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10 (iv)

TABLA DE CORRESPONDENCIA DE REIVINDICACIONES

Reivindicaciones en la solicitud en Colombia

Reivindicaciones otorgables en la solicitud internacional

Explicacion sobre la suficiente correspondencia 6
Comentarios que explican la correspondencia

1. Un método para producir un compuesto de la
féormula (3), caracterizado porque comprende hacer
reaccionar un compuesto de la férmula (1) con un
compuesto de la formula (2) usando un alcohol
terciario y una base:

[Férmula 1]

RS Aloohollercxano
Q Ji}t ij ﬁl
g
RS
(1)

(3)

en donde R', R?2, R3, R4, R% R®, R7, R®
y R? son cada uno independientemente un atomo de
hidrégeno, un atomo de halégeno, un alquilo (C1-C4)
o un alcoxi (C1-C4).

1. Un método para producir un compuesto de la
féormula (3), caracterizado porque comprende hacer
reaccionar un compuesto de la férmula (1) con un
compuesto de la férmula (2) usando un alcohol
terciario y una base:

[Férmula 1]

RS Aloohollercxano
Q Ji}t ij ﬁl
g
RS
(1)

(3)

en donde R', R?, R3?, R4, R5 R%, R7, R®
y R? son cada uno independientemente un atomo de
hidrégeno, un atomo de halégeno, un alquilo (C1-C4)
o un alcoxi (C1-C4).

iguales

2. El método de conformidad con la reivindicacion 1,
caracterizado porque la reaccién del compuesto de la
féormula (1) con el compuesto de la féormula (2) se lleva
a cabo después de que se afiaden el alcohol terciario
y la base.

2. El método de conformidad con la reivindicaciéon 1,
caracterizado porque la reaccion del compuesto de la
formula (1) con el compuesto de la formula (2) se
lleva a cabo después de que se afiaden el alcohol
terciario y la base.

iguales

3. El método de conformidad con la reivindicacién 1 o
2, caracterizado porque una cantidad de la base
usada es mayor que la cantidad de alcohol terciario
usado, en términos de equivalentes.

3. El método de conformidad con la reivindicacién 1 o
2, caracterizado porque una cantidad de la base usada
es mayor que la cantidad de alcohol terciario usado,
en términos de equivalentes.

iguales

4. El método de conformidad con cualquiera de las
reivindicaciones 1 a 3, caracterizado porque la base
es un compuesto seleccionado de hidruros de metales
alcalinos y amidas de metales alcalinos, o una
pluralidad de compuestos que comprenden una base
que contiene litio como primer compuesto, y un
segundo compuesto seleccionado de hidruros de
metales alcalinos, amidas de metales alcalinos,
alcoxidos, metales alquilicos, metales alcalinos vy
bases organicas.

4. El método de conformidad con cualquiera de las
reivindicaciones 1 a 3, caracterizado porque la base
es un compuesto seleccionado de hidruros de metales
alcalinos y amidas de metales alcalinos, o una
pluralidad de compuestos que comprenden una base
que contiene litio como primer compuesto, y un
segundo compuesto seleccionado de hidruros de
metales alcalinos, amidas de metales alcalinos,
alcoxidos, metales alquilicos, metales alcalinos vy
bases organicas.

iguales
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5. El método de conformidad con cualquiera de las
reivindicaciones 1 a 3, caracterizado porque la base
es hidruro de sodio, amida de litio, dos de amida de
litio e hidruro de sodio, dos de amida de litio y amida
de sodio, o dos de amida de litio y terc-butdoxido de
sodio.

5. El método de conformidad con cualquiera de las
reivindicaciones 1 a 3, caracterizado porque la base
es hidruro de sodio, amida de litio, dos de amida de
litio e hidruro de sodio, dos de amida de litio y amida
de sodio, o dos de amida de litio y terc-butéxido de
sodio.

iguales

6. El método de conformidad con la reivindicacion 4 o
5, caracterizado porque la cantidad de base usada es
de 2.0 equivalentes a 4.0 equivalentes por 1
equivalente del compuesto de la formula (2), y la
cantidad de alcohol terciario usado es de 0.3
equivalentes a 4.0 equivalentes por 1 equivalente del
compuesto de la férmula (2).

6. El método de conformidad con la reivindicacién 4 o
5, caracterizado porque la cantidad de base usada es
de 2.0 equivalentes a 4.0 equivalentes por 1
equivalente del compuesto de la formula (2), y la
cantidad de alcohol terciario usado es de 0.3
equivalentes a 4.0 equivalentes por 1 equivalente del
compuesto de la férmula (2).

iguales

7. El método de conformidad con cualquiera de las
reivindicaciones 1 a 3, caracterizado porque la base
es un hidruro de metal alcalino.

7. El método de conformidad con cualquiera de las
reivindicaciones 1 a 3, caracterizado porque la base
es un hidruro de metal alcalino.

iguales

8. El método de conformidad con cualquiera de las
reivindicaciones 1 a 3, caracterizado porque la base
es hidruro de sodio.

8. El método de conformidad con cualquiera de las
reivindicaciones 1 a 3, caracterizado porque la base
es hidruro de sodio.

iguales

9. El método de conformidad con la reivindicacion 7 u
8, caracterizado porque la cantidad de base usada es
de 2.0 equivalentes a 4.0 equivalentes por 1
equivalente del compuesto de la formula (2), y la
cantidad de alcohol terciario usado es de 0.3
equivalentes a 4.0 equivalentes por 1 equivalente del
compuesto de la férmula (2).

9. El método de conformidad con la reivindicaciéon 7 u
8, caracterizado porque la cantidad de base usada es
de 2.0 equivalentes a 4.0 equivalentes por 1
equivalente del compuesto de la formula (2), y la
cantidad de alcohol terciario usado es de 0.3
equivalentes a 4.0 equivalentes por 1 equivalente del
compuesto de la férmula (2).

iguales

10. El método de conformidad con cualquiera de las
reivindicaciones 1 a 3, caracterizado porque la base
es una amida de metal alcalino.

10. El método de conformidad con cualquiera de las
reivindicaciones 1 a 3, caracterizado porque la base
es una amida de metal alcalino.

iguales

11. El método de conformidad con cualquiera de las
reivindicaciones 1 a 3, caracterizado porque la base
es amida de litio.

11. El método de conformidad con cualquiera de las
reivindicaciones 1 a 3, caracterizado porque la base
es amida de litio.

iguales

12. El método de conformidad con la reivindicacién 10
u 11, caracterizado porque la cantidad de base usada
es de 2.0 equivalentes a 4.0 equivalentes por 1
equivalente del compuesto de la formula (2), y la
cantidad de alcohol terciario usado es de 0.3
equivalentes a 2.5 equivalentes por 1 equivalente del
compuesto de la férmula (2).

12. El método de conformidad con la reivindicacion 10
u 11, caracterizado porque la cantidad de base usada
es de 2.0 equivalentes a 4.0 equivalentes por 1
equivalente del compuesto de la formula (2), y la
cantidad de alcohol terciario usado es de 0.3
equivalentes a 2.5 equivalentes por 1 equivalente del
compuesto de la férmula (2).

iguales
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13. El método de conformidad con cualquiera de las
reivindicaciones 1 a 3, caracterizado porque la base
comprende una pluralidad de compuestos.

13. El método de conformidad con cualquiera de las
reivindicaciones 1 a 3, caracterizado porque la base
comprende una pluralidad de compuestos.

iguales

14. El método de conformidad con la reivindicacién
13, caracterizado porque la pluralidad de compuestos
comprende una base que contiene litio como primer
compuesto y un segundo compuesto seleccionado de
hidruros de metales alcalinos, amidas de metales
alcalinos, alcoxidos, metales alquilicos, metales
alcalinos y bases organicas.

14. El método de conformidad con la reivindicacién 13,
caracterizado porque la pluralidad de compuestos
comprende una base que contiene litio como primer
compuesto y un segundo compuesto seleccionado de
hidruros de metales alcalinos, amidas de metales
alcalinos, alcéxidos, metales alquilicos, metales
alcalinos y bases organicas.

iguales

15. El método de conformidad con la reivindicacién
13, caracterizado porque la pluralidad de compuestos
comprende dos de amida de litio e hidruro de sodio,
dos de amida de litio y amida de sodio, o dos de amida
de litio y terc-butdéxido de sodio.

15. El método de conformidad con la reivindicacién 13,
caracterizado porque la pluralidad de compuestos
comprende dos de amida de litio e hidruro de sodio,
dos de amida de litio y amida de sodio, o dos de amida
de litio y terc-butoxido de sodio.

iguales

16. El método de conformidad con la reivindicacién
13, caracterizado porque la pluralidad de compuestos
comprende dos de amida de litio e hidruro de sodio.

16. El método de conformidad con la reivindicacién 13,
caracterizado porque la pluralidad de compuestos
comprende dos de amida de litio e hidruro de sodio.

iguales

17. El método de conformidad con cualquiera de las
reivindicaciones 13 a 16, caracterizado porque la
cantidad de base usada es de 2.0 equivalentes a 4.0
equivalentes por 1 equivalente del compuesto de la
féormula (2), y la cantidad de alcohol terciario usado
es de 0.3 equivalentes a 2.5 equivalentes por 1
equivalente del compuesto de la férmula (2).

17. El método de conformidad con cualquiera de las
reivindicaciones 13 a 16, caracterizado porque la
cantidad de base usada es de 2.0 equivalentes a 4.0
equivalentes por 1 equivalente del compuesto de la
féormula (2), y la cantidad de alcohol terciario usado es
de 0.3 equivalentes a 2.5 equivalentes por 1
equivalente del compuesto de la férmula (2).

iguales

18. El método de conformidad con cualquiera de las
reivindicaciones 1 a 17, caracterizado porque el
alcohol terciario es un compuesto de la formula (6):
[Férmula 2]
14

R
R13\}/R15

OH
(6)

en donde R'3, R'™ y R'5 pueden ser iguales o
diferentes y son cada uno un alquilo (C1-C6), un
cicloalquilo (C3-C6), un alquenilo (C2-C6), wun
alquinilo (C2-C6), un arilo (C6-C10), o un arilo (C6-

18. El método de conformidad con cualquiera de las
reivindicaciones 1 a 17, caracterizado porque el
alcohol terciario es un compuesto de la formula (6):
[Férmula 2]
14

R
R13\‘/R15

OH
(6)

en donde R'3, R y R'S pueden ser iguales o
diferentes y son cada uno un alquilo (C1-C6), un
cicloalquilo (C3-C6), un alquenilo (C2-C6), un
alquinilo (C2-C6), un arilo (C6-C10), o un arilo (C6-

iguales
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C10) alquilo (C1-C4), y dos seleccionados de R'3, R"4
y R'® pueden unirse entre si para formar un anillo.

C10) alquilo (C1-C4), y dos seleccionados de R'3, R4
y R'® pueden unirse entre si para formar un anillo.

19. El método de conformidad con cualquiera de las | 19. El método de conformidad con cualquiera de las | iguales
reivindicaciones 1 a 17, caracterizado porque el | reivindicaciones 1 a 17, caracterizado porque el
alcohol terciario se selecciona de terc-butanol, 2- | alcohol terciario se selecciona de terc-butanol, 2-
metil-2-butanol, 2-metil-3-buten-2-ol y 2-metil-1-fenil- | metil-2-butanol, 2-metil-3-buten-2-ol y 2-metil-1-fenil-
2-propanol. 2-propanol.
20. El método de conformidad con cualquiera de las | 20. El método de conformidad con cualquiera de las | iguales
reivindicaciones 1 a 19, caracterizado porque la | reivindicaciones 1 a 19, caracterizado porque la
reaccion se lleva a cabo entre -5°C y 80°C. reaccion se lleva a cabo entre -5°C y 80°C.
21. El método de conformidad con cualquiera de las | 21. El método de conformidad con cualquiera de las | jguales
reivindicaciones 1 a 19, caracterizado porque la | reivindicaciones 1 a 19, caracterizado porque la
reaccion se lleva a cabo entre 0°C y 50°C. reaccion se lleva a cabo entre 0°C y 50°C.
22. El método de conformidad con cualquiera de las | 22. El método de conformidad con cualquiera de las | jguales
reivindicaciones 1 a 21, caracterizado porque reivindicaciones 1 a 21, caracterizado porque

R" es un atomo de hidrogeno o un atomo de R" es un atomo de hidrégeno o un atomo de
cloro; cloro;

R2, R® y R* son cada uno un atomo de R2, R® y R* son cada uno un atomo de
hidréogeno; hidréogeno;

R%, R® R8 y R® son cada uno un atomo de R% R®%, R® y R° son cada uno un atomo de
hidrégeno; y hidréogeno; y

R7 es un atomo de hidrégeno o metoxi. R7 es un atomo de hidrégeno o metoxi.
23. El método de conformidad con cualquiera de las | 23. El método de conformidad con cualquiera de las | iguales

reivindicaciones 1 a 21, caracterizado porque

R' es un atomo de cloro;

R2, R® y R* son cada uno un &atomo de
hidréogeno;

R®, R®, R® y R® son cada uno un atomo de
hidréogeno; y

R7 es metoxi.

reivindicaciones 1 a 21, caracterizado porque

R' es un atomo de cloro;

R2, R® y R* son cada uno un &tomo de
hidréogeno;

R%, R®, R® y R? son cada uno un atomo de
hidréogeno; y

R7 es metoxi.
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24. Un método para producir un compuesto de la
féormula (5),
formula (5):

[Formula 3]

R8
9 7
o oR R
R
LA A o
N R'RS
R! R®
RZ

(5)

en donde R', R?, R3 R* R5 R®% R7, R® y R®
son cada uno independientemente un atomo de
hidrogeno, un atomo de halégeno, un alquilo (C1-C4)
o un alcoxi (C1-C4); y

R'2 es un atomo de hidrégeno, un atomo de
metal alcalino o un alquilo (C1-C4),

el meétodo esta caracterizado porque
comprende los siguientes pasos;

paso (i) obtener un compuesto de la férmula
(3) mediante el método de conformidad con cualquiera
de las reivindicaciones 1 a 23:

[Férmula 4]

NO RY
R! H R8
R4
R? RS R
R3 RS

(3)

en donde R', R?, R%, R4, R5 Rf% R7, R8 y R®
son como se definieron anteriormente,

paso (ii) hacer reaccionar el compuesto de la
féormula (3) con un compuesto de la férmula (4) para
obtener el compuesto de la féormula (5):

[Férmula 5]
RS

R® R
NO R 2 o o

R! N R® o o ~ 6
R0 RM OJ\'/U\N M R

I;ﬁ s I

R 8 R T (4)

R R®
(3)

R?
(5)

24. Un método para producir un compuesto de la
féormula (5),
formula (5):

[Formula 3]

R8
RY R
, 0 ©
R
\OMN : R6
N R'RS
R R?
R2

(5)

en donde R', R?, R%, R*, R% R®, R7, R® y R% son
cada uno independientemente un atomo de hidrégeno,
un atomo de halégeno, un alquilo (C1-C4) o un alcoxi
(C1-C4); y

R'2 es un atomo de hidrégeno, un atomo de
metal alcalino o un alquilo (C1-C4),

el meétodo esta caracterizado porque
comprende los siguientes pasos;

paso (i) obtener un compuesto de la férmula (3)
mediante el método de conformidad con cualquiera de
las reivindicaciones 1 a 23:

[Férmula 4]

NO RY
R! N R8
R4
R? RS RY
R3 RO

(3)

en donde R', R?, R3 R* R5% R% R7, R® y R®
son como se definieron anteriormente,

paso (ii) hacer reaccionar el compuesto de la
féormula (3) con un compuesto de la formula (4) para
obtener el compuesto de la féormula (5):

[Férmula 5]

9 7

NO R® o O & i

R1 H R8 o O RKOMN RS

R10 RM
) 54 " + \OMO/ e Nl R4R5

R R (4)

R3 R® R R3

(3)

iguales
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en donde R', R2, R3, R4, R5, R¢, R7, R8, R?, R'9,
R™ y R'2 son como se definieron anteriormente.

en donde R', R2, R3, R4, R5 R¢f, R7, R8, R?%, R0,
R™ y R'2 son como se definieron anteriormente.

