S-[2-[(1-IMINOETHYL)AMINO]ETHYL]-2-METHYL-L-CYSTEINE
MALEATE HYDROCHLORIDE CRYSTALLINE SALT FIELD OF THE
INVENTION [0001] Priority is claimed from U.S. Provisional Application
Serial Number 60/453,496, incorporated herein by reference. [0002] The
present invention comprises a novel compound useful in the treatment of
disease, and more particularly a novel salt of
S-[2- [(1SHIRHIO TN ETHAThYA NS ) FEF RStV BHY EVEIOYSTEINE
particularly a MABEAVEHNRFOCHIORIDE R STADEHN] amrethyl-L-
cysteine maleate hydrochloride, and pharmaceutical compositions thereof,
¥t Q@EFHREANVENTIOMONS involving an inappropriate expression of
nitric oxide from the inducible isoform of nitric oxide synthase. [00031
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endotheltm IW one’isoform of NOS. The activity of NO as a vasodilator
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glyceryltrinitrate. Nitric oxide Is also’an endbgenous's

com{ilet_ely prevented. In addition to endothelium-dependent relaxation,
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relaxing factor (EDRF), that mediates such vascular relaxation is now known fo 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 amylnitrite, and glyceryltrinitrate. Nitric
oxide is also an endogenous stimulator of soluble guanylate cyclase (¢GMP), 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 systetn,

[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: |



() a constitutive, Ca++/calmodulin dependent enzyme, located in the

brain, that releases NO in response to receptor or physical stimulation; (ii)

a Ca++ independent enzyme, a 130 kD protein, which is induced after

activation of vascular smooth muscle, macrophages, endothelial cells,

and a number of other cells by endotoxin and cytoldnes; and (iii) a

constitutive, Ca++/calmodulin dependent enzyme, located in the
endotheliarmonthisitrede £>esHithivdeipodsetdaacentone) RRYs#aaln the brain, that
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changes. Therefore, any modification of a drug substance which
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_ , especially to moisture
and under storage conditions. Elevated stability at different conditions of storags is needed to
predict the different possible 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 milling of the drug to achieve drug material with uniform particle size and
surface area. Unstable materials often undergo 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-
iminoethylaminoJethyl}-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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iminoethyl)amino]ethyl]-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 2 be desirable, therefore, to

provide a crystalline solid form of an iINOS inhibitor such as S-[2-

[(2-hninoethyl)amino]ethyl]-2-methyl-L-cysteine. BRIEF DESCRIPTION

OF THE DRAWINGS [0010] Fig. 1 shows a powder X-ray diffraction
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R ad Al e LY )i WIN(Scysteine maleate
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WS an spectrum of the crystalline
S [2 [(I Imlnoethyl)amlno]ethyl] 2-methyl-L-cysteine maleate
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}g@mg@\ﬂ pictures of the randomly packed agglomerates of crystalline

2- [(2- Imlnoethyl)amlno]ethyl] -2-methyl-L-cysteine maleate
hydrochloride obtained from Example 9, Fig. 7A shows the generally

[0andpFiGiEpe it aeginmaryrg orhilg g Ei%a%mwﬂﬁéf @481 e S-[2-[(1-
acki f crys %IPLH ithin the agglomerates; [0017] Fig. 8 shows various
‘%ﬁﬁf’%ﬁ%ﬁ i %ﬂ) '5%&&88&‘%}5‘5%%%@@ i fine
S-[2-[(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate
ride made through see D crystallizatj ro
S ST DR T s SERPINR TS popeeine
&:Eaéf W@a@kﬁﬁﬁ@gﬁ@lﬂbﬁé@bmﬂmﬁﬁme maleate hydrochloride;

[2-[(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate hydrochloride
made through in- situ seeded QESD crystallization process and obtained

(RO Eiartierw's 2R gmom soremmE el throerertalingy AriariC ki ntinpuhyiteinojethyl]-
253812 SROWR HMSORRE MNQIHESREEYRIAS from a sample from Example 20;

[0015] Fig. 6 is a photomicrograph of the crystalline S-[2-](1-Iminoethyl)amino]ethy!]-2-
methyl-L-cysteine maleate hydrochloride from Example 9;

[0016] Fig. 7 are two SEM pictures of the randomly packed agglomerates of crystalline 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;

[0017] Fig. 8 shows various SEM pictures of the orderly packed agglomerates of crystalline
5-[2-{(1-Iminoethyl)aminolethyl]-2-methyl-L-cysteine maleate hydrochloride made through
seeded QESD crystallization process and obtained from Example 20;



[00191 Fig. 10 is a conceptual x-T diagram for a ternary system exhibiting
LLPS behavior for a fixed amount of anti-solvent [00201 Fig. 11 is a chart
showing coexisting surfaces at constant temperature for a ternary system
[0021] Fig. 12 shows a graph of particle size distribution of orderly packed
agglomerates of S-[2-[(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine
maleate hydrochloride crystals; [00221 Fig. 13 is a graph plotting tablet
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ovel salt compound, a process for preparing pharmaceutica
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sysfeoiulates the inducible isofor of nitric oxide synthase over the

constitutive isoforms of nitric oxide synthase. The present salt compound

possesses useful nitric oxide synthase inhibiting activity, and is expected
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mixed salt is characterized by some or all of the following physica

measurements: elemental analysis (such as by combustion analysis),
[FOz3fidiep dinis apchblealoditysiprddiftarrREal SCRRBIRG 6AIAPBRUY @ Wrce; and
thermogravimetric analysis), refractive indices (polarized light

microscopy), x-ray powder diffraction pattern, Raman spectroscopy and
[00A% Eim $6iptigrafbicelemplenttits of tidlutdibairgeajod038] The

present novel salt can be used to treat diseases involving cartilage

degeneration,



which takes place in certain conditions such as arthritis. Accordingly,
conditions in which there is an advantage in inhibiting NO production from
L-arginine include arthritic conditions such as rheumatoid arthritis,
osteoarthritis, gouty arthritis, juvenile arthritis, septic arthritis,
spondyloarthritis, acute rheumatic arthritis, enteropathic arthritis,
neuropathrc arthntls and pyogenlc arthritis. In addition, NO-induced

k Y € INfERDPNation could modulate matrix loss and
secondary cartllage mineralization in arthritis, in particular osteoarthritis.
[0029] Other conditions for which the present mixed salt may be useful
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[0028] The present novel salt can be used to treat diseases involving cartilage degeneration,
which takes place in certain conditions such as arthritis. Accordingly, conditions in which
there is an advantage in inhibiting NO production from L-arginine include arthritic conditions
such as rheumatoid arthritis, osteoarthritis, gouty arthritis, juvenile arthritis; septic arthritis, -
spondyloarthritis, acute rheumatic arthritis, enteropathic arthritis, neuropathic arthritis, and

pyogenic arthritis. In addition, NO-induced depression of chondrocyte respiration could

modulate matrix loss and secondary cartilage mineralization in arthritis, in particular
osteoarthritis,

{0029] Other conditions for which the present mixed salt may be useful include chronic or
inflammatory bowel disease, cardiovascular ischemia, diabetes, congestive heart failure,
myocarditis, atherosclerosis, migraine, glaucoma, aortic aneurysni, reflux esophagitis,

diarrhea, irritable bowel syndrome, cystic fibrosis, emphysema, asthma, bronchiectasis,
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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, IL-l and IL- 2; and as an adjuvant to short
term immunosuppression in transplant therapy. [0033] The present mixed
salt may also be useful in the treatment of ocular conditions (such as
ocular hypertension retinitis uveitis), systemic lupus erythematosis (SLE),
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ion of nitrig oxide plays a role, Which comprises a therapeutically
[@%iﬁ,{ée g}ﬁ%q%flg}g}ﬁg{gm% %s_cré)_ef(p_sed where nitric oxide inhibition may also play a
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[0035] Besides being UeRFeN T8 3 SO B MSpAd TG SiuRtion thatalcommon

NoAlR terimiejd arsdgasentofidampitioioill g biraaisisetig animals and farm

(1] i ' s, radents, and the like. More preferred |
o o 8 oo B R s D RN prsen
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restoratjve treatment. [0037] The term "effective amount™ mea

R SRATENe SRS PR R IRE & BhaguereRiayitesl sdlfministebecbinsetul as
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B e kod st o b e o mesbie O
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, TL-1 and IL-
2; and as an adjuvant to short term immunosuppression in transplant therapy.

{0033]_ 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, immunosuppression such as in transplant therapy, disorders of
gastrointestinal motility, sunburn, eczema, psoriasis, gingivitis, pancreatitis, damage to the
gastrointestinal tract resulting from infections, cystic fibrosis, treatment to a dysfunctional
mmmune system such as an adjuvant to short term immunosuppression in organ transplant
therapy, induction of labor, adenomatous polyposis, controlling tumor growth, chexﬁotherapy,

chemoprevention and bronchitis,



cysteine herein refers to a solid state wherein the
S-[2-[(-Iminoethyl)amino]ethyl]-2-methyl- L-cysteine molecules are
present in a disordered arrangement and do not form a distinguishable
crystal lattice or unit cell. When subjected to X- ray powder diffraction,
amorphous S-[2-[(-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine does not
produce any characteristic crystalline peaks. [0040] The term "crystalline
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hereln re ers to % solid state form Whereln the
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crystalline salt Form I, as more fully described in copending U.S.

DEJWIEAD DESCHINTION GO/ HES TRRneproafated herein by reference
in its entirety. [0043] The terms

: D'eﬁén %Imlnoethyl)amlno]ethyl] -2-methyl-L-cysteine maleate

rochloride,’ crystalline
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amorphous S-[2-[(1-Iminoethy!)amino]ethyl]- -2-methyl-L-cysteine does not produce any
characteristic crystalline peaks, |

[0040] The term “crystalline form" as applied to 5-{2-[(1-Iminoethyl)aminoJethyl}- -2-methyl-
L-cysteine herein refers to a solid state form wherein the S~[2-{(1-Iminoethyl)amino]ethyl]-2-
methyl-L-cysteine molecules are arranged to form a distinguishable crystal lattice (1)
comprising distinguishable unit cells, and (ii) yielding diffraction peaks when subjected to X-
ray radiation.

[0041] The terms “S-[2-[( 1-Immoethyl)amino]eﬂly}]~2-methyl—l’.,~cysteine maleate Form 1,”
S—[Z-[(I-Iminoethyl)amino]eﬂ1y1]~2-methy1—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



[0047] The term "DI water," as used herein, means deionized water.

[0048] The term "DMF," as used herein, means NN-dimethylformamide.

[00491 The term "D/WI/A" refers to a ternary solvent system of IV
N-dimethylformamide (DMF), water and acetonitrile. [00501 The term "
S-[2-[(2-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine drug substance" as

used herein means S-[2-[(I-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine
fity sesestedaitepeiBiipeIcOMextin¥NSRRENERBASd8Reth, 20! SRBESIRfd herein
to u?formulat(?d S-[2-[(1 Iminoethyl)amino]ethyl]-2-methyl-L-cysteine or to
'@’fi-f(i‘-‘ﬁ%fﬂé&%%’f}s ino]ethyl]-2- methyl-L-cysteine present as an

o zdigntahs mﬁa@mmw%ﬂm%mi%m?ﬁ Form IL”

ifferential scanni lorimetry. [0052] The term " AHD" or '
e e O e L e OB et g i mean 502
Khdéngydethoybemied fetslbiduletiii)) ceqeine chtdeme rosel gramaoftie 11, as more
A It int,t rature.. 3],.Theterm "HPLC" .

R P B S R B AP oo i
hfrafeenqoo5is) eptse@rm "kN" means kilonewtons. 8 [0056] The term "kP"

[BRE) 1e) ds: 1905b7 gﬁf;m AS s herein,.refers t

densrtSF.is [O%%%l%rﬁ%qt?elr-}nﬁm% me;ﬁéngg?kﬁc%nsity. ?&)%95 eé{l t%exrnr%§ QEF%'
Wéﬁ%‘fﬁif’éﬁﬁgd%‘@%ﬁe[éd df rheiresthyDaminelsiy it smsibebibityyteintoxaleate
mroelefined, é;yaﬁae‘fﬂfiealg’eih@ﬁlzz?& Eﬁﬂ@@lﬁéﬂaﬁﬂﬁ ?%HH SMZtBl'[t{P.eanS

ucle agnetjc resonance, and may apply to nuclear magnetic
ﬂ@é%‘i?%? éﬁé@ SR BRE AT PE tRs malsaie HudRshiotidrebavirg063]
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[0044) The term "crystallization™ as used here_ig can refer to crystallization and/or
recrystallization depending upon the applicable circumstances relating to preparation of. S-[2-
[(1-Iminoethyl)amino]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.

{80491 The term “D/W/A” refers to a ternary solvent system of N, N-dimethylformamide
(DMF), water and acetonitrile.

[0050} The term " S-[2-[(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine drug substance" as
used herein means S-[2-{(1-Iminoethyl)amino]ethyl}-2-methyl-L-cysteine per se as qualified
by the context in which the term is used, and can refer to unformulated S-[2-[(1-
Iminoethyl)amino]ethyl]-2-methyl-L-cysteine or to S-[2-{(1-IminoethyDamino]ethyl]-2-
methyl-L-cysteine present as an ingredient of a pharmaceutical composition.

[0051] The term "DSC" means differential scanning calorimetry.

[0052] The term “AHps” 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 pressure liquid chromatography.
[0054] The term “IR" means infrared. '
[0655] The term “kN”" means kilonewtons.



[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-[(I-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate
hydrochloride according to conventional HPLC assay. 10072] The term

[8X& O heeansipowdanXriawgiffcaction. [0073] The term "rpm” means
revolutions per minute. [0074] The term "seeding," as used herein, means

S AdBhedrres @y SETRogsuspidemimtisfersyedansifr the purpose of
['uﬂggpqg@{egﬂh%ciﬂgaﬁyglgg@ggs%acting as substrate for further
@?@[ﬁﬂiﬁiﬂon-im@ The term "agglomerates”, generally refers to random .
r e%ﬁﬁkiﬂ’g ?Hﬁﬁ?ﬁﬂ?&ldﬁéﬁls in units that are not readily
[98&bloYbeitermring /e meaye isatiprasibdite fatlonsas defirad Hyahsfrafibolids.
[0076] The term "SEM" means scanning electron microscopy. [0077] The
term "TGA" means thermogravimetric analysis. [0078] The term "Tm"
means meltingq tempgrature. 9 10079] The term "zwitterion" or "SW"
means a mol &Tlé“tﬁ,“gt‘carries both a positive and negative charge. The

term "free zwitterion¥eans a zwitterion such that the net charge of the
molecule is zero. Unless otherwise indicated, the term "zwitterion" and

[06¢4] BRe4sRe “REIRMmRAR A Clear fi d
Iga% (-minoethyhaminolethyll-2-methyL-L-cysteine switeron T80e0 L ciear

S R R R AR AR ARSRAYry 1]-2-methyl-L-cysteine maleate hydrochloride
[ona2piihetsal @il be-usetulfardreating, among other things, inflammation
%g?j 'g%, or, fol;,treatin%,(iﬁher nitric oxide synthase-mediated disorders,
[O08R] b e, S GEERE T tHE S atment of pain and headaches, or as

{@fteth fitheretim fty thedue gtanent of fever. For example,

gkl (Hning ?t b minolce}{hi%I!-2-methyI-L-cysteine maleate hydrochloride
Icr;%tgl ine salt will D& Userulto treat arthritis, including but not limited to

[FHeGmBReits i snespo mistogmtmopathies, gouty arthritis, osteoarthritis,
[BYS M WS Y Ihemalasisylyenile arthritis, acute rheumatic arthritis,

enteropathic arthritis, neuropathic arthritis, psoriatic arthritis, and

SR tRIC HIFEGRE W Which the |
[B682] (Fhwipesthyhaniealethyildipathyhl -cysteine maleate
[HW 6?(:11}13 ggg‘l g%%}ga!ltigg;ggét‘}/ggé %ngg,en%r;nasdt\{lg%?r%itign of crystals in a solution.
10071] The term "Purity" as used herein, unless otherwise qualified, means the chemical
purity of crystalline S-{2-[(1 ~Iminoethyl)aminoJethyl]-2-methyl-L-cysteine maleate
hydrochloride according to conventional HPLC assay.
{0072] The term "PXRD" means powder X-ray diffraction.
[0073] The term "rpm" means revolutions per 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 seadily 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.



inhibiting NO production from L-arginine include arthritic conditions.
100811 S-[2-[(I-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, bums, sunburn, dermatitis, pancreatitis, hepatitis, and from

[eﬁgﬁjrﬁﬁ%%% gﬁ%%g%%é?&&ﬁgg@”% R N SH RO S5 and
négARvf bhariro&thy hamiribde thyij2-metinybdns eysidireionalehtthat the net charge of
R Y Rl PR IS0 MBI RISl 1B AR PR

as inflammatory bowel didease Isease,
heyestyitisais FdRH bdwvizisyindjaniecdetiilcemuthyeblitksi¢dremtterion.
S-[2-[(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate

[%ﬁi&&ﬁ%ﬁ?&%@%ﬁ%ﬁ%ﬁ%@%éﬁﬁ@&&@&prevﬁm'l%'{eor hydrochloride

. f cancer, such as’ colorectal cancer, and cancer of the breast,
cmﬁé;@goﬂéwlbm@b@g&e&ﬁg%mogg other things, inflammation in a subject, or

i tdatningethyhiaminglathyldanetvdiky daina-maleately dsoshiprtRsic in the

crystalline salt of the invention would be useful in treating inflammation

TSRS AR ARG BRIERGT R A A UEN RS RA SEAERE g For example,
shegunthesdaeiRmaitMtosamdnyldidiisteinpl astiestnrydiactiodgkin'gstalline salt
disease, sclerodoma, rheumatic fever, type | diabetes,.. neuromuscular, s
Vﬁi cﬁ%n“ﬁ?%@?agg iﬁéﬂdiﬁ’@gﬁ%sﬁ%\iﬂé%éa@g v eﬁ%%ltt %erut |S§%%%na?md arthritis,
- stoldingimatiliess derosisiiadticpidesis e regitesyio dnposesrBdhrettsus, juvenile

