ORGANOARSENI C COVPOUNDS AND METHODS FOR THE TREATMENT OF CANCER Cross
Reference to Rel ated Applications This application clainms the benefit of

U S. Prowveizorai2198ppl i cation Serial No. 61/1 89,5 11 fi lpeu/vAugumas3se®, 2008,
which is incorporated by reference herein in its entirety. Field of the

I nvention The present invention relates generally to the field of
anti-cancer therapy. Modre particularly, it provides organic arsenic
conmpounds and net hods for their use in treating cancers such as |eukem a

and sol i d Q%%P‘QAW&r%C&Wa’QHN‘PMNPth@WHQPﬁ B HE TREMMENTIQF CANCER o

t herapy, nost adult patients with | eukem a still die from disease
progression. Arsenic trioxide, i nor i ¢ conpound, has been approved for
the treatment of d;%ﬂsf Bﬁtesrewettﬂ lfei?tﬁaﬁg’%g?“?'ésf ractory acute promyel ocytic

| eukermi a (APL) anthis sppdehtich @¥iadsubé Behefis of UEY. ®pyvidional dippetatloniseeiai a types.
Prelimnary data from China and the recent experience in _the U S., however,
suggest & rdve 6lo89%axld dietAngysRP.FO08 nwhish ivinpaporsiaddtyoicigenee barsdeins as

wel | . Conseq%eelﬁkilré{y the activity of arsenic trioxide as an anti-I|eukemc
agent is currently 'being investigated in many types of |eukem a. Although

the results IOOkr}‘I°al\ﬁo":f3E|g inti%erms of the response rate of sone of the
| eukem a types t At e b g PRvest i gated, systemc toxicity of arsenic

trioxide is a proRl em (Soignet et ah, 1999; Wernj ke a/., 1999; GCeissler et
al, 1999; Fous el D e ilﬁgi@@@)r.ela*ﬂag%%@y @rv%sﬁ?fé of pBisshRSsF Tk
manuf act ur edvihRI R @roﬂ@ésaffrgﬁﬁé seniB BSmPEGHAs B kddttoRE f6rQheir use
antil eukem c activity 924029, "EP1002537). Unfortunately, this conpound
i s exced$i vehyrentong eintes padhi asieskeniia ind slikldwinarsat concentrati ons used for
the treatnent of trypanosom asis. Therefore, there is a need

Background of the Invention

Despite progress in leukemia therapy, most adult patients with leukemia still
die from disease progression. Arsenic trioxide, an inorganic compound, has been
approved for the treatment of patients with relapsed or refractory acute

15  promyelocytic leukemia (APL) and is being evaluated as therapy for other leukemia
types. Preliminary data from China and the recent experience in the U.S., however,
suggest a role for arsenic trioxide in the other hematologic cancers as well.
Consequently, the activity of arsenic trioxide as an anti-leukemic agent is currently
being investigated in many types of leukemia. Although the results look favorable

20  interms of the response rate of some of the leukemia types that are being
investigated, systemic toxicity of arsenic trioxide is a problem (Soignet et al., 1999;

Wierniket al., 1999; Geissler et al., 1999; Rousselot et al., 1999).

The only organic arsenical (OA) manufactured for human use, melarsoprol,
has been evaluated for antileukemic activity (W09924029, EP1002537).

25  Unfortunately, this compound is excessively toxic to patients with leukemia at
concentrations used for the treatment of trypanosomiasis. Therefore, there is a need
to identify arsenic derivatives that can be used for the treatment of hematologic
malignancies and cancer in general, that have similar or greater activity and lower

toxicity than arsenic trioxide.



to identify arsenic derivatives that can be used for the treatnent of
hemat ol ogi ¢ nmal i gnanci es and cancer in general, that have simlar or
greater awOi20iotoz1®8d | ower toxicity than arsenic tri oxi #eTHsp000y3868 t he

I nventi on The present invention provides organic arsenical conpounds with
anti cancer properties. In sone enbodi nents, the present invention provides
conpounds having a structure of fornmula (I) or a pharnmaceutically

acceptabl e salt thanmaty 6f thevheestion X is S or Se; Wis O S, or (R (R),
where each occurrence of R is independently Hor G _2alkyl; n is an integer
fromO to 20; Rl ﬂ{kq)r&%n%eeﬂtﬂﬂw@ﬂdmrgm@m&ﬁaélleysh»poﬁi&islvslth hti-G _i Gal kyl,
or G0 6al kyl -COOR 6; R3 is H, amno, cyano, hal ogen, aryl, aralkyl,

het eroaryl , d9B¢eEDERICEIdy I serae HERgdimenss, the ardspnt, mtqntlp@ar%dﬁ,ilconwunds

G _ioal kynyl f
i i Caral kyl hav%é(%d?%yﬁﬁ Eﬁﬁa (B&?éﬁh aml;%ceut%g a@&gpd g)}ﬁ Sﬁ%ﬁ%&l tuent; R5
is -OH, cyano, C _iOal koxy, am no, Oaralkyl,4OC(O)C| i oar al kyl OC(O)O
| oal kyl , OC(O)aryI or a glycine substi tuenty and R6 is Hor G _i oal kyl .
I'n certain enmbodinents, the organigg arsgnic ar egeconpounds having a
structure of fornula (II)(H) wher ei TasX I " preferably S; Wis O S,
or (R (R, where each occurrence of Ris/ Igsepe ently H or a Cl-2alkyl,

5

R R

wherein
X 18 S or Se;
Wis O, S, or (R)(R), where each occurrence of R is independently H or C;alkyl;
10 nis an integer from 0 to 20;
R! and R? are independently Cy_spalkyl;
R’ is —H, C_jealkyl, or Cy¢alkyl-COOR?;
RY is H, amino, cyano, halogen, aryl, aralkyl, heteroaryl, heteroaralkyl, carboxyl,
Ci-oalkyl, Cijoalkenyl, or Cy_jpalkynyl, preferably H
15 R%is -OH, -H, -CH,, amino, -OC(0)C _jearalkyl, -OC(0)C.jpalkyl, -OC(O)aryl, or
a glutamine substituent;
R’ is —OH, cyano, C)_jpalkoxy, amino, O-aralkyl, -OC(O)C _jearalkyl, -OC(O)C;.
10alkyl, -OC(O)aryl, or a glycine substituent; and
R®is H or Cy_joalkyl.

20 In certain embodiments, the organic arsenicals are compounds having a

structure of formula (II)



preferably O Zis CHor N, preferably N, RL and R2 are independently

C _ioalkyl, preferably Rl and R2 are i ndependently selected from net hyl,

et hyl , prwpybilo/entsi sopropyl; and R5 is -OH, cyano, G _ipoaiusecog/05358 no,

O aral kyl, Oaralkyl, -0OC(0)C _ioaralkyl, -CC(OC i-ioalkyl, -OC(Oaryl, or
a glycine substituent, preferably OH R6 is Hor G ioalkyl; R7 is selected
from hal ogen, -OH, Co- al kyl-COOR 6, Cral kyl, Cral koxy, am no, am do,

cyano, and nitro; mis an integer fromQ g}, preferably O Oher objects,
features, and advantages of the present invention will becone apparent from
the fol | owm nghgghai | ed description. It should be understood, however, that
the detailed description and the specific exanples, while indicating

preferred embad gESL $ratrabliss;i nvention, are given by way of illustration
only, since various changes and nodifications within the spirit and scope

of the i nvenyion W b RIGO0NRARRA ek Oed (18R iRbpkh&Shul i biecatdifir om thi s

det ai | ed descri ption. scription I'nvention present

i nventi od provi dgscfarabisn®er of organi c arsenic conpounds. In certain
enbodi nents, the organic arsenicals of the present invention have a
structure ofz fsarmgl &, prefer@blyaN;phar maceutical ly acceptable salt thereof (1)
wherein Xis S or Se, preferably S; Wis O S, or (R (R, where each

occurrence gf' RIS drOHFRBEHISMY ¢\ [FalRY1, BréfraBR K ¥nd ROT8f BugRindefayor (R) (R);
nis an integer fromO to 20;
selected from methyl, ethyl, propyl, and isopropyl; and

R’ is —OH, cyano, C;_jalkoxy, amino, O-aralkyl, O-aralkyl, -OC(Q)C _jparalkyl,
10 -OC(0)Cy_jpalkyl, -OC(O)aryl, or a glycine substituent, preferably OH;
R%is H or Craealkyl;
R’ is selected from halogen, -OH, C0_6alkyl-COOR6, Csalkyl, Cyalkoxy, amino,
amido, cyano, and nitro;
m is an integer from 0 to 4, preferably 0.

15 Other objects, features, and advantages of the present invention will become
apparent from the following detailed description. It should be understood, however,
that the detailed description and the specific examples, while indicating preferred
embodiments of the invention, are given by way of illustration only, since various
changes and modifications within the spirit and scope of the invention will become

20  apparent to those skilled in the art from this detailed description.
Detailed Description of the Invention
The present invention provides a number of organic arsenic compounds.

In certain embodiments, the organic arsenicals of the present invention have

a structure of formula (I) or a pharmaceutically acceptable salt thercof



R1 and R2 are independently C _3oalkyl; R3 is -H G _ioalkyl, or

CO- 6al kyl -COOR 6; R3 is H, am no, cyano, hal ogen, aryl, aralkyl,

het er oar yWo 2hsveera2ar al kyl , carboxyl, Cl-10al kyl, Cl- 10alPkenskg09o53858
Cl-10al kynyl, preferably H R4 is -OH, -H -CH3, amino, -OC(OC

i _iQaralkyl, -OC(OC MOal kyl, -OC(Oaryl, or a glutam ne substituent; R5
is -OH, cyano, C _iOal koxy, amno, Oaralkyl, -OC(OC i _ioaralkyl, -OC(OGC
| oal kyl, -OC(O aryl, or a glycine substituentg* and R6 is H or Cl-10al kyl,
preferably H In certain enbodi nents, Wis ( R) and each occurrence of R
i s independently Hor a G _2al kyl RUn t a Reénbodi ments, each
occurrence of Ris H In certain e di mefXs, M||s Cor 1, preferably 1. In
certain enbodinents, nis an integergfrgm Zrto 20, preferably from5 to 20
or 9 to 14. In certain enbodinents, RL and R2 are each independently
Cn_3oal kyl, preferably G 2-2sal kyl, G 3_25( | kyl, G 4_22al kyl, or even

C 5 2oal kyl. In certain enbodinents, RlL and R2 are C _ioal kyl, preferably
R1 and R2 are independently selected fromnethyl, ethyl, propyl, and

i sopropyl | n"@éeir?lgi n enbodi nents, R3 is - Hor Co- alkyl-COOR 6. In certain
such enbodi ngnt&a_éG isgsélgl)ye ted from-COOR6, -CH2COOR6, - CH2CH2COORG, -
CH( CH3) COOR B 1S » Eare 6, or -CH2CH2CH2COOR6, wherein R6 is Cl

i oal kyL I n certain enbodinents, Ris C _ioalkyl. In certain preferred such
embodi nedt s, WRs Os Ss@i| (BatRoewhersiprekeeqsyirrencarafyR is ipdepgydentlydios 6 pradipiH |
preferably mnethyl reﬁe&bﬁﬁbto?i(ﬁ)(ﬁgbom ments, R3 is selected from am no,
cyano, hal ogen, aryl, ’

n is an integer from 0 to 20;
R' and R? are independently C,_spalkyl;
R’ is —H, Cy.j0alkyl, or Co_salkyl-COOR®;
10 R* is H, amino, cyano, halogen, aryl, aralkyl, heteroaryl, heteroaralkyl, carboxyl,
Cioalkyl, Cyijpalkenyl, or Cyjpalkynyl, preferably H;
R* is -OH, -H, -CHa, amino, -OC(0)C_jparalkyl, -OC(0)C_jalkyl, -OC(O)aryl, or
a glutamine substituent;
R’ is —OH, cyano, C1.ealkoxy, amino, O-aralkyl, -OC(0)C.jaralkyl, -OC(O)C,.
15 10alkyl, -OC(O)aryl, or a glycine substituent; and
R%is H or Ciy0alkyl, preferably H.

In certain embodiments, W is (R)(R) and each occurrence of R is
independently H or a C;alkyl. In certain such embodiments, each occurrence of R

is H.

20 In certain embodiments, n is 0 or 1, preferably 1. In certain embodiments, n

is an integer from 2 to 20, preferably from 5 to 20 or 9 to 14.

In certain embodiments, R' and R are each independently C;_spalkyl,

preferab ly C 1 z_zgalkyl, C 132 5alkyl, C 14-22 alkyl, or even C 15_203,11(}71 .

In certain embodiments, R' and R are C;_jpalkyl, preferably R' and R? are

25  independently selected from methyl, ethyl, propyl, and isopropyl

-4 -



aral kyl, heteroaryl, heteroaral kyl, carboxyl, G _ioalkyl, C _ioal kenyl, and
C _ioalkynyl. In preferred such enbodi nents, Ris selected fromaryl,

ar al kyl , weterooen928, het eroaral kyl, carboxyl, G _ioal kemgir/usasd/ 053858

C _ioalkynyl In certain enbodinents, R4 is selected from-0OH, -H -CH3,
-OC(O) G loaral kyl, -OC(0)G _ioal kyl, and -OC(Oyaryl. In certain such
enbodi nents, R4 is selected from-0OC(O G _iOQaral kyl, -OC(OC i _iCalkyl, and
-OC(O aryl. In cdntaitsinembodinteny, &, R4 bs Cagillnd-COORE el @irtainssuch

enbodi ments, R4 is NH2., In cerd;gi n enbodi nent s H(zgl ut agi ne

R4 is a
subst i t uent .cnaediaentsiRy inspderdihErmsCORR LHHQRRRedCHER YR -
G _i oal koxy, Q¢ 6al H,CHS RS15Q ?@%16)) borbida ok and
-OC(Oaryl . CIIE{EE:eS?tC(a)ﬁ{ ’er%if){?i rent s@% ’sors:éi{%ﬁ??f% R),’ @é%lei n %géh
occurrence afalRlis H nis 1, Rl and R2 are i ndependently sel ected from
met hyl , ethyl, propyl, and isopropyl, R3 and R3' are H R4 is selected from
OH, -OC(®) G _i Oarlalcktdin enfBodiddais, RO& &ylalkandn cQ&(iOpastyredadh and R5 is

selected fromOH, - Q.G _iOaral kyl , O:gg)c i _joalkyl, and -OC(Oaryl. In
certain suclnthpgsnastiedt ds sqhactedwomonethy. eyl Rrowl. ARG IsaPOPY b gEtieiablysel ect ed
from met hyl ,mgthﬂyl , propyl, and isopropyl. In certain enbodinents, Xis S,
Wis O nis 1,”RlL and R2 are both nethyl, R3 is selected fromH and COORG,

R0 s H and R 15 SRLASHBRALIR Kandid ol HOANLG, SHRRLMER e and RS IS

selected from OH an ycrne su uen n certarn enbodi ments, R3
i's COOR6, RdrilsylthetBoaiys, Hdro@ditty Reaibsxyl, Cn, ekl L, @ noatkeheldafient s, conpounds
of formula (I) are selected fromor a pharnaceutjcally acceptable salt

t her eof 101 n @eptlaynyle oyaicrisd such eabashuaes. Rof isrsslegigd dom yryhrgalkd) ect ed
fronor a phajhag hEt?ng YalBACES & SaitentNehgef - al grtain enbodi nents,
conpounds of egggr {’a 15 aal?}g’ s@%gﬁ’ed'l roerlﬁg’dr a bﬁogrlﬂggeuti cally acceptable
salt thereof. In certain embodiments, R* is selected from -OH, -H, -CHa, -OC(0)Cy.

laralkyl, -OC(0)C)_jealkyl, and -OC(O)aryl. In certain such embodiments, R” is

selected from -OC(O)C;_jparalkyl, -OC(O)Ci.jpalkyl, and -OC(O)aryl.

15 In certain embodiments, R? is amino. In certain such embodiments, R* is

NH,.
In certain embodiments, R” is a glutamine substituent.

In certain embodiments, R’ is selected from cyano, Cy_jpalkoxy, amino, O-

aralkyl, -OC(O)C;-jparalkyl, -OC(O)C,.jpalkyl, and -OC(O)aryl.

20 In certain embodiments, X is S, W is (R)(R), wherein each occurrence of R is
H, nis 1, R' and R? are independently selected from methyl, ethyl, propyl, and
isopropyl, R* and R* are H, R* is selected from OH, -OC(0)C.jparalkyl, -OC(O)C,.
1oalkyl, and -OC(O)aryl and, and R’ is selected from OH, -OC(O)C_jparalkyl,
-OC(0)C1.1palkyl, and -OC(O)aryl. In certain such embodiments, R' and R* are the

25  same and are together selected from methyl, ethyl, propyl, and isopropyl.

In certain embodiments, X is S, Wis O, nis 1, R' and R? are both methyl, R’
is selected from H and COOR®, R* is H, and R* is selected from H and a glutamine
substituent, and R’ is selected from OH and a glycine substituent. In certain such

embodiments, R* is COOR®, R* is H, R’ is OH, and R® is H.

-5-



In certain enbodi nents, conpounds of forrmula (1) are selected fromln
certain enbodi nents, a conpound of fornmula (I) is In certain enbodinents, a
conmpound wO 2bovamd2a (1) is or a pharnaceutical ly accept abrass@bdsisher eof .

