WD 2006/ 009940 PCT/ US2005/ 021642 BI S( TH O HYDRAZI DE AM DE) SALTS FOR
TREATMENT OF CANCERS RELATED APPLI CATI ONS This application clainms the
benefit WP 206/@9946 ovi si onal Patent Application Serial PRYUSHBF$E942506,
filed June 23, 2004 and U. S. Provisional Patent Application Serial No.
60/ 681, 368, filed May 16, 2005. The entire teachings of the above
applications are incorporated herein by reference. BACKGROUND OF THE

| NVENTI ON Many drugs are now available to be used in the treatnment of
cancer. However, in nmany cases the cancer fails to respond to the

ant | -cancer tHRI@MNOGTYDRAADNIBRISA TYRORSIAS PV PN Cabavegs Even

when a tunor 1tnitirally responds to an anti-cancer therapy by decreasing in
size or going into rem ssion, the tunor often devel ops resistance to the

drug. For ﬁé\@ SehHe ”Itlb‘?\f has been a need for new anti-cancer agents
iC

and for néw drugs can be used to treat nulti-drug resistance cancers.
Certain bis(thiThihyshliaaticheclafisdy be&wfipottds. haviidebPatassappladohfetidie
present inventors as _bei ignificantly cytotoxic to cancer cells
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" : ; o ¢ ' ) , n
Caxol and LRSI AEARIRLLA TR e B IehndRbt a AR aoBRERim 8 15" 03
Al , 20034 B84 XReROPHEEAAO14, the entire contents of which are

i ncorporated herein by reference). SUMVARY OF THE I NVENTION It has now been
found that bis(thio-hydrazide am de) disalts show unexpectedly high water

solubilit J i d BV anpl e, disodi umand di potassiumsalts
of @mo#ﬁ%@ﬁ%@ﬁﬁégaﬁéw&gﬁgﬁsol ubility of greater than 1,000

ng/ m, conpar edvihy frugdar® Aovbivailile @ bebsudtin Ghelrémihsiht Sfehnéde Howvevespondi ng
neutral formof Conpounds (1) and (2) (see Exanples 2, 10 and 15). Simlar

i ncr eases manyswkasiht cangendatle totsspanded theantt-pancerdhenry omta s Whpod@ssi um
salts of Co unds 2 an 14 see,.Exanpl es, 12-15).. Mreover, the
bi oavai | abﬁr{?s??flso‘rs Ogh'e&w{%ﬁm% q(“[a %?AWB%E%Q}C%“&%@ gé%ca%%ﬁgé@yt he
bi oavai | at??!de%ﬂéaﬁﬁg 8z U 0iR O FIRRIEN, WRS tifh 0B Yries 86y SR g MekiBtah 60 to the
representative tautoneric structure of Conmpounds (1) and (2) are shown
bel ow. 1 drug. For these reasons, there has been a need for new anti-cancer agents and for new

drugs which can be used to treat multi-drug resistance cancers.

Certain bis(thio-hydrazide amide) compounds have been described by the present
iventors as being significantly cytotoxic to cancer cells, including cancer cells that have
become multi-drug resistant, and for enhancing the anti-cancer activity of other anti-cancer
agents, such as taxol and Epothilone D (see, e.g., U.S. Publication Nos. 2004/0225016 Al,
2003/0045518 and 2003/0119914, the entire contents of which are incorporated herein by

reference).

SUMMARY OF THE INVENTION

It has now been found that bis(thio-hydrazide amide) disalts show unexpectedly
high water solubility and bioavailability. For example, disodium and dipotassium salts of
Compounds (1) and (2), show water solubility of greater than 1,000 mg/ml, compared with
a solubility of about 0.1 mg/mi for the corresponding neutral form of Compounds (1) and
(2) (see Examples 2, 10 and 15). Similar increases in solubility were observed for the
disodium and dipotassium salts of Compounds (12), (13) and (14) (see Examples 12-15).
Moreover, the bioavailability of the disodium salt of Compound (1) was 80%, whereas the
bioavailability of the neutral compound was 4.8% (see Example 16). A representative

tautomeric structure of Compounds (1) and (2) are shown below:
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V\D 2006/ 009940 PCT/ USZOOS/ 021(i42 Na' Na' 0- Ocly YO S S Corrpound (1) K
S S Conpound (2) Based on these results, nov

b| s(t hi oVY”@/a?%Q’PH’é" am de) disalts, pharmaceutical conpd&h f‘JSaW’@/"&Bﬁbr| sing a

bi s(thi o- hydrazi de am de) disalt and methods of treatnent usi ng a

bi s(thi o- hydrazide am de) disalt are disclosed. One enbodi nent of the

present invention is a conpound represented by the follow ng Structural

Formula (1), and its tautonmeric forms: 2MorM+ 31z Z RRARLN /NRZS

S Yis a covakent bond or a subtitutel@or unsubstituted~strai ght chai ned

hydr ocar byl R1- Ra are m&epende@ly -H,, an al ighati ¢y group, a

substituted ali phil c grqup, an yaryl grjoup or substji tut edjjaryl group, or
: pgether \with t car bo and troge
R2_afd R4 wi'th 2 ™~

R, and R3 t to which they
are bonded, and nitrogen
atoms to which they are bond@d forn1a non Nromat i het erocyclic ring 2 WO
2006/ 009940 PCTI US200b/ 021642 optionally fused tollan aromatic ring. Zis -0
or -S. M+ is a pharme®eutically acceptable monovaPent cation and M2 is a
pharmaceutical ly acceptabl e di val @posad (gn. Anot her enbodi nent of the
present invention is a pharnmaceutical conposition conprising a

bi s(t hi o-hydrazi de am de) disalt disclosed herein and a pharmaceutically

K* K
77T
N\NMN/N

S S

Compound (2)

Based on these results, novel bis(thio-hydrazide amide) disalts, pharmaceutical
compositions comprising a bis(thio-hydrazide amide) disalt and methods of treatment
using a bis(thio-hydrazide amide) disalt are disclosed.

One embodiment of the present invention is a compound represented by the

following Structural Formula (I), and its tautomeric forms:

Y is a covalent bond or a substituted or unsubstituted straight chained hydrocarbyl
group. R;-R4 are independently -H, an aliphatic group, a substituted aliphatic group, an
aryl group or a substituted aryl group, or R; and R taken together with the carbon and
nitrogen atoms to which they are bonded, and/or R, and Ry taken together with the carbon

and nitrogen atoms to which they are bonded, form a non-aromatic heterocyclic ring



acceptable carrier or diluent. The pharmaceutical conpositions can be used
i n t heramo 20000000@xanpl e, as anti-cancer agents. The presenis2dopvaRiz on al so
provides for a method of treating a subject with a cancer. The nethod
conprises admnistering to the subject an effective anount of a

bi s(thi o- hydrazi de am de) disalt disclosed herein. The bis(thio-hydrazide
am de) disalt i adm ni stered as a_nono-therapy (i,e., as.the onl
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sol uti on andmmie, a5 gaptacanidensl vent, thereby precipitating a disalt of the

bi s(t hi o-hydrazi de am de). In various enbodi nents, a nethod of preparing a
bi s(t hi o- hydr azFerePraseneialerfiaiialeo pioydes deis MpBod LEP8AEIE L HHBTHMAY % neut r al
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| east two g¢diivalygnizileQnide)das® dedlert e@rdin OThesBidithiorei0dd sieidepditasisi um
hydr oxi de, sodi um net hoxi de, potassi um net hoxi de, sodi um et hoxi de and

pot assi umadatipisiarefeastaomenetherapy -, as Weroabyaftoearceigirag semupipered ta e
nbi ni lut i nd. a i i sal ted f t ane,
hoxane. "oy iPERRDLILL B0 wARORR o aRE REEH SRR GREET T OO Bl by

ether to preci pricise of ie sli@abhyefazideankitis)dibilediiysaa heeiaimtge) . | n various
enbodi ments, a nethod of preparing a bis(thio-hydrazide am de) disalt,

i ncl udes trAEMUfeEES abfe neashgsmranh fprahapwpead offreatinh cendsy iy sy indevidial telfso an
organi ¢ sal yve .and a base to forma bis(thio-hydrazide am de) sol ution;
and separ a[frP\r’l%%%HgT?lggfetselgtfmﬁ’ilgmnbi s(thio-hydrazide am de). In various

embodi ment's, a TR fregnPinveitRRAdsBroRidek Fért AWnethby dF prepefin@ Bibekethicthrid Aide
i ncl udes the steps of conbining a neutral bis(thio-hydrazide am de), an

or gani ¢ scmidat disalWJro0ethod: ePGF WSROYSr0RIBAPa neutral bis(thio-hydrazide

amide), an organic solvent and a base to form a bis(thio-hydrazide amide) solution; and

combining the solution and an organic antisolvent, thereby precipitating-a disalt of the
bis(thio-hydrazide amide).

In various embodiments, a method of preparing a bis(thio-hydrazide amide) disalt -
includes the steps of combining a neutral bis(thio-hydrazide amide) and an organic solvent
selected from methanol, ethanol, acetone, and methyl ethyl ketone to make a mixture;
adding at least two equivalents of a base selected from sodium hydroxide, potassium
hydroxide, sodium methoxide, potassium methoxide, sodium ethoxide and potassium
ethoxide to the mixture, thereby forming a solution; and combining the solution and an
organic antisolvent selected from pentane, hexane, cyclohexane, heptane, petroleum ether,
ethyl acetate, and diethyl ether to precipitate the disalt of the bis(thio-hydrazide amide).

In various embodiments, a method of preparing a bis(thio-hydrazide amide) disalt,
includes the steps of combining a neutral bis(thio-hydrazide amide), an organic solvent
and a base to form a bis(thio-hydrazide amide) solution; and separating a disalt of the
bis(thio-hydrazide amide).

In various embodiments, a method of preparing a bis(thio-hydrazide amide) disalt

inciudes the steps of combining a neutral bis(thic-hydrazide amide), an organic solvent
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and a base to forma bis(thio-hydrazide am de) solution; and conbining the
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THE DRAW NE&§r infri@hofs dnd ral AiBnlisttEball B é?lfdlﬁcﬁ\%ﬂie dlﬂé‘detltb@é(&ha hydrkbigaire 2 is

the structure of taxotere (Docetaxel). 8ur es 3-23 are each the structure
(2

of a taxol asnde)disaltFarsueletivadyinonttheicswhigh ellews dte @epéﬂwésscl@@ﬁﬂphsaks Hg a

t I I dent... f backb

tor pol yner TORTI AL R RS i HR TR et b BE AT L TR N o Tre

| NVENTI ON Fhhpbinfe! il bcazhis ok igiullioad pesble L he present i nvent i on are
represented by Structural Formula (1).

The bis(thio-hydrazide amide) disalts disclosed herein can be used to treat cancers,
including cancers that have become multi-drug resistant. Thus, the disclosed bis(thio-
hydrazide amide) disalts can be used to treat cancers where other drug regimens have
either failed or become ineffective. Additionally, the disclosed bis(thio-hydrazide amide)
disalts are particularly effective when used in combination with other anti-cancer drugs

such as taxol or an analog of taxol.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is the structure of taxol (Paclitaxel).

Figure 2 is the structure of taxotere (Docetaxel).

Figures 3-23 are each the structure of a taxol analog.

Figure 24 is the structure of a polymer comprising a taxol analog group pendent
from the polymer backbone. The polymer is a terpolymer of the three monomer units

shown.

DETAILED DESCRIPTION OF THE INVENTION
The bis(thio-hydrazide amide) disalts of the present invention are represented by

Structural Formula (T).



4 WD 2006/ 009940 PCT/ US200S/ 021642 M4 is a pharmaceutically acceptable
nonoval ewio wat/0emo M2+ is a pharmaceutically accept abl ecdusahemicgeati on.
"Pharnmaceutically acceptable" neans that the cation is suitable for

adm nistration to a subject. Exanples of M+ or M2+ include Li+, Na+, K+
My' +, Cat+, ~Zn2 , and NR4+, wherein each R is independently hydrogen

sussi (i of UL o BB SRR 5B S L AR o0

aryl gr ouaecegfabte@vﬂeﬂrc%&s “mhﬁaceﬁlqeﬁtym%eptmé Mn@an St b ®0s @fitable
unsubstituted non-aromatic heterocyclic rjng ggtl onal |y fysed to an aromatic

ring. Prefaradbligistration tpmauhﬁgkaﬂxa@aﬂ%wfé}écelpMa Ineh'dathlorN& sK[iMg™ ' Na#., K+,

NH3( C2H50 f h
o raceothe s Bt B 5D e S b e bR e
pref erredah;mtl@tom&)tcéroala ;@Mﬂyaﬁcyﬁg% Rgzaﬂlﬁlogwf gfbai?byam&onh@ﬁﬁkﬂrﬂm ably, Z

is -0; the "'sane; an R4 are the sane. | n one
enbodi menpr smbstlwt@tmumsubsatutﬁbmhg@up,l Jr tive Ragovpsaltaken tbgeiber, for@(aR5R6) -

CH2CH2 f bl
OO R0 P e S e Sl SR oI B S B g
R6 are eagly PRAGRENIGRmddeual§labOPIIE AonSUPST NTat'tI@rd N ehabHS", gr oup,

or R5 is -Hand R6 15 a substit ut ed or unsubstituted aryl’ group,” of,) R5 and
R6, t akenI\I(GHe):g(r(éﬂsoﬁ)e aaglmeﬁﬁlyssmbwmeqtddrabky thmlbt&;ﬂm@mttzedl)aadcqyabéme
group. The E’b’d c.:eu A.C éaccglgq{abl_ tion is as described above. In a
pr ef er r ed “EHBI8 et \of PIER SEHE P i on, the bis(thio-hydrazide anm de)

disalt is reprﬁ%@ﬁﬁ@ﬂraﬁ) oﬁmg@%% rEfe;apsﬁgt a0( hdre ?@l\f%ra@{ MR o R QdRR TN

INVR2 S S R1-R6 and nMaceuti ca accept bI e cat| on are as
descri bedarabbe/sam@ranﬁ%undﬂmaiethEeamuI a (I) In one nore preferred

ST NI TR RS ST E RS RES

-C(RsRe)-, -(CH,CHa;)-, trans-(CH=CH)-, cis-(CH=CH)- or —(CC)- group, preferably
-C(RsRg)-. Ri-Ry are as described above for Structural Formula (I). Rs and Rg are each
independently -H, an aliphatic or substituted aliphatic group, or Rs 1s -H and Rgis a
substituted or unsubstituted aryl group, or, Rs and R, taken together, are a C2-C6
substituted or unsubstituted alkylene group. The pharmaceutically acceptable cation is as
described above.

