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SYNTHESES OF A BRUTON’S TYROSINE KINASE INHIBITOR

CROSS-REFERENCE TO RELATED APPLICATION
{0601} This application claims the benefit of U.S. Provisional Application No.

62/103,507, filed January 14, 2015, which is incorporated hercin by reference in its ontirety.

BACKGROUND OF THE INVENTION
[B082] Bruton’s tyrosine kinase (Btk), a member of the Tec fanuly of non-receptor
tyrosine kinases, is a key signaling enzyme expressed m all hematopoietic cells types except T
tymphocytes and natural killer cells. Btk plays an essential role in the B-cel signaling pathway
linking cell surface B-cell receptor (BCR) stimulation to downstream intracellular responses.
10003} Bik is a key regulator of B-cell development, activation, signaling, and survival,
In addition, Btk plays a role in a number of other hematopoietic cell signaling pathways, ¢.g.,
Toll like receptor (TLR) and cvtokine receptor—mediated TNF-o production in macrophages,
1gE receptor {Fo epsilon R} signaling in mast cells, inhibition of Fas/AP(O-1 apopiotic signaling
m B-lincage lvmphoid cells, and collagen-stimulated platelet aggregation.
{66064} I-({R}-3-(4-anino-3-{4-phenoxyphenyl}- 1 H-pyrazolof3,4-djpyvrimidin-1-
vhpiperidin-1-yhprop-2-en-1-once (tbrutinib) 1 a Braton’s tyrosine kinase (Bik) mhibitor. 1-
{{R}-3-{4-amino-3-{4-phenoxyphenyiy-1H-pyvrazolo| 3 4-dipyrimidin-1-vijpipendin- 1 -ylprop-2-
en-l-one 18 also known by its IUPAC name as 1-{(3R)-3-[4-amino-3-{(4-phenoxyphenvi)-1H-
pyvrazolof3.4-dipyrimidin- 1 -vijpipendin-1~-yi}prop-2-en-1-one or 2-Propen-1-one, 1-[(3K}-3-[4~
amino-3-{4-phenoxyphenyl}-1H-pyrazolo]3,4-dpynmidin-1-vl}-1-piperidinyl-, and has been
given the USAN pame, ibrutinib.  The various names given for tbrutinib are used
mterchangeably hereim.

SUMMARY OF THE INVENTION

[B005] Described herein is the synthesis of the Btk mhibitor 1-{(R}-3-{4-amino-3-{4-
phenoxyphenyl)-1H-pyrazolof3.4-dipvrinudin- 1 -vpipendin- 1 -vlprop-2-cn-1-one (thrutinib)
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Formula (1)

HEETRY In one aspect, provided is a process for the preparation of 1-{((R)-3-(4-amino-3-
{4-phenoxvphenvl}- 1H-pvrazolo]3 4-dlpyrimidin- L -vDpiperidin-1-vljprop-2-en-1-one
{ibrutirab}, wherein ibrutinib is the compound of Formula (1), which process comprises reacting
a compound of Formula (1) with the compound of Formula (1) wherein X is a halogen,
boronic acid or boronic ester such as -B(OR’),, wherein cach R” is independently H or alkyl, or

two R’ together with the B and O atoms to which they are attached form a evclical structure:

OH cr@

N o) Formula (D) N =
Ly LA
N~ TN N N
\
CN“\(\Q CNf\
O O
Formuda (i) Formuia ()

{6667 In a further embodiment described herein, the reacting the compound of Fornmula

(1) with a compound of Formula (311} is in the presence of a catalyst, such as a copper salt.
Other catalytic species which may be utilized include, but are not hmited to, catalysts
comprising copper, nickel, ttamium or palladium, such as salts, oxides, and complexes of
copper, nickel, titanium or palladium.

[3008] In some embodiments, two R together form an alkylene.

{6009] In ong aspect, described herein, is a process for the preparation of 1-{({R}-3-(4-
amino-3-{4-phenoxvphenyi}-1H-pyrazolo!3.4-d jpyrimidin-1-yhpiperidin-1-vDprop-2-cn-1-one
{ibrutinib), wherein ibrutinib is the compound of Formula (I}, compnising reacting the compound

of Formula (I} with phenylboronic acid:

OH
VA

NH, N\

N/%j\%i\i phenyiboronic acid
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Formuda () Formuila (1)
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{8614} In a further embodiment described herein, the process comprises reacting the
compound of Formula (1) with phenviboronic acid in the presence of a catalvst, such as a
copper salt {e.g., copper (1) acetate) and 3 base. In some embodiments, the base is an inorganic
base, such as MOH, M,CO; (wherein M is selected from lithium, sodium, potassium, and
cestum), CaCO; di~ and tn-basic phosphates (¢.g. MsP0O4, MuoHPG,} or bicarbonates (MHCG;).
In some embodiments, the base is an organic base, such as tri-substituted amine, pynidine or 4-
dimethylaminopyridine. In some ermbodiments, the base is NRiRoRs wherein Ry, R, and Rs are
cach mdependently C-Cgalkyl, such as triethylamine.

{8011} In another aspect, described herein, is a process for the preparation of 1-((R}-3-
{4-amino-3-{(4-phenoxyphenvl)-1H-pyrazolo{3,4-djpynmidin- 1 -vhipiperidin-  -yDprop-Z-en-1-
one (ibrutinib), wherein thrutinib is the compound of Formula (1), comprising reacting a

compound of Formula (I} with the compound of Formula (I11) wheren X 1s a halogen:

)

o

Formuia (i) Formula (1)

{6612} In a further embodiment described herein, the process comprises reacting the
compound of Formula (IT) with a compound of Formula (I11) wherein X is a halogen, in the
presence of a catalvst, such as copper salts {(e.g., copper (1) acetate} and a base. In some
embodiments, the base is an inorganic base such as MOH, M,CO5 {wherein M i3 selected from
lithium, sodium, potassium, and cestum), CaCOs di- and tri-basic phosphates (¢.g. MiPO,,
M,HPOy) or bicarbonates (MHCGs). In some embodiments, the base 1s an organic base, such as
tri-substituted amine, pyridine or 4-dimethylaminopyridine. In some embodiments, the base 1s
NR RRy wherein By, R, and R; are cach mdependently C-Cealkyl, sach as tricthylamine.
Other cataiviic species which may be utilized include, but are not himited to, salts, oxides, and
complexes of copper, nickel, titanium or palladium.

[0013] In ancther aspect, described herein, is a process for the preparation of 1-({R)-3-
{4-amino-3-(4-phenoxyphenvl}-1H-pyrazolo{3 4-djpynmidin- 1 -yDpiperidin- 1 -vprop-2-cn-1-
one (ibrutinib}, wherem ibrutinub is the compound of Formula {(I), comprising reacting a

compouand of Formuula (JV), wherein X 1s a halogen, with phenol:
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Formula (IV) Formula ()
861 4] In a further embodiment described herein, the process comprises reacting the

compound of Formula (1Y), wherein X is a halogen, with phenol 1o the presence of a catalyst,
such as copper salts (¢.g., copper (11} acetate) and a base. In some embodiments, the base i3 an
morganic base such as MOH, M;CO; (wherein M is selected from hithium, sodium, potassim,
and cestum}, CaCls di- and tri-basic phosphates {e.g. MaPO4, MyHPO4) or bicarbonates
{(MHCO,). In some embodiments, the base is an organic base, such as tri~substituted amine,
pyridine or 4-dimethyvlaminopyridine. In some embodiments, the base is NR R;R; wherein Ry,
R,, and R; are cach independently Ci-Cegalkyl, such as triethvlamine. Other catalytic specigs
which may be utilized imchude, but are not limited to, salts, oxides, and complexes of copper,
nickel, titanium or palladium.
[B015] In another aspect, described herein, is a process for the preparation of 1-({(R)-3-
(4-amino-3-{4-phenoxyphenvi}-1H-pyrazolof3,4-d|pyrimidin- 1 -vbpiperidin-  -vlyprop-2-en-1-
one (ibrutinib}, wherem ibrutinib is the compound of Formula (1), comprising reacting a
compound of Formula (V), wherein L is a leaving group, with ammoma:
pe i-r-”
O )
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Formuda (V) Formula ()
{0616} In some embodiments, L is halogen, hydroxy, alkoxy, -P( =R, (wherein R® is
independently OH, OR’ (R is atkvl) or halo {e.g. C1)). methancsulfonate (mesylate) or
trifluoromethanesalfonate. In a further embodiment described heremn, the process comprises
reacting a compound of Formulda (V). wherein L ig halogen, hydroxy, alkoxy, or

.
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trifluoromethancsulfonate, with ammonia. In another embodiment, L is dichlorophosphate
(-P{(=0)ClL).

{6617} In ancther aspect, described herein, is a process for the preparation of 1-((R)-3-
{4-amino-3-(4-phenoxyphenvl}-1H-pyrazolo{3 4-djpynmidin- 1 -yDpiperidin- 1 -vprop-2-cn-1-

one {ibrutinib}, wherem tbrutinib is the compound of Formula (I), comprising reducing the

compoand of Formula (V1)
-

foN

Formuia (V1) Formuida (1)

{0661 8] In a further embodiment described herein, the process comprises reducing the
compound of Formula (V1) by catalytic hydrogenation.

{6619} In ancther aspect, described herein, is a process for the preparation of 1-((R)-3-
{4-amino-3-{(4-phenoxyphenvl}-1H-pyrazolo{3 4-djpynmidin- 1 -yDpiperidin- 1 -v)prop-2-cn-1-
one (ibrutinib}, wherem ibrutinib is the compound of Formula (I), comprising reducing a

compound of Formula {VI} wherein Z is halogen or trifluoromethanesulfonate:

Formula (Vi) Formula ()

16020} In another aspect, described herein, 18 a process for the preparation of [-((R}-3-
{4-amino-3-{(4-phenoxyphenvyl}-1H-pyrazolo]3,4-djpynmidin- 1 -vhipiperidin- 1 -yDprop-2-en-1-
ong (tbratinib), wheremn thrutinib is the compound of Formula (1), comprising reducing a

corapound of Formula (Vi) wherein £ 1s halogen or trifluoromethancsulfonate:

L
whn
L3
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[6621] In another aspect, described herein, is a process for the preparation of 1-{{R}-3-

{(4-amino-3-{4-phenoxvphenvl}-1H-pvrazolo|3,4-d|pyrmidin- I -vhpiperidin- 1 ~vlyprop-2-en-1-
ong (thrutinib), wherein ibrutinib is the compound of Formula (1), comprising reacting a
compound of Formala (IX} wherein X is a halogen or sulfonate, with a compound of Formula

{X) wherein Y is an alkyltin, boronic acid or boronic ester:

e
1
NH, Y~ =

/
N R Formmula (X}
» "
™
8 ™
4
o
Formuia (IX) Formuila ()
6022} In another aspect, described herein, is a process for the preparation of 1-{{R)-3-

(4-amino-3-{4-phenoxyphenvi}-1H-pyrazolof3,4-d|pyrimidin- 1 -vbpiperidin-  -vlyprop-2-en-1-
one (brutinib}, whercin ibrutinib 1s the compound of Formula (1}, comprising reacting a
compound of Formula (X1) wherein Y is an alkyltin, boronic acid or boronic ester, with a

compound of Formula (X1} wherein X is a halogen or sulfonate:

-~
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{80623} In another aspect, described herein, is a process for the preparation of 1-((R}-3-

{4-amino-3-{4-phenoxyphenyl)-1H-pyrazolo{3 4-dfpynmidim-1-vipiperidin-1-vDprop-2-en-1-
one (ibrutinib}, wherem ibrutinub is the compound of Formula {(I), comprising reacting a
compound of Formula (X1a) wherein PG 1s H or a protecting group such as CO-W, W is alkyl,
halogenated atkyl, such as CFs. alkoxy, dialkylamino (NR'R’, wherein R’ and R are cach
mdependently C,-Cealkvl), with a compound of Formula (X1a) wherein X is a halogen or
sulfonate, OSOLR, B(OR);, N7 {diazonium), or SO:R, wherein R is independently C-Cealkyl,
C1-Cshaloalkvl, aryl or arvialkyl:

| N
Lz N Formula (Xlia) N
LN~ 8\
O N ==
B O
Formula Oa) Formula ()
[6024] In another aspect, described herein, is a process for the preparation of 1-{{R}-3-

{(4-amino-3-{4-phenoxvphenvl}-1H-pvrazolo|3,4-d|pyrmidin- I -vhpiperidin- 1 ~vlyprop-2-en-1-
one (brutinib), wherein ibrutinib 18 the compound of Formula (1), comprising reducing the

compound of Formula (XHI):



WO 2016/115356 PCT/US2016/013424

e\\a\:\(%
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Formuda (XU Formuida (1)

[8025] In another aspect, described herein, is a process for the preparation of 1-((R}-3-
{4-amino-3-(4-phenoxyphenvl}-1H-pyrazolo{3 4-djpynmidin- 1 -yDpiperidin- 1 -vprop-2-cn-1-
one {ibrutinib}, wherein itbrutinib is the compound of Formula (I), comprising deprotecting a
compoand of Formula (XIV), wherein PG is an amino protecting group:

N
o\

S

(0]
Formula (XIV) Formula (1)

{6626} In a further embodiment described herein, the process comprises deprotecting the
compound of Formula (X1V}, wherein PG is benzyl, benzyl carbamate, or t-buty] carbamate.
{6627} In ancther aspect, described herein, is a process for the preparation of 1-((R)-3-
{4-amino-3-{(4-phenoxyphenvl}-1H-pyrazolo{3 4-djpynmidin- 1 -yDpiperidin- 1 -v)prop-2-cn-1-
one (ibrutinib}, wherem tbrutinib is the compound of Formula (f), comprising reacting the
compoand of Formnila (XV) with a compound of Formula (XVI) wherein X 1s hydroxy, halogen,

or sulfonate:
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Formula (XV) Formula ()
{0628} In another aspect, described herein, 18 a process for the preparation of [-((R}-3-

{4-amino-3-{(4-phenoxyphenvyl}-1H-pyrazolo]3,4-djpynmidin- 1 -vhipiperidin- 1 -yDprop-2-en-1-
one (tbrutinib}, whercin ibrutinib is the compound of Formula (1}, comprising the B-climination

of a compound of Formula (XVI) wherein L is a leaving group:

N N
L
~ .
CN\( (HN\\/“\\
\ A\
o o
Formula (XVID Formula (1)
[0029] In a further embodiment described hercin, the process comprises the f3-

chmination of a compound of Formula (XVH), wherein L is halogen, hydroxy, alkoxy,
methanesulfonate, or trifluoromethanesulfonate.

{6030} In another aspect, described herein, is a process for the preparation of 1-{{R)-3-
(4-amino-3-{4-phenoxyphenvi}-1H-pyrazolof3,4-d|pyrimidin- 1 -vbpiperidin-  -vlyprop-2-en-1-
one {ibrutinib), wherein ibrutinib s the compound of Formula (I), comprising the PB-chimination

of a compound of Formula (XVIH) wherein L 15 a leaving group:
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Formula (XVIHD Formula (1)
6031} In a further embodiment described herein, the process comprises the B-

chimination of a compound of Formula (XVIH), wherein L is balogen, hvdroxy, alkoxy,
methanesulfonate, or trifluoromethancsulfonate.

