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IMPROVED SYNTHESIS OF 1,4-DIAZASPIRO{S.SJUNDECAN-3-ONE

RELATED APPLICATIONS
This application claims the benefit of provisional U.S. Application No. 62/722,675 filed

August 24, 2018, The entirety of this application is hereby incorporated by reference.

FIELD OF THE INVENTION
This invention provides a process for preparing 1,4-diazaspiro[5.5undecan-3-one and
analogues thereof that are useful in the preparation of certain pharmaceutical compounds,
including for the treatment of disorders invelving abnormal cellular proliferation. Chemical

intermediates in the process are also provided.

ACKGROUND

U.S. Patent Nos. 8,822.683; 8598 197, 8,598,186: 8,691,830, 8,8290.102; 8,822,683
9,102,682; 9,499 564; 9,481,591, and 9,260,442; filed by Tavares and Strum and assigned to G
Therapeutics describe compounds that include a spirocyclic core. Specitically, these patents
describe a class of N-(heteroaryl)-pyrrolo3,2-djpyrimidin-2-amine cyclin dependent kinase

inhibitors including those of the formula (with variables as defined therein):

U.8. Patent Nos. 9,464,092, 9,487,530, and 9,527,857 which are also assigned to Gl
Therapeutics describe the use of such compounds to treat cancer.

The patents cited above use a multistep process in which the spirocycle core is formed late
in the process by intramolecular cyclization. The process starts with commercially available fers-

butyl (1-{aminomethylcyclohexylcarbamate and uses several protecting and deprotecting steps
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to control the selectivity of the two amino groups throughout the synthesis. After cyclization the
desired heteroaryl group is added by a nucleophilic aromatic substitution reaction. This process is

shown in Scheme 1 below.
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Scheme 1. Prior synthesis of N-(hetercaryl}-pyrroloi3,2-dlpyrimidin-2-amine cyclin dependent

kinase inhibitors.

Anocther process to synthesize N-(heteroarvi}-pyrrolof3,2-dlpyrimidin-2-amine cyclin
dependent kinase inhibitors was disclosed in PCT Application W 2018/005865. This process
provided several improvemenis over prior methods including the use of 14-

diazaspiro]5.5Jundecan-3-one as an intermediate.

i,4-diazaspiro[5.5jundecan-3-one

The ‘8§65 application also provides a process to synthesize 1,4-diazaspiro[5 Sjundecane-3-
one. This process affords 1.4-diazaspirol[S Slundecane-3-one in six steps from commercially

available cyclohexanone This process is summarized below in Scheme 2.
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Scheme 2. Prior synthesis of 1,4-diazaspirofS.5jundecan-3-one.
There remains a need for processes that have higher yields, require fewer and/or milder

chemical reactions, and/or have fewer steps to synthesize 1 4-diazaspiro[5.5undecan-3-one.

SUMMARY OF THE INVENTION

It has been discovered that 1,4-diazaspiro{5 Sjundecan-3-one and structural analogues
(Formula II and Formula IV below) can be advantageously prepared in a two-pot process from
cyclohexanone. In the first pot, cyclohexenone is reacted with nitromethane to produce }-
(nitromethyhcyclohexan-1-ol, which then loses water to produce (nitromethylenejovclohexane.
An alkyl glycinate is then added to {(nitromethylenejcyclohexane to produce alkyl (1-
{(nitromethylicyclohexyl)glycinate. Then in the second pot, the nitro group of (1-
(nitromethyl)cyclohexylglycinate is converted to an amino group to produce methyl (1-
(aminomethylicyclohexylglvcinate. The alkyl group is then removed to produce (1-
(aminomethylicvelohexvlglycine. This compound then internally cyclizes to produce 1,4-
diazaspiro]S.5jundecan-3-one. In one embodiment, the cyclization occurs in the absence of

hydrolysis. This synthetic sequence is shown below in Scheme 3.
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Scheme 3. Improved synthetic route to prepare 1,4-diazaspiro{5.5jundecan-3-one.

Advantageously, in one aspect of the present invention, one or more of the mechanistic
steps shown in Scheme 3 may be conducted in the same reaction vessel without isolation. For
example, the Henry reaction, elimination, and Michael addition can all be combined in one
reaction. Similarly, the reduction, hydrolysis and cyclization reaction can also be combined in one

reaction. An example of this advantageous embodiment is presented in Scheme 4 below.
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Scheme 4. Preparation of 1,4-diazaspiro[5.5 Jundecan-3-one with only two isolations.

In another aspect of the present invention, one or more of the isolation steps can be
accomplished by recrystallization or filtration after addition of an acid. For example, in Scheme §
below, a hydrobromic acid workup allowed for high vield isolation of the Michael adduct by

filtration.
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Scheme 5. Utilization of hydrobromic acid to isolate the Michael addition product.

As described in more detail in the detailed description below, having been taught this
reaction, the skilled worker can select aliernative reagents, reactants, and solvents other than those
presented in Scheme 4 and Scheme 35 to achieve a desired similar result. For example, Scheme 6

provides a more generalized version of the reaction which still uses only two isolation steps.
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Scheme 6. General preparation of 1,4-diazaspiro[5.5Jundecan-3-one with only two isolations.

In another aspect of the invention, the methods described herein can be used to produce

compounds of Formula 1L
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Scheme 7. General preparation of 1,4-diazaspirof3 Stundecan-3-one with only two isolation steps.
Wherein:
vis 0, 1,2, 3, ot 4;

nisGorl;

(4]
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R! is selected from hydrogen, alkyl, and aryl; and

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

In another aspect of the invention, the methods described herein can be used to produce

compounds of Formula 1V,

R’ o
\NO. RS 1) Reduction O
z R4 NO, 2) base or amide  R3
hase N ~ coupling reagent NH
I R? R o N .
4 ~ R?' R
Step 1 Stage 2
J )
n n
{ Re0}) {R5)
¥ R
Formuia Formuia IV

Scheme 8. General preparation of compounds of Formula IV with only two isolation steps.

wherein:

yis0, 1,2, 3, or4;

nisOorl;

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

k)

R0, 4 h\i}_ 13

R R
R is selected from hydrogen, substituted hetercaryi, and O =N ;
R? is selected from hydrogen, NR°R®, OR’, SR’ and halogen;
R*is selected from NR®R” and OR!Y;
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-aryi;
R is selected from alkyl, aryl, and -alkyl-aryl;
in an alternative embodiment R' is alkenyl;
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.
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In one embodiment of the above invention v is 0 and n is | resulting in the synthetic method

below:

O
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Scheme 9. Additional preparation of compounds of Formula IV with only two isolation steps.

In another aspect of the invention a useful synthetic intermediate of Formula s provided:

o)
alkyl 0)1\’ ON
R

HN .

Rfiﬁ
(R}, "

or an acceptable salt, N-oxide, or isotopic derivative thereof;
wherein,
vis0,1,2, 3 ord;
nisQori;
R'is selected from hydrogen, alkyl, and aryl; and
each instance of R* is independently selected from hydrogen, halogen, and alkyl.

o one embodiment, the compound of Formulda I is:

]

MeQ NO,
HN

or an acceptable salt, N-oxide, or isotopic dertvative thereof.
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In anocther aspect of the invention a useful synthetic intermediate of Formula HI is

provided:

y (1)
or an acceptable salt, N-oxide, or isotopic derivative thereof,
wherein,

vis0, 1,2, 3, or4;
nisCGorl;

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

R'?-Q N
\>_R13
=N _

R’ is selected from hydrogen, substituted heteroaryl, and O

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

R4 is 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-aryi;
R s selected from alkyl, aryl, and -alkyl-aryl;

in an alternative embodiment R is alkenvl;

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.

