2 June 2005 1 NI TRI C OXI DE SYNTHASE | NHI Bl TOR PHOSPHATE SALT Thg ﬁgesent
I nvention relates to novel am dino conpounds, to a process Ir
manuf acture, to pharnmaceutical conpositions containing them and to 5 their
use in therapy, in particular their use as selective inhibitors of
I nduci ble nitric oxide synthase. Nitric oxide is the endogenous stinul ator
of the sol uble guanylate cyclase enzyne and is involved in a nunber of
bi ol ogi cal actions. Excess nitric oxide production is also thought to be
i nvol ved in a nunber of conditions, 10 including septic shock and nmany
i nfl anmat ory di seases. The bi ochem cal ‘synthesis of nitric oxide from
L-arginine is catal ysed by the enzyne NO synthase. Many inhibitors of NO
,synthase have beep descrihed aARG-0hQROs ' . More
"recently, it has !:gh 202 aﬁgﬁ' % H L thase 15
i nhibitors displaying selectivity for either inducible NO synthase (i NOS)

,or neuronal NOisynt b.al: Thus
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synthase. Many inhibitors of NO synthase have been described and proposed
for therapeutic use. _
More recently, it has been an object in this field to provide NO synthase
15. inhibitors displaying selectivity for either inducible NO synthase (iNOS) or
neuronal NO synthase (nNOS) over endothelial NO synthase (eNOS).
Thus WQ98/30537 describes selective NO synthase inhibitors of

formula

20
or a salt, solvate, or physiologically functional derivative thereof. - .
Suitable salts according to WQ98/30537 include those formed with both
organic and inorganic acids or bases. Pharmaceutically acceptable acid
addition salts include those formed from hydrochloric, hydrobromic, sulphuric,
25 citric, tartaric, phosphoric, lactic, pyruvic, acetic, trifluoroacetic, succinic, oxalic,
fumaric, maleic, oxaloacetic, methanesulphonic, ethanesulphonic, p-
. toluenesulphonic, benzenesuiphonic, and isethionic acids. Pharmaceutically
' acceptabie base salts include ammonium saits, alkali metal salts such as those
of sodium and potassium, alkaline earth metal salts such as those of calcium
30 and magnesium and salts with organic bases such as dicyclohexyl amine and N-
methyl-D-glucamine. Hydrochloride salts are exemplified and are stated to be

hygroscopic.




met hyl - D- gl ucam ne. Hydrochloride salts are exenplified and are stated to
be hygroscopic. 2 June 2005 2 The present invention seeksmggﬂﬁﬁggﬁde a

sel ective NOS inhibitor which is considerably |ess hygroscopic than, for
exanpl e, the hydrochloride salts exenplified in W98/30537. W have now
found conpounds falling within the scope of 5 W98/30537 which are

sel ective i NOS inhibitors and display advantages, including being
relatively non-hygroscopic. A compound which is relatively non- hygroscopic
is useful because it does not readily absorb noisture fromthe atnosphere
and is therefore easier to isolate, forndlate and handl e. According to the
present invention there is provided a conpound of 10 formula (1) NH or a
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i nvention includes all polynorphs of this
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The preferred forActeningte the gresestoinventiortherbés providethd comisonlriddor i s
ort hosquﬁ{,lm;ad@fl d. Pref erably, the conpound of fornula (1) does not
substanti a I quesce (ie rapidly take up atnospheric noisture) bel ow a

relative humdity of 60%at 25 degrees C. Mdre preferably, the conpound of
formula (1) does not 30 substantially deliqgugce below a relative humdity

of 70% at 25 degrees CH,CRrefiara Mund of formula (1) does not
undergo a mass change vi a dso pti re~gbgn BFow w at a relative
hum dity of 70% at 25 0

or a solvate or physiclogically functional derivative thereof.
16 The present invention therefore provides (2S)-2-amino-4-{[2-
(ethanimidoylamino)ethyfjthio}butanoic acid, compound with phosphoric acid, or
a solvate (preférably hydrates) or physiologically functional derivative thereof.
The present invention inciudes all polymorphs of this compound. Preferably
each molecule of the compound of formula (J) is associated with at least one
20 molecule of water, such as 1, 2 or 3 water molecules, especially 1 or 3 water
molecules. In a particularly preferred aspect, the present invention provides
(25)-2-amino-4-{[2-(ethanimidoylamino)ethyljthio}butanoic acid, compound with
phosphoric acid, (1:1) hydrate.
It will be appreciated by those skilled in the art that phosphoric acid
25 exists in more than one form. The preferred form for use in the context of the
present invention is orthophosphoric acid.
Preferably, the compound of formula (1) does not substantially
deliquesce (ie rapidly take up atmospheric moisture) below a relative humidity of
60% at 25 degrees C. More preferably, the compound of formula (I) does not
30 substantially deliquesce below a relative humidity of 70% at 25 degrees C.
Preferably, the compound of formula (1) does not undergo a mass
change via adsorption of more than 5% w/w at a relative humidity of 70% at 25



HNH2 g CO2H . H3PO4 (1) .1 2 June 2005 3 degrees C. Mre prefer y, the
conpound of fornula (1) does not undergo a mass change vi@&&%@a&i on of
nore than 2% w w at a relative humdity of 70% at 25 degrees C. Most
preferably, the conpound of formula (1) does not undergo a nass change via
adsorption of nore than 1 %wWw at a relative 5 humdity of 70% at 25
degrees C. Solvates of the conpound of forrmula (1) which are suitable for
use in nedicine are those wherein the associated solvent is
pharmaceutically acceptable. However, %ol vat es havi ng non-pharmaceutically
acceptabl e associated solvents are witRin the scope of the present.

I nvention, for exanple, 10 for use as internediates in the preparation of
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the its solvates, and physiologically functional derivatives.

By the term “physiologically functional derivative” is meant a chemical
derivative of the compound of formula (1) having the same physiological function
as the compound of formula (1}, for example, by being convertible in the body

15 thereto. According to the present invention, examples of physiologically
functional derivatives include esters, amides, and carbamates; preferably esters
and amides.

Pharmaceutically acceptable esters and amides of the compound of
formula (1) may have the acid group converted to a C+.¢ aTIq}I, aryl, aryl Cq5 alkyl,

20 or amino acid ester or amide. Phammaceutically acceptable amides and
carbamates of the compound of formula (I) may have an amino group converted
to a Cy.salkyl, aryl, aryl C1. alkyl, or amino acid amide or carbamate.

As mentioned above, the compound of formula () is an inhibitor of NO
synthase. W098/30537 demonstrates this generally for compounds of the

25 following formuta
NH,
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or a salt, solvate, or physiclogically functional derivative thereof:
phosphate salts are not exemplified.

30 The compound of formula (1) and its pharmaceutically acceptable
solvates and physiologically functional derivatives have use in the prophylaxis
and treatment of clinical conditions for which an inhibitor of NO synthase is
indicated, in particutar an inhibitor of iNOS. Such conditions include



H3C 11-) ~\ \ NHt or a salt, solvate, or physiologically functi I
derivative thereof: phosphate salts are not exenplifi ed. %B&Fﬁeg%g%rrpound

of formula (1) and its pharnaceutically acceptable solvates and
physi ol ogically functional derivatives have use in the prophylaxis and
treatment of clinical conditions for which an inhibitor of NO synthase is

I ndi cated, in particular an inhibitor of i NOS. Such conditions include 2
June 2005 inflammatory conditions, shock states, inmune disorders, and

di sorders of gastrointestinal notility., The conmpound of fornula (1) and
Its pharmaceutically acceptable solvates, and physiologically functional
derivatives thereof may also be of use in the prophylaxis and treatnent of
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anti-inflammatory drugs), of the airways (e.g. adulf respiratory distress

syndrome, asthma, cystic fibrosis, upper respiratory tract inflammatory disease

(e.g. rhinitis such as allergic rhinitis) or chronic obstructive puimonary disease),

- of the heart (e.g. myocarditis), of nervous tissue (e.g. muitiple sclerosis), of the

20 pancreas (e.g. diabetes melitus and complications thereof), of the kidney (e.g.
glomerulonephritis), of the skin (e.g. dermatitis, psoriasis, eczema, urticaria), of
the eye (e.g. glaucoma) as well as of transplanted organs (e.g. rejection) and
multi-organ diseases (e.g. systemic lupus erythematosis) and inflammatory
sequelae of viral or bacterial infections.

25 Furthermore, there is evidence for overproduction of NO by INOS in
atherosclerosis and following hypoxic or ischaemic insulis (with or without
reperfusion), for example in the brain or in ischaemic heart disease.

Disorders of gastrointestinal motility include ileus, for example post-
operative ileus and ileus during sepsis.

30 By diseases of the central nervous system is meant those for which
overproduction of NO is implicated, for example migraine, psychosis, anxiety,
schizophrenia, sleep disorders, cerebral ischaemia, CNS trauma, epilepsy,
multiple sclerosis, AIDS dementia, chronic neurodegenerative disease (e.g.

Lewy Body Dementia, Huntington’s disease, Parkinson’s disease, or Alzheimer's

35 disease) and acute and chronic pain, and conditions in which non-adrenergic




25 Furthernore, there is evidence for overproduction of NO_by i I n

at heroscl erosis and foll ow ng hypoxic or ischaemc i nsul t s2 w t hout
reperfusion), for exanple in the brain or in ischaem c heart disease.