25. El método de conformidad con la reivindicacion | 25. El método de conformidad con la reivindicacion 24, | jguales
24, caracterizado porque la reaccién en el paso (ii) se | caracterizado porque la reaccion en el paso (ii) se

lleva a cabo a pH 8 o mas. lleva a cabo a pH 8 o mas.

26. El método de conformidad con la reivindicacion | 26. El método de conformidad con la reivindicacion 24, | iguales

24, caracterizado porque la reaccién en el paso (ii) se
lleva a cabo a un pH de 8 a 14.

caracterizado porque la reacciéon en el paso (ii) se
lleva a cabo a un pH de 8 a 14.

27. El método de conformidad con cualquiera de las
reivindicaciones 24 a 26, caracterizado porque la
reaccion en el paso (ii) se lleva a cabo en ausencia
de un catalizador de transferencia de fase.

27. El método de conformidad con cualquiera de las
reivindicaciones 24 a 26, caracterizado porque la
reaccion en el paso (ii) se lleva a cabo en ausencia de
un catalizador de transferencia de fase.

28. El método de conformidad con cualquiera de las
reivindicaciones 24 a 26, caracterizado porque la
reaccion en el paso (ii) se lleva a cabo en presencia
de un catalizador de transferencia de fase.

28. El método de conformidad con cualquiera de las
reivindicaciones 24 a 26, caracterizado porque la
reaccion en el paso (ii) se lleva a cabo en presencia
de un catalizador de transferencia de fase.

29. El método de conformidad con cualquiera de las
reivindicaciones 24 a 28, caracterizado porque la
reaccion en el paso (ii) se lleva a cabo en presencia
de agua.

29. El método de conformidad con cualquiera de las
reivindicaciones 24 a 28, caracterizado porque la
reaccion en el paso (ii) se lleva a cabo en presencia
de agua.

30. El método de conformidad con cualquiera de las
reivindicaciones 24 a 29, caracterizado porque

R'0 y R' son cada uno metilo o etilo; y

R'2 es un atomo de hidrégeno, un atomo de
litio, un atomo de sodio, un atomo de potasio, metilo
o etilo.

30. EI método de conformidad con cualquiera de las
reivindicaciones 24 a 29, caracterizado porque

R'0 y R'" son cada uno metilo o etilo; y

R'2 es un atomo de hidrégeno, un atomo de
litio, un atomo de sodio, un atomo de potasio, metilo
o etilo.

31. El método de conformidad con cualquiera de las
reivindicaciones 24 a 29, caracterizado porque

R'0 y R' son cada uno metilo o etilo; y

R'2 es un atomo de hidrogeno.

31. El método de conformidad con cualquiera de las
reivindicaciones 24 a 29, caracterizado porque

R'0 y R' son cada uno metilo o etilo; y

R'2 es un atomo de hidrogeno.
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(Translation)

Reference No.: Mailing No.: 360182  Mailing Date: September &8, 2020 1

Decision to Grant a Patent

Patent Application number: Japanese Patent Application No. 2020-537678

Date of Drafting: August 27, 2020

Patent Office Examiner: TAKAHASHI, Naoko 4507 4HOO0

Title of the Invention: METHODS FOR PRODUCING NITROSO
COMPOUND AND QUINOXALINE COMPOUND

The number of claims: 31

Applicant: KUMIAI CHEMICAL INDUSTRY CO., LTD.

Representative: KISARAGI ASSOCIATES

This application is to be granted a patent, since no reason for refusal has been found.

We certify that the above is identical to the matters recorded in the file.
Certified on September 2, 2020
METI administrative official TAKAHASHI, Yuyaka

NOTE: Payment of patent fee is due within 30 days upon receipt from the date of
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REIVINDICACIONES

1. Un método para producir un compuesto de la férmula (3),
caracterizado porque comprende hacer reaccionar un compuesto de la
formula (1) con un compuesto de la formula (2) usando un alcohol terciario
y una base:

[Formula 1]

g g
1 NO; 4N K ge Alcohol terciario Oy R 8
R . 2 Base n R N R
- R*
R? R* RS R R? R® i
R R® R® R
(1) (2) (3)

en donde R!, R%, R, R* R’ RS R’ R® y R’ son cada uno
independientemente un atomo de hidrégeno, un atomo de haldégeno, un

alquilo (C1-C4) o un alcoxi (C1-C4).

2. El método de conformidad con la reivindicacidén 1,
caracterizado porque la reaccién del compuesto de la féormula (1) con el
compuesto de la formula (2) se lleva a cabo después de que se afladen el

alcohol terciario y la base.
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3. El método de conformidad con la reivindicacion 1 o 2,
caracterizado porque una cantidad de la base usada es mayor que la
cantidad de alcohol terciario usado, en términos de equivalentes.

4. El método de conformidad con cualquiera de las
reivindicaciones 1 a 3, caracterizado porque la base es un compuesto
seleccionado de hidruros de metales alcalinos y amidas de metales
alcalinos, o una pluralidad de compuestos que comprenden una base que
contiene litio como primer compuesto, y un segundo compuesto

seleccionado de hidruros de metales alcalinos, amidas de metales alcalinos,

alcoxidos, metales alquilicos, metales alcalinos y bases orgdnicas.

5. El método de conformidad con cualquiera de las
reivindicaciones 1 a 3, caracterizado porque la base es hidruro de sodio,
amida de litio, dos de amida de litio e hidruro de sodio, dos de amida de

litio y amida de sodio, o dos de amida de litio y terc-butéxido de sodio.

6. El método de conformidad con la reivindicaciéon 4 o 5,
caracterizado porque la cantidad de base usada es de 2.0 equivalentes a 4.0
equivalentes por 1 equivalente del compuesto de la féormula (2), y la
cantidad de alcohol terciario usado es de 0.3 equivalentes a 4.0

equivalentes por 1 equivalente del compuesto de la formula (2).
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7. El método de conformidad con cualquiera de las

reivindicaciones 1 a 3, caracterizado porque la base es un hidruro de metal

alcalino.

8. El método de conformidad con cualquiera de las

reivindicaciones 1 a 3, caracterizado porque la base es hidruro de sodio.

9. El método de conformidad con la reivindicacion 7 u 8,
caracterizado porque la cantidad de base usada es de 2.0 equivalentes a 4.0
equivalentes por 1 equivalente del compuesto de la féormula (2), y la
cantidad de alcohol terciario usado es de 0.3 equivalentes a 4.0

equivalentes por 1 equivalente del compuesto de la formula (2).

10. El método de conformidad con cualquiera de las
reivindicaciones 1 a 3, caracterizado porque la base es una amida de metal

alcalino.

11. El método de conformidad con cualquiera de las

reivindicaciones 1 a 3, caracterizado porque la base es amida de litio.

12. El método de conformidad con la reivindicacion 10 u 11,

caracterizado porque la cantidad de base usada es de 2.0 equivalentes a 4.0
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equivalentes por 1 equivalente del compuesto de la férmula (2), y la

cantidad de alcohol terciario usado es de 0.3 equivalentes a 2.5

equivalentes por 1 equivalente del compuesto de la formula (2).

13. El método de conformidad con cualquiera de las
reivindicaciones 1 a 3, caracterizado porque la base comprende una

pluralidad de compuestos.

14. El método de conformidad con la reivindicacién 13,
caracterizado porque la pluralidad de compuestos comprende una base que
contiene litio como primer compuesto y un segundo compuesto
seleccionado de hidruros de metales alcalinos, amidas de metales alcalinos,

alcoxidos, metales alquilicos, metales alcalinos y bases orgénicas.

15. El método de conformidad con la reivindicacién 13,
caracterizado porque la pluralidad de compuestos comprende dos de amida
de litio e hidruro de sodio, dos de amida de litio y amida de sodio, o dos

de amida de litio y terc-butoxido de sodio.

16. El método de conformidad con la reivindicacion 13,
caracterizado porque la pluralidad de compuestos comprende dos de amida

de litio e hidruro de sodio.
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17. El método de conformidad con cualquiera de las
reivindicaciones 13 a 16, caracterizado porque la cantidad de base usada
es de 2.0 equivalentes a 4.0 equivalentes por 1 equivalente del compuesto
de la férmula (2), y la cantidad de alcohol terciario usado es de 0.3
equivalentes a 2.5 equivalentes por 1 equivalente del compuesto de la

féormula (2).

18. El método de conformidad con cualquiera de las
reivindicaciones 1 a 17, caracterizado porque el alcohol terciario es un
compuesto de la formula (6):

[Formula 2]

R14

R13\~/R15

OH
(6)
en donde R'3, R'* y RS pueden ser iguales o diferentes y son
cada uno un alquilo (C1-C6), un cicloalquilo (C3-C6), un alquenilo (C2-
C6), un alquinilo (C2-C6), un arilo (C6-C10), o un arilo (C6-C10) alquilo
(C1-C4), y dos seleccionados de R'3, R'* y R!® pueden unirse entre si para

formar un anillo.



10

15

20

Reivindicaciones
PCT/JP2020/003687
Julio 8, 2021
6
19. El método de conformidad con cualquiera de las
reivindicaciones 1 a 17, caracterizado porque el alcohol terciario se

selecciona de terc-butanol, 2-metil-2-butanol, 2-metil-3-buten-2-ol y 2-

metil-1-fenil-2-propanol.

20. El método de conformidad con cualquiera de las
reivindicaciones 1 a 19, caracterizado porque la reaccidon se lleva a cabo

entre -5°C y 80°C.

21. El método de conformidad con cualquiera de las
reivindicaciones 1 a 19, caracterizado porque la reaccidon se lleva a cabo

entre 0°C y 50°C.

22. El método de conformidad con cualquiera de las
reivindicaciones 1 a 21, caracterizado porque

R! es un atomo de hidrégeno o un adtomo de cloro;

R%, R®y R* son cada uno un 4tomo de hidrégeno;

R3, R R® y R? son cada uno un dtomo de hidrogeno; y

R’ es un 4tomo de hidrogeno o metoxi.

23. El método de conformidad con cualquiera de las

reivindicaciones 1 a 21, caracterizado porque
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R! es un atomo de cloro;
R%, R®y R* son cada uno un atomo de hidrégeno;

R3, R R® y R? son cada uno un dtomo de hidrogeno; y

R7 es metoxi.

5
24. Un método para producir un compuesto de la féormula (5),
formula (5):
[Formula 3]
R8
- o0 o RY R7
\O)KH\N g RO
N R
R R’
R2
(5)

15 en donde R!, R%, R, R* R’ RS R’ R® y R’ son cada uno
independientemente un atomo de hidrégeno, un adtomo de halégeno, un
alquilo (C1-C4) o un alcoxi (C1-C4); y

R'%2 es un atomo de hidrégeno, un atomo de metal alcalino o
un alquilo (C1-C4),

20 el método estd caracterizado porque comprende los siguientes

pasos;
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paso (i) obtener un compuesto de la formula (3) mediante el
método de conformidad con cualquiera de las reivindicaciones 1 a 23:

[Formula 4]

NO |, RY
R! N RS
5 R
R? RS R’
R R

en donde R!', R% R3 R* R3 R® R’ R® y R® son como se
definieron anteriormente,

paso (ii) hacer reaccionar el compuesto de la formula (3) con

10
un compuesto de la formula (4) para obtener el compuesto de la formula
(5):
[Formula 5]
R8
9 7
NO , R o of R
15 R1 N R8 45 (0] (0] - R130MN RG
R R | 4
R4 , + \OMO/ EE— N R R5
R TR R (4)
R? R®
R’ R?
(3) R?

en donde R!, R2, R*, R* R’ RS R7, R® R? R', R!!' y R!? son

como se definieron anteriormente.

20
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25. El método de conformidad con la reivindicacion 24,

caracterizado porque la reaccion en el paso (ii) se lleva a cabo a pH 8 o

mas.

26. El método de conformidad con la reivindicacion 24,
caracterizado porque la reaccidon en el paso (ii) se lleva a cabo a un pH de

8 a l4.

27. El método de conformidad con cualquiera de las
reivindicaciones 24 a 26, caracterizado porque la reaccion en el paso (ii)

se lleva a cabo en ausencia de un catalizador de transferencia de fase.

28. El método de conformidad con cualquiera de las
reivindicaciones 24 a 26, caracterizado porque la reaccion en el paso (ii)

se lleva a cabo en presencia de un catalizador de transferencia de fase.

29. El método de conformidad con cualquiera de las
reivindicaciones 24 a 28, caracterizado porque la reaccion en el paso (ii)

se lleva a cabo en presencia de agua.

30. El método de conformidad con cualquiera de las

reivindicaciones 24 a 29, caracterizado porque
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R!'%y R!'! son cada uno metilo o etilo; y

R'% es un atomo de hidréogeno, un atomo de litio, un 4tomo de

sodio, un atomo de potasio, metilo o etilo.

31. El método de conformidad con cualquiera de las

5
reivindicaciones 24 a 29, caracterizado porque
R!'%y R!'! son cada uno metilo o etilo; y
R!'2 es un 4tomo de hidrégeno.
10
15

20
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Reactivity of variously substituted N-aryl-2-nitrosoandlines in the reaction of cyclization leading to
phenazine derivatives, carried out in the presence of N,0-bis{ trimethylsilyljacetamide {BSA}, was esti-
mated on the base of the chserved reaction times. A sirong oppusite effect of substituents Jocated at
position purg o the nitroso group and those {ocated parn to the aming group in the side ring was
observed. Mechanistic explanation, based on the electronic prapertics of the substituents and their

mesomeric cffects, was presented, The usefuloess of the obtained data for the designed syntheses of
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1. introduction

Phenazine, its substituted derivatives as well as various aza
analogues have been isclated from natural naterials and synthe-
sized for more than one hundred years. Mevertieiess, due ta their
important occurrence as a core in boih natural and syntheiic
compounds of vajuable biotogical activity, interest in developing
new methods for the synthesis of phenazine devivatives seems not
to be falling.’ Numerous methods for the synthesis of substituted
phenazines have been reported, however, they have several itm!'
tations. thus can not be considered as being generally applicable.”
This is because most of them are restricted to a narrow collection of
substituents andjor a specific substitution pattern of the target
phenazine system. Two general strategies, with their numerous
variants, are now commonly employed. One of them Is based on the
condensation of orﬂw—arylenedlanunes or benzofuroxans® with
the other suitably functionalized aromatic reagent. The second one,
which is more popular, relies on intramolecular cyclization of dia-
rylamine derivatives, ortho-substituted with appropriate nitrogen
functions. such as NH; or NO,. The cyclization process ¢an occur,
depending on the oxidation state of that group, as oxidative® or
reductive®™® process. The starting diarylamines are usually ob-
tained from appropriate ortho-halogenonitroarenes, which Is piten
not an easy task. In some older methods gither they, ot their

* Cor'x:smmm i3 amhon
5 masl mdren i r:sfw ,rom iich .mu 13' /?_ Wrobex

5 1en FIT 004G

RRT

0540 492035}‘ 2017 tlsevier Lid. A% rights reserved,

oxidized forms, can be considered as unstabie intermediates. Thisis
the case of the Wohi-Aue reaction,” where under strong basic
conditions nitrobenzene condenses with aniline to form phenazine,
and the accepted mechanism of which assumes formation of 2~
nitrosodiphenylamine as direct intermediate in the cyclization.”™
The reaction could be atiractive as it consisis of only one step,
and involves easy procedure starting from simple and available
substrates. However, reaction cenditions are harsh and strongly
basic, the yieids are low to moderate and the desired products are
accompanied with N-oxides and significant ameunts of by-prod-
ucts.! Therefore. the reaction has never found extensive applica-
tion. The situation has changed entively after it was revealed that
this two-step reaction can be divided into two separate steps, both
carried out under optimized conditions. In 2008 we demonstrated
that when the anilide anion generated by t-BuOK in THF or DMF at
low temnperature reacts with nitroarenes, nucieophilic substitution
of orthe hydrogen® leads to N-aryl-2-nitrosoanilines as ultimate
products.’ These compounds were then found to be versatile
starting materials for the synthesis of various nitrogen heterocyctic
systems.!’ Particudarly, cyclization {o phenazine derivatives can be,
under selected reaction conditions, accornplished efficiently. Re-
action systems such as K,CO5 in MeOH, acetic acid as 3 protic acid,
and N.O-bis{trimethylsilyljacetamide {BSA } as a silylating agent
were found to be effactive in that respect.’® The Jatter, known for its
pramoting role in the formatien of aitrogen heterocydes appai-
ently proceeding via m‘ermeéraﬁe nitsosoarenes,” was found to be
the most reliable and selective.'™

On the other hand, despite the nigh yields of the products, we
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fave noticed remarkable differences iz rates of the reactions for
various starting materials. it seems to be importaat for the practical
synthesis of phenazine derivatives to correfate the speed of the
reaction with the structure of the starting nitrosoanitine, in order to
determine the limits of their practical applications, and to shed
light on the mechanism of the cyclization.

