Compounds and Met hods for the Treatnment of Cancer Cross-Reference to

Rel ated Applications This application clains the benefit of U S.

Provi si orwmb 20pi76s7at i on Serial No. 61/007,371, fil ed Deeemhmseoosd1362007, the
specification of which is incorporated herein in its entirety. Background
of the Invention S-dinethylarsinoglutathione (SGU1) is an organic

arseni cal currently manufactured for treatnent of cancer. Methods for the

synt hesis of SGW 1 have, to een two-step synt es where the first
S nvol ved t HEoPHEREAs ARG NEThods o thE T eafraphh b SRS ehnor us aci o
Unfortunately, use of hypophosphorus acid produces phosphine gas as a side
product, which can be hazardous in large quantities. The second step of the

synt hesi 8, i ERMFERe VS ReBledNbblaRiEndS @ base, which is difficult to renove
conpl et e rfs%gfr%t & fPﬁaFe pr llc’:l'ué't."Aomntiona||y, pyridine' s high boiling

poi nt and af tgni ty: : LEE [ eded to dry
Sl 1 nat P R O L R R Q6o ST B
pr ovisdeso 1403 3f &, fdediDedefriber Eh200Btthospefificatioarodevhsahab ecprpothtest heogin in its
Additionahrey a nethod for the synthesis of SGLU 1 with higher purity is
needed. e§um1’§5‘1ry of the Invention One aspect of the invention relates to a
nmet hod for the synthesis of a conpound of fornula (1) (1) wherein Xis S or

?ﬁaegéﬁﬁfg%?{pﬁy\é\g %Vggw%kyf)r (R (R, where each occurrence of Ris
S-dimethylarsinoglutathione (SGLU-1) is an organic arsenical currently manufactured
10 | for treatment of cancer. Methods for the synthesis of SGLU-1 have, to date, been two-step
syntheses where the first step involved the reduction of cacodylic acid with hypophosphorus
acid. Unfortunately, use of hypophosphorus acid produces phosphine gas as a side product,
which can be hazardous in large quantities. The second step of the synthesis requires use of
pyridine as a base, which is difficult to remove completely from the final product.
15  Additionally, pyridine’s high boiling point and affinity to the drug substance increased the
time needed to dry SGLU-1. What is needed is a method for the synthesis of SGLU-1 that
provides a safe and efficient method for large-scale production. Additionally, a method for

the synthesis of SGLU-1 with higher purity is needed.
Summary of the Invention

20 One aspect of the invention relates to a method for the synthesis of a compound of

formula (1)

Rd

wherein
25 X is S or Se, preferably S;

W is O, S, or (R)(R), where each occurrence of R is independently H or a C.;alkyl,
preferably O or (R)(R);



preferably Oor (R(R;nis O or 1, preferably 1, Rl and R are

i ndependently C 2oal kyl, preferably R and R are independently sel ected from
met hyl , ewbyboo/qssipyl, and i sopropyl, R3is - Hor QO 6aChys260808660 R3 is
H, am no, cyano, hal ogen, aryl, aral kyl, heteroaryl, heteroaralkyl,
carboxyl, C loalkyl, G |oalkenyl, or G |oalkynyl, preferably H R4 is
-OH, -H CH3, -OC(OC 1 iCQaralkyl, -CC(OC, 10 alkyl, -OC(Oaryl, or a

gl ut am ne, R%ik&or Qprefessdnol; C i Oal koxy, amino, Oaral kyl, -OC(O) Ci

| oaral kyl, -OC(OC 1 loalkyl, -OC(Oaryl, or a glycine substituent, and R6
is Hor Cloa'lyud R?preghdpaileyty1C, calpy, beifdgply @BAahd RYa@ icdeppaiendy havi ng a
structure of formula (I1) (Rl)(R%{AsG H with a conpound having a

st ruct ur¥lesed figmmetayl( ethyl) propyly $nd isoRspP¥queous or al cohol i c sol vent in the
absence of pﬁ@idine to provide a conpound of formula (1) Another aspect of
the invention reraeese@sYsG%oed for purifying a conpound of formula (1),
e g, following performng the above nethod, conprising (a) adding, an

al coholic andy dﬁebawnmoa syvathaozen apdntralkd, Seterey iietaoRde s erbaibiCrand

wat er th,@atlkﬂﬁ@[.s}ﬁl&%?l,bh@l_mk%iLlﬂr&f)éra@fyﬂa,he conpound of formula (1),
preferably a di‘al kyl "ket one such as acetone, to the reaction mxture, e g ,

whil e agitatigigy -@ndH, -CH;, -OC(0)C,.jparalkyl, -OC(O)C,.10alkyl, -OC(O)aryl, or a

o~

glutamine;

R’ is —OH, cyano, C;_jpalkoxy, amino, O-aralkyl, -OC(O)C,_jearalkyl, -OC(O)C,.
10 ealkyl, -OC(O)aryl, or a glycine substituent; and

R%is H or C,.1palkyl, preferably H,
comprising reacting a compound having a structure of formula (II)

(R")RHAsCI

(IT)
15 with a compound having a structure of formula (III)
R4
HX R®
ni:
RS R?Y W
(I)

in an aqueous or alcoholic solvent in the absence of pyridine to provide a compound

of formula (I).

20 Another aspect of the invention relates to a method for purifying a compound of

formula (1), e.g., following performing the above method, comprising

(a) adding an alcoholic and/or polar aprotic solvent, miscible with both ethanol and
water that decreases the solubility of the compound of formula (I), preferably a dialkyl ketone

such as acetone, to the reaction mixture, e.g., while agitating; and
25 (b) filtering the resulting slurry.

In certain embodiments, the method of purification further comprises
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(b) filtering the resulting slurry In certain enbodinents, the nethod of
purification further conposes(a) prepapng a solution of the conpound of
formul a (Wo 200p/0ms876r, (b) filtering the solution, (c) redwase@sbms2@nount
of water (e g , under reduced pressure and/or by azeotropic distillation),
(d) adding a water mscible, polar aprotic solvent that decreases the
solubility of the conpound (e g , acetone, nethyl isopropyl ketone, nethyl
et hyl ket one (a)giefagihg abyldiaf off taa fompuuat ef &dvinylag)dh alakey] ket one such as
acetone, to forma slurry, and (e) filtering the resulting slurry One
aspect of theb)fiieeng tsolusioa; met hod for determ ning or nonitoring the
purity of SGU 1 Mre particularly, such an assay is for determ ning or
moni t ori ng t (e redRERNEEabur® b daiet (3. sidec@iudetdprisire xsd/sraszbotrgid rom t he
manuf actur,ﬁz of SGU-1 Such nmethods may include, but are not limted to,
mass spdlti8¥¥Vry, high pressure liquid chromatography (HPLC), and nucl ear
magneti c resonance (NVR), and conbi nations of such techni q]ugli qifuﬁh as
li quid chr omDGFRE R A SRISE PR rABEQY splventiyt desigasss hece Bt Hdhs nvent i on
rel at es bpsud®EROdcdiSe, HRISN rgbﬁﬂ\c;Pg 1RfonE DAL ArdiNg kEBRe, BF RSERERoAAGM) Or t he
amount of a conmpound of Fornul a Il (M11) or a salt thereof in a sanple
of SGLUPrdferaply agiglsdtketone srd 4sggtpng, snforalagiwy; aifl a met hod of nanuf act uri ng
a pharmaceutical formulation of SGLU- I, conpnsing determ ning the anount of
a conpound ofe)fdiering tevesulting skt t hereof that is present in a sanple of
SGLU-1 and if a conpound of Formula VIII or salt thereof is present in an

amount | ess Ohansresorfitheury enijom)is a asdiod doradopmmirag eiuneiring thequept bl e

di | ugnt .y ' ®ore Bzgrtigﬁﬁgrjl)‘?isgm an assay is for determining or monitoring the presence of
organic arsenical impurities resulting from the manufacture of SGLU-1. Such methods may
include, but are not limited to, mass spectrometry, high pressure liquid chromatography
(HPLC), and nuclear magnetic resonance (NMR), and combinations of such techniques, such

as liquid chromatography-mass spectrometry (LC-MS).

15 One aspect of the invention relates to a method for determining or monitoring the

presence and/or the amount of a compound of Formula VIII

0}

CO,H
HN
H

Me< .S N NH,
i) )

S O  CO.H

NH

H,N
CO,H

(Vi)
20 or asalt thereof in a sample of SGLU-1.

One aspect of the invention relates to a method of manufacturing a pharmaceutical

formulation of SGLU-1, comprising determining the amount of a compound of Formula VIII

-3-



Det ai | ed Description of the Invention One aspect of the invention rel ates
to a nethod for the synthesis of a conmpound of fornmula (I) (1) wherein X is
S or Se, woeh@rakdry S; Wis O S, or (R (R, where eachpozasessnes20f R is
i ndependently H or a C -2alkyl, preferably Oor (R(R); nis 0 or 1,
preferably 1; Rl and R2 are independently C _2oal kyl, preferably Rl and R2
are independently selected fromnethyl, ethyl, propyl, and isopropyl; R3 is
- H or @s@aihkiebf thaiIGRpRsenRin $sdrhpl@st SEL.U QY0 6f a fuvhga@ad of Béntula dIlhbkyl |

het eroary] , heteroaral kyl, carhoxyl, G - loalkyl, C ioalkenyl, or G

i oal kynyﬂa{t ﬂﬁrﬁ@? BrREpeYt 1pjan P&owgtf@séﬁzan-ahemﬁ ,/“X@é(it@)ge pacatigly - oc(oc
Mal kyl , ace&pfebfd Blukht, cfierdodixeippit.ne; R5 is -OH cyano, C oal koxy, am no,

O aral kyl, -OC(O C M Oaral kyl, -OC(OCiloal kyl, -OC(Oaryl, or a glycine
substi t ys&thiledadcFBtibS of theinfentivRal Kyl , preferably H conprising reacting a
conpound having a structure of fornmula (Il) (R)(R 2)Asd (Hwth a

compaund havidi@ agpest sURd 1AhEnth rb1fefd Bméthbd Jorthd dyhthesis of a compound of

formula (1)
R4
R, _X RS
/\ls ni:
RZ R3 R3I W
(M
wherein
10 X is S or Se, preferably S;

W is O, S, or (R)(R), where each occurrence of R is independently H or a C)alkyl,
preferably O or (R)(R);

nis 0 or 1, preferably 1;

R' and R? are independently C, palkyl, preferably R' and R* are independently
15  selected from methyl, ethyl, propyl, and isopropyl;

R? is —H or Cy.salkyl-COOR®;

R’ is H, amino, cyano, halogen, aryl, aralkyl, heteroaryl, heteroaralkyl, carboxyl, C;.

oalkyl, C, jpalkenyl, or C;_jpalkynyl, preferably H;

R*is -OH, -H, -CHj, -OC(O)C,_jparalkyl, -OC(O)C,_jpalkyl, -OC(O)aryl, or a

20  glutamine;

R’ is —OH, cyano, C;_jpalkoxy, amino, O-aralkyl, -OC(O)C,_jparalkyl, -OC(O)C,.
1oalkyl, -OC(O)aryl, or a glycine substituent; and