Di sorders of gastrointestinal notility include ileus, for exanple post-
operative ileus and ileus during sepsis. 30 By diseases of the central
nervous systemis neant those for which overproduction of NOis
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15 - preventing the lymphocyte loss associated with HIV infection, in increasing the
radiosensitivity of tumours during radiotherapy and in reducing tumour growth,
tumour progression, angiogenesis, and metastasis.
Accordingly, the present invention provides a method for the prophylaxis
or treatment of a clinical condition in a mammal, such as a human, for which an
20 inhibitor of nitric oxide synthase, for example, an iNOS inhibitor is indicated,
which comprises administration of a therapeutically effective amount of a
compound of formula (1), or a pharmaceutically acceptable solvate or
physiologically functional derivative thereof. In particular, the present invention
provides a method for the prophylaxis or treatment of an inflammatory and/or
25 immune disorder, such as arthritis, allergic rhinitis or asthma. Ina further
preferred aspect the present invention provides a method for the prophylaxis or
treatment of a clinical condition selected from pain, migraine, ileus and irritable
bowel syndrome.
' In the alternative, there is also provided a compound of formula (1) or a
30 pharmaceutica!ly acceptable solvate or physiologically functional derivative
thereof for use in medical therapy, particularly for use in the prophylaxis or
treatment of a clinical condition in a mammal, such as a human, for which an
inhibitor of nitric oxide synthase, for example an INOS irhibitor, is indicated. In
particular, there is provided a compound of formula (I) or a pharmaceutically
35 acceptable solvate or physiologically functional derivative thereof for the



whi ch conprises adm nistration of a therapeutically effective anpbunt of a
conpound of formula (1), or a pharnaceutical ly acceptabl e 2Jungi2003,
physi ol ogi cally functional derivative thereof. In particular, the present

i nvention provides a nethod for the prophylaxis or treatnent of an

i nfl anmat ory and/or 25 i mune disorder, such as arthritis, allergic
rhinitis or asthma. In a further preferred aspect the present invention
provi des a nethod for the prophylaxis or treatnent of a clinical condition
selected frompain, mgraine, ileus and jrritable bowel syndrone. In the
alternative, there is also provided a cé%pound of formula (I) or a 30
pharmaceutical |y acceptable solvate or physiologically functional
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While it is possibie for the compound of formula (1), or a

pharmaceutically acceptable solvate or physiologically functional derivative
20 thereof to be administered alone, it is preferable to present them as a
phamaceutical formulation.

Accordingly, the present invention further provides a pharmaceutical
formulation comprising a compound of formula (I) or a pharmaceutically
acceptable solvate or physiologically functional derivative thereof, and a

25 pharmaceutically acceptable carrier or excipient, and optionally one or more
other therapeutic ingredients.

The present invention also provides the use of a compound of formula
(), or a pharmaceutically acceptable solvate or physiologically functional
derivative thereof in the manufacture of a medicament for the prophylaxis or

30 treatment of a clinical condition for which an inhibitor of nitric oxide synthase, for
' example an iNOS inhibitor, is indicated, for example an inﬂamn;ratory and/or
immune disorder, such as arthritis, allergic rhinitis or asthma. In a further
preferred aspect, there is provided a compound of formula (1), or a
pharmaceutically acceptable solvate or physiologically functional derivative
35 thereof in the manufacture of a medicament for the prophylaxis or treatment of a



pharmaceutically acceptabl e solvate or physiologically functional
derivative 20 thereof to be admnistered alone, it is pre

present themas a pharmaceutical formulation. Accordingly, the present

i nvention further provides a pharnmaceutical fornulation conprising a
conpound of forrmula (I) or a pharmaceutically acceptable solvate or
physi ol ogi cally functional derivative thereof, and a 25 pharnmaceutically
acceptabl e carrier or excipient, and optionally one or nore other

t herapeutic ingredients. The present invention also provides the use of a
conpound of formula (1), or a pharmacedtically acceptable solvate or
physi ol ogically functional derivative thereof in the manufacture of a
medi cament for the prophylaxis or 30 treatnen of a clinjcal andition for
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and di sor denvehiently becpiesented. inTimit Qaagm mv be prepar by any of
the methods well known in the art of pharmacy All methods include the step of
15 - bringing the active ingredient into association with the carrier which constitutes
‘one or more accessory ingredients. In general the formulations are prepared by
uniformly and intimétely bringing into association the active ingredient with liquid
carriers or finely divided solid carriers or both and then, if necessary, shaping
the product into the desired formulation.
20 Formulations of the present invention suitable for oral administration
may be presented as discrete units such as capsules, cachets or tablets each
containing a predetermined amount of the active ingredient; as a powder or
granules; as a solution or a suspension in an agqueous liquid or a non-agueous
liquid; or as an oil-in-water liquid emulsion or a water-in-oil fiquid emulsion. The
25 active ingredient may also be presented as a bolus, electuary or paste.
A tablet may be made by compression or moulding, optionally with one
or more accessory ingredients. Compressed tablets may be prepared by
compressing in a suitable machine the active ingredient in a free-flowing form
such as a powder or granules, optionally mixed with a binder, lubricant, inert
30 diluent, lubricating, surface active or dispersing agent. Moulded tablets may be
made by mouiding in a suitable machine a mixture of the powdered compound
moistened with an inert liquid diluent. The tablets may optionally be coated or
scored and may be formulated so as to provide slow or controlled release of the
active ingredient therein.



conveniently be presented in unit dosage formand may be preﬁared b{ any of
the nmethods well known in the art of pharnmacy. All net hods % he step
of 15 bringing the active ingredient into association with the carrier

whi ch constitutes one or nore accessory ingredients. In general the

formul ations are prepared by wuniformy and intimately bringing into

associ ation the active ingredient wwth liquid carriers or finely divided
solid carriers or both and then, if necessary, shaping the product into
the desired fornulation. 20 Fornul ations of the present invention suitable
for oral administration may be presented as discrete units such as
capsul es, cachets or tablets each containing a predeterm ned anount of the
active ingredient; as a powder or granules; as a solution or a suspension
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in an aqueous | i dereugtionsfenpatrnteial admigistration includeaquepus ANGAS- | i qui d
150" b pr CueHs Sterile infolion SUMORSTWIRLI tay ChtAh SHiE DXanGI LUMER) 1o by
copr ocs) obaReTRsIAE AN S ifesoRARRy SN ornulating isSRpi Wil fhe Biood o
i ng { ed: ent the Gutanded s;@dgibﬂhbﬁc%ﬁﬂgo@am ﬁbn?aqixeb];als s@aﬂarcﬁ%@fi@n@idm which
Sultad e I Qe e CLI V. | Ngr I en I a.l I ee- (0] n [ L SUC as a
s o TR AT AL e TOB O
Iuent, , n apl ets
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e e i A
optionally 1§l GAFGTatE @ vi de sl ow
oar eopor o "elor-firdection, infiediataly ol RIS, ERterhiaRlobus infsetom 31! ons Tor
o eabr on SHfUfions ArdadepRnaRs gy B PRRRIShTPH-Hel BORVERS, oranuiss and
Efact Sri ?st ﬁllﬂeﬁsrmftbelkmde' previously descidied.he fornul ation isotoni ctvm' _tlh t he
(0] 0} (6] e in - . ous _an n- ous_sterile
suspensi ons whi cﬁsg‘q%{’ﬁ%wdﬁg@@%&ﬁﬁ%ﬁgﬁg’w ge%ﬁﬁs%ﬁﬂgglé%?ng agents.
The f or nul suppositongyithdbeseaboagiers suchias-ahrea buttemar polyetbylenerglytater s,

for exanpl e seal Fg““@gﬁa‘%?°§'tepfi‘r?gEghﬁ’ys?ﬁ@ﬁﬁﬁh@ﬁgﬁ“ﬁﬁﬂﬁb%ﬁ’gié eeze-dried

(Iyoggilised) condition requl di’ the'sterile liquid
carrier, fBHceallyRnwibiagually, icludedezenges comprising the agtivaiingredignpinar t o
use. Ext enfigvauredWasis$usH &9 Budkbsetand heddia i dragdeantts apbpagtilede prepar ed

[rom St er | bEmBRYHG e a8t08 ingraafihl in b%asis Sudh as gelatin Snd GRycehner’
sucrose and acacia.

The relatively non-hygroscopic nature of the compound of formula (I)

20 renders it particularly suitable for administration in solid form e.g. as tablets.

In a preferred aspect the present invention provides a solid dosage form
comprising the compound of formula (1) or a solvate or physiologically functional
derivative thereof. :

Preferred unit dosage formulations are those containing an effective

25 dose, as hereinbefore recited, or an appropriate fraction thereof, of the active
ingredient.

It should be understood that in addition to the ingredients particularly
mentioned above, the formulations of this invention may include other agents
conventional in the art having regard to the type of formulation in question, for

30 example those suitable for oral administration may include flavouring agents.