6032} In another aspect, described herein, is a process for the preparation of 1-{{R)-3-
{(4-amino-3-{4-phenoxvphenvl}-1H-pvrazolo|3,4-d|pyrmidin- I -vhpiperidin- 1 ~vlyprop-2-en-1-
ong (thrutimib), wherein ibrutimib is the compound of Formuia (1}, comprising the reaction of a
compound of Formala (XIX) wherein X is a halogen, with triphenyviphosphine and
formaldehyde:

O\ / QM
'6 Y
o i\i\in i

y

N P{Ph),
l\ \,N {Fhiy
NT N HC (O NN
X X S
M-~
C g A
O O
Formula (XIX) Formula (1)
{6633} In ancther aspect, described herein, is a process for the preparation of 1-((R)-3-

(4-amino-3-{4-phenoxyphenyl}-1H-pyrazolo|3 4-d]pynmidin- 1 -yDpipendin- 1 -vliprop-2-en-1-
one {ibrutinib}, whercin ibrutimb s the compound of Formula (1), comprising reacting a
compound of Formula {XX) wherein X is halogen, with a compound of Formula (XX1) wherein

Y s an alkvliin, boronic acid or boronic ester:

- 10 -
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Formula OO0 Formula ()
0034} In another aspect, described herein, is a process for the preparation of 1-({R}-3-

{4-anuno-3-{4-phenoxyphenvl)-1H-pyrazolo[3,4-djpyrmmdin- L -vDpiperidin- -y prop-2-en-1-
one {ibrutinib), wherein ibrutinib is the compound of Formula (1), comprising the hydrogenation

of a compound of Fornwla (XXII}:

-

Formnuia (XXID Formula (8

wherein  Formuia XX renrents a compound of formula (XXTa)-(XXlg):

-31 -
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€ O
Formuta (XXlla} Formula {(XXile)  Formula (XXlic) ) Formula (Xdid)
o,/
!Ii §
NH,
N7 TR
| LA LAy
N X N N N
~ Sm
\\\\/ \( \\/N\'\(\\ “:JN\(\
Formula (XXlie) Formula (XX Formula (XXllg) v 5 combination

thereof.
{8635} In another aspect, described herein, 18 a process for the preparation of [-((R}-3-

{4-amino-3-{(4-phenoxyphenvyl}-1H-pyrazolo]3,4-djpynmidin- 1 -vhipiperidin- 1 -yDprop-2-en-1-
ong (tbratinib), wherein ibrutinib is the compound of Formula (1), comprising the condensation
of the compound of Formula (XXI{) with formamide, ammonium formate, trimethvl

orthoformate with ammomia, or formanudine or a salt thereof, such as hvdrochloride or acetate

salt:
)
,/5
o
e Y=
NC :
\ir“s\\N condens ation ’\i R Y
/,L\ ’ L.\ P .
H oM N formamide, etc. N N
CN*F 8\"“ =
\ N
Q o]
Formula OCKHT Formula ()
{8636} In ancther aspect, described herein, is a process for the preparation of 1-((R)-3-

{4-amino-3-(4-phenoxyphenvl}-1H-pyrazolo{3 4-djpynmidin- 1 -yDpiperidin- 1 -vprop-2-cn-1-

-312 -
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ong (thrutinib), wherein ibrutmib is the compound of Formula (1), comprising reacting a
compound of Formala (XXIV} wheremn X is a leaving group, with the compound of Formula

{(XXV)

HN

O
O
Formula XXV}

Formuia OXKV) Formida (O
[B037] In some embodiments of Formula (XX1IV}, X 15 halogen, hydroxy,
alkoxy, -P(=0)R® (wherein R® is independently OH, OR’ (R is alky1) or halo (e.g.. CH).
methanesulfonate or triffacromethanesulfonate. In some embodiments of Formula (XXIV}), X is
halogen, hydroxy, alkoxy, or trifluoromethanesulfonate. In some embodiments of Formula
{(XX1V), X is halogen. In some embodiments of Formula (XX1V), X s dichlorophosphate.
{86638} In another aspect, described herein, 18 a process for the preparation ot -((R}-3-
{4-amino-3-{(4-phenoxyphenvyl}-1H-pyrazolo]3,4-djpynmidin- 1 -vhipiperidin- 1 -yDprop-2-en-1-
ong (tbratinib), wherem thrutinib is the compound of Formula {), comprising reacting a

corapound of Formula (XXVI}) wherein X is a leaving group, such as halogen or sulfonate, with

acrylamide:
=
)
JoS
NH, ==
L7
L\N‘f”’\w’
O
Formuia XXV Formula (O
{6639} In some embodiments of Formula (XXVI}, X 1s halogen, hydroxy,

alkoxy. -P(=OIR® (wherein R® is independently OH, OR” (R is alkyl) or hale (e.g.. CI)),

methanesulfonate or triflunromethanesulfonate. In some embodiments of Formula (XXVI), Xis

-13 -
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halogen, hvdroxy, alkoxy, or trifluoromethanesulfonate. In some embodiments of Formula
{(XXVI), X 1s halogen. In some embodiments of Formula (XXVE), X 15 dichlorophosphate.
[00406] In ancther aspect, described herein, is a process for the preparation of 1-((R)-3-
{4-amino-3-(4-phenoxyphenvl}-1H-pyrazolo{3 4-djpynmidin- 1 -yDpiperidin- 1 -vprop-2-cn-1-
one (ibrutinib}, wherem ibrutimb is the compound of Formula {(I), comprising reacting a
compoand of Formnila (XXVIE) with a compound of Formula (XXVIIE), wherein X 13 a leaving
group such as hydroxy, alkoxy, halogen. sulfonate or dialkoxy-phosphorvl (P(=0)OR™), (each

R’ is independently alkyl, ¢.g., Me or Et)):

) o)

[ Q f %
1 y X/Ilv/ NH, =
NEK \; N Formula (XXVIT) N)\\\,/\
N N f y {/ﬁ\ N’N
O o
-
o
Formula OOVID Formula ()
041} In some embodiments, X 15 other than CL
6042} In another aspect, provided are intermediates used in any of the above processes.
INCORPORATION BY REFERENCE
{8043} All publications and patent applications mentioned in this specification are herem
mecorporated by reference to the extent applicable and relevant,
BRIEF DESCRIPTION OF THE DRAWINGS
{08044] Figure 1 depicts the "H NMR of Compound XVIi-1.
[0045] Figure 2 depicts "C the NMR of Compound XVII-1.
30346} Figures 3, 4 and 5 depict the NMR NOE (Nuclear Overhauser Effect) of
Compound XVii-i.
16047} Figures 6, 7, 8 and 9 depict the NMR HMBC (Heteronuclear Multiple-bond
Correlation Spectroscopy) of Compound XVI-1.
DETAILED DESCRIPTION OF THE INVENTION
Certain Terminology
{0048} Unless defined otherwise, all technical and scientific terms used herein have the

same meaning as is commonly understood by one of skill in the art to which the claimed subject

matter belongs. It is to be understood that the foregoing general description and the following
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detailed descniption are exemplary and explanatory only and are not restrictive of any subject
matter claimed. In this application, the use of the singular mcludes the plural unless specifically
stated otherwise. It must be noted that, as used in the specification and the appended claims, the
singular forms “a,” “an” and “the” include plural referents unless the context clearly dictates
otherwise. In this application, the use of “or” means “and/or” unless stated otherwise.
Furthermore, use of the term “mcluding” as well as other forms, such as “include”, “inchides,”
and “included,” is not limiting.

{6649} The section headings used herein are for organizational purposes only and are not
to be construed as limiting the subject matter described. AH documents, or portions of
documents, cited in the application including, but not limited to, patents, patent applications,
articles, books, manuals, and treatiscs arc hereby expressly incorporated by reference in their
enfirety for any purpose.

B An “alkyl” group refers to an aliphatic hvdrocarbon group. The alkyl moiety may
be a “saturated alkyl” group, which means that it does not contain any alkene or alkyne moieties.
The alkyl moicty may also be an “unsaturated alkvl” moicty, which means that it contains at
least one alkene or alkvne moiety. An “alkene” moiety refers to a group that has at least one
carbon-carbon double bond, and an “alkyne” moicty refers to a group that has at least one
carbon-carbon triple bond. The alkyvl moicty, whether saturated or unsaturated, may be
branched, straight chain, or cyclic. Bepending on the structure, an alkyl group can be a
monoradical or a diradical {i.c., an alkylene group}. The alkyl group could also be a “lower

alkvl” having 1 to 6 carbon atoms.

{6651} As used herein, C-Cy includes C~Co, C-Cs L C1-C
{0652] The “alkvl” moiety may have 1 to 10 carbon atoms {(whenever it appears heren, a

numerical range such as *1 to 107 refers to each integer in the given range; e.g., “1 to 10 carbon
atoms” means that the alkyl group may have 1 carbon atom, 2 carbon atoms, 3 carbon atoms,
efe., up to and including 10 carbon atoms, although the present definition also covers the
oecurrence of the term “alkyl” where no numenical range 1s designated). The alkyl group of the
compounds described herein may be designated as “C-Cy alkyl” or similar designations. By
way of example only, “C~Cy alkyl” indicates that there are one to four carbon atoms in the alkyl
chain, 7.e., the alkyl chain is selected from among methvl, ethyl, propyl, iso-propyl, n-butvl, iso-
butyl, sec-butyl, and t-butyl. Thus C-Cy alkyl includes C,-C; alkyl and Ci-C5 alkyl. Alkyl
groups can be substituted or unsubstituted. Typical alkyl groups include, but are in no way
limited to, methyl, ethvl, propvl, 1sopropyl, butvl, isobutyl, tertiary butyl, pentvl, hexyl, cthenyl,
propenvl, butenvl, cyclopropyl, cvelobutvl, cvelopentyl, cyclohexyl, and the tike.

{053] A “alkoxy” group refers to a (alkylyO- group, where alkyl is as defined herein.

-1
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[0054] As used herein, the term “aryl” refers to an aromatic ring wherein cach of the
atoms forming the ring 15 a carbon atom. Aryl rings can be formed by five, six, seven, sight,
nine, or more than ning carbon atoms. Aryl groups can be optionally substituted. Examples of
arvl groups include, but arc not imited to phenyl, naphthalenvl, phenanthrenyl, anthracenyl,
fluorenvl, and indenyl. Depending on the structure, an aryl group can be a monoradical or a
diradical (i.c., an arylene group).

6055] The term ““hale” or, aliernatively, “halogen™ or “halide™ means fluoro, chloro,
bromo and iodo.

[8056] A “sulfonate” group refers to a -05(=01,-R, wherein R is optionally substituted
alky or optionally substituted aryl.

[0057] The term “optionally substituted” or “substituted” means that the referenced
group may be substituted with one or more additional group(s) individually and mdependently
selected from alkyl, cycloalkyl, arvl, heteroaryl, heteroalicyclic, hydroxy, alkoxy, aryloxy,
atkvithio, arvithio, alkylsulfoxide, arvisulfoxide, alkylsulfone, arvisulfone, cvano, halo, acyl,
nitro, haloalkvl, fluoroalkyl, amino, including mono- and di-substituted amino groups, and the
protected denivatives thereof. By way of example an optional substituents may be LR, wherein
cach L, is independently selected from a bond, -O-, -C(=0)-, -5-, -S(=0)-, -8(=0);-, -NH-

, “NHC(O)~, ~-C(O)NH-, S(=0)NH-, -NHS(=0),, ~-OC(O)NH-, -NHC(0)0-, ~(substituted or
unsubstituted C1-Cs alkyl), or -{substituted or unsubstituted C,-Cq alkenyl); and cach Rgis
mdependently selected from H, (substituted or unsubstituted C,-Cialkyly, (substituted or
unsubstituted C3-Cecycloalkyl), heteroaryl, or heteroalkyl.

{6658} The term “leaving group” refers to an atom or a chemical moicty that departs as
stable species takimg with it the bonding electrons in bond cleavage, ¢.g., in substitution or
climination reactions. Leaving groups arc generally known in the art. Examples of leaving
groups include, but are not limited to, halogen such as Cl, Br, and 1, sulfonate such as tosvlate,
methanesulfonate (mesviate), trifluoromethanesultonate {tnflaie), hydroxvi, alkoxy, phosphate,
substituted phosphate or dialkoxy-phosphoryl. In some embodimens, leaving group i1s 050K,
B(OR),, N,' {diazoniumy}, or SO,R, wherein R 1s independently C;-Cealkyl, C-Cshaloalkyl arvl
or arviatkyl.

{6659} The term “acceptable” or “pharmaceutically acceptable™, with respect to a
formulation, composttion or ingredient, as used herein, means having no persistent detrimental
effect on the general health of the subject being treated or does not abrogate the biclogical

activity or properties of the compound, and 1s relatively nontoxic.
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{8664} The term “Bruton’s tvrosine kinase,” as used herein, refers to Bruton's tyrosine
kinase from Homo sapiens, as disclosed m, e.g., U.S. Patent No. 6,326,469 {GenBank Accession
No. NP _000052).

{0061 ] The teom “isolated,” as used herein, refers to separating and removing a
coraponent of interest from components not of interest. Isolated substances can be m either adry
or serui-dry state, or in solution, mcluding but not imited to an aqueous solution. The 1sclated
component can be in a homogeneous state or the isolated component can be a part of a
pharmaceutical composition that compnises additional pharmaceutically acceptable carriers
and/or excipients. By way of example only, nucleic acids or proteins are “isolated” when such
nucleic acids or proteins are free of at least some of the cellular components with which it is
associated in the natural state, or that the nucleic acid or protein has been concentrated to a level
greater than the concentration of its in vivo or in vitro production. Also, by way of example, a
gene 1s 1solated when separated from open reading frames which flank the gene and encode a
protein other than the gene of interest.

{6662} The term “substantially” when referred to herein, ¢.g. in the contest of
“substantially isolated form”, refers to greater than 50% or, in an embodiment, greater than 80%,
such as greater than 90% or, in a further embodiment, greater than 95% (¢ g. greater than 98%;).
For mnstance, in the context of an isolated form, this means greater than 50% (by weight) of the
maternial 1solated contains the desired material or, in the other embodiments, greater than 80%,
50%, 95% or 98% {by weight}.

Synthetic Routes

{6663} In some embodiments, the processes described herein are accomplished using
means described in the chemical literature, using the methods described herein, or by a
combination thereof. In addition, solvents, temperatures and other reaction conditions presented
herein may vary.

(3064} In other embodiments, the starting materials and reagents used for the synthesis
of the compounds described herein are synthesized or are obtamed from commercial sources,
such as, but not himited to, Sigma-Aldrich, Fischer Scientific {Fischer Chemicals), and Acros
Organies.

{06665} In further embodiments, the processes described herein employviechnmigues and
materials described herein as well as those that are recognized in the field, such as described, for
example, in Fieser and Fieser's Reagents for Organic Synthesis, Volumes 1-17 (John Wiley and
Sons, 1991}); Rodd’s Chemistry of Carbon Compounds, Volumes 1-5 and Supplementals
(Elsevier Science Publishers, 1989); Organic Reactions, Volumes 1-40 (John Wiley and Sons,

1991}, Larock's Comprehensive Organic Transformations (VCH Publishers Inc., 19893, March,
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Advanced Organic Chemistry 4™ Ed., (Wiley 1992); Carey and Sundberg, Advanced Organic
Chemistry 4" Ed., Vols. A and B (Plenum 2000, 2001}, and Greene and Wats, Protective
Groups in Organic Synthesis 39Ed., (Wiley 1999} (all of which are incorporated by reference
for such disclosure). General methods for the preparation of compounds as disclosed herein may
be denved from reactions and the reactions may be modified by the use of appropriate reagents
and conditions, for the introduction of the various moteties found in the formulae as provided
herein.

{86666} The products of the reactions may be isolated and purified, if desired, using
conventional techniques, including, but not limited to, filtration, distillation, crystallization,
chromatography and the like. Such materials may be characterized using conventional means,
ncluding physical constants and spectral data.

{067} Compounds described herein may be prepared using the synthetic methods
described herein as a single isomer or a mixture of isomers.

[(3068] In some embodiments, the processes described herein are as outlined in the
following schemes.

0069} In one aspect, provided is a process for the preparation of 1-{({(R}-3-(4-amino-3-
{4-phenoxvphenvl}- 1H-pvrazolo]3 4-dlpyrimidin- L -vDpiperidin-1-vljprop-2-en-1-one
{ibrutinib), wherein ibrutinib is the compound of Formula (1), which process comprises reacting
a compound of Formula (1) with the compound of Formula (II1) wherem X is a halogen

or -B(OR?),, wherein each R’ is independently H or alkyvl, or two R’ together with the B and O

atoms to which they are attached form a cychical structure:

OH N
== NH, ==
Formuila (D) N7 R
NN
\ .\N~~(§~ \\N =
AN s
O O
Formuda (1) Formula ()
{8670} In some embodiments, the compound of Formula (11} 1s prepared according to
Scheme 1 described below.
{6071} In a further embodiment described herein, the reacting the compound of Formula

{If) with a compound of Formula (II) is 1o the presence of a catalvst. In some embodiments, the

catalvst comprises copper, nickel, titamum or palladium, such as a salt, oxade, or complex of
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copper, nickel, titanium or palladium. In some embodiments, X 1s halogen. In some
embodiments, two R together form an alkviene.

