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SYNTHESIS OF COMPOUNDS THAT MODULATE USE-
DEPENDENT VOLIAGE-GATED SOBIUM CHANNELS

BRELATED APPLICATIONS

This apphication claims the benefit of U.S. Provisional Application No. 63/126,873,

filed December 17, 2020, the contents of which are incorporated herein by reference 1o their
entirety.

BACKGROUND OF THE INVENTION

(2R, 38)-7T-Methyl-2-{4-methyl-6-{4-(rifluoromethvh-phenvlpyrmudin-2-vij-1,7-
diazaspiro|4 4 nonan-6-one:

§
\/,-N\ 3 )
: N %
| hond N
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is described m Int. Pub. No. WO 2013/175205 as having utility in the treatment of diseases
and conditions mediated by modulation of use-dependent voltage-gated sodivmm channels,
Certain synthetic methods to prepare (2R,55)-7-methvi-2-{4-methyi-6-[4-(influoromethyvl)-
phenvlpyrmidin-2-v1}-1,7-diazaspiro[4 4 nonan-6-one arc described in Int. Pub. Nos. W(
2013/175205 & WO 2019/075073. The contents of each of these patents are incorporated by
reference in their entirety.

However, there is a need for the development of aliemative processes for the

preparation of such spiro derivatives, which are capable of practical application to large scale
manufacture.

SUMMARY OF THE INVENTION

The present invention provides processes for preparing a compound of formula (8)

{
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{11} with a compound of formula (I}, in the presence of a metal compound, a phosphine that
FgC ‘<\\ />““B(OH)2

+ Q- <\ /N
()

or g pharmaceutically acceptable salt thereof, comprising reacting a compound of fornula

Cl
Tt
formula (1)

compnses an alkyl group, and a base, thereby producing a compound of formula (V)

The present mvention further provides processes for preparing a compound of

()
e
E

F3C

(.

or a pharmaceutically acceptable salt thereot, comprising reacting a compound of formula

(V) with a compound of formula (V) or a salt thereof, in the presence of a palladium

\
+ ’QN""‘
HzN \
Ci O
(v

compound and a copper salt and a base, thereby producing a compound of formula (Vi)
\_/

)
formula (F)

The present invention further provides processes for prepanng a compound of

(1)3
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or g pharmaceutically acceptable salt thereof, comprising reacting a compound of fornula
{11} with a compound of formula (EII} in the presence of a metal compound, a phosphine that
comprises an altkyvl group, and a base, thereby producing a compound of formula (FVY):

FBC‘<\_>‘B(DH)2 LI s N FzC‘@—&\ N
’ = =
ol

cl
(i) () )

reacting a compound of formula (1Y) with a compound of formula {V) or a salt thereof in the

presence of a palladnim compound, a copper salt and a base, thereby producing a compound

of formula (Vi)

A N : N
FsC AR N + ‘e N
4 4 ’ 4
N=X HZN’Q
Ci O
(i) V) {vih)

and
reducing the compound of formula {VI}, thereby producing the compound of formula (I}, ora

pharmmaceutically acceptable salt thereof
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The present imvention farther provides the compoond of formula (V3.

\\

or g salt thereof.
The present invention further provides processes for preparing a compound of

formula (1)
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P .

or a pharmaceutically acceptable salt thereot, comprising reacting a compound of formula
(VH) with an azide compound and an anune in the presence of f-butanol, thereby producing a

compound of formula (VIH}:

\ N
el

BOCHN;&\\<
O

Vil (VHI)

The present invention further provides processes for purification of the compound of
formula (1),

N a

We's
\E? M ALN

£,0
or a pharmaceutically acceptable salt thereof.

The present invention further provides processes for preparing a compound of
formula V, comaprising reacting a comapound of forroula (VI with an azide compound and

an anine followed by treatment with a base:

\ N
,}QNM e
HO,C \ 5
O
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DBETAILED BESCRIPTION OF THE INVENTION

In certain aspects, the present disclosure provides processes for preparing a compound

of formula (I}

FaC (.

or a pharmaceutically acceptable salt thereof, comprising reacting a compound of formufa
({1} with a compound of formula (]I} in the presence of a metal compound, a phosphine that

comprises an alkyl group, and a base, thereby producing a compound of formuda (V)

4
F3C@“I§(OH)2 + Ciﬂ FsC N N

, 4
Ci

(i (i) ()

In certain embodiments, the metal compound 1s a palladium compound,, such as
palladium acetate.

In certain embodiments, the phosphine that comprises an alkyl group is fers-
butyldipbenyiphosphine.

In certain embodiments, the base is dusopropylethvlianmine.

In certain embodiments, the compound of formula (11} is reacted with the compound
of formula (1) i the presence of a solvent, such as isopropanol.

In certain embodiments, the chemical vield of the compound of formula IV is at
least about 65% or at least about 70%.

In certain embodiments, the compound of formula (i) is reacted with the compound
of formula (I} at a scale of at least 3 kg of the compound of formula (1) and at least 5 kg of
the compound of formuia (JT1). In certain embodiments, the compound of formula (1) 15
reacted with the compound of formula (I8} at a scale of at least 20 kg of the compound of
formula (1} and at least 20 kg of the compound of formmla ({1}, In certamn cmbodiments,
the compound of formula (1) 1s reacted with the compound of formula (1) at a scale of at
least 50 kg of the compound of formuda (1) and at least 50 kg of the compound of formula

(11D,
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In certamn aspects, the present disclosure provides processes for preparing a compound

of formula (I}

FoC ul
or a pharmaceutically acceptable salt thereot, comprising reacting a compound of formula
{1V} with a compound of formula (V) or a salt thereof (such as a tnfhuoroacetate or

hydrochloride salt), in the presence of a palladium compoond, a metal salt and a base,

thereby producing a compound of formula (Vi)

b !
= 7N
R | /2N
N
-+ \i"r NM :’ O
HoN '
2 0 m
e
{1V} (¥} FaC (VH

wherein the metal salt is oot a silver salt.

In certain enmbodiments, the compound of formula (V) is a trifluoroacetate salt. In
certain embodiments, the compound of formula (V) is a hydrochlonde salt. In certain
embodiments, the compound of formula (VY is a nota salt (e, a free base).

In certain embodiments, the palladium compound is PdCh{dppf}-CH:h or
PACH(DPHphos).

In certain embodiments, the metal salt 1s a copper salt, such as copper () 1odide.

In certain embodiments, the base is an organic base, such as diisopropylamine.

In certain embodiments, the base 15 an morganic base, such as potassium carbonate.

In certain embodiments, the compound of formula (1V) 15 reacted with the compound
of formula (V) 1n the presence of a solvent. In cortain embodiments, the solvent comprises
isopropyl acetate or acctonitriie.

In certain embodiments, the chenucal vield of the compound of fornwda (Vi) is at
loast about 65%; at least about 70%; or at least about 73%.

In certain embodiments, the compound of formula (1Y) is reacted with the compound

of formulda (V) at a scale of af least 5 kg of the compound of formala (1Y) and at least 5 kg of

G
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the compound of formula (V). In certain embodiments, the compound of formula (IV) 18
reacted with the compound of formula €V) at a scale of at least 20 kg of the compound of
formula (§V} and at least 20 ke of the compound of formula (V). In certain embodiments, the
compound of formula (1Y) s reacted with the compound of formula (V) at a scale of at least
58 kg of the compound of formula (1Y} and at least 50 kg of the compound of formula (V).
In certain aspects, the process further comprises reducing the compound of formula

{(V1), thereby producing the compound of formula (1), or a pharmaceutically acceptable salt

“w/!\:;yz \/N%f’qm
N C{f N H‘\N *:Q,/” N
®

-

F.C {¥h Fio H

thereof

In certain envbodiments, the compound of formula (VI) is reduced to the compound of
formula (1), or 2 pharmaceutically acceptable salt thercof mn the presence of a boron
compound. In certain embodiments, the boron compound 1s a borang, such as borane-tert-
butyl amine complex.

In certain aspects, the present disclosure provides a compound of formula (V) or a salt

A

In certain embodiments, the compound of formula (V) is a tnifluoroacetate salt. In

thereof

(V3.

certain embodiments, the compound of formula (V) 1s a hydrochlonide salt. In other
embodiments, the compound of formula (V) is a not a salt {1.¢., a frec basg).

In certain aspects, the present disclosure provides a compound represented by the

\“@\
OCN i |

following structure:
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In certamn aspects, the present disclosure provides processes for preparing a compound

of formula (I}

FaC (®.
or a pharmaceutically acceptable salt thereot, comprising converting a compound of fornwla
(VH) to a compound of formula (VHI) 1 the presence of an azide compound and an amine
i the presence of t-butanol:

N\ o~

\ A |

] N ] N
HQQC& BocHN®
) o

(vl (VE)

In certain embodiments, the azide compound s diphenyiphosphoryl azide.

In certain embodiments, the aming i1s N-methvlmorpholine,

In certain embodiments, the conversion of the compouand of formuda (VE) to the
compound of formula (VI is carried out in the presence of a solvent. In certan
embodiments, the solvent comprises toluene.

In certain embodiments, the reaction is performed in a continuous flow process. In
certain aspects, the reaction is performed in a batch process.

In certain aspects, the present disclosure provides processes for preparing a compound
of formula (V}, comprising reacting a compound of formula (Vi) with an azide compound

and an amine followed by treatment with a base:

\ \

] N vl N
Hogc"i\\& N X
o S
vy )

In certain embodiments, the azide compound is diphenyiphosphoryl azide.
In certain embodiments, the amine is N-methylmorpholine.

In certain embodiments, the reaction 1s performed in a batch process.
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In certain embodiments, the conversion of the compound of formula (VE) to the
compound of formula (V) is carried oot in the presence of a solvent. In certaim embodiments,
the solvent comprises toluene.

In certain embodiments, the base 15 agueous sodium hydroxide.

In certain embodiments, the conversion of the compound of formula (VI to the
compound of formula {(VIi)} is performed at a scale of at feast 5 kg of the compound of
formula {VH}. In certain crabodiments, the conversion of the compound of formula (Vi) to
the compound of formula (VIH) is performed at a scale of at least 20 kg of the compound of
formala (VH}. In certain embodiments, the conversion of the compound of formuda (Vi) to
the compound of formula {VIEE) is performed at a scale of at least 30 kg of the compound of
formula (Vi)

In certain embodiments, the process further comprises reacting a compound of
formmda (FV) with the compound of formula {VEHE} in the presence of a palladium compound,

a copper salt and a base, thereby producing a compound of formula (1Xa) or a salt thereof

/l

. . /:'—:: 4

o Yo ARVAY!
FiC N \;\EHN + ;‘E‘«\’\\E\N N~

\
_KC! BocHN \\\\

{ 0
,;QNM
(V) (Vi (IXa}  BocHN S

In certain embodiments, the palladium compound s PACL{BPEphos},

In certain embodiments, the copper salt is copper (1) 1odide.

In certam embodiments, the base 15 an amine. In certain embodiments, the amine is
ditsopropylamine.

In certain embodiments, the compound of formula (1Y} is reacted with the compound
of formula (VII) in the presence of a solvent. In ceriain embodiments, the solvent comprises
isopropyl acetate.

In certain embodiments, the process further comprising reacting the compound of

formula (§Xa) with an acid, thereby producing a compound of forowula (1X) or a salt thereof:

. Ee ,::__(/ = Ve
“““““““ ” W

‘e - o, N~
, o ) 00 .
{iXa} BocHN \d HoN \b
(9]
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In ceriain embodiments, the compound of formula (FXa) 15 reacted with the acid in

the presence of a solvent. In certain embodiments, the solvent comprises acetonitrile.
in certam embodiments, the acid is methanesulfonic acid .
{n certain embodunenis, the process further coraprising

1} reacting a compoand of formula (IV} with the compound of formola (VIEE) in the
presence of a palladium compound, a copper salt and a base, thereby producing a
compound of formula (IXa) or a salt thereof, and

i) reacting a compound of fornula (1Xa) with an acid, thereby producing a compound of

formula (EX} or a salt thereof

/ N
N = FaG—4 - N
Sl (% A
_< + &J/\N- TN - W
BocHN ‘(\ \‘\ -« \ ™
u A —
wf e %) u N}L{\N
v (VD (IXa)  BocHN “ﬂo ” o

wherein the compound of formula (IXa) 15 not 1solated.

In certain embodiments, the palladium catalyst is PACL(D¥PEphos).

In certain embodiments, the copper salt is copper(l) iodide.

In certain embodiments, the base i1s dusopropylamine.

In certain embodiments, the compound of formula (IV} 1s reacted with the compound
of formula (VIE} in the presence of a solvent. In certain embodiments, the solvent comprises
isopropyl acetate.

