PROCESS FOR THE PREPARATI ON OF A4N The present
invention relates to a process for the preparation of
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process can be used on an industrial scale and is

suitable for the preparation of pharmaceutically pure

conpounds . Background to the % nvention AUN is a
non-toxic pro a PArk r&a of

cancer. The ag{IVE%E Eogﬁéﬂ ﬁﬁmtyto?ggﬁc cdﬁ%@tnd A4,

which is produced in vrvo fronrAQAN by reductlve

net abolismin \ypox 1 t rocess qe

r éD&r BES BT e tdﬁ?lﬁﬁ XeH d%ed RCthe syn i s of

AQANLEFOM Aot Adani, Saﬁatfws(EﬂnusnBEdtsotvakﬁﬂ rable to
prepare, purif and/ or handle a corres so vat e
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are discussed in Berge et al ., 1977

" PREPA¥REEL i cal |y Acceptable Salts,” J . Pharm Sci .

Vol . 66, pp. 1-19. AN has been reported in the form

of many salts or solvates (J. Chem Soc ., Perkin

TEagkareund gom thezdnvenpnion/ 05194; WO 03/ 078387)
dngeg,a%&r%ﬁ@ Wi b KHOMWE PHaRanak | oAStkE ANment of

an

salts
cancer. The active drug is the cytotoxic compound AQ4, which

is produced in vivo from AQ4N by reductive metabolism in
hypoxic cells: This process is the reverse of the oxidation

step used in the synthesis of AQ4N from AQ4.

Me ?.
OH O HN"TMe OH 0O HN/«\“/KLye
o0 — O
Me
OH O HN\V/A\w/Me OH O HN\V/A\#;Me
AQ4 (1) Me AQ4N (2) o

It is often convenient or desirable to prepare, purify,
and/or handle a corresponding solvate or salt, such as a
pharmaceutically-acceptable salt, of AQ4N. Examples of
pharmaceutically acceptable salts are discussed in Berge et
al., 1977, "Pharmaceutically Acceptable Salts," J. Pharm.
Sci., Vol. 66, pp. 1-19. AQ4N has been reported in the form
of many salts or solvates (J. Chem. Soc., Perkin Trans. I,

1999, 2755; WO 00/05194; WO 03/078387) .
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or solvates thereof is that the resulting products
contain, in varying degrees, an inpurity known as

WACHE08BQAN or 1- amino - 4- {[2- (diraethyl anPon8évglooos9s

] ami no} -5,8- di hydroxyanthraquinone is fornmed by
degradation of AQUN. AQWN i s an undesirable
contamnant in a corrpound that is intended to be
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salts of Sofvates t ereo prepar ed usi ng
procesly attleat tbapé@glﬁsse:\r@rtattheeaewbmrsl eapt@duass contaln,

detailed in V\D 00/ 05194 a t e NN |
vies “Carr gd tSon a small Ql(%l% kg!zj‘srb A %’m h@%mé?ofl
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AR SO G B a0 Ry By R R SrAG CODR] By Ao

Frd edelunde@iabbse acyil @dniiGnnys i Aga adommpatmditkec bk of htkended
catal yst . DFPA ég) The reaction was perforned by
et g aLponber 8l i &t dicd “6P*tRePSAtits (4), (5),

sodium chloride and alum niumtrichloride to a
tenperature of 220 0C . The fluorine atons in DDA are
then substituted by N, Ndi et hyl et hyIOenedl amne in the

followi ng reaction to produce
OH O HN/\/\Me

OH O NH,
AQMN (3)

AQ4N and salts or solvates thereof may be prepared using a
process that employs several reaction.steps, as detailed-in
WO 00/05194 and set out below. This method was carried out on
a small scale (~0.1 mol). One step in this process is the
conversion of 3,6-difluorophthalic anhydride (DFPA) and p-
hydroguinone into 1,4-difluoro-5,8-dihyroxyanthracene (DDA)
by a Friedel-Crafts acylation using an aluminium chloride

catalyst.

OH F o o OH 0

(L — O‘O
OH F 0 OH O F
(4) DFPA (5) DDA (6)



AXA. Me In the nethod described in WO 00/ 05194, this
reacti on step produced only noderate yields of product

W@ 2608880314 even on | aboratory sized scal e of abpcit/G82d5/000496
nol es. The next reaction step is then perforned to
oxi dise AQ4 into AQUN. The nethod described in WO
00/ 05194 uses the Davis reagent (2- benzene -
subfopyl = 35 PheNY ber £8¥AZ4 b AiRe) 188 EhSo@d HfifGture of
agent " and the reattion is perfornmed at room
t ehpersat ide. (4) /i s(Spessphlen tehliogdldat enACINIRRNAUA S
pQi_nt fur ther [ ' ether reaction step,
tgrécgg§f1%§'Q%f@§%§¥g%%%ﬁ%%6$gégpcbdihydrochloride
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treati a. met hanal i.c ut i on af : m
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Odgasiby aet oy saldds aofi nAQIN Haey € cdllvwibeene prieipar ¢ byoduce
the addition of a methanolic solution containing the
oﬁéﬁnic acid (WD 03/078387) . Disclosure of the
i nvention The present invention discloses an Whproved
process for the preparation of AQUN and 3&LL§NQM

i e

sol vat es t her@df.QThi OH O HN

— L0
OH O F OH O HN\V/A\N,Me
DDA (B) AQ4 (1) |

Me

10 In the method described in WO 00/05194, this reaction step
produced only moderate yields of product (~ 40%), even on

laboratory sized scale of about 0.1 moles.