R®is H or C,.10alkyl, preferably H,
comprising reacting a compound having a structure of formula (II)
25 (R"YR*AsCI

an
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in an aqueous or alcoholic solvent and in the absence of pypdine to provide
a conpound of fornmula (I) In certain enbodi nents, the reaction is done in

t he presewoeo@fo7ss7non-aronati ¢ am ne base In certai n suebTasbadionsrd s, the
non-aromati ¢ am ne base is selected fiomtpethylamne and

di i sopropyl et hyl am ne, preferably tpethylamne In certain enbodinents, the
nole ratio of the conpound of fornula (Il) to the nonaromati ¢ am ne base is
bet ween aiftoaitonthoand hivingbatiictute bf hrihala¢Bht ai n such enbodi nents, the nole
ration is about 0 7 1 to about 1 3 1, or even about 1 1 to about 1 1 1 In
certain such enbodinents, the nole ratgo is about 1 1 or even about 1 1 1
In certain enbodinents, the nole rati f the non-aromatic am ne base to

t he conmpound of formula (I11) i9Xbet BUt 1 1 to about 2 1 In certain
such enbodi nents, the nole ratio i g\betwegén about 1 1 1 to about 1 5 1, or
even about 1 1 to about 1 3 1 In r¥erR&éi nYuch enbodi nents, the nole ratio
is about 1 11, 1 2 1, or even about 1 3 1 In certain preferred such

enbodi nents, the solvent system conpgi®s water and ethanol In certain

enbodi nments, the ratio of ter to ethanol (v/v) is between abou 1 and 1
4, pref éPé‘bF‘iPeB‘éSt%L‘ﬁﬁ%llfoi?X\%ﬁt nd4A deApsce ?ﬂ‘( @yr}%“ec@rpf‘ﬁ‘l‘#e %?OQ?@PPéaé such
embodi ments, fghid @i o of water to ethanol (v/v) is about 1 1 In certain
enbodi nents, such a nmethod is performed such that the yield of the conpound

of formula (g cdrirBdmbRBRENtSRAEaRRKs @R tHQYese@RWMh néRKronddR Wi RD %
about 85% about ng% about 95% or even quantitative In certain

enbodi ne¥ss In cerEin Biep smbadigrentsofhgupa-aamatic amige haggistselsefed o979, pure as

measur edyifyy bRE s diidoprdpy RehyMmiRY rdefBly tReh flan@ied preferred embodi nents,
t he conpound 1s at |east about 99 5% pure

In certain embodiments, the mole ratio of the compound of formula (II) to the non-
10 aromatic amine base is between about 0.5:1 to about 1.5:1. In certain such embodiments, the
mole ration is about 0.7:1 to about 1.3:1, or even about 1:1 to about 1.1:1. In certain such

embodiments, the mole ratio is about 1:1 or even about 1.1:1.

In certain embodiments, the mole ratio of the non-aromatic amine base to the
compound of formula (IIT) is between about 1:1 to about 2:1. In certain such embodiments,
15 the mole ratio is between about 1.1:1 to about 1.5:1, or even about 1:1 to about 1.3:1. In

certain such embodiments, the mole ratio is about 1.1:1, 1.2:1, or even about 1.3:1.

In certain preferred such embodiments, the solvent system comprises water and
ethanol. In certain embodiments, the ratio of water to ethanol (v/v) is between about 4:1 and
1:4, preferably between about 2:1 and about 1:2. In certain preferred such embodiments, the

20 ratio of water to ethanol (v/v) is about 1:1.

In certain embodiments, such a method is performed such that the yield of the
compound of formula (1) is at least about 50%, about 60%, about 75%, about 80%, about

85%, about 90%, about 95% or even quantitative.

In certain embodiments, the compound of formula (1) is at least about 97% pure as
25  measured by HPLC and is free of pyridine. In certain preferred embodiments, the compound

is at least about 99.5% pure.

In certain embodiments, the method further comprises



In certain enbodi nents, the nethod further conprises(a) adding an al coholic
and/ or polar aprotic solvent, mscible with both ethanol and water that
decr easeswbheoswoksibi | ity of the conpound of fornula (1) pcprstesabicyo a

di al kyl ketone such as acetone, to the reaction while agitating, and (b)
filtering the resulting slurry In certain enbodi nents, the solvent is added
over about 30 m nutes, about 60 m nutes, about 90 m nutes, or even about
120 mi nut es, (Praediag abhoknieranaloe pdlabGipraricustvest, hiiscitge tvith bogidiiaabhadt s, t he

solvent is added while the tenmperature o e reaction i intained in the
range oAU 4T fﬁsa@tlbliltf%ée %%‘BI&’P“-%% {38“%18 tpfsgbaé?y by Bk D5out o

t o aboutgy,&, Qgcétané;w&@iréhcggmggjmggmaﬁng;tah@ slurry is agitated for about 1 to
about 24 hours In certain preferred enbodi nents, the slurry is agitated for

about 2 to abpgufiedifs MRUESIIENEPr ef erably about 3 to about 5 hours, such
as about 4 hours In certain enbodi nents, performng the reaction in the

absence of py{ iialCenBMih&HY e dohent is ABIJIQRLI A8t $EmeHuYesgaboangound of
fornula (1) In certain enmbodinents, addition of solvent to the reaction

whi | e adhingtes. about 80 gumetes, or acachpiti IZA nppwes, prafeably 9 verabeped OdBigaind of
formula (1) Additionally, use of the solvent, e g acetone, may ultimately
reduce the t imeeriembadimenss, dresolycabinpedsddy bl thoempemtys pf hiasgscionduced

Pr essur &, B¥ihafin!thd AhLOGr 4536 N t 2 2 S AbYRNE Fo AL 5 @ULL LRI T €s 1N
certain e tglh?&nélﬁts, g g%&{rlrjgohngmgwfuor rru(?’a %{I) rr?ay be dri erdvi n algout 24 to
about 48ohlmwt §°Cn certain enbodi nents, a conpound of fornula (1) may be
dped under reduced pressure Anot her aspect of the invention relates to a

met HOd for plr édipinmgntmdooens tirdslwoty egmibdfof Rhqut é tgabout 8¢ howiknlp ecHeinabove
met hod, p?&glr)ew esnllbr(])giments, the slurry is agitated for about 2 to about 10 hours, more preferably

about 3 to about 5 hours, such as about 4 hours.

In certain embodiments, performing the reaction in the absence of pyridine may

reduce the time required to dry a compound of formula (I).

15 In certain embodiments, addition of solvent to the reaction while agitating is done to
accomplish precipitation of the compound of formula (I). Additionally, use of the solvent,
e.g. acetone, may ultimately reduce the time required to dry a compound of formula (I) under

reduced pressure by facilitating the removal of solvents and liquid impurities.

In certain embodiments, a compound of formula (I) may be dried in about 24 to about
20 48 hours. In certain embodiments, a compound of formula (I) may be dried under reduced

pressurc.

Another aspect of the invention relates to a method for purifying a compound of

formula (), e.g., following the above method, comprising

(2) adding an alcoholic and/or polar aprotic solvent, miscible with both ethanol and
25  water that decreases the solubility of the compound of formula (I), preferably a dialkyl ketone

such as acetone, to an aqueous or alcoholic solution of the compound while agitating; and
(b) filtering the resulting slurry.

In certain embodiments, the solvent is added over about 30 minutes, about 60

minutes, about 90 minutes, or even about 120 minutes, preferably over about 60 minutes.



(a) adding an al coholic and/or polar aprotic solvent, mscible with both

et hanol and water that decreases the solubility of the conpound of formula
(1), prefwoabdy7ss7di al kyl ket one such as acetone, to anpaguSeeS/003620

al coholic solution of the compound while agitating, and (b) filtering the
resulting slurry In certain enbodinents, the solvent is added over about 30
m nut es, about 60 m nutes, about 90 mi nutes, or even about 120 m nutes,
preferably oneCerabwﬁb(ﬂGnmmMmlu&nmeraﬂ@ddnv}embndﬁemaﬁamre bitbe salivans i s

added while t erat reofth is_maintaiped in the range of
about - 1Bt 6‘“8‘%6’&?% aé’BBthOt% 0(5“ Ll@ utOétO ﬂ?ougé ﬁ Aot @ %u{@ about 5
OC I n captLgdunseabodi rrents, the slurry is agitated for about 1 to about 24
hours In certain preferred enbodi nents, the slurry is agitated for about 2

to about 10 noedrin dRBRIRERS SXcatiyy @,lagmte@forr@b@mwéa&)uh@un@rs smcart@is about
4 hours As used herein, the term"agitate,"” includes, but is ngot |imted

to, otirvefpged samtorimentagieaiyrey 1§ peitatgshior abouk dhationt K hawrs. mase prefsrabliy ot her

sui t abl %b§&t|3rt5|a&gltg¢1gg§)su@ﬁlgs mghngurgn certain enbodi nents, the nethod of
purification further conprises (a) preparing a solution of the conpound of

formula (1) iR M8 1R ein (1R tehh"‘ggfawgmua@eéews h&rhml(&i)tors%glrlfé NGthishe anount

of water (e g , under Treduced pressure and by azeotTopic d| stillation),
(d) addimagnetiosdir bar, srinschanical stigesiraor anp pbei @1t9@bvmmgm98)@e@51@ém t he
solubility of the compound (e g , acetone, nethyl isopropyl ketone, nethyl
et hyl ket one]n eartainegnatzoidyaends, threangthogefafueifiation fartkérabkpiisdget one such as
acetone, to forma slurry, and (e) filtering the resulting slurry In
certldi n enbodi) wespesng @ hadutcamgdnebnagfound phipkmulal()) in wa8GLU- 1 as shown

bel owAnot her aspect of the invention relates to a nethod for the synthesis
of a conpoundb)diltering the solution;

(c) reducing the amount of water (e.g., under reduced pressure and/or by azeotropic

distillation);

(d) adding a water miscible, polar aprotic solvent that decreases the solubility of the
15  compound (e.g., acetone, methyl isopropyl ketone, methyl ethyl ketone, or tetrahydrofuran),

preferably a dialkyl ketone such as acetone, to form a slurry; and
(e) filtering the resulting slurry.
In certain embodiments, the compound of formula (I} is SGLU-1 as shown below

O

CO,H
HN
H
Me /S\/K”/N NH,
As
| N

Me O  COH



formula (1V) (1V) conprising reacting a conpound having a structure of
formula (V) (Me)2Asd (V) with a conpound having a structure of formula
(VI') O Corb 20040758 an aqueous or al coholic sol vent andpcmusbesabmence of
pyridine to provide a conmpound of fornmula (I1V). In certain enbodi nents, the
met hod further conprises (a) adding an al coholic and/or polar aprotic
solvent, mscible with both ethanol and water that decreases the solubility
of the conpouwnadthet adpectrafkie iGVontioprediter taklnyetbodifoatheysnthed oofen @uglouadof
acetone, . to tq% reaction while agitating; and (b) filtering the resulting
slurry. o fai n enbodi nents, the solvent is added over about 30 m nutes,
about 60 m nutes, about 90 m nutes, or.even about 120 m nutes, preferably
over about 60 minutes. In certain enbqgyliments, the solvent is added while
the tenperature of the reaction is nui i £A:H he range of about -10 to
about 10 C, about -5 to about 5 O0C "or gyen about O to about 5 C. In certain
enbodi nents, the slurry isMagi tat r.fhoutHl to about 24 hours In
certain preferred enbodinentsﬁsthe slurry |s agitated for about 2 to about
10 hours, nore preferably aboie 3 to dboutC8thours, such as about 4 hours
Anot her aspect of the invention relates to a nethod for purifying a

conpound of av)
5 comprising reacting a compound having a structure of formula (V)
(Me),AsCl
V)

with a compound having a structure of formula (VI)

0]

COxH
HN
H

HS N \l NH»
6] COzH
10 (VD)
in an aqueous or alcoholic solvent and in the absence of pyridine to provide a
compound of formula (IV).