16672} In some embodiments, described herein, the process for the preparation of -{{R}-
3-{4-amino-~3~{(4-phenoxvphenyl)- 1H-pyrazolo} 3.4-d jpyvrimidin-1-vhpipendin-1-viprop-2-en-1-
one {ibrutinib}, wherein ibrutinib is the compound of Formuia (1), is outlined m Scheme 1:

Scheme 1

@,»OF’G (COCY),, DMF, THF F’GOO\ NG ACN PGO. 7 ] oN
B e A4

P . DIEA, THF N

HOG coc e

PG = H, or protecting groups such as
Br, t-Bu, ailyl, TIPS

[ PG
L peo NG \J/A\Y/
Me,80, h \[ﬁ Ch NHMH, T formamide, 175 °G
S f’L\CN E1OH Han— b
| OMe H
L
OPG
DIAD, PhyP 7 ”% ol
- NH, N\ E—— .
THF /L‘ z )i 2KOH Acryloyi chioride
oH '“d\ \j' N DIPEA, THF
™ NN
“-NBoc =y
\JNBOC

g
I}
T
Phenyiboronic acid mN
[ A ~

Cu(OAL),, EigN, CHaCl,

o]
Formula (1) Formula (1)
{6673} In some embodiments, described herein, the process for the preparation of 1-{({R})-

3-{4-amino-3-{4-phenoxyphenyl)-1H-pyrazolo3.4-djpvrimidin-1-yhpiperidin-1-viprop-2-cn-1-
one (ibrutinib), wherein tbrutinib is the compound of Formula (I), comprises:

A} the reaction of a compound with the structure

HOLC

of dimethylformamide (DMF) and a solvent to produce a compound with the structure

, wherein PG is H or a protecting group, with oxalvl chloride in the presence
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COCH

B) followed by the reaction of the compound with the structure

compound with the structure
PGO

COCI with malononitrife i the presence of a base and a solvent to produce a

OlMe

with hyvdrazine in the presence of a solvent to produce a compound with

E)} followed by the reaction of the compound with the structure

y OPG
NC i
M\/
7
H, N N-—!
H with formamide, ammoniuwm formate, trimethvl orthoformate with

ammonia, or formamidine or a salt thersof, such as hydrochloride or acetate salt, and with
heating to produce a compound with the structure
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OPG
7 N
NH, ==

N™ Sy

F) tollowed by the reaction of the compound with the structure

XE,. =

>

with (S)-tert-buty! 3-hvdroxypiperidine- I -carboxvlate, triphenyl phosphine,
and diisopropyl diazodicarboxylate in the presence of a solvent to produce a compound with the

structure

\I
~-..\
NBOC‘

) followed by the reaction of the compound with the structure

OPG

0
NH, N
N.)“ S

?\!

'«’—2

—,

\ NBoc | . . .
g with an acid and then a base in the presence of a solvent to produce &

compound with the structure
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O Formula (II);

G) tollowed by the reaction of the compound with the structure of Formula (1),

C  Formula (IF);
with phenylboronic acid in the presence of a base, a catalyst, and 3 solvent to produce a

compound with the structure of Formula (1),
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N N
G Formula (1).
[6674] In some embodiments of the process of Scheme 1, PG is H
{6675] In some embodiments of the process of Scheme 1, PG is a protecting group, such

as benzyl, t-butyl, allvl, trissopropylisityl or tetrahydropyranyi. In some embodiments of the
process of Scheme 1, PG is benzyl. In some embodiments of the process of Scheme 1, PG s t-
butyl. In some embodiments of the process of Scheme 1, PG is allyl. In some embodiments of
the process of Scheme 1, PG s trusopropylsityl. In some embodiments of the process of
Scheme 1, PG s tetrahydropyranyl.

[6676] In some embodiments of the process of Scheme 1, the base 1s selected from
MOH, M,CO;, and MHCGO; wherein M is selected from lithium, sodium, potassium, and
cesium; |,8-diazabicycio|3.4 Ofundec-7-ene {BBU}, R RyR:N wheremn Ry, Ry, and R; are each
mdependently C-Cealkyl. In some embodiments of the process of Scheme 1, the base is MOH.
In some ¢mbodiments of the process of Scheme 1, the base 1s NMaOH. In some ¢mbodiments of
the process of Scheme 1, the base 1s KOH. In some embodiments of the process of Scheme 1,
the base is 1,8-diazabicyclo]5 .4 Olundec-7-ene (DBU). In some embodiments of the process of
Scheme 1, the base is RyR;R3N wherein Ry, R;, and R; are each independently C-Cealkyl In
some embodiments of the process of Scheme 1, the base s RiR RN wherein Ry, Ry, and Rs are
cach ethyl. In some embodiments of the process of Scheme 1, the base is BjRoRsN wherein R,
and R, are isopropy] and R; s ethyl,

16677} In some embodiments of the process of Scheme 1, the acid 15 an inorganic acid,
In some embodiments of the process of Scheme 1, the acid is an norganic acid wherein the
morganic acid is hvdrochlorie acid, hvdrobromic acid, sulfuric acid, phosphoric acid, or
metaphosphoric acid. In some embodiments of the process of Scheme 1, the acid is
hyvdrochloric acid. In some embodiments of the process of Scheme 1, the acid is hydrobromic
acid. In some embodiments of the process of Scheme 1, the acid 18 sulfuric acid. In some
embodiments of the process of Scheme 1, the acid is phosphoric acid. In some embodiments of
the process of Scheme 1, the acid is metaphosphoric acid.

{O078] In some cmbodiments of the process of Scheme 1, the acid is an organic acid. In
some embodiments of the process of Scheme 1, the acid is an organic acid, wherein the organic
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acid is acetic acid, propionic acid, hexanoic acid, cyclopentanepropionic acid, glycolic acid,
pyruvic actd, lactic acid, malonic acid, succimnic acid, malic acid, L-malic acid, maleic acid,
oxalic acid, fumaric acid, trifluorcacetic acid, tartanc acid, L-tartaric acid, citric acid, benzoic
acid, 3-(d-hydroxvbenzoylbenzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, 1,2-ethanedisulfonic acid, 2-hyvdroxyethanesulfonic acid, benzenesuifonic
actd, toluenesulfonic acid, 2-naphthalenesulfonic acid, 4-methylbicyclo-{2.2 2 joct-2-¢ne-1-
carboxvlic acid, glucoheptonic acid, 4.4 -methylenehis-(3-hydroxy-2Z-ene-1-carboxylic acid), 3-
phenvipropionic acid, trimethylacetic acid, tertiary butylacetic acid, lavrv sulfunc acid,

glutamic acid, hydroxynaphthoic acid, salicvhic acid, stearic acid, muconic acid,

B

gluconic acid
butyric acid, phenvlacetic acid, phenylbutyric acid, or valproic acid.

{6079} In some embodiments of the process of Scheme 1, the solvent is selected from
water, U -Cealcohol, tetrahvdrofuran, 2-methyltetrahvrofuran, toluene, dichloromethane,
dichloroethane, and mixtures thereof. In some embodiments of the process of Scheme 1, the
solvent is water. In some embodiments of the process of Scheme 1, the solvent is €1-Cealcohol
In some embodiments of the process of Scheme 1, the solvent 1s methanol. In some
embodiments of the process of Scheme 1, the solvent is isopropanol. In some embodiments of
the process of Scheme 1, the solvent is tetrahydrofuran. In some embodiments of the process of
Scheme 1, the solvent is 2~-methylictrahyrofuran. In some embodiments of the process of
Scheme 1, the solvent is toluene. In some embodiments of the process of Scheme 1, the solvent
is dichloromethane. In some embodiments of the process of Scheme 1, the sclvent 1s
dichloroethane.

{6080] In some embodiments of the process of Scheme 1, the catalyst comprises a
metal, such as copper, nickel, titanium or palladivm. In some embodiments, the catalyst
comprises copper, nickel, titanium or palladiom. In some embodiments, the catalyst 1 a salt,
oxide, or complex of copper, nickel, titanium or palladium. {n some erobodiments, the catalyst
is a copper salt {e.g.. copper (1) acetate) used with a base. In some embodiments, the base 1s an
morganic base such as MOH, M;CO; (wherein M is selected from hithium, sodium, potassim,
and cestum}, CaCls di- and tri-basic phosphates {e.g. MaPO4, MyHPO4) or bicarbonates
(MHCO:). In some embodiments, the base is an organic base, such as tri-substituted amine,
pyridine or 4-dimethyvlaminopyridine. In some embodiments, the base is NR R;R; wherein Ry,
Ry, and R; are cach independently C-Cgalkyl, such as triethyvlamine.

{0681} In some embodiments, described herein, the process for the preparation of -{{R}-
3-{4-amino-~3~{(4-phenoxvphenyl)- 1H-pyrazolo} 3.4-d jpyvrimidin-1-vhpipendin-1-vprop-2-cn-1-
one {ibrutinib}, wherein ibrutinib is the compound of Formuia (1), is outlined m Scheme 2:

Scheme 2
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—
X = halogen O, ,i
e
X f R /}7 My
Nz NH, ==

Formula {(H N/%

Formula (0 Formuia ()

{60682} In some embodiments, described herein, the process for the preparation of 1-{({R})-
3-{4-amino-~3~{(4-phenoxvphenyl)- 1H-pyrazolo} 3.4-d jpyvrimidin-1-vhpipendin-1-vprop-2-en-1-
one {ibrutinib}, wherem tbrutinib is the compound of Formula (f), comprises:

the coupling of the compound with the structure of Fornmula (11},

OH
B
NH, :;’/
Ry
N ) \,N
N N

O Formula (I1),

with a compound with the structure of Formula (1i1),

O
S Formula (i1}, wherein X is a halogen,

i the presence of a catalyst to produce a compound with the structure of Formula (B),
OPh

NH,
NT Y
I
N i
O
O Formula (I).
{6683} In some embodiments of the process of Scheme 2, X 1s Cl. In some embodiments

of the process of Scheme 2, X 15 Br. In some embodiments of the process of Scheme 2, X is L
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{0684} In some embodiments of the process of Scheme 2, the catalyst comprises a metal,
such as copper, nickel, titamium or palladium. In some embodiments, the catalyst comprises
copper, nickel, titaniom or palladium. In some embodiments, the catalyst is a salt, oxide, or
coraplex of copper, nickel, titanium or palladiom. In some crobodiments, the catalvst is a copper
salt {¢.g., copper (i) acetaie} used with a base. In some embodiments, the base is an norganic
base such as MOH, MCO» (wherein M is selected from lithiim, sodium, potassium, and
cesium}, CaCO; di- and tri-basic phosphates {e.g. M3POy, MHPO,) or bicarbonates (MHCO4).
In some embodiments, the base is an organic base, such as tri-substituted amine, pyridine or 4-
dimethylaminopvridine. In some embodiments, the base 18 NR R, R; wherein Ry, R, and R; are
cach independently C-Cealkyl, such as tricthviamine.

[O085] In some embodiments, described herein, the process for the preparation of 1-{{R})-
3-(4-amino-3-(4-phenoxyphenyl}- IH-pyrazolof 3 4-djpvrimidin- 1 -vDipipendin- 1 -vDprop-2-en-1-
one {ibrutimib}, wherein ibrutinib s the compound of Formula (1), 1s cutlined in Scheme 3:

Scheme 3

KX X =halogen

Formula (V) Formula (0

{0086} In some embodiments, described herein, the process for the preparation of 1-{({R})-
3-{4-amino-3-{4-phenoxyphenyl}-1H-pyrazolo}3.4-djpvrimidin-1-yhpiperidin-1-viprop-2-cn-1-
one {ibrutinib}, wherem tbrutinib is the compound of Formula (f), comprises:

the coupling of the compound with the structure of Formula (IV),

X

N

NH, N
N

N

e

N
e\\\ =
N
O Formuda (IV), wherein X is a halogen, with phenol in the presence of

copper salts to produce a compound with the structure of Formula (1),
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O Formula (.

[6087) In some embodiments of the process of Scheme 3, X is CL In some embodiments
of the process of Scheme 3, X 15 Br. In some embodiments of the process of Scheme 3, Xis L
{0688} In some embodiments, described herein, the process for the preparation of I-({R)-
3-{4-aminc-3-(4-phenoxyphenyl}- IH-pyrazolof3 4-djpyrimidin-1-yDpiperndin- 1 -yDprop-2-en-1-
one (ibrutinib), wherein ibrutinib is the compound of Formula (1), 1s outlined 1 Scheme 4:

Scheme 4
= feaving grxu “"’ ‘//";7
o\
NH, N\==/
NH, N™ R
/ ~. - t P JN

- N

gﬁ (= O
¢

Formula (V) Formuia ()

[6089] In some embodiments, described herein, the process for the preparation of 1-((R)-
3-(4-amino-3-(4-phenoxyphenyl)- IH-pyrazolof3 4-djpyrimidin- 1 -vhpipendin-1-yDprop-2-en-1-
one (tbrutinib), wherein tbrutinib s the compound of Formula (1), comprises:

the coupling of the compound with the structure of Formula (V),
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Formula (V}, wherein L is a leaving group, such as halogen, hvdroxyl,
alkoxy or trifluoromethancsulfonate, v the presence of ammonia to produce a compound with

the structure of Formula (1),

OPn
7N
NH, Ne==
NS
LAy
N N

oo

O Formula (@),

G030 In some embodiments of the process of Scheme 4, L 15 halogen, hydroxy, alkoxy,
-P=0)R" (wherein R® is independently OH, OR” (R’ is alkvl) or halo (e.g., CI),
methanesulfonate or riffucromethanesolfonate. In some embodiments of the process of Scheme
4, L. 15 halogen. In some embodiments of the process of Scheme 4, L is hydroxy. In some
embodiments of the process of Scheme 4, L s alkoxy. In some embodiments of the process of
Scheme 4, L 1s methoxy. In some embodiments of the process of Scheme 4, L is ethoxy. In
some embodiments of the process of Scheme 4, L is methanesulfonate.  In some embodiments
of the process of Scheme 4, L is trifluoromethanesulfonate.  In some embodiments of the
process of Scheme 4, L is dichlorophosphate.

6091} In some embodiments, described herein, the process for the preparation of 1-((R)-
3~(4-amino-3-{4-phenoxyphenyl}- IH-pyrazolof 3 4-dpyrimidin-1 -vhpipendin-1-yprop-2-en-1-
ong (thrutimib), wherein ibrutimib is the compound of Formuia (1}, 1s outlined in Scheme 5:

Scheme 5
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Formula (V1 Formula (O
{6692} In some embodiments, described herein, the process for the preparation of 1-{({R})-
3-{4-amino-~3~{(4-phenoxvphenyl)- 1H-pyrazolo} 3.4-d jpyvrimidin-1-vhpipendin-1-viprop-2-en-1-
one {ibrutinib}, wherem tbrutinib is the compound of Formula (f), comprises:

the reduction of the compound with the structure of Formula (VI),

O Formula (VI), to prodece a compound with the structure of Formula (1),

O Formula (I).

6093} In some embodiments of the process of Scheme 5, the redactive process is
catalytic hydrogenation.

[06094] In some embodiments, described herein, the process for the preparation of 1-{((R)-
3-(4-amino-3-(4-phenoxyphenyl)- IH-pyrazolof3 4-djpyrimidin- 1 -vDhpipendin-1-yDprop-2-en-1-
one (tbrutinib), wherein tbrutinib s the compound of Formula (1), 1s outlined in Scheme 6:

Scheme 6
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{6695} In some embodiments, described herein, the process for the preparation of 1-{({R})-
3-{4-amino-~3~{(4-phenoxvphenyl)- 1H-pyrazolo} 3.4-d jpyvrimidin-1-vhpipendin-1-viprop-2-en-1-
one {ibrutinib}, wherem tbrutinib is the compound of Formula (f), comprises:

the reduction of a compound with the structure of Formula (VH),

Formula (VID), wherein Z is a halogen or trifluoromethanesulfonate, to

produce a compound with the structure of Formula (i),

G Formula (1).

