Compounds and Methods for the Treatment of Cancer Cross-Reference to Related Applications This
application claims the benefit of U.S. Provisional Application Serial No. 561/007,371, filed December
12, 2007, the specification of which is incorporated herein in its entirely. Background of the Invention
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 eacodylic acid with hypophosphorus acid. Unfortunately, use of
hypophosphorus acid produces phosphine gas as a side product, which can be hazardous in large
quantities. The secondREpPoundssyRthddrtheglsifes the drpgtmientef £Baserwhich 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 olCoésikREbrhaE poavettasdgsidqand®sificient method for large-scale production. Additionally,
a method for the synthesis of SGLU-1 with higher purity is needed. Summary of the Invention 200ne
aspect of the invehtispneistesnslamsatiedtion thebypnitesiswkboompoandofdonnula (1) R4 (1)

whereirs 25X1igd5 97 1ISa1darefeeatly: $2, 200W s Qp Qi R (BN E)wWHEIS s PACHHERGE IR IS
independent%x‘ H or a Cvialkyl, preferably 0 or (R)(R); nis 0 or 1, preferably 1; Rl and R2 are
y

independenet lrf‘ltiiZOalkyl, preferably Rl and R2 are independently selected from methyl, ethyl, propyl,
and isopropyl; R3 is -H or Co_oalkyl-COORs; '

Background of the Invention

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 SGLLU-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
R X RS
/\ls/ nh
R2 Rs RB' \/\.;
(1
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);



5le is H, amino, cyano, halogen, aryl, aralkyl heteroaryl, heteroaralkyl; carboxyl. C1. 1()alkyl,
Ci.lealkenyl, or Citioalkynyl, preferably H; R4 is -OH, -H, -CH3, -0C(0)C10aralkyl,
-0C(0)C1.1galkyl, -0OC(0)aryl or a glutei ne; R5 is -OH, cyano, Clalkoxy, amino, O-aralkyl,
-0C(0)C3.10aralkyl OC(0)C. 10aalkyl, -0C(0)aryl, or a glycine substituent; and R6 is H or CI oalkyl,
preferably H, comprising reacting a compound having a structure of formula (11) (R1)(R2)AsC1 (11)
15with a compound having a structure of formula (lll) R4 R3R3.\At/ (I11) in an aqueous or
alcoholic solvent in ig@oql?’sgg‘é@&a%wpy’ridine to provide a compound of fommla (1). 70Another aspect of
the invention relates to a method for purifying a compound of formula (1), e.g., following performing the
above method, coriprisiRYare ifa}rdaing,an, aleehnlic-anadior Rokas ®3ratiengepsamtnmiscible with both
ethanol andsgye%ggg ygc%g %e reﬁgﬁsllthc;:goso{uggt}g gfrghe compound of formula (1), preferably a dialkyl
ketone such as acetone,?o’f e réatéﬂo??lrhlxture,pe.ﬁx ‘while agitating; and 25(b) filtering the resulting

slurry. In certain egahodimerts,.the meihrd of purification further comprises

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

alkyl, Cy.ipalkenyl, or C\_palkynyl, preferably H;

R*is -OH, -H, -CHj;, -OC(O)C,.jparalkyl, -OC(O)Cy. palkyl, -OC(O)aryl, or a

glutamine;

R%is —OH, cyano, Cy_jpalkoxy, amino, O-aralkyl, -OC(0O)C,. paralkyl, -OC(O)C,.
10 ealkyl, -OC(Q)aryl, or a glycine substituent; and

RéisHor Cy.palkyl, preferably H,
comprising reacting a compound having a structure of formula (II)
(R'YR*AsCI

(In

15 with a compound having a structure of formula (I1I1)
R4
HX R®
ni
RS R% W
(1)

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

of formula (1).

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

formula (I), 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 (1), 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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(a) preparing a solution of the compound of formula (I) in at (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), preferably a dialkyl ketone such as
acetone, to form a slurry; and (e) filtering the resulting slurry. One aspect of the invention is
a method for determining or monitoring the purity of 10SCLU-I. More patrticularly, such an assay is for
determining or m(w% 'H};% QS%%C&HECU&%B&%@?@%Lf&”]ﬁ’)"iqt@?&e@su'ting from the manufacture
of 501.13-1, _tic:A methods may include, but are not limited to, mass spectrometry, high pressure
liquid chromatographyéHRLGe saneddmiclear magnetic resonance (NMR), and combinations of such
techniques, such as liquid chromatography-mass spectrometry (LC-MS). 150ne aspect of the
invention relates to)ashetingcthforaatelraiinizigr 6¢ enonidoriregubnd presserscadndborageeteapount of a

compound gffesauia VI 0 0 3- NH 00 NH HO2C_/ H2N CO2H (VIII) 90or a salt thereof in a
sample of SGLU-1.
5 (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),

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

One aspect of the invention is a method for determining or monitoring the purity of
10 SGLU-1. More particularly, such 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

NH

o} 0
NH

-/

H,N

HO,C
COyH
(V)
20 or a salt 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 VII!
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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 or salt thereof that is
present in a sample of SGLU-1 and if a compound of Formula VIl or salt thereof is present in an
amount less than about 5% (w/w), adding a pharmaceutically acceptable diluent, carrier, or exeipient.
Detailed Description of the Invention 50ne aspect of the invention relates to a method for the
synthesis of a compound of formula (I) R4 wherein 10X is S or Se, preferably S; Wis 0, S, or
(RIR), wheip-greAGEHIEICe.ohR IS udsRenAeatiH gid Claalhpteiriahla o E(R): n is O or
1, preferably 1; 1 and Pe are independently C1, 20a|k referably Rl and R2 are
mdependensﬂﬁf ﬁgé‘"@@ét@&sﬁ’ﬁdﬁ ﬁﬁﬁ‘)ﬂu’étﬁﬁ tb%ﬁ?‘l)“éﬁé’ Yt %"F&? |%h€1qTBF?§B°%§’1kyl COORS;
R3. is H, aminepteyladaniialegeirr afytxaiialiyl, heteroaryl, heteroaralkyl, carboxyl. Cl. ioalkyl,
Ci.roalkenyl, or Ci.loalk}myl, preferably R4 is -OH, -H-0C(0)Cmoaralkyl, -0OC(0)C10alkyl, -OC(0)aryl, or
a ulutaminePetail@BDescOptianyeiibe Omioatileoxy, amino, 0-aralkyl, OC(O)CmoaraIkyI -OC(0)C1. loalkyl,

-0C(0)aryl, or a glycine stibstituent; and R6 is H or Ci.loalk referably f\ comPrising reacting
a comp%und havné ‘%a§’?ﬁ%ﬂfrt§eo‘f’f’8%?ﬂa{eéﬁ‘)e§%’(ﬁﬁ?ﬁ%&v&fﬁ)‘e synihests of a compound o

formula (1)
R4
R, _X R
/\ls/ ni:
R2 R? RY W
¢y
wherein
10 X 1s S or Se, preferably S;

W is O, S, or (R)(R), where each occurrence of R is independently H or a Cyalkyl,
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 Cq.salkyl-COOR;

R* is H, amino, cyano, halogen, aryl, aralkyl, heteroaryl, heteroaralkyl, carboxyl, C,.
joalkyl, Ci.palkenyl, or C,.palkynyl, preferably H;

R*is -OH, -H, -CHj, -OC(O)C,. garalkyl, -OC(O)C,_palkyl, -OC(O)aryl, or a

20 glutaming;

R’ is —OH, cyano, Cy.jpalkoxy, amino, O-aralkyl, -OC(O)C,.paralkyl, -OC(O)C,.
jpalkyl, -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 (RHRHAsCI

