S42-[ (1- EVI | NOETHYL) AM NOMHYL] - 2- METHYL- L- CYSTEI NE MALEATE HYDROCHLORI DE
CRYSTALLI NE SALT }HI D OF THE | NVENTI ON [0001] Priority is claimed from
U.S. Provisional Application Serial Number 60/453,496. [0002] The present
i nvention conprises a novel conpound useful in the treatnment of disease,
and nore particularly a novel salt of S [2- [ (1-Im noethyl) am no]
ethyl]-2- methyl-L-cysteine, and even nore particularly a novel
crystalline S- [2- [ (1-1m noethyl) am' no] ethyl] 2-met hyl -L- cysteine
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treatnment of conditio itric
oxide fromthe IndUCI |so orm OI?]E I?ﬁll C g‘%@@ﬁfhase [0003] S [2- [
(1I-1mn @ﬂ bﬁ?@mz met hyl - L-cysteine i's described and cl ai ned
in com‘rt?ﬁﬁym- tent nurrber 6, 403, 830. BACKGROUND OF THE

| NVENTI 004 o is a bioactive free radical gas
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synt hase é The physiol ogical activity of what was |ater identified as
NO was ilPRUZ] Jiheypravest siventian somprises aaravgl s@mmundhseful in Westrdatuerd dfhat
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vasodi | at or has been known for well over 100 years. In addition, NOis the

active §g0BG| &S [erf YIEkhih6CAIK ARWD] néthmvgsfﬁahm Offeihd Gl w@&&l@e@%m trite,

and gly@awéctiﬁqlcahﬁﬂ@ﬂyeass@hédUCs%'t \ ﬁﬁﬁé}éﬂma@s ndogenous stimil ator of
sol ubl e guanyl ate cycl ase 8 us stinul'ates cGW production.

When NOBA(SKGHOIDNDG@FHMBNVEMHM arginine (L- NMWHW), cGW formation is
conpletely prevented. In addition to endotheliumdependent relaxation, NO
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| east tI(’I) & XBX (% “@iﬁ@ﬁ %ré eltum,then calle endothe ium-
erivéd rélaxing ta that me 1ates suc vascular relaxation is now known to
be NO that is generated in the vascular endothelium by one isoform of NOS. The activity
of NO as a vasodilator has been known for well over 100 years. In addition, NO is the
active species derived from known nitrovasodilators including amyinitrite, and
glyceryltrinitrate. Nitric oxide is also an endogenous stimulator of soluble guanylate
cyclase (cGMP), and thus stimulates cGMP production. When NOS is inhibited by N-
monomethylarginine (L- NMMA), cGMP formation is completely prevented. In addition
to endothelium-dependent relaxation, NO is known to be involved in a number of

biological actions including cytotoxicity of phagocytic cells and cell-to-cell
communication in the central nervous system.

[0005] The identification of EDRF as NO coincided with the discovery of a biochemical
pathway by which NO is synthesized from the amino acid L-arginine by the enzyme NO
synthase. There are at least three types of NO synthase as follows:



(i) a constitutive, Ca-H/cal nodulin dependent enzyne, |ocated in the
brain, that releases NOin response to receptor or physical stimulation;
(i1i) a Ca-H independent enzyne, a 130 kD protein, which is induced after
activation of vascular snooth nuscle, nacrophages, endothelial cells, and
a nunber of other cells by endotoxin and cytol dnes; and (rii-)- a
constitutive, Ca-H cahnodulin dependent enzyne, |located in the
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(1996)), e dmtc?{ gv&h di sease (see, e.g, Lundberg J. 0. N et al.
Lancet 344: 1673 994))’, and asthma (see, e.g., Hamd, Q et al., Lancet
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noi sture under  sto e condi tJj ons vat ed stability at different
condi ti oﬁﬁﬂ‘g?ggaggarcéée fhg chEoug e?‘gl‘?% di fferent possible storage
condi t i omeﬂurhmgnmbmohlot'eﬂeaav@tqoq:rs&m By NOPIsQfkefito bhasd-abl e drug
avoids th use of peci al storage conditions as well as frequent inventory
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substance. Such stability includes the stability at ambient conditions, especially to moisture
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and under storage conditions. Elevated stability at different conditions of storage is needed to
predict the different pt)ssfble storage conditions during the lifetime of a commercial product.
A stable drug avoids the use of special storage conditions as well as frequent inventory
replacement. A drug compound must also be stable during the manufacturing process which
often requires rmlhng of the drug to achieve drug material with uniform particle size and
surface area. Unstable materials often underge polymorphic changes. Therefore, any
modification of a drug substance which enhances its stability profile provides a meaningful
benefit over less stable substances.

[0009] Several inhibitors of iINOS have been described, such as, for example, S-[2-[(1-
iminoethyl)aminoJethyl]-2-methyl-L-cysteine, which is described and claimed in commonly
assigned U.S, Patent 6,403,830. That compound, however, is an amorphous solid. It would
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be desirable, therefore, to provide a crystalline solid formof an i NOS

I nhi bitor such as S-p[(1-1m noethypam nol et hyl]-2-nmethyl-L-cysteine. BRI EF
DESCRIPTION OF | it DRAWNGS [0010] Fig. 1 shows a powder X-ray
diffraction pattern of crystalline

S42-[ (11 m noet hypam noj et hyl } - 2-net hyl - L- cyst ei ne nal eat e hydrochl ori de
obt ained from Exanple 9 (top pattern) and Exanple 20 (bottom pattern);
[0011] Fibg.dedrabk, thegf@ptogioddaa Erfystmitink isalid Scmrulian gNOS|ighibitsetsuyh &ty of a

ZZQP{?15Eﬁ?ﬁgggﬂéééﬁ%%%%%¥@?ﬁ#%%ﬁﬁffﬁ?@gi-cysteine mal eat e hydrochl ori de;

[0012] Fig. 3 is a thenogravinetric plot of a sanple (Exanple 11) of

cryst al | igIEFBEECRIPTION Ot THRBRANWEIGE! | - 2- met hyl - L-cyst ei ne nal eat e
hydrochl oride; [O0I3] Fig. 4 1s a plot of a noisture sorption study of a

sanpl e (Exanple 10) of crystall.ine

S[ 240- | nijoexy I mhmd dek Xeraatfitidtidar Mt 68 stalne atre-fhyv dr ochl or i de;
[ 0014] Fi g 5 man spectrum of 't he crystal line

S- [ 240- | FVHR9E 1) }?B]Yé]r%we}hylé-%‘étpwylm eais fsidegchioride peigined oo xample i de

obt ai ned of f PPaflerd E}%‘E&H& 40m. [0015] Fig. 6 is a
phot om crog@;ﬁgh 0 he crl§/l tafli neepg- [ ’(I - | m noet hybDam noj et hyl ] - 2- ,
met hyl - L- cyst ei ne rral eat e hydrochl oride from Exanpl e 9; [0016] Fig. 7 are

1y R TSR RS L
obt ai ned lfl)ﬁmrﬁ*ﬂlml$[29[(1-Iﬁngloeﬁ]&d)ahmm@eﬂﬁ)ﬂ}%Z-@&ﬂ@l-&LdyﬁeﬁﬁlﬂMéﬂeﬁhape of the
aggl onerg%f‘g&éql I e Fig. 7B shows the. random packing of crystals within

t he aggl ’[0017] Fig. 8 shows varlous SEM pi ctures of the orderly
packed agglonerates of crystalline

S12-[(1- In1noeth pam nol et hyl ] - 2-net hyl - L- cystelne mal eat e hydrochlorlde
made t hr ORI Figed dip DEomessymetr pict af # srnple Sexampleht) oflorvstabiog SH2el61- Exarrpl e

20; Immoethyl)amno]ethyl]-Z-methyl-L»cysteme maleate hydrochlonde

[0013] ¥ig. 4 is a plot of a moisture sorption study of a sample (Example 10) of crystalline
S-[2-{(1-Iminoethyl)aminoJethyl]-2-methyl-L-cysteine maleate hydrochloride;

[0014] Fig. S shows a Raman spectrum of the crystalline S-{2-[(1-Iminoethyl)amino]ethyl]-
2-methyl-L-cysteine maleate hydrochloride obtained from a sample from Example 20;

[0615] Fig. 6 is a photomicrograph of the crystalline S-[2-[(1-Iminoethyl)aminc]ethyl]-2-
methyl-L-cysteine maleate hydrochloride from Example 9,

[0016] Fig. 7 are two SEM pictures of the randomly packed agglomérates of crysté]line S-[2-
[(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate hydrochloride obtained from
Example 9, Fig. 7A shows the generally random shape of the agglomerates, while Fig. 7B
shows the random packing of crystals within the agglomerates;

[6017] Fig. 8 shows various SEM pictures of the orderly packed agglomerates of crystalline
$-[2-[(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate hydrochloride made through
seeded QESD crystallization process and obtained from Example 20;



[0018] Fig. 9 shows two SEM pictures of the orderly packed aggl onerates of
crystalline S[240 -1 m noet hyDam noj et hyl]-2-nethyl-L-cystei ne mal eate

hydr ochl ori de made through in-situ seeded QESD crystallization process and
obtai ned from Exanple 23, Fig. 9A shows the generally cylindrical shape,
while Fig. 9B shows the generally ordered crystals; [0019] Fig. 10 is a
conceptual x-T diagramfor a ternary system exhibiting LLPS behavior for a
fixed amp@fti8] Big. Ashawsdwio\SEM plcBARQS thd grderlylpackedagpivhdrated OWiryihllgRexi st i ng
surfaces onstant te r re f a ternary sysfem[0021] Fig. 12 shows
a graph ggkﬁngpﬁggb?FQQ‘%ﬁgﬁiﬁﬁﬁp“ ﬁ*ﬁ?“@FH§¥W?%%Q%@§Emﬁ@@ﬂ%ﬁ@@&@@%‘of

S-[ 24( 1- itk sto@id ORI bReaBizadd précd®iddydbtdinddBés! : ride
crystals; [0022] Fig. 13 is a _p%[ aph EI otti ngﬁélgltﬁ}gﬁﬁéa%?@sgxgé&g%gncti on
of ~ conpr &gusTaly cybindeical shapr whileiFig. 9Bshows the gengsllyptrdered prystalapl et t hi ckness

as a function of conpression force; and [0024] Fig. 15 is a graphical .
representation of tablet disintegration tine. SUWARY OF THE | NVENTI ON
. [0019] Fig. 10 is a conceptual x-T diagram for a temary system exhibiting LLPS behavior for

a fixed amount of anti-solvent

[0020] Fig. 11 is a chart show:'uig coexxstmg surfaces at constant temperature for a ternary
system

[0021] Fig. 12 shows a graph of particle size distribution of orderly packed agglomerates of
- §-[2-{(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate hydrochloride crystals;

' [0022] Fig. 13 is a graph plotting tablet hardness as a function of compression force;
[0023] Fig. 14is a graph plotting tablet thickness as a function of compression force; and

[0824] Fig. 15 is a graphical representation of tablet disintegration time.



[ 0025] The present invention is directed to a novel crystalline salt form
of S42-[ (11 m noet hyDam no] et hyl ]-2-net hyl -L-cystei ne, pharnaceuti cal
conpositions, four nmechanistically different novel crystallization process
designs to tailor bul k physical properties during the preparation of the
novel salt conpound, a process for preparing pharmaceutical conpositions,
and net hods of using said novel m xed crystalline salt conpound and
conposi t iISIMMMARYiIOHTHE INMENTIONduUl ating nitric oxide synthesis in a
subject in need of such inhibition or nodul ation by adm nistering a salt
of a conpound which preferentially inhibits or nodul ates the.inducible
i sof or m qB02%] thihk Gregont SreSitali # &%-' i | 80f0f-168 of nitric
oxi de sy(rEt hzge. %he r esent gg‘fsfbt%&(;ﬁ ao%dr?gl possie]%i%%fﬁ%eéﬁﬂzﬁqtﬁi c oxide

o

synt hase Imipeetybamyg N3-mpthybhopystsney pesrmactutical bemprssitfonk, four t he

treat men X1 S, i r condition i. ch t.he synthesis
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| m noet h %rri nolet.hyll-2-nmethyl -L-cystei ne wi.th gne npl ecule of mal eic

aci d and¥)one ﬁ%‘*t'&ld%’é“pgﬁm‘?f? ?th?éls(fg?usr[ng@%lflo‘[qimst@ww line m xed
salt is chmpasidani s@Hpdions e iehibitink of nodiRtifOhil-RVxRE spﬁ'rﬁéé'iﬂﬁiﬁ'a._su jectin
measurenments: . el enental analysis (such as by conbustion anal ysi 55’, mel ting
poi nt andefkefisug inkihitioger madhlpton By pdministeringiasalt ofd enmipoand whichd

t her Nnogr 3yEBldale s s | ' i: NG L 4 |.i ght

m cr osco%y) .. X- rgy po%/\sd)bzPﬁgﬁaﬁgﬁ%{h&%&lé&gérﬁlﬁﬂgﬁghﬁg%(Sé"é%a(%es%%eﬁ)tlheand

noi st ur e ceRFHBItIve oforns ofmitinsixéde sPuBasm| Bieyreschiahla norpound pOQRSBEs daful pr esent

novel salt.:ca . G .. .di seases invplyin artil age degeneration,
whi ch ta%}eugg%pggé | ngcer%étl}nﬁea?%wgf’ faP(gﬁsexgﬁcgﬁﬂﬁ e&?ﬁr‘? ﬁeﬁeg‘ﬂ%?éb?'di ngly,
condi t i opmphylaxibbfhdisduet er dondition atlwhithaesynthekid bi GetdyRte D RILRUEIdON from
L-argini ﬁe include arthritic conditions such as rheurmatoid arthritis, ,
ost eoar t AFTERSORGBUPY B hritis, juvenile arthritis, septic arthritis,

spondy| ofp0RbY Stoichioneitaly, (HeRETRE &8t i8th8 hdidciles Gﬂif_f?z'-gp.at hic arthritis,
neuropatgﬁc arthritis,  and pyogenic arthritis. I'n addition, NGO induced
depr essi BADgFRiaelsbyl2-methpk ksysteine Fot ape modsehistof mateie cid drgismeand

secondar yhof@hlkiof BaBodlidifical i zation in arthritis, in particular -
osteoarthritis. ﬁfcgozg] &her conditions for which the present m xed salt

may be ub¥REl Themgvelheystdliingmnixed salt isfchanmietizadybylsome or sl 5818 &llowing o
* ather osah opisal bRl el B AR by Kb en o RSt i 5.
di ar r heasnd heat ¢f:fdien (diffetntiy seneing cé:teyiﬁﬂ;ry ahd MEAIeEaviRORD ¥SAYER), ast him, ’
bronchi ect.asi s,. .. h ral ?.s"a,_cerebral I'schemi a, thrombotic Stroke,
gl obal irseirF%t}ﬁe ‘P%eéig‘ﬁ?}%ﬁﬁg ltghf TRIGFOSCoRY) e Fayqopderiffrachorpasieme Resies and
ot her Ce@‘eét@dscé]@l’aﬁﬁlﬁﬁ)iﬁh&%ts&gﬁ_ﬂﬁ BI0F SRintpl AW ShiB Y pd¥dce) OF exanpl e

zhe

Par ki nso@? di sease and Al imer's di'sease. Further neurodegenerative
di sor der 0028] Thsi meserionqvehialii can s used ttreat distases involvingerartilageedegeweationat i on

and/ or. > i g, | j | hypoxi a... hypogl ycem a, ..

cpi | opsy Tk IEEDASE I Lafa BRng SBAE B AP Bt h SEaESH Pyt

hy per bartheredsansdvantageio infiibiting Meiprodudtivintfom Herainine thctudd arthite: ®&aBHLES

denent i kel ated dementi.a, Sydenhan s, chqrea, Huntington's

di seas e?sugﬁyg% £ ]rél‘)‘;@%oéf E%frg:lﬁaf’ nﬁ@i %‘},ﬁ%kﬁglé‘gﬂ?ol‘“i”g‘“{ﬁ athrlls sepligartiitisg v

r el at i ngspbudydoaribriefraatiteiboRniticOArERItEE EntefpeBR| it SRS SaRizoRly eni a,

depressiQn de%r_tgasi on or,_other _synptaq associ at ed with Pi eut enst r ual

“Syndr on@YCBRES ArEYs e??/ addifior, NOrinduged gepression 36 |chmogyite sspirativhxedlds al t

may al sanédulits abatiReloss Ahd 'deSorityd @altibeD idil 24 & %chﬁli%yintanrgL@?li n the
eptfve

treatnent, such, as pain including somatogenic (either nocl
neur opat%feeﬁr,thrﬁ@th acute and chronic. The present m xed salt coul d be used

in any gpérto : - 0Ri.ol d. apal LC uld .

traditi gnazlﬁy tgée} cgg'tri;lﬁ%ljﬁsf?er egf.?1 ﬂu[%%ffﬁgféﬁlsi% o E%ngﬁ%rl%f’@%ﬁr may be

L1 eat ed ipfamimpton/ ‘twebike@sproanimizsauirisdiomd) dabetes enigestivs dars Al nel ude

~opiate e_i.n i ents needing protracted opiate anal gesics, an
benzodi g‘%’%:‘;lﬁg%t %+g?%§65%31§’ RUgEee, plAtcqg, ppjie gh femicsadagiing ot her

addi ct i viarthelduritahle bdves] spudomb ystid B6okiB Coniyhyscdad, hinsl beQiHRESsis The

present m xed salt may al so be useful as
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anti bacterial agents. [0032] Further conditions in which the present m xed
salt may be used to inhibit NO production fromL-arginirte include
system ¢ hypotension associated with septic and/or toxic shock induced by
a wde variety of agents; therapy with cytokines such as TNF, IL-1 and
IL-2; and as an adjuvant to short term i mmunosuppression in transpl ant

t herapy. [0033] The present m xed salt may al so be useful in the treatnent

of ocul arhypemlgbm @ar:abl(aSisﬁfenﬁé, fRembafic SYRR! §166:8 Es@ﬁbxﬁxﬁtée@bﬁda@t H%EIHAS) -
i's

system c 51 mat.osi s (SLE), gl onerul onephrit enosl s,
i nfl am@EF§ é‘@ﬁ‘éﬁ? erggis gndofhericanteal ppeus systent sqr@gpmeémmdjoyaﬂcwmess
Syndr ONe kRIS Parktih3 Bisedsh Sh R b o loble) Fulder JoB ﬁfgagg,ﬁ sidery 1 2

cancer patient, cachexia, | nmunosuppression suc Ther apy,
di sor der 4n whicjN® rnblhmcesna)nlm usafid inchidg pesmﬁbgﬂnﬂnahﬁﬁm,nemfeh@&ls n

gi ngi vi ti reatitis, damage t.o t astrointestinal tract resulting
from i nf g(?:st |d(§"r§‘1sgs(El %%s Typexip %’Pg@?‘ém?’re@ ntndiip e’&e@?]s‘f’%i-ﬁ@ﬁ (yshps spiRpline:
syst em swaid aad head iajliry)yRyperbatic sRdeh chRFiRibIEEHA E}S{Eﬂi’@r&‘eﬁ%ﬁ% e.gnpr‘ér N

transpl agﬁl ther | nd ctlon of. 1 abor, adenomat ouS" pol yposI's; control l'ing
t unor Fhg ste; W%éwémmomoﬂwg@msmssase, [0034] The

present Wpﬂamﬁrﬁba@rﬁkrﬁ&%ﬁ&fﬁ%@%i@% rders ing QP ASL mP ﬁor.the

treat nent_of pain, asthma and ot her airway cancer, itis,

ocul ar dFiseidge slseping Miserders, acbmpm?ma,tﬁeg@smrd dgjressmnmmptheﬂiyn@my on
rel at ed [ | owel nd ot her disorders
g8 QA8 Withl P?&Léhg h@?ﬂ» ? Ao 0 éq% %ia S0

I n which an excessive pr on 0 rol e,
conpr i sef0030} Fee prosat ncal Isglt mhj* glsb by esamﬂm&t nife (ﬁddéiﬁﬁibiubﬂ ShaPAid by a

I m noet h eth 2: e c st ei ne rral eat e hydrochl ori de toget her
with a p a?g‘latcg:gjﬁf”‘“éﬂé‘?‘] 58%%%%{338 Fatqgeniq (§iherRoCicePis ir @perop4tioR 5|
BeS| des bahmgntuamwoﬁl@rmam&uhhﬁ;@a@aﬂ&oulate&e&ﬂ{ 'ﬁu%:l %%%?B&ﬁ}uofor

veteri na{\%ﬁi‘beat nent of corrpanl on ani mal's, exotic a
ani mal s 8 PRG ARAlgeNic Wopld draditionallse adrunistered. More preferred ani mal s

| ud ON '
&?l ﬁl '?I Euggﬁpgtg%g’%?fﬂlg&?%?mkﬁaye ta%tgg%%@@géﬂaﬁﬂo uf?%’laj?%ﬁ]é %rcl\rgé&t used

herein i W@geg(%@ mnclude opiate tolerance in patients needing protracted opiate analgesics, and
benzodiazepine tolerance in patients taking benzodiazepines, and other addictive behavior,
for example, nicotine and eating disorders. The presenf mixed salt may also be useful as e

antibacterial agents. _

[0032] Further conditions in which the present mixed salt may be used to inhibit NO

production from L-arginine include systemic hypotension associated with septic and/or toxic

shock induced by a wide variety of agents; therapy with cytokines such as TNF, I1.-1 and IL-

2; and as an adjuvant to short term immunosuppression in transplant therapy.

[6033] The present mixed salt may also be useful in the treatment of ocular conditions (such

as ocular hypertension retinitis uveitis), systemic lupus erythematosis (SLE),

glomerulonephritis, restenosis, inflammatory sequelae of viral infections, acute respiratory

distress syndrome (ARDS), oxidant-induced lung injury, IL2 therapy such as in a cancer

patient, cachexia, immuﬁosuppression such as in transplant therapy, disorders of

gastrointestinal motility,'sunbum, eczema, psoriasis, gingivitis, pancreatitis, damage to the

gastrointestina] tract resulting from infections, cystic fibrosis, treatment to a dysfunctional

immune system such as an adjuvant fo short term immunosuppression in organ transplant

therapy, induction of labor, adenomatous polyposis, controlling tumor growth, chemotherapy,

chemoprevention and bronchitis.



prophylactic, palliative treatnent, or restorative treatnent. [0037] The
term"effective anbunt” neans a dose conducive to treatnment An effective
anount may be adm nistered in a single dose, or in divided doses over a
period of time. [0038] The term "ACN' neans acetonitrile. [0039] The term

"anor phous" as applied to .
S42-[ (1-1ini noet hyDam nol et hyl ] -2-nethyl -Lcysteine herein refers to a

sol i d- st 30B4MIB Bednt MPeridA id Ao &l VA=rTa Qﬂ@t -.2-met hyl L- cyst ei ne
nol ecul e? are prlggge&ﬁt i?’l a éi%%?%lggrc{eégggpr angemnen cgir%l)%%mg%?r% rma
di st i nguiTsHEsHlpainsasthmy andicithes apwayidisordew) ¢ancatharhritishjcakt 8idorders X- T ay

R n L. | pchidfboa IR o Olicome, infizmmation seleted flsoniem cisingiisaile e any
char act ebbwtlisgndroms, tand biheediserdiss in {vBidd @h eﬂ'&t@sﬁ@%ﬁuﬁ&iﬁaﬂ oF Aikrdd eﬁ@:{y@% as
t erelrn

applied t 2-[ (1-1.m noet hypam nol et hyl ]-2-me | L- cyst el ne refers
tgpaI sol ffge’géné‘fhgac%fr@flﬁ? FIapip é?u%lﬁnwnﬁpmyﬁtﬁyng &BQ-I[@H ethyl]-2-
- net hyl - mesétﬂﬁymiﬂaamylgiz%etﬁym HAROREIHER hérg{oiaél%rigé;q %&%@%&iﬁﬂam e crystal

ri sing distinguishable unit , yiel di ng

lattice (j) conp >

di ffractngW@blﬁ@mthV@yler adi ation. [0041] The terns

" 542- [ ( 1rdosBaiday ' ;%n lcl-cystejne maleate Forml, "
MZ-[(l-me%]oetEyDg%ﬁ%g%g%l%l - rzrtreﬁg% ,tﬁlcngl-%%ﬁs °|98‘?I}ﬁlnf$'ve§ﬁ‘i’&a'yForm | "

al | neanfretient of ¢dmpamionceithyl Danbtiodniily bhd Rrteifiydls, indtyiighasmam| eat e
crystalljy Form.l. as re . full scribed in _copending U S

Appl i cat %%%tégbéae%ﬁ'%g?ﬁé%@? %‘E%ﬁ’ﬁ&eétdéés’ﬁé‘?@fﬁ by reference in
its entirety. [0042] The terns '

"S42-[ (1l ! hyli-2-nmethyl-L-cysteine maleate Formll, "
S42- (| -Pﬁéﬁb&ﬁ%ugw, b%%mmystei ne Form!ll" and "Form 1"
all mean S-12- [(1-1m noet hyparninojethyl]-2-nmethyl-L-cysteine nal eate
crystal |l Damigast Form 11, as nore fully described in copending U.S.

Application Serial Nunmber 60/453,782, incorporated herein by reference in
i ts ent i l0836] The terms “treat,” “treating” and “treatment,” as used herein includes -

prophylactic, palliative treatment, or restorative treatment.

[0037] The term “effective amount” means a dose conducive to treatment. An effective
amount may be administered in a single dose, or in divided doses over a period of time.
10038] The term “ACN” means acetonitrile.

[0039] The term "amorphous” as applied to S-[2-[(1 -IminoethyhaminoJethyl}-2-methyl-L-
cysteine herein refers to a solid state wherein the S-[2-f (1-Iminosthyl)amino]ethyl}-2-methyl-
L-cysteine molecules are present in a disordered arrangement and do not form a
distingnishable crystal lattice or unit cell. When subjectéd to X- ray powder diffraction,
amorphous S-[2-[(1 -Iminoethyl)amino]ethyl]-Z—methyl—L-cysteiﬁe does not produce any
characteristic crystalline peaks. '

[0040] The term “crystalline form" as applied to §-[2-[(1-Iminoethyl)aminoJethyl}-2-methyl-
L-cysteine herein refers to a solid state form wherein the S-[2-[(1-Iminoethyl)aminoJethyl]-2-
methyl-L-cysteine molecules are arranged to form a distinguishable crystal lattice @ |
comprising distinguishable unit cells, and (if) yielding diffraction peaks when subjected to X-
ray radiation.

[0041] The terms “S-[2-[(1 ~-Iminoethyl)amino]ethyl}-2-methyl-L-cysteine maleate Form 1”
S—[2-[(I—Iminoethyl)amino]ethyl]-Z-meﬂ:yl—L—cysteine Form I” and “Form I” all mean S-[2-
[(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate crystalline salt Form I, as more



[0043] The terns "S42-{(l-1m noet hyfi am no]ethyl]-2-nmethyl-L-cysteine

mal eat e hydrochloride,” crystalline :

S42-[(1-1 m noet hypami no] et hyl ] - 2- net hyl 4-cyst ei ne nual eate

hydrochl ori de,"and "m xed salt” all refer to the crystalline form of
842-[ (1- I m noet hypam no] et hyl]-2-nethyl-L-cysteine nal eate hydrochl ori de,
havi ng stoichionetrically one nole of '

S- 12- [ ( 1-fuilysrestdayp sspenoing tng) ApichRs Warial NEMB&i0NS3 H0E. ; ﬁ% :

mal eat e ndﬁo.-S npl_es “of H%l, asplgmre ugly descri byelg her’elg%o?p %gfgl%he
term " cr yStEleTNsaniiEARIEE- used herein can refer to crystallizati on and/ or
, Iecrystrgpds ' de _F@i_ Fg]ﬁ I _(;@Ell yCireunst ances relating
to prepar[ati ﬁﬁgkaﬁ&iﬁ? 119%71 n§®tﬁu yp&%gﬂl?e fﬁ]L %S%é?e}f?"lﬂ?% E?}?{ ine

st ar t i ng Sigt[€t-IminpethyPatiho [ethyl Jt22methy ARlcystems Fusiell™ hed & dim Al SeCs-fa e
phar maceytJ cal ingredi ..<[,0046] The term. his," as used herein, neans
N, N' - Met ﬁgé?f@oeﬁl?ﬁfaﬁlﬁ@%bﬂg%émﬁgbﬁyﬁﬂée paletechP Splt For IT asapotBer ei n,
nmeans deifolly aecrivatieto eh&tﬁgéﬂ.s.T HeidA SdNumBe: 60889, 78E ifldipor @ Rstein

V., N-di thélfor_ma_lrri e. 049] The term"D/IWA" refers to a ternary
sol vent g@? TEPes IS REEECHet hy| f or mami de (DMF), water and acetonitrile.

[0050] ~ THg0d3p TR fers ERL (3RS RARRAN]-& bthyir 20TV hak £y St € ne drug

subst ance" aS use er el n nean

SﬁZ- [(I- rhaﬂw_ddpﬁ«iq,’) mﬁlﬂimtﬂﬁ[ﬁl-lj_(l—Znimgtlny])aﬂéinckﬂwmzfqmeqhﬂ-m?a‘ﬁe ﬁz?a&hieg i ed by
t he cont Lhithe termi S and, can refer. 1o unfornul ate

oS (1 Bofrebtlotil Sl B P e SRRRB0 50 s BRI

S42- | él | - |Imiﬁo?myl)mhinaleﬂiym]ezﬁem;@meﬁg?ﬁmaﬁhﬁy[ 00%5 lmn' ?ﬁ’ }ﬁg,ﬁ@e nt DgSC an

I ngr edi eng . ‘a rmaceuti c C osition. . e term™ ' means

di 19 fer enﬁ%"é‘i%l%eé‘ﬁ??ﬁﬁ 3“%31"@5‘% ‘?fﬁslé[zr@%P%@B@}’Darﬁec’k@b’#%mpﬁlﬁlsh-cmteinafprws"
means t hendgtdTadaiateting DsSineRs of HEL, 24 BRIORMS de@Rfed REGRS tO the energy

(measured in kilojoules (Kj)) required to nelt one gramof the substance
at its mdP¥thhg i cry g} egused herein can refer to crystallization and/or

recrystallization depending upon the applicable 'circmnst‘a'nces relating to preparation of S-[2-
[(1-IminoethyDamino]ethyl]-2-methyl-L-cysteine starting material.
[0045] The term “APL,” as used herein, means active pharmaceutical ingredient.