According to a further aspect of the invention, there is provided a
process for preparing a compound of formuia (1) or a solvate or physiologically
functional derivative thereof which comprises:

(i) reacting a compound of formula (1)

35



Formul ations for rectal adm nistration may be presented as S %sitory
with the usual carriers such as cocoa butter or polyethyleﬁgh%$$§@¥

Forrmul ations for topical adm nistration in the nouth, for exanple 15
buccal Iy or sublingually, include |ozenges conprising the active ingredi ent
in a flavoured basis such as sucrose and acacia or tragacanth, and
pastilles conprising the active ingredient in a basis such as gelatin and
gl ycerin or sucrose and acacia. The rel atively non-hygroscopi c nature of

t he conpound of fornula (1) 20 renders it particularly suitable for

adm nistration in solid forme.g. as taBlets. In a preferred aspect the
present invention provides a solid dosage form conprising the conpound of
Jformula (1) or a solvate or physiol ogicaj functional derivative thereof.
"Preferred unit dosage fornul ations are thdse containi,ng an effective 25
dose, as hereinbefore reciHMdd,_-ox Bhiat e fraéplon t hereof, of the
,active ingredient. It should be derstood that in addition to the
‘ingredients particularly nentioned above, the fornulations of this

Lo the Lyl 30 oFtias Aot 3 g teciRd YRR theradh bR SLomBRir 70! ¢

oral adm rfoghulat(lipn may i ncl ude fl avouring agents. Accordlng to a further
aspe of the invention, there is provided a process for preparing a
compound of fornmula (1) or a soIthe or physiologically functional
derivative thereof which conprlsagtb(l) reactlngla compound of forrmula (11)
35 2 June 2005 9 NH2 H2N s CO% or an enantloner a salt, or a
protected derivative thereof, wth a conmpound of for mul a (III) (m HN or a
salt thereof, wherein L is a |l eaving group, nost suitably a Cl.6 al koxy

group or a salt thereof, wherein L is a leaving group, most suitably a C4.¢ alkoxy group
(for example ethoxy), an alkyithio group, an aralkylthio group, an arylthio group
10 {for example benzylthic), a 1- or 2-naphthylmethylthic group or a heterocycle
group; followed by the following steps in any order:

(ii) converting the resulting compound to the monophosphate salf;

(iii) optional removal of any protecting groups;

(iv) optional separation of an enantiomer from a mixture of enantiomers;

15 (v) optional conversion of the product to a corresponding solvate
or physiologically functional derivative thereof.

Preferably compounds of formula (J) prepared by this method are
purified by recrystallization from a suitable solvent, such as an aqueous solvent,
for example, water, an aqueous alcohol or aqueous acetonitrile, or a poiar

20 organic solvent, for example N,N-dimethylformamide, dimethylsulphoxide,
dimethylacetamide or 1-methyl-2-pyrrolidinone. A preferred solvent for
recrystallization is agueous ethanol.

In a preferred embodiment, the compound that results from the reaction of the
compounds of formulae (l1) and (lll) is reacted with phosphoric acid, preferably

25 orthophosphoric acid, to form the compound of formula (i).

 Preferably, the step of converting the resulting compound to the
phosphate salt comprises a biphasic reaction using toluene and aqueous
phosphoric acid. -

In a preferred embodiment, following step (i): toluene is added to an

30 aqueous layer resulting from the reaction of the compound of formula (Il) or an
enantiomer, a salt, or a protected derivative thereof with the compound of
formula (lll) or a salt thereof to form a biphasic mixture; a toluene layer is



(for exanple ethoxy), an al kylthio group, an aral kylthio group, arylthio
group 10 (for exanple benzylthio), a 1- or 2-naphthyl net hy?—ﬂ!ﬁ%%@éup or a

het erocycl e group; followed by the follow ng steps in any order: (ii)
converting the resulting conpound to the nonophosphate salt; (iii)
optional renoval of any protecting groups; (iv) optional separation of an
enantioner froma mxture of enantioners; 15 (v) optional conversion of
the product to a correspondi ng solvate or physiologically functional
derivative thereof. Preferably conmpoundgnof fornula (1) prepared by this
method are purified by recrystallization froma suitable solvent, such as
an aqueous solvent, for exanple, water, an aqueous al cohol or aqueous

acetonitri %?Par%ie@frgm ﬂfés %Qfﬁfr?aé’ﬂ Eﬂg%%%ﬁlutédﬁbf Eﬁ?gﬁlcﬁhc acjd is added to

N, N- di met hy['t or mam 'sui p I met acet am de or

1- met hy| - 2 thg/tolugnediayento fmnpaéuléhﬁretuplaaﬁwmmur@-ranqi aPApNeausiaverisn i s
agueous et Bap&¥ated flom m@ﬁ_ﬁm@qn gfiradi nent, the conpound that resul ts from

e et o o oy AR S e i b ieb (e By RS
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aqueous ﬁi@&ﬁ%&f’%&]&'ﬂ{e (}g?ﬁk%%meefsepqg?%eﬁbggﬁ%%w%opzImv?n}' ﬂ'ggs ep (i):

t ol uene i salkwﬂud anallithics ooraanyitio growy, dhe reactian n‘gayrbe)effemdrteaatorgam@f t he
cormpound 0§y Qﬁt@{;%iﬁﬁé}tﬁyﬁénﬁéma@@%ﬁélﬂ&??furﬁn Séth tafé oF Qt‘%ﬁta%hol

derivative thereo e corrpod ormil a ] thereof to
form a bi pBleh as athanel.cat a masiaiatedemppesature exg. ﬁﬂ1 Q@@Sﬂﬁa? rpRignt r om
t hi s101 xt ufegq e’fguﬁgueous sol ution of phosphoric acid is added to the

t ol uene Iayer t r further biphasic and an aqueous | ayer is
separated from 3?{? rgbﬁ’t' ke ¢ FH‘}&%'FB %mr?ﬁxdlg'sd g al koxy, the reaction in
step (i) above may beeffected in 5 solution at al kaline pH, for exanple pH

8 to 11, suitably at pH p.5 to 10.5, and a]§ a low tenperature, for exanple
-5C to 25C, suitably 20C. Wien L is an al ByP%hio, aralkylthio, or arylthio

group, the reaction nagobeHghif ectad i ganic solvent e.g.
di et hyl f or mani de, tetrahydrof ran,SM&C&tﬁy or a Cl.4 alcohol

Preferably, the compound of formula (lil) is
15

S Me

' l l NH.HCI

The compounds of formuia (11) and derivatives thereof may be prepared
by reacting a compound of formula (V)

NH,
/\/k ™
X COH

20 wherein X is a leaving group, most suitably a halo group such as Br, or an
enatiomer, sait or protected derivative thereof, with the compound of formula (V}.



such as ethanol, at a noderate tenperature e.g. 10 to 40C, _suitably at
anbi ent 10 tenperature. Preferably, the conpound of forrru&al—éﬂ%@és NHBoc

CQZH. iZN-,,,,,-~, "~~~ S CQZtBU Preferably, the conpound of fornmula (II1) is
15 The conpounds of fornmula (I1) and derivatives thereof nay be prepared

by reacting a conpound of fornmula (1V) NI-12 (1V) X COZH 20 wherein X is a
| eavi ng group, nost suitably a halo group such as Br, or an enationer,
salt or protected derivative thereof, with the conpound of formula (V). 2
June 2005 11 /sH M HZN or a salt or protected derivative thereof.
Conmpounds of fornmula (I11) and salts thereof may be prepared by nethods of
organic chem stry well known to the person skilled in the art, for

exanpl e, as described by Shearer eta! in Tetrahedron Letters, 1997, 38,
-179- 5 182. The protecting groups used in the preparation of conpounds of
formila (1) may be used in opsknt i d¥4l nanner, for exanple, using

met hods described in "PrbhctiVe Groups in Organi c Synt hesis" by Theodora
"WGeen, 2nd edition § John Wl,ey and .Sons, 1991) which al so descri bes

met hods f@FatQ?étorIUOF Serivative thg egj’rfoups In the above reactions, primary
ani nes are sui t fmpbuAESef fshmada (Ipaihdsalte thereot maysbe ptapasey bir bonyl or

exarl o BPHPE by > ehemip iRl 5t BB Btttk r“'*ﬁe%?“"’;" o by
“hydr ogenobxample S desaribed yeShearee ef atindl elyahediop Fﬁ-s{(gglc}l- f9the art
use oé sug 52.

The protecting groups used in the preparation of compounds of formuia
(1) may be used in a conventional manner, for example, using methods
described in "Protective Groups in Organic Synthesis” by Theodora W Green,
2nd edition (John Wiley and Sons, 1991) which also describes methods for the -

10 removal of such groups.

In the above reactions, primary amines are suitably protected as
carbamates, such as t-butoxycarbonyl or benzyloxycarbonyl groups which may
be removed under acidic conditions, for example, by treatment with hydrochloric
acid or hydrobromic acid, or by hydrogenolysis.

15 As will be appreciated by the person skilled in the art use of such
protecting groups may include orthogonal protection of amino groups in the
compounds of formula (fl) to facilitate the selective removal of one group in the
presence of another, thus enabling selective functionalisation of a single amino
function. For example, a benzyloxycarbony! group may be selectively removed

20 by hydrogenolysis. A person skilled in the art will also appreciate other
orthogonal protection strategies, available by conventional means as described
in Theodora W Green (vide supra).

The enantiomeric compounds of the invention may be obtained (a) by
separation of the components of the corresponding racemic mixture, for

25 example, by means of a chiral chromatography column, enzymatic resolution
methods or preparing and separating suitable diastereoisomers, or (b) by direct
synthesis from the appropriate chiral starting materials by the methods
described above.