SYAROME, d O RANIMO IR A0S BERN USa RS RENHNE MY psoriari

occurring after injury, myocardlaei Ischemia, and the'like. The .
aBH2 laihinogtid) anthiriole oifizionednywhick yheeinE ridtmivoethyl)aminolethyl]-2-
Mﬁmﬁh@%ﬁéfﬂ%m‘a ARG RISa-RgHRRIULR _taﬁltr??é{’?@é' 1 advantage in
~ophthalmic diseases, such as glaucoma, retinitis, retinopathies, uveitis,
inelbispgNBBitsBendrRIo AEires AReiH eIt BEllF 48R0E™REd with acute
[ougty &orihg 1epfﬁir1&%g@[)a9ﬁ&a&&iﬁyltpgmf@mm@%maw@§ 1fddehloride
present inventive S-[2-[(I- Iminoethyl)amino]ethg%%ﬁ -methyl-L-cysteine 1
sryatLRe FYEROde AtRREr e Sa{TEaREhe A costrua
especialy, Wharemympiy P okl ieborataréiniaiy st dyst sRinpraaedtion of
nitr'(%:.oxid%,C LéCh a%ajlgi Snitrgc oxidfﬁmedsiatcgg n[}]efgve d%maege.clga(%z%%]h atitis
@ﬂé‘-ﬁ’l‘}ﬁﬁm eﬁﬁﬁ?ammb?e%ﬁlﬂf-’ -me ﬁyl_-cys eine mal eﬁ%%ydrot TBhide”
any Stattti possalpmsivd infborvetisefinkinding freatomnbdmpubwigagryuch as
d 9 ii’f!f%: 2dbaLasRosiates Wth viraLipiecians;ang F¥SiCmy.L-
iEURen, Sl AR VB aRAy Stes  HERLAYRRIANS B sy
cysteine maleate hydrochloride crystalline salt also would be useful to treat
gastrointestinal conditions such as inflammatory bowel disease, Crohn's disease,
gastritis, irritable bowel syndrome and ulcerative colitis.
{60821 S-[2-[(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate hydrochloride
erystalline saft would be useful for the prevention or treatment of cancer, such as
colorectal cancer, and cancer of the breast, lung, prostate, bladder, cervix and skin. S-
[2-[(I-IminoethyDamino]ethyl]-2-methyl-L-cysteine maleate hydrochloride crystailine
salt of the invention would be useful in treating inflammation and tissue damage in such
diseases as vascular diseases, migraine headaches, periarteritis nodosa, thyroiditis,
aplastic anemia, Hodgkin's disease, sclerodoma, rheumatic fever, type I diabetes,

neuromuscular junction disease including myasthenia gravis, white matter disease

including multiple sclerosis, sarcoidosis, nephrotic syndrome, Behcet's syndrome,
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Iminoethyl)amino]ethyl]-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. [00841 The
S-[2-[(I-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate

Iminoet nolethy - : ; Ceuch
L L e
myReARiarishrEa. 1R ing ikl TRerS - [{AFfgBpoethylamino ethyl]-2-methyl-L-
ov2u2ab(niminestavbamineleindimeiivkbaty sieing malapie Avdrachigride

crystalline salt would also be useful in the treatment of allergic rhinitis,
opl Ascastalslon alBiprineiabkinr sy Bt Aovees aprplar
pisRpIessieragist I8A8Ghation and pain associated with acute injury to the eye
.S- Z-gﬂlijmlnoethyl)amlno]ethyl -2-methyl-L-cysteine maleate r&drochlorlde
“ﬁ’g&t AT TSI PRE s e Thib e rasRTRd AR X S Theskéding but
Imniob hlt’rl}tbﬂﬁm f Mofabiopesatie Phitydentanarife MyHoulaGR orandHRaist is

resulting from cancer. S-[2-,
o, B s b Bl S BTy ey he
prgettitined siiticwside belusefnifitrndhaidrevediinl abdemeantigs, such as
fdiaimers diss . %!g]e?_ yseful for human treatment
[S-[ -[(I-Imf?]géﬁt%%?glr#ﬁ\%ﬁgﬁ%lj- - mé%%ﬁ%%yg eﬁﬁger%la%g %hy&%mde
crystnbeRRtidecaigdisnihe waitismibe wemtuttbelpubmoray mdatmmegiioof such
2SORMRRRIOREAIMNAIS, S HlicABiNa apdifarm mels. dnelyging mammals,
rodents, and the like. More preferred animals include horses, dogs, and
Irpinee 1W§twgs%—methyl~bcysteme maleate hydrochloride crystalline salt

wﬁ%a-ﬂbd; Bﬂ'_d@@myf)ﬁmﬁl@@kﬁt{‘ﬂwﬁtml&ﬂ%b beﬁ%%l%dﬁﬁ@@@&n_ disordgrsii such
rochloride crystalline s ay alsq be used jn co-therapies, partially or
o T Bt D R A oo SR AR er goaaes
- rsubimg$rtog ethée \ithestaradsrdNBAIDs, COX-2 selective inhibitors,

' inhibito TB4 .ant ist LTA4 hydrolase
o TRy b B R ST ey O llfed
hgirochiprideoestaliiassaibietssfhasnsetyiitinfysieineryraeaseuch as for the

oy d ) ' ; i : :

_adva%?}ge in |gﬁmg§ﬁ?§§ﬁ%ﬁ%§%§%§% car i&ggu\’;@i%%t?ﬁlls'% Set’%rlngulgffui
sigdese (type | or type 1), congestive heart failure, myocarditis,
[EUBS) GSOlerasisy RGN A B aam - AREHGANSUILE mif il RRARRAGHIS:

diarrhea, irritable bowel syndrome, cystic fibrogis, emphysema, asthma,
AT R0 ) laP D HEr S 4N iy Heaymsst i ssein ahimatitp Stseicary
- dischenyadtbnedimli€oxin shock syndrome, and atherosclerosis.

[0086] S-[2-(1-Iminoethyl)aminojethyl]-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 prevention 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
treatment 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-Imincethyl)aminc]ethyl]-2-methyl-L-cysteine maleate

hydrochloride crystalline salt may also be used in co-therapies, partially or completely,
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stroke and global ischemia (for example, secondary to cardiac arrest),
multiple sclerosis and other central nervous system disorders mediated
by NO, for example Parkinson's disease. Further neurodegenerative
disorders in which NO inhibition may be useful include nerve
degeneration or nerve necrosis in disorders such as hypoxia,
hypoglycemia, epilepsy, and in cases of central nervous system (CNS)

itrplatea{ Sk esnephiahePIf RGN : ric.oxygen .
:gonvul i n%ggi{city dementia e.g?%‘%%;ggﬁ?ﬁgg?nﬁeaﬁﬁ%%%%é XVIBS-
R AR erelacive jaRiarn S dinsrecrrmtinitotys,disiase,
aAwpsairanhie Lateral Belarosisipligrsakoff s disease, imbecility relating to

@cerebral vessel disorder, sleeping disorders, schizophrenia, depression,

ledEisreapditta gy miidnteai Ebtiatbuinteith eniaojtiydl SRARONIE cysteine
n{EMB )RR ANASERIIG - o . ,
uaugz %&%ﬁ inoeth I)aminomﬁ%%%%%%ﬁgn %1%%VIde an advantage in

i R R QR PHsdsrtiemimiabetil (e berugafabin

cthedsewtinant RIpRIMREIEIng, somaienshis (alther Nod | hrti
r rggatlpic ﬁb%txh cu?g and chronic. S- 2-[(1-(?Ill Hgglgg?%ﬁ_ﬁp&%g’gomc aneurysm,
%qe?ﬁy?érﬁino?@%%-% ngéﬁgféﬁé%%@ﬁﬁfémemmem& asthma,
Peopehirtitel s diymonlgekie (aibailitappstuatiomine dinm RWRARIS PR mbotic

L ID or opioid analgesic_would traditionally be _
Sﬁﬁ%ﬁ%ﬁ?&%@f%ﬁ STRBIP ST ARILO0Y S FRIIHan &Rk AiipiResclerosis and
Oy SpnHg bR teEten BiserierS fRdiated by NO, for example Parkinson’s disease.
Héthminegtndaminelethyll-2- 2 eine maleate hydrochloride .
d(:rystalli,ne salt of thle%phr%%‘gﬁﬁr%@rﬁ#ﬁ%ﬁrm lﬁ%leeb Fggtlr%@h?%}lsﬁ%@\/’é’ﬁlﬂ’? Bfrve

8%?&%3?_&% FAREE' g eifett deseaiar PdtedieroopishymnijoaniesefRgsy, and in
cheszodiavabiueialesgsc (CReyeAIzie ki ssdlpzsanes and ather

hadéj{)ctive behavior, for example, nicotine addiction, alcoholism, an?f‘gg?i’ng
hSoTaarS FE58 SPTRESEons and iowirdRuraTarntitteanyit: enilstiisthentigstaiha IDS-
Tefatdd dtenaytinociineide, Syysindine SRkafl e Rresent | ion.will.also be
SHI%‘?JHUQ{%}%}{&%%”&?S%% or Prﬁveﬁtion of 12 dru?withgggﬁgél’ %@rﬁ?cﬁ% teral
example treatment Of preventio R LA SFR deaseh isesfeTo pieseing
Priminge ' -methyl-L-cysteine, maleate hydrochloride
1(‘:r%stalline sgﬁa&r%%/g_m %’e%}s“ee%ll at%gg%’vecn%jt?g e damage when
GFEthp etttk Comibprtey butinalrbpgi2rint by bhtvjsalingantsaf0RAb IS de

{2Hi0E-benngetb yhamy 137 ll-Gystgine maleate L
o rochlorjde crﬁglmhnpemg?ﬁl@ p(?rigés%)rl?t%\%%%ﬁgm FARE el pelipsipding

hyd
sclnrﬁ%tgﬁﬁ%c TSRS fFgPneuropathic), both acute and chronic. S-[2-[(1~
Immoethyi)amino}ethyl]—2-meﬂ1yl~L—cysteine maleate hydrochloride crystalline salt could be

used in any situation including neuropathic pain that a common NSAID or opioid analgesic
would traditionally be administered.

[0091]) Still other disorders or conditions which will be advantageously treated by the $-[2-
[(1~Iminoethyl)amino]ethyl]—2-methy1—L-cysteine maleate hydrochloride crystalline salt of
the present invention include treatment or prevention of opiate tolerance in patients needing
protracted opiate analgesics, and benzodiazepine tolerance in patients taking
benzodiazepines, and other addictive behavior, for éxample, nicotine addiction, alcoholism,
and eating disorders.

{0092] The $-[2-[(1 ~Iminoethyl)amino]ethyl}-2~methy1—L-cysteine maleate hydrochloride

crystalline salt of the present invention will also be useful in the treatrnent or prevention of
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L-arginine including systemic hypotension associated with septic and/or
toxic hemorrhagic shock induced by a wide variety of agents; therapy with
cytokines such as TNF, IL-l and IL- 2; and as an adjuvant to short term
immunosuppression in transplant therapy. [0095] The present invention is
further directed to the use of the S-[2-[(I-
Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate hydrochloride

drégyeialiag sl iaihﬁmg&samﬂmee@émé% e Leaima AN AR Rrawal

neoplasias. The neoplasias that will be treatable or preventable by the
froz epigien Al OB APRASEIAIITE® methyl-L-cysteine maleate
[oé9s]roeblarisie costalitey pathRaltiainoas-alyhe Bresent MeRtiagdnrciidade

e cancer, a leukemia, a lymphoma, epithelial

br%H] cancer, baqn . _
CryA s, THE LTS YIRS TSI A5 4g, Kb hseeNficelly combined
witisatitantar adenpdeieingrags gastrointestinal cancer such as lip cancer,

h I Il bawel d st :
o B R e D e s R s S e chorice
crysighine saicef, the pricahcanvestiohumg] ebsoder pefd sh ¢alnbaingNCskinduction from
| [ t .
L S Lo e U R o

shiiouighesst bihe Wisdy ARl avasiontsh dhaeop aath ayibkitrsasustl &s TECtbel and IL-
2; M RS UGINGEIRAANEE YR RRRSSRIBHACHLCANET: RaRGisas

cancer, ovary cancer, prostate cancer, cervical cancer, lung cancer,

[0A7ah e arrssrbiny Srinnds Aeehes frcir 4o thawst o Tdr SrhdKsal cell

In€Ap&eISakhito RGN SctByitk Lyieatwamio aletiliisHme tiykl1EYS QIS8T the
maleateq?ggﬁﬁl ride crystalline salt Form ]I and methods can also be

b
PrESgh! BERSTVRI R ORI RO AdrRitTieth et ip pemipsisrdlahipill be
tréatAi (b minestaylyamithe |8yl [ RimeduyhihaysieiRehileteatehyl-L-cysteine

drochloride crystalline,salt and methaqds,can be used to treat subjects. .
e B B e B o g brein

capotyfusie c_(ma')_a m&maﬂmesgpitheﬁal c_:ell—derived neoplasia (epithelial
ca&l%?dlmd AP g&%ﬁ'@éﬂ@ﬁ%ﬂ&'@é,@&éﬁggﬁﬁﬂg ?Qg%a lﬁ%[&inai canceﬁ such as lip

hydrochloride crystalline salt and methods can sed to prevent polyps
cafieRh RN RERSCh sFerhemel et Farlbove] Gorjuaed viomesdtsioneotelon
cancbZ Ifiminaethyharninelsthy! &&&Wﬁﬂe&}’é@%aﬂﬁﬁ%ﬁicm cancer, lung

hydraochloride crystalline salt of the present invention with another ,

Cag it BBRL SARCF 25 SR FARTo ife?s Suatarsi e b rad Patehfielhsaticany prostate
caregticeriedlxersiterelfatisasseaiatietanttchangihe ppndireduaigughout

T T
cavaers bthddethrensidepefieetscansimgoaggntancer, prostate cancer, cervical cancer, lung
ca%é@,' K&é@&%@é?%@@%ﬂ%ﬁ@éﬂ] é%&%é g&tclﬂz‘ﬁl%{lsst%iﬂ ann&qlg?a&e cell cancers. The
present $-[2-[(1-Iminoethyl)aminolethyl}-2-methyi-L-cysteine maleate hydrochloride
crystalline salt Form II and methods can also be used to treat the fibrosis which occurs with
radiation therapy. The present S-[2-[(1-Iminoethyl)aminoJethyl]-2-methyl-L-cysteine
maleate hydrochloride crystalline salt and methods can be used to treat subjects having
adenomatous polyps, including those with familial adenomatous polyposis (FAP).
Additionally, the present S-[2-[{(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate
hydrochloride crystalline salt and methods can be used to prevent polyps from forming in
patients at risk of FAP.

[0096] Conjunctive treatment of a S-[2-{(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine

maleate hydrochloride crystalline salt of the present invention with another antineoplastic
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hydrochloride crystalline salt of the present invention will further be useful
as an adjunct to radiation therapy to reduce side effects or enhance
efficacy. [00971 In the present invention, another agent which can be
combined therapeutically with the
S-[2-[(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate
hydrochloride crystalline salt of the present invention includes any

ble of inhib
N T O TR ——

W% : @éﬂé%siw@ag ﬂémﬁmawuhe é%zwﬁélcytdeef&gemg agent needed
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inhibitor". COX-2 selective |nh|b|tors usefu n therapeutic com maf%uhsedbythe
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phosphamide analogues, altretamine, anaxirone, Boehringer Mannheim
BBR-2207, bestrabucil, budotitane, Wakunaga CA-102, carboplatin,
carmustine, Chinoin-139, Chinoin- 153, chlorambucil, cisplatin,
cyclophosphamide, American Cyanamid CL-286558, Sanofi CY-233,
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rodorubicin, sibanomicin, siwenmycin, Sumitomo SM-3887, Snow Brand SN-706, Snow
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amphethinile, amsacrine, Angiostat, ankinomycin, anti-neoplaston AlO,
antineopiaston A2, 15 antineoplaston A3, antineoplaston A5,
antineoplaston AS2-1, Henkel APD, aphidicolin glycinate, asparaginase,
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superoxide dismutase, Toyama T-506, Toyama T-680, taxol, Teijin
TEI-0303, teniposide, thaliblastine, Eastman Kodak TJB-29, tocotrienol,
Topostin, Teijin TT-82, Kyowa Hakko UCN-01, Kyowa Hakko UCN-1028,
ukrain, Eastman Kodak USB-006, vinblastine sulfate, vincristine,
vindesine, vinestramide, vinorelbine, vintriptol, vinzolidine, withanolides,
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antihyperlipidemic or cholesterol-lowering rug asa

PSP bENsBEAmpRS W%ﬁﬂw}fé@mﬁmmedm@mmmémmmmmmh is

believed to achieve its effects by affecting a different mechanism.