[6096] In some embodiments of the process of Scheme 6, 7 is halogen. In some
embodiments of the process of Scheme 6, 7 is triffucromethanesulfonate.

18097} In some embodiments, described herein, the process for the preparation of 1-
{{R}-3-{4-amino-3-(4-phenoxyphenyiy-1H-pyrazolo{3 4-djpyrimidin-1-vI)pipenidin- L -yhprop-2-
en~1-one (ibrutinib), whercin ibrutinib is the compound of Formula (i), is outlined 1n Scheme 7:

Scheme 7
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{(3098] In some embodiments, described herein, the process for the preparation of 1-({(R)-

3~(4-amino-3-{4-phenoxyphenyl}- IH-pyrazolof 3 4-dpyrimidin-1 -vhpipendin-1-yprop-2-en-1-
ong (thrutinib), wherein ibrutimib is the compound of Formula (1), comprises:

the reduction of a compound with the stracture of Formula (VHI),

R

N
N
O

G Formula (VIII), wherein Z is a halogen or trifluoromethancsulfonate, to
produce a compound with the structure of Formula (1),

QPh

R

G Formula (f).

{6899} In some embodiments of the process of Scheme 7, 7 is halogen. In some
cmbodiments of the process of Scheme 7, Z 15 trifluoromethancsuifonate.

{6106 In some embodiments, described herein, the process for the preparation of 1-{(R}-
3-(4-ammo-3-{4-phenoxyphenyl}- IH-pyrazolof3 4-dlpyrimidin-1 -yhipipendin-1-vDprop-2-en-1-

one {ibrutinib}, wherein ibrutinib is the compound of Formula (1), is cutlined in Scheme &;
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Scheme 8
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{00101 In some embodiments, described herein, the process for the preparation of 1-{{R})-
3-(4-amino-3-(4-phenoxyphenyl}- IH-pyrazolof 3 4-djpvrimidin- 1 -vDipipendin- 1 -vDprop-2-en-1-
one {ibrutinib}, wherein ibrutinib s the compound of Formula (1), comprises:

the coupling of the compound with the structure of Formulda (IX),

NH,

N7 Sy
N
(o

O Formula (1X). wherein X 1s halogen or sultonate,

with a compound with the structure of Formuda (X},

- l' O\@
Y Formula (X}, wherein Y is an alkvltin, boronic acid, or boronic ester,

to produce a compound with the structure of Formula (1),

o
@N )
vy

O Formula (I).

[066102] In some embodiments of the process of Scheme 8, X is halogen. In some
embodiments of the process of Scheme 8, X 1s a sulfonate. In some embodiments of the process
of Scheme 8, X is trifluoromethancsultonate. In some embodiments of the process of Scheme 8,

Y is an alkyvitin. In some embodiments of the process of Scheme §, Y is a boronic acid. In some
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embodiments of the process of Scheme 8, Y is a boronic ester, such as ~-B{OR’R”), wherein R’
and R” are each independently alkyl or R” and R” together form an alkyleng or substituted
alkylene.

{60103 In some embodiments, described herein, the process for the preparation of 1-{{R})-
3~(4-amino-3-(4-phenoxyphenyl}- IH-pyrazolof 3 4-djpvrimidin- 1 -vDipipendin- 1-vDprop-2-en-1-
one {ibrutimib}, wherein ibrutinib s the compound of Formula (1), 1s cutlined in Scheme 9:

Scheme 9

Y = aikyi_tin, boronic acid, o
or boronic ester F | @ / \
NHy % NH,
N —1{\ Formula (XID \
R N
N X = halogen or suifonale
Y
\ o
CN~{\ 8\
O
Formula (X1} Formula (1)
{66104} In some embodiments, described herein, the process for the preparation of 1-{({R})-

3-{4-amino-3-{4-phenoxyphenyl}-1H-pyrazolo3.4-djpvrinidin-1-yhpiperidin-1-viprop-2-cn-1-
one {ibrutinib}, wherem tbrutinib is the compound of Formula (f), comprises:

the coupling of the compound with the structure of Formuda (X1},

G Formula (X1}, whercin Y is an alkyltin, boronic acid, or boronic ester,

with a compound with the structure of Formula (X113,

0
i > = e
xS Formula (X11), wherein X 15}

s halogen or sulfonate, to produce a compound

with the structure of Formula (I},
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O Formula (.

[6105] In some embodiments of the process of Scheme 9, X is halogen. Tn some
embodiments of the process of Scheme 9, X is a sulfonate. In some embodiments of the process
of Scheme 9, X 1s trifluoromethanesulfonate. In some embodiments of the process of Scheme 9,
Y is an alkvitin, In some embodiments of the process of Scheme 9, Y is a boronic acid. In some
embodiments of the process of Scheme 9, Y is a boronic ester, such as ~-B{OR’R”), wherein R’
and R” are each independently alkyl or R” and R” together form an alkylene or substituted
alkylene.

[6106] In some embodiments, described herein, the process for the preparation of 1-{(R}-
3-(4-ammo-3-{4-phenoxyphenyl}- IH-pyrazolof3 4-dlpyrimidin-1 -yhipipendin-1-vDprop-2-en-1-
one {ibrutinib}, wherein ibrutinib is the compound of Formula (1), is cuthined in Scheme 10:

Scheme 10

o\
3
NO, ==
NT R
N N
e’ \!
O
Formula QU Formula ()
186107] In some embodiments, described herein, the process for the preparation of -{{R}-

3-{4-amino-~3~{(4-phenoxvphenyl)- 1H-pyrazolo} 3.4-d jpyvrimidin-1-vhpipendin-1-vprop-Z-en-1-
one {ibrutinib}, wherem tbrutinib is the compound of Formula (f), comprises:

the reduction of the compound with the structare of Formula (XIT),
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O Formula (XHI), to produce a compound with the stracture of Formala (1)

O Formula (I).

[06108] In some embodiments, the reduction of the compound with the stracture of
Formula (XHI) to a compound with the stracture of Formula (1) proceed via an intermediate

compound with the structure of Formula (X1Ha):

OTN_4

{86109 In some embodiments, described herein, the process for the preparation of -{{R}-
3-{4-amino-~3~{(4-phenoxvphenyl)- 1H-pyrazolo} 3.4-d jpyvrimidin-1-vhpipendin-1-vprop-Z-en-1-
one {ibrutinib}, wherem tbrutinib is the compound of Formula (f), comprises:

the reduction of the compound with the structure of Formula (XIHa),
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Formula {(X1ia), to produce a compound with the structure of Formula

Formula (1)
{00116 In some embodiments, described herein, the process for the preparation of 1-{{R})-

3~(4-amino-3-(4-phenoxyphenyl}- IH-pyrazolof 3 4-djpvrimidin- 1 -vDipipendin- 1-vDprop-2-en-1-
one {ibrutinib}, wherein ibrutinib s the compound of Formula (1), is outlined in Scheme 11

Scheme 11

Formutla (XIV) Formula ()
[66111] In some embodiments, described herein, the process for the preparation of 1-{({R})-
3-{4-amino-3-{4-phenoxyphenyl}-1H-pyrazolo3.4-djpvrinidin-1-yhpiperidin-1-viprop-2-cn-1-
one (ibrutinib), wherein thrutinib is the compound of Formula (I), comprises:

the deprotection of a compound with the structure of Formula (X1V),
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Formula (XIV), wherein P is a protecting group, to produce a
compound with the structure of Formula (1),
OFh

G Formula (I).

1066112} In some embodiments of the process of Scheme 11, the protecting group is
benzyl, benzyl carbamate, or t-butyl carbamate. In some embodiments of the process of Scheme
11, the protecting group is benzyl. In some embodiments of the process of Scheme 11, the
protecting group is benzyl carbamate. In some embodiments of the process of Scheme 11, the
protecting group is t-butvl carbamate.

[66113] In some embodiments, described herein, the process for the preparation of I-({R)-
3-{4-amino-3-(4-phenoxyphenyl}- IH-pyrazolof3 4-djpyrimidin-1-yDpiperndin-1-yDprop-2-en-1-
ong (tbratinib), wherein ibrutinib is the compound of Formula (), s outlined in Scheme 12:

Scheme 12

Formula XV

X = hydroxy, haolgen, or
sulfonate \

Formula (XV) Formula (i)

~3
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[86114] In some embodiments, described herein, the process for the preparation of I-({R)-
3-{4-amino-3-(4-phenoxyphenyl}- IH-pyrazolof3 4-djpyrimidin-1-yDpiperndin-1-yDprop-2-en-1-
ong (tbratinib), wherem thrutinib is the compound of Formula (I}, comprises:

the coupling of the compound with the structure of Formula (XV},

Formula (XV), with a compound with the structure of Formula (XVI),

O Formula (XV1}, wherein X is hydroxy, halogen or sulfonate, to produce a

compound with the structure of Formula (I3,

O Formula (I).
{86115} In some embodiments of the process of Scheme 12, X is hydroxy, halogen or
sulfonate. In some cmbodiments of the process of Scheme 12, X is halogen. In some
embodiments of the process of Scheme 12, X is a sulfonate. In some embodiments of the
process of Scheme 12, X 13 methancsulfonate. In some embodiments of the process of Scheme
12, X is trifluoromethanesulfonate.
[06116] In some embodiments, described herein, the process for the preparation of 1-{((R)-
3-{4-amino-3-(4-phenoxyphenyl}- IH-pyrazolof3 4-djpyrimidin-1-yDpiperndin-1-yDprop-2-en-1-
ong (tbratinib), wherein ibrutinib is the compound of Formula (), s outlined in Scheme 13:

Scheme 13
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-
Q

L = leaving group

Formula (XVii) Formula (i}
{66117} In some embodiments, described herein, the process for the preparation of 1-{({R})-

3-{4-amino-~3~{(4-phenoxvphenyl)- 1H-pyrazolo} 3.4-d jpyvrimidin-1-vhpipendin-1-viprop-2-en-1-
one {ibrutinib}, wherem tbrutinib is the compound of Formula (f), comprises:

the B-elimination of a compound with the structure of Formula (XVIE),

C\wa ~
(

with the structure of Formula (1),
OFh

N
NHy ==

i \:,/é“w

N M

8\\\ ==
\ >
s

G Formula {(I).

Formula (XVH), wherein L is a leaving group, to produce a compound

Ty

{00118} In some cmbodiments of the process of Scheme 13, the leaving group is halogen,
hydroxy, alkoxy, methanesulfonate or trifluoromethancsulfonate. Tn some embodiments of the
process of Scheme 13, the leaving group 18 halogen. In some embodiments of the process of
Scheme 13, the leaving group is hydroxy. In some embodiments of the process of Scheme 13,
the leaving group is alkoxv. In some embodiments of the process of Scheme 13, the leaving

group 18 trifluoromethancsulfonate.

5

(3

o
[
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[66119] In some embodiments, the compound of Formula (XVI) is a compound of

Formula (XVI-1), and the process comprises B-elimination of the compound of Formula (XVH-

1),
=N
o~ \//f"
N\
NH, ==
~
N ) \,N
N

o Formula (XVI-1}
or a pharmaceutically acceptable salt thereof.
{00128} The process comprising B-chimination of a compound with the structure of Formula
{(XV1I}, such as the compound with the structure of Formula (XVI-~1}, may be referred to as the
“ehimination process”.
[86121] In a further embodiment, there is also provided a compound of Formula (XVI},
¢.g., acompound of Formula (XVIH-1), {as such) or a pharmaceutically acceptable salt thereof.
In particular, such a compound is in a substantially isolated form and/or in a substantially
purified form (for example, a HPLC punity of greater than 90%, ¢.g. greater than 95%;).
[60122] The compound of formula (XVI) may be prepared by reaction of a compound of
formuda {(XVII-A),

(XVII-A)

or a pharmaceutically acceptable salt thereof,

with L'-C(O)-CH>CHL or a salt thereof, whercin L' is a leaving group, such as halogen or
trifluoromethanesulfonate, which process may also be referred to as the “acylation process”.
[060123] In some embodiments, L and L' arc the same. In some embodiments, L and L'
are different provided that the group L'-C(0) is more reactive than CH,L.

[86124] In ancther embodiment, the compound of formula (XVII-1) may be prepared by
reaction of a compound of formula (XVH-A),
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CN 4 {(XVI-A)

or a pharmaceutically acceptable salt thereof,
with L'-C{0)-CH,CH,Cl or a salt thereof, wherein L' is a leaving group, such as halogen or
trifluoromethanesulfonate. In some embodiments, the compound LLC(O)-CHL,CHLCl s 3~

chloropropionyl chlonde {i.c. CI-C(O)-CH,CH,CL).

[66125] In a further embodiment, there is provided a product obtainable by the acvlation
process.
[06126] The “climination process” is an elimmation reaction, which is preferably

performed in the presence of base. Any suitable base may be emploved, for example an organic
or inorganic base. It 1s preferably a non-nucleophilic base that 15 suitable for the chimmation
reaction (1.e. a strong enough base to promote the elimination; the reaction results n the
production of H' and CI ions which may form an ionic bond to produce HC1). Inan
embodiment, an organic base is employved. Such bases that may be emploved include alkoxide
bases (e g. tert-butoxides, such as potassium tert-butoxide), amine bases (e.g. trialkyviamine, such
as tricthylamine, dimethylaminopyridine {BMAP), N-methylmorpholine, 1,4-
diazabicvclo]2 .2 2octane (DABCO), 1, 8-diazabicycloundec-7-ene (DBU) or the like), amide
bases (e.g. LDA or LIHMDS, 1.¢. Iithium duisopropylamide or lithium bis(timethyisilyDamide)
or other soitable bases {or mixtures of bases). In an embodiment the base emploved is an amine
base such as DBU.

[66127] In order for the elimination process to progress efficiently, at least one equivalent
{compared to the compound of formula XVII) of base 1s needed. However, in preterred
embodiments, there 1s an excess of base equivalents emploved (the base may be one base ora
mixture of morg than one, ¢.g. two, different bases). In an embodiment, there is at least about
1.5 such as about 2 cquivalents of base {c.g. between about 2 and about 5 cquivalents). In an
embodiment, there 1s either 2, 4 or S equivalents of base (¢.g. DBU) emploved (compared to the
compound of formula XVII}. In a preferred embodiment between about 1.5 and 2.5 {¢.g. about
2} equivalents of DBU base are craployed. It may be scen that different bascs may result in

differing reaction efficiency and/or differing vields and or purity of the desired product.
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[66128] The elimination process may also be allowed to react for a suitable period of
time. For instance the progress of the reaction may be monitored (2.g. by thin layer
chromatographyv) and the duration may be for a period of between about 1 hour and abowt 24
hours. In the embodiment where about 2 equivalents of DBU 15 eraploved, the reaction time
may be between about 4 hours and about 24 hours (preferably between about 4 and 10 hours,
such as between 6 and 8 hours e.g. about 7 hours).

{30129 The elimination process is, in an embodiment, performed in the presence of a
suttable solvent, such as a polar aprotic solvent. Suitable solvents therefore include solvents
such as THF (tetrahydrofuran} and EtOAc (ethyl acetate). The reaction conditions are therefore
preferably conducted in anhydrous or inert conditions, ¢.g. using anhvdrous solvent and
performed under an inert {c.g. Ny} atmosphere.

[6136] The reaction temperature of the elimination process is preferably between about
0°C and about 80°C, but is dependent on the base that is intended to be emploved {e.g. fora
fthium anude base, low temperatures such as about 0°C are required to avoid the base
deprotonating the solvent). When a type of base other than a lithium amide (o1 organolithium
base) 1s emploved, then the preferred temperature range is between about room temperature (¢.g.
about 20°C to about 25°C) and about 653°C. When ethyl acetate is emploved as a solvent, then
the preferred temperature may be between about room temperature and about 65°C. When THF
is emploved, the temperature of the reaction 1s preferably about room temperature {¢.g. between
about 20 and 25°C).