In a preferred embodiment of the present invention, the bis(thio-hydrazide amide)

disalt is represented by Structural Formula (II):

2M* or M?*
P S
R1YN\N/%\N/N\”/R2
s Rs Re S

R;-Rs and the pharmaceutically acceptable cation are as described above for Structural
Formula (I).
In one more preferred embodiment of the present invention, the bis(thio-hydrazide

amide) disalt is represented by Structural Formula (IT) where R; and R; are each a
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WO 2006/ 0099411 PCT/ US2005/ 021642 substituted or unsubstituted aryl group,
pr ef er ablwoaoedssasddot ut ed or unsubstituted phenyl group; pdBusdsesddcare each
a substituted or unsubstituted aliphatic group, preferably an al kyl group,
nore preferably, methyl or ethyl; and R5 and R6 are as descri bed above, but
R5 is preferably -H and R6 is preferably -H, an aliphatic or substituted

al i phatic group. ternatively, Rl and R2 are each a.substituted or

unsubst it u?‘@?f“girt‘ifﬁld'}%ﬁ ,tlt‘Fﬁgcli and ST g}feéer@]ggﬂsgbsg@btgg of HP%J@S%W%W@GW& ituted
aliphatic R L Sara: S & wabd P bstiabutgd

al i phatic gﬁdggBR %?je]g?rgg F??Q%%ﬁgﬁgé%ﬁgrsg&é%?hd g%dggt%?%ﬁs’ gd oral b

unsubst i t ubkagl groyp, goreypefeABlymietkdl arethyiant RanndRsayt agdaapbedaardvibui s - H

and R6 is -H. or hy]._. en nore preferably, RL and R2 are each a
substi t ut eBs&praﬁgai&rhtaag lﬁﬁgﬁw‘glyg— &B;ahpi@war?a smstgwgéﬁewhﬁ&wr or

ethyl; and R5 igp ng j H,ar 'u@ﬂ- SRg b lgf‘dﬁilsR Qkq an
aryl group repr glstg%agdgg{}ghﬁdaﬁﬁ eagfgélggdnsua |pr3ﬁs§bsgr ouptmb{a re én{ ed by
R3, R4 andRRGreasach asulshtisited beandudktitutetl aiipiatilgraupd Ralis fhadridcRgs edps. 1 n a
second nore preferred enbodi nent of the present invention, the bis(thio-

hydrazi de aWrhedy ogsubshitutedsalinkighe genpebrefrratdy rRicangdrBa arpsatR it sLbshiiyedfere R

and R2 are : i F tit i i pr rably
2 Cai s oy SAEiBa Ol K R R b F i, B RS FLAMR B
group, nor mefyef Bvabmyreqyrefepyblo B/ andrR, dte smshiaydubytitutrdrarpykybsifitaighelRl are as
descri bed above_for_ Structural Fornula (I . preferably both a substituted

or unsubst BYUP el 2dd arg eaepmetiyy oreghh andBs rél a4 %@Cﬁi%@@)ﬁhﬂb§@é&}bl%ut R5
is preferablpinbh@m6: @ar&lig‘gpg%%@s?b‘%d;b@%t )(}i’ﬂzlaﬁpaaﬁ'a(ﬁ R SHRE) H}i)gés@ﬂed ,

aliphatic group, nore p 0 ternativety, ]

bi s(t hi o- hydRa R ORdRY ddehs dessaibed bdowepr asbanidediphytiSerawgs.ural  Forrmula (11)
where R1 and R2_are each a substituted or unsubstituted aliphatic group; R3
and R4 are as dEszsicRRdmepvREelenid sopbadimentt thegprasang ipveptionths s@Py both a

bsti tut : ' - P& - g -
opt i onal |y gt BRI ke bl 55 R BLP B0aiito (A oo 30 K e Bl 20
C3- C8 cycl pahbeyitutal rumsotpstinasa bliyhaidpssig, ptefdablwat ©3-@8 dyerslkydgougl | cyl

group; R3 and R4 are both as described above for Structural Fornmula (1),
pr ef er abl yoRtipnallk subsruserthwith a8 lorst ans allyl grrepREoTespreferahly £hclapiophdri ¢ or

substituted I .6, gru r r | . a C3-C8
cycl oal | cyFi Hglgr cﬂ}%%gépt{l?@ﬂagf SB/nd ggggeﬁ%td%%cg’fé%gma?%ve?t& ?gg% 3%:5’?‘3@%5*1 group; R3
and R4 ar epR@iriblabothl d apbtit@teelugy; undilshtiRiied Skylldro@h) dnBR 5l id-RY 0¢ ag@isbjled Even
nore preferably, R .and R2 are_both cycl opropyl or

above, but Rs 1s preferably —H and R is preferably —H, an ali%)-hatic or substituted aliphatic
group, more preferably —~H or methyl.

Alternatively, the bis(thio-hydrazide amide) disalt is represented by Structural
Formula (I) where R and R; are each a substituted or unsubstituted aliphatic group; Rs
and Ry are as described above for Structural Formula (I), preferably both a substituted or
unsubstituted alkyl group; and Rs is —H and R¢ is —H or an optionally substituted aliphatic
group. Preferably, R; and R; are both a C3-C8 cycloalkyl group optionally substituted
with at least one alkyl group; R3 and Ry are both as described above for Structural Formula
(I), preferably an alkyl group; and Rs is —H and R is —H or an aliphatic or substituted
aliphatic group. More preferably, R, and R; are both a C3-C8 cycloalkyl group optionally
substituted with at least one alkyl group; R; and R4 are both an alkyl group; and Rs is —H
and R¢ 1s —H or methyl. Even more preferably, R; and R, are both cyclopropyl or 1-
methylcyclopropyl; R3 and R4 are both an alkyl group, preferably methyl or ethyl; and Rs
is ~H and Re 1s —H or methyl.
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met hyl cycl opropyl; R3 and R4 are both an al kyl group, preferably nethyl or

et hyl ; ana@loRpoe/desysoH and R6 is -H or methyl. 6 WO 2006/ GREI3B0s/021642
PCT/ US200S/ 021642 The fol | owi ng are specific exanples of bis(thio-hydrazide

am de) disalts represented by Structural Formula (11): R and R2 are both
phenyl; R3 and R4 are both nethyl; RS is -H and R6 is ethyl; R and R2 are
bot h phenyl R3 and R4 are both henyl and R and R6 are both met hyl ; R,
and R2 are bot hTbe fokiowing areRgecaﬁ,gem@p%omg(ﬁnqyﬁgmldemd%dlsaéﬁd R6 are

bot h th thyl; R5
o ey Koyl ReR B ROBICRY ey vO8h AT SEE ab e Y
met hyl ; R5nieﬂly{ |'R5 18 anERQ(GI1§ eﬂBI?I Ry land R, aﬁrlcbﬂR&xemyQ hoird Rhesybth JR8n@dnahdR4

are both net hy R5 is -H and is benzyl; R _and R2 are both{)henﬁl; R3
and R4 ar eRbé@%Rﬂtr@mh meshyl; &aprl Raﬁ@@@hﬂéhlé@ﬂyRS apg Ry aiscbatpplgnyl. gos

phenyl ; 4 hpe b I R2 are
both 2, 5- d| %x;t/)p hgrrl]%}ﬁ}t)l &3 g‘ 505#%4632?}?%{]&{% E‘f—'ng“ hﬁ%%oth 1&3&?&%
metlryl; Ris-adnd Rgls@ﬁ@h}bORhmMﬂﬁpwle ‘boR3prad; Rélaﬁdmamwnmamyyl RAS HSarrdH

and R6 is i so-propyl; R _and R2 are both 3-n|trophen |; R3 and R4 are both

net hyl ; R5ReH m@ylaﬁdarrdaR: age b@tﬁnhenyRRa and Rrareogh Hl@éhyh Rs shHotwbiRehyl ; R3

d R4 bot h ret hyl ; d
and 12t o BN TSR ool Spath R0 pd B Ryl et eeniohh
are both ﬁhhﬁﬂyére b5 Jﬁs@ﬁleﬂg aiﬁ@RQ%fboﬂpétByﬂ %E{F]%HQI RRd Rds ROsutjiaReBnd RORE her,

are propylene; R are both 3- di met hox phe ;' R3 and R4 are both
met hyl : R5betE2 Mlmﬁwxmhﬁnsflriétmm@ebofhmﬁtm tahd&ckﬂwmdhlﬂh&mmxy

phenyl ; R3,and e bqgt i.S net h

B e ot h PRSP SHnengrS Redesindt et dbs o %P@G%w sscglopll Ry S fiitee” | ¢
nethyl; R paRa-REogicayD -HRhERisRdetBieRPOIORIBE hYl ;. RS
is -H and R6 1| soﬁl 6%?':1 iRE Q%?Rgﬁfjg BdtHgie‘%e}mqg%% -}:h rrgishoity%heﬁyl R3 and R4
are both n‘e@thyﬂ{—chlcRSplnmyl R, andid aR6bth nmhl)HyRs is RH, amdRR® metayb & land R, are

R “and R 578 BBBTHY B S nier RORBHORy P R SRARRE 47 BIBSLAC @&1@6 el oy
and R6 is ﬁl?én@y |R3 aﬁ@m Bre @?ﬁnﬁ%ﬁfﬁdh@;ﬁd%i 5@1@@119(5 YD R ylBg: R dndf, ar e

both rmethyl; is -H and R6 I's net hyl and are cyclopropyl R,
and R4 ar earbdmﬂl Z,aﬁiumgthQX%eayidRaﬁndaReaﬂadioﬂl mbi,hyRRsaaeIHF@nches bethyl, R,

cyol obr oDyl £5, 808, g5 oLl oLl o LANg 0 205,000 o Rl 2 e

RZ are bot Befnyrat, ik ®Y GHUtR E}ﬁ—dlﬂ'ﬁgrcﬁ‘)ﬂgnﬁdf&ain% 1004 bBBE A¥hy1; 8 is -H, and R,
is methyl; Ry and R, are both 2,5-dichlorophenyl; R; and R4 are both methyl; Rs is -H, and
Reis methyl; R; and R; are both 2,6-dimethoxyphenyl; R; and Ry are both methyl; Rs is -H,
and Rg1s methyl; R| and R; are both 2,5-dimethylphenyl; R3 and R4 are both methyl; Rs is -
H, and R¢ 1s methyl; R; and R; are both 2,5-dimethoxyphenyl; R3 and Rs are both ethyl; Rs
1s -H, and Rg1s methyl, and R, and R; are both 2,5-diethoxyphenyl; R; and Ry are both
methyl; Rs is -H, and R¢ is methyl; R and R; are both cyclopropyl; Ri and Ry are both
methyl; Rs and Re are both -H; R, and R; are both cyclopropyl; R3 and R4 are both ethyl;
Rs and R are both -H; R, and R; are both cyclopropyl; R; and Ry are both methyl; Rs is
methyl; R¢is -H; R; and R; are both 1-methylcyclopropyl; R; and Ry are both methyl; Rs
and Rg are both -H; R; and R; are both 1-methylcyclopropyl; R3 and Ry are both methyl; R
is methyl and R¢is -H; R; and R; are both 1-methylcyclopropyl; R; and R4 are both methyt;
Rs 1s ethyl and Re is -H; R; and R; are both 1-methylcyclopropyl; R3 and Ry are both
methyl; Rs is n=propyl and Reis -H; R, and R; are both 1-methylcyclopropyl; R3 and Ry are
both methyl; Rs and Rg are both methyl; R; and R; are both 1-methylcyclopropyl; R; and
Ry are both ethyl; Rs and Rg are both -H; R; and R, are both 1-methylcyclopropyl; R; is
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and R6 are both -H, R and R2 are both 1-nethylcyclopropyl; R3 and R4 are
both neth methyl and R6 is -H R and R2 are b ; ‘