1)
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(1) with a compound having a structure of formula (Ill) (lll)  in an aqueous or alcoholic solvent and
in the absence of pyridine to provide a compound of S5formula (1). In certain embodiments, the
reaction is done in the presence of a non-aromatic amine base. In certain such embodiments, the
non-aromatic amine base is selected from triethylamine and diisopropylethylamine, preferably
triethylamme. In certain embodiments, the mole ratio of the compound of formula (11)10 the non-
10aromatic amine base is between about 0.5:1 to about 1.5:1. In certain such embodiments, the mole
ration is aboy, 9. 4hJQuARANLS LsRIRNE B ABRHEIL -difp 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 (lll) is between about 1:1 to about 2:1. In certain such
embodiments, 15the mole ratio is between about 1{1y1 to about 1.5:1, or even about 1:1 to about
1.3:1. In certain such embodiments, the Qal (it 1.1:1, 1.2:1, or even about 1.3:1. 10
certain preferred such embodiments, the solvént systein comprises water and ethanol. In certain
embodiments, the ratio of water to ethanol (\'7/v) i§ between about 4:1 and 1:4, preferably between
about 2:1 and about 1:2. In certain preferred sucI@Iﬁynbodiments, the 20ratio 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 BRFGMHEMY P i S istehrsotitab b hesSntse 9f, Pabd e 78 950 4B6 898 “aB &Kt 85%, about
90%, about 95% freveriguantitative. In certain embodiments, the compound of formula (1) is at least

about 97% pure as 25measured by HPLC and is free of pyridine. In certain preferred embodiments,
the compound  In certain embodiments, the reaction is done in the presence of a non-aromatic amine

base. In certain such embodiments, the non-aromatic amine base is selected from

triethylamine and diisopropylethylamine, preferably triethylamine.

In certain embodiments, the mole ratio of the compound of formula (11} 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 (I1T) 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 1s 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) i1s about 1:1.

In certain embodiments, such a method is performed such that the yield of the
compound of formula (1) 1s at least about 30%, 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

15 at least about 99.5% pure.

In certain embodiments, the method further comprises



is at least about 99.5% pure. In certain embodiments, the method further comprises (a) adding
an alcoholic and/or polar aprotic solvent, miscible with both ethanol and water that decreases the
solubility of the compound of formula (), 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. In certain embodiments, the solvent is added while the temperature of the

reacton is mantaeg ), 16 AO96IA! ARAHGHAIANAUANE ARGHIES 1A AL ahgven about 0o

about 5 'C. 10In certain embodiments, the slurry is agitated for about 1 to about 24 hours. In certain
preferred efBEdiAERE s G168/ YBiaGiRhEd forapeit of (orambt Lo rburedtalbybk&fabfy about 3 to

about 5 houtshsuabeas albotieddaotss. whilel Aggefiginaembodiments, performing the reaction in the

absence of pyridine may reduce the time required to dry a compound of formula (1). 15In certain

embodiments, adtiidHeohgshrensbitgelrenction while agitating is done to accomplish precipitation of

the compound of formula (I). Additionally, use of the solvent, e.g. acetone, gg%/]fglgimately reduce the
iitati

time required to d§ S EBMPRMESR SRR T UAREArd Quee P prEAL EE g Hg the removal of
solvents andiliquid dbopuditiesnutes, orlaveertbwntdAtbodimenisgebmpocndeft fgrmidaéd) may he dried
in about 24 to about 7048 hours. In certain embodiments, a compound of formula (I) may be dried
under reduced préssErian cmbadiGiRE.48p s BT ttTE G MWDK FRaAERtRTH RN 8¢ iy ing a

compound ef:fermuta(khameJofavdag thesahove imethass Gomprising s °C, o{a)saddiing an alcoholic
and/or pola{oaggggig §(olvent, miscible with both ethanol and 75water that decreases the solubility of the
compound ofq‘ormula’(l), preferably a dialkyl ketone such as acetone, to an aqueous or alcoholic

solutiop of the compennd Wil AURLING 804y is agitdR EARG G ESUINGIRIMIY In certBifertain
embodiments, the solvent is added over about 30 minutes ab%ut 60 minuj[es, abouf 90 minutes, or
even aboutPI9B E%(?‘B‘Féférgiﬂﬁ%wI‘Sa%ﬁf‘:gd%?ﬁﬁ‘[’ég.to abojyf LAALK BB ATRMEARY the solvent is
added whiletihe tempperatuhewns thelsadubont is imaintained in the range of about -10 to about 10C,

about -5 to about 5 C. or even about O to about5C. o
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

pressure.

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

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

(a) 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.



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 3
hours, such as about 4 hours. As used herein, the num ‘'agitate,” includes, but is not limited to, stirring
(with a magnetic stir bar, a mechanical stirrer, or any other suitable stirring means) and shaking.
In certain embodiments, the method of purification further comprises 10(a) preparing a solution of the
compound of formula () in water; (b) filtering the SI Oution; (c) reducing the amount of water

(€.9., under reduggd GFIEAMURN K A2 AR tempelRAFING NALGNMiscible, polar

aprotic solvent that decreases the solubility of the 15compound (e.g., acetone, methyl isopropyl
ketone, metRyPRIASH Kutbienes ebabaiialdrirah ?b@fé‘?aﬁ?ﬁ‘é'&i&l@&’ké@oﬁe ALk one, to form a

slurry; and to abde)dittering the resulting slurry. In certain embodiments, the compound of formula (1) is
SGLU- | as shown below 0 HN AsNH2 MeOCO2H  Another aspect of the invention relates to a
method for the sylithe&ig s ebmpbtineesfvormmia @y GoHNoM HMEOSN N2 IASTIME0CO2H

5  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.

As used herein, the term “agitate,” includes, but is not limited to, stirring (with a

magnetic stir bar, a mechanical stirrer, or any other suitable stirring means) and shaking.
In certain embodiments, the method of purification further comprises
10 (a) preparing a solution of the compound of formula (1) in water;
(b) filtering the solution;

(¢) 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 tsopropyl 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 (1) is SGLU-1 as shown below

O

CO,H
HN
M S\)\[(n NH
el - 2
As
. B

Me O  CO.H



(IV) Scomprising reacting a compound having a structure of formula (V) (N4e)2AsCI (V) with a
compound having a structure of formula (V1) 0 HN HSNH2 0CO 2H 10(VI)  in an aqueous or
alcoholic solvent and in the absence of pyridine to provide a compound of formula (1V). In certain
embodiments, the method further comprises (a) adding an alcoholic and/or polar aprotic solvent,
miscible with both ethanol and 15water 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. InGegiainghogimententhe salvanbis adeled Rvarahaie30 sinuiesoahout 60
minutes, about 90 minutes, or even about 120 minutes, preferably over about 60 minutes. 20In certain
embodimenﬁ%‘?ﬂ"}é d¥Went is added while the temperature of the reaction is maintained in the range of

about -10 to about 10C, about -5 to about 5 C, or eyen about 0 to about 5 'C. in certain
embodiments, the slurry is agitated for about 1 to gpout 24 hogésHln certain preferred embodiments,
the slurry is agitated for about 2 to about 10 h : € preferably about 3 to about 5 hours, such as
about 4 hours. Me. /S\/Hrk} NH,
As \‘
|
Me O COzH
(1V)
5 comprising reacting a compound having a structure of formula (V)
(Me),AsCl
V)

with a compound having a structure of formula (VI)

0]

COyH
HN
H
HS\)\]/N W NHo
O COsH

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.



Another aspect of the invention relates to a method for purifying a compound of 5formula (1V), e.g.,
following 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 (1);
preferably a dialkyl ketone such as acetone, to an aqueous or alcoholic solution of the compound while
agitating; and (b) filtering the resulting slurry. 10In 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,, ..} GRIE3IRRMROMIMANTS i {NGiSelMen! 15 AMlded While ik lemBpetRly, of the

solution is maintained in the range of about -10 to about 10C, about -5 to about 5 C, or even about O to

about 5 C. PHIRTELS LM WhAlAE: inds aiipIdGRate d 18 PABEUP IS B BIf SAHEHEYIn certain
preferred empbodimesisitbesitirnuis agitadedifanabout 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) prepasihgr assettibhointratompesn offsthed E (R ity Wateie2ote fiftering the

solutiony  fonffldeduCing the AMQURE abwatRkieg undsndeduced pressure and/or by azeotropic
distillation); (d) adding a water miscible, polar aprotic solvent that decreases the solubility of the

compound (e.g., deeidtieg amethyhisepnopyt ketornpratiethitathylikebdbnetb btebrathyaebfuchn),
25preferably, a.dialkyl KRIADESUGH BRACSIANE: I I05HY B SNGa . siekfligungithe fesuitiag slurry.