{00131} The elimination process may also inchude the use of an additive, for instance any
suitable additive that may promote the process reaction. Suitable additives may mclude sodium
influorcacetate (1.e. CF;COONa; which may be bound to three water molecules, so forming e.g.
CF:CO0ONa 3H:0), sodium lactate, CH;80:Na, CF:80;Na or CF;50:L (or the ke, e g
another suitable metal 1on instead of Na/Li may be employed and the “acid” moicty may be
ancther suitable acid). In an embodiment, the additive 18 sodm tnifluoroacetate (1.¢.
CFCO0ONa).

[060132] The preferred order of addition in an embodiment of the elimination process is
addition of the compound of formula XV (together with the optional solvent), which
compound and solvent may be allowed to mix together {e.g. over the course of 10-15 munutes).
In an embodiment, it is then preferred that the base (¢.g. about 2 equivalents of BBU} 1s added,
preferably over the course of a period of time {¢.g. between 10 minutes and 4 bours, for instance
about 1 or 2 hours). The reaction is then allowed to stir for a period as specitied berein.

{6133 In an embodiment, the mixture obtained as a result of the elimination process i3

purified. Such punfication may be performed i the work up stage. For example, to the mixture
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of the elimination process, a suitable base may be added (for example sodium carbonate, e.g.
Nap,COs - 2 equivalents 5% Na,C(Os), for instance after the reaction mixture s transferred to
another vessel, and allowed to stir for a period of time {¢.g. between about 5 minutes and 4
hours, such as between about 30 minutes and 2 hours). The reaction mixture may then be
worked up. For instance, the organic phase may be washed with water and/or citnic acid
(particularly the latter wash may be advantageous to remove impurities). The {(combined)
aqueous phases may then be extracted with an organic solvent {¢.g. ¢thy! acetaie) and the
organic phases combined. The combined organic phases may then be pH-adjusted as desired,
for example by adding a suitable base (e.g. NayCQ;), for instance such that the pH is adjusted to
about 6-7.5.

{00134} In the acvlation process, the 3-chloropropionyl chloride is in a purty of >50%
{e.g. by HPLC). Hence this distinguishes from the sitvation where the 3-chloropropionyl
chloride may meidentally be present as an impority. The 3-chloropropionyl chloride reagent is
therefore emploved in a form/punty in which is can be commercially purchased {e.g. from
Sigma-Aldrich).

[86135] In an embodiment, the acylation process, the compound L'-C(0)-CH,CH,L, such
as 3-chloropropiony] chloride, 1s added m a large excess. For instance, the compouand of
formula (XV1-A) may first be dissolved in an appropriate solvent (¢.g. a polar aprotic solvent,
such as THF, methyl-THF, ethyl acetate or the like}, which is anhydrous. Such a reaction may
be performed under an mert atmosphere, ¢.g. under N; (or another inert gas}y. To the mixture of
compound of formula (XVII-A) and solvent, a suitable base may then be added first. L'-C(O)-
CH,CH,1, such as 3-chloropropionyl chloride, (for example one equivalent or less, e.g. between
0.5 and | equivalents compared to the compound of formula [) may then be added (for example
dropwise, in order to maintain a certain reaction temperature). The remaining LL-C(0)-
CH,CH,L, such as 3-chloropropiony! chioride, {given that, in an crbodiment, it may be
employed in excess) may be diluted with the appropriate solvent that 1s emploved in this step of
the process (for instance the polar aprotic solvent mentioned above) and that may also be slowly
added over the course of a period of time {¢.g. 10 minutes to 2 hours), dependent on maintaining
the reaction temperature. The isolation of the desired material may be performed as set out
below.

{60136} In an embodiment of the acylation process, an additive may be emploved in
addition to the required reactants, ¢.g. butylated hydroxyl toluene (BHT). Such an additive {c.g.
BHT) is preferably added to the reaction mixture at the outset {¢.g. together with the compound

of formula (XVH-A) and solvent).
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[86137] In an embodiment of the acvlation process, the reaction may be performed at a
temperatare of room temperature or below, for mnstance at or below about 20 1o 25°C. Inan
embodiment, it is preferred that it is performed at below room temperature {¢.g. at about 10°C)
orin an ice bath. fn an embodiment, it is preferred that the addition of the 3-chloropropionyl
chloride 1s performed at a rate 50 as to maintain the reaction temperature as constant as possible,
for example the time durations specified herein (¢.g. to maintain the temperature at about 10°C).
{30138 Suitable bases that may be emploved in the acylation process mchude organic and
morganic bases. When morganic bases are emploved then Schotten-Baumann conditions may
be emploved {e.g. a mixture of organic and aqueous phases). Suitable norganic bases include
carbonate and bicarbonate/hydrogencarbonate bases (o.g. NapCOs or NaHC ).

{60139 The compound of formula XVII that is prepared by the acvlation process may be
isolated and/or purified. The mixture of the acylation process may be worked up, for instance
the aqueous phase may be separated and the organic phase may be washed (e.g. with a socdinm
hydrogencarbonate wash). Thereafter, two methods may be emploved to isolate and/or punify (if
mdeed that is the intention, 1.¢. in an embodiment the compound of formula XVII need not be
1solated/separated) to provide the compound of formula XV in a solid form. Crystallisation
may be performed for instance using a mixture of solvents as may be described hereinatier {e.g.
in the examples), for instance using a mixture of a polar aprotic solvent (¢.g. a solvent that may
be emploved in the second process of the mvention) and an alkane solvent. Polar aprotic
solvents that may be mentioned include Me-THE and EtOAc (methyl-tetrahydrofuran and ethyl
acetate). Alkane solvents that may be mentioned include heptane {¢.g. n-heptanc).

[00146] In an embodiment, the compound of formula XV need not be separated or
isolated from the acvlation process but may {¢.g. 1 a preferred embodiment) be used directly in
the elimunation process. This may have the advantage that it 15 overall a process that is more
cfficient or more convenient. {n such an embodiment, the solvent that may be employed in the
acvlation process may remain the same as that solvent employed directly 1o the elimination
process. Altematively, the solvent used in the acylation process may be switched to a different
solvent before directly being used in the elimination process. In this context, “directly” refers to
the compound of formula XVII being used in the acyiation process without being separated,
1solated and/or purified before being used in the subsequent step, 1.¢. the elimimation process.
[006141] In some embodiments, described herein, the process for the preparation of 1-{({R})-
3-{4-amino-3-{4-phenoxyphenyl}-1H-pyrazolo3.4-djpvrinidin-1-yhpiperidin-1-viprop-2-cn-1-
one (ibrutinib), wherein tbrutinib is the compound of Formula (1), s outlined in Scheme 14:

Scheme 14
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{66142} In some embodiments, described herein, the process for the preparation of 1-{({R})-
3-{4-amino-~3~{(4-phenoxvphenyl)- 1H-pyrazolo} 3.4-d jpyvrimidin-1-vhpipendin-1-vprop-Z-en-1-
one {ibrutinib}, wherem tbrutinib is the compound of Formula (f), comprises:

the P-ehmination of a compound with the structure of Formula (XVIH),

O Formula (XVI), wherein L is a leaving group, to produce a compound

with the structure of Formula (1),

QPh
N
NH, N
A
; N
/ 4

N M

8\\\ ==
\ >
s

G Formula {(I).

{00143} In some cmbodiments of the process of Scheme 14, the leaving group is halogen,
hydroxy, alkoxy, methanesulfonate or trifluoromethancsulfonate. Tn some embodiments of the
process of Scheme 14, the leaving group 18 halogen. In some embodiments of the process of
Scheme 14, the leaving group is hydroxy. In some embodiments of the process of Scheme 14,
the leaving group is alkoxv. In some embodiments of the process of Scheme 14, the leaving

group 18 trifluoromethancsulfonate.
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[66144] In some embodiments, described herein, the process for the preparation of I-({R)-
3-{4-amino-3-(4-phenoxyphenyl}- IH-pyrazolof3 4-djpyrimidin-1-yDpiperndin-1-yDprop-2-en-1-

ong (tbratinib), wherein ibrutinib is the compound of Formula (), is outlined in Scheme 15:
Scheme 15

F o

NH, \== NH,

H 7 o,
NSy P(Ph), NS

NT N HC(O)H N
A\ 3
O

X = halogen e
Formula (XG Formula ()

[30145] In some embodiments, described herein, the process for the preparation of 1-({(R)-
3~(4-amino-3-{4-phenoxyphenyl}- IH-pyrazolof 3 4-dpyrimidin-1 -vhpipendin-1-yprop-2-en-1-
ong (thrutinib), wherein ibrutimib is the compound of Formula (1), comprises:

the coupling of a compound with the structure of Formula (X1X),

-

Iy
NH, el

N7 Sy
NN
O

O Formula (XIX}, wherein X is a halogen, in the presence of
triphenyiphosphine and formaldebyde to produce a compound with the structure of Formula (1),

OPh

NH, g:ﬁ
L

N M

O
s

G Formula {(I).

{00146 In some embodiments of the process of Scheme 15, X 13 €l In some

embodiments of the process of Scheme 15, X is Br.
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60147} In some embodiments, described herein, the process for the preparation of 1-
{{R}-3-{4-amino-3-(4-phenoxyphenyiy-1H-pyrazolo{3 4-djpyrimidin-1-vI)pipenidin-1-yhprop-2-
en-l-one (ibrutinib), wherein ibrutinib is the compound of Formula {3}, s outlined in Scheme
16

Scheme 16

Y = alkyitin, boronic acid, {
or boronic esier / >
/;/"\Y NHZ o
Formula (XX} N7
/‘i "N
NN
hm X C‘N =
e/ \\< X = halogen \\(\
O O
Formula 000 Formula ()
[00148] In some embodiments, described herein, the process for the preparation of 1-{((R)-

3-(4-amino-3-(4-phenoxyphenyl)- IH-pyrazolof3 4-djpyrimidin-1-vDhpipendin-1-yDprop-2-en-1-
one (tbrutinib), wheremn thrutinib s the compound of Formula (1), comprises:

the coupling of a compound with the structure of Formula (XX,

)

Formula (XX, wherein X is halogen, with a compound with the structure
of Formula (XX1),
Z Y Formula (XX1), wherein Y s an alkyltin, boronic acid, or boronic ester, to produce a

compound with the steucture of Formala (1),
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G Formula (1).
[66149] In some embodiments of the process of Scheme 16, X is Cl. In some
embodiments of the process of Scheme 16, Y is an alkvitin. b some embodiments of the
process of Scheme 16,Y is a boronic acid. In some cmbodiments of the process of Scheme 16,
Y is a boromic ester, such as -B{(OR’R”), wherein R and R” are each independently alkvi or R
and R” together form an alkvlene or substituted alkyiene.
[00156] In some embodiments, described herein, the process for the preparation of 1-({(R)-
3-(4-amino-3-{4-phenoxyphenyl}- IH-pyrazolof 3 4-dpyrimidin-1 -vhipipendin-1-yprop-2-en-1-

ong (thrutimib), wherein tbrutmib is the compound of Formuia (1), 1s outlined in Scheme 17:

/A

NH, =
NS
O

N N
(zrt:'\\ p b e

O O

Formula (XXI) Formula ()

Scheme 17

{6151 In some embodiments, described herein, the process for the preparation of 1-{(R}-
3-(4-ammo-3-{4-phenoxyphenyl}- IH-pyrazolof3 4-dlpyrimidin-1 -yhipipendin-1-vDprop-2-en-1-
one {ibrutinib}, wherein ibrutinib is the compound of Formula (1), comprises:

the reduction of a compound with a structure of Formula (XXI1},
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)
p
'\!*-i2 P
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O Formula (XXIB, to produce a compound with the structure of Formula (1),
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Formulda (1), wherein
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reprents a compound of
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CN
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Formula (Xdid)

N
N
/\N’
O
—
O
Formula (XXlie) Formuia (XXIIf) Formula (XXllg) v 5 combination
thereof.
[86152] In some embodiments, described herein, the process for the preparation of I-({R)-

3-{4-aminc-3-(4-phenoxyphenyl}- IH-pyrazolof3 4-djpyrimidin-1-yDpiperndin- 1 -yDprop-2-en-1-
ong (tbratinib), wherein ibrutinib is the compound of Formula (), s outlined in Scheme 13:

Scheme 18

o _f o*‘@

< R
NG _ P!
R\ condensation N
| N P
HNT TN formanmide NN
- \
— e
e tN\ ~
O O
Formula XXIiHD Formmula ()
[00153] In some embodiments, described herein, the process for the preparation of 1-({(R)-

3~(4-amino-3-{4-phenoxyphenyl}- IH-pyrazolof 3 4-dpyrimidin-1 -vhpipendin-1-yprop-2-en-1-
ong (thrutinib), wherein ibrutimib is the compound of Formula (1), comprises:

the condensation of the compound with the stracture of Formula (XXHI),
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Formula (XX, with formamide, ammomum formate, trimethyl
orthoformate with ammonia, or formamidine or a salt thereof, such as hydrochloride or acetate
salt, 1o produce a compound with the structure of Formula (1),

oPh

\\\ ——

N/
C  Formula (I).
{66154} In some embodiments, described herein, the process for the preparation of 1-{({R})-
3-{4-amino-3-{4-phenoxyphenyl}-1H-pyrazolo3.4-djpvrinidin-1-yhpiperidin-1-viprop-2-cn-1-
one (ibrutinib), wherein tbrutinib is the compound of Formula (1), s outlined in Scheme 19:
Scheme 19

INHZ
HN

= .
) @«g

Formula OXXV)

7N
N, ’\’;’5’

RS

i\é\ O
P

N X x= halogen

Formuda (1

Formuia XXV
[066155] In some embodiments, described herein, the process for the preparation of 1-((R)-
3-(4-amino-3-(4-phenoxyphenyl)- IH-pyrazolof3 4-djpyrimidin-1-vDhpipendin-1-yDprop-2-en-1-
one (tbrutinib), wheremn thrutinib s the compound of Formula (1), comprises:

the coupling of a compound with the structure of Formula (XXIV),
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O

7N
NH, y==
N
N& o
S
N X Formmda (XXIV), wheremn X is a leaving group such as halogen, with the

compound with the structure of Formula (XXV),

NH,
HN

.
O

OPh

Formula (XXV), to produce a compound with the structure of Formula (1),

G Formula {(I).
60156 In some embodiments of Formala (XX1IV}, X i3 halogen, sulfonate, phosphate,
hydroxy or alkoxy. In some embodiments, X is halogen. In some embodiments, X is -P(=0)R°
(wherein R is independently OH, OR” (R’ is alkyl) or halo (c.g.. C1)). In some embodiments, X
i3 dichlorophosphate.
{66157} In some embodiments, described herein, the process for the preparation of 1-{({R})-
3-{4-amino-~3~{(4-phenoxvphenyl)- 1H-pyrazolo} 3.4-d jpyvrimidin-1-vhpipendin-1-vprop-Z-en-1-
one (ibrutinib}, wherein itbrutinib 1s the compound of Formula (), is outhined 1 Scheme 20:

Scheme 20
@ =

o -
, o\

:;:\\ I/ Ny e
/r, X = halogen or sulfonate 7N
o QH /r[\sfz = 0 NH ?;

N

-
e
o
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i ] Z
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] N X P
N N
P
i N N\(a:.
\
C

Formuia (XV) Formula (XXV1) Formula ()
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[66158] In some embodiments, described herein, the process for the preparation of I-({R)-
3-{4-aminc-3-(4-phenoxyphenyl)- 1H-pyrazolof3 4-djpyrimidin-1-yDpiperidin- 1 -yprop-2-en-1-
ong (tbratinib), wherem thrutinib is the compound of Formula (I}, comprises:

A} the coupling of the compound with the structure of Formula (XV),

O

H Fornnda (XV}, with a compound with the structure
OH
Ko™ X wherein X is halogen or sulfonate, to produce a compound with the struchure

of Formula (XXVI),

Formula (XXVI};
B) followed by the reaction of the compound with the structure of Formula (XX Vi),

O

Formula (XXV1);

with acrvlamide to produce a compound with the structure of Formala (1),
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O Formula (.