2. Results and discussion

in order to attain the above goal a number of suitable nitro-
soanilipes 1 were synthesized. A few ypical substituents were
selected and placed in pasiﬁon 5 {substituent X} o in position 4
(substituent Y} of 1 (Tahiz 1. Their number was limited but their
properties range from eﬁtron—w.thd rawing to electron-donating.
The reactions were carried out under standard conditions (see
experimental part) and monitored by TLC up to the apparent
disappearance of the starting material spot visible under GV lamp.
“tandard work-up allowed to determine the yield of the product,
Js, to verify conversion of the reaction, The amount of 1, if
recovered, did not exceed 5%, Because of the procedure used it is
obvious that the results are rough, and ihat they are not suijtable for
kinetic estimations or calculations. Nevertheless, due to very broad
range of the ohsesved reaction times and their monotoenic, strong
dependence on the electronic propetties of the substituents, the
results are enlightening, and provide irtformation about the course
of the reaction under consideration. :

Cyclization pf 2-nitrosoanilines possessing  different sub-
stituents X at position 5 (1a-f} is quite fast for a strong electron-
withdrawing group X = Ci, slower for weaker WG such as bal-
ogens, and very siow for X - EDG which is able to donate electron
pairs. The differences are huge, so that N-{4-chlorophenyl)-5-
dimethylamine-2-nitroscaniline {1€) practically did not react at
all under the conditions applied.

The results coliected in Table T may be specially helpful for
designing of the synthesis of specific phenazine derivatives.
Formally any unsymmetrically substituted phenazine can be 0b~
tained from two, conversely substituted N-aryl-2-nitrosoanitines."

Table 1
Cyclizatian of pifyoscanilines 1 ta phenazine derfvatives 2,
R F(
Y 5
s & ATV
H < )3 1
(AT DMF, 1ty /’\/3
H
+t 2
Enrsy  Nirrosoaptline Reaction tine® v Phenazing
1 g X Y 2 e E

1 1a H CFy (1 05 22 82
2 16 i # [a] 23 2b % .
3 1c i G £ 48 2c BG
4 1d #H F a 48 2d 87
Kl 1e H QMe 4} 480 2e 9z
& M NMe, 180° A e
7 g H G NMe, 05 90

8 ih H a OMe 0.5 2e .3
9 H H Ct # 48 ] 53
10 Y # {8 N 360 2g 83
11 1k &} ] OFt a5 Zh a9t
12 i i Ct a 36 2i 87
13 im [£: 384 A 77

As a consequence, for the synthesis of particular phenazine the
most convenient way can be chosen. Phenazine 2f could not be
easily obtained from If because the reaction was extremely slow
{Tabie 1, entry 6), However, starting from isomeric nitroscaniline Ig
the target phenazine can be obtained quickly and in high yield
fentry 7} Stmilar considerations appiy for other substituents with
s{rang electronic effects.

In order to explain the differences in the reaction rates, ageneral
mechanistic scheme of the reaction can be proposed {3cheme 11

‘The etectron rich oxygen atom of the ritroso group, additionalfy
enviched by the ortho-amino group, is initially silylated by 85A 10
form first iptermediate structure ¥ comprising positively charged
iminium group, an ertho-quinoid structure of the nitrosobenzene
ring and a silylated axime function. This reversible step is foliowed
by irreversible aromatization of intermediate Il and the reaction is
concluded by elimination of trimethylsilanct,

Formation of I from { can also proceed in a reverse order, Le. by
reversible intramolecular addition of the nitrogen to the ary ring
followed by silylation of the oxygen atom.'” While we could not
distinguish these alternatives, further considerations based on the
presented tentative scheme can be applicable essentialiy for both of
thern.

The main question is which step is the slowest, thus, responsible
for the observed reaction rates. Attempis o isolate possible in-
termediates (1-1kin Scheme 1) were unsuccessful, Thus, in order to
answer this guestion the kinetic isotope effect {KI£) in the reaction
of 2-monodeuterated nitrosoaniting, in which the compettive
cyclization at deuterated position 2 and non-deuterated position 6
occurs, was determined. The mode! 5-chloro-N-(Z-deuterio-4-
methoxyphenyl}-2-nitrospanitine (1h-D} was cyclized under stan-
dard conditions producing deuterated and non-deuterated phen-
azines 2e-D and 2e respectively {(Scheme 2).

The oblained phenazine was found to be deuterated in 38% {by
'H NMR). Taking into calculations a purity of starting 1h-D the
observed kulkp = 091 The lack of primary isotope effect cleatly
indicates that the elimination step is not the rate-limiting step.
Moreover, the observed kyjkp value may reflect secondary KIE
caused by the change of the ring carbon atom hybridization from
sp? o sp® during the addition step. Thus, the effect of substituents
on the reaction rates can be attributed to their influence on the
intramolecular addition siep, and ran be explained as follow
{Fiz. 1) Strong conjugation of the lone electron pair of X {structure
V) greatly reduces positive charge on the iminium nitroger and
consequently also electrophilicity of the N-aryl ring {structure V.

Conversely, electron-withdrawing substituenis X enhance reac-

tivity of that ring while does not affect nucleophilicity of the oxime
nitrogen atom, because of a lack of conjugation.
The opposite effect of the substituent Y, para to the aming

DS:Me} Me,Si0

7 H
~ N N s
Yy B }i (= X @
: H M
5 t It

- '\ne SiOH J A

%, Reaclion was carged out untl T apparently disappeared on TLE, o oo

" Isolated yield.
¥ The reaction was (06 slow to be continted.

Scheme L Proposed mechanistic schesme for the fnrma.!icn of phenazines fiom N-aryf-
2-nitrosoanilings in the presence of BSA,
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NG _ mulkiple Bands (VIin ¥ig, 2), donating effect o'V can be transmitted
) i Ohf through the motecule, and enrich electron density on the oxime
= X / & . X ) :
Cl “"*/KNH‘ Bsﬁ . g s T/ nitrogen atom. At the same time the N-aryl ring become morg
O A H OME. e, O RSN electrophilic (V). -
il ' HD Contrary, the EWG substituent at 4 makes the oxime nltrogen
k% jess nucleophilic (Fiz. 3).
1h-D OMie Ze, 2e-03 The role of the conjugation of ¥ can be verified by changing its
] o B position from 4" to 3, where the effect on the amine nitrogenis only
Schesie 2. Cyctization of mana-deserated nitrosoanifing, inductive, Thus, nitrosoanitines 1n-r, substituted at position 2’ with

different groups Y, inctuding N ard OMe groups. were selected
and cyclized as previously (Table 23. Since all of them possess two

?S'Me-‘ OSiMe; reactive positions in the arylamine ¢ing, two isomeric phenazines
P l/f\i AP N were expecied in each reaction.
AU IS T )\\\/} Under standard reaction conditions, the isomeric phenazines
RS ‘“)()\/\rg % were formed in a simifar ratio, regardless of the nature of Y. The
H more significant shsecvation was that the reaction times, roughly
v v estimated as previously, were also glose to each other (Tabie 2}.
' A“hough 1r (Y == CN) cyclizes slower then 1n (Y == 0Me), the dil-
Fig 1, Gifeci of 5-X subssituen: on the iminm aitrogen stom. ference is much smaller than in the case when Y was located in

conjugated position 4 (Tabie 1, entries 8 and 11). This fact seems to
suppott the above mechanistic considerations.

A(!)SiMe:, GS!M&
« Y
A PN /\/N o 3. Conclusion

gy I . '

X7 \/]\N /\") Substituted N-aryl-2-nitrosoanilines efficiently tyclize in the
v presence of N.O-bis(trimethylsilyllacetamide (BSA} at room tem-
Vi Vit perature, but the reaction times differ depending on the sub-
stituents and their position in both aromatic rings. EWG
substituents impede the reaction when located at 4’ position, but
they strongly accelerate the process when located at position 5, i.e.

'{.
1::2/:‘
Oy

Fig. 2. Effect of the ¢onjugation of donar substituent Y on the iminium nitrogen atom.

0OSiMe, Osmﬂe, parato the nitroso group. The effect of EDG is just opposite. This carnt

P N y CN be attributed o the mesomeric effects of substituents. which
4 /Ol/} P /C: (\”’4 determine the rate of the addition of the nitrogen atom of the
Vs tA = N/i\/; nitrosnjaxime group, to the side phesyl ring. The observed differ-
iii . H  ences in the reaction rates may significantly help in selecting

Vil X suitable isomeric nitrpseanitine for the synthesis of desired phen-
azine derivative,
Fig 3, REffect of the EWG on the nucicophilicly of the (xime nilrogen atont,

4. Experimental section

nitrogen in the A-aryi ring (Table § entries 7-13), may be sui- 471 Genergl
prising when assuming that N-aryl ring undergoes a nucleophilic

addition of the oxime nitrogen. o P  'Hand ""CNMR spectra were recorded on a Varian Mercury 500
However, Decause of the extensive sysiem ol conjugated instruments at 298 K. Chemical shifts are expressed in ppm refersed

Yable 2
Cyclizatico of 3-substituted nitcasoanilines Tn-r,
o . Y
AN oy Bsk Ay &y
A, T S 7 A
o ey DMF, X N R
H
3 4
Entry Nitrosoaniiing Reaction time' b Phenazines
1. ¥ 34 34" Toral Yield %
1 1n oMe 18 3a, 42 8436 6237
2 1o Me 22 3h,4b 23117 80%
% 1p o 23 3¢ 4c 84.16 5E .
1 g E 46 34, 4d G140 755
5 1r N . 48 Je, 4e 83:17 78%

4 Reactiop was carmied out until 1 zgmrent Jdlsa;)p(‘nr{d m: o
b Datermined by GE e ST U T U U OO P PO PR PR TP PRSP PR DR PIEER LR
° Isplated yield,

¢ Crude T was used becase of its nstabitiny.
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to TMS {'H NMK at 500 MHzC NMR ar 125 MHz), coupling con-
stants jn Hertz. IR spectra were recorded with a FT/IR Jasco 6200
spectipmeter, Mass spectra (£, 70 eV or £S1 in MeQH) were ob-
taimed on an AuicSpec Premier and an API 365 spectrometers,
Qualitative UV—vis spectra were recorded using MeCN as solvent,
range 990.00 to 190.04 nm. GC analyses were performed on &
Hewlett Packard HPEB90 GC system with HPS column and ¥l
(carrier gas — helium], Silica get Merck 60 (230-400 mesh) was
used for colurmn chromatography. THF was distifled from sodium/
benzophenone kety! prior 1o use. DMF was dried over CaHy,
chistilled and stured uver pwleculsr sieves.

The Eol;owmg nitrosoanillnes were obtained as {!{‘ccnbaé pre-
viously: 12, 5% 1h-d, 1k, 11%; 12,7 1h'$ 177 1m™ and 1/ 2-
DeutenoA~1ncthoxyanllmene was prepared accordmg o the re-
ported metl*od % phenazines 2b.2 2¢,% 24,7 21 3.2 3¢7 42"
and 4c™? were identical with those obtained and described earlier.

4.2, Preparation of nitrosoanilines 1

4.2.1. Representative procedtite

4.2.1.1. N-{5-Chlpro-2-nitrosophenyl}-N-(4-dimethylaminophenyl}
amine (1g). To a cooled solution of +-BuOK (672 mg, 6.00 mmol} in
~ DMEF (12 mL) was added dropwise at -85 °C a solution of 4-
{dimethylaminolaniline {272 mg. 200 mmol}, then 4-
chicronitrobenzene {315 mg, 2.00 mmoi} in DMFE {2 ml each),
The mixture was stirred at this temperaiure for 40 min. The reac-
tion mixture was then poured into a concentrated NH4Cl solution
(ca. 50 mi} and extracted with EtOAc. The extract was washed
thoroughly with water and brine, and dried with Na;504. After
evaporation, the crude product was subjected to column chroma-
tography (5i0.. hexaneftoluene} to isolate g Dark solid: mp
177-178 <C; Yieid 176 mg {32%); IR {KBr) gan = 3087, 2882, 2798,
1603, 1320, 1352, 1146, 1104, 942 808 cm ' UV—vis (MetN)} fmax
4813.75, 304.93, 26330, 23933, 203.03 nmy; TH NMR {500 MHz,
COCLy): 6= 3.00(s, 6 H).6.73+6.76 {m, 2 H). 6.87 (d,] = B.5 Hz, 1 H),
698 {d, [ = 1.9 Hz, t H), 7206-7.12(m. 2 H)}, 8.66 (br 5, 1 H}, 1233 (br
s, 1 HY, i3c NMR (125 MHz, CDCl3): 6 40.5,112.9,114.8,118.1,124.4,
1264, 134.9, 142.0, 144.3. 149.5, 155.0: MS (EL, 70 eV m/z (%} 275
{52), 263 {13), 258 (100), 246 (34); HRMS (EN: myz caled for
C4H13CINSO; 275.0825; found: 275.0814.

422, Nitrozognilines Yo-1q

Were obtained according to the representative procedure (see
above). except that THF was used instead of DMF and the reaction
was carried out at --78 °C.

4221, N-(3-Methylphenyl)-N-{2-nitrosophienyljJamine (1o).

Dark red oil; Yield 212 mg (50%): [R {flm}: vmax 3041, 2920, 16053,
1568, 1589, 1094, 757 cm ™ UY—vis (MeCN) iqa, 477.67, 300.33,
267.67, 245.00, 191.67 om; ' NMR {500 MHz, CDCl3): § =2 2.37 (s,
3 H),685({t,] = 724 Hz, 1 H}, 7.05-7.03 (m. 3 H), 714--7.18 {m, 1 H),
7.26—7.31 (m, 1 H), 7.32-737 (m, 1 H}, 8.69 {brs, 1H),12.07{brs,
1 Hi; Y0 NMR (125 MHz, CDCh): 6 = 21.3,115.3, 117.7,1218, 1253,
1271, 128.7, 129.4, 136.9, 1379, 139.7, 156.7, one missing signal; MS
(Et, 70 eV): mjz 212 {7}, 211 {16}, 195 {100}, 181 {37}, 180 (36), 167
(34) HRMS (El): m/z caled for CigHuMp0 (M - 1]7: 211.0871
found; 211,0864.

