COVPOUNDS, COWPCOSI TI ONS, FORMULATI ONS AND THEI R USES THEREOF CROSS
REFERENCE TO RELATED APPLI CATION [0001] This application clains priority
to U S. Rvowosiomsh Patent Application No. 61/310719, fipcedszni/dseh 5t h,
2010. This application is hereby incorporated by this reference in their
entireties for all of its teachings. TECHNI CAL FlI ELD [ 0002] This disclosure
generally relates to conpound and their synthesis. Mire particularly, this
di sclosure relates to treati | s wit rmaceutical ly acceptabl e
ampunt - of OBBNER MRS L DR e DPak LiorRhENER G (RmsiaEREDE e
conpound. BACKGROUND ART [0002] Metal toxicity may occur due to essenti al

nmet al overI oad or exposure to heavy netals from various sources. Most
netal s afB 0, ABR adddNwi t h carbon, resulting in

e onﬂfﬁﬁif@@l? gcag%al%%@'%@% e, [ Bhogampaungs, hnterterg i th (NS

t he haengi/9p®iiet filed IMMAEH 5P MA0, Tfﬁ'sq c%t101@1s%erf(b|z|1ﬁé(ﬁp&$ate§|by3ﬁ%0) . [0003]
Met al accumul ation has been responsi b many ysfunctlons in liver

di seasesref@amq?opﬁwQﬁlltlﬁgle@fmlmfniséwhmmonm ble for cerebral dysfunction
and neuronal cell death in hepatocerebral disorders, such as Wlson's

D sease, TpesinieAyNtEyel opat hy, hepatic encephal opat hy, and acquired
non- W | soni an hepatocerebral degeneration are a nmajor feature of

hepat oce i i C n Al zhei mer type
b e e e
rranganespamanﬁkly e disbhrag esmart tca@ehutng e@dnliﬁﬁﬁllts vath ﬂlﬁﬁﬁadmecﬂlyraabe;ﬁatﬂ@r ders

i ncl ude chel ation therapy (W|son's Disease) and |iver transplantation
among ot MBI of e@aacyunéé»pfﬁé"rp%léleaﬁﬁ?@ﬂlwnﬁ&gd Bednodraghoinés BPareyid: many
dysfunctions in liver, kidney and eye di seases. Excess copper is actually
deposi t eBAUNGERIQUOUD AerIe corneas in WIlson's di sease. Renal tubul ar
dysfunction, wth consequent hypercalciuria and hyperphosphaturia nay

i nduce ”Rﬂ@bﬁm&éﬂbﬁ@ﬁy ﬁlay%%cﬁflﬁl"er{@%k&wl %@tal%@r@@&ﬁr@%& o oHehlgm ne and
trietine are being used. "There have been sone | ong ter}rzn effects Tor using

t hese nedietdtfron vwn@ﬂdoatcehédo%emﬂaldasmap@dof ffwrnnhg qnwalent tamtds pahei f f er
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ef f ect s. \SUMVRRY ST FakiSEl GRRREy {QRORLe tha caRel %ef%m SR (@vSprRouNd
conprising of Formula 1 (also nentioned as fornmula I) is di scl osed. 2 3
haematopoietic system, liver, kidneys, etc. (Flora et al.2010) .

[0003] Metal accumulation has been responsible for many dysfunctions in liver
diseases. Pathophysiologic mechanisms responsible for cerebral dysfunction and
neuronal cell death in hepatocerebral disorders, such as Wilson's Disease, post-shunt
myelopathy, hepatic encephalopathy, and acquired non-Wilsonian hepatocerebral
degeneration are a major feature of hepatocerebral disorders. Morphologic changes to
astrocytes (Alzheimer type Il astrocytosis) include neurotoxic effects of metals such as
copper, manganese, and iron. Management and treatment of hepatocerebral disorders

include chelation therapy (Wilson's Disease) and liver transplantation among others.

[0004] Copper accumulation has been responsible for many dysfunctions in liver, kidney
and eye diseases. Excess copper is actually deposited throughout the corneas in Wilson’s
disease. Renal tubular dysfunction, with consequent hypercalciuria and

hyperphosphaturia may induce nephroclacinosis. As pharmacological management



laz RCt 11 1)c FR HH r'tNJ40 - NI"---- b Fornula 1 [0006] Another

enbodi nent, a pharnaceutical conposition conprising of one or nore
conpoundswofzofigongsiia 1, an internedi ate, a prodrug, phaPcaaBoli/e@s92
acceptabl e salt of compound forrmula 1 with one or nore of pharnmaceutically
acceptable carriers, and vehicles or diluents are disclosed. These
conpositions nmay be used in the treatnent of diseases related to copper
retention ang its cggg%jcattgns in hg@gthf di seases .and/ or 'so%ders.
[0007] | K Erot'REF 28 ittt beingibsepr dOgisthays Bednoomedoreieapbict's fhe

CO”DOUnduﬁt?th@%@(ﬁ'béﬂd%rhnﬁfthaft(%miée% dlscuSed Rh8Pree it PRl 2a0eepiiakl e salts
t her eof, ornmula | Werein,
is a need for a development of new copper chelator and an anticancer metallodrug with

improved specificity and decreased toxic side effects.

SUMMARY OF DISCLOSURE

[0005] In one embodiment, a compound comprising of Formula 1 (also mentioned as

formula 1) is disclosed.

Formula 1

[0006] Another embodiment, a pharmaceutical composition comprising of one or more
compounds of formula 1, an intermediate, a prodrug, pharmaceutical acceptable salt of
compound formula 1 with one or more of pharmaceutically acceptable carriers, and
vehicles or diluents are disclosed. These compositions may be used in the treatment of
diseases related to copper retention and its complications in hepatic diseases and/or

disorders.

[0007] In another embodiment, the present disclosure relates to the compound and

composition of formula 1, or pharmaceutically acceptable salts thereof,

Formula [

Wherein,



R1, R2, and R3each independently represents hydrogen, thiol, alkyl, alkyl
thiol, acetyl thiol, disulfide, acyl, acylalkyl, alkenyl, alkylthioalkyl,
al kynyl , wbkoxymarssii, al koxyal kyl, aryl, aral kyl, aryl oxyaTkB2011/000592
aryl t hi oal kyl, cycl oal kyl, ether, ester, heteroaryl, heterocyclyl, |ower

al kyl, sul fone, sulfoxide, or hydroxyal kyl; and R4 represents at | east one
of a residue of guanidine, a residue of hydrazine an acid, a residue of

pyruvic i g, esi.due of ox Ioacetlc ue. o0 coph rol, a
P2 due B KsulrbRactoseng S Burassenyt nithpdem MO Rk BF Ll HR0E i due
of thiocthif, &cdiflde 6ac§16§éﬂélﬁy10£1k@&ﬁtMkﬂ&ﬁ@i@lnﬁky@yl ra@l%dxq/‘df%/l Qilkcﬁdy@iik@r ket o
glutaric acid, a residue of dinercaprol, a residuie of NO donor ;

resi due ol gralﬂtsdt thﬁEalkﬂR&yhﬁloa&YU |C§dbﬂ1ézm1y E{hengstar, bet@rqari(lF@}etQmCYdyl
acetamd 3 S iC 2 nalog of any one of the

f or egoi ng fﬁéﬁi’,ﬁg\éﬂ% O\;%eel’ ] ﬁ?’dcrioxyrag(;ﬁ L&nts an integer fromo to 8;

wher ei n t hi oct ] c acid, .wherein n i er that equals
between B EBE BUBT oho LT REF ob FUFU P TeHBt R ROPhaS % ray

I epr esenfesidie of HYruPiviadll, & AtRRM M oxalCAIVHOLNG, i&sfﬂh@bﬁtd&ophe@h a Riduang R3each
i ndependent |y represents hydrogen, thiol, aIkyI al kyl thiol, ace%yl t hi ol ,

di sul fi descores/acid.agysidudkef t 1aa11k@m1y1pctlca4cv®|atrhfﬂ@eﬂ afythioctig agienA residhikeikyar yl |

al koxyal lf&té byl ¢ g{t&ln aﬁﬁe@dﬁé’&f alﬁi%’té%ﬁgﬁhiﬁ’c' %515\1\ Oﬁé%ercaﬁ’) gllﬁ)(é ether,

ester, erocyc % one
hydr oxyad)fkanl NO&i@dor a residue of glutathione, (RS)-2, 3—disulfany1propan 1-0l, (R)- 2—

acetamido-3-sulfanylpropanoic acid and an analog of any one of the foregoing.
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COMPOUND 1
wherein, n represents an integer from 0 to §;
wherein R* is R-(+)-thioctic acid, wherein n is an integer that equals between 0 to 4.

[0008] In another preferred embodiment, formula 1 may represent the following

compound:

O

OH
%—-—-)» 5%
O T O

COMPOUND 1A

Wherein:



R4 represents thioctic acid and where n represent the integers are between
4 to 8. [0009] In one enbodinent, RL, R2 and R3 represents, hydrogen,

met hyl , ewbybiiow7gshi ol and R4 represents R-isoner of re@caaB2t/o@sed og or
derivative or nmetabolite of thioctic acid. OH HNCH3 /SH OSH 0 COVPOUND 2

[ 0010] In another enbodi nent, Rl, R2 and R3 represents, hydrogen, nethyl,
ethyl or thiol and R4 represents (RS)-2, 3-disulfanyl propan-1-ol. HN
HNZ

R', R? and R’each independently represents hydrogen, thiol, alkyl, alkyl thiol, acetyl
thiol, disulfide, acyl, acylalkyl, alkenyl, alkylthioalkyl, alkynyl, alkoxyaryl, alkoxyalkyl,
aryl, aralkyl, aryloxyalkyl, arylthioalkyl, cycloalkyl, ether, ester, heteroaryl, heterocyclyl,
lower alkyl, sulfone, sulfoxide, or hydroxyalkyl; and

R” represents thioctic acid and where n represent the integers are between 4 to 8.

[0009] In one embodiment, Rl, R?and R* represents, hydrogen, methyl, ethyl or thiol

and R* represents R-isomer of residue or analog or derivative or metabolite of thioctic

acid.
Ry R, lCl>
AN =t
Ry Y OH
HN o CHy
\'Or O\£SH

COMPOUND 2

[0010] In another embodiment, Rl, R?and R® represents, hydrogen, methyl, ethyl or
thiol and R* represents (RS)-2, 3-disulfanylpropan-1-ol.
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COMPOUND 3
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COVPOUND 3 [0011] In another enbodinment, R1, R2 and R3 represents,

hydr ogen, nmethyl, ethyl or thiol and R4 represents

(R) - 2- acavarmdao3sssul f anyl propanoi ¢ acid. [0012] Furt hePe®nB2011/hi0892

di scl osure provides an enbodi ment conprising a conposition: a) R (+)-lipoic
acid or Thioctic acid b) Zinc acetate (or) Triethylene tetramne; and c) a
conpound of Fornmula 1 NH2 Forrmula 1 Werein,

[0011] In another embodiment, Rl, R?and R® represents, hydrogen, methyl, ethyl or

thiol and R* represents (R)-2-acetamido-3-sulfanylpropanoic acid.
[0012] Furthermore, this disclosure provides an embodiment comprising a composition:

a) R-(+)-lipoic acid or Thioctic acid
b) Zinc acetate (or) Triethylene tetramine; and

¢) acompound of Formula 1

RZ R3 ﬁ CHs
4
R
1)\/\ yd
R H 0 0
NH,
Formula 1

Wherein,

R', R? and R’each independently represents hydrogen, thiol, alkyl, alkyl thiol, acetyl
thiol, disulfide, acyl, acylalkyl, alkenyl, alkylthioalkyl, alkynyl, alkoxyaryl, alkoxyalkyl,
aryl, aralkyl, aryloxyalkyl, arylthioalkyl, cycloalkyl, ether, ester, heteroaryl, heterocyclyl,
lower alkyl, sulfone, sulfoxide, or hydroxyalkyl; and

R* represents at least one of a residue of guanidine, a residue of hydrazine, an acid, a
residue of pyruvic acid, a residue of oxaloacetic acid, a residue of tocopherol, a residue of
ascorbic acid, a residue of thiamine, thioctic acid, a residue of thioctic acid, a residue of
acetyl cysteine, a residue of alpha-keto glutaric acid, a residue of dimercaprol, a residue

of an NO donor, a residue of glutathione and an analog of any one of the foregoing.