MNon-{imiting examples of embodiments of the present invention include the following:
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Process A

Process A to prepare a spirocyclic compound of the present invention comprises the
following steps: 1. reacting a cyclic ketone with a nitroalkane to afford a cycloalkyl group
substituted with nitroalkylene; 2. reacting the compound of step (1) with a glycinate to afford a
compound of Formula IIL; 3. reducing the compound of Formula 11 with a reducing agent; and 4.
cyclizing the compound of step (3);

wherein the cyclic ketone is of Formula:

{ RSO}Y

wherein the nitroalkane is of Formula:
RI_.NO; ;

wherein the glycinate is of Formula:

wherein Formula i is:

R N,
RZ/N R'!
)
n
560
(R )y
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wherein
yis0,1,2, 3, or4,
nisOorl;

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

R12-0 N
/>____ / \>_R'|3

R? is selected from hydrogen, substituted heteroaryl, and O ;

R is selected from hydrogen, NR°R®, OR’, S8R’, and halogen;
R*is selected from NR¥*R® and OR'%;
R’ and R are independently selected from hydrogen, alkyl, aryl, -atkyl-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-aryl;
RY is selected from alkyl, aryl, and -alkyl-aryl;
in an alternative embodiment R'” is alkenyl;
R'!is selected from alkyl 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 atkyl.
Additional embodiments of Process A include the following:

{i) The process, wherein R' is hydrogen.

(i) The process, wherein the nitroalkane is a solvent.

(iti)  The process, wherein the nitroalkane is the only solvent.

(ivy  The process, wherein an organic or inorganic base is used in step 1.

(v} The process, wherein a carbonate base is used in step 1.

{vi)  The process, wherein potassium carbonate is used in step 1.

{(vit) The process, wherein oxalic acid is added after step 2 to precipitate one or

more undesired byproducts.
(viii) The process, wherein hydrobromic acid is added after step 2 to precipitate
the compound of Formula 111

(ix)  The process wherein atkyl is methyl.

{x) The process wherein alkyl 13 ethyl.

(xi}  The process wherein alkyl is isopropyl.

i0
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(xii}  The process wherein alkyl is rert-butyl.
Process B
Process B to prepare a spirocyclic compound of the present invention comprises the
following steps: 1. reacting a cvclic ketone with a nitroalkane to atford a cycloalkyl group
substituted with nitroalkylene; 2. reacting the compound of step (1) with an alkyl glycinate to
afford a compound of Formula I; 3. reducing the compound of Formula I with a reducing agent;
and 4. cyclizing the compound of step (3);

wherein the ecyclic ketone is of Formula:

(R} y

wherein the nitroalkane is of Formula:
RL_NO;.

wherein the alkyl glycinate is of Formula:

O
HoN \/JL*O' alkyl

>

wherein Formula I 1s:

O
aEKyi\GJ\E ON ‘
HN -R’

wherein the spirocyclic compound is of Formula:
Q

oy
) Y

H
HN =
)ﬂ

(: REnO

il
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wherein
yis 0, 1,2, 3, or4, and typically §;
nisGorl;
R!is selected from hydrogen, alkyl, and aryl; and
each instance of R* is independently selected from hydrogen, halogen, and alkyl.
Additional embodiments of Process B include the foliowing:
(i) The process, wherein R! is hydrogen.
{(iiy  The process, wherein the nitroalkane is a solvent.
(i)  The process, wherein the nitroalkane is the only solvent.
(ivy  The process, wherein an organic or inorganic base is used in step 1.
(v} The process, wherein a carbonate base is used in step 1.
{vi)  The process, wherein potassium carbonate is used in step 1.
{vii) The process, wherein oxalic acid is added after step 2 to precipitate one or
more undesired byproducts.
(viii) The process, wherein hydrobromic acid is added after step 2 to precipitate
the compound of Formula 1.
{ix)  The process wherein atkyl is methyl.
(x) The process wherein alkyl is ethyl.
(xi}  The process wherein alkyl is isopropyl.

(xii} The process wherein alkyl is fert-butyl.
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Process C

Process C to prepare a spirocyclic compound of the present invention comprises the
following steps: 1. reducing a compound of Formula I with a reducing agent; and 2. eyclizing the
compound of step (1);

wherein Formula 1 is:

O
ai:«yi\O)L\ O,N

!
HN ~R

)
/' n
(R)

wherein the spirocyclic compound is of Formula:

0]

1

HN 4
RI
i

I NH
)
50
(r éy

wherein
vis 0, 1,2, 3, or 4, and typically 0,
nisGorl;
R! is selected from hydrogen, alkyl, and aryl; and
each instance of R* is independently selected from hydrogen, halogen, and alkyl.
Additional embodiments of Process A, Process B, and Process C include the following:
(i} The process, wherein the reducing agent is zinc.
(iiy  The process, wherein an acid is added in the reduction step.
(i)  The process, wherein ammonium chloride is added in the reduction step.
(iv)  The process, wherein the reducing conditions comprise platinum(IV)
oxide and hydrogen gas.
(v} The process, wherein the reducing conditions comprise Raney nickel and
hydrogen gas.

{vi)  The process, wherein the reducing agent ts iron.

i3
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Process D

(vit)

(viii)

(%)
)

{xvi}

(xvii)

{xviit)
(xx)

{(xxi)

PCT/US2019/048029

The process, wherein the reducing agent is samarium ditodide.

The process, wherein the reduction and cyclization occur in the same
reaction vessel.

The process, wherein water is a solvent used in the reduction step.

The process, wherein a mixture of water and acetone is used as the solvent
in the reduction step.

The process, wherein the reduction and cyclization are conducted at room
temperature.

The process, wherein the reduction and cyclization is conducted at about
15°C.

The process, wherein all of the steps are conducted at room temperature.
The process, wherein all of the steps are conducted at about 15 °C.

The process, wherein acid is added during the cyclization step.

The process, wherein base is added during the cyclization step.

The process, wherein neither acid nor base is added during the cyclization
step.

The process wherein alkyl is methyl.

The process wherein alkyl is ethyl.

The process wherein alkyl is isopropyl.

The process wherein alkyl is fert-butyl.

Process D to prepare a compound of Formula | comprises the following steps: 1. reacting

a cyclic ketone with a nitroalkane to afford a cycloalkyl group substituted with nitroalkylene; and

2. reacting the compound of step (1) with av alky] glycinate;

wherein the cyclic ketone is of Formula:

wherein the nitroalkane is of Formula:

iq
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RL_NO;.

wherein the alkyl glycinate is of Formula:

0
HoN \/JL o Bkl

wherein Formula [ is:

wherein
v is0, 1,2, 3, or 4, and typically 0;
nisOGori;
R' is selected from hydrogen, alkyl, and aryl; and
each instance of R is independently selected from hydrogen, halogen, and alkyl.
Additional embodiments of Process D include the following:
{1 The process, wherein R' is hydrogen.
(it The process, wherein the nitroalkane is a solvent.
(iii)  The process, wherein the nitroatkane is the only solvent.
(iv)  The process, wherein an organic or inorganic base is used in step 1.
{vy  The process, wherein a carbonate base is used in step 1.
{vi}  The process, wherein potassium carbonate is used in step L.
(vii} The process, wherein oxalic acid is added after step 2 to precipitate one or
more undesired byproducts.
{viii} The process, wherein hydrobromic acid ts added after step 2 to precipitate
the compound of Formula L
(ix}  The process wherein alkyl is methyl.
(x) The process wherein alkyl is ethyl.
(xi}  The process wherein alkyl is isopropyl.

{xii} The process wherein alkyl is rerr-butyl.
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Process K

Process E to prepare a spirocyclic compound of the present invention comprises the
following steps: 1. reacting a cyclic ketone with a nitroalkane to afford a cycloalkyl group
substituted with nitrealkylene; 2. reacting the compound of step (1) with a protected glycinate to
afford a compound of Formula I’; 3. reducing the compound of Formula I with a reducing agent;
and 4. cyclizing the compound of step (3);

wherein the cyclic ketone is of Formula:

(R%)

wherein the nitroalkane is of Formula:

Rr!

o

NO, .

3

wherein the protected glycinate is of Formula:

0
HQ_N\/“\W

wherein Formula I’ is:

0
RAJS QN

HN R’

S

o)

(R0},

wherein the spirocyclic compound is of Formula:
Q
NH
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wherein
yis 0, 1,2, 3, or4, and typically §;
nisOorl;
R!is selected from hydrogen, alkyl, and aryl

R* is selected from NR®*R” and ORY;

R¥ and R” are independently selected from hydrogen, alkyl, aryl, cycloalkyl, and
-alkyl-aryl;

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

in an alternative embodiment R is alkenyl; and

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

Additional embodiments of Process E include the following:

(i) The process, wherein R' is hydrogen.

