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(57) Abstract: Intermediates useful in the preparation of exatecan mesylate and related compounds. Further provided are methods for
preparing these compounds. Also provided is an improved, scalable synthesis of exatecan mesylate using the provided intermediates.
The synthesis of exatecan mesylate utilizes a convergent approach, involving fewer steps and utilizing fewer reagents and increasing
efficiency.
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INTERMEDIATES FOR SYNTHESIZING EXATECAN MESYLATE
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the benefit of priority of U.S. provisional
patent application no. 63/516,024, filed July 27, 2023, the content of which is

incorporated by reference herein in its entirety.
BACKGROUND

[0002] Exatecan mesylate is a highly sought-after payload for use in antibody-
drug conjugates (ADCs). Enhertu is a commercial ADC therapy utilizing
deruxtecan, which is synthesized from exatecan mesylate. Additionally, there

are currently several experimental ADCs utilizing exatecan-based payloads.

[0003] The commercial supply of exatecan is tightly controlled with high cost
of entry and a challenging synthetic route for production. Current state of the
art processes for synthesizing exatecan mesylate rely on a linear assembly of
a bicyclic core and subsequent late-stage low yielding amination. Such
processes are described in published patent applications, such as
US20200384121 and W02022000868.

[0004] A need exists for new synthetic methods that can overcome the
significant supply issues limiting the investigation and commercialization of
exatecan payload-based ADCs. Such a route should provide improved yield,
be scalable for manufacture, and avoid the need for chromatographic

purification.
SUMMARY

[0005] Provided are new intermediates useful in the synthesis of exatecan

mesylate and related syntheses.

[0006] A first intermediate provided is the compound of formula I
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[0007] Additional intermediates provided include those of formulae I, Il and
IV:

PhthN
OH

F NHAC [

NPhih

anl” T OO, TR N

NPhih

TN 0TS .
[0008] Further provided are methods of preparing a compound of formula |,
the method including the steps of providing N-(3-fluoro-5-iodo-4-
methylphenyl)acetamide, and separately (a) reacting 3-bromo-2-
oxotetrahydrofuran with potassium phthalimide to provide 2-(2-
oxotetrahydrofuran-3-yl)isoindoline-1,3-dione; (b) reacting 2-(2-
oxotetrahydrofuran-3-yl)isoindoline-1,3-dione with trimethylsilyl iodide (TMSI)

to form the corresponding carboxylic acid (V)

NPhth

N

T 00, TMS W,

(c) reacting the carboxylic acid of (c) with Indium powder and copper(l) iodide

to form indium intermediate (ll1)
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(d) reacting the indium intermediate (ll1) with the N-(3-fluoro-5-iodo-4-

methylphenyl)acetamide to form intermediate (I1)

I
PhthN OH
F NHAC [

(e) performing a ring closing to yield the compound of formula (1)
NPhth

]

F NH,

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The drawings are provided to illustrate one or more versions of the
present invention and are not to be construed as limiting the scope of the

claims.
[0010] FIG. 1 shows the preparation of the intermediate provided herein.

[0011] FIG. 2 shows the synthesis of exatecan mesylate from the provided

intermediate.
DETAILED DESCRIPTION

[0012] Provided herein are new intermediates useful in the preparation of
exatecan mesylate and methods of synthesizing these intermediates, thus
providing a new, efficient route to synthesize exatecan mesylate and other

exatecan-based payloads.
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[0013] The improved synthesis is shown in FIG. 1. Utilization of the bromo-
lactone arm of the synthesis provides a key improvement over state-of-the-art
methods. By incorporating the amine, protected as the phthalimide into the
palladium couple partner, a shorter longest linear route is achieved compared
with conventional synthetic routes. Additionally, the route provided herein, as
shown in the examples, does not utilize or need column chromatography.

Furthermore, this route is scalable for manufacture.

[0014] As shown in FIG. 1, a significant improvement in the synthesis is

achieved by utilizing an indium-based palladium cross-coupling reaction:

idium powder
NPhth ol NPhth
il ™7 OO TMS)

Loy

AN

17 ~ {:OQTMS DAL TS 8

in the preparation of the cyclized intermediate.