Optional conversion of a compound of formula (I) to a corresponding

30 solvate or physiologically functional derivative may be effected by methods
known to those skilled in the art. For example, the trihydrate of the compound of



protecting groups may include orthogonal protection of am no ‘grougs in the
conpounds of formula (Il) to facilitate the selective reno = group

in the presence of another, thus enabling selective functionalisation of a
single amno function. For exanple, a benzyl oxycarbonyl group may be

sel ectively renoved 20 by hydrogenolysis. A person skilled in the art wll
al so appreciate other orthogonal protection strategies, available by
conventional nmeans as described in Theodora WG een (vide supra). The
enanti omeri c conpounds of the invention nmay be obtained (a) by separation
of the components of the corresponding d8cenic nixture, for 25 exanple, by
means of a chiral chromatography colum, enzymatic resolution nethods or

preparing and separati sui t abl e di astereoi sonqers, or by direct

D hesi o g BE naspPe preRareddrm de corpeparing FaonenalTale Vi SxhEss s
descri bed &pawnigh kidniditeenimmest fon29hoars;onpound of fornula (1) to a
corresponding 30 solvate or physiologically functional derivative nay be

effected by methods known to those skilled in the art. For exanple, the
trihydrate of tHEhe prgsentinvantdniwill @oR0hs dégcrilmedby avayl of example gnlyewithed
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t he corrpoue’lrgh'%?é fsgg?nﬂﬁﬁe’%"%%?‘%@wﬂ‘?‘ aﬁﬁ%‘{’%&%ﬁ? %tf Lfe ?as@gg'é%rrpar ative
moi st ur e SYTPidity againstieweighbehangetw/wd ghewingomsristyre sarmdien & at i ve
hum di ty agsdopstior?forehe Hontpauikteof firmukaly, meRbRdratd;( 2- _
(et hani m oyl A 1oL SU el B0k RS ANl CoR o isSRTRa e 4 25 dById! 0, ©
- target relative humidity against % weight change for (2S)-2-amino-4-{]2-
(ethanimidoylamino)ethyl]thio}butanoic acid, compound with hydrochioric acid,
and )
| Figure 5 is full isotherm plot a 25°C of % target relative humidity against %
20 weight change (w/w) showing moisture sorption and desorption for the

compound of formula (1), trihydrate. The sorption and desorption traces are

overlaid. The sorption isotherm started starts at a relative humidity of 30%

increasing to 90%, followed by desorption from 90% RH to 0% RH.

Figure 6 is an X-ray diffraction pattemn for a compound of formula (1)

25 monchydrate.
Figure 7 is an X-ray diffraction pattern for a compound of formula (I} trihydrate

Example 1: Preparation of Compound of Formuta (II)

30 A) Stage 1: Preparation of L-Homoserine lactone



and Figure 5 is full isothermplot a 25C of %target relative humdity

agai nst % 20 wei ght change (W w) show ng noisture sorpti GaJesi20030or pt i on
for the conmpound of formula (1), trihydrate. The sorption and desorption
traces are overlaid. The sorption isothermstarted starts at a relative
hum dity of 30% increasing to 90% followed by desorption from90% RH to
0% RH. Figure 6 is an X-ray diffraction pattern for a conpound of formula
(I') 25 nonohydrate. Figure 7 is an X-ray diffraction pattern for a
conmpound of forrmula (I) trihydrate Exanple 1. Preparation of Conpound of
Formula (I1) 30 A) Stage 1: Preparation®f L-Honoserine |actone 2 June 2005
13 NH2 H3C~-S", "CO2H L-Methionine MW= 149.21 2 30 |PA water, AcOHCr O
L- Honoserine | actone MV = 182.01 The reaction was carri eq‘"_p?!@runder a
nitrogen atnosphere. A stirred susp ' L-nmet hioni re?(T nol eq., 1.0
wt) at room tenperaturaH,n water (4 g Vol ;iz|.sopropyl 3@?0(4 vol ) and

gl aci al aceti cid (1.:6 vol) was prepared, to which s Added bronvacetic
acid (1.0 vvt)."c?‘fse/%‘fpérmzan was hiP4 watet, 4<OB0C and heldQt t hat

tenperature for 2 hours. The tenperature was raised to ca. 82-85 C and the
solution heated for a further 5 hours. The orange-brown solution was

-cool ed and the sql-Memiosingenoved under reduced pressukdlompserinedactdteck, dark
brown slurry was heated (water bath tenperature 90 C) for two hours whil st
_under vacuum Themglzu,r‘k{,_y1 was all owed to cool then suspemdedisear 4M HCl in
di oxane (2 Vol) and stirred at roomtenperature for a mninumperiod of 3
hours. The crystalline solids were collected by filtration and suspended in

The reaction was carried out under a nitrogen atmosphere. A stimed

suspension of L-methionine (1 mol eq., 1.0 wt) at room temperature in water 4

5 Vol), isopropyl alcchol (4 vol) and glacial acetic acid (1.6 vol) was prepared, to

which was added bromoacetic acid (1.0 wt). The suspension was heated to

50°C and held at that temperature for 2 hours. The temperature was raised to

ca. 82-85 °C and the solution heated for a further 5§ hours. The orange-brown

solution was coaled and the solvents removed under reduced pressure. The

10 thick, dark brown slurry was heated (water bath temperature 90 °C) for two

hours whilst under vacuum. The slurry was allowed to cool then suspended in

4M HCI in dioxane (2 Vol) and stirred at room temperature for a minimum period

of 3 hours. The crystalline solids were collected by filtration and suspended in

isopropyl alcohol (1.5 vol): the suspension was stirred for at least 1 hour. The

15 solids were collected again by filtration and dried in vacuo at 50-60 °C to give L-
homoserine lactone as an off-white crystalline solid.

B) Stage 2: Preparation of (28)-2-amino-4-bromobutanocic acid hydrobromide

NH,.HBr NH,.HBr
3 HBr/AcOH _ H
£_\A\ ~ B " coH
(o) O
20 MW=132,01 MW=262.93

The reaction was carried out under a nifrogen atmosphere. L-Homoserine
lactone (1.0 mol eq., 1.0 wt) was suspended and stirred in glacial acetic acid (2
25 Vol) at 20 + 5°C under a static atmosphere of N2. To the suspension was added



| sopropyl alcohol (1.5 vol): the suspension was stirred for_ at least 1
hour. The 15 solids were collected again by filtration and vacuo
at 50-60 Cto give L- honpserine |lactone as an off-white crystalline solid.
B) Stage 2: Preparation of (2S)-2-am no-4-bronobutanoic acid hydrobrom de
20 MAE182. 01 HBAACOH NH2- HBr  Br ' ' CO2H MAE282. 93 The reaction was carri ed
out- under a nitrogen atnosphere. L-Honpbserine |actone (1.0 nol eq., 1.0
wt) was suspended and stirred in glacial acetic acid (2 25 Vol) at 20 5C
under a static atnosphere of N2. To the suspension was added Br' COH NH2. HBr
0 2 June 2005 14 (8 Vol) of a 45% w v sdlduti on of hydrogen bronide in
acetic acid. The contents were ranp heated to 52 1C over 4 hours, and
then stirred at 52 1C for 16 hours to give a white solid suspended in a
yel l ow or &8 M)d of 814R% ovlv sokwdionof hveregembramidedn agetio acid. he spatends 4 at
%ﬁ 2CI f gr w@re'rﬁl h%d!gd *?@sfiz& g‘!c t@yé} h%g#w.%rq(mén%ﬁrr%ﬁ 4t8d ¥ 1185:%15 nit ?|t e.
e soli s collecte [ltratiop.,.The cake was en was irstly
u th’ acet i HOUES tp 9146, whig solid,sashanilec Bra veliin or Ana Sk e '3 2
vol ). The ponténts wene ctoleddo 20 £ RS taand hetdi 320 4 B°C forvatdeast tawceinowrs t45 5C

Prepapat | oy e Protin b Riafi8shafd, The sl Sumalbsietl T ABACTD g

W But y| acacake wasHhEDAvadHad HASHY wittkacetic @td3 A Mobanddbenttad- h?\W=262. 93
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suspended ANYACYHM @¥en at 45 + 5°C and collected as a white/off-white crystalline solid.

10 C) Stage 3: Preparation of tert-butyl (2S)-2-amino-4-bromobutanoate sulfate

iR, HBr tert-Butylacetate, GH,S0,, BiH;H,S0,
B " coH Aco >~ B ""co,Bu
MW=252.93 MW=336.21

The reaction was carried out under a nitrogen atmosphere. (2S)-2-amino-4-

15 bromobutanoic acid hydrobromide (1 mol eq., 1.0 wt) was suspended and stirred
in tert-butyl acetate (10 vol.) at 5 + 3°C for ca. 1 hour under an atmosphere of
N2. To the suspension was added, dropwise over ca. 30 minutes, concentrated
sulphuric acid (1.2eq, 0.445wt), maintaining a contents temperature of 5+ 3°C.
The contents were warmed to 18 + 3°C and stirred at that temperature for 10

20 mins. Glacial acetic acid (2.5 vol) was added over ca. 10 minutes and then the
reaction mixture was stirred vigorously until a clear solution was obtained (up to
3 hours). Stirring continued at 18+ 3°C for at least 2 hours. Following the onset
of crystallisation, the reaction mixture was aged for at least 4 hours at 18 + 3°C.
Toluene (5.5 vol) was then added over 50 min. to the slurry. The resulting white

25 mixture was stirred for 18 hours at 18 + 3°C before collecting the product by
filtration. The filter cake was washed with ethyl acetate (2.5 vol). The damp -
product was slurried with fresh ethyl acetate (10 vol) at 20 + 3°C for 1 hour. The
product was again collected by fiiltration and the filter cake was washed with
ethyl acetate (2 x 2.5 vol). The product was dried in a vacuum oven at 20 + 5°C.