[0046) The term “bis,” as used herein, means N,N’-Methylene-bis-acrylamide
[0047] The term “DI water,” as used herein, means deionized water.
[0048] The term “DMF,” as used herein, means N, N-dimethylformamide.
[0049] The term “D/W/A” refers to a ternary solvent system of N, N-dimethylformamide

- (DMF), water and acetonitrile. ,
[0050] The term " $-[2-[(1-Iminoethyl)amino]ethyl]-2-methyl-I ~cysteine drug substance" as
used herein means S—[2-[(1-Iminoethyl)amino]ethyl]-2-methyl-L—cy§teine per se as qualified
by the context in which the term is used, and can refer to unformulated S-[2-[(1-
Iminoethyl)aminoJethyl]-2-methyl-L-cysteine or to $-[2-[(1-Iminoethyl)amino]ethyl]-2-
methyl-L-cysteine present as an ingredient of a pharmaceutical composition.
{0051] The term "DSC" means differential scanning calorimetry.
[0052] The term “AHp,s” or “AH fus” means the enthalpy of fusion of a substance, and refers
to the energy (measured in kilojoules (Kj)) required to melt one gram of the substance at its
melting point temperature. |
[0053] The term "HPLC" means high pressuré liquid chromatography.
[0054] The term “IR" means infrared.
[0055] The term “kN means kilonewtons.



[ 0053] The term "HPLC' neans high pressure |liquid chromatography. [0054]
The term"IR'" neans infrared. [0055] The term"kl\|l" neans kil onewtons.
[0056] The term "kr neans kil oponds. [0057] The term"p," or rho, as used
herein, refers to density. [0058] The term "ph" means bul k density. [0059]
The term "pr neans tapped density. [0060] The term"Cr' means
Conpressibility Index, as defined by the formula: cl=lPrL Pt

[0056] The term “kP” means kiloponds.
[0057] The term “p,” or rho, as used herein, refers o density.
[0058] The term “pp” means bulk density.

[0059] The term “p,” means tapped density.
[0060] The term “CP” means Compressibility Index, as defined by the formula:

cr=1-Ps
P,

[0061] The term “NMR” means nuclear magnetic resonance, and may apply to nuclear
magnetic resonance spectroscopy.
[0062] The term “m!™ means milliliters.
[60663] The term “mg” means milligrams.
[0064] The term “g” ﬁneans grams

- [0065] The term “kg” means kilograms
[0066] The term “pg” means micrograms
[0067] The term “ul” means microliters.
[0068] The term “min” means minutes.
[0069] The term “MW” means molecular weight |
[0070] The term *“nucleation,” as used herein, means the formation of crystals in a solution.
[0071] The term "Purity" as used herein, unless otherwise qualified, means the chemical
purity of crystalline S-[2-[(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate
hydmch}oridé accdrding to conventional HPLC assay.
[0072] The term "PXRD" means powder X-ray diffraction.
[0073] The term "rpm" means revolutions pér minute.
[0074] The term “seeding,” as used herein, means the addition of crystals to a crystallization
system, for the purpose of initiating or enhancing nucleation or acting as substrate for further
crystallization,
[0075] The term “agglomerates™, generally refers to random or orderly packing of individual
crystals in units that are not readily destroyed during energetically mild operations such as
transfer of solids.
[0076] The term “SEM” means scanning electron microscbpy.
[0077] The term "TGA" means thermogravimetric analysis.
[0078] The term "Tm" means melting temperature.
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[0061] The term "NMR' means nucl ear magnetic resonance, and may apply to
nucl ear magneti c resonance spectroscopy. [0062] The term"m " neans
milliliters. [0063] The term"ng" nmeans mlligrans. [0064] The term"g"
means grans [0065] The term "kg" neans kil ograns [00661 The term "gg"
means m crograns [0067] The term"pl" nmeans mcroliters. [0068] The term
"mn" neans mnutes. [0069] The term"MN neans nol ecul ar. wei ght [ 0070]

The t " | eatiqn, " 1 in, he f ' f l's i
2 Sol ut 110K731 6 o “FHitePR how MY g MRt A eics (bt SO B s

qualifi §aﬁ§%_%ﬁ§fgé.h?hecteﬁmﬁ@é 2 bigtEdiby” band b YHitRkibh Besh SR 41 net charge of

- I'm noet hyDam noiet hyl1l- 2-met hyl - L-cyst ei ne nal eate hydrochl ori de
accor di rige moleculniscasrd. diriessigtheviss sndjcated, the term “zwitterion™ and “ZW,” as used

herein, means S-[2-[(1-Iminoethyl)aminolethyl]-2-methyl-L-cysteine zwitterion.

[0080] S—[2-[(1-Im:;'.noethyl)amino]ethyl]-Z—methyl-L-cysteine maleate hydrochloride

crystalline salt will be useful for treating, among other things, inﬂafnmation in a subject, or
- .for treating other nitric oxide synthase-mediated disorders, such as, as an analgesic in the

treatment of pain and headaches, or as an antipyretic for the treatment of fever. For example,.

S;[2~[(1 -Fminoethyl)amino}ethyl]-2-methyl-L-cysteine maleate hydrochloride crystalline salt

will be useful to freat arthritis, including but not limited to rheumatoid arthritis,

spondyloarthropathies, gouty arthritis, osteoarthritis, systemic lupus erythematosus, juvenile

arthritis, acute rheumatic arthritis, enteropathic arthritis, neuropathic arthritis, psoriatic

arthritis, and pyogenic arthritis. Conditions in which the S-[2-[(1-Iminoethyl)amino]ethyl]-2-

methyl-L-cysteine maleate hydrochloride crystalline salt will provide an adﬁantage in

inhibiting NO production from L-arginine include arthritic conditions.

[0081] S-[2-[(1-Iminoethyl)amino]ethyl}-2-methyl-L-cysteine maleate hydrochloride

crystalline salt will be further useful in the treatment of asthma, bronchitis, menstrual

cramps (e.g., dysmenorrhea), premature labor, tendinitis, bursitis, skin-related

conditions such as psoriasis, eczema, burns, sunburn, dermatitis, pancreatitis, hepatitis, -

and from post@pemﬁ\}e inflammation including from ophthalmic surgery such as

cataract surgery and refractive surgery. S-[2-{(1-Iminoethyl)amino]ethyl]-2-methyl-L-

cysteine maleate hydrochloride crystalline salt also would be useful to treat

gastrointestinal conditions such as inflammatory bowel diséase, Crohn's disease,

gastritis, irritable bowel syndrome and ulcerative colitis. |

[0082] S-[2-[(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate hydrochloride

crystalline salt would be useful for the prevention or ireatment of cancer, such as

colorectal cancer, and cancer of the breast, lung, prostate, bladder, cervix and skin, S~

[2-[(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate hydrochloride crystalline

sajt of the invention would be useful in treating inflammation and tissue damage in such

diseases as Vasculaf diseases, migraine headaches, periarteritis nodosa, thyroiditis,

aplastic anemia, Hodgkin's disease, sclerodoma, theumatic fever, type 1 diabetes,

neuromuscular junction disease including myasthenia gravis, white matier disease

including multiple sclerosis, sarcoidosis, nephrotic syndrome, Behcet's syndrome,
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[0072] The term "P3CRD' neans powder X-ray diffraction.

[0073] The term

"rpm' neans revolutions per mnute. [0074] The term "seeding," as used
nmeans the addition of crystals to a crystallization system for

her ei n,

t he purpose of

for furt
refers t
are not
transfer

m cr os comyoca@ﬁﬁl?i@eﬁﬂaeaﬁdethm&ai Ghtie Sr[ah[(ﬂ; Imhmetrhrgbaminb]miyrl] E—n&ﬂqd-y,si S.

ans}gh_e H H Woaldggﬁgzqelua term ZzZw tterion" or

BFEPFET char ge.

maqﬁe{fuﬁaécutabe net charge of
Unl ess ot herW| se i ndi cat ecf the term"zwi tterion"

The term"” Tm
"ZW  meafdtep

The t er mypHikdRicZiehdes lsuas gl%ﬂﬁxaamﬁiﬁhﬁ tr&tiriof
t he nDIecuIe is zero.

initiating or enhancing nucl eation or acting as substrate

her crystallization. [0075] The term "aggl onerates”, generally
o random or orderly packing of indi vi dual crystals in units that

and " zW Phajephgbieniief iflsmmasien gnd pain associated with acute injury to the eye
342-[ (l4ginoed

m noe%a?@m %E%%Hojng g%l’fl-dli c%ﬁgpﬁne%%ﬁkydr o[cglogﬂ de

542- (I -

Iminoethyl)ammo]ethyl} 2-methy1-L-cysteme maleate hydrochloride crystalline salt is
the treatment of glaucoma, especially where symptoms of glancoma are caused by the
production of nitric oxidé, such as in nitric oxide-mediated nerve damage.

[0083] S-[2-[(1-Iminoethyl)amino]ethyl}-2-methyl-L-cysteine maleate hydrochloride
crystalline salt would also be'useful in the treatment of pulmonary inflammation, such _
as that associated with viral infections and cystic fibrosis. The S-{2-[(1- 7
Iminoethyl)aminojethyl]-2-methyl-L-cysteine maleate hydrochloride crystalline salt
would also be useful for the treatment of certain central nervous system disorders, such

as cortical dementias including Alzheimer’s disease, and central nervous system damage

- resulting from stroke, ischemia and trauma.

[0084] The S-[2- [(1~hnmoethy1)ammo}ethy1]-2-methy1—L—cystemc maleate
hydrochloride crystalline salt is useful as an anti-inflammatory agent, such as for the
treatment of arthritis, with the additional benefit of having s1gmﬁcanﬂy less harmfil

 side effects.

[0085] S-[2-[(1-IminoethyDamino]ethyl]-2-methyl-L-cysteine maleate hYdrochioxider
crystalline salt would also be useful in the treatment of allergic rhinitis, respiratory

- distress syndrome, endotoxin shock syndrome, and atherosclerosis.

[0086] S-[2-{(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate hydrochloride
crystalline salt would also be useful in the treatment of pain, including but not limited to
postoperative pain, dental pain, muscular pain, and pain resulting from cancer.  S-[2-
[(1-Iminoethyl)amino}ethyl]-2-methyl-L~cysteine maleate hydrochloride crystalline salt
would be useful for the preventidn of dementias, such as Alzheimer’s disease.

[0087] Besides being useful for human treatment, S-[2-[(1-Iminoethyl)aminoJethyl]-2-
methyl-L-cysteine maleate hydrochloride crystalline salt is also useful for veterinary
tfreatment of companion animals, exotic animals and farm animals, including mammals,
rodents, and the like. More preferred animals include horses, dogs, and cats.

[0088] The present S-[2-[(1-Iminoethyl)amino]ethyl}-2-methyl-L-cysteine maleate
hydrochloride crystalline salt may also be used in co-therapies, partially or completety,

11
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crystalline salt will be useful for treating, anong other things,
inflammation in a subject, or for treating other nitric oxide

synt hase- nmedi at ed di sorders, such as, as an analgesic in the treatnent of
pai n and headaches, or as an antipyretic for the treatnent of fever. For
exanpl e, S42-[(1-1m noet hypam no] et hyl]-2-methyl -L-cystei ne nal eate
hydrochloride crystalline salt will be useful to treat arthritis,
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ur oguangq‘?ﬁ?s%d&nghi@%t i nmagisioa destel RowiMBEAT04S, Medsp MEIDR 316,

est r anusheb&ons YidredyRaIS O BV = aR0; cddﬁf - i: ecan,

i ri notecan Egﬁpt_osar , exer?gg%sé%g%mgggjgégpt y e’ %%%@%?gﬁn%wdé%% i
R G patdsy

onega- 3 Th S1epnafids: pofparidansy mepidetol, auitistinide. detyake Kupgo MSTAbG,0h may be

used in (gi® L i 97 [ - kminoet hyl ) am no]j
et hyl] - 2( met hyl - L- ctggst %@%F‘gg@dﬁsﬁ%Iﬁia%ggtg%ﬁ%hyaﬁqﬁ%%&of this
i nvent i GfazaEIYdaishD- BCUakRdhnonodazats depivhiives Nanmdsags) 85CT NIS-045819) WeBna,

i MR NG wiTa A s e
; uper2 oxifﬂ@od)rgﬁﬂl’é?ﬁar(cﬁﬂsmn)paaa?ﬂﬁnlwpﬂg@ﬂéﬂt Sénﬂieﬁh I ' LMI&?@_{}ETW% ;_igtaﬂ&}ﬂ The
s o5 Hie% D e L BT BB T4 ploris HaB - G I Gpepie D, o 6 be
usef ul ip&okﬁﬁ@hé[@ﬂlyh@émﬁé}%fﬂﬁﬁn?ﬂol&ﬁrﬁﬁ%idoEﬁxﬂﬁﬁi)o;@ﬁ%‘ggfo;%ixgi sorders or

conditions, far exanple, tunor gro met ast as r E('?egenerati on,

and at h@FSERERs Freglumide,lpyitron protesse neie i, TobisbUR AE100, ratdxang

i nvent i GRewidre 'ﬁﬁ,ﬁn_t i C.- .natd ons, for e Lreatment or
prevention of cffgﬁjﬁéé m cﬂ(;?ést%? ereél%gg&gtc%‘lﬁlgi |°§ﬁ§°§%§ﬁk§§9§@a . For
exanpl e PPHENGRRSEPT6, SmithKiine SKB:F-] @864, Suinitorio8Mt108) Rurasly SMARERY | ] - 2-

met hyl - k- LBE te hydroghl oride crystalline salt advantageously
will belsuse i ﬁﬁﬁﬁ@agéﬁﬁéy "8%@?1?1”8?%1’8%6%7&’ 1HYeS; SRIFQEGTIHHTWR U@@G@e‘% t he

i nt r aoc Bhamapeutical §Ses B, stpaioldiiirs, 1ioh€ Suor-NSONDIS P Rimtony SN Jbi7§ 2ocul ar
pressurg-redu 'irfﬁic];%dru include without [imtation |atanoprost, ’

t r avopr 08 TR UA s t oYaga Tmbh rloyme T-6PletaroleFeijie EI-03@otebipositie,on of t he
S- [2- {haliBlasting) RREAGYKIJRMTIBOL, 512 IOy e8! te

hydr OChb@geﬁ% ystal line salt o?gc?%{ée}]gf gg%%?é(’i%\k?gﬁ#tg% %FO%%&O

i nt r aoc A Vb Keosatiakke HitdVA62% nirginyErstmor Koda USBINO6 atsislastine bulfase, bel i eved

to achi gyerd . Cl:l different. hani .0103] In

anot her conﬁﬁ’ﬁ%ﬁﬁ%’? t g%%frc%é‘tg% Ilbﬁl\?ék't" fr@’% s@ﬁg]anf’ﬁ%éﬂti ve S [2-
[ (1- I'mnoethyl) am no] ethyl]-2-nmethyl-L-cysteine mal eate hydrochl oride
crystalline salt can be used in thera&peutic conbination with an

anti hyperlipidem c or chol esterol -l owering drug such as a benzot hi epi ne or
a benzot hi azepi ne anti hyperlipidem c drug. Exanples of benzot hi epi ne

anti hyperlipidem c drugs useful in the present inventive therapeutic

-




phenel zi ne or isocarboxazid). [0105] A further enbodi nent provides a

t herapeutic conbi nation of the $S42-[(1-

| m noet hyDam noj et hyl ] -2-met hyl - L- cyst ei ne nal eate hydrochl ori de
crystalline salt of the present invention with an opioid conpound. Opioid
conmpounds useful in this conbination include without |[imtation norphine,
nmet hadone, hydr onor phone, oxynorphone, | evorphanol, |evall orphan,

codei ne, dihydrocodeine dihydrohydroxycodeinone pentazoci ne, hydrocodone,
oxycodo aI et or kv hanol ent.any|, sufent an| I DAMGO,
but or ph ﬂg ‘?&‘P;ﬁ@ aﬁgll“bx g tﬁ%ﬂ“ﬁ’ é@?&ﬂ‘?&’mnd‘gﬂ‘blﬂp FRHSIGR ne,

bet af un IE n&YC &AM rﬁ?r%@‘pt%@ﬂ%zweﬂﬁ@n AENYEE ne,

nal oxon B‘@H‘PB‘V Wﬂ?%ﬁeﬂecﬂl?@%i%ﬁm?@hn)e?h%q wBegscy Brta26i ne, US0, 488,

U69, 593, i radol i ne, nor-binaltorphimne, naltrindole, DPDPE, [D 1laZ2,

gl u4] ddﬂlﬂﬂﬁ);ﬁammples)st@mom@p@m@gbms whichl masbe ewldaplaaiom;mahem thogapdor ph| n,
dynor phivwithathe ¢ el phnino@hylh aohital] patkedertiolphiysteindnmaldata niagdlineosalth e

conbi nathoon 1bbt thirein®entjol -inludel ADA, rdetirfoy] dmidisdtine knalogues, detox, dimesna,

et hyl ] - 2-Ht IWiM- 159 psheilated-tel ydadataninedr 0GR GanictiRclg M fbahbd, n@nisakihe,of t he
present WRVISNE2ZQNFWIt hsAankappoifa cangaesnd nShidddnel @apé%ﬁa@r&lsmfté{s%ntl ve S

[2- [ (Ychidd)eed Bypetoxddd dighut@édWilzbn 2- met hyl - L-cystei ne nal eate
hydrochl oride crystalline salt will all ow a reduction in the dose of the

opi oi d qermApumd. thepeby yeprodigf Nanhl B¢ e Jeﬂ?@' phasi de
?‘;L?Ct Sh %Qﬂoﬁé@ E;th he%ﬁf’bﬂﬂeﬁ? e{ngllil](gs ﬁ‘ i]’l Q;Jl\éon ?g GLE)[r g\sll ?gs

1§ CO
the pre tasg N9 ula o fw ill éi? l 10 for exa%]p %ﬁw ] W%?st hyl L-
cyst ei ne SRR rystr%ﬁc f(ﬁ;és sal t of the present invention
W th taléﬁ%r buI ovvder haract erl stics, for easké to prepare
phal macé §Ii EPRdnEHp Hhes PRS- i 2““‘{“ @iFe  pipviiset YEPEUSGi no)
et hyl ] - 89 PHWHSL% (e (SR OR AT Blé‘%f@ltwd%f@@h g diserdess ef qondiiosgasucht oget her
with a phalHeRMu o sxanple theapewnt Bverive Srl2- | (HograaylvEnExARPYES - [0107]
Met hods ffteﬁerlrék‘é/SSme[maleqte hydionhlapde bysiplimaisalo pdentagedusd: wt hy hsed-ioy st ei ne
di hydr odisrapeide ceminiimovnith rdirdg soridtheducas tho mmnéyamssssgreed pitie@s pat ent
nunber 6fI4ged 88ith ghucp@a. [Sufi -ihmiovokt hytedsumAicdwdinge tdnyds] in2hudet Withe: -
cyst ei nénfifagen z Witdnbprosion tiasomtesicr birebpirakt,c corpamdpiigiol). The Ap@hpasditi on
Serial bhmbieati@062H3,S-198] (Cr ksinatthyinamino] eyl J-2-odkti vl PSR EdmE ﬂml@ﬁﬁb noj
et hyl ] - hdroBiibyde bryeiBinei @ bRkRAbRsEAT fivéntiof i8S Ghi BedodularChepgaRdi ng U

S. Appl kdsatingarupewilicde NP BECAAY ﬁyls dRvedoyehild ithers EB}Zaffe[cn(lé
| m noet Biffeyer@ MeBRnisgt hy! ] - 2- net hyl - L-cysteine maleate Form Il is descrl bed

in co-pendi ng U S Application Seri al Nunber 60/ 453, 782. Characteri zation

of S42- [1d3] r)lb ﬁéi&% 3 tﬁigyeflém%nféﬁ DIEYH v 631 £(1
hydrochy ﬁlb%ﬁ tth } ethlg!l ch(]: 3 I g salt.c
ethyl]- eued L el T8 % ¥§ @ |raléfr|ngent
W|thp0|t|v L% ﬁ) ré 8IC’ Tter'lwi? %zpy S-
[2- [ ( fﬁpfﬂ?"ré”‘t ‘?Z‘FPé‘B 1@%2‘ BN es o
hydr och ‘H]IZP éep HH“E ety i dis REenhpye V‘? AhgmeyEs of 150
mg l1190m mat;on Can be found in U. S. Patent No. 5,994, 391. Some benzothiazepine
antihyperlipidemic ~ drugs are described in WO 93/16055. Alternatively, the
antihypetlipidemic or cholesterol-lowering drug useful in combination with a compound
of the present invention can be an HMG Co-A reductase inhibitor. Examples of HMG
Co-A reductase inhibitors useful in the present therapeutic combination include,

individualiy, benfluorex, fluvastatin, lovastatin, provastatin, simvastatin, atorvastatin,
cerivastatin,
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[0109] Fig. 1 is powder x-ray pattern of two sanples (Exanples 9 and 20)
of S$S42-[(1- |1 m noethypam no]ethyl]-2-nethyl-L-cysteine naleate
hydrochl ori de. Both diffraction patterns help establish characteristic
peaks useful in characterizing crystalline S-[2-][(1-

| m noet hyl )am no] et hyl ] - 2- net hyl - L- cyst ei ne nmal eate hydrochloride. [0110]
Fig. 2 is a graph of a differential scanning calorinetry study of a sanple

of the crbgﬁ,ggﬂ j ~| m.n : i,nol.et.h - R: hyl - L-cyst ei ne

r aal eat e@& r o%?gfﬁgié#%né%o%%%ﬁg] r‘*é’%ﬁ%ﬁ&@&ﬁ@?%’ﬁ% 248l event
at .197. 3QCARiINc 14199828 Acfonthedakivinn el C AN N3.347658- 18- ' the single
thermal event js CcO site_o g}ﬁrtpwl degr adat i onggcfﬁ%n%slogu?p%gtl’d in -g
crystall |%ﬁ‘°é’n nEHfope m&ﬁ,r‘ﬁp 'ﬁigﬁ%e?}\fgﬂgﬁs%ﬂn@&ﬁmouﬂﬁﬂ—@-ﬁ)eoml eate
hydr ochl oyi-tigs whea i . i  CL thesolids, both the
peak tenper at uérﬂg;gand %%F%g) gg%éggﬁgﬁgfg%gﬁgﬁ%&?nﬁ%%%gﬁg ysi s

OE@mg

condi t i glerane by 2ty Loysteing maleaty hydteehnide tdgstatibical of e sanpl e
pr epar at i [ Dnts o 4 : avi.metrd T . ot . of anp of the
O yor ai | PREL o s & SoEL TR e bnBRH oy s PR B o
hydr ochl exanade, i @Aucitwthe rizk o fagimbtidrosfatidros st it & Moddeavas tde 40- 180
C tenperature range. 111] Fig. 4.is a.plot of a npisture sorption study
of the cF’flasn%pgtf’ |aﬁxﬁ%scg§+)gg fe(Sans Pﬁ?%@@?@ﬁéﬁéﬁ%ﬁd&twp]bl@dﬁﬁsﬁlﬂ Itis cyst ei ne
mel eat e bytsbliohddl iRt latithypdRipfdenti€ oS SHoRkieRd)- 1% ertdCirtys aéaﬁ&"riﬁg%?ﬁoné\aﬁonh?

; ; { f .
S-[24(1-1m noet hypami nal et hyl ]-2-methyl -L-cystei ne mal eate hydrochloride
25 C, bya@??gs‘ﬁﬂf’%‘t lspienspy lawedng hﬁé\}@’(ﬁ?/s&n Fisiodu Mgthopdirniting thedpyention foat el y

1. 5% bet ek’ : i . Mol ) tyween .70 and.9% R. H.
anot her 58 /OB#%:: st ur e&"ég{;&%g{(@g@ﬁ%@)\;ﬁ'{ h%e ‘&% trﬂaéf[z'ﬁﬁ"ﬁn%e}@' ISR at
- 90% R. H. 2mpeshytlyeysigine sualente hyrdrockdariddestystolfine sdltofiihosieent EinghiharioR wei 0SCopi ¢

anor phou i ‘ i the de-sorpti cycle (frgm90 to 30% R H.),
thesg S0 P@@ﬁ%ﬁ%&oﬁ‘lﬁg ¢ Iproved ﬁ‘i’%‘%’?’&?‘gﬂ!&?‘gﬁ" (°| Ipsiofs bynior exampley| | | %e

S-[ t2£ [ ( ;reduqij:glirx:ﬁarh;tﬁa’m mgebhipd]vesﬁlclﬁﬁ_i gt)ﬂceﬂéwgtﬁ %ﬁﬂﬁié bg@dq@hﬂf?ém arrgr phous
zwitterign excess hydro ¢chloride. Subseguent de-sorption an
re-sorpt @gﬂwb%ﬁaﬁgfﬂﬁa&%8F€’FH’1’“168§1°‘%’61’WR5P§W‘1-ﬁq[zpﬁ(l't he crygt alline

S- [ 2- [ ( 1idifbouefabytol@nyinolméhyll v dadiBe ﬁﬁieﬁﬂeh&‘&%&]ﬂbﬂ@e -’Eﬁ)fsﬁﬁ}ug 5a1F ﬁa‘ﬁ%%r X-ray

anal ysi s %&'thesOl'i ds at the end of the expérinent confirne € presence
of bot h 155 M §om op thtog;qr cefapounds or therapies for the treatment of central nervous

S42- [ (1-ddnbimess ShRakdd\Ql -L].-a-%-; -1y C i.n |.eat e and anor phous
sol |Ejg é[‘Ollgé&Fi. g. 5 shtﬁ;\i\agiﬂtlﬁﬁe ”?n%n 3161 %:ef%%ﬁﬁ%g ﬁé@"[gﬁyst alline P
S12-[ (| -Irine vibPansthylid-2ysiaitduphlehte bydoeiloddarehealine Bitcaeel or i de

made in . Brlef t man_spect is a vibrational_ signature
o 2 ol S8 b aihic CirhGhadon wif cflfPop SgF 1P ITbe60nt (e aePlot ripian

col | i si omeh ptmmeiptin) sarabipeny kalmiEPHn PRRLEGHS, aMinghadiop tbhfrpant i ¢! es of

| i ght cocfgéosi n?Ma Iig&t eam The collisjon between the nol ecul’es and the
phot ons TEFTEC 15 HReERHHS§:%g SOBPIRIANY) ARIrh astminephenibemaiege i n ener gy
and hendsdoieefielcB) Sigroh sbdin) ROhRhentEhd! i ,5?15@@% ecfixtte[l i et of
very narroz\t{]\c/gs ectraﬂlﬂol ines_em tteg}?r%%%z)cgj%ec ‘ nooéfg:’u es&\%lfea%e%o?um nat ed
by an i flfpichie-g-; gartamipg diliydrosreoeming hrommstpting ergpmeines ohethylgl y af f ect ed

b the%pgﬁ- M B ; LAcl dent . ..and_hence. tjghtl )
m%nochr omat iB{(}:_ﬂle)f ght E%éazirngggﬁr e%sg@lh(ggé E%@gsél?g%%or%?@&ndrﬂéﬁﬁé9@%ngt h of
each Rarfaigpniside-gs mefhysasgise dr eyprohepmdimelurtverangiintigid Anti¥ohigeignci dent

i ght, which i i ffarence between i nver se wavel ength of the Ranan
line an%lﬁ%oaan’cé@@?# L‘ﬁ"’."éﬁ{? na %’r@’ M%tp%ﬁ & Zonpaming gridegeantbiianies:.

wavel enghenelaife drfimciRboezid)i nes is specific to particular atomc groups in
nol ecul n, spectra neasure the vibration states of nol ecul es, which
are det stm%“teﬁ'&f’w Byidss 2 Serapeniis eombapajion of the SelRi0n of

SA42- [ ( 1iivioshehaiinyRiHyN0d-AHeid-t - &Rl hYdiads ' r ochl ori de
101131 The di_vlgrse %_gilygcti.on of %ﬁam%ﬁeﬁ%%%y}ﬁgfgg#ﬁgﬁkt%ﬁgg%e

crystal PIEEHimiFoim with enorigid compogndy MPpigisccompotidseee fbinithis anlsiestionons. The
first sulnaRHinsh iR im0 mALRSE0Y he account of .experinments that
failed to produce pol y%rp %]al (& purgélél?%o{né’maoﬁﬁ‘%yflﬂﬂhﬁg- '

| mi noet FypEknmg; levalipiphar.-codeing, Hihydoysdeien dihgabhydrexyowdiinsh) p¥hiageind, N MOSt
f th i ] Xt W th | S-1.240
) o noorFaPbhEER BB hiiedent! tbrohii leborRbni et eetepb A MG, A

brief' discussion on the reasons for the failure to obtain polynorphically
pure crystalline 542-{(1-1m noethyl)dPni nol ethyll-2-nethyl-L-cysteine

mal eat e hydrochloride is also included at the end of the sub-section.
[0114] External crystal shape of the m xed salt defines the next two main
sub-sections. This particular product attribute is driven by distinct




[0115] First, the exanples pertinent to the crystallization of "randonly
packed aggl onerates,"” Exanples 749 are discussed. This is followed by a

di scussion on the underlying crystallization nechanismdirecting the
formation of this particular crystal shape. Also included is a detailed
definition of "phase separation" for the purpose of this invention. [0116]
Finally, Exanples 20-30, the account of various experinents that foll owed
t he diverse variants of processes for the "orderly packed aggl omerates” is

sumari zed. Feeds ock definit | [01 The te

S42- (1 - biprpia bﬁﬁ‘ﬁeﬁﬁ%{‘ﬁé Jf %XOB st@% Lé%r&n?fﬁhlgm betas

exanpl eé” &l th’é”}lm@ ‘tngu né’ﬂn%%ocbﬁ%r PROYBIINE.c 0 2ElO¥RICe d
solids @pnzg)éf]rhmi;ag% ibFergRCin etgmcia@ocme U50,488, U69, 593, spiradoline,

3[ 24( 1- Paf- h@éﬁ?@b&ﬁﬂ%op@ﬁﬁ@&@ 2DRBPRy | [ty el ndeltpeniig RSLES: emeed to as
anor phogskdphaliz dedtr paldipBaling (betd-eridogghydyrenihiol2et dinofphin Mt 4ndl alphey st ei ne
f r om hemeoandorphin. fosedvenises fo drepeqhtwoaiohr eethe Sdif2ed (1-Iminoethyl) amino]

S42- [ (| ethyl}ribetthy Dhriysioine tnmiddte Rydrathigtidel cresyting sadt of ot eseadins erdon

hydr ogemvitthiroppidel (ddounlitik aliat abielipvakmniaseraive HCY2t ¢ (BARInDbéthyl) amino]

| m noet kypBri-melet-hyykieide MRAIBYE hhd@yBIbAEN eryWalling shie waPalibkvi L& didioaach
exanpl eif e dob€ oSPRWPIdi€ cbbodid, tlReebIRdRNUS . TR 87 SevdFilyest opioid side

S42- [(1&@3@@%1{%%%@9&@&%] 2-met hyl - Lcyst ei ne used for the
crystallization of "S42-[(|-1m noet hypat ni no] et hyl | - 2- net hyl - L- cyst ei ne

mal eat €y Ol oy cally distinct novel crystallization
s42-[ (1 ﬁa“s%%%%@éﬂ d[f;t'éM* R e S B nad an

S [(1l @Stem i C%S%% AL B s WhEer 0. 296
ww maPd %?S rgﬁ © %ﬁ% ahﬂf:%wu%%ml Fm%ﬁnpi@%could be
expect e§ f nf‘mlﬁo XlZapetylshreysiriae dngpd

concent F‘a’tsﬁah}‘i‘eé?tﬁﬁlg@%w%?@ Q?TH‘CELHICBPY #reepiable KITIEH) ut i on represent s

appr oxi matel%(‘ 2.0 and 0.5 nol ar equival ents respectively for each

equi val &hbUSTRAGINVE EXAMPRESt hypani no] et hyl | - 2- met hyl - Lcyst ei ne. This

solution would be referred to as the prinmary DMF sol uti on of S424(1-

| m noet AP} Metbddst toy Inak@-Srefhyl {LHoymbikyh) earhinomethgt]e2-miethy[-0436EinEhe ot her

st ock sdihytiioohiotfle B2lajowir hid desetibyh &ntoramenlyydshigRed et By IpatenCyshigdrne i n

DMF hadean3 apiproxeapl Bhsmaphs) tant o |ofthyl]-2-methyl-L- cysteine free zwitterion is

S42- [ ( LadsatibaeinnyRRniiing et Wrptidatioat duyiat Nameéxesmes3119§°(9ry¢txﬂmd@t gr. 2.83%

ww;,  maf e -ﬁna@aﬂygﬂmﬁ&% - BRAGHSIL Olyks@he InD%te Fhfn 219 H@d&ﬁﬂéd aned

concent p3dn 19f S BiliCaRam @eﬁﬁd NUMRE | 64430 ﬁ%e é«?!;t%!ﬁi'n@” Z E”t S

appr oxi ﬁ%@éﬁ{yl - i effhy B-ITRLAR E- seéﬁleeﬂfaﬁe afe CFRRET] ye! scrfBed G .

equi vaI Aﬁa&ﬁj\(:a]nonlsr&lﬁ y - et hy cyst eine. This
ef er

sol uti o to as t e secondary sol ut| on of

o g TR SI4b  OB n”™

di stlnc nts produced m xtures of crystalline S-[2- [(1-

| m noet h amnoleth -2-net hyl -L-cystei ne nal eate hydrochloride with
qYﬁ 1%@ Y. Yy y

cryst al IF1A8] Folml ( 1@3@29(@1P?ﬁ #BElf-Rypethy INoretie tedtyidyachloridg st ei ne

mal eat eSTYTRE aetire At iviifhe pogtive w@ugawqrewvhﬁer@aﬁjé@ﬂubbfypdewdt kghtby t he
DSC anafyapssopy. S- [ (1-Iminoethyl) amino] ethyl]-2-methyi-L- cysteme maleate

hydrochloride crystalhne salt has an aqueous solubility in excess of 150 mg ml™.
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Example 1 [0122] In Exanple 1, 614 ng of 0.25 eq. HCl containi ng anor phous
freeze dried Sg2-[(1- | m noethypam no]ethyl E2- net hyl - L-cyst ei ne

(contai ning approxi mately 10% water), 648 ng of maleic acid, 988 ng of D
wat er and 2460.7 ng of DW were added to a 25 ml scintillation vial

equi pped with a nmagnetic stirrer. The suspension was stirred to affect a
clear solution. 16 m of acetonitrile were slowy added to the solution in
1.0 mM aliquots over 50 mnutes. Turbidity subsided conpletely upon the
conpl etion of the charge. The vial was stifled at roomtenperature for
sevent ee {0188 Fig. & ichbavhlenx-haygiatetntod 1véd Camples (xaynplésPuind20) bf SYBF1stirred at

this tenperature for. forty hours and then t m of .acetonitrile were

ndded.  THEGHHFymiRElet gl el et REcal st O ERH O PEHOR ool ed o

25 Cin pneridelp ARl dbafeeribi pehBiischN ¢ shmEE&izﬁigwswlieﬁ%-gLﬁahar ged on

afine frit sintered glass funnel. The cake was washed with m  of

acet oni tmﬂéethﬁdﬂ%ip?]egﬂlé’cﬂnﬁfbﬂ-wﬁl’fﬁaﬁmﬂﬁ#e.hygtﬂch]@éd%r e placed in a

vacuum oven at 55C and 28 inches Hg for 24 hours. PXRD anal ysis on the

product did not show any appreciable anount of Form |1 of

S-[ 21( 1- (0#1ApEghY iis) sgraptodfet différbntd senhing-caloyiately smdyraf emtrplawdthel in with

the S-[24(14m n | ) am et hyl.1: 2-net hyl -1 - cyst ei | eate .