The next reaction step is then performed to oxidise AQ4 into

15  AQ4N.
e 0
OH @ HNNTMe OH O HN/A\V/T;ye .
CoD — oo
Me
OH O HN\V/\rH/Me OH O HN\V/A\#LMe
AQ4 (1) Me AQ4N (2) o

The method described in WO 00/05194 uses the Davis reagent
(2-benzene-sulfonyl-3-phenyl-oxaziridine) as the oxidising

20 agent and the reaction is performed at room temperature.
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These inproved nethods aimto result in a reduced

| evel of contam nants in the jinal product which may

be pharnaceutically pure. The process of the
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inter Iates described above. Oxidation of AQ4 to

AQENeAL DL bbI Bm atiatherhaeeohver s1iAP ofc AL SRAE 0O RGN YA e -
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pefd-orim thedoxwaati/myesBTAQY to AQAN at a tenperature

not exceeding 100C . The reaction tenperature is

preferably less than 50C, nore preferably |ess than

DG Ard upessk bt ye theraredohi on t enper at ure does not

exceed - 7C.  The react] '
oute fregent invention dfylfggggdago{égﬁéG%db%rgggggegor the

preparation of AQ4N and salts or solvates thereof. This
process can be carried out on an industrial scale (for
example, at least 0.2 mol) and includes improved methods for
the synthesis of intermediate compounds. These improved
methods aim to result in a reduced level of contaminants in
the final product which may be pharmaceutically pure. The
process of the invention, in general, uses the reaction

sequence and intermediates described above.

Oxidation of AQ4 to AQ4N

A problem with the conversion of AQ4 into AQ4N is that
incomplete oxidation of AQ4 can lead to the formation of a
partially oxidised bi-product AQ4M (7). However, harsh
conditions employed to ensure complete oxidation often result
in the degradation of AQ4N into AQMN. The degradant AQMN is
obtained even under relatively mild conditions (WO
03/078387) . This degradative pathway reduces both the yield
and purity of the final product.



tenperature higher than -20C. Addition of the oxidant
to the reaction mxture is carried out when the
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00C, nore preferably less than - 70C and even nore
preferable is a reaction solution tenperature not
exceeding -10 0OC . An appropri%te sol vent for the
reacti on tenperature should be chosen. An oxidant that
sel ectively oxidises A4 to AUN is‘ﬁreferably use' d
in this aspect of the inve tiﬁ /Aéiuw | e oxi di sing
agent s i nclude hydroge *ﬁ ox['g oxa@lTi di nes or
peraci ds or salts of g i
/ n-chl or operbenzoic a
and magnesi um nonoper ox :
agent is preferably hydrogen peroxide or nore

preferably nagnesiun1nﬂﬂbpé}oﬁyphrﬁamdm%. The oxi dant
nagnesiun1nonoperoxyphtrggﬁuﬁgis st ée in air and

soluble in water, making I re manageabl e when used

on a large scale. The solvent used should be

conpati ble with the chosen oxidi sing agent .Sujtable
sEvERPSCE Pt tHE JXIVEALEBR b MGF%OA N*# et ion of AQ4

ditghhou et hanemtaenetonst dicdlanget banesrh€ ard@t ion

tetrachloride, toluene, 1,2-propanediol or a solvent
mbtefgesature 1s preferably less than 5°C, more preferably less

z0i C acid, peracetic
e . The oxidising

C A

than 0°C and possibly the reaction temperature does not
exceed -7°C. The reaction would normally be carried out at a
temperature higher than -20°C. Addition of the oxidant to the
reaction mixture is carried out when the reaction solution is
at a temperature not exceeding 0°C, more preferably less than
-7°C and even more preferable is a reaction solution
temperature not exceeding -10°C. An appropriate solvent for

the reaction temperature should be chosen.

An oxidant that selectively oxidises AQ4 to AQ4N is
preferably used in this aspect of the invention. Suitable
oxidising agents include hydrogen peroxide, oxaziridiries or
peracids or salts of peracids, such as m-chloroperbenzoic
acid, perbenzoic acid, peracetic and magnesium
monoperoxyphthalate. The oxidising agent is preferably
hydrogen peroxide or more preferably magnesium
monoperoxyphthalate. The oxidant magnesium
monoperoxyphthalate is stable in air and soluble in water,
making it more manageable when used on a large scale. The
solvent used should be compatible with the chosen oxidising

agent.
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of any conbination of these solvents. Al these
solvents can al so be used as a mxture with or w thout

wa@bdophsasic al kyl al cohols. The reacti on sol veneCT/€B2005/000496

preferably 1, 2-propanediol or nore preferably a
sol vent m x of dichl oronethane and an aliphatic al kyl
al cohol . Accordingly, a preferred enbodi nent uses

fg%qf&%%ha”gggog&f; aXyPhil 8% 8qar Addidd %40%@@@1@81&@1@

MONOpPEr OXy ate is carried out a tenperature of
makwe@momeiﬁéheuuthldﬁngWEVedFﬂQ#QﬁQﬁﬂh@ﬂaﬁraﬁéEﬁonI4 0C

Atfrta%g; gdda%' of, enteheM' g%‘ ané r%chl 091480t mixture
a tenp etmeen - 15C and
&G;amgreombeﬁ&tabiyﬂhhm@BeO@ineﬂMQ grldf aheed solvamts can

isre ct lon is.a mx e of t hanal, . :
&ﬁ@ﬁ rongthane, pretgfgbrggﬁnog‘vb uﬁ%lgé%?gg%%c alkyl
hatasmen sl: Thé fwmhtudh SolFentrat $ apreaffe rsdllyys 102 -ANirigdiol

the reviou e di hydrochl ori a
e BEEE S 1ot g o5 B b it St LRI G e e an
&nhx%hmu& hﬁkygaﬁlidMim0/05194) . Use of the reagent
HC gas nekes scale up of this reaction step
difficult. If a salt of AN is required, then this

Ny 3@ i @ pAar £dp byt daact engodisohtitises akgAQENui th an
acid dissolved in a solvent. The reaction of
monoperoxyphthlate. Addition of magnesium monoperoxyphthalate
is carried out a temperature of between -15°C and -5°C, more
preferably at about -11°C. After addition of the oxidant, the
reaction is allowed to stir at a temperature of between -15°C
and 5°C, more preferably about 0°C. The preferred solvent for

this reaction is a mixture of methanol and dichloromethane,

preferably in a volume ratio of between 1:1.5 and 1:2.5.