In certain embodiments, the compound of formula (§Xa) 19 reacted with the acid
the presence of a solvent. In certain embodiments, the solvent comprises isopropyl acetate
and acetonitrile,

In certain embodiments, the process further comprises perforning a cyclization

reaction of the compound of formula (IX3, or a salt thereof, in the presence of a metal salt to

e el w\/k%
F-’iC"‘Q\\\i}v\{j \Y = N Q N
\ \

A |
1K ‘}Q(N“ &
. HN Fg(EZ (¥l

O

produce a compound of formuda (VI

R
\\\ (M

In certain embodiments, the metal sali is a copper salt, such as copper (I} 1odide. In
certamn embodiments, the metal salt s not a silver salt.

-10-
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In certain embodiments, the compound of formula (IX} 1s a salicylate salt.
In certain embodiments, the process further compnses reducing the compound of
formula (VI thereby producing the compound of formula (1), or a pharmaceutically

acceptable salt thereof:

LY \,NYL%
N 7N oo N 7N
TN | i—-:é/’"“\

O =N
\I
»

(vh) FsC ®

In certain embodiments, the compound of formula (V) s reduced to the compound of
formula (f), or a pharmaceutically acceptable salt thereof in the presence of a boron
compound. In certain embodiments, the boron compound 13 a borane. In certain
embodiments, the borane is borane-tert-buty anmine complex.

In certain aspects, the present disclosure provides processes for the purification of a

compound of formula (i)

>§

or a pharmaceutically acceptable salt thereof, compnising recrystallizing the compound of
formula (}) or a pharmaceutically acceptable salt thercofin a solvent,

In certain embodiments, the compound of formulda (1) 15 a hydrogen sulfate salt.

In certain embodiments, the solvent comprises water and acetone.

In certain embodiments, the solvent further comprises methyl /-butyl ether.

In certain embodiments, the vield of the process is at least about 80%.

In ceriain embodiments, the process provides the compound of formula (I} with a
purity of at least about 89%: of at least about 99.3%; or at least about 99.9%.

In certain embodiments, the purification of a compound of formmula (I} is performed at
a scale of at least 5 kg of the compound of formula (1), 1n certain embodimerds, the

purification of a compound of fornula (}) s performed at a scale of at least 20 kg of the

-1~
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compound of formula (I}, In certain embodiments, the punfication of a compound of formula

{I) 1s performed at a scale of at least 50 kg of the compound of formula ().

Definitions

Unless otherwise defined herein, scientific and technical terms used in this application
shall have the meanings that are commonly understood by those of ordinary skill in the art.
Generally, nomenclature used 1o connection with, and techoigues of, chenustry, cell and
tissue culture, molecular biology, cell and cancer biclogy, newrobiology, nevrochemistry,
virology, immunclogy, microbiclogy, phammacology, genctics and protein and nueleic acid
chenustry, described herein, are those well-known and commaonly used in the art.

The methods and techmiques of the present disclosure are generally performed, unless
otherwise mdicated, according to conventional methods well known in the art and as
described in various general and more specific references that are cited and discussed
throughout this specification. See, ¢.g. “Principies of Neural Science”, McGraw-Hill Medical,
MNew York, N.Y. (2000}; Motulsky, “Intuitive Biostatistics”, Oxford University Press, Inc.
{1995); Lodish et al, “Molecular Cell Biology, 4th ed.”, W. H. Freoman & Co., New York
{2000); Griffiths et al., “Introduction to Genetic Analysis, 7thed ", W. H. Freeman & Co,,
N.Y. (1999); and Gilbert et al., “Developmental Biology, 6th od.”, Sinauer Associates, Inc.,
sSunderiand, MA {2000}

Chemistry terms used herein, vnless otherwise defined herein, are used according to
conventional usage in the ari, as exemplified by “The McGraw-Hill Dictionary of Chenical
Terms”, Parker S., Ed., McGraw-Hill, San Francisco, C.A. (1983).

All of the above, and any other publications, patents and published patent apphcations
referred to 1n this application are spectfically meorporated by reference herein. In case of
conflict, the present specification, ncluding s specific definitions, will control.

As used herein, the terms “optional” or “optionally” mean that the subsequently
described event or circumstance may occur or may not ocour, and that the description
mcludes instances where the event or circumstance occurs as well as instances m which it
does not. For example, “optionally substituted alkvl” refers 1o the alkyvl may be substituted as
well as where the alkyl is not substituted.

1t 1s understood that substituents and substitution patterns on the compounds of the
present invention can be selected by one of ordinary skilled person m the art to result

chemically stable compounds which can be readily synthesized by technigues known 1n the
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art, as well as those methods set forth below, from readily available starting maternals. Ifa
substituent 13 itself substituted with more than one group, it is understood that these multiple
groups may be on the same carbon or on different carbouns, so long as a stable structure
results.

As used hergin, the term “optionally substituted™ refers to the replacement of ong to
six hydrogen radicals in a given structure with the radical of a specified substituent including,
but not himited to: bvdroxyl, hvdroxyalkyl, alkoxy, halogen, alkyl, nitro, silyl, acyl, acvioxy,
arvl, cyeloalkyl, heterocyelyl, amino, ammoalkyl, cyvano, haloalkyl, haloalkoxy, ~-OCO-CHs-
G-alkyl, ~-OP(ON O-alloylyz or ~CH-OP(OHO-alkyl)z. Preferably, “optionally substituted”
refers to the replacement of one to four hydrogen radicals in a given structure with the
substituents roentioned above. More preferably, one to three hydrogen radicals are replaced
by the substituents as mentioned above. It 1s understood that the substituent can be further
substituted.

As used herem, the torm “alkyl” refers to saturated aliphatic groups, including but not
hmted to Ci-Che straight-chain alkyl groups or C1-Cio branched-chain alkyl groups.
Preferably, the “alkyl” group refers to C1-Cs straight-chain alkyl groups or C1-Cs branched-
chain alkyl groups. Most preferably, the “alkyl” group refers to £1-Cs straight-chain alkyl
groups or C1-C4 branched-chain alkyl groups. Examples of “alkvl™ mclude, but are not
bmited to, methyl, ethvl, L-propyl, 2-propvl, n-butyl, sec-butyl, tert-butyl, T-pentyl, 2-penivl,
3-pentyl, neo-pentyl, T-hexyl 2-hexvyl, 3-hexyvi, 1-heptvi, Z-heptyl, 3-heptyl, 4-heptyd, 1-
ootyl, 2-octvl, 3-octyl or 4-octyvl and the like. The “alkyi” group may be optionally
substituted.

The term “acyl” is art-recognized and refers o a group represented by the general
formula hvdrocarbylC{O)-, preferably alkylC(O})-.

The term “acvlamino” is art-recognized and refers 1o an anuno group substituted with
an acvl group and may be represented, for example, by the formula hydrocarbvIC{OINH-,

The term “acyloxy™ 1s art-recognized and refers {0 a group represented by the general
formmda hydrocarbylC(O)0-, preferably alkyIC{O¥0-,

The term “alkoxy” refers 1o an alkyl group having an oxygen attached thereto.
Representative altkoxy groaps include methoxy, ethoxy, propoxy, tert-butoxy and the like.

The term “alkoxyalkyl” refers 1o an alkyl group substituted with an alkoxy group and

may be represented by the general formula alkyl-O-alkyl.
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The term “alkyl” refers to saturated aliphatic groups, inchuding straight-chain alkvi
groups, branched-chain alkyl groups, eycloalkyl {alicyclic} groups, alkyl-substituted
cyeloatkyl groups, and cycloalkyl-substituted alkyl groups. In preferred embodiments, a
straight chain or branched chain alky} has 30 or foewer carbon atoros 1o its backbone {e.g., Co-
1 for straight chaing, Ci-ae for branched chaing), and more preferably 20 or fower.

Moreover, the term “alkyl” as used throughout the specification, examples, and claims
1s intended to include both unsubstituted and substituted alkyl groups, the latter of which
refers to alkyl moicties having substituents replacing a hvdrogen on one or more carbons of
the hydrocarbon backbone, tnclading haloalkyl groups such as triflusromethyl and 2,2 2-
trifluorocthyl, ete.

The term “Cay” or “Cs-Cy7, when used in conjunction with a chenvical moiety, such
as, acyl, acyloxy, atkyl, alkenyl, alkynyl, or alkoxy is meant to inchide groups that contain
from x to y carbons in the chain. Coalky! indicates a hydrogen where the groupisina
terrotnal position, a bond i mtemal. A Crealkyl group, for example, coutains from one to six
carbon atoms in the chain.

The term “alkvlaming”, as used herein, refers to an amino group substituted with at
least one alkyi group.

The term “alkylthio”, as used herein, refers to a thiol group substituied with an alkyl
group and may be represented by the general formula alkyiS-

The term “anide”, as used herein, refers to a group

O
g
%)\[‘S’RJ
10
wherein R” and RY cach independently represent a hydrogen or hydrocarby! group, or
R? and R taken together with the N atom to which thev are attached complete a heterocycle
having from 4 to 8 atoms in the ring structure.
The terms “amine” and “amino” are art~recogmized and refer to both unsubstituied and

substituted amines and salts thereof, ¢.g., a moiety that can be represented by

Re RS

[ b
gmnh{ Qr é""%ﬁ"R1G

R10 Rh‘

wherein R®, R1° and R'”" each independently represent a hydrogen or a hydrocarbyl
group, or R? and R'* taken together with the N atom to which they are attached complete a

heterocyele having from 4 to § atoms in the ning structure.
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The term “ammoalkyl”, as used herein, refers to an altkyvl group substituted with an
NG group.

The term “araltkyvl”, as used herein, refers to an alkyl group substituted with an aryl
Qroup.

The term “aryl” as used herein include substituted or unsubstituted single-ring
aromatic groups in which cach atom of the ring is carbon. Preferably the ring 1sa 5-t0 7-
membered ring, more preferably a S-membered ring. The term “aryt” also includes
polveyclic ring systems having two or more cyelic rings in which two or more carbons are
common {0 two adjoining rings wherein at least one of the nngs 1s aromatic, ¢.g., the other
cyvelic rings can be cycloalkyls, cveloalkenyls, eycloalkynyls, aryls, heteroaryis, and/or
heterocyelyls. Aryl groups mchide benzene, naphthalene, phenanthrene, phenol, aniline, and
the hike.

The term “carbamate” is art-recognized and refors to a group

O O
10 10
F;\Ofli\t\lﬁ or f\?‘\j,ﬁ\gﬁ
R? RE

wherein RY and RY independently represent hydrogen or a hydrocarbyl group.

The term “carbocyelylalkyl”, as used herein, refers to an alky! group substituted with
a carbocycle group.

The term “carbocycle” inciudes 5-7 membered monocyvelic and 8-12 membered
bicvclic rings. Each ring of a bicyclic carbocycle may be sclected from saturated, unsaturated
and aromatic nings. Carbocyele mcludes bicyclic molecules i which one, two or three or
more atoms are shared between the two rings. The term “fused carbocvele” refers to a
bicvelic carbocycle in which cach of the rings shares two adjacent atoms with the other ring.
Each ring of a fused carbocycle may be selected from saturated, unsaturated and aromatic
rings. In an exemplary embodiment, an aromatic ring, ¢.g., phenyl, may be fusedto a
saturated or unsaturated ring, ¢.g., cyclohexane, cyclopentane, or ¢cvelohexene. Any
combination of saturated, unsaturated and aromatic bicyclic rings, as valence permits, 1§
meluded n the defintion of carbocvehic. Exemplary “carbocyeles” inchide cyclopentane,
cyclohexane, bicyclo|2.2 iheptane, 1,5~cyclooctadiene, 1,23 d-tetrahvdronaphthalene,
bicvelo{4.2 Oloct-3-eng, naphthalene and adamantane. Exemplary fused carbocyeles include
decalin, naphthalene, 1,2.3 4-tetrabvdronaphthalene, bicvclo[4.2 Gloctane, 4,5,6,7-tetrahvdro-
1H-mdene and bicvclof4. 1 Othept-3-ene. “Carbocyeles” may be substituted at any one or

more positions capable of bearing a hydrogen atom.
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The term “carbocvelvialkyl”, as used herein, refers to an alky] group substituted with
a carbocycle group.

The term “carbonate” 15 art-recognized and refers to a group ~0C0:-.

The term “carboxy”, as used herein, refers to a group represented by the
formula -COzHL

The term “ester”, as used herein, refers to a group -C{OYOR” wherein R” represents a
hydrocarbyl group.

The term “ether”, as used herein, refers to a hvdrocarbyl group hnked through an
oxygen to another hvdrocarbyl group. Accordingly, an ether substituent of a hydrocarbyl
group may be hydrocarbyl-0- Ethers may be either symmctrical or unsynunetirical.
Examples of ethers include, but are not limited to, heterocycle-O-heterocyele and arvi-0-
heterocvele. Ethers include “alkoxyalkyt” groups, which may be represented by the general
formmda alkyl-O-alkyl

The terms “halo” and “halogen™ as used herein means halogen and includes chloro,
fluoroe, bromo, and 1odo.