30
D) Stage 4: Preparation of tert-butyl (2S)-4-bromo-2-[(tert-
butoxycarbonyl)amino]butancate



in tert-butyl acetate (10 vol.) at 5 3C for ca. 1 hour under an_atnosphere
of MN2. To the suspension was added, dropw se over ca. 30 i Jiine 2005
concentrated sulphuric acid (1.2eq, 0.445wm), nmintaining a contents
tenperature of 5 3C. The contents were warnmed to 18 3C and stirred at
that tenperature for 10 20 mns. dacial acetic acid (2.5 vol) was added
over ca. 10 mnutes and then the reaction mxture was stirred vigorously
until a clear solution was obtained (up to 3 hours). Stirring continued at
18 3C for at least 2 hours. Followi ng the onset of crystallisation, the
reaction mxture was aged for at |east ¥hours at 18 3C.  Tol uene (5.5
vol) was then added over 50 mn. to the slurry. The resulting white 25
mxture was stirred for 18 hours at 18 3C before collecting the product by
‘filtration. The filter cake was washed with ethyl acetateoé .5 vol). The
danp product was sl urﬁﬂzé"aﬁ%th fresh et tate (10 va'V°%8t 20 3C for
.1 hour. The produs{ vms in col E "&p tratl éEM'Iter cake
‘was washed vvlthB’ethyI %é‘te (2 (gvol) Tre product was “dried in a
vacuum oven at 20 5'C 30 D) Stage 2:"' reparation of tert-butyl
(2S)-4-bronmo-2-[(tert- butoxycarbonyl)am no] but anoat e ;%g 2005 15

NH2. H2SO4  BK ' COPWFE§2Et OAc, NaHCO3 (aq), BOC20 MAE3 g? fME338. 24 e The
reaction was carried out under a nitrogen atnosphere. Anhydrous sodium 5

a7 5075 The HtRolas cRled fuuntBs aliiedadh ?“ﬁ%%@“%ée?%”@dé‘@f‘§ Sodidnt o
and the nhydrogen warbanabe é20trookeq.) was VAQ@'@HQ'Vlsé'ﬁ'e@'flntV@tﬁf% yol) at 20 +
(28S)-2-am Q Ay é?%lﬂétﬁg@ﬁﬁ rﬁiéréaE%h i hcBtatB!(3 ©vol) Wal aucﬂedlahd/meer (2.0

vol ) was ad over

I nt | n| eiégg ents rrper ature of
5 + 2C. A@Bﬁ\&ﬁeﬂﬂﬂsﬁﬁoﬁﬂ tod 2 tﬁﬁ? ) ?‘3’ }aé) 'T'W acetate
(2.0 vol) mdﬂm@d%ﬁlﬁt@g 5mcﬁl‘é%:t139 mpm Watasrd&cﬂ volmwaaadd&d over

V\nglr na |On|2n +t£§d“ Ries MRAiIrGinRAg4 Bﬁengs qegp;{u)%gfﬂrg dF8d 958 YR 3oitttibR Wi ©
10 t-butyldicarbonate (0.96 eq) in ethyl acetate (2.0 vol) was then added over 5
minutes to the reaction mixture, maintaining the contents at 5 + 2°C. The
biphasic mixture was allowed to warm to 20 + 3°C and then stirred for a further
3-5 hours. The layers were allowed to separate overnight. The aqueous layer
was removed and the organic layer was washed with brine (1 x 5 vol). The
15 layers were separated and the organic layer was dried over anhydrous MgSO,,

filtkered and then concentrated under reduced pressure to yield a colourless oil.
The colourless oil solidified on standing to a hard white solid.

. E) Stage 5: Preparation of tert-butyl S-(2-aminoethyl)-N-(tert-butoxycarbonyl)-L-

20  homocysteinate.
[ NHB:
NHBoc {i} K;COj3, MeOH HOQAHN /\/E_\ oc
H SH ——ri
B/\/\ CO,Bu + HCI—HZN/\/ () HCO,, TBME s COLtBu
Cys e MW =380.15
M s MW =33412 {iree base)

The reaction was carried out under a nitrogen atmosphere. Anhydrous

25 potassium carbonate (3.0 mol eq.) was added to a stirred suspension of
cysteamine hydrochioride (1.5 mol eq.) in methanol (5 vol) at 20 + 3°C, under an
atmosphere of N,. The mixture was stirred for 30 minutes before a solution of
tert-butyl (28)-4-bromo-2-{(tert-butoxycarbonyl)amino]butanoate (1.0 mol eq.,
1.0 wt) in methanol (5 vol) was added dropwise maintaining the contents



3-5 hours. The layers were allowed to separate overnight. ; e a us | ayer
was renmoved and the organic |ayer was washed with brine (1%%%5% . The 15
| ayers were separated and the organic |ayer was dried over anhydrous MySO4,
filtered and then concentrated under reduced pressure to yield a col ourl ess
oil. The colourless oil solidified on standing to a hard white solid. E)

Stage 5: Preparation of tert-butyl
S- (2-am noet hyl )-N-(tert-butoxycarbonyl)-L- 20 honocystei nate. NHBoc

Br~'~CO Mu MM 33&24 + HCl . H2N~'' SH Cyst ﬁﬁm ne hydrocMride (i) K2CO3 MaCH
(1i) HCO2H, TBME ~ ~NHBoc Br v C02tBu Boc HCO2H. H2N--,-~S ”*j~ CO04Bu
MWV 380.15 MM 334.12 (free bsse) The reaction was carried out under a

Rdded o aTpERRiE AL E Mo e PRI RAGIE I 28R G0l 40
met hanol ( boum. )Tha rmtnoagnlmwamnomemm uader redticetpreasurewssing\as
d f
(59" o o A S S S T et 1o
t t June 5

in et hano*J
16 tesperaw@ﬁd sﬁékm?ﬁnxﬁ@ﬁﬁ@%%l‘s@ﬂefé anaweawsebafate strhéracmoak 25 2C

L1 ng o vhiare e rEueded BehonltpHaRE et edheaniHleunk B el o ©
partiti onepresbalta/mng taewhtdybiath ae <BOTC & bppraximbtely Ralf dhe valuevidse 4 ( 8

Separate. ik Sy abid (DG ed) Re i kb ote MERIaTEME "o 1

separ at e.
concent r at ulienimaintaining @ contents temperature of 20 + 3°C. The reaction mixture

10 was stirred at 20 + 3°C for one hour during which time a white precipitate
formed. The mixture was cooled to 5 + 2°C for at least 16 hours. The product
was collected by filtration and then washed with additional TBME (2 x 1 vol). The
solid was dried to constant weight in a vacuum oven at 40 + 2°C affording the
product as a white crystalline solid.

15

Example 2: Alternative Preparation of Compound of Formula (i)

(28)-2-Amino-4-bromobutanoic acid hydrobromide (1.0 wt, 1.0 mol) was
suspended and stirred in tert-butyl acetate (TBA, 5 vols) at ca. 5°C under a

20 static nitrogen atmosphere. Concentrated sulphuric acid (98% purity; 1.2 mol
eq.) was added to the suspension over 20min, maintaining the contents
temperature ~ 15°C. The contents were then warmed to around 20°C and
allowed to stir for at least 7h at 20°C. After 1-2h from the end of sulphuric acid
addition, crystallisation was observed. 2M aqueous sodium hydroxide solution

25 (8 mol eqs) was added over ca. 60 min maintaining the contents temperature
ca, 20°C. The pH of the aqueous was checked and found to be above 9. The
layers were separated and the aqueous layer discarded.
In a separate container, di-t-butyldicarbonate (99%:; 0.95 mol eq.) was dissolved
in TBME (2 vols). This solution was added, over 20min, to the TBA solution,

30 maintaining the contents temperature below 20°C. The solution was stirred at
ca. 20°C for 4h.

