w0 2023/194531 A1 |0 0000 AP0 P00 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
12 October 2023 (12.10.2023)

(10) International Publication Number

WO 2023/194531 Al

WIPO I PCT

(51) International Patent Classification:
CO7D 403/04 (2006.01) A61P 35/00 (2006.01)
A61K 31/506 (2006.01)

(21) International Application Number:
PCT/EP2023/059132

(22) International Filing Date:
06 April 2023 (06.04.2023)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

63/362,622 07 April 2022 (07.04.2022) UsS

(71) Applicant: ASTRAZENECA AB [SE/SE]; SE-151 85
Sodertilje (SE).

Inventors: MULLEN, Alexander Kieron; AstraZencca
UK Limited, 1 Francis Crick Avenue, Cambridge Biomed-
ical Campus, Cambridge Cambridgeshire CB2 0AA (GB).
POZZOLI, Alessandro; AstraZeneca UK Limited, 1 Fran-
cis Crick Avenue, Cambridge Biomedical Campus, Cam-
bridge Cambridgeshire CB2 0AA (GB).

Agent: ASTRAZENECA INTELLECTUAL PROPER-
TY, Association 813, Eastbrook House, Shaftesbury Road,
CAMBRIDGE Cambridgeshire CB2 8BF (GB).

(72)

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CV, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN,HR,HU, ID, IL, IN, IQ, IR, IS, IT, JM, JO, JP,KE, KG,
KH, KN, KP, KR, KW,KZ, LA, LC, LK, LR, LS, LU, LY,
MA, MD, MG, MK, MN, MU, MW, MX, MY, MZ, NA,
NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO,
RS, RU,RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH,
TJ, T™M, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,
ZA,ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, CV,
GH, GM, KE, LR, LS, MW, MZ NA, RW, SC, SD, SL, ST,

SZ, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ,

RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,
DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE,
SL, SK, SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN,
GQ, GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:
as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

Published:
with international search report (Art. 21(3))

(54) Title: IMPROVED PROCESS FOR THE MANUFACTURE OF OSIMERTINIB

(57) Abstract: This specification relates an improved process for the manufacture of osimertinib.



WO 2023/194531 PCT/EP2023/059132

IMPROVED PROCESS FOR THE MANUFACTURE OF OSIMERTINIB
This specification relates an improved process for the manufacture of osimertinib.
Introduction

Osimertinib (AZD9291) is a third generation EGFR Tyrosine Kinase Inhibitor (TKI). Osimertinib is
5 disclosed in WO 2013/014448, the contents of which are incorporated by reference. Osimertinib has

the following chemical structure:

Osimertinib mesylate is an approved treatment for non-small cell lung cancer (NSCLC), and is also

known as TAGRISSO™.

10 WO 2013/014448 discloses the following synthesis of osimertinib.
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This synthetic process includes the step of making a compound of Formula (1) (where R! = CHs) from
a compound of Formula (Il) and a compound of Formula (l1l) (Step A herein). WO 2013/014448
discloses the use of p-toluenesulfonic acid and 2-pentanol at 85 °C for 3 hours for this step.

15 CN109134435 discloses acetonitrile (MeCN) as an alternative solvent for this step, with the reaction
heated to 85 °C for 12 hours.
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After Step A, WO 2013/014448 discloses that the compound of Formula () (where R! = CHs) was
isolated and dried under vacuum. WO 2013/014448 discloses that the compound of Formula (I) was

then converted to a compound of Formula (IV) by reaction with a compound of Formula (V) (N,NN"-

5  trimethyl-ethane-1,2-diamine) (Step B herein) in the presence of N,N-diisopropylethylamine (DIPEA)
and 2,2,2-trifluoroethanol at 140°C for 1 h.
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Although the synthetic route disclosed in the WO 2013/014448 provides a reliable method for
producing osimertinib, it is desirable to improve the economy of the process for large-scale
10 manufacture to minimise environmental impact and reduce cost of goods.

