panicum,
PANDI), Panicum miliaceum L. (wild-proso millet, PANMI), Setaria faberi Herrm. (giant
foxtail, SETFA), Setaria viridis (L.) Beauv. (green foxtail, SETVI), Sorghum halepense (L.)
Pers. (Johnsongrass, SORHA), Sorghum bicolor (L..) Moench ssp. Arundinaceum (shattercane,
SORVU), Cyperus esculentus L. (yellow nutsedge, CYPES), Cyperus rotundus L. (purple
nutsedge, CYPRO), Abutilon theophrasti Medik. (velvetleat, ABUTH), Amaranthus species
(pigweeds and amaranths, AMASS), Ambrosia artemisiifolia L. (common ragweed, AMBEL),
Ambrosia psilostachya DC. (western ragweed, AMBPS), Ambrosia trifida L. (giant ragweed,
AMBTR), Asclepias syriaca L. (common milkweed, ASCSY), Chenopodium album L.
(common lambsquarters, CHEAL), Cirsium arvense (L.) Scop. (Canada thistle, CIRAR),
Commelina benghalensis L. (tropical spiderwort, COMBE), Datura stramonium L.
(jimsonweed, DATST), Daucus carota L. (wild carrot, DAUCA), Euphorbia heterophylla L.
(wild poinsettia, EPHHL), Erigeron bonariensis L. (hairy fleabane, ERIBO), Erigeron
canadensis L. (Canadian fleabane, ERICA), Helianthus annuus L. (common sunflower,
HELAN), Jacquemontia tamnifolia (L.) Griseb. (smallflower morningglory, TAQTA),
Ipomoea hederacea (L.) Jacq. (ivyleaf morningglory, IPOHE), Ipomoea lacunosa L. (white
morningglory, IPOLA), Lactuca serriola L./Torn. (prickly lettuce, LACSE), Portulaca
oleracea L. (common purslane, POROL), Sida spinosa L. (prickly sida, SIDSP), Sinapis
arvensis L. (wild mustard, SINAR), Solanum ptychanthum Dunal (eastern black nightshade,
SOLPT), or Xanthium strumarium L. (common cocklebur, XANST).

[00110] In some aspects, application rates of about 1 to about 4,000 grams/hectare
(g/ha) are employed in post-emergence operations. In some aspects, rates of about 1 to about
4,000 g/ha are employed in pre-emergence operations.

[00111] In some aspects, the compounds, compositions, and methods provided herein
are used in conjunction with one or more other herbicides to control a wider variety of
undesirable vegetation. When used in conjunction with other herbicides, the presently claimed
compounds can be formulated with the other herbicide or herbicides, tank mixed with the other
herbicide or herbicides or applied sequentially with the other herbicide or herbicides. Some of
the herbicides that can be employed in conjunction with the compounds of the present
disclosure include: 4-CPA, 4-CPB, 4-CPP, 2,4-D, 2,4-D choline salt, 2,4-D esters and amines,
2,4-DB, 3,4-DA, 3,4-DB, 2,4-DEB, 2,4-DEP, 3,4-DP, 2,3,6-TBA, 2,4,5-T, 2,4,5-TB,
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acetochlor, acifluorfen, aclonifen, acrolein, alachlor, allidochlor, alloxydim, allyl alcohol,
alorac, ametridione, ametryn, amibuzin, amicarbazone, amidosulfuron, aminocyclopyrachlor,
aminopyralid, amiprofos-methyl, amitrole, ammonium sulfamate, anilofos, anisuron, asulam,
atraton, atrazine, azafenidin, azimsulfuron, aziprotryne, barban, BCPC, beflubutamid,
benazolin, bencarbazone, benfluralin, benfuresate, bensulfuron-methyl, bensulide,
benthiocarb, bentazon-sodium, benzadox, benzfendizone, benzipram, benzobicyclon,
benzofenap, benzofluor, benzoylprop, benzthiazuron, bicyclopyrone, bifenox, bilanafos,
bispyribac-sodium, bixlozone, borax, bromacil, bromobonil, bromobutide, bromofenoxim,
bromoxynil, brompyrazon, butachlor, butafenacil, butamifos, butenachlor, buthidazole,
buthiuron, butralin, butroxydim, buturon, butylate, cacodylic acid, cafenstrole, calcium
chlorate, calcium cyanamide, cambendichlor, carbasulam, carbetamide,
carboxazole,chlorprocarb, carfentrazone-ethyl, CDEA, CEPC, chlomethoxyfen, chloramben,
chloranocryl, chlorazifop, chlorazine, chlorbromuron, chlorbufam, chloreturon, chlorfenac,
chlorfenprop, chlorflurazole, chlorflurenol, chloridazon, chlorimuron, chlornitrofen,
chloropon, chlorotoluron, chloroxuron, chloroxynil, chlorpropham, chlorsulfuron, chlorthal,
chlorthiamid, cinidon-ethyl, cinmethylin, cinosulfuron, cisanilide, clethodim, cliodinate,
clodinafop-propargyl, clofop, clomazone, clomeprop, cloprop, cloproxydim, clopyralid,
cloransulam-methyl, CMA, copper sulfate, CPMF, CPPC, credazine, cresol, cumyluron,
cyanatryn, cyanazine, cycloate, cyclopyranil, cyclosulfamuron, cycloxydim, cycluron,
cyhalofop-butyl, cyperquat, cyprazine, cyprazole, cypromid, daimuron, dalapon, dazomet,
delachlor, desmedipham, desmetryn, di-allate, dicamba, dichlobenil, dichloralurea,
dichlormate, dichlorprop, dichlorprop-P, diclofop, diclosulam, diethamquat, diethatyl,
difenopenten, difenoxuron, difenzoquat, diflufenican, diflufenzopyr, dimefuron, dimepiperate,
dimethachlor, dimethametryn, dimethenamid, dimethenamid-P, dimexano, dimidazon,
dinitramine, dinofenate, dinoprop, dinosam, dinoseb, dinoterb, diphenamid, dipropetryn,
diquat, disul, dithiopyr, diuron, DMPA, DNOC, DSMA, EBEP, eglinazine, endothal, epronaz,
EPTC, erbon, esprocarb, ethalfluralin, ethbenzamide, ethametsulfuron, ethidimuron, ethiolate,
ethobenzamid, etobenzamid, ethofumesate, ethoxyfen, ethoxysulfuron, etinofen, etnipromid,
etobenzanid, EXD, fenasulam, fenoprop, fenoxaprop, fenoxaprop-P-ethyl, fenoxaprop-P-ethyl
+ isoxadifen-ethyl, fenoxasulfone, fenteracol, fenthiaprop, fentrazamide, fenuron, ferrous
sulfate, flamprop, flamprop-M, flazasulfuron, florasulam, florpyrauxifen-benzyl, fluazifop,
fluazifop-P-butyl, fluazolate, flucarbazone, {flucetosulfuron, fluchloralin, flufenacet,
flufenican, flufenpyr-ethyl, flumetsulam, flumezin, flumiclorac-pentyl, flumioxazin,

flumipropyn, fluometuron, fluorodifen, fluoroglycofen, fluoromidine, fluoronitrofen,
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fluothiuron, flupoxam, flupropacil, flupropanate, flupyrsulfuron, fluridone, flurochloridone,
fluroxypyr, flurtamone, fluthiacet, fomesafen, foramsulfuron, fosamine, furyloxyfen,
glufosinate, glufosinate-ammonium, glyphosate, halauxifen-methyl, halosafen, halosulfuron-
methyl, haloxydine, haloxyfop-methyl, haloxyfop-P-methyl, hexachloroacetone, hexaflurate,
hexazinone, imazamethabenz, imazamox, imazapic, imazapyr, imazaquin, imazethapyr,
imazosulfuron, indanofan, indaziflam, iodobonil, iodomethane, iodosulfuron, iofensulfuron,
ioxynil, ipazine, ipfencarbazone, iprymidam, isocarbamid, isocil, isomethiozin, isonoruron,
isopolinate, isopropalin, isoproturon, isouron, isoxaben, isoxachlortole, isoxaflutole,
isoxapyrifop, karbutilate, ketospiradox, lancotrione, lactofen, lenacil, linuron, MAA, MAMA,
MCPA esters and amines, MCPA-thioethyl, MCPB, mecoprop, mecoprop-P, medinoterb,
mefenacet, mefluidide, mesoprazine, mesosulfuron, mesotrione, metam, metamifop,
metamitron, metazachlor, metazosulfuron, metflurazon, methabenzthiazuron, methalpropalin,
methazole, methiobencarb, methiozolin, methiuron, methometon, methoprotryne, methyl
bromide, methyl isothiocyanate, methyldymron, metobenzuron, metobromuron, metolachlor,
metosulam, metoxuron, metribuzin, metsulfuron, molinate, monalide, monisouron,
monochloroacetic acid, monolinuron, monuron, morfamquat, MSMA, naproanilide,
napropamide, napropamide-M, naptalam, neburon, nicosulfuron, nipyraclofen, nitralin,
nitrofen, nitrofluorfen, norflurazon, noruron, OCH, orbencarb, ortho-dichlorobenzene,
orthosulfamuron, oryzalin, oxadiargyl, oxadiazon, oxapyrazon, oxasulfuron, oxaziclomefone,
oxyfluorfen, paraflufen-ethyl, parafluron, paraquat, pebulate, pelargonic acid, pendimethalin,
penoxsulam, pentachlorophenol, pentanochlor, pentoxazone, perfluidone, pethoxamid,
phenisopham, phenmedipham, phenmedipham-ethyl, phenobenzuron, phenylmercury acetate,
picloram, picolinafen, pinoxaden, piperophos, potassium arsenite, potassium azide, potassium
cyanate, pretilachlor, primisulfuron-methyl, procyazine, prodiamine, profluazol, profluralin,
profoxydim, proglinazine, prohexadione-calcium, prometon, prometryn, propachlor, propanil,
propaquizafop, propazine, propham, propisochlor, propoxycarbazone, propyrisulfuron,
propyzamide, prosulfalin, prosulfocarb, prosulfuron, proxan, prynachlor, pydanon, pyraclonil,
pyraflufen, pyrasulfotole, pyrazogyl, pyrazolynate, pyrazosulfuron-ethyl, pyrazoxyfen,
pyribenzoxim, pyributicarb, pyriclor, pyridafol, pyridate, pyriftalid, pyriminobac,
pyrimisulfan, pyrithiobac-methyl, pyroxasulfone, pyroxsulam, quinclorac, quinmerac,
quinoclamine, quinonamid, quizalofop, quizalofop-P-ethyl, rhodethanil, rimsulfuron,
saflufenacil, S-metolachlor, sebuthylazine, secbumeton, sethoxydim, siduron, simazine,
simeton, simetryn, SMA, sodium arsenite, sodium azide, sodium chlorate, sulcotrione,

sulfallate, sulfentrazone, sulfometuron, sulfosate, sulfosulfuron, sulfuric acid, sulglycapin,
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swep, TCA, tebutam, tebuthiuron, tefuryltrione, tembotrione, tepraloxydim, terbacil, terbucarb,
terbuchlor, terbumeton, terbuthylazine, terbutryn, tetrafluron, thenylchlor, thiazafluron,
thiazopyr, thidiazimin, thidiazuron, thiencarbazone-methyl, thifensulfuron, thiobencarb,
tiocarbazil, tioclorim, tolypyralate, topramezone, tralkoxydim, triafamone, tri-allate,
triasulfuron, triaziflam, tribenuron, tricamba, triclopyr esters and amines, tridiphane, trietazine,
trifloxysulfuron, trifludimoxazin, trifluralin, triflusulfuron, trifop, trifopsime,
trihydroxytriazine, trimeturon, tripropindan, tritac, tritosulfuron, vernolate and xylachlor.

[00112] The compounds and compositions of the present disclosure can generally be
employed in combination with one or more herbicide safeners, such as AD-67 (MON 4660),
benoxacor, benthiocarb, brassinolide, cloquintocet (e.g., mexyl), cyometrinil, daimuron,
dichlormid, dicyclonon, dimepiperate, disulfoton, fenchlorazole-ethyl, fenclorim, flurazole,
fluxofenim, furilazole, harpin proteins, isoxadifen-ethyl, jiecaowan, jiecaoxi, mefenpyr-
diethyl, mephenate, MG-191, naphthalic anhydride (NA), oxabetrinil, R29148 and N-
phenylsulfonylbenzoic acid amides, to enhance their selectivity.

[00113] In some aspects, the compositions and methods described herein can be used
in combination with one or more seed treatments known to be employed in the safening of rice
and compounds of formula (I), including naphthalic anhydride and CAS registry number
129531-12-0 (N-(2-methoxybenzoyl)-4-[(methylaminocarbonyl)amino]benzenesulfonamide

or metcamifen), which has the following structure,

N__N
HsC”
s \ﬂ/ H
o) _N
07X
O 0 oo
CHs

and CAS registry number 98967-94-3 (methyl 3-((5,7-dimethyl-[1,2,4]triazolo[1,5-

alpyrimidine)-2-sulfonamido)thiophene-2-carboxylate), which has the following structure,

CH "G
3
0 O
//I\[N\ \g/o
S \ S
H,c” N7 "N HN 4 /

[00114] The compounds, compositions, and methods described herein be used to
control undesirable vegetation on glyphosate-tolerant-, glufosinate-tolerant-, dicamba-tolerant-

, phenoxy auxin-tolerant-, pyridyloxy auxin-tolerant-, aryloxyphenoxypropionate-tolerant-,
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acetyl CoA carboxylase (ACCase) inhibitor-tolerant-, imidazolinone-tolerant-, acetolactate
synthase (ALS) inhibitor-tolerant-, 4-hydroxyphenyl-pyruvate dioxygenase (HPPD) inhibitor
-tolerant-, protoporphyrinogen oxidase (PPO) inhibitor -tolerant-, triazine-tolerant-, and
bromoxynil-tolerant- crops (such as, but not limited to, soybean, cotton, canola/oilseed rape,
rice, cereals, corn, turf, etc), for example, in conjunction with glyphosate, glufosinate, dicamba,
phenoxy auxins, pyridyloxy auxins, aryloxyphenoxypropionates, ACCase inhibitors,
imidazolinones, ALS inhibitors, HPPD inhibitors, PPO inhibitors, triazines, and bromoxynil.
The compositions and methods may be used in controlling undesirable vegetation in crops
possessing multiple or stacked traits conferring tolerance to multiple chemistries and/or
inhibitors of multiple modes-of-action.

[00115] The compounds and compositions provided herein may also be employed to
control herbicide resistant or tolerant weeds. Exemplary resistant or tolerant weeds include, but
are not limited to, biotypes resistant or tolerant to ALS inhibitors, photosystem II inhibitors,
ACCase inhibitors, synthetic auxins, photosystem I inhibitors, 5-enolpyruvylshikimate-3-
phosphate (EPSP) synthase inhibitors, microtubule assembly inhibitors, lipid synthesis
inhibitors, PPO inhibitors, carotenoid biosynthesis inhibitors, very long chain fatty acid
(VLCFA) inhibitors, phytoene desaturase (PDS) inhibitors, glutamine synthetase inhibitors,
HPPD inhibitors, mitosis inhibitors, cellulose biosynthesis inhibitors, herbicides with multiple
modes-of-action such as quinclorac, and unclassified herbicides such as arylaminopropionic
acids, difenzoquat, endothall, and organoarsenicals. Exemplary resistant or tolerant weeds
include, but are not limited to, biotypes with resistance or tolerance to multiple herbicides,
multiple chemical classes, and multiple herbicide modes-of-action.

[00116] The described aspects and following examples are for illustrative purposes
and are not intended to limit the scope of the claims. Other modifications, uses, or combinations
with respect to the compositions described herein will be apparent to a person of ordinary skill

in the art without departing from the spirit and scope of the claimed subject matter.

EXAMPLES

Example 1: Preparation of methyl 3-chloro-6-(2-chloro-4-(1-fluoroethyl)phenyl)-
picolinate (F14)
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HsC ol o)
F

[00117] Methyl 3-chloro-6-(2-chloro-4-(1-hydroxyethyl)phenyl)picolinate (F1; 80
milligrams (mg), 0.246 millimoles (mmol)) was dissolved in dichloromethane (DCM; 2 mL),
and the mixture was cooled to 0 °C. Bis(2-methoxyethyl)aminosulfur trifluoride (Deoxo-
Fluor®; 437 mg, 1.97 mmol) was added, and the reaction mixture was stirred for 3 hours (h)
at room temperature. The reaction mixture was quenched with cold water and sodium
bicarbonate (NaHCO3) and extracted with ethyl acetate (EtOAc). The combined organic layers
were washed with brine solution, dried over sodium sulfate (Na>SQa), and concentrated.

Purification of the residue by medium-performance liquid chromatography (MPLC) provided

the title compound as an off-white solid (55 mg, 70%).

Example 2: Preparation of methyl 3-chloro-6-(2-chloro-4-(1-
hydroxyethyl)phenyl)picolinate (F1)
x Cl
Z O
N CHs

HaC o)
8 cl

OH
[00118] Methyl 6-(4-acetyl-2-chlorophenyl)-3-chloropicolinate (F26; 150 mg, 0.46
mmol) was dissolved in methanol (MeOH, 2 mL) and cooled to 0°C. Sodium borohydride
(NaBH4; 170 mg, 0.75 mmol) was added, and the mixture was stirred for 1 h at room
temperature. The reaction mixture was quenched with cold water and extracted with EtOAc.
The combined organic layer was washed with brine, dried over Na>SO4, and concentrated.

Purification by MPLC afforded the title compound as an off-white solid (60 mg, 50%).

Example 3: Preparation of methyl 6-(4-acetyl-2-chlorophenyl)-3-chloropicolinate (F26)

\CI

= o.
N CHs

HaC 0
8 cl
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[00119] Methyl 6-(4-bromo-2-chlorophenyl)-3-chloropicolinate (F27; 1 g, 2.7 mmol)
was taken up in 1,2-dichloroethane (DCE; 10 mL) and degassed. Tributyl (1-
ethoxyvinyl)stannane (3 g, 8.1 mmol) and dichlorobis(triphenylphosphine)palladium(Il)
(Pd(PPh3)>Clz; 190 mg, 0.27 mmol) were added, and the mixture was heated to 130 °C for 4 h
in a sealed tube or under microwave conditions. The reaction mixture was filtered to remove
the residue, and the filtrate was diluted with cold water and extracted with EtOAc. The organic
layer was concentrated, the resulting crude compound was taken up in aqueous hydrochloric
acid (6 normal (N) HCI), and the mixture was stirred overnight. The residue was removed by
filtration, and the filtrate was diluted with cold water. The mixture was extracted with EtOAc,
and the combined organic layer was washed with brine solution, dried over Na>SO4, and
concentrated. Purification by MPLC afforded the title compound as an off-white solid (280 mg,
30%).

Example 4: Preparation of methyl 3-chloro-6-(2-chloro-4-cyclopropylphenyl)picolinate
(F15)

Cl

[00120] Methyl 6-(4-bromo-2-chlorophenyl)-3-chloropicolinate (F27; 200 mg, 0.55
mmol) was taken in toluene (4 mL) and degassed. Cyclopropyl boronic acid (96 mg, 1.1 mmol),
potassium phosphate (K3POy4; 350 mg, 1.65 mmol) and
tetrakis(triphenylphosphine)palladium(0) (Pd(PPh3)4; 64 mg, 0.055 mmol) were added. The
reaction mixture was heated to 90 °C for about 8 h. The reaction mixture was diluted with
EtOAc, and the insoluble residue was removed by filtration. The organic layer was washed
with water, dried over Na>SQOa, and concentrated. Purification by MPLC yielded the title

compound as a pale yellow solid (200 mg, 40%).

Example 5: Preparation of methyl 3-chloro-6-(3-chloro-4'-fluoro-[1, 1'-biphenyl]-4-yl)
picolinate (F25)
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[00121] Methyl 6-(4-bromo-2-chlorophenyl)-3-chloropicolinate (F27; 200 mg,0.55
mmol) was dissolved in acetonitrile (CH3CN; 6 mL) and water (2 mL). The mixture was
degassed, and 4-fluorophenylboronic acid (92 mg,0.66 mmol), potassium fluoride (KF; 96 mg,
1.65 mmol) and Pd(PPh3)>Cl> (39 mg, 0.055 mmol) were added. The reaction mixture was
heated to 120 °C for ~6 h, cooled, and filtered. The filtrate was diluted with cold water and
extracted with EtOAc. The combined organic layers were washed with brine solution, dried
over Na2SQO4, and concentrated. Purification by MPLC afforded the title compound as an off-

white solid (90 mg, 40%).

Example 6: Preparation of methyl 3-chloro-6-(2-chloro-4-(trifluoromethyl)phenyl)-4-
ethynylpicolinate (F40)

[00122] To a solution of methyl 4-bromo-3-chloro-6-(2-chloro-4-
(trifluoromethyl)phenyl)picolinate (F41; (.2 g, 0.46 mmol) in tetrahydrofuran (THF) was
added triphenylphosphine (0.003 g, 0.012 mmol) and triethylamine (Et;N; 0.069 g, 0.69 mmol).
The reaction mixture was purged with argon for 15 minutes (min). Trimethylsilylacetylene
(0.067 g, 0.69 mmol), copper iodide (0.002 g, 0.009 mmol) and Pd(PPh3)-Cl> (0.016 g, 0.023
mmol) were added, and the reaction mixture was stirred at room temperature for about 6 h. The
reaction mixture was filtered through Celite®, and the filtrate was concentrated under reduced
pressure. The resulting black residue was dissolved in dry THF (5 mL) and cooled to 0 °C.
Tetra-n-butylammonium fluoride(TBAF; 0.5 mL, 0.53 mmol) was added, and the mixture was
stirred at 0 °C for 30 min. The reaction mixture was diluted with water and extracted with

EtOAc. The organic layer was washed with brine solution, dried over Na»>SO4, and
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concentrated. Purification by flash chromatography using 10% EtOAc in hexane as eluent

provided the title compound as a white solid (0.04 g, 23%).

Example 7: Preparation of methyl 3-chloro-6-(2-ethynyl-4-(trifluoromethyl) phenyl)
picolinate (F16)

[00123] TBAF (0.32 g, 5.4 mmol) was added to a solution of methyl 3-chloro-6-(4-
(trifluoromethyl)-2-((trimethylsilyl)ethynyl)phenyl)picolinate (C1; 0.17 g, 0.41 mmol) in THF
(4 mL) at 0 °C. Stirring was continued at room temperature for 1 h. The reaction mixture was
diluted with ice cold water and was extracted with EtOAc. The combined organic layer was
dried over Na>S0Os, and concentrated. Purification by MPLC yielded the title compound as pale
brown solid (30 mg, 30%).

Example 8 Preparation of methyl 3-chloro-6-(4-(trifluoromethyl)-2-
((trimethylsilyl)ethynyl)phenyl)picolinate (C1)

F ot
éH§H3

[00124] Methyl 6-(2-bromo-4-trifluoromethyl)phenyl-3-chloropicolinate (F30; 0.4 g,
1.01 mmol) was taken up in THF (5 mL) and degassed. Trimethylsilylacetylene (0.2 g, 2.05
mmol), copper iodide (19 mg, 0.101 mmol), Pd(PPh3)>Cl> (70 mg, 0.1 mmol), and EtsN (4
mL). were added, and the reaction mixture was stirred for 10 min at room temperature and
heated to 70 °C for about 2 h. The reaction mixture was filtered over a bed of Celite®. Ice cold
water was added to the filtrate, and the mixture was extracted with EtOAc. The combined
organic layer was dried over NaxSQOs, and concentrated. Purification by MPLC afforded the
title compound as a pale brown solid (170 mg, 40%): '"H NMR (300 MHz, CDCls) § 8.15 (d, J
=8.54 Hz, 1H), 7.93 (d, / = 8.16 Hz, 1H), 7.86 — 7.82 (m, 1H), 7.69 — 7.62 (m, 1H), 7.33 (d, J
=2.08 Hz, 1H), 4.02 (s, 3H), 0.20 (s, 9H).
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[00125] The following compound was prepared in like manner to the procedure
outlined in Example 8:
Methyl 3-chloro-6-(2-chloro-4-((trimethylsilyl)ethynyl)phenyl)picolinate (C2)
Cl

HiC
_Si

H3C |
CHs

[00126] Using the appropriate starting materials, the title compound was isolated: 'H
NMR (400 MHz, CDCl3) 6 8.15 (d, J = 8.32 Hz, 1H), 7.93 (d, J = 8.25 Hz, 1H), 7.86 — 7.82
(m, 1H), 7.66 (dd, J = 1.88, 8.20 Hz, 1H), 7.36 — 7.28 (m, 1H), 4.03 (s, 3H), 0.20 (s, 9H).

Example 9: Preparation of methyl 3-chloro-6-(2-chloro-4-
(difluoromethyl)phenyl)picolinate (F19)

Cl
F

[00127] Methyl 3-chloro-6-(2-chloro-4-formylphenyl)picolinate (F22; 150 mg, 0.48
mmol) was taken up in DCM (2 mL) and the mixture was cooled to 0 °C. Diethylaminosulfur
trifluoride (DAST; 390 mg, 2.42 mmol) was added, and the mixture was stirred for 3 h at room
temperature. The reaction mixture was quenched with cold water and NaHCOj3 and extracted
with EtOAc. The combined organic layer was washed with brine, dried over Na2SQ4, and
concentrated to get the crude compound. Purification by MPLC afforded the title compound as

an off-white solid (85 mg, 60%).

Example 10: Preparation of methyl 3-chloro-6-(2-chloro-4-((2,2-dimethylhydrazono)
methyl)phenyl) picolinate (F20)

HsC. _N o)

CHs
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[00128] Methyl 3-chloro-6-(2-chloro-4-formylphenyl)picolinate (F22; 100 mg, 0.32
mmol) was taken up in DMF (2 mL). N,N-Dimethylhydrazine (81 mg, 0.96 mmol) was added
and the reaction mixture was heated to 60 °C for about 2 h. The reaction mixture was diluted
with cold water and extracted with EtOAc. The combined organic layer was washed with brine,

dried over Na>SQy, and concentrated. Purification by MPLC provided the title compound as an

off-white solid (55 mg, 50%).

Example 11: Preparation of methyl 3-chloro-6-(2-chloro-4-
((methoxyimino)methyl)phenyl)picolinate(F21)

Ml NS cl °
[00129] Methyl 3-chloro-6-(2-chloro-4-formylphenyl)picolinate (F22; 140 mg, 0.45
mmol) was taken up in DMF (2 mL). Methoxylamine hydrochloride (192 mg, 2.30 mmol) was
added and the reaction mixture was heated to 60 °C for about 2 h. The reaction mixture was
diluted with cold water and extracted with EtOAc. The combined organic layer was washed

with brine, dried over Na>SQOs, and concentrated. Purification by MPLC afforded the title

compound as an off-white solid (110 mg, 70%).

Example 12: Preparation of methyl 3-chloro-6-(2-chloro-4-formylphenyl)picolinate
(F22)

0 o)
X Cl

[00130] Methyl 3-chloro-6-(2-chloro-4-vinylphenyl)picolinate (F23; 800 mg,1.61
mmol) was dissolved in 9:1 DCM-MeOH (10 mL) at -78 °C and purged with ozone gas for 30
min. The reaction mixture was allowed to warm to 0 °C, and dimethyl sulfide (DMS; 4 mL)
was added. The reaction mixture was stirred for 1 h, and cold water was added. The mixture
was extracted with EtOAc, and the combined organic layer was washed with brine, dried over
Na»S0s, and concentrated. Purification by MPLC provided the title compound as an off-white
solid (600 mg, 65%).

49.



WO 2019/084353 PCT/US2018/057626

Example 13: Preparation of methyl 3-chloro-6-(2-chloro-4-(2,2
difluorocyclopropyl)phenyl) picolinate (F13)

[00131] Methyl 3-chloro-6-(2-chloro-4-vinylphenyl)picolinate (F23; 250 mg, 0.80
mmol) was dissolved in CH3CN, and sodium iodide (600 mg, 8.0 mmol) and trimethylsilyl
trifluoromethane (560 mg,8.0 mmol) were added. The reaction mixture was heated to 60 °C
for about 6 h. The reaction mixture was diluted with cold water and extracted with EtOAc. The
combined organic layer was washed with brine, dried over Na»SOs, and concentrated.

Purification by MPLC afforded the title compound as an off-white solid (110 mg, 55%).

Example 14: Preparation of methyl 3-chloro-6-(2-chloro-4-vinylphenyl)picolinate (F23)

\CI

Vs 0L
N CHj

N cl ©
[00132] Methyl 6-(4-bromo-2-chlorophenyl)-3-chloropicolinate (F27; 250 mg, 0.69
mmol) was taken up in dimethyl sulfoxide (4 mL). Potassium carbonate (280 mg, 2.06 mmol)
was added, and the mixture was degassed for 10 min. Trifluorovinyl borate potassium salt (285
mg, 2.86 mmol) and Pd(PPh3)>Cl (50 mg, 0.069 mmol) were added, and the reaction mixture
was heated to 90 °C for about 6 h. The mixture was filtered, and the filtrate was diluted with
cold water and extracted with EtOAc. The combined organic layer was washed with brine,

dried over Na>SOj4, and concentrated. Purification by MPLC yielded the title compound as an
off-white solid (160 mg, 55%).

Example 15: Preparation of methyl 3-chloro-6-(2-chloro-4-cyanophenyl)picolinate (F59)

\CI

| o
N CH;

N// Cl
[00133] Methyl 6-(4-bromo-2-chlorophenyl)-3-chloropicolinate (F27; 200 mg, 0.55

mmol) was dissolved in DMF (4 mL). The mixture was degassed, and zinc cyanide (130
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mg,1.11 mmol) and Pd(PPh3)>Cl> (60 mg, 0.055 mmol) were added. The reaction mixture was
heated to 150 °C for about 6 h, cooled, and filtered. The filtrate was diluted with cold water
and extracted with EtOAc. The combined organic layer was washed with brine, dried over
Na>S0s, and concentrated. Purification by MPLC provided the title compound as an off-white
solid (70 mg, 40%).

Example 16: Preparation of methyl 3-chloro-6-(2-chloro-4-(trifluoromethyl)phenyl)-4-
methylpicolinate (F33)

CHj
o C
z 0
N “CHg
o]

Cl
F

[00134] To a solution of methyl 4-bromo-3-chloro-6-(2-chloro-4-
(trifluoromethyl)phenyl)picolinate (F41; 0.4 g, 0.93 mmol) in dry toluene (10 mL) were added
methylboronic acid (0.08 g, 1.4 mmol) and potassium phosphate (0.63 g, 2.8 mmol) at room
temperature. Argon was purged through the reaction mixture for 15 min. Pd(PPhs)4 (0.11 g,
0.093 mmol) was added, and the reaction mixture was heated at 100 °C for 12 h. Water was
added, and the reaction mixture was extracted with EtOAc. The combined organic layer was
washed with brine, dried over Na>SQOy4, and concentrated. Purification by flash chromatography
with 10% EtOAc in hexane as eluent afforded the title compound as a white solid (0.16 g,
47%).

Example 17: Preparation of methyl 3-chloro-6-(2-chloro-4-(trifluoromethyl)phenyl)-5-
fluoro-4-methoxypicolinate (F42)

[00135] To a solution of methyl 3,4-dichloro-6-(2-chloro-4-(trifluoromethyl)phenyl)-
5-fluoropicolinate (F43; 0.18g , 0.45 mmol) in dry MeOH (2 mL) was added a freshly prepared

sodium methoxide solution (0.029 g, 0.53 mmol) in MeOH at 0 °C, and the mixture was
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allowed to stir at room temperature for 2 h. The reaction mixture was cooled to 0 °C, quenched
with 1 N HCl, and extracted with EtOAc. The organic layer was washed with brine, dried over
Na>S0s, and concentrated. Purification by flash chromatography with 10% EtOAc in hexane
as eluent provided the title compound as a white solid (0.06 g, 33%).

Example 18: Preparation of methyl 4-amino-3-chloro-6-(2-chloro-4-

(trifluoromethyl)phenyl)-5-(trifluoromethyl)picolinate (C3)

FNH
F 2 (of
F | ~
z o)
N “CH,
o]

Cl

[00136] A solution of methyl 4-amino-3-chloro-6-(2-chloro-4-
(trifluoromethyl)phenyl)-5-iodopicolinate (C5; 0.2 g, 0.41 mmol) in dry DMF was purged with
argon for about 10 min. Methyl-2,2-difluoro-2-(fluorosulfonyl)acetate (0.3 g, 1.6 mmol) and
copper(l) iodide (Cul; 0.015 g, 0.08 mmol) were added, and the reaction mixture was heated
in a Biotage microwave reactor for 1 h at 100 °C. Water was added to the reaction mixture, and
the mixture was extracted with EtOAc. The organic layer was washed with brine, dried over
Na>S0s, and concentrated. Purification by flash chromatography with 10% EtOAc in hexane
as eluent yielded the title compound as a white solid (0.08 g, 46%).

Example 19: Preparation of methyl 3-chloro-6-(2-chloro-4-(trifluoromethyl)phenyl)-5-
(methylthio)picolinate (F7)

[00137] To a solution of methyl 4-amino-3-chloro-6-(2-chloro-4-
(trifluoromethyl)phenyl)-5-(methylthio)picolinate (C4; 0.12 g, 0.3 mmol) in dry THF (5 mL)
was added isoamylnitrite (0.08 g, 0.7 mmol) at room temperature. The resulting mixture was
heated at 60 °C for 12 h. The reaction mixture was cooled to room temperature and partitioned

between water and EtOAc. The organic layer was washed with brine, dried over Na>SQO4, and
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concentrated. Purification by flash chromatography with 5% EtOAc in hexane as eluent

provided the title compound as a white solid (0.08 g, 67%).

Example 20: Preparation of methyl 3-chloro-6-(2-chloro-4-(trifluoromethyl)phenyl)-5-
hydroxypicolinate (F34)

Cl
F

[00138] To a solution of methyl 4-amino-3-chloro-6-(2-chloro-4-
(trifluoromethyl)phenyl)-5-fluoropicolinate (C6; 0.35 g, 0.91 mmol) in ethanol (EtOH; 10 mL)
were added toluene (3 mL) and sulfuric acid (1.5 mL), and the resulting mixture was cooled to
0 °C. Solid sodium nitrite (1.25 g, 18.1 mmol) was added, and the mixture was heated at 80 °C
for 3 h. The solvent was removed from the reaction mixture, the residue was neutralized with
NaHCOj3. The mixture was extracted with EtOAc. The organic layer was washed with brine,
dried over Na;SOs, and concentrated. Purification by preparative high-performance liquid

chromatography (HPLC) afforded the title compound as a white solid (0.15 g, 53%).

Example 21: Preparation of methyl 3,4-dichloro-6-(4-chloro-2-fluoro-3-
methoxyphenyl)picolinate (F76)

[00139] Sodium nitrite (210 mg, 3.0 mmol) was dissolved in a minimum amount (~1
mL) of water and added dropwise to a stirred suspension of 4-amino-3-chloro-6-(4-chloro-2-
fluoro-3-methoxyphenyl)picolinic acid (prepared as in Balko, et al., U.S. Patent 7,314,849 B2;
200 mg, 0.60 mmol) in concentrated HCI (2.0 mL) at 0 °C. The resulting thick heterogeneous
yellow mixture was immediately allowed to warm to room temperature and stirred for 20 h.
The reaction mixture was vacuum filtered and rinsed repeatedly with water to afford the title

compound as a tan powder (170 mg, 81%).
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Example 22: Preparation of methyl 3,4-dichloro-6-(2-chloro-4-(trifluoromethyl)phenyl)-
5-fluoropicolinate (F43)

[00140] To a solution of copper(Il) chloride (0.12 g, 0.94 mmol) in CH3CN (5 mL)
was added ferr-butyl nitrite (0.12 g, 1.17 mmol) at room temperature. The mixture was stirred
for 15 min and cooled to 0 °C. A solution of methyl 4-amino-3-chloro-6-(2-chloro-4-
(trifluoromethyl)phenyl)-5-fluoropicolinate (C6; 0.3 g, 0.78 mmol) in CH3CN was added
slowly, and the reaction mixture was stirred at O °C for 1 h and at room temperature for 12 h.
The reaction mixture was diluted with water and extracted with EtOAc. The organic layer was
washed with brine, dried over Na>SQOy4, and concentrated. Purification by flash chromatography
with 10% EtOAc in hexane as eluent yielded the title compound as a white solid (0.25 g, 80%):
mp 86-88 °C; 'H NMR (300 MHz, CDCl3) 8 7.78 (s, 1H), 7.69 — 7.64 (m, 1H), 7.61 (d, J =
8.05 Hz, 1H), 4.01 (s, 3H); ESIMS m/z 402 ((M+H]").

Example 23: Preparation of methyl 4-amino-3-chloro-6-(2-chloro-4-

(trifluoromethyl)phenyl)-5-(methylthio)picolinate (C4)

[00141] To a solution of methyl 4-amino-3-chloro-6-(2-chloro-4-
(trifluoromethyl)phenyl)-5-fluoropicolinate (Cé6; 0.2 g, 0.52 mmol) in dry DMF (2 mL) was
added sodium thiomethoxide (0.036 g, 0.52 mmol) at room temperature. The mixture was
heated to 55 °C for 2 h, cooled to room temperature and partitioned between water and EtOAc.
The organic layer was washed with saturated (satd) ammonium chloride (NH4Cl) solution and
brine, dried over Na>SOa, and concentrated. Purification by flash chromatography with 10%
EtOAc in hexane as eluent provided the title compound as a colorless oil (0.12 g, 57%): 'H
NMR (300 MHz, CDCl3) 6 7.72 (d, J = 1.65 Hz, 1H), 7.62 — 7.56 (m, 1H), 7.46 (d, J = 8.01
Hz, 1H), 5.74 (s, 2H), 3.96 (s, 3H), 2.07 (s, 3H).
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Example 24: Preparation of methyl 4-amino-3-chloro-6-(2-chloro-4-

(trifluoromethyl)phenyl)-5-iodopicolinate (C5)

[00142] To a solution of methyl 4-amino-3-chloro-6-(2-chloro-4-
(trifluoromethyl)phenyl)picolinate (C7; 0.2 g, 0.55 mmol) in dry MeOH (5 mL) were added
periodic acid (0.05 g, 0.22 mmol) and iodine (0.07 g, 0.55 mmol) at room temperature. The
resulting brown-colored mixture was stirred at reflux (65 °C) for 12 h. A 5% sodium thiosulfate
solution was added to the reaction mixture. The solid was removed by filtration and dried. The
title compound was isolated as a colorless solid (0.23 g, 85%): mp 128-130 °C; 'H NMR (300
MHz, CDCls) & 7.73 (s, 1H), 7.62 (d, J =7.99 Hz, 1H), 7.43 (d, J =7.95 Hz, 1H), 5.52 (s, 2H),
3.95 (s, 3H); ESIMS m/z 491 (IM+H]").

Example 25: Preparation of benzyl 3-chloro-6-(2-chloro-4-
(trifluoromethyl)phenyl)picolinate (F44)

\CI
| L 5
N

F 0

Cl
F
F

[00143] A mixture of 3-chloro-6-(2-chloro-4-(trifluoromethyl)phenyl)picolinic acid
(F61; 0.205 g, 0.610 mmol), potassium carbonate (0.126 g, 0.915 mmol) and benzyl bromide
(0.087 mL, 0.732 mmol) in DMF (3.1 mL) was stirred at room temperature overnight. The
reaction mixture was poured into a satd aqueous (aq) NaHCO3 solution and extracted with
EtOAc (2x). The combined organic layers were dried over magnesium sulfate (MgSOa),
filtered and concentrated. Purification by column chromatography with a hexane—EtOAc
gradient afforded an oil that crystallized upon drying in vacuo. The title compound was isolated

as a white solid (237 mg, 91%).

Example 26: Preparation of prop-2-yn-1-yl 3-chloro-6-(2-chloro-4-
(trifluoromethyl)phenyl)picolinate (F45)
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Cl
F

[00144] A mixture of 3-chloro-6-(2-chloro-4-(trifluoromethyl)phenyl)picolinic acid
(Fe1; 0.205 g, 0.610 mmol), potassium carbonate (0.126 g, 0.915 mmol) and propargyl
bromide (0.082 mL, 0.732 mmol) in DMF (3.1 mL) was stirred at room temperature overnight.
The reaction mixture was poured into a satd ag NaHCOs3 solution and extracted with EtOAc
(2x). The combined organic layers were dried over MgSOs, filtered and concentrated.
Purification by column chromatography with a hexane-EtOAc gradient yielded an oil that
crystallized using a minimun of diethyl ether (Et2O) and drying in vacuo. The title compound

was isolated as a white solid (220 mg, 96%).

Example 27: Preparation of 3-chloro-6-(2-chloro-4-(trifluoromethyl)phenyl)picolinic
acid (Fé61)
Cl

/

\

OH

Cl
F

[00145] To a solution of methyl 3-chloro-6-(2-chloro-4-
(trifluoromethyl)phenyl)picolinate (F66; 1.22 g, 3.48 mmol) in THF (8.7 mL) and MeOH (8.7
mL) was added a 2 N solution of sodium hydroxide (NaOH; 5.23 mL, 10.5 mmol). The reaction
mixture was stirred at room temperature overnight. The mixture was poured into a 1 N HCI
solution and extracted with EtOAc (2x). The combined organic layers were dried over MgSOs,
filtered, concentrated and dried in vacuo. The title compound was isolated as a white solid (1.13

g, 96%).

Example 28: Preparation of 3-chloro-6-(4-chloro-2-fluoro-3-methoxyphenyl)picolinic
acid (F78)
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[00146] To a solution of methyl 3-chloro-6-(4-chloro-2-fluoro-3-
methoxyphenyl)picolinate (prepared as in Epp, J. B. et al. Bioorg. Med. Chem. 2016, 24, 362—
371; 275 mg, 3.48 mmol) in MeOH (30 mL) was added a 1 N solution of NaOH (30 mL, 10.5
mmol). The reaction mixture was stirred at reflux for 1 h, was cooled, and was made acidic.
The solid was collected and dried in vacuo. The title compound was isolated as a white solid

(200 mg, 76%).

Example 29: Preparation of 3,5-dichloro-6'-(trifluoromethyl)-[2,3'-bipyridine]-6-
carboxylic acid (F84)

[00147] To a solution of methyl 3,5-dichloro-6'-(trifluoromethyl)-[2,3'-bipyridine]-6-
carboxylate (F99; 0.119 g, 0.339 mmol) in MeOH (0.7 mL) was added sodium hydroxide (1
M solution; 1.0 mL, 1.0 mmol). The solution was heated at reflux for 1 h and cooled to room
temperature. The reaction mixture was made acidic with HCl and diluted with water and DCM.
The phases were separated, and the organic layer was concentrated to afford the title compound

as a white solid (0.093 g, 81%).

Example 30: Preparation of methyl 5-chloro-3-hydroxy-6'-(trifluoromethyl)-[2,3'-
bipyridine]-6-carboxylate (F87)

[00148] To a solution of methyl 5-chloro-3-fluoro-6'-(trifluoromethyl)-[2,3'-
bipyridine]-6-carboxylate (F92; 0.211 g, 0.671 mmol) in MeOH (1.3 mL) was added NaOH (1
M solution; 1.4 mL, 1.4 mmol). The solution was heated at reflux for 30 min and cooled to
room temperature. The reaction mixture was made acidic with HC] and diluted with DCM. The
biphasic mixture was passed through a phase separator, and the filtrate was concentrated to

afford the title compound as a white solid (0.052 g, 90%).
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Example 31: Preparation of methyl 5-amino-3-chloro-6-(4-chlorophenyl)picolinate
(F72)

[00149] Methyl 5-acetamido-3-chloro-6-(4-chlorophenyl)picolinate (C8; 0.415 g,
1.224 mmol) was suspended in MeOH (20 mL) and acetyl chloride (1.740 mL, 24.47 mmol)
was added dropwise. The reaction mixture was stirred overnight at room temperature and
concentrated under vacuum. The residue was partitioned between EtOAc and 5% aq NaHCO3
solution. The organic phase was concentrated onto silica gel. Purification by flash
chromatography with an EtOAc-hexanes gradient, followed by reverse-phase HPLC, provided
the title compound as a white solid (0.080 g, 22%).

Example 32: Preparation of methyl 3-chloro-6-(2-chloro-4-
(trifluoromethyl)phenyl)picolinate (F66)

Cl
F

[00150] A mixture of (2-chloro-4-(trifluoromethyl)phenyl)boronic acid (2.40 g, 10.7
mmol), methyl 3,6-dichloropicolinate (2 g, 9.71 mmol), Pd(PPh3)>Cl> (0.681 g, 0.971 mmol)
and potassium fluoride (1.69 g, 29.1 mmol) in CH3CN (29 mL) and water (9.7 mL) was stirred
at reflux (~85 °C) for 4 h. The reaction mixture was poured into a satd aq NaHCO3 solution
and extracted with EtOAc (2x). The combined organic layers were dried over MgSQsy, filtered
and concentrated. Purification by flash chromatography with a hexane-EtOAc gradient
provided a solid, which was triturated with EtO-hexane (1:9). The solid was filtered, washed
with hexane and dried in vacuo. The filtrate was concentrated and the resulting solid was
triturated with hexane, filtered and washed with hexane. The two solid batches were combined
and dried in vacuo to afford the title compound as a white solid (1.97 g, 58%).

[00151] The following compounds were prepared in like manner to the procedure
outlined in Example 32:

Methyl 4-amino-3-chloro-6-(2-chloro-4-(trifluoromethyl)phenyl)-5-fluoropicolinate (C6)
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[00152] Using the appropriate starting materials with heating in a sealed pressure tube
at 80 °C for 12 h, the title compound was synthesized and isolated as an off-white solid (300
mg, 37%): mp 138-140 °C; 'H NMR (300 MHz, CDCl3) 8 7.74 (d, J = 1.64 Hz, 1H), 7.67 —
7.55 (m, 2H), 4.99 (s, 2H), 3.97 (s, 3H); LCMS(M+1)= 382.9.
Methyl 4-amino-3-chloro-6-(2-chloro-4-(trifluoromethyl)phenyl)picolinate (C7)
NH,

F 0
Cl
F
F
[00153] Using the appropriate starting materials with heating in a sealed pressure tube

at 80 °C for 12 h, the title compound was synthesized and isolated as white foam (2 g, 30%):
'"H NMR (300 MHz, CDCl3) § 7.72 (d, J = 8.37 Hz, 2H), 7.63 — 7.59 (m, 1H), 7.59 — 7.53 (m,
1H), 4.90 (s, 2H), 3.99 (s, 3H).

Methyl 5-acetamido-3-chloro-6-(4-chlorophenyl)picolinate (C8)

oﬁ/c:H3

/

Cl
[00154] Using the appropriate starting materials in a 1:1 mixture of CH3CN-water
with heating in a microwave reactor at 110 °C for 20 min, the title compound was synthesized
and isolated as a white solid (0.415 g, 80%): mp 146150 °C; 'H NMR (400 MHz, CDCl3) 8
8.97 (s, 1H), 7.53 (d, /= 1.6 Hz, 4H), 3.97 (s, 3H), 2.13 (s, 3H); ESIMS m/z 338 ([M-H]").

Example 33: Preparation of 2,4-dichlorobenzyl 3-chloro-6-(2-chloro-4-
(trifluoromethyl)phenyl)picolinate (F116)
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N Cl Cl Cl
— (0]
N

F o
Cl
F
F
[00155] To a solution of 3-chloro-6-(2-chloro-4-(trifluoromethyl)phenyl)picolinic
acid (F61; 0.077 g, 0.229 mmol) in DCM (2.3 mL) were added (2,4-dichlorophenyl)methanol
(0.041 g, 0.229 mmol), N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride
(EDC; 0.036 g, 0.229 mmol) and 4-dimethylaminopyridine (DMAP; 0.028 g, 0.229 mmol).
The reaction mixture was stirred overnight and then loaded directly onto Celite®. Purification

over silica gel (0 to 10% EtOAc-hexane gradient) afforded the title compound as a clear oil

(0.032 g, 28%).

Example 34: Preparation of methyl 3-chloro-6-(4-chlorophenyl)picolinate (F82)

%% Cl

\ OL
N CHs,

O
Cl

[00156] A mixture of 4-chlorophenylboronic acid (7.0 g, 44.8 mmol), methyl 6-
bromo-3-chloropicolinate (7.5 g, 29.9 mmol), dppb (2.0 g, 4.7 mmol), EzN (20 mL, 143
mmol). and Pd(OAc)» (1.0 g, 4.5 mmol) in CH3CN was stirred at reflux overnight. The reaction
mixture was poured into water and extracted with EtOAc. The combined organic extracts were
washed with brine, dried over (NaxSQa), filtered and concentrated. Purification by flash
chromatography with 4:1 hexanes—EtOAc as eluent yielded a mixture of the starting material
and title compound. Purification by flash chromatography with 2:1 hexanes—-DCM as eluent

(2x) afforded the title compound. (1.9 g, 23%).

Example 35: Preparation of methyl 3-chloro-6-(2-chloro-4-
((hydroxyimino)methyl)phenyl)picolinate (F145)

\CI

P O
N CH,

N O
HO™ Cl

[00157] To a solution of methyl 3-chloro-6-(2-chloro-4-formylphenyl)picolinate
(F22; 40 mg, 0.129 mmol) in a mixture of H,O/MeOH (5 mL, 1:2) were added in succession
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hydroxylamine hydrochloride (8.96 mg, 0.129 mmol) and sodium carbonate (7.52 mg, 0.071
mmol), and the mixture was stirred overnight at 25 °C. The reaction mixture diluted with water
(50 mL) and was extracted with Et2O (3 x 100 mL). The combined organic extracts were dried
over anhydrous magnesium sulfate, filtered, and concentrated. The solid was dried under

vacuum. The title compound was isolated as a white solid (24 mg, 56%) as a 5:1 E/Z mixture.

Example 36: Preparation of ethyl 3-amino-6-(4-chloro-2-fluoro-3-methoxyphenyl)-4-
ethoxypicolinate (F77)

[00158] To a solution of ethyl (E)-3-chloro-6-(4-chloro-2-fluoro-3-methoxyphenyl)-
4-(((methylsulfonyl)oxy)imino)-1,4,5,6-tetrahydropyridine-2-carboxylate (prepared as in
Renga, et al., U. S. Patent 8,598,086; 200 mg, 0.440 mmol) in EtOH (1.5 mL) were added
sequentially potassium carbonate (182 mg, 1.32 mmol) and sodium ethoxide (21% in EtOH;
427 mg, 1.32 mmol). The reaction mixture turned dark in color. After 10 min, the reaction
mixture was quenched with 1 molar (M) HCI solution and extracted with Et;O. The combined
organic extracts were washed with brine, dried with Na>SQa, filtered, and concentrated.
Purification by silica gel chromatography with 30% Et:O—pentane as eluent yielded the title
compound as an off-white solid (56 mg, 35%).

Example 37: Preparation of methyl 5-chloro-2-(4-chloro-2-fluoro-3-

methoxyphenyl)pyrimidine-4-carboxylate (F115)
Cl

Z O.
N CHj

Cl F
0
H,;C
[00159] Methyl 5-chloro-2-(4-chloro-2-fluoro-3-methoxyphenyl)-6-
(methylsulfonyl)pyrimidine-4-carboxylate (205 mg, 0.5 mmol) was dissolved in DMF (3 ML)

and NaBH4 (34 mg, 0.9 mmol) was added in 0.3 mmol portions until starting material was

consumed. The reaction mixture was concentrated under vacuum and paritioned between
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EtOAc and water. The organic phase was dried and concentrated. Purification by flash
chromatography with an EtOAc-hexanes gradient provided the title compound as a white solid

(0.100 g, 60%).

Example 38: Preparation of methyl 5-chloro-2-(4-chloro-2-fluoro-3-methoxyphenyl)-6-
(methylsulfonyl)pyrimidine-4-carboxylate (C9)

0
O=S—CH,

N\CI

— O
N CHs

Cl F
H3C/O

[00160] Methyl 5-chloro-2-(4-chloro-2-fluoro-3-methoxyphenyl)-6-
(methylthio)pyrimidine-4-carboxylate  (C10; 590 mg, 1.62 mmol) and meta-
chloroperoxybenzoic acid (m-CPBA; 933 mg, 3.25 mmol) were combined in DCM (20 mL)
and stirred at room temperature overnight. The reaction mixture was then concentrated and
partitioned between EtOAc and water. The organic phase was washed with water, dried, and
concentrated. Purification by flash chromatography with an EtOAc-DCM gradient provided
the title compound as an impure white solid which was carried on to the next step (400 mg,
60%): '"H NMR (300 MHz, CDCl3) 6 7.90 (dd, J = 8.8, 7.4 Hz, 1H), 7.31 (dd, J = 8.6, 1.8 Hz,
1H), 4.09 (s, 3H), 4.02 (d, J = 1.1 Hz, 3H), 3.52 (s, 3H); ESIMS m/z 410 ([ M+H]").

Example 39: Preparation of methyl 5-chloro-2-(4-chloro-2-fluoro-3-methoxyphenyl)-6-

(methylthio)pyrimidine-4-carboxylate (C10)

CH
S 3

(o F
[00161] Methyl 2-bromo-5-chloro-6-(methylthio)pyrimidine-4-carboxylate (prepared

as in Epp et al, WO2007082076A1; 3 g, 10 mmol), (4-chloro-2-fluoro-3-
methoxyphenyl)boronic acid (2.46 g, 12 mmol), Pd(PPh3)2Cl> (702 mg, 1 mmol), and
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triethylamine (4.2 mL, 30 mmol) were combined in dioxane (20 mL) and heated at reflux for
4 h. The cooled reaction mixture was concentrated under vacuum. Purification by flash
chromatography with an EtOAc—hexanes gradient provided the title compound as an impure
solid which was carried on to the next step (590 mg, 16%): 'H NMR (300 MHz, CDCl3) & 7.85
(dd, J=8.8, 7.4 Hz, 1H), 7.31 — 7.23 (m, 1H), 4.05 (s, 3H), 4.03 (d, / = 1.1 Hz, 3H), 2.69 (s,
3H); ESIMS m/z 378 ((M+H]").

Example 40: Preparation of methyl 3-chloro-6-(2-chloro-4-(trifluoromethyl)phenyl)-4-
fluoropicolinate (F109)

F
O
z O
N CHj
o}

Cl
F

[00162] Cesium fluoride (160 mg, 1.0 mmol) was stirred in anhydrous dimethyl
sulfoxide (DMSQO; 10 mL) and heated to 100 °C for 90 min. The mixture was heated under
vacuum (20-50 mmHg) until 1-2 mL distillate was taken overhead. After cooling, methyl 3,4-
dichloro-6-(2-chloro-4-(trifluoromethyl)phenyl)picolinate (F108; 200 mg, 0.52 mmol) was
added and the mixture was heated at 100 °C for 18 h. The mixture was partitioned between
water (10 mL) and EtOAc (30 mL). The organic phase was washed with water (5 mL) and
brine (5 mL), dried and evaporated. Purification via silica gel chromatography using a 0-30%

EtOAc—hexane gradient provided the title compound as a white solid (24 mg, 12%).

Example 41: Preparation of methyl 3',5-dichloro-5'-(trifluoromethyl)-[2,2'-bipyridine]-
6-carboxylate (F101)

[00163] A degassed (argon) mixture of methyl 3-chloro-6-(trimethylstannyl)picolinate
(C16; 0.1 g, 0.299 mmol), 3-chloro-2-iodo-5-(trifluoromethyl)pyridine (0.11 g, 0.359 mmol),
Pd(PPh3)2Cl> (0.031 g, 0.045 mmol) in DCE (1.5 mL) was stirred under microwave irradiation

at 120 °C for 30 min. The reaction mixture was concentrated to a residue. Purification by silica

-63-



WO 2019/084353 PCT/US2018/057626

gel column chromatography with a hexane—EtOAc gradient afforded the title compound as a

yellow oil (0.069 g, 66%).

Example 42: Preparation of 2-(2,4-dichloro-3-methylphenyl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (C11)
H,C

CHs
9J§<CH3
B~o” “CHs
cl cl

CHs

[00164] To a stirred solution of 1-bromo-2,4-dichloro-3-methylbenzene (500 mg, 2.09
mmol) and 4,4,4'4',5,5,5',5'-octamethyl-2,2'-bi(1,3,2-dioxaborolane) (637 mg, 2.51 mmol) in
1,4-dioxane was added potassium acetate (304 mg, 3.10 mmol), and the mixture was degassed
for 10 min. [1,1'-Bis(diphenylphosphino)ferrocene]dichloropalladium(Il) (Pd(dppf)Cl2; 152
mg, 0.2 mmol) was added, and the mixture was degassed for 10 min. The mixture was heated
at 90 °C for 5 h, was cooled and was diluted with EtOAc. The organic layer was washed with
water and brine, dried over Na>SQOas, and concentrated. Purification by MPLC with 5% EtOAc—
Hexane as eluent afforded the title compound as a colorless liquid (430 mg): 'H NMR (300
MHz, CDCl3) 6 7.41 (dd, J = 2.07, 8.10 Hz, 1H), 7.26 — 7.23 (m, 1H), 2.47 (s, 3H), 1.37 (s,
12H). Note: The title compound obtained was impure (containing diborane) and used in next
step without further purification.

[00165] The following compound was prepared in like manner to the procedure
outlined in Example 42:
2,5-Dichloro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzonitrile (C12)

HsC

CHj;
?/f;<CH3
cl B~y “CH,
¥ cl
[00166] Using the appropriate starting materials, the title compound was synthesized

and isolated: 'H NMR (300 MHz, CDCl3) § 7.81 (d, J = 10.5 Hz, 1H), 7.63 (d, J = 6.24 Hz,
1H), 1.37 (s, 12H).

N
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Example 43: Preparation of 2-(2,6-dichloro-4-(trifluoromethyl)phenyl)-4.4,5,5-
tetramethyl-1,3,2-dioxaborolane (C13)
HsC

CHs
¢l ?’JS;:CH3
B\O CH3
F
cl
F
F

[00167] In an oven-dried, nitrogen-flushed 100 mL round-bottomed flask, 1,3-
dichloro-2-iodo-5-(trifluoromethyl)benzene (1.78 g, 5.22 mmol) was dissolved in THF (10
mL), and the resulting solution was cooled on an ice bath under nitrogen.
Isopropylmagnesium(II) lithium chloride (1.3 M in THF; 4.42 mL, 5.74 mmol) was added
dropwise with stirring over 5 min. After 1 h, 2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (1.17 mL, 5.74 mmol) was added, and the reaction mixture was allowed to warm
to room temperature and stir overnight. The reaction mixture was partitioned between EtOAc
and satd aq NH4Cl solution; the layers were separated; and the organic layer was dried over
Na»S0s. Filtration and concentration under reduced pressure gave the title compound as an
orange oil (1.74 g, 98%, as a 5:1 mixture with 1,3-dichloro-5-(trifluoromethyl)benzene: 'H
NMR (400 MHz, CDCl3) 6 7.48 (s, 2H), 1.43 (s, 12H); *C NMR (101 MHz, CDCl3) 8 138.83,
133.70 (q, J =33.8 Hz), 123.71 (q, / = 3.8 Hz), 122.54 (q, J = 274.72 Hz), 85.45, 24.70, boron
substituted carbon is too broad to be seen; °’F NMR (376 MHz, CDCL3) § -63.23; EIMS m/z
340.

Example 44: Preparation of 2-(2-chloro-4-(1,1-difluoroethyl)phenyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (C14)
HsC

CHj
(,)JS<CH3
B\O CH3
HsC
3 cl
F

F

[00168] Step 1 — Preparation of 1-bromo-2-chloro-4-(1,1-difluoroethyl)benzene: In a
sealed vessel, a mixture of 1-(4-bromo-3-chlorophenyl)ethan-1-one (1 g, 4.28 mmol) and
deoxofluor (3.16 mL, 17.1 mmol) was stirred at 85 °C for 2 h. The reaction mixture was poured
into satd NaHCO;3 and extracted with EtOAc (2x). The combined organic layers were dried
over MgSO0s, filtered, and concentrated. Purification of the residue by reverse-phase column

chromatography (Cis) with a water—acetonitrile gradient afforded the title compounds as a
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brown oil (0.802 g, 62%, 85% purity): 'H NMR (400 MHz, CDCl3) 6 7.68 (dd, J = 8.3, 1.0 Hz,
1H), 7.60 (dd, J = 2.1, 1.0 Hz, 1H), 7.29 — 7.20 (m, 1H), 1.90 (t, J = 18.1 Hz, 3H); '’F NMR
(376 MHz, CDCls) & -88.19; EIMS m/z 256.

[00169] Step 2 — Preparation of 2-(2-chloro-4-(1,1-difluoroethyl)phenyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane: To a solution of 1-bromo-2-chloro-4-(1,1-
difluoroethyl)benzene (0.4 g, 1.33 mmol) in THF (5.3 mL) at 0 °C was added dropwise
isopropylmagnesium(Il) lithium chloride (1.3 M solution in THF; 1.23 mL, 1.60 mmol). The
reaction mixture was stirred at 0 °C for 1 h, then 2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (0.407 mL, 1.99 mmol) was added, and the reaction mixture was stirred at room
temperature for 2 h. The mixture was poured into half saturated NH4Cl and extracted with
EtOAc (2x). The combined organic layers were dried over MgS Oy, filtered and dried in vacuo.
The title compound was isolated as a brown oil and used without further purification in the

next step (361 mg, 90%). EIMS m/z 302.

