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TRIFLUOROMETHOXYIATION OF ARENES VIA INTRAMOLECULAR
TRIFLUOROMETHOXY GROUP MIGRATION

This application claims priority of U.S. Provisional Application Nos.
©2/192,789, filed July 15, 2015; 62/192,462, filed July 14, 2015;
62/063,246, filed October 13, 2014; and 62/062,508, filed October 10,
2014, the contents of each of which are hereby incorporated by

reference.

Throughout this application various publications are referenced. The
disclosures of these documents in their entireties are hereby
incorporated by reference into this application in order to more

fully describe the state of the art to which this invention pertains.

BACKGROUND OF THE INVENTION

Fluorine atoms are often introduced into organic molecules to enhance
their pharmacological properties such as solubility, metabolic and
oxidative stability, lipophilicity, and biocavailability.!!) Among the
fluorine containing functional groups, the trifluoromethoxy group
(OCF3) is of current interest because of its unique structural and
electronic properties, which can be useful in material, agricultural,
and pharmaceutical science.!?] For example, one of the distinct
structural features of trifluoromethoxylated arenes (Ar-OCFs3) is that
the OCF; bond is orthogonal to the aryl ring.{31® As a result, lone
pair electrons on oxygen only weakly delocalize into the ring, which
renders OCF; an electron withdrawing group. In addition, the OCF;
group has one of the highest lipophilicity values (m; = 1.04) compared
to the CF; (mx = 0.88), CHs (mx = 0.52), F (mx = 0.14), and OCH; (mx =
—-0.02) groups.!! Compounds with higher lipophilicity show enhancement
in their in vivo uptake and transport in biological systems. Indeed,
many OCF; containing pharmaceuticals and agrochemicals show enhanced

effectiveness often coupled with diminished side-effects (Figure

l) , [2a,2b,5]
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Despite the intriguing properties of the OCF3 group, introduction of
this functional group into organic molecules remains a challenge.
Only a handful of transformations have been developed over the last
few decades and most of them either suffer from poor substrate scope
or require the use of highly toxic and/or thermally unstable reagents.
A pioneering study by Yagupolskii and coworkers in 1955 led to the
development of a two-step chlorination/chlorine-fluorine exchange
protocol for the synthesis of simple aryl trifluoromethyl ethers,![8
In 1964, Sheppard reported an alternative approach involving
reactions of aromatic or aliphatic alcochols with fluorophosgene
followed by deoxyfluorination with tetrafluorosulfur (SFy).[7l About
thirty years later, Hiyama synthesized aryl trifluoromethyl ethers
via formation of dithiocarbonates followed by oxidative
fluorodesulfurization. (8! Electrophilic trifluormethylations of
alcohols and phenols have also been developed. Employing thermally
labile O-trifluoromethyldibenzyl furanium salts, Umemoto  and
coworkers successfully trifluoro-methylated phenols to form aryl
trifluoromethyl ethers.!® An elegant direct trifluoromethylation of
aliphatic alcohols using bench stable reagent was reported by Togni
and coworkers. ¥ However, poor yields were obtained for phenolic
substrates due to the competing C-trifluoromethylation.!!!! Most
recently, a direct trifluoro-methoxylation of benzene employing toxic
gaseous trifluoromethyl perfluoritell?a-bl, and a transition metal-
mediated trifluoro-methoxylation of aryl stannanes as well as aryl
boronic acids utilizing thermally labile tris(dimethylamino)sulfonium
trifluoro-methoxide have been developed.(1?t] However, most of these
approaches either suffer from poor substrate scope or require use of
highly toxic and/or thermally labile reagents. As a result, many of
OCF3;-containing building blocks are prohibitively expensive (Figure
ic).
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SUMMARY OF THE INVENTION

The present invention provides a process of producing a compound

having the structure:
0
’ //H\\
PN

c N R
L

wherein

OCF,

A is an aryl or heteroaryl, each with or without subsutitution; and
Ry is -H, -(alkyl), -(alkenyl), -(alkynyl), -(aryl), -{(heteroaryl),
-(alkylaryl), -(alkylhetercaryl), -NH- (alkyl), =-N{alkyl),, =-NH-
(alkenyl), -NH-(alkynyl) -NH~-(aryl), -NH-(heterocaryl), -O-(alkyl), -
O-(alkenyl), =-0O-{alkynyl), -0-(aryl), =0O-(heterocaryl), -S-(alkyl),
-S-(alkenyl), -S-(alkynyl), -S-(aryl), or -S-(heteroaryl),
comprising:

(a) reacting a compound having the structure:

with a trifluoromethylating agent in the presence of a base in a
first suitable solvent under conditions sufficient to produce the
compound having the structure:

L

c N R

H OCF,

The present invention also provides a process of producing a
trifluoromethoxylated aryl or trifluoromethoxylated heteroaryl having

the structure:

O

c N Ry
OCF, H ,
wherein
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A is an aryl or heteroaryl, each with or without subsutitution;

Ry is -H, =(alkyl), =-(alkenyl), -(alkynyl), -{aryl),
-{alkylaryl), -(alkylheteroaryl),
(alkenyl), =NH=-(alkynyl)
5 O~ (alkenyl),

and
- (heteroaryl),
-NH- (alkyl), -N{alkyl),, ~NH-

~NH-(aryl), ~NH-(heterocaryl), -O-(alkyl),
-0=-(alkynyl), -0O-{(aryl),

~S-{alkynyl), =S-(aryl),

-0~ {hetercaryl),-S-(alkyl),
3-(alkenyl),

or -S-{heteroaryl),
comprising:

(b) maintaining the compound having the structure:

o}
PPN
c
T// N R,
H OCF,

10 in a second suitable solvent under conditions sufficient to produce
the trifluoromethoxylated aryl or

trifluormethoxylated heteroaryl
having the structure:

OCF, H

15 The present invention further provides a process of producing a

trifluoromethoxylated aryl or trifluoromethoxylated heteroaryl having
the structure:

OW S

c N R,
OCF, H ,
wherein

20 A is an aryl or heteroaryl, each with or without subsutitution;
Ri1 is -H, =-(alkyl), -(alkenyl), -{(alkynyl), =-{(aryl),
-{alkylaryl), -{alkylheteroaryl),

{(alkenyl), =NH-(alkynyl)

and
- (heteroaryl),
~NH- (alkyl), ~-N(alkyl)., =-NH-

~NH- (aryl), =-NH-(hetercaryl), -O-{alkyl), -
0-(alkenyl), -O-(alkynyl), -O~(aryl), -O-(hetercaryl),-S-{(alkyl), -
25 S-(alkenyl), -S-{alkynyl), =S-(aryl), or -S-(heterocaryl),
comprising:
(a)

reacting a compound having the structure:
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with a trifluoromethylating agent in the presence of a base in a
first suitable solvent under conditions to produce a compound having

the structure:

(o]
@ B
C
s \\T R,

T
5 H 0CF3 ; and
(b) maintaining the compound produced in step {(a) in a second suitable
solvent under conditions sufficient to produce the
trifluoromethoxylated aryl or trifluormethoxylated heterocaryl having
the structure:
o]
A
PN
T N Ry
10 OCF, H
The present invention further provides a process of producing a
triflucoromethoxylated aryl or trifluoromethoxylated heteroaryl having
the structure:
o)
’ //ﬂ\\
c
¢ N Ry
15 0CF3 H ’

wherein

A is an aryl or heteroaryl, each with or without subsutitution; and

Ry is -H, =-{(alkyl), -(alkenyl), -~{alkynyl), =(aryl), =-(heteroaryl),

-(alkylaryl), ~-(alkylhetercaryl), -NH-(alkyl), -N(alkyl):, -NH-
20 (alkenyl), =-NH-(alkynyl) -NH-(aryl), -NH-(heteroaryl), -O-(alkyl), -

O-(alkenyl), -O-(alkynyl), ~O0-(aryl), -O-{(heterocaryl),-S-(alkyl), -

S-(alkenyl), -S-{(alkynyl), -S-(aryl), or -S-(heteroaryl),

comprising:

25 (a) reacting a compound having the structure:
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(o]
A
C/C\N)I\R1
ook

with a trifluoromethylating agent in a first suitable solvent under

conditions to produce a compound having the structure:

o)
@ /U\
c
c \T R

H OCF, and

(b) maintaining the compound produced in step (a) in the first
suitable solvent under conditions sufficient to produce the
trifluoromethoxylated aryl or trifluormethoxylated heteroaryl having

the structure:

The present invention also provides a compound having the structure:

o)
OV
c
¢ Sy R
I I

14

H OCF,

wherein

A is an aryl or heteroaryl, each with or without subsutitution; and
Ry is -H, -(alkyl), -(alkenyl), -{(alkynyl), -(aryl), -(heterocaryl),
- (alkylaryl), ~-(alkylheteroaryl), -NH-(alkyl), -N(alkyl),, -NH-
(alkenyl), -NH-{alkynyl) -NH-(aryl), -NH-(heteroaryl), -O0-{(alkyl), -
O-(alkenyl), -0O-(alkynyl), =-0-(aryl), -0~ (heteroaryl),-S-(alkyl), -
S-(alkenyl), -S-(alkynyl), -S-(aryl), or -8~ (heteroaryl).
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BRIEF DESCRIPTION OF THE FIGURES

Fig. 1A. Examples of OCFi-bearing pharmaceuticals.

Fig. 1B. Examples of OCFi;-bearing agrochemicals.

Fig. 1C. Examples of OCFs3;-bearing building blocks.

Fig. 2. Compounds 9a-9y. Cited yields and isomeric ratios are of
isolated material by column chromatography. 2RT -> 50 °C in CH.Cl,. 24
°C in CH;Clz (0.01 M). °Following the O-trifluoromethylation reaction
in CHxCl; at RT, the reaction mixture was concentrated, the residue
was dissolved in MeNO;, and the resulting mixture was heated. 9120
°C. ¢80 °C. f60 °C.

Fig. 3. Compounds lla-lle. Cited yields are of isolated material by
column chromatography. *Following the O-trifluoromethylation reaction
in CH:Cl, at RT, the reaction mixture was concentrated, the residue
was dissolved in MeNO:, and the resulting mixture was heated at 80
°C. PCH,Cl, (0.01 M). °RT = 50 °C in CHzCl:; (0.03 M). 9RT -» 50 °C in
CH2CL,.
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DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a process of producing a compound

having the structure:
0
) //u\\
N

c N R,
)

wherein

OCF,

A is an aryl or heteroaryl, each with or without subsutitution; and
R, is -H, -(alkyl), -(alkenyl), -(alkynyl), -(aryl), -(hetercaryl),
-(alkylaryl), =-(alkylhetercaryl), -NH-(alkyl), =-N(alkyl):, -NH-
(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH-(heteroaryl), -O-(alkyl), -
O-(alkenyl), -0O-(alkynyl), -O-(aryl), -O-(heteroaryl), -S-(alkyl),
-8-(alkenyl), -S-(alkynyl), =S-(aryl), or -5-{(hetercaryl),

comprising:

(a) reacting a compound having the structure:

with a trifluoromethylating agent in the presence of a base in a
first suitable solvent under conditions sufficient to produce the

compound having the structure:
Q
A
A
oL
H OCF,

In some embodiments, the first suitable solvent is chloroform,
dichloromethane, nitromethane, dimethylforamide, diethyl ether,

tetrahydrofuran, dioxane, dichlorocethane, or hexane.

In some embodiments, the first suitable solvent is degassed prior to

use.
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In some embodiments, step (a) is performed under an inert atmosphere.
In some embodiments, step (a) is carried out at room temperature.

In some embodiments, in step (a) the molar ratio of the compound to

the trifluormethylation agent is 1:1 to 1:2.

In some embodiments, in step (a) the molar ratio of the compound to

the trifluormethylation agent is 1:1.2.

In some embodiments, the triflucrmethylating agent is Togni reagent

I or Togni reagent II.
In some embodiments, the base is cesium carbonate or sodium hydride.
In some embodiments, a catalytic amount of the base is used.

In some embodiments, in step (a) the compound is reacted for 5-24
hours. In some embodiments, in step (a) the compound is reacted for

about 15 hours.

In some embodiments of step (a), A is a phenyl or pyridine. In some
embodiments of step (a), A is a furan, thiophene, pyrrole, thiazole,
imidazole, pyrazole, isooxazole, isothiazole, naphthalene,
anthracene, pyrimidine, pyrazine, pyridazine, indole, indoline,

benzofuran, benzothiophene, or quinolone.

In some embodiments, the compound produced in step {(a) has the

structure:
Ry

Ra o

PP
P

c N R4
l

wherein

Ry

OCF

Ry is -H, -(alkyl), -(alkenyl), -(alkynyl), =-(aryl), -(heterocaryl),
-(alkylaryl), -{(alkylheteroaryl), -NH-(alkyl), -N(alkyl):, -NH~-
(alkenyl), -NH-(alkynyl) =NH-(aryl), -NH-(heteroaryl), -O-(alkyl), -
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O-(alkenyl), -O-(alkynyl), -O-(aryl), -O-(heteroaryl),-S-(alkyl), -

S-(alkenyl), -S-(alkynyl), -S-{aryl), or -S-(heteroaryl); and

Rz, R3, Ry and Rs is each independently -H, halogen, -CN, -CF3, -OCF3, -
(alkyl), -(alkenyl), -(alkynyl), -{(aryl), -(heteroaryl), -NH;, -NH-
(alkyl), -NH-(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH-(heteroaryl),
-CO,-(alkyl), =CO;-{alkenyl), =COz-{alkynyl) -CO;-{aryl), -C(-COz-
(heteroaryl), -C(O)NH-(alkyl), -C(O)NH-(alkenyl), -C(O)NH-(alkynyl)
~-C(0)NH-(aryl), -C(O)NH-(heteroaryl), -C(O)N(alkyl):, -OH, -OAc, -O-
(alkyl), -O-(alkenyl), -O-(alkynyl), -O-(aryl), -O-(heteroaryl),-S-
{alkyl), -S-(alkenyl), -S-{alkynyl), -8-(aryl), -S=-{(heteroaryl),
pyridine, furan, thiophene, pyrrole, thiazole, imidazole, pyrazole,
isooxazole, isothiazole, naphthalene, anthracene, pyrimidine,
pyrazine, pyridazine, indole, indoline, benzofuran, benzothiophene,

or guinolone.

In some embodiments of the above compound R;, Rs, Rq and Rs is each,
independently, -H, halogen, -CN, -CF3, -OCF;, -(alkyl), -(alkenyl), -
(alkynyl), -{aryl), -(heteroaryl), -NH;, -NH-(alkyl), -NH-(alkenyl),

-NH- (alkynyl) -NH-(aryl), -NH- (heteroaryl), -COz~(alkyl), ~CO2~
(alkenyl), -COz-(alkynyl) -CO.-(aryl), =-C(~CO:-(hetercaryl), -C(O)NH-
{(alkyl), ~C(O)NH-(alkenyl), -C (O)NH~({alkynyl) -C(0O) NH~(aryl), -

C (0)NH- (heteroaryl), -C(O)N(alkyl)., -OH, =-OAc, -0O-(alkyl), -O-
(alkenyl), =-O-(alkynyl), -O-(aryl), -O-(heterocaryl),-S-(alkyl), -S-
(alkenyl), -S-(alkynyl), -8-(aryl), -8-(heterocaryl), pyridine,
furan, thiophene, pyrrole, thiazole, imidazole, pyrazole, isooxazole,
isothiazole, naphthalene, anthracene, pyrimidine, pyrazine,
pyridazine, indole, indoline, benzofuran, benzothiophene, quinolone,
pyrazoline, triazole, benzimidazole, benzotriazole, azaindole, or

purine.

In some embodiments of the above compound R, R;, Ry and Ry is each,
independently, -H, pyrazoline, triazole, benzimidazole,

benzotriazole, azaindole, or purine.

In some embodiments, the compound produced in step (a) has the

structure:
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Ry

Ry R
0

. N

H LCF3
wherein
R; is -H, -(alkyl), -(alkenyl), =-(alkynyl), -{aryl), =-(heteroaryl),
-(alkylaryl), - (alkylheteroaryl), -NH- (alkyl), -N(alkyl)., ~NH-

(alkenyl), -NH-(alkynyl) -NH-(aryl), ~NH~ (heteroaryl), -0-(alkyl), -
O-(alkenyl), -O-(alkynyl), -0-(aryl), ~-0- (heteroaryl),-S-(alkyl), -
S-(alkenyl), -S-(alkynyl), -S-(aryl), or -5-(heteroaryl); and

Rz, R3, Ry and Rs is each independently -H, halogen, -CN, -CF;, -OCF3;, -
(alkyl), -(alkenyl), -(alkynyl), -{(aryl), -(heterocaryl), -NH;, =-NH-
{alkyl), -NH-(alkenyl), -NH- (alkynyl) -NH-(aryl), -NH- (heteroaryl),
-CO2-({alkyl), =COz~(alkenyl), -CO2- (alkynyl) -CO;-(aryl), -C(-CO.-
(heteroaryl), -C(O)NH~(alkyl), ~-C(O)NH~(alkenyl), -C(O)NH~- (alkynyl)
-C(O)NH~-(aryl), -C (O)NH- (heteroaryl), -C(O)N(alkyl),, -OH, -OAc, -O-
(alkyl), =-O-(alkenyl), -O-(alkynyl), -0O-(aryl), -0~ (heteroaryl),-S-
(alkyl), -S-(alkenyl), -S-(alkynyl), -S-(aryl), =-S5~ (heteroaryl),
pyridine, furan, thiophene, pyrrole, thiazole, imidazole, pyrazole,
isooxazole, isothiazole, naphthalene, anthracene, pyrimidine,
pyrazine, pyridazine, indole, indoline, benzofuran, benzothiophene,

or quinolone.

In some embodiments, the compound produced in step (a) has the

structure:
Rs N Ry
l AN o)
R; Z N /[k R4
H OCF,
’
wherein

R; is =-H, =-(alkyl), -{alkenyl), ~(alkynyl), -(aryl), =-(heteroaryl),
-(alkylaryl), -(alkylheteroaryl), -NH-(alkyl), -N{alkyl)z, -NH-
(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH- (heteroaryl), -O-(alkyl), -
O-(alkenyl), -O-(alkynyl), -O-(aryl), -0-(heteroaryl),-S-(alkyl), -
S-(alkenyl), -S-(alkynyl), =-S-(aryl), or -8-(hetercaryl); and
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Rz, R3 and Rs is each independently -H, halogen, -CN, -CF3;, -OCFs;, -
{alkyl), -(alkenyl), -(alkynyl), =-(aryl), -(heteroaryl), -NH;, -NH-
(alkyl), -NH-(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH-(heteroaryl),
-C0;- (alkyl), =CO:~(alkenyl), =-COz-(alkynyl) -COy~(aryl), -C(-COz-
(heteroaryl), -C(O)NH-(alkyl), -C(O)NH-(alkenyl), -C(O)NH-(alkynyl)
-C(O}NH~(aryl), -C(O)NH-{heterocaryl), -C{O)N{alkyl):, -OH, -OAc, -O-
(alkyl), -O-(alkenyl), -O-(alkynyl), -O-(aryl), =-O-(heteroaryl),-S-
(alkyl), -S-{alkenyl), =S-(alkynyl}, -8-(aryl), -S-(heteroaryl),
pyridine, furan, thiophene, pyrrole, thiazole, imidazole, pyrazole,
isooxazole, isothiazole, naphthalene, anthracene, pyrimidine,
pyrazine, pyridazine, indole, indoline, benzofuran, benzothiophene,

or quinolone.

In some embodiments, the compound produced in step (a) has the

structure:

Ry
R3 Rs

i
! P Y

/ N Ry

H OCF3
wherein

Ry is -H, -(alkyl), =-{alkenyl), -(alkynyl), -(aryl), -(heteroaryl),
-(alkylaryl), -(alkylheteroaryl), -NH-(alkyl), -N(alkyl)., -NH-
(alkenyl), -NH-(alkynyl) -NH-{aryl), -NH-(heteroaryl), -O-(alkyl), -
O-(alkenyl), -0-(alkynyl), -O-(aryl), -O-(heteroaryl),-S-(alkyl), -
S-(alkenyl), -S-(alkynyl), -S-(aryl), or -S5-(heteroaryl); and

R3, Ry and Rs is each independently -H, halogen, -CN, -CF;, -OCF3;, -
{alkyl), -(alkenyl), =-(alkynyl), =-(aryl), -(heteroaryl), -NHz, -NH-
(alkyl), =-NH-(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH-(heteroaryl),
-COp~(alkyl), -CO;-{alkenyl), -CO.-(alkynyl) -COz-{aryl), ~C(-COz~
(heteroaryl), -C(O)NH-(alkyl), -C(O)NH-(alkenyl), -C(O)NH-(alkynyl)
-C (O)NH~-(aryl), -C(O)NH-(heteroaryl), -C(O)N{(alkyl)., -OH, -OAc, -O-
(alkyl), =-O-(alkenyl), -O-(alkynyl), -O-(aryl), -O-(heterocaryl),-S-
(alkyl), ~S-{(alkenyl), -S-(alkynyl), -8-{aryl), -S-(heteroaryl),
pyridine, furan, thiophene, pyrrole, thiazole, imidazole, pyrazole,

isooxazole, isothiazole, naphthalene, anthracene, pyrimidine,

pyrazine, pyridazine, indole, indoline, benzofuran, benzothiophene,
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guinolone, pyrazoline, triazole, benzimidazole, benzotriazole,

azaindole, or purine.

The present invention also provides a process of producing a
5 trifluoromethoxylated aryl or trifluoromethoxylated heteroaryl having

the structure:

A

c N Ry
OCF, H ,
wherein

A is an aryl or heteroaryl, each with or without subsutitution; and
10 R; is -H, -{alkyl), =-{alkenyl), -{alkynyl), -laryl), - (heteroaryl),
-(alkylaryl), -~ (alkylheteroaryl), -NH~ (alkyl), -N(alkyl)z, ~NH-
(alkenyl), -NH-(alkynyl) -NH-(aryl), ~NH- (heterocaryl), -O-(alkyl), -
O-(alkenyl), -O-(alkynyl), -0O-(aryl), -0~ (heteroaryl),-S-(alkyl), -
S-(alkenyl), -S~(alkynyl), -8-{aryl), or -S-(heteroaryl),
15

comprising:
(b) maintaining the compound having the structure:
o
) //H\\
c
T// NN Ry
H

20 in a second suitable solvent under conditions sufficient to produce

OCF,

the trifluoromethoxylated aryl or trifluormethoxylated heteroaryl

having the structure:

OCF; H

25 Tn some embodiments, the second suitable solvent is chloroform,
dichloromethane, nitromethane, dimethylforamide, diethyl ether,

tetrahydrofuran, dioxane, dichloroethane, or hexane.
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In some embodiments, the second suitable solvent is degassed prior

to use.

In some embodiments, step (b) is performed under an inert atmosphere.

In some embodiments, step (b) is carried out at room temperature.

In some embodiments, step (b) is carried out at a temperature of 50-
140 °C. In some embodiments, step (b) is carried out at a temperature
of about 80 °cC.

In some embodiments, step (b) is carried out at a temperature of

about 120 °cC.

In some embodiments, the compound is maintained in the second suitable
solvent for 10-50 hours. In some embodiments, the compound is

maintained in the second suitable solvent for about 24 hours.

In some embodiments of step (b), A is a phenyl or pyridine. In some
embodiments of step (b), A is a furan, thiophene, pyrrole, thiazole,
imidazole, pyrazole, isooxazole, isothiazole, naphthalene,
anthracene, pyrimidine, pyrazine, pyridazine, indole, indoline,

benzofuran, benzothiophene, or guinolone.

In some embodiments of step (b), the compound produced has the

structure:

Ry

Rs

R, o

’ /“\

C

Ry T P \N R,

OCF, H

’

wherein

Ri is -H, -(alkyl), -(alkenyl), -(alkynyl), -(aryl), -(heteroaryl),
~-{alkylaryl), ~{(alkylheterocaryl}, -NH-{alkyl), -N(alkyl):, -NH-
(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH- (heteroaryl), -O-(alkyl), -
O-(alkenyl), -O-(alkynyl), =-0-(aryl), -O~(heteroaryl),-S-(alkyl), -
S-(alkenyl), -S-(alkynyl), -S-(aryl), or -8~ (heteroaryl); and
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Rz, R3, Ry and Rs is each independently -H, halogen, -CN, -CF3;, -OCF;, -
(alkyl), -(alkenyl), =-(alkynyl), =(aryl), -(heteroaryl), -NH;, -NH-
(alkyl), ~-NH-(alkenyl), =-NH-(alkynyl) -NH-(aryl), -NH-(heteroaryl),
~CO;-({alkyl), ~-CO:-{alkenyl), =CO;-{(alkynyl) -COz-(aryl), -C{-COz-
(heteroaryl), -C(O)NH~-(alkyl), -C(O)NH-(alkenyl), -C(O)NH-(alkynyl)
~C(O)NH~(aryl), -C(O)NH- (heterocaryl), -C(O)N{alkyl):, -OH, -OAc, -O-
(alkyl), -0O-(alkenyl), -O-({alkynyl), -O-{(aryl), -0O-{(heteroaryl),-S-
(alkyl), -S-{alkenyl), =-S-{(alkynyl), ~-$-(aryl), =-S-(heteroaryl),
pyridine, furan, thiophene, pyrrole, thiazole, imidazole, pyrazole,
isooxazole, isothiazole, naphthalene, anthracene, pyrimidine,
pyrazine, pyridazine, indole, indoline, benzofuran, benzothiophene,

or guinolone.

In some embodiments of the above compound Rz, Rs, R4 and Rs is each,
independently, -H, halogen, -CN, -CFs;, -OCF3, =-{(alkyl), -(alkenyl), -
(alkynyl), -(aryl), -(heteroaryl), -NH;, -NH-(alkyl), -NH-(alkenyl),
-NH~- (alkynyl) ~NH- (aryl), -NH-(heteroaryl), -COx-(alkyl), -COu~
(alkenyl), -COz-{alkynyl) -CO-(aryl), -C(-CO2-(hetercaryl), -C(O)NH-
(alkyl), -~C(O)NH-(alkenyl), =C(O)NH-(alkynyl) -C(O)NH~({(aryl), -
C(O)NH- (heteroaryl), -C(O)N(alkyl)., -OH, =-0OAc, =-0-(alkyl), -O-
(alkenyl), =-O-(alkynyl), -O-(aryl), =-O-(heterocaryl),-S-{alkyl), -S-
(alkenyl), =S-{alkynyl), -S-{aryl), =-S5-(heteroaryl), pyridine,
furan, thiophene, pyrrole, thiazole, imidazole, pyrazole, isooxazole,
isothiazole, naphthalene, anthracene, pyrimidine, pyrazine,
pyridazine, indole, indoline, benzofuran, benzothiophene, quinolone,
pyrazoline, triazole, benzimidazole, benzotriazole, azaindole, or

purine.

In some embodiments of the above compound R;, Rs, R4 and Rs is each,
independently, ~H, pyrazoline, triazole, benzimidazole,

benzotriazole, azaindole, or purine.

In some embodiments of step (b), the compound produced has the

structure:
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Ry
R3 Rg
0
R N//ﬂ\\R
2 H 1
OCF, )
wherein

R, is -H, -(alkyl), -(alkenyl), ~-(alkynyl), -{aryl), =-(heteroaryl),
-(alkylaryl), -(alkylheteroaryl), -NH-{alkyl), -N(alkyl),;, ~NH-
(alkenyl), -NH-(alkynyl) -NH-(aryl), ~NH~- (heteroaryl), -0-(alkyl), -
O-(alkenyl), -O-(alkynyl), -0-{(aryl), ~-0- (heteroaryl),-S-(alkyl), -
S-(alkenyl), -S-(alkynyl), -S-(aryl), or ~8-(heteroaryl); and

Rz, R3, Re and Rs is each independently -H, halogen, -CN, =-CFs, -0CF3, =
(alkyl), -(alkenyl), -(alkynyl), -(aryl), -(heterocaryl), -NH,, ~NH-
(alkyl), -NH-(alkenyl), -NH-(alkynyl) ~NH-(aryl), -NH-(heteroaryl),
-CO2- (alkyl), =-COz-(alkenyl), -CO.-(alkynyl) -C0Oz~(aryl), -C(-COz-
(heteroaryl), -C(O)NH-(alkyl), -C(O)NH-(alkenyl), -C(O)NH~-(alkynyl)
-C(O)NH-(aryl), -C{O)NH-(heteroaryl), -C(O)N(alkyl)., —OH, -OAc, =-O-
(alkyl), -0O-(alkenyl), =-O-(alkynyl), -0-(aryl), =-O~-(heterocaryl),-S-
(alkyl), -S-(alkenyl), -S-(alkynyl), -S-(aryl), =-S-(heteroaryl),
pyridine, furan, thiophene, pyrrole, thiazole, imidazole, pyrazole,
isooxazole, isothiazole, naphthalene, anthracene, pyrimidine,
pyrazine, pyridazine, indole, indoline, benzofuran, benzothiophene,

or quinolone.

In some embodiments of step (b), the compound produced has the

structure:
R, N Rs
l X 0
Ry / g)J\m
OCF,
14
wherein
Ry is -H, -(alkyl), =-(alkenyl), -(alkynyl), -(aryl), -(heterocaryl),
-(alkylaryl), -(alkylhetercaryl), -NH-(alkyl), -N{alkyl)>, -NH-

(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH- (heteroaryl), -0-(alkyl), -
O-(alkenyl), -O-(alkynyl), -0O-(aryl), -O-(hetercaryl),~S-{alkyl), -
S-(alkenyl), -S-(alkynyl), -S-(aryl), or -S-(heteroaryl); and
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Rz, Rs and Rs is each independently -H, halogen, -CN, -CF3, -OCF;, -
(alkyl), -(alkenyl), -(alkynyl), -(aryl), =-(heteroaryl), -NH,, -NH-
(alkyl), -NH-(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH- (heteroaryl),
-CO2-(alkyl), -COz-(alkenyl), -COz-(alkynyl) -CO;~(aryl), ~C(-COs-
(heteroaryl), -C(O)NH-(alkyl), —-C(C)NH-(alkenyl), =-C(O)NH-(alkynyl)
-C(O)NH-(aryl), -C(O)NH-(heteroaryl), -C(O)N(alkyl)., -OH, -OAc, -O-
(alkyl), -O-(alkenyl), -0-(alkynyl), -0O-(aryl), -0- (heteroaryl),-S-
(alkyl), -8-(alkenyl), -S-(alkynyl), -S-{aryl), -5-(heteroaryl),
pyridine, furan, thiophene, pyrrole, thiazole, imidazole, pyrazole,
isooxazole, isothiazole, naphthalene, anthracene, pyrimidine,
pyrazine, pyridazine, indole, indoline, benzofuran, benzothiophene,

or quinolone.

In some embodiments of step (b), the compound produced has the

structure:
Ry
R3 Rs
B
N //ﬂ\\
7 N Ry
H
OCF3 ,
wherein
Ri is -H, -(alkyl), -(alkenyl), ~-(alkynyl), -(aryl), -(heterocaryl),
-(alkylaryl), -(alkylheterocaryl), -NH-(alkyl), ~N(alkyl):, -NH-

(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH- (heteroaryl), -0-(alkyl), -
O-(alkenyl), -O-(alkynyl), -O-(aryl), -0-(heteroaryl),-S-(alkyl), -
S-(alkenyl), -S-(alkynyl), -S-(aryl), or ~S5-(heterocaryl); and

R3, Ry and Rs is each independently -H, halogen, -CN, -CF3, =-OCF;, -~
(alkyl), -(alkenyl), =-(alkynyl), -(aryl), - (heteroaryl), -NH;, -NH-
(alkyl), -NH-(alkenyl), -NH-(alkynyl) -NH~(aryl), -NH-(heteroaryl),
-COz-(alkyl), -CO:-(alkenyl), -CO.-(alkynyl) -COz-(aryl), -C(-COx-
(heteroaryl), -C(O)NH-(alkyl), -C(O)NH-(alkenyl), -C(O)NH~-(alkynyl)
-C(O)NH-(aryl), -C(O)NH-(heteroaryl), -C(0O)N(alkyl),, -OH, -OAc, -O-
(alkyl), -O-(alkenyl), =-O-(alkynyl), -0-(aryl), -0~ (heteroaryl),-S-
(alkyl), -S-(alkenyl), =-S-(alkynyl), -S-({aryl), -S-(heteroaryl),
pyridine, furan, thiophene, pyrrole, thiazole, imidazole, pyrazole,
isooxazole, isothiazole, naphthalene, anthracene, pyrimidine,

pyrazine, pyridazine, indole, indoline, benzofuran, benzothiophene,
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guinolone, pyrazoline, triazole, benzimidazole, benzotriazole,

azaindole, or purine.

The present invention further provides a process of producing a
trifluoromethoxylated aryl or trifluoromethoxylated heteroaryl having

the structure:

(A

c N R,
OCF; H ,
wherein

A is an aryl or heteroaryl, each with or without subsutitution; and
Ry is -H, -(alkyl), -(alkenyl), -{alkynyl), -(aryl), -(heteroaryl),
-(alkylaryl), ~-(alkylheteroaryl), -NH-(alkyl), -N(alkyl)>, -~NH-
(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH- (heteroaryl), -0-(alkyl), -
O-(alkenyl), -O-(alkynyl), =-0-(aryl), -0- (heteroaryl),-S-(alkyl), -
S-(alkenyl), -5-(alkynyl), -S-(aryl), or -S5- (heteroaryl),

comprising:

(a) reacting a compound having the structure:

with a trifluoromethylating agent in the presence of a base in a
first suitable solvent under conditions to produce a compound having

the structure:

o)
A
-
.

H OCF, ; and
(b) maintaining the compound produced in step (a) in a second suitable
solvent under conditions sufficient to produce the

trifluoromethoxylated aryl or trifluormethoxylated heterocaryl having

the structure:
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(A

c N Ry
l

OCF,

In some embodiments of the above process, the first suitable solvent
is chloroform, dichloromethane, nitromethane, dimethylforamide,

diethyl ether, tetrahydrofuran, dioxane, dichloroethane, or hexane.

In some embodiments of the above process, the second suitable solvent
is chloroform, dichloromethane, nitromethane, dimethylforamide,

diethyl ether, tetrahydrofuran, dioxane, dichloroethane, or hexane.

In some embodiments of the above process, the first suitable solvent

and second suitable solvent are identical.

In some embodiments of the above process, step (a) and step (b) are

performed by a sequential one-pot synthesis.

In some embodiments of the above process, step (a) and step (b) are
performed by a sequential one-pot synthesis without purification or

work-up in between step (a) and step (b).

In some embodiments of the above process, step (a) and step (b) are

performed by a sequential two-pot synthesis.

In some embodiments of the above process, the compound produced in

step (a) is subjected to a work-up prior to step (b).

In some embodiments of the above process, the compound produced in

step (a) is subjected to a purification prior to step (b).

In some embodiments of the above process, the compound produced in
step (a) is subjected to a work-up and purification prior to step
(b) .

In some embodiments of the above process, the crude compound produced

in step (a) is used in step (b).
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some embodiments of the above process, the first suitable solvent

degassed prior to use.

some embodiments of the above process, steps (a) and (b) are

performed under an inert atmosphere.

In

some embodiments of the above process, step (a) is carried out at

room temperature.

In

some embodiments of the above process, step (b) is carried out at

room temperature.

In

some embodiments of the above process, step (b) is carried out at

a temperature of 50-140 °C.

In

some embodiments of the above process, step (b) is carried out at

a temperature of about 80 °C.

In

some embodiments of the above process, step (b) is carried out at

a temperature of about 120 °cC.

In

is

In

is

In

is

In

is

In
of

some embodiments of the above process, in step (a) the compound

reacted for 12-24 hours.

some embodiments of the above process, in step (a) the compound

reacted for about 15 hours.

some embodiments of the above process, in step (b) the compound

maintained in the second suitable solvent for 10-50 hours.

some embodiments of the above process, in step (b) the compound

maintained in the second suitable solvent for about 24 hours.

some embodiments of the above process, in step (a) the molar ratio

the compound to the trifluormethylation agent is 1:1 to 1:2.



WO 2016/057931 PCT/US2015/054958

10

15

20

25

30

21

In some embodiments of the above process, in step (a) the molar ratio

of the compound to the trifluormethylation agent is 1:1.2.

In some embodiments of the above process, the trifluormethylating

agent is Togni reagent or Togni reagent II.

58 In some embodiments of the above process, the base is sodium

hydride or cesium carbonate.

In some embodiments of the above process, A is a phenyl or pyridine.
In some embodiments of the above process, A is a furan, thiophene,
pyrrole, thiazole, imidazole, pyrazole, isooxazole, isothiazole,
naphthalene, anthracene, pyrimidine, pyrazine, pyridazine, indole,

indoline, benzofuran, benzothiophene, or quinolone.

In some embodiments of the above process, the compound produced has

the structure:

Ry
Rs
Ry o
PPN
C
Ry c \\T Ry
OCF; H
’
wherein
Ry is -H, -(alkyl), -(alkenyl), -(alkynyl), -(aryl), —-(heteroaryl),
-(alkylaryl), ~(alkylheteroaryl), -NH- (alkyl), ~N{(alkyl):, =NH-

(alkenyl), -NH-(alkynyl) -NH-{aryl), -NH- (heteroaryl), -0O-(alkyl), -
O-(alkenyl), -O-(alkynyl), -0-{(aryl), ~0- (heterocaryl), -S-(alkyl), -
S-(alkenyl), -S-(alkynyl), =-S-(aryl), or -S-(heterocaryl); and

R2, R3, Ry and Rs is each independently -H, halogen, -CN, -CFj, -0CF3, -
(alkyl), -(alkenyl), -(alkynyl), -(aryl), ~{heteroaryl), =-NH:, -NH-
(alkyl), -NH-(alkenyl), -NH-(alkynyl) -NH-(aryl), =NH~-(heterocaryl),
-COz-(alkyl), -COz;-{alkenyl), -COz- (alkynyl) -CO;~{aryl), =C(-CO.-
(heteroaryl), -C(O)NH-(alkyl), -C(O)NH-(alkenyl), -C(O)NH~- (alkynyl)
-C(O)NH-(aryl), -C(O)NH-(heteroaryl), -C(O)N(alkyl):, -OH, -0OAc, -O-
(alkyl), -O-(alkenyl), -O-(alkynyl), -0-(aryl), -0- (heteroaryl), ~S-
(alkyl), -S-(alkenyl), -S-(alkynyl), -S~(aryl), -S-(heteroaryl),

pyridine, furan, thiophene, pyrrole, thiazole, imidazole, pyrazole,
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isooxazole, isothiazole, naphthalene, anthracene, pyrimidine,
pyrazine, pyridazine, indole, indoline, benzofuran, benzothiophene,

or quinolone.

In some embodiments of the above compound Ry, R3;, Rs and Rs is each,
independently, -H, halogen, -CN, -CFs, -OCF3, -(alkyl), -(alkenyl), -
(alkynyl), -(aryl), =-(heteroaryl), -NHs, -NH-(alkyl), =-NH-(alkenyl),
-NH~- (alkynyl) -NH-(aryl), -NH-(heteroaryl), =-CO.-(alkyl), -CO,-
(alkenyl), =-COz-(alkynyl) ~C0z2~(aryl), -C(-CO:;~(heteroaryl), -C(O)NH-
(alkyl), -C(O)NH~(alkenyl), ~C(O)NH- (alkynyl) -C(O)NH~-(aryl), -
C(O)NH- (heteroaryl), =-C(O)N(alkyl)., =-OH, -OAc, -O-(alkyl), -O-
(alkenyl), =-O-(alkynyl), -O-(aryl), -0~ (heterocaryl),-S-(alkyl), -S-
{alkenyl), =S-(alkynyl), -S5-(aryl), -S-(heterocaryl), pyridine,
furan, thiophene, pyrrole, thiazole, imidazole, pyrazole, isooxazole,
isothiazole, naphthalene, anthracene, pyrimidine, pyrazine,
pyridazine, indole, indoline, benzofuran, benzothiophene, quinolone,
pyrazoline, triazole, benzimidazole, benzotriazole, azaindole, or

purine.

In some embodiments of the above compound Rz, R3, R; and Rs is each,
independently, -H, pyrazoline, triazole, benzimidazole,

benzotriazole, azaindole, or purine.

In some embodiments of the above process, the compound produced has

the structure:

Ry

Ry Rs
//E\\

R, N Ry

OCF, ,
wherein
Ri is -H, -(alkyl), -{(alkenyl), -(alkynyl), -(aryl), -(heteroaryl),
~(alkylaryl), -(alkylheteroaryl), -NH-(alkyl), =N{alkyl):, -NH-

(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH- (heterocaryl), -0-(alkyl), -
O-(alkenyl), -O-(alkynyl), =-0-(aryl), -0~ (heteroaryl),~S-(alkyl), -
S-(alkenyl), -S-(alkynyl), =-S-(aryl), or -5-(heteroaryl); and
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Rz, R3, Ry and Rs is each independently -H, halogen, -CN, -CFj, -0CFs3, -
(alkyl), -(alkenyl), =-(alkynyl), =-(aryl), - (heteroaryl), =-NH;, -NH-
(alkyl), -NH-(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH~- (heteroaryl),
-CO2—-(alkyl), -CO.-(alkenyl), =-CO:-(alkynyl) =-CO.-(aryl), =C(-COz-
(heteroaryl), -C(O)NH-(alkyl), -C(O)NH-(alkenyl), ~-C(O)NH~-(alkynyl)
~C(O)NH-(aryl), -C(O)NH- (heteroaryl), -C(O)N(alkyl),, -OH, -OAc, -0-
(alkyl), -O-(alkenyl), -O-(alkynyl), -O-(aryl), -0- (heteroaryl),~S-
(alkyl), -S-(alkenyl), -S-(alkynyl), -8-(aryl), -S-(heteroaryl),
pyridine, furan, thiophene, pyrrole, thiazole, imidazole, pyrazole,
isooxazole, isothiazole, naphthalene, anthracene, pyrimidine,
pyrazine, pyridazine, indole, indoline, benzofuran, benzothiophene,

or quinolone.

In some embodiments of the above process, the compound produced has

the structure:

R; N\\ Rg o
LA
R; Z N Ry
OCF, .
wherein
Ri is -H, -(alkyl), =-(alkenyl), -(alkynyl), -(aryl), - (heteroaryl),
-(alkylaryl), -(alkylheteroaryl), -NH-(alkyl), -N(alkyl),, ~-NH-

(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH-(heteroaryl), -0-(alkyl), -
O-(alkenyl), -O~-(alkynyl), -0O-(aryl), -0- (heteroaryl),~S~{(alkyl), -
S-(alkenyl), =-S-(alkynyl), -5-(aryl), or ~-S-(heteroaryl); and

Rz, Ry and Rs is each independently -H, halogen, -CN, -CFs, -0OCF3, -
(alkyl), -(alkenyl), =-(alkynyl), -(aryl), - (heteroaryl), -NH,, -NH-
(alkyl), -NH-(alkenyl), -NH-(alkynyl) -NH~ (aryl), -NH-(heteroaryl),
-C0O2-(alkyl), -CO.-(alkenyl), =-CO;-(alkynyl) -CO:-(aryl), -C(-COx—
(heteroaryl), -C(O)NH-(alkyl), -C(O)NH-(alkenyl), ~C(O)NH-(alkynyl)
-C(O)NH-(aryl), -C(O)NH-(heteroaryl), -C(O)N(alkyl),, -OH, -OAc, -O-
(alkyl), -O-(alkenyl), -O-(alkynyl), -0O-(aryl), -0~ (heteroaryl), ~-S-
(alkyl), -S-(alkenyl), -S-(alkynyl), -S-(aryl), =S-(heteroaryl),
pyridine, furan, thiophene, pyrrole, thiazole, imidazole, pyrazole,

isooxazole, isothiazole, naphthalene, anthracene, pyrimidine,
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pyrazine, pyridazine, indole, indoline, benzofuran, benzothiophene,

or guinolone.

In some embodiments of the above process, the compound produced has

the structure:

Ry
Ra Rg
| AN 0
N //“\\
Z N Ry
H
OCF3 ,
wherein

Ry is -H, -(alkyl), -{alkenyl), -(alkynyl), =-(aryl), - (heteroaryl),
~(alkylaryl), ~-{alkylheteroaryl), -NH- (alkyl), ~N{(alkyl):, -NH-
(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH- (heteroaryl), -O-(alkyl), -
O-(alkenyl), -0O-(alkynyl), -0-(aryl), -0- (heteroaryl),-S~(alkyl), -
S-(alkenyl), -5-(alkynyl), -S-(aryl), or -S—- (heteroaryl); and

R3, Ry and Ry is each independently -H, halogen, -CN, -CF;, -OCFj3, -

(alkyl), =-(alkenyl), -{alkynyl), -(aryl), ~(heteroaryl), -NH;, -NH~
(alkyl), -NH-(alkenyl), =-NH-(alkynyl) -NH-(aryl), -NH- (heteroaryl),
-COz-(alkyl), -CO;-(alkenyl), -COz-(alkynyl) =-COz;-(aryl), =C(-COz-
(heteroaryl), -C(O)NH-(alkyl), ~C(O)NH-(alkenyl), -C(O)NH-(alkynyl)

~-C(O)NH-(aryl), -C(O)NH-(heteroaryl), -C(0O)N(alkyl),, -OH, -OAc, -O-
(alkyl), =-O-{alkenyl), -0-(alkynyl), =-O-{aryl), -0~ (heteroaryl),-S-
(alkyl), -S-(alkenyl), -S-(alkynyl), -S—-(aryl), -S-(heteroaryl),
pyridine, furan, thiophene, pyrrole, thiazole, imidazole, pyrazole,
isooxazole, isothiazole, naphthalene, anthracene, pyrimidine,
pyrazine, pyridazine, indole, indoline, benzofuran, benzothiophene,
quinolone, pyrazoline, triazole, benzimidazole, ©benzotriazole,

azaindole, or purine.

In some embodiments, the process comprising:

(a) reacting a compound having the structure:



WO 2016/057931 PCT/US2015/054958

10

15

20

25

with Togni reagent II in the presence of a base in a first suitable
solvent under conditions sufficient to produce a compound having the

structure:
0
A
/C\
P

H OCF,4 ; and

(b) maintaining the compound produced in step (a) in a second suitable
solvent under conditions sufficient to produce the
trifluoromethoxylated aryl or trifluormethoxylated heteroaryl having
the structure:

L

c N R,

OCF; H

In some embodiments, the process comprising:

(a) reacting a compound having the structure:

with Togni reagent II in the presence of cesium carbonate in
chloroform or dichloromethane under conditions sufficient to produce

a compound having the structure:
o]
A
PN
[ 1 "

H OCF, ; and
(b) maintaining the compound produced in step (a) in nitromethane
under conditions sufficient to produce the trifluoromethoxylated aryl

or trifluormethoxylated heteroaryl having the structure:
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In some embodiments, the compound produced has the structure:

Ry
Rg 7 Rig
Ry N
(s}
R N//ﬂ\\R
] H 1
OCF3. ,
wherein

R: is -H, =-(alkyl), -(alkenyl), -(alkynyl), -(aryl), - (heteroaryl),
-(alkylaryl), -(alkylheteroaryl), -NH-(alkyl), ~-N(alkyl)2, -NH-
(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH-(heteroaryl), -0-(alkyl), -
O-(alkenyl), -O-(alkynyl), -0-(aryl), -0- (heteroaryl),-S-(alkyl), -
S-(alkenyl), -S~{alkynyl), -S-(aryl), or -S-(heterocaryl); and

R¢, R7, Rg, Ro, and Rio is each independently -H, halogen, -CN, -CFi;, -

OCF3, =-{(alkyl), -{alkenyl), -{(alkynyl), -(aryl), - (heteroaryl), -NHz,
~-NH- (alkyl), -NH- (alkenyl), ~-NH- (alkynyl) -NH~- (aryl), -NH-
(heteroaryl), -CO.-(alkyl), -CO:-(alkenyl), -COz-(alkynyl) -COz-
(aryl), -C(-CO2-(heteroaryl), -C(O)NH-(alkyl), -C(O)NH- (alkenyl), -
C(O)NH~- (alkynyl) -C(O)NH- (aryl), -C(O)NH- (heteroaryl), -

C(0)N(alkyl)z, -OH, -OAc, -O-(alkyl), =-O-(alkenyl), -O-(alkynyl), -
O-(aryl), -O-(heteroaryl),-S-(alkyl), -5-(alkenyl), =-S-(alkynyl), -
S-(aryl), -S-(heteroaryl), pyridine, furan, thiophene, pyrrole,
thiazole, imidazole, pyrazole, isooxazole, isothiazole, naphthalene,
anthracene, pyrimidine, pyrazine, pyridazine, indole, indoline,

benzofuran, benzothiophene, or quinolone.

In some embodiments, the compound produced has the structure:
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Ri3 h
\N Rys
0

A

\ N

Ras OCF, ,
wherein
Ri is -H, -(alkyl), -(alkenyl), -(alkynyl), -(aryl), = (heteroaryl),
-(alkylaryl), -(alkylheteroaryl), -NH-(alkyl), -N(alkyl)2, -NH-

(alkenyl), -NH-(alkynyl) =-NH-(aryl), -NH-(heteroaryl), -0-(alkyl), -
O-(alkenyl), -O-{alkynyl), -0-(aryl), -0~ (heterocaryl),~S-(alkyl), -

S-(alkenyl), -S-(alkynyl), -S-(aryl), or -5- (heteroaryl); and

Rii, Riz, Ri3, Rig, and Ris is each independently -H, halogen, -CN, ~CF3, -
OCF;, =-(alkyl), -(alkenyl), -(alkynyl), -{aryl), -(heteroaryl), -NH,
-NH- (alkyl), -NH- (alkenyl), -NH- (alkynyl) ~NH- (aryl), -NH-
(heteroaryl), -CO2-(alkyl), -CO2-(alkenyl), -CO;- (alkynyl) ~CQO2=
(aryl), -C(-COz~(heteroaryl), -C(O)NH-(alkyl), =-C(O)NH-(alkenyl), -
C(O)NH-(alkynyl) -C(O)NH~(aryl), ~C(0O) NH- (heterocaryl), -

C(O)N(alkyl):, -OH, =-OAc, -O-(alkyl), -0-(alkenyl), -O-(alkynyl), -
O-(aryl), -O-(heteroaryl),-S-(alkyl), -S-(alkenyl), -S~-(alkynyl), -
S-(aryl), -S-(heterocaryl), pyridine, furan, thiophene, pyrrole,
thiazole, imidazole, pyrazole, isooxazole, isothiazole, naphthalene,
anthracene, pyrimidine, pyrazine, pyridazine, indole, indoline,

benzofuran, benzothiophene, or quinolone.

In some embodiments, the phenyl, pyridine, furan, thiophene, pyrrole,
thiazole, imidazole, pyrazole, isooxazole, isothiazole, naphthalene,
anthracene, pyrimidine, pyrazine, pyridazine, indole, indoline,
benzofuran, benzothiophene, quinolone or quinazolinone is substituted
with one or more of the following: halogen, -CN, ~-CF3, -OCF3, -(alkyl),
-(alkenyl), -(alkynyl), -(aryl), -(heterocaryl), -NHa, -NH- (alkyl), -
NH-(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH-(heteroaryl), -CO.-
(alkyl), ~-C0;-(alkenyl), -CO2~-(alkynyl) -COz- (aryl), ~C(-COz~-
(heteroaryl), -C(O)NH-(alkyl), =-C(O)NH-(alkenyl), ~C(O)NH~- (alkynyl)
-C(O)NH-(aryl), -C(O)NH-(heteroaryl), -C(O)N(alkyl),, -OH, -OAc, -O-
(alkyl), -O-(alkenyl), -O-(alkynyl), -O-(aryl), -0~ (heteroaryl), -S-
(alkyl), -S-(alkenyl), -S-{alkynyl), =-S-(aryl), -8~ (heteroaryl), or

an amino acid or protected amino acid.
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In some embodiments, a process of producing a compound having the

structure:

H OCF,

wherein

A is an aryl or heteroaryl, each with or without subsutitution; and
R; is -H, -(alkyl), -(alkenyl), -(alkynyl), =-{(aryl), -(heteroaryl),
-{alkylaryl), - (alkylheterocaryl), -NH~ (alkyl), -N{alkyl)?2, ~NH-
(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH-{(heteroaryl), -O-(alkyl), -
O- (alkenyl), -O-(alkynyl), -O-(aryl), -O-(heterocaryl),-S-(alkyl), -
S-{alkenyl), -S-(alkynyl), =-S-(aryl), or =-S-(heteroaryl),

comprising:

(a) reacting a compound having the structure:

with a trifluoromethylating agent in the presence of a base in a

first suitable solvent to produce the compound having the structure:
0
’ //H\\
C
T// \\T Ry
H OCF,

In some embodiments, a process of producing a trifluoromethoxylated

aryl or trifluoromethoxylated heterocaryl having the structure:

O

c N Ry
OCF; H ,
wherein

A is an aryl or heterocaryl, each with or without subsutitution; and
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Ri is -H, -(alkyl), -(alkenyl), -(alkynyl), -(aryl), - (heteroaryl),
-(alkylaryl), -(alkylheteroaryl), -NH-(alkyl), -N(alkyl)2, -NH-
(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH-(heteroaryl), -O-(alkyl), -
O-(alkenyl), -O-(alkynyl), -O-(aryl), =-O-(heterocaryl),-S-(alkyl), -
S-(alkenyl), -S-(alkynyl), =-S~-(aryl), or -S-(heteroaryl),

comprising:
{b) maintaining the compound having the structure:
o]
) //ﬂ\\
c
T// NN Ry
H

in a second suitable solvent to produce the trifluoromethoxylated

OCF,

aryl or trifluormethoxylated heteroaryl having the structure:
o]
) //ﬂ\\
c
¢ Ry

OCF; H

The present invention further provides a process of producing a
trifluoromethoxylated aryl or trifluoromethoxylated heteroaryl having

the structure:

OV

c N Ry
OCF, H ,
wherein

A is an aryl or heteroaryl, each with or without subsutitution; and
Ry is -H, =-(alkyl), -(alkenyl}, -(alkynyl), =-{(aryl), -(heteroaryl),
-(alkylaryl), -(alkylheteroaryl), -NH-(alkyl), -N(alkyl)2, -NH-
(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH-(heteroaryl), -O-(alkyl), -
O-{(alkenyl), -O-(alkynyl), =-0-(aryl), -0- (heteroaryl),-S~(alkyl), -
S-(alkenyl), -S-(alkynyl), -S-(aryl), or -8~ (heteroaryl),

comprising:

(a) reacting a compound having the structure:
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with a trifluoromethylating agent in the presence of a base in a

first suitable solvent to produce a compound having the structure:

o}
(D
c
c/ \T R

H OCF, ; and
5 (b) maintaining the compound produced in step (a) in a second suitable
solvent to produce the trifluorcomethoxylated aryl or

trifluormethoxylated heteroaryl having the structure:

QW

c N R

OCF; H

10 The present invention also provides a process of producing a
trifluoromethoxylated aryl or trifluoromethoxylated heterocaryl having

the structure:

OV

c N Ry
OCF, H ,
wherein

15 A is an aryl or heteroaryl, each with or without subsutitution; and
Ry is -H, -(alkyl), -(alkenyl), -(alkynyl), -(aryl), —- (heteroaryl),
-{alkylaryl), -(alkylheteroaryl), -NH- (alkyl), -N(alkyl),, -~NH~-
(alkenyl), -NH-(alkynyl) =NH-(aryl), -NH- (heteroaryl), -O-(alkyl), -
O-(alkenyl), -O-(alkynyl), -0-{aryl), -0- (heteroaryl),-S-(alkyl), -

20 s-(alkenyl), -S-(alkynyl), -S-(aryl), or -8-(heteroaryl),

comprising:

(a) reacting a compound having the structure:



WO 2016/057931 PCT/US2015/054958

31

with a trifluoromethylating agent in a first suitable solvent under

conditions to produce a compound having the structure:

v T Ry
H OCF4 ; and
5 (b) maintaining the compound produced in step (a) in the first

suitable solvent under conditions sufficient to produce the
trifluoromethoxylated aryl or trifluormethoxylated heteroaryl having

the structure:

(L

c N Ry

OCF; H

10
In some embodiments of the above process, A is a phenyl or pyridine.

In some embodiments of the above process, A is pyridine.

In some embodiments of the above process, the first suitable solvent
15 is chloroform, dichloromethane, nitromethane, dimethylforamide,

diethyl ether, tetrahydrofuran, dioxane, dichlorcethane, or hexane.

In some embodiments of the above process, wherein trifluormethylating
agent is Togni reagent I or Togni reagent II.The present invention

20 also provides a compound having the structure:

OVt

c N Ry
OCF, H ,
wherein

A is an aryl or heteroaryl, each with or without subsutitution; and
Ri is -H, -(alkyl), -(alkenyl), -(alkynyl), -(aryl), -(heteroaryl),
25 -{alkylaryl), -(alkylheteroaryl), -NH=- (alkyl), -N(alkyl),, ~NH~-
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(alkenyl), -NH-(alkynyl) -NH-{aryl), -NH-{heteroaryl), -O-(alkyl), -
O-(alkenyl), -O-(alkynyl), =-O-(aryl), -O-(heterocaryl),-S-{(alkyl), -
S-(alkenyl), -S-{(alkynyl), -S-(aryl), or -S-(heterocaryl).

In some embodiments of the compound, A is a phenyl or pyridine. In
some embodiments of the compound, A is a furan, thiophene, pyrrole,
thiazole, imidazole, pyrazole, isooxazole, isothiazole, naphthalene,
anthracene, pyrimidine, pyrazine, pyridazine, indole, indoline,

benzofuran, benzothiophene, or quinolone,

or a salt or ester thereof.

In some embodiments, a compound having the structure:

Ry
Rg
Ra o
A
A
Ry c T R
OCF, H
!
wherein
R; is -H, -(alkyl), -(alkenyl), -(alkynyl), -(aryl), -(heterocaryl),
-(alkylaryl), -(alkylheteroaryl), -NH-(alkyl), -N{(alkyl):, -NH-

(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH-(heteroaryl), -0~ {alkyl), -
O-(alkenyl), -0O-(alkynyl), -0O-(aryl), ~O-(heteroaryl),-S-(alkyl), -
S-(alkenyl), -S-(alkynyl), ~-S-(aryl), or -S-(heterocaryl); and

Rz, Ry, Ry and Rs is each independently -H, halogen, -CN, -CF;, -OCF;, -
(alkyl), =-(alkenyl), -(alkynyl), -(aryl), -(heteroaryl), -NH,, -NH-
(alkyl), -NH-(alkenyl), =-NH-{(alkynyl) -NH-(aryl), -NH- (heteroaryl),
-C02-(alkyl), =CO.-(alkenyl), ~-CO;-(alkynyl) -CO;-(aryl), =C(-CO:-
(heteroaryl), -C(O)NH-(alkyl), -C(O)NH-(alkenyl), -C(O)NH-(alkynyl)
-C(O)NH-(aryl), -C(O)NH~(heteroaryl), -C{O)N(alkyl),, -OH, -OAc, -O-
(alkyl), -O-(alkenyl), -O-{alkynyl), -O-(aryl), -O-(heterocaryl),-S-
(alkyl), -S-(alkenyl), =S-(alkynyl), ~-S~(aryl), =-S-(heteroaryl),
pyridine, furan, thiophene, pyrrole, thiazole, imidazole, pyrazole,
isooxazole, isothiazole, naphthalene, anthracene, pyrimidihe,
pyrazine, pyridazine, indole, indoline, benzofuran, benzothiophene,

or guinolone.
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In some embodiments of the above compound Rz, Rs, Ry and Ry is each,
independently, -H, halogen, -CN, -CF;, -OCF;, =-(alkyl), -{alkenyl), -
(alkynyl), -(aryl), -(heteroaryl), -NH;, -NH-(alkyl), =-NH-(alkenyl),

-NH- (alkynyl) -NH-(aryl), ~NH- (heteroaryl), -COz~(alkyl), ~COg—
(alkenyl), =-CO;-(alkynyl) =-COz;~-(aryl), =C(-CO;-(heteroaryl), -C(O)NH-
(alkyl), -C{(O)NH-(alkenyl), -C(O)NH-(alkynyl) =-C(O)NH=-(aryl), -
C(0)NH- (heteroaryl), -C{(O)N(alkyl)., -OH, =-OAc, -O-(alkyl), -0O-
(alkenyl), -0O-(alkynyl), -O-(aryl), -O-(heteroaryl),-S-(alkyl), -S-
(alkenyl), -S-{alkynyl), -5~-(aryl), =-5-(heteroaryl), pyridine,

furan, thiophene, pyrrole, thiazole, imidazole, pyrazole, isooxazole,
isothiazole, naphthalene, anthracene, pyrimidine, pyrazine,
pyridazine, indole, indoline, benzofuran, benzothiophene, quinolone,
pyrazoline, triazole, benzimidazole, benzotriazole, azaindole, or

purine.
In some embodiments of the above compound Rz, Rs, Ry and Ry is each,
independently, -H, pyrazoline, triazole, benzimidazole,

benzotriazole, azaindole, or purine.

In some embodiments, a compound having the structure:

Ry

Rs Rs
//ﬁ\\

Ry !NI Ry

OCF3

’

wherein
R; is -H, =-(alkyl), -{alkenyl), -(alkynyl), -(aryl), -(heterocaryl),
- (alkylaryl), ~-(alkylheteroaryl), ~NH-(alkyl), -N{alkyl):, -NH-

(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH-(heterocaryl), -O-{(alkyl), -
O-(alkenyl), -O-(alkynyl), -0-(aryl), or -O-(heteroaryl),-S-(alkyl),
-S-(alkenyl), -S-(alkynyl), =S-(aryl), or -S-{(heteroaryl); and

Rz, R3, Ry and Rs is each independently -H, halogen, -CN, -CF3;, -OCF;, -
(alkyl), -(alkenyl), =-(alkynyl), -{aryl), -(heterocaryl), -NH;, -NH-
(alkyl), =-NH-(alkenyl), -~NH-(alkynyl) -NH-(aryl), -NH-(heteroaryl),
-C0z:~(alkyl), -CO;-(alkenyl), =-CO2-(alkynyl) =CO:;-(aryl), =-C(-COz-
(heteroaryl), -C(O)NH-(alkyl), -C(O)NH~-(alkenyl), ~C(O)NH-(alkynyl)
-C(O)NH-(aryl), -C(O)NH-(heteroaryl), -C(O)N(alkyl)., -OH, -OAc, -O-
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(alkyl), -O-(alkenyl), =-O-(alkynyl), -0-(aryl), -0~ (heteroaryl),-S-
(alkyl), -S-(alkenyl), -S-(alkynyl), -S-{(aryl), -S-(heteroaryl),
pyridine, furan, thiophene, pyrrole, thiazole, imidazole, pyrazole,
isocoxazole, isothiazole, naphthalene, anthracene, pyrimidine,
pyrazine, pyridazine, indole, indoline, benzofuran, benzothiophene,

or quinolone.

In some embodiments, a compound having the structure:

Ra N\ Rs o
A
Rz A N Ry
OCF3 ,
wherein
R; is -H, =-(alkyl), -(alkenyl), -(alkynyl), =-(aryl), - (heteroaryl),
~-(alkylaryl), -(alkylheteroaryl), -NH-{alkyl), ~-N(alkyl)., -NH-

(alkenyl), -NH-{(alkynyl) -NH-(aryl), -NH-(heteroaryl), -0-(alkyl), -
O-(alkenyl), -O-(alkynyl), -0-(aryl), or ~0-(heteroaryl), -S-(alkyl),
-S-(alkenyl), -S-(alkynyl), -S-(aryl), or ~5-(heteroaryl); and

Rz, R3, and Rs is each independently -H, halogen, -CN, -CFj, -0CF3, -
(alkyl), -(alkenyl), -(alkynyl), =-(aryl), - (heterocaryl), -NHz, -NH-
(alkyl), -NH-(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH-(heteroaryl),
-CO;~(alkyl), =-COz-(alkenyl), -COz-(alkynyl) -CO2-(aryl), -C(-COs-
(heteroaryl), -C{O)NH-(alkyl), ~C(O)NH- (alkenyl), =-C{(O)NH-(alkynyl)
-C(O)NH~(aryl), -C(O)NH-(heteroaryl), ~-C(O)N(alkyl)., -OH, -OAc, -0-
(alkyl), -0O-(alkenyl), -0-{(alkynyl), -0-(aryl), -O-(heteroaryl),-S-
(alkyl), -S-(alkenyl), -S-{alkynyl), -S-(aryl), =S~(heterocaryl),
pyridine, furan, thiophene, pyrrole, thiazole, imidazole, pyrazole,
isooxazole, isothiazole, naphthalene, anthracene, pyrimidine,
pyrazine, pyridazine, indole, indoline, benzofuran, benzothiophene,

or quinolone.