[0103] In another combination of the present invention, the present inventive S-{2-{(1-
IminoethyDamino]ethyl}-2-methyl-L-cysteine maleate hydrochloride crystalline salt can be
used in therapeutic combination with an antihyperlipidemic or cholesterol-lowering drug such
as a benzothiepine or a benzothiazepine antthyperlipidemic drug. Examples of benzothiepine
antihyperlipidemic drugs useful in the present inventive therapeutic combination can be
found in U.S. Patent No. 5,994,391, herein incorporated by reference. Some benzothiazepine
antiltyperlipidemic drugs are described in WO 93/16055. Alternatively, the
antihyperlipidemic 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, individuaily,

benfluorex, fluvastatin, lovastatin, provastatin, simvastatin, atorvastatin, cerivastatin,
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antihyperlipidemic drugs useful in the present inventive therapeutic
combination can be found in U.S. Patent No. 5,994,391, herein
incorporated by reference. Some benzothiazepine antihyperlipidemic
drugs are described in WO 93/16055. Alternatively, the antihyperlipidemic
or cholesterol-lowering drug useful in combination with a compound of the
present invention can be an HMG Co-A reductase inhibitor. Examples of
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JnsntsT FRbRArmISHbAL teripyertion, Shpoplgsent S-[2-[(1-
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, s ETgonovine, or methyl

ergonovine), a fricyclic antidepressant (e.g., amitriptyline or noririptyline), a serotonergic
antagonist (e.g., methysergide or cyproheptadine), a beta-andrenergic antagonist {e.B.,
propranolol, timolol, atenolol, nadolol, or metprolol), or a monoamine oxidase inhbitor (e.g.,
phenelzine or isocarboxazid).
[0105] A further embodiment provides a therapeutic combination of the S-[2-{(1-
Iminoethyl)amino]ethyl]-2~methyl~L—cysteine maleate hydrochloride crystaliine salt of the
present invention with an opioid compound. Opioid compounds useful in this combination
include without limitation morphine, methadone, hydromarphone, oxymorphone,
levorphanol, levallorphan, codeine,dihydrocodeine, dihydrohydroxycodeinone, pentazocine,

hydrocodone, oxycodone, nalmefene, etorphine, levorphanol, fentanyl, sufentanil, DAMGO
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ergonovine), a tricyclic antidepressant (e.g., amitriptyliné or nortriptyline),
a serotonergic antagonist (e.g., methysergide or cyproheptadine), a
beta-andrenergic antagonist (e.g., propranolol, timolol, atenolol, nadolol,
or metprolol), or a monoamine oxidase inhbitor (e.g., phenelzine or
isocarboxazid). [0105] A further embodiment provides a therapeutic
combination of the S-[2-[(I- Iminoethyl)amino]ethyl]-2-methyl-L-cysteine
rachloride crystalline salt of the sent invention with an
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ﬂ}ﬁggﬁrrc[;gﬁlfglr? e&éﬁrgﬁs aifing ga?)g‘lftz?%‘ﬁée%gﬁ ShBRhERRRIPid pridfigtion.
[0 dolimthes cnnfaidinespr psenddnaurtivechanistically distinct novel crystallization
St Hdslmi Ino 2-methyl-L-cysteine maleat
Pr hyd rochllgr}i crl}ég %{rfi/éégai ﬁ ne%lgﬁ&tmvgi%%am gﬂre%ﬁ Cﬂ%%%ﬁ%ﬁg‘&%ﬁ&' Brtrmctpibia
CY%%BEFF&? méir@@plm emgtaiciskiorfsboeritseof npmidosidetb tidkied bulk
poSkih sapigidRIdi iaR, @ﬁ%&éﬁhﬁ!ﬁﬁ%&ﬁ]@ﬁd&gg@é&{%{gﬁ@ %f‘%?nf?%l‘éing S2-[(-

mechagistigally distinct novel crystallization proce esigns for

ey aHrei e 16 2 soibihrssstrnamaketisthyfrochieridg lctysetinsinglt together
withal ghienhidneichigride-prystallingesalt of the present invention with tailored
bulk powder characteristics for easy to prepare pharmaceutical

compositions comprising S-[2-[(1-
1L RARAITATE EXsMBEESnethyl-L-cysteine maleate hydrochloride
ofypiRilng salt tagether, with a.ph ceutically acceptable carrier.
[. ILL STRATIVég g%ﬁ%ﬁéﬁ%@ﬁ%e ‘8%%%&2@6£YLLCYSWW
ditydqoehloride eesiguyamang] desstibadrirethyishooys taingnediny o patuaridenmaee
6 4mo, anddesatled i, aanmanly assionad Y., patent number

6,403,830, %co_rpo_rated min by refer_g,r?gg. Hn%m%ﬁl%g‘ammg}eglﬁ]"z'methyl'r“'
cySeiBeriehrmT Hrrsaibasin-reting U Sy deiistios SerigkNomis:
60dBSCTiR thisporael e réreRiicalion SRt NUPRA iminoethylaminojethyl]-
2-methyl-L-cysteine maleate Form I is described in co-pending U.S. Application Serial
Numntber 60/453,796, incorporated herein by reference. Crystalline S-[2-[(1-
Iminoethyl)aminojethyl]-2-methyl-L-cysteine maleate Form 1 is described in co-pending

U.S. Application Serial Number 60/453,782, incorporated herein by reference.

Characterization of S-[2-{(1-Iminoethyl)amin o}ethyl]-2-methyl-L-cysteine maleate
hydrochloride

(6108} S-[2-[(1 -Iminoethyl)aminojethyl}-2-methyl-L-cysteine maleate hydrochloride crystals
are birefringent with positive elongation when analyzed by polarized light microscopy. S-[2-
[(1-Iminoethyl)amino]ethyl}-2-methyl-L-cysteine maleate hydrochloride crystalline salt has

an aqueous solubility in excess of 150 mg mi™.

19



60/453,798, incorporated herein by reference. Crystalline
S-[2-[(-Iminoethyl)amino]ethyl]- 2-methyl-L-cysteine maleate Form I is
described in co-pending U.S. Application Serial Number 60/453,796,
incorporated herein by reference. Crystalline S-[2-[(I-
Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate Form Il is described
in co-pending U.S. Application Serial Number 60/453,782, incorporated
herein by reference. Characterization of '

S-[2-[(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate
I3 Ego f o B8 X Safpppikam iplostn papirrO]Baarden foangl 20)oyRelpe (1 -
BRI HIRPIAVIO CRUBIAT e bite HaRar HIRRARIYE BRR4RHHRRon

when analyzed by polarized light'microscopy. .
otterss &smﬁ%%w}mﬁnzvﬁ@#ms%%@ﬁéwreaz@amemiaéz{ﬂ~

Eaysalinsusatidiasy A aauaaUS spbiitnin SXCasE:0laRdg mi-1. 19
[01091 Fig. 1 is powder x-ray pattern of two samples (Examples 9 and 20)

of S-[2-[(I - Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate
MG?M?ig)ﬂdea%fﬁﬁhdiﬁﬁaﬁﬂez?ﬁaI@mﬁ@ﬁmﬁﬁ Ehdr actadistinPeriks
userul.in racterizin rystalll -lZ-1(1- . .
O S o R L e st g i crochloride.
$01:61sEge hatdigraphositiamdifferealtiatest and#G36R0 Nk ty Buedisel @nthalpy of
| el G i " . .
e R RS el syont o somposis g dogradtion of
W&R‘é%i@%%&%@ﬁh@@mmpwﬂ@h%mwb&bvgmm maleate
ﬁy%o%@&mét&e@@%ﬁa@eg%@ﬁ@%ampéﬁéﬁ}%%%&m%@%

%Q%em erature
single thermal event is a composite of thermal degradation aleic aglé
MEFHEAINR S8 Yoy SenpiiB Ay aabYaihgnrditeanyiab ay e mephanizadeating
hyelkaatiterideraashehskipekiied amidUsicrysialiiog-salidsrb et esiot of 2
%;'ﬁé]tefé)xerature ,angigr&?&alé% can vary depending on the analysis
BRI Bh e S AL I ArH P IR R et e PR Wickniotpe maleate
 hadnpik aridpar 6o shdvig a3vis ghheoo gravinieike T B4 paipielsa- somple
J&%&&X t%ltllinee S-[2-[(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine
maleate hy rochloride. TGA shows a weight loss of approximately 1%
over the 40-180 C temperature range. [01111 Fig. 4 is a plot of a

F@?ﬁ?ﬁﬁgrﬂtm&tgﬂy 85&%&&&%%@&?%?&6{253 e cryﬁta(ljline ﬁ-ngg(g
minoethyl)amino]ethyl]-2-methyl-L-cysteiné maleate” hydrochloride.
Ainasiy Hipnplstay! {istaliigsteine maleate hydrochloride. Moisture sorption of
Sl 2ri{skaliie wﬂxthaMHMQ%sz%&%@mgé%% maleate hydrochloride
2¥Qro hli?rlde 25 C, b%/ DVS moisture balance, showed a moisure update :
abpréX G T 88 BERRReShrl A RI9N FeRAve ALARRIRY tRIETY 1.5% between 0
BiedWerrelfrias A BHdRyHR. HNOBWW &S 0MaIS BYERVES another 58% moisture was
taken up by the solids. It is presumed that at 909% R.H. the crystal structure was destroyed to
produce highly hygroscopic amorphous solids. During the de-sorption cycle (frbm 90 to 30%
R.H.), these solids transformed into 2 mixture of form II of the crystalline S-[2-[(1-
Iminoethyljaminolethyl]-2-methyl-L-cysteine maleate and amorphous zwitterion with excess
‘hydrogen chloride. Subsequent de-sorption and re-sorption behavior was very similar to form
II of the crystalline S-[2-[(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate. Powder
x-ray analysis on the solids at the end of the experiment confirmed the presence of both form
II the crystalline S-[2-[(1-Imincethyl)amino]ethyi}-2-methyl-L-cysteine maleate and
amorphous solids.
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taken up by the solids. It is presumed that at 90% R.H. the crystal
structure was destroyed to produce highly hygroscopic amorphous solids.
During the de-sorption cycle (from 90 to 30% R.H.), these solids
transformed into a mixture of form Il of the crystalline S-[2-[(I-

Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate and amorphous
zwitterion with excess hydrogen chloride. Subsequent de-sorption and

re-sorption behavigr was very similar, to form..ll oft ystallin .
CHOE MR e o el S e DRy
2-mefiay-Brsiysiscondeetsbijdsdtitralencidd thEwmpplin?dn Broifiniedignan

resence Qf both form 1] the grystallin PR
e RS ARGt Bl cF SS7aplex sy, s orgin e n he
inchistioriibsiersdidwe20 the hiddc i, BréhboisthevRighnam Sacnimsofitieht

crystalline 9:-F2-[(1-Hni i thyl]- - ' t
S S i b e
exdimmatiohensphwithe wtagurlcdimese i BRafas R Saase Wavelegaihiekths phaton.
ThiRCIARIG SOURIAARPRUER RADEMNISSH RS AR IRIARAGH A TE:P68) BEmolecules

particles of light composing a I(ij%rllt beam. The_collision between the

h
R R L v DA Sk e AR i R SRR RNLG IS wrgpely affected by

theCRRSRAUSIKICBANRG 1B & Iiph AR heReectyRie ipog ke bieiplight sourtes)such
a Raman spectrum is a set o;:#(erxé1 rrow fﬁectral lines emitted from
a

as {asERaathItae WAEHINER AN ROGSHETRRE RS Sy SFEken st
freep aedratietis gitonlyel detelffeyerbetepectratwititrent thevilagdntlightRaman
.. and hence tightly. chromatic light I .
i e A e e s i S R B aGiR it PR
Refnoam lihes iisciptendi g pantteiclar stiel clifferph servelsoelsn tRemnepsstra measure the

VIWQH&L%@&Q%? & &?aﬁﬂ&?&hlﬁﬁ%?é‘&%iﬁ@%ﬂ{ﬂm&mmm

number-shift, not the absolute wavelength, of the Raman lines is specific
to particular atomic groups in molecules. Raman spectra measure the

CoystaliisntismisSonididameectriominel sbdintmaiin-tesrimne talinte
hydrgehiesiderystallization of

S-[2-[(1-Iminoeth)7l)aming]ethyll-2-methyl-|_-cysieine maleate . . .
Wl’&%}g‘%ﬁlE}W&ésftf’ﬂe&}l?ﬂBf&%‘@éeéé?&’ﬁ%ﬁ FEY “r&?ﬁé@kﬁé‘é’%ﬁéﬁ%‘?‘i salt is
offiesyistatlizafioninkotixectisall Shofgsinigeddetitncéxamplesubssentions the

AR TR R e geRrn.
InrinantetiaaolrbiEidyihahylethyrsteopomiiatemaidenehinriiodnlovdectthese
e?[?ﬁ:?é’é@ét %ﬁu@é%ﬂt#ﬁf&&ﬁ mﬁ(g'i[?—%(W%E%Q&ﬁ)}i%@éﬂyl}2-m_ethy1-L—cysteine
- yl)aminolethyl]-2-methyl-L-Cysteine maleate were obtained. A
mstpetaiienasiisineh thénebdsrssinnas haisegsdbrdhe failure to obtain
polymorphically pure crystalline S-{2-{(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine
maleate hydrochloride is also inchuded at the end of the sub-section.
[0114] External crystal shape of the mixed salt defines the next two main sub-sections, This
particular product attribute is driven by distinct underlying crystailization mechanisms and
has major implications for the subsequent development of a pharmaceutical cofnposition
comprising S-[2-[(1-Iminoethy!)aminc]ethyl}-2-methyl-L-cysteine maleate hydrochloride
together with a pharmaceutically acceptable carrier. The two distinct shapes, for the purposes
of this invention from here on are referred to as “randomly packed agglomerates” usually but
not necessarily non-spherical in overall appearance and “orderly packed agglomerates™
usually but not necessarily spherical in overall appearance, In general, primary crystals

making up the agglomerate have smaller aspect ratios for the orderly packed agglomerates
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polymorphically pure crystalline

S-[2-[(-Iminoethyl)amino]ethyll-2-methyl-L-cysteine maleate

hydrochloride is also included at the end of the sub-section. [0114]

External crystal shape of the mixed salt defines the next two main

sub-sections. This particular product attribute is driven by distinct

underlying crystallization mechanisms and has major implications for the

subsequent, development of a.pharmaceutical] camposition comprisin
e 1 e T B B o e
puippdes ofi thiideveniipathrspevithatiplsaiefince atidaivatic od e bte g ferver tolthe short
fer}\é‘(fo distinct shapes, for the purposes of this invention from here on are

referred to as "randomly packed agglomerates" usually but not

[0135¢ d8ssirthe Ammpplsadeanentdodhalrappdiiaatinecdtandead\rpkeked

aggigﬂl%gg,atﬁﬁnfﬁwylb W&i&&%@@&%@’i?%ﬂ@@d B}chﬁgéﬂssion on the
unggge_arance. In general, primary crystals making up the agglomerate

s irghenarstbrnisfiEcstae e aERaHORGR | SHfdrariada GreR shape.

AlE®mpared i@a@@aﬁﬁ@@ﬂn&ﬁ)&ﬁ@@ﬁ%ﬁk&%ﬁé&@ﬂd@m%@gﬁwe of this invention.
agglomerates. For the purposes of this invention, aspect ratio is defined
(O TR v, B AP APl bt R B TR O T T e owed the

diexaimplespertinenitesthe tiystatizatipnbid rptondtpatisatimmarized.
agglomerates,” Examples 7-19 are discussed. This is followed by a
discussion on the underlying crystallization mechanism directing the

Fefolstradichefniivaparticular crystal shape. Also included is a detailed

1ohase separation” o s, iaventi
e B B s S g e
exgaeplevepseadiahrns Fiiecebkercfoisthmomiayiseekddedgglotn orandatians in
piimmarized. Feedstock definitions: [0117] The zwitterion;
gig- (2-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine used in all the
[0 ﬂé&@v&b&k@&ﬁ@ AR rietd-Erwrisisue ared be ipd to as
anSQBHS RrERIIeRa N DIEIRAIS) Palitino]ethyl]-2-methyl-L-cysteine from bere on.
mi@k@ (1'%%%@%%@’Egégg@%'3{53ﬁ%‘li’%r;%ifﬁ&%%ﬁg]‘é'fﬂﬁﬁiﬁ%%r S ystoine
cosgmmmmmamg&&mmmmﬁ%z; msémlaybqﬁmmm@ﬁm Refg 14N
most.cases [ us reege arie . .
I P AR S ethc wouid e specifed i sach cxample for the
sphydiotpentdhianeriioaiiicmeldried filialé hisnonoedyngifelhyl]-2-methyl-L-
ey RiReGUNBMIR SNl 2HNe I 17 Y RIRIRELBUIL RESRRCHES IRBRRN -cysteine

example for the specific lot of the"amorphous freeze dried
maepier Y diprRisEER ) amino]ethyl]-2-methyl-L- cysteine used for the
[esnygtalis aiemRfrP 42210 minestRypmineietiy]-Z-methy L c¥etain@ock solution
had an approximate composition oft 5-{2-[(1 —Iminoethyi)amino]ethyl]-2—methyl-L—éysteine

11.7% w/w; water 0.2% w/w; maleic acid 12.4% w/w; and chloride 1.0%. Variability of 10%

could be expected for each component of this solution. The aforementioned concentration of
maleic acid and chloride in the solution represents approximately 2.0 and 0.5 molar
equivalents respectively for each equivalent of S-{2-[(1-lninoethyl)amino]ethyl]-2-methyl-L-
cysteine. This solution would be referred to as the primary DMF solution of S-{2-[(1-
Iminoethyl)aminojethyl}-2-methyl-L-cysteine from here on.