- met hyl cy%{%gﬁg/g%?})ﬁ) R3 and R4 are both nmethyl; R5 is et Eﬁ’”ﬁﬁ’&”ﬂ%% -H R
and R2 are both 1-nmethyl cycl opropyl; R3 and R4 are both met hyl; R5 is
rf-propyl and R6 is -H R and R2 are both 1-nethylcycl opropyl; R3 and R4
are both nmethyl; R5 and R6 are both nethyl; R and R2 are both

1- net hyl cy chaibylomd R, iR8thgh R s 4R &raee bathhHeR hyd R Rarednoth Rénedindeytsdphnopy, RR,

PO D00, £BS K41 BOTLIHIY: Rehchgas e bbbl R1 peN Ragrerks ta S PpBi clatrom): Bng Ro

are both 2- n'a% 4 ane h r both
-H R anda@ké)réllec% %@g ﬁﬁ%’n%/ cyc ggrtjgpy RS %‘phnwg élagy r@%ﬁ B
and R6 ar e ahdRh areMotiRnetyil IRQamlrleﬂ@bdjltthpRemyd Ryaﬂechmtlopydloblﬁa Ramﬁ]R?A are

both nethyl; R5 and R6 are both -H and_R2 are both c but R3 and R4
are both méfe§ath rr;qélyérﬁas a6l By e pothirEL ﬁlaRdRaﬁka ay<‘é0 y?ﬂ g Ppih

and R4 are ¢ Pé%ﬁﬁh

cycl ohexyl ; 1P‘%’?hand 6aafree th E{jnﬁ;@hﬁﬁ an%l%g% XF oth m%ﬁ&aeﬁc?dm are
bot h cycl olﬁew&&,% tevitd- I-IR4R,azluﬁi Mrbbpﬂh&jyylohem R_ndnd Rﬁamﬂaetkbpﬁehyl—ﬂ,s aR;l and
R2 are both nethyl; R3 and R4 are both neth 5 and R6_are both -

o R o ¢ ReGrbati TRy AR 15ie pih TR 8 s e A Rbieo1ors Res e @T%*Eﬁth i

R, a0 72 o SO0 i, DA, 6RO O gt

both -H Raretdh R2tioi;R edndyR arRBo@ﬂﬂleﬁiﬂ Rk exfd Rg)m“efboﬂﬂl-h;ym ar@R,ancb b rar e
both -H R and R2 are bothx&?—gﬁ Ee R3 and R4 are both nmethyl; R5_and R6
are both - PRtylRaFndFa aeseth et a»pchaﬁ wa@em%éhayld&ez@éﬁo@tam B3 and Rodre(

t d myl.
E)(rag; 2?:& sﬂﬁﬁl}’m%ﬁgaﬁ %ﬁs h%ﬁ%%é% +0r ?&%‘%&%?é{@hg% aﬁ@%r eabpgﬂm2 erably
Na+ or K+, neien; Roa Ryarebethabl. y ilNarese aampmnme@hafmineanWaaasp%laMtM)
disalts represented by, Strugtural Forml aS( Y is -CH2-. Exanp
i ncl ude memfmnteﬂzbyazdal Nfar@%&ewr&@éﬁw tnaﬁaalF@orawélaﬁhm@férabbftIH Na*

S e L

are both ppesmhblyand. R3 and R4 are both ethyl; R and R2 are both phenyl,
and R3 and R4 are both n- E |; R and R2 are botllg cyanophenyl, and R3
and R4 are bot hFaemayy bisg wah]xﬁrmdeamdgbdml;ﬁmpmes@lt% wwctuahﬁowlaﬂ&) R4

are both r‘rg,t hlICHo Exarlll(ljpleRs2 m%{uede \)\%6@61121 1§ andpfg ar é) ﬁgt%hpef%}{yl’ aid! ﬂ %%1 l% are %’thar €
o-CH;-phenyl; Ry and R, are both 0-CH3C(O)O-phenyl, and Rj and Ry are phenyl; R, and
R, are both phenyl, and R3 and R4 are both methyl; R; and R, are both phenyl, and R3 and
R, are both ethyl; R; and R; are both phenyl, and R3 and Ry4 are both n-propyl; R; and R;
are both p-cyanophenyl, and R3 and Ry are both methyl; R; and R; are both p-nitro phenyl{
and R3 and R4 are both methyl; R, and R; are both 2,5-dimethoxyphenyl, and R; and R, are
both methyl; R; and R; are both phenyl, and R3 and Ry are both n-butyl; R; and R; are both
p-chlorophenyl, and R; and Ry are both methyl; R; and R, are both 3-nitrophenyl, and R;
and Ry are both methyl; R; and R; are both 3-cyanophenyl, and R; and R4 are both methyl;
R, and R; are both 3-fluorophenyl, and R; and R4 are both methyl; R; and R; are both 2-
furanyl, and R; and R4 are both phenyl; R; and R; are both 2-methoxyphenyl, and R; and
R, are both methyl; R and R; are both 3-methoxyphenyl, and R; and Ry are both methyl;
R, and R; are both 2,3-dimethoxyphenyl, and R and R4 are both methyl; R; and R; are
both 2-methoxy-5-chlorophenyl, and R; and Ry are both ethyl; R, and R; are both
2,5-difluorophenyl, and Rj and Ry are both methyl; R; and R, are both 2,5-dichlorophenyl,
and R3 and Ry are both methyl; R, and R; are both 2,5-dimethylphenyl, and R; and Ry are
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both nethyl; R and R2 are both phenyl, and R3 and R4 are both n-butyl; R,
and R2 arwobleddnooqio chl orophenyl, and R3 and R4 are both grtiyslesReqfnd R2
are both 3-nitrophenyl, and R3 and R4 are both nethyl; R and R2 are both
3-cyanophenyl, and R3 and R4 are both nethyl; R and R2 are both
3-fluorophenyl, and R3 and R4 are both nethyl; R and R2 are both 2-

furanyl, and R3 and R4 are both phenyl; R and R2 ar dn%oth - met hoxyphenyl ,
and R3 andbothaneihd; Bot Retmpoth m%y@clap@pbasﬂ a1 e, “and R3

and R4 are et ng,sR3 and
R4 are bot ﬁgﬁéﬁ] g’ Y %’t@ngg ggetgé@ﬁﬁgi}}r]ﬁet dg%d"l-S hﬁqﬂ%(ﬁ@n b I@a%dd R3 and
R4 are botR, atefb)bthp}l:énylaﬂﬁﬁRZaﬁdi&bmeth 2—eﬂrw:ﬁHeh3aloRQphétRylme kmtid”%&t}aynd R4 are

both nethyl; R, and R2 are both 2,5-dichlorop hen% and R3 and R4 are both
met hyl ; R, PHidyLRad g urgrobethanetaylh o1 Rhismppnyl; dlSﬁisD -dHeether VARS8 aphRs

2006/ 009940, FETLLSRAMCR R Shad o Felg o BR oo A e Dy
3, 6- di met haxyphRNe boﬂﬂdetﬁﬁl and Rl%nam afeofh m}m’}bhenﬁll Rangld RRareddoeh bot h

phenyl, and R3 and R4 are both 2-et phenyl; R and R2 are both 2-methyl -
Doyl ARE RGOS sd Farrad ocie hebPIVIOR. T RssrpREylep crentscpy the

2, 5- dlneth hen and R4 are both nmethyl; R and R2 are both
nethyl gﬁﬁgng%%ngangq@ngg?h P- CF3-phel lyl; R and R2 are both met hyl ,
and R3 and R4 are_b 0- CH3- phenyl ; R and R2 are both - CH2) 3CO0OH; and R3
and R4 are both pHg R, and R2 are both represented by the follow ng
structural fornula nd R3 and ﬁm%are both phenyl; R and R2 are both
n-butyl, and R3 an t enyl; R and R2 are both n-pentyl, R3 and
R4 are both phenyl; R andj|R2 are both methyl, and R3 and R4 are bot h
2-pyridyl; R and R2 are bgth cycl ohexyl, and R3 and R4 are both phenyl; R
and R2 are both nethyl, and R3 and R4’are both 2-ethyl phenyl; R and R2 are
bot h net hydd Raad I&Smabdﬂﬁﬁwame thoshb R2 aﬁrbiiﬂﬁ: hlbasapagiid andRy ard¥ota F;eela}l
methyl; R _and R2 art both nethyl, and R3 and R4 are both t-buty

R2 are bot PH anchBy are ézﬁ@ TRBETHHY Ra@néuFe arqonth Phepbyi ; aird Rzl b naﬁt@'lbmdrﬁ

t-butyl, a th
R3 and R4 ar el%ar E (f"ylgﬁ A;E@% Lathh dd’o%ﬁgxc’gll?z?ﬁn}?ﬁ pyqtﬁ“ aar%&k%g&l%g
are both eRhmhd Rfre @Bﬂh rﬂé’thyr and 8 ind Ryetchokicyetismsienyl; R, and RRéreaneth R4 ar e
both nethyl; R, and R2 are both 2-nethyl cycl opropyl, and R3 and R4 are both
methyl; R m@ﬁ]d'l rrd Rp @ngh By are both 2,6-dichlorophenyl; R;-R4 are all methyl; R; and R are

both methyl, and R; and Ry are both ¢-butyl; R; and R, are both ethyl, and R3 and R4 are

both methyl; R, and R, are both ¢-butyl, and R3 and R4 are both methyl; R; and R; are both

and

cyclopropyl, and R3 and R4 are both methyl; R, and R, are both cyclopropyl, and R3 and R4
are both ethyl; R; and R, are both 1-methylcyclopropyl, and R3 and Ry are both methyl; R,
and R; are both 2-methylcyclopropyl, and R; and R4 are both methyl; R, and R; are both
I-phenylcyclopropyl, and R; and Ry are both methyl; R, and R; are both
2-phenylcyclopropyl, and Rj and Ry are both methyl; R; and R; are both cyclobutyl, and R;
and Ry are both methyl; R, and R, are both cyclopentyl, and R3 and R4 are both methyl; R,
is cyclopropyl, R, is phenyl, and R; and R, are both methyl. In these examples, the
pharmaceutically acceptable cation represented by M* and M?*" is as described for
Structural Formula (1), preferably Li", Na*, K, NH3(C2HsOH)" or N(CH;)3(C,HsOH)",

more preferably Na” or K*, even more preferably Na'.
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1- phenyl cycl opropyl, and R3 and R4 are both nethyl; R and R2 are both

2- phenyl c%,cl Oﬁm“%‘l and R3 and R4 are both nethyl; R and R2 are both

cycl obut yWO ZAY and R4 are both nmethyl; R and R2 ar BCHEEHIXYPBpent yI ,
and R3 and R4 are both nethyl; R is cyclopropyl, R2 is phenyl, and R3 and
R4 are both nethyl. In these exanples, the pharnmaceutically acceptable
cation represented by M4 and M2+ is as described for Structural Fornula
(1), preferabl ypi N SR R GdbittinvdHBOS are
preferably Na+ g}relfe%e,dl\%\%l :éoore pr ef er abll<3T/e %h@id}!@g@\i\éggg%% 009940

PCT/ US2005theZalbesgingPr ef erred exanpl es of bi s(thi o-hydrazi de ani de) disalt

of the present invention are the followng: 2M+r or M2. NA\N-" N-N S S (I );
OY 2Mr or M2+ Q0" Y N~ N N\/ 2W'Sr&?(N); and 2MorhMe+ a 0- NON-' \NN S
S(V) 2 W apd Mt are as descrjbed anve for Structu Formula (1I).
Preferably, t ar ITB.CEth cally acceptabl e cgation , Wherein Mt is
Li +, Na+, K+, H50H) H50HN+. Mo erably, M- is Na+
or K+. Even nore-preferabl y~ StruogturalxFornulas (1)-(11), R
and R2 are the sanme or| different and/or R3 and ,ﬂ are the me or
different. Preferably,gR and R2 are the sanme ang R3 and R4 1gre t he sane.
The di scl osed bi s(thio-hydrazi de am de) disalts may have tautoneric forns.
By way of exanple, tautomeric fonng piy2t he conmpounds represented by, for
exanpl e,

R R
N = X N
\N N/
S S @V); and
2 M* or M#*
N
N = N N
™~ N N/
! 4 V).

2 M" and M** are as described above for Structural Formula (I). Preferably, the
pharmaceutically acceptable cation is 2 M, wherein M is Li*, Na", K", NH3(C,HsOH)" or
N(CH3)3(C;HsOH)". More preferably, M is Na' or K*. Even more preferably, M" is Na'(
In Structural Formulas (I)-(II), R; and R, are the same or different and/or R3 and Ry
are the same or different. Preferably, R; and R; are the same and R3 and R4 are the same.
The disclosed bis(thio-hydrazide amide) disalts may have tautomeric forms. By
way of example, tautomeric forms of the compounds represented by, for example,

Structural Formula (II) wherein Y is —CHj- are shown below:

2 M* or M2*
N
Ry N /k )\ N Re
\ﬂ/ \N/ : \N - \ﬂ/
S S
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Structural Formula (I11) wherein Y is -CH2- are shown below. 2Mt or M2+ I3 |1 Z
Z- R4 CNH SS tO WD 2006/009940 PCTI 2 2 M
or M, R]WMO%/N’QR% IQR M NR \/ HHNInl S and 2 kﬁ?ﬂ@?{vﬁ@ﬁ?‘k Tz271

R N / ~N R2 “H H SS It is to be understood when one tautoneric formof a
di scl osed conpound is depicted structurally, other tautoneric forns are

al so enconpassed. Certain conpounds of the invention may be obtai ned as
different stereoisoners (e.g., diastereoners and enantioners). The
invention includes all isomeric forms and racemc mxtures of the disclosed
conmpounds and nethods of treating a subject with both pure isomers and

m xtures thereof, including racemc MK OUMES. Stereoi somers can be

separated and i sol ated usi any sui.t abl e rrﬁet hod, sptch as chromat ogr aphy. A
"strai ght chai ned hydrocarB I grou ' i s an ‘@l kyl ene group, i.e., -(CH)y-,
with one or nore (preferahly one) |nternal rrethyle e groups optionally

repl aced with a | Fakage , between 1 and
10), preferably betwe | and 2 A "I i nkage
group” refers to a fungtional dtoup whitth repl aces a

S

2 M* or M2*

D
R4 N 2
\H/ \N)\C)\N/N\”/R
H H
S S

It is to be understood when one tautomeric form of a disclosed compound is depicted
structurally, other tautomeric forms are also encompassed.