In certain embodiments, the method further comprises

(a) adding an alcoholic and/or polar aprotic solvent, miscible with both ethanol and
15  water that decreases the solubility of the compound of formula (1), preferably a dialkyl ketone

such as acetone, to the reaction while agitating; and
(b) filtering the resulting slurry.

In certain embodiments, the solvent is added over about 30 minutes, about 60

minutes, about 90 minutes, or even about 120 minutes, preferably over about 60 minutes.

20 In certain embodiments, the solvent is added while the temperature of the reaction is
maintained in the range of about -10 to about 10 °C, about -5 to about 5 °C, or even about 0

to about 5 °C.



formula (1V), e g, followng the above nethod, conprising (a) adding an
al coholic and/or polar aprotic solvent, mscible with both ethanol and
wat er thavodeen@sses the solubility of the conpound of farmska@sol3e2o
preferably a dial kyl ketone such as acetone, to an aqueous or al coholic
solution of the conpound while agitating, and (b) filtering the resulting
slurry In certain enbodi nents, the solvent is added over about 30 m nutes,
about 60 m nuh egtairddAbEdiAGtEIthE @Sy isQgitaedforabautl d 2Bur2atibes., Ineethiar abl y

over about_ 60 minutes In certajn enbodi nents, the vent i s add whi | e
the t enpdsfared enkadipegs. & ol aggatﬁ‘gg)ﬁta ?Lﬁédo Alpuf E@L?‘Hﬁdﬁo%f’re BOUW -10 to
about 10,,0G.3 BhBs: 5HouEOsRRAY b $ho®k. €ven about 0 to about 5 0OC In
certain enbodinents, the slurry is agitated for about 1 to about 24 hours

In certain prgiaier %@e&@@@iﬂ%&i@n rdI516s 1l ahétMod Por ﬁ&jii%lﬁ{gﬂi%oﬁ%u&b@mt 2 to

about 10 hours, nore preferably about 3 to about 5 hours, such as about 4
hour & | rforala Vi, eegrblodpvrimgitie aboe methoHoTislgr i fi cation further conpri ses
(a) preparing a solution of the conpound of fornula (I in water, (b)

. ula (1V)

filtering théasdfiueiannlcoliddic andiueplatanreiéc whvsnhmigiblaamtabotheetipnol ydger
reduced r 2 ' 1St} 1.QR) ' er
i sci bi o A aEerBREL B <R GPRIthT b LBURY rclelbi PRI Ry
conpoundugleasgcetons é¢ anayuensst dryal cohglapobytiph off gtecaampownst Wlile agitayng; ked one, or
tetrahydrofuran), preferably a dial kyl ketone such as acetone, to forma
slurry, (e) fb)lfileringthetrbeultiresdiirty.ng sl urry Anot her aspect of the invention
relates to a nmethod for the crystallization of a

10 In certain embodiments, the solvent is added over about 30 minutes, about 60

minutes, about 90 minutes, or even about 120 minutes, preferably over about 60 minutes.

In certain embodiments, the solvent is added while the temperature of the solution is
maintained in the range of about -10 to about 10 °C, about -5 to about 5 °C, or even about 0

to about 5 °C.

15 In certain embodiments, the slurry is agitated for about 1 to about 24 hours. In certain
preferred embodiments, the slurry is agitated for about 2 to about 10 hours, more preferably

about 3 to about 5 hours, such as about 4 hours.
In certain embodiments, the method of purification further comprises
(a) preparing a solution of the compound of formula (IV) in water;
20 (b) filtering the solution;

(c) reducing the amount of water (e.g., under reduced pressure and/or by azeotropic

distillation);

(d) adding a water miscible, polar aprotic solvent that decreases the solubility of the
compound (e.g., acetone, methyl isopropyl ketone, methyl ethyl ketone, or tetrahydrofuran),

25  preferably a dialkyl ketone such as acetone, to form a slurry;
(e) filtering the resulting slurry.

Another aspect of the invention relates to a method for the crystallization of a

compound of formula (I) or a compound of formula (IV) comprising

(a) dissolving the compound in an aqueous or alcoholic solvent;



conmpound of forrmula (I) or a compound of fornmula (IV) conprising (a)

di ssol ving the conpound in an aqueous or al coholic solvent,(b) adding an
al cohol i cwenddwursgyol ar aprotic solvent, miscible wth bethwtisnedeand
wat er that decreases the solubility of the conpound of formula (1),
preferably a dial kyl ketone such as acetone, to the resulting solution
while agitating; and (b) filtering the resulting slurry. In certain

e gbOdi rgngnt S, (E)madﬁlgIauar&bhélﬁb@dmgglgi«/@frotammenﬁaﬁ?ﬁimtbae@,bo&mmgﬁﬁdmé 8 ut es,
about m nutes, or even about 1 m nut e preferably over,. ut
m nut es.Watsl thas Apdraresthe selPmbiht &f the W@BP‘E/ @ﬁﬁmﬂlaéﬁd@a&mfx %d‘t"ﬁ%ﬂfeé‘?ﬂ?er ature

of the sQlpdsRfohs idikmsaihgdoluliot W8ilé 1GEn2fanabout - 10 to about 10 C,
about -5 to about 5 0C, or even about O to about 5 OC. In certain

enbodi ment s, (§)Rtesihp ietedubiRidAL €d for about 1 to about 24 hours. In
certain preferred enbodi nents, the slurry is agitated for about 2 to about

10 haurs, e RLEf ShiMeRD M soB/chOis adfidlover IMUF S0 mkeER, Adudsput 4 hours.
In certain enbodi nents, such a nmethod is performed such that the yield of

t he conpoanigs.¢bout3p minheey, Pxgvansibayt 128 ayputeh prafersidypvensbant @omnugbout 75%
about 80% about 85% about 90% about 95% or even quantitative. In certain
enbodi ment s, It erstagosmplndimiensy, thegrolmghiis @ddep whileghe tepmexatuap efithe 979tigLse as

nmeasur e - ' i di Nes c ' pef er di ment s,

the comBanatee i A flabof L8810 MR e A B &t B B OV ent  on

rel at es tbaebaut MBChod for the synthesis of a conmpound of fornula (11)

(RLXR2) AsC (H)
10 In certain embodiments, the slurry is agitated for about 1 to about 24 hours. In certain

preferred embodiments, the slurry is agitated for about 2 to about 10 hours, more preferably

about 3 to about 5 hours, such as about 4 hours.

In certain embodiments, such a method is performed such that the yield of the
compound of formula (IV) is at least about 50%, about 60%, about 75%, about 80%, about
15 85%, about 90%, about 95% or even quantitative.

In certain embodiments, the compound of formula (IV) is at least about 97% pure as
measured by HPLC and is free of pyridine. In certain preferred embodiments, the compound

is at least about 99.5% pure.

Another aspect of the invention relates to a method for the synthesis of a compound of

20  formula (IT)
(R')YRHAsCI
(11
wherein

R' and R? are independently C).ygalkyl, preferably R' and R? are independently
25  selected from methyl, ethyl, propyl, and isopropyl;

wherein a compound having the structure (VII)
(R"YRHAs(O)OH
(VID)

is reduced with tin (I1I) chlonde.
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wherein RL and R2 are independently G -2o0al kyl, preferably RlL and R2 are

i ndependently selected fromnethyl, ethyl, propyl, and isopropyl; wherein a
conpound wevoeg7sdve structure (VI1) (R)(R 2)As(O OH (VieCx/ussooseisced with
tin (I1) chloride.ln certain enbodinents, the reduction is performed as
descpbed in Exanple 1, wherein Rl and R2 are both nethyl Previously, this
conversion coul d be acconplished using hypophosphorus acid in concentrated
hydr ochl onc aﬁbdmuh@mtﬁhenﬁ ihéSred@sidhtieperfotmediss destritas én Bianphesphi ne gas, a
hazar dous mat ‘Jo gctlon of a compound of formula (M) with tin (I1)
chl opde %rﬁ'é %darﬁ PEiMeEBY)oi ds generation of phosphine gas One aspect
of the |nvent|on relates to a nmethod for detecting the presence of a
conmpound of FE&TANSY: (A qonpgppiop royd b§arctonméleeéidﬁlrﬁgﬁwaon?aﬂ&wr\&f%wu| e g,
t hat hascoh&%aateamyﬁraa{wc%@%%%l PRGesulted mg%@e?a/sé)aﬁpmepmmgasdd scl osure

of which is |ncorporate herein in its entiret used herein, the term

"bat éh" hagardesmraterigli Redugten efrecqmrsgnd of Hrmak (é@lwlth ting Huehletdfrasng proocess

such th at least 1 kg, preferably at
| east 18&%@%%12%%& éb%atldgh OPE%LF&F‘ gf 90% pure SGU- 1, although if the

SGLU-1 has b §, solvents,
b o ERESI HOAASCLROTPONINSY (USR5, YFLALEOL,
arseni c Ocmmbmdmfrfgrrnmtaé’pal in the sanple is SGU1 In certain enbodi nents,
such batches of SGLU-1 are substantially free of arsenic triglutathione,

such 0

COH
NH
0] 0
NH
HOzc_/
H,N
CO,H
10 (V1)

or salt thereof in a batch of SGLU-1, e.g., that has been manufactured as disclosed in WO

2007/027344, the disclosure of which is incorporated herein in its entirety.

As used herein, the term “batch” is meant to include the product of an SGLU-1
manufacturing process such that the amount of SGLU-1 produced is at least 1 kg, preferably
15  atleast 10 kg. Typically, a batch is at least 90% pure SGLU-1, although if the SGLU-1 has
been mixed with other compounds, such as excipients, solvents, etc., prior to testing, then
typically at least 90% of the arsenic-containing material in the sample is SGLU-1. In certain
embodiments, such batches of SGLU-1 are substantially free of arsenic triglutathione, such
that there is less than about 2%, less than about 1%, less than about 0.5%, or even less than
20 about 0.25% triglutathione in the batch of SGLU-1. In certain embodiments, such batches of
SGLU-1 are substantially free of biological contaminants, including, but not limited to, cells

and proteins.
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that there is |less than about 2% I|ess than about 1% |ess than about 0 5%
or even |ess than about 0 25%tpglutathione in the batch of SGUI In
certai n enbadiomesi7’s, such batches of SGLU- 1 are subst antcalusyolness20f

bi ol ogi cal contam nants, including, but not [imted to, cells and
proteinsin certain enbodi nents, such a nethod may conprise detection using
HPLC. In certain alternative enbodi nents, the nethod may conprise detection
usi Nng NMass speeértadn@hbodimebiits, 3¢ aunbthad tray _ampiie derdeoch agind SPLChén met hod may
conprise det eg{ti on by Ig?{R I n certaidn enbodi rregts, .the. invention relates to
a met hodef'@in aHBALE pofiRenty fieretagd maXcamirise getediogaiing masSeni cal i n whi ch
at | eastsp@Qmiryt NEcRfabdplictadlsanbsdinents) thd@ethadRag chifipdsciiRigRassly of

Formul a IpV (I'V) "or a salt thereof, conprising detecting the presence of a
compound¥M¥R Formula VII1 (MI11) or a salt thereof in the sanple. In certain
such enbodi nents, detecting conprises analyzing the sanple using HPLC. In
certain al t ermggriayeerabasiapie thesinversion s¢lptpylocgrphed s amgmingAhapuithef sanpl e
UST N MB35, RREHLARBHEN ical I WHRIH A5 @Iob LENAL b TROALITEANR saflpleaCh | N
conprises anal yzing the sanple using NVR. In Certain enbodi nents where the
anount gfomphendcdieonnld [¥f Fornula VI detected is greater than about 5%
(total area as neasured by HPLC), about 4% about 3% 2% or even greater

t han about 1% the sanple may be purif@ed to renove sone or all of

t heconpound of Fornmula VIII and then gdntional | goset ested Such purification
may be by any suitable neans (e g ,HNecrystalhzation or HPLC purification)
I n circunstances where purikicatg on ks t pkagtical, such as when the
sanple is a nulti-conmponent pﬁiar maceut caﬁ conposition conppsing the
conpound of Formula IV, the nuikerial fgomadych the sanple

(Iv)
10 or a salt thereof, comprising detecting the presence of a compound of Formula VIII
O
MCOZH
HN
M S \/K”/ N NH
e< - 2
A
¢ )
S O  CO.H
NH
0] O
NH
HO,C —/
H,N
CO,H
(VI

or a salt thereof in the sample. In certain such embodiments, detecting comprises
analyzing the sample using HPLC. In certain alternative embodiments, detecting comprises
15  analyzing the sample using mass spectrometry. In certain alternative embodiments, detecting

comprises analyzing the sample using NMR.

