\

N
N
N—" C\ =
9 xs
(V)

Formula (IV Formula (1)

N
N

[0014] In a further example described herein, the process comprises reacting the
compound of Formula (IV), wherein X is a halogen, with phenol in the presence of a catalyst,
such as copper salts (e.g., copper (II) acetate) and a base. In some examples, the base is an
inorganic base such as MOH, M>COs (wherein M is selected from lithium, sodium, potassium,
and cesium), CaCOs3, di- and tri-basic phosphates (e.g. M3PO4, MoHPO4) or bicarbonates
(MHCO:3). In some examples, the base is an organic base, such as tri-substituted amine, pyridine
or 4-dimethylaminopyridine. In some examples, the base is NR1R2R3 wherein Ri, Ro, and R3 are
each independently Ci-Cealkyl, such as triethylamine. Other catalytic species which may be
utilized include, but are not limited to, salts, oxides, and complexes of copper, nickel, titanium
or palladium.

[0015] Described herein, is a process for the preparation of 1-((R)-3-(4-amino-3-(4-
phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidin-1-yl)prop-2-en-1-one (ibrutinib),
wherein ibrutinib is the compound of Formula (I), comprising reacting a compound of Formula

(V), wherein L is a leaving group, with ammonia:

L
N™™ NH
L L L
N~ N N~ N
) )
Formula (V) Formula (1)
[0016] In some examples, L is halogen, hydroxy, alkoxy, -P(=0)R%, (wherein R® is

independently OH, OR” (R’ is alkyl) or halo (e.g. Cl)), methanesulfonate (mesylate) or
trifluoromethanesulfonate. In a further example described herein, the process comprises reacting

a compound of Formula (V), wherein L is halogen, hydroxy, alkoxy, or



trifluoromethanesulfonate, with ammonia. In another example, L is dichlorophosphate
(-P(=0)CL).

[0017] Described herein, is a process for the preparation of 1-((R)-3-(4-amino-3-(4-
phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidin-1-yl)prop-2-en-1-one (ibrutinib),
wherein ibrutinib is the compound of Formula (I), comprising reducing the compound of

Formula (VI):

N
L -
N N
Ohg=
N\(\
O
Formula (V1) Formula (1)
[0018] In a further example described herein, the process comprises reducing the

compound of Formula (VI) by catalytic hydrogenation.

[0019] Described herein, is a process for the preparation of 1-((R)-3-(4-amino-3-(4-
phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidin-1-yl)prop-2-en-1-one (ibrutinib),
wherein ibrutinib is the compound of Formula (I), comprising reducing a compound of Formula

(VII) wherein Z is halogen or trifluoromethanesulfonate:

A\

" N& N
N N
O
O
Formula (V1) Formula (1)
[0020] Described herein, is a process for the preparation of 1-((R)-3-(4-amino-3-(4-

phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidin-1-yl)prop-2-en-1-one (ibrutinib),
wherein ibrutinib is the compound of Formula (I), comprising reducing a compound of Formula

(VIII) wherein Z is halogen or trifluoromethanesulfonate:



A

NH,
NTX
> m _ \/N
N N
O
O
Formula (VIII) Formula (1)

[0021] Described herein, is a process for the preparation of 1-((R)-3-(4-amino-3-(4-

phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidin-1-yl)prop-2-en-1-one (ibrutinib),
wherein ibrutinib is the compound of Formula (I), comprising reacting a compound of Formula

(IX) wherein X is a halogen or sulfonate, with a compound of Formula (X) wherein Y is an

alkyltin, boronic acid or boronic ester:

N™ X Formula (X) N A
P, - LN
N~ N N~ N
O O
O O
Formula (IX) Formula (1)
[0022] Described herein, is a process for the preparation of 1-((R)-3-(4-amino-3-(4-

phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidin-1-yl)prop-2-en-1-one (ibrutinib),
wherein ibrutinib is the compound of Formula (I), comprising reacting a compound of Formula

(XI) wherein Y is an alkyltin, boronic acid or boronic ester, with a compound of Formula (XII)

wherein X is a halogen or sulfonate:



Formula (XI) Formula (1)