If a chiral center is present, all isoneric forns are within the scope of
the invention. Regarding the stereochem stry, the Cahn-1ngol d-Prelog rules
fordeterm ni ng absol ute stereochem stry are foll owed. These rules are
descri bed, for exarpttgin chibo@ihgsmy, Corapa@mds bf formukof) @ndelWicd ésal | ; Jones and
Bartlett Publishers, Boston, MA (1994); Section 5-6, pp 177-178, which
section is hereby incorporated bygiyefrarence. In certain enbodi nents, the
organi c arsenicals are conpounds haying a structure of formula (Il) (H)
wherein X is S or Se, preferably is O or (R(R, where each
occurrence of Rig igde endently gl or a Cl-Jal kyl, preferably O Z is CH or
N, RL and R2 are |/N€de nd6Ath y & prEIﬁerany Rl and R2 are

i ndependent |y sel eét ed:szHom et Hyl et hyl ,o propyl, and isopropyl; and R5 is
-OH, cyano, C _ioal kox am no, O aral kyl, O-aral kyl, -0OC(0)C _ioaral kyl,
-0OC(O C 1-10al kyl , or a glycine substituent, preferably OH R6
is Hor G icalk . R7 is selected from hal gfen, -OH, Co- al kyl - COOR 6,

G _6alkyl, G _6alk y am no, am do, cyanoowitro; mis an integer from

Qo 4, prefer\'gb&S \n/\/\/\/\ ~, -5 o\n/Ph
0

2

OH
o)\o OH N ,S\)\/OH
\AS,S\)\/O\H/ )\AS/S\)\/OH Ag

| o A

or a pharmaceutically acceptable salt thereof.

In certain embodiments, compounds of formula (I) are selected from

OIO
A

10 O ] O 5



In certain enbodi nents, Wis (R)(R) and each occurrence of Ris

i ndependently H or a C _2alkyl. In certain such enbodi nents, each

occur renc®oah10R2ies8H. | n certain enbodi nents, R5 is sel eeCeaiskoooosisgano,

C _ioal koxy, am no, Qaral kyl, -OC(OGC -i Oaral kyl, -OC(OC _iOal kyl, and
-OC(Oyaryl. In certain enbodiments Xis S, Wis O RlL and R2 are

i ndependently selected fromnethyl, ethyl, propyl, and isopropyl, and R5 is

OH. In certain such enbodiments, Rl and R2 are the and are together
sel ected from v, ethyl, pr opyI pHand i<sQoprQ rtain such

enbodi nent s, RlSan are b h | .ol n cer i n enbodi ments, Zis N In
certain enboHAsme Asn certal n enbodi hents, a corrpound of formul a
(rr) is sel ected fromlra)cert,aqj\q enbodi nents, a orrpound of formula (I1) is

In other enbodinents, the organic arsenicals are compounds having a
orrruloéi'(lll) (I'11) whgrein Xis Sor Se, preferably S;Wis O

structure of| f
S, or (R)(R)L Wﬁ occurrenc of F’? i s independently H or a G _2al kyl,
preferably O R1 and R2 are |A:Hﬂepe§ﬁ~e'hc% y G _ioalkyl, preferably Rl and R2
are i ndependenNy sel ect eehdf r dm et hyl , ethyl, propyl, and isopropyl; and

R5 is -OH cyano, G _ioal koxy, am no, O aral kyI , O aral kyl,

- OC(0) G _i oar al kydr,a ph@Xsh£de@idal1F0atdpydble saQG0&kaf y!l , or a glycine
substituent, preferably OH R6 is Hor G _ioalkyl; R7 is selected from

hal ogen, O" Co-inabkyh e%n@bntscéorﬁﬁ&ﬁﬁdk of Frnfd (KP&@L‘ scldfbdonam do, cyano,

and nitro;
0
~ ,sw)f\ OH  ~ ,SMOH
As N As
I H/\Ic])/ I

or a pharmaceutically acceptable salt thereof.
In certain embodiments, compounds of formula (I) are selected from
S CO.H S CO,H
S Ny
| 10 | 15
and

In certain embodiments, a compound of formula (I) is

O
CqgH S
s \HJ\N/\COOH
C1gHa7 H
10 Me )

In certain embodiments, a compound of formula (I) is

o)

CO,H
HN
M S H NH
e
\AiS/ j 2

Me O  CO,H

or a pharmaceutically acceptable salt thereof.

If a chiral center is present, all isomeric forms are within the scope of the

15  invention. Regarding the stereochemistry, the Cahn-Ingold-Prelog rules for

-7 -



mis an integer fromQo 4, preferably O In certain enbodi nents, Wis

(R (R) and each occurrence of Ris independently Hor a Cl-2alkyl. In

certai n swohosmho®8nent s, each occurrence of R is H | nPCeiSang/053858

enbodi nents, R5 is selected fromcyano, G _ioal koxy, am no, Qaralkyl,

-OC(O) G -i Oaralkyl, -CC(OGC _iOalkyl, and -OC(Oaryl. In certain

enbodi nents Xis S, Wis O Rl and R2 are independently selected from

met hyl , et hydetermirdpy hbsonelsteeopticdpiytry ar@follded. STHekt ruley e tdésaiibeds dieh

enbodi nents, RL and R2 are the sane ang %ée together sehgfted from et hyl ,
Whitgetl:

ethyl, propy¥@Maifyn Qessnisdihemistyy, fgx pg P eRtctt Rudlighers.Ro are
bot h net hyl . C i I Y @@p@ﬁ' a (1)
has t he folﬂ%%?ﬁbgé% E§?§E§£§%ﬁ§?h entigﬂﬁ?ﬂ??h%?ﬁgggeggggqéﬁgaﬂg%guticaI
conposi ti ondycefgeenicsi ng formula (1), formula (I1), or formula (111), or a
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable
di l uent @r carri dn.cettdin@&ibbainteneyytiedrg@nt siseititeds pleabmpoendsiltaingeaonposi tion
i s an aqueous solutjon that has a pHgreater than about 5, preferably in the
range from abyarsoferayait) 8, more preferably in the range from about 5 to
about 7. Another aspect of the invention provides a nethod for the
treatnment of cancer conprising adm nister %Y herapeutical ly effective
anount of a conpound of formula (1), formuld (11), or forrmula (I11). The
invention also relates to the use sf_a. d of formula (1), fornula
(rr), or formula (I11), or a pharnmac iC yJ_ﬁﬁgptable salt thereof, in
the manufacture of a medi canent for the trmat t ®f cancer. In certain
enbodi nents, the cancer is selected froma s6lid tunor, such as brain,

l ung, liver, spleen, kidney, |ynph node, ?ﬂall i ntesti ne, pancreas, bl ood
cells, )

~

wherein
10 Xis S or Se, preferably S;

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

Zis CH or N;

R' and R? are independently Cy_jpalkyl, preferably R' and R” are independently
15 selected from methyl, ethyl, propyl, and isopropyl; and

R’ is —OH, cyano, C;_jalkoxy, amino, O-aralkyl, O-aralkyl, -OC(Q)C _jparalkyl,
-OC(0)Cy_jpalkyl, -OC(O)aryl, or a glycine substituent, preferably OH;

R%is H or Cioalkyl;

R’ is selected from halogen, -OH, C0_6alkyl-COOR6, Ciealkyl, Cisalkoxy, amino,
20 amido, cyano, and nitro;

m is an integer from 0 to 4, preferably 0.

In certain embodiments, W is (R)(R) and each occurrence of R is
independently H or a C;alkyl. In certain such embodiments, each occurrence of R

is H.



bone, colon, stomach, breast, endonetrium prostate, testicle, ovary,
central nervous system skin, head and neck, esophagus, or bone marrow, or
a hemat olwgi2eslo2e®acer, such as | eukem a, acute pronyel @cytuiseonnsdsssn a,

| ynphoma, multiple myel oma, mnyel odyspl asia, nyeloproliferative disease, or
refractory |l eukem a. In certain such enbodinents, the cancer is a | eukem a
sel ected fromacute and chronic | eukem a. In certain enbodi nents, the
cancer is a |ynpHarartsieleatbeidntg R’ noseteckdddgkh 0y moaad, kikdgkianiso,| mphoma.
In certain enbodi nents, the non-Hodgkin's |ynmphaoma is selected from

peri pheral Ty} -0 Wrilbﬁa@?g(%ﬁﬂﬁﬁﬁgl’la&ﬁggc@mli | ynphoma, and
mar gi nal zone |ynphoma. In certain enbodi ments, the Hodgkin's |ynphoma is
Hodgki n' s nodul arlngertangaibedinmmisX is &, WrisOh&r and Beete indepsndenilyrelicstsd
conprises a f eat i.ng pent W h. C i &1 Nng

adm ni stering %%gﬁg’ eﬁfz}r{li @Iﬁbﬁaa@oﬂ Ilsoﬁgf %%H%olrsrp@?'sﬁ%%&%ﬂg%fﬁ%ound of formula
|, fornuba ldmbodiméras, Rilaad IR lare e sphabnbeeubdotiadr sclocpd Sotr methal ctgser i bed
above. The therapeutically effective amunt of a,compound may be 0.1 - 1000
mg/ kg, 1 - aw@psﬂgqqeig,sopé?pﬁom certyen sshiegbofivmeay & aud Br awrodinstd s, the
met hod may conprise adm nistering the conposition daily. It is further

cont enpl at ed t hatlnccedain gebedimantiodss May i nvol ve mul tipl e admi ni strations.
The net hod may conprise adm ni stering the conpound daily such as by

i nj ection. Alterrdatknancobbdsnatd Zmethbds of administration described in
the specification may al so be used and the node of adm nistration wll

mai nl y dependon tlhecityipendodinhaneat icompoiind dfeforauie €i) islsalected fiainm

enbodi ments, the nmethod further conprises adm nistering one or nore

addi tional agents to theggadent. The add>i @ral agent may be
all-trans-retinoic acid, cis retinoic acijd, Am 80, or ascorbic acid. The
use of other adjuqgct | t her ap{es,ssuclk as chenot herapy, radiotherapy,
gene therapy, hornofre t , and er gler therapies known in the art
are al so contenpl at éd [ unction|w t 3 nmet hods of the present

i nventi df. and .

In certain embodiments, a compound of formula (IT) is

@) OH
S
\As/ =z
| Na

In other embodiments, the organic arsenicals are compounds having a

structure of formula (1)

W, _R°
R _X
\As = 0 .
| |_(R )m
15 R®
(I11)
wherein

X is S or Se, preferably S;



Various nethods of adm nistration are contenpl ated, including regional,
system c, direct adm nistration and by perfusion. Such nethods include
adm ni st ra0i20r/day928nj ection, oral routes, intravenous, POTMASA0AF3I8ES ,
intratunoral, adm nistration to tunoral vascul ature, intraperitoneal
intratracheal, intranmuscul ar, endoscopical, intral esional, percutaneous,
subcut aneous, topical, nasal, buccal, nucosal, anogenital, rectal and the
| i ke. Defi niwiios STheR)E)MvhEx eell dyturrenief eRSistindcpehddnitly B eda OF salkyl,
unsubsti tut ed saturﬁt hydr ocar bon groups, including straight-chain al kyl
and branched- chai®icsra Ogr oups that contain fromx to y carbons in the

chai n, incluqngg4Qaloalkyl groups such as trifluoronethyl and
2,2, 2-tirfl Joravdthare independerth kyloalkplipecaerably R ropd Ro genindprandenthe gr oup i

s
in a termnal position, i £ al .« r "C2-yal kenyl " and "C
- yal kynyl " refeﬁekgggu(g??%ﬁg%éhgaH%ﬁéﬂﬁ%@fgﬂgg%ﬁuﬂggturated al i phatic
groups anal usn | ength apd possi bl e substjitutiaon al kyl.s

desort bed adevs:ObbevERar ~aesfrres) Gt bl O SOk rirdtong
respectively. Thed@®OW, GhlkPaldoxy)aryledrer i&ﬂe albsfduchpleydrally @Hp, havi ng an
oxygen attached thereto. Representative al koxy groups 1 nclude nethoxy,

et hoxy, progoxyg &t Akoxy and the like. An "ether” is two hydrocarbons
coval ently |'inked by an ‘oxygen. Accordingly, the substituent of an alkyl

t hat render sp1; elnir 0 ] e | kO ferm

"G _6aral kyﬁ%}?g@eﬁ@éﬁhﬁgﬂféﬁ?, Pe'?’?s&%k%‘s??@*{ 6§f'%ﬁ’g¢ -%%Oéﬁﬂﬁ?%gm ed with
an aryl group. Theniteroyai@rayd hitas used herein includes 5-, 6-, and

7- menbered substituted or unsubstituted single-ring aromatic groups in

whi ch eaoh ahmmintdgbefromtol4s pasflably oThe term "aryl " al so incl udes
pol ycyclic ring systens having two or nore cyclic rings in which two or

nore carbons are [aQREARA chiboliMRn®d MPISTRHIR )TahBS8ch occurrence of R is

independently H or a C; ,alkyl. In certain such embodiments, each occurrence of R

is H.

In certain embodiments, R’ is selected from cyano, Cy_jpalkoxy, amino, O-

15  aralkyl, -OC(O)C;-jparalkyl, -OC(O)Cy_joalkyl, and -OC(O)aryl.

In certain embodiments X is S, W is O, R' and R? are independently selected
from methyl, ethyl, propyl, and isopropyl, and R’ is OH. In certain such
embodiments, R' and R* are the same and are together selected from methyl, ethyl,

propyl, and isopropyl. In certain such embodiments, R' and R? are both methyl.

20 In certain preferred embodiments, a compound of formula (II) has the

following structure

The invention further provides pharmaceutical compositions comprising
formula (I), formula (II), or formula (III), or a pharmaceutically acceptable salt
25  thereof, and a pharmaceutically acceptable diluent or carrier. In certain

embodiments, the pharmaceutical composition is an aqueous solution that has a pH
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wherein at |east one of the rings is aromatic, e.g., the other cyclic rings
can be cycl oal kyl s, cycl oal kenyl s, cycl oal kynyls, aryls, heteroaryls,
and/ or hewverouywliogBs. Aryl groups include benzene, naphtrhaltsea@9/053858
phenant hrene, phenol, aniline, and the |ike. The phrase "pharmaceutically
acceptabl e” is enployed herein to refer to those |igands, materials,
conpositions, and/or dosage fornms which are, within the scope of sound
medi cal | udgrentr, thauiboabb epréRrablis i tharaofi@at abeiut B td Higout Rssoes of human
bei ngs and ani pal s w t hout excessive toxicity, irritation, allergic
response, oﬂ”@?ﬁ@%’ﬁ%é%ﬁ@ﬁ? PRl P €5399%h7- conmensurate with a reasonabl e
benefit/risk ratio. The term"preventing" is art-recognized, and when used
in relation to a Awmartasesst okilie hnvestian provides parathadeliee dre(tecament phi n) | a

di sease suc - I ' r, any
ot hor - medl caes (AP Fine BoBHIE R AR oY R AR R DA LthRBE

adm ni st sat idoiula(1g.donesk (IR 0r Wi ((HYluces the frequency of, or del ays
the onset of, synptons of a nedical condition in a subject relative to a

subj ect whi ch doephenf¥entiof @iseeclahts (CHBROSbE 4 SpolRbBf fFRHRVELAS, ifeMn04 cancer
i ncl udes, for exanple, reducing the nunber of d%tectable cancer ous grow hs

in a popul at(llorprdernpde (18ht o arpheanydengcallymeegitishlasali Betcpban tent rel ative to
an untreat eq, ¢opt &0l O?Q%dﬂctahl%ﬂt fo?ﬁ%/t%{atrggdt%'c o} he appearance of
growt s in ated po

det ect abl e cancerous aftre pul'ati'on versus an untreated
control popul ati

n, e.qg., . by a statisticall nd/ or clj.nicall i gni ficant
amount. Prevent | g cardmoRNsteFo e Ferd et e anmpl LTS t ne
nunber qf) diRgRORES, 18fer,lspReh Higkd ] Bphmode! neat BebsRRD phiddrtRNbI¥EH S&18, an
untreated control population, and/ or delaying the onset of synptons of the

i nfection i rboactqodan, s@mpehbireast. snderaetsiug, arpstats, testieledoveanceatral perygrat i on.

Prevention of in.incl f,o l e, i n E gg@ It of ., or

aIternativefvmggfg?#ﬂgfgg@?Ha%é%?§ﬁggﬁsmg§%§%#%%hé8¥ éesu F&%#g&Fﬁe%
such as leukemia, acute promyelocytic leukemia, lymphoma, multiple myeloma,
myelodysplasia, myeloproliferative disease, or refractory leukemia. In certain such

15  embodiments, the cancer is a leukemia selected from acute and chronic leukemia.

In certain embodiments, the cancer is a lymphoma selected from non-
Hodgkin’s and Hodgkin’s lymphoma. In certain embodiments, the non-Hodgkin’s
lymphoma is selected from peripheral T-cell lymphoma (PTCL), diffuse large B-cell
lymphoma, and marginal zone lymphoma. In certain embodiments, the Hodgkin’s

20  lymphoma is Hodgkin’s nodular sclerosis.