Another aspect of the invention relates’to a method for the crystallization of a compound of formula (1)

or a compotil B FeRIMALYAP)2BBFABT ST PRY e SSBURyOiHRCoRBBUM A s dhU88& 8r alcoholic

solvent; (b) a Tgﬁ %?%/Ilcohqlilcﬁgn /or \polar aprotic solvent; miscible with both ethanol and water
olubili

that decreases th Of the co Sp%rﬂﬁd of formula (1), preferably a dialkyl ketone such as

acetong, to the regulting selsien.yhile paiatng:ianditafteringdbe resultingoslyrey.  In certain
embodiments, the solvent is added over about 30 mjnutes, al?eor%%GO min tes,ngout 90 minutes, or

even about 28 FrARRES. HRERMERIS GVER ABBLH 8B THIREEL TR LRV BIh RO dIMe

|menfs, the solvent is

added while the temperature,ofi the.solian iz fainainedin.the fangsal8heul: 19a.a0eut 10C,
about -5 to about 5 C, or even about 0 to about 5 'C.
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 shurry;
(e) hiltering the resulting slurry.

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

compound of formula (1) or a compound of formula (IV) comprising

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



10In certain embodiments, the slurry is agitated for about | 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 (V) is at least about 50%, about 60%, about 75%, about 80%, about
1585%, about 90%, about 95% or even quantitative. In certain embodiments, the compound of
formula (V) is at least about 97% pure as measured by HPLC and is free of pyridine. In certain

prefered embodifyeqis, 16, APPSR ABRULAAE AL wi, vo MOALIGY ARpect of the

invention relates to ‘a method for the synthesis of a compound of 20formula (1I) r)éRZ)AsCl wherein
RI and R2 aratshtiepdsserssenties sobimiy, rdreramperdaeid mpudid inaessendieity Poddieers from
methyl, ethylicprapykand dsorrpykivghereinanqmpaurc hawing the structure (VII) (R 5(R2)As(0)0H
(VII) is reduced with tin (11) chloride. In certain embodiments, the reduction is pet-formed as
described in ExarfiplélkrvhdretesRlimnelR.are both methyl. Previously, this conversion could be
accomplished using hypophosphorus acid in concentrated hydrochloric acid; however, this resulted in

the relelise of phdSSRIKE G 4 BEASa ot b is AST e RRTAHER! 3P S EuHHAtRY 8P formula (VIT) with
tin (11) chloricletas describednhereit avoidsogensratianted phosabine\gasbout s0nenaspect of the

invention relates to a method for detecting the presence of a compound of Formula VIl CO2H
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.

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 (I1V) 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

15 at least about 99.5% pure.

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

20 formula (1I)
(R'YRHAsCI
(I
wherein

R' and R are independently C).alkyl, 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 (I1) chloride.
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10(V10) or salt thereof in a batch of SGLI_J-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- | manufacturing process such that the amount of
SGLU-1 produced is at least 1 kg, preferably 5at least 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
SCULL In certain Grobagiioggie, Susts BITORR 8, SCkb-hALe Substanlally digg glharsenic
triglutathione, such that there is less than about 2%, less than about 1%, less than about 0.5%, or
even less tHd152W Boatd B. 259k etiymedrione in the batch of SGLU-1. In certain embodiments, such
batches of SGLU-[;L,Ir are sHlbﬁtantiaII free of Pd'%logical c?brsgaminanlis, in%ggiggé, but .la% limited to, cells

. €vViou this conversion cou CCOIM, ed using hypo us.acl
and proteins. A’ Certain embo Iments, such a me may é%orﬁ%r se ction using HPLC. In

certain altexeativgranddodivbits c tvednbethodiais comnipdse detabtionasingrhaissspectrometry. In
certain alteipakive e mpRAimenta. thenmethech Pay LOMRRRdetertian BY NMRiorde i certain

embodiments, the invention relates to a method for assessing the purity of a sample of organic

arsenical indWHIEIFGP B £ 6095 B A SR ARE SRR &fin the sample is a compound of Formula IV 0
Me _S As Me NNkiZ a@é%gt'g) 2f§L|\_|é)|i\lr?|y|%9fi&sr@lgttil‘??)eaoxfne‘?f?m REsina.deieqiingdhg presence of a

compound of Formula VIII
compound of Formula VIII

0O

CO,H
HN
H
Me. .S N NH,
' )
S 0

COH
NH
o] o}
NH
HOzc_—/
HoN
CO,H
10 (V1II)

or salt thereof in a batch of SGLU-1, ¢.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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or a salt thereof in the sample. In certain such embodiments, detecting comprises analyzing the
sample using HPLC. In certain alternative embodiments, detecting comprises 15analyzing 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 VIl
detected is greater than about 5%, (total area as measured by HP LC), about 4%; about 3%, 2%, or
even greater than about 1%, the sample may he purified to remove some or all of the compound of

Formula Vil and {hen opfignally;reiested:Sushmurifisation mavdie by a0y suiigble means (e.g.,

recrystallization or HPLC purification). In circumstances where purification is not practical, such as
when the s&FfRHIB AU ChADBHEE: PISdnTiaed DR LEUMIFFStisH O HPEEHY the compound of
Formula IV spharmadesialiramanhicb-ibevsampiainias dake mbiay be: diseasd eddag it for human
consumptio%QMR' In certain embodiments, the invention relates to a method for monitoring the
presence of a compound of Formula VIII in a batch of SGLU-1, comprising detecting the amount of a

compoynd of Fonpua-yhlRaiRcdicaly avena e REAIQAPS MIMMIERNOWLSI HaYs pHagkss O even
years. In certair} embodiments ,tk;gﬁ@gg{mod comPrises etecting the amount of a 10?ompound of

Formula VIFFAPIEQEPEARLS AHAC PALI2BCE L BN RSB ST SRR HER'S Yelr.  1n
certain embodipeend iremsithéVmethod of assessing or monitoring comprises HPLC detection of a
compound of Formula Il, the HPLC analysis is performed at a temperature in the range of about O to
about 20C, preferably from about 4 to about tO C. {5In certain such embodiments, the HPLC is
performed at a temperature of about 4 to abou : cefifim'embodiments where the method of
assessing or monitoring comprises HPLC detection ofia compound of Formula VIII, the eluant may
comprise a single uniform solution ?npgi’s? t f"opre %Yganic solvent. Such solutions may
optionally r .11r-ICT 20comprise water. I\‘Ae In certgin e 2gj,iments, the eluara 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 embodimepys where two or more solutions are used in
changing proportions to vary the eluant along a gradient, the first solution may comprise an 25amine
base afnd an orgamie stichdredriaipstich Gmbadinke piss¢he: sélut@npmay o6 Rypriséa afilAmine base
selected from triethylarnine and diisoprcipylethylamine, preferably triethylamine. In certain such
embodiments, the solution may comprise an organicjacid, such as formic acid. In certain such
embodiments, the solution may comprise triethylgl | i Hand water. 30In certain

embodiments where the first solution comprises water, formic acid, and

Me. .S N NH,
Ay 7
S o) COH
NH
O 0
NH
H02C—/
H,N
CO,H

(VIID

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 alterative embodiments, detecting

comprises analyzing the sample using NMR.