In certain embodiments where the amount of the compound of Formula VIII detected
1s greater than about 5%, (total area as measured by HPLC), about 4%, about 3%, 2%, or

even greater than about 1%, the sample may be purified to remove some or all of the
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was taken may be discarded as unfit for human consunption In certain

enbodi nents, the invention relates to a nethod for nonitoring the presence
of a conpwondosaf7sgzormula VII1 in a batch of SGLU- |, comppsiusgossetmedi ng t he
amount of a compound of Fornula VIII periodically over a tinme period of

m nut es, hours, days, weeks, or even years In certain enbodi nents, the

nmet hod conpri ses detecting the anmount of a conpound of Forrmula VIII at

| east 0%ﬁ\p&nﬂ&yfoﬂiﬁﬂﬁvaﬂ\alﬂ‘@fhen@pﬁ@]aayIimﬁbhdfal, Such pieficadibn nagdt boase a year
In certaln nbodi nent s vvheeth e?sm g.or nmoni t ori ng

conpr i seYiE Bes (%8t ‘FGSWStB lizgtiQry p\fff ‘C@B?%u B qUMS{AIEES VNS ana) ysis i s

per f or mMehrifitardn § CTH BFadli¢hl, Qubtlad Wiken tAE &8n P isAbRME - BrpBnddi PldrmaEudical
preferably fromabout 4 to about 10 OC I'n certain such enbodinents, the

HPLC i s ewpshicieemirisias thamoatparid of Brmalidls the maserigh iom whigcthesapalet ai n
ebod! MBRL SRS bb BRCAELIRAA! (R 38GST 'c&au%nm)m opng conprises HPLC

det ecti on a conpound Formula VI the el uant may conprise a single

uni form sol ug %aﬁomoaﬁﬁ&gs ke 111@@1%11 Pmes%qan ocﬁfat %%Hﬁoé}gﬁhe 5RkdHcEoNs Ay

optionally further conprise ‘water I'n certain e odi nent s e el uant may
conpr i sefawompeundof Eomoilmwldmsa baerdl YFLWHI omnmrcsmmwg@hag theagwunigrf@ or gani ¢

sol vent SUChun OoflPL nu 1 V%enc?(}lca?]n%lvlexy tlIl{{r Qr%d o(\f%m:fﬁteé %W‘Et (ﬁaa/ﬂl\peeﬁ%?r R‘al n

such enbodthe Bhs are used ntc
proport |e®aSyerafs \habqﬂahhmlﬁiduaéﬁts ahomgthad goraghisentictedting thd am;dunsof alti on rray

conppse an am bas n an| acid In certain such enbo nent s,
ol U orfomagmIabETags S AR OBao TRt r Uit BTt PR A e S
di i sopr apyé £ydayl ami ne, preferably tpethylam ne In certain such errbodl ment s,

the solution may conprise an organic acid, such as formc acid
In certain embodiments where the method of assessing or monitoring comprises

HPLC detection of a compound of Formula 11, the HPLC analysis is performed at a
temperature in the range of about 0 to about 20 °C, preferably from about 4 to about 10 °C.
15 In certain such embodiments, the HPLC is performed at a temperature of about 4 to about 6

°C.

In certain embodiments where the method of assessing or monitoring comprises
HPLC detection of a compound of Formula VIII, the eluant may comprise a single uniform
solution comprising at least one organic solvent. Such solutions may optionally further

20 comprise water.

In certain embodiments, the eluant may comprise two or more solutions, each of
which comprises at least one organic solvent. Such solutions may optionally further
comprise water. In certain such embodiments where two or more solutions are used in
changing proportions to vary the eluant along a gradient, the first solution may comprise an

25  amine base and an organic acid. In certain such embodiments, the solution may comprise an
amine base selected from triethylamine and duisopropylethylamine, preferably triethylamine.
In certain such embodiments, the solution may comprise an organic acid, such as formic acid.
In certain such embodiments, the solution may comprise triethylamine, formic acid, and

water.

30 In certain embodiments where the first solution comprises water, formic acid, and

triethylamine, the solution preferably comprises greater than about 95% water, greater than
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In certain such enbodi nents, the solution may conprise tpethylamne, formc
acid, and water In certain enbodi nents where the first solution conprises
wat er, fowoizeosarssip and t pet hyl ami ne, the sol ution pref ecahisyoosongsre ses
greater than about 95% water, greater thanabout 98% or even greater than
about 99% water In certain such enbodi nents the solution conprises 99 85%
water, 0 1% formc acid, and 0 05% tpethylamne (v v v) In certain

enbodi mesbst 98k beeten @F etdtigant AbOutHOLAIVAGN SN celgin Sehodmtbodlrhéntd tha setayorcoNpri se

an am ne base and _anh organic acid Ip c i n.such enbodi ments, the solution
may conpc‘m@seé@%é?wtsaé’é /§ar@&aé?&fﬁ?fgﬁqbg%émyﬂm%évan :
di i sopropyl ethyl am ne, preferably tpethylamne In certai(ﬂ such enbodi nent s,

the sol uti on "WESALTINEMEHS WREE LS HEITYO SUBEMSade Feropf SOIUEIYIRY certain

such emhQeipAR UnSamih&1Base @hdhh Ofaf@YciiU Nl O8fairCRER BSBoBmeAk She QLA BayPr gani ¢
solvent In certain such enbodinents, the water sol uble organic solvent is

acet oni toMersTANEENpG pive seetc@ fBpdiiskemincad dosapronyietedappsaycigrabht er t han
about 982, AhmREeM AR furchfemadaatamgtmgggra@&%mmrﬁe'aﬂgfg?mc%fa, such

enbodi ments; the solution conpp ses 99 85% acetonitple, 0 1% formc acid,
and 0 05%oferpet #vyd. almricadaifsuch enybo@mecras preecsoludibn vy fhhas gompnsaraelvattes to a
nmet hod of nuf act uri ng a ar maceut,i cal fornmul ati f S U, npp Si ng
dot er i reh AR AEIRE 17 BRAL TRER ol IRl Rros S 8PP g P
t he SGLUcktotioiippBiesrtaincocipanndinéntstie soludon/tdnhprisas gratambambabdue88%; éran about

5% (t ot al by HPLC ddi ph tij.call t abl
T R R R R N e

conpri se® @ycoeapand, @f oHornilagidVadd 0.03% afetianmuint (V:e83 t han about 4% about
3% 2% or even less than about 1% In certain enbodi nents, the

phapnaceut i c@nehsfctdfahé PREntAME eSS AMbthad bymbfidect@fingd pleMneceutical
t pgl ut at hi one, such that there is |l ess than about 2% |ess _than about 1%

| ess t haAT2HBIRD % S54U-breogpeining delsrinds tAbyeun OB o8 TRYNE CAL ABHie Vilh t he
bat ch of 3@ ddedent dhdGLIERITLU-1 comprises a compound of Formula VIII in an amount less

15  than about 5% (total area as measured by HPLC), adding a pharmaceutically acceptable
diluent, carrier, or excipient. In certain such embodiments, the SGLU-1 comprises a
compound of Formula VIII in an amount less than about 4%, about 3%, 2%, or even less than
about 1%. In certain embodiments, the pharmaceutical formulations are substantially free of
arsenic triglutathione, such that there is less than about 2%, less than about 1%, less than

20  about 0.5%, or even less than about 0.25% triglutathione in the batch of SGLU-1. In certain
embodiments, the pharmaceutical formulations are substantially free of biological

contaminants, including, but not limited to, cells and proteins.

In certain such embodiments, such pharmaceutical formulations may be used in the
manufacture of oral dosage forms, including, but not limited to, capsules, tablets, pills,

25  dragees, powders, granules, and the like.

Alternatively, such pharmaceutical formulations may be used in the manufacture of a

solution suitable for intravenous administration.

One aspect of the invention relates to a method for detecting or monitoring the
presence of a compound of Formula VIII or salt thereof in a pharmaceutical formulation, oral

30  dosage form, or solution suitable for intravenous administration as described herein.

In certain embodiments, where the method is a method of detecting, such a method

may comprise detection using HPLC. In certain alternative embodiments, the method may
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enbodi nents, the pharmaceutical formnulations are substantially free of

bi ol ogi cal contam nants, including, but not limted to, cells and proteins

I n certaiwoue7sstbodi ments, such pharmaceuti cal fornul atirasoosmyssbe used
in the manufacture of oral dosage forms, including, but not limted to,
capsul es, tablets, pills, dragees, powders, granules, and the |ike

Al ternatively, such pharmaceutical fornulations may be used in the

manuf actdsrpried dedecsioh uding masdspeabdneetfyorin icartdiayemmtise ashbbdimehts ahe aretHode

aspect of the invention rﬂég es to a nethod for detecting or nonitoring the
pr esenc B ORPESHPSERAn &Y mula VIIl or salt thereof in a pharnaceuti cal
formul ation, oral dosage fop , or_ solutiaon suitahle for .intravenous

ndi i ot 1t | OmCaLIER A BETOAUIEE] 1 T8t AMAHBRUAT B RSE HERERETRS et hod
is a methwehpelindStRehhiao/IISHGPHhamiRERRd FRYueOs B&E d6REE EIrinOs dbkitikg HPLC I n
certain alternative enbodi nents, the nethod mayconprise detection using

mass s pebtdeer iraveneus admiaisraion, dpgaetho cCupRBE ARrrte s thernamst ol nay

conpr i S& deh&et drddrhia NYR peliBdieQly @Jepaamég,@hw&ftrﬁmuwg%%rst B&snBLAQA s a
met hod for nonitoring the presence of a conpound of Formufa Vill in a
phar maceayen pears. flocendimeinbedimental the owthgd chmpnges detectolauhe amowiiof abl e f or

intrave 1¢H St rak) Lse t i e nt of a
compoundo P ERH R MR IS AGEE} 187 SHETPLLAC oS W e ™ poure,
days, weeksayer. even years. In certain enbodi nents, the nethod conprises
detecting the amount of a conpound of Formula VIII at |east once a day,
oncdOa week, Tanpbkrase Tphatimceaticaby ecceptabled dstnpdoyed harepe@rrefeiltoghgder ase

"pharmaceutically acceptable” is enployed herein to. refer to those.ligands,
ot o | angneso sEr B GRBO R b rctRu ForEh e Vb 8 Flach T PRE! scape. of
sound mafkdial judgdemednilitabls Yo @b liecdnbdct WiR thatiss@Rodftimiv bdingshad ahissdles of
human bei.r]]%s and animals . . . .

without excessive toxicity, irritation, allergic response, or other problem or complication,

commensurate with a reasonable benefit/risk ratio.