Thus, in another aspect, the invention comprises a method of treating a
patient with cancer comprising administering to the patient a composition
comprising a compound of formula I, formula II, or formula III, or pharmaceutical
composition as described above. The therapeutically effective amount of a

25  compound may be 0.1 - 1000 mg/kg, 1 - 500 mg/kg, or 10 - 100 mg/kg. In
particular embodiments, the method may comprise administering the composition
daily. It is further contemplated that treatment methods may involve multiple
administrations. The method may comprise administering the compound daily such
as by injection. Alternative routes and methods of administration described in the

30  specification may also be used and the mode of administration will mainly depend
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treated popul ati on versus an untreated control population. The term
"prophylactic or therapeutic" treatnent is art-recogni zed and incl udes
adm ni st ra0i20r/w28he host of one or nore of the subj ecCrarspasiosisshs. | f
it is admnistered prior to clinical manifestation of the unwanted
condition (e.g.,disease or other unwanted state of the host animal) then
the treatnent is prophylactic, (i.e., it protects the host agai nst

devel opi ng tdmethelmpanhe thoatodof theBIncewhkr @aginl Imbiddihentadhé miethibe fetheaf t er
manlfestatl on of the unwanted condition, the treatnent is therapeutic,

(i.e., it i <oNprisacrsnipytcgingions ehmorgadditinnal agentsto dhegptienty ol herpdditional i ng
unwan,t ed condibig & F'trgﬁ‘s I%fnh&etaéldtb%ise@aamﬁl 8, ARLE0, o HODIH;L Heigd” refers
to noieties avil n Stl tuents rep acl ng a rogen on one or nore carbons

of the backbdraise bf othﬁt dthhIB:tumber ticopdst svah a8 shﬂ]nsﬂthd:rap)hmatd'lotheraf)stgmel t ut ed
W th" in Iud s th nEIL grow o t hat Ch.Sg(HStItU%IOI’l IS jn accordance
with per ni t t'8e20%aI"eHERY eliaﬁ e cRpcshhsapins ARaVR R e SAF #§8nt ,  and
that the subghickipldeNid @plnkod With 15 AMBISOMROPRIent §antionthi Ch does not
spont aneously un ergo transformati on such as by rearrangenent, cyclization,

elimnation, etc.y F‘?r?e%d?l%?h&nnﬁﬁﬁn ol coﬁ’ré?rﬁﬂét&&‘tlﬁﬁudlhg {%@&{agnp' ated to

include all perm SSI bl'e substituents of organic conpounds. oad
aspect, the syetemic dirbttedsubistritionent dyipedhside deghahetbodnidclngel i c, branched
and unbranched,. carbocyclic .and heter oc%cl ic, aromatic and non-aronatic

subst i t uent £4Bf NISTYLON B RISl QKL IowihR% | EVRIS; Biaat B EmReelcan be one

or nore 13nd J4REniSRAFONAD t&h&faﬁ{z@s@ﬁla{u% iRAPRARMEAL RoarS@H3LC RRARRIMNLS. For
purposes of this invention, the heteroatons such as nitrogen may have

hydr ogen substlpscapistls nalmbwsmnahpyrclg@nmlsss%b@talsmgttppl@@lnnzssabfoumagan| c
conpounds desccrlaed hergal V\{n . ksfy t he val ences of the heteroatons.
Subst i t uent $MEERY HESTEE" FoP %ﬁgaﬁ’% a hal ogen, a hydroxyl, a carbonyl

(such as a carboxyl, .an al koxycarbonyl, a formyl, or an acyl), a
t hi ocar bonyl (suéﬁﬂ3%4§§thloester a thioacetate, or a t hi of ormate), an

al koxyl, a . .
The term “Ci.yalkyl” refers to substituted or unsubstituted saturated
15  hydrocarbon groups, including straight-chain alkyl and branched-chain alkyl groups
that contain from x to y carbons in the chain, including haloalkyl groups such as
trifluoromethyl and 2,2,2-tirfluoroethyl, etc. Copalkyl indicates a hydrogen where the
group is in a terminal position, a bond if internal. The terms “C,.yalkenyl” and “C,.
yalkynyl” refer to substituted or unsubstituted unsaturated aliphatic groups analogous

20  in length and possible substitution to the alkyls described above, but that contain at

least one double or triple bond respectively.

The term “C).salkoxy” refers to an C;.salkyl group having an oxygen
attached thereto. Representative alkoxy groups include methoxy, ethoxy, propoxy,
tert-butoxy and the like. An “ether” is two hydrocarbons covalently linked by an

25  oxygen. Accordingly, the substituent of an alkyl that renders that alkyl an ether is or

resembles an alkoxy.

The term “C,garalkyl”, as used herein, refers to a C;_ealkyl group substituted

with an aryl group.

The term “aryl” as used herein includes 5-, 6-, and 7-membered substituted

30  or unsubstituted single-ring aromatic groups in which each atom of the ring is
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phosphoryl, a phosphate, a phosphonate, a phosphi nate, an am no, an am do,
an am dine, an imne, a cyano, a nitro, an azido, a sulfhydryl, an

al kyl t hi ovoaosui2iese, a sul fonate, a sul fanmoyl, a sul f oraFiuse)09as3sas f onyl ,
a heterocyclyl, an aralkyl, or an aromatic or heteroaromatic noiety. It

wi |l be understood by those skilled in the art that the noieties
substituted on the hydrocarbon chain can thensel ves be substituted, if
appropri at e.cafvoont e ageltarglélalsy iedlids ol yelimtimy Systinsehaeignarod nwiré h
respect to the subject nethod of treatnent refers to an anount of the
conpound(s) WRIGIPEEHAFHEN BYP MHPRI caioph s oMMt iorteg aqloTHEE fiNgY a desired

dosage regi %l‘éﬁigt %aﬁ%‘ﬁggrktﬂs%rrﬁf\%g "is?%ﬁ‘bﬁﬁaﬁc,%%?% gﬁllelr EYIR LB RarsydTPL OM

anel iorates a condition, | o e onset o I sease conditions according
to clinical loychelket eypllenllsinatsdaydisalifyoryls, heylshstorodeyls, and/oohdetocpelylso be

treated qQr the, cosneti rpose, e, qg., at _ a reasonable benefit/risk ratio
hon | cabbe tASLEPU SRR S ReRE e tarkad Bt Rer Rl G ind BE; reat | s

a predetermiped schedul e of one or nore therapeutic agents for the
treatnment of a cancer. Accordingly, when a therapeutic agent is

adm ni stered "al ohrasd@nhSH - for€ ﬁ»ﬁ £ 19f.ranQt her
t herapeutic agen?ﬁ%opr 1rtsﬁept reggeaﬂmlﬁ?@}ggccgg%%eerg 8%{2?1{;&’% e&ri)eo%i ?rent s, the
conpound i s thokwiligasds nmettrad, cympanitidrisyenddaydosezecoyms whichwee kgthid thecer t ai n

enbodi nments, the co und. i s. adm ni stered. once daily f.or five days every
Four woeks. SPETABY g dEm S e e b N gy el vl S RAR br nat | v
embodi MRt S, hyh{ie HeRTER AHM Enikl AFRIU Sk&E Qe ’Ed&‘i)citg?r\fﬁtaﬁo EfitrdiOfeshbHseCoreeks,
foll owed by one week off. In certain such enbodi nents, the conpound is
adnmi ni st er edbthaypreblem oo nemplitdtive, dayncrsuratewyith o measomahde bencligriglatasio( e. g. |
with one, two, three, or even four days in between doses) a week for three
weeks, foll owed bBEheaoen (yekenoihf’ islant-eograral, embwtemesstisn rdléteseopr ot ocol s

can be repeated.indefjnitely. In certain enbodjnents, such dosing is by
i ntravenous “Q8RIANUERAS B _cai recurrence (¢.g., pain), a discase such as cancer, a

syndrome complex such as heart failure or any other medical condition, is well

15  understood in the art, and includes administration of a composition which reduces
the frequency of, or delays the onset of, symptoms of a medical condition in a
subject relative to a subject which does not receive the composition. Thus,
prevention of cancer includes, for example, reducing the number of detectable
cancerous growths in a population of patients receiving a prophylactic treatment

20  relative to an untreated control population, and/or delaying the appearance of
detectable cancerous growths in a treated population versus an untreated control
population, e.g., by a statistically and/or clinically significant amount. Prevention of
an infection includes, for example, reducing the number of diagnoses of the
infection in a treated population versus an untreated control population, and/or

25  delaying the onset of symptoms of the infection in a treated population versus an
untreated control population. Prevention of pain includes, for example, reducing the
magnitude of, or alternatively delaying, pain sensations experienced by subjects in a

treated population versus an untreated control population.

The term “prophylactic or therapeutic” treatment is art-recognized and
30  includes administration to the host of one or more of the subject compositions. If it

is administered prior to clinical manifestation of the unwanted condition (e.g.,
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certain alternative enbodi nents, such dosing is by oral admnistration. In
certain such enbodi nents, the conpound is adm nistered intravenously at a
dose of awoup1020®2820 ng/ n2 or about 250 to 350 m nR2. | MCTAISR@O/053858

enbodi ments, the conpound is adm nistered at a dose of about 200, about
250, about 300, about 350, about 400 or even about 420 ng/nR. In certain
enbodi nents, the conpound is admnistered orally at a total daily dose of
300 to aboutdist@t: oipthdr vabauted 400 éfthabesstaniof) thign tHerreaghdnin enbodi nent s,
the conmpound is adm njstered at a total daily dose of 300, about 400, about
500, about 6UePhysctigdf - HyBeecty ty hagt 2gadnstdaslaparesths unyarted gpnditieeat i ng”

or "treat ”?%ﬁeréd@qg Hee n‘iiﬁl‘éf‘e"réd dFer I%aﬁﬁ’é&bt’i&r of%he B SREd Ofhdidim, BXTPL ONE,

clinical signs, and underlying pat ogy of a condition 1n manner to

i nprove or dteabndntzetharapesjceQte’.,st is amendeiddo difomishi d4ryelafrate narsgpgonize ths .
Organic Arsenicals The use of arsenic.trioxide is limted by its toxicity.
Qn on t e Giidne paaed Fendifieshor MdTests Bep: (e extent that the

met hyl ation of ingrganic arseni¢c in vivo into QA has been considered to be
a det oxification ?l@gemil otrbstithedOre s o i ghips Brang pubstichts gppjacing a

di met hyl ar si fiof o& bR ¢ Jol f bd DIRf: IdGhAr seni c
(Hughes et a}ﬁ’l,dpolg&gg.o ?ﬁ%ﬁgﬁnﬁbdﬁgn@aﬁ%@qehmgﬁ 1tﬁégﬁﬁz;})tire %gdr?idc trioxide,
have vari ed ‘shfstitttondor feubytitotegantis)istleds, the meplicdi provisathdi sachscul ar syst em

gastrointestipal tract, kidpeys, .skin,. nervous system .and bl ood, .| norganic
o sent cal o avBSiian S i asopbes bk PurmiBT 1aigER oHIES ST Aad s
central 1!’060rsﬁaﬁ&tﬁuexﬁ,lf%lggi)la&&ﬁ@ﬁib&itﬁh&%suﬂ@ig@é st Fdpokd e ¢ Behidhepeet al

1994; Goyer et al, There is now sufficient evidence that inorganic

ar seni ¢ _conpwuspimtanceudk indcagaitrinsfignudon swabge by rearrdngamast, ¢Gbiyetionet al
1990) T, i S, AT By B el e
(Beliles et alperdffiblo subBitgenesedr aﬁi@&bﬁg&mdsnm 28624 abpbct,file f ol | owi ng
sequence: o rpge?rg}s(s:ib?er si%g]tlitgéﬂtss inéluﬁg a::-ycTicé:ISld -Ic-yclic, branched and unbranched,
15  carbocyclic and heterocyclic, aromatic and non-aromatic substituents of organic
compounds. The permissible substituents can be one or more and the same or
different for appropriate organic compounds. For purposes of this invention, the
heteroatoms such as nitrogen may have hydrogen substituents and/or any
permissible substituents of organic compounds described herein which satisfy the
20  valences of the heteroatoms. Substituents can include, for example, a halogen, a
hydroxyl, a carbonyl (such as a carboxyl, an alkoxycarbonyl, a formyl, or an acyl), a
thiocarbonyl (such as a thioester, a thioacetate, or a thioformate), an alkoxyl, a
phosphoryl, a phosphate, a phosphonate, a phosphinate, an amino, an amido, an
amidine, an imine, a cyano, a nitro, an azido, a sulfhydryl, an alkylthio, a sulfate, a
25  sulfonate, a sulfamoyl, a sulfonamido, a sulfonyl, a heterocyclyl, an aralkyl, or an
aromatic or heteroaromatic moiety. It will be understood by those skilled in the art
that the moieties substituted on the hydrocarbon chain can themselves be substituted,

if appropriate.

A “therapeutically effective amount” of a compound with respect to the
30  subject method of treatment refers to an amount of the compound(s) in a preparation

which, when administered as part of a desired dosage regimen (to a mammal,
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(including arsenic trioxide) < arsine. Unlike inorganic arsenicals, no
deat hs or serious cases of toxicity due to OA have been reported in the
l'i teraturwo20oneent8ently, in manmmal s the net hyl ati on of PCmArSgemios3sas seni c
has been considered a detoxification nechani sm because of the | ower
toxicity of methylated OA, and their fast excretion and | ow retention
(Beliles et al, 1994; CGoyer et al, 1996). A good exanple is that of

di met hyl ar sipreferadty slhuramn)ailgainics acompun dmclibat@raadaditioandr sluvvi/mtehey

nmet abolite excreted by no manmal s aft?r exposure iﬁo |no ar seni c,

i ncl udi ng ar¥esi% d ﬁe?%ﬁoaaltlo’fl%a‘icﬁrd&?&@ qigigGally pgeeptabits st rc after

intraperit O%Qrd&%%cﬁﬁéﬂo‘ Ry Qledr 3RO Sttt gﬁf‘p\%ges, e?l%eartr";?%goﬁeﬁaléjose at

whi ch 50% of animals die due to acute toxicit

(1 nvest i gat drensfitBishohtio eppltd8i8 )Xo amhinkdicaftteatmendm ni strati on of

di rethylarsinic acid, the LD50 was 500 ng/ kg (MSDS, 1998). Cancer Treat nent
The organsi c ar senmicaed hofeid, hige ©th repimémMie B ipraidtciminci eclusiad dfent beat a

vari ety of cancers, includi ng all solid tunors and al| henat ol ogi cal
cancers, i ndneigithRiancaticasens for et RICARACE AFATAIRELY: PSR 8dyspl asia, or

nyel opr ol i fgp%#éé%@' %&{tq§5(ﬁmn NG P A €AY ShMe §%es¢1ﬁﬂ iRI&R REu to

treat henat ancers t ave becorre refractory to otﬁer fornms of
treat nent. Ianotherﬂlarapemnmagﬂ:nnbmﬂse,trdatmema)rﬁcmcer.s a | ynphoma sel ected from
non- Hodgkin's and Hodgkin's |ynphoma. In certain enbodi nents, the

non- Hodgki n' s Iyrmheﬂanieﬁlbseine@mdlefdoﬁrpopﬁdl ispidﬁﬁﬂlhteiredqahlbz fdnyﬂﬂwtta@a (PTCL),
di ffuse | arge B-cell nphoma, and mar gi nal zone TI}%Q certajn
embodi meft s erslerfO}lbweﬁiSn'I% c¢ A Rphedimsnisolhgcprpeu @fhalrm%teqeé 08ss daily

Lynphoma i's 8, £yDg.Rle By ape FaESirehRitly REGHESoHRER @i te bl ood
ect qﬁe b@é}geé ?)g Qt (j‘ydzlg’ase

cells that help pr romintection an egl n behavi ng
abnormal | y. alMormativabmbydipieosythe sompyurdi i iad@irfisisted two days mvweekafor debd s or

they may live |lo r than they ar upposed Lynpho may develop in
mang; p a?/t S O\yeeltkﬁgfgﬁowecp gy one Wgek of‘fa' Isn tPertalsn Squl ernboglgPents, the co%{lpoun(f'\ is P
administered for two consecutive days or two non-consecutive days (e.g., with one,
15  two, three, or even four days in between doses) a week for three weeks, followed by

one week off. In certain embodiments, these protocols can be repeated indefinitely.

In certain embodiments, such dosing is by intravenous administration. In
certain alternative embodiments, such dosing is by oral administration. In certain
such embodiments, the compound is administered intravenously at a dose of about

20  200-420 mg/m” or about 250 to 350 m/m”. In certain embodiments, the compound
is administered at a dose of about 200, about 250, about 300, about 350, about 400
or even about 420 mg/m”. In certain embodiments, the compound is administered
orally at a total daily dose of 300 to about 700 mg or about 400 to about 600 mg. In
certain embodiments, the compound is administered at a total daily dose of 300,

25  about 400, about 500, about 600, or even about 700 mg.

As used herein, the term “treating” or “treatment” includes reversing,
reducing, or arresting the symptoms, clinical signs, and underlying pathology of a

condition in manner to improve or stabilize a subject's condition.