Example 45: Preparation of 2-(2-chloro-4-((trifluoromethyl)thio)phenyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (C15)
HsC

CHs
?/&CH3
F /@[B\o CHs
F
Fj\S Cl

[00170] Step 1 - Preparation of 2-chloro-4-((trifluoromethyl)thio)phenol: 4-
((Trifluoromethyl)thio)phenol (0.971 g, 5 mmol), toluene (12.5 mL), and diisobutylamine (87
pL, 0.5 mmol) were added sequentially to a 100-mL round-bottomed flask. Sulfuryl dichloride
(0.405 mL, 5 mmol) was added dropwise, and the reaction mixture was stirred at room
temperature for 1 h. The reaction mixture was concentrated. Purification of the residue by silica
gel chromatography with a 0 — 10% EtOAc-hexane gradient afforded the title compound as a
clear oil (0.888 g 78%): 'H NMR (400 MHz, CDCls) 6 7.65 (d, J =2.2 Hz, 1H), 7.48 (dd, J =
8.5,2.2 Hz, 1H), 7.06 (d, J = 8.5 Hz, 1H); 13C NMR (101 MHz, CDCl3) 6 154.0, 137.1 (d, J =
10.5 Hz), 130.9, 127.8, 120.6, 117.2, 115.9 (d, J = 2.3 Hz); EIMS m/z 228.

[00171] Step 2 -  Preparation of 2-chloro-4-((trifluoromethyl)thio)phenyl
trifluoromethanesulfonate: 2-Chloro-4-((trifluoromethyl)thio)phenol (0.492 g, 2.15 mmol)
was placed in a scintillation vial and dissolved in dry DCM (4.3 mL). The solution was cooled

to 0 °C, and pyridine (0.348 mL, 4.3 mmol) and trifluoromethanesulfonic anhydride (0.434
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mL, 2.58 mmol) were added sequentially. The reaction mixture was allowed to warm to room
temperature. After 2 h the reaction mixture was quenched with satd NaHCOs3, diluted with
water and DCM, and passed through a phase separator. The filtrate was concentrated.
Purification by silica gel chromatography with a 0 — 10% EtOAc—hexane gradient afforded the
title compound as a clear oil (0.633 g, 82%): 'H NMR (400 MHz, CDCl3) § 7.85 (d, J = 2.2
Hz, 1H), 7.65 (dd, J = 8.6, 2.2 Hz, 1H), 7.43 (d, J = 8.6 Hz, 1H); 1*C NMR (101 MHz, CDCl5)
o 147.4, 138.3, 135.8, 132.1, 130.9, 130.5, 129.9, 128.3, 127.4, 126.2, 123.8, 120.2, 116.9;
EIMS m/z 360.

[00172] Step 3 - Preparation of 2-(2-chloro-4-((trifluoromethyl)thio )phenyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane: 2-Chloro-4-((trifluoromethyl)thio)phenyl
trifluoromethanesulfonate (0.614 g, 1.702 mmol), 4,4,4',4',5,5,5',5'-octamethyl-2,2'-bi(1,3,2-
dioxaborolane) (0.562 g, 2.21 mmol), potassium acetate (0.334 g, 3.4 mmol) and Pd(dppf)Cl,
(0.124 g, 0.170 mmol) were placed in a scintillation vial and dioxane (8.5 mL) was added. The
reaction mixture was heated at 90 °C overnight. The reaction was cooled to room temperature
and diluted with water and EtOAc. The layers were separated, and the aqueous layer was
extracted with EtOAc (2x). The combined organic extracts were washed with brine, dried over
Na»S0s, filtered and concentrated. Purification by silica gel chromatography with a 0 — 25%
EtOAc—hexane gradient afforded the title compound as a clear oil that solidifies over time
(0.303 g 53%): 'H NMR (400 MHz, CDCl3) 8 7.73 (d, J = 7.8 Hz, 1H), 7.65 (d, J = 1.7 Hz,
1H), 7.51 (dd, J=7.8, 1.6 Hz, 1H), 1.37 (s, 12H); '3C NMR (126 MHz, CDCl3) § 140.1, 137.0,
136.0, 133.0, 130.5, 129.2 — 126.5 (m), 84.6, 24.8; EIMS m/z 338.

Example 46: Preparation of methyl 3-chloro-6-(trimethylstannyl)picolinate (C16)
Cl

HaC- A0
s N “CHs
HeC™l
CHj o)

[00173] A degassed (nitrogen) mixture of methyl 3,6-dichloropicolinate (0.577 g, 2.80
mmol), Pd(PPh3)>Cl> (0.197 g, 0.28 mmol), and 1,1,1,2,2,2-hexamethyldistannane (0.917 g,
2.80 mmol) in dry dioxane (10 mL) was stirred at 80 °C for 2 h and then cooled to 20 °C. The
brown solution was adsorbed onto neutral alumina. Purification by column chromatography
with 0—20% ethyl acetate—hexane afforded the title compound as a clear liquid (870 mg, 79%):
'H NMR (400 MHz, CDCl3) 8 7.60 (d, J = 8.0 Hz, 1H), 7.48 (d, J = 8.0 Hz, 1H), 4.00 (s, 3H),
0.36 (s, 9H); EIMS m/z 334.
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[00174] The following compounds were prepared in like manner to the procedure
outlined in Example 42:
(E)-3-Chloro-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-5-
(trifluoromethyl)benzaldehyde O-methyl oxime (C17)
HsC ch
B0 “CHs
F N ~0 CHj
F
[00175] Using the appropriate starting materials, the title compound was synthesized
and isolated as a white solid (150 mg, 52%): 'H NMR (400 MHz, CDCl3) & 8.15 (s, 1H), 7.86
(d,J=12Hz, 1H), 7.56 (d, J = 1.5 Hz, 1H), 4.00 (s, 3H), 1.43 (s, 12H).
(E)-2-Chloro-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-6-(trifluoromethyl)
benzaldehyde O-methyl oxime (C18)
H)C

CHs
(I)J§<CH3
B~o” “CH,
F
- cl
F 2
|
H,C~

[00176] Using the appropriate starting materials, the title compound was synthesized
and isolated as white solid (25 mg, 44%): 'H NMR (300 MHz, CDCl3) 6 8.25 (d, J = 2.1 Hz,
1H), 7.76 (d, J =7.8 Hz, 1H), 7.60 (d, J = 8.0 Hz, 1H), 3.99 (s, 3H), 1.37 (s, 12H).
(E)-2-(2-Chloro-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-6-
(trifluoromethyl)benzylidene)-1,1-dimethylhydrazine (C19)

HsC cn,
?Jg<cm
B~g” “CH,
F
cl
F
F N\
’?
/N\
HaC™ “CH
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[00177] Using the appropriate starting materials, the title compound was synthesized
and isolated as white solid (180 mg, 63%): '"H NMR (300 MHz, CDCls) 6 7.58 (m, 2H), 7.30
(s, 1H), 2.99 (s, 6H), 1.37 (s, 12H).

[00178] The following compound was prepared in like manner to the procedure
outlined in Example 46:
Methyl 4-acetamido-3-chloro-6-(trimethylstannyl)picolinate (C20)

X
HsC” NH
| N Cl
H3C. = O«
.Sn N CH3
HsC™
CHj O

[00179] Using the appropriate starting materials and following the procedure outlined
in WO 2003011853, the title compound was synthesized and isolated as a light yellow solid
(3.05 g, 84%).

Example 47: Preparation of 3-chloro-6-(2-chloro-4-(1,1-difluoro-2-

methoxyethyl)phenyl)picolinic acid (F179)
Cl

/

\!

OH

HaC o)
0 cl

F F

[00180] To a solution of methyl 3-chloro-6-(2-chloro-4-(1,1-difluoro-2-
methoxyethyl)phenyl)picolinate (F177; 0.07 g, 0.186 mmol) in THF:MeOH:H»O (2:1:1 ratio;
10 mL) was added lithium hydroxide hydrate (LiOH*H»O; 0.02 g, 0.37 mmol) at 0 °C, and the
reaction mixture was stirred at room temperature for 16 h. The reaction mixture was
concentrated under reduced pressure. The residue was taken up in water; the mixture was made
acidic with 1 N HCI (pH ~ 2); and the solution was extracted with DCM (2 x 30 mL). The
organic layer was washed with brine, dried over anhydrous Na>SOy, filtered and concentrated

under reduced pressure to afford the title compound as a brown liquid (0.04 g, 70%).

Example 48: Preparation of 3-chloro-6-(2-chloro-4-(trifluoromethyl)phenyl)-5-
fluoropicolinic acid (F352)
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[00181] Lithium bromide (0.236 g, 2.72 mmol) was added to a solution of methyl 3-
chloro-6-(2-chloro-4-(trifluoromethyl)phenyl)-5-fluoropicolinate (F107; 0.100 g, 0.272 mmol)
and triethylamine (0.082 g, 0.815 mmol), and the reaction mixture was heated at 60 °C. After
5 min, a white precipitate formed, and the reaction mixture was diluted with water and DCM
and passed through a phase separator. The filtrate was concentrated, and the residu was
dissolved in DCM, washed with 2 M HCI, and passed through a phase separator. The filtrate

was concentrated. The title compound was recovered as a white solid (81 mg, 84%).

Example 49: Preparation of 5-chloro-3-fluoro-2'-methoxy-6'-(trifluoromethyl)-[2,3'-
bipyridine]-6-carboxylic acid (F386)

/CH3

0]

[00182] To a reaction vessel containing methyl 5-chloro-2',3-difluoro-6'-
(trifluoromethyl)-[2,3'-bipyridine]-6-carboxylate (F354; 0.100 g, 0.284 mmol) were added
THF (2.8 mL) and sodium hydroxide (0.851 mL, (0.851 mmol). After 1 h, hydrolysis of the
methyl ester was complete. Methanol (1.15 mL, 28.4 mmol) was added, and the resulting
reaction mixture was stirred overnight at room temperature. The mixture was made acidic by
adding a slight excess of 2 N HCI. The mixture was filtered and concentrated under vacuum
but not to dryness. The precipitate that formed was washed with water and dried under vacuum.

The title compound was isolated as a white solid (80 mg, 77%).

Example 50: Preparation of 3-chloro-6-(4-(difluoromethyl)-3-fluoro-2-methoxyphenyl)-
5-fluoropicolinic acid (F391)
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[00183] To a reaction vessel containing methyl 3-chloro-6-(4-(difluoromethyl)-3-
fluoro-2-methoxyphenyl)-5-fluoropicolinate (F253; 0.130 g, 0.357 mmol) were added THF
(3.57 mL) and sodium hydroxide (0.715 mL, 0.715 mmol). The reaction mixture was stirred
overnight at room temperature and was made acidic by adding a slight excess of 2 N HCIL. The
mixture was concentrated, and the precipitate that formed was washed with water and dried

under vacuum. The title compound was isolated as a white solid (100 mg, 77%).

Example 51: Preparation of methyl 2',3',5-trichloro-[2,4'-bipyridine]-6-carboxylate
(F86)

[00184] A solution of (2,3-dichloropyridin-4-yl)boronic acid (200 mg, 1.04 mmol),
cesium fluoride (475 mg, 3.13 mmol), and methyl 3,6-dichloropicolinate (215 mg, 1.04 mmol)
in acetonitrile (3910 pL) and water (1303 uL) was degassed (nitrogen) for 20 min before adding
Pd(PPh3)2Cl2 (73 mg, 0.104 mmol) and heating to 60-65 °C. After heating for 2 h, the reaction
mixture was cooled and loaded directly onto silica gel. Purification via reverse phase

chromatography afforded the title compound as a white solid (62 mg, 18%).

Example 52: Preparation of methyl 6-(2-chloro-4-(trifluoromethyl)phenyl)-3-
fluoropicolinate (F113)

[00185] A solution of methyl 6-chloro-3-fluoropicolinate (300 mg, 1.58 mmol), (2-
chloro-4-(trifluoromethyl)phenyl)boronic acid (533 mg, 2.37 mmol), cesium fluoride (1.242 g,
8.18 mmol) in acetonitrile (6 mL) and water (2 mL) was degassed (nitrogen) for 20 min before
the addding Pd(PPhs3):Cl> (0.111 g, 0.158 mmol) and heating to 60-65 °C for 6 h. After the
first 30 min, the reaction turned clear red/orange that persisted throughout the reaction. The
reaction mixture was loaded directly onto silica gel. Purification by automated column

chromatoraphy eluting with a hexanes—ethyl acetate gradient mobile phase (0-20% over 12

71-



WO 2019/084353 PCT/US2018/057626

column volumes; 40% ethyl acetate over 4 column volumes) provided the title compound as a

white solid (174 mg, 31%).

Example 53: Preparation of methyl 5-chloro-2-(2-methoxy-4-
(trifluoromethyl)phenyl)pyrimidine-4-carboxylate (F313)

NP Cl
|
pZ o)
N “CHs
F CH; O
O/ 3
F
F

[00186] Potassium fluoride (0.146 g, 2.51 mmol) was dissolved in water (2.4 mL) in
a microwave reaction vessel. Methyl 2,5-dichloropyrimidine-4-carboxylate (0.4 g, 1.9 mmol),
(2-methoxy-4-(trifluoromethyl)phenyl)boronic ~ acid (0.446 g, 2.03 ~mmol),and
bis(triphenylphosphine)palladium chloride (0.068 g, 0.097 mmol) were added followed by 1,4-
dioxane (7.25 mL). The resulting reaction mixture was heated in a Biotage microwave reactor
at 110 °C for 20 min. The cooled reaction mixture was partitioned between DCM and brine.
The organic phase was dried and concentrated. Purification by flash chromatography (1-10%

ethyl acetate in hexanes) provided the title compound as a white solid (255 mg, 37%).

Example 54: Preparation of methyl 6-(5-amino-2-chloro-4-(trifluoromethyl)phenyl)-3-
chloropicolinate (F211)

Cl
F

[00187] 1-Butyl-3-methylimidazolium trifluoromethanesulfonate (0.33 mL, 0.150
mmol) and iron(IlI) chloride (8.1 mg, 0.050 mmol) were placed in a 1-dram vial and stirred at
room temperature for 30 min. N-Chlorosucciminide (0.140 g, 1.05 mmol) and a solution of
methyl 6-(3-amino-4-(trifluoromethyl)phenyl)-3-chloropicolinate (F218; 0.331 g, 1.0 mmol)
in THF (0.63 mL) were added sequentially. The reaction mixture was heated at 60 °C overnight.
The reaction mixture was cooled to room temperature, diluted with ethyl acetate, and washed

with satd sodium thiosulfate and brine. '"H NMR spectral analysis showed a mixture of the 2-
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and 6-chlorination isomers. Purification by silica gel chromatography afforded the title

compund as a beige solid (102 mg, 28%).

Example 55: Preparation of Methyl 6-(2-amino-6-chloro-4-(trifluoromethyl)phenyl)-3-
chloropicolinate (F213)

F 0
Cl
F

F

[00188] Methyl  3-chloro-6-(2-chloro-6-nitro-4-(trifluoromethyl)phenyl)picolinate
(F206; 309 mg, 0.782 mmol) was diluted with ethanol (1738 pL), water (869 pL,) and acetic
acid (470 mg, 7.82 mmol) in a 5 mL vial. Iron powder (87 mg, 1.56 mmol) was added, and the
reaction mixture was stirred at room temperature. The reaction progress slowed after 1 h, and
four portions of purified iron were used to fully consume the starting material. TLC analysis
showed 3 spots — starting material, the intermediate hydroxylamine, and the product. The
reaction was allowed to progress until a single spot appeared. The reaction mixture was diluted
with ethyl acetate and water and neutralized with satd ag NaHCOs. The layers were partioned,
and the organic phase was extracted with ethyl acetate (3x). Purification by chromatography of
the residue with a gradient of 0—50% ethyl acetate—hexanes. The title compound was isolated

as a white solid (108 mg, 38%).

Example 56: Preparation of methyl 3-chloro-6-(2-chloro-4-(trifluoromethyl)-6-
vinylphenyl)picolinate (F216)

[00189] Methyl 3-chloro-6-(2-chloro-6-iodo-4-(trifluoromethyl)phenyl)picolinate
(F214; 95 mg, 0.200 mmol), tributyl(vinyl)stannane (79 mg, 0.249 mmol), and toluene were
added to a 25 mL vial. The mixture was degassed with nitrogen for 10 min before adding
Pd(dppf)Cl» as a complex with dichloromethane (1:1; 15 mg, 0.020 mmol) and was heated at
100 °C for 16 h. The mixture was concentrated under reduced pressure, taken up in ethyl acetate

(100 mL) and treated with a satd solution of potassium fluoride (50 mL) overnight. The mixture
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was filtered through a plug of Celite®, and the organic layer was separated and dried over
sodium sulfate, filtered and concentrated under reduced pressure to give a residue. Purification

by chromatography (silica gel, heptane—ethyl acetate) as a white solid (46 mg, 55%).

Example 57: Preparation of methyl 3-chloro-6-(2-chloro-3-methyl-4-
(trifluoromethyl)phenyl)picolinate (F136)

= | Cl
X oL
N CH;
0
Cl

F CH,

[00190] A solution of methyl 6-(3-bromo-2-chloro-4-(trifluoromethyl)phenyl)-3-
chloropicolinate (F140; 150 mg, 0.349 mmol), 2,4,6-trimethyl-1,3,5,2,4,6-trioxatriborinane
(0.06 mL, 0.419 mmol), and cesium carbonate (228 mg, 0.699 mmol) in 1,4-dioxane (10 mL)
and water (I mL) was purged with argon for 10 min. [1,1-
Bis(diphenylphosphino)ferrocene]dichloropalladium(Il) complex (26 mg, 0.034 mmol) was
added to the above mixture. The mixture was purged with argon for 10 min and heated to 100
°C for 3 h. The reaction mixture was cooled to room temperature, filtered through a Celite®
bed, and washed with EtOAc. The filtrate layer was washed with water and brine and was
concentrated under vacuum. Purification of the residue by column chromatography with 15%

EtOAc in hexane as the eluent afforded the title compound as white solid (80 mg, 31%).

Example 58: Preparation of methyl 3-chloro-6-(2-chloro-4-(trifluoromethyl)-3-
vinylphenyl)picolinate (F137)

[00191] A solution of methyl 6-(3-bromo-2-chloro-4-(trifluoromethyl)phenyl)-3-
chloropicolinate (F140; 150 mg, 0.349 mmol), 4,4,5,5-tetramethyl-2-vinyl-1,3,2-
dioxaborolane (0.09 mL, 0.524 mmol) and sodium carbonate (110 mg, 1.048 mmol) in 1,4-
dioxane (10 mlL) and water (1 mL) was purged with argon for 10 min.
Tetrakis(triphenylphosphine)palladium(0) (40 mg, 0.034 mmol) was added to the above

reaction mixture, again purged with argon for 10 min, and heated to 100 °C for 2 h. The reaction
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mixture was cooled to room temperature, filtered through a Celite® bed and washed with
EtOAc. The filtrate was washed with water and brine solution and then concentrated under
vacuum. Purification by column chromatography with 15% EtOAc in hexane as eluent afforded

the title compound as a white solid (25 mg, 19%).

Example 59: Preparation of methyl 3-chloro-6-(2-chloro-3-(methylsulfonyl)-4-
(trifluoromethyl)phenyl)picolinate  (F139) and methyl 3-chloro-6-(2-chloro-6-
(methylsulfonyl)-4-(trifluoromethyl)phenyl)picolinate (F138)

% Cl Cl
X | O (O
N CHs CHs,
F o o F &
F /" CHy

F o:§:o F 0
CH;

[00192] To a solution of  methyl 3-chloro-6-(2-chloro-3-(methylsulfinyl)-4-
(trifluoromethyl)phenyl)picolinate and methyl 3-chloro-6-(2-chloro-6-(methylsulfinyl)-4-
(trifluoromethyl)phenyl)picolinate (F119 and F120; 250 mg, 0.630 mmol) in acetic acid (2
mL) was added sodium perborate tetrahydrate (194 mg, 1.261 mmol) at room temperature. The
reaction mixture was heated to 100 °C for 16 h, was cooled to room temperature, and was
poured slowly into satd sodium bicarbonate solution. The mixture was extracted with EtOAc.
The organic layer was washed with water and brine and was concentrated under vacuum.
Purification of the resulting material by column chromatography using 30% EtOAc in hexane
as eluent, followed by a preparative HPLC purification, afforded the title compounds as a white

solid (40 mg, 15%) and as a white solid (15 mg, 6%), respectively.

Example 60: Preparation of methyl 3-chloro-6-(2-chloro-3-(methylsulfinyl)-4-
(trifluoromethyl)phenyl)picolinate  (F119) and methyl 3-chloro-6-(2-chloro-6-
(methylsulfinyl)-4-(trifluoromethyl)phenyl)picolinate (F120)

Z Cl
< Lol
N CHs

F (0]
Cl

F S

07" “CHs
[00193] To a solution of methyl  3-chloro-6-(2-chloro-3-(methylthio)-4-

(trifluoromethyl)phenyl)picolinate  and methyl  3-chloro-6-(2-chloro-6-(methylthio)-4-
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(trifluoromethyl)phenyl)picolinate (F121 and F122; 200 mg, 0.504 mmol) in acetic acid (2
mL) was added sodium perborate tetrahydrate (78 mg, 0.504 mmol) at room temperature. The
reaction mixture was heated to 100 °C for 2 h, was cooled to room temperature, was poured
slowly into a satd sodium bicarbonate solution. The mixture was extracted with EtOAc. The
organic layer was washed with water and brine and was concentrated under vacuum.
Purification of the resulting material by column chromatography using 30 % EtOAc in hexane
as eluent, followed by a preparative HPLC purification, provided the title compounds as a

colorless liquid (33 mg, 16%) and as a brown solid (70 mg, 34%), respectively.

Example 61: Preparation of methyl 3-chloro-6-(2-chloro-3-(methylthio)-4-
(trifluoromethyl)phenyl)picolinate  (F121) and methyl 3-chloro-6-(2-chloro-6-
(methylthio)-4-(trifluoromethyl)phenyl)picolinate (F122)

[00194] A solution of methyl 3,6-dichloropicolinate (245 mg, 1.189 mmol), 2-(2-
chloro-3-(methylthio)-4-(trifluoromethyl)phenyl)-4,4,5,5-tetramethyl -1,3,2-dioxaborolane, 2-
(2-chloro-6-(methylthio)-4-(trifluoromethyl)phenyl)-4.,4,5,5-tetramethyl-1,3,2-dioxaborolane
(500 mg, 1.427 mmol) and potassium fluoride (207 mg, 3.567 mmol) in acetonitrile (15 mL)
and water (5 mL) was purged with argon for 10 min. Bis(triphenylphosphine)palladium(II)
dichloride (83 mg, 0.118 mmol) was added to the above reaction mixture, and the mixture was
purged with argon for 10 min and heated to 90 °C for 5 h. The reaction mixture was cooled to
room temparature, filtered through a bed of Celite® and washed with EtOAc. The filtrate was
washed with water and brine solution and was concentrated under vacuum. Purification of the
resulting material by column chromatography using 15% EtOAc in hexane, followed by
purification by preparative HPLC, furnished the title compounds as a colorless liquid (50 mg,

9%) and as a white solid (200 mg, 36%), respectively.

Example 02: Preparation of methyl 3-chloro-6-(2-chloro-3-cyano-4-
(trifluoromethyl)phenyl)picolinate (F143)
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N
[00195] A solution of methyl 6-(3-bromo-2-chloro-4-(trifluoromethyl)phenyl)-3-

chloropicolinate (F140; 150 mg, 0.349 mmol), zinc cyanide (62 mg, 0.52 mmol) and
tetrakis(triphenylphosphine) palladium(0) (40 mg, 0.034 mmol) in DMF (5 mL) was purged
with argon for 10 min. The reaction mixture was heated to 150 °C for 6 h and cooled to room
temperature. The reaction mixture was poured into ice water and extracted with EtOAc. The
organic layer was washed with water and brine and was concentrated under vacuum.
Purification of the resulting material by column chromatography using 20% EtOAc in hexane

afforded the title compound as an off-white solid (40 mg, 30%).

Example 63: Preparation of methyl 3-chloro-5-fluoro-6-(2-fluoro-4-
(trifluoromethyl)phenyl)picolinate (F158)

[00196] Potassium carbonate (0.241 g, 1.74 mmol) was dissolved in water (1.67 mL)
in a microwave reaction vessel. (2-Fluoro-4-(trifluoromethyl)phenyl)boronic acid (0.292 g,
1.406 mmol), methyl 3,6-dichloro-5-fluoropicolinate (0.300 g, 1.339 mmol), and
bis(triphenylphosphine)palladium dichloride (0.094 g, 0.134 mmol) were added followed by
1,4-dioxane (5.02 mL). The resulting reaction mixture was heated in a Biotage microwave
reactor at 110 °C for 20 min. The cooled reaction mixture was partitioned between DCM and
water. The organic phase was dried and concentrated. Purification by reverse-phase
chromatography followed by flash chromatography (1-10% EtOAc in hexanes) provided the
title compound as a white solid (353 mg, 71%).

[00197] The following compound was prepared in like manner to the procedure
outlined in Example 63:

Methyl 4-amino-3-chloro-6-(4-cyano-2-methoxyphenyl)-5-fluoropicolinate (C21)
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[00198] Using the appropriate starting materials, the title compound was synthesized
and isolated as an off-white solid (118 mg, 13%).

Example 64: Preparation of methyl 3-chloro-6-(4-(difluoromethyl)-3-fluoro-2-
methoxyphenyl)-5-fluoropicolinate (F253)

F | SN Cl
. OL
N CHj3
F )
?
F F CHs

[00199] Bis(2-methoxyethyl)aminosulfur trifluoride (0.370 g, 1.674 mmol) was added
to a solution of methyl 3-chloro-5-fluoro-6-(3-fluoro-4-formyl-2-methoxyphenyl)picolinate
(F357; 0.260 g, 0.761 mmol) in DCM (7.61 mL) cooled in an ice bath. The ice bath was
removed, and the reaction mixture was stirred at room temperature for 2 h. Methanol was
added, and the reaction mixture was stirred for 10 min and then concentrated onto silica gel.
Purification of the resulting material by flash chromatography (0-30% EtOAc in hexanes
gradient) provided the title compound as a white solid (271 mg, 93%).

Example 65: Preparation of methyl 3-chloro-6-(2-chloro-4-(1,1-difluoro-2-
methoxyethyl)phenyl)picolinate (F177)

HaC 0
0 cl

F F
[00200] To a solution of 1-bromo-2-chloro-4-(1,1-difluoro-2-methoxyethyl)benzene

(C89; 0.5 g, 1.75 mmol) and methyl 3-chloro-6-(trimethylstannyl)picolinate (C16; 0.5 g, 1.50
mmol) in toluene (10 mL) was added Pd(PPhs)4 (0.28 g, 0.24 mmol) and the reaction mixture
was stirred at 110 °C for 16 h. The reaction mixture was cooled to room temperature, and water
was added. The mixture was extracted with EtOAc. The organic layer was washed with brine,

dried over anhydrous Na>SOy, filtered and concentrated under reduced pressure. Purification of
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the resulting material by column chromatography (silica gel 100-200 mesh) eluting with 40-
50% EtOAc in petroleum ether afforded the title compound as a pale yellow liquid (0.15 g,
30%).

Example 66: Preparation of methyl 3-chloro-6-(2-chloro-6-iodo-4-
(trifluoromethyl)phenyl)picolinate (F214)

F

[00201] To a 5 mL vial were added methyl 6-(2-amino-6-chloro-4-
(trifluoromethyl)phenyl)-3-chloropicolinate (F213; 96 mg, 0.263 mmol), fert-butyl nitrite
(67.8 mg, 0.657 mmol), and diiodomethane (704 mg, 2.63 mmol). The vial was sealed, and the
reaction mixture was heated to 65 °C for 2 h. The reaction mixture was loaded directly onto a
silica gel column. Purification by column chromatography eluting with hexanes—EtOAc

afforded the title compound as a yellow solid (92 mg, 74%).

Example 67: Preparation of methyl 3-chloro-6-(2-chloro-6-ethynyl-4-
(trifluoromethyl)phenyl)picolinate (F239)

F

[00202] To 25 mL vial were added ethynyltrimethylsilane (0.028 g, 0.284 mmol),
Pd(PPh3)>Cl> (0.013 g, 0.019 mmol) and Cul (0.004 g, 0.019 mmol) to a solution of methyl 3-
chloro-6-(2-chloro-6-iodo-4-(trifluoromethyl)phenyl)picolinate (F214; 0.090 g, 0.189 mmol)
in DMF (1 mL) and EtsN (4 mL). The reaction mixture was stirred at 50 °C for 8 h. The reaction
mixture was applied to silica gel. Purification by column chromatography eluting with a linear
gradient of hexane—EtOAc (0% to 100% EtOAc). The title compound was isolated as a brown
oil (35 mg, 50%).

Example 68: Preparation of methyl 3-chloro-6-(2-chloro-4-
(difluoromethoxy)phenyl)picolinate (F157)
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[00203] Methyl 3,6-dichloropicolinate (0.290 g, 1.408 mmol), (2-chloro-4-
(difluoromethoxy)phenyl)trimethylstannane (C93; 0.481 g, 1.408 mmol), Pd(PPh3)>Cl» (0.296
g, 0.422 mmol), and copper(l) iodide (0.080 g, 0.422 mmol) were combined with DMF (5.63
mL) in a microwave vessel and heated at 130 °C in a Biotage microwave reactor for 30 min.
The reaction mixture was filtered and concentrated. Purification of the resulting product by

reverse phase HPLC provided the title compound as an off-white solid (125 mg, 24%).

Example 69: Preparation of methyl 3-chloro-6-(2-chloro-4-
(((trifluoromethyl)sulfonyl)oxy)phenyl)picolinate (F364)

\CI

P | NN en
Py 3
F S<
770 Cl
[00204] Trifluoromethanesulfonic anhydride (0.298 mL, 1.76 mmol) was added to a
solution of methyl 3-chloro-6-(2-chloro-4-hydroxyphenyl)picolinate (F355; 0.350 g, 1.17
mmol) and pyridine (0.190 mL, 2.35 mmol) in DCM (11.7 mL) cooled in an ice bath. The
reaction mixture was allowed to warm to room temperature, stirred for 2 h, and partitioned
between DCM and water. The organic phase was passed through a Biotage phase separator and
concentrated under vacuum onto silica gel. Purification of the resulting product by flash
chromatography (0-20% EtOAc in hexanes) provided the title compound as an off-white solid
(243 mg, 47%).

Example 70: Preparation of methyl 3-chloro-6-(2-chloro-4-
((methylsulfonyl)oxy)phenyl)picolinate (F288)

H3C\ //O
S. o)
e Cl

[00205] Methanesulfonyl chloride (0.131 mL, 1.68 mmol) was added dropwise to a
solution of methyl 3-chloro-6-(2-chloro-4-hydroxyphenyl)picolinate (F355; 0.250 g, 0.839
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mmol) and EtzN (0.234 mL, 1.68 mmol) in DCM (8.39 mL) cooled in an ice bath. The reaction
mixture was stirred for 1 h at room temperature and partitioned between DCM and water. The
organic phase was dried by passing through a phase separator and concentrated onto silica gel.
Purification of the resulting product by flash chromatrography (0-40% EtOAc in hexanes
gradient) provided the title compound as a white solid (293 mg, 90%).

Example 71: Preparation of methyl 3-chloro-5-fluoro-6-(2-fluoro-4-
iodophenyl)picolinate (F328)

[00206] Methyl 6-(4-amino-2-fluorophenyl)-3-chloro-5-fluoropicolinate (prepared as
in U.S. Patent 9,113,629 B2; 0.500 g, 1.674 mmol) was combined with diiodomethane (1.35
mL, 16.7 mmol), and tert-butyl nitrite (0.398 mL, 3.35 mmol) was added dropwise. The
reaction mixture was heated to 100 °C for 30 min. The cooled reaction mixture was diluted
with DCM and washed with an aqueous solution of sodium thiosulfate (1.323 g, 8.37 mmol).
The organic phase was dried by passing through a phase separator and was concentrated onto
silica gel. Purification by flash chromatography (0-50% EtOAc in hexanes) provided the title
compound as a white solid (320 mg, 46%).

Example 72: Preparation of methyl 4-amino-3-chloro-6-(2-fluoro-3-methyl-4-
(trifluoromethyl)phenyl)picolinate (C22)

F CHs

[00207] To a5 mL microwave vial were added methyl 4-amino-3,6-dichloropicolinate
(400 mg, 1.81 mmol), 2-(2-fluoro-3-methyl-4-(trifluoromethyl)phenyl)-4,4,5,5-tetramethyl-
1,3,2-dioxaborolane (C75; 660 mg, 2.17 mmol), potassium fluoride (273 mg, 4.71 mmol), and
Pd(PPh3)2Clz (127 mg, 0.181 mmol). A 1:1 mixture of acetonitrile—water (5.58 mL (2.79 mL
each)) was added. The reaction vial was then sealed and heated in a Biotage microwave reactor

to 115 °C for 20 min. The reaction mixture was cooled to room temperature, diluted with
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EtOAc, and washed with water. The organic phase was dried over Na»>SOs, filtered and
concentrated. Purification by flash chromatography (silica gel, hexane—EtOAc gradient) gave

the title compound as a white solid (567 mg, 86%).

Example 73: Cyanomethyl 3-chloro-6-(2-chloro-4-(trifluoromethyl)phenyl)picolinate
(F382)

Cl
F

[00208] A mixture of 3-chloro-6-(2-chloro-4-(trifluoromethyl)phenyl)picolinic acid
(F61; 1 equiv), potassium carbonate (1.5 equiv) and benzyl bromide (1.2 equiv) in DMF (0.2
M) is stirred at room temperature overnight. The reaction mixture is then poured into a satd aq
NaHCOj; solution and extracted with EtOAc (2x). The combined organic layers are dried over
magnesium sulfate, filtered and concentrated. Purification by column chromatography with a

hexane-EtOAc gradient affords the title compound.

Example 74: Preparation of methyl 4-amino-3-chloro-5-fluoro-6-(4-

(trifluoromethyl)benzofuran-7-yl)picolinate (C23)

[00209] 7-Bromo-4-(trifluoromethyl)benzofuran (150 mg, 0.566 mmol), methyl 4-
amino-3-chloro-5-fluoro-6-(trimethylstannyl)picolinate (prepared as in U.S. Patent 9,113,629
B2; 270 mg, 0.736 mmol) and cesium fluoride (215 mg, 1.415 mmol) were dissolved in DMF
(5 mL) and the mixture was purged with nitrogen for 10 min. Copper(I) iodide (21.6 mg, 0.113
mmol) and Pd(PPhs3)4 (65.4 mg, 0.057 mmol) were added, and the mixture was purged for an
additional 5 min, capped and heated under microwave irradiation (Biotage) at 85 °C for 30
min. The mixture was diluted with EtOAc, washed with brine (x3), dried with MgSQOy, filtered
and concentrated under vacuum to give a brown gum. Purification on silica gel eluting with

DCM and methanol gave the title compound as a light brown solid (183 mg, 79%): '"H NMR

-82-



WO 2019/084353 PCT/US2018/057626

(400 MHz, CDCI) & 7.89 — 7.74 (m, 1H), 7.73 = 7.61 (m, 2H), 7.11 — 7.00 (m, 1H), 5.00 (s,
2H), 3.9 (s, 3H); 1°F NMR (376 MHz, CDCl3) § -61.42 (d, J = 31.4 Hz), -137.04; ESIMS m/z
389.0 ([M+H]").

Example 75: Preparation of methyl 4-amino-3-chloro-6-(2-chloro-6-methoxyphenyl)-5-
fluoropicolinate (C24)

[00210] To a microwave vial were added methyl 4-amino-3,6-dichloro-5-
fluoropicolinate (800 mg, 3.35 mmol), (2-chloro-6-methoxyphenyl)boronic acid (811 mg, 4.35
mmol), cesium fluoride (1.02 g, 6.69 mmol), and Pd(PPh3)>Cl> (235 mg, 0.335 mmol). A 1:1
mixture of acetonitrile—water (10 mL) was added. The reaction vial was then sealed and heated
in a Biotage microwave reactor to 115 °C for 30 min. The mixture was shaken with EtOAc (35
mL) and satd aq sodium chloride solution (10 mL). The organic phase was washed with satd
aq sodium chloride solution (10 mL), dried, and concentrated. Purification by silica gel
chromatography with 0-50% EtOAc—hexane as eluent provided the title compound as a white
solid (400 mg, 35%): 'H NMR (400 MHz, CDCl3) 6 7.31 (t, J = 8.3 Hz, 1H), 7.08 (dd, J = 8.1,
0.9 Hz, 1H), 6.87 (dd, J = 8.4, 0.7 Hz, 1H), 4.88 (s, 2H), 3.95 (s, 3H), 3.74 (s, 3H); 'F NMR
(376 MHz, CDCls) & -137.86; ESIMS m/z 343.4 (IM+H]*).

Example 76: Preparation of 4-amino-3-chloro-6-(3-(difluoromethyl)-2-fluoro-4-
(trifluoromethyl)phenyl)-5-fluoropicolinic acid (C25)

[00211] To a solution of methyl 4-amino-3-chloro-6-(3-(difluoromethyl)-2-fluoro-4-
(trifluoromethyl)phenyl)-5-fluoropicolinate (C26; 250 mg, 0.600 mmol) in MeOH (1 mL) was
added 2 M NaOH (0.300 mL, 0.600 mmol). The reaction mixture was stirred at 25 °C for 15

h. The reaction mixture was then concentrated, and made acidic with 2 M HCI. The product
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precipitated out of solution and was collected in a Buchner Funnel. The title compound was
isolated as an off-white solid (197 mg, 82%): 'H NMR (400 MHz, DMSO-d¢) 6 8.03 (t,J=7.4
Hz, 1H), 7.92 (d, J = 8.3 Hz, 1H), 7.61 — 7.24 (m, 1H); 1°F NMR (376 MHz, DMSO-ds) & -
55.95--57.22 (m), -111.58 —-112.73 (m), -113.96 (ddd, J =28.3, 14.1, 6.9 Hz), -138.51 (d, J
= 26.3 Hz); ESIMS m/z 403.08 (IM+H]+).

Example 77: Preparation of methyl 4-amino-3-chloro-6-(3-(difluoromethyl)-2-fluoro-4-
(trifluoromethyl)phenyl)-5-fluoropicolinate (C26)

[00212] Step 1 - Preparation of 2-(3-(difluoromethyl)-2-fluoro-4-
(trifluoromethyl)phenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane: 2-(Difluoromethyl)-1-
fluoro-3-(trifluoromethyl)benzene (1.756 g, 8.20 mmol) was added dropwise to a solution of
butyllithium (3.61 mL, 9.02 mmol) in THF (20.5 mL) that was cooled to -78 °C under nitrogen.
The reaction mixture was stirred at -70— -75 °C for 10 min, and 2-isopropoxy-4.4,5,5-
tetramethyl-1,3,2-dioxaborolane (1.02 mL, 5.00 mmol) was added dropwise, keeping the
temperature below -65 °C. The reaction mixture was then allowed to warm to 0 °C. Water was
added, and the resulting mixture was extracted with Et20. The aqueous phase was carefully
acidified with 2M HCI, and extracted with EtzO. The organic phase was dried and concentrated
to give the title compound as an orange oil (1.2 g) that was used without purification in the
Suzuki step reported below.

[00213] Step 2 — Preparation of methyl 4-amino-3-chloro-6-(3-(difluoromethyl)-2-
fluoro-4-(trifluoromethyl)phenyl)-5-fluoropicolinate: To a 5 mL microwave vial were added
methyl 4-amino-3,6-dichloro-5-fluoropicolinate (224 mg, 0.937 mmol), 2-(3-(difluoromethyl)-
2-fluoro-4-(trifluoromethyl)phenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (382 mg, 1.13
mmol), potassium fluoride (142 mg, 2.44 mmol) and Pd(PPh3)>Cl> (65.8 mg, 0.094 mmol). A
mixture of 1:1 acetonitrile—water (5.58 mL (2.79 mL each)) was added. The reaction vial was
then sealed and heated in a Biotage microwave reactor to 115 °C for 20 min. The reaction
mixture was cooled to room temperature, diluted with EtOAc, and washed with H>O. The

organic layer was dried over Na>SQOs, filtered, and concentrated. Purification of the resulting
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material by flash chromatography (silica gel, EtOAc-hexane) provided the title compound as
a (296 mg, 76%): ’F NMR (376 MHz, DMSO-ds) 8 -56.63 (t, J = 8.2 Hz), -111.34 —-113.42
(m), -113.42 — -115.06 (m), -135.94 (s), -137.47 (d, J = 27.0 Hz); IR (CH2Cl2) 3334, 3190,
1735, 1622, 1318, 1236, 1126 cm™; ESIMS m/z 417.1 ((M+H]").

Example 78: Preparation of benzyl 4-amino-3-chloro-6-(4,6-dichloro-2-fluoro-3-

methoxyphenyl)-5-fluoropicolinate (C27)

[00214] Step 1 — Preparation of methyl 4-amino-3-chloro-6-(4-chloro-2-fluoro-3-
methoxyphenyl)-5-fluoropicolinate. Methyl 4-amino-3,6-dichloro-5-fluoropicolinate (1.5 g,
6.28 mmol), 2-(4-chloro-2-fluoro-3-methoxyphenyl)-1,3,2-dioxaborinane (1.99 g, 8.16 mmol),
potassium fluoride (0.948 g, 16.3 mmol), and Pd(PPh3),Cl> (0.440 g, 0.628 mmol) were
combined in acetonitrile (13.5 mL) and water (4.48 mL). The reaction mixture was then heated
in a microwave at 115 °C in a sealed vial for 20 min. The cooled reaction mixture was
partitioned between EtOAc and water. The organic phase was washed with water (2x) and
concentrated onto silica gel (7 g). Purification by automated flash silica gel chromatography
eluting with 2-20% EtOAc in DCM provided methyl 4-amino-3-chloro-6-(4-chloro-2-fluoro-
3-methoxyphenyl)-5-fluoropicolinate as a white solid (1.5 g, 66%): 'H NMR (400 MHz,
DMSO-ds) & 7.47 (dd, J = 8.6, 1.6 Hz, 1H), 7.30 (dd, J = 8.5, 7.0 Hz, 1H), 7.13 (s, 2H), 3.93
(d, J = 1.1 Hz, 3H), 3.87 (s, 3H); '°F NMR (376 MHz, DMSO-ds) 5 -137.67 (d, J = 26.9 Hz),
-129.19 (d, J =27.2 Hz); EIMS m/z 362.1

[00215] Step 2 — Preparation of methyl 4-amino-3-chloro-6-(4,6-dichloro-2-
Jluoro-3-methoxyphenyl)-5-fluoropicolinate: To the solution of methyl 4-amino-3-chloro-6-(4-
chloro-2-fluoro-3-methoxyphenyl)-5-fluoropicolinate (10.0 g, 27.6 mmol) and aluminum
chloride (AlCl3; 0.37 g, 2.76 mmol) in sulfuryl chloride (SO2Cl»; 12 mL) was added diphenyl
sulfide (0.51 g, 2.76 mmol) at 20 °C. After addition, the reaction mixture was stirred at 75 °C
for 10 h. The reaction was quenched with water (100 mL), and the mixture was extracted with
DCM (100 mL). The organic phase was washed with water (2 x 100 mL) and brine (100 mL),
dried over Na>SO4 and concentrated in vacuo. Purification of the residue by silica gel column

chromatography (4:1 hexanes—EtOAc) furnished the title compound as a white powder (5.5 g,
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50%): mp 121-122 °C; '"H NMR (400 MHz, DMSO-ds) 7.78 (d, 1H), 7.22 (s, 1H), 3.94 (d,
3H), 3.86 (s, 3H); *C NMR (100 MHz, DMSO-ds) 165.09, 155.08, 152.57, 143.75, 142.14,
134.76, 129.56, 126.50, 122.70, 114.05, 62.24— 62.29, 53.23; ESIMS m/z (IM+H]+) 397.

[00216] Step 3 — Preparation of benzyl 4-amino-3-chloro-6-(4,6-dichloro-2-fluoro-3-
methoxyphenyl)-5-fluoropicolinate: To a solution of the compound in Step 2 (5.5 g, 13.8 mmol)
in benzyl alcohol (3 mL, 27.7 mmol) was added titanium isopropoxide (Ti(OiPr)s; 0.39 g, 1.38
mmol) at 100 °C. After addition, the reaction mixture was stirred at 100 °C for 16 h. The
reaction was quenched with water (100 mL), and the mixture was extracted with DCM (100
mL). The organic phase was washed with water (2 x 100 mL) and brine (100 mL), dried over
Na;S0s4, and concentrated in vacuo. Purification of the residue by silica gel column
chromatography with DCM as eluent afforded the title compound as a colorless solid (3.0 g,
50%): mp 54.1-55.2 °C; '"H NMR (400 MHz, DMSO-ds): 7.78 —7.77 (d, J = 4.0 Hz, 1H), 7.45
—7.36 (m, 5H), 7.22 (s, 2H), 5.38 (s, 2H), 3.94 — 3.93 (d, J = 4.0 Hz, 3H); 3*C NMR (100 MHz,
DMSO-ds) 169.30, 149.92, 149.17, 148.37, 146.89, 139.56, 133.67, 132.73, 131.28, 118.70 —
118.67, 72.39, 67.02 — 66.98; ESIMS m/z (IM+H]*) 473.

Example 79: Preparation of methyl 4-amino-3-chloro-6-(4-chloro-3-

(dimethylamino)phenyl)picolinate (C28)

Cl
HaC” N “CH;

[00217] Methyl 4-amino-6-(3-amino-4-chlorophenyl)-3-chloropicolinate (C29; 250
mg, 0.80 mmol) was dissolved in THF (1.6 mL) and treated sequentially with formaldehyde
(48 mg, 1.6 mmol, 0.12 mL of a 37% aq solution), dibutyldichlorostannane (5 mg, 0.016 mmol)
and phenylsilane (95 mg, 0.88 mmol, 0.109 mL) with stirring at room temperature. After 26
h, the reaction mixture was concentrated. Purification by silica gel chromatography with 2:1
hexane-EtOAc as the eluent gave the title compound as a white foam (225 mg, 83 %): '"H NMR
(300 MHz, CDCl3) 8 7.62 (br s, 1H), 7.36 (ad, J = 1.2 Hz, 2H), 7.03 (s, 1H), 4.88 (br s, 2H),
3.99 (s, 3H), 2.85 (s, 6H); IR (thin film) 3472, 3368, 2947, 1734, 1621, 1578, 1443, 1227, 1030
cm’'; ESIMS mi/z 340 (IM+H]Y).
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Example 80: Preparation of methyl 4-amino-6-(3-amino-4-chlorophenyl)-3-
chloropicolinate (C29)

Cl
NH,

[00218] To a slurry of methyl 4-amino-3-chloro-6-(4-chloro-3-nitrophenyl)picolinate
(C35; 125 mg, 0.365 mmol) in acetic acid (4 mL) was added iron powder (204 mg, 36.5 mmol),
and the mixture was heated to 85 °C with stirring for 0.25 h. The reaction mixture was cooled
to room temperature and filtered through Celite® with EtOH and concentrated in vacuo. The
reaction mixture was partitioned between EtOAc and satd NaHCOs3, the layers separated and
the organic layer dried over Na»>SOs, filtered and concentrated. The title compound was isolated
as an orange solid (111 mg, 97%): mp 130-131 °C; 'H NMR (300 MHz, CDCl3) & 7.36 (d, J
=2.1Hz, 1H), 7.25(d, J =8.1 Hz, 1H), 7.09 (dd, /= 8.1, 2.1 Hz, 1H), 6.98 (s, 1H), 4.85 (br s,
2H), 4.15 (br s, 2H), 3.98 (s, 3H); ESIMS m/z 312 ((M+H]™").

Example 81: Preparation of methyl 4-amino-3',5,5'-trichloro-4'-(difluoromethyl)-[2,2'-
bipyridine]-6-carboxylate (C30)

[00219] Acetyl chloride (97 mg, 1.24 mmol, 0.088 mL) was added dropwise to a slurry
of methyl 4-acetamido-3',5,5"-trichloro-4'-(difluoromethyl)-[2,2'-bipyridine]-6-carboxylate
(C36; 105 mg, 0.247 mmol) in MeOH (3 mL) with stirring at room temperature. After 16 h,
most of the MeOH was removed in vacuo and the remaining reaction mixture was added to ice
cold satd aq NaHCOs with stirring. The resulting precipitate was collected by filtration, washed
with water and dried. The title compound was isolated as an off white solid (93 mg, 98%): 'H
NMR (400 MHz, CDCl3) 6 8.63 (s, 1H), 7.25 (t, J = 52.6 Hz, 1H), 7.06 (s, 1H), 5.02 (s, 2H),
3.98 (s, 3H); 3C NMR (101 MHz, CDCl3) 8 165.15, 154.17, 152.87, 150.67, 148.31, 147.66,
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137.03 (t, J = 23.1 Hz), 130.99 (t, J = 2.4 Hz), 130.13 (t, / = 3.5 Hz), 115.23, 111.56, 111.18

(t, J=242.7 Hz), 53.05; ’F NMR (376 MHz, CDCl3) & -117.85; ESIMS m/z 382 ([M+H]").
[00220] The following compounds were prepared in like manner to the procedure

outlined in Example 81:

Methyl 4-amino-3',5,5'-trichloro-[2,2'-bipyridine]-6-carboxylate (C31)

[00221] Using the appropriate starting materials, the title compound was synthesized
and isolated as a white foam (126 mg, 62%): '"H NMR (400 MHz, CDCl3) § 8.52 (d, J = 2.1
Hz, 1H), 7.82 (d, J=2.1 Hz, 1H), 7.11 (s, 1H), 5.09 (s, 2H), 3.97 (s, 3H); 3*C NMR (101 MHz,
CDCl3) & 165.31, 152.89, 151.98, 150.62, 147.54, 146.32, 137.85, 131.90, 130.91, 114.95,
111.55, 52.95; ESIMS m/z 332 (IM+H]").
Methyl 4-amino-4',5-dichloro-6'-(trifluoromethyl)-[2,3'-bipyridine]-6-carboxylate (C32)

[00222] Using the appropriate starting materials, the title compound was synthesized
and isolated as a white solid (158 mg, 93%): '"H NMR (400 MHz, CDCls) & 8.87 (s, 1H), 7.77
(s, IH), 7.06 (s, 1H), 5.00 (br s, 2H), 4.00 (s, 3H); C NMR (101 MHz, CDCl3) § 165.14,
152.23, 150.38, 150.28, 148.80 (q, J = 35.6 Hz), 148.75, 143.44, 136.43, 121.99 (q, J = 3.1
Hz), 120.84 (q, J = 274.6 Hz), 115.01, 111.77, 53.10; F NMR (376 MHz, CDCl3 & -68.07;
ESIMS m/z 366 ((M+H]").
Methyl 4-amino-5-chloro-3'-fluoro-5'-methyl-[2,2'-bipyridine]-6-carboxylate (C33)

[00223] Using the appropriate starting materials, the title compound was synthesized
and isolated as a white solid (37 mg, 77%): '"H NMR (400 MHz, CDCls) § 8.36 (s, 1H), 7.37
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(d,J=1.3Hz, 1H),7.32(d, J=11.4 Hz, 1H), 4.94 (s, 2H), 3.99 (s, 3H), 2.40 (s, 3H); *C NMR
(101 MHz, CDCl3) 6 165.44, 157.78 (d, J =264.6 Hz), 151.98 (d, J = 6.4 Hz), 150.54, 147.99,
145.90 (d, J=4.5 Hz), 141.18 (d, J =9.2 Hz), 136.13 (d, J = 4.3 Hz), 125.11 (d, J = 19.7 Hz),
114.81, 110.97 (d, J = 4.5 Hz), 52.89, 17.97; ’F NMR (376 MHz, CDCl3) & -122.64; ESIMS
m/z 296 (IM+H]").

Methyl 4-amino-3',5,6'-trichloro-5'-(trifluoromethyl)-[2,2'-bipyridine]-6-carboxylate
(C34)

[00224] Using the appropriate starting materials, the title compound was synthesized
and isolated as a white foam (30 mg, 66%): '"H NMR (400 MHz, CDCl3) § 8.10 (s, 1H), 7.22
(s, 1H), 5.04 (s, 2H), 3.99 (s, 3H); *C NMR (101 MHz, CDCI3) & 165.09, 155.99, 151.52,
150.75, 147.58, 145.77, 139.30 (q, / = 5.0 Hz), 129.52, 125.81 (q, /= 34.1 Hz), 121.31 (q, J =
273.4 Hz), 115.65, 111.54, 53.02; F NMR (376 MHz, CDCl3) & -63.73; ESIMS m/z 400
([M+H]).

Example 82: Preparation of methyl 4-amino-3-chloro-6-(4-chloro-3-
nitrophenyl)picolinate (C35)

NH,
O
z o]
N “CHy
o]
(of
N%
_O/ \O

[00225] Methyl 4-amino-3-chloro-6-(4-chlorophenyl)picolinate (prepared as in Balko
et al., WO2003011853A1; 1.58 g, 5.32 mmol) was added as a fine powder to ice cold con.
sulfuric acid (26 mL) with stirring. Sodium nitrite (474 mg, 5.58 mmol) was added, and the
mixture was allowed to warm slowly to room temperature. A large excess of ice was added to
the reaction mixture, and the resulting solid was collected by filtration, washed with water and

dried. The title compound was isolated as a yellow solid (1.74 g, 96%): mp 199-200 °C; 'H
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NMR (300 MHz, CDCl3) § 8.44 (d, J = 2.1 Hz, 1H), 8.11 (dd, J = 2.1, 8.1 Hz, 1H), 7.61 (d, J
= 8.1 Hz, 1H), 7.14 (s, 1H), 4.92 (brs, 2H), 4.02, (s, 3H); ESIMS m/z 342 ((M+H]*).

Example 83: Preparation of methyl 4-acetamido-3',5,5'-trichloro-4'-(difluoromethyl)-
[2,2'-bipyridine]-6-carboxylate (C36)

[00226] A solution of 2-bromo-3,5-dichloro-4-(difluoromethyl)pyridine (C99; 253
mg, 0.914 mmol) in DMF (2 mL) was purged with nitrogen through a needle for 30 min,
followed by the sequential addition of methyl 4-acetamido-3-chloro-6-
(trimethylstannyl)picolinate (C20; 250 mg, 0.64 mmol), Pd(PPh3)>Cl2 (45 mg, 0.064 mmol),
Cul (24 mg, 128 mmol), and cesium fluoride (194 mg, 1.28 mmol). The resulting mixture was
heated to 45-55 °C under a nitrogen purge for 4 h. The cooled reaction mixture was partitioned
between brine and EtOAc, the layers separated, and the organic layer dried over NaxSOs,
filtered and concentrated. Purification by silica gel chromatography with 2:1 hexane—EtOAc
as the eluent gave the title compound as an off—white solid (105 mg, 39%): 'H NMR (400
MHz, CDCls) 6 8.95 (s, 1H), 8.68 (s, 1H), 8.07 (s, 1H), 7.26 (t, J = 52.6 Hz, 1H), 4.01 (s, 3H),
2.33 (s, 3H); YFNMR (376 MHz, CDCl3) 8 -117.83; ESIMS m/z 424 (IM+H]").

[00227] The following compounds were prepared in like manner to the procedure
outlined in Example 83:

Methyl 4-acetamido-3',5,5'-trichloro-[2,2'-bipyridine]-6-carboxylate (C37)

[00228] Using the appropriate starting materials, the title compound was synthesized
and isolated as a white powder (251 mg, 61%): mp 212-217 °C; 'H NMR (400 MHz, DMSO-
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ds) 6 10.02 (s, 1H), 8.75 (d, J = 2.1 Hz, 1H), 8.61 (s, 1H), 8.41 (d, J = 2.1 Hz, 1H), 3.93 (s,
3H), 2.25 (s, 3H); *C NMR (101 MHz, DMSO-ds) & 170.12, 164.65, 153.26, 151.02, 148.72,
146.55, 144.04, 138.16, 131.58, 129.96, 118.27, 117.93, 52.98, 24.10; ESIMS m/z 374
(IM+H]").

Methyl 4-acetamido-4',5-dichloro-6'-(trifluoromethyl)-[2,3'-bipyridine]-6-carboxylate
(C38)

[00229] Using the appropriate starting materials, the title compound was synthesized
and isolated as a white solid (189 mg, 40%): mp 192-198 °C; 'H NMR (400 MHz, CDCl3) §
9.02 (s, 1H), 8.91 (s, 1H), 8.10 (s, 1H), 7.82 (s, 1H), 4.03 (s, 3H), 2.35 (s, 3H); *C NMR (101
MHz, CDCl3) 6 168.88, 164.44, 152.17, 151.36, 149.03 (q, J = 35.5 Hz), 148.55, 143.75,
143.01, 136.03, 122.10 (q, J/ = 3.1 Hz), 120.79 (q, J =275.7 Hz), 117.85, 116.75, 53.30, 25.12;
YF NMR (376 MHz, CDCls) & -68.09; ESIMS m/z 408 ((M+H]").

Methyl 4-acetamido-5-chloro-3'-fluoro-5'-methyl-[2,2'-bipyridine]-6-carboxylate (C39)

[00230] Using the appropriate starting materials, the title compound was synthesized
and isolated as a white powder (55 mg, 32%): '"H NMR (400 MHz, CDCl3) § 9.15 (d, J = 1.3
Hz, 1H), 8.40 (s, 1H), 8.09 (s, 1H), 7.35 (d, J = 11.2 Hz, 1H), 4.00 (s, 3H), 2.42 (s, 3H), 2.33
(s, 3H); *C NMR (101 MHz, CDCl3) 6 168.68, 164.75, 157.86 (d, J = 264.8 Hz), 153.04 (d, J
= 6.3 Hz), 147.89, 146.20 (d, J = 4.6 Hz), 142.96, 140.79 (d, J = 9.5 Hz), 136.55 (d, J = 4.2
Hz), 125.04 (d, J = 19.7 Hz), 117.57, 116.14 (d, J = 5.5 Hz), 53.09, 25.10, 18.00; ’F NMR
(376 MHz, CDCl3) & -122.9; ESIMS m/z 338 ([M+H]*).
Methyl 4-acetamido-3',5,6'-trichloro-5'-(trifluoromethyl)-[2,2' -bipyridine]-6-
carboxylate (C40)
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[00231] Using the appropriate starting materials, the title compound was synthesized
and isolated as a white powder (49 mg, 22%): 'H NMR (400 MHz, CDCl3) § 9.02 (s, 1H), 8.13
(s, IH), 8.09 (br s, 1H), 4.01 (s, 3H), 2.34 (s, 3H); *C NMR (101 MHz, CDCl3) & 168.73,
164.33, 155.75, 152.53, 147.60, 146.19, 143.28, 139.11 (q, J = 5.0 Hz), 129.53, 126.21 (q, J =
34.2 Hz), 121.29 (q, J =273.4 Hz), 118.58, 116.64, 53.26, 25.12; YF NMR (376 MHz, CDCl5)
0 -63.79; ESIMS m/z 442 (IM+H]").

Example 84: Preparation of 1-chloro-2-iodo-3-nitro-5-(trifluoromethyl)benzene (C41)

F o)
I

- NS
Cl

[00232] To a 5 mL vial were added 2-chloro-6-nitro-4-(trifluoromethyl)aniline (100
mg, 0.416 mmol), fert-butyl nitrite (124 pL, 1.039 mmol), and diiodomethane (1113 mg, 4.16
mmol). The vial was sealed and the reaction mixture was heated to 65 °C for 2 h. The reaction
mixture was loaded directly onto silica gel. Purification by chromatography eluting with
hexanes—EtOAc afforded the title compound as a yellow solid (66 mg, 45%): '"H NMR (500
MHz, CDCl3) § 7.90 (d, J = 1.9 Hz, 1H), 7.76 (d, J = 1.9 Hz, 1H); °F NMR (471 MHz, CDCl5)
8 -63.27; Y’F NMR (471 MHz, CDCI3) & -63.27; EIMS n/z 350.9.