To this end, a new telescoped process was developed to combine Step A and Step B.
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This new telescoped process avoided the need to isolate the compound of Formula (l), improving the
overall economy of the manufacture of EGFR TKls, such as osimertinib. However, one drawback of
15  this process was that a high relative volume of acetonitrile (MeCN) was required. As set out above,

the first reaction to form a compound of Formula (I) required 25 relative volumes of acetonitrile,
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with a further 10 relative volumes of acetonitrile added for the second reaction to form a compound
of Formula (1V). Upon completion of the second reaction, the reaction mixture was diluted with a
further 15 relative volumes of acetonitrile and purified by a hot filtration to remove inorganics,
washing with a further 2 relative volumes of acetonitrile. As such, a total of 52 relative volumes of
acetonitrile was required. If less acetonitrile was used, it was observed that the compound of
Formula (IV) crystallised prior to the hot filtration. This uncontrolled crystallisation of the compound
of Formula (1V) was detrimental to the purity of the isolated material. Furthermore, this
uncontrolled crystallisation made it more difficult to isolate the compound of Formula (1V) from any

inorganic solid present at the end of the reaction by filtration.

There is therefore a need for a further improved process for the synthesis of the compound of

Formula (IV), as part of the manufacture of EGFR TKIs, such as osimertinib.

General Description

According to one aspect of the specification there is provided a process for the production of a

compound of Formula (I):

R1
v
4 NO,
B ]
Ay
o)

)

or a salt thereof, and a compound of Formula (l11):
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()

or a salt thereof, wherein the reaction is performed in the presence of an acid and benzonitrile,

wherein Rt is C1 5 alkyl or cyclopropyl.

In another aspect of the specification there is provided a process for the production of a compound

of Formula (1V)

R1
N
= N02 I
|
P
A
vy O~

or a salt thereof, comprising the following steps

(i) the production of a compound of Formula (1), or a salt thereof, comprising a reaction of a
compound of Formula (Il), or a salt thereof, and a compound of Formula (lll), or a salt thereof, in the

presence of an acid and benzonitrile; and

(ii) the production of the compound of Formula (IV), of a salt thereof, comprising the

reaction of the compound of Formula (), or a salt thereof, and a compound of Formula (V)

I
HN\/\N/
v |

or a salt thereof, in the presence of benzonitrile,

wherein Rt is C1 5 alkyl or cyclopropyl.

Surprisingly, the use of benzonitrile as a solvent for the production of a compound of Formula (l)
yields a crude reaction mixture that is suitable for the production of a compound of Formula (IV)
without a need to isolate the compound of Formula (l). This telescoped sequence of Step A and Step
B reduces the environmental impact and improves the overall cost of goods for the manufacture of

EGFR TKls, such as osimertinib.
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Furthermore, by using benzonitrile as solvent it is possible to telescope this sequence using fewer
relative volumes of solvent compared to acetonitrile. This is because when benzonitrile was used,
the compound of Formula (V) remained in solution at significantly higher concentrations that was

possible using acetonitrile.

In embodiments, the reaction of the compound of Formula (), or a salt thereof, and a compound of
Formula (V), or a salt thereof, is performed in the presence of DBU. This has the further advantage of
avoiding the need for a hot filtration to remove solid impurities at the end of the reaction to form
the compound of Formula (1V). Consequently, it is possible to avoid the need for specialised hot

filtration equipment and reduce manufacturing time.

As used herein, the term “molar equivalents” (or “eq.”) refers to molar equivalents with respect to

the compound of Formula (ll), or a salt thereof.

As used herein, the term “relative volume” (or “rel vol”) means the volume of solvent in litres

required relative to the charge of the compound of Formula (ll), or a salt thereof, in kilograms.
As used herein, the term “MsOH” refers to methanesulfonic acid and “MeCN” refers to acetonitrile.

As used herein, there term “Cy.; alkyl” refers to both straight and branched chain saturated
hydrocarbon radicals having 1, 2 or 3 carbon atoms. Examples of C1.3 alkyl are methyl, ethyl, n-propyl

and i-propyl.

As used herein the term “telescope” refers to the process of performing two reactions sequentially
without the isolation of the product of the first reaction. Herein, square brackets are used to indicate

that a material is not isolated before being subjected to the next reaction in the sequence.

Units, prefixes, and symbols are denoted in their International System of Units (Sl) accepted form.