30
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body, including the |ynph nodes, spleen, bone marrow, blood, or other
organs. There are two nmain types of |ynphomas: Hodgkin | ynphoma and

non- Hodgkwo 2b1ompainesa ( NHL) . Peri pheral T-cell | ynphomasParastemmsissg€onposed
of mature T-cells (not Bcells). Peripheral T-cell |ynphomas such as

angi oi mmunobl astic T-cell |ynphoma or anaplastic |arge cell |ynphoma can
arise in |lynph nodes, while others |ike subcutaneous panniculitis-Ilike
T-cell |ynphoma, Twsdty ddHAdreasik bvs.|Qngphio Masenddald nt estinal T-cell | ynphoma
can arise in extranodal sites. Large cell |ynphomas are the npbst conmon
type of |ynphoma. ThENRSOf GREKE ErfoxidYis dintifd biyNts! tyXiBily. NOAEsn &e dther@hd,anodal
sites, including the gastrointestinal tract, testes, thyroid, skin, breast,
central ner\aBUsk kseipxiofo thewateahdranthy meshylytom afzeereenic geaee 4 vired (spread
t hr oughout t. L: 1 e | I cell 1ynmphonas
and may occdgt%e(?%%%% b%%{?dé?l %jlgglleg/ﬁ%ﬁg%gggglﬁ?%@l}rae?\%g% ;%I%toer&Aw thin | ynph nodes
(nodal ) . 5Thayomnethlylwisthédadidbmd divetioadreigardcebard efpemitihng ndatidiieesladcat i on of

t he | ynphonma. Micosa-associ ated | ynphoid tissue | ynphonas (al so called MALT
or MALTonms)neieanis grssicdHughgsgt fhi @éhelnpgg%ﬁmﬁ%@lqa atnCHIEASHG ces
out si de the .y . i i : s, thyroid,
salivary gl athé;(smgl H&ﬁgg%ééf&?%“ﬁ?‘ ﬁl%@d%?%rrga@ 5%%%(‘)@%%%gﬁlaﬁc§%ghoms are
uncommon andystcm, gosteirtestinalcedct, dadmepnckint oerdoB: sysiein, hydrploodasorganidHodgki n' s
nodul ar sclerosis, the i.nvolved.l| nﬁg .nodes contai n.areas #ongos.ed (af
Rocd- St er nbeF §hisalS e RTIBUIaty 1 GBrRa i Gihte B B et rd TPy i dn odes

of ten cqpt al dirRSHNTARDL 19§RACEEBUS9 1 ENE& &0e, IR GRodW al., BRlegr osi s
(scarring). This subtype is the nost comon, naking up 60%to 75% of all

cases of Hodgkrnisqomswbihaend.cvidisaentheicdooigenic aGsnseoinpoonds are skin and lung

carcinogens in humans (Goyer et al., 1996).

The toxicity of a given arsenical is related to the rate of its clearance from the
body and to the extent of its tissue accumulation (Beliles et al., 1994). In general,

15  toxicity increases in the following sequence: organic arsenicals < As™" < As™
(including arsenic trioxide) < arsine. Unlike inorganic arsenicals, no deaths or
serious cases of toxicity due to OA have been reported in the literature.
Consequently, in mammals the methylation of inorganic arsenic has been considered
a detoxification mechanism because of the lower toxicity of methylated OA, and

20  their fast excretion and low retention (Beliles ef al., 1994; Goyer et al., 1996). A
good example is that of dimethylarsinic acid, an organic compound, the predominant
urinary metabolite excreted by most mammals after exposure to inorganic arsenic,
including arsenic trioxide. In in vivo toxicity studies in mice, after intraperitoneal
administration of arsenic trioxide, the LDso (a dose at which 50% of animals die due

25  to acute toxicity) was 10 mg/kg, (Investigator’s Brochure, 1998), while after
administration of dimethylarsinic acid, the LDsy was 500 mg/kg (MSDS, 1998).

Cancer Treatment

The organic arsenicals of the current invention may be used to treat a variety
of cancers, including all solid tumors and all hematological cancers, including

30  leukemia, lymphoma, multiple myeloma, myelodysplasia, or myeloproliferative
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The preparation of a pharmaceutical conposition that contains at |east one
organi c arsenical or additional active ingredient will be known to those of
skill inwbeoswwi1928 |ight of the present disclosure, asPeXArspdoofnsisds by

Rem ngt on' s Pharmaceuti cal Sciences, 18th Ed. Mack Printing Conpany, 1990,
i ncorporated herein by reference. Mreover, for animal (e.g., human)
admnistration, it will be understood that preparations should neet
sterility, plisoodgani Thé yrgagienascalcalsahealsy rndedtdr trday hahaobgicdbcasenselgi red by
FDA O fice of Biological Standards. As used herein, "pharnmaceutically
accept abl e dHVF PeFOMS rﬁgﬁﬁﬂ’é’stoéﬂiﬁr pfsfitreagnepént s, di spersi on nedi a,
coatings, surfactants, antioxidants, preservatives (e.g., antibacterial
agents, antifungdh caganespodingdtso Hicccapemsnt s lymhosiagelcsted deinagethg agent s,

salts, pres Y4 > Gr il i [S >1,pi ent s,
di si nt egr at ﬁ%%&%%negg%q H{J{ij%%i&8g’ﬁt@:O%a\?glgtcgﬁ%hzemgggﬁ?tgft%glgocl)&l{%& gllégnt S,
dyes, such Iliykehomi &rdeiicteddiuon periflichatll-aislyinpeéme{PTES), diftlsd [dge Braiin t o
one of ordinary skill in the art (see, for exanple, Remington's

Phar maceut i d¥MPeafaddnargigplzong lymphamap Ingeftyy ceprpumants, %@9‘@9‘1%#&1 s

1289- 1329, il?ﬁlgﬁ&ﬁé?stﬁ erehiady: Lrfsgence) . Except insofar as any
C

conventi onal rrier isinconpatible wth the active ingredient, its use in

the therapeutic qgr | C [ ti ' gg@! |. The organic
arseni cal may beq“ ﬁn‘%‘%@gg\ﬁﬂﬁ Ogiibfkfoéﬁr%éﬁ&rtdﬁ%géc%?nggﬁ| rsO%%%ge‘ﬁ |teng on
whet her it itgoddcdiie tiadhtipipsstectable badysdrhdnfettiichtind digcageibegmlbechaving and
whether it need to be sterile for such routes of adm nistration as

i nj ecti df. TARBoERAEeAPNPTRA MRIIPCKiSH M3E didds Fisst Bradormlicslepoisy ay
i ntrader mal | J i L a i Lt i

i ntracrani aI1 3? ,lbl etE ?gdg&ﬁ}}c%}a ggr(qpf 'S&% trr?t ?;“yrpg@?%?’!l %‘?eﬁ ?ht@g%ﬁgggﬁ {)%t,he
i nt rat r achedlody, intlntimgniasbiniph, nodet, spieer, head mprroivnbload agiatiadrloygans.
[
[

ntrarectally, topically, intratunprall i ntramuscul arly, .

ntr aper i ¢ ordierd §F° 'SR BAA bR P hatAk Sldahio yFRRomy At Konstiodeia 1 Yy,
nucosal |y, i1phhapas aeaLdi al ly, intraunbilically, intraocularally, orally,
topically, locally, injection, infusion,

15 Peripheral T-cell lymphomas are tumors composed of mature T-cells (not B-
cells). Peripheral T-cell lymphomas such as angioimmunoblastic T-cell lymphoma
or anaplastic large cell lymphoma can arise in lymph nodes, while others like
subcutaneous panniculitis-like T-cell lymphoma, nasal NK/T-cell lymphoma, or

intestinal T-cell lymphoma can arise in extranodal sites.

20 Large cell lymphomas are the most common type of lymphoma. These
cancers may arise in lymph nodes or in extranodal sites, including the
gastrointestinal tract, testes, thyroid, skin, breast, central nervous system, or bone

and may be localized or generalized (spread throughout the body).

Marginal zone tumors are indolent B-cell lymphomas and may occur either
25  outside lymph nodes (extranodal) or within lymph nodes (nodal). They are divided
into two categories depending on the location of the lymphoma. Mucosa-associated
lymphoid tissue lymphomas (also called MALT or MALTomas) are forms of
marginal zone lymphomas that affect places outside the lymph nodes (such as the

gastrointestinal tract, eyes, thyroid, salivary glands, lungs, or skin). Nodal marginal
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continuous infusion, |ocalized perfusion bathing target cells directly, via

a catheter, via a lavage, in |lipid conpositions (e.g., |iposones), or by
ot her nmetwoadowvo2aerg conbi nati on of the forgoi ng as woul #Charskevonmss® one of
ordinary skill in the art (see, for exanple, Rem ngton's Pharnmaceuti cal

Sci ences, 18th Ed. Mack Printing Conpany, 1990, incorporated herein by
reference). The actual dosage anpbunt of a conposition of the present

i nventi on adisheBséedirigahphemas gratuhesihmon andercdeinetifies edleld yngaloy gtotlB-catid
physiological ctors such as body wei ght, severity of condition, the type
of di sease BEMRG°P#eat ed, previous or concurrent therapeutic interventions,
i di opathy of the patient and on the route of adm nistration. The
practitioner respgsh¥idgka’s eadubselarostsy Beiiwvelvad lymph podepcoataghtreasdet er mi ne

the Conce””?hléa%geagéffl&% &gh%g ﬁé %pieﬁ%t forfha Qﬁlo%h%gllsa“ﬁ ﬁ@@ﬁp“ ate

dose(s) for n cer ain e euti cal

conpositBonSKﬂByo&aﬂmmﬁﬁﬁpnhﬁﬁmexaﬁmkﬁx:amukemﬁﬁmﬁ&mmmmﬁsd&hﬂﬁ an organic
arseni cal conpound. I n other enbodi nents, the an active_ conpou

conpri se bet(WeEAnRpERis sobiyRGis dbomestzgurnamn. mrEingaingth & 730 ef @l]rl\ P%SGS e?(

bet ween abo 60% for exanple, and any range derivable
t herein. Inq%¥%§ﬁ§§§mﬂﬁ@#%tlng exanpl es, a dose nmay al so conprise from

about 0.1 ng/ kg/ body weight, 1 ng/kg/body weight,
about 5 rrg;n‘)é RE B gell §1““‘10 mg/ kg/ body wei ght, about 20 my/ kg/ body
wei ght, about 30 ju/ k bod ht, abou bo wei about 50
ny/ kg/ body melghfﬂ% %ﬁ? ﬁé%ﬁ%ﬁ&ﬁ%%ﬁ9n Fﬂﬂ?o é%g@?‘f%ﬁ”Wﬁﬂﬁ Py wei ght |

about 200 nuyrkeibadyniveiod BiditigheuétivShg ﬂ%ﬂ[eﬁ%ﬂp@é’kﬁw&htthos%@%ﬂlﬁﬁ%e
ng/ kg/ body werght, about 750 ng/kg /body wei t o about 1000 ng/ kg/ body

wei ght or nmr@nd@htaﬂhﬁm@@maiﬂacmureame@ﬁwl %adl@é Rgeringtam's &hammeaceitical | n
non-1im ting examph &8 0 MadHrInAR Gl ANYE dob Ot N6 rRATRELS vl &b er el n,

a range
Moreover, for animal (e.g., human) administration, it will be understood that

preparations should meet sterility, pyrogenicity, general safety and purity standards

15  asrequired by FDA Office of Biological Standards.

As used herein, “pharmaceutically acceptable carrier” includes any and all
solvents, dispersion media, coatings, surfactants, antioxidants, preservatives (e.g.,
antibacterial agents, antifungal agents), isotonic agents, absorption delaying agents,
salts, preservatives, drugs, drug stabilizers, gels, binders, excipients, disintegration
20  agents, lubricants, sweetening agents, flavoring agents, dyes, such like materials and
combinations thereof, as would be known to one of ordinary skill in the art (see, for
example, Remington’s Pharmaceutical Sciences, 18th Ed. Mack Printing Company,
1990, pp. 1289-1329, incorporated herein by reference). Except insofar as any
conventional carrier is incompatible with the active ingredient, its use in the

25  therapeutic or pharmaceutical compositions is contemplated.

The organic arsenical may be combined with different types of carriers
depending on whether it is to be administered in solid, liquid or aerosol form, and
whether it need to be sterile for such routes of administration as injection. The
present invention can be administered intravenously, intradermally, intraarterially,

30  intraperitoneally, intralesionally, intracranially, intraarticularly, intraprostaticaly,
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of about 10 ny/kg/ body wei ght to about 100 ng/ kg/ body wei ght, etc., can be
adm ni stered, based on the nunbers described above.ln any case, the

conposi t IO 20By02CL8Pri Se vari ous anti oxi dants to retardPoXiusatnmoossss one or
nore conponent. Additionally, the prevention of the action of

m croorgani sns can be brought about by preservatives such as various

anti bacterial and antifungal agents, including, but not limted to parabens
(e.g., nethyhpailabeihs intprtepydapigr abemshlly,dhroriodillyainohkyagidlyol , sor bi ¢ aci d,
t hi merosal or conbl nations thereof. The organjc arsenical may be fornul at ed
into a conpdéfrteefallysforjcs ereteageoraWéawaamuwlaglw intrapgrHenedh%r maceut i cal |y

accept abi ¢ sahluldeliy e pLifuRa S kAL ERCIMIL kbR ff SRrAREDAN O OUPS

derived frominorganit exa , saodi um  pot ass
anmoni um cahtrmunblhcalfyemtliaocmmdﬂp,mraﬂdgs topocallyuiealdy, glamtmnbmfmoras

i sopropylam ne,. trine nlne tidi,ne .or proc n enbodi nents where
the compdsi (BHMIS, TGS R Ge Bhdlsidh Sk wPLa SRt e i BRgingen

di spersi on ngglp wvag@rmhpﬁldaalpog%n@etg Iﬁﬁ@séﬁes)t&byvaﬁ&rmetﬁédlmy, pol yol

(e g., gl ycer ol propylene |qU|d ethy ene glycol, étc.),

lipids (e. g conthmaglloy@éthecfegomge@ewbd be bmb\@n td ¢r¥@o§@m@99rya dl isdhbimat i ons

t her eof . roper f mai nt a X t he use of
@ coating, duen gespapl RrnteefPs PERRr M kR st TET B iy o e
si ze by di smedrﬁpa@@ 1990C AichipoFAcEhGbinay, refctdncexanpl e 1iquid pol yol or

|'i pids; by the use of surfactants such as, for exanple

hydr OXqulOOIOy' cel It]caRial @6sag95ﬁiﬁbﬁlﬁtdf‘a%mbbﬁﬁ&%f S GRsBRIRAGSion | N MANY
cases, it will be preferable to include isotonic agents, such as, for

ex arrpl e, sugansnissodi tg mp@httctrcam e deteuoinbd haphsiesl tameplecsfologcaé fadters
i njectable soluti OnR % o rati active conpounds in
the requir ed" 8%%% o‘?elg Vg]ﬂ Yopr ﬁih&lo% §F€§/ \ﬁnﬁgﬁ E)P nngSeage]d t he ot her
i ngr efll ents ﬁeuaw&t&dc@mvmer@euﬁ@mwﬁ@@oni Qllibpyved obthelpatiéf a8l on the
sterilization.
route of administration. The practitioner responsible for administration will, in any
15  event, determine the concentration of active ingredient(s) in a composition and

appropriate dose(s) for the individual subject.

In certain embodiments, pharmaceutical compositions may comprise, for
example, at least about 0.1% of an organic arsenical compound. In other
embodiments, the an active compound may comprise between about 2% to about

20  75% of the weight of the unit, or between about 25% to about 60%, for example, and
any range derivable therein. In other non-limiting examples, a dose may also
comprise from about 0.1 mg/kg/body weight, 0.5 mg/kg/ body weight, 1
mg/kg/body weight, about 5 mg/kg/body weight, about 10 mg/kg/body weight,
about 20 mg/kg/body weight, about 30 mg/kg/body weight, about 40 mg/kg/body

25  weight, about 50 mg/kg/body weight, about 75 mg/kg/body weight, about 100
mg/kg/body weight, about 200 mg/kg/body weight, about 350 mg/kg/body weight,
about 500 mg/kg/body weight, about 750 mg/kg/body weight, to about 1000
mg/kg/body weight or more per administration, and any range derivable therein. In
non-limiting examples of a derivable range from the numbers listed herein, a range

30  of about 10 mg/kg/body weight to about 100 mg/kg/body weight, etc., can be

administered, based on the numbers described above.
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General ly, dispersions are prepared by incorporating the various sterilized
active ingredients into a sterile vehicle which contains the basic

di sper si omorzeovazm2and/ or t he other ingredients. In the easasSedoInssss | e
powders for the preparation of sterile injectable solutions, suspensions or
enul sion, the preferred nethods of preparation are vacuumdrying or
freeze-drying techni ques which yield a powder of the active ingredient plus
any addi tional ddaiangdadenteednpositibn may @ompayd vy astiexiddnes-tbirtthey ed |1 qui d
medi um t hereof . The |iquid nmedium shoul d be suitably buffered if

necessar yan@@%oppéanﬂowpwmppp?@t Afdéﬁu)@ﬁli theprekstonst ithsyactign Phj ect i on
with sufficirgittoct@lnidhd Qh WIGREaol By BEABRLALIQNCIPE: AL ¥nippEARL T at ed
conpositions for direct Injection 1s aY o contenpl ated, where the use of
DMBO as sol mdtantlﬁmgai\agsilts,nedudmgrlastunbt hm'rtecéwtpaemhy (ergpmdthptpaeetbmi,l on,

del i veri hi co i he  act.i nts ar ea. The
Commoa t Pon TS asErL R Tep . phes Rt SRR an St of soptrRiaG st or age.

and preservag.ag@i nst the contam nating action of m croorgani sns, such as
bacteria and fungi. Thus, preferred conpositions have a pH greater than
about 5, prefera %Jrgaﬂe RROHLal ndy e ABAHIIaRd B oRBEBbAR ¥ b gcabout 5
to about 7. It w appreci ated that endotoxin cgntanlnatlon shoul d be
kept m ni maldeytraltoraals &fren. I}Hmehaceimcalbownqutdgle Iseé$sn¢lh<ktthesﬂtsrfgﬁn@1 witbt ei n.
In partlcuIaE ﬁnbodhneEts, rol.o d absor on ofhan ectggle.

conposi t i on B&HCHETBY B GHIP R HETYCIgo APTRRS PHSE Mh s FGRRTP iSOGk Magent s
del ayi ng oabsffkiuA) am$témhurd oaldi@h oﬁﬁﬁph%m@demo%ehrmgaﬁ& BAghe, gelatin
or conbinations théreof. Combination Therapy It is an aspect of this

i nvention thauﬂom@mnm@dwmmﬂaﬂ@em@damubamommbm@e@ in conbination mnth

anot her agent or therapy nethod, preferably another cancer treatnment. The
or gani ¢ ar seni callnrepopmamedehar tlicoddngwsitioe iointeeliquad) o, b ceatemeat bdy

solvent or dispersion medium comprising, but not limited to, water, ethanol, polyol

(e.g., glycerol, propylene glycol, liquid polyethylene glycol, etc.), lipids (e.g.,

15  triglycerides, vegetable oils, liposomes) and combinations thereof. The proper
fluidity can be maintained, for example, by the use of a coating, such as lecithin; by
the maintenance of the required particle size by dispersion in carriers such as, for
example liquid polyol or lipids; by the use of surfactants such as, for example
hydroxypropylcellulose; or combinations thereof such methods. In many cases, it

20  will be preferable to include isotonic agents, such as, for example, sugars, sodium

chloride or combinations thereof,

Sterile injectable solutions are prepared by incorporating the active
compounds in the required amount of the appropriate solvent with various of the
other ingredients enumerated above, as required, followed by filtered sterilization.