Example 85: Preparation of 4,4,5,5-tetramethyl-2-(2,2,6-trifluorobenzo[d][1,3]dioxol-5-
yb)-1,3,2-dioxaborolane (C42)
H,C

CHs
9J§<C“3
F><o B~y “CH,
F o
F

[00233] The title compound was prepared according to Preparation 22 in Eckelbarger,
et al., U.S. Patent Application Publication 2014/0274701 Al. 2,2,5-Trifluoro-6-
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iodobenzo[d][1,3]dioxole (C43; 1.0 g, 3.31 mmol) was dissolved in dry THF (10 mL). The
mixture was cooled to 5 °C, treated with isopropylmagnesium chloride lithium chloride
complex (2.67 mL of a 1.3 M solution in THF, 3.48 mmol), and stirred for 1 h. 2-Isopropoxy-
4,4.5,5-tetramethyl-1,3,2-dioxaborolane (0.723 mL, 3.31 mmol) was added and stirring was
continued for 20 min. The reaction was quenched by addition of satd NH4Cl (5 mL) solution.
The reaction mixture was diluted with EtOAc (20 mL) and satd NaCl (10 mL). The organic
phase was washed with satd NaCl (10 mL), dried, and evaporated. The residue was dried under
vacuum. The title compound was isolated as a white solid (1.0 g, 100%): 'H NMR (400 MHz,
acetone-de) 6 7.52 (d, J = 5.6 Hz, 1H), 7.42 (d, J = 8.8 Hz, 1H), 6.49 (s, 1H), 3.93 (s, 3H); 1°F
NMR (376 MHz, CDCl3) 8 -49.96 (s), -104.21 (s); Y’F NMR (376 MHz, CDCl3) & -49.96 (s), -
104.21 (s); EIMS m/z 302.0.

Example 86: Preparation of 2,2,5-trifluoro-6-iodobenzo[d][1,3]dioxole (C43)

SCIOI

[00234] The title compound was prepared according to Preparation 21 in Eckelbarger,
et al, U.S. Patent  Application  Publication = 2014/0274701 Al. 2,2,6-
Trifluorobenzo[d][1,3]dioxol-5-amine (8.0 g, 41.9 mmol) was added to concentrated HCI1 (200
mL). The mixture was cooled to 5 °C and treated dropwise with sodium nitrite (4.33 g, 62.8
mmol) in water (10 mL) over ca 10 min. The mixture was stirred for 30 min at 5-10 °C and
then poured into a rapidly stirred two-phase mixture of sodium iodide in water (200 mL) and
DCM (100 mL). After 20 min the mixture was stirred with 10% sodium bisulfite solution for
20 min. The separated aqueous phase was extracted with DCM (75 mL), and the combined
extracts were washed with satd NaCl (30 mL), dried, and evaporated. Purification of the residue
by silica gel chromatography eluting with hexane gave the title compound as a white solid (6.4
g, 51%): '"H NMR (400 MHz, CDCl3) & 7.41 (d, J = 5.0 Hz, 1H), 6.90 (d, J = 6.6 Hz, 1H); '°F
NMR (376 MHz, CDCl3) & -49.63 (s), -95.24 (s); ’F NMR (376 MHz, CDCl3) 6 -49.63 (), -
95.24 (s); EIMS m/z 302.0.

Example 87: Preparation of 4,4,5,5-tetramethyl-2-(2,2,4 trifluorobenzo[d][1,3]dioxol-5-
yb)-1,3,2-dioxaborolane (C44)
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[00235] The title compound was prepared according to Preparation 28 in Eckelbarger,
et al., U.S. Patent Application Publication 2014/0274701 Al. 5-Bromo-2,2,4-
trifluorobenzo[d][1,3]dioxole (C45; 4.0 g, 15.7 mmol) was dissolved in dry THF (20 mL). The
mixture was cooled to -20 °C and treated with isopropylmagnesium chloride lithium chloride
complex (12.7 mL of a 1.3 M solution in THF, 16.5 mmol) in portions over ca 10 min. The
mixture was stirred for 30 min during which time the temperature rose to 0 °C. 2-Isopropoxy-
4,4.5,5-tetramethyl-1,3,2-dioxaborolane (3.42 mL, 16.8 mmol) was added, and the mixture was
stirred for 30 min at 10-15 °C. The mixture was treated with satd NH4Cl solution (10 mL) and
diluted with EtOAc (50 mL). The organic phase was washed with satd NaCl (15 mL), dried,
and evaporated. The title compound was isolated as a white solid (3.5 g, 74%): '"H NMR (400
MHz, CDCl3) 8 7.46 (d, J = 26.5 Hz, 1H), 6.90 (dd, J = 18.5, 4.5 Hz, 1H), 1.35 (s, 12H); I°F
NMR (376 MHz, CDCl3) & -49.70 (s), -126.00 (s); ’F NMR (376 MHz, CDCl3) & -49.70 (s), -
126.00 (s); EIMS m/z 302.0.

Example 88: Preparation of 5-bromo-2,2.4-trifluorobenzo[d][1,3]dioxole (C45)

F
E 0 Br
F><o:©/

[00236] The title compound was prepared according to Preparation 27 in Eckelbarger,
etal., U.S. Patent Application Publication 2014/0274701 A1. 4-Fluorobenzo[d][1,3]dioxole-2-
thione (C46; 4.8 g, 28.2 mmol) was dissolved in DCM (75 mL). The mixture was cooled to -
30 °C, was treated with HF-pyridine solution (70%, 18.15 mL, 141 mmol), and in portions with
1,3-dibromo-5,5-dimethylimidazolidine-2,4-dione (9.68 g, 33.9 mmol) over 30 min. The
mixture was stirred for 2 h at -20 to -30 °C and then stirred with 5% sodium bisulfite solution.
The separated organic phase was washed with satd NaCl (20 mL), dried and the bulk of the
DCM was removed by distillation through a Vigreux column. More volatiles were removed by
distillation (with no column) at 150 mm. The flask was put under vacumm (4-6 mmHg) and
2.5 g of distillate was taken overhead at 48—55 °C head temperature. This consisted of a 90:10
mixture of a single brominated isomer and the unbrominated product. 'H NMR spectral

analysis showed the bromo product to be the 4-bromo isomer. The product was used without
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further purification for conversion to the boronate as a brown oil (3.2 g, 45%): 'H NMR (400
MHz, CDCl3) 8 7.28 (dd, J = 8.6, 6.2 Hz, 1H), 6.81 (dd, J = 8.6, 1.3 Hz, 1H); 'F NMR (376
MHz, CDCl3) & -49.25 (s), -126.72 (s); ’F NMR (376 MHz, CDCls) & -49.25 (s), -126.72 (s);
EIMS m/z 254.0.

Example 89: Preparation of 4-fluorobenzo[d][1,3]dioxole-2-thione (C46)

F
s=<0:©
@)

[00237] The title compound was prepared according to Preparation 26 in Eckelbarger,
etal., U.S. Patent Application Publication 2014/0274701 A1l. 3-Fluorobenzene-1,2-diol (5.0 g,
39.0 mmol) and thiophosgene (3.29 mL, 42.9 mmol) were combined in CHCIs (50 mL). The
mixture was cooled to 10 °C and treated dropwise with a 10% NaOH solution (36 g, 90 mmol)
over ca 30 min. The reaction mixture was stirred for 2 h at 20 °C. The solvent was removed
under vacuum, and the solid was collected by filtration and washed with water. The solid was
dissolved in EtOAc (100 mL), and the solution was washed with water (30 mL), satd NaCl (30
mL), dried, and concentrated. Purification of the residue by silica gel chromatography with 0—
30% EtOAc-hexane afforded the title compound as a brown solid (5.1 g, 77%): mp 58-59 °C;
'"H NMR (400 MHz, CDCl3) 8 7.28 (m, 1H), 7.12 (m, 1H); ’F NMR (376 MHz, CDCl3) & -
131.32; EIMS m/z 170.

Example 90: Preparation of 2-(6-chloro-2,2-difluorobenzo[d][1,3]dioxol-5-yl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (C47)
H5;C

CHs
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[00238] The title compound was prepared according to Preparation 47 in Eckelbarger,
et al.,, U.S. Patent Application Publication 2014/0274701 Al. 5-Bromo-6-chloro-2,2-
difluorobenzo[d][1,3]dioxole (1.0 g, 3.68 mmol) was dissolved in dry THF (47.9 mL). The
mixture was cooled to 0-5 °C and was treated with the isopropylmagnesium chloride lithium
chloride complex (2.9 mL of a 1.3 M solution in THF, 3.87 mmol) over 10 min. After 30 min,
a solution of 2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (1.91 g, 10.3 mmol) in
THF (15 mL) was added over 5 min. Stirring was continued at 10-15 °C for 30 min. After 45
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min after the addition of the borolane, satd NH4Cl solution (10 mL) was added. The mixture
was shaken with EtOAc (20 mL) and satd NaCl (10 mL). The organic phase was washed with
satd NaCl (10 mL), dried, and concentrated. The title compound was isolated as a white solid
(1.2 g, 100%) that was used without further purification: '"H NMR (400 MHz, CDCl3) § 7.40
(s, 1H), 7.08 (s, 1H), 1.36 (s, 12H); EIMS m/z 318.

Example 91: Preparation of 2,2-difluoro-5-iodobenzo[d][1,3]dioxol-4-0l (C48)

OH
o) |
Exoﬁj

[00239] The title compound was prepared according to a method in Altenbach, R. J.,
et al., WO 2017/009804 Al. A solution of 2,2-difluorobenzo[d][1,3]dioxol-4-0] (2.00 g, 11.5
mmol) in MeOH (20.2 mL) was cooled to < 0° C, and N-ethyl-N-isopropylpropan-2-amine
(1.16 mL, 12.6 mmol) and iodine chloride (1.27 mL, 25.3 mmol) were added (drop wise at <
5°C). After 30 min, the reaction was quenched with satd aq Na»>S>03 (10 mL), and the mixture
was partitioned between water (10 mL) and Et>O (30 mL). The organic layer was washed with
brine (5 mL), dried over Na>SOj filtered, and concentrated. Purification of the residue by silica
gel column chromatography eluting with 0-20% EtOAc-hexane gave 2,2-difluoro-5,7-
diiodobenzo|d][1,3]dioxol-4-0l (1.03 g, 21%), 2,2-difluoro-5-iodobenzo[d][1,3]dioxol-4-0l
(0.487 g, 14%), and 2,2-difluoro-7-iodobenzo[d][1,3]dioxol-4-0l (1.19 g, 35%). 'H NMR (400
MHz, CDCl5) 6 7.39 (d, J = 8.5 Hz, 1H), 6.52 (d, J = 8.5 Hz, 1H), 6.24 (s, 1H); ’FNMR (376
MHz, CDCl3) 8 -49.42; ’F NMR (376 MHz, CDCl3) 6 -49.42; EIMS n/z 300.

Example 92: Preparation of 2,2-difluoro-5-iodo-4-methoxybenzo[d][1,3]dioxole (C49)

_CH
O 3
0 |
F
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[00240] To a cooled 0 °C solution of 2,2-difluoro-5-iodobenzo[d][1,3]dioxol-4-o0l
(€C48; 500 mg, 1.67 mmol) in anhydrous THF were added potassium carbonate (576 mg, 4.17
mmol) and dimethyl sulfate (0.788 mL, 8.33 mmol). The reaction mixture was warmed to room
temperature and allowed to stir for 3 h. The reaction was quenched with satd aq NH4ClI and
extracted with EtOAc (3 x 25 mL). The organic extracts were combined, dried over NaxSQOs,

and concentrated. Purification of the resulting brown residue by silica gel chromatography

-96-



WO 2019/084353 PCT/US2018/057626

afforded the title compound as a white solid (448 mg, 69%): 'H NMR (500 MHz, CDCls) &
7.47(d, J=8.4 Hz, 1H), 6.54 (d, J = 8.4 Hz, 1H), 4.12 (s, 3H); YF NMR (471 MHz, CDCl3) &
-49.78; EIMS m/z 314.0.

Example 93: Preparation of 4,4,5,5-tetramethyl-2-(2,2,7-trifluorobenzo[d][1,3]dioxol-5-
yb)-1,3,2-dioxaborolane (C50)
HyC CHg
CHs

P
F O B \O CH3
X
O
F

[00241] The title compound was prepared according to Preparation 51 in Eckelbarger,
et al., U.S. Patent Application Publication 2014/0274701 Al. 6-Bromo-2,2,4-
trifluorobenzo[d][1,3]dioxole (C51; 2.00 g, 7.84 mmol) was dissolved in dry THF (10 mL),
cooled to -5 to 0 °C, and treated in portions with isopropylmagnesium chloride lithium chloride
complex (6.34 mL of a 1.3 M solution in THF, 8.24 mmol) while keeping the temp. below 5
°C. The cooling bath was removed, and the mixture was stirred for 30 min. 2-Isopropoxy-
4,4.5,5-tetramethyl-1,3,2-dioxaborolane (1.56 g, 8.39 mmol) was added, and the mixture was
stirred for 1 h. The mixture was treated with satd NH4Cl (5 mL) and stirred for 5 min. The
mixture was diluted with EtOAc (40 mL) and satd NaCl (10 mL). The pH was adjusted to ca 2
with HCI and after extraction, the organic phase was washed with satd NaCl (5 mL), dried and
concentrated. The title compound was isolated as a brown oil (2.1 g, 89%), which was used
without further purification: '"H NMR (400 MHz, CDCl3) 8 7.36 (d, J =9.8 Hz, 1H), 7.29 (d, J
= 6.5 Hz, 1H), 1.33 (s, 12H); YFNMR (376 MHz, CDCl3) 8 -49.79, -136.26; EIMS m/z 302.0.

Example 94: Preparation of 6-bromo-2,2.4-trifluorobenzo[d][1,3]dioxole (C51)

. 0 Br
FXOK;V
F

[00242] The title compound was prepared according to Preparation 50 in Eckelbarger,
et al, U.S. Patent Application Publication 2014/0274701 Al. 6-Bromo-4-
fluorobenzo[ d][1,3]dioxole-2-thione (C52; 6.5 g, 26.1 mmol) was dissolved in DCM (150 mL).
The solution was cooled to -35 °C, was treated with HF-pyridine solution (70%, 35.0 mL, 272

mmol), and in portions with 1-iodopyrrolidine-2,5-dione (19.0 g, 84.4 mmol). Over 30 min,
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the reaction was warmed from -35 to 0°C. The cooling bath was removed and allowed to warm
to 25 °C over 30 min, at which point, the conversion was complete. The reaction mixture was
treated in portions with external cooling below 15 °C with NaHSOs3 (8g) in water (50 mL) with
stirring for 15 min. The mixture was further diluted with water (200 mL) to dissolve solids.
The organic phase was washed with satd NaCl (30 mL) and dried. The volatiles were removed
by distillation through a 7 tray Oldershaw column and then through a 200 mm Vigreux column
at 1 atm until the pot volume was ca. 50 mL. Distillation was stopped when the head
temperature was maintained at 75 °C during removal of ca. 10 mL distillate and then dropped
as heating was applied. After cooling, the product was distilled at ca. 50 mmHg at a temperature
of 75-80 °C. The title compound was isolated as a pink liquid (5.3 g, 74%): 'H NMR (400
MHz, CDCl3) § 7.11 (dd, J = 9.0, 1.7 Hz, 1H), 7.07 (m, 1H); '’F NMR (376 MHz, CDCl3) § -
49.56, -132.65; EIMS m/z 254.0.

Example 95: Preparation of 6-bromo-4-fluorobenzo[d][1,3]dioxole-2-thione (C52)

o) Br
=T
@)
F

[00243] The title compound was prepared according to Preparation 49 in Eckelbarger,
et al., U.S. Patent Application Publication 2014/0274701 Al. 5-Bromo-3-fluorobenzene-1,2-
diol (2.0 g, 9.66 mmol) was dissolved in chloroform (25 mlL) and was treated with
thiophosgene (0.815 mL, 10.6 mmol). The reaction mixture was cooled to 0-5 °C. A 10% aq
NaOH solution (8.89 g, 22.2 mmol) was added dropwise with vigorous stirring over ca 30 min.
The reaction was stirred for another 30 min after the addition was complete. After 1 h, the
chloroform was removed under vacuum, and the pH was adjusted to ca 2 by addition of 6 M
HCI. The solid product was taken up in EtOAc (120 mL). The organic phase was washed with
satd NaCl (30 mL), dried, and concentrated. Purification by silica gel chromatography with O—
30% EtOAc-hexane provided the title compound as a brown solid (1.5 g, 59%): 'H NMR (400
MHz, CDCI3) § 7.35 — 7.30 (m, 1H), 7.29 (d, J = 1.6 Hz, 1H); °F NMR (376 MHz, CDCl3) 8
-128.93; EIMS m/z 248.0.

Example 96: Preparation of 2-(7-fluorobenzo[b]thiophen-6-yl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (C53)
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HsC

CHs
F (I)/g<CH3
S B\o CH3
N\

[00244] 6-Bromo-7-fluorobenzo[b]thiophene (1.00 g, 4.33 mmol), anhydrous
potassium acetate (0.849 g, 8.65 mmol) and 4,4,4'4'5,5,5,5'-octamethyl-2,2"-bi(1,3,2-
dioxaborolane) (1.21 g, 4.76 mmol) were combined in dry dioxane (15 mL), and the mixture
was sparged with nitrogen for 10 min and treated with Pd(dppf)Cl» (0.177 g, 0.216 mmol). The
reaction mixture was heated to 90 °C for 20 h. The mixture was cooled, stirred with EtOAc (50
mL) and water (20 mL) and filtered through Celite®. The organic phase was washed with satd
NaCl (10 mL), dried, and concentrated. Purification by silica gel chromatography with 0-30%
EtOAc-hexane gave the title compound as a white solid (820 mg, 65%): mp 107-108 °C; 'H
NMR (400 MHz, DMSO-ds) 6 7.98 (d, J =5.3 Hz, 1H), 7.74 (dd, J = 7.9, 1.0 Hz, 1H), 7.64 —
7.57 (m, 1H), 1.33 (s, 12H); °F NMR (376 MHz, DMSO-ds) & -104.03; EIMS m/z 278.

Example 97: Preparation of 6-bromo-7-fluorobenzo[b]thiophene (C54)

F
S Br

\

[00245] Ethyl 6-bromo-7-fluorobenzo|b]thiophene-2-carboxylate (4.1 g, 13.52 mmol)
was added to EtOH (50mL) and water (50 mL), treated with potassium hydroxide (4.17 g, 74.4
mmol), and heated to reflux for 3 h. After cooling, much of the EtOH was removed by
evaporation under vacuum. The residue was taken up in water and made acidic with 1 M HCI.
The precipitated acid was taken up in EtOAc (100 mL), and the solution was washed with satd
NaCl (15 mL), dried, and concentrated to give 3.5 g of the acid. The acid (2.5 g, 12mmol) and
copper powder (260 mg, 4.0 mmol) were combined in quinoline (12 mL), and the mixture was
heated to 185 °C. Evolution of gases was observed. After 45 min of heating, the mixture was
cooled, diluted with EtOAc (100 mL), and stirred with 1 M HCI (150 mL) for 10 min. The
mixture was filtered through Celite® to remove solids. The organic phase was washed with
water (20 mL) and satd NaCl (20 mL), dried, and concentrated. Purification by silica gel
chromatography with 0—5% EtOAc-hexanes provided material that contained ca 80% of the
title compound. The material was further purified by RP-HPLC with 70% acetonitrile buffered
with 0.20% H3POj as the eluent. The title compound was isolated as a white crystalline solid:

mp 45-46° C; 'H NMR (400 MHz, DMSO-ds) 6 7.92 (dd, J = 5.3, 0.5 Hz, 1H), 7.72 (d, J = 8.4
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Hz, 1H), 7.67 (dd, J = 8.4, 6.3 Hz, 1H), 7.58 (dd, J = 5.3, 3.9 Hz, 1H); 9F NMR (376 MHz,
DMSO-de) § -110.20; EIMS m/z 232.

Example 98: Preparation of 6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
ybhbenzo[d]oxazole (C55)
H,;C

CHs
(,)J§<CH3
0 B~o” “CH,
<

N

[00246] 6-Bromobenzo|d]oxazole (0.600 g, 3.03 mmol), anhydrous potassium acetate
(0.595 g, 6.06 mmol) and 4,4,4',4'.5,5,5",5'-octamethyl-2,2'-bi(1,3,2-dioxaborolane) (0.846 g,
3.33 mmol) were combined in dry dioxane (10 mL), and the mixture was sparged with nitrogen
for 15 min. The reaction mixture was treated with Pd(dppf)Cl> (0.124 mg, 0.152 mmol) and
was heated to 90° C for 16 h After cooling, the mixture was shaken with EtOAc (45 mL) and
satd NaCl (10 mL) and was filtered to remove dark solids. The organic phase was dried and
concentrated. Purification by silica gel chromatography with 0-30% EtOAc—hexane afforded
the title compound as white crystals (600 mg, 74%): mp 79-81 °C; 'H NMR (400 MHz, CDCl5)
0 8.13 (s, 1H), 8.04 (s, 1H), 7.80 (qt, J = 3.3, 1.8 Hz, 2H), 1.37 (s, 12H); EIMS m/z 245.

Example 99: Preparation of 1-fluoro-5-iodo-4-methoxy-2-(trifluoromethyl)benzene
(C56)

CH
o 3

F

[00247] A flask was charged with DCM (95 mL) and I-chloro-4-methoxy-2-
(trifluoromethyl)benzene (5 g, 23.74 mmol) to form a clear solution. [odine (6.63 g, 26.1 mmol)
and silver trifluoromethanesulfonate (7.32 g, 28.5 mmol) were added sequentially. The reaction
mixture was allowed to stir at room temperatuer under nitrogen atmosphere. After 1.5 h, he
reaction was filtered through Celite®, eluting with DCM until the eluent was no longer purple.
The purple filtrate was extracted with satd aq sodium thiosulfate (50 mL) until the mixture was
all light yellow. The biphasic mixture was diluted with water (100 mL) and the layers were
separated. The aqueous layer was extracted with DCM (2 x 50 mL). The combined organic
extracts were dried with Na»>SOs, filtered, and concentrated by rotary evaporation to give 9.0 g

of brown liquid containing fine needle crystals. Purification of the mixture (which was loaded
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in minimal DCM directly onto a dry column) by silica gel flash column chromatography eluting
with 0-3% EtOAc—heptane. The title compound was isolated as a white crystalline solid (1.677
g, 85%): 'H NMR (500 MHz, CDCl3) § 7.69 — 7.54 (m, 1H), 6.93 (d, J = 5.8 Hz, 1H), 3.90 (s,
3H); YFNMR (471 MHz, CDCl3) § -61.54, -123.86; 'F NMR (471 MHz, CDCl3) 6 -61.54, -
123.86; EIMS m/z 320.0.

Example 100: Preparation of 2-(5-fluoro-2-methoxy-4-(trifluoromethyl)phenyl)-4,4,5,5-

tetramethyl-1,3,2-dioxaborolane (C57)
HsC

CH3;

(,)/g<CH3
F B\O CHs

F o _CHj

F

F
[00248] To a degassed solution of potassium acetate (1.023 g, 10.43 mmol), 1-fluoro-

5-iodo-4-methoxy-2-(trifluoromethyl)benzene  (C356; 776 mg, 2.425 mmol) and
4,44'.4'55,5,5"-octamethyl-2,2'-bi(1,3,2-dioxaborolane) (739 mg, 2.91 mmol) in 1,4-dioxane
(12.1 mL) was added Pd(PPh3)>Cl» (0.170 g, 0.242 mmol). The reaction was stirred at reflux
overnight. Another 0.10 equiv of catalyst was added. After 3 h, the reaction mixture was cooled
and concentrated. The residue was loaded onto silica. Purification by column chromatography
(hexanes—EtOAc) afforded the title compound as a white solid (313 mg, 34%): 'H NMR (300
MHz, CDCls) & 7.47 (d, J = 10.2 Hz, 1H), 7.00 (d, /= 5.2 Hz, 1H), 3.85 (s, 3H), 1.36 (s, 12H);
YF NMR (471 MHz, CDCls) 8 -61.67, -126.88; EIMS m/z 320.1.

Example 101: Preparation of 2-(2-fluoro-5-methyl-4-(trifluoromethyl)phenyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (C58)
H5C

CH5
?/&CHs

[00249] Benzoic peroxyanhydride (0.025 g, 0.104 mmol) and 4.,4,4',4'5,5,5',5'-
octamethyl-2,2'-bi(1,3,2-dioxaborolane) (1.446 g, 5.70 mmol) were weighed in a 20 mL sealed
tube. MeCN (15.7 mL), 2-fluoro-5-methyl-4-(trifluoromethyl)aniline (1.00 g, 5.18 mmol) and

tert-butyl nitrite (0.924 mL, 7.77 mmol) were then added in succession. The resulting reaction

-101-



WO 2019/084353 PCT/US2018/057626

solution was allowed to stir for 1~2 h at 60 °C. (Nitrogen gas evolution was completed within
5 min.) The solution was concentrated under reduced pressure. Purification of the residue by
flash chromatography afforded the title compound as an orange oil (0.745 g, 45%): '"H NMR
(500 MHz, CDCI3) & 7.63 (d, J = 5.7 Hz, 1H), 7.32 = 7.24 (m, 1H), 2.44 (dd, J = 2.3,1.3 Hz,
3H), 1.37 (s, 12H); YFNMR (471 MHz, CDCl3) § -62.71, -106.05; EIMS /2 289.1 ([M-Me]).

Example 102: Preparation of 1-chloro-2-iodo-4-methoxy-5-(trifluoromethyl)benzene

(C59)

0
H3C

F
F

Cl

[00250] In a 5 mL vial were added 2-chloro-5-methoxy-4-(trifluoromethyl)aniline
(429 mg, 1.90 mmol), tert-butyl nitrite (23.1 pL, 0.194 mmol), and diiodomethane (208 mg,
0.776 mmol). The vial was sealed and the reaction mixture was heated to 65 °C for 2 h. The
reaction mixture was loaded directly onto a silica gel column. Purification by column
chromatography eluting with hexanes—EtOAc afforded the title compound as a yellow solid
(132 mg, 20.6%): 'H NMR (500 MHz, CDCl3) § 7.58 (s, 1H), 7.44 (s, 1H), 3.89 (s, 3H); F
NMR (471 MHz, CDCl3) § -63.01; EIMS m/z 336.0.

Example 103: Preparation of 5-amino-4-chloro-2-(trifluoromethyl)benzonitrile (C60)

N
X NH,

F
Cl

F

[00251] A 20 mL vial was charged with 5-bromo-2-chloro-4-(trifluoromethyl)aniline
(159 mg, 0.579 mmol) and N,N-dimethylformamide (1158 pL). The mixture was heated to
140°C for 12 h. The reaction mixture was cooled and poured into water (20 mL) containing
concentrated ammonium hydroxide (2 mL). The mixture was diluted DCM (100 mL) and was
filtered through Celite®. The layers were separated, and the aqueous layer was extracted with
DCM. The organic extracts were combined, dried over Na>SOas, and concentrated under
reduced pressure. The resulting brown residue was loaded onto silica gel. Purification by
column chromatography eluting with a gradient of pure hexanes (300 mL) to hexanes—EtOAc
(20:1, 300 mL; 10:1, 300 mL; and 5:1, 300 mL). An incremental gradient eluting with less

polar solvent systems is critical to separate the cyanobromide byproduct from the desired
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product. The title compound was isolated as a white solid (41 mg, 32%): '"H NMR (500 MHz,
CDCl3) 6 7.64 (s, 1H), 7.12 (s, 1H), 4.67 (s, 2H); ’F NMR (471 MHz, CDCl3) § -60.60; EIMS
m/z.221.

Example 104: Preparation of 4-chloro-5-iodo-2-(trifluoromethyl)benzonitrile (C61)
N |

Cl
F

[00252] To a 20 mL vial was added 5-amino-4-chloro-2-(trifluoromethyl)benzonitrile
(C60; 0.041 g, 0.186 mmol) and diiodomethane (0.299 mlL., 3.72 mmol). The mixture was
heated to 100 °C before adding tert-butyl nitrite (0.055 mL, 0.465 mmol). Vigorous gas
eveloution was observed upon addition. The reaction mixture was allowed to stir at elevated
temperature for 2 hours before cooling and loading the reaction onto silica gel
chromatographing with hexanes/EtOAc to afford 4-chloro-5-iodo-2-
(trifluoromethyl)benzonitrile (37.5 mg, 0.107 mmol, 57.8 % yield). as a clear oil (37.5 mg,
57.8%): ; 'H NMR (400 MHz, CDCl3) & 8.35 — 8.27 (m, 1H), 7.82 (s, 1H).; YF NMR (376
MHz, CDCI3) § -62.37.; ’F NMR (376 MHz, CDCI3) & -62.37.; ; EIMS m/z 331.0.

Example 105: Preparation of S5-fluoro-6-(trimethylstannyl)benzo[c][1,2,5]oxadiazole

(C62)
CH,

[00253] To a solution of 1,1,1,2,2,2-hexamethyldistannane (1.051 ml, 5.07 mmol) in
toluene (9.22 mlL) was added 5-bromo-6-fluorobenzo|c][1,2,5]oxadiazole (1.000 g, 4.61
mmol). For the preparation of 5-bromo-6-fluorobenzo[c][1,2,5]oxadiazole (1.000 g, 4.61
mmol) see U.S. Patent Application Publication 2014/0274702. After being de-gassed and
backfilled with nitrogen, Pd(dppf)Cl» ( 0.376 g, 0.461mmol, 0.1 equiv) was added. The
reaction was stirred at reflux overnight under nitrogen, cooled and concentrated. The residue
was purified by silica gel column chromatography eluting with pure hexanes followed by 10:1
hexanes—EtOAc. The product containing fractions were collected and concentrated to afford 5-

fluoro-6-(trimethylstannyl)benzo[c][1,2,5]oxadiazole (0.953 g, 69%).
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Example 106: Preparation of 1-chloro-2-iodo-3-methyl-5-(trifluoromethyl)benzene
(C63)
Cl

F

CH
F 3

F

[00254] To a 50 mL sealed tube were added 2-chloro-6-methyl-4-
(trifluoromethylaniline (C64; 0.895 g, 4.27 mmol) and diiodomethane (22.88 g, 85 mmol).
The heterogeneous mixture was heated to 110°C. terr-Butyl nitrite (1.10 g, 10.7 mmol) was
added in a single portion. Upon addition, the reaction mixture turned orange and became
homogenous. Two additional 2.5-equiv portions (total of 5 equivs) of tert-butyl nitrite were
added over 4 h. After 4 h, the reaction was cooled to room temperature and loaded onto silica
gel Purification by column chromatography eluting with hexanes furnished the title compound
as a clear oil (634 mg, 46%): 'H NMR (400 MHz, CDCl3) & 7.52 (dt, J = 2.3, 0.8 Hz, 1H), 7.34
(dt, J=2.2,0.7 Hz, 1H), 2.59 (s, 3H); '’F NMR (376 MHz, CDCl3) 6 -63.05; EIMS m/z 320.0.

Example 107: Preparation of 2-chloro-6-methyl-4-(trifluoromethyl)aniline (C64)

CHj;
NH,

Cl
F

[00255] A 50 mL sealed vial was charged with 2-methyl-4-(trifluoromethyl)aniline
(2.50 g, 14.3 mmol), 1-chloropyrrolidine-2,5-dione (2.10 g, 15.7 mmol) and MeCN (28.5 mL).
The mixture was headed to 80 °C for 12 h. The reaction mixture was loaded directly onto silica
gel. Purification by column chromatography eluting with a linear gradient of 0—100% EtOAc—
hexanes afforded the title compound as a clear, viscous 0il (0.895 g, 30%): 'H NMR (400 MHz,
CDCl3) & 7.44 —7.34 (m, 1H), 7.23 — 7.13 (m, 1H), 4.32 (s, 2H), 2.23 (s, 3H); '’F NMR (376
MHz, CDCls) 6 -61.32; ESIMS m/z 210.0 ((M+H]").

Example 108: Preparation of 2-(2-chloro-5-nitro-4-(trifluoromethyl)phenyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (C65)
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CH,
(|)|+ ?J§<CH3
o N B~g” “CH,
F
cl
F

[00256] Benzoic peroxyanhydride (0.020 g, 0.083 mmol) and 4,4,4'.4'5,5,5"5'-
octamethyl-2,2'-bi(1,3,2-dioxaborolane) (1.16 g, 4.58 mmol) were weighed in a 20 mL sealed
tube. MeCN (12.6 mL), 2-chloro-5-nitro-4-(trifluoromethyl)aniline (C66; 1.00 g, 4.16 mmol)
and tert-butyl nitrite (0.742 mL, 6.24 mmol) were then added in succession. The resulting
reaction solution was allowed to stir for 2 h at 60 °C. (Nitrogen gas evolution was complete
within 5 min.) The solution was then concentrated under reduced pressure, and the brown oily
residue was used without further purification: '"H NMR (400 MHz, CDCl5)  8.24 (s, 1H), 7.79
(s, 1H), 1.39 (s, 12H); YF NMR (376 MHz, CDCl3) 6 -61.50.

Example 109: Preparation of 2-chloro-5-nitro-4-(trifluoromethyl)aniline (C66)

I
'O’N+ NH,

Cl
F

[00257] 3-Nitro-4-(trifluoromethyl)aniline (1.5 g, 7.28 mmol) was weighed into a 25
mL round bottom flask equipped with a septa. Methanol (14.6 mL) was added and the mixture
was stirred until complete dissolution was achieved. 1-Chloropyrrolidine-2,5-dione (0.972 g,
7.28 mmol) was added in a single portion with stirring. The reaction mixture was allowed to
stir at room temperature until complete consumption of the starting material was observed.
After 24 h, the reaction mixture was concentrated and loaded directly onto silica gel.
Purification by column chromatography eluting with 90% hexanes and EtOAc furnished the
title compound as an orange solid (1.00 g, 57%): '"H NMR (400 MHz, CDCI3) & 7.66 (s, 1H),
7.25 (s, 1H), 4.78 (s, 3H); ’F NMR (376 MHz, CDCl3) & -58.75; EIMS m/z 240.

Example 110: Preparation of 2,2-difluoro-5-iodo-4-methoxy-7-vinylbenzo[d][1,3]dioxole
(C67)
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_CH
0 3
0 |
F
4
NS

[00258] To a cooled 0 °C solution of 2,2-difluoro-5-iodo-7-vinylbenzo[d][1,3]dioxol-
4-0l (C68; 36.0 mg, 0.110 mmol) in anhydrous THF was added potassium carbonate (76 mg
0.552 mmol). The reaction mixture was allowed to stir at 0 °C for 30 min before the addition
of dimethyl sulfate (0.1 mL, 1.06 mmol) as a 2.0 M solution in tert-butyl methyl ether. The
reaction mixture was warmed to room temperature and allowed to stir for 3 h before being
concentrated and loaded directly onto silica. Purification by column chromatography eluting
with hexanes and ethyl acetate provided the title compound as a clear oil (40 mg, 100%): 'H
NMR (500 MHz, CDCl3) 6 7.50 (s, 1H), 6.55 — 6.48 (m, 1H), 5.83 (dd, /= 17.7, 0.7 Hz, 1H),
5.42(dd, J = 11.2, 0.7 Hz, 1H), 4.11 (s, 3H); ’F NMR (471 MHz, CDCl5) & -49.39; ESIMS
m/z 341.4 ([M+H]").

Example 111: Preparation of 2,2-difluoro-5-iodo-7-vinylbenzo[d][1,3]dioxol-4-0l (C68)

OH
0 |
F
4
NS
CH,

[00259] To a solution of ((2,2-difluoro-5-iodo-7-vinylbenzo[d][1,3]dioxol-4-
yDoxy)triisopropylsilane (C69; 140 mg, 0.290 mmol) in THF (2 mL) was added
tetrabutylammonium fluoride hydrate (81 mg, 0.290 mmol) in a single portion at room
temperature. The reaction mixture was allowed to stir overnight. The reaction mixture was
concentrated and the residue was loaded onto silica gel. Purification by column
chromatography with a linear gradient of hexanes—EtOAc afforded the title compound as a
clear oil (36 mg, 36%): '"H NMR (500 MHz, CDCl3) & 7.41 (s, 1H), 6.51 (dd, /= 17.8, 11.3
Hz, 1H), 5.82 (d, J = 17.8 Hz, 1H), 5.42 (d, /= 11.3 Hz, 1H); ’F NMR (471 MHz, CDCl3) & -
48.98; EIMS m/z 326.0.

Example 112: Preparation of ((2,2-difluoro-5-iodo-7-vinylbenzo[d][1,3]dioxol-4-
yDoxy)triisopropylsilane (C69)
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[00260] Procedure adapted from: U.S. Pat. Appl. Publ., 20140080862, 20 Mar 2014.
To a 25 mL wvial was added ((2,2-difluoro-5,7-diiodobenzo[d][1,3]dioxol-4-
yDoxy)triisopropylsilane (C70; 200 mg, 0.344 mmol), tributyl(vinyl)stannane (120 mg, 0.378
mmol) and toluene. The mixture was degassed with nitrogen for 10 min before adding Pd(dppf)
as a complex with dichloromethane (1:1). The reaction mixture was heated at 100 °C for 16 h
and was concentrated under reduced pressure. Purification of the residue by chromatography
(silica gel, heptane—EtOAc) afforded the title compound as a clear oil (140 mg, 84%): 'H NMR
(500 MHz, CDCI3) 6 7.50 (s, 1H), 6.51 (dd, J=17.7, 11.3 Hz, 1H), 5.81 (dd, /= 17.8, 0.7 Hz,
1H), 5.39(dd, J = 11.3, 0.7 Hz, 1H), 1.44 — 1.36 (m, 3H), 1.14 (d, J = 7.6 Hz, 18H); ’"F NMR
(471 MHz, CDCls) & -49.40; EIMS m/z 482.2.

Example 113: Preparation of ((2,2-difluoro-5,7-diiodobenzo[d][1,3]dioxol-4-
yloxy)triisopropylsilane (C70)

©Hs op,

e I

HsC Si\ CHj
F 0
FA(O CHs
o)

I

[00261] A solution of 2,2-difluoro-5,7-diiodobenzo[d][1,3]dioxol-4-o0l (C72; 491 mg,
1.15 mmol) in DCM (2023 pL) and 2,6-dimethylpyridine (267 pL, 2.306 mmol) in DCM (2023
uLl) was cooled to < 0° C. Triisopropylsilyl trifluoromethanesulfonate (465 pL, 1.73 mmol)
was added (drop wise at < 5°C), and the reaction mixture was allowed to stir at room
temperature for 2 h before being loaded directly onto silica gel. Purification by silica gel
chromatography eluting with hexanes—EtOAc (100% to 10%) afforded the title compound as
a clear oil (510 mg, 76%): 'H NMR (500 MHz, CDCl3) 6 7.76 (s, 1H), 1.43 - 1.34 (m, 3H),
1.13 (d, J=7.5 Hz, 18H); F NMR (471 MHz, CDCl3) & -49.18; EIMS m/z 582.1.
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Example 114: Preparation of 2-(3-bromo-2-chloro-4-(trifluoromethyl)phenyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (C71)

HyC CH;
9J§<C“3
B~o” “CHs
F
Cl
F
F Br

[00262] Lithium 2,2,6,6-tetramethylpiperidin-1-ide (2.84 g, 19.27 mmol) was placed
in an oven-dried 250-mL round-bottomed flask in a glovebox and removed. Diethyl ether (75
mL) was added and the solution was cooled to -78 °C (reaction mixture is not homogeneous).
2-Bromo-1-chloro-3-(trifluoromethyl)benzene (5.00 g, 19.3 mmol, 1.0 equiv) was added as
solution in ether (25 mL) dropwise over 10 minutes and the mixture was allowed to stir at -78
°C for 1 hour. 2-Isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (3.9 mL, 19.27 mmol, 1.0
equiv) was then added to the non-homogeneous reaction mixture over 10 minutes and the
reaction was allowed to warm slowly to room temperature overnight. The reaction was
quenched with saturated NH4CI at 0 °C and warmed to room temperature, layers separated.
The aqueous was further extracted with diethyl ether (2) and the combined organics dried over
sodium sulfate, filtered and concentrated. Purification over silica gel using a 0 to 5% ethyl
acetate/hexane gradient afforded the title compound (3.87 g, 52% yield) as a viscous yellow

oil.

Example 115: Preparation of 2,2-difluoro-5,7-diiodobenzo[d][1,3]dioxol-4-0l (C72)

OH
F—y©

o |

|
[00263] The title compound was prepared according to a method in Altenbach, R. J.,
et al., WO 2017/009804 Al. A solution of 2,2-difluorobenzo[d][1,3]dioxol-4-0] (2.00 g, 11.5
mmol) in MeOH (20.2 mL) was cooled to < 0° C, and N-ethyl-N-isopropylpropan-2-amine
(1.16 mL, 12.6 mmol) and iodine chloride (1.27 mL, 25.3 mmol) were added (drop wise at <
5°C). After 30 min, the reaction was quenched with satd aq Na»>S>03 (10 mL), and the mixture
was partitioned between water (10 mL) and Et>O (30 mL). The organic layer was washed with

brine (5 mL), dried over Na>SOj filtered, and concentrated. Purification of the residue by silica
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gel column chromatography eluting with 0-20% EtOAc-hexane gave 2,2-difluoro-5,7-
diiodobenzo|d][1,3]dioxol-4-0l (1.03 g, 21%), 2,2-difluoro-5-iodobenzo[d][1,3]dioxol-4-0l
(0.487 g, 14%), and 2,2-difluoro-7-iodobenzo[d][ 1,3]dioxol-4-0l (1.19 g, 35%). The structure
of 2,2-difluoro-7-iodobenzo[d][1,3]dioxol-4-0] was confirmed using two-dimensional NMR
experiments. The compound was isolated as a white solid (1.03 g, 21%): 'H NMR (400 MHz,
CDCl3) 8 7.69 (s, 1H); ’F NMR (376 MHz, CDCI3) 6 -49.42; EIMS m/z 425.9.

Example 116: Preparation of 6-fluoro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yhbenzo[d]thiazole (C73)
H,C

CHs

(,)/S<CH3

</N:<IB\O CHs
S F

[00264] 5-Bromo-6-fluorobenzo[d]thiazole (2.5 g, 10.8 mmol) and potassium acetate
(KOACc; 2.11 g, 21.5 mmol) were combined in dry dioxane (20 mL), sparged with a stream of
nitrogen for 15 min, treated with the 4,4,4',4',5,5,5',5"-octamethyl-2,2'-bi(1,3,2-dioxaborolane)
(3.01 g, 11.9 mmol) and Pd(dppf)Cl> (0.440 g, 0.539 mmol) and heated to 95 °C for 6 h.
Additional catalyst (240 mg) was added and heating was continued for 6 h more. The cooled
reaction mixture was stirred with EtOAc (50 mL) and water (20 mL) for 20 min, and filtered
to remove the dark solids. The organic phase was washed with satd NaCl (10 mL), dried, and
concentrated. Purification by chromatography with 0-30% EtOAc-hexane as eluent gave the
title compound as tan crystals (1.5 g, 45%): '"H NMR (400 MHz, DMSO-ds) 6 9.39 (s, 1H),
8.26 (d, /= 5.1 Hz, 1H), 8.05 (d, J = 9.0 Hz, 1H), 1.34 (s, 12H);!°F NMR (376 MHz, DMSO-
ds) 6 -106.91; EIMS m/z 231/233.

Example 117: Preparation of 5-bromo-6-fluorobenzo[d]thiazole (C74)
N Br
(XX
S F
[00265] Potassium o-ethyl carbondithioate (5.36 g, 33.5 mmol), 5-bromo-2.4-
difluoroaniline (5.8 g, 27.9 mmol) were combined in dry N-methyl-2-pyrrolidone (NMP; 40
mL) and heated to 100° C for 18 h. After cooling, the mixture was partitioned between EtOAc

(50 mL) and water (30 mL). The aqueous. phase was extracted with EtOAc (30 mL) and the

combined organic phases were washed water (2 x 25 mL), satd NaCl (25 mL), dried and
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concentrated to give the intermediate thiol (5.4 g) as a tan solid. This material was combined
in methanol (120 mL) with nickel chloride hexahydrate (3.3 g, 14 mmol)and zinc powder (3.7
g, 56 mmol), heated to reflux and treated dropwise with concentrated HCl (20 mL). The
reaction mixture was heated for 2 h after the addition was complete. The cooled mixture was
stirred with EtOAc (200 mL) and treated with concentrated aq ammonia until the pH was > 10.
The organic phase was washed with satd NaCl (40 mL), dried and concentrated. Purification
by chromatography with 0—40% EtOAc—hexanes gave the title compound as a yellow solid
(3.2 g, 47%): mp 86-88 °C; 'H NMR (400 MHz, DMSO-ds) & 9.44 (s, 1H), 8.47 (d, J = 6.3
Hz, 1H), 8.30 (d, J = 8.6 Hz, 1H); 1°F NMR (376 MHz, DMSO-ds) & -111.18; EIMS m/z 232.

Example 118: Preparation of 2-(2-fluoro-3-methyl-4-(trifluoromethyl)phenyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (C75)

HaC CHs
9o
B\o CH3
F
F
F  CHs

[00266] To a stirred solution of bis(isopropyl)amine (2.36 mL, 16.8 mmol) in THF
(46.8 mL) at -78 °C was added butyllithium (6.18 mL, 15.44 mmol). The resulting pale yellow
solution was stirred at -78 °C for 15 min, warmed to O °C for 15 min, then recooled to -78 °C
for 15 min. 1-Fluoro-2-methyl-3-(trifluoromethyl)benzene (2.5 g, 14.0 mmol) was then added
and the resulting solution was stirred at -78 °C for 2 h. 2-Isopropoxy-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (2.86 mL, 14.02 mmol) was then added, and the solution was allowed to slowly
warm to room temperature and stirred overnight. The reaction mixture was diluted with 0.1 M
HCl and extracted with DCM. The combined organic extracts were dried over Mg>SO4, filtered,
and concentrated. Purification of the residue by flash chromatography on silica (5-30%
EtOAc-hexane) yielded the title compound as a clear oil (2.45 g, 57%): '"H NMR (400 MHz,
CDCl3) 8 7.68 — 7.56 (m, 1H), 7.39 (d, J = 7.8 Hz, 1H), 2.39 — 2.33 (m, 3H), 1.37 (s, 13H); °F
NMR (376 MHz, CDCl3) 6 -61.39 (s), -104.31 (s).

Example 119: Preparation of 7-bromo-4-(trifluoromethyl)benzofuran (C76)
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e) Br

F
F F

[00267] To 1-bromo-2-(2,2-diethoxyethoxy)-4-(trifluoromethyl)benzene (1.5 g, 4.20
mmol) in toluene (4.94 mL) was added Amberlyst® 15 hydrogen form (252 mg, 4.20 mmol).
The reaction mixture was heated at 120 °C for ~24 h and then at room temperature for ~72 h.
The reaction mixture was directly loaded onto a Celite® cartridge with a syringe to decant the
solution from the resin beads. Purification by flash chromatography (0-30% EtOAc-hexanes)
provided the title compound as a clear oil 450 mg, 40%): 'H NMR (400 MHz, CDCl3) & 7.82
(d,J=22Hz, 1H),7.56 (d, J=8.1 Hz, 1H), 7.42 (d, /= 8.1 Hz, 1H), 7.04 (t, /= 1.9 Hz, 1H);
F NMR (376 MHz, CDCI3) & -61.37; EIMS m/z 262, 264.

Example 120: Preparation of 2,2-difluoro-5-iodo-6-methoxybenzo[d][1,3]dioxole (C77)

T
F _CH
(@] 0 3

[00268] The title compound was prepared according to Preparation 45 in Eckelbarger,
et al., U.S. Patent Application Publication 2014/0274701 Al. 2.2-Difluoro-6-
methoxybenzo[d][1,3]dioxol-5-amine (Preparation 44 in U.S. Patent Application Publication
2014/0274701 A1; 1.40 g, 6.89 mmol) was dissolved in DCM (5 mL) and added in portions to
concentrated HCI (75 mL) with rapid stirring to form a loose white slurry. The mixture was
cooled to 3-5 °C and treated in portions with sodium nitrite (0.713 g, 10.3 mmol) dissolved in
water (10 mL) over ca 5 min. The diazonium solution was poured into a solution of sodium
iodide (3.10 g, 20.7 mmol) in water (75 mL) stirred with DCM (50 mL). After 30 min total the
mixture was stirred with 15% NaHSO3 (20 mL) for 10 min. The aqueous phase was further
extracted with DCM (30 mL), and the combined organic phases were washed with satd NaCl
(15 mL), dried, and concentrated. Purification of the residue on silica gel with 0—15% EtOAc—
hexane gave the title compound as a white crystalline solid (1.8 g, 83%): 50-51°C; 'H NMR
(400 MHz, CDCls) 8 7.45 (s, 1H), 6.69 (s, 1H), 3.86 (s, 3H); YF NMR (376 MHz, CDCI3) § -
49.81 (s).

Example 121: Preparation of 1-chloro-2-iodo-3-methoxy-5-(trifluoromethyl)benzene
(C78)
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Cl

7
F CHs

[00269] To a 5 mL vial were added 2-chloro-6-methoxy-4-(trifluoromethyl)aniline
(106 mg, 0.470 mmol) and diiodomethane (208 mg, 0.776 mmol). The vial was sealed and the
reaction mixture was heated to 100 °C before adding tert-butyl nitrite (121 mg, 1.175 mmol).
The reaction was held at elevated temperatures for 2 h. The cooled reaction mixture was loaded
directly onto silica gel. Purification by column chromatography with hexanes—EtOAc afforded
the title compound as a brown oil (227 mg, 100%): 'H NMR (400 MHz, CDCl3) § 7.38 (s, 1H),
6.30 (s, 1H), 3.78 (s, 3H); °F NMR (376 MHz, CDCls) & -60.73; EIMS m/z 336.0.

Example 122: Preparation of (5-bromo-4-chloro-2-
(trifluoromethyl)phenyl)(methyl)sulfane (C79)

H C/S Br
3
F
E Cl
F

[00270] Step 1 — Preparation of 2-bromo-4-(methylthio )-5-(trifluoromethyl)aniline: 4-
(Methylthio)-3-(trifluoromethyl)aniline (500 mg, 2.41 mmol) was weighed into a 25 mL round
bottom flask equipped with a septum. Methanol (12.1 mL) was added and the mixture was
stirred until complete dissolution was achieved. 1-Bromopyrrolidine-2,5-dione (472 mg, 2.65
mmol) was added in a single portion with stirring. The reaction was allowed to stir at room
temperature until complete consumption of the starting material was observed. The reaction
mixture was concentrated, taken up in ether and washed with satd aq NaCl. The organic phase
was separated, dried and concentrated to afford the title compound that was used without
further purification in step 2.

[00271] Step 2 - Preparation of (5-bromo-4-chloro-2-
(trifluoromethyl)phenyl)(methyl)sulfane: To a 5 mL vial were added 2-bromo-4-(methylthio)-
5-(trifluoromethyl)aniline (236 mg, 0.825 mmol), tert-butyl nitrite (196 uL, 1.65 mmol), and
copper(Il) chloride (222 mg, 1.65 mmol). The vial was sealed and the reaction mixture was
heated to 65 °C for 2 h. The reaction mixture was loaded directly onto a silica gel column.

Purification of the resultant product eluting with hexanes—EtOAc afforded the title compound
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as a white solid (82 mg, 33%): '"H NMR (500 MHz, CDCls) § 7.66 (s, 1H), 7.53 (s, 1H), 2.52
(s, 4H); °F NMR (471 MHz, CDCls) & -62.24; EIMS m/z 305.9.

Example 123: Preparation of 2-(2-chloro-3-(methylthio)-4-(trifluoromethyl)phenyl)-
4,4,5,5-tetramethyl-1,3,2-dioxaborolane (C80) and 2-(2-chloro-6-(methylthio)-4-
(trifluoromethyl)phenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (C81)

[00272] To a solution of tetramethylethylenediamine (2.92 mL, 13.1 mmol) in Et>O
(75 mL) was added n-butyllithium (2.5 M solution in hexane; 5.2 mL, 13.1 mmol) via syringe
over 10 min at -78 °C, and the mixture was stirred for 15 min. (3-Bromo-2-chloro-6-
(trifluoromethyl)phenyl)(methyl)sulfane and (2-bromo-3-chloro-5-
(trifluoromethyl)phenyl)(methyl)sulfane (C87 and C88; 4 g, 13.1 mmol) in Et2O (70 mL) were
added to the above mixture via syringe over 15 min. The mixture was stirred for 1 h at -78 °C.
2-Isopropoxy-4.,4,5,5-tetramethyl-1,3,2-dioxaborolane (3.21 mL, 15.7 mmol) was added to the
above reaction mixture via syringe over 10 min. The reaction mixture was stirred for 1 h at -78
°C, was warmed slowly to room temperature and was stirred for an additional 2 h. The reaction
mixture was quenched with a satd NH4Cl solution at -78 °C, warmed to room temperature and
extracted with Et;O. The organic layer was washed with water and brine and concentrated
under vacuum. Purification of the resultant compound mixture by column chromatography
using 2% EtOAc in hexane as eluent furnished the title compound mixture as a colorless liquid
(800 mg, 17%): '"H NMR (300 MHz, CDCl3) 8 7.67 (d, J = 8.0 Hz, 1H), 7.59 (d, J = 7.7 Hz,
1H), 7.36 (d, J = 6.9 Hz, 2H), 2.50 (s, 3H), 2.40 (s, 3H), 1.43 (s, 12H), 1.39 (s, 12H).

Example 124: Preparation of (E)-2-bromo-3-chloro-5-(trifluoromethyl)benzaldehyde O-

methyl oxime (C82)

Cl
Br

F = N\O/CH3
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[00273] To a solution of 2-bromo-3-chloro-5-(trifluoromethyl)benzaldehyde and 3-
bromo-2-chloro-6-(trifluoromethyl)benzaldehyde (C85 and C86; 1.8 g, 6.26 mmol) in ethanol
was added sequentially methoxylamine hydrochloride (1.05 g, 12.5 mmol) and EtsN (1.74 mL,
12.5 mmol) at room temperature. The reaction mixture was stirred at reflux for 16 h. The
reaction mixture was cooled to room temperature and concentrated under vacuum. The residue
was poured into water and extracted with EtOAc. The organic layer was washed with water
and brine and concentrated under vacuum. Purification of the compound mixture by column
chromatography using 5% EtOAc in hexane afforded the title compound as a white solid (250
mg, 13%): 'H NMR (300 MHz, CDCls) & 8.48 (s, 1H), 8.03 (d, J =2.5 Hz, 1H), 7.70 (d, J =
2.1 Hz, 1H), 4.04 (s, 3H).

Example 125: Preparation of (E)-3-bromo-2-chloro-6-(trifluoromethyl)benzaldehyde O-
methyl oxime (C83)

Br
F
e ¢]]
F oz
N
[
0]
H,C”

[00274] To a solution of 2-bromo-3-chloro-5-(trifluoromethyl)benzaldehyde and 3-
bromo-2-chloro-6-(trifluoromethyl)benzaldehyde (C85 and C86; 1.8 g, 6.26 mmol) in ethanol
was added sequentially methoxylamine hydrochloride (1.05 g, 12.5 mmol) and Et3N (1.74 mL,
12.5 mmol) at room temperature. The reaction mixture was stirred at reflux for 16 h. The
reaction mixture was cooled to room temperature and concentrated under vacuum. The residue
was poured into water and extracted with EtOAc. The organic layer was washed with water
and brine and concentrated under vacuum. Purification of the compound mixture by column
chromatography using 5% EtOAc in hexane afforded the title compound as a white solid (50
mg, 5%): 'H NMR (300 MHz, CDCl3) 4 8.23 (d, /= 1.8 Hz, 1H), 7.78 (d, J = 8.3 Hz, 1H), 7.50
(d, J=8.6 Hz, 1H), 4.00 (s, 3H).

Example 126: Preparation of (E)-2-(3-bromo-2-chloro-6-(trifluoromethyl)benzylidene)-
1,1-dimethylhydrazine (C84)
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Br

F
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F

F N
|
NJ
HsC CHj3

[00275] To a solution of 2-bromo-3-chloro-5-(trifluoromethyl)benzaldehyde and 3-
bromo-2-chloro-6-(trifluoromethyl)benzaldehyde (C8S and C86; 2.5 g, 8.696 mmol) in ethanol
was added sequentially N,N-dimethylhydrazine (0.627 g, 10.436 mmol) Et3N (1.45 mL, 10.4
mmol) at room temperature and the mixture was heated to reflux for 16 h. The reaction mixture
was cooled to room temperature and concentrated under vacuum. The residue was poured into
water and extracted with EtOAc. The organic layer was washed with water and brine and
concentrated under vacuum. Purification of the resulting mixture by column chromatography
using 5% EtOAc in hexane furnished the title compound as a white solid (125 mg, 4%): 'H
NMR (300 MHz, CDCl3) 6 7.63 (d, J = 8.5 Hz, 1H), 7.45 (d, J = 8.7 Hz, 1H), 7.23 (s, 1H), 3.03
(s, 6H).

Example 127: Preparation of 2-bromo-3-chloro-5-(trifluoromethyl)benzaldehyde (C85)
and 3-bromo-2-chloro-6-(trifluoromethyl)benzaldehyde (C86)

~N Cl
Br o7 Br
F F
Cl
F F
F F

[00276] To a solution of diisopropylamine (5.7 mL, 40.5 mmol) in Et;O (50 mL) was
added n-butyllithium (2.5 M solution in hexane; 10.8 mL, 27.0 mmol) at 0 °C via syringe over
10 min and the mixture was stirred for 15 min. The reaction mixture was cooled to -78 °C and
stirred for 1 h. 1-Bromo-2-chloro-4-(trifluoromethyl)benzene (7 g, 27.0 mmol) in Et>O (75 mL)
was added to the above mixture via syringe over 15 min, and the reaction mixture was stirred
for 1 h at -78 °C. Dimethylformamide (2.52 mL, 32.4 mmol) was added via syringe over 10
min, and the mixture was stirred for 1 h at -78 °C. The reaction mixture was quenched with a
satd NH4Cl solution at -78 °C, warmed to room temperature and extracted with Et;O. The
organic layer was washed with water and brine and concentrated under vacuum. The title
compound mixture was isolated as an orange liquid (4.8 g), which was used in the next step

without further purification.

-115-



WO 2019/084353 PCT/US2018/057626

Example 128: Preparation of (3-bromo-2-chloro-6-
(trifluoromethyl)phenyl)(methyl)sulfane (C87) and (2-bromo-3-chloro-5-
(trifluoromethyl)phenyl)(methyl)sulfane (C88)

Cl Cl
_S Br Br
H5C
F F S/CH3
F F
F

[00277] To a solution of diisopropylamine (10.8 mL, 77.1 mmol) in Et:O (75 mL) was
added n-butyllithium (2.5 M solution in hexane; 15.4 mL, 38.5 mmol) at 0 °C via syringe over
10 min and the mixture was stirred for 15 min. The reaction mixture was cooled to -78 °C and
stirred for 1 h. 1-Bromo-2-chloro-4-(trifluoromethyl)benzene (10 g, 38.5 mmol) in Et:O (75
mL) was added to the above reaction mixture via syringe over 15 min, and the reaction mixture
was stirred for 1 h at -78 °C. Dimethyl disulfide (4.11 mL, 46.3 mmol) was added via syringe
over 10 min, and the mixture was stirred for 1 h at -78 °C. The reaction mixture was slowly
warmed to room temperature and stirred for 2 h. The reaction mixture was quenched with a
satd NH4Cl solution at -78 °C and was extracted with Et>O. The organic layer was washed with
water and brine and was concentrated under vacuum. Purification of the crude residue by
column chromatography using 0.5% EtOAc in hexane as eluent afforded the mixture of title
compounds as a colorless liquid (4 g, 34%): '"H NMR (300 MHz, CDClI3) § 7.73 (d, J = 8.5 Hz,
1H), 7.51 — 7.44 (m, 2H), 7.15 (d, J = 2.0 Hz, 1H), 2.52 (s, 3H), 2.43 (s, 3H).

Example 129: Preparation of 1-bromo-2-chloro-4-(1,1-difluoro-2-methoxyethyl)benzene

(C89)
Br
H3C \O/YE:[CH

F F

[00278] To a solution of 2-(4-bromo-3-chlorophenyl)-2,2-difluoroethan-1-ol (C90; 1
g, 3.69 mmol) in DMF (10 mL) were added sequentially sodium hydride (NaH, 60%
suspension in mineral oil; 0.13 g, 5.53 mmol) at 0 °C and iodomethane (CHsl; 0.62 g, 4.42
mmol). The reaction mixture was stirred at room temperature for 16 h and was quenched with
ice water. The mixture was extracted with EtOAc. The organic layer was washed with brine,
dried over anhydrous Na>SOy, filtered and concentrated under reduced pressure. Purification of
the resulting product by column chromatography (silica gel 100-200 mesh) eluting with 10—
30% EtOAc in petroleum ether afforded the title compound as a pale yellow liquid (0.4 g,
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40%): "TH NMR (300 MHz, CDCl3) § 7.68 (d, J = 8.4 Hz, 1H), 7.61 = 7.60 (m, 1H), 7.28 —7.26
(m, 1H), 3.78 (t, J = 12.3 Hz, 2H), 3.42 (s, 3H); ESIMS m/z 284.00 ((M]").