The terms “hetaralkyl” and “heteroaralkyl”, as used herein, refers to an alkyl group
substituted with a hetary] group.

The terms “heteroaryl” and “hetarvl” include substituted or unsubstituted aromatic

53

I

ingle ring structures, preferably 3- to 7-membered rings, more preferably 5- to 6~membered
rings, whose ring structures inciude at least one heteroatom, preferably one to four
heteroatoms, more preferably one or two heteroatoms. The teros “heteroaryl” and “hetaryl”
also melade polveyclic ring svstems having two or more cyelic rings in which two or more
carbons are common to two adjoining rings wherein at least one of the rings is
heteroaromatic, ¢.g., the other cyvelic rings can be cveloalkyis, cveloalkenyls, cycioatkynyis,
arvls, beteroaryls, and/or heteroeycelvls. Heteroarvl groups include, for example, pyrrole,
furan, thiophene, imidazole, oxazole, thiazole, pyrazole, pynding, pyrazine, pyndazine, and
pyvrimidine, and the ke

The term “heteroatom”™ as used herein means an atom of any element other than
carbon or hvdrogen. Preferred heteroatoms are nifrogen, oxvgen, and sulfur.

The term “heterocyelylalkyl”, as used herein, refers to an alkyvl group substituted with
a heterocycle group.
The termos “heterocvelvl”, “heterocyele”, and “heterocyclic” refer to substituted or

unsubstituted non-aromatic ring structures, preferably 3-to 10-membered nings, more
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preferably 3- to 7-membered rings, whose ring structures include at least one heteroatom,
preferably one to four heteroatoms, more preferably one or two heteroatoms. The terms
“heterocyelyl” and “beterceyclic” also include polveychic ring systems having two or morg
cvelic rings in which two or more carbons are coromon to two adjoining rings wherein at
least one of the rings 18 heterocyelic, e.g., the other cyclic rings can be cycloalkyls,
cycloalkenyis, cyveloalkynyls, aryls, heteroaryls, and/or heterocvelyls. Heterocvely! groups
mclude, for example, pipenidine, piperazine, pyrrchdine, morpholine, lactones, lactams, and
the like.

The term “hydrocarbyl”, as used herein, refers to a group that is bonded through a
carbon atom that does not have a =0 or =5 substituent, and typically has at least one carbon-
bydrogen bond and a primarily carbon backbone, but may optionaily mchide heteroatoms.
Thus, groups like methyl, ethoxyethyl, 2Z-pyndyl, and even trifluoromethyl are considerad to
be hydrocarby! for the purposes of this application, but substituents such as acetyl {which has
a =0 substituent on the inkmng carbon) and cthoxy (which 1s linked through oxygen, not
carbon} are not. Hvdrocarbyl groups include, but are not himited to aryl, heteroaryl,
carbocycle, heterocyele, alkyl, alkenyl, alkynyl, and combinations thergof.

The term “hydroxyalkyl”, as used herein, refers to an alkyl group substituted with a
bydroxy group.

The term “lower” when used in conjunction with a chemical moicty, such as, acvl,
acyloxy, atkyl, alkenyl, atkynyl, or alkoxy 1s meant to include groups where there arc ten or
fewer atons n the substituent, preferably six or fower. A “lower alkvl”, for exampie, refers
to an alkyl group that contains ten or fewer carbon atoms, preferably six or fewer. In certain
embodiments, acyl, acvlioxy, alkyl, alkenyl, alkynyl, or alkoxy substituents defined herein are
respoctively lower acyl, lower acvloxy, lower alkyl, lower alkenyl, lower alkynyl, or lower
alkoxy, whether they appear alone or in combination with other substituents, such as inthe
recitations hvdroxyalkyl and aralkyl (in which case, for example, the atoms within the aryl
group are not counted when counting the carbon atoms in the alkyl substituent).

The terms “polyevelyl”, “polveyele™, and “polycvelic” refer to two or more nings
{c.g., cveloalkyls, cyveloalkenyls, eycloalkvayls, arvls, heteroaryls, and/or heterocyclyls) in
which two or more atoms are common to two adjoining rings, ©.g., the rings are “fused
rings”. Each of the nngs of the polveycle can be substituted or unsubstituted. in cortain
crobodiments, cach ring of the polveyele contains from 3 to 10 atoms in the ring, preferably

from 5t6 7.
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The term “sulfate” is art-recognized and refers to the group ~O80:H, ora
pharmaceutically acceptable salt thergof.
The term “sulfonamide” is art-recognized and refers to the group represenied by the

general formulae

E’E R1 2 O,;\' ‘IR'! ¢
$—s-N  or Sxq
i \Rg SMN\

RQ

wherein R” and RY independently represents hydrogen or hyvdrocarbyl.

The term “sulfoxade” 15 art~recogmized and refers to the group-S{0)-.

The term “sulfonate™ is art-recognized and refers to the group SG:H, ora
phamaceutically acceptable salt thereof.

The term “suifone” is art-recognized and refers to the group -S{0-.

The term “substituted” refers {0 moicties having substituents replacing a hydrogen on
one or more carbons of the backbone. It will be anderstood that “substitution” or “suabstituted
with” inchides the implicit proviso that such substitution 15 m accordance with permitied
valence of the substituted atom and the substituent, and that the substitution resulis in a stable
coropound, e.g., which does not spontaneously undergo transformation such as by
rearrangement, oyclization, climination, cte. As used herein, the torm “substituted™ is
contemplated to include all permissible substituents of organic compounds. In a broad
aspect, the permissible substituents include acvelic and cyclic, branched and unbranched,
carbocyciic and heterocyelic, aromatic and non-aromatic substituents of organic compounds.
The permissible substituents can be one or more and the same or different for appropriate
organic compounds. For purposes of this invention, the heteroatoras such as nitrogen may
have hvdrogen substituents and/or any pernussible substituents of organic compounds
described herein which satisfy the valences of the hetercatoms. Substituents can nclade any
substituents described herein, for example, a halogen, a hvdroxyi, a carbonyl (such asa
carboxyl, an alkoxyvearbonyl, a formyl, or an acvl), a thiocarbounvi {such as a thiwoester, a
thicacetate, or a thicformate), an alkoxyl, a phosphoryl, a phosphate, a phosphonate, a
phosphinate, an anuno, an anudo, an amiding, an inune, a cyano, a nitro, an azido, a
sulthvdryl, an alkylihio, a sulfate, a sulfonate, a sulfamoyl, a sutfonanudo, a sulfonyl, a
heterocyelyl, an aralkyl, or an aromatic or heteroaromatic moiety. It will be understood by
those skilled in the art that the moicties substituted on the hydrocarbon chain can themselves

be substituted, if appropnate.
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The term “thicalky!”, as used herein, refers to an alkyl group substituted with a thiol
SIOUR.

The term “thicester”, as used herein, refers to a group -C{O)SR” or -SC(O)R?

wherein R” represents a hvdrocarbyl,

The term “thicether™, as used herein, is equivalent to an ether, wherein the oxygen is
replaced with a sulfur.

The term “urea” is art-recognized and mayv be represented by the general forowla

O
10
ﬁ\t‘j/ﬁ\ E}E“R
RY P
;

wherein R® and R independently represent hvdrogen or a hydrocarbyl.

The term “modelate” as used herein mchudes the whibition or suppression of a
function or activity (such as cell proliferation) as well as the enhancement of a function or
activity.

¢ phrase “pharmaceutically acceptable” i1s art-recognized. In certain embodiments,
the term includes compositions, gxcipignts, adjuvants, polymers and other materials and/or
dosage forms which are, within the scope of sound medical judgment, suitable foruse in
contact with the tissucs of human beings and antwals without excessive toxicity, imtation,
allergic response, or other problem or complication, commensurate with a reasonable
benefit/risk ratic.

“Salt” 1s used herein to refer to an acid addition salt or a basic addition salt.

Many of the compounds uscfud in the methods and compositions of this diselosure
have at least one stereogenic center in their stracture. This stercogenic center may be present
m a R ora S configuration, said R and 5 notation is used in correspondence with the rules
described in Pure Appl. Chem. (1976}, 45, 11-30. The disclosure contemplates all
stereoisomeric forms such as enantiomeric and diastercoisomeric forms of the compounds,
salis, prodrugs or mixtures thereof (including all possible mixtures of sterecisomers). See,
cg., WO 01/062726.

Furthermore, certain compounds which contain alkenyl groups may existas 2
{zasammen} or H {entgegen} isomers. In each instance, the disclosure includes both muixture
and separate individual isomers.

Some of the compounds may also exist in tautomeric forms. Such forms, although not
explicitly indicated n the formulae described heremn, are mtended to be meluded within the

scope of the present disclosure.
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EXAMPLES
in order that the nvention described herein may be more fully understood, the
following examples are set forth. The examples described in this application are offered to
tHustrate the compounds, pharmaceutical compositions, and methods provided herein and are

not 1o be construed 10 any way as lmting their scope.

Exemplary Materials and Meihods

Unless otherwise stated, reactions were performed i jacketed glass-lined reactors
under a nitrogen atmosphere. All solvents and reagents were used as received from
commercial sources, unless otherwise noted. Reaction temperatures above 23 °C refer to
jacket temperatures. 'H and PC NMR spectra were recorded using Bruker AV-300, DRX-
300, and AV-400 MHz spectrometers, with PC NMR spectroscopic operating frequencies of
125, 125, and 100 MHz, respectively. Chemical shifts (8} are reported in paris per million
{ppm} relative to the residual protonated solvent: CDCh signal (§=7.26 for ' HNMR; 8=
77.2 for PC NMR), CsDs signal (8= 7.16 for ‘'HNMR, & = 128.1 for PC NMR), DMSG-ds
{8 = 2.50 for HNMR; =395 for YC NMR). Data for 'H NMR specira are reported as
follows: chemical shift, multiplicity, coupling constants {Hz}, and number of hydrogen
atoms. Data for P'C NMR spectra are reported in terms of chemical shift. The following
abbreviations are used to describe the multipliciies: s = singlet; d = doublet; t = triplet. g =
guartet; quint = quintet; m = multiplet; br = broad. Melting points (MP) are uncorrected and
were recorded using an Electrothermal® capillary melting point apparatus. 1R specira were
recorded on a Jasco FTIR-4100 spectrometer with an ATR attachment; the selected signals
are reported in om ! HRMS (DART) was performed using a Thermo Fisher Scientific
Exactive Plus spectrometer equipped with an lonSense HD-CUBE DART source. X-ray
crystallographic data were collected using a Bruker SMART CCh-based diffractometer

squipped with a low-temperature apparatus operated at 100 K.
quipp p P 1

Abbrevigtions:

Abbreviations: ACN, acetonitriie; BOC, tert-butoxycarbonyl; CPME, cvclopentyl
methy] ether; DCM, dichloromethane; DIPA, ditsopropylamine; DIPEA
dussopropylethvliamine, DMAP, 4-dimethviaminopyridine; BPPA, dipbenviphosphoryl azide;
D3PEphos, his|(2-diphenylphosphunoiphenyl] ether; dppf, 1,1
bis(diphenylphosphino)}ferrocene; MsOH, methanesulfonic acid; MTBE, methy! tert-butvl
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cther; NMM, N-methvimorpholine; IPA, isopropancl; IPAc, isopropyl acetate; LDA, hthiam
diisopropylamide; phen, phenanthrobing; TE, triflate; TFA, trifluorcacetic acid; THE,

tetrahydrofuran.

Example 1: Preparation of 2-chloro-4-methyl-6-{4-(irifluoromethyljphenylipyrimidine

Sy PA{CAC),, [BuPFh,

,;ﬂ[\\ DIFPEA, ag IPA
Ci

F3C

A reactor was charged with (4-(tnfluoromethyliphenyhboronic acid (70 g), 2. 4-dichlors-6-
methvipyrinndime (66.1 g} and isopropanol {330 g}, and the contents of the reactor were
cooled to about 10 °C. With good stirring, BIPEA (143 g) and water (210 g) were charged,
the contents of the reactor were aged at 10 “C for 15 - 30 min foliowed by sparging with
mitrogen for 30 - 60 min. Under an inert atmosphere of nitrogen, PA(BAc): (828 mg) and
teri-butyidiphenyiphosphine (1.8 g} were charged and the reaction was aged for 15 - 20h
while monttoring its progress by HPLC (completion: 100(% arca boronic area / (% arca
boronic acid + % arca product) < 583, The contents of the reactor were warmed to about 25
°C, aged for about 24 h, slowly warmed to about 55 °C and aged for 10— 20 h while
continuing to monitor reaction progress by HPLC {completion: 100{% arca boronic arca / {%
arca boronic acid + % area product) < 1.5). Upon completion, the contents of the reactor
were cooled to about 10 °C, water {1052 g) was charged and the reaction mixture was aged
for 5 - 10 h. Schids were 1solated by filtration, washed with water {140 g} and dried to
constant weight /n vacue at about 50 °C. A reactor was charged with the dried solids and
methvicvelohexane (168 g) and with good stirring the contents of the reactor were heated to
about 30 °C, aged for 2 - & b, cooled to about 0 °C and aged for § - 10 b Solids were
isolated by filtration, washed with the mother liquor, twice washed with methylcyclohexane
{56 g per wash) and dred to constard weight i1 vacue at 35 °C 1o give 74.1 g (74%) of the

title product; 99.2 % area purity.