[0023] In another example, described herein, is a process for the preparation of 1-((R)-3-
(4-amino-3-(4-phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidin-1-yl)prop-2-en-1-
one (ibrutinib), wherein ibrutinib is the compound of Formula (I), comprising reacting a
compound of Formula (XIa) wherein PG is H or a protecting group such as CO-W, W is alkyl,
halogenated alkyl, such as CF3, alkoxy, dialkylamino (NR'R?, wherein R! and R? are each
independently Ci-Cesalkyl), with a compound of Formula (XIIa) wherein X is a halogen or
sulfonate, OSO2R, B(OR)2, N>" (diazonium), or SO2R, wherein R is independently C;-Csalkyl,

A

C1-Cshaloalkyl, aryl or arylalkyl:

% oo,

Formula (Xlla) N X \

O | Cf

Formula (Xla) Formula (I

[0024] Described herein, is a process for the prepara‘uon of 1-((R)-3-(4-amino-3-(4-
phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidin-1-yl)prop-2-en-1-one (ibrutinib),
wherein ibrutinib is the compound of Formula (I), comprising reducing the compound of

Formula (XIII):



NO,
N™ XN\ N \
L - LY
N~ N N~ N
O o
o 1
Formula (XIII) Formula (1)
[0024a] Described herein, is a process for the preparation of 1-((R)-3-(4-amino-3-(4-

phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidin-1-yl)prop-2-en-1-one (ibrutinib),

wherein ibrutinib is the compound of Formula (I), comprising deprotecting a compound of

Formula (XIV):
o)

NH,
N™ X
- m _ \/N
N N
o
o
Formula (XIV) Formula (1)

[0025] In another example, described herein, is a process for the preparation of 1-((R)-3-

(4-amino-3-(4-phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidin-1-yl)prop-2-en-1-
one (ibrutinib), wherein ibrutinib is the compound of Formula (I), comprising deprotecting a

compound of Formula (XIV), wherein PG is an amino protecting group:

N N
m /N >
N N
C\N\(§
o)
Formula (XIV) Formula (1)



[0026] In a further example described herein, the process comprises deprotecting the
compound of Formula (XIV), wherein PG is benzyl, benzyl carbamate, or t-butyl carbamate.
[0027] Described herein, is a process for the preparation of 1-((R)-3-(4-amino-3-(4-
phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidin-1-yl)prop-2-en-1-one (ibrutinib),
wherein ibrutinib is the compound of Formula (I), comprising reacting the compound of

Formula (XV) with a compound of Formula (XVI) wherein X is hydroxy, halogen, or sulfonate:

-8a-



NH, .
N
t 2 N/N
N"H
Formula (XV) Formula (1) '
[0028] Described herein, is a process for the preparation of 1-((R)-3-(4-amino-3-(4-

phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidin-1-yl)prop-2-en-1-one (ibrutinib),
wherein ibrutinib is the compound of Formula (I), comprising the -elimination of a compound

of Formula (XVII) wherein L is a leaving group:

A\

DR .
N N
L
C\NT(V
O
Formula (XVI1) Formula (1)
[0029] In a further example described herein, the process comprises the B-elimination of

a compound of Formula (XVII), wherein L is halogen, hydroxy, alkoxy, methanesulfonate, or

trifluoromethanesulfonate.

[0030] Described herein, is a process for the preparation of 1-((R)-3-(4-amino-3-(4-
phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidin-1-yl)prop-2-en-1-one (ibrutinib),
wherein ibrutinib is the compound of Formula (I), comprising the -elimination of a compound

of Formula (XVIII) wherein L is a leaving group:



AJ

NH,
N~ X
- m _ \/N
N N
O
)
Formula (XVIII) Formula (1)

[0031] In a further example described herein, the process comprises the 3-elimination of

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

[0032] Described herein, is a process for the preparation of 1-((R)-3-(4-amino-3-(4-
phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidin-1-yl)prop-2-en-1-one (ibrutinib),
wherein ibrutinib is the compound of Formula (I), comprising the reaction of a compound of

Formula (XIX) wherein X is a halogen, with triphenylphosphine and formaldehyde:

o) A

NH,

N Q P(Ph N

DR Ph); DR
NN HC(OH N~ N
N\(\X <:NT(§
O O
Formula (XIX) Formula (1)