4222 N-{3-Chlorophenyl}-N-(2-nitrasophenyljJamine (1p).

Dark crystals; mp 78-79 °C: Yield 242 mg (52%); IR (6im)! Pmax
3070, 1589, 11565, 1506, 1477, 1366, 1343, 1136, 1090, 757 cmh;
UV-vis {MeCN] Iy 46910, 298.60, 271 63, 193,37 am; TH NMR

{500 MHz, COCs) § = 206 & f = 726 Hzo b B 214725 tmy 3 Hyoooe

727—730 (1o, 1 H), 734 (. = 8.1 Hz, 1 H). 7.36~7.44 (m, 1 H), 8.68
(brs, ¥ HY, 1172 (brs. 1 H); C NMR (125 MHz, COCl): § = 1149,
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118.4, 118.5, 122.5, 1244, 126, 1306, 132.6, 135.2, 138.1, 138.7,
156.7; MS {EL, 70 eV]: mfz (1233 (5), 232 (7), 215 (100, 201 (45}
197 (134 167 {53}, 166 {24 HRMS (Elx miz caled for CpHﬁ CiNsG:
233.0482; found: 233.0477.

4223, N-(3-Fluorophenyl}-N-(2-nitrosophenylJamine (Tq).

Dark oil; Yield 233 mg {54%]; IR (BIm): 7nae 3071, 1604, 1572, 1510,
1486, 1386, 1343, 1142, 1094, 756 cn' ' YV—vis {(MeCN] Amax
47143, 298.27, 268.30. 220,35, 19504 nm; 'H NMR (500 MHz,
CDCh): 6 = 6.91-6.96 {m, 1 H), 6.96-7.02 (m, 1 H}, 7.03-7.07 {m.
2 M), 723 (& § - B8 Hz, t B}, 7.32-7.44 (), 2 H), B.66 (br 5,1 H},
1.73 (br s, 1 HY C NMR {125 MMz CDCh) 6 = 1113 {d
Jor = 23.6 Hz), 1128 (d, Jor = 213 Hz) 1149, 1184, 1198 (d,
Jer = 3.4 Hz), 1308 (d. kr = 9.3 Hz) 132.5, 138.1, 1390 (d.
Jor = 5.8 Hz}, 156.7,163.2 (d, oy = 247.8 Hz), one signal missing; MS
(E1, 70 eV myz {%) 217 (1), 216 (8), 199 (100}, 185 (8I); HRMS (El}:
myz caled for CyaHpFNLQ; 217.0777; found: 2170774,

4224, N-{3-Cyanophenyl)-N-{2-nitrosophenyllamine  (1r} The
compound was obtained according to the representative procedure
(see above), except that THE was used instead of DMF and the re-
action was started at 78 *C and after 3 min the cooling bath was
removed and the reaction was allowed to reach the room temper-
ature. Dark red solid; mp 119 *C: Yield 241 mg {534% ) IR (KBrY #rax
3314, 3068, 2230, 1583, 1511, 1135, 1093 cm " 11 UV~vis (MeCN) Apax
46710, 273.63, 223.01, 195.70 nm; 'H NMR {500 MHez, CDCiz):
5= 710-715 (m, 1 H}, 719 {d, ] == 8.4 H, 1 H), 744749 (m, T HJ.
7.5~754 (m, 3 H), 761 {s,1 H}, BS8 (brs, 1 HL 1152 {br 5,1 H}: 7’C
NMR (125 MHz, CDCls): 6 = 113.9, 145, 1178, 1192, 1193, 127.0,
128.4,129.1, 130.7,. 130.8, 138.3, 138.9, 156.8; MS (E, 70 eV): m/z (%]
223 (19), 209 {13), 206 {100}, 192 {95); HRMS (E1} myz calcd for
Cy3HgN30: 223.0746; found: 223.0739.

4.2.2.5. N-{4-chiorophenyl)-N-f5-(dimethiylamino }-2-nitrosophenyl}
amine (1f). To a solution of N-{4-chlorophenyl)}-N-(5-fluoro-2-
mtrosopheny;,&mme"“ £752 mg. 3.00 mmol) in EtOH {25 ml}
was added a'33% solution of MezNH in E10H {29 ml., 15.0 mmol}
‘and the mixture was stirred at ropm temperature for 4 h then ifwas
poured into water and extracted with EtOAc. The extract was
washed with water, brine and dried with Na,S04. After evaporatios,
the erude product, 730 mg (vield 88%) was pure enough for the
cyclization step, Dark erystals; mp 170--173 *C; IR (KBr): #max 3008,
2919, 1624, 1497, 1328, 1136, 912, 805, 622 cm s UV-vis (MeCN)
Jmax 394,84, 276.29, 221,68, 191,71 omu YH NMR {500 Mz, CDCl):
5= 310 (s, 6 H), 5.96(d, ] = 25 Hz,1 H), 649 (dd, | = 95,25 Hz,
1H), 721-724 {m, 2 H), 7.33-7.36(m, 2 1), 820 (d. f =~ 8.SHZ 1 H),
13.04 (s, 1 H); 1C NMR (125 MHz, CDCls): 6 = 89.0, 106.6, 1258,
128.,6,130.7, 136.7, 138.5, 142.0, 151.8, 155.9; MS (&, 70 &V); mjz (%}
2751100), 258 (66}, 244 {68). HRMS (Ei}: rrz/z caled for cwﬁcm;o
275.0825; found: 275.0811

4,2.2.6. N-(5-Chloro-2-nilrosophenyl)-N-(2-deuterio-4-
methexyphenyllamine (1h-D}. The compound was obtained start-
ing from 2-deuteric-4-methoxyaniline (89% D, based on MS). ac-
cording to the procedure described eatlier for the non-deuterated
product.” The crude Th-D was then used for the cyclization reac-
tion. Isotope purity {82% D} was determined by the 'H NMR spec-
trum of a purified sample, T NMR (500 MHz, DMSO-dg): 6 = 3.80
(s, 3 H}, 6.86—6.90 (m,1 H), 6.96 {d, ] = 1.8 Hz, 1 H), 703-7.06 {m,
2 ), 7.33-7.36 (m, 118 H), 7.88 (br s, 1 H). 11.53 (s. 1 H).

4.3, Cymzmoﬁ of mtmcoctmtar'es 1 genefa! preﬁeéam

‘Io a solution of 1{0.50 mmol}in dry DMF (8 mL) was added 85A
{0.61 mL, 2.50 mmol) and the mixture was stirred at room
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temperaturs. The réaction was monitored by tic [Si0; plate, hex-
ane/EtOAc 4:13 of small samples of the mixture quenched with
water and extracted with EtOAC After the spot of 1 disappeared, or
was only stightly visible (see 'Tables I and 2 for the rough reaction
times), water (4 mL) was added and the mixture was stirred for
10 min. Iy case a solid product precipitate forming, it was filtered
off, washed with water and a small amount of cold MeOH, then
dried on air. Otherwise the reaction mixture was poured into water
and extracted with EtOAc. The ex{ract was washed with water and
brine and dried with NapSO4. After evaporation, the residue was
purified by column chromatography {Si0z, hexane{EtQAC 4:1) to
obtain pure phenazine 2. When two isomers of the product was
formed {3 and 4) they were separated and isolated in this way.

431, 2-Chlorp-7-(trifluaromethy )phenazine (2a}

Coloriess crystals, mp 159160 °C (i-PrOH); Yield 115 mg (82%);
IR (Blm) rmax 3058, 2996, 1332, 1150, 1122, 823 an” 1 uv-vis
(MeCN) Amax 368.86, 251,98, 211.36 nm; 'H NMR { {500 MHZ COClyx
5= 7.820dd. f+.9.2,2.1 He, 1 H),7.98{dd. § - 9.0. £.7. Hz. 11}, 8.22{d.
J=9.2Hz, 1 HY827(d.[ == 2.1 Hz, 1 H), 8.35(d,] - 9.0 Hz, 1 H), 857
(brs, 1 HY; PCNMR {125 MHz, COCh ) & = 123.4{q. Jor = 2728 H2),
1281 1282, 13114, 13115, 1319, 132.2, 1328, 138.0, 1419, 1426,
144.1, 144.3; MS (El, 70 eV): m/z [¥) 284 (32, 283 {16), 282 {100}
M7, 247 {14), 227 (3}, HRMS (El}: m/z calcd for Cy3HE*CIFaNy:
282.0172; found: 282.0164.

432 2-Chloro-7-methoxyphenazine (2e) ‘

Yellow crystais, mp 162-165 <C (i-PrOH]; it 173-174 °C
(EtOH); Yield 112 mg (92%); IRIfilm): 1may 3072, 2966, 2831, 1632,
1474, 1424, 1298, 1217, 813 cm"'; UV—vis (MeCN) imay 394.17,
351.55, 259.31. 218.68 nmy; U NMR {500 MHz, (DClYy: § = 4.02 (s,
3 H), 7.36{d.j = 2.6Hz 1 H}, 751 (dd,] = 9.5, 26 Hz, 1 H), 7.72 (dd,
§=92,22H21H).804(d, /= 9.5Hz, 1 H), 808(d, ] = 92 Hz, 1 H).
818 (d, [ 2.2 Hz, 1 H}; **C NMR (125 MHz, CDCl3): § = 559, 1045,
127.1,128.0, 1301, 130.6, 131.7, 1348, 1411, 141.7, 141.8, 145.0, 1615,
MS (EL 70 eV): m/z (%) 246 (33). 245 (15), 244 ( IOl}) [M*1,203 (203,
201 (60), 179 (27 HRMS (E): m/z caled for Ci3H3TCINGO: 244.0403;
found: 244.0394.

433 2-Chioro-7-dimethylaminophenazine {2}

Yield 116 mg (90% from 1g): Orange crystals, mp 210 °C {i-PrOH)
(1it? 209210 *C) IR {KBr} rmsx 3062, 2894, 2800, 1622, 1488,
1424, 1345, 938, 810 cm " '; UV—vis (MeCN) inax 492.74, 360.87,
289.28,236.33 nm; 'H NMR (500 MHz, CDCly): 6322 (5,6 H), 703
{d, ]« 2.7 Hz, 1 H), 761 {dd, | = 9.6, 2.7 Hz. | H), 7.66 (dd, | = 9.2,
22Hz, 1 HL800(d, /=92 Hz 1 H).8.01(d.]=96Hz 1 H},812(d,
=22 Hz, 1 HY PCNMR (125 MHz, COCh}: & = 40.4,102.5, 123.4,
128.0, 129.6, 1301, 131.3, 132.5,139.9, 140.8, 1424, 145.5, 151.1; M5
(EL, 70 eV} m/z (%) 259{33), 257 (100) [M~], 216 {4), 214 {11 ): HRMS
(El}: méz calcd for CagHg iClN-; 257.0720; found 257, 07?1

4,34, 2-Chlore-7-cyanophenazine (2g) B

Yield 102 mg (85%); Yellow sofid, mp 315-318 °C dec. {lit**
318.5-319.5 "C (EtOH)); IR (ATRY ¥ax 3056, 2924, 2224, 1504,
1414, 1059, 820 cm '; UV-vis (MeCN} Amax 377.33, 26067
213.67 am: "H NMR (500 MHz, CDCl): & = 7.85{dd. [ - 83,22 Hz,
1 H), 7.94 (dd, ] = 9.0, 1.8 Hz, 1 H). 824 (d. f == 9.3 Hz. | H), 8.28(d,
J=22H2,1H,8.34{d./ =90 Hz, 1 H),867{d.J = 18 Hz, 1 H); 'C
NMR (125 MHz, CDCl3): 4 = 114.8, 118.0, 127.1, 1309, 1313, 132.3,
135.0, 1366, 137.8. 139.6, 1411, 1443, 145.1; MS (EI, 70 eV) m/z (%)
240{44), 2391100}, 204 {26}, 178 (3}, 154 {3), 127 {4); HRMS (EL}: myf
2 caled for CaHECING: 235.0250; found: 239.0245,

43815 Dichlora-§-ethoxyphenazine (2h)
vield 133 mg {91%); Pale green crystals, mp 200-202 °C {i-

PrOHY sR {HImY; pmae 3062, 2685, 2610, 2866, 1628, 1470, 1204,
814 crv 'y UV-vis {MeCN) Jmax 407.16, 355.88, 26497, 219.35,
191.71, 190.71 nmy; TH NMR {400 MHz, CDCl): 4+ 155 (] = 7.0 Hz,
3H}, 4.26(q,) = 70 Hz, 2 H}, 7.46(d, [ -~ 2.7 Hz, 1 H), 7.54(dd. ] = 9.4
2.7 He, 1 M), 787 (d, J = 21 Hz, 1 H), 8.05(d, ] = 9.4 He, 1 H), 812(d,
J =23 Hz, T HY; BC NMR {100 MHz, CDCla): § = 145, 648, 105.3,
1273.128.4.130,2,130.7,133.2, 133.5. 1385, 141.3, 141.7. 145.1, 161.3;
MS(EL TOeVIm/z{%] 292 M 1(50),264 {100} HRMS (Ei): ca!ctl for
CyaHIBCINL0: 292,0170; found: 292.0179.

4.3.6. 1.3-Dichloro-8-cyanophenazine (2§}

Yield 105 mg (772); Yellow crystats, mp 250-251 °C; R {ATR):
w3098, 3068, 3035. 2231, 1585, 1502, 1389, 984 cm™': UV-vis
{MeCN) Amax 377.19, 265.30, 212.69, 151.38 nm; 'H Mm(soe MHz,
(DCh) & = 789794 (m, 2Hj,814(d] - 21 Hz, 1 H} 8.27 {d,
J=89Hz, 1H),871{d,j= 1.5Hz, 1 H); B NMR {125 MHz, CDCl3): -
&= 1347 1176, 1273, 1315, 1313, 132.2, 1348, 1369 1378, 139.8,
1415, 144.4, 144.7; MS (EL, 70 eV) m/z (%) 273 [M" ](100 2381223,
203 {5}, 178 (3}, 152 {10); HRMS (Ef}: ni/z caicd for cpHE Clag:
272.9861; found: 272.9857.