The present invention also provides a compound having the structure:

H OCF,

wherein
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A is an aryl or heteroaryl, each with or without subsutitution; and
Ry is ~-H, -{(alkyl), -(alkenyl), -(alkynyl), -(aryl), - (heteroaryl),
-(alkylaryl), -(alkylheteroaryl), ~-NH-(alkyl), -N(alkyl),, -NH-
(alkenyl), -NH-(alkynyl) -NH~-(aryl), -NH-(heteroaryl), -0O-{(alkyl), -
O-(alkenyl), -O-(alkynyl), -0-{aryl), -O-(heteroaryl),-S-(alkyl), -
S-(alkenyl), -S-(alkynyl), =-S-(aryl), or =-S-(hetercaryl),

or a salt or ester thereof.

In some embodiments of the compound, A is a phenyl or pyridine. In
some embodiments of the compound, A is a furan, thiophene, pyrrole,
thiazole, imidazole, pyrazole, isooxazole, isothiazole, naphthalene,
anthracene, pyrimidine, pyrazine, pyridazine, indole, indoline,

benzofuran, benzothiophene, or quinolone.

In some embodiments, a compound having the structure:

R4
Rs

R; o

A

PN
A

H OCF
wherein
R, is -H, -{(alkyl), =-(alkenyl), =-{(alkynyl), -(aryl), -(heteroaryl),
~(alkylaryl), -{(alkylheteroaryl), -NH- (alkyl), -N{(alkyl):, -NH-

{alkenyl), -NH-(alkynyl) -NH-{aryl), -NH-(heteroaryl), -0-(alkyl), -
O-(alkenyl), -O-(alkynyl), -O-(aryl), -O-(heteroaryl),-S-(alkyl), -
S-(alkenyl), -S-(alkynyl), -S-(aryl), or -S-(heteroaryl); and

Rz, R3, Ry and Rs is each independently -H, halogen, -CN, -CF;, -OCF3, -
(alkyl), -(alkenyl), -{(alkynyl), =-(aryl), -(heteroaryl), -NH;, -NH-
{alkyl), -NH-({alkenyl), -NH-{alkynyl) =-NH-{aryl), -NH-(heteroaryl),
-COz-(alkyl), -CO:~(alkenyl), ~COz-(alkynyl) -CO;-{aryl), =C(-CO:-
(heteroaryl), -C(O)NH-{alkyl), =-C(O)NH-(alkenyl), -C(O)NH-(alkynyl)
-C(O)NH- (aryl), -C(O)NH-(heteroaryl), -C{O)N(alkyl);, -OH, -OAc, =-O-
(alkyl), -O-{alkenyl), -O-{(alkynyl), -O-(aryl), -O-(heteroaryl),-S-
(alkyl), -S-(alkenyl), =S-(alkynyl), -S3—-(aryl), -S-(heteroaryl),
pyridine, furan, thiophene, pyrrole, thiazole, imidazole, pyrazole,

isooxazole, isothiazole, naphthalene, anthracene, pyrimidine,
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pyrazine, pyridazine, indole, indoline, benzofuran, benzothiophene,

or quinolone.

In some embodiments, a compound having the structure:

Ry

Ry R;
o]

. A

H OCF;
wherein
Ri is -H, -(alkyl), -(alkenyl), -(alkynyl), -(aryl), -{(heteroaryl),
-(alkylaryl), ~(alkylheteroaryl), -NH-(alkyl), -N({alkyl)., ~NH-

(alkenyl), -NH-{alkynyl) -NH-(aryl), -NH- (heteroaryl), ~O-(alkyl), -
0-(alkenyl), -O-(alkynyl), -0-{(aryl), or -0~ (heteroaryl),-S-(alkyl),
~-S~(alkenyl), -S-(alkynyl), -S-(aryl), or -S-(heteroaryl); and

Rz, Rs, Ry and Rs is each independently -H, halogen, -CN, -CFs;, -OCF;, -
(alkyl), =-(alkenyl), =-{alkynyl), -(aryl), - (heterocaryl), =-NHz, -NH-
(alkyl), -NH-(alkenyl), -NH-(alkynyl) =-NH-(aryl), -NH-(heterocaryl),
-COz-(alkyl), -COz-(alkenyl), -COz-{(alkynyl) -CO;-(aryl), =-C(-COz-
(heteroaryl), -C(O)NH-(alkyl), =-C(O)NH-(alkenyl), -C(O)NH- (alkynyl)
-C(O)NH-(aryl), -C(O)NH-(heteroaryl), -C(O)N(alkyl):, -OH, -OAc, -O-
{alkyl), -0O-(alkenyl), -O-(alkynyl), -0-(aryl), ~0- (heteroaryl) , -5~
(alkyl), =-S-(alkenyl), =-S-(alkynyl), -8-(aryl), =S-(heteroaryl),
pyridine, furan, thiophene, pyrrole, thiazole, imidazole, pyrazole,
isooxazole, isothiazole, naphthalene, anthracene, pyrimidine,
pyrazine, pyridazine, indole, indoline, benzofuran, benzothiophene,

or guinolone.

In some embodiments, a compound having the structure:

Ry N Rs
| x 0
R2 / T)kR1
H OCF,
wherein

Ry is -H, -(alkyl), -(alkenyl), -(alkynyl), -(aryl), - (heteroaryl),
-(alkylaryl), - (alkylheterocaryl), ~-NH- (alkyl), -N(alkyl),, ~NH=-
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(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH-(heteroaryl), -O-(alkyl), -
O-(alkenyl), -O-(alkynyl), =-O-(aryl), or -0~ (heteroaryl),-S-~(alkyl),
-5-(alkenyl), -S-(alkynyl), -S-(aryl), or -S-(heterocaryl); and

Rz, R3, and R; i1s each independently -H, halogen, -CN, =-CF3;, -OCF;, -
(alkyl), -(alkenyl), =-(alkynyl), -(aryl), - (heterocaryl), -NHz, -NH-
(alkyl), -NH-(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH-(heteroaryl),
~COz~(alkyl), -CO;-(alkenyl), =COz-{alkynyl) -CO:-(aryl), =C(-CO,-
(heteroaryl), -C(O)NH-(alkyl), -C(O)NH-(alkenyl), -C(O)NH-(alkynyl)
~-C(O)NH-(aryl), -C(O)NH-(heteroaryl), -C(O)N(alkyl):, -OH, -OAc, -O-
(alkyl), -O-(alkenyl), -O-(alkynyl), -O-(aryl), -0~ (heteroaryl), -8~
(alkyl), =S-(alkenyl), =-S-(alkynyl), -S-(aryl), -S-(heteroaryl),
pyridine, furan, thiophene, pyrrole, thiazole, imidazole, pyrazole,
isooxazole, isothiazole, naphthalene, anthracene, pyrimidine,
pyrazine, pyridazine, indole, indoline, benzofuran, benzothiophene,

or quinolone.

In some embodiments of any of the dislosed processes or compounds,
Rz, Rs, Ry and Rs is each, independently, -H, halogen, -CN, -CFs;, -OCFs,
-{alkyl), -(alkenyl), -(alkynyl), -{(aryl), - (heteroaryl), -NH;, -NH-
(alkyl), -NH-(alkenyl), =-NH-(alkynyl) -NH-(aryl), -NH-(heteroaryl),
-CO;-(alkyl), -CO2-(alkenyl), -CO:-(alkynyl) -COz-(aryl), -C(-COz=-
(heteroaryl), -C(O)NH-{alkyl), -C{Q)NH-(alkenyl), ~C(O)NH-(alkynyl)
-C(O)NH-(aryl), -C(O)NH-(heteroaryl), -C(Q)N(alkyl):, -OH, -OAc, -O-
(alkyl), -O-(alkenyl), -O-(alkynyl), -O-(aryl), -O-(heteroaryl),-S-
(alkyl), -5-(alkenyl), =-S=-(alkynyl), -S-(aryl), -S-(heteroaryl),
pyridine, furan, thiophene, pyrrole, thiazole, imidazole, pyrazole,
isooxazole, isothiazole, naphthalene, anthracene, pyrimidine,
pyrazine, pyridazine, indole, indoline, benzofuran, benzothiophene,
quinolone, pyrazoline, triazole, benzimidazole, benzotriazole,

azaindole, or purine, or any combination thereof.

In some embodiments of any of the dislosed processes or compounds,
Rz, Rs, Ry and Rs is each, independently, -H, pyrazoline, triazole,
benzimidazole, benzotriazole, azaindole, or purine, or any

combination thereof.

In some embodiments of any of the dislosed processes or compounds,

Re¢, R7, Rg, Rg and Rip is each, independently, -H, halogen, -CN, -CFi;, -



WO 2016/057931 PCT/US2015/054958

10

15

20

25

30

35

38
OCF3;, -{alkyl), -(alkenyl), -(alkynyl), -(aryl), -(heteroaryl), -NHa,
-NH~- (alkyl), -NH~- (alkenyl), ~NH- (alkynyl) ~NH- (aryl), -NH-

(heteroaryl), -CO;-(alkyl), ~-COz~(alkenyl), =-CO;-(alkynyl) ~-COz~
(aryl), =-C{-COz-(heterocaryl), -C(O)NH~(alkyl), =-C(O)NH-(alkenyl),
C(O)NH- (alkynyl) ~C(Q)NH- (aryl), -C(O)NH~ (heteroaryl),

C(O)N(alkyl),, =-OH, -OAc, -0O-(alkyl), =-O-(alkenyl), -O-(alkynyl),
O~ (aryl), -O-(heteroaryl),-S-(alkyl), -S-(alkenyl), =-S-(alkynyl), -

{

S-(aryl), -S8-{heteroaryl), pyridine, furan, thiophene, pyrrole,
thiazole, imidazole, pyrazole, isooxazole, isothiazole, naphthalene,
anthracene, pyrimidine, pyrazine, pyridazine, indole, indoline,
benzofuran, benzothiophene, gquinolone, pyrazoline, triazole,
benzimidazole, benzotriazole, azaindole, or purine, or any

combination thereof.

In some embodiments of any of the dislosed processes or compounds,
Rs, R7, R, Ry and Rip 1s each, independently, -H, pyrazoline, triazole,
benzimidazole, benzotriazole, azaindole, or purine, or any

combination thereof.

In some embodiments of any of the dislosed processes or compounds,

Ri11, Riz, Ri3, Ris and Rys is each, independently, -H, halogen, =-CN, -CFj,
-0CF3, -(alkyl), -(alkenyl), -(alkynyl), =-(aryl), -{(heterocaryl), -
NH,, ~NH-(alkyl), -NH-{(alkenyl), ~NH-{(alkynyl) -NH-(aryl), -NH-
(heteroaryl), -COx-{alkyl), -CO:-(alkenyl), -COz-(alkynyl) =-COz-
(aryl), -C(-COz-(heterocaryl), -C(O)NH-{(alkyl), -C(O)NH-(alkenyl), -
C(0O)NH- (alkynyl) ~C{O)NH~ (aryl}, -C(O)NH- (heteroaryl), -
C(O)N{(alkyl),, -OH, -OAc, -O-(alkyl), -O-(alkenyl), -O-(alkynyl),
O-(aryl), -O-(heterocaryl),-S-(alkyl), -S-(alkenyl), -S-(alkynyl), -

S-(aryl), -S-(heteroaryl), pyridine, furan, thiophene, pyrrole,
thiazole, imidazole, pyrazole, isooxazole, isothiazole, naphthalene,
anthracene, pyrimidine, pyrazine, pyridazine, indole, indoline,
benzofuran, benzothiophene, gquinolone, pyrazoline, triazole,
benzimidazole, benzotriazole, azaindole, or purine, or any

combination thereof.

In some embodiments of any of the dislosed processes or compounds,

Ri1, Riz, Ri3, Rig and Rys is each, independently, -H, pyrazoline, triazole,
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benzimidazole, benzotriazole, azaindole, or purine, or any

combination thereof.

In some embodiments, the compound of step (a) is purified by column

chromatography prior to step (b).

In some embodiments, the trifluoromethylating reagent is 1-
Trifluoromethyl-1,2-benziodoxol-3-(1H)-one (Togni reagent II), which
may be purchased from Sigma Aldrich, St. Louis, MO, USA (Catalog #
771147) . In some embodiments, the trifluoromethylating reagent 1is
3,3-Dimethyl-1-(trifluoromethyl)~1,2-benziodoxole (Togni reagent I),
which may be purchased from Sigma Aldrich, St. Louis, MO, USA (Catalog
# 696641).

In some embodiments, the first or second suitable solvent include,

but are not limited to, inert organic solvents or mixtures thereof.

The process described herein is advantageous in that it avoids the
need for highly toxic and thermally labile reagents, which is not
particularly desirable for industrial implementation due to the

hazards associated with such reagents.

The process described herein is also advantageous in that it may be
performed in one-pot. The process described herein is further
advantageous in that it avoids the need for highly toxic metal

containing reagents.

The present reaction occurs under reaction conditions sufficient to
produce the desired compound. Such conditions, e.g. temperature,
time, molarity, etc., may be varied by one of ordinary skill in the

art based on the methods and protocols described herein.

Where a range is given in the specification it is understood that the
range includes all integers and 0.1 units within that range, and any
sub-range thereof. For example, a range of 77 to 90% is a disclosure
of 77, 78, 79, 80, and 81% etc.
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As used herein, “about” with regard to a stated number encompasses a
range of +one percent to -one percent of the stated value. By way of
example, about 100 mg/kg therefore includes 99, 99.1, 99.2, 99.3,
99.4, 9%9.5, 99.6, 99.7, 99.8, 99.9, 100, 100.1, 100.2, 100.3, 100.4,
100.5, 100.6, 100.7, 100.8, 100.9 and 101 mg/kg. Accordingly, about
100 mg/kg includes, in an embodiment, 100 mg/kg.

It is understood that where a parameter range is provided, all
integers within that range, and tenths thereof, are also provided by
the invention. For example, “0.2-5 mg/kg/day” is a disclosure of 0.2
mg/kg/day, 0.3 mg/kg/day, 0.4 mg/kg/day, 0.5 mg/kg/day, 0.6 mg/kg/day
etc. up to 5.0 mg/kg/day.

As used herein, "alkyl" is intended to include both branched and
straight-chain saturated aliphatic hydrocarbon groups having the
specified number of carbon atoms. Thus, Ci;-C, as in “Ci1-C, alkyl"” is
defined to include groups having 1, 2...... , h-1 or n carbons in a
linear or branched arrangement, and specifically includes methyl,
ethyl, propyl, butyl, pentyl, hexyl, heptyl, isopropyl, isobutyl,
sec-butyl and so on. An embodiment can be Ci1-Ciz alkyl, Cz-Ci2 alkyl,
C3-Ciz alkyl, C4-Ci2 alkyl and so on. An embodiment can be C;-Cs alkyl,
Cz-Cs alkyl, C3-Cps alkyl, Cs4—Cs alkyl and so on. “Alkoxy" represents
an alkyl group as described above attached through an oxygen bridge.
The term "alkenyl" refers to a non-aromatic hydrocarbon radical,
straight or branched, containing at least 1 carbon to carbon double
bond, and up to the maximum possible number of non-aromatic carbon-
carbon double bonds may be present. Thus, C;-C, alkenyl is defined to
include groups having 1, 2...., n~1l or n carbons. For example, "C,-Cs
alkenyl" means an alkenyl radical having 2, 3, 4, 5, or 6 carbon
atoms, and at least 1 carbon-carbon double bond, and up to, for
example, 3 carbon-carbon double bonds in the case of a Cg alkenyl,
respectively. Alkenyl groups include ethenyl, propenyl, butenyl and
cyclohexenyl. As described above with respect to alkyl, the straight,
branched or cyclic portion of the alkenyl group may contain double
bonds and may be substituted if a substituted alkenyl group is
indicated. An embodiment can be C»~Ci; alkenyl or C;~Cs alkenyl.
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The term "alkynyl" refers to a hydrocarbon radical straight or
branched, containing at least 1 carbon to carbon triple bond, and up
to the maximum possible number of non-aromatic carbon-carbon triple
bonds may be present. Thus, C;-C, alkynyl is defined to include groups
having 1, 2...., n-1 or n carbons. For example, "C;-Cs alkynyl" means
an alkynyl radical having 2 or 3 carbon atoms, and 1 carbon-carbon
triple bond, or having 4 or 5 carbon atoms, and up to 2 carbon-carbon
triple bonds, or having 6 carbon atoms, and up to 3 carbon-carbon
triple bonds. Alkynyl groups include ethynyl, propynyl and butynyl.
As described above with respect to alkyl, the straight or branched
pertion of the alkynyl group may contain triple bonds and may be
substituted if a substituted alkynyl group is indicated. An embodiment
can be a C;-Cp alkynyl. An embodiment can be C;-Ciz alkynyl or C3-Cs
alkynyl.

As used herein, "aryl" is intended to mean any stable monocyclic,
bicyclic or polycyclic carbon ring of up to 10 atoms in each ring,
wherein at least one ring is aromatic, and may be unsubstituted or
substituted. Examples of such aryl elements include but are not
limited to: phenyl, p-toluenyl (4-methylphenyl), naphthyl,
tetrahydro-naphthyl, indanyl, phenanthryl, anthryl or acenaphthyl.
In cases where the aryl substituent is bicyclic and one ring is non-
aromatic, it is understood that attachment is via the aromatic ring.
The term "heteroaryl", as used herein, represents a stable monocyclic,
bicyclic or polycyclic ring of up to 10 atoms in each ring, wherein
at least one ring is aromatic and contains from 1 to 4 heteroatoms
selected from the group consisting of O, N and S. Bicyclic aromatic
hetercaryl groups include phenyl, pyridine, pyrimidine or pyridazine
rings that are (a) fused to a 6-membered aromatic (unsaturated)
heterocyclic ring having one nitrogen atom; (b) fused to a 5~ or 6-
membered aromatic (unsaturated) heterocyclic ring having two nitrogen
atoms; (c) fused to a 5-membered aromatic (unsaturated) heterocyclic
ring having one nitrogen atom together with either one oxygen or one
sulfur atom; or (d) fused to a 5-membered aromatic (unsaturated)
heterocyclic ring having one heterocatom selected from O, N or S.
Heteroaryl groups within the scope of this definition include but are
not limited to: benzoimidazolyl, benzofuranyl, benzofurazanyl,

benzopyrazolyl, benzotriazolyl, benzothiophenyl, benzoxazolyl,
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carbazolyl, carbolinyl, cinnolinyl, furanyl, indolinyl, indolyl,
indolazinyl, indazolyl, isobenzofuranyl, isoindolyl, isoquinolyl,
isothiazolyl, isoxazolyl, naphthpyridinyl, oxadiazolyl, oxazolyl,
oxazoline, isoxazoline, oxetanyl, pyranyl, pyrazinyl, pyrazolyl,
pyridazinyl, pyridopyridinyl, pyridazinyl, pyridyl, pyrimidyl,
pyrrolyl, quinazolinyl, quinolyl, quinoxalinyl, tetrazolyl,
tetrazolopyridyl, thiadiazolyl, thiazolyl, thienyl, triazolyl,
azetidinyl, aziridinyl, 1,4-dioxanyl, hexahydroazepinyl,

dihydrobenzoimidazolyl, dihydrobenzofuranyl, dihydrobenzothiophenyl,

dihydrobenzoxazolyl, dihydrofuranyl, dihydroimidazolyl,
dihydroindolyl, dihydroisooxazolyl, dihydroisothiazolyl,
dihydrooxadiazolyl, dihydrooxazolyl, dihydropyrazinyl,
dihydropyrazolyl, dihydropyridinyl, dihydropyrimidinyl,
dihydropyrrolyl, dihydroquinolinyl, dihydrotetrazolyl,
dihydrothiadiazolyl, dihydrothiazolyl, dihydrothienyl,
dihydrotriazolyl, dihydroazetidinyl, methylenedioxybenzoyl,

tetrahydrofuranyl, tetrahydrothienyl, acridinyl, carbazolyl,
cinnolinyl, quinoxalinyl, pyrrazolyl, indolyl, benzotriazolyl,
benzothiazolyl, benzoxazolyl, isoxazolyl, isothiazolyl, furanyl,
thienyl, benzothienyl, benzofuranyl, quinolinyl, isoquinolinyl,
oxazolyl, isoxazolyl, indolyl, pyrazinyl, pyridazinyl, pyridinyl,
pyrimidinyl, pyrrolyl, tetra-hydroquinoline. In cases where the
heteroaryl substituent is bicyclic and one ring is non-aromatic or
contains no heteroatoms, it is understood that attachment is via the
aromatic ring or via the heteroatom containing ring, respectively.
If the heteroaryl contains nitrogen atoms, it is understood that the
corresponding N-oxides thereof are also encompassed by this

definition.

The term “substitution”, “substituted” and “substituent” refers to a
functional group as described above in which one or more bonds to a
hydrogen atom contained therein are replaced by a bond to non-hydrogen
or non-carbon atoms, provided that normal valencies are maintained
and that the substitution results in a stable compound. Substituted
groups also include groups in which one or more bonds to a carbon(s)
or hydrogen(s) atom are replaced by one or more bonds, including
double or triple bonds, to a heteroatom. Examples of substituent

groups include the functional groups described above, and halogens
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(i.e., F, Cl, Br, and I); alkyl groups, such as methyl, ethyl, n-
propyl, isopropryl, n-butyl, tert-butyl, and trifluoromethyl;
hydroxyl; alkoxy groups, such as methoxy, ethoxy, n-propoxy, and
isopropoxy; aryloxy groups, such as phenoxy; arylalkyloxy, such as
benzyloxy (phenylmethoxy) and p~-trifluoromethylbenzyloxy (4-
trifluoromethylphenylmethoxy); heteroaryloxy groups; sulfonyl
groups, such as trifluoromethanesulfonyl, methanesulfonyl, and p-
toluenesulfonyl; nitro, nitrosyl; mercapto; sulfanyl groups, such as
methylsulfanyl, ethylsulfanyl and propylsulfanyl; cyano; amino
groups, such as amino, methylamino, dimethylamino, ethylamino, and
diethylamino, protected amino; ester or alkyl ester; and carboxyl.
Where multiple substituent moieties are disclosed or claimed, the
substituted compound can be independently substituted by one or more
of the disclosed or claimed substituent moieties, singly or plurally.
By independently substituted, it is meant that the (two or more)

substituents can be the same or different.

The starting materials used in the method of the present invention
may be prepared by techniques well known in organic synthesis and
familiar to a practitioner ordinarily skilled in the art. However,
these may not be the only means by which to synthesize or obtain the

desired compounds.

The starting materials used in the method of the present invention
may be prepared by techniques described in Vogel’s Textbook of
Practical Organic Chemistry, A.I. Vogel, A.R. Tatchell, B.S. Furnis,
A.J. Hannaford, P.W.G. Smith, (Prentice Hall) 5t Edition (1996),
March's Advanced Organic Chemistry: Reactions, Mechanisms, and
Structure, Michael B. Smith, Jerry March, (Wiley-Interscience) 5t
Edition (2007), and references therein, which are incorporated by
reference herein. However, these may not be the only means by which

to synthesize or obtain the desired compounds.

The reaction conditions used in the present invention may be varied
by techniques well known in organic synthesis and familiar to a
practitioner ordinarily skilled in the art to provide conditions
sufficient to produce the desired product. Such techniques are

described in Vogel’s Textbook of Practical Organic Chemistry, A.I.
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Vogel, A.R. Tatchell, B.S. Furnis, A.J. Hannaford, P.W.G. Smith,
(Prentice Hall) 5* Edition (1996), March's Advanced Organic
Chemistry: Reactions, Mechanisms, and Structure, Michael B. Smith,
Jerry March, (Wiley-Interscience) 5" Edition (2007), and references

therein, which are incorporated by reference herein.

In the compounds in the process of the present invention, alkyl,
alkenyl, alkynyl, aryl, heteroaryl groups can be further substituted
by replacing one or more hydrogen atoms with alternative non-hydrogen

groups.

Another aspect of the invention comprises a compound used in the

method of the present invention as a pharmaceutical composition.

In some embodiments, a pharmaceutical composition comprising the
compound of the present invention and a pharmaceutically acceptable

carrier.

As used herein, the term “pharmaceutically active agent” means any
substance or compound suitable for administration to a subject and
furnishes biological activity or other direct effect in the treatment,
cure, mitigation, diagnosis, or prevention of disease, or affects the
structure or any function of the subject. Pharmaceutically active
agents include, but are not limited to, substances and compounds
described in the Physicians’ Desk Reference (PDR Network, LLC; 64th
edition; November 15, 2009) and “Approved Drug Products with
Therapeutic Equivalence Evaluations” (U.S. Department Of Health And
Human Services, 30" edition, 2010), which are hereby incorporated by
reference. Pharmaceutically active agents which have pendant
carboxylic acid groups may be modified in accordance with the present
invention using standard esterification reactions and methods readily
available and known to those having ordinary skill in the art of
chemical synthesis. Where a pharmaceutically active agent does not
possess a carboxylic acid group, the ordinarily skilled artisan will
be able to design and incorporate a carboxylic acid group into the
pharmaceutically active agent where esterification may subsequently
be carried out so long as the modification does not interfere with

the pharmaceutically active agent’s biological activity or effect.
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The compounds used in the method of the present invention may be in
a salt form. As used herein, a “salt” 1is a salt of the instant
compounds which has been modified by making acid or base salts of the
compounds. In the case of compounds used to treat an infection or
disease caused by a pathogen, the salt is pharmaceutically acceptable.
Examples of pharmaceutically acceptable salts include, but are not
limited to, mineral or organic acid salts of basic residues such as
amines; alkali or organic salts of acidic residues such as phenols.
The salts can be made using an organic or inorganic acid. Such acid
salts are chlorides, bromides, sulfates, nitrates, phosphates,
sulfonates, formates, tartrates, maleates, malates, citrates,
benzoates, salicylates, ascorbates, and the like. Phenolate salts are
the alkaline earth metal salts, sodium, potassium or lithium. The
term "pharmaceutically acceptable salt" in this respect, refers to
the relatively non-toxic, inorganic and organic acid or base addition
salts of compounds of the present invention. These salts can be
prepared in situ during the final isolation and purification of the
compounds of the invention, or by separately reacting a purified
compound of the invention in its free base or free acid form with a
suitable organic or inorganic acid or base, and isolating the salt
thus formed. Representative salts include the hydrobromide,
hydrochloride, sulfate, Dbisulfate, phosphate, nitrate, acetate,
valerate, oleate, palmitate, stearate, laurate, benzoate, lactate,
phosphate, tosylate, citrate, maleate, fumarate, succinate, tartrate,
napthylate, mesylate, glucoheptonate, lactobionate, and
laurylsulphonate salts and the like. (See, e.g., Berge et al. (1877)
"Pharmaceutical Salts", J. Pharm. Sci. 66:1-19).

The compounds of the present invention may also form salts with basic
amino acids such a lysine, arginine, etc. and with basic sugars such
as N-methylglucamine, 2-amino-2-deoxyglucose, etc. and any other

physiologically non-toxic basic substance.

As used herein, “administering” an agent may be performed using any of
the various methods or delivery systems well known to those skilled in
the art. The administering can be performed, for example, orally,

parenterally, intraperitoneally, intravenously, intraarterially,
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transdermally, sublingually, intramuscularly, rectally,
transbuccally, intranasally, liposomally, via inhalation, wvaginally,
intraoccularly, via local delivery, subcutaneously, intraadiposally,
intraarticularly, intrathecally, into a cerebral wventricle,
intraventicularly, intratumorally, into cerebral parenchyma or

intraparenchchymally.

The compounds used in the method of the present invention may be
administered in various forms, including those detailed herein. The
treatment with the compound may be a component of a combination
therapy or an adjunct therapy, i.e. the subject or patient in need
of the drug is treated or given another drug for the disease in
conjunction with one or more of the instant compounds. This
combination therapy can be sequential therapy where the patient is
treated first with one drug and then the other or the two drugs are
given simultaneously. These can be administered independently by the
same route or by two or more different routes of administration

depending on the dosage forms employed.

As wused herein, a "pharmaceutically acceptable carrier" is a
pharmaceutically acceptable solvent, suspending agent or vehicle, for
delivering the instant compounds to the animal or human. The carrier
may be ligquid or solid and is selected with the planned manner of
administration in mind. Liposomes are also a pharmaceutically

acceptable carrier as are slow-release vehicles.

The dosage of the compounds administered in treatment will vary
depending upon factors such as the pharmacodynamic characteristics
of a specific chemotherapeutic agent and its mode and route of
administration; the age, sex, metabolic rate, absorptive efficiency,
health and weight of the recipient; the nature and extent of the
symptoms; the kind of concurrent treatment being administered; the

frequency of treatment with; and the desired therapeutic effect.

A dosage unit of the compounds used in the method of the present
invention may comprise a single compound or mixtures thereof with
additional antitumor agents. The compounds can be administered in

oral dosage forms as tablets, capsules, pills, powders, granules,
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glixirs, tinctures, suspensions, syrups, and emulsions. The compounds
may also be administered in intravenous (bolus or infusion),
intraperitoneal, subcutaneocus, or intramuscular form, or introduced
directly, e.g. by injection, topical application, or other methods,
into or topically onto a site of disease or lesion, all using dosage
forms well known to those of ordinary skill in the pharmaceutical

arts.

The compounds used in the method of the present invention can be
administered in admixture with suitable pharmaceutical diluents,
extenders, excipients, or in carriers such as the novel programmable
sustained-release multi-compartmental nanospheres (collectively
referred to herein as a pharmaceutically acceptable carrier) suitably
selected with respect to the intended form of administration and as
consistent with conventional pharmaceutical practices. The unit will
be in a form suitable for oral, nasal, rectal, topical, intravenous
or direct injection or parenteral administration. The compounds can
be administered alone or mixed with a pharmaceutically acceptable
carrier. This carrier can be a solid or liquid, and the type of
carrier is generally chosen based on the type of administration being
used. The active agent can be co-administered in the form of a tablet
or capsule, liposome, as an agglomerated powder or in a liquid form.
Examples of suitable solid carriers include lactose, sucrose, gelatin
and agar. Capsule or tablets can be easily formulated and can be made
easy to swallow or chew; other solid forms include granules, and bulk
powders. Tablets may contain suitable binders, lubricants, diluents,
disintegrating agents, coloring agents, flavoring agents, flow-
inducing agents, and melting agents. Examples of suitable liquid
dosage forms include solutions or suspensions in water,
pharmaceutically acceptable fats and oils, alcochols or other organic
solvents, including esters, emulsions, syrups or elixirs,
suspensions, solutions and/or suspensions reconstituted from non-
effervescent granules and effervescent preparations reconstituted
from effervescent granules. Such liquid dosage forms may contain, for
example, suitable solvents, preservatives, emulsifying agents,
suspending agents, diluents, sweeteners, thickeners, and melting
agents. Oral dosage forms optionally contain flavorants and coloring

agents. Parenteral and intravenous forms may also include minerals
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and other materials to make them compatible with the type of injection

or delivery system chosen.

Techniques and compositions for making dosage forms useful in the
present invention are described in the following references: 7 Modern
Pharmaceutics, Chapters 9 and 10 (Banker & Rhodes, Editors, 1979);
Pharmaceutical Dosage Forms: Tablets (Lieberman et al., 1981); Ansel,

Introduction to Pharmaceutical Dosage Forms 2nd Edition (1976);

Remington's Pharmaceutical Sciences, 17th ed. (Mack Publishing
Company, Easton, Pa., 1985); Advances in Pharmaceutical Sciences
(David Ganderton, Trevor Jones, Eds., 1992); Advances in

Pharmaceutical Sciences Vol. 7. (David Ganderton, Trevor Jones, James
McGinity, Eds., 1995); Aqueous Polymeric Coatings for Pharmaceutical
Dosage Forms (Drugs and the Pharmaceutical Sciences, Series 36 (James
McGinity, Ed., 1989); Pharmaceutical Particulate Carriers:
Therapeutic Applications: Drugs and the Pharmaceutical Sciences, Vol
61 (Alain Rolland, Ed., 1993); Drug Delivery to the Gastrointestinal
Tract (Ellis Horwood Books in the Biological Sciences. Series in
Pharmaceutical Technology; J. G. Hardy, S. S. Davis, Clive G. Wilson,
Eds.); Modem Pharmaceutics Drugs and the Pharmaceutical Sciences, Vol
40 (Gilbert S. Banker, Christopher T. Rhodes, Eds.). All of the

aforementioned publications are incorporated by reference herein.

Tablets may contain suitable binders, lubricants, disintegrating
agents, coloring agents, flavoring agents, flow-inducing agents, and
melting agents. For instance, for oral administration in the dosage
unit form of a tablet or capsule, the active drug component can be
combined with an oral, non-toxic, pharmaceutically acceptable, inert
carrier such as lactose, gelatin, agar, starch, sucrose, glucose,
methyl cellulose, magnesium stearate, dicalcium phosphate, calcium
sulfate, mannitol, sorbitol and the like. Suitable binders include
starch, gelatin, natural sugars such as glucose or beta-lactose, corn
sweeteners, natural and synthetic gums such as acacia, tragacanth,
or sodium alginate, carboxymethylcellulose, polyethylene glycol,
waxes, and the like. Lubricants used in these dosage forms include
sodium oleate, sodium stearate, magnesium stearate, sodium benzoate,

sodium acetate, sodium chloride, and the like. Disintegrators
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include, without 1limitation, starch, methyl cellulose, agar,

bentonite, xanthan gum, and the like.

The compounds used in the method of the present invention may also
be administered in the form of liposome delivery systems, such as
small unilamellar vesicles, large unilamellar vesicles, and
multilamellar vesicles. Liposomes can be formed from a variety of
phospholipids such as lecithin, sphingomyelin, proteolipids, protein-
encapsulated vesicles or from cholesterol, stearylamine, or
phosphatidylcholines. The compounds may be administered as components

of tissue-targeted emulsions.

The compounds used in the method of the present invention may also
be coupled to soluble polymers as targetable drug carriers or as a
prodrug. Such polymers include polyvinylpyrrolidone, pyran copolymer,
polyhydroxylpropylmethacrylamide-phenol, polyhydroxyethylasparta~
midephenol, or polyethyleneoxide-~polylysine substituted with
palmitoyl residues. Furthermore, the compounds may be coupled to a
class of biodegradable polymers useful in achieving controlled
release of a drug, for example, polylactic acid, polyglycolic acid,
copolymers of polylactic and polyglycolic acid, polyepsilon
caprolactone, polyhydroxy butyric acid, polyorthoesters, polyacetals,
polydihydropyrans, polycyanoacylates, and crosslinked or amphipathic

block copolymers of hydrogels.

Gelatin capsules may contain the active ingredient compounds and
powdered carriers, such as lactose, starch, cellulose derivatives,
magnesium stearate, stearic acid, and the like. Similar diluents can
be used to make compressed tablets. Both tablets and capsules can be
manufactured as immediate release products or as sustained release
products to provide for continuous release of medication over a period
of hours. Compressed tablets can be sugar-coated or film-coated to
mask any unpleasant taste and protect the tablet from the atmosphere,
or enteric coated for selective disintegration in the

gastrointestinal tract.

For oral administration in 1liquid dosage form, the oral drug

components are combined with any oral, non-toxic, pharmaceutically
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acceptable inert carrier such as ethanol, glycerol, water, and the
like. Examples of suitable liquid dosage forms include solutions or
suspensions in water, pharmaceutically acceptable fats and oils,
alcohols or other organic solvents, including esters, emulsions,
syrups or elixirs, suspensions, solutions and/or suspensions
reconstituted from non-effervescent granules and effervescent
preparations reconstituted from effervescent granules. Such liquid
dosage forms may contain, for exanmple, suitable solvents,
preservatives, emulsifying agents, suspending agents, diluents,

sweeteners, thickeners, and melting agents.

Liquid dosage forms for oral administration can contain coloring and

- flavoring to increase patient acceptance. 1In general, water,

asuitable oil, saline, aqueous dextrose (glucose), and related sugar
solutions and glycols such as propylene glycol or polyethylene glycols
are suitable carriers <for parenteral solutions. Solutions for
parenteral administration preferably contain a water soluble salt of
the active ingredient, suitable stabilizing agents, and if necessary,
buffer substances. Antioxidizing agents such as sodium bisulfite,
sodium sulfite, or ascorbic acid, either alone or combined, are
suitable stabilizing agents. Also used are citric acid and its salts
and sodium EDTA. In addition, parenteral solutions can contain
preservatives, such as benzalkonium chloride, methyl- or propyl-
paraben, and chlorobutanol. Suitable pharmaceutical carriers are
described in Remington's Pharmaceutical Sciences, Mack Publishing

Company, a standard reference text in this field.

The compounds used in the method of the present invention may also
be administered in intranasal form via use of suitable intranasal
vehicles, or via transdermal routes, using those forms of transdermal
skin patches well known to those of ordinary skill in that art. To
be administered in the form of a transdermal delivery system, the
dosage administration will generally be continuous rather than

intermittent throughout the dosage regimen.

Parenteral and intravenous forms may also include minerals and other
materials such as solutol and/or ethanol to make them compatible with

the type of injection or delivery system chosen.
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The compounds and compositions of the present invention can be
administered in oral dosage forms as tablets, capsules, pills,
powders, granules, elixirs, tinctures, suspensions, syrups, and
emulsions. The compounds may also be administered in intravenous
(bolus or infusion), intraperitoneal, subcutaneous, or intramuscular
form, or introduced directly, e.g. by topical administration,
injection or other methods, to the afflicted area, such as a wound,
including ulcers of the skin, all using dosage forms well known to

those of ordinary skill in the pharmaceutical arts.

Specific examples of pharmaceutically acceptable carriers and
excipients that may be used to formulate oral dosage forms of the
present invention are described in U.S. Pat. No. 3,903,297 to Robert,
issued Sept. 2, 1975. Techniques and compositions for making dosage
forms useful in the present invention are described-in the following
references: 7 Modern Pharmaceutics, Chapters 9 and 10 (Banker &
Rhodes, Editors, 1979); Pharmaceutical Dosage Forms: Tablets
(Lieberman et al., 1981); Ansel, Introduction to Pharmaceutical
Dosage Forms 2nd Edition (1976); Remington's Pharmaceutical Sciences,
17th ed. (Mack Publishing Company, Easton, Pa., 1985); Advances in
Pharmaceutical Sciences (David Ganderton, Trevor Jones, Eds., 1992);
Advances in Pharmaceutical Sciences Vol 7. (David Ganderton, Trevor
Jones, James McGinity, Eds., 1995); Aqueous Polymeric Coatings for
Pharmaceutical Dosage Forms (Drugs and the Pharmaceutical Sciences,
Series 36 (James McGinity, Ed., 1989); Pharmaceutical Particulate
Carriers: Therapeutic Applications: Drugs and the Pharmaceutical
Sciences, Vol 61 (Alain Rolland, Ed., 1993); Drug Delivery to the
Gastrointestinal Tract (Ellis Horwood Books in the Biological
Sciences. Series in Pharmaceutical Technology; J. G. Hardy, S. S.
Davis, Clive G. Wilson, Eds.); Modem Pharmaceutics Drugs and the
Pharmaceutical Sciences, Vol 40 (Gilbert S. Banker, Christopher T.
Rhodes, Eds.}). All of the aforementioned publications are

incorporated by reference herein.

The active ingredient can be administered orally in solid dosage
forms, such as capsules, tablets, powders, and chewing gum; or in

liquid dosage forms, such as elixirs, syrups, and suspensions,
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including, but not limited to, mouthwash and toothpaste. It can also

be administered parentally, in sterile liquid dosage forms.

Solid dosage forms, such as capsules and tablets, may be enteric-
coated to prevent release of the active ingredient compounds before
they reach the small intestine. Materials that may be used as enteric
coatings include, but are not limited to, sugars, fatty acids,
proteinaceous substances such as gelatin, waxes, shellac, cellulose
acetate phthalate (CAP), methyl acrylate-methacrylic acid copolymers,
cellulose acetate succinate, hydroxy propyl methyl cellulose
phthalate, hydroxy propyl methyl cellulose acetate succinate
(hypromellose acetate succinate), polyvinyl acetate phthalate (PVAP),

and methyl methacrylate-methacrylic acid copolymers.

The compounds and compositions of the invention can be coated onto
stents for temporary or permanent implantation into the

cardiovascular system of a subject.

The compounds of the present invention can be synthesized according
to methods described in PCT International Publication ©No. WO
2010/132815 A9. Variations on those general synthetic methods will
be readily apparent to those of ordinary skill in the art and are

deemed to be within the scope of the present invention.

Each embodiment disclosed herein is contemplated as being applicable
to each of the other disclosed embodiments. Thus, all combinations
of the various elements described herein are within the scope of the

invention.

This invention will be better understood by reference to the
Experimental Details which follow, but those skilled in the art will
readily appreciate that the specific experiments detailed are only
illustrative of the invention as described meore fully in the claims

which follow thereafter.
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EXPERIMENTAL DETAILS

Materials and Methods

All air-and moisture-insensitive reactions were carried out under an
ambient atmosphere, magnetically stirred, and monitored by thin layer
chromatography (TLC) using Agela Technologies TLC plates pre-coated
with 250 um thickness silica gel 60 F254 plates and visualized by
fluorescence quenching under UV 1light. Flash chromatography was
performed on SiliaFlash® Silica Gel 40-63pm 60A particle size using
a forced flow of eluent at 0.3-0.5 bar pressure (Still, W. C. et al.
J. Org. Chem. 1978, 43, 2925-2927.). All air-and moisture-sensitive
manipulations were performed using oven-dried glassware, including
standard Schlenk and glovebox techniques under an atmosphere of
nitrogen. Diethyl etherand THF were distilled from deep purple sodium
benzophenone ketyl. Methylene chloride, chloroform and acetonitrile
were dried over CaH, and distilled. Nitromethane was dried over 4A
molecular sieves. All other chemicals were used as received. All
deuterated solvents were  purchased from Cambridge Isotope

Laboratories.

NMR spectra were recorded on either a Bruker Ascend700 spectrometer
operating at 700MHz for 'H acquisitions and 175 MHz for 13C
acquisitions, a Bruker 500 Advance spectrometer operating at 500 MHz,
125 MHz, and 470 MHz for H, 13C, and !°F acquisitions, respectively,
a Bruker 400 Nanobay spectrometer operating at 400 MHz, 100 MHz, and
376 MHz for 'H, 13C, and °Facquisitions, respectively. Chemical shifts
werereferenced to the residual proton solvent peaks ('H: CDCli, 87.26;

(CD3) 280, 82.50; CD;0D, 83.31; CDiCN, 81.94), solvent !3C signals (CDCls,

§77.16; (CD3)280, &39.52; CDsOD, 849.00) (Fulmer, G. R. et al.
Organometallics. 2010, 29, 2176-2179.), dissolved or external neat
PhCF;(19F, 8-63.3 relative to CFCls) (Wang, X. et al. J. Am. Chem. Soc.
2013, 135, 10330-10333). Signals arelisted inppm, and multiplicity
identified as s = singlet, br = broad, d = doublet, t = triplet, q =
quartet, m = multiplet; coupling constants in Hz; integration. High-
resolution mass spectra were performed at Mass Spectrometry Services
at the Univ. of Illinois at Urbana-Champaign and were obtained using

Waters Q-TOF Ultima ESI mass spectrometer. Concentration under
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reduced pressure was performed by rotary evaporation at 25-30°C at
appropriate pressure. Purified compounds were further dried under
high wvacuum (0.01-0.05 Torr). Yields refer to purified and

spectroscopically pure compounds.

Synthesis of Togni reagent II
1-Chloro-1A3-benzo[d] [1,2] icdaoxol~3 (1H) ~one

Q

C!\N,U\N,Cf

P o

OH & 0}
82%
The compound was prepared according to the literature procedure

(Matoudek, V. et al. J. Org. Chem. 2013, 78, 6763-6768). A suspension

of 2-iodobenzoic acid (30.0 g, 0.121 mmol, 1.00 equiv) in MeCN (225
mL) was heated to 75°C. A solution of trichloroisocyanuric acid (9.46
g, 0.0407 mol, 1.01 Cl* equiv) in MeCN (45mL) was added in one portion
and the reaction mixture was heated at 75°C for 10 min. The reaction
mixture was diluted with MeCN (150 mL) and vacuum-filtered over an
oven-preheated, sintered-glass funnel and the filter cake was rinsed
with additional hot MeCN (150 mL). The filtrate was concentrated in
vacuo to near dryness and the resulting yellow solid was collected
by filtration and washed with cold MeCN. The mother liquor from
filtration was partially concentrated in vacuec, giving a second crop
of crystals. The combined crops were dried under vacuum overnight to
afford the title compound as a slightly yellow crystalline solid
(28.0 g, 0.099%91 mol, 82%). NMR Spectroscopy: 'H NMR (400 MHz, CDCls,

25°c, 8): 8.27 (dd, J= 7.5, 1.5 Hz, 1H), 8.22 (dd, J
1H), 8.00 (ddd, J= 8.5, 7.2, 1.6 Hz, 1H), 7.80 (td, J

8.0, 0.5 Hz,
7.4, 0.8 Hz,

14). 13C NMR (125 MHz, CDCls;, 25°C, &): 167.2, 136.8, 133.6, 132.0,
128.8, 127.0, 117.2. These spectroscopic data correspond to

previously reported data.
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(1—(trifluoromethyl)-1h3-benzo[d][1,2]iodaoxol—3(1H)—one)

Cl——0 1. KOAe, MaCN F3C—~}—0

° 2, TMSCF3, MeCN °

84%

Potassium acetate (10.8g, 0.110 mol, 2.00 equiv) was dried under
vacuum at 150°C for 30 min and then cooled to rt. l-chloro-1A3-
benzo{d] [1,2]iodaoxol-3(1H)-one(15.6 g, 0.0551 mol, 1.00 equiv) and
MeCN (155 mL) were added and the reaction mixture was stirred at 75°C
for 2h. The reaction mixture was cooled to rt. TMSCF; (8.97 mL, 0.0607
mol, 1.10 equiv) was added in one portion and the reaction mixture
was stirred at rt for 15 h.MeCN (100 mL) was then added and the brown
reaction mixture was heated to 75°Cand the hot reaction mixture was
filtered through a pad of Celite, concentrated to about 50 mL end
volume, and cooled to -20°C. The crystals were filtered off, washed
with cold (-20°C) MeCN (50 mL) and dried under vacuum. The mother
liquor was again concentrated to approximately 15 mL end volume and
cooled to -20°C. The crystals were filtered off and washed with a
cold (-20°C) MeCN (10 mL). Both crystalline fractions were dried
under a high vacuum to afford the title compound as a white
crystalline solid (14.6 g, 0.0463 mol, 84% yield). NMR Spectroscopy:
I NMR (500 MHz, CDCls;, 25°C, 8):8.48 (dd, J= 7.2, 1.7 Hz, 1H), 7.85-
7.76 (m, 3H). 13C NMR (175 MHz, CDCl;, 25°C, &): 165.9, 135.9, 133.9,
132.1, 132.0, 127.3 (g, J = 2.5 Hz), 114.9, 107.3 (g, J= 378.8Hz).'°F

NMR (376 MHz, CDCls, 25°C, 8): -34.2(s). These spectroscopic data

correspond to previously reported data.

Preparation of Starting Hydroxylamines

General procedure for the synthesisof N-aryl-N-hydroxylamines

Under N, atmosphere, a suspension of aryl nitro compound (1.00 equiv)
and Rh/C (5 mol%) in THF (0.20M) was cooled to 0°C. Hydrazine
monohydrate (1.20 equiv) was added dropwise. The reaction mixture
stirred at 0°C until the TLC analysis indicated a complete consumption
of the starting material. The reaction mixture was filtered through

a short pad of celite and concentrated in vacuo. The residue was used
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directly for the next step without further purification unless

otherwise stated.

General procedure for the synthesis of protected N-aryl-N-
hydroxylamines

To a stirred suspension of N-aryl-N-hydroxylamine (1.00 equiv) and
NaHCO; (1.20 equiv) in Et,0 (0.20M) at 0 °C under N was slowly added
a solution of protecting group precursor (l.20equiv) in Et:0 (0.24 M)
via a syringe pump (at a rate of 10 mL/h). The reaction was stirred
at 0°C until the TLC analysis indicated a complete consumption of the
starting material. The reaction mixture was filtered through a short
pad of celite and concentrated in vacuo. The residue was purified by

chromatography on silica gel.

N-Phenyl-N-hydroxylamine (Sla)

HNNH,H;0 (1.20 aquiv)
o™ ()
NO, > NHOH

THF, @°C
84%

81a

Under N» atmosphere, a suspension of nitrobenzene(1.00 g, 8.10 mmol,
1.00 equiv) and 5% Rh/C (40.5 mg,0.30 mol%Rh)in THF (25.0mL, 0.324
M) was cooled to 0°C. Hydrazine monohydrate (0.487 g, 9.72 mmol, 1.20
equiv) was added dropwise. The reaction mixture stirred at 0°C for 1
h and then slowly warmed up to rt and stirredat rt for 4h. The
reaction mixture was filtered through a short pad of celite and
concentrated in vacuo. Recrystallization from CH:Cl:/hexanes at -20
°caffordedthe title compound as a white solid (0.740 g, 6.78 mmol,
84% yield). Re= 0.25 (hexanes/EtOAc 1:1 (v/v)). NMR Spectroscopy: 1H
NMR (500MHz, (CD3)2S80, &): 8.25(s, 1H), 8.21(s, 1H), 7.14(t, J= 7.9Hz,
2H), 6.81(d, J=7.9Hz, 2H), 6.72 (t, J= 7.9Hz, 1H). 13C NMR (125MHz,
(CD3)280, &): 152.1, 128.4, 119.2, 112.9.

4- (Hydroxyamino) benzonitrile (S1b)

NC HzNNHz'HgO (1 .20 equiv) NC
i |6
NO, NHOH

THF,0°C
499%

S1b
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Under N2 atmosphere, a suspension of 4-nitrobenzonitrile (2.00 g, 13.5
mmol, 1.00 equiv) and 5% Rh/C (77.6 mg, 0.30 mol%Rh) in THF (40.0mL,
0.338 M) was cooled to 0°C. Hydrazine monohydrate (0.810 g, 16.2
mmol, 1.20 equiv) was added dropwise. The reaction mixture stirred
at 0°C for 1 h and then slowly warmed up to rt and stirred at rtfor
1 h. The reaction mixture was filtered through a short pad of celite
and concentrated in vacuotoafford the title compound as a yellow
solid (1.80 g, 13.4 mmol, 99%yield). Re= 0.14 (hexanes/EtOAc 5:1
(v/v)). NMR Spectroscopy: 'H NMR (400MHz, (CDs3)250, 8): 9.10 (s, 1H),
8.76 (s, 1H), 7.57-7.52 (m, 2H), 7.85 (d, J=8.6 Hz, 2H). uC NMR
(100MHz, (CD3)280, &): 155.4, 133.1, 120.1, 111.8, S80.1.

1- (4~ (Hydroxyamino) phenyl) ethan-l-one (Slc)

Me Me
HaNNH, Hz0 (1,20 squlvy o
o 5% RhIC
NHOH
NO, THF, 0 °C
quant. $1c

Under N: atmosphere, a suspension of 1- (4-nitrophenyl)ethan-l-one
(3.00 g, 18.2 mmol, 1.00equiv) and 5% Rh/C (104 mg, 0.30 mol%Rh)in
THF (90.0mL, 0.202 M) was cooled to 0°C. Hydrazine monohydrate (1.09
g, 21.8mmol, 1.20 equiv) was added dropwise. The reaction mixture
stirred at 0°C for 3.5h. The reaction mixture was filtered through a
short pad of celite and concentrated in vacuotoafford the title
compound as a yellow solid (2.80 g, 18.5 mmol, quant yield). Re=
0.27 (hexanes/EtOAc 5:1 (v/v)). NMR Spectroscopy: 'H NMR (400MHz,
(CD3)280, 8): 8.99 (s, 1H), 8.67 (s, 1H), 7.79 (d, J= 8.7 Hz, 2H),
6.82 (d, J=8.7Hz, 2H), 2.44 (s, 3H). 13C NMR (100MHz, (CD3)250, 0):
195.6, 155.9, 129.8, 127.7, 110.9, 26.1.

4- (Hydroxyamino) -N, N-dimethylbenzamide (S1d)

NMe, NMeay
HANNHp H,0 (120 equiv)
© 5% RW/C
) NHOH
NO. THF, 0 °C
73%

S$1d
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Under N2 atmosphere, a suspension of N,N-dimethyl-4-
nitrobenzamide(1.00 g, 6.53 mmol, 1.00equiv) and 5% Rh/C (50.0mg,
0.30 mol%Rh) in THF (25.0mL, 0.261 M) was cooled to 0°C. Hydrazine
monohydrate (1.09 g, 21.8mmol, 1.20 equiv) was added dropwise. The
reaction mixture stirred at 0°C for 2h. The reaction mixture was
filtered through a short pad of celite. The celite was washed with
EtOAc and the combined organic layers were concentratedin vacuo to
afford the title compound as a white solid (0.860g, 4.77 mmol,
73%yield). Rr= 0.22 (hexanes/EtOAc 1:4 (v/v)). NMR Spectroscopy: 1H
NMR (700MHz, CDiOD, 25°C, 8): 7.32 (d, J = 8.5 Hz, 2H), 6.97 (d, J =
8.5 Hz, 2H), 3.06 (s, 6H). 13C NMR (175 MHz, CD3OD, 25°C, 8):174.3,
154.9, 129.4, 128.2, 113.7, 40.3, 35.9. Mass Spectrometry: HRMS (ESI-
TOF) (m/z): calcd for CsHisN20z ([M + H]+), 181.0977, found, 181.0982.

N- (4-Fluorophenyl) hydroxylamine (Sle)

£ HNNH,'H,0 (1,20 squiv) £
O 5% RA/C @
NO. NHOH

2 THF, 0°C
quant.

S1e

Under N2 atmosphere, a suspension of 1-fluoro-4-nitrobenzene (2.00 g,
14.2 mmol, 1.00equiv) and 5% Rh/C (81.4 mg, 0.30 mol%Rh) in THF
(40.0mL, 0.355 M) was cooled to O °C. Hydrazine monohydrate (0.810
g, 16.2 mmol, 1.20 equiv) was added dropwise. The reaction mixture
stirred at 0°C for 2 h. The reaction mixture was filtered through a
short pad of celite and concentrated in vacuo to afford the title
compound as a yellow solid (1.81 g, 14.2 mmol, quant yield). Re= 0.29
(hexanes/EtOAc 4:1 (v/v)). NMR Spectroscopy: 'H NMR (500MHz, (CDs3):2S0,
&): 8.33 (d, J=2.4 Hz, 1H), 8.19 (s, 1H), 7.02-6.97 (m, 2H), 6.85-
6.81 (m, 2H). 13C NMR (125 MHz, (CDs3)280, &): 156.2 (d, J=232.7 Hz),
148.5 (d, J=1.5 Hz), 114.8 (d, J=22.1 Hz), 114.2 (d, J=7.8 Hz). VF
NMR (376 MHz, (CD3)280, 25°C, 8): =-127.6 (s).Mass Spectrometry: HRMS
(ESI-TOF) (m/z): calcd £for CeHINOF ([M + H]+), 128.0512, found,
128.0513.
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Nh(4—Chlorophenyl)hydroxylamine(Slf)

ol H,NNH, 50 (1,20 equiv) a
\CL 5% RhIC R O
NO, NHOH

THF, 0°C
95%

st

Under N2 atmosphere, a suspension of 1-chloro-4-nitrobenzene (2.00 g,
12.7 mmol, 1.00 equiv) and 5% Rh/C (72.9 mg, 0.30 mol%Rh) in THF
(40.0mL, 0.318 M) was cooled to 0°C. Hydrazine monohydrate (0.762 g,
15.2mmol, 1.20 equiv) was added dropwise. The reaction mixture stirred
at 0°C for 2.5h. The reaction mixture was filtered through a short
pad of celite and concentrated in vacuoto afford the title compound
as a vyellow solid (1.72g, 12.0 mmol, 95% yield). Rr = 0.27
(hexanes/EtOAc 5:1 (v/v)). NMR Spectroscopy: 1H NMR (500MHz, (CD3)250,

8): 8.43 (d, J=2.2 Hz, 1H), 8.40 (s, 1H), 7.19(d, J=8.8 Hz, 2H), 6.87-
6.83 (m, 2H).13C NMR (125MHz, (CDs3)230, 8): 151.0, 128.3, 122.6, 114.4.

N=(4—Bromophenyl)hydroxylamine(Slg)

Br HoNNH, HAO {1.20 equiv) Br.
\O E%RNC \@
NO, NHOH

THF, 0°C
89%

S1g

Under N2 atmosphere, a suspension of 1-bromo~-4-nitrobenzene (3.00 g,
14.9 mmol, 1.00equiv) and 5% Rh/C (85.3 mg, 0.30 mol%Rh) in THF (100
mL, 0.149 M) was cooled to 0 °C. Hydrazine monohydrate (0.892 g, 16.2
mmol, 1.20 equiv) was added dropwise. The reaction mixture stirred
at 0°C for 2.5 h. The reaction mixture was filtered through a short
pad of celite and concentrated in vacuo to afford the title compound
as a brown solid (2.78 g, 14.8 mmol, 99% vyield). Res= 0.30
(hexanes/EtOAc 5:1 (v/v)). NMR Spectroscopy: 1§ NMR (500MHz, (CD3):280,
5): 8.42 (s, 1H), 8.40 (s, 1H), 7.30 (d, J=8.8 Hz, 2H), 6.78 (d,
J=8.8Hz, 2H). 13C NMR (125 MHz, (CD3)250, 8): 151.4, 131.1, 114.8,
110.1. Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CeHNOBr ([M
+ H]+), 187.9711, found, 187.9714.
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N- (4-Iodophenyl) hydroxylamine (S1h)

| HaNNH2H,0 {1.20 equiv) |
\©\ S%RWC \©\
NO NHOH

2 THF, 0°C
64%

S$th

Under N: atmosphere, a suspension of 1-iodo-4-nitrobenzene (2.00 g,
8.03 mmol, 1.00 eqguiv) and 5% Rh/C (46.1 mg, 0.30 mol%Rh) in THF
(30.0mL, 0.268 M) was cooled to O °C. Hydrazine monohydrate (0.482g,
9.64 mmol, 1.20 equiv) was added dropwise. The reaction mixture
stirred at 0°C for 2 h. The reaction mixture was filtered through a
short pad of celite and concentrated in vacuo. Recrystallization from
CH:Cl2/hexanes at -20 °C afforded the title compound as a yellow solid
(1.20 g, 5.llmmol, 64% yield). Re= 0.26 (hexanes/EtOAc 5:1 (v/v)).
NMR Spectroscopy: 14 NMR (500MHz, (CDs):z2S0, 8): 8.41 (s, 2H), 7.46 (d,
J=2.7 Hz, 1H), 7.44 (d, J=2.7 Hz, 1H), 6.67 (d, J=2.6 Hz, 1H), 6.65
(d, J=2.6 Hz, 1H). 13C NMR (125 MHz, (CDs)250, 8): 152.4, 137.3, 115.8,
81.1.

N%(3—Fluorophenyl)hydroxylamine(Sli)

F F
HaNNH, H,0 (1.20 equiv)
5% RH/C - O
NHOH
NO, THE, 0 °C
quant. st

Under N2 atmosphere, a suspension of 1-fluoro-3-nitrobenzene(1.00 g,
7.09 mmol, 1.00 equiv) and 5% Rh/C (50.0 mg, 0.30 mol%Rh)in THF (25.0
mL, 0.284 M) was cooled to 0 °C. Hydrazine monohydrate (0.390 g, 7.80
mmol, 1.10 equiv) was added dropwise. The reaction mixture stirred
at 0°C for 1h. The reaction mixture was filtered through a short pad
of celite. The celite was washed with EtOAc and the combined organic
layers wereconcentrated in vacuo to afford the title compound as a
white solid (0.870g, 7.12mmol, quant yield). Re= 0.28 (hexanes/EtOAc
4:1 (v/v)). 'H NMR (400MHz, (CD3)280, &): 8.50 (s, 1H), 8.45 (d, J=
2.1Hz, 1H), 7.17-7.14 (m, 1H), 6.61-6.58 (m, 2H), 6.50-6.48 {(m, 1H).
13c NMR (100MHz, (CD3)280, 8): 163.0(d, J= 238.8 Hz), 154.4(d, J= 10.2
Hz), 130.0(d, J= 9.6 Hz), 108.7(d, J= 2.3 Hz), 105.1(d, J= 21.4Hz),
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99.3(d, J= 25.5Hz). °F NMR (376 MHz, (CD3)280, 25°C, d): -117.3(s).
Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CeH7NOF ([M + HI+),
128.0512, found, 128.0513.

N- (2-Bromophenyl) hydroxylamine (S1])

Br HyNNHZ H,0 (1.20 equiv) Br
@ 6% Rh/C @
NO, - NHOH

THF, 0 °C
quant.

81

Under N2 atmosphere, a suspension of l-bromo-2-nitrobenzene (1.00 g,
4.95 mmol, 1.00 equiv) and 5% Rh/C (28.4 mg, 0.30 mol% Rh) in THF
(50.0mL, 0.0990M) was cooled to 0 °C. Hydrazine monohydrate (0.297
g, 5.94 mmol, 1.20 equiv) was added dropwise. The reaction mixture
stirred at 0°C for 2.5 h. The reaction mixture was filtered through
a short pad of celite, the celite was washed with EtOAc and the
combined organic layers were concentrated in vacuo and solidified
upon standing at -20 °c to afford the title compound as a yellow
solid (0.930g, 4.95 mmol, quant yield). Rs 0.21 (hexanes/EtOAc 1:1
(v/v)). NMR Spectroscopy: 'H NMR (500MHz, (CD3)280, 8): 8.58 (m, 1H},
7.98(s, 1H), 7.40(dd, J=7.8, 0.85 Hz, 1H), 7.28-7.24 (m, 1H), 7.18-
7.15 (m, 1H), 6.74-6.70 (m, 1H). '3C NMR (125MHz, (CD3)280, 8): 148.6,
131.8, 128.2, 120.7, 1ll4.6, 106.7.Mass Spectrometry: HRMS (ESI-TOF)
(m/z): calcd for CsH7NOBr ([M + H]+), 187.9711, found, 187.9710.

N“(3—Methoxy-5—(trifluoromethyl)phenyl)hydroxylamine(Slk)

CF:; CFX
HoNINH, Ho0 (1.20 equiv) ,
5% RWC
NO MeQ NHOH
MeQ 2 THF, 0°C
quant. S1k
Under N2 atmosphere, a suspension of 1-methoxy-3-nitro-5-

(trifluoromethyl)benzene(l.OO g, 4.50mmol, 1.00equiv) and 5% Rh/C
(25.9mg, 0.30 mol%Rh)in THF (15.0mL, 0.300 M) was cooled to 0 °c.
Hydrazine monohydrate (0.270g, 5.40mmol, 1.20 equiv) was added
dropwise. The reaction mixture stirrea at 0°C for 1 h and then slowly
warmed up to rt and stirred at rt for 1 h. The reaction mixture was

filtered through a short pad of celite, the celite was washed with
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EtOAc and the combined organic layers were concentrated in vacuo to
afford the title compound asa yellow solid (0.960g, 4.60 mmol, quant
yield). Re= 0.29 (hexanes/EtOAc 4:1 (v/v)). NMR Spectroscopy: 1H NMR
(400MHz, (CDs3)280, 8): 8.65(s, 1H), 8.58 (br. s, 1H), 6.68 (s, 1H),
6.61 (s, 1H), 6.57 (s, 1lH), 3.76 (s, 3H). ’C NMR (100MHz, (CDs3)280,
§): 160.3, 154.3, 130.4 (g, J= 31.0 Hz), 124.2 (q, J= 271.0 Hz),
101.6(q, J= 4.1Hz), 101.3, 101.0(g, J= 3.9Hz), 55.3. %F NMR (376 MHz,
(CD3) 280, 25°C, 8): -63.6 (s).Mass Spectrometry: HRMS (ESI-TOF) (m/z):
calcd for CsHoNO2F3 ([M + H]+), 208.0585, found, 208.0579.