[0015] Additionally, the cyclized intermediate protected as the phthalimide,

Compound |
NPhRth

O
F NHg |

provides significant advantages in streamlining the synthesis of exatecan
mesylate. Moreover, this route allows an alternative, scalable, route to
exatecan mesylate, providing significant advantage by reducing the longest
linear route of the synthesis, which in turn decreases raw material input
quantity. By utilizing a more convergent approach, individual reaction sizes

are lower and syntheses are more efficient.
[00186] Preparation of Intermediates

[0017] N-(3-fluoro-5-iodo-4-methylphenyl)acetamide is prepared according to
the route described below, or may be obtained through commercial sources.

[0018] Preparation of 2-(2-oxotetrahydrofuran-3-yl)isoindoline-1,3-dione
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[0019] 3-Bromo-2-oxotetrahydrofuran is reacted with potassium phthalimide in
acetone in the presence of catalyst, preferably tetrabutylammonium bromide
(TBAB) and base, preferably cesium carbonate, to form 2-(2-

oxotetrahydrofuran-3-ylisoindoline-1,3-dione.

[0020] Preparation of 4-(5-acetamido-3-fluoro-2-methylphenyl)-2-(1,3-
dioxoisoindolin-2-yl)butanoic acid, compound (II), through compounds (lIl) and
(V)

C

~ /fi\_ - )ﬂ
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[0021] In a first reactor, 2-(2-oxotetrahydrofuran-3-ylisoindoline-1,3-dione is
reacted with excess trimethylsilyl iodide in methylene chloride to yield the
corresponding terminally iodinated carboxylic acid. The resulting carboxylic
acid is isolated, then subsequently, copper(l) iodide and indium powder are
sequentially added. The resulting suspension is purged with nitrogen and
N,N-dimethylacetamide (DMAC) is added. The mixture is heated, the reaction
allowed proceed, then cooled to form the indium-containing intermediate.
Fluoro-5-iodo-4-methylphenyl)acetamide and dry lithium chloride are added to

a second reactor, then the organics from the first reactor are filtered into the
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second reactor. Palladium(ll) chloride is added, the reaction mixture is heated
to 110 °C and stirred vigorously for a time sufficient for the reaction to
complete. The mixture is then cooled to 80 °C, the volatiles removed, then
cooled to 40 °C. Methyl ethyl ketone is charged, and the suspension stirred,
then is filtered. The filtrate is heated to 60 °C and concentrated to remove the
methyl ethyl ketone. The resulting solution is cooled to 15 °C and a solution of
phosphoric acid is water is added slowly with stirring. The mixture is cooled to
5 °C and the product is allowed to precipitate and is filtered, washed and
concentrated. The product further is further purified in nitromethane and
MTBE, then dried.

[0022] Ring Closure and aniline deprotection to form compound (1)

Q
Puthi.

O

thn RnQH RN
6 h . 1EN]

TE% yield

(1)

[0023] 4-(5-acetamido-3-fluoro-2-methylphenyl)-2-(1,3-dioxoisoindolin-2-
yhbutanoic acid and methanesulfonic anhydride are combined and the
reaction is heated to reflux and stirred until complete. The reaction is cooled
to 15 °C, methanol is added and the mixture stirred for 10 h. The mixture is
then concentrated, cooled to 5 °C and water is slowly added, with the
temperature not exceeding 30 °C. The product is subsequently washed,
filtered and dried to provide 2-(8-amino-6-fluoro-5-methyl-1-oxo-1,2,3,4-

tetrahydronaphthalen-2-yl)isoindoline-1,3-dione.
[0024] Preparation of EXA-aniline