In certain embodiments where the amount of the compound of Formula V1II 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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triethylamine, the solution preferably comprises greater than about 95% water, greater than about
98%, or even greater than about 99% water. In certain such embodiments the solution comprises
99.85% water, 0.1% formic acid, and 0.05% triethylamine (viviv). In certain embodiments where
there are two solutions, the second solution may comprise an amine base and an organic acid. In
certain such embodiments, the solution may comprise an amine base selected from triethylamine and
diisopropylethylarnine, preferably triethylamine. In certain such embodiments, the solution may

comprise ag QIGRANIEATRHER A TG 6D N Geain puSh AMRRIMSIALIE Bolyion may further

comprise a water soluble organic solvent. In certain such embodimen r Soluible organic
solvent is atuthitAE i cesti s HaRBEiNEHtsPE SHIatb N SHTEMSEE Greiithan about 98%, or
Oeven greaparithaibahout 924i agetasitileHenaretaimgabadinanism e Soliion ceanrses 99.85%

acetoninile, 0.1% ,(ormic acid aqgl 0.05% tri tp Iarnirge Q/i\ﬂv). .q?e as ec}tl gf the invention relates
on?pem xor}com ns;’ngt ﬁcom oun(fo ?rmu a 1V, the’material from which the samplﬁ:
to a method of manuract ring a pharmaceutical formulation ofcomprising determining the amount of a

compod@nd weFekauTE XA dsaridep pssiit Serdrifithe SGRUPL@omprises a compound of Formula VIl in
an amount less 15than about 5% (total area as measured by HPLC), adding a pharmaceutically

acceptable diluerf EERIBEBIERRIEN D SANYSHAARA Sl SMUBEIME A MAN S & Hptses a
compound of Fompulad/dfFoiman dihountiess thaw Abouktdsmrabauicdds 2% ecmevendéss than about

1. In certain, srubpdimentz.q e phaimpseyicel formulatians Are sbsiantielifreg afarsenic

triglutathione, such that there is less than about 2%, less than about 1%, less than 70about 0.5%, or

even less tREFT 3Bt 0. 088 trgIbedtmeie HanshatdrBPSELdsacipecsEmrerhBbdiments, the

pharmaceuticapdoranit ations ave subistantindly fme, ohbiclegigalbacataminants cveludiagst but not limited

to, cells and prateins. In certain such embodiments, such pharmaceutical formulations may be used in
Orjce a year. . . . h

the  manufactdre of oral dosage forms, including, but not limited to, capsules, tablets, pills,

ESdragges, pOWdﬁr%x%ﬁngfdi%%t§hﬁxﬁk@ghe Tﬁl&ﬁ{@ﬁ&'@é@%@&%ﬁh%%ﬁﬁlé@rguIations ma%/
e used In nu‘actur of a solufion suita or |ntrave[10 S administration. ne aspect o
e e LR o0 nBh R gAL HrGSBHAY GF Al dmpound of Formula

the invention reElna esta
VIl or salt thepeatfire anpharmaceliizalt fotmatiaticly, Brapr8Gdddadge forhonod sokbon!suitable for

intravegous Administiation.as dessrinedipereln perroMheeriainamhadiments, whare.thamethod is a

method of detecting, such a method may comprise detection using HPLC. In certain alternative
embodimen%, the method may comprise detection using mass spectrometry. In certain alternative

embodiments, th‘ﬁx@e‘?mﬂ%r%%}il%%mP %%rg%g%lecmola%”%&sing 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 dusopropylethylamine, 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 embodiments, where the method is a method for monitoring the presence of a compound of
Formula VIl in a pharmaceutical formulation, oral dosage form, or solution suitable for intravenous
administration, the method comprises detecting the amount of a compound of Formula VIII periodically
over a time period of minutes, hours, days, weeks, or even years. In certain embodiments, the method
comprises detecting the amount of a compound of Formula VIII at least once a day, once a week,
once a month, or even at least once a year. 10The phrase "pharmaceutically acceptable” is employed

herein to refgrinapss Lgande.materakueompeations, andiRtaasageoiomesyvhiclhigwithin the

scope of sound medical judgment, suitable for use in contact with the tissues of human beings and

animals Witﬁ?ﬂmré%(e)gsﬁ & YR Iif/ﬁ{é{ﬁaﬁ, aﬁff&@g Qeoégf)ﬂéeé}f%P’Biﬂ"e%vaﬁlem or complication,
commensurate W!Wc%%ﬁ%%%ﬁ!%&?@&H@F&%&%_J@%ﬁ’e & NE.PDIRSE . PharmageHlgally, acceptable

carrier" as used herein means a pharmaceutically acceptable material, composition, or vehicle, such
as a liquid GPEBIRF AEINHIfRSE, BLAPIRBA LNt I reftiasuthamiy fratatialthE IR MY must be
"acceptablabipthe sensmobheingcampatibiewithihecothrdiingredigats piibe forsrulatipn and not

injurious to tthﬁ?‘?gtlent. omga%xgmpé% 9 dlmrgnatlg’equ‘zglg,omnlch can serve as pharmacegtlca(u}/ acceptable

. Ie mine. Iin ce on may compris organic acid, s
70 carriers include: &e) sugars, such as lactose, glucose, and sucrose, ?ff’stérc es, Such as corn
starch, potatogtarchcidnth safistitstel onhodsnpytittitesopreyeivaekerthe Syaetistaseatsnd its derivatives,

such as sodimcarbexyribyl eeliulpse sethvhesliuiese, anderliuassiaceliatr {4 agvwdered
tragacanth; (5) malt; (6) gelatin; (7) talc; (8) excipients, such as cocoa butter and sug(pository waxes;
(9) oils, suciALHAEN (Y ST B EBHEEBASIMEARILH A SiP S EUBRYSSiE %‘3"\]?3“0?#06'&% 611,%nd soybean
oil; (10p glycols gsuch aeprbpyless atycolitlb. jolyolsiserohodsiglytsetin ssmtbitotommveitol, and

polyethyleng, giyeal; (12), asters stioh 2S &Syl olesse, anchsibyllaytatc; (13) agar; (14) buffering

agents, such as magnesium hydroxide and aluminum hydroxide; (15) alginic acid; (16) pyrogen-free
water; (17) isotonimsainet (E)Ringaic salition; { R} eyt alsaltad: (20 phbaphataduaifer solutions;
and (21) other,ion-0x/29 comealile suhstances emploved inpharmaeytsal lormyafipns. In
certain embodiments, p armac’eutlcpaxf'co%nposmon olT] the present invention are non-pyrogenic, i.e., do
not induce Sigrfrearmtantpérheuye ldiey anems swhe foahonisedfeaty'a Yatiemen amoyyeleitfy agents,
emuISifierslilﬁanMbrb@@n@aw@b AR ﬂ@t}rvL@;,I;f&&lawae&?mlgtqa&a@&w@ well as coloring
agents, relegse agents, coating agents, sweetening; flavoring, a ming agents, preservatives
agd antioxig?z\a%?g’cggﬁrlg 50 B’écb%ggenis\i 1 aéncsc‘f?:#peggtfﬁé%g?mSgt?x%%n%%s %?%grgr%gceugically
acceptable @npoxidaritEameilalE 1l jvwatemsolulsies Hatiokidurits, sbeh 3% acorbiryacidsscisteine
hydroc;glori%uwgi.um Qﬁh‘ﬂgaéi%él@%lémsﬁg?é%ll?%gﬁh&éﬁeﬂm‘%lﬁﬁﬁé ﬁiqdi;&aukan&a;}]% Io$olublle
antioxidants, sych as ascor itate, butylat roxyanjso : ate roxytoluene
(BHD) Toci AR GRS T LS BHETor, AR P he: (i 13) At Rl PR gente, such as
citric 20acidbety/fdnctiaminiestetraacetic a.eid( ERTLhsorbitahabrahot®id, PpHodpherieiacid, and the

like. Formulatighs-3nitahle forprakacdministiatiandhay e inthafome.Qfeansyles. cachets, pills, tablets,
lozenges (using a flavored bask, usually sucrose and acacia or tranacanth), powders, granules, or as

a solution cﬁf’%f“é’ﬂl‘élf)‘étﬁs‘i’bﬂ“_ﬂ%%G@b@%@ﬁ%ﬁﬁ&@gﬁéﬁﬁﬂh,.or as 15an oil-in-water or water-in-oil
iquid emulsion; g, 38 A ST S RYIRL 8% RBSHIeS (neran e MAR RS gRlatin and
glycerin, or sucrose and acacia) and/or as mouthwashes, and the like, each containing a
predetermifisguissiftior i aspesitorrs) as'adizeivé tagiadiehto AusHiposthistsmilPalso be
administereshaea RS sleaturty afd Pashes. In solid dosage forms for oral administration (capsules,