Example 2: Preparation of (5)-3-amino-i-methyl-3-{(prop-2-yn-1T-yhpyrrolidin-2-one

Procedure A
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\ TFA \
W N S s
BOCHN

F3Cb0;"‘§ H)N

Into a reactor containing TFA (100 mL} cooled to 0 - 5 °C was charge.d fert-butyl £5)-(1-
methyl-2-oxo-3-(prop-2-yn-1-yhpyrrolidn-3-vhearbamate (50.0 g} in portions overabout 1 b
with good stirring. Following the charge, the contents of the reactor were warmed to 25 °C
and aged for about 1 h. Following addition of tohieng (34 8 g} the solution was concentrated
in vacio to about 50 mi. and re-concentrated three times from toluene (435 g per
concentralion) (o give a viscous ot After charging MTBE (148 g} and aging at ambient
temperatare with good stirring, solids were isolated by filtration, washed twice with MTBE
{74 g per wash) and dred to constant weight i vacue at 40 °C to give 49.62 g (94%:) of the

title compound as i3 TFA salt.

Procedure B

\ . HCE \m

BOCHN TomE woln N

Into a reactor containing 3M H{UI in cyclopentyl methyl ether (89.5 g) was charged rert-butyl
(S-(I-methyl-2-0x0-3-{prop-2-vn--vlipyrrolidin-3-vijcarbamate {25.0 g} in portions.
Following the charge, the contents of the reactor were maintained at 306 ~ 40 °C; the progress
of the reaction was monitored by HPLC. Upon completion, the contents of the reactor were
cooled to 20 - 25 °C. Solids were isolated by filtration, twice washed with CPME (43 g per
wash) and dried o constant weight in vacuo at 40 °C o give 18.0 g (96%) of the title

compoand as its HCT salt.

Procedure C

\ DPRA, NMM ag NaOH HOH \
1l 3R e st
Phile DM cPvE
HO.C

Under an nert atmosphere of nitrogen, a reactor was charged with {8)-1-methyi-2-0x0-3-

ol

{prop-Z-vo-1-vlpyrrolidine-3-carboxyiic acid (50.0 g activity), N-methvlmompholine (29.0 g}
and anhvdrous toluene (564 g}, With good stirmnng, the contents of the reactor were heated to
77 - 80 °C and DPPA (78.3 g) was added over about 30 min; the charging line was rinsed
forward into the reactor usimg toluene (43 3 g). The progress of the reaction was monitored

.
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by GC. After about 3 h, the contents of the reactor were cooled 1o 20 — 25 °C and guenched
mto cold (- 3 °C) 2 5M aqueons Na(H sohution (233 mL) over about 20 min. The mixture
was aged for about 30 min, warmed to 20 - 25 °C and aged for about 15 h. Solids were
removed by filiration, and the phases were separated. To the lower agueous phase was added
Naf'l {250 g} with good stirring.  The solution was cooled to O — 5 °C and was aged for about
1h Solids were removed by filtration, washed with cold {C ~ 5 °() dichloromethane (333 g}
and the phases were separated. The upper aqueous laver was twice extracted with
dichloromethane (333 g per extraction) and the combmed extracts were concentrated i vacuo
to an o1l, which was re-concentrated from dichioromethane (333 g). The oil was re-dissolved
in dichloromethane (333 g}, aged for about 1 hat 20 - 25 °C. Solids were removed by
fultration, washed twice with dichloromethane (167 g per wash) and the combined filtrate and
washes were concentrated i vacuo to an o1l (36.9 g}, determined by internal standard 'H

NMR analysis to contain 32 47 g {(77%;) of the {ree base form of the title product.

With good stirring, the ol was re-dissolved m dichloromethane (492 g), the solution was
cooled to 8~ 12 °C, 3M HCHin cyclopentyl methyl sther (95.8 g} was added over about 15
min and the siurry was aged for about 1 h. Solids were 1solated by filtration, washed with
dichloromethane {246 g), twice slurry washed with acetoniinle (146 g per wash) and dried to
constant weight at ambient temperature to give 37.3 g (70% assay corrected yield) of the title
compoand as its HCT salt.

Example 3: Preparation of {(5}-T-methyl-2-{4-methyl-6-{4-

{trifluoromethyljphenyDpyrimidin-2-vl)-1,7-diazaspirof4 4jnon-1-en-6-one

Procedure A
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4 F3C & - ‘/:\‘/
g N N/ N
o -4 N ,;i\«mﬁ PACI(DPEphos) N“\
Nm\c; HN Y Cul. DIPA, IPAC \;\\\\
HyN \
~ O

A reactor was charged with (S}-—S—amino-i—methyi—?)—(pmp—ﬁZ—yn-E—yl}pyrrolidin—Z—One (2.0 g},
2-chioro-4-methyi-6-{4-(trifluoromethyvDphenyljpyrinudine {3.58 ¢}, diisopropylamine {1.46
g}, dichloro]bis{2-(diphenyiphosphino)phenvijetheripalladivoy (1) (24 mg). Cul (12.5 mg)
and isopropy! acetate (8.7 g). After sparging the solution with nitrogen, the contents of the
reactor were heated to 75 — 80 °C; the progress of the reaction was monitored by UPLT,

After about 48 h, 77 % area of the title product was present in the solution.

Procedure B

N, Ol F'-J-C“C/\—{T “:(
Sy A\ N N

N N PAChL{dpf-CHLCl N“(\\

I/ . E Y- Gl appi-rplal; \\

E +FOCOH - HQN"é \\< Cul, DIPA, ACN \\ -
/\ﬁ 5 Z&L [N
| '®
&74 NS TR,

. O

CF,

N\\KLN =
" ”"“N
T
Cu o &
e i
:‘i =
K P
F.C ]

A reactor was charged with (S)-3~amino--methvi-3-(prop-2-vo-i-yhpyralidin-2-one
trifluorcacetic acid salt (1:1; 11.0 g}, 2-chloro-4-methyl-6-{4-
{triflacromethyDphenvljpyninudine (10.0 g), disopropylaming (9.36 g} and acctonitrile (23.7
g). With good stirring at ambient temperature, the mixture was sparged with nitrogen for
about 3 nun. After charging PdChidppt) - CH2Cl (152 mg) and Cul (70 mg) and nitrogen
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sparging for an additional 3 min, the contents of the reactor were heated to about 80 °C; the
progress of the reaction was monitored by UPLC. After about 3.3 b, the Sonogashira
coupling reaction was complete; additional Cul (0.97 g) was charged. The hydroamination
portion of the reaction was continued at 80 °C; rcaction progress was monitored by UPLC.
After about 20 h, 85.3 % arca of the title product was present in solution. The contents of the
reactor were cooled to 25 °C and split into two equal portions for separate downstream

PrOCessing cxXperiments,

Procedure C

ST /r--(
£.0
Tﬂ ’ K\}“\;\‘ /)
:C—Q\ p, HL ] N”@I . PACI(dppB-CHLCh
: 2 Y Cul, KGO, ACN J:;

e

FaC
A reactor was charged with (5)-3-amino-1-methyl-3~(prop-2-vn-t-vUpyrrolidu-2-one

hydrochlonide salt (1:1; 7.47 g}, 2~chloro-4~-methyl-6-{4-(triflucromethyphenvijpyrimidine
{10.0 g}, potassium carbonate (12.67 g) and acetonitrile (23.7 g). With good stirring at
ambient temperature, the mixture was sparged with nitrogen for about 10 min. After
charging PdCh{dppf) — CH2Ch (330 mg) and Cul (70 mg) and nitrogen sparging for an
additional 10 min, the contents of the reactor were heated to abowt 78 °C; the progress of the
reaction was monitored by UPLC. Afier about 8 h, the contents of the reactor were cooled to
20 °C and isopropyl acetaie (52.2 g} was charged. The organic layer was treated with water
{60 g} for about 10 min, and the lavers were separated. The organic solution was treated
twice for about 15 min (50 mb per treatment) with an agueous solution prepared from NaCl
{60 g}, concentrated NH4OH solution {20 mL), L-cysteine (2 g) and water (200 mL).
Following the laver separation, the organic phase was washed with brine (50 mdl),
concentrated to about 30 mL in vacue and re-concentrated twice from isopropyl acetate (43.5
g per concentration) to a volume of about 30 mL each time. Solids were removed by

filtration and washed with isopropyl acetate (8.7 ). By internal standard *H NMR analysis,
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the solution contamed 13.85 g (97%;) of (8)-3-annno-1T-methyl-3-(3-(4-methyi-6-(4-
{trifluoromethyvliphenyDpyrimidin-2-viprop-2-yn-1-ylipyrrohdin-2-one. Following
additions of Cul (70 mg} and isopropyl acetate (16.5 g) and sparging the sohution with
nitrogen for about 10 vun with good stirring, the contents of the reactor were heated to about
75 °(, the progress of the reaction was monitored by UPLC. After about 24 b, the contents
of the reactor were cooled to about 40 °C over about 3 b and aged for about 20 h. Solids
were 1solated by filtration, washed twice with isopropy] acetate (24 .4 g per wash) and dried to
constant weight /s vacuo at 40 °C to give 11.0 g (77%) of the fitle product; purity >99.9 %

arca.

Example 4: Preparation of (2R, 58)-T-methyl-2-{4-methyl-6-{4-
{triflucromethyljphenylpyrimidin-2-vl)-1,7-diazaspiro[4d.4]nonan-6-one, sulfuric acid
salt {(1:1})

Procedure A
FBuNHp - BH; &g H,80,

B e Yy

ACN ACN

A reactor was charged with one-half of the product solution (27.63 g} from Example 3
Procedure B (containing 712 ¢ of the product {theory}) and acetonitrile (22.1 g} After
briefly sparging the solution with mitrogen, a solution of fersr-butylamine - borane (1 31 g} n
acctonitrile €14.2 g} was charged slowly over about 5 min; the progress of the reaction,
performed at 25 °C, was monitored by UPLL. Afier about 5 b, the contents of the reactor
were cooled to 0 - 5 °C and 5M agueous HC solution (28 mL} was slowly charged under a
nitrogen sweep. Following the addition, the contents of the reactor were warmed to 25 °C and
aged for about 15 mun. The contents of the reactor were transferred to a 500 mL Erenmever
flask. The reactor was rinsed forward oo the flask with acetomitrile (8.4 2. A 30 wit%
aqueous KP4 solution (71 ml) was slowly added with good sturring over about 30 vun and
the mixture was aged for about 30 min. The layers were separated and the agueous laver was
back-extracted with acetonmifrile {11.1 g}. The combined organic layers were washed with
brine (28 ml) and concentrated in vacuo to a volume of about 18 ml (KF = 19.7%).
Acetonitrile {25.3 g} was added and the muxture was re~concentrated o about 18 mL. After
three repetitions of this re~concentration process (KF <1%3, schids were removed by
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filtration and the filter cake was washed with acetomitnie (5.6 g). The K¥F of the filirate {(21.93
o} was adjusted to 2.7% by charging water {0.57 g). The solution was warmed to about 56 °C,
a 7.3M agueous solution of HaS50: (2.44 mb) was added dropwise over about 10 min and

the resulting slurry was aged at about 50 °C for about | h. The slurry was cooled to about

25 °C over 45 pun, 1sopropanocl (5.5 g} was charged and the shurry was aged over the
weekend, The shurry was cooled to 0-5 °C and aged forabout T h. Solids were isolated by
filiration, washed with cold (0 — 5 °C) acctonitrile - MTBE (11 viv, 14 mL) and cold (0 -5
°Cy MTBE (10.4 g}, and dried to constant weight in vacuoe at 40 °C to vield 3.44 g (39% from
2-chloro-4-methyl-6-[4-(trifluoromethyDphenyljpyrimidine} of the title product; 98.5 % area
purnty.