N;(3-(Trifluoromethyl)phenyl)hydroxylamine(Sll)

CF3 CFy
HaNNH, H,O (1.20 equiv)
5% RhC N
NHOH
NG, THF, 0°C
95% st
Under N2 atmosphere, a suspension of l-nitro-3-

(trifluoromethyl)benzene (1.00 g, 5.21mmol, 1.00equiv) and 5% Rh/C
(50mg, 0.30 mol%Rh)in THF (25.0mL, 0.208 M) was cooled to O °C.
Hydrazine monohydrate (0.314g, 5.73 mmol, 1.10 equiv) was added
dropwise. The reaction mixture stirred at 0°C for 2 h. The reaction
mixture was filtered through a short pad of celite, the celite was
washed with EtOAc and the combined organic layers were concentrated
in vacuo to afford the title compound asa yellow solid (0.880g, 4.87
mmol, 95% yield). Re= 0.30 (hexanes/EtOAc 4:1 (v/v)). 'H NMR (400MHz,
(CD3)250, &): 8.66 (s, 1H), 8.58 (s, 1H), 7.37(t, J= 7.8 Hz, 1H), 7.09
(s, 1H), 7.07-7.03 (m, 2H). '3C NMR (175MHz, (CD3)280, &): 152.7, 129.4
(g, J= 30.6 Hz), 124.4 (q, J= 270.6 Hz), 116.3, 115.2(d, J= 3.8Hz),
111.9, 108.5 (g, J= 4.0Hz). F NMR (376 MHz, (CD3)280, 25°C, &): -
63.4(s).

NL(3-Mathoxyphenyl)hydroxylamine(Slm)

OMe OMe

HaNNHZ Hy0 (1.20 equiv)
5% RWC R
o NHOH

THF,0°C
98%

NO;

S1im
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Under N2 atmosphere, a suspension of 1-methoxy-3-nitrobenzene (1.00
g, 6.53 mmol, 1.00 equiv) and 5% Rh/C (50 mg, 0.30 mol%Rh) in THF
(25.0mL, 0.261 M) was cooled to 0°C. Hydrazine monohydrate (0.360 g,
7.19 mmol, 1.10 equiv) was added dropwise. The reaction mixture
stirred at 0°C for 2 h.The reaction mixture was filtered through a
short pad of celite, the celite was washed with EtOAc and the combined
organic layers were concentrated in vacuo to afford the title compound
as a white solid (0.890g,6.40 mmol, 98% yield). Re = 0.47
(hexanes/EtOAc 3:2 (v/v)). NMR Spectroscopy: 1H NMR (500MHz, (CD3)250,
25°C, 8): 8.26 (d, J = 2.2 Hz, 1lH), 8.23 (s, 1H), 7.04 (t, J = 8.0
Hz, 1H), 6.38-6.41 (m, 2H), 6.30 (dd, J = 8.0, 2.3 Hz, 1H), 3.68 (s,
3H). 13C NMR (125 MHz, (CD3)280, 25°C, &): 159.8, 153.5, 129.1, 105.5,
104.6, 98.5, 54.6. Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for
C-H10NO2 ([M + H]+), 140.0712, found, 140.0714.

Methyl 3~ (hydroxyamino) benzoate (S1n)

Os_ OMe Oy OMe
HaNNHy HZO (1.20 equiv)
5% RH/C
NO, THE.0°C - NHOH
99% S1in

Under N2 atmosphere, a suspension of methyl 3-nitrobenzoate (2.00 g,
11.0 mmol, 1.00 equiv) and 5% Rh/C (63.0mg, 0.30 mol%Rh) in THF
(40.0mL, 0.275 M) was cooled to 0 °C. Hydrazine monohydrate (0.663qg,
13.3mmol, 1.20 equiv) was added dropwise. The reaction mixture stirred
at 0°C for 2.5 h. The reaction mixture was filtered through a short
pad of celite, the celite was washed with EtOAc and the combined
organic layers were concentrated in vacuo to afford the title compound
as a light yellow solid (1.82 g, 10.9 mmol, 99% yield). R
0.19 (hexanes/EtOAc 4:1 (v/v)). NMR Spectroscopy: H NMR (500MHz,
(CD3)280, &): 8.51 (s, 1H), 8.49 (d, J=2.1 Hz, 1H)y, 7.45 (s, 1H),
7.35-7.28 (m, 2H), 7.07-7.04 (m, 1H), 3.82 (s, 3H). 13C NMR (125MHz,
(CD3)280, &): 166.6, 152.4, 130.0, 128.9, 119.9, 117.5, 113.2, 52.1.
Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CsH1oNO3 ( [M + H]+),
168.0661, found, 168.0666.
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N%(Z-Chloro-s—(trifluoromethyl)phenyl)hydroxylamine(Slo)

Cl HaNNH, H50 (1.20 equiv) Ct
o s (X
F3C NO, FaC NHOH

THF, 0°*C
99%
$to
Under N2 atmosphere, a suspension of 1-chloro-2-nitro-4-

(trifluoromethyl)benzene (1.00 g, 4.43 mmol, 1.00 equiv) and5%Rh/C

(25.5mg, 0.30 mol%Rh)in THF (45.0mL, 0.0984 M) was cooled to 0 °C.

Hydrazine monohydrate (0.266g, 5.32mmol, 1.20 equiv) was added
dropwise. The reaction mixture stirred at 0°C for 1.5 h. The reaction
mixture was filtered through a short pad of celite, the celite was
washed with EtOAc and the combined organic layers were concentrated
in vacuo and solidified upon standing at -20 °Cto afford the title

compound as a yellow solid (0.930g, 4.40 mmol, 99% yield). Re= 0.31

(hexanes/EtOAc 1:1 (v/v)). NMR Spectroscopy: *H NMR (500MHz, (CD3)280,
5): 8.86 (s, 1H), 8.74 (s, 1lH), 7.49 (d, J=8.2 Hz, 1H), 7.36 (d,
1.8 Hz, 1H), 7.10-7.08 (m, 1H). 13¢ NMR (125 MHz, (CD3)2S0, d8): 148.4,

129.8, 128.5 (g, J= 31.6 Hz), 124.1 (q, J= 270.6 Hz), 120.7, 115.9
(m), 109.7 (m). °F NMR (376 MHz, (CD3)280, 25°C, 8): -63.5 (s). Mass

Spectrometry: HRMS (ESI-TOF) (m/z): calcd for C7HeNOC1lF3: ([M + Hl+),
212.0090, found, 212.0092.

3—benzyl—8—chloro-7-(hydroxyamino)quinazolin—4(3H)-one(Slp)
an..N/‘QN HzNNHz'S F:Z?n{;gﬂ aquiv) Bn\N/\}N
o ¢l - ol
THF, 0*C
NQ, 95% NHOH
S1p

Under Nz atmosphere, a suspension of 3-benzyl-8-chloro-7-

nitrogquinazolin-4(3H) -one (1.05 g, 3.33 mmol, 1.00equiv) and 5% Rh/C

(50.0 mg, 0.30 mol%Rh) in THF (20 mL, 0.167 M) was cooled to o°c.

Hydrazine monohydrate (0.183 g, 3.66mmol, 1.20 equiv) was added
dropwise. The reactionmixture stirred at 0°C for 4h. The reaction

mixturewas filtered through a short pad of celite and concentrated

in vacuoto afford the title compound as a yellow solid (0.950g,

3.15mmol, 95% yield). Rs = 0.22 (hexanes/EtOAc 4:1 (v/v)). NMR

Spectroscopy: 'H NMR (700MHz, (CD3)280, &): 8.86 (s, 1H), 8.74 (s,

JI=
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1H), 8.40 (s, 1H), 7.76 (s, 1lH), 7.66 (s, 1H), 7.35-7.34 (m, 4H),
7.30-7.28 (m, 1H), 5.18 (s, 21H). 13C NMR (175MHz, (CD3)280, 8): 159.7,
146.9, 145.9, 141.3, 136.9, 128.6, 127.7, 127.6, 127.2, 124.8, 121.4,
108.0, 48.8. Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for.
C15H13N302C1 ([M + H]+), 302.0696, found, 302.0690.

Methyl 4- (hydroxyamino)benzoate (Slq)

o] O

HNNH; H,0(1.20 squiv)
MeO/U\©\ 5% RA/C MeO
N NHOH
Oz THF, 0 °C
quant. Stq

Under N2 atmosphere, a suspension of methyl 4-nitrobenzoate (5.00 g,
27.6 mmol, 1.00 equiv) and 5% Rh/C (159 mg, 0.30 mol% Rh) in THF (300
mL, 0.0920 M) was cooled to 0 °Cc. Hydrazine monohydrate (1.52 g, 30.4
mmol, 1.20 equiv) was added dropwise. The reaction mixture stirred
at 0°C for 5h. The reaction mixture was filtered through a short pad
of celite, the celitewas washed with EtOAc and the combined organic
layers were concentrated in vacuo to afford the title compound as a
yellow solid (4.62 g, 27.6 mmol, quant yield). Re= 0.23 (hexanes/EtOAc
4:1 (v/v)). NMR Spectroscopy: 'H NMR (500MHz, (CD3)2S80, 8): 8.95 (s,
1H), 8.64 (d, J= 1.5 Hz, 1H), 7.76 (d, J=8.7 Hz, 2H), 6.82 (d, J= 8.7
Hz, 2H), 3.77(s, 3H). 3C NMR (125 MHz, (CD3)250, 8): 166.2, 156.0,
130.4, 119.1, 111.2, 51.4. Mass Spectrometry: HRMS (ESI-TOF) (m/z):
caled for CsH1oNOs ([M + H}+), 168.0661, found, 168.0667.

N- (p-Tolyl)hydroxylamine (S1lu)

Me HyNNHy H,0 (1.20 equiv) Me
\O 5% RWC \©\
NO, NHOH

THF,0°C
quant.

S1u

Under N:atmosphere, a suspension of 1-methyl-4-nitrobenzene (2.50 g,
18.3 mmol, 1.00 equiv) and 5% Rh/C (104.8 mg, 0.30 mol%Rh) in THF
(91.0 mL, 0.200 M) was cooled to 0°C. Hydrazine monohydrate (1.11 g,
21.9 mmol, 1.20 equiv) was added dropwise. The reaction mixture was

stirred at 0°C for 2.5 h, filtered through a short pad of celite and
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concentrated in vacuo to afford he title compound as a brown solid
(2.25 g, 18.3 mmol, quant yield). Rs 0.20 (hexanes/EtOAc 4:1 (v/v)).
NMR Spectroscopy: 'H NMR (400MHz, (CD3)280, &): 8.20 (d, J=2.3 Hz,
1H), 8.06 (s, 1H), 6.96 (d, J=8.2 Hz, 2H), 6.74 (d, J=8.2 Hz, 2H),
2.19 (s, 1H). 13C NMR (100MHz, (CD3)250, &): 149.7, 128.8, 127.8,
113.3, 20.2.Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for C7H10NO
([M + H]+), 124.0762, found, 124.0761.

Methyl (R)-Z—acetamido-B-(4-(hydroxyamino)phenyl)propanoate (S1v)

Me HaNNH, H,0 (1.20 equiv) OMs
5% RhC
o O
NHAc THF,0°C NHAG
NO, quant NHOH
Siv

Under N: atmosphere, a suspension of methyl (R)-2-acetamido-3-(4-
nitrophenyl)propanocate (1.00g, 3.76 mmol, 1.00 equiv) and 5 % Rh/C
(21.6 mg, 0.30 mol%Rh)in THF (40 ni, 0.094 M) was cooled to 0°C.
Hydrazine monohydrate (0.226 g, 4.51mmol, 1.20 equiv) was added
dropwise. The reaction mixture stirred at 0°C for 8 h, filtered
through a short pad of celite and concentrated in vacuo to afford the
title compound as a yellow solid (0.950qg, 3.77 mmol, quant yield).
Re 0.42 (EtOAc). NMR Spectroscopy: *H NMR (500MHz, (CD3)250, &): 8.14
(s, 1H), 8.12 (s, 1H),8.05 (s, 1H), 7.00 (d, J=8.3 Hz, 2H), 6.76 (d,
J=8.3 Hz, 2H), 4.39 (dd, J=8.3, 14.1 Hz, 1H), 3.58 (s, 3H),2.89 (dd,
J= 8.8, 14.1 Hz, 1H),2.77 (dd, J=8.8, 14.1 Hz, 1H), 1.80 (s, 3H). 1°C
NMR (125MHz, (CDs3)280, &): 172.1, 169.0, 150.5, 128.8, 127.6, 112.9,
53.8, 51.4, 36.2, 22.1.

N- (Quinolin-8-yl)hydroxylamine (S1w)

Y HoNNH,*H,0 (1.20 equiv) 3
N 5% RhiC N
NO, THF, 0°C NHOH
99%
S1iw

Under N: atmosphere, a suspension of 8-nitroquinoline (1.00 g, 5.74
mmol, 1.00 equiv) and 5%Rh/C (32.9 mg, 0.30 mol%Rh) in THF (60mL,
0.096 M) was cooled to 0°C. Hydrazine monohydrate (0.345 g, 6.8%mmol,
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1.20 equiv) was added dropwise. The reaction mixture was stirred at
0°C for 4h, filtered through a short pad of celite and concentrated
in vacuoc to afford the title compound as a brown solid (0.910g, 5.68
mmol, 99% yield). Rsf = 0.50 (hexanes/EtOAc 5:1 (v/v)). NMR
Spectroscopy: 'H NMR (500MHz, (CD3)280, &): 8.78-8.75 (m, 2H), 8.68
(s, 1H), 8.26 (d, J=8.2 Hz, 1lH), 7.51 (dd, J=4.1, 8.2 Hz, 1H), 7.47
(t, J=7.9 Hz, 1H), 7.30 (d, J=8.2 Hz, 1H), 7.22 (d, J=7.9 Hz, 1H).
3¢ NMR (125MHz, (CDs3)280, &): 147.7, 147.3, 137.1, 135.9, 127.7,
127.3, 121.6, 117.2, 109.3. Mass Spectrometry: HRMS (ESI-TOF) (m/z):
calcd for CeHsN20 ([M + H]+), 161.0715, found, 161.0721.

N-(1- (phenylsulfonyl) -1H~indol-5~yl) hydroxylamine (S1x)

PhO:S HoNNH H;0 (1.20 squiv)  PhO,S
<EI::L 5% RWC N
\ - L
NO, THF, 0°C NHOH
quant

Sx

Under N2 atmosphere, a suspension of 5-nitro-1-(phenylsulfonyl)-1H-
indole (1.00 g, 3.31 mmol, 1.00 equiv) and 5 % Rh/C (19.0 mg,
0.30mol%Rh) in THF (35 mL, 0.094 M) was cooled to 0°C. Hydrazine
monohydrate (0.199 g, 3.97mmol, 1.20 equiv) was added dropwise. The
reaction mixture stirred at 0°C for 1h, filtered through a short pad
of celite and concentrated in vacuo to afford the title compound as
a vyellow solid (0.950g, 3.29 mmol, quant vyield). Re= 0.27
(hexanes/EtOAc 2:1 (v/v)). 'H NMR (500MHz, (CD3)280, &): 8.33 (d, J=2.1
Hz, 1H), 8.25 (s, 1H), 7.92 (s, 1H), 7.90 (s, 1H), 7.74 (d, J=8.9 Hz,
1H), 7.67-7.63 (m, 2H), 7.58-7.54 (m, 2H), 7.02 (d, J=1.5 Hz, 1H),
6.85 (dd, J=1.9, 8.9 Hz, 1H), 6.72 (d, J=3.6 Hz, 1H). 13C NMR (125MHz,
(CD3)250, &): 148.8, 137.1, 134.4, 131.2, 129.8, 128.6, 127.1, 126.5,
113.2, 112.2, 110.0, 104.3. Mass Spectrometry: HRMS (ESI-TOF) (m/z):
calcd for CisHisN2038 ([M + H]+), 289.0647, found, 289.0645.

N-Hydroxy-N-phenylacetamide (la)

AcCl {1.20 equiv)
Q NaHCO3 (1.20 equiv) @\ ,JOL
NHOH = N "Me
OH

Et;0,0°C
86%
S1a 1a
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To a stirred suspension of N-phenylhydroxylamine(0.500g, 4.58 mmol,
1.00 equiv) and NaHCO03(0.462 g, 5.50 mmol, 1.20 equiv) in Et20 (15.0mL,
0.305 M) at 0 °C under N:was slowlyadded a solution of acetyl chloride
(0.432 g, 5.50 mmol, 1.20equiv) in Et20 (15.0mL, 0.367 M)via a syringe
pump (at a rate of 10.0mL/h). After the addition was complete, the
reaction mixture was filtered through a short padof celite and the
celite was washed with EtOAc. The combined organic layers were washed
with water, dried with MgS0s, filtered, and concentrated in vacuo.
The residue was purified by chromatography on silica gel, eluting
with hexanes:EtOAc (4:1 to 3:2 (v/v)),to afford thetitle compound as
awhite solid (0.590g, 3.90 mmol, 86% yield). Re~ 0.27 (hexanes/EtOAc
3:2(v/v)). NMR Spectroscopy: 'H NMR (500MHz, (CD3)250, &): 10.61 (s,
1H), 7.59 (d, J=6.0Hz, 2H), 7.35 (t, J= 6.0 Hz, 2H), 7.13 (t, J= 6.0
Hz, 1H), 2.18 (s, 3H). 13C NMR (125MHz, (CDs3)280, 8): 169.9, 141.7,
128.4, 124.7, 120.3, 22.5.

N- (4-Cyanophenyl) ~-N-hydroxyacetamide (1b)

NG AcCl{1.20 squiv) NC o
\I:j:lx NaHCO; (1.20 equiv) \[::j\ it
NHOH = N "Ma
OH

Et,0, 0°C
78%
S1b 1

To a stirred suspension of 4-(hydroxyamino)benzonitrile (0.500g, 3.73
mmol, 1.00 equiv) and NaHCOs3 (0.380 g, 4.47 mmol, 1.20 equiv) in Et:0
(25.0mL, 0.149 M) at 0 °C under N2was slowlyadded a solution of acetyl
chloride (0.350 g, 4.47 mmol, 1.20 equiv) in Et20 (10.0mL, 0.447 M)
via a syringe pump (at a rate of 10.0mL/h). After the addition was
complete, the reaction mixture was filtered through a short pad of
celite and the celite was washed with EtOAc. The organic layers were
combined, concentrated in vacuo. Recrystallization from Et,0/hexanes
afforded the title compound as a light pink solid (0.510g, 2.89 mmol,
78% yield). Rs~ 0.32 (hexanes/EtOAc 1:1 (v/v)). NMR Spectroscopy: 'H
NMR (400MHz, (CD3)280, 8): 10.%2 (s, 1H), 7.88 (d, J=9.0 Hz, 2H), 7.82

(d, J= 9.0 Hz, 2H), 2.27 (s, 3H). 13C NMR (100MHz, (CD3)280, &): 171.1,
145.1, 132.9, 118.9, 118.8, 105.7, 22.9.Mass Spectrometry: HRMS (ESI-
TOF) {(m/z): calcd for CeHsN20z ([M + H]+), 177.0664, found, 177.0665.
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N- (4-Acetylphenyl) ~-N-hydroxyacetamide (1lc)

Me Me
AcCl {1.20 equiv)
o NaHCO; (1.20 equiv) o ji
NHOH . N7 “Me
Et,0, 0°C (',H
91%
S1¢ ic

To a stirred suspension of 1-(4-(hydroxyamino)phenyl)ethan-l-one
(81le) (0.200g, 1.32 mmol, 1.00 equiv) and NaHCO3(0.130 g, 1.59 mmol,
1.20 equiv) in Et20 (10.0mL, 0.132 M) at 0 °C under Nz was slowly added
a solution of acetyl chloride (0.130 g, 1.59% mmol, 1.20equiv) in Et20
(5.00mL, 0.318 M)via a syringe pump (at a rate of 10.0mL/h). After
the addition was complete, the reaction mixture was filtered through
a short padof celite and the celite was washed with EtOAc. The organic
layers were combined and concentrated in vacuo. The residue was
purified by chromatography on silica gel, eluting with hexanes:EtOAc
(2:1 to 1:1 (v/v)),to afford thetitle compound as awhite so0lid(0.230g,
1.19 mmol, 91% yield). Rses 0.13 (hexanes/EtOAc 2:1 (v/v)). NMR
Spectroscopy: 'H NMR (400MHz, (CDs3)280, d8): 10.84 (s, 1H), 7.96 (d,
J=8.9 Hz, 2H), 7.82 (d, U=8.9 Hz, 2H), 2.54 (s, 3H), 2.27 (s, 3H).
13 NMR (100 MHz, (CD3)280, d): 196.6, 170.8, 145.3, 132.2, 128.9,
118.3, 26.5, 22.9. Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for
CioH12NO3 ([M + H]+), 194.0817, found, 194.0820.

4- (N-Hydroxyacetamido) -N, N~dimethylbenzamide (1d)

NMe, NMe,
AcCl (1.20 equiv)
o NaHCO; (1.20 equiv) 0 j\
NHOH "~ N7 “Me
Et,0,0°C 6!—!
39%
Sid 1d

To a stirred suspension of 4-(hydroxyamino)-N, N~-dimethylbenzamide
(81ld) (0.800g, 3.93 mmol, 1.00 equiv) and NaHCO03:(0.400 g, 4.72 mmol,
1.20 equiv) in Et:0 (15.0 mL, 0.262 M) at 0 °C under Nz was slowly
added a solution of acetyl chloride (0.370 g, 4.72 mmol, 1.20 equiv)
in Et:20 (20.0mL, 0.236 M)via a syringe pump(at a rate of 10.0mL/h).
After the addition was complete, water was added, and the reaction
mixture was filtered. The solid was washed with Et:0, dried under

vacuum at 40 °C for 2h to afford the title compound as yellow solid
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{0.570g, 2.56 mmol, 39% yield). Rrs= 0.11 (hexanes/EtOAc 2:1 (v/v)).
‘H NMR (500MHz, (CD3)2S80, &): 10.71 (s, 1H), 7.70 (d, J=7.5Hz, 2H),
7.41 (d, J=7.5Hz, 2H), 2.94 (s, 6H), 2.24 (s, 3H). 13C NMR (125
MHz, (CD3)280, §&): 170.2, 16%.7, 142.3, 132.0, 127.5, 118.9, 34.9,
22.6., Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CiiHisN203 ([M
+ H]+), 223.1083, found, 223.1084.

N- (4-Fluorophenyl) -N-hydroxyacetamide (le)

E ACCI (1.20 equiv) F
\©\ NaHCO4 (1.20 equiv) \©\ JOL
NHOH > N” “Me

Et,0,0°C o

88%
S1te 1e

To a stirred suspension of N-(4-fluorophenyl)hydroxylamine (Sle)
(0.500 g, 3.93 mmol, 1.00 equiv) and NaHCO3(0.400 g, 4.72 mmol, 1.20
equiv) in Et20 (15.0mL, 0.262 M) at 0 °C under N2 was slowly added a
solution of acetyl chloride (0.370 g, 4.72 mmol, 1.20equiv) in Et20
(20.0 mL, 0.236 M) via a syringe pump(at a rate of 10.0mL/h). After
the addition was complete, the reaction mixture was filtered through
a short pad of celite and the celite was washed with EtOAc. The
organic layers were combinedand concentrated in vacuo. The residue
was purified by chromatography on silica gel, eluting with
hexanes:EtOAc (4:1 to 1:1 (v/v)), to afford the title compound as a
yellow so0lid(0.570g, 3.37 mmol, 86% yield). Rre= 0.10 (hexanes/EtOAc
4:1 (v/v)). NMR Spectroscopy: 'H NMR (400MHz, (CD3)280, &): 10.66 (s,
1H), 7.66-7.60 (m, 2H), 7.23-~7.16 (m, 2H), 2.19 (s, 3H). I3C NMR (100
MHz, (CD3)2S0, 8): 169.7, 158.9 (d, J= 240.2Hz), 138.1 (d, J= 2.6 Hz),
122.5, 115.0 5 (d, J= 22.3 Hz), 22.2. °F NMR (376 MHz, (CDs3)280, 25°C,
8): ~-120.2 (s). Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for
CsHoNO2F ([M + HJ]+), 170.0617, found, 170.0620.

N- (4-Chlorophenyl) -N-hydroxyacetamide (1£)

AcCl {1.20 aquiv)

cl cl o
@\ NaHCO3 (1.20 squiv) \©\ 1
NHOH . g Me
H

Et,0,0°C
88%
s 1f
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To a stirred suspension of N-(4-chlorophenyl)hydroxylamine (S1f£)
(1.00g, 6.97 mmol, 1.00equiv) and NaHCO3(0.700 g, 8.36 mmol, 1.20
equiv) in Et20 (20.0mL, 0.349 M ) at 0 °C under N2 was slowly added a
solution of acetyl chloride (0.660 g, 8.36 mmol, 1.20 equiv) in Etz20
(20.0 mL, 0.418 M) via a syringe pump{at a rate of 10.0mL/h). After
the addition was complete, the reaction mixture was filtered through
a short pad of celite and the celite was washed with EtOAc. The
organic layers were combined and concentratedin vacuo.
Recrystallization from Et;0/hexanes afforded the title compound as a
yellow solid (1.15 g, 6.20 mmol, 89% yield). Re= 0.13 (hexanes/EtOAc
4:1(v/v)). NMR Spectroscopy: 'H NMR (400MHz, (CD3)250, &): 10.72 (s,
1H), 7.67 (d, J=8.9 Hz, 2H), 7.44-7.38 (m, 2H), 2.21 (s, 3H). 13C NMR
(100 MHz, (CD3)280, &): 170.1, 140.5, 128.3, 128.1, 121.4, 22.5. Mass
Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CsHeNO2C1l ([M + HI+),
186.0322, found, 186.0321.

N- (4-Bromophenyl) ~N-hydroxyacetamide (1g)

ar AcCH {1.20 equiv) ar o
@\ NaHCO; (1.20 equiv) \Q )il
NHOH - N” “Me
£,0,0°C &

quant.
Sig 1g

To a stirred suspension of N-{(4-bromophenyl)hydroxylamine (81g)
(1.00g, 5.32 mmol, 1.00equiv) and NaHCO3(0.540 g, 6.38 mmol, 1.20
equiv) in Etz0 (25.0 mL, 0.213 M) at 0 °C under N2 was slowly added a
solution of acetyl chloride (0.500 g, 6.38 mmol, 1.20equiv) in Et20
(30.0 mL, 0.213 M) via a syringe pump({at a rate of 10.0mL/h). After
the addition was complete, the reaction mixture was filtered through
a short pad of celite and the celite was washed with EtOAc. The
organic layers were combined and concentrated in vacuo to afford the
title compound as a brown solid (1.23 g, 5.34 mmol, quant yield). Re=
0.14 (hexanes/EtOAc 4:1 (v/v)). NMR Spectroscopy: 'H NMR (400MHz,
(CD3)280, &): 10.72 (s, 1H), 7.61 (d, J=9.0Hz, 2H), 7.54 (d, J=9.0 Hz,
2H), 2.21 (s, 3H). !3H NMR (100 MHz, (CDs3)280, &): 170.2, 140.9, 131.2,
121.6, 116.2, 22.5. Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd
for CsHsNO2Br ([M + HJ]+), 229.9817, found, 229.9818.

N-Hydroxy-N- (4-iodophenyl) acetamide (1h)



WO 2016/057931 PCT/US2015/054958

10

15

20

25

72
| AcCl {1.20 aquiv) |
\©\ NaHCOj (1.20 aquiv) \©\ ,JOL
NHOH > N Me
Et,0, 0°C SH
83%
Sth 1

To a stirred suspension of N-(4-iodophenyl)hydroxylamine(S1h) (1.00g,
4.25 mmol, 1.00 equiv) and NaHCO03(0.430 g, 5.11 mmol, 1.20 equiv) in
Et20 (30.0mL, 0.412 M) at 0 °C under Nz was slowly added a solution
of acetyl chloride (0.400 g, 5.11 mmol, 1.20equiv) in Etz20 (20.0mL,
0.256 M) via a syringe pump(at a rate of 10.0mL/h). After the addition
was complete, water was added. The aqueous layer was extracted with
EtOAc (4 15 mL). The combined organic layers were dried (MgS04),
filtered, and concentrated in vacuo. Recrystallization from
Et:0/hexanes afforded the title compound as light brown solid (0.980
g, 3.54 mmol, 83% yield). Re= 0.18 (hexanes/EtOAc 4:1 (v/v)). NMR
Spectroscopy: 'H NMR (400MHz, (CDs)2S0, d): 10.69 (s, 1H), 7.72-7.67
(m, 2H), 7.48 (d, J=8.5Hz, 2H), 2.21 (s, 3H). }3C NMR (100 MHz,
(CDs)280, &): 170.1, 141.4, 137.0, 121.8, 88.4, 22.6. Mass
Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CsHsNO2I ([M + Hl+),
277.9678, found, 277.9684.

N- (3-Fluorophenyl) -N-hydroxyacetamide (1i)

£ F
AcCl {1.20 aquiv)
NaHCO, (1.20 equiv) ,?L
NHOH ‘ = N “Me
Et,0,0°C O
78%
s 1i

To a stirred suspension of N-(3-fluorophenyl)hydroxylamine (S1i)
(0.800g, 6.29 mmol, 1.00equiv) and NaHCO03(0.634 g, 7.55 mmol, 1.20
equiv) in Etz0 (35.0mL, 0.180 M) at O °C under N2 was slowly added a
solution of acetyl chloride (0.593 g, 7.55 mmol, 1.20 equiv) in Etz20
(30.0mL, 0.252 M) via a syringe pump(at a rate of 10.0mL/h). After
the addition was complete, the reaction mixture was filtered through
a short pad of celite and the celite was washed with EtOAc. The
organic layers were combined and concentrated in vacuo. The residue
was purified by chromatography on silica gel, elutingwith

hexanes:EtOAc (4:1 to 1:1 (v/v)), to afford the title compound as a
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yellow liquid(0.830 g, 4.91 mmol, 78% yield). Rs 0.52 (hexanes/EtOAc
1:1 (v/v)).NMR Spectroscopy: H NMR (500MHz, (CD3)280, 8): 10.77 (s,
1H), 7.54-7.50 (m, 2H), 7.50-7.37 (m, 1H), 7.00-7.6.94 (m, 1H), 2.23
{s, 3H). 13C NMR (125 MHz, (CD3)280, &): 170.4, 161.80 (d, J= 240.2
Hz), 143.1 (d, J= 10.7 Hz), 130.1 (d, J= 9.2 Hz), 115.0, 110.7 (d,
J= 20.9 Hz), 106.3 (d, J= 27.7 Hz), 22.7. 1°F NMR (376 MHz, (CDs3):zSO,

25°C, 8): -~114.5 (s). Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd
for CsHoNO2F ([M + H]+), 170.0617, found, 170.0617.

N- (2-Bromophenyl) -N-hydroxyacetamide (13)

Br AcCH (1.20 equiv) Br o
(:j: NaHCO (1.20 squiv)
NHOH N" Me
ELO, 0°C OH
79%
81) 1j

To a stirred suspension of N-(2-bromophenyl)hydroxylamine (S1j)
(0.820g,4.36mmol, 1.00 equiv) and NaHCOs (0.430g, 5.23mmol, 1.20
equiv) in Et20 (20.0mL, 0.218 M) at 0 °C under N2 was slowly added a
solution of acetyl chloride (0.410g, 5.23mmol, 1.20equiv) in Etz0
(25.0mL, 0.209 M) via a syringe pump (at a rate of 10.0mL/h). After
the addition was complete, the reaction mixture was filtered through
a short pad of celite and the celite was washed with EtOAc. The
organic layers were combined and concentrated in vacuo. The residue
was purified by chromatography on silica gel, eluting with
hexanes:EtOAc (1:1 (v/v)), to affordthe title compound as a brown
solid( 0.790 g, 3.43 mmol, 79% yield). Re 0.21 (hexanes/EtOAc 1:1
(v/v)).NMR Spectroscopy: 'H NMR (500MHz, (CD3)280, 8): 10.65 (s, 1H),
7.71-7.70 (m, 1H), 7.45~7.44 (m, 1H), 7.31-7.30 (m, 1H), 3.34 (s,
3H). }3C NMR (125 MHz, (CD3)280, 6): 170.5, 141.0, 133.0, 129.9, 128.6,
122.1, 21.0. Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for
CsHoNO2Br ([M + H]+), 229.9817, found, 229.9820.

N-Hydroxy-N- (3-methoxy-5- (trifluoromethyl)phenyl) acetamide (1k)
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CFa CFS
AcCl (1.20 squiv)
NaHCOs (1.20 squiv) j\
Me0y NHOH MeO N “Me
£5,0,0°C &
quant.
s1k 1k

To a stirred suspension of N-(3-methoxy-5-(trifluoromethyl)phenyl)
hydroxylamine (S1k) (0.720g, 3.48 mmol, 1.00 equiv) and NaHCOs(0.350
g, 4.17 mmol, 1.20 equiv) in Etz20 (15.0 mL, 0.232 M) at O °C under N2
was slowly added a solution of acetyl chloride (0.330 g, 4.17 mmol,
1.20equiv) in Et20 (20.0mL, 0.209 M)via a syringe pump(at a rate of
10.0mL/h). After the addition was complete, the reaction mixture was
filtered through a short padof celite and the celite was washed with
EtOAc. The organic layers were combined and concentrated in vacuoto
afford the title compound as a yellow solid( 0.870 g, 3.49 mmol,
quant yield). Re= 0.18 (hexanes/EtOAc 4:1 (v/v)). NMR Spectroscopy:
14 NMR (400MHz, (CD3)280, &): 10.87 (s, 1H), 7.64 (s, 1lH), 7.53 (s,
14), 7.01 (s, 1H), 3.83 (s, 3H), 2.25 (s, 3H). 13C NMR (100 MHz,
(CD3)280, &): 170.8, 159.8, 143.4, 130.2 (q, J= 31.4 Hz), 123.9 (q,
J= 270.9 Hz), 108.6, 107.9, 105.8, 55.7, 22.8. F NMR (376 MHz,
(CD3)280, 25°C, 8): —63.3 (s).Mass Spectrometry: HRMS (ESI-TOF) (m/z):
calcd for CioHuNO3F3 ([M + H]+), 250.0691, found, 250.0696.

N-Hydroxy-N- (3- (trifluoromethyl)phenyl) acetamide (11)

CFy CF;3

AcCl {1.20 equiv)
NaHCO, (1.20 equiv) j’\
NHOH - N “Me
Et,0,0°C SH
85%
sl 1

To a stirred suspension of N-(3-(trifluoromethyl)phenyl)hydroxylamine
(811) (0.720g, 4.06mmol, 1.00 equiv) and NaHCO3(0.410g, 4.88mmol, 1.20
equiv) in Et20 (20.0mL, 0.203 M) at O °C under Nz was slowly added a
solution of acetyl chloride (0.380g, 4.88mmol, 1.20equiv) in Etz0
(25.0mL, 0.192 M) via a syringe pump(at a rate of 10.0mL/h). After
the addition was complete, the reaction mixture was filtered through
a short pad of celite and the celite was washed with EtOAc. The
organic layers were combined and concentrated in vacuo. The residue

was purified by chromatography on silica gel, eluting with
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hexanes:EtOAc (4:1 to 1:1 (v/v)),to afford the title compound as a
vellow s01id(0.760 g, 3.47 mmol, 85% yield). R~ 0.19 (hexanes/EtOAc
4:1 (v/v)).NMR Spectroscopy: 'H NMR (500MHz, (CD3)280, §): 10.88 (s,
1H), 8.03 (s, 1H), 7.94 (d, J= 8.0Hz, 1H), 7.61 (t, J= 8.0Hz, 1H),
7.48 (d, J= 8.0Hz, 1H), 2.08 (s, 3H). 13C NMR (125 MHz, (CD3)280, &):
170.7, 142.2, 129.8, 129.1 (g, J= 31.6 Hz), 126.2 (d, J= 270.9Hz),
122.9 (d, J= 9.6Hz), 120.6 (d, J= 29.7Hz), 115.5, 22.6. F NMR (376

MHz, (CD3)280, 25°C,d): -63.1 (s).Mass Spectrometry: HRMS (ESI-TOF)
(m/z): calcd for CoHsNOz2F3 ([M + H]+), 220.0585, found, 220.0589,

N-Hydroxy-N- (3-methoxyphenyl) acetamide (1m)

OMe OMe

AcCl {1.20 equiv)
NaHCOy (1.20 equiv) j)\
NHOH . N™ Me
Et;0,0°C (I‘)H
69%
Sim im

To a stirred suspension of N-{3-methoxyphenyl)hydroxylamine (S1m)
(0.900 g, 6.47 mmol, 1.00 equiv) and NaHC03(0.650g, 7.76mmol, 1.20
equiv) in Etzé (30.0mL, 0.216 M) at 0 °C under Nz was slowly added a
solution of acetyl chloride (0.610g, 7.76mmol, 1.20equiv) in Etz0
(30.0mL, 0.25% M ) via a syringe pump (at a rate of 10.0mL/h). After
the addition was complete, the reaction mixture was filtered through
a short pad of celite and the celite was washed with EtOAc. The
organic layers were combined and concentrated in vacuo. The residue
was purified by chromatography on silica gel, eluting with
hexanes:EtOAc (5:1 to 4:1 (v/v)), to afford the title compound as a
brown liquid (0.810 g, 4.47 mmol, 69% yield). Re= 0.26 (hexanes/EtOAc
5:1 (v/v)).H NMR (500MHz, (CD3)2S80, 8): 10.61 (s, 1H), 7.30-7.20 (m,
3H), 6.74-6.71 (m, 1H), 3.74 (s, 3H), 2.19 (s, 3H). 13C NMR (125 MHz,
(CD3)280, o): 169.9, 159.2, 142.8, 129.2, 112.3, 109.8, 106.0, 55.1,
22.6.Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CsHizNO: ([M +
H]+), 182.0817, found, 182.0816.

Methyl 3-(N-hydroxyacetamido)benzoate (1n)
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O, OMe O, OMe
AcCl (1.20 equiv)
NaHCO, (1.20 equiv) fL
NHOH o N” Me
Et,0,0°C (5H
quant.
Sin n

To a stirred suspension of methyl 3-(hydroxyamino)benzoate (Sln)
(1.00g, 5.98 mmol, 1.00equiv) and NaHCO3(0.600 g, 7.18 mmol, 1.20
equiv) in Etz0 (30.0mL, 0.199 M) at 0 °C under Nzwas slowlyadded a
solution of acetyl chloride (0.560 g, 7.18 mmol, 1.20equiv) in Etz0
(30.0mL, 0.239 M )via a syringe pump (at a rate of 10.0mL/h). After
the addition was complete, the reaction mixture was filtered through
a short pad of celite and the celite was washed with EtOAc. The
organic layers were combined and concentrated in vacuo to afford the
title compound as a yellow solid (1.25 g, 5.98 mmol, quant yield).
R= 0.10 (hexanes/EtOAc 4:1 (v/v)). NMR Spectroscopy: 1H NMR (400MHz,
(CD3)280, d): 10.80 (s, 1H), 8.26 (s, 1H), 7.95-7.%0 (m, 1H), 7.72 (d,
J=7.6 Hz, 1H), 7.51 (t, J=7.9 Hz, 1H), 3.86 (s, 3H), 2.24 (s, 3H).
13C NMR (100 MHz, (CD3)280, &): 170.4, 166.0, 141.9, 129.8, 128.9,
124.9, 124.2, 120.1, 52.3, 22.5. Mass Spectrometry: HRMS (ESI-TOF)
(m/z): calcd for CioH12NOs4 ([M + H]+), 210.0766, found, 210.0764.

N-(2-Chloro=-5=- (trifluoromethyl)phenyl) ~N~hydroxyacetamide (10)

ol AcCl (1.20 aquiv) al
/@ NaHCO4 (1.20 equiv) /@ j\
F3C NHOH " FC N7 “Me

Et;0, 0 *C OH

quant.
S1o0 10

To a stirred suspension of N-(2-chloro-5-(trifluoromethyl)phenyl)
hydroxylamine (Slo) (0.930g, 4.43 mmol, 1.00 equiv) and NaHCO03(0.447
g, 5.32 mmol, 1.20 equiv) in Et20 (25.0mL, 0.177 M) at 0 °C under N:
was slowly added a solution of acetyl chloride (0.417 g, 5.32 mmol,
1.20equiv)in Et20 (20.0mL, 0.266 M) via a syringe pump(at a rate of
10.0mL/h). After the addition was complete, the reaction mixture was
filtered through a short pad of celite and the celite was washed with
EtOAc. The organic layers were combinedand concentrated in vacuo. The

residue was purified by chromatography on silica gel, eluting with
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hexanes:EtOAc (4:1 to 2:1 (v/v)), to afford title compound as a yellow
liquid (1.11 g, 4.38 mmol, quant yield). Rs 0.39 (hexanes/EtOAc 2:1
(v/v)).'H NMR (500MHz, (CDs)280, 8): 10.87 (s, 1H), 7.84-7.75 (m, 3H),
2.19 (s, 3H). 13C NMR (125 MHz, (CD3)280, &): 170.7, 140.3, 135.7,
131.3, 128.6 (gq, J= 32.5 Hz), 126.3 (m), 125.9 (m), 123.3 (q, J=
270.8 Hz), 20.8. °F NMR (376 MHz, (CD3)280, 25°C, &): -63.2 (s).Mass
Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CoHsNO2C1F3 ([M + Hl+),
254.0196, found, 254.0194.

N- (3-Benzyl-8-chloro-4-oxo-3,4-dihydroquinazolin-7-yl) -N-

hydroxyacetamide (1p)
Bn an. 2N
NN AcCl (1.20 aquiv) N™™N
o el NaHCOy {1.20 aquiv) N o Cl o
ELOMTHF, 0°C N"U\Me
NHOH 50% )
% OH
81p ip

To a stirred suspension of methyl 3-benzyl-8-chloro-7- (hydroxyamino)
quinazolin-4(3H)-one (S1lp) (0.700 g, 2.32 mmol, 1.00 equiv) and NaHCO3
(0.234 g, 2.78mmol, 1.20 equiv) in Et20/THF 1:1 (v/v) (10 mL, 0.232
M) at 0 °C under N2 was slowly added a solution of acetyl chloride
(0.219 g, 2.78 mmol, 1.20 equiv) in Et20 (15.0 mL, 0.185M) via a
syringe pump (at a rate of 10.0 mL/h). After the addition was
complete, the reaction was quenched with water, filtered and the
solid was washed with Et20, dried at r.t. for 24 h to afford the title
compound as a yellow solid (0.720 g, 2.09 mmol, 90% yield). Re= 0.14
(hexanes/EtOAc 4:1 (v/v)). NMR Spectroscopy: 'H NMR (500MHz, (CDs):z50,
8): 10.83(s, 1H), 8.65 (s, 2H), 8.15(s, 1H), 7.91(s, 1H), 7.25-7.40

(m, 5H), 5.20 (s, 2H), 2.19 (s, 3H). 13C NMR (125MHz, (CD3)280, 8&):
159.3, 150.0, 148.1, 138.1, 137.7, 136.5, 128.7, 128.2, 127.8, 127.6,
126.7, 121.3, 49.1, 20.9. Mass Spectrometry: HRMS (ESI-TOF) (m/z):
calcd for Ci17H1sN303Cl ([M + H]+), 344.0802, found, 344.0808.

Methyl 4~ (N-hydroxyacetamido)benzoate (lq)
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o o)
AcCl (1.20 aquiv)
Mef NaHCOq (1.20 squiv)  MeO ji
NHOH - N “Me
Et,0,0°C OH
81%
S1q 1q

To a stirred suspension of methyl 4-(hydroxyamino)benzoate (Slq)

(0.900 g, 5.38 mmol, 1.00 equiv) and NaHCO3(0.540 g, 6.46 mmol, 1.20

equiv) in Et20 (30.0mL, 0.179 M) at 0 °C under Nz was slowly added a

5 solution of acetyl chloride (0.510 g, 6.46 mmol, 1.20 equiv) in Etz20

{(30.0mL, 0.215 M) via a syringe pump (at a rate of 10.0mL/h). After

the addition was complete, the reaction mixture was filtered through

a short pad of celite and the celite was washed with EtOAc. The

organic layers were combinedand concentrated in vacuo. The residue

10 was purified by chromatography on silica gel, eluting with

hexanes:EtOAc (4:1 to 1:1 (v/v)),to afford the title compound as a

light yellow s0l1id(0.910 g, 4.35 mmol, 81% yield). Res 0.13

(hexanes/EtOAc4:1 (v/v)). NMR Spectroscopy: 'H NMR (400MHz, (CDs3)2S0,

6): 10.83 (s, 1H), 7.96 (d, J=9.0 Hz, 2H), 7.83 (d, J=9.0Hz, 2H),

15 3.83 (s, 3H), 2.26 (s, 3H). 3C NMR (100 MHz, (CD3)280, d8): 170.8,
165.7, 145.4, 129.8, 124.6, 118.4, 52.0, 22.9. Mass Spectrometry:
HRMS (ESI-TOF) (m/z): calcd for CioHizNOs ([M + H]+), 210.0766, found,

210.0766.

20 Methyl 4- (N-hydroxybenzamido)benzoate (1lr)

o 0
PhCOCI (1.20 equiv)
MeO NaHCO, (1.20 aquiv)  MeO i
NHOH - NoPh
EO,0°C OH
91%
S1q 1r

To a stirred suspension of methyl 4-(hydroxyamino)benzoate (S1q)

(1.00 g, 5.98 mmol, 1.00 equiv) and NaHCO3(0.603g, 7.18mmol, 1.20

equiv) in Et20 (30.0 mL, 0.199 M) at 0 °C under Nz was slowly added

25 asolution of acetyl chloride (1.01 g, 7.18 mmol, 1.20 equiv) in Etz20

(30.0 mL, 0.239 M) via a syringe pump(at a rate of 10.0mL/h). After

the addition was complete, the reaction mixture was filtered through

a short pad of celite and the celite was washed with EtOAc. The
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organic layers were combined and concentrated in vacuo. The residue
was purified Dby chromatography on silica gel, eluting with
hexanes:EtOAc (4:1 (v/v)), to afford the title compound as a light
yellow solid(1.47 g, 5.42 mmol, 91% yield). Re= 0.20 (hexanes/EtOAc
4:1 (v/v)). NMR Spectroscopy: 'H NMR (500MHz, (CD3)280, 8): 10.93 (s,
1H), 8.00 (d, J= 8.8 Hz, 2H), 7.81 (d, J= 8.8Hz, 2H), 7.69 (d, J= 7.4
Hz, 2H), 7.52-7.44 (m, 3 H), 3.85 (s, 3H). }3C NMR (125 MHz, {(CDs3)280,
8): 168.6, 165.7, 145.9, 135.2, 130.6, 129.8, 128.4, 127.9, 125.5,
120.0, 52.1.Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for
C1sH14NOs ([M + H]+), 272.0923, found, 272.0925.

Methyl 4- (hydroxy (methoxycarbonyl)amino)benzoate (1ls)

o 0
CICOOMe(1.20 equiv)
MeO NaHCOs (1.20 equiv) M@ j\
NHOH ; >~ N “OMe
E4,0,0°C ou
75%
S1q 1s

To a stirred suspension of methyl 4-(hydroxyamino)benzoate (S1q)
{(0.800g, 4.84 mmol, 1.00equiv) and NaHCO03(0.554 g, 6.55 mmol, 1.35
equiv) in Et20 (15.0mL, 0.323 M) at 0 °C under Nz was slowly added a
solution of methyl chloroformate(0.490 g, 5.50 mmol, 1.10equiv) in
Et:0 (15.0mL, 0.367 M) via a syringe pump(at a rate of 7.50mL/h).
After the addition was complete, the reaction mixture was filtered
through a short pad of celite and the celite was washed with EtOAc.
The organic layers were combined and concentrated in vacuo. The
residue was recrystallized from CH:Cl:/hexanes to afford the title
compound as a light yellow solid (0.830 g, 3.6Smmol, 75% yield). Re
0.34 (hexanes/EtOAc 3:2(v/v)). H NMR (400MHz, (CDs3)z50, 8): 10.63 (s,
1H), 7.%94 (d, J= 9.0 Hz, 2H), 7.70 (d, J= 9.0 Hz, 2H), 3.83 (s, 3H),
3.78 (s, 3H). 13C NMR (125 MHz, (CD3):280, o¢): 165.7, 154.3, 146.1,
129.8, 124.3, 118.1, 53.2, 52.0. Mass Spectrometry: HRMS (ESI-TOF)
(m/z): calcd for CioH12NOs ([M + H]+), 226.0715, found, 226.0714.

Methyl 4-(l-hydroxy-3,3-dimethylureido)benzoate (1t)



WO 2016/057931 PCT/US2015/054958

10

15

20

25

30

80
0 o
Me,NCOC! (1.20 equiv)
MBOJ\@\ NaHCO, (120 squiv)  MeO JOL
NHOH . N” “NMe,
EtO, 0°C oH
55% '
$1q 1

To a stirred suspension ofmethyl 4-(hydroxyamino)benzoate (Slq)
(1.00g, 5.98 mmol, 1.00equiv) and NaHCO03(0.603 g, 7.18 mmol, 1.20
equiv) in Etz0 (30.0mL, 0.199 M) at 0 °C under N2 was slowly added a
solution of dimethylcarbamic chloride (0.772 g, 7.18 mmol, 1.2 equiv)
in Et20 (30.0mL, 0.239 M) via a syringe pump (at a rate of 10.0mL/h).
After the addition was complete, the reaction was quenched by waterand
extracted with EtOAc (20mLx4). The combined organic layers weredried
with MgS0Os4, filtered, and concentrated in vacuo. The residue was
recrystallized form Et:0/hexanesto afford title compound as a yellow
s01id(0.780 g, 3.27 mmol, 55% yield). Re= 0.25 (hexanes/EtOAc 4:1
(v/v)). NMR Spectroscopy: 'H NMR (500MHz, (CD3)280, 8): 10.14 (s, 1H),
7.87 (d, o= 8.8 Hz, 2H), 7.23 (d, J= 8.8 Hz, 2H), 3.81 (s, 3H), 2.95
{s, 6H). 13C NMR (125 MHz, (CDs3)280, &): 166.0, 159.0, 149.4, 129.6,
122.7, 117.0, 51.8, 37.3. Mass Spectrometry: HRMS (ESI-TOF) (m/z):
calcd for Ci1iHisN204 ([M + H]+), 239.1032, found, 239.1033.

N-Hydroxy-N- (p-tolyl)acetamide (1lu)

Mo AcCl {1.20 aquiv) Ma
O NaHCO, (1.20 equiv) \©\ JOL
NHOH - N "Me
OH

ELO,0°C
58%
Stu 1u

To a stirred suspension of N-{(p-tolyl)hydroxylamine (Slu) (0.200g,
1.62 mmol, 1.00 equiv) and NaHCO3 (164 mg, 1.95 mmol, 1.20 equiv) in
Et20 (10.0 mL, 0.162 M) at 0 °C under N2 was slowly added a solution
of acetyl chloride(153 mg, 1.95 mmol, 1.20 equiv) in Et20 (5.00 mL,
0.390 M) via a syringe pump (at a rate of 10.0mL/h). After the addition
was complete, the reaction mixture was filtered through a short pad
of celite and concentrated in vacuo. The residue waspurified by
chromatography on silica gel, eluting with hexanes:EtOAc (4:1 to 2:1
{v/v), to afford the title compound as a yellow solid(0.156 g, 0.944
mmol, 58% yield). Rs= 0.27 (hexanes/EtOAc 2:1 (v/v)). NMR

Spectroscopy: H NMR (400MHz, (CD3)2580, &): 10.51 (s, 1H), 7.47
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(d, =8.2 Hz, 2H), 7.15 (d, J=8.2 Hz, 2H), 2.28 (s, 3H), 2.1l6 (s, 3H).
3¢ NMR (125 MHz, (CD3)280, d&): 169.5, 139.3, 133.8, 128.8, 120.3,

22.3, 20.4. Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CsHiz2NO2
([M + H]+), 166.0868, found, 166.0867.

Methyl (R) ~2-acetamido-3- (4~ (N~-hydroxyacetamido) phenyl)

propanocate (1lv)

OMe

AcCl (1.20 equiv) OMte
NHAc -
NHOH ELO. 0C NHAC N Koo
87% 6[-;
Siv v
To a stirred suspension of methyl (R)-2-acetamido—3~ (4~

(hydroxyamino)phenyl)propanocate {(Slwv) (0.310g, 3.61 mmol, 1.00 equiv)
and NaHCO03(0.364 g, 4.33 mmol, 1.20 equiv) in Etz0 (20.0mL, 0.185 M)
at 0 °C under Nz was slowlyadded a solution of acetyl chloride (0.340
g, 4.33 mmol, 1l.20equiv) in Et:0 (20.0 mL, 0.217 M) via a syringe
pump {(at a rate of 10.0mL/h). After the addition was complete, the
reactionmixture was slowly warmed up to rt. The reaction mixture was
then quenched with water and the solid was collected by filtration
and dried under vacuum overnight at 40 °C. The procedure afforded the
title compound as a yellow solid (0.920 g, 3.13 mmol, 87% yield). NMR
Spectroscopy: H NMR (500MHz, (CDs3)280, §): 10.57 (s, 1H), 8.32 (d,
J=7.2 Hz, 1H), 7.52 (d, J=7.7 Hz, 2H), 7.19 (d, J=7.7 Hz, 2H), 4.43
(d, JU=5.9 Hz, 1H), 3.60 (s, 3H), 2.98 (dd, 0=5.9, 13.6 Hz, 1H), 2.85
(dd, J=5.9, 13.6 Hz, 1H),2.18 (s, 3H), 1.79 (s, 3H). '3C NMR (125 MHz,
{(CD3)280, &): 172.2, 169.7, 169.3, 140.2, 133.5, 129.0, 120.0, 53.6,
51.8, 36.2, 22.4, 22.2. Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd
for C14H1sN20s ([M + H]+), 295.1294, found, 295.1296.

Methyl hydroxy(quinolin-8-yl)carbamate (lw)

e

| CICOOMe {1.20 equiv) = L

N NaHCO4 (1.20 aquiv) o

NHOH ELO,0°C NJLQMG
B1% ' OH

Siw 1w
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To a stirred suspension of N-(quinolin-8-yl)hydroxylamine (S1lw)
(0.50g, 3.12 mmol, 1.00 equiv) and NaHCO03(0.315 g, 3.75 mmol, 1.20
equiv) in Et20 (15.0mL, 0.208 M) at 0 °C under N2 was slowly added a
solution of methyl chloroformate (0.325 g, 3.75 mmol, 1.20equiv) in
Et20 (16.0mL, 0.234 M)via a syringe pump (at a rate of 10.0mL/h).
After the addition was complete, the reaction mixture was warmed up
to rt and stirred for another 4 h. The reaction mixture was quenched
with water and the solid was collected by filtration and dried under
vacuum overnight. The procedure afforded the title compound as a dark
brown solid (0.550 g, 2.52 mmol, 81% yield). Rse= 0.23 (hexanes/EtOAc
5:1 (v/v)). NMR Spectroscopy: 'H NMR (500MHz, (CDs3)280, 8): 10.19 (s,
1H), 8.93 (dd, J=1.7, 4.2 Hz, 1H), 8.43 (dd, J=1.7, 8.3 Hz, 1H), 8.00
{(dd, o=1.3, 8.3 Hz, 1H),7.76 (d, J=7.6 Hz, 1lH), 7.64 (dd, J=7.6, 8.3
Hz, 1H), 7.59 (dd, J=4.2, 8.3 Hz, 1H), 3.57 (s, 3H). !3C NMR (125 MHz,
(CD3)280, &): 157.2, 150.5, 143.0, 139.7, 136.4, 128.8, 128.66,
128.65, 126.4, 121.9, 52.6. Mass Spectrometry: HRMS (ESI-TOF) (m/z):
caled for CuiHuiN20: ([M + H]+), 219.0770, found, 218.0773.

N-hydroxy~N- (1- (phenylsulfonyl) ~1H-indol-5-yl) acetamide (1x)

PhO,S AcCH (1.20 squiv) PhO,S
N NaHCO, (1.20 aquiv) N o
\ - \ O A
NHOH E,0,0°C N "Me
atx 94% ix OH

To a stirred suspension ofN-(l-{phenylsulfonyl)-1H-indol-5-yl)
hydroxylamine (S1x) (0.950g, 3.31 mmol, 1.00 equiv) and NaHCOz(0.333
g, 3.97 mmol, 1.20 equiv) in Etz0 {(25.0 mL, 0.132M) at O °C under N
was slowly added a solution of acetyl chloride(0.311 g, 3.97 mmol,
1.20equiv) in Et20 (20.0 mL, 0.199M)via a syringe pump (at a rate of
10.0mL/h). After the addition was complete, the reaction mixture
wasfiltered through a short pad of celite and concentrated in vacuo.
The residue was purified by chromatography on silica gel, eluting
with hexanes:EtOAc (4:1 tol:1 (v/v), to afford the title compound as
a white solid (1.02 g, 3.09 mmol, 94% yield). R~ 0.19 (hexanes/EtOAc
2:1 (v/v)). NMR Spectroscopy: 'H NMR (500MHz, (CD3)280, d): 10.63 (s,
1H), 7.97 (d, J=8.1 Hz, 2H), 7.92 (d, J=9.1 Hz, 1H), 7.82 (d, J=3.6
Hz, 1H), 7.79 (s, 1 H), 7.70-7.66 {(m, 1H), 7.61-7.56 (m, 3H), 6.87
(d, J=3.6 Hz, 1H), 2.18 (s, 3H). !3C NMR (125 MHz, (CD3)280, d): 169.7,
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137.8, 136.9, 134.7, 131.3, 130.4, 129.8, 127.9, 126.6, 118.5, 113.7,
112.9, 108.9, 22.2. Mass Spectrometry: HRMS (ESI-TOF) {(m/z): calcd
for CieH1sN204S ([M + H]+), 331.0753, found, 331.0759.

Example 1. General Method for O-trifluoromethylation/ OCF;-migration

Herein is described the first synthesis, isolation, and
characterization of protected N-aryl-N-(trifluoromethoxy)amines and
their application in the synthesis of ortho-OCF3; aniline derivatives

(Scheme 1).

Scheme 1. General synthetic sequence

R'\ R'\ R'\

TR CF AR H AR
N [CF3] N R eat ﬂ R
OH H OCF, OCF,

Standard procedure for O-trifluoromethylation of protected N-aryl-N-
hydroxylamines

Under N; atmosphere, to a mixture of protected N-aryl-N-hydroxylamine
(1.00 equiv) and Cs2COs; (10 mol®) in CHClz; (0.100 M)was added Togni
reagent II (1.20 equiv) and the reaction mixture was stirred at rt
for 14-23h.The reaction mixture was then washed with sat. ag. NaHCO3;*
and the organic layer was collected, dried (MgSOs), filtered, and
concentrated in vacuo. The residue was purified by chromatography on

silica gel.

*The wash with sat. aqg. NaHCO: was not necessary in case of compounds
of low polarity, which could be easily separated from 2-iodobenzoic

acid by means column chromatography.

Standard procedure for the synthesis of ortho-OCF; aniline derivatives
via OCF;-migration

A solution of protected N-aryl-N-(trifluoromethoxy)amine (0.400 mmol)
in MeNO:; (0.400 mL, 1.00 M) was heated at an appropriate temperature
(e.g., 50 °C, 80 °C, 120 °C or 140 °C) under N: atmospherefor 11-48h.
The reaction mixture was concentrated in vacuo. The residue was

purified by chromatography on silica gel.
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Example 2. Synthesis of N-OCF; Compounds

Although synthesis and applications of N-SCF; compounds are known, (!5
direct synthesis of the analogous N-OCF; compounds from protected N-
aryl-N-hydroxylamines has not been reported.!!¥ It is known that
sodium 2,6, 6-tetramethylpiperidin-l-oxide (TEMPONa) reacts with 1-
trifluoromethyl-1,2-benziodoxol~3(1H)~one (Togni reagent 1II)I6l to
form TEMPO-CF;.!'"1 Based on this reactivity, Togni and co-workers
developed O-trifluoromethylation of N,N-dialkylhydroxylamines using
3,3-Dimethyl-1-(trifluoromethyl)~-1,2-benziodoxole (Togni reagent
I).!42] Therefore, 1t was envisioned that protected ~N-aryl-N-
hydroxylamines could react with Togni reagents to provide the desired
products of O-trifluoromethylation. Indeed, treatment of N-phenyl-N-
hydroxamic acid (la) with 1.2 equiv of Togni reagent II in the
presence of 10 mol% CsyCOs; in CHCly (0.1 M) at room temperature
furnished the desired product 2a in 72% yield (Scheme 2). Addition
of a stoichiometric amount of radical trap, 3,5-di-tert-butyl-4-
hydroxytoluene (BHT), diminished the product yield. Moreover, this
reaction is oxygen sensitive, so strictly degassed chloroform is
required for high yield. These observations are consistent with a

radical reaction mechanism. [14p,17]

Under the optimized reaction conditions, various protected N-aryl-N-
hydroxylamines (la=-1lt, Scheme 2) were surveyed to determine the scope
and limitations of this reaction. The reaction tolerated a wide range
of functional groups including nitrile (2b), ketone (2e¢), amide (2d),
halogens (2e-23j, 20, 2p), CF3 group {2k, 21, 20), ether (2k, 2m),
ester (2n, 2q-2t), and heterocycle substituent (2p). Examination of
different nitrogen protecting groups revealed that acetyl-,
benzoyl-, and methoxycarbonyl-protected N-[ (4-methoxycarbonyl)
phenyl] hydroxylamines showed excellent and comparable reactivities
(2g~2s8), while dimethylcarbamoyl-protected N-[(4-methoxycarbonyl)
phenyl] hydroxylamine was found to react sluggishly (2t). Substrates
bearing a dimethylcarbamoyl group (2d, 2t) afforded the corresponding
products in lower yields. This is probably due to decomposition of
the dimethylcarbamoyl group resulting from a hydrogen atom
abstraction of NICH3 by a N-hydroxyl radical.[!'8 It is noteworthy that
this class of the OCF3 compounds (2a-2t) shows the most shielded
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chemical shift (~ —65 ppm) in 19F-NMR compared to other OCF; containing
compounds such as TEMPO-CF3 (-55.7 ppm), (1?7 Ph-OCF3 (-58 ppm), (297 and
n-Cy1oH21—0CF3 (-61.3 ppm) .21

5 Scheme 2. Selected examples of O-trifluoromethylation of protected

N~aryl-N-hydroxylamines.?

R f N F;C—I—O R f ANy
g l Cs,C05 (10 mol% T !
~ N'R o 2C03 ( 6) = N,R
H ! CHCI3 (0.1 M), rt

OH H OCF,
1a-1t Togni reagent Il 2a-2t
1.2 equiv
Me NMe,
sHncEasiiach!
N™ "Me N™ "Me N” "Me N™ "Me
OCF, OCF; OCF, OCF;
2a 2b 2¢c 2d
72% 84% 75% 39%
1
ACE TS TR ON TR
r:l Me l}l Me r;l Me r;l Me
OCF, OCF, OCF, OCF;
2e 2f 2g 2h
73% 70% 81% 82%
F OMe CF3
% COR O L, O
N™ "Me N™ "Me FsC t}lJ\Me I\IJ/U\Me
OCF, OCF; OCF; OCF,
2i 2j 2k 21
76% 77% 82% 82%
OMe O OMe BAN"SN
O 4 %, 00,5 CCs
rg Me r}l Me FiC I;l Me r;l/U\Me
OCF, OCF, OCF, OCF,
2m 2n 20 2p
76% 67% 75% 73%
L UL, T, Ll
N™ "Me N™ "Ph N” "OMe N” "NMe;
OCF, OCF, OCF, OCF,
2q 2r 2s 2t
97% 96% 91% 40%
R=COzMe

aReaction time: 14-23 hours. Cited yields are for isolated material

following chromatography.
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Procedures for O-trifluoromethylation of protected N-aryl-N-
hydroxylamines
N-Phenyl-N- (trifluoromethoxy) acetamide (2a)

©\ JOL FiC—1—0 Cs,CO; (10 mol%) ©\ j\
N Me ©/& 0 N “Me
OH

CHClg, rt, 21 h 6CF3
72%
1a 1.2 equiv 2a

Under N, atmosphere, to a mixture of N-hydroxy-N-phenylacetamide (la)
(400 mg, 2.65 mmol, 1.00 equiv) and Cs:COs (86.2 mg, 0.265 mmol,
10 mol%) in CHCls (26.5 mL, 0.100 M) was added Togni reagent II
(1.00 g, 3.18 mmol, 1.20 equiv) and the reaction mixture was stirred
at rt for 21 h. The reaction mixture concentrated in vacuo. The
residue was purified by chromatography on silica gel, eluting with
hexanes:EtOAc (19:1 to 9:1 (v/v)), to afford the title compound as a
slightly yellow oil (420 mg, 1.92 mmol, 72% yield). Rf = 0.63
(hexanes/EtOAc 9:1 (v/v)). NMR Spectroscopy: 1H NMR (500 MHz, CDCls,
25 °C, §): 7.49-7.41 (m, 2H), 7.41-7.31 (m, 3H), 2.22 (s, 3H). !3C NMR
(125 MHz, CDCls, 25 °c, &): 172.4, 140.4, 129.5, 129.4, 126.3, 122.9
(q, J = 263.0 Hz), 22.0. !°F NMR (376 MHz, CDCls, (376 MHz, CDCls,
25 °C, 8): -64.8 (s). 25 °C, d): -64.8 (s). Mass Spectrometry: HRMS
(ESI-TOF) (m/z): calcd for CoHeNO:F3 ([M + H]*), 220.0585, £found,
220.0580.