Certain compounds of the invention may be obtained as different stereoisomers
(e.g., diastereomers and enantiomers). The invention includes all isomeric forms and
racemic mixtures of the disclosed compounds and methods of treating a subject with both
pure isomers and mixtures thereof, including racemic mixtures. Stereoisomers can be
separated and isolated using any suitable method, such as chromatography.

A “straight chained hydrocarbyl group” is an alkylene group, 1.e., -(CHa,),~, with
one or more (preferably one) internal methylene groups optionally replaced with a linkage
group. y is a positive integer (e.g., between 1 and 10), preferably between 1 and 6 and
more preferably 1 or 2. A “linkage group” refers to a functional group which replaces a
methylene in a straight chained hydrocarbyl. Examples of suitable linkage groups include
a ketone (-C(O)-), alkene, alkyne, phenylene, ether (-O-), thioether (-S-), or amine (-
N(R?)-), wherein R® is defined below. A preferred linkage group is -C(RsRg)-, wherein Rs
and R are defined above. Suitable substitutents for an alkylene group and a hydrocarbyl
group are those which do not substantially interfere with the anti-cancer activity of the
disclosed compounds. Rs and Rg are preferred substituents for an alkylene or hydrocarbyl

group represented by Y.
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met hyl ene in a straight chained hydrocarhyl. Exanples of suitable |i nkage

gr oups |ncI ude a ketone (-C(O-), alkene, allcyne, phenylene _ether (-0-),
t hi oet heVQ 295009948 anine (- N(Ra)-), wherein Ra is def |P%EGJSB@F‘/(93\}”A

preferred |linkage group is -C(R5R6)-, wherein RS and R6 are defined above.
Sui tabl e substitutents for an al kyl ene group and a hydrocarbyl group are
t hose which do not substantially interfere wwth the anti-cancer activity of

the disclosed aamPEHAES grolp 1PN denth8inBd, S i{dhed of i inbHeRdrsatfor an
al l cyl ene or hydrocarbyl = group represent ed by Y. 11 WD 2006/ 009940

PCT/ US200- hpdresuon whickl is ph@pletﬁlzgsamptqun avhselr edrghins ebmdriBere umtaﬁéhed or

| tic.h t
Cont ai o oRe2E iR dIMALL T e St i GRCRe] ofiref EOhP BB 4P Pihhed
or branchegy gdrbo&oh, ﬁfe%fﬁbl@f%rﬁ w&%o& 90 ahu cychi aﬁ@rd@@rgl@upqma ﬁcﬁﬁ%ftﬁr abl'y

from1 to about 10, and a cyélic aliphatic group has om3 to about 10
car bon at oawut po eﬁréoalatqms pmfm:ablwcfnabéu@ aigout An Al almhamq g:rogp mmeﬁesalm ef erabl y

h |
"o pr opyl et Pged o BRI eldhe, B etnsF PRy R B 1
or a cycl ogdckytyl fewm Ea@nt%l thex AbRHyIDr o C@A Q% ARyl froth vl $td A

chai ned or branched al group or a C3- cyclic al kyf’ group is also
referred tcarben atomlsozewéil 618|s¢mig’ht graqu or‘ﬁlrmchahmﬂcybgmumbr @Cgf(bij@yclwm}k)ﬂe used

| nt er changeabl th "ar aromatic ring," "aryl group"” and
"aromatic %Sg’,l\go 5%?‘?@ aérao@ﬂ%ellﬁqﬁfqu@@%ar bocyclic aromatic gr oups such
as phenyl, naphfrﬁe/1enna@iﬂorﬂ£t &gra@y Igyfﬂgu&%tlﬁ{e%axbeagwﬁﬁ “SYCh@ 1Fn -

i m dazol yI t hi eny f urany pyrimdy, pyranyl, pyrazoly
pyrr oyI pyarmm:yﬂmg,”f hryhgnd@ and dzroingtic gromg.’t dromaind grouffhmciude nafbhejzcércoar yl

gr oup" nmay be used int eably with "heterqar ' "heter oar ring,’
"het er oar offATREC BOHES S %ﬁgﬂe? @Ha*’tridc?n&%@g r}/dll-liéﬁteé? Pu]bgr Bsas are

aromatic g o) e

oxygen and@??@é}ggﬁﬁe@g’%&ﬁgﬁg&& é{}gﬁ? &P %r ef gg‘%ﬁ%l El¥l 1?5 oary gr oups

conpri se fthopknexdzolycand thedzmio dflonsm Ahetembiyd goouplmsaydiessed ncl ude fused
pol ycyclic arqQmatic rin ystens jn which a carbocyclic aro,matdc ring or

het er oar y| IS FHENEER0Y, Wath “Dstemeeylor hetsrearyH: mqt%rpgrgfr%tm Fm8gad Exanpl es
i ncl ude be‘%%ﬁ%&ﬂ!ﬁe Z’Ofﬁét%ﬂaﬂll JH;BQE% aroftdtid dug%’h vat E’&Hﬁx@en@é@%‘?l e,

benzooxazol e nzi m dazol e, quin I soqul no and 1sol |yl
more heteroatom, such as sulfur, oxygen and nitrogen, in the ring structure. Preferably,

heteroaryl groups comprise from one to four heteroatoms.

Aromatic groups also include fused polycyclic aromatic ring systems in which a
carbocyclic aromatic ring or heteroaryl ring is fused to one or more other heteroaryl rings.
Examples include benzothienyl, benzofuranyl, indolyl, quinolinyl, benzothiazole,
benzooxazole, benzimidazole, quinolinyl, isoquinolinyl and isoindolyl.

The term ““arylene” refers to an aryl group which is connected to the remainder of
the molecule by two other bonds. By way of example, the structure of a 1,4-phenylene

group is shown below:

[aVAVAV VoW

Substituents for an arylene group are as described below for an aryl group.



The term "arylene" refers to an aryl group which is connected to the

r emai ndesv@iooshdesonol ecul e by two ot her bonds. By way obcexgpipbericihe
structure of a 1, 4-phenylene group is shown bel ow. vww Substituents for an

aryl ene group are as descri bed bel ow for an aryl group. 12 WD 2006/ 009940
PCT/ US2005/ 021642 Non-aromati c heterocyclic rings are non-aronatic rings

whi ch i nclude one or nore heteroatons such as ni.troge or sul fur in
the ring. The ri'AY aboéﬁatgehqtqzrggyc? SiTRES EAER- aTBPlaBF&I}g Wé%fgé%g&‘? Bt bl y,
het er ocycl ,Ge3h QHRSuER gpﬁlltl%geﬁ roQE%é?ﬂ% shBuPRAHE nanU'The %@%ﬁﬁ’%& a08 siExara es

i ncl ude tetrahydrofuranyl, tetrahyrothi ophenyl, forpholino, thionorpholino,
pyrrolidi ng elglnkmﬁnbm'eahyPrefmblgrhaﬂa:myj/thegndmsruoamlsedilomybne twatwatfpen

substituents on an aliphatic rou cy non-
aromati ¢ hRTEPBEPE! Falplimcl 8@‘ S %@&aﬁ%&@{ PG
het er oar yl e I W|ththe
ant - cansern A Ao s 8#991@%9?3@%%5 L S L
substantially | Biieabicesubstitehta oarah|a}ip}m1m@rom(1lwludmg\dneaﬂiqﬂm @ntp); naancer

activity is reduced by nore than about 50%|n a conpound Wi th the
subst tuen@rom@aﬁb%tﬁwym ogp R ARk e ( qaﬁé’céfalb%ﬁdtk&?é?ﬁ’%fygﬁé’?ﬂoé% of

t abl , = -0 COR',
U 1201 < sy gp et O ot gl
- CONH2, - Ceohfidunds. GON{HRERIeht subbiatiidRey, inter (NREGRAL aniNiE{oNH2G i v fylFMEENRAad-hnt -

] &Hcﬁﬁlé RE(R%W aléltlvxg( Ll_slfq@luqqﬁjay 1n01€(thz;q|:@b}3uf\ﬁ_@(_3é m a@@nm%wcli\l E{%thrﬂps subst%(uerll\t"_i) e,

- NH C(=N

- NH—g(( Nll;lg 36%‘;&5%}‘%%5% %Bgﬁ’h%wwﬂ%ﬁ% L@?} RIH)IH?SNHRa

- NRd- O( =NHneNGRAR) -OHNRBr, QENR'D,~8R?, -0-ClRY; QGRE)-CNHREO,,~ red}H;( SER){ N(RaR) ,
-NHNH2, - NHNHRa NHRaRb “SOONHR, - SC2NHRa, - S2NR Rb

- CH=CRaRb, NHGRMERRN mmom&m ONIiz@%ONP@Jq C@F&(R R) s@@iﬁQRa
;lgﬁlO)a?c?arrat ic Bﬁet eﬁlégc;kgllt]#& ar oupgﬁrﬂl&II é{%@&%a}ggﬁﬁ%g@% héfior ma le
subst i t ut eRECONTERYF t-C{-TEGLNTON -C(=NH)-NHR?, -C(=NH)-N(R*R), C(—NR )-NH,, -

C(=NR%-NHR?, -C(=NR°)-N(R*R"), -NH-C(=NH)-NH,, -NH-C(=NH)-NHR®, -NH-
C(=NH)-N(R’RP), -NH-C(=NR")-NH,, -NH-C(=NR®)-NHR?, -NH-C(=NR°)-N(R*R"), -
NRYH-C(=NH)-NH,, -NR*-C(=NH)-NHR?, -NR*-C(=NH)-N(R’R"), -NR*-C(=NR°)-NH,,
-NR°-C(=NR®)-NHR?,

-NR9-C(=NR%-N(R®R®), -NHNH,, -NHNHR?, -NHR?*R®, -SO,NH,, -SO,NHR?,
-SO,NRR”, -CH=CHR?®, -CH=CR®R’, -CR°=CR°R" -CR*=CHR?,

-CR*=CR"R®, -CCR?, -SH, -SR? -S(O)R?, -S(O),R?.

R*R‘ are each independently an alkyl group, aromatic group, non-aromatic
heterocyclic group or -N(R*RP), taken together, form a substituted or unsubstituted non-
aromatic heterocyclic group. The alkyl, aromatic and non-aromatic heterocyclic group
represented by R*-R? and the non-aromatic heterocyclic group represented by -N(RaRb) are
each optionally and independently substituted with one or more groups represented by R”.

R*is R, -OR", -O(haloalkyl), -SR*, -NO,, -CN, -NCS, -N(R*),, -NHCO,R",
-NHC(O)R", -NHNHC(O)R", -NHC(O)N(R™"),, -NHNHC(O)N(R "), -NHNHCO,R",
-C(O)C(O)R™, -C(O)CH,C(O)R", -CO,R™, -C(O)R™, -C(O)N(R™),, -OC(O)R™,
-OC(O)NR™,, -S(0),R™, -SO:NR™M,, -S(O)R”, -NHSO;N(R"),, -NHSO,RY,
-C(=8)NR "), or -C(=NH)-N(R").

R"is —H, a C1-C4 alkyl group, a monocyclic heteroaryl group, a non-aromatic
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aromatic heterocyclic group. The al kyl, aromatic and non-aronmatic

het erocyclic grou represented by Ra-Rd and the non-aromatic heterocyclic
group repVeg8 '(‘wa&ﬂy -N(RaRb) are each optionally and iHdEBEHRARIA?
substituted with one or nore groups represented by R R#f is R+, -ORft,
-Q(hal oal kyl), -SR, -NO2, -CN, -NCS, -N(R+)2, -NHCO2R+, -NHC(0) R+,

-NHNHC( O R+, -NHC(O N(R) 2, -NHNHC(O) N(R+)2, -NHNHCO2R+, -C(O C(O R+,

- C( O CH2C( G Broc cl@é@ﬁ% or @gﬁéﬂ?ﬁrm%(z%}i%ﬂﬂ Auibstiftdd Rt alkyt, elodlid(, Rticky,
SO 2Rn SONR 2 SO RE CNHSCNR )7 CNHSDZRE - C=SN(RD 2, o
- O( =NH) - N( Balpalkory, Hago, -EN, aNOp,-aming [akgilarging wp didkigRuey Sntenpbt ko groyp -

, - ti 13 . 006/ 0(19940 PCT. 05/021642 X! i
G oup or aNGROAY - YA A TEIAT g 1S BBLPI R LS RO sr SR ' ©
al koxy, h'g}fdt?lﬁé W&’senﬁ@'b%(lg ; EEZH&—N(M thAFoRPrisdklsedonahmiri Mhindhad dptloaniiye.