Formation of salts of AQ4N

In the previous method, the dihydrochloride salt of AQ4N was
prepared by reacting a solution of AQ4N with anhydrous HCL
gas (WO 00/05194). Use of the reagent HCl gas makes scale up
of this reaction step difficult. If a salt of AQ4N is
required, then this may be prepared by reacting a solution of
AQ4AN with an acid dissolved in a solvent. The reaction of
AQ4N with an acid is preferably carried out at a reaction
temperature of between -20°C and -11°C. The acid can be added
to the reaction dissolved in a solvent or can be generated in
the reaction solution in-situ by the addition of the
appropriate reagents. For example, hydrochloric acid may be
generated in-situ by adding the reagents acetyl chloride and

ethanol to the reaction solution.
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sol vent or can be generated mthe reaction solution

msitu by the addition of the_appropriate reagents.

For exangle, hydr ochl ori c aci d may be generated

i n-sjtu by adding the.reage a I | .and
cEREFENT o AT aBCET B cal Ut T n G P b Y horaan o
aﬁy&ﬁ%bmw%dmdr poblotidci ceicdd Bydr ebk@mci caeicdd .
phosphoric acid and, sul phurig acid. Sujtabl I [ :
achy ??h%l?ﬁ?é'm&c,cetalc& act'd % |ecﬁllcgrg%)gc%%}%’ acgllc ,l%%agetlc
Mk oaj Cnddithc rRliel cnaté i dardt arketacid,agidwelpigelic acid,
acid, lactic acid, citric agcid and bep§enesulf0nic

adPAt I SuA bl & 15O Gent s 1Y (18 “FOP AL T N

. . I on 0@%&%13 of
ﬁcnwllnclude di chl or onet hane, chl orof orm

i chl or oet hanes, carbon tetrachloride, toluene, .
1553 bR BbantI o 1a7obhY eHi by 8L oPa by OF AQAN include
cQbhnat b fnd, hesecsotyeant ichibrbbergnssl wentomncan
al so be used as a mxture with or w.thout aliphatic

alRyFaghborisle. tPRESPBact i TIPBAPEREOF sODrafdtatiny mixture

1,2- RLOPALRYI Dt i¥n BRI enpseffNakingsa a0l vemdsdrisoleknts can
di chl or onet hane and an ali phatic alﬁxl al cohal .

Padispi bat ioed ofs AQINXEHTF 6l ldh|qLs Without aliphatic alkyl

alcohols. The reaction solvent is preferably 1,2-propanediol
or more preferably a solvent mix of dichloromethane and an

aliphatic alkyl alcohol.

Purification of AQ4N or its salts

Previous literature processes were not effective at removing
key impurities from salts of AQ4N. In another aspect of the
present invention, it is preferable that one of the
purification steps involving AQ4N or a salt of AQ4N is
passing a solution of the compound through activated
charcoal. Thist is an unusual method of purifying a coloured
compound as treatment with charcoal is well known to the art
as a method for removing coloured impurities. The final
product obtained from this procedure does not have to be
recrystallised, as in the method described in J. Chem. Soc.,

Perkin Trans. I, 1999, 2755.

Suitable solvents for this step include dichloromethane,
chloroform, dichloroethanes, carbon tetrachloride, toluene,
1,2-propanediol or a solvent mixture of any combination of
these solvents. All these solvents can also be used as a

mixture with or without aliphatic alkyl alcohols. The
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Previous literature processes were not effective at
renmovi ng key inpurities fromsalts of AQ4N. | n another

was@ensosof the present invention, it is preferedi/eBivanoo496

one of the purification steps involving AN or a salt
of AQUN is passing a solution_of the conpound through
activated charcoal. This is ah unusual method of

i f.ying e S, 1 - W
St B E P £ BTN £57 1SRRI o8 bP o
reeredfeiraly 1 g ok osio dkritmpuind bifediclherdnatdlangr eddcén aliphatic
aobt,aj,n f this. pr.aceduyre t, have_to. be C
rachkryy}s%gllcPflgg]d,P lePanquythﬁef%rglggu esctr0| %\eédpfl%lgl?d tsoan
GhremsoSeent Pen kit Fr ans wak, p188@%9:e®755. Sui t abl e

solvents for this step include dichloronethane,

chl orof orm di chl or oet hanes, carbon tetrachl ori de,

tool ideled,-CaZe propanadicol or a sol vent m xture of any

R T L ey e

aldey lpealfoehol sby Theradehi BBtseéN etie ishlpdelrergbhys at
2-propanedi ol or nore prefera a solvent m x of

1 2- | .
i ZlhiCor BBt BA NS S LS| Pﬁﬂaf?ﬁl%wseaﬁsaﬁsw conditions

Dariecahli¥ & hep compad tt @cbge pEs i i@d dnS ihAubbeial scale. A
solvent in which it was produced Friedel-Crafts
g&t dyantity of gas is evolved during this reaction step.

Another aspect of the present invention is to perform this
reaction step in a solvent at temperature not exceeding
200°C. Use of a solvent enables the reaction to be stirred,
which in turn, means that lower reaction temperatures can be
used. Lower temperatures reduce the rate of gas evolution

from the reaction.