N- (4-Cyanophenyl) ~N- (trifluoromethoxy) acetamide (2b)

NC — NC
\Q 2 FC9 C5,C03 (10 mol%) \©\ )it
OH

CHCl3, 1,23 h OCF,
84%
1b 1.2 equiv 2b

Under N; atmosphere, to a mixture of N-(4-cyanophenyl)-N-
hydroxyacetamide (1b) (200 mg, 1.14 mmol, 1.00 equiv) and Cs2COs
(37.0 mg, 0.114 mmol, 10 mol%) in CHCl; (11.4 mL, 0.100 M) was added
Togni reagent II (432 mg, 1.37 mmol, 1.20 equiv) and the reaction
mixture was stirred at rt for 23 h. The reaction mixture was filtered
and the filtrate was concentrated in vacuo. The residue was purified
by chromatography on silica gel, eluting with hexanes:CHxCl: (1:2 to
0:1 (v/v)), to afford the title compound as an off-white solid (234
mg, 0.958 mmol, 84% yield). Rf = 0.66 (CH:Cly). NMR Spectroscopy: H
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NMR (700 MHz, CDCls, 25 °C, 8): 7.74-7.70 (m, 2H), 7.55-7.51 (m, 2H),
2.38 (s, 3H). 13C NMR (175 MHz, CDCl;, 25 °C, 6): 172.4, 143.6, 133.1,
123.8, 122.7 (q, J = 265.2 Hz), 118.1, 111.6, 21.9. °F NMR (376 MHz,
CDCl;, 25 °C, 8): -65.2 (s). Mass Spectrometry: HRMS (ESI-TOF) (m/z):
calcd for CioHsN20:F3 ([M + HI]*), 245.0538, found, 245.0541.

N- (4-Acetylphenyl) ~N- (trifluoromethoxy) acetamide (2¢)
Me

Me

0)\@ /?L Fl—0 C8,COs3 (10 mol%) o JOL
N Me @ 0 N” “Me
OH

CHCl3, rt, 16 h L
75%
1c 1.2 equiv 2c

Under N; atmosphere, to a mixture of methyl N-(4-acetylphenyl)-N-
hydroxyacetamide (le) (309 mg, 1.60 mmol, 1.00 equiv) and Cs:COs3
{52.1 mg, 0.160 mmol, 10 mol%) in CHCl; (16.0 mL, 0.100 M) was added
Togni reagent II (607 mg, 1.92 mmol, 1.20 equiv) and the reaction
mixture was stirred at rt for 16 h. The reaction mixture was then
washed with sat. ag. NaHCO3 (30 mL) and the layers were separated.
The organic layer was dried (MgS0s), filtered, and concentrated in
vacﬁo. The residue was purified by chromatography on silica gel,
eluting with hexanes:EtOAc (9:1 to 7:3 (v/v)), to afford the title
compound as a slightly yellow oil (314 mg, 1.20 mmol, 75% yield). R¢
= 0.62 (hexanes/EtOAc 4:1 (v/v)). NMR Spectroscopy: 'H NMR (700 MHz,
CcDCls, 25 °C, 8): 8.03-8.00 (m, 2H), 7.50-7.48 (m, 2H), 2.61 (s, 3H),
2.33 (s, 3H). 13C NMR (175 MHz, CDCls, 25 °C, §): 196.9, 172.3, 143.9,
136.5, 129.3, 124.0, 122.7 (q, J = 264.2 Hz), 26.8, 21.9. ?F NMR (376

MHz, CDCls, 25 °C, 8): —-65.00 (s). Mass Spectrometry: HRMS (ESI-TOF)
(m/z): caled for Ci1i:H11NOsFs ([M + H]*), 262.0691, found, 262.0691.

N, N-Dimethyl-4~ (N- (trifluoromethoxy) acetamido) benzamide (2d)

NMe, NMe;
o
0 j\ S Cs,COs (10 mal%) O j’\
N Me © CHCly, t, 14 h N Me
OH 3 5 OCF3
39%
1d 1.2 equiv 2d

Under N; atmosphere, to a mixture of 4-(N-hydroxyacetamido)-N,N-
dimethylbenzamide (1d) (192 mg, 0.864 mmol, 1.00 equiv) and Cs,CO3
(28.2 mg, 0.0864 mmol, 10 mol%) in CHCl; (8.64 mL, 0.100 M) was added
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Togni reagent II (329 mg, 1.04 mmol, 1.20 equiv) and the reaction
mixture was stirred at rt for 14 h. The reaction mixture was then
washed with sat. ag. NaHCO; (30 mL) and the layers were separated.
The organic layer was dried (MgSQs;), filtered and concentrated in
vacuo. The reaction mixture was purified by preparative TLC using
hexanes:EtOAc (7:3 (v/v)) for development (prep TLC was developed
four times). The purification afforded the title compound as a pink
0il (98.4 mg, 0.339 mmol, 39% yield). Re = 0.30 (hexanes/EtOAc 2:3
(v/v)). NMR Spectroscopy: 'H NMR (700 MHz, CDCls;, 25 °C, &): 7.49 (d,
J = 8.2 Hz, 2H), 7.42 (d, J = 8.2 Hz, 2H), 3.12 (br. s, 3H), 2.99
(br. s, 3H), 2.27 (s, 3H). ¥3C NMR (175 MHz, CDCl;, 25 °C, §): 172.4,
170.5, 141.1, 136.8, 128.2, 125.2, 122.8 (g, J = 263.8 Hz), 39.7,
35.5, 21.9. 19F NMR (376 MHz, CDCl;, 25 °C, &): -64.9 (s). Mass
Spectrometry: HRMS (ESI-TOF) {(m/z): calcd for Ci2HusN203F3 ([M + HI]*),
291.0957, found, 291.0958.

N- (4~Fluorophenyl) -N- (trifluoromethoxy) acetamide (2e)

F o F

\©\ JOL FoC=l—0 C8,CO0; (10 mol%) \©\ j\
N" Me @A 0 N “Me
OH

CHCl3, 1it, 14 h 6CF3
73%
1e 1.2 equiv 2e

Under N: atmosphere, to a mixture of N-(4-fluorophenyl)-N-
hydroxyacetamide (le) (200 mg, 1.18 mmol, 1.00 equiv) and Cs:C0;
(38.5 mg, 0.118 mmol, 10 mol%) in CHCl3 (11.8 mL, 0.100 M) was added
Togni reagent II (447 mg, 1.42 mmol, 1.20 equiv) and the reaction
mixture was stirred at rt for 14 h. The reaction mixture was filtered
and the filtrate was concentrated in vacuo. The residue was purified
by chromatography on silica gel, eluting with hexanes:CH,Clp; (1:1 to
0:1 (v/v)), to afford the title compound as a slightly yellow oil
(206 mg, 0.868 mmol, 73% yield). Rf = 0.42 (hexanes/CHxCl; 1:1 (v/v)).
NMR Spectroscopy: !'H NMR (700 MHz, CDCls, 25 °C, &): 7.39-7.34 (m,
2H), 7.16-7.11 (m, 2H), 2.24 (s, 3H). 13C NMR (175 MHz, CDCls;, 25 °C,
8): 172.7, 162.7 (d, J = 249.0 Hz), 136.4 (d, J = 2.6 Hz), 128.5,
122.9 (g, J = 263.1 Hz), 116.6 (d, J = 22.9 Hz), 21.9. °F NMR (376
MHz, CDCls, 25 °C, 8): -64.8 (s), -111.4 (s). Mass Spectrometry: HRMS
(ESI-TOF) (m/z): calcd for CgHgNOxFs; ([M + H]*), 238.0491, found,
238.0493.
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N- (4~Chlorophenyl) -N- (trifluoromethoxy) acetamide (2f)

cl o cl

\©\ )OL FaC——0 Cs,C03 (10 mol%) \©\ j\
N" Me @A ¢ N Me
OH

CHClz, 1, 16 h Ocr,
70%
1f 1.2 equiv 2f
Under N atmosphere, to a mixture of N-{4-chlorophenyl)-N-

hydroxyacetamide (1£) (297 mg, 1.60 mmol, 1.00 equiv) and Cs2C0;
(52.1 mg, 0.160 mmol, 10 mol%) in CHCls; (16.0 mL, 0.100 M) was added
Togni reagent II (607 mg, 1.92 mmol, 1.20 equiv) and the reaction
mixture was stirred at rt for 16 h. The reaction mixture was filtered
and the filtrate was concentrated in vacuo. The residue was purified
by chromatography on silica gel, eluting with hexanes:CH,Cl:; (7:3 to
1:1 (v/v)), to afford the title compound a slightly yellow oil (284
mg, 1.12 mmol, 70% yield). R = 0.59 (hexanes/CH»Cl: 1:1 (v/v)). NMR
Spectroscopy: 'H NMR (700 MHz, CDCl;, 25 °C, §): 7.42 (d, J = 8.6 Hz,
2H), 7.32 (d, J = 8.6 Hz, 2H), 2.26 (s, 3H). 3C NMR (175 MHz, CDCls,
25 °c, §): 172.6, 138.8, 135.0, 129.7, 127.1, 122.8 (gq, J = 263.7
Hz), 21.9. F NMR (376 MHz, CDCls;, 25 °C, 8): -64.9 (s). Mass
Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CoHgNO:F:Cl ([M + HI]*),
254.0196, found, 254.0198.

N- (4-Bromophenyl) ~-N- (trifluoromethoxy)acetamide (2g)

Br. R Br

\©\ j\ FoC——0 Cs,CO5 (10 mal%) \©\ j\
N"Me @A ¢ N" “Me
OH

CHCla, 1t, 18 h (IDCFa
81%
19 1.2 equiv 2g

Under N; atmosphere, to a mixture of N-(4-bromophenyl)-N-
hydroxyacetamide (1g) (368 mg, 1.60 mmol, 1.00 equiv) and Cs:CO3
{52.1 mg, 0.160 mmol, 10 mol%) in CHCl3; (16.0 mL, 0.100 M) was added
Togni reagent II (607 mg, 1.92 mmol, 1.20 equiv) and the reaction
mixture was stirred at rt for 18 h. The reaction mixture was filtered
and the filtrate was concentrated in vacuo. The residue was purified
by chromatography on silica gel, eluting with hexanes:CH:Cl; (1l:1 to
1:3 (v/v)), to afford the title compound as a slightly yellow oil
(384 mg, 1.29 mmol, 81% yield). Rf = 0.47 (hexanes/CHxCl; 1:1 (v/v)).
NMR Spectroscopy: 'H NMR (700 MHz, CDCls;, 25 °C, d8): 7.59-7.55 (m,
2H), 7.23-7.28 {(m, 2H), 2.26 (s, 3H). 13C NMR (175 MHz, CDCls;, 25 °C,
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8): 172.5, 139.3, 132.6, 127.2, 122.9, 122.8 (g, J = 263.3 Hz), 21.8.

19 NMR (376 MHz, CDCls, 25 °C, d8): -64.9 (s). Mass Spectrometry: HRMS
(ESI-TOF) (m/z): calcd for CgHgNO:F3Br ([M + H]*), 297.9690, found,
297.9694.

N- (4-Iodophenyl) ~-N- (trifluoromethoxy) acetamide (2h)

| o |

\©\ JOL FaC—I—0 Cs,CO3 (10 moi%) \©\ /ﬁ\
N Me (j/§ 0 N” “Me
OH

CHClg, rt, 18 h 6CF3
82%
1h 1.2 equiv 2h
Under N2 atmosphere, to a mixture of N-hydroxy—-N- (4-

iodophenyl)acetamide {(1h) (200 mg, 0.722 mmol, 1.00 equiv) and Cs2C0O3
(23.5 mg, 0.0720 mmol, 10 mol%) in CHCl3 (7.20 mL, 0.100 M) was added
Togni reagent II (274 mg, 0.867 mmol, 1.20 equiv) and the reaction
mixture was stirred at rt for 18 h. The reaction mixture was filtered
and the filtrate was concentrated in vacuo. The residue was purified
by chromatography on silica gel, eluting with hexanes:CH:Clp, (1:1
(v/v)), to afford the title compound as a slightly yellow oil (205
mg, 0.594 mmol, 82% yield). Rs = 0.48 (hexanes/CH:Cl; 1:1 (v/v)). NMR
Spectroscopy: 'H NMR (700 MHz, CDCls;, 25 °C, é): 7.79-7.76 (m, 2H),
7.14—7.11 (m, 2H), 2.27 (s, 3H). 13C NMR (175 MHz, CDCls, 25 °C, 9):
172.5, 140.1, 138.6, 127.2, 122.8 (q, J = 263.5 Hz), 94.4, 21.9. ¥F
NMR (376 MHz, CDCl;, 25 °C, 6): -64.9 (s). Mass Spectrometry: HRMS
(ESI-TOF) (m/z): calcd for CgHgNOFsI ([M + H]*), 345.9552, found,
345.9549.

N~ (3-Fluorophenyl) ~N- (trifluoromethoxy) acetamide (2i)

F F
@\ j\ FaC——0 Cs,CO3 (10 mol%) j\
N Me @AO CHCl, 1t, 22 h N Me
OH 3 OCF,
76%
1 1.2 equiv 21

Under N:; atmosphere, to a mixture of N-(3-fluorophenyl)-N-
hydroxyacetamide (1i) (243 mg, 1.44 mmol, 1.00 equiv) and Cs:C0O;
(46.9 mg, 0.144 mmol, 10 mol%) in CHCl; (14.4 mL, 0.100 M) was added
Togni reagent II (546 mg, 1.73 mmol, 1.20 equiv) and the reaction
mixture was stirred at rt for 22 h. The reaction mixture was

concentrated in vacuo. The residue was purified by chromatography on
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silica gel, eluting with hexanes:CH.Cl; (1:1 to 1:3 (v/v)), te afford
the title compound as a slightly yellow oil (260 mg, 1.09 mmol, 76%
yield). Rf = 0.55 (hexanes/CH.Cl, 1:1 (v/v)). NMR Spectroscopy: 'H NMR
(700 MHz, CDCl;, 25 °C, &): 7.41 (td, J = 8.2, 6.0 Hz, 1H), 7.19 (d,
J = 8.2 Hz, 1H), 7.13 (dt, J = 9.4, 2.2 Hz, 1H), 7.08 (td, J = 8.2,
1.7 Hz, 1H), 2.28 (s, 3H). 13C NMR (175 MHz, CDClj;, 25 °C, §): 172.5,
162.7 (d, J = 246.8 Hz), 141.6 (d, J = 9.8 Hz), 130.5 (d, J = 8.8
Hz), 122.8 (q, J = 263.4 Hz), 121.0, 115.% (d, J = 20.9 Hz), 112.9
(d, J = 24.0 Hz), 21.9. F NMR (376 MHz, CDCls, 25 °C, 8): -65.0 (s),
~111.2 (s). Mass Spectrometry: HRMS (EI-TOF) (m/z): calcd for CoHsNO:F,
([M]*), 237.0413, found, 237.0417.

N- (2-Bromophenyl) ~N- (trifluoromethoxy) acetamide (23)

Brj\ Fal——0 Cs,C03 (10 mol%) Brj\

N~ “Me 0 N~ "Me

oM CHCla, 1t, 23 h OCFs
77%

1j 1.2 equiv 2J

Under N atmosphere, to a mixture of N-(2-bromophenyl)-N-
hydroxyacetamide (13) (368 mg, 1.60 mmol, 1.00 equiv) and Cs:CO0;
(52.1 mg, 0.160 mmol, 10 mol%) in CHCl:; (16.0 mL, 0.100 M) was added
Togni reagent II (607 mg, 1.92 mmol, 1.20 equiv) and the reaction
mixture was stirred at rt for 23 h. The reaction mixture was filtered
and the filtrate was concentrated in vacuo. The residue was purified
by chromatography on silica gel, eluting with hexanes:CH:Cl; (1l:1 to
0:1 (v/v)), to afford the title compound as a slightly yellow oil
(367 mg, 1.23 mmol, 77% yield). Rr = 0.55 (hexanes/CH;Cl: 1:1 (v/v)).
NMR Spectroscopy: 'H NMR (700 MHz, CDCls;, 25 °C, 8): 7.70 (d, J=17.7
Hz, 1H), 7.48 (d, J=7.7 Hz, 1H), 7.42 (t, J=7.5 Hz, 1H), 7.36-7.31
(m, 1H), 2.23 (br. s, 3H). 13C NMR (175 MHz, CDCls;, 25 °C, &): 172.6,
139.6, 134.2, 132.0, 131.3, 128.7, 123.6, 123.0 (g, J = 263.0 Hz),
21.6. 1% NMR (376 MHz, CDCl;, 25 °C, d): -64.6 (s). Mass Spectrometry:
HRMS (ESI-TOF) (m/z): calcd for CgHgNOF3Br ([M + H]*), 297.9690, found,
297.9688.



WO 2016/057931 PCT/US2015/054958

92

N- (3-Methoxy-5- (trifluoromethyl)phenyl) —-N- (trifluoromethoxy)

acetamide (2k)

OMe OMe
)OL FoC—l—0 Cs,C0; (10 mol%) /?L
F1C N "Me o F4C N” "Me
SH CHClz, rt, 18 h OCF,
82%
1k 1.2 equiv 2k

Under N; atmosphere, to a mixture of N-hydroxy-N-(3-methoxy-5-

5 (trifluoromethyl)phenyl)acetamide (1k) (399 mg, 1.60 mmol,

1.00 equiv) and Cs,CO03 (52.1 mg, 0.160 mmol, 10 mol%) in CHCl; (16.0
mL, 0.100 M) was added Togni reagent II (607 mg, 1.92 mmol, 1.20 equiv)

and the reaction mixture was stirred at rt for 18 h. The reaction

mixture was filtered and the filtrate was concentrated in vacuo.

10 residue was purified by chromatography on silica gel, eluting with

hexanes:CH:Cl, (1:3 to 3:1 (v/v)), to afford the title compound as a

slightly yellow oil (417 mg, 1.31 mmol, 82% yield). Re = 0.33

(hexanes/CH:Cl; 3:2 (v/v)). NMR Spectroscopy: 'H NMR (700 MHz, CDCls,

25 °c, &): 7.24 (br. s, 1H), 7.12 (br. s, 1H), 7.09 (br. s, 1H), 3.87

15 (s, 3H), 2.32 (s, 3.H). 13C NMR (175 MHz, CDCls, 25 °C, 98): 172.7,
160.4, 141.8, 132.7 (g, J = 33.0 Hz), 123.4 (q, J= 271.1 Hz), 122.8
(g, J = 264.0 Hz), 114.5, 113.9, 111.2, 56.0, 21.8. °F NMR (376 MHz,

CDCls, 25 °C, &): -63.4 (s), -65.0 (s). Mass Spectrometry: HRMS (ESI-
TOF) (m/z): calcd for CiiHioNOsFe ([M + H]*), 318.0565, found, 318.0569.

20

N- (Trifluoromethoxy) -N- (3~ (trifluoromethyl) phenyl) acetamide (21)
CF . — CF
: Fal=t—0 C8,CO3 (10 mol%) :
L O 3
N)J\Me CHCI;,Z;, 15h N e
OH ’ OCF;
11 1.2 equiv 21
Under Nz atmosphere, to a mixture of N-hydroxy—N-(3-
(trifluoromethyl)phenyl)acetamide (11) (351 mng, 1.60 mmol,
1.00 equiv) and Cs2C0O3 (52.1 mg, 0.160 mmol, 10 mol%) in CHCl; (16.0 mL,

25

0.100 M) was added Togni reagent II (607 mg, 1.92 mmol, 1.20 equiv)

and the reaction mixture was stirred at rt for 15 h. The reaction

mixture was filtered and the filtrate was concentrated in vacuo. The

residue was purified by chromatography on silica gel, eluting with

30 hexanes:CHzCl: (1:1 to 0:1 (v/v)), to afford the title compound as a

slightly yellow oil (378 mg, 1.32 mmol, 82% yield). Rr = 0.50
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{hexanes/CHxCl; 1:1 (v/v)). NMR Spectroscopy: 'H NMR (500 MHz, CDCls,
25 °Cc, d): 7.66 (s, 1H), 7.64-7.60 (m, 1H), 7.60-7.56 (m, 2H), 2.33
(s, 3H). 13C NMR (125 MHz, CDCls;, 25 °C, 8): 172.8, 140.8, 132.0 (q,
J = 33.0 Hz), 129.9, 128.3, 125.4 (g, J = 3.1 Hz), 123.5 (q, J =
271.1 Hz), 122.8 (g, J = 264.0 Hz), 121.7, 21.8. 'F NMR (376 MHz,

CDhCls, 25 °C, 8): ~-63.3 (s), -65.0 {s). Mass Spectrometry: HRMS (EI-
TOF) (m/z): calcd for Ci1oHsNO:Fs ([M]*), 287.0381, found, 287.0389.

N- (3-Methoxyphenyl) ~N- (trifluoromethoxy) acetamide (2m)

OMe OMe
JOL FaC—1—0 Cs,C04 (10 mol%) j\
N""Me 0 N""Me
OH CHCl3, it, 19 h OCF,
76%
im 1.2 equiv 2m
Under N> atmosphere, to a mixture of N-hydroxy-N-(3-

methoxyphenyl)acetamide (1m) (290 mg, 1.60 mmol, 1.00 equiv) and
Cs;CO03 (52.1 mg, 0.160 mmol, 10 mol%) in CHCl; (16.0 mL, 0.100 M) was
added Togni reagent II (607 mg, 1.92 mmol, 1.20 equiv) and the
reaction mixture was stirred at rt for 19 h. The reaction mixture was
concentrated in vacuo. The residue was purified by chromatography on
silica gel, eluting with hexanes:CH.Cl; (1:1 to 3:7 (v/v)), to afford
the title compound as a yellow oil (303 mg, 1.21 mmol, 76% yield). Rf
= 0.34 (hexanes/CH:Cl: 1:1 (v/v)). NMR Spectroscopy: 'H NMR (700 MHz,
CcbCls, 25 °C, &): 7.35 (t, J = 8.2 Hz, 1H), 6.99-6.96 (m, 1H), 6.94
(dd, J = 8.4, 1.9 Hz, 1H), 6.93-6.90 (m, 1H), 3.83 (s, 3H), 2.21 (s,
3H). 13C NMR (175 MHz, CDCl;, 25 °C, 8): 172.4, 160.4, 141.4, 130.2,
122.9 (g, J = 262.7 Hz), 118.5, 115.2, 112.0, 55.6, 22.0. 1°F NMR (376
MHz, CDCls, 25 °C, 8): -64.8 (s). Mass Spectrometry: HRMS (ESI-TOF)
(m/z): calcd for CioH11NOsF3 ([M + H]*), 250.0691, found, 250.0687.

Methyl 3~ (N-(trifluoromethoxy)acetamido)benzoate (2n)

Os_OMe OsOMe
)?\ FiC—1—0 Cs,C0; (10 mol%) ,l?\
0]
N™ Me ©/§ CHCly, 1t, 15 h N™ "Me
OH 67% OCF;
in 1.2 equiv 2n
Under Ny atmosphere, to a mixture of methyl 3~ (N~

hydroxyacetamido)benzecate (1n) (335 mg, 1.60 mmol, 1.00 equiv) and
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Cs2C0s (52:1 mg, 0.160 mmol, 10 mol%) in CHCl; (16.0 mL, 0.100 M) was
added Togni reagent II (607 mg, 1.92 mmol, 1.20 equiv) and the
reaction mixture was stirred at rt for 15 h. The reaction mixture was
filtered and the filtrate was concentrated in vacuo. The residue was
purified by chromatography on silica gel, eluting with hexanes:CH:Cl:
(1:3 to 0:1 (v/v)), to afford the title compound as a slightly yellow
0oil (298 mg, 1.08 mmol, 67% yield). Rf = 0.50 (CH:Cl;). NMR
Spectroscopy: 'H NMR (500 MHz, CDCls, 25 °C, 8): 8.07-8.04 (m, 2H),
7.59-7.56 (m, 1H), 7.55-7.50 (m, 1H), 3.94 (s, 3H), 2.29 (s, 3H). ¥C
NMR (125 MHz, CDCls, 25 °C, &): 172.7, 166.0, 140.6, 131.7, 130.0,
129.9, 129.5, 126.5, 122.8 (g, J = 263.7 Hz), 52.6, 21.8. YF NMR (376
MHz, CDCl;, 25 °C, 8): -64.9 (s). Mass Spectrometry: HRMS (ESI-TOF)
(m/z): caled for Ci;1H11NO4Fs ([M + HI1*), 278.0640, found, 278.0640.

Methyl 2-methyl-3-(N-(trifluoromethoxy)acetamido)benzoate (20)

J@im o F3C—1—0 Cs,C0; (10 mol%) /@m o
FiC rlq”u\Me ©A° CHCl, 1, 14 e
OH

75% OCF;

10 1.2 equiv 20

Under N> atmosphere, to a mixture of N-(2-chloro-5-
(trifluoromethyl)phenyl)-N-hydroxyacetamide (lo) (406 mg, 1.60 mmol,
1.00 equiv) and CszCO3; (52.1 mg, 0.160 mmol, 10 mol%) in CHClsz (16.0
mL, 0.100 M) was added Togni reagent II (607 mg, 1.92 mmol, 1.20 equiv)
and the reaction mixture was stirred at rt for 14 h. The reaction
mixture was filtered and the filtrate was concentrated in vacuo. The
residue was purified by chromatography on silica gel, eluting with
hexanes:CH;Cl, (1:1 to 1:3 (v/v)), to afford the title compound as a
slightly vyellow oil (388 mg, 1.21 mmol, 75% yield). Rf = 0.64
(hexanes/CH;Cl, 1:1 (v/v)). NMR Spectroscopy: H NMR (700 MHz, CDCls,
25 °C, & : 7.73 (s, 1H), 7.69-7.64 (m, 2H), 2.35 (br. s, 3H). !3C NMR
(175 MHz, CDCl;, 25 °C, &): 173.3, 138.8, 137.5, 131.6, 130.7 (g, J =
33.7 Hz), 128.4 (d, J = 1.8 Hz), 127.9, 123.0 (g, J = 271.1 Hz),
123.0 (g, J = 263.8 Hz), 21.3. F NMR (376 MHz, CDCls;, 25 °C, &): -
63.3 (s), -65.0 (s). Mass Spectrometry: HRMS (EI-TOF) (m/z): calcd
for CigHeNOzFeCl ([M]*), 320.9991, found, 320.9998.
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N~ (3-Benzyl-8~chloro~4-oxo~3,4-dihydroquinazolin-7-yl) -N-

(trifluoromethoxy) acetamide (2p)

Bn. NTSN Bn NN
O)\©:C| o FiC—1—0 C82C03 (10 mol%) 5 ol
N)LMe @AO CHCly, 11,21 h '}‘/U\Me
OH 73% OCF3
1p 1.2 equiv 2p

Under N; atmosphere, to a mixture of N-(3-benzyl-8-chloro-4-oxo-3,4-
dihydroquinazolin-7-yl)-N-hydroxyacetamide (1lp) (402 mg, 1.16 mmol,
1.00 equiv) and Cs:C0; (37.8 mg, 0.116 mmol, 10 mol%) in CHCls; (1l1l.6
mL, 0.100 M) was added Togni reagent II (439 g, 1.39 mmol, 1.20 equiv)
and the reaction mixture was stirred at rt for 21 h. The reaction
mixture was concentrated in vacuo. The residue was purified by
chromatography on silica gel, eluting with hexanes:EtOAc (7:3 to 3:2
(v/v)), to afford the title compound as a white solid (351 mg,
0.852 mmol, 73% yield). Rf = 0.52 (hexanes/EtOAc 3:2 (v/v)). NMR
Spectroscopy: *H NMR (700 MHz, CDCls, 25 °C, 8): 8.41 (s, 1H), 8.15
(s, 1H), 7.85 (s, 1H), 7.40-7.31 (m, 5H), 5.19 (s, 2H), 2.33 (br. s,
3H). 3C NMR (175 MHz, CDCls;, 25 °C, &): 173.2, 159.8, 1459.9, 148.9,
139.3, 136.9, 135.2, 129.8, 129.7, 129.3, 128.8, 128.2, 123.0 (q, J
= 263.5 Hz), 121.6, 50.0, 21.3. °F NMR (376 MHz, CDCls, 25 °C, 8): -
64.7 (s). Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for
C18H14N303C1F; ([M + H]*), 412.0676, found, 412.0673.

Methyl 4-(N-(trifluoromethoxy)acetamido)benzoate (2q)

o} o}
Me«K@\ ,CL)L FsC—l—0 C5,CO05 (10 mol%) Meo)b\ )o]\
N Me @A 0 N” “Me
OH

CHCI3, rt, 16 h ({)CF;;

97%
1q 1.2 equiv 2q

Under N2 atmosphere, to a mixture of methyl 4-(N-
hydroxyacetamido)benzoate (1q) (335 mg, 1.60 mmol, 1.00 equiv) and
Cs;CO; (52.1 mg, 0.160 mmol, 10 mol%) in CHCls (16.0 mL, 0.100 M) was
added Togni reagent II (607 mg, 1.92 mmol, 1.20 equiv) and the
reaction mixture was stirred at rt for 16 h. The reaction mixture was
filtered and the filtrate was concentrated in vacuo. The residue was
purified by chromatography on silica gel, eluting with hexanes:CH:Cl;
(7:3 to 0:1 (v/v)), to afford the title compound as a slightly yellow
oil (428 mg, 1.54 mmol, 97% vyield). Rsf = 0.44 (CH:Clz). NMR
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Spectroscopy: !'H NMR (700 MHz, CDCls;, 25 °C, &): 8.13-8.09 (m, 2H),
7.49-7.45 (m, 2H), 3.93 (s, 3H), 2.33 (s, 3H). 13C NMR (175 MHz, CDCls,
25 °c, &): 172.3, 166.2, 143.9, 130.6, 129.9, 124.0, 122.8 (q, J =
264.1 Hz), 52.5, 21.9. ®F NMR (376 MHz, CDCls;, 25 °C, 8): -65.00 (s).

Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for Ci1iHuNOsF3 ([M +
H]*), 278.0640, found, 278.0637.

Methyl 4~ (N-(trifluoromethoxy)benzamido)benzoate (2r)

0 0

MeO)KQ o} FiC——0 Cs,C03 (10 mol%) MeOJ\©\ o}
v @*0 "o
OH

CHClz. rt, 19 h .
96% OCF,
1r 1.2 equiv 2r
Under N> atmosphere, to a mixture of methyl 4~ (N—-

hydroxybenzamido)benzoate (1r) (434 mg, 1.60 mmol, 1.00 equiv) and
Cs2C03 (52.1 mg, 0.160 mmol, 10 mol%) in CHCIls (16.0 mL, 0.100 M) was
added Togni reagent II (607 mg, 1.92 mmol, 1.20 equiv) and the
reaction mixture was stirred at rt for 18 h. The reaction mixture was
filtered and the filtrate was concentrated in vacuo. The residue was
purified by chromatography on silica gel, eluting with hexanes:CH;Cl;
(1:1 to 0:1 (v/v)), to afford the title compound as a slightly yellow
oil (521 mg, 1.54 mmol, 96% yield). Rf = 0.67 (CH2Cl:). NMR
Spectroscopy: *H NMR (700 MHz, CDCls;, 25 °C, d8): 8.03 (d, J= 8.6 Hz,
2H), 7.65-7.61 (m, 2H), 7.47-7.41 (m, 3H), 7.32 (t, J= 7.7 Hz, 2H),
3.90 (s, 3H). 13C NMR (175 MHz, CDCls;, 25 °C, 6): 170.7, 165.9, 145.2,
132.5, 132.1, 131.1, 131.0, 128.2, 128.6, 127.2, 122.8 (g, J = 265.8
Hz), 52.6. 'F NMR (376 MHz, CDCls, 25 °C, 8): -64.4 (s). Mass
Spectrometry: HRMS (ESI-TOF) {(m/z): calcd for CigHi3NO4F; ([M + HI*),
340.0797, found, 340.0801.

Methyl 4-((methoxycarbonyl) (trifluoromethoxy)amino)benzoate (2s)

0 0

MeO)k©\ ,?L F3C~|—0 Cs,C03 (10 mol%) MeOJ\©\ 0
N" “OMe @0 NJ\OMe
OH .

CHCl,, it, 20 h
91% OCF,
1s 1.2 equiv 2s
Under N> atmosphere, to a mixture of methyl 4~

(hydroxy (methoxycarbonyl)amino)benzoate (1s) (360 mg, 1.60 mmol,
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1.00 equiv) and Cs2C0O3 (52.1 mg, 0.160 mmol, 10 mol%) in CHCls; (16.0 mL,
0.100 M) was added Togni reagent II (607 mg, 1.92 mmol, 1.20 equiv)
and the reaction mixture was stirred at rt for 20 h. The reaction
mixture was then washed with sat. ag. NaHCO; (30 mL) and the layers
were separated. The organic layer was dried (MgS0s;), filtered and
concentrated in vacuo. The residue was purified by chromatography on
silica gel, eluting with hexanes:CHxCl; (1:3 to 0:1 (v/v)), to afford
the title compound as a colorless oil (427 mg, 1.45 mmol, 91% yield).
Rf = 0.70 (CH2Cl:). NMR Spectroscopy: !'H NMR (700 MHz, CDCls;, 25 °C,
8): 8.09 (d, J= 8.6 Hz, 2H), 7.48 (d, J = 8.6 Hz, 2H), 3.93 (s, 3H),
3.89 (s, 3H). 3C NMR (175 MHz, CDCls, 25 °C, &): 166.2, 155.4, 144.7,
130.6, 129.6, 123.3, 122.8 (q, J = 263.1 Hz), 54.9, 52.5. 19F NMR (376
MHz, CDCls, 25 °C, &): —-66.1 (s). Mass Spectrometry: HRMS (ESI-TOF)
(m/z): calcd for Ci:H1iNOsF3; ([M + H]*), 294.0589, found, 294.0589.

Methyl 4-(3,3-dimethyl-1-(trifluoromethoxy)ureido)benzoate (2t)

0 0
MeO 0 9 C5,C05 (10mol%) 60 o
N o Py
N™ “NMe, CHCls, it, 14 h N™ "NMe;
OH 40% OCF,

1.2 equiv 2t

1t
Under N; atmosphere, to a mixture of methyl 4-(l-hydroxy-3,3-
dimethylureido)benzoate (1t) (185 mg, 0.777 mmol, 1.00 equiv) and
Cs,C03 (25.3 mg, 0.0777 mmol, 10 mol%) in CHCls (7.77 mL, 0.100 M) was
added Togni reagent II (295 mg, 0.932 mmol, 1.20 equiv) and the
reaction mixture was stirred at rt for 14 h. The reaction mixture was
then washed with sat. ag. NaHCO; (30 mL) and the layers were separated.
The organic layer was dried (MgSQO4), filtered and concentrated in
vacuo. The residue was purified by chromatography on silica gel,
eluting with CH:Cl:, to afford the title compound as a colorless oil
(94.8 mg, 0.310 mmol, 40% yield). Rsf = 0.28 (CH:Cl:). NMR Spectroscopy:
'H NMR (700 MHz, CDCls, 25 °C, &): 8.08 (d, J= 8.6 Hz, 2H), 7.28 (d,
J = 8.60 Hz, 2H), 3.%2 (s, 3H), 2.97 (s, 6H). 13C NMR (175 MHz, CDCls,
25 °Cc, 8): 1e6.1, 158.0, 146.5, 131.4, 129.5, 122.9 (g, J = 259.8

Hz), 122.2, 52.5, 37.3. ®F NMR (376 MHz, CDCl;, 25 °C, &): -65.1 (s).
Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CipHisN,O4F3 ([M +
H1*), 307.0906, found, 307.0910.
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Example 3. OCF; Migration

With the protected N-aryl-N-(trifluoromethoxy)amines (2a-2t) in hand,
attention was directed to examining the OCF;-migration reaction.
Systematic variation of different reaction parameters, including
solvent, concentration, and temperature, identified optimal reaction
conditions. A significant degree of structural and electronic
variation on the aryl ring was tolerated (Scheme 3). Products derived
from electron-rich (3m) and electron-poor (3b-31, 3n-3t) aniline
derivatives were formed in high yields, though electron-poor aniline
derivatives with exception of 3p «required higher reaction
temperatures for full conversion. Notably, halogen functionalities,
in particular Br and I, remained intact after reaction (3e-3j, 3o,
3p). These groups provide easy handles for further synthetic
elaborations. Other functional groups including ester (3n, 3qg-3t),
nitrile (3b), ketone (3e), ether (3k, 3m), heterocycle (3p) and
multiple substitution on arene (3k, 30, 3p) were well tolerated under
the reaction conditions. In general, this reaction showed high levels
of ortho-selectivity (3a, 3i-30); although, in the presence of two
non-identical ortho positions, low levels of regiocontrol were
obtained (3i, 3k-3n).
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Scheme 3. Selected Examples of OCFi;-Migration Reaction?

N N
R R4
N GR MeNO;, (1.0 M) ZN,..R
N 80°C ﬁ
H OCF; CF,
2a-2t 3a-3t
Me NMe,
)Oj\ NC j’\ o
ﬁ Me m Me
CF, CF3 ocr=3
3a 3b 3c
91%, (o:p = 9:1) 63%l¢ 90%(0] 71 %Ibl
F j’\ (o]} jj)\ Br.
u Me ” Me
CF3 CF; ocr=3
3e 3f g
88% 85% 90% 78%
F OMe
" % il
o m Me H Me F3C [
CF, CFy ocr=3
3 3j
87% (0:0' = 1.6:1)fedl 87%l9! 70% (oo = 1 3:)bd 80% (oo = 1 6:1)ledl
OMe
BANTY
° 0
) ﬁ)LMe F3C
CF; oc;=3
3n
70% (oo 371)“1 81% (0:0'= 1.1:1)Pdl 75°/ch1 74%161
R o R j)\ R
ﬁ/U\Me lNl Ph OMe NMez
CF, CF;
3q ar
87%! 79%!b! 82%“’1 59%l°1
R = CO,Me

“Reaction time: 11-48 hours. Cited yields and isomeric ratios are for
isolated material following chromatography. 2120 °C. €140 °C. “Less
5 than 5% para-product was detected.
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N- (2~ (Trifluoromethoxy)phenyl) acetamide (3a) and N- (4~
(trifluoromethoxy)phenyl) acetamide (3a~II)

O = QUL . ™0
N Me ) Me W
OCFs 80°C,19h OCF3H h
91%

2a 3a, 82% 3a-ll, 9%

A solution of N-phenyl-N-(trifluoromethoxy)acetamide (2a) (128 mg,
100 uL, 0.584 mmol) in MeNO, (0.584 mL, 1.00 M) was heated at 80 °C
under N; atmosphere for 19 h. The reaction mixture was concentrated
in vacuo. The residue was purified by chromatography on silica gel,
eluting with hexanes:EtOAc (9:1 to 1:1 (v/v)), to afford 3a (105 mg,
0.479 mmol, 82% yield) and 3a-II (11.2 mg, 0.0511 mmol, 9% vyield).
Data for 3a: white solid; Rr = 0.36 (hexanes/EtOAc 4:1 (v/v)). NMR
Spectroscopy: 'H NMR (700 MHz, CDCls;, 25 °C, 8): 8.3%9 (d, J = 8.2 Hz,
1H), 7.39 (br. s, 1H), 7.28 (t, J = 7.7 Hz, 1H), 7.25-7.24 (m, 1H),
7.12-7.08 (m, 1 H), 2.23 (s, 3H). 13C NMR (175 MHz, CDCl3, 25 °C, §):
le8.4, 138.1, 130.7, 127.7, 124.3, 122.1, 120.7 (g, J = 257.7 Hz),
120.4, 25.0. *F NMR (376 MHz, CDCl3, 25 °C, §): =-58.4 (s). Mass
Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CgHgNOzF; ([M + HI*),
220.0585, found, 220.0583.

Data for 3a-II: white solid; Rf = 0.33 (hexanes/EtOAc 3:2 (v/v)). NMR
Spectroscopy: 'H NMR (500 MHz, CDCl;, 25 °C, &): 7.53 (d, J = 8.9 Hz,
2H), 7.18 (app d, J = 8.9 Hz, 3H), 2.19 (s, 3H). %3C NMR (175 MHz,
CDCls, 25 °C, &): 168.4, 145.4, 136.6, 121.9, 121.1, 120.6 (g, J =
255.5 Hz), 24.7. *F NMR (376 MHz, CDCls, 25 °C, &): -58.8 (s). Mass

Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CgHoNOzF; ([M + HI*),
220.0585, found, 220.0583.

N- (4-Cyano-2-(trifluoromethoxy)phenyl)acetamide (3b)

NC NC
7:) 0 \[; 0
MeNO,
N/“\Me A

N
OcFs 140°C, 48 h ocr
63%

2b 3b

Me

A solution of N-(4-cyanophenyl)-N-(trifluoromethoxy)acetamide (2b)
(97.7 mg, 0.400 mmol) in MeNO; (0.400 mL, 1.00 M) was heated at 120

°C under N, atmosphere for 48 h. The reaction mixture was purified by
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preparative TLC using hexanes:EtOAc (7:3 (v/v)) for development. The
purification afforded the title compound as a white crystalline solid
(61.4 mg, 0.251 mmol, 63% yield). 20.0 mg (20%) of the starting
material was recovered. Data for 3b: Rf = 0.64 (hexanes/EtOAc 3:2
(v/v)). NMR Spectroscopy: 'H NMR (700 MHz, CDCls, 25 °C, 8): 8.66 (d,
J= 8.6 Hz, 1H), 7.6l (br. s, 1H), 7.58 (d, J = 8.6 Hz, 1H), 7.54 (s,
1H), 2.28 (s, 3H). 3C NMR (175 MHz, CDCls;, 25 °C, 8): 168.6, 137.1,
135.0, 132.0, 123.7, 121.8, 120.5 (g, J = 260.2 Hz), 117.6, 107.2,
25.2. °F NMR (376 MHz, CDCl;, 25 °C, 8): -58.4 (s). Mass Spectrometry:
HRMS (ESI-TOF) (m/z): calcd for CioHsN0:F3 ([M + H]*), 245.0538, found,
245.0539.

N-(4-Acetyl-2- (trifluoromethoxy)phenyl) acetamide (3c)

Me

Me
O)\@\ jj)\ MeNO, (o} )OL
r;: Me N™ "Me

120°C, 20 h H
OCF,4 i OCF,

2c 3c

A solution of N-(4-acetylphenyl)-N-(trifluoromethoxy)acetamide (2¢)
(104 mg, 0.400 mmol) in MeNO; (0.400 mL, 1.00 M) was heated at 120 °C
under N, atmosphere for 20 h. The reaction mixture was concentrated
in vacuo. The residue was purified by chromatography on silica gel,
eluting with hexanes:EtOAc (9:1 to 3:2 (v/v)), to afford the title
compound as a white solid (93.6 mg, 0.358 mmol, 90% yield). Rs = 0.46
(hexanes/EtOAc 3:2 (v/v)). NMR Spectroscopy: 'H NMR (700 MHz, CDCls,
25 °C, 8): 8.59 (d, J = 8.6 Hz, 1H), 7.89-7.86 (m, 2H), 7.58 (br. s,
1H), 2.59 (s, 3H), 2.27 (s, 3H). 13C NMR (175 MHz, CDCl;, 25 °C, §):
195.7, 168.6, 137.6, 134.8, 132.9, 128.4, 120.8, 120.6 (g, J = 259.1
Hz), 119.8, 26.5, 25.1. ¥F NMR (376 MHz, CDCls;, 25 °C, 8): -58.0 (s).
Mass Spectrometry: HRMS (ESI-TOF) (m/z): calecd for C11H11NO3Fs ([M +
H]*), 262.0691, found, 262.0692.

4-Acetamido—N,deimethyl-B—(trifluoromethoxy)benzamide (3d)

NMe, NMe,
© j\ MeNO, o j\
r;x Me . N™ "Me
OCF, 120°C, 16 h OCF3H
71%
2d 3d
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A solution of N, N-dimethyl-4- (N- (trifluoromethoxy)acetamido)
benzamide (2d) (42.1 mg, 0.145 mmol) in MeNO:; (0.145 mL, 1.00 M) was
heated at 120 °C under N; atmosphere for 16 h. The reaction mixture
was purified by preparative TLC using hexanes:EtOAc (3:7 (v/v)) for
development (prep TLC was developed three times). The purification
afforded the title compound as a white solid (30.0 mg, 0.103 mmol,
71% yield). Rf = 0.36 (hexanes/EtOAc 3:7 (v/v)). NMR Spectroscopy: 'H
NMR (700 MHz, CDCls;, 25 °C, 6): 8.38 (d, J = 8.2 Hz, 1H), 7.72 (br.
s, 1H), 7.35-7.30 (m, 2H), 3.08 (br. s, 3H), 2.99 (br. s, 3H), 2.23
{s, 3H). 33C NMR (175 MHz, CDCls;, 25 °C, 8): 169.7, 168.7, 137.8,
132.0, 131.8, 126.5, 121.8, 120.6 (g, J = 258.5 Hz), 119.9, 39.7,
35.7, 24.8. 1°F NMR (376 MHz, CDCli;, 25 °C, 8): -58.1 (s). Mass
Spectrometry: HRMS (ESI-TOF) (m/z): calcd for Ci2HisN:O3F3 ([M + H]*),
291.0957, found, 291.0953.

N- (4~Fluoro-2- (trifluoromethoxy)phenyl) acetamide (3e)

F F.

TLE e 2
r;: Me . N
OCF,4 80°C,13h OCF3H

Me

88%
2e 3e

A solution of N-(4-fluorophenyl)-N-{(trifluoromethoxy)acetamide (2e)
(94.9 mg, 0.400 mmol) in MeNO; (0.400 mL, 1.00 M) was heated at 80 °C
under N; atmosphere for 13 h. The reaction mixture was concentrated
in vacuo. The residue was purified by chromatography on silica gel,
eluting with hexanes:EtOAc (4:1 to 3:2 (v/v)), to afford the title
compound as a beige solid (83.7 mg, 0.353 mmol, 88% yield). Rf = 0.33
(hexanes/EtOAc 4:1 (v/v)). NMR Spectroscopy: 'H NMR (700 MHz, CDCls,
25 °c, §): 8.38-8.30 (m, 1H), 7.30-7.26 (m, 1H), 7.08-6.98 (m, 2H),
2.22 (s, 3H). '3C NMR (175 MHz, CDCls, 25 °C, §): 168.3, 158.4 (d, J
= 245.1 Hz), 138.4 (d, J= 10.0 Hz), 126.9 (d, J= 3.5 Hz), 123.4 (d,
J = 8.5 Hz), 120.5 (q, J = 259.0 Hz), 114.3 (d, J = 21.5 Hz), 108.4

(d, J 26.4 Hz), 24.8. F NMR (376 MHz, CDCl;, 25 °C, d§): -58.4 (s),
-115.8 (m). Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for

CyHgNOzFy ([M + H]*), 238.0491, found, 238.0488.
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N- (4-Chloro-2~ (trifluoromethoxy)phenyl) acetamide (3f)

ol cl
o} o}
MeNO,

N
' 80°C,15h H
OCF ¥ OCF

s 85% 8

2f 3f

Me

A solution of N-(4-chlorophenyl)-N-(trifluoromethoxy)acetamide (2£)
(101 mg, 0.400 mmol) in MeNO; (0.400 mL, 1.00 M) was heated at 80 °cC
under N, atmosphere for 15 h. The reaction mixture was concentrated
in vacuo. The residue was purified by chromatography on silica gel,
eluting with hexanes:EtOAc (4:1 to 3:2 (v/v)), to afford the title
compound as a beige solid (86.2 mg, 0.340 mmol, 85% yield). Rr = 0.41
(hexanes/EtOAc 4:1 (v/v)). NMR Spectroscopy: 'H NMR (700 MHz, CDCls,
25 °c, 8): 8.38 (d, J= 9.0 Hz, 1H), 7.34 (br. s, 1H), 7.28-7.27 (m,
1H), 7.27-7.26 (m, 1H), 2.23 (s, 3H). '3C NMR (175 MHz, CDClis, 25 °C,
&): 168.3, 138.1, 129.4, 128.9, 127.8, 122.8, 120.8, 120.6 (g, J =
259.1 Hz), 24.9. °F NMR (376 MHz, CDCl;, 25 °C, &): -58.2 (s). Mass
Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CyHsNO:F3Cl ([M + H]*),
254,0196, found, 254.0193.

N- (4-Bromo-2~ (trifluoromethoxy) phenyl) acetamide (3g)

Br Br.
\©\ j\ MeNO, j\
N Me " N"Me
Sk, 80°C, 14 h der,
90%

29 3g

A solution of N-(4-bromophenyl)-N-{(trifluoromethoxy)acetamide (2g)
{119 mg, 0.400 mmol) in MeNO, (0.400 mL, 1.00 M) was heated at 80 °c
under N; atmosphere for 14 h. The reaction mixture was concentrated
in vacuo. The residue was purified by chromatography on silica gel,
eluting with hexanes:EtOAc (17:1 to 7:3 (v/v)), to afford the title
compound as a beige solid (107 mg, 0.359 mmol, 90% yield). Rf = 0.42
(hexanes/EtOAc 4:1 (v/v)). NMR Spectroscopy: 'H NMR (500 MHz, CDClj,
25 °C, &): 8.32 (d, J= 9.2 Hz, 1lH), 7.42-7.41 (m, 1H), 7.40 (s, 1H),

7.37 (br. s, 1H), 2.22 (s, 3H). 3C NMR (125 MHz, CDCl;, 25 °C, 8):
168.3, 138.2, 130.8, 129.9, 123.6, 123.1, 120.6 (g, J = 259.2 Hz),
115.9, 25.0. °F NMR (376 MHz, CDCl;, 25 °C, &): -58.2 (s). Mass
Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CsHsNO:Fi:Br ([M + HIY),
297.9690, found, 297.9692.
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N- (4~Iodo~2~(trifluoromethoxy)phenyl) acetamide (3h)

! |
\©\ j\ MeNO, j’\
N™ Me . ﬁ Me
OCFs 80°C. 13h OCF4
78%

2h 3h

A solution of N-(4-iodophenyl)-N-(trifluoromethoxy)acetamide (2h)
(138 mg, 0.400 mmol) in MeNO; (0.400 mL, 1.00 M) was heated at 80 °C
under N; atmosphere for 13 h. The reaction mixture was concentrated
in vacuo. The residue was purified by chromatography on silica gel,
eluting with hexanes:EtOAc (4:1 to 2:3 (v/v)), to afford the title
compound as a beige solid (108 mg, 0.313 mmol, 78% yield). Rr = 0.46
(hexanes/EtOAc 4:1 (v/v)). NMR Spectroscopy: 'H NMR (700 MHz, CDCls,
25 °Cc, &): 8.19 (d, J= 8.6 Hz, 1H), 7.59 (dd, J= 8.8, 1.5 Hz, 1lH),
7.56 (s, 1H), 7.36 (br. s, 1H), 2.22 (s, 3H). 13C NMR (175 MHz, CDCls,
25 °c, &): 168.3, 138.0, 136.8, 130.7, 129.2, 123.4, 120.6 (g, J =
259.1 Hz), 85.6, 25.0. !°F NMR (376 MHz, CDCli, 25 °C, 8): -58.3 (s).
Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CoHgNO:F3I ([M +
H1*), 345.9552, found, 345.9548.

N- (5-Fluoro-2- (trifluoromethoxy) phenyl) acetamide (341) and N-(3-
fluoro=-2- (trifluoromethoxy)phenyl) acetamide (3i~II)

F F F
Q MeNO Q e
J b J N
N Me . N” Me ﬁ Me

OCF, 120°C, 20h ok

87%
21 31, 54% 3il, 33%

A solution of N-(3-fluorophenyl)-N-(trifluoromethoxy)acetamide (2i)
(95.9 mg, 0.400 mmol) in MeNO; (0.400 mL, 1.00 M) was heated at 120
°C under N; atmosphere for 20 h. The reaction mixture was purified by
preparative TLC using hexanes:EtOAc (7:3 (v/v)) for development. The
purification afforded 3i (51.2 mg, 0.216 mmol, 54% yield) and 3i-II
(31.5 mg, 0.132 mmol, 33% yield). Data for 3i: white solid; Rf = 0.67
(hexanes/EtOAc 7:3 (v/v)). NMR Spectroscopy: 'H NMR (700 MHz, CDCls,
25 °c, 6): 8.25 (d, J = 9.0 Hz, 1H), 7.47 (br. s, 1H), 7.23-7.18 (m,
1H), 6.83-6.73 (m, 1H), 2.23 (s, 3H). 13C NMR (175 MHz, CDCls;, 25 °C,
d8): 168.4, 161.0 (d, J = 243.9 Hz), 133.7, 132.2 (d, J = 12.1 Hz),
121.8 (d, J = 9.7 Hz), 120.7 (gq, J = 258.0 Hz), 110.6 (d, J = 24.1
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Hz), 109.1 (d, J = 29.6 Hz), 25.0. °F NMR (376 MHz, CDCls, 25 °C, §):
-58.5 (s), -111.9 (g). Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd
for CgHgNOFs; ([M + H]*), 238.0491, found, 238.0492. Data for 3i-II:
white solid; Rf = 0.56 (hexanes/EtOAc 7:3 (v/v)). NMR Spectroscopy:
14 NMR (700 MHz, CDCls, 25 °C, 8): 8.15 (d, J= 7.7 Hz, 1H), 7.41 (br.
s, 1 H), 7.29-7.23 (m, 1 H), 6.93 (t, J= 9.0 Hz, 1H), 2.23 (s, 3H).
3¢ NMR (175 MHz, CDCls, 25 °C, d): 168.4, 155.2 (d, J = 250.3 Hz),
133.5, 128.6 (d, J = 8.5 Hz), 126.3 (d, J = 13.8 Hz), 121.0 (g, J =
259.9 Hz), 117.3, 111.9 (d, J = 18.3 Hz), 24.9. 1°F NMR (376 MHz,
cDCls, 25 °C, 8): -58.9 (d), -127.3 (s). Mass Spectrometry: HRMS (ESI-
TOF) (m/z): calcd for CoHgNOFs ([M + H]*), 238.0491, found, 238.0490.

N- (2-Bromo-6-({trifluoromethoxy)phenyl) acetamide (33)

Br Br
j\ MeNO, j\
N Me 80°C,11h ” Me
OCF3 7% OCF;
2 3

A solution of N-(2-bromophenyl)-N-(trifluoromethoxy)acetamide (23)
(119 mg, 0.400 mmol) in MeNO, {(0.400 mL, 1.00 M) was heated at 80 °C
under N; atmosphere for 11 h. The reaction mixture was purified by
preparative TLC using hexanes:EtOAc (3:2 (v/v)) for development. The
purification afforded the title compound as a white crystalline solid
(103 mg, 0.346 mmol, 87% yield). R, = 0.62 (hexanes/EtOAc 3:2 (v/v)).
NMR Spectroscopy: H NMR (700 MHz, (CD;).S0, 25 °C, &): 9.80 (br. s,
1H), 7.73 (d, J = 8.2 Hz, 1lH), 7.46 (d, J = 8.2 Hz, 1H), 7.26 (t, J
= 8.2 Hz, 1H), 2.04 (s, 3H). 3C NMR (175 MHz, (CD3):50, 25 °C, 3d):
168.2, 145.7, 131.6, 130.5, 129.4, 124.2, 120.8, 119.9 (q, J = 256.5
Hz), 22.4. % NMR (376 MHz, (CD;3;)280, 25 °C, &): -58.6 (s). Mass
Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CgHgNOE3Br ([M + Hl*),
297.9690, found, 297.9693.
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N- (5-Methoxy-2- (trifluoromethoxy) -3~ (trifluoromethyl) phenyl)
acetamide (3k) and N- (3-methoxy-2- (trifluoromethoxy) -5~

(trifluoromethyl)phenyl) acetamide (3k-II)

OMe OMe OMe
OCE;
O 8, e 5, JOCK
FaC N Me FiC u Me FsC u Me

) °
OCF, 120°C,20h OCF,
70%

2k 3k, 39% 3k-ll, 31%

A solution of N-{3-methoxy-5-(trifluoromethyl)phenyl)-N-(trifluoro-
methoxy) acetamide (2k) (127 mg, 0.400 mmol) in MeNO: (0.400 mL, 1.00
M) was heated at 120 °C under N; atmosphere for 20 h. The reaction
mixture was purified by preparative TLC using hexanes:EtOAc (7:3
(v/v)) for development. The purification afforded 3k (49.2 mg, 0.155
mmol, 39% yield) and 3k-II (37.7 mg, 0.119 mmol, 31% yield). Data for
3k: beige solid; Rf = 0.56 (hexanes/EtOAc 3:2 (v/v)). NMR
Spectroscopy: 'H NMR (500 MHz, CDCls, 25 °c, &): 8.15 (br. s, 1lH),
7.49 (br. s, 1H), 6.91 (d, J = 3.1 Hz, 1H), 3.84 (s, 3H), 2.22 (s,
3H). !3C NMR (125 MHz, CDCls;, 25 °C, §): 168.5, 158.5, 134.0, 128.7,
125.6 (q, J = 32.4 Hz), 122.3 (gq, J = 271.9 Hz), 120.9 (q, J =
260.0 Hz), 110.4, 108.8 (q, J = 4.3 Hz), 56.1, 24.8. °F NMR (376 MHz,
CcDCls, 25 °C, 8): -56.2 (qg), -61.3 (g). Mass Spectrometry: HRMS (ESI-
TOF) (m/z): calcd for CiiHioNO3Fg ([M + H]*), 318.0565, found, 318.0556.
Data for 2k-II: beige solid; Rf = 0.72 (hexanes/EtOAc 3:2 (v/v)). NMR
Spectroscopy: 'H NMR (500 MHz, CDClj, 25 °c, 8): 8.35 (br. s, 1lH),
7.46 (br. s, 1H), 6.95 (d, J = 1.8 Hz, 1H), 3.93 (s, 3H), 2.23 (s,
3H). 13¢ NMR (125 MHz, CDCls;, 25 °C, &): 168.5, 153.0, 133.5, 130.6
(q, J = 32.9 Hz), 129.3, 123.5 (q, J = 271.5 Hz), 121.0 (g, J =
260.1 Hz), 110.9, 104.7, 56.6, 24.9. 1°F NMR (376 MHz, CDCl;, 25 °C,
8): -57.7 (s), -63.4 (s). Mass Spectrometry: HRMS (ESI-TOF) (m/z):
calcd for Ci1:H10NOsFs ([M + Hl*), 318.0565, found, 318.0555.

Nh(2—(Trif1uoromethoxy)-5-(trifluoromethyl)phenyl)acetamide (31) and
Nh(2—(trifluoromethoxy)-3—(trifluoromethyl)phenyl)acetamide (31-1II)

CF3 CFs3 CF3
OCE,
L1, _we po Ok
N Me 140°C, 20 h N Me oM
OCF,4 o OCF,4
21 31, 47% 3111, 33%
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A solution of N-(trifluoromethoxy)-N-(3-(trifluoromethyl)phenyl)
acetamide (21) (115 mg, 0.400 mmol) in MeNO; (0.400 mL, 1.00 M) was
heated at 140 °C under N, atmosphere for 20 h. The reaction mixture
was purified by preparative TLC using hexanes:EtOAc (4:1 (v/v)) for
development (prep TLC was developed twice). The purification afforded
31 (53.5 mg, 0.186 mmol, 47% yield) and 31~II (37.4 mg, 0.129 mmol,
33% yield). Data for 31: white solid; Rf = 0.66 (hexanes/EtOAc 7:3
(v/v)). NMR Spectroscopy: *H NMR (700 MHz, CDCls, 25 °C, 8): 8.79 (br.
s, 1H), 7.55 (br. s, 1H), 7.32-7.39 (m, 2H), 2.26 (s, 3H). '3C NMR
(175 MHz, CDCls, 25 °c, 8): le8.6, 139.9, 131.1, 129.% (gq, J = 33.1
Hz), 123.5 (q, J = 270.8 Hz), 121.1, 120.5 (gq, J = 259.6 Hz), 120.1,
119.2, 24.9. °F NMR (376 MHz, CDCls;, 25 °C, &): -58.0 (s), -63.2 (s).
Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CioHsNO:Fes ([M +
H]*), 288.0459, found, 288.0457. Data for 31-II: white solid; Rr = 0.43
(hexanes/EtOAc 7:3 (v/v)). NMR Spectroscopy: 'H NMR (700 MHz, CDCls,
25 °c, &): 8.52 {(br. s, 1H), 7.50 (br. s, 1H), 7.39-7.46 (m, 2H},
2.23 (s, 3H). 13C NMR (175 MHz, CDCls;, 25 °C, 8): 168.5, 135.7, 133.1,
128.3, 126.7, 125.2 (g, J = 32.0 Hz), 122.6 (d, J = 5.3 Hz), 122.5
(q, J = 271.6 Hz), 120.7 (q, J = 260.3 Hz), 24.7. °F NMR (376 MHz,
CDhCls, 25 °c, 8): -55.7 (d), -61.1 (qg). Mass Spectrometry: HRMS (ESI-
TOF) (m/z): calcd for CioHgNO2Fe ([M + H]*), 288.0459, found, 288.0463.

N- (5-Methoxy~2~ (trifluoromethoxy) phenyl) acetamide (3m) and N-(3-
methoxy-2- (trifluoromethoxy) phenyl) acetamide (3m-II)

OMe OMe OMe
o o OCS:,
A eNO: J§ A
r;x Me . N” "Me ﬁ Me
OCF3 80°C,15h OCF3H
70%
2m 3m, 55% 3m-il, 15%

A solution of N-(3-methoxyphenyl)-N-{trifluoromethoxy)acetamide (2m)
(99.7 mg, 0.400 mmol) in MeNO:; (0.400 mL, 1.00 M) was heated at 80 °C
under N; atmosphere for 15 h. The reaction mixture was purified by
preparative TLC using hexanes:EtOAc (4:1 (v/v)) for development (prep
TLC was developed four times). The purification afforded 3m (55.3 mg,
0.222 mmol, 55% yield) and 3m~-II (14.9 mg, 0.0600 mmol, 15% yield).

Data for 3m: white solid; Ry = 0.77 (hexanes/EtOAc 3:2 (v/v)). NMR

Spectroscopy: 'H NMR (400 MHz, CDCls, 25 °C, §): 8.02 (d, J= 2.0 Hz,
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iH), 7.48 {(br. s, 1H), 7.12 (dd, J = 9.2, 1.1 Hz, 1H), 6.59 (dd, J =
9.0, 3.0 Hz, 1H), 3.79 (s, 3H), 2.21 (s, 3H). !3C NMR (175 MHz, CDCls,
25 °c, §): 1le8.5, 158.5, 131.8, 131.6, 121.7, 120.8 (g, J = 256.8
Hz), 109.9, 106.8, 55.8, 24.9. *F NMR (376 MHz, CDCls;, 25 °C, &): -
58.7 (s). Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CioH11NO3F;
([M + H]*), 250.0691, found, 250.0690. Data for 3m~II: white solid;
R = 0.70 (hexanes/EtOAc 3:2 (v/v)). NMR Spectroscopy: 'H NMR (700
MHz, CDCls, 25 °C, &): 7.93 (d, J = 8.2 Hz, 1H), 7.40 (br. s, 1H),
7.23 {(t, J = 8.4 Hz, 1H), 6.73 (d, J = 8.2 Hz, 1H), 3.87 (s, 3H),
2.21 (s, 3H). 3C NMR (175 MHz, CDCls, 25 °C, &§): 168.4, 152.7, 132.9,
128.2, 127.6, 121.1 (g, J = 258.7 Hz), 113.8, 108.0, 56.3, 24.9. °F
NMR (376 MHz, CDCls;, 25 °C, 8): -57.9 (s). Mass Spectrometry: HRMS
(ESI-TOF) (m/z): calcd for CioH1:NOs3Fs; ([M + H]*), 250.0691, £found,
250.0692.