(it The process, wherein the nitroalkane is a solvent.

(iii)  The process, wherein the nitroatkane is the only solvent.

(iv)  The process, wherein an organic or inorganic base is used in step 1.

{vy  The process, wherein a carbonate base is used in step 1.

{vi}  The process, wherein potassium carbonate is used in step L.

(vii} The process, wherein oxalic acid is added after step 2 to precipitate one or
more undesired byproducts.

{viii} The process, wherein hydrobromic acid ts added after step 2 to precipitate
the compound of Formula L

(ix}  The process wherein R* is ORY

(x)  The process wherein R* is NR*R’.

{(xi)  The process wherein R'? is methyl.

(xii) The process wherein R' is ethyl.

(xii1) The process wherein R is isopropyl.

(xiv) The process wherein R' is fers-butyl.

[
-3
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Process ¥

Process F to prepare a compound of Formula I’ comprises the following steps: 1. reacting
a cyclic ketone with a nitroalkane to afford a cycloalkyl group substituted with nitroalkylene; and
2. reacting the compound of step {1} with an alkyl glycinate;

wherein the cyclic ketone s of Formula:

wherein the nitroalkane is of Formula:
1

R _-NG;.

2

wherein the protected glvcinate is of Formula:

O
HZN\/“&R4:

wherein Formuia I’ is;

wherein

yvis 0, 1,2, 3, or 4, and typically O;

nisCorl;

Rlis selected from hydrogen, alkyl, and aryl;

R* is selected from NR®R’ and OR!';

R* and R’ are independently selected from hydrogen, alkyl, aryl, cycloalkyl, and
-atkyl-aryl; and

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

in an alternative embodiment R' is alkenyl; and

each instance of R™ is independently selected from hydrogen, halogen, and atkyl.

i8
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Additional embodiments of Process F include the following:

() The process, wherein R' is hydrogen.

(i1} The process, wherein the nitroalkane is a solvent.

(iti)  The process, wherein the nitroalkane is the only solvent.

(ivy  The process, wherein an organic or inorganic base is used in step 1.

(v}  The process, wherein a carbonate base is used in step 1.

{vi)  The process, wherein potassium carbonate is used in step 1.

{(vit) The process, wherein oxalic acid is added afier step 2 to precipitate one or
more undesired byproducts.

(viii) The process, wherein hydrobromic acid 1s added after step 2 to precipitate
the compound of Formula 1.

(ix)  The process wherein atkyl is methyl.

(x} The process wherein alkyl is ethvl.

(xi}  The process wherein alkyl is isopropyl.

{xii) The process wherein alkyl is feri-butyl.

In sumruary, the above processes use several innovations to achieve an improved yield
and/or throughput. Non-limiting examples of these innovations include: (1} using nitromethane as
the primary solvent and an inorganic base for the first step; (2) telescoping the Henry reaction to
Michael addition which prevents formation of a structural isomer of the nitroolefin; (3} optionally
using oxalic acid to remove excess methylglycinate from the first reaction mixture as the
hemioxalate salt; and (4) optionally isolating the key nitro intermediate as the hydrobromide salt
which stabilizes the intermediate and removes the need for further purification.

These advances have resulied in several advantages over previously reported routes,
including: (1) the overall yield can now reach even up to about 50%, for example, up to about
20%, 30%, or 40%,; (2) the number of isolated intermediates was reduced from 4-5to 1; (3) the
overall manufacturing time was significantly reduced; (4) there is less need for multiple steps
{(increased atom etficiency); and {5) several hazardous/difficult to handle reagents and the need for

cryogenic cooling were eliminted.

Y
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BRIEF DESCRIPTION OF FIGURE

FIG. 1 13 aflow diagram for the synthesis of 1, 4-diazaspiro{$S. Sjundecan-3-one as described
in Example S. In one non-limiting tlfustrative example, the steps are as follows: 1) charge process
water; 2} charge ammonium chloride; 3) charge acetone; 4) charge methyl (1-
{nitromethyl)cyclohexyl)glycinate hydrobromide; 5} charge zinc powder in a portion-wise
manner; 6) charge KoCOs solution; 7) charge DCM; 8) charge composite organic tayer; 9) charge
cyclohexane. In one embodiment the reactor is degassed in between step 5 and step 6, then the
mass is filtered after step 6, the agueous layer from step 7 is discarded, the excess solvent from
step 8 is distilled, and then the solid product is filtered after step 9. The boxes labeled 1 correspond
to a single reactor being stirred for 1 hour. The boxes labeled 2 represent steps still cccurring in
the same reactor as 1 with the temperature maintained between 25°C and 40°C. The box labeled 3
represents a step still occurring in the same reactor at a temperature between 25°C and 40°C with
the reaction being stirred for 2 hours. The box labeled 4 represents the solid being removed by

filtration and vacuum dried with heat.

DETAILED DESCRIPTION
I. Terminology

Compounds are described using standard nomenclature. Unless defined otherwise, all
technical and scientific terms used herein have the same meaning as 1s commonly understood by
one of skill in the art to which this invention belongs.

The compounds in any of the Formulas described herein include racemates, enantiomers,
mixtures of enantiomers, diastereomers, mixtures of diastereomers, tautomers, N-oxides, isomers;
such as rotamers, as if each is specifically described.

The terms “a” and “an” do not denote a limitation of quantity, but rather denote the
presence of at least one of the referenced item. The term “or” means “and/or”. Recitation of
ranges of values are merely intended to serve as a shorthand method of referring individually to
each separate value falling within the range, unless otherwise indicated herein, and each separate
value is incorporated into the specification as if it were individually recited herein. The endpoints
of all ranges are included within the range and independently combinable. All methods described
herein can be performed in a suitable order unless otherwise indicated herein or otherwise clearly

contradicted by context. The use of examples, or exemplary language (e.g., “such as”), is intended
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merely to better illustrate the invention and does not pose a limitation on the scope of the invention
unless otherwise claimed. Unless defined otherwise, technical and scientific terms used herein
have the same meaning as is commonly understood by one of skill in the art to which this invention
belongs.

In an alternative embodiment of the present invention a compound of Formula I or Formula
{H is provided with at least one desired isotopic substitution of an atom, at an amount above the
natural abundance of the isctope, i.e, enriched. Isotopes are atoms having the same atomic number
but different mass numbers, i.e., the same number of protons but a ditferent number of neutrons.

By way of general example and without limitation, isotopes of hydrogen, for example,
deuterium (*H) and tritium ("H) may be used anywhere in described structures that achieves the
desired result. Alternatively or in addition, isotopes of carbon, e.g.. °C and *C, may be used.

Isotopic substitutions, for example deuterium substitutions, can be partial or complete.
Partial deuteriumm substitution means that at least one hydrogen is substituted with deuteriurm. In
certain embodiments, the isotope is 90, 95 or 99% or more enriched in an isotope at any iocation
of interest. In one non-limiting embodiment, deuterium is 90, 95 or 99% enriched at a desired
tocation.

In one non-limiting embodiment, the substitution of a hydrogen atom for a deuterium atom
ocecurs within an R group selected from any of RY R?, R¥, R R® RS R’ R® R’ R R R!Z RY,
and R*. For example, when any of the R groups are, or contain for example through substitution,
methyl, ethyl, or methoxy, the alkyl residue may be deuterated (in non-limiting embodiments,
CDHz, CDoH, CDs, CHaCBs, CHoCDs, CHDCH:D, CH:CD;, CHDCHD:, OCDH;, OCD:H, or
OCDsetc)).