Example 130: Preparation of 2-(4-bromo-3-chlorophenyl)-2,2-difluoroethan-1-ol (C90)
Br

HO Cl
F F

[00279] To a solution of ethyl 2-(4-bromo-3-chlorophenyl)-2,2-difluoroacetate (C91;
1.5 g, 4.80 mmol) in MeOH (15 mL) was added NaBH4 (0.27 g, 7.21 mmol) at 0 °C, and the
reaction mixture was stirred at room temperature for 16 h. The reaction mixture was poured
into water and was extracted with DCM. The organic layer was washed with brine, dried over
anhydrous Na2SOq, filtered and concentrated under reduced pressure. Purification of the crude
product by column chromatography (silica gel 100-200 mesh) eluting with 20—40% EtOAc in
petroleum ether afforded the title compound as a brown liquid (0.7 g, 50%): '"H NMR (400
MHz, DMSO-ds) 6 7.91 (d, J=8.4 Hz, 1H), 7.75 (d, /= 1.2 Hz, 1H), 7.42 (dd, J = 1.6, 8.0 Hz,
1H), 5.67 (t, J = 6.4 Hz, 1H), 3.92 — 3.83 (m, 2H); ESIMS m/z 270.00 (IM]*).

Example 131: Preparation of ethyl 2-(4-bromo-3-chlorophenyl)-2,2-difluoroacetate (C91)

B
o r

e cl
F F

[00280] To a solution of ethyl 2-bromo-2,2-difluoroacetate (13 g, 126.18 mmol) in
DMSO (60 mL) was added copper powder (4 g, 126.18 mmol) at room temperature, and the
reaction mixture was stirred for 2 h. 1-Bromo-2-chloro-4-iodobenzene (10 g, 63.1 mmol) was
added and the reaction mixture was stirred at 95 °C for 16 h. The reaction mixture was cooled
to room temperature, EtOAc (150 mL) was added, and the reaction mixture was stirred for 1 h.
The mixture was filtered through a pad of Celite®, which was washed with EtOAc (30 mL).
The filtrate was washed with satd NH4CI (100 mL) and brine (50 mL), dried over anhydrous
Na;S0Os, filtered and concentrated under reduced pressure. Purification by column
chromatography (silica gel 100-200 mesh) of the resulting product eluting with 10-20% EtOAc
in petroleum ether afforded the title compound as a pale-brown liquid (4.5 g, 46%): '"H NMR
(300 MHz, CDC13) 6 7.73 — 7.68 (m, 1H), 7.40 — 7.34 (m, 1H), 7.20 — 7.16 (m, 1H), 4.31 (q, J
=6.9 Hz, 2H), 1.32 (t, J/ = 7.2 Hz, 3H); ESIMS m/z 312.00 (IM]*).
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Example 132: Preparation of 2-(4-bromo-3-chlorophenyl)-2,2-difluoroacetamide (C92)

Cl
Br

H,N
F F

[00281] To a solution of ethyl 2-(4-bromo-3-chlorophenyl)-2,2-difluoroacetate (C91;
1 g, 3.20 mmol) in MeOH (20 mL) was added methanolic ammonia (7 M in Methanol; 10 mL)
at 0 °C, and the reaction mixture was stirred at room temperature for 4 h. The reaction mixture
was concentrated under reduced pressure. The title compound was isolated as a white solid
(0.85 g, 95%): 'H NMR (300 MHz, CDCl3) 6 7.74 = 7.71 (m, 2H), 7.41 — 7.37 (m, 1H), 6.38
(brs, 1H), 5.68 (br s, 1H); ESIMS m/z 282.31 ([M-H]J*).

Example 133: Preparation of (2-chloro-4-(difluoromethoxy)phenyl)trimethylstannane
(C93)

CH,
_CHj

I
F /@Sﬂ\CH3

F)\O Cl
[00282] 1-Bromo-2-chloro-4-(difluoromethoxy)benzene (1.440 g, 5.59 mmol),
1,1,1,2,2,2-hexamethyldistannane (3.66 g, 11.19 mmol), Pd(PPh3)>Cl> (0.393 g, 0.559 mmol)
were combined in 1,4-dioxane (5.59 mL) and heated at 90 °C for 24 h. The cooled reaction
mixture was filtered through silica gel with diethyl ether and concentrated under vacuum.
Purification by flash chromatography (silica gel, hexanes) provided the title compound as a
clear 0il (0.7 g, 36%): 'H NMR (500 MHz, CDCl3) 8 7.37 (d, J = 8.0 Hz, 1H), 7.14 (d, J = 2.3
Hz, 1H), 7.00 (ddd, J = 8.0, 1.9, 1.2 Hz, 1H), 6.49 (t, / = 73.5 Hz, 1H), 0.37 (s, 8H); EIMS m/z

327 ([M-CHz])).

[00283] The following compound was prepared in like manner to the procedure

outlined in Example 133:
(4-(Difluoromethoxy)-2-methoxyphenyl)trimethylstannane (C94)
CHj
| _CHj
Sn_
S
F 0] (I)
CH;

-118-



WO 2019/084353 PCT/US2018/057626

[00284] Using the appropriate starting materials, the title compound was synthesized
and isolated as a clear oil (550 mg, 39%): '"H NMR (500 MHz, CDCl3) & 7.30 (d, J = 7.8 Hz,
1H), 6.75 — 6.67 (m, 1H), 6.57 (dd, J=7.5,2.1 Hz, 1H), 6.51 (t, /=74.3 Hz, 1H), 3.78 (s, 3H),
0.26 (s, 9H); EIMS m/z 323 ([M-CHzs]).

Example 134: Preparation of 2-(4-bromo-3-chlorophenyl)-2,2-difluoroacetonitrile (C95)

Br
N\(@
Cl
F F

[00285] To a solution of 2-(4-bromo-3-chlorophenyl)-2,2-difluoroacetamide (0.5 g,
1.76 mmol) in DCM (10 mL) was added triethylamine (0.27 g, 2.65 mmol) followed by the
addition of trifluoroacetic anhydride (0.5 g, 2.65 mmol) at 0 °C. The reaction mixture was
stirred at room temperature for 4 h and was concentrated under reduced pressure. The title

compound was isolatead as a pale yellow liquid (0.3 g, 64%): 'H NMR (300 MHz, CDCl3) &
7.82(d, J=8.4Hz, 1H), 7.76 — 7.75 (m, 1H), 7.44 — 7.41 (m, 1H); ESIMS m/z 265.00 ([M]*).

Example 135: Preparation of 1-bromo-2-chloro-4-(difluoromethoxy)benzene (C96)

0] Br
DS
F Cl

[00286] 4-Bromo-3-chlorophenol (2.00 g, 9.64 mmol), tris(2-
phenylpyridine)iridium(IID) (0.032 g, 0.048 mmol), potassium bromodifluoroacetate (4.11 g,
19.3 mmol), and cesium carbonate (9.42 g, 28.9 mmol) were combined in DMF (16.1 mL) in
around bottom flask under nitrogen. The reaction mixture was vigorously stirred and irradiated
with a blue LED light. The reaction was nearly complete after 30 min but was stirred and
irradiated for another 15 min. The reaction mixture was partitioned between Et2O and water.
The organic phase was dried and concentrated onto silica gel. Purification by flash
chromatography (0-10% EtOAc in hexanes gradient solvent system) provided the title
compound as a clear oil (1.44 g, 56%): "H NMR (500 MHz, CDCls) 8 7.60 (d, J = 8.8 Hz, 1H),
7.27(d, J=2.8 Hz, 1H), 6.94 (dd, J = 8.8, 2.6 Hz, 1H), 6.49 (t, J = 72.8 Hz, 1H); EIMS m/z
258.

[00287] The following compound was prepared in like manner to the procedure
outlined in Example 135:
1-Bromo-4-(difluoromethoxy)-2-methoxybenzene (C97)
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0 Br
~
F O—CHs
[00288] Using the appropriate starting materials, the title compound was synthesized
and isolated as a clear oil (1.05 g, 41%): '"H NMR (500 MHz, Chloroform-d) § 7.50 (d, J = 8.6

Hz, 1H), 6.68 (d, ] =2.6 Hz, 1H), 6.64 —6.60 (m, 1H), 6.65 — 6.33 (m, 1H), 3.89 (s, 3H); EIMS
m/z 253.

Example 136: Preparation of 2-bromo-3,5-dichloroisonicotinaldehyde (C98)
N Br
N

Cl = Cl

X
0

[00289] To a solution of diisopropylamine (2.45 g, 24.2 mmol, 3.39 mL) in THF (50
mL) cooled to -25 °C (internal temperature) under nitrogen was added r-butyllithium (1.55 g,
24.2 mmol, 9.68 mL of a 2.5 M solution) dropwise via syringe. The resulting solution of lithium
diisopropylamide was cooled to -60 °C and treated with a solution of 2-bromo-3,5-
dichloroisonicotinaldehyde (C98; 5.0 g, 22 mmol) in THF (8 mL) at a rate sufficient to keep
the internal temperature below -50 °C. After 1 h, methylformate (2.65 g, 44.1 mmol, 2.72 mL)
was added at a rate sufficient to keep the internal temperature below -50 °C. After 1 h, the
reaction mixture was poured into satd NaHCOs and extracted with EtOAc (X2). The combined
organic layers were dried over Na>SOa, filtered and concentrated. Purification by silica gel
chromatography with 20:1 hexane-EtOAc as eluent gave the title compound as an off-white
solid (3.42 g, 61%): mp 61-62 °C; 'H NMR (300 MHz, CDCl3) 8 10.34 (s, 1H), 8.43 (s, 1H);
EIMS m/z 254 ([M+H]").

Example 137: Preparation of 2-bromo-3,5-dichloro-4-(difluoromethyl)pyridine (C99)
N Br
=N

Cl = Cl

F7OF

[00290] A solution of 2-bromo-3,5-dichloroisonicotinaldehyde (C98; 1.5 g, 5.9 mmol)
in DCM (25 mL) stirred at 0 °C under nitrogen was treated with DAST (3.0 g, 18.5 mmol, 2.5
mL) in three equal portions, allowing the reaction mixture to warm to room temperature

between additions and re-cooling in an ice bath prior to adding the 2" and 3 aliquots. After
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stirring at room temperature for 3 days, the reaction was carefully quenched with satd NaHCQOs3,
transferred to a separatory funnel, and the layers separated. The aqueous phase was extracted
with DCM, and the combined organic layers were dried over Na>SQs, filtered and concentrated.
Purification by silica gel chromatography with 20:1 hexane—-EtOAc as eluent gave the title
compound as an off-white solid (1.49 g, 91%): mp 51-52 °C; 'H NMR (300 MHz, CDCl5) &
8.39 (s, 1H), 7.16, (t, J = 52.5 Hz, 1H); EIMS m/z 276 ([M+H]*).

[00291] Table 1 includes, inter alia, data for compounds F1 through F381, including
synthesis data as described below and as in the above examples. The analytical data for the

aforementioned compounds can be found in Table 2 also below.

-121-



PCT/US2018/057626

WO 2019/084353

-CCl-

reurootd[Auiy)e
-6-(14
%B1S ‘BHO0 | PIUOS AMYM 9 ordwexyg uoyd([Ayeworonyyin) A
--0I0[2-7)
-9-0I0[YD-¢ TAPIIN
Do
0ST e U (¢ 10§
I0j0BaI 9ARMOIOTW | 9jeurjoddourAd-¢-([£
. ) agworg uayd([Ameworonyin)
%ST “FTI00 | PUOS MO[[PX e w1 Suneay ~p-010[Y0-7) 30 |
PIM pue ISA[RIed -9-0IO[U2-¢ TARN
) Se P((Udd)Pd
3ursn ¢1 opdwexyg
ajeurjoordAxorew
yzl Y -m.-@ﬁ o
‘ . 10} Do 08 18 2qm
%9S ‘380°0 | PIOS AMYM parees £ m Suneay Eﬁiswweoésv (4
1M 7¢ orduex
el g1 -aromo-0)-9 éme
ojeuroord
h p1[oS 974 (TAuayd([AyedxoIpiy
%06 3 09 AMYM-HO 3ursn g odwrexy -1)--0I0[40-7) 1
-9-0I0[YD-¢ TAPIIN
(9 ‘YY) PRIA | ddueieaddy uoneaedoag JWIBN [N 2INPINIIS ‘ON

spunodwo)) g 10j vy uoneiedard pue soamonIS 1 dqel




PCT/US2018/057626

WO 2019/084353

-eCl-

%9T ‘8 +0°0

P1OS
SSO[O[0))

qel

10} Do 08 1B 2qm
pareos e ur Juneay

P ge ofdwexy

aje[Ax0QIRD
-9-[eutpukdiq- ¢l
-(IAyeworon(yin)-,9
-OIOTYDIP-G*,T TAYRIA

L |

%L9 ‘8 80°0

PIOS 9MYM

61 o[dwexyg

2
veurjoord(ornpAmpour)
-6-(14
uayd([Ameworonyin)
~{-0I0[Y2-7)
-9-0I0[YD-¢ TAPIIN

|

%LL B 0

PIOS 9MYM

61 o[dwexyg

areurfoordopor-¢-(1£
uayd([Ameworonyin)
--0I0[2-7)
-9-0I0[YD-¢ TAPIIN

9

%ET ‘B L10°0

p1os
SSO[O[0))

91 o[dwexyg

ajeurootdiAyewt
-6-(14
uayd([Ameworonyin)
--0I0[2-7)
-9-0I0[YD-¢ TAPIIN

L |

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

vel-

Do

0ST 1% UIW (g 10]
J010B3I SABMOIOTUL

areurjoordourLo-4-([4

. . pIOS agworg uayd([Ameworonyin)
%Ye B 100 ANMYM HO & Ul Sunesy --0I0[2-7) 1
PIM pue ISA[RIed -9-0IO[U2-¢ TARN
) Se P((Udd)Pd
3ursn ¢1 opdwexyg
Do
0ST e U (¢ 10§
I0j0BaI 9ARMOIOTW | 9jeurjoddourAd-¢-([£
. . pIOS agworg uayd([Ameworonyin)
%YE B 00 AMYM-HO & Ul Sunedy % 01
Yim pue IsA[ered -0IO[UY2-7)-9 [AION
) se Y(Eqdd)Pd
3ursn ¢1 opdwexyg
areur
[ooud(1Ampeworon yimn)
%0$ 3600 | PUoS MM | 81 ddurexyg et 64
: : uayd([Ameworonyin)
%
-0I0[Y2-7)-9 AN
(9 ‘YY) PRIA | ddueieaddy uoneaedoag JWIBN [N 2INPINIIS ‘ON




PCT/US2018/057626

WO 2019/084353

-¢Cl-

JBUI[0D
. PIOS LA wd(AuaydAdoxdoraAo
%0 BW 00T MO[[OX 9[ed | Suisn 4 opdwrexyg -4-0I0[Y2-7) std
-9-0I0[YD-¢ TAPIIN
ojeuroord
h p1[oS 4 -(1Auayd([Ayeoronyy
%OL "3 5§ AMYM-HO Sursn | opduwrexy -1)--0I0[40-7) rid
-9-0I0[YD-¢ TAPIIN
ajeuroold ([Auay
. pIOS Y4 | d({AdoxdopaLo010n7J1p
%8 B oL AMYM-HO Bursn ¢1 ofdwexy T'0)-p-010[Y2-7) 1
-9-0I0[YD-¢ TAPIIN
areutod([£
49 10}
uayd([Ameworonyin)
3w 06 PIOS MM | Do 0TT T8 Suneay p-0I0n[]-7) (4%!
i g€ aldurexy -9-0I0[YD-¢ TAPIIN
(9 ‘YY) PRIA | ddueieaddy uoneaedoag JWIBN [N 2INPINIIS ‘ON




PCT/US2018/057626

WO 2019/084353

-9Cl1-

areutod([£
‘ PIOS (441 uoyd(ApatoIonyyip)
%09 Bt <8 AMYM-JJO | Suisn g odwexy -{-0I0[(d-7) 614
-9-0I0[YD-¢ TAPIIN
e
. p1[oS uroord(jAusydiLusipo
3 ordurex
s00 AMYM-JIO Lel g --0I0[2-7) 814
-9-0I0[YD-¢ TAPIIN
ajeurjoordoIoryd
19 -.mﬁ-cwqu: "
st PHOS M WWWNMMMMMWMM d(1Ageworonyyin)siq Lrd
. 09 IAURIN
aeurjoord ([Ausyd
h 10 (IAmpawoIon[yin)
%0¢ ‘BW Qg | PIOS UmoIg Suisn ; spdwexyg p-AukTa-7) 91
-9-0I0[YD-¢ TAPIIN
(9 ‘YY) PRIA | ddueieaddy uoneaedoag JWIBN [N 2INPINIIS ‘ON




PCT/US2018/057626

WO 2019/084353

“LTT-

areutod([£
49 10}
uayd([Ameworonyin)
3w Gy PIOS MMM | D, 0TI Y& Suneay “-oueka-7) ved
W ZE AW |y 1o1y0- (AR
9
h p1[oS LA reurjoord(jAuaydjLuta
%8S B 091 AMYM-HO Bursn 41 ofdwexy --0I0[2-7) eud
-9-0I0[YD-¢ TAPIIN
e
h p1[oS Y4 | urjoord(jAuaydi£urioy
%89 Bt 009 AMYM-HO 3ursn g1 ofdwexy --0I0[2-7) d
-9-0I0[YD-¢ TAPIIN
aeuroord(Auayd([A
‘ P1OS (44| (AW (OUTWIAXOAUI))
%0L B oL ANMYM HO Bursn 171 ofdwexy --0I0[2-7) ted
-9-0I0[YD-¢ TAPIIN
qeu
roord(jAuayd(f et
‘ P1OS (44|
%0¢ ‘Sw ¢¢ (ouozeipAyApowip 0ca
AYM - Sursn (] opduwrex )
M-JJO 1Sn Q1 9l d -C°0)-4-010[Y2-7)
-9-0I0[YD-¢ TAPIIN
%%, ‘quy) pPRIX | douravadd uoneaedaag JWIBN [BITIIY 3IN)oNnI) ‘ON
% My I v I I J S




PCT/US2018/057626

WO 2019/084353

-8CI-

areutod([£
4919 uoyd([&
yd(fApowioton(yin)
3w o1 PIOS M | D, 0TT e Suneay _p-Kx0yIew-7) 1A |
i g Apduwrexd -9-0I0[YD-¢ TAPIIN
o 4 9 10J areurjoordooqyo
%08 ‘3w 08T O:W%WO Do 01 de Suneay | -¢-(Auaydoroqyp-g LA
. P ge o[dwexy | -0woIq-)-9 [APIN
PI[OS o areurjoordooqyo
%0E ‘W 08T L -¢-(1Auaydoroqyo 924
AMYM-TO 3uisn ¢ ordwexyg I O .
ojeuroord
h p1[oS LA (1&-p-[1Kuoydig-1°7]
%0 B 06 IMYM-JO Suisn ¢ opdwexyg -0I0N[J- $-0I0[YD-¢) sed
-9-0I0[YD-¢ TAPIIN
(9 ‘YY) PRIA | ddueieaddy uoneaedoag JWIBN [N 2INPINIIS ‘ON




PCT/US2018/057626

WO 2019/084353

-6C1-

9zl oreut[ootd(I£
@ . PIOS 10y D, 08 12 °9qm | udyd(jAtpatoIon(yim)
LES B L0 SSQ[10[0D) pareos e ur Juneay --0IO[Yd-7) ced
P ge o[dwexy | -9-owoIq-¢ [APIN
reurootd[Auiy)e
pI0S -¢-(I4
%BLY ‘3 800 AMM-TIO 9 ordwexyg uoyd([Ayeworonyyin) I€d
. P
-0I0[Y2-7)-9 AN
aeuroordororyo-¢- (14
4919 uayd([Ameworonyin)
3w 6 PIOS MMM | D, 0TI Y& Suneay N 0cd
i g Apduwrexd -0wWoIq-7)-9 Ay
o ajeuroord(14
4919 uayd([Ameworonyin)
3w 9¢] PIOS MMM | Do OTT e Sunedy p-Tew-7) 624
i g Apduwrexd -9-0I0[YD-¢ TAPIIN
(9 ‘YY) PRIA | ddueieaddy uoneaedoag JWIBN [N 2INPINIIS ‘ON




PCT/US2018/057626

WO 2019/084353

-0¢l-

o areurjoordooqyo
1910 -¢-([Auaydooryd
3w ¢9 PIOS MM | Do 0TT T8 Suneay Lz-(fxo1nq 9ed
W TEANIEXT | o) )0 1tne
o Jeu
19 1) rfoord(fAueydAxomew
3w Gyg PIOS M | D, 0TT e Suneay ~p-0I0[YD-7) sed
WM ZE AN | o 1opgo-g Ko
eunoodAx0IpAYy
9 (14
%ESBCI0 | PUOSAMUM | o 0z ordwexg uoyd([Ayeworonyyin) ved
. --0I0[2-7)
-9-0I0[YD-¢ TAPIIN
ajeurootdiAyewt
- (14
Wit 8910 PIOS MMYM Sursn o] adurexg nunmmwmwﬂwwwmgv eed
-9-0I0[YD-¢ TAPIIN
(9 ‘YY) PRIA | ddueieaddy uoneaedoag JWIBN [N 2INPINIIS ‘ON




PCT/US2018/057626

WO 2019/084353

-1el-

reurootd[Auiy)e
] T -4
%eC s v00 PIOS 9MYM Sursn ¢ aqdwexg soammrmﬁuﬁoh.osmgv ovd
-0I0[2-7)
-9-0I0[YD-¢ TAPIIN
areutjoordAxoylew
(14
%rE ‘B EO0 | PIUOS AMYM L1 Sdwrexyg uoyd([Ayeworonyyin) 6€d
--0I0[2-7)
-9-0I0[YD-¢ TAPIIN
areutod([£
4919 uayd([Ameworonyin)
3w QL] PIOS MMM | D, 0TI Y& Suneay Sc-010[o-T) 8ed
m d
et AT g otopgo-¢ 1Ko
49 10} o
%08 ‘3w 081 PIOS M | D, 0TT e Suneay mnmoww%w\wﬂmwmmmﬁwo:m Led
m ¢ ordwex
e el g | g-o0po-¢ &
(9 ‘YY) PRIA | ddueieaddy uoneaedoag JWIBN [N 2INPINIIS ‘ON




PCT/US2018/057626

WO 2019/084353

-cel-

qeurjoordoronfj-g-(1£

@ e 90 uoyd([Ayeworonyyin)
%08 ‘3ST0 | PIOS AMYM Sursn 7z adwexy ~p-0IO[U9-7)9 €bd
-0IOTYDIP-1¢ AN
areutjoordAxoylew
e -{-oIon[J-G-(I&
%EEB900 | PUOSAMUM | o /1 odwexg uoyd([Ayeworonyyin) wd
. --0I0[2-7)
-9-0I0[YD-¢ TAPIIN
20In0S areutod([£
. QuIoIq AY) S8 uoyd([Aypeworonyin)
Ty B 1 PHOS onim oprwoIq (J))¥eddod | -4-o010[d-7)-9-0101YD vd
3ursn gz opdwexyg -¢-OWoIq- [AUIPN
(9 ‘YY) PRIA | ddueieaddy uoneaedoag JWIBN [N 2INPINIIS ‘ON




PCT/US2018/057626

WO 2019/084353

-eel-

o qeu
4v 1o rfoord(fAueydAxomew
3w 0L PIOS AMYM | Do 06 I8 Suneay - C-OIO[OIP-4T) Lvd
Q .
et ST g onopge-¢ 1Ape
Y 10} g
d([Auoydi£
3w QL PIOS MMM | Do 06 I8 Suneoy Emm% .qwmﬁw awugw 9ba
mm zg opdwexyg v L-§-01011d-C
. -9-0I0[YD-¢ TAPIIN
areutod([£
h 194 uoyd([Ayeworonyyin)
%96 SW 07 PHOS “nuM 3ursn gz opdwiexyg | --0I0[YD-7)-9-0I0[D shd
-¢ TA-1-uk-g-doig
areutod([£
. uayd(1AyamoIon(yin
P16 ‘W LET PIOS MM | gi1ien mM@MmSmxm § QLW 01070 ) vra
-7)-9-0I10[yo-¢ [Azuog
(9 ‘YY) PRIA | ddueieaddy uoneaedoag JWIBN [N 2INPINIIS ‘ON




PCT/US2018/057626

WO 2019/084353

vel-

10 10
Y 4 10§ ajeurootdiAyewt .
3w 20T PIOS MMM | Do 06 I8 Suneoy -¢-(1Auoydororydip HO( AN 7sd
P ge ofdwexy -+0)-9 IAPOIN
U 4 10J o
urjoord(jAusydiAyowa
3w 08 PHOS MM | D, 0678 Sunvey | m..omaoww.ﬂw Isd
i g Apduwrexd -9-0I0[YD-¢ TAPIIN
JO 2
4y 10 eurjoord(jAusydoueAd
3w 0T PIOS AMYM | Do 06 I8 Suneay -OIOOIP-CT) 0s4d
i ge ey -9-0I0[YD-¢ TAPIIN
U 4 10J e
ootd([AusydAyowt
3w 0g pHOS MM | Do 061 Suneey | | .-Mw-omu%owv P 6
i g Apduwrexd -9-0I0[YD-¢ TAPIIN
JO e
. 4y 10 urjoord(jAusydAyotn
%EE BWOST | PUOS MYM | Do 0618 uneay ¢ -0IO[OI-1T) |
i g Apduwrexd -9-0I0[YD-¢ TAPIIN
(9 ‘YY) PRIA | ddueieaddy uoneaedoag JWIBN [N 2INPINIIS ‘ON




PCT/US2018/057626

WO 2019/084353

-cel-

10 10
y 4 10§ o €HO N
3w g6 PIOS M | D, 06 Y& Suneay zooa:@w%eoaoe "0 A 95d
WM TE AT g G101y oy =
Y 4 10§ aeurjoord ([Ausyd
BEE FWOST | PUOS AMUYM | Do 062 3unedy | ([AypowoIonyyim)- S |
P ge o[dwexy | -0107Y0-7)-9 [AYION
areutod([£
. uayd([Ameworonyin)
%6y WY | PIOS MYM g¢ odwexg - p-0IO[Y-)-9-0T0[I |
-¢ TApowA-z-utpukgq
ajeurootdiAyewt
U 4 10J -¢-(14
3w 681 PIOS AYM | D, 0618 Suneay | uoyd(jAyeworonyin) €sd
P ge ofdwexy ¥
-0I0[Y2-7)-9 AN
(9 ‘YY) PRIA | ddueieaddy uoneaedoag JWIBN [N 2INPINIIS ‘ON




PCT/US2018/057626

WO 2019/084353

-9¢l-

Yy 1o} o
utfoord(1AuaydiAgow
w Oyg PHOS UM | D, 0678 Buneay [ O vms%o.mva 094
d
Pim ge ordurexy -9-010[Y0-¢ [AOIN
9
. pIOS LA eurjoord(jAusydoueAd
%07 UL | quuppyo | Swsn g1 opdwrexg -p-010[42-7) 6sd
-9-0I0[YD-¢ TAPIIN
o ojeutrfoord([Aua
3 qv 1 yd(Axoypreworonyyian)
wgeg PIOS AMYM | D, 06 I8 Suneay p-0I0[Y-7) 854
d
Pim ge ordurexy -9-010[Yyo-¢ [N
q 4 107 aeurjoord ([Ausyd
. (1Aqaworon(yin)
%SE BWOST | PUOS AMYM | Do 06 e Suneay - IOMO-T) Lsd
d
Pim ge ordurexy ~9-010[Y0-} [AOIN
(9 ‘YY) PRIA | ddueieaddy uoneaedoag JWIBN [N 2INPINIIS ‘ON




PCT/US2018/057626

WO 2019/084353

-LETl-

%EY ‘B QL

[10 SS3[I0[0D)

¢ o[dwexyg

aeuroo1d(1A-g-1oxo1p
[¢‘T1[p]ozuaqoron(yip
-0
-9-010[Y-¢ [AIN

rod

%¥¢ ‘Bw GG

PIOS 9MYM

¢ o[dwexyg

9
euroord([Auaydoronyy
-€-0IO[Y2IP-°7)
-9-0I0[YD-¢ TAPIIN

£9d

Bt W Tyl

PIOS 9MYM

¢ o[dwexyg

9
euroord([Auaydoronyy
-9-0IO[Y2IP-°7)
-9-0I0[YD-¢ TAPIIN

94

%96 ‘B ET'1

PIOS 9MYM

994
3ursn /7 opdwexyg

proe omuroord(«
uayd([Ameworonyin)
%
-0I0[Y2-7)-9-0I0[YD-¢

194

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-8¢l-

Ut

0¥ 10} Do 0TI 1®
I0)JOBAI QABMOIOTIL

21eut[021d([A--[OXOTp

[0S -TWo ‘ 0ZU2qoION[JT
wog Bworz | PIOSTUES | e suneoy | (€TI0 89
. RIBNIHI g oropyo-g (Ko
JO aImxIuI 1:¢
e ul g¢ o[dwexyg
Wil PIOS ptoe
[enpisay 10 mmmwmsg otur[od1d(J4-f-[ox01p
%SS ‘3 6600 ] ozm\ww g m A[uo IOQE Hm,:ﬁEownhoaoHosm% L94
3 oOHM M.:? Sursn £z opdwrexy | i w N. i
W 0I0[Y2-L)-9-0I0[YD-¢
areutod([£
. ) uayd([Ameworonyin)
%8S B LE'T | PUOS AMYM zg ndurexy p-0I0[U0-7) 994
-9-0I0[YD-¢ TAPIIN
9
. euroord([Auaydoronyy
%Ye WS | PUOS MYM zg ndurexy - OIO[OI-HT) $94
-9-0I0[YD-¢ TAPIIN
(9 ‘YY) PRIA | ddueieaddy uoneaedoag JWIBN [N 2INPINIIS ‘ON




PCT/US2018/057626

WO 2019/084353

-6¢l-

9
. ) 8D eurootd(jAuaydoIoryo
%bTT ‘3 080°0 PIOS 9MYM Swsn 1¢ opdwexg $)-9-0I0[YP (IX |
-g-outure-¢ [AyIoN
um
0C 10} Do 01T 72 aleu
I0)JOBAI QABMOIOTIL
. ‘ foord([Auaydoronyjp
BTL “FW €CE PIOS YA | B UT Suneay PIM ‘ |2 |
IRM—NDEHD) -€7-0I0[YO-1)
JO QIMXIW 1] "9-030142-¢ [AYIRIN
e ul g¢ o[dwexyg
ploe o
. . foord([Auaydoronyjp
%09 3 880°0 | PUOS MM LT Srdwrexg s . 0Ld
-0I0[Y2-1)-9-0I0[YD-¢
um
0C 10} Do 01T 72
pI0S 10108aI 9ABRMOIITII ajeuroord(14
%6T ‘W 081 Q:E.S.tO B Ul SUnesy yim | -9-JOpul-f [-0I0N[j-£) 694
. INeM—NDHD -9-0I0[YD-¢ TAPIIN
Jo armxrur [:1
e ul g¢ o[dwexyg
(9 ‘YY) PRIA | ddueieaddy uoneaedoag JWIBN [N 2INPINIIS ‘ON




PCT/US2018/057626

WO 2019/084353

-Ovl-

ploe o
. rfoord(fAueydAxomew
%18 “FW QLT 19pMmod ue], 1 ordwexyg €-010N[J-Z-0I0TYD SLA
-1)-9-0I0[YOIQ-#'¢
owm areurjoordoronpy
. Iopmod UoTOBAI UMW ()] I0J | -G-([AuaydAxomom-¢
%L B 081 ANYM Do §9 ) Suneay | -0I0N[J-Z-0IO[d-1)-9 vid
Mim gg o[dwexy | -0Io[ydIp-i'¢ [ANON
owm proe orurjoordoronyy
. Iopmod uonoBAI UTW ()] I0J |  -¢-(JAusydAxoypowr
Dy BW 6 wear) Do S9 18 Suneoy -¢-010N[J-Z-0I0[Yd €Ld
mim g7 pdwexy -1)-9-0I0[YOIQ-#'¢
(9 ‘YY) PRIA | ddueieaddy uoneaedoag JWIBN [N 2INPINIIS ‘ON




PCT/US2018/057626

WO 2019/084353

gidh

ploe o
. rfoord(fAueydAxomew
%9L BWOOT | PUOS MYM 8¢ opdurexy e-oz0m[7 LA
-0I0[Y2-1)-9-0I0[YD-¢
areurjoordAxore
h p1oS --([AuaydAxopow
%S¢ ‘I 9¢ AM-TIO 9¢ apdwrexy ¢-0I0N]-7-010TyP LLA
-{)-9-outure-¢ [Ayig
qeu
1opmog foord(Ausyd£xoypet
%L9 ‘BW (] S 1¢ ordwexg -¢ 9.4
. -0I0N[J-Z-0I0[Yd-4)-9
-0IOTYDIP-1¢ AN
(9 ‘YY) PRIA | ddueieaddy uoneaedoag JWIBN [N 2INPINIIS ‘ON




PCT/US2018/057626

WO 2019/084353

“orl-

%ET 361

[0 MO[[PX

y¢ o[dwexyg

9
eurootd(jAuaydoIoryo
)
-9-0I0[YD-¢ TAPIIN

(4:X |

%8L ‘W QT

PIOS 9MYM

¢¢ ordwexyg

ajeuroord(14
uayd([Ameworonyin)
--0I0[Y0-7)-9-0I0[Yo
-¢ TApowA-f-utpudd

184

%¢€9 ‘3w (0TS

PIOS 9MYM

16 ordwexyg

9
eurootd(jAuaydoIoryo
)9
-0IOTYDIP-1¢ AN

084

%t ‘BW HT

PIOS 9MYM

¢¢ ordwexyg

ajeuroord(14
uayd([Ameworonyin)
--0I0[Y0-7)-9-0I0[Yo
-¢ TApowA-¢-utpudd

6L4

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

“evl-

aje[Ax0QIRD
-9-[ourpuAdr
%81 W9 | PIOS MYM 1¢ Sdwexg ] whw%@aom 984
- €T IAmRIN
Yore ‘Tt
h.hm% ﬁmﬁ%&@ areutjootd(1A-¢-[oxo
‘ . Topamod ! w AR pleiTlplozusqoronyy
%76 ‘3 880°0 S ‘JUIA[OS o8
MO[[9X IYST] Se JN puE )
NIINAING-141 -9-0I0[U2-¢ TAIIN
3ursn g ordwexyg
pIoR JI[AX0qIed
S ey -9-[sutpuAdig- £°7]
%18 €600 | PUOS AMUM 6¢ 2durexg ((ypewoonpin) p8d
~9-0I0TYIA-C'¢
Yore ‘Tt
‘LLGT "woyD 310 5
[ Ul paquossp
%18 S 1100 Iopmod SE WOATOS jeurjootd(jAusydontu co
AYM-HO s2 QNG pue -¢-0I0[Y2-1)
NIINAING-141 -9-0I0[U2-¢ TAIIN
3ursn g ordwexyg
(9 ‘YY) PRIA | ddueieaddy uoneaedoag JWIBN [N 2INPINIIS ‘ON




PCT/US2018/057626

WO 2019/084353

vyl-

%99 ‘3w 00T

PIOS 9MYM

¢ o[dwexyg

aeurjoord(TAuayd(
OT([AWOIONTJIN )
-i7)-9-oon[y
-G-0I0[YD-¢ TAPIIN

Ted

%LS ‘BW ¢CT

[10 SS3[I0[0D)

¢ o[dwexyg

aeurjoord(TAuayd(
OT([AWOIONTJIN )
--0I0[2-7)
-9-0I0[YD-¢ TAPIIN

064

%T8 ‘B 6T1°0

PIOS 9MYM

67 o[dwexyg

proe sruroord(fAusyd(
o (JAypewoIon(yin))
~17)-9-010[YIIQ-S'E

684

%01 ‘W $7

e
MO[[OX WST]

¢ o[dwexyg

ajeuroord(14
uayd([Ameworonyin)
--0IO[Y2IP-9°7)
-9-0I0[YD-¢ TAPIIN

884

%06 ‘8 2S00

PIOS 9MYM

64
3ursn (¢ opdwexyg

aje[Ax0QIRD
-9-[eurpukdiq- ¢l
-([ApewoIonjin)

- 9-Ax01pAy
-£-0I0[YD-G TAPIIN

L84

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-Svl-

%Ly BYSI'0

PIOS 9MYM

67 o[dwexyg

p1oe J1[Ax0qIed
-9-[sutpuAdig- £°7]
-([ApewoIonjin)
~9-0I0[U)-¢

sod

%96 ‘8 98T°0

PIOS 9MYM

67 o[dwexyg

proe sruroord(fAusyd(
o (JAypewoIon(yin))
“1)-9-010[UD-¢

vod

%0L BW L[T

[10 SS3[I0[0D)

¢ o[dwexyg

ajeuroord(14
uayd([Ameworonyin)
-i7)-9-oon[y
-G-0I0[YD-¢ TAPIIN

£6d

B W ]

PIOS 9MYM

¢ o[dwexyg

aje[Ax0QIRD
-9-[eurpukdiq- ¢l
-([ApewoIonjin)
- 9-oron[J
-£-0I0[YD-G TAPIIN

764

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

Ovl-

%§9 ‘3w 00T

PIOS 9MYM

61 o[dwexyg

aeuroord([Auaydopor
-i7)-9-oon[y
-G-0I0[YD-¢ TAPIIN

00TA

%89 ‘3w 16T

PIOS 9MYM

¢ o[dwexyg

aje[Ax0QIRD
-9-[eutpukdiq- ¢l
-(IAypawoIonyin)- 9
-0IO[IIP-G*¢ [AYION

664

%99 ‘W ZT¢

[10 SS3[I0[0D)

¢ o[dwexyg

aeurjoord(TAuayd(
OT([AOWOIONTJIN )
)9
-0IO[YDIP-G*¢ AN

864

%Sy ‘Bur 9/

[10 SS3[I0[0D)

¢ o[dwexyg

aeurjoord(TAuayd(
OT([AWOIONTJIN )
)
-9-0I0[YD-¢ TAPIIN

LeA

%T6 ‘BSIT°0

PIOS 9MYM

67 o[dwexyg

proe omuroord(«
uayd([Ameworonyin)
-1)-9-0I0[YOIQ-S'¢

964

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

whdh

%G1 ‘B Of

wng) 1ed[)

¢ o[dwexyg

e[AX0QIRD-1
-ourpraAd£xoyow
(14
uayd([Ameworonyin)
%
-0I0[Y2-7)-T AN

1{UK!

%LS ‘BW 06T

PIOS 9MYM

¢ o[dwexyg

ajeuroord(14
uayd([Ameworonyin)

-{7-0I0[2-7)-9
-0IO[YDIP-G*¢ AN

€0TA

%8y ‘W 01T

PIOS 9MYM

¢ o[dwexyg

ajeuroord(14
uayd([Ameworonyin)

-#-0I0N[J-7)-9
-0IO[YDIP-G*¢ AN

014

%99 ‘8 690°0

[0 MO[[PX

91D
3ursn 14 opdwexyg

aje[Ax0QIRD
-9-[eurpukdiq- z°¢]
-(IApeworon(yin)-,g
-OIOTYDIP-G*,¢ TAYIRIA

1014

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-8vl-

Bt FWOTT

PIOS 9MYM

¢ o[dwexyg

ajeuroord(14
uayd([Ameworonyin)

-{7-0I0[2-7)-9
-0IOTYDIP-1¢ AN

S0TA

%TL W vyl

PIOS 9MYM

¢ o[dwexyg

areurjoordoronyy-g-([4
uayd([Ameworonyin)
--0I0[2-7)
-9-0I0[YD-¢ TAPIIN

LOTA

%EE ‘Bw GCT

PIOS 9MYM

¢ o[dwexyg

ajeuroord(14
uayd([Ameworonyin)
)9
-0IO[YDIP-G*¢ AN

9014

%0Y ‘B L

wng) 1ed[)

¢ o[dwexyg

aje[Ax0QIRD
-p-ourpruAd (14
uayd([Ameworonyin)
--0I0[2-7)
-Z-0I0[YD-G TAPIIN

€
HO N
/O i

_
> _N

SOTA

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-ovl-

%EE ‘Fw Q¢

110 umoIg

¢ o[dwexyg

ojeuroord
(TAuayd(fAmeoIonjip
-1°1)-%-010[Y2-7)
-9-0I0[YD-¢ TAPIIN

(44K |

%69 ‘3w ¢9

[0 MO[[PX

Lz oidwexyg

proe otutoord
(TAuayd(fAmeoIonjip
-1D-v
-0I0[Y2-7)-9-0I0[YD-¢

AR

%7TS ‘BW 97

PIOS 9MYM

¢ o[dwexyg

ajeuroord(14
uayd([Ameworonyin)
-{-0I0N[JIP-¢°7)
-9-0I0[YD-¢ TAPIIN

OrTA

%T1 ‘BW $7

PIOS 9MYM

S0TA
3ursn oy opdwexyg

areurjoordoronyj-4-([4
uayd([Ameworonyin)
--0I0[2-7)
-9-0I0[YD-¢ TAPIIN

60TA

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-0S1-

%LT ‘BW ¢

['O 1ed[D)

¢¢ ordwexyg

ajeuroord(14
uayd([Ameworonyin)
%
-0I0[Y2-7)-9-0I0[Yo-¢
[AzuaqoIo[ydIg-+'7

91TA

%09 ‘3 001°0

PIOS 9MYM

L¢ oidwexyg

e[AX0qIeD-{-UIpTII
uAd(jAuoydAxoyiow

-¢-0I0N[J-Z-0I0[-1,)
-Z-0I0[YD-G TAPIIN

STIA

%19 ‘W H6

PIOS 9MYM

¢ o[dwexyg

aje[Ax0QIRD
-9-[eurpukdiq- ¢l
-([ApewoIonjin)
-9-0I0[YD-G [AOIN

48K

%1€ BW L]

PIOS 9MYM

7S o[dwexyg

areurjoordoronyj-¢-([4

uayd([Ameworonyin)
%

-0I0[Y2-7)-9 AN

eId

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-161-

%t¢ ‘B QL

pI[OS umoIg

09 o[dwexyg

ajeuroord(14
uayd([Ameworonyin)
-H-([AurnspAyour)
-9-0I0[Y2-7)
-9-0I0[YD-¢ TAPIIN

0TTA

%91 ‘3w ¢¢

pinbry
SSOI0[0))

09 o[dwexyg

ajeuroord(14
uayd([Ameworonyin)
-H-([AurnspAyour)
-€-0I0[Y2-7)
-9-0I0[YD-¢ TAPIIN

61TA

%le

pinbry
SSOI0[0))

LR
Do 06 16 uneoy
P ge ofdwexy

ajeuroord(14
uayd([Ameworonyin)
-}-0UBAD-9-0IO[D-7)
-9-0I0[YD-¢ TAPIIN

STIA

%LS ‘B /g

PIOS 9MYM

¢¢ ordwexyg

ajeuroord(14
uayd([Ameworonyin)
-1-0I0[D
~7)-9-010[Yd-¢ [KZ
uaq([ApewoIon iy,
€

LTTA

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-¢Sl-

%T ‘FW gp1

PIOS 9MYM

16 ordwexyg

21eut[021d([A-G-[OXO0Tp
[¢*11[Plozuaqoronpyip
-7T-0I0[Y2-9)
-9-0I0[YD-¢ TAPIIN

14X

%8T ‘3w 99

[10 SS3[I0[0D)

¢ o[dwexyg

areutjoord(]
Kuayd(£xouaydosonyy
-i7)--0I0[40-7)
-9-0I0[YD-¢ TAPIIN

tY4K |

%9¢ ‘3w 00T

PIOS 9MYM

19 ordwexyg

ajeuroord(14
uayd([Ameworonyin)
--(onprAyoun)
-9-0I0[Y2-7)
-9-0I0[YD-¢ TAPIIN

(44K

%6 ‘W S

pinbry
SSOI0[0))

19 ordwexyg

ajeuroord(14
uayd([Ameworonyin)
--(onprAyoun)
-€-0I0[Y2-7)
-9-0I0[YD-¢ TAPIIN

4K

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-eS1-

%9¢ ‘W 161

PIOS 9MYM

16 ordwexyg

aje[Ax0QIRD
-9-[eutpuiddiq
- £'7]-Axopow- g
-0IO[YOIP-,S° G AU

(Y4K |

%8¢ ‘W 191

PIOS 9MYM

16 ordwexyg

Jeu

rfoord([Luayd£xorpLy

-G-0I0N[J-Z-0I0[-1,)
-9-0I0[YD-¢ TAPIIN

4K |

%16 3w 6y

pros
Ayomg 189D

Lz oidwexyg

proe sruroord(fAusyd(
o (JAypewoIon(yin))
-$-0IO[U
-0)-9-010[Y1Q-S'E

L71A

%06 ‘3w 98

PIOS 9MYM

Lz oidwexyg

proe
otur[oo1d(14-g-[oxo1p
[¢T1[p]ozuaqoronyyip
-T'T
-010[42-9)-9-0I0[Y)-¢

9T1A

%1€ Bw 9y

PIOS 9MYM

¢ o[dwexyg

9
eurjoord(jAusydoueAd
-7-0IO[o-¢)
-9-0I0[YD-¢ TAPIIN

4L |

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

el-

%0L ‘3 06

PIOS 9MYM

Lz oidwexyg

PIoB 21[AX0QqIBD
-9-[eutpuiddiq
- £7]-Axoypom

-,C-0Io[y21g-,S°¢C

PeETA

%96 ‘3w G¢

PIOS 9MYM

Lz oidwexyg

PIoB 21[AX0QqIBD
-9-[eurpuidiq- 17|
-0IO[YOM] -G €T

3K |

%¢ES ‘B /g

PI[OS UM

Lz oidwexyg

ptoe
owroordoonyy-¢-(£
uayd([Ameworonyin)
--0I0[4D-7)-9

(43K |

%68 ‘3w 78

[10 SNOOSIA
189D

Lz oidwexyg

p1oe otutoordoIon(y
-G-(1Auayd(
o)([Agrsworon[jin))
v
-010[Y2-7)-9-0I0[4D)-¢

[ES K |

%6Y ‘W 68

[10 SNOOSIA
189D

¢ o[dwexyg

aeurjoord(TAuayd(
OT([AWOIONTJIN )
-{7-0I0[2-7)-9
-0IO[YDIP-G*¢ AN

0€TA

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-¢61-

%9 ‘Fw G

PIOS 9MYM

66 ordwexyg

ajeuroord(14
uayd([Ameworonyin)
--(1AuoynsAyoun)
-9-0I0[Y2-7)
-9-0I0[YD-¢ TAPIIN

8ETA

%61 ‘Bw 6T

PIOS 9MYM

Al

]
jeurjootd(jAuaydiAura
-¢-(JAq1eworonyyin)
--0I0[2-7)
-9-0I0[YD-¢ TAPIIN

LETA

%1¢ ‘3w 0

PIOS 9MYM

LS odwexyg

ajeuroord(14
uayd([Ameworonyin)
-~ [AyIow-¢ -0I0[Yd-7)
-9-0I0[YD-¢ TAPIIN

9¢€TA

%9L ‘W ¢/

PIOS 9MYM

¢ o[dwexyg

jeuroordoronyy
-G-(1Auayd(
om(JAypewoIon(yin))
~{-0I0[Y2-7)
-9-0I0[YD-¢ TAPIIN

SETA

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-9¢1-

areutod([£
uayd(1AyamoIon(yin
y ¢ 107 qd(t mv-@ﬂ )
%91 PIOS 9MYM mww %ommuw%hwww pow(ounuIAxoyjour)) vid
it ee 8l -€-0I0[2-7)-9
-010[42-¢-(F) [P
aeuroordororyo-¢- (14
y ¢ 10] [[oo1 142-¢-(1
uayd([Ameworonyin)
%TC PIOS 9MYM Do 06 e Suneay ~p-0I0[Y0-Z (4K
d
it gt AITHE -0wWo01q-¢)-9 AN
areutod([£
uayd([Ameworonyin)
%ST BW Oy | PIOS NYM 66 opdurexy --(1AuoynsAyoun) 6€Td
-€-0I0[Y2-7)
-9-0I0[YD-¢ TAPIIN
(9 ‘YY) PRIA | ddueieaddy uoneaedoag JWIBN [N 2INPINIIS ‘ON




PCT/US2018/057626

WO 2019/084353

-LST-

%96 ‘FW $7

PIOS 9MYM

(44|
3ursn ¢¢ opdwexyg

aeuroord(Auayd([A
oW (OUTWIAXOIPAT))
--0I0[2-7)
-9-0I0[YD-¢ TAPIIN

SYid

%16 ‘Bw 18]

PIOS 9MYM

16 ordwexyg

ajeurootd(JA-g-[oxo
Pl 11[plozusqoroyd
9)
-9-010[Yo-¢ [APPN

prid

%0¢ ‘Fu Of

P1OS
AMYM-HO

79 o[dwexyg

ajeuroord(14
uayd([Ameworonyin)
-}-OUBAD-¢-0IO[UD-7)
-9-0I0[YD-¢ TAPIIN

evid

%8¢

PIOS 9MYM

4 g Ioj
Do 06 16 uneoy
P ge ofdwexy

ajeuroord(14
uayd([Ameworonyin)
--(IApowt
(ouozeapAyrAypawp
-7°7))-€-0I0[Y2-7)-9
-0I0[Y2-¢-(7) TAPIIN

wid

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-861-

proe
%8L BW Oy | PIOS MM Lz adurexyg 026 10%0 8vLA
. . Pl 11[plozusqoroyd
-9)-9-0I0[UD-¢
(suonIpuod
uonoBal
o) Jopun opruwie
Arewiad ot 03
areurjodrdororya1p
S9ZATOIpAY 9[ImII .
h plIos otp) S[MIIOZY SE-0A
%S ‘BW OTT -0 | eq(Kueworonyym) uoyd([Ayyetworonyyin) LyTA
(A -v-?oﬁmmemo
-Z-Ur[0IOQEXOIp 09 IAWIN
-7 ST -TAewena)
S CY'Y)-0)
3ursn z¢ opdwexyg
(suonpuod
uonoBal
o) Jopun opruwie
Arewrad o o @] E| n_
sazAToIpAy ormm | 9eurjosrdororyd-¢-([A o ZHN n_
2,09 ‘BW €97 pros ) I[INTUOZU uayd([Ameworonyin) ) OpT A
MYM-TO | 2q([Ayoworonyyun) -p-[AowreqIed IO/O \Z
-6-(4 -0)-9 AN
-Z-Ur[0IOQEXOIp 5 A
-7 ST -TAewena)
S CY'Y)-0)
3ursn z¢ opdwexyg
(9 ‘YY) PRIA | ddueieaddy uoneaedoag JWIBN [N 2INPINIIS ‘ON




PCT/US2018/057626

WO 2019/084353

-651-

areurjoordorony
-G-0I0[y2-¢-(IA
%9¢ ‘BW L9 | PIOS AYM 16 ordwexy uoyd([Ayeworonyyin) s1a
~¥-010[Y2-T
-OwWoIq-G)-9 [AYION
aeuroordororyo-¢- (14
. uayd(1AyamoIon(yin
%6T BWES | PUOS AMYM 16 Sdwrexg ! mumzoao-m G 114
-OwWoIq-G)-9 [AYION
areurjoordorony
-G-(14-g-10%0
B1E FWSTT PI[OS 21TUM 16 ordwrexy Pl 11[plozusqoroyd 0STA
9)
-9-010[Yo-¢ [APPN
vove Ty
h.hm% ﬁmﬁ%&@ ajeuroord(14
h [ Podo | uoud(ourureiAyawip)
%ST ‘w11 [0 MO[[PA SB JUSA[OS _c-010y0-}) 4K |
S ~9-010[Y2-¢ [AURIN
N AIng-1427
3ursn g1 opdwexyg
(9 ‘YY) PRIA | ddueieaddy uoneaedoag JWIBN [N 2INPINIIS ‘ON




PCT/US2018/057626

WO 2019/084353

-091-

%Y ‘BW CTT

P1OS
AMYM-HO

€60

3ursn g9 opdwexyg

areut[oord([Au
yd(£xopoworon(yip)
--0I0[Y2-7)
-9-0I0[YD-¢ AN

LSTA

%001 ‘W 67

P1[OS UeL,

QZ odwexyg

proe omuroord(«
uayd([Ameworonyin)
~¥7-OI0[YDIp
-97)-9-0I0[UD-¢

9STA

%S¢ ‘w971

[0 MO[[PX

16 ordwexyg

ajeurootd(JA-g-[oxo
Pl 11[plozusqoroyd
-9)-9
-0IO[YDIP-G*¢ AN

SSTA

%Sy ‘BW L1

pI[oS Q3urI

16 ordwexyg

aeuroo1d(1A-g-1oxo1p

[¢‘T1[p]ozuaqoron(yip
-Z'-0101Y2-9)-9

-OIO[YIIP-G°¢ AP

122

%67 ‘3w 8¢

PIOS 9MYM

16 ordwexyg

Oumﬁﬁooﬁgo.ﬁosﬂ
-G-(1A-G-[oxo1p
[¢‘11[plozuaqoron(jip
-7‘7-0I0[Yy2-9)
-9-0I0[Yd-¢ AU

€STA

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-191-

%ST ‘BW €91

PI[OS MO[[PX

6D

3ursn g9 opdwexyg

areurjoordoronpy
-¢-([AuaydAxomom
-7-(Axopeworonfyip)
)
-9-0I0[YD-¢ TAPIIN

1914

%LL BW L6]

PIOS 9MYM

0¢ ofdwexyg

proe omuroord(«
uayd([Ameworonyin)
-{-0I0n[J-7)
-9-010n[J-C-0I0[Y)-¢

0914

%0S ‘3w 8H7

pros
MO[[OX WST]

¢9 ordwexyg

aeurjoord(TAuayd(
AXO(JAUOJ[NS[AIow))
-i7)-9-oon[y
-G-0I0[YD-¢ TAPIIN

6STA

%TL ‘BW ¢C¢

PIOS 9MYM

¢9 ordwexyg

ajeuroord(14
uayd([Ameworonyin)
--0I0N[J-7)-9-oIon[y
-G-0I0[YD-¢ TAPIIN

8STA

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-291-

%6Y ‘3w GTT

PIOS 9MYM

¢9 ordwexyg

eurjooidoronyy
~S~(1Au
Jud(Axoyeworon(yip)
)
-9-0I0[YD-¢ AN

SOTA

%L6 ‘FWOTT

1O 23ueI)

Lz oidwexyg

p1oe J1[Ax0qIed
-9-[sutpuddig-z°z]
-([ApewoIonjin)

~,G-0I0[YII-C ¢

Po1d

%7TS ‘3w 197

PIOS 9MYM

¢9 ordwexyg

areutjoord(]
Kuayd(£xoyreoronyjin
-T'T'T)-¥)-9-odonyy
-G-0I0[YD-¢ TAPIIN

€91A

%¥8 ‘W 091

PIOS 9MYM

Lz oidwexyg

proe omuroord(«
uayd([Ameworonyin)
--0uBk9-9
-0I0[Y2-7)-9-0I0[YD-¢

914

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-€91-

%8¢ ‘FW ¢61

P1OS
AMYM-HO

¢9 ordwexyg

areutod([£
uoyd([AuojnsiAypaur)
-i7)-9-olon]
-G-0I0[YD-¢ TAPIIN

6914

%6 ‘FW 961

PIOS 9MYM

¢9 ordwexyg

areurjoordoronpy
-¢-(1AuaydourLo-1)

-9-0I0[YD-¢ TAPIIN

8914

%67 BW [

PIOS 9MYM

¢9 ordwexyg

aje[Ax0QIRD
-9-[ourpuAdig- ¢C]
-([ApewoIonjin)
-.9-oron(y
-,C-0I0[YD-G [AOIN

L9TA

%0¢ ‘W 6LY

PIOS 9MYM

¢9 ordwexyg

ajeuroord(14
uayd([Ameworonyin)
%
-Axopew-7)-9-010n[]
-G-0I0[YD-¢ TAPIIN

9914

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

91-

aeuroo1d(1A-g-1oxo1p
[¢°11[plozuaqoronym

%8¢ ‘Sw [0S AT odurex o
%8¢ 1€¢ PIOS 9MYM [l H -9‘77)-9-o1on[J eLIA
-G-0I0[YD-¢ TAPIIN
21eut[021d([A-G-[OXO0Tp
. ¢ 0Zu2qoIoN[Jin
%1S BWEET | PHOS MMM 1 apdwexg ey H-QN“MV v L
-9-0I0[YD-¢ TAPIIN
vove Ty
‘LLOY "wayD 840 9
"f Ul pIqLIOSIp euroord([Auaydoronyy
%TT ‘3w 91 [1O SSLIO[0D) SB “JUSA[OS -g-(outwre[Aerp) .14
Se AN pue -€-0I0[Y0-1)-9-0I0[Yo
ANNIUAING-1.42] -¢-ourue-{ [AI9AN
3ursn g1 opdwexyg
areutod([£
. uayd([Ameworonyin)
%Ly ‘W €TT PIOS 9MYM €9 opdwrexy -p-[Aaw-g)-g-o1on(y 0LTA
-G-0I0[YD-¢ TAPIIN
(9 ‘YY) PRIA | ddueieaddy uoneaedoag JWIBN [N 2INPINIIS ‘ON




PCT/US2018/057626

WO 2019/084353

-¢91-

%0¢ ‘B ST°0

prbry
MO[[PA ded

¢9 ordwexyg

aeurjoord(
[Auayd([Apedxoyom
-¢-olonpjp
-1°1)-%-010[Y2-7)
-9-0I0[YD-¢ TAPIIN

LLTA

%ST 310

PIOS 9MYM

¢9 ordwexyg

areurjoordoroyo
-¢-(1Auaydororyo
-Z-(1Aqeox0
-g-oIon[JIp-1°1-ouTE
-0-7)-9 1AW

9LTA

%T6 ‘BW LT

[0 MO[[PX

Lz oidwexyg

p1oe otutoordoIon(y
-G-(1A-G-[oxo1p
[¢‘11[plozuaqoron(jip
A
-010[Y2-9)-9-0I0[4)-¢

SLIA

%S BW Tpg

PIOS 9MYM

16 ordwexyg

21eut[021d([A-G-[OXO0Tp

[¢*T1[Plozuaqoronyn
9T0D9

-OIOYOIP-G*¢ TAYRIN

pLIA

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-991-

p1oe otutoordoIon(y
-G-0I0[y2-¢-(IA

%TS BW g | PIOS NYM LT Sdwrexyg uoyd([Ayeworonyyin) ISTA
%
-0JO[o-7-owoIg-6)-9
proe orurjoordoroyo-¢
h . -(JAuaydoro[yo-z-(14Y
%0T 36700 | PUOS MYM Ly dpdurexg JowoION[IPAXOGIES) 0814
)9
proe duroord(
. ) pinbry [Auayd(TAmedxomat
%0L ‘3 00 umorg Ly dpdurexg 01001 )4 6L14
-0I0[Y2-7)-9-0I0[YD-¢
aeurjoord(TAuayd(
. PIOS [APuoION[JIPOURAD)
9 3 odurex
%0T 3 90 AYM-TIO ¢9 9l H p-010[Y-7) SLIA
-9-0I0[YD-¢ TAPIIN
(9 ‘YY) PRIA | ddueieaddy uoneaedoag JWIBN [N 2INPINIIS ‘ON




PCT/US2018/057626

WO 2019/084353

-L91-

- ojeutrfoord([Aua
. . d(Axopeworonyin
%9T 3w ¢T1 3unpN €9 odwexg ue -%o-eoém. : S84
nel -G-0I0[YD-¢ TAPIIN
veve Tk
‘LLGT WayD) 840 are£x0qIed
[ UT PaqLIOsap -9-[eurpukdiq-z°¢]
%T6 BW T | [0 SSIMO[OD S “JUIA[OS -(IAyeworon(Ip) P81
se JINQ pue - p-0I0[YOLN
NNuAINg-7.491 - $°6 € TAPRIN
3ursn g1 opdwexyg
proe
h orurjoo1d(J4-g-[ox0
%89 Wy | PUOS MOIPA | LgRldwexg | e qororo €814
-9)-9-0I0[YOIQ-S'¢
proe
orurjoord([4-g-foxorp
%86 ‘W 8f LORLET o) LT ordurexy [¢*T][P]ozusqoonyip 81
-7'T-0I0[Yd
-9)-9-0I0[YOIQ-S'¢
(9 ‘YY) PRIA | ddueieaddy uoneaedoag JWIBN [N 2INPINIIS ‘ON




PCT/US2018/057626

WO 2019/084353

-891-

%Sy ‘3w OST

PIOS 9MYM

¢9 ordwexyg

areutod([£
-G-[OpUl-H[)-9-olony
-G-0I0[YD-¢ TAPIIN

68TA

%89 ‘W 08¢

PIOS 9MYM

¢9 ordwexyg

areurjoordoronyy
-G-0I0[YD
-¢-(14-¢-ueInjozuaq)
-9 1A

8STA

%¥T ‘BW 791

PIOS 9MYM

¢9 ordwexyg

ojeutrfoord([Aua
yd(Axoypreworonyyian)
--0I0N[J-7)-9-oIon[y
-G-0I0[YD-¢ TAPIIN

LSTA

%¢ 6 BW L

PIOS 9MYM

¢9 ordwexyg

areurjoordoronpy
-¢-(JAuaydoue Ao
--0I0[2-7)
-9-0I0[YD-¢ TAPIIN

9814

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-691-

PIoB 21[AX0QqIBD
-9-[eurpuidiq- z°z]