32% wiw NaOH (4 vols) was charged to the reactor and cooled to ca. 10°C.
Cysteamine hydrochloride (1.2 mol eq.) was added, maintaining the contents
temperature at 10-20°C. This mixture was then stirred for ca. 30 min to allow for

35 full neutralisation of the hydrochloride. The Aliquat 175 (methyl




pressure using a water bath at <30C to approximately half QF VQ (ca. 4
vol). Formc acid (1.0 nol eq.) was added, dropwi se, to th TBMVE
solution maintaining a contents tenperature of 20 3C. The reaction m xture
10 was stirred at 20 3C for one hour during which tine a white precipitate
formed. The m xture was cooled to 5 2C for at |least 16 hours. The product
was col lected by filtration and then washed with additional TBME (2 x 1
vol). The solid was dried to constant weight in a vacuum oven at 40 2C
affording the product as a white crystalline solid. 15 Exanple 2:

Al ternative Preparation of Conpound of For mul a (11)

(2S) - 2- Am no- 4- br onobut anoi ¢ acid hydrobromde (1.0 wt, 1.0 nol) was

S Pened e st okle: b e bl ot D L b pegRedt, 1) 3
[rgl efgt erg@mt@dﬁ@dprﬁg:dnlr@:ts tempesatare at/+0-200@i The TBAITEIME usglutune wamt Ie 25\2 .
"t ongtl r fo?d%ﬁdl‘logggtaq‘}"ﬁ g? o&%&ao\ﬁﬁn WEQ‘@H}Q@;@%{?@% o% tsu] p |T(I:-@ acid
addi tion, hiphasianiktuee was thes stivedratea, 20fC sore ajen {4 ol G%

sol utg on JReh BBy &7 }Fﬁ“ﬁ’ﬁ rAdREirRAngtRe céﬂténtg téfﬂE@F R ngcé B cont ent s

t enper at ure e aqdeous was and found to be

Lbove o “Tgtiming lgitamie Gava dyeeat Byer d he AausRis aKST Wos serreed ot 1r a
separate cfigdA088 The brdariie!layedis aaBRe@With(WaXer (@x%vmla) The organic di ssol ved

30 mai nt i SO NS 5@&@3&@&%&?@? R G (S L I

at ca. 2C[@8?/mlw40 8 fidvey) wasdhen @dded| eyen2s nmhdnghe stisednEBAGEMBr and

i ﬁéﬁ%@oﬁam@éwﬁéﬂﬁu PRl 7 528 O T e e

stirred fovaseooladtmi-5°'G tord4 fsorTtespragduct W@@tqoélﬁi:t?&’t l'r%h trgtion gad

hydr ochl or B neTHD8StdL Wabthén driediirani um
chl ori de; d}gﬁ/o m}&@g@gﬁggéﬁ 2%@8 was hlgﬁc:ed %%@@m ng the
contents tVaFHERRYENA giet a3 AW ta to the
aqueous OVEHe rActibm sBhéemeadfthizometivnd rghowa belewat ca. 20C. The biphasic
m xt+ge was then stirred at ca. 20C for ca. 20h. Water (4 vols) was




5 then added over ca. 10 mn maintaining the contents tenperature at ca.
20C. Stirring for 15 mn gave 2 clear |ayers. The aqueous

separated and discarded. The organic layer is washed with water (2 x 4
vols). The organic solution was diluted by the addition of TBME (6-8
volunes). Formc acid (98w, 0.8 not eq) was then added, over 20 mn, to
the stirred TBAI TBME 10 sol ution maintaining a contents tenperature of ca.
20C. The reaction mxture was cooled to -5C for 24 hours. The product was
collected by filtration and then washed with additional TBME (2 x 1 vol).
The solid was then dried in a vacuum o¥8n at 40 5C affordi ng the product
as a white crystalline solid. The reaction schene of this nethod is shown
bel ow. 15 18 NHBoc HCO2H. H2N, Nr%jaﬁ ,, ~k C02t Bu MV = 262. 93

1.t-Butyl acetate; c.H2S04 2. Na (ag. mw=E8Ms NH2. HBr Br*~CO2 H N 12
~~C02 tBu MAE238. 2 BOC208 7 'COpHtyl acetate MM338.24 NHBoc Br~~ ' CO2
tBu + HCI . H2ZN _ SH Cysteam ne hydrochl oride n NaCH (act), TBME, t-butyl

acetate, Aliquat 175 (6) Forii ¢;ag I8 e0l5 MV =334.12 (free base)
Exanpl e 3: Preparation. of Co oy_rpgs horTEME (111) S A
NH,

B N"co,t8u | MW=2382

BOC,0,TBME, t-butyl acetate

NHBoc
MW=33824 | g""co0, tBu)

+ HOLHNTSH
Cysteamine hydrochloride

(i} NaOH (aq), TBME, t-butyl acstate, Aliquat 175
(il) Formic acid

NHBoc
HCOH.H,N. _~ e CO,Bu

MW =380.15
MW =334.12 (free base)

Example 3: Preparation of Compound of Formuia (ill)

s | ClI . S\rNH.HC:l ‘
1, - o |

NW =75.43 MW =175.54 ' MW = 261,77



NH + 2 MeCN 3 2 June 2005 r MAE75.13 MWV =176.64 MV = 251.7 5 ne 2005
19 The reaction was carried out under a nitrogen atm)spheré‘.‘—rl'-’l—?gg%llé

Et hanet hioamide (1 W, 1 eq.) was added to acetonitrile (14 vol) with
stirring wunder a nitrogen atnosphere. The resultant slurry was heated to
65C 2C whereupon a yellow solution was fornmed. To this solution was added,
dropwi se, 5 a separate solution of 1-(chloronethyl)naphthalene (2.47 ws,
1.05 eq.) in acetonitrile (3 vol), controlled in such a nmanner as to

mai ntain the contents tenperature at 60 - 65C. Once the addition was
conplete, a further portion of acetonit®ile (1 vol) was used as a line
wash. The resultant sol ution was heated to 70C t2C. crystallisation was

b d t hi 10- 20 t Th I 10 7
“Cotal of Yo,“ hour Than reastion c o BT R0RUE odBEPL: d oNIogED cdfndRetiere. &
filtered, ném?oeﬁﬁjgg svéqud 0 was Ifadaledtmnacetnhmez(w sol)om}h stiriing
| t | ried i a Of o rs.
 Exanpl o 4-uneleiaHagsn SImespiRiend i Feapit 2 e hedte ﬁf‘é? 28
reaction wmer@a bh ecyalio soldtion avas farmedn Tatthissysietian WASra drepwise,
tert-butyl S- I t
cﬁiméuﬁdyaw ardip Pt ,of - conﬂﬁaﬁ%ﬁ%@?%iﬁww%y@w o e
0 wt) armetenmmr(smamecomrolledhmwlmcﬁ mannes %40 d'&ﬁ!"&?' dte 8°'8t8 falunol
of for Ml Gedpltatife &t §6 -TBY-C2IDBIE AddIR s Sompletes @ Airthef Portinn oft
t Wat 8.5
o i gor @estgnitie (1 yaheRs Saedana inpriasihy e FESHGRL SRLARH ol HERld T ©
the aqueoys 7priger2°C Rivitallisatiore was obisgrved w:thln 10-20 minutes. The slurry was
(1515 00 GRlGaE g 2 fo ST LF R S EXbc YOG e
The solid was fittered, and the cake was washed with acetonitrile (2 x 5 vol). The
resulting white solid was dried in vacuo at 45°C +5°C for at least 16 hours.

Exampie 4: Preparation of Compound of Formuia {I) (Monchydrate)

The reaction was carried out under a nitrogen atmosphere. A mixiure of
tert-butyl S-(2-aminoethy!)—N-(tert-butoxycarbonyl)—L—homocysteinate compound
with formic acid (1:1) (a compound of formula If) (1.0 mol eq, 1.0 wt) and 1-
naphthylmethyl ethanimidothioate hydrochloride (a compound of formula Ill) (1.2
20 mol eq) was stirred in ethyl acetate (6 vol) at room temperature for 2 hours.
Water (8.5 vol) was added and the mixture was vigorously stirred for 30 mins.
The layers were allowed to settle and the aqueous layer containing tert-butyl N-
(tert-butoxycarbonyl)—S—[2-(ethanimidoylamino)eﬂ'lyl]-L—homocysteinate
hydrochloride was collected. The aqueous layer was cooled to 0°C and toluene
25 (5 vol) was added. 32% wiw aqueous sodium hydroxide (2.5 mol eq) was slowly
added, maintaining the temperature at 2°C and the biphasic mixture was
vigorously stirred for 10 min. The layers were separated, the aqueous layer was
recharged to the vessel, and the toluene layer stored. Toluene (2.5 vol) was
added to the aqueous layer and the mixture cooled to 0°C. 32% w/w aqueous
30 sodium hydroxide (1.0 mol eq) was slowly added, maintaining the temperature
at 0°C and the biphasic mixture was vigorously stirred for 5 minutes. The layers
were separated, the aqueous layer was discarded and the toluene layers
containing tert-butyl N-{tert-butoxycarbonyl)-S-{2-(ethanimidoylamino)ethyl]-L-
homocysteinate were combined in the vessel. An aqueous solution (2.5 vof) of
35 orthophosphoric acid (1.5 mol eq) was added. The biphasic mixture was

15




hydrochl ori de was col | ected. The aqueous | ayer was cool ed to_0C t ol uene
25 (5 vol) was added. 32% w w aqueous sodi um hydr oxi de (2. e was
slowy added, maintaining the tenperature at 2C and the bi phasic m xture
was vigorously stirred for 10 min. The |ayers were separated, the aqueous

| ayer was recharged to the vessel, and the toluene | ayer stored. Tol uene
(2.5 vol) was added to the aqueous |ayer and the m xture cooled to 0C. 32%
w w aqueous 30 sodi um hydroxide (1.0 nol eq) was slowy added, nmintaining
the tenperature at OC and the bi phasic,&'}exture was vigorously stirred for
5 mnutes. The layers were separated, t aqueous | ayer was di scarded and
the toluene layers containing tert-butyl

N- (t ent - but - LM ' hyl 1.z L- ' t
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ol uene ('h)le reacgt?én scheme of this method is shown below.
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Aq.
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NaOH(aq) Mejru g AN @ HaPO, (aq) /toluene
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Toluene {if) EXOH

NH,
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The hygroscopicities of three samples of the compound of formuta (1)
monohydrate prepared in accordance with the above method were tested by
measuring their % weight change (w/w) over a target relative humidity band of 0
to 90% at 25 degrees C. The results are shown in Figures 1 to 3.