N G U A EE TR R S L - S

| M noet hyloawsiandigds fgh/Hecdnipbtifipit thernial St-edtae 197B3ET ﬁmmmnma%léfe el
- eq.

roduct . le 2,101231 Exanple 2 invqlved addi ng 201 of 0.
2 ont ai ni ﬁ?%gmﬁ%’ Ersg??‘:ieé]éez%n%‘? al event?s a composite oig thermal gggradation of

> a2 L LhiBden! PRI TnfobRi Dol Sl RO DR

approximately 10% water), of maleic’ acid and*11
m vial bylipgeiiegnd fheanelngefttharesidial ozystallihesolids pethdhaprakteapstdtureed t o

ol ut i o™it 3l el B RER Hndont SR 0 Ul EREE R ot e

subsi de, rateandrthérmiethed fof samyple prefparation. Rif. 3 is a thermogravimetric (TGA) plot of 2

S-12-[(1-hni.nogt h 1.N0 I -.2- |.- Lcysi.el ne eate were added as
seed cr yiﬁ'%ﬁl%‘.”%?ﬁé‘%g‘?ng e%ﬁﬁéf%@?ﬂ?%ﬁ%@%@?@ﬁ’ﬁ%@ waleatfoyr s and
t hen heahRBodhlorGRCIGA shews ¥ whightib&Sof abbroA@satsllyi 104 6r &l 4bhigs °tenperat ure
for forty hours. The slurry was discharged on a fine frit sintered.-gl ass
f unnel . CREReTRES washed with 2 ml of acetonitrile and air dried for
hal f an hour. Solids were placed in a vacuum oven at 55C and 28 inches Hg
for 24 hours. PXRD analysis on the product did not show any appreciable
anount of01Ebir Kigt 4 ista iptiof a ppoistiraisepd o spdioh tie styistalline 3-[3d(lay | - L- cyst ei ne

| eate fi: i i - -4 m.noet h ] t hyl 1z 2-net hyl.- |- tei
mal oat o ppibyteithilnsesndbiRRgas e BB B Miaps ey by "
S| 2;1 [ ( 1the hmﬁmwwm—mgi%bdﬁe]mghmw@yﬁg@ggﬁe ﬂ‘lﬁleagt}@dmﬁloﬁﬂesent‘
’ :j(ra]t Ear ren- g%? ‘IQ#: %ir gg‘gf ﬁlpélsgﬁrghilﬂgf:,rﬁ}m?wgf a %{C{xsglg% %V_ teoof apprg%ateely 1.\5\%Sbe¥;v§1)een 0
| M noet hygmm el £ive iy TR Betwee) F0ORINA @RS drnBiHBASRYG Adlshirb Waed t O

pol ynorpbjcally inmpure product in Exanple 2. 203 ng of 0.25 eq. HC1l
cont ai ni ena‘?ﬁa‘%‘lliﬁé%hdﬁflgksﬁesﬁﬂf’@@ﬂsaw % R.H. the crystal structure was destroyed to

2-1( 1- hai ok . ) e Ls ] o .
Eippl[’ f)xi mat el y i%goao vvagt' er%ﬁg%gﬂp%g of hﬁ%l%"ibcﬁ‘gg%gé anlg %%g%lgkrig&%?oﬁ\ﬂéo%r e
added t oR&1} these salida frarsdermeg dndo evptiktuce ofifgral of tht ¢rystailine S2[($uspensi on was

stirred . tyl .4 m,of acetonitrile were .slowy added
T the. siftndld R iio AanHir-Aheite Haicl of EhaBhbl el e o1 y
subsi dgchydpmgentchbﬁde) iBobetian ;ie}go;pa?duﬁﬁﬂreasmqnti;m ibﬁlﬁ;ivioﬁ wab afjrg%imiﬂii@o ﬁirﬁ:c was
stirre t .Loomter t or._six hour t eat e o 60Cin forty
i nut os. 1 PF GRS - Lo S Oehy WA I B Rt 55t et Howslain

cool ed tpravoRmlykie B8 BicatbldLat thetRd OF tHelekp¥iaBieslicortiaicd ¥t Risefcd drbBib fokd
sintered_glass funnel. The cake was washed with 2 ml of acetonitrile and

ai r dri e tegrysiglipe $i2-HodminoshyDeaminpdsthyli? seethyliIncysteinsanaleatossh at 55 C
and 28 i pfdipgous@ofid® 24 hours. PXRD anal ysis on the product did not show
any appreci abl e amount of Form 1 of S-[2-

[ (1-1 m noet hyDam noj et hyl | -2-met hyl -L-cysteine nmaleate mxed in with
S-(21(1- I mnoethyDam nol et hyl]-2-nmethyl-L-cysteine nmal eate hydrochl ori de,
however DSC anal ysis indicated that Form | of

S-[2-[(1-1m noet hypam nol et hyl ]-2-nmethyl -L-cystei ne nal eate was present in
t he product. 20

-




Exanpl e 4 [01251 The objective of Exanple 4 was to study the
crystallization behavior at sub-anbient tenperatures. 201 ng of 0.25 eq.
HC1 cont ai ni ng anor phous freeze dried S-12-[(1-

| m noet hypam no] et hyl ] - 2-nmet hyl -L-cystei ne (containing approximately 10%
water), 209 ng of maleic acid and 1141 ng of DVF were added to a 12 ni
vial equipped with a magnetic stirrer. The suspension was stirred to

ol uti SN FEE S AP b Remisp Sbestap Sohe Ak SR TG mah { e
conpl etehymyppRyitkite paitalctyieahlofids hade heExmupld e Biiely, drRamwal ed to -5 C
and stirred for twenty-four hours._ The sol ution had.tur.ne .intt%gvery t hi ck

"gel - | isrectrog i arwbrefional signagire phamelpcpigor complex gystem. Iis grgplief MG ¢ added
to the iﬁél%i%gﬁz?io | bettoben the Biecﬁﬁ§aﬁd(}ﬂ{bt&@,a&ﬁ@h Rk faRickaG @Bk Stirred for

four hours. e slurry was discharged on a fine frit sintered gl ass
f unnel .cofitpesing k EightdsamaEeeabllisian bepwesn| the folgeelenandithe photepsdeads o i ed for

hal f an ur. Solids were placed. in. Al 3 i-nches Hg
For 24 TEME: ofaed Il Y RoB Paadh R sty i GHEDwRla i ke ordel e e
arrlount 'ﬂfu_s,"_@!éﬁﬁlén sp_%ctfﬁﬁh st[za(slez difmilefsow ropd $pmoiral dinet énstiﬁ?i gemwbm mglcwksei ne
mal eate mxed in wt 2- - noet am nol.e - 2- et - L~cyst ei ne
Tl oat SRR TRITRISH P 8n aRe B W PG PR SV SR B
S-12- [ (e ?&%ﬁ%ﬁ!ﬁ)ﬂ%{@ iQh&k h}%ﬁd an&ﬁ@ﬁiéﬁ/gml?; npsHebRgidThesiecey@actpr esent
in the product. Exanple 5 [0I26] In Exanple 5, nmaleic acid %onte%t of the
syst em asdaserscate wesd. Biye wavelength ofippel Baran Heg 8 GXEBschE L2\ BEbeyshific)

cont ai ng - f ' z : ' fthe Ram

i moct Ry BARTRARAR T bERAT B ifeRtEbsivtin e bavore warclength of the Raman
wat er ) , lisid4hd thyp inéidem bightc The waveamunbes 58 fipyotdhe abwpluteovayelensthy ofihenl equi pped

with a netic.stirrer. The,suspension. wa (LT 1 19 ar

sol ut i 0@3% esbsfsPﬁ%]é‘f{ﬂﬁaW‘i% S EQUER ylﬁgllgé'gécf' ?‘g 31 soi g{e%ﬂ:h% 1.0 n
al i quOt b6k stBlds BT Abletes, Whithtaty détetiriyed iy théiemsiestlanstmonwerted into a
solid viscous mass at the bottomof the vial after the conpletion of

acetonitrile charge. The vial was heate 60C in forty mnytes. Wthin
fvo. ancCrystliaaiigndl S-ddeleimogtby DagareyBieBr ekt et SR Povever
t hey scexfrgchdoridg to the walls of the vial and were therefore scrapped
with a spatula and suspended back in the solution. The slurry was stirred
at t hi s[0fedlpEreativars sehrtion oferempich swesedhere fordhe aysallizatige af wired st e £t

sintered gl.as m%gﬁlfli?smﬁgﬁlﬁgﬁﬁﬁié*?{’%s mgg,ﬂiadiﬁé_lré‘p?&éﬁ@ﬂﬂed in.-2 n

of acetBRILFIIE &N en ake alr drl_éd’ __f or "hal f an hour.
Sol i ds avesentiolexpesitnentd that thiled taprodperpatymephicsliyzars opstallishS{d{(12  hours.

PXRD anal.ysi s .on .t he duc owed appreci.ahl I of ..

S 12 (v BB R Ropet Y ne PRy ay s B Mabe TR L od i en
$42- [ ( Lexplfinee b ihTHodh Ty k-2 (felrhivibethylputhalethyid 2amétayitlocystoine
hydrochl oride . DSC anal ysis. confirnmed PXRD resu‘{éﬁ. Exanpl e 6 [0127] The
obj ect i nalea %@hﬁ%efb%ftd&'ﬁcﬁ%&“é’éége Treenns T\ eilvg 0N 8 i i ed addition
regine b bk | - L1 -ShiHok Ry HArBinb -J-RefeyBIRY&Qeibe |t

i nvol Ve%ﬁ%g@%ﬁ%gﬁénéﬁ’g@lbﬂe%@e@ HC1 cglgt ai njléglggam)rp ouslyf reeze dried
S42- [ ( 1mblentedwdivgDarideis lakso iycluded apbe igpd pf thy s¥lesasBotcont ai ni ng :

appr oxi [@g%ﬂ %ﬁ%@s&ﬁ%ﬁﬁéﬁé}e@ﬁg{i semi!i&in(ésrﬂlg 01 306 mbOQinEc s BYis 10 a 12

m vial iI'cstirrer. suspension was stirred to
af f ect parfibarprodictitirimte i8 driverofy districo miderlying cnystadlizstiownychadided and t he

solution in.1.0 id aliquots over 50 m.nutes. .The turbi.dit f..the system
subsi de dﬂ%?ﬁg@?ﬁ#&%&%ﬁﬁ Seﬁ(‘:‘ﬁ’?tcflﬁ?’?li’?ﬁjgﬁc? Fu%lﬁ%gﬂg?]eg‘hgarlﬁés{?g?séﬁo&er e

obser Veéoﬁi!:ﬁé&iél?—?i_ﬂ[(mhmﬁo@ﬁx- DdRBofdthyl]-Z-ivaly1 1 tystept mdleatobydrichimpieeat ur e f or
three hours and then one rﬁy of acetonitrile was .adde%. Stirring continued
at r oonforeipevih a pharmascuipgitascemabie FHER- A6t diFHSt Dapes ffﬁﬁﬁﬁoéﬁ%ar ged

on a fi ?ﬁh}sl ih@enﬁbﬁ'h@ﬁaﬁ%reg&ﬁé rdfPEPlo-as FRRAERI DR 2paIohRehtddl tifially Bt Of

acet oni e and alr for half an hour. "Solids were then ajr dried in
an opennetmes¢ssdrily non-spiwrici $hofeasall appssapes andXrrderdy apcked 32BeMeA®S pr oduct  di d

not show a reci abl. Nt - O r . i

S42- [ ( 1‘-@“@1“%8@%0‘%&5%" Sﬁsﬁe‘?’ﬁé’rﬁ” El-ér?'eet (ﬁy X E"-I%’S‘t%igﬁ%e%?lemamgt H%ed in vith
842- [ (| miakingaptinydeiinnedte hinl gnallenesphatiratiosdirsthe prderlyrpdoked sgghonkraie| or i de,
however DSC anal ysis indicated that Form | of S42-[(1-

| m noet hyDar ni nol et hyl') - 2- net hyl - L-cystei ne nal eate was present in the
product. Discussion of Exanples 1-6 21

=,




[0128] Thernmal analysis on the internediate solid sanples w thdrawn during
various stages of the experinents reported above indicated that Form | of
S42-[(1-1 m noet hyl )am no]ethyl]- 2-nmethyl -L-cysteine naleate crystallized
during the cool down or the extended hold periods at any of the hold
tenperatures reported above. This inplies secondary nucl eation of Forml

of S42-[(1-1m noet hyDam no] et hyl | -2-nethyl -L-cysteine nmal eate during the

| atter stages of crystallizatiqn. Wthout w shin 0 be bound. by an
t heor y,'Wh?ng‘i‘%“H%qdit‘éeg‘ﬁBn?’ﬁ’éﬁc %ﬁ% n%ﬂ}gngi’ﬁl ra?cﬁ' B"e“g‘é‘i@%g?%"rfﬁtﬁ*‘g ciLP’F%“&‘holyol
peri od s 8Vl SWchtFons SFRAE) ¥ ddfpbEisate Rfio bihe idipTugh 1 he shat mati on of

crystallTihe S-[2-[(1-1m noet hyDam no] et hyl]-2-nethyl-L-cysteine nal eate

hydr ochfeoet.de. However, there is still 0.5 equival ents of :
542- [ ( Lepl mi panin 3 Ifizabayet&las 3&%&( 75 equi val ents
of mal egﬁé%‘gﬁgg"i n%x"eﬁgilg%rg}r{nédﬂ@%%%ntrat?ons pr o@é y above the

sol ubi | agejoreératEq? Rxdmylbs B19 2re]didcussed. This is followed by a discussion on the _

- hni noet h m nol ethyl]-2-pet.hyl:Lcystei ne mal e ' . t.he t attenpts
to de- st W%%M@%F&%S#ﬁgﬁﬁe g%?‘f“i“’élo‘r ve%?éﬁa‘yﬁﬁ&njﬁ Shol d

peri odsAQG ih@eitaesh d9iled Gefafiiich siv?ﬂ:@atsc Saer feahapapoenl vid ivemiopect to
Form | of S%é[&gl' -1 m noet héﬁ)am' noJ et hyl | -2-net hyl -L-cyst ei neatﬂal eate is
depl et elf1ifk , Exampley 29-a9, the 3acPBR of Yarions eﬁeéé%ﬁ'i‘ﬁseé;éf olgvyec; the

het er oggi aﬁ# f f5f B8 “Dierty b24R4 tes” is summarized. :
I m noet%&%g?n'%fno {estoﬁgﬂ%f'?sg%srret hyl - L?lg{/ tei nggglrr%?eergt e }hydr ochl oride crystals.
[0129] In sunmary, for experinents under HO deficient conditions, any

~attenptto jnerease the super-saturation of the systemat any stage
t hr oughF%\%s*o-cgéjI%@%iﬁ?nséddi tion, cooling or reducing maleic acid content can

| ead t oj@1h® ThssviaéiocnpH{2-f(i-Imiiddetirydambet]ethyl]-2insetindily oystels wepimall the of t he
product In a DMF/ acetonitd|.e sgste in su%h aﬁhxdég%hl ﬁri de ficient -

st at e, ?ﬁ%m%gpqﬁegﬁergaﬁaﬁpﬁheap tamed as amorphous Treeze dried solids or Soiufions in

S42- [ (1phaw noet hyDami no] et hyl ] - 2- et hyl - L- cyst ei ne nal eate can be

expect ed. Exanpl es of Randonly packed aggl onerates [0l 0‘%‘q Elg<a les 7,8 and
9 had si@%hﬁ@l#bi—ﬁ%l-mmﬂ)%mmpbthm-%aeﬁtﬂ%rwﬁtsms—“[t‘zid[ referred to as

| mi noet j - - ' ’ Bl ot :

| i moct PP s B B e ™ sl
7 and 8l mpstesentanexghons freme dripd {1 (felininecthydiamireiethydanetbdtiopystaind e

| evel s. a e 9.5 an ey t rd water content
and ac e?%ﬁ?l{q% ﬁoémlhé@@g%’%"&?&%l(@ ;%g@%dnéeﬁ@%ggﬁtf Eirtgéos 'F-Eﬂ@énpl es 10

t hr oughirovmyRanmiasiegl}- 2dnétyldiopstsine aieldeapecified in each example for the o
coul o bPCHIbL AR RS P i St A FANGOe B USPORe For the.
nol ar egytidiad @Rl for@he drislallintib® bASI[ U 1t BhinoethylaminoJethyl]-2-methyl-L-cysteine

S-12-[ (T4m noet hypam no] et hyl ] - 2- et hyl - L-cysteine. [0132] Exanples 10,

11, 12 walpatediydechlodds. perforned at 26% of the required anpunt of HCL in
rel ati opy4t ir Al Lﬂ}ﬁ’?&%%{m}ﬂa A= i ; '
crystal |1%2] iﬂ%;}'}sﬁ%%ifl “P-r[ﬁﬂgget ypar noje%]ﬁﬂ{/lﬁ %ZIﬂan%{']%FkE&%fl%fdgkﬁg&lﬁgl eate
hydr oc hhat ardgppraziaatp benisitonwd] S-Ea (diimaesethyheminplatiat - Smegiyl-L-cysteine

S-[2[ (1] mnoet hyl Lnol et hyl.l - 2-.netlyl -1.- L: | ori de,
ot 1o Ebb 85 e AR S ek oS T2 g vk G BABHEE 1 07 SRR I6R T
or || otoudd Be Expeciettoresdhvpppohen be thiyidatbnrEbdnfboreinent@ted icomentdtiontod,

i 5l Sk o e RSO Ryt

nydr ochbafii Alents RkRuaR1NRA AAEqaREISE ot 2RUSRROh ) RRTbRAF Al metlybLt

t enper at ures. ) ] )
cysteine. This solution would be referred to as the primary DMF solution of $-[2-[(1-

Irninoethyl)amino]ethyl]-2-methyl-L-cysteine from here on.

[0126] The other stock solution of S-[2-[{1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine in
DMTF had an approximate composition of: $-{2-[(1-Iminoethyl)aminojethyl}-2-methyl-L-
cysteine 11.7% wiw; water 2.83% w/w; maleic acid 14.88% w/w; and chloride 1.0%. The

aforementioned concentration of maleic acid and chloride in the solution represents

2z



[01331 Exanples 14, 15 and 16 were all performed at 50% of the required
anount of HCl in relation to

S424( 1-1 m noet hypam no] ethyl]-2-nmethyl -L-cysteine to crystallize S42-[(1-
| nai noet hyl ) am no] et hy11- 2- met hyl - L-cyst ei ne nal eat e hydrochl ori de.
Exanmpl es 14 and 15 invol ved direct precipitation of

S42-[ (I -1 m noet hyDam no] et hyl ] - 2- met hyl - L- cyst ei ne nmal eate hydrochl ori de,

whi | e Exanple 14 i | ved ipitati f either the F | Il of
542- [ ( EOORRRSIN 30 Ao TR Ry A Al i RggectvaLy S rsheabarlsad Sl oved by

sol uti %HFB% | getﬂy -ﬁ%ﬁ&— LR ire0 - the secon

,342-[Ei - m%gtgﬁly a 'ﬁzo] et y:'t]gé%&ﬁt }[}‘)ﬁ/i{s}éﬁl&ﬁ/gr%ig?ﬁfgnenqaﬁoggte hyd(rj%rghl oride
t hr ougDMEabiution ed¥{2-kt -heitoeiny Baminolethy b 2-inerthyl-dtcysingdrom karpeR-at ur es.
101341 Exanples 17, 18 and 19 were performed at HCLl | evel s higher than

t hose required for stoichionetric considerations to convert

542- [ ( IEdampiecssmidnxpedinlehis| witiorespédo xo polypstrphiopuritt o crystal | ine
S-[24(1-1rainoet hypam noj et hyl] - 2- net hyl - |- cysi.ei | eat e hydrochl oride. -
Excap! OV (PRGFS psBen s ISR P R BBV L | on of
S42-[( %ﬂ&%&ﬂ%ﬂmﬂﬁ@lﬂq&eﬂ%&m hy&peliSrhdetwith dry4Aligy Btk of

er

de-ioni zed ' re added'in order to take the water content of the

pri mar yofSNR-[§olminpahyhsmisdethy (1 2-mathioe tstrina makeice T g smalbaugtics P they st ei ne
to 1.63% 125 f i | UL was charged to a 500 m jacketed
react oﬁavﬁrt%é%%?@tl Oeﬁ%ggyﬂénggfﬂ%lg%Q A total of 126.58 grans of
acetonitrile were added to the reactor through a punp at ante of 1.4 ni
per m'n]?te ver two hours. Crystals had formed during the addition period.
The syst&® stirred for a total of 53 hours and then the slurry was

di schar geshjanttxhiples, 84 ey of 0fd5ng. HCL toshining hewrdloasfedzedried S-[F[(1¢ r ati on
was extrenely fast. The cake was rinsed wth 83 ni ofggotoni gri ge and air
dried floneafyRempinodeihylidunaihylilyoy{cantsinpeppoxrate #ry 91361 To
7.5 gr ags oPhafeflGichi bEPMY oPMT waft: Yhd 94500f mB&2 DIME whiti 8kt d%R3mIN0] et hyl ] - 2-
met hyl -L=cysteine, "109 mico-liters of de-ionized water were added in order
t o t akescirtidlatt del eguippechwith f magaetisrstirrgr. \Thopspsesion Warstiged to affect a clear
S42-[(1-1m noget h rnin - - i B398 ovddisg sol ution
was chasr"é;@%’“t@@%‘%ﬁmﬁgwﬁ?‘%@m@ﬂ?ﬁ@ﬁﬁ@é \}\ntogﬁl ]agﬁgrag?let |5c bead. A
tot al ohindtel SN@bidits sulsided edbmpletetyi ipenvisy eonalelingh df dhet dhergk| Belkvidlwag. 5 n
aliquots, every three mnutes over. 54 m nutes.  The_.systemwas stitred for
2 Lot Sgred FEtoli FEBIHITS FE e i PHEbeT el Al G rOR ety
filteregaofindd 45thitehpdisutd for forthhousdnd aatwb wil € beetdrttifAterE rddedaTheon was
slow. The cake was rinsed with 4 J&d: of acet(i)nitril .and airdried for

t went y- ey wabtitsd fosanethenhogat 6@ @d heneqalerdy 26 (¢ iponehour disfigeds ¢ he
round b Emﬁ%o .islgxses?&%@%v%ﬁﬁ&h&%&i@ﬁ@ﬁnéﬁﬁ%ﬁxﬁér@&ﬁlﬁss'\ﬁﬁ%l.%le%ﬂ%ﬁn the all

the isolated s [ he wal | represented 65%

icated that the solids on 't
of the washed with 2oviudtacetSEvilp et aindeeddgr badhan fur: Jodids weseqdaced BYA t he slurry

dth | | fd-le ' i | i " ked
and ¢ ey Rl Sy BORsiSl bR alen LIS ST LPPARDAU QS BH o prichEriBE e Packe

S42- | I( 1shibi ang @pirySabite laxli'njoemﬂvfﬁ:])ﬂﬂ i nﬁf—[&[(j Hnngcﬁttei)amnw@dtbﬁémw—ge hi gr i de.
Exa e 9 [013 Exampl.e 9 S. pe r e i.t h. anor us eze drie
Saa T ( Tevsidnepalta o pab i 3 oG e bag b AP b e

appr oxi fafest YydBAI¥EdE hdwtADSE fhalysis isdiedtal Matadie NGim I $he[pf(dcedur e

i nvol ved addi ng 565 of anorphous freeze dried S

. ng 12-
[ (1- | mi Beaesi)amnoiphelHypsthyl-lnsyfigpe Elﬁ{eﬁ?t%?sr?éesﬁtdﬁﬁ‘&ipﬁ?%" appr oxi mat el y
10% wat er), 599 ng of nmaleic acid, 105 ng of 37% concentrated HCl (ageous)
and 2969 ng of DMF to a 12 m vial equipped with a magnetic stirrer. The
suspensExample2 stirred to affect a clear solution. 7.5 ml of acetonitrile

were sl Q i I ' I &ﬂﬁﬁﬁl 10Ut es.
Signifi @Q%%] %’?asgsﬂghnl&zoé @}%&‘é&gﬁﬁﬂg}f&uﬁ ér?gﬁ'?%g addi F%}éﬁ{%} ésa%éee'?gni trile.
The vi alirieteS[S(1Inéshethyantwsidtleip2nethyd 4 -feteinejenritsiningepprozimateln th%hen

filtered o fine.fit,sinfer | as nel .~ The. cake s .washed with 4
M of alEet PR et mAlicaen a0 roT N T 174 el BRI " &
vacuum QufR Ble sbspehision hadfirtddad effedtld cfear soldtidhO 8 8 of acetonitrile were slowly

added to the solution in 1.0 m! aliguots over 50 minutes. Turbidity did not completely

23



[0139] Fig. 6 shows a photom crograph of the product It seens that the
solids are random y packed aggl onerates nade of very small, perhaps
sub-mcron primary crystals. Al the analytical data on oven-dried solids
fromthis experiment confirmed its identity as crystalline

S42-[ (1-1 m noet hyDam no] et hyl ] -2-met hyl - L-cyst ei ne nal eate hydrochl ori de.
Fig. 1, as nore fully described bel ow, shows a powder X-ray diffraction

attern (¢ att f crystalli . .

542 [(1- (sﬂgsﬁdo“g?%?%‘%%ﬁs cr?o‘?é?ﬁ@?ffl-ljz"-f%g?%“WS?}E’E%W@FF&V‘&?&‘BC%}&Och| ori de
obt ai ned citeife inaleateenadridded abbe@gd érysalRoTEe GEMvaI stitrod 85 o6h téhserdtal dendiy
packed aggl oner at eﬁ of the product fromthis exe nPI e. Exanple 10 [0140]
' ExamplBuzgnd S befecso 6 “Cn Gty reimetes JRBRHIToAG! IRAIPBABABIY PEBEY dr | od
SA2-T( 1o wlini . . ' o . C

apprgii rrg%){éligy 100}?%/\9@%%%1, 3%%&%]15%‘3@%@%e%%%%&h%ﬁ%%ﬁ&g%dd 457 ny
of DI watvgth 2vet ef aseldnidrile end ait gried fovhalf archpirgndids wiete placedimgmeciiemsyen r er .