%yLBwog | [0 98ueIQ Lt odwexy (Kupaworongip) g6l
- p-OIOTYI] - C°C".¢
p1oe J1[AX0qIed
-9-[ourpuAdig- ¢
%6L 3W 65 PI[OS UTL 8¢ opdurexy .o:ws%&oammw% w614
~9-0I0[YIA-C" T
Yore ‘Tt
h.hm% ﬁmﬁ%&@ aje[Ax0QIRD
. r w qHOSP -9-[eutpuAdiq
%001 BW 6 | IO 23ueIQ S ‘JUIA[OS - 77 ]-o10[yom 1614
v AN DY s E%&Z
MAING-1.£2}
3ursn g1 opdwexyg
proe omuroord(«
. uayd(1AyamoIon(yin
%es Bwosl | prosomum | 0g adwexy R 0614
-9-0lon[}-¢-0Io[y)-¢
(9 ‘YY) PRIA | ddueieaddy uoneaedoag JWIBN [N 2INPINIIS ‘ON




PCT/US2018/057626

WO 2019/084353

-0L1-

proe orurjoordoronyy

%L9 BWOELT | PHOS AMYM 0§ S[dwexy -§-0I0[Yd-¢ 8614

-([A-¢-urInjozuag)-9

9

o jeurjootd(jAusydontu

%0 ‘BW 06T | PHOS AMUM £9 ordwrexg “p)-g-osonfy L614
-G-0I0[YD-¢ TAPIIN
p1oe orutjoordorongy
¢ - - \ﬂl -
wsoFusy | prosamm | sgaduexg | SIS 9614
-9)-9-0I0[UD-¢
pIoE J1[AX0qIED
%96 ‘W | [10 MO[[PA LT Sdwrexg -9-[outpuddiq- 7] s61d
-0IO[YOH] - ¢ €
vove Ty
h.h\m% MMWMMQ aje[Ax0QIRD
h PHOS o, -9-[outpuddiq- 7]
o Sw SB ‘JUIA[OS

£16 8tl AMYM-JIO se JAd WSN -(IAyeworon(yin)-,9 véld

NMUAINg-1.001 -OIOTYDIP-G* 7 [AYIRIA

3ursn g1 opdwexyg

(9 ‘YY) PRIA | ddueieaddy uoneaedoag JWIBN [N 2INPINIIS ‘ON




PCT/US2018/057626

WO 2019/084353

“1L1-

%ST ‘3w 19

PIOS 9MYM

16 ordwexyg

areut[oo1d(14-9
-urxoIp[¢*1][plozuaq
“HY
-0ION[JeNa- 4 T°7)-9
-OIOYOIP-G*¢ TAYRIN

(4141

%SL ‘BW 6¢T

PIOS 9MYM

16 ordwexyg

reurjoordonm-¢-([4

uayd([Ameworonyin)
%

-0I0[Y2-7)-9 AN

1024

%¢EE ‘BW OGT

PI[OS MO[[PX

€6
3ursn g9 opdwexyg

Jeurjoordoronty
-S-(1Au
yd(£xopoworon(yip)
~{-010[42-7)
-9-0I0[YD-¢ AN

00cA

%LL BT

P1OS
AMYM-HO

0¢ ofdwexyg

proe omuroord(«
-G-[OpUI-H )
-9-0Jon[J-¢-0Io[yH-¢

6614

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

“CLI-

%0T ‘W H¢¢

[0 MO[[PX

1% ordwexyg

ajeuroord(14
uayd([Ameworonyin)
--01NU-9-0I0[Y2-7)
-9-0I0[YD-¢ TAPIIN

90cA

%88 ‘3w ¢9

PIOS 9MYM

QZ odwexyg

p1oe J1[Ax0qIed
-9-[sutpuAdig- £°7]
-([ApewoIonjin)

~9-0I0[YIA-S"

SocA

%SS ‘FW 661

110 umoIg

16 ordwexyg

areut[oo1d(14-9
-uxomp[ ¢ r1lplozusq
-H{-olon[jend)
¥ T 7)-9-olonyg
-G-0I0[YD-¢ TAPIIN

oA

%9¢ ‘W 861

PIOS 9MYM

16 ordwexyg

areut[oo1d(14-9
-urxoIp[¢*1][plozuaq
“HY
-0ION[Jen-'%'77)
-9-0I0[YD-¢ TAPIIN

£0cd

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

“eLl1-

areurjoordoronpy
-G-([Aua
%ET ‘BWRCT | PIOS AIM ¢9 orduwrexyg yd(£xoyewozonyyimn) (1] &4t
--0I0[2-7)
-9-0I0[YD-¢ TAPIIN
areurjoordoronyy-g-([4
. uayd(1AmpeuoIony
Bsp Swgor | PUOS MM | €9 opdwexg el . ) 607d
-9-0I0[YD-¢ TAPIIN
p1oe J1[AX0qIed
h pios -9-[supliddiq
%08 WO | jmipiy sy | 8CO1WEXE Sz 7] 1K pew 8024
-.$-0lon[J-,¢-0I0[Y)-C
vove Ty
LLGI "w2yD “510) aje[Ax0QIRD
[ Ul pIqLIOSIp
989 ‘8w ¢7 [TO SS9[I0T0) SB ‘JUIA[OS 9-[outpuAdia-7°] L0TA
‘ -[AtpewI- G-o1on(y
s¢ JING pue -, £-0IO[U2-G [ARIN
NMUAINg-1.001 /£-OIO[Yo-¢ [AY
3ursn g1 opdwexyg
(9 ‘YY) PRIA | ddueieaddy uoneaedoag JWIBN [N 2INPINIIS ‘ON




PCT/US2018/057626

WO 2019/084353

vLI-

%L ‘BW 76

PI[OS MO[[PX

99 o[dwexyg

ajeuroord(14
uayd([Ameworonyin)
-{7-0pO1-9-0I0[Y0-7)
-9-0I0[YD-¢ TAPIIN

vica

%8¢ ‘Fw gOT

PIOS 9MYM

¢¢ ordwexyg

aeuroordororyo-¢- (14
uayd([Ameworonyin)
-1-0I0[D
-9-ouTWe-7)-9 [AYIoN

elcd

%¢E1 ‘W 6f

PIOS 9MYM

$¢ o[dwexyg

aeuroordororyo-¢- (14
uayd([Ameworonyin)
-1-0I0[D
-g-outwe-¢)-9 [AyIoN

(44 |

%8T ‘3w 701

pr[oS 931eg

$¢ o[dwexyg

aeuroordororyo-¢- (14
uayd([Ameworonyin)
-1-0I0[D
-g-outwe-¢)-9 [AyIoN

I1cda

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-CLI1-

%0OL B ET'T

['O 1ed[D)
SNOJSIA

¢ o[dwexyg

aeuroordororyo-¢- (14
uayd([Ameworonyin)
-f-OuTWe-¢)-9 [AYION

ST

%ET ‘Bw G¢

PIOS 9MYM

1% ordwexyg

ajeuroord(14
uayd([Ameworonyin)
%
-£X0y)ow-9-010[y2-7)
-9-0I0[YD-¢ TAPIIN

AV |

%6GS ‘B 9f

PIOS 9MYM

9¢ o[dwexyg

]
jeurjootd(jAuaydiAura
-9-(JAy1ewoIonyyin)
--0I0[2-7)
-9-0I0[YD-¢ TAPIIN

91A

%LS ‘BW L6

PIOS 9MYM

¢9 ordwexyg

ojeutrfoord([Aua
yd(Axoypreworonyyian)
%
-Axopew-7)-9-010n[]
-G-0I0[YD-¢ TAPIIN

ST

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




9L1-

PCT/US2018/057626

WO 2019/084353

proe
%001 BW g | [IQ MO[[9X LT Sdwex Prutroaud(pfuaydituta
. el q _g-([Apeworon[m)-4 A
-0I0[Y-7)-9-0I0[YD)-¢
jeuroordoronyy
-¢-(1Auaydoron(y
%Y1 ‘SWI6 | PUOS AMYM ¢9 orduwrexyg -g-(Axoyrewrozonyyip) 1ed
)
-9-0I0[YD-¢ TAPIIN
vove ‘T
‘LLGT WayD) 840 are£x0qIed
[ UT PaqLIOsap -9-[eurpukdiq- 7]
%001 BW 67 | 110 SSAIO[0D SE “JUQAJOS -(JAypewozonyIn) 0z2d
se JINC pue -,§-0I0[[o1)
NNUAINg-7.491 -9°6 ¢ TAPRIN
3ursn g1 opdwexyg
ojeurfoordiAuayd
%LS ‘B 80T [10 23D ¢9 orduwrexyg -9-oJ0n(J 61Td
-G-0I0[YD-¢ TAPIIN
(9 ‘YY) PRIA | ddueieaddy uoneaedoag JWIBN [N 2INPINIIS ‘ON




PCT/US2018/057626

WO 2019/084353

“LLT-

%TL ‘FW HOT

PIOS 9MYM

0¢ ofdwexyg

proe owrodid([Aua
yd(Axoypreworonyyian)
%
-0I0[Y2-7)-9-0I0[YD-¢

9T

%08 ‘S ¢

WERO MO[[QA

Lz oidwexyg

p1oe J1[Ax0qIed
-9-[sutpuddig-z°z]
-([ApewoIonjin)
~.G-OIOTYIU] - 9°C" ¢

44 |

%001 ‘W 6¢

PIOS 9MYM

Lz oidwexyg

proe omuroord(«
uayd([Ameworonyin)
“y-0niu-9
-0I0[Y2-7)-9-0I0[YD-¢

(44

%66 ‘W ¢¢

[0 MO[[PX

Lz oidwexyg

proe omuroord(«
uayd([Ameworonyin)
--Ax01ow-9
-0I0[Y2-7)-9-0I0[YD-¢

£l

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-8L1-

%LL ‘BuOOT

PIOS 9MYM

0¢ ofdwexyg

proe orurjoordoronyy
-¢-([AuaydAxomom
-g-o1on[J
-¢-(IAyewoIon(yip)
-17)-9-0I0[UD-¢

0€TA

%¥9 ‘W Spe

pI[OS umoIg

16 ordwexyg

21eut[021d([A-G-[OXO0Tp
[¢*11[Plozusqoronpyin
“#*77)-9-010n]]
-G-0I0[YD-¢ TAPIIN

67

%¥1 ‘BW 6¢

pI[OS umoIg

1% ordwexyg

Jeu
rfoord(fAueydAxomew
-t-Ax0IpAy
-¢-[AWII0-9-010[YD-7)
-9-0I0[YD-¢ TAPIIN

87

%8S ‘3w 97T

['O 1ed[D)

¢9 ordwexyg

9
euroord([Auaydoronyy
-i7)-9-oon[y
-G-0I0[YD-¢ TAPIIN

LT

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

“6L1-

areurjoordoronpy
-S-(14-g-[oxo01
%8S BW IS | PIOS AMYM 1 apdwexg pL¢ 11lplozuaqidmaw €€Td
--0I0N[JIP-7°7)
-9-0I0[YD-¢ TAPIIN
9je[AX0QIRD
-p-ourpruAd (14 vA
-G-[0XOT €
%9 ‘FW GG | PIOS MO[[OX 16 odurexy Hmh:HEmomn@Q%osﬂﬁ IO/O \Z | @) d 4Y4 |
-7T-0I0[Y0-9) ~ _N
-Z-0I0[YD-G AR 1D
vove Ty
‘LLGT "woyD 310
ru wmvaﬁo@ow ajeuroord(14
SB ‘JUIA[OS _c-joxorp|
‘ se AINd pue ‘ .
3 K
9% L6 ‘Sw ¢8 PI[OS UMmoOIg SNNUAING-1427 € :G.VMWV.N%MMOMMEQE recda
PUe 10LYL2OVIOC | .. )
S(1 0T PoquIsep G-010TYd-¢ [APOIN
S[eLIeW JunIe)s
3ursn g1 opdwexyg
(9 ‘YY) PRIA | ddueieaddy uoneaedoag JWIBN [N 2INPINIIS ‘ON




PCT/US2018/057626

WO 2019/084353

-081-

%16 ‘3w QTT

PIOS 9MYM

16 ordwexyg

areurjoordoronpy
-S-(14us
yd({AdoxdopoLooueso
-1)--0I0[40-7)
-9-0I0[YD-¢ TAPIIN

LeTA

%¢6 ‘W I

[0 MO[[PX

16 ordwexyg

ojeutrfoord([Aua
yd({AdoxdopoLooueso
-1)--0I0[40-7)
-9-0I0[YD-¢ TAPIIN

9¢€TA

%16 ‘Bw g1

PIOS 9MYM

1% ordwexyg

ajeutjoordorongy
-G-(14-g-1oxo1p[
¢'Tllplozusqixorpow
~p-0I0N[JIP-T°7)
-9-0I0[YD-¢ TAPIIN

secd

%69 ‘W ¢¢T

PIOS 9MYM

16 ordwexyg

21eut[021d([A--[OXOTp
[¢*T1[Plozuaqoronyn
-LT7)-9-od0n]
-G-0I0[YD-¢ TAPIIN

124

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-181-

%1 ‘W +3

PIOS 9MYM

16 ordwexyg

areurjoordoronyy-g-([4

uayd([Ameworonyin)

-{-0I0N[J-G-0I0[Yd-7)
-9-0I0[YD-¢ TAPIIN

Ived

%Y ‘BW CTT

PIOS 9MYM

16 ordwexyg

21eut[021d([A-G-[OXO0Tp
[¢*11[Plozusqoronpyin
-LT7)-9-od0n]
-G-0I0[YD-¢ TAPIIN

oved

%0S ‘3w G¢

110 umoIg

L9 oidwexyg

ajeuroord(14
uayd([Ameworonyin)
%
-[AUA)9-9-0I0TYD-7)
-9-0I0[YD-¢ TAPIIN

6€A

%88 ‘3w 177

[0 MO[[PX

16 ordwexyg

ojeutrfoord([Aua
yd({AdoxdopoLooueso
-1)-$-0I0[Y2-7)-9
-0IO[YDIP-G*¢ AN

e

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-¢81-

%97 ‘3w L9

PIOS 9MYM

16 ordwexyg

areurjoordoronyy-g-([4
-p-1oxo1p[¢T][plozu
aq([AuoqreoLxoaur)
-9-0I0N[JIP-7°7)
-9-0I0[YD-¢ TAPIIN

vrd

%6 ‘FW ¢

pI[OS umoIg

16 ordwexyg

ajeuroord(14
uayd([Ameworonyin)
-{-0I0N[J-G-0I0[Yd-7)
-9-0I0[YD-¢ TAPIIN

evd

%68 ‘W 707

PIOS 9MYM

16 ordwexyg

21eut[021d([A--[OXOTp
[¢*11[Plozuaqoronpyip
T0
-9-010[Y-¢ [APON

o

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

€81~

%69 ‘W 167

PIOS 9MYM

¢9 ordwexyg

eulI[0d
1d(fAuayd(ompyApour)
-)-9-o1on[}
-G-0I0[YD-¢ TAPIIN

~OfH

8

%6y ‘W 9L¢

PI[OS MO[[PX

¢9 ordwexyg

areurjoordoronpy
-G-0IO[D
-¢-(1Auaydourue
7)-9 TAUIRIN

Lyd

%L1 ‘BW 69

pI[OS umoIg

16 ordwexyg

ajeuroord(14
uayd([Ameworonyin)
%
-0JI0N[J-C-0I0YD-7)-9
-0IO[YDIP-G*¢ AN

9Id

%88 ‘W ¢

PIOS 9MYM

16 ordwexyg

areutod([£
-p-1oxo1p[¢T][plozu
aq([AuoqreoLxoaur)
-9-0I0N[JIP-7°7)
-9-0I0[YD-¢ TAPIIN

Srd

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

v81-

%TT ‘3w O

PIOS 9MYM

Lz oidwexyg

proe
owroordonmu-¢-(1£
uayd([Ameworonyin)
--0I0[4D-7)-9

(44 |

%91 ‘3w /G

110 umoIg

g ordwexyg

areur[oord(4-g-(14
uayd([Ameworonyin)
%
-[AUAe-G-0I0TYD-7)
-9-0I0[YD-¢ TAPIIN

Iscd

%LT ‘BW CHT

[0 MO[[PX

1% ordwexyg

ajeuroord(14
uayd([Ameworonyin)
-~ [AyIoW-9-0I0[Yd-7)
-9-0I0[YD-¢ TAPIIN

0scA

%8S ‘3w 97T

PIOS 9MYM

¢9 ordwexyg

areut[oo1d(1A[0
-d)-g-oronpy
-G-0I0[YD-¢ TAPIIN

6vd

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-¢81-

%79 ‘Bw L¢T

PIOS 9MYM

16 ordwexyg

Oumﬁﬁooﬁgo.ﬁosﬂ
-G-([&-p-[ox01p
[¢‘11[plozuaqoron(jip
70
-9-0I0[Yd-¢ AU

95

%99 ‘Fw £71

PIOS 9MYM

Lz oidwexyg

proe

orurjoord([4-4-[oxo1p

[¢°11[plozuaqotongyip
-2'0)-9-010[UYD-¢

4 |

%6S ‘T QY

PIOS 9MYM

Lz oidwexyg

ptoe
orroordoonyy-g-(£
uayd([Ameworonyin)
-p-oIon[J-¢
-0I0[Y2-7)-9-0I0[YD-¢

1274

%¢E6 ‘BW LT

PIOS 9MYM

LseA
3ursn 49 opdwexyg

areurjoordoronpy
-¢-([AuaydAxomom
-g-olonfj-¢
-(TAeworonyIp)-1)
-9-0I0[YD-¢ TAPIIN

A |

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-981-

%1L ‘B 6

PIOS 9MYM

16 ordwexyg

aeuroord(14-9-uo
ydomp[gJozuaqoionyy
-L)
-9-0I0[YD-¢ TAPIIN

092A

%¢E6 ‘FW 7T

['O 1ed[D)

Lz oidwexyg

proe omuroord(«
uayd([Ameworonyin)
--[Apow-9
-0I0[Y2-7)-9-0I0[YD-¢

e |

%EY ‘B ¢6

PIOS 9MYM

16 ordwexyg

Oumﬁﬁooﬁgo.ﬁosﬂ
-G-(1A-G-[oxo1p
[¢‘11[plozuaqoron(jip
70
-9-0I0[Yd-¢ AU

8sd

%ST ‘3w 69

PIOS 9MYM

16 ordwexyg

areurjoordoroyorp
-G'e-(I4
uayd([Ameworonyin)
~¥-010[Y2-T
-OwWoIq-G)-9 [AYION

LS

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-L81-

Jeu
. rfoord(fAueydAxomew
Bey Fwgr | pUOSAMUM | €9 oduexg .w-eﬁmwm-wv-o-omé pozd
-G-0I0[YD-¢ TAPIIN
areutod([£
h 10 MO[[PX uoyd(fAurynsAyrour)
%SS BW 16T SNODSTA €9 Srdwexy -p)-9-oxon(] €924
-G-0I0[YD-¢ TAPIIN
aeuroordororyo-¢- (14
BYT ‘BW 6T PIOS UM 16 ordwrexy -9-[0zex0[p]ozuaq) 92
-9 IApeIN
areutod([£
D pauosep | | S lompDR0
%BST ‘W LT PI[OS 21TUM S0 1 Padosop [¢T 11[2]ozusqoltoryo 1924
. . S[eLIIRW FUNIR)S 9)
3 d
ursn 4 o[duwexyg 9-0I0[go-¢ [N
(9 ‘YY) PRIA | ddueieaddy uoneaedoag JWIBN [N 2INPINIIS ‘ON




PCT/US2018/057626

WO 2019/084353

-881-

Y6ve ‘Tt
‘LLOT "WaYyD) 810
[ UI PAqLIISap

SB ‘JUIA[OS qeu
. se JIN( pue foord([Auaydoronyjp
%9t ‘W ¢ PIOS 9MYM NMUAINg-1.001 +7) 892
pue ¢S8110€00T -9-0I0[U2-¢ TAIIN
OM UT paquIosap
S[eLIeW JunIe)s
3ursn g1 opdwexyg
proe omuroord(«
h p1[oS uoyd([Ayeworonyyin)
9 Sw odurex
bye 8L AYM-TIO 0s @I Hd p1Aew-7) L9
-9-010n[J-C-0I0[Y)-¢
aeuroord(14-9-uo
. ydomp[gJozuaqoionyy
%61 W e | proS AMum 1§ opdurexg -)-9-010n] 9974
-G-0I0[YD-¢ TAPIIN
areurootd(1A-¢-
. [ozenpy[plozuaqoion(]y
BEE W 6L PIOS 9MYM 16 srdurexy -9)-9-o10n[J SS9
-G-0I0[YD-¢ TAPIIN
(9 ‘YY) PRIA | ddueieaddy uoneaedoag JWIBN [N 2INPINIIS ‘ON




PCT/US2018/057626

WO 2019/084353

-681-

vove Ty
‘LLOY "wayD 840
[ Ul pIqLIOSIp
SB ‘JUIA[OS e
91c ‘B ge DIOS ST se JIN( pue urjoord(jAusydAyotn _—_
. . ANNIUAING-1.42] -{-0I0N[J-Z-0I0[Yd-G)
pue ¢S8110€00T -9-0I0[U2-¢ TAIIN
OM UT paquIosap
S[eIdIEW JunIL)S
3ursn g1 opdwexyg
vove Ty
‘LLOY "wayD 840
[ Ul pIqLIOSIp
SB ‘JUIA[OS el
. se JIN( pue euroord([Auaydoronyy
%96 ‘3w Tty PIOS 9MYM NIUAINQ-149 ~Z-0T0[YO-}) 0LcA
pue ¢S8110€00T -9-0I0[U2-¢ TAIIN
OM UT paquIosap
S[eIdIEW JunIL)S
3ursn g1 opdwexyg
Ae[Ax0qIRD ~OfH
%SG BW I | PIOS NYM It ordwexy wmqmmmmmw 6974
-9-0I0[YD-G [AOIN
(9 ‘YY) PRIA | ddueieaddy uoneaedoag JWIBN [N 2INPINIIS ‘ON




PCT/US2018/057626

WO 2019/084353

-061-

%SS ‘B 7p

PIOS 9MYM

Yore ‘Tt
‘LLOY "wayD 840
[ Ul pIqLIOSIp
SE QURATOS SsB JIN(
pue Jmmuiing
-121 pUe 6¥8YICL
S[] Ul paqLIOsIp
S[elR)ew 3unte)s
3ursn g1 opdwexyg

aeurjoord(
[Auayd([Ayrewoongy)
-¢-010N[J-Z-0I0[Yo-¥)
-9-0I0[YD-¢ TAPIIN

pLiA

%8S ‘W

PIOS 9MYM

vove Ty
‘LLOY "wayD 840
[ Ul pIqLIOSIp
SB ‘JUIA[OS
se AN pue
MAING-1.£2}
pPue 860<¢80L00T
OM UT paquIosap
S[eIdIEW JunIL)S
3ursn g1 opdwexyg

9
euroord([Auaydoronyy
-Z-(IAyewoIon(yip)
-€-0I0[0-1)
-9-0I0[YD-¢ TAPIIN

€L

B¥S ‘W 1t

PIOS 9MYM

vove Ty
‘LLOY "wayD 840
[ Ul pIqLIOSIp
SB ‘JUIA[OS
se AN pue
MAING-1.£2}
pPue 860<¢80L00T
OM UT paquIosap
S[eIdIEW JunIL)S
3ursn g1 opdwexyg

e

urjoord(jAusydAyotn

-¢-010N[J-Z-0I0[Yo-¥)
-9-0I0[YD-¢ TAPIIN

(4X4 |

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-161-

9
. euroord([Auaydoronyy
9 Sw [0S AT odurex
%CS 6¢ PIOS 9MYM It 91 Hd _Z-010[Y0-¢) LLA
-9-0I0[YD-¢ TAPIIN
vove Ty
‘LLGT "woyD 310
[ Ul pIqLIOSIp
SB “JUIA[OS e
ot S S se JIN( pue urjoord(jAuaydAxorpe
%6v LE PIOS 9MYM NMUAINg-1.001 - ¢-0TO[YOIP-H7) 9LTA
pPue 860<¢80L00T -9-0I0[U2-¢ TAIIN
OM UT paquIosap
S[eLIeW JunIe)s
3ursn g1 opdwexyg
areurjoordoronpy
. -¢-(JAuaydAxomeur-g
%yS BW LT | PIOS M 9 opdwexy ([KupoworonyIp)-p) sLTA
-9-0I0[YD-¢ TAPIIN
(9 ‘YY) PRIA | ddueieaddy uoneaedoag JWIBN [N 2INPINIIS ‘ON




PCT/US2018/057626

WO 2019/084353

-¢61-

%8S ‘W

PIOS 9MYM

vove Ty
‘LLGY "wayD 810
[ Ul pIqLIOSIp
SB ‘JUIA[OS
se AN pue
MAING-1.£2}
pue 816620600C
OM UT paquIosap
S[eIdIEW JunIL)S
3ursn g1 opdwexyg

Jeu
rfoord(fAueydAxomew
-¢-0I0N[J-Z-0I0[YD
-1)-9-0I0[y>-¢ [Aing

08cA

%8¢ ‘B 67

PIOS 9MYM

vove Ty
‘LLGY "wayD 810
[ Ul pIqLIOSIp
SB ‘JUIA[OS
se AN pue
MAING-1.£2}
pPue 860<¢80L00T
OM UT paquIosap
S[eIdIEW JunIL)S
3ursn g1 opdwexyg

areurjoordoroyo
-¢-(1Ausydoron(y
-¢-oIoYo-p
-£x01ng-€)-9 (AN

6L

%Ly ‘3w 9¢

PIOS 9MYM

vove Ty
‘LLGY "wayD 810
[ Ul pIqLIOSIp
SB ‘JUIA[OS
se AN pue
MAING-1.£2}
pue £81080C10T
OM UT paquIosap
S[eIdIEW JunIL)S
3ursn g1 opdwexyg

areu

rfoord(fAueydAxomew

-G-0I0N[J-¢-0I0TYO-1)
-9-0I0[YD-¢ TAPIIN

8L

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-¢61-

%6Y ‘3w Q¢

PIOS 9MYM

vove Ty
‘LLGT "woyD 310
[ Ul pIqLIOSIp
SB ‘JUIA[OS
se JIN( pue
MAING-1.£2}
pPue 860<¢80L00T
OM UT paquIosap
S[eIdIEW JunIL)S
3ursn g1 opdwexyg

areurjoordoroyo
-¢-([AuaydAxomom
-¢-o1on[J
-g-owoIq-1)-9 [Aing

€8

%ES ‘Bw Of

PIOS 9MYM

vove Ty
‘LLOY "wayD 840
[ Ul pIqLIOSIp
SB ‘JUIA[OS
se AN pue
MAING-1.£2}
pPue 860<¢80L00T
OM UT paquIosap
S[eIdIEW JunIL)S
3ursn g1 opdwexyg

JBUI[0D
d(1Auayd(1AmeoIonyy
-1)-€-0IO[Y2IP-1°7)
-9-0I0[YD-¢ TAPIIN

(4.4

%S¢ ‘B LT

PIOS 9MYM

vove Ty
‘LLOY "wayD 840
[ Ul pIqLIOSIp
SB ‘JUIA[OS
se AN pue
MAING-1.£2}
pPue 860<¢80L00T
OM UT paquIosap
S[eIdIEW JunIL)S
3ursn g1 opdwexyg

ajeuroord(14
uoyd([AyjeworonfJip)
-€-OIO[YIIP-°7)
-9-0I0[yo-¢ AN

1824

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

61-

vove ‘Tr
‘LLOT "wayD 310 eu
. ra wmﬁﬁo@% foord(Ausyd£xoypet
%SS ‘B 7p PIOS 9MYMm SB JUIA[OS - ¢-0ION[J-Z-0I0TYD 987
v AN PO -1)-9-010[y-¢ [Adoid
MAING-1.£2}
3ursn g1 opdwexyg
vove ‘Tr
‘LLOT "wayD 310
£ U PoqHOsIp ojeuroord
mwmmw\mwwwm ((Auayd(1Adoadoiongy
%SS ‘B 7p PIOS 9MYMm NMUAINg-1.001 -T) LA |
pue 860z80L007 | EOOnNTorR )
Ot poquosep | 970%THE Ay
S[euEW JunIe)s
3ursn g1 opdwexyg
vove ‘Tr
‘LLOY "wayD 840
[ U1 paquosap
SB “JUIAJOS are[Axoqred
h se JINC pue -9-[eutpuiddiq
%LE ‘B QT PIOS 9MYMm MIUAINg-1.L01 _ ¢7]-o10gom P8
pue ¢0LYLTOFTOT -9°¢ T IAUIPOIN
S11 Ul paqLIosap
S[euEW JunIe)s
3ursn g1 opdwexyg
(9 ‘YY) PRIA | ddueieaddy uoneaedoag JWIBN [N 2INPINIIS ‘ON




PCT/US2018/057626

WO 2019/084353

-S61-

%9¢ ‘Fw ¢

PIOS 9MYM

1% ordwexyg

ojeutrfoord([Aua
yd(Axoypreworonyyian)
-g-0I0on[J-7)
-9-0I0[YD-¢ TAPIIN

06cA

%ES ‘Bw Of

PIOS 9MYM

1% ordwexyg

ajeuroord(14
uayd([Ameworonyin)
-g-0I0on[J-7)
-9-0I0[YD-¢ TAPIIN

68cA

%06 ‘W £67

PIOS 9MYM

0L ordwexyg

aeurjoord(TAuayd(
AXO(JAUOJ[NS[AIow))
--0I0[2-7)
-9-0I0[YD-¢ TAPIIN

88

%TS ‘BW ¢

PIOS 9MYM

1% ordwexyg

9
euroord([Auaydoronyy
-¢-1Adoxdo[oko-4)
-9-0I0[YD-¢ TAPIIN

L8

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-961-

vove Ty pioe
‘ RYE} . % 1 .
h.h\m% woﬁm,wmuwg orroordoonyy-g-(£
. s ‘ uayd([Ameworonyin)
%91 BWZI | PIUOS MYM | SB UIALOS SB N ~p-o10n[y b6Td
pue Jmmuiing <
1421 §TD) -Z-(1Aypsworon(jip)
3ursn g1 opdwexyg "£)-9-0101UD-¢
(LT srdwrexy)
7T 19189 Ao
QNRIPAUWLINUT proe omuroord([£
. o Jo sisAjorpAy | ueyd([Ameworon[yin)
%BLE ‘W 8T PIOS 9MYM o SuIMO[[0] “p-1Apeu-¢ £6cd
dINd pue -0I0N[J-7)-9-0I0[YD-¢
MAING-1.£2}
3ursn g1 opdwexyg
qeu
. rfoord(fAueydAxomew
%SY BWHE | PIOS AMUM 17 ardurexy o .m-osﬂm-vvg w62d
-9-0I0[YD-¢ TAPIIN
qeu
. rfoord(fAueydAxomew
%6y BW L¢ PIOS MAYM It opdwexy 1 -«.wssme-nwv 1624
-9-0I0[YD-¢ TAPIIN
(9 ‘YY) PRIA | ddueieaddy uoneaedoag JWIBN [N 2INPINIIS ‘ON




PCT/US2018/057626

WO 2019/084353

-L61-

6ve ‘Tr
h.ha o) 810 jeuroowd(JA-/ -urInjo
[ Ul PIqLIOSIp Zuoa(ik
‘ ‘ Q(JApawoIon[JLn)
%BTT W L] S MM SB JUIA[OS SB JINA -$)-9-o10n[) L6Td
pue anifing -G-0I0[Y2-¢ [Ay1o
1431 €70 C-OIO[YI-¢ [APIN
uisn g1 ordwexyg
areutod([£
. uayd([Ameworonyin)
%SS Bw gy | PUOS AMUM 1t Sdwexg p-AxOURW-¢) 9674
-9-0I0[YD-¢ TAPIIN
areutod([£
uayd([Ameworonyin)
%ES BWOp | PIOS AMUM 1 apdwexg ¥ s6cd
-Axopew-¢)-9-010n[]
-G-0I0[YD-¢ TAPIIN
(9 ‘YY) PRIA | ddueieaddy uoneaedoag JWIBN [N 2INPINIIS ‘ON




PCT/US2018/057626

WO 2019/084353

-861-

vove Ty
‘LL6T "Wy 810 areurjoordoronpy
°f UI paqLIdSap -¢-([AuaydAxomom
PIOS 9MYM SB “JUSA[OS -¢-oJongjy 00€d
se JINQ pue -Z-0I0[YI1P-9°Y)
9IM[AINg-1427 -9-0I0[d-¢ [Azuag
3ursn g1 opdwexyg
vove Ty
‘LLGT "woyD 310
[ Ul pIqLIOSIp
SB ‘JUIA[OS areu
91.C ‘B 1 DIOS ST se JIN{ pue foord(Ausyd£xoypet 6
. . 9IM[AINg-1427 -¢-010N[J-Z-0I0[Yd
Pue 1$S0610C10T | -1)-9-0I0[yo-¢ [Azuog
S[] Ul paqLIOsIp
S[eIdIEW JunIL)S
3ursn g1 opdwexyg
vove Ty
‘LLOY "wayD 840
[ Ul pIqLIOSIp
SB ‘JUIA[OS e
9,79 ‘Sw op PIOS MM se JIN( pue urjoord(jAusydAyotn g6z
. . 9IM[AINg-1427 -Z-010N[J-¢-0I0[Yd-§)
PUe €0LYLTOFI0T | -9-0IOTYD-¢ [AYIRIN
S[] Ul paqLIOsIp
S[eIdIEW JunIL)S
3ursn g1 opdwexyg
(9 ‘YY) PRIA | ddueieaddy uoneaedoag JWIBN [N 2INPINIIS ‘ON




PCT/US2018/057626

WO 2019/084353

-661-

areutod([£
uayd(TAmpamoIon I
%oLBw 97 | ProsaMuM | ¢ oldwexy ! mw-%oao- o K POEA
-9-0I0[YD-¢ TAPIIN
oreurjooidoronyy
-¢-(JAuaydAuta
%6'L ‘B G | PIOS AYM It opdwexy -G-([Ayeworon L) €0€d
-$-0I0TY2-7)
-9-010[Y-¢ [AIN
vove ‘Tr
‘LLOY "wayD 840
[ U1 paquosap ol
SE JUIA[OS euroord([Auaydoronyy
%97 W 6T PIOS 9MYMm 5% JINA pUe -Z-(Axoy)aworon(yip) 4% |
MAING-1.£2} ¢-010[U0-})
pue 860C80L00C . )
O U1 POQqUIsap 9-010[Yd-¢ [APAIN
S[euEW JunIe)s
3ursn g1 opdwexyg
vove ‘Tr
h.ha%swmwm.w&g oreurjooidoronyy
. ﬁ\ } PIqLOSIP -¢-([AuaydAxomom
%LT ‘W O PIOS S1MTYM | SB TU2AJOS Se JINA ~9-010[Y0-7) T10€A
pue antuiAing -9-0I0[Y2-¢ TAYIDIA
1431 BT [Yyo-¢ 1A
3ursn g1 opdwexyg
(9 ‘YY) PRIA | ddueieaddy uoneaedoag JWIBN [N 2INPINIIS ‘ON




PCT/US2018/057626

WO 2019/084353

-00¢-

%LS ‘Fw 88T

PIOS 9MYM

¢ o[dwexyg

ajeuroord(14
uayd([Ameworonyin)
--[Aew-¢)
-9-0I0[YD-¢ TAPIIN

804

%69 ‘W 7HT

PIOS 9MYM

¢ o[dwexyg

ajeuroord(14
uayd([Ameworonyin)
--0I0N[J-¢)-9-oIon[y
-G-0I0[YD-¢ TAPIIN

LogA

%16 ‘W O

['O 1ed[D)
SNOJSIA

¢ o[dwexyg

ajeuroord(14
uayd([Ameworonyin)
--0I0n[J-¢)
-9-0I0[YD-¢ TAPIIN

90€4

%¢€9 ‘BW ¢¢T

PIOS 9MYM

¢ o[dwexyg

areurjoordoronyy-g-([4
uayd([Ameworonyin)
-7-0IO[o-¢)
-9-0I0[YD-¢ TAPIIN

SoeAd

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-10¢-

%0T ‘W O¢T

1O 23ueI)

¢9 ordwexyg

aje[Ax0QIRD
-p-ourpruAd (14
uayd([Ameworonyin)
-{-0I0n[J-7)
-Z-0I0[YD-G TAPIIN

L

(45X |

%79 ‘BW G¢p

PIOS 9MYM

¢9 ordwexyg

areurjoordoronyy-g-([4
uayd([Ameworonyin)
-t-AX09-7)
-9-0I0[YD-¢ TAPIIN

Tied

%0 ‘W G/

PIOS 9MYM

¢9 ordwexyg

areurjoordoronyy-g-([4
uayd([Ameworonyin)
-{-0I0N[JIP-¢°7)
-9-0I0[YD-¢ TAPIIN

ored

%§9 ‘3w ¢TT

['O 1ed[D)
SNOJSIA

¢ o[dwexyg

ajeuroord(14
uayd([Ameworonyin)
-p-[Aew-¢)-g-o1onTy
-G-0I0[YD-¢ TAPIIN

60€d

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-20¢-

%L6 ‘W g6

PIOS 9MYM

Lz oidwexyg

proe omuroord(«
uayd([Ameworonyin)
-p-[Ayow
-€)-9-0I0[UD-¢

91EA

%66 ‘W 6

PIOS 9MYM

Lz oidwexyg

proe omuroord(«
uayd([Ameworonyin)
%
-0I0N[J-¢)-9-0I0[YD-¢

Sted

%16 ‘W 06

PIOS 9MYM

Lz oidwexyg

proe omuroord(«
uayd([Ameworonyin)
%
-0I0[Y2-¢)-9-0I0[YD-¢

rred

%LE ‘BW GCT

PIOS 9MYM

¢¢ ordwexyg

aje[Ax0QIRD
-p-ourpruAd (14
uayd([Ameworonyin)
--AxX0oU-7)
-Z-0I0[YD-G TAPIIN

eled

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-€0¢C-

%9°L ‘Bw ¢¢

P1OS
AMYM-HO

¢9 ordwexyg

areutod([£
-9-[OpUl-{ 1)-9-olony
-G-0I0[YD-¢ TAPIIN

0ced

%9¢ ‘W 117

PIOS 9MYM

¢¢ ordwexyg

aje[Ax0QIRD
-p-ourpruAd (14
uoyd([AyjeworonfJip)
)
-Z-0I0[YD-G TAPIIN

61ed

%9% ‘W $91

PIOS 9MYM

1% ordwexyg

areutod([£
-G-[0ZRIpEXO
[S*T T1[2]ozusqoronyy
-9)-9-olony
-G-0I0[YD-¢ TAPIIN

STed

%16 ‘W 06

PIOS 9MYM

Lz oidwexyg

proe omuroord(«
uayd([Ameworonyin)
--Axoow
-€)-9-0I0[UD-¢

LTed

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

“¥0¢C-

%Y W 101

PI[OS I9quIY

16 ordwexyg

areurjoordoronyy-g-([4
uayd([Ameworonyin)
-{-0I0N[JIP-C°7)
-9-0I0[YD-¢ TAPIIN

pyaed

%8T ‘3w LG

[10 1oquIy

16 ordwexyg

ajeuroord(14
uayd([Ameworonyin)
-{-0I0N[JIP-C°7)
-9-0I0[YD-¢ TAPIIN

eced

%19 ‘Bw 9¢

PIOS 9MYM

16 ordwexyg

areurjoordoronyy-g-([4

uayd([Ameworonyin)
--0N-G-0I0[Y2-7)
-9-0I0[YD-¢ TAPIIN

el

%0Y ‘Fw gL

PIOS 9MYM

1% ordwexyg

areurjoordoronyy-g-([4

uayd([Ameworonyin)

-}-0UBAD-G-0IO[UD-7)
-9-0I0[YD-¢ TAPIIN

Iced

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-¢0¢-

%9Y ‘W Oz

PIOS 9MYM

1. ordwexyg

aeuroord([Auaydopor
--0I0N[J-7)-9-oIon[y
-G-0I0[YD-¢ TAPIIN

8ced

%¢ L Bw ST

PIOS 9MYM

1% ordwexyg

ajeuroord(14
-G-[0ZRIpEXO
[S*T T1[2]ozusqoronyy
-9)-9
-0IO[YDIP-G*¢ AN

LTed

%6E ‘3w ¢¢

PIOS 9MYM

1% ordwexyg

ajeuroord(14
uayd([Ameworonyin)
-}-0UBAD-G-0IO[UD-7)
-9-0I0[YD-¢ TAPIIN

97ed

%97 ‘3w 79

PIOS 9MYM

16 ordwexyg

ajeuroord(14
uayd([Ameworonyin)
--0I0N[JIP-G7)-9
-0IO[YDIP-G*¢ AN

sced

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-90¢-

%TT ‘Bw ¢

PIOS 9MYM

1% ordwexyg

areurjoordoronyy-g-([4
uayd([Ameworonyin)
--(onprAyoun)
-G-0IO[Y2-7)
-9-0I0[YD-¢ TAPIIN

ceed

%67 ‘3w 9%

PIOS 9MYM

1% ordwexyg

areurjoordoronyy-g-([4
uayd([Ameworonyin)
%
-AX0IoW-G-0I0[YD-7)
-9-0I0[YD-¢ TAPIIN

reed

%1¢ ‘W 9f

PIOS 9MYM

16 ordwexyg

aeuroord(14-9-uo
ydomp[gJozuaqoionyy
“L)9
-0IO[YDIP-G*¢ AN

oced

%16 ‘3w Q¢

PIOS 9MYM

Lz oidwexyg

ptoe
orroordoonyy-g-(£
uayd([Ameworonyin)
--0uBAd-G
-0I0[Y2-7)-9-0I0[YD-¢

6ced

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-L0T-

%08 ‘3w ¢1

PIOS 9MYM

Lz oidwexyg

proe
orroordoonyy-g-(£
uayd([Ameworonyin)
--Ax01owW-¢
-0I0[Y2-7)-9-0I0[YD-¢

Leed

%/ ‘3w 6

PIOS 9MYM

L1 odwexyg

21eut[021d([A-G-[OXO0Tp

[¢*11[Plozusqoronpyin
-9°T"0)-9-Axoow
-g-oIon[J-¢ APIIN

9¢ed

%y BW 68

PIOS 9MYM

L1 odwexyg

21eut[021d([A-G-[OXO0Tp

[¢*T1[Plozusqoronpyin
-9°T"0)-9-Axoow
-G-0I0[YD-¢ TAPIIN

seed

%69 ‘3w 99

PIOS 9MYM

Lz oidwexyg

proe
orurjoord([4-g-foxorp
[¢11[Plozuaqoron(yin
-9'T°0)
-9-0Jon[J-¢-0Io[yH-¢

peed

%LE ‘W O

PIOS 9MYM

1% ordwexyg

jeuroordoronyy
-G-(1A-g-[ox01p[
¢'Tllplozusqixorpow
-9-0I0N[JIP-7°7)
-9-0I0[YD-¢ TAPIIN

eeed

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-80¢C-

%TL ‘BUWLTL

PIOS 9MYM

¢ o[dwexyg

areurjoordoronpy
-G-0I0[y2-¢-(IA
uayd([Ameworonyin)
~¥-010[Y2-7
-OwWoIq-¢)-9 [AYION

Ired

%19 ‘W 76T

PIOS 9MYM

¢9 ordwexyg

areut[ootd(14-
-uareydeu)-g-oson(y
-G-0I0[YD-¢ TAPIIN

oved

%TT ‘BW 9%

['O 1ed[D)
SNOJSIA

LS odwexyg

areurjoordoronyy-g-([4

uayd([Ameworonyin)

-~ [AyIow-¢ -0I0[Yd-7)
-9-0I0[YD-¢ TAPIIN

6ccd

%ST ‘3w GG

PIOS 9MYM

8¢ odwexyg

ajeutjoordorongy
-¢-(JAuaydAuta
-¢-(JAq1eworonyyin)
--0I0[2-7)
-9-0I0[YD-¢ TAPIIN

8eed

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-60¢C-

%TT ‘BW LTT

P1OS
AMYM-HO

¢9 ordwexyg

areu

rfoord([Luayd£xorpLy
--0I0N[J-7)-9-oIon[y
-G-0I0[YD-¢ TAPIIN

Ssted

%66 ‘3w 11

PIOS 9MYM

Lz oidwexyg

proe orurjoordoronyy
-S-(14-g-[oxo1p]
¢‘11lplozuagAxomew
-9-olonfjp
-T°0)-9-010[UD-¢

rred

BYL ‘W ]

PIOS 9MYM

0L ordwexyg

aeurjoord(TAuayd(
AXO(JAUOJ[NS[AIow))
--0I0N[J-7)-9-oIon[y

-G-0I0[YD-¢ TAPIIN

ered

%T6 ‘3w 1

PIOS 9MYM

Lz oidwexyg

ptoe
orroordoonyy-g-(£
uayd([Ameworonyin)
--(ompAyreun)-g
-0I0[Y2-7)-9-0I0[YD-¢

wed

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-01¢-

%S6 ‘3w €1

PIOS 9MYM

Lz oidwexyg

proe
orutjoadoroyo-¢-(14
uayd([Ameworonyin)
%
-0JO[o-7-owoIg-6)-9

oved

%EY ‘Bw GGG

PI[OS MO[[PX

¢9 ordwexyg

areurjoordoronpy
-G-0IO[D
-¢-(1Ausydoron(y
-g-outwe-1)-9 [AyIoN

sSred

%LL ‘3w O

PIOS 9MYM

61 o[dwexyg

p1oe J1[Ax0qIed
-9-[ourpuAdig- ¢C]
-([ApewoIonjin)
- 9-Axoom
~,¢-0Ion[J-¢-0Io[y7H-¢

Lyed

%LT ‘Bw QLT

P1OS
AMYM-HO

¢9 ordwexyg

jeuroordoronyy
-6-(14-1
-uoeypydeuoIoyd-+)
-9-0I0[YD-¢ TAPIIN

9Ired

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-11¢

%LS ‘Fw 99T

PI[OS MO[[PX

1% ordwexyg

areutod([£
-G-[ox01p[
¢‘11lplozuagAxomew
-9-0I0N[JIP-7°7)
-9-0I0[YD-¢ TAPIIN

esed

%t8 ‘W 18

PIOS 9MYM

Qt odwexyg

ptoe
orroordoonyy-g-(£
uayd([Ameworonyin)
%
-0I0[Y2-7)-9-0I0[YD-¢

sed

%7T1 ‘3w 88

PIOS 9MYM

¢9 ordwexyg

areurjoordoronpy
-¢-([AuaydAxomom
-Z-0urko-4)
-9-0I0[YD-¢ TAPIIN

Is€d

%98 ‘3w ¢

PIOS 9MYM

Lz oidwexyg

proe orurjoordoronyy
-¢-(JAuaydAuta
-G-(IAqoworonjim)-1
-0I0[Y2-7)-9-0I0[YD-¢

oseAd

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-CIT

%81 ‘BW ¢

P1OS
AMYM-HO

¢9 ordwexyg

areurjoordoronpy
-G-0IO[D
-¢-(1Auaydororyo
-g-outwe-1)-9 [AyIoN

8sed

%ET ‘FW HT¢

PIOS 9MYM

¢9 ordwexyg

areu
rfoord(fAueydAxomew
-g-1Awoy
--0I0N[J-¢)-9-oIon[y
-G-0I0[YD-¢ TAPIIN

Lsed

%98 ‘BW ¢

PIOS 9MYM

Lz oidwexyg

poe
orur[oo1d(14-g-[oxorp|
¢‘11lplozuagAxomew
-9-olonfjp
-T°0)-9-010[UD-¢

9seAd

%8y ‘W S6L

PIOS 9MYM

¢9 ordwexyg

Jeu
rfoord([Luayd£xorpLy
--0I0[Y2-7)
-9-0I0[YD-¢ TAPIIN

ssed

%¥1 ‘BW9LT

PIOS 9MYM

¢9 ordwexyg

aje[Ax0QIRD
-9-[eurpukdiq- ¢“z]
-([ApewoIonjin)
- b -OHODESU
-¢*,¢-010TYd-G [APOIN

peed

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-c1e

%TS ‘BW 79

PIOS 9MYM

16 ordwexyg

ajeuroord(14
uayd([Ameworonyin)
%
-£xoy)aur-g-oIon[-<)
-9-0I0[YD-¢ TAPIIN

(4% |

%9T ‘W 06

110 umoIg

16 ordwexyg

ajeuroord(14
uayd([Ameworonyin)
-p-[Aypew-g-o1on[j-7)
-9-0I0[YD-¢ TAPIIN

19¢

%¢E ‘Bw QT

prbry
umorg

16 ordwexyg

ajeuroord(14
uayd([Ameworonyin)
-p-[Ayow
-C-0I0N[J-7)-9-oIon[y
-G-0I0[YD-¢ TAPIIN

09¢d

%0S ‘Fw Q1T

PIOS 9MYM

16 ordwexyg

ajeuroord(14
uayd([Ameworonyin)
--Axoow
-Z-0I0N[J-G)-9-oI0N[J
-G-0I0[YD-¢ TAPIIN

65ed

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

vIT

%SL ‘Bw g7

PIOS 9MYM

0¢ ofdwexyg

p1oe J1[AX0qIed
-p-ourpruAd (14
uayd([Ameworonyin)
--Axoow
-7)-T-010[UD-¢

99¢4

%S¢ ‘Bw ZCT

P1OS
AMYM-HO

¢9 ordwexyg

Jeu
rfoord(fAueydAxomew
-i7)-9-olon]
-G-0I0[YD-¢ TAPIIN

S9ed

%Ly ‘BW ¢HT

P1OS
AMYM-HO

69 o[dwexyg

ojeuroord
-([Auayd(Axo([Auoj
[ms((AypewoIonyyin)))
--0I0[2-7)
-9-0I0[YD-¢ TAPIIN

roed

%0L ‘W STT

PIOS 9MYM

¢z ordwexyg

ajeuroord(14
uayd([Ameworonyin)
%
-Axopew-7)-9-010n[]
-¢-0I0[U2-¢ [AZuag

£9¢d

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-C1¢-

areurjoordoronyy-g-([4
uayd([Ameworonyin)

%69 SW Iy | PUOS AMYM Igordwexa |-z -otoup-c) 0LEd
-9-0I0[YD-¢ TAPIIN
areutod([£
10LYL20Y 10T _¢-[oxo1p]
‘ S0 Ul paqlIdsop ‘
%99 ‘BW GTT | PIOS AIM seuorew Suneys | € 11[plozuagAxoyow 69¢d
Susn ] orduwexy “-0I0NIP-T'T)
. -9-0I0[YD-¢ TAPIIN
p1oe
orutootd([£-g-[oxor
%Yy BWIE | PUOS AMUM Lt odwexy Hm.h:?%ﬁ@%o%oéma 89¢d
-LT'T)-9-010[UD-¢
10LYLTOY10T | eurjoold(j4-g-[oxolp
. Ul paqLIosa ‘ 0ZUaqoIoN[JLn
%89 "5t 79 PHOS =M %%Ba%mwﬁﬁ%m '€ :rS- ﬁmhmv v L9¢4
3ursn g1 opdwexyg -9-0IO[U2-¢ TARN
(9 ‘YY) PRIA | ddueieaddy uoneaedoag JWIBN [N 2INPINIIS ‘ON




PCT/US2018/057626

WO 2019/084353

91¢-

%¢S ‘w991

PIOS 9MYM

¢ o[dwexyg

areurjoordoonyjip
-'e-(14
uayd([Ameworonyin)
%
-0wWoIq-7)-9 Ay

pLEA

%19 ‘FW L1

PIOS 9MYM

¢ o[dwexyg

areurjoordoonyjip
-'e-(14
uayd([Ameworonyin)
%
-0I0[Y2-7)-9 AN

eLed

% 1Y ‘Bw 07

PIOS 9MYM

1% ordwexyg

jeuroordoronyy
-G-(14-g-1ox
op[¢ T1[plozuaqrhuia
- L-Axomom
~-0I0N[JIP-7°7)
-9-0I0[YD-¢ TAPIIN

cLed

%TL ‘3w 1¢

PIOS 9MYM

16 ordwexyg

ajeuroord(14
uayd([Ameworonyin)
-~ [AqIoW-Z-0I0[Yd-G)
-9-0I0[YD-¢ TAPIIN

ILed

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

LIT-

%TT ‘BW I¢T

PIOS 9MYM

¢9 ordwexyg

areurjoordoronpy
-¢-(1Auaydoron(y
-Z-0urko-4)
-9-0I0[YD-¢ TAPIIN

8LeA

%68 ‘W ¢HT

PIOS 9MYM

¢ o[dwexyg

ajeuroord(14
uayd([Ameworonyin)
--AxoyIow-7)-9
-0ION[IIP-G*¢ AN

LLeA

%TL ‘W H6

PIOS 9MYM

¢ o[dwexyg

ajeuroord(14
uayd([Ameworonyin)
- [Ayew-7)-9
-0ION[IIP-G*¢ AN

9LEA

%6y ‘Fw O¢T

PIOS 9MYM

¢ o[dwexyg

ajeuroord(14
uayd([Ameworonyin)

-#-0I0N[J-7)-9
-0ION[IIP-G*¢ AN

SLed

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




PCT/US2018/057626

WO 2019/084353

-81¢-

%97 ‘3w G¢

PIOS 9MYM

¢¢ ordwexyg

ajeuroord(14
uayd([Ameworonyin)
--0I0[40-7)-9-0I0[Yo
-¢ IAIRIANRIN-T

18¢€4

%96 ‘3w /g

['O 1ed[D)

¢¢ ordwexyg

ajeuroord(14
uayd([Ameworonyin)
-1-0I0[D
-0)-9-010[yd-¢ 1AZ
uaq([ApewoIon iy,
<

08¢€d

%T1 ‘3w ¢

P1OS
AMYM-HO

¢9 ordwexyg

ajeuroord(14
uayd([AuojnsAmyour)
--0I0N[J-7)-9-oIon[y
-G-0I0[YD-¢ TAPIIN

6Led

(% “yuy) pPIx

ueaedddy

uoneaedoag

JUIBN] [BIIWAY))