20 To make these measurements, the following instruments and
parameters were used:




JEI CAc 00 Et QAaH20O t+pi Boc ~/\'S C02t6u (B H3PO4 (aq) / toluene Toluene NH
(U NH3 (ag) to pH 5.5 (In) EtOH NH2 S COH . H3P04 Aq. Thé&June 2005
hygroscopicities of three sanples of the conmpound of forrmula (I)
nonohydrate prepared in accordance with the above nmethod were tested by
measuring their % wei ght change (wWw) over a target relative humdity band
of 0O to 90% at 25 degrees C. The results are shown in Figures 1 to 3. 20
To make these nmeasurenents, the followi ng instrunents and paraneters were
used: 2 June 2005 21 Hiden | GASORP, Serial: | GA SA-040; Hiden Intelligent
Anal yser, Mddel: HAS-022-120E, Serial: pf\LI GA-0042; - Flow = 495m min 5-

| sot hermal Paraneters: Analysis Mde: F1 Wait Until: 97% M n Tinme: 10

m nutes Max Tinme: 240 minutes M Level: 0.2% 10- |Isothernal sequence:

‘Tenper at ur Hider2REASORP, [Bért! FBAS2040;i on/ % 080 1070 152060
Hiden Intelligent Analyser, Model: HAS-022-120E, Serial: HALIGA-0042;
— Flow = 495ml/min
- Isothermal Parameters:
5 Analysis Mode: F1
Wait Until:  97%
Min Time: 10 minutes
Max Time: 240 minutes
M-Level: 0.2%
10 — isothermal sequence:
Temperature : 25°C
Adsorption/%  Desorption/%

0 80
10 70

15 20 60
30 50
40 40
50 30
60 20

20 70 10
80 0
90

- Scans =2 (1 cycle) ‘
It can be seen from Figures 1 to 3 that there is no significant uptake of

25 atmospheric moisture below a relative humidity of 70%.

X-ray diffraction data for (2S)-2-amino-4-{[2-
(ethanimidoylamino)ethyl]thio}butanoic acid, compound with orthophosphoric
acid, (1:1) hydrate is shown in Figure 6. Table 1 below sets out the instrument

30 and parameters used. Table 2 below sets out the peak listings.

35



3050 4040 5030 6020 207010 800 90 - Scans = 2 (1 cycle) 25t _can_be seen
fromFigures 1 to 3 that there is no significant uptake of 2 I C

noi sture below a relative humdity of 70% X-ray diffraction data for

(2S) - 2-am no-4-@- O0(ethani m doyl am no) et hyl ]t hi o) but anoi ¢ aci d, conpound
wi th orthophosphoric acid, (1:1) hydrate is shown in Figure 6. Table 1
bel ow sets out the instrunent and paraneters used. Table 2 bel ow sets out
the peak listings. 35 2 June 2005 22 Table | ManufacturerPhilips Analytical
X-Ray B.V. The Netherlands D ffractoneter TypePWL800 (PC-APD) Seri al DY701
Tube AnodeCu LabdaAl phal 1. 54056 LabdaAl @Ba21. 54439 Rati oAl ha210. 50000

Di vergence SlitAutomatic Receiving SlitFine Monochromator UsedYES Generat or
Vol t age40 Tube Current45 File Date & Tine4-Cct-2000 3:23 Data Angl e Range
206. 0000 - TablegD0OO Scan Step Size 200. 020

Manufacturer Philips Analytical X-Ray B.V.
The Netherlands
Diffractometer Type PW1800 (PC-APD)
Serial DY701
Tube Anode Cu
LabdaAiphat 1.54056
LabdaAlpha2 1.54439
RatioAlpha21 0.50000
Divergence Slit Automatic
Receiving Slit Fine
Monochromator Used YES
Generator Voltage 40
Tube Current 45
File Date & Time 4-0ct-2000 3:23
Data Angle Range (°28) 6.0000 - 45.0000
Scan Step Size (°26) 0.020 '
Scan Type STEP
Scan Step Time 4.00
5 Table 2
Angle Relative Intensity (%)
(*20)
7.2900 100
7.5100 19.4 )
8.5000 .1 )
12.0650 0
14.4950 60
16.9250 2
18.4300 16 ;
18.6950 2




Scan TypeSTEP Scan Step Tinme4.00 5 Table 2 Angle Relative Intensity (% 20
7.2900100 7.510019.4 8.5000. 1 12.06500 14.495060 16. 92502—1%%"%@%2 .

18. 69502 2 June 2005 23 20.33502 20. 74001 21.12001 21.82506 22.215010

22. 450012 23.49502 23.71004 24.145038 25. 34502 25.88002 26. 49503 26. 67502
27. 46507 27.96006 28. 40502 29. 02007 29. 49501

20.3350 2
20.7400 1
1
6

21.1200
21.8250
22,2150 10
22.4500 12
23.4950 2
23.7100 4
24.1450 38
25.3450
25.8800
26.4850
26.6750
27.4650
27.9600
28.4060
29.0200
29.4950
30.1800
30.7400
31.8000
32.1800
32.5200
33.8400
34.4650
35.5200
35.81580
36.5950
~37.8300
38.5550
39.2200
39.7850
40.9400
41.5450
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30. 18003 30. 74001 31.80001 32.18002 32. 52005 33. 84001 34. 46505 35.5%001
35. 81501 36.59505 37.83001 38.55501 39.22001 39. 78504 40.9 CLATB4501 2

June 2005 24 42.09001 42.57001 43. 72001 44. 47002 Exanple 5: Preparation of
Compound of Formula (1) (Trihvdrate) Conpound of fornula (1) nonohydrate

prepared according to the nmethod of Exanple 4 (5g) was exposed to a
relative humdity of greater than 5 80% for 2 weeks. The product was

anal ysed by X-ray powder diffraction and shown to be the trihydrate.
(Figure 7) X-ray diffraction data for (2S)-2-am no-4-{[2-

(et hani m doyl ami no) et hyl ] t hi o} but anoi ¢ d, conpound wi th orthophosphoric
acid, (1:3) hydrate S shomn in Figure 7. Table 3 bel ow sets out the

i nstrument [ 10 amﬁ‘ﬁ ers used. |ab|3 Z-pel ow setjs out the peak
listings. Table 4 am‘ urerPhilips Anal yil PaJ_.X_RJy B.V. The Net herl ands
D ffractongter tyrefnd®40/|60

43.7200 1
44.4700 2

Example 5: Preparation of Compound of Formula (1) (Trihydrate)

Compound of formula (I} monohydrate prepared according to the

method of Example 4 (5g) was exposed to a relative humidity of greater than
5 80% for 2 weeks. The product was analysed by X-ray powder diffraction and
shown to be the trihydrate. (Figure 7)

X-ray diffraction data for (25)-2-amino-4-{[2-
{ethanimidoylamino)ethyl]thio}butanoic acid, compound with orthophosphoric
acid, (1:3) hydrate is shown in Figure 7. Table 3 below sets out the instrument

10 and parameters used. Table 4 below sets out the peak listings.

Table 3

Manufacturer Philips Analytical X-Ray B.V. The Netherlands
" Diffractometer type PW3040/60

Serial Number DY1379

Tube Anode Cu

K-Alpha 1 Wavelength (A) 1.54056

Divergence Slit Angle (*) 0.1250

Receiving Siit None

Monochromator used YES

Generator Voltage 40

Tube Current 45

Data Angle Range (°28) 5.000 - 45.000

Scan Step Size (°20) 0.0128

Scan Type Continuous

Scan Time per Step (s) 2999.33

Sample Preparation Sample filled into a capillary tube

Detector Raytech PSD

PSD mode Scanning PSD




Serial NunberDY1379 Tube AnodeCu K- Al pha | Wavel ength (A)1.54056_Di vergence
Slit Angle0.1250 Receivin SiftNone Monochromator usedYES GanHing:2005

Vol t age40 Tube Current45 Data Angl e Range 285.000 - 45.000 Scan Step Size
200. 0128 Scan TypeConti nuous Scan Tine per Step (s)2999.33 Sanple
PreparationSanple filled into a capillary tube DetectorRaytech PSD PSD
nodeScanni ng PSD 2 June 2005 25 Nunber of active PSD 591. 00 channel s PSD
pitch0. 0533 Divergence slitSlit Fixed 1/8 Hybrid Mnochromat or2xGe220 As m
(hybrid) MrrorX-ra mirror Cu (hybrid MRD) Table 4 Angle 20Rel ative
intensity 6.55845 7.26184 7.74815 11.4684 13.12713 13.53030 15.5295

17. 24127

Number of active PSD 591.00
channels
PSD pitch 0.0533
Divergence slit Slit Fixed 1/8°
Hybrid Monochromator 2xGe220 Asym. (hybrid)
Mirror X-ray mirror Cu (hybrid MRD)
Table 4
Angle ("20) Relative intensity (%)
6.558 45
7.261 84
7.748 15
11.469 1
13.127 13
13.530 30
15.529 5
17.241 27
18.082 17
18.288 12
19.688 6
19.867 . 7
20.122 77
20.302 40
20.884 M4
21.877 65
22.025 100
22.520 9
22.943 18
23.041 30
23.182 43
23.380 41
23.796 24
24.422 : 17