tablets, pills, dragees,
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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20powders, gunnies, 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, carboxymethylcellulosc, alginates, gelatin, polyvinyl
pyrrolidone, sucrose, and/or acacia; (3) 25humectants, such as glycerol; (4) disintegrating agents,
such as agar-agar, calcium carbonate, potato or tapioca starch, alginic acid, certain silicates, and
sodium carhgpate. (Rl=abiign eiudiog: Adsnts. syush asnaiaiing (EABsarntog, accelagrs. such as
guaternary ammonium compounds; (7) wetting agents, such as, for example, acetyl alcohol and
glycerol moMBYEoAREEe AsjesienyeitdRsuch as kaolin and bentonite clay; (9) lubricants, such a talc,
30calcium stearat, magneshim stearals, Solid polysidene glyealsisadium vl aulfate,and
mixtures thereof; and 1%5 coloring agents. Jr. the case of capsules, taBIets, &nd élﬁs, the
pharmaceuficaresHigositiomsun i Ao chmprsesbedtdeimey g emtsrabantreotopositionstsina similar type
Imay alsp b@‘ﬂmﬂ)élk QMBQ%&H%{@AMQ;‘]&%%Mal?gnﬂue@ﬁeéa{?m%wa&lgsmgnm%d (ﬁpeeiﬁients asl
actose or milk sugars, as w igh molecular weight palyethylene glycols, and the Jike. A tablet
may bo mad s oA SERR O NGRS Lp araty SAREORS e A RSO ekt
Compressed tabtets. niayeeip regard o erginghbindép {forrepasepletegetatihcombnputax ypropylmethyl
celluloge), 'E@H‘&ﬁﬂ&i e eV PIERALYBLVE, diSinteey @QHJQ,%%@WBL%@RQ‘H@xﬁ&@f&%@'ycome or
cross-linked sodium carboxymethyl cellulose), surface-active or dispersing agent. Molded tablets may
be made by Hibfifigf in a suitable machine a mixture of the powdered inhibitor(s) moistened with an
inert liid diuenty]hlets, and aiher solid, dosags forme e Az radsescapayles. pills, and
granules, 10may opti naﬁy e scored or prepared with coa]%mgs an ghelfs, such as enteric coatings
and other cB&aiNgsWEN Kpcwmpasteshaitricstealorarmubatihg art THemissPariodefbrmulated so
as to providacslew jaagaatioliedyrelease ohthe activetingsadiert tiereinUsings faldexample,

hydroxypro Ilgrggtth}(clz ecell/ulpse ip var |rt1% rPrqportions to Jorovidt the Tsired Crele setprofile, other
polymer matrices, iposomes. and/or microSpheres Aty may be H5sterlized by, for €xample, filtration
through a beretereasksasdniid filasoorty noofiporitintosterilizing agents in the form of sterile solid
compaositions which can be dissolved in sterile water, or some other sterile injectable medium
immediately beforefi88 ¥l CHHHOSHBHS HRg AfB Blstiofatty CBHIEIh 4B 9ing agents and may be
of a composhtionatdatithiy selgagel ¢ meagctiv e imgrediont () whiylcosyiefe reitiaflyr svdcéitain portion of
the gastroinjgstinal.tact,20antianalbv & delyad.maniel FAPIES phembegding gpmrositions

which can be used include polymeric substances and waxes. The active ingredient can also be in
micro-encapSifAEReTbH T TPAEpIosHAR Wi Ihe Sl e drifsrapslerdad aobBerereibients.
Liquid dosatje faiens fosrosak admiisiraticn ihchidehpharsaceujicatyaanceptbolecepriblisions,

microguisigns. SAHIRNS: SUSRRNSIONS.SNIRS. ANEPUIS-[0AddignD e ThAlive oredient, the

liquid dosage forms may contain inert diluents commo‘g:l}y used in the art, such as, for example, water
or other soR/&iits PSttaiRsHgeag enbstiatrd enishes sddhcas edryraconss!idspiay dicohol, ethyl
carbonate, édhyiacstaieh benailalcahok Benryl banzeatenpiapyians glyeatildsbutylere glycol, oils

o aro RS b M b S0 ST O RN PR AT LLR) PiGREC

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.e., do not induce

significant temperature elevations when administered to a patient.
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30glycols, and fatty acid esters of sorbitan, and mixtures thereof Besides inert diluents, the oral
compositions can also include adjuvants such as wetting agents, emulsifying and suspending agents,
sweetening, flavoring, coloring, perfuming, and preservative agents. Suspensions, in addition to
the active inhibitor(s) may contain suspending agents as, for example, ethoxylated isostearyl alcohols,
polyoxyethylene sorbitol and sorbitan esters, mierocrystalline cellulose, aluminum inetahydroxide,
bentonite, agar-agar and tragacanth, and mixtures thereof Pharmaceutical compositions of this

invention suitable faf Ry eRALAAGIRLIAHEN AMMUSE.ONG QIR S.IRDIRIALR(SHIN combination with

one or more pharmacedutically 10acceptable sterile agueous or nonaqueous solutions, dispersions,
suspension?%ﬁ”@?‘h’ﬂ}sﬁﬁﬁ’é‘f‘bP%t’é‘?ﬂé‘?ﬁﬁﬁﬁé&%%ﬁ@h%ﬁ?%ﬁ‘éoﬁ?ﬁﬁﬁé‘é%{% Y& Pfectable
solutions orfdisprisioSpisipiQraienisaredhichimaycbntad idntioxichaaiis be ypikerss batieriostats,
solutes which render the formulation isotonic with the blood of the intended recipient or suspending or
thickening agergts. I%ékamples of suitable aqueous and nonaqueous carriers which may be employed

in the pharmaceutigaheppasitionsafiibs jneatiandneliiemnatancriltanol Wwaelysdsutseich as glycerol,
propylene glycol, polyethylene glycol, and the like), and suitable mixtures thereof, vegetable oils, such
as olive oil, Ha"i‘ﬁ%é‘é asé‘\‘g’gﬁgaén%bécs%grds,cgﬁté’f‘?% y@fﬁﬁ?"é’l‘é‘;ﬁﬁioﬁ?‘b‘ﬁe% Efﬁiﬁys%%h"%e maintained, for
example, byw_ttt@ilawskﬁt@f soatinguiidterimlshslict 69 tekiflir! byn2oshé maimenarsecdfthe required
particle size, i e Cas8I9AIS RGN ADERMAINBIG Al SHTaNANE e (BHPES&BRAMPOSItions may

also contain adjuvants such as preservatives, wetting agents, emulsifying agents, and dispersing
agents. Pre‘?f@ﬁ¥i‘d¥?lb¥fh@f§‘€tf8ﬁ08fl?fﬁ&rﬁl§lrﬂ§ﬁi§ﬁ;|§’1‘?1é§ ﬁl?%h@l’ﬁ%‘d“ﬁﬁﬁ%‘ﬁrﬁﬂﬂé?ﬁﬁ‘b‘??/arious

antibacteriad ) dtayitificagal i agents ctoic exain(ple, 26 patdtenachiorabditansp pheroldarbic acid, and the
like. It may alsp 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 abauiunithe oeivsian: of agentswhichhdelay absoatien stielpascalumimun

monostearat(?1 an(g gel?tin. 30In some cases {')n order tﬂ rolong théa effect of a dru]gt it is desirable to
1S {a 18ts CF]Z@H&FS L&Slnﬁ]a V()I?d asis, usua r?{)SUCI’OS axT acacia or fragaca g
slow the ab%orp lon Of the drug from subcutaneous or intramuscular injection. For example, delayed

absorption ofwdoararderkiycadaministeiadod iy fomn ¢ Sreopiphsitee byndiqyetvindgordsaspending the
drug in an qj} yghicle. isciakieideROt fermsargomaresov tormingspigrasneapsuiesmatrges of
inhibitor(s) in biodegradable polymers such as_polylactide-g)odyglayc lide. DeEendip\% op the ratio of
drug an inert matnx, such as gelatin and glycerin, or sucrose and-atdcia) 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 pyrrelidone, 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, acety! 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