The compound of the present invention may form a solvate with solvents {including water).
Therefore, in one non-limiting embodiment, the invention includes a solvated form of the
compound. The term "solvate” refers to a molecular complex of a compound of the present
invention {including a salt thereof) with one or more solvent molecules. Non-limiting examples
of solvents are water, ethanol, dimethyl sulfoxide, acetone and other common organic solvenis.
The term "hydrate" refers to a molecular complex comprising a compound of the invention and
water. Pharmaceutically acceptable seolvates in accordance with the invention include those
wherein the solvent may be isotopically substituted, e.g. 110, de-acetone, de-DMSO. A solvate

can be in a lquid or solid form.
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A dash ("-") that is not between two letters or symbols is used to indicate a point of
attachment for a substituent. For example, {C=0)NHx 1s attached through carbon of the keto
(C=03) group.

“Alkyl” is a branched or straight chain saturated aliphatic hydrocarbon group. In one non-
limiting embodiment, the alky! group contains from 1 to about 12 carbon atoms, more generally
from 1 to about 6 carbon atoms or from 1 to about 4 carbon atoms. In one non-limiting
embodiment, the alkyl contains from 1 to about 8 carbon atoms. [n certain embodiments, the alkyl
is C1-Co, C1-C3, C1-Ca, C1-Cs, or C1-Co. The specified ranges as used herein indicate an alkyl group
having each member of the range described as an independent species. For example, the term Ci-
Cs alkyl as used herein indicates a straight or branched alkyl group having from 1, 2,3, 4, 5, 0r 6
carbon atoms and is intended to mean that each of these is described as an independent species.
For example, the term Ci-Cs alkyl as used herein indicates a straight or branched alkyl group
having from 1, 2, 3, or 4 carbon atoms and is intended to mean that each of these is described as
an independent species. Examples of alky!l include, but are not limited to, methvl, ethyl, n-propyt,
isopropyl, n-butyl, isobutyl, sec-butyl, r-butyl, n-pentyl, isopentyl, ferf-pentyl, neopentyl, n-hexyl,
2-methylpentane, 3-methylpentane, 2,2-dimethylbutane, and 2,3-dimethylbutane. Inan alternative
embodiment, the alkyl group is optionally substituted. The term “Alky!” also encompasses
cycloalkyl or carbocyclic groups. For example, when a terro is used that includes “alk” then
“cycloalkyl” or “carbocyclic” can be considered part of the definition, unless unambiguously
excluded by the context. For example, and without limitation, the terms alkyi, -O-alkyl, haloalkyl,
etc. can all be considered to include the cyelic forms of atkyl, uniess unambiguously excluded by
context.

As used herein, “aryl” refers to a radical of a monocyelic or polycyclic (e.g., bicyclic or
tricyclicy 4n+2 aromatic ring system {e.g., having 6, 10, or 14 n electrons shared in a cyclic array)
having 6—14 ring carbon atoms and zero heteroatoms provided in the aromatic ring system (“Ces-14
ary!l”). In some embodiments, an aryl group has 6 ring carbon atoms ("Cs arvl”; e.g., phenyl). In
some embodiments, an aryl group has 10 ring carbon atoms (“Cio aryl”; e.g., naphthyl such as 1—
naphthyl and 2-naphthyl). In some embodiments, an aryl group has 14 ring carbon atoms (“Cus
aryl”; e.g., anthracyl). “Aryl” also includes ring systems wherein the aryl ring, as defined above,
is fused with one or more cycloalkyl or heterocycle groups wherein the radical or point of

attachment is on the aryl ring, and in such instances, the number of carbon atoms continue to
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designate the number of carbon atoms in the aryl ring system. The one or more fused cycloalkyl
or heterocycle groups can be 4 to 7-membered saturated or partially unsaturated cycloaltkyl or
heterocycle groups.

The terms “heterocycle” include saturated, and partially saturated hetercatom-containing
ring radicals, where the hetercatoms may be selected from nitrogen, sulfur, boron, silicong, and
oxygen. Heterocyclic rings comprise monocyclic 3-10 membered rings, as well as 5-16 membered
bicyclic ring systems (which can include bridged fused and spiro-fused bicyclic ring systems). It
does not include rings containing -0-0-.-0-8- or -8-S- portions. Examples of saturated heterocycle
groups include saturated 3- to 6-membered heteromonocyclic groups containing 1 to 4 nitrogen
atoms [e.g. pyrrolidinyl, imidazolidinyl, piperidinyl, pyrrolinyl, piperazinyl]; saturated 3 to 6-
membered heteromonocyclic group containing 1 to 2 oxygen atoms and 1 to 3 nitrogen ators [e.g.
morpholinyl}; saturated 3 to 6-membered heteromonocyclic group containing 1 to 2 sulfur atoms
and 1 to 3 nitrogen atoms {e.g., thiazolidinyl]. Examples of partially saturated heterocycle radicals
inchude but are not fimited to, dihydrothieny!, dihydropyranyl, dihydrofuryl, and dihydrothiazolivl
Examples of partially saturated and saturated heterocycle groups include but are not limited to,
pyrrolidinyl, imidazolidinyl, piperidinyl, pyrrolinyl, pyrazolidinyl, piperazinyl, morpholinyl,
tetrahydropyranyl, thiazolidinyl, dihydrothienyl, 2,3-dihydro-benzo[l,4]dioxanyi, indolinyl,
isoindolinyl, dihydrobenzothienyl, dihydrobenzofuryl, isochromanyl, chromanyl, 1,2-
dihydroquinelyl, 1,2,3,4- tetrahydro-isoquinolyl, 1 ,2,34-tetrahydro-quinolyl, 2,3,4,4a,9,9a-
hexahydro-1H-3-aza-fluorenyl, 5,6,7- trihydro-1,2,4-triazolo]3,4-ajisoquinolyl, 3,4-dihydro-2H-
benzof!,4joxazinyl, benzofl,4]dioxanyl, 2,3~ dihydro-1H-IA -benzold]isothiazol-6-y],
dihydropyranyl, dihydrofuryl and dihydrothiazolyl.

“Heterocycle” also includes groups wherein the heterocyclic radical is fused/condensed
with an aryl or carbocycle radical, wherein the point of attachment is the heterocycle ring. For
example, partially unsaturated condensed heterocyclic group containing 1 to 5 nitrogen ators, for
example, indoline, isoindoline, partially unsaturated condensed heterocyclic group containing 1 to
2 oxygen atorus and 1 to 3 nitrogen atoms, partially unsaturated condensed heterocyclic group
containing 1 to 2 sulfur atoms and 1 to 3 nitrogen atoms, and saturated condensed heterocyclic
group contaiming 1 to 2 oxygen or sulfur atoms.

The term “hetercaryl” denotes stable aromatic ring systems that contain one or more

heteroatoms selected from O, N, and S, wherein the ring nitrogen and sulfur atom(s) are optionally