[0013] Furthermore, in another embodiment is disclosed as a pharmaceutically acceptable
composition, a pharmaceutically acceptable salt for example, but not limited to, tartrate, esylate,

mesylate, sulfate, hydrate and hydrochloride salt of formula 1 comprising:

a) R-(+)-lipoic acid (or) Acetylcysteine (or) Dimercaprol;
b) Zinc acetate (or) Triethylene tetramine; and

c¢) a compound of Formula 1



R1, R2, and R3each independently represents hydrogen, thiol, alkyl, alkyl
thiol, acetyl thiol, disulfide, acyl, acylalkyl, alkenyl, alkylthioalkyl,
al kynyl , wbkoxymarssii, al koxyal kyl, aryl, aral kyl, aryl oxyaTkB2011/000592
aryl t hi oal kyl, cycl oal kyl, ether, ester, heteroaryl, heterocyclyl, |ower

al kyl, sul fone, sulfoxide, or hydroxyal kyl; and R4 represents at | east one
of a residue of guanidine, a residue of hydrazine, an acid, a residue of
pyruvic acid, a residue of oxaloa etlc acid, a EFSIdue of tocopherol, a
resi due of ascorblc acid, a FESIEUR of Khlanln , thioctic acid, a reS|due

of thioctic acid, a re5|due of ac yl bkt ein si due of alpha ket o
glutaric acid, a residue of di ro r &si {/§? an NO donor, a
resi due of glutathione and an ®& an of any” one @ he foregoing. [0013]

Furthernore, in another enbodi nent i ndi sclosed as a pharnaceutical ly
accept abl e conposition, a pharnaceutlcélly acceptabl e salt for exanple, but
not limted to, tartrate, esylate, pgsmuifte, sulfate, hydrate and
hydrochl ori de salt of forrmula 1 conprising: a) R-(+)-lipoic acid (or)
Acetyl cyghpidie K'OR), JBl @?E&ﬁ@ﬁ en&%&ﬁﬁes@ﬁ@tﬁhﬁ)géﬁrt)uoﬁa'll%ﬂ hyikR o1,

t etram ne; and cj a compound Formul’a 1 Werein, Ri,
R2, and RSQéduhhdhuﬁwdagahdewamylm&pnebehybhmymwbg&wnﬂth%okynﬂlkyI aIkyI

t hi ol , iol, Iflde | k |, al kylthi oal kyl,
ol kynyl SRS PR SRRk ioaibyy FBLy ey ReolhE
ary|th|0ﬂh&%b<ﬂ§WQ$&%ﬂ %?hsdﬂbh@%uﬁ@ﬁﬂ@ﬁnh.@&&§Qﬁg¥hndheterocy0|y| | ower

al kyl , suLfone sul f oxi @édroxyalky and R4 represents at | east one
of a restm@rQﬁentgahlnMpn@of aras b@ﬁéumdlhg@rra&lﬁweof hadragaied an acidesi due of
pyruvic reS|d a 0 h rol., a
resi due %% dgtéégia (V:lca'il(g:ldfjlg eaS?&r(eSO? uagﬁ)o tl?% ond nél ?OPPO% ﬁher& ggfj% cglerogs due
of thi ocidcerbacidid, adesi@sd ciuBiagfin@eiEbytic LyELetditue & thslidugd of reciiphar ket o
glutaric acid, a residue of dinercaprol, a residue of an NO donor, a

resi due SEOYCHTRNG DREdUg riSylpha-kego g W1 agiy g vl tigprcapir), agesidue
acetamd I i n n t he

f or egoi ng. %%% B B AL e S 2 A PR AR BlorY- PRI Ve amount
may be rmcmmdd}duﬂfanylpiophmm heid ahd an asalagiof ajyswiciobithe fOrdgeingenbodi ments may

i ncl ude [ |, to tran nucosal hal ati on, tar ete Iivery and
sust ai ne01dl %%eﬁ%bﬁ%r%& er%ﬂf@bﬁ %fgqctlaﬁﬁlinpe%m 363 g

opht hal m,& 1G9l HSRAnaRjeHi AP O tht AELASS e 8 M2y 8hdlu ex&%l&&h&ﬁt'on to the
organ and peroral may be syrup, tablet or capsule. [0015] Herein, the

appl i cat irgnnaddsal.iiohdtiopn, mgﬁwdj@wkmasldcsonpms@ mi@ﬁsc hempiaionacée i cal
conpositgons de chbed h rein % ts ma (# g(yarlse |ns%ruct|ons
for use PR'PhPPIFYLTERY %?“ ALRETs I'Pélué"t et 18P% g%%e? AMERE P8 e hepatic
di sor der mjRfioh tSthe @ @edd GeripAlikat beofysup, kMR ciptutcher more, herein is
provi ded kit conpri si a first conposition and a second conposition,
wher ei n B)Plﬁhquirpmsthe@@ng%nomaé@tlpaalh Rroyides bigi eomzpgisineche ppamprayistlei ne or
Di nercap 0 Lt1lon ti0 f | A
and/ or 0 er%OSR &ngggsc ﬁ%c? H%O?Tlpgﬂélggatg ma (fulsty& ﬁ%%?ﬁ@ian {I'U(QIO%(S) g(%?l}qgﬁ#@g

tri et hyl eagmeet ofalidenes (€lited 2 sppacetdaition GiepAtiddivordens to@ it aéllitbd)rml ybdat e:

complications.

[0016] Furthermore, herein is provided a kit comprising a first composition and a
second composition, wherein a) the first composition is R-(+)-lipoic acid or
Acetylcysteine or Dimercaprol; b) the second composition is a combination of
Compound 1A and/or Compound 2 and/or Compound 3 and c) the third composition is

triethylene tetramine (or) Zinc acetate or Ammonium tetrathiomolybdate:



OHHCOCH3 0 R4 Formula 1 Wierein, Rl, R2, and R3each independently
represents hydrogen, thiol, alkyl, alkyl thiol, acetyl thiol, disulfide,
acyl, acywel2kylio7ssiikenyl , al kylt hi oal kyl, al kynyl, al koeganptoi1/edokexyal kyl ,
aryl, aral kyl, aryloxyal kyl, arylthioal kyl, cycloal kyl, ether, ester,

het eroaryl, heterocyclyl, lower alkyl, sulfone, sulfoxide, or hydroxyal kyl;
and R4 represents at | east one of a residue of guanidine, a residue of
hydrazi ne, an acid, a residue Qfapyruvic acid, a residue of oxal oacetic
acid, a residue of tocopherolR &resi@ue of ascorbic acid, a residue of
thiamne, thioctic acid, a residue ofl[thioctic acid, a residue of acetyl
cysteine, a residue of al pha-keto gltdtaric acid, a residue of dinercaprol,
a residue of an NO donor, aR?esi of t at hi one, (RS)-2,

3-di sul fanyl propan-1-ol, (R)-2- agéetam do-3-sul fanyl propanoi c acid and an
anal og of any of the foregoing. TV017]0Ln a&dther embodinent, R Iipoic
acid, D nercaprol, Zinc acetate, A nitﬁﬂ?étrathionnlybdate or triethyl ene
tetramne is conbined with at | eastOone oﬁja_phﬁgnaceutically accept abl e
salt of the conpound 1A, conpound 2 and conpound '3.

Formula 1

Wherein,

R', R? and R’each independently represents hydrogen, thiol, alkyl, alkyl thiol, acetyl
thiol, disulfide, acyl, acylalkyl, alkenyl, alkylthioalkyl, alkynyl, alkoxyaryl, alkoxyalkyl,
aryl, aralkyl, aryloxyalkyl, arylthioalkyl, cycloalkyl, ether, ester, heteroaryl, heterocyclyl,
lower alkyl, sulfone, sulfoxide, or hydroxyalkyl; and

R* represents at least one of a residue of guanidine, a residue of hydrazine, an acid, a
residue of pyruvic acid, a residue of oxaloacetic acid, a residue of tocopherol, a residue of
ascorbic acid, a residue of thiamine, thioctic acid, a residue of thioctic acid, a residue of
acetyl cysteine, a residue of alpha-keto glutaric acid, a residue of dimercaprol, a residue
of an NO donor, a residue of glutathione, (RS)-2, 3-disulfanylpropan-1-ol, (R)-2-

acetamido-3-sulfanylpropanoic acid and an analog of any of the foregoing.

[0017] In another embodiment, R- lipoic acid, Dimercaprol, Zinc acetate, Ammonium
tetrathiomolybdate or triethylene tetramine is combined with at least one of a

pharmaceutically acceptable salt of the compound 1A, compound 2 and compound 3.

[0018] The compound, composition, formulation, method of synthesis, and treatment
disclosed herein may be implemented in any means for achieving various aspects, and
may be executed in a form suitable for the mammal. Other features will be apparent from

the accompanying detailed description that follows.

BRIEF DESCRIPTION OF DRAWINGS

[0019] Figure 1 shows a first method of synthesis of compound representing compound

1A.



[ 0018] The conpound, conposition, formulation, nethod of synthesis, and
treatnment disclosed herein may be inplenented in any neans for achieving
vari ous aspeotisio7ssmd nay be executed in a form suitabl e PConBrheowvaseal .

O her features will be apparent fromthe acconpanyi ng detail ed description
that follows. BRI EF DESCRI PTI ON OF DRAW NGS [0019] Figure 1 shows a first
nmet hod of synthesis of conpound representing conpound 1A. [0020] Figure 2
shows a . methqd of synthesis of canmpound represented by conpound 2.
0051] A LR TR DTS B MR SR i HOP RV EE CRISEHA « opr asent ed
by conpogdipotind PETAI LED DESCRI PTI ON [0022] In the present disclosure netal
chel ati ng conpounds, conpositions, fornulations and their use are

di scl osed. e conpaounds conpri s erivatives of forymula 1. Furthernore,
the conp@?é‘?irf@ﬂu@r@wsgs%&maﬁag Sk %ﬁﬁ%@%ﬂ%@i@éﬂ% oy

D mer capg@hpovlinc acetate, Ammoni um tetrathi onol ybdate or triethylene
tetramne I's conbined wth a pharmaceutically acceptable salt of the
conpounds derived fromforrmula 1. In another enbodi ment, nethods of making
the for nREIALERIMESCRIIION conpounds are disclosed. [0023] The conpound
may al so conprise of tartrate, esylate, nesylate, sulfate salts and hydrate
salt of M?gﬁllﬁﬂlf? Piagné disclopere appilichalatinh c PRV GOMPOSItiaNTe feMBHNNF si ng
any of {1 RBALIAGEUIERLS CHTPAR I ABS A ARL Q8 RELNREL BF Rumdfiey ki L may
conprise instructions for use 1nthe treatnment of di seases associated to
copper t Bxitleiriyre, thepatposidbs of deies compoetdatcethpeionpf Rchpdiondd, [ 0024]
Definitiaqns [0025k-As used herei.n, the follaow ng terﬂs and phrases shal
have t heDHBHRRG' Z8taCF3ie RIHBIHHR teitiomoldiivdy (ot O CHamilqist echnj cal
and sci ephifih&d H8h Tphiseteftilal ag&?va;%let D& B WMEIERRLAIdR e PN Y
understood to one of ordinary Skill 1n the art. [0026] The term "al kyl "
refers trnbk I ddiapatheoémbedimestt edthalds phakiag ghaolopaplai Inotoud ifagnt

strai ght-chain . al kyl. groups, branched-chain al kyl groups, cycloal kyl
(aIicycl?%?pﬁwgﬁﬁgﬁ“§g§?¥-substituted cycl oal kyl groups, and
CyC!Oa|kﬁhzspbﬁ&é&ﬂ&ﬁﬂn@hﬁ%bk@&@ﬁﬁﬁmebﬂu&&ﬁ&@%ﬂﬁ@ febostt Rrh& safls &id ai ght
chain or branched chain alkyl has 30 or fewer carbon atons in its backbone
(e.g., Cudoae stloef ormaiaghtHerpiai the apriga@3oalfoproidgs & kd¢ompaising pny @hd nor e
preferab r.f . Likew referre | oal kyl s. have from.3-10

Car bon atsAb mephEFEamib B SBeiPAAAGHRS TR ET o B STy AT o)
carbons ide ih e tidafgerglof dxbaveeassbfidRdlo Ibypet eyxmvityahdpatic dRSrdesest rbiatedi N
refers to a saturated |inear or branched-chai n nonoval ent hydrocarbon

radi cal efMRJKALER. t wel ve carbon atons. Exanpl es of al kyl groups include,
but are Hog: L o, nethyl (Me, -CH3), ethyl (Et, -CH2CH3), 1 -propyl
(n-Pr, nﬂm%?LgyI&Eg%%ZCHZCH3), 2-propyl (i-Pr, i-propyl, -CHCH3)2), 1
-butyl ([00BS] Apukadthelrein,-th€FRIOMAGHRENS and Phrasets kiyd1} Havephomyghnifgs Buforih- but yl |

- CH2CH 2 - but vyl -Bu, s-butyl, - CH3) CH2CH3), 2-net hyl - 2- |
(t-Bu, ( géﬁ%w)y i[{n%%é?ﬁ@ﬁ(sasﬂ}er%ﬁzﬂf ijﬁFf\{wﬁda@ﬁ%}le@C e éhs@ﬁze@%)tbe 2 Lgﬁ%/w
(- CH( CH3) ARG B comR&Y Yhddrsto SR} & hary4kil MRl iy 2- but y|
(- C(CH3) 2CH2CH3) ,” 3- net hyl = 2-butyl (- CH(CHS)Cﬁ(CHS)Z), 3 -nethyl- 1 -butyl
( - CH2 CH2I00R HBh 2term 2 alirgel” higfiersito-thautagical of sGh2@Ri HBCERCHDY, indludiogy| ( -
CH2CH2CH2CH CH3 2-h | - CH3 2CH2CH2 . 3-h I -
O OG5 Hp DAY Frobs et SRR e Bl ek baRpaS) arobips.
3- net hyl a1RyIpembtthtedc leﬁl@l]ﬁér@ﬂlﬁscb@, &8R- substimbdYiky LR roﬁ%&ﬂthﬂ' referred

CL hyl - 3- pent yl éﬁB) ), 5—

(- CH( CHB) CHRCH( CB) 2), 3- fret | (; Qe (G met hy1- 3-
pentyl  (CTehERRTNE) CHiLEh sy of bragclichaiinaikd huBy br eweOrabE) 2ORSARE) 2) |