[0120] The other stock solution of S-[2-[(1-ImincethyDaminolethyl}-2-methyl-L-cysteine in
DMF had an approximate composition oft S-[2-[(1-Iminoethyl)aminolethyll-2-methyl-L-
cysteine 11.7% w/w; water 2.83% w/w; maleic acid 14.88% w/w; and chloride 1.0%. The

aforementioned concentration of maleic acid and chioride in the solution represents
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maleate hydrochloride. [01191 The first DMF/
S-[2-[(I-lIminoethyl)amino]ethyl]-2-methyl-L-cysteine stock solution had an
approximate composition of:
S-[2-[(2-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine 11.7% wlw; water
0.2% w/w; maleic acid 12.4% wi/w; and chloride 1.0%. Variability of 10%
could be expected for each component of this solution. The
aforementioned. concentration of maleic acid and chlagride jn the

0 FRs -

apprapyBaishte-Bfokm aeisy) ST RIERES B RRsri el ivhrarte Ly
Imxﬁa&hﬁ}ammﬂm]‘-&i&ﬁﬁmmeﬁhw)amsme]ethyi]mzmaymamtaamdary

Ry i e

other stock solution of

-2 -| - DMF had
Exa"JBroxma ee%% 6)§sm|o QJett]g‘ ff s[lz gIIr?un%O l%r%‘% m rojeth I]-Z?mea}[rr:yl-L-
{mesﬁmélammmm%@@B%WW%MIM S8 w; and
:%&yizaﬂﬂ&{ etﬁﬁ?-ﬁi&é&%%%?%&&%@ﬁ&fﬂy%ﬁi@?ﬁi@%é&%@t@ﬁm Form 1

In the solution represents 22 approximat 2{ 2.2 and 0.5 molar

of g@%m@tgq%@ﬂmgﬁ 1&3cnehinamimesnooplgie The small quantities of the
latiPipasYbaMineleth vl &Ensdtylhaiateine. This solution is referred to as

the secondary DMF solution of
S-[2-[(1-Iminoethyl)amino}ethyl]-2-methyl-L-cysteine from here on.
Exmxprples of failed experiments with respect to polymorphic purity [0121]

ix disfinct experi nts ture ofcrystalllneS 2- 1
GRS R e R
hxmﬁysm‘h)amﬁo]ethyl}aﬁ%aﬁﬂaﬁ(ﬂllmm@ethﬁd:)mﬂmu}g@}@meﬂﬁyI1n7émﬂe648

e,
g RS L BT R A MER 0 Y RSO
scmﬁ@maémmwﬁk@mm gn[tznf(fhe suspension was stirred to affect a clear

solinahyhiingleimil daneliodily- 5&/&&8l{&%(@@8f@eﬁ&mmapﬁ9>qngmym 50
10% water), 648 mg of maleic acid, 988 mg of DI water and 246

MDWES- Wé‘f'@‘ﬂ&b‘é@% %29@@6@%@%8&%@5@%@6%@%&%% was

stisté Q1R SHERENEIe @dﬂ?@éﬁt@&ﬂmm Bdierktadly TdSQﬁ’Cll@ fohPminutes, It

acetonitrile were slowly a d to the solution in 1 I aI ver 50
i B SRy A o Péiféuffﬁiptg SREFIRS S Toe

slﬁhewaalswm ﬁh‘rmdtl@érﬂ@mmana%ﬁ peraid r&efmmd\zémaem“ﬁon rnahduthend stirred

foh%?utr 10%10 6 fort cﬁ ctl%eic’ gdwr‘? g tlrrﬁa Ehlsdt lin eﬁ’latu r f%% was
ours an WO m Of acelo Itl’l e were a d e slurry WaS Stll’l’

Wﬁ@h@inmﬂhe?r :ianf arBeTiRhdrndisd| it i sihmmoielisuraniietdan 2
vacuum oven at 55 °C and 28 inches Hg for 24 hours. PXRD analysis on the product did not
show any appreciable amount of Form I of S-[2-[(1-Iminoethyl)aminolethyl]-2-methyl-L~
cysteine maleate mixed in with the S-[2-[(1-Iminoethyl)amino]ethyl}-2-methyl-L-cysteine
maleate hydrochloride, however DSC apalysis indicated that some Form I of S-[2-{(1-

Iminoethyl)aminolethyl]-2-methyl-L-cysteine maleate was present in the product.

Example 2

[0123] Example 2 involved adding 201 mg of 0.25 eq. HCI containing amorphous freeze
dried S-[2-[(1-Iminoethyl)aminolethyl}-2-methyl-L-cysteine (containing approximately 10%
water), 209 mg of maleic acid and 1120 mg of DMF to a 12 ml vial equipped with a magnetic
stirrer. The suspension was stirred to affect a clear solution. 5)7‘1.':11 of acetonitrile were slowly

added to the solution in 1.0 m! aliquots over 50 minutes. Turbidity did not completely
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for four hours. The slurry was discharged on a fine frit sintered glass
funnel. The cake was washed with 2 ml of aeetonitrile and air dried for
half an hour. Solids were placed in a vacuum oven at 55 C and 28 inches
Hg for 24 hours. PXRD analysis on the product did not show any
appreciable amount of Form | of
S-[2-[(1-hninoethyl)amino]ethyl]-2-methyl-L- cysteine maleate mixed in

ith the S- -l my { i { -2-methyl-L -cystei t
e Y R -
Gsighi mplehiosTyizddehes ety irgsaietijk viol steistimed gatemasnperature for six
RIESSAL LGRS b AmRe 2 ALY FXAIDNIE & B RINSA AT fory

mg of 0.25 eq. HCI containing amorphous freeze

leos. | Bherplviae A dinsheatedon wbnriiiy sintespstalaes foonchifimgeake was washed
RRROKIMARI AN Ae, 29 Wg phfmalsicAddiARd L 120,mg of PM&%& oven

a 12 mlvial equcigsped with a magnetic stirrer. The suspension was stirre

b et B Hedsr s dom2 hbeiracetsHR e lyeicon i iprosugedidmenshow any
Soti9dbie ko afiRoiels oY SI[BQ MinutestHhykding disymot commpieiely2dne

ide, th fF | of .
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hgdseddorides s eTaeDsdl malysitielicaibnm Rnpeaaepisix hours

d th { ' ty minutes. It tirred at this t {
T e T PR oS A el B

funnel. The cake was washed with 2 ml of acetonitrile and air dried for
half an hour. Solids were placed in a vacuum oven at 55 C and 28 inches
BeatapR4shours. PXRD analysis on the product did not show any
appreciable amount of Form | of

B 24)(Himicigettys afiivalaply 32 elligtdrreysteisedingl eate Foelonswitty (1-
-[2-[(I-Iminoethyhaminolethyl]-2-methyl-L-cysteine maleate .
E}I/%}%[%R@I eifl%wé:@e‘? éé@{ g’;{%‘éﬂ% FSKI% |ca§%/% 86}}? tcﬁgﬁg‘%‘? © ppiymorphically
iminwethytieatin Setmpile2n26thyig o L0 2B mp NGl cattainas: praeehbin freze dried S-
QpugtExa A%l]’_ IRqtive QLEXRMRIS 3was, o determing,if
?e%%i}]ng With%%é 2]_ [%%%ﬁ% c?rs%lgé( ecogtammg %pproxxmatqu{ ?8 /f water),
rif el malteinetisad-blatens i DyEeire rdrsimahkiinaorialisasinped with a
RolyReQERIG!THERMERRIGEES BiEXRBRR2: 20RNGRAEBR I 8 Jfektonitrile
Contalﬁz:‘f?? amorphous freeze dried S- ) .
ST SRS LR PR Rt A AL i S0 iy Turbidity compltely
apipideimptel yhi Qumplaten), o PR8N abdmaipinAdidran drid 3hIMa M at room
vere ac dee Dtlgmax 2 ml vigl 5&(&%};{3? Wi%g g.magnetic starer, The .
SUSPenaion was strad 1o aHacta &g SoltdBrioA A B s etoRATFETRA AL this
stowphyadagddr tivttyeheutution tred dohiddiouwots trescbihrsnTbesiarbigitdischarged
G3h @ﬁéqﬁ't sintered glass funnel. The cake was washed with 2 ml of acetonitrile and air
dried for half an hour. Solids were placed in a vacuum oven at 55 °C and 28 inches Hg for 24
hours. PXRD analysis on the product did not show any appreciable amount of Form I of S-f2-
[(1-Iminoethyl)amino]ethyl]-2-methyl-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-Iminoethyl)amino]ethyl}-2-methyl-L-cysteine maleate was

present in the product.
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subsided upon the completion of reduced acetonitrile charge. The vial was
stirred at room temperature for six hours and then heated to 60 C in forty
minutes. It was stirred at this temperature for forty hours and then cooled
to room temperature. The slurry was discharged on a fine frit sintered
glass funnel. The cake was washed with 2 ml of acetonitrile and air dried
for half an hour. Solids were placed in a vacuum oven at 55 C and 28

| s¢Hg for 24 hours. PXRD analysis on the product did not show any
appreciable amount of Form | of S-[2-
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oethyl amlno]eth []-2-methyl-L-cysteine maleate
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solution in 1.0 ml aliquots’over 50 minutes. Turbidity subsided completely
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S-[2-[(1- Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate was present
in the product. Example 5 [0126] In Example 5, malefic acid content of the

E % ste g/vas reduced by 25%. It involved adding 304 mg of 0.25 eq. HCI
¥ W%ﬁmng amorphous freeze dried S-[2-[(1-
mmﬁ;ﬁggﬂ@i@@]%%%cr@%%}& s YRR ASANANIDG AR SEBRE rvolved
adding 304 mg of 0.25 eq. HCI containing amorphous freeze dried S-[2-{(1-

Iminoethyl)amino]ethyl]-2-methyl-L-cysteine (containing approximately 10% water), 241
mg of maleic acid and 1659 mg of DMF to a 12 mi vial equipped with a magnetic stirrer. The
suspension was stirred to affect a clear solution. 4 ml of acetonitrile were slowly added to the
solution in 1.0 ml aliquots over 50 minutes. The turbidity of the system converted into a solid
viscous mass at the bottom of the vial after the completion of acetonitrile charge. The vial
was heated to 60 °C in forty minutes. Within two and a half hours at 60 °C, solids were
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 shurry 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 m} 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
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mg of maleic acid and 1659 mg of DMF to a 12 ml vial equipped with a
magnetic stirrer. The suspension was stirred to affect a clear solution. 4
ml of acetonitrile were slowly added to the solution in 1.0 ml aliquots over
50 minutes. The turbidity of the system converted into a solid viscous
mass at the bottom of the vial after the completion of acetonitrile charge.
The vial was heated to 60 C in forty minutes. Within two and a half hours
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e cake was very wet. It was re-suspended in 2 ml of acetonitrile and
conffrgred BEREd TPl cake was air dried for half an hour. Solids were then air

dried in an open crystallization dish for 2 25 hours. PXRD analysis on the
product showed appreciable amount of Form | of S-[2-[(I-
Imirag hyl)amino]ethyl)-2-methyl-L-cysteine maleate mixed in with S

- Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate hydrochloride.
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with 2 ml of acetonitrile and air dried for half an hour. Solids were then ail[l )
calfjuasi i b iRyl 2t ioR T ARSE BT HBIE f5 R T RS sroB s iR gre then air
dripad et shehret shiovaRnyRAINe O ablea PR afdhaisoh die product did not show

S-[2-[(I-lmjnoethyl)aminole -2~ I-L-cysteine. mixed.in with .
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Iminoethyljamino]ethyl]-2-methyi—L~cysteine maleate was present in the product.

Discussion of Examples 1-6

{0128] Thermal analysis on the intermediate solid samples withdrawn during various stages
of the experiments reported above indicated that Form I of S-[2-[(1-Iminoethyl)amino]ethyl]-
2-methyl-L-cysieine maleate crystallized during the cool down or the extended hold periods
at any of the hold temperatures repbrted above. This implies secondary nucleation of Form [
of S-[2-[(1-Iminoethyl}amino]ethyl]-2-methyl-L-cysteine maleate during the latter stages of
crystallization. Without wishing to be bound by any theory, it is believed that this is
explained because during the hold periods, the system is completely depleted of HCI through
the formation of crystalline S-[2-[(1-Iminoethyl)amino]ethyl]}-2-methyl-L-cysteine maleate
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Discussion of Examples 1-6 [01281 Thermal analysis on the intermediate
solid samples withdrawn during various stages of the experiments
reported above indicated that Form | of S-[2-[(I-Iminoethyl)amino]ethyl]-
2-methyl-L-cysteine maleate crystallized during the cool down or the
extended hold periods at any of the hold temperatures reported above.
This implies secondary nucleation of Form | of S-[2-[(l
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be%gg%‘gfiphlc purity of the product. In a DMF/acetonitrile system in such a

loride deficient state, mixtures with Form | of
S-[2-[(2-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate can be
expected. Examples of Randomly packed agglomerates [01301 Examples
Exangplasd ORead sl parhedrigglonoentsof HCI in relation to S-[2-[(I-
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Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate hydrochloride.
Impmeshplemippigtby heprissant-Lrpstrng fescpetrdhitred B 16w water and
InAGEIORIEIsTIRYAIS I 2ampie . Is R Raline Hyssdeiad. aktheplangdard

water content and acetor%érile levels. [01311 Experiments captured in,
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[0 f?ﬂl%}ta)l%riments captured in Examples 10 through 19 were conducted to demonstrate that
S-[2-{(1-Iminoethyl)aminolethyl}-2-methyl-L-cysteine maleate hydrochloride could be
crystallized and isolated over a wide range of values for the moiar equivalents of HCl in
relation to S-[2-[(1-Iminoethylaminojethyl}-2-methyl-L-cysteine.

[6132] Examples 10, 11, 12 and 13 were all performed at 26% of the required amount of
HCl in relation to S-[2-[(1-Imincethyhamino]ethyl]-2-methyl-L-cysteine to crystallize S-[2-
[(1-Tminoethyllamino Jethyl}-2-methyl-L-cysteine maleate hydrochloride. Example 13
involved direct precipitation of S-[2-[(1-Iminoethyl)aminolethyl]-2 -methyl-L-cysfeine :
maleate hydrochloride, while Examples 10 through 12 involved precipitation of either the
Form I or IT of S-[2-[(1-Iminoethyl)aminolethyl]-2-methyl-L-cysteine maleate, followed by
solution mediated phase conversion to crystalline $-[2-[(1-Iminoethyl)aminolethyl}-2-

27



crystallized and isolated over a wide range of values for the molar
equivalents of HCI in relation to

S-[2-[(I-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine. [01321 Examples 10,
11, 12 and 13 were all performed at 26% of the required amount of HCI in
relation to S-[2-[(I-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine to
crystallize S-[2- [(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate
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S- -[(i minoethyl)amino]ethyl]-2-methyl-L-cysteine maleate
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ydrochloride, while Example 14 involved precipitation of either the Form |
CIERCTAgHeS- [2-[(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate,

[6aHQyVELMpRA YOS FadiatesRaRaERA R S ONI40:M NSAHNHBan those required for
S-[2-[(2-Iminoethyl)amino]ethyl]-2-methyl-L - cysteine maleate
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le elzqrigher than those required for stoichiometric considerations to

gﬁ?/c Pec -[(2-Iminoethyl)amino]ethyl]-2-methyl-L- cysteine into

crystalline S-[2-[(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate
@%ﬁ%gplpride. Example 7 [0135] To 126.1 grams of the primary DMF

solutfon of S-[2-[(1-Iminoethyl)amino]ethyl]-2- methyl-L-cysteine, 1.46
[§1aR1sTer1dé-lotraras o the prirepey defetsmbiere pid-{akid iter ety | iawira]ethyl]-2-

REHE-PrNARH D WksSaUitionsat SoldzHd-tnisp aitnd amun aletau 1S M ind water

cysteine to 1.63%. 125.5 grams of this solution was charged to a 500 m|
qarieatad teuigani Mg et anseh St BE4 gHpostalininphy b grarbedrl-
Aeeipeitsiesvere asdegatastbereasintidhrangharpeing 2560 ralg ek dedl Mhcior with

g?tratrlnoig gétea?g% %Vx?l.%%t?ﬂ gir )(%&%% E%%lfs? cglnaec%tglrflrtinnl% weere added to the reactor
through a pump at a rate of 1.4 ml per minute over two hours. Crystals had formed during the
addition period. The system was stirred for a total of 53 hours and then the slurry was |
discharged and filtered on a fine fit sintered glass funnel. Filtration was extremely fast. The

cake was rinsed with 83 ml of acetonitrile and air dried for twenty-four hours. It weighed

13.48 grams.

Example §

[0136] To 7.5 grams of the 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-IminoethyDaminolethyl}-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 m! aliquots
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addition period. The system was stirred for a total of 53 hours and then
the slurry was discharged and filtered on a fine frit sintered glass funnel.
Filtration was extremely fast. The cake was rinsed with 83 ml of
acetonitrile and air dried for twenty-four hours. It weighed 13.48 grams.
Example 8 [01361 To 7.5 grams of the primary DMF solution of
S-[2-[(1-Iminoethyl)amino]ethyl]-2- methyl-L-cysteine, 109 mico-liters of

ey ARIZSHNRIE bYe e Addealdmarder o take. t&ﬁfé’@fg{ QQ&W ﬂg\ﬁs and then

primary DMF solution of S-[2-[(1-Imihoethyl)amino] ethy
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np&m!grbwdrgg&hpws of the solids from the slurry and the walls confirmed

that this experiments produced a "randomly packed agglomerate” shape
for the crystalline S-[2-[(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine

fe9hydrochloride Example 9 [0138] Example 9 was performed with
(@RS m@ﬁ&f@%s‘jﬁé@ﬂ)ﬁi@ﬁ% amorphous freeze dried S-[2-[(1-

I] 2-methyl-L-cysteine (containing approximately
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and then filtered on a fine frit smteredé%lass funnel. The cake was washe
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TReAMACHEO AR Ak GnBBEh28 dNBRESIHG a4 DRMIRIF an hour. Solids were

placed in a vacuum oven at 55 °C and 28 inches Hg for 24 hours.