4.3.7. 7-Chlora-Z-methoxyphenazine {2e-DJ and §-chloro-2-
deuterio-4-methoxyphenazine (2e}

' NMR (500 MHz, CDCl3): § = 4.02 (5, 3 H). 2.36{d, J = 2.6 Hz.
1H),751-754(m, 1 H),7.73 (dd./ = 9.2, 2.2 Hz, 1 1), §.05--8.08 {m,
061 H, 809(d,=92Hz, 1 H), 818 (d. = 22 Hz, 1 i}

438 2-Methylphenazine {3b)

Yield 64 mg {66%); Greenish cryswls mp 117118 °C (i-PrOH}
(lit.2? 117-119 =C); HRMS {Ef}: m/z caicd for CyzHgNz: 194,0844;
found: 1940840

438 J-Methyiphenazine (4B}

Yield 13 mg (14%) Yellowish crystals, mp 105108 °C (i-PrOH)
(e 106—109 °C); HRMS {E13: myz caled for CizHigNa: 194 (1844
found: 194.0849

4.3.10. 2-Fluorophenazine {3d}

vield 62 mg (63%); Yellow crystals; mp 139141 °C (i-PrOH}
{1t 180—182 °C}; 'H NMR {500 MHz, CDCly}: & = 7.63--7.68 {m.
1 H). 7.82—-789 (m. 3 H}, 8.2-828 (m. 3 H); BC NMR (125 MHz,
CDCLY: 6 = 1116 {d, Jop = 21 Hz), 1226 {d, Jor = 283 Hz}, 1292,
129.8, 130.4, 131.2. 1321 (d, Jor = 10.4 Hz). 141.0, 142.9,143.7, 1431.8
(d. Jor = 13,3 Hz), 163.0 {6, fcr == 256.0 Hz): MS (Bl 70 8V); m/z (%}
108 {100) [M*], 197 (42), 171 (11), 150 {2), 145 (4} HRMS (Ei): mjz
caled for CiaHsFN,: 198.0593; found: 198,0597,

4.3,11. 1-Fluorophenazine (4d}

Yield 12 mg {10%): Yellow crystals; myp 125-126 °C {i-PrOH}
[lit25 208-209 *C (EtOH)]: 1R (flm); wmay 3046, 3021, 1519, 1060,
758, 737 e~ UV —vis (MeCN) Amax 36121, 246,65, 245.99, 244,66,
203.36 nm; 'H NMR (500 MHz, COChL): § = 747-7.53 (m, 1 H},
7.73~779 (m, 1 H}, 7.85-7.89 {m, 2 H} 804~808 (m, } Hi
8.21-8.26 {m, 1 H}, 832837 {m, 1 H}; ¢ NMR {325 MHz, CbCla )
5 = 1128 {d, Jor = 185 Hz), 1256 (d, Jor = 4.6 Hz), 1294 {d,
Joe o 8.7 Hz), 129.6,1300, 1315, 1314, 1351 (4, jcr = 13,3 He), 143.0,
143.8. 144.0, 157.0 {d, Jer = 262.4 Hz): MS (EL 70 eV): m/z (%) 198
(160) [M*1,197 (30, 179 (), 171 {95, 150 (2); HRMS (E1): m/z calcd
for C12H7FN>: 168.0593; found: 198.0602.

4.3.12. 2-Cyanophenazine {3e)
Yield 66 mg (65%}); Yellow crystals; mp 235- 236 *C (i-PrOH}

- {HiEAY 212244205 IR{RImY prax 305303016, 2224, 908, 834 758, 7

631 cm™ !} UV—vis (MeCN) Anax 367.20, 257.98, 208,69 nm; 'H NMR
(500 MHz, CDCl): 6 = 79798 {m. 3 H), 8.26-8.31{m, 2 H},8.37{d,
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J=91Hz, lH".BSGlé Fe 13 Hz 1H) ‘*CH’V{R(HS MHz. CDCiz )
5 = 113.8, 1180, 129.7, 129.8, 130.1, 1315, 1318, 132.4, 136.7, 141.3,
143.8,144.5. 144.7; MS (EI, 70 eV): myz (%) 203 (1003 [M ], 204 (23},
179{5}, 178 {8); HRMS (£1}: mmy’z calcd for CizHyN3: 205.0640; found:
2050635,

4.3.13. 1-Cyanophenazine (dej

Yield 14 mg (13%); Orange solid, mp 166-167 =C {hig 2
170—-172 °C); 1R {film): smax 3335. 3059, 2229, 1519, 1325,
743 con 1 UV~ vis (MeCN) Aax 364.87, 247.32, 200.70 nm; 'H NMR
(500 Miz, CDCh); § + 790 {dd, ) -« 89, 7.1 Hz, 1 H), 2.93-7.97 {m,
2H),826-8.29(m, 1 H). 831 {dd.J = 71, 1.3 Hz, 1 H), 8.39-8.44 {m,
1 H) 851 {dd. f = 89, 13 Hz, 1 H); 3¢ NMR (125 MHz, £DCh):

= 1136, 116.4, 128.0, 1297, 130.2, 1319, 132.0, 135.0, 1371, 1423,
144.1, 144.4, 148.2; MS{E1, 70 eV): m/z (%) 205 {1003 [M" ], 204 {16),
179(5} 178 {6}; HRMS {E!): m/fz calcd for CyzH4 N3 205.0640; found:
205.0634.
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A two-step oxidative aromatic substitution of hydrogen as a
convenient way to 2-nitrodiarylamines
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A method for rhe synthesis of differently substiruted 2-aitradiarylamines via nucleophilic substitution of
fTiydrogen in nitroarenes is described. In the twoestep procediire, the first step omits classical substitution
of halogens in starting nitroarenes and occurs efficiently at the position ortho to the activating group.
Subsequent oxidation of the Z-nitrosoanilines so formed is accomplished with a cheap and environ-
mentally friendly reagent. sadium perborate, under mild conditions, in exceptional cases of the amine-
substituted nitrosoanilines, more selective oxidant (IBX) is fequived,

@ 2016 Elsevier Lid. All rights reserved.

1. Introduction

2-Nitrediarylamines play an imnportant role in ovganic synthesis
as intermediates in numerous syntheses of a variety of polynitrogen
heteroeyclic compounds. In addition, they are important in bio-
orgaric as well as material chemistry, and some of them have been
reported to exhibit biological activity themselves {Fig. 1} Even the
simplest 2-nitrodiphenylamine was found to be capable of some
inhibition of amyloid fbril formation.’ Diversely substituted de-
rivatives of general formula A act as fungicides,” B exhibits anti-HIV
and cytotoxic activity® and € shows inhibitory effect on AKR1C3
enzyme.*

Despite the abowe applications, the number of convenient
methods for the synthesis of these compounds is rather limited.
‘The most popular one is substitution of halogens {fluorine or
chlorine) with an appropriate arylamine according to the SyAr
scheme, carried out under basic conditions™” which can be
moderated by the use of microwave irtadiation.™ Other goad
{eaving groups in that reaction, for instance NDj, are iess common.’ s
Substitution of poorer nucleofuges such as Br, | or 0505C4Fa,”
usually required Pd-based catalysts in the Buchwald-Hartwig re-
action.” d- or Cu catalyzed crdss-coupling reactions were used alsg
for N-arylation of unsubstituted ortho-nitroanilines.” Occasionally,

it tgeg it

> Carrespoading author.
E-mail address; ripainwawizd
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bty o VG TB] Sek R L0080,
004&40"93'@ 2016 Elsevier 12d. Alf cights Teserved.

decarboxylative substitution of COOH greup™ and Smiles/
Chapman rearrangement’ leading to o-nitrodiarylamines were
reported. The most common methods require starting nitroarenes

ertho substituted with halogens or other functional groups wasted .

during the substitution process. the use of metal catalysts, and
often harsh reaction conditions. Reported environmentally on-
ented methods apparently could not avoid all of those problems,” i

A valuable alternative for the SyAr substitution of halogens s
nucleophilic aromatic substitution of i*ydmgen that can be
accomplished by means of various routes,” The most regarded, and
of broader application in synthesis are vicarious {¥NS]) and ox:da~
tive (ONSH) nucleophilic substitution of hydrogen. Both VNS'* and
ONSH™ were used successfully for the amination of aitroarenes.
However, while substitution of hydrogen with an unsubstituted
aming group by both methods is rather easy and quite general as
regards the nitrearene, N-arylaminafion is much more restricted.
An oxidative process was found to be effective mainly for relatively
electron-poor, reactive nitroarenes such as nitropyridine, nitro-
paphthalene or 24-dinitrobezene derivatives.” {ntermolecutar
oxidative arylamination of monoenitrobenzene was reported but
only para hydregen can be substituted that way.” The same limi-
tation was found for the VNS arylamination of nitrebenzene de-
rivatives with N-arylsulfenamides. ™ Low nucleophificity of the
arylamine pucleophile and in certain cases steric hindrance, can be
responsible for preferred para addition to the aromatic ring.
Furthermore, the competing oitho addition often leads to some
undesired processes. One example is the well-known Wohl-Aue
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¥ig. 1. Biofogically active derivatives of Z-nltrodiarylamine Q= EWG_ i {éx}
conder&sation of nitroareres with anilineg anions ﬁxrmhmg phen- A Oy (s
azines. ™ The cricial steg of this process comprises substtution of N NG, .
the ortho hydrogen atem with concuirent reduction of the nitro 5 NHA" H’ /%/NH’V
group, hence, the formation of intermediate ortho-nitro- - ! > V :
sodlphenytamine which undergo fast cyclization to the condensed i
< G

system,’™

in the course of our studies on the nudeophilic substitution of
hydrogen in nitroarenes we found that when the anilide anion was
generated by £-BuOK in THF or DMF at low temperature and was
reacted with nitroarenes, the reaction provided N-aryi-2-
nitrosoanilines,’ compounds for the sgmhesx; of which there
were nie Usable methods unti) that tme.’ That is, by appiication of
propecly selected conditions the Wohl-Aue condensation could be
halted after its first step. and the ortho-arylamination of the
nitroarenes was achieved, although at the expense of the nilro
group being reduced.

Despite a broad scope of nitroarenes and aryiamines which
successfully farm N-aryl-2-nitrosoanilines,”* in several cases, the
reaction does not occur selectively, The main products are accoim-
panied with some amount of the corresponding 2-
nitrodiarylamines, apparenily formed in the compefitive oxida-
tive substitution reaction. It seemed ie be of interest to examine
this undesired process and to try to employ it for the practical
synthesis of 2-pitrodiarylamines by nucleophilic substitution of
hydrogen.

Z Results and discussion

Under the standard, angerobic reaction conditions used for the
formation of N-aryl-2-nitrosoanilines the spontaneous oxidative
process appeared to be rather exceptiona), and restricted to the
relatively electron-poor reactants coflecied in Tebir L In certain

Tabfe ¥
‘The SHAr reactinns of electron-poor nitroarenes and anilines.

3

Seheme 1, Twi povsible routes of tansformnation of the oR-adducts under basic
conditions,

cases, however, the nitroanilines 4 are the only isolable products
{entries 57}, These observations appear ta be in accord with the
proposed mechanism of the reaction,”™ involving base-promoted
deprotonation of the o-adduct to create a dianionic form suscep-
tible for both intramolecular elimination of water and oxidation by
the starting nitroarene as an oxidans {Schems 1l

The electror-withdrawing substituents pmsem in both re-
actants apparently favor the latter process. fohenst 3 shows how
the electron-withdrawing group Q conjugates with a lone pair of
the nitro group (mesomeric structure B} which hinders intra-
molecular elimination of OH". Consequently, formation of a nitroso
group is obstructed and there js a chance for the oxidative process.

In accord with such uadersianding is an observation that A-
methytaniline which lacks a suitable N-hydrogen atom: {s fiot sus-~
ceptible to the intramolecular dehydration, and it reacted with
nitroarenes giving products of ONSH exclusively, in yields deperi-
dent on the excess of the nitroarene used.” Poor nucleophilicity of
the arylamine anion {e.g 4-cyanoaniline) is, supposedly, respon-
sible for the unfavorable equilibrium constant of the o™-adduct
formation, and consequently, for the relatively high concentration
of the unbound starting nitroarene playing the rote of an oxidant. In
hoth cases, the use of larger excess of the nitroarene favors the

-

. .
1o o i !
t‘gO‘z NH, ! \g,{}ﬂ E . N G " Oﬁft{} "
P /{sﬁ L BuOK DMF é /\KH N E (@N\/% /%w”‘%/‘%
5 : P, R i . - i
R’ A £54C->T, "LR" %? E R’ ®r? ] B?
t 2 e —* 3 4.
Eatry g Lk T2 3, Yield" % 4, Yield" %
1 4l AT -85 °C I 52 (27¥ 3a B (31}
2 4-Cl 2-CN rt 3b 40 b 20
3 2-Br-4-Ci 2-B+4-G -85 3¢ 29 4¢ 41
4 4CF, [ 2 55 *C 3 18 4 2
5 4-CEy 4 r.t 3= 4¢ 38
& G- 4-C8 A% 3f - af 4]
1 4N 4t -85 C 3z - ay 40
# Numbering refers to the positions in the starting nitroarene and aniline. '

® isotated yields,
© 1A parentheses showh the yields of the reaction with 2 equiv, of 1.
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Scheme 2, Two-step synttiests of ¢-nitredizrviamines viz nuclecphilic substtution of tdrogen

oxidation and the yields of the corresponding nitroanilines 4 are
significantly higher (tabks ; entry 1). -

in order to direct the reaction of less efectraphilic nitroarenes

towards the oxidative process. several modifications of the reaction
conditions were attempied, such a5 addition of externai oxidants,
changes of the solvent and temiperature of the reaction. They were
not successfl, however, resulting in the formation of complex
mixtures of products of chemo- and regio-unselective processes.””
Since the main goal was © develop a simple, economical and
environmental friendly protocol for the synthesis of 2-
nitrodiarylamines from simple nitroarenes, we turned towards a
twao-step approach which comprises substitution of orthe hydrogen
in nitroarenes with arylamines furnishing N-aryl-2-nitrosoanilines,
followed by subsequent oxidation of the latter {%here 2).

Oxidation of aromatic nitrosp compounds to nitro compounds, a
process known for over a century, can be achieved by several
oxidizing agents which have been reviewed.” In fact, the reaction
is of limited value in the synthesis of nitroaromatic compounds,
because the latter are generaily more readily available. It should be
mentioned, however, that sitrpsation of electron-rich aromatic
rings foflowed by oxidaﬁon of the intermediate nitroso compounds
with nitrous acid,”> KiFe{CN)s’* was applied, instead of non-
selective or low-yielding direct nitration, for the synthesis of
some nitroarenes. For this aim to be achieved, catalytic oxidation by
Hy0; in the presence of nitric acid,”* CH3Re03™ 03" o
{MH4leMorOu "' was also used successfully, A few examples of the
occasional oxidation of N-substituted 2-nitrosoanilines using
hydrogen peroxide under acidic™ or basic™™* conditions as well as
by m-CPBA** have been reported as a proof for the structure of the
corresponding nitroso compounds.

Tahie 2
Oxidation of nitresoariiize 3k under various conditions.

Searching for a more general and efficient oxidation miethod,
applicable for 2-nitrosoanilines, several expenments with the
model nitrosoanitine 3b were performed (Vaiis 2}

Although a number of oxidizing systems gave reasonabie yields
of 4a, we selected the relatively cheap and enviroamental friendiy
sodium perborate tetrahydrate which in subsequent experiments
was found to be a convenient and efficient oxidant for a broad set of
2-nitrospanilines 3 (T3kiz 3). Sodium perborate is known as a ver-
satile reagenr usable for oxidation of different functional groups
such as arpines, sulfides, ketopes, hydroguinones, but only one
example of the oxidation of nitrosobenzene to nitrobenzene has
been reported,”™ In the case of N-aryl-2-nitrosoanilines, possessing
both reactive funciion, i.e. nitroso group and arylamino substituent.
the oxidant was found to be selective enough, so that the amine
nittogen remained unaffected and the desired N-aryl-2-
nitroanilines were obtained tn high yields.

The reaction gave satisfactory resufts for nitrosoanilines 3
variously substituted with moderate electron-withdrawing and
elactron-donating groups in both aromatic rings, and was tolerant
towards sensitive bromides and iodides. However, poor results
were obtained in the oxidation of N-aryl-2-nitrosoandlines bearing
additional S-alkylamino or 5-dialkylamino groups in the nitro-
soaromatic ring. The reactions preduced multi-component mix-
tures, apparently as a result of unselective oxidation, involving not
only a nitroso group, but also the atkylamino substituent. For such
special type of nitrosoanilines a more selective oxidant was
required, After some research, positive results were obtained with
2-iodoxybenzoic acid (1BX}, the oxidant rather ineffective in the
attempted oxidation of the mode! nitrosoaniline (Table i). The
oxidation of appropriate N-aryl-2-nitrosoanilines 5a-f with 1BX

We; 0.+.0
NT : LT
,/L:QY,N-N %, conditiong ,/’5:-\\,:“ [
g 9 1 s 4 ¢ 4t
A LA R N
i i
Ctoan Gt 4n
Entry Oxidant Catalyst {mol %) Salvent Tempertature Time™ h vield," %
i Hz0; NaOH {e&xcess} MeOH (23 3 35
P 05 - ADH rt 24 45,
3 Hailn Cr05 {303 ErOH 6¢-C 3 i
4 FlaC N eMe Uz 4FR0 (30} MeOH 801°C g TF
3 HaG2 NaWC B0 {13} DCM TE. 487 fracex
& NazBO3-4H;0 - ACIH 40°C 2 59
7 m-CPBA - Cih{h rt 0.1 . 74
g BX* ’ DMSO rtor 40 ¢ 24 1d reaction
g 1BXF - DMSO 110 ¢ 4 decomp.