[S°]
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oxidized, and nitrogen atom(s) are optionally quarternized. Examples include but are not limited
to, unsaturated 3 to 6 membered heteromonocyclyl groups contairing 1 to 4 nitrogen atoms, such
as pyrrolyl, imidazolyl, pyrazolyl, 2-pyridyl, 3-pyridyl, 4-pysidyl, pyrimidyl, pyrazinyl,
pyridazinyl, triazolyl fe.g, 4H-1,2 4-triazolyl, TH-1 2 3-trigzolyl, 2H-1.2 3-triazeolyl], unsaturated
5- to 6-membered heteromonocyclic groups containing an oxygen atom, for example, pyranyl, 2-
furyl, 3-furyl, etc.; unsaturated 5 to 6-membered heteromonocyclic groups containing a sulfur
atom, for example, 2-thienyl, 3-thienyl, etc; unsaturated 5- to 6-membered heteromonocyclic
groups containing 1 to 2 oxygen atoms and ! to 3 nitrogen atoms, for example, oxazolyl,
isoxazolyl, oxadiazolyl Jeg, 1,2,4-oxadiazolyl, 1,3,4-oxadiazolyl, 1.2,5- oxadiazolyl];
unsaturated 5 to 6-membered heteromonocyclic groups containing 1 to 2 sulfur atoms and 1 to 3
nitrogen atoms, for example, thiazolyl, thiadiazolyl [e. g, 1,2,4-thiadiazolyl, 1,3 4-thiadiazolyl,
1,2,5-thiadiazolyl]. In one embodiment the “hetercaryl” group is a &, 9, or 10 membered bicyclic
ring system. Examples of 8, 9, or 10 membered bicyclic heteroaryl groups include benzofurazanyl,
benzothiophenyl, benzothiazolyl, benzoxazolyl, quinazolinyl, quincxalinyl, naphthyridinyi,
quinolinyl, isoquinolinyl, benzofuranyl, indolyl, indazolyl, and benzotriazolyl. As used herein
“substituted heteroaryl” refers to a heteroaryl group that is substituted with the described
substituents. If no substituents are explicitly described “substituted heteroaryl” refers to a
heteroary] group that is substituted with 1, 2, 3, or 4 substituents independently selected from F,
Cl, Br, L, cyano, hydroxyl, -G-alkyl, -SH, -8alkyl, -COOH, -COQalkyl, -CQalkyl, -COH, -CONH;,
-CONHalkvl, -CON(alkyly, -OC(Olalkyl, -NHC(Ojalkyl, -NalkviC{O)alkyl, nitro, amino,
-NHalkyl, MN(alkyl), cyanc, haloalkyl, aryl, hetercarvl, alkvl, alkenyl, alkynyl, halcalkyl,
cycloatkyl, alkyl-aryl, alkyl-hetercaryl, alkyl-cycloalkyl, alkyl-heterocycle, heterocycle,
~-CO0aryl,  -COaryl, -CONHaryl, -CON(alkyD(arvl), -OC(Oaryl, -NHC(Oaryi,
~NalkylC{Q)aryl, ~-CO0heteroaryl, -COhetercaryl, -CONHheteroaryl,
-CON{alkyly(heterocaryl), -OC{Oheteroaryl, -NHC(O)heteroaryl, -NalkylC(O)heteroaryl,
-CO0heterocycle, -COheterocycle, -CONHheterocycle, -CON(atkyhheterocycle},
~OC{O)heterocycle, -NHC(O)heterocycle, and ~NalkylC{O}heterocycle.

As used herein, “carbocyclyl”, “carbocyclic”, “carbocycle” or “cycloalky!l” is a saturated
or partially unsaturated {i.e, not aromatic) group containing all carbon ring atoms and from 3 to
14 ring carbon atoms (“Cs-14 cycloalkyl”) and zerc hetercatoms in the non—aromatic ring system.

in some embodiments, a cycloalkyl group has 3 to 10 ring carbon atoms (“Cs-10 cycloaltkyl”™). In

24



WO 2020/041770 PCT/US2019/048029

some embodiments, a cycloalkyl group has 3 to 9 ring carbon atoms (“Cs-o cycloalkyl”). In some
embodiments, a cycloalkyl group has 3 to 8 ring carbon atoms (“Cs-s cycloalkyl”). In some
embodiments, a cycloalky!l group has 3 to 7 ring carbon atoms (“Cs—y cycloalkyl”). In some
embodiments, a cycloalkyl group has 3 to 6 ring carbon atoms ("Cs.s cycloalkyl”). In some
embodiments, a cycloalkyl group has 4 to 6 ring carbon atoms (“Ca-s cycloalkyl”y. In some
embodiments, a cycloalkyl group has 5 to 6 ring carbon atoms (“Cs-¢ cycloalkyl™). In some
embodimentis, a cycloalky! group has 5 to 10 ring carbon atoms (“Cs-10 cycloalkyl”).  Exemplary
Cis cycloalkyl groups include, without limitation, cyclopropyl (C3), cyclopropenyl (Cs),
cyclobutyl (Ca), cyclobutenyl (Cs), cyclopentyl (Cs), cyclopentenyt (Cs), cyclohexyl (Co),
cyclohexenyl {Cs), cyclohexadienyl (Ce), and the like. Exemplary Cs cycloalkyl groups include,
without limitation, the aforementioned Cs-s cycloalkyl groups as well as cycloheptyl (Cr),
cycloheptenyl (C7), cycloheptadieny] (C7), cycloheptatrienyl (C7), cyclooctyl (Cs), cyclooctenyl
(Cs), and the like. Exemplary Csao cycloalkyl groups include, without limitation, the
aforementioned (s-s cycloalkvl groups as well as cyclononyl (Co), cyclononenyl (Co), cyclodecy]
(Cro), cyclodecenyl (Cio), and the like. As the foregoing examples illustrate, in certain
embodiments, the cycloalkyl group can be saturated or can contain one or more carbon—carbon

double bonds.

11 Embodiments of the Present Invention

Embodiments of y and n
In one embodiment v 1s 0.
In one embodiment v is 1.
In one embodiment v is 2.
In one embodiment y is 3.
In one embodiment v is 4.
In one embodiment n 13 0.
In one embodiment nis 1.
In one embodiment nis O and y 18 0.
In one embodimentnis O and y is 1.

In one embodiment nis 0 and y is 2.

jxv]
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In one embodiment nis 0 and y is 3.
In one embodiment n 1s 0 and y 18 4.
In one embodimentnis 1 and y is 0.
In one embodimentnis Tand yis 1.
In one embodiment nis 1 and y is 2.
In one embodiment nis 1 and y is 3.
In one embodiment nis 1 and y is 4.

In one embodimentnis 1 and yis 5.

Embeodiments of R!
Int one embodiment R! is hydrogen.

In one embodiment R is alkyl.

Embodiments of R™
In one embodiment at least one R* is halogen.
In one embodiment at least one R is alkyl.

In one embodiment at least one R* is methyl.

Embediments of “alkyl”

In one embodiment “alkyl” is a Ci-Cuealkyl, Ci-Coalkyl, Ci-Csalkyl, Ci-Cralkyl,
Ci-Csalkyl, Ci-Csalkyl, Ci-Caalkyl, C1-Csalkyl, or C1-Coalkyl.

In one embodiment “alkyl” has one carbon.

In one embodiment “alkyl” has two carbons,

In one embodiment “alkyl” has three carbons.

In one embodiment “altkyl” has four carbons.

In one embodiment “alkyl” has five carbons.

In one embodiment “alkyl” has six carbous.

Non-limiting examples of “alkyl” include: methyl, ethyl, propyl, butyl, pentyl, and hexyl.

Additional non-limiting examples of “alkyl” include: isopropyl, isobutyl, isopentyl, and

isohexyl.
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Additional non-limiting examples of “alkyl” include: sec-butyl, sec-pentyl, and

sec-hexyl.

Additional non-limiting examples of “alkyl” include: fert-butyl, tert-pentyl, and

fert-hexyl.

Additional non-limiting examples of “alkyl” include: neopentyl, 3-pentyl, and active

pentyl.

In one embodiment “alkyl” is “substituted alkyl”

In one embodiment “alkenyl” is “substituted alkenyl”

In one embodiment “alkynyl” i3 “substituted alkynyl”

Embodiments of Formula I and Formula IV

E

& o

w

=

in one embodiment n is 0.

In another embodiment nis 1.

Embodiment a or b, wherein R'is hydrogen.
imbodiment a or b, wherein R"is alkyl.
Embod t b, wi Rlis alkyl
Embodiment a or b, wherein R'is methyl.
“mbodiment a or b, wherein R’ is ethyl.
Embod t b, wh R}is ethyl
Fmbodiment a or b, wherein R is propyl.
Embod taorb, wh Rlis propyl
Embodiment a or b, wherein R'is cyclopropyl.
Any one of embodirnents a-h, wheretn R” is hydrogen.
Any { embod ts a-h, wh R-1s hyd

Any one of embodiments a-h, wherein R? is substituted heteroaryl.

RY?—0 N
4 \>____R13

Any one of embodiments a-h, wherein R” is O =N ,
Embodiment k, wherein R'? is alkyl.
Embodiment k, wherein R!? is methyl,
Embodiment k, wherein R' is aryl.
Embodiment k, wherein R'? is —alkyl-aryl.
Any one of embodiments k-o, wherein R'? is —S-alkyl.
Any one of embodiments k-o, wherein R is —S-methyl.
Any one of embodiments k-0, wherein R is CL.

~d
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aa.
bb.
ce.
dd.