Methyl 3-acetamido-4-(trifluoromethoxy)benzoate (3n) and methyl 3-

acetamido-2- (trifluoromethoxy)benzoate (3n-II)

0. OMe Os _OMe 0Oy OMe
o MeNO, o ok
r}lJ\Me 120;:;%2% ”,U\Me H)LMG
OCF, OCF,
2n 3n, 43% 3n-I, 38%

A solution of methyl 3-(N-(trifluoromethoxy)acetamido)benzoate (2n)
(111 mg, 0.400 mmol) in MeNO; (0.400 mL, 1.00 M) was heated at 120 °C
under N; atmosphere for 20 h. The reaction mixture was purified by
preparative TLC using Et;0 for development. The purification afforded
90.4 mg of a 1.14:1 mixture of 3n and 3n-II (81% overall yield).
Compounds 3n and 3n-IXI were further separated for characterization
by preparative TLC (eluting twenty times with hexanes:Et,0 (7:3
(v/v)). Data for 3n: white solid; Rf = 0.59 (hexanes/EtOAc 3:2 (v/v)).
NMR Spectroscopy: 'H NMR (400 MHz, CDCls;, 25 °C, 8): 9.02 (br. s, 1lH),
7.82 (dd, J= 8.5, 2.0 Hz, 1H), 7.41 (br. s, 1H), 7.31 (dd, J= 8.7,
1.6 Hz, 1H), 3.92 (s, 3H), 2.25 (s, 3H). 3C NMR (175 MHz, CDCls, 25
°c, 9): 168.4, 166.0, 141.2, 130.3, 129.4, 125.9, 123.4, 120.5 (g, J

= 259.1 Hz), 119.5, 52.6, 24.9. ®F NMR (376 MHz, CDCli, 25 °C, &): -
57.8 (s). Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for Ci11H11NOsF;
([M + H]*), 278.0640, found, 278.0640.
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Data for 3n-II: white solid; Rf = 0.56 (hexanes/EtOAc 3:2 (v/v)). NMR
Spectroscopy: 'H NMR (700 MHz, CDCls;, 25 °C, 8): 8.56 (d, J
1H), 7.66 (d, J= 7.7 Hz, 1H), 7.51 (br. s, 1H), 7.39 (t, J

8.2 Hz,
8.0 Hz,

1 H), 3.93 (s, 3H), 2.24 (s, 3H). 13C NMR (175 MHz, CDCl;, 25 °C, 0):
168.5, 165.0, 136.5, 132.8, 128.1, 126.6, 126.2, 126.1, 120.8 (q, J
= 258.6 Hz), 52.7, 24.9. %F NMR (376 MHz, CDCl;, 25 °C, 8): -57.5
(s). Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CinHiiNOsF3 ([M
+ H]*), 278.0640, found, 278.0639.

N- (6-Chloro-2~ (trifluoromethoxy) ~3- (trifluoromethyl) phenyl)

Cl Cl
J 6 S
FaC N FsC

N
) 140°C, 20 h H
OCF, 5% OCF,

20 30

acetamide (30)

A solution of N-(2-chloro-5-(trifluoromethyl)phenyl)-N-(trifluoro-
methoxy)acetamide (20) (129 mg, 0.400 mmol) in MeNO:; (0.400 mL, 1.00
M) was heated at 140 °C under N; atmosphere for 20 h. The reaction
mixture was purified by preparative TLC using hexanes:EtOAc (1:19
(v/v)) for development (prep TLC was developed five times). The
purification afforded the title compounds as a white solid (96.0 mg,
0.299 mmol, 75% yield). The product was obtained as a 5:3 mixture of
atropisomers. The spectral data corresponds to the major atropisomer.
Rf = 0.41 (hexanes/EtOAc 19:1 (v/v)). NMR Spectroscopy: H NMR (500
MHz, CDCls, 25 °C, 8): 7.70 (d, J = 8.9 Hz, 1H), 7.36 (d, J= 8.9 Hz,
1H), 6.89 (br. s, 1H), 2.25 (br. s, 3H). !3C NMR (125 MHz, CDCl;, 25
°c, 8): 168.4, 148.4, 132.3, 129.5, 127.9 (g, J = 32.2 Hz), 126.8,
122.3 (g, J = 271.9 Hz), 120.4 (g, J = 259.5 Hz), 118.7, 23.1. ¥F
NMR (376 MHz, <CDCls, 25 °c, &): -57.9 (s), -63.2 (s). Mass
Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CigHsNO:Fe¢Cl ([M + H]*),
322.0070, found, 322.0068.
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N- (3-Benzyl-8-chloro-4-oxo-6- (trifluoromethoxy) -3, 4~
dihydroquinazolin-7-yl) acetamide (3p)

Bn\N/\\.N Bn‘N&N
MeNO
O)\C[Cti eNO, o oy
N e 50°C, 14 h ﬁ/U\M&
OCFs 4% OCF,
2p 3p

A solution of N-(3-benzyl-8-chloro-4-oxo-3,4-dihydroquinazolin-7-

5 yl)-N-(trifluoromethoxy)acetamide (2p) (120 mg, 0.291 mmol) in MeNO:
(0.582 mL, 0.500 M) was heated at 50 °C under N atmosphere for 14 h.
The reaction mixture was concentrated in vacuo. The residue was
purified by chromatography on silica gel, eluting with hexanes:EtOAc
(2:3 (v/v)), to afford the title compound as a white solid (89.0 mg,

10 0.216 mmol, 74% yield). Rf = 0.73 (hexanes/EtOAc 3:2 (v/v)). NMR
Spectroscopy: 'H NMR (700 MHz, CDCl;, 25 °C, 8): 8.07 (s, 1H), 7.81
(s, 1H), 7.39-7.30 (m, 5H), 7.03 (br. s, 1H), 5.17 (s, 2H), 2.26 (s,
3H). 3¢ NMR (175 MHz, CDCls, 25 °C, §): 168.6, 157.3, 148.7, 148.4,
143.9, 139.7, 135.2, 129.3, 128.7, 128.6, 128.3, 128.2, 120.6 (q, J

15 = 258.8 Hz), 116.3, 49.7, 23.2. %F NMR (376 MHz, CDCl;, 25 °C, 8): -
57.1 (s). Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for
C1gH14N303C1Fs ([M + HI*), 412.0676, found, 412.0673.

Methyl 4-acetamido-3-(trifluoromethoxy)benzoate (3q)

0 o]
N™ "Me

\ . N~ Me
OCF, 120°C,20h OCF;,H
87%

20 2q 3q

A solution of methyl 4-(N-(trifluoromethoxy)acetamido)benzoate (2q)
(111 mg, 0.400 mmol) in MeNO: (0.400 mL, 1.00 M) was heated at 120 °C
under N, atmosphere for 20 h. The reaction mixture was concentrated
in vacuo. The residue was purified by chromatography on silica gel,
25 eluting with hexanes:EtOAc (9:1 to 7:3 (v/v)), to afford the title
compound as a white solid (97.1 mg, 0.350 mmol, 87% yield). Rrf = 0.51
(hexanes/EtOAc 4:1 (v/v)). NMR Spectroscopy: !H NMR (700 MHz, CDCls,
25 °c, &): 8.56 (d, J = 8.6 Hz, 1H), 7.97 (d, J = 8.6 Hz, 1H), 7.93
(s, 1H), 7.56 (br. s, 1H), 3.92 (s, 3H), 2.27 (s, 3H). '3C NMR (175
30 MHz, CDCls, 25 °c, &): 168.5, 165.6, 137.2, 134.7, 129.3, 125.8,
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121.5, 120.8, 120.6 (g, J = 258.9 Hz), 52.5, 25.2. *°F NMR (376 MHz,
CDCls;, 25 °C, &): -58.1 (s). Mass Spectrometry: HRMS (ESI-TOF) (m/z):
calcd for CiiHiiNO4Fs ([M + H]*), 278.0640, found, 278.0643.

Methyl 4-benzamido-3-(trifluoromethoxy)benzoate (3r)
(0] 0

O .
e}
MeO)LT:::l\ ji~ MeNO, MeO ji\ MeO »—Ph
N7 “Ph Ph N
OCF3

N
120°C,20h OCF3H OCF,

79%
2r 3r, 79% 4r, 4%

A solution of methyl 4-(N-(trifluoromethoxy)benzamido)benzoate (2r)
(136 mg, 0.400 mmol) in MeNO; (0.400 mL, 1.00 M) was heated at 120 °c
under N; atmosphere for 20 h. The reaction mixture was concentrated
in vacuo. The residue was purified by chromatography on silica gel,
eluting with hexanes:EtOAc (9:1 to 7:3 (v/v)), to afford the title
compound as a white solid (107 mg, ©0.315 mmol, 79% yield). The
reaction also afforded methyl 2-phenyl-4-(trifluoromethoxy)benzo
[dloxazole-6-carboxylate (4r) as a white solid (5.4 mg, 0.016 mmol,
4% vyield). Data for 3r: Rf = 0.72 (hexanes/EtOAc 7:3 (v/v)). NMR
Spectroscopy: 'H NMR (700 MHz, CDCls, 25 °C, &): 8.74 (d, J = 8.6 Hz,
1H), 8.37 (br. s, 1H), 8.04 (dd, J = 8.6, 1.7 Hz, 1H), 7.98 (s, 1lH),
7.90-7.84 (m, 2H), 7.63-7.58 (m, 1H), 7.56-7.51 {(m, 2H), 3.93 (s,
3H). 13C NMR (175 MHz, CDCls;, 25 °C, &): 165.6, 165.5, 137.7, 135.0,
134.2, 132.8, 129.5, 129.3, 127.2, 126.0, 121.7, 120.8, 120.7 (q, J
= 259.1 Hz), 52.5. 1°F NMR (376 MHz, CDCls, 25 °C, 8): -58.1 (s). Mass
Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CigH1sNOsF3 ([M + HI*),
340.0797, found, 340.0793. Data for 4r: Rr = 0.73 (hexanes/EtOAc 4:1
(v/v)). NMR Spectroscopy: 'H NMR (700 MHz, CDCls, 25 °C, d): 8.36-8.25
{m, 3H), 8.10 (d, J = 8.2 Hz, 1H), 7.79 (d, J = 8.2 Hz, 1H), 7.65-
7.49 (m, 3H), 3.97 (s, 3 H). 13C NMR (175 MHz, CDCls;, 25 °C, §): 166.8,
165.7, 150.6, 146.2, 132.4, 129.2, 128.1, 127.3, 126.8, 126.6, 119.7,
112.4, 52.5.
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Methyl 4-((methoxycarbonyl)amino)-3-(trifluoromethoxy)benzoate (3s)

e} e}
MeOJ\©\ j)]\ MeN 02 MeO i
r——————— .
F}l OMe . N” "OMe
OCF, 120°C,20h OCF,
82%
2s 3s

A solution of methyl 4-( (methoxycarbonyl) (trifluoromethoxy)
amino)benzoate (2s) (130 mg, 0.443 mmol) in MeNO; (0.443 mL, 1.00 M)
was heated at 120 °C under N; atmosphere for 20 h. The reaction mixture
was purified by preparative TLC using hexanes:EtOAc (19:1 (v/v)) for
development (prep TLC was developed three times). The purification
afforded the title compound as a white crystalline solid (106 mg,
0.362 mmol, 82% yield). Rf = 0.63 (hexanes/EtOAc 4:1 (v/v)). NMR
Spectroscopy: 'H NMR (700 MHz, CDCls;, 25 °C, 9): 8.33 (d, J = 8.60 Hz,
1H), 7.97 (dd, J= 8.6, 1.7 Hz, 1lH), 7.92 (s, 1H), 7.13 (br. s, 1H),
3.91 (s, 3H), 3.83 (s, 3H). !3C NMR (175 MHz, CDCls;, 25 °C, &): 165.7,
153.3, 136.9, 135.0, 129.4, 125.0, 121.7, 120.6 (q, J = 258.9 Hz),
119.1, 53.0, 52.5. '°F NMR (376 MHz, CDCls;, 25 °C, §): -58.2 (s). Mass

Spectrometry: HRMS (ESI-TOF) (m/z): calcd for C;HnNOsF3 ([M + H]*),
294.0589, found, 294.0587.

Methyl 4-(3,3-dimethylureido) -3~ (trifluoromethoxy)benzoate (3t)

o] Q
Meo)j\©\ j\ MeNO, MeO i
N" NMe, — N “NMe;
OCF, 120°C,20h OCF;
59%
2t 3t

A solution of methyl 4-(3,3-dimethyl-1-(trifluoromethoxy)ureido)
benzoate (2t) (43.6 mg, 0.142 mmol) in MeNO; (0.142 mL, 1.00 M) was
heated at 120 °C under N; atmosphere for 20 h. The reaction mixture
was purified by preparative TLC using hexanes:EtOAc (7:3 (v/v)) for
development (prep TLC was developed twice). The purification afforded
the title compound as a colorless oil (25.7 mg, 0.0839 mmol, 59%
yield). Rf = 0.58 (hexanes/EtOAc 1:1 (v/v)). NMR Spectroscopy: *H NMR
(700 MHz, CDCl;, 25 °C, 8): 8.42 (d, J = 8.6 Hz, 1lH), 7.93 (d, J =
9.0 Hz, 1H), 7.88 (s, 1H), 6.98 (br. s, 1H), 3.89 (s, 3H), 3.06 (s,
6H). 3¢ NMR (175 MHz, CDCls, 25 °C, §): 165.9, 154.3, 136.9, 136.6,
129.4, 124.0, 121.7, 120.7 (g, J = 258.4 Hz), 119.6, 52.3, 36.5. ’F

NMR (376 MHz, CDCls, 25 °C, 8): -58.2 (s). Mass Spectrometry: HRMS
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(ESI-TOF) (m/z): calcd for CizH14N204F3 ([M + H]*), 307.0%06, found,
307.0902.

Example 4. One-Pot Method

Next, it was explored as to whether the two-step sequence could be
converted into a one-pot transformation to further simplify the
reaction protocol. Exposure of lu to Togni reagent II and NaH in
CH,Cl, at room temperature provided the desired product 3u in 70%
isolated yield (Scheme 4). These reaction conditions tolerate o-amino
acid ester (3v), quinoline (3w), and indole (3x). Moreover, products
from Scheme 3 such as 3a, 3¢, 3g, and 3gq can be directly obtained
from the corresponding hydroxylamines via a one-pot reaction protocol
without the isolation of intermediates 2. However removal of CH:Cl:
at the end of the trifluoromethylation reaction followed by re-
dissolving the resulting residue in MeNO:; is needed, because the OCFz-

migration for these substrates requires higher reaction temperature.

Scheme 4. Selected examples of one-pot synthesis of ortho-
trifluoromethoxylated aniline derivatives. Cited yields are for

isolated material following chromatography.

A F3C—|—0 ’

R , R
N'R o NaH (1 2 equiv)
b 6H CH,Cl, (0.1 M) rt

&

1a, 1c, 1g, 1q  Togni reagent il 3a, 3c. 39. 3q
1u-1x 1.2 equiv 3u-3x
PhO S
M 2
NHAc
OMe
OCF3 CF3
3v
o% 51%01 61%(“] ee%
Me
Br )\Q )\?\
OCF; 0CF3 OCF;,
72%®°ﬂ se%wdﬂ 66% op61)lb°eI se%wdﬂ

[a] Following the trifluoromethylation, the reaction mixture was
heated to 50 °C. [b] Following the trifluoromethylation, the reaction
mixture was concentrated, the residue was dissolved in MeNO;, and the

resulting mixture was heated. [c] 80 °C. [d] 120 °C. [e] NMR yield.
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N- (4-Methyl-2~ (trifluoromethoxy)phenyl)acetamide (3u)

Me T Me
\©\ /?1\ FoC—l—0 NaH (1.2 equiv) JOL
N Me ©/g0 N~ “Me
OH

CHyClp, 1t, 23 h OCF,
70%
1u 1.2 equiv 3u

Under N:; atmosphere, to a mixture of N-hydroxy-N-(p~tolyl)acetamide
(u) (78.2 mg, 0.473 mmol, 1.00 equiv) and NaH (13.6 mg, 0.568 mmol,
1.20 equiv) in CH:Cl, (4.73 mL, 0.100 M) was added Togni reagent II
(179 mg, 0.568 mmol, 1.2 equiv) and the reaction mixture was stirred
at rt for 23 h. The reaction mixture diluted with CH:Cl; (30 mL) and
washed with water (30 mL). The layers were separated, the organic
layer was dried (MgSO;), filtered and concentrated in vacuo. The
residue was purified by preparative TLC using hexanes:EtOAc (4:1
(v/v)) for development (prep TLC was developed twice). The
purification afforded the title compound as a white solid (76.8 mg,
0.329 mmol, 70% yield). Rf = 0.42 (hexanes/EtOAc 4:1 (v/v)). NMR
Spectroscopy: 'H NMR (700 MHz, CDCls;, 25 °C, &): 8.21 (d, J = 8.2 Hz,
1H), 7.31 (br. s, 1lH), 7.08 (d, J = 8.2 Hz, 1H), 7.05 (br. s, 1H),
2.33 (s, 3H), 2.21 (s, 3H). '3C NMR (175 MHz, CDCls;, 25 °C, &): 168.3,
138.2, 134.7, 128.2, 128.0, 122.2, 120.9, 120.7 (g, J = 257.4 Hz),
24.8, 21.0. °r NMR (376 MHz, CDCls;, 25 °C, d): -58.0 ({s). Mass
Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CijgHuiNO:F3 ([M + H]*),
234.0742, found, 234.0737.

Methyl (R) -2-acetamido-3- (4-acetamido-3~ (trifluoromethoxy) phenyl)

propanocate (3v)

OMe OMe
O)Y\©\ o FaC—I—0 NaH (1.2 equiv) 0 0
0
NHA N e @A CH,Cly, rt then 50 °C NHAC uJ\Me
OH 51% OCF,
v 1.2 equiv v

Under N» atmosphere, to a mixture of methyl (R)-2-acetamido-3- (4-(N-
hydroxyacetamido)phenyl)propanoate (1v) (100 mg, 0.340 mmol,
1.00 equiv) and NaH (9.80 mg, 0.410 mmol, 1.20 equiv) in CHzCl:
(3.40 mL, 0.100 M) was added Togni reagent II (128.8 mg, 0.410 mmol,
1.20 equiv) and the reaction mixture was stirred at rt for 13 h. The
reaction mixture was then heated to 50 °C for 24 h. The reaction was

gquenched with water, extracted with CH:Cl,, dried (MgSQs;), filtered



WO 2016/057931 PCT/US2015/054958

10

15

20

25

30

115

and concentrated in vacuo. The residue was purified by chromatography
on silica gel, eluting with hexanes:EtOAc (1:1 to 1:3 (v/v)), and
then recrystallized from hexanes/CHzCl, to afford the title compound
as a slighty yellow solid (63.0 mg, 0.174 mmol, 51% yield). Re = 0.12
(hexanes/EtOAc 1:1 (v/v)). NMR Spectroscopy: 'H NMR (700 MHz, CDCls,
25 °c, 6): 8.31 (d, J= 8.4 Hz, 1H), 7.37 (s, 1H), 7.00 (d, J = 8.4
Hz, 1H), 6.98 (s, 1H), 5.96 (d, J = 7.0 Hz, 1H), 4.86 (dd, J = 5.6,
12.8 Hz, 1H), 3.73 (s, 3H), 3.15 (dd, J = 5.6, 14.0 Hz, 1H), 3.08
(dd, J = 5.6, 14.0 Hz, 1H), 2.22 (s, 3H), 2.00 (s, 3H). !*C NMR (175
MHz, CDCls, 25 °c, &): 171.8, 169.8, 168.4, 138.0, 132.5, 129.¢,
128.6, 122.1, 121.2, 120.7 (g, J = 147.4 Hz), 53.2, 52.6 (d, J= 14.0
Hz), 37.3, 25.0, 23.3. %F NMR (376 MHz, CDCli, 25 °C, 8): =-57.7 (s).
Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CisHigN:OsF3 ([M +
H]*), 363.1168, found, 363.1164.

Methyl hydroxy(7-(trifluoromethoxy)quinolin-8-yl)carbamate (3w)

& N
FaC——0
N o s NaH (1.2 equiv) Nog
M ° JC
N" “OMe CH,Cly, rt then 50 °C N” “oMme
OH 61% OCF3
1w 1.2 equiv 3w

Under N; atmosphere, to a mixture of methyl hydroxy(quinolin-8-
yl)carbamate (1w) (100 mg, 0.458 mmol, 1.00 equiv) and NaH (13.2 mg,
0.550 mmol, 1.20 equiv) in CHyCl, (4.58 mL, 0.100 M) was added Togni
reagent II (173.6 mg, 0.550 mmol, 1.20 equiv) and the reaction mixture
was stirred at rt for 13 h. The reaction was then heated to 50 °C for
24 h. The reaction was quenched with water, extracted with CHCl;,
dried (MgSO,), filtered and concentrated in vacuo. The residue was
purified by chromatography on silica gel, eluting with hexanes:EtOAc
(5:1 to 3:1 (v/v)), to afford the title compound as a brown solid
(81.0 mg, 0.283 mmol, 61% yield). Rr = 0.21 (hexanes/EtOAc 4:1 (v/v)).
NMR Spectroscopy: 'H NMR (400 MHz, CDCls, 25 °C, &§): 8.92 (dd, J= 1.4,
4.1 Hz, 1H), 8.18 (dd, J= 1.4, 8.3 Hz, 1lH), 7.83 (s, 1H), 7.69 (d,
J= 9.1 Hz, 1H), 7.54 (d, J= 9.1 Hz, 1H), 7.48 (dd, J= 4.2, 8.3 Hz,
1H), 3.83 (s, 3H). 13C NMR (125 MHz, (CDs3).SO, d): 154.6, 150.6, 143.0,
142.1, 136.3, 126.9, 126.8, 125.4, 122.1, 121.4, 120.9 (q, J = 257.4

Hz), 53.2. 1°F NMR (376 MHz, CDCl;, (376 MHz, CDCl;, 25 °C, 8): -56.8
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{s). Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for Ci2HioN203F3 ([M
+ H]*), 287.0644, found, 287.0639.

N- (1- (phenylsulfonyl) -4~ (trifluoromethoxy) -1H~-indol~-5-yl) acetamide
(3x)

PhO,S L PhO,S
<\l;©\ 0 Fl——0 NaH (1.2 equiv) N o
\ 0o \
N)LMe @A CH,Cly, 1, 23 h “ : ‘N’U\Me
OH 68% ocFy
1x 1.2 equiv 3x

Under N; atmosphere, to a mixture N-hydroxy-N-{1l-(phenylsulfonyl)-1H-
indol-5-yl)acetamide (1x) (132 mg, 0.400 mmol, 1.00 equiv) and NaH
(11.5 mg, 0.480 mmol, 1.20 equiv) in CH;Cl, (4.00 mL, 0.100 M) was
added Togni reagent II (152 mg, 0.480 mmol, 1.2 equiv) and the
reaction mixture was stirred at rt for 23 h. The reaction mixture
diluted with CH2Cl, (30 mlL) and washed with water (30 mL). The layers
were separated, the organic layer was dried (MgSO4), filtered and
concentrated in vacuo. The residue was purified by preparative TLC
using hexanes:EtOAc (3:2 (v/v)) for development (prep TLC was
developed twice). The purification afforded the title compound as an
off-white solid (108 mg, 0.271 mmol, 68% yield). Rr = 0.24
(hexanes/EtOAc 7:3 (v/v)). NMR Spectroscopy: 'H NMR (700 MHz, CDCls,
25 °c, 8): 8.13 (d, J= 9.0 Hz, 1H), 7.93 (d, J= 9.0 Hz, 1H), 7.89
(d, J= 7.3 Hz, 2H), 7.63-7.54 (m, 2H), 7.52-7.43 (m, 2H), 7.33 (br.
s, 1H), 6.70 (br. s, 1H), 2.22 (s, 3H). 13C NMR (175 MHz, CDCl;, 25
°c, 8): 168.6, 138.0, 134.4, 132.8, 131.2, 129.7, 127.9, 127.1, 127.0,
125.2, 121.2 (g, J = 258.8 Hz), 120.4, 113.2, 105.7, 24.6. '°F NMR
(376 MHz, CDCl;, 25 °C, &): -57.9 (s). Mass Spectrometry: HRMS (ESI-
TOF) (m/z): calecd for Ci17H14N2048F3 ([M + HI*), 399.0626, found,
399.0625.

N- (4~bromo-2~ (trifluoromethoxy)phenyl) acetamide (3g)

Br o 1. NaH (1.2 equiv) Br
\©\ j\ FiC—1—0 CHyCly, 1t, 15h JOL
N "Me (jg 0 ir:‘i Me
80 °C, 15h
19 1.2 equiv 72% 3g

Under N atmosphere, to a mixture of N-(4-bromophenyl)-N-

hydroxyacetamide (1g) (11.5 mg, 0.0502 mmol, 1.00 equiv) and NaH
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(1.4 mg, 0.060 mmol, 1.2 equiv) in CH:Cl: (0.500 mL, 0.100 M) was
added Togni reagent II (19.0 mg, 0.0600 mmol, 1.2 equiv). The
resulting mixture was stirred at rt for 15 h and was then concentrated
in vacuo. MeNO; (0.500 mL) was added and the reaction mixture was
stirred at 80 °C for 15h. Trifluorotoluene (6.14 pL, 0.050 mmol,
1.00 equiv) and CDCl; (0.250 mL) were added and the reaction mixture
was analyzed by !°F NMR. The °F NMR analysis indicated 72% yield of
the desired product.

N- (4-acetyl-2- (trifluoromethoxy) phenyl) acetamide (3c)

Me Me
1. NaH (1.2 equiv
04\@\ i FiC~—0 CHZCl(z, ft, 1q 5h ) o )OL
N Me @AO 2. MeNO E Me
OH . 2 OCF,
120 °C, 15h
1c 1.2 equiv 68% 3c

Under N, atmosphere, to a mixture of N-(4-acetylphenyl)-N-
hydroxyacetamide (le) (9.7 mg, 0.050 mmol, 1.0 equiv) and NaH (1.4 mg,
0.060 mmol, 1.2 equiv) in CH:Cl, (0.500 mL, 0.100 M) was added Togni
reagent II (19.0 mg, 0.0600 mmol, 1.2 equiv). The resulting mixture
was stirred at rt for 15 h and was then concentrated in vacuo. MeNO:
(0.500 mL) was added and the reaction mixture was stirred at 120 °cC
for 15h. Trifluorotoluene (6.14 uL, 0.050 mmol, 1.00 equiv) and CDCls
(0.250 mL) were added and the reaction mixture was analyzed by '°F

NMR. The !°F NMR analysis indicated 68% yield of the desired product.

N- (2~ (Trifluoromethoxy) phenyl) acetamide (3a) and N-(4~-
(trifluoromethoxy)phenyl) acetamide (3a-II)

1. NaH (1.2 equiv)

L F4CO

Q. L, ML, e £, A
N Me ©/§ 0 Me N~ Me
OH

N
80 °C, 15h
1a 1.2 equiv 66% 3a, 57% 3a-ll, 9%

Under N, atmosphere, to a mixture of N-hydroxy-N-phenylacetamide (la)
(7.6 mg, 0.050 mmol, 1.0 equiv) and NaH (1.4 mg, 0.060 mmol, 1.2
equiv) in CH:Cl: (0.500 mL, 0.100 M) was added Togni reagent II
(19.0 mg, 0.0600 mmol, 1.2 equiv). The resulting mixture was stirred
at rt for 15 h and was then concentrated in vacuo. MeNO:; (0.500 mL)
was added and the reaction mixture was stirred at 80 °C for 15h.

Trifluorotoluene (6.14 uL, 0.050 mmol, 1.00 equiv) and CDCl; (0.250
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mL) were added and the reaction mixture was analyzed by !°F NMR. The

19 NMR analysis indicated 66% yield of the desired product.

Methyl 4-acetamido-3-(trifluoromethoxy)benzoate (3q)

OMe OMe
o 1. NaH (1.2 equiv)
0 j\ FsC1—0 CH,Cly, 1t, 15h o JOL
N "Me 0 N "Me
OH 2. MENOZ OCF3
120 °C, 15h
1q 1.2 equiv 89% 3q
Under N2 atmosphere, to a mixture of methyl 4~ (N-

hydroxyacetamido)benzoate (lq) (10.5 mg, 0.0500 mmol, 1.00 equiv) and
NaH (1.4 mg, 0.060 mmol, 1.2 equiv) in CHpCl, (0.500 mL, OilOO M) was
added Togni reagent II (19.0 mg, 0.0600 mmol, 1.2 equiv). The
resulting mixture was stirred at rt for 15 h and was then concentrated
in vacuo. MeNO:; (0.500 mL) was added and the reaction mixture was
stirred at 120 °C for 15h. Trifluorotoluene (6.14 uL, 0.050 mmol,
1.00 equiv) and CDClz (0.250 mL) were added and the reaction mixture
was analyzed by F NMR. The !°F NMR analysis indicated 89% yield of
the desired product.

Example 5. Gram Scale Synthesis

To demonstrate the practicality and effectiveness of the approach for
the synthesis of 0-0CF3; aniline derivatives, the trifluoro-
methoxylation reaction of 1q and OCFi3-migration of 2g on a gram scale
was performed (Scheme 5). Reaction of 2.00 g (9.56 mmol) of 1lg with
1.2 equiv Togni reagent II in the presence of 10 mol % Cs;CO3; in
degassed chloroform gave 2q (2.51 g) in 95% isolated yield. Heating
2.51 g (9.49 mmol) of 2qg in MeNO, at 120 °C afforded 3q (2.13 g) in
85% isolated yield.

Scheme 5. Gram scale synthesis.

OMe OMe OMe
0] Togni reagent 1O (0]
NA (1.2 equiv) NA MeNO, (1.0 M) NHA
G rm——i C "Thres A
on C82C0s (10 mol%) ocp. 120°C.20h o ©
CHCI3 (0.1 M), rt 3 3
1q 19 h 2q 3q
2.00 g (9.56 mmol) 95% yield 85% yield

2.51 g (9.05 mmol) 2.13 g (7.68 mmol)
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Methyl 4-(N-(trifluoromethoxy)acetamido)benzoate (2q)

0 0

Meo*@\ 2 FC™¢ C52C03 (10 mol%) M‘“’OJ\@ )it
N Me ©/§ o N “Me
OH

CHCl3, 1,24 h 6CF3
95%
1q 1.2 equiv 2q

Under Ny atmosphere, to a mixture of methyl 4~ (N-
hydroxyacetamido)benzoate (1q) (2.00 g, 9.56 mmol, 1.00 equiv) and
Cs,CO3 (311 mg, 0.956 mmél, 10 mol%) in CHCls (95.6 mL, 0.100 M) was
added Togni reagent II (3.63 g, 11.5 mmol, 1.20 equiv) and the
reaction mixture was stirred at rt for 24 h. The reaction mixture was
then washed with sat. ag. NaHCO3; (100 mL) and the layers were
separated. The organic layer was dried (MgS0s;), filtered, and
concentrated in vacuo. The residue was purified by chromatography on
silica gel, eluting with hexanes:CH;Cl: (7:3 to 0:1 (v/v)). The
purification afforded the title compound (2.51 g, 9.05 mmol, 95%
yield), which was spectroscopically identical to the compound

prepared according to the standard procedure (vide supra).

Methyl 4-acetamido-3-(trifluoromethoxy)benzoate (3q)
(0]

o]
MeOJ\©\ J.i MeNO, MeO /?]\
r;: Me
OCF;

120°C, 20 h N Me
' OCF
85% 3

2q 3q
A solution of methyl 4-(N-(trifluoromethoxy)acetamido)benzoate (2q)
(2.51 g, 9.05 mmol) in MeNO: {9.05 mL, 1.00 M) was heated at 120 °c
under N; atmosphere for 20 h. The reaction mixture was concentrated
in vacuo. The residue was purified by chromatography on silica gel,
eluting with hexanes:EtOAc (9:1 to 7:3 (v/v)), to afford the title
compound (2.13 g, 7.68 mmol, B85% yield), which was spectroscopically
identical to the compound prepared according to the standard procedure

(vide supra).

Example 6. Trifluoromethoxylation of Heteroaryl Substrates

The effectiveness of this approach was also explored using heteroaryl
substrates. For the synthesis of 0-OCF; pyridino derivatives, the
trifluoromethoxylation reaction of 5 and OCF3;-migration of 6 on a

gram was performed (Scheme 6). Reaction of 5with 1.2 equiv Togni
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reagent II in the presence of 10 mol % Cs:C03 in degassed chloroform
gave 6 in 90% isolated yield. Heating of 6 in MeNO: at 120 °C for 23
hours afforded 7 (2.13 g) in 85% isolated yield.

Scheme 6.Synthesis of trifluoromethoxy pyridine derivative.

Ma._.O Me
;f ar T Ce,C04 (10 maih) \N(O Br
P CHGI, 1t, 15 h P
5

90% NTod

1.2 equiv 6

e Me. .0
\}/ﬂ MeNO;y “F OCF:

N 8r HN Br
FiCO™ ; =
H 120°C, 23 h ﬁ

A 48% N7
6 7

N- (5-Bromo-6~chloropyridin~3-yl) -N- (trifluoromethoxy) acetamide (6):
Under N atmosphere, to a mixture of N-(5-bromo-6-chloropyridin-3-
yl)-N-hydroxyacetamide (5) (221 mg, 0.832 mmol, 1.00 equiv) and Cs:COs3
(27.1 mg, 0.0832 mmol, 10 mol%) in CHClz (8.32 mL, 0.100 M) was added
Togni reagent II (316 g, 0.998 mmol, 1.20 equiv) and the reaction
mixture was stirred at rt for 15 h. The reaction mixture was diluted
with CH;Cl;, washed with sat. ag. NaHCO:; (30 mL) and the layers were
separated. The organic layer was dried (MgS0s), filtered and
concentrated in vacuo. The residue was purified by chromatography on
silica gel, eluting with hexanes:CH:Cl; (1:3 to 1:4 (v/v)), to afford
250 mg of the title compound as a slightly yellow oil (90% yield). R¢
= 0.55 (CH:Cl::hexanes 1:1). NMR Spectroscopy: 'H NMR (500 MHz, CDClj,
25 °c, 8): 8.41 (d, J= 0.85 Hz, 1H), 7.99 (d, J = 0.85 Hz, 1H), 2.38
(s, 3H). 13C NMR (125 MHz, CDCls;, 25 °C, &): 172.8, 149.9, 143.0,
137.2, 136.1, 122.7 (g, J = 265.2 Hz), 120.1, 21.5. F NMR (376 MHz,
CDCl3, 25 °C, 3): -65.1 (s).

N- (5-bromo-6~chloro-4~- (trifluoromethoxy)pyridin-3-yl)acetamide (7):

A solution of N-(5-bromo-6-chloro-2-(trifluoromethoxy)pyridin-3-
yl)acetamide (6) (102 mg, 0.306 mmol) in MeNO; {(0.306 mL, 1.00 M) was
heated at 120 °C under N:; atmosphere for 23 h. The reaction mixture
was purified by preparative TLC using hexanes:EtOAc (93:7 (v/v)) for

development. The purification afforded 49 mg of the title compound
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as a white solid (48% yield). Rf = 0.49 (hexanes/EtOAc 4:1 (v/v)).
NMR Spectroscopy: !'H NMR (700 MHz, CDCls;, 25 °C, §): 9.12 (s, 1H),

7.30 (br. s, 1H), 2.27 (s, 3H). !3C NMR (175 MHz, CDCls, 25 °C, §):
168.7, 142.4, 140.4, 134.8, 123.7, 119.9 (g, J = 263.4 Hz), 117.4,
24.9, 9F NMR (376 MHz, CDCls;, 25 °C, d): -56.7 (s).

Example 7. Trifluoromethoxylation of Pyridine Substrates

Herein is disclosed the first efficient and scalable one-pot protocol
for regioselective synthesis of a broad spectrum of
trifluoromethoxylated pyridines and pyrimidines using commercially

available, bench-stable Togni reagent I.

Rq Ry
x’j/N‘oH Togri reagent | (12 equiv) X7 | NH
R% CHCL(O1M) RT
SN 2Cla ( ) SN OCF,
X=CHorN 30 examples
up o 95% vield

Methyl (5-bromo-6-methoxypyridin-3-yl) (hydroxyl)carbamate (8a) as
used as the model substrate. This compound could be readily prepared
from the corresponding nitropyridine through a one-pot
reduction/protection procedure. Exposure of 8a to Togni reagent II
in the presence of cesium carbonate (0.1 equiv) in chloroform at room
temperature for 15 hours afforded the desired product %a in only 29%
yield.?® Examination of different trifluoromethylation reagents such
as Togni reagent I, Umemoto reagent, and Shibata-Johnson reagent??
revealed that Togni reagent I was superior to other reagents and
delivered the desired product 9a in 42% yield. Higher yield was
obtained in the absence of Cs;COs;. Screening of solvents showed that
CH:Cl, gave the best result, providing the desired product 9a in 87%
NMR yield.

With the optimized reaction conditions in hand, the scope and
generality of the trifluoromethoxylation reaction was explored. A
wide range of functional groups and substitution patterns were
tolerated (Scheme 7). Halogen functionalities, in particular Br and
I, remain intact after the reaction, providing useful synthetic
handles for further elaborations (9a-h, 9k, 9r, 9s, 9u, 9v). Other

functional groups such as alkyl- and aryl-ethers (9i, 9k-m, 9v-x),
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aldehydes (9m), ketone (9x), alkene (9v), alkyne (9w), amide (9y),
esters (9v-w), and benzo[l,3]dioxole (9y) proved compatible under the
reaction conditions. In addition, this methodology was successfully
applied to pyridines bearing a wide array of heteroaryl substituents
such as furan (9m), pyrazole (9n), 1,2,4-triazole (90), benzimidazole
(9p), benzotriazole (9q, 9t), indole (9r, 9y), 7-azaindole (9s),
thiazole (9t), and 2,6-dichloropurine (9u). More excitingly, our mild
reaction conditions allow late-stage trifluoromethoxylation of
complex organic molecules. For examples, estrone and Tadalafil
conjugated pyridines (8x, 8y) were trifluoromethoxylated to afford
the desired product 9x and 9y in 71% and 66% yield, respectively.
Remarkably, no epimerization was observed under these mild reaction
conditions. These results further demonstrated the synthetic utility

of our strategy.

Several features of the reaction are noteworthy. First of all, the
reaction is sensitive to the electronic properties of substituents
on pyridine. Substrates with an electron donating substituent para
to the protected N-hydroxylamine readily undergo rearrangement to
yield the desired trifluoromethoxylated products at or below room
temperature (%9a-b, 9i, 9k~-n, 9p, 9r-s, 9v-y). In the absence of such
substituents, higher reaction temperatures are required for the OCF3;-
migration step (9c-h, 90, 9q, 9t-u). These observations are consistent
with the formation of nitrenium ion through heterolytic cleavage of
N~O0 bond (vide infra).?* Secondly, for the reactions that take place
at or below room temperature, the OCF; group is introduced exclusively
to the a'-position.?® Since o- and a’-carbon of pyridines are
metabolically labile sites, incorporation of an electron withdrawing

OCF3; group to the «’-position could improve the metabolic stability of

the molecule.?® If the a’-position is blocked, product of y-OCF;
pyridine is formed instead (9g and 9h). Interestingly, atropisomers
are obtained in these cases. This is because the plane containing the
OCF; group is orthogconal to the pyridine plane, which prevents the
free rotation of amide group (see Supporting Information) .ib. 3a-3d
Thirdly, the regioselectivity erodes as the reaction temperature

increases (9d-f, 9o, 9u). Finally, substrates with the protected N-

hydroxylamino-group at a-, y-, or a’-position do not give the product
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of trifluoromethoxylation. Presumably, the formation of nitrenium ion
is energetically disfavored in these cases, because 1t involves
placing the positive charge on the endocyclic nitrogen atom.?’ Products

9a~9y are shown in Figure 2.

Scheme 7.
Os Ry F3C~l—0O O« Ry
! Y Ve CHC1, (0.1 M)
2~ Non Me et . 2~ NH
o N Togni reagent | N~ “OCF;
8a-8y (12 equiv) %a-9y

Methyl (5-bromo-6-methoxypyridin-3-yl) (hydroxy)carbamate (8a)

1. H o . j
gNNH; Ho0 (1.20 equiv) O OMe
Br NO; % Rh/C Y
l = THF, 23°C

) Br N N‘OH
MeO™ °N . ! P
2. CICOOMe (1.20 equiv)

MeQ™ "N
NaHCO3 (1.20 equiv)
THF, 23°C 8a
64%

Under N; atmosphere, to a suspension of 3-bromo-2-methoxy-5-
nitropyridine (5.00 g, 21.5 mmol, 1.00 equiv) and 5% Rh/C (0.123 g,
0.30 mol% Rh) in THF (107 mL, 0.200 M) hydrazine monohydrate (1.56
g, 25.8 mmol, 1.20 equiv) was added dropwise. The reaction mixture
was monitored via TLC using EtOAc:hexanes 1:1 (v/v) as an eluent
until the disappearance of the starting 3-bromo-2-methoxy-5-
nitropyridine (Rf = 0.90 (EtOAc:hexanes 1:1 (v/v)) and the appearance
of the hydroxylamine intermediate (R = 0.61 (EtOAc:hexanes 1:1
(v/v)). Subsequently, sodium bicarbonate (2.14 g, 25.8 mmol, 1.20
equiv) was added to the reaction mixture followed by a solution of
methyl chloroformate (2.42 g, 25.75 mmol, 1.20 equiv) in THF (6.58
mL, 0.200 M) via a syringe pump (at a rate of 10.0 mL/h). After the
addition was complete, the reaction mixture was filtered through a
short pad of celite and the celite was washed with EtOAc. The organic
layers were combined and concentrated in vacuo. The residue was
purified by chromatography on silica gel, eluting with EtOAc:hexanes
(3:7 to 1:1 (v/v)), to afford the title compound as a slightly light
yellow solid (3.82 g, 13.8 mmol, 64% yield).
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R = 0.54 (EtOAc:hexanes 1:1 (v/v)). NMR Spectroscopy: 'H NMR (500
MHz, (CDs)280, 25 °C, §8): 10.60 (s, 1H) 8.29 (d, J = 2.44 Hz, 1H) 8.13
(d, J = 2.44 Hz, 1H) 3.93 (s, 3H) 3.74 (s, 3H). !13C NMR (125 MHz,
(CD3)280, 25 °C, &): 156.97, 155.40, 138.89, 135.74, 134. 47, 105.44,
55.01, 53.67. Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for
CsH10BrN204 ([M + H]*), 276.9818, found, 276.9821.

Methyl hydroxy (5-iodo-6-methoxypyridin-3-yl)carbamate (8b)

OYOMG
i NHOH  CICOOMe (1.20 equiv I N,
A NaHCO, (S.zo echiv)) YT TOH
| L
MeO” N THF, 23°C MeO” "N

53%
8b

Under N; atmosphere, to a suspension of 3-iodo-2-methoxy-5-
nitropyridine (0.500 g, 1.79 mmol, 1.00 equiv) and 5% Rh/C (10.3 mg,
0.30 mol% Rh) in THF (8.93 mL, 0.200 M) hydrazine monohydrate (0.130
g, 2.14 mmol, 1.20 equiv) was added dropwise. After the reaction
mixture was stirred at 23 °C for 1 h, it was filtered through a short
pad of celite and concentrated in vacuo to afford the title compound
as a slightly brown solid (0.467 g, 1.76 mmol, 98% yield). The product
was used directly without further purification. Under N atmosphere,
to a stirred suspension of N-(5-iodo—-6-methoxypyridin-3-
yl)hydroxylamine (0.350 g, 1.32 mmol, 1.00 equiv) and NaHCO; (0.131
g, 1.58 mmol, 1.20 egquiv) in THF (6.58 mL, 0.200 M) at 23 °C was
slowly added a solution of methyl chloroformate (0.148 g, 1.58 mmol,
1.20 equiv) in THF (6.58 mL, 0.200 M) via a syringe pump (at a rate
of 10.0 mL/h). After the addition was complete, the reaction mixture
was filtered through a short pad of celite and the celite was washed
with EtOAc. The organic layers were combined and concentrated in
vacuo. The residue was purified by chromatography on silica gel,
eluting with EtOAc:hexanes (l:1 to 1:0 (v/v)), to afford the title
compound as a slightly light brown solid (0.229 g, 0.710 mmol, 54%
vield). Rf = 0.63 (EtOAc:hexanes 1:0 (v/v)). NMR Spectroscopy: 'H NMR
{500 MHz, (CD3).S0, 25 °C, §): 10.54 (br. s, 1H) 8.26 (br. s, 2H) 3.89
{br. s, 3H) 3.73 (br. s, 3H). ¥3C NMR (125 MHz, {(CD3).80, 25 °C, 8):
158.8, 154.9, 141.5, 139.4, 134.0, 79.1, 54.8, 53.1. HRMS (ESI-TOF)
(m/z): calcd for CsHi1¢IN:Os ([M + HI*), 324.9680, found, 324.9682.
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Methyl (6~chloro-4-methylpyridin-3-yl) (hydroxy)carbamate (8c)

oM
Me MOy OMe
% NHOH CICOOMe (1.10 eqx.nv) x N. OH
NaHCO3z (1.10 equiv) |
o -
CI” N Cl” N

1,4-dioxane, 23 °C
69%

8c

Under N; atmosphere, hydrazine monohydrate (1.04 g, 20.9 mmol, 1.20
equiv) was added dropwise to a suspension of 2-chloro-4-methyl-5-
nitropyridine (3.00 g, 17.4 mmol, 1.00 equiv) and 5% Rh/C (0.300 g,
0.838 mol% Rh) in THF (85.0 mL, 0.204 M) at 23 °C. The reaction
mixture was stirred at 23 °C for 3 h and filtered through a short pad
of celite. The celite was washed with EtOAc. The organic solutions
were combined and concentrated in vacuo to afford the title compound
as a white solid (2.70 g, 17.1 mmol, 98% yield). The product was used
directly without further purification. Under N, atmosphere, a solution
of methyl chloroformate (0.623 g, 6.59 mmol, 1.10 equiv) in 1,4-
dioxane (10.0 mL, 0.660 M) was slowly added to a stirred suspension
of N-(6-chloro-4-methylpyridin-3-yl)hydroxylamine (0.950 g, 5.99
mmol, 1.00 equiv) and NaHCO; (0.554 g, 6.59 mmol, 1.10 equiv) in 1,4-
dioxane (40.0 mL, 0.150 M) at 23 °C. After the reaction was complete
(4 h), the reaction mixture was concentrated in vacuo. The residue
was purified by chromatography on silica gel, eluting with
hexanes:EtOAc (4:1 to 3:2 (v/v)), to afford the title compound as a
red solid (0.890 g, 4.11 mmol, 69% yield). Rs = 0.27 (hexanes/EtOAc
3:2 (v/v)). 'H NMR (700 MHz, (CDs;).S0, 25 °C, 8): 10.53 (s, 1H), 8.29
(s, 1H), 7.52 (s, 1H), 3.68 (s, 3H), 2.23 (s, 3H). 13C NMR (175 MHz,
(CD3)2.S0, 25 °C, &): 155.6, 148.8, 148.4, 147.9, 137.7, 125.6, 53.2,
16.8. Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CgHi;oClN»O;
(M + HI*), 217.0374, found, 217.0373.

Methyl (6-bromopyridin-3-yl) (hydroxy)carbamate (8d)

OYOMG
- NHOH CICOOMe (1.10 EQL.JiV) N N\OH
| NaHCO3 (1.10 equiv) | b
o
Br” °N
B N 1,4-dioxane, 23 °C 8

71%

Under N, atmosphere, hydrazine monohydrate (0.888 g, 17.7 mmol, 1.20
equiv) was added dropwise to a suspension of 2-bromo-5-nitropyridine

(3.00 g, 14.8 mmol, 1.00 equiv) and 5% Rh/C (0.290 g, 0.952 mol% Rh)
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in THF (75.0 mL, 0.197 M) at 23 °C. After the reaction was complete
(2.5 h), the reaction mixture was filtered through a short pad of
celite and the celite was washed with EtOAc. The organic solutions
were combined and concentrated in vacuo to afford the title compound
as a yellow solid (2.70 g, 14.3 mmol, 97% yield). The product was
used directly without further purification. Under N; atmosphere, a
solution of methyl chloroformate (0.520 g, 5.50 mmecl, 1.10 equiv) in
1,4-dioxane (10.0 mL, 0.550 M) was added dropwise to a stirred
suspension of N-(6-bromopyridin-3-yl)hydroxylamine {(0.940 g, 5.00
mmol, 1.00 equiv) and NaHCO; (0.462 g, 5.50 mmol, 1.10 equiv) in 1,4-
dioxane (40.0 mL, 0.125 M) at 23 °C. After the reaction was complete
(3 h), the reaction mixture was filtered through a short pad of celite
and the celite was washed with EtOAc. The combined organic layers
were concentrated in vacuo. The residue was purified by chromatography
on silica gel, eluting with hexanes:EtOAc (4:1 to 3:2 (v/v)), to
afford the title compound as a yellow solid (0.870 g, 3.52 mmol, 71%
yield). Rf = 0.27 (hexanes/EtOAc 3:2 (v/v)). !H NMR (500 MHz, (CD3)2S0,
25 °c, &): 10.74 (s, 1H), 8.58 (d, J = 2.7 Hz, 1H), 7.89 (dd, J =
2.7, 3.8 Hz, 1H), 7.64 (d, J = 3.8 Hz, 1H), 3.78 (s, 3H). !3C NMR
(125 MHz, (CD3).80, 25 °C, 8): 154.4, 140.9, 138.8, 134.9, 128.6,
127.5, 53.4. Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for
C7HgBrN203 ([M + H]*), 246.9713, found, 246.9712.

Methyl (6-fluoropyridin-3-yl) (hydroxy)carbamate (8e)

HoNNH,#H,0 (1.20 equ Oy OMe
NO, D% Rh/CZI‘H (010 Y
= [ 0 min Z | N"OH
X then NaHCO 1.20 equiv,
F” N C|COOMa (31(20 qulv)) F \N

6596 ge
Under N; atmosphere, a suspension of 2-fluoro-5-nitropyridine (1.00
g, 7.04 mmol, 1.00 equiv) and 5% Rh/C (80.8 mg, 0.60 mol% Rh) in THF
(35.2 mL, 0.200 M) was heated to 40 °C. Hydrazine monchydrate (0.422
g, 8.44 mmol, 1.20 equiv) was added all at once. The reaction mixture
was stirred at 40 °C for 30 min and then cooled down to 23 °C. NaHCO3
(0.708 g, 8.44 mmol, 1.2 equiv) was added, followed by dropwise
addition of methyl chloroformate (0.800 g, 8.44 mmol, 1.20 equiv) in
THF (35.2 mL, 0.240 M) at 23 °C. After the reaction was complete (1

h), the reaction mixture was filtered through a short pad of celite,



WO 2016/057931 PCT/US2015/054958

10

15

20

25

30

127

washed with EtOAc, and concentrated in vacuo. The residue was purified
by chromatography on silica gel, eluting with hexanes:EtOAc (4:1 to
2:1 (v/v)), to afford the title compound as a red solid (0.850 g,
4.57 mmol, 65% yield). Rf= 0.22 (hexanes:EtOAc 2:1 (v/v)). 'H NMR
(700 MHz, (CDs3)2S0, 25 °C, &): 10.67 (s, 1H) 8.36 (d, J = 1.29 Hz,
1H) 8.09-8.06 (m, 1H) 7.21 (dd, J = 8.82, 3.23 Hz, 1H) 3.76 (s, 3H).
3C NMR (175 MHz, (CDs)2S0, 25 °C, &): 159.3 (d, J = 232.8 Hz), 154.8,
138.8 (d, J = 15.8 Hz), 137.3 (d, J = 5.25 Hz), 133.8 (d, J = 8.75
Hz), 109.2 (d, J = 40.3 Hz), 53.3. °F NMR (376 MHz, CDCls, 25 °C, 8):
-74.7 (s). Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for C;HsFN,O;
([M + H]*), 187.0513, found, 187.0513.

Methyl (5~-bromo-6-chloropyridin-3-yl) (hydroxy)carbamate (8f)

OYOMe
Br. o NHOH CiICOOMe (1.10 eql:tiv) Br XN N‘OH
| NaHCO; (1.10 equiv) | P
N cI” N
1,4-dioxane, 23 °C
80% 8f

Under N atmosphere, hydrazine monohydrate (0.506 g, 10.1 mmol, 1.20
equiv) was added dropwise to a suspension of 3-bromo-2-chloro-5-
nitropyridine (2.00 g, 8.42 mmol, 1.00 equiv) and Pt/C (0.200 g,
0.609 mol% Pt) 4in THF (75.0 mL, 0.112 M) at 23 °C. The reaction
mixture was stirred at 23 °C for 3 h, filtered through a short pad
of celite, washed with EtOAc, and concentrated in vacuo. The residue
was dissolved in ether and filtered off. The filtrate was kept at -~
20 °C overnight and filtered again to remove the solid. The filtrate
was concentrated in vacuo to afford the title compound as a yellow
solid (1.22 g, 5.46 mmol, 65% yield). The product was used directly
without further purification. Under N, atmosphere, a solution of
methyl chloroformate (0.256 g, 2.71 mmol, 1.10 equiv) in 1,4-dioxane
(10.0 mL, 0.271 M) was added dropwise to a stirred suspension of N-
(5-bromo-6-chloropyridin-3-yl)hydroxylamine (0.550 g, 2.46 mmol, 1.00
equiv) and NaHCO; (0.227 g, 2.71 mmol, 1.10 equiv) in 1,4-~dioxane
(15.0 mL, 0.164 M) at 23 °C. The reaction mixture was stirred for 6
h and concentrated in vacuo. The residue was purified by
chromatography on silica gel, eluting with hexanes:EtOAc (4:1 to 3:2
(v/v)), to afford the title compound as a yellow solid (0.55 g, 1.95
mmol, 80% yield). Rf = 0.42 (hexanes/EtOAc 3:2 (v/v)). H NMR (500
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MHz, (CDs3).80, 25 °C, d8): 10.89 (s, 1H), 8.63 (d, J = 2.3 Hz, 1H),
8.33 (d, J = 2.3 Hz, 1H), 3.80 (s, 3H). !3C NMR (125 MHz, (CDs):SO,
25 °c, o): 154.3, 143.0, 138.9, 138.4, 131.7, 118.5, 53.6. Mass
Spectrometry: HRMS (ESI-TOF) (m/z): calcd for C;H;BrC1lN:03 ([M + H]*'),
282.9301, found, 282.9302.

Methyl (2-chloropyridin-3-yl) (hydroxy)carbamate (8g)

CICOOMe (1.10 equiv) 0O OMe
NHOH NaHCO; (1.10 equiv) T
@ DMAP (0.05 equiv) (\/E “OH
g
N™ ~Cl 1,4-dioxane, 50 °C N"cl
75%
8g

Under N. atmosphere, hydrazine monohydrate (1.89 g, 37.8 mmol, 1.20
equiv) was added dropwise to a suspension of 2-chloro-3-nitropyridine
(5.00 g, 31.5 mmol, 1.00 equiv) and Rh/C (0.500 g, 0.771 mol% Rh) in
THE (150 mL, 0.210 M) at 23 °C. The reaction mixture was stirred at
23 °C for 3 h, filtered through a short pad of celite, washed with
EtOAc, and concentrated in vacuo to afford of the title compound as
a red solid (4.50 g, 31.1 mmol, 98% yield). The product was used
directly without further purification. Under N, atmosphere, a solution
of methyl chloroformate (0.140 g, 1.53 mmol, 1.10 equiv) in dioxane
(7.00 mL, 0.220 M) was slowly added via a syringe pump (at a rate of
10.0 mL/h) to a stirred suspension of N-(2-chloropyridin-3-
yl)hydroxylamine (0.200 g, 1.39 mmol, 1.00 equiv), NaHCOs; (0.130 g,
1.53 mmol, 1.10 equiv) and DMAP (8.50 mg, 0.0700 mmol, 0.0500 equiv)
in dioxane (7.00 mL, 0.200 M) at 50 °C. After the addition was
complete, the reaction mixture was stirred at 50 °C for another 12 h
and then filtered through a short pad of celite and the celite was
washed with EtOAc. The organic layers were combined and concentrated
in vacuo. The residue was purified by chromatography on silica gel,
eluting with hexanes:EtOAc (5:1 to 1:1 (v/v)), to afford the title
compound as a yellow gum (0.210 g, 1.04 mmol, 75% yield). Rf = 0.19
(hexanes/EtOAc 5:1 (v/v)). 'H NMR (700 MHz, (CD3):80, 25 °C, &): 10.63
(s, 1H), 8.39 (dd, J = 4.73, 1.72 Hz, 1H), 7.96 (dd, J = 7.74, 1.72
Hz, 1H), 7.52 (dd, J = 7.74, 4.73 Hz, 1H), 3.69 (s, 3 H). 3C NMR
(175 MHz, (CD;3).80, 25 °C, d): 155.3, 148.9, 148.1, 137.9, 136.6,
124.0, 53.2. Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for
C7HsC1N203 ([M + H]*), 203.0218, found, 203.0231.
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N-(2,6-Dichloropyridin-3-yl) ~-N-hydroxyacetamide (8h)

Os_Me
NNH,+H,0 (1.20 equiv,
o, % Rﬁ/g,er& {0.10M) ) T
= 2 23 °C, 20 min & | “OH
o | then NaHCO, (1.20 equiv) S
Cl N” ~Cl AcetZI chloride in THF Cl N~ ~Ci
3°C, 30 min
65% 8h

Under N; atmosphere, a suspension of 2-fluoro-5-nitropyridine (1.00
g, 7.04 mmol, 1.00 equiv) and 5% Rh/C (80.8 mg, 0.60 mol% Rh) in THF
{35.2 mL, 0.200 M) was heated to 40 °C. Hydrazine monohydrate (0.422
g, 8.44 mmol, 1.20 equiv) was added all at once. The reaction mixture
was stirred at 40 °C for 30 min and then cooled down to 23 °C. NaHCO;
(0.708 g, B8.44 mmol, 1.2 equiv) was added, followed by dropwise
addition of methyl chloroformate (0.800 g, 8.44 mmol, 1.20 equiv) in
THF (35.2 mL, 0.240 M) at 23 °C. The reaction mixture was stirred at
23 °C for 1 h and then filtered through a short pad of celite, washed
with EtOAc, and concentrated in vacuo. The residue was purified by
chromatography on silica gel, eluting with hexanes:EtOAc (4:1 to 2:1
(v/v)), to afford the title compound as a red solid (0.850 g, 4.57
mmol, 65% yield). Rf = 0.22 (hexanes:EtOAc 2:1 (v/v)). H NMR (700
MHz, (CDs3):S0, 25 °C, &§): 10.95 (br. s., 1H), 8.01 (d, J = 7.74 Hz,
1H), 7.67 (d, J= 8.17 Hz, 1H), 2.19 (br. s., 3H). 13C NMR (175 MHz,
(CD3)2S0, 25 °C, &): 171.0, 147.5, 146.9, 140.9, 135.9, 124.6, 20.8.
Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CsH7ClzN20, ([M +
H]*), 220.9879, found, 220.9878.

N-Hydroxy~-N- (6-methoxy-4~-methylpyridin~3-yl)acetamide (8i)

. O. _Me
HyNNH,H;0 (1.20 equiv)
Me &% RA/C,TH {0.10M) e T
then NaHCO; (1.20 equiv) =
= Acaetyl chioride in TﬂF MeO” N
MeO™ N Z‘aoc, 30 min
79% 8i

Under N» atmosphere, a suspension of 2-methoxy-4-methyl-5-
nitropyridine (491 mg, 2.92 mmol, 1.00 equiv) and 5% Rh/C (33.6 mng,
0.60 mol% Rh) in dioxane (14.6 mL, 0.200 M) was stirred at 40 °C.
Hydrazine monohydrate (146 mg, 3.50 mmol, 1.20 equiv) in dioxane
(14.6 mL, 0.240 M) was added via a syringe pump (at a rate of 15.0
mL/h). The reaction mixture was stirred at 40 °C for 1 h and then

cooled down to 23 °C. NaHCOs; (290 mg, 3.50 mmol, 1.2 equiv) was added,
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followed by dropwise addition of acetyl chloride (270 mg, 3.50 mmol,
1.20 equiv) in THF (29.2 mL, 0.120 M) at 23 °C. The reaction mixture
was stirred at 23 °C for 1 h and then filtered through a short pad
of celite, washed with EtOAc, and concentrated in vacuo. The residue
was purified by chromatography on silica gel, eluting with
hexanes:EtOAc (4:1 to 1:1 (v/v)), to afford the title compound as a
brown solid (450 mg, 2.29 mmol, 79% yield). Rf = 0.08 (hexanes:EtOAc
4:1 (v/v)). 'H NMR (700 MHz, (CD3):S80, 90 °c, §): 10.21 (br. s., 1H),
8.01 (s, 1H), 6.73 (s, 1H), 3.86 (s, 3H), 2.18 (s, 3H), 2.08 (s, 3H).
13C NMR (175 MHz, (CD3)280, 25 °C, 8): 170.9, 162.9, 148.1, 145.7,
132.4, 110.9, 53.4, 20.8, 17.1. Mass Spectrometry: HRMS (ESI-TOF)
(m/z): calcd for CgHi3N0; ([M + H]*), 197.0921, found, 197.0936.

N-Hydroxy-N- (6-methylpyridin-3-yl) acetamide (83)

AcCl (1.20 equiv) O~ _Me
NHOH  NaHCOj (1.20 equiv) Y
Z THF, 23°C 2 Nooy
[
Me N 33% Me \N

g
Under N: atmosphere, hydrazine monohydrate (0.870 g, 17.4 mmol, 1.20
equiv) was added dropwise to a suspension of 2-methyl-5-nitropyridine
(2.00 g, 14.5 mmol, 1.00 equiv) and Rh/C (0.120 g, 0.402 mol% Rh) in
THF (75.0 mL, 0.193 M) at 23 °C. The reaction mixture was stirred at
23 °C for 2 h, filtered through a short pad of celite, washed with
EtOAc, and concentrated in vacuo to afford the title compound as a
yellow solid (1.63 g, 13.1 mmol, 91% yield). The product was used
directly without further purification. Under N; atmosphere, a solution
of acetyl chloride (0.300 g, 3.87 mmol, 1.20 equiv) in THF (16.00 mL,
0.240 M) was added dropvise to a stirred suspension of N-(6-
methylpyridin~3-yl)hydroxylamine (S6) (0.400 g, 3.22 mmol, 1.00
equiv) and NaHCOs; (0.330 g, 3.87 mmol, 1.20 equiv) in THF (16.00 mL,
0.200 M) at 23 °C. The reaction mixture was stirred at 23 °C for
another 30 min and then filtered through a short pad of celite and
the celite was washed with EtOAc. The organic layers were combined
and concentrated in vacuo. The residue was purified by chromatography
on silica gel, eluting with EtOAc to afford the title compound as a

light yellow solid (0.176 g, 1.06 mmol, 33% yield). Rf = 0.17 (EtOAc).
'H NMR (700 MHz, (CD3)280, 25 °C, &): 10.77 (br. s, 1H), 8.72 (br. s,
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1H), 7.87 (dd, J = 8.17, 2.15 Hz, 1H), 7.25 (d, J = 8.60 Hz, 1H),
2.43 (s, 3H), 2.21 (br. s, 3H). ¥C NMR (175 MHz, (CDs3)280, 25 °C, §):
170.4, 153.6, 140.5, 136.0, 127.4, 122.6, 23.4, 22.1. Mass
Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CgHiiN20. ([M + H]*),
167.0815, found, 167.0816.

Methyl (5-(2,4~difluorophenyl) ~6-methoxypyridin-3-yl) (hydroxy)

carbamate (8k)

F 2 CICOOMe (1.20 equiv) E F O._OMe
NaHCO; (1.20 equiv) Y
Xy NHOH THF, 23 °C ~ Mo
| 52% I

MeO” "N

Under N atmosphere, to a suspension of 3-(2,4-difluorophenyl)-2-
methoxny—nitropyridine (0.300 g, 1.13 mmol, 1.00 equiv) and 5% Rh/C
(6.5 mg, 0.30 mol% Rh) in THF (11.3 mL, 0.100 M) hydrazine monohydrate
(0.083 g, 1.35 mmol, 1.20 equiv) was added dropwise. The reaction
mixture was stirred at 23 °C for 1 h and filtered through a short pad
of celite. The pad of celite was washed with EtOAc. The combined
organic solution was concentrated in vacuo to afford the title
compound as a slightly light yellow solid (0.245 g, 0.973 mmol, 86%
yield). The product was used directly without further purification.
Under N: atmosphere, to a stirred suspension of N-(5-(2,4-
difluorophenyl)-6-methoxypyridin-3-yl)hydroxylamine (0.250 g, 0.99
mmol, 1.00 equiv) and NaHCO; (0.099 g, 6.46 mmol, 1.20 equiv) in THF
(4.96 mL, 0.200 M) at 23 °C was slowly added a solution of methyl
chloroformate (0.112 g, 1.19 mmol, 1.20 equiv) in THF (4.96 mL, 0.200
M) via a syringe pump (at a rate of 10.0 mL/h). After the addition
was complete, the reaction mixture was filtered through a short pad
of celite and the celite was washed with EtOAc. The organic layers
were combined and concentrated in vacuo. The residue was purified by
chromatography on silica gel, eluting with EtOAc:hexanes (1:2 to 1:1
(v/v)), to afford the title compound as a slightly yellow solid (0.163
g, 0.52 mmol, 52% yield). R¢ = 0.31 (EtOAc:hexanes 1:1 (v/v)). H NMR
(700 MHz, (CD3).S0, 25 °C, &): 10.54 (s, 1H), 8.32 (s, 1H), 7.77 (s,
1H), 7.49 (q, J = 8.03 Hz, 1H), 7.35 (t, J = 9.68 Hz, 1H), 7.18 (t,
J = 8.17 Hz, 1H), 3.85 (s, 3H), 3.73 (s, 3H). 3C NMR (175 MHz,

(CD3)280, 25 °C, 8): 162.2 (d, J = 246.9 Hz), 159.5 (d, J = 247.5 Hz),
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157.7, 155.1, 13%.9, 133.7, 133.4, 132.9 (m), 119.9% (d, J = 15.2 Hz),
116.9, 111.7 (dd, J = 22.8 Hz, J = 5.3 Hz), 104.2 (t, J = 26.3 Hz),

53.81, 53.1. 9F NMR (376 MHz, (CD;3)280, 25 °C, 8): -111.2 (m), -112.1
(m) . Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for Ci4H13FaN20Q4 {[M
+ H]*), 311.0838, found, 311.0841.