NPNIS

“ON




WO 2019/084353

PCT/US2018/057626

Table 2: Analytical Data for F Compounds

mp

MASS

No. |t | Spre NMR
ESIMS m/z | 'H NMR (400 MHz, CDCl5) 6 7.86 (d, J = 8.5 Hz, 1H), 7.76 (d, J = 8.4 Hz,
F1 326 1H), 7.62 (d, J = 8.0 Hz, 1H), 7.50 (d, J = 1.7 Hz, 1H), 7.36 (dd, J= 1.7, 8.1
(IM+H]") | Hz, 1H), 4.94 (q, J = 6.5 Hz, 1H), 4.01 (s, 3H), 1.51 (d, J = 6.4 Hz 3H)
~o_ | ESIMS /e | 'HNMR (300 MHz, CDCI;) 5 7.83 (d, / = 8.8 Hz, 1H), 7.78 (d, /= 8.1 Hz,
2o 346 1H), 7.72 (d, J = 1.8 Hz, 1H), 7.63 — 7.57 (m, 1H), 7.45 (d, J = 8.8 Hz, 1H),
(IM+H]H | 3.99 (s, 6H)
e | 101 ESH;% MZ |\ NMR (400 MHz, CDCls) 8 8.23 (s, 1H), 7.82 (d, J = 1.2 Hz, 1H), 7.69 (d,
103 | yiriyy | =77 He TH). 761 (dJ = 8.0 Hz, TH), 4.03 (s 3H)
e | ESH;’% M2 | I NMR (300 MHz, CDCl5) 8 8.03 (s, 1H), 7.75 (d, J = 1.5 Hz, 1H), 7.65 —
7 | qateyy | 760 (m 1E).7.55(d, s = 8.1 Hz, 1H), 400 (s, 3H), 3.28 (s, 1H)
ps | O ESH;’éi M2 | IH NMR (300 MHz, CDCl3) 8 7.78 — 7.72 (m, 2H), 7.64 (d, J = 7.9 Hz, 1H),
B | qaioryy | 747( =80 Ha, 1), 3.97 (s, 3H). 221 G5, 38)
e | 7 ES%‘Z M2 | IH NMR (300 MHz, CDCl3) 5 8.40 (d, J = 0.7 Hz, 1H), 7.76 (s, 1H), 7.68 —
80| qurarye | 761 (m TH). 745 (d.J = 7.8 Ha, 1H), 395 (5. 30)
e | 148 ESH;’; M2 | I NMR (300 MHz, CDCl3) 8 7.75 (d, J = 1.6 Hz, 1H), 7.65 — 7.59 (m, 2H),
150 | ntergy | 747 (@ J=7.9 Ha, 1H), 3.97 (s, 3H), 247 (5. 30)
s | 9 Esn;4551 M2 | I NMR (400 MHz, CDCl5) 6 8.23 (d, J = 7.8 Hz, 1H), 7.94 (q, J = 8.4 Hz,
9 |yt | 2H:776 (/= 7.8 Hz, 1H), 403 (s, 3H)
o | 81 ESH;’SL M2 | IH NMR (300 MHz, CDCl3) 5 8.18 (d, J = 8.3 Hz, 1H), 7.97 (d, J = 8.2 Hz,
85| qvivyn | ED785-7.74 (. 2H), 7.66 (dd. J = 14, 8.1 Hz, 1H), 4.03 (s, 3H)
15 | ESIMS m/z | 'HNMR (300 MHyz, CDCL:) 6 8.36 (dd. J = 1.2, 8.2 Hz, 1H), 8.18 (dd, J =
Fo | DO 340 1.3, 8.2 Hz, 1H), 8.15— 8.10 (m, 2H), 8.02 (dd, J = 1.8, 8.4 Hz, 1H), 4.12 (s,
(IM+H]H | 3H)
e | 153 ESH;%SS M2 | IH NMR (400 MHz, CDCl3) 5 8.33 (s, 1H), 7.87 (d, J = 8.1 Hz, 1H), 7.83 (s,
155 | vopgy | VD773 (47 =79 Ha, 1H), 412 (5. 3H)
ep | 112 ESH;’; M2 |\ NMR (300 MHz, CDCl3) 3 8.21 (t, J = 7.9 Hz, 1H), 7.97 — 7.82 (m, 2H),
M4 | viopy | 750 (@d = 9.4, 283 Ha, 2H), 4.04 (5. 30)
SIS e | ENMR (300 MHz, CDCI) 6 7.86 (4d, J = 08, 8.4 Fiz, TH), 7.76 (dd, J =
s | 150 Ve | 0.1, 8.4 Hz, 1H), 7.61 (d, J=7.9 Hz, 1H), 7.34 (d, J = 1.7 Hz, 1H), 7.25 -
12 | vompy | 714 n TH) 401 (s, 31, 2.77 (. J = 8.0, 122 Hz, 1), 2.26 - 174 (m,
1H), 1.74 — 1.59 (m, 1H)
so_ | ESIMS m/z | "HNMR (400 MHz, CDCLs) 5 7.87 (d, J = 8.4 Hz, 1H), 7.77 (d, J = 8.3 Hz,
Fa | ) 328 1H), 7.65 (d, J = 7.9 Hz, 1H), 7.47 (s, 1H), 7.33 (d, J = 7.8 Hz, 1H), 5.64 (dq,
(IM+H]¥) | J= 6.4, 47.4 Hz, 1H), 4.01 (s, 3H), 1.64 (dd, J = 6.4, 23.9 Hz, 3H)
so_ | ESIMS mz | 'HNMR (300 MHz, CDCI) 5 7.83 (d, J = 8.8 Hz, 1H), 7.78 — 7.71 (m, 1H),
Fis | - 322 7.52.(d, J= 8.2 Hz, 1H), 7.15 (1, J = 1.9 Hz, 1H), 7.05 (dd, J = 1.8, 8.0 Hz,
(IM+H]) | 1H), 4.00 (s, 3H), 1.91 (m, 1H), 1.09 — 0.89 (m, 2H), 0.75 — 0.72 (m, 2H)
e | 8 ESH;EL% M2 | IH NMR (400 MHz, CDCl3) 5 8.07 (d, J = 8.5 Hz, 1H), 7.95 — 7.86 (m, 3H),
35| aempy | 774 766 (m. TH), 402 (s, 3H), 3.25 (s, 1H)
e |95 ESH;S M2 | IH NMR (300 MHz, CDCl3) 3 8.03 (d, J = 1.7 Hz, 1H), 7.91 (dd, J = 3.0, 8.2
7 | qatery | H2H. 7.69 (7= 8.0 Ha, 1H), 7.53 (d, /= 83 Hz, 1H), 401 (s, 3H)
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L63. | ESIMS mz | 'HNMR (300 MHz, CDCI3) 57.87 (d, J = 84 Hz, 1H), 7.78 (d, J = 8.4 Hz,
F18 170 306 1H), 7.65 — 7.58 (m, 2H), 7.48 (dd, J = 1.6, 7.9 Hz, 1H), 4.01 (s, 3H), 3.19 (s,
(IM+H]% 1H)
150 | ESIMS mz | THNMR (300 MHz, CDCI3) $7.90 (d, J = 8.5 Hz, [H), 7.82 - 7.68 (m, 2H),
F19 152 332 7.64 (m, 1H), 7.51 (dq, J= 1.1, 7.8 Hz, 1H), 6.67 (t, J = 56.0 Hz, 1H), 4.02
(IM+H]") | s, 3H)
115 | ESIMS mz | THNMR (300 MHz, CDCIy) §7.86 - 7.75 (m, 2H), 7.68 (d, J = 1.6 Hz, 1H),
F20 120 352 7.60 (d, J=8.05 Hz, 1H), 7.48 (dd, J = 1.6, 8.1 Hz, 1H), 7.10 (s, 1H), 4.01
(IM+H]1H (s, 3H), 3.03 (s, 6H)
109— ESIMS m/z | '"HNMR (300 MHz, CDCl3) 6 8.57 (d, J = 1.5 Hz, 1H), 8.00 (dd, J = 1.6, 8.2
F20 | 339 Hz, 1H), 7.85 (m, 2H), 7.71 (d, J = 8.1 Hz, 1H), 7.40 (s, 1H), 4.01 (s, 3H),
(IM+H]1H 3.92 (s, 3H)
130— ESIMS m/z | 'HNMR (300 MHz, CDCls) § 10.03 (s, 1H), 7.99 (d, J = 1.4 Hz, 1H), 7.94 —
F2 | 5, 310 7.88 (m, 1H), 7.87 (d, J = 1.4 Hz, 1H), 7.82 (dd, J = 4.4, 8.1 Hz, 2H), 4.02 (s,
(IM+H]Y) | 3H)
ESIMS /- '"H NMR (400 MHz, CDCls) 6 7.86 (d, / = 8.4 Hz, 1H), 7.78 (d, / = 8.4 Hz,
F23 105- 308 < 1H), 7.62 (d, J=7.9 Hz, 1H), 7.50 (d, /= 1.7 Hz, 1H), 7.40 (dd, J= 1.6, 7.9
107 (M+HJ%) Hz, 1H), 6.69 (dd, J = 10.9, 17.6 Hz, 1H), 5.83 (d, /= 17.5 Hz, 1H), 5.38 (d,
J=10.8 Hz, 1H), 4.01 (s, 3H)
F24 98— ESH;iSl mz '"H NMR (400 MHz, CDCl3) 6 8.09 — 8.04 (m, 2H), 8.00 (d, J = 8.4 Hz, 1H),
100 (M+H]%) 7.95 (m, 2H), 4.04 (s, 3H)
135 | ESIMS mz | 'HNMR (300 MHz, CDCI3) §7.92 = 7.79 (m, 2H), 7.72 (d, J = 8.05 Hz,
F25 | 3 376 1H), 7.65 (d, J = 1.7 Hz, 1H), 7.60 — 7.51 (m, 3H), 7.20 — 7.10 (m, 2H), 4.02
(IM+HT") | (s, 3H)
F26 147- ESH;/;i mz "H NMR (300 MHz, CDCl3) 6 8.05 (d, J = 1.8 Hz, 1H), 7.96 — 7.86 (m, 2H),
149 ([M+HT") 7.78 (dd, J = 8.2, 13.3 Hz, 2H), 4.02 (s, 3H), 2.64 (s, 3H)
F27 140- ESH;/éSZ mz "H NMR (400 MHz, CDCl3) 6 7.87 (d, J = 8.28 Hz, 1H), 7.76 (d, J = 8.58
142 (M+HJ% Hz, 1H), 7.65 (d, /= 1.96 Hz, 1H), 7.55 — 7.49 (m, 2H), 4.01 (s, 3H)
F28 125- ESH;ZS6 mz 'H NMR (300 MHz, CDCl3) 6 7.98 (s, 1H), 7.95 (s, 1H), 7.82 (d, J = 8.5 Hz,
127 (M+H]% 1H), 7.37 - 7.31 (m, 1H), 7.20 (s, 1H), 4.01 (s, 3H), 3.92 (s, 3H)
F29 80- ESH;/;% mz '"H NMR (400 MHz, CDCl3) 8 7.90 (d, J = 8.5 Hz, 1H), 7.54 (s, 1H), 7.53 -
82 (M+H]%) 7.47 (m, 3H), 4.01 (s, 3H), 2.42 (s, 3H)
F30 70— ESH;%% m/z '"H NMR (400 MHz, CDCls) 6 7.94 (s, 1H), 7.91 (d, /= 8.4 Hz, 1H), 7.74 (d,
7 (Mt |7 =84 Bz 1H),7.72-7.65 (n, 2H), 4.02 (5, 3H)
101— ESIMS m/z | 'HNMR (400 MHz, CDCl3) 6 8.04 (d, J = 8.3 Hz, 1H), 7.84 (d, J = 8.2 Hz,
F31 103 340 1H), 7.80 (d, J=8.2 Hz, 1H), 7.75 (d, /= 1.5 Hz, 1H), 7.64 (dd, J= 1.6, 8.3
(IM+H]") | Hz, 1H), 4.02 (s, 3H), 3.59 (s, 1H)
F32 107- ESH;/éi mz '"H NMR (300 MHz, CDCls) 6 8.09 (d, J = 8.3 Hz, 1H), 7.80 — 7.74 (m, 2H),
109 (M+H]% 7.70 (d, J= 8.4 Hz, 1H), 7.65 — 7.61 (m, 1H), 4.02 (s, 3H)
F33 61— ESH;/éi mz '"H NMR (300 MHz, CDCl3) 6 7.75 — 7.72 (m, 2H), 7.67 (s, 1H), 7.62 (d, =
63 (M+H]%) 8.1 Hz, 1H), 4.01 (s, 3H), 2.53 (s, 3H)
F34 185- ESH;%% mz 'H NMR (300 MHz, CDCls) 6 7.76 (s, 1H), 7.64 (d, /= 8.1 Hz, 1H), 7.56 (d,
187 ([M+HT") J=7.9 Hz, 1H), 7.45 (s, 1H), 3.96 (s, 3H)
93— ESIMS m/z | '"HNMR (300 MHz, CDCls) 6 7.83 (d, J = 8.50 Hz, 1H), 7.76 (d, J = 8.49
F35 | o 312 Hz, 1H), 7.60 (d, J = 8.63 Hz, 1H), 7.00 (d, J = 2.52 Hz, 1H), 6.91 (dd, J =
(IM+H]") | 2.55, 8.63 Hz, 1H), 4.01 (s, 3H), 3.84 (s, 3H)
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ESIMS m/z | 'H NMR (300 MHz, CDCl3) 6 7.88 — 7.82 (m, 1H), 7.77 (dd, J = 0.78, 8.41
36 354 Hz, 1H), 7.55 (dd, J = 0.80, 8.54 Hz, 1H), 7.11 (dd. J = 0.78, 2.22 Hz, 1H),
(IM+H]") | 7.00 (m, 1H), 4.02 (s, 3H). 1.39 (s, 9H)
112 | ESIMS m/z | "HNMR (300 MHz, CDCL) 5 7.87 (d, J = 8.4 Hz, 1H), 7.74 (d, / = 8.4 Hz,
F37 | L 300 1H), 7.64 (dd, J = 6.1, 8.5 Hz, 1H), 7.25 — 7.18 (m, 1H), 7.11 (1, J = 8.4 Hz,
(IM+H]" | 1H). 4.01 (s, 3H)
s | 110- ESH;@% M2 | IH NMR (300 MHz, CDCl3) §7.97 — 7.84 (m, 2H), 7.78 (d, J = 8.4 Hz, 1H),
N2 | vompy | 761 @ 7= 14 Ha 2, 4.03 (5 3)
0 | 76 ESH;g) M2 |\ NMR (400 MHz, CDCls) 3 7.80 — 7.73 (m, 2H), 7.65 — 7.59 (m, 1H), 7.33
| venpy | T 403 (5, 3H), 4.00 (5. 38)
a0 | 110- ESH;% M2 | IH NMR (400 MHz, CDCl3) 5 7.91 (s, 1H), 7.78 — 7.74 (m, 2H), 7.63 (dd, J
N2 | i | = 1S 8.1 Ha, 1H) 402 (5 3H), 371 s, 1H)
13— | ESIMS m/2 | iy MR (300 MHz, CDCIs) 3 8.09 (s, 1H), 7.77 (d, J = 7.0 Hz, 2H), 7.67 -
F4L s 430 7.59 (m, 1H), 4.02 (s, 3H)
(aMEpy | 709 (o 1D, 40265,
s | 65 ESH;4959 M2 | IH NMR (400 MHz, CDCl3) 3 7.77 (d, J = 1.5 Hz, 1H), 7.64 (dd, J = 1.6, 7.9
67 | (vemyy | He 1ED.7.55 7 =79 Ha, TH), 3.99 (s, 38, 3.69 (5. 3H)
go— | ESIMSmZ 1y MR (300 MHz, CDCIs) 5 7.78 (s, 1H), 7.69 — 7.64 (m, 1H), 7.61 (d, J =
F43 | gg 402 8.0 Hz, 1H), 4.01 (s, 3H)
ey | BOH T, 4016
SIS e | "HNMR (400 MHz, DMSO-d) 5829 (d, J = 8.5 Hz, 1H), 807~ 8.03 (m,
s | 5 o™ | 1), 7.97 (d, 1= 8.5 Hz, 1H), 7.91-7.85 (m, 1H), 7.83 (d, J = 8.1 Hz, 1H),
7| vargy | 7:51=7:46 (m, 2H), 7.44 - 7.32 (m, 3H), 5.45 (5, 2H);
IF NMR (376 MHz, DMSO-dq) & -61.32
SIS me | HNMR (400 MHz, DMSO-ds) 5.8 31 (d, J = 8.5 Hz, TH), 8.09 — 8.05 (m,
s | 7 Vo | 1H),7.99 (d, 7= 8.5 He, 1H), 7.91 - 7.86 (m, 1H), 7.83 (d, J = 8.1 Hz, 1H),
7| qaey | 5:06(d 7= 25 Ha 2H). 3.69 (1 J = 2.4 Hz, 1HD;
IF NMR (376 MHz, DMSO-dy) 3 -61.32
e | 125 ESH;’ﬁ M2 | IH NMR (300 MHz, CDCl3) 5 7.87 (d, J = 8.4 Hz, 1H), 7.79 (d, J = 8.4 Hz,
27 | veryy | 1D 743 -7.27 (n, 2H), 4.02 (s, 3H), 230 (5. 3H)
ear | 172 ESH;ZSS M2 | IH NMR (300 MHz, CDCl3) 5 7.88 (d, J = 8.4 Hz, 1H), 7.79 (d, J = 8.5 Hz,
74 |yt | 1ED: 749 (s, TH).7.20 (s, TH), 4.02 (s, 3H), 394 (s 38
1o | ESIMS m/z | 'HNMR (300 MHz, CDCL) 6 7.87 (4, J = 8.4 Hz, 1H), 7.67 4, J = 8.4 Hz,
ras | 330 1H), 7.40 (d, J = 8.4 Hz, 1H), 7.34 (d, J = 8.4 Hz, 1H), 4.01 (s, 3H), 2.54 (s,
(IM+H]Y | 3H)
o | 8 ESH;% M| I NMR (300 MHz, CDCL3) 37.83 (d, J = 8.4 Hz, 1H), 7.76 (d, J = 8.4 Hz,
0 | vampy | 1D 741G T, 7.23 (s, 1H), 400 (& J = 3.4 Hz, 3H), 2.27 (5. 6H)
o | 160- ESH;ZS‘l M2 | I NMR (300 MHz, CDCls) 8 7.94 (d, J = 8.5 Hz, 1H), 7.85 (s, 1H), 7.82 (d,
162 | nempy | 7= 84 Ha 1779 (s, 1), 404 (5, 3H)
sy | 129 Esn;4351 M2 | I NMR (400 MHz, CDCl5) 5 7.86 (d, J = 8.3 Hz, 1H), 7.75 (d, J = 8.3 Hz,
BU | qyiop | D752 (s, TH), 7.48 (s, TH), 402 (s, 3H), 239 (s, 38)
120 | ESIMS m/z | 'HNMR (400 MHz, CDCly) 6 7.69 (&, J = 1.9 Hz, 2H), 7.59 (d, J = 8.3 Hz,
Fs2 |2 296 1H), 7.48 (d, J = 1.9 Hz, 1H), 7.35 (dd, J = 2.1, 8.2 Hz, 1H), 3.98 (s, 3H),
(IM+H]H | 2.62 (s, 3H)
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ps3 | 105- ESH;/;% M2 | IH NMR (400 MHz, CDCl3) 8 7.77 (d, /= 7.9 Hz, 1H), 7.73 (1, J = 1.2 Hz,
107 ([M+HT") 3H), 7.62 (dd, J = 1.6, 8.2 Hz, 1H), 3.98 (s, 3H), 2.64 (s, 3H)
TH NMR (500 MHz, CDCl3) & 8.64 — 8.60 (m, 1H), 7.92 (d, J = 8.4 Hz, 1H),
ESIMS m/z | 7.83—7.79 (m, 2H), 7.76 (d, J = 1.7 Hz, 1H), 7.73 (td, J= 7.7, 1.8 Hz, 1H),
F54 4271 7.64 (ddd, J=8.1, 1.8, 0.8 Hz, 1H), 7.53 (dt, J= 7.8, 1.0 Hz, 1H), 7.28 —
(IM+H]Y) | 7.23 (m, 1H), 5.58 (s, 2H);
F NMR (471 MHz, CDCl3) & -62.91
85— ESIMS m/z | 'HNMR (400 MHz, CDCl3) 6 8.19 (dd, J = 1.2, 7.8 Hz, 1H), 8.01 — 7.93 (m,
F55 88 316 1H), 7.85 (dd, J = 1.2, 7.8 Hz, 1H), 7.82 — 7.73 (m, 2H), 7.64 (dd, J = 1.6,
(IM+H]% 8.0 Hz, 1H), 4.02 (s, 3H)
125— ESIMS m/z | 'HNMR (300 MHz, CDCls) 6 8.14 (d, /= 1.8 Hz, 1H), 7.83 (d, /= 1.8 Hz,
Fs6 | o 316 1H), 7.59 (d, J = 8.3 Hz, 1H), 7.50 (d, J = 2.0 Hz, 1H), 7.37 (dd, J = 2.0, 8.3
(IM+H]") | Hz, 1H), 4.02 (s, 3H)
Fs7 133- ESH;@% m/z "H NMR (300 MHz, CDCl3) $ 8.19 (d, J= 1.9 Hz, 1H), 7.85 (d, /= 1.8 Hz,
135 (M+H]% 1H), 7.81 — 7.73 (m, 2H), 7.64 (dt, J = 1.3, 6.9 Hz, 1H), 4.02 (s, 3H)
o0 | ESIMSmz | THNMR (300 MHz, CDCLs) §7.89 (d, J = 8.4 Hz, 1H), 7.76 (4, J = 8.4 Hz,
FS8 | o, 366 1H), 7.69 (d, J = 8.5 Hz, 1H), 7.37 (dd, J = 1.0, 2.2 Hz, 1H), 7.29 - 7.23 (m,
(IM+H]") | 1H), 4.02 (s, 3H)
Fs9 140- ESH;%% m/z '"H NMR (300 MHz, CDCls) 6 7.92 (d, J = 8.4 Hz, 1H), 7.83 —7.73 (m, 3H),
142 ([M+HT") 7.69 — 7.63 (m, 1H), 4.02 (s, 3H)
100 | ESIMS mz | 'HNMR (400 MHz, CDCIy) 5 7.84 (d, J = 8.3 Hz, 1H), 7.75 (d, J = 8.4 Hz,
F60 | 105 296 1H), 7.53 (d, J = 7.8 Hz, 1H), 7.29 (d, J = 1.5 Hz, 1H), 7.17 (dd, /= 1.5, 7.9
(IM+H]% Hz, 1H), 4.00 (s, 3H), 2.38 (s, 3H)
101 | ESIMS mz | 'HNMR (400 MHz, DMSO-de) 5 14.00 (s, 1H), 8.24 (d, J = 8.5 Hz, 1H),
F61 | o3 336 8.08 — 8.03 (m, 1H), 7.91 (d, J = 8.4 Hz, 1H), 7.89 — 7.82 (m, 2H);
(IM+H]") | "°FNMR (376 MHz, DMSO-ds) & -61.31
F62 106— ESH;/;i mz 'H NMR (300 MHz, CDCl3) § 7.92 (d, J = 8.3 Hz, 1H), 7.47 (dd, J= 0.8, 8.2
108 | (nieppn | % 1), 734 (7= L7 Hz, 1H), 7.15 (dd, J = 1.9, 8.8 Hz, 1H), 401 (s, 3H)
re3 | 165- ESH;gi M2 |\ NMR (400 MHz, CDCl5) 8 7.90 (d, J = 8.0 Hz, 1H), 7.75 (d, J = 8.0, 1H),
167 | (vpempy | 742 0 2H), 405 (5, 3H)
e ESH;/gsg M2 | I NMR (400 MHz, CDCl5) 5 7.83 (d, J = 8.4 Hz, 1H), 7.77 (d, J = 1.7 Hz,
(Mot | T 770(dd, =20, 8.4 Hz, 2H), 713 (d, J = 8.4 Hz, 1H), 4.02 (s, 3H)
res | 185 ESH;/; M2 | I NMR (400 MHz, CDCl5) 5 7.89 (d, J = 8.4 Hz, 1H), 7.80 (d, J = 8.4 Hz,
187 ([M+HT") 1H), 7.58 — 7.47 (m, 2H), 4.03 (s, 3H)
ESIMS myz | 'HNMR (400 MHz, DMSO-de) §8.29 (d, J = 8.5 Hz, 1H), 8.06 (d, J = 1.7
F66 113- 350 Hz, 1H), 7.97 (d, /= 8.5 Hz, 1H), 7.88 (ddd, /= 8.1, 1.8, 0.7 Hz, 1H), 7.83
U4 | (vpempy | (@d 7 =8.1,08 Hz, TH), 3.93 (5, 3H);
9F NMR (376 MHz, DMSO-ds) 6 -61.32
ESIMS m/z | 'H NMR (400 MHz, DMSO-ds) & 14.11 (s, 1H), 8.24 (d, J = 8.5 Hz, 1H),
Fé67 348 8.02 (d, /= 8.5 Hz, 1H), 7.95 (d, /= 8.9 Hz, 1H), 7.51 (d, / = 8.9 Hz, 1H);
(IM+H]% YF NMR (376 MHz, DMSO-dc) & -47.95
ESIMS m/z | 'H NMR (400 MHz, CDCls) 6 7.99 (m, 2H), 7.89 (d, J = 8.5 Hz, 1H), 7.21
Fé68 363 (d, J=8.9 Hz, 1H), 4.04 (s, 3H);
(IM+H]% YF NMR (376 MHz, CDCl3) § -49.01
ESIMS myz | 'HNMR (500 MHz, CDCL3) §8.47 (s, TH), 7.92 (dd, J = 8.6, 1.7 Hz, 1H),
F69 95— 305 7.83(d, J=8.5Hz, 1H),7.75 (dd, J = 8.3, 7.0 Hz, 1H), 7.49 (d, /= 8.3 Hz,
98 (et | 731 T =28 Ha, 1H), 661 (1d, /=34, 2.1 He, 1H), 403 5, 3H);

F NMR (471 MHz, CDCl5) § -139.06
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TH NMR (400 MHz, DMSO-ds) 5 8.23 (d, 7 = 8.5 Hz, 1H), 7.96 (dd, 7 = 8.5,
155 | ESIMS e | 20z 1,779 (d, /= 8.2,7.6,2.1 Ha, 1H), 7.60 (ddd, J = 8.7, 6.5, 1.9
F10 1 457 | 303 veHp) | e 1D
F NMR (376 MHz, DMSO-de)
138.52, -138.57, -138.98, -139.04
1
ESIMS mz | TLNMR (400 MHz, CDCT) 5 7.88 (. 280, 7.83 (m, 1HD), 7.30 (m, THD,
ey | 150- V] 403 s, 3H);
12 | vemy | FNMR (376 MHz, CDCL) §-137.83,
137.88, -138.60, -138.65
gy | 197- | ESIMS m/ | 'HNMR (400 MHz, CDCIy) §7.67 ~7.55 (n, 2H), 7.54 - 7.38 (m, 2H), 7.1
200 | 296 (IM-HI) | (s, 1H), 4.22 (s, 3H), 3.94 (s, 2H)
s | 162 | PN | IHNMR (300 MHZ, DMSO-de) 3752 (br d, /= 8 Hz, 1H), 7.38 (brt, J = 8
163 | (vempy | He 1393 638
prg | 130 | PS5 | IHNMR (300 MHz, CDCLs) 87,31 dd, J =8, 1 Hy, 1H), 7.25 (dd, /= 8,6
133 | vepgy | He D401 (35, 400 (6, J = LS Ha, 3H)
s | 141- | PN | TH NMR (300 MHz, DMSO-de) 5 8.22 (d, J = 1 Hz, 1H), 7.64 (dd, J = 9, 8
44 | vompy | He 1. 7.50 .7 =9.2 Ha, 1), 3.95 @,/ = 1 Hz, 3H)
e | 97 | P he™ | 'HNMR (300 MHz, CDCL) 801 (4, /= 1 Hz, 1H), 7.71 (dd, /=9, 8 Hz,
9 | nieryy | H:7:27(dd,J=0,2 Ha, 1H), 403 (s 3H). 400 (. /= 1 Hz, 3H)
ss_ | ESIMS m/z | 'HNMR (300 MHz, CDCls) 5 7.70 (d, J = 8.6, 7.9 Hz, 1H), 7.28 721 (m,
F77 | 369 | 2H), 6.09 (s, 2H), 4.46 (q, J = 7.1 Hz, 2H), 4.23 (q, J = 7.0 Hz, 2H), 3.98 (d,
(IM+H]") | J= 1.0 Hz, 3H), 1,54 (t, J=7.0 Hz, 3H), 148 (t, J = 7.1 Hz, 3H)
SIS e | HNMR (400 MHz, DMSO-d) 5 14.02 (5, 1H), 820 (4, /= 8.5 Hz, TH),
s e | 7.94(dd, =85, 2.1 Hz, 1H), 7.65 (1, J = 8.2 Hz, 1H), 7.48 (dd, J=8.6, 1.7
(MR | B T, 415 - 381 (m, 3H);
IF NMR (376 MHz, DMSO-ds) 5 -131.57
TH NMR (400 MHz, CDCI3) 6 8.75 (4, J = 2.1 Hz, 1H), 8.66 — 8.56 (m, 1H),
- EIMS m/z | 7.90 (d, J = 8.4 Hz, 1H), 7.85 - 7.74 (m, 4H), 7.63 (dd, J = 8.2, 1.7 Hz, 1H),
4261 | 7.33(dd, J=7.9, 458 Hz, 1H), 5.48 (s, 2H);
F NMR (376 MHz, CDCl3) 5 -62.95
o | 115 | a0 ™ | 'HNMR (400 MHz, DMSO-ds) 5 8.57 (s, 1H), 8.20 — 8.00 (m, 2H), 7.65 -
16 | iy | 749 (m 2H), 397 (5. 38)
S - | FUNMR (400 MHz, CDCI) 3 8.6 — 8.60 (m, 2H), 7.94 (d, J = 8.4 Hy, IH),
F81 S e 117,86 -7.75 (n, 3H), 7.69 ~7.62 (m, 1H), 7.41 — 7.36 (n, 2H), 5.47 (s, 2H);
: SF NMR (376 MHz, CDCl5) 5 -62.93
psy | 0 | P00 ™ | 'HNMR (400 MHz, DMSO-de) 3 8.21 (s, 2H), 8.15 ~ 8.09 (m, 2H), 7.62 -
& | qaagyy | 756 (m2H), 395 (5. 3H)
TH NMR (300 MHz, CDCL3) 6 8.54 (4, J = 2.1 Hz, 1H), 8.18 (dd, /= 8.5, 2.2
140 | ESIMS miz | Hz, 1H),7.93 (d, J=8.5 Hz, 1H), 7.82 (d, J = 8.5 Hz, 1H), 7.6 (d, J = 8.5
Fs3 | b 327 | Hz 1H), 405 (s, 3H);
(IM+H]") | *C NMR (126 MHz, CDCL) § 164.79, 151.46, 148.43, 148.37, 139.64,
137.08, 132.42, 13101, 13030, 128.26, 123.88, 122.52, 53.16
ESIVS me | FLNMR (400 Mz, CDCI) 5 9.83 (s, [H), 9.12 (s, 1H), 828 (d, J = 7.8 Hz,
Fag vy | 1H)8.13 (s, 1H), 7.84 (d, /= 7.2 Hz, 1H)
(vr | “CNMR (101 MHz, CDCL) & 161.2, 1530, 142.4, 1420, 1393, 1332,

132.5,132.2,126.3, 125.6, 125.1, 122 .4
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'H NMR (400 MHz, CDCls) 6 7.82 (d, J = 8.5 Hz, 1H), 7.77 (dd, J= 8.5, 1.9
Hz, 1H), 7.56 (dd, J = 8.3, 7.2 Hz, 1H), 6.76 (d, J = 8.3 Hz, 1H), 6.10 (s,
2H), 4.02 (s, 3H);
F8s ESH;% M2 | 130 NMR (126 MHz, CDCl3) 8 165.09, 151.30 (d, J = 5.1 Hz), 151.07 (d, J =
([M+HT" 2.3 Hz), 147.66, 145.06 (d, J = 250.7 Hz), 138.84, 134.94 (d, J = 13.9 Hz),
128.78, 126.18 (d, J=10.1 Hz), 124.29 (d, /= 1.6 Hz), 120.92 (d, J= 8.6
Hz), 105.24 (d, J = 3.4 Hz), 102.87, 53.00;
19F NMR (471 MHz, CDCl3) 8 -142.39 (dd, J = 7.2, 2.1 Hz)
86 EIMS m/z | 'HNMR (500 MHz, CDCls) & 8.40 (d, J = 4.9 Hz, 1H), 7.95 (d, J = 8.4 Hz,
316.1 1H), 7.80 (d, J = 8.4 Hz, 1H), 7.51 (d, J = 4.9 Hz, 1H), 4.03 (s, 3H)
TH NMR (400 MHz, DMSO-ds) & 13.58 (s, 1H), 9.23 (d, J = 2.0 Hz, 1H),
ESIMS m/z | 8.54 (dd, J = 8.3, 2.1 Hz, 1H), 8.03 (d, J = 8.2 Hz, 1H), 7.94 (s, 1H), 4.00 (s,
F87 333 3H);
(IM+H]% BC NMR (101 MHz, DMSO-ds) 6 165.6, 155.8, 150.6, 146.6, 146.3, 140.8,
140.3, 138.9, 135.2, 131.1, 122.7, 120.8, 57.6
TH NMR (400 MHz, CDCl3) 6 7.97 (d, J = 8.3 Hz, 1H), 7.68 (s, 2H), 742 (d,
J=28.3 Hz, 1H), 4.01 (s, 3H);
S8 ESH;/S mz 3C NMR (126 MHz, CDCls) § 164.46, 151.98, 147.92, 139.90, 139.36,
([M+HT") 135.70, 132.98 (q, J = 34.2 Hz), 130.95, 127.61, 125.36 (q, J= 3.7 Hz),
122.38 (q, J = 273.3 Hz), 53.28;
F NMR (471 MHz, CDCls) § -63.17
T
ESIMS m/s 41;1{ )I\;IMR (400 MHz, DMSO-de) 5 14.12 (s, 1H), 8.54 (s, 1H), 7.91 — 7.81 (m,
89 ([N?—SEI]*) BCNMR (101 MHz, DMSO-de) 6 165.5, 152.8, 148.0, 140.4, 139.5, 136.2,
131.6, 131.3, 128.5, 128.4, 124.9
ESIMS vz | 'HNMR (400 MHz, CDCI3) §7.90 (d, J = 8.4 Hz, 1H), 7.83 ~ 7.76 (m, 2H),
90 %3 7.71(d, J= 8.0 Hz, 1H), 7.66 (dd, J = 8.1, 1.7 Hz, 1H), 4.02 (s, 3H);
(M+HJ%) 3C NMR (101 MHz, CDCIs) § 164.7, 153.3, 147.9, 139.5, 138.5, 137.2,
134.6, 132.9, 132.6, 130.7, 130.3, 127.6, 127.4, 126.7, 53.1
'H NMR (400 MHz, CDCl5) 6 8.04 (dd, /= 8.4, 1.6 Hz, 2H), 7.77 (d, J=8.2
ESIMS m/z | Hz, 2H), 7.68 (d, J = 9.9 Hz, 1H), 4.02 (s, 3H);
FI1 366 BCNMR (101 MHz, CDCl3) 6 164.0, 158.6, 155.9, 143.7 (d, J = 5.0 Hz),
(IM+H]") | 142.8 (d, /= 11.0 Hz), 136.2, 135.8 (d, J = 5.9 Hz), 130.8 (d, J = 4.7 Hz),
129.74 (d, J = 6.2 Hz), 127.9, 126.9, 126.8, 126.5, 53.1
TH NMR (400 MHz, CDCl3) 8 9.33 (s, 1H), 8.51 (d, /= 8.3 Hz, 1H), 7.82 (d,
ESIMS m/z | J=8.2Hz, 1H),7.75 (d, J = 9.8 Hz, 1H), 4.03 (s, 3H);
F92 335 BCNMR (101 MHz, CDCl3) 6 163.8, 158.8, 156.1, 149.8 (d, J = 8.9 Hz),
(IM+H]% 144.3 (d, J=5.1 Hz), 1399 (d, J=11.9 Hz), 137.5 (d, /= 5.4 Hz), 132.0
(dd, J=32.1, 5.5 Hz), 127.3, 127.03, 120.3 (d, J = 3.0 Hz), 53.2
TH NMR (400 MHz, CDCl3) & 8.15 — 8.07 (m, 2H), 7.75 (d, J = 8.2 Hz, 2H),
ESIMS m/z | 7.69 (d, J = 9.9 Hz, 1H), 4.03 (s, 3H);
F93 334 3C NMR (101 MHz, CDCls) & 164.1, 158.6, 155.9, 143.7 (d, J = 4.9 Hz),
(IM+H]1H 142.7 (d, J=11.3 Hz), 136.8 (d, /= 5.9 Hz), 130.9 (d, /= 4.7 Hz), 129.2,
129.2,127.0, 126.8, 125.6 (q, J/ = 3.8 Hz), 53.1
ESIMS vz | 'HNMR (400 MHz, CDCL3) §8.04 (d, J = 8.5 Hz, 1H), 8.02 - 7.97 (m, 2H),
o4 334 7.96 (d, J = 8.5 Hz, 1H), 7.84 — 7.79 (m, 2H);
([M+HT" BCNMR (101 MHz, CDCl:) § 161.3, 153.1, 142.4, 142.0, 138.3, 136.7,
133.1, 130.9, 127.9, 127.1, 127.1, 125.5
"H NMR (400 MHz, DMSO-dq) 6 9.44 (d, J=2.1 Hz, 1H), 8.74 (dd, J = 8.3,
ESIMS m/z | 2.2 Hz, 1H), 8.34 (d, J = 8.6 Hz, 1H), 8.28 (d, /= 8.5 Hz, 1H), 8.07 (d, J =
F95 303 8.3 Hz, 1H)
(IM+H]1H BCNMR (101 MHz, DMSO-de) 6 166.2, 150.9, 150.2, 148.9, 140.3, 136.9,
135.9, 128.7, 124.5, 123.4, 121.4, 120.7
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ESIMS m/z TH NMR (400 MHz, CDCl3) & 8.12 (s, 1H), 7.84 (d, J = 8.3 Hz, 2H), 7.79 (d,
96 336 J=8.4 Hz, 2H);
(M+HI9 130 NMR (101 MHz, CDCLs) & 152.4, 142.5, 138.6, 134.7, 133.1, 132.2,
131.9, 129.7,125.5, 125.1, 122.4
ESIMS m/z TH NMR (400 MHz, CDCl3) 6 8.04 (d, J = 8.4 Hz, 2H), 7.88 (d, J = 8.5 Hz,
F97 248 1H), 7.80 (d, J = 8.5 Hz, 1H), 7.76 (d, J = 8.3 Hz, 2H), 4.04 (s, 3H);
(M+HIY 130 NMR (101 MHz, CDCls) & 165.0, 153.9, 148.1, 139.6, 139.3, 136.6,
131.0, 129.7, 128.0, 126.0, 123.0, 53.0
ESIMS m/z TH NMR (400 MHz, CDCls) § 7.98 (s, 1H), 7.80 (d, J = 8.4 Hz, 2H), 7.75 (d,
98 382 J =82 Hz, 2H), 4.00 (s, 3H);
(IMLHT) 3C NMR (101 MHz, CDCLs) & 164.1, 153.0, 145.7, 140.1, 138.6, 135.9,
132.2, 131.0, 130.6, 130.1, 127.9, 126.0, 126.0, 53.2
ESIMS m/z TH NMR (400 MHz, CDCl3) § 9.13 — 9.09 (m, 1H), 8.27 (dd, J = 8.1, 2.1 Hz,
99 351 1H), 8.03 (s, 1H), 7.84 — 7.76 (m, 1H), 4.01 (s, 3H);
(M+HI) 130 NMR (101 MHz, CDCls) & 163.8, 150.4, 150.1, 146.2, 140.3, 138.4,
136.1, 134.9, 132.5, 131.0, 120.0 (q, J = 2.5 Hz), 53.3
ESIMS m/z TH NMR (400 MHz, CDCl3) § 7.86 — 7.79 (m, 2H), 7.72 (dd, J = 8.6, 1.6 Hz,
r100 | 80 207 2H), 7.63 (d, J = 10.0 Hz, 1H), 4.01 (s, 3H);
81 (IMLH]Y YF NMR (376 MHz, CDCLs) §
-116.13
ESIMS m/z | 'HNMR (400 MHz, CDCls) & 8.86 (d, J = 1.8 Hz, 1H), 8.09 (d, /= 1.9 Hz,
F101 351 1H), 7.98 (d, J = 8.4 Hz, 1H), 7.92 (d, J = 8.4 Hz, 1H), 4.02 (s, 3H);
(IM+H]") | "FNMR (376 MHz, CDCl3) § -62.39
ESIMS m/z qH NMR (400 MHz, CDCl3) 6 8.00 (s, 1H), 7.76 — 7.59 (i, 3H), 4.01 (s,
F102 8- 368 3H);
61 (M+HI) I9F NMR (376 MHz, CDCls) & -61.49,
-61.52, -113.63, -113.66
g5 | ESIMS m/ 'H NMR (400 MHz, CDCl3) 6 8.00 (s, 1H), 7.76 (d, J = 1.7 Hz, 1H), 7.65
F103 | oo 384 (ddd, J=8.0, 1.7, 0.8 Hz, 1H), 7.55 — 7.48 (m, 1H), 3.99 (s, 3H);
([M+Na]") | FNMR (376 MHz, CDCl3) & -62.98
ESIMS m/z | 'HNMR (400 MHz, CDCl) & 8.74 (s, 1H), 7.87 (d, J = 8.0 Hz, 1H), 7.76 (d,
F104 347 J=1.7Hz, 1H), 7.69 — 7.54 (m, 1H), 4.10 (s, 3H), 4.01 (s, 3H);
(IM+H]") | "FNMR (376 MHz, CDCl3) & -62.94
ESIMS m/z | 'HNMR (400 MHz, CDCls) & 9.01 (s, 1H), 8.00 — 7.88 (m, 1H), 7.86 — 7.74
F105 351 (m, 1H), 7.74 — 7.58 (m, 1H), 4.06 (s, 3H);
(IM+H]") | "FNMR (376 MHz, CDCl3) § -63.06
133 | ESIMS m/z 'H NMR (400 MHz, CDCl3) & 7.99 (s, 1H), 7.91 — 7.83 (i, 2H), 7.80 — 7.69
F106 | |5, 351 (m, 2H), 4.00 (s, 3H);
(M+H]") | ""FNMR (376 MHz, DMSO-ds) 6 61.26
TH NMR (400 MHz, DMSO-ds) & 8.55 (d, J= 9.0 Hz, 1H), 8.12(d, J= 1.7
a1 | ESIMS m/z | Hz, 1H),7.93 (dd, /=82, 1.8 Hz, 1H), 7.84 (d, / = 8.0 Hz, 1H), 3.92 (s,
F107 | ), 368 3H);
(IM+H]") | "FNMR (376 MHz, DMSO-ds) &
-61.40, -114.46
oo | ESIMSm/z 'H NMR (400 MHz, CDCl3) § 7.94 (s, 1H), 7.82 — 7.72 (m, 2H), 7.64 (ddd, J
F108 | "o 384 =8.0, 1.8, 0.8 Hz, 1H), 4.03 (s, 3H);
(IM+H]") | ""FNMR (376 MHz, CDCls) & -63.01
TH NMR (400 MHz, CDCl3) § 7.84 — 7.78 (m, 1H), 7.78 — 7.75 (m, 1H), 7.68
F100 | 127-| EIMSm/z | (d,/=88Hz IH) 7.67 - 7.62 (m, 1H), 4.03 (s, 3H);
128 368 9F NMR (376 MHz, CDCl5) & -63.02,
-100.76
TH NMR (400 MHz, CDCl3) 6 7.99 — 7.88 (m, 3H), 7.53 — 7.44 (m, 1H), 4.04
(s, 3H);
r110 | 7> ESH;/?Z M2 | 19p NMR (376 MHz, CDCls) & -61.21,
73 (MAHTY -61.25,-138.28, -138.31, -138.33,
-138.35, -138.36, -138.38, -138.40,
-138.43, -139.96, -140.01
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TH NMR (400 MHz, DMSO-de) 6 14.01 (s, 1H), 8.21 (d, J = 8.5 Hz, 1),
ESIMS m/z | 7.87 (d, J=8.5 Hz, 1H), 7.80 (d, J = 1.6 Hz, 1H), 7.73 (d, J = 8.1 Hz, 1H),
Fl11 332 7.68 (dd, J = 8.1, 1.7 Hz, 1H), 2.03 (t, J = 19.0 Hz, 3H);
(IM+H]") | 19F NMR (376 MHz, DMSO-de) &
85.10
SIS e | "HNMR (400 MHz, CDCI) 6 7.89 (d, J = 8.4 Hiz, 1H), 7.77 (4, J = 84 iz,
FiL V™| 1H),7.70 (d, 7 = 8.0 He, 1H), 7.62 (4, J = 1.7 Hz, 1H), 7.53 ~ 747 (n, TH),
MRy | 4026, 3H), 193 (U = 18.1 Hz, 38
ISF NMR (376 MHz, CDCls) 5 -88.63
TH NMR (400 MHz, CDCl5) 6 7.89 (dd, J = 8.7, 3.5 Hz, 1H), 7.80 — 7.74 (m,
F113 EIMS m/z | 2H),7.71 — 7.60 (m. 2H), 4.02 (s, 3H):
333.1 ISF NMR (376 MHz, CDCl3) & -62.94,
118.77
114 | ESIMS m/z | 'HNMR (400 MHz, CDCI) 5 9.27 (., J = 2.08 Hz, 1H), 8.55 (dd. J=2.13,
Fig | 317 823 Hz, 1H), 7.95 (d, J = 8.44 Hz, 1H), 7.87 (d, J = 8.43 Hz, 1H), 7.80 (d, J
(IM+HJ") | =8.33 Hz, 1H), 4.05 (s, 3H)
s | 9 ESH;gSZ M2 | I NMR (300 MHz, CDCls)  8.97 (s, 1H), 7.80 (dd, J = 8.6, 7.5 Hz, 1H),
95 | (vapgy | 733727 (m 1), 408 (s, 3H), 4.05 (¢, /= L1 Hz, 3H)
ESIMS mye | FLNMR (400 Mz, CDCL) 5 791 (d, J = 8.4 Hz, 1H), 7.84 — 7.7 (m, 2H),
File Sou | 776 @, = 1.7 Hz, 1H), 7.64 (dd, 7= 8.2, 1.7 Hz, 1H), 7.52 (d, J = 8.3 Hz,
(MaFyy | 1B 744 (4.7 =21 Ha, 1H), 7.30 - 7.25 (. 1H), 5.53 (s, 2H);
ISF NMR (376 MHz, CDCls)  -62.93
TH NMR (500 MHz, CDCl) 6 7.91 (d, J = 8.4 Hz, 1H), 7.82 (d, J = 8.4 Hz,
ESIMS m/z | 1H), 7.81 —7.74 (m. 4H), 7.64 (ddd, J = 13.8, 11.2, 7.5 Hz, 2H), 7.52 (1, J =
F117 4752 (M- | 7.8 Hz, 1H), 5.51 (s, 2H):
1Y ISF NMR (471 MHz, CDCl3) & -62.68,
62.92
Fiis ESH;%SS M2 | I NMR (300 MHz, CDCls) 8 8.02 (d, J = 8.2 Hz, 1H), 7.98 (d, J = 1.6 Hz,
(MR | TR 795 (@ U= 18 Ha, 1H), 762 (d.J = 8.2 Hz, TH), 4.02 (s, 3H)
. ESE\S 1”” 'H NMR (400 MHz, CDCls) $7.95 (d, J = 8.6 Hz, 1H), 7.80 (d, J = 2.1 Hz,
vy | 2H 772 () = 8.6 Ha, 1H), 402 (5, 3H). 3.12 (. 3H)
120 Esﬁgs 1’” | 'H NMR (400 MHz, CDCl5) 8 7.95 (d, J = 8.6 Hz, 1H), 7.80 (d, J = 2.1 Hz,
My | 2 772(d. T = 8.6 Ha, 1H), 402 (5, 3H), 3.12 (5. 3H)
Frar | 166- ESIS?S%W | 'H NMR (300 MHz, CDCls) 8 7.92 (d, J = 8.3 Hz, 1H), 7.77 — 7.68 (m, 2H),
169 |y | 764 (d 7= 82 Ha, 1E), 401 (s, 3H), 2.5 - 25 (5, 3H)
Fiay | 166- ES%%S OW | 'H NMR (300 MHz, CDCl5) 5 7.94 (d, J = 8.9 Hz, 1H), 7.51 (s, 1H), 7.41 (d,
169 | npeny | ¢ =84 Hz TH).7.36 (A J = 14 Hz, TH), 4.00 (s, 3H), 242 (5 38)
TH NMR (500 MHz, CDCl3) 6 7.85 (d, 7 = 8.5 Hz, 1H), 7.76 (d, J = 8.4 Hz,
1H), 7.61 (d, J = 8.6 Hz, 1H), 7.11 — 7.06 (m, 2H), 7.06 — 7.01 (m, 3H), 6.96
(dd, J = 8.6, 2.5 Hz, 1H), 4.01 (s, 3H):
123 ESH;’; M2 | 13 NMR (126 MHz, CDCl) 8 164.95, 159.43 (d, J = 243.3 Hz), 159.16,
(Morqs | 15413 15156 (@ /=27 Ha), 147.55, 13831, 133,10, 132,95, 131.80,
129.42, 127.51, 121.34 (d, J = 8.3 Hz), 119.09, 116.71, 116.70 (d, J = 23.5
Hz), 53.07;
ISF NMR (471 MHz, CDCls) 6 -118.29
50S - | FNMR (500 MHz, CDCI5) 57,88 (d, /= 8.4 Hz, 1H), 7.77 (d, = 8.5 Hz,
F124 el | 1,740 (s, 1H), 7.20 G5, 1H), 402 (s, 3H);
ISF NMR (471 MHz, CDCls) 6 -50.00
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ESIMS m/z | '"HNMR (500 MHz, CDCl3) 6 8.21 (d, J = 1.7 Hz, 1H), 8.00 (dd, J = 8.2, 1.7
F125 307 Hz, 1H), 7.93 (d, /= 8.4 Hz, 1H), 7.82 (d, /= 8.5 Hz, 1H), 7.78 (d, J = 8.1
(IM+H]% Hz, 1H), 4.05 (s, 3H)
ESIMS m/z | 'HNMR (500 MHz, CDCls) & 8.05 (d, J = 8.5 Hz, 1H), 7.81 (d, J = 8.4 Hz,
F126 348 1H), 7.49 (s, 1H), 7.47 (s, 1H);
(IM+H]% FNMR (471 MHz, CDCl3) § -48.12
ESIMS m/z | 'H NMR (300 MHz, CDCls) & 8.12 (s, 1H), 7.85 (d, /= 1.7 Hz, 1H), 7.72
F127 403 (dd, J=8.0,1.7 Hz, 1H), 7.44 (d, /= 8.0 Hz, 1H);
(IM+H]") | F NMR (376 MHz, CDCl3) 6 -41.73
"H NMR (500 MHz, CDCl3) § 7.86 (dd, J= 1.7, 1.0 Hz, 2H), 7.75 (1, J=7.2
Hz, 1H), 7.19 (d, J = 10.3 Hz, 1H), 4.03 (s, 3H);
F128 BC NMR (126 MHz, CDCls) 6 164.92, 48.37, 148.35, 147.75, 139.03,
129.67, 126.75, 126.66, 117.42, 117.40, 116.99, 116.77, 53.07,
YFNMR (471 MHz, CDCl3) § -124.83
ESIMS mre | FLNMR (500 MHz, CDCly) 5 8.34 (d, J = 2.6 Hz, 1H), 8.18 - 8.13 (m, 2H),
129 213,01 7.83(d, J= 8.5 Hz, 1H), 4.03 (d, J = 2.3 Hz, 6H);
([M+H]+) BC NMR (126 MHz, CDCl3) 6 165.00, 159.42, 150.53, 147.64, 145.89,
139.17, 138.62, 129.43, 127.00, 125.07, 121.67, 54.14, 53.04
ESIMS m/z | 'HNMR (400 MHz, CDCls) & 7.99 (s, 1H), 7.80 (d, J = 1.7 Hz, 1H), 7.67
F130 417 (dd, J=8.0, 1.7 Hz, 1H), 7.44 (d, J = 7.9 Hz, 1H), 3.99 (s, 3H);
(IM+H]") | F NMR (376 MHz, CDCls) & -41.90
TH NMR (400 MHz, CDCl3) 6 7.86 (s, 1H), 7.84 (dd, J = 8.1, 1.1 Hz, 1H),
ESIMS m/z | 7.72 (dd, J = 8.1, 1.7 Hz, 1H), 7.53 (d, /= 8.0 Hz, 1H);
F131 387 BC NMR (101 MHz, CDCl3) & 160.38, 159.57, 156.87, 142.11, 141.94,
(IM+H]") | 136.90, 135.16 (d, J = 5.7 Hz), 134.29, 134.01 (d, J = 4.4 Hz), 132.00 (d, J =
1.8 Hz), 128.83, 128.61, 128.43, 127.60
"H NMR (500 MHz, CDCl3) & 7.95 (dd, J = 8.7, 3.5 Hz, 1H), 7.87 — 7.82 (m,
132 ESIMS m/z | 2H), 7.80 (d, J = 8.1 Hz, 1H), 7.71 (dd, J = 8.1, 1.7 Hz, 1H);
318 ((M-H]") | "FNMR (471 MHz, CDCl3) § -60.43,
-116.60, -116.60, -116.62, -116.62
133 ESH;/{% M2 | I NMR (500 MHz, CDCl5) 6 8.42 (d, J = 4.9 Hz, 1H), 8.13 (d, J = 8.4 Hz,
(Mt | 790 (4,7 =8.4 Hz, 1H), 761 (d, /= 4.9 Hz, 1H)
155.
F134 2— EIMS m/z '"H NMR (400 MHz, Methanol-d,) & 8.28 (d, J = 2.6 Hz, 1H), 8.17 — 8.05 (m,
163. 298 2H), 7.90 (d, J = 8.6 Hz, 1H), 3.94 (s, 3H)
3
"H NMR (400 MHz, CDCl3) § 7.80 (d, J = 1.7 Hz, 1H), 7.71 (d, /= 8.2 Hz,
ESIMS m/z | 1H), 7.68 (dd, J = 8.0, 1.8 Hz, 1H), 7.54 (d, J = 8.0 Hz, 1H), 4.00 (s, 3H);
F135 401 BCNMR (101 MHz, CDCl3) 6 163.82, 158.25, 155.57, 143.63 (d, J = 5.0
(IM+H]1H Hz), 142.83 (d, J=16.1 Hz), 136.68, 135.45 (d, J = 4.7 Hz), 134.38, 132.37,
132.25 (d, J=4.8 Hz), 127.75 - 127.49 (m), 126.51, 126.29, 53.26
ESIMS m/z | ,
F136 94— 364 H NMR (300 MHz, CDCl3) 6 7.90 (d, J = 8.6 Hz, 1H), 7.66 (dd, J = 8.6, 7.0
97 (Mt | F% 2H), 748 (0, 7= 8.2 Hz, 1H), 4.00 (s, 3H), 2.57 (5, 3H)
o7 | ESIMSm/z | THNMR (300 MHz, CDCL;) §7.90 (d, J = 8.7 Hz, 1H), 7.70 (d, J = 8.4 Hz,
F137 90 376 2H), 7.57 (d, J= 8.2 Hz, 1H), 6.84 — 6.69 (m, 1H), 5.70 (d, J = 11.5 Hz, 1H),
(IM+H]") | 548 (d, /= 17.3 Hz, 1H), 4.01 (s, 3H)
144 ESIMS m/z | '"HNMR (300 MHz, CDCls) 6 8.39 (d, J = 1.7 Hz, 1H), 8.04 (d, /= 1.8 Hz,
F138 | |- 428 1H), 7.96 (d, J = 8.74 Hz, 1H), 7.52 (d, J = 9.5 Hz, 1H), 3.98 (s, 3H), 3.31 (s,
(IM+HT") | 3H0)
F139 170- ESHZ;SS m/z 'H NMR (600 MHz, CDCls) 6 7.97 (d, J = 8.4 Hz, 2H), 7.89 (d, / = 7.8 Hz,
173 | vmpy | T 770(d =84 He, 1H), 402 5, 3H), 3.37 (5, 3H)
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F140 103- ESHA\é% m/z "H NMR (300 MHz, CDCl3) 6 7.94 (d, J = 8.1 Hz, 1H), 7.70 (dd, J= 8.1, 5.7
107 | (vpempy | B 2D, 763 (d, 7= 8.2 Hr, TH), 4.02 (5, 3H)
F141 104 ESHZ{)% m/z "H NMR (300 MHz, CDCl3) 6 8.30 — 8.26 (m, 1H), 7.91 (d, J = 8.5 Hz, 1H),
107 (M+HT") 7.74 (d, J=4.2 Hz, 2H), 7.70 (d, J = 1.7 Hz, 1H), 4.01 (s, 6H)
F142 78— ESHX;% m/z "H NMR (300 MHz, CDCl3) & 7.88 (d, J = 8.2 Hz, 1H), 7.70 (dd, J = 8.6, 1.4
81 (M+H]% Hz, 2H), 7.56 (d, J= 8.2 Hz, 1H), 7.29 (s, 1H), 4.01 (s, 3H), 3.03 (s, 6H)
P14z | 169 ESH;/;SS M2 | I NMR (300 MHz, CDCl3) 6 8.30 (d, J = 8.5 Hz, 1H), 8.12 (d, J = 8.4 Hz,
172 (M+HT% 1H), 8.08 — 7.96 (m, 2H), 4.04 (s, 3H)
'H NMR (500 MHz, CDCl3) 6 7.86 (dd, J= 1.7, 1.0 Hz, 2H), 7.75 (d, J= 7.2
144 EIMS m/z | Hz, 1H), 7.19 (d, J = 10.3 Hz, 1H), 4.03 (s, 3H);
325 BC NMR (126 MHz, CDCls) 6 164.92, 154.93, 149.99, 148.35, 147.75,
139.03,129.67, 126.75, 126.66, 117.42, 117.40, 116.99, 116.77, 53.07
"H NMR (500 MHz, CDCl5) & 8.08 (s, 1H), 7.88 (d, /= 8.4 Hz, 1H), 7.79 (d,
ESIMS m/z | J=8.5 Hz, 1H),7.69 (d, J = 1.6 Hz, 1H), 7.66 (d, J = 8.0 Hz, 1H), 7.53 (dd,
F145 325 J=28.0,1.6 Hz, 1H), 4.02 (s, 3H);
(IM+H]% BC NMR (126 MHz, CDCls) 6 164.83, 154.04, 148.35, 147.56, 138.49,
138.03, 134.41, 132.64, 132.11, 129.98, 128.29, 127.61, 125.73, 53.14
TH NMR (400 MHz, DMSO-ds) & 8.21 (d, J = 8.5 Hz, 1H), 8.12 (s, 1H), 7.94
ESIMS s | (4dsJ =82,2.0 Hz, 1H), 7.88 - 7.82 (m, 2H), 7.79 (d, J = 8.5 Hz, 1H), 7.61
146 359 (s, 1HD), 3.93 (s, 3HD);
([M+HT") C NMR (101 MHz, DMSO-ds) 6 169.39, 165.06, 155.36, 147.70, 140.85,
139.40, 138.40, 131.55, 129.72, 129.40, 128.43, 127.08, 126.78 (d, /= 3.7
Hz), 125.05 (d, J = 3.9 Hz), 122.91, 53.35
ESIMS mze | FLNMR (400 MHz, DMSO-ds) 5 8.50 (s, TH), 8.23 (s, 1H), 8.14 - 8.08 (m,
147 204 1H), 8.02 — 7.97 (m, 1H), 7.68 (d, J = 8.0 Hz, 1H), 7.52 (s, 1H), 3.89 (s, 3H);
(IMH]) BC NMR (101 MHz, DMSO-ds) 8 167.68, 164.36, 155.59, 144.90, 140.68,
139.00 (d, J =4.3 Hz), 136.79, 132.89, 131.96, 128.83
ESIMS vz | 'HNMR (500 MHz, Methanol-ds) 38.02 (d, J = 8.4 Hz, [H), 7.79 (d, J = 8.4
148 300.0 (0. | B2 ). 7125, 1H), 7.03 (5, 1H), 6.09 (s, 2H);
I'_I]_) 13C NMR (126 MHz, Methanol-ds) & 166.40, 154.54, 149.21, 148.66, 147.31,
138.45, 130.47, 128.10, 127.51, 124.20, 110.32, 109.63, 102.46
'"H NMR (400 MHz, CDCls) 6 7.84 (d, J = 8.5 Hz, 1H), 7.74 (d, / = 8.6 Hz,
ESIMS m/z | 1H), 7.72 (d, J = 2.1 Hz, 1H), 7.50 (dd, J = 8.3, 2.1 Hz, 1H), 7.43 (d, J = 8.2
F149 325 Hz, 1H), 4.04 (s, 3H), 2.89 (s, 6H);
(IM+H]% BCNMR (101 MHz, CDCl3) 6 165.22, 154.69, 150.92, 147.84, 139.05,
136.67, 131.09, 129.88, 128.87, 122.80, 121.52, 118.68, 52.95, 43.69
ESIMS m/z | '"HNMR (500 MHz, CDCls) 5 7.65 (d, J = 8.1 Hz, 1H), 6.92 (d, J = 13.5 Hz,
F150 343.9 2H), 6.05 (s, 2H), 4.00 (s, 3H);
(IM+H]% YFNMR (471 MHz, CDCl3) § -112.19
ESIMS m/z | 'H NMR (500 MHz, CDCls) & 8.01 (s, 1H), 7.93 (d, J = 8.4 Hz, 1H), 7.80 (d,
F151 427.8 J=8.1 Hz, 2H), 4.04 (s, 3H);
(IM+H]% FNMR (471 MHz, CDCl3) & -63.09
ESIMS mze | FLNMR (500 MHz, CDCl) 5 7.85 - 7.83 (m, TH), 7.81 (d. J = 1.7 Hz, TH),
152 2459 774 (dt, J=8.2, 1.8 Hz, 1H), 4.12 — 3.86 (m, 3H);
([M+H]+) F NMR (471 MHz, CDCl3) § -63.21,
-112.32
ESIMS vz | 'HNMR (500 MHz, CDCL3) §7.70 (d, J = 8.1 Hz, TH), 7.23 (s, TH), 7.20 (s,
153 380 1HD, 4.00 (5, 3H);
(IMAHT) I NMR (471 MHz, CDCls) & -49.69,
-112.24, -112.26
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ESIMS mz | HNMR (500 MHz, CDCL) § 7.99 (s, 1H), 7.22 (s, 1H), 7.09 (s, TH), 3.99
F154 395.9 (s, 3H);
(Matryy | VFNMR (471 MHz, CDCLs) 5 49.48,
49.81
ESIMS e | 'H NMR (300 MHz, CDCL)  7.95 (s, 1H), 6.93 (s, 1H), 6.80 (s, 1H), 6.5
F155 359.9 (s, 2H), 3.99 (s, 3H);
OV HT C NMR (126 MHz, CDCls) § 164.07, 153.41, 149.18, 146.82, 145.08,
139.22, 134.40, 130.52, 128.63, 125.75, 110.03, 110.01, 102.21, 53.28
'H NMR (400 MHz, DMSO-de) 6 8.29 (d, J = 8.4 Hz, 1H), 8.12 (s, 2H), 7.76
F156 31221?[41\54_’17_1'/]2_) (d, J = 8.4 Hz, 1H);
I9F NMR (376 MHz, DMSO-de) 5 -61.38
"H NMR (500 MHz, CDCl3) & 7.87 (d, J = 8.5 Hz, 1H), 7.76 (d, J = 8.4 Hz,
g6 | ESIMSm/z | 1H),7.67 (d,J=8.5Hz, 1H), 7.28 (d,J = 2.5 Hz, 1H), 7.16 (dd, /= 8.5, 2.4
F157 | ‘g 349 Hz, 1H), 6.55 (t, J = 72.9 Hz, 1H), 4.01 (s, 3H);
(IM+H]") | 'FNMR (471 MHz, CDCl3) § -81.49,
81.65
"H NMR (500 MHz, CDCL3) & 7.77 (1, J = 7.4 Hz, 1H), 7.71 (d, J = 8.4 Hz,
1H), 7.59 — 7.55 (m, 1H), 7.49 — 7.44 (m, 1H), 4.01 (s, 3H);
18 ESH;@SZ MZ | 19F NMR (471 MHz, CDCl3) § -63.01,
(MaHpy | 1LI2 T4 L6, 11120,
111.22, -111.23, -113.59, -113.61,
113.66, -113.68
ESIMS mz | HNMR (500 MHz, CDCL) § 8.07 (dd, J = 8.8, 1.5 Hz, 2H), 7.67 (d, /= 9.8
riso | 128 260 Hz, 1H), 7.45 — 7.39 (m, 2H), 4.02 (s, 3H), 3.18 (s, 3H);
130 | npepy | PFNMR @71 MHz CDCL) 611647,
116.49
TH NMR (400 MHz, DMSO-de) & 14.12 (s, 1H), 8.46 (d, J = 9.3 Hz, 1H),
F160 ESIMS m/z | 7.93(d, J=11.3 Hz, 1H), 7.89 (d, J = 7.4 Hz, 1H), 7.80 (d, J = 7.7 Hz, 1H);
336 ((M-H]") | "F NMR (376 MHz, DMSO) § -61.36,
112.22, -112.30, -116.13, -116.21
TH NMR (500 MHz, CDCL3) & 7.60 (d, J = 8.3 Hz, 1H), 7.44 (d, J = 8.3 Hz,
Los | ESIMS m/z | 1H), 6.86 - 6.80 (m, 1H), 6.74 (d, J = 2.2 Hz, 1H), 6.56 (t, / = 73.6 Hz, 1H),
F161 | | 362 3.99 (s, 3H), 3.81 (s, 3H);
(IM+H]") | 'FNMR (471 MHz, CDCls) § -80.84,
-81.00, -112.41, -112.43
ESIMS m/z | 'H NMR (400 MHz, CDCl3) 5 9.79 (s, 1H), 8.16 (d, J = 8.3 Hz, 1H), 8.05
F162 382.9 (dd, J=1.7,0.8 Hz, 1H), 8.04 — 8.01 (m, 1H), 7.83 (d, J = 8.4 Hz, 1H);
(IM+H]") | '°FNMR (376 MHz, CDCls) § -63.27
ESIMS mrz | 'HNMR (500 MHz, CDCL) § 8.06 — 7.98 (m, 2H), 7.62 (d, J = 10.1 Hz,
ries | - 264 1H), 7.08 — 7.02 (m, 2H), 4.42 (q, J = 8.1 Hz, 2H), 4.02 (s, 3H);
81 (Meryy | FNMR (471 MHz, CDCL) § 7383,
73.85, 73.87, -116.74, -116.76
ESIMS e | 'H NMR (400 MHz, CDCL) 5 8.98 (br s, 1H), 887 (s, 1H), 8.19 (d, /= 8.3
F164 335 (-1 | H2 1H). 8.14 s, 1H), 8.07 (d, J = 8.4 He, 1H);
I9F NMR (376 MHz, CDCl3) & -62.42
TH NMR (500 MHz, CDCL3) & 8.02 (dd, J = 8.9, 1.5 Hz, 2H), 7.65 (d, J =
gg. | ESIMSm/z | 10.0Hz, 1H),7.23 (d, J = 8.8 Hz, 2H), 6.58 (1, J = 73.5 Hz, 1H), 402 G,
F165 | ‘o 332 3H);
(IM+H]") | '9FNMR (471 MHz, CDCl3) & -81.13,
81.28, -116.65, -116.68
ESIMS mye | 'H NMR (500 MHz, CDCL) 7.63 (d. J = 8.2 Hz, 1H), 7.56 (dd, J = 7.7, 1.0
Fiee | 108- 264 Hz, 1H), 7.38 — 7.33 (m, 1H), 7.22 — 7.18 (m, 1H), 3.9 (s, 3H), 3.87 (s, 3H);
10 | ey | FNMR (@71 MHz, CDCI) 5 -62.84,
62.84, -112.46, 112.48
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'H NMR (500 MHz, CDCl3) 6 8.82 (t, J = 8.5 Hz, 1H), 8.04 (dd, J = 8.6, 1.5
go_ | ESIMS mz | Hz, 1H),795(d,J=8.5 Hz, 1H),7.74 (dd, J = 7.8, 1.6 Hz, 1H), 4.05 (s,
F167 | ‘o) 335 3H);
(IM+H]") | 'FNMR (471 MHz, CDCl5) & -66.59,
-66.61, -68.09
ESIMS mrz | L NMR (500 MHz, CDCL) 3 8.14 (dd, J = 8.5, 1.4 Hz, 2H), 7.79 (&, J = 85
rieg | 107- . Hz, 2H), 7.71 (d, J = 10.0 Hz, 1H), 4.03 (s, 3H):
109 I9F NMR (471 MHz, CDCls) & -115.94,
IM+HT) 1 115.06
ESIMS mye | HNMR (500 MHz, CDCI) 6 8.22 - 8.18 (m, 2H), 8.07 (d, J = 8.6 Hz, 2H),
Fieo | 132 2 772 (d, J = 9.9 Hz, 1H), 4.03 (s, 3H), 3.09 (s, 3H);
134 19 NMR (471 MHz, CDCls) & -116.04,
(IM+HID 1 416,07
ESIMS mrz | LNMR (500 MHz, CDCL) § 7.70 (d, J = 8.3 Hz, 1H), 7.56 (d, J = 94 Hz,
er70 | 106- 248 2H), 7.49 (d, J = 7.9 Hz, 1H), 4.00 (s, 3H), 2.33 (s, 3H):
108 | (e | FNMR @71 MHz CDCL) 6 -62.87,
-114.90, -114.91
"H NMR (400 MHz, CDCI3) 6 7.85 (d, J = 8.5 Hz, 1H), 7.81 (dd, J = 8.6, 2.1
Hz, 1H), 7.72 (dd, J = 8.5, 7.9 Hz, 1H), 7.30 (dd, J = 8.6, 1.5 Hz, 1H), 4.03
ESIMS e | (& 31,319 (d, J=7.2, 1.5 Hz, 4H), 1.03 (td, J = 7.2, 0.8 Hz, 6H);
. po 13C NMR (101 MHz, CDCls) 6 164.97, 160.24 (d, J = 254.4 Hz), 150.84,
(MeH]) | 14787, 13875, 137.80 (d, J = 6.0 Ho), 135.39 (d, J = 15.0 He), 129.30,
127.08 (d, J = 3.9 Hz), 126.82 (d, J = 10.8 Hz), 125.88 (d, J = 3.6 Hz),
125.10 (d, J = 12.2 Hz), 52.98, 47.43 (d, J = 3.9 Hz), 13.45:
19F NMR (376 MHz, CDCls) & -121.62
'H NMR (500 MHz, CDCls) 6 7.86 (dd, J = 1.7, 1.0 Hz, 2H), 7.75 (d, J = 7.2
F172 Hz, 1H), 7.19 (d, J = 10.3 Hz, 1H), 4.03 (s, 3H):
I9% NMR (471 MHz, CDCls) & -124.83
"H NMR (400 MHz, CDCl3) 6 7.69 (d, J = 8.4 Hz, 1H), 7.33 (d, J = 5.5 Hz,
1H), 6.96 (d, J = 8.5 Hz, 1H), 4.01 (s, 3H);
13C NMR (101 MHz, CDCls) 6 163.86, 158.42, 157.60, 155.72, 155.11,
F173 145.34, 145.20, 143.83, 143.79, 140.49, 140.03, 139.86, 134.59, 132.03,
131.71, 131.66, 126.56, 126.34, 116.96, 116.74, 111.30, 111.27, 99.40,
99.09, 53.20:
19% NMR (376 MHz, CDCls) & -49.80,
-113.48, -115.06, -115.17
TH NMR (400 MHz, CDCl3) 6 7.98 (s, 1H), 7.17 (d, J = 5.5 Hz, 1H), 6.95 (d,
F174 ESI31;/[959WZ J = 8.2 Hz, 1H), 4.00 (s, 3H);
. 19% NMR (376 MHz, CDCls) & -49.72,
(IMHHTD 1 1400
ESIMS mrs ‘1121 NMR (400 MHz, CDCI) 6 7.81 (d, /= 8.1 Hz, 1H), 7.29 s, TH), 7.19 (s,
F175 366 );
.. | FNMR (376 MHz, CDCls) § -49.59,
IM+HT) 1 11033
150 | ESIMS m/z | TH NMR (400 MHz, DMSO-dq) & 8.4 (br s, 1H), 8.27 (d, J = 8.8 Hz, 1H),
F176 | o, 375 8.12 (br s, 1H), 7.94 (d, J = 8.4 Hz, 1H), 7.79 — 7.75 (m, 2H), 7.69 — 7.67 (m,
(IM+H]") | 1H), 3.93 (s, 3H)
ESIMS myz | HLNMR (400 Mz, DMSO-ds) 5 8.26 (d, J = 84 Hz, 1H), 794 (d, /= 8.4
e177 176 Hz, 1H), 7.71 (s, 1H), 7.74 — 7.71 (m, 1H), 7.67 — 7.64 (m, 1H), 3.99 (1, J =
(B | 140 Hz 2H), 3.93 (s, 3H), 336 (s, 3H);
19F NMR (376 MHz, DMSO-ds) 6 -101.50
errg | 64 ESH;/S M2 | I NMR (400 MHz, CDCL3) §7.92 (d, J = 8.4 Hz, 1H), 7.85 (d, J = 8.4 Hz,
67 (Mot | VED-781-7.78 (m, 2H), 7.60 - 7.67 (m. 1H), 4.01 (s, 3H)
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ESIMS mye | 'HNMR (400 MHz, DMSO-de) 5 14.01 (br s, 1H), 8.21 (d, J = 8.4 Hz, 1H),
F179 16 7.88 (d, J = 8.4 Hz, 1H), 7.78 (s, 1H), 7.74 (d, J = 7.6 Hz, 1H), 7.66 (d, J =
(MaHy | 80 Hz 1), 399 (1, 7= 13.6 Hz, 2H), 3.36 (s, 3H);
198 NMR (376 MHz, DMSO-ds) & -101.50
rigo | 128 ESH;/éSZ M2 | I NMR (400 MHz, DMSO-de) 5 13.98 (br s, 1H), 8.22 (d, J = 8.4 Hz, 1H),
132 | vpenpn | 790 (@ 7= 84 Hz, 1H), 7.80 - 7.75 (m, 2H), 7.69 (dd, J = 1.6, 8.4 Hz, 1H)
ESIMS m/z | 1H NMR (400 MHz, CDCls) & 7.88 — 7.84 (m, 2H), 7.83 (s, L1H);
F181 431 19% NMR (376 MHz, CDCls) & -63.29,
(IM+H]") | -110.30
182 ESISI;/Ifg’”/Z g{ NMR (400 MHz, CDCls) & 8.10 (s, 1H), 7.28 (s, 1H), 7.10 (s, 1H);
(V) F NMR (376 MHz, CDCls) & -49.55
g3 | 138 ESIST; 9W 2| '"H NMR (400 MHz, CDCl3) & 8.03 (s, 1H), 6.93 (s, 1H), 6.77 (s, 1H), 6.07
N T O
TH NMR (400 MHz, CDCl5) 6 8.63 (s, 1H), 7.98 (d, J = 8.4 Hz, 1H), 7.81 (d,
ESIMS mys | 4= 84 Hz, 1), 7.27 (t,/ = 52.6 Hz, 1H), 4.02 (s, 3H);
184 260 13C NMR (101 MHz, CDCls) & 164.42, 153.14, 152.80, 148.51, 147.00,
(Mt | 1393213721 /=232 He), 13137, 131.36 (1, /= 2.7 Ha), 130.16 (1 J =
3.6 Hz), 127.28, 111.10 (1, J = 242.9 Hz), 53.15:
19 NMR (376 MHz, CDCls) & -117.87
ESIMS mz | HNMR (500 MHz, CDCI3) § 8.04 (dd, J = 8.8, 1.5 Hz, 2H), 7.67 (d, /= 9.9
F18s 350 Hz, 1H), 7.34 (dd, J = 9.1, 1.1 Hz, 2H), 4.02 (s, 3H):
oy | “FNMR @471 MHz, CDCLs) 3-57.70,
-116.59, -116.61
ESIMS mye | 'HLNMR (500 MHz, CDCL) 5 7.80 (d, J = 1.6 Hz, 1H), 7.72 (d, J = 8.2 Hz,
186 16 1H), 7.69 (dd, J = 8.0, 1.5 Hz, 1H), 7.61 (d, J = 7.9 Hz, 1H), 4.01 (s, 3H);
(Mot | “FNMR @471 MHz, CDCls) 3-112.54,
112,56
TH NMR (500 MHz, CDCl3) 6 7.72 — 7.63 (m, 2H), 7.18 (ddt, J = 8.7, 2.3,
oo | ESIMS mz | 1.0 Hz, 1H),7.09(dd, J = 102, 1.3 Hz, 1H), 4.01 (s, 3H);
FI87 | o 368 195 NMR (471 MHz, CDCls) § -57.92,
(IM+H]Y) | -109.30, -109.32, -109.32, -109.34, -109.38, -109.39, -109.40, -109.42, -
113.76, -113.78, -113.84, -113.85
TH NMR (500 MHz, CDCl3) 6 8.24 (d, J = 1.8 Hz, 1H), 7.96 (dt, J = 8.6, 1.7
co_ | ESIMSmz | Hz, 1H), 7.68 (4, J=2.2 Hz, 1H), 7.65 (d. J = 10.0 Hz, 1H), 7.60 (d, J = 8.6
F188 | 306 Hz, 1H), 6.86 (dd, J = 2.1, 0.8 Hz, 1H), 4.03 (s, 3H):
(IM+H]*) | 'FNMR (471 MHz, CDCls) & -116.57,
-116.59
TH NMR (500 MHz, CDCl3) 6 8.30 (s, 1H), 8.27 (s, 1H) 7.87 (dt, J = 8.6, 1.7
t63 | ESIMS m/z | Hz, 1H), 7.62 (d, J= 10.1 Hz, 1H), 7.48 (dt, / = 8.6, 0.8 Hz, 1H), 7.29~7.24
F189 | | 305 (m, 1H), 6.65 (ddd, J = 3.1, 2.0, 0.9 Hz, 1H), 4.02 (s, 3H):
(IM+H]*) | 'FNMR (471 MHz, CDCl3) & -116.50,
116.52
ESIMS mrz | FLNMR (400 Mz, DMSO-de) 5 13.96 (s, 1H), 832 (d, J= 9.1 Hz, 1H),
rro0 | 122- 350 7.62(d, J = 7.7 Hz, 1H), 7.49 — 7.44 (m, 2H), 3.88 (s, 3H):
123 198 NMR (376 MHz, DMSO) § -61.16,
IM+HID 1 1486
"H NMR (400 MHz, CDCl3) 6 8.57 (d, J = 2.1 Hz, 1H), 7.94 (d, J = 8.4 Hz,
11 ESH;/E M2 | 1H), 7.89 - 7.86 (m, 2H), 4.01 (s, 3H):
(et | CNMR (101 MHz, CDCL:) 5 164.54, 153.00, 15094, 146.93, 146.57,