The susp St affe utiQn, of

acet oni tféjlp$:geQElvvaen\r/@:sslﬁ%)Hv‘?/rE 3&/-1%;%8%%4(1& g 8@# aiélglisqc%lo @s.m&%édla/@ %Ifﬁw stirred
at room tapppasbit mnheurftef Fadn hofs-R2-i( D-Iainesthgl hminelethyl ]-2-kethyBLaiysteide of t he
vial was then increased_t 5C.and it wa at this tenperature for 48
hour s. PWE%%‘IWE‘F@)&B%S‘ég‘[ F{%P??P%éybﬁﬁ“éﬁe'ﬁﬁi'g'“b@ﬂifﬁww and after
48 hOUfSh?é]r_ot:lh]@ri@é,BW&&QMEI@EEH&Q&Q%&WIBP@[LL@B phase conversion
to crystalline S 12-[(1-1m noethypam no] et hyl]-2-nmethyl-L-cysteine nmal eate
hydr ochl dmingethibemige lethyllermethyk-Laypigipe salogts waspaeseniiin dhe Broduct-t er ed on a 30
m fine frit sintered glass funnel and the cake washed with 1 m of
acetonitrile. The solids were air dried for 2 hours. Analytical data on

t he product confirmed it to be

S- (2-[ (1 Bz=ampdeet hypani no] et hyl ] - 2- net hyl L- cyst ei ne nal eat e hydrochl ori de.
Proton NMR anal ysis indicated that the product may have trapped DV at
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wat er) , .of | ei c i 124 of DMF and 453 ng of Dl water were
heted 1 o LT TRe et B ok LR g AP RhpiRly Lo BBHEh on v
stirred 0o aigfdfeialdce &di@aid P¥74hd HDME wire 8ddeas®h PRI Mial Suiyped withaw Y added
in 1.0 mM aliguats. ystal | ization seened to have occurred with the

( Cr ) ) , N
addi t i onTREPCHCSIRPT. dhe Bespersian was|sHred eatrbs geariplition dual adieceteniiiet ed to 8
M and t Rarshitlyhdi@siothd oG bndh 1.5%%2@86&%5 Dol i&l%é%xpﬁaé%e&yit s

de-saturate, Tenperature of the vial 5 then increased to~"5
hel d at stisyled appretharompletion ofx4dured pestoniinds chargec Tlrs delpyasatinred ehrpgmsanpl es

- just prigr i n fter, 24 .ho at.the.el evated j.e rature
confir rregfn‘tl#?a tlhlth?;&erI ° aqs%ésd%n?ntégnrhselatgﬁt i oy 'Lé‘w"is(-?t["‘éa-“g[S{nif?n&)a?C s
| m noet hydnyratmre fatfhyy hets and thyd edolaiyts treim enipeaitat THeysrBCkdsalidclgrgbn d

occurred. T l.urr t. 56 C ujckly filter on a 30.n, fine flit
oF ot er aoB P 10e B HERd B et the b NP HE 2 SRoSRRRUn AT ¢ The
sol i ds wefigd R hall b Béhrf SUlidé weedBlBoed M@k Ydulfrdvesl 8t $5 @andD® inREIHE or 24
confirmed it to be SA2-[(|l-1m noethypam no]ethyll-2-nethyl-L-cysteine

mal eat e RQWF-JeHd Apdlysis o e arrdunrlidagishew sny apfireciabiciaronnt of Fermvleof Sridt
trapped RX~ﬁﬂi‘l€0eﬁfyﬂ%ﬁ{ojethyl]-2~meﬂ1y1~L-cysteine maleate mixed in with S-[2-[(1-
Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate hydrochloride, however DSC analysis

indicated that Form I of S-[2-[(1-Imincethyl)amino]ethyl]-2-methyl-L-cysteine maleate was
present in the product.



Exanpl e 12 [0142] Exanple 12 was performed to determne if

S-[240-1 m noet hyDam no] et hyl ]-2- nmethyl -L-cysteine nmal eate hydrochl ori de
coul d be nucleated directly by initiating the crystallization process at
an el evated tenperature and if the filtration of hot slurry could be

avoi ded. 302 ng of 0.13 eq. HCl containing anorphous freeze dried S42-[(1-
| m noet hypam no] et hyl ] -2-net hyl -L-cystei ne (containing approxi mately 10%
wat er) , 321 g of maleic acid, 1223 ng of DWF and 453 ng of water were
added t%xaénli‘f m vial equipped with a nagnetic stirrer. The suspensi on was

heat ed d sti dt ffect i itril
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to | owey to?ﬁxf%ﬁf]ﬂd ARty ntﬁlﬁo@bmﬂ%e%/ﬁd%mo T OEmBYMT dihipps withiamise®s 60 C

for anotRer ours and then naturally cooled to roomtenperature and
st r r edstirer. Thelsospessitnefasrstimbd forrfTect & clemespluiongt 1} placeiopitrilsiwresleylyyl ass

flume. T ke S _I.nse j [ESEE s 42l L1 20

m nut es?‘ﬁ%ﬂgﬂﬂ% F‘Og mﬂ%? g“%lna\ﬁt esé?’%pdsl@ﬁ:ugeﬁgﬁ%sﬁﬁﬁga %%Iﬂ‘éiig tlgﬁhi ne

S- 12- [ (the koinpletdhyfthntinakeeTivijl- Rasmebled to 15 6 snditi twanly-thychoyosh| or i de.
- Exanpl e ?3 93?4%5)1%?8' e 13 “cqﬂ%gt d in DNVE acg{go ilri lF to sinmplify
the sol Venfoldipe mﬁl”&'é’éﬂ%ﬁeg‘?' ‘ \?@Wé’gfﬁyﬁtﬁfhﬂﬁ ]’rfﬁ oF18 13 eq. HCL
cont ai Ny RehnAARWO kel (E@RE Slushy k@ dili§ié & Tt was then heated back to 25 °C and stirred

[ (1- hni noet h)éDam' noj et hyl | - 2- et hyl - L- cyst ei, nesé cont ai nilgﬂlfap roxi mately
10% wat for Your hewrsyEhesturyyayasidischager oma fing St sipjer glﬁéli“?w- BESAX] W al

equi pped., Wi Lid SRS iGnisd ; SBhR oS wiR1£4d P2 60C and

sti rredg?’s\'(yegp?‘gct a cFéetgnrlgsl% lﬁ%‘?ﬁé@o?ﬂﬁﬁg?pﬁé%et onitrile were %_I oW y added
to the sauumicven att4060@nd A8 inchés B FayRdtheour, BXRPouwplypis oo the ropdust didgoter e

observed within 20 Ju nute h il gty LS bl grge. The
ol ur 1y Shed Dt BpEga P it of Fol £ o P EERI L in Mo BEEGRA T b p i

fort y]: f b}&é&?ﬁﬂ r?ﬂkgs ;niiet_:l m&lﬁh s’t[iz;[(EHn?bet_li_ﬁl)Mo]eth&l]%ma&yhh@yﬁt?ﬁn 1f |ml te ][ ed
on a fine frit sintere as unnel . .The .cake ) Wi o]
acet oni ?qaleﬁ@hé(ﬂ@délwd%lg?‘gﬂ’efﬁﬁct%ﬁﬂ?1“&%?@?tﬁéﬂgpil\§§§az&g"then dried in a
vacuum g Re{diinSleMog 2imdfyl MehReinEhakati vaspraent 3d tHe@usduct. Pr ot on NWVR
anal ysis on the solidS prior to oven drying, however, indicated that there

was no trapped DMF in the solids. Oven drying was therefore not
necessary. All the analytical data on air-dried and vacuum dried solids
fromthggaesieyi ment confumed the solids to be crystalline

S42-[ (1-1 m noet hyDam no] et hy1ll-2- net hyl -L-cystei ne nal eate hydrochl ori de.

Exanpl e[lohéglr ﬂlﬁfalmqﬁr@ sExagp 'aﬁd%émeﬁﬂ&f s RfenDwadre@ited BERSZOR A ONEAY
] ;

anor pho eeze led S-[2-[(

| M noet hgdbeg3Hong 0fi§.2§ e@ B chythiningamerphets fregardrisd B (kppr oxi nat el y 10%
water), ;321 . :C,_aCk G v indcditai ]ﬂg‘; 0, ter were
added t%méoitgﬁﬁ&&%{hﬂgguﬁﬁ%%g& 3\% %%ma naféarlllgyga st |H§E%Wfﬁgva§t)§%§nsi on was
sti rr ednigwfaddidc scidand B30 ngpdiDMEio a8 2mhl vél equippainvith 2 regosticstigtolhs added
in 0.5 m aliquots,, | stirred at rpom¢tenperature for, 2 .S to
de- sat urpEsohmermed odtEr i SuRop AT HRERRL R Hee APl 2opi e

Sti rringo1MeH nNUEE! d1RjuoB Boé B miRdich OTHSrbIdiey oflthy syytemtcohVeéSteddrto gublik | y
filtered on a 30 Ml fine frit sintered glass f¥nnel .and the f]?ke washed
with 1 iscp maseeidht botiomeet thmwakaier e cpEpRletiond a‘f%’ﬂ orhargs T3S nut es
and t heg,.phag&ftol °@ iy Ry WIhAUE WHkintRE 2889 nABhbiRe D *0gsats wera f or

observed in the vial, However, they seemed stuck to the walls of the vial and were therefore

scrapped with a spatula and suspended back in the solution. The slurry was stirred at this
temperature for nineteen hours and then discharged on a fine fiit sintered glass funnel. The
cake was very wet, It was re-suspended in 2 ml of acetonitrile and then washed. The cake was
air dried for half an hour. Solids were then air dried in an open crystallization dish for 2

25



24 hours. Analytical data on the product confirned it to be crystalline
S42-[(1- | m noethyDanm no]ethyl]-2-nmethyl-L-cysteine nmal eate hydrochl ori de.
Proton NMR anal ysis indicated that neither the air-dried nor the vacuum
dried solids had trapped DW. Exanple 15 [01451 Exanple 15 was conducted
in DVMF/ acgtonitrile to sinplify the solvent system The procedure involved
addi ng 608 ng of 0.25 eq. HCLl containing anorphous freeze dried S-[2-

4 PN A B g 1

equi ppaﬁgm@dﬂkyl}amﬁﬁgﬂbﬁ]ma—méthﬁﬂecysthamrixeiddnwimsS' RtHi(t+ed to affect a

cl ear solutlon ;BY f acet n|tr|Ie re sIO\gjél gﬁi\;tothe solution in
2 n ally 1 gepniot Pgdrg é‘?‘%e EY20 mi nutes of
t he conﬁj ﬂﬁ, q,g&jtg)_nl tri I e char ge and extensi ve precipitation was
observed wthin 4 hours. The slurry was stirred for 19 hours and then a

solid sanple was wi thdrawn for +in-process check. Thermal anal ysis on the
sanple indicated that it nmay contain some Form | of

S42-[ (1g ;(%H@g%t hyl) am no] et hyll-2-nethyl -L-cysteine mal eate. The slurry
was t her heated to 50 Cin order to selectively dissolve the Form|

of S-P- &}(_[%ﬂ e ot Jﬁ?{ch?ér/ ma'?xgé}gw;%ls]to &cf@ﬁé‘%l:ldh:y%)ﬁi g iRl adtien Sol i d

sanpl e tes after reaching 5 i ndi cated that Form |

of S42- {egﬁndfasrmemirtyﬂ?eaaﬁm]sestdm}ano thoserint Example éﬂtnw@plwedﬁ@%ioé mgef i ndeed
been eI fromthe d f re added
to the 5'? COBITES QP 56%%%6%%'ng%%0%%1%£%@§& t enper at ure.
The slu stwﬁs (dodtachind aprpﬁfiufu@ﬂélya]lm hﬁter}'IMmgloﬂnhhﬁ:mcnimiddﬂﬁm mg®C in five
and a half_hours using a |inear tengeratureth n% [t was .St {‘Uﬁ%&at OC for
forty hBiHStomP mhes eapipped wiha F‘é*?‘?é‘d‘”ﬁlsﬂ

Fil trat 1:195} s\ﬁﬁlﬁeﬁ)@tﬁﬁéﬁk&oﬁﬂuﬂ\é’wei@ﬁo@%d% HESNETon M § 10 rdt alibjucdé over

acetonifrile and air dried for one hour. The air-dried cake wei ghed 198
ng. Thi §0 hmmqse’lfhe wduditynfithe sfsiearsubsided op the cpmpletion plperiopd lgchegsadpecause

five in; Wy duri ng
this exﬁ&?t%%&%? 3% ? ﬁm%hwg@ %%&?thg&as?%gg?%gﬁltnd% é(i:léajdtrngd that there
was O. Oﬁﬁedhﬂuﬁl’andqhﬂn\bak ealtof ad’:etdiﬁ}/ﬁlct was dnisled ditindieg coBtinidrat roul GMpEmAAFY/si s on

t he not u ri or t e cool vvn t,0 0 all en hour
hol d at ‘FFH:‘ ? '6’55(3’85?15 %eﬁlogaope%;ttsl%%%g%igéss ot lellsh%
de- sat UgdeQvds %sﬁéd%ﬂm i ¥f fdetdnitfile anfhisdrizd Yorthaifey &our. Edldiumr& thet bne

oD o LG 2L g My AR B SRt Sha A oo
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Exanpl e 0146 performed to optimze acetonitrile

vol unesmabawlmla@(ém% %{(dtlmmpqthylmcel%ﬂhﬁ WXH&RYSEEW % o i nprove
yi el d) [ joto of 0.25 eq. HC

cont ai n|ﬁ %"a}ﬁr%?‘f) %‘gvg& ggg@%&%ﬁ?%ﬁ%ﬁt I'm %gg‘gr[.ﬂgém nc] et hyl 1- 2-

met hyl - &nmysmﬂ)mé}eﬁuﬂ]az-meﬁgl-aﬁqgm@mM@HW&{I%%&IM e proai®t.ng of mal eic
acid and 1662 ng of DMF were added to a 12 ml scintillation vial equipped
with a magnetic stirrer. The suspension was stirred to affect a clear
solution. 3 mM of acetonitrile were slowy added to the solution in 0.5 m
al i quot Pitussion?6X Biamiilesl-6Cr yst al s were observed within two hours of '
acetonitrile charge. The vial was stirred for twenty-two hours and then

filtereqoi2s] Thérivabadalyists obi thé Mt thediarselidl wmnses willtzavoadeingagriosstagds Wi t h 2
m of acetonitrjle and air_dried. for f 0l i ed in a
vacuum 8Y&4 experimesnts rgpryted #bpyR iR atﬁﬁﬂ?ag*: ‘Ffj}gﬁé’:(l EP’EP%%’%%&“%E%%& s on
the oven :Qéthﬁct sﬁsltéu@egmhll%&b cAlRdizd Ahridd Bk Sodlaswa ob therRicadedapid peiodnt  of

DMVF in the soli Concentration analysis on_the filtrate indicated that

this reetswy A Iwimﬁrﬁwr@ﬂ ePersh A5k T IYss serpdaryapclepiRRRfdPmnd i || pe
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product I he
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at 0.63 tﬂﬂﬁ)ﬁﬁaﬁon of crystalline S-[2-[(1- Irmnoethyl)ammo]ethyl]~2-methyl—L—cysteme rnaleate




equi val ents of HC1 (0.13 nolar excess). 220 ng of 0.13 eqg. HCl containing
anor phous freeze dried S42-[(1-1 m noet hyDam no] et hyl }-2-net hyl - L-cyst ei ne
(contai ning approxi mately 10% water), 232 ng of maleic acid, 31.98 ny of
37% concentrated HC1 (aqueous) and 1164 ng of DVF were added to a 12 ni
vial equipped wth a magnetic stirrer. The suspension was stirred to
affect a clear solution. 3.0 ml of acetonitrile were slowy added to the

Cpon t nevirBrHlel Bt R il e ST e ad SR T b e con

on the yatiyslQysttineand Bl7S ediiealitddf m@sicatidrin 6@ sgiterh(aﬂdiﬂnb@maﬁbﬁ ure for
sevent een hours and then filtered on a fine f|llé sintered g ss_ funnel .

The cakET%@YMﬁéféf spiubrlity ofForgr I of Sel2ol rlminopthy] alethyHrd- bL hal f an
hour . ?1 ési qug e@r Violde Gobkabe ARGV Biough Edig gl dntil@ivegoVvE
unne 0 Wer e

fromthe In a vacuum oven at 55C and 28 i nches
Hg for 2dditionheld pEndidsmt@luamhhgﬁslcsmdmmt?at sepenrsatuiation \yltb Fegpast to Form 1

"~ appr oxi 5% o be
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hyflr ochh@_rsiauﬁal ncﬁxﬁr’ffﬂépﬁrgél&c% 6&113M}F&ménmmturm8emqmﬁﬁ&pnﬁe? gtto 6|3 f
nmol ar equj val ents o mol ar ex e o ut ano or
each mﬁ@%@@%‘@?@yﬂﬁ RSy Y SRS %?i%yd?cf’tl@f‘ﬁ r%ffst ei ne. Spi ki ng
wi th butanol was studi ed because |t %33?% o .enti al r‘?gggurlt, in the

feed S ﬂWPt&thwﬁwe}t‘év %%taéﬁy 8¢ 0.13
eq. HClsgon oft BP#HR RPMSm b ﬁagzs% g'ﬁh anti-solvent addition, cooling or
'S [ 2- [(1 1 noet ypam no] et hyl | met hyl -L- cyst ei ne (cont ai ni hg

appr oxi matueing miBi6 agid eonjent Q@Zeﬁdjoehelnﬁﬁ@C@nﬁ@l\ﬂthrmeﬁw@femﬂwmhm 36.0 ny
of 37% pEASS 2Pl Bh o ey DRAYEQUH RIS b Hyatdioll SeifiPdafer @ 12

nil via ur pp a nagnet| rrer spen5|on was stitred-to
af fect mirtusawithdoth I ofS-[3-[Q- Irﬂmc&thya)amimjethyll Eenea&harlé—syl*stnﬂe;mddnedm o the
sol utiog in 0.5 m aliquots over 25 mnutes. The vial was stirred at room
t enper aPBFPFEE sevent een hours and then filtered on a frme flit sintered
gl ass funnel. The cake was washed with 2 m of acetonitrile and air dried
for half an hour. Solids were placed in a vacuum oven at 55C and 28 i nches

Hg for @&aﬁ?!ﬂs%fREhédxﬁEﬁﬁcﬁﬂﬁé%ﬁ%:ﬁeﬂaf&l cated a nolar yield of

appr oxi mat e 60% Anal yti cal a on the product. fromthis Peri ment
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af f ect &nmpﬂaslﬂ@nnqb@Wl]thmemeLwetﬁde fpdeaterhydpacblocide. Bxampie) , | owered.
Experi rp€qui val ents
of HCln?%’&?%gtnoﬁgar e@é@@&&é@%io&%m %@%@E&M{Fﬂ %%%’%?@Wn% anor phous
freeze dxpeihebtiddnfifcied aﬂthmﬁﬂﬂyﬁamtﬁo:]oﬂtehyéﬂd&eaenﬂn;kldye}syst ei ne (containing
appr oxi nat 10.%water | ei cid, 54 .0 f 37%

cggcent :@13311% ﬁﬁg%f%l %”%Pgn%ﬁggo napsifafe fhat i o
equi ppeg-[pif ;1h1nﬁnm%1mﬁm§of]§ﬂay1qmﬁemﬂih§:c§sﬁﬁeﬁme@e hya@dclflblidd @dldye af fect a
cl ear solution

. acetonitrile were slowy added to_the solution
in 0.5 fystllizedendsceted ovs anviderasge ofivalersder the @@E% pREtRleRpi ey upon the

conpl et & ?ﬁ&ﬂ&ﬁhfm e could be seen on the
wal | s o?&{&he t?/}gg?[ﬁ e Vi was st?lﬁ)r&g%a% lyIF-(%(f;&'srtr‘%ltgéejrrperature for seventeen
hours ab@l3ZhEmamples &9,dd, bhaml H\M@eﬁ]ﬂu?ﬂrfeumﬂd@t%@‘%@f&@sreqwdemouﬂtt@ cake was
washed 0 he cake
had corrglrcg e&a@\%w_ﬁ_ g(ﬁ.cim‘g"‘*ha’?)v’v%é‘l%&f’qw Clﬂll E’?ﬁflb[' %%Sk%%/eem? B’S{%ﬂ%e‘ unnel .
Sol i ds \rieipdedyBamindjahyl po syl eoysainhileata ly@8cliloridec Exiigpled3 24 hours.

[ 01501 Fil analysis in l.d o imtely 58%

whi ch i é"wé’ﬁ &adFP‘EQWFPV ?‘5‘/\%& fﬁﬁ%@%ﬁﬁ%’g@ﬁfﬁﬁaﬁiﬁwﬁfﬁ% s where
HC1 conegiatetiydRhASe, TR Exahiplés i thicRbk 12 aivBlvet precipitafiditsfeimérehs eens

that both the excess and deficienc é YIHZCl in the systemtend to | ower the

yi el ds. Farml gt i ebf-[2H dmdrretlydaps rathyii-evsisipremplrpiat foload Bhed
formati g X 2-
S42-1 ( 1 lr%‘lﬁéno%t ypah‘ill ?OI%V%/S ﬁn 3 C%S §/n y SL[zc gglgfnr?gth ané]g?]gthhilldzr ochl ori de.

Di scussi on of random y packed aggl onerate exanples [0151] Whil e Exanpl es
10 through 19, denobnstrate that

S-[24(1-1 m noet hyDam no] et hyl | 2- et hyl - L-cyst ei ne nal eat e hydrochl ori de
coul d be crystallized under conditions representing severe deficiency or
excess of HCL in relation to 542-[(1-

| m noet hyl ) am no] et hyl] - 2- net hyl - L-cysteine, all of these exanples
represent sub-optimal conditions for the crystallization of



[0152] Exanples 7 and S only differ in the nature of agitation afforded to
the system The fornmer enployed an overhead notor connected to a shaft and
a "half noon" blade that does not touch any surface of the crystallization
flask, while the latter used a magnetic bead in contact with the bottom
surface of the crystallization flask. The bead was agitated with a
magnetic plate. This variable was studied in these exanples to denonstrate
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content of the systemwas 63% (neasured befgre the addjtion of

acet oni bintin)ethyilatminolethd]-2-anqthyldFcystcineonaleate hydroehioyge. Knamples 14and 15

wei ght / weli ' . 11 aI:ufiﬂfﬁ ¢ At theysiyst em was
2. 3% bef V%O%%@E@F?#%ﬁg%@c@{@m tri @gﬁjﬁﬁﬁg@%ﬁg $é§%¥loL g}fs acetonitrik
to DVF wasledte 88drochlovidegiwhilsvBkayple 1d siveolvedqirbeipitation of either the Form I or I of '

842-[(1-Lm th }\nol e = 2- yl - L= cyst.ei.n nd .
S42- [ (I #ﬂﬁiwﬁwﬁﬁ@ﬁmﬁ%iﬁwﬁ A Tolled by solufion; ochl ori de
are hi ghihydigiel ghdse chive@ings caBdilind 8t et [or-Bmindethyiienios ety 2amuhylel- i n
Exanple 9 allowed the acetonitrile tQ DVF ratio tq? %ﬁ i nc easeizd to 1.98,
wi t hout @ifereeatehygipchiozide threyghdieating snd pprxiendes RYd PRRCA AL O of

acet oni t{e{n&)@ragﬁglf’?’] These three experinents are characterized by: a) fast
nucl eati on-and significant crystallization of '

S42- [ ( 1- 101 IiBetmplgsi) B8 pesl 18 Wore perfompadaf HGL levplsthighattham thess tequired for
S,

hydrochl gri de during. . t Qald L ke radd :; esuhid i i_d

de- sat ur%?’lc%lﬁmg ctcﬁgm&se?%%%]% &gl)lérg%([,%l[@ir a e&éﬁgp OWL N ]%t*lﬂ?%éﬁgt@?‘est gr ow ng.
crystal éaemmeiasuistaligneh2H-geinoatbyidahino Fihyds2-methyl-Leystaine wiakaw! or ot her
i ndi cation, of sustained ph s se separation during or upon conpletion of
acet oni t Fydres ge. Detailed definition, discussion and significance of
phase separation would be deferred to the next. sub-section on the

di scussi on of QESD crystallization technique. For the purpose of this

di scussiBmmple s sufficient to say that the |ack of phase separation also
contribu t %‘gﬁlg : j i RSET I_fni &gﬁq) xanpl es.
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el ongat e‘gonﬁetta ftghggfl e cryst31u§&ﬂ’ﬁ?r?rga e-sat g%%ié@gl:a?ﬁseﬂ?%}ough rapi d
crystal ¢ysanctodldng 12518 gtaangf tiysttatiordwareiarged to £E50thel jadetdaeictoryath | ead
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af f or dedintduph aipsipH 6 Sat@ B 1.9 Hl GEGaingte dvea v, Trisadddored disibgiteed
definition of phase separation._ '[0155&1 For_the purpose of this invention,

phase sepfiitian rrofsThgaysier avag Stirardon e itd ofiS3 hrwrsapd dem feis e % system
conpri si Ehgclﬁi-gF%§ ﬁ%t%%{i' 81? )Q/g%ﬂ: F’lﬂ_léhﬂerg&'@ 8 ARAe1OF;itSBbh Fas LRheRf Bst"Phe

crystalline. all'ine sol'ids could resenble a vi'sually
obser vabtake stas clusedmigs 8 Limliof dcstonitrile pod airalsied sartwenfy-fowppesdt yeighet phous,
whi | e thﬁggcond | i qui d phase could

Example 8

[0136] To 7.5 grams of thé primary DMF solution of S-[2-[(1-Iminoethyl)amino]ethyl}-2-
methyl-L-cysteine, 109 mico-liters of de-ionized water were added in order to take the water
content of the primary DMF solution of S-[2-{(1-Iminoethyljaminojethyl]-2-methyl-L-
cysteine to 1.63%. This solution was charged to a 25 ml round bottom flask stirred with a
magnetic bead. A total of 7.85 grams of acetonitrile were added to the flask in 0.5 ml aliquots
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resenble visually and or m croscopically observabl e enul sion, visually and
or mcroscopically unobservabl e enmul sion (for instance due to inproper
sanpling), visually and or m croscopically observable "oily coating" on
the surfaces including crystals in the crystallization flask and visually
and or mcroscopically unobservable "oily coating"” (for instance due to
the lack of thickness) on the surfaces including crystals in the
crystalljzatiaon_ f. 6] P £ t hiestation
of the. “BR R iyt 94 P AR SERRLA! it R RSt &t 72 fofks BRE

SA2- [ (| ahditivoahdyinay was\dijabhipel ka®fitertd ph all5 eyl dine fritainitered flesscfogred.al | i zat i on
O e S E R Tk e Sns bl S Bt SRl 000U
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of S42-[ . . Co o i e )

hydr ochlséﬁégddeﬂﬂ%ﬁ}gﬂegtenﬂg%sg%%ﬁhg%gggé é{illx%'n |ssté&§f]{rzgér%g£’ uﬂ%tfhfbg%hdgf al |
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strength of agitation vai |l ahl e rfaces a additj,o at t he
acet oni talglglloﬁl.ega[&b 1_%9‘16 %93‘881‘31 Wf##@ﬁ‘%%@%&%@y@@[ﬂ?@ oY OeChr s,
two phasgfeatd bjtirdhidrRieent conpositions are forned. For the

S42-[ (1-1 m noet hyBam nol et hyl ] - 2- met hyl - Lcystei ne/ nmal ei c.

acidfflCl lwater/ DVF/ acetonitrile system when a visually or

M Croscqiiaaflik ¥ observable classic-emulsion results fromthe phase
separation process, the continuous phase becones the rare phase with

hi gher d018 dixampled pes pafirmgd with @micnyheus Sacze dtied S-[2-[(1-
| m noet hyRani,nal €t | | :2-et hyl - L-cyst el.ne. cqn t i e..
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coating" results fromthe phase separati-on process, conplete anal ysis of
t he two Pdaequippedbivith 2 glagnpqtic sifrer. Ahe PysprRsiQNf waspiimedinafieaiadess salylon.
however, i oL : Fionfed -
[(1-1i e ﬁg%%}%%&eu{%% Wi yl i ‘??g‘?{eiiﬁ ?eg%g%cqg% ‘ gﬁ%ﬂ%ﬁ t he

or i gi nalSigiifignechystalizatioy| agtirod, during thecadditiones acetdnatrites The visl wasstipkd ghe
phases I e t] t { . of the
Formati SR BierapRE e T a8 Rk s B AR 8 ST UG asCBBGH, 0 "¢
wher e clHsehie wavashedwith 4alisdavadlinile and yir ddial forigif arhoubSotlidd wereul t to

detect visually or m croscqpically. .Theoretjcal Crystallization Mdels
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Bi nary sabreanissiol Hﬂés%ﬁadé%?de@@n@ﬁ!@r}%%%@o—ﬁﬁ&% Blihingabys0ik. BIORESS are
characteri zed by unfavorable interactions (de-mXin bet ween the sol vent

and ant janglyticad data oppyereatiedssolidefemdlifsrparimeneoniimaed iduidoptite ps aystelipe
wat er - acetraiq kL il 1 = VAL < = ace e 0160]
The- sor oatl|-bigonySinRB Rl A LRAGH A o BB iR qaHor B8 R Lt 01
ant i - solmamfullysdesérited below; slotvesra poavdlehi -mag gifirectioh patsah (tbp patteyn)fadr t he

solute. Sol ubild t the,sql ute,i.n e _sal,vent, as high .as. 1.92 .9/ g has
een r oot SR EaPL TSRS Oa iR AR i Prelid T

max: i fZe)_btdil&dSﬁd’rEﬂ@ é’kaﬁfp%d. IRig 7.28hoive BEMpTcrle&;qfsﬁel r:dﬁcﬁ}gﬁylﬁacﬂ(ﬁdl vent An |

emul sifyi agent (a surfacgtant) is ysually dissolved in the anti-sol vent
to faci %68 Fﬁg¥ﬁ%f r@ﬁ#?%@@ﬂ@%eﬁFﬁgéss. Anti-sol vent to solvent ratios
can be as high as 50 to 1. [01611 The process starts by dissolving the
solute in solvent and adding this solution to a solution of anti-sol vent
and enul sifying agent at a controlled rate. Ot= a tenperature difference
is al so mai ntai ned between the solvent and anti-solvent solutions, with
the latter being at a | ower tenperature. Upon the addition of the sol vent
solution, a stable enulsion is created, where the solvent solution is the
di spersed phase and the anti-solvent solution is the continuous phase.
Super-saturation is created through heat transfer (tenperature difference)
and nore inportantly mass transfer (counter diffusion of solvent and
anti-solvent out of and into the droplets of the dispersed phase). The

di spersed phase de-saturates through crystallization in the di spersed




[0162] In QESD crystallization processes, only a fraction of the solute
precipitates out due to the mld super-saturation created by the often but
not al ways used tenperature differential, which is maintained during the
early phases of the process between the solvent and anti-sol vent
solutions. In other words, the initial super-saturation created by
tenperature differential is only noderate (maxi numreported initial
super-saturation in the literature is -40% and even as counter-diffusion
of antiExwnpledf and sol vent commences, the rate of super-saturation
gener at gﬁ&:&ﬁ Eﬁaﬂagx?ﬁf%'% FoliRg ?ﬂ{é}’\b&d&ﬁﬁﬁ% ShofhbRSFedzb aris Lpl-R1-
boundary. nsequently, su procgsses operate under relatively mld
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solubility of the sol ute increases_ in tE,g anti-sol vent Ei ch phase t hrough
di f f usi epstesitrilerera gpyiadded BrA-3 A aliquope L B SRS Sted Rt WOPEPTRER Y at ed

| nducedel bEFoRanFdyaANa Gl Tk PR al HaS iRnlifcreisaioTs “eindanas that
super-saturated sofutions, especially those of protein, protein |ike

nol ecul beld antiisssrapeataretforAs hnuke Phetbingcrdssory SRGIIHSmples JUFhB@dd a furt her

super-sat urat i i ce rafl | y p ithi briunt
li qui d ﬁ??ﬁé‘%é“‘g%‘ea?gs%’f‘g%&stﬁggiﬁg%és‘f@?%%&’érﬁe onggg%{%g%gﬁggg@g%?(gﬂrtgti on or
de-m x: F_@sﬁmne Nr[sqnﬁnﬁﬁ&ﬂgd]ahﬁmmwﬁhiﬂhﬂs&pmmi?]@mm pwinachl badd_ | '
crystallization pyocess,,however chni qu .M _Cr.0sco eadily
it cat eecEt R SRP PTG 75 SRRy THGEe0 SR R ARt PO BT JRPd | ne

sol i ds. adBe d8ke24hed0w iRt PERSS adef@ERNThY solide MefSaifdricMen2 haure
super-saturated phase coexisting wt

ith a |l ess super-saturate r even
under - s Analytiead datp pa the progugt eenimodiit igbe FH3-1(! éﬂ%@ﬁiﬂ%@h‘@i@hﬁq]ﬁgﬁiyﬁi gher
super - sptiy gt d&@ oca88 P261n NMR GEA1YG4 MakaRd idid GRSroReEHH) v
typical “dr'spersed phdse 1 n an enul sion or”a quasi-enul sion of the type
descri bedpped DVE apl.ecmdlen gersmole iof 5-[2-K] dronestilamindethyd2paehddi-es sim | ar
to thoseﬁhomﬁﬂeg Flcﬁ hﬁ h‘ieve al so been reported for processes based on
hi gh sufEFRSEaPHE MOHCTdUCed LLPS. [0164] Both binary and single sol vent
systens exhibiting LLPS type behavior are known. In all cases, the
solubility of the solute in the solvent system of choice is noderate