€e.

i
kk.
1.
mm.
1nn.
Q0.
pp
qq.
1T,
SS.
it
uu.
VV.

WW.

Any one of embodiments a-r, wherein R” is hydrogen.
Any one of embodiments a-r, wherein R’ is halogen.
Any one of embodiments a-r, wherein R” is NR'R®,
Embodiment u, wherein RS is hydrogen.

Embodiment u, wherein R’ is alkyl.

Embodiment u, wherein R is ~-C(O)R'.

Embodiment x, wherein Rt is alkyl.

Embodiment x, wherein R'! is aryl.

Any one of embodiments u-z, wherein R® is hydrogen.
Any one of embodiments u-z, wherein R® is alkyl.
Any one of embodiments a-r, wherein R* is OR’.

Any one of embodiments a-r, wherein R’ is SR,

PCT/US2019/048029

Embodiment cc or dd, wherein R is alkyl, aryl, and -alkyl-aryl.

Embodiment cc or dd, wherein R7 is aryl.

Embodiment cc or dd, wherein R’ is -alkyl-aryl.

Any one of embodiments a-gg, wherein R* is NR®R”.
Embodiment hh, wherein R*is hydrogen.

Embodiment hh, wherein R® is alkyl.

Embodiment hh, wherein R® is alkyl-aryl.

Any one of embodiments hh-kk, wherein R’ is hydrogen.
Any one of embodiments hh-kk, wherein R” is alkyl.
Any one of embodinents hh-kk, wherein R? is alkyl-aryl.
Any one of embodiments a-gg, wherein R* is OR™Y,
Embodiment oo, wherein R'%is alkyl.

Embodiment oo, wherein R' is aryl.

Embodiment oo, wherein R is -alkyl-aryl.

Any one of embodiments a-rr, wherein at least one R is alkyl.
y 2 }/

Any one of embodiments a-rr, wherein at [east one R is halogen.

Any one of embodiments a-ir, wherein y is 0.
Any one of embodiments a-uu, wherein v is 1.

Any one of embodiments a-uu, wherein y is 2.
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xx.  Any one of embodiments a-uu, whereiny is 3.
yy.  Any one of embodiments a~uu, wherein v is 4.
22, Any one of embodiments a-zz, wherein alkyl is methyl

aaa.  Any one of embodiments a-zz, wherein alkyl is ethyl.

bbb.  Any one of embodiments a-zz, wherein alkyl-aryl is benzyl.

Additional embodiments of R?

fn certain embodiments “substituted hetercaryl” is a 6-membered heteroaryl group
substituted with 1, 2, 3, or 4 substituents independently selected from halogen, C{(O)YOH,
C(O)Oalkyl, CIOINH:, C(O)NHalkyi, C(O)Nalkylz, -S-atkyl, -5(0)-alkyl, and ~8{Ohalkyl,

In certain embodiments R? is

In certain embodiments R? is

In ceriain embodiments R is

In certain embodiments R is

In certain embodiments R? is

In certain embodiments R* is

In certain embodiments R? is
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Scheme 10. Synthesis of Compounds of Formula I and Formula I

It hhas been discovered that compounds of Formula [ and Formula I, such as methyl (1~

(nitromethylcyclohexyljglycinate and analogues thereof, are advantagecusly prepared by

conducting a Henty reaction followed by elimination and Michael addition. Using this sequence

prepares new glycinates and allows for the synthesis of 1 4-diazaspiro[S Slundecan-3-one with

superior yield and throughput. These mechanistic steps can be advantageously conducted in one

pot to afford compounds of Formula | and Formula HI in one synthetic step.
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This synthetic sequence starting from a cyclohexanone and undergoing nucleophilic
addition (Henry reaction) followed by elimination of water, nucleophilic conjugate addition of an
alkyl glycinate (Michael addition) is shown above in Scheme 10,

Step 1

Generally, Step 1 can be accomplished in a polar aprotic solvent at room temperature in
the presence of a base that facilitates the reaction. Any polar aprotic solvent can be used that
achieves the desired result. In one embodiment nitromethane or substituted nitromethane i3 used
as both a reactant and the solvent. The order of addition may be varied in a manner that achieves
a suitable result. The order in which cyclic ketone, glycinate, and potassium carbonate is added to
nitromethane or substituted nitromethane often does not significantly affect the yield. The order of
addition of glvcinate and cyclic ketone can be modified, if desired and favorable In certain
embodiments a solvent used is methyl-t-butyl ether. In certain embodiments a solvent used is
cyclohexane.

In one embodiment, the concentration of cyclohexanone is at least about 0.5 M, 0.6 M, 0.7
M,OSM, OOM 1M 125M, 15M, 1.75M, or 2M.

In another embodiment, the cyclic ketone is substituted cyclohexanone, substituted
cyclopentanone, unsubstituted cyclohexanone, or unsubstituted cyclopentanone.

In another embodiment, the glycinate is methyl glycinate, ethyl glycinate, isopropyl

Any suitable base can be used in Step | that achieves the desired result. In one embodiment,
the base is an inorganic base selected from potassium carbonate, calcium carbonate, magnesium
carbonate, sodium carbonate, cesium carbonate, sodium bicarbonate, potassium bicarbonate,
magnesium bicarbonate, calcium bicarbonate, lithium hydroxide, sodium hydroxide, potassium
hydroxide, magnesium hydroxide, calcium hydroxide, strontium hydroxide, and barium
hydroxide.

In another embodiment the base is an organic base selected from DIPEA (NN-
diisopropylethylamine), DMAP (4-dimethylaminopyridine), DBU (1,8 diazabicycloundec-7-ene),
TEA  (triethylamine), pyridine, trimethylamine, tripropylamine, triisopropylamine,
dimethylaniline,  dimethylbenzylamine, DABCO (1 4-diazabicyclof2 2 2loctane),  1,5-
diazabicyclof4.3.0]non-5-ene, 2,6-lutidine, morpheline, piperidine, piperazine, proton-sponge,

and 1,5,7-triazabicyclof4.4.0]dec-5-ene.

9]
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The selected glycinate in a typical embodiment is more nucleophilic than the base used. In
one embodiment the glycinate is in the form of a salt, for example a hydrochloride salt.

The temperature can be any temperature that provides the desired yield, in the desired time,
with minimal undesired byproducts. In non-limiting embodiments, the temperature may be from
about 0°C to about S0°C, from about 10°C fo about S0°C, from about 10°C o about 40°C, from
about 20°C to about 40°C, or from about 20°C to about 30°C. In one non-limiting embodiment,
the temperature is selected to be room temperature. In another non-limiting embodiment, the
temperature is from about 25°C to about 35°C.

The reaction can be aliowed to proceed for a sufficient time to obtain the desired yield of
product. In non-limiting embodiments, the reaction may proceed in Step 1 for about 0.5 hours to
about 10 hours, for about 0.5 hours to about 8 hours, for about 1 hour to about 8 hours, for about
1 hour to about 6 hours, for about 1 hour to about 4 hours, or for about 1 hour to about 3 hours. It
should be understood by those of skill in the art that the time and temperature of the reaction are
related. For example, if a higher temperature is suitable and doesn’t result in an unaccepiable fevel
of side products, then a lower reaction time may obtain the desired vield. Alternatively, a lower
temperature may require a higher reaction time with fewer side products.

The reaction can be allowed to proceed for a sufficient time to obtain the desired yield of
product. In non-limiting embodiments, the reaction may proceed in Step 1 in less than 14 hours,
fess than 10 hours, less than 6 hours, less than 4 hours, or less than 3 hours.

The reaction can be allowed to proceed for a sufficient time to obtain the desired yield of
product. ln non-limiting embodiments, the reaction may proceed in Step 1 for about 5 howrs to
about 24 hours, for about 6 hours to about 22 hours, for about 7 hours to about 20 hours, for about
& hours to about 19 hours, for about 9 hours to about 18 hours, for about 10 hours to about 17
hours, for about 11 hours to about 16 hours, for about 12 hours to about 16 hours, or for about 13
hours to about 15 hours.