Optional |y, e group - is a non-aromatic heterocyclic group, provided
t hat non- areylated or alsyktesicycl i c  groups represented by R+ and -N(R+)2 that

[ d i .am i |l |, at ed |1 cyl ated.
Proferred subst PIYERTS ORI R Phegy Legur: R GRa Ry e oGt By
representeg lpy in@uﬁ@@l-t@‘ih@ﬂ@lcéﬂfg‘ﬂ{o%&,k@ﬁ4Cﬂ1515%ﬂk%| KOXY4 hzﬁé-al@xy})ghélﬁll,' yl,
Cl- C4 hal oal koxy, phenyl, benzyl, pyridyl, -OH -NH2, -F, -d, -Br, -1,
-NCO2 or - Chenzpt, @iyedylk dOBL BSHb,t-Hetils-Brotd, aNQyet a¥.kyl group, incl udi ng

cycl oal kyl groups . represented by R .and R2, are al.kyl graups, such as a
methyl oF ethyl DECR SERGRRER TSA0BI AN Sour He R el e By i o a
phar maceut i-éb?és_eﬁt@ﬂ%?%ﬁdn@'llz, @RI %fdﬂl?s_,asugh 26 b Ivdeds geupm de) disalt
di scl osed héerein and a pharnaceut’ically acceptable carrfier or diluent.

Sui t abl e phar madaotliec ambydiavnepf thb peesearinvetonnay pbantaatwtidahenmpasaigoredi ent s
which do not inhibit the biolqgical. gctjvity of the disclosed disalts. The
bhar raceut FOAPYE DG GeEar p s 2hl isilased BrBGumech g BLoq ugaly

non-t oxi ¢, yQePmbRfdaAEFRY AllkentnON- | Munogeni ¢ and devoid of other undesired
reactions upon the administration to a subject. Standard pharmaceuti cal
formul ati on t ecBuitzhle phararchsgicelip hoogptiblestarherasnayhmostinestnngredienisrwhich

B O LB b sl Dol bl G gopmanyy Eashon. P

route of acceptable carriers should be biocompatible, i.e., non-toxic, non-inflammatory, non-
immunogenic and devoid of other undesired reactions upon the administration to a subject.
Standard pharmaceutical formulation techniques can be employed, such as those described
in Remington’s Pharmaceutical Sciences, Mack Publishing Company, Easton, PA.
Formulation of the compound to be admintstered will vary according to the route of
administration selected (e.g., solution, emulsion, capsule). Suitable pharmaceutical
carriers for parenteral administration include, for example, sterile water, physiological
saline, bacteriostatic saline (saline containing about 0.9% mg/ml benzyl alcohol),
phosphate-buffered saline, Hank's solution, Ringer's-lactate and the like. Methods for
encapsulating compositions (such as in a coating of hard gelatin or cyclodextrins) are
known in the art (Baker, et al., "Controlled Release of Biological Active Agents", John
Wiley and Sons, 1986).

Another embodiment of the present invention is a method of treating a subject with

a cancer. Optionally, the method of the invention can be used for a multi-drug resistant
cancer as described below. The method comprises the step of administering an effective
amount of a bis(thio-hydrazide amide) disalt described herein. Preferably, one or more

additional anti-cancer drugs are co-administered with the bis(thio-hydrazide amide) disalt.
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adm nistration selected (e.g., solution, emulsion, capsule). Suitable

phar maceWwo eals/oowaori ers for parenteral adm nistration Potlusd®s/otor2 exanpl e,
sterile water, physiological saline, bacteriostatic saline (saline
cont ai ni ng about 0.9% ng/ M benzyl al cohol), phosphate-buffered saline,
Hank's solution, Ringer's-lactate and the |ike. Methods for encapsul ating

conposi ti ops ch-as. in a coating of.h | aLi odext ri r e
cnown | n ¢ HRES CeRidhed SRR bRRelipPBbol” Ak oF i AHERIPTJad U
Agents", JeBer dif eyardtenSMASstati Q86 micAnTeY, sedtadiie ot aninaddeofraesient

invention is a method of treating a subject with a cancer. Optionally, the
net hod of the ifiventiedh icamayealsergierably a hpmapi bud spgyalse b g8 apnal gupgedrofas

described pel ow. The nethod conprises.t st ep.of e [ ctive
amount of SETEY Reamiph s SRR S (b ol e RE el B e BT
one or norg. g kst EiRp] piafltHorsea BE thelfiltk) Snd £ oeRoB/HHiAlS { €5 Sfhtd)MntiBe,t he

bi s(thi o- hydgr azi de am d%' disalt. 14 2006/ 009940 PCT/ US2005/ 027642

Exanpl es ofuin¢anigsandéle lkalgs are described bel ow. Preferably, the

co-adm ni stered,antj- cancer dr iS an ent that stabjlizes m.ctotubules,
such as taxol ofs ARG obf Sridatrenhot BEE et gt i et i beory o
human, but sybpdttsal B9 a REnGp. ‘ElbATR d AbRECHIRE cal@reHcNaky adHi@add, Fi@ﬁially%-rg- :
conpanion animals (e.g., dogs, cats, and the like), farmanimals (e.qg.,

cows, sheepibsientaly, hoe semorapithe falldwikg)arzgatng tis@rawibroy spishdral cqueey. | rat s,

m ce, guinea.pigs, an he 1ike), not ed above, one enbodi ment ,of the
bt ecent 1 ripane b e < L Banrer -6 3pTiRG S B0 P Be AEEREHAER% of 0at i ng
a subj ect yrdbedaite @ Ribitin P elUdEwtIRaY T dfceaid Adélioratg orSPedvaRd hal |y,
one or nore of the follow Rg: arresting the growth or spread of a cancer,
reduci ng t¢lmient syemptonf omindaatwe assoelatpd, wittea ozioey (ssthk es ofsuaot sembn or r educi ng
the nunber of affected sites), inhibiting the growh rate of a cancer, and
amel i or at i PRSI proving a clinical synptomor indicator associated with a

cancer (such ascii@alBaOlandR HRRUPRIRH oy thEARARIS of MRthr&aRt iRPerdifonat ed or
prevented by the nethods of the present invéntion includé, but are not

| i mted toinbiderbus arecortasnitaddo hamen nanasas endycareihdinpg say. cidmesarcomya osar conm,
| i posar coma, chondrosar cona, ogtlgcg eni ¢ _sarcomm, chordo angi osar conma,
j Sk

endot hel i S TBHR™S VREHATGH FCQWHQH%?%%WW%EB@%W&DW,

angiosarcoma, endotheliosarcoma, lymphangiosarcoma, lymphangioendotheliosarcoma,
synovioma, mesothelioma, Ewing's tumor, leiomyosarcoma, rhabdomyosarcoma, colon
carcinoma, pancreatic cancer, breast cancer, ovarian cancer, prostate cancer, squamous cell
carcinoma, basal cell carcinoma, adenocarcinoma, sweat gland carcinoma, sebaceous
gland carcinoma, papillary carcinoma, papillary adenocarcinomas, cystadenocarcinoma,
medullary carcinoma, bronchogenic carcinoma, renal cell carcinoma, hepatoma, bile duct
carcinoma, choriocarcinoma, seminoma, embryonal carcinoma, Wilms' tumor, cervical
cancer, testicular tumor, lung carcinoma, small cell lung carcinoma, bladder carcinoma,
epithelial carcinoma, glioma, astrocytoma, medulloblastoma, craniopharyngioma,
ependymoma, pinealoma, hemangioblastoma, acoustic neuroma, oligodendroglioma,
meningioma, melanoma, neuroblastoma, retinoblastoma; leukemias, e.g., acute
lymphocytic leukemia and acute myelocytic leukemia (myeloblastic, promyelocytic,
myelomonocytic, monocytic and erythroleukemia); chronic leukemia (chronic myelocytic
(granulocytic) leukemia and chronic lymphocytic leukemia); and polycythemia vera,
lymphoma (Hodgkin's disease and non-Hodgkin's disease), multiple myeloma,

Waldenstrobm's macroglobulinemia, and heavy chain disease.



synovi oma, nesothelioma, Ewing 's tunor, |eionyosarconma, rhabdonyosarconsg,

colon ¢ i ncreati c cancer, breast cancer, ovarj _ cer rostate
ML ROER SR Gr teshm,

cancer, squanous cell carcinom, basal cell carcinonm,

sweat gl and carci noma, sebaceous gland carcinonma, papillary carcinons,
papi | | ary adenocarci nomas, cystadenocarci noma, mnedullary carcinons,
bronchogeni c carci noma, renal cell carcinoma, hepatona, bile duct

carci noma, chorQdenevimplanof leelrimiosmclusiemcyisriall/ o ghwonisdaekenvigs, 9s2., t unor ,

AT T T T T T
medul | obl aghPRBeyter 8RR U NFnBAB lastRASNENTRTR.ce P 1dhR 8 ARPe. ., T-cell

hemangi obl astond, acoustic neuroma, oligodendrogliom, neni ngi oma,
mel anoma, leetanubl(@agt esrexempmifieddtyl thet@ihd, Jinkatk end HSB-2(agute).alhf el (Murmphocyt i ¢

| eukem a and .acut el ocytic | eukem | bl ast i r ocyti.c,

nyel omnpcﬁ?ﬂilgea'r&ﬂ%?’hlf’% Haw’rﬁng?%&%ﬁ%ogﬁsgﬁh%ﬁ?& %g%/fﬁ]le]ﬁ]i?%er’elém'%'ni c
myel ocyti Gs hemBRHEPEY BB (Rutes BLiRAd 48Rt IR RENh R, hvdesma) ; and
pol ycythem a vera, [|yrnphoma (Hodgkin''s di sease and non- Hodgki n" s di sease),
mul ti pl e nyetenmas, e.3A8B drd $tceb henkemmandBlant 1 iynpioayticdadkensaymyeloal n

di sease. 15 WD .2006/ 009940 PCT/ US2Q05/ 021642 her exanpl es of. |.eukem as
Mot ude. adBHEIAG k- ERRUPRYECI RRERY ATBLIOQVC R G o Br AT ROIES A €. g
as exenpl it ¢ { i ) an i cytic
| eukem a, }?ﬁ?@h @%pr%}%?%?gﬁ F%%Lgﬁ% g%@gglé?%q%%laé&lg?ngiégﬁe. g. ?ﬂh_l_ﬁ_e'géﬂliﬁﬂé)

| eukem a (562 (chrasicielink); meedlofiyili¢ lak&hM; edsindgatilic Enklerhi8Br@n@aut e) ,

YAC- 1(nuri.n cell lines),. T-lynphoeytjc |eukem a, and T-| hqbl astic

! ukont a. IBHEBHE 7.6y RETERNOCH DY L itk LG 1 T T HACBBM Y ABa By reh
line), an o _rgﬁg}pﬁ i i I{Hnﬁ‘sﬁﬁp i lduRbEKEM . nd T cell
| eukem a g\rI]%gEHa d T%@%&%ﬁ%ﬁa}c deukem al?d% 1%Iléoi d ?a{.“e(g%g%&a%p l%.&gﬁ,

gr anul ocytlewkenaakaridascrivge iroChiapter $tealkBra GhdrentferapasSowxelmulk Mieiheb(. t he

xenpl |11 SPBYE 0TS ALkt 1880) ¥ Haon Abof Fand F el GG aicne
I & e ArCfleer) ai . ekt dcicne
R e R Al e R

| eukem a; refeteneendrgipdvosyrtiied hesuk Byrrefere@tdier exanpl es of | eukem as are

described in Chapter 60 of The Chenot herapy .Sourcebook, M.chael C.  Perry
Ed., WIlians &DAPEIcIRedinensdbs displeseseraethion I%Belkﬁ"e&l& peprgti qﬁliy @:&ﬁ@w n

Medi Ci N€  (reating a subject with non-solid tumors such as multiple myeloma. In another
embodiment, the disclosed method is believed to be particularly effective against T-
leukemia (e.g., as exemplified by Jurkat and CEM cell lines); B-leukemia (e.g., as
exemplified by the SB cell line); promyelocytes (e.g., as exemplified by the HL-60 cell
line); uterine sarcoma (e.g., as exemplified by the MES-SA cell line); monocytic leukemia,
(e.g., as exemplified by the THP-1(acute) cell line); and lymphoma (e.g., as exemplified
by the U937 cell line); most preferably, this embodiment of the method employs the
disodium salt of Compound (1).