15 The phrase “pharmaceutically acceptable carrier” as used herein means a
pharmaceutically acceptable material, composition, or vehicle, such as a liquid or solid filler,
diluent, excipient, solvent or encapsulating material. Each carrier must be “acceptable” in the
sense of being compatible with the other ingredients of the formulation and not injurious to
the patient. Some examples of materials which can serve as pharmaceutically acceptable

20  carriers include: (1) sugars, such as lactose, glucose, and sucrose; (2) starches, such as corn
starch, potato starch, and substituted or unsubstituted -cyclodextrin; (3) cellulose, and its
derivatives, such as sodium carboxymethyl cellulose, ethyl cellulose, and cellulose acetate;
(4) powdered tragacanth; (5) malt; (6) gelatin; (7) talc; (8) excipients, such as cocoa butter
and suppository waxes; (9) oils, such as peanut oil, cottonseed oil, safflower oil, sesame oil,

25  olive oil, comn oil, and soybean oil; (10) glycols, such as propylene glycol; (11) polyols, such
as glycerin, sorbitol, mannitol, and polyethylene glycol; (12) esters, such as ethyl oleate and
ethyl laurate; (13) agar; (14) buffering agents, such as magnesium hydroxide and aluminum
hydroxide; (15) alginic acid; (16) pyrogen-free water; (17) isotonic saline; (18) Ringer’s
solution; (19) ethyl alcohol; (20) phosphate buffer solutions; and (21) other non-toxic

30  compatible substances employed in pharmaceutical formulations. In certain embodiments,
pharmaceutical compositions of the present invention are non-pyrogenic, i.€., do not induce

significant temperature elevations when administered to a patient.
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W t hout excessive toxicity, irritation, allergic response, or other problem
or conplication, commensurate with a reasonable benefit/risk ratio. The
phrase "plherowaegsiocal |y acceptable carrier” as used hepeirnsymsnss3cao
pharmaceutically acceptable material, conposition, or vehicle, such as a
liquid or solid filler, diluent, excipient, solvent or encapsul ating
material. Each carrier nust be "acceptable” in the sense of being

conpat i bl e Wwétih§egetshanulbifigrsealiddobricanfs, dudle ad sidinh dluiydnuldéneaniot i nj.uri ous
to the patient. Some exagrles of materials which can serve

as
phar mac eNEEEHIP Fleataice Bt W 85 ClPTMEdAsents HElefig @genis LOR G ABENS- SHEHCULS| act ose,

gl ucose, 1 ABfAnS URd péﬁlmlﬁ%),gesﬁsa &b@Satives &l ABoLidhMs sdrdd1&be Re¥eatia tisd ar ch, and
substituted or unsubsti uted -cyclodextrin; (3) cellulose, and its

deri vat i SPEYOSIHYh as sodi um car boxynet hyl cellulose et hyl cellul ose, and
cellul ose acetate; (4) powdered tragacanth; é ) malt; 56) gelatin; (7)
talc:5 (8) exdixpmelss of Pharrapcenticallycseepisbictashiod @ltwsblé@ bivgtenppkidde  (9)  oil s,

such as ﬁ%%g&n@' \Iﬂ)ch a%%éofmé?&ﬁl c‘}'stleme%?ﬁlfol:}gg\ﬁﬁe Qédlum%%%ﬁﬂf% Bhlum ol i ve oil,

corn oil ean ol such’as propyl ene glycol; ( 11)
pol yol s, mstallmi;ulﬁts, gidioesulfite, adrth hkﬂ (2) welrrolubis antlawdalpalsyét Wswbylgl ycoI

(12) este syc et.hyl ol a t
bufferlHbmgag%EUQk%ﬁgﬂdnxqmnwo g§H%?%§?r%§JhC@ ﬁ@ﬂﬁrm3$ %ﬁﬁgﬁrOX|de (15)
al gi ni c mopyd gal(alcﬁ)alphy-lt@gﬁlﬁbrf)lr eel thatiks; ;and 13) mdtd eheating mhusmph (athByrlch nger' S

ot not noiid BBV Rebimaf 147 a g a0f L Ean SRATLG wih Sl g 20

formul atihengs. | n certain enbodi ments, pharmaceutical conpositions of the
present invention are non-pyrogenic, i.e., do not induce significant

t enper at ur e @loaWabii@RSUNBENfoR Il AdrSinBtreGbr 18aBbPiatthefrm\Mlchpsngs, agetss,
enuIS|f|ers and | ubricants, such as sodi nllaur%%ksuLfate and gnesi um

st ear at eP1n&0lgsY. Jozgazes Gisyie nipvaErdhasis: wutl b uerosgaik asacia ghTIsAG U ent s,
sweet eni fvdefs! FURANEN By asBNBIRRK ol Al eRURTh Sn aPi@EEbMRILARSo R uRINbI £Xi dant s
can al so be présent in the conpositions
15  an oil-in-water or water-in-oil liquid emulsion, or as an elixir or syrup, or as pastilles (using
an inert matrix, such as gelatin and glycerin, or sucrose and acacia) and/or as mouthwashes,
and the like, each containing a predetermined amount of an inhibitor(s) as an active

ingredient. A composition may also be administered as a bolus, electuary, or paste.

In solid dosage forms for oral administration (capsules, tablets, pills, dragees,

20  powders, granules, and the like), the active ingredient is mixed with one or more
pharmaceutically acceptable carriers, such as sodium citrate or dicalcium phosphate, and/or
any of the following: (1) fillers or extenders, such as starches, cyclodextrins, lactose, sucrose,
glucose, mannitol, and/or silicic acid; (2) binders, such as, for example,
carboxymethylcellulose, alginates, gelatin, polyvinyl pyrrolidone, sucrose, and/or acacia; (3)

25  humectants, such as glycerol; (4) disintegrating agents, such as agar-agar, calcium carbonate,
potato or tapioca starch, alginic acid, certain silicates, and sodium carbonate; (5) solution
retarding agents, such as paraffin; (6) absorption accelerators, such as quaternary ammonium
compounds; (7) wetting agents, such as, for example, acetyl alcohol and glycerol
monostearate; (8) absorbents, such as kaolin and bentonite clay; (9) lubricants, such a talc,

30  calcium stearate, magnesium stearate, solid polyethylene glycols, sodium lauryl sulfate, and
mixtures thereof; and (10) coloring agents. In the case of capsules, tablets, and pills, the
pharmaceutical compositions may also comprise buffering agents. Solid compositions of a

similar type may also be employed as fillers in soft and hard-filled gelatin capsules using
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Exanpl es of pharmaceutically acceptabl e anti oxidants include (1) water

sol ubl e anti oxi dants, such as ascorbic acid, cysteine hydrochl opde, sodium
bi sul f at ewozoaiorss7oet abi sul fite, sodiumsulfite, and theclrivse00s(023620

oi | -sol ubl e anti oxi dants, such as ascorbyl palmtate, butyl ated

hydr oxyani sol e (BHA), butyl ated hydroxytol uene (BHT), lecithin, propyl

gal | ate, al pha-tocopherol, and the |like, and (3) netal chelating agents,
such as sutit dixicipléiﬁsi &, laced SR\ afilRGugarh,Ne wlefitak ARMSHdlEcuditt ivebidhiEpdAYthylsme bi t ol
tartaric ac dﬁEothorl c acid, and the lIike Formnulations suitable for oral
adni ni st§¥e o?f‘ y'¥Be in the fopn of capsul es, cachets, pills, tablets,

| ozenges (using a flavored basis, usually sucrose and acacia or

tragacant h) , “pBhaemay bymadrpreompspssioa o5 molfing.opHomly it RSERE8I%h i n an

aqueous REesENPIASKIRAS ddnthttded sameessmmeqsrbpdr&rmige&n&rr (Rtghdi&)-oi I i quid
emul sion, or as an elixir or s or as pastilles (using an _inert matrix,

such Sas gt er hydspypeinylesihyl cs ul@%fé,rlbwaah weacdalema; pram'aéwe d4sIpsgEmashes,
and the 'fdr‘éﬁam;ﬂé‘%t]d&&%ﬁk%lggolQteBF edsl ﬁﬁn{&i@@ umg x%hglrbéhﬂl'ageg' tor(s) as
Cco a a

an active ingredient sition may {'ste bol us,
el ect uarsyrfaggracpeseralisperseg dgdntd ddelded ﬁabkmnafydm ruzrcalbyadcriﬂim'gcm ¢ aitifable

(capsul SRac ht aba ml%(ts gfltkl %(avéj e?‘cﬂ%ﬁ%itoxgﬁ mmstgnedq’wﬁ)nzynl 52 1i5) tlue like), the

active i ngre rent 15 mX phar maceut | 8“' I y accept abl e

carriers, ﬁhliglg an% Other sgllc{ (ans Ensdlsg% a(:sldlflz}gegsh(c) lae 111 ancdi! O%mu 0y of the
follow ng (1) 1ErS of CeX such as arc S

| acti@se,msugkiosdly bglsuared er, prﬁméﬂ Wﬂh coaindd ard shielld, guah acenténc c&atings mdbr S, such
as, for le, ¢ oxynet hyl cel | ul @ al gi nat es el atin, polyvinyl

Dyt r onadii: GokLEE RIp BB emac O W Rt ThEuE 2B gPycar ol (4)
di si nt egoakulaed @%n@ SrovileGlbvast @ﬁ&éﬂ@g@reaseciﬂ:klﬁal deVE Migharat @erepOlisii oOr

t api oca starch inic aC| d, certain silicates, and sodium carbonate, (5)

sol ut i orfor eeapls b ety Imepd frelldlossap g Premytiaisde PRt adeErdr at or s,
such as guat erdIae, BiRFPAIn Matrices, liposomes, and/or microspheres. They may be

15  sterilized by, for example, filtration through a bacteria-retaining filter, or by incorporating
sterilizing agents in the form of sterile solid compositions which can be dissolved in sterile
water, or some other sterile injectable medium immediately before use. These compositions
may also optionally contain opacifying agents and may be of a composition that they release
the active ingredient(s) only, or preferentially, in a certain portion of the gastrointestinal tract,

20  optionally, in a delayed manner. Examples of embedding compositions which can be used
include polymeric substances and waxes. The active ingredient can also be in micro-

encapsulated form, if appropriate, with one or more of the above-described excipients.