Suitable solvents for use in the Friedel-Crafts acylation of
p-hydroquinone are 1,1,1,2-tetrachloroethane, 1,1,2,2-
tetrachloroethane, nitrobenzene, chlorobenzene, 1,2-
dichlorobenzene, toluene or a sulfone. These solvents are
used independently or can be used in any combination with one
another. The sulfone is preferably tetramethylene sulfone.
The reaction is preferably conducted at a temperature not

exceeding 180°C with stirring of the reaction mixture.

After completion of the Friedel-Crafts reaction step, removal
of the aluminium containing bi-product from the crude DDA is
problematic, particularly when the reaction is carried out in
the solid phase. Reduction of the aluminium content is

important at this stage because 1t reduces the number of



The Friedel-Crafts acylation of p-hydroqui none in WO
00/ 05194 was perforned by reaction between the solid
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reaction conditions nake this step difficult to
performon an industri al scal;. A large quantity of
gas is evolved during this redction step. Another

ge%s&heétm? &iycq%%n&nl Vet igndes b0 PEEFOFdRdN SThis is

action step i'n"a solvent at tenperature not
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| ower reaction tenperatures can be used. Lower
tenperatures reduce the rate of gas evolution fromthe

r%@%% Q%§§§%J§“§d% %REV§P£§HJber%3%Snkéggtion as described

Frie s’ acylation o roqui none are
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nltr89§9255§%mn %ngegﬁgqgnm%i%DAdEghégﬁﬁ g%ﬁgﬁ%emoved or

uené of a sulfone ese vents are
|mdepeadenmlquantunan be used in any conbination with
one another. The sulfone is preferably tetranethyl ene
sul fone. The reaction is preferably conducted at a
t @anpee ¢ ured netthexic éedi ngddBithdC thiet husthtity nof afhet héuminium

reaction, m er cogg{;tlon of tPe .

rmat o) lur th th

Fio8 %fnt?% %E?ﬁgﬁtlon stiep, FF RSV SE a s-trry wi ©
reaction solution by adding an acid. Reduction of the
aluminium content in the crude DDA is achieved by slurrying
the reaction solution several times, preferably with aqueous

hydrochloric acid.

Another preferred method, that can be used independently or
in conjunction with the slurrying procedure, is the addition
of a chelating agent to the reaction solution. The chelating
agent forms an aluminium complex with the aluminium
containing impurities, which facilitates removal. Selection
of an appropfiate chelating agent allows the removal of the
aluminium complex by precipitation from solution, use of
phase transfer conditions or by using other size exclusion or

filtration techniqgues.

Formation of AQ4

Me
N.
OH O F OH O HN™ " “Me
0D — e
OH O F OH O HN _Me
\/\N
DDA (6) AQ4 (1) '

Me
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of the al um ni um containing bi-product fromthe crude
DDA is problematic, particularly when the reaction is

w@asosiogd1out in the solid phase. Reduction of P&EGB2005/000496

alum niumcontent is inportant at this stage because
it reduces the number of purifjjcation cycles in l[ater
stages of the process. This is an inportant

gaBSkdefadd on Jreqausepat @mtlcaiscﬁ:mbaaum m@ tdhes194a
subsequent cytotoxic products, such can be
REARRFSRIONTER FAPHYP NGt RACIHE #négé ““d‘b?t%eactlon

s%éﬁt E ON@Sr AGSLS iRed abay&ratdrd Saphehgr £eshtdral ddhaoo c.
al um ni um cont ai ni ng bi - product contam nating the
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of the”al umi ni um containi ng bi- product is the

ﬁ@mﬁﬁbeﬁCQﬁaW¥QﬁruNrWe%PYhPY¥EP%%9%ﬂﬁ'oﬁl§%F@¥4oﬁP%ﬂPOdeef
?gghggeagngcé§hfdﬁ§%%CtTQQsQfséfV%dﬁsuﬁEQ'Hﬂ%@oﬁgfﬂged Nn any

ude DDA 1s achieved by slurrying the reaction
sohbtihehisewertdl danemesotpeeferably with aqueous
hydrochl oric acid. Another preferred nmethod, that can
be used i ndependently or in conjunction mnth t he
gher pyeagnprocedurien cgnehenaddie iigelerianchtl 224 gom the

fa%r%@ LB Lhe .6ast 190 S leyﬁien nTégﬁch%geualg agent

an al um nium conp eXWI e al um nium
Neutralisation of the ac1d1c bi-products is carried out with

a suitable base. Suitable bases are dimethyl aminopyridine,
N-methyl piperidine, N-methyl pyrrolidine, any tertiary
amines, any water soluble tertiary amine or any of these
bases that are attached to a solid phase support, group 1
alkali metal carbonates and bicarbonates. Preferably, a
cooled aqueous ammonium hydroxide/brine solution is used to
neutralise the acidic bi-products of the reaction. Preferably
the workup of AQ4 is conducted at a temperature ranging from
10°C to 30°C. This method results in improved yields of AQ4,

even when the reaction is performed on a larger scale.

As will be appreciated by one of skill in the art, features
and preferred embodiments of one aspect of the invention will

also pertain to other aspects of the invention.

Definitions
The term pharmaceutically pure as used herein, pertains to a
compound that is sufficiently pure for use as a

pharmaceutical.
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solution, use of phase transfer conditions or by using

ot her size exclusion or filtrgiion t echni ques.