Numeric ranges are inclusive of the numbers defining the range.

Detailed Description

As noted above, this specification provides a process for the production of a compound of Formula

(1):
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or a salt thereof, and a compound of Formula (l11):

NO,
F

H,N
O\
(i)

or a salt thereof, wherein the reaction is performed in the presence of an acid and benzonitrile

wherein Rt is C1 5 alkyl or cyclopropyl.

Where R! is methyl, the free base of the compound of Formula (1) is known by the chemical name N-
(4-fluoro-2-methoxy-5-nitrophenyl)-4-(1-methyl-1H-indol-3-yl)-2-pyrimidinamine. In embodiments,
the compound of Formula (1) is N-(4-fluoro-2-methoxy-5-nitrophenyl)-4-(1-methyl-1H-indol-3-yl)-2-

pyrimidinamine.

Where R! is methyl, the free base of the compound of Formula (l1) is known by the chemical name 3-
(2-chloro-4-pyrimidinyl)-1-methyl-1H-indole (AZD9291 Chloropyrimidine). In embodiments, the
compound of Formula () is 3-(2-chloro-4-pyrimidinyl)-1-methyl-1H-indole. The compound of

Formula (II) may also be known by the name 3-(2-chloropyrimidin-4-yl)-1-methyl-1H-indole.

The free base of the compound of Formula (l11) is known by the chemical name 4-fluoro-2-methoxy-
5-nitroaniline (AZD9291 Nitroaniline). In embodiments, the compound of Formula (lll) is 4-fluoro-2-

methoxy-5-nitroaniline.

Suitable acids are Bronsted acids, for example, carboxylic acids, sulfonic acids and mineral acids.
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In embodiments, the acid is selected from a sulfonic acid, a carboxylic acid, and a mineral acid.

In embodiments, the acid is a sulfonic acid. In further embodiments, the sulfonic acid is selected

from methanesulfonic acid, benzenesulfonic acid and p-toluenesulfonic acid.
In embodiments, the acid is methanesulfonic acid.

In embodiments, the acid is a carboxylic acid. In further embodiments, the carboxylic acid is selected
from (Cishydrocarbyl)COOH, formic acid, trichloroacetic acid and trifluoroacetic acid. An example of
a (Cshydrocarbyl)-COOH is n-butanoic acid. An example of a (Cshydrocarbyl)COOH is benzoic acid. In

further embodiments, the carboxylic acid is selected from acetic acid and trifluoroacetic acid.

In embodiments, the acid is a mineral acid. In further embodiments, the mineral acid is selected

from hydrochloric acid, sulfuric acid and phosphoric acid.

In embodiments, at least 0.02 molar equivalents of acid is used. In further embodiments, 0.02-1
molar equivalents of acid is used. In further embodiments, 0.02-0.30 molar equivalents of acid is
used. In further embodiments, 0.04 to 0.30 molar equivalents of acid is used. In further
embodiments, 0.02 to 0.15 molar equivalents of acid is used. In further embodiments, 0.04 to 0.15
molar equivalents of acid is used. In further embodiments, 0.06 to 0.15 molar equivalents of acid is
used. In further embodiments, 0.04 to 0.12 molar equivalents of acid is used. In further
embodiments, 0.06 to 0.12 molar equivalents of acid is used. In further embodiments, about 0.1
molar equivalents of acid is used. In further embodiments, 0.1 molar equivalents of acid is used. In
further embodiments, about 0.075 molar equivalents of acid is used. In further embodiments, 0.075
molar equivalents of acid is used. It is to be understood that the amount (molar equivalents) of acid

is relative to the amount of the compound of Formula (ll), or a salt thereof.