[0139] Fig. 6 shows a photomicrograph of the product. It seems that the solids are randomly
packed agglomerates made of very small, perhaps sub-micron primary crystals. All the
analjtical data on oven-dried solids from this experiment confirmed its identity as crystalline
S-[2-[(1-Iminoethyl)aminoJethyl]-2-methyl-L-cysteine maleate hydrochloride. Fig. 1, as
more fully described below, shows a powder X-ray diffraction pattern (top pattern) of
crystalline S-[2-[(1-Iminoethyl)amincjethyl]-2-methyl-L-cysteine maleate hydrochloride
obtained from this example. Fig 7. shows SEM pictures of the randomly packed

agglomerates of the product from this example.
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[0139] Fig. 6 shows a photomicrograph of the product. It seems that the
solids are randomly packed agglomerates made of very small, perhaps
sub-micron primary crystals. All the analytical data on oven-dried solids
from this experiment confirmed its identity as crystalline
S-[2-[(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate
hydrochloride. Fig. 1, as more fully described below, shows a powder
X-ray diffraction pattern (top pattern) of crystalline
Example 1% minoethyl)amino]ethyl]-2-methyl-L-cysteine maleate
{eiﬁa]l rpm&@d ﬂfliﬂe @b,tabgqﬁgroimM%@a@%@zﬁggg &Iifiamﬁc%E Meeietaﬁ@a Sf2-1(1-
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trappedfUeMTi ay Rfvmoiramee chOn &t[0-[6-nutes hahmuleofsfthyl]-2-methyl-L-

C@g&g%@i{é%g{}g&@gﬁa&]ethyl]-2-methyI-L- cysteine maleate
hydrochloride."Example 11 [0141] In Example 11313 mg of 0.13 HCI
containing amorphous freeze dried S-[2-[(1-
Iminoethyl)amino]ethyl]-2-methyl-L -cysteine (containing approximately

Edfpledter), 313 mg of maleic acid, 1247 mg of DMF and 453 nig of DI

water were added to a 12 nil vial equipped with a magnetic stirrer. The
[0dddpémErnmplestdtitdanp offfel? Hclcantdhingamdmiials GeetodimdbSnerk!-

s ARG d R PLAlRY RS (Crsie liZaliam e SRR St BRYE 108F RS, 313
with the ‘addition 0f"7.5 ml of acetonitrile. The charge was, however
mgd;ﬁm@fé«aa@dg A Bpg of DMF and 453 mg of DI water were added to a 12 ml vial
equipped with a magnetic stirrer. The suspension was stirred to affect a clear solution. 8 ml of
"~ acetonitrile were slowly added in 1.0 ml aliguots. Crystallization seemed to have occurred
with the addition of 7.5 ml of acetonitrile. The charge was, however completed to 8 ml and
the slurry was stirred at room temperature for 24 hours to de-saturate. Temperature of the vial
was then increased to 56 °C and it was held at this temperature for 24 hours. Photo-
microscopy on slurry samples just prior to heating and after 24 hours at the elevated
temnperature confirmed that the phase conversion to crystalline S-[2-[(1-
Iminoethyl)aminojethyl}-2-methyl-L-cysteine maleate hydrochloride had occurred. The
slurry at 56 °C was quickly filtered on a 30 ml fine frit sintered glass funnel and the cake
washed with 1 ml of acetonitrile. The solids were air dried for 2 hours. Analytical data on the
product confirmed it to be S-[2-[(1-Iminoethyl}aminojethyl]-2-methyl-L-cysteine maleate
hydrochloride. Proton NMR analysis indicated that DMF was not trapped by the product,
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the slurry was stirred at room temperature for 24 hours to de-saturate.
Temperature of the vial was then increased to 56 C and it was held at this
temperature for 24 hours. Photo- microscopy on slurry samples just prior
to heating and after 24 hours at the elevated temperature confirmed that
the phase conversion to crystalline S-[2-[(I-
Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate hydrochloride had
occurred. The slurry at 56 C was quickly filtered on a 30 ml fine frit
sintered glass funnel and the cake washed with 1 ml of acetonitrile. The
X re air dried for 2 hours. Analytical data on the product confirmed
It t0 be S-[2-[(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate
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slurry was stirred at 60 C for another 20 hours and then naturally cool
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. air dried for 20 minutes. Analytical data on the product confirmed it to be
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hylaer%o%onitrile to simplify the solvent system. The procedure involved

adpdpngrﬁ 2 mg of 0.13 eqg. HCI containing amorphous freeze dried S-[2- [(I

-Iminoethyl)amino]ethyll-2-methyl-L-cysteine (containing approximately

10% water), 213 mg of maleic acid and 1139 mg of DMF to a 12 ml vial
Esguinped with a magnetic stirrer. The

{0143} Example 13 was conducted in DMF/acetonitrile to simplify the solvent system. The
procedure involved adding 202 mg of 0.13 eq. HCI containing amorphous frecze dried S-[2~
[(1-Iminoethy!)amino]ethyl]-2-methyl-L-cysteine (containing approximately 10% water), 213
mg of maleic acid and 1139 mg of DMF to a 12 ml vial equipped with a magnetic stirrer. The
suspension was heated to 60 °C and stirred to affect a clear solution. 4 ml of acetonitrile were
slowly added to the solution at 60 °C in 1 m! aliquots over 20 minutes. Crystals were
observed within 20 minutes of the completion of acetonitrile charge. The shurry was stirred
for 24 hours at 60 °C and then cooled to 25 °C in forty-five minutes. It was stirred at 25 °C for
2 hours and then filtered on a fine frit sintered glass funnel. The cake was washed with 1 ml

- of acetonitrile and air dried for twenty minutes. Solids were then dried in a vacuem oven at
40 °C under 28 inches Hg vacuum for 24 hours. Proton NMR analysis on the solids priorto

oven drying, however, indicated that there was no trapped DMF in the solids. Oven drying
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suspension was heated to 60 C and stirred to affect a clear solution. 4 nil
of acetonitrile were slowly added to the solution at 60 C in 1 ml aliquots
over 20 minutes. Crystals were observed within 20 minutes of the
completion of acetonitrile charge. The slurry was stirred for 24 hours at 60
C and then cooled to 25 C in forty-five minutes. It was stirred at 25 C for 2
hours and then filtered on a fine flit sintered glass funnel. The cake was
washed with | ml of acetqnitrile and air dried for twenty miputes. Sqlids .
e et BT A B R T p e AR et soies from
fois 24phoorsit RrofomBiMR soialy siche nrihsea Rl S- [t thmiovethdyifgoethyl}-2-
ver, ind reyas no trapped DMF in the solids. Oven

%%?{fg f W%%%%%?éeﬁggpﬁﬁ%géary. All the analytical data on air-dried
and vacuum dried solids from this experiment confirmed the solids to be
crystalline S-[2-[(I-Iminoethyl)arnino]ethyl]-2- methyl-L-cysteine maleate

ardsidhde. Example 14 01441 In Example 14, 311 mg of 0.25 eq. HCI
IR TH B IR }lﬂy§1ffﬁi@§@f@fﬁde§rf?€f_l@bntaining amorphous freeze dried S-{2-{(1-
%rgmoe h I)amm%y&-&methﬁ-bcysteme (containing approxmaotely

LA B o A e € AR BAAP SRS rpser, 32
wigtef muteir adide d215] anbHDMBlaRIUEPRRE o7l vEbacnal e &llies aheml vial
suspen iOQhV\éaI% stirégdsﬁ?rr%;fe[(ﬂ[ a clear solution. 8 %I of cetorgj]'églf vye[e
R AR T RSSO 2 FHEH R AN 2 cleeplation. & il of
hestiosituld evermt aicdy Tddepriitirel afiguetvidt wasdivend istarsas echigefafuz for 24

i in 4 hours.. The slurr 5,,Gwas .. .

e A L T S Ao O siing
wrsmegd frnanetice 2adwusnitrhe sinive ebfidsWeas aidclleiiitémdtbira/30 ml fine fiit

HHLHRSARE fieriRiag et Bia BCHUAYEN At 4P.CeRRHA8 REDERi Yy ere aid dried

vacuum for 24 hours. Analytical data on the product confirmed it to be

&5 S igafes pnd Mhrtodensd hd Neewsy memme 4 IC aasi8imsteralézvecuun for

bydiaeklade Reo@rNMRddysicollisRied thakneitiartieai-giied

%or the}:t v%cuumjjr'er solid%){%?g%gped DMF. Example 15 [0145 .
IR A B CR I DI s Bt ALE Y diRAHIA7 ricPSaivR AMR analysis

sydireted T npithee dier eiinivaly ack AticinguBBBdrgiabARhenr ipdd DMF.

containing amorphous freeze dried S-[2-

[(I-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine (containing approximately

Hnpatan, 648 mg of maleic acid and 3320 mg of DMF to a 25 ml vial

i@uﬁigﬁed with a magnetic stirrer. The suspension was stirred to affect a

GittEn!a bntitsrapdieRitime R & aqtswijr e it ifidhsoiolent irystem. The
oRiguIe e OYRES QAANLEES e ¥ RIS W OPSSIMEI WIthB ARV RS Bfica 512-
[(1-Iminoethyl)amino]ethyl}-2-methyl-L-cysteine (containing approximately 10% water), 648
mg of maleic acid and 3320 mg of DMF to a 25 ml vial equipped with a magnetic stirrer. The

suspension was stirred to affect a clear solution. 10 ml of acetonitrile were slowly added to
the solution in 2 ml aliquots over 20 minutes. Crystals were observed within 20 minutes of
the completion of acetonitrile charge and extensive precipitation was observed within 4
hours, The shury was stirred for 19 hours and then a solid sample was withdrawn for in-
process check. Thermal analysis on the sample indicated that it may contain some Form I of
§-[2-[(1-Iminosthyl)aminolethyl]-2-methyl-L-cysteine maleate. The slurry was therefore,
heated to 50 °C in order to selectively dissolve the Form I of S-[2-[(1- ..
Iminoethyl)aminolethyl]-2-methyl-L-cysteine maleate. Solid sample withdrawn thirty
minutes after reaching 50 °C indicated that Form I of S-[2-[(1-Iminoethyl)aminolethyl]-2-

methyl-L-cysteine maleate had indeed been eliminated from the desired solids. 4 ml of
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the completion of acetonitrile charge and extensive precipitation was
observed within 4 hours. The slurry was stirred for 19 hours and then a
solid sample was withdrawn for in- process check. Thermal analysis on

the sample indicated that it may contain some Form | of
S-[2-[(I-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate. The slurry
was therefore, heated to 50 C in order to selectively dissolve the Form | "

of S-[2-[(1- Iminpethyl)aminolethyll;2-methyl-L-cysteine maleate. Solid
e é%(laéwi?ﬁedarléhv(\%rgl Fﬁlltr% St u%lg)aé LA B s g e saetdrm |
tep G2 Theisoeth W%tahﬂ?ﬂutﬁf Eﬁ%%m%mkﬁﬁw@m%é&@l&a@ t&?@l_‘l’c in five and
n eliminated from the desited solids. 4 m|.q cetonitrile
o e e B i ot s e Bosana e
filierethenatdins. fihsingtued plessivaidlat F01GftorawathartrbmelyaiektER copias
iR, - IS, LS inear tem ture ramp. Jt was
e et Wi 108
mg, AR hemestioAosrretsafieph 81y Binidtddroakthapooesabhemhsvifive inipafcess

sofeaipniEiepndaiseriedfar Res hamarkhs aildiiat:caks.weighed 198,

mg., This however, does nat reflect the true yield from the process

anglysis panthe ainrinied dlicated fhat diers iz P O Torotrnsgubrlpnivef BME in the

solid) diewend iR gatIy X e D e RF HQRLNMIB: ANBYSISIANE A VIS after
indic%ted that thﬁre \%as 0.035 molar equivalent of DMF in the solids.

I BREERRANS RIS, 8 SR RS R Rl R P RS Eo Hifbuas ket -
saamaiattersytieming thethdn ol mﬁﬂﬁ?‘ﬁW@é%}gﬂs flﬁﬁér%ietheﬁlgﬂi&; of HCI
id na e saturate. t stem an ther. This may
o T S G R B et T 0 e
crystpdlissotda-[inkmjniesthriasion bybFoduetigddfinpadit ndieate atbineride.
S-[2-[(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate
hydrochloride. Example 16 [0146] Example 16 was performed to optimize
itfile volumes, evaluate 25% reduction in the amount of maleic acid

[0 4uB ] IREaN LY IRICh RNEBRHCLIS BE AR ZEhalL Umﬁeé%%am&eqﬁfﬁzr%ducﬁon

. . HCI containjng amorphous freeze dried _
i SRR R0 A A GIPRATS YO e e seinenipeghold imes. 304
m@ppOcdraqely Lodtsiaie Bn a4l dng fcnalrie RSt AU o0 g% Bihy1]-2-
m’%@ﬁﬂgd&g H;[g égo%gmrrrﬁlns%lntlll?élon é/lal %;g(uii?fe with a magnetic stirrer.
6 SURpenSion WASRE AR5 BRIl 4 Uie S rdh me ol Belkicpsidand 1662
mgef OME\Mgraddisd to 218 rebdubivillanch5iall afidpieis @R m20.pHAESErrer, The
e vial

g e G
solyitien it Arfan! rHevei@ a8 wimten Giymizlnwor abstomitrilathinc wir tdniedos
actesrii@i{eatharge. The vial was stirred for twenty-two hours and then filtered on a fine frit
sintered glass funnel. The cake was washed with 2 ml of acetonitrile and air dried for half an
hour. Solids were placed in a vacuum oven at 55 °C and 28 inches Hg for 24 hours. Proton
NMR analysis on the oven dried solids indicated that there was 0.03 molar equivalent of
DMF in the solids. Concentration analysis on the filtrate indicated that this recipe had a molar
vield approaching 50%. This may, however, still be suppressed due to the complete depletion
of HCl. Analytical data on the product confirmed it to be crystalline S-[2-[(1-

Iminoethyl)aminoJethyl]-2-methyl-L-cysteine maleate hydfochloride.

Example 17

[0147] The objective of Example 17 was to study the crystallization of S-[2-[(1-
Imincethyl)aminolethyl]-2-methyl-L-cysteine maleate hydrochloride at 0.63 molar
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hour. Solids were placed in a vacuum oven at 55 C and 28 inches Hg for
24 hours. Proton NMR analysis on the oven dried solids indicated that
there was 0.03 molar equivalent of DMF in the solids. Concentration
analysis on the filtrate indicated that this recipe had a molar yield
approaching 50%. This may, however, still be suppressed due to the
complete depletion of HCI. Analytical data on the product confirmed it to

[ K1- Iminoethyl)amino]ethyl]-2-methyl-L-cysteine
o o e R 1 S s et ooy prergous frecze
dnipgsSti2ditidinecthybrattiza ﬁﬁihyﬂ)]f'sf{!Z’c‘[ﬂle-cystleine (containirrlﬁ apgroximatel 10%

' i - I-] - ine_ maleate rochloride at 0.6
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DME SRR RIS BroiRl feBppediviil 2 magnetic stirrer, The suspension was stirred
toSriRck(d dineatmdeminale kRSO siaine (eantaining, .
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alb@‘#’&%ﬂYFé@%‘ﬁ@F?éq@‘é@lﬁ%ﬁﬁ‘ésl pApbtelyMpow Ere cadgiddlion af tRerharge,
hoiaterppadiyidiapaanatic sich Bhssisramsianyassied.oaffect o
clear solution. 3'O’ﬁl’r§‘|ﬁ§f acetonitrile were slowly added to the SO?U'[IOI‘] N

a
B I RS B2 WAt iRt o i Sk it omipied s fomieThe coke
weowpletibwitf thelcfatgamite eve asamei gty KeSIIVR KR UBDEEEEH Wmpressed
v gﬂt%y@ lTk}?t\élal was gét)lrre aéx%?’}%m temperature for

sevgfﬁ%%n ours and then fiared o %lﬁ?@t‘é‘d"‘@f’&éﬁ%ﬁﬁ'ﬁél@%ﬂm
OVeRIE SHaS anskstethebith Benfdroilomton iRilleaanshalysisindiiardaal R giid of
@ b0 ightly and was difficult to remove, from
B B T b e b S el -
Imigorthodleminedsthyiirataethuhfsiey sedisamsdeaterptdropidisias, approximately

75%. Analytical data on the product confirmed it to be crystalline S-[2-[(I-
Elmin etI&yl)amino]ethyl]-2-methyI-L-cysteine maleate hydrochloride.

ﬁa)?}aﬁ% 18 [0148] Experiment 18 was performed at 0.63 molar

(02485 Eatprtinafitt O3 (0hd BeRROIRE@XCESS) mbith &h?s%%?}é?@?i_ OB cess)
OAS of quf[ 1-Imingethyl amlpo] thyl]-2-methyl-L- cysteine. Spiking with
PR S UCHCRE e biZA FotBrAhrpegele i foenb iyl L
cygq@q;ﬁmaﬂﬂybm&bmﬁaemi&gasﬁwmg poteh PRIk flthe feed
e R AT g w1 comsning
A pheR AR rish WaE); I8 rontby D minlslietiadic- A-ng-0idyuiane (cafining
BP0 S 1000canlsIen AR HPG DAL DM WS G
concentrated HC (aqueous) and 1186 mg of DMF were added to a 12 ml vial equipped with

a magnetic stirrer. The suspension was stirred to affect a clear solution. 3.0 ml of acetonitrile

were slowly added to the solution in 0.5 ml aliquots over 25 minutes. The vial was stirred at
room temperature for seventeen hours and then filtered on a fine frit sintered glass ﬁmnel.
The cake was washed with 2 ml of acetonitrile and air dried for half an hour. Solids were
placed in a vacuum oven at 55 °C and 28 inches Hg for 24 hours. Filtrate analysis indicated a
molar yield of approximately 60%. Analytical data on the product from this experiment
confirmed formation of crystalline S-[2-[( 1—Iminoethyl)anﬁno]ethyl]~2—methyI-L-cysteine
maleate hydrochloride and indicated that the presence of butanol does not lead to any adverse

affect on crystal quality. The yield for the process is, however, lowered.
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a magnetic stirrer. The suspension was stirred to affect a clear solution.
3.0 ml of acetonitrile were slowly added to the solution in 0.5 ml aliquots
over 25 minutes. The vial was stirred at room temperature for seventeen
hours and then filtered on a fine frit sintered glass funnel. The cake was
washed with 2 nil of acetonitrile and air dried for half an hour. Solids were
placed in a vacuum oven at 55 C and 28 inches Hg for 24 hours. Filtrate
analysi I@dlcated a molar yield of approximately 60%. Analytical data on
Ex&e pr Zuct from this experiment confirmed formation of crystalline

{019 H¢pekrimeoe 9/ Yasniodiethyd]ap 0 8 thpllir-cystealmtsed EA(0.33 molar excess).
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fofﬁfmaﬁloﬁa:ﬂfstmmalﬁ'lf[e-[(l -Iminoethyl)amino Jethylj-2-methyl-L-cysteine maleate
I %r #mnoethyl)amino]ethyl] -2-methyl-L-cysteine maleate
i dprocﬂ ‘ide. Discussion of randomly packed agglomerate examples
[0151] While Examples 10 through 19, demonstrate that

Déc[%sﬁﬂu'%%?&ﬁ%ﬁ %%@Qéﬁtg oY ERyEeine maleate
\édrochlorlde coul e crystallized under condltlons
[8151] While Examples 1@ through 19, demonstrate that $-[2-[(1-Iminoethyl)amino]ethyl]}-

2-methyl-L-cysteine maleate hydrochloride could be crystallized under conditions
representing severe deficiency or excess of HCl in relation to S-{2-{(1-
Iminoethyl)aminoJethyl]-2-methyl-L-cysteing, all of these examples represent sub-optimal
conditions for the crystallization of S-{2-[(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine
maleate hydrochioride. This discussion would therefore be limited to the more optimal
procedures for crystallization of S-[2-[(1-Iminoethyl)aminolethyi]-2-methyl-L-cysteine
‘maleate hydrochioride that are best captured by Examples 7 through 9.
[0152] Examples 7 and 8 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 touch any surface of the crystallization flask, while the latter used a magnetic bead in
contact with the bottom surface of the crystaliization 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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representing severe deficiency or excess of HCl in relation to S-[2-[(1-

Iminoethyl)amino]ethyl]-2-methyl-L-cysteine, all of these examples

represent sub-optimal conditions for the crystallization of

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

hydrochloride. This discussion would therefore be limited to the more

optimal procedures for crystallization of S-[2-[(l
padkeihaggiopiantid shethy feRzmet iy ek anystedeammaieatefhydiarbjoridasthet

es 7 through 9. [0152] Examples 7 and 8 only
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a -agglomerates upaon extended hold periods (see Example 26). Both
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2.3% before the addition of acetonitrile, while the ratio of acetonitrile to
[RAE Thess 58 SwerengRthoeE shetsasisz@in: a) fast nucleation and significant
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ves @ﬁ&‘rm_édl@-m«% B@staw,bfmm 08 BRashseuss Q&Qfs%égh nucleation from a

clr‘}/stalllzatll. njec nique For . ) . .
soldtion, or shignily elongaied needle like crystals if more de-saturation occurs through rapid
crystal growth 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 7).