[0025] A reactor is sequentially charged with 2-(8-amino-6-fluoro-5-methyl-1-
0x0-1,2,3,4-tetrahydronaphthalen-2-yl)isoindoline-1,3-dione aqueous HCI and
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acetic acid, then purged with nitrogen and heated to reflux. The reaction is
allowed to proceed to completion, then cooled, allowing the phthalic acid by-
product to form a white precipitate. The reaction is filtered, concentrated and
dried. To the resulting residue was charged to solvent, (preferably THF,
EtOACc or acetone) isopropanol and base (preferably, aq. KHCOs or aq.
K2CO:s), with stirring. The reaction is cooled to 5 °C with nitrogen sparging,
and acetic anhydride is carefully added with stirring; the reaction is stirred for
an additional 30 min. Methanol is charged, and the reactor stirred an
additional 15 minutes, then the volatiles removed. Water is added, the mixture
is heat to 40 °C and vigorously stirred for 15 minutes. The aqueous layer is
filtered off, then the solids are washed with water and aqueous ethanol and
dried. Acetone was added and the resulting suspension heated to 50 °C and
stirred for 3 h then cooled. The crystals are filtered again and dried to provide
EXA-analine.

[0026] Preparation of exatecan mesylate using EXA-analine.

[0027] In a first step, EXA-aniline is condensed with (4S)-4-Ethyl-7,8-dihydro-
4-hydroxy-1H-pyrano[3,4-flindolizine-3,6,10(4H)-trione (EXA-trione).

¥

B T

TN e T 0
PRTE GO, Fhag

Coary S
TR0

QN e
DO e

This condensation step is carried out in toluene containing o-cresol, in the
presence of an acid catalyst, preferably pyridinium p-toluenesulfonate (PPTS).
The acid catalyst may be used in an amount sufficient for the reaction to
proceed, preferably 0.03 to 0.3 equivalents based on EXA-aniline. The
reaction is carried out at a temperature in the range from 90 to 130 °C, for a

time sufficient for the reaction to complete, typically 16 hours or longer.
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The resulting compound is deprotected using methanesulfonic acid (MsOH) to
yield exatecan mesylate.

EXAMPLES

[0028] The following examples are illustrative in nature and are not meant to

limit the scope of the invention as defined by the claims.

[0029] Example 1. Preparation of 1-fluoro-3-iodo-2-methyl-5-nitrobenzene.

[0030] In air, sulfuric acid (8 vol) was charged to a stirring reactor. The reactor
was cooled to 5 °C, and sodium iodide (0.96 equiv.) was added in one portion,
after which a slight exotherm occurred. The reactor was cooled back down to
5 °C, and sodium periodate (0.32 equiv.) was charged in one portion. The
resulting dark brown liquid was stirred at 5 °C for an additional 30 min. 2-
Fluoro-1-methyl-4-nitrobenzene (100.0 g, 1 equiv.) was charged in a single
portion, and the reactor temperature was raised to 15 °C. The viscous mixture
was vigorously stirred for 22 h, after which less than 5% of the starting
material remained. The reaction was poured slowly into 0 °C stirring ice (1200
g) over 1 h. The quenched reaction was then allowed to warm to 15 °C with
continued stirring. The reaction was vacuum filtered to produce a reddish
solid, which was subsequently washed twice with water (2 x 8 vol). Toluene
(12 vol) was charged, followed by aqueous sodium sulfite (0.8 M, 8 vol). The

biphasic suspension was heated to 40 °C with vigorous stirring for 30 min.
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Stirring was ceased and the suspension was allowed to separate over 10 min
at 40 °C. The aqueous layer was removed, and additional toluene (4 vol) was
added to the aqueous layer. The biphasic mixture was stirred an additional 5
min at 40 °C then allowed to separate, and the depleted aqueous layer was
again removed and discarded. The combined organic layers were sequentially
washed with aqueous sodium carbonate (ReagentPlus® grade from
MilliporeSigma, St. Louis, MO, 0.75 M, 3 vol) and aqueous sodium chloride
(2.0 M, 3 vol). The resulting pale-yellow mixture was filtered through a pad of
celite, washing with minimal toluene (2 vol). The filtrate was concentrated in
vacuo to deliver a yellow residue. The residue was crystallized from boiling
MeCN/water (5 vol/2 vol based on crude mass) according to the following
procedure: the stirred suspension was heated to a boil, aged 30 min, and
cooled back down to 5 °C with very gentle stirring (~10 rpm) over 5 hours to
precipitate pale yellow crystals. The mother liquor was filtered away, and the
crystals were washed twice with 50% MeCN in Water (2 x 4 vol) and

concentrated in vacuo to deliver pale yellow crystals (92.5 g, 50% yield).