139.09, 138.10, 132.30, 131.06, 127.13, 53.07
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'H NMR (500 MHz, CDCls) 6 8.15 (d, /= 7.8 Hz, 1H), 8.11 (d, / = 8.4 Hz,
ESIMS mye | LED-7.99 (4, J = 8.4 Hz, 1H), 7.82 (d, J = 7.8 Hz, 1H);
F192 132— 337 BC NMR (126 MHz, CDCl5) § 160.93, 150.65, 149.55, 148.85 (q, J = 36.6
135 ([M+HT") Hz), 142.53, 141.91, 141.38, 135.64, 134.26, 129.22, 120.38 (q, J = 274.6
Hz), 119.72 (q, J = 2.7 Hz);
9F NMR (471 MHz, CDCl3) & -68.07
TH NMR (400 MHz, Acctone-de) 5 11.46 (br s, 1H), 8.83 (s, 1H), 8.26 (d, J =
ESIMS e | 85 Hz 1H), 803 (d, J = 84 Hz, 1H), 7.53 (t, J = 52.1 Hz, 1H);
F193 353 3C NMR (101 MHz, Acetone-ds) & 163.78, 153.35, 152.93, 148.59, 146.51,
(M+HT") 140.06, 136.97 (t, J = 23.1 Hz), 130.87 (t, J = 2.6 Hz), 130.43, 129.73 (t, J =
3.5 Hz), 127.81, 111.68 (t, J = 241.2 Hz);
YF NMR (376 MHz, Acetone) & -118.78
TH NMR (400 MHz, CDCl3) 6 8.94 (s, 1H), 7.97 (d, J = 8.4 Hz, 1H), 7.82 (s,
ESIMS mye | LED. 781 (. J = 8.4 Hz, 2H), 4.04 (s, 3H);
F194 112— 351 13C NMR (101 MHz, CDCls) & 164.44, 152.38, 150.22, 149.20 (q, J = 35.7
116 (M+H]% Hz), 148.45, 143.49, 139.07, 135.56, 131.16, 127.42, 120.78 (q, J = 274.7
Hz), 122.09 (q, J = 3.0 Hz 53.23;
“F NMR (376 MHz, CDCl3) § -68.11
ESIMS myz | 'HNMR (400 MHz, CDCI3) §8.61 (d, J = 2.1 Hz, 1H), 8.2 (d,J = 8.5 Hz,
195 203 1H), 8.07 (d, J = 8.4 Hz, 1H), 7.94 (d, J = 2.1 Hz, 1H);
([M+HT" BCNMR (101 MHz, CDCl3) & 161.29, 151.60, 148.49, 146.74, 141.97,
140.59, 138.86, 134.04, 132.95, 130.84, 128.98
ESIMS m/z | 'H NMR (500 MHz, CDCls) 3 7.77 (d, J = 8.1 Hz, 1H), 6.9 (s, 1H), 6.88 (s,
F196 329.9 1H), 6.09 (s, 2H);
(IM+H]% FNMR (471 MHz, CDCl3) § -109.95
ESIMS m/z '"H NMR (500 MHz, CDCl5) 6 8.35 (d, J = 8.9 Hz, 2H), 8.21 (dd, J=8.9, 1.3
197 o Hz, 2H), 7.73 (d, J = 10.0 Hz, 1H), 4.04 (s, 3H);
FNMR (471 MHz, CDCl3) 6 -115.69,
(IM+H] -115.69
ESIMS myz | 'HNMR (400 MHz, DMSO-de) § 13.97 (s, 1H), 8.34 (d, J = 10.7 Hz, 1H),
F198 157- 292 8.23 (t,J=1.7 Hz, 1H), 8.10 (d, / =2.2 Hz, 1H), 7.89 (dt, J = 8.7, 1.7 Hz,
159 ([M+HT" 1H), 7.77 (dt, J = 8.7, 0.8 Hz, 1H), 7.11 (dd, J=2.2, 1.0 Hz, 1H);
19F NMR (376 MHz, DMSO) 5 -118.00
ESIMS mze | "HLNMR (400 MHz, DMSO-ds) 5 13.88 (s, TH), 11.34 (s, TH), 825 (d. J =
F199 176- 291 10.9 Hz, 1H), 8.17 (d, J = 1.8 Hz, 1H), 7.71 (dt, J= 8.6, 1.7 Hz, 1H), 7.57 -
178 | (nippyy | 748 (n 1H), 7.44(4 =27 He, 1H), 6.58 (ddd, J = 3.0, 1.9, 0.9 He, 1H);
19F NMR (376 MHz, DMSO) 5 -118.09
TH NMR (500 MHz, CDCl3) & 7.68 (d, J = 8.1 Hz, 1H), 7.49 (d, J = 8.4 Hz,
106 | ESIMS mz | 1H),7.29 (d, J = 2.4 Hz, IH), 7.17 (dd, J = 8.5, 2.4 Hz, 1H), 6.56 (t, J = 72.8
F200 109 367 Hz, 1H), 4.00 (s, 3H);
(IM+H]") | ""FNMR (471 MHz, CDCls) & -81.55,
-81.70, -112.64, -112.66
ESIMS m/z 'H NMR (500 MHz, CDCl5)  8.51 (d, J = 8.5 Hz, 1H), 8.05 (d, J/ = 8.6 Hz,
1H), 7.85 (d, J = 8.0 Hz, 1H), 7.81 — 7.77 (m, 1H), 7.68 (ddd, J = 8.2, 1.6,
F201 361 .
(MeHpy | 08 Ha 1), 405 (s, 3H);
F NMR (471 MHz, CD3sCN) 6 -68.3
TH NMR (500 MHz, CDCl3) & 8.07 (d, J = 2.1 Hz, 1H), 8.02 — 7.97 (m, 2H),
202 EIMS m/z | 7.25(d, J= 6.9 Hz, 1H), 4.01 (s, 3H);
411 BCNMR (126 MHz, CDCl3) 6 163.95, 151.60, 145.85, 140.27, 135.34,
133.52, 132.00, 130.30, 127.16, 116.60, 53.26
ESIMS mze | FLNMR (500 MHz, CDCly) 5 8.31 - 8.20 (m, 2H), 7.89 (d, J = 8.5 Hz, TH),
203 78 779 (d, J = 8.5 Hz, 1H), 7.32 - 7.18 (m, 1H), 4.05 (s, 3H);
([M+HT") 13C NMR (126 MHz, CDCl3) & 164.96, 152.50, 148.21, 139.47, 134.70,

132.60, 129.68, 124.30, 122.40, 117.23, 53.09
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ESIMS mz | HNMR (500 MHz, CDCL) § 831 (d, J = 2.0 Hz, 1H), 8.28 (ddd, /=87,
204 2059 2.2, 1.0 Hz, 1H), 7.70 (d, J = 10.1 Hz, 1H), 7.34 — 7.22 (m, 1H), 4.03 (s, 3H);
(Mot | FNMR (471 MHz, CDCls) 3-58.29,
116.64, -116.66
TH NMR (400 MHz, CDCl3) 6 8.91 (s, 1H), 8.13 (d, J = 8.4 Hz, 1H), 7.92 (d,
J = 8.4 Hz, 1H), 7.89 (s, 1H);
eaos | 149- ESH;%@ M2 | 30 NMR (101 MHz CDCL) 5 160.94, 151.63, 149.77 (q, J = 35.9 Hz),
13 | (narpe | 14927 14379, 142,79, 142,03, 134.53, 134.31, 129.19, 122,47 (q, /= 3.3
Hz), 120.62 (q, J = 274.8 Hz);
19F NMR (376 MHz, CDCls) & -68.12
ESIMS mz | HNMR (400 MHz, CDCL) § 8.23 (dd, J = 1.8, 0.8 Hz, 1H), 8.02 (dd, J =
1.7, 0.8 Hz, 1H), 7.99 (d, J = 8.4 Hz, 1H), 7.56 (d, J = 8.4 Hz, 1H), 3.98 (s,
F206 394.9
(IM+H) |
19F NMR (376 MHz, CDCls) & -63.21
"H NMR (400 MHz, CDCls) 5 8.40 (s, 1H), 8.05 (dd, J = 8.5, 1.3 Hz, 1H),
7.92(d, J = 8.5 Hz, 1H), 7.36 (d, J = 11.4 Hz, 1H), 4.02 (s, 3H), 2.43 (s, 3H);
ESIMS m/z | *C NMR (101 MHz, CDCls) § 164.80, 157.97 (d, J = 265.7 Hz), 152.17 (d, J
F207 281 = 6.6 Hz), 147.38, 146.15 (d, J = 4.6 Hz), 140.37 (d, J = 8.8 Hz), 139.02,
(IM+HTY) | 136.67 (d, J = 4.4 Hz), 130.50, 12636 (d, J = 4.3 Hz), 125.23 (d, J = 19.4
Hz), 53.01, 18.01;
19F NMR (376 MHz, CDCls) § -122.78
TH NMR (400 MHz, CDCls) 5 8.42 (s, 1H), 8.35 (d, J = 8.5 Hz, 1H), 8.03 (d,
J=8.5Hz, 1H),7.44 (d,J = 11.9 Hz, 1H), 2.47 (s, 3H);
137 | ESIMS sz | “CNMR (101 MHz, CDCL) 5 161.82, 15830 (d, J = 2672 Hz), 150.82 (d. J
F208 | [ | ses (ntp | =7 HO). 146.04 (4, /=47 Hy), 14165, 14161, 13848 (d. /= 7.1 Ho),
137.71 (d, J = 4.8 Hz), 133.26, 127.58 (d, J = 3.6 Hz), 125.89 (d, J = 19.7
Hz), 18.10;
19F NMR (376 MHz, CDCls) § -121.75
ESIMS e | 'HNMR (400 MHz, CDCL) 5 8.08 (d, J = 8.0 Hz, 2H), 7.80 ~ 7.54 (m, 3H),
200 | 40 316 6.71 (t, J = 56.3 Hz, 1H), 4.02 (d, J = 1.0 Hz, 3H);
3| My | “FNMR (376 MHz, CDCLs) 3 -111.56,
116.42
ESIMS mye | 'ENMR (500 MHz, CDCL) 57.70 (d. J = 8.2 Hz, 1H), 7.52 (d, J = 84 Hz,
210 | 119 pot 1H), 7.39 (d, J = 2.2 Hz, 1H), 7.30 — 7.25 (m, 1H), 4.00 (s, 3H);
121 | venpny | PFNMR @471 MHz, CDCly) 6 -57.65,
112,68, -112.70
ESIMS mrz | 'HNMR (400 MHz, CDCL) 3 7.8 (4, J = 8.4 Hz, 1H), 7.78 (d, /= 8.4 Hz,
11 266 1H), 7.52 (s, 1H), 7.04 (s, 1H), 4.28 (s, 2H), 4.02 (s, 3H);
(MsE]y | “CNMR (101 MHz, CDCL:) 5 164.81, 153.43, 147.79, 14346, 140.97,
138.40, 130.14, 128.25 (d, J = 5.4 Hz), 127.42, 120.14, 119.99
TH NMR (400 MHz, CDCl3) 5 7.89 (d, J = 8.4 Hz, 1H), 7.64 (d, J = 8.4 Hz,
ESIMS mz | 1D 746 (4,7 = 8.1 Hz, 1H), 6.95 (dd, J = 8.2, 0.9 Hz, 1H), 482 (5, 2H),
F212 366 4.01 (s, 3H);
(MsB]H | CCNMR (101 MHz, CDCL) 5 164.76, 154.51, 147.70, 141.51 (d, J = 34.0
Hz), 138.55, 130.06, 127.19, 125.61, 124.97 (q, J = 5.3 Hz), 122.90, 119.10,
118.80, 114.99, 114.69, 53.08
ESIMS m/z | 'H NMR (400 MHz, CDCls) & 7.95 (d, J = 8.4 Hz, 1H), 7.65 (d, J = 8.4 Hz,
F213 364.9 1H), 7.10 (s, 1H), 6.90 (s, 1H), 4.61 (s, 2H), 4.01 (s, 3H);
(IM+H]") | '9F NMR (376 MHz, CDCl3) & -63.54
EIMS mye | H NMR (400 MHz, CDCL3) 6 8.09 (s, 1H), 7.97 (d. J = 8.3 Hz, 1H), 7.74 (d,
F214 puh J=1.6Hz, 1H), 7.38 (d, J = 8.3 Hz, 1H), 4.01 (s, 3H);
19F NMR (376 MHz, CDCls) & -63.02
"H NMR (500 MHz, CDCl3) 5 7.61 (d, J = 8.3 Hz, 1H), 7.47 (d, J = 8.4 Hz,
g7 | BSIMS mz | 1H),695(dq, /=84, 12 Hz, 1H), 6.82 (d, J = 2.1 Hz, 1H), 3.99 (s, 3H),
F215 | o 380 3.82 (s, 3H);
(IM+H]") | '°FNMR (471 MHz, CDCls) § -57.64,
112.43, -112.45
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TH NMR (400 MHz, CDCl3) & 7.94 (d, J = 8.3 Hz, 1H), 7.80 — 7.75 (m, 1H),
. EIMS m/z | 7.65(d, J= 1.6 Hz, 1H), 7.39 (d, J = 8.3 Hz, 1H), 6.34 (dd, J = 17.4, 11.0
377.1 Hz, 1H), 5.74 (d, /= 17.4 Hz, 1H), 5.32 (d, J = 11.0 Hz, 1H), 4.00 (s, 3H);
YFNMR (376 MHz, CDCl3) § -63.11
EIMS m/z "H NMR (400 MHz, CDCl3) & 7.89 (dd, J = 8.3, 1.0 Hz, 1H), 7.44 — 7.33 (m,
F217 379 1 2H), 7.08 (s, 1H), 4.00 (d, J = 1.1 Hz, 3H), 3.79 (s, 3H);
’ YFNMR (376 MHz, CDCl3) 6 -63.09
'"H NMR (400 MHz, CDCl3) 6 7.85 (d, J = 8.5 Hz, 1H), 7.75 (d, J = 8.5 Hz,
1H), 7.51 (d, J = 8.2 Hz, 1H), 7.48 — 7.44 (m, 1H), 7.28 (ddd, J = 8.2, 1.8,
218 ESIMS m/z | 0.9 Hz, 1H), 4.31 (s, 2H), 4.03 (s, 3H);
331([M+H]") | *C NMR (101 MHz, CDCl3) 6 165.11, 154.02, 147.87, 145.03 (d, J=1.9
Hz), 141.45, 139.16, 129.59, 127.25 (q, J = 5.2 Hz), 123.08, 115.82, 115.67,
52.98
ESIMS mr= | L NMR (500 MHz, CDCT) 5 8.01-7.93 (i, 2H), 7.64 (4, /=98 Hz, TH),
219 o6 7.53 = 7.41 (m, 3H), 4.02 (s, 3H);
([M+H]") FNMR (471 MHz, CDCl3) 6 -116.59,
-116.62
"H NMR (400 MHz, CDCl3) § 8.15 (s, 1H), 8.03 — 7.93 (m, 2H), 4.03 (s,
3H);
F220 ESH;/éSS mz BC NMR (101 MHz, CDCl3) § 164.36, 154.86, 151.44, 147.01, 146.03 (q, J
([M+HT") =1.01 Hz), 139.54 (q, J = 4.9 Hz), 139.45, 132.00, 129.57, 127.23, 126.15
(q, J=34.1 Hz), 121.27 (q, J=273.7 Hz), 53.16;
YFNMR (376 MHz, CDCl3) § -63.77
106 | ESIMS mz | THNMR (400 MHz, CDCI3) 7.68 (d, J = 8.5 Hz, 1H), 7.64 (1, J = 8.3 Hz,
F221 108 350 1H), 7.11 - 7.05 (m, 1H), 6.99 (dd, J = 10.6, 2.4 Hz, 1H), 6.57 (t, J=72.8
(IM+H]") | Hz, 1H), 4.01 (s, 3H)
TH NMR (400 MHz, CDCl3) 6 8.07 (d, J = 8.3 Hz, 1H), 7.84 — 7.80 (m, 1H),
F222 ESIMS m/z | 7.71 (d, J= 1.7 Hz, 1H), 7.58 (d, J = 8.3 Hz, 1H), 6.26 (dd, /= 17.4, 11.0
362 (M+HIY | Hz, 1H), 5.78 (d, /= 17.3 Hz, 1H), 5.38 (d, / = 11.0 Hz, 1H);
YFNMR (376 MHz, CDCl3) § -63.13
ESIMS m/z | 'H NMR (400 MHz, CDCls) & 8.02 (d, J = 8.3 Hz, 1H), 7.57 (d, J = 8.3 Hz,
F223 361.9 1H), 742 (dd, J = 1.5, 0.7 Hz, 1H), 7.19 — 7.14 (m, 1H), 3.83 (s, 3H);
(IM+H]% FNMR (376 MHz, CDCl;) § -63.14
ESIMS m/z | 'HNMR (400 MHz, CDCl) § 8.30 — 8.27 (m, 1H), 8.15 — 8.03 (m, 2H), 7.65
F224 378.9 ((M- | (d, J=8.3 Hz, 1H);
H]) 19F NMR (376 MHz, CDCl3) & -63.18
TH NMR (400 MHz, CDCl3) 6 8.32 (d, J = 8.5 Hz, 1H), 8.22 (s, 1H), 8.13 (d,
J=8.4 Hz, 1H);
225 ESIMS m/z | '3C NMR (101 MHz, CDCl:) & 161.09, 152.44, 149.95, 146.36, 142.33,
369 ((M-H]") | 140.97, 140.27 (q, J = 4.9 Hz), 135.17, 129.28, 129.15, 126.66 (q, J = 34.4
Hz), 121.12 (q, J = 273.7 Hz);
“F NMR (376 MHz, CDCl3) § -63.81
ESIMS myz | 'H NMR (400 MHz, DMSO-de) § 14.01 (s, 1H), 8.21 (d, J = 8.5 Hz, 1H),
86— 7.87(d, J=84Hz, 1H),7.79 - 7.72 (m, 2H), 7.54 (ddt, J=7.4,2.4, 1.2 Hz,
F226 353 .
88 ([M+HT") 1H);
YFNMR (376 MHz, DMSO) 6 -56.90
'H NMR (500 MHz, CDCl5) 5 8.01 (ddd, J=9.0, 5.3, 1.6 Hz, 2H), 7.64 (d, J
ESIMS m/z | =9.9 Hz, 1H), 7.18 (t, J = 8.7 Hz, 2H), 4.02 (s, 3H);
F227 284 FNMR (471 MHz, CDCl3) 6 -110.33,
(IM+H]% -110.34, -110.34, -110.35, -110.36, -110.37, -110.37, -110.38, -110.39, -
116.69, -116.72
'"H NMR (500 MHz, DMSO-de) & 10.64 (s, 1H), 7.36 (s, 1H), 6.69 (d, J = 6.9
228 ESIMS m/z | Hz, 1H), 6.46 (d, J=7.1 Hz, 1H), 5.51 (s, 1H), 3.97 (s, 3H), 3.71 (s, 3H);
354 (IM-H]) | BCNMR (126 MHz, CDCl3) § 172.75, 170.15, 155.59, 137.11, 129.48,

128.92, 127.71, 125.00, 119.75, 106.54, 58.22
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TH NMR (500 MHz, CDCI3) 6 7.70 (d, J = 8.4 Hz, 1H), 7.38 (dd, J = 8.4, 6.2
Hz, 1H), 7.04 (dd, J = 8.4, 0.8 Hz, 1H), 4.01 (s, 3H):;
13C NMR (126 MHz, CDCls) 6 163.90, 158.05, 155.90, 146.80, 146.76,
ESIMS m/z | 144.60, 143.92, 143.89, 142.56, 139.81, 139.68, 134.66, 133.99, 131.92,
F229 363.9 131.76, 131.72, 131.37, 131.26, 129.86, 128.05, 126.51, 126.35, 126.33,
(IM+H]") | 119.04, 119.01, 118.95, 118.91, 105.92, 105.89, 53.22;
19F NMR (471 MHz, CDCls) & -49.30,
4931, -49.32, -114.24, -114.25, -114.31,
11432, -135.01, -135.02, -135.08, -135.09
TH NMR (500 MHz, DMSO-de) 6 14.02 (s, 1H), 8.39 (d, /= 9.1 Hz, 1H),
1ao_ | ESIMSm/z | 748(dd, /=80, 6.1 Hz, 1H), 7.42 4, J = 8.4 Hz, 1H),7.30 (t, J = 54.2 Hz,
F230 | 0 350 1H), 3.86 (d, J = 1.9 Hz, 3H);
(IM+H]") | ®FNMR (471 MHz, DMSO) & -113.66,
113.67, -113.77, -113.79, -115.72, -135.26
ESIMS e | THNMR (500 MHz, DMSO-ds) 5720 (d, J = 1.4 Hz, TH), 7.11 (1, /= 1.6
Hz, 1H), 6.87 (dd, J = 21.9, 1.6 Hz, 1H), 6.11 (s, 2H), 3.94 (s, 3H), 3.89 (s,
F231 340 )
(M+HT | D
19 NMR (471 MHz, DMSO) & -116.01
TH NMR (500 MHz, CDCI3) 6 8.97 (s, 1H), 7.56 (s, 1H), 7.24 (s, 1H), 4.05
(s, 3H);
F232 13C NMR (126 MHz, CDCl3) & 163.14, 161.97, 158.76, 154.11, 145.00,
142.74, 131.82, 131.40, 128.61, 127.63, 112.54, 112.10, 53.56:
19F NMR (471 MHz, CDCl5) & -49.91
ESIMS me | HNMR (500 MHz, CDCL) 5 7.68 (d, J = 8.4 Hz, TH), 7.15 (4d, /= 8.3, 1.0
233 o Hz, 1H), 7.00 (d, J = 8.3 Hz, 1H), 3.99 (s, 3H), 2.23 (d, J = 1.2 Hz, 3H);
(MeH]y | PFNMR (471 MHz, CDCL) 5 -49.61,
-114.90, -114.91
ESIMS myz | 'FLNMR (500 MHz, CDCE) 5 7.71 (d, /= 8.7 Hz, TH), 7.46 (dd, /=91, 4.6
234 3639 Hz, 1H), 7.06 (t, J = 9.1 Hz, 1H), 4.02 (s, 3H);
(Mt | PFNMR (@71 MHz, CDCL) § -49.29,
114.07, -114.09, -132.42, -132.43, -132.44
ESIMS me | HNMR (500 MHz, CDCL) 5 7.61 (d, /= 8.3 Hz, 1H), 7.18 (d, /= 8.3 Hz,
235 ot 1H), 6.84 (d, J = 8.3 Hz, 1H), 4.06 (s, 3H), 3.99 (s, 3H);
(M | PFNMR (@71 MHz, CDCL)  -49.80,
-49.81, -49.82, -113.26, -113.27, -113.28
TH NMR (500 MHz, CDCI3) 6 7.87 (d, J = 8.5 Hz, 1H), 7.76 (d, J = 8.4 Hz,
ESIMS sz | 1HD>7:65 (d, J = 8.1 Hz, 1H), 741 (d, J = 1.9 Hz, 1H), 7.28 (dd, /= 8.1, 2.0
236 47 Hz, 1H), 4.01 (s, 3H), 1.86 — 1.77 (m, 2H), 1.50 — 1.41 (m, 2H;
(Mt | UCNMR (126 MHz, CDCI) §.206.93, 16485, 153.78, 147.73, 138.87,
138.40, 136.46, 132.79, 132.30, 129.83, 127.42, 124.40, 121.62, 53.09,
30.94, 18.75, 13.51
TH NMR (500 MHz, CDCl3) 6 7.68 (d, J = 8.2 Hz, 1H), 7.47 (d, J = 8.0 Hz,
ESIMS m/z | 1H), 7.40 (d, J = 1.9 Hz, 1H), 7.32 (dd, J = 8.1, 2.0 Hz, 1H), 3.99 (s, 3H),
F237 364.9 1.90 - 1.71 (m, 2H), 1.56 — 1.39 (m, 2H);
(IM+H]") | ®FNMR (471 MHz, CDCls) 6 -112.73,
11275
TH NMR (500 MHz, CDCI3) 6 7.97 (s, 1H), 7.41 — 7.34 (m, 3H), 7.31 (dd, J
ESIMS m/z | = 8.1, 1.9 Hz, 1H), 3.98 (s, 3H), 1.86 — 1.77 (m, 3H), 1.53 — 1.42 (m, 2H);
F238 380.9 13C NMR (126 MHz, CDCl3) & 164.00, 152.88, 145.33, 139.24, 139.22,
(IM+HT9) | 135.15, 134.02, 133.96, 131.20, 126.78, 124.28, 121.59, 53.26, 30.94, 18.78,
13.61
ESIMS m/z | 'H NMR (400 MHz, CDCl3) 6 7.94 (d, J = 8.4 Hz, 1H), 7.85 — 7.69 (m, 2H),
F239 373 7.49 (d, J= 8.3 Hz, 1H), 4.01 (s, 3H), 3.09 (s, 1H);
(IM+H]") | '°F NMR (376 MHz, CDCls) & -63.25
ESIMS m/z | 'H NMR (500 MHz, CDCl3) 6 7.83 — 7.58 (m, 3H), 4.03 (s, 3H);
F240 363.9 19F NMR (471 MHz, CDCls) & -49.49,
(IM+H]") | -116.24, -116.26, -134.07
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TH NMR (500 MHz, CDCl3) 6 7.93 — 7.62 (m, 2H), 7.38 (d, J = 9.7 Hz, 1H),
241 Esgg/lssgm/ * 1401, J=0.7 Hz, 3H;
(VBT I9F NMR (471 MHz, CDCl3)  -61.78,
-112.50, -115.55
ESIMS m/z | 'H NMR (500 MHz, CDCls) & 8.03 — 7.98 (m, 2H), 7.90 (d, J = 8.5 Hz, 1H),
F242 328 721 (t, J= 8.1 Hz, 1H), 7.13 (dd, J = 7.9, 1.2 Hz, 1H), 4.04 (s, 3H);
(IM+H]*) | YFNMR (471 MHz, CDCls) & -49.62
ESIMS mye | "HNMR (500 MHz, CDCI3) 5 7.93 (d, J = 8.4 Hz, [H), 7.83 (d, J = 8.4 Hz,
243 3679 2 | 1H),7.73 (d, J = 6.2 Hz, 1H), 7.58 (d, J = 10.2 Hz, 1H), 4.03 (s, 3H);
2. | "FNMR (471 MHz, CDCl3) 5 -61.71,
IM+HI) 1 45561
ESIMS nye | FLNMR (500 Mz, CDCl)  8.24 (d, J = 1.6 Hz, 1H), 7.84 (d, J = 1.7 Hz,
244 104 2 | 1H),7.74 (d, J = 8.6 Hz, 1H), 4.03 (s, 3H), 3.95 (s, 3H):
. | Y"FNMR (471 MHz, CDCls) § -49.42,
IM+HT) 1 11383
ESIMS e | HNMR (500 MHz, CDCL) 5 8.72 (d, J = 1.6 Hz, 1H), 8.01 (d, J = 8.5 Hz,
< | 1H),7.92 (d, J = 8.5 Hz, 1H), 7.79 (d, J = 1.6 Hz, 1H), 4.06 (s, 3H), 3.97 (s,
F245 386 ey
(IM+HT) |
I9F NMR (471 MHz, CDCl3) § -49.22
TH NMR (500 MHz, CDCl3) 6 8.01 (s, 1H), 7.73 (d, J = 6.2 Hz, 1H), 727 (d,
246 ES%[ngW 2 | J=10.5 Hz, 1H), 4.00 (s, 3H):
(BT 13C NMR (126 MHz, CDCls) 8 163.71, 158.98, 156.92, 151.05, 145.56,
141.05, 139.59, 133.64, 131.72, 128.86, 128.43, 119.76, 119.58, 53.38
ESIMS e | B NMR (500 MHz, CDCL) 3 7.86 (dd, J = 8.7, 1.7 Hz, 2H), 7.5 (d, J =
paar | 127 o8 < | 10.3 Hz, 1H), 6.77 — 6.73 (m, 2H), 4.00 (s, 3H), 3.92 (s, 2H);
130 .| YFNMR (471 MHz, CDCl3) § -116.87,
IM+HI) 1 16,89
ESIMS v | 'H NMR (500 MHz, CDCI3) 5 7.94 (dd, J = 8.5, 1.7 Hz, 2H), 7.62 (d, J =
paas | 91- 312 2 1 10.1 Hz, 1H), 7.33 (d, J = 8.6 Hz, 2H), 4.01 (s, 3H), 2.53 (s, 3H):
93 .| "ENMR (471 MHz, CDCl3) § -116.42,
AM+HT) | 1644
ESIMS nye | H NMR (500 Mz, CDCly) & 7.8 (dd, J = 8.2, 1.8 Hz, 2H), 7.62 (d, J =
rago | 38 >80 2 | 10.0 Hz, 1H), 7.29 (d, J = 8.0 Hz, 2H), 4.01 (s, 3H), 2.41 (s, 3H):
61 .| YFNMR (471 MHz, CDCl3) § -116.58,
IM+HT) 1 11660
ESIMS e | THNMR (400 MHz, CDCL) 5 7.95 (d, J = 8.3 Hz, 1H), 7.59 (dd, 7= 2.0, 1.0
2 | Hz, 1H), 7.46 (dt, J = 1.7, 0.8 Hz, 1H), 7.41 (d, J = 8.3 Hz, 1H), 4.00 (s, 3H),
F250 364 _
(MeH]) | 2196 3H):
I9F NMR (376 MHz, CDCl3) & -63.05
TH NMR (400 MHz, CDCl3) 6 7.80 (s, 1H), 7.67 (s, 1H), 7.49 (s, 1H), 3.96
51 Esgﬁsgm (s, 3H), 3.47 — 3.44 (m, 1H);
2 | "FNMR (376 MHz, CDCL3) & -62.70,
IM+HT) 1 110,58
ESIMS m/z | 'H NMR (400 MHz, CDCls) 6 8.36 (d, J = 8.5 Hz, 1H), 8.10 (d, J = 8.4 Hz,
F252 347 1H), 7.87 = 7.79 (m, 2H), 7.74 — 7.67 (m, 1H);
(IM+H]") | F NMR (376 MHz, CDCl3) & -63.08
ESIMS n | L NMR (500 MHz, CDCl) 6 7.67 (d, J = 8.3 Hz, 1H), 7.43 —7.32 (m, 2H),
sy | 5 264 2 1 6.92 (t, J = 54.8 Hz, 1H), 4.00 (s, 3H), 3.96 (d, J = 2.5 Hz, 3H);
68 (MEET) I9F NMR (471 MHz, CDCl3) & -113.42, -113.44, -114.30, -114.31, -114.42, -
114.42, -136.20
TH NMR (400 MHz, CDCl3) 6 7.86 (d, J = 8.1 Hz, 1H), 7.81 (d, J = 6.2 Hz,
254 ESISI;/[389m/z 1H), 7.38 (d, J = 9.6 Hz, 1H);
(Nl I9F NMR (376 MHz, CDCl3)  -61.83,
a -110.53, -114.91
ESIMS e | B NMR (400 MHz, CDCL) § 11.27 (s, 1H), 8.12(d, J = 8.5 Hz, 1H), 8.05
F255 31 ([M_H]Z_) (d, J= 8.5 Hz, 1H), 7.77 (dd, J = 8.1, 1.3 Hz, 1H), 7.26 — 7.17 (m, 2H);
19 NMR (376 MHz, CDCl3) & -49.49
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ESIMS m/z "H NMR (400 MHz, CDCl3) § 7.71 (d, J = 8.7 Hz, 1H), 7.46 (dd, J=17.8, 1.6
F256 346 Hz, 1H), 7.25 - 7.14 (m, 2H), 4.02 (s, 3H);
(IM+H]1H F NMR (376 MHz, CDCl5) 649.8, 113.7
ESIMS m/z | 'HNMR (400 MHz, CDCls) & 8.01 (s, 1H), 7.80 (s, 1H), 7.73 (s, 1H), 4.00
F257 462 (s, 3H);
(IM+H]1H F NMR (376 MHz, CDCl5) & -63.17
"H NMR (400 MHz, CDCl3) & 7.89 — 7.71 (m, 2H), 7.66 (d, J = 10.2 Hz,
258 ESI?Z% M2 | 1), 7.16 (d, J = 8.4 Hz, 1H), 4.02 (s, 3H);
([M+HT") F NMR (376 MHz, CDCl3) 6 -50.00,
-116.53
TH NMR (400 MHz, CDCl3) & 10.27 (s, 1H), 8.09 (d, J = 8.3 Hz, 1H), 7.63
(d, J=1.7Hz, 1H), 7.57 (d, J= 8.3 Hz, 1H), 7.51 (d, /= 1.9 Hz, 1H), 2.20
F259 (s, 3H);
3C NMR (101 MHz, CDCl3) 6 161.92, 153.07, 142.73, 141.83, 139.78,
139.59, 133.86, 133.08, 132.20, 129.68, 125.80, 124.34, 121.73, 20.70;
F NMR (376 MHz, CDCl3) & -63.06
ESIMS m/z "H NMR (400 MHz, CDCl3) 6 8.06 (dd, J = 8.3, 7.2 Hz, 1H), 7.96 (dd, J =
F260 320 8.5, 1.8 Hz, 1H), 7.85 (d, J = 8.5 Hz, 1H), 7.69 (d, J = 8.4 Hz, 1H), 7.57 —
(MaH]y | 753 m 1H), 7.37(dd, /= 53, 4.0 Hz, 1H), 4.04 s, 3H);
F NMR (376 MHz, CDCl3) 6 -118.25
ESIMS m/z | H NMR (400 MHz, CDCLy) 3 8.11 (d, J = 0.8 Hz, 1H), 8.06 (d, / = 0.8 Hz,
261 D19 1H), 7.96 (d, J = 8.4 Hz, 1H), 7.70 (d, J = 8.4 Hz, 1H), 4.04 (s, 3H);
([M+H]*) 3C NMR (101 MHz, CDCl;) & 164.46, 152.66, 148.65, 147.96, 147.82,
141.54, 138.85, 136.63, 131.14, 127.25, 119.55, 116.77, 53.25
ESIMS mze | FLNMR (500 MHz, CDCly) 5 8.31 (dd, J = 1.7, 0.6 Hz, TH), 8.17 (s, 1H),
262 520 8.01 (dd, J = 8.4, 1.6 Hz, 1H), 7.91 — 7.83 (m, 3H), 4.05 (s, 3H);
([M+HT") I3C NMR (126 MHz, CDCl3) 6 165.16, 154.61, 153.86, 150.68, 147.85,
141.37,139.29, 135.42, 129.13, 123.76, 123.02, 120.76, 110.00, 53.04
ESIMS m/z | 'H NMR (400 MHz, CDCls) & 8.16 (dd, J = 8.5, 1.6 Hz, 2H), 7.80 — 7.75 (m,
F263 328 2H), 7.70 (d, 7 = 9.9 Hz, 1H), 4.03 (s, 3H), 2.77 (s, 3H);
(IM+H]1H F NMR (376 MHz, CDCl3) 6 -116.29
ESIMS msz | B NMR (500 MHz, CDCL) § 7.64 (d, J = 8.3 Hz, 1H), 7.25 7.18 (m, 2H),
264 314 7.15 - 7.09 (m, 1H), 3.9 (s, 3H), 3.93 (d, J = 2.4 Hz, 3H);
([M+H]") F NMR (471 MHz, CDCl5) & -113.34,
-113.36, -129.54, -129.57
TH NMR (500 MHz, CDCl3) 6 9.02 (s, 1H), 8.38 (d, /= 6.2 Hz, 1H), 7.77 (d,
265 EIMS m/z | J=9.1Hz, 1H),7.72 (d, J = 8.4 Hz, 1H), 4.02 (s, 3H);
341 F NMR (471 MHz, CDCl5) & -113.90,
-116.98
"H NMR (500 MHz, CDCl3) 6 7.71 (dd, J = 15.6, 8.2 Hz, 2H), 7.63 - 7.57
266 EIMS m/z | (m, 2H), 7.41 (dd, J = 5.3, 3.8 Hz, 1H), 4.01 (s, 3H);
3399 FNMR (471 MHz, CDCl3) & -113.47,
-115.06
ESIMS my= | FLNMR (400 MHz, CDCl) 57.83 (d, J = 8.1 Hz, 1H), 7.65 - 7.58 (m. 2H),
pagr | 102 334 748 (d, J=7.9 Hz, 1H), 2.41 - 2.27 (m, 3H);
104 (M+HT") FNMR (471 MHz, CDCl5) & -62.94,
-111.86, -111.88
'H NMR (600 MHz, CDCl3) 6 8.08 (td, J = 8.9, 6.6 Hz, 1H), 7.88 — 7.78 (m,
ESIMS m/z | 2H), 7.01 (dddd, J=8.8, 7.7, 2.5, 1.0 Hz, 1H), 6.91 (ddd, J=11.3, 8.7, 2.5
F268 284 Hz, 1H), 4.03 (s, 3H);
(IM+H]") | ""FNMR (564 MHz, CDCls) & -107.52,
-112.27
"H NMR (600 MHz, CDCl3) 6 8.74 (dd, J = 2.5, 0.7 Hz, 1H), 8.26 (dd, J =
ESIMS m/z | 8.7,2.5 Hz, 1H), 7.83 (d, J = 8.5 Hz, 1H), 7.72 (d, J = 8.5 Hz, 1H), 6.84 (dd,
F269 278.9 J=28.7,0.7 Hz, 1H), 4.03 (s, 3H), 4.00 (s, 3H);
([M+H]" I3C NMR (151 MHz, CDCl3) 6 165.18, 165.09, 153.07, 147.87, 145.78,

139.19, 137.47, 128.62, 126.66, 121.98, 111.15, 53.79, 52.98
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ESIMS m/z | "H NMR (600 MHz, CDCl3) 6 8.04 (t, J = 8.5 Hz, 1H), 7.85 (d, J = 1.0 Hz,
F270 300 2H), 7.30 - 7.23 (m, 1H), 7.20 (dd, /= 11.1, 2.0 Hz, 1H), 4.03 (s, 3H);
(IM+H]1H YF NMR (564 MHz, CDCl3) 6 -114.09
ESIMS e | FLNMR (600 MHz, CDCI) 5.8.06 (d, 7 =7.3 Hz, 1H), 7.85 - 7.81 (m, 2H),
271 s 7.04 (dd, J = 11.6, 0.9 Hz, 1H), 4.04 (s, 3H), 2.40 (s, 3H);
([M+HT") I3C NMR (151 MHz, CDCl3) 6 164.97, 159.53, 157.87, 149.98, 147.85,
139.80, 138.92, 130.81, 130.26, 129.32, 126.60, 123.99, 118.39, 53.04, 20.13
ESIMS m/z | 'H NMR (600 MHz, CDCL3) 6 7.87 — 7.84 (m, 2H), 7.83 — 7.78 (m, 1H), 7.28
F272 313.9 (dd, J=8.5,1.2 Hz, 1H), 4.02 (s, 3H), 2.38 (d, J = 2.6 Hz, 3H);
(IM+H]1H YF NMR (564 MHz, CDCl3) 6 -115.98
ESIMS e | THNMR (600 MHz, CDCL:) & 8.15 (1, / = 8.4 Hz, TH), 7.89 (d, J = 1.1 H,
273 10 2H), 7.36 (dd, J = 8.6, 1.2 Hz, 1H), 7.24 — 6.98 (m, 1H), 4.03 (s, 3H);
(M+H]% YF NMR (564 MHz, CDCl3) 6 -114.42,
-117.38 (d, J = 8.1 Hz)
ESIMS m/z 'H NMR (600 MHz, CDCl3) 6 8.08 (td, J =8.5,2.4 Hz, 1H), 7.87 (d, J=1.1
Hz, 2H), 7.37 (dt, J = 8.5, 1.1 Hz, 1H), 5.68 (d, J = 2.4 Hz, 1H), 5.60 (d, J =
F274 332 :
(MaHy | 24 He TH), 403 (s, 3H);
FNMR (564 MHz, CDCls) 6 -117.00
ESIMS e | HNMR (500 MHz, CDCL) 5 7.61 (4, 7= 8.3 Hz, TH), 7.53 (L, /=78, 1.0
pyrs | 104 26 Hz, 1H), 7.20 (dt, J = 7.8, 1.3 Hz, 1H), 7.13 (s, 1H), 6.68 (t, J = 56.4 Hz,
106 ([M+HT") 1H), 3.99 (s, 3H), 3.86 (s, 3H);
YF NMR (471 MHz, CDCl3) 6 -111.19, -111.31, -112.40, -112.42
'H NMR (600 MHz, CDCl3) 6 7.87 (d, J=8.4 Hz, 1H), 7.72 (d, J = 8.4 Hz,
ESIMS m/z | 1H), 740 (d, J = 8.4 Hz, 1H), 7.32 (d, J = 8.4 Hz, 1H), 4.12 (q, J = 7.0 Hz,
F276 360 2H), 4.01 (s, 3H), 1.49 (t, J = 7.0 Hz, 3H);
([M+H]" I3C NMR (151 MHz, CDCl3) 6 164.80, 153.86, 152.13, 147.60, 138.46,
137.44, 130.46, 129.92, 128.69, 128.25, 127.59, 126.87, 69.66, 53.11, 15.49
ESIMS m/z TH NMR (600 MHz, CDCl3) 6 7.92 (ddd, /= 7.9, 6.9, 1.7 Hz, 1H), 7.89 —
7.84 (m, 2H), 7.47 (ddd, J=7.9, 6.9, 1.7 Hz, 1H), 7.21 (td, J= 7.9, 1.1 Hz,
F277 300 _
(MsHp) | D403 (s, 3H);
FNMR (564 MHz, CDCls) 6 -119.05
ESIMS m/z 'H NMR (600 MHz, CDCl3) 6 7.86 (d, J = 8.5 Hz, 1H), 7.73 (d, J = 8.5 Hz,
1H), 7.43 (t, J= 1.6 Hz, 1H), 7.38 (dd, /= 9.5, 1.9 Hz, 1H), 4.04 (s, 3H),
F278 330 _
(MeHpy | Ot 3HY
FNMR (564 MHz, CDCl3) 6 -112.94
'H NMR (600 MHz, CDCl3) 6 7.86 (d, J = 8.5 Hz, 1H), 7.83 (dd, /= 8.5, 1.8
ESIMS m/z | Hz, 1H), 7.68 (dd, J = 8.6, 7.7 Hz, 1H), 7.31 — 7.24 (m, 1H), 4.12 (t, J = 6.5
F279 372 Hz, 2H), 4.02 (s, 3H), 1.81 (dq, J= 7.7, 6.5 Hz, 2H), 1.60 — 1.51 (m, 2H),
(IM+H]") | 0.99 (t, J = 7.4 Hz, 3H);
YF NMR (564 MHz, CDCl3) 6 -131.50
'H NMR (600 MHz, CDCl3) 6 7.88 — 7.80 (m, 2H), 7.73 (dd, J = 8.7, 7.7 Hz,
1H), 7.32 — 7.23 (m, 1H), 4.44 (t, J = 6.7 Hz, 2H), 3.99 (d, J = 0.9 Hz, 3H),
2.03 - 1.71 (m, 2H), 1.56 — 1.41 (m, 2H), 0.99 (t, J = 7.4 Hz, 3H);
F280 13C NMR (151 MHz, CDCl») 6 164.81, 155.46, 153.77, 150.15, 148.69,
144.83, 138.76, 129.97, 129.09, 126.34, 125.54, 125.51, 66.16, 61.73, 30.57,
19.16, 13.71;
YF NMR (564 MHz, CDCl3) 6 -131.96
'H NMR (600 MHz, CDCl3) 6 7.90 (d, J = 8.4 Hz, 1H), 7.69 (d, J = 8.4 Hz,
1H), 7.61 (dt, J=8.3, 1.1 Hz, 1H), 7.49 (d, J = 8.4 Hz, 1H), 7.33 (t, /= 52.9
Hz, 1H), 4.01 (s, 3H);
F281 13C NMR (151 MHz, CDCl») 6 164.67, 153.34, 147.89, 138.64, 137.91,
135.83, 134.12, 133.13, 130.34, 129.68, 129.41, 127.67, 113.97, 112.38,
110.78, 53.18;
YF NMR (564 MHz, CDCl3) 6 -115.26
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ESIMS myz | 'HNMR (600 MHz, CDCL3) §7.88 (d, J = 8.4 Hz, 1H), 7.66 (d.J = 8.4 Hz,
282 261,89 1H), 7.49 — 7.39 (m, 2H), 6.37 (dq, J = 46.2, 6.7 Hz, 1H), 4.01 (s, 3H), 1.79
(M) | (4 7=222,67 Hz, 3H);
YFNMR (564 MHz, CDCl3) § -176.82
ESIMS m/z "H NMR (600 MHz, CDCl5) 6 7.91 — 7.80 (m, 2H), 7.67 (dd, J = 8.6, 7.5 Hz,
1283 4159 1H), 7.43 (dd, J = 8.7, 1.7 Hz, 1H), 4.44 (t, J = 6.7 Hz, 2H), 3.98 (d, J = 1.0
(Mt | F% 3H), 187175 (m, 2H), 1.57 - 141 (m, 2H), 0.99 (1, / = 7.4 Hz, 3H);
19F NMR (564 MHz, CDCl3)  -131.36
ESIMS vz | 'H NMR (600 MHz, CDCI3) 3 8.04 (d, J = 8.0 Hz, 1H), 7.98 - 7.85 (m, 2H),
284 3169 7.42(d, J = 8.0 Hz, 1H), 4.02 (s, 3H);
(M+H]%) BCNMR (151 MHz, CDCls) & 164.62, 151.66, 150.69, 148.10, 147.87,
142.75, 138.83, 132.47, 130.51, 127.27, 123.58, 53.18
"H NMR (600 MHz, CDCls) 6 7.96 (td, J = 8.3, 1.1 Hz, 1H), 7.87 (d, J=1.1
ESIMS m/z | Hz, 2H), 7.31 (dt, J = 8.6, 1.2 Hz, 1H), 6.00 — 5.86 (m, 1H), 4.03 (s, 3H),
F285 359.9 2.35-2.19 (m, 1H), 2.10 - 1.93 (m, 1H), 1.04 (t, J =7.5 Hz, 3H);
(IM+H]*) | F NMR (564 MHz, CDCls) & -116.23,
-181.88
ESIMS m/z 'H NMR (600 MHz, CDCl5) 6 7.90 — 7.80 (m, 2H), 7.73 (dd, J = 8.7, 7.7 Hz,
286 3579 1H), 7.27 (d, J = 8.4 Hz, 1H), 440 (t, J = 6.7 Hz, 2H), 3.99 (d, J = 0.9 Hz,
(Maksy | 3H. 184, J=7.0Hz, 2H), 105 (1, J = 7.4 Hz, 3H);
YFNMR (564 MHz, CDCl3) § -131.99
ESIMS mze | FLNMR (600 MHz, CDCl) 57.80 (d, J = 8.5 Hz, 1H), 7.72 ~ 7.66 (m. 2H),
287 206 7.64 (dd, J= 8.1, 1.8 Hz, 1H), 6.94 (t, J = 7.9 Hz, 1H), 4.03 (s, 3H), 2.13
(b | (@dd 7=8.5,52,3.3 Ha, 1H), 1.07 - 0.98 (n, 2H), 0.83 - 0.72 (m, 2H);
“FNMR (564 MHz, CDCl3) §-119.71
129 ESIMS m/z | '"HNMR (500 MHz, CDCls) 6 7.89 (d, J = 8.4 Hz, 1H), 7.76 (d, J = 8.4 Hz,
F288 124 377 1H),7.72 (d, J=8.5Hz, 1H), 746 (d, /=2.4 Hz, 1H), 7.33 (dd, J=8.5, 2.4
(IM+H]% Hz, 1H), 4.02 (s, 3H), 3.21 (s, 3H)
ESIMS m/z | 'H NMR (600 MHz, CDCl:) & 8.26 (td, J = 7.6, 1.8 Hz, 1H), 7.93 — 7.88 (m,
F289 334 2H), 7.72 - 7.66 (m, 1H), 7.41 — 7.34 (m, 1H), 4.03 (s, 3H);
(IM+H]% F NMR (564 MHz, CDCl3) 6 -61.30, 119.39
"H NMR (600 MHz, CDCls) 6 7.99 (ddd, J = 8.3, 6.8, 1.7 Hz, 1H), 7.92 —
ESIMS m/z | 7.85 (m, 2H), 7.39 (ddt, J=8.3, 6.9, 1.4 Hz, 1H), 7.28 (td, /= 8.1, 1.4 Hz,
F290 349.9 1H), 4.03 (s, 3H);
(IM+H]") | "FNMR (564 MHz, CDCls) & -58.79,
-133.60
"H NMR (600 MHz, CDCl3) & 7.89 (dd, J = 12.1, 7.4 Hz, 1H), 7.86 (dd, J =
ESIMS m/z | 8.6, 1.2 Hz, 1H), 7.81 (d, J = 8.5 Hz, 1H), 6.75 (dd, /= 12.4, 6.9 Hz, 1H),
F291 313.9 4.03 (s, 3H), 3.92 (s, 3H);
(IM+H]") | ""FNMR (564 MHz, CDCls) & -118.08,
-139.68
ESIMS m/z TH NMR (600 MHz, CDCl3)  7.82 (d, J = 8.5 Hz, 1H), 7.72 (d, /= 8.5 Hz,
F292 296 1H), 7.68 (dd, J = 8.2, 2.2 Hz, 1H), 7.45 (ddd, J = 8.4, 4.2, 2.2 Hz, 1H), 7.15
(Mebs) | (7= 108, 8.4 Hz, 1H), 4.03 (5, 3H), 3.95 (5, 3H);
9F NMR (564 MHz, CDCl3) & -133.28
'"H NMR (600 MHz, CDCl5) 6 8.69 (t, J = 1.6 Hz, 1H), 7.86 (t, J=7.9 Hz,
ESIMS m/z | 1H), 7.77 (t, J= 1.3 Hz, 1H), 7.53 (d, J = 8.3 Hz, 1H), 2.46 (dd, /= 3.0, 1.6
F293 331.9 Hz, 3H);
(IM+H]") | "FNMR (564 MHz, CDCls) & -61.19,
-118.37
"H NMR (600 MHz, CDCls) 6 7.87 (dd, J =9.5, 7.4 Hz, 2H), 7.75 (d, /= 8.2
Hz, 1H), 7.07 (t, J = 52.1 Hz, 1H);
F294 E8131:g4789m/Z BCNMR (151 MHz, CDCl3) 6 160.75, 160.07, 159.28, 158.34, 157.46,
([M+H]*) 139.43, 139.40, 138.34, 138.23, 135.64, 135.60, 133.90, 128.96, 128.81,