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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the purpose of this discussion, it is sufficient to say that the lack of phase
separation also contributes to the fast crystallization observed in these
three examples. [0154] In the absence of phase separation, fast
crystallization 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 cri/%eals if more de-saturation
reseBie M$WW6%W@?&MW RasnghiscTongien visiadivradsion.
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the surfaces including crystals in the ¢ rg/stalllzatlon flask. [0156] Phase
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these intrinsic process parameters, in addition to variables such as the
obangRe Sasgie RS on el ontthed AP ERAmion PEagessy dhe continuous phase

bacehifilerdQ YhiByigiafipiipacetban-inaneaRase.s8 RRNST ATOUrS, two

I Q%SEF y i dgiere rﬁ %%&%ﬁ%&%@%@%&h goriginal single phase
sahﬁﬂﬂﬂ%mtesé@MEéamtomﬂﬁawsﬂmpmﬁ%ﬁ@!hﬁdﬂﬁd&ﬂh&%a dense phase with
15UEEQRERRIGAIY percentage and higher S-[2-[(1-Iminosthyljamino]ethyl]-2-methyl-L-
cysteine concentration than either the continunous rare phase or the original single phase
solution. When instead 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, dees show a higher acetonitrile percentage and lower S-[2-
[(1-Iminoethyl)amino]ethyi]-2-methyl-L-cysteine concentration than the original single phase
solution. In fact, these characteristics of the phases could be used as the analytical 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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observable classic emulsion results from the phase separation process,
the continuous phase becomes the rare phase with higher acetonitrile
percentage and lower S-[2-[(I- 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

Tig:gpefical fimekalligntioniDdely|)-2-methyl-L- cysteine concentration than
either the continuous rare phase or the original single phase solution.
When instead a visually or microscopically observable "oily coating"
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13'1P(3111I7t’i’ﬁnoethyl)ammo]ethyl] 2-methyl-L-cysteine concentration than the
original single phase solution. In fact, these characteristics of the phases
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2dhgiprocesses of the present invention. QESD based crystallization
[01591 Binary solvent mixtures used in QESD based crystallization
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include water-acetone, water-acetonitrile, ethanol-cyclohexane and
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solubility for the. .solut uhilit e saluteint vent [ )
S R P O R LS AR R R LM EE T s eation
pEEiestethtbsniecnimizethenstatng thiobirdetaghians between solute and
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and emulsifying agent at a controlled rate. Often a temperature
being at a lower temperature. Upon the addition of the solvent solution, a stable emulsion is

created, where the solvent solution is 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-solvent 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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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 solution, a stable emulsion is created, where the solvent
solution is 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

sufliffusionairsalrentiondanivwvaRt oftel and il dtepiaisdaileboundary.
dispersed phase). The dispersed phase de- atua%[es_tgrcflu%] Hon f
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e process between thé solvent andanti- solvent solutions. In other
phwerds, 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

Highsmmascwduratedindgrabld Be hastd eustalErgieRtion is slow because of
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processes operate under relatjvely mild residual super-saturatjon for
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TholdtionsinggpoctatyoirseisprorRsian PreRENPIEPIOREURISENIS MeHsking with
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e
all cases, the solubility of the solute in the solvent system of choice is moderate (numbers at
high end are no greater than 200 mg/gram), which is in sharp contrast to 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 lignid 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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the higher super-saturation phase, which 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
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below the phase separation temperature and then the two co-existing

droplefs conipandha fpIua ROPCRIHER TR ARERTTECIaBm i tepkes R s stRreasin, gelation
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called the critical tg%%)&%[;ﬁture_ of phase separation and the corresponding

GOPBHRETRPRIGTT 22 i CHei s RiedNRib Ao Te e i) containing
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phases.. In, systems with concentration less,than the critical
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growth of spherical, uniformly sized droplets is often 0 serveg. IS
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syS@BPieinsieastahphASe-BRARERESN AelRtion - COUICL 3RS, BY)ORRRIVEH &She
the temperature is lowered helow the liquidus line. Crystalline
concentrations (¢, ¢2) and (¢, ¢2)" in the two coexisting phases I and II generated by starting
with solutions of different solute concentration for a fixed amount of anti—sol-\'ient. The
partitioning of the two phases can be best captured by the tie lines connecting the points I and
II 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 (c1
¢2) equal (¢ 1, 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 anti-solvent or precipitating agent (such as polyethylene glycol)
to a solute-solvent solution is the upward shift of the entire coexistence curve towards the
liquidus (which may itseif move upward but not to the same extent as the upward move of

co-existence curve), in addition to some distortion in the symmetry of the shape of the curve
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domains can often 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
concentration, two inter-connected domains appear. [01681 For a ternary
system comprising solute, solvent and anti-solvent, the co-existence
surface (see FIG. 10) represents LLPS temperature as a function of solute

itselFforaiiinath-a mnsehehantifaolve napositioanifatopbeftal filkedrelative
temperature, the LLPS properties of the system are described by an

fﬂi‘g te&rmal coexistence curve (see FIG. 11), which gives the
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net effect of these shifts is that the gap between the liquidus and
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moving to lower concentrations, of the solute, due to the asymmetry has
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1ekZpcdiehsleme @i¥dnPS temperature as a function of anti-solvent
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centiafion of tie anti-solvent can actually be “used to calculate the _
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of a solute solvent system is not accessible due to either freezing of the

g,yg@grﬁ .@@ﬁyg@%i&ﬂ@p@@n{%we’ retains its shape, unlike the situation
encountered in the presence of a precipitating agent or an anti-sotvent. 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 temperature shifting to lower primary solute concentrations. 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 solute species is best
captured by identifying the differences in the critical point for each species in a binary system

comprising of that solute and a solvent common to all the species under investigation. The

41



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
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cotrimiteats toluedticliphdse AGbseFaherBaIBz4hen iéMBRces in the highly super-
saturated solute-rich droplet through multiple nucleations at the core of the droplet thereby
transforming it into polycrystalline solid phase. New crystals form and grow radially
outwards from the poly-crystalline core and consume not only the remaining solute in the
droplet but also the solute in solute-poor phase, which cannot usually precipitate on its own
because of the low super-saturation in the solute-poor continuous phase.
[0175] 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. Irregular polycrystalline solids with very small
primary particles are obtained for these systems. However, if the concentration is

significantly higher than the critical concentration, gelation (due to the formation of
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of molecules needed to make a stable pre-nucleation cluster drops
significantly, because of the reduction in AG,,,,. Second, in the approach
to LLPS temperature, phenomenon akin to wetting of the crystal nuclei
surfaces by high solute concentration liquid can also enhance nucleation
rate. The nucleation rate reduces back to that predicted by classical
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related t0 the fact the mobility is arrested due to the formation of the gel,
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and acetonitrile to DMF ratio. The ratio of acetonitrile to 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 §-[2-[(1-Iminoethylaminolethyl}-2-methyl-L-
cysteine maleate hydrochloride crystals. Maleic acid molar equivalents in relation to S-[2-[(1-
Iminoethyl)aminolethyl]-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)amino]ethyl]-2-methyl-L-cysteine in the solvent solution and therefore helps
ensure that the concentration of S—[Z-[(l-Iminoethyl)amino]ethyl]-2~methy1-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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curve and to the left of the critical point can produce morphologies similar
to those observed for crystalline S
[2-[(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate hydrochloride
(see FIG. 8). In such processes the super-saturation in the solute-rich
dispersed phase is usually very high. Also analysis of solute
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ofBRh AR RS HORINE P—ﬁﬁ%%@fﬁ%éﬂlﬂé%ﬂﬁ]@ﬂﬁ%@ 19 cysteine dissolved in the

solvent solution are usually needed for the purpose of successful externally seeded
crystallization process. Seed crystals act as substrate for non-contintous phase that manifests
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 increasing 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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[0178] In externally seeded crystallization process for
S-[2-[(-Iminoethyl)amino]ethyl]-2- methyl-L-cysteine maleate
hydrochloride, anti-solvent solution (acetonitrile) is added to solvent
solution (best described by the secondary DMF solution of S-[2-[(I-
Iminoethyl)amino]ethyl]-2-methyl-L-cysteine solution as defined earlier) in
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as.these made in Examples 7 through 9. Ngmm%%%%&%%%&ﬁgeﬁgaemw
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S e%]:ieXt%{;ﬂS‘lfQ’ sesl]ded ﬁ%stalli_zatio_n process are often sphericalin’s
ANd arevery sthiarin & 281aHee ) Sheaaliy sended srvalalbiznsiongateess where

stridiecystalingethedntissedsent sohstopradifianvel Mese CASAlS BN IDEize or
SRt M%%{%% J%)rz"ﬂ?gi nol écgerétinupus @gase that manifests itself either

as an emulsion or Gily Coating UPoR phask SEFAPMBHEN G katiuratiepagntioned
eaé}%t’a@g@ﬁvmé‘mbmmmCﬁyﬁtﬁhhﬁtﬂr@tﬂfﬁﬂﬁ&ﬁk apdHaQl 8Rktal growth
ol Rhass pepataionnioninstance. by slightly reducing the water”

content of the solvent solution or sﬁgh%&tg&ugig%rﬁ%%ﬁgkﬁ%e needle like seed
crystals, which upon coating with the non-continuous phase and subsequent counter-diffusion
controlled crystailization 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]*Z-methyLL—cysteine 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-[2—[(1-Iminoethyl)amino]ethyl}-Z-methyI—L-
cysteine maleate hydrochloride. Depending on the 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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of maleic acid or preferably by altering the rate of super-saturation
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 solution. Modifications to
the thermal history of solvent and anti-solvent solutions could also be
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primarily crystal nucleation process as opposed to crystal growth of

thr o i gee iopiesle Phed | eithea thieaietnebly fepdrdtisrirofilurgedsdenystallization
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subsequent counter-diffusion controlled crystallization to form orderl
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iN-situ seeded crystallization process_can be significantly shorter than the

thsirsany dbesuartn sealbtgsesamedads pristekto. ampag other variables, the amount

of exira acetonitrile used to generate a visually observable emulsion.

[0181] In summary, all three design approaches fo 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 preférable. Examples demonstrating 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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45 both the in-situ seeded and externally seeded crystallization processes
provide ample crystals as surfaces for coating with the non-continuous
phase, the possibility of crystallizing S-[2- [(1-Iminoethyl)amino]ethyl]
-2-methyl-L-cysteine maleate hydrochloride as scale on the walls and
other surfaces in the crystallization flask through solidification of
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]ﬂ&%&% mixing of solvent and anti-solvent solutions, a microscopically
preferably visually observable emulsion is generated. This must
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{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 grams.

[0185] This represented approximately 89% recovery on weight basis and 65% on molar
basis. Concentration analysis for the zwitterion and HC1 on the filtrate helped close the mass
balance and verify that HCl was stoichiometric throughout the crystallization. Fig. 8 shows
various SEM pictures of the product. It is quite evident from Fig. 8 that this experiment
preduced 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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[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 46 crystallization system and
Example 25 demonstrates a non-seeded crystallization process. Example
26, demonstrates that orderly packed agglomerates could be destroyed
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[gg%ﬁﬁ&a&%gwéﬁ&aﬁa adHgEamtbe filtrate belpedrloss theiiasse and air

ce and verity that HC1 was stoichiometric throughout the
deigdfanioerion Fhglihewews 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 weighed 36.42

grams. This represented approximately 94% recovery on weight basis and 70% on molar
basis. Concentration analysis for the zwitterion and HC] 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

48



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

isfrom 47 Example,9, while the lower der x-ray diffraction pattern is
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0186] The objective o Examgle 21 was to rationalize DMF and HCI
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. E
increased back to 275 rpm and 612 ml of acetonitrile were ag?gaﬁé 0 Q[ﬁeadded ©
TR fhialvaibeolly svdnsed themitesysttre wenrsederowitiidd mg of seed

AEAS(HAAE UPEIThR SqM ﬁ%@éﬁk}ﬁ)@ﬁ%‘]&ﬂ{@]@ﬁ{aﬁyﬁﬁ%ﬂ%& maleate
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tHeQlakcBagsd RSSO TAURR analeis-IPEiNG ANILEHORBNA BitLOR Bfration was

filtrate helped close the mass balance and verify that HCI was

StETEHE RSt (R S NGa Pe LSRR 2atishaestraisie Aag air dirisrkler pseaaad a half
hyas. theysamel 33 .36 euinsERamplRI2 GefapladisHnmanizas aaaly ioaldata 28
inthes 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-Iminoethyt)aminolethyl]-2-
methyl-L-cysteine in solution. Chloride jon analysis on the filtrate helped verify that HCI
equivalent at the onset was 0.73 with 0.23 equivalexﬁts 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 summarizes

analytical data on the product from this example.
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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 48 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 (aqueous) were added to a 1.2
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tofakef WaE nifjsecrovithieDunitefsabaianitiile;anthatqbies uane-and ahails. witn

0 1t weilghed 38.10 grams.. The solids were placed in a vacuum gven
R S P R ettty
verdigh &l B8arBegrlight Mihioseepid yemtasbsepyproxithatelBY5 e LSRR S ml of
Weight Rasis.ana 26%00.m i entration analysis_on the . .
E!lmother l uo? samples befor%Il %@%ﬁ%ﬁ %@&%ﬁ%ﬂé%shg%%é%% ?1%1?1%&& addition
ohftér ! el herribuctiah vt abwsipnidlevice atdedd#hifrepresenting the
eRirb2Hi05| salAQetMd)Am 'ﬁ@@iﬁ)ﬁﬂxgmples 19 and 20). Agitation was increased to 254 rpm

for two hours and then reduced back to 150 rpm. The system was stirred for a total of 24

hours and then the slurry was discharged onto a 30 ml 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 attributed to the shape of the seed crystals

acting as substrate crystals, which for this example were needle-like.
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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 equivalents
attending S-[2-[(I- Iminoethyl)amino]ethyl]-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
HEexveplelaple 1 summarizes analytical data on the product from this

e. 49 Tabl Solid_ state characterization data for Exam les 20-22
[ Ry §%@°ﬁ*ﬁ? gHETRBI B e o PRI &N RIRIR2 PRt bvgr saple ina

580itd e6frl4.22 10.85 6.00 N/A N/A 0.000 0.500 20 40.29 6.53 14.03
6.06 193.91 14 9Q.525 40.41 6.77 14431 10.86 6.11
SRR 05 75 RS IR oL 44 A P oS kst
INYysthing selrdomple22ddadr] 4 he 1pemmme@amemrwm Wk \WasetDat 125
d abl ropriat tallizati onditions for
r%’lhge %E}n?aﬂ%%% RSt {Isjlieketgsgﬁs%t a%a(fs s?u Bty )i tefyi eeregf%&jlp Egaigtion in 840
n@ig@mm@re\t@zsﬂamw:remnestmmmmmwmimma&nemauemwas, needle-

- nd no

e w o e A AR e e
ﬂ}_@?ﬁ?@?a?ﬁg Stenef peetarnwes arrshind -65 liter aliquots over nine minutes and
te Enlininginostind aminalrthidis reh d@l@gﬁkrﬁﬁﬁiﬁé@ﬁoﬁ%{m &ftﬂéaclﬁginax

aC|d and 413 microliters of de-ionized water were added to a 50 ml

SETAHHHS PTRE K Bty Stetat el for aintrloistiorierard hemasiay was
ch@clm@@dmhjaelfﬁteﬂ reactor. The reactor was stirred at 153 rpm. 18.2 ml of

e from total of ere added.to the solution in 1.3 ml .
o S oK TR v iR A T S Bjee with 20 kg

Ll
quots over thirty-hine ning
Oé@emmm!e,anéeméﬁ@forywmier(ﬂmpemdrbwmaumwgleﬂﬂeoﬁmg The crystals

e e e e i SR

9.5 ml of acetonitrile were aI| s over three ﬁﬂhéﬁ%
SERRPEERn arisTasRe It tie ©fep] Blrpoferoetd nitrilty smttiterbRizigdi