[0031] Example 2. Preparation of N-(3-fluoro-5-iodo-4-

methylphenyl)acetamide.

A0, AndH
W

88 50 CTUNNAS
[0032] To a stirring reactor under N2 were sequentially charged iron powder
(4.4 Eq) in one portion and acetic acid (6 vol) in one portion. The reactor was
heated to 85 °C, and a pre-made solution of 1-fluoro-3-iodo-2-methyl-5-
nitrobenzene (56.2 g, 1 Eq) in toluene (8 vol) was slowly added dropwise with
vigorous stirring, ensuring the temperature did not exceed 100 °C. After
complete addition, the reaction was cooled to 50 °C, and acetic anhydride
(1.77 equiv.) was added over 10 min. The reaction was vigorously stirred an
additional 30 min, after which the solvent was evaporated off (75 mBar,

50 °C). The resulting solids were azeotropically dried twice with additional

toluene (2 x 6 vol). The reactor temperature was set to 30 °C, and acetone
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(5 vol) was charged. The mixture was stirred vigorously for 10 min, and the
product containing organics were filtered off into stirring aqueous sodium
carbonate (Reagent Plus® grade from MilliporeSigma, St. Louis, MO, 2.0 M,
4 vol). The reactor vessel was washed with acetone four more times (4 x 2
vol) following the same procedure. The resulting filtrate suspension was
stirred for 10 min and allowed to settle for 30 min, during which a biphasic
mixture formed. The dark-colored aqueous (bottom) layer was discarded, and
the pale-yellow organic layer was treated with activated charcoal (10 g). The
suspension was vigorously stirred for 15 min. then filtered through a pad of
celite. The celite pad was washed with minimal acetone (3 vol), and the
collected organic filtrate was concentrated down to 8 vol in vacuo. Water

(8 vol) was charged with stirring, and the remaining acetone was evaporated
off. Methanol (2 vol) was charged with stirring, and the suspension was
vacuum filtered. The resulting white solid was washed twice with 25% MeOH
in water. The white solid was thoroughly dried in vacuo to deliver the product
as a chalky white solid (53.0 g, 90% vield).

[0033] Example 3. Preparation of 2-(2-oxotetrahydrofuran-3-yl)isoindoline-1,3-

dione

v s e .
Ca ol (7.0 ot %4,
TRAB & mot ¥, sacstone

[0034] To reactor were sequentially charged tetrabutylammonium bromide
(0.05 equiv.), cesium carbonate (0.075 equiv.) and 1H-Isoindole-1,3(2H)-
dione, potassium salt (100.0 g, 1 equiv.) The reactor was purged with
nitrogen, and acetone (7 vol) was added in one portion. Stirring was
commenced, and the temperature was lowered to 10 °C. 3-
Bromotetrahydrofuran-2-one (1.3 equiv.) was then added dropwise such that
the internal temperature did not exceed 15 °C (~1 drop/sec). Upon complete
addition, the reaction was stirred at 15 °C for 2 h, and then at 20 °C for 10 h.



WO 2025/024697 PCT/US2024/039606
11

Following this, the temperature was lowered to 5 °C, and water (7 vol) was
added at a rate such that the temperature did not exceed 20 °C. After stirring
for an additional 15 min, the acetone was removed in vacuo at 20 °C.
Methanol (2 vol) was added, and the mixture was stirred vigorously for an
additional 5 min. The mixture was vacuum filtered, and the solid was rinsed
three more times with a solution of 2/1 H2O/MeOH (3 x 6 vol). The filtrate was
thoroughly dried in vacuo with heat (50 °C) over several days to deliver a
chalky white solid (98.0 g, 79% yield).