Methyl (6~ (4~ (tert-butyl)phenoxy)pyridin-3-yl) (hydroxy) carbamate
(81)

CICOOMe (1.20 equiv)

Oy OMe
NaHCO3 (1.20 equiv) Y
- NHOH ~Mon
L e L
0N ° 0 N

81

Under N; atmosphere, to a suspension of 2-(4-(tert-butyl)phenoxy)-5-
nitropyridine (0.600 g, 2.20 mmol, 1.00 equiv) and 5% Rh/C (12.7 mg,
0.30 mol% Rh) in THF (11.0 mL, 0.200 M) hydrazine monchydrate (0.160
g, 2.64 mmol, 1.20 equiv) was added dropwise. The reaction mixture
was stirred at 23 °C for 1 h and then filtered through a short pad
of celite. The celite was washed with EtOAc. The combined organic
solution was concentrated in vacuo to afford the title compound as
an off-white solid (0.495 g, 1.92 mmol, 86% yield). The product was
used directly without further purification. Under N: atmosphere, to
a stirred suspension of N-(6-(4-(tert-butyl)phenoxy)pyridin-3-
yl)hydroxylamine (0.491 g, 0.950 mmol, 1.00 equiv) and NaHCO; (0.099
g, 1.19 mmol, 1.20 equiv) in THF (4.96 mL, 0.100 M) at 23 °C was
slowly added a solution of methyl chloroformate (0.112 g, 1.19 mmol,
1.20 equiv) in THF (4.96 mL, 0.100 M) via a syringe pump (at a rate
of 10.0 mL/h). After the addition was complete, the reaction mixture
was filtered through a short pad of celite and the celite was washed
with EtOAc. The organic layers were combined and concentrated in
vacuo. The residue was purified by chromatography on silica gel,
eluting with EtOAc:hexanes (1:2 to 1:1 (v/v)), to afford the title
compound as a off-white solid (0.163 g, 0.52 mmol, 52% yield). Rf =
0.48 (EtOAc:hexanes 1:1 (v/v)). 'H NMR (700 MHz, (CD;3):50, 25 °C, §):
10.53 (s, 1H), 8.23 (d, J = 2,58 Hz, 1H), 7.91 (dd, J = 9.03, 2.58
Hz, 1H), 7.42 (d, J = 8.60 Hz, 2H), 7.08-6.97 (m, 3H), 3.72 (s, 3H),
1.30 (s, 9H). 13C NMR (175 MHz, (CDs3).S0, 25 °C, §): 160.0, 155.0,
151.7, 14e6.8, 140.2, 134.8, 133.4, 126.4, 120.5, 111.0, 53.1, 34.2,
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31.3. Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CisHz1N204 ([M
+ H]*), 317.1496, found, 317.1497.

Methyl (5= (5-formylfuran-2-yl) -6-methoxypyridin-3-yl) (hydroxy)

carbamate (8m)

0

0
0._OMe H
H Y (PhsP)4Pd (5 mol%) O._OMe
/=0 ¢ B A Nogy __NaCOs (25 equiv) 7 Q T
o MeO” N THF:H,0 4:3, 60 °C P
16% MeO”™ °N

8m

Methyl (5-bromo-6-methoxypyridin-3-yl) (hydroxy)carbamate (0.400 g,
1.44 mmol, 1.00 equiv), (5-formylfuran-2-yl)boronic acid (0.283 g,
2.02 mmol, 1.40 equiv), NazCO; (0.383 g, 3.61 mmol, 2.5 equiv), THF:Hz0
4:3 (8.42 mL, 0.200 M), and palladium-tetrakis(triphenylphosphine)
(0.0830 g, 0.0700 mmol, 0.05 equiv) were degassed via three freeze-
pump-thaw cycles. The resulting mixture was heated at 60 °C overnight
and then allowed to cool to room temperature after which water was
added. The mixture was then extracted with dichloromethane and the
organic extracts was dried with MgS0Os, filtered and concentrated in
vacuo. The residue was purified by chromatography on silica gel,
eluting with EtOAc:hexanes (3:8 to 1:1 (v/v)), to afford the pure
cross-coupled product as a slightly light orange solid (0.070 g, 0.24
mmol, 16% yield). Rf = 0.21 (EtOAc:hexanes 4:6 (v/v)). !H NMR (700
MHz, (CD3;).80, 25 °C, §): 10.65 (s, 1H), 9.65 (s, 1H), 8.38 (d, J =
2.58 Hz, 1H), 8.32 (d, J = 2.58 Hz, 1H), 7.68 (d, J = 3.44 Hz, 1H),
7.28 (d, J = 3.87 Hz, 1lH), 4.05 (s, 3H), 3.76 (s, 3H). 13C NMR (175
MHz, (CD3).80, 25 °C, 8): 178.2, 156.4, 155.0, 152.4, 151.6, 139.9,
133.8, 127.7, 125.2, 113.6, 111.4, 54.2, 53.2. Mass Spectrometry:
HRMS (ESI-TOF) (m/z): calcd for Ci3HisN:0¢ {[M + H]*), 294.0799, found,
294.0801.

N-(6- (1H-Pyrazol-1l-yl)pyridin-3-yl) ~N~hydroxyacetamide (8n)

HaNNH,+H, 0 (1.20 equiv)

5% Rh/C,THF (0.10 M) 0y, Me
3 NO: 23°C, 20 min T
N A Z “OH
U N then NaHCO; (1.20 equiv) N s |
== Acetyl chloride in THF Q N
23°C, 30 min = 8n

87%
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Under N: atmosphere, a solution of 2-fluoro-5-nitropyridine (0.71 g,
5.00 mmol, 1.00 equiv) was added to a mixture of 1lH-pyrazole (0.51
g, 7.50 mmol, 1.50 equiv) and Cs2COs; (2.44 g, 7.50 mmol, 1.50 equiv)
in DMF (25.0 mL, 0.300 M) and the reaction mixture was stirred at
23 °C for 20 h. The reaction mixture was poured to LiCl solution (100
mL), extracted with EtOAc. The combined organic layers was dried
(MgSQ4), filtered and concentrated in vacuo. The residue was
recrystalized from hexanes/EtOAc, to afford the title compound as a
yellow solid (0.910 g, 4.78 mmol, 96% yield). Rf = 0.77 (hexanes:EtOAc
5:1 (v/v)). 'H NMR (700 MHz, (CDs3):S80, 25 °C, &): 9.29 (br. s., 1lH),
8.75 (d, J= 8.17 Hz, 1H), 8.73~8.71 (m, 1H), 8.12 (d, J = 9.04 Hz,
1H), 7.99-7.98 (m, 1H), 6.72-6.70 (m, 1H). 13C NMR (175 MHz, (CD3):.SO,
25 °C, 9): 153.7, 145.0, 144.4, 142.3, 135.3, 128.5, 112.2, 110.0.
Under N atmosphere, a suspension of 5-nitro-2-(1H-pyrazol-1l-
yl)pyridine 200 mg, 1.05 mmol, 1.00 equiv) and 5% Rh/C (12.6 mg, 0.60
mol% Rh) in THF (10.5 mL, 0.100 M) was stirred at 23 °C. Hydrazine
monohydrate (63.1 mg, 1.26 mmol, 1.20 equiv) was added dropwise. The
reaction mixture was stirred at 23 °C for 20 min. NaHCOs; (106 mg, 1.26
mmol, 1.20 equiv) was added, followed by dropwise addition of acetyl
chloride (98.9 mg, 1.26 mmol, 1.20 equiv) in THF (10.5 mL, 0.120 M)
at 23 °C. The reaction mixture was stirred at 23 °C for 30 min and
then filtered through a short pad of celite. The celite was washed
with EtOAc. The combined organic solution was concentrated in wvacuo.
The residue was recrystalized from hexanes/EtOAc, to afford the title
compound as a yellow solid (200 mg, 0.917 mmol, 87% yield). Rf = 0.26
(hexanes:EtOAc 1:1(v/v)). H NMR (700 MHz, (CDs3).S0, 25 °C, &): 10.95
(br. s., 1H), 8.77 (br. s., 1H), 8.5%9 (d, J= 2.15 Hz, 1H), 8.22 (dd,
J = 98.03, 2.58 Hz, 1H), 7.95 (d, J = 9.03 Hz, 1H), 7.82 (s, 1H),
6.60-6.56 (m, 1H), 2.27 (s, 3H). '3C NMR (175 MHz, (CDs3)2S0, 25 °C, §):
170.6, 146.9, 142.1, 139.1, 136.7, 130.1, 126.9, 111.7, 108.2, 22.2.
Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CioH1iNsO: ([M +
H]*), 219.0877, found, 219.0877.

Methyl {6-(1H-1,2,4~triazol-1-yl)pyridin-3-yl) (hydroxy)carbamate
(80)
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NHoH C/COOMe (1.20 equiv) T
= NaHCO; (1.20 equiv) XY” TOH
N P N L.
¢ NN THF, 23°C ¢ N
N 41% N
8o

Under N: atmosphere, to a suspension of 5-nitro~2-(1H-1,2,4~-triazol~
l-yl)pyridine (0.500 g, 2.26 mmol, 1.00 equiv) and 5% Rh/C (15.0 mg,
0.30 mol% Rh) in THF (13.0 mL, 0.200 M) hydrazine monohydrate (0.190
g, 3.14 mmol, 1.20 equiv) was added dropwise. The reaction mixture
was stirred at 23 °C for 1 h. The reaction mixture was filtered
through a short pad of celite, washed with EtOAc, and concentrated
in vacuo to afford the title compound as a slightly light yellow
(0.691 g, 2.38 mmol, 91% yield). The product was used directly without
further purification. Rf = 0.36 (EtOAc:hexanes 1:0 (v/v)). NMR
Spectroscopy: 'H NMR (700 MHz, (CDs3)2S80, 25 °C, 8): 9.20 (s, 1H), 8.80
(s, 1H), 8.73 (d, J = 2.15 Hz, 1H), 8.22 (s, 1H), 8.05 (d, J = 2.58
Hz, 1H), 7.71 (d, J = 9.03 Hz, 1H), 7.45 (dd, J = 8.82, 2.80 Hz, 1H).
1’C NMR (175 MHz, (CD3).S0, 25 °C, §): 152.3, 147.9, 141.7, 141.0,
132.8, 123.0, 113.3. Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd
for CHgNsO ([M + H]*), 178.0723, found, 178.0723. Under N atmosphere,
to a stirred suspension of N-(6-(1H-1,2,4-triazol-1-yl)pyridin-3-
yl)hydroxylamine (0.150 g, 0.85 mmol, 1.00 equiv) and NaHCOs; (0.084
g, 1.02 mmol, 1.20 equiv) in THF (4.23 mL, 0.100 M) at 23 °C was
slowly added a solution of methyl chloroformate (0.095 g, 1.02 mmol,
1.20 equiv) in THF (4.23 mL, 0.100 M) via a syringe pump (at a rate
of 10.0 mL/h). After the addition was complete, a white solid
precipitated from the reaction mixture. The reaction mixture was then
filtered through and the solid was washed with water to afford the
title compound as a white solid (0.081 g, 0.34 mmol, 41% yield). R¢
= 0.08 (MeOH:EtOAc 1:9 (v/v)). NMR Spectroscopy: !'H NMR (700 MHz,
(CD3)280, 25 °C, &): 10.80 (s, 1H), 9.33 (s, 1H), 8.72 (d, J = 2.58
Hz, 1H), 8.29 (s, 1H), 8.19-8.17 (m, 1H), 7.89 (d, J = 9.03 Hz, 1H),
3.80 (s, 3H). 3C NMR (175 MHz, (CD3)280, 25 °C, §): 154.6, 152.9,
l44.6, 141.8, 139.2, 138.5, 130.2, 112.9, 53.4. Mass Spectrometry:
HRMS (ESI-TOF) (m/z): calcd for CgHgNsOsNa ([M + Nal*), 258.0598, found,
258.0598.
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N- (6~ (1H-Benzo[d] imidazol~l-yl)pyridin-3-yl) ~-N-hydroxyacetamide (8p)

HoNNH,#H,0 (1.20 equiv) o
NO, 5% Rh/C,THF (0.10 M)

Me
[ 23 °C, 20 min ~rN
N °N then NaHCO; (1.20 equiv) N
= )
=
8p

Acetyl chloride in THF
23 °C, 30 min
97%

Under N; atmosphere, a solution of 2-fluoro-5-nitropyridine (1.32 g,
9.31 mmol, 1.10 equiv) in DMF (20.0 mL, 0.466 M) was added to a
mixture of 1H-benzo[d]imidazole (1.00 g, 8.46 mmol, 1.00 equiv) and
Cs2CO3 (2.76 g, 8.46 mmol, 1.50 equiv) in DMF (22.3 mL, 0.379 M) at
23 °C. The resulting mixture was stirred at 23 °C for 7 h. The
reaction mixture was poured to LiCl solution (100 mL), extracted with
EtOAc. The combined organic layers was dried (MgSOs), filtered and
concentrated in wvacuo. The residue was recrystalized from
hexanes/EtOAc, to afford the title compound as a yellow solid (1.38
g, 5.75 mmol, 68% yield). Rf = 0.29 (hexanes:EtOAc 1l:1 (v/v)). NMR
Spectroscopy: 'H NMR (700 MHz, CDCls;, 25 °C, &8): 9.46 (d, J = 2.58 Hz,
1H), 8.75-8.72 (m, 1H), 8.72-8.68 (m, 1H), 8.22 (d, J= 8.17 Hz, 1H),
7.90 (d, J = 7.74 Hz, 1H), 7.79 (dd, J = 8.82, 1.94 Hz, 1H), 7.49-
7.46 (m, 1H), 7.45-7.42 (m, 1H). '3C NMR (175 MHz, CDCls, 25 °C, &):
153.6, 145.9, 144.9, 141.9, 141.1, 134.7, 131.8, 125.5, 124.7, 121.3,
113.7, 112.8. Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for
C12HoN4O2 ([M + H]*), 241.0720, found, 241.0724,

Under N: atmosphere, a suspension of 1-(5-nitropyridin-2-yl)-1H-
benzo[d]imidazole (600 mg, 2.50 mmol, 1.00 equiv) and 5% Rh/C (28.7
mg, 0.60 mol% Rh) in THF (25.0 mL, 0.100 M) was stirred at 23 °C.
Hydrazine monchydrate (150 mg, 3.00 mmol, 1.20 equiv) was added
dropwise. The reaction mixture was stirred at 23 °C for 20 min. NaHCO;
(252 mg, 3.00 mmol, 1.20 equiv) was added, followed by dropwise
addition of a solution of acetyl chloride (236 mg, 3.00 mmol, 1.20
equiv) in THF (25.0 mL, 0.120 M). The reaction mixture was stirred
at 23 °C for 30 min and then filtered through a short pad of celite.
The celite was washed with EtOAc. The combined organic solution was
concentrated in vacuo. The residue was recrystalized from
hexanes/EtOAc, to afford the title compound as a yellow solid (650
mg, 2.42 mmol, 97% yield). Rf = 0.15 (EtOAc). NMR Spectroscopy: !H

NMR (700 MHz, (CD3)2S0, 25 °C, &): 11.01 (br. s., 1lH), 8.92 (s, 2H),
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8.28 (dd, J = 9.03, 2.58 Hz, 1H), 8.25 (d, J = 7.74 Hz, 1 H), 7.97
(d, J= 9.03 Hz, 1H), 7.77 (d, J = 7.74 Hz, 1H), 7.40-7.36 (m, 1H),
7.35-7.32 (m, 1H), 2.29 (s, 3H). 13C NMR (175 MHz, (CDs).S0, 25 °C,
8): 170.8, 145.5, 144.1, 142.2, 139.7, 136.6, 131.9, 130.0, 123.9,
123.0, 119.9, 114.4, 113.7, 22.2. Mass Spectrometry: HRMS (ESI-TOF)
(m/z): calcd for CigHi3N4O» ([M + H]*), 269.1033, found, 269.1037.

NL(G—(lﬂ%Benzo[d][1,2,3]triazol-l-yl)pyridin-B-yl)—N“
hydroxyacetamide (8q)

NO, 5% Rh/C,THF (0.10 M)

=
Q 23°C, 20 min fj/
r/\l N then NaHCO, (1.20 equiv) Q\N \N
N=N ’
N=N
8q

HoNNH+H,0 (1.20 equiv) OY Me
[ r\LOH

Acety! chioride in THF
23°C, 30 min
99%

Under N; atmosphere, to a mixture of 1H-benzo[d][1,2,3]triazole (0.890
g, 7.50 mmol, 1.50 equiv) and CszCO; (2.44 g, 7.50 mmol, 1.50 equiv)
in DMF (25.0 mL, 0.300 M) was added 2-fluoro-5-nitropyridine (0.71 g,
5.00 mmol, 1.00 equiv) and the reaction mixture was stirred at 23 °C
for 20 h. The reaction mixture was poured to LiCl solution (100 mL),
extracted with EtOAc. The combined organic layers was dried (MgS04),
filtered and concentrated in vacuo. The residue was recrystalized
from hexanes/EtOAc, to afford the title compound as a yellow solid
(0.870 g, 3.61 mmol, 72% yield). Rf = 0.54 (hexanes:EtOAc 5:1 (v/v)).
'H NMR (700 MHz, (CDs3)»S0, 25 °C, &8): 9.52 (br. s., 1H), 8.90 (d, J
9.03 Hz, 1H), 8.65 (d, J = 8.17 Hz, 1H), 8.51 (d, J = 9.04 Hz, 1H),
8.28 (d, J = 8.17 Hz, 1H), 7.82 (t, J = 7.53 Hz, 1H), 7.63 (t, J

7.53 Hz, 1H). 13C NMR (175 MHz, (CD3).SO, 25 °C, &): 153.8, 146.3,
145.1, 142.7, 135.4, 130.9, 130.2, 126.1, 120.1, 114.7, 114.3. Under
N> atmosphere, a suspension of 1-(5-nitropyridin-2-yl)-1H-
benzo[d] [1,2,3]triazole (S15) (253 mg, 1.05 mmol, 1.00 equiv) and 5%
Rh/C (12.6 mg, 0.60 mol% Rh) in THF (21.0 mL, 0.0500 M) was stirred
at 23 °C. Hydrazine monohydrate (63.1 mg, 1.26 mmol, 1.20 equiv) was
added dropwise. The reaction mixture was stirred at 23 °C for 20 min.
NaHCO3 (106 mg, 1.26 mmol, 1.20 equiv) was added, followed by dropwise
addition of a solution of acetyl chloride (98.9 mg, 1.26 mmol, 1.20
equiv) in THF (10.5 mL, 0.120 M). The reaction mixture was stirred
at 23 °C for 30 min and then filtered through a short pad of celite.

The celite was washed with EtOAc. The combined organic solution was
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concentrated in vacuo. The residue was recrystalized from
hexanes/EtOAc, to afford the title compound as a yellow solid ( 281
mg, 1.04 mmol, 99% yield). Rf = 0.34 (hexanes:EtOAc 1l:1 (v/v)). NMR
Spectroscopy: !H NMR (700 MHz, (CDs3)2S0, 25 °C, 6): 11.07 (s, 1H),
9.02 (d, J = 2.58 Hz, 1H), 8.56 (d, J = 8.17 Hz, 1H), 8.39 (dd, J =
9.03, 2.58 Hz, 1H), 8.28 (d, J = 9.03 Hz, 1H), 8.22-8.19 (m, 1H),
7.72 {(td, J= 7.64, 1.08 Hz, 1H), 7.55 (ddd, J = 8.07, 6.99, 0.86 Hz,
1H), 2.31 (s, 3H). 13C NMR (175 MHz, (CDs3).S0, 25 °C, 8): 171.2, 146.4,
146.0, 139.0, 137.5, 130.8, 130.0, 129.2, 125.3, 119.6, 114.3, 114.2,
22.3. Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for Ci3H12NsO2 ([M
+ H]*), 270.0986, found, 270.0986.

N~ (6~ (5-Fluoro~1H-indol-1-yl) pyridin-3-yl) -N-hydroxyacetamide (8r)

NNH H O 1.20 equi

% Rh/C (0.10
C 20 mm ~OH
then NaHCOa (1.20e ulv) /(j/
Acet :Isctgorlde in T

89%

Under N; atmosphere, 5-fluoro-l1H-indole (1.14 g, 8.45 mmol,
1.20 equiv) was dissolved in DMF (35.2 mL, 0.240 M) and stirred at
0 °C. NaH (0.338g, 8.45 mmol, 1.20 equiv, 60 % dispersion in mineral
0il) was added in portionwise. After 30 min, 2-fluoro-5-nitropyridine
(.00 g, 7.04 mmol. 1.00 equiv) was added and then the reaction
mixture was slowly warmed up to 60 °C and stirred at 60 °C for 16 h.
The reaction mixture was poured to a solution of LiCl (100 mL),
extracted with EtOAc, and washed with brine. The combined organic
layers was dried (MgSO4), filtered and concentrated in vacuo. The
residue was purified by chromatography on silica gel, eluting with
hexanes:EtOAc (10:1 to 5:1 (v/v)), to afford the title compound as a
yellow solid (1.63 g, 6.34 mmol, 90% yield). Rf = 0.20 (hexanes:EtOAc
5:1 (v/v)). 'H NMR (700 MHz, CDCls, 25 °C, §): 9.3% (d, J =2.15 Hz,
1H), 8.58 (dd, J = 9.03, 2.58 Hz, 1H), 8.51 (dd, J = 9.25, 4.52 Hz,
1H), 7.76 (d, J = 3.87 Hz, 1H), 7.54 (d, J = 9.04 Hz, 1H), 7.30 (dd,
J = 9.03, 2.58 Hz, 1H), 7.11 (td, J = 9.03, 2.58 Hz, 1H), 6.78 (d, J
= 3.01 Hz, 1H). 13C NMR (175 MHz, CDCls;, 25 °C, d): 159.5 (d, J = 238.8
Hz), 155.8, 145.6(d, J = 3.50 Hz), 140.4, 134.0, 132.1(J = 9.94 Hz),
126.5, 116.4 (d, J = 9.00 Hz), 112.5 (d, J = 24.7 Hz), 112.0, 108.9
(d, J = 3.76 Hz), 106.8 (d, J = 23.6 Hz). '®F NMR (376 MHz, CDCls;, 25
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°C, 8): -121.5.0 (m). Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd
for Ci3HgFN3O: ([M + H]*), 258.0673, found, 258.0675.

Under N; atmosphere, a suspension of 5-fluoro-1-(5-nitropyridin-2-
yl)-1H-indole (0.500 g, 1.94 mmol, 1.00 equiv) and 5% Rh/C (21.8 mg,
0.60 mol% Rh) in THF (20.0 mL, 0.100 M) was stirred at 23 °C. Hydrazine
monohydrate (117 mg, 2.33 mmol, 1.20 equiv) was added dropwise. The
reaction mixture was stirred at 23 °C for 20 min. NaHCO; (196 mg, 2.33
mmol, 1.20 equiv) was added, followed by dropwise addition of a
solution’of acetyl chloride (183 mg, 2.33 mmol, 1.20 equiv) in THF
(20 mL, 0.120 M). The reaction mixture was stirred at 23 °C for 30
min and then filtered through a short pad of celite. The celite was
washed with EtOAc. The combined organic sclution was concentrated in
vacuo. The residue was purified by chromatography on silica gel,
eluting with hexanes:EtOAc (2:1 to 1:1 (v/v)), to afford the title
compound as a yellow solid (0.490 g, 1.72 mmol, 89% yield). R = 0.14
(hexanes:EtOAc 1:1 (v/v)). NMR Spectroscopy: H NMR (700 MHz, (CDj3).SO,
25 °C, 8): 10.95 (br. s., 1H), 8.84 (br. s., 1H), 8.39 (dd, J = 8.82,
4.52 Hz, 1H), 8.23-8.17 (m, 1H), 8.09 (d, J = 3.44 Hz, 1H), 7.79 (d,
J = 8.60 Hz, 1H), 7.43 (dd, J = 9.25, 2.37 Hz, 1H), 7.10 (td, J =
9.14, 2.37 Hz, 1H), 6.75 (d, J = 3.01 Hz, 1H), 2.27 (br. s., 3H), 13C
NMR (175 MHz, (CD3)280, 25 °C, &): 170.6, 157.8 (d, J = 233.2
Hz),148.0, 139.4, 135.4, 131.3, 130.6 (d, J = 10.1 Hz), 130.2, 128.2,
115.2 (d, J = 9.14 Hz), 113.6, 110.8 (d, J = 25.2 Hz), 105.6 (d, J
= 23.3 Hz), 105.2 (d, J = 3.38 Hz), 22.1. °F NMR (376 MHz, CDCls, 25
°C, 8): -123.6 (m). Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd
for CisHi3FN3O2 ([M + H]*), 286.0986, found, 286.0989.

N- (6~ (5-Bromo-1H-pyrrolo[2,3-b]lpyridin-1-yl)pyridin-3-yl) -N-
hydroxyacetamide (8s)

O 12De

mm

\ / N then NaHOO3(120eﬂusv) \ / N
Acetyl chioride in THF
3°C, 30 min

86%
Under N: atmosphere, 5-bromo-l1H-pyrrolo([2,3-blpyridine (1.66 g,
8.45 mmol, 1.20 equiv) was dissolved in DMF (35.2 mL, 0.240 M) and
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stirred at 0 °C. NaH (0.338g, 8.45 mmol, 1.20 equiv, 60 % dispersion
in mineral oil) was added in portionwise. After 30 min, 2-fluoro-5-
nitropyridine (1.00 g, 7.04 mmol. 1.00 equiv) was added and then the
reaction mixture was slowly warmed up to 60 °C and stirred at 60 °C
for 16 h. The reaction mixture was poured to a solution of LiCl (100
mL), extracted with EtOAc. The combined organic layers washed with
brine, dried (MgS0QO4), filtered and concentrated in vacuo. The residue
was purified by chromatography on silica gel, eluting with
hexanes:EtOAc (20:1 to 10:1 (v/v)), to afford the title compound as
a vyellow solid (1.26 g, 3.94 mmol, 56% vyield). Rf = 0.69
(hexanes:EtOAc 5:1 (v/v)). NMR Spectroscopy: 'H NMR (500 MHz, CDCls,
25 °c, 8): 9.31 (d, J= 2.58 Hz, 1H), 9.30 (d, J = 9.04 Hz, 1H), 8.64
(d, J= 2.58 Hz, 1H), 8.62 (d, J = 2.58 Hz, 1H), 8.49 (d, J = 4.30
Hz, 1H), 8.46 (d, J = 2.15 Hz, 1H), 8.10 (d, J = 2.15 Hz, 1H). 13C
NMR (175 MHz, CDCls;, 25 °C, &): 153.8, 146.4, 144.9, 144.3, 141.1,
134.0, 131.9, 127.8, 125.8, 114.6, 114.4, 104.5. Mass Spectrometry:
HRMS (ESI-TOF) (m/z): calcd for CizHgBrNsO; ([M + H]*), 318.9825,
found, 318.9826. Under N, atmosphere, a suspension of 5-bromo-1-(5-
nitropyridin-2-yl)-1H-pyrrolo[2,3-blpyridine (350 mg, 1.10 mmol,
1.00 equiv) and 5% Rh/C (12.6 mg, 0.60 mol% Rh) in THF (11.0 mIL,
0.100 M) was stirred at 23 °C. Hydrazine monohydrate (65.9 mg, 1.32
mmol, 1.20 equiv) was added dropwise. The reaction mixture was stirred
at 23 °C for 20 min. NaHCO; (111 mg, 1.32 mmol, 1.2 equiv) was added,
followed by dropwise addition of a solution of acetyl chloride (104
mg, 1.32 mmol, 1.20 equiv) in THF (11.0 mL, 0.120 M). The reaction
mixture was stirred at 23 °C for 30 min and then filtered through a
short pad of celite. The celite was washed with EtOAc. The combined
organic solution was concentrated in vacuo. The residue was purified
by chromatography on silica gel, eluting with hexanes:EtOAc (5:1 to
1:1 (v/v)), to afford the title compound as a yellow solid (330 nmg,
0.950 mmol, 86% yield). Rf = 0.17 (hexanes:EtOAc 1:1 (v/v)). 'H NMR
(700 MHz, {(CDs3)2S0, 25 °C, 8): 10.94 (br. s., 1H), 8.83 (br. s., 1H),
8.71 (d, J = 8.60 Hz, 1H), 8.46 (bxr. s., 1H), 8.39 (d, J = 3.44 Hz,
1H), 8.36 (br. s., 1H), 8.24 (d, J = 9.03 Hz, 1H), 6.74 (d, J = 3.44
Hz, 1H), 2.27 (br. s., 3H). 33C NMR (175 MHz, (CD3).S0, 25 °C, d):
170.6, 145.5, 145.0, 143.3, 139.6, 136.0, 131.6, 129.6, 128.1, 124.4,
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114.7, 112.7, 102.4, 22.2. Mass Spectrometry: HRMS (ESI-TOF) (m/z):
calcd for CigHi2BrN;O» ([M + HI*), 347.0138, found, 347.0142.

N-Hydroxy-N-(6-(2-(thiazol-4~yl)~-1H-benzo[d]imidazol~1-yl)pyridin-
3-yl) acetamide (8t)

S"\\N NO 0. _Me
x Z 2 NNH, H 120 v ST
KS\ | %Rh/C HE (010 M) <N Neo
N then NaHCO (1.20 equiv) I N \N
3,
Acet %hlonde m?ﬂ N
0 min

86% 8t

Under N; atmosphere, a solution of 2~fluoro-5-nitropyridine (0.710 g,
5.00 mmol, 1.00 equiv) in DMF (5 mL, 1.00 M) was added to a mixture
of 4~ (1H-benzo[d]imidazol-2-yl)thiazole (1.51 g, 7.50 mmol,
1.50 equiv) and Cs2CO3 (2.44 g, 7.50 mmol, 1.50 equiv) in DMF (20.0
mL, 0.372 M) at 23 °C. The resulting mixture was stirred at 23 °C for
12 h. The reaction mixture was poured to LiCl solution (100 mL),
extracted with EtOAc. The combined organic layers was dried (MgSO0s),
filtered and concentrated in vacuo. The residue was purified by
chromatography on silica gel, eluting with hexanes:EtOAc (2:1 to 1:1
(v/v)), to afford the title compound as a yellow solid (2.30 g, 7.11
mmol, 95% vyield). Rf = 0.34 (hexanes:EtOAc 1:1 (v/v)). NMR
Spectroscopy: 'H NMR (700 MHz, CDCls, 25 °C, &8): 9.41 (d, J = 2.15 Hz,
1 H), 8.63 (d, J=2.15 Hz, 1H), 8.60-8.56 (m, 1H), 8.28 (d, J= 2.15
Hz, 1H), 7.87 (d, J = 7.74 Hz, 1H), 7.55 (d, J = 7.74 Hz, 1H), 7.44-
7.38 (m, 2H), 7.38-7.34 (m, 1H). 13C NMR (175 MHz, CDCls;, 25 °C, &):
154.8, 153.1, 146.6, 146.4, 145.2, 143.1, 143.0, 135.3, 133.4, 125.0,
124.4, 121.9, 121.5, 120.4, 111.3. Mass Spectrometry: HRMS (ESI-TOF)
(m/z): calcd for CisHioNs02:S8 ([M + H]*), 324.0550, found, 324.0555,
Under N. atmosphere, a suspension of 4-(1-(5-nitropyridin-2-yl)-1H-
benzo[d]imidazol-2-yl)thiazole (323 mg, 1.00 mmol, 1.00 equiv) and
5% Rh/C (11.5 mg, 0.60 mol% Rh) in THF (10.0 mL, 0.100 M) was stirred
at 23 °C. Hydrazine monohydrate (60.1 mg, 1.20 mmol, 1.20 equiv) was
added dropwise. The reaction mixture was stirred at 23 °C for 20 min.
NaHCO; (101 mg, 1.20 mmol, 1.20 equiv) was added, followed by dropwise
addition of acetyl chloride (94.2 mg, 1.20 mmol, 1.20 equiv) in THF
(10 mL, 0.120 M). The reaction mixture was stirred at 23 °C for 30
min and then filtered through a short pad of celite. The celite was

washed with EtOAc. The combined organic solution was concentrated in
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vacuo. The residue was recrystalized from hexanes/EtOAc, to afford
the title compound as a yellow solid (303 mg, 0.862 mmol, 86% yield).
Rf = 0.14 (hexanes:EtOAc 1:1 (v/v)). NMR Spectroscopy: 'H NMR (700
MHz, (CDs3):80, 25 °C, 8): 11.04 (s, 1H), 9.01 (d, J = 1.72 Hz, 1H),
8.91 (br. s., 1H), 8.44 (d, J = 1.72 Hz, 1H), 8.26 (dd, J = 8.60,
2.58 Hz, 1H), 7.80 (d, J = 8.17 Hz, 1H), 7.51 (d, J = 8.60 Hz, 1H),
7.38-7.33 (m, 2H), 7.32-7.29 (m, 1H), 2.31 (s, 3H). }3C NMR (175 MHz,
(CD3)280, 25 °C, &): 171.0, 154.7, 146.6, 1l46.1, 145.1, 142.3, 139.4,
138.0, 135.8, 128.6, 123.8, 123.2, 122.6, 121.5, 119.4, 111.1, 22.4.
Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for Cp7HuNs0.S ([M +
H]*), 352.0863, found, 352.0869.

N-(6-(2,6~Dichloro-9H-purin-9-yl)pyridin-3~yl) ~N-hydroxyacetamide
(8u)

(0] Me
Y
mln

N NNH,+H,0 (1.20 e u:v
=N @/02 H%%Rh/c ook o N
Wate J=N /Ef?r'\OH
o ] thenNcho3 1.20 equv) EL\<}‘N N
a” W=
8u

Ace% chlog%e in
37%

Under N: atmosphere, a solution of 2-fluoro-5-nitropyridine (0.78 g,
5.50 mmol, 1.10 equiv) in DMF (5 mL, 1.1 M) was added to a mixture
of 2,6~-dichloro-9H-purine (0.950 g, 5.00 mmol, 1.00 equiv) and Cs:COs
(1.63 g, 5.00 mmol, 1.00 equiv) in DMF (20 mL, 0.25 M) at 23 °C. The
reaction mixture was stirred at 23 °C for 12 h, poured to LiCl solution
(100 mL), extracted with EtOAc. The combined organic layers was dried
(MgS0Qs), filtered and concentrated in vacuo. The residue was purified
by chromatography on silica gel, eluting with hexanes:EtOAc (10:1 to
4:1 (v/v)), to afford the title compound as a yellow solid (0.500qg,
1.61 mmol, 32% yield). Rf = 0.50 (hexanes:EtOAc 4:1 (v/v)). NMR
Spectroscopy: 'H NMR (500 MHz, CDCls, 25 °C, 8): 9.40 (d, J= 2.44 Hz,
1H), 9.30 (s, 1H), 8.95 (d, J = 8.85 Hz, 1lH), 8.81 (dd, J = 9.00,
2.59 Hz, 1H). !'3C NMR (125 MHz, CDCls;, 25 °C, §): 154.4, 153.3, 152.0,
150.7, 145.2, 143.8, 143.3, 135.4, 132.8, 115.0. Mass Spectrometry:
HRMS (ESI-TOF) (m/z): calcd for CiHsCl:NgO, ([M + H]*), 310.984s,
found, 310.9848. Under N: atmosphere, a suspension of 2,6-dichloro-
9~ (5-nitropyridin-2-yl)-9H-purine (270 mg, 0.870 mmol, 1.00 equiv)
and 5% Rh/C (10.0 mg, 0.60 mol% Rh) in THF (8.7 mL, 0.100 M) was
stirred at 23 °C. Hydrazine monohydrate (52.0 mg, 1.04 mmol, 1.20
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equiv) was added dropwise. The reaction mixture was stirred at 23 °C
for 20 min. NaHCO3 (87.4 g, 1.04 mmol, 1.2 equiv) was added, followed
by dropwise addition of a solution of acetyl chloride (81.6 mg, 1.04
mmol, 1.20 equiv) in THF (8.7 mL, 0.120 M). The reaction mixture was
stirred at 23 °C for 30 min and then filtered through a short pad of
celite. The celite was washed with EtOAc. The combined organic
solution was concentrated in vacuo. The residue was purified by
chromatography on silica gel, eluting with hexanes:EtOAc (1:1 to EtOAc
(v/v)), to afford the title compound as a yellow solid (110 mg, 0.324
mmol, 37% yield). Rf = 0.13 (EtOAc). NMR Spectroscopy: !'H NMR (500
MHz, (CD;3)250, 25 °C, &): 11.07 (br. s., 1H), 9.34 (s, 1H), 8.95 (d,
J = 2.44 Hz, 1H), 8.39 (dd, J = 9.00, 2.59 Hz, 1H), 8.28 (d, J = 8.85
Hz, 1H), 2.29 (s, 3H). 13C NMR (125 MHz, (CD3).S0O, 25 °C, &): 171.0,
15%2.1, 151.7, 150.3, 145.7, 142.2, 13%.5, 138.1, 131.8, 129.7, 115.7,
22.3. Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for Ci;HgCi3N¢O:
([M + HI*), 339.0159, found, 339.0172.

Ethyl (E) -3~ (4-f£luoro-3- (5~ (hydroxy (methoxycarbonyl) amino) -2-
methoxypyridin-3-yl)phenyl)acrylate (8v)

F Oy OMe (PhyP),Pd (5 mole) F O OMe
/A\v/I:::I: o L 2,C0% (2.5 equiv) i
E10,C7N gt * jl/j/ OH " THFH,0 43,60°C  EOCTS [y oH
OH 2 a7%

o
MeO™ N MeO™ "N

8a 8v

Methyl (5-bromo-6-methoxypyridin-3-yl) (hydroxy)carbamate (la) (0.300
g, 1.08 mmol, 1.00 equiv), (E)-(5-(3-ethoxy-3-oxoprop-l-en-1-yl)-2-
fluorophenyl)boronic acid (0.361 g, 1.52 mmol, 1.40 equiv), Na,CO3
(0.287 g, 2.71 mmol, 2.5 equiv), and palladium-
tetrakis(triphenylphosphine) (0.062 g, 0.05 mmol, 0.05 equiv) in
THF:H,0 4:3 (6.32 mL, 0.200 M), were degassed via three freeze-pump-
thaw cycles. The resulting mixture was heated at 60 °C overnight and
then allowed to cool to room temperature after which water was added
(twice the volume of THF:H.O 4:3 used). The mixture was then extracted
with dichloromethane (twice the volume of THF:H:0 4:3 used) and the
organic extracts was dried with MgSQs, filtered and concentrated in
vacuo. The residue was purified by chromatography on silica gel,
eluting with EtOAc:hexanes (3:8 to 1:1 (v/v)), to afford the pure
cross-coupled product as a yellow solid (0.198 g, 0.51 mmol, 47%
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yield). Rf = 0.36 (EtOAc:hexanes 1:1 (v/v)). NMR Spectroscopy: 'H NMR
(700 MHz, {CDs).S80, 25 °C, &): 10.55 (s, 1H), 8.33 (d, J = 2.58 Hz,
1H), 7.80-7.79 (m, 3H), 7.68 (d, J = 15.92 Hz, 1H), 7.35 (t, J= 9.03
Hz, 1H), 6.67 (d, J = 16.35 Hz, 1H), 4.18 (g, J= 7.17 Hz, 2H), 3.86
(s, 3H), 3.73 (s, 3H), 1.25 (t, J = 7.10 Hz, 3H). *3C NMR (175 MHz,
(CD3)280, 25 °c, &): 166.2, 160.4 (d, J = 250.2 Hz), 157.7, 155.2,
143.0, 140.1, 133.9, 133.4, 131.9 (d, J = 3.5 Hz), 130.8 (d, J = 3.5
Hz), 130.3 (d, J = 8.6 Hz), 124.1 (d, J = 16.2 Hz), 1l18.6, 117.3,
116.3 (d, J = 22.7 Hz), 60.1, 53.8, 53.1, 14.2. '°F NMR (376 MHz,
CcDCl;, 25 °C, 8): -111.3 (m).

Methyl 4-((4-(5-(hydroxy(methoxycarbonyl)amino)-2-methoxypyridin-3-
yl)phenyl) ethynyl)benzoate (8w)

MeO.C
O 0. _OMe
PhsP)Pd (5 moi%
x Br T S\lazc 3 (2.5 equiv}
+ ~
‘ o [ ) oo THF:H,0 4:3, 60 °C
B\ Me 2 57%
‘5‘,Z<M° MeO” N
Ve Me 8a

MeQ,C. i

V4
o
5

Methyl (5-bromo-6-methoxypyridin-3-yl) (hydroxy)carbamate (la) (0.300
g, 1.08 mmol, 1.00 equiv), methyl 4-((4-(4,4,5,5-tetramethyl-1,3,2~
dioxaborolan-2-yl)phenyl)ethynyl)benzoate (0.152 g, 1.52 mmol, 1.40
equiv), NapCO0; {0.287 g, 2.71 mmol, 2.5 equiv), THF:H:0 4:3 (6.32 mL,
0.200 M), and palladium-tetrakis(triphenylphosphine) (0.062 g, 0.05
mmol, 0.05 equiv) were degassed via three freeze-pump-thaw cycles.
The resulting mixture was heated at 60 °C overnight and then allowed
to cool to room temperature after which water was added (twice the
volume of THF:H,O 4:3 used). The mixture was then extracted with
dichloromethane (twice the volume of THF:H:0 4:3 used) and the organic
extracts was dried with MgS0s;, filtered and concentrated in wvacuo.
The residue was purified by chromatography on silica gel, eluting
with EtOAc:hexanes (3:8 to 1:1 (v/v)), to afford the pure cross-
coupled product as a white solid (0.199 g, 0.63 mmol, 57% yield).
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Re = 0.38 (EtCAc:hexanes 1:1 (v/v)). 'H NMR (700 MHz, (CD3)2S0,
25 °C, d): 10.40 (s, 1H), 8.29 (d, J = 2.58 Hz, 1H), 8.03-7.99 (m,
2H), 7.89 (d, J= 3.01 Hz, 1H), 7.73-7.70 (m, 2H), 7.68-7.63 (m, 4H),
3.93 (s, 3H), 3.89 (s, 3H), 3.75 (s, 3H). 13¢C NMR (175 MHz, (CDs3):50,
25 °C, d): 165.6, 157.3, 155.2, 139.3, 136.4, 133.9, 132.5, 131.7,

131.6, 129.5, 128.4, 127.0, 122.2, 121.1, 92.1, 89.2, 53.8, 53.1,
52.4.

N-Hydroxy-N- (6-(((8R,95,135,145) -13~methyl-17~oxo0~-
7,8,9,11,12,13,14,15,16,17~-decahydro-6H~cyclopenta[alphenanthren-3-
yl)oxy) pyridin~3-yl) acetamide (8x)

o .
HNNH,*H,0 (1. OsMe
%ﬁﬁc%H&w1 Y
NO; N.
OeWe T v = Ty
D,
o \N celglc ri eln N

97% 8x

Under N: atmosphere, a solution of 2-fluoro-5-nitropyridine (0.320 g,
2.22 mmol, 1.20 equiv) in DMF (8.50 mL, 0.261 M) was added to a
mixture of estrone (0.500 g, 1.85 mmol, 1.00 equiv) and Cs;CO; (0.720
g, 2.22 mmol, 1.20 equiv) in DMF (10.0 mL, 0.185 M) at 23 °C. The
resulting mixture was stirred at 23 °C for 12 h. The reaction mixture
was poured to LiCl solution (100 mL), extracted with EtOAc. The
combined organic layers was dried (MgSOs), filtered and concentrated
in vacuo. The residue was was recrystalized from hexanes/EtOAc, to
afford the title compound as a light yellow solid (0.650g, 1.66 mmol,
89% yield). Rf = 0.52 (hexanes:EtOAc 2:1 (v/v)). NMR Spectroscopy: H
NMR (700 MHz, CDCls, 25 °C, &6): 9.06 (d, J = 2.58 Hz, 1H), 8.46 (dd,
J=19.03, 2.58 Hz, 1H), 7.36 (d, J = 8.60 Hz, 1H), 7.03 (d, J = 9.03
Hz, 1H), 6.93 (dd, J = 8.60, 2.58 Hz, 1H), 6.89 (d, J = 2.58 Hz, 1H),
2.97-2.92 (m, 2H), 2.52 (dd, J = 19.36, 8.60 Hz, 1H), 2.46-2.40 (m,
1H), 2.33 (td, J = 11.19, 4.30 Hz, 1H), 2.20-2.12 (m, 1H), 2.11-2.02
(m, 2H), 1.99 (dt, J = 12.81, 3.01 Hz, 1H), 1.68-1.45 (m, 6H), 0.93
(s, 3H). ¥3C NMR (175 MHz, CDCl;, 25 °C, &): 220.9, 167.2, 150.7,
145.3, 140.3, 138.8, 137.7, 135.0, 127.0, 121.5, 118.8, 111.5, 50.6,
48.1, 44.3, 38.1, 36.0, 31.7, 29.6, 26.5, 25.9, 21.7, 14.0. Mass
Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CzHzsN204 ([M + HIY),
393.1809, found, 393.1812.
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Under N; atmosphere, a suspension of (8R,95,135,148)~13-methyl-3-((5-
nitropyridin-2-yl)oxy)-6,7,8,9,11,12,13,14,15,16~decahydro-17H-
cyclopentala]phenanthren-17-one (300 mg, 0.760 mmol, 1.00 equiv) and
5% Rh/C (8.70 mg, 0.60 mol% Rh) in THF (7.60 mL, 0.100 M) was stirred
at 23 °C. Hydrazine monohydrate (45.9 mg, 0.910 mmol, 1.20 equiv) was
added dropwise. The reaction mixture was stirred at 23 °C for 20 min.
NaHCO3; (76.4 mg, 0.91 mmol, 1.20 equiv) was added, followed by dropwise
addition of acetyl chloride (71.4 mg, 0.91 mmol, 1.20 equiv) in THF
(7.6 mL, 0.120 M). The reaction mixture was stirred at 23 °C for 30
min and then filtered through a short pad of celite. The celite was
washed with EtCAc. The combined organic solution was concentrated in
vacuo. The residue was recrystalized from hexanes/EtOAc, to afford
the title compound as a yellow solid (310 mg, 0.737 mmol, 97% yield).
Rf = 0.13 (hexanes:EtOAc 1:1 (v/v)). NMR Spectroscopy: H NMR (700
MHz, (CD3).80, 25 °C, &): 10.76 (s, 1H), 8.34 (d, J = 1.83 Hz, 1H),
8.00 (dd, J = 8.85, 2.44 Hz, 1H), 7.31 (d, J = 8.54 Hz, 1H), 7.01 (d,
J = 8.85 Hz, 1H), 6.86 (dd, J = 8.24, 2.44 Hz, 1H), 6.81 (d, J= 2.44
Hz, 1H), 2.87-2.80 (m, 2H), 2.50 (dt, J = 3.66, 1.83 Hz, 3H), 2.36-
2.48 (m, 2H), 2.26 (br. s., 1H), 2.20 (br. s., 3H), 2.07 (dd, J =
18.%2, 8.85 Hz, 1H), 2.01-1.91 (m, 2H), 1.82-1.75 (m, 1H), 1.63-1.32
(m, 6H), 0.85 (s, 3H). 13C NMR (175 MHz, (CDs3)z80, 25 °C, &): 219.7,
170.5, 160.0, 151.9, 139.7, 138.0, 135.9, 134.2, 133.0, 126.6, 120.8,
118.3, 110.9, 49.6, 47.3, 43.6, 37.6, 35.4, 31.4, 29.0, 25.9, 25.4,
21.9, 21.2, 13.5. Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for
CasHzoN20s ([M + HIY), 421.2122, found, 421.2125.

N~ (6~ ((6R,12aR) -6- (Benzo{d] [1,3]dioxol~5~yl) -2-methyl-1,4-dioxo~-
1,3,4,6,12,12a-hexahydropyrazino[l',2':1,6]pyrido[3,4-blindol-
7(2H) ~yl) pyridin-3-yl) -N-hydroxyacetamide (8y)

o\

o)
@ /\«" e
NNHe-H,0 (1.20 equiv)
Me~ ’\‘( He Rh/C 010%1 Me~
N No2 b Floa ¢ [ N OH
then NaHCO (1.20 equiv i~
7N N Acetglchloua'ldemT i) N
C, 30 min
quant
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Under N> atmosphere, to a mixture of (6R,12aR)~-6-
(benzo[d][l,3]dioxol—5—yl)—2—methyl—2,3,6,7,12,12a—hexahydro-
pyrazino[1l',2':1,6]pyrido[3,4-blindole-1,4-dione (1.00 g, 2.60 mmol,
1.00 equiv) and K:COs3 (0.36 g, 2.60 mmol, 1.00 equiv) in DMF (26.0
mL, 0.100 M) was added 2-fluoro-5-nitropyridine (0.550 g, 3.90 mmol,
1.50 equiv) and the reaction mixture was stirred at 23 °C for 40 h.
The reaction mixture was poured to water (100 ml), extracted with
EtOAc, washed with brine. The combined organic layers was dried
(MgS0:), filtered and concentrated in vacuo. The residue was purified
by chromatography on silica gel, eluting with hexanes:EtOAc (1l:1 to
1:3 (v/v)), to afford the title compound as a yellow solid (0.810 g,
1.58 mmol, 61% yield) Re= 0.51 (EtOAc). NMR Spectroscopy: 'H NMR (700
MHz, DMSO, 25 °C, 8): 9.44 (d, J = 2.58 Hz, 1H), 8.53 (dd, J = 8.82,
2.80 Hz, 1H), 7.73-7.69 (m, 1H), 7.55-7.50 (m, 1H), 7.41 (d, J = 9.03
Hz, 1H), 7.35-7.28 (m, 2H), 7.00 (s, 1H), 6.52-6.44 (m, 3H), 5.80
(dd, J = 6.45, 1.29 Hz, 2H), 4.38 (dd, J = 11.62, 4.30 Hz, 1H), 4.16-
4.10 (m, 1H), 3.93 (d, J = 17.21 Hz, 1H), 3.84 (dd, J = 16.13, 4.52
Hz, 1H), 3.27 (ddd, J = 16.35, 11.62, 1.29 Hz, 1H), 3.06-3.01 (m,
3H). 3C NMR (175 MHz, CDCls, 25 °C, 8): 166.5, 166.4, 154.6, 147.6,
147.0, 145.6, 141.6, 136.6, 134.6, 134.0, 133.9, 127.6, 124.6, 122.8,
121.9, 119.6, 118.0, 113.3, 110.9, 108.2, 107.8, 10l1.2, 55.6, 55.4,
52.4, 33.8, 23.9. Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for
C27H22Ns06 ([M + HI*), 512.1565, found, 512.1567. Under N» atmosphere,
a suspension of (6R,12aR) -6~ (benzo[d] [1,3]dioxol-5-yl)~2-methyl-7-
(5-nitropyridin-2-yl)-2,3,6,7,12,12a-hexahydropyrazino
[1',2':1,6]lpyrido([3,4-b]lindole-1, 4~dione (300 mg, 0.590 mmol,
1.00 equiv) and 5% Rh/C (6.80 mg, 0.60 mol% Rh) in THF (5.90 mL,
0.100 M) was stirred at 23 °C. Hydrazine monohydrate (35.4 mg, 0.710
mmol, 1.20 equiv) was added dropwise. The reaction mixture was stirred
at 23 °C for 20 min. NaHCO; (59.6 mg, 0.710 mmol, 1.20 equiv) was
added, followed by dropwise addition of a solution of acetyl chloride
(55.7 mg, 0.710 mmol, 1.20 equiv) in THF (5.90 mL, 0.120 M). The
reaction mixture was stirred at 23 °C for 30 min and then filtered
through a short pad of celite. The celite was washed with EtOAc. The
combined organic solution was concentrated in vacuo. The residue was
recrystalized from hexanes/EtOAc, to afford the title compound as a

white solid (320 mg, 0.59 mmol, quant yield). Re = 0.17 (EtOAc). NMR
Spectroscopy: 'H NMR (700 MHz, (CD3;).SO, 25 °C, &): 11.03 (br. s.,



WO 2016/057931 PCT/US2015/054958

10

15

20

25

30

35

148

1H), 8.96 (br. s., 1H), 8.22 (d, J = 8.60 Hz, 1 H), 7.78-7.70 (m,
1H), 7.43-7.34 (m, 2H), 7.23-7.16 (m, 2H), 6.68 (br. s., 1lH), 6.54-
6.47 (m, 1H), 6.28 (d, J= 1.72 Hz, 1H), 6.19 (dd, J= 8.17, 1.72 Hz,
1H), 5.84 (dd, J = 12.91, 2.58 Hz, 2H), 4.53 (d, J = 11.62 Hz, 1H),
4.19 (d, J = 16.78 Hz, 1H), 3.92 (d, J = 17.21 Hz, 1H), 3.66 (d, J
15.92 Hz, 1H), 2.97-2.87 (m, 3H), 2.44-2.43 (m, 1 H), 2.31 (br. s.,

3H). 13C NMR (175 MHz, (CD3).80, 25 °C, 8): 166.9, 166.4, 146.8,
146.0, 137.0, 136.4, 135.4, 134.6, 126.0, 123.1, 120.9, 120.3, 119.5,
119.0, 110.3, 109.3, 107.5, 107.1, 100.9, 54.9, 54.2, 51.5, 32.8,
23.3, 22.3. Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for
C29H26NsOs ([M + H]*), 540.1878, found, 540.1881.

Methyl (5-bromo-6-methoxy-2-(trifluoromethoxy)pyridin-3-yl)carbamate
(%9a): A solution of methyl (5-bromo-6-methoxypyridin-3-
yl) (hydroxy)carbamate (8a) (50.0 mg, 0.180 mmol) and Togni reagent I
(71.5 mg, 0.217 mmol, 1.20 equiv) in CH.Cl, (1.80 mL, 0.100 M) was
stirred at 23 °C under N, atmosphere for 16 h. The reaction mixture
was purified by preparative TLC (thickness: 1 mm) using hexanes:EtOAc
(19:1 (v/v)) for development (prep TLC was developed three times).
The purification afforded the title compound as a white solid (47.3
mg, 0.137 mmol, 76% yield). Rf = 0.69 (EtOAc:hexanes 1:4 (v/v)). NMR
Spectroscopy: 'H NMR (500 MHz, CDCls;, 25 °C, 8): 8.65 (br. s, 1H),
6.62 (br. s, 1H), 3.93 (s, 3H), 3.80 (s, 3H). 13C NMR (125 MHz, CDCls,
25 °C, 8): 153.8, 153.6, 141.9, 135.6, 120.1 (q, = 261.6 Hz), 117.3,
102.6, 55.1, 53.0. °F NMR (376 MHz, CDCls;, 25 °C, &): -56.6 (s). Mass
Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CoHgsBrF3N204 ([M + H]Y),
344.9692, found, 344.9705.

Methyl (5-iodo-6-methoxy-2-(trifluoromethoxy)pyridin-3-yl)carbamate
(9b): A solution of methyl hydroxy(5-iodo-6-methoxypyridin-3-
yl)carbamate (9b) (50.0 mg, 0.154 mmol) and Togni reagent I (61.1 mg,
0.185 mmol, 1.20 equiv) in CHpClp; (1.54 mL, 0.100 M) was stirred at
23 °C under N, atmosphere for 18 h. The reaction mixture was purified
by preparative TLC (thickness: 1 mm) using hexanes:EtOAc (97:3 (v/v))
for development (prep TLC was developed six times). The purification
afforded the title compound as a white solid (44.2 mg, 0.113 mmol,
73% yield). Rsf = 0.53 (EtOAc:hexanes 1:9 (v/v)). NMR Spectroscopy:

'H NMR (500 MHz, CDCls, 25 °C, 8): 8.81 (br. s, 1H), 6.58 (br. S.,
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1H), 3.91 (s, 3H), 3.80 (s, 3H). '3C NMR (125 MHz, CDCls, 25 °C, d):
155.8, 153.8, 143.4, 141.6, 120.1 (g, J = 261.8 Hz), 117.4, 73.9,
55.4, 52.9. PF NMR (376 MHz, CDCls;, 25 °C, 98): =-56.5 (s). Mass
Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CoHoFsIN204 ([M + HI]*),
382.9554, found, 392.9556.

Methyl (6-chloro-4-methyl-2-(trifluoromethoxy)pyridin-3-yl)carbamate
(9c): A solution of methyl (6-chloro-4-methylpyridin-3-
yl) (hydroxy)carbamate (8¢) (108 mg, 0.500 mmol) and Togni reagent I
(198 mg, 0.600 mmol, 1.20 equiv) in CHxCl; (5.00 mL, 0.100 M) was
stirred at 23 °C under N: atmosphere for 15 h. The reaction mixture
was concentrated in vacuo. The residue was dissolved in MeNO; (5.00
mL, 0.100 M) and the reaction mixture was stirred at 120 °C for 15
h. The reaction mixture was concentrated in vacuo and purified by
chromatography on silica gel, eluting with hexanes:EtOAc (8:1 to 4:1
(v/v)), to afford 2c (99.0 mg, 0.348 mmol, 70% yield). Data for 9c:
white solid; Rf = 0.45 (EtOAc:hexanes 1:4 (v/v)). NMR Spectroscopy:
'H NMR (700 MHz, CDCls, 25 °C, 8): 8.44 (d, J= 8.53 Hz, 1H), 7.38 (d,
J = 8.53 Hz, 1H), 6.85 (br. s, 1H), 3.83 (s, 3H). 3C NMR (175 MHz,
CcbCls, 25 °c, 8): 154.4, 151.6, 150.6, 145.5, 124.1, 120.0 (g, J =
261.9 Hz), 119.9, 53.4 (d, J= 7.51 Hz), 18.4. °F NMR (376 MHz, CDCls;,
25 °C, &): -57.0(s). Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd
for CgHeClF3N203 ([M + H]*), 285.0248, found, 285.0249.

Methyl (6-bromo-2-(trifluoromethoxy)pyridin~-3-yl)carbamate (9d) and
methyl (6-bromo-4-(trifluoromethoxy)pyridin-3-yl)carbamate (9d-II)

Oy OMe Os_-OMe Oy_OMe
_.'_.—.
T FCTT0 1o, 23cc, 15h ﬁN/H OCF?:H
“ | OH 4 7 + Z
N 2. MeNO2, 120 °C, 15 h < |
B N 79% Br” "N OCF; Br N
8d 1.2 equiv od, 58% 9dHl, 21%

A solution of methyl (6~bromopyridin-3-yl) (hydroxy)carbamate (8d)
(124 mg, 0.226 mmol) and Togni reagent I (198 mg, 0.600 mmol,
1.20 equiv) in CHxCl; (5.00 mL, 0.100 M) was stirred at 23 °C under
N, atmosphere for 15 h. The reaction mixture was concentrated in
vacuo. The residue was dissolved in MeNO; (5.00 mL, 0.100 M) and the

reaction mixture was stirred at 120 °C for 15 h. The reaction mixture
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was concentrated in vacuo and purified by chromatography on silica
gel, eluting with hexanes:EtOAc (19:1 to 9:1 (v/v)), to afford 94 (91
mg, 0.289 mmol, 58% yield) and 9d-II (33 mg, 0.105 mmol, 21% yield).
Data for 9d: white solid; Rf = 0.57 (EtOAc:hexanes 1:4 (v/v)). NMR
Spectroscopy: 'H NMR (400 MHz, CDCl;, 25 °C, &): 8.44 (d, J = 8.53 Hz,
1H), 7.38 (d, J = 8.53 Hz, 1H), 6.85 (br. s, 1lH), 3.83 (s, 3H). 1C
NMR (175 MHz, CDCls, 25 °C, 98): 153.4, 143.8, 130.3, 129.6, 126.6,
123.5, 120.0 (q, J = 265.2 Hz), 53.2. '®F NMR (376 MHz, CDCls;, 25 °C,
8): -56.7 (s). Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for
CgHsBrFsN203 ([M + H]*), 314.9587, found, 314.9585. Data for 9d-II:
white solid; Rf = 0.45 (EtOAc:hexanes 1:4 (v/v)) NMR Spectroscopy: H
NMR (400 MHz, CDCls, 25 °C, &): 9.23 (br. s, 1H), 7.35 (g, J = 2.01
Hz, 1H), 6.77 (br. s, 1H), 3.84 (s, 3H). !3C NMR (175 MHz, CDCls, 25
°c, &): 153.1, 144.8, 142.7, 134.8, 126.5, 120.2 (g, J = 265.2 Hz),
116.9, 53.4. F NMR (376 MHz, CDCls;, 25 °C, 8): -57.9 (s). Mass
Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CgH,BrFiN:0Os; ([M + H]"),
314.9587, found, 314.9586.

Methyl (6-fluoro-2-(trifluoromethoxy)pyridin-3-yl)carbamate (9e) and
methyl (6-fluoro-4-(trifluoromethoxy)pyridin-3-yl)carbamate (9e-II)

Os_OMe O~ OMe Os_OMe
F5C—l—0
T 3 1. CH,Clz, 23°C, 20h 7\;‘ OCFg\\'L;
= \OH + ~ + —
o | 2. MeNOy, 120 °C, 24 h | |
F N 59% F N” "OCF3 F N
8e 1.2 equiv 9e, 36% 9e-il, 23%

A solution of methyl (6-fluoropyridin-3-yl) (hydroxy)carbamate (8e)
(93.1 mg, 0.500 mmol) and Togni reagent I (198 mg, 0.600 mmol,
1.20 equiv) in CH:Cl: (5.00 mL, 0.100 M) was stirred at 23 °C under
N, atmosphere for 20 h. The reaction mixture was concentrated in
vacuo. The residue was dissolved in MeNO» (5.00 mL, 0.100 M) and the
reaction mixture was stirred at 120 °C for 24 h. The crude residue
was purified by flash chromatography eluting hexanes and then
EtOAc:hexanes (1:4 (v/v)). The purification afforded a 1.6:1 mixture
of 9e and 9e-II, which was further purified by preparative TLC
(thickness: 1 mm) using hexanes:EtOAc (19:1 (v/v)) for development
(prep TLC was developed five times). The purification afforded 9e

(45.8 mg, 0.180 mmol, 36% yield) and 9e-II (28.7 mg, 0.113 mmol, 23%
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yield). Data for 9e: white solid; Re= 0.48 (EtOAc:hexanes 1:4 (v/v)).
NMR Spectroscopy: 'H NMR (400 MHz, CDCl;, 25 °C, 8): 8.64 (br. s, 1H),
6.87 (dd, J = 8.66, 3.14 Hz, 1H), 6.79 (br. s, 1H), 3.83 (s, 3H). 13C
NMR (125 MHz, CDCls, 25 °C, &): 155.6 (d, J = 242.1 Hz), 153.7, 142.2,
133.5, 121.4, 120.0 (g, J = 262.7 Hz), 107.1 (d, J = 35.6 Hz), 53.1.
F NMR (376 MHz, CDCls;, 25 °C, 8): -56.8 (s), -75.7 (s). Mass
Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CsH,FsN;03 ([M + HI*),
255.0387, found, 255.0387. Data for 9e-II: off-white solid; Rf = (.44
(EtOAc:hexanes 1:4 (v/v)). NMR Spectroscopy: !H NMR (400 MHz, CDCls,
25 °C, d): 8.98 (br. s, 1H), 6.83 (quin, J = 2.13 Hz, 1H), 6.69 (br.
s, 1H), 3.83 (s, 3H). 13C NMR (125 MHz, CDCl;, 25 °C, &): 159.2 (d, J
= 234.5 Hz), 153.5, 147.5, 140.3, 124.6, 120.2 (g, J = 262.2 Hz),
99.2 (d, J = 45.2 Hz), 53.3. !°F NMR (376 MHz, CDCl;, 25 °C, &): =-58.2
(s), —-69.6 (s). Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for
CgH,F4N203 ([M + H]*), 255.0387, found, 255.0390.