(number g, at Jnﬂh end are no greater than 200 ng/gran), which is in sharp
cont r astXPBh, sol vent solutions used in QESD type design. [0165] A

signifi t of || at ur KSts on.the [ higs of the
syst ensi‘ﬁ%&l nggﬁ"b‘?lF ltéggn\gr?(@rﬁﬁ@eﬁpp%ﬁwﬁ %‘?‘Z%L%&osr%gﬁ%%%%r [Itznl?gddi tion to
Ej ypi cal 1&]{;@,' %Sfl)irﬁiﬁgleﬂiyl}fﬂ-@&thfypﬂclﬁ}ktfﬂné ec_tdgmﬁuhl i @h%ptb;ﬁhﬁteltj H9k shater), bﬂasle

i agrans al so._exhibit an atypical |iquid-liqui ase separation al so
referre®ad %efﬁé%ééﬁﬂém&ﬁﬁ%ﬁ@%ﬁ# rgof il é‘t%t“%ﬁq %fdggﬁ{h i%ﬂl?glrrrs two
di stinc S 4 B U ot BridtEe Wi ciGOREL B6108dr. emd off t he
‘sol ute.‘%ﬁg&ﬁﬁi%ngéigg%ﬁév}ét%n t _eﬁg’??a%gtrln.represegnts t he concentration
of coeXasttonigilswemtsowly added i wenw@umdgrwtaléfwwnﬁﬁ%%toa@vwm essi vel y
nore super-.satutate | utd of I tlidiing to
rove veraly Gt bt BRofniey el Seb poRleR R S BT, ¢

t echni quesslirey wad skl strobhcemperataresfor it bowrs tosde-sahrhig dEenmemtire §thsiviab| e

procedures;. cl oud i nt .and.te r r.e guench t lefly, with the
f or mer, “Eaﬁéheﬁé’&‘irﬁs‘%gtpir}’ r?éta@ﬂ'bte‘?q%t fdfaagiﬂgs Vai%‘ﬁﬁ%‘gﬁ‘%{%g‘ﬁ’%sgfé%" i xed sol ute
concent kgkioRtdpy Whslufly bhiples it privrt€heating asdigfesr 24 abursat thd ckobted i on i s

cooled to a fixed tenperature bel ow t he phase 'Segié'i ion tenperature and

then t hérengsete.cenfime fpt firades céﬁnﬁe"é‘ﬁalt‘i/?é(ﬂ?lﬂ‘a? éntration. For binary
systems Iﬁ%ﬁggﬂg@y@?f BRAY Sstbine Ihle 0 (FOURIRIZNAA 8kdiEed. OMhet he

co- exi stence ed'the“critical tenperature of phase separation
and t he shwryras §6 &6 vrnguicidy Sliared ariachq misfineAftif sigteradeglass funnebgnd dhafaket r at i on.
[0167] Critigal neent [.0n j b BoleB, Aokl & d3dnd he

" mor phol“@ﬁ%/e‘icvg]fh f%%%f%g{o%%dg%égﬂé%ﬁgsvg eﬁnlg&?\nédtfhp?:g%centratl on less than
the cri tprahikct @nfinent it atbedh]2-f{Ldnemtihyhamind JegrdjL-metiyl 4 ptusteinganateatmi for m y
si zed dropl ets .coqnt ai nj the solyte ri.c se 1s. obser yst ens
W th congBrERao A g ab e e pieted I DI Raed senact oyt btk

nucl eati on and growt h of spherical, uniformy sized droplets is often
observed. In this case, however, the mroplets contain the solute poor
phase. In extreme cases, instead of phase separation, gelation could al so

be observed as the tenperature is |owered below the Iiquidus Iine.
Crystal l'ine domains can often be observed as this gel phase (usually




[0168] For a ternary system conprising solute, solvent and anti-sol vent,
the co-existence surface (see FIG 10) represents LLPS tenperature as a
function of solute ¢/ for a fixed anount of anti-solvent at concentration
c2. At a fixed tenperature, the LLPS properties of the systemare

descri bed by an isothermal coexistence curve (see FIG 11), which gives
the concentrations (cl, c2)1 and (ci, c2)11 in the two coexisting phases |
and 11 generated by starting with solutions of different solute
concentration for a fixed anount of anti-solvent. The partitioning of the
two phases can_be best captured by the tie Iines connecting the points |
and || Brample 12oexi st i ng curve drawn at constant tenperature (see FIG
11). Fo t il G iR D1 -FniRo ' imned as the
poi nt o{r?lgzo]e%a?t%e]%%%*g%%étﬁ o Eg é&ééﬁée conlgi@g?@ﬁ (ci ,eg’éﬁzga{i&eogﬁg%’m%ch c2)11 is
sat i sf i mdthyltheystcuainalonte b drobhlerigocould bemucldateddliredtly finttigtpethat ure i s

descri bed the critical Jine . on the co-exist e surface. hown in
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solution is the up hi f the entire.coexi stence rve rds the
i qui d@@%ﬁwfﬁﬁﬁﬂ?c Ve CYRSARS &Oﬁfﬂmﬁ_ﬁw{%’?ﬂéﬁgﬁ&w&g as the
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for thecqinpedwithjageppetio sisrep A suspepdon Was heafed|ta 69 e and digred dhaffect 1691 As
nore pracini I agank . I (ol i apent, 1.5 i duced
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curve nNpervailizatin was.obfrecthditringfthesdditidn frbeess hewever srysiplstdivbformhe gap
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et oaoBtiE 2h e S B S e Bt ek S P St i SR B s
Criticaps mirsah' tz_nlmvfl attgorli®ild ﬁ'fﬂﬁraddﬂﬂ@&mﬁﬁth? @aRr ﬁ;txvit% efﬁlﬁ lsyiken. e sluﬁy'é he
asymmetry has i cations far the r phol o of  the phase separate
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f r eezi ngydodchidngesyst em or crystallization of solute prior to reaching the
LLPS tenperature or super-saturation. Furthernore, the slope of the tie
lines in FIG 11 is proportional to the fractional decrease in solute
solubility due to the presence of a given concentration of the

anti - soEwampledB the precipitating agent. In other words, the slope of tie
| ines characterizes the effectiveness of a solute-precipitating agent such
as the pndil-Bcinvdal3 Gansagueted inyDMHABtcstonitfilertosiniphify tha sollvent sgssan.tIhepr edi ct
the Iiquid l.ines in.th resence, of e anti-solvent. 101711 ef fect
of o scEBEdR s 208 T PiIE L re G SrBRamed oo SPeE e SiFar 1 o
the pri gmm@my@ms]eﬂ@qai-h&tﬂ A-dy8dirleQootRiihing approdifRli-AC BIVE Watchysiml | y
downwards i.e,, decrease in LLPS tenperature) of the coexistence curve

al ong t#E of Bfserrasidand 1339 g DM do pil A aHyviad pauipppdavithy mopgngtie pitess. The

di Pl CERRALRn WA HEMIE G0 LHo StifrbPoWHRBE clbiRlsbilifiod, ASIIrabtAli Bl wore

encountered | e presence of a precipitating agent or an anti-sol vent
Howev er slowly adfies todlsosolirtionlat 6@ °© in t b aliqroty dvey 2¢ suntitessCryistalsrwereo t he pri mary

solute, ;then,in,addi tion te.,verti | displ ace t ai usual |
o, AR e RO SR bR SLbbn St FRIBNATT At MR Moy R slitbed . e
i s al sofod24 hourk 50 "Thadahsnveslddes DFEC imforigabicnghyten Stywasatitred at 28 °CHot he

critic oints.shifti tq hi.gher ijary solute concentratiopns, while at
the. sanbbbn e e Flserhims Eomatoaey eliey bdsh etk Ve vovies "BF Limdry
sol ut e §oReBHIALAPMS dridd fob 8RBy hfiikes! BEiRGIer&hbe Gliedh aXa886:0HENSO! Ut E 1S
that nore super-saturation is needed to observe LLPS in ternary systens

cont ai Mh§ wdseebinghesdig vasupm fer2shaurs. ReotamNMiberalisis onythe solids piorithe
o _ T T asan™ S
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each species in a binary system conprising of that solute and a sol vent
common to all the species under investigation. The asymmetry caused in

t he coexi stence curve by the presenceiof dissimlar second solutes such as
inmpurities, again has consequences for the relative fraction and

nor phol ogy of the two |iquid phases obtained upon LLPS.




[0173] Cycling through the LLPS surface can significantly reduce induction
times to nucleation well above the LLPS tenperatures (>2.0 C). Nucleation
rate increases in excess of six folds have been reported at tenperatures
greater than LLPS tenperatures by 1-1.5 C. Two reasons have been

postul ated for this significant increase in nucleation rate. First is the
reduction in the AG,,,c because the system approaches the spinodal just
above the bi-nodal at LLPS t erature.. I n the_ spinqdal regiaon density

f1 uct uat i%éhea?ferem%ﬂwseﬁ'aﬁﬁgﬁe %mim#nﬂéra QR Pog MBS PSS IR 1
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needed to maKe a stable pre-nucleation cluster drops significantly,
because ahethyid-eysthiperndpate hydaghlorile. Second, in the approach to LLPS
tenperature, phenonenon akin to wetting of the crystal nuclei surfaces by
hi gh solute concentration |iquid can al so enhance nucl eation rate. The
nucl eat i QP rage ‘{educes back to that predicted by classical nucleation
rate expr ssﬂ’on% as the systementers the LLPS regine. The rates can be
est i mat edon4] itn Eeampkddys Hemg bf 0.05 e dClespritinganaples fsededriat Sqag(i-n t he
solute rich and. so| ute poor phases b si ng .appropr.iate classical
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however, the droplets contain the solute poor phase. |rregular
pol ycrystalline solids with very small primary particles are obtained for
t hese sy®sample HFbwever, if the concentration is significantly higher than

the criti ncentration | At dye . he f tion of a hous -
Sl o) i ERAEl e aodie S riteh it e ar B o atmetened vinen
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gel matrix. The rate of transformation of a gel phase, containi n%?systemto
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L §hé
i nst ead. e reason for slowtransformation i ' ise it related to
t he fact stipensierbivig stipred o afffgct s risar selwtionol & hkoftagetomitrilo wers slewiy agédd towhi ch
in turn ret . r eat j.on [0 . r | P$ based
crystall iﬂgeai%liugl?lmtﬁ]?ggl gg\é%"g&sl’o%%? gb 'T%dt%épdﬁ\%&?wg&gég%%eg %Wﬁvges ﬁd to
t he | ef t tiof coidpdetioniof katdnifpids cHargeand pxrexkivsepracipitdtioh ®gs ebsesvedivithin 4 0 t hose
observed,for ,i:hreyq?tal | i ' '

Sa2 [ (1 - PRPTOERS AW st i 10 bovrapel fhema solid sammle WARPITE R IRTBL Nl or | de

(see FI Ggrcﬁ:)ess chBckS TRETI SHRFESAS thd SanfplP Bidica Rt W itinty dofital R Hoth @ ot i Ch
di sperse [Ehase IS usually} very high. Al so analysis of solute

concent r &tlPd i -Tmineeieylivrinelethylormebrch-sydeise prissle. Thoupmy waribenlas
decr easegged Q@g@ﬁ%}dea ﬁ@]&mﬁ g%%oyel th€ BSmP¥bf S_L;jgg?_onc | usion, basic

observati ons an the cr |1 zation pr Ss characteri zation

data and Immmyaﬁmmammyw?g@mmmm@mm Mihdhengorpral
t oSk VSt { ! t
co-oxi ot BaeuBliy SRR B0 ¢ B b PR of R G R R RT  e ©

desi gn i sncthydi efatetmephidlpnskall iadecvecnaliginated fideshe ddxtred beliderqmat aff | | zat i on
of S42- [(1-Tm noet hypam no] et hyll-2-nethyl-L-cysteine nmal eate :
hydrochl ori de as orderly packed spherical agglonerates. [0177] Al three
designs for a crystallization processzfor :

S-[2-[(1-1m noet hyparni nol et hyl )-2- nethyl-L-cysteine nal eate
hydrochl ori de to produce orderly packed aggl onerates take the procedures
reported in Exanples 7 through 9 for the randomy packed aggl onerates as




[0178] In externally seeded crystallization process for

S-[240-1 m noet hypam nol et hy11-2- net hyl -L-cystei ne nmal eate hydrochl ori de,
anti-solvent solution (acetonitdle) is added to solvent solution (best
descri bed by the secondary DI VEF sol uti on of 84240-

| m noet hypami no] et hyl ] - 2-net hyl - L-cystei ne solution as defined earlier) in
a.controll ed manner such that the total addition time is preferably in
excess of aboqt th%$5 ninEQes and ,nore preferable still, about ninety

mi nut es ACHFRIEP FreGAdeHR BEHYDH P 0etn MV PUTS Hier Earbipe theskwrisdous, for

| NSt anc QerSdrittirea TRISKBTYAWastheRPR S0 P FoPHlididr 80’28l Shen X014 E{ FIR tve and.
intermttently where a small aliquot of the total anti-solvent solution
vol ume iadial{deurs vaing g liveas tempperatima ramp.di was Tiirexiat D€ donfatty haureamspthenmal  when

t he dur ghi t Lvie aliq dditions i ong. enqugh to ensure
t hat rmgiﬂegefra @%eﬁ@?%%‘g%g(g@# r?afﬁlll?eé'st EL?‘&IE orbyasueﬁ(gfxgsﬁé:i%g'gg @@%ﬁﬁsat i on)
that f orvmshédwitei ail of acciopaiic bh@airdeed frrne ho@n T digaeid ARswhrdefrguat e
time to suti.z&qieo. The, anti-sol vent sol éion | s added unti| the turbidity
that reSE (L BsOgRYsTHIeS pRfiTE GBW%SP'“EM Srmdhe Progsss hesaussdie inprocesnpl et el v
subsi de sglid seiidst2Sp RIF0 the 8MB Wk WilEadm Mg ﬁﬁ@&;@ﬁﬂm? ogp@gﬁn' y

a

vi sible on surfaces such as the agitation shaft, agitation e, walls of
the readndysippn thapirideed indicated that thereywis 0.833 walat tquivalennof DMEsingios nt a very

;?2:{ Lr gg?%iﬁeg%cegﬁﬁgﬂgf] g%%isgstaéﬁs%é g*oﬁ% %ﬂr%r%lntop & thY 28t qug EGoCiPiRLs are
| mi noet iyeDEndtersl hotmhyoldBat Zhistantpetatire inydicasedihatthis eptretidiydd act ey dede, such as

1 0,

gﬂ_o\jgi gﬁ&%gge;%pgégim 3y fquieg{’ﬁlgﬁggﬁggnggYe%edute el Loé‘_il;?f;tet oefon etcr Ystal s
S- [ 2- [ ( evdubafire teyiash vaj eddied. Andtyfedl st dir By flo@idt GoliriR@liM6de i N t he

sol vent sol uti atre usl%%*lly needed for the purpose of successful

ext er naFWﬁta@E’égggfa' dripapostyliaminolethpd-guestyl-lsexticing paleate dydreehlerdes ubst r at e
for non-conti nuous phase that manifests itself either as an enul sion or
oily coating. The process is often very slow and takes nore than
forty-eﬁﬁﬂlﬂl’iﬂﬂﬁs before the systemis conpletely de-saturated. The

Brount - BLERRUBKSf i prE Rl T btnin L IS Brer ht M B 1o e o

ext er naid e smeuwdf vialeitaaid (twiaifrove yieldy esdreduce 208 kalonslPB&bidaihesi Fo4shape and

are very Sidn r A, size. [0179] Seed crys n.al so_be created in-situ
during ﬁ%edf?r%s?eqsgﬁ/%’ PP BROBIGET 8%‘?& gtégg’?@ﬂ‘i’é"‘tsﬁé{p@’@&j‘?ﬂ}ﬂ% act as
subst r atretydiL-dybieind (RnRaiig MPKSmPRESK% Rater )14 HiESF aldSeld an@ifbher as an
emul si on or %-Eév co%h%fg uaon phace separation. Nucleation of seed _
cryst al PEPMEFeR 8¢ lgmlspintiflation yial eopipped with e magoetiastires dhoent pri or

top haS@ls?&ﬁﬁfnas{rﬂs@fhmed ©BhafbAlRIE E?Iﬁﬂfm:ﬁ lai rﬂfﬁf{a&tﬁlﬁg’ﬂg{n@ﬂ sifgfiy ﬁng\{‘eﬁ.rto fignt ent

of the solvent solution or slightly reducing the anount eic acid or
pr ef er afflytionin§ 5 ml aliguots peer 26 puimeges. Sirpesels setanbativetwieindwahows of whi | e

keepi nggayeENi - SRS . rnal |y, seeded. crystallization
process.. T(ﬁ%ﬁﬁf%’tht r(':efh(%igrllﬂﬁgﬁ? or In@?%egfg E‘éég%lﬁ?a@%%e%@ ‘35?4(8}%/% ’%rﬂ‘ue rate
of addi sintsredighass fimeelaTiid caboivaewhshed withi Dml of ddewbitiile ahd eif dritdick Agfbhper nal

hi st ory, Qf lyent and.anti-solvent s i .cquld al so be used as alter
the ki nlé?q{‘rb%%g? ngefg?cgﬁlﬂakw OVid ?“r?gudﬁ @%;%d?cg’@s ﬁﬁé"&?\ﬁé’i"&ﬂ Protposition
of the NMR emlyskhn theoven AHWEAILAY trd¥atdd Wit ther® wWabl0 98 G084 GENIEAJri Zat i on
stens f]é%lh fact that seed crystals need not be added ‘externally and
their adottPdhe ??3@%1 Ceatengatiangmalygisionyhe filkratsdndieaterbhat thispeipered samotar

separ at yiel =pproashihd 0% A% iy, BG4l &N %gpr?:?sg(ﬁj &gehts NS dd é&i{té rﬁé{léh%n

process. Added conpl exity enanates from't act at de- ion of the

syst em ¥ddSk dnakytienl gz omBepoodvgt ¢apfinoed Beéete aystallint §-(24idt be control | ed at
| evel s 1,0%, %é}%n“ a i dual.” cancentration of
84\2/ [ (-1 mﬁ%% ypﬂ%hﬂg_?é %Q{I_?f Sﬁﬁ%ﬁg&%ﬁgﬁ 13‘%|'n a Im xture of sol vent

and anti-solvent solutions of a given conposition does not fall below the
level ngede eflgl‘ phase separation nmani fested either as visually or

m cr oscopl Iy emul sion-or visually or mcroscopically observable or even
unobsera#T]eTHeaiblegtivodExagiplol 7 wis forbRE: thé by bABEARSS S[or@n opti mum

desi gn ,of. !E‘ghjl tuojeededcr stallization, it would be preferable if the

i n-si t PrEBEjapelsieyli Wk ¢ysteipesalsate hydraehleride 44 9§ arolarat i os. Thi s
hel ps ensure that the final shape of orderly packed aggl onerate, which to
a certain degree resenbles the shape ;3f the substrate seed crystals is
simlar to that obtained in externally seeded crystallization process
where small crystals are used as seeds. At a nore practical level, this
preference for small size or short | ow aspect ratio in-situ seeds




101801 The final design approach to crystallization for

S42-[ (1-1 m noet hypam nol et hyl ]-2- nethyl-L-cystei ne nal eate hydrochl ori de
crystals as orderly packed agglonerates is to elimnate crystalline
substrate (seeds) prior to, during or after phase separation. In addition
to ensuripg that no crystallization takes place during the m xing of

sol vent and anti-solvent solutions, a nlcroscopically or preferably

visual ly, on s st happen even if oily
coating | ésngsfct\?el-gjgrl %?Aot%%%eﬁ Ogg lg OEWE’&%I@OTPW fgeaep| est
appr oachdm@ S’a[ﬁ ﬁi-ﬂmaaoaﬁlgl)mhﬂny .m@ﬂ{ L eVt

Lm noet h % tgglé L ;egp?]ilc Stygl ne n’gl:eg%tnfaﬁ1 dglﬁ ﬁfb% @’é system
isto fu fltﬁgr il ’tcﬁ’@‘dr 1 %thf"f Eeﬁt@ﬁPQﬁﬂMﬂéH@(&V@uS}\&rﬁi D6t teg dfe

| evel s | pMP*w&SSd@d 14409 acet agnitrile used in
ei t her the external |y S%’%ﬂl%al 1‘& situ segncfeg‘g%?éfs?ﬁﬁ DRPBR2DF ses
descri be®@ ﬁ\ﬂélmwumﬁ@rmk@fab@om&dqmrﬂlamy@bdﬁlmﬂ& smhﬁ:uﬁtiﬂ (ysg{;servabl e

enul si o t oft anies oily coating on the
wal | s o?a htqﬁl.e}ﬁlg’?%szt%a ??a%@% ‘Eﬁo%? ﬁtégp (FRfP PF%%‘@HE% as the

agi t at orhcsmnsommgemhmbomafbalmdmhe %%mhéwal\/\ﬁ'héﬁa% sledidta BA% 5@
agqgl omerat eo{erl cal in overa! hape can be obtai ned fromthe slurry
of such 5% tsuf oF FYSHEgH eé?d%aﬁ%g'{tsmﬁfqﬂcﬁh%fmﬂhbmcbgke

coat i ng was Wﬂhédswﬁlﬁ 2iellef Qée‘lcﬁii@a'lé andiadl BRdfh AR Sh &ﬁ%%&? L 5r§$se$s

scale on the | 1's that _resenbl es randonly packe agg? oner a
slurry i €onightlyandpas fhfﬁwhtqamm ﬁfrf@ﬁhetfhene&-rspbdawmpaiced)m a‘wl'aaﬁlhn bot h

randoml yovgﬁgkgﬁceﬁgzgrn%@ es c ul d. be seen jn the
product. The extent ‘of sca ng Seens ?hﬁ%@aﬂ%{ %t%da B*
vari abl @wa@ﬁﬁﬁ%t Avdlytcal data ao dieqrroduct b@ihaad1tt&b€9@9@ﬂﬂﬁ@8-@2{/(qs ual |y

observahl g, 11 In surr al | ree design approaches to
crystal I I zat are eca?gé %Fyq]lﬂ H@Q %‘&Iéked aggl onerates. The

differences lay in the quallty of t he aggl onerates and al so the ease of
oper abi |4 té{{gn?§ controllability. Based on these three factors, externally
seeded C 1% zati on approach is preferable. Exanples denonstrating all

three appt érifneht B\wagpeaionh f r 182]
Exanpl e%gém@g lgind 22 raepr esen%?t(t?eéﬁtg%{%%‘fdaa?eﬁégogéﬁg%r?%ogfﬁf‘? ion
system

é@@d:pﬂg Of S {20 rminiiiyDeinaikabyls 2ibiand. 24
[ epr eserysiing Spikis

system and Exampl e, 25
denonstrates a non- seetﬁj cry st%l%ﬁih?gﬁuéeﬁttc%e %otenggliﬁmugtyztethefeed
denpnst Pdedél Eﬁaﬁet@rlhmcﬁeqhmﬂ%ade&glglmwmé @30 eI, 18Rq0EEY sRagngnder

certain Sol att h an_oper at| on have many

f eat uregﬁg rac?erl g‘?%jégfﬂﬁ ﬁ%ﬁﬁ%ﬂ&&@ﬂéﬂ%@% dconaiaingl e 20
|[0183]tﬁppr6mmmﬂ3e1@9waﬁsﬂ) gﬁ?ﬂﬁlaﬁn@a@fa@@m%zgéﬂtﬁﬁoﬂ%e% /51£ v 100
m noe a me -L-cysteine (containing approximately 0

wat er) , ’gng?daﬁ'é{]%‘ﬂﬁ%?)é‘\“é li@? Be B PME wereadded ONvF 2amidvidleqtipgediwith of  37%

concent & ata@iktidGlinta THE S4B InsIRI WasaB e lg ]

react or ¥ I nti noe?hypahv?ar?ol etﬁﬁﬁ%%@]t f’ﬂlﬁé%éfde:‘i“&fe?atf’ﬂ%ﬂ% nto a

t hi ck SWP’@F&W% dedge Hresplution iry0.4ml3bquotpoven A6l ntimods. Thémurwmuﬁnea gol ve,

despite em .75 cetonltrlle wer e

added t{)&tﬁﬁgn%ﬁlggl?é f;o%%éiﬁeill%ﬁﬁﬂ 8&&@ Fﬁ%(f %f’%ag@%%tﬁ Fﬁféin?ﬁe hut es.

W t h th’Ehea@étmaswa@fedmmmcfmtmmtmamrhﬁecamehmmbh@%nas%da%?é ned so;

compt ot Ao » aBHR A PG T biles My s Bimaamiondiserd aan o |y

- resi duemhhdylfehidfmﬂpmmn’iaIMleAnﬁl &2l Bath 88 eProd &ﬁﬁ ncentrat ed
11C1 (a ume% ’{j@é&ded 0 the ?telactor toeq)r ]pU%tlﬁ’éIggﬁjggxt eegfl Thi s

addi ti on S St Ie e rgminpethyRaraineletityled-inethy- bieysteind

t her ef ahsledd b Elﬁm?dechﬁld L cr ease the

sol ubilify of??ﬁe sy stem@%ﬂ@gﬁg éé’g&m rgsfll&ggm% ém%ﬁ%

re- di s<BISGERP Wﬁ%tﬁalﬁffMelmfmmgsmessumowemddwm addi ti on. The

solution was stirred overnight at 350 rpm During the hold period it did

not crystallize and therefore 400 ng of seed crystals (that is,

crystalline $S42-[(1-1m noet hypam no] et hyl]-2-nethyl -L-cysteine nal eate

hydrochl ori de) were used to i nduce nucl eation. The systemwas stirred for

anot her 48 hours and then the slurry was discharged in 300 m aliquots on

a 350 m fine fit sintered glass funnel.
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[0184] Filtration was extrenely fast. The cake was rinsed with 100 m of
acetrmttile and air dried for one hour. It weighed 46.64 grans. The
solids were placed in a vacuum oven at 50 C and 28 inches Hg vacuum for 24
hours. Oven dried solids weighed 42.96 grans. [0185] This represented
approximately 89%recovery on wei ght basis and 65% on nol ar basi s.
Concentration analysis for the zwitterion and HCl1 on the filtrate hel ped
cl ose t%& MaSsS b]iebl ance and verify that HClL was stoichionetric throughout
the cry&BFPRSEPon. Fig. 8 shows various SEM pictures of the product. It
i's quit ¢pmry9] Bepdrichén® MR8 peSornttdtat .58 m@a&&gﬁwaﬁﬂ& oP HOU (0-E0m&lar @Jce@?.t
nmono- di spersed popul ati on of orderly packe in

.aggl onerates, spherica
shape. R2hmgpfgHara Wmnmm@ahp%fﬁqe%d%ﬂg g‘@s[(hﬁ@@@*ﬁﬂﬂ%"k@ﬂpl e and

the ran a [ e [ T . X-ray
i1 acerinr el iRk BRR | 0 R0, RS me Rl R DAL

di f f r actbof 8% patdesirated HCT (aqueckx)canyl [18900g df iDME svese added totahl shdple ,

di fferences hetween the two | i ds da not have, an earin n_t eak
shape of9f: ﬁ’?ﬁf : a$§§? SHIFET TRepEen 3@5?@?‘%&3Ia}%a‘gtaéﬁegﬁ&rhﬁgnp?@&@ct from
thi s exafdetnitHicGverSsioWBRided'® iRaseRRicRAL Ol mMitfuots@erSyhinales.  Tugbidity

S12-[ (1-1.m nqet hyDam nol et hyl ] -2-nmet hyl- Lcystei ne mal egt e hydrochl ori de

obt ai nequisidsdremplgisly won thrompltsn et @e.chﬁsa’(&ﬂ"@vmmmf@sfeﬁ@ %ﬂ?@et i ve of

Exanpl e o2l sk Sl R ieAnal TEEviNmRsafled btrobtldihp @it 18 R5itsendRdrs denti fy

better mxing conditions for dissolving

S42- [ ( 1-ahdriben Sittrppems fivg Gitisintgredelasstfgnel - Thesrks wes vepbpdith Banledr | y st ages
f th .. 1,018/ il i i [ d
o 82" gr BraORF et Hiioeg 1514t o R, Fho Rl Bfpitnscd Yy el il vl 20T

j acket ediffiedticaémovEfeons it fameldslidd were @lhcad iy acummoten #fSEECtand 281 ear
solution. 43 . 3_dr of anorphous freeze dried .342-[(1- '

| mi noet Wba%ﬂgffgﬂggﬁw] -2-net hyl - L-cystei ne (contai ning approxi mately 10%
wat er) verse] these adtask ih@icitbea ioRe Eﬁld SNghptdxinslySRYA, kbithad sipQficamiyf or two
hours to conpletely dissolve all the solids. Agitation was increased back
to 275 Apreraia tea B nPpbssived dnexpsriments whgre BChemeentiagon wes degeniot8e in 15 m

al i quot %to%ﬁfgﬁ&ﬁttﬂer@o%‘éﬁr th-ghﬁotﬁ aiet&g%g aﬁ@ﬂ%f%c‘i@ﬁy 8t HPFin thd §Rfen'PON t he

conpl etion o e acetonitrile charge. ny seed crystals (that is,

cryst al lténdgo Bar fhe yieldsriAmalatita) dation leqirheguct fpnrthisteyperimeny eandirmed mal eat e

hydr ochl.or | d j i | 45 hours.
The sl ur" ?@a%g%oﬁsg ar g%gz'f(g'lé%% e%ﬂ%%#%ﬂ%?ﬁfsi (2)??5 3 é‘ﬁa}sﬂk h{e?ﬁaééa?%t sintered
gl ass f tp@ethlofid¥188] Filtration was extrenely fast. The cake was rinsed
with 60 m of acetonitrile and air dried for one and a half hours. It
wei ghed 36.50 grans. The solids were placed in a vacuum oven at 50 C and

28 i nchqxgdﬁ&immﬂuémy kbW SomEMeexthimses Sol | ds wei ghed 36. 42 grans.
Thi s represent ed_approxi mately 94% recoveré on vveL_?h.t basi s .and_ 7Q0% on

mol ar  bd&&d] Wdlsdaamplesi19ihuangh 14 demerstratefpat A2 i klmretarpnmealetpilt he
filtrat %ﬂi&h@% 11B%e clﬁa%&%ﬁm%yﬂﬁie\a Lﬁlﬁ?’tcoﬁ!g’aioﬂyas

st oi chiometric throughout the crystallization. Overall shape of the
cryst al sepaeseniitigescvardefinensy oneicpssof &G ierdgionTalt[e-[@-sumari zes anal yti cal

data on.the product. f.r t hi xanpl e. | 0 jective of
Exanpl e I%o&gxgﬁggﬁ%&ggﬁ-gﬁh@hg— g‘blp'é' 5 ko gﬁx%[%%l&e%%%%/egg guﬁ’fog’l&gf% HCl t hat
t he systemndigaisifer thotrgstallieatikintdf SH2-[{lokiingethyiintindlety§+2-nbdyFocyatihon of
orderly maleate hydrochloride. This discussion would therefore be limited to the more optimal

procedures for crystallization of S-{2-{(1-Iminoethyl)aminolethyl]-2-methyl-L-cysteine

~ maleate hydrochloride that are best captured by Examples 7 thrbugh 9.
[0152] Examples 7 and § only differ in the nature of agitation afforded to the system. The
former employed an overhead motor connected to a shaft and a “half moon” blade that does
not fouch any surface of the crystallization flask, while the latter uéed a magnetic bead in
contact with the bottom surface of the crystallization flask. The bead was agitated with a
magnetic plate. This variable was studied in these examples to demonstrate that the randomly
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packed aggl onerates. The total HCL content of the system was approxi mately
0. 73 nol ar equi val ents as opposed to the typical 05 nolar equival ents.

