WO 2020/041770 PCT/US2019/048029

CLAIMS

We claim:

1. A process to prepare a spirocyclic compound comprising:
a. reacting a cvclic ketone with a nitroatkane to afford a cycloalkyl group substituted
with nitroalkylene;
b. reacting the compound of step (a) with a glycinate to afford a compound of
Formula I,

reducing the compound of Formula HI with a reducing agent;

<)

d. cyclizing the compound of step (c};

wherein the cyclic ketone is of Formula:

o
'
(R} |
wherein the nitroalkane is of Formula:
RL/NQQ;
wherein the glycinate is of Formula:
s
HE\EJ/KE(W
R O .
wherein Formula Hi is:
O
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wherein the spirocyclic compound is of Formula:

O
Rﬁ i
NH
R?/N R1
Bﬂ
{(R%)
y

wherein
yis(, 1,2, 3, o1 4;
nisOorl;

R!is selected from hydrogen, alkyl, and aryl;

R? is selected from hydrogen, substituted heteroaryl, and
R? is selected from hydrogen, NRR® OR’, SR, and halogen;

R* is selected from NR®*R® and OR';

R’ and R® are independently selected from hydrogen, alkyl, aryl, -alkvi-aryl, and ~C(O)R ',
R’ is selected from alkyl, aryl, and -alkyl-aryl;

R® and R? are independently selected from hydrogen, alkyl, aryl, and -alkyl-aryi;

RY is selected from alkyl, aryl, and -alkyl-aryl;
R'!is selected from alkyl and aryl;

R!%is selected from alkyl, aryl, and -alkyl-aryi:
RY is selected from —S-alkyl and CI; and

each instance of R* is independently selected from hydrogen, halogen, and alkyl.

2. The process of claim 1, wherein the nitroalkane is also a solvent.

The process of clairo 1, wherein a base is used in step (a).

o

4. The process of claim 3, wherein the base is an organic base.

2

The process of claim 3, wherein the base is an inorganic base.

B
~J
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6. The process of claim 3, wherein the base is a carbonate.

7. The process of claim 3, wherein the base is potassium carbonate.

8. The process of any one of claims 1-7, wherein oxalic acid is added after step (b) to

precipitate and remove undesired byproducts.

9. The process of any one of claims 1-8, wherein an acid is added after step (b) to isolate the

compound of Formula [ as a salt.

10. The process of claim 9, wherein the acid is hydrobromic acid.

11. A process to prepare a spirocyclic compound comprising:
a. reducing a compound of Formula IH with a reducing agent;
b. cyclizing the compound of step (a);

wherein Formuia I is:

o
R3 i
NH
R R’
)ﬂ
(R%)

wherein
yis 0, 1,2 3, or 4,

nisOorl;

D
2]
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12.

14.

15

16.

17.

18

19

R' is selected from hydrogen, alkyl, and aryl;

R0 7/ F\i>_R1z
R? is selected from hydrogen, substituted heteroaryi, and O =N ;
R’ is selected from hydrogen, NR°R® OR’, SR’, and halogen;
RYis selected from NR*R” and OR!?;
R® and R® are independently selected from hydrogen, alkyl, aryl, -alkyl-aryl, and ~-C(OR ',
R is selected from alkyl, aryl, and -alkyl-aryl;
R® and R are independently selected from hydrogen, alkyl, aryl, and -alkyl-arvi;
RY is selected from alkyl, aryl, and -alkyl-aryl;
R is selected from alkyl and aryl;
R is selected from alkyl, aryl, and -alkyl-aryl;
RY is selected from —S-alkyl and Cl; and

each instance of R*® is independently selected from hydrogen, halogen, and alkyl.

The process of any one of claims 1-11, wherein the reducing agent is zinc.

. The process of claim 12, wherein an acidic additive is used in with the reducing agent.

The process of clatm 13, wherein the acidic additive is ammoniun chioride.

. The process of any one of claims 1-11, wherein the reducing agent is platinum(1V) oxide

in the presence of hydrogen gas.

The process of any one of claims 1-11, wherein the reducing agent is Raney nickel in the

presence of hydrogen gas.

The process of any one of claims 1-11, wherein the reducing agent is iron.

The process of any one of claims 1-11, wherein the reducing agent is samarium diiodide.

The process of any of claims 1-18, wherein the reduction and cyclization occur in the same

reaction vessel.
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20. The process of any of claims 1-19, wherein water is a solvent used in the reduction step.

21. The process of any of claims 1-19, wherein a mixture of water and acetone is used as the

solvent in the reduction step.

22. The process of any of claims 1-21, wherein the reduction and cyclization is conducted at

about 25 °C.

23. The process of any of claims 1-21, wherein the reduction and cyclization is conducted at

about 15 °C.

2

N

. The process of any of claims 1-21, wherein the reduction and cyclization is conducted at

about 35 °C.

25. The process of any of claims 1-24, wherein the cyclization is acid catalyzed.

26. The process of any of claims 1-24, wherein the cyclization is base catalyzed.

2

~1

. A process to prepare a compound of Formula H comprising:
a. reacting a cyclic ketone with a nitroalkane to afford a cycloalkyl group substituted
with nitroalkylene;
b. reacting the compound of step (&} with a glycinate;

wherein the cyclic ketone ts of Formula:

wherein the nitroalkane is of Formula:

4

R_NO,

50
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wherein the glycinate is of Formula:

wherein Formuia I is:

O
R.’S
R“)L\( NO,
5N 3\ 4
Ré R!
)
n
503
(R9),

wherein
vis0, 1,2, 3, or4;
nisCort;

R!is selected from hydrogen, alkyl, and aryl;

R12-0 J N
\>_R13,
O =N .