-16 -



5to polymer, and the nature of the particular polymer employed, the rate of drug release can be
controlled. Examples of other biodegradable polymers include poly(orthoesters) and poly(anhydrides).
Depot injectable formulations are also prepared by entrapping the drug in liposomes or
microemulsions which are compatible with body tissue. The phrases "parenteral administration" and
"administered parenterally” as used 10herein means modes of administration other than enteral and
topical administration, usually by injection, and includes, without limitation, intravenous, intramuscular,
intraarterial, pifalhseal ATaR W AR IoL INTReRaG JAladeanR iptaRadigneal,
transtracheal, subcutaneous, subcuticular; intraarticular, Subcapsular, stibaraéhnoid, intraspinal and
intrastemal %’ﬁé‘@ﬁoaﬁ‘,dé}f‘ﬁjlih?usion. ISAdministration of the therapeutic compositions of the present
invention to a patigrtlét}tx\gtll fgll%vé\a/ llgg&egalc {otpcoilg fO{ thO d§dm§nés§raﬁogv %1; ehem%gr%rapeuties, taking
into account the toxicity, f?ffny. tis e%pec?é)de that' tﬂe"%reaﬂ%er?tlc% s'Wodle 5é repeéated as
necessary. dE¢sorsicantesnislafechthetsod tibles ssraydarpr thexapiss obiadfu ffor carepletherapies, as well
as surgical jRiefvertomomaypeARRiecincRMDInALAR: With the.dascrRed Arsenicatassnt:
Regardless of the route of administration selected, the inhibitor(s), which may be used in a suitable
hydrated fof'ﬁ{ %ﬁﬁ’ﬁ#’tﬁoéi'b‘ﬁésrﬁ{é}&§Uﬁ8§ﬂteé(?ﬁﬁﬁ%?l’ﬁ’&ﬁ%dosf’ﬂﬂ%”bFé?é’ﬁ?’m?}gﬁ‘tﬁﬁlul}’%)l’ormulated into
pharmaceuticétg-acceptabieelosage darmddiyed o e tionel aneidrosls koldwp o 4hosebrf skill in the art.
Actual dosage lgyels.aldhe activpdndtedieninin iie RhamaceHiica sompasifigns.qf 25this invention

may be varied so as to obtain an amount of the active ingredient which is effective to achieve the

desired therapeutictrepensether & padiskéarrpaticnicsampesitionasd fo6e afradministsation, without
being fgxic to theteatlﬁ AH Eubllcatl ns. ﬁnd Jjatents cn}t)eegsher%ln are hereb incor dorated by

nt. €
reference in their eﬁ]t?ré/tbéébqfﬁos%péﬁfﬁée in éoarfn\fﬁlFrr‘éicsognlzseu,coraﬁgné e to asteftain using no

more than Bhrireadreermtation hanjeneivalieatstonttetiopecifid embodisents of the invention

described hereinauchsajraledtsiarednisndan 4o be ansampasseshbidhs fallowing claims.
Examples The fg e included to demonstrate referreéi e bodirgfnts of the

- Tr IIQV\gn exaé.n%rles} nelu
invention. I{EHAETY e ApProiatRd B tHosa B kit B RAH the RRIMNIGEES ddi58ed in the
examples wiizkefplidie.rethre sehinectmigues (discovessohdyrtrecinvegries td epotionbwell 5in the

pracigs of fisipueByon: andfIus:an be GRRSKIStein consiifiernGIared mades(py s practice.

However, those of skill in the art will, in Iiglht of the present disclosure, appreciate that many changes
can be mad¥inine Spakink bboaiRisH stk sorararib s i St oBessh el e 'sF Kmilar result
without depestingfromethérgpiritiBndjscolipe okdhernventionely 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.



10 Example 1 Preparation of Dimethyldiloroarsine (DMCA) A 3-neck round-bottom flask (500 miL)
equipped with mechanical stirrer, inlet ibr nitrogen, thermometer, and an ice bath was charged with
cacodylie acid (33 g, 0.23 mot) and conc. hydrochloric acid (67 mL). In a separate flask, a solution of
SnCI2 -2 1-120 (54 g, 0.239 15mol) in conc. hydrochloric acid (10 ml.,) was prepared. The Safi, ' 2 H20
solution was added to the caeodylic acid in HC1 solution under nitrogen while maintaining the
temperature between 5 C. and 10C. After the addition was complete, the ice bath was removed and

the reaction mixtuseqas; stiireslatampient lempssRBIE SR b ThRaarHaRmixkLe was transferred

to a separator y funnel and the upper layer (organic) collected, The bottom layer 30 was extracted with
dichloromettER2 @SN TPW 5 AL iSRS Grgaie Rt JEV A v SRI0EESvith 1 N 11C1 (2 x 10
mL) and watefi(@ixg? enthhreséherorgariaextract was dried over MgSat and DCM was removed by
rotary evaporation (bath temperature 80 C, under nitrogen, atmospheric pressure). The residue was
further distilled urtispitioRfe ! TG IreietibnaH DNITAVESIEES | ReBtar ST THEfFEER S Sontained

some DCMransk thgiseannd Reliagtionwps ohsuitahle aualitye(8 58k 6%d/ie)al badaC analysis
confirmed the identity and é?ugitg/ of the ‘froduct ExamQIe 2 Pre{)aration of S-Cl;)imet%%rstnoghttathione

(SGLU-1) A S8R ERaion o ghitathibe (B S8 ieaH n il & 6F Wale IEtHARSTT 1 viv 30 (180

mL) was coukéthibelowtBe@dnd under an inert atmosphere treated with triethylamine (10 rnL, 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 T0"AHRF SRR FRTREIRING ﬁé%ﬁﬁ@?ﬁ?ﬂrﬁ‘ﬁ@lﬁfo@ﬁ?ﬁ*ﬁr@]r@gﬁ%wﬁ?&%re was
stirred at O-&iipfae 41, camebthenkaistdtiig) soliclanirareiselated oy iitvatigamhepradiyct was washed
with ethano] (2 x 50 mL) and acetone (2 x 50 mL) and dried in vacuum at Rl overnight, to give Il 2
bl g R SR R o R R L G S
C1211122A%KBESdes 35igymay Be3gequsiptading sreglePpifible sgyigps qr G5persieny 0297, S, 7.68.
1H and "C-pNH wesavtansisieabwith shecssicaatsre ffhe filsateowas, dillstedwiithh asetenad 150 niL) and
placed in a refrigerator for 2 days additignal 5.1.9 (21%) of SGLU-1 was isolated as the second
Crop, HPLC B g o e T b SRk S S O B o o
S-Dimethylggeifoglz4tathione (SGLEI- In a 3 L three-neck flask equipped with a mechanic stirrer;
dropping funnel and thermometer under an inert atmosphere was prepared a suspension of

glutathidne (114.5%7'57 tha) RIS B4RIR AN BRIFEUSP W ARFEth ARSI (TTA0THIP RN T8I to below 5
C. The mixfuenwes:treatedhstouilynfaahd iven) witl! trie thylemiten(@3pe vk (§1d6amol) while

15maintainjpg. g t6: %@ggcbemaﬂyﬁml Bemire wassonled ie s &g stiredder 15 min and
materi

then the traces of un%?i’gsolve 1aterial removed by filtration. he filtrate was transferred in a clean 3 L
three- neck FEERERIIpFEEPIRATY HrdeABHIEISHAE TrRSPISiAY TFintreh #itBEER'FhiE, ARRFEhermometer
and DIVICA{ifxgedd. 49rmaol)a(letl Liboeka: 0] bydhy was tctdedstomdyialdh Hecl i ititaimimd the

tempe_{@tur%@&%frﬂ%al&eoﬁﬁecpe%@FQ%‘&{‘ECW%%;?M Gd (%tsg'bﬁispersions, 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