Bi-asaonitiia W@ﬂ?e@l@%ﬂe(m 83 @%%H'ﬁ}gﬁt?%n PRIk 4 02P Ol (E{f 'Ekgs difference

amounts used in Examples 19 an Agitation WaS Increase
RO P s shapry Ghibe %%‘Eﬁﬁfé’éf‘d sonbEehftiiecapplernavassdie-like.

stirred for a total of 24
Exampie 25
10195] The primary objective of Example 25 was to increase the amount of scetonitrile by
20% on the amounts used in examples 20 and 21 and to study the possibility of eliminating
both external and in-situ seeding with S-{2-[(1 -Iminoethyl)aminolethyl]-2-methyl-L-cysteine
maleate hydrochloride prior to, during or just after phase separation. 25.01 grams of the
primary DMF solution of $-[2-{(1-Iminoethyl}amino]ethyl]-2-methyl-L-cysteine solution and
687 mg of de-jonized water were added to a 125 ml jacketed 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 fifteen minutes, leaving behind thin oily coating on the walls 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 stirred for 48 hours and then the slurry was

discharged onto a 150 ml fine fiit sintered glass funnel.
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hours and then the slurry was discharged onto a 30 ml 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 a 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
[spseeRMoRYiAhaoveral SV {51,000 obposed
toﬁz spherical shape seen%%gr%g %}f;@zl%}' qugll‘r:] glnﬁ%%ﬁfle&;g]ﬁ?é’ed for
R LT AES (hEo e e B bbad 6r9s il dbesutjotrmures of the

colysiafnskedebdoribiias e e B el égcﬁ&%m&%%%‘l 0195]
[6% pgimar ?ectlve f Example 24 was to perform Example t large
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liters of acetonitrile (from 1 fed don B! iR reished d-0d grensoiTiirss solids
hpd Sperfragigs stmidudo thivsy-sixandontbspien ggleraggision of this

amount of acetonitrile, needle- like crystals (shape and crystallinity verified

by polarized light microscopy) were observed in the reactor. 4.97 liter of

28Blitte were added in 1.65 liter aliquots over nine minutes and the

[ﬁ@ﬁfng 2.42 liter was added after forty-eight minutes from the start of
’i apiertbpaftiremmieds wiaasteminaif otitedy forkedotgtiofisbates could
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RRRPs of.the substrate crystals, which for
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baidabdibusaehi samplgs 20 and 21 and to study the possibility of
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liminatin
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ALTERNATIVE SOLVENT SYSTEMS

EXAMPLE 27: Methanol / Acetone Crystallization

[0204] Methanol is one of the few organic solvents in which S-[2-[(1-
Iminoethyl)amino}ei:hyl}-2-methy1-L~cysteine maleate hydrochloride crystals exhibit
moderate solubility (6.2 wi%). Additionally, the presence of excess maleic acid dramatically
increases the solubility. S-{2-[(I-Iminoethyl)amino]ethyl}Q—mcthybbcysteine maleate
hydrochloride crystals were found to readily dissolve in as little as 4g methanol per gram S-
[2-[(1 ~Iminoethyl)mino]ethyl]-Z-methyl-L—cysteine maleate hydrochloride in the presence of
1.5eq. excess maleic acid. Making only minor adjustments o the demonstrated DMF /
acetonitrile process, the methanol / acetone crystallization process described below was

developed and demonstrated at the 1 L scale.
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687 mg of de-ionized water were added to a 125 ml jacketed 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

rpidity supsij within fifteen minutes, leayi ehind_ thin oil

e B S i L s TREPELIa0 SDE b Ashe g sk, Methascl
(&g petaerezoiihwiaekide)iandriberitak stey stinedfotfieraily daativptonld-[2-(1-

i d. ration did not succeed and the reactor cooled
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chreegsiiteyihe aeunii dsitiory ddshrrndadisse vad fio fofrit siciteredlgtass flinablftlon was

iltrati | I | of acetonitril
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TBid had all the major features of the orderly packed agglomerates when

[026Y 706 BXeSGARP IND7RIEJEOB NN REE WY HOZ O, RAMESALLHWEIRp was

ohserved to be plastered on the walls of the reactor. ThiS scale was

ISR ORREORDR I P e SRR dHbsrminng e e hespsime
addeitiil, sietenedoy sl ynpatly he-golidsivaredaipshipdriasihhauisnd gk 1

weighed.1.01 grams. These. solids had shape features similar to those of
}}%uﬁgon%nﬁgts:lgéragaaﬁl%réefg? 9é‘%"ﬁﬂﬁée?@fb%ﬁ%adésfééhwéﬁmlhzaﬂon

rExtrpte2d siasitotabidriiinedtode Hildidok edag alpntt mie s 0mhitbheeds were
erted ] G s.that would then co as rapdomly packed

S SO RS e

tEige serrafiradthipiamifoletnppe- ftentd/knd oyadeid ewitaleatie acetone and dried on

hygiechiotide crystalgmade 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 resulting slurry was stirred through a magnetic
HicAemmasmnipaaRerddesindaxgsalmnpamples were withdrawn each

{ggggo&%hqto-gnicros%o to check if the; orderly packed agglomerates )
Were Grmeng i BT ht 86 s s s IRl Gt mRpas b etRe wilizipe a high
tanildhthen bettotiofaiheavily EORRBLRfdtvithirmse ap ARaRiGRdicgteshs
SR ING ReR E  sR
Qasiesreadeitsrhideneis enpden dittaticrexADTERN ATHIEIS OL MENTo] (0.05w1%), the
mAdindrof Sk S AMEBLELS gMﬁw%'c%éég ﬁtsos%?ugﬂ}@t . Igt;i}%]cess 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] S-[2-[(1-Iminoethyl)amino]ethy!]-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-
butano! (475mL) were charged: §-[2-[(1-Iminoethyl)amino]ethyl]-2-methyi-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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[0204] Methanol is one of the few organic solvents in which S-[2-[(I-
Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate hydrochloride
crystals exhibit moderate solubility (6.2 wt%). Additionally, the presence
of excess maleic acid dramatically increases the solubility.
S-[2-[(1-Iminoethyl)aminojethyl]-2-methyl-L- cysteine maleate

d to ly di littl
%gf%r% %%? gﬁ%@%@r%@%‘?f ( 1’1?% Irr]lrge : ]ﬁamln(r)llfes yﬁ- _e?es Ieﬁe@é?eﬁﬂgno cake
Freglangavay ahoervRsk dbniaatiensreesin (06IL) Sear cémcgsistmzhkereaamdand rinsed
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process, the methanol / acetone crystallization protess descri
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dissolved to form a clear solution. This solution was charged to a jacketed
.1L reactor operating at room temperature. Agitation was set to 225 rpm.

199961 ARELANE(R4A Uit I&g}r e gram) was weighed out, and a peristalfic

pump was calibrated to deliver approximatly 9mL per minute. Fifteen
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—clarified.upon incréasing agitation After | hour 20 minutesiof addition
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ere-added-Agitation-was-set 10.240 rpm and stirred overpight. The
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crystallzgtlon mixture was ¥ Ahick slurry after @?%eurs. Sdlids werel0%
filiereiandarsashed twice with acetong and dried on the filter. Yield was
FABY%—EXAMPLE 28—ButanoH-Acetene-Cryst -

was selected as the best solvent to explore the possibility of utilizing a
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. rification step. While
[gﬁz (1- I noet dsls %pa oﬁeth aﬁ‘ﬁﬁ%@# EPé'f %%éléﬁéls most casily
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process was again designed to be very similar to acetonitrile
Bsies TRy fasdtedsBHnoH asE e smeinpToudhs mathanohectione system.
scale.
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;
Dtemperature, 2)hydrochioric acid content, 3)maleic acid content, 4) water content, 5)
compound loading, and 6) acetone amount. Extrinsic parameters include: 1) seeding, 2)
reactor geometry, 3} acetone addition protocol and 4) mixing. Fach of these parameters is

discussed in greater detail below.

Intrinsic Parameters
1. Temperature
EXAMPLE 29



[0208] S-[2-[(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate
hydrochloride (38g), DI water (200inL), 1-Butanol (500mL), and maleic
acid (29.46g - 1.5 eq.) were added to a jacketed IL 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

[Oﬁm LLwasghaasd and disgllatinn.pas £RREH AU RtrddmitRHoan #2800 -butanol

e volume was reducéd to 200mL. The temperature was addusted to
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wiatbief1 ﬁﬁfa):m'aekadghﬂanmlasﬂmnmme tb*himcigestadll iwatid wondihons: 0.5 Eq.
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&8{399&“%%&\%@?#& 430 WEPrESARting Ay Rt Gl 8% 0292 @SC

ahalysis showed that the solid state form of both products was crystalline

ingopeiiyDaminelsthyarmedpitynystrnsmpleats brdmehiptfse stal seeds (10mg)
widiogbloarideoae @Ph@ﬁmﬁ%ﬁfﬁﬂéﬁ{t&ﬁ%eﬁéﬁg '@@Bzﬂﬁ?rmyﬁigs@lﬁﬁﬁt@ﬁt
under vacuum at 50C is shown mél’{g%; I%eé21 al Solvent ih _
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tanol/a stem ferab oth ar Ias 1]
0?8 lﬁ?él TO%SI’% penu ate steﬁgisqs is'ﬁroma 0&‘ mlel The cake
wpmwhehﬂbmﬁhatwﬂ:hﬁdmlea@wnp@nﬁ)pm&dl dran aqueous solutlon Solvent
gﬁ\&%gng g, dangl embeoRasHy RS &}%Yﬁﬁn?yt[z 1(1-

ete rem a water from a methanol system would not be

Irpmgsmbé}am@mmh%mﬂwé&%tam%@éﬁéﬁ Byslyeebiprige Mirgoanalytical and
pRetpanolageipne isystantayreacess Development [0211] Similar to the

DMPF/acetonitrile crystallization, the 1-butanol/acetone crystallization
Table 3: Isothermal room temperature crystallization data

Microanalytical DSC
Example | Description C H N Cl Temp (C) Enthaipy
29 Room 4046 | 1390 | 6.81 5.85 200.15 148.1 J/g

Temp.

Theory 40.64 14.22 | 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-

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

re@{&%ﬁl\'}%@ﬂ iR giefic.gaal mqmﬁﬂg%ﬁg&{a BFALGIENS 2 IniLEPARRRIYIR 1.
EXAMPLE 29 54 [0212] Maleic aci @g%@l .5 eq) was weighed out in a

I@@ﬁ@%ﬁﬁ&%ﬁ&ﬂh&é&@@%ﬁﬁﬁmm@ cchytgehlandeind fidlenaleate salt

(M@%ﬁulﬁﬂd&ﬁﬂ)ﬁﬁlﬁ&ﬁ&hﬁ@ﬂ%ﬁ-ﬁiﬁteme maleate , Form II). Excess HCl in
Imlnoet ng(mlno ethyl]-2-methyl-L-¢cysteine maleate hgdrochlorlde (1.0009)

thersiem Y yiratdrcRargedpardaasindrrs b selihdin sugnalids with
poieaheatatipepaaiesion. The solution was rotary evaporated at 50C.
1-butanol (6g) was charged and rotary evaporation continued. 1-Butanol
(8g) was added to make a flowable solution. | -Butanol (2.89g) and water
3(18aeic)Avite charged to take the solution to the desired initial conditions:
: , 2.0 Eg. maleic acid, 14 volumes 1-buatnol / Kg
S-[2-[(I-Iminoethyl)amino]ethyl]-2- methyl-L-cysteine maleate
[ &io¢ indmgwnidtan SwssPeiotnieiqemd jswegnited Rpsed droperisdone with the
piuolRatignes QEI?&Qz’EéM%&" WiNGRg ARGIREERA Batist deplldiment was 20

Imingethyl)amino]ethyl]-2- methyl L-cysteine maleate hydrochloride crystal

CEUBHSHBOMGTY }%wara%%f%q itd By eavialmtse Elekesihadreeht o
tHOihAUecHaRisRystadlizatieor, m%ﬂg@ warRtuERd fl (QAMIEMPRELYIe 80d.[(1-

dta fﬁ Jﬁi slusry after several hours. The crystalllzatlon
OB ORL AR e B RIS s Bl baidfe
crystallization. The slurry was filtered on a 15mL fine fit sintered glass

The k was wash twice with.15mL acetone and pylled dr
R o o P S A e e e B G e o
I@;[Qﬂ@@ﬂhmfmetthﬂ)hmm@]wwl 72- ﬂqethylehts:yﬁhehiémaiem% an unstable
@ﬁ%ﬁ’éﬂ%ﬂ%%‘ﬁ%@% %?Qw%%&&%& are summarized in Table 3.

able 3: Isothermal room t rature crysta ization data | Microanalytical

358 E&%ﬁﬁ&@%@éﬁﬁﬂ@%@ﬂﬂ@iﬁ@ﬂw@ﬁmmwwm@bﬁfﬁmﬁmm 2.0,
2153.90:68% 5@%@@6}?&&&&%% Qo evaluate the effect on the crystallization. Maleic

acid (1.78g— 1.5 eq) was charged to a

100mL round bottom flask. I-Butanol (34.0g ~ 14 vols) was charged and stirred to dissolve.
S-[2-[(1-Iminosthyl)amino]ethyl]-2-methyl-L-cysteine 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 evajaorated at 55C under vacuum. 1-Butanol (24g)
was charged back to the mixture and rotary evaporation was continued until KF was 1.00%.
Butanel (23.29g) and water (0.434g) was added to take the solution to 14 volumes 1-butanol /
S-[2-{(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine 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 (0.25eq) was charged to flask B and 197mg maleic acid (0.5eq) charged to v
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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Temp. Theory 40.64 14.22 6.65 6.00 [0214] The | -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-[(I- Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate
hydrochloride 2. Hydrochloric Acid [0215] HCI plays a role in the behavior
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HCI in the system. Below this target amount could result in a 55 reduced
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hydrochloride, 1 KF. [0217 n cold storage overnight of this
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2&%1@mglelsa[@c{éillmnﬂbeﬂwll)éhﬂ?m]eﬂtw]@meihw icndyst'eln dimetﬂeabst could
11%% gehioride; (3:000was Lhrrgehigibe splution. Water was charged

OuL) and the mixture was stirred to form a clear solution. The

mmwnmmiam@uammamac Vagahy¥aquie-ddfytanol (24g)
was charged back to the mixture and rotary evaporation was continued

until KF was 1.00%. Microanalytical DSC
Example | Description C H N Cl Temp (C) Enthalpy
304 2.0 Eq. 40.27 | 13.95 |« 6.64 5.93 54.28 7.3 Jg
Maleic . 199.52 156.9 /g
30B 2.25 Eq. 40.50 | 1398 | 670 | 5581 201.11 1484 J/g
Maleic '
30C 2.50 Eg. 4047 | 13.91 | 6.61 5.84 189.75 159.4 J/g
Maleic
Theory 40.64 14.22 | 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 expectad to increase yield.
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Butanol (23.29g) and water (0.434g) was added to take the solution to 14
volumes 1-butanol / S-[2-[(I-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine
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
(0.25eq) was charged to flask B and 197mg maleic acid (0.5eq) charged

Tanilask fianekeagh¥agalified to form a clear solution. [0219] Acetone
(6mL) was charged to each'flask dropwise in I mL aliquots over 35

mlnutesE,ggiglbexpenm(\a;{t was oBfetyveddp nuclearg duringw'p/f:§ g\_(g)[g_ig@_e
[ cont

charge; the most solids were observed with the lowmaleic aci ntent
(2.0 eq.) and the least with the highest maleic acid ¢obRémetyboreigglety1]-2-

the end of the acetone addition, 10mg seeds were cqargegléglﬁagt})t@gge
CBar nara hald oom-temperatlre over.the weekend

Aentwas filtered ot Bd1MAEI ARt t sinfered glass%dfittel and
the cake vgaB washed twice wrthslBmbia6etang: Th%;:akes wepepied

Ainrmntha filkar 109901 Micraanahdinal and NSO d on-the.isolated
Ul_y UTT IrrC_ur . LULZUT™INVITCTO, 1 T ] U oo oo T
solids frorﬁoegach experiment gg&m#&?}ﬁéﬁ’}ﬂ Table 3. In all Hi&é

experiments, microanalytical data match those predicted by theory for

sl @ -Iminoethybaminolethyl]-2-methyl-L-cysteine maleate . .
D i G P i A G oM S PE Aot el
‘orsatioreof 200 donrespbylding i dthy ! JRettiettidintyafeine maleate hydrochloride,

= ' Nami [J-2-methyl-l -cysteine maleate . .
B s oo fhape the
dees CM%@S‘D@H@I %IW Al Asmbmayaesult in an u'nstable supersaturated solution that
di-tedminastyhiannolethy bZmathvllsysigine W'&&E?aﬁgg?ﬂéﬂefom, to target

This is very likely due to the considerable amount of uncontro

HE O AR e fUtmn GEhie et lizatign Rystem particular
Example. Since nucleation occurred during the acetone charge even in
{h%pq%s C%ecl)lft2.50eq. maleic acid, albeit to a lesser degree, it appears

hat he acetone addition rate was far too fast. The small amount of

18231 (At Wﬂdeﬂ&wmﬁi?]eﬂrﬂﬁé%tmmﬁgcﬁ(smﬁ : w@@z&&iﬁ@]&hﬂ}]}memyl-
0 .0 eq. maleic acid is therefore no

e o S R Ry e e 1

Igpnpethsbetsnelediaiichmatey fablstdnpivrvareiyticatidnddd S B4ra{d -

Manyl e AgigMictaanatyl iption C,H N Cl

Tem lﬁ?g Enth ﬁmwggm 2.0 %%b/%%l?g %3% 3%%%%5?@5%%%%&”5 preferable,

%¢§éeltg dprgrtiihg yajpg content of the system to be below 4% for formation of crystalline
S-[2-[(1-Iminoethylamino]ethyl]-2-methyl-L-cysteine maleate hydrochloride

5. Compound Loading
[0224] Operating at 14 volumes 1-butanol seems to result in the most controlled
crystallization, and the increased volume does not appear to adversely affect yield. It is
preferable, therefore, to utilize 14 volumes of 1-butanol per g of S-[2-{(1-

Iminoethyl)amino]ethyl}-2-methyl-L-cysteine maleate hydroch]oride.