18. 08217 18. 28812 19. 6886 19.8677 20.12277 20. 30240 20.88434_21.87765
22.025100 22.5209 22.94318 23.04130 23.18243 23.38041 23. 78ampe3005,517 >
June 2005 26 24.6077 24.9349 25.56923 26. 15635 26.4327 27.34773 27.49923
27.7963 28.19520 28.74312 28.96118 29. 3137 29. 8616 30. 0118 30. 22525 30. 8107

26
24.607 7
24.934 : 8
25.569 23
26.156 35
26.432 7
27.347 73
27.499 23
27.796 3
28,195 20
28.743 12
28.961 18
29.313 7
29.861 6
30.011 8
30.225 25
30.810 7
31.095 16
31.366 33
31.541 8
32.228 6
32.585 7
33.260 13
33.473 13
34.113 5
34.387 1
34.676 7
34.866 . 12
35.020 7
35.284 3
36.287 6
36.578 8
36.761 17
37.054 4
37.530 13




31. 09516 31.36633 31.5418 32.2286 32.5857 33.26013 33.47313 34. 1135 34.3871
34. 6767 34.86612 35.0207 35.2843 36.2876 36.5788 36. 76117 2Nune2005; 53013
2 June 2005 27 A 37.7335 38.3867 38.59713 38.83415 39. 4629 39.8279 39.8978

40. 0824 40. 3674 40.4924 40.8752 41.4647 41. 8391

27

37.733 5
38.386
38.597
38.834
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The hydroscopicity of a sample of the compound of formula (l) trihydrate
prepared in accordance with the above method was tested by measuring %
5 weight change (w/w) over a target relative humidity band of 0 to 90% at 25°C.,
The instruments and parameters used were as for generation of the data shown

in igures 1 to 3. The results are shown in Figure 5.

Comparative Example A _
10 A dihydrochloride salt of the compound of which the compound of

formuta (1) is the phosphate salt was prepared by reacting an intermediate
product of example 1, namely tert-butyl N-(tert-butoxycarbonyl)-S-{2-
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hydr oscopicity of a sanple of the conpound of formula (1)

prepared in accordance with the above nethod was tested by nmeasuring %5
wei ght change (W w) over a target relative humdity band of 0 to 90% at
25C. The instrunents and paraneters used were as for generation of the
data shown in igures 1 to 3. The results are shown in Figure 5.

Conpar ative Exanple A 10 A di hydrochioride salt of the conmpound of which

t he conpound of fornmula (I) is the phosphate salt was prepared by reacting
an internediate product of exanple 1, 28mely tert-butyl
N-(tert-butoxycarbonyl)-S-[2 2 June 2005 28 5

(et hani m doyl am no) et hyl ] - L- honocyst ei nat e hydrochl oride, wi th hydrogen

chl ori de afethadnimidoylaminoethylkhywnaoeysteinate hydrochlbadeywitinkydgenNHBoc O B

HCl  dl oxagngriés ak iB¥§r‘i gfﬁg@hgég%m?gtu?%f%ﬁ%@g?es di hydrochl ori de salt

prepared in accordance Wt ove ‘ed by neasuring its %
wei ght 10 change (W w) over a target relative humdity band of 30 to 80 %
at 25 degrees C. The results are shown in Figure 4. It can be seen that
there.was a rapid uptake of atnospheric noisture
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The hygroscopicity of a sample of the dihydrochloride salt prepared in

accordance with the above method was tested by measuring its % weight
10 change (w/w) over a target relative humidity band of 30 to 80 % at 25 degrees
C. The results are shown in Figure 4.

It can be seen that there was a rapid uptake of atmospheric moisture
above 50% relative humidity. At 55% relative humidity, the dihydrochloride salt
had a mass change of about 11%; at 60% relative humidity, the dihydrochloride

15 salt had a mass change of about 24%; and at 65% relative humidity, the
dihydrochloride salt had a mass change of about 32%. The mass change over
a relative humidity range of 30-75% was about 47%.




above 50%:-relative humdity. At 55%relative humdity, the dihydrochl oride
salt had a mass change of about 11% at 60% rel ati ve hum gipspe

di hydrochloride 15 salt had a mass change of about 24% and at 65%
relative humdity, the dihydrochloride salt had a mass change of about 32%
The mass change over a relative huni2flity range of 30-75% was about 47% 2
June 2005 29 Qilaim® 1. A conpound of formula (1) being Hs CO2H H3PO NH
(I') in the formof a hydrate. 2.

(2S) - 2-am no-4-{[ 2- (et hani m doyl am no) et hyl ]t hi o} butanoic acid, (1:1)
conpound wi t h1or t hopKhosghpoind af farmula () beinfgor m of a hydrate. 3. A conpound
as claimed in claiml or claim2 wherein the hydrate is the nonohydrate.

4. A conpound as clained in claiml or claimg wherein the hydrate is the
trihydrate. 5. A corrpounlglcas glained in any agf°clainms 1 to 4 for use in

nedi cal therapy. 6. A phargaceuticalg fornuldti on conprising a conpound as

claimed in any of clains 1ito 4 and a phar naceﬁ??i"’ca*f'ﬂp?‘ acceptabl e carrier

or excipient, and optional I"Q/’I one or nore other therapeut{llc ingredients. 7.
A pharmaceutical fornulation as clained in claim6 which is a solid dosage
form 8. Use of a conpound as clained in any of clains | to 4 in the

manuf act ure of a melBitbaderme of grhydiatesr ophyl axis or treatnent of a clinical

condition for which an inhibitor of nitric oxide synthase is indicated. 9.

Use according,to claim8 wherein.the clinical .coandition.is selected from
arthiitrs. heRhma. S ere Az anmdoramifat kB e G A G ove
syndrone. 2 Jint) @Mpound with orthophosphoric acid, in the form of a hydrate.

3. A compound as claimed in claim 1 or claim 2 wherein the hydrate
is the monohydrate.

4, A compound as claimed in claim 1 or claim 2 wherein the hydrate
is the trihydrate.

5. A compound as claimed in any of claims 1 to 4 for use in medical
therapy.

6. A pharmaceutical formulation comprising a compound as claimed
in any of claims 1 to 4 and a pharmaceutically acceptable carrier or
excipient, and optionally one or more other therapeutic ingredients.

7. A pharmaceutical formulation as claimed in claim 6 which is a
solid dosage form.

8. Use of a compound as claimed in any of claims 1 to 4 in the
manufacture of a medicament for the prophylaxis or treatment of a clinical
condition for which an inhibitor of nitric oxide synthase is indicated.

9. Use according to claim 8 wherein the clinical condition is selected
from arthritis, asthma, rhinitis, ileus, migraine, pain and irritable bowel
syndrome.



30 10. A procéss for preparing a conpound as defined in clgim1 claim 2
whi ch conprises the followng steps: (i) reaction of the CM&

formula (11) NHZ H2N s CO2H or an enantioner, a salt, or a protected
derivative thereof, with a conpound of? formul a (I'1'1) HN or a salt thereof,
wherein L is a leaving group; followed by the follow ng steps in any
order: (ii) cotert ifAprdadessfespldpaniggeoogupodnd asaefinedphoetaimat or slaim;
(iii) renoval . | +alLV) optional separation of an
enant i oner fro%%g@%%ﬁésﬁfﬂ%r?gé@mg?é? (v) conversion of the product to
a correspondi ng hydi{@treaction ofthgrensapeundsotioamnmad(ldn cl ai m 10, wherein the
step of converting the resulting conpound to a nonophosphate salt
conprises a biphasic reaction using toluegpe and aqueous phosphoric acid.

12. A process as clainmed in claim10 or cljai‘m 11, wher@j n, followng step
(i): toluene is added to an" Imhting fromthe reaction of a
conpound of fornmula (11) or an enantioner, a salt, or a protected
derivative thereof with a conpound of formula (I11) or a salt thereof to

form a biphas] ] . t ' r IS mxture;
an aqueous solsddthdgé\ﬁ%o'wo%\%@pa)h%r#?chérgiél%geda %@?%qbﬁ%éfbm%; | ayer to

form a furthercosnpmnst ef farmaula @l) and an aqueous | ayer is separated from

this further m xture.

CH,

A\ (1

HN L

or a salt thereof, wherein L is a leaving group;

followed by the following steps in any order:
(i) converting the resulting compound to a monophosphate salt;
(iii) removal of any protecting groups;
(iv) optional separation of an enantiomer from a mixture of

enantiomers;
{v) conversion of the product to a corresponding hydrate.

11. A process as claimed in claim 10, wherein the step of converting
the resulting compound to a monophosphate salt comprises a biphasic
reaction using toluene and agueous phosphoric acid.

12. A process as claimed in claim 10 or claim 11, wherein, fotlowing
step (i): toluene is added to an aqueous layer resulting from the reaction
of a compound of formula (ll) or an enantiomer, a salt, or a protected
derivative thereof with a compound of formula (lll) or a salt thereof to form
a biphasic mixture;

a toluene layer is separated from this mixture;
an aqueous solution of phosphoric acid is added to the toluene layer to
form a further biphasic mixture; and an aqueous layer is separated from

this further mixture.