The disclosed method is particularly effective at treating subjects whose cancer has
become “multi-drug resistant”. A cancer which initially responded to an anti-cancer drug
becomes resistant to the anti-cancer drug when the anti-cancer drug is no longer effective
in treating the subject with the cancer. For example, many tumors will initially respond to
treatment with an anti-cancer drug by decreasing in size or even going into remission, only
to develop resistance to the drug. Drug resistant tumors are characterized by a resumption
of their growth and/or reappearance after having seemingly gone into remission, despite

the administration of increased dosages of the anti-cancer drug. Cancers that have
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5th Ed., Bast et al. Eds., B.C. Decker Inc. (2000). The entire teachings of

t he precestongoc/nefs@r ences are incorporated herein by refprengss/dRe0ne
enbodi ment, the disclosed nmethod is believed to be particularly effective in
treating a subject with non-solid tunors such as nmultiple nmyeloma. In

anot her enbodi nent, the disclosed nmethod is believed to be particularly

effective ajnst T- leukema (e.qg.,..as _exenplified Jur kat agd_ M.cel |
i nes) - B- TOaIeRR e 1 e o R TRnte g e e St dpy il ey AR et
pronyel ocytQSxb@ph, it 18801R¥RAEbI dahds RYbdcBfhelTesiB@ntCi8lthree bi A@)6 arlii-€drcBe
sarcoma (e.g., as exenplified by the MES-SA cell line); nonocytic | eukem a(

(e.g., as agestspditén Bre tymoteeantidRntyr agente pnd el fimkes ise or menwlanti ppisenagenes. g. , as
exenplified by,the., U937 cell ,l.ine); most preferabl this enbodi nent, of the
method enpl oys’ hecEftabARtITG of EueBmssanaroEss e SeRced JBtHba | s
par ti cul arbyc&hé RGchiGediyhbh BRIRRMPIsSATNMROSLLGAMGRE VAR 2 cREGONR
"multi-drug resistant”. A cancer which initially responded to an anti-cancer

drug becoftescliesl dinaat ottoombéinahides ¢ raduetiomimutymaen arass, haedustionemncer drug i s

no |l onger effective .in.treating the bject with the cancer. For exanpl e,
nmany tgmr@ewtla?lls’;/arﬁeg{l%qny}n%?Lsﬁg?mytoé%ﬂjeterérﬁ%tﬂl\gﬁtaswltawdé’ﬁ&aﬁﬁcﬂ‘?ﬁéﬁ / O’irer ug by

decr easi NGy Mc2h&Linhe RYESL G0 MTe bt ESAbASH Mth @B L¥sentOotigY &l dneSitet ance
to the drug. Drug resistant tunors are characterized by a resunption of

t hei r gr owrkcismathountrod apmpanmhakmiafsteeed toavsubjecs seliideggng ogdnetypatiodr em ssi on,

despite the adm_njstration of increased dosages of e anti-cancer drug.
Cancers t hVeREnAE ti%él\?@SQthlwdlﬂ(@fg?J%B%ﬁG?% P% Hle(fg&@% %esi st ance

to two or r i1 - - j "l i i ", For
A S
ant i - cancedegrexgsdviesity aifd §pe 6f smicar Therskilkdtart anci@irbeapent sletendirgt ti mes ten
or nore anti-cancer agents. An "effective anpunt” is the quantity of
conmpound | #PPRHITEE dosBEFRedPendipg ef et and other tastess. | BITerEWE apHniRE g he

conpound ?éis{’} HRbTS ic%lf%jﬁgﬁéw}%ﬁ Qb@utclarﬂg@&nz ;‘f?ér cfé?%ﬂ&ﬁﬁc?dt% clini cal
out cone” I ncludes a‘reduction 1n Aunodr nmass, a r uction tn netastaslis, a
reducti on grambmenSpstatay! sndoirefehdl Byepeant0 aggmei’atee dawirtdrbohes geamednmand/ or

an increasg in the | ongevity of the subject conpared with the absence of the
t r eat ment . Whee copfmamsiared ypiihanogier apisanssd agemt # <tselve amounts ghfhesecand |

gﬁgfgg . gpi z[sl{ﬁ?%ag%égfag?ﬂgwgﬁ%\{)g@ by gh%]::txﬁ%gf HL3RSE SitabRWHsEI QR ARk he
approved anti-cancer agents ar’ld can be adjusted by the skilled artisan according to the
condition of the subject, the type of cancer being treated and the amount of bis(thio-
hydrazide amide) disalt being used.

The disclosed bis(thio-hydrazide amide) disalts are administered by any suitable
route, including, for example, orally in capsules, suspensions or tablets or by parenteral
administration. Parenteral administration can include, for example, systemic
administration, such as by intramuscular, intravenous, subcutaneous, or intraperitoneal
injection. The bis(thio-hydrazide amide) disalts can also be administered orally (e.g.,
dietary), topically, by inhalation (e.g., intrabronchial, intranasal, oral inhalation or
intranasal drops), or rectally, depending on the type of cancer to be treated. Oral and
parenteral administrations are preferred modes of administration.

Optionally, the disclosed bis(thio-hydrazide amide) disalts can be co-administered
with other anti-cancer agents such as Adriamycin, Dactinomycin, Bleomycin, Vinblastine,
Cisplatin, acivicin; aclarubicin; acodazole hydrochloride; acronine; adozelesin;

aldesleukin; altretamine; ambomycin; ametantrone acetate; aminoglutethimide; amsacrine;

anastrozole; anthramycin; asparaginase; asperlin; azacitidine; azetepa; azotomycin,
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general health, age, sex, body weight and tolerance to dr ugs It will also
depend ony/ /g@,ggpe severity and type of cancer. The skilled artisan will
be able to ternl I'ne appropriate dosages dependi ng on Fﬂyyéz‘ﬁ’ﬁﬁzﬁt"ner
factors. Effective amounts of the disclosed conmpounds typically range

bet ween about 1 ng/rmm2 per day and about 10 grans/m2 per day, and
preferably between 10 ng/ m2 per day and about 5 grans/m2. Wen

co- adm ni Stagineitat hdnzatapahbipalamniide:;éoﬂﬂaatremgbydroclémdeebfsamﬁda/@inwﬁblam " of the

second anti-canc ent epend 0 sed. Suitable
dosages aB% elF‘HP CIBﬁB\\QA%W’etHC%W?l s¢ H’E‘ér r%@\éﬁf‘% a"Hﬁﬂt‘l’gn Y68 ed by
the skill t type of
bef“:%g@ﬁ@?%aﬁ%@ﬂ R R A L S M

bei ng usedarzZBiesiicedéfomett dhisgmbidk kirdleanicite chdiitie; cisnatol meayleteadm ni st ered

by any suita r out incluyding, for exanple, orall capsul
suspensi or?é’cgﬂ’%f’%%ag’é €; SYARRPING Aarareazape; déﬂ?‘ﬁrﬁli’lﬁ}cnrlﬁfd?q\;ﬁio E?ﬁl@ e

adm ni strafdg %gj!@m 0 a%&ecﬁhﬁ R RO Box HtGBinas by
i nt rarrusc:ﬁek Hn&@?trn%i\r}%% nfe egg anegﬁnslescygr intr perl toneat‘lﬁ ' ) I’l?xectl og The
bi s(thi o- hwdr@inl@t&leadrcd@)ifmhbsdxbtomfeamcmia&o dhﬂncaadzmoﬁmstpemmmme ;addayorpigein;. |
dietary), to ically .inhal ation intra nchial, intranasa é or al

i nhal at i orfd8 exqtﬁtq@ﬁ@ ipe Jewdaagialoméﬁ» elsé@etawy W PRRIOBIIE RBIPFGRIENG

cancer to gﬂ{& tp‘ﬁﬁ“ d
nodes of aegﬁuhl{ ??flgcg%l%ﬁ %?%Irll% %Q&ﬁéﬁcfl oé}&elglﬁ% % Saillfﬁ1]ydr g@fnglgﬁ%m de)
di sal ts cahobshaios@timnétatidamde; e%ptobldei d&’tepom&phasphmterethgmat fadsarole as

Adri amycin, Dactinonycin, Bl eonycin, \f nbl ast i ne, aci vicin;

acl ar ubi citydroshirrides @WW@@W@WQF@ OéE‘F@HFﬂ@‘daé%%’e‘P@ﬁ te ToeEpdliki n:
al tretam ngy, 8@%%?159’ ?éf&@l(ﬁﬂ?%%@&ﬂ%&’ﬁﬁf %tel‘?rcni\ﬂh O&H&Q&Hé g}/ﬂ%chlﬁﬁﬁé‘c” ne;
anastrozol e, antirr T aspar agi nase; “asperl i n;° azaci t

azot onyci myddoky\i€2a? (GIKIOE I Br &Q&lﬂ@&@&ﬁé&ﬁkﬁﬂ&of&&ieﬁ rmatamcm mﬁznﬂe@a
bi cal ut am de; bi santrene hydrochl ori de; bisnafide di nesyl at e; bizel esin;

bl eonyci n regfimAbinant lmeélquipﬁ ; OF d&#h@teﬁp@@. alfard 3 antereren pHanb; BdersrapANE n:
cal ust erong;. .GarAcEN de; . Clﬁ{e%} %%Ea Ig%é%gq‘é{o% %#ﬂmgﬁ%n?%ﬂl?tgnﬁyug%@&a%' n

hydrochlorlde carzelesi’n; flngo

cl adri bi ney dfddhmaieotaxf@ﬁmb a&aate l@MSicﬂ@h@%ﬁ Hae getate)iaedzal Redrogdaeaddyazi ne;
daunorub|0|n hydrochlorlde deci t abi ne; exor map | atin; dezaguani ne;

dezaguani A@nﬁﬁgmlép@una|1muﬁm@d@somm@n®byirpphloaéseawap@pﬂl maytansine;
mechlorethamine hydrochloride; megestrol acetate; melengestrol acetate; melphalan,

menogaril; mercaptopurine; methotrexate; methotrexate sodium; metoprine; meturedepa,
mitindomide; mitocarcin; mitocromin; mitogillin; mitomalcin; mitomycin; mitosper;
mitotane; mitoxantrone hydrochloride; mycophenolic acid; nocodazole; nogalamycin;
ormaplatin; oxisuran; pegaspargase; peliomycin; pentamustine; peplomycin sulfate;
perfosfamide; pipobroman; piposulfan; piroxantrone hydrochloride; plicamycin;
plomestane; porfimer sodium; porfiromycin; prednimustine; procarbazine hydrochloride;
puromycin; puromycin hydrochloride; pyrazofurin; riboprine; rogletimide; safingol;
safingol hydrochloride; semustine; simtrazene; sparfosate sodium; sparsomycin;
spirogermanium hydrochloride; spiromustine; spiroplatin; streptonigrin; streptozocin;
sulofenur; talisomycin; tecogalan sodium; tegafur; teloxantrone hydrochloride;
temoporfin; teniposide; teroxirone; testolactone; thiamiprine; thioguanine; thiotepa;
tiazofurin; tirapazamine; toremifene citrate; trestolone acetate; triciribine phosphate;
trimetrexate; trimetrexate glucuronate; triptorelin; tubulozole hydrochloride; uracil
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nafarelin; nagrestip; naloxone+pentazocine; napavin; naphterpin; nartograstim; nedaplatin;

nemorubicin; neridronic acid; neutral endopeptidase; nilutamide; nisamycin; nitric oxide
modulators; nitroxide antioxidant; nitrullyn; O6-benzylguanine; octreotide; okicenone,
oligonucleotides; onapristone; ondansetron; ondansetron; oracin; oral cytokine inducer;
ormaplatin; osaterone; oxaliplatin; oxaunomycin; palauamine; palmitoylrhizoxin;
pamidronic acid; panaxytriol; panomifene; parabactin; pazelliptine; pegaspargase;
peldesine; pentosan polysulfate sodium; pentostatin; pentrozole; perflubron; perfosfamide;
perillyl alcohol; phenazinomycin; phenylacetate; phosphatase inhibitors; picibanil,
pilocarpine hydrochloride; pirarubicin; piritrexim; placetin A; placetin B; plasminogen
activator inhibitor; platinum complex; platinum compounds; platinum-triamine complex;
porfimer sodium; porfiromycin; prednisone; propyl bis-acridone; prostaglandin J2;
proteasome inhibitors; protein A-based immune modulator; protein kinase C inhibitor;
protein kinase C inhibitors, microalgal; protein tyrosine phosphatase inhibitors; purine

nucleoside phosphorylase inhibitors; purpurins; pyrazoloacridine; pyridoxylated
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5-fluorouracil and leucovorin.