25  Generally, dispersions are prepared by incorporating the various sterilized active
ingredients into a sterile vehicle which contains the basic dispersion medium and/or
the other ingredients. In the case of sterile powders for the preparation of sterile
injectable solutions, suspensions or emulsion, the preferred methods of preparation
are vacuum-drying or freeze-drying techniques which yield a powder of the active

30  ingredient plus any additional desired ingredient from a previously sterile-filtered

liquid medium thereof. The liquid medium should be suitably buffered if necessary
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intervals ranging frommnutes to weeks. In enbodi nents where the other
agent and expression construct are applied separately to the cell, one
woul d gerwoabioo2earzsure that a significant period of timecCaius2emon5BEapse
between the tinme of each delivery, such that the agent and expression
construct would still be able to exert an advantageously conbi ned effect on
the cell. For exanple, in such instances, it is contenplated that one may
contact the adlthe ligiié gilgcrofirg ﬁ@ﬁl@teﬁﬁ'ﬁ(\ﬁblﬁlb ptlwoto ihfecten withuiiffieienomilide

nodal ities substantially similtaneously (i ., Within less than about a

m nute) wit PTEHSOsT g b reRaratins laghly ﬁowﬁgaw%%w%ﬂorarf@r @Fecm@tlagent s
may be adm nj §1ts§%&&’[e%hhfa@dnv@91%%e dsBEBNISO aé'%gl%nﬁs ThkbES toarQ

m nut es, about 20 m nutes about 30 m nutes, out 45 m nut es, out

m nut es, abautre@elyoapid, peattoasion3ddivarisg h@bounceﬁtrhmmssof tlabaxtitve Bgehmsmosa, about
6 hours, about 7 hours about 8 hours, about 9 hours, about 10 hours, about
11 hours? abBl¥% nours. about 13 hours, about14 hours, about 15 hours,
about 16 hours, about 17 hours, about 18 hours, about 19 hours, about 20

hours, about 2 1 HRogIPosieRMUsHdHHeRlS undgsdhg conditins p§ manwaeuroandnour s,
about 25 ho Qut 29
hour s, abou#&%ugﬂggygﬁggb%g%&%miﬁﬁgﬁﬁgﬁﬁmgﬁﬁféuggﬁgﬁhmﬁﬁgﬂgut §%aﬁours
about 34 hoursteriabod fungb ﬁmwcmﬁﬁahmumn$BSMOmﬂmnwabﬂﬂgmﬁ%rﬁmumbmnébout 38

hours, about 3 urs, about 40 hours, hour s, ut 4

hbout” 43 hodrelerBelnaRoRa Lot o BRITEPE Moot 360 ABHS. TaBBht 47
hours, 19 a%tatppée%latga%a e%ﬁot@?fnecoﬂfa!nﬁﬁaﬁdh ABGHIYe IRPE BniRLN Qt'aséa%' ng the
organi c arsenical. In certain other enbodinents, an agent may be

adni ni st er edevaltthr exasiple, rlesmtiadd Ot ngmgayotembout 2 days, about 3 days, about
4 days, about 5 days, about 6 days, about 7 days, about 8 days, about 9
days, about 10 ddy$aﬂﬁbmmbmmd&d&m$ p@boged aRsodigtios, ofabonjbctiBedays, about 14
days, about 15 days, ab out 17 days, about .18 da about 19
days, about %§Pof SisaLbe Otg@a?gutpby fg? Up T AREIPOSRb o oS Of AeT é‘ﬁ@?’ilgtg t he
organic ar S%h&ﬁtlon lsQcts TeorkhMplel AN indrh nfHRYstBGa”EsdfAPI A ohibitbaid the

tinme period f
15 thereof

Combination Therapy

It is an aspect of this invention that the organic arsenical can be used in
combination with another agent or therapy method, preferably another cancer
treatment. The organic arsenical may precede or follow the other agent treatment by

20  intervals ranging from minutes to weeks. In embodiments where the other agent and
expression construct are applied separately to the cell, one would generally ensure
that a significant period of time did not elapse between the time of each delivery,
such that the agent and expression construct would still be able to exert an
advantageously combined effect on the cell. For example, in such instances, it is

25  contemplated that one may contact the cell, tissue or organism with two, three, four
or more modalities substantially simultaneously (i.e., within less than about a
minute) with the organic arsenical. In other aspects, one or more agents may be
administered within about 1 minute, about 5 minutes, about 10 minutes, about 20
minutes about 30 minutes, about 45 minutes, about 60 minutes, about 2 hours, about

30 3 hours, about 4 hours, about 5 hours, about 6 hours, about 7 hours about & hours,

about 9 hours, about 10 hours, about 11 hours, about 12 hours, about 13 hours, about
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treatnment significantly, however, where several weeks (e.g., about 1, about
2, about 3, about 4, about 5, about 6, about 7 or about 8 weeks or nore)

| apse betwioeniw2e928especti ve adm ni strations. Various ceabiusatmwoszsssray be
enpl oyed, the organic arsenical is "A" and the secondary agent , which can
be any other therapeutic agent, is "B'": AAB/AB ABB B AAABABBBAA
A/'B/B/B BIA/B/' B B/B/B/A B BIAB ANAB/BAB ABAB B AB B AAB ABA
B/IANAB AA ]NI];Buth , At AS AoBfsAdtd UM GhBirdy 2bdoi 1 der@,tabol:itl 1(8]1:ho}u|h£ albdterlapelut ic
conpositions of the sent invention to a patient w ol | ow genera
protocol s fglOUfhad %E’p sy ghoubpl E?uré’r?@ﬁﬁtt#;ﬁ‘%%ﬁb?‘ész 3 hoygs, APyt %f‘o account

the toxi ci yhoubd (B 25 hbulsSyRKPSE R LBl 11k SBOERIOGKC b vou! d be

repeat ed as necéssary so I's contenp ate hat various$ standard
t herapi es orhoadj, abwit 36:hnmsr alfolne3 hboms,,abastiv%lhburasa‘tmut@} h@irs,lalbbmrMentl on,

may be appli ed i i nat i i t he desgri bed i.cal These
Uhor api o8| HPUEELGEESHPEsnGRH PhPotsa LB P haPaRy® Hodd S Apy.

i munot her amburg%tﬁnub% Cﬁa‘tﬁ)ﬂﬂ@%lﬁ@r%ouﬁ@%&ﬁﬁab&ﬁ 4oaloay, d6sE ul bes sone
adj unct cancer therapi es: Chenot her a Cancer therapies also include a

vari ety of douts, nlzautéﬁ hphl@r dmue% tmrh dbotiv Tclraams, da kb d8 rha@nsm e based

treat ments. Fapi es cisplatin
(CDDP), car of n‘g ?mn(f/ora ) IBmZSt?{mgpth mceat“f"len}ﬁaI on Cc?%(/t% op ospham de,

canpt ot heci rembofdaﬁéragnadageﬂf&hag)rw a%imlnﬁf&w\aﬂﬁlﬁ@fﬁonbm{ i any, aBbitrOSUr ea,
dactinonyci n, daunorubi cin, doxorubicin, bleonycin, pliconmycin, mtonycin,

et oposi d@ (\Hys.@pouttdaysi #hent 4 dwwb%ﬁéiaywb%@éim eaéeptﬂ 2y Hethy agent s,
tr anspl ot 1 nuy waopr DA B0 BREH 1 Pl P SRR L A et o, or
any anal og abodterd das) abeut B dan)atohit Iﬁﬂéa}ispz[‘tﬁ)goﬂ’r‘lgays, about 18 days, about 19
days, about 20, to about 21 days prior to and/or after administering the organic
arsenical. In some situations, it may be desirable to extend the time period for
15  treatment significantly, however, where several weeks (e.g., about 1, about 2, about

3, about 4, about 5, about 6, about 7 or about 8 weeks or more) lapse between the

respective administrations.

Various combinations may be employed, the organic arsenical is “A” and the

secondary agent , which can be any other therapeutic agent, is “B”:
20 A/B/A B/A/B B/B/A A/A/B A/B/B B/A/A A/B/B/B B/A/B/B
B/B/B/A B/B/A/B A/A/B/B A/B/A/B A/B/B/A B/B/A/A

B/A/B/A B/A/A/B A/A/A/B B/A/A/A A/B/A/A A/A/B/A

Administration of the therapeutic compositions of the present invention to a
patient will follow general protocols for the administration of chemotherapeutics,

25  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. These therapies include
but are not limited to chemotherapy, radiotherapy, immunotherapy, gene therapy and

30  surgery. The section below describes some adjunct cancer therapies:
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Radi ot herapy Other factors that cause DNA danage and have been used
extensively include what are commonly known as g-rays, X-rays, and/or the
di rect ed wol20weny928f radi oi sotopes to tunor cells. O hePCTarsa®9of3sBNA
damagi ng factors are al so contenpl ated such as m crowaves and
UV-irradiation. It is nost likely that all of these factors effect a broad
range of damage on DNA, on the precursors of DNA, on the replication and
repair of DNfgenmmkbrapy t he assenbly and nai nt enance of chronosones. Dosage
ranges for X-rays range fromdaily doses of 50 to 200 roentgens for

prol onged peri odsCHifert thBRpics aks® ifklde)a varidtysdM@hirk@is e $he@ipi&OPHh both6000
roentgens. Dosage ranges ? radi oi sotopes vary wi dely, and depend on the

hal f-1ife ofchemécal gt wgmtion h@seéttﬁeéﬁﬁ@ans d@mnblyy@rmhen@meml@nn@ﬁdq,tf@d and
t he uptake b I t nd "exposed, "

when applie ?%Bge g’gﬁ%@g&rfgﬁgzggﬁ?g%%@ Itogirggzsl%er’l Cﬁ@%e prglcess by which a
t her apeuti ¢ yoRPhésphhmardcanmbmosh hesstaride] elphalimdhirhabame bidutfangent are
delivered to a target cell or are placed in direct juxtaposition with the
target cel | NitQsUERdef@oRyEn, faynprypiciprdogprbicn, bieaiky ciy PHEAMHEFB: del i ver ed

to acell in,g, rﬁ%m %@%sﬁl’%‘?‘é’@%ﬂi ifcH EralRifchd, lestrr n(f&% :ptoqlblr{alﬁi?/ ent it

from di vi di ng. erapy | ot herapeuti cs, era on the use
of i nmune efafgen:tls,dax@egdn&;clahnhenmﬂveﬂnneeﬁarn@;yt -progEh tramfeua%mhﬂrytorsancer cells.
The i mune eff tor be, forexa antl bod eC|f| c for sone
marker on t HE" G optaae Rarin viRBed By NIFOHE: RGNS as an
ef f ect orjgof 6r@%f1§£%eqfanhﬁtdf%/e foRGottit other cells to actually effect cell
killing. The antibody also may be conjugated to a drug or toxin

(chenot her apeitl fer {7 d| onucl eotide, ricin A chain, cholera toxin, pertussis
toxin, etc.) anJ serve nerely as a targeting agent Alternatively, t he

ef fector, mmy be 2 huTBNgEY S G YN ARERLAGUL LRl or 2cts

either directly or
include what are cornrnonly known as y-rays, X-rays, and/or the directed delivery of

radioisotopes to tumor cells. Other forms of DNA damaging factors are also

15  contemplated such as microwaves and UV-irradiation. It is most likely that all of
these factors effect a broad range of damage on DNA, on the precursors of DNA, on
the replication and repair of DNA, and on the assembly and maintenance of
chromosomes. Dosage ranges for X-rays range from daily doses of 50 to 200
roentgens for prolonged periods of time (3 to 4 wk), to single doses of 2000 to 6000

20  roentgens. Dosage ranges for radioisotopes vary widely, and depend on the half-life
of the isotope, the strength and type of radiation emitted, and the uptake by the
neoplastic cells. The terms “contacted” and “exposed,” when applied to a cell, are
used herein to describe the process by which a therapeutic construct and a
chemotherapeutic or radiotherapeutic agent are delivered to a target cell or are

25  placed in direct juxtaposition with the target cell. To achieve cell killing or stasis,
both agents are delivered to a cell in a combined amount effective to kill the cell or

prevent it from dividing.
Immunotherapy

Immunotherapeutics, generally, rely on the use of immune effector cells and

30  molecules to target and destroy cancer cells. The immune effector may be, for
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with a tunor cell target. Various effector cells include cytotoxic T cells
and NK cells. I mmunot herapy, thus, could be used as part of a conbi ned

t her apy, wo20omj2u928ti on with gene therapy. The general &pprusamia/o53sss

conbi ned therapy is discussed below. Cenerally, the tunor cell nust bear
sone marker that is anenable to targeting, i.e., is not present on the
majority of other cells. Many tunor nmarkers exi st and any of these may be
sui tabl e forethp@eaﬂl agitody tspeiftofol saihe afaritdt@nphesefice by amidrenll. Caemon
tumor markers include carci noerrbry ni c nt| gen, rostate ecific antigen,
urinary tumgintige oép%q@aya%tf?awe?@m éhﬁrwéﬁl EFsCFlH%\%‘g Yv10 gp68s,

TAG 72, HNF%ctd%!l?'eYﬂe%lc%Wkﬁl é%t Tﬂ@éhnb%%'“}so &Pl’ye doh ﬁl':g’ateﬁ% 58 rrt&ﬁnﬁpt or,

| am nin receptor apy I'n~yet anot odi nent ,
t he secondar(yhameh¢mpautici sdmnsecaitiariyinge igin, dplpytoxm, phingkisgoxiher apeut i ¢

ol ynucl eotide is, adm ni stered bef.ore, after, or at.th ame tine a first
ey mout: o diiit SRR Mughiisdr ot s pd frmais e edd ot on w i h a

vect or enC0qyﬁgh@cyg@éh‘%ry%g)ﬂHﬁfac@ﬂn{dleclﬁi’é/tﬁaﬁnfém eﬁ%r@%mmﬂﬁa@é lfer ative
effect on target tissués. Surgery roxi mtely 60% of persons w cancer

wi || under govigua gemar cefl targere \famgs S t@trpeilﬁmcud@wmt@veﬁtcatm gl NKi agnostl c
or staging, cFraU ve and palliative surgery. Curative surgery is a cancer
treat ment tHa may be used in conj unction with other therapi es, such as the

treatnment of the prese i nvention, chenpt herapy, r erapy, hor nonal
herapy. gene. t ndPHR oI OURe MY SRR 61 Pl DL FATPOS {NEPPes G at i ve
sur gery jigncl WeRScHGSRRR LOR: thBraphll The géﬂerélrapj%ﬁéh R c6ABARE ASAySiS ue i's

physi cal Iy renpbved, excised, and/or stroyed. Tunor resection refers to

physical r erdiscabsedfoelay. I@malb'aﬂte tulmoacctlhmmﬁ bearsoardnaikentheios ropgnable

resection, to targeting, i.e., is not present on the majority of other cells. Many tumor markers

exist and any of these may be suitable for targeting in the context of the present

invention. Common tumor markers include carcinoembryonic antigen, prostate
15  specific antigen, urinary tumor associated antigen, fetal antigen, tyrosinase (p97),

gp68, TAG-72, HMFG, Sialyl Lewis Antigen, MucA, MucB, PLAP, estrogen

receptor, laminin receptor, erb B and p155.
Gene Therapy

In yet another embodiment, the secondary treatment is a secondary gene
20  therapy in which a therapeutic polynucleotide is administered before, after, or at the
same time a first therapeutic agent. Delivery of the therapeutic agent in conjunction
with a vector encoding a gene product will have a combined anti-hyperproliferative

effect on target tissues.
Surgery

25 Approximately 60% of persons with cancer will undergo surgery of some
type, which includes preventative, diagnostic or staging, curative and palliative
surgery. Curative surgery is a cancer treatment that may be used in conjunction with
other therapies, such as the treatment of the present invention, chemotherapy,
radiotherapy, hormonal therapy, gene therapy, immunotherapy and/or alternative