3, 3- dingt - utyl ~( - L - yl the |ike.
[ 0014] ZgﬂﬁéFﬁﬁgﬁﬁ%g%§F8%$é¥%%§£%%§%%ﬁ%&?ggg&%bg%éﬁﬁgﬁfﬁgfﬁﬁgnnovalent
hydr ocar peferitag20 al feafert Wketwdsel prloreedagtoalkytions fioht b 1atalbeastonarie site of

unsaturation, i1.e., a carbon- carbon, 32 doubl e bond, wherein the al kenyl
radi cal (hEEIHESEUrtHER ard BoFaRIElsERPIE have W R ViGaEhegs ipihe sREMTPOHE: or

al ternatj B ang iz i at | j re not

i od (0027 POyl s ol PR BR3) o SIRRR Pino G R teha B ® 10T
The t er rmbadkyany hydmoedrbos radacabof omegartwelve barhoe hechsnBrowglbeof alkyldr ocar bon
radical of two to twelve carbon atons with at | east one site of
unsaturation, i.e., a carbon- carbon, sp triple bond. Exanples include, but
are not limted to, ethynyl (-CCH), propynyl (propargyl, - CH2CCH), and the
| i ke. [0028] Moreover, the term"alkyl" (or "lower alkyl") as used

t hroughout the specification, exanple8, and clains is intended to include
bot h "unsubstituted al kyl s and "substituted al kyls", the latter of which
refers to al kyl noieties having substituents replacing a hydrogen on one or
nore carbons of the hydrocarbon backbone. Such substituents, if not



[0029] The term"acyl" is art-recognized and refers to a group represented
by the general formula hydrocarbylC(0)-, preferably alkyl C(0)-. [0030]
"Aryl" mesooa/mwessocyclic or polycyclic ring assenbly wrerTaBmwive®iox i ng i s
aromatic or when fused with one or nore rings fornms an aromatic ring
assenbly. If one or nore ring atons is not carbon (e.g., N, S), the aryl is
a heteroaryl. Cx aryl and C -y aryl are typically used where X and Y

3' Qgiyfgrm-e%rtaﬂgﬁ el g gin aedia erd e LA Rt BT gEBeE ok sPiopst e wi ¢
an acy| gL R, vl MR ORI S ARSI 5 OCp SHATTARCINY, | PaukaNmiAy

hydr ocar by e tefm"acyl Is art-recogni zed and
refers thutsn- &HGHgHoUH:)s dyaathyldt-pedpw (48 varbaiol -CHCHCH e, debytyd és-

represented, . for formyl a _hydrgcarbyl Vil . 033] The

tern1"acyP6§9“9%éE§ﬁ€?¢gg%gﬁﬁgggmgﬁﬁﬂgg¥@%é?%%u%46¥%uéifigkigéﬁ?l by the

gener al {ropdi1a- OMACHEH IELCID) O-perftylat CH A YCHL,EMLCHD) 8-pendyP034] The term

"al koxy" refers to an alkgébgroup Eéeferably a | owner alkgl group, having
o= ‘nc

an oxygeRHAtHaCH. 2 himedyh2-bRp €4 EHb aCHEHal Rungthyr bbwal i-ncl ude met hoxy,
th , irkg. T N | Kyl ™
Ferers « SHEERRGRFRGL, MK AT ClChdiiR) P i 0V B

r epr esenCHACHYCH)EHIERRY, athek oIr (MIIHRCH,K,€B,@HKYH,), 2-B838](- The term
"al kenyl ", as used herein. refers to an aliphatic %roup cont ai_ni ng at | east

one doubf 8GN HRAELE: Cilerdlart & CRURGEHEHhCHREabstethydd-rankdny | s
and. * SUDBHLHH S AURINY SE el ol @hiyel. of el Rl RIBCHS) alkeaylom et es

havi ng substit'uen eplacin en on one or nore carbons”of the
al keny!l pmoylE-CIS{(H:)€HbSHICiont 3-nmalyylakepantyldrC (@) @H.Lb1:e).Cambtys 3t hat are

subst 1 ¢ estiod TRl e Gl er 2 i Rpw ke et & CA ot MGl Scussed
bel ow, exieRpty Whsfl (%ﬁmﬂ{bwcﬁ%m-@éﬂtﬁ! {o¥€1, ah@theaMa@Mioa4] $bREht uti on of

al kenyl gr oups by one or nore alkyl, carbocyclyl, aryl, heterocyclyl, or
het er oar Alkagybupksrd to lingat aripinehedtchfio 088 vathes hydragarbah kydieatiohtwo taas used

herein, refers to an am.no group substituted. with at_ |east .one al kyl group.
[o0se) THETFSH AT TG M UTst ubdh Rl &, Corb SRRl o

substi t ui@mblebdnd, dRe@irkiik alkefradibg inEYdReadiefls Bsand edsndthangener al
formul a al kylS-. [0040] The term "al kynyl", as used herein, refers to an

al i phat i erigitasignscomtamativly-af apdsE ementatiqns) Exayymes iaglgds. duf sedntied t o

i ncl ude cu i tuted ghlcyapl s’ G Substqrtyu kynyl st the

| atter oﬁﬁﬁﬁ?é Q?@?%&g&ﬁéﬁgﬁE?%J?Mﬁ%?%ﬁ?ggH%%%ﬁ%%ﬁsﬁﬁg?gbgén?ééﬁgglacing a
hydr ogen"abkyngiierefers toor ineaasibionsched nidnevakkihydlocgrboupadiSil ofi two bstwelweent s may
occur on one or nor, cg%gons that are included or not included in one or

more triGrOHYARS Wi e4ne s¥GChURIBERH &AL & CHRENUGEP At PP triRdsRond-
cont enpl E&ﬁ'ﬂ;\)}gpfncﬁlldgyﬂut R FimifRs ta'eﬁﬁmgﬁﬁg;@gpmgﬁsg g;ro}g%agggr e stability

is prohibitive. For exanple, substitution y one or nore
al kyl , c@HbGe{H).yand tlzr Nite. het erocycl yl, or heteroaryl groups is

cont enpl 0041] .The term. et her" s _used herein, refers to a

v ocar BURSHMECHVEL et Bt Ko AR oS SHO LRI RYAPEcar byl “gr oup.
Accor di ngle¥ificatlorg bhahpleH REY claBls iRended VY GHAGRS Y "EHs ORI tiTBY alR91s" and

hydr ocarbyl-0-. Ethers may be either symmetrical or unsymmetrical. Exanples

of et her Subsitiitgd alkylsiit the tastenof whichirefers to elkyheowtios havieg biyetuentscycl e and

aryl -O het erocycle. Ethers include "alk | kyl ™ .arqu whicch may be
rer esent By AharogEh Rk bRl ey ¥ BN e S GRSt s S Y T o
gnd " hal ﬁ%@t!ilt'h(ejﬁs, il &b theivive peaaas gl iagade, Anickxanple) d @slogsh, Art3drdxdylior o,
rono, and | 0do.
a carbonyl (such as a carboxyl, an alkoxycarbonyl, a formyl, or an acyl), a thiocarbonyl
(such as a thioester, a thioacetate, or a thioformate), an alkoxyl, a phosphoryl, a

phosphate, a phosphonate, a phosphinate, an amino, an amido, an amidine, an imine, a

cyano, a nitro, an azido, a sulfthydryl, an alkylthio, a sulfate, a sulfonate, a sulfamoyl, a



[0043] The ternms "hetaral kyl" and "heteroaral kyl", as used herein, refers
to an al kyl group substituted with a hetaryl group. [0044] The term

"het er oalw9QI2011/@388used herein, refers to a saturated or PamdB2our/aioéee chai n
of carbon atons and at | east one heteroatom wherein no two heteroatons are
adj acent. [0045] The terns "heteroaryl™ and "hetaryl" include substituted
or unsubstituted aromatic single ring structures, preferably 5- to
7-nenber§§ rin&@, re &@{erabl 5- to 6-nenbered.rings, whose. ring

st r uct ur BLIOARIYRqa syfon el hdt W AP P BPERHE P IFHQAMASur het er o
atoms, NRLRHPI RGN BBLYILRNEoPby IHRe NENES B BE ST Bhat REmbBhiESubhiabenearyl " and
"hetaryl" al'so include polycyclic ring systens having two or nore cyclic

rings i nthathiydiecarhon chaimpray themisdres basebstiorednf apprepuatcadiagiimitangertheags _
I B A A S L I S A P
and/ or hghRbOSNEd, insno, IR, PRGsphoigl @ﬂcﬂﬁdi‘hg@hb@ﬂonét@an@mhiﬂatepyr rol e,
furan, thiophene, imdazole, oxazole, thiazole, pyrazole, Pyridine,

pyr azi nesulkopyi @rcridieg syfige. syifonatdaeulfaneyland spifprate)] golslyl Tieaps.ap m

" het er oaf, off, 8% HSAPy AR LAHIRANEnANARE UMAALs AWeh SIS B 0:QUNS! afran car bon
or hydroge% SEH%%érr ! %%fepoé?oﬁg ag%&nl(%oﬁen hgfygen(mgn éﬁ% ur. [0047]
The t er mestérbiet@F.0 ey layd the Iilee Faropiey elbstiand alkgt ercateyaitied betosf.er t o
substituted or unsubstjtuted non-aronmatic ring structures, preferably 3- to
10- rrenbe?é%l_o?lh‘ﬂﬁéf}ayrﬁ?rférﬂb‘fréfl%ﬁ'tlé‘btle‘} wath alleylsz atkepplsr Aoy rfsythigfose ri ng

2t o, T B o oy Sre TSt & e " het er oGyl yL+
and " het {028)/Thé etmahgd” ismol-tedesprddyangatiiers tiarpgogyspeentébby thg generabr - nor e
cyclic rjpngs. i.n which or r s are common to two adjoining rings
wher ei n §¥8P@§§P“8ﬁ y&i&ghénggﬁég’ﬁgwﬁﬁﬁﬁrocyclic, e.g., the other cyclic
rings mapoobe) A aakdlasnofotGéirabkRiNeylic GYEhQahk\Whdein@ait Sng Ret eroaryl s,
and/ or heterocyclyls. Heterocyclyl groups include, for exanple, piperidine,
pi per azi aremapy pr whemfused withrophol imees ringsdounesn aroaetiansg assethbihéf ¢ricke.

[0048] The term "heterocyclyl al kyly, «as used herein, refers to.an alkyl
r oup. suleTPEITEGUS i 0t rebel ey oNes BT 8hE rne e Enkaddigar sl by
as used herglitally 8t MhetedX andlYabPichtbalie msnkroREedbbhhGHEN theGaidon at om t hat

does not have a =0 or =S substituent, and tygically has at | east one
car bon- hif43blyEke 55 daad@mlop iy arhracpgnisesd Beelaciopsrmaing groupgybsigtttdnal | y

i ncl ud i I - i dyl, d
ri 11 uor S hr e STy AL ARt Rol TRl b e Phereca L Y1 0
appl i cat CamNHbut substituents such as acetyl (which has a =0 substituent
the 1] nkij bo d,eth whi ch is_linked t h : t
ohrbor). URAERRE B oL Bl e TR RERR: o 201
het er oar i, 4f a&ﬁ%whga ﬁ[d Iﬁg% iﬁé &EY&érﬁed,%Mamggéyg? an/él ﬁonﬁhﬂﬁxﬁ@wm@gﬁ _

conbi nations thereof. [00 The term "hydr ", as used herein,
refers tG(@ulkal.kyl group substituted with a hydroxy group. [0051] The term

"ket one" _j -recogni.zed .and nay be represented, for examle,, by the

for mil a W033F TheleRiPaMusT iOR T apiuii SErFT ROt by FRFSURUB0E2] The term
“lover” vheml dsathild RydocirbCtO N, pictdatty kgt @pb-noi ety, such as, acyl,

acyl oxy, al kyl, al kenyl, al kynyl, or aIKoxy is meant to include groups

wher e t hi084kke tean “alkokgiwefernranalklylegeyp, arabersblyn lower alkiysaroupidaving

pref erably, 21X, o heWBlerei RLOUST ALK Kor LOL SXRTRLE RSl LG L0 an al kyl
group tha OOt &l ha T en or fewer. carbon at he P pre &r'ap y5§|x or fewer .
Lower aIﬁ%F@qLﬁﬁLudgxﬁaﬁ&uklﬁﬂd ethyl. In certain enbodi nents, acyl,

acyl oxy, a al ken al kynyl, or al koxy substituents defined herein are

kyl , |, .
respect i KP@ﬁ§fleA@méé§<P§yqllaole Fefers yo ek glkyl gigep sehsiifpted vihan akokB B5UP | ower
al kynyl , e ah ne or in conbination with
ot her SL&é%?%ﬁgﬁ%ggkgﬂé%bﬁgﬁieﬁ§%£h$§%¥§§@ﬁ3%§ﬂﬁ§droxyalkyI and aral kyl (in
whi ch ca836F Ohe exarplkenylt,he vatdinseini tefidrn td drealgphydic groop po@bi@ingait leeunt ed
when counting. the carhon at i.n the alkyl substityent), [0053]. The term
"subst i teﬂee@ubfegﬂr%f@n & et tednlugs hﬁk%%@ﬁ%@ﬂ@@%@ ?}a ﬁabs]ﬁwF@gen on
one or nore carbons of the backbone. It will be understood that
"substitution” or "substituted with" includes the inplicit proviso that
such substitution is in accordance with permtted val ence of the
substituted atom and the substituent, and that the substitution results in
a stabl e conpound, e.g., which does rnwt spontaneously undergo
transformati on such as by rearrangenent, cyclization, elimnation, etc. As
used herein, the term"substituted" is contenplated to include al
per m ssi bl e substituents of organic conpounds. In a broad aspect, the

e o, .