[ 0190] 55.97 grans of naleic acid, 307 grans of DMF and 10.78 grams of 37%
concentrated HCl1 (aqueous) were added to a 1.2 liter jacketed reactor. The
systemwas stilled at 275 rpmto affect a clear solution. Agitation was
reduced to 50 rpmand then 52.2 grans of 0.23 eg. HCl contai ning anor phous

freeze cpap]eeld agg@n{e(aledlmmvmmd'd'egmjnp]emywds-nﬁt cmxfdimﬁed_WAl I ﬁfﬁ @idsf (cont ai ni ng
appr oxi 10% wat.e re added to the reactor,. the $S42-[(1-
o kel BAd B bt SR RG Rk bP o s Ra8 Pty Tk ReShOmertit o5 and
the sti reemdspBeshckdgplieiceasathol 3ndcs RABpdridas (0¥ Eiethlﬁplz §@t. BbthQhe

al’i qu

acetonitrile to be added, 695 ml were added in 20 ml S over ninety
m nut es FarBleeusedd-Oeaplat eayivalents-afanaleie Brid apd 0 molgepivainshicf E Gl fotxadh t v

Ld id s s . : ; ; ' di duced.
but & br s coy 140 SHRREAS e BT > Fo 11 BB O et Sy o e
of DVF westemad beldiabl-63% (meassiralbefare thessidition of hestomithile) rvalsiedberagodf t hen t he
t . it h 53 ) hat_ is, tal]i
T L TACTNCTENCTRIT

It was systemeds Ra% Befoleakt lditurdfagetbdite WhiR td @b b Ladhithle®s DRIGE at i on
had taken place. The remaining 55 ni _of acetonitrile fromthe original
char ge pTA5a-ShEm ey veiphs baim Both S12-(h dmasaciaD okl trsdiyl Lo swiRiae
react or ;aag-[p | 2 : ' .

[ q(lvmn&fmyl)raﬁﬁﬂ]&ﬁyl?&%é}ﬁﬂ RAyha SialedVP g?%%clgééﬂ%%g/g BE ¢ han

concentration at this stage of” the process was foun
t he typiselpleyswater pushtherefons the useof axtrg wateran ExempleGrallawed 116 seqjomitrilé ent s of

N e e A L s e e ek T

si nt er ecdddibioms of fcsfonitdilei n 200 ml aliquots. Filtration was extrenely fast.

The cak ' dwth 80 ml of acetonitrjle and air drjed for one and a
hal f hoﬁ?%ﬁf F@éiggﬁﬁ%gﬁ’e‘?,@ﬁ% (i 'F‘i %ﬁ'ﬁt q)\igk'%t“ﬁ‘l aé‘géﬁg‘} vacuum
oven at cheGllaator2& S-12J0BSmingeth FyamiRb eyl P4 nid@iyl-8 cySNERB nilidsgd SOl i ds

wei ghed 3&. gﬁa&%’la . This represented approxinmately 78% recovery on

wei ght . &P 81 aceiratril gddigon resubing o mpidsls-samedtips iof thesystene; not her
i quor S3RER-RH: | R r.s after it,
i ndi cat eg a _negéareéé%%toit%% %?é%%fﬁﬁé %&g%&%ﬁ@rﬂﬁg fﬁol%%%fép&?ﬁu%s’%n&
S-[2-[( £nme Yo RY/8her R Fasion il puspaingsdathiage separetjart diring of npadoutpletion ofhl or i de

i on ana | ' p rify,t.hat HCl ui val ent at e
onset ael R R, RUSASAIAD R b bl pfite Epion would
| mi noet hg gefrrrertbloghdmyexi sub-seetidn/dn the disstsione JEIDAGYstiieitioh techhigne Fef t he
crystal d simlar to that .seen.in the precedi ng experinents, however
t he bul %‘ef]’glf?ﬁsgfg??fs% dfsﬁlésslf’(%ﬁésrsugé‘a?f'g(ﬁo 8 ‘gf‘&‘ﬁ?la?lf)‘&\‘lﬁﬂh sergBAEion adsormar i zes
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e H

char act ef.i i on data for Exanples 20-22 Exanpl
?JlSi]a]t.n tge absence of phase seprrarpaﬁon, fast crystallizartggn leads to either the formation of

very small needle-like crystals, if most of the de-saturation occurs through nucleation from a

solution, or slightly elongated needle like crystals if more de-saturation occurs through rapid
crystal grdwﬂ; along the long crystal dimension. Either scenario can lead to randomly packed
agglomerates through compaction of cake during filtration or even in the crystallization flask
if high agitation is afforded (for instance an rpm greater than 350 in Example .

Detailed definition of phase separation

[0155] For the purpose of this invention, phase separation is defined as any state of the
crystallization system comprising of more than one liquid phase and or solids that are not
crystalline. These non-crystalline solids could resemble a visually observable sticky mass

usually but not necessarily completely amorphous, while the second liquid phase could
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resemble visually and or microscopically observable emulsion, visually and or
microscopically unobservable emulsion (for instance due to improper sampling), visually and
or microscopically observable “oily coating™ on the surfaces including crystals inthe
crystallization flask and visually and or microscopically unobservable “oily coating” (for

- instance due to the lack of thickness) on the surfaces including crystals in the crystallization

 flask. '
[0156] Phase separation seems to be a manifestation of the “emulsifying agent like” nature of
S-[2-[(1-Iminocethyl)aminolethyl]-2-methyl-L-cysteine in the crystallization system
comprising DN.[F, acetonitrile, water, ma}eic acid and HC. It occurs when a certain
concentration of §-[2-[(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine at a specific water
content, maleic acid and HCI strength in a solution of given DMF-acetonitrile composition is
achieved prior to or during precipitation of S-[2-[(1-IminoethyDamino]ethyl}-2-methyl-L-
cysteine maleate hydrochloﬁde. The extent of phase separation is a strong function of all
these intrinsic process parameters, in addition to variables such as the strength of agitation,
available surfaces and addition rate of the acetonitrile.
[0157] By definition when binary phase separation occurs, two phases with different
compositions are formed. For the S-[2-[(1-Iminoethyl)amino]ethyl}-2-methyl-L-
cysteine/maleic acid/HCl/water/DMF/acetonitrile system, when a visually or microscopically
observable classic emulsion results from the phése separation process, the continuous phase
becomes the rare phase with higher acetonitrile percentage and lower S-[2-[(1-

Iminoethyl)amino}ethyl]-2-methyl-L-cysteine concentration than the original single phase

solution. Conversely, the non-continuous dispersed phase becomes the dense phase with
lower acetonitrile percentage and higher S—[Z-[(l-Imjnoeﬂlyl)énﬁno]ethyl] -2-methyl-L-
cysteine concentration than either the continuous rare phase or the original single phase
solution. When iﬁstead a visually or microscopically observable “oily coating” results from
the phase separation process, complete analysis of the two phases becomes difficult. Analysis
of the continuous phase, however, does show a higher acetonitrile percentage and lower S-[2-
[(1-Iminoethylaminolethyl]-2-methyl-L-cysteine concentration than the original single phase
solution. In fact, these characieristics of the phases could be used as the ahalyﬁcal test to
determine the onset of the formation of stable phase separated system, especially under
conditions where classic emulsion or observable “oily coating” may be difficult to detect

visually or microscopically.
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Theoretical Crystallization Models

[0158] While theory plays no part in the instant invention, the fo]lowmg mechanisms are
described to better acquaint those skilled in the art with the processes of the present

invention.

QESD based crystallizaﬁon

[0159] Binary solvent mixtures used in QESD based crystallization process are characterized
by unfavorable interactions (de-mixing) between the solvent and anti-solvent. Typical solvent
combinations include water-acetone, water-acetonitrile, ethanol-cyclohexane and water-ethyl
acetate.

[0160] The solvent tends to have very high solubility for the solute, while the anfi-solvent is
often characterized by negligible solubility for the solute. Solubility of the solute in the
solvent as high as 1.92 g/g has been reported. Solvents with high solubility are in fact
selected to maximize the strength of interactions between solute and solvent. An emulsifying
agent (a surfactant) is usually dissolved in the anti-solvent to facilitate the emulsification
process. Anti-solvent to solvent ratios can be as high as 50 to 1.

[0161] The process starts by dissolving the solute in solvent and addiilg this solution to a
solution of anti-solvent and emulsifying agent at a controlled rate. Often a température _
difference is also maintained between the solvent and anti-solvent solutions, with the latter
being at a lower temperature. Upon the addition of the solvent solﬁtion, a stable emulsion is
created, where the solvent solution 1s the dispersed phase .and the anti-solvent solution is the
continuous phase. Super-saturation is created through heat transfer (temperature difference)
and more importantly mass transfer (counter diffusion of solvent and anti-so}vent out of and
into the droplets of the dispersed phase). The dispersed phase de-saturates through
crystallization in the dispersed phase. At the harvest point, there is only one liquid phase
formed through the counter-diffusion mass transfer process described which has been
described.

{0162] in QESD crystallization processes, only a fraction of the solute precipitates out due to
the mild super-saturation created by the often but not always used temperature differential,
which is maintained during the early phases of the process between the solvent and anti-
solvent solutions. In other words, the initial super-saturation created by temperature
differential is only moderate (maximum reported initial super-saturation in the literature is

~40%) and even as counter-diffusion of anti-solvent and solvent commences, the rate of
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super—sa:tm.‘ation generation is slow because of the slow transfer across the droplet boundary.
Consequently, such processes operate under relatively mild residual super-saturation for
much of the duration and are therefore characterized by slow overall de-saturation rates.
Another common feature of such processes is that the concentration of the solute in the
continuous phase actually increases, albeit only slightly, as the solubility of the solute
increases in the anti-solvent rich phase tﬁrough diffusion of the solvent from the dispersed
phase.

High super-saturated indnced LIPS based crystallization

§0163] There is growing evidence that super-saturated solutions, especially those of protein,
protein like molecules and systems that make colloidal solutions can undergo a further super-
safuration induced separation into two meta-stable “non-equilibrium” liquid phases of
different compositions. The on-set of phase—Separation or de-mixing on cursory inspection
resemble typical cloud point fora crystallization process, however, techniques such as
microscopy readily indicate that the turbidity 1s not due to the formation of crystalline solids.
The de-mixing process inherently creates an even more super-saturated phase coexisting with
a less super-saturated or even under-saturated phase. Crystallization initially commences in
the higher super-saturation phase, wﬁich can for certain conditions resemble a typical
dispersed phase in an emulsion or a quasi-emulsion of the type described in the preceding
section. Agglomerate-like morphologies similar to those shown in FIG. 8 have also been
reported for processes based on high super saturation induced LLPS.

[0164] Both binary and single solvent systems exhibiting LLPS type behavior are known. In
all casés, the solubility of the solute in the solvent system of choice is moderate (numbers at
high eﬁd are no greafer than 200 mg/gram), which is in shérp contrast o the solvent solutions
used in QESD type design. |

[0165] A significant body of literature exists on the solution properties of the systems that
exhibit LLPS under super-saturated conditions. In addition to typical transitions such as
solidification below the liquidus, phase diagrams also exhibit an atypical liquid-liquid phase
separation, also referred to as coacervation, wherein the meta-stable solution forms two
distinct non-equilibrium liquid phases with unequal concentrations of the solute. The co-
existence curve on the diagram represents the concentration of coexisting solute rich and
solute poor liquid phases as a progressively more super-saturated solution of the solute is

created by continuing to move vertically downward from the liquidus line.
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~ [0166] Experimental techniques to establish the co-existence curve include two very simple
procedures; cloud point and temperature quench methods. Briefly, with the former, the
opacification temperature is determined for each fixed solute concentration, while with the
latter the super-saturated solution is cooled to a fixed temperature below the phase separation

- temperature and then the two co-existing phases are analyzed for concentration. For binary
systems (solute and single solvent), the maximum temperature on the co-existence curve is
called the critical iemperature of phase separation and the corresponding concentration is
called the critical concentration.
[0167] Critical concentration plays a pivotal role in establishing the “morphology™ of the two
phases. In systems with concentration less than the critical concentration, nucleation and
growth of spherical, uniformly sized droplets containing the sohite rich phase is observed. In
systems with concentration greater than the critical concentration, again nucleation and
growth of spherical, uniformly sized droplets is often observed. In this case, however, the
droplets contain the solute poor phase. In extreme cases, instead of phase separation, gelation
could also be observed as the temperature is lowered below the liquidus line, Crystalline
domains can ofien be observed as this gel phase (usually amorphous solids) containing
system is cooled to temperatures below the co-existence curve. In systems with concentration
very close to critical cloncentration, two inter-connected domains appear.
[0168]} For a ternary system comprising solute, solvent anﬁ anti-solvent, the co-existence
surface (see FIG. 10) represents LLPS temperature as a function of solute ¢, for a fixed
amount of anti-solvent at concentration ¢z. At a fixed temperature, the LLPS properties of the
system are described by an isothermal coexistence curve (see FIG. 11), which gives the
concentrations (¢;, éz)' and {c;, )" in the two coem'sting phases I and II generated by starting
with solutions of different solute concentration for a fixed amount of anti~sol§ent. The
partitioning of the two phases can be best captured by the tie lines connecting the points I and
IT on the coexisting curve drawn at constant temperature (see FIG. 11). For a ternary system,
the critical point (¢, ¢2)° is defined as the point on coexistence plot where the condition (c;,
c2)! equal (e, c2)" is satisfied. The location of this point as a function of temperature is
described as the critical line on the co-existence surface. As shown in FIG. 10, the net effect
of adding a fixed amount of anfi-solvent or precipitating agent (such as polyethylene glycol)
to a solute-solvent solution is the upward shift of the entire éoexjstence curve towards the
liquidus (which may itself move upward but not to the same extent as the uvpward move of

co-existence curve), in addition to some distortion in the symmetry of the shape of the curve
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itself. The latter has consequences for the composition of two phases and their relative
fractions.
[0169] As more precipitating agent or a stronger precipitating agent is introduced in the
solute solvent solution, the shifts become more pronounced and the curve more asymmetric.
The net effect of these shifts is that the gap between the liquidus and coexistence curve
reduces as LLPS temperature increases and consequently, LLPS occurs at even lower super-
saturations. Critical point moving to lower concentrations of the solute due to the asymmetry
has implications for the morphology of the phase separated quﬁid phases.
{0170] The slope of LLPS temperature as a function of anti-solvent concentration at the
critical point, the critical temperature and the concentration of the anti-solvent can actually be
used to calculate the LLPS temperature in the absence of the anti-solvent by the mathematical
model developed in reference 15. This is extremely attractive when LLPS of a solute solvent
system is not accessible due to either freezing of the system or crystal]izatioﬁ of solute prior-
to reaching the LLPS temperature or super-saturation. Furthermore, the slope of the tie lines
in FIG. 11 is proportional to the fractional decrease in solute solubility due to the presence of
a given concentration of the anti-solvent or the precipitating agent. In other words, the slope
of tie lines characterizes the effectiveness of a solute-precipitating agent such as the anti-
solvent. Consequently, this information can be used to predict the liquidus lines in the-
presence of the anti-solvent.
[0171] The effect of a second solute (such as structurally related impurities) similar to the
primary solute is usually limited to vertical -displacement (usually downwards i.e., decrease in
LLPS temperature) of the coexistence curve along the temperature axis for the binary
system'®. During these displacements the curve retains its shape, unlike the situation
encountered in the presence of a precipitating agent or an anii-solvent. However, if the
second solute or the impurity is dissimilar to the primary solute, then in addition to vertical
displacement (again usually downwards) along the temperature axis, the shape of the
coexistence curve is also distorted. The curves become increasingly asymmetric, with the
critical points shifting to higher primary solute concentrations, while at the same time the
maximum LLPS tefnperature shifting to lower primary solute éoncentrations. It seems that
the net effect of a second solute is that more super-saturation is needed to observe LLPS in
ternary systems containing a second solute phase such as an impurity.
[0172] In the context of LLPS based design, the dissimilarity between solufe species is best
captured by identifying the differences in the critical point for each species in a binary system

comprising of that solute and 2 solvent common to all the species under investigation. The
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[0192] The primary objective of Exanple 23 was to understand and establish
appropriate primary crystallization conditions for the formation of
in-situ seeds used as substrate for the orderly packed aggl onerates and to
reduce the total crystallization tinme. Acetonitrile was increased by 10%
on the anmpbunts used in Exanples 19 and 20 and no seedi ng was perforned
upon the conpletion of acetonitrile charge. [0193] 15.00 grans of the
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crystals (shape and crystallinity verified by polarize I ght m croscopy)
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over al | wehaipf aRMRE] f¥dIEindihdes by@fzgh&ollﬁé coderdRROSBd Oad A1 I cal

shape seen in Exanples 20, 21 and 22. This difference was attributed to
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[ 0196] Ocdiricy fivin themspewtive sapey-sdivatin iutthesoluddt rich and solute poor phases by
S42-1(1-.00.n h i.nal.et hyl J.- 2- hyl L-cyst ei ne solution were added to a
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was sti ?%ﬁ%&gf’i@m} AR ths cgfipal cpneenfiption, sdaion (Hemio thetfompatim ofcet oni tri | e
were added to the solution in 3 m aliquots over sixty mnutes. The
solution becane very turbid with the addition of the |ast aliquot of
acetonitrile, however, nost of the tygbidity subsided within fifteen

m nutes, |eaving behind thin oily coating on the walls of the reactor. The
reactor was heated to 55 C (tenperature of the jacket) in order to
determne if the oily coating could be dissolved. The operation did not
succeed and the reactor was cool ed back to roomtenperature. The system




[0199] Filtration was fast. The cake was rinsed with 10 ml of acetonitrile
and air dried for one and a half hours. The solids weighed 1.57 grans and
had all the major features of the orderly packed aggl onmerates when

anal yzed by scanning el ectron mcroscopy. [0200] Sone solids were
observed to be plastered on the walls of the reactor. This scal e was
renmoved by slurrying in 25 ml of acetonitrile and then filtered on 150 mi
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Additionally, the ‘gresence of excess nmaleic¢c acid dranati caI |y increases
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nmet hanol COPC% tﬁh %e IFE%QE?%%Q?&GO%%%% des?o'gél?eb dgﬁgﬁ%]vzémwgls&égvel oped
and de mmB—f[malbaﬁylf)ﬁtmhh]eth&l]LZ—methyleLcysteme maleate hydrochlioride as orderly packed

spherical agglomerates.

[0177] All three designs for a crystallization process for $-{2-[(1-Iminoethyl)amino]ethyl]}-2-

methyl-L-cysteine maleate hydrochloride to produce orderly packed agglomerates take the

procedures reported in Examples 7 through 9 for the randomly packed agglomerates as the
starting points. Major modifications include changes in the level of maleic acid, water content
and acetonitrile to DMF ratio. The ratio of acetonitrile io DMF on weighi/weight basis is
relaxed from either 1.4 or 1.8 to whatever is necessary to achieve phase separation prior to or
during early stages of the precipitation of S-[2-[(1-IminoethyDaminolethyl}-2-methyl-L-
cysteine maleate hydrochloride crystals. Maleic acid molar equivalents in relation to S-[2-[(1-
Iminoethyl)amino]ethyl]-2-methyl-L-cysteine is increased to at least 2.2 from 2.0 and water
content of the system prior to the addition of acetonitrile is at least 2.83% on weight basis.
Increase in the levels of maleic acid and water enhances the solubility of S-[2-[(1-
Iminoethyl)aminolethyl]j-2-methyl-L-cysteine in the solvent solution and therefore helps
ensure that the concentration of S—[Z—[(1—Iminoethyl}amino]ethyl]—Z-methyI-L-cysteine ata
specific water content, maleic acid and HCI strength in a solution of given DMF-acetonitrile

composition does not drop below a specific level needed for phase separation manifested
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[ 0205] Maleic acid (23.57g - 1.5Eq.) was charged to a 500nL roundbottom
flask. Methanol (160g - 4g per gram was added and the flask was stirred
to forma clear solution. S$S42-[(1-

| m noet hypam no] et hyl ] -2-met hyl - L-cystei ne mal eate hydrochl ori de (40.00g)
was then charged to the round bottom flask and dissolved to forma cl ear
solution. This solution was charged to a jacketed 1L reactor operating at
r oom t emSeheres visnallygirieioserpicaly solsion @ ¥isualpnor nficRe®picaliy bimesabb44g -

17mL per ' E . Qb . peri stal ti was galibrated to
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agitation, . After 1 hour .20 nj nutes of additjon (44.68g of acetone

r emai ni ngt 15 %%-salaatgaﬁumw%gélw solgtipnandarspaiformeha relptivelymilfyevelsr bi d.

The acet @ngriggighti on was stopped, and 400ng of seeds were added. Agitation
was set to 240 rpmand stirred overnight. The crystallization m xture was
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itself either as an emulsion or oily coating. The process is often very slow and takes more

than forty-eight hours before the system is completely de-saturated. The process can,
however be accelerated, for instance, by increa.sirig the amount of seeding. Orderly packed
agglomerates obtained from this type of externally seeded crystallization process are often
spherical in shape and are very similar in size,

[0179] Seed crystals can also be created in-situ during the anti-solvent solution addition.
These crystals can then act as substrate for the non-continuous phase that manifests itself

either as an emulsion or oily coating upon phase separation. Nucleation of seed crystals can
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Tabl e 2: Residual Solvent Content Exanple No. Methanol Butanol Acetone 27
(met hanol / acetone) 0.64% N A 1.37%

be promoted in the mixture of solvent and anti-solvent prior to phase separation, for instance
by slightly reducing the water content of the solvent solution or slightly reducing the amount

- of maleic acid or preferably by altering the rate of super-safuration generation, while keeping
everything else the same as for externally seeded crystallization process. The latter, could for
instance be achieved by altering the rate of addition for the anti-solvent solation.
Modifications to the thermal history of solvent and énti—solvent solutions could also be used
as alter the kinetics of erystallization, without changing the overall composition of the
system. The main advantage of the in-situ seeded crystallization stems from the fact that seed
crystals need not be added externally and their addition need not be so tightly linked to
observable phase separation as is the case in the externally seeded crystallization process.
Added cemplexity emaﬁates from the fact that de-saturation of the system cansed through the
formation of seed crystals must be controlled at levels low enou gh to ensure that the reszdual
concentration of S-{2-[( 1-Iminoethylamino]ethyl]- -2-methyl-L-cysteine in a mixture of

- solvent and anti-solvent solutions of a given composition does not fall below the level needed
for phase separation manifested either as visually or microscopically emulsion or visually or
microscopically observable or even unobservable “oily coating” of surfaces. Furthermore, for
an optimum design of in-situ seededcrystallization, it would be preferable if the in-situ seed
crystals were small in size or had low aspect ratios. This helps ensure that the final shape of
orderly packed agglomerate, which to a certain degree resembles the shape of the substrate
seed crystals is similar to that obtained in externally seeded crystallization process where
small crystals are used as seeds. At a more practical level, this preference for small size or
short low aspect ratio in-sifu seeds necessitates that the low extent of de-saturation mentioned
earher be achieved through primarily crystal nucleation process as opposed to crystal growth
of fewer nuclei to large sizes. The latter can lead to the formation of large needle like seed
crystals, which upon coating with the non-continuous phase and subsequent counter-diffusion
controlled crystallization to form orderly packed agglomerates could lead to overall shapes
that are more elongated as opposed to spherical. Directing low levels of de-saturation
primarily through nucleation of large number of small crystals is however, difficult for S-[2-
[(1 —Iminoethyl)amino]ethyl]—2-meﬂ1yl-bcysteine maleate hydrochloride crystallization.
Consequently, it is likely that overall shapes dissimilar to spheres would be obtained from an
in-situ seeded crystallization process for S-[Z-[(l-hninoethyl)anﬁno]ethyl]-2—methyI—L~
cysteine maleate hydrochloride, Depending on ihe extent of de-saturation and the resulting
substrate surface, the overall crystallization times for in-situ seeded crystallization process
can be significantly shorter than the externally seeded QESD crystallization process. Since
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phase available to coat these non-crystalline surfaces.

[0180] The final design approach to crystallization for S-[2-[(1 Immocthyl)ammo}ethyl]-z-
methyl-L-cysteine maleate hydrochloride crystals as orderly packed agg]omerates is fo
eliminate crystalline substrate (seeds) prior to, during or after phase separation, In addition to
ensuring that no crystallization takes place during the mixing of solvent and anti-solvent
solutions, a microscopically or preferably visually observable emulsion is generated. This
must happen even if oily coating is observed prior to achieving the emulsified state. The
simplest approach to obtain a visually observable emulsion for the S-[2-[(1-
Iminoethyl)aminojethyl}-2-methyl-L-cysteine maleate hydrochloride system is to further
increase the ratio of acetonitrile to DMF. Acetonitrile levels in excess of 110% (by weight) of
the amount of acetonitrile used in either the externally seeded or in-sity seeded crystallization
processes described above have proven to be adeqﬁate to obtain a visually observable
emulsion. Such a state, however, often accompanies oily coating on the walls of the
crystallizatidn flask and other external surfaces such as the agitator shaft, blades and baffles
(if present). While orderly packed agglomerates, spherical in overall shape can be obtained
from the slurry of such a crystallization process after at least 48 hours, the oily coating on
walls of the crystallization flask usnally crystallizes as scale on the walls that resembles
randomly packed agglomerates. If the slurry is not carefully withdrawn from the
crystallization flask, both randomly packed and orderly packed agglomerates could be seen in
the product. The extent of scaling seems to be related to, among other variables, the amount
of extra acetonitrile used to generate a visually observable emulsion.

{0181} In summary, all three design approaches to crystallization are capable of producing
orderly packed agglomerates. The differences lay in the quality of the agglomerates and also
the ease of operability and controllability. Based on these three factors, externally seeded
crystallization approach is preferable. Examples demonsﬁ*ating all three approaches follow.

Examples of Orderly Packed agglomerates
[0182] Examples 20, 21 and 22 represent the externally seeded crystallization system
described in the preceding section, while Examples 23 and 24 represent the in-situ seeded
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solution in 20 ml aliquots over forty-five minutes. With the addition of 710 ml, the solution

became turbid and remained so; the acetonitrile charge was completed nonctheless. One hour
after the completion of charge, most of the turbidity had subsided, however, an oily residue
had formed on the walls of the reactor. 1 gram of 37% cencentrated HCI (aqueous) was
added to the reactor to help dissolve the oil. This addition did not succeed in reducing the
extent of 6iling out and therefore 27.2 grams of DMF were added to the reactor to increase
the solubility of the system. Almost all the oily residue on the walls, re-dissolved within
fifteen minutes of the second DMF addition. The solution was stirred overnight at 350 rpm.
During the hold period it did not crystallize and therefore 400 mg of seed ecrystals (that is,
crystalline S-[2-[(1 —Iminoethyl)amino} ethyl]-2-methyl-L-cysteine maleate hydrochioride)

- were used to induce nucleation. The system was stirred for another 48 hours and then the
shury was discharged in 300 ml éliquots on a 350 mli fine frit sintered glass funnel.
[0184] Filtration was extremely fast. The cake was rinsed with 100 ml of acetonitrile and air
dried for one hour. It weighed 46.64 grams. The solids were placed in a vacuum oven at 50
°C and 28 inches Hg vacuum for 24 hours. Oven dried solids weighed 42.96 gi'ams.
[0185] This represented approximately 89% recovery on weight basis and 65% on molar
basis. Concentration analysis for the zwitterion and HCI on the filtrate helped close the mass
balance and verify that HC] was stoichiom:tric throughout the crystallization, Fig. 8 shows
various SEM pictures of the product. It is quite evident from Fig. 8 that this experiment
produced an almost mono-dispersed population of orderly packed agglomerates, spherical in
shape. Fig. 1 shows PXRD comparison of the solids made in this example and the randomly

- packed agglomerates reported earlier. The upper powder x-ray diffraction pattern is from
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Example 9, while the lower powder x-ray diffraction pattern is from Example 20. It seems

that the shape differences between the two solids do not have any bearing on the peak shape
_ or intensity. Table 1 summarizes analytical data on the product from this example. Fig. 5

shows the Raman spectrum of the crystalline S—[Z-[(I -Iminoethyl)amino]ethyl]-2-methyl-L-

cysteine maleate hydrochloride obtained from a sample from Example 20.