[0033] Described herein, is a process for the preparation of 1-((R)-3-(4-amino-3-(4-

phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidin-1-yl)prop-2-en-1-one (ibrutinib),
wherein ibrutinib is the compound of Formula (I), comprising reacting a compound of Formula
(XX) wherein X is halogen, with a compound of Formula (XXI) wherein Y is an alkyltin,

boronic acid or boronic ester:

-10 -



Ay NH,
Formula (XXI) N X
NT TN N~ "N
O O
X 2
Formula (XX) Formula (1)
[0034] Described herein, is a process for the preparation of 1-((R)-3-(4-amino-3-(4-

phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidin-1-yl)prop-2-en-1-one (ibrutinib),

wherein ibrutinib is the compound of Formula (I), comprising the hydrogenation of a compound

of Formula (XXII):

Formula (XXII)

oL

wherein ~ Formula (XX” represents a compound of formula (XXIIa)-(XXIIg):

-11 -



Lo
/

/
O
¥

(= 5

o

O
Formula (XXIlla) Formula (XXIIb) Formula (XXIlIc) Formula (XXIId)
o) ) )
NH; NH, NH,
N™ SN AN N X
LAy N'k L N7 N
N N N N
C"W(E CN\F C\N
o o)
Formula (XXlle) Formula (XXIIf) Formula (XXIIg) or a combination
thereof.
[0035] Described herein, is a process for the preparation of 1-((R)-3-(4-amino-3-(4-

phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidin-1-yl)prop-2-en-1-one (ibrutinib),
wherein ibrutinib is the compound of Formula (I), comprising the condensation of the compound

of Formula (XXIII) with formamide, ammonium formate, trimethyl orthoformate with ammonia,

-

or formamidine or a salt thereof, such as hydrochloride or acetate salt:

NH,
condensation N N N
C\ formamide, etc. C\
Formula (XXIII) Formula (
[0036] Described herein, is a process for the preparation of 1-((R)-3-(4-am1n0-3-(4-

phenoxyphenyl)-1H-pyrazolo|[3,4-d]pyrimidin-1-yl)piperidin-1-yl)prop-2-en-1-

-12 -



one (ibrutinib), wherein ibrutinib is the compound of Formula (I), comprising reacting a
compound of Formula (XXIV) wherein X is a leaving group, with the compound of Formula
(XXV):

/NH2
HN

O O

Formula (XXV)

NH,
[
N X
Formula (XXIV) Formula (1) .
[0037] In some examples of Formula (XXIV), X is halogen, hydroxy, alkoxy, -P(=O)R®

(wherein R® is independently OH, OR” (R’ is alkyl) or halo (e.g., Cl)), methanesulfonate or
trifluoromethanesulfonate. In some examples of Formula (XXIV), X is halogen, hydroxy,
alkoxy, or trifluoromethanesulfonate. In some examples of Formula (XXIV), X is halogen. In
some examples of Formula (XXIV), X is dichlorophosphate.

[0037a] Described herein, is a process for the preparation of 1-((R)-3-(4-amino-3-(4-
phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidin-1-yl)prop-2-en-1-one (ibrutinib),
wherein ibrutinib is the compound of Formula (I), comprising reacting a compound of Formula

(XXVI) wherein X is a leaving group, with acrylamide:

N
mN/ N - N| AN \N
X kN/ N
O
x S
Formula (XXVI) Formula (1)
[0038] In another example, described herein, is a process for the preparation of 1-((R)-3-

(4-amino-3-(4-phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidin-1-yl)prop-2-en-1-

one (ibrutinib), wherein ibrutinib is the compound of Formula (I), comprising reacting a

-13-



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

acrylamide:

o
0
NH,
Z
HZNJK/ A

Formula ( XXVI) Formula (1)

[0039] In some examples of Formula (XXVI), X is halogen, hydroxy, alkoxy, -P(=O)R®
(wherein R® is independently OH, OR” (R’ is alkyl) or halo (e.g., Cl)), methanesulfonate or
trifluoromethanesulfonate. In some examples of Formula (XXVI), X is halogen, hydroxy,
alkoxy, or trifluoromethanesulfonate. In some examples of Formula (XXVI), X is halogen. In
some examples of Formula (XXVI), X is dichlorophosphate.