an amdine, an imne, a cyano, a nitro, an azido, a sulfhydryl, an

al kylthio, a sulfate, a sulfonate, a sulfanoyl, a sulfonam do, a sulfonyl,
a het erocwyol2gil/roassiar al kyl , or an aromati c or het er oar oramiiB20roD@EY2 |t

wi |l be understood by those skilled in the art that the noieties
substituted on the hydrocarbon chain may thenselves be substituted, if
appropriate. [0054] Unless specifically stated as "unsubstituted,”

referenc to ,che ) he ei n. are .under sto d to inc

ubst |t uKEm sy MR oF S DB 8 ke BPBREES S s osirac SIS i ety

: nplicithy dg'&'diﬂfh% RedRe %éﬁ’%ﬁé 6ﬂ%h@glké‘xﬁq AU R kit s@itheBhA&NS R ur $9059]
"Substituted or unsubstituted" neans t at a given noiety may consi st of

only hydemsgemenisstbonuidat @etnmlm@gwravmnbbzdt@wemm@s dowe bbpdsi t ut ed) or

v | abi (0052 BRYEE e EuBho PG AR I SR 2R LERRSLRROAES by (e

name of alb@sgdd/momxeépt wieed st@@aﬁtmls grohhlﬁﬁ% Mlexa@p@nsmﬁﬂﬁﬂb@opf an
ethyl ene noiety that is substituted general, a non- hydrogen

subst i t udkenyhrgioupe bxrye SLUBETY %Uéﬁéntaﬂt’?i?é[t?lﬂve@yylb]éﬂ?féemylt or hgicraiaheiokps he

gi ven no s specified to be substituted. Exanples of substituents
i ncl ude, ﬁ%%{wh&ﬁﬂﬁ%t limted to, aldehyde, alicyclic, aliphatic, (Cl1_10)

al kyl , aj0iog8ETk: teah Kylkiyetiey”, asruad, hesdin, kefersaian aaliky kroupkossitited withy| |
blcycloalkyl blczcloaryl car banoyl, carbocyclyl, carboxyl, carbonyl
group, ci¥tdfashPagalkylgeubal kyl ene, ester, hal o, heterobicycl oal kyl,

het er ocyo3gf ’f%é el “al'ilgftﬁ%@aarsm'scad ﬁk‘%&ﬁr&?érfv‘ Eoc% a1 ouﬁk%%stﬁtﬁféﬁ%lﬁta&#yl 0xo,
hydr oxy, | m noket one etone, nitro, oxaa and oxoal kyl noieties, each
of whi chalkglygroyt armhahy e edpsoeied bulﬂwtgdnatabfbrmmlammmst ituted. In one

ticul dj | f subst t | ude, but ot
Prr t oo (06T DG telRn ey B Beredy B W T abhalls =45 speain R 88hy 1 oxy.
(C1_10) adekigiple bdn4nd 2) infhéP%Yincl0&L B6A "ﬁ&tbatﬁﬁ@ammyts" g@d 098] tuted

oxycar bonyl , am nocar bonyl, am no, (Cl _10) al kyl am no; sul fonam do, im no,

sul f onyI alksrwls"., ﬁgellatte(r@inil@:)hatfoys to affging| (r@tenm)la\an&wbsummﬁ amlac(utgta 10)

al kyl , r (Cl- 10 ¢ sul f on C1-10
Kt RO on o N ¥ (SRR Shich Qg S L& o (O 1)
12) cycl o cKMhOI(e Cdrbohs ﬂlhkaﬂe ﬂndlltﬁieﬁro@ n6Gacliddd incotel @ ahdey kriflE€bordds0) al kyl aryl
(C1-1 0)al kyl, hetero (C1-10) aryl (Ci1-5) alkyl, (C9- 12) bicycl oar

(G _s) aMeydovensyey wbtt@eer@)ncmdw&tby%ﬁwpnfeepl%qd for Ryl gr@@s& mhselgﬁétd\;m kyl ,

o Coer ou T F s SRR Sibirint OBt RLSHG R atbley st BRB0R of s arouns

het er o (B4ed2)r horeyatitydarayocydlnl, add) Hetcwoc yctyheordiskesddryluentpsis 1t sel f
optionally substituted by a further substituent. In one particular
enbodlneﬂ¥1m%%éﬁﬂtes of the further substituent include, but are not

i ted joa1 Y RERReqBR! & yRlhERin FUBAT a%@th%caﬂﬂ?y %ﬂﬁf?@@’thrcﬁgh hany! oxy,
(C1-1 O)alkoxy, (C4-12) aryloxy, hétero (Cl-1 % , carbo
oxycarbomw@pnanmnmmambdmyMbyhgpnp A@@ﬂdm@haamkﬁmammmmum&uﬂhdndnmw@yl|ntno

sul fonyl, sulfi Cl-1 a |, Cl-1 drox C1-10)
kot clonb i B tesoa by Ee meRbpot syete i o wpr SRy (L1 1
0) alkyl Exditipled obdthdrChirclude) Bltkvd not (i6diteliQd, REREEJeW-O- Het@r@@c(efalmla@ 1-@l kyl,
(C3-12) cycloal kyl (C1- 5) aIkyI, het ero (C3-1 ) cycl oal Kyl (C1-10) al kyl,
aryl ( Clh@?roa‘i’ql(@tl Ethpestieelodq ‘Gilkaxgplkal yaroyps whichandybe repiesented byhiheycl oar yl
(C1-5) al het bi cycloaryl (G _s) alkyl, (C3-12) cycloal kyl,
het er o (%ﬁ%n& Inn&i@kgqézﬁqh(cg 12) bicycl oal kyl, hetero (C3-12)

bi cycl oajoggd] TR A2 Yhaas ydn,d ‘hetoge s’ 4sGhed RreAl ibans ©eRedRIndineaboar yl and
hetero (C4- 12) bicycl oar [ 0056] The conpounds of the present conpound
of f or muttHore. fagropopIoes P Pn the form of pharmaceutically acceptable
salts. 7 9] 0] [ in the
form of gﬁ t@gﬁgﬁg @%mg@gkglta %K%% 1 §%H§hfm%eleé%%$ﬁyﬁ’ ethyI
esters o@nhhedadhdﬁlWﬂhh@&ﬁMMggmqo be used as prodrugs). The conpounds of
the present disclosure may al so be solvated, i.e. hydrated. The sol vation
may be effected in the course of the manufacturing process or nmay take

pl ace i.e. as a consequence of hygroscopic properties of an initially
anhydr ous conpound of fornmula |I (hydration). [0057] Conpounds that have the
same nol ecul ar fornula but differ in the nature or sequence of bonding of
their atonms or the arrangenent of their atons in space are terned
"isoners."” Isoners that differ in thetlarrangenent of their atons in space
are termed "stereoisoners."” Diastereoners are stereoi sonmers with opposite
configuration at one or nore chiral centers which are not enantioners.
Stere0|soners bearlng one or nore asynnetrlc centers that are non-

o o o o a T L o y o



to dimnish, aneliorate, or stabilize the existing unwanted condition or
side effects thereof). [0063] The term "sol vate" as used herein, refers to
a conpourmiof2orvmasshby sol vation (e.g., a compound for medPoy/IBa1/e@5¥® nati on
of solvent nolecules with nolecules or ions of the solute). [0064] The
present disclosure also contenplates prodrugs of the conpositions disclosed
herein, as well as pharmaceutically acceptable salts of said prodrugs.

[ 0065] IlcaL di scl.oses a har maceut

Conpr si Q4T SRR chimeatsl, Sieaesi SRR par ki SHuSCORBSLEon of
thi octi Co@GihnOliords hkPAdsRt Ofc RddB&biC whblcth nAWERAABARs Qe AfSkME. CYT €i ne
and salts of a conpound of compound A or 2 or 3. This application further

di scl oseH04Shhbe Wafnedlqt@aﬁryli’(ﬁnﬁo@ﬁﬁarﬁnlrl@bldprsulsﬂtmgefhomlh&rlhmt@tad| cally
acceptabl e ¢ rle e. of (k) a
compound®gr B pngle M iyt BHERRE D st B e RS 5 ace or
anmoni ung-nkeneieddyinehat Qhos-Ehﬁlgtﬁfl@E!ﬁB@sQH&h@@itt 16@%h&¢@ﬂoﬁﬁ¥5r&&a$l@roﬁﬂ| ated
for system c or topical adm nistration. The pharmaceutical conposition nmay
be f or mutodpehateypatgps) magmreficsbhagnesty, twodicteseatens. ‘Eipigeniraheteadivhi st rati on,

or trans d I: further
conpri seggft’ l];I% @t glosﬁé&th%@eaéog%kgcggﬁg Fﬁﬁéﬁcﬁﬁﬁmo O(}&qag P&En I'i*zer, dil uent,
sur f act awhichftwb loe mord¢arbl@fs, araodhnmub té tmyﬁdjoﬁlﬁ@&ﬁigs Addidin aniahdt yne dhide opt i mal

concentratian and/ or quantltl es or anmounts of any particul ar conpound 1A, 2
and/ or 3'NEyis BERTBERIEn e FahaihelfYEls Buey BaubeoYrridatie cyePrikendns |n the
tr eat nent, RANANGICLSLs, RteRdatyi € ahdBPheRREATRL S iy Nfciehd Bhcal use to
whi ch theycpre as'Efrl nS ?és{ pﬁ}r .(% etﬁ% site trteatei('jlug&hﬁeS t(;/pe 0 patlent
e. g., huemmpde, pryn‘nlehfman thiaphdng, mnda:zkoid dxazated thilla) ayrazeleopyridiee, di sease or
condition. [.0067]. W.I son''s di s ase é\i\ﬁel i s an autosomal recessive disorder

of the cBPpEre- RS- é'lﬂﬁi%ré@f 284 H5diSccunul ation of this metal in

differ enEOOQGP"@H@teﬁﬁd‘h&tkﬁﬁHﬁ% ashiRP@hdCindAchnd @H L RINPBF SR elSHOM LA 1fhe t he
main clinical features of the disease. Copper-associ ated di seases are

i ncr easi ¢agbgn Qrelmdg)gﬁepb’rqf@med etdrorthmyare @frdeem onedes. I@oqwaelr also has a role
in fatal son“ iver di.seases affect oun

genetic %%) ﬁ] |efms eteroc C@fl 2 t(%l:’fjoclyf:lse n’1ané><lc“gtgrs&é éciccgﬁﬁ h S(‘)lngt(l)t\ﬁ%ecci&r)per

al so occuisabaiuid ﬁolmaﬁﬁmmﬁlgcsf[medﬂmnpl@fdrmgas @ Bemsebeedciheasn@ei mary
biliary cirrhosis, and chronic hepatitis in nmanmal such as humans and

ani mal s. PrefengBBp- fon/-Bepbared ravBoMRare g stpefares dighesierd deastroneshesgioptamef
fornula i whof] o} copper
toxt of 1y Py S GHERob AL, Bl REHP St S o TR L0PT
(i rrhositetercdychn’ endadieterecyolipailsd imsludt pbiycpaitt ritpeyyates Haginleuwe oy

Neur ol ogi ¢ (bradykinesia, rigidity, trenor, ataxia, dyskinesia, dysarthria,
sei zur esljnorel%%?ﬁﬁ Fings VRIBR RES POMATe G RN AESHREREON (0o A YRINE HBEH r ment
psychosi %hereﬁ? d li@lspalqu'tﬁ’e ﬁ@ﬁ? ﬁEtel%lcgélﬁcggr tﬁé S e fﬂ@hh%"%ﬁ?’ﬁ@r acts),
Hemat ol ogi ¢ (haenol ysi s, coagul opat hy) (ren t ubtl ar” def ect s,

di m ni shesctl@llloyr}mcwlaalkényﬂs mad;lpaihynyiepmlalhetemoaasls,s@nd/c@dwdrmya]sflml ar

(cardi onFIotI%at hf\ﬂl}@f arrh% {n condgctl on. di st ur bances, q t ono

dysf unct F'61)0Y Learpsiosiude aflor VORGP A Plc?%’faéﬁlﬁo%&? lneelegener ative
joint di 58fHehhe, 1538k Ahoth@Stdndahe (iedol el i thi asis, pancreatitis, bacterial
peritoniti Séb Endocri nol ogi c (arrenor rhoea, spontaneous abortion, delayed
puber t y, [0§g¢3kTomigsni hyteroppelatiol o g usedtherin, pEgrertatllon sramesybiiteid

ni gri mays thahe? 9%, h?ocorrpom tions may be adm nistered alone or in

combi nat I'on *wtho pharhéceut i cal | y acceptable carriers, vehicles or

di | uent s[oou9) €hd fean “BydgtLbAr, Aulstd preindesas tcaﬁlgrdﬁptﬂli‘at@st bh@ided ftgset OF
exanple a pain killer, but not limted to it.. Suitable pharmaceutical

carri er scarQ@natemdhataiogs Bothasne 5O e LBbstiyet anbiypigally hareatideasianer i | | ers,
sterile o R@ﬂ{naceutlcal
conp03|t?%ﬁ§1 rn%%H%hﬁggﬁglnlzﬁﬂ*ﬁ%ﬁgﬁﬁ&%@?@i§ﬁ§¥a£5ﬁ¥ﬁlﬂg arnaceutlcally
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a variety of dosage forns such as tablet powders, | ozenge y S,

i nj ect S b sTeGht On by SERIPHE O MEQurmERe BaPRUREAR; %ﬁu‘&%mfa?. LFBRs can,

if desired, contain additional ingredients such as flavorings, binders,

exci pients and the like. Thus, for purposes of oral adm nistration, tablets
contai ning vari ous excipients such as L-arginine, sodiumcitrate, calcium
carbonate and cal ci um phosphate may be enpl oyed al ong with vari ous

di sintegrates such as starch, alginicl2zacid and certain conplex silicates,
toget her with binding agents such as pol yvi nyl pyrrolidone, sucrose, gelatin
and acacia. Additionally, lubricating agents such as nmagnesi um st ear at e,
sodlun1lauryl sulfate and talc are often useful for tabl etti ng purposes.
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[0072] Ot her desirable characteristics of excipients include the follow ng:
hi gh-conpressibility to allow strong tablets to be nade at | ow conpression
forces; iwpantl/wmsesi ve qualities to the powdered nuateripalr/IBzacewsebl e rate
of disintegration; good flow properties that can inprove the fl ow of other
excipients in the fornul a; and cohesiveness (to prevent tablet from
crunbling during processing, shipping and handling). [0073] There are at

| east three co cially inportant pracesses for ki ng conpressed tabl ets:
wet gr antiet (BRI At ac0 wBpeLen b Likinarybap DRk EChtydivg or rol | er
conpact i @dugh th§ e hbOchiffn) RFERAT BilyiRRaAY o loViPEinefude Xt RiealY: $infilcg (Sl ect ed
to give the tablet formnmulation the desiréd physical characteristics that

al | ow f owryl, hetercapyldcasbogyeles bétenacysfle, tabeylt adlpingt, alkyajt, end eembines@ison, t he
tablets Just have a nunber of additional attributes, such as appearance,

har dness, é?gintegrating ability and an acceptabl e dissolution profile.
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hydr oxy | B SRUTHEC AR BAn R B eEound i QLI SEk pF s UGy} pyErerably

pol ysaccliail f8ssr. BFeakak itbludtNBetRiNG@lethy8: th cerfBYeRSoddhes Heyl, N an amount
fromabout 1 %to about 40% by wei ght of the composition such as 1 %to 30%
or 1 % teryksd akyh alikenyd. 2R9syl] @GHEIxyGpbstibwralty definod bereinyye respedivelyr nor e
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conpressi bl e sugar, dextrates, dextrin, dextrose, |actose, nannitol
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dried to formdry, porous particles of a broad size distribution. Suitable
m cr ocr ywithipeinmi¢ed ehlbndead ¢hanubktithedeatamn and theagbstipeant i apdeha ittee of f r om about
20 nmto about. 200 nm_ M crocrystalline cellulose is available from several
suppl | er SPvaiifod pultiin s SoPlee Se riile® RraaBEnd diter’ 107