Liquid dosage forms for oral administration include pharmaceutically acceptable
emulsions, microemulsions, solutions, suspensions, syrups, and elixirs. In addition to the
25 active ingredient, the liquid dosage forms may contain inert diluents commonly used in the
art, such as, for example, water or other solvents, solubilizing agents, and emulsifiers such as
ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl
benzoate, propylene glycol, 1,3-butylene glycol, oils (in particular, cottonseed, groundnut,
corn, germ, olive, castor, and sesame oils), glycerol, tetrahydrofuryl alcohol, polyethylene

30  glycols, and fatty acid esters of sorbitan, and mixtures thereof.
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conpounds, (7) wetting agents, such as, for exanple, acetyl alcohol and

gl ycerol nonostearate, (8) absorbents, such as kaolin and bentonite clay,
(9) lubriwenv®7ssreh a tal c, cal cium stearate, nagnesi urcstsasosinese2sol i d
pol yet hyl ene gl ycols, sodium|lauryl sulfate, and m xtures thereof, and (10)
col opng agents In the case of capsules, tablets, and pills, the
phapnaceuti cal conpositions nay al so conprise buffering agents Solid .
conposi ti ons Befides inemriilwdnts) yperd@ymadstoseacaipd oybde adjubantd @ksas n soft and
hard-filled gelatln q sul es usi ngsuch excipients _as lactose or mlk

a
sugars, HRIREAZENSEMHIYH A SUPREPIRE PEIRES: PYFIEMS fAXU S RIFTE and the |i ke

A tableteﬂﬁMH@@mﬁﬁﬂ&mthGQﬂBﬁgﬁsIOn or nolding, optionally with one or nore
accessory ingredients Conpressed tablets may be prepared using binder (for

exanmpl e, gel @hmngsnshmdqnwm@nwaemmlbﬁ@(é)%@s&mald sRpHae, agbMeRd,
di luent, preservative, disintegrant (for exanple, sodiumstarch glycolate

or crosdor amals ebemldeErrBeAtyaitoRgls. wqxuﬁtbgléye sashifql gp@ sorbian Astesy
di sper SInﬁﬁgro%g@ﬂanm%a@lﬁ&et A&t ﬁ@%hﬁﬁoi@éj%eﬁ)ﬁm@lagdr%%aﬂ dhdra %&Uaﬁﬁﬁbl e

machine a m xture of the powdered inhibitdr(s) noisStened with an I nert
liquid dinfloexivreTdistesfs, and other solid dosage forms, such as dragees,
capsules, pills, and granules, may optionally be scored or prepared with
coat i ngs andthémpgﬂméuwmpasﬁemﬂéﬁmehn@@ﬂmﬁgﬁﬂdﬁﬁﬂwﬁﬁémﬂd@@Pﬁﬁ@@ﬁﬂelI known

in the p ﬁlgw X CO%}% ||n {bgtrgrs 1@(9011% %at%o QitH o(fllna'so?egl? ol G‘H%ﬁl ed. SO as to

provi de S ease 0 e active 1ngred ent rein using,
for1@xanm&$mbhyﬁﬂmaypmmuyhmehhykmsebhmbmséﬁpmsMaayhn@n$mnpmﬁmhbhmsUm

provi de the desjre relea rofil t her, pol r trice

B or e TRTERaiThEg RayRbeiay e i Sate Bt sligms et fRaton

t hr ough paiobmaisevachH MbhRatdtitalg ahiidxli®ints, Buffddy, bateHe S0, 3blutegy vﬁ]ﬁ(ﬂhl‘rbxhdezth‘d:g agent s
in the fopn of sterile saolid c ositi whi ch can be. dissolved in steple
wat er , g@@ﬁ@“d%%ﬁ?¢§téﬂ#ﬂ£?%ﬁ ?%ﬁ‘@g PR Wﬁ%ﬂﬁﬁgggfrag? Kpi®8 se These
conposi tageiis may al so optionally contain opacifying agents and may be of a

conposition that they rel ease
15 Examples of suitable aqueous and nonaqueous carriers which may be employed in the

pharmaceutical compositions of the invention 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 can be maintained, for example, by the use of coating materials, such as lecithin, by
20  the maintenance of the required particle size in the case of dispersions, and by the use of

surfactants.

These compositions may also contain adjuvants such as preservatives, wetting agents,
emulsifying agents, and dispersing agents. Prevention of the action of microorganisms may
be ensured by the inclusion of various antibacterial and antifungal agents, for example,

25  paraben, chlorobutanol, phenol sorbic acid, and the like. It may also be desirable to include
tonicity-adjusting agents, such as sugars, sodium chloride, and the like into the compositions.
In addition, prolonged absorption of the injectable pharmaceutical form may be brought
about by the inclusion of agents which delay absorption such as aluminum monostearate and

gelatin.

30 In some cases, in order to prolong the effect of a drug, it is desirable to slow the

absorption of the drug from subcutaneous or intramuscular injection. For example, delayed
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the active ingredient(s) only, or preferentially, in a certain portion of
the gastrointestinal tract, optionally, in a del ayed nanner Exanpl es of
enbeddi ngvoaupagsg7nons whi ch can be used incl ude pol ynercese@sivassees and
waxes The active ingredient can also be in mcro encapsulated form if
appropp ate, wth one or nore of the above-described excipients Liquid
dosage forns for oral adm nistration include pharnaceutically acceptable
enul si onbsorplicr afarpateiepdis, ad&ﬁhiuﬁeiedmsug s pensoapisshed py dgsolviagdr el i xirs I n
addition to %he active in gl the liquid dosage forns may contain

i nert dﬁWﬂ?H‘Egeﬁﬁ“B¥Wf“ g N the art, such as, for exanple, water or
ot her sol ven

b|h age and enuIS|f|er such a | cohol ,
i sopropyl &‘B ﬁ‘ﬁ‘l‘bcfe g‘?pr%/ aq‘{ Zby fafpipe MigraengrRsY edB?fE‘?‘?s 0gl"(g’tﬂtiﬁ‘\é%r(sgbenzyI
benzoat gp b%@@yda@reqoog}d&géuch s BoRHHEELHAy 8V d0ERL., DEhdnTingidn tR&Fatib GHHRAL,
cottonseed, groundnut, corn, germ olive, castor, and sesane oils),

gl ycér olto pplemen aydihematugg oféﬁ%mwlarwﬂwrwwp&md dhsais of draghiglepss ¢ap baci d
esters of,sardi E%pl@wf d’{héff?g{dggraﬁﬁﬁé ?&?;ﬁ@é'n‘?&éd \Xg?ﬂ&nlﬁiehdéx%%ﬁf the oral

conpositions can also 1nclu uvan such as tting agents, enulsifying
and sus pehdinhydrdgehtideposingastablri fngnulﬁﬂums@rq algp, prewirat hyneptrapeing ﬂmdm% inand

pr eser V3l ENHAYPNoer HSRENR e LAGHL WiRToLOuLle acti ve, {nhi bitor (5)

may contaln suspen oxylated |sostearyl

al cohol s, pOlT%Q Hr%esﬁgern er% rr'nfrj;?s raa(g]nd’ a%g r‘%dntnmste?esdtp%ge%’ter d ?%ré/ds talline

cellulose al'unt ragacant h, and
m Xtidr e sheterement mdalasadsfrmlﬁemsnrnajn omlunfndmslehlemhmcbtfoptchh a;lmlmemtdnomsuslhy tabl e

for parenter strati.on i se one or .nore i h|b|tors

corby natPANEiop B i B R R e R Siedat MUBBRITe aqueous or
nonaqueQu@atE@hthhﬁﬂﬁasulﬁh EDR6DIAN) ttraSataRE B IAREM A in@BprBoRAlS rradirasican! e
pomders ich may be reconstltgﬁﬁg |nto steple Iﬂje tabl e solutlons or

di spersi®y %WPE§P %&Fﬁ?”?&‘ﬁ%ﬁ“ﬁ bRy U e AYRer s haMe 1Bkt @d puffers,

bact eposh@dstrmad Rijdéties Mbigtkisgnder the

15 Administration of the therapeutic compositions of the present invention to a patient
will follow general protocols for the administration of chemotherapeutics, taking into account
the toxicity, if any. It is expected that the treatment cycles would be repeated as necessary. It
also is contemplated that various standard therapies or adjunct cancer therapies, as well as

surgical intervention, may be applied in combination with the described arsenical agent.

20 Regardless of the route of administration selected, the inhibitor(s), which may be used
in a suitable hydrated form, and/or the pharmaceutical compositions of the present invention,
are formulated into pharmaceutically acceptable dosage forms by conventional methods

known to those of skill in the art.

Actual dosage levels of the active ingredients in the pharmaceutical compositions of
25  this invention may be varied so as to obtain an amount of the active ingredient which is
effective to achieve the desired therapeutic response for a particular patient, composition, and

mode of administration, without being toxic to the patient.

All publications and patents cited herein are hereby incorporated by reference in their

entirety.

30 Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments of the invention

described herein. Such equivalents are intended to be encompassed by the following claims.

-19-



formul ation isotonic wth the blood of the intended recipient or suspending
or thickening agents. Exanples of suitable aqueous and nonaqueous carriers
whi ch maywbeo@npssiged i n t he pharnaceutical conpositi ongcefusbdvs/iizszent i on

i ncl ude water, ethanol, polyols (such as glycerol, propylene glycol,

pol yet hyl ene glycol, and the |ike), and suitable m xtures thereof,
vegetable oils, such as olive oil, and injectable organic esters, such as
et hyl ol EaingplesPr oper fluidity can be maintained, for exanple, by the use of
coating materials, such as lecithin, by the maintenance of the required
particle si z&he molldv&ng:a&mpnés atk Bpled & torismoadtchtdptefched HtﬁBodiifneﬁtSlbfﬁuet ants.
These conpositi al so.contain juyants such as preservativ

wett 1 ng HGAES, [ ERACYe SHPAG g, Lose AR e Bt i) GEiarer b BUEHE B o

t he act i @8eQpdsGrRaT Bask $éﬁie§§ﬁtyte@ﬂn(ﬁ1@§ﬁlirs&ﬁifemd btyh}ee in0&HtatSb Bihc@bn WaN i ous
anti bacterial and antifungal ents, for exa par aben, chl or ohut anol ,

phenol  sBilisiRsackier af the my s, P‘? hug fanﬁwoaal%m@ C@@%ﬁtwauareéelﬁé modes fge

toni ci t ypagicusd | BGwAIE e o?kl&hn?ﬁe%ﬂ!g\ﬁflsm 1@9@4%@ SRl hidQosupi)d the Iike
into the conpositions.” I'n addition, prolon absorption of the injectable

phar mac eappiceiate thay mranphehanges @ﬁndmgmdearbﬁmsp@yﬁct mqurrmtruswbwh@fe digpdased whi ch
del ay abgar@i Lafinsy o?%ﬂaﬁ&ﬁi‘ﬂ@itgag %a‘%taﬁﬁgm"%ﬁd é)% fis&;tpe o@f%oma cases,

in order 1o prol ong ect o ow t he
absor pt iiovenobn.t he drug from subcut aneous or intramuscul ar injection. For
exanpl e, delayed - | iabsorption of a parenterally adm nistered drug form
i s adconplampileedd by di ssol ving or suspending the drug in an oil vehicle
I nj ectabl e depot fornms are made by form ng m croencapsul e mat pces of
i nhi bi t ofregradion &ilDdegyadaesipolveErs such as pol yl acti de- pol ygl ycohde
Dependi ng on the ratio of drug

A 3-neck round-bottom flask (500 mL) equipped with mechanical stirrer, inlet for

nitrogen, thermometer, and an ice bath was charged with cacodylic acid (33 g, 0.23 mol) and
conc. hydrochloric acid (67 mL). In a separate flask, a solution of SnCl; - 2 H,O (54 g, 0.239

15  mol) in conc. hydrochloric acid (10 mL) was prepared. The SnCl; * 2 H,O solution was
added to the cacodylic acid in HCI solution under nitrogen while maintaining the temperature
between 5 °C and 10 °C. After the addition was complete, the ice bath was removed and the
reaction mixture was stirred at ambient temperature for 1 h. The reaction mixfure was
transferred to a separatory funnel and the upper layer (organic) collected. The bottom layer

20  was extracted with dichloromethane (DCM) (2 x 25 mL). The combined organic extract was
washed with 1 N HCI1 (2 x 10 mL) and water (2 x 20 mL). The organic extract was dried over
MgSO,4 and DCM was removed by rotary evaporation (bath temperature 80 °C, under
nitrogen, atmospheric pressure). The residue was further distilled under nitrogen. Two
fractions of DMCA were collected. The first fraction contained some DCM and the second

25  fraction was of suitable quality (8.5 g, 26% yield). The GC analysis confirmed the identity
and purity of the product.