30  therapies. Curative surgery includes resection in which all or part of cancerous
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treatment by surgery includes | aser surgery, cryosurgery, electrosurgery,
and m croscopically controlled surgery (Mhs' surgery). It is further

cont enpl aveadotet928he present invention nmay be used in ®OMUSAEVI063858M t h
renmoval of superficial cancers, precancers, or incidental anmounts of nornmal
ti ssue. Exanples The follow ng exanples are included to denonstrate
preferred enbodi nents of the invention. It should be appreciated by those

of skill in tishee iaphydibealy remeviéd ekeibaiyend/oi dstrogeid Tumdriresceti@nielfeas torhi ch
foIIOM/repre%5nt t echni ques dlscov?red by the inventor to function well in
the practi cgPCHHEMPKYIOh et I5ast PAH @ # TR0 4 aB@tlew&iua@ré%ﬁe@%%onsu tute

preferred m%f’e%ﬁn&f%'bg g{l&eﬁ{ 1%8%58@1&&?'%‘%%% cryodd t Oéleéti‘dsh}gepg ahfe art will,

in light of the pre sc osure at nman nges can be
nmade in the mspescdpicalbrdootb hehiusganh  ellohsirsergdingc IIblséui*tlwmdomemblatqduha] n a

like or sim/]ar result w thout departing fromthe s i ope of the
venti of | ERGREE hephon ey be SreahaPREpHITF Rl ShuBETAL hei o
(MER), S d'dﬁﬁééi'¥'p%o’ﬁhéb‘?§%'r irfYddnfal @Sbents 9Ahdonal 88eS- (di met hyl ar si no)

gl ut at hi one (SGLU') MER-I: Mer capt osuccinic acid, 4.5 g, was placed in

100 of glyne (JEégqyghgethoxy ethane) in a 250 nL round-bottom fl ask. Four
nmL of di methyl chl oroarsine (0.03ml) was added drop-w se, followed by 4 ni

ctirred for 20 h e PUSRInk e B8R s AR o dLBBa L ERE PSP IR 1 e

hydrochl ori dﬂtﬁ@@véﬂfdﬂiﬁdt ﬁi@dl(i\/lﬁsap'p&l@ﬁ#ail@dthbye &1l dktlr @tth@8rt thef ehes ol utl on of
MERI in the gl yme was greatk% educed in volune by evaporation at reduced

pressur 60 WFghBigiey Sisglogedyn anwéffSewlél e flloperriyertittehpiguppAiseayarsas hed
with cold d'b?& % Iﬁfgnfﬁ@f] Jhewgl? ntotglle glsa%tlgé éﬁsth@ ﬂdeﬁ@orpraﬁﬁjﬁﬁlts c\a’t\@ﬁet hen

recrystalliz rom et hanol - wat er const ant
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

15  similar result without departing from the spirit and scope of the invention.
EXAMPLE 1

Synthesis of S-dimethylarsino-thiosuccinic acid (MER1), S-dimethylarsino-
salicylic acid (SAL1), and S-(dimethylarsino) glutathione (SGLU1)

MER-1: Mercaptosuccinic acid, 4.5 g, was placed in 100mL of glyme (1,2-

20  dimethoxyethane) in a 250 mL round-bottom flask. Four mL of
dimethylchloroarsine (0.03mol) was added drop-wise, followed by 4 mL of
diethylamine (0.04 mol), again dropwise. The reaction mixture was stirred for 20 h
at room temperature. A white precipitate of diethylamine hydrochloride was formed
and was separated by filtration. The solution of MER1 in the glyme was greatly

25  reduced in volume by evaporation at reduced pressure. White crystals of MER1
were separated by filtration and washed with cold distilled water. The colorless
crystalline product was then recrystallized from ethanol-water to a constant melting

point of 150 °C.

SAL-1: In a 100 mL flask 5 g of 2-mercapto benzoic acid (thiosalicylic acid),
30 75 mL of glyme, 5 mL of dimethylchloroarsine, and 5 mL diethylamine were
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point of 150 OC. SAL-1: In a 100 nL flask 5 g of 2-nercapto benzoic acid
(thiosalicylic acid), 75 nL of glyne, 5 nL of dinethylchloroarsine, and 5
nmL di et hywearbroe2wesepl aced. The mi xture was refl uxed foPCI/Usoem/os3sder an

at nosphere of nitrogen and stirred at room tenperature overnight. The
precipitate of diethylam ne hydrochl oride was separated by filtration. The
filtrate was evaporated slowy under reduced pressure until crystals of the
product sepgilafce. Thhenievapwisatcddx&biout ihotr walet ah dintgplhidie ophiddyet ans
chilled in ice and the cold solution was filtered. Cry?tals of the product

ver e recr ystsifief 2bpom smpsianuRayepighy Eompedntiataef dicHly!9einat of 97 ocC.
SGU-I : d [ ) ) I i i whi | e
ai ot hyi chor SarahRRRe i sChidyiedBy BiiHohy THRFISHE e EuhBRIA ol EHderTe E!
91. 2 mol ) weduccheresaddadtit aysthle oftherprgduwmhstphiage. il het avaporated sslbsequent | y

heated tq refl ux.. The heat was . ved i di ely and t m xture stirred
e eom Sempeptiiipe g anodion W35 T g T BreokSeli@ats Miehdsiesal! | & and
recrystalli i idi r lopr i de

y @%@%ﬂ}&@p&% %m{au%h%&@&hé%g%g fagﬁsg%ﬁ I(I@tw& drohloer

conpl ex (75% vyie -1 18 0C, NWR ( 1.9-4.1 (s,

109, 78,0 (. FRATBS} VSt 0en 0 B e

36. This material Ts not use has

been used i nlibkcolygboatsias®adysg 48% WanOrwieddeddBpiks, Poritfine (60 @bl1.2(J. Med.
Chem (1979) 22; 572-57@(1, whi ch is incorporated herein bg{ reference inits
entirety. EXANPDEva thn adidadtathesmyend thomidunsvwasshhicqraithidseised® hi one The

fol | owi ng progedute. ﬁ%?%%},e Vel SmPRAARTy Ad ML S.ﬂﬁ{u‘?é %fe}‘fbrcri&ft 100

Sdi net hyl ar si nogl ut at hi ) e quantities used can ti ﬁi ed or
di vi ded wi t hereperaturs for dds slsolhtidhef the sgpeldnt vesohublid wdidaund revaystdlAzated.

Di net hyl chl Oéoc%l?retshi

arrllgl'afforded 4 as the pyridine hydrochloride complex (75% yield): mp
115-118 °C; NMR (D;0) 81.35 (s, 6H), 1.9-4.1 (m’s, 10H), 7.8-9.0 (m, 5SH); mass
spectrum (m/e) 140, 125, 110, 105, 79, 52, 45, 36. This material is not used for the

15  examples described herein, but has been used in biological assays as described in
Banks, C.H., et al. (J. Med. Chem. (1979) 22: 572-575), which is incorporated

herein by reference in its entirety.

EXAMPLE 2
20 Alternate Synthesis of S-Dimethylarsinoglutathione

The following procedure describes the manner of preparation of S-
dimethylarsinoglutathione. The quantities used can be multiplied or divided with

equal success if the respective ratios are maintained.

Dimethvylchloroarsine.

25 Dimethylarsinic acid, (CH3);As(O)OH was supplied by the Luxembourg
Chemical Co., Tel Aviv, Israel. The product was accompanied by a statement of its
purity and was supplied as 99.7% pure. The dimethylarsinic acid was dissolved in
water-hydrochloric acid to pH 3. A stream of sulfur dioxide was passed through this
solution for about one hour. Dimethylchloroarsine separated as a heavy, colorless

30  oil. The two liquid phases, water/(CH3),AsCl were separated using a separatory
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D net hyl arsinic acid, (CHs) As(O OH was supplied by the Luxenmbourg Chem cal
Co., Tel Aviv, Israel. The product was acconpanied by a statenent of its
purity amsiowary/euepl i ed as 99. 7% pure. The di nmet hyl ar si RCE/UBCI0d/09E8SS

di ssolved in water-hydrochloric acid to pH 3. A stream of sulfur dioxide
was passed through this solution for about one hour. Di nethylchl oroarsine
separated as a heavy, colorless oil. The two liquid phases, water/(CH

3) 2AsC  wer efuseparat eldorlimethlassiipawat extitted veb dicThdetadd aadakl eérhy| ar si ne
was extracted |nto d| et hyI ether and the ether solution was dried over
anhydrous sc8lUitn s ged ov ﬁmmeﬂsobd&rrmwléﬁem%e frietholdiongyest o a

distillati or{rﬁgﬁ%g% ?ﬁuﬁ%ﬁon%k%lc‘ﬂ W Neatdd s‘f"d@iggé Hﬁ@ }ﬁteﬁf‘e!'r The

remai ning |iqui | oroarsine was purifi |st| l'ation. The
fracti on boiThenrgmainidiéquddliShwablocodrbiec tves puriiiel lp)rahdmid}ttl,onaTdnol orless oil,

dlsplaysas |l e, 1H N ce at,, 1. 65 ppm S- hlarlno

Gl ubat hi Gne TTaeRAs BOwas dhi O TRLR. s Eolietcy B Pra ik vl s Sait dbPls 81 ved
fromthe AI dsqﬂlﬁllg Ehemirc@borfaRee atPtsd ppm 98% and di ssol ved in 250 mL of

1, 2-di met hoxy ethane. To this solution was added 3. 3g of

di et hyl chl or oar ﬁ'@@%%eﬁ?fa%ﬂ%?m dn@wed by the addition of 3.5 g of
pyridine (redisti er NaOH pellets). The sol ution was
reri uxed for 1one Ma%ogdht fahl £l Al idel RS W IE0, B b QO ARIRET At ur e

for three hours. eS| re arsrnog u i one was

separ at ed ascﬁdﬁﬁcepﬂd Puniey Qwraﬁéld[s@dillvd@mclﬂth)ofI'Ehdﬁnﬁ:ﬂiolxgletm ﬂemhvsed by
filtratigon and washed thoroughly with 1,2-di nethoxyethane.

subsequéft | fomtuoadvaé@éﬁieda}\%g/af@wﬂ%yéﬂ&?r@ﬁﬁsm dhiswas ﬁqllweqhby the‘ﬂﬁ*éltwm d of
S-di met hyl aro'%'sr?g BP@&&%&%%&YI #d@fﬂ%ﬁd{}k’ﬁg (%PMUPP@%@S?”%Q%% é}f‘é’é a{ €

mel ting point wa his ma was u ogi cal
assays descriefiedtddbooe hour ekangphiels tithetiowdPstirkEdAlvRIdm Bmperature for three

hours.

The desired product, S-dimethylarsinoglutathione was separated as the
15  pyridine hydrochloride complex. The solid was removed by filtration and washed

thoroughly with 1,2-dimethoxyethane. It was subsequently dried over anhydrous

calcium chloride in vacuo. The yield of S-dimethylarsinoglutathione pyridine
hydrochloride was 10.3 g and the melting point was 135-140 °C. This material was

used in the biological assays described above in examples 2 to 12.
20 EXAMPLE 3

Pyridine hydrochloride free synthesis of S-dimethylarsinoglutathione
(GLU)

Dimethylarsinoglutathione is made using an adapted of Chen (Chen, G. C.,
et al. Carbohydrate Res. (1976) 50: 53-62) the contents of which are hereby
25  incorporated by reference in their entirety. Briefly,
dithiobis(dimethylarsinoglutamine) is dissolved in dichloromethane under nitrogen.
Tetramethyldiarsine is added dropwise to the solution and the reaction is stirred
overnight at room temperature under nitrogen and then exposed to air for 1 h. The

mixture is then evaporated to dryness and the residue is washed with water and dried
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Pyridi ne hydrochl oride free synthesis of S-dinethylarsinoglutathione (G.U)
Di et hyl ar si nogl ut at hi one i s made usi ng an adapted of Chen (Chen, G C, et
al . CarboNgarawe1R8s. (1976) 50: 53-62) the contents of pamiushoeansssher eby
incorporated by reference in their entirety. Briefly,

di t hi obi s(di nmet hyl arsi nogl utam ne) is dissolved in dichloronmethane under
nitrogen. Tetranethyl diarsine is added dropwi se to the solution and the
reaction is tsigiveredudyveridithditis alryseadlinet €ropemathanel tuders-ni t rogen and t hen
exposed to ajr for 1 h. The mxture is then evaporated to dryness and the
residue i s VHORBYIARIROEIWAMNCand driedto give a crude solid that is
recrystallized fromnethanol to give Sdinethyl arsinogl utathi one. EXAMPLE 4
Third Synthesi s dXAYHIE he hydrochl ori de free Sdi nethyl arsi nogl ut at hi one
(AU) S-dinethyl arsinoglutathione is made using the procedure of Cullen et
al. (J. Inorg. Bi'BuhéSyn(htsi8ef ppaidintiydtechilotidefreedt ents of which are

her eby incorporated b eferencedn their entirety. Briefly,

di et hyl grsi F’@%ﬁ?ﬁ"ﬁ’ﬁh’%ﬁﬂ?%ﬁ?foﬂb are dissolved in water under a
nitrogen atnosphere. and stirred. The resulting solutjon | tirred for 12 h
and t hen evaporati-glm%hﬁdﬁryweg@tma%? ISy d@alggh%g@ﬁ? et holin sl Png to

i ve a sol i dubabidche®x{19R8) 24 1¥0.1b4r0k dofBhRBNGhich TEnTEARGIoRALYT | on s

then evaporated to dryness under re ed pressure and the Tesulting solid
i s recryst alllyirzfderfce onthertentirety./ Bacity, dinahylesited acidndd ghitabionoamgi ve

Sdi et hyl ar sj.nogl yt at hj one AMPLE 5 Preparation of Di nethyl chl oroarsine A
3L 3 meokatPOSHA BT B AL RaS TRE Bed TR 2T ReERUATE U881 P or
assenbl v antiaddiféd 2Mahnd MBSV apol AT IFRIFRLES undir FédRPEDpictued withe\d @ dryi ng
tube was placed in a bath. The flask was charged with cacodylic acid (250
g) and heating to give a solid that is extracted with cold methanol. The methanol solution

is then evaporated to dryness under reduced pressure and the resulting solid is

recrystallized from methanol/water, collected, and dried to give S-

dimethylarsinoglutathione.
15 EXAMPLE 5
Preparation of Dimethylchloroarsine

A 3 L, 3 necked round bottom flask was equipped with a mechanical stirrer
assembly, an additional funnel, thermometer, nitrogen inlet, and a drying tube was
placed in a bath. The flask was charged with cacodylic acid (250 g) and

20  concentrated HCI (825 mL) and stirred to dissolve. After the cacodylic acid was
completely dissolved, the solution was warmed to 40 °C. To the stirring solution,
hypophosphorous acid (HsPO,) (50% solution, 250 g) was added dropwise,
maintaining the reaction temperature between 40-50 °C. After approximately 50 mL
of H3;PO; had been added, the solution became cloudy and the temperature of the

25  reaction rose rapidly at which time an external cooling bath was used to maintain the
reaction temperature between 40-50 °C. The addition of the H;PO, was continued,
maintaining the reaction temperature in the desired range. After the addition of
H3PO, was complete, the reaction was held between 40-45 °C for 15 minutes while
stirring. The external bath was removed and the stirring was continued. The

30  reaction was allowed to stir and cool to <30°C. After the temperature of the reaction
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concentrated HCO (825 nL) and stirred to dissolve. After the cacodylic acid
was conpletely dissolved, the solution was warnmed to 40 OC. To the stirring
sol uti on,whypomphoephor ous acid (H3PO ) (50% sol ution, 2P0Tg)S200089538d¢led
dropwi se, maintaining the reaction tenperature between 40-50 0C. After
approximately 50 nL O H PO had been added, the solution becane cl oudy and
the tenperature of the reaction rose rapidly at which tine an external

cool i ng bat mixage degpped @ BRI bAlcks, hivehyl @rathi@idct(@OpaiLatnas addetandehe 40- 50
0C. The additi ?n of . the HPQ2 was continued, maintainin tg%é)r,eacti on

t enper at ur e TPHUIEMEMERWCMEY SHERGE extrekihe prdugdigia the megtyisussdiorigss conpl et e,

the reactio tﬂ*ﬁv\g%%k Qisp@%ﬁ’gﬁgan @92y QL afiowld B %avggjdef}lﬁzsﬁdu'i.r TRY- The

ext ernal bat renove the stirring was continued. e reaction was
al | owed to dayars eact sepohtetl and 8@Anethylere clilbedd lepgperatdrred ovtr arthgdrous

reacti onm xture dr ed.10.30 QC or.l.ess, t hyl ene chl ori de, (300 ) was
ndded and « HEORELHTERG b G dot e A ol e bF HGREHEpPOAISS ht o ¢ he
met hyl ene chb Qftiydger aStiirbEdn@m¥Esheft B QMxHEH o7Nd hbhR. MAY¥SFEnehit@t! oved
to separate over V hour. The |l ayers were separated and the nethyl ene

chl ori de | ayess eseditoireaony e sagiiypdubiats addhaumedylchacklonde wastimavedg for a
m ni mum of hour . .The m.xt ure be al.llowed tao, sit unde njtrogen

At mosphere TaroRrEdRBrSS MRRER ety RlahRevh b wls™ i Tored to
renove the sp@bsimasmbipate, ancudhhe Srevigydeng pﬁ&lie@rdoﬂﬁnmﬁBheg_ﬁﬂ@l_Y&d by

at nospheric distillation. The crude residual product was distilled under a

ni t r ogerOat rfrspne math bpnk0dulfle “snatatmespheiserresrurg wakedllessdum. The product
fraction with bp 104-106 0C at atnospheric pressure was coll ected.