Forna;ion of AQ4 MeThe synt hesis of A4 from DDA
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product I's reaction step is perfornmed a
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di met hyl sul phoxi de, diglyme gand sul fol ane. These
sol vents may al so be used in arRy conbination with one
anot her. The present inven(k n cerns the isolation
of AQ® fromthe acidic bi- produt¢ts that result in

IS rea tlon step, .Neutralisation.of the agidic
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pi peridine, N-nethyl pyrrolidine, any tertiary am nes,
any water soluble tertiary amne or any of these
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The term peracid as used herein, pertains to compounds that
contain the -C(=0)00H functional group. Particularly suitable
peracids include m-chloroperbenzoic acid, peracetic acid,

perbenzoic aciﬁ, trifluoroperacetic acid and 3,5-

dinitroperoxybenzoic acid.

The term salt of a peracid as used herein, pertains to
compounds that contain the anionic -C(=0)00" functional group
with a suitable cation as defined below. Particularly
suitable salts of peracids include magnesium

monoperoxyphthalate, sodium peracetate and zinc peracetate.

The term aliphatic alkyl alcohol as used herein, pertains to
compounds of the form R-OH, where R is a saturated linear or

branched alkyl group. The term alkyl as used herein, pertains
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bases that are attached to a solid phase support,
group 1 alkali netal carbonates and bi carbonates

wer@sms@ind y, a cool ed aqueous anmoni um hydr oxi Per/BBRes/000496

solution is used to neutralise the acidic bi-products
of the reaction. Preferably L%e wor kup of A4 is
conducted at a tenperature ranging from10 C to 300C .

ME 5 £§§JU§13%%SMEE§t§”oﬁﬂ@ﬁﬁ%ﬁ@yYE@h9§lﬁé J“Q&df%ﬁ%ﬂ atom

reaction s performed on a larger scale.
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eal ur &3 a&qnspf Eﬁegs enbodifrent s gL 9Nes 3§ﬂ0%%ttu‘}f ted
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{ he® T Avent i on MA al so pertain to other aspects o
nhEeanv&&kykngroDeﬁlmntlwﬁﬁ&'tWé eeenmphal eicead iteal pthyl

ggre a%hﬁi 3 here| Bgﬁt§&gs to gt%anp@qnd ng%ﬁg§ (amyl)

Pri SRt Ure Se as ‘a p ceutica
ennlowa@mwudlGa,agn@sedhheteln<hperﬁaamgl¢$)qf saturated

un a function r, c taln
BRPBr AT et Lot JECHRR bt S Nt S OB PELY g ' or fod”FYbm
qt4nh5ﬂnﬂtgtyll(e4 Paetmehbayly(&whtabbep©mazhrﬂﬁbne@nd
i ncl ude 2- sul f hen Aziridin d
EROSESShbh B0l ontE T Tar h Bor SRVt ab LB Thor Ay
peebrbNs irrloepedndsnsd hate tdanicdi, nprhparno C(aa@ @dpan—-2-ol.
functional group. Particularly suitable
The term sulfone as used herein, pertains to a compound
containing the C-S(=0),-C functional group. A particularly

suitable sulfone is tetramethylene sulfone.

The term chelating agent as used herein, pertains to a
compound that bonds from more than one position to a metal.
The bonding atoms in the chelating compound can form part of
a linear compound or part of a cyclic structure. Examples of
chelating agents are ethylenediaminetetraacetic acid (EDTA),
ethylenediamine (EDA) and diethylenetriamine (DETA), and
their anions thereof. Examples of cyclic chelating agents are
crown ethers, such as 18-crown-6 or 15-crown-5, crytands,

spherands or porphyrins.

Unless otherwise specified, included in the above are the
well known ionic, salt, solvate, and protected forms of these

compounds.

For example, if the compound is anicnic, or has a functional
group which may be anionic (e.g., -COOH may be -COO), then a
salt may be formed with a suitable cation. Examples of

suitable inorganic cations include, but are not limited to,
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peraci d as used herein, pertains to conpounds that
contain the anionic - C (:O)OE functional group with a
sui tabl e cation as defined be %W Particularly
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If the compound is cationic, or has a functional group which
may be cationic (e.g., -NH; may be -NH3'), then a salt may be
formed with a suitable anion. Examples of suitable inorganic
anions include, but are not limited to, those derived from
the following inorganic acids: hydrochloric, hydrobromic,
hydroiodic, sulfuric, sulfurous, nitric, nitrous, phosphoric,

and phosphorous.

Examples of Sﬁ@table organic anions include, but are not
limited to, those derived from the following organic acids:
2-acetyoxybenzoic, acetic, ascorbic, aspartic, benzoic,
camphorsulfonic, cinnamic, citric, edetic, ethanedisulfonic,
ethanesulfonic, fumaric, glucheptonic, gluconic, glutamic,
glycolic, hydroxymaleic, hydroxynaphthalene carboxylic,
isethionic, lactic, lactobionic, lauric, maleic, malic,
methanesulfonic, mucic, oleic, oxalic, palmitic, pamoic,
pantothenic, phenylacetic, phenylsulfonic, propionic,
pyruvic, salicylic, stearic, succinic, sulfanilic, tartaric,
toluenesulfonic, and valeric. Examples of suitable polymeric

organic anions include, but are not limited to, those derived
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The term sul fone as used herein, pertains to a
conpound containing the G Sf=0 -C functional group.

wa@angisedl arly suitabl e sul fone is tetramet hyb@€neB2005/000496

sul fone. The term chel ati ng agent as used herein,
pertains to a conpound that bonds fromnore than one
position to a netal. The bonding atons in the

chedratdhag feQnpeung SanMatim patts oft?qﬂﬂdl%aﬁﬁclorrpound

or part of a._cyclic structure. Exanples of chel ating
a‘"gaeﬁiogyg}eéhétlhé?%h‘é]o‘?saenwet etraacetic acid (EDTA) ,

et hyl enedi am ne (EDA) and di et hyl enet p am ne (DETA),

and their anions thereof. Exanples of cyclic chelating
ag¥nt S8 e SCLERRC et herS e HERAR 1B-Hoiergegfional sense

15 Gl 3o 6 ¥omaps: sphenands (8rg POrfifengompbBhLsS salt
ot herwi se specified, included in t%e above are the
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ani oni.c, or has a functional group which ma

be
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formed with a suitable cation. Exanples of suitable
i norgani ¢ cations include, but are not limted
t0leal%am "REPEFUY OnS s ek dale R arkPier inal kal Rneompound
SAL, CAbLANRC BHEN A% A1 oaNdi 2o BNG 1R BET LBt b0 S ea
active compoﬁnd. Typically, the prodrug is inactive, or less

active than the active compound, but may provide advantageous

handling, administration, or metabolic properties.