Avi cel  Pihpk@dmafi¥h 6&h RldykOranb¥ines! oz, amdindMbe &kc. Pkt #@Q hefnuf act ur ed
by FMC Corporation. The mcrocrystalline cellul ose nmay be present in a
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f or mul at PuPgtitughe of agapis sompguists. Jhe ermistiplerspbstitugatsenay be mig et e A an
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wei ght . {fliéatjonOptei lerabdtymom@ch dswitrodehmesy lawve hpdiegel sibatimgntanhd/ocary be
added to the formul ati ons _descri bed herejn. . l.es. of pharmaceutically
accept abe‘é‘meﬁsga?%%@@P@ﬁwé of H’&%al}’&é?PHEBPndasrC{?SﬂH?Eéﬁg%ﬂi whicshigy Meches: i ays;
cel lul oses; al ginates; guns; cross-|linked polyners, e.g., cross- |inked

pol yvi nyl pyrrolidone, cross-Ilinked cal ci um carboxynet hyl cel | ul ose and
cross-1linked sodi um carboxynet hyl cel | ul ose; soy pol ysacchari des; and guar
gum The disintegrant, e.g., may be present in an anmount from about 2% to
about 20% e.g., fromabout 5%to about 10% e.g., about 7% about by wei ght
of the composition. A disintegrant is also an optional but useful conponent
of the tablet forrmulation. D sintegrants are included to ensure that the
tabl et has an acceptable rate of disintegration. Typical disintegrants
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residue of lipoate and (b) a conpounds of conmpound 1A, 2 and/or 3 and, (c)
di mercaprol or acetylcysteine or zinc acetate or anmoni um t hi onol bdat e.

[ 0082] Thwo=nhywessiconpositions may be admi ni st ered onceCTaB20raygoose di vi ded
into a nunber of snmaller doses to be adm nistered at varying intervals of
time, depending in part on the release rate of the conpositions and the
desired dosage. [0083] Opht hal n1 c fornul ati ons, eye oi nt ment s, povvders

sol utions _and tpﬁ th are I contenplﬂ ‘Zd ein vvrdt hlgl he scope of
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case of dispersions, and ﬁthe use of surfactants. [ 084] METHODS OF
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synt hesi S I ounds
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(25) - 2- aﬂﬁBMIaidEBthﬂtutad s tHeanzyltocthoanhmn rmytﬁemseivdsltﬁl suboived,riél 1) or
D-(-)- Pencillamne and Di chl oronethane (DCM) were m xed together as a
reacti on*RASR{H% in a pressure bottle containing a magnetic stirrer. The
pressur ergp t}t; RleEO BRI b of SARLD OB X kit Rnldsb ehetflhAhSicgTPOUNd 1)
was secure ose aru ber septum The pressure e contai ni ng
the r eacharcm ammtdsrmomhts ihalnddrerstttoed edriamts. 2Fprsopmpfo ndtrenceadtoyani‘egylat  7- 8C
in the dry ice bath. ens | .ene transferred to the pressure
bott| e, %f)sgflh@rglobeé éfltxldlf’ﬁ’gﬁ%gog %/tsd t?‘fbm@slf b\ﬁsdﬁ @V%‘tan&rlfurl c acid to
the r eaC#UOQS'L"Edes%%d o s@diutddo 'ﬂle(afls ihapPui¥h ﬁfb@et%ﬁay%ﬁ&ét%%ﬁl;f or a
period o ours. Stirring of the reaction m xture was conti nuéd at room
t enper at hﬁr‘deogétlirsueﬁlta@ds thmﬂxhlaV41®HImmlsn01€Br{enqllrbet$t9t@de01bmaY futhgas kept in
|-PrO—Vdré/ ice efu ved. The reaction

b
one OI' H]tOI'C %Peg CB'?%FII]I SU.B tl U.C ?]Ir allab\fe VaﬁrTD 1€S

Il .
m xture Wasari’oWed B PSR Ve A ni nut es.

Sat ur at eduBdi@ed)sthNaINCAB dme&wasédp@lnﬁéu lb}h&lerrﬁﬁt@tdf@fb dived woRty. #0€l t he
resultant reaction m xture was stirred for 2 hours at roomtenperature. The

pH of t hexagle dipPreryy srangrempleaf gnethylene rpeigortieds sebspmtel bykiter Ivas added
for the f t l'i zation
tep.  Trectantand nhiSe HRREd E) v AR L BLRER A RS deIEuREE 28 The
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conmpound 20 Step 2 for conmpound 1A, e co den at| n of am no
t hi ol wi ¢drbgrerydf arelydgh ydidbokyl, e&trhatndlgrm cwdealktydnpetatiylenef oteriialoi nut es
yi el ded i azol i di erivativ nt er nedj at e, conpou 3. Step,.3 for
2 orpoundhetobsyeieL AhiotStpilfy e aglerat: batohERrRaa debeSHERNY 3 was
treated wid RydroRy afthdi@ldB! &t@e, At©Nbola08H Aid 6530 fnﬁﬁéfﬁzfseea'cﬂ obPaggnce of
1.5 equi val ent S of N, N-Di i sopropyl et hyl am ne (DI P in anhydrous
di mer capmey ontiorady aishdesebitititon ominsubstiutgdsinpng @mldultaoe@b@dlmfem 30 min at
0C and y| el ded i.nt rrredl ate 6o rggleundloﬁhm@dgo Eﬁl etion pof the reackion t he
r

qual ity NECR) esnOftSICJ)rSé S s et per or drotghn halo anlelro & arn8rrta ogr aphy

(TLO). Basedy®dxy, hermgzwxyaaalq@ aﬂltoxtyh(e:4qg)adry1byy,\/1@$ers acy. lsjaayab@y y the
i nt er nedi ate conpound step 3 _was then directly used for the next step,
wi t hout gbolraxpedboili Fniaasareenyphristie dCi.ay alkylantipe, S@tfﬁwylﬁa, AR0.Pot assi um

kacos” undiek 5B IR PRISLTAR (oM PR ity ®LR AR TR 2150
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fractionated using water and di chl oronet hane. The conbi ned aqueous and
organic |l ayers were washed with brine solution, dried over anhydrous Na2504
and evapor at ed under reduced pressure. The crude reaction m xture was
purified by col um chromatography over 100-200 nesh silica gel to yield

Li poic acid derivative internedi ate cenpound 5. Step 4 for conmpound 2:

I nt er medi at e conpound 4 was added slowy to the solution of (2,
2-dimethyl-1, 3-dithiolan-4-yl) nethanol sodiumsalt in dry
dlnethylfornantde (DNF) at OC to nake reactlon ntxture 3 The reactlon
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Step 4 for conmpound 3: Internediate conpound 4 was added slowy to the
solution of 3- acetylthiazolidine-4-carboxylic acid potassiumsalt in dry
di et hyl fworsani/wessi DM-) at OC to make reaction m xture BCTIRB1I/@S22 on

m xture 3 was stirred for 16 hour at roomtenperature. The reaction m xture
3 was dried using evaporation technique. The dried reaction m xture was

di vided and then washed with water and DCM The conbi ned organic | ayers

evapor at S G C P et dn i be RSl ARG RS 6P ed- by
col um CB&E?&T@&?E{@%@)fg@‘i’,?%&@@@@ﬁ%i@?élbaﬁl &0106%9%%1{ (@3 MbpbRisaapound 5.

Step 5 for” conpoun X er nedi at e” conpound ained i'n thé previous
step 4 weateror(€dtlgd cydlodik@506%-1 2 hiexsleadletli hetare(ds-d) bisptlodliyli (LMY

hydrol yse_ .t h rt - but ester wth the thiazolidine u . Internmediate
o mpounaiatOTn o) adlt i ST b E etV g ikl CE B b G El 3EPaBlieh ¢ Compound
2: The fiualitusih@pitst optbnally sitstited 8rd fuptbydubsstuedt, InfGRpaRi@erand

t hi azol i di ne group of internedi ate compound 5. Internediate conpound 5 is
treated SWNbofimsnt, PRMRIeseche Buthehsubetiuert ipelodu bat e mar limgapuhrdiegen.n one

enbodi ne - y e ' ;
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It may beet@oeQarléy abyoxyeambomgd, dxycarboRdnaminoaarboeyldrhios (Ut B)ol usi ng EDCI
coupling conditions. In another enbodi nent, first one nmay protect

anmi not hi gkylaming. sulfonsardeiminenseionyhguiiingh (F&d0 2l halsdélawwmli de and

4- (N, Ndi ) r i chi @gﬂp@ ). 1S PO re.
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W th Ste for nd . 3: fi tep . .S r sis, of tert-butyl
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Lsi mg 1~ GEnyD-cacoalkstimerngd ariehnomiest) (Goar Dot ms, KEDOIS -eoupl | ng.
using 1- -CICIO I a °) ) Loap , 3-eoupl 1 ng
conditions, .t be, pr redé)ly eact | g)(ZS-Z-am § hy1- 3-
sul f anyl -lﬁﬁ‘il%aryéﬁg%lcd‘éliz%j&}%ﬁ@ %tefo- ult & oalrﬁué@hﬁ l@f)%.ﬁlo% 1uaﬁlra ?ﬁ’ger% ‘Hi”g)i ons. In
anot her wsighadirgent, first one may protect ami nothiol of

(2S) - 2-am no- 3- et hyl1- 3-sul fanyl butanoic acid and then react w th SBoc

anhydr i d008AkThae ¢ompeunds pisthp preapitireMPeyRd of tREmplBNIPYY b Biseany duthe AoeM | n
enoC e MR a0 6, T SO B Yo o Y,
m xed w bepéat i 0O 8&in HESldirhseOicBYNEHEE e e{tO8id., the mpdundnd éhyll. 46
[0088] M © CROEINObR, Wb, W, 420 008O] Table L, G Anal ysis Atom

disclosure may also be solvated, i.e. hydrated. The solvation may be effected in the

course of the manufacturing process or may take place i.e. as a consequence of

hygroscopic properties of an initially anhydrous compound of formula I (hydration).

[0057] Compounds that have the same molecular formula but differ in the nature or

sequence of bonding of their atoms or the arrangement of their atoms in space are termed

"isomers." Isomers that differ in the arrangement of their atoms in space are termed

"stereoisomers." Diastereomers are stereoisomers with opposite configuration at one or

more chiral centers which are not enantiomers. Stereoisomers bearing one or more

asymmetric centers that are non- superimposable mirror images of each other are termed

"enantiomers.” When a compound has an asymmetric center, for example, if a carbon

atom is bonded to four different groups, a pair of enantiomers is possible. An enantiomer
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H6.39 N 3.29 022.56 22.60 [0090] Table 2: H NWR Analysis 8 Protons G oup
1.46 6H
WO 2011/107881 PCT/IB2011/000592

may be characterized by the absolute configuration of its asymmetric center or centers
and is described by the R- and S-sequencing rules of Cahn, Ingold and Prelog, or by the
manner in which the molecule rotates the plane of polarized light and designated as
dextrorotatory or levorotatory (i.e., as (+) or (-)-isomers respectively). A chiral compound
may exist as either individual enantiomer or as a mixture thereof. A mixture containing
equal proportions of the enantiomers is called a "racemic mixture".

[0058] The term “sulfate” is art-recognized and refers to the group OSOsH, or a
pharmaceutically acceptable salt thereof. A sulfate of compound of formula 1 or crystal
thereof may be a hydrate. The number of the combined water can be controlled by
varying the condition of recrystallization or drying. The salt form may be hydrochloride
salt as well.

[0059] The term "polymorph" as used herein is art-recognized and refers to one crystal
structure of a given compound.

