
(12) INTERNATIONAL APPLICATION PIJBLISHED I;NDER THE PATENT COOPERATION TREATY (PCT)

(19) World intellectual Property
Organraation

International Bureau

(43) International Publication Date
30 January 2025 (30.01.2025)

llIlllIlllIlIllllllllIlllllIIllIllIllIllllllllllIllIllIllIlIlIIlllIlIllllIIlIIIIIIIIIIIIIIIIIII

(10) International Publication Number

WO 2025/024697 Al
WIPCI I POT

(25) Filing Language:

(26) Publication Language:

Enghsh

Enghsh

(30) Priority Data:
6&3/5 I Ci 024 27 July 2023 (27 07 2023) US

(71) Applicant: SIGMA-ALDRICH CO. LLC (US/USE 3030
Spruce Street, St Louis. Missouri 63103 (US)

(72) Inventors: GOEDDEL, David. c/o Sigma-Aldrich Co
LLC. 3050 Spnrcc Street. St Louis, Missouri G3103 (US).
WALKER, James. c/o Sigma-Aldrich Co. LLC, 3030
Spruce Slrcct. St. Louis. Missouri 63103 (US). WRIGHT,
Austin, c/o Sigma-Aldrich Co. LLC. 3050 Spruce Street, St

(51) International Patent Classification:
C07D 209/48 (200G 01) C07F 7/Oft (200G 01)
C07D 47///4(200601) A6JP35/00(200G 01)
C07F 5/OO (2006 0l) A6/K3//435 (200G 0l)

(21) International Application Number:
PCT/U S2024/039606

(22) International Filing Date:
2S July 2024 (2S.07.2024)

Louis. Missouri G3103 (US) REDFERN, Louis, c/o Sig-
nm-Aldrich Co LLC, 3050 Spnrce Street, St. Louis. Mis-
souri (13103 (US)

(74) Agent: FROST, Kristin J. et alx Sigma-Aldnch Co. LLC,
c/o EMD Mill&pore Corpomuou, Paleut Depanment, 400
Sumnril Drn e. Burlmgton, Massachusetts 01503 (CS).

(g1) Designate(l States /unless orlwnmsv i&id&en(e&l, /iir everv
lcm&/ u/nrnninal prureeni&n nvmluhle/. AE, AG. AL. AM,
AO, AT, AU, AZ, BA, BB, BG, BIL BN, BR. BW, BY BZ,
CA, CIL CL. CN, CO, CR, CL', CV, CZ, DE, DJ, DK, DM,
DO. DZ. LC. EE. EG, ES. FL GB. GD. GE, Gll. GM. GT,
I IN, I JR, Eii I ID, IL. IN, IQ, IR, IS, IT, JM, JO, JP, KE. KG,
KII, KN, KP. KR. KW. KZ, LA, LC, LK, LR. LS, LU, LY,
MA, MD, MG, MK, MN, MU, MW, MX. MY. MZ. NA,
NG, NL NLO, NZ, OM, PA, PE, PG, PIL PL, PT, QA, RO,
RS. RU. RW. SA. SC. SD. SE. SG. SK. SL. ST, SV, SY. TIL
TJ, TM TN, TR, TT. TZ, UA, L'G. US, UZ, VC, VN, WS,
ZA. ZM, ZW.

(g4) Designated States runless vrheru ise mrhvnren', /ur ever&&

lrmrl vf rug&van/ prvrevrn&n avrnlahlel ARIFO (BW, CV,
GII, GM, KE, LR. LS, MW, MZ, NA, RW, SC, SD, SL, ST,

(54) Title: INTERMEDIATES FOR SYNTI IESIZING EXATECAN MESYLATE

O'C.20 'C 50 *C

5011, ilplc cQ" y id

0

Ai,ung
Nplhn I'idiuin conner'iN vr&ISI '.",Is"C!

CszC05(7 5 mcl'&x) DVIA. 75 '"
TSAB (5 mcl &i.) aimtoiic

855& yreld

I ~N&fhc

cr.'CI/(ReCN)z
L&ru CMA EI N

I-in'ON reflux 28:i

5 6 yield

Nctxl'

Ifn)~~00. IRS I

I
Ch

Mi

CO

Fn,. N

7 NI I Ac

7 I vi y&eid

FIG. I

(57) Abstract: lutcnncdiatcs useful in thc preparation of cxatccan mcsi late and rclatcd compounds Further provided arc methods for
preparing these compounds. Also provided is an improv cd. scalahic s) ntltcsis of cxatccan mcsylatc using thc provided intcrmcdiatcs
The synthesis of exatccan mcs) late utilizes a cont crgcnt approach. im olving fervor steps and utilizing fcrx cr rcagcnts and increasing
cfficicncv

/r nnrnn&ed&m uevrpage/



wo 2025/024697 A1 llIlllIIlIlIiIlllllIlllllIIlIIIIIIIIIIIIIIIIIIIlIlllllIlIlIllllIlIllllIIlIlIIIIIIIIIIIIIIIII

SZ. TZ. LG, ZVI. ZW), Eurasran (AM. AZ, BY. KG. KZ.
RL. TJ. TM). European IAL. AT. BE, BG. CII. CY. CZ.
DE. DK. EE. ES, FI. FR. GB. GR. IIR. IIU. IE. IS. IT. LT.
LU. LV. MIC. ME, MK, MT. NL. NO. PL. PT. RO. RS, SE.
SL SK. SM. TR). OAPI (BF. BJ. CF. CG. CI. CM GA, GN.
GQ. GW. KM. ML, MR. NE. SN, TD. TG)

Published:
w rrh rareraarlorra1 scarc)r repori (: In. 22(dii
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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 WO2022000868

[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

punfication.