¢ Reactions carvied put vntll apparent disappearance of 3 by tc.
" Yiglds based on guansitative GC analyses.
= Yigorously stivred twosphase systerm
® No conversion of 3h was observed by tlc.
¢ Adodosybenzoic acid,
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Table 3
Cxidarion of nitrosoantlines 3h-x with sodium perborate tefrabydrate.

O G.#.0
N ' Ry
At Na,B,0, 4H.0 / AcOH AN
e L b L,
R R’
3 4
Eauy  § R? 2 Tewp ¢ Toue ko 4 vighd %'
1 5-C &-pMe 3 45 2 ¢h 82
2 5-F 4-Me H 45 1 4i 54
3 SF Z&Me, Y 45 15 4 85
4 S-(1 24 I 45 13 4k 9§
K 50Me 4-Br 3 43 3 4t 4]
5 acF; 4l Im 55 1 4y o8
7 4-CF, 5-C1-2-OMe  3In 55 2 4n 98
3 is-C), a4l 30 B5 3 45 56
9 5 -l 3p 45 2 4 95
10 H 4-OMe 3 45 05 4 B4
Tt 30 2-F I 45 05 4r 30
1z n 7 ET R 2 as 74
13 5% 2-t-Bu 3 45 13 EL BG
14 5-OMe  Z-t-Bo 3w 45 15 4 95
15 5-Ct 2'--4-Me 3v 45 10 4y 69
{6 5-0Me  4'-Me Iw 45 2 w75
17 3-F -Ct 3x A5 4 ax 95

* isolared yleld.

{OMSO, room temperature, 20 h) gave nitroanilines 6a-f collected
in Fig. 7.

Ta our best knowledge, this versatile reagent”™ has never been
used for oxidation of nitroso compounds, while the oxidation of
arylamine’! and anilide™ groups have heen reported. Thus, the
selectivity of [BX in the oxidation of 5, having three different ni-
trogen groups, might be a serlous concern. In both reports, how-
ever, it was stated that an arylamine moiety substituted with strong
WG groups, such as nitro group, remained fesistant towards this
oxidant. Extensive mechanistic investigations led to the conclusion
that severaj reactions of 1BX, induding oxidation of amines, are
initiated by single electron transfer (SET) from the substrate to {BX
to form a radical cation, a process which presumably is prevented
by strong EWG, it is reasonable to assume, that a nitroso group
should also prevent the undesired oxidation of the amine nitrogen
atoms in the starting 3-amino-2-nitrosoanitines, and in the same
way, the resulting nitro group prevents the product from under-
going undesired subsequent oxidation,

A nitroso group is often considered as an aza-analogue of a
carbonyl group of aldehydes, and indeed, it shows similar reactivity
and undergoes similar reactions, such as nucleophilic addition and
condensation, reduction and oxidation with maost fypical redox
teagents, In this respect, however, oxidation with BX seems
different. This oxidant is known for efficient oxidation of a broad
range of alcohols to the corresponding carbonyl compounds, which
in the case of primary alcohols are aldehydes. Further oxidation of
aldehydes to carboxylic acids is very rare, however, and requires
special conditions such as the additional presence of hydroxylic
nucleophile®” or a solvent-free system at elevated temperature, ™
Contrary to that, the nitroso group of nitrosoanilines 5a-f is
oxidized. readily under very mild conditions {DMSO. ambient
ternperature} and the yields are reasonable.

A possible mechanism af the 1BX oxidation of nitrosoarenes may

- be analogous to-the fonic mechanism proposed forthe ogidatity g~ e

aldehydes,” except that it involves a lone electron pair of the

\0 §b 69%
NO; 1

2 NN/"‘M
& ”‘\/‘\

HNL_~_~

8d 8%

ge 62%

8f 65%

Fig. 2. Mitmanilines 8a-f obteined by owidalion of coresponding S-amino-2-
nitroscaniimes Sa-fl

nitrogen atom in the step of efimination of IBA (2—i0ddsoﬁenzmc
acid), making the whole process much easier (3chanw 2),

3. Conclusion

The developed two-step method for the synthesis of differently
substituted 2-nitrodiaryiamines engages nucleophilic substitution
of hydrogen in nitroarenes followed by oxidation of the 2-
nitrosoanilines so formed, with a cheap and environmentalty
friendly reagent. The first step omits classical substitytion of hal~
ogens in the starting nitroarenes. occurs efficiently at the position
ortho to the activating group, and potential leaving groups para (£
Cl. OR) or ortho {C}, OR) to the nitro group remain unaffected. The
oxidation step, which can be carried out with the crude product
from the first step, occurs under mild conditions with sodium
perborate ietrahydrate and oaly in exceptional cases of the amine-
substituted compounds requires a special, more selective oxidant
(1BX). The above leatuires make the method a valuabie alternative Lo
the popular methods based on the SyAr reaction.

0 /\S

Ar—-NTT + o
= 3
5 e
iBsXx
H .
+/,O X lj\o
N | o
(o2 =
&

BA

Scheme 3, Proposed mecharistic scheme for the oxidation nitrospanilines 5 with IBX.
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4, Experimentaf section
4.1. Generaf

i and °C NMR spectra wese recorded on a Varian Mercury 500
instruments at 298 K. Chemical shifis are expressed in ppm referred
to TMS ('H NMR at 500 MHz,*C NMR at 125 MHz), coupling con-
stants in Hertz. Mass spectra (B, 70 eV and ESI in MeOH) were
obtained on an AutoSpec Premier and an APY 365 spectrometers, IR
spectra were recorded on a JASCO FIAR-6200 apparatus. GC ana-
tyses were performed on a Hewlett Packard HPG890 GC systers
with HP3 column and F1D (carrier gas — heliur), Silica gel Merck 80
{230-400 mesh) was used for column chromatography. THF was
distifled from sodium/benzophenone kelyl prioy to use. DMF was
dried gver CaHy, distilled and stored over molecular sieves.

Following nitrosoanilines were obtamed and described previ-
ously: 3h, 3p, 3w’ 3i 1 33, 3, 30 3x " 3k, 3v'™; 3m, 30"
3g° 30, 35" 317 5b, ¢, £ Se’

42, Reactions of electron-poor nitroarenes and anifines (Table 1)

To a cooled solution of t-BuOK (6 mmo}, 672 mg) in DMF (12 mL)
was added dropwise at --65 *C a solution of aniline 1 {2 mmai),
then nitroarene 2 {2 mmot} in DMF {2 mL each). The mixiure was
stirred at this temperature for 20~60 min o1, in a few cases, the
cooling bath was removed and the mixture was aliowed to reach
room temperature {see 1aile 1), The reaction mixture was then
poured into a concentrated NH«CI solution (ca, 50 mi} and
extracted with EtOAc The extract was washed thoroughly with
water and brine, and dried with Na;S0,. After evaporation, the
crude product was subjected to column chromatography (Si0g,
hexane/AcOEL. hexane/CH,(l) or hexaneftoluene) to isoiate 3 andi
or4d.

4.3. Characterization of N-aryl-2-nitrosoantlines 3a-d and
nitroanilines 4q-g { Tadir 1)

431, 5-Chlare-N-{4-cyartophettdl}-2 -niirospanifine (3o}

Red solid; mp 205-206 °C: IR {KBr): 3296, 3095, 2921, 2224,
1594, 1552, 1507, 1458, 1336, 1264, 1157, 1107, 1078, 941, 818, 795,
567 cm™Y; 'H NMR (500 MHz, CDCla): 6 = 7.09 {dd, = 2.0. 8.7 Hz.
THL731(d = 20Hz1 H), 738-742(m, 2 B}, 7.71-7.74{m, 2 Hj.
8.56 (br s, 1 H), 1142 {br s, T H}; 13C NMR (125 MHz, CDCls):
4= 108.9, 1144, 118.3, 120.4, 123.3, 132.5, 1339, 137.7, 141.7, 145.],
155.1; MS;E! 70eV} mfz (%) 257 (M*, 22), 240 (100}, 226 (46), 192
(47} 164 {19} HRMS (El} m/z [M]" caled for CiHgNyO™ 5S¢t
257.0356; found: 257.0356.

4.3.2. 5-Chlora-N-(2-cyanophenyl)-2-nitrosoaniline (3b}

Park solid; mp 128—129 °C; 'H NMR {500 MHz, CDCLY
b - 7.02-712 {m, 2 H}; 7.37 (ddd. J = 1.2, 7.8,9.1 Hz, 1 H}; 756 (d,
J =78 Hz 1 H), 267 (ddd, J = 12,79, 9.1 Hz, 1 H); 775 (dd, ] = 1.2,
7.9 Hz, 1 H), 8.58 (br s, 1 H}, 114 (br s, 1 H); *C NMR (125 MHz,
CDCly): 5= 108.6,114.4,115.9,120.3,124.9,126.4, 134.0, 134.1, 140.4;
144.8; 155.0; MS (ES1, MeOH): m/z = 258 [M+H|*; HRMS (ESI): m/z
iM+HY caled for CisHeN50™C) 258.0434: found: 258.0426.

4.3.3. 3-Bromo-5-cfiloro-N-{2-bromo-4-chiorophenyli}-2-
nitroseaniline {3c) X

Dark sotid: mp 128134 °C; 'H MMR (500 MHz, DMSO-dg):
8 6.79{d, J = 20 Hz, 1 H), 730 (d, ] == 8.4 Hz, 1 H), 7.36-7.41 [m,
2H), 772 (d.J « 2.0 Hz, 1 M), 12.28 (brs, § H); PC NMR {125 MUz,

CDCIY: 8 = 1144, 1207, 123.7. 127.8, 128.3, 1289, 132.3,.1336, .

" 133.66,133.71, 138.5, 144.8, 151.2; MS (EL 70 eV); m/z {%) - 426 (4),
424 (6}, 422 {M* 4), 347 {56), 345 {100}, 343 (73); HRMS (ES1) m/z

IM+Na]® caled for CoHeN,0PCBroNa: 444.8122 found:

444,8110.

4.34. N-(4-Chlorophenylj-2-nitraso-5-trifiuoromethylanitine (3d}
Dark solid; mp 84-85 ~C: 'H NMR (500 MHz, {DChXk
§ = 718-728 {m, 3 {), 733 (5. 1 H), 7.4—-756 (m, 2 H), B.88 (d,
J = 69 Hz, 1 H), 11.56 {br 5, 1 H); C NMR (125 MHz, CDCh):
8 = 1133 {q, Jor = 4.2 Hz), 1141 {q, Jor = 3.3 Hz), 1229 {g,
Jer = 274 Hz), 1260, 1302, 1325, 134.9, 1378 {q, Jor = 32.7 Hz},
148.9, 155.7; M5 {ESI, MeQH)Y m/z = 301 [M+H]"; HRMS (ESI): miz
[M+H]* caled for CpHgNzO 5(.‘1F3 301.1496; found; 301.1490.

4.3.5. 3-Chioro-N-(4-cyanophenyl}-2-nitroaniline {4aj .

Orange needles; mp 234 °C {it."" 221-224 =CY; IR {KBr): 1322,
3114, 3097, 2225, 1599, 1563, 1502, 1483, 1336,1251, 1066, 936, 836,
747,552 cm™"; 'H NMR (500 MHz, DMS0-dg): § := 716 {dd, ] = 2.0,
89,1H),74{d.]=89,2H),778(d.J = 89,2 H}. 745 (d.] = 2.2, 1 H},
814 {4,/ = 89,1 H), 9.48 (s, 1H); PC NMR {125 MHz, DMSO-dg}:
§ = 1045, 1191, 1192, 120.3, 1211, 128.2, 1337, 136.1, 139.1, 140.0,
144.8; MS (E1, 70 eV} mjz (%) 275 (41}, 273 (M", 100), 256 (15), 239
(38), 228 (27} HRMS (BI: mfz {M]* caled for Cy3HgN;03°Cl:
273.0305; found: 273.0304.

4.3.6. 5-Chloro-N-(2-cyarophenyl}-2-nitroaniliie (4k).

Orange crystals; mp 140-141 °C; 'H NMR (500 MHz, COCly):
6= 690{dd, J=20,911H) 214 (d, ] = 2.0 Hz, T #), 7.34 {dd,
J =82, 77 Hz,1 H): 7167 {ddd, } = 82, 82,14 Hz, 1 H): 7.75 {&d, "
J=14,77Hz, 1 R} 751 (d. /=82 Hz, 1 M}, 8.21 {d, J = 0.1 Hz 1 H},
9.67 {s, 1 Hy, PC NMR (125 MHz. CDCs): 6 = 108.4, 115.9, 1160,
120.0,123.9,125.9,128.2,133.1,134.1, 134.2; 1414; 141.5; 142.4; MS
(EL, 70 V) m/z{%) 273 {100}, 241 {11}, 239(28), 228(23), 192 (58};
HRMS (Ef: miz {M}" caled for Ci3tlsNa04°Ct: 273.0305; found:
273.6302.

43.7. 3-Bromo-5-chlorg-N-{2-bromo-4-chlorophenyl}-2-
nitreanitine (4c)

Yellow crystals; ma 167-168 *C: 't NMR (500 MHz COClLY
§=682(dd, ] =92, 21 Hz, 1 H), 6.99 (d, F=2) Hz 1 H), 7.37-738
(m.2H), 7.72-7.73 (m, | H), 818 (d.] = 9.2 Hz, 1 H),9.44 (5,1 H); ¢
NMR (125 MHz, CDCLY: & = 115.2, 1198, 1204, 126.0128.2, 128.8,
132.0,132.4, 133.6, 1356, 1423, 142 5; MS (EI, 70 eV} my/z (%) = 444
{43 442 {11), 440 (13}, 438 (M™ 5}, 364 (45}, 362 (100}, 360 (B2}
HRMS (ET): mfz IM]" caled for CiaHgN203°Ci5%Bry: 437.8173: found:
437.8175.

4.3.8. N-{4-Chlorophenyf)-2-nitro-5-triflucromethylaniline (4d}

Orange ¢Tystals; mp 161 °C: 'H NMR {500 MHz, CDCl3}: § = 7.01
{dd, ] = 1.5, 8.8 Hz, 1 H), 7.21-7.25 (m, 2H), 738 (d, ] = 0.7 Hz. 1 H},
7.42-745 (m, 2 H), 8.32 (d, ] = 88 Hz, 1 H}, 945 {s, 1 H); YC NMR
{125 MHz, CDClak 0= 113.2, {q, Jo = 4.0 He), 1.8 {q, Jor = 3.5 M)
122.7 {q, JoF == 273 Hz), 1259, 127.8, 130.3, 1320, 1346, 1363, 1370
(9. Jer = 332 Hz), 142.6; MS (EL 70 eV} myz (¥) = 316 {100}, 284
(10). 282 (25). 269 (41}, HRMS (EI}: mfz [M|* caled for
C13HgN; 03 CIF;: 316.0226: found: 316.0236.