In embodiments, the reaction of a compound of Formula (ll), or a salt thereof, and a compound of
Formula (lIl), or a salt thereof, is performed at a temperature of at least 60 °C. In further
embodiments, the reaction of a compound of Formula (ll), or a salt thereof, and a compound of
Formula (ll1), or a salt thereof, is performed at a temperature in the range 60 to 130 °C. In further
embodiments, the reaction is performed at a temperature in the range 80 to 130 °C. In further
embodiments, the reaction is performed at a temperature in the range 60 to 120 °C. In further
embodiments, the reaction is performed at a temperature in the range 80 to 120 °C. In further
embodiments, the reaction is performed at a temperature in the range 90 to 110 °C. In further
embodiments, the reaction is performed at a temperature in the range 100 to 110 °C. In further
embodiments, the reaction is performed at a temperature of about 100 °C. In further embodiments,

the reaction is performed at a temperature of 100 °C. In further embodiments, the reaction is
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performed at a temperature of about 105 °C. In further embodiments, the reaction is performed at a

temperature of 105 °C.

In embodiments, the reaction of a compound of Formula (1), or a salt thereof, and a compound of
Formula (lI1), or a salt thereof, is performed at a temperature in the range 60 to 130 °C for up to 24
hours. In further embodiments, the reaction is performed at a temperature in the range 80 to 120 °C
for 3 to 5 hours. In further embodiments, the reaction is performed at a temperature in the range 90

to 110 °C for 3 to 5 hours.

In embodiments, the reaction of a compound of Formula (ll), or a salt thereof, and a compound of
Formula (lI1), or a salt thereof, is performed with at least 4 relative volumes of benzonitrile. In
further embodiments, the reaction is performed with 4 to 10 relative volumes of benzonitrile. In
further embodiments, the reaction is performed with 4 to 6 relative volumes of benzonitrile. In
further embodiments, the reaction is performed with about 5 relative volumes of benzonitrile. In

further embodiments, the reaction is performed with 5 relative volumes of benzonitrile.

In embodiments, the reaction of a compound of Formula (ll), or a salt thereof, and a compound of
Formula (Il1), or a salt thereof, is performed with at least 1 L of benzonitrile/Mole of the compound
of Formula (l1), or a salt thereof. In further embodiments, the reaction is performed with 1 to 2.5 L of
benzonitrile/Mole of the compound of Formula (l1), or a salt thereof. In further embodiments, the
reaction is performed with 1 to 1.5 L of benzonitrile/Mole of the compound of Formula (l1), or a salt
thereof. In further embodiments, the reaction is performed with about 1.2 L of benzonitrile/Mole of
the compound of Formula (11}, or a salt thereof. In further embodiments, the reaction is performed

with 1.2 L of benzonitrile/Mole of the compound of Formula (ll), or a salt thereof.

In embodiments, the reaction of a compound of Formula (ll), or a salt thereof, and a compound of
Formula (I}, or a salt thereof, is performed with at least 50 mMoles of the compound of Formula
(I1), or a salt thereof. In further embodiments, the reaction is performed with at least 80 mMoles of

the compound of Formula (ll), or a salt thereof.

In embodiments, the reaction of a compound of Formula (ll), or a salt thereof, and a compound of
Formula (I}, or a salt thereof, is performed with at least 1.0 molar equivalents of the compound of
Formula (lI1), or a salt thereof. In further embodiments, the reaction is performed with 1.0-1.5 molar
equivalents of the compound of Formula (lll), or a salt thereof. In further embodiments, the reaction
is performed with 1.0-1.3 molar equivalents of the compound of Formula (lll), or a salt thereof. In
further embodiments, the reaction is performed with at 1.0-1.2 molar equivalents of the compound

of Formula (ll1), or a salt thereof. In further embodiments, the reaction is performed with 1.05-1.2
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molar equivalents of the compound of Formula (ll1), or a salt thereof. In further embodiments, the
reaction is performed with 1.05-1.15 molar equivalents of the compound of Formula (lll), or a salt
thereof. In further embodiments, the reaction is performed with about 1.1 molar equivalents of the
compound of Formula (lIl), or a salt thereof. In further embodiments, the reaction is performed with
1.1 molar equivalents of the compound of Formula (ll), or a salt thereof. It is to be understood that
the amount (molar equivalents) of compound of Formula (lIl), or a salt thereof, is relative to the

amount of the compound of Formula (ll), or a salt thereof.

In embodiments, there is provided the reaction of a compound of Formula (I1), or a salt thereof, and

a compound of Formula (Il1), or a salt thereof, wherein Rt is Cy.3 alkyl, such as methyl.