Synthetic Details

Preparation of crude DDA (6)

OH F o o5 OH O F

e — 12
OH F 0 OH O F
(4) ~ DFPA(5) DDA (6)

0.3 kg (1.63 mol) of DFPA, 0.2 kg (1.82 mol) of p-
hydroguinone, 1.1 kg (8.25 mol) of powdered anhydrous AlCl,
and tetramethylene sulfone (1.8 L) were stirred for
approximately 12 hours at a temperature of 155°C to 180°C.
The reaction mixture was then quenched with ice cold water
(1.0 L) and treated with aqueocus 2M hydrochloric acid (1.0
L) . The suspension was filtered and the resulting solid was

dried at 45°C under vacuum. A fine red powder (crude DDA) was
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not limted to, ammoniumion (i.e., NH +) and
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+, NR +). Exanples of sonme suitable substituted
ammoni um i ons are those derived from ethylanme,
di et hyl am ne, di cycl ohexyl am ne, tnethyl am ne,

b%b%b&HBB,aﬁﬁ@ﬁhﬁﬂﬁ@banmﬁlsEﬂéﬁﬁﬂﬂo@”h@@ performed on several
di et hanol anme, peraznme, benzy

plkéhrGhBEn2Y | Q?ﬁresa"@héF?ﬁ% a%gvl%dﬁeofaﬁaow%rﬁe%avm

agpeslheds amaD ANiadsd SHENAS JorFiah@nated ak g B.urAR i um
exanpl e of a comon quaternary ammoniumion is N(CH 3

ACPNERENERG FORHOIRE St sWRAE T Il 2 1OF R4S aC RS GRalhe

0 QUR a¥BE CHr SBY- D8 268EHORESm (9B ppmNER 9BY Ki$h,- NER Table
+), then a salt nmay be forned wth a suitable anion.
E%anples of suitable inorganic anions include, but are
not limted to, those derived fromthe follow ng

i norgani ¢ aci ds: hydrochloric, hydrobrom c,

hpdroPatfkes stagdrdod, Isab ferDESLagi eAPEVaheRt gifs DDA with

pqgépQQEéﬁtlon of batch 5A, which used 200 g.

Batch | Yield (g) Analytical data
Number | (% yield) Al (ppm)

1A 302 (67%) 975

2A 296 (66%) 1150

3A 305 (68%) 3290

4A 310 (69%) 1165

5A 256 (85%) 1640

Table 1: Yield and purity of crude DDA
The organic components of the product were determined to be

pure by using HPLC.

Purification of crude DDA

The solid, crude DDA, obtained using the previous method, was
treated with aqueous 2M hydrochloric acid (1.0 L) to form a
slurry. Filtration of the suspension resulted in the
isolation of a solid. The solid was slurried and filtered
several times before drying the solid at 45°C under vacuum to
leave a fine red powder. The mass recovery for this procedure
was typically 920%. This procedure resulted in a reduction of
the aluminium content in the crude DDA for all the batches,

see Table 2.
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i nclude, but are not limted to, those derived from
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acetic, ascorbic, aspartic, benzoic, canphorsulfonic,

cinnamc, citric, edetic, ethgnedisulf onic,

et hanesul f onic, fumap c, glucheptonic, gluconic,

glutam c, glycolic, hydroxynalelc hydroxynaphthalene

car boxyl i c, 4sethignic 'act:u, +-obi-on uric,
5

mal ei ¢, mal | E2578t hanesdi dAi ¢, %%FlQﬂ Q@ta xal i ¢
pal mitic, parBhser pant otbendm;) phenydagsid)c

phenyl sul f pnic,_ propionic, pyruvic

stearic, sutcihpc, |sAFRM%E) tartaric s
t ol uenesul f pni g, and Vel giizg) Exanplesng sui tgbl e
pol yneri c ofgani c ani ons |nclude, but are not l{imted
to, those deri $&df 1 od&the 8880 | opi ng pdldAreric 4ci ds:
tanni c acid| cagboxymaifylsoeel | bl ose. gidye term
"solvate" is used herein in thel conventional sgnse to
refer to a on‘bhex of2%p1§Pé) (el g., acti%e conpound,
sal t t ] m
IS wa é??gt e soqé%ggangyg£e %%%%gn%éH%Fyiggfer%%ﬁqﬁg
aseaohgmmamE§omnmneQXanpfeth%xnmnﬂycthydratéet%wmnned to be

dra%% a. tri (yydrate, etc. The term "prodrug", as

r

%ﬁrpgpegtalns to a conpound

Preparation and purification of AQ4

Me
No
OH O F OH O HN™ > “Me
(1) —Ce
F OH O HN _Me
OH O \v/’\r;J
DDA (6) AQ4 (1) Me