20for 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 3C and the resulting solid was isolated by filtration. The product was washed with
ethanol (2 x 250 niL) 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 inL) and dried in vacuum for 2 days at RT to 25give 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
SULU-1 (6.Q. ke e waterfa i) JRs: Sl e AR d40,30,19,4P6 4ot gelytion formed, and
the resulting solution was pumped 30 through a 172 pm inline filter to rémove an%/ particulate matter
present in tPRSREBRIBB HreTiTedmdiTield siistfon was then concentrated under reduced pressure using a
rotary evaporator, TQC? Water g)taftcp 1was mrgigg%in d at not more tha 40Ct. .\évshgp %35)§§r% of the total
solution volume ofwater was removeo?, ethandl f%lﬂ,g Ebbrprnocg?,s %’5? was addeq to t(ﬁ«):\ concentrate,
and distillatibRiovssrednblinpdonzrd euch s agbirebgicedly sernndde. tRenediainimghwatee ahtiheeslurry began
to forms The, SJusryavas dhen.dillited with aceione dRmhb) &t Which peintassaluiondarmed plhe solvents

were removed under reduced pressure until a slurry formed. 5The resulting slurry was transferred to a
suitable read t?oﬂﬁg \éé%”b‘ifﬁ?é’é%ﬁﬁ BloAESHE 18 L FO s Thinalbds RUHISEN §YS 5™ and was allowed to
stand for ome! Mouirydrives$ Ghdgel wistidn flittentd ancwabbedepattd acetone (3 Jlenthdyi@d under
reduced pregsue JOPIIAGR R s b SarhyiRidy FxaRIpIR.R,d 0 FIPLC Determination of Purity

gf Z10-101 The following conditions may be used to determine the area % of SGLU-1 in order to
determine the punity phassmpleacalumniti8 e éat8dokilaihasa: firpikLib B agetonitrile
15Inje%|on volume:lto 10&23?!&]8{0‘25 C Wa}\{el ngtg:lgﬁ%g-g%o urn %Innm%tpgg :10-3 Ig}ng

herein means mo nistration other tha nd topica 1, usua

by injection, and includes, without limitation, intravenous, intramuscular, intraarterial,
intrathecal, intracapsular, intraorbital, intracardiac, intradermal, intraperitoneal, transtracheal,
subcutaneous, subcuticular, intraarticular, subcapsular, subarachnoid, intraspinal and

intrasternal injection, and infusion.

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
cffective 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.
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In certain embodiments, the following conditions may be used: Column Phenomenex Gemini Gig
column, 150 x 4.6 min, 3 p, 110 A Mobile phase: A = 25 rnM ammonium formate pH 3.02 B =
acetonitrile Time (min) A (% v/iv) B (8/Gv/v) ,0955 695 202165

Examples
The following examples are included to demonstrate preferred embodiments of the

invention. It should be appreciated by those of skill in the art that the techniques disclosed in

the examples which follow represent techniques discovered by the inventor to function well
5  inthe practice of the invention, and thus can be considered to constitute preferred modes for

its practice. However, those of skill in the art will, in light of the present disclosure,

appreciate that many changes can be made in the specific embodiments which are disclosed

and still obtain a like or similar result without departing from the spirit and scope of the

invention.

10 Example |

Preparation of Dimethylchloroarsine (DMCA)

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 HC1 (2 x 10 mL) and water (2 x 20 mL). The organic extract was dried over
MgSO4 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 aof 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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659535 3s 21.1 5 30955 Injection volume 5.0 (IL Temperature Column and autosampler at5 C
Wavelength 230 in Temperature

5 °C. The reaction mixture was stirred at 0-5 °C for 4 h, and the resulting solids were isolated
by filtration. The product was washed with ethanol (2 x 50 mL) and acetone (2 x 50 mL) and
dried in vacuum at RT overnight, to give 11 g (46 %) of SGLU-1. HPLC purity was 97.6%
by area (average of 3 injections), Anal. Caled. for C;sH2AsN3O6S: C, 35.04; H, 5.39; N,

5 10.12,S,7.8. Found: C,34.92; H, 5.31; N, 10.27, S, 7.68. 'H and ""C-NMR were consistent
with the structure. The filtrate was diluted with acetone (150 mL) and placed in a refrigerator
for 2 days. An additional 5.1 g (21%) of SGLU-1 was isolated as the second crop, HPLC

purity was 97.7% by area (average of 3 injections).

Example 3

10 Preparation of S-Dimethylarsinoglutathione (SGLU-1)

In a 3 L three-neck flask equipped with a mechanic stirrer, dropping funnel and
thermometer under an inert atmosphere was prepared a suspension of glutathione (114.5 g,
0.37 mol) in a 1:1 (v/v) mixture of water/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 acctone (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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5 'V Sample preparation 25 mg sample was dissolved in cooled (5 00) mobile phase A plus 0.05%
TEA in a 25 mL volumetric flask and mixed, g.s. Example 6 The compound of Formula VIII was
separated from SGLU-I using the following HPLC conditions: HPLC Conditions: Mobile Phase A
Water:Formic Acid:Triethylamine 99.85:0.1:0.05 (v:v:v) Mobile Phase B Acctonitrile:Fonnic
Acid:Triethylamine 99.85:0.1:0.05 (v:wv) Flow 1,0 mL/min Post Column Pre Probe Split 1/3 Flow Rate
Column Temperature 6 C Am sampler 5 C Injection VolumepL or 20 uL Run Time30 minutes

volume of water was removed, ethanol (30 L, 200 proof, USP) was added to the concentrate,
and distillation was continued at 40 °C to azeotropically remove the remaining water until a
slurry began to form. The slurry was then diluted with acetone (24 L) at which point a
solution formed. The solvents were removed under reduced pressure until a slurry formed.

5  The resulting slurry was transferred to a suitable reactor and was diluted with acetone (6 L).
The mix was chilled to 0 to 5 °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

SGLU-1 (5.1 kg, 85% yield).
Example 5
10 HPLC Derermination of Purity of ZIO-101

The following conditions may be used to determine the area % of SGLU-1 in order to

determine the purity of a sample:

Column: C8orCl8

Mobile Phase: A: pH 2-5; B acetonitrile
15 Injection volume: lto 10 pl

Temp: 0-25°C

Wavelength: 210-250 nm

Sample prep: 10-30 mg
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A gradient was run according to the following parameters: Time (minutes) % Mobile Phase A % Mobile
Phase B0.095520.0851521.19595530.0 5 Chromatographic separation showed that the
compound of Formula VIII was present in an amount of 1.5 10 2.0% of the total peak area. Mass
spectrometry of the isolated peak for the compound of Formula VIII was 5performed in order to confirm
the expected mass. The synthesis of the compound of Formula VIl has been reported in the literature
and the available MS data (JAAS 2004, 19:183; J. Biol. Cheni. 275(43).33404), are consistent with the

data observed hefgifkrtain embodiments, the following conditions may be used:

Column Phenomenex Gemint C18 column, 150 x
4.6 mm, 3 p, 110 A
Mobile phase: Time (min) | A (% v/v) B (% v/v)
A =25 mM ammonium formate pH 3.02 0 95 5
B = acetonitrile 6 95 5
20 65 35
21 65 35
21.1 95 5
30 95 5
Injection volume 5.0 ul
Temperature Column and autosampler at 5 °C
Wavelength 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:

5 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 (viviv)
Flow 1.0 mL/min

Post Column Pre Probe Split | 1/3 Flow Rate

Column Temperature 6°C

Autosampler 5°C
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Equivalents Those skilled in the an will recognize, or be able to ascertain using no more than 10routine
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 an will also recognize that all combinations of eiitbodiments
described herein are within the scope of the invention. We Claim: A method for the synthesis of a
compound of formula (1) (I) Swherein X is S or Se; Wis 0, 5, or (R)(R), where each occurrence of R is
independently H or g CI'm iSO or 1; 124 and R are independently Ciisaatkyt; TOR3 is -H or
CO36alkyl-COORG6; ﬁ‘ﬁ%%ﬁlﬂ“n%‘”&?%fno halogep, n! 4hyPrafaidyl, heteroaryl, heteroaralkyl, carboxyl,
Cliloalkyl, Ci,loalken] y& orTCklaaIkynyI R4 is OH -H, -CH3, -0C(0)Ciiioaralkyl, -0G(0)C moalkyl,
-0C(0O)aryl, or a glutamlne 'R5 is -OH, cyano, ?mmoxy, amino, 0-aralkyl, -OC(0)Climaralkyl,

0C(0)CL.10akyl AiGONAM Al LyEing &u&%tm%n%qraﬁe@&l or Cl, walkyl, comprising reacting

a compound having a structure of formula (11

10

Time (minutes) | % Moblle Phase A | % Mobile Phase B
0.0 95 5

20.0 85 15

21.1 95 5

30.0 95 5

Chromatographic separation showed that the compound of Formula VIII was present

in an amount of 1.5 to 2.0% of the total peak area.