Example 2
Preparation of S-Dimethylarsinoglutathione (SGLU-1)

A suspension of glutathione (18 g, 59 mmol) in a mixture of water/ethanol 1:1 v/v
30 (180 mL) was cooled below 5 °C and under an inert atmosphere treated with triethylamine
(10 mL, 74 mmol) in one portion. The mixture was cooled to 0-5 °C and DMCA (11g, 78.6

mmol) was added dropwise over a period of 10 min, while maintaining the temperature below
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to polynmer, and the nature of the particular polymer enployed, the rate of
drug rel ease can be controll ed Exanpl es of other biodegradabl e polyners

i ncl ude pwbybevderssrest ers) and pol y(anhydri des) Depot i njpectiabéos/ 013620
formul ations are al so prepared by entrapping the drug in |iposones or

m croemnul si ons which are conpatible with body tissue The phrases '
parenteral adm nistration"” and "adm ni stered parenterally" as used herein
means noEs Tak readiio i bdira tia Bridéd e 10-1 t@for @nt etdathe as3dltingpolodslwere isolated

adm ni strat.ion, ual ly by injection, and jincludes, wtho limtation,
"+ averby bt i pmdipayes VhBrdu Rl emia O F bt Al xaipt (i

i ntraor Rirfedlin vicllimAERT Gvagight, b LALaN Ba4e %) SaRes-1 .t BErea!purity wasizagheal |
subcut aneous, subcuticular, intraarticular, subcapsul ar, subarachnoid,

i nt r as pi tATeaHAYERgR A AdRiEstHRR), iRk Sl cdnfor SriliANISFS - AdifFntis? #%tN-on of the

ther apeufy 1 §OMPOBkIn0RS3442. 118 L RSE§H7, isNY BRI IHPFhd! BCanPR W&RTcoMdididnt f Ol | ow
general pr of ocol's for the adm ni st ration of chenotherapeutics, taking into
account withethe stxiatyreyThei ffltratnyap dilited extpacttent ¢ AL ved pleeest ingnefriggeloss woul d

be " epeabrsant ASSERTALY 1 @)99q} 8PNt SIPLALEY of BRleatdi R bt endar d

t her api es or “adj unct cance apres, as we as surgical rntervention,
may be gppky ed 977% dbprbieadsvecagewit B injedimnslescri bed ar seni cal agent Regardl ess
of the route of admi nistration selected, the inhibitor(s), which my be
used i n Easpictabl e hydrated form and/or the pharnaceutical conpositions of
the present invention, are fornulated i nto pharmaceutically acceptable
dosage fRepmaliyh GO OTalnogetdvode OAWAR/ )t 0 t hose of skill in the art
Actual dosage levels of the active ingredients in the pharnaceuti cal

conposi ti ons Iwh 3tihtheceinrvle fibdkamuippyd Béh watdcbahis gtireess, droppold funnelandanount  of

e b b S Bt B 1 2ot
W t hout (®i mgl) i0xXi ¢ (1/6) hidgufealfiwakd/ethanol (1140 mL) and cooled to below 5 °C. The
mixture was treated slowly (over 15 min) with triethylamine (63.6 mL, 0.46 mol) while
15  maintaining the temperature below 20 °C. The mixture was cooled to 4 °C and stirred for 15
| min and then the traces of undissolved material removed by filtration. The filtrate was
transferred in a clean 3 L three- neck flask equipped with a mechanic stirrer, dropping funnel,
nitrogen inlet, and thermometer and DMCA (70 g, 0.49 mol) (lot # 543-07-01-44) was added
slowly while maintaining the temperature at 3-4°C. The reaction mixture was stirred at 1-4°C
20  for 4 h, and acetone (1.2 L) was added over a period of 1 h. The mixture was stirred for 90
min between 2 and 3°C and the resulting solid was isolated by filtration. The product was
washed with ethanol (2 x 250 mL) and acetone (2 x 250 mL) and the wet solids were
suspended in ethanol 200 Proof (2000 mL). The product was isolated by filtration, washed
with ethanol (2 x 250 mL) and acetone (2 x 250 mL) and dried in vacuum for 2 days at RT to
25  give 115 g (75%) of SGLU-1, HPLC purity > 99.5 % ( in process testing).

Example 4
Purification of SGLU-1

A suitable reactor was charged with SGLU-1 (6.0 kg) and water (72 kg). The slurry
was heated to 30 to 40 °C until a solution formed, and the resulting solution was pumped
30  through a 1.2 pm inline filter to remove any particulate matter present in the solution. The
clarified solution was then concentrated under reduced pressure using a rotary evaporator.

The water bath was maintained at not more than 40 °C. When ca. 85% of the total solution
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Al'l publications and patents cited herein are hereby incorporated by
reference in their entirety Those skilled in the art will recogni ze, or be
abl e to awoendsi7ss70si Ng no nore than routine experi nent CIT@S2008MIN3620

equi valents to the specific enbodi nents of the invention descpbed herein
Such equival ents are intended to be enconpassed by the foll ow ng

cl ai neExanpl es The foll ow ng exanples are included to denonstrate preferred
enbodi mevlenddf vidi@ wad vandvedethinos (BOUL, dO@@ro@ﬂM&R}iv&i‘sadddd}totl’(mecemira&ki Il in
the art tggt hhe t echni quea di scl osed in t@e exanpl es whi.ch fo oW

r epr eserd@stpfogIEs canisd at Eh Glp AZRUrapig )ﬁf%?ovteéhe’f'i?ﬂ@ﬁ‘%w%%r ‘Pm‘l A the
practi cesnafy degh oM@t T sludNdad s d0@Bd BRh GeASHLeH eflat WhiewPsSiki 4 Ut €
preferred nodes for_its practice However, those of skill in the art wll,

i n | i ghtsobtiop framsd.eSemitol \eniser 8 ErRoved Brdes sqdaeqd RrpssErerHRfil 2 BHEN SuEedan be
made si N FRGSREEIsG FRROALEREL & WGl MaBoFhREN A AN ISIdldne OLAI N 2
like or simlar result wthout departing fromthe spirit and scope of the
i nvent i orhelxianyak ehillePiodhtarsaiG ol wis abowed oystaidl for owrhvun eTHOWEAY- 18- neck
round-b n et for

ni trogeﬁhér{ eerrérf%?r]létvgea?}?e% Wa&ﬂ)l%egﬁ)ggﬂ\? ‘}\X/L}S n@ﬁ%ﬁg‘%&@%%&u&%@ 1?‘%: acid (33
g, 0 23 S@mLy-1a4hd kgodtés et ochl oric acid (67 nL) In a separate flask a
solution of SnC 2 H20 (54 g, 0 239 nol) in cone hydrochloric acid (10 L)
was prepamuegdlebhe SnCl 2 H O solution was added to the cacodylic acid in HCO
sol ution under nitrogen while maintaining the tenperature between 5 0C and
10 OO0 AfaRLC Daermaidiidn @iPimasofddplddt e, the ice bath was renoved and the
reaction mxture was stirred at anbient tenperature for 1 h The reaction
m xt ure was tThafidfoavingebntinioas sepae atcdny détammnet tianceat’aef 80per1 inagrder to

(or gani c(? tcol I %g:t ed. Th botﬁom | ayer

etermine the purity of a sample
Column: C8orCl18
Mobile Phase: A: pH 2-5; B acetonitrile
15 Injection volume: 1 to 10 pl
Temp: 0-25 °C
Wavelength: 210-250 nm
Sample prep: 10-30 mg
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was extracted with dichloronmethane (DCM (2 x 25 nL) The conbi ned organic

extract was washed with 1IN HO (2 x 10 nlL) and water
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CHERCstirrer, dropping fur

a3t three-neckft+ask—
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Wavel ength

230 nm

Temperature

5°C

Sample preparation

25 mg sample was dissolved in cooled (5 °C)
mobile phase A plus 0.05% TFA ina 25 mL

volumetric flask and mixed, q.s.

Example 6

The compound of Formula VIII was separated from SGLU-1 using the following

HPLC conditions:

HPLC Conditions:

Mobile Phase A Water:Formic Acid:Triethylamine
99.85:0.1:0.05 (viviv)

Mobile Phase B Acetonitrile:Formic Acid: Triethylamine
99.85:0.1:0.05 (viv:v)

Flow 1.0 mL/min

Post Column Pre Probe Split

1/3 Flow Rate

Column Temperature 6°

C

50

Autosampler

C
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t hernoneter under an inert atnosphere was prepared a suspensi on of

glutathione ( 1 14.5 g, 0.37 nol)
1140 m.) wodo@aoksd to bel ow 5 OC. The mi xture was treatred/ishasioysstover

ina1:1 (v/v) mxture of water/ethano

(
15

mn) with triethylamne (63.6 nL, 0.46 nol) while nmaintaining the
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and distillation was

until a

performed in order to confirm the expected mass. The synthesis of the compound of Formula
VIII has been reported in the literature and the available MS data (JAAS 2004; 19:183; J.
Biol. Chem. 275(43):33404), are consistent with the data observed herein.

Equivalents

Those skilled in the art will recognize, or be able to ascertain using no more than

10

routine experimentation, numerous equivalents to the compounds and methods of use thereof

described herein. Such equivalents are considered to be within the scope of this invention

and are covered by the following claims. Those skilled in the art will also recognize that all

combinations of embodiments described herein are within the scope of the invention.
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solution forned. The solvents were renoved under reduced pressure until a
slurry formed. The resulting slurry was transferred to a suitable reactor
and was divbub@d7eé7bh acetone (6 L). The m x was chill edpta/32008/05362€C and
was allowed to stand for one hour The SGLU-1 was then filtered and washed
with acetone (3 L) and dried under reduced pressure to provide SGUI (5.1
kg, 85%yield). Exanple 5 HPLC Determ nation of Purity of ZIO 1 01 The

fol |l owi ng COQ? éions may be used to determine the area % of SGU I in order
to determ ne PWity of a sanple. Colum: C8 or Cl18 Mbbile Phase A pH
2-5, B acetontple Injection volune 1to 10 M Tenp 0 25 0C Wavel engt h.

210- 250 nm Sanpl e ,pr 0- r nts, the foll ow ng

condi tions ngy beAﬁggg(Eérﬂws gﬁ%%ﬂ{%ﬁﬁgggshﬁﬁ la VIIl was separated
from SGU-|I using the follomnng HPLC co tions: HPLC Conditions: A gradient
was run according to the follow ng parangters: Chromatographi c separation
showed that the conpound of Fermulga VI S _pfesent in an anount of 1.5 to
2.0% of the total peak area. MBas sp ry of the isolated peak for the
conpound of Forrmula VIII was peﬂgor b N @y der to confirmthe expected
mass. The synthesis of the conpound of Fornul a

(I

5  wherein
Xis S or Se;
Wis O, S, or (R)(R), where each occurrence of R is independently H or a C, »alkyl;
nisOorl;
R' and R” are independently C;.p¢alkyl;
10 R’is—H or Cyealkyl-COOR’;

R* is H, amino, cyano, halogen, aryl, aralkyl, heteroaryl, heteroaralkyl, carboxyl, C;.jpalkyl,

Ci.i0alkenyl, or Cy_jpalkynyl;
R'is-OH, -H, -CHj3, -OC(0)C.jparalkyl, -OC(O)C.jpalkyl, -OC(O)aryl, or a glutamine;

R’ is-OH, cyano, C_jpalkoxy, amino, O-aralkyl, -OC(O)C,_jparalkyl, -OC(O)C,. palkyl,
15 -OC(O)aryl, or a glycine substituent; and

R®isH or Ci.jealkyl,
comprising reacting a compound having a structure of formula (II)
(RYRHAsCI
(11)
20 with a compound having a structure of formula (1IT)