[66159] In some embodiments of the process of Scheme 20, X 1 Cl. In some
embodiments of the process of Scheme 20, X is Br. In some embodiments of the process of
Scheme 20, X is tnfluoromethanesulfonate. In some embodiments of the process of Scheme 20,
X is methanesulfonate.

{(0160] In some embodiments, described herein, the process for the preparation of 1-
({R)-3-(4-amino-3~(4-phenoxypheny)-1H-pyrazolo| 3 4-dlpvrimidin- 1-ypiperidin- 1 -vhprop-2-

en-l-one (ibrutinib), wherein ibrutinib is the compound of Formula (1), 1s outlined in Scheme

21
Scheme 21
)
o\
j\//f "{//%
X NH, \=
Formuia (XXVIID N!/\j:»!\\N
X is hydroxy. alkaxy, SN N
halogen, or sulfonate 8\\
S
O
Formula (KXVH) Formula ()
{00161 In some embodiments, described herein, the process for the preparation of 1-{{R})-

3-(4-amino-3-(4-phenoxyphenyl}- IH-pyrazolof 3 4-djpvrimidin- 1 -vDipipendin- 1 -vDprop-2-en-1-
one {ibrutinib}, wherein ibrutinib s the compound of Formula (1), comprises:

the coupling of a compound with the structare of Formula (XXVII},
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e

Ny
JN
NH, =
NS
PN
6\\
NH . . , : -
—~/ Formula (XXVI), with a compound with the stracture of Formula
(X XV,
Q
X Formula (XX V1), wherein X is a leaving group such as hvdroxy, atkoxy, Br,
sulfonate or dialkoxy-phosphoryl (P(=0OWOR"), (cach R? is independently alkvl, ¢.g.. Me or Et)),
to produce a compound with the structure of Formula (I},

OPh

G Formula {(I).
[060162] In some embodiments of the process of Scheme 21, X is hvdroxy. In some
embodiments of the process of Scheme 21, X 15 alkoxy. In some embodiments of the process of
Scheme 21, X 15 Br. In some embodiments of the process of Scheme 21, X is
tnfluoromethanesulfonate. In some embodiments of the process of Scheme 21, X is
methanesulfonate. In some embodiments of the process of Scheme 21, X is P=0)ORY,. such
as P(=0X0OMe); or P(=OY)OED,.
{06163 In general, the processes described herein, may have the advantage that the
compouands prepared may be produced in a manner that utilizes fewer reagents and/or solvents,
and/or requires fewer reaction steps (¢.g. distinct/separate reaction steps} compared {0 processes
disclosed in the prior art.
[86164] The process of the invention may also have the advantage that the compouand(s)
prepared is/are produced in higher yield, in higher punity, in higher selectivity {e.g. higher
regiosclectivity), in less time, in a more convenient (1.¢. casy to handle) form, from more

convenient {i.¢. easy to handle} precursors, at a lower cost and/or with less usage and/or wastage

5
L
(o)

¢



WO 2016/115356 PCT/US2016/013424

of materials (including reagents and solvents) compared to the procedures disclosed in the prior
art. Furthermore, there may be several environmental benefits of the process of the invention.
Use of Protecting Groups

[00165] In the reactions described, it may be necessary to protect reactive functional
groups, for exampie hvdroxy, anuno, imuno, thio or carboxy groups, where these are desired n
the final product, to avoid their pnwanied participation in the reactions. Protecting groups are
used to block some or all reactive moicties and prevent such groups from participating in
chemical reactions until the protective group 1s removed. In one embodiment, cach protective
group may be removable by a different means. Protective groups that are cleaved under totally
disparate reaction conditions fulfill the requircment of differential removal. Protective groups
can be removed by acid, base, and hydrogenolvsis. Groups such as trtyl, dimethoxvirityl, acetal
and t-butyldimethvisitvi are acid labile and may be used to protect carboxy and hydroxy reactive
moieties in the presence of amino groups protected with Chz groups, which are removable by
hvdrogenolvsis, and Fmoc groups, which are base labile. Carboxviic acid and hvdroxy reactive
moigtics may be blocked with base labile groups such as, but not limited to, methyl, ethyvl, and
acetyl in the presence of ammes blocked with acid labile groups such as t-butyi carbamate or
with carbamates that are both acid and base stable but hvdrolyvtically removable.

{00166} Carboxyhic acid and hydroxy reactive moietics may also be blocked with
hydrolyvtically removable protective groups such as the benzyl group, while amine groups
capable of hvdrogen bonding with acids may be blocked with base labile groups such as Fmoc.
Carboxylic acid reactive moicties may be protected by conversion to simple ester compounds as
excmplified herein, or they may be blocked with oxidatively-removable protective groups such
as 2 4-dimethoxybenzyl, while co-existing amino groups may be blocked with fluonide labile
silvl carbamates.

{00167} Allvl blocking groups are useful in the presence of acid- and base- profecting
groups since the former are stable and can be subsequently removed by metal or pi-acid
catalysts. For example, an allvi-blocked carboxylic acid can be deprotected with a Pd’-catalyzed
reaction in the presence of acid labile t-butyl carbamate or base-labile acetate amine protecting
groups. Yot another form of protecting group is a resin to which a compound or imtermediate
may be attached. As long as the residue 18 attached to the resin, that functional group is blocked
and cannot react. Once released from the resin, the functional group is available to react.

{06168 Typically blocking/protecting groups may be selected from:
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{00169] Arino protecting groups include, but are not hmited to, mesitylenesulfonyl

(Mts), benzyloxycarbonyvl (Cbz or Z), 2-chlorobenzvioxycarbonyl, t-butvloxycarbonyl (Boc), t-
butyldimethylsilyl (TBS or TBEDMS), 9-fhiorenyimethyioxyearbonyl {Fmoc), tosyl,
benzenesulfonyl, 2-pyvridvi sulfonyl, succinunide, pthalimide, p-methoxybenzyl (PMB), or
suitable photolabile protecting groups such as 6-nitroveratrvioxy carbonyl (Nvoc), 5-bromo-7-
nitroindolinyl, nitrobenzyl, o~ a-dimethylidimethoxvbenzyloxycarbonyl (BDZ), nitropiperonyl,
pyrenyimethoxvearbonyl, and the like. Amino protecting groups susceptible to acid-mediated
removal include but are not limited to Boc and TBDMS. Anmino protecting groups resistant to
acid-mediated removal and susceptible to hydrogen-mediated removal include but are not
tmited to allvioxycarbonyl, Chz, mitro, and 2-chlorchenzyloxyearbonyl. Aming protecting
groups resistant to acid-mediated removal and susceptible base-mediated removal include but
are not himited to Fmoc, {1, 1-dioxobenzoiblthiophene-2-ylimethvioxycarbonyl (Bsmoc), 2,7-di-
tert-butyl-Fmoc, 2-fluoro-Fmoc (Fmoc(2F})}, 2-(4-nitrophenylsutfonyDethoxycarbonyi (Nsc},
{1,1-dioxonaphtho| 1,2-bjthiophene-Z2-vlimethvioxyvearbonyl (a-Nsmoc), 1-{4.4-dimethyl-2.6-
dioxocvelohex-1-vlidene)-3-methylbutvl (ivDde), ethanesulfonylethoxycarbonyl (Esc), and 2-
[phenvli{methyvlsulfonic]ethvloxycarbonyl tetrafluoroborate (Pras), tetrachlorophthalovi (TCP),
ete. Hydroxy! protecting groaps inclade, but are not hmited to, Fmoe, TBS, photolabile
protecting groups (such as nitroveratryl oxvmethy! cther {Nvom)), Mem (methoxyethoxy methyl
cther), Mom (methoxy methyi ether}, NPEOC (4-mitrophencthyvioxycarbonyl) and NPEOM (4-
nitrophencthyloxymethvloxyearbonyl).

{06176 Other protecting groups, plus a detailed description of techniques applicable to
the creation of protecting groups and their removal are described mw Groene and Wuts, Protective

Groups 1n Grganic Synthesis, 3rd Hd,, John Wiley & Souns, New York, NY, 1999, and

[
~3



WO 2016/115356 PCT/US2016/013424

Kocienski, Protecting Groups, Thieme Verlag, New York, NY, 1994, which are immcorporated
herein by reference n their entirety.

Compound of Formula (1}, and Pharmaceatically Acceptable Salts or Compesitions
Thereof

{6171 The Btk inhibitor compound descnibed herein (i.e. compound of Formula (1)) is
selective for Btk and kinases having a cysteine residue in an amino acid sequence position of the
tyrosine kinase that is homologous io the amino acid sequence position of cysteine 481 in Btk.
The Btk mhibitor compound can form a covalent bond with Cys 481 of Bik (¢.g., via a Michael
reaction).

1086172} A wide vanety of pharmaceutically acceptable salts is formed fron: the
compound of Formula (I} and includes:

— acid addition salts formed by reacting the compound of Formula (I} with an organic
actd, which mcludes aliphatic mono- and di-carboxylic acids, phenyl-substitated alkanocic acids,
hydroxy! alkanoic acids, alkanedioic acids, aromatic acids, aliphatic and aromatic sulfonic acids,
amino acids, etc. and include, for example, acetic acid, trifluoroacetic acid, propionic acid,
glveolic acid, pyruvic acid, oxalic acid, maleic acid, malonic acid, succinic acid, fumaric acid,
tartaric acid, crtric acid, benzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid,
cthanesulfonic acid, p-toluenesulfonic acid, salicylic acid, and the like;

— acid addition salts formed by reacting the compound of Formula (I} with an inorganic
acid, which includes hvdrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric
acid, hydroiodic acid, hydrofluoric acid, phosphorous acid, and the hike.

60173 The term “pharmaceutically acceptable salts™ in reference to the compound of
Formula (I) refers to a salt of the compound of Formula (f), which does not cause significant
frritation to a mammal to which it 1s administered and does not substantially abrogate the
biological activity and properties of the compound.

[6174] it should be understood that a reference 1o a pharmaceutically acceptable salt
mclades the solvent addition forms (solvates). Solvates contain cither stoichiometiric or non-
stoichiometric amounts of a solvent, and arc formed during the process of product formation or
isolation with pharmaceutically acceptable solvents such as water, ethanol, methanol, methyl
tert-butyl ether (MTBE), ditsopropy! ether (DIPE), cthyl acetate, 1sopropyl acetate, isopropyl
alcohol, methyl tsobutyl ketone (MIBK), methyl ethy] ketone (MEK), acetone, mitromethane,
tetrahydrofuran {THE), dichloromethane (BCM), dioxane, heptanes, toluene, anisole,
acetonitrile, and the like. In one aspect, solvates are formed using, but not limited to, Class 3
solvent{s). Categorics of solvents are defined in, for example, the International Conference on

Harmonization of Technical Requirements for Registration of Pharmaceuticals for Human Use
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{(JCH), “Impurities: Guidelines for Residual Solvents, Q3C{R3), (November 2005). Hydrates
are formed when the solvent 1s water, or alcoholates are formed when the solvent 15 alcohol. In
some embodiments, solvates of the compound of Formula (1), or pharmaceutically acceptable
salts thereof, arc conveniently prepared or formed during the processes described herein. in
some embodiments, solvates ot the compound of Formula (1) are anhvdrous. In some
embodiments, the compound of Formuda (1}, or pharmaceuntically acceptable salts thereof, exist
i ungolvated form. In some embodiments, the compound of Formula (), or pharmaceutically
acceptable salts thereof, exist in unsolvated form and are anhvdrous.

[86175] In vet other embodiments, the compound of Formula (1), or a pharmaceutically
acceptable salt thereof, is prepared in various forms, mchuding but not himited to, amorphous
phase, crystaliine forms, milled forms and nano-particulate forms. In some embodiments, the
compound of Formula (I}, or a pharmaceutically acceptable salt thereof, is amorphous. In some
embodiments, the compound of Formula (I}, or a pharmaceotically acceptable salt thereof, is
amorphous and anhydrous. In some embodiments, the compound of Formula (§), ora
phammaceutically acceptable salt thercof, is amorphous. fn some embodiments, the compound of
Formula (1), or a pharmaceutically acceptable salt thereof, is amorphous and anhydrous.
[86176] There 1s then further provided a process for the preparation of a pharmaceutical
corposttion comprising ibrutinib, which process comprises bringing into association thrutinib
{or a pharmaceutically acceptable salt thereof), which 1s prepared in accordance with the
processes described herein, with {a) pharmaceutically acceptable excipient(s), adjuvant(s},
diluents(s) and/or carrier(s).

Suitable Solvents

160177} Therapeutic agents that are administrable to mammals, such as humans, must be
prepared by following regulatory guidelines. Such government regulated gindelines are referred
to as Good Manufacturing Practice (GMP). GMP guidelines outling acceptable contamination
levels of active therapeutic agents, such as, for example, the amount of residual solvent in the
final product. Preferred solvents arc those that are saitable for use in GMP facilities and
consistent with industrial safety concemns. Categories of solvents are defined in, for example, the
International Conterence on Hammonization of Technical Requirements for Registration of
Pharmaceuticals for Human Use (ICH), “Tmpunties: Guidelnes tor Residual Solvents,
Q3C(R3), (November 2005},

{86178} Solvents are categornzed into three classes. Class 1 solvents are toxic and are to
be avoided. Class 2 solvents are solvents to be limited n use during the manufacture of the

therapeutic agent. Class 3 solvents are solvents with low toxic potential and of lower risk to
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human health. Data for Class 3 solvents indicate that they are fess toxic in acuie or short-term
studies and negative in genotoxicity studies.

{06179} (Class 1 solvents, which are to be avoided, include: benzene; carbon tetrachloride;
1.2-dichlorocthane; 1,1-dichlorocthene; and 1.1, 1-tnichloroethane.

{06186 Examples of Class 2 solvents are: acetoniirile, chlorobenzene, chloroform,
cyclohexane, 1,2-dichlorogthene, dichloromethane, 1,2-dimethoxyethane, N N-
dimethylacetamide, N N-dimethyiformamide, 1 4-dioxane, Z-ethoxyethanol, ethylene glycol,
formamide, hexane, methanol, 2-methoxvethanol, methvl butyvl ketone, methyleyclohexane, N-
methvlpyrroliding, nitromethane, pyriding, sulfolane, tetralin, toluene, 1,1,2-trichloroethene,
tetrahydrofuran and xylene.

{00181} Class 3 solvents, which possess low toxicity, include: acetic acid, acetone,
anisole, I-butanol, 2-butanol, butvl acetate, rerf-butyl methvl ether (MTBE), cumene, dimethyl
sulfoxide, sthanol, ethyl acetate, cthyl ether, ethyl formate, formic acid, heptane, isobuty]
acetate, isopropyl acetate, methyl acetate, 3-methyl-1-butancl, methy! ethyl ketone, methyl

1sobuty! ketone, 2-methvl-1-propanol, pentane, 1-pentanol, 1-propanol, 2-propanol, and propvl

acctate.
{66182} Residual solvents in active pharmaceutical ingredients {APIs) originate from the

manutacturc of APL In some cases, the solvents are not completely removed by practical
manufactuning technigues. Appropriate selection of the solvent for the synthesis of APIs may
enhance the vield, or determine characteristics such as crystal form, purity, and sohubility.
Therefore, the solvent is a critical parameter in the synthetic process.

{00183] In some embodiments, compositions comprusing the compound of Formula (I}
comprise an organic solvent{s}. In some embodiments, compositions comprising the compound
of Formula (I} comprise a residual amount of an orgamic solvent(s}. In some embodiments,
corapositions comprising the compound of Formmula (1) comprise a residual amount of a Class 3
solvent. In some embodiments, the organic solvent is a Class 3 solvent. In some embodiments,
the Class 3 solvent is selected from the group consisting of acetic acid, acetone, anisole, 1-
butanol, 2-butancl, butyl acetate, ferr-buatyl methyl ether, cumene, dimethy! sulfoxide, ethanol,
cthyl acetate, cthyl cther, cthyl formate, formic acid, heptane, isobuty! acetate, isopropyl acetate,
methyl acetate, 3-methvi-1-butanol, methyl ethyl ketone, methyl isobutyl ketone, 2-methyi-1-
propanol, pentane, 1-pentanol, -propancl, 2-propanol, and propyv] acetate. In some
embodiments, the Class 3 solvent is selected from ethyl acetate, isopropy! acetate, ferf-butyl

methy! ether, heptane, 1sopropanol, and ethanol.
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Examples
[06184] The following examples are intended to 1llustrate the present invention and
should not be construed as a himitation of the scope of the present invention.