Methyl (5-bromo-6é-chloro-2-(trifluoromethoxy)pyridin-3-yl)carbamate
(9£) and methyl (5-Bromo-6-chloro~4~ (trifluoromethoxy)pyridin-3~
yl)carbamate (9£f~-I1I)

O+ -OMe O~_-OMe O+ -OMe
F3C~l—0

Br. T 3 1.CHCl2, 23°C, 180 o " Br OCFﬁN;

= “OH + > = + =z

< 2. MeNO, 120 °C, 24 h < |
cl N 63% Ci N° "OCF3 Cl N

8f 1.2 equiv of, 43% of-ll, 20%

A solution of methyl (5-bromo~-6-chloropyridin-3-

yl) (hydroxy)carbamate (8f) (141 mg, 0.500 mmol) and Togni reagent I
(198 mg, 0.600 mmol, 1.20 equiv) in CH:Cl, (5.00 mL, 0.100 M) was
stirred at 23 °C under N: atmosphere for 18 h. The reaction mixture
was concentrated in vacuo. The residue was dissolved in MeNO, (5.00
mL, 0.100 M) and the reaction mixture was stirred at 120 °C for 24
h. The crude residue was purified by flash chromatography eluting
with EtOAc:hexanes (1:19 to 1:4 (v/v)), to afford 9f (75.6 mg, 0.216
mmol, 43% yield) and 9£-II (34.6 mg, 0.0990 mmol, 20% yield). Data
for 9f: white solid; Rf = 0.52 (EtOAc:hexanes 1:4 (v/v)). NMR

Spectroscopy: 'H NMR (700 MHz, CDCls;, 25 °C, 8): 8.86 (s, 1H), 6.85
(br. s, 1H), 3.84 (s, 3H). 13C NMR (175 MHz, CDCl;, 25 °C, &): 153.2,
142.3, 139.7, 133.3, 123.7, 119.9 (gq, J = 263.4 Hz), 117.6, 53.4. °F
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NMR (376 MHz, CDCls;, 25 °C, &): -56.8 (s). Mass Spectrometry: HRMS
(ESI-TOF) (m/z): calcd for CgHe¢BrClE;N:03 ([M + H]*), 348.9197, found,
348.9196. " Data for 9£-II: slightly vyellow solid; Rf = 0.43
(EtOAc:hexanes 1:4 (v/v)). NMR Spectroscopy: 'H NMR (500 MHz, CDCls,
25 °c, 8): 9.19 (br. s, 1H), 6.78 (br. s, 1H), 3.84 (s, 3H). 13C NMR
(125 MHz, CDCls, 25 °C, d): 153.1, 146.4, 143.8, 140.9, 129.5, 120.5

(q, J = 263.7 Hz), 116.4, 53.6. °F NMR (376 MHz, CDCls, 25 °C, &): -
55.5 (s). Mass Spectrometry: HRMS (ESI-TOF) {m/z): calcd for
CsHeBrCLlFsN203 ([M + H]*), 348.9197, found, 348.9198.

Methyl (2-chloro-4-(trifluoromethoxy)pyridin-3-yl)carbamate (9g)

A solution of methyl (2-chloropyridin-3-yl) (hydroxy)carbamate (8g)
(101 mg, 0.500 mmol) and Togni reagent I (198 mg, 0.600 mmol,
1.20 equiv) in CHzCl, (5.00 mL, 0.100 M) was stirred at 23 °C under
N: atmosphere for 15 h. The reaction mixture was concentrated in
vacuo. The residue was dissolved in MeNO; (5.00 mL, 0.100 M) and the

reaction mixture was stirred at 120 °C for 15 h. The reaction mixture

~was concentrated in vacuo and purified by chromatography on silica

gel, eluting with hexanes:EtOAc (10:1 to 5:1 (v/v)), to afford 9g
(73.0 mg, 0.270 mmol, 53% yield) and 9g’' (45.0 mg, 0.166 mmol, 33%
yield). Data for 9g: white solid; Rs= 0.72 (EtOAc:hexanes 1:4 (v/v)).
NMR Spectroscopy: H NMR (700 MHz, CDCls;, 25 °C, §): 8.10 (d, J = 5.59
Hz, 1H) 7.31 (d, J = 5.16 Hz, 1H) 6.25 (br. s, 1H) 3.80 (s, 3H). 13C
NMR (175 MHz, CDCl;, 25 °C, §): 153.9, 153.1, 145.0, 143.8, 123.3,
120.8, 120.1 (g, J = 261.6 Hz), 53.4. °F NMR (376 MHz, CDCls;, 25 °C,
6): -57.3 (s). Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for
CgH,C1lF3N203 ([M + H]*), 271.0092, found, 271.0093. Data for 9g': white
solid; Rs= 0.48 (EtOAc:hexanes 1:4 (v/v)) NMR Spectroscopy: !H NMR
(700 MHz, CDCl;, 25 °C, 8): 8.32 (d, J = 5.59 Hz, 1H) 7.23-7.20 (m,
1H) 6.28 (br. s, 1H) 3.80 (s, 3H). 3C NMR (175 MHz, CDCli, 25 °C, &):
153.9, 152.8, 150.6, 148.2, 123.3, 120.2 (g, J = 261.5 Hz), 113.3,
53.5. F NMR (376 MHz, CDCl;, 25 °C, &): -58.4 (s). Mass Spectrometry:
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HRMS (ESI-TOF) (m/z): calcd for CgHyClF3N20; ([M + H]*), 271.0092,
found, 271.0095.

Atropisomers of 9g

H CF. M CF
e | 7
N@g‘f& P 'Zw NQ:'O / Jooe
/ c f" H‘ . ' Cl '}" &H -

Free rotation Free rotation R
is hindered is hindered

Syn-9g Anti-9g

R= COzMe

N-(2,6~-Dichloro-4~ (trifluoromethoxy) pyridin-3-yl) acetamide (9h)

A solution of N-(2,6-dichloropyridin-3-yl)-N-hydroxyacetamide (8h)
(50.0 mg, 0.226 mmol) and Togni reagent I (89.5 mg, 0.271 mmol,
1.20 equiv) in CHxCl; (2.26 mL, 0.100 M) was stirred at 23 °C under
N; atmosphere for 16 h. The reaction mixture was concentrated in
vacuo. The residue was dissolved in MeNO; (2.26 mL, 0.100 M) and the
reaction mixture was stirred at 120 °C for 22 h. The reaction mixture
was purified by preparative TLC (thickness: 1 mm) using hexanes:EtOAc
(17:3 (v/v)) for development (prep TLC was developed five times)
followed by recrystallization from Et;O:hexanes. The purification
afforded the title compound as a 1.4:1 mixture of atropisomers (45.8
mg, 0.158 mmol, 70% yield). The products could not readily be
separated by silica gel chromatography or preparative TLC, so they
were characterized as a mixture. Data for the mixture of 9h: white
solid; Rs = 0.48 and 0.59 (EtOAc:hexanes 2:3 (v/v)). 'H NMR (500 MHz,
CcDCls, 25 °C, &): 7.36 (s, 1H), 7.24 (q, J = 1.8 Hz, 1H), 6.91 (br.
s, 1H), 6.89 (br. s, 1H), 2.23 (s, 3H), 2.22 (s, 3H). 13C NMR (125
MHz, CDCls, 25 °C, &): 168.3, 153.9, 151.8, 149.4, 149.1, 146.8,
145.9, 123.1, 122.4, 120.0 (g, J = 262.1 Hz), 119.9 (g, J = 263.1
Hz), 119.5, 113.7, 23.1. '°F NMR (376 MHz, CDCl;, 25 °C, &): -56.8
(s}, -57.9 (s). Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for
CgHeCl2F3N20; ([M + H1*), 288.9753, found, 288.9756.

N- (6-Methoxy-4-methyl-2- (trifluoromethoxy)pyridin-3~yl) acetamide

(9i): A solution of N-hydroxy-N-(6-methoxy-4-methylpyridin-3-
yl)acetamide (8i) (50.0 mg, 0.255 mmol) and Togni reagent I (101 mg,
0.306 mmol, 1.20 equiv) in CH:Cl, (2.55 mL, 0.100 M) was stirred at
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23 °C under N, atmosphere for 18 h. The reaction mixture was purified
by preparative TLC (thickness: 1 mm) using hexanes:EtOAc (3:2 (v/v))
for development (prep TLC was developed five times). The purification
afforded the title compound as a white solid (54.5 mg, 0.206 mmol,
81% yield). Rf = 0.63 (EtOAc:hexanes 3:2 (v/v)). NMR Spectroscopy (at
rt, a mixture of rotamers was observed: 'H NMR (400 MHz, CDCl;, 60
°c, 8): 6.89 (br. s, 1H), 6.49 (br. s, 1lH), 3.86 (s, 3H), 2.20 (br.
s, 3H), 2.14 (br. s, 3H). 13C NMR (100 MHz, CDCls, &0 °C, 8): 169.3,
161.0, 152.1, 150.1, 120.4 (g, J = 260.2 Hz), 113.9, 109.2, 54.0,
23.0, 18.3. 1%F NMR (376 MHz, CDCls;, 60 °C, &): -56.4 (s). Mass
Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CioHi2F3Nz03 ([M + HI*),
265.0795, found, 265.0801.

N- (6-Methyl-2- (trifluoromethoxy)pyridin-3-yl)acetamide (9j)

A solution of N~-hydroxy-N-(6-methylpyridin-3-yl)acetamide (8j) (50.0
mg, 0.301 mmol) and Togni reagent I (119.2 mg, 0.361 mmol, 1.20 equiv)
in CH:Cl; (3.01 mL, 0.100 M) was stirred at 23 °C under N; atmosphere
for 21 h. The reaction mixture was concentrated in vacuo. The residue
was dissolved in MeNO: (3.01 mL, 0.100 M) and the reaction mixture
was stirred at 120 °C for 15 h. The reaction mixture was purified by
preparative TLC (thickness: 1 mm) using hexanes:EtOAc (4:1 (v/v)) for
development (prep TLC was developed four times). The purification
afforded the title compound as a white solid (35.8 mg, 0.153 mmol,
51% yield). Rf = 0.24 (EtOAc:hexanes 4:1 (v/v)). 1H NMR (400 MHz,
CDCl3, 25 °C, 6): 8.57 (d, J = 8.28 Hz, 1H), 7.39 (br. s, 1H), 7.02
(d, J = 8.28 Hz, 1H), 2.44 (s, 3H), 2.22 (s, 3H). '3C NMR (125 MHz,
CDCl;, 60 °C, 8): 168.8, 151.1, 144.7, 130.5, 121.6, 121.1, 120.2 (g,

J = 261.0 Hz), 24.8, 23.4. YF NMR (376 MHz, CDCls;, 25 °C, 8): -56.1
(s). Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CgHioF3N20: ([M
+ H]*), 235.0689, found, 235.0690.

Methyl (5-(2,4-difluorophenyl) -6-methoxy-2- (trifluoromethoxy)
pyridin-3-yl)carbamate (9k): A solution of methyl (5-(2,4~
difluorophenyl)-6-methoxypyridin-3-yl) (hydroxy)carbamate (8k)
{50.0 mg, 0.161 mmol) and Togni reagent I (63.8 mg, 0.193 mmol,
1.20 equiv) in CH2Clz (1.58 mL, 0.100 M) was stirred at 23 °C

under Nz atmosphere for 15 h. The reaction mixture was purified
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by preparative TLC (thickness: 1 mm) using hexanes:EtOAc (19:1
(v/v)) for development (prep TLC was developed 3x). The
purification afforded the title compound as a white solid (46.6
mg, 0.123 mmol, 77% yield). Rf = 0.60 (EtOAc:hexanes 1:4 (v/v)).
lH NMR (700 MHz, CDCls, 25 °C, 9): 8.38 (br. s., 1H), 7.35 (td,
J = 8.41, 6.53 Hz, 1H), 6.97-6.85 (m, 2H), 6.65 (br. s, 1H),
3.88 (s, 3H), 3.79 (s, 3H). 13C NMR (175 MHz, CDCls, 25 °C, d):
163.0 (dd, J = 248.1 Hz, J = 11.6 Hz), 160.2 (dd, J = 249.4 Hz,
J = 11.5 Hz), 154.7, 154.0, 142.8, 134.3, 132.6 (m), 120.3 (g,
J = 261.0 Hz), 119.4 (dd, J = 15.3 Hz, J = 3.8 Hz), 116.2,
115.6, 111.4 (dd, J = 21.2 Hz, J = 3.1 Hz), 104.3 (t, J = 25.5
Hz), 54.5, 52.9. 1%F NMR (376 MHz, CDCls, 25 °C, 8): -56.4 (s),
-110.3 (s), -110.5 (s). Mass Spectrometry: HRMS (ESI-TOF) (m/z):
calcd for CisHipFsN2Ogq ([M + H]*), 379.0712, found, 379.0719.

Methyl (6-(4- (tert-butyl)phenoxy) -2- (trifluoromethoxy)pyridin-3-
yl) carbamate (91) : A solution of methyl (6-(4- (tert-
butyl)phenoxy)pyridin-3-yl) (hydroxy)carbamate (81) (50.0 ng,

0.158 mmol) and Togni reagent I (62.9 mg, 0.190 mmol, 1.20 equiv) in
CH;Cl, (1.58 mL, 0.100 M) was stirred at 23 °C under N atmosphere for
16 h. The reaction mixture was purified by preparative TLC (thickness:
1 mm) using hexanes:EtOAc (19:1 (v/v)) for development (prep TLC was
developed four times). The purification afforded the title compound
as a colorless oil (38.1 mg, 0.0991 mmol, 63% yield). Rf = 0.57
(EtOAc:hexanes 1:4 (v/v)). 'H NMR (400 MHz, CDCl;, 25 °C, d): 8.43
(br. s, 1H), 7.45-7.33 {(m, 2H), 7.12-7.00 (m, 2H), 6.71 {(app. d, J =
8.8 Hz, 2H), 3.80 (s, 3H), 1.33 (s, 9H). 3C NMR {175 MHz, CDCls3, 25
°c, §): 156.7, 153.9, 151.6, 147.9, 143.1, 132.9, 126.6, 120.2, 120.1
(q, J = 261.6 Hz), 118.4, 108.3, 52.9, 34.6, 31.6. ®F NMR (376 MHz,
CDCl;, 25 °C, 8): -56.6 (s). Mass Spectrometry: HRMS (ESI-TOF) (m/z):
caled for CigHpoF3N204 ([M + H1*), 385.1370, found, 385.1375.

Methyl (5-(5-formylfuran—-2-yl) -6-methoxy-2- (trifluoromethoxy)
pyridin-3-yl)carbamate (9m): A solution of methyl (5-(5-formylfuran-
2-yl)~6-methoxypyridin-3-yl) (hydroxy)carbamate (8m) (31.06 mng,
0.108 mmol) and Togni reagent I (42.9 mg, 0.130 mmol, 1.20 equiv) in
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CH2Cl, (1.08 mL, 0.100 M) was stirred at 23 °C under N, atmosphere for
16 h. The reaction mixture was purified by preparative TLC (thickness:
1 mm) using hexanes:EtOAc (3:2 (v/v)) for development (prep TLC was
developed twice). The purification afforded the title compound as an
off-white solid (24.8 mg, 0.0688 mmol, 64% yield). Rf = 0.50
(EtOAc:hexanes 3:7 (v/v)). NMR Spectroscopy: 'H NMR (700 MHz, CDCls,
25 °c, 8): 9.70 (s, 1H), 8.94 (br. s, 1H), 7.32 (d, J = 3.44 Hz, 1lH),
7.13 (d, J = 3.44 Hz, 1lH), 6.68 (br. s, 1H), 4.03 (s, 3H), 3.83 (s,
3H). 13C NMR (175 MHz, CDCls, 25 °C, &): 177.9, 154.0, 153.9, 153.2,
152.0, 143.2, 130.2, 122.4, 120.1 (g, J = 261.8 Hz), 116.7, 113.1,
110.6, 54.7, 53.0. °F NMR (376 MHz, CDCl;, 25 °C, &): -56.4 (s). Mass
Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CisHipF3N206 ([M + HIY),
361.0642, found, 361.0643.

N- (6~ (1H-Pyrazol-1-yl) -2~ (trifluoromethoxy) pyridin-3~yl)acetamide
(9n) : A solution of N- (6~ (1H-pyrazol-1l-yl)pyridin-3-yl)-N-
hydroxyacetamide (8n) (50.0 mg, 0.229 mmol) and Togni reagent I
(90.8 mg, 0.275 mmol, 1.20 equiv) in CH:Cl: (2.2%9 mL, 0.100 M) was
stirred at 23 °C under N; atmosphere for 18 h. The reaction mixture
was purified by preparative TLC (thickness: 1 mm) using hexanes:EtOAc
(9:1 (v/v)) for development (prep TLC was developed three times). The
purification afforded the title compound as a white solid (58.0 mg,
0.203 mmol, 89% yield). Rf = 0.30 (EtOAc:hexanes 3:7 (v/v)). NMR
Spectroscopy: 'H NMR (400 MHz, CDCls, 25 °C, §): 8.85 (d, J = 8.60 Hz,
1H), 8.34 (d, J = 2.58 Hz, 1H), 7.83 (d, J = 9.03 Hz, 1H), 7.70 (s,
1H), 7.43 (br. s, 1H), 6.43 (m, 1H), 2.25 (s, 3H). 3C NMR (175 MHz,
CDhCls;, 25 °C, d): 168.6, 143.%, 143.5, 142.5, 133.2, 127.2, 120.9,
120.2 (g, J = 262.1 Hz), 109.8, 108.2, 24.8. °F NMR (376 MHz, CDCls,
25 °C, 8): -56.5 (s). Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd
for CiiHioFsNsO; ([M + H]*), 287.0750, found, 275.0754.

Methyl (6-(1H-1,2,4~triazol-1-yl) -2~ (trifluoromethoxy)pyridin-3-
yl)carbamate (90) and methyl (6-(1H-1,2,4~triazol-1-yl) -4~
(trifluoromethoxy)pyridin~3-yl)carbamate (90~II)
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O OMe Oy _OMe O~ _-OMe
R F3C—1—0 . Y oCFsT
N 1. CHaClz, 23°C, 18 h NH NH
o FRSURNG
Y 2. MeNO2, 80°C, 4h  N_. A No A
</ N N 58% <,/l;l N OCF3 </ N N
N= N7 N=
8o 1.2 equiv 90, 52% 90-ll, 6%
A solution of methyl (6-(1H-1,2,4~triazol~-1~yl)pyridin-3~

y1l) (hydroxy)carbamate (80o) (100 mg, 0.425 mmol) and Togni reagent I
(168 mg, 0.510 mmol, 1.20 equiv) in CH»Cl, (4.25 mL, 0.100 M) was
stirred at 23 °C under N, atmosphere for 18 h. The reaction mixture
was concentrated in vacuo. The residue was dissolved in MeNO, (4.25
mL, 0.100 M) and the reaction mixture was stirred at 80 °C for 4 h.
The reaction mixture was placed in the freezer. The solid was filtered
and washed with hexanes. Filtration afforded 20 (61.7 mg, 0.203 mmol,
48% yield) as a slightly brown solid. The filtrate was concentrated
in vacuo and purified by preparative TLC (thickness: 1 mm) using
hexanes:Et;0 (7:3 (v/v)) for development (prep TLC was developed six
times). The purification afforded 9o (3.7 mg, 0.0122 mmol, 3%) and
9.3 mg (0.0307 mmol, 7% yield) of a 1:4.6 mixture of 90 and 9o0-II.
The combined reaction yield was 58%. The characterization data for
90-II was obtained by further purification of the mixture by
preparative TLC using hexanes:EtOAc (7:3 (v/v)) for development (prep
TLC was developed six times). Data for 9o: white solid; Rf = 0.41
(EtOAc:hexanes 1:1 (v/v)). NMR Spectroscopy: 'H NMR (500 MHz, CDCls,
25 °Cc, 8): 8.95 (s, 1H), 8.75 (d, J = 7.93 Hz, 1H), 8.08 (s, 1H),
7.80 (d, J = 8.54 Hz, 1H), 7.00 (br. s, 1H), 3.85 (s, 3H). !3C NMR
{125 MHz, CDCls, 25 °C, d): 153.5, 153.2, 143.2, 141.4, 140.6, 131.4,
123.0, 120.1 (g, J = 262.8 Hz), 110.9, 53.2. 1°F NMR (376 MHz, CDCls;,
25 °C, 8): -56.7 (s). Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd
for CioHg¢F3NsO3 ([M + HI]*), 304.0652, found, 304.0658. Data for 9o0-II:
white solid; Rrf= 0.27 (EtOAc:hexanes 1l:1 (v/v)). NMR Spectroscopy:
'H NMR (700 MHz, CDCls;, 25 °C, §): 9.30 (br. s, 1H), 9.14 (s, 1H),
8.08 (s, 1H), 7.81 (s, 1H), 6.88 (br. s, 1H), 3.83 (s, 3H). !3C NMR
(175 MHz, CDCls;, 25 °C, &): 153.3, 153.0, 145.9, 145.3, 141.8, 141.2,
126.1, 120.3 (q, J = 262.0 Hz), 102.7, 53.4. °F NMR (376 MHz, CDCly
25 °C, d): -57.3 (d). Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd
for CioHeF3NsO3 ([M + H]*), 304.0652, found, 304.0657.
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N- (6~ (1H-Benzo[d] imidazol~1~yl) -2~ (trifluoromethoxy)pyridin-3-
yl)acetamide (9p): A solution of N-(6-(lH-benzo[d]imidazol-1-
yvl)pyridin-3-yl)-N-hydroxyacetamide (8p) (100 mg, 0.373 mmol) and
Togni reagent I (148 mg, 0.448 mmol, 1.20 equiv) in CHClp (3.73 mL,
0.100 M) was stirred at 23 °C under N, atmosphere for 19 h. The
reaction mixture was concentrated in vacuo (to about 10% initial
volume) and the residue was triturated with hexanes. The purification
afforded the title compound as a beige solid (117 mg, 0.348 mmol, 93%
yield). Rs = 0.21 (EtOAc:hexanes 4:1 (v/v)). NMR Spectroscopy: 'H NMR
(700 MHz, CDCls, 25 °C, &): 9.00 (d, J = 8.60 Hz, 1H), 8.52 (s, 1lH),
8.04 {(d, J = 8.17 Hz, 1H), 7.86 (d, J = 7.74 Hz, 1H), 7.60 (br. s,
1H), 7.49 (d, J = 8.60 Hz, 1H), 7.43-7.35 (m, 2H), 2.31 (s, 3H). 1C
NMR (175 MHz, CDCls, 25 °C, d): 168.9, 144.3, 144.2, 141.8, 140.9,
133.1, 131.9, 124.8, 123.9, 121.5, 120.7, 120.2 (g, J = 262.4 Hz),
112.8, 111.6, 24.9. °F NMR (376 MHz, CDCl;, 25 °C, &): -56.5 (s).
Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CisHi2F3NsOz ([M +
H1*), 337.0907, found, 337.0910.

N- (6~ (1H-Benzo[d] [1,2,3] triazol-1-yl) -2~ (trifluoromethoxy)pyridin~-
3~yl)acetamide (9q): A solution of N- (6= (1H-benzo[d][1,2,3]triazol-
1-yl)pyridin-3-yl)-N-hydroxyacetamide (8q) (100 mg, 0.371 mmol) and
Togni reagent I (147 mg, 0.445 mmol, 1.20 equiv) in CH:Cl: (3.71 mL,
0.100 M) was stirred at 23 °C under N, atmosphere for 18 h. The
reaction mixture was then stirred at 50 °C for 4h. The reaction
mixture was concentrated in vacuo and the residue was triturated with
hexanes. The purification afforded the title compound as a slightly
yellow solid (108 mg, 0.319 mmol, 86% yield). Re = 0.37
(EtOAc:hexanes 2:3 (v/v)). NMR Spectroscopy: 'H NMR (400 MHz, (CDs3):50,
25 °c, &): 10.04 (s, 1H), 8.73 (d, J = 8.53 Hz, 1lH), 8.42-8.32 (m,
1H), 8.30-8.18 (m, 2H), 7.77 (t, = 7.65 Hz, 1H), 7.63-7.51 (m, 1H),
2.18 (s, 3H). 13C NMR (175 MHz, (CD3)280, 25 °C, 8): 169.4, 146.0,
144.9, 142.7, 136.8, 130.5, 129.6, 125.5, 122.5, 119.9, 119.8 (q, J
= 260.0 Hz), 113.0, 112.6, 23.6. !°F NMR (376 MHz, (CD3):80, 25 °C,
§): -57.0 (s). Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for
C14H11F3N:O, ([M + H]}*), 338.0859, found, 338.0860.
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N- (6~ (5-Fluoro-1H~indol-1-yl) -2~ (trifluoromethoxy)pyridin-3-

yl)acetamide (9r) : A solution of N- (6~ (5-fluoro-1H-indol-1-
yl)pyridin-3-yl)-N-hydroxyacetamide (8r) (50.0 mg, 0.175 mmol) and
Togni reagent I (69.3 mg, 0.210 mmol, 1.20 equiv) in CH,Cl, (1.75 miL,
0.100 M) was stirred at 23 °C under N; atmosphere for 15 h. The
reaction mixture was concentrated in vacuo. The crude residue was
triturated with hexanes. The crude residue was purified by flash
chromatography eluting with EtOAc:hexanes (3:17 to 1:1(v/v). The
purification afforded the title compound as a yellow soild (45.0 mg,
0.127 mmol, 73% yield). Rf = 0.36 (EtOAc:hexanes 2:3 (v/v)). NMR
Spectroscopy: 'H NMR (400 MHz, CDCls, 25 °C, 8): 8.89 (d, J = 8.78 Hz,
1H), 8.20 (dd, J = 9.03, 4.52 Hz, 1H), 7.64 (d, J = 3.51 Hz, 1H),
7.35 (br. s, 1H), 7.32 (d, J= 8.78 Hz, 2H), 7.28 (dd, J = 9.29, 2.51
Hz, 1H), 7.04 (td, J = 9.10, 2.64 Hz, 1lH), 6.67 (d, = 3.51 Hz, 1H),
2.29 (s, 3H). '3C NMR (175 MHz, CDCls, 25 °C, &): 168.7, 158.8 (d, J
= 236.1 Hz), 144.8, 143.9, 133.0, 131.6, 131.1 (4, J = 10.0 Hz),
126.9, 120.2 (g, J = 262.1 Hz), 119.6, 114.4 (d, J = 9.1 Hz), 111.7
(d, J = 25.2 Hz), 111.0, 106.3 {(m), 106.2, 24.9. !°F NMR (376 MHz,
CDCls, 25 °C, 8): -56.4 (s), -122.9 (m). Mass Spectrometry: HRMS (ESI-
TOF) (m/z): calcd for CieHi2F4N3O» ([M + H]*), 354.0860, found, 354.0865.

N- (6~ (5~Bromo~1H-pyrrolo[2,3-b]lpyridin-1~yl) -2~ (trifluoromethoxy)

pyridin-3-yl)acetamide (9s8): A solution of N-(6-(5-bromo-1H-
pyrrolo[2,3-b]pyridin-1-yl)pyridin-3-yl)-N-hydroxyacetamide (8s)
(50.0 mg, 0.144 mmol) and Togni reagent I (57.1 mg, 0.172 mmol,
1.20 equiv) in CHzCl,; (1.44 miL, 0.100 M) was stirred at 23 °C under
N atmosphere for 20 h. The reaction mixture was concentrated in
vacuo. The crude residue was purified by flash chromatography eluting
with EtOAc:hexanes (1:19 to 2:3(v/v)). The crude product was
triturated with haxanes. The purification afforded the title compound
as a white solid (38.2 mg, 0.0920 mmol, 64% yield). Rf = 0.39
(EtOAc:hexanes 3:7 (v/v)). NMR Spectroscopy: 'H NMR (700 MHz, CDCls,
25 °C, 8): 8.89 (d, J = 9.03 Hz, 1H), 8.81 (d, J = 8.60 Hz, 1H), 8.41
(d, J = 2.15 Hz, 1H), 8.19 (d, J = 3.87 Hz, 1H), 8.05 (d, J = 2.15
Hz, 1H), 7.34 (br. s, 1H), 6.57 (d, J = 3.87 Hz, 1H), 2.28 (s, 3H).
13C NMR (175 MHz, CDCls, 25 °C, &): 168.5, 145.8, 144.0, 143.5, 142.6,
133.0, 131.4, 127.5, 125.0, 120.2 (g, J = 261.8 Hz), 120.0, 113.6,
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112.7, 102.6, 24.9. '°F NMR (376 MHz, CDCls;, 25 °C, 8): -56.4 (s).
Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CisHiiBrEFsN 0, ([M +
H]*), 415.0012, found, 415.0018.

N- (6= (2-(Thiazol-4~-yl)-1H-benzo[d]imidazol~1-yl) -2~
(trifluoromethoxy)pyridin—~3-yl) acetamide (9t)

A solution of N-hydroxy-N-(6-{(2-(thiazol-4~yl)-1H-benzo[d]imidazol~
l-yl)pyridin-3-yl)acetamide (8t) (100 mg, 0.285 mmol) and Togni
reagent I (113 mg, 0.188 mmol, 1.20 equiv) in CH:Cl; (2.85 mL, 0.100 M)
was stirred at 23 °C under N; atmosphere for 20 h. The reaction mixture
was then stirred at 50 °C for 4h. The reaction mixture was
concentrated in vacuo and the residue was triturated with hexanes.
The purification afforded the title compound as a beige solid (113
mg, 0.270 mmol, 95% yield). Rf = 0.42 (EtOAc). 'H NMR (700 MHz,
(CD3;)280, 25 °C, &): 10.00 (s, 1H), 9.05 (s, 1H), 8.64 (d, J = 8.60
Hz, 1H), 8.48 (s, 1H), 7.82 (d, J= 7.31 Hz, 1H), 7.55 (d, J= 8.17 Hz,
1H), 7.47 (d, J = 7.31 Hz, 1H), 7.40-7.30 (m, 2H), 2.18 (s, 3H). 13C
NMR (175 MHz, (CD3)280, 25 °C, &): 169.5, 154.8, 146.6, 145.8, 145.0,
142.3, 141.2, 135.2, 135.1, 124.1, 123.5, 123.4, 122.7, 119.8, 119.6,
119.5 (g, J = 260.0 Hz), 110.8, 23.6. F NMR (376 MHz, (CD3):S0, 25
°c, 8): -57.2 (s). Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for
C1sH13F3Ns02S ([M + H]*), 420.0737, found, 420.0738.

N-(6-(2,6-Dichloro-9H-purin-9-yl) -2~ (trifluoromethoxy)pyridin-3-

yl)acetamide (Su) and N-(6~-(2,6~dichloro-9H-purin-9-yl) -4~
(trifluoromethoxy) pyridin-3-yl)acetamide (9u-II)
O _Me
o] QI;
>§N = l
N N
MN N~ OCF,
o’ &
FiC~l—0 °,
J\/j/ s 1. CHaCla, 23°C, 20 h Su, 85%
> +
)L\<)\ 2.MeNO,, 60°C, 18 h 0w Me
92% cl OCFﬁN’H
. =N “
8u 1.2 equiv N ~
\ /NN

9u-il, 7%
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A solution of N-(6-(2,6~dichloro-9H-purin-9-yl)pyridin-3-yl)-nN-
hydroxyacetamide (8u) (38.4 mg, 0.113 mmol) and Togni reagent I
(44.9 mg, 0.136 mmol, 1.20 equiv) in CHzCl; (1.13 mL, 0.100 M) was
stirred at 23 °C under N, atmosphere for 20 h. The reaction mixture
was concentrated in vacuo. The residue was dissolved in MeNO, (1.13
mL, 0.100 M) and the reaction mixture was stirred at 60 °C for 18 h.
The reaction mixture was concentrated in vacuo. The residue was
purified by preparative TLC (thickness: 1 mm) using hexanes:EtOAc
(1:1 (v/v)) for development (prep TLC was develcped three times). The
purification afforded 9u (39.0 mg, 0.0968 mmol, 85% yield) and 9u-II
(3.3 mg, 0.0081 mmol, 7% yield). Data for 9u: white solid; Rf = 0.44
(EtOAc:hexanes 1:1 (v/v)). NMR Spectroscopy: 'H NMR (700 MHz, CDCls,
25 °c, 6): 9.11 (d, J = 8.60 Hz, 1H), 8.94 (s, 1H), 8.47 (d, J = 8.60
Hz, 1H), 7.53 (s, 1H), 2.31 (s, 3H). 13C NMR (175 MHz, CDCls;, 25 °C,
8): 168.8, 153.9, 152.6, 151.7, 143.6, 143.5, 138.4, 133.1, 132.3,
123.2, 120.1 (g, J = 263.4 Hz), 113.1, 24.9. °F NMR (376 MHz, CDCls,
25 °C, 8): -56.7 (s). Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd
for Ci3HeCl:F3Ne¢O2 ([M + H]*), 407.0032, found, 407.0037. Data for %u-
IXI: white solid; Rf = 0.22 (EtOAc:hexanes 1:1 (v/v)). NMR
Spectroscopy: 'H NMR (700 MHz, CDCl;, 25 °C, 8): 9.60 (s, 1H), 9.20
(s, 1H), 8.67 (d, J = 1.72 Hz, 1H), 7.39 (br. s, 1H), 2.33 (s, 3H).
13C NMR (175 MHz, CDCls;, 25 °C, 8): 168.4, 153.9, 152.7, 151.6, 145.8,
143.9, 143.3, 142.9, 132.4, 126.2, 120.4 (g, J = 262.3 Hz), 104.6,

24.7. °F NMR (376 MHz, CDCls, 25 °C, 8): -57.9 (s). Mass Spectrometry:
HRMS (ESI-TOF) (m/z): calcd for Ci3HsClF3NeO: ([M + H}*), 407.0032,
found, 407.0035.

Ethyl (E) -3~ (4-fluoro-3- (2-methoxy-5- ( (methoxycarbonyl) amino) -6~
(trifluoromethoxy) pyridin-3-yl) phenyl)acrylate (9v)

A solution of ethyl (E)-3-(4-fluoro-3-(5-(hydroxy (methoxycarbonyl)
amino) -2-methoxypyridin-3-yl)phenyl) acrylate (8v) (46.1 mg,
0.118 mmol) in CHzCl: (11.3 mL) was cooled to 4 °C. A solution of
Togni reagent I (46.9 mg, 0.142 mmol, 1.20 equiv) in CH.Cl; (0.500
mL) was then added dropwise and the reaction mixture was stirred at
4 °C for 29 h. The reaction mixture was concentrated in vacuo. The
residue was purified by preparative TLC (thickness: 1 mm) using

hexanes:EtOAc (9:1 (v/v)) for development (prep TLC was developed



WO 2016/057931 PCT/US2015/054958

10

15

20

25

30

35

162

four times). The purification afforded the title compound as a white
solid (28.5 mg, 0.0622 mmol, 53% yield). Rf = 0.62 (EtOAc:hexanes 3:7
(v/v)). NMR Spectroscopy: !H NMR (700 MHz, CDCls;, 25 °C, 8): 8.44 (br.
s, 1H), 7.66 (d, J = 15.92 Hz, 1H), 7.57-7.50 (m, 2H), 7.15 (t, J =
9.03 Hz, 1H), 6.68 (br. s, 1H), 6.38 (d, J = 15.92 Hz, 1H), 4.26 (q,
J = 6.88 Hz, 2H), 3.89 (s, 3H), 3.80 (s, 3H), 1.33 (t, J= 7.10 Hz,
3H). 13C NMR (175 MHz, CDCls;, 25 °C, 8): 166.9, 161.1 (d, J = 252.7
Hz), 154.6, 154.0, 143.2, 134.2, 131.7 (d, J = 2.6 Hz), 130.9 (d, J
= 3.3 Hz), 129.6 (d, J = 8.7 Hz), 124.0 (J = 15.6 Hz), 120.3 (g, J =
261.5 Hz), 118.6 {(d, J= 1.8 Hz), 1le6.7, 116.6, 116.3, 115.7, 60.7,
54.5, 52.9, 14.4. °F NMR (376 MHz, CDCls;, 25 °C, d8): -56.4 (s), -
111.4 (s). Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for
C2oH19F4N206 ([M + HI*), 459.1174, found, 459.1184.

Methyl 4-((4- (2-methoxy~5- ( (methoxycarbonyl)amino) -6~ (trifluoro-
methoxy)pyridin-3-yl)phenyl) ethynyl)benzoate (9w)

A solution of methyl 4-((4-(5-(hydroxy(methoxycarbonyl)amino)-2-
methoxypyridin-3-yl)phenyl)ethynyl)benzoate (8w) (50.0 mg,
0.116 mmol) and Togni reagent I (45.9 mg, 0.139 mmol, 1.20 eguiv) in
CH,Cl,; (1.16 mL, 0.100 M) was stirred at 23 °C under N, atmosphere for
18 h. The reaction mixture was purified by preparative TLC (thickness:
1 mm) using CHxCl, for development (prep TLC was developed twice).
The purification afforded the title compound as a white solid (39.6
mg, 0.0791 mmol, 68% yield). Rrf = 0.27 (CHCl;). NMR Spectroscopy: H
NMR (700 MHz, CDCli, 25 °C, &): 8.51 (br. s, 1lH), 8.03 (d, J = 8.17
Hz, 2H), 7.68-7.50 (m, 6H), 6.68 (br. s, 1 H), 3.93 (s, 3H), 3.92 (s,
3H), 3.81 (s, 3H). 13C NMR (175 MHz, CDCls, 25 °C, &): 166.7, 154.1,
142.3, 135.8, 133.1, 131.8, 131.7, 129.7, 129.6, 129.3, 128.1, 122.2,
121.8 (q, J = 260.8 Hz), 121.3, 119.5, 116.7, 92.4, 89.5, 54.4, 52.9,
52.4. F NMR (376 MHz, CDCls, 25 °C, 8): -56.4 (s). Mass Spectrometry:
HRMS (ESI-TOF) (m/z): calcd for CzsH20F3N20s ([M + H]*), 501.1268, found,
501.1273.

N-(6-(((BR,95,135,145)-13-Methyl-17-0x0-7,8,9,11,12,13,14,15,16,17~
decahydro-6H-cyclopenta[a]phenanthren-3-yl) oxy) -2~ (trifluoro-
methoxy)pyridin-3-yl)acetamide (9x): A solution of N-hydroxy-N-(6-
({((8R,95,135,148)~-13~-methyl-17~0x0~-7,8,9,11,12,13,14,15,16,17~
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decahydro—GH;cyclopenta[a]phenanthren-3—yl)oxy)pyridin-B—yl)
acetamide (8x) (66.0 mg, 0.157 mmol) and Togni reagent I (62.1 mg,
0.188 mmol, 1.20 equiv) in CHxCl; (1.57 mL, 0.100 M) was stirred at
23 °C under N; atmosphere for 20 h. The reaction mixture was purified
by preparative TLC (thickness: 1 mm) using hexanes:EtOAc (3:2 (v/v))
for development (prep TLC was developed three times). The purification
afforded the title compound as a white foamy solid (54.0 mg,
0.111 mmol, 71% yield). Rf = 0.49 (EtOAc:hexanes 1:1 (v/v)). NMR
Spectroscopy: H NMR (700 MHz, CDCls, 25 °C, &): 8.62 (d, J= 8.61 Hz,
1H), 7.37 (s, 1H), 7.27 (d, J = 8.37 Hz, 1H), 6.91 (dd, J = 8.39,
2.37 Hz, 1H), 6.88 (d, J = 2.15 Hz, 1H), 6.68 (d, J = 9.03 Hz, 1H),
2.92-2.86 (m, 2H), 2.51 (dd, J = 18.93, 8.60 Hz, 1H), 2.44-2.37 (m,
1H), 2.30 (td, J = 11.19, 3.44 Hz, 1H), 2.22 (s, 3H), 2.18-2.11 (m,
1H), 2.09-2.04 (m, 1H), 2.04-1.99 (m, 1H), 1.96 (dt, J = 12.48, 3.01
Hz, 1H), 1.67-1.59 (m, 2H), 1.59-1.42 (m, 4H), 0.92 (s, 3H). 13C NMR
(175 MHz, CDCl;, 25 °C, &): 221.0, 168.6, 156.9, 151.7, 143.5, 138.2,
136.5, 134.7, 126.6, 120.8, 120.1 (g, J = 261.5 Hz), 118.1, 118.0,
108.1, 50.6, 48.1, 44.2, 38.2, 36.0, 31.7, 29.5, 26.5, 25.9, 24.6,
21.7, 14.0. °F NMR (376 MHz, CDCl;, 25 °C, &): -56.4 (s). Mass
Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CzeHasF3N20s ([M + HIY),
489.1996, found, 489.2004.

Nh(6—((6R,12aR)-6—(Benzo[d][1,3]dioxol-5—yl)—2—methyl-1,4—dioxo—
1,3,4,6,12,12a~hexahydropyrazino[1l',2':1,6]pyrido[3,4-b]indol-
7(2H)-yl)—2-(trifluoromethoxy)pyridin—3—yl)acetamide (9y)

A solution of N—(6~((6R,12aR)—6—(benzo[d][l,3]dioxol—5-yl)—2-methyl-
1,4—dioxo—l,3,4,6,12,12a—hexahydropyrazino[l',2':1,6]pyrido[3,4—
blindol-7(2H)-yl)-2-(trifluoromethoxy)pyridin-3-yl)acetamide (8y)
{50.0 mg, 0.0927 mmol) in CH:Cl; (8.77 mL) was cooled to 4 °cC. A
solution of Togni reagent I (39.3 mg, 0.119 mmol, 1.20 equiv) in
CH.Cl, (0.500 mL) was then added dropwise and the reaction mixture
was stirred at 4 °C for 16 h. The reaction mixture was concentrated
in vacuo. The residue was purified by preparative TLC (thickness: 1
mm) using hexanes:EtOAc (1:4 (v/v)) for development (prep TLC was
developed twice). The purification afforded the title compound as a

white solid (37.3 mg, 0.0614 mmol, 66% yield). Rf = 0.48 (EtOAc) . NMR
Spectroscopy: 'H NMR (700 MHz, (CDs):S0, 25 °C, §): 9.99 (s, 1H), 8.53
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(d, J = 8.53 Hz, 1H), 7.80-7.72 (m, 1H), 7.42-7.36 (m, 1lH), 7.34 (d,
J = 8.53 Hz, 1H), 7.25-7.19 (m, 2H), 6.59 (s, 1H), 6.51 (d, J = 8.03
Hz, 1H), 6.32 (d, J= 1.76 Hz, 1H), 6.23 (dd, J = 8.03, 1.76 Hz, 1H),
5.83 (s, 2H), 4.55 (dd, J = 11.54, 4.77 Hz, 1H), 4.24-4.15 (m, 1H),
3.92 (d, J = 17.32 Hz, 1H), 3.65 (dd, J = 16.19, 4.64 Hz, 1H), 3.12
(dd, J = 15.81, 12.30 Hz, 1lH), 2.90 (s, 3H), 2.18 (s, 3H). !3C NMR
(175 MHz, (CD3)280, 25 °C, d3): 169.4, 166.9, 166.3, 146.7, 146.0,
145.4, 141.7, 136.4, 136.0, 134.9, 134.2, 126.1, 123.4, 122.3, 121.3,
120.7, 119.7 (g, J = 262.6 Hz), 119.1, 118.4, 110.4, 109.9, 107.5,
107.4, 100.9, 54.7, 53.9, 51.4, 32.8, 23.6, 23.2. %F NMR (376 MHz,
(CD3)280, 25 °C, 8): -56.6 (s). Mass Spectrometry: HRMS (ESI-TOF)
(m/z): calcd for CspHzsF3NsOs ([M + H]*), 608.1751, found, 608.1761.

Example 8. Trifluoromethoxylation of Pyrimidine Substrates

To probe the applicability of the trifluoromethoxylation reaction to
other heteroarenes, pyrimidines substituted with benzimidazolyl
(10a), indolyl (10b), methoxy (10c), phenoxy (10d), or estronyl (10e)
groups were examined (Scheme 8). These substrates were
trifluoromethoxylated to afford the corresponding desired products
(lla-1le) in good yields. Products lla-lle are shown in Figure 3.

Scheme 8.

Me FiC——0

Me
o e _CH:Cl(0.1M)
k/j/ TR /\/E

Togni reagent |
10a-10e (12 equiv) 1a-11e
N-Hydroxy-N- (2~ (2~ (thiazol-4-yl)-1H-benzo[d]limidazol-1-
yl)pyrimidin-5-yl)acetamide (10a)

S’\N Qﬁ/Me

/" NENNO2 NNH,#H,O (1.20 equiv) TN

I " Rh/CZI’HF(010 M) <N nNon

N7N SN 3°C, 20 min s |
then NaHCOj (1.20 equiv) NG N °N

Acet lchlonde in THF
3°C, 30 min

33% 10a

Under N; atmosphere, 4~ (1H-benzo[d]limidazol~-2~yl)thiazole (362 mg,
1.80 mmol, 1.20 equiv) was dissolved in THF (7.50 mL, 0.240 M) and
stirred at 0 °C. NaH (72.0 mg, 1.80 mmol, 1.20 equiv, 60 $% dispersion
in mineral oil) was added in portionwise. After 30 min, a solution

of 2-chloro-5-nitropyrimidine (239 mg, 1.50 mmol. 1.00 equiv) in THF
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(2.50 mL, 0.600 M) was added and then the reaction mixture was slowly
warmed up to 50 °C for 12 h. The reaction mixture was poured to water
(100 mL), extracted with EtOAc, washed with brine. The combined
organic layers was dried (MgSOs), filtered and concentrated in vacuo.
The residue was purified by chromatography on silica gel, eluting
with hexanes:EtOAc (5:1 to 1:1 (v/v)), to afford the title compound
as a vyellow solid (369 mg, 1.14 mmol, 76% yield). Rf = 0.33
(hexanes:EtOAc 2:1 (v/v)). NMR Spectroscopy: H NMR (700 MHz, CDCls,
25 °C, 8): 9.46 (s, 2H), 8.70 (d, J = 2.15 Hz, 1H), 8.20 (s, 1H),
8.18-8.13 {(m, 1H), 7.89 (dd, J = 6.45, 2.58 Hz, 1H), 7.48-7.43 (m,
2H). 13C NMR (175 MHz, CDCls, 25 °C, 9): 159.0, 154.5, 154.4, 152.7,
147.6, 147.3, 143.0, 139.7, 134.1, 125.7, 125.2, 121.1, 120.6, 113.6.
Mass Spectrometry: HRMS (ESI-TOF) {(m/z): calcd for CisHoNeg02S ([M +
H]*), 325.0502, found, 325.0506. Under N, atmosphere, a suspension of
4~ (1= (5-nitropyrimidin-2-yl)-1H-benzo[d]imidazol-2~-yl)thiazole (200
mg, 0.620 mmol, 1.00 equiv) and 5% Rh/C (7.12 mg, 0.60 mol% Rh) in
THF (6.20 mL, 0.100 M) was stirred at 23 °C. Hydrazine monohydrate
(37.0 mg, 0.740 mmol, 1.20 equiv) was added dropwise. The reaction
mixture was stirred at 23 °C for 20 min. NaHCO; (62.2 mg, 0.740 mmol,
1.20 equiv) was added, followed by dropwise addition of a solution
of acetyl chloride (58.1 mg, 0.740 mmol, 1.20 equiv) in THF (6.20
mL, 0.120 M). The reaction mixture was stirred at 23 °C for 30 min
and then poured to water (100 mL), extracted with EtOAc. The combined
organic layers was dried (MgSO4), filtered and concentrated in vacuo.
The residue was purified by chromatography on silica gel, eluting
with hexanes:EtCAc (1:1 (v/v)), to afford the title compound as a
yellow gum (72 mg, 0.204 mmol, 33% yield). Rf = 0.13 (EtOAc). NMR
Spectroscopy: 'H NMR (700 MHz, (CD;)2S0, 25 °c, &): 11.23 (s, 1H),
9.21 (s, 2H), 9.00 (br. s., 1H), 8.49 (d, J=1.72 Hz, 1H), 7.81 (dd,
J = 6.45, 1.72 Hz, 1H), 7.74-7.65 (m, 1H), 7.41-7.32 (m, 2H), 2.32
{s, 3H). 3C NMR (175 MHz, (CD3)280, 25 °C, §): 171.5, 154.5, 151.2,
148.0, 146.8, 146.3, 142.3, 135.4, 134.8, 124.3, 123.6, 122.0, 119.56,
111.9, 22.1. Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for
C16H13Ns025 ([M + H]*), 353.0815, found, 353.0817.
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N- (2= (5~-Chloro~l1H~indol~-1-yl)pyrimidin-5-yl) ~-N-hydroxyacetamide
(10b)

NNH_H,0 (1.20 equiv) OYMG
. equiv
NNz PR R A0 e N
al e 235C, 20 e o Nl/ﬁ/ OH
N™ N then NaHCO; (1.20 equiv) NJ\N/
= Acetyl ch!onde in THF
23°C, 30 min e
62% 10b

Under N; atmosphere, 5-chloro~1H-indole (0.570 g, 3.76 mmol,
1.20 equiv) was dissolved in DMF (10 mL, 0.376 M) and stirred at 0 °C.
NaH (0.15g, 3.76 mmol, 1.20 equiv, 60 % dispersion in mineral oil)
was added in portionwise. After 30 min, a solution of 2-chloro-5-
nitropyrimidine (0.500 g, 3.13 mmol. 1.00 equiv) in DMF (5.6 miL,
0.559 M) was added and then the reaction mixture was slowly warmed
up to 50 °C for 12 h. The reaction mixture was poured to a solution
of LiCl (100 mL), extracted with EtOAc. The combined organic layers
washed with brine, dried (MgSO4), filtered and concentrated in wvacuo.
The residue was purified by chromatography on silica gel, eluting
with hexanes:EtOAc (10:1 to 5:1 (v/v)), to afford the title compound
as a yellow solid (0.710 g, 2.58 mmol, 83% yield). Rf = 0.76
(hexanes:EtOAc 4:1 (v/v)). NMR Spectroscopy: 'H NMR (700 MHz, CDCls,
25 °C, 8): 9.43 (s, 2H), 8.69 (d, J = 8.60 Hz, 1H), 8.27 (d, J = 3.87
Hz, 1H), 7.58 (d, J = 1.72 Hz, 1H), 7.33 (dd, J = 8.82, 1.94 Hz, 1lH),
6.73 (d, J = 3.01 Hz, 1H). 13C NMR (175 MHz, CDCls, 25 °C, 8): 158.7,
154.8, 138.2, 133.9, 133.3, 129.6, 127.5, 125.0, 121.0, 118.1, 109.7.
Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CizH1;i;C1NsO, ([M +
NH4.1*), 292.0596, found, 292.0599. Under N, atmosphere, a suspension
of 5-chloro-1-(5-nitropyrimidin-2-yl)-1H~-indole (300 mg, 1.09 mmol,
1.00 equiv) and 5% Rh/C (12.6 mg, 0.60 mol% Rh) in THF (10.9 mL,
0.100 M) was stirred at 23 °C. Hydrazine monohydrate (65.6 mg, 1.31
mmol, 1.20 equiv) was added dropwise. The reaction mixture was stirred
at 23 °C for 20 min. NaHCO;3 (110 mg, 1.31 mmol, 1.20 equiv) was added,
followed by dropwise addition of a solution of acetyl chloride (103
mg, 1.31 mmol, 1.20 equiv) in THF (10.9 mL, 0.120 M). The reaction
mixture was stirred at 23 °C for 30 min and then poured to water (100
mL), extracted with EtOAc. The combined organic layers was dried
(MgSQ4), filtered and concentrated in vacuo. The residue was

recrystalized from hexanes/EtOAc, to afford the title compound as a
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vellow solid (205 mg, 0.677 mmol, 62% yield). Rrf = 0.14 (hexanes:EtOAc
2:1 (v/v)). 'H NMR (700 MHz, (CD3).S0, 25 °C, &§): 11.10 (s, 1H), 9.13
(s, 2H), 8.69 (d, J = 9.03 Hz, 1H), 8.30 (d, J = 3.87 Hz, 1H), 7.72
(d, J = 2.15 Hz, 1H), 7.34 (dd, J = 8.60, 2.15Hz, 1H), 6.78 (d, J =
3.87 Hz, 1H), 2.28 (s, 3H). 13C NMR (175 MHz, (CDs3).80, 25 °cC, §):
171.0, 152.5, 148.9, 133.1, 133.0, 132.0, 127.3, 126.4, 123.4, 120.2,
117.0, 106.1, 21.8. Mass Spectrometry: HRMS (ESI~-TOF) (m/z): caled
for Ci4H12C1NsO2 ([M + H]*), 303.0643, found, 303.0645.

N-Hydroxy-N- (2-methoxypyrimidin~5-yl)acetamide (10c)

HoNNHo*H, 0 (1.20 equiv) O Me
NO; B RAICTHE (0.10 M)
NS 235¢, 20 min T
M —> N OH
MeO” °N then NaHCOg (1.20 equiv) )|\
Acetyl chioride in THF MeO” N
3 °C, 30 min
50% 10c

Under N; atmosphere, a suspension of 2-methoxy-5-nitropyrimidine (180
mg, 1.16 mmol, 1.00 equiv) and 5% Rh/C (13.8 mg, 0.60 mol% Rh) in
THF (11.6 mL, 0.100 M) was stirred at 23 °C. Hydrazine monohydrate
(69.7 mg, 1.39 mmol, 1.20 equiv) was added dropwise. The reaction
mixture was stirred at 23 °C for 20 min. NaHCO; (117 mg, 1.39 mmol,
1.20 equiv) was added, followed by dropwise addition of a solution
of acetyl chloride (109 mg, 1.39 mmol, 1.20 equiv) in THF (11.6 mL,
0.120 M). The reaction mixture was stirred at 23 °C for 30 min and
then filtered through a short pad of celite. The celite was washed
with EtOAc. The combined organic solution was concentrated in wvacuo.

The residue was purified by chromatography on silica gel, eluting
with hexanes:EtOAc (2:1 to 0:1 (v/v)), to afford the title compound
as a gray gum (125 mg, 0.682 mmol, 59% yield). Rr= 0.33 (EtOAc). NMR
Spectroscopy: 'H NMR (700 MHz, (CD3).S0, 25 °C, 8): 10.93 (br. s, 1H),
8.81 (s, 2H), 3.91 (s, 3H), 2.22 (br. s., 3H). 13C NMR (175 MHz,
(CDs).80, 25 °Cc, 6): 170.7, 1l61.8, 151.0, 131.8, 54.9, 21.6. Mass
Spectrometry: HRMS (ESI-TOF) (m/z): calcd for C7HioN3O; ([M + H]*),
184.0717, found, 184.0718.
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N-(2-(4-Chloro-3,5~dimethylphenoxy) pyrimidin-5-yl) ~N-
hydroxyacetamide (10d)

HoNNHz+H-0 (1.20 equiv Oy _Me
Me Y REICIHE oMy Me Y
- then NaHCO, (1.20 equiv) BN
Me 07 °N Acetyl chloride in THF X,
Yo N Me o N
32% 10d

Under N» atmosphere, 4-chloro-3,5-~dimethylphenol (240 mg, 1.52 mmol,
1.20 equiv) was dissolved in THF (8.40 mI, 0.181 M) and stirred at 0
°C. NaH (60.8 mg, 1.52 mmol, 1.20 equiv, 60 % dispersion in mineral
0il) was added in portionwise. After 30 min, a solution of 2-chloro-
5-nitropyrimidine (200 mg, 1.24 mmol. 1.00 equiv) in THF (4.00 mL,
0.310 M) was added and then the reaction mixture was slowly warmed
to 50 °C for 12h. The reaction mixture was poured to water (100 mlL),
extracted with EtOAc, washed with brine. The combined organic layers
was dried (MgS04), filtered and concentrated in vacuo. The residue
was purified by chromatography on silica gel, eluting with
hexanes:EtOAc (20:1 to 1:1 (v/v)), to afford the title compound as a
yellow solid (288 mg, 1.03 mmol, 83% yield). Rf = 0.61 (hexanes:EtOAc
10:1 (v/v)). NMR Spectroscopy: 'H NMR (500 MHz, CDCl;, 25 °C, 8): 9.32
(s, 2H), 6.94 (s, 2H), 2.41 (s, 6H). 13C NMR (125 MHz, CDCls;, 25 °C,
8): 167.1, 156.5, 149.9, 139.1, 138.4, 132.7, 121.1, 21.1. Mass
Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CipH;iC1N3O3 ([M + HIY),
280.0483, found, 280.0483. Under N; atmosphere, a suspension of 2-(4-
chloro-3, 5-dimethylphenoxy)-5-nitropyrimidine (140 mg, 0.500 mmol,
1.00 equiv) and 5% Rh/C (5.70 mg, 0.60 mol% Rh) in THF (5.00 mL,
0.100 M) was stirred at 23 °C. Hydrazine monohydrate (30.0 mg, 0.60
mmol, 1.20 equiv) was added dropwise. The reaction mixture was stirred
at 23 °C for 20 min. NaHCO; (50.4 mg, 0.600 mmol, 1.20 equiv) was
added, followed by dropwise addition of a solution of acetyl chloride
(47.1 mg, 0.600 mmol, 1.20 equiv) in THF (5.00 mL, 0.120 M). The
reaction mixture was stirred at 23 °C for 30 min and then poured to
water (100 mL), extracted with EtOAc. The combined organic layers was
dried (MgS0:), filtered and concentrated in vacuo. The residue was
purified by chromatography on silica gel, eluting with hexanes:EtOAc
(1:1 to 0 :1(v/v)), to afford the title compound as a yellow solid
(49.1 mg, 0.160 mmol, 32% yield). Rf= 0.53 (EtOAc). NMR Spectroscopy:

'H NMR (700 MHz, (CD3)2SO, 25 °C, §): 10.99 (br. s., H), 8.86 (s, 2H),
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7.08 (s, 2H), 2.33 (s, 6H), 2.23 (br. s., 3H). 3C NMR (175 MHz,
(CDs).80, 25 °C, 8): 170.9, 161.0, 151.0, 137.1, 133.0, 129.9, 121.6,
21.6, 20.3. Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for Cis His
Cl N303 ([M + H]*), 308.0802, found, 308.0797.

N-Hydroxy-N~(2-(((8R,95,135,145) ~13-methyl-17-oxo~
7,8,9,11,12,13,14,15,16,17-decahydro-6H~cyclopenta[a]l phenanthren-3-
y1l)oxy)pyrimidin-5-yl) acetamide (10e)

HaNNHa2+H>0 (1.20 equiv)
5% Rh/C, THF (0.10 M)
23°C, 20 min
then NaHCO5 (1.20 eﬂuiv)
Acetyl chloride in THF
23°C, 30 min

21%

10e

Under N; atmosphere, estrone (200 mg, 0.740 mmol, 1.00 equiv) was
dissolved in THF (3.70 mL, 0.200 M) and stirred at 0 °C. NaH (29.6
mg, 0.740 mmol, 1.00 equiv, 60 % dispersion in mineral oil) was added
in portionwise. After 30 min, a solution of 2-chloro-5-
nitropyrimidine (130 mg, 0.81 mmol. 1.10 equiv) in THF (1.30 mL,
0.623 M) was added and then the reaction mixture was slowly warmed
to 50 °C for 12 h. The reaction mixture was poured to water (100 mL),
extracted with EtOAc, washed with brine. The combined organic layers
was dried (MgSOs), filtered and concentrated in vacuo. The residue
was purified by chromatography on silica gel, eluting with
hexanes:EtOAc (5:1 to 2:1 (v/v)), to afford the title compound as a
yellow solid (235 mg, 0.597 mmol, 81% yield). Re= 0.33 (hexanes:EtOAc
4:1 (v/v)). NMR Spectroscopy: H NMR (700 MHz, CDCl;, 25 °C, &): 9.32
(s, 2H), 7.38 (d, J = 8.60 Hz, 1H), 6.97 (dd, J = 8.60, 2.15 Hz, 1H),
6.92 (d, J = 2.15 Hz, 1H), 2.97-2.91 (m, 2H), 2.51 (dd, J = 19.36,
8.60 Hz, 1H), 2.46-2.40 (m, 1H), 2.34 (td, J = 11.08, 4.09 Hz, 1H),
2.19-2.11 (m, 1H), 2.10-2.02 (m, 2H), 1.98 (dt, J = 12.80, 2.85 Hgz,
1H), 1.68-1.57 (m, 3H), 1.57-1.46 (m, 3 H), 0.92 (s, 3H). 13C NMR (175
MHz, CDCl;, 25 °C, §&): 220.8, 167.3, 156.4, 150.2, 138.9, 138.3,
127.0, 121.2, 118.5, 50.5, 48.0, 44.3, 38.0, 35.9, 31.6, 29.6, 26.4,
25.8, 21.7, 13.9. Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for
C22H24N304 ([M + H]*), 394.1761, found, 394.1758.

Under N: atmosphere, a suspension of (8R,95,135,145) -13-methyl-3~((5-
nitropyrimidin-2-yl)oxy)—6,7,8,9,11,12,13,14,15,16-decahydro-l7H4
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cyclopenta[a]phenanthren-17-one (170 mg, 0.430 mmol, 1.00 equiv) and
5% Rh/C (4.90 mg, 0.60 mol% Rh) in THF (4.30 mL, 0.100 M) was stirred
at 23 °C. Hydrazine monohydrate (26.0 mg, 0.52 mmol, 1.20 equiv) was
added dropwise. The reaction mixture was stirred at 23 °C for 20 min.
NaHCO; (43.7 mg, 0.520 mmol, 1.20 equiv) was added, followed by
dropwise addition of acetyl chloride (40.8 mg, 0.520 mmol, 1.20 equiv)
in THF (4.30 mL, 0.120 M). The reaction mixture was stirred at 23 °C
for 30 min and then poured to water (100 mL), extracted with EtOAc.
The combined organic layers was dried (MgS0s), filtered and
concentrated in vacuo. The residue was purified by chromatography on
silica gel, eluting with hexanes:EtOAc (2:1 (v/v)), to afford the
title compound as a yellow solid (38 mg, 0.0902 mmol, 21% yield). Rs
= 0.50 (EtOAc). NMR Spectroscopy: H NMR (700 MHz, (CDs3):80,
25 °C, 9):10.98 (br. s., 1H), 8.83 (s, 1H), 7.33 (d, J = 8.17 Hz,
1H), 6.93 (dd, J = 8.60, 2.58 Hz, 1H), 6.89 (d, J = 2.58 Hz, 1H),
2.88-2.84 (m, 2H) 2.45 (dd, J = 19.15, 8.39 Hz, 1H), 2.42-2.38 (m,
1H), 2.30-2.25 (m, 1H), 2.23 (br. s., 3H), 2.11-2.05 {(m, 1H), 2.00-
1.93 (m, 2H) 1.80-1.76 {(m, 1H), 1.62-1.36 (m, 6H), 0.86 (s, 3H). 13C
NMR (175 MHz, (CD3).80, &): 219.7, 170.8, 161.3, 150.8, 138.0, 136.6,
132.8, 126.6, 121.2, 118.7, 49.6, 47.3, 43.6, 37.6, 35.4, 31.4, 29.0,
25.9, 25.4, 21.e6, 21.2, 13.5. Mass Spectrometry: HRMS (ESI-TOF)
{m/z): calcd for CisHsN3Os ([M + H]*), 422.2074, found, 422.2074.

N-(2-(2-(Thiazol-4~-yl) ~-1H-benzo[d] imidazol~1~-yl) -4~
(trifluoromethoxy) pyrimidin-5-yl)acetamide (lla): A solution of N-
hydroxy-N-(2- (2~ (thiazol-4~yl)-1H-benzo[d] imidazol-1-yl)pyrimidin-
S5-yl)acetamide (10a) (52.0 mg, 0.148 mmol) and Togni reagent I
(58.8 mg, 0.178 mmol, 1.20 equiv) in CH:Cl, (1.48 mL, 0.100 M) was
stirred at 23 °C under N, atmosphere for 22 h. The reaction mixture
was concentrated in vacuo. The residue was dissolved in MeNO; (1.48
mL, 0.100 M) and the reaction mixture was stirred at 80 °C for 18 h.
The reaction mixture was concentrated in vacuo. The residue was
purified by preparative TLC (thickness: 1 mm) using hexanes:EtOAc
{(1:4 (v/v)) for development (prep TLC was developed twice). The
purification afforded the title compound as an off-white solid (45.9
mg, 0.109 mmol, 74% yield). Ref = 0.59 (EtOAc). NMR Spectroscopy: !H
NMR (700 MHz, CDCls;, 25 °C, &): 9.70 (s, 1lH), 8.66 (d, J = 2.15 Hz,
1H), 8.14 (d, J = 2.15 Hz, 1H), 7.97 (dd, J = 6.24, 3.23 Hz, 1H),
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7.86-7.82 (m, 1H), 7.80 (s, 1H), 7.42-7.36 {(m, 2H), 2.23 (s, 3H). 13C
NMR (175 MHz, CDCls, 25 °C, 8): 168.8, 152.7, 152.1, 151.5, 149.4,
147.3, 147.1, 142.7, 134.6, 125.1, 124.4, 120.8, 120.1, 119.6, 119.5
{(q, J = 265.7 Hz), 112.8, 24.4. °F NMR (376 MHz, CDCl;, 25 °C, 8§): -
57.0 (s). Mass Spectrometry: HRMS (ESI-TOF) (m/z): <calcd for
C17H12F3Ne02S ({M + H1*), 421.0689, found, 421.0693.