(AQ4 was prepared by a modification of the method listed in
WO 00/05194). 0.5 kg (1.81 mol) of the DDA, obtained from the
previous step, 1.3 L (12.08 mol) N,N-dimethylethylene diamine
and pyridine (3.6 L) were stirred at 40°C for 22 hours under
a nitrogen atmosphere. A 2 L solution of 30% agqueous ammonium -
hydroxide/ 23% brine cooled to 0°C was added to workup the
reaction mixture. The resulting slurry was stirred at 0°C for
3 to 4 hours and before isolating the blue solid product by
filtration. The solid was washed with a 10% agqueous ammonium
hydroxide solution (1.0 L) and then dried to a constant
weight at 40°C to 50°C under vacuum. This procedure routinely

yielded around 540 g (~73%) of AQ4.
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may provi de advant ageous handl i ng, admi nistration, or
met abol i ¢ properties. Synthet{t Details Preparation of
crude DDA (6) 0.3 kg (1.63 nol) of DFPA, 0.2 kg (1.82
nol) of p - hydroqunone, 1.1 kg (8.25 nol) of powdered
anhydrous_ AlCl 3 apd tet t hyl ene sulfone (1.8 L

WS TSR PO BBHR U e e S5 ROl S Sned anl then
t eiPedad Ul Dfsel22a0C0® ql8REchEbBefbeacsd om Mksukeep.
was then quenched with ice cold water (1.0 L ) and
treated with aqueous 2M hydrochloric acid (1.0 L ).

The suspensi ofi g@&cH I[ienad (gnfabbeyEesal tdaa jsol i d

was dried at 45C under vacuum |A fine red powder
(crude DDA) wadyBPsrndd afeef) dgryi ngl (APMs reacti on
was per forned fon geveralz hagghes o f the sane scale
and yields o f around 68% were|obtai ned. The ifsol ated
DDA was cont ani ndBed |Widtth (@R &hil ni um c®h® ai ni ng
i npurities, mhergBtheE%buqhggyn1conte@§8in t he
i sol ated prodict ranged from 3290 ppmto 975 ppm see
Table 1 . Al [batl8hed 34$ed7380|g as oh&lnol ar

equi val ent of BRFEWItITVIcT4 and purity of A04

The purity of the product was verified using HPLC.

Synthesis of AQ4N

fe Q.
OH 0 HN>NMe OH O HN/A\V/KLye
O — o
Me
OH 0O HN\V/\,T]/Me OH O HN\V/A\$;M3
hQ4 (1) Me aaan@ O

A solution containing 0.26 Kg (0.67 mol)of magnesium
monoperoxyphthalate in methanol (0.5 L) was added dropwise to
a stirred solution of 0.2 kg (0.48 mol) of AQ4 from the
previous step, methanol (0.8 L) and dichloromethane (2.9 L)
cooled to approximately -11°C. After the addition was
complete, the reaction solution was allowed to warm to 0°cC
and was then stirred for 18 hours. The AQ4N can then be

isolated at this stage using literature procedures.
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t he exception of batch 5A, which used 200 g . Table 1
: Yield a.nd purity o f crude DDA The organic

weopossM s of the product were determ ned to PET/gBR®S/000496

by using HPLC. Purification s crude DDA The solid,

crude DDA, obtained using thegprevious nethod, was
treated with aqueous 2M hydrochloric acid (1.0 L ) to
POEPL A2t K 'dhd PulrliFathefo®fof RheSUSRASLOM 650 (Rt of
in the isolation o f a saolid. The solid was slurried
ARANT (ReY fiGdveral tinmes before drying the solid at

4%n0€ ypdesr yacuymeh 0ahgavenshdi N@ .ged) POYEEraddtRe to a
mass recoveruer/%for this procedure was typically 90%

TRLEt hPocell ¥ Yesticheds i HA FEGIdOPofPouF1 ¢hefrom the

gkgvlaﬁyngéégufgu alsNtbhga o, PPA tefudlbn th8uperature of
atches, see Table 2 .Table 2 : Yield and purity after
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reparation and purification of A4 (A4 was prepared
By 2almbdi § ireclt)i of efethe atdhodd vgseddfipd Wropwise. The

/ 4) . 1,81, ol t Ay Qb1 ai from
PR Rren ousarep e1 8o Tabr O i) R R P o e
tdinpaed byt etdpfogee qdiialyi Aeltration of the reaction mixture.

A crude solid was obtained, which was washed with a mixture
of ethanol and water (2 1), and then dried under vacuum until
the weight was constant. 220 g (~88%) of reasonably pure
AQ4N.2HC1 was typically obtained, see Table 4. HPLC was used

to check the purity of the organic content of the product.

Batch | Yield (g) | Analytical data

Number | (% yield) | Purity (%area)

1C 217 (86%) 95
2C 235 (94%) 95
3C 196 (78%) 95
4C 225 (90%) 95

Table 4: Yield and purity of crude AQ4N.Z2HC1

For pharmaceutical purity, 100 g of the product obtained
above was subjected to an additional purification step. The
crude AQ4N.Z2HC1l was dissolved in water (0.6 L) and treated
with activated charccal (0.06 Kg). Charcoal was removed from
the resulting suspension by filtration. The product was
precipitated from the mother liquors by ethanol addition (1.4
L) and cooling the solution to 0°C. The precipitate was
isolated by filtration and then washed with ethanol (4.0 L).