In one embodiment the compound of Formula I or Formula I may be isolated in the form
of a salt. In one example, hydrobromic acid or a similar acid can be added at the end of the reaction
to collect the compound of Formula | or Formula HI as a solid. 1n another embodiment, oxalic acid
or a similar organic acid is added to chemically remove any remaining glycinate starting material
as a solid. These two acidic isolation steps can be used together, for example after workup the

oxalic acid can be added and the excess glycinate starting material removed by filtration. After

)
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removal of the excess glycinate, hydrobromic acid can be added to the mixture to precipitate the
pure compound of Formula I or Formula 1T as a hydrobromide salt.

In some non-limiting examples, the glycinate is used in excess to the cyclic ketone. At least
about 1.2, 1.5, 1.7,2,22,25,2.7, or 3 equivalents of glycinate may be used in this embodiment.
In another embodiment the cyclic ketone is used in excess to the glvcinate. Atleast about 1.2, 1.5,
1.7,2,22,2.5,2.7, or 3 equivalents of cyclic ketone may be used in this embodiment. In the above
embodimenis any equivalents of base is used that afford the product in the desired yield and purity.
In one embodiment at feast about 1, 1.2, 1.5,1.7,2,2.2,2.5,2.7,3,3.2,3.5, 3.7, or 4 equivalenis
of base are used.

The reaction can be aliowed to proceed for a sufficient time to obtain the desired yield of
product. For example, in one embodiment, the reaction 1s allowed to proceed for up to about 15
minutes, 30 minutes, 43 minutes, 1 hour, 2 hours, 3 hours, 4 hours, 6 hours, or 10 hours. It should
be understood by those of skill in the art that the time and temperature of the reaction are related.
For example, if a higher temperature is suitable and doesn’t result in an unacceptable level of side
products, then a lower reaction time may obtain the desired yield. Alternatively, a lower
temperature may require a higher reaction time with fewer side products.

In one embodiment the conditions described herein are used to synthesis methyl (1-

{nitromethyhcyclohexyl)glycinate.

IV. Synthesis of Compounds of Formula I and Formula [V

1) Reduction
2} base or amide
coupling reagent

stage 2

Formula i Formuia i

[95)
(5]
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Scheme 11. Synthesis of Compounds of Formula IT and Formula 1V,

It has been discovered that compounds of Formula II and Formula IV, such as 14-
diazaspiro[5.Sjundecan-3-one and analogues thercof, are advantageously prepared from
compounds of Formula I or Formula [ or their pharmaceutically acceptable salts. The compound
of Formula I or Formula HI or its salt can be prepared as described above.

Advantages of this method include high vields, less need for protection and deprotection,
increased atom efficiency, fewer hazardous reagents, fewer steps, and shorter manufacturing time.

This synthetic sequence starting from a compound of Formula I or Formula IV and
undergoing reduction, hydrolysis, and cyclization is shown below in Scheme 11. In one

embodiment cyclization and hydrolysis occur at the same time.

Stage 2

Generally, Stage 2 can be accomplished in a solvent or mixture of solvents that facilitates
the reaction. The reagents can be added with a variation in order to achieve a suitable result In
one embodiment the reduction agent is compatible with the base or amide coupling reagent and
thus all the reactants and reagents are added at the beginning of the reaction. In this embodiment
the entire process starting from a cyclic ketone is two synthetic steps with multiple transformations.
In another embodiment the reduction reagent is added first followed by addition of the base or
amide coupling reagent after the desired period of time has passed.

In one embodiment the intramolecular cyclization proceeds without addition of a base or
amide coupling reagent. For example, the intramolecular c¢yclization can proceed after reduction
of the nitro group to an amine with no additional reagents being necessary.

In certain embodiments, methyl-t-butyl ether is used as a solvent. In certain embodiments

cyclohexane is used as a solvent.
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In one aspect the initial concentration of the compound of Formula [ or Formula HI is at
feastabout 0.5 M, 0.6 M, 07 M, 08B M, 09 M, 1 M, 125 M, 1.5 M, 1.75 M, or 2 M. The reducting
reagents and conditions used in Step 1 can be any which achieve the desired goal. In one aspect,
the reductant is zinc activated with a weak acid such as ammonium chloride or acetic acid. In
another embodiment the reductant is platinum{1V) oxide in the presence of hydrogen gas, Raney
nickel in the presence of hydrogen gas, iron, or samarium ditodide. In certain embodiments the
reducing agent is zinc dust.

In one embodiment, at least about 10, 8, 6, 5, 4, 3, or 2 equivalents of reductant are used.
For example, at least about 10, B8, 6, 3, 4, 3, or 2 equivalents of Zinc are used. The skilled artisan
will recognize that different equivalencies of reductant will affect the rate of reduction. For
example, the reductant may stall at 2 equivalents of Zinc but proceed without issue at 5 equivalents
of zinc.

In certain examples, the base can be an inorganic base selected from potassium carbonate,
calcium carbonate, magnesium carbonate, sodium carbonate, cesium carbonate, sodium
bicarbonate, potassium bicarbonate, magnesium bicarbonate, calcium bicarbonate, lithium
hydroxide, sodium hydroxide, potassium hydroxide, maguoesiurn hydroxide, calcium hydroxide,
strontium hydroxide, and barium hydroxide.

In avother embodiment, the base is an orgavic base selected from DIPEA (N,N-
diisopropylethylamine), DMAP (4-dimethylaminopyridine), DBU (1,8 diazabicycloundec-7-ene},
TEA  (triethylamine), pyridine, trimethylamine, tripropylamine, triisopropylamine,
dimethylaniline,  dimethylbenzylamine, DABCO (1 4-diazabicyclo[2.2 2loctane), 1,5~
diazabicyclof4.3 O]non-S-ene, 2 6-lutidine, morpholine, piperidine, piperazine, proton-sponge,
and 1,5,7-triazabicyciof4.4.0]dec-5-ene.

The temperature can be any temperature that provides the desired yield, in the desired time,
with minimal undesired byproducts. For example, the temperature may be from about 0°C to about
50°C, from about 10°C to about 50°C, from about 10°C to about 40°C, from about 20°C to about
40°C, or from about 20°C to about 30°C. In one non-limiting embodiment, the temperature 13
selected to be room temperature,

The reaction can be aliowed to proceed for a sufficient time to obtain the desired vield of
product. For example, in one embodiment, the reaction is allowed to proceed for up to about 5

minutes, 10 minutes, 15 minutes, 30 minutes, 45 minutes, 1 hour, 2 hours, 3 hours, or 4 hours. It
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should be understood by those of skill in the art that the time and temperature of the reaction are
related. For example, if a higher temperature i3 suitable and doesn’t result in an unacceptable level
of side products, then a lower reaction time may obtain the desired vield. Alternatively, a lower
temperature may require a higher reaction time with fewer side products.

In one embodiment the conditions described herein are used to synthesis 1,4-

diazaspiro[ 5.5 Jundecan-3-one from methyl (1-(nitrormethylicyclohexyl)glycinate.

Y. Compounds of the Present Invention
Non-limiting examples of compounds of the present invention include:
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Additional non-limiting examples of compounds of the present invention include:
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Non-limiting examples of compounds that can be synthesized according to the methods

of the present invention include:
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Additional non-limiting examples of compounds that can be synthesized according to the

methods of the present invention include:
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V1. HHustrative Examples

GENERAL METHODS

The structure of starting matenials, intermediates, and final products was confirmed by
standard analytical techniques, such as, for example, NMR spectroscopy and/or mass
spectrometry. Unless otherwise noted, reagents and solvents were used as received from
commercial suppliers. Proton nuclear magnetic resonance spectra were obtained on a 300 MHz in
Chloroform-~-d. HPLC analyses were performed on a Waters SunFire C18, 150x4.6mm, 4.6pum

column.