N-(2-(5~Chloro-1H-indol~1~yl) -4~ (trifluoromethoxy)pyrimidin-5-
yl)acetamide (11b) : A solution of N-(2-(5-chloro-l1H-indol-1-
yl)pyrimidin-5-yl)-N-hydroxyacetamide (10b) (50.0 mg, 0.165 mmol) and
Togni reagent I (65.4 mg, 0.198 mmol, 1.20 equiv) in CH»Cl, (16.5 mL,
0.010 M) was stirred at 23 °C under N; atmosphere for 24 h. The
reaction mixture was concentrated in vacuo. The residue was purified
by preparative TLC (thickness: 1 mm) using hexanes:EtOAc (3:2 (v/v))
for development (prep TLC was developed twice). The purification
afforded the title compound as an off-white solid (42.8 mg,
0.115 mmol, 70% yield). Rf = 0.61 (EtOAc:hexanes 1:1 (v/v)). NMR
Spectroscopy: 'H NMR (700 MHz, CDCls;, 25 °C, &): 9.55 (s, 1H), 8.54
(d, J = 9.03 Hz, 1H), 8.13 (d, J = 3.44 Hz, 1H), 7.56 (d, J = 2.15
Hz, 1H), 7.28 {(dd, J = 8.60, 2.15 Hz, 1H), 7.18 (s, 1H), 6.62 (d, J
= 3.44 Hz, 1H), 2.29 (s, 3H). 3C NMR (175 MHz, CDCls;, 25 °C, &):
168.5, 152.6, 152.4, 151.1, 133.5, 132.5, 128.2, 127.1, 124.2, 120.6,
120.0 (g, J = 265.0 Hz), 116.8, 1l6.6, 107.0, 24.4. °F NMR (376 MHz,
CDCls, 25 °C, 8): -56.6 (s). Mass Spectrometry: HRMS (ESI-TOF) (m/z):
calcd for CisHuiClF3NsOz ([M + HI*), 371.0517, found, 371.0523.

N-(2-Methoxy-4- (trifluoromethoxy)pyrimidin-5-yl) acetamide (1llc)

A solution of N-hydroxy-N-(2-methoxypyrimidin-5-yl)acetamide (10e)
(45.0 mg, 0.246 mmol) and Togni reagent I (97.4 mg, 0.295 mmol,
1.20 equiv) in CH2Cl: (2.46 mL, 0.100 M) was stirred at 23 °C under
N2 atmosphere for 21 h. The reaction mixture was concentrated in
vacuo. The residue was purified by preparative TLC (thickness: 1 mm)
using hexanes:EtOAc (1:1 (v/v)) for development (prep TLC was
developed twice). The purification afforded the title compound as a

white solid (48.7 mg, 0.194 mmol, 79% yield). Rf = 0.38 (EtOAc:hexanes
1:1 (v/v)). NMR Spectroscopy: 'H NMR (700 MHz, CDCls;, 25 °C, &): 9.22
(s, 1H), 7.46 (br. s, 1H), 3.96 (s, 3H), 2.22 (s, 3H). 13C NMR (175
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MHz, CDCls, 25 °C, 3): 168.8, 160.4, 154.5, 154.3, 119.7 (q, J = 264.3

Hz), 115.3, 55.6, 24.0. F NMR (376 MHz, CDCl;, 25 °C, §): -56.6 (s).
Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CgHoF3N30: ([M +
H]*), 252.0591, found, 252.0593.

N-(2-(4-Chloro-3,5-dimethylphenoxy) -4~ (trifluoromethoxy) pyrimidin-
5-yl)acetamide (11d)

A solution of N-(2-(4-chloro-3,5-dimethylphenoxy)pyrimidin-5-yl)-N-
hydroxyacetamide (10d) (30.5 mg, 0.0991 mmol) and Togni reagent I
(39.3 mg, 0.119 mmol, 1.20 equiv) in CHpCl; (2.97 mL, 0.334 M) was
stirred at 23 °C under N, atmosphere for 24 h. The reaction mixture
was then stirred at 50 °C for 22 h. The reaction mixture was
concentrated in vacuo. The residue was purified by preparative TLC
(thickness: 1 mm) using hexanes:EtOAc (3:2 (v/v)) for development
(prep TLC was developed once). The purification afforded the title
compound as a white solid (26.5 mg, 0.0705 mmol, 71% yield). Rf =
0.40 (EtOAc:hexanes 2:3 (v/v)). NMR Spectroscopy: 'H NMR (400 MHz,
Ccbcls, 25 °C, 8): 9.32 (s, 1H), 7.16 (br. s, 1H), 6.92 (s, 2H), 2.38
(s, 6H), 2.25 (s, 3H). '3C NMR (175 MHz, CDCls;, 25 °C, &): 168.5,
159.3, 154.2, 153.5, 150.2, 137.8, 131.7, 121.3, 119.8 (g, J = 265.1
Hz), 116.7, 24.3, 21.0. F NMR (376 MHz, CDCls;, 25 °C, 8): -56.7 (s).
Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for CisHisClF3N3O: ([M +
H]*), 376.0670, found, 376.0677.

N-(2-(((85,9R,13R,14R) -13~-Methyl-17-o0x0~-7,8,9,11,12,13,14,15,16,17-
decahydro-6H-~cyclopenta[al phenanthren-3-yl) oxy) -4~
(trifluoromethoxy) pyrimidin-5-~yl) acetamide (1le)

A solution of N-hydroxy-N-(2-(((8S,9R,13R,14R)-13~-methyl-17-oxo~
7,8,9,11,12,13,14,15,16,17-decahydro-6H-cyclopenta[a] phenanthren-3-
yl)oxy)pyrimidin-5-yl)acetamide (10e) (25.0 mg, 0.0593 mmol) and
Togni reagent I (23.5 mg, 0.0712 mmol, 1.20 equiv) in CH,Cl, (0.593 mL,
0.100 M) was stirred at 23 °C under N, atmosphere for 16 h. The
reaction mixture was then stirred at 50 °C for 24 h. The reaction
mixture was concentrated in vacuo. The residue was purified by
preparative TLC (thickness: 1 mm) using hexanes:EtOAc (3:2 (v/v)) for
development (prep TLC was developed twice). The purification afforded

the title compound as a white solid (14.9 mg, 0.0304 mmol, 51% yield).
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Rr = 0.47 (EtOAc:hexanes 3:2 (v/v)). NMR Spectroscopy: !H NMR (700
MHz, CDCl;, 25 °C, 6): 9.32 (s, 1H), 7.32 (d, J = 8.60 Hz, 1H), 7.14

(s, 1H), ©6.96 (dd, J = 8.39, 2.37 Hz, 1H), 6.92 (d, J = 2.58 Hz, 1H),
2.95-2.90 (m, 2H), 2.51 (dd, J = 18.93, 8.60 Hz, 1H), 2.45-2.39 (m,
1H), 2.31 (td, J = 11.19, 3.87 Hz, 1H), 2.25 (s, 3H), 2.19-2.11 (m,
1H), 2.09-2.05 (m, 1H), 2.04-2.00 (m, 1H), 1.97 (dt, J = 12.58, 3.17

Hz, 1H), 1.67-1.60 (m, 2H), 1.58 (dd, J = 12.48, 3.87 Hz, 1H), 1.56-
1.43 (m, 3H), 0.92 (s, 3H). '3C NMR (175 MHz, CDCl;, 25 °C, &8): 221.0,
le8.4, 159.6, 154.3, 153.5, 150.5, 138.3, 137.4, 126.7, 121.5, 119.8
(q, J = 265.1 Hz), 118.7, 116.5, 50.6, 48.1, 44.3, 38.1, 36.0, 31.7,
29.6, 26.5, 25.8, 24.3, 21.7, 14.0. %F NMR (376 MHz, CDCls;, 25 °cC,
8): -56.6 (s). Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for
CosHz7F3N3Os ([M + HI*), 490.1948, found, 490.1957.

Example 9. Gram Scale Reaction of Pyridine Substrates and Further

Functionalization

To ensure that the products disclosed herein can serve as useful
building blocks for molecular screening, the protocol must be scalable
and further functionalization of the trifluoromethoxylated products
must be possible. To evaluate the reaction efficacy on preparative
scale, a gram-scale reaction of 8a (1.39 g, 5.00 mmol) was performed
(Scheme 9a) and the efficiency of the small-scale reaction was
retained upon scale-up. The trifluoromethoxylated products also
proved to be versatile (Scheme 9). For examples, 9a could be further
elaborated through palladium-catalyzed Suzuki and Sonogashira
couplings to afford the desired products (13a, 15a) in good yields.
In addition, deprotected amino-pyridine (9a’) could be efficiently
incorporated into other molecules through amidation and palladium-

catalyzed Buchwald-Hartwig coupling (12a, 14a).
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Scheme 9.

a. Gram-scale synthesis of 9a
OYOMB OYOMS

FiC——0O (04

Br ~-Mon Me CH,Cl, (0.1 M) Bra -~ NH

< | Me RT <
MeO” °N 7% MeO™ "N "OCF3

8a Togrni reagent | 9a
500 mmal, 1.385 g (1.2 equiv) 3.839 mmol, 1.325 g
b. Post-functionalization of 2a and 2a' Me O

MeslL L
— Me” ~07 TN
S 2 N _.0O
0

Amndation

Brm iz‘:ﬂmﬁmm&m/ ‘ ST = | NHR
MeO” N , R =H(2a) IIR CO,Me (23) Me0” SN GCE
12a, 96% 133, 79%

R .
OMe. MeQ". CF3,

H 0 R= H(2a) ||R COgMa (2a) e NHR
MeO " Sonogashira

ocF; B MeO™ N~ “OCF,
14a,8% 15a, 78%

Methyl (5-bromo-6-methoxy-2-(trifluoromethoxy)pyridin-3-yl)carbamate
(9a) : A solution of methyl (5-bromo~6-methoxypyridin-3-
yl) (hydroxy)carbamate (8a) (1.39 g, 5.00 mmol) and Togni reagent I
(1.98 g, 6.00 mmol, 1.20 equiv) in CH,Cl: (50.0 mL, 0.100 M) was
stirred at 23 °C under N; atmosphere for 18 h. The reaction mixture
was concentrated in vacuo. The residue was purified by flash
chromatography eluting with hexanes and then with EtOAc:hexanes (3:17
(v/v)).The purification afforded the title compound (2.51 g, 9.05
mmol, 95% vyield), which was spectroscopically identical to the

compound prepared according to the standard procedure (vide supra).

N- (5-Bromo-6-methoxy-2- (trifluoromethoxy)pyridin-3-yl) -2~ (thiophen-
2-yl)acetamide (l2a): To a solution of 2-(thiophen-~2-vyl)acetic acid
(49.5 mg, 0.348 mmol, 2.0 equiv), DMF (1 drop) and DCM (3.50 mL,
0.100 M) at 0 °C under N: atmosphere was added dropwise oxalyl chloride
(44.2 mg, 0.348 mmol, 2.0 equiv) via a syringe. The resulting mixture
was stirred at 23 °C for 2 h, concentrated to afford crude acide
chloride, which was used in the subsequent step without further
purification. The above crude acid chloride was dissolved in CH;CN

(1.5 mL, 0.0232 M) and added to a solution of 5-bromo-6-methoxy-2-
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(trifluoromethoxy)pyridin-3-amine (9a') (50 mg, 0.174 mmol, 1.0
equiv) in CH3CN (3.5 mL, 0.0497 M) at 23 °C under N atmosphere. The
reaction mixture was stirred at 23 °C for another 2 h, concentrated
in vacuo and purified by chromatography on silica gel, eluting with
hexanes:EtOAc (5:1 (v/v)), to afford the title compound as a yvellow
solid (69.0 mg, 0.167 mmol, 96% yield). Rf = 0.20 (EtOAc:hexanes 1:4
(v/v)). NMR Spectroscopy: 'H NMR (500 MHz, CDCls;, 25 °C, §): 8.87 (s,
1H), 7.40 (br. s., 1H), 7.34 (dd, J = 5.04, 1.07 Hz, 1H), 7.09-7.03
(m, 2H), 3.97 (s, 2H), 3.92 (s, 3H). 13C NMR (125 MHz, CDCl;, 25 °C,
8): 168.1, 154.2, 142.2, 136.5, 134.8, 128.3, 127.9, 126.6, 119.9 (q,
J = 261.8 Hz), 116.8, 102.6, 55.2, 38.4. °F NMR (376 MHz, CDCls;, 25
°C, 8): =-57.1(s). Mass Spectrometry: HRMS (ESI-TOF) (m/z): calcd for
Ci3HuBrF3N0sS ([M + H]*), 412.9600, found, 412.9605.

tert-Butyl 4~ (3~ (2~methoxy~-5-( (methoxycarbonyl) amino) -6~
(trifluoromethoxy)pyridin—3-yl)benzoyl)piperazine—l-carboxylate

(13a): Methyl (5—bromo-6—methoxy—2-(trifluoromethoxy)pyridin—3~
yl)carbamate (9a) (0.0600 g, 0.170 mmol, 1.00 equiv), methyl tert-
butyl 4-(3-(4,4,5,5-tetramethyl~1, 3, 2-dioxaborolan-2-yl)benzoyl)
piperazine-l-carboxylate (0.103 g, 0.240 mmol, 1.40 equiv), NaiCOs
(0.287 g, 0.430 mmol, 2.5 equiv), THF:H,0 4:3 (1.01 mL, 0.200 M), and
palladium-tetrakis(triphenylphosphine) (0.002 g, 0.020 mmol, 0.0500
equiv) were degassed via three freeze-pump-thaw cycles. The resulting
mixture was heated at 60 °C for 72 hours and then allowed to cool to
room temperature after which water was added (twice the volume of
THF:H20 4:3 used). The mixture was then extracted with ethyl acetate
(twice the volume of THF:H»0 4:3 used) and the organic extracts was
dried with MgSOs, filtered purified by preparative TLC (thickness: 1
mm) using EtOAc:hexanes (2:3 (v/v)) for development (prep TLC was
developed three times) to afford the pure cross—-coupled product as a
white solid (0.077 g, 0.14 mmol, 79% yield). Rr = 0.20 (EtOAc:hexanes
2:3 (v/v)). NMR Spectroscopy: !H NMR (700 MHz, CDCli, 25 °C, &): 8.47
(br. s, 1H), 7.64-7.59 (m, 2H), 7.47 (t, J = 8.17 Hz, 1H), 7.40 (d,
J = 17.31 Hz, 1H), 6.68 (br. s, 1H), 3.90 (s, 3H), 3.80 (s, 3H), 3.76
(br. s., 2H), 3.60-3.34 (m, 6H), 1.47 (s, 9H). 13C NMR (175 MHz, CDCl;,
25 °C, &8): 170.4, 154.7, 154.1, 142.5, 135.7, 135.5, 133.4, 130.7,
128.9, 127.9, 126.7, 121.0, 120.2 (gq, J = 261.2 Hz), 116.7, 80.5,
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54.4, 52.9, 47.7, 43.8, 42.2, 28.5. 1%F NMR (376 MHz, CDCl;, 25 °C,
d): -56.4 (s).

Methyl 2-((5-bromo-6-methoxy-2- (trifluoromethoxy)pyridin-3-
yl)amino)benzoate (14a) : A mixture of 5-bromo-6-methoxy-2-
(trifluoromethoxy)pyridin-3-amine (%a’') (50.0 mg, 0.200 mmol, 1.20
equiv), methyl 2-iodobenzoate (44.5 mg, 0.170 mmol, 1.00 equiv),
xantphos (10.0 mg, 0.0170 mmol, 0.100 equiv), NaO'Bu (2.30 mg, 0.238
mmol, 1.40 equiv), and Pdz(dba)s (7.80 mg, 0.00850 mmol, 0.05 equiv)
in toluene (0.850 mL, 0.200 M) was stirred at 100 °C under N: for 40
hours and then allowed to cool to room temperature. The reaction was
purified by preparative TLC (thickness: 1 mm) using EtOAc:hexanes
(1:10 (v/v)) for development {(prep TLC was developed two times) to
afford title compound as a colorless liquid (61.0 mg, 0.145 mmol,
85% yield). Rf = 0.71 (EtOAc:hexanes 1:10 (v/v)). NMR Spectroscopy:
'H NMR (700 MHz, CDCls;, 25 °C, &): 9.23 (s, 1H), 8.01-7.97 (m, 1H),
7.95 (s, 1H), 7.36 (t, J= 7.74 Hz, 1H), 6.87 (d, J = 8.60 Hz, 1H),
6.82- 6.79 {m, 1H), 3.99 (s, 3H), 3.92 (s, 3 H). !3C NMR (125 MHz,
CDCls, 25 °Cc, d): 168.9, 154.5, 147.2, 146.8, 139.7, 134.5, 131.9,
120.2 (g, J = 260.9 Hz), 119.7, 118.3, 113.4, 112.8, 102.1, 52.3,
52.1. 1%F NMR (376 MHz, CDCl;, 25 °C, &): -56.5 (s). Mass Spectrometry:
HRMS (ESI-TOF) (m/z): calcd for CisHisBrFi;N,O, ([M + H]*), 421.0005,
found, 421.0010.

Methyl (6~methoxy-5-((4-methoxyphenyl)ethynyl)-2-(trifluoromethoxy)
pyridin-3-yl)carbamate (15a): Under N:; atmosphere methyl (5-bromo-6-
methoxy-2- (trifluoromethoxy)pyridin~3~yl)carbamate (15a) (0.0500 g,
0.140 mmol, 1.00 equiv), l-ethynyl-4-methoxybenzene (0.0270 g, 0.200
mmol, 1.40 equiv), copper(I) iodide (0.550 mg, 2.90 pmol, 0.0200
equiv), and [1,1'-bis(diphenylphosphino) ferrocene]
dichloropalladium(II), complex with dichloromethane (1.20 mg, 1.40
pmol, 0.0200 equiv in THF (0.72 mL, 0.200 M), was heated at 60 °C
overnight and then allowed to cool to room temperature after which
water was added (twice the wvolume of THF). The mixture was then
extracted with ethyl acetate (twice the volume of THF:H.O 4:3 used)
and the organic extracts was dried with MgSO,s, filtered purified by

preparative TLC (thickness: 1 mm) using EtOAc:hexanes (1:9 (v/v)) for
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development (prep TLC was developed three times) to afford the pure
cross-coupled product as a white solid (0.045 g, 0.11 mmol, 78%
yield). Rs = 0.38 (EtOAc:hexanes 3:16 (v/v)). NMR Spectroscopy: 'H NMR
(700 MHz, CDCls, 25 °C, 3): 8.54 (br. s, 1H), 7.50-7.46 (m, 2H), 6.90-
6.85 (m, 2H), 6.60 (br. s, 1H), 3.96 (s, 3H), 3.83 (s, 3H), 3.81 (s,
3H). 13C NMR (175 MHz, CDCls, 25 °C, 8): 160.0, 157.3, 153.9, 142.1,
135.4, 133.4, 120.3 (g, J = 261.6 Hz), 1l16.1, 115.0, 114.1, 105.3,
95.0, 81.7, 55.5, 54.8, 52.9. 19F NMR (376 MHz, CDCls;, 25 °C, &): -
56.4 (s).

Example 10. Mechanistic studies and proposed reaction mechanism

To gain some insight into the reaction mechanism, reactions in the
presence of radical trap butylated hydroxytoluene (BHT) (Scheme 10a)
were performed. We chose to use substrate 8d because we could isolate
the O-trifluoromethylated intermediate 8d’ and study each step (i.e.
O-trifluoromethylation and OCFs-migration) separately. Addition of
BHT (1 equiv) to a reaction mixture of 8d and Togni reagent I had
detrimental effect to the formation of O-trifluoromethylated N-
hydroxylamine intermediate 8d’. This result suggests the involvement
of radical species in the reaction pathway, which is in agreement
with literature precedent.?® 17 On the other hand, BHT did not affect
the reaction yield for the OCFs-migration process (step 2, Schem 10a).
These experiments argue against the presence of long-lived radical
species in the OCFs;-migration process and are consistent with our
previous finding.2?® Moreover, introduction of electron rich
substituent para to the N-OCF; group facilitates the OCF:-migration
process. These observations support the formation of nitrenium ion
and trifluoromethoxide.?%?® On the basis of these results, a plausible
mechanism for the trifluoromethoxylation reaction is illustrated in
Scheme 10b. Deprotonation of 8d forms N-hydroxyl an ion I, which
undergoes single-electron transfer (SET) with Togni reagent I to
generate N-hydroxyl radical II, trifluoromethyl radical, and alkoxide
III. Recombination of N-hydroxyl radical and trifluoromethyl radical
affords the O-trifluoromethylated hydroxylamine 1d’, which could be
isolated and characterized. This intermediate will then undergo
thermally induced heterolytic c¢leavage of the N-O bond to form a

tight ion pair of nitrenium ion IV and trifluoromethoxide.
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Recombination of this ion pair gives V, which upon tautomerization
yields the desired product 9d.
Scheme 10.

a. Mechanistic studies using radical inhibitor

Oy OMe O OMe
Y FiC——0
Nogy Me  CH,ClL, (0.1 M) N‘ocs=3
Br™ °N Br” °N
8d 8d'
Togni reagent | wio BHT: 83% yield
(1.2 equiv) w/  BHT: 26% yield?
0, _OMe O OMe
ANoce, _MeNO, 0.1M) N wio BHT: 94% yield (2.4:1)
\I 120°C | w  BHT: 90% yield (2.5:1)
Br N Br N Fs
8d' 9d
b. Proposed reaction mechanism
F3C—-1—0
@* 5
OH Nog — o) Me
H® Me
+
Br Br C|:3 "
R= COOMe
R R R R
» N‘OCF3 Y é\l ) ~N A~ NH
>~ I ~ : OCF3 S H > l
Br” °N Br™ "N” "H Br” °N F Br™ °N F3
8d" (Isolated) v Al 9d

Methyl—(G-brcmopyridin—B—yl)(trifluoromethoxy)carbamate (8d’)

0Os_0OMe Os_OMe
I —
= ' "OH + > = l "OCF,
~ 23°C,19h S
Br N 64% Br N
8d 1.2 equiv 8d’

A solution of methyl (6-bromopyridin-3-yl) (hydroxy)carbamate (8d)
(120.0 mg, 0.486 mmol) and Togni reagent I (192.4 mg, 0.583 mmol,
1.20 equiv) in CH2Cl; (4.86 mL, 0.100 M) was stirred at 23 °C under
N; atmosphere for 19 h. The reaction mixture was concentrated in
vacuo. The residue was purified by preparative TLC (thickness: 1 mm)
using hexanes:EtOAc (97:3 (v/v)) for development (prep TLC was
developed four times) . The band corresponding to 2- (2~
iodophenyl)propan-2-0l was on the bottom of the band corresponding
to the product, so only top of the band corresponding to the product
was scraped of the PLC plate. The purification afforded the title
compound as a white solid (97.4 mg, 0.309 mmol, 64% yield). Rf = 0.49
(EtOAc:hexanes 1:9 (v/v)). NMR Spectroscopy: 'H NMR (700 MHz, CDCls,
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25 °C, 8): 8.45 (br. s, 1H), 7.60 (m, 1H), 7.56 (d, J = 8.60 Hz, 1H),
3.90 (s, 3H). 13C NMR (175 MHz, CDCl;, 60 °C, &): 155.2, 145.9, 141.2,
137.3, 133.9, 128.5, 122.7 (q, J = 263.7 Hz), 55.3. 19F NMR (376 MHz,
CDCls, 25 °C, 9§): -66.2(s). Mass Spectrometry: HRMS (ESI-TOF) (m/z):
calcd for CgHsBrFsN:0; ([M + H]*), 314.9587, found, 314.9592.

5~Bromo-6-methoxy-2~ (trifluoromethoxy)pyridin-3-amine (9a’)

MeO.__0O
Br ~-NH NaOH (6.0 equiv) X BfﬁNHg
‘ — EtOH:H20 4:3 (0.2 M) P
%
MeO”™ "N” "OCF, 70°C,12h MeQ”™ "N” "OCF;
86%
9a 9a’
To a stirred suspension of (5~bromo-6-methoxypyridin-3-

y1l) (hydroxy)carbamate (0.370 g, 1.07 mmol, 1.00 equiv) and sodium
hydroxide (0.257 g, 6.43 mmol, 6.00 equiv) in EtOH:H:0 4:3 (6.32 mlL,
0.200 M) was heated at 70 °C overnight, cool to -20 °C, diluted with
water and the crystals formed were filtered off to afford the
deprotection of methyl carbamates as pure slightly light yellow solid
(0.263 g, 0.92 mmol, 86% yield). Rrf = 0.69 (EtOAc:hexanes 3:7 (v/v)).
NMR Spectroscopy: 'H NMR (500 MHz, (CDs):S0, 25 °C, &): 7.55 (s, 1H),
5.17 (s, 2H), 3.77 (s, 3H). '3C NMR {175 MHz, (CD3)280, 25 °C, §&):
147.73, 137.95, 131.06, 129.42, 120.01 (q, J = 257.3 Hz), 102.74,
54.17. F NMR (376 MHz, CDCls, 25 °C, 8§): -56.9 {(s). Mass Spectrometry:
HRMS (ESI-TCF) (m/z): calcd for C;H;BrFsN:0; ([M + H]*), 288.9618,
found, 288.9629.

O-Trifluoromethylation in the presence of a radical trap

Oy OMe Oy, -OMe
Y FaC—1—0 BHT (1.0 equiv) Y
N - N
" “OH (o] Xy “OCF
| CHzCl2 (0.1 M), 1t, 21 h U ®
Br” 'N 26% Br~ N
8d 1.2 equiv 8d’

A solution of methyl (6-bromopyridin-3-yl) (hydroxy)carbamate (8d)
(12.4 mg, 0.0502 mmol, 1.00 equiv), BHT (11.0 mg, 0.0500 mmol, 1.00
equiv) and Togni reagent I (19.8 mg, 0.0600 mmol, 1.2 equiv) in CH.Cl,
(0.500 mL) was stirred at 23 °C under N; atmosphere for 21 h.
Trifluorotoluene (6.14 uL) and CDCl; (0.250 mL) were added and the

reaction mixture was analyzed by '°F NMR. The !°F NMR analysis indicated
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that the yield of O-trifluoromethylation of 8d in the presence of BHT

(26%) was much lower than in the absence of the radical trap (83%).

O-CF; Migration in the presence of a radical trap

w/o BHT:
0 0._OM O.__OM
YOM‘* € CF0 ©
. A N
ﬁN ocr, _ MeNOz(01M) ﬁ H . fﬁ/r\m
2 120 °C, 21 h P P
Br” "N 94% (2.4:1) Br™ "N "OCFs Br™ N
8d' 9d, 66% 9d-1l, 28%
with BHT:
OYOMG BHT (1.0 equiv) OYOMG CFs0 OYOMS

MeNO; (0.1 M)

N. N
[ N OCFs : - | x NH . | N H
P 120°C,21h _ _
Br N

90% (2.5:1) Br N™ "OCF, Br N

8d' 9d, 65% 9d-ll, 25%
Reaction without BHT: Under N, atmosphere, a solution of methyl (6-
bromopyridin-3-yl) (trifluoromethoxy)carbamate (9.45 mg, 30.0 umol)
(8d’) in MeNO; (0.300 mL, 0.100 M) was heated at 120 °C for 21 h.
Trifluorotoluene (3.68 uL) and CDCls (0.400 mL) were added and the
reaction mixture was analyzed by !°F NMR. The !°F NMR analysis indicated

that the yield of OCFi;-migration reaction was 94% (2.4:1).

Reaction with BHT: Under N; atmosphere, a solution of methyl (6-
bromopyridin-3-yl) (trifluoromethoxy)carbamate (8d’) (9.45 mg, 30.0
pumol, 1.00 equiv) and BHT (11.0 mg, 50.0 umol, 1.00 equiv) in MeNO;
(0.300 mL, 0.100 M) was heated at 120 °C for 21 h. Trifluorotoluene
(3.68 uL) and CDCl; (0.400 mL) were added and the reaction mixture
was analyzed by '°F NMR. The !°F NMR analysis indicated that the yield

of OCFs;-migration reaction was 90% (2.5:1).

Example 11. Additional Substrates

An additional aspect of the invention provides substituted or
unsubstituted aryl and heteroaryl analogs of the compounds of Scheme
2 and Schemes 7-8 that readily undergo the two-step
trifluoromethylation-migration sequence or the one-pot

trifluoromethylation-migration reaction.
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Discussion

Clearly, direct trifluoromethoxylation reactions that avoid use of
highly toxic and thermally labile reagents are greatly desired.
Therefore, we initiated a program to develop easily-handled and bench
stable trifluoromethoxylation reagents for direct introduction of the
OCF3 group into various organic molecules to facilitate studies of
this functional group in the context of material, agricultural, and
pharmaceutical regimes. In the course of the trifluoromethoxylation
reagent development, we observed a thermally induced OCFi;-migration
to generate synthetically useful ortho-trifluoromethoxylated aniline
derivatives (Scheme 1).['3 Herein, we report the Ffirst synthesis,
isolation, and characterization of protected N-aryl-N- (trifluoro-
methoxy)amines!! and their application in the synthesis of ortho-OCFs

aniline derivatives.

A proposed mechanistic pathway for OCFs;-migration is depicted in
Scheme 6A. The thermally induced heterolytic cleavage of the N-O bond
of 2 liberates an ion pair of a nitrenium ion and trifluoromethoxide
(I). Recombination of this ion pair affords intermediate II, which
then tautomerizes to restore the aromaticity and generate the desired
product 3. The proposed mechanism is supported by the following
observations. First of all, comparable vyields were obtained
regardless of the presence or absence of the radical trap (BHT) in
the reaction mixture (Scheme 11B). This indicates that formation of
long-lived radical species under the reaction conditions is unlikely.
Secondly, we isolated benzoxazole 4r from the rearrangement reaction
of 2r (Scheme 11C). Presumably, this side product can result from the
competing reaction pathway a once the nitrenium ion III is generated.
Finally, Kikugawa and coworkers reported an AlCls;-mediated
regioselective OCHj3-migration of N-methoxy-N-phenylamides to produce
ortho-OCH; aniline derivatives.!!3 A reaction mechanism involving a
heterolytic cleavage of the N-O bond to furnish an ion pair was

proposed (Scheme 11D).
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Scheme 11. Evidences for the proposed reaction mechanism.

A: Proposed Reaction Mechanism: OCF;-Migration via an lon Pair Formation

~ RJ-\ RS <4
_ R T Y T T

H OCF, H @ocr-';, FaC H
2 |

B: OCF;Migration in the Presence of Radical Trap

0 0
©\N,lk MeNO, (1.0 M) @\NJ\ wi BHT: 84% (0:p = 6:1)"
H

R

OMe
80°C,19h 9 b
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C: Benzoxazole Formation via Trapping of Carbocation Intermediate

b
R R R o [ ~
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NJ\ NJ\Ph N @; \‘N/U\Ph

) h'120°c

H '
OCF;  20h CF, : Ha~ ocF,
2 3r ar i
R =COMe 79% yield 4% yield

D: Kikugawa's Report: Al-Mediated OCH;-Migration via an lon Pair Mechanlsm

RIS RO _L
AR SR

H OCH; Hg OCH; HaCO OCH;,
ClaAl ChAI

[a] 1 equiv of BHT was used.

The first O-trifluoromethylation of a wide range of protected N-aryl-
N-hydroxylamines and the first OCF;-migration reaction to afford
various ortho-OCF; aniline derivatives, which can be useful synthons
for agrochemical and pharmaceutical development, as been developed.!
2a,b,59.221 The OCF3;-migration reaction proceeds through the heterolytic
cleavage of the N-O bond followed by recombination of the resulting
ion pair. The arene trifluoromethoxylation protocol utilizes bench
stable reagents, is amenable to gram-scale and one-pot synthesis, and
displays high levels of ortho-selectivity as well as functional group

tolerance.

Also, the first mild, general, and scalable protocol for the
regioselective synthesis of trifluoromethoxylated pyridines and
pyrimidines was been establihsed. Several unique features distinguish
our strategy from the existing approaches: (i) many substrates with
complex skeleton could be trifluoromethoxylated at or below room
temperature; (ii) a wide range of functional groups and substitution

patterns are tolerated; (iii) this transformation could be amenable
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to gram-scale synthesis; (iv) the halogen or amino group could be
used as synthetic handles for further elaborations, and (v) the
operational simplicity of our protocol would render
trifluoromethoxylation available to broader synthetic community.
Since heteroarenes are ubiquitous in biologically active natural
products, pharmaceuticals, and agrochemicals, OCFi;-containing
heteroarenes will be invaluable for the discovery and development of
new drugs, agrochemicals, and functional materials. Our current
efforts are directed toward development of intermolecular

trifluoromethoxylation of hydrocarbons.
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What is claimed is:

1. A process of producing a compound having the structure:

L

T N Ry
H OCF;
wherein

A is an aryl or heteroaryl, each with or without subsutitution; and
Ri is -H, -(alkyl), -(alkenyl), -(alkynyl), -(aryl), - (heteroaryl),
-({alkylaryl), - (alkylheteroaryl), ~NH- (alkyl), -N(alkyl)., ~NH~
(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH-(heteroaryl), -0~ (alkyl), -
O~ (alkenyl), -O-(alkynyl), -O-{aryl), -O-(hetercaryl), -S-(alkyl),
-5-(alkenyl), -S-(alkynyl), -S-(aryl), or -S-(heteroaryl),

comprising:

(a) reacting a compound having the structure:

with a trifluoromethylating agent in the presence of a base in a
first suitable solvent under conditions sufficient to produce the

compound having the structure:

0
OWS
c
¢ R
I

2. The process of claim 1, wherein the first suitable solvent is
chloroform, dichloromethane, nitromethane, dimethylforamide, diethyl

ether, tetrahydrofuran, dioxane, dichloroethane, or hexane.

3. The process of claim 1, wherein the trifluormethylating agent is

Togni reagent I or Togni reagent II.
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4. The process of any one of claims 1-3, wherein the base is cesium

carbonate or sodium hydride.

5. The process of any one of claims 1-4, wherein A is a phenyl or

pyridine.

6. The process of any one of claims 1-4, wherein A is a furan,

thiophene, pyrrole, thiazole, imidazole, pyrazole, isooxazole,

isothiazole, naphthalene, anthracene, pyrimidine, pyrazine,
pyridazine, indole, indoline, benzofuran, benzothiophene, or
quinolone.

7. The process of claim 1, wherein the compound produced has the

structure:

Ry

OCF

wherein

Ri is -H, -(alkyl), -(alkenyl), -(alkynyl), -(aryl), -(heteroaryl),
-(alkylaryl), -(alkylheteroaryl), =-NH-(alkyl), =N(alkyl),, -NH-
(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH-(heteroaryl), -0O-(alkyl), -
O-(alkenyl), -0-(alkynyl), -0O-(aryl), -0~ (hetercaryl),-S-(alkyl), -
S-{alkenyl), -S-(alkynyl), -S-{(aryl), or -S-(heteroaryl); and

Rz, R3, Ry and Rs is each independently -H, halogen, -CN, -CF3;, ~OCF;, -
(alkyl), -(alkenyl), -(alkynyl), -(aryl), - {(heteroaryl), -NH;, -NH-
(alkyl), -NH-(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH-(heteroaryl),
-COz~(alkyl), -CO:-(alkenyl), ~-CO:-(alkynyl) -COz-(aryl), -C(-COz-
(hetercaryl), -C(O)NH-(alkyl), -C(O)NH-(alkenyl), -C(O)NH- (alkynyl)
-C(O)NH-(aryl), -C(O)NH-(heterocaryl), -C(0O)N(alkyl)., -OH, -OAc, =-O-
(alkyl), -O-(alkenyl), -O-(alkynyl), -O-(aryl), =-O-(heteroaryl),-S-
(alkyl), -S-(alkenyl), =-S-(alkynyl), -S-(aryl), =S-(heterocaryl),
pyridine, furan, thiophene, pyrrole, thiazole, imidazole, pyrazole,
isooxazole, isothiazole, naphthalene, anthracene, pyrimidine,
pyrazine, pyridazine, indole, indoline, benzofuran, benzothiophene,

or quinolone.
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8. The process of claim 1, wherein the compound produced has the

structure:

Ry
Ry Rg

(o}

. A

H OCF,4
wherein
Ry is -H, -(alkyl), -(alkenyl), -(alkynyl), -(aryl), - (heteroaryl),
-(alkylaryl), -(alkylheteroaryl), -NH- (alkyl), -N(alkyl)a, ~NH~
(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH-(heteroaryl), -0-(alkyl), -
O-(alkenyl), -O-{alkynyl), -0-{(aryl), -0~ (heteroaryl),~S-(alkyl), -
S-(alkenyl), -s-(alkynyl), -S-(aryl), or -S-(heteroaryl); and

Rz, R3, Ry and Rs is each independently -H, halogen, -CN, -CFs;, -OCFi, -
(alkyl), -(alkenyl), -(alkynyl), -(aryl), - (heteroaryl), -NH;, -NH-
(alkyl), -NH-(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH-(heterocaryl),
-CO2-(alkyl), -COz-(alkenyl), =-CO:-(alkynyl) -COz-(aryl), =-C(-CO,-

(heterocaryl), -C(O)NH-(alkyl), -C(O)NH-(alkenyl), -C(O)NH~- (alkynyl)
-C(O)NH-(aryl), -C(O)NH-(heteroaryl), -C(O)N(alkyl):, -OH, -OAc, -O-
(alkyl), -O-{alkenyl), -0O-{alkynyl), -0-(aryl), -O-{heteroaryl),-S-
(alkyl), =-S-(alkenyl), -S-(alkynyl), -S-(aryl), -S-(heterocaryl),

pyridine, furan, thiophene, pyrrole, thiazole, imidazole, pyrazole,
isooxazole, isothiazole, naphthalene, anthracene, pyrimidine,
pyrazine, pyridazine, indole, indoline, benzofuran, benzothiophene,

or gquinolone.

9. The process of claim 1, wherein the compound produced has the

structure:
Ry N Rs
l AN 0
R; F N//ﬂ\\m
H lCFa
’
wherein
Ri is -H, -(alkyl), -(alkenyl), -(alkynyl), -(aryl), - (heteroaryl),
-(alkylaryl), -(alkylheteroaryl), -NH-(alkyl), -N(alkyl)g, -NH-

(alkenyl), -NH-(alkynyl) =-NH-(aryl), -NH-(heteroaryl), -0-(alkyl), -
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O-(alkenyl), -O-{alkynyl), -0O-(aryl), -0- (heteroaryl), -S-(alkyl), -
S-(alkenyl), -S-(alkynyl), =-S-(aryl), or -S-(heterocaryl); and

Rz, Ry and Rs is each independently -H, halogen, -CN, -CF3;, -OCF;, -
(alkyl), -(alkenyl), -(alkynyl), -(aryl), -(heteroaryl), -NH;, -NH-
(alkyl), -NH-(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH-(heteroaryl),
-CO;-(alkyl), -CO-(alkenyl), =CO:-(alkynyl) =-COz-(aryl), =-C(-CO;-
(heterocaryl), -C(O)NH-(alkyl), -C(O)NH- (alkenyl), ~C(O)NH-(alkynyl)
-C(O)NH-(aryl), -C(O)NH-(heteroaryl), -C(O)N(alkyl):, -OH, -OAc, -O-
(alkyl), -O-(alkenyl), =-0-(alkynyl), -0-(aryl), =O-(heteroaryl),-S-
(alkyl), -S-{alkenyl), -S-(alkynyl), -8-(aryl), =-S-(heteroaryl),
pyridine, furan, thiophene, pyrrole, thiazole, imidazole, pyrazole,
isooxazole, isothiazole, naphthalene, anthracene, pyrimidine,
pyrazine, pyridazine, indole, indoline, benzofuran, benzothiophene,

or quinolone; or the structure:

Ry
R3 Rg
e
! P
= N R
H OCF3
wherein

Ri1 is -H, =-(alkyl), -(alkenyl), -(alkynyl), =-(aryl), - (heteroaryl),
-(alkylaryl), -(alkylheterocaryl), -NH-(alkyl), -N(alkyl):, -NH-
{alkenyl), -NH-(alkynyl) -NH-(aryl), -NH- (heteroaryl), -O-(alkyl), -
O-(alkenyl), -O-(alkynyl), =-O-(aryl), -O-(heteroaryl),-S-(alkyl), -
S-(alkenyl), -S-(alkynyl), -S-(aryl), or -S-(heteroaryl); and

Rs, Ry and Rs is each independently -H, halogen, -CN, -CF3;, -OCF3;, -
(alkyl), =-(alkenyl), =-(alkynyl), -(aryl), - (heteroaryl), -NH;, -NH-
(alkyl), -NH-(alkenyl), =-NH-(alkynyl) -NH-(aryl), ~NH- (heteroaryl),
-COz-(alkyl), -CO;-(alkenyl), =-COz-(alkynyl) -CO,-(aryl), =C(-CO,-
(heteroaryl), -C{(O)NH-(alkyl), -C(O)NH-(alkenyl), =-C{O)NH-{(alkynyl)
-C(0)NH~(aryl), -C(O)NH-(heteroaryl), -C(O)N{alkyl),, -OH, -OAc, -0O-
(alkyl), -O-(alkenyl), -O-(alkynyl), -O-(aryl), -O-(heteroaryl),-S-
(alkyl), -S-(alkenyl), =-S-{(alkynyl), -8-(aryl), -S-(heterocaryl),
pyridine, furan, thiophene, pyrrole, thiazole, imidazole, pyrazole,
isooxazole, isothiazole, naphthalene, anthracene, pyrimidine,

pyrazine, pyridazine, indole, indoline, benzofuran, benzothiophene,
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gquinolone, pyrazoline, triazole, benzimidazole, benzotriazole,

azaindole, or purine..

10. A process of producing a trifluoromethoxylated aryl or

trifluoromethoxylated hetercaryl having the structure:

L

c N Ry
OCF, H ,
wherein

A is an aryl or heteroaryl, each with or without subsutitution; and
Ri is -H, -(alkyl), -(alkenyl), =-(alkynyl), -(aryl), -(heteroaryl),
-(alkylaryl), =-(alkylheteroaryl), -NH-(alkyl), -N(alkyl)., ~NH-
(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH~ (heteroaryl), -O-(alkyl), -
O-(alkenyl), -O-(alkynyl), -O-(aryl), -0- (heteroaryl),-S-(alkyl), -
S~ (alkenyl), -S-{(alkynyl), =-S-(aryl), or -S-(heterocaryl),

comprising:

(b) maintaining the compound having the structure:

H OCF,
in a second suitable solvent under conditions sufficient to produce
the trifluoromethoxylated aryl or
trifluormethoxylatedtrifluormethoxylated heteroaryl having the

structure:

11. The process of claim 10, wherein the second suitable solvent is
chloroform, dichloromethane, nitromethane, dimethylforamide, diethyl

ether, tetrahydrofuran, dioxane, dichloroethane, or hexane.
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12. The process of claim 10 or 11, wherein step (b) is carried out

at room temperature.

13. The process of any one of claims 10-12, wherein step (b) is

carried out at a temperature of 50-140 °C.

14. The process of any one of claims 10-13, wherein the compound is

maintained in the second suitable solvent for 10-50 hours.

15. The process of any one of claims 10-14, wherein A is a phenyl or

pyridine.

16. The process of any one of claims 10-14, wherein A is a furan,

thiophene, pyrrole, thiazole, imidazole, pyrazole, isooxazole,

isothiazole, naphthalene, anthracene, pyrimidine, pyrazine,
pyridazine, indole, indoline, benzofuran, benzothiophene, or
guinolone.

17. The process of claim 10, wherein the compound produced has the

structure:

Ry

Rs
’ )]\
C

Ry ¢ \T R,

OCF, H

r

wherein

Ry is -H, -(alkyl), -(alkenyl), -(alkynyl), -(aryl), - (heteroaryl),
-{alkylaryl), - {alkylhetercaryl), -NH-(alkyl), -N(alkyl)., ~NH-
(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH-(heteroaryl), -0-(alkyl), -
O-(alkenyl), -O-(alkynyl), -O-(aryl), -O-(heterocaryl),-S-(alkyl), -
S-(alkenyl), -S-(alkynyl), -S-(aryl), or -S-(heterocaryl); and

Rz, R3, Ry and Rs is each independently -H, halogen, -CN, -CF;, -OCFi;, -
(alkyl), -(alkenyl), =-(alkynyl), -(aryl), - (heteroaryl), =NH;, =NH-
(alkyl), -NH-(alkenyl), ~-NH-(alkynyl) -NH-(aryl), ~NH- (heteroaryl),
-CO;-(alkyl), -CO:-(alkenyl), =-CO:-(alkynyl) =-CO,-(aryl), ~-C(-COs-
(heteroaryl), -C(O)NH-(alkyl), ~C(O)NH- (alkenyl), -C(O)NH-(alkynyl)
-C(O)NH-(aryl), -C(O)NH-(heteroaryl), -C(O)N(alkyl),, -OH, -OAc, -O-
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(alkyl), -0O-(alkenyl), -O-(alkynyl), -O-(aryl), =-O-(heteroaryl),-S-
(alkyl), -S-(alkenyl), -S-(alkynyl), -S-(aryl), =-S-(heterocaryl),
pyridine, furan, thiophene, pyrrole, thiazole, imidazole, pyrazole,
isooxazole, isothiazole, naphthalene, anthracene, pyrimidine,
pyrazine, pyridazine, indole, indoline, benzofuran, benzothiophene,

or quinolone.

18. The process of claim 10, wherein the compound produced has the

structure:
Rg
Rj Rs
[o]
R N//ﬂ\\R
2 H 1
OCF, ,
wherein

R; is -H, -(alkyl), -(alkenyl), -(alkynyl), -(aryl), - (heterocaryl),
-(alkylaryl), -{alkylheteroaryl), -NH-(alkyl), -N(alkyl):, -NH-
(alkenyl), ~-NH-(alkynyl) -NH-(aryl), -NH-(heteroaryl), -0-(alkyl), -
O-(alkenyl), -0-(alkynyl), =-O~(aryl), -O-(heteroaryl),-S-(alkyl), -
S-(alkenyl), -S-{(alkynyl), -S-(aryl), or =-S-(heteroaryl); and

R2, R3, Ry and Rs is each independently -H, halogen, -CN, -CFi;, -OCF3, -
(alkyl), -{(alkenyl), -(alkynyl), =-(aryl), =-(hetercaryl), -NHz, -NH-
{alkyl), -NH-(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH-(heteroaryl),
-C0z2-(alkyl), -COz-(alkenyl), =COz~(alkynyl) -CO;-{aryl), -C{(-COs-
(hetercaryl), -C(O)NH-(alkyl), -C(O)NH-(alkenyl), -C(O)NH—(alkynyl)
-C(O)NH-(aryl), -C(O)NH-(hetercaryl), ~C(O)N(alkyl),, -OH, -OAc, -0O-
(alkyl), -O-(alkenyl), -O-(alkynyl), -O-(aryl), -O-(heteroaryl),-S-
(alkyl), -5-(alkenyl), -S-{alkynyl), -5-(aryl), =-5-(heterocaryl),
pyridine, furan, thiophene, pyrrole, thiazole, imidazole, pyrazole,
isooxazole, isothiazole, naphthalene, anthracene, pyrimidine,
pyrazine, pyridazine, indole, indoline, benzofuran, benzothiophene,

or quinolone.

19. The process of claim 10, wherein the compound produced has the

structure:
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Ry N Rs
l x o}
S,
OCF,

1
wherein
Ry is -H, -{(alkyl), =-(alkenyl), -(alkynyl), =-(aryl), -(heteroaryl),
-(alkylaryl), -(alkylheterocaryl), -NH-(alkyl), ~-N{alkyl)g, -NH-

(alkenyl), -NH-(alkynyl) -NH-(aryl), ~NH-(heteroaryl), -O-(alkyl), -
O-(alkenyl), -0O-(alkynyl), -O-(aryl), -O-(heterocaryl),-S-(alkyl), -
S-(alkenyl), -S-(alkynyl), =-S-(aryl), or -S-(heteroaryl); and

R2, R3 and Rs is each independently -H, halogen, -CN, =-CF;, -0CF;, =~
(alkyl), -(alkenyl), =-(alkynyl), -(aryl), =-(heteroaryl), -NH;, ~-NH-
(alkyl), -NH-(alkenyl), -NH-(alkynyl) -NH-(aryl), =NH-(heteroaryl),
-C0Oz;- (alkyl), -CO;-(alkenyl), =-CO;-(alkynyl) =CO.-(aryl), -C(-COz-
(heterocaryl), -C(O)NH-(alkyl), -C{O)NH-(alkenyl), -C(O)NH-{(alkynyl)
-C(O)NH-(aryl), -C(O)NH-(heterocaryl), -C(O)N(alkyl)., -OH, -OAc, -O-
(alkyl), -0O-(alkenyl), -O-(alkynyl), -O-(aryl), -O-(heteroaryl),-S-
(alkyl), =-S-{(alkenyl), -S-(alkynyl), -8-{aryl), =S=-(heterocaryl),
pyridine, furan, thiophene, pyrrole, thiazole, imidazole, pyrazole,
isocoxazole, isothiazole, naphthalene, anthracene, pyrimidine,

pyrazine, pyridazine, indole, indoline, benzofuran, benzothiophene,

or gquinolone; or the structure:

Ry
Ra Rs
Y i
N //u\\
A N R
H
OCF3 ,
wherein
Ry is -H, =-{alkyl), -(alkenyl), -(alkynyl), -(aryl), -(heteroaryl),
~-(alkylaryl), -(alkylheterocaryl), -NH-(alkyl), ~N{alkyl), ~NH-

(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH-(heterocaryl), -O-(alkyl), -
0-(alkenyl), -O-(alkynyl), -O-(aryl), -O-(hetercaryl),-S-(alkyl), -
S-(alkenyl), -S-(alkynyl), =-S~-(aryl), or -S-(heterocaryl); and

Rs,
(alkyl), -(alkenyl), -(alkynyl), -(aryl), -(heterocaryl), -NH;, -NH-

Ry and Rs is each independently -H, halogen, -CN, -CF;, -OCF;, -

(alkyl), -NH-(alkenyl), -NH-{(alkynyl) -NH-(aryl), -NH-(heteroaryl),
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-COz2-(alkyl), =-COx-(alkenyl), -COz-(alkynyl) =-COz-(aryl), =-C(-COz-
(heterocaryl), -C(O)NH~(alkyl), =-C(O)NH-{(alkenyl), -C{O)NH-(alkynyl)

-C(O)NH~-(aryl), =-C(O)NH- (heteroaryl), -C(O)N(alkyl)., =-OH, -OAc, =-O-
(alkyl), -O-(alkenyl), -0O-(alkynyl), -O-(aryl), =-O-(heteroaryl),-S-
(alkyl), -S-(alkenyl), -S-(alkynyl), -3-(aryl), -S5-(heterocaryl),
pyridine, furan, thiophene, pyrrole, thiazole, imidazole, pyrazole,
isooxazole, isothiazole, naphthalene, anthracene, pyrimidine,
pyrazine, pyridazine, indole, indoline, benzofuran, benzothiophene,
quinolone, pyrazoline, triazcle, Dbenzimidazole, benzotriazole,

azaindole, or purine.

20. A process of producing a trifluoromethoxylated aryl or

trifluoromethoxylated heteroaryl having the structure:

(A

c N Ry
OCF, H ,
wherein

A is an aryl or heteroaryl, each with or without subsutitution; and
R; is -H, -(alkyl), -(alkenyl), -(alkynyl), -{(aryl), =-(hetercaryl),
-(alkylaryl), - (alkylheteroaryl), -NH- (alkyl), -N(alkyl)., ~NH-
(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH-(heteroaryl), -O-(alkyl), -
O-(alkenyl), -O-(alkynyl), -0O-(aryl), -O-(heteroaryl),-S-(alkyl), -
S-(alkenyl), -S-(alkynyl), =S-(aryl), or -S-(heterocaryl),

comprising:

(a) reacting a compound having the structure:

with a trifluoromethylating agent in a first suitable solvent under

conditions to produce a compound having the structure:
(o}
’ //ﬂ\\
C
Cor

H OCF, ; and
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(b) maintaining the compound produced in step (a) in a second suitable
solvent under conditions sufficient to produce the
trifluoromethoxylated aryl or trifluormethoxylated heteroaryl having
the structure:

AL

c N R

OCF; H

21. A process of claim 20 comprising:

(a) reacting a compound having the structure:

with a trifluoromethylating agent in the presence of a base in a
first suitable solvent under conditions to produce a compound having

the structure:

o]
A
N
oL

H OCF, ; and
(b) maintaining the compound produced in step (a) in a second suitable
solvent under conditions sufficient to produce the

trifluoromethoxylated aryl or trifluormethoxylated heterocaryl having

the structure:
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22. The process of claim 20 or 21, wherein the first suitable solvent

and second suitable solvent are identical.

23. The process of any one of claims 20-22, wherein step (a) and step

(b) are performed by a sequential one-pot synthesis.

24. The process of any one of claims 20-22, wherein step (a) and step
(b) are performed by a sequential one-pot synthesis without

purification or work-up in between step (a) and step (b).

25, The process of any one of claims 20-24, wherein step (a) and (b)

are each carried out at room temperature.

26. The process of any one of claims 20-24, wherein step (b) is

carried out at a temperature of 50-140 °C.

27. The process of any one of claims 20-26, wherein

trifluormethylating agent is Togni reagent I or Togni reagent II.

28. The process of any one of claims 20-27, wherein the base is sodium

hydride or cesium carbonate.

29. The process of any one of claims 20-28, wherein A is a phenyl or

pyridine.

30. The process of any one of claims 20-28, wherein A is a furan,

thiophene, pyrrole, thiazole, imidazole, pyrazole, isooxazole,

isothiazole, naphthalene, anthracene, pyrimidine, pyrazine,
pyridazine, indole, indoline, benzofuran, benzothiophene, or
quinolone.

31. The process of claim 20, wherein the compound produced has the

structure:
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Ry
Rs
Ry o
A
-
Ry c T R
OCF, H
7
wherein
Ri is -H, -(alkyl), -(alkenyl), =-(alkynyl), -(aryl), -(heteroaryl),
-({alkylaryl), -(alkylheteroaryl), -NH- (alkyl), -N(alkyl)., ~NH-

(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH-(heterocaryl), -0-{alkyl), -
O-(alkenyl), -0O-(alkynyl), -O-(aryl), -O-(heteroaryl),-S-{alkyl), -
S-(alkenyl), -S-(alkynyl), =-S-(aryl), or -S-(heteroaryl); and

Rz, R3s, Ry and Rs is each independently -H, halogen, -CN, -CF;, -OCF3, -
(alkyl), =-(alkenyl), -(alkynyl), -(aryl), -(heterocaryl), -NH;, -NH-
(alkyl), -NH-(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH-(heteroaryl),
-COz~-(alkyl), =CO:-(alkenyl), =-CO:~(alkynyl) -CO,-(aryl), =C(-COz-
(heteroaryl), -C(O)NH-(alkyl), -C(O)NH-(alkenyl), -C(O)NH-(alkynyl)
-C(O)NH-(aryl), -C(O)NH~(heteroaryl), -C(O)N(alkyl):, -OH, -OAc, -O-
(alkyl), -O-(alkenyl), -O-(alkynyl), -O-(aryl), -O-(heterocaryl),-S-
(alkyl), -S-(alkenyl), =S-(alkynyl), -3-(aryl), -S-(heteroaryl),
pyridine, furan, thiophene, pyrrole, thiazole, imidazole, pyrazole,
isooxazole, isothiazole, naphthalene, anthracene, pyrimidine,
pyrazine, pyridazine, indole, indoline, benzofuran, benzothiophene,

or guinolone.

32. The process of claim 20, wherein the compound produced has the

structure:

Ry
Ry Rs

(s}

. A

OCF, ,
wherein
Ri is -H, -(alkyl), =-(alkenyl), -(alkynyl), =-(aryl), -(heteroaryl),
-{alkylaryl), -(alkylheteroaryl), ~-NH-(alkyl), -N(alkyl):, =-NH-

(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH-(heteroaryl), -O-(alkyl), -
O-(alkenyl), -0O-(alkynyl), -O-{(aryl), -O-(heterocaryl),-S-(alkyl), =
S-(alkenyl), -S-(alkynyl), -S-(aryl), or -S-(heterocaryl); and
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Rz, R3, Ry and Rs is each independently -H, halogen, -CN, -CF3;, -OCF3;, -
(alkyl), =-(alkenyl), =-(alkynyl), =~(aryl), =-(heteroaryl), =NH;, =-NH-
(alkyl), -NH-(alkenyl), =NH-(alkynyl) =-NH-(aryl), -NH-(heteroaryl),
-C0;~ (alkyl), =CO2-(alkenyl), =CO;-(alkynyl) =CO;-{aryl), =C(-~COz~
(heteroaryl), -C(O)NH-(alkyl), -C(O)NH-(alkenyl), -C(O)NH~-(alkynyl)
-C(O)NH~-(aryl), -C(O)NH-(heteroaryl), -C(O)N(alkyl)., -OH, -OAc, -O-
(alkyl), -0O-(alkenyl), -0O-(alkynyl), -O-(aryl), -O-(heterocaryl),-S-
(alkyl), -S-(alkenyl), -S-(alkynyl), -3-(aryl), -S-{(heterocaryl),
pyridine, furan, thiophene, pyrrole, thiazole, imidazole, pyrazole,
isooxazole, isothiazole, naphthalene, anthracene, pyrimidine,
pyrazine, pyridazine, indole, indoline, benzofuran, benzothiophene,

or quinolone.

33. The process of claim 20, wherein the compound produced has the

structure:
R, N R
l AN 0

R A N//ﬂ\\R
2 H 1

OCF,

4

wherein

R: is -H, =-(alkyl), =-(alkenyl), -(alkynyl), =-(aryl), - (heteroaryl),
-(alkylaryl), -(alkylheteroaryl), -NH~- (alkyl), -N(alkyl)g, ~NH-
(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH-(heterocaryl), -O-(alkyl), -
O-(alkenyl), -O-({alkynyl), -0O-(aryl), =-O-(heteroaryl),-S-(alkyl), -
S-{alkenyl), -S-(alkynyl), -S-(aryl), or -S~(heteroaryl); and

Rz, R3 and Rs is each independently -H, halogen, -CN, -CFi, -OCFi3, -
(alkyl), -(alkenyl), -(alkynyl), -{(aryl), -(hetercaryl), -NH;, -NH-
(alkyl), -NH-(alkenyl), =-NH-{(alkynyl) =NH-(aryl), -NH-(heteroaryl),
-C0O;—-(alkyl), -CO2-(alkenyl), -CO:-(alkynyl) -CO,-{(aryl), =-C{(~CQOz-
(heteroaryl), -C(O)NH-(alkyl), -C(O)NH-(alkenyl), =C(O)NH-{alkynyl)
~C{0O)NH~(aryl), -C(O)NH- (heteroaryl), ~-C(O)N(alkyl),, -OH, -OAc, -O-
(alkyl), -O-(alkenyl), -O-(alkynyl), =-O-(aryl), =-O-{(heterocaryl),-S-
(alkyl), -S-(alkenyl), -S-(alkynyl), -3~{aryl), =-S-(heteroaryl),
pyridine, furan, thiophene, pyrrole, thiazole, imidazole, pyrazole,

isooxazole, isothiazole, naphthalene, anthracene, pyrimidine,
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pyrazine, pyridazine, indole, indoline, benzofuran, benzothiophene,

or quinolone; or the structure:

Ry

Rs Rs
Y i
N //ﬂ\\
/ N Ry
H

OCF; ,

wherein

Ri is -H, -(alkyl), -(alkenyl), =-(alkynyl), -(aryl), -(heteroaryl),
-(alkylaryl), -(alkylheterocaryl), =-NH-(alkyl), -N(alkyl):, -NH~-
(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH-(heteroaryl), -0-(alkyl), -
O-(alkenyl), -O-{(alkynyl), =-O-(aryl), =-O-(heteroaryl),-S-{alkyl), -
S-(alkenyl), -S-(alkynyl), -S-(aryl), or -S5-(heteroaryl); and

R3, R4 and Rs is each independently -H, halogen, -CN, -CF;, -OCFi, -
(alkyl), -(alkenyl), -{(alkynyl), =-(aryl), -(heteroaryl), =-NH,, -NH-
(alkyl), -NH-(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH-(heteroaryl),
-C0z—-(alkyl), -CO:-(alkenyl), -CO:-{alkynyl) -CO;-(aryl), =C{(-CO,-
(heterocaryl), -C(O)NH-{(alkyl), -C(Q)NH-(alkenyl), -~C(O)NH-(alkynyl)
-C(O)NH-(aryl), ~C(O)NH-(heteroaryl), -C(O)N(alkyl);, -OH, -OAc, -O-
{alkyl), -0O-(alkenyl), -O-(alkynyl), -0-(aryl), -0- (heterocaryl),~S~
(alkyl), -5-(alkenyl), -S-{alkynyl), -5-(aryl), =-S-(heteroaryl),
pyridine, furan, thiophene, pyrrole, thiazole, imidazole, pyrazole,
isooxazole, isothiazole, naphthalene, anthracene, pyrimidine,
pyrazine, pyridazine, indole, indoline, benzofuran, benzothiophene,
quinolone, pyrazoline, triazole, benzimidazole, benzotriazole,

azaindole, or purine.
34. The process of claim 20 comprising:

(a) reacting a compound having the structure:

0
A
PN
T N Ry
H

CH

!
with Togni reagent II in the presence of a base in a first suitable
solvent under conditions sufficient to produce a compound having the

structure:
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H OCF, ; and
{b) maintaining the compound produced in step (a) in a second suitable
solvent under conditions sufficient to produce the
trifluoromethoxylated aryl or trifluormethoxylated heteroaryl having
the structure:

OWL

c N Ry

OCF; H

35. The process of claim 20 comprising:

(a) reacting a compound having the structure:

with Togni reagent II in the presence of cesium carbonate in
chloroform or dichloromethane under conditions sufficient to produce

a compound having the structure:

0
@ /“\
[
T/ \T R,

H OCF, : and

(b) maintaining the compound produced in step (a) in nitromethane
under conditions sufficient to produce the trifluoromethoxylated aryl
or trifluormethoxylated heteroaryl having the structure:

QWL

c N R,
!

OCF,
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36. A compound having the structure:

c T Ry
H OCF,
wherein

A is an aryl or heteroaryl, each with or without subsutitution; and
Ry is -H, -{alkyl), -(alkenyl), =-(alkynyl), -(aryl), =-(heteroaryl),
-(alkylaryl), =-(alkylheterocaryl), ~NH-(alkyl), -N(alkyl)., ~-NH-
(alkenyl), -NH-(alkynyl) -NH-(aryl), =-NH-(heterocaryl), -O-(alkyl), -
O-(alkenyl), -0-(alkynyl), -0-(aryl), =-O-(heterocaryl),-S-(alkyl), -
S~ (alkenyl), -S-(alkynyl), =-S-(aryl), or ~S-(heteroaryl),

or a salt or ester thereof.

37. A process of producing a trifluoromethoxylated aryl or

trifluoromethoxylated heteroaryl having the structure:

L

c N Ry
OCF, H ,
wherein

A is an aryl or heteroaryl, each with or without subsutitution; and
Ri is -H, -(alkyl), -(alkenyl), =-(alkynyl), =-(aryl), -(heteroaryl),
- (alkylaryl), -(alkylhetercaryl), -NH-(alkyl), ~N{alkyl)s:, -NH-
(alkenyl), -NH-(alkynyl) -NH-(aryl), -NH-(hetercaryl), -O-(alkyl), -
O-(alkenyl), -0-(alkynyl), -0O-(aryl), -O-(heteroaryl),-S-(alkyl), -
S-(alkenyl), -S-(alkynyl), =-S-(aryl), or -S-(heteroaryl).

comprising:

(a) reacting a compound having the structure:

0
NP
C
T// NN R,
H

OH

7
with a trifluoromethylating agent in a first suitable solvent under

conditions to produce a compound having the structure:
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H OCF4 : and
_(b) maintaining the compound produced in step (a) in the first
suitable solvent under conditions sufficient to produce the
trifluoromethoxylated aryl or trifluormethoxylated heterocaryl having
the structure:

OV

c N Ry

OCF; H
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