Example 1. Compound XVIi-A to Compound XVIi-1 and iselation of Compound XVII-1

o~Ph
//7 ) j\/\
NH, == Ci Cl
NTITS
k i N 7 % agq. NaHCO,
NT N Me-THF
O
NH
Compotnd XVII-A Compound XVii-1
[B0187] Compound XVIE-A (80g, 0.207mol), 0.16g of BHT (=butvlated hydroxy toluenc)

and Me-THF {656 .0g) were added into a 2L jacket reactor cquipped with over-head stirring.
After stirring for 20min at 10°C, 7% ag. NaHCQ (752g, 0.627mol) was added and then 3-
chloropropionyl chioride (25.2g, 0.198mol} was siowly added via a dropping funnel over ih
under nitrogen atmosphere/protection at 10°C. After stirring the reaction mixture at 10°C for th,
the other part of 3-chloropropiony! chloride (2.61g, 20 Smmol) was diluted with Me-THF (32¢g,
0.4X} and then slowly added into the reactor over 30min at 10°C. Afier stirring for 30min at
10°C, the aqueous phase was separated out and the Me-THF solution containing Compound
XVH-1 was washed with 7% NaHCG; (200g, 0.167mol}. Finally, 676.7g 2-Me~-THF solution of
Compound XVI-1 (this is referred to below as Solution A) was obtained with a purity of 97.68
%.

[006188] There were two methods to isolate Compound XVI-1 as a sohid: crystallization
from Me-THF/n-heptane and crystallization from EtOAc/n-heptane. The detailed descriptions of
crystallization of Compound XVIi-1 from Me-THF/n-heptane and EtOAc/n-heptane are
summarized below.

[(303189] Crystallization from Me-THF/n-heptase: The Me-THF solution of Compound
XVH-1 {obtained from 20g of Compound XYVU-A, HPLC purity: 97 68%: 1.¢. one quarter of
Solutien A referred to above) was added mto a 300mL jacket flask with mechanical stirring for
azeotropic distillation. First, the Me-THF solution was concentrated to 4-5V under vacuam
{jacket temperatare: 28°C) and then fresh and dried Me-THF (200mL) was added. This
distillation cycle was repeated two times and then distitlation endpoint was 4-5V. The anti-
solvent n-heptane (80ml) was then slowly added into reactor over Zh at 15°C. After being stirred

for another 1-2h at 15°C, the mixture was filtered and the cake was washed with 1V Me-THF/n-
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heptane (20mL., v/v=1/1). Afier drving the wet cake at 35°C for 16hrs under vacuum, 23.25¢
Compound XVI-1 was isolated as white solid with the HPLC purity of 98.36% m 1solated vield
of 88.7%.

{00190 Crystallization from EtOAcd/n-heptane: The Mc-THF solution of Compound
XVI-1 {obtained from 20g Compound XVII-A, HPLC purity: 97.68%,; 1.e. one quarter of
Solution A referred to above} was added into a 500mL jacket flask with mechanical stirring, and
then it was concentrated to 4-3V under vacuum (jacket temperature: 28°C). EtOAc (200mL) was
added nto the residue and then the mixture was concentrated to 4-5V again. This distiiation
cvele was repeated three times and then a lot of white solid precipitated out. The anti-solvent n-
heptane (80ml) was then slowly added into reactor over 2h at 15°C. After being stirred for
another 1-Zh at 15°C, the mixture was filtered and the cake was washed with EA/n-heptane
(20mL, v/v=4/4). After drying the wet cake at 35°C for 16hrs under vacuum, 21 .7g Compound
XVI-1 was isolated as white solid with the HPLC pority of 98.57% tn isolated yield of 87.9%.
{00191} Characterizing Data for Compound XVii-1

[66192] Data mav be obtained to characterize Compound XVH-1, for example mass
spectrometry data, melting point and/or NMR (nuclear magnetic resonance) data (¢.g. proton
andforearbon). In this case, case was obtained to characterize Compound XVIH-1 by, amongst

other things, NMR, which characterizing data is referred to in the Figures as follows:

{68193 Figure 1 - "H NMR of Compound XVII-1

[00194] Figure 2 - “C NMR of Compound XVII-1

[30195] Figares 3, 4 and 5~ NMR NOE (Muclear Overhauser Effect) of Compound
XVI-1

[06196] Figures 6, 7, 8 and © — NMR HMBC (Heteronuclear Multiple-bond Correlation

Spectroscopy} of Compound XVII-1

{68197 Where a NOE NMR is referred to, this is a spectroscopic method known to those
skilled m the art. It 1s a two-dimensional NMR spectroscopy method. The NOE occurs through
space (hence those atoms m close proximity will display a NOE) rather than the usaal spin-spin
coupling effects seen by proton and carbon NMR. Where a HMBC NMR is referred to, this is a
specific spectroscopic method also known by those skilled in the art. It is also a two-
dimensional NMR spectroscopy method. It 1s used to detect heteronuclear correlations over

longer ranges of about 2-4 bonds.
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Compound XVI-A

{06199}

base
solvent

temperaiure

Compound XVi-1

PCT/US2016/013424

A screening exercise was done festing a variety of bases in this process reaction,

and where the end-products as a result of the reaction were measured t.e. percentage of

remaining starting material (Compound XVII-A), destred product (Compound XVIE-1) and

Compound I (1.¢. ibrutinib) as a by-product.

[302006] Use of organic bases (3-UPC refers to 3-chloropropionyl chlonde):
Sel (V) | BaseSeq. | 3-CPC | Temp | Time | Cpd XVIE-A (%) | Cpd XVEH-1 (%) | Cpd 1(%)
NMM 1.06eq 142 85.35 1153
Lutidine 1.1%eq 10°C 1h 0.78 92.01 575
Pyridine 1.09%q 2747 68.02 (.85
MeTHF
18y NMM 1.05¢q 11.59 76.43 10.32
Lutidine 1.05¢q 40°C 1h 7.58 80.96 9.25
Pyridine 1.035eq 3.28 93.3} 1.58
Use of inorganic bases: Schotten-Baumann conditions
Sol Base i Cpd XVII-A Cpd XVII-1 Cpd i
3-CpC Temp Time
V) Seq. (%) (%) (7o)
Na,CO; ag 1.03¢q 10°C 30min <0.05 94.0 47
MeTHF .
1.05¢eq 10°C
NaHC(O; ag 30min 1.9 96.8 i.2
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1.05¢q. 20°C ‘
Na,COs aq 30rwin 2.7 92.2 5.0
EtQAc -
1.85¢eq. 10°C )
NaHCQO; ag 30min 3.0 95.0 1.7

Example 2 Compound XVIH-1 to Compound [ (ibrutinib} and “one-step” method of
Compound XVI-A to Compound I

DBU

Compound XVii-1 Compound ()

[66282] A 24 7g batch of Compound XVII-1 was employed for the preparation of crude
Compound I (ibrutinib}. Fustly, Compound XVI-1 (in solid form) was added into 12V
anhydrous EA (ethy! acetate). and then 2 5eq DBU was added over 1h at 20°C. After stirring at
20°C for 24hrs, the solution vielded 899 of the desired product.
[66203] Isolated Compound XVH-1 to Compound §, using CFC00Na
[06G204] Procedure:

Charge 10g Compound XVIH-1 into R1 (reaction vessel 1)

Charge 115m! EA (cthyl acetate} into R

Charge 1.0eq CFsCOONa into R1 and then add drop wise 2.5¢q DBU into R1 at 15 °C
over 1hr.

Rinse drop funnel with 5 ml EA

Stir R1 for Shrs at 15°C, and take a HPLC reading

Add drop-wise 11X (2.0eq) 5% Na,CGO; into R1 within 0.5h and then stir K1 for 1h and
then separate the phases

Wash the organic phase with 4. 5X H,0, maintain R1 at 20°C for 14hr.

Separate the phases

Wash the organic with 3.0X 229 citric acid three times

Combine the agueous phases and then extract it with 7V EA
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Combine the organic layers

Wash the organic phase with 4.0 X 10% Na, U0z {(pH=6.10) and then wash the organic
phase with 4.5X H,0 twice

Obtain 143 36g organic phase

After final workup and crvstallization, 9.2 1g crude Compound I was isolated m vield of

30.8%.

From Compound XVH-A to Compound i, without isclation of Compound XVIi-1, with

elimination in Me-THF

o-Ph
ct cl pBuy W -
PR e N7 SRR
T U P ’N
7 % ag. NaHCO3 Me-THF SNE
Me-THF
! -
N =
L. O
Compound XVH-A Compound XVii-1 Cornpound {)
32051 Procedure:

1. Charge Compound XVIIE-1 sohution of Me-THF intc R1 {20g size based on
Compound I; one guarter of Solution A as referred to above) without isolating
Compound XVII-1

Concentrate the solution to 5.5V and then charge 4.5V 2-Me-THF to R1

to

4l

Concentrate the solution to 5.5V and then charge 4.3V 2-Me-THF to R1

4. Concentrate the solution to 5.5V and then charge 4.5V 2-Me-THF to Ri

5. Concentrate the solution to 5.5V and then charge 4.5V 2-Me-THF to Rl
6. Concentrate the solution to 5.5V and then charge 6.5V 2-Me-THF to R1
7. Add drop wise 2.5¢q DBU into R1 at 22 °C for thr

8. Stir R1 for 22hrs at 22°C, transfer the mixture in Rl to R2

9. Wash the R1 with 1V 2-Me-THF and then transfer to R2

10. Wash the organic phase(s} with 3.0X 22% citric acid and then separate the
phases. Wash the organic with 3.0X 22% citric acid and then separate the phases

11, Wash the organic with 3.0X 22% citric acid and then separate the phases.
Combine the agueous phases and then extract it with 7V 2-Me-THF. The HPLC
purtty of the oreanic phase{s) 1s measured

12. Combine the agucous phases and obtain 161.24 g aqueous phases
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13. Combine the organic layers

14. Wagsh the organic phase with 8 4X 10% Na,CO; (pH=6-7.5)

15. Wash the organic phase with 4 53X H,O twice

16. Obtain 343.23 g organic phase

17. After final workup and crystallization, 17.44g crude Compound 1 was isolated in

yield of 76.3%

[066206] From Compound XVIi-A to Compound I, without iselation of Compound
XVII-1,in EA, without addition of CF;{O0Na
a-Ph
ci ci DBU i
— — O
7 % ag. NaHCOs EA NN
Me-THF
C\ .
L o
Compound XVH-A Compound XVii-1 Cornpound {)
332071 Procedure:

Charge Compound XV1i-1 solution of Me-THF into R1 (20g size based on Compound 1; one
quarter of Sefution A as referred to above) without i1solating Compound XVII-1

Concentrate the solution to 5.5V and then charge 4.5V EA to R

Concentrate the solution to 3.5V and then charge 4.5V EA to R1

{oncentrate the solution to 3.5V and then charge 4.5V EA to R1

Concentrate the solution to 5.5V and then charge 4.5V EA to R1

Concentrate the solution to 5.3V and then charge 6.5V EA to Rl

Add drop wise 2.5¢q DBU into R1 at 22 °C over lhr

Stir R1 for 22hrs at 22°C, transfer the mixture in BRI to B2

Wash the R1 with 1V EA and then transfer to R2

Wash the organic with 3.0X 22% citric acid and then separate the phases. Wash the

organic with 3.0X 22% citric acid and then separate the phases

Wash the organic with 3.0X 22% citric acid and then separate the phases. Combine the

agueous phases and then exiract it with 7V EA

Combine the agucous phases and obtam 19059 g aquecus phases

Combine the organic layers

Wash the organic phase with 3.8X 10% Na,COs {(pH=6-7.5)
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Wash the organic phase with 4. 5X HyO twice
{Obtain 3690.48 g organic phase
After final workup and crystallization, 16.70¢g ¢rode Compound | was isolated in vield of

73.2% (vield loss in mother liguor was 6.3%)

[60208] From Compound XVH-A t¢o Compounnd I, without isclation of Compound
XVIi-1, with addition of CF;COONa
[066209] Procedure:

Compound XVII-1 solation of Me-THF mto R1 {20g size based on Compound I one
quarier of Selution A as referred to above) without isolating Compound XVII-1
Concentrate the solution to 5.5V and then charge 4.5V EA toR|

Concentrate the solution to 5.3V and then charge 4.5V EA to Rl

Concentrate the solution to 5.3V and then charge 4.5V EAto Rl

Concentrate the solution to 5.5V and then charge 4.5V EA to Rl

Concentrate the solution to 5.5V and then charge 6.5.5V EA to R

Charge 1.0eq CF:COO0Na (7.2g) into R1

Add drop wise 2.5eq DBU (19.6g) into R1 at 15°C over lhr

Stir R for 3hrs at 15°C, and transfer the mixture in R1 1o R2

Stir the mixture in RZ for 3h

Add drop-wise 2eg 5% Na,CO; into R1 over 0.5h

Stir R1 for 1h

Separate the mixture sohution in Rl

Wash the organic phase with 4. 5X Hy,O

Wash the organic with 3.0X 22% citric acid three times, W=197¢, assay is 0.32%, loss
vield s 2.76%.

Combine the agueous phase(s) and extract it with 7V EA

Combine the organic phase(s) and adjust pH to 6-7.5 with 10% Na; CO; (3.9X)

Wash the organic phase{s) with 4 5X H,O twice. Solution yield was 91.64%

Screening of additives in the elimination step
{06218 Compound XVI-1 (12V; ethyl acetate) —» 1.0 cq. additive = stir 10-15 min >
dropwise addition of 2.3 eq. DBU over | hr - stir at 22°C (reaction time) ~» Compound |
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Additive Aspect of reaction Reaction residual Compound Iin | Obs
mixture time (h) Compound the solution
XVI-1 after work-up
HPLC area % | HPLC awca %
noGe Sticky suspension 22 (.63 98.24
CFCO0NMa Light, easy stirrable | 3 0 99.77 Solhution yield
suspension 91.64%
CH.COONa Stirrable suspension | 17 0.02 9942 Isolated vield
83.2
CH,COONa.3H,O | Light suspension 4 0016 99.06
Na lactate Heavy suspension 26 nd 99.60
CH,S0:Na Heavy suspension 26 .48 99.11
CF;SOsNa Light, somewhat 6 g 7607
sticky suspension
CF,505L0 Suspension, solid 20 (.54 73.03
and o1l

Sereening of bases and conditions for effecting the elimination

{00211} Compound XVI-1 => base, solvent, temperature, reaction time =2 Compound |
Base (eqs) Solvent, Reaction time | Residual Cpd XVII-I Compound I in the
Temperature (°C) {hy HPLC area % soln. HPLC area %o
DBU (2) EiOAs 7 0.02 9%.64
30
DBU ) BtOAc 22 0.62 92.41
20
DEU (5) EtOAc 22 117 92.35
20
EtN (5 EtOAc 22 87.32 i1.65
63
EtN (&) EtOAc 22 6471 33.49
€S
NMM (S} EtOAc 7 98.09 133
30
NMM (3} EtOAc 7 96,95 2.45
KOtBa (2) MeTHF 6 t 302
25
DMAP (1) MeTHF 6 0.049 96.85
DRU (2) 25
NaOH (2) MeTHF 20 0 15.28
DBU (1) 25
DABCO () | MeTHF 20 t 96.19
DBU (2) 25

- 68 -



WO 2016/115356 PCT/US2016/013424

Base {(eqs) Solvent, Reaction time | Residnal Cpd XVII-1 | Compound I inthe
Temperature (°C) () HPLC area % soln, HPLC area %
LIHMDS (2) | MeTHF 3 t 48.76
0

Example — Pharmaceutical Formulation

[60212] Ibrutinib may be formulated into a pharmaceutically acceptable formulation using
standard procedurgs.