R4



VI1I has been reported in the literature and the avail able M5 data (JAAS
2004; 19:183; J . Biol. Chem 275(43):33404), are consistent with the data
obser ved wenewm7sgqui val ents Those skilled in the art wpkl/useesgnsze, or be
able to ascertain using no nore than routine experinmentation, numerous

equi val ents to the conpounds and net hods of use thereof described herein.
Such equi valents are considered to be within the scope of this invention
and are iﬁ@Necmedushy atdaBolfcdolvewt 41 i6 kit dsencd hbp\@idsikd th Ipeshiden ddgpoand o | | al so
recogni ze th?, k conbi nati ons of enbodi nents described herein are within
t he scope of 3 Wyention. W Claim 1. A method for the synthesis of a
conpound of forrrula (1) (1) wherein Xis S or Se; WIS O S o (R(R,

where each ogcurr nce 0 en entI H .or i,s. Cor 1; R1
and R2 are i depe P‘P({/ ‘gla"élollal“&\? e C?@ u"lc—]lo&foreiﬁ’l Hﬁyﬁs aé%ff?’%e R3is
H, am no, cyano, hal ogen, aryl, aralkyl, heteroaryl, heteroaralkyl,

carboxyl, G .ioalkyl, C _ioal kenyl , [jor Ci .ioalkynyl; R4 is -CH - H, - CH3,
-0C(O C,. 10aralkyl, -0C(OC I\/Dahh ~ @Hl, or a glutamine; R5 is
-OH, cyano, G oal koxy, am no, O analky, -I0C(OC,. maral kyl, -OC(O G .

i Cal kyl, -OC(Oaryl, or a gl V&i@eﬂsﬁpﬁt'tw&ht; and R6 is Hor C,.,oalkyl,
conprising reacting a conpound havi g aﬁstructure of formula (11)

O  COH
5 3. A method of claim 1 or 2, wherein the reaction is conducted in the presence of
a non-aromatic amine base.
4. A method of claim 3, wherein the non-aromatic amine base is triethylamine.
5. A method of any one of claims 1 to 4, wherein the solvent system comprises
ethanol and water.
10 6. A method of claim 5, wherein the ratio of water to ethanol (v/v) is between
about 2:1 and about 1:2,
7. A method of claim 6, wherein the ratio of water to ethanol (v/v) is about 1:1.
8. A method for purifying a compound of formula (1),
R4

R X RS

R R® R® w
15 (1
wherein
Xis S or Se;
W is O, S, or (R)(R), where each occurrence of R is independently H or a C,.zalkyl;

nisOorl;
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(R1')(R2)As (H) with a conpound having a structure of forrmula (I11)
(111)in an aqueous or alcoholic solvent and in the absence of pyridine to
provi de avoeopausstoof formula (1) 2 A method of clai m 1pcwsp@isniiche
conmpound of forrmula (I11) has a structure 3 A nethod of claim1l or 2,
wherein the reaction is conducted in the presence of a non-aromatic am ne
base 4 A nmethod of claim 3, wherein the non-aromatic am ne base is

t pet hyl afiang RS ak inddpeadbnel Gapyaligne of clains 1 to 4, wherein the sol vent
system conpri ses ethanol and water 6 A nethod of claimb5, wherein the ratio
of wat err’tio-Htohap@dik1A\COOR?;s bet ween about 2 1 and about 1 2 7 A nethod of
claim6, wherein the ratio of water to ethanol (v/v) is about 1 1 8 A

nmet hod fROT ispykiding, oghnd, K0e@maUndl, afalifyomateta@ryl) Deterbdrhlkwh esBbay1 )XC . saliS10r Se, W
is O S or (C(I?)(R), where each occurrence of Ris independently Hor a C
2al kyl, nis ReRYIRAr Grigalpnyky e | ndependently Ci-20alkyl; R3 is - H or
Co. 6al kyl, COOR6; R3 is _H _am no, cyano, hal ogen, arOéI ,  aral k?ll ,. heteroaryl,
het eroaral ki ‘@ar%é«y@,c(@c-'ilﬁéqlkvl -OI§ ot ke nHC(Qagryleer ¢ ghifaeyiAg)
R’ is —OH, cyano, Cj.jpalkoxy, amino, O-aralkyl, -OC(O)C,. paralkyl, -OC(O)C,. palkyl,
-OC(O)aryl, or a glycine substituent; and

R%isH or C).ipalkyl
comprising

10 (a) adding an alcoholic or polar aprotic solvent, miscible with both ethanol and water that
decreases the solubility of the compound of formula (I) to an aqueous or alcoholic

solution of the compound while agitating; and

(b) filtering the resulting slurry.

9. A method of claim 8, wherein the compound of formula (I) is

O

COH
HN
M S H NH
e -
\AIS 2

15 Me 0] COQH

or a pharmaceutically acceptable salt thereof.
10. A method of claim 9, wherein the alcoholic or aprotic solvent is acetone.

11. A method of claim 8 or 9, further comprising
(a) preparing a solution of the compound of formula (I) in water;
20 (b) filtering the solution;
(c) reducing the amount of water;

(d) adding a water miscible, polar aprotic solvent that decreases the solubility of the

compound to form a slurry; and

-27-



R4 is -OH -H -CH3, -0OC(OC Maral kyl, -0C(O CMdal kyl, -OC(Oaryl, or a
glutamne; R5 is -CH cyano, CM Qal koxy, am no, Oaralkyl, -OC(OC M
Car al kyl ,woQaiuy7§37W Cal kyl , -OC(OQaryl, or a glycine sulpstriuspestoizeand R6 is
H or CMWdal kyl conprising (a) adding an al coholic or polar aprotic solvent,
m sci ble with both ethanol and water that decreases the solubility of the
conpound of fornmula (1) to an aqueous or al coholic solution of the conpound
whi | e adgk) fétering theasahlt(dg)shfriy.t eri ng the resulting slurry. 9. A nethod of
claim8, wherein the conpound of formula (1) is or a pharmaceutically
acceptable salt thereof. 10. A nmethod of claim9, wherein the al coholic or
aprotic sol védt i & ragbedfve thelsynthésiseft xathpoiind haing Bstorctuge off fgrme 11)
conprising (a) preparing a solution of the conpound of formula (1) in
water; (b) filtering the soluti on(RO)BHAgduci ng the amount of water; (d)
adding a water mscible, polar aprotic solvent that decreases the
solubility of the conpound to forma @hurry; and(e) filtering the resulting
slurry 12 A nethod for the synthesis of a conmpound having a structure of
formil a whetgin (R) (R 2) Asd (H) wherein Rl and R2 are independently G
2o0al kyl , Pr ef er ably independently selected fromnethyl, ethyl,

R' and R? are independently Calkyl, preferably independently selected from methyl ethyl,

propyl, and isopropyl;
comprising reducing a compound having the structure (VII)
(RHRHAs(O)OH
10 (VII)

with tin (IT) chloride.

13. A method of claim 12, wherein R' and R? are independently selected from

methyl, ethyl, propyl, and isopropyl.
14. A method of claim 13, wherein R' and R? are both methyl.

15 15. A compound of formula (1V)

O

CO,H
HN
H
Me._ _S N NH,
Als

Me O  CO,H

wherein the compound at least 97% pure as measured by HPLC; and

the compound is free of pyridine.

16. A method for assessing the purity of a sample of organic arsenical in which at

20 least 90% of the organic arsenical in the sample is a compound of Formula IV
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propyl, and isopropyl, conprising reducing a conmpound having the structure
(M1) (R)Y(R2AS(OOH (Ml1) with tin (Il) chloride 13 A nethod of claim
12, wher ewD 2Bb/@apstoR2 are i ndependently sel ect ed from nechus2oosioiaske

propyl, and isopropyl 14 A nethod of claim 13, wherein RlL and R2 are both
met hyl 15 A conpound of formula (1V) wherein the conpound at |east 97% pure
as neasured by HPLC, and the conpound is free of pyridine 16 A nethod for
assessing the purity of a sanple of or@anic arsenical in which at | east 90%
of the organic arsenical in the sanpléglis cogggfnd of Formula IV(I1V) or a
salt thereof, conprising detecting HNie esencte of a conpound of Fornul a
VITE (VITl) or a salt thergaf ingthe sad@le.NA7. A net hod of claim 16,
wher ei n detecting conprises aaslyzing e>sanpf e using HPLC. 18. A net hod
of claim 16, wherein detectin%econpri S lLyzing the sanpl e using nass
spectrometry. 19. A method of claim 16, wherein detecting conprises

anal yzi ng the sanple using NVR 20. gpgfthod for nonitoring a sanple for

t he presence of a conmpound of Formul

or a salt thereof, comprising detecting the presence of a compound of Formula VIII

0

CO,H
HN
H
i )
S O

CO,H
NH
0} 0
NH
HO,C —/
HoN
CO,H
5 (VIID)
or a salt thereof in the sample.
17. A method of claim 16, wherein detecting comprises analyzing the sample
using HPLC.
18. A method of claim 16, wherein detecting comprises analyzing the sample
10 using mass spectrometry.
19. A method of claim 16, wherein detecting comprises analyzing the sample
using NMR.
20. A method for monitoring a sample for the presence of a compound of Formula
VI
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VITI(VIII) or a salt thereof, conprising detecting the anount of a conpound
of Fornmula VIII or salt thereof in the sanple according to any one of
clains 1 wo2d09nsgoa week for a period of a nonth. 2 1. p&rnstévsdisbo

manuf acturing a pharnaceutical fornulation of a compound of Fornmula IV (1V)
or a salt thereof, conprising determ ning the anount of a conpound of
Formula VIT1(VIIl) or salt thereof that is present in a sanple of the
conmpound of Forrmula IV and if the anmount of the conpound of Formula VIII is
| ess than about 5% (ww) relative to thg conpound,of Formula IV, adding a
phar maceutical |y acceptabl e diluent, H&a&r rivér, Nor  €xci pi ent. 22. A method of
claim 21, wherein the conmpoynd of cFor IaHWIIN's present in an anount | ess
t han about 2%rel ative to the oehpound I\ﬁ:qrrmza V. 23. A nethod of claim
22, wherein the conpound of Forfula VIl is(ﬂq sent in an anmount |ess than
about 1% relative to the conpound of Fornula 1?v. 24. A pharnmaceuti cal
formul ati on manufactured according to the nethod of any one of clains 2 1
to 23. 25. An oral dosage form rein the oral dosage form conprises a
phar maceutical conposition | ai a.

NH
HOzC_/

H,N

CO,H
(VIID)

or a salt thereof, comprising detecting the amount of a compound of Formula VIII or salt

thereof in the sample according to any one of claims | to 4 once a week for a period

5 of a month.
21. A method of manufacturing a pharmaceutical formulation of a compound of
Formula IV
O
COH
HN/U\/\( 2
M S\V/i\ﬂ/“ NH
€., ~ 2
As
| b
Me O CO,H
(1V)
10 or a salt thereof, comprising determining the amount of a compound of Formula VIII
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0

COLH
HN
H

Me. .S N NH,
As \I

|
S O  CO.H

NH
O 0

NH
HOzC_/

H,N
CO,H

(VIID)

or salt thereof that is present in a sample of the compound of Formula IV and if the
amount of the compound of Formula VIII is less than about 5% (w/w) relative to the

compound of Formula IV, adding a pharmaceutically acceptable diluent, carrier, or excipient.

22. A method of claim 21, wherein the compound of Formula VIII is present in an

amount less than about 2% relative to the compound of Formula V.

23. A method of claim 22, wherein the compound of Formula. VIII is present in an

amount less than about 1% relative to the compound of Formula I'V.

24. A pharmaceutical formulation manufactured according to the method of any

one of claims 21 to 23.

25. An oral dosage form, wherein the oral dosage form comprises a

pharmaceutical composition of claim 24.
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