Example 21

[0186] The objective of Example 21 was to rationalize DMF and HCI addition protocols and
identify better mixing conditions for dissolving $-[2-{(1-Imincethyl)amino]ethyl}-2-methyl-
L-cysteine during the early stages of the process.

[0187] 45.78 grams of maleic acid, 251 grams of DMF and 8.82 grams of 37% concentrated
HCI (aqueous) were added to a 1.2 liter jacketed reactor. The system was stirred at 275 rpm
to affect a clear solution, 43.3 grams of amorphous freeze dried S—[Z-[(IQ
Iminoethyl)aminojethy!]-2-methyl-L-cysteine (containing approximately 10% water) were
then added to the reactor and it was stirred at 50 rpm for two hours to completely dissolve all
the solids. Agitation was increased back to 275 rpm and 612 ml of acetonitrile were added to
the solution in 15 ml aliquoté avef ninety minutes. The solution remained almost clear upon
the completion of the acefonitrile charge. 429 mg of seed crystéls (that is, crystalline S-[2-[(1-
Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate hydrochloride) were added to the
solution and it was stirred for 45 hours. The slurry was discharged in 200 mi aliquotsona
350 m! fine frit sintered glass funnel. R |
[0188] Filtratia_ﬁ was extremely fast. The cake was rinsed with 60 ml of acetonitrile and air
dried for one and a half hours. It weighed 36.50 grams. The solids were placed in a vacuum
oven at 50 °C and 28 inches Hg vacuum for 24 hours. Oven dried solids weighéd 36.42 |
grams. This represented approximately 94% recovery on weight basis and 70% on molar
basis. Concentration analysis for the zwitterion and HIC] on the filtrate helped close the mass
balance and verify that HCI was stoichiometric throughout the crystallization. Overall shape
of the crystals was the same as seen in Example 20. Table 1 summarizes analytical data on

the product from this example.

Example 22
[0189] The objective of Example 22 was to establish the upper limit on the equivalents of
HCI that the system could tolerate without losing control over the formation of orderly
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Tenp. 40.46 13.90 6.81 5.85 200.15 148.1 J/g Theory 40.64

packed agglomerates. The total HCI content of the system was approximately 0.73 molar
equivalents as opposed to the typical 0.5 molar equivalents.
[0190] 55.97 grams of maleic acid, 307 grams of DMF and 10,78 grams of 37% concentrated
HCI (agueous) were added to a 1.2 liter jacketed reactor, The system was stirred at 275 rpm
to affect a clear solution. Agitation was reduced to 50 pm and then 52.2 grams of 0.23 eq.
HCI containing amorphous freeze dried S-[2-[(1-Iminoethyl)amino]ethyl]-2-methyl-L-
cysteine (containing approximately 10% water) were added to the reactor. All the S-[2-[(1-
Iminoethyl)aminojethyl]-2-methyl-L-cysteine dissolved within 20 minutes and the stirrer
speed was increased back to 275 rpm. Of the 750 ml of acetonitrile to be added, 695 ml were
added in 20 ml aliquots over ninety minutes before the solution turned turbid to the point
where turbidity would not readily subside. Upon agitation for one hour, turbidity reduced, but
a brown oily residue formed at the bottom of the reactor. 10.2 grams of DMF were added to
the reactor to dissolve the oily residue and then the system was seeded with 533 mg of seed
crystals (that is, crystalline S-[2-[(1 -Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate
hydrochloride). It was stirred for 24 hours. During this time significant precipitation had
taken place. The remaining 55 ml of acetonitrile from the original charge plus 30 mi to
compensate for the extra DMF were added to the reactor and it was stirred for another 20
hours. Mother liquor concentration at this stage of the process was found to be 45% higher

 than the typical value for a large-scale crystallizat_ion at 0.5 equivalents of HCL 70 ml of
acetonitrile were added to the shurry and it was stirred for another 4 hours. The slurry was
then discharged on a 350 ml fine fiit sintered glass funnel in 200 ml aliquots. Filtration was
extremely fast. The cake was rinsed with 80 ml of acetonitrile and air dried for one and a half
hours. It weighed 38.10 grams. The solids were placed in a vacuum 6ven at 50°C and 28 -
inches Hg vacuum for 24 hours. Oven dried solids weighed 36.75 grams, This represented

" approximately 78% recovery on weight basis and 56% on molar basis. Concentration analysis
on the mother liquor samples before the third acetonitrile charge and 4 hours after it,
indicated a net reduction of 15% in the concentration of S-{2-[(1-Iminoethyl)amino]ethyl}-2-
methyl-L-cysteine in solution. Chloride ion analysis on the filtrate helped verify that HCI
equivalent at the onset was 0.73 with 0.23 equivalcﬁts attending S-[2-[(1-
Iminoethyl)aminojethyl}-2-methyl-L-cysteine.
[0191] Overall shape of the crystals seemed similar to that seen in the preceding experiments,
however the bulk density of the powder seemed slightly lower. Table 1 surnmarizes
analytical data on the product from this example.
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14.22 6.65 6.00 [0214] The 1-butanol/acetone crystallization proceeded
at roomtenperature as expected with no nucleation occurring prior to the
charge of seeds. The product was crystalline S-[2-[(1-

| m noet hyDam no] et hy1] - 2- met hyl - L- cyst ei ne nal eate hydrochl ori de. 2.
Hydrochloric Acid [0215] HCI plays a role in the behavior of the
crystallization. It is desired to have a stoichionetric anmount (0.5eq) HCL
in the system Below this target amount could result in a

~ Table 1: Solid state characterization data for Examples 20-22

Example C H N S Cl Tm AH fus | DMF Maleic
: ' ' NMR | acid
NMR
Theoretical | 40.64 | 6.65 14.22 1 10.85 | 6.00 | N/A N/A 0.000 0.500
20 40.29 | 6.53 14.03 1 10.79 { 6.06 | 193.91 | 148.18 | 0.019 0.525
21 4041 | 6.77 | 14.31 1 10.86 | 6.11 | 199.17 { N/A 0.027 0.490
22 4042 | 6.87 | 14.26 11077 1 6.19 | 19950 | 13048 | N/A N/A

Example 23 |
[0192] The primary objective of Example 23 was to understand and establish appropriate
primary crystallization conditions for the formation of in-situ seeds used as substrate for the
orderly packed agglomerates and to reduce the total crystallization time. Acetonitrile was
increased by 10% on the amounts vsed-in Exﬁmples 19 and 20 and no seeding was
performed upon the completion of acetonitrile charge. | |

[0193] 15.00 grams of the primary DMF solution of S-{2-[(1-Iminoethyl)amino]ethyl]-2-
methyl-L-cj'steine, 233.3 mg of maleic acid and 413 microliters of de-ionized water were
added to a 50 ml Erlenmeyer flask and stirred to affect a clear solution before being added to
a 50 ml jacketed reactor. The reactor was stirred at 153 rpm. 18.2 ml of acetonitrile '(frqm a
tota] of 27.7 ml) were added to the solution in 1.3 ml aliquofs over thirty-nine minutes.:With
the addition of this amount of acetonitrile, needle-like crystals (shape and crystallinity
verified by polarized light microscopy) were observed in the reactor, The remaining 9.5 ml of
acetonitrile were added in 1.5 ml aliquots over three minutes. Sixty minutes after the addition
of 27.7 ml of écetonitrile, another 2.77 ml of acetonitrile were added (this representing the
extra 10% on the amounts used in Examples 19 and 20). Agitation was increased to 254 pm
for two hours and then reduced back to 150 ipm. The system was stirred for a total of 24
hours and then the slurry was discharged onto a 30 mli fine frit sintered glass funnel,

[0194] Filtration was fast, The cake was rinsed twice with 6 ml of acetonitrile and air dried
for one and 2 half hours. The solids weighed 1.05 grams. The crystals had most of the major
features of the orderly packed agglomerates when analyzed by scanning electron microscopy
but the overall shape seemed cylindrical (Fig. 9) as opposed to the spherical shape seen in
Examples 20, 21 and 22, This difference was atiributed to the shape of the seed crystals
acting as substrate crystals, which for this example were needle-like.
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wer e chafigamiple23cach fl ask and the experinents were held at room

t enper at r the ekend ach experinment was filtered on a_15nL fine
L s OB R mirdy GRRERVE i P AR e fhancteatn e FagBLoARoR T FR By
acet one. 20%@naRkaioutd Bedill dx8EipIE 20 @i 2Nnd tolshidy the possibility of eliminating -

both external and in-situ seeding with S—[2—[(1—Iminoethyl)amjno]ethyl]-?—meﬂlyl-bcysteine

maleate hydroéhloride prior to, during or just after phase separation. 25.01 grams of the
primary DMF solution of S-[2-{(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine solution and
687 mg of de-ionized water were added to a 125 ml jackéted reactor. 346 mg of maleic acid
were added to the reactor and the system was stirred at 173 rpm to affect a clear solution. 56
ml of acetonitrile were added to the solution in 3 ml aliquots over sixty minutes. The solution
became very turbid with the addition of the last aliquot of acetonitrile, however, most of the
turbidity subsided within fifieen minutes, leaving behind thin oily coating on the walis of the
reactor. The reactor was heated to 55 °C (temperature of the jacket) in order to determine if
the oily coating could be dissolved. The operation did not succeed and the reactor was cooled
back to room temperature. The system was stitred for 48 hours and then the slurry was
discharged onto a 150 ml fine frit sintered glass funnel.
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[0220] M croanal ytical and DSC data on the isolated solids from each
experinment are sumarized in Table 3. In all three experinents,

m croanal yti cal data match those predicted by theory for

S-[2-[(1-1m noet hyparni no]ethyl]-2-methyl-L-cysteine nal eate

hydrochl oride. DSC results for all lots also show a | arge endotherm c
event near 200C, corresponding to the nelting point of

S42-{ (I - :IM%&@!lmwmﬂtmrak@wammawﬂnmmwﬂgﬁﬁéﬁﬂ alli}écﬂ{ea(}ﬂﬂ ori dg
In Ex t AC t hat
o emache R BARES The o kg <7 R e il fhesosies C°“m8§§a;52."22

mal eat e, ofderlyphéked Eiiismesates@ihyn hidife Rty é?&uﬁﬂﬂﬁ | e ampunt of
uncont rol¢ze&g]<§ucl ealtdgon t hat occurred he acet one large in this
particul & A golt |W%°W%F@@t‘?€cﬂia%%f§@pn whlls pfiye tdaetoadéismndemar ge

even in theowRHSF RS in 25 2 S PacelBiBlCarfilth ﬂ&l chtlfsggxglq‘infﬁtser gree, it

appears that the acétone addition rate was anount

of S [2-Elass ﬁ;pmln&qqwgawpm@;r@h@fqr-lzamwtheywe@m Oiegramk. CBHege sdlias M | |
formed i maelc cid is therefore not likely
due to Igsva:t’}rr%}) %fegﬁlg%ﬁwgé\;‘gﬁlg%a&fﬁ%@@ypﬁ‘f}fed@ PHeRickel y be avoided with a
sl ower acetone addition rate. Table 4: M croanal ytical and DSC Data -

Varyi ng h{al e fel%c' d M croanal yti cal DSC Exanpl e Description C

[0201] The objective of Example 26 was to determine if orderly packed agglomerates could
be converted into small crystals that would then compact as randomly packed agglomerates,
j0202] 290 mg of orderly packed agglomerates of S-[2-[(1-Iminoethyl)amino]ethyl]-2-
methyl-L-cysteine maleate hydrochloride crystals made in Example 20, were added to an 8
ml vial. 3.95 grams of the filtrate from Example 23 and a magnetic bead was added to the
vial and the resultmg slurry was stirred through a magnetic plate at maximum speed for 4
days. Slurry samples were withdrawn each day for photo-microscopy to check if the orderly
packed agglomerates were g:inding in the very narrow gap between the stirring magnetic
bead and the bottom of the vial.

[0203] Photo-microscopy analysis indicated that at least 72 hours (or 3 days) were necessary
to completely grind the orderly packed crystals. These ground crystals compacted into
randomly packed agglomerates upon filtration.

ALTERNATIVE SOLVENT SYSTEMS

EXAMPLE 27: Methanol/ Acetone Crystallization

[0204] Methanol is one of the few organic solvents in which S-[2-[(1-

Iminoethyl)gmino] ethyl]-2—methy1—L—cyétehle maleate hydrochloride crystals exhibit
moderate solubility (6.2 wt%). Additionally, the presence of excess maleic acid dramatically
increases the solubility. S- [2~[(1-hninoethyl)amino]ethyl]-2-methyl—L-cysteine maleate
hydrochloride crystals were found to readily dissolve in as little as 4g methanol per gram S-
[2-[(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate hydrochloride in the presence of
1.5eq. excess maleic acid. Making only minor adjustments to the demonstrated DMF /
acetonitrile process, the methanol / acetone crystallization process described below was
developed and demonstrated at the 1 L scale.



HNOCd Tenp (C Enthal py 30A 2.0 Eq. Maleic 40.27 13.95

[0205] Maleic acid (23.57g — 1.5Eq,) was charged to a 500mL. roundbottom flask. Metbanol
(160g — 4g per gram) was added and the flask was stitred to form a clear solution. S-[2-[(1-
Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate hydrochloride (40.00g) was then
charged to the round bottom flask and dissolved to form a clear solution. This solution was
charged to a jacketed 1L reactor operating at room temperature. Agitation was set to 225
pm. | |

[0206] Acetone (544g - 17mL per gram) was weighed out, and a peristaitic pump was
calibrated to deliver approximatly SmL per minute. Fifteen minutes into the acetone
addition, the solution turned slightly hazy but clarified upon increasing agitation. After 1
hour 20 minutes of addition (44.68g of acetone remaining to be added) the crystallization
mixture was distinctly turbid. The acetone addition was stopped, and 400mg of seeds were
added. Agitation was set to 240.1pm and stirred overnight. The crystallization mixture was a
thick shury after 17 hours. Solids were filtered and washed twice with acetone and dried on
the filter. Yield was 74.8%.

EXAMPLE 28: -Butanol / Acetone Crystallization
[0207] 1-Butanol was selected as the best solvent to explore the possibility of utilizing a high
boiling solvent that can easily be exchanged with water from the upstream aqueous -
chormatography purification step. While S-[2-[(1-Iminoethyl)aminolethyl]-2-methyl-L-
cysteine maleate hydrochloride does not exhibit high solubility in 1-butanol (0.05wt%), the

- addition of excess maleic acid greatly increases its solubility. This process was again '
designed to be very similar to the DMF / acetonitrile process. Following is a description of
the initial process run at the 1L scale. '
[0208] 5-[2-[(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate hydrochloride (38g),
DI water (200mL), 1-Butanol (500mL), and maleic acid (29.46g — 1.5 eq.) were added to a
jacketed 1L reactor. The mixture was stirred to form a clear solution. This solution was
distilled under vacuum (135 torr) and temperature of 53 — 67C to 200mL.. 1-Butanol
(250mL) was charged and distillation was continued at 135 torr and 70C until the volume
was reduced to 200mL. The temperature was adjusted to 50C. DI Water (2.5mL) and 1-
butanol (475mL) were charged: ‘S-[2-[(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine
maleate hydrochloride crystal seeds (1.5g) were added and washed into the feactor with 1-
butanol (25mL). Acetone (300mL) was added to the crystallization mixture over 3 hours via

. syringe pump. One hour after the acetone addition was complete, the crystallization mixture
was cooled to 10C over 10 hours, The crystallization mixture was filtered for 14 hours after
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6.64 5.93 54.28 199.52 7.3 lig 156.9 J/g 30B 2.25 Eq. Ml eic 40.50

acetone addition was complete. The crystallization mixture filtered very easily and no cake
cracking was observed. An acetone wash (300mL) was charged to the reactor and rinsed
onto the cake. Solids were dried in a vacuum oven at 50C, 24 inches Hg overnight. The
product mass was 40.45g, representing a yield of 78%.

[0209] DSC analysis showed that the solid state form of both products was crystalline S-[2-
[(1-Iminoethyl)amino]ethyl] -2-methyl-I~cysteine maleate hydrochloride. The solvent

content of each product, after drying overnight under vacuum at 50C is shown in Table 2.

Table 2: Residual Selvent Content

Example No. Methanol Butanol Acetone
27 T 0.64% NA 137%
(methanol / acetone) .
28 N/A 0.39% 1.10%
(butanol / acetonej

The 1-butanol/acetone system may be preferable, as both are Class II) solvents.

[0216] The penultimate step is SMB chromatography purification that is most easily
performed in an agueous solution. Solvent exchanging from water into 1-butanol can be
easily achieved, but complete removal of water from a methanol system WOuld not be

possible. This also favors the 1-butanol/acetone system over the methanol/acetone system.

Process Development

[0211] Similar to the DMF/acetonitrile crystallization, the 1-butanol/acetone crystallization

has several parameters that can affect the crystallization. Intrinsic parameters include:
temperature, 2)hydrochloric acid content, 3)maleic acid content, 4) water content, 5)
compound loading, and 6) acetone amount. Extrinsic parameters include: 1) seeding, 2
reactor geomehy, 3} acetone addition protocol and 4) mixing. Each of these parameters is

discussed in greater detail below.

Intrinsic Parameters
1. Temperature
EXAMPLE 29 .



13.98 6.70 5.91 201.11 148.4 J/ g 30C 2.50 Eq. Maleic 40.47 13.91

[0212] Maleic acid (0.59g — 1.5 eq) was weighed out in a 50mL roundbottom flask. 1-butanol
(8g ) was charged and the mixture was stirred to form a clear solution. S-[2-[(1-
Iminoethyl)amino)ethyl}-2-methyl-L-cysteine maleate hydrochloride (1.00g) and water
(1000uL) were charged and the mixture was stirred to form a clear colorless solution. The
solution was rotary evaporated at 50C. 1-butanol (6g) was charged and rotary evaporahon
continued. 1-Butanol (8g) was added to make a flowable solution. 1-Butanol (2. 89g) and
water (130ul) were charged to take the solution to the desired initial conditions: 0.5 Eq.
HCL, 2.0 Eq. maleic acid, 14 volumes 1-buatnol / Kg S-[2-[(1-Iminoethyl)aminojethyl}-2-
methyl- L-cysteme maleate hydrochloride, KF = 1.5%. Acetone (6mlL) was charged
dropwise. Nucleatlon was not observed during the acetone charge S—[Z I(1-
Iminoethyl)amino]ethyi]-2-methyl-L-cysteine maleate hydrochloride crystal seeds (10mg)
were charged followed by an addition amount of acetone (0.5mL). The crystallizaﬁén
mixture was stirred at roomn temperature and appeared to be a thick shurry after several hours. -
The crystallization appeared to behave in a manner very similar] to the DMF/acetonitrile
crystallization. The shurry was filtered on a 15mL fine fiit sintered glass funmel. The cake
was washed twice with 15mL acetone and pulled dry.

[0213] Microanalytical, DSC, and PXRD show the solids to be crystalline S-[2-{(1-
Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate hydrochloride. Microanalytical and

DSC data are summarized in Table 3.

LHect

Table 3: Isothermal room temperature crystallization data

Microanalytical DSC
Example | Description C H N Ci Temp (C) Enthalpy
29 Room 4046 | 13.90 | 6.81 5.85 200.15 148.1 J/

Temp.

Theory 40.64 | 1422 | 6.65 6.00

[0214] The 1-butanol/acetone crystallization proceeded at room temperature as expected with
no nucleation occurring prior to the charge of seeds. The product was crystalline S-[2-[(1-
TIminoethyl)amino]ethyl}-2-methyl-L-cysteine maleate hydrochloride.

2. Hydrochloric Acid
[0215] HCI plays a role in the behavior of the crystallization. It is desired to have a
stoichiometric amount (0.5eq) HCl in the system. Below this target amount could result in a
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6.61 5.84 199.75 159.4 Jig Theory 40.64 14.22 6.65 6. 00

reduced yield, as HC] becomes the limiting reagent, or result in a mixture of S-[2-[(1-
Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate hydrochioride and the 1:1 maleate salt 7
(S-[2-[(1-Iminoethyl)aminoJethyl]-2-methyl-L-cysteine maleate , Form II). Excess HCl in

_' the system would likely result in reduced yields due to increased solubility and solids with

pobr physical properties.

3. Maleic Acid

EXAMPLE 30 |

[0216] It is known that an excess of maleic acid is required based on Woxk done with the
DMF/acetonitrile crystallization, and the target amount for the initial experiment was 2.0
equivalents. A crystallization mixture with 1.75 équivalents of maleic acid was brought to
the initial conditions: 0.5 eq. HCI, 1.75 Eq. maleic acid, 14 volumes 1-BuOH / g S-[2-[(1-
Iminocethyl)aminolethyl]-2-methyl-1.-cysteine maleate hydrochloride, 1.5% KF.

[0217} Upon cold storage overnight of this solution, solids were observed to precipitate out.
It appears therefore that having only 1.75 equivalents of maleic results in an unstable
supersaturated solution that can precipitate out readily, '

[0218] Three side-by-side crystallizations (Examples 30A, 30B and 30C) were run with 2.0,
2.25, and 2.50 eq. Maleic, repectively, to evaluate the effect on the crystallization. Maleic
acid (1.78g— 1.5 eq) was charged to a -

100mL round bottom flask. 1-Butanol (34.0g — 14 vols) was charged and stirred to dissolve.
S-[2-[(1 —Imiﬁoethyl)amino]ethyl]-Z-methYl-L-cysteme maleate hydrochloride (3.00g) was
charged to the solution. Water was charged (3200ul) and the mixture was stirred to form a
clear solution. The solution was rotary evaiaorated at 55C under vacuum. 1-Butanol (24g)
was charged back to the mixture and rotary evaporation was continued until KF was 1.00%.
Butanol (23.29g) and water (0.434g) was added to take the solution to 14 volumes 1-butanol /
S-[2—[(l-Mnoethyl)amﬁo]ethyl]&~fnethy1-L—cysteinc maleate hydrochloride and KF of
1.5%. The solution Was divided into 3 portions (12.9g each) and labeled “A™, “B”, and “C”.
98mg maleic acid (0.25¢q) was charged to flask B and 197mg maleic acid (0.5eq) charged to
flask C and each was stirred to form a clear solution,

[0219} Acetone (6mL) was charged to each flask dropwise in 1mL aliquots over 35 minutes.
Each experiment was observed to nucleate during the acetone charge; the most solids were
observed with the low maleic acid content (2.0 'eq.) and the least with the highest maleic acid
content (2.50 eq.). At the end of the acetone addition, 10mg seeds were charged to each flask
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[0221] Analysis of the nother liquor fromeach experinent summarized in
Tabl e 3 showed that, as expected, concentration of
Sq2-[ (1- Tm noet hyl) am nol et hyl ] - 2-net hyl - L-cystei ne increased with
increasing maleic acid. Lower maleic acid content in the crystallization
system therefore, is expected to increase yield. Table 5: Mther Liquor
Anal ysi s Exanpl e Description W% S-[2-[(1- | m noet hyDam no] et hyl ] - 2-

and the experiments were held at room temperature over the weekend. Each experiment was

filtered on a 15mL fine frit sintered glass funnel and the cake was washed twice with 15mL
acetone. The cakes were pulled dry on the filter.

[0220} Microanalytical and DSC daia on the isolated solids from each experiment are
summarized in Table 3. In all three experiments, microanalytical data match those predicted
by theory for S-[2-[(1 —Imfnoethyl)amino}ethyl]-Z—methyl-L—cysteine maleate hydrochloride.
DSC results for all lots also show a large endothermic event near 200C, corresponding to the
melting point of S-[2-[(1-Iminoethyl)amino]ethyl}-2-methyl-L-cysteine maleate
hydrochloride. In Example 30A, there is a very small event at 54C that could correspond to
a small amount of S-[2-[(1-Iminoethyl)amino]ethyl]-2-methyl-L cysteine maleate, form Ii.
This 1s very likely due to the considerable{amount of uncontrolled nucleation that occurred
during the acetone charge im this particular Example. Since nucleation occurred during the
acetone charge even in the presence of 2.50eq. maleic acid, albeit to a lesser degree, it
appears that the acetone addition rate was far too fast. The small amount of S-{2-[(1-
]minoethyl)amino]ethyl]-aneﬂlyl;Lfcysteine maleate, form II forrned in the presence of only
2.0 eq. maleic acid is therefore not ilii(ely due to low maleic acid levels directly, but could

likely be avoided with a slower acetone addition rate.

Table 4: Microanalytical and DSC Dkata - Varying Maleic Acid

Microanalytical DSC
Example | Description C ‘ -H N Cl Temp (C) Enthalpy
30A 2.0 Eq. 40.27 13.95 6.64 5.93 54.28 13 g
Maleic : _ ' 199.52 156.93/g
30B 2.25 Eq. 40.50 | 13.98 | 6.70 | 5.91 201.11 1484 J/g
Maleic | - o -
30C 2.50 Eq. 40.47 | 13.91 | 6.6] 5.84 199.75 159.4 J/g
| Maleic .
Theory | 40.64 | 1422 | 6.65 | 6.00

'[0221] Analysis of the mother liquor from each experiment summarized in Table 3 showed
that, as expected, concentration of S-[2-[(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine
increased with increasing maleic acid. Lower maleic acid content in the crystallization

system, therefore, is expected to increase yield.
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met hyl - L-cysteine 30A 2.0 Eq. Maleic Acid 0.84% 30B 2.25 Eq. Maleic Acid
0.90% 30C 2.50 Eq. Maleic Acid 1.09%

Table 5: Mother Liquor Analysis

Example Description Wit% S-[2-[(1-
Iminoethyl)aminoJethyl]-2-
methyl-L-cysteine

30A 2.0 Eq. Maleic Acid 0.84%
30B 2.25 Eq. Maleic Acid 0.90%
30C 2.50 Eg. Maleic Acid 1.09%

[0222] Based on this Example, maleic acid content in the range of 2.0 — 2.5 will result in
formation of S-[2-[(1-Iminoethyl)amino]ethyl]-2-methyl-I.-cysteine maleate hydrochloride,
provided the addition rate of acetone does not cause éonsiderable nucleation during the
charge. Maleic acid as low as 1.75 eq. may result in an unstable supersaturated solution that
could readily crash out in the event of extended hold times. 1t is desirable, therefore, to target
the maleic acid range of 2.0 to 2.25 eq. in the crystallization system.

4. Water Content ‘

[0223] At water levels at or below 4% at 25 C, S-[2-[(1-Iminoethyl)amino]ethyl]-2-methyl-
L-cysteine maleate hydrochloride is the stable form. Above 4%, mixtures of S-[2-[(1-
Irﬁinocﬂlyl)amino]ethyl]-2—methy1-L—cysteine maleate hydrochloride and S-[2-[(1-
IminoethyDamino]ethyi]—2~methylfL—cysteine maleate, Form II are observed. It is preferable,
therefore to target the water content of the system to be below 4% for formation of crystalline

8-[2-[(1-Iminoethyl)amino]ethyl}-2-methyl-L-cysteine maleate hydrochioride

5. Compound Loading
[0224] Operating at 14 volumes 1-butanol seems fo result in the most controlled
crystallization, and the increased volume does not appear to adversely affect vield. It is
preferable, therefore, to utilize 14 volumes of 1-butanol per g of S-[2-[(1-
Iminoethyl)aminoJethyl]-2-methyl-L-cysteine maleate hydrochloride.

6. Acetone Amount
[0225] Typically, 6 volumes of acetone per gram of S-[2-[(1-Iminoethyl)amino]ethyl]-2-
methyl-L-cysteine maleate hydrochloride have been used. At the end of this addition, one

can observe the bursts of white solids coming out of solutjon with the addition of each drop
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[ 0222] Based on this Exanple, maleic acid content in the range of 2.0 -2.5
Will result in formation of :

842-[ (1-1 m noet hyDam nol et hyl | - 2-mmet hyl - L- cyst ei ne nal eat e hydrochl ori de,
provi ded the addition rate of acetone does not cause consi derable
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[0227] In the initial 1-butanol/acetone process used, seeds (3%) were charged prior to the
acetone addifion. In order to ensure a monodisperse particle size distribution, it is preferable
to charge seeds as close to the time of phase separation as possible. Charging seeds prior to
 initiating the acetone addition may cause nucleation at different times during the charge,
resulting in 2 multi-modal distribution.
[0228] A protocol similar to that used in the DMF/acetonitrile crystallization may be
preferable in the 1-butanol/acetone crystallization. Afier the bulk {~90%) of the solvent
charge, a seed slurry of approximately half of the remaining 10% would be charged. The

remaining solvent would be used as a rinse of the seed vessel and charge lines.

2. Reacter Characteristics

[0225] Based upon eﬁperience with the DMF/acetonitrile system, reactor geometry also may
affect the performance of the crystallization, most directly in terms of the yield.r It is not
favorable to perform the crystallization in a crystallizer with a large aspect ratio and a large
surface to volume ratio, such as in a small cylindrical vial. At the time of phase separation,

the dispersed phase may be deposited on the walls instead of on the seed crystals. In the
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Extrinsic Paraneters 1. Seeding [0226] Briefly, the addition of seeds at
the time of phase separation nay assist in controlling the
crystallization. Having solids present in the bulk at the tine of phase
separation provides a substrate upon which the di spersed phase can deposit
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phase negrehetuttepeiiation ofxolitihéuring| thsadettait @ddition, e ishet aaddiott Ystivbs. | n
the extgene case, | .-scale crystal lizatjons conducted w thout, seeding
in narro em%f%‘“’haé‘i{{?% Pt géa‘igﬁt%ﬁwmq a'iWPg‘ﬁu_réﬁ?taV & PIFiaTedy 5t ifdh | s

Wi th vi rthegdiddle BOthe Angd Fourd tb Beadebptkble AS the 1- butanol / acetone -
crystallization is also a phase separating system a reactor with a
relatively small aspect ratio and small surface to volune ratio is

expect ed;;_tm,gﬁgopti mal . 3. Acetone Addition [0230] The acetone addition

protocol has varied fromas little as 35 mnutes to as long as 3 hours and
45 mi nutl8331] Adixing is@nimpetant pasemeteriwith respetit td bquidTiquid phaseespamtioniui ckly can-

result i : I . i I ol.ids_in the bulk ich can
[ ead 1o VI EARRET TSR oA T AReahiuf bl APt peoneHictlimita Ber 5
hour 45 mitsetiem Tiewdadne utdealeht theogitdioanAabepeaitsic, iBmay bousefud ko BloWour
charge tine. At th nd of. the addition,. the solutjon was turbid in all
cases aﬁ@?ugﬁgﬁ%ﬁ?ﬁw%@oﬁ ?éﬂ@&n’é@z%a‘ﬁgadéﬁ?e-resul ting in high
qual i ty (8232} (Iflapplsis Hae tHe)spaer APl pplomeld tear8 TRy hoblistGd b6 AGTYRLRALS
hydrochl oride. 1t appears, therefore, that while charging acetone"too

qui ckly ‘g‘EﬁgF od qeHatigngreriededand M pseiomereieseppasido baitast afieail lidays of

nucl eat ig@gy@f solids during the acetone addition, there is not an obvious

limt for the maximumaddition tine. Atarget addition tine of two hours
may be (P23 &y, evant that cheonatography s dddmpomkedtinie thasyythefioprockss of H42-

accept at[tle—Iminoethyl)amino]eﬂqyl]-Q-methyle-cysteine maleate hydrochloride, it is recommended

that the chromatographed pfodu_ct be well characterized before proceeding with the final
crystallization. In preparation for chromatography, S-[2-[(1-Iminoethyl)amino]ethyl}-2-
methyl-L-cysteine maleate hydrochloride crude product is dissolved in water with a slight

excess (~0.2eq.) of maleic acid. The purified aqueous solution is the starting material for the
final 1-butanol / acetone crystallization.