Procedure B

A reactor was charged with onc-half of the product solution (27.17 ¢) from Example 3
Procedure B (contaming 7.12 2 of the product (theory)). The acetonitrile solution was stirred
three times for about 15 min with an agueous NHsOH - brine solution (35 mL per treatment;
the sohution was prepared by adding concentrated NHaOH solution (16 mb)} tnto bring {100
mb}). The organic solution was stirred twice for about 30 nun with an aqueous NHaOH -
brine — L-cysteine solution (35 mL per treatment; the solution was prepared by adding
concentraied NHyOH solution (10 mL) and L-cystene (1.22 g} into brine {100 mL}).
Following the last aqueous treatment, solids precipitated from the acetonitrile solution. The
solids were isolated by filtration, washed with water (7 g; 14 g) and partially dried under
suction for about 10 min.  The solid was dissolved in acetonitrile (39.5 g) and the solution
was concentrated 7 vacuo to a volume of about 18 mL (KF = 7.9%}. Acetonitrile (253 g)
was added and the mixture was re-concentrated to about 18 mL. After two repetitions of this
re-concentration process {(KF <0.19%;), the solution was brictly sparged with nitrogen and a
solution of ferf-butylamine -~ borane (1.35 g} in acetomitrile (14.2 ) was charged slowly over
about 15 min; the charging apparatus was rinsed forward into the reactor with acetonitrile (4
g} The progress of the reaction, performed at 23 °C, was monitored by UPLC, After about 2
h, the contents of the reactor were cooled 1o 0 - 5 °C and 5M agueous HCI solution (28 mL)
was slowly charged over about 15 min under a nitrogen sweep. Following the addition, the
contents of the reactor were warmed to 10 °C and aged for about 20 min. The contents of the
reactor were cooled to 0 - 5 °C and a 50 wi% agqueous KaPOs solution {71 mb) was slowly
added with good stirring over about 15 mun. The contents of the reactor were warmed to

about 10 °C and aged for about 15 mun. The layers were separated and the agueous layer was
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back-gxtracted with acetonitnle (11.1 g). The combined organic layers were washed with
brine {28 mL} and concenirated in vacuo to a volume of about 18 mL. Acetomtnle (253 g)
was added (KF = 7 4%) and the mixture was re-concentrated to about 18 mi. After three
repetitions of this re-concentration process {KF <1%; final concentration was to a volume of
about 21 mL}, schids were removed by filtration and the filter cake was washed with
acetonitrile (5.6 g). The KF of the filtrate (21 .93 ¢) was adjusted to 2.6% by charging water
{0.67 2). The solution was warmed to about 50 °C, a 7.5M agueous solution of Ha804 (2. 44
mE} was added dropwise over about 10 min and the resulting shurry was aged at about 3G °C
forabout 1 h. The slurry was cooled to about 25 °C gver 45 miun, tsopropanol (3.5 g} was
charged and the shurry was aged overnight. The slurry was cooled t0 0 -3 °C and aged for
about 1 h. Solids were isolated by filtration, washed with cold (0 - 5 *C}) acetonitrile -
MTBE (1:1 v/v, 14 mL) and cold (0 - 5 °C) MTBE (10.4 g) and dnied to constant weight in
vacnro at 40 °C to vield 3.69 g (41% from 2~chlforo-4~methyi~6n{4-

{triffuoromethyphenyvljpyrimidine} of the title product; 98 % area purity.

Procedure C

N N /LN)/\, N \\‘/Lay’\

N Y N}
L N e B, agH,s0; LN "r N

ACN ACN .
FY A [ @
P L HSO,

F3C FsG

A reactor was charged with (8)-7-methyl-2-{4-methyl-6-(4-

{trifluoromethy Dpheoyhpyromidin-2-y1}-1,7-diazaspiroi4 4jnon-~1-¢n-6-one {1175 g} and
acetonitrile (6,42 kg). With good stirring, a solution of rer~butyvlamine - borane (2157 gy in
acetonitrile {2.30 kg) was charged over 35 - 40 mun; the chargimg vessel and hine was rinsed
forward into the reactor with acetonitrile {0.93 kg). The progress of the reaction, performed
at 20 °C, was monitored by UPLC. After about 2.75 h, the contents of the reactor were
cooled to 10 - 15 °C and 5M aqueous HCI solution (4.7 Ly was charged over 30 — 35 mun
pnder a nitrogen sweep while maintaining a reaction teruperature of < 20 °C. Foliowing the
addition, the contents of the reactor were aged for about 43 min. A 50 wit% aqueous

KaPOq solution (18.90 kg) was slowly added with good stirring over about 70 min while
matntaining a reaction temperature of < 20 °C, and the mixture was aged for about 20 min.
The lavers were separated and the agucous layer was back-extracted with acetonitnle (1.84

kg). The combined organic lavers were washed with brine (5.63 kg and the organic layer

3%
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was concentrated in vacuo 1o a volume of 2.9 - 3 .0 L. Acctonitrile (4,16 kg) was added and
the mixture (KF = 3.1%;) was re-concentrated to about 3.0 L. Acctonitrile €4.15 kg) was
charged, sohids were removed by filtration and the filter cake was washed with acetonitrile
{0.92 ko). The KF of the filirate (7424 g) was adjusted from 0.54% 10 2.43% by

charging water {150.5 g}. The solution was warmed to about 30 °C, 3 7.5M aguecus solution
of Ha804 (0.57 kg was added dropwise over about 1 h and the resulting slurey was aged at
about 30 °C forabout 1 h. The slurry was cooled to about 20 °C over 43 vun, 1sopropanol
{0.93 kg) was charged and the slarry was aged for about 12 h. The slurry was cooled to 0-

5 °C over about 45 mim and aged for about 2.25 h. Solids were isclated by filtration, washed
with cold {0 - 5 °C) acetonitrile - MTBE (1.1 v/v, 1 84 kg} and cold {0 - 5 °Cy MTBE (1.73
kg) and dried to constant weight in vacue at 40 °C to vield 1065 g (72% ) of the title product;

08.9 % area.

Example 5: Recrystallization of (2R 58)-7-methyl-2-(4-methyi-6-{4-
{trifluoromethyljphenyhipyrimidin-2-yi}-1,7-diazaspirof4.4inonan-6-one, sulfuric acid

salt (1:1)
A NP
3 1 NN
\g wiz /f“ N agacetone %,;,N ! 20(7 h

fﬁ @
\\fj HSO4 ! P HEO,

FEC FEC

A reactor was charged with (2R 58)-7T-methyl-2-(4-methyl-6-(4-
(rifluoromethyiphenyDpynmudin-2-vi}-1,7-diazaspiroi4 4inonan-6-one, sulfuric acid salt
{1:1) (524 g), distilled water {0.91 kg)} and acetone {1.70 kg} and the mixture was heated to
solution at 35 — 37 °C with good stirring. The solution was polish filtered into a second
reactor and was rcheated to solution at 38 — 40 °C. Over about 3.5 h, acetone {6.38 L) was
charged while mamntaining a reaction teroperature ot 38 — 40 °C. The shurry was aged for
about 1 h, cooled to about 25 °C over about T b, aged for about 18 h, cooled to 0 - 5 °C over
about 1 b and aged for about 3 h. Solids were tsolated by filtration, twice washed with cold
(O — 5 °C} acetone (0.33 kg per wash) and dried to constant weight in vacuo at 50 °Cto give

3 2 {83%; of the title compound; 99.9 % arca.

Example 6: Preparation of 1-methyl-2-ox0-3-{prop-2-yn-1-yhipyreolidine-3-carboxylic
acid

“35
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(000 fy;?/\ Br M0 agHe FAC

R

LDA THE-PREE NaCi heptane
3 THF-PhE:

Under an inert atmosphere of nitrogen, a reactor was charged with NMP (49.6 kg}, dicthyl
carbonate (59.1 kg and THF {423 kg), and the sclution was cooled o0 0 — 5 °C with good
stirrmg. A freshly titrated sobhation of LDA in PhEL (13.07 wit%; 2.0 cq) was added slowly
followed by warming the contents of the reactor to 25 °C; the progress of the reaction was
monitored by GC. After aging for abowt 2 h, the slurry was cosled to 0 — 3 °C and a solution
of propargyl bronude in toluene (80 wt%, 1.0 equiv, assay corrected {NMR internal
standard}) was added slowly followed by warming the contents of the reactor to 25 °C; the
progress of the reaction was monitored by HPLC. After about 6 b, an additional charge of
propargyi bromide in toluene (80 wit%, 0.03 equivy was added and the reaction was continued
at 25 °C. After an additional 2 b, water (198 kg) was added and the solution was stirred at 25
°C; the progress of the reaction was monitored by HPLC, After about 1.5 h, concentrated
HCl solation was added to about pH 0.6, NaCl (25 3 kg) was charged and the contents of the
reactor were warmed to 45 °C. After four extractions with sopropyi acetate (129.5 kg per
extraction}, the combined organic layers were coneentrated i vacue o about 350 L, and the
resulting solution was cooled to 25 °C. After slowly charging heptane (202 kg), the contents
of the reactor were cocled to 0 - 5 °C and aged for about 1 h. Sohids were isolated by
filtration, washed with isopropyl acetate — heptane (1:6 v/v, 35.3 k) and dried to constant
weight in varcuo at 45 °C to vicld 69.9 kg {68%, assay correcied) of the ttle compound. A
second crop of 4.9 kg (3%, assay corrected) of the title compound was also obtained fora

combined vield of 74 .8 kg (73%, assay corrected).

Example 7: Preparation of {(8)-2-hydroxy-i-phenviethan-1-aminium (8)-1-methyl-2-ox0-
3-{prop-2-yn-1-ylipyrrolidine-3-carboxylate {1:1}

NH,
AN e OH \ NHa
N ; wi N Z .
o A as IPA ) P e
HOLC 0,0
g 5

A reactor was charged with T-methyl-Z-oxo-3-(prop-2-vn-1-yDpyrrohidine-3-carboxylic acid
(75.2 kg activity) and isopropanci (413.3 kg) and the mixture was heated to 50 °C with good

stirang. A solution of (5)-2-phenyigiveinol (37 0 kg} 1o water (41.9 kg), also heated to 50

-30-
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°C, was added to the 1sopropanol solution of the racemic acid, and the reactor and charging
hne which contained the aqueouns solution were rinsed forward with isopropanol (26.0 kg}.
The resulting sohution was aged for about 20 min at 50 °C, slowly cooled to about 41 °C and
was sgeded (100 g). Afier aging for about 30 min, the slurryv was cooled t0 0 — 5 °C and aged
for about 4 h. Solids were isolated by filtration, washed twice with isopropanol - MTBE
(5/95 viv, 279.3 kg per wash) and dried to constant weight 7 vacuio at 30 °Cto give 573 kg
{41%) of the tithe compound; chiral purity: 99.4%.

Example 8: Preparation of (5)-1-methyi-2-0x0-3-(prop-2-va-1-yhipyrrolidine-3-
carboxylic acid

\ aq HCH ZAETHE \
i PO *® Y

NaCl heume
HO,C

ii!!Z@

A reactor was charged with (8)-2-hydroxy-1-phenylethan- I -amivtum (8)-1-methyl-2-0x0-3-
{prop-2-yn-1-vlpyrrolidine-3-carboxvlate (1:1, 47.2 kg activity) and water (141 kg), and the
contents of the reactor were cooled to 0 - 5 °C with good stirning. Concentrated HCI solution
{16 .48 kg} was added slowly to about pH 1 43, the contents of the reactor were warmed to 20
°C and aged for about 2 h. After charging NaCl (23.6 kg), the solution was heated to about
45 °C and was extracied throe times with 2-methvlTHF (201 5 kg per extraction). The
combined organic extracts were washed with acidic brine (164 .3 ke; acidified with
concentrated HCI solution {60 g}, dricd over anhydrous MghQOa (4.7 kg) for about 1 h,
filtered and the spent filter cake was washed with 2-methyITHF (463 kg). The combimed
filtrate and wash were concentrated i vacuo to about 120 L, cooled to 20 - 25 °C and
heptane (290.5 kg} was slowly added. The contents of the reactor werg cooled to 0 5 °C
and aged for about 1 h. Solids were isclated by filiration, washed with 2-methylTHF -
heptane (1/9 v/v, 66.1 kg) and dricd to constant weight in vacuo at 45 °C to give 24 36 kg

{(21%; of the title compound; chiral purity: 100%.

Example 9: Preparation of tert-butyl (8)-(L-methyl-2-oxo-3-(prop-2-yn-1-yhpyrrolidian-
J-yhecarbamate

Procedure A batch process
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\ DPP‘A MM \ LMHP \
uy i N wit

HOLC N OCN EBUOH BOCHN
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Under an inert atmosphere of nitrogen a reactor was charged with (S)-1-methyl-2-ox0-3-
{prop-Z-vo-1-vlpyrrolidine-3-carboxviic acid (730 @), N-methvlmorpholine (435 g) and
toluene (9.14 kg). With good stirring, the contents of the reactor were heated to 77 - 80 °C
followed by slow addition of DPPA {1173 g) over about 15 min; the charging vessel and Ine
were rinsed forward mto the reactor with toluene {653 g}, The progress of the reaction was
montiored by GC. After about 5 h, DMAP (2225 g} and ~BueOH (1687 g) were charged, and
the reaction was continued at 77 — 80 °(; the progress of the reaction was monitored by GC.
After about 15 b, the contents of the reactor were cooled to 20— 25 °C, basic alununa {2 .25
kg was charged and stirring was continued for about 30 min. Solids were removed by
filtration through a pad of basic alumina (3.75 kg}. the spent filter cake was washed twice
with toluene (2.0 kg per wash). The filtrate was concentrated i vacuo to a voheme of about
1.5 L and was difuted with dichloromethane {(10.0 kg). The organic phase was treated twice
for about 15 nun with 2M agueous NH:OH solution (4.5 L per treatment), treated twice for
about 15 mun with 1M agueous HCH solution (7.5 L per treatment) and dried over anhydrous
MgS04 (750 g) for about 1 h. Solids were removed by filtration and washed twice with
dichloromethane (2 kg per wash). The filtrate was concentrated i vacuo to a volume of
about 1.5 L and MTBE — heptane (1:2 v/v, 3.75 L) was added over about 20 min at 20 - 25
°C with good stirnng. The slurry was cooled to 0 - § °C and was aged for about 2 h. Solids
were isolated by filtration, washed twice with heptane (1.0 kg per wash) and dried to constant

weight in vacuo at 30 °C 1o give 690 g (6695} of the title compound; 98.6 % area purity.