In another aspect of the specification there is provided a process for the production of a compound

of Formula (1V)

R1
N
/ NOZ I
|
Ao
v O~

or a salt thereof, comprising the following steps

(i) the production of a compound of Formula (1), or a salt thereof, comprising a reaction of a
compound of Formula (Il), or a salt thereof, and a compound of Formula (lll), or a salt thereof, in the

presence of an acid and benzonitrile; and

(ii) the production of the compound of Formula (IV), of a salt thereof, comprising the

reaction of the compound of Formula (), or a salt thereof, and a compound of Formula (V)

I
HN\/\N/
v |

or a salt thereof, in the presence of benzonitrile,

wherein Rt is C1 5 alkyl or cyclopropyl.
In embodiments, step (i) is as described in any of the aforementioned embodiments.

Where R! is methyl, the free base of the compound of Formula (1V) is known by the chemical name
N-[2-(dimethylamino)ethyl]-5-methoxy-N-methyl-N'-[4-(1-methyl-1H-indol-3-yl)-2-pyrimidinyl]-2-

nitro-1,4-benzenediamine (AZD9291 Nitrodiamine). In embodiments, the compound of Formula (V)
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is N-[2-(dimethylamino)ethyl]-5-methoxy-N-methyl-N'-[4-(1-methyl-1H-indol-3-yl})-2-pyrimidinyl]-2-
nitro-1,4-benzenediamine. Where R! is methyl, the compound of Formula (V) may also be known by
the name N!-(2-(dimethylamino)ethyl)-5-methoxy-N'-methyl-N*-(4-(1-methyl-1H-indol-3-

yl)pyrimidin-2-yl)-2-nitrobenzene-1,4-diamine.

The free base of the compound of Formula (V) is known by the chemical name N,N,N’-
trimethylethylenediamine (TriMEDA). In embodiments, the compound of Formula (V) is N,N,N’-
trimethylethylenediamine. The compound of Formula (V) may also be known by the name N*,N* N2-

trimethylethane-1,2-diamine.

In embodiments, the reaction of the compound of Formula (), or a salt thereof, and a compound of
Formula (V), or a salt thereof, is performed in the presence of a base. Suitable bases are Bronsted

bases, for example, an organic base or an inorganic base.
In embodiments, the base is an amidine base or a guanidine base.

In embodiments, the base is 1,8-diazabicyclo(5.4.0)undec-7-ene (DBU), 1,1,3,3-tetramethylguanidine
(TMG), 1,5-diazabicyclo[4.3.0]non-5-ene (DBN), 7-methyl-1,5,7-triazabicyclo(4.4.0)dec-5-ene (MTBD)

or triazabicyclodecene (TBD). In further embodiments, the base is DBU.

In embodiments, the base is selected from potassium carbonate (K;CQs), potassium hydrogen
carbonate (KHCO3), sodium carbonate (Na>CQs), sodium hydrogen carbonate (NaHCQs), sodium
hydroxide (NaOH), potassium hydroxide (KOH), lithium hydroxide (LiOH), caesium hydroxide (CsOH),
calcium hydroxide (Ca(OH);), calcium carbonate (CaCQs), barium hydroxide (Ba(OH),) and caesium

carbonate (Cs,COs3).

In embodiments, the reaction of the compound of Formula (), or a salt thereof, and a compound of
Formula (V), or a salt thereof, is performed with at least 2 molar equivalents of the base. In further
embodiments, the reaction is performed with at least 2.2 molar equivalents of the base. In further
embodiments, the reaction is performed with 2.0 to 2.5 molar equivalents of the base. In further
embodiments, the reaction is performed with 2.0 to 2.4 molar equivalents of the base. In further
embodiments, the reaction is performed with 2.2 to 2.5 molar equivalents of the base. In further
embodiments, the reaction is performed with 2.2 to 2.4 molar equivalents of the base. In further
embodiments, the reaction is performed with about 2.3 molar equivalents of the base. In further
embodiments, the reaction is performed with 2.3 molar equivalents of the base. It is to be
understood that the amount (molar equivalents) of base is relative to the amount of the compound

of Formula (l1), or a salt thereof.