Pr epar at i on Ryep@&abomef Slimedylogheg/atutiiorre A 5 L, three necked round bottom
flask was equi pped with a nechanical stirrer assenbly, thernoneter,

addi ti on funnel, Abtl,dgenné¢dkeetqundrbdttamdiagk mgs eglippabwithhacetanicala cool i ng

bath. A Bol eIV s ek, e Eharged st it UL onel educed (200.6) anc
placed in a cooling bath. A polyethylene crock was charged with glutathione-

15  reduced (200 g) and deionized water (2 L) and stirred under a nitrogen atmosphere
to dissolve all solids. The mixture was filtered to remove any insoluble material and
the filtrate was transferred to the 5 L flask. While stirring, ethanol, 200 proof (2 L)
was added and the clear solution was cooled to 0-5 °C using an ice/methanol bath.
Pyridine (120 g) was added followed by a dropwise addition of Me,AsCl (120 g)

20  over aminimum of 1 hour. The reaction mixture was stirred at 0-5 °C for a
minimum of 2 hours prior to removal of the cooling bath and allowing the mixture
to warm to room temperature under a nitrogen atmosphere with stirring. The
reaction mixture was stirred overnight (>15 hrs) at room temperature under a
nitrogen atmosphere at which time a white solid may precipitate. The reaction

25  mixture was concentrated to a slurry (liquid and solid) at 35-45 °C using oil pump
vacuum to provide a white solid residue. As much water as possible is removed,
followed by two coevaporations with ethanol to azeotrope the last traces of water.
The white solid residue was slurried in ethanol, 200 pf. (5 L) under a nitrogen
atmosphere at room temperature overnight. The white solid was filtered and washed

30  with ethanol, 200 pf. (2 x 500 mL) followed by acetone, ACS (2 x 500 mL). The

resulting solid was transferred to drying trays and vacuum oven dried overnight at

-29.



to dissolve all solids. The m xture was filtered to renove any insol uble
material and the filtrate was transferred to the 5 L flask. Wile stirring,
et hanol , @OQopvef28(2 L) was added and the clear sol uti @oTwEs30000638681 t o 0-5
0C using an ice/ nmethanol bath. Pyridine (120 g) was added foll owed by a
dropwi se addition OMe AsC (120 g) over a minimumof 1 hour. The reaction
m xture was stirred at 0-5 C for a mninmumof 2 hours prior to renoval of

t he cool i ng 2sa3h°@agdngabll puinpgratingn 0 Hlotide plyaidisgurmmht drotibloriié-Gepar at ur e under
a nitrogen atnosphere with stirring. Thg reaction mxture was stirred
over ni ght (Sigethykysingelpghinneasgartteseld yitery melting ppwgeh Ak fher e at
which time a white solid may precipitate. The reaction m xture was

concent r at ed’reparatiern af Pgsageifqund/ aridinseiayingglugghiane 0C usi ng oil punp
vacuumto provide a white solid residue. As nmuch water as possible is
renmoved, foll owedA bylutiwoCHduagbylatsirpghitathtone st wateofortigectmadiylopevashe | ast

traces of. water, The ite_sol.id resid slurried,in ethanol, 200 pf.
(50 under e gEe b3 itk uedR ol Teier iR s PaR IR ' The whi e
solid was fifilfeesEBreuztl AR hctomiShAoRird aMler akPPFRkicoh Zillkngd @3t Whe usk@! | owed
by acetone, ACS (2 x 500 nL). The resulting solid was transferred to drying

trays and vdedahvasuén mrpesdypeébarqsHicate ggss3ml (Whgatony Hhd filldnpalyacuum t o

> o S ochLor i : . . whi
DEY e DX ST LORR B gcl GBS TR AR Dupee o
S- D et hyl arsstifegd tingiilg tie@crp&atudd 100A0 6€ aba dbstaichyea 9l MaQpertrainbicone i n

water for injection (WI) was adjusted to pH 5.0 to 5 5 with NaOH or HO .
The resuPti nireshreliitsroneraties wasdhen held at €8 “Criepdhminutesy Avvequgm way hepore 2

filter and a,F;&Kit r}nf;(r]' CTNUIA TN M8t 52€ 19 LeType 1
borosi |l i cat epgilgds(sc;@i a]ICA I{(glat%n © %ge]%lﬁﬁ?gh%%ég\{&?é t%hen 1rP%c?phi lized
in a Hull 48.LYOphi mimee. The shelyerhparsturd wasdthaigh¢llet ¥ P@lfsr bA0Q ménwdsel f and

ure to -40 0 rate of 0.5 OC per mnute.

The shal ¢ HEF APy DS ViR Repdison: 5o bt kRSO RI S BRI was
then up to 25 °C at a rate of 0.1 °C per minute and the temperature was held at 25 °C for
15 720 minutes. The shelf temperature was then reduced to 5 °C and held until the
final stoppering step, at which time the chamber was returned to 640,000 mm Torr
with nitrogen and the vials were stoppered with gray butyl lyophilization stoppers
and finally crimped with aluminum seals to provide S-dimethylarsinoglutathione as
a white to off-white cake with a moisture content of 1.8%. The total time for the
20  lyophilization procedure was 47 hours. The lyophilized S-dimethylarsinoglutathione
was then reconstituted with 2.0 mL sterile water to provide a clear, colorless solution
with a final concentration of 75 + 7.5 mg S-dimethylarsinoglutathione per mL and a

pH of 4.5 t0 6.0.
EXAMPLE 6
25  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 mol) in conc. hydrochloric acid (10 mL) was prepared.
30  The SnCl; 2 H,O solution was added to the cacodylic acid in HCI solution under
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applied at 75 mcron and the shelf tenperature was ranped up to 5 0C at a
rate of 0.1 OC per mnute. The shelf tenperature was then held at 5 0C for
1, 000 m nwoesiteiase appl ying the vacuum at 50 micron. Pha/tsh@ofo53858
tenperature was then ranped up to 25 0C at a rate of 0.1 OC per mnute and
the tenperature was held at 25 OC for 720 m nutes. The shelf tenperature
was then reduced to 5 0C and held until the final stoppering step, at which
time the chatihegenwalsila @iivtandny the t6APerBRE: barwdar § *Giahth 16PCr Agenthand t he
vials were stoppered with gray. butyl |yophiljzatjon stoppers and finally
crinped wi t RIIUORRIFOEWIAIS ﬂi‘%lcﬁg_é%i"ﬂaé rYnAY S NG FEF RGN T Bne as a
white to of fuitfahbPafisis Whbbiafrd RSt e SORY ﬁiggﬁﬁ%%}angﬁ?ma% gl time for

the lyophilization procedure was 47 hours. The I ze

S- di net hyl arsspaveglyfuantl and ehavaspet hgar (oegamng tebtlettet The bhtt@nQayet was eri | e

wat er to _provide clear, colqrle | ytiQn W a final concentration of
e L0 Shicied i P nortore s TReRE b3l e Somhiied £ By
EXAMPLE 6 Prgpalaht®fiffl lﬁ)ngLﬂt(bX' 19hhpy é}ﬁlrﬁﬁt@ﬁ(z(ML).AT]ﬁe BRGKicrQuRd- bott om

flask (500 nL) equi pped with nmechanical stirrer, inlet for nitrogen,
t her nonet er ,wasrittied v gb e hndBE M s gerdowsidtby rotepeapptiani(ertli 33 g, 0. 23

nol ) and cone hydrochl ori ¢ aci. 67 . 1n a separate flask ql ution of
snd 272 100 TR SR 35 fagR et el Bl SERE B dS b el
prepared. ThistPREuAdS ditf62en0IMHd Rictivas o ADNATA heré felceraotyd filt Agdtdni N HC
sol ution undernitrogen while maintaining the tenperature between 5 0C and

10 0C. APt ercoptaincd sameilfnMiind thosasped Bactiomevasad spigabie qeadity €wgetf’and t he

react i on m xiyhe MBTELIAL SRl ATRIE Nk BIRE AHLS iR dafty The reaction

m xture was rre Separatory € ‘upper | ayer

(organic) coll ected. bott om.l ayer was racted with dichl oronet hane
(Do (2 xRy ol DB e OB HE T has vashed with TN HOL (2 X
10 ) and water A%us)f)el%s(%onr%f) glut-la;&?onoer(q g?gl, §9 gl)%orl)al%ta mixture of water/ethanol

1:1 v/v (180 mL) was cooled below 5 °C and under an inert atmosphere treated with

15  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 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

20  overnight, to give 11 g (46 %) of SGLU-1. HPLC purity was 97.6% by arca
(average of 3 injections), Anal. Calcd. for C1,H,AsN3O6S: C, 35.04; H, 5.39; N,
10.12, 8, 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

25  isolated as the second crop, HPLC purity was 97.7% by area (average of 3

injections).
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
30  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
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was dried over MgSO and DCM was renoved by rotary evaporation (bath
tenperature 80 OC, under nitrogen, atnospheric pressure). The residue was
further dwetznidew2snder nitrogen. Two fractions of DMCAPGES2@olob3sst ed. The
first fraction contained sonme DCM and the second fraction was of suitable
quality (8.5 g, 26%yield). The GC analysis confirnmed the identity and
purity of the product. Preparation of S-D nethylarsinoglutathione (SAU 1)
A suspensi onriethyghtitafd3icome, (.48 ngl) BRil¢emBIntaihing ahaicipuraeirobeloat 2 Iet hanol
1:1 v/v ( 180 nl) was cool ed below 5 0C and under an inert atnpsphere
treated wthlRePE{HGPRACRRIC Wn@ﬁnﬂgaﬂrﬁ%ﬁ%l?ﬁ%ﬁ B’SPttfieotFﬁceﬁl‘gg m xture was

cool ed 10 0-GRCoRanbRA bk b B BRDhle HASIAUEE ArpRiRE cRYES 2

period of 10 mn, e mal ntai ni the tenperature ow 5 0C. The
reacti on m At three-wask 84skraqetpped withm ro&hhic sdrrbr, denppirtghfennasnitrogengnksl i ds

wer e isol_ated filtrati he_pro t e i t.h et hapol (2 50
L) alnd éceta&ﬂgge(rﬁllogle% ahﬁ?%%ﬁé (aﬁgegﬂgﬂlﬁg@?}gﬁ&g#'é&?’ﬁ? ?‘;‘{b{%d 'Eo )g(;i ve 11
g (46 99 of FEdYvhile ndhGiY tht Yer@RSatBe £ KLY . RhERL@HEHAIE c WasBtirred
injections), Anal. Calcd. for G 2H22AsN306S: C, 35.04; H, 5.39; N, 10.12,

S, 7.8. Fourid1-4C faud boandrceong(t 2 N) weg added aser 7 pegd afH BAheIBERIUBR wer e
consistent wth the . styucture. The fildrate was diluted wi t one (150
S ot oo acdy Sk ag ARy e P ald SRS iRt SREwHS baREBVOD T, o]
SGLU- | was ifsgh@dedhaprdduet acwivhed o, ctidBbCGopURs( MmIVasd obtofo(DX 2B0ea
(average of 3 injections). Preparation of S-D nethyl aMI ut at hi one

( SGLU- I )10] n ralgand thpmwgbsalids jver¢ spsrensigd iihpréanali2Pf Proatd )-dhier rer |

d [ f - ' t d
suspenston. ORoSia: H B ERT AR ALy R Sl TR AT M ncBlo PR o or
wat er / et hanad 250 thL#nddiriedsindraciamh &d 2t daybel RWidgRE.11T e 7fiox bOIS@LWaE treat ed

slowy (over 15 mn) wthtriethylamnne (63.6 niL, 0.46 nol) while
mai nt ai ni ng TREC PEHYeT 82017 ( BEPBGFSs tesee)-

EXAMPLE 7
15 In Vitro Evaluation of Anti Cancer Activity of GMZ27

GMZ27, an organic arsine having the following structure

OH

\/\As,s\)\/OH

)

was tested in 72 hour MTS assays against different human acute myelocytic
leukemia (AML) cell lines and it was found that the ICso was 0.56-0.86 uM. This
20  activity was higher than the activity of arsenic trioxide against these cell lines (FIG.
27A). The anti-leukemic activity of GMZ27 was then evaluated in a long-term (7
day) colony-forming assay, where cells are grown in semi-solid medium. GMZ27
had significantly higher activity than arsenic trioxide against both human leukemia
cell lines and leukemic cells obtained from patients with acute or chronic leukemia

25  (FIG.27B).

The mechanisms of anti-cancer activity of GMZ27 and arsenic trioxide were
then compared. Arsenic trioxide (ATO) exerted its anti-leukemic activity in cells

other than APL via several mechanisms, including induction of apoptosis, alteration
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The m xture was cooled to 4 OC and stirred for 15 min and then the traces
of undi ssolved material renoved by filtration. The filtrate was transferred
in a cl eamno2o0io/2ee- neck flask equi pped with a nechaniPCTAIS2e098563858Ir oppi Nng
funnel, nitrogen inlet, and thernoneter and DMCA (70 g, 0.49 nol) (lot #
543-07-0 1-44) was added slowy while maintaining the tenperature at 3-40C.
The reaction m xture was stirred at 1-40C for 4 h, and acetone ( 1.2 L) was
added over dnpeyproduddion bf intratéléulad XOS resuhiag is the hedulfition GQelular 68HWeen 2
and 30C and the resultin olid was isolated by filtration, The product was
washed wi t h TedHaystent Qekgégﬁewsw R tRiANRd nossiklesEigctan cellifyclene wet

sol i ds merelégﬁgﬁﬂged in ethanol 200 Proof (2000 nL). The product was

i sol ated by tration, washed with ethanol (2 x 250 nL) and acetone (2 x

I LR AL U L R T e

of Anti Ganahit n%tftllVWetiyhdlhitﬁmaarlmaﬁtotlapathwgﬁmsGt @dfesddn@itbehohdgalt he

followi ng structure OH S was tested in 72 hour MIS assays agai nst
di fferent hURHRDIBEPRCHYAL |a6<é91temed| Céﬁﬂ@éﬁ?abl{tAF@E)bY@étFmaF% REENAPIHRWINas  f ound
that the | eact|V|ty
of arseni ccﬁg}cﬁdgavggg%ﬁgt& mlé%?%:% t?&fflt}rgéegﬂﬁ %%fse %%g{kg ti-1eukemc

activity of dGvE2gc wid3ARPemddialinaofchnexindy ta)uhgceld?sr(tﬂ((is 28aand 299] ony- f or m ng
assay, where cells are grown in sem -solid nedium GW27 had significantly
hi gher activity tHaticaamsrvfteukemixddie vﬁgﬂimﬁlbmlﬁ@tsﬁlfMM(lBS@}(ﬁim&sCeI |

lines and | eukem c cells obtained frompatients with acu or chronl C

| eukeni 40  them more sensitive to GMZ27; while pretreatment with dthlothreltol (DTT) or N
acetylcysteine (NAC), which may increase intracellular GSH, rendered the cells less
sensitive (FIG. 30). This suggested that GMZ27, like ATO, modulates the GSH
redox system in leukemic cells, however, it did so earlier and to a greater extent than

ATO did (FIG. 31).

15 GMZ27, at low doses, was found to partially induce cell
differentiation/maturation as judged by the induction of CD11b maturation marker
on the surface of cells. This effect was marginal compared with that of ATO (FIG.
32). GMZ27 had no effect on the cell cycle progression (FIG. 33).

Toxicity of GMZ7 against healthy donor peripheral blood mononuclear cells
20 has been evaluated in a long-term colony forming assay. GMZ27 was less toxic to

normal cells than ATO (FIG. 34).

Studies to determine the toxicity of a single dose injection of GMZ27 were
performed in normal Swiss-Webster mice. Toxicity was measured on the basis of
mortality. It was found that the concentration of GMZ27 that kills 50% of mice

25  (LDsp) was 100 mg/kg. In contrast, the LDs, for ATO was much lower, at only 10
mg/kg.