Procedure B flow process

\ DF’F’/-\ NRRM \ -BuOH \
1t Wit gm N | e it Ney

B V! (w&f R
E“ﬁ&,}r hie BOCHN " sockN
&

O

Feed 1 Solution: (S)-1-methyl-2-ox0-3-(prop-2-yn-1-vD}pvrrolidine-3-carboxylic acid (24.34

kg),
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Nemethylmorpholine (271 kg) and ~BuQOH (99.6 kg): this feed solution was maintained at

25- 35 °C during the run

Feed 2 Solution: DPPA (46.02 ko) and toluene (218 1 kg); this feed solution was maintained

at 5 - 25 °C duering the ron

Pipe In Series Reactor:
®  two units connected in serics
= cach unit contains 6 pipes, cach of about 1 m 1o length
o up flow: three 1 inch diameter pipes
o down flow: three ¥ mch diameier pipes
Flow Rates:
s Feed1:44.6 g/ min

s Feed2: 753 g/ min

Residence Time: 1 h

Reaction Temperature: 80 °C

Afier reaching steady state, cluent from the flow reactor was collected forabout 42 hmio a
continuously stirred tank reactor which was pre-heated o about 80 °C. Following the
collection period, the contends of the reactor were aged at about 80 °C; the progress of the
reaction was momtored by HPLC. After about 18 b, the reaction muxture was cooled and
with good stirring, was quenched with a solution composed of NaNOG2 (8.0 kg), 25% aqueous
NaQOH (16 28 kg and water (54.0 kg). Afler stirring for about 12 b at 20 - 30 °C, the layers
were separated and the agqueous laver was back extracted with toluene (285 kg). The
combined organic layers were washed four times with 4.5% aqueous NaHCOs solution (54 .4
kg per wash} and with water (22 kg}. The orgamc laver was concentrated in vacue to aboat
33 L, additional toluene {189 k) was added and the contents of the reactor were heated to
about 50 °C, cooled to 20 °C, further cooled to -10 °C and aged for about 2.5 h. Solids were
tsolated by filtration, washed with heptane (29.9 kg) and dried to constant weight in vacuo at
50 °C 1o vield 17 48 kg (37% based on processed starting material) of the title product; 100

% area; chiral purity: 100%.
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Example 18: Preparation of (S)-3-amine-1-methyl-3-(3-{4-methyl-6-{4-
{trifluoromethyl)phenyDpyrimidin-2-yhprop-2-va- 1-vlipyrrolidin-2-one, salicylic acid
salt {(1:1)

FiCf “(\/
Fo— N+ Vo[ New  PACL(DPEphes), Cul '\"“<\
""" N BocHN® % P W
- Y DIFA, 1PAC \\\ &x«
SocHN \
o}
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MSOH &g PO, iPAG N i~
mmmmmmmssssadn -\\ R el - (_:_) \\
IPAC-ACN R I\ Pac T&}Y,L,og N -
M, — i i .
" X S o H3N‘£\<

(3] G

Part A: a reactor was charged with 2-chloro-4-methyl-6-(4-

{trifluoromethy Dphenyhipyronidine (20.0 kg) and fert-butyl (53-(1-methyl-2-ox0-3-(prop-2-
vo- -y Dpyrrolidm-3-yi)carbamate (20.1 kg}. Afler three vacuum / nitrogen break cycles, the
reactor was charged with isopropyvi acetate (44 kg) and the contents of the reactor were stirred
at 20 °C. Afier charging ditsopropylamine (8.2 kg) the container and transfer line were
rinsed forward 1nto the reactor with 1sopropyi acetate (4.4 kg, Afier four vacoum / nitrogen
break cycles the reactor was charged with a slurry composed of dichlorofbis{2-
{diphenviphosphinophenyicther]palladiom (11} (131 g} in isopropyl acetate (1.3 kg)
followed by a shurry of Cul {71 g} in isopropyl acetate (1.3 kg). Following cach charge, the
cordainer and transfer line were rinsed forward Undo the reactor with isopropyl acetate (0.9 kg
per contamer). The contents of the reactor were warmed to 75 — 80 °C (target: 78 °C); the
progress of the reaction was monitored by UPLC. Upon completion, the contents of the
reactor were cooled to 18 — 23 °C, aged tor about 20 min and filtered. The spent filter cake
was washed with 1sopropyl acetate (34.9 kg); the combined filtrate and wash were stirred for
about 15 mun to give an isopropyl acetate sohstion of rert-butyl {$)-(T-methyl-3-3-(4-methyl-
S-{4-(triflucromethyDphenyDpyrimidin-2-ybprop-2-ya-1-y-2-oxopyrrolidin-3-

viycarbamate,

Part B: To the solution prepared 1o Part A at 20 °C was charged acctonitniie (56 9 kg With

good stitnng, methansuifonie acid {21.1 kg was added over about 13 nin while controliing

By,
- \4..
.
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the reaction temperature at < 26 °C. Following the addition, the container and transfer line
were rinsed forward into the reactor with acetonitrile (7.9 kg) and the contents of the reactor
were heated to 60 - 70 °C (target; 65 °C); the progress of the reaction was monitored by
UPLC. Upon compietion, the contends of the reactor were cooled to about 45 °C and purnified
water {179.3 kg} was charged over about 90 min while mamtaining a reaction temperature of
45 - 50 °C. Following the addition, the contents of the reactor were cooled to 18 - 25 °C and
aged for about 15 min. The layers were soparated and the lower agueous laver was basified
{pH =12} with 50 wt% agueous KaPOq solution (33.60 kg) over about 30 min while
mamtaining a reaction temperature of 20 - 25 °C. Isopropyl acetate {(62.6 kg) was charged
and the contents of the reactor were stirred for about 10 min. The layers were separated and
the lower agueous layer was back extracted with isopropyl acetate (41.1 kg). The combined
oregamic layers were concentrated iz vacuo 1o a volume of about 108 L. Isopropyvl acetate
{156.3 kg) was charged and the solution was concentrated i vacuo to a volume of about 72
L. Isopropyl acetate (156.3 kg) was charged and the solution was concentrated i vacuo to a
volume of about 72 L {(KF = 0.6 % {(himut: <1.6%)} to give an isopropy] acetate solution of
{(53-3-amino-I-methyb-3-3-(4-methyl-6-(d-(trifluoromethy Dphenyvipyrimidin-2-y Bprop-2-

vo-1-vijpyrrolidin-Z-one.

Part C: The solution prepared m Part B was polish filtered. The reactor which contained the
solution and the transfer line were rinsed forward with isopropyl acetate (10 kg). The
contents of the reactor were warmed 1o 30 - 40 °C {target: 35 °C) with good stirring. A
solution of salicvlic acid (12.2 kg) i isopropy! acetate (63.5 kg) was added over about 110
min while maintaining a reaction temperatare of 32 - 36 °C. Following the addition the
comtents of the reactor were aged at 30 — 40 °C (target: 35 °C) for about 3 h, cooled 10 24
26 °C gtarget: 25 °C) over about 2 b, cooled to -5 1o ~15 °C {target: -10 °C) over about 80 oin
and aged for about 35 min. Sohds were 1solated by filtration, twice washed with cold (0 -3
CyMTBE ~ ACN {11 v/v, 59 L per wash)}, dried on the filter (Jacket temperature; 60 °C})
under suction while applying a stream of warm nitrogen (60 °C) for about 14 b followed by
further dryving on the filter under suction for about 33 h to give 28.9 kg (75%) of the title

compound; pority: 97.6 % arca; chiral purity: 99.8 % arca.

Example 11: Preparation of (8)-7-methyl-2-{4-methyl-6-(4-
{trifluoromethyljphenylipyrimidin-2-yi}-1,7-diazaspirof4.4inon-1-en-6-one
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A reactor was charged with (8)-3-amino-i-methyl-3-(3-(4-methyl-6-{4-
{trifluoromethyDphenvlpyrinmdin-2-vhprop-2-vo-1-vipyrrolidm-2-one, salicvlic acid salt
(1:1) (333 mg) and dichloromethane (2 mbL). With good stirring, 20 wi% agueous KaPGy
solution was charged. Following salt dissohition and a pH measurement of the aqueous layer
(=12}, the lavers were separated and the upper agueous layer was back extracted with
dichloromethane. The combined organic layers were dried over anhydrous Na:z8Ou, filtered
and concentrated in vacuo to a viscous, immobile syrup which was dissolved 1n isopropanol
{2 mL} Following addition of AgNTH (17 mg} and three vacuum / nitrogen break cvycles, the
resulting solution was heated to about 80 °C and aged for about 24 h. UPLC analysis showed

that 94 % area of the title compound was present n the solution.

Bescription 2

B £
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A reactor was charged with a solation of (8)-3-amino-1-methy-3-(3-{4-methyl-6-{4-

{trifluoromethyvliphenyDpyrimidin-2-yhprop-2-va-1-vlipyrrolidin-2Z-one (1.57 g} in
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acctonitrite (6.4 mL). Following addition of AgNTH: (110 mg) and three vacuum / nitrogen
break cycles, the resulting solution was heated to about 80 °C and aged for about 25 h.

UPLC analysis showed that 89 % area of the title compound was present in the solution.
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Part A: A reactor was charged with 1,10-phenanthroline (463 mg) and McOH (15 ml). With
good stirring at ambient temperature, a solution of AgNTE (1.00 g) i water (15 mb} was
added. After aging for about 15 min, solids were isolated by filtration, washed with MeOH
and dried to constant weight in vacuo at ambient tomperature to give 920 mg {78%;) of
Ag{phem} 1 NTE. 'H and F NMR spectra {de-DMSO) using 1,4-difluorobenzene as an

mtemnal standard indicated a mol ratic of AgNTH ; 1,10- phenanthroline = 1:1.4.

Part B! A reactor was charged with a solution of (8)-3~amino-1-methyl-3-(3-(4-methyl-6-(4-
(rifluoromethvDphenyDpyrimidin-2-vhprop-2-vn-1-vjpyrrohdin-2-one (1.10 g} n
wsopropanol (4.5 mb}. Following addition of Agi{phen}iaNTE: (161 mg) and three vacwum /
nitrogen break cycles, the resuliing solution was heated o about 80 °C and aged for about 20

h. UPLC analvsis showed that 96 % area of the title compound was present in the solution.

Description 4
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Part A: A reactor was charged with 1,10-phenanthroline (2.00 g and MeOH (70 ml). With
good stirning at ambient temperature, a solution of AgQOTE (2.85 g) in water (70 mL} was
added. After aging for about 15 min, solids were isolated by filtration, washed with MeOH
and dricd to constant weight /7 vacuo at ambient temperature io give 3.35 g (>1006%) of
Ag{phen)sOTE 'H and PF NMR spectra {(de-DMSG) using 1,4-difluorobenzene as an

mtemnal standard indicated a mol ratic of AgOTYF: 1,10- phenanthroline = 1.2.5.

Part B: a reactor was charged with {8)-3-amino-1-methyl-3-(3-{4-methyl-6-(4-
{trifluoromethvlphenyDpynnudin-2-vhprop-2-vi- -y Upyreohidin-2-one, salicylic acid salt
{1:1) (6 g} and dichloromethane (60 mL}. With good stirnng, 20 wi% agqueous KsPO4
solution was charged. Following salt dissclation and a pH measurement of the aqueous layer
{>12}, the layers were separated and the upper agueous layver was back extracted with
dichloromethane. The combined organic layers were dried over anhydrous NaxS(a, filtered
and concentrated /n vacuoe to a viscous, immobile syrap which was dissclved in 1sopropancl
(i mL}. Following addition of Ag{phen}sOTf (497 mg} and three vacuum / nitrogen break
cycles, the resulting solution was heated to about 80 °C and aged for about 20 h. UPLC

analvsis showed that 95 % area of the title compound was present in the solution.