10
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In embodiments, the reaction of the compound of Formula (), or a salt thereof, and a compound of
Formula (V), or a salt thereof, is performed in the presence of a fluoride scavenger. In further
embodiments, the fluoride scavenger is a calcium salt. In further embodiments, the fluoride
scavenger is selected from calcium hydroxide (Ca(OH);), calcium carbonate (CaCQs), calcium
propionate (Ca(C;HsCOQ),), calcium acetate ((Ca(OAc),), calcium citrate, calcium gluconate and

calcium chloride (CaCl,).

In embodiments, the reaction of the compound of Formula (), or a salt thereof, and a compound of
Formula (V), or a salt thereof, is performed with at least 2 molar equivalents of the fluoride
scavenger. In further embodiments, the reaction is performed with at least 2.2 molar equivalents of
the fluoride scavenger. In further embodiments, the reaction is performed with 2.0 to 2.5 molar
equivalents of the fluoride scavenger. In further embodiments, the reaction is performed with 2.0 to
2.4 molar equivalents of the fluoride scavenger. In further embodiments, the reaction is performed
with 2.2 to 2.5 molar equivalents of the fluoride scavenger. In further embodiments, the reaction is
performed with 2.2 to 2.4 molar equivalents of the fluoride scavenger. In further embodiments, the
reaction is performed with about 2.3 molar equivalents of the fluoride scavenger. In further
embodiments, the reaction is performed with 2.3 molar equivalents of the fluoride scavenger. It is to
be understood that the amount (molar equivalents) of fluoride scavenger is relative to the amount

of the compound of Formula (ll), or a salt thereof.

In embodiments, the reaction of the compound of Formula (l), or a salt thereof, and a compound of
Formula (V), or a salt thereof, is performed with at least 1 molar equivalent of the compound of
Formula (V), or a salt thereof. In embodiment, the reaction is performed with at least 1.3 molar
equivalents of the compound of Formula (V), or a salt thereof. In embodiment, the reaction is
performed with 1.3 to 3 molar equivalents of the compound of Formula (V), or a salt thereof. In
embodiment, the reaction is performed with 1.5 to 2.5 molar equivalents of the compound of
Formula (V), or a salt thereof. In embodiment, the reaction is performed with 1.5 to 2.2 molar
equivalents of the compound of Formula (V), or a salt thereof. In embodiment, the reaction is
performed with 1.8 to 2.5 molar equivalents of the compound of Formula (V), or a salt thereof. In
embodiment, the reaction is performed with 1.8 to 2.2 molar equivalents of the compound of
Formula (V), or a salt thereof In embodiment, the reaction is performed with about 2 molar
equivalents of the compound of Formula (V), or a salt thereof. In embodiment, the reaction is
performed with 2 molar equivalents of the compound of Formula (V), or a salt thereof. It is to be
understood that the amount (molar equivalents) of compound of Formula (V), or a salt thereof, is

relative to the amount of the compound of Formula (l1), or a salt thereof.

11
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In embodiments, the reaction of the compound of Formula (), or a salt thereof, and a compound of
Formula (V), or a salt thereof, is performed at a temperature of at least 40 °C, such as at least 60 °C.
In further embodiments, the reaction is performed at a temperature in the range 40 to 100 °C. In
further embodiments, the reaction is performed at a temperature in the range 60 to 100 °C. In
further embodiments, the reaction is performed at a temperature in the range 60 to 90 °C. In further
embodiments, the reaction is performed at a temperature in the range 70 to 100 °C. In further
embodiments, the reaction is performed at a temperature in the range 70 to 90 °C. In further
embodiments, the reaction is performed at a temperature in the range 70 to 85 °C. In further
embodiments, the reaction is performed at a temperature of about 70 °C. In further embodiments,
the reaction is performed at a temperature of about 70 °C. In further embodiments, the reaction is
performed at a temperature of about 80 °C. In further embodiments, the reaction is performed at a

temperature of about 80 °C.

In embodiments, there is provided the reaction of the compound of Formula (1), or a salt thereof,

and a compound of Formula (V), or a salt thereof, wherein Rt is Cy3 alkyl, such as methyl.