EXAMPLE 8

Preparation of N-(2-S-dimethylarsinothiopropionyl)glycine
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(FIG 27B). The nechani sns of anti-cancer activity of GW27 and arsenic
trioxide were then conpared. Arsenic trioxide (ATO exerted its

anti - | eukw@i2e10z1928ity in cells other than APL vi a severall/use@anissss,

i ncludi ng i nduction of apoptosis, alterationin the production of
intracellular ROS resulting in the nodul ati on of cellular GSH redox system
cell differentiation/maturation and possible effect on cell cycle

regul ati on. GVE2Ny@sneitupeoppotiemtl)dlyciha @02 mol 3364 gpopt phicsd inhighx ATO.
Results show. that it activated the njtochondrial apoptotic path ,, as it
altered ni t%%%FY%ha%ﬁ%Féﬁénﬂé%ﬁ ylghlogagping @él?édn@a%-ééggwg,s a al so by

al ternat e, QiboiRSI $he RALGHAKIMRGE sintd £AYAF GBAASREan i & wisiSul ted Tn

t he induction of caspase 3 activity, cleavage of PARP, an i ndi ng of
annexi n V t grehpitaebf sic(hiylad8ne Agdranidofdy saltRret themsaperateddfy filbakemimd cel | s

w t h buthi onjne sul foximne(BSO renders them nore,sensitive Qw27;
whi | e pr et r ¢5¢ FRINPHAR Y45 raﬁlrﬁ-(ege% %'iu%fjby(%ﬁﬁra%@ Fedeg Bgﬁé%%?-niﬁ? NAC), whi ch

nay i ncreasgeduiik@esldhehvas pEibd syeaiehe dhiohuits@hfLy thasere@pakiifge (FIG
30). This suggested that 27, I'ike ATO nodul atés the GSH redox systemin

| eukemi ¢ celireduchtwegbr, it did so earlier and to a greater extent than ATO
did (FIG 31). Gw27, at | ow doses, was found to partially induce cel

di fferentiati on/ reXAMARLbHO as judged by the induction of CD ib maturation
mar ker on the surface of cells. This effect was margi nal conpared with that
of ATO (FI G 32).PrepEdionasd 2/G-diniethilafsind)ddonikblinieyeid progression (FI G
33). Toxicity of QW7 agai nst heal thy donor peripheral bl ood nononucl ear

cell's hag been evahMeatpeniddtigicl RRDOIEN KL loPR¥s E&w@ ROdisSRdYnctfAME L0 was
|l ess toxic to normal cells than ATO (FIG 34). Studies to determne the
toxicity of mlLkingimetytdlorpgreiae (A2 omoGNEER Weasadded dropwise. The
reaction was stirred at reflux for 4 h. The dichloromethane was then removed by
distillation and the residue was dissolved in diethyl ether (50 mL) and washed with
water (3x). The solution was dried over Na,SQy, filtered, and the desired product

15  was obtained as a pale yellow solid after concentration under reduced pressure.
EXAMPLE 10
L-(+)-2-amino-3-(dimethylarsino)thio-3-methylbutanoic acid

L-(+)-2-amino-3-mercapto-3-methylbutanoic acid (0.01 mol, 1.55 g) was
placed in dichloromethane (50 mL) and dimthylchloroarsine (0.015 mol, 2.1 g) in
20  dichlorormethane (5 mL) was added dropwise followed by the dropwise addition of
triethylamine (1.6 g). The mixture was stirred for 4 h and the desired product
appeared as a floating white crystalline solid after filtration of the reaction mixture.
The crystalline solid was washed with dichloromethane, ethyl acetate, and acetone

sequentially to provide the desired product (1.6 g; mp 107-109 °C).
25 EXAMPLE 11

A Phase Il multi-center trial of SGLU-1 (darinaparsin) was conducted in
patients diagnosed with advanced lymphomas. Eligible patients required therapy
and received at least 1 prior therapy. Patients received 300 mg/m” of darinaparsin

intravenously for 5 consecutive days every 28 days (1 cycle) and were then
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performed in normal Swi ss-Webster mce. Toxicity was neasured on the basis
of nortality. It was found that the concentration of GW27 that kills 50%
of m ce (WD20j0/02a28100 ny/ kg. In contrast, the LD50 for PAT@S2@9/0888% | ower,
at only 10 ng/kg. EXAMPLE 8 Preparation of

N (2- S-di net hyl ar si not hi opr opi onyl ) gl yci neN- ( 2- mer capt opr opi onyl ) gl yci ne
(0.02 nmol, 3.264 g) was placed in 1,2- dinethoxyethane (50 nilL) and

di met hyl chl aveReasidder MlcQA3andBhfctydbblarglardastcdas dectathicapvbeued hatilr eact i on
m xture was stirred for 4 h at roomtenperature, Avmme[wempmaueﬁ
triethyl ani fexiffypbeReesssiaR TadptcihsstidehasaseardLeaatispts (I0meat i on and t he

sol ubti on il The
osulti ng 1 AdRAHEAAHLE IR, OF ISHARRAELLE B0 Bl LAANCMBAFRIULC, | o
desired produstline3vés 6§)5 ydarARige: RO dAI@Giporfonfance status was <2, and

2-(S-di net hyl ar.si no h| ni.cotini c aci Mer c cot cid (0.02 nol,
3 ol Andli Aol BHEPbeRaRs g (inkonn gy RieERy st IFSl(ne (0. 025

nol, 3.52 g)red@sedaf dadt HERIW F&GIIING ah@%ﬁémmamoﬁ&ﬂfrca@d @thegf hux for 4
h. The di chl oronet hane was then renoved by distillation and the residue was

di ssol ved i r(ddlgefpﬂfrsi iwitht presiph¢r8DTreell hemphomas@d @ Lvd has ashiceed ¢ 8xnplethe sol uti on

was dried over oLl tered, . desir ct Jas tai.ned as a
e el | ow Emong: ks (e wil R T B BasT RS Sond 384 PRUEGRRE 1o
L-(+)-2-am rﬂ@)‘dal'af @idlﬁﬁﬁlbyﬂe%fe&l@)tlmv@aanéﬁdfbémtr@s@@hsﬁ:s @PRY, and 2 patients
L-(+)-2-am no-3-nercapto met hyl butanoic acid (0,01 nol, 1.55 g) was

pl aced ilf dlwh Hmrﬂwﬁaﬁl@er@cﬁtmq digerse G3IH. hl tenpicahh marginalopse o | 2.1
g) in dichl qrormet RARE AtkeMld PRGER RTEGHe Al PPIEGEoHi0 il sRNR Dy el A, fl{uopw' S€

addi ti on of
microscopic disease was detectable on random biopsies from normal appearing

gastric mucosa. All responders had been heavily pretreated (PTCL: CHOP
(cyclophosphamide, doxorubicin, vincristine, and prednisolone) x6, ICE

15  (ifosfamide, carboplatin and etoposide) x1, and EPOCH (etoposide, vincristine,
doxorubicin, cyclophosphamide, and prednisone) x2; diffuse B-cell: RCHOP
(rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisolone) x5,
RICE (rituximab, ifosfamide, carboplatin and etoposide) x3, and radiation therapy;
marginal zone: rituximabx8, RCVP (rituximab, cyclophosphamide, vincristine and

20  prednisolone) %1, and gemcitabinex1; and Hodgkin’s: ICEx1, CBV
(cyclophosphamide, carmustine and etoposide) x1, gemcitabine +MDX-060
(Medarex) x6). A total of 49 cycles of SGLU-1 have been administered. The only
Grade 3 adverse event (AE) considered drug-related was wheezing. A total of 12
subjects have reported 37 serious adverse events (SAEs) while on study. Of these,

25  only 2 had SAEs that were considered drug-related (neutropenic fever, fall). In
conclusion, SLGU-1 has been very well tolerated and has demonstrated promising
activity in heavily pretreated patients diagnosed with advanced lymphoma. Initial

responses (1 CR, 3 PRs, 2 SDs) have been observed among 13 evaluable patients.

Equivalents

30 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
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triethylamne ( 1.6 g). The m xture was stirred for 4 h and the desired
product appeared as a floating white crystalline solid after filtration of
t he reactwonomoziazgee. The crystalline solid was washed WCThiS2009/053858

di chl oronet hane, ethyl acetate, and acetone sequentially to provide the
desired product (1.6 g; np 107-109 0C). EXAMPLE 11 A Phase Il multi-center
trial of SGLU I (darinaparsin) was conducted in patients diagnosed with
?dvanced I yrnfhn@ﬁﬁ&reoEHésghbbthﬁami Stk eqlgqubmtedre;dmﬁsla?ycé anbe witheitied at

east 1 prior t er py. Patients received 300 n2 q arinaparsi.n

i nt r avenous|S§oRot BisdpyiaEen pnd e gaydce by e f2§0wa%scla(1mi & e&eeﬁm%ﬁ#dnme
t heneval uat i i nt

conti nued u%??%ﬁ{%sf%*tgﬁ%”ﬁ&%gSress?%ﬁ%saFéﬁgﬁgg?ﬁéd%%%%gdﬁ§§ﬁ§%gfued 22
pati ents ( 15vitton thdosigié of the fiNishfion.7 Hodgkin's); 12 are nale and 10 are
femal e. Medi an age at baseline was 60.5 years (range: 28-80), ECOG
performagce st at usll vhthe 4Boveadickdreftranchnaninriblicftions ke herdtsriagirpsrawdHy3
(range: 1-6). Thirteen subjects have received at |east 2 cycles of SGU I
and are eval'G&REINECS or efficacy. O these, 1 (diagnosed with periphera
T-cell lynmphoma (PTCL)) has achi eved a conplete response (CR), 3 (diagnosed
with diffuse large B-cell, marginal zone, and Hodgkin's nodul ar scl erosis,
respectively) have achieved partial responses (PRs), and 2 patients with
NHL have achi eved stable disease (SD). In the patient with margi nal zone

| ynphoma who achi eved PR, no evidence for nacroscopi c di sease was present,
but m croscopi c di sease was detectable on random bi opsi es from nor nal
appearing gastric mucosa. Al responders had been heavily pretreated (PTCL:
CHOP (cycl ophosphani de, doxorubicin, vincristine, and predni sol one) x6, |CE
(i fosfam de, carboplatin and etoposide) xl, and EPOCH (etoposide,
vi ncri stine, doxorubicin, cyclophospham de, and predni sone) x2; diffuse
B-cell: RCHOP (rituximab, cyclophospham de, doxorubicin, vincristine, and
pr edni sol one) c5,
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RICE (rituximb, ifosfam de, carboplatin and etoposide) c¢3, and radiation
t herapy; marginal zone: rituximab ¢ 8, RCVP (rituximab, cycl ophospham de,
vi ncri stiwe 2arnd2pr2edni sol one) x1, and gentitabinex 1; amdThsAgkionssss | CEx
1, CBV (cycl ophospham de, carnustine and etoposide) x|, gentitabine

+MDX- 060 (Medarex) c 6). A total of 49 cycles of SGLU-1 have been

adm ni stered. The only Grade 3 adverse event (AE) considered drug-rel ated
was wheezing. At f 12 subjects have reported 37 serious adverse
events (SAEs) whi Study. O these, only 2 had SAEs that were
considered drug-related (neutropenic fever, fall). In conclusion, SLGJI

h b t ol t t L t i
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patients. Equival ent’s Those skilled in the art will recoghize, or be able
t o ascert ai fousilagleo ambamnackhicalp aedentablogebithareaft at i on, nuner ous
equi val ents to the conpounds and net hodsof use thereof described herein.
Such equival ents are considered to be withinR‘he scope of this invention
and are covered by the follow ng clainms. Tho skilled in the art will also
recogni ze that all conbinations oR B¥i bed herein are within
the scope of the invention. Al of tfie ab e-cit|pd references and
publicat%ons are hereby incorporatedkdypreefet ende. CLAIMS: 1. A nethod for
treating a | ynphoma sel ected from non- Hodgki n's and Hodgkin's | ynphoma,
conpri sing adm nistering a conpound havinql structure of formula (1) or a
pharmaceutically acceptable salt thereof j? wherein X is S or Se;

wherein

X 18 S or Se;

Wis O, S, or (R)(R), where each occurrence of R is independently H or a C;,alkyl;
10 nis and integer from O to 20;

R' and R? are independently Cy_zpalkyl;

R’ is —H, C_jealkyl, or Cy¢alkyl-COOR?;

RY is H, amino, cyano, halogen, aryl, aralkyl, heteroaryl, heteroaralkyl, carboxyl,
Cl_loalkyl, Cl_loalkenyl, or Cl_loalkynyl;

15 R'is -OH, -H, -CH3, amino, -OC(0O)C.jparalkyl, -OC(O)C\.jpalkyl, -OC(O)aryl, or

a glutamine substituent;

R’ is —OH, cyano, C1.ealkoxy, amino, O-aralkyl, -OC(0)C.jaralkyl, -OC(O)C,.
10alkyl, -OC(O)aryl, or a glycine substituent; and

R®is H or Cy_joalkyl.

20 2. A method of claim 1, wherein the compound is
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Wis O S, or (R(R),

G _2al kyl;

where each occurrence of Ris independently H or a
nis and integer fromO to 20; Rl and R2 are i ndependently

C _3oal kywo 2R8/a2¢928H, Ci i oal kyl, or CO 6al kyl - COOR 6; RBTIES2049/05385%10,
cyano, hal ogen, aryl, aral kyl, heteroaryl, heteroaral kyl, carboxyl,

Cl- 10al kyl, Ci1-10al kenyl, or Cil-10al kynyl; R4 is -CH -H, -CH3, am no,
-0C(OC i _ |Oaral kyl, OC(O)O i Oal kyl, -OC(Oaryl, or a glutam ne
substituent; R5 is -C}i @yano, G._iOaIkoxy, am no, Oaral kyl, -OC(OC

i _ioaral kyl, -OC(OGC | qgal kyl @aryl, or a glycine substituent; and R6
is Hor G |oalkyl 2NA of “claim 1, wherein the conpound is3. A

nmet hod of clﬂ|n11 I\ofLﬂm; rei che | ynmphoma i s non-Hodgkin's | ynphoma. 4.
A nmet hod of ¢ Ewgﬁ rein the | ynphoma i s Hodgkin's |ynphoma. 5. A
met hod of clalnﬂl or erein, the lynphoma is selected from peripheral

T-cell |ynphoma FPTCL) Qi £ f Qé*large B-cell, marginal zone | ynphong,

Hodgki n' s nodul ar sclerosis. 6. A nethod of any one of clains 1 to 5,

and

wherein the conpound is adnministered intravenously. 7. A nethod of any one
of clainms 1to 6, 3nher eh methadadelaf 1t dre, sdrponthe 1yspRetas s2dnAdédgkin’8. A
met hod of claim7, wherein a dose of the compound is 300 ng/n2. 9. A

of any one dJ¥M

five days every four weeks.

5

10

15

20

4. A method of claim 1 or 2, wherein the lymphoma is Hodgkin’s
lymphoma.
5. A method of claim 1 or 2, wherein the lymphoma is selected from

peripheral T-cell lymphoma (PTCL), diffuse large B-cell, marginal zone lymphoma,

and Hodgkin’s nodular sclerosis.

6. A method of any one of claims 1 to 5, wherein the compound is

administered intravenously.

7. A method of any one of claims 1 to 6, wherein a dose of the

compound is 200-420 mg/m”*.
8. A method of claim 7, wherein a dose of the compound is 300 mg/m?.

9. A method of any one of claims 1 to 8, wherein the compound is

administered daily for five days every four weeks.

10. A method of claim 9, wherein the compound is administered daily for

five consecutive days every four weeks.

11.  Use of a compound having a structure of formula (I) or a
pharmaceutically acceptable salt thereof, in the manufacture of a medicament for

treating a lymphoma selected from non-Hodgkin’s and Hodgkin’s lymphoma
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10. A method of claim9, wherein the conmpound is adm nistered daily for
five consecutive days every four weeks. 11. Use of a conpound having a
struct ur evof2ofoarzm2Ba (1) or a pharnaceutical ly accept ablPeTasbaoowbssseof , in
t he manufacture of a nedicament for treating a | ynphoma sel ected from

non- Hodgki n' s and Hodgkin's |ynphoma(l) wherein Xis Sor Se; Wis O S, or
(R (R, where each occurrence of Ris independently Hor a G _2alkyl; nis
and integer fromO to 20; Rl and R2 are independently G _3oalkyl; R3is -H
G ioalkyl, or C 6al kyl - COOR 6; R3 is H a , cyano, hal ogen, aryl,

aral kyl , heteroaryl, heteroaralkyﬁp\car 1183l kyl, Cl-10al kenyl, or
Cl-lOaIkynyI; R4 is -OH -H -CHS, no, @Cl_lOaraIkyI, -O0C(O G i
Oal kyl, -OC(Oaryl, or a glutam ne StRst @nt;MRS is -OH cyano,

C _iOal koxy, amno, Oaralkyl, -OCC(OC i _ioaralkyl, -OC(O G |oalkyl,
-OC(Oyaryl, or a glycine substituent; and( is Hor G ioalkyl. 12. Use of
claim1l, wherein the conpound is 13. Use of claim1l or 12, wherein the

| ynphona is\ggn degkln s |lynphoma. 14. Use of claim 11l or 12, wherein the

| ymphoma i s W54YRi n"s | ynphoma. 15. Use of claim 11 or 12, wherein the

| ynphoma is selected from peripheral T-cell |ynphona (PTCL) di ffuse | arge
B-cell, nard§ OZ%ne | ynphoma, and Hodgki n's nodul ar scl erosis.

5 WisQ,S,or (R)(R), where each occurrence of R is independently H or a C;,alkyl;
n is and integer from 0 to 20;
R' and R? are independently Cy_zpalkyl;
R’ is —H, C_jealkyl, or Cy¢alkyl-COOR?;

RY is H, amino, cyano, halogen, aryl, aralkyl, heteroaryl, heteroaralkyl, carboxyl,
10 Cl_loalkyl, Cl_loalkenyl, or Cl_loalkynyl;
R" is -OH, -H, -CH3, amino, -OC(O)C,_jgaralkyl, -OC(0)C _joalkyl, -OC(O)aryl, or
a glutamine substituent;
R’ is —OH, cyano, C)_jpalkoxy, amino, O-aralkyl, -OC(O)C _jearalkyl, -OC(O)C;.
10alkyl, -OC(O)aryl, or a glycine substituent; and

15 R%is Hor Cyjealkyl.

12.  Use of claim 11, wherein the compound is

o)

CO,H
HN
H
N

Me /S\v/l\n/ NH,
As
. )
Me O CO,H
13.  Useof claim 11 or 12, wherein the lymphoma is non-Hodgkin’s

lymphoma.
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16. Use of any one of clains 11 tol 5, wherein the conpound is adm nistered
i ntravenously. 17. Use of any one of clains 11 to 16, wherein a dose of the
conpound W 280002428 ng/ n2. 18. Use of claim 17, wherei nPaTAS3@9053858e
conpound is 300 ng/nR. 19. Use of any one of clains 11 to 18, wherein the
conpound is adm nistered daily for five days every four weeks. 20. Use of
claim19, wherein the conpound is adm nistered daily for five consecutive
days every four weleks.Use of claim 11 or 12, wherein the lymphoma is Hodgkin’s

lymphoma.

15.  Useof claim 11 or 12, wherein the lymphoma is selected from
peripheral T-cell lymphoma (PTCL), diffuse large B-cell, marginal zone lymphoma,

5  and Hodgkin’s nodular sclerosis.

16.  Use of any one of claims 11 tol 5, wherein the compound is

administered intravenously.

17.  Use of any one of claims 11 to 16, wherein a dose of the compound is

200-420 mg/m”.
10 18.  Use of claim 17, wherein a dose of the compound is 300 mg/m?*.

19.  Use of any one of claims 11 to 18, wherein the compound is

administered daily for five days every four weeks.

20.  Use of claim 19, wherein the compound is administered daily for five

consecutive days every four weeks.
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