Dieseription $



WO 2022/133097 PCT/US2021/063825

a;(.:v< \—\)b\ FSV \;\\ /}’"‘ A N
aqKﬁﬂb - - P
PACL{DPEphos)
Cog §§ CHqCQ A\ S
}[/\Nm PA
\n~ ",
qu HIN “@
o le] c

A reactor was charged with (8)-3-ammo--methvl-3-(3-(4-methyl-6-(4-
{triflacromethyDphenvDpynndin-2-yDprop-2-vn-1-yDpyrrolidin-2-one, salicylic acid salt
(1.1} {333 mg) and dichloromethane (2 mb). With good stirring, 20 wi% agueous KsPGs
solution was charged. Following salt dissolution and a pH measurement of the agueous laver
{>12}, the lavers were separated and the upper agueous layver was back extracted with
dichloromethane. The combined organic layers were dried over anhydrous Nax 5G4, filtered
and concentrated in vacuo to a viscous, immobile syrup which was dissolved m isopropanol
{i mL}. Following addition of dichloroibisi2-(diphenyiphosphino)phenvijetheripaliadium
{If) (36 mg) and three vacuum / nitrogen break cveles, the resulting sohution was heated to
about 830 °C and aged for about 40 h. UPLC analyvsis showed that 56 % area of the title

compound was presert in the solution.
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A reactor was charged with a solution of (8)-3-amino-i-methyl-3-(3-{(4-methyl-6-(4-
(trfluoromethyDphenvDpyninudin-2-yDprop-2-va-1-yDpyvrrolidin-2-cne (1.0 g) in 1sopropyl

acetate (5.0 mL). Following addition of Cul (20 mg) and three vacuum / nitrogen break

“35.
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cveles, the resulting solution was heated to about 80 °C and aged for about 7h. UPLC

analysis showed that 90 % area of the title compound was present in the solution.

Description 7
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A reactor was charged with a solution of (S)-3-amino-1-methyl-3-(3-(4-methyl-6-{4-
(trifluoromethvlphenvhpynoudin-2-vhprop-2-vi- -y Dpyrrohidin-2-ong (1.0 g) in
acctonitrite (5.0 mL). Following addition of Cul (20 mg) and three vacuum / nitrogen break
cyveles, the resulting sohution was heated to about 80 °C and aged for about 7h. UPLC

analysis showed that 68 % area of the title compound was present in the solution.
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A reactor was charged with {8)-3-amuno-1-methyl-3-(3-(4-methyl-6-{4-
{trifluoromethyliphenyDpyrimidin-2-vhprop-2-vo-1-vpyrrolidin-2-one, salicylic acid salt
{1:1) {7 2) and dichloromethane (70 mL). With good stirring, 20 wt% agucous KiPOu
solation (393 g) was charged. Following salt dissolution and a pH measurement of the

aqueons layer (312}, the layers were separated and the upper aqueous laver was back

-40-
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extracted with dichloromethane. The combined organic layers were dried over anhvdrous
Naz504, filtered and concentrated in vacuo to a viseous, immobile syrop which was dissolved
in isopropyl acctate {42 mb). Following addition of Cul (127 mg) and three vacuum /
nitrogen break cycies, the resulting solution was heated to about 80 “C and aged for about 3.3

h. UPLC analysis showed that 92 % area of the title compound was present 1o the solution.
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A reactor was charged with {8)-3-amuno-1-methyl-3-(3-(4-methyl-6-{4-
{trifluoromethyliphenyDpyrimidin-2-vhprop-2-vo-1-vpyrrolidin-2-one, salicylic acid salt
{1:1) (1.35 g) and acetonitrile (3 mL). Following addition of Cul (20 mg) and three vacuum /
nitrogen break cycles, the resulting solution was heated to about 30 °C and aged for about 23

h. UPLC analysis showed that 42 % arca of the title compound was present in the solution.

Description 19
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A reactor was charged with (8)-3-amino-i-methyl-3-(3-(4-methyl-6-{4-
{trifluoromethyDphenvlpyrinmdin-2-vhprop-2-vo-1-vipyrrolidm-2-one, salicvlic acid salt
{(1:1) {135 g) and 1sopropanol (40 mL). Following addition of Cul (489 mg) and three
vacuum / nitrogen break cycles, the resulting solution was heated to about 80 °C and aged for
about 11 h. UPLC analysis showed that 89 % area of the title compound was prosent in the

solution.

Deseription 1

Vi .
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Part A a reactor was charged with 2-chioro-4-methvi-6-{4~

(trifluoromethyDphenylipynimidine (10.0 g) and rere-butyl (8)-(1-methvl-2-ox0-3-(prop-2-vo-
I-vipyrrohdin-3-vlcarbamate (9.99 g, ditsopropylaming (4.08 g}, dichloro{bs|2-
(diphenylphosphmfo)phenyi}ether} palladium (31} (66 mg), Cul (35 mg} and isopropyl acetate
{26.1 g}. The contents of the reactor were sparged with nitrogen for about 13 nmun then
warmed to 80 °C; the progress of the reaction was monitored by UPLC. Upon completion,
the contents of the reactor were cooled o 20 °C and filtered. The spent filter cake was
washed twice with isopropyl acetate (8.7 g per wash); the combined filtrate and wash were
stirred briefly {o give an isopropyl acetate solution of rert-butyl {8)~(1-methyl-3-(3-(4-methvl-
6-{4-{trfluoromethylphenyDpyrimidim-2-vlprop-2-yn-1-yi-2-oxopyrrolidin-3-vlicarbamate
(584 g). By 'H NMR internal standard analysis, the solution contained 13.6 ¢ (76%) of the

desired product.

Part B: To the solution prepared in Part A at 20 °C was charged acctonitriie (221 g} and
methansulfonic acid (6.96 g) and the contents of the reactor were heated 1o 65 °C; the
progress of the reaction was monitored by UPLC. Upon completion, water (70 mL} was
charged and the contents of the reactor were cooled to about 20 °C. The layers were
separated and the lower agqueous layer was basified (pH >12) with 30 wi% agueous K:PQs
solution (52 mb). Isopropvl acctate (24 .4 g) was charged, the lavers were separated and the
lower aqueous layer was back extracted with isopropyl acetate (12.2 g). The combined
organic layers were concentrated i vacuo to a volame of about 30 mL. Isopropyvl acetate

{60.9 g} was charged and the solution was concentrated in vacuo to a volume of about 30
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ml.; this re~-concentration was repeated one time. Solids were removed by filtration and
washed with isopropyv] acetate (8.7 g} to give an isopropyvi acetate sclution of (8)-3-amino-1-
methvi-3-(3-{(4-methyi-6-{(4-{tr fluoromethyDphenyhpyrimidin-2-yhprop-2-yo-1-
vhpyrrolidin-2-one (50.7 g). By 'H NMR mtemal standard analysis, the solution contained

1819 g {106 %} of the desired product.

Part C: The solution prepared 1 Part B was sparged with nitrogen for about 15 min. Afier
charging Cul (267 mg), the contents of the reactor were sparged with mitrogen for about 15
min then heated to 75 °C; the progress of the reaction was monitored by UPLC. Upon
completion, the contents of the reactor were cooled to 40 °C and aged for about 16 h. Sclids
were isolated by filtration, washed twice with sopropyl acetate (19 1g per wash) and dricd to
constant weight i vacue at 40 °C to give 7. 4dg (68%;) of the title compound, purity: 99.9 %

arca.
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Part A a reactor was charged with (8)-3-amino-1-methyl-3-(3-{4-methyl-6-(4-
{trifluoromethyliphenyDpyrimidin-2-vhprop-2-vo-1-vpyrrolidin-2-one, salicylic acid salt
{(1:1) (28.55 kg) and dichloromethane (310.0 kg). With good stirring, the reaction
temperature was adjusted to 15 - 25 °C (target: 18 °C) and 20 wt% agueous KaPQs solution
(210.85 kg) was charged over about 23 min while maintaining a reaction temperature of <30
°C. After aging for about 30 nun, the layers were separated and the upper agueous layer was

back extracted with dichloromethane (124.2 kg, The combined organic layers were
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concentrated in vacuo to a volume of about 70 L, isopropyl acetate (102,15 kg} was charged,
the solution was concentrated i vacuo to a volume of about 70 L, isopropyl acetate (101.9
kg was charged and the solution was concentrated i vacuo to a volume of about 47 L,
isopropyl acctate (103 85 ke) was charged and the solution was concentrated i vacuo to a
volume of about 47 L (KF <1.0%). The solution was polish filtered, and the reactor, polish
filter and transfer ling were rinsed forward with isopropy! acetate (20.6 kg) to give an
1sopropyl acetate solution of (3)-3-anuno-~1-methvl-3-(3-{4-methyl-6-{4-

(rifluoromethvlphenyDpyrimidin-2-vhprop-2-yn-1-ylpyrrohidin-2-one.

Part B:
The solution prepared m Part A at 13 — 25 °C {target: 20 °C) was subjected to four vacuum /

nitrogen break cycles. After charging a slurry of Cul {434 g} in 1sopropyl acetate (1.0 kg) to
the reactor, the container and charging line were rinsed forward into the reactor with
isopropyl acetate (0.6 kgb. After four vacuum / nitrogen break cvcles and sparging the
solation with mitrogen for about 30 min, the contents of the reactor were heated to 70 — 80 °C
{target: 75 °C); the progress of the reaction was monttored by UPLC. Upon completion, the
contents of the reactor were cooled to 37 - 43 °C (target: 40 °C) over about 3.5 h; the
progress of the crystallization was momiored by ReactiR. Upon completion, the contents of
the reactor were aged at 37 — 40 °C ¢target: 40 °C) for about 2 h. Solids were isolated by
filtration, washed twice with isopropyl acetate (29 8 kg per wash), dried on the filter for about
1 h under a stream of nitrogen, dred on the filter (acket temperature: 40 °C) while applving
a stream of warm mitrogen (40 °C) for about 15 h followed by further drving on the filter

under suction for about 15 hto give 13.1 kg (62%:} of the title compound; purity: 99.9 % area.

Example 12; Preparation of (2R 58)-7-methyl-2-(d-methyl-6-(4-
{triflvoromethylphenylipyrimidin-2-yl}-1,7-diazaspiro}4.4dinonan-6-one, salfuric acid
salt {1:1)
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Under an mert atmosphere of nitrogen a reactor was charged with (S)-7-methyl-2-(4-methyi-
6-{4-{irifluoromethy phenylpyrimidin-2-y1}-1, 7-diazaspiroi4 4 lnon-1-en-6-one (13.0 kg}
and acetomiride (71.7 kg) and with good stirang the contents of the reactor werg adjusted o
15 =25 °C (target: 19 °C). A solution of rerf-butylamine — borane complex (2.4 kg) i
acetonitrile (25.7 kg was charged over 35 - 40 min while maintaining a reaction temperature
of <20 °C. Following the addition, the vessel and charging line were rinsed forward into the
reactor with acetomitrile (10.3 kg); the progress of the reaction was monitored by UPLC.
Upon completion, the contents of the reactor were cooled to 10— 15 °C {arget: 12 °C) and
temperature of <20 °C. The conients of the reactor were aged for about 30 min. With
cortinued good stirring, 3¢ wi% aqueous KaPQOq solution {20945 kg) was charged over 75 -
30 min while mamtaining a reaction temperatire of <20 °C. The contents of the reactor were
aged for about 20 min. The layers were separated, the lower agueous layer was back
extracted with acetonitrile (20.5 kg) and the combined organic layers were washed with brime
(59.7 kg). The combined orgamic layers were concentrated iz vacuo 1o a volume of about 33
L. After charging acetonitnle (463 kg}, the contents of the reactor were concentrated in
vacuo to a volume of about 33 L. After charging acetonitrile (46 2 kg), the contents of the
reactor were concentrated i vacuo 1o a volume of about 33 L. Afier charging acctonitrile
{461 kg) a KF <3% was measured and the contents of the reactor were aged for about 1 h,
Following a polish filtration, the reactor, polish filicr and transfer line were rinsed forward
with acetonitrile (10.2 kg). To the solution (KF 1.2%) was charged water (1.1 kg; final KF
2.3%;} and the contents of the reactor were warmed 1o 48 — 53 °C (target: 50 °C). With good
stirring, 7.5M agueous sulfuric acid solution {6.25 kg} was added over about 1 h, the shury
was aged for about 1 h then cooled to 18 ~ 23 °C (target: 26 °C) over about 1 h. Isopropanci
{102 kg) was charged over about 25 min, the shurry was aged for about 12 b, cooled to 0 - 5
°C over about 2.25 h and aged for about 2 h. Sohds were isolated by filtration, washed with
gold (035 “CyMTBE - ACN (11 v/v, 20 kg}, cold (0~ 53 “Cy MTBE (193 kg), dried on the
filter while applying a stream of nitrogen for about 90 min, dried on the filter (jacket
temperature: 40 °C) while applying a stream of warm mitrogen (40 °C) forabout 12 h
followed by further drying on the filter under soction for about 17 h to give 11.95 kg (73%)

of the title compound; purity: 98.6 % area.
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Example 13: Recrystallization of (2R 38)-7-methyl-2-{(4-methyi-6-(4-
{trifluoromethyllphenyDpyrimidin-2-y1)-1,7-diazaspiro|4.4}nonan-6-one, sulfuric acid
salt {(1:1)

aq acetone - MTBE

racrystallization

Fil

A reactor was charged with (2R, 55-7-methyi-2-(4-methyl-6-{4-

{trifluoromethy Dphenyhipyromidin-2-y1}-1,7-diazaspiroi4 4inonan-6~-one, sulfuric acid salt
{(1: 1) {11.95 kg}, punified water {23.25 kg) and acetone (43.9 kg) and the contents of the
reactor were warmed o 35 ~ 40 °C (target: 39 °C) with good stirring. Following a wash of a
polish filter svstem with a warm agqueous acctone solution {23 .45 kg purified water and 43 5
kg acetone; the wash was discarded), the contents of the reacior were polish filiered into a
reactor that was pre-heated to 35 — 40 °C (target: 3% °C). To the resulting solution was
charged MTBE (210.5 kg} over about 3 h while maiotaining a reaction temperature of 35 —
40 °C (arget: 39 °C). After aging for about 30 min, the contents of the reactor were conled
to 0= 35 °C over about 3.5 h and aged for about 30 min. The contents of the reactor were
warmed to 38 — 43 °C (target: 40 °Cyoverabout 1.5 h, aged forabout 2 h, cocled to0 8 ~ 14
°C {target: 10 °C) over about 4.5 h and aged for about 12 h. Solids were isolated by
filtration, washed twice with cold (0 - 5 °C) MTBE — acetone (1:1 v/v, 21 .5 kg per wash),
dried on the filter while applying a stream of nitrogen for about 1 h, dried on the filter (acket
temperature: 60 “C) while applying a stream of warm nitrogen (60 °C) for about i2 h
followed by further drying on the filter under suction for about 335 hto give 1014 kg (85%;)

of the title compound; purity: 99.9 % area.