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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NPhth

[0007] Additional intermediates provided include those of formulae II, III and

IV:

0
PhthN~OH

NHAc

N anti":

,[In) .'Q,TI46

NPhth

I'OcTklS IV.

[0008) Further provided are methods of preparing a compound of formula I,

the method including the steps of prowding 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 (IV)

NPhth

I 'OgTKtS IV

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

to form indium intermediate (III)
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iln] 'CO,TMB

(d) reacting the indium intermediate (III) with the N-(3-fluoro-5-iodo-4-

methylphenyl)acetamide to form intermediate (II)

0
PhthN.~

NHAc

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

Nphth

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.

NPhth

I
" COzTIvlS

indium powder NPhth
Cul

[In]''COzTMS

in the preparation of the cyclized intermediate.

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

Compound I

Nphth

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.

[0016] 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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t» .K

Q PhtnN,

Os„-0 Oe t 7. 5 mol 'ts),

TBAB i5 nf el '4), ac tone

[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-yl)isoindoline-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 (III) and

(IV)

Npntt)P!)„.,N: Tt;fst, cpi "cb
Crate 1 MB

Npittn Indlunl powder nin

I .,Ft
GTi;ts DMS, re'C OTMS

F'HAo
Pdctr i-PrOH

LtCI, f3MAo Et,N

q
pntnN

Oli

F ~ Nl-iAo

(IV)

[0021] In a first reactor, 2-(2-oxotetrahydrofuran-3-yl)isoindoline-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 (I)

tas,O, DOE
reflux 24 n;

tries faeOH
10h

73'1 yield

[0023] 4-(5-acetamido-3-fluoro-2-methylphenyl)-2-(1.3-dioxoisoindolin-2-

yl)butanoic 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-

oxo-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,

EtOAc or acetone) isopropanol and base (preferably, aq. KHCOs or aq.

KzCO~), 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-/)indolizine-3,6,10(4H)-trione (EXA-trione).

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.



WO 2025/024697 PCT/US2024/039606

o

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.

NO

[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'/o 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'/o MeCN in Water (2 x 4 vol) and

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

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

methylphenyl)acetamide.

Fs puwder

[0032] To a stirnng reactor under Nz 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, ensunng 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% yield).

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

dione

O
Ph(hi(t

[0034] To reactor were sequentially charged tetrabutylammonium bromide

(0 05 equiv ), cesium carbonate (0.075 equiv.) and 1H-lsoindole-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.
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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 H~O/MeOH (3 x 6 vol). The filtrate was

thoroughly dned in vacuo with heat (50 C) over several days to deliver a

chalky white solid (98.0 g, 79'/o yield).

[0035] Example 4. Preparation of 4-(5-acetamido-3-fluoro-2-methylphenyl)-2-

(1,3-dioxoisoindolin-2-yl)butanoic 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

iodotnmethylsilane (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 N~, 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
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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) chlonde (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 vacua 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 stirnng, 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-oxo-1,2,3,4-

tetrahydronaphthalen-2-yl)isoindoline-1,3-dione
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Q
Phthhf

'&l.l

F ':"fi.!Ac

fBs.Q. QQE
re!!ux, 24 h. Q
!hen MeGH

'Ni l'.

73% yfe'd

[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 anhydnde (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)

Hphth 1, 6 M aq. HQ:.

AcGH, reflux
'Q

2 Ar:sQ, base
hiH THF

15'; yield

Q

EXA anilrne
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[0040] To a reactor were sequentially charged 2-(8-amino-6-fluoro-5-methyl-1-

oxo-1,2,3,4-tetrahydronaphthalen-2-yl)isoindoline-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. KHCO3 or

aq. K~CO3, -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 stirnng 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 I

NPhth

2. A compound of formula II

0
PhthN ~~

NHAc

3. A compound of formula III

NPnth

;In] CO.TP;!6

4. A compound of formula IV

NPhth

I''CG-.TMS IV.

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

comprising the steps

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

separately
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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 (IV)

NPhth

CGsTktS IV

c. reacting the carboxylic acid of (c) with Indium powder and

copper(l) iodide to form indium intermediate (III)

NP hatt;.

;in] - CO,TM=

d. reacting the indium intermediate (III) with the N-(3-fluoro-5-iodo-

4-methylphenyl)acetamide to form intermediate (II)

0
PhthN~

NHAc

e. performing a ring closing to yield the compound of formula (I)

NPhth
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