[0035] Example 4. Preparation of 4-(5-acetamido-3-fluoro-2-methylphenyl)-2-
(1,3-dioxoisoindolin-2-ylbutanoic acid

[0036] To a stirring reactor were sequentially charged 2-(2-
oxotetrahydrofuran-3-yl)isoindoline-1,3-dione (13.41 g, 1.7 Eq, 58.00 mmol),
dichloromethane (38.83 g, 29.42 mL, 13.4 Eq, 457.2 mmol), and
iodotrimethylsilane (14.68 g, 9.985 mL, 2.15 Eq, 73.36 mmol) in single
portions. The reaction was allowed to stir at ambient temperature for 16 h,
after which it was concentrated in vacuo at 40 °C to deliver a viscous brown
residue. To the residue were sequentially charged copper(l) iodide (11.70 g,
1.8 Eq, 61.42 mmol) and indium powder (13.32 g, 1.824 mL, 3.4 Eq, 116.0
mmol) in single portions. The suspension was purged with N2, and N,N-
dimethylacetamide (25.18 g, 26.8 mL, 8.47 Eq, 289.0 mmol) was added. The
mixture was heated to 70 °C and stirred for 20 h, after which it was cooled
down to 20 °C. Meanwhile, to a second reactor were added N-(3-fluoro-5-
iodo-4-methylphenyl)acetamide (10.00 g, 1 Eq, 34.12 mmol) and dry lithium
chloride (5.785 g, 4.0 eq., 136.5 mmol) in single portions. The product-

containing organics from the first reactor were filtered into reactor 2. Reactor 1



WO 2025/024697 PCT/US2024/039606
12

was rinsed with additional N,N-dimethylacetamide (25.18 g, 26.8 mL, 8.47 eq,
289.0 mmol) and the rinse was used to wash the filtrate into reactor 2.
Palladium(ll) chloride (605 mg, 0.1 equiv.) was charged in one portion, after
which the reaction turned black. The reaction was heated to 110 °C
(approximate reflux) and vigorously stirred for 26 h, after which it was cooled
to 80 °C. The volatiles were removed in vacuo, and the mixture was cooled
down to 40 °C. fluoro-5-iodo-4-methylphenyl)acetamide (100 mL) was
charged, and the suspension was stirred for 5 min. The reaction was filtered
through a pad of celite, washing with minimal methyl ethyl ketone (20 mL).
The filtrate was heated to 60 °C and again concentrated in vacuo to remove
methyl ethyl ketone. The resulting red solution was cooled to 15 °C, and a
solution of phosphoric acid (5.0 g, 85% wt., 1.5 Eq) in water (125 mL) was
added dropwise with stirring over 30 min. The mixture was cooled to 5 °C, and
the dark-colored product was allowed to oil/precipitate out at the bottom of the
vessel with gentle stirring over 2 h. The light-colored, opaque supernatant was
removed with a filter stick, and the dark oil residue was washed several more
times with water (3 x 100 mL) in a similar manner. The resulting brown
residue was thoroughly concentrated in vacuo, azeotropically drying with
toluene as needed. Nitromethane (~15 vol based on theoretical yield) was
charged with gentle stirring, during which a fine, white precipitate crashed out.
The mixture was heated to 45 °C and aged with vigorous stirring for 3 h, after
which it was cooled to 10 °C with gentle stirring for an additional hour. The
suspension was filtered, and the collected solid was sequentially washed with
cold nitromethane (2 x 2 vol) and MTBE (2 x 2 vol). The solids were dried in
vacuo to deliver the cross-coupled product as an off-white powder (8.3 g, 61%
yield.)

[0037] Example 5. Preparation of 2-(8-amino-6-fluoro-5-methyl-1-ox0-1,2,3,4-
tetrahydronaphthalen-2-yl)isoindoline-1,3-dione
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[0038] To a reactor were sequentially charged 4-(5-acetamido-3-fluoro-2-
methylphenyl)-2-(1,3-dioxoisoindolin-2-yl)butanoic acid (3.0 g),
methanesulfonic anhydride (4.5 eq) and 1,2-dichloroethane (10 vol). The
reaction was heated to reflux and stirred until full conversion was observed
(~24 h). The reaction was cooled to 15 °C, and methanol (10 vol) was
charged in one portion. The mixture was stirred for 10 h, after which it was
concentrated to 5 vol. Additional methanol (15 Vol) was charged with stirring,
and the suspension was again concentrated to 5 vol. A final charge of
methanol (15 vol) and concentration to 5 vol was performed. Following this,
the suspension was cooled to 5 °C, and water (15 vol) was slowly added over
20 min, ensuring the temperature did not exceed 30 °C. After stirring an
additional 5 min, the resulting solid was filtered off and sequentially washed
twice with water (2 x 8 vol) and twice with methanol (2 x 8 vol). Upon drying,
the resulting solid was aged in boiling ethanol (8 vol) with stirring for 15 min.
After cooling down to 15 °C, the suspension was filtered and dried to deliver