In embodiments, step (i) and step (ii) are performed sequentially without the isolation of the
compound of Formula (), or a salt thereof, from the benzonitrile of step (i). In further embodiments,

step (ii) is performed without the addition of further benzonitrile.
In embodiments, step (i) and step (ii) are telescoped.
Examples

Example 1: Telescoped Synthesis of N-[2-(dimethylamino)ethyl]-5-methoxy-N-methyl-N'-[4-(1-
methyl-1H-indol-3-yl})-2-pyrimidinyl]-2-nitro-1,4-benzenediamine (AZD9291 Nitrodiamine)

12
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Step A

An agitated mixture of 3-(2-chloro-4-pyrimidinyl)-1-methyl-1H-indole (AZD9291 Chloropyrimidine,
25.00 g, 1.00 mol eq.) and 4-fluoro-2-methoxy-5-nitroaniline (AZD9291 Nitroaniline, 21.00 g, 1.10
mol eq.) in benzonitrile (125 mL, 5.0 rel vol) at 60 °C was charged with methane sulfonic acid (0.99 g,
0.1 mol eq.). The resulting mixture was heated to 100 °C for 3.5-4 hours. The reaction mixture was

then cooled to 40 °C.

Step B

The reaction mixture was then charged with 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU, 37.8 g,

37.1 ml, 2.30 mol eq.), maintaining the temperature below 45°C. The reaction mixture was then
charged with N, N, N’-trimethylethylenediamine (TriMEDA, 21.0 g, 26.3 mL, 2.0 mol eq.), maintaining
the temperature below 45 °C. The reaction mixture was then heated to 80 °C for 1 hour, and then
cooled to 70 °C and charged with AZD9291 Nitrodiamine seed. The mixture was then held at 70 °C
for 1 hour, then cooled to 5 °C at a rate of 0.1 °C/min over 11 hours. Solid material was isolated by
vacuum filtration, washing twice with isopropanol (125 mL, then 75 mL). The solid material was
dried under vacuum at 50 °C to give the title compound (42.1 g, 86.3%); *H NMR (500 MHz, CDCI3,
27°C): 9.55, 8.38, 8.37, 8.26, 8.16, 8.15, 7.52, 7.40, 7.38, 7.32, 7.31, 7.30, 7.30, 7.29, 7.27, 7.26, 7.26,
7.18,7.17, 6.66, 3.97, 3.93, 3.29, 3.28, 3.26, 2.90, 2.58, 2.57, 2.55, 2.26, 1.80. *C NMR (126 MHz,
CDCI3, 27°C): 161.50, 158.97, 157.61, 151.98, 142.66, 137.79, 133.66, 132.76, 125.48, 122.93,
122.06, 121.03, 120.41, 116.02, 113.40, 109.85, 107.90, 101.38, 56.78, 55.76, 53.90, 45.61, 40.93,
33.16. [M+H]*: 476.32.
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AZD9291 Nitrodiamine seed may be prepared by the recrystallization of AZD9291 Nitrodiamine
(accessible according to WO 2013/014448) in benzonitrile. For example, AZD9291 Nitrodiamine may
be dissolved in a minimum of benzonitrile at 70 °C, then cooled to 5 °C at a rate of 0.1 °C/min over

11 hours.

The above description of illustrative embodiments is intended only to acquaint others skilled in the
art with the Applicant's specification, its principles, and its practical application so that others skilled
in the art may readily adapt and apply the specification in its numerous forms, as they may be best
suited to the requirements of a particular use. This description and its specific examples, while
indicating embodiments of this specification, are intended for purposes of illustration only. This
specification, therefore, is not limited to the illustrative embodiments described in this specification,
and may be variously modified. In addition, it is to be appreciated that various features of the
specification that are, for clarity reasons, described in the context of separate embodiments, also
may be combined to form a single embodiment. Conversely, various features of the specification
that are, for brevity reasons, described in the context of a single embodiment, also may be

combined to form sub-combinations thereof.