4.3.9. N-f4-Cvanophenyl)-2-nitro-5-triflucromethylanifine (de}
Yellow ¢rystals; mp 93-94 °C; '"H NMR (500 MHz, COCh):
§=718(dd, J = 1.7,8.7 Hz, 1 H), 7.34~7.38 (m, 2 H), 765 {br 5, 1 H},
7.71-7.75{m, 2 H), 835 (d.f — 87 Hz,1 H), 0.50 (brs, 1 H}; PC NMR
{125 MHz, CDCIsd: & = 108.4, 1142 (g, Jor = 4.0 Hz), 1159 (g,
Jop = 3.5 Hzj, 1183, 122.0, 122.6 {q, Jor = 273 Hz), 128.0,134.1, 136 5,

137.0.(q, Jop = 33 Hz2), 1400, 142.6; MS-(EL 70-eV): mfz (%) o= 3G = =ron v

{45), 273 (100}, 260 (21), 240 {2); HRMS (E1}; m/z [M]™ caled for
CraHaNz02Fs: 307.0569; found: 307.0576.
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4310, 3-Cyano-N-{4-cyariophenyl}-2-nitroaniline {4f}

Orange solid; mp 139—140 °C; IR (KBr}: 3297, 3111, 2224, 1600,
1584, 1564, 1504, 1483, 1338, 1254, 1064, 842, 663 cm '} 'H NMR
(500 MHz, DMSO-dg¥, 6 = 7.36-740 {m, 2H}, 7.53 {dd, | = 15,
85 Hz, 1 H), 775~7.79 (m, 2 H), 794 (d,{ = 1.5 Hz, 1 H}, 8.22 {d,
J = 85 Hz, T Hj, 945 {5, 1 H}; 1’C NMR {125 MHz, DMSO-dg):
§ = 1047 1176, 117.7, 1196, 120.2, 124,5, 125.6, 1278, 134.2, 138,
140.8, 145.5, MS [EL, 70 eV} miz [%} = 264 (100), 247 (14), 2306{22),
219 (17} HRMS (EI: m/z (M]7 calcd for CiaHaN4Oz: 264.0647,
found: 264.0644.

4311, N-{4-Chlorophenyl}-5-cyano-Z-nitroaniline (g}

range solid: mp 133 °C; 'H NMR {500 MHz. CDCL): 6 = 7.01
(44, J = 15,85 Hz, 1 H}, 7.18—7.24{m, 2 H}, 738 (d.] = 1.5 Hz. 1 H},
742-75 {m, 2 H), 8.30{d. ] = 8,5 Hz. 1 H}, 941 (brs, 1 H); “CNMR
{125 MHz, CDCly): § = 1170, 119.1, 119.5, 120.3, 126.3, 1278, 1305,
132.6, 134.8, 135,8, 142.8; MS (El, 70 eV} m/z (%) = 253 (58), 237
(26). 236 [100)., 222 (40) HRMS (Ei}: m/z {M]* caled for
C14H13N307: 253.0851; found: 253.0855.

4.4. Preparation of nitrosoaniline 3u

To a cooled solution of £-BuOK (6 mmol, 672 mg) in DMF{12 mL}
was added dropwise at -85 °C a solution of 2-t-butylaniline
{298 mg, 2 mmol}, then p-nitroaanisole {274 mg, 2 mmol) in DM¥F
(2 mL each). The mixture was stirved at this temperature for 60 min.
The reaction mixture was then poured into a concentrated NH4Cl
solution (ca. 50 ml) and extracted with EtOAc. The extract was
washed thoroughly with water and brine, and dried with Na;50,.
After evapaoration, the crude product was subjected to column
chromatography (5i0,, hexane/toluene) to isotate 3u, 432 mg (76%
yieid). -

441, N-(2-t-Buiylphenyl)-5-methoxy-2-nitroscanitine (3u)

Dark green crystals; mp 7576 “C; 'H NMR (500 MHz, {DCh):
= 137 {s. 9 H), 3.71 (5. 3 Hj, 5.97 {(d. ] = 2.2 Hz, 1 H}, 6,55 {dd,
J=92,22Hz,1H),718-730(m, 3H}, 752 {dd./ = 7.8, 1.0 Hz, 1 H).
852 (d, J = 82 Hz, 1 H), 13.2 (5, 1 H); *C NMR {125 Mtz, CDCl3):
§== 30.6,35.0, 55.8,94.2, 109.2, 127.0,127.5, 127.7,128.3,135..138.0,
142.3,146.3.154.0, 16 7.0; MS (ESIY: m/z [M2H|" = 285; HRMS {ESI})
mfz [M-+H]" calcd for CizH2iN20;: 285.1603; found: 2851605,

45. Preparation of nitvosoanilines 5a and 5d. General procedure’™

To a selation of 5-fluoro-N-{4-methylphenyl}-2-nitrosoaniline
31 {05 mmal} in MeCN (10 mL) was added appropriate arine
(2.5 mmol) and the mixture was stirred at ambient temperature for
1 h. After the reaction was complete the mixture was poured inte
water and extracted three times with AcOEL The combined extracts
were washed with water, brine and the solvent was evaporated.
The crude product was pure enough fo use in the oxidation
Feaction.

4.6 Characierizaiion of new N-aryl-2-nitrosoanifines 5

4.6.1. N-{4-Methy!phenyl}-Z-nitroso-5-(pyrrolidin-1-yljanitine
{5e}

. Yield 95%; Dark green solid; mp 161-164 *C; iR {KBr): 2965,
2867, 1625, 1496, 1314, 1136, 911, 804, 663, 503 cm™’; 'H NMR
{500 MHz, CDCl3): 6 = 1.98-2.03(m, 4H), 235 (5, 3 H}, 3.2-3.6{m,
4H), 587 (d,] = 2.4 Hz, 1 H),6.35{dd, ] = 9.5, 2.4 Hz, 1 H), 810 {d,
] =95 Hz, 1 H),13.12 (s, 1 H); °C NMR (125 MHz, CDChj: § = 21.0,

95:2,48:2; 88.1,1076:1244,130.0,135.2, 135:3,130.8; 141.8; 1519,

153.4; MS{EL): m/fz (%) 281 (M, 67), 267 (83), 264 {100), 250 {42});
HRMS(EL: m/z [IM]® caled for CyyHygNa0: 2811528; found:

2811535,

462 5-n-Butyleming-N-{d-methylphenyl)-2-nitrosoaniline {5d}

Yield 97%: Dark reddish sofid: mp 112-114 °C; 'H NMR
(500 MHz CDClak 6 = 092 {f, ] = 7.4 Hz, 3 H}, 1.34-142 {m, 2 H},
156-163{m, 2 H12.35{s. 3 H}, 310-3.16 (m, 2 H}. 535 {br 5, 1 H},
891 (d,f =« 2.2 Hz, 1 H} 6.27 {dd. } -2 9,2, 1.5 Hz, 1 H), 7.34-7.20 (m.
4H).802(d, {92 Hz, t H} 13.42 (brs, 1 H); C NMR {125 MHz,
CDCla): & -+ 13.7, 20.1, 210, 31.0, 42.9, 876,109 7, 1245, 130.0, 135.0,
135.6, 140:8, 1414, IS0, 155.5: MS[EL): myz (%) 283 {IM™, 56), 265
{100}, 226 {58), 209 (54); HRMS(EI}: myz [MI* calcd for CipHyy NaD:
283.1685; found: 283.1685.

4.7. Oxddation of N-aryl-2-nifrosoanifings 3 with sodium perborote,
Synthesis of 2-ritrodiarylanines 4 (¥:bi 3); general procedure

Te a solution of nitrosoaniiine 3 (1.0 mimol) in AcOH (8 mL) was
added NaBO3-4Hz0 {460 g, 3.0 mmol) and the mixfure was stirred
at the temperaiure and for the time specified in Tabiz ¥ The reac-
tion mixture was then poured into water {ca. 100 mi} and extracted
with EtOAC (3 = 30 mi). The combined extract was washed with
water (3 » 100 mL} brine. and dried with Na,50,. After evaporation
the crude product was purified by column chromatography (5i0z,
hexane/EtOAC).

4.8. Characterization of 2-nitrodiarylamines 4 (Tonic 3}

4.8.1. 5-Chloro-2-nitro-N-(4-methylphenyl)-aniline (4h}

Red solid: mp 126-127 *C (Iit™™ 125-126 °C); IR (KBr): 3332,
3112, 3032, 2819, 1605, 1565, 1511, 1483, 1336, 1246, 931, 784,
529 cm " '; 'H NMR (500 MHz, CDCh): 6 = 2.39 (5. 3 H), 6.68 (dd,
J =92 21 Hz 1 H), 707 (d.] = 21 Hz, 1 H), 714-7.17 {m, 2 H),
7.24-727 (m. 2 H), 8.14 (d, | = 9.2 Hz, 1 H), 9.49 (broad 5, 1 H): Be
NMR {125 MHz, cpcm 6 = 21.04, 11510, 117.52, 125.17, 128.06,
130,56, 131.20, 135.08, 136.55, 142,46, 144.47; MS(EL): m/z (%) 262
(M*, 100}, 228 (44}, 215 (39}, 180{37), 181 (36); HRMS(EL): myz {M]*
caled for CiaHpN03%CI; 262, 0509 found: 262.0507.

482 5-Fluors-2-niteo-N-{4-methylpheny!)-aniline {4i}

Orange crystals: mp 125128 °C; ‘H NMR (500 MHz, CDCh):
§239{s, 1H). 644 (ddd, j = 9.5, 2.6 He, Jus » 71 Hz, 1 H). 6.72 (dd,
Jux 26 HE Jur + 115 Hz, 1 H}, 7.34-717 {m. 2 HL 7.23-7.27 {m, 2 K},
8.24 {dd, J = 9.5 Hz, fup = 612 Hz, 1 H), 9.58 {br s, 1 H): *C NMR
{125 MHz, C{}CI;_) § = 210, 102 {d. Jor = 276 Hz), 1056 (d,
Jep = 24:6 Hz), 1252, 129.5, 129.7 (d. jor = 12.0 Hz), 1305, 135.2,
13656, 146.1 {d. jep = 13.3 Hz), 167.2 (d, Joz = 254.6 Hz): MS(EL): mfz
(%) 246 (M7, 3003 212 {(40), 198 (46}, 185 {31): HRMS(Ei}: m/z [M]™
cated for C3H(yN20:F: 246.0805; found: 246.0809,

483 5-Fluoro-N-{2,6-dimethyiphenyl}-2-mitroaniline (4§}

Yellow crystals; mp 90--91 *C; 'H NMR (500 MHz, CDCI;):
5.2 2.204s, 2 H), 600 (dd, f = 2.6 Hz, Jur = 11.3 Hz, 1 H), 642 {ddd,
] 96, 26 Hz, fup == 71 Hz, t WY 217-7.24 {m, 3 H), 8.27 (dd.
7 98 Hz, Jup = 6.1 He, T H3, 928 {brs 1 H}j; VC NMR (125 MHz,
COCY: 8 = 18.1, 100.3 (d, jor = 276 He}, 1052 {4, Jor = 248 Hzj,
128.1, 1289, 1298 {d, for = 120 Hz), 1348, 1365, 1467 [d,
Jez = 133 Bz 167.7 (d, Jop = 254.8 Hz}, one signal missing: MS(E!):
mfz (%) 266{M*, 1003, 212 {68, 198 (38}: HRMS(EI): m/z [M]* caicd
for CraHi3Na02F: 260.0961; found: 260.0971.

4,84, 5-Chluro-N{2-fodophenyl}-2-nitroaniline {4k}
Orange crystals; mp 130-132 °C: 'H NMR (500 MMz CDCl3):

{m, 1 H), 741 (dd, ] = 8.0, L5 Hz, 1 H), 7.42~-746 {m, 1 H), 797 (dd,
J«8.0,12Hz, 1H),819(d,] = 9.2 Hz, 1 H), 9.46 (br s, 1 H); *C NMR

& 678 {dd Far 92, 22 Hr T HL B.93{d. 4 22 HeyT HY, 200=705 o
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(125 MHz CDCls}: 6 = 96.9, 115.2, 1185, [25.8, 128.1, 1281, 1296,

1319, 139.9, 140,4, 142.5, 143.0; MS(EL): myfz (%) 376 {41}, 374 (M7,

. 100). 230 (44), 202 (50), 201 (54), 166 (54); HRMS(EI): m/z [M}*
caled for CizHgNO1: 373.9319; found: 373.9329.

4.85. N-(4-Bromophenyl}-5-methoxy-2- mrroan*!me (4!}

Orange crystals; mp 147-150 °C (lit.”” 149 “Ch 'H NMR
(500 MHz, CDC3); 6 = 3.76 (s, 3 H}, 6.37 {dd, | = 9.5, 2.6 Hz, 1 H},
6.52 {d, § = 26 Hz. 1 H), 7.16—7.20 (m, 2 H), 7.52-7.56 (m, 2 H}, 8.19
{d,] = 9.5 Hz, 1 1), 9.66 {broad s, 1 H); "C NMR (123 MHz, COCly):
& == 55.7. 975, 106.7, 118.7, 1261, 127.7, 129.1, 1329, 137.8, 144,93,
165.6; MS{ED): myz {¥} 324 (99), 322 (M*, 100}, 290 {24}, 288 (24},
226 (28 197 {39). 154 (45% HRMSED: mfz [MI° caled for
Cr3H:NxOTPBr: 321.9953; found; 3219940,

488 N-f4-chiorophieny!}-4-triffucromethylo-2-nitroanifine (4}

Orange crystals; mp 83~85 °C; 'H NMR (500 MHz, CRCLY
52718 (4, ]~ 8.8 Hz, 1 H), 7.22—727 {m, 3 H), 742~7.45 {m, 2 H},
756 (dd, § = 88, 16 Hz, 1 H), 8.51 {s,1 H}, 963 {5, 1 H}; 0 NMR
(125 MHz, (DChL): § = 116.4, 11958 {q. jor = 347 Hz) 1233 (g,
Jor = 272 Hz), 1248 (q, Jer = 46 Hz), 1265, 130.2, 1319 {q.
Jop = 3.0 Hz), 1319, 132.4, 136.1, 1443

MS (E1) m/z (%) = 318 {44), 317 (26}, 316 (M, 100), 297 (14), 282
(30), 269 (44), 235 (42), 201 (17); HRMS {El}: m/z {M{" calcd for
Cy3HsNZ03°CIF;: 316,0226, found: 316.0224.

4.87. N-(5-Chloro-2-methoxyphenyl}-2- mtm 4-
triflucromecthylaniline (4n)

Orange crystals; mp 138143 °C; 'H NMR (500 MHz, CDCly}:
§ =387 (5.3 H), 694 (d, f== 88 Hz 1 H). 7.21 (dd, ] = 8.8, 2.5 Hz,
{H),725(d.J = B.8Hz 1 H),7.36{d.j= 2.5Hz, | H},7.60{dd./= 9.1
2.0Hz,1 H), 8.51 (d,} = 1.1 Hz, 1 H),9.59 (s, 1 H} 1?C NMR{125 Mtiz,
CDCY 8 = 56.0, 1127, 116.7, 1200 (@ Jor = 343 Hz), 1233 (g,
Jer = 271 He), 123.8,124.7 (q, Jor = 3.7 Hz}, 12556, 126.5,127.7,131.7
£, Jor = 2.9 Hz), 132.8,143.8, 151.5; MS{El}: m/z {%) 248 (49), 346
{M*, 700), 285 (57). 222 (27); HRMS(EL): mfz [M]® caicd for
C1aH1oNz07CIF,: 346,0332; found: 346.0323.