the product as off-white crystals (1.85 g, 73% yield).
[0039] Example 6. Preparation of N-(8-Amino-6-fluoro-1,2,3,4-tetrahydro-5-

methyl-1-oxo-2-naphthalenyl)acetamide (EXA-aniline)

- NPRE 408 W g HO
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[0040] To a reactor were sequentially charged 2-(8-amino-6-fluoro-5-methyl-1-
0x0-1,2,3,4-tetrahydronaphthalen-2-ylisoindoline-1,3-dione (1 eq), aqueous
HCI (6 M, 12 vol), and acetic acid (6 vol). The reaction was purged with
nitrogen and then heated to reflux until full conversion was observed (~24 h).
The reaction was cooled 15 °C, and it was gently stirred for an additional 6 h,
during which a white precipitate formed (phthalic acid by-product). The
reaction was filtered without washing, and the filtrate was concentrated in
vacuo. The residue was azeotropically dried with isopropanol (2 x 4 vol) to

deliver a residue which was satisfactorily pure for the next step.

[0041] To the resulting residue were sequentially charged solvent (THF or
EtOAC or acetone; 5-8 vol), isopropanol (0.3 equiv.) and base (aq. KHCOs or
aq. K2COs; ~3.5 equiv.) with stirring. The reaction was cooled to 5 °C with N2
sparging for 30 min, and acetic anhydride (~1.2 equiv.) was added over 30

min. The reaction was stirred for an additional 30 min.

[0042] Methanol (5 vol) was charged, and the reactor was stirred 15 min. The
volatiles were removed in vacuo, and to the resulting residue was charged
water (10 vol). The mixture was heated to 40 °C with vigorous stirring for 15
min. The aqueous layer was filtered off, and the solids were sequentially
washed twice more with water (2 x 5 vol) and cold 60% aqueous ethanol (10
vol). The solids were dried in vacuo to deliver darkly colored crystals. Acetone
(10 vol) was added to the crystals, and the resulting suspension was heated
to 50 °C with stirring for 3 h. Upon cooling to ambient temperature, the
crystals were again filtered and washed with additional acetone (5 vol). The

crystals were dried in vacuo to deliver EXA-Aniline as off-white crystals.

[0043] EXA-aniline can then be converted to exatecan mesylate using the

procedure described above.
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CLAIMS
What is claimed is:
1. A compound of formula |
NPhth
@)
F NH,
2. A compound of formula Il
0
PhthN OH
F NHAC¢ Il.
3. A compound of formula Il

NPhh
dap T Q0TS 1.
4. A compound of formula IV

?\ Phth

P Nt

PN T C O TMS V.

5. A method for preparing a compound of formula |, the method

comprising the steps
providing N-(3-fluoro-5-iodo-4-methylphenyl)acetamide,

separately
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reacting 3-bromo-2-oxotetrahydrofuran with potassium
phthalimide to provide 2-(2-oxotetrahydrofuran-3-yl)isoindoline-

1,3-dione

reacting 2-(2-oxotetrahydrofuran-3-yl)isoindoline-1,3-dione with
trimethylsilyl iodide (TMSI) to form the corresponding carboxylic
acid (IV)

i\ Phih

P
s PN

PO 0 TMS Y,

reacting the carboxylic acid of (¢) with Indium powder and

copper(l) iodide to form indium intermediate (ll1)
Q}F’%}t‘i*x

- _.-""~\\ ..f‘f}\\ 8
{trg VT GO TMS 1l

reacting the indium intermediate (lll) with the N-(3-fluoro-5-iodo-

4-methylphenyl)acetamide to form intermediate (Il)

O

=]
hthN OH

F NHAc [l
performing a ring closing to yield the compound of formula (1)
NPhth

O

F NH,
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