[0060] “Residue” is an art-recognized term that refers to a portion of a molecule. For
instance, a residue of thioctic acid may be: dihydrolipoic acid, bisnorlipoic acid,
tetranorlipoic acid, 6,8-bismethylmercapto-octanoic acid, 4,6-bismethylmercapto-
hexanoic acid, 2,4-bismethylmeracapto-butanoic acid, 4,6-bismethylmercapto-hexanoic
acid.

[0061] The term “prodrug” is intended to encompass compounds that, under
physiological conditions, are converted into the therapeutically active agents of the
present disclosure. A common method for making a prodrug is to include selected
moieties that are hydrolyzed under physiological conditions to reveal the desired
molecule. In other embodiments, the prodrug is converted by an enzymatic activity of the
host animal.

[0062] The term “prophylactic or therapeutic” treatment is art-recognized and includes
administration to the host of one or more of the subject compositions. If it is
administered prior to clinical manifestation of the unwanted condition (e.g., disease or
other unwanted state of the host animal) then the treatment is prophylactic, i.e., it protects
the host against developing the unwanted condition, whereas if it is administered after

manifestation of the unwanted condition, the treatment is therapeutic, (i.e., it is intended
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2xCH3 1.29,1.55,1.68,1.98,2.25 10H 5xCH2 1.74 3H CH3 2.51-2.61 3H SCH, SCH2
4.76 2H SCH2N 4. 68
WO 2011/107881 PCT/IB2011/000592

to diminish, ameliorate, or stabilize the existing unwanted condition or side effects
thereof).

[0063] The term "solvate" as used herein, refers to a compound formed by solvation
(e.g., a compound formed by the combination of solvent molecules with molecules or
ions of the solute).

[0064] The present disclosure also contemplates prodrugs of the compositions disclosed
herein, as well as pharmaceutically acceptable salts of said prodrugs.

[0065] This application also discloses a pharmaceutical composition comprising a
pharmaceutically acceptable carrier and the composition of thioctic acid or a residue of
thioctic acid, dimercaprol or acetylcyteine and salts of a compound of compound 1A or 2
or 3. This application further discloses a pharmaceutical composition comprising a
pharmaceutically acceptable carrier and (a) lipoic acid or residue of lipoate and (b) a
compound of Formula I (c) dimercaprol or acetylcysteine or zinc acetate or ammonium
thiomolybdate. The pharmaceutical composition may be formulated for systemic or
topical administration. The pharmaceutical composition may be formulated for oral
administration, injection, subdermal administration, or transdermal administration. The
pharmaceutical composition may further comprise at least one of a pharmaceutically
acceptable stabilizer, diluent, surfactant, filler, binder, and lubrimayt.

[0066] Additionally, the optimal concentration and/or quantities or amounts of any
particular compound 1A, 2 and/or 3, or composition may be adjusted to accommodate
variations in the treatment parameters. Such treatment parameters include the clinical use
to which the preparation is put, e.g., the site treated, the type of patient, e.g., human or
non-human, adult or child, and the nature of the disease or condition.

[0067] Wilson’s disease (WD) is an autosomal recessive disorder of the copper
metabolism leading to the accumulation of this metal in different organs and tissues.
Hepatic and neurological symptoms are the main clinical features of the disease. Copper-
associated diseases are increasingly being reported in both man and animals. Copper also
has a role in fatal, non-Wilson's liver diseases affecting young children with a genetic
abnormality of copper metabolism. Excess accumulation of copper also occurs as a
consequence of chronic liver diseases such as primary biliary cirrhosis, and chronic

hepatitis in mammal such as humans and animals.
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1H CH 6.61 1H OCHO [0091] Conpound 2: OH 11.01.55 O 1.464.763.76;3.51
2.94:2.69 NO<.>. 1 OSH HS 1.5di)3.19 SH
WO 2011/107881 PCT/IB2011/000592

[0068] In certain embodiments, the compounds 1A, 2 and 3 of formula I and
compositions herein may be used to treat one or more copper toxicity related diseases or
complications. Complications include Hepatic (cirrhosis, chronic active hepatitis,
fulminant hepatic failure), Neurologic (bradykinesia, rigidity, tremor, ataxia, dyskinesia,
dysarthria, seizures), Psychiatric (behavioral disturbances, cognitive impairment,
psychosis), Orthalmologic (kayser-Fleischer rings, sunflow cataracts), Hematologic
(haemolysis, coagulopathy), Renal (renal tubular defects, diminished glomerular
filtration, nephrolithiasis), Cardiovascular (cardiomyopathy, arrhythmias, conduction
disturbances, autonomic dysfunction), Musculoskeletal (osteomalacia, osteoporosis,
degenerative joint diseases), Gastrointestinal (cholelithiasis, pancreatitis, bacterial
peritonitis), Endocrinologic (amenorrhoea, spontaneous abortion, delayed puberty,
gynecomastia), Dermatologic (hyperpigmentation, amaythosis nigrimays).

[0069] The compositions may be administered alone or in combination with
pharmaceutically acceptable carriers, vehicles or diluents, in either single or multiple
doses and with other drugs for example a pain killer, but not limited to it.. Suitable
pharmaceutical carriers, vehicles and diluents include inert solid diluents or fillers, sterile
aqueous solutions and various organic solvents. The pharmaceutical compositions formed
by combining the compositions and the pharmaceutically acceptable carriers, vehicles or
diluents are then readily administered in a variety of dosage forms such as tablets,
powders, lozenges, syrups, injectable solutions and the like. These pharmaceutical
compositions can, if desired, contain additional ingredients such as flavorings, binders,
excipients and the like. Thus, for purposes of oral administration, tablets containing
various excipients such as L-arginine, sodium citrate, calcium carbonate and calcium
phosphate may be employed along with various disintegrates such as starch, alginic acid
and certain complex silicates, together with binding agents such as polyvinylpyrrolidone,
sucrose, gelatin and acacia. Additionally, lubricating agents such as magnesium stearate,
sodium lauryl sulfate and talc are often useful for tabletting purposes. Solid compositions
of a similar type may also be employed as fillers in soft and hard filled gelatin capsules.
Appropriate materials for this include lactose or milk sugar and high molecular weight
polyethylene glycols. When aqueous suspensions or elixirs are desired for oral

administration, the essential active ingredient therein may be combined with various
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sweetening or flavoring agents, coloring matter or dyes and, if desired, emulsifying or
suspending agents, together with diluents such as water, ethanol, propylene glycol,

glycerin and combinations thereof.

[0070] In addition to the active or therapeutic ingredients, tablets may contain a number
of inert materials known as excipients. They may be classified according to the role they
play in the final tablet. The primary composition may include one or more of a filler,
binder, lubricant and glidant. Other excipients which give physical characteristics to the
finished tablet are coloring agents, and flavors (especially in the case of chewable
tablets). Without excipients most drugs and pharmaceutical ingredients cannot be
directly-compressed into tablets. This is primarily due to the poor flow and cohesive
properties of most drugs. Typically, excipients are added to a formulation to impart good
flow and compression characteristics to the material being compressed. Such properties
are imparted through pretreatment steps, such as wet granulation, slugging, spray drying

spheronization or crystallization.

[0071] Lubricants are typically added to prevent the tableting materials from sticking to
punches, minimize friction during tablet compression, and allow for removal of the
compressed tablet from the die. Such lubricants are commonly included in the final tablet

mix in amounts usually of about 1% by weight.

[0072] Other desirable characteristics of excipients include the following: high-
compressibility to allow strong tablets to be made at low compression forces; impart
cohesive qualities to the powdered material; acceptable rate of disintegration; good flow
properties that can improve the flow of other excipients in the formula; and cohesiveness

(to prevent tablet from crumbling during processing, shipping and handling).

[0073] There are at least three commercially important processes for making compressed
tablets: wet granulation, direct compression and dry granulation (slugging or roller
compaction). The method of preparation and type of excipients are selected to give the
tablet formulation the desired physical characteristics that allow for the rapid
compression of the tablets. After compression, the tablets must have a number of

additional attributes, such as appearance, hardness, disintegrating ability and an
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acceptable dissolution profile. Choice of fillers and other excipients will depend on the
chemical and physical properties of the drug, behavior of the mixture during processing
and the properties of the final tablets. Preformulation studies are done to determine the

chemical and physical compatibility of the active component with proposed excipients.

[0074] The properties of the drug, its dosage forms and the economics of the operation
will determine selection of the best process for tableting. Generally, both wet granulation

and direct compression are used in developing a tablet.

[0075] One formulation comprises the following: a compound of Formula I, and a binder.
Examples of pharmaceutically acceptable binders include, but are not limited to, starches;
celluloses and derivatives thereof, e.g., microcrystalline cellulose, hydroxypropyl
cellulose hydroxylethyl cellulose and hydroxylpropylmethyl cellulose; sucrose; dextrose;
corn syrup; polysaccharides; and gelatin. The binder, e.g., may be present in an amount
from about 1 % to about 40% by weight of the composition such as 1 % to 30% or 1 % to
25% or 1 % to 20%.

[0076] Optionally, one, two, three or more diluents can be added to the formulations
disclosed herein. Examples of pharmaceutically acceptable fillers and pharmaceutically
acceptable diluents include, but are not limited to, confectioner's sugar, compressible
sugar, dextrates, dextrin, dextrose, lactose, mannitol, microcrystalline cellulose,
powdered cellulose, sorbitol, sucrose and talc. The filler and/or diluent, e.g., may be
present in an amount from about 15% to about 40% by weight of the composition. In
certain embodiments, diluents are microcrystalline cellulose which is manufactured by
the controlled hydrolysis of alpha-cellulose, obtained as a pulp from fibrous plant
materials, with dilute mineral acid solutions. Following hydrolysis, the hydrocellulose is
purified by filtration and the aqueous slurry is spray dried to form dry, porous particles of
a broad size distribution. Suitable microcrystalline cellulose will have an average particle
size of from about 20 nm to about 200 nm. Microcrystalline cellulose is available from
several suppliers. Suitable microcrystalline cellulose includes Avicel PH 101, Avicel PH
102, Avicel PH 103, Avicel P" 105 and Avicel P! 200, manufactured by FMC
Corporation. The microcrystalline cellulose may be present in a tablet formulation in an

amount of from about 25% to about 70% by weight. Another appropriate range of this
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material is from about 30% to about 35% by weight; yet another appropriate range of
from about 30% to about 32% by weight. Another diluent is lactose. The lactose may be
ground to have an average particle size of between about 50 pm and about 500 um prior
to formulating. The lactose may be present in the tablet formulation in an amount of from
about 5% to about 40% by weight, and can be from about 18% to about 35% by weight,
for example, can be from about 20% to about 25% by weight.

[0077] Optionally one, two, three or more disintegrants can be added to the formulations
described herein. Examples of pharmaceutically acceptable disintegrants include, but are
not limited to, starches; clays; celluloses; alginates; gums; cross-linked polymers, e.g.,
cross- linked polyvinyl pyrrolidone, cross-linked calcium carboxymethylcellulose and
cross-linked sodium carboxymethylcellulose; soy polysaccharides; and guar gum. The
disintegrant, e.g., may be present in an amount from about 2% to about 20%, e.g., from
about 5% to about 10%, e.g., about 7% about by weight of the composition. A
disintegrant is also an optional but useful component of the tablet formulation.
Disintegrants are included to ensure that the tablet has an acceptable rate of
disintegration. Typical disintegrants include starch derivatives and salts of
carboxymethylcellulose. Sodium starch glycolate is one appropriate disintegrant for this
formulation. In certain embodiments, the disintegrant is present in the tablet formulation
in an amount of from about 0% to about 10% by weight, and can be from about 1% to

about 4% by weight, for instance from about 1.5% to about 2.5% by weight.

[0078] Optionally one, two, three or more lubricants can be added to the formulations
disclosed herein. Examples of pharmaceutically acceptable lubricants and
pharmaceutically acceptable glidants include, but are not limited to, colloidal silica,
magnesium trisilicate, starches, talc, tribasic calcium phosphate, magnesium stearate,
aluminum stearate, calcium stearate, magnesium carbonate, magnesium oxide,
polyethylene glycol, powdered cellulose and microcrystalline cellulose. The lubricant,
e.g., may be present in an amount from about 0.1% to about 5% by weight of the
composition; whereas, the glidant, e.g., may be present in an amount from about 0.1% to
about 10% by weight. Lubricants are typically added to prevent the tableting materials

from sticking to punches, minimize friction during tablet compression and allow for
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removal of the compressed tablet from the die. Such lubricants are commonly included in
the final tablet mix in amounts usually less than 1% by weight. The lubricant component
may be hydrophobic or hydrophilic. Examples of such lubricants include stearic acid, talc
and magnesium stearate. Magnesium stearate reduces the friction between the die wall
and tablet mix during the compression and ejection of the tablets. It helps prevent
adhesion of tablets to the punches and dies. Magnesium stearate also aids in the flow of
the powder in the hopper and into the die. It has a particle size range of 450-550 microns
and a density range of 1.00-1.80 g/mL. It is stable and does not polymerize within the
tableting mix. One lubricant, magnesium stearate may also be employed in the
formulation. In some aspects, the lubricant is present in the tablet formulation in an
amount of from about 0.25% to about 6%; also appropriate is a level of about 0.5% to
about 4% by weight; and from about 0.1% to about 2% by weight. Other possible
lubricants include talc, polyethylene glycol, silica and hardened vegetable oils. In an
optional embodiment, the lubricant is not present in the formulation, but is sprayed onto

the dies or the punches rather than being added directly to the formulation.

[0079] Other conventional solid fillers or carriers, such as, cornstarch, calcium
phosphate, calcium sulfate, calcium stearate, magnesium stearate, stearic acid, glyceryl
mono- and distearate, sorbitol, mannitol, gelatin, natural or synthetic gums, such as
carboxymethyl cellulose, methyl cellulose, alginate, dextran, acacia gum, karaya gum,
locust bean gum, tragacanth and the like, diluents, binders, lubricants, disintegrators,

coloring and flavoring agents could optionally be employed.