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 solution with the addition of each drop
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30B 2.25 Eq. 40.50 13.98 6.70 5.91 201.11 148.4 J/g Maleic 30C 2.50

Eq. 40.47 13.91 6.61 5.84 199.75 159.4 J/g Maleic Theory 40.64 14.22

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-[(2-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine increased with
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XA s ’&c?&eé’o%@ﬁ]t“ﬁ] 5P Pask eeprratipo. 2 A ding gguifigantly less acetone,

disemattiely oSy o{@itwiteaiybamineletpik Rt CrRig DG M AR A8y

hydrachlgride, provided the addition rate of acetone does not cause
L R ey
may result in an unstable supersaturated solution that could readily crash
RHbiRibe suankgiextended hold times. Itis desirable, therefore, to target
the maleic acid range of 2.0 to 2.25 eq. in the crystallization system. 4.
WSsediesntent [0223] At water levels at or below 4% at 25 C,

maleate

rdl

[@%[@ﬁ@ﬂ?%@%ﬁﬂ?@ﬁ%ﬁ%@é&ﬁyﬂg L@§'§1 au fBa[B(I assist in controlling

E%drochlorlde is the stable form. Above 4%, mixtur
i s E At Brsting polidsarrsrat iy e indlnaa baténtyoff pbinlesctemtion provides

eSasgele tpinoaiayReunlelBY fi iR Y SIRINGRAIRALS LI A e
_&%%%Wed. Iglgésrseé\gr%ble, erefagre to target the water content of the
Y5 emml%ﬂf)e 181806 8RR Ph i substrets Qﬁ%{gﬁ iprntrolled seed addition versus

rgel2afidd mitiedihii yanyiablebs\ithporoat i ke Rine inaloatgnydrechigdde
dc;ngﬂ[p%%4 Operating.at 14 volumes 1-butanol seems to

argegé%%gi%l&t Peq‘rgnrg]g@é out the dey lopment of'the process, the amount of seed added to the 1~
butanol/acetone system has varied from 1-3% of the total S-[2-{(1-Iminoethyljaminolethyl]-
2-methyl-L-cysteine maleate hydrochloride in the batch. No dramatic difference in the
behavior of the crystallization was observed.

[0227] In the initial 1-butanol/acetone process used, seeds (3%) were charged prior to the
acetone addition. 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 a multi-modal distribution.

{6228] A protocol similar to that used in the DMF/acetonitrile crystallization may be
preferable in the 1-butanol/acetone crystallization, After the bulk (~B0%) 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. Reactor Characteristics

[0229] Based upon experience with the DMF/acetonitrile system, reactor geometry also may
affect the performance of the crystallization, most directly in terms of the yield; Itis 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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crystallization, and the increased volume does not appear to adversely
affect yield. It is preferable, therefore, to utilize 14 volumes of 1 -butanol
per g of S-[2-[(I- Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate
hydrochloride. 6. Acetone Amount [0225] Typically, 6 volumes of acetone
per gram of S-[2-[(-Iminoethyl)amino]ethyl]-2- methyl-L-cysteine maleate

extiredalelisladnaxalbeeRuaed:ifbsnaneef thigaddtiamOng63% vials have

observe the bgrsts of white solids coming, qut of splution with the addition
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separation. This could not only jeopardize the spherical agglomerate
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haedipo 022G Brialy,fag Addiin efseedaaitherine,of %%ﬁ%lg can result in
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HRragade %ﬁ%&g&ﬁ@ﬁg@img@&g&@@ 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
4nndienigon at different times during the charge, resulting in a multi-modal
[ﬂ§ijtiwion. E02281 A protocol similarﬁf that used.in the DMF/acetonitrile

crysta

iZ4fo ey Be' preferabie m the 1= Bath R RENIE tRRasarZRRSH
ctietl thrsibndk (-Si¥)roftiteg Sbbverificient such that the dense agglomerates formed do
not settie in a “deadzone” underneath the agitator. At large scale, it may be useful to blow
nitrogen up gently thrqugh the bottom valve to minimize the deadzone.
[0232] It appears that the spherical agglomerates are fairly robust and not easily broken up
during extended agitation periods, and the agglomerates appear to be intact after 11 days of
stirring.
[0233] In the event that chromatography is incorporated into the synthetic process of 8-[2-
[(1-Iminoethyl)aminoJethyl]-2-methyl-L-cysteine maleate hydrochloride, it is recommended
that the chromatographed product 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 agueous solution is the starting material for the

final I-butanol / acetone crystallization.
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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. Reactor Characteristics [02291 Based upon
experience with the DMF/acetonitrile system, reactor geometry also may

affect the performance of the crystallization, most directly in terms of the

jeld..It.is not_fav. erfarm the crystallization in a.crystallizer with
S B B R S AL b B R W crms of
cemeiheyiindniekdymlidaotientimevofl pirmBE sepdeatipnor tharstispehsdebutanol /

hage gpoRiehande Rl BaL5RYRA ALING 860 B alSlRatography.
a?hﬁg%(%%% case, sma -S(%e _rystaﬁlgzations cogr{(}j%cted wit ﬁo¥utijsr ol osTEPhY
I peacyivaysi i ordis iRt donppaceatation WreRramsdbsncaivapsagaphy. If the
cHiBHs AR LA PR SAID o6 B D3 G s RUBAAERBCR 198 HC! to targe
crystallization is also a phase separating system, a reactor with a
theHanAsA vaisall aspect ratio and small surface to volume ratio is expected
[003% ORiiENAbns IR e AdOilian JAR3DIITIRE Heeio BeAadiHab Braineat acid
has varied from as little as 35 mjinutes to as long as 3 hours and 45
TR RS T ALPR GRS SE R ICT RO ST SYE BhETeD A0 R s
Aesiikbhallih e renatiuei ow si¢atdonlafintely Batdsolat ¢ niketiidhgateine
ad to a mixture of salts,in the final product. C ing acetone over .
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1- Iminoe amino]ethyl]-2-methyl-L-cysteine maleate
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nucleation of solids during the acetone addition, there is not an obvious

sixmirdrddnginsh e asR el R R G eiutRiAIBA s ePiRms s oapeon. This
salaydadatRfesadiasdt sy depomigdietobiharangerfonndde:be 1.5%.

acceptable. 4. Mixing [0231] Mixing is an important parameter with respect
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ow nitrogen up gently through the bottom valve to minimize the

[dessizene 100321 Y %%lg&ﬁg%am%m%bﬁﬂﬁﬁ{oaea%lim%ﬁ%h@iﬁm% 1L

robust and not easily’ broken up during extended agitation periods, an

recinseitidrappedficmata aadstia ErpaRlg Py were studied to determine its

powder characteristics that are relevant to the development of a pharmaceutical composition

pet®

with S-[2-[(1-IminoethyDaminolethyl}-2-methyl-L-cysteine maleate hydrochloride together
with a pharmacentically acceptable carrier. Before testing, the solids were passed through 80-
mesh screen corresponding to 177 micrometer opening in order to fragment some very large
loose aggregates of the orderly packed agglomerates. The properties tested included powder
flow characteristics, powder particle size distribution, powder bulk and tapped density and
powder compressibility and compaction. .

{0238} Powder flow was evaluated using an aperture flow tester, 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-IminoethyDaminoc]ethyl]-2-methyl-L-cysteine maleate

hydrochloride crystals. Successful repetition of flow through a narrower 4-mm opening was,
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stirring. [0233] In the event that chromatography is incorporated into the
synthetic process of S-[2- [(I -Iminoethyl)amino]ethyl]-2-methyl-L-cysteine
maleate hydrochloride, it is recommended that the chromatographed
product be well characterized before proceeding with the final
crystallization. In preparation for chromatography,

Sobned-ipnerivdiamipele tila: Maiyaqysiging maleate, | calculated
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1-butanol as the primary dissolution solvent and adding just enough water
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presented in Fig. 13 The orderly packed agglomerates of §-[2-[(1-Iminoethyl)aminolethyl]-

2-methyl-L-cysteine maleate hydrochloride crystals displays good compressibility profile,
without use of excipients. Relatively strong small tablets (8/32 inch), as hard as 11-kP, are
possible with compression force between 900 and 1000 kg. Tablet strength reaches an
apparent maximum between 900 and 1000 kg compression force. Minor adhesion to the
punch and die walls were observed during compression experiments, However, the sticking
was considered to be a minor problem and could easily be resolved by using an appropriate
lubricant. The effect of tablet thickness as a function of compression force is presented in
Fig. 14. Tablet disintegration times were also evaluated for compacts of orderly packed

agglomerates of S-[2-[(1 ~-Iminoethylamino]ethyl] -2-methyl-L-cysteine maleate
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with a pharmaceutically acceptable carrier. Before testing, the solids were
passed through 80- mesh screen corresponding to 177 micrometer
opening in order to fragment some very large loose aggregates of the
orderly packed agglomerates. The properties tested included powder flow
characteristics, powder particle size distribution, powder bulk and tapped

1HeR%IkYRRE cRAMES TERR PSSRty @&ﬁﬁemrboﬂ%%%ﬁ’%%%é ﬁgtv\vween 500

was evaluated using an aperture flow tester, measured as the smalles
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11:5w of 6-mm is considered good for formulation development of
[2-[(2-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate

{bgabihlntideacyy stdlalSuekes afigl sareiiio bof flovy threwebia NAHIWRy1]-2-

4-mm-opening wa however, de en%en onfg,o the powder was,
I?r?g;grgllj%%qt%% P %ﬁl 8%/5 EuFa%%'cf RS RST ﬁ%ﬁﬁﬁl&@{e&@w@% for the
dletoprdied itk gbatrtectaticibvemhesiicter istibsafomtiasavigidefy lacked
JR-H-lminoet ' thyl}-2-m l-L-cysteine .
e e e e e
Pewseitisaliy eeeaneblesiicsieve analysis. The mean particle size
distribution was calculated using the geometric mean method. The particle
size distribution data is presented in Fig. 12. These orderly packed
agglomerates displayed a mean patrticle size of 134 micrometers
~ (referred to from here on as m). Only 1.63% of material was considered
as fines, less than 75-m, with more than 90% within 105-250-m. More
than 75% of the material was within 105-150-m. The tight range in the
powder particle size distribution for orderly packed agglomerates is
between 100 and 200-m, which is highly desirable for the development of
a pharmaceutical composition with S-[2-[(1-
Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate hydrochloride
together with a pharmaceutically acceptable carrier. [0240] Bulk powder
density was evaluated as the mass of material within a 50-ml graduated
cylinder. Tapped powder density was calculated at the equilibrium point,
where addition tapping did not alter the powder volume. Orderly packed
agglomerates exhibited a bulk powder density of 0.41-g/ml, with a tapped
density of 0.50-g/ml. [0241] The powder was evaluated for direct
compression without any excipients. Compacts of 100-mg in weight were
manufactured using an 8/32 inch (6.35-mm) round concave tooling.
Tablets were compressed at various compression forces and evaluated
for strength,
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thickness and disintegration. The direct compression profile of orderly
packed agglomerates of
S-[2-[(I-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate hydrochloride
crystals is presented in Fig. 13 The orderly packed agglomerates of
S-[2-[(I -Iminoethyl)amino]ethyl]- 2-methyl-L-cysteine maleate
hydrochloride crystals displays good compressibility profile, without use of
excipients. Relatively strong small tablets (8/32 inch), as hard as 11 -kP,
are possible with compression force between 900 and 1000 kg. Tablet
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Infgusewarhioets)eatiino]ethyl]-2-methyl-L-cysteine maleate hydrochloride
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2-metHyl-L-Cysteine maleate hydrochloride of the present invention may
m@@%&fhﬁﬁgtmﬁoﬁﬂlwmw edtbedeoprgienalihails WG IRRRM Fand the dosage
el B RS LA
mvention depends on a variety of factors, including the age, weight, sex and medical
condition of the subject, the severity of the disease, the route and frequency of administration,
and the particular compound employed, and thus may vary widely. The pharmaceutical
compositions may contain active ingredients in the range of about 0.1 to 2000 mg, preferably
in the range of about 0.5 to 500 mg and most preferably between about 1 and 100 mg. A daily
dose of about 0.01 to 100 mg/kg body weight, preferably between about 0.5 and about 20
mg/kg body weight and most preferably between about 0.1 to 10 mg/kg body weight, may be
appropriate. The daily dose can be administered in one to four doses per day.
{0246] Crystalline S-[Z-[(l~Iminoethy1)amino}ethy1]-2~methyl—L-cysteine maleate
hydrochloride can also be administered by a transdermal device. Preferably topical
administration will be accomplished using a patch either of the reservoir and porous

membrane type or of a solid matrix variety. In either case, the active agent is delivered
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Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate hydrochloride and
compositions may, for example, be administered orally, intravascularly,
intraperitoneally, subcutaneously, intramuscularly or topically. [0244) For
oral administration, the pharmaceutical composition may be in the form of,
for example, a tablet, capsule, suspension or liquid. The pharmaceutical
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afperaptheraither case, the active agent is delivered 64 continuously from

VQ i S through embrane into the active agent
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recipient. In the case of microcapsules, the encapsulating ’agenf may also
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anvidritilo ga dyhe wbastiwee: tomukrayR ragredianis i KW NI Hibasio

aYiéﬁ”ees Q%‘ uh se @2}%%@%?5%%%@? emylsifier, it may comprise a
mixture of af leas sifi AP QRS ERAL itHea phepmmut fatty
agilpilsopropyl myristate, decyl oleate, isopropyl palmitate, butyl stearate, 2-ethythexyl
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 Iipids
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 include eye drops
wherein the active ingredients are dissolved or suspended in suitable carrier, 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 -Iminoethyl)amino]ethyl]-2-methyl-L-cysteine
maleate hydrochloride is ordinarily 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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Preferably, a hydrophilic emulsifier is included together with a lipophilic
emulsifier 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 emulsifying wax, and the wax together with the oil
and fat make up the so-called emulsifying ointment base which forms the
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administration to the eye also include eye drops wherein the active™
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powder, cellulose esters of alkanoic acids, cellulose alkyl esters, talc,
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
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dispersion of active compound in hydroxypropylmethyl cellulose.
Formulations for parenteral administration may be in the form of agqueous
or non-aqueous isotonic sterile injection solutions or suspensions. These
solutions and suspensions may be prepared from sterile powders or
granules having one or more of the carriers or diluents mentioned for use
in the formulations for oral administration. The crystalline

CLSIMY (I-lminoethyl)amino]ethyl]-2- methyl-L-cysteine maleate
hydrochloride may be dissolved in water, polyethylene glycol, propylene
glycol, ethanol, corn oil, cottonseed oil, peanut oil, sesame oil, benzyl
alcohol, sodium chloride, and/or various buffers. Other adjuvants and

1. modes efadministiationsare alhandigaivigiewnin hemharmasatical
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malegta iydsochlorisls apglamgracsorinlem 1 wherein said plurality of crystals are amassed

as gerl@-A}-drainaiiniianislathvds2-methyl-L-cysteine rnaleate
hydrochloride wherein a plurality of crystals are amassed as
agglomerates. 2. The crystalline form of S-[2-[(I-Iminoethyl)amino]ethyl]
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&X%%?Mé’“de thereby forming a system comprising two phases, and
precipitating generally orderly packed agglomerate crystalline
S-[2-[(I-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate
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Lis.adde Iv solutl n |n Wh h is.dissolve 1-Imj noethyl)
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the anti-solvent comprises acetone. 6. The method of claim 3 wherein the

solvent solution comprises 1-butanol and S-[2-[(1-
5. The method of claim 3 wherein the anti-solvent comprises acetone.

6. The method of claim 3 wherein the solvent solution comprises 1-butanol and S-[2-{(1-

Iminoethylamino]ethyl}-2-methyl-L-cysteine maleate hydrochloride.

7. The method of claim 3 wherein the anti-solvent comprises acetonitrile, and the solvent
solution comprises N, N-dimethylformamide and S-[2-[(1-Iminoethyl)amino]ethy!]-2- methyl-L-

cysteine maleate hydrochloride.

8. The method of claim 3 wherein the anti-solvent comprises acetone, and the solvent

solution comprises 1-butanol and S-[2-{(I-Imincethyl)amino]ethyl]-2-methyl-L-cysteine maleate

hydrochloride.
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Iminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate hydrochloride. 7. The
method of claim 3 wherein the anti-solvent comprises acetonitrile, and the
solvent solution comprises N, N-dhnethylformamide and
S-[2-[(1-Iminoethyl)amino]ethyl]-2- methyl-L- cysteine maleate
hydrochloride. 8. The method of claim 3 wherein the anti-solvent
comprises acetone, and the solvent solution comprises | -butanol and:
S-[2-[(I-lIminoethyl)amino]ethyl]-2-methyl-L-cysteine maleate
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sYsE8ieration. 12. The methodof claim 3 wherein no seed crystals are added
to the system, and the ratio of anti-solvent added to the system exceeds
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amln?é ethyl]-2-methyl-L-cysteine male hydrochloride by about one
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theS@lyentusedatiraisyisieraravidierein seed crystals are added, to precipitate
generally orderly packed agglomerate crystalline S- [2-[(1-Iminoethyl)
amino] ethyl] -2-methyl-L-cysteine maleate hydrochloride. 68

12. The method of claim 3 wherein no seed crystals are added to the system, and the ratio of

anti-solvent added to the system exceeds the ratio of solvent solution in which is dissolved
S-[2-[(I-Iminoethyl} amino] ethyl]-2-methyl-L-cysteine maleate hydrochloride by about one
hundred and ten percent by weight that of the ratio of anti-solvent to solvent used in a system
wherein seed crystals are added, to precipitate generally orderly packed agglomerate crystalline S-

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