14
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Claims
1. A process for the production of a compound of Formula (I):
R1
N
7 NO,
() j
N/)\N
Ho o

m ~

or a salt thereof, comprising a reaction of a compound of Formula (ll):

R1

N
Z

SN
L

N~ ~Cl
5 ()]

or a salt thereof, and a compound of Formula (l11):

NO,
F

H,N
O\
()

PCT/EP2023/059132

or a salt thereof, wherein the reaction is performed in the presence of an acid and benzonitrile,

wherein Rt is C1 5 alkyl or cyclopropyl.

10
2. A process as claimed in claim 1, wherein the reaction is performed with 0.02 to 0.3 molar
equivalents of the acid, such as 0.05 to 0.15 molar equivalents of the acid.
3. A process as claimed in claim 1 or claim 2, wherein the acid is a sulfonic acid.
15
4, A process as claimed in claim 1 or claim 2, wherein the acid is methanesulfonic acid,

benzenesulfonic acid or p-toluenesulfonic acid.
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5. A process as claimed in claim 1 or claim 2, wherein the acid is methanesulfonic acid.

6. A process as claimed in any one of claims 1 to 5, wherein the reaction is performed at a

temperature in the range 60 to 130 °C, such as 90 to 110 °C.

7. A process as claimed in any one of claims 1 to 6, wherein the reaction is performed with 3 to

10 relative volumes of benzonitrile, such as 4 to 6 relative volumes of benzonitrile.

8. A process as claimed in any one of claims 1 to 7, wherein the reaction is performed with 1.0

to 1.5 molar equivalents of the compound of Formula (lll), or a salt thereof.

9. A process for the production of a compound of Formula (IV)
/R1
N
7 NO; |
| \/)N\ N\/\’\ll/
N"N I
L0 I

or a salt thereof, comprising the following steps

(i) the production of a compound of Formula (1), or a salt thereof, as claimed in any one of claims 1

to 8; and

(ii) the production of the compound of Formula (IV), of a salt thereof, comprising the reaction of the

compound of Formula (I), or a salt thereof, and a compound of Formula (V)

I
HN\/\N/
v) |

or a salt thereof, in the presence of benzonitrile,

wherein Rt is C1 5 alkyl or cyclopropyl.

16



10

15

20

25

WO 2023/194531 PCT/EP2023/059132

10. A process as claimed in claim 9, wherein the reaction of the compound of Formula (1), or a
salt thereof, and a compound of Formula (V), or a salt thereof, is performed in the presence of a

base.

11. A process as claimed in claim 10, wherein the reaction of the compound of Formula (1), or a
salt thereof, and a compound of Formula (V), or a salt thereof, is performed with 2.0 to 2.5 molar

equivalents of the base.

12. A process as claimed in claim 10 or claim 11, wherein the base is 1,8-
diazabicyclo(5.4.0)undec-7-ene (DBU), 1,1,3,3-tetramethylguanidine (TMG), 1,5-
diazabicyclo[4.3.0]non-5-ene (DBN), 7-methyl-1,5,7-triazabicyclo(4.4.0)dec-5-ene (MTBD) or

triazabicyclodecene (TBD).

13. A process as claimed in claim 10 or claim 11, wherein the base is DBU.

14. A process as claimed in any one of claims 9 to 13, wherein the reaction of the compound of
Formula (), or a salt thereof, and a compound of Formula (V), or a salt thereof, is performed in the

presence of a fluoride scavenger.

15. A process as claimed in any one of claims 9 to 14, wherein the reaction of the compound of
Formula (), or a salt thereof, and a compound of Formula (V), or a salt thereof, is performed with 1.8

to 2.2 molar equivalents of the compound of Formula (V), or a salt thereof.

16. A process as claimed in any one of claims 9 to 15, wherein the reaction of the compound of
Formula (l), or a salt thereof, and a compound of Formula (V), or a salt thereof, is performed at a

temperature in the range 40 to 100 °C, such as 70 to 90 °C.

17
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17. A process as claimed in any one of claims 9 to 16, wherein step (i) and step (ii) are

performed sequentially without the isolation of the compound of Formula (), or a salt thereof, from

the benzonitrile of step (i).

18. A process as claimed in any one of claims 1 to 17, wherein R is methyl.

18
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