[0039a] Described herein, is a process for the preparation of 1-((R)-3-(4-amino-3-(4-
phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidin-1-yl)prop-2-en-1-one (ibrutinib),
wherein ibrutinib is the compound of Formula (I), comprising reacting a compound of Formula

(XXVII) with a compound of Formula (XXVIII), wherein X is a leaving group:

) Ne

0
x)v NH,

NH,
N" SN Formula (XXVIII)
{ P N N AW
N~ N -
C\NH C\T(\
Formula (XXVII) Formula (1
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[0040] In another example, described herein, is a process for the preparation of 1-((R)-3-
(4-amino-3-(4-phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidin-1-yl)prop-2-en-1-
one (ibrutinib), wherein ibrutinib is the compound of Formula (I), comprising reacting a
compound of Formula (XXVII) with a compound of Formula (XXVIII), wherein X is a leaving
group such as hydroxy, alkoxy, halogen, sulfonate or dialkoxy-phosphoryl (P(=0)(OR*). (each
R* is independently alkyl, e.g., Me or Et)):

) Ne

O
NH
2 X)v NH2
N™ SN
m N Formula (XXVIII) N
—
N~ N - I N
O "
: O
N\(§
O

Formula (XXVII) Formula (1) )
[0041] In some examples, X is other than CI.
[0041a] Described herein, is a compound according to Formula (XVII-
1):

o/@

NH,

NN
T

N N

Cl
N\(\/
0o Formula (XVII-1), which is in a substantially isolated form.
[0042] In another example, provided are intermediates used in any of the above
processes.
INCORPORATION BY REFERENCE

[0043] All publications and patent applications mentioned in this specification are herein

incorporated by reference to the extent applicable and relevant.

BRIEF DESCRIPTION OF THE DRAWINGS
[0044] Figure 1 depicts the 'H NMR of Compound XVII-1.
[0045] Figure 2 depicts '3C the NMR of Compound XVII-1.
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CLAIMS
WHAT IS CLAIMED IS:

1. A process for the preparation of 1-((R)-3-(4-amino-3-(4-phenoxyphenyl)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)piperidin-1-yl)prop-2-en-1-one (ibrutinib), wherein ibrutinib is
the compound of Formula (I), comprising reacting the compound of Formula (II) with a

compound of Formula (IIT) wherein X is boronic acid, boronic ester or a halogen:

OH o@
X
\© NH,

Formula (lIl) AN
N N\ N
PR - LN
N~ N N~ N
O ]
Formula (Il) Formula (1)

2. The process of claim 1 for the preparation of 1-((R)-3-(4-amino-3-(4-
phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidin-1-yl)prop-2-en-1-one (ibrutinib),
wherein ibrutinib is the compound of Formula (I), comprising reacting the compound of

Formula (II) with phenylboronic acid:

OH 0/@

NH,
N X phenylboronic acid N N
LA - L
N~ N N~ N
O O
Formula (Il) Formula (1)
3. The process of claim 2, wherein the process comprises reacting a compound of

Formula (II) with phenylboronic acid in the presence of a catalyst and a base.

4. The process of claim 1 for the preparation of 1-((R)-3-(4-amino-3-(4-
phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidin-1-yl)prop-2-en-1-one (ibrutinib),
wherein ibrutinib is the compound of Formula (I), comprising reacting the compound of

Formula (II) with a compound of Formula (III) wherein X is a halogen:
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OH

X
&

NI X \N Formula (lll) R
kN PN - y y
O O
Formula (Il) Formula (1)
5. The process of claim 4, wherein the process comprises reacting the compound of

Formula (II) with a compound of Formula (III) 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-
pyrazolo[3,4-d]pyrimidin-1-yl)piperidin-1-yl)prop-2-en-1-one (ibrutinib), wherein ibrutinib is
the compound of Formula (I), comprising reacting a compound of Formula (IV), wherein X is a

halogen, with phenol:

\

N
| _ /N > m /N
N~ N N~ N
O
Formula (IV) Formula (1)
7. The process of claim 6, wherein the process comprises reacting a compound of

Formula (IV), wherein X is a halogen, with phenol in the presence of copper salts.
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