>

R? is selected from hydrogen, substituted heteroaryl, and
R’ is selected from hydrogen, NR°R®, OR’, SR’, and halogen;

R is selected from NR®*R® and OR'";

R® and R® are independently selected from hydrogen, alkyl, aryl, -alkyl-aryl, and ~C{O)R;
R’ is selected from alkyl, aryl, and -alkyl-aryl;

R® and R’ are independently selected from hydrogen, alkyl, aryl, and -alkyl-aryl;

RY is selected from alkyl, aryl, and -alkyl-aryl;

R1!is selected from atkyl and aryl;

R is selected from alkyl, aryl, and -alkyl-aryl;

R is selected from —S-alkyl and Cl; and

each instance of R* is independently selected from hydrogen, halogen, and alkyl.

28. The process of claim 27, wherein the nitroalkane s also a solvent.

51
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29.

30,

37.

38.

39.

40.

41

42.

44.

The process of claim 27, wherein a base is used in step (a).

The process of claim 29, wherein the base is an orgaunic base.

. The process of claim 29, wherein the base is an inorganic base.

. The process of claim 29, wherein the base is a carbonate.

. The process of clairn 29, wherein the base is potassium carbonate.

. The process of any one of claims 27-33, wherein oxalic acid is added after step (b) to
Y :

precipitate and remove undesired byproducts.

. The process of any one of claims 27-34, wherein an acid is added after step (b) to isolate

the compound of Formula 1T as a salt.

. The process of claim 35, wherein the acid is hydrobromic acid.

The process of any one of claims 1-36, wherein the cyclic ketone is cyclohexanone.

The process of any one of claims 1-37, wherein the glycinate is methyl glycinate.

The process of any one of claims 1-37, wherein the glycinate is ethyl glycinate.

The process of any one of claims 1-39, wherein the nitroalkane is nitromethane.

. The process of any one of claims 1-36, wherein R' is hydrogen.

The process of any oue of claires 1-41, wherein nis 0.

. The process of any one of claims 1-41, whereinn is 1.

The process of any one of clairms 1-43 wherein y is 1.
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48.

49.

U
>

51

. The process of any one of claims 1-54, wherein R? is

5. The process of any one of claims 1-43, wherein y is 2.

y. The process of any one of claims 1-43, wherein y is 0.

. The process of any one of claims 1-45, wherein R* is alkyl.

The process of any one of claims 1-45, wherein R™ is halogen.

The process of any one of claims 1-45, wherein R*”is methyl.

50. The process of any one of claims 1-45, wherein R™ is ethyl.

. The process of any one of claims 1-45, wherein R is cyclopropyl.

. The process of any one of clairs 1-51, wherein all the steps are conducted at about 25 °C.
. The process of any one of claims 1-52, wherein R* is —O-alkyl.

. The process of clairo 53, wherein alkyl is methyl or ethyl.

. The process of any one of claims 1-54, wherein R* is hydrogen.

. The process of any one of claims 1-54, wherein R” is substituted hetercaryl.

. The process of any one of claims 1-57, wherein R’ is hydrogen.
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59. A compound of Formula

or an acceptable salt, N-oxide, or isotopic derivative thereof,

wherein

60.

61.

yis0,1,2, 3, ord;
nisOori;

R!is selected from hydrogen, alkyl, and aryl;

R? is selected from hydrogen, substituted heteroaryl, and
R’ is selected from hydrogen, NR°R®, OR’, SR’ and halogen;

R* is selected from NR*R? and OR!C;

R’ and R® are independently selected from hydrogen, alkyl, aryl, -alkyl-aryl, and -C(OR Y,
R is selected from alkyl, aryl, and -alkyl-aryl;

R® and R? are independently selected from hydrogen, alkyl, aryl, and -alkyl-aryl;

R is selected from alkyl, aryl, and -alkyl-aryl;

R'is selected from alkyl and aryl;

R is selected from alkyl, aryl, and -alkyl-aryl;

RY is selected from —S-alkyl and Cl; and

each instance of R* is independently selected from hydrogen, halogen, and atky!.

The compound of claim 59, wherein R is hydrogen.

The compound of claim 59 or claim 60, wherein v is 0.

. The compound of claim 59 or claim 60, whereinn is 1,
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[o)
(9%

64,

66.

67.

68.

69.

70.

71

72.

3. The compound of any one of claims 59-62, wherein y is 1.

The compound of any one of claims 59-62, wherein y is 2.

. The compound of any one of claims 59-62, wherein v is 0.

The compound of any one of claims 59-64, wherein R*is halogen.

The compound of any one of claims 59-64, wherein R*’is alkyl.

The compound of any one of claims 59-64, wherein R’ is methyl.
The compound of any one of claims 59-68, wherein R? is hydrogen.
The compound of any one of claims 59-69, wherein R? is hydrogen.
The compound of any one of claims 59-70, wherein R* is -OMe.

The compound of any one of claims 59-70, wherein R* is -OFt.