[86213] For example, there 1s provided a process tor preparing a pharmaceutical
formulation comprising ibrutinib, or a derivative thereof, which process is characterised in that it
mchides as a process step a process as hereinbefore defined. The skilled person will know what
such pharmaceutical formulations will comprise/consist of {¢.g. a mixture of active ingredient
{i.¢. ibrutinib or denivative thereof) and pharmaceutically acceptable excipient, adjuvant, diluent
and/or carrier).

{00214 There 1s further provided a process for the preparation of a pharmaceutical
formulation comprising ibrutinib {or a derivative thercof), which process comprises bringing
mto associaiion ibrutinib, or a pharmaceutically acceptable salt thereof (which may be formed
by a process as hereinbefore described), with (a} pharmaceutically acceptable excipient(s),
adjuvant(s), diluent{s} and/or carricr(s).

[0215] The examples and embodiments described herein are iilustrative and various
modifications or changes suggested to persons skilled in the art are to be included within this

disclosure.
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CLAIMS
WHAT IS CLAIMED IS:

L. A process for the preparation of 1-((R)-3~(4-amino-3-{(4-phenoxyphenyi)-1H-
pvrazolof3 4-dpyrmidin-1-yhpipendm-1-vhprop-2-en-1-one (ibrutimb), wherein ibrutinib 1s
the compound of Formala (1), comprising reacting the compound of Formula (8} with a

compound of Formula (HI} wherein X is boronic acid, boronic gster or a halogen:

OH
!7 \ % =i =
NH, == Uz

NJ\T{ Formula (1D

Formula (i) Formula (1)

2. The process of claim 1 for the preparation of 1-{(R)-3-(4-anuino-3-(4-
phenoxyphenyl-1H-pyrazolof3 4-djpynmidin-1-yDpiperidin- -viprop-2-en-1-one {(throtinib),
wherein tbrutintb is the compound of Formula (I), comprising reacting the compound of

Formula (1} with phenylboronic acid:

N\
OH ;DM
N
NH, ==
N7 R phenylboronic acid N
A" LAy
N~ N N N
™ \“\
\ e —
P S
8\/ T(\ \jN\{
O o]
Formula (i) Formuia (i}

3

The process of claim 2, wherein the process comprises reacting a compound of
Formula (I} with phenviboronic acid 1n the presence of a catalvst and a base.

4. The process of claim 1 for the preparation of 1-{(R)-3-(4-anuino-3-(4-
phenoxyphenyl)-1H-pyrazoiof3.4-djpvrimidin- 1 -ypiperidin- 1-vijprop-2-cn-1-one {ibrutinib},
wherein tbrutintb is the compound of Formula (I), comprising reacting the compound of

Formula (11} with a compound of Formula (II1) wherein X 18 a halogen:
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R A

NHy == L

N/\%‘{ Formula (1D
N
L\N/ N

Formula (i) Formula (1)

5. The process of claim 4, wherein the process comprises reacting the compound of
Formula (1} with a compound of Formula {FH) wherein X is a halogen, in the presence of
copper salts.

6. A process for the preparation of 1-{{R)-3-(4-amino-3-(4-phenoxyphenyl}-1H-
pvrazolof3,4-dipyrimidin-1-vhpipendm-1-yvljprop-2-en-1-one (ibnitinib), wherein ibrutinib is
the compound of Formula (1), comprising reacting a compound of Formula (IV), wherein X is a
halogen, with phenol:

x A

™

NH, Ty HO l Ny

N L
- \,N

NT TN N
2\\5\5\(‘\\ 6\\5\5 =
R 4

O O
Formula (V) Formula (i)
7. The process of claim 6, wherein the process comprises reacting a compound of

Fornmula (1Y}, wherein X 1s a halogen, with phenol in the prescnce of copper salts.

3. A process for the preparation of 1-{{R)-3-(4-amino-3-(4-phenoxyphenyl}-1H-
pvrazolof3,4-dipyrimidin-1-vhpipendm-1-yvljprop-2-en-1-one (ibnitinib), wherein ibrutinib is
the compound of Formula (1), comprising reacting a compound of Formula (V), wherein L isa

leaving group, with ammonia:
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NT SR NH,

Formula (V) Formula (1)

9. The process of claim 8, wherein the leaving group is halogen, hydroxy, alkoxy,
methanesulfonate, trifluoromethancsulfonate or -P(=0)R’, wherein R® is independently OH,
OR’ (R is alkyl) or halo.

10. A process for the preparation of 1-{{R)-3-(4-amino-3-(4-phenoxyphenyly-1H-
pvrazolo}3 4-dipyrimidin--viypiperidin-1-yljprop-2-en-1-one (ibrutinib}, wherein tbrutinib is

the compound of Formula (1), comprising reducing the compound of Formula (Vi)

7 ™
NHy, y==
N7 TSR
PN
NT TN
i
CN\(“\\
O
Formufa (V1) Formula (1)
11, The process of claim 10, wherein the process comprises reducing the compound

of Formula {VI) by catalytic hydrogenation.

12. A process for the preparation of 1-((R)-3~(4-amino-3-{(4-phenoxyphenyi)-1H-
pyvrazolof3,4-dpyrimidin-1-yDpipenidin-1-vhprop-2-en-1-one (ibnitimb), wherein ibrutinib is
the compound of Formula (1), comprising reducing a compound of Formula (Vi) whergin Z 15

halogen or trifluoromethancsulfonate:

-
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)
§§
NH, \==

-
O
o

Formiula (VI Formuia ()

13, A process for the preparation of 1-({R)-3-(4-aminc-3-(4-phenoxyphenyi)-1H-
pyrazolof3.4-dipyrinudin-1-yhpiperidin- 1 -viyprop-2-en-1-one (ibrutinib}, wheren tbrutinib is
the compound of Formula (1), comprising reducing a compound of Fornmla (VI wherein Z is
halogen or trifluoromethanesulfonate:

Z
ey
L O

o\t

/’ A

NH, \==
N7y
“\ o~ N’

\ N
- O

Formula (VLD Formula ()

4. A process for the preparation of [-({R)-3-(4-anmino-3-{4-phenoxvphenyi)-1H-
pyvrazolof3,4-dpyrimidin-1-yDpipenidin-1-vhprop-2-en-1-one (ibnitimb), wherein ibrutinib is
the compound of Formula (1), comprising reacting a compound of Formula (IX) wherein X is a
halogen or sulfonate, with a compound of Formula (X) wherein Y is an alkvltin, boronic acid or

boronic ester:

O
N’J\j/\’\ Formula (0
N
L\N/ ~~p

Sepm e

Formula (IX) Formuia (i)
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i5. A process for the preparation of 1-({R}-3-(4-amino-3-(4-phenoxyphenyi)-1H-
pyrazolof3,4-d|pyrimidin-1-yDpiperidin-1-yDprop-2-en-1-one (ibratinib), wherein ibrutinib is
the compound of Formulda {1}, comprising reacting a compound of Formuuda (X1} wherein Y is an
alkvlhin, boronic acid or boronic ester, with a compound of Formula (XII) wherein Xisa

halogen or sulfonate:

N R ——fé\ Formula (Xi

O Q

Formuta (X1} Formuia (i}

N

o\
N
_/

16. A process for the preparation of 1-{{R}-3-{4-amino-3-(4-phenoxyphenyl}-1H-
pyrazolof3,4-dpyrimidin-1-yDpiperidin-1-yDprop-2-en-1-one (ibrutinib), wherein ibrutinib is

the compound of Fornmda (1}, comprising reducing the compound of Formula (X}

o

/5 g

NO, == NH, Ne=
NSy

i N | N
N/ N kN/ N
™\ M\
€ Neyg™ Nﬁ
~ W e
O O
Formula (X1 Formula (i)

17. A process for the preparation of [-({R)-3-(4-anmino-3-{4-phenoxvphenyi)-1H-
pyvrazolof3,4-dpyrimidin-1-yDpipenidin-1-vhprop-2-en-1-one (ibnitimb), wherein ibrutinib is

the compound of Formula (1), comprising deprotecting a compound of Formula (XIV}):
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O
Formula (XIV} Forrmula ()
18.  The process of claim 17, wherein the protecting group is benzyl, benzyl

carbamate, or t-buty! carbamate.

19 A process for the preparation of 1-({R)-3~-(4-ammo-3~(4-phenoxyphenyi)-1H-
pyvrazolof3 4-dipyrimidin-T-vpipenidin-1-ylprop-2-en-1-one {(ibrutinib}, wheremn tbratinib is
the compound of Formula (I}, comprising reacting the compound of Formula (XV) witha

compound of Formula (XVE wherein X 1s hvdroxy, halogen, or sulfonate:

X Qﬂ@

Formula OV} Formuia ()
20 A process for the preparation of 1-({R)-3~-(4-ammo-3~(4-phenoxyphenyi)-1H-
pvrazolof3,4-dipyrimidin-1-vhpipendm-1-yvljprop-2-en-1-one (ibnitinib), wherein ibrutinib is
the compound of Formula (1), comprising the B-climination of a compound of Formula (XVI)

wherein L s a leaving group:

N7y
\N N
O
O

Formula (XVI) Formuia ()
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21 The process of claim 19, wherein the leaving group is halogen, hvdroxy, alkoxy,

methanesulfonate, or triffucromethanesulfonate.

22, The process of claim 20, wherein L is CL
23. The process of any one of claims 20-22, wherein the B-climination of the

compound of Formula (XVI{) is performed in the presence of a base and solvent.

24, The process of claim 23, wherein the base 1s 1,8-diazabicycloundec-7-ene.
25.  The process of claim 23, wherein the solvent is ethyl acetate.
26, The process of any one of 20-25, wherein an additive is also employed n the B-

climination reaction.

27.  The process of claim 26, wherein the additive 1s sodium trifluocroacetate.

28.  The process of any one of claims 20-27, wherein the compound of Formula
{XV11} is purified by washing an organic solution containing that product with agqueous citric
acid.

29, The process of claim 28, whercin the organic solution comprises an organic
solvent that 1s ethyl acetate.

30.  'The process of any one of claims 20-29, wherein the compound of Formula
(XV1l) is prepared by an acvlation process comprising reaction of a compound of formula

(XVI-A),

L NH (XVII-A),

or a pharmaceutically acceptable salt thereof, with L'-C(0)-CH,CH,L or a salt thereof,

wherein L' is a leaving group.

31 The process of claim 30, wherein the corapound L'-C(0)}-CH.CH,L is CI-C(O)-
CH,CHLCL

32, The process of claim 30 or claim 31, wherein the acylation is performed in the
presence of a solvent.

33, The process of claim 32, wherein the solvent is Me-THF.

34, The process of claim 32, wherein the solvent is ethyvl acetate.
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35, The process of any of claims 30-34, wherein the acvlation is performed 1 the
presence of a base.

36.  The process of claim 33, wherein the base is NaHCO;.

37.  The process of any of claims 30-36, wherein butvlated hydroxytoluene 1s also
added.

33, A process for the preparation of 1-{{R)-3-(4-amino-3-(4-phenoxyphenyly-1H-
pvrazolo}3 4-dipyrimidin--viypiperidin-1-yljprop-2-en-1-one (ibrutinib}, wherein tbrutinib is
the compound of Formula (I), comprising the B-elinunation of a compound of Formula (XVIII)
wherein L is a leaving group:

[~

/
07N

/ AN
NH, \==
N7 Ry
Y
ZaiNy

N L
t‘\“\\g h

Formula (XVII Formuia (i)

39 The process of claim 38, wherein the leaving group is halogen, hydroxy, alkoxy,
methanesulfonate, or trifluoromethanesulfonate.

40. A process for the preparation of 1-((R)-3-(4-amino-3-(4-phenoxyphenyi)-1H-
pyrazolof3,4-d|pyrimidin-1-yDpiperidin-1-yDprop-2-en-1-one (ibratinib), wherein ibrutinib is
the compound of Formula (I}, comprising the reaction of a compound of Formula (XX} wherein

X 1s a halogen, with triphenyiphosphine and formaldehvde:

P(PhY,

N HC (OYH N
\ A
<i:N’(NX N
A\ A\
O Q
Formula (XIX) Faormula ()

41. A process for the preparation of 1-{(R}-3-{4-amino-3-{4-phenoxyphenyl}-1H-

pvrazolof3,4-dipvrimidin-1-vi)piperidin-1-yUprop-2-en-i~one (ibrutinib), wherein ibrutinib is

p |
~3
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the compound of Formula (I}, comprising reacting a compound of Formula (XX) whercin X is
halogen, with a compouand of Formula (XX1) wherein Y is an alkyltin, boronic acid or boronic

ester:

Formula 000 Formula ()

42. A process for the preparation of 1-{(R}-3-{4-amino-3-{4-phenoxyphenyl}-1H-
pvrazolof3,4-dipyrimidin-1-yhpiperndm-1-yliprop-2-en-1-one (ibrutinib}, wherein ibrutinib is

the compound of Formula (I), comprising the hydrogenation of a compound of Formula (XXII):

o ‘:/ O@

7N FN

{

NHy Y= NH, =

7
7

NS NS

O u\j\/(ﬂ

NN NN
S~ s
e AT

O (@]
Formuia OO Formuia ()

, wherein

Formula (XXIl) reprents a compound of formula (XXa)-(XXlg):
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€ O
Formuta (XXlla} Formula {(XXile)  Formula (XXlic) ) Formula (Xdid)
o,/
lli§
NH,
; N7 TR Y

L P

N N/\ N

i N Ii\
= o ”
\N\ \:::: h . b l \:;
\\/N\g CN{ \:JN\\g\

Formula (XXlie) Formula (XX Formula (XXlg)

. OF a combination

thereof.

43, A process for the preparation of 1-((R)-3-(4-aminc-3-{4-phenoxyphenyi)-1H-
pyrazolof3.4-dipyrinudin-1-yhpiperidin- 1 -viyprop-2-en-1-one (ibrutinib}, wheren tbrutinib is
the compound of Formula (1), comprising the condensation of the compound of Formula (XXIII)
with formamide, ammonium formate, tnmethyl orthoformate with ammomia, or formamidine or

a salt thereof, such as hydrochloride or acetate salt;

condensation

e
CN\\'\/
@]

Formula (X Formula ({)

44. A process for the preparation of [-({R)-3-(4-anmino-3-{4-phenoxvphenyi)-1H-
pyvrazolof3,4-dpyrimidin-1-yDpipenidin-1-vhprop-2-en-1-one (ibnitimb), wherein ibrutinib is

-
7

o
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the compound of Formula (1), comprising reacting a compound of Formula (XX1V) whercin X 18
a leaving group, with the compound of Formula (XXV}:

NH
HN

@Nw/‘*
S \
o]

Formula (XXV)

2

Formula OOUV) Formula (O

43, A process for the preparation of 1-((R)-3-(4-amino-3~{4-phenoxvphenyi)-1H-
pyvrazolof3,4-dpyrimidin-1-yDpipenidin-1-vhprop-2-en-1-one (ibnitimb), wherein ibrutinib is
the compound of Formula (1), comprising reacting a compound of Formula (XXVI) wherein X is

a leaving group, with acrviamide:

)
fom
NH, == o

Formula (XXVD Formula (1)
46. A process for the preparation of 1-((R)-3~(4-amino-3-{(4-phenoxyphenyi)-1H-
pyvrazolof3,4-dpyrimidin-1-yDpipenidin-1-vhprop-2-en-1-one (ibnitimb), wherein ibrutinib is
the compound of Formula (1), comprising reacting a compound of Formula (XXVH) with &

compound of Formula (XX VI, wherein X is a leaving group:

-8 -
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g

)
N\

O
O
FN
x’ﬂ\‘/ NH, e/
Formula XXV N)\j/\
LA

N
O

Formula (XXVI) Formula (1)

47. A compound according to Formela (XVI-1):

Formula (XVII-1}, which 15 in a substantially 1solated form.

48. A compound according to claim 47, which is in a substantially purified form.

- &1 -
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