INCORPORATION BY REFERENCE

All publications and patents mentioned herein are hereby incorporated by refercnees o
their entirety as if each individual publication or patent was spectfically and wndividually
mdicated to be incorporated by reference. In case of conflict, the present application,

mcluding anv detinttions herein, will control,

-
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EOUIVALENTS

While specific embodiments of the subject invention have been discussed, the above
specification 1s ilastrative and not restrictive. Many vanations of the mvention will become
apparent to those skilled in the art upon review of this specification and the claims below.
The fufl scope of the invention should be determined by reference to the claims, along with

their full scope of equivalents, and the specification, along with such variations.

Vi
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CLAIMS
We clamu
1. A process for preparing a compound of formula (1}
\Q"’[ ™
P3G .

or a pharmaceutically acceptable salt thereof, comprising reacting a compound of formula
(i) with a compound of formula (311}, 10 the presence of a metal compound, a

phosphune that comprises an alkvl group, and a base, thereby producing a corapound

of formula IV}
/ 4
F3C—@B(OH)2 + CE'—<\ //N }n(,i@—\\ /N
N—( N—<
Cl Ci
(B) am (V)

2. The process of claim 1, wherein the metal compound s a palladivm compound.
3. The process of claim 2. wherein the palladium compound is palladium{ll) acetate.
4, The process of any one of claims 1-3, whercin the phosphiue is reri-

butyldipbenyiphosphine.

5. The process of claim 4, wherein the base is dusopropylethylamine.

6. The process of any one of the preceding claims, further comprising reacting the
compound of formula (IV) with a compound of formula (V) or a salt thereof in the presence

of a palladium corapound, a copper salt and a base, thereby producing a compound of

formula (VI

4
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7. The process of any one of the preceding claims, further comprising reducing the

compound of formula (VI), thereby producing the compound of formula (83, or a

phamaceutically acceptable salt thereof

| N RT ™
7 =
¢ ¢
FaC {¥h FiC )

8. A process for preparing a compound of formula ()

N ’I%
TSN
s H AN
=N

O

ats (})
or a pharmaceutically acceptable salt thercof, comprising reacting a compound of formuda
{1V} with a compound of formula (V) or a salt thereof i the presence of a palladium

compound, a metal salt and a base, thereby producing a compound of formula (Vi)

\,NW//:‘Y\;

‘\ R N
o
HoN
2 X
O !
tfj
(v} ) FiC vh

wherein the metal salt is not a sitver salt.
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9. The process of claim §, wherein the compound of formula (V) is a trifluoroacetate salt
16 The process of claim 8, wherein the compound of formula (V) 19 a hydrochloride salt.
11, The process of claim 8, wherem the compound of formala (V) 1s not a salt.
12, 'The process of any onc of claims 8-11, wherein the palladium compound is

PACh{dppH)-CH2ClL or PACH(DPEphos).

13 The process of any one of claims 8-12, wherein the metal salt is copper(l) salt (c.g.,
copper(l} iodide).
14, The process of any one of claims 8-13, whercin the base i1s an inorganic base, e.g.

potassiun: carbonate,

1S, The process of any one of claims 8-13, wherein the base is an organic base, ¢.g.

ditsopropylamine.

16. The process of any one of claims 8-15, wherein the compound of formula (fV) 18

reacted with the compound of formula (V) in the presence of a solvent.

17. The process of claim 16, wherein the solvent comprises isopropyl acetate or
acctontirile.
18, The process of any one of claimas 8-17, wherein the chemical yield of the compound

of formula (V) is at least about 75%.

19. A process for prepaning a compound of formula (1)

f
N o %
R N -
i \’/‘\H

=N >

A%

O?\“ Y
\\1

FC M,

or a pharmaceutically acceptable salt thereof comprising:
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reacting a compound of formula (31} with a compound of formula (H) m the presence of a
metal compound, a phosphine that comprises an alky! group, and a base, thereby

producing a compound of formmula V)

F3C ----- \ f ----- B(OH)Q + Cl— <\\&/<N F;;C‘“‘ \\///, “““ N /< N
Gl ol
(h () ()

reacting the compound of formula (IV) with a compound of formula (V} or a salt thereofin
the presenace of a palladium compound, a copper salt, and a base, thereby producing a

compound of formula (Vi)

N ’i'—“
N N5
. 0O
FSC Y N + T N~ i

¢l T ’;Aﬁ
kj¢?

(v V) FsC Vb ; and

reducing the compound of formula (VI), thereby producing the compound of formula (B}, ora

pharmaceutically acceptable salt thercof:

- =N

FsC (V) FsC ®

24, A compound of formala (V},

\’i,.i E\j*“'
HoN

O oW

or a salt thereof.

21 The compound of claim 20, wherein the compound of formula (V) is a tnfluoroacetate

salt,

K1~
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22 The compound of claim 20, wherem the compound of formula (V) is a hydrochloride
salt.

23. The compound of claim 20, wherein the compound of formmula (V) is not 3 salt.

24, A process for preparing a compound of formula (8}

\QYJ\ r““‘\

Fal (N
or g pharmaceutically acceptable salt thereof, comprising reacting a compound of fornula
(VI with an ande compound and an amine in the presence of ~butanol, thergby

producing a compfound of formula (VI

N\~
N
HOf;C Bo,,H\zN

(v (Vi)

25 ¢ process of claim 24, wheren the azide compound is diphenviphosphoryl azide.
26 The process of claim 24 or 25, wherein the anune 1s N-methyimorpholineg.

27. ¢ process of any one of claims 24-26, wherein the reaction 1s performed in a batch
PrOCEss.

28, The process of any one of claims 24-26, wherein the reaction is performed in a

continuous flow process.

28, The process of any one of claims 24-28, wherein the reaction is performed in the

presence of a solvent.

30.  The process of claim 29, wherein the solvent comprises toluene.
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31, The process of any one of claims 24-30, further comprising reacting a compound of
formala (I} with the compound of formula (V) in the presence of a palladium compound,

a copper salt and a base, therehy producing a compound of formula (iXa) or a salt thereof:

, K
e /=<I \\ Fulom (\ B

i o
,}L(NN
(V) (VI {iXa)  BocHN \

Q

32, The process of claim 31, whercin the palladium catalyst is PACh{DPEphos).

33. The process of claims 31 or 32, wheren the copper salt is copper(l) 1odide.

34 ¢ process any one of claims 31-33, wherem the base 1s dusopropyvlamine.

35. The process of any one of claims 31-34, wherein the compound of formula (V) is

reacted with the compound of formaula (VE} in the presence of a solvent.
34, The process of claim 35, wheretn the solvent comprises isopropy! acetate.

37 The process of any one of claims 31-36, further comprising reacting the compound of

formula (FXa) with an acid, thereby producing a compound of formula (§X) or a sait thereof:

o = =
F:;C"“(Q -/> i\ij “:;\N FBC{} ) }\ /:N
4 ¥
o N
'DI\((NN By, \“"Q

({Xa)  BocHN
O

38 ¢ process of claim 37, wherein the compound of formula (IXa) is reacted with the

acid 1o the presence of a solvent.
39, The process of claim 38, wherein the solvent comprises acetoniirile.

40, The process of any onc of claims 37-3%, wherein the acid is methanesulfonic acid.
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41 The process of any one of claima 24-30, further comprising
i} reacting a compound of formula (1Y) with the compound of formula (VI in the

presence of a palladium compound, a copper salt and a base, thereby producing a
compound of formula (§Xa) or a salt thercof, and
1} reacting a compound of formula (FXa)} with an acid, therchy prodacing a compowund of

formula (3X) or a salt thereof

7
; y
= N s
== - Moy \ AY
{ A\ PR 7 '\/\/L:{\i RN an G
== r:\ \Y . \ N /! - Nl
Fscm N + \'",. Nomee :J-(\
Y g N g [ES—— N — o 0N
K BiacHN R N
s e N . ..;J:\(Nm.
e i UR) >
avy ) (iXa) BocHN“‘\ig HAT R

wherein the compound of formala (EXa) is not isclated.

42 The progess of claim 41, wherein the palladium catalyst is PACL(DPEphos).

43 The process of claims 41 or 42, wherein the copper salt is copper(l) wodide.
44. The process any one of claims 41-43, wherein the base is diisopropviamine.
45, The process of any one of claims 4 1-44, wherein the compound of formula (IV) 1s

reacted with the compound of formula (VII) 1 the presence of a solvent.

46, The process of claim 45, wherein the solvent comprises isopropy! acetate.
47. The process of any one of claims 41-46, wherein the compound of formula (IXa) is

reacted with the acid 1o the presence of a solvent.

48. The process of claim 47, wherein the solvent comprises isopropy! acetate and
acctontirile.
49, The process of any one of claims 24-48, further comprising performing a cvchization

reaction of the compouand of formula (£X}, or a salt thereot in the presence of a metal salt o

produce a compound of formufa (Vi)

K4
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(X}
wherein the metal salt 1s not a silver salt

0]
50.

.0

(V)
acceptable salt thereof

The process of any one of claims 24-49, further comprising reducing the compound of
formula (VI), thereby producing the compound of formula (1), or a pharmaceutically

N

<
§

7N
=N éf. >
ﬁ‘ N
//
{V¥h FiC {H .
51. The process of claim 50, wherein the compound of formula (V) is reduced to the
compound of formula (I}, or a pharmaceutically acceptable salt thereot m the p
boron compound

52.

53,

nce of a
The process of claim 51, wherein the boron compound is a borane

The process of claim 52, wherein the borane is borane-tert-butyl amine compiex

A process for purification of a compound of formula (I}

£4C
or a pharmaceutically acceptable salt thereof, comprising
af

»

18ing 1e
formuda (1) or a pharmaceatically acceptable salt thereof in a solvent

taliizing the compound of
-85.
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55, The process of claim 54, wherein the compound of formula (1) 15 a hydrogen sulfate
salt.

56.  'The process of claim 54 or 35, whercin the solvent compnses water and acetone.

57.  The process of any one of claims 54-56, wherein the solvent further comprises methyl

t~butyl ether.

58 The process of any one of claims 54-57, wherein the chemical yield of the process s

at least about 80%.

59, The process of any one of claims 54-38, wherein the process provides the compound

of tormouda (1) with a purity of at least about 99%.

60, A process for preparing a compound of formula V, comprising reacting a compound

of formula (VD) with an ande compound and an amine followed by treatment with a base:

W) N ) N
HOL0 HoN
O o]
(Vi) {¥}

61 The process of claim 60, wherein the azide compound 1s diphenyiphosphoryl azide.
62, The process of claim 60 or 61, wherein the amune 1s N-methyimorpholine.
63. ¢ process of any one of claims 60-62, wherein the reaction 1s performed in a batch
process.
64.  The process of any one of claims 60-63, wherein the reaction is performed in the
presence of a solvent.
65. The process of claim 64, wherein the solvent comprises toluene.
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66.  The process of any one of claims 60-65, wherein the base is agqueous sodiom
hydroxade.
67. A compound represented by the following structure:

\@N\
OCN ! |

K7
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