The AQ4N.2HCl product was dried under vacuum at ambient



and pyridine (3.6 L ) were stirred at 40C for 22 hours
under a nitrogen atnosphere. A 2 L solution of 30%
waousoss1anmoni um hydr oxi de/ 23% bri ne cool ed POT/GBEH05/000496
was added to workup the reaction m xture. The
resulting slurry was stirred aL 0C for 3 to 4 hours
and before isolating the blue Solid product by
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procedure routinely yielded around 540 g (-73% of
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isolated at this stage using literature
procedures. Preparation and purification of the
walpdvgosoehl ori de salt of AQAN (AQUN. 2HCL) Et hyPCBGBR@EMH00496
(4.0 L) and ethanol (0.8 L) were added to a sol ution
of AQ4UN, such as the reaction solution fromthe
previ ous step, so as to nmai npain the solution
teppegature of 00C . After agitating at this
tenmperature for 1 hour, the stirred solution was then
cooled to approximately -HOC and 0.2 L (2.8 nol) of
acetyl chloride was added dropw se. The resulting
sl urr¥ pascddrerfost icheedréprratQ ommodt cohpsutrefgeatodr e
before quick filtration of the reaction m xture. A
¢rudelsol4)d was obtai ned, which was washed with a
m xture of ethanol and water (2 L), and then dried
under vacuumuntil the wei ght was awnstant. 220 ¢
(~88% of reasonably pure Agnhbgtggkwas typically
obt ai ned, see Tabl e 40H HBLOHMas > dsed'€ o check the
purity of the organi clcontlentlof thé&®product. Table 4
Yield and purity g N. 2HCL For
phar maceuti cal purit 100 & t he product obtained
above was subjected tg anfjadditional, purification
step. The crude AQAN. BHClOwasNdi ssol.vggd in water (0.6
L ) and treated with activated char'}f_oal (0. 06 Kg)
Charcoal was renpved fromy O

v

or a salt or solvate thereof wherein the said process

includes the reaction step:

Ye 2,
oH 0 HN >"me OH O HN/A\V/KLye
o — oo
Me
OH O HN -~ Me OH O HN._~tue
(1) e @) J

where compound AQ4 of formula (1) is oxidised to compound
AQ4N of formula (2) with an oxidising agent at a reaction

temperature not exceeding 10°C.

2. A process according to claim 1 where the oxidising agent
in the reaction step is either hydrogen peroxide, an

oxaziridine, a peracid or a salt of a peracid.
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precipitate was isolated by filtration and then washed
with ethanol (4.0 L). The AN. 2HCL1 product was dried
under vacuum at anbi enttenperature. The mass recovery
for thissiyeeeddeeovasnqroind 680k Wabte the oxidising agent
Purification of AQ4N. 2HC1 HPLC showed that purity of
t be 4 geadd i ephepe rof yphengpraaduct had
i ncreased. CLAIMS 1. A process for the preparation of
compound AQUN of formula (2): or a salt or solvate
thereof wherein the said process includes the reaction
stiep: Mherecesenpogndd Aty tof <fighedl algdy 3 Loxldilged toere
conpound AQUN of forrmula (2) with an oxidising agent .
atha reaetivn iterperacie® o ERBRBEFRYrAOME exgeedpng 0°C.
process according to claim1l1 where the oxidising agent
in the reaction step is either hydrogen peroxide, an
oxaziridine, a peracid or a salt of ﬁ geraci .

e

( gl3 . A
pPocesd RIS AGCPEIETAI TR 2T WhePE Phetbkiti si hG dg&REre

I%hgagggg%fgy @%ﬂ%@%%°§¥pff55¥é§§%nédiol, dichloromethane or

an aliphatic alkyl alcohol.

6. A process according to any one of claims 1 to 5 for the
preparation of a salt of AQ4N, where the salt of AQ4N, or a
solvate thereof, is prepared by reaction of compound AQ4N of

formula (2) with a solution of hydrogen chloride.

7. A process according to any one of claims 1 to 6 where a
solution containing AQ4N or a salt of AQ4N is treated with

activated charcoal.

8. A process for the preparation of compound AQ4N of

formula (2)
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4. A process according to either claim2 or claim3
where the reaction is conducted at a tenperature not

wezmessiisng 0OC. 5 . A process according to any PCEGBR005/000496

clains 1 to 4 where the reaction solvent is
1, 2- propanedi ol , dichl oronet hane or an aliphatic al kyl
al cohol . 6. A process according to any one of clains 1
t95 fon ddae prepasation cfcep:salt of AN, where the
salt of AQUN, or a solvate thereof, is prepared by
reaction ofomonmpourrl AQEN of formula (@ dthrFa
chijoride. 7 . A ptoc cordi ng
6 mh re a §
‘.I? of Nis at ed
acti vated C'arcoal 8 . \A process for fhe Jpregaration
of conpoundoAQN off forfful a (2)that ineHudes trhe
reaction step: (4) DFPA (5) DDA (6) wherein the said
reaction stéep is cdfdddbed in a stirrablBD&@)vent at a
tenperature not exceeding 200 C. 9. A process
acens th nNohet cadkarar 8t idrersiep tibecsollvermdiisy a stirrable
tetramet hyl ene sul fone. 10. A process according to
sbhverst &tora Yewberetthe mytugeceeding 200°C.

9. A process according to claim 8 wherein the solvent is

tetramethylene sulfone.

10. A process according to claims 8 or 9 where the crude
compound DDA of formula (6) is treated by slurrying several

times with aqueous hydrochloric acid.

11. A process according to any one of claims 8 to 10 where
the crude compound DDA of formula (6) is treated by adding a

chelating agent.

12. A process for the preparation of compound AQ4N of

formula (2)



conpound DDA of formula (6) is treated by slurrying

several tinmes with aqueous hydrochloric acid. 11. A
w@easessiaccording to any one of clains 8 to 1PCTHOBR®S/000496

the crude conmpound DDA of forrmula (6) is treated by

addi ng a chel ating agent. 12. A process for the

preparati on of conmpound AQUNZ28f fornula (2)according

to claim1 which includes the reacthon step: wherein

the reaction solution of the said rgaction step is

treated with an amonig{m taydmme/an%iebrl ne sol ution

cooled to 00C .

according to claim 1 which includes the reaction step:
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DDA (6) AQ4 (1) Me
wherein the reaction solution of the said reaction step is

5 treated with an ammonium hydroxide and brine solution cooled

to 0°C.