126.23, 123.32,122.32, 122.28, 122.24, 122.21, 121.50, 116.37, 111.53,
109.93, 108.34
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ESIMS nye | FLNMR (600 Mz, CDCl) 6 7.69 (d, J = 9.9 Hz, 1H), 7.66 (d, J = 8.1 Hz,
205 3639 2 | 1H), 7.63 (s, 1H), 7.62 — 7.59 (m, 1H), 4.03 (s, 3H), 3.99 (s, 3H);
| YFNMR (564 MHz, CDCl3) & -62.64,
IM+HT) | 11500
ESIMS e | 'HNMR (600 MHz, CDCL) 5 7.87 (d, J = 8.5 Hz, 1H), 7.80 (d, J = 8.5 Hz,
< | 1H),7.70 (d, J = 1.5 Hz, 1H), 7.64 (d, J = 8.1 Hz, 1H), 7.54 — 7.50 (m, 1H),
F296 345.9 _
(Mt | 404 3H), 400 s, 3H);
I9F NMR (564 MHz, CDCl3) & -62.48
TH NMR (600 MHz, CDCls) 6 7.78 (d, J = 2.2 Hz, 1H), 7.76 (d, J = 8.5 Hz,
ESIMS m/z | 1H),7.71 (d, J = 7.9 Hz, 1H), 7.67 (d, J = 7.7 Hz, 1H), 7.09 — 7.01 (m, 1H),
F297 373.9 4.02 (s, 3H);
(IM+H]") | F NMR (564 MHz, CDCls) & -61.54,
-113.00
ESIMS e | 'ENMR (600 Mz, CDCL) 5 7.88 (d, J = 8.4 Hz, 1H), 7.45 (d, J = 8.4 Hz,
< | 1H),7.35 -7.29 (m, 1H), 7.16 (dd, J = 8.3, 1.4 Hz, 1H), 4.01 (s, 3H), 2.31
F298 313.9 :
(Mot | (/=27 He, 3H);
I9F NMR (564 MHz, CDCl3)  -116.39
ESIMS ne | H NMR (600 Mz, CDCly)  7.84 (t, J = 1.1 Hz, 2H), 7.73 (dd, J = 8.7,7.7
299 1059 2 | Hz, 1H), 7.53 — 7.47 (m, 2H), 7.43 — 7.37 (m, 2H), 7.37 — 7.32 (m, 1H), 7.27
(M1 | (@ 7= 17 He, 1H), 547 (s, 2H), 3.9 (d, J = 0.9 Hz, 3H);
I9F NMR (564 MHz, CDCl3) & -131.97
ESIMS e | 'HNMR (600 MHz, CDCL) § 7.70 (d, J = 7.9 Hz, 1H), 7.49 — 7.45 (m, 2H),
300 1579 < | 7.41-7.32 (m, 4H), 5.45 (d, J = 1.9 Hz, 2H), 3.97 (d, J = 1.3 Hz, 3H);
(VT I9F NMR (564 MHz, CDCl3) & -113.89,
-125.20
ESIMS ne | L NMR (600 Mz, CDCl) & 7.64 (d, J = 7.8 Hz, 1H), 7.34 (i, J = 8.3 Hz,
< | 1H),7.10 (dd, J = 8.2, 0.9 Hz, 1H), 6.89 (dd, J = 8.5, 0.9 Hz, 1H), 3.98 (s,
F301 329.9
(et | JH:374 (s 3H):
I9F NMR (564 MHz, CDCl3) & -114.28
TH NMR (600 MHz, CDCls) 6 7.94 (dd, J = 8.7, 7.7 Hz, 1H), 7.89 (d, J = 8.5
ESIMS m/z | Hz, 1H), 7.86 (dd, J = 8.5, 1.8 Hz, 1H), 7.37 (dd, J = 8.7, 1.7 Hz, 1H), 6.80 —
F302 365.9 6.42 (m, 1H), 4.03 (s, 3H):
(IM+H]*) | F NMR (564 MHz, CDCls) & -81.69,
-128.66
TH NMR (400 MHz, CDCl3) 6 7.80 — 7.69 (m, 3H), 7.05 (ddq, J = 17.7, 11.0,
2.4 Hz, 1H), 5.78 (d, J = 17.2 Hz, 1H), 5.50 (dd, J = 11.0, 0.7 Hz, 1H), 4.01
F303 Eﬂgg gq/ | (d, J=2.9 Hz, 3H);
: I9F NMR (376 MHz, CDCl3)  -60.17,
11277
TH NMR (400 MHz, CDCl3) 6 8.20 — 8.16 (m, 1H), 7.97 (ddd, J = 8.3, 1.8,
ESIMS myz | 09 Hz, 1H), 791 (4, J = 8.5 Hz, 1H), 7.80 (dd, J = 9.2, 82 Hz, 2H), 4.05 (s,
F304 350 3H);
(EET) 13C NMR (101 MHz, CDCls) 8 164.87, 152.24, 148.37, 141.78, 139.49,
133.18 (d, J = 2.1 Hz), 130.33, 129.87, 128.08 (q, J = 5.2 Hz), 124.96,
123.03, 53.08
TH NMR (400 MHz, CDCl3) 6 8.18 (s, 1H), 8.00 (ddd, J = 8.2, 1.7, 0.8 Hz,
ESIMS m/z | 1H), 7.80 (d, J = 8.3 Hz, 1H), 7.71 (d, J = 10.0 Hz, 1H), 4.03 (s, 3H);
F305 367 13C NMR (101 MHz, CDCls) & 163.93, 158.74, 156.03, 144.00 (d, J = 4.9
(IM+H]") | Hz), 141.09 (d, J = 10.9 Hz), 138.10 (d, J = 5.8 Hz), 132.92, 131.57, 131.50,
.83 (q, J=5.2 Hz), 127.25, 127.04 — 126.47 (m), 124.04, 121.32, 53.
127.83 ( 5.2 Hz), 127.25, 127.04 — 126.47 (m), 124.04, 121.32, 53.20
TH NMR (400 MHz, CDCl3) 6 7.94 — 7.83 (m, 3H), 7.81 (d, J = 8.5 Hz, 1H),
ESIMS m/z | 7.71 (t, J = 7.7 Hz, 1H), 4.05 (s, 3H);
F306 334 13C NMR (101 MHz, CDCls) & 164.86, 161.51, 158.96, 152.30 (d, J = 2.4
(IM+H]") | Hz), 148.30, 143.11 (d, J = 7.7 Hz), 139.50, 130.37, 128.38 — 127.24 (m),

122.27 (d, J=3.6 Hz), 115.49 (d, J = 22.5 Hz), 53.07
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TH NMR (400 MHz, CDCl3) 6 7.94 — 7.87 (m, 2H), 7.75 — 7.69 (m, 2H), 4.03
ESIMS m/z | (s, 3H);
F307 352 13C NMR (101 MHz, CDCls) & 163.90, 161.12, 158.71, 156.01, 143.90 (d, J
(IM+H]Y | =4.6 Hz), 141.03, 131.57 (d, J = 4.6 Hz), 127.48 (d, J = 5.3 Hz), 127.16 (d, J
=23.8 Hz), 124.32 (dd, J = 7.4, 3.7 Hz), 117.24 (dd, J = 23.0, 6.2 Hz), 53.17
TH NMR (400 MHz, CDCl3) & 7.96 — 7.92 (m, 1H), 7.90 — 7.83 (m, 2H), 7.80
ESIMS mz | (@ /=85 Hz, 1H), 7.70 (d, J = 82 Hz, 1H), 4.05 (s, 3H),2.57 (4, J = 1.8
F308 330 Hz, 3H);
(Mo | “CNMR (101 MHz, CDCI) § 165.10, 153.97, 148.10, 14025, 139.24,
137.50 (d, J = 1.9 Hz), 130.44, 129.62, 126.44 (q, J = 5.6 Hz), 124.28,
123.12, 53.01, 19.47 (d, J = 2.3 Hz)
TH NMR (400 MHz, CDCl3) 6 7.90 (s, 1H), 7.87 (d, J = 8.3 Hz, 1H), 7.72 (4,
J=8.2Hz, 1H), 7.68 (d, J = 9.9 Hz, 1H), 4.03 (s, 3H), 2.57 (d, J = 1.9 Hz,
ESIMS m/z | 3H);
F309 348 13C NMR (101 MHz, CDCls) & 164.13, 158.64, 155.95, 143.71 (d, J = 4.9
(IM+HTY | Hz), 142.95 (d, J = 11.2 Hz), 137.26, 136.57 (d, J = 5.3 Hz), 132.08 (d, J =
5.2 Hz), 130.72 (d, J = 4.5 Hz), 130.18 (d, J = 30.2 Hz), 126.92, 126.68,
126.16 (t, J = 6.2 Hz), 125.68, 53.09, 19.46 (d, J = 2.2 Hz)
100 | ESIMS 2| i MR (500 MHzZ, CDCLs) 6774 (d, J = 8.4 Hz, 1H), 7.52 (d, J = 3.7 Hz,
E310 | 0 370 2H), 4.02 (s, 3H)
(IM+H]") T ’
TH NMR (500 MHz, CDCl3) & 7.63 (d, J = 8.4 Hz, 1H), 7.57 (d, J = 7.8 Hz,
o | ESIMSm/z | 1H),7.36-7.29 (m, 1H), 7.17 (d, J = 1.4 Hz, 1H), 4.12 (4, J = 7.0 Hz, 2H),
F311 | o 378 3.99 (s, 3H), 1.34 (t, J = 7.0 Hz, 3H);
(IM+H]") | "FNMR (471 MHz, CDCls) § -62.84,
111.95, -111.97
'H NMR (500 MHz, CDCl3) 8 8.99 (s, 1H), 8.24 (t, J = 7.8 Hz, 2H), 7.51
312 ESH;gSS M2 (dd, J =277, 9.4 Hz, 3H), 4.07 (s, 3H);
(Mrap) | FNMR (471 MHz, CDCL) 3-63.11,
-110.89, -110.91, -110.92, -110.93
ESIMS mze | FLNMR (500 MHz, CDCly) 5 8.96 (s, TH), 7.83 (dd, J =8.0, 1.0 Hz, 1H),
Fas | 104 Py 733 (ddd, J = 7.9, 1.6, 0.8 Hz, 1H), 7.26 — 7.22 (m, 1H), 4.04 (s, 3H), 3.92
106 ([M+H]") (s, 3H);
I9F NMR (471 MHz, CDCls) § -62.92
ESIMS vz | FLNMR (400 MHz, CDCIL) §8.08 (d, J = 8.7 Hz, 2H), §.00 - 7.90 (m, 2H),
314 337 7.86 (d, J = 8.1 Hz, 1H);
(Mo | CCNMR (101 MHz, CDCL) § 151.65, 142.52, 140.65, 13377, 130.04,
129.78, 128.44 (t, J = 5.2 Hz), 125.57, 125.01, 123.92, 121.21
TH NMR (400 MHz, CDCl3) & 8.08 (d, J = 8.5 Hz, 1H), 7.96 (d, J = 8.4 Hz,
ESIMS m/z | 1H), 7.87 — 7.74 (m, 3H);
F315 320 13C NMR (101 MHz, CDCl3) 8 161.56, 161.30, 151.70 (d, J = 2.5 Hz),
(IM+HTY | 142.52, 142.44, 141.89 (d, J = 8.2 Hz), 133.75, 128.19 (dd, J = 4.6, 1.9 Hz),
125.50, 122.41 (d, J = 3.7 Hz), 115.44 (d, J = 22.6 Hz)
TH NMR (400 MHz, CDCl3) 6 8.04 (d, J = 8.4 Hz, 1H), 7.96 (d, J = 8.4 Hz,
ESIMS m/z | 1H), 7.88 — 7.80 (m, 2H), 7.77 (d, J = 8.2 Hz, 1H), 2.61 (q, J = 1.8 Hz, 3H);
F316 316 13C NMR (101 MHz, CDCl) & 161.17, 153.16, 142.37, 141.86, 139.02,
(IM+HI") | 137.95(d, J = 1.8 Hz), 133.12, 130.83, 130.53, 130.30, 126.81 (q, J = 5.6
Hz), 125.70, 125.56, 124.31, 122.84, 19.55 (d, J = 2.2 Hz)
ESIMS myz | 'HNMR (400 MHz, CDCI3) §8.05 (d, J = 8.5 Hz, 1H), 7.95 (4, J = 8.4 Hz,
317 332 1H), 7.76 - 7.69 (m, 1H), 7.56 — 7.49 (m, 2H), 4.03 (s, 3H);
(eH] | CNMR (101 MHz, CDCly) 3 16111, 158.24, 153.24, 142.38, 141.97,
141.01, 133.27, 129.25 — 127.40 (m), 125.82, 118.63, 110.36, 56.21
TH NMR (400 MHz, CDCl3) 6 8.21 (s, 1H), 7.78 (d, J = 8.1 Hz, 1H), 7.58 (4,
318 ESIMS m/z | J=8.4 Hz, 1H), 4.04 (s, 3H);
324 (M-H]") | F NMR (376 MHz, CDCls) & -106.09,

-113.71
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ESIMS mre | FLNMR (300 MHz, CDCL3) 5 891 (s, TH), §.53 (dt, /= 8.9, 0.9 Hz, 2H),
Fat0 | 96 S0 7.75-7.59 (m, 2H), 6.72 (t, J = 56.3 Hz, 1H), 4.07 (s, 3H):
08 | "ENMR (471 MHz, CDCL) 5 -111.66,
(M+H]")
11178
17 | ESIMS m/z | 'HNMR (500 MHyz, CDCI5) 6 8.34 (s, 1H), 8.10 (p, J = 1.0 Hz, 1H), 7.79
F320 | ) 305 (dt, J= 84, 1.7 Hz, 1H), 7.75 — 7.70 (m, 1H), 7.62 (d, J = 10.2 Hz, 1H), 7.32
(IM+H]") | (dd, 7= 3.2, 2.4 Hz, 1H), 6.62 — 6.57 (m, 1H), 4.02 (s, 3H)
TH NMR (400 MHz, CDCI3) 3 7.99 (s, 1H), 7.94 (s, 1H), 7.77 (d, J = 8.3 Hz,
a1 EIMS m/z | 1H), 4.02 (s, 3H):
392 IF NMR (376 MHz, CDCl3) 3 -62.28,
11223
TH NMR (400 MHz, CDCl) 3 8.12 (s, 1H), 7.97 (s, 1H), 7.78 (d, J = 8.3 Hz,
F32 EIMS m/z | 1H), 4.02 (s, 3H):
413 I9F NMR (376 MHz, CDCl3) 3 -60.16,
11218
BSIMS e | TELNMR (500 MHz, CDCE5) 5 8.05 — 7.9 (m, TH), 7.96 (4d, J = 8.5, 15 Hz,
2 o 1H), 7.92 (d, J = 8.5 Hz, 1H), 7.44 (dd, J = 10.4, 5.6 Hz, 1H), 4.05 (s, 3H):
(or | “FNMR (371 MHz, CDCLy) §-61.79,
210932 —-119.29 (m), -119.92 (dd, J = 11.1, 6.7 Hz)
TH NMR (500 MHz, CDCL) 5 7.73 (d, J = 8.4 Hz, 1H), 7.55 — 7.50 (m, 1),
24 EIMS m/z | 7.45(dd, J =89, 5.5 Hz, 1H), 4.02 (s, 3H):
369.9 | "FNMR (471 MHz CDCl3) 5 -61.91,
11326 (d, J = 37.3 Hz), -116.64 (dd, J = 9.0, 5.5 Hz), -117.53 — -119.51 (m)
ESIMS s | "HLNMR (500 MHz, CDCI) 5 8.01 (s, TH), 744 (dd, /= 87, 5.5 Hz, 1H),
F2s oo | 7.36(dd, 7=95, 5.3 H, 1H), 401 (s, 3H);
(| “FNMR (471 MHz, CDCLy § -61.85,
11574 (d, J = 5.4 Hz), -117.53 — -119.29 (m)
EIMS e | FLNMR (400 MHz, CDCI) 8.20 (s, TH), 7.97 (d J = 8.4 Haz, [H), 7.92 (5
F326 ol 1H), 7.86 (d, J = 8.4 Hz, 1H), 4.05 (s, 3H);
I NMR (376 MHz, CDCl3) 3 -62.22
EIMS e | "ANMR (400 MHy, CDCI) 58,07 - 8.02 (m, 2H), 7.56 (dd, /=84, 0.7 Hr,
F327 Sl 1H), 4.02 (s, 3H):;
I NMR (376 MHz, CDCl3) 3 -104.96
g | 150- ESI%% M2 | IH NMR (400 MHz, CDCl3) 3 7.70 — 7.61 (m, 2H), 7.57 (dd, J = 9.3, 1.6 Hz,
182 | iy | D734 (47 =7.8 Ha, 1H), 4.00 (s, 3H)
ESIMS m/z | 'H NMR (400 MHz, CDCl3) 6 8.02 — 7.97 (m, 2H), 7.89 (d, J = 8.1 Hz, 1H);
F329 378.9 | FNMR (376 MHz CDCly) 5 -62.32,
(M+H]H | -110.52
TH NMR (500 MHz, CDCI3) 5 7.99 (s, 1H), 7.71 (d, 7 = 8.1 Hz, 1H), 7.58 (d,
BSIMS e | = 53 . 1H), 747 - 7.40 (m, 2H), 3.99 (s, 3H):
330 v 13C NMR (126 MHz, CDCl3) 5 164.15, 155.81, 153.81, 151.02, 145.45,
144.00, 139.33, 134.40, 130.34, 129.03, 127.29, 124.10, 119.46, 118.71,
(M+H]") 5321
IF NMR (471 MHz, CDCl3) 3 -114.30
TH NMR (400 MHz, CDCL) 3 7.72 (d, 7 = 8.2 Hz, 1H), 7.68 (s, 1H), 7.08 (s,
F31 EIMS m/z | 1H), 4.01 (s, 3H), 3.93 (s, 3H);
397.1 F NMR (376 MHz, CDCl3)  -62.99,
112,56
TH NMR (400 MHz, CDCl) 3 7.74 (s, 1H), 7.72 (d, 7 = 8.2 Hz, 1H), 7.39 (s,
F33 EIMS m/z | 1H), 4.01 (s, 3H), 2.52 (s, 3H):
413 IF NMR (376 MHz, CDCl3) 3 -62.43,
112.62
TH NMR (400 MHz, CDCI) 3 7.61 (d, 7 = 84 Hz, 1H), 7.19 (s, 1H), 6.79 (s,
333 EIMS m/z | 1H), 3.99 (s, 3H), 3.80 (s, 3H):
375.1 IF NMR (376 MHz, CDCl3) 3 -50.02,
11207
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'H NMR (400 MHz, CDCls) 6 7.82 (d, / = 8.3 Hz, 1H), 7.30 (d, / = 5.5 Hz,
334 EIMS m/z | 1H), 7.03 (d, J = 8.5 Hz, 1H);
347.9 IF NMR (376 MHz, CDCl3) § -49.61,
-110.96, -111.05, -115.04, -115.13
"H NMR (400 MHz, CDCl5) 6 7.36 (s, 1H), 7.20 (d, J = 5.5 Hz, 1H), 6.90 (d,
335 EIMS m/z | J=8.3 Hz, 1H), 3.97 (s, 3H), 3.91 (s, 3H);
3751 YFNMR (376 MHz, CDCl3) 6 -49.80,
-114.66
'"H NMR (400 MHz, CDCls) 6 7.31 (d, J = 5.6 Hz, 1H), 7.20 (d, J = 10.6 Hz,
336 EIMS m/z | 1H), 6.93 (d, J = 8.4 Hz, 1H), 3.98 (s, 3H), 3.97 (s, 3H);
359.1 F NMR (376 MHz, CDCl3) & -49.85,
-112.13, -116.17
EIMS mvz | HNMR (400 MHz, Methanol-d;) § 8.00 (d, J = 8.7 Hz, 1H), 7.65 (s, 1H),
F337 382.9 7.29 (s, 1H), 3.86 (s, 3H);
’ YF NMR (376 MHz, Methanol-dy) § -64.29, -115.94
"H NMR (400 MHz, CDCl3)  7.71 (dd, J = 8.2, 5.4 Hz, 2H), 7.47 (dt, J =
ESIMS m/z | 8.1, 0.8 Hz, 1H), 6.76 (ddd, J = 17.9, 11.8, 1.8 Hz, 1H), 5.72 (dd, /= 11.7,
F338 395 1.2 Hz, 1H), 5.52 (dq, /= 17.7, 0.9 Hz, 1H), 4.00 (s, 3H);
(IM+H]") | "F NMR (376 MHz, CDCls) & -58.46,
-112.89
ESIMS m/z '"H NMR (400 MHz, CDCls) 6 7.70 (d, J = 8.1 Hz, 1H), 7.67 (d, / = 8.2 Hz,
339 %3 1H), 7.39 (d, J = 8.1 Hz, 1H), 3.99 (s, 3H), 2.58 (d, J = 1.6 Hz, 3H);
(M+H]% FNMR (376 MHz, CDCl3) & -61.22,
-113.05
'"H NMR (500 MHz, CDCl5) & 8.51 — 8.48 (m, 1H), 8.12 (dt, J = 8.6, 1.7 Hz,
4o | ESIMS mz | 1H), 797 ~7.93 (m, 2H), 7.89 - 7.86 (m, 1H), 7.68 (d, J = 10.0 Hz, IH),
F340 74 316 7.60 — 7.49 (m, 2H), 4.04 (s, 3H);
(IM+H]") | "F NMR (471 MHz, CDCls) & -116.05,
-116.07
'"H NMR (400 MHz, CDCl3) 6 7.73 (dd, J =8.1,3.3 Hz, 1H), 7.53 (d, J =
ESIMS m/z | 8.1, 1 Hz, 1H), 4.00 (s, 3H);
F341 448 BCNMR (101 MHz, CDCl3) 6 163.69, 158.07, 155.39, 142.97, 142.81,
(IM+H]% 136.90, 132.64, 132.59, 129.95, 126.64, 126.42, 125.88, 125.83, 123.65,
122.30, 120.93, 53.26
ESIMS m/z | 'H NMR (400 MHz, CDCls) 8 8.10 (d, J = 8.7 Hz, 1H), 7.82 (s, 1H), 7.62 (s,
F342 397.9 (IM- | 1H), 2.57 (s, 3H);
H]) 19F NMR (376 MHz, CDCl3) & -59.84, -112.04
ESIMS vz | 'HNMR (500 MHz, CDCL3) §7.70 (dd, J = 8.3, 2.1 Hz, 2H), 7.28 - 7.24 (m,
ras | 124 178 3H),7.19 (dd, J = 9.9, 2.4 Hz, 1H), 4.01 (s, 3H), 3.21 (s, 3H);
126 ([M+HT") F NMR (471 MHz, CDCl3) § -108.83, -108.85, -108.87, -108.91, -108.92, -
108.94, -113.57, -113.59, -113.65, -113.66
"H NMR (400 MHz, CDCl5) 6 7.93 (d, J = 8.8 Hz, 1H), 7.30 (s, 1H), 7.16 (s,
F344 EIMS m/z | 1H), 3.83 (s, 3H);
361 YFNMR (376 MHz, CDCl;) § -48.27,
-110.91
"H NMR (500 MHz, CDCl3) 6 7.64 (d, J = 8.4 Hz, 1H), 7.48 (t, J = 8.2 Hz,
1H), 6.74 (dd, J = 8.4, 2.5 Hz, 1H), 6.66 (dd, J = 11.1, 2.4 Hz, 1H), 5.36 (d, J
pas | 175 | ESIMSm/z | = L1 Hz, 1H), 400 (s, 3H);
177 | 298 ((M-H]) | 'FNMR (471 MHz, CDCl3) 5 -111.32,
-111.33, -111.34, -111.36, -111.39, -111.41, -111.42, -111.44, -113.71, -
113.73, -113.79, -113.81
TH NMR (500 MHz, CDCl3) & 8.41 — 8.35 (m, 1H), 7.75 (d, J = 8.2 Hz, 1H),
114 | ESIMS mz | 7.73-17.66 (m, 2H), 7.65 (ddd, J = 84, 6.9, 1.2 Hz, 1H), 7.59 - 7.49 (m,
F346 116 351 2H), 3.99 (s, 3H);
(IM+H]") | "*FNMR (471 MHz, CDCls) & -113.46,
-113.48
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ESIMS mrz | HNMR (500 MHz, DMSO-de) 5 14.05 (s, 1H), 8:40 (d, J = 9.1 Hz, 1H),
a7 | 145 351 8.15 (d, J= 7.5 Hz, 1H), 7.69 (d, J = 7.5 Hz, 1H), 3.94 (s, 3H);
147 19F NMR (471 MHz, DMSO) & -66.96,
(IM+HID 1 1464
TH NMR (500 MHz, DMSO-ds) & 8.28 (d, J = 9.3 Hz, 1H), 7.25 (t, J = 8.4
Hz, 1H), 6.52 (dd, J = 8.4, 2.1 Hz, 1H), 6.41 (dd, J = 13.2, 2.1 Hz, 1H), 5.92
rag | 143 ESIg/ésg M2 | (s, 2H), 3.91 (s, 3H):
146 | ey | “FNMR (471 MHz, DMSO) 6 -114.37,
11438, -114.39, -114.41, -114.45, -114.46, -114.47, -114.49, -114.77, -
114.79, -114.85, -114.87
ESIMS m/z | 'H NMR (400 MHz, Methanol-ds) & 8.03 — 7.99 (m, 2H), 7.85 (s, 1H), 7.81
F349 411.8 (M- | (d, J = 8.4 Hz, 1H);
H]) 195 NMR (376 MHz, Methanol-ds) & -64.32
ESIMS v | 'HNMR (400 MHz, Methanol-ds) 3 8.00 (d, J = 8.7 Hz, 1H), 7.84 (s, LH,
776 (s, 1H), 7.03 — 6.89 (m, 1H), 5.83 (d, J = 17.1 Hz, 1H), 5.43 (dd, J =
F350 3779 (M- | 111 07 b 11y
H]) 1977 NI ’ :
F NMR (376 MHz, Methanol-ds) & -61.41, -116.08
TH NMR (500 MHz, CDCl3) 6 7.64 (d, J = 8.3 Hz, 1H), 7.56 (d, J = 7.7 Hz,
ESIMS m/z | 1H), 7.39 (dd, J = 7.7, 1.4 Hz, 1H), 7.22 (d, J = 1.4 Hz, 1H), 3.99 (s, 3H),
F351 321 3.86 (s, 3H);
(IM+H]") | ""FNMR (471 MHz, CDCl3) § -112.17,
11218
TH NMR (300 MHz, CDCl3) 6 7.87 — 7.79 (m, 2H), 7.72 — 7.66 (m, 1H), 7.62
(d, J=8.1 Hz, 1H);
ESIMS e | “CNMR (126 MHz, CDCLy) 3 161.10, 159.14, 156.98, 141.98 (d, J = 17.3
382 354 Hz), 139.18, 135.13 (d, J = 15.7 Hz), 135.02, 134.01 (d, J = 58.3 Hz),
(MaH]y | 1335113195, 128,61 (d, /=220 Hz), 127.25 (d, J = 3.7 H2), 124.07 ¢,/
= 3.8 Hz), 123.98, 121.81;
195 NMR (471 MHz, CDCls) § -63.08,
-110.82
EIMS mvz | "B NMR (500 MHz, Methanol-ds) 3 8.06 (d, J = 8.6 Hz, 1H), 7.95 (d, J = 8.6
F353 ok Hz, 1H), 7.66 (s, 1H), 7.16 (s, 1H), 3.9 (s, 3H), 3.90 (s, 3H)
195 NMR (471 MHz, Methanol-dy) & -52.44
TH NMR (500 MHz, CDCl3) 6 8.31 (ddd, J = 8.4, 7.6, 0.8 Hz, 1H), 7.80
risg | 84 ESH;g M2 | 993 (m, 2H), 4.02 (s, 3H):
86 (M | FNMR (471 MHz, CDCLs) 5-64.76, -64.78, -64.83, -64.85, -68.17, -
113.08, -113.10, -113.16, -113.18
152 | ESIMS mz | THNMR (500 MHz, CDCly) 57.83 (d, J = 8.5 Hz, 1H), 7.74 (4, J = 8.5 Hz,
355 | (e 299 1H), 7.51 (d, J = 8.5 Hz, 1H), 6.94 (d, J = 2.5 Hz, 1H), 6.82 (dd, J = 8.5, 2.5
(IM+H]") | Hz, 1H), 5.48 (s, 1H), 4.02 (s, 3H)
FIMS nvz | HNMR (500 MHz, CDCL3) § 8.05 (d, J = 8.5 Hz, 1H), 7.93 (d, /= 8.5 Hz,
F356 o 1H), 7.46 (s, 1H), 6.86 (s, 1H), 3.89 (s, 3H);
195 NMR (471 MHz, CDCl) & -50.09
ESIMS mye | 'ELNMR (500 MHz, CDCL) 5 10.40 (d, J = 0.8 Hz, 1H), 7.68 (d, J = 84 Hz,
35y | 136- 0 1H), 7.65 (dd, J = 8.1, 6.0 Hz, 1H), 7.37 (dt, J = 8.2, 1.2 Hz, 1H), 4.00 (s,
138 | g | 2H 400 (d =09 Hy, 3H),
195 NMR (471 MHz, CDCl3)  -113.12, -113.14, -138.97
TH NMR (500 MHz, CDCl3) 6 7.61 (d, J = 82 Hz, 1H), 7.26 (d, 1H), 6.77 (d,
F3s8) ESIMS m/z | J=2.3 Hz, 1H), 6.65 (dd, J = 8.3, 2.3 Hz, 1H), 3.99 (s, 3H), 3.91 (s, 2H):
316 (M+H]*) | F NMR (471 MHz, CDCl3)  -112.16,
11218
ESIMS mz | HNMR (600 MHz, CDCL) 3 7.65 (4, J = 8.3 Hz, 1H), 7.35 (dd, /= 9.9, 0.8
359 2% Hz, 1H), 7.15 (d, J = 5.4 Hz, 1H), 4.00 (s, 3H), 3.85 (s, 3H);
(MeHy | FNMR (564 MHz, CDCLs) 3 -61.50,
11215, -124.52
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ESIMS mrz | 'HNMR (600 MHz, CDCL) §7.70 (4, J = 8.3 Hz, 1H), 7.54 (d, /= 6.7 Hz,
o 266 1H), 7.44 (d, J = 10.0 Hz, 1H), 4.02 (s, 3H), 2.52 (dq, J = 2.3, 1.1 Hz, 3H);
F3 (Mspy | FNMR (564 MHz, CDCLs) 5 -62.46,
-113.52, -116.41
ESIMS e | 'H NMR (600 MHz, CDCL) 57.97 (d, J = 7.5 Hz, 1H), 7.92-7.85 (m, 2H),
361 248 743 (d, J= 11.3 Hz, 1H), 4.04 (s, 3H), 2.70 — 2.36 (m, 3H);
.| FNMR (564 MHz, CDCl3) § -62.36,
IMHHT) 1 1979
ESIMS mz | 'HNMR (600 MHz, CDCI3) 3 7.65 (4, J = 8.3 Hz, 1H), 7.35 (dd, /= 9.9, 0.3
362 264 Hz, 1H), 7.15 (d, J = 5.4 Hz, 1H), 4.00 (s, 3H), 3.85 (s, 3H);
195 NMR (564 MHz, CDCls) § -61.38,
(IM+HID 1 04 40
TH NMR (500 MHz, CDCl3) 6 7.60 (d, J = 8.3 Hz, 1H), 7.57 (dd, J = 8.0, 0.9
76 | ESIMS mz | Hz, 1H), 7.49 - 7.43 (m, 2H), 742 - 7.31 (m, 4H), 7.19 (1, / = 1.0 Hz, 1H),
F363 | % 440 5.44 (s, 2H), 3.86 (s, 3H);
(IM+H]") | 'FNMR (471 MHz, CDCls) § -62.82,
112,57, -112.59
ESIMS mz | 'HNMR (500 MHz, CDCL) § 7.91 (4, J = 8.4 Hz, 1H), 7.76 (dd, J = 8.5, 5.6
r3es | B iy Hz, 2H), 7.44 (d, J = 2.5 Hz, 1H), 7.32 (dd, J = 8.6, 2.5 Hz, 1H), 4.02 (s,
Rl (S VA= D Rk
195 NMR (471 MHz, CDCl) § -72.55
TH NMR (500 MHz, CDCl3) 6 8.01 — 7.94 (m, 2H), 7.60 (d, J = 10.1 Hz,
365 ESIMS m/z | 1H), 7.03 — 6.97 (m, 2H), 4.01 (s, 3H), 3.87 (s, 3H);
296 (IM-HJ") | F NMR (471 MHz, CDCl3)  -116.77,
-116.79
ESIMS mz | HNMR (500 MHz, DMSO-de) 5 14.59 (s, 1H), 921 (s, 1H), 7.79 (d, J = 8.4
s | 126- 333 Hz, 1H), 7.48 (d, J = 1.7 Hz, 1H), 7.45 (dd, J = 8.2, 1.7 Hz, 1H), 3.87 (s,
128 | vy | H:
195 NMR (471 MHz, DMSO) & -61.19
TH NMR (500 MHz, CDCl3) 6 7.87 (d, J = 8.5 Hz, 1H), 7.70 (d, J = 8.5 Hz,
367 ESH;ZS6 M2 | ), 7.65 - 7.55 (m, 2H), 4.04 (s, 3H):
.. | FNMR (471 MHz, CDCl3) § -49.52,
(IM+HID 3413
TH NMR (500 MHz, CDCl3) 6 8.03 (d, J = 84 Hz, 1H), 7.85 (d, J = 8.4 Hz,
368 Esggﬁs 9’”/ < | 1H), 7.57 - 7.46 (m, 2H);
(Mt | “FNMR @471 MHz, CDCLs) 349,32,
-133.12 (d, J = 10.4 Hz)
ESIMS m/z | 'H NMR (500 MHz, CDCl3) 6 7.87 — 7.75 (m, 2H), 7.59 (d, J = 8.4 Hz, 1H),
F369 358 6.84 (d, J = 8.4 Hz, 1H), 4.06 (s, 3H), 4.01 (s, 3H);
(IM+H]") | "FNMR (471 MHz, CDCls) § -49.82
ESIMS mye | 'ENMR (500 MHz, CDCLy) 57.72 (d, J = 8.4 Hz, 1H), 7.63 (s, 1), 7.53 (s,
370 3819 1H), 4.01 (s, 3H), 2.50 — 2.22 (m, 3H);
~Z | FNMR (471 MHz, CDCL3) & -62.72,
IMHHT) 1 11470
ESIMS m/z | 'H NMR (500 MHz, CDCl3) 6 7.92 (d, J = 8.4 Hz, 1H), 7.61 (s, 1H), 7.56 (s,
F371 364 1H), 7.49 (d, J = 8.3 Hz, 1H), 4.02 (s, 3H), 2.39 (s, 3H);
(IM+H]") | '"FNMR (471 MHz, CDCls) § -62.56
TH NMR (500 MHz, CDCl3) 5 7.62 (d, J = 8.3 Hz, 1H), 7.19 (s, 1H), 6.62
BIMS mye | (dd:J = 17.8, 113 Hz, 1H), 5.8 (dd, J = 17.7, 0.7 Hz, 1H), 5.45 (dd, J =
F372 J0L1 11.2, 0.8 Hz, 1H), 4.05 (s, 3H), 4.00 (s, 3H);

F NMR (471 MHz, CDCls) 6 -49.38,
-113.26
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'H NMR (300 MHz, CDCl3) 6 7.77 (dt, J = 1.5, 0.8 Hz, 1H), 7.71 - 7.57 (m,
2H), 7.48 (dd, J = 9.1, 8.1 Hz, 1H), 4.02 (s, 3H);
ESIMS m/z | '*C NMR (126 MHz, CDCL3) & 162.29 (d, J = 6.5 Hz), 160.77 (d, J = 6.2
F373 352 Hz), 159.41 (d, J = 6.3 Hz), 158.56 (d, J = 6.3 Hz), 157.25 (d, J = 6.2 Hz),
(IM+HTY) | 141.93 - 139.65 (m), 136.62, 134.40, 133.15 — 133.05 (m), 133.01, 132.33,
126.84 (q, J = 3.9 Hz), 124.14, 123.97 (q, J = 3.7 Hz), 121.97, 113.93 (¢, J =
22.7 Hz), 53.16
"H NMR (300 MHz, CDCl3) 6 7.95 (dt, J = 1.9, 0.6 Hz, 1H), 7.71 (ddd, J =
8.0, 1.8,0.7 Hz, 1H), 7.57 (d, J = 8.0 Hz, 1H), 7.48 (dd, J = 9.1, 8.1 Hz, 1H),
ESIMS m/z | 4.02 (s, 3H);
F374 397 13C NMR (126 MHz, CDCls) § 162.28 (d, J = 6.5 Hz), 160.76 (d, J = 5.9
(IM+H]" | Hz), 159.14 (d, J = 6.4 Hz), 158.54 (d, J = 6.1 Hz), 156.95, 142.51, 138.65,
133.12 (d, J = 33.3 Hz), 132.15, 129.96 (d, J = 4.0 Hz), 124.54 (d, J = 3.6
Hz), 123.98, 123.50, 121.81, 113.97 (1, J = 22.7 Hz), 53.17
"H NMR (300 MHz, CDCL3) & 7.78 (ddd, J = 7.9, 6.9, 1.0 Hz, 1H), 7.58 (dt, J
= 8.1, 1.1 Hz, 1H), 7.53 — 7.43 (m, 2H), 4.02 (s, 3H);
ESIMS mz | “CNMR (126 MHz, CDCL) 5 16232 (d, J = 6.7 Hz), 160.85, 160.68 (d, J =
—_— 336 6.1 Hz), 159.67 (d, J = 6.3 Hz), 158.83, 158.46 (d, J = 6.3 Hz), 157.49 (d, J =
(Mot | 60 Ho). 138.10(dd, /= 16.3, 4.5 Hz), 133.99 (d, /= 8.1 He), 133.72(d, J =
8.2 Hz), 133.41 (dd, J = 9.1, 4.6 Hz), 132.61 (d, J = 3.1 Hz), 125.51 (d, J =
15.4 Hz), 124.12 (d, J = 2.6 Hz), 121.96, 121.48 (q, J = 3.8 Hz), 114.00 (t, J
= 22.8 Hz), 113.50 (dd, J = 25.0, 4.0 Hz), 53.13
TH NMR (300 MHz, CDCL3) & 7.56 (ddt, J = 7.3, 1.9, 0.7 Hz, 1H), 7.53 —
7.43 (m, 1H), 4.01 (s, 2H), 2.32 (s, 3H);
ESIMS m/z | ®C NMR (126 MHz, CDCls) § 162.44 (d, J = 6.6 Hz), 160.16 (d, J = 6.0
F376 332 Hz), 159.15 (d, J = 5.7 Hz), 157.95 (d, J = 5.8 Hz), 157.00 (d, J = 5.6 Hz),
(IM+H]Y | 144.24 - 142.69 (m), 137.99, 136.69, 133.62 — 132.71 (m), 131.56 (q, J =
32.3 Hz), 130.58 (d, J = 2.2 Hz), 127.38 (q, J = 3.9 Hz), 125.02, 122.81 (q, J
= 3.5 Hz), 113.83 (t, J = 22.9 Hz), 53.09, 19.72 (d, J = 2.8 Hz)
'H NMR (300 MHz, CDCL3) & 7.55 (dd, J = 7.8, 1.0 Hz, 1H), 7.39 (dd, J =
9.3, 8.2 Hz, 1H), 7.36 — 7.32 (m, 1H), 7.21 — 7.16 (m, 1H), 4.00 (s, 3H), 3.86
(s, 3H);
377 ES%‘Z M2 | 150 NMR (126 MHz, CDCls) 3 162.62 (d, J = 7.0 Hz), 160.48 (d, J = 6.3
(MeHyy | 2 159.89 (7= 5.6 He), 15827 (d. J = 6.4 Ho), 15772 (d, J = 5.9 Ha),
157.54, 141.88 — 140.03 (m), 132.74 — 132.52 (m), 131.86, 127.00, 124.89,
122.71, 117.78 (q, J = 4.0 Hz), 113.38 (1, J = 23.1 Hz), 107.93 (q, J = 3.9
Hz), 55.97, 53.02
TH NMR (500 MHz, CDCl3) 5 7.78 (dd, J = 7.9, 6.8 Hz, 1H), 7.73 (d, J = 8.4
ESIMS myz | F% 1), 7.61 (dd, J=80, 1.5 He, 1H), 7.50 (dd, /= 9.3, 15 Hz, 1H), 4.02
F37s | 156 309 (s, 3
159 | (ngempy | PFNMR @71 MHz, CDCL) 6 -110.08,
-110.10, -110.10, -110.12, -110.16, -110.17, -110.18, -110.19, -113.25, -
113.27, -113.33, -113.35
ESIMS mye | 'HNMR (500 MHz, CDCI3) 5 7.88 (d, J = 4.9 Hz, 2H), 7.81— 7.77 (m, IH),
379 | 179 60 774 (d, J = 8.4 Hz, 1H), 4.02 (s, 3H), 3.10 (s, 3H):
181 | e | FNMR @71 MHz, CDCL) §-109.22, -109.23, -109.24, -109.25, -109.29, -
109.30, -109.31, -109.32, -113.31, -113.33, -113.39, -113.41
ESIMS e | 'HNMR (500 MHz, CDCL) 5 7.91 (d, J = 8.4 Hz, 1H), 7.84 = 7.79 (m, 2H),
380 4753 (M. | 7777769 (m., 3H), 7.64 (ddd, J = 8.1, 1.7, 0.8 Hz, 1H),7.58 (1, = 7.6 Hz,
) 1H), 7.46 (t, J = 7.6 Hz, 1H), 5.67 (s, 2H);

FNMR (471 MHz, CDCl5) § -59.88, -62.91
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HRMS-ESI
(m/z)
.
c[zl:;[czl?or "H NMR (500 MHz, CDCl3) § 7.90 (d, J = 8.4 Hz, 1H), 7.80 (d, / = 8.3 Hz,
F381 Cy-H>CLoFs 2H), 7.76 (d, /= 1.7 Hz, 1H), 7.63 (dd, J = 8.1, 1.7 Hz, 1H), 5.17 - 5.13 (im,
NO», 119H), 5.02 (t, J=1.5Hz, 1H), 4.85 (s, 2H), 1.86 (t, J = 1.1 Hz, 3H);
390.027: FNMR (471 MHz, CDCls) 6 -62.93
found
390.0267

mp = melting point
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Example A. Evaluation of Postemergent Herbicidal Activity

[00292] Post-emergent Test: Seeds or nutlets of the desired test plant species were
planted in Sun Gro Metro-Mix® 360 planting mixture, which typically has a pH of 6.0 to 6.8
and an organic matter content of about 30 percent, in plastic pots with a surface area of 64
square centimeters. In some aspects, to ensure good germination and healthy plants, a fungicide
treatment and/or other chemical or physical treatment was applied. The plants were grown for
7-21 d in a greenhouse with an approximate 15 h photoperiod which was maintained at 23-29
°C during the day and 22-28 °C during the night. Nutrients and water were added on a regular
basis and supplemental lighting was provided with overhead metal halide 1000-Watt lamps as
necessary. Plants were used for testing when they reached the first or second true leaf stage.

[00293] A weighed amount, determined by the highest rate to be tested, of each test
compound was placed in a 25 mL glass vial and was dissolved in 4 mL of a 97:3 v/v mixture
of acetone and DMSO to obtain concentrated stock solutions. If the test compound did not
dissolve readily, the mixture was warmed and/or sonicated. The concentrated stock solutions
obtained were diluted with 20 mL of an aqueous mixture containing acetone, water, isopropyl
alcohol, DMSO, AgriDex crop oil concentrate, and X-77 surfactant in a
48.5:39:10:1.5:1.0:0.02 v/v ratio to obtain spray solutions containing the application rate.
Compound requirements are based upon a 12 mL application volume at a rate of 187 liters per
hectare (L/ha). Formulated compounds were applied to the plant material with an overhead
Mandel track sprayer equipped with 8002E nozzles calibrated to deliver 187 L/ha over an
application area of 0.64 square meters at a spray height of 18 inches (43 cm) above the average
plant canopy height. Control plants were sprayed in the same manner with the solvent blank.

[00294] The treated plants and control plants were placed in a greenhouse as
described above and watered by subirrigation to prevent wash-off of the test compounds. After
14 d, the condition of the test plants as compared with that of the nontreated and control plants
was determined visually and scored on a scale of 0 to 100 percent where 0 corresponds to no
injury and 100 corresponds to complete control. In the reporting of the results, Table A: Percent
Growth Reduction Conversion Table was used. Some of the compounds tested, application

rates employed, plant species tested, and results are given in Table B in Figure 3.

Table A: Percent Growth Reduction Conversion Table

Rating % Visual Qrowth
Reduction
A 95-100
B 85-94
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C 75-84
D 60-74
E 45-59
F 30-44
G 0-29

ALOMY: blackgrass (Alopecurus myosuroides)
AMARE: redroot pigweed (Amaranthus retroflexus)
AVEFA: wild oat (Avena fatua)

CHEAL: lambsquarters (Chenopodium album)
CIRAR: canada thistle (Cirsium arvense)

CYPES: yellow nutsedge (Cyperus esculentus)
DIGSA: crabgrass (Digitaria sanguinalis)

ECHCG: barnyardgrass (Echinochloa crus-galli)
IPOHE: ivy-leaf morning glory (Ipomoea hederacea)
KCHSC: kochia (Bassia scoparia)

ORYSA: rice (Oryza sativa)

SETFA: giant foxtail (Setaria faberi)

SORVU: johnsongrass (Sorghum vulgare)

STEME: common chickweed (Stellaria media)
TRZAS: wheat, spring (Triticum aestivum)

g ai/ha: grams active ingredient per hectare

n/t: not tested

Table B: Visual Growth Reduction (%) 14 Days After Application at 140 grams active
ingredient per hectare (g ai/ha)

Table B: Part A
Cmpd ID ALOMY | AMARE | AVEFA | CHEAL | CIRAR | CYPES | DIGSA
F1 G G G G G E G
F2 G D G G G G B
F3 G G G C G G D
F4 G G G B C G G
F5 G G G E G F G
F6 G G G G D G G
F7 G G G G G G G
F8 G A G A B E D
F9 G F G G G G G
F10 G F G E F E E
F11 G G G G F G G
F12 G B G A D D C
F13 G C G B B G G
F14 G G G B G G G
F15 G F G E G F G
F16 G F G G F G G
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Table B: Part A
AMARE | AVEFA | CHEAL | CIRAR | CYPES

DIGSA

ALOMY

Cmpd ID

F17
F18
F19
F20
F21
F22
F23
F24
F25
F26
F27
F28
F29
F30
F31
F32
F33
F34
F35
F36
F37
F38
F39
F40
F41
F42
F43
F44
F45
F46
F47
F48
F49
F50
F51
F52
F53
F54
F55
F56
F57
F58
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Table B: Part A
AMARE | AVEFA | CHEAL | CIRAR | CYPES

DIGSA

n/t

n/t

n/t

n/t

n/t

n/t

n/t

n/t

ALOMY

n/t

Cmpd ID

F59
F60
Fo1
F62
F63
Fo4
F65
Fo66
Fo67
F68
F69

F70

F71

F72

F73

F74

F75

F76

F77

F78

F79

F80
F81
F82
F83
F84
F85
F86
F87
F88
F89
Fo0
Fo1
F92
F93
Fo4
Fo5
Fo6
Fo7
Fo8
F99
F100
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Table B: Part A
AMARE | AVEFA | CHEAL | CIRAR | CYPES

DIGSA

ALOMY

Cmpd ID

F101

F102
F103
F104
F105
F106
F107
F108
F109
F110

FI11

F112

F113

F114

F115

Fl116

F117

F118

F119

F120
F121

F122
F123
F124
F125
F126
F127
F128
F129
F130
F131

F132
F133
F134
F135
F136
F137
F138
F139
F140
F141

F142
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Table B: Part A
AMARE | AVEFA | CHEAL | CIRAR | CYPES

DIGSA

n/t

n/t

n/t

n/t

n/t

n/t

n/t

ALOMY

n/t

G

Cmpd ID

F143
F144
F145
F146
F147
F148
F149
F150
F151

F152
F153
F154
F155
F156
F157
F158
F159
F160
F161 (F393)

F162
F163
F164
F165
F166
F167
F168
F169
F170
F171

F172
F173
F174
F175
F176
F177
F178
F179
F180
F181

F182
F183
F184
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Table B: Part A
Cmpd ID ALOMY | AMARE | AVEFA | CHEAL | CIRAR | CYPES | DIGSA
F185 G G G E G G C
F186 G C G B C E C
F187 G B F C C F B
F188 G G G D E G F
F189 G G G F F G G
F190 G A D A B G B
F191 G B G A B E B
F192 G B G A C G B
F193 G A F B G G B
F194 G G G F C G G
F195 G A F A G G D
F196 G C G B G G G
F197 G G G E G G F
F198 G G G G G G G
F199 G G G F G G G
F200 E A D A A G A
F201 G E G G G G G
F202 G G G G G G G
F203 G G G G G G G
F204 G G G G G G G
F205 G F G C C G E
F206 G E G F F G E
F207 n/t n/t n/t n/t n/t n/t n/t
F208 G G G B G G G
F209 G E G B D G G
F210 E A D B B G B
F211 G B G A B G F
F212 G D G A B G F
F213 G E G B G G F
F214 E C D A B G A
F215 G B D B B G E
F216 G F G A D G G
F217 n/t n/t n/t n/t n/t n/t n/t
F218 G G G D F G G
F219 G G G E G G F
F220 n/t n/t n/t n/t n/t n/t n/t
F221 C A C A A C A
F222 G C G C B G C
F223 G A D A A E D
F224 G B G A E G C
F225 E A A A B E A
F226 E D E A B G A
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Table B: Part A
AMARE | AVEFA | CHEAL | CIRAR | CYPES

DIGSA

ALOMY

Cmpd ID

F227

F228

F229

F230

F231

F232

F233

F234

F235

F236

F237

F238

F239

F240

F241

F242

F243

F244

F245

F246

F247

F248

F249

F250

F251

F252

F253

F254

F255

F256

F257

F258

F259

F260

F261

F262

F263

F264

F265

F266

F267

F268
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Table B: Part A
AMARE | AVEFA | CHEAL | CIRAR | CYPES

DIGSA

n/t

n/t

n/t

n/t

n/t

n/t

ALOMY

n/t

Cmpd ID

F269

F270

F271

F272

F273

F274

F275

F276

F277

F278

F279

F280

F281

F282

F283

F284

F285

F286

F287

F288

F289

F290

F291

F292

F293

F294

F295

F296

F297

F298

F299

F300
F301

F302

F303

F304

F305

F306
F307

F308

F309

F310
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Table B: Part A
Cmpd ID ALOMY | AMARE | AVEFA | CHEAL | CIRAR | CYPES | DIGSA
F311 G G G F G G G
F312 G B G B B E B
F313 G E G F E G C
F314 G G G F E G C
F315 G D G D D D C
F316 G G G F F G G
F317 G G G G G G G
F318 G D G D G G B
F319 G G G F G G G
F320 G G G D F G G
F321 G F C A C G B
F322 G D G C F G G
F323 G C G B E E C
F324 F A F B n/t D A
F325 G D G A B G C
F326 G G G D E G C
F327 G F G F G G G
F328 G F G G G G C
F329 G D D C B G C
F330 G G G G n/t F G
F331 G E G E n/t G G
F332 G G G G n/t G G
F333 G F G G n/t G D
F334 C C D C n/t D A
F335 G G G F n/t G G
F336 G F G F n/t G D
F337 G F G C n/t G E
F338 G A F B n/t G D
F339 G A G A n/t D G
F340 G G G G n/t G G
F341 F A E B n/t G B
F342 G G G D n/t G G
F343 G A F B A F B
F344 G G G F n/t G D
F345 G G G G G G G
F346 G G G G n/t G G
F347 D A D A B G A
F348 G G G G n/t G G
F349 D D D A n/t G C
F350 G F G D n/t G F
F351 G D G C G G F
F352 C A B A A G A
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Table B: Part A
Cmpd ID ALOMY | AMARE | AVEFA | CHEAL | CIRAR | CYPES | DIGSA
F353 G G G E G G G
F354 G D F C C G B
F355 G G G G C G G
F356 G G G D G G G
F357 G G G G G G G
F358 G G G G G G G
F359 F A C A C G F
F360 G A G A G G G
F361 G E G B G G G
F362 G A G B G G E
F363 G A B A B G G
F364 G D G C D G C
F365 G G G G G G G
F366 G C G B F G C
F367 G G G G G G C
F368 G G G G G G C
F369 F D F F B G B
F370 G B G E C G E
F371 G F G F G G E
F372 G E G G G G G
F373 G A E A A G A
F374 E A E A A G B
F375 E A D B B G B
F376 G A G B D G D
F377 G A F B C D D
F378 G E G C E G D
F379 G D G D G G D
F380 E A D A B G A
F381 E B E A B G B
TABLE B: Part B
Cmpd ID ECHCG | IPOHE | KCHSC | ORYSA | SETFA | SORVU | STEME | TRZAS
F1 G G G G G G G G
F2 D B G G F A G E
F3 G D G G G G G G
F4 G D G G G F G G
F5 G F F G G F n/t G
F6 G E E G G E G G
F7 G G G G G G G G
F8 F A B G G B G F
F9 G E G G G G G G
F10 G D G G G F G G
F11 G F G G G G n/t G
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TABLE B: Part B
ECHCG | IPOHE | KCHSC | ORYSA | SETFA | SORVU | STEME | TRZAS

n/t
n/t
n/t
n/t

n/t
n/t
n/t
n/t

Cmpd ID

F12
F13
F14
F15
Fl16
F17
F18
F19
F20
F21
F22
F23
F24
F25
F26
F27
F28
F29
F30
F31
F32
F33
F34
F35
F36
F37
F38
F39
F40
F41
F42
F43
F44
F45
F46
F47
F48
F49
F50
F51
F52
F53
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TABLE B: Part B
ECHCG | IPOHE | KCHSC | ORYSA | SETFA | SORVU | STEME | TRZAS

n/t

n/t

n/t
n/t

n/t
n/t
n/t
n/t
n/t
n/t
n/t

n/t

n/t

n/t

n/t

n/t

n/t

n/t

n/t

n/t

n/t

n/t

n/t

n/t
n/t
n/t
n/t
n/t
n/t
n/t
n/t
n/t
n/t

n/t

n/t

n/t
n/t

n/t

n/t

n/t

n/t

Cmpd ID

F54
F55
F56
F57
F58
F59
F60
Fo1
F62
F63
Fo4
F65
Fo66
Fo67
F68
F69

F70

F71

F72

F73

F74

F75

F76

F77

F78

F79

F80
F81
F82
F83
F84
F85
F86
F87
F88
F89
Fo0
Fo1
F92
F93
Fo4
Fo5
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TABLE B: Part B
ECHCG | IPOHE | KCHSC | ORYSA | SETFA | SORVU | STEME | TRZAS

n/t
n/t
n/t
n/t
n/t

n/t

Cmpd ID

Fo6
Fo7
Fo8
F99
F100
F101

F102
F103
F104
F105
F106
F107
F108
F109
F110

FI11

F112

F113

F114

F115

Fl116

F117

F118

F119

F120
F121

F122
F123
F124
F125
F126
F127
F128
F129
F130
F131

F132
F133
F134
F135
F136
F137
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TABLE B: Part B
ECHCG | IPOHE | KCHSC | ORYSA | SETFA | SORVU | STEME | TRZAS

n/t

n/t

n/t

n/t

n/t

n/t

n/t

n/t

Cmpd ID

F138
F139
F140
F141

F142
F143
F144
F145
Fl146
F147
F148
F149
F150
F151

F152
F153
F154
F155
F156
F157
F158
F159
F160
Fl61

F162
F163
Fl64
F165
F166
F167
F168
F169
F170
F171

F172
F173
F174
F175
F176
F177
F178
F179
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TABLE B: Part B

Cmpd ID

ECHCG

IPOHE

KCHSC

ORYSA

SETFA

SORVU

STEME

TRZAS

F180

Q

Q

G

G

G

Q

Q

Q

F181

F182

F183

F184

F185

F186

F187

F188

F189

F190

F191

F192

F193

F194

F195

F196

F197

F198

F199

F200

F201

F202

F203

F204

F205

F206
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—_
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—_
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F218

Q

Q

Q

Q

Q

F219

Q

Q

Q
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Q
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g

n/t
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TABLE B: Part B
ECHCG | IPOHE | KCHSC | ORYSA | SETFA | SORVU | STEME | TRZAS

Cmpd ID

F222

F223

F224

F225

F226

F227

F228

F229

F230

F231

F232

F233

F234

F235

F236

F237

F238

F239

F240

F241

F242

F243

F244

F245

F246

F247

F248

F249

F250

F251

F252

F253

F254

F255

F256

F257

F258

F259

F260

F261

F262

F263
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TABLE B: Part B
ECHCG | IPOHE | KCHSC | ORYSA | SETFA | SORVU | STEME | TRZAS

n/t

n/t

n/t

n/t

n/t

n/t

n/t

n/t

Cmpd ID

F264

F265

F266

F267

F268

F269

F270

F271

F272

F273

F274

F275

F276

F277

F278

F279

F280

F281

F282

F283

F284

F285

F286

F287

F288

F289

F290

F291

F292

F293

F294

F295

F296

F297

F298

F299

F300
F301

F302

F303

F304

F305
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TABLE B: Part B
ECHCG | IPOHE | KCHSC | ORYSA | SETFA | SORVU | STEME | TRZAS

D

C
D
G
G
G
G
B
G
G

G
G
G
G

G
G
D

G

G

G
G
G

Cmpd ID

F306
F307

F308

F309

F310

F311

F312

F313

F314

F315

F316

F317

F318

F319

F320

F321

F322

F323

F324

F325

F326

F327

F328

F329

F330

F331

F332

F333

F334

F335

F336

F337

F338

F339

F340

F341

F342

F343

F344

F345

F346

F347
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TABLE B: Part B
ECHCG | IPOHE | KCHSC | ORYSA | SETFA | SORVU | STEME | TRZAS

G
G

G

G
C
C
B
G
D
G
C

Cmpd ID

F348

F349

F350

F351

F352

F353

F354

F355

F356

F357

F358

F359

F360
F361

F362

F363

F364

F365

F366
F367

F368

F369

F370

F371

F372

F373

F374

F375

F376

F377

F378

F379

F380

F381
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WHAT IS CLAIMED IS:

1. A compound selected from the group consisting of

A oA
0, o

Cl SN Cl
~ N
N CHs;

Ci C Cl
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Ci Ci
= = | CHs
X 9] X o
N N \/&CH2
F cl @] £ F F - O
F FOF
F . F

, and
= | Ci
N
> 0 =
N \/
F 0
Ci
F
F

. A herbicidal composition comprising a compound of claim 1.

. A herbicidal composition of claim 2, further comprising an agriculturally acceptable

adjuvant or carrier.

. A herbicidal composition according to claim 2 or 3, further comprising an additional

herbicidal compound.

. A herbicidal composition according to any one of claims 2-4, further comprising a safener.

. A method for controlling undesirable vegetation, which comprises (a) contacting the

undesirable vegetation or area adjacent to the undesirable vegetation, or (b) pre-
emergently contacting soil or water, with a compound of claim lor a herbicidal

composition of any one of claims 2-5.

. The method of claim 6, wherein the compound or composition is applied pre-emergent.

. The method of claim 6, wherein the compound or composition is applied post-emergent.
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