Mass spectrometry of the isolated peak for the compound of Formula VIII was
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
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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(R1)(R2)AsCL1 (1) 70with a compound having a structure of formula (lll) in an aqueous or alcoholic
solvent and in the absence of pyridine to provide a compound of formula (I). A method of claim 1,
wherein the compound of formula (111) has a structure HN NNH2 0CO2H 1A method of claim 1 or 2,
wherein he reaction s 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 |
to 4, wherein the solvent system comprises ethanol and water. 106.A method of claim 5, wherein he
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 emﬁ%‘f'({}/v) is about 1: | . 8A method for purifying a compound of formula (1), 15
wherein Xis S or Se; Wis 0, S. or (R)(R), where each occurrence of R is independently H or a C 'alkyl;

riisOorl,; 1. A method for the synthesis of a compound of formula (I)
R4
R, _X RS
AS/ nis

5 wherein
X1s S or Se;
Wis O, S, or (R)(R), where each occurrence of R 1s independently H or a Cy.aalkyl;
nisQor 1;
R' and R? are independently C,a¢alkyl;
10 R*is—H or Calkyl-COOR®;

R is H, amino, cyano, halogen, aryl, aralkyl, heteroaryl, heteroaralkyl, carboxyl, Ci.palkyl,

Ci.iealkenyl, or Cijealkynyl;
R'is -OH, -H, -CHj3, -OC(0)C,. paralkyl, -OC(O)C 1. palkyl, -OC(O)aryl, or a glutamine;

R’ is ~OH, cyano, Cy.palkoxy, amino, O-aralkyl, -OC(O)C,. paralkyl, -OC(O)C,.jpalkyl,
15 -OC(Ojaryl, or a glycine substituent; and

R®isH or Ci.oalkyl,
comprising reacting a compound having a structure of formula (1I)
(RH(RHAsCI
(I
20 with a compound having a structure of formula (111)

R4



RI and R2 are independently COalkyl; R3 is -H or Cmalkyl-COORG6; is H, amino, cyano, halogen, aryl,
aralkyl, heteroaryl, lieteroaralkyl, carboxyl, Ci.loalkyl, Chioalkenyl, or Ci.loalkynyl; 5R4 is -OH, -I-I,
-CH3, -0C(0)Ci_igaralkyl, -0C(0)C1 _ioalkyl, -OC(0)aryl, or a glutamine; R.5 is -OH, cyano, Cl.malkoxy,
amino, O-aralkyl, -OC(0)C.l.waralkyl, -0OC(0Q)aryl, or a ulycine substituent; and RO is H or CI loalkyl
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 (1) to an aqueous or alcoholic solution of the
compound while agitating; anch fekSiterncing MQ@Q@&‘FE%H&&%%%MQB@%Q%WQEVG'” the
compound of formula (1) is 0 HN IS Me "S As Me NNH2 CO2H or a pharmaceutically acceptable salt
thereof. 10.A metfSEYE &him 9, wherein the alcoholic or aprotic solvent is acetone.

2. A method of claim 1, wherein the compound of formula (11I) has a structure

o

CO,H
HN
H
HS N\l NH,

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

wherein
XisSor Se;

W is O, S, or (R)(R), where each occurrence of R is independentiy H or a Cyzalkyl;

nisOor1;



11,A method of claim 8 or 9, further comprising  (a) preparing a solution of the compound of formula
() in water; 20(h) 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 (e) filtering the
resulting slurry. 12. A method for the synthesis oF a compound having a structure of formula (I1)
(1,t2)(R2)AsCI (II) 5wherein Rl and R2 are independently C1.20alkyl, preferably independently
selected from methyl, ethyl, propyl, and isopropyl; comprising reducing a compound having the

structure (Vl) &E&]ﬁ@@ﬁg@}%{z \5,')73@4&*;}1““ (1) chloride. 13. A method of claim 12, wherein R1
and R2 are independently selected from methyl, ethyl, propyl, and isopropyl. 14. A method of claim 13,
wherein R' and R2 areetkviatityk A compound of formula (IV) 0 CO 2H MeNH2 As

RY is H, amino, cyano, halogen, aryl, aralkyl, heteroaryl, heteroaralkyl, carboxyl, C; ealkyl,

Ci.patkenyl, or Cy_palkynyl;
s R'is -OH, -H, -CH3, -OC(O)C,_jparalkyl, -OC(O)C,.jpalkyl, -OC(O)aryl, or a glutamine;

R’ is ~OH, cyano, C;.jpalkoxy, amino, O-aralkyl, -OC(O)C,.paralkyl, -OC(O)C,. palkyl,
-OC(O)aryl, or a glycine substituent; and

R®is H or Cy.jpalkyl
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 (1) is

0

CO,H
HN
M S\)ﬁrn NH
el . 2
As
. N

15 Me O CO,H

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

[N 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
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MeOCO2H 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 a 20least
90% of the organic arsenical in the sample is a compound of Formula IV HN Me, S.NNH, As
MeOCOZ2H (IV) or a salt thereof, comprising detecting the presence of a compound of Formula VIII O

(e) filtering the resulting slurry.

12 A method for the synthesis of a compound having a structure of formula (IT)
(RHRHAsCI
(11)
5 wherein

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

comprising reducing a compound having the structure (VII)
(RHRHAs(O)OH
10 (VII)

with tin (II) chlonde.

13. A method of claim 12, wherein R' and R? are independently sclected 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 (IV)

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

-28 -



17. A method of claim 16, wherein detecting comprises analyzing the sample using HPLC 18. A
method of claim 16, wherein detecting comprises analyzing he sample 10using mass spectrometry.
[9.A method of claim 16, wherein detecting comprises analyzing he sample using NMR. A method for
monitoring a sample for the presence of a compound of Formula VIII 0 HN isNH2 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 of a month A method of manufacturing a
pharmaceutical formulation of a compound of Formla IV 0 C 02H HN FI NH2 As Me0OCO2H (1V)

CO,H
HN
M s\)\n/ﬁ NH
el - 2
As
. h
Me O  CO,H
(V)
or a salt thereof, comprising detecting the presence of a compound of Formula V111

0O

)j\/\(cozH
HN
M S H NH
e - 2
A
¢ N
S O  CO.H
NH
O 0
NH
HO,C —/
H,N
COLH
5 (VI
or a salt thereof in the sample.
17. A method of claim 16, wherein detecting comprises analvzing the sample
using HPLC.
18. A method of claim 16, wherein detecting comprises analyzing the sample
10 using mass spectrometry.
9. 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
VIII

-20.



toor a salt thereof, comprising determining the amount of a compound of Formula VIII C 02H HN
Me.NH2 AS CO2H CO2H or salt thereof that is present in a sample of the compound of Formula IV
and if the amount of the compound of Formula VIl is less than about 5% (w/w) relative to the
5compound of Formula 1V, adding a pharmaceutically acceptable diluent, carrier, or excipicnt. 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 IV. 23. A method of claim 22, wherein the compound of
Formula VIl is present in an amount less than about % relative to the compound of Formula IV.

1024.A pharmaceutical formulation manufactured amgg Wethod of any one of claims 21 to
efo

23. 25.An oral dosage form, wherein the oral do cORipriSes a pharmaceutical composition of
claim 24. Mew .S Ne  NH,
iy )
S O  COH
NH
o) o]
NH
Hozc——/
H,N
CO,H

(VI

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 1 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
Q
/U\/\(COEH
HN
M s\)\ﬂ/ﬁ NH
€L - 2
As
| b
Me O  CO,H
(1v)
10 or a salt thereof, comprising determining the amount of a compound of Formula V111
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10

O

/U\A[/CO:zH
HN
H

Me. .S No NH,
A
¢ N
s O  COM
NH
(0] 0]
NH
HOQC—‘/
HoN
COLH
(VI

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 1V, 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 1V.

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 IV.

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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