Example 1. Synthesis of Methyl (I-(nitromethyljcyclohexyl)glycinate hydrobromide

41
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1. K2CO;, Nitromethane
2. Oxalic acid M

O 3. HBr HBr
O
O e G
2

O Hel

COOMe

A suspension of cyclohexanone (4 g, 40.8 mmol), methyl glycinate hydrochloride (12.79
g, 102 mmol, 2.5 eq.) and potassium carbonate {14.08 g, 102 mmol, 2.5 eq.) in nitromethane (50
ml) was stirred at room temperature for 2 hours. The reaction mixture was then diluted with
dichloromethane and filtered through a fritted funnel. The residue was washed several times with
dichloromethane. The combined filtrates were concentrated to dryness and the remaining oil was
dissolved in ether. A solution of oxalic acid {1.835 g, 20.38 mmol, 0.5 eq.) in 5 mL methanol was
added under stirring, concentrated to dryness, re-suspended in ether and sonicated for 10 min. The
solid was filtered off, washed with ether and air dried. Analysis of this solid confirmed that it was
methyl glycinate hemioxalate (5.5 g). To the filtrate was added hydrogen bromide (7.14 ml, 408
mmol, 33% in Acetic Acid, 1 eq.) under stirring. The suspension was stirred for 10 min., sonicated
for 10 min and the solids were isolated by filtration, washed with ether and air dried to give methy!
(i-(nitromethyl)cyclohexyl)glycinate, HBr (11.4 g, 36.6 mmol, 91 % yield) as an off-white solid.

'H NMR (300 MHz, Chloroform-d) 8 1.52 (q, J = 15.2, 14.1 Hz, 2H), 1.79 (d, J = 13.6
Hz, 6H), 1.98 (d, T = 13.1 Hz, 2H), 3.85 (s, 3H),4.23 (s, 2H), 5.13 (s, 2H).

Example 2. Aliernative synthesis of Methyl (1-(nitromethyllcyclohexylglycinate
hydrobromide

; COOMs
1. K,CO,, Nitromethane
2 3 HN“‘"/

O 2. HBr HBr
O f o
(:/r - \ﬂ/\NHZ """"""""""""" > @ \NO’
O Hel 2

A suspension of cyclohexanone (4 g, 40.8 mmol), methyl glycinate hydrochloride (12.79
g, 102 mmol, 2.5 eq.) and potassium carbonate {14.08 g, 102 mmol, 2.5 eq.) in nitromethane (50
ml) is stirred at room temperature for 2 hours. The reaction mixture is then diluted with
dichloromethane and filtered through a fritted funnel. The residue is washed several times with
dichloromethane. The combined filtrates are concentrated to dryness and the remaining oil is
dissolved in ether. To the solution of hydrogen bromide (7.14 mi, 40.8 mmol, 33% in acetic acid,
1 eq.} is added under stirring. The suspension is stirred for 10 min., sonicated for 10 min and the
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solids are isolated by filtration, washed with ether and air dried to give methyl (1-
{nitromethyheyclohexylyglycinate, HBr salt.

Alternatively, the above method may be wused tfo prepare wmethyl (1-
(nitromethyDcyclohexyllglycinate as a free base by using an alternative method of purification

instead of using hydrogen bromide.

Example 3. Synthesis of 1,4-Diazaspiro]5.8jundecan-3-one

K,COs5, NH4OHL Zn,

0
OO acetone, water (5:1) |
i, 10-20 min NH

ANH LN
NO,
HBr

To a suspension of methyl (I-(nitromethyijcyclohexyljglycinate hydrobromide (2 g, 6.43

mmol} in acetone (30 mi) and water (6.00 ml} was added ammonium chloride (3.44 g, 64.3 mmol,
10 eq.), potassium carbonate (0.888 g, 6.43 mmol, 1 eq.) and zinc (4.2 g, 64.3 mol, 10 eq.) and
the mixture was stirred vigorously for 10 min. The volatiles were removed under vacuum and the
residue was treated with a saturated solution of K2COs. The mixture was filtered through a fritted
funnel and the residue was washed several times with water and ethyl acetate. The layers were
separated, and the aqueous layer was extracted with ethyl acetate (three times). The combined
organic layers were dried over sodium sulfate, filtered and concentrated under reduced pressure to
provide a crude mixture, which was triturated with isopropyl ether. The solids were isolated by
filtration and air-dried to give 1,4-diazaspiro[S.5jundecan-3-one (674 mg, 4.01 mmol, 62.3 %
vield) as an off-white solid.

H NMR (300 MHz, Chloroform-d) § 1.41 -1.62 (m, 10 H); 3.16, 3.17 (d, J=2.6 Hz, 2 H),
3.48 (s, 2 H), 6.22 (s, | H).

Example 4. Alternative Synthesis of Methyl (1-(nitromethyljcyclohexyijglycinate

hydrobromide

0 2. HBr Y, HBr
o)
GG Al - (N,
O Hel -
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Nitrogen was applied to a reactor vessel followed by vacuum to not less than 450 mm Hg,
Nitrogen was applied once again and then the reactor was rinsed with nitromethane. The reactor
was charged with nitromethane (4 L) followed by potassium carbonate (2.5 kg} and
methylglycinate (3.2 kg). A solution of cyclohexanone (1 kg} in nitromethane (3.5 L) was prepared
and added to the reaction. All steps were completed at approximately 25 °C.

The reaction mass was cooled to 10 °C and process water (2.5 L) was added in a dropwise
manner for not less than 180 minutes. The water addition was conducted at 10 °C. The temperature
was then raised to 30 °C and the reaction was stirred at 30 °C for 14 hours or until the
cyclohexanone content was not more than 5% by TLC. The reaction mixture was next diluted with
2M potassium carbonate (10 L) at 30 °C and the reaction mass was stirred at 30 °C for 5 minutes
before methyl-t-butyl ether (10 L) was added and the reaction was stirred for an additional 40
minutes at 30 °C.

The organic layer was separated from the aqueous fayer and the aqueous layer was mixed
with methyl-t-buty] ether (10 L} and allowed to stir for 30 minutes at 30 °C. The process was
repeated twice. The aqueous layers were discarded. The three organic layers were combined and
methyl-t-butyl ether (20 L} was added to further dilute the reaction mixture. The solution was
cooled to § °C and hydrogen bromide solution (1.9 L, 33% in acetic acid) was added for not less
than 240 minutes. The mixture was then stirred at S °C for 3 hours. The reaction mass was then
filtered and washed with methyl-t-butyl ether (0.5 L}. The mass was dried at 25 °C until the mother
liquor was completely removed and the wet cake was further dried in a vacuum over at 50 °C for
4-5 hours.

Example 5. Aliernative Synthesis of 1,4-Diazaspire|S.3jundecan-3-one

0,
OaN-—HN NH,Cl/ HpO o
Zn dust, K,CO4 )<

A reactor was charged with process water (1.9 L) followed by ammonium chloride (0.60

kg) and then acetone (7.5 kg). The reaction was stirred for 10 minutes. Methyl (I-
(nitromethyDcyclohexyllglycinate hydrobromide (1 kg) was added to the reactor followed by zinc

powder {0.75 kg) portion wise for 30 minutes. The reaction was stirred for 30 minutes at 50 °C or
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until the methyl (1-{(nitromethyljcyclohexyl)elycinate hydrobromide content was not more than
0.5%.

The acetone was completely distilled out under vacuum at 55 °C and the pH of the resulting
solution was adjusted to pH 10-11 using ZM potassium carbonate. The solution was stirred at 25
°C for 30 minutes. The reaction was then filtered through a pad of celite and the resuiting reaction
mass was charged with 10% MeOH in DCM (10 kg) and stirred for 30 minutes to separate the
organics from the aqueous materials. This was repeated 6 times. The resulting agueous layers were
discarded. The organic layers were concentrated to dryness and triturated with cyclohexane (055
kg). The solution was stirred for 20 minutes at 5 °C, filtered, and washed with cyclohexane (0.20
kg). The wet material was then dried in a vacuum oven at 55 © C to atford 0.18 kg of product. (In
an alternative embodiment, the trituration is conducted with methyl-t-butyl ether.

This specification has been described with reference to embodiments of the invention.
However, one of ordinary skill in the art appreciates that various modifications and changes can
be made without departing from the scope of the invention as set forth in the claims below,
Accordingly, the specification is to be regarded in an illustrative rather than a restrictive sense, and

all such modifications are intended to be included within the scope of invention.