60



4. Mxing [0231] Mxing is an inportant paraneter wth respect to

|l iquid-1iquid phase separation crystallizations. Agitation should be
sufficient such that the dense aggl onerates forned do not settle in a
"deadzone" underneath the agitator. At large scale, it may be useful to

bl ow nitrogen up gently through the bottomvalve to mnimze the deadzone.
[0232] It appears that the spherical agglonerates are fairly robust and
not easi [0234] RkeRcometided ot ehetpprifdedlaqgbtssotuion pe wiell tharactadizet] eterms of

aggl oner at es appear .t.0o bhe intact after days of stirring, 0233] In the
event thﬁ‘{’m@%‘ﬁﬁtr&ﬁ?l%ﬁﬁg CpRitcqit, 3V qsaﬁlélécqn%@qq{éo Wﬂ%ﬁtg]l’k“téﬁcg ess of
S42- [( 15&&%25:1&%?@1%@6& at ghiwhdwifpetdnak otﬂcv%dﬁb@ﬁmwe@m Qrdhsbasityor i de,
it is reconmmended that the chronmatographed product be well characterized
bef or e pilmprewdisyonki ¢Horidedon consenteatipn vwes Feasgddy, ion ghismainsrapby oH theor

chromat o h = [ 1= mi th ] | = L e [

mal eat e %{}@88%?{1%%?1 lagl(gﬂﬂu e@}gg%%‘xu@t%% géﬂd‘ﬁ)’g %*S\fee n?rg&tv(\iggkeor Adﬁﬁ{%ttgbgﬁtght
excess ( 1k Rsiged)vabie. mal ei ¢ acid. The purified aqueous solution is the
starting nmaterjal for the final 1-butanal acetpone, crysfall.i.zat.i.on.
554) " A0S Tk GrBHaes Ao Ao Wk B A AR LR A QYEE S|

char act efz&ereinihyltRA%Aah e ETRE kalliidiio 206kl e aepd 200afubatentsas wel | as
HC1 content prior to use in the l-butanol / acetone crystallization. It is

‘unknown  i4ddisemalise the cercepicatian,S-bel (L drmstyDamenicnil Sgreaping oS evi ous
wor k, Ch'r(ﬁ%%%%g&m&&%&ﬂa{eﬁyga*&ﬂﬁmmﬁs%ﬂ%m%dﬁ@gg "B et | f

the chlo content 1s sig rcantly below 0.5eq (<0.45), it is
r ecomrendeid ahd S42d( I HRlindeth D amgmdjethiié-2duegthylddoystdinecired BRS sincaimtions have

chromat ography IS run w nly a slight excess of nmaleic acid. Maleic

aci d the%ﬁ?‘g‘i‘%n{ﬁtﬁvdﬁﬁn%gg?to the purified solution to achieve the target
. 2.[ 0 equi yedasp }I}Echmﬁﬁb‘ﬂd g]raﬁh?la? ﬁe}hové@ ﬁ'ﬁﬁlﬁh@ gmithesis, the sol::ent e:t{)change to achieve ﬂtlje

S[ 240- 1 m noet hyDami no] et hyl ] - 2- net hyl. - |- cyst ej pe reebase) shoul d. be
accur at e PPRuaHS }npqa_égongglqnﬁ éalblé%?“é‘l’ﬁ‘lrie‘i—li’?@y% fdﬂ"a’ﬁ‘%illa? g’ﬁ?‘m’%& ﬁsﬁ’gloﬂal eic
aci d and ssdentlabh additdjastehybahnel @RM, K By toRbAw 1 dod¥bictlefaofuiies Pase

concentrations have Been quantitated using HPLC. [0236] Ifochroma_t ogr aphy
i s renovedufippintharalistiied freonly a thee tises) ipagiieveahB rgless Bandieve t he

appropriate initial conditions can be sinplified by using 1-butanol as the

pr i mary Ciiga%ﬁb ALY R Ris THESs SAUPEERYEAL URBERIPPACKES 0 DY | (F) to
obtain a g .::,.;9 ia;%* i_-( INORT _‘%1@ ] fpﬁ%%%ﬂﬁgg for
Y1 DROCH 1) gé?g"

only a shQrlt vy
DERCY RATES COF

CHARACTER ST R oM Ag 5

S P-[(1-1 THYL) A THYL], - 2- NETHYL: LCYSTE| NE DROCHLORI DE
CRYS[T(ALSI % d’é&eggé E@BJt%‘ﬁ :Sﬁ i yfmwae yDammofettiy ) Fmblhy -

8421[ ( 1- Ipkgiastiaishie apioed iy tystals WRO W Exaiisie 20 Rerd@hdad & daeshbelitsor i de

crystals made in Exanple 20 were studied to determ ne its powder
char act emowdercharepigristiss that aneaelgyant foghe Aevelpisninfisserpcedticheamposition i cal

conpositi VA R B | A A, i
mal eat e rYiP)‘ r%@%@%%ﬁ’%@%&%ﬁggﬁ%&%ggggﬁ%# é{ﬁ%%%ﬂeﬁigfggﬁgrar rier:
Bef or e t osith awhartiveutielly decepabls cpuiss dieforh tasting t8Golids Wwerepasssd through 80-

correspondi to 177 m crone ni ' £ r?gﬂp ry

| arge | ocf'%%sgg%fa ecé’gte Séjé)n%lflgtt%r(lj’{)rrn?e? %/t&go 8%8% “ggﬂgf%ﬁeéra es.ga’h?zlg%rq%%grti es

t ested i nedsedggtepmnae thefdrdemyoitakadpglonstdtess Thpmoplatiepasttd iickided gewvder

AR RN I ST R e P Ch RS
powder compressibility and compaction.

[0238] Powder flow was evaluated using an aperture flow tesfer, measured as the smallest
opening at which the powder freely flows through. The powder flow test was repeatedly
successful through a 6-mm aperture opening. A powder flow of 6-mm is considered good for
formulation development of S-{2-[(1-Iminoethyl)amino]ethyl}-2-methyl-L-cysteine maleate

hydrochloride crystals. Successful repetition of flow through a narrower 4-mm opening was,

61



[ 02381 Powder flow was eval uated using an aperture flow tester, neasured
as the small est opening at which the powder freely flows through. The
powder flow test was repeatedly successful through a 6-mm aperture

openi ng. A powder flow of 6-mmis considered good for fornulation

devel opment of S42-[(1-1m noethyfl am no]ethyl]-2-nethyl-L-cysteine nal eate
hydrochl ori de crystals Successful repetition of flow through a narrower

4- nm opentYsiadependeaiey bow themomdaewas ipfrofuwed tchibe fester dhe walsulbted r oduced t o

t he test J R ki tyednd f.17.8.% i ndi cat ed
good: o FREFFpRRy SHPLOE AL bkl Mo HeP ehpumitt e Biver ot eo
of S-[2- [c(rslerlwanbﬁtalgghm'raﬁﬂ]mlﬂbﬁmmaemwbmﬁngpmpﬁ@m@em—% fleine

hydr ochl or | det\ gr(ﬁsthqu S, ré%i"lgg] ~Particle size distribution of the powder
was neas PEFTEEYgRPhrids & -ysis. The mean particle size distribution was
cal cul at gg238 iMagticld \eredRMRtionGf FRYSWIES #8med H&d%gihgkﬁlbémﬁiﬁéﬁé@eﬁ%b“t  on

data is presented in Fig. 12.. These orderly packe ggl one spl ayed
a mean pdarticls deedistEbyion s cafculptsdwsiag she geofmstrivankan pdfieh Thepatidasias gn) .

Only 1.6 Is : j der 0 l.ess than 75- with nore
oLy L Sbuh Sl RSB 951 0 SR obA a4 |

105- 150- pneanPaicte sipetof | adghcrometeisdrafaveint foal kdré beasiual Ohlp!.63%6Ei on for
orderly packeail aggl onerates i s, between 100 and 200-pm which is highly
desi r abl 02l PrEcopsiiered g5&Rgs. Ipes than S Mty mera thas Opowithin d AS5-268-m.

SA42-1(1- t 1 : S Lzl - I | h hlorid
t oge'E §1er h\l}m&?% %yﬁ%r m%%h%ﬁ?éﬁsy‘%ﬁ Té%%‘é%‘%"éﬁ% Z%?e{:‘%? .rarp'[agﬁefi ep%%gézogovxg(ralr ©
density wasiciideutndishtion forhedshymchdd dpaldndraks WokiNeBn P0PIT00hAdMaked

cylinder. . d. er _density was_cal cul ated at the equilibriumpoint,
wher e addf ’E’%@‘E{%F%{%Bﬁﬁ‘af the devrierment ef 2 phasmpesiienl compasition vaird®E3-i(1packed

aggl onmer afn@e¥idinb X W leind SRk 1 i4h a tapped
density of 0.5 i-).g/ m}.éq}y?loi;zﬂf]ﬁlﬁﬁe pg %Q%%h%%%oﬁg%%erﬁégct

conpr essiPHFREeUGHLy agasptable pastiemt s. Conpacts of 100-mg in wei ght were
manuf act i 2 1 - round cancaye taqling.. Tablets
wer e cong‘ri%‘g]s gghﬁg%v@grr‘?%ngu@ {gggrré}:}[raéug'gelﬁo%ﬁ 0?%353?5}?:?“86%\{1&393@-@1&98@# ngt h,
t hi cknes sylinsgr. diagpedipogder density Waecathiuiaeat atchygyud s paditOfhdreadfitiqr der |y
packed aggl . S..of . S-[ 2= - | m noet hypam _nol et hyl ] - 2- net hyl - L- cyst ei ne
nal eat e %@’8&%‘%‘?%@ the E’/‘g‘?‘«%& 3}1131% tpéa‘efir?gﬁf’ﬁl?mi% expibitehafardk y packed
aggl onmer abederaknsiydf P(41-g/it, Mgt iprud dandigt 4ty do-g/d1 et hyl - L- cystei ne

mal eat e k‘?déﬁgi.pl oric%? crévst al s di splays good conpressibility profile,

wi t hout & BRETYST At Svalyriqdfer diggcy Camprigpriprowithaut amtyixeipientsgC@2pictich) , as

hard as 3f100Fng ReiRRS®ED nBiniab frddQRRLES S/ : nd 1000
kg. Tabl et _strgn%t ﬁllgr eacrhes ar£11 ap%arer@%%%@t%é%gﬁg%%flooo kg

conpr essfASHDE-Jrabists Warn eemprassed povarions sdmeprptsionfomndiandi evalnated Soreeemtigbser ved
during- coppn L9 R; j . [...the sticking was consi dered to be
a ninor pr obIQ%%hgﬁlé c%urdé) Eggﬁsﬁs?#agge&rypggsosfo\?ﬁo §°ﬁ%ﬁdﬁlgy Eﬁiﬁ‘%?ﬁgg"ﬁqmatfse

:c ubri can®f S{HE1 Mmﬁybmm]—fmmgsqsmmﬂbmhﬁ@&kﬂﬁﬁd@ Qﬁ,@fan% ion
orce is i ig. ,14. T et.disintegration tinmes were al so

eval uat eg% % e%?e%g%%n'?%cﬁsﬁ%%%?ﬁ'éfaf: é’bﬁrgﬁﬁg‘?f%{‘r@r[é](‘@?ne?ﬂlyl)mno]ethYﬂ'

S- [ 2- [ ( 12-nmitiyd&tdyspaeimadaas mdr&»ciﬂcﬂﬂatchygtalwiﬁmﬁstsegoes c&_ﬁfn‘é%][ilﬁﬁtggy&ge(?h' ori de
r S [

crystals. . Three tfabl,ets wer e conpressed with conmpression fo et ween

500 and BUBCULES YspBicanEelpively Mrongamalitabists (RAELinclons hard &s idkRemieal . Al |
tabl ets pﬁsﬁﬂﬁleadﬁﬂﬂcdnﬁﬂésg%oﬁ'ﬁﬂcgbﬁgkéﬁ 58 arld ﬂﬁg kgg_'g%b?e% F%&%%%‘nre%c gl putes and

wel | below the target of 10 m nutes (See Fig. sunmmary,

order| y {Fréeatmagmuaniatetcannandl Pl ky conpressivatfbngOaviinoc ddtickiyh jo-tBe
met hyl - Lsgughed &g ri rystals. show hi ghly desjrable
properties f or t hﬂ%\%&%ﬁﬁ%ﬂ%‘i@@% éﬁﬁlg’rre?rsﬁ B Ry ‘Bg'feﬁﬂ&?ﬁ“c gh as
t abl et s, Wed qonsiferpd t fela minor probltehy paindont] eisilybd redol Vet Bydsing-48uphehiie M8l eat e
hy dr 0! G665 1R8OS or Wbl R0 AT H o 3 ErS R forse s prcaemtes

Fig. 14. Tablet disintegration times were also evaluated for compacts of orderly packed

agglomerates of S-{2-[(1-Iminoethyl)amino] ethyl]-2-methyl-L-cysteine maleate
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PHARVACEUTI CAL. COMPOSI TI ONS [ 0243] Al so enbraced within this invention is
a class of pharmaceutical conpositions conprising crystalline

S-P-[ (1-1m noet hypam no] et hyl | - 2- net hyl - L- cy5t ei ne nal eate hydrochl ori de
in association with one or nore non-toxic, pharmaceutically-acceptable
carriers and/or diluents and/or adjuvants (collectively referred to herein
as "carrier" materials) and, if desired, other active ingredients. The
cryst al | iydroshlogdeery¢tals| Finee tableyspuans cshpresepd frith 2omptebsjdn forey Bétaieeres0al eat e

hydr ochl of.i f th [ese i.h i,on be adm ni.st.ered. by sui tabl e
ot o priap S0, 2prbopnBhE R R ke e ieiilts KR reBe. Al s Elipin o
such a r clisistegraeh timesofdesahalf winiey and well bblowitheRigdPst 10i Bt gte Fig1e
active S42-[(1- | mnoethypam no]ethyl]-2-methyl-L-cysteine nal eate

hydr ochl ‘de and conpositions may, for exanple, ‘be adninistered orally,
| nt r avas qgh Iy sydehiry ALY BRARN b SEARBONE IV inol ALY or
topicallag 3242] %%?’oral§gdn1ni%#ﬁalion, tEgﬂgﬁégﬁ%@%%?ﬁggﬁﬂﬁgﬁ%osition

may be i rmethd-Li-eystpinsfmaltee hustaehioride caystalpshow, highip desiable pusperties fathor

liquid. T @Qag ' LE s i I r.abl. in the formof a
dosage uﬁ?ﬁﬂ ongg?ﬁ?ﬁ%kggégﬁﬁggﬁﬁgéﬂgﬁ%ﬁ%?%%%%§W%“@%éﬁggfkngredient.

Exanpl es Iofincsthyhardimeigiey(j:Rimeathyllecyseiieahalens hphadhibRIS togther @ith Ve

i ngredi ent may al be inistered by injection as a conposition wherein,
f or exanﬁ%@?mggﬁFagfmﬁﬁ@%&%§@“ﬁ? water may be used as a suitable carrier.

[ 0245] The anount of therapeutically active conpound that is adm nistered
and the dosage reginen for treating a disease condition with the conpound
and/ or conpositions of this invention depends on a variety of factors,
including the age, weight, sex and nedical condition of the subject, the
severity of the disease, the route and frequency of adm nistration, and
~the particular conpound enpl oyed, and thus may vary widely. The
pharmaceutical conpositions may contain active ingredients in the range of
about 0.1 to 2000 ng, preferably i-n the range of about 0.5 to 500 ng and
nost preferably between about |and 100 ng. A daily dose of about 0.01 to
100 ngy/ kg body wei ght, preferably between about 0.5 and about 20 ng/ kg
body wei ght and nost preferably between about 0.1 to 10 ng/ kg body wei ght,
may be appropriate. The daily dose can be adm nistered in one to four
doses per day. [0246] Crystalline

S-[2-[(1-1m noet hypam no] et hyl]-2-nethyl -L-cystei ne nal eate hydrochl ori de
can al so be adnmi nistered by a transdennal device. Preferably topica

adm nistration wi-ll be acconplished using a patch either of the reservoir
and porous nenbrane type or of a solid matrix variety. In either case, the
active agent is delivered continuously fromthe reservoir or

m crocapsul es through a nenbrane into the active agent perneabl e adhesi ve,
which is in contact with the skin or nucosa of the recipient If the active
agent is absorbed through the skin, a controlled and predeterm ned fl ow of
the active agent is admnistered to the recipient In the case of

m crocapsul es, the encapsul ating agent may al so finttion as the nenbrane.
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[0247] The oily phase of the enulsions of this invention may be
constituted fromknown ingredients in a known manner. Wil e the phase may
conprise nmerely an emulsifier, it nmay conprise a mxture of at |east one
emulsifier with a fat or an oil or with both a fat and an oil. Preferably,
a hydrophilic emulsifier is included together with a lipophilic enulsifier
which acts as a stabilizer. It is also preferred to include both an oil
and a fat. Together, the emulsifier(s) with or without stabilizer(s)
make-up the so-called enul sifying wax, and the wax together with the oil
and fat make up the so-called emul sifying ointment base which forns the .
oi ly di sp"eﬂéaaﬁpaaya"lemmmmm| ations. Emulsifiers and emul sion
stabiliz itable fqr .use.in the formulation of the present invention

i ncl ude hf“eﬁ%e%%agﬂ, Ebt@fsdg‘f@&@/}s Hfless 9 Pharmpesugical icompositimls, gl yeer yl
nmonost earcatnerisiag drysaliine $37D-34 Liydin o N IS .0248] The choi ce
of sui ta?{ygwg%s or fats .[f‘gg_ t he&:‘ﬂg{mn%{%%]?%g@?sﬁ%g@e%%#lﬁ% ?Itan t he
desi r ed BdpngsRoriatien Witk ppg.er mbre nooHatic, phtuynaoéuticaBy-apiBle CONpound
in nost Ghirferd dnl i ' ceutical emul sion fornulations is
very low. Thus, %gﬂiﬁgﬁd@ﬁﬁ?@gﬁgﬁeﬁgﬁw ?eéltﬂg%{eﬁjr@agweﬁé?ﬁma@ ni ng
and” was h&Bfbdf dsizerd othenative ingradidmise mmﬁﬁw&p—[mﬁﬁﬂo‘%ﬁﬁmﬂﬁoﬁﬁg&\ t ubes
or other 2919&11?1@8&&@% gailt?g}dror br anched chain, npno- or dibasic kyl
esters such E}Sb};il e oanT b &y drpe ¥5ieat @ventiop mAydsadginisertd by est er
of cocon@ry fuatably rowe, ghscferable i 5 Worm¥ 4 ShadhBoen _ ' ropyl
pahni t at omé)%ﬁ%l s%oeaéfgt e, ﬁéet hyl hexy?i pahni ?%ggé%@sgﬁ{&%gﬁéogg Sﬁ%f’hched
chai n esterg “HaiP 1Pt edeFtveine die thraimer intended sThsretiver S{R[(@onbi nat i on
dependi niminoeth i 1268 eth GO I ivel v, high nmelting point

i pids sych asﬂ%hﬂi& t gﬁ;ﬁglf-,t ar gl?%:drrlﬁgﬁed 333%w#%%%ﬁﬁéﬁ%ﬁ‘ﬂ%?ﬂm%la?wfm ner al
oi I's can'BE<IE. bepdmirsterrd orally cintrascudarly, aftiaperitonicallppiubaitariaguiiy)i St rat i on
to the em@hmr]}qrug&aﬁy.e drops wherein the active ingredients are

di ssol ved or suspénded i1 n suitable carrier, especially an aqueous sol vent

for the HRffhEoriom)aduinisuston, eplanticeatidan gorgstisRivhnA e R 4HefEELAB} Y, Pr esent
in such { iR sca"pula concentritﬁ;l'o Tgf 0-5 to-Z%gA) advant agéously 0.5
to 10% and gar’ti cuéllari)y a BEHT SOy \ﬂf ¢ Phasmpcentieal cprapespiémtis ¢ pur poses,
S 12 1( 1pefeabbeningd it e of DuddhePuipdditdiny § BuBlhaf SnfR: SREE

hydrochl g 'ngte 11:?: or di nar | I% combined with oneror nore adi ovanfgive
appropriare to- EREP R CHIbApsRgs nits gre tabitsior sapsules. A attivednigrtdibmttieyed per

os, the algripoiditnisiid B igHHon 86a Wrhdosid Ucr os tarch powder,

cel | ul ose esters of allcanoic aci ds?bsé%(ﬁ%uﬁ%%é’ prz%féﬁa&t"ggt“?,orsteari c
aci d, nefHEIPENbedrea Witablagarmist. um oxi de, sodi um and cal ci um salts of :
phosphorjog4anthe SHohb de eg#iegrﬁ::sl arin. acacia .gum. sodi um al gi nate,

pol yvi nyl p_y?rolei dgr_le, gln or pgf’%},ﬂ;ﬁfpmgpgﬁ%w?g%q%@ ndrhedasageor
‘encaps ulTagBgn fesrireans adiseant conditioniveith th tafpouBd aRI/EARMMIRRIOR! ofAR! €t's Mmay
contain; -rel ease f.ornmul.ati on as may be provided I1n a

di spers io ne%g g%e#%gmcaovr%gfar?é f?cﬁorﬁj’é‘%h(‘)‘i‘?% rvevghy sox end wedisd.

For mul atchuditor of thpaubfot, dieevatlironing isalseOMe FEY 4 d fronm of - aqueous
or non-ggu ou%g{?s tonic steri)Je injection sol Ut ?%n%é%%&guosf%%%g’ilsgﬁﬁﬁ’ These

sol utions- and FRORAEd Faploped, gpd s srpytveryrwistelyr Thephpavstensicadr  gr anul es

havi ng eo@positidh heyRbnthAScER hinRiRnQn He! LiGRt nt,i.on or use in the
fornul at i &ns for oral adm ni st%’]gti on.miﬁ?e %fzfigcﬁtlbﬁem%goamg@w erably

S- [ 240- 'hifisEERpPaRAHSP &2 F3A e 2ud mostiprefetablytmtwicn @bt 10aka 0D AGLPT | de
oy o | 0101 (30 ing B Bk R E BEerall Do phhs 1S s a0 coutum |

corn oil, cottonseed oI PO sodi um
chl or i dB&/kehadmwoight il modh pfcferisty beiwet abslit 0MaB1S naE: m%i%g may be
har rfacedt | cal” art.

adm ni s i |l and ,w del.y, knQqun in the

[ 0251] k ebér%\%ég?gg%&b%s%wwwgﬁ?g%@e‘i°tf°‘|“'1" oggser deyt. t hat the sane
can be Mﬁﬁbﬂmsmuhnﬁy[zwymﬁn&iﬁﬁ)aﬁﬁﬁé]éﬂi?ﬂfﬁm% Lﬂ%ﬁ&ﬁieg} Legarded as a
departu%fdrgcr 0rrr}é%he iéf'iat and scope of ég_g@lﬁ:ﬁe‘ent Invention, and all such
nodi ficatl o d’a%és]‘g‘? doppistered By fraps ivingsPreferabip toplical | ed in. t he
art ar mhﬁﬂmm&%cémmsmglﬂa&gmeg&qg& of t.he follow ng clains.

eservoir and porous
membrane type or of a solid matrix variety. In either case, the active agent is delivered
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CLAIM5 1. A crystalline form of _ _
S42-[1 -1 m noet hypani noj et hy1l-2- et hyl - L-cystei ne mal eate hydrochl ori de.

2. A phai maceutical conposition conprising the crystalline salt of claim
1, together with a pharmaceutically acceptable carrier. 3. The crystalline
salt of claim1, or the pharmaceutical conposition of claim2, for use in
the treatment of a condition where pathologically high NO production forms
a part. 4continsousty/fern fHeireserwi ar nuifrochmsiules hrough 4 hemiphey MRCBYLILGB hoent

iti im 2, .fqr. use in.t reatment of rheunatoid arthritis,
ost boar t h ??‘?él?lg é‘?‘&%gy"%’a"ﬁbf‘%r ks %",n“]cw’gﬁi‘fléeﬁafi FiRRcoRLof Hefsemicnh it the petive,
spondy| oaageht istabsrbodthtves! 1he sl Control1bd hild SredeRiMnS1o@ Bt theclil i dehis
neuropathi¢c arthrjtis, and pyogenic arthritis. ABSTRACT _
S-12-[( 1-%%4?9%%%% QSmecmmmmEnmmh G AdDROGH O lsaial DE
CRYSTALLI peciAla Lndri xed salt of S42-{(1-1mi noethyDani noj et hy
-2-met hyl - L- cys}éfﬁnlg%ii%%eimscl osed. The novel mxed salt, S-[2-[(1

| mi noet hyl8&#iInBiectilyyphpsenf thetdmpilsionsoyf shie inwentied et I doystitaed fromil@wnnay be

: t be.arranged as generally qrderly packed
produced iRl b Aabli Y BB ARAS AR, RS AL Ly SL0 L
conposi t | emgprisSaotixplear atleet bhe ahulsifiep obthta B a2 bR oAWER bIBSTE] £aGn ogs el |

alline o . |
B e S b el ety i ivublin el wbisor | e,
and et hadss i slabaiir. D 800 lefdeRto GRAIRUHRIh AT FAMTAXBLEHR esSi on on
nitric oxidlﬁ_ér m t.he induci ble isoformof nitric oxide“synthase using the
B

S [2-[ (119 Withyar matheutabilizes) raekeyup the ey salisil pmulsifyingtwex, and the
- hydr ochl ogdsdggether with the oil and fat make up the so-called emulsifying ointment base which

forms the oily dispersed phase of the cream formulations. Emulsiﬁeré and emulsion

stabilizers suitable for use in the formulation of the present invention include Tween 60, Span
80, cetosteary! alcohol, myristyl alcohol, glyceryl monostearate, and sodium lauryl sulfate,
among others. ' - '

[0248] The choice of suitable oils or fats for the formulation is based on achieving the
desired cosrﬁetic properties, since the solubility of the active compound in most oils likely to |
be used in pharmaceutical emulsion formulations is very low. Thus, the cream should
preferably be a non-greasy, non-staining and washable product with suitable consistency to
avoid leakage from tubes or other containers. Sﬁaight or branched chain, mono- or dibasic
alkyl esters such as di-isoadipate, isocetyl stearate, propylene glycol diester of coconut Tatty
acids, isopropyl myristate, decyl oleate, isopropyl palmitate, butyl stearate, 2-ethylhexyl
palmitate or a blend of branched chain esters may be used. These may be used alone or in
combination depending on the properties required. Alternatively, high melting point ﬁpids
such as white soft paraffin and/or liquid paraffin or other mineral oils can be used.

[0249] Formulations suitable for topical administration to the eye also mclude eye drops
wherein the active ingredients are dissolved or suspended in suitable carricf, especially an
aqueous solvent for the active ingredients. The active ingredients are preferably present in
such formulations in a concentration of 0-5 to 20%, advantageously 0.5 to 10% and
particularly about 1.5% w/w.

[0250] For therapeutic purposes, S-[2—[(1—hninoethyl)amino]ethyl]-2—methyl—]'_,—cysteine
maleate hydrochloride is brdinarily combined with one or more adjuvants appropriate to the
indicated route of administration. If administered per os, the compound may be admixed with
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(no suitable figure)

lactose, sucrose, starch powder, cellulose esters of alkanoic acids, cellulose alkyl esters, tale,
stearic acid, magnesium stearate, magnesium oxide, sodium and calcium salts of phosphoric
and sulfuric acids, gelatin, acacia gum, sodium alginate, polyvinylpyrrolidone, and/or
polyvinyl alcohol, and then tableted or encapsulated for convenient administration. Such
capsules or tablets may contain a controlled-release formulation as may be provided in a
dispersion of active compound in hydroxypropylmethyl cellulose. Formulations for parenteral
administration may be in the fofm of aqueous or non-agueous isotonic sterile injection
solutions or suspensions, These solutions and suspensions may be prepared from sterile
powders or granules having one of more of the carriers or diluents mentioned for use in the
formulations for oral administration. The crystalline S-[2-[(1-Iminoethyl)amino]ethyl]-2-
methyl-L-cysteine maleate hydrochloride may Be dissolved in water, polyethylene glycol,
propylene glycol, ethanol, com oil, cottonseed oil, peanut oil, sesame oil, benzyl alcohol,
sodium chloridé, and/or various buffers. Other adjuvants and modes of administration are
well and widely known 111 the pharmaceutical art.
[0251] The invention being thus descﬁbed, it is apparent that the same can be varied in many
ways. Such variations are not to be regarded as a departure from the spirit and scope of the
present invention, and all such modifications and equivalents as would be obvious to one

skilled in the art are intended to be included within the scope of the following claims,
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CLAIMS

1. A crystalline form of S-{2-[(1-Iminoethyl)amino]ethyl]-2-methy}-L-cysteine

maleate hydrochloride.

2. A pharmaceutical composition comprising the crystalline salt of ciaim 1, together

with a pharmaceutically acceptable carrier.

3. The crystalline salt of claim 1, or the pharmaceutical composition of claim 2, for
use in the treatment of a condition where pathologically high NO production

forms a part.

4, The crystalline salt of claim I, or the pharmaceutical composition of claim 2, for
use in the treatment of rheumatoid arthritis, osteoarthritis, gouty arthritis, juvenile
arthritis, septic arthritis, spondyloarthritis, acute rheumatic arthritis, enteropathic

arthritis, neuropathic arthritis, and pyogenic arthritis.
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