488 35-Dichloro-N-{2-Chloropheny!}-2-nitroaniiie (4o}

Orange crystals; mp 99-102 *C; 'H NMR (500 MHz CDC:)
54694 (d, ] = 2.2 Hz, 1 H}, 702 {d, ] = 2.2 Hz, 1 H}, 730-7.13 {1,
2Hy,7. 35~739{m, 2 H), 744 (brs, 1H); B NMR (125 MHz CDCs )

MS(EEY: m,/z (%3320 m), 318 (98}. 216 (m* ] wo;; 284 {39; 282 .{39}(
271(56), 269 {50), 237{56}, 235 (80); HRMS{EI): mfz [M]™ calcd for
CmH’;NzO%SCh: 315.9573; found: 315.9587.

4.89. 5-Chipro-N-(4-chlorophenyl}-2- mrroamhne (4p}
(rrange crystals; mp 158~159 ° =C (Jit.!™
(500 MMz, COCl3}: & = 6,75 {dd, J = 9.3, 2.0 Hz, 1 H), 708 {
J =20 Hz 1 H), 7.20~724 (m, 2 H), 741-744 (m, 2 H}, 8.16 ’d
[ 93 Hz, 1 H), 946 (br s. 1 H); *C NMR (125 MHz. CDCl3):
§ =« T15.1, 118.3, 126.1, 128.2, 130.1, 131.7, 131.8, 1365, 142.6, 143.5;
MS(E(); m/z{%) 284 (73), 282 (M, 100}, 248 (42) 235(38),207 (49);
HRMS(EIY: myz [M]* caled for CipHgNa03°Cly: 2818963; found:
2819061

4810, N-{4-Methoxyphenyl}- vairoamhne (4q}

Orange erystals; mp 8285 °C {lit’ 78-79°C, lit™ §3-86°C}; 'H
NMR (300 MHz, CDChk 6 = 3.84 {s, 3 H), 6.71 {ddd, J = 8.7, 7.0,
1.2 He, 1 H), 694698 (m, 2 H}, 700 (dd, j = 87, 12 Hz, 1 H},
7148-722 {m, 2 W), 7.32 {ddd, ] = 8.7, 20, 1.5 Hz. 1 H), 818 (dd,
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158—159 “C): 'H NMR'

8715 Heo T MY 941 (brs, T HY PO NMR (125 MHz; (DG~

§ w 55,5, 115,0, 115.7, 116.7, 126.6, 127.1, 1312, 1325, 135.7, 1445,
157.3; MS(EL: myz (%) 244 (M7, 100, 229 {51}, 210 (26), 182 {36),
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154 (44); HRMS(ED: mfz [MIF caled for CipHiaNa0s: 244.0848;

found: 244,0847.

4.8.11. 5-Chloro-N-{2-flyoropheny!}-2-nitroanitine {dr}

Yellow crystals; mp 138-140 *C; 't NMR (500 MHz, COChLj:
6 = 678 (dd, ] =91, 2.2 Hz, 1 H), 697699 (m, T H}, 7.21-7.32 (m,
IH), 7.36~741 {m, 1 H), 8.17(d.J == 8.1 Hz, 1 H),8.35 (broad s, 1 H};
3¢ NMRuzs MEZ, cncx;) 4 =152, 117ofd Jo =195 Hz) 1134

]280 1320, 142,5 1432, 1569 (d. Jer = . 2478 Hz,, ‘one srgna%
missing; MS{ER: mfz (%) 268 {46), 266 (M M, 100}, 232 (45}, 219 (49},
185 (4675 HRMS(ED: m/z [M]" caled for CyaHgNyOFPCIF: 266.0258:
found: 266.0261.

4812 N- ’2~Cmaropizenyl) 2- mtmnmlme {48}

‘Orange crystals; mp 111=115 °C {lit. ** 112113 *C (benzene}]; '
NMR (500 MHz, CDCly): 6 = 683688 {m, 1 H}, 713-719{m { H%
7.27-732{m,1 H). 7.38—743 (m, 1 H), 747 {dd.] = 80,13 Hz, 1 H},
7.51 (dd,J = 8.0, L6 Hz, 1 H), 822 {dd, f » 8.6, 1.7 Hz, 1 H), 947 {brs,
1H: e NMR {125 MHz, CDCls ) § == 116.2,118.4,124.4, 1261, 1267,
127.5, 128.7, 1306, 134.3, 135.6, 136.2, 141.5; MS(E(}: m/z {%) 248
(M7, 100), 201 {54), 167 (68): HRMS(Ef: m/z [MI* calcd for
C1yHgM;03°CL: 248,0353; found: 248.0348.

4.8.13. N-(2-t-Butylphenyl}-5-chloro-2-nitroanitine (4t}
Orange crystals; mp 139140 °C; 'H AMR (500 MHz, COCl3):

8=140(s,9H},6.67(dd,]=9.1,22 Hz,1 H),6.76{d,| = 2.1 Hz.1 HY,
718-721 (m, 1 H), 7.29~7.32 (m, 2 H), 7.53-7.56 (m, 1 H), 8.16, (d.
] = 9.1 Hz}, 9.6 (brs.1 H); ’C NMR (125 MHz, CDClz): & = 30.6,35.%,
115.4,117.2,127.5,127.6,127.9,128.0,129.3,131.2, 1363, 142.6, 145.2,
149.9; MS(E): m/z (%) 306 (42), 304 (M", 85), 228 (100); HRMS(EL}:
miz [M]* cated for C My Nz035CH 304.0979: found: 3040982,

4814, N-{2-t-Butyiphenyl}-5-metioxy-2-nittoanitine (4u}

Orange crystals; mp 87-80 *C; 'H NMR (300 MHz, CDChk
5= 1.40{s,9H), 3.67(s, 3H),612(d J = 2.7 Hz, 1 H}, 629{dd,f 9.5,
27 Hz, 1 H} 722-728 {m, 3 H}, 751755 (m, 1 H) 819 (d.
J+95Hz,1 HL3.81{brs, 1 H}; PCNMR{125 MHz CDCL ) 6 = 305,
35.1, 55.6, 976, 106.0, 127.2, 127.2, 127.7, 1280, 1295, 1309, 146.9,
147.1, 1556, one signal missing; MS(EL): m/z (%) 300 (M, 85}, 224
{3003, HRMS{EI): Az [MT™ caled for Ciigpi; 031 300.1474; found:
300.31470.

4.8.15, 5-Chivro-N-{2-todo-4-rtethylphenyl}-3-ritroenilfne {(4v}

Yellow crystals; mp 147-149 <C; 'H NMR (500 MHz, CDCl3)
6 237(s,3H),6.74(dd. = 89,20Hz, 1 H].6.82(d, ] = 2 Hz. T H},
7.25(d,] = 8.5 Hz, 2 H), 780 (5,1 H), 817 (d.f = 8.5 Hz, 1 H). 939 (br
5.1 H); BCNMR (125 MHz, CDCly): § = 205, 97.4, 1151, 1181, 126.2,
1281, 130.4, 131.6, 137.2, 138.8, 140.6, 142.4, 143.8; MS(EL}: my/z (%}
390 (36), 388 (M", 100), 216 (47); HRMS(EL): m/z {M]™ caled for
Cy3H1pNo03°Cll: 387.9476; found: 3879471

48.16. N-{4-Methylphenyl}-5-methoxy-2-nitroanitine (4w}

Yellow crystals: mp 87-88 “C; 'H NMR {500 Mtz COCL)
G2 2.38 (s, 3 1), 3.72{s, 3 H), 631 (dd, ] - 9.5, 2.8 Hz, 1 H), 648 (¢
i 2.8 Hz § H) 7!6———724([&,48}, 817{d, 95 Hz, 1 H), 971 {brs,

1 H}: B¢ NMR {125 MHz, CDCh): 6 = 21.0, 55.6, 971, 1063, 125.0,
127.2. 1290, 1303, 135.8, 135.9, 1462, 165.6; MS{EL): m/z (¥} 258
847, 1003, 224 {42} 168 {25},

HRMS{El: mz [M]* caied for CiaHidhOs 2581004, found:

2581002,

4B Nef£:Chlorophenyly-5 fluore: 2: ritroaniline (dr) - e s

fine prange crystals; mp 143~146 *C flie™ 149-15¢ C
(MeQHJL IR {KBr): 3321, 3102, 1631, 1572, 1500, 1340, 1253, 1205,
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1076, 996, 820, 750 oo~ '; TH NMR{500 MHz, CBCl3): 6« 6.51 {ddd,

|+ 9.6, 2.6, hyr = 7.0 Hz, 1 H), 675 {dd, | = 2.6 Jyr = 111 Hz, 1 H),
121-7,24{m, 2 H), 740-7.43 {m, 2 H), 8.27 (dd, f = 9.6, Jsz == 6.1 Hz,
1 M), 556 {5, 1 H) 7°C NMR {125 MHz CDCiz} & = 1013 {d
Jer = 283 Hz), 1063 {d, Jor = 24.9), 126.2, 129.9 (d, Jr = 124 Hz},
130.0, 130.3, 131.9, 136.6, 145.2 {d, 12.7 Hz}, 167.2 {4, foz = 256 Hz)
MS(ETY m/z {%) 268 (423, 265{M™, 100}, 232 {42}, 215 (41}, 185 [46):
HRMS(EL: my/z IM]" caled for CipHE CIEN,O;: 266.0258; found:
266.0264.

4.9, Oxidatian of N-aryl-2-nitrosoanilines 5 with IBX. Synthesis of
2-nitradiarylamines 6

N-Aryl-2-nitrosoaniline 5 (I mmol) and 1BX (308 mg, 1.1 mmol)
were stirred in DMSO (8 mL) at room temperature for ¢a. 20 h. The
mixcure was then poured into diluted brine and extracted with
EtOAC. The exiract was washed with water, brise and dried with
NasS04. The solvent was evaporated and the crude product was
purified by column chromatography {510z, hexane/ELQAC)

416, Characterization of 2-nitrodiarylariines 6

4101, N-(4-Methyfphenyl-2-nitro-5-(pyrrolidin- t-yl}dnifine (6a)

Orange crystals; mp 146—148 °C: IR (KBr): 3273, 2873, 2855,
1620, 1561, 1495, 1414, 1312, 1168, 805 cm™1; 'H NMR (500 MHz,
CDCl3); 6 = 1.95-2.00{m, 4H}, 237 (5,3 H), 3.25--3.32 (m,4 H), 5.99
(d,]=2.5Hz, 1 H), 6.04 (dd, | = 9.5, 2.5 Hz, | H),717~7.22{m, 4 H),
81 (d. 9.7 Hz, 1 H), 8.91 (br s. 1 H); C NMR (125 Mtz CDCh):
#=21.0,25.3,47.7.92.7,104.8,123.8,124.6,129.1.130.1, 135.0, 1365,
146.1, 152.6: MS(EI}: myz (%) 297 (M, 100), 263 (48), 251 {55), 180
{35); HRMS(E): myz [M]* caled for CerHigNaOp: 2971477, found:
287.1473.

4.10.2. N-{4-Chlorophenyl)-5-(morpholin- F-yi }-2-nitreaniline (6b)

Yellow crystals; mp 190192 °C: 'H NMR (500 MHz, (DCh)
§ = 3.22-326 (m., 4 H), 3.77-3.81 {m, 4 H}, 632-6.36 (m, 2 H),
322325 (in, 2 H}, 737740 (m, 2 HJ, 8.12~8.15 {m, 1 M), 8.75 (br
.1 H): BCNMR (125 MHz, CDCl3): § = 46.9, 66.3, 95.9.105.6,125.8,
128.9,128.8,130.7,137.6, 145.0, 155.7, one signal missing: MS(El): m/
(%) 335{34), 333 (M, 100), 275 {39); HRMS{EL): m/z {M]* caled for
CigH16MNs01CI: 332.0880; found: 333.0865.

4.10.3. N-(4-Chlorophenyl}-2-nitro-5-(pyrrolidin- I-yl)aniline (6c)

Yellow crystals; mp 172~176 *C; '"H NMR (500 MHz, CDCl3}:
8~ 198-2.02(m, 4H),3.28-332(m,4H),5.99(d,J = 2.5 Hz, 1 H),
6.08{dd. [ =25,9.5He. 1 H), 724~7.27 {m, 2 §). 7.34-7.37 {m, 2 H},
812{d, J = 95 Hz, 1 H), 9.90 (s, 1 H); C NMR {125 MHz, CDC5):
5 = 253, 478, 92,9, 105.1, 1241, 125.6, 125.2, 1296, 136.2, 1380,
145.2, 152.6; MS[EI): myz (%) 319 {41), 317 (M7, 100}, 287 (52), 236
(66); HRMS(ED: m/z [M]* caled for CisHisN-03°CL 317.0931; found:
117.0918.

4.10.4. 5-n-Butylamino-N-(4-methyfphenyl)-2-nitroaniline (6d}

Yeilow crystals; mp 78—80 °C; 'H NMR {500 MHz, CDCl):
§ =091 (¢, ] = 7.2 Hz, 3 H), 131~1.39 (m, 2 H), 150157 {m, 3 H),
2.37{s.3H),3.04(t,] = 72 Hz,2 H),4.38 (brs, 1 H),5.98 (dd. ] = 2.4,
9.4 Hz, 1 H), 6.01 {d, ] = 2.4 Hz, 2 H}, 716~7.22 (m, 4 H), 8.06 (d,
=94 Hz 1 H). 9.81 (5,1 H); °C NMR (125 MHz, CDCl3): 6 == 13.7,
20.0, 21.0, 311, 42.8. 924, 105.6, 1244, 125.0, 1292, 1301, 1353,
1362, 1467, 154.1; MS{El): miz (%) 299 (M", 100), 256 {8a);
HBRMS{ET: myz M) caled for CuyHuNaO: 299.1634; found:
2991619,

4105, 5-ternButylamino-N-{4-chlorophenyl). 2-nitroaniline (6e]

Yeltow crystals; mp 1831184 °(; H NMR (500 MHz, CDCl):

6= 131(5, 9 H), 442 (brs,1H),6.02{dd, - 9.5. 2.4 Hz,1 H),6.14{d,
j = 24 Hz, 1 H), 721-724 (m, 2 H), 7.36-7.39 (m, 2 H). 8.03 {d,
1=95Hz, 1 H).987 {brs,1 H); PCNMR {125 MHz, CDCly}: 6 28.5,
51,6, 94,5, 107.9, 124.3, 1260, 128.9,129.7, 130.6, 137.7, 1454, 152.9;
MS{EL): myz {%) 321 (18), 319 {M", 55}, 304 {100}; HRMS(EI): m/z
M1 calcd for CsteN3033CH: 319.1088; found: 319.1072.

4.10.6. 5-n-Butylamine-N-{4-chlorophenyl}-Z-nitroaniline ( 6

Yellow crystale; mp 110112 °C; 'H NMR {500 MHz, COCh):
5 =083 {t, [ = 73 Hz, 3 H), 1.33-142 {m, 2 H}, 153159 {m, 2 H},
3,06 (t,f = 7.0 Hz, 2 H). 4.41 {brs, 1 H). 6.0-6.04 (m, 2 H), 7.22-7.25
(m, 2 H), 7.35-7.38 {m, 2 H), 8.05--8.08 {m, 1 H), 9.90{br 5,1 H); PC
MMR {125 MHz, CDCl3): 6 = 13.7,20.0, 31.1, 42.8, 925, 1059, 124.7,
1259, 129.3, 129.6, 130.5, 1377, 145.8, 154.2; MS{ED):: m/z (%) 321
(25), 319 (M*, 77), 276 (100); HRMS(E): m/z {M]" caled for
CisH1aN7037Cl: 3197088 found: 3191088,
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