Examples of therapeutic antibodies that can be used include but are not limited to
HERCEPTIN® (Trastuzumab) (Genentech, CA) which is a humanized anti-HER2
monoclonal antibody for the treatment of patients with metastatic breast cancer;
REOPRO® (abciximab) (Centocor) which is an anti-glycoprotein ITb/IIla receptor on the
platelets for the prevention of clot formation; ZENAPAX® (daclizumab) (Roche
Pharmaceuticals, Switzerland) which is an immunosuppressive, humanized antj-CD25
monoclonal antibody for the prevention of acute renal allograft rejection; PANOREX™
which 1s a murine anti-17-IA cell surface antigen IgG2a antibody -(Glaxo

Wellcome/Centocor); BEC2 which is a murine anti-idiotype (GD3 epitope) IgG antibody
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Pharm/SmithKline Beecham); MDX-CD4 is a human anti-CD4 IgG antibody
(Medarex/Eisai/Genmab); CD20-sreptdavidin (+biotin-yttrium 90; NeoRx); CDP571 is a
humanized anti-TNF-a IgG4 antibody (Celltech); LDP-02 is a humanized anti-o4(7
antibody (LeukoSite/Genentech); OrthoClone OKT4A is a humanized anti-CD4 IgG
antibody (Ortho Biotech); ANTOVA™ is a humanized anti-CD40L IgG antibody
(Biogen); ANTEGRENT™M is a humanized anti-VLA-4 IgG antibody (Elan); and CAT-152
is a human anti-TGF-3, antibody (Cambridge Ab Tech).
Chemotherapeutic agents that can be used in the methods and compositions of the
invention include but are not limited to alkylating agents, antimetabolites, natural products,
or hormones. Examples of alkylating agents useful for the treatment or prevention of T-
cell malignancies in the methods and compositions of the invention include but are not
limited to, nitrogen mustards (e.g., mechloroethamine, cyclophosphamide, chlorambucil,
etc.), alkyl sulfonates (e.g., busulfan), nitrosoureas (e.g., carmustine, lomusitne, etc.), or
triazenes (decarbazine, ezc.). Examples of antimetabolites useful for the treatment or
prevention of T-cell malignancies in the methods and compositions of the invention

include but are not limited to folic acid analog (e.g., methotrexate), or pyrimidine analogs
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(e.g., vinblastin, vincristine), epipodophyllotoxins (e.g., etoposide, teniposide), antibiotics
(e.g., actinomycin D, daunorubicin, doxorubicin, bleomycin, plicamycin, mitomycin),
enzymes (e.g., L-asparaginase), or biological response modifiers (e.g., interferon alpha).
Examples of hormones and antagonists useful for the treatment or prevention of cancer in
the methods and compositions of the invention include but are not limited to
adrenocorticosteroids (e.g., prednisone), progestins (e.g., hydroxyprogesterone caproate,
megestrol acetate, medroxyprogesterone acetate), estrogens (e.g., diethlystilbestrol, ethinyl
estradiol), antiestrogen (e.g., tamoxifen), androgens (e.g., testosterone propionate,
fluoxymesterone), antiandrogen (e.g., flutamide), gonadotropin releasing hormone analog
(e.g., leuprolide). Other agents that can be used in the methods and with the compositions
of the invention for the treatment or prevention of cancer include platinum coordination
complexes (e.g., cisplatin, carboblatin), anthracenedione (e.g., mitoxantrone), substituted
urea (e.g., hydroxyurea), methyl hydrazine derivative (e.g., procarbazine), adrenocortical
suppressant (e.g., mitotane, aminoglutethimide).

The bis(thio-hydrazide amide) disalts disclosed herein are believed to be

particularly effective when co-administered with anti-cancer agents which act by arresting
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pyri m di ne anal ogs (e.g., fluorouracil fl'oxouri di'né, Cytarabine), purine

anal ogs ( es BesoxyeratlEpineguariddEpaii g llaeroeenthitme), o%mmtatn) PE (Emhmvesasof
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vinca al kad pgds77) ests578\(PRNARIA Biso ¥h&\wh bSLEEY.PYepERAdORhNAtataX ks (e. .,
et oposi de, teniposide), antibiotics
4559 (Pharmacia), RPR-112378 (Aventis), Vincristine sulfate, DZ-3358 (Daiichi), FR-
182877 (Fujisawa, also known as WS-9885B), GS-164 (Takeda), GS-198 (Takeda), KAR-
2 (Hungarian Academy of Sciences), BSF-223651 (BASF, also known as ILX-651 and
LU-223651), SAH-49960 (Lilly/Novartis), SDZ-268970 (Lilly/Novartis), AM-97
(Armad/Kyowa Hakko), AM-132 (Armad), AM-138 (Armad/Kyowa Hakko), IDN-5005
(Indena), Cryptophycin 52 (also known as LY-355703), AC-7739 (Ajinomoto, also known
as AVE-8063A and CS-39.HCI), AC-7700 (Ajinomoto, also known as AVE-8062, AVE-
8062A, CS-39-L-Ser.HCl, and RPR-258062A), Vitilevuamide, Tubulysin A, Canadensol,
Centaureidin (also known as NSC-106969), T-138067 (Tularik, also known as T-67, TL-
138067 and TI-138067), COBRA-1 (Parker Hughes Institute, also known as DDE-261 and
WHI-261), H10 (Kansas State University), H16 (Kansas State University), Oncocidin A1l
(also known as BT0-956 and DIME), DDE-313 (Parker Hughes Institute), Fijianolide B,
Laulmalide, SPA-2 (Parker Hughes Institute), SPA-1 (Parker Hughes Institute, also
known as SPIKET-P), 3-TAABU (Cytoskeleton/Mt. Sinai School of Medicine, also known

as MF-569), Narcosine (also known as NSC-5366), Nascapine, D-24851 (Asta Medica),
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such as KF25706 and KF58333.
Taxol, also referred to as “Paclitaxel”, is a well-known anti-cancer drug which acts
by enhancing and stabilizing microtubule formation. The structure of Taxol is shown in
Figure 1. Many analogs of taxol are known, including taxotere, the structure of which is
shown in Figure 2. Taxotere is also referred to as “Docetaxol”. The structures of other
taxol analogs are shown in Figures 3-23. These compounds have the basic taxane skeleton
as a common structure feature and have also been shown to have the ability to arrest cells
in the G2-M phases due to stabilization of microtubules. Thus, it is apparent from Figures
3-23 that a wide variety of substituents can decorate the taxane skeleton without adversely
affecting biological activity. It is also apparent that zero, one or both of the cyclohexane

rings of a taxol analog can have a double bond at the indicated positions. For clarity

purposes, the basic taxane skeleton is shown below in Structural Formula (VI):
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commonly found at the site. These and other substitutions on the taxane skeleton can be

made without losing the ability to enhance and stabilize microtubule formation. Thus, the
term “taxol analog” is defined herein to mean a compound which has the basic taxol
skeleton and which promotes microtubule formation. Taxol analogs may be formulated as
a nanoparticle colloidal composition to improve the infusion time and to eliminate the
need to deliver the drug with Cremophor which causes hypersensitivity reactions in some
patients. An example of a taxol analog formulated as a nanoparticle colloidal composition
1s ABI-007 which is a nanoparticle colloidal composition of protein-stabilized paclitaxel
that is reconstituted in saline.

Typically, the taxol analogs used herein are represented by Structural Formula
(VII) or (VIII):
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43411 (Zentaris, also known as D-81862), A-289099 (Abbott), A-318315
(Abbot t )woH#ber00286 (al so I nl owmn as SPA-110, tri fl uoro moetQbe/eadit )
(Weth), D 82317 (Zentaris), D823 18 (Zentaris), SC 12983 (NCl),
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wi t hout adversely affecting biological activity. It is also apparent that
zero, one or both of the cycl ohexane rings of a t(%ﬂl anal og can have a
doubl e bond at the indicated positions. For clarity ~“purposes, the basic

t axane skeleton is shown below in Structural Formula (VI): 25 WD 2006/ 009940
PCT/ US2005/021642 0000 "." O HNONO O (Vl). Double bonds have been
omtted fromthe cyclohexane rings in the tgxaneoskel eton represent ed by
Structural Formula (VI). The basic taxane skel etpn ga ¥nclude zero or one

, CNF-1010, purine-based

‘\\\\\Rzo

(VIII).
R is a lower alkyl group, a substituted lower alkyl group, a phenyl group, a

substituted phenyl group, -SR9, -NHR 9 or ~-OR 9.

Ry, 1s a lower alkyl group, a substituted lower alkyl group, an aryl group ora
substituted aryl group.

Ryy is -H, -OH, lower alkyl, substituted lower alkyl, lower alkoxy, substituted
lower alkoxy, -O-C(O)-(lower alkyl), -O-C(O)-(substituted lower alkyl), -O-CH;-O-(lower
alkyl) -S-CH,-O-(lower alkyl).

Ry3 is -H, -CH3, or, taken together with R4, -CH;-.

Riq 1s -H, -OH, lower alkoxy, -O-C(O)-(lower alkyl), substituted lower alkoxy, -O-
C(O)-(substituted lower alkyl), -O-CH,-O-P(O)(OH),, -O-CH,-O-(lower alkyl), -O-CH,-
S-(lower alkyl) or, taken together with Ry, a double bond.



doubl e bond in one or both cycl ohexane rings, as indicated in Figures 3-23

and St r ugbWhadooes@r mulas (VI1) and (VI11) bel ow. A nunbgtreéid@ne,have al so
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t hat hydroxyl, _acyl, al koxy or another _oxygen- beari ng{ substituent is
comonl y foundRatth Hevesiapy, loprrs adovhriubitmed lavsralil dlkSnamalt he t axane

om , i _ e he t axant
o or ot ubU R B o R AR e AR, P e herei n 1o

nean a coM@)NM{bwhr d1Rfl) bheOOAS)-NH(awvetitutedKewet glayland whi ch pronot es
m crotubul e formati on. Taxol anal ogs nay be fornulated as a nanoparticle

col ljoi dalj f:prrp%siiﬂ]éﬁwl@mq_bﬁﬁ@@@@é}r’]]i- nfusion time and to elininate the
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reactions in sofe at'l én examp ax

nanopart i(ﬁv%r%@dx%rﬂ@thymﬂm%ﬂduqmthibﬁw&@l.- 007 which is a nanoparticle
col | oi dal conposition of protein-stabilized paclitaxel that is

reconsti t ut ed Rn -EatGHeor, ksh tegather wiheR 7 ané theanazhangpions edwhich &inangk Ris

o S TG ] SRy b R0 0001000940

OR21 Ria Rs  OR{;4 4 Jower Rlid/1 @rddb4a sibkBituted lower alkyl group, a phenyl group, a
substituted phenyl group.

Ryo1s -H or a halogen.

Rj; 1s -H, lower alkyl, substituted lower alkyl, lower acyl or substituted lower acyl.

Preferably, the variables in Structural Formulas (VII) and (VIII) are defined as
follows: Ry is phenyl, tert-butoxy, -S-CH,-CH-(CHs),, -S-CH(CH3s)s, -S-(CH;)3CHs,
-O-CH(CHs3)3, -NH-CH(CHs;)3, -CH=C(CH3); or para-chlorophenyl; Ry is phenyl,
(CH3),CHCH;-, -2-furanyl, cyclopropyl or para-toluyl; Ria 1s -H, -OH, CH3CO- or
-(CHa,)>-N-morpholino; R, is methyl, or, Rj3 and R4, taken together, are -CHj-;

Ry41s -H, -CH,SCHj or -CH,-O-P(O)(OH),; Rys is CH3CO-;

Ris is phenyl; Ry7 -H, or, Ry7 and Rys, taken together, are -O-CO-O-;

Rig is -H; Ryp is -H or -F; and Ry; is -H, -C(O)-CHBr-(CH,),3-CH; or
-C(0)-(CHz)14-CHs; -C(O)-CH,-CH(OH)-COOH,
-C(0)-CH;-0-C(0)-CH,CH(NH,)-CONH,, -C(0)-CH,-O--CH,CH,OCH3; or
-C(0)-0O-C(0)-CH,CH3.

A taxol analog can also be bonded to or be pendent from a pharmaceutically
acceptable polymer, such as a polyacrylamide. One example of a polymer of this type is
shown in Figure 24. The term “taxol analog”, as it is used herein, includes such polymers.

The bis(thio-hydrazide amide) disalts disclosed herein can be prepared by a method
of the invention. The method of preparing the disclosed bis(thio-hydrazide amide) disalts
includes the steps of combining a neutral bis(thio-hydrazide amide), an organic solvent
and a base to form a bis(thio-hydrazide amide) solution; and combining the solution and an
organic antisolvent, thereby precipitating a disalt of the bis(thio-hydrazide amide) (e.g.,
compounds represented by Structural Formulas (I)-(V)). The neutral forms of the

disclosed bis(thio-hydrazide amide) disalts can be prepared according to methods
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diphenylamine, butylamine, or the like); an ammonium hydroxide (e.g.,
tetramethyammonium hydroxide, tetrabutylammonium hydroxide, or the like); an alkali
metal hydroxide (lithium hydroxide, sodium hydroxide, potassium hydroxide, or the like)
an alkali metal C1-C6 alkoxide, or an alkali metal amide (e.g., sodium amide, lithium
diisopropyl amide, or the like). In some embodiments, the base is sodium hydroxide,
potassium hydroxide, sodium C1-C6 alkoxide, potassium C1-C6 alkoxide, sodium amide,
or potassium amide, or preferably, sodium hydroxide, sodium methoxide, or sodium
ethoxide.

In various embodiments, the base can be an alkali metal hydride (e.g., sodium
hydride, potassium hydride, or the like), a divalent metal base (e.g., magnesium oxide) a
C1-C6 alkyl alkali metal (e.g., butyllithium), or an aryl alkali metal (e.g., phenyllithium).
More typically, the base is lithium hydride, sodium hydride, potassium hydride,
butyllithium, butylsodium, butylpotassium, phenyllithium, phenylsodium, or
phenylpotassium.

As used herein, an alkali metal includes lithium, sodium, potassium, cesium and
rubidium.

The organic solvent can be any organic solvent which is stable when the base is
added to a mixture of the bis(thio-hydrazide amide) and the organic solvent. Typically, the
organic solvent is polar enough to dissolve the bis(thio-hydrazide amide) salt formed by
the method to form a solution. In various embodiments, the organic solvent is
water-miscible. The organic solvent can generally be selected from a C1-C4 aliphatic
alcohol (e.g., methanol, ethanol, 1-propanol, 2-propanol, or the like), a C1-C4 aliphatic
ketone (e.g., acetone, methyl ethyl ketone, 2-butanone, or the like), a C2-C4 aliphatic ether

(e.g., diethyl ether, dipropyl ether, diisopropyl ether, or the like), a C2-C4 cycloaliphatic
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substituted phenyl group. R20 is -H or a halogen. R21 is -H, |ower alkyl,
substituted | ower alkyl, |ower acyl or substituted |ower ac Pr ef erably
t he vari‘ggh 2900703948 ¢ et ural Formulas (VI1) and (M 11) a‘F%T/Hé"?W&i""és
follows: Rio is phenyl, tert-butoxy, -S CH2-CH (CH3)2, -S-CH(CH3) 3,
-S-(CH2)3CH3, -OCH(CH3)3, -NHCH(CH3)3, -CH=C(CH3)2 orpa a-chl orophenyl;
Rif is phenyl, (CH3)2CHCH2-, -2-furanyl, cyclopropyl orpara-toluyl; R12 is

-H -OH, &h@@@v étrahytifdidad: AfoRBHPBOhE MR Ma | Bkl de, @nettf3l BuldnddR14,
t aken toget her, area-yﬁ - R4 |sep- H, - G) lgr - CHz- 8 P(Oe) 0—32 RI5 is

CH3CO ; RﬂanctbylmWWMm@?lmlyw (og., emrpngg]drcﬂ, Qropyéﬂ@rglngéé@methjép@e
2 Coc(oo)glé’ﬁﬁlrz 1ltﬁ E{:@ aﬂ%klg . or F an Ilycol dl’methc}gl%}hera_o'?rthe %)' 3-CH3

or

- Q[ O) - CH2afg dobdhitfhd2 b NH) rcﬁg\"d?e ow%@;ol% oh HEHREHR OB fkthanol,
-C0(0)-0C(O-CH2CH3. A taxol analog-can al so be bonded to or be pendent from

a phar rrac@h@notairmamh(ﬂ:@pi@mmnploﬂymmapoléuwatad (agpdk%@@ltezmbdé'l One

Craml ¢ Oh P8 (L2 LUK S BT 50, Tl B o
bi s(thi o- &%&h@%bl@&t%ﬁh@@sel@bt%@'fﬂoﬁx ﬁ%ﬁ%d?sé%ﬁaﬂ?ﬁr@de%rﬁ%d%etﬂ&l%ﬂ?l%t&)é a

nmet hod of "the invention. The nethod preparing the disclos
bi s(t hi o- hydr a&s ded’l‘ﬂ‘dB) thdD@hicsantlscui&ﬂmahessctlhentsthﬁprshemfaddodmnm sgjuiomeut r al

bi s(t hi o- hyd |de ani.c t an se to form
1 SCE i o FAIREEY Sem B eafs e e e s ABE A ae TRE (e aaris AR an
or gani ¢ %hhe%%é’&@&hloh?@{a%}a)é o189 I ol 5910 sOfubeT gicaly e

bi s(t hi o- hydrazi de"am de) (e.qg., npounds represented b t ructur al
For nul as qrig)ni¢ WtjsolvEne carelx mdcta‘doﬁrm acﬁ‘S ‘Eh@alkdns éd? g;spchtmespttmlmmytheazi de

BT U200 e b el Bu . o b PR B RuERdes s e ana
2903 01558y 044 5 ST T /00, ML s sapccr i o
TREATVENTbUEGR eCANBERBe, 4 08-@Irix dlkd etliee fch | mgthyd Bthiyh ether, didithyl etiietr, onghgr e
cui val et ePgietiche it ke Bogaph putte i wen More Spicall the rinic”
antisolvent can be selected from diethy! ether, dipropy! ether (e.g., propyl as 1-propyl or
2-propyl), methyl propyl ether, ethyl propyl ether, methyl zert-butyl ether, methyl acetate,
ethyl acetate, propyl acetate, pentane, hexane, cyclohexane, heptane, and petroleum ether.
In some embodiments, the organic-antisolvent can be a C5-C10 alkane or C5-C10
cycloalkane. In various preferred embodiments, the organic antisolvent can be heptane;
or, the organic antisolvent can be diethyl ether or ethyl acetate. In various preferred
embodiments, the organic antisolvent can be methyl zerz-butyl ether.

In various embodiments, the neutral bis(thio-hydrazide amide) can be substantially
insoluble in the organic solvent, thereby forming a mixture, whereby combining the base
with the mixture forms a bis(thio-hydrazide amide) solution. Typically, the
bis(thio-hydrazide amide) solution can be clear. Generally, between about 0.25 and about
2.5 moles of the neutral bis(thio-hydrazide amide) are combined per each liter of organic
solvent, or typically between about 0.75 and about 1.5 moles of the neutral
bis(thio-hydrazide amide) are combined per each liter of organic solvent. Preferably,
about 1 mole of the neutral bis(thio-hydrazide amide) are combined per each liter of
organic solvent.

As used herein, a “bis(thio-hydrazide amide) solution,” when formed from the

organic solvent, the neutral bis(thio-hydrazide amide), and the base, can include one or
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nmol ar equi val ent of neutral bis(thio-hydrazide amde); nore typically, from

about 2 Wwe @anvds S equi val ents, or preferably from ab%m?szg ;;()Ql(ﬂpout 2.5
equi val ents. Suitable bases can be strong enough to react t‘h a

bi s(thi o-hydrazide amde) to produced a disalt. In various enbodi ments, the
base can be an amne (e.g., triethylarnine, diphenylamne, butylam ne, or
the like); an amoni um hydroxi de (e.g., tetranmethyanrnoni um hydroxi de,

t et rabut ymcanﬂmiqa wudiyalr thx inchetral dis(thivehydriays amided) tkabis(thiveh edrazgedoidelie

(I'ithium hydr gxi.d aodi u r oxi ot a n1hydrOX|de or the like) an
al kal i %OS ﬂtfg) %@P EEP@Y ecﬁ‘mg% déﬁaﬁa?” Fnl: anm de (e.g., sodium anide,
lithium dii S%P[éfé?éf‘ff:d%%m@ ts, tH@ofg'aKl%)solv’eﬁ‘t 1§%mn8ﬂbﬂ‘éfé@cﬂ§/5he bde jbase is

sodi um hydroxi d pot assi um hydroxide, sodium O -C6 al koxi de, potassium
Cl - C6 al laboxtiZdeslasodibont amada, aquegus podiamsiydnexade,de mare ppefefablydbiny abswdi um
hydroxid%, sgdigghgefhoxide, or sodium ethoxide. In various enbodi nents,
the base “d8R°PE di%al i netal hydride (e.g., sodium hydride, potassium

hydri de, or tliﬁg%e!f Fotde d&fﬁ@h@nchugfﬁ%ﬁmsg@% 1(9%0&0116 '13?*91@%'1 I esde) a

Cl-C6 al kyl (e.qg., h|u or an aryl al'kall netal

(e.qg., phboytl2dmbdlar torgbout Marcdarteginohd odiurh I&éldxak‘eor mobe pileiarabliryidnd abeut sodi um
hydr i de ,pot assium hydride, butyllithium butylsodium butyl potassium
phenyl | i t‘-HPGPr?m&Ifﬁe‘ﬁ?i/%odl um or phenyl potassium As used herein, an alkali

metal include M e organic
sol vent can bgjgﬁf org (?%ﬂgg?hn ?h§gﬁ%ﬁ@%m8&§gwﬁ%§ké$nthﬁ%hﬁ%aggt@% added
to a m Xxtdisals Gfsclbéed Het é&ﬁtlhbmtimgdh@z iréfgeriedd)y StacttiraEFomhgas (§)-S0l et .
Typically, the organic solvent is polar enough to dissolve the

bi s(t hi olAYERlas(Gto-hydraeyle saidess @ml@ﬁeddy the disclesedpathog 1o prepmg Bofisalion. In
vari ous ?5"‘%&%{%‘3 ’Bg%l’tmtcgjgalgr‘eq‘%é 2% éﬁ? Izg%‘éhtb ePrey%t%a ‘b&‘t@ ol?llogfn}% ﬁh%{rgﬁn' ¢

sol vent can gener

met hanol Eoﬂhﬁla@gf)ﬂm Wh&fé&ﬁ@lvanz%‘ld@flﬁﬁaﬂ@|sam@rvald&:§ ahd bﬁ‘)ferrétl Ylwechs @ i phatl c
ketone (e.g., acetone, methyl ethyl ketone, 2-butanone, or the like), a

C2-C4 al |S§1NQM%F@W@&S (-€1y respgrtesehiy| et her, d| propyl ether; diisopropyl
ether, or the like), a C2-G4 cycI?aI i phatic 28 WO 2006/ 009940

PCT/ US200S/ 021642 et her (e ., t trah/{hi:)f urq\ﬁ d| oxane, or the like),
di met hyl formam de, wli meth suI foxi d

S 5 O)-a).

Thus, as used herein, a neutral bis(thio-hydrazide amide) has at least two hydrogens (e.g.,
the hydrogens bonded to the nitrogen atoms in Structural Formulas (I') and (II') which can
react with the bases described herein to form a disalt.

In Structural Formula (I), M" is a pharmaceutically acceptable monovalent cation.
M?*" is a pharmaceutically acceptable divalent cation as described above.

In various preferred embodiments, the organic solvent can be acetone; the base can
be ethanolic sodium ethoxide; the organic solvent can be ethanol; the base can be aqueous
sodium hydroxide; the antisolvent can be heptane; the neutral bis(thio-hydrazide amide)

can be:

01
N\NMN/N
H H
S S _
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N-net hyl pyrrolidone, a glycol (e.g., ethylene glycol, propylene glycol,

t et ranet col, or the like), an al kyl glycol ether (e.g., ethylene
gl ycol d%e?ﬂg’f"’% er, or the like), and acetonitrile. Pﬂ/B/Pé&’Pg/B?léé% ly, the
organi c solvent can be selected from net hanol, ethanol, propanol (e.g.,

1- propanol, 2-propanol), butanol (e,g., 1-butanol, tert-butyl alcohol, or
the like), acetone, tetrahydrofuran, and nethyl ethyl ketone. Preferably,

the or gaahdost vieiralGagithie-hselagelk athidd) eam Bet hanol , et hanol, acetone, and
met hyl ethyl ketone. As used herein, the organic antisolvent is a solvent

that when added to the solution created by conbining the base, the

bi s(t hi o- hydrazi de am de) and the or @ani c ~sol veBt , causes the

bi s(t hi obydrazi de am de) isaltlto preci pijt at e put of/xolution. Typically,
the organic antisolven beN§?|%Jng/ﬂk9”LﬁVC5- | kane (e.qg.

pent ane, petrol eum ether, haKkane,Nheptdne, NCtan i sooctane, or the like),
C5- C 10 cycl oal kane (e.g., cytl ohdxane, cycHopentane, or the like), a
C3-C10 al kyl ester (e.g., etﬁ%l acet ate, propyl aé%tate,unethyl but yrat e,
or the like, a C3-C 0 alkyl ether (e.g., methyl ethyl ether, diethyl ether,
met hyl propyl ether, or the |like), benzexeg, toLuene, and xylene. Mre
typically, the organic tisolvent d¢an bd| sel ected ffomdi et hyl ether,

di propyl ether (e.g., p Ni: p I 2-Wro . met hyl propyl ether,
et hyl propyl ether, nethyt tent-buygyl ether,ﬁneth | acetate, ethyl acetate,
propyl acetate, pentane, hexahe, cycl ohexane, hept@ane, and petrol eum et her.
In sonme enbodi nents, the organic-antisolvent can be a C5-Cl0 all cane or
C5-Cl10 cycloal kane. In various preferred enbodi nents, the organic

anti sol vent can be heptane; or, the organic antisolvent can be diethyl

ether or ethyl acetate. In various preferred enbodinents, the organic

anti sol vent camhégredeithitvention is Mubtydte®@b e follBwitd dxathpleswhidh aRia, the
neutral bis(thio-hydrazide am de) can be substantially insoluble in the
organi ¢ sbitengad fo b Bmeliye MANKiWRY- a i xt ure, whereby combining the base with
the m xture forns a bis(thio-hydrazide am de) solution. Typically, the

bi s(t hi o-hydrazi de am de) solution can be clear. Generally, between about
0.25 and about 2.5 noles of the nexpMPLE®E(ATION hydrazi de am de) are

conbi ned per each liter of organic solvent, or typically between about 0.75
and about 1.5 noles of the neutral bis(thio-hydrazide am de) are conbi ned
per each Lit ' jthe neutra
bi s(t hi o- ¢ sol vent.

As used hgyi&ieizoy-hyat&bhél)-ahintiiezisiepaiigde) sol ution, " when fornmed fromthe

Na*
| T 7 |
“\NMN/"
H
S S

To a stirred clear solution of N-Malonyl-bis(N'-thiobenzoyl- N'-methyl hydrazide)
(2 g) in THF (25 mL) was added sodium amide (0.2 g). The resultant mixture was stirred

at room temperature for 4 hours. The precipitated product was collected by filtration and
washed with THF and ether. The resulting solids were dried in vacuo (0.1 mmHg) for 12
hours. A light yellow solid weighing 1.53 g was obtained.

'H-NMR (DMSO-dg) & (ppm): 2.2-2.7 (m, 2H), 3.1-3.7 (m, 6H), 7.1-7.5 (m, 10 H).
Elem. Anal. Calcd. For Cy9H;9NsNa0;S;°0.55H;0: C 52.75%, H 4.66%, N12.98%; found:
C 52.42%,H 4.41%, N 13.07%.
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organi ¢ solvent, the neutral bis(thio-hydrazide am