[0080] Additional examples of useful excipients which can optionally be added to the
composition are described in the Handbook of Pharmaceutical Excipients, 3rd edition,
Edited by A.H.Kibbe, Published by: American Pharmaceutical Association, Washington
DC, ISBN: 0-917330-96-X, or Handbook of Pharmaceutical Excipients (4th edition),
Edited by Raymond C Rowe - Publisher: Science and Practice.

[0081] The formulations, for instance tablets, may contain e.g. 3 to 800, or 20 to 600, e.g.
50, 250, 300, or 400, mg of the compounds of compound 1A, 2 and/or 3 and
compositions disclosed herein, for instance, compounds of formula I or II or salts of a

compounds of compound 1A, 2 and/or 3, or a composition comprising (a) lipoic acid or
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residue of lipoate and (b) a compounds of compound 1A, 2 and/or 3 and, (c) dimercaprol
or acetylcysteine or zinc acetate or ammonium thiomolbdate.

[0082] The subject compositions may be administered once, or may be divided into a
number of smaller doses to be administered at varying intervals of time, depending in

part on the release rate of the compositions and the desired dosage.

[0083] Ophthalmic formulations, eye ointments, powders, solutions and the like, are also
contemplated as being within the scope of the disclosures herein. Examples of suitable
aqueous and non-aqueous carriers which may be employed in the pharmaceutical
compositions include water, ethanol, polyols (such as glycerol, propylene glycol,
polyethylene glycol, and the like), and suitable mixtures thereof, vegetable oils, such as
olive oil, and injectable organic esters, such as ethyl oleate. Proper fluidity may be
maintained, for example, by the use of coating materials, such as lecithin, by the
maintenance of the required particle size in the case of dispersions, and by the use of

surfactants.

[0084] METHODS OF SYNTHESIS
EXAMPLE SYNTHESIS 1:

[0085] Figures 1, 2 and 3 show a five step synthesis process for the composition of

formula 1 for various compounds such as compound 1A, 2 and 3.

Step 1for compound 1A, 2 and 3: (25)-2-amino-3-methyl-3-sulfanyl-butanoic acid
(initial compound 1) or D-(-)- Pencillamine and Dichloromethane (DCM) were mixed
together as a reaction mixture in a pressure bottle containing a magnetic stirrer. The
pressure bottle containing the reaction mixture (intermediate compound 1) was securely
closed with a rubber septum. The pressure bottle containing the reaction mixture was
further cooled in 2-isoproponol / dry ice at 7-8°C in the dry ice bath. Condensed
isobutylene was transferred to the pressure bottle, using a cannula, followed by adding a
few drops of sulfuric acid to the reaction mixture. The addition of isobutylene was
continued for a period of 2 hours. Stirring of the reaction mixture was continued at room

temperature for an additional 16 hours. The pressure bottle was kept in i-PrOH/dry ice
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bath and rubber septum was carefully removed. The reaction mixture was allowed to
degas fully by stirring for several minutes. Saturated aqueous NaHCO3 was added to the
reaction mixture, and the resultant reaction mixture was stirred for 2 hours at room
temperature. The pH of the aqueous layer was measured and recorded as pH 8. Water
was added for the removal of the emulsion that was formed during the neutralization step.
The aqueous layer was treated using with DCM and then extracted. The entire DCM
extracts were pooled together. The pooled DCM extracts were washed with saturated
aqueous NaHCQO3, water, and saturated aqueous NaCl solution. The resultant organic
layer was dried in under MgSO4 atmosphere, concentrated and filtered under reduced

pressure to yield intermediate compound 2.

Step 2 for compound 1A, 2 and 3: The condensation of amino thiol with
paraformaldehyde in ethanol at room temperature for 30 minutes yielded thiazolidine

derivative as intermediate compound 3.

Step 3 for compound 1A, 2 and 3: Thiazolidine derivative intermediate compound 3 was
treated with 1.0 equivalents of 1-chloroethylchloroformate in presence of 1.5 equivalents
of N,N-Diisopropylethylamine (DIPEA) in anhydrous dimercaprol at 0°C. The reaction
mixture was allowed to stir for 30 min at 0°C and yielded intermediate compound 4. On
completion of the reaction the quality was monitored and recorded by performing thin
layer chromatography (TLC). Based on the observation if the quality was satisfactory the
intermediate compound 4 of step 3 was then directly used for the next step, without any

further purification process.

Step 4 for compound 1A: Potassium salt of Lipoic acid was obtained from reacting lipoic
acid and anhydrous K,CO; under dry Dimethylformaldehyde at 0°C. This reaction
mixture of step 3 was added slowly into the above solution and then the crude reaction
mixture was allowed to stir for 16 h at room temperature. Reaction was monitored by
TLC. The crude reaction mixture was then vacuum distilled and fractionated using water
and dichloromethane. The combined aqueous and organic layers were washed with brine
solution, dried over anhydrous Na,SO,4and evaporated under reduced pressure. The
crude reaction mixture was purified by column chromatography over 100-200 mesh silica

gel to yield Lipoic acid derivative intermediate compound 5.
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reaction mixture was divided and then washed with water and DCM. The combined

organic layers were washed with brine solution, dried over anhydrous Na,SO,4 and then

evaporated under reduced pressure. The resultant crude was purified by column

chromatography over 100-200 mesh silica gel to yield compound 5.

Step 5 for compound 1A: Intermediate compound 5 obtained in the previous step 4 was
treated with 25% trifluoracetic acid dissolved in DCM to hydrolyse the tert-butyl ester
with the thiazolidine group of intermediate compound 5. This reaction yielded the final

compound 6.

Step 5 for compound 2: The final step is hydrolysis of tert-butyl ester, acetonide and
thiazolidine group of intermediate compound 5. Intermediate compound 5 is treated with
25% TFA dissolved in DCM to produce final compound 6. In one embodiment, the Tert-
butyl ester can be prepared using 1-ethyl-3-(3’-dimethylaminopropyl) carbodiimide
(EDCI) coupling conditions. It may be prepared by reacting D-(-)-Pencillamine with t-
butanol using EDCI coupling conditions. In another embodiment, first one may protect
aminothiol of D-(-)-Penicillamine and then react with Boc anhydride and 4-(N,N-
dimethylamino) pyridine (DMAP) dissolved in DCM. In another embodiment, the amino
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25% TFA dissolved in DCM to produce final compound 6. In one embodiment, the Tert-
butyl ester can be prepared using 1-ethyl-3-(3’-dimethylaminopropyl) carbodiimide
(EDCI) coupling conditions. It may be prepared by reacting (25)-2-amino-3-methyl-3-
sulfanyl-butanoic acid with t-butanol using EDCI coupling conditions. In another
embodiment, first one may protect aminothiol of (25)-2-amino-3-methyl-3-sulfanyl-
butanoic acid and then react with SBoc anhydride and 4-(N,N- dimethylamino) pyridine
(DMAP) dissolved in DCM. In another embodiment, the amino acid may be converted to

tert-butlyester by reacting the amino acid with t-butanol, magnesium sulfate and sulfuric

acid mixed with DCM.

[0086] RESULTS OF SYNTHESIS :

[0087] Compound 1A:

Os. LOH'™ 174
0 0
. 1.68 1.55 1.98:1.73
1.48 478 )k tﬂ\ 259
N o) 0
5 HS é—h 61,251

[0088] M.F : C16H27NO6S3, Mol. Wt.: 426

[0089] Table 1: CHN Analysis

Atom Intensity
C 45.15

H 6.39

N 3.29
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OH HHCICH3 0 8 cH2 S-S wherein, Rl, R2, and R3each independently represents
hydr ogen, thiol, alkyl, alkyl thiol, acetyl thiol, disulfide, acyl,

acyl al kylwoabkerysst al kyl t hi oal kyl, al kynyl, al koxyar ylPCTaBMaxy@by| ,

aryl, aral kyl, aryloxyal kyl, arylthioal kyl, cycloal kyl, ether, ester,

het eroaryl, heterocyclyl, |ower alkyl, sulfone, sulfoxide, and

hydr oxyal kyl ; and R4 represents thioctic acid, wherein n is an integer that
equal s petween—0—+6-8—3—A conpound of claim2, further conprising: a
pharnachLLcaLp¢4#‘ » conmpound | A conprising; HHS HN

22.60

[0090] Table 2: H NMR Analysis

) Protons Group
1.46 6H 2xCH;
1.29,1.55,1.68,1.98,2.25 10H 5xCH,
1.74 3H CH;
2.51-2.61 3H SCH,
SCH,
4.76 2H SCH,N
4.68 IH CH
6.61 IH OCHO

[0091] Compound 2:

11.0

O OH 1.55
0]
146 476 )k )\ 3.76;3.51 2.94;2.69
s 5 HS e;}lb 0" 549 0 3.19 SH 15
SH
1.46 5

[0092] M.F:C11H21NOS5S3, Mol. Wt.: 343

[0093] Table 3-CHN Analysis

Atom Intensity
C 38.46

H 6.16

N 4.08

0O 23.29

S 28.01

[0094] Table 4 -H NMR Analysis
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0 wherein, Rl, R2, and R3each independently represents hydrogen, thiol,

al kyl, alkyl thiol, acetyl thiol, disulfide, acyl, acylalkyl, alkenyl,

al kyl t hi osibkyil/10a8skynyl , al koxyaryl, al koxyal kyl, aryl, parTaBiogi/poo592

aryl oxyal kyl, arylthioal kyl, cycloal kyl, ether, ester, heteroaryl,

het erocycl yl, lower al kyl, sulfone, sulfoxide and hydroxyal kyl; and wherein
R4 is R(+)-thioctic acid; and wherein n is an integer that equals between
0 to 4. 4 —The—<conpound—offormia_31—Furfher conprising: a conpound 2
conpris fg:  wherein_ R1_| 90834 ﬂaﬂﬁ@prp:ents at | east one of a hydrogen,
met hyl , | b8Ayl and thiol . |#M8 R4 rle@entk (RS)-2, 3-disul fanyl propan-1-ol .
5. The pbfpound of clai m{B3Hfurt he€Hegonpr| sing; a conpound 3 conpri sing;
H171 O

2.69-3.19 3H SCH,
SCH,

4.76 IH CHN

5.49 IH OCHO

[0095] Compound 3:

1.46
[0061] M.F: C13H22N207S2, Mol. Wt.: 382

[0062] Table 5 -CHN Analysis

Atom Intensity
C 40.83

H 5.80

N 7.32

0O 29.28

S 16.77

[0063] Table 6-H NMR Analysis

) Protons Group
1.46 6H 2xCH;
1.74 3H CH;
2.02 3H NAc
3.3 2H SCH,
4.74-4.76 2H 2xCHN
6.61 IH OCHO

[0096] In another embodiment, an effective dosage for the compound of Formula 1 is in

the range of about 0.3 mg/kg/day to about 60 mg/kg/day in single or divided doses, for
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HNS H Werein, RI, R2 and R3 represents at |east one of hydrogen, nethyl,
ethyl and thiol; and R4 represents (R)-2-acetam do-3-sul fanyl propanoic
acid. 6. wbheonawpssund of claim 1, further conprising; aPrPphaBrmacewssxally
accept abl e conmpound of forrmula 1 is at |east one of a tartrate, esylate,
mesyl ate, sulfate, hydrate and hydrochloride salt. 7. A conposition,
conprising: a conposition admnistered to a manmal with a hepatic di sorder

aﬁl\nf E:;:_SII %gtiagge f%%ﬂ%%'a@ t{) %Bguec %%S/ggﬂgy Inosring l: g'r c:thcfgc?{ dgge%. 'ith{ colg\lpo/u%]&ls
of Formula 1 may be administered at a dose of, for example, less than 2 mg/kg/day, 5
mg/kg/day, 10 mg/kg/day, 20 mg/kg/day, 30 mg/kg/day, or 40 mg/kg/day. Compounds of
Formula 1 may also be administered to a human patient at a dose of, for example,
between 50 mg and 1000 mg, between 100 mg and 800 mg, or less than 1000, 900, 800,
700, 600, 500, 400, 300, 200, or 100 mg per day. In certain embodiments, the
compositions herein are administered at an amount that is less than 95%, 90%, 80%,
70%, 60%, 50%, 40%, 30%, 20%, or 10% of the compounds of formula 1 is required for
the same therapeutic benefit. The sustained release tablets may have a coating that may

release the drug in a slow manner.

[0097] The present disclosure provides among other things compositions and methods
for treating Copper toxicity related diseases and complications. While specific
embodiments of the subject disclosure have been discussed, the above specification is
illustrative and not restrictive. Many variations of the compounds, compositions and
methods herein will become apparent to those skilled in the art upon review of this

specification.

INDUSTRIAL APPLICABILITY

[0098] There are multiple applications for compound of formula 1, composition of
formula 1 with pharmaceutically acceptable additives to treat mammals suffering from
hepatic diseases, more specifically genetic and abnormal accumulation of metal in the
liver in general. These compositions may be used in the treatment of diseases related to

copper retention and its complications in hepatic diseases.
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OOR4 Wherein, Rl, R2, and R3each independently represents at |east one of
hydr ogen, thiol, alkyl, alkyl thiol, acetyl thiol, disulfide, acyl,

acyl al kylwoabkernysst al kyl t hi oal kyl, al kynyl, al koxyaryl pCaliRzmyedokyd , aryl,
aral kyl, aryl oxyal kyl, arylthioal kyl, cycloal kyl, ether, ester,

het eroaryl, heterocyclyl, lower alkyl, sulfone, sulfoxide and hydroxyal kyl ;
and R4 represents at | east one of a residue of guanidine, a residue of
hydrazin& é$@§acid, a residue of pyruvic acid, a residue of oxal oacetic
acid, a E idie of tocopherol, a residue of ascorbic acid, a residue of
thiamne, thioctic acid, a residue of thioctic acid, a residue of acetyl
cyst ei newmas 1@8ifvgi@f al pha-keto glutaric acid, a residue of dinercaprol,
a residue of an NO donor, a residue of glutathione, (RS)-2,

3-di sul f &nyl pAspawroundg|comprying. acet ami do- 3- sul f anyl propanoi ¢ acid and an
anal og of any : Lng. *%pﬁ v .tihe conposition conprises
at | east one %ﬁﬁﬁg%é?&ﬁg%%%%g%%?%%Og@g€$ cygﬁggﬁé'and di mercaprol and at

| east one of zkﬁqﬁacebate and triethylene tetram ne. 8. The conposition of
claim7, wherein/adm fistration is at |east one of a peroral, topical,
transmucosal , i Iafﬁqn, targeted delivery and sustained rel ease
formul ati ons.R9. The composition of claim7, further conprising: a conpound

1A: R2 R3O0 | | WHN, L. 0
%‘\_,,.,o\\/@ﬁ??
! S

R', R? and R’each independently represents hydrogen, thiol, alkyl, alkyl thiol,
acetyl thiol, disulfide, acyl, acylalkyl, alkenyl, alkylthioalkyl, alkynyl, alkoxyaryl,
alkoxyalkyl, aryl, aralkyl, aryloxyalkyl, arylthioalkyl, cycloalkyl, ether, ester,
heteroaryl, heterocyclyl, lower alkyl, sulfone, sulfoxide, or hydroxyalkyl; and

R* represents at least one of a residue of guanidine, a residue of hydrazine, an
acid, a residue of pyruvic acid, a residue of oxaloacetic acid, a residue of
tocopherol, a residue of ascorbic acid, a residue of thiamine, thioctic acid, a
residue of thioctic acid, a residue of acetyl cysteine, a residue of alpha-keto
glutaric acid, a residue of dimercaprol, a residue of an NO donor, a residue of
glutathione, (RS)-2, 3-disulfanylpropan-1-ol, (R)-2-acetamido-3-

sulfanylpropanoic acid and an analog of any one of the foregoing.

2. The compound of claim 1, further comprising:
a compound 1A:

Ro R, ﬁ

HN CH; 0
J/

O

N §—s
wherein, R', R?, and R’each independently represents hydrogen, thiol, alkyl, alkyl
thiol, acetyl thiol, disulfide, acyl, acylalkyl, alkenyl, alkylthioalkyl, alkynyl,
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| 00 CF-12) n n s_s wherein, Rl, R2, and R3 eachach independently
represents hydrogen, thiol, alkyl, alkyl thiol, acetyl thiol, disulfide,
acyl, acywel2kylio7ssiikenyl , al kylt hi oal kyl, al kynyl, al koeganptoi1/edokexyal kyl ,
aryl, aral kyl, aryloxyal kyl, arylthioal kyl, cycloal kyl, ether, ester,

het eroaryl, heterocyclyl, |ower alkyl, sulfone, sulfoxide, and

hydr oxyal kyl ; and R4 represents thioctic acid, wherein n is an integer that

equal s between, 0 to 8. WO 2011/ 107881PCT/ 1B2011/ 00Q5 10. The .conposition
of claim9, f%"?’?‘\"é’?ylcﬂh‘fifxagﬁy ga.rylaarﬁﬁ%i"r?%%ﬁ' Y 1%/’“138%%& ﬁml%aq]%rrpound | A

fg_rmlri Si ng; M'@I{,( @éitéh h&r0aRR, heldokyRRRA MW RISRNRERYL, k¥ifd-88, @8€nt s hydr ogen,
Iol, a , a
Y hydroglyalkyl; and

R* represents thioctic acid, wherein n is an integer that equals between 0 to 8.
3. A compound of claim 2, further comprising:

a pharmaceutically acceptable compound 1A comprising;

O

S
HS HN_ o O\n/\/\/\)
oY
O o

wherein, R', R?, and R’each independently represents hydrogen, thiol, alkyl, alkyl
thiol, acetyl thiol, disulfide, acyl, acylalkyl, alkenyl, alkylthioalkyl, alkynyl,
alkoxyaryl, alkoxyalkyl, aryl, aralkyl, aryloxyalkyl, arylthioalkyl, cycloalkyl,
ether, ester, heteroaryl, heterocyclyl, lower alkyl, sulfone, sulfoxide and

hydroxyalkyl; and

wherein R* is R-(+)-thioctic acid; and
wherein n is an integer that equals between 0 to 4.
4. The compound of formula 1, further comprising:

a compound 2 comprising;

RyR, O

I
SH
R/\:/\OH
HNYO CH,
’o O SH

wherein, R', R? and R* represents at least one of a hydrogen, methyl, ethyl and

thiol; and

R* represents (RS)-2, 3-disulfanylpropan-1-ol.
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thiol, acetyl thiol, disulfide, acyl, acylalkyl, alkenyl, alkylthioalkyl,
al kynyl , al koxyaryl, al koxyal kyl, aryl, aral kyl, aryl oxyal kyl,

aryl t hi oawRyb11/wyssiioal kyl , ether, ester, heteroaryl, hetreraB3aigios92 oner
al kyl, sulfone, sulfoxide and hydroxyal kyl; and wherein R4 is
R-(+)-thioctic acid; and wherein n is an integer that equals between 0 to

4. 11. The conposition of fornmula 7, further conprising: a conpound 2
conpri si pg; wherejn, RI1, and R3 represents at |east one of a
hydrogen? Hg?ﬁ??ﬁm%W%9VﬂﬂﬁhL$ﬁﬁ$FFOEWH“n ; R4 represents (RS )-2,
3-di sul fanyl prop an-1- ol. 12. The conposition of claim7, further
conpri si ng: RMPEHHOAKAMBIiEB&pr i si ng; HF 0 -

I
0] ;
O

o)
I

A
T

0

II/III

Wherein,

R', R? and R’ represents at least one of hydrogen, methyl, ethyl and thiol; and
R* represents (R)-2-acetamido-3-sulfanylpropanoic acid.

6. The compound of claim 1, further comprising;

a pharmaceutically acceptable compound of formula 1 is at least one of a tartrate,

esylate, mesylate, sulfate, hydrate and hydrochloride salt.

7. A composition, comprising:

a composition administered to a mammal with a hepatic disorder comprising of

compound represented by formula 1:

2 3

R' R Q
N {

1/\

HN o, CHs

5l .

Wherein, R', R?, and R’each independently represents at least one of hydrogen,
thiol, alkyl, alkyl thiol, acetyl thiol, disulfide, acyl, acylalkyl, alkenyl,
alkylthioalkyl, alkynyl, alkoxyaryl, alkoxyalkyl, aryl, aralkyl, aryloxyalkyl,
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HNS Hwerein, Rl, R2 and R3 represents at |east one of hydrogen, nethyl,
ethyl and thiol; and R4 represents (R)-2-acetam do-3-sul fanyl propanoic
aci d. 13.wohelwcongsesi ti on of claim 10 further conprising@CTaB201&6®59% wo of
conpound 1 A, conpound 2. 14. The conposition of claim 10, further
conprising at |east two of the conmpound | A and 3. 15. The conposition of
claim1l, further conprising at |least two of the conpound 2 and 3. 16. A

met hod of treatjng copper toxicity, copprising: mXi t| east _one of

R (4)- 11 poi ¢ H¥|'bRalkgERyIeykVlerihe’ sHEr- ArrippAsiesony: 1€l one of zinc
acetate and t &ji@hBYduE0gidk 8hd APABLyaldNdary conpound of Formula 1: OH HNCH3 4
wherein Rl, R2, and R3each independently represents hydrogen, thiol, alkyl,

al kyl R* represents at least one of a residue of guanidine, a residue of hydrazine, an
acid, a residue of pyruvic acid, a residue of oxaloacetic acid, a residue of
tocopherol, a residue of ascorbic acid, a residue of thiamine, thioctic acid, a
residue of thioctic acid, a residue of acetyl cysteine, a residue of alpha-keto
glutaric acid, a residue of dimercaprol, a residue of an NO donor, a residue of
glutathione, (RS)-2, 3-disulfanylpropan-1-ol, (R)-2-acetamido-3-

sulfanylpropanoic acid and an analog of any one of the foregoing; and

wherein the composition comprises at least one of R-(+)-lipoic acid,
acetylcysteine and dimercaprol and at least one of zinc acetate and triethylene

tetramine.

8. The composition of claim 7, wherein administration is at least one of a peroral,
topical, transmucosal, inhalation, targeted delivery and sustained release
formulations.

9. The composition of claim 7, further comprising:

a compound 1A:

Ry Ry ﬁ
R()<\Y//N\OH
HN CH; O

o
O
o} O A

Tl

N 8—s
wherein, R', R?, and R’each independently represents hydrogen, thiol, alkyl, alkyl
thiol, acetyl thiol, disulfide, acyl, acylalkyl, alkenyl, alkylthioalkyl, alkynyl,
alkoxyaryl, alkoxyalkyl, aryl, aralkyl, aryloxyalkyl, arylthioalkyl, cycloalkyl,
ether, ester, heteroaryl, heterocyclyl, lower alkyl, sulfone, sulfoxide, and

hydroxyalkyl; and

R* represents thioctic acid, wherein n is an integer that equals between 0 to 8.
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thiol, acetyl thiol, disulfide, acyl, acylalkyl, alkenyl, alkylthioalkyl,
al kynyl, al koxyaryl, al koxyal kyl, aryl, aral kyl, aryl oxyal kyl,

aryl t hi oawRyb11/wyssiioal kyl , ether, ester, heteroaryl, hetreraB3aigios92 oner
al kyl, sul fone, sulfoxide, or hydroxyal kyl; and wherein R4 represents at

| east one of a residue of guanidine, a residue of hydrazine, an acid, a
resi due of pyruvic acid, a residue of oxal oacetic acid, a residue of
tocopherﬁi, aa esi due. of sgor i% cid, a.residue of thiamne, thioctic
aci d, a rési dut® STRKI T ¢ 4R % WS EIPRIYSf acetyl cysteine, a residue
of al pha-keto glutaric acid, a residue of dinmercaprol, a residue of an NO
donor, a resi yDeArBReGtiGRlhy MicepiablasamaAunth b 6§MBFiSiABY one of the foregoi ng;
and optim zing the coggosition at a pharmaceutical dose for treatnent. 17.
The net hod of claim 16%, wherein the pharmaceutical dose is at |east one of
a ophthal mc sol utj on, )nj€ridi on and tablet. 18. Thg nethod of claim 17,
further conpri sing: fi ni stering the conmpositioBtoN he manmal with the
hepat i c disorde@ﬂs- P{N

wherein, R', R?, and R’each independently represents hydrogen, thiol, alkyl, alkyl
thiol, acetyl thiol, disulfide, acyl, acylalkyl, alkenyl, alkylthioalkyl, alkynyl,
alkoxyaryl, alkoxyalkyl, aryl, aralkyl, aryloxyalkyl, arylthioalkyl, cycloalkyl,
ether, ester, heteroaryl, heterocyclyl, lower alkyl, sulfone, sulfoxide and

hydroxyalkyl; and

wherein R* is R-(+)-thioctic acid; and

wherein n is an integer that equals between 0 to 4.

11. The composition of formula 7, further comprising:

a compound 2 comprising;

R2 RS 0

I
SH
RMOH
HN\]/O CH,
lo O SH

wherein, R', R? and R* represents at least one of a hydrogen, methyl, ethyl and

thiol; and
R* represents (RS)-2, 3-disulfanylpropan-1-ol.
12. The composition of claim 7, further comprising;

a compound 3 comprising;
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wherein, R', R? and R* represents at least one of hydrogen, methyl, ethyl and

thiol; and
R* represents (R)-2-acetamido-3-sulfanylpropanoic acid.

13. The composition of claim 10 further comprising; at least two of compound 1 A,

compound 2.

14. The composition of claim 10, further comprising at least two of the compound 1A

and 3.

15. The composition of claim 11, further comprising at least two of the compound 2 and

3.

16. A method of treating copper toxicity, comprising:
mixing atleast one of R-(+)-lipoic acid, acetylcysteine and dimercaprol with

atleast one of zinc acetate and triethylene tetramine; and

a compound of Formula 1:

wherein R, R?, and R’each independently represents hydrogen, thiol, alkyl, alkyl
thiol, acetyl thiol, disulfide, acyl, acylalkyl, alkenyl, alkylthioalkyl, alkynyl,
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alkoxyaryl, alkoxyalkyl, aryl, aralkyl, aryloxyalkyl, arylthioalkyl, cycloalkyl,
ether, ester, heteroaryl, heterocyclyl, lower alkyl, sulfone, sulfoxide, or

hydroxyalkyl; and

wherein R* represents at least one of a residue of guanidine, a residue of
hydrazine, an acid, a residue of pyruvic acid, a residue of oxaloacetic acid, a
residue of tocopherol, a residue of ascorbic acid, a residue of thiamine, thioctic
acid, a residue of thioctic acid, a residue of acetyl cysteine, a residue of alpha-keto
glutaric acid, a residue of dimercaprol, a residue of an NO donor, a residue of

glutathione and an analog of any one of the foregoing; and
optimizing the composition at a pharmaceutical dose for treatment.

17. The method of claim 16, wherein the pharmaceutical dose is at least one of a

ophthalmic solution, injection and tablet.

18. The method of claim 17, further comprising:

administering the composition to the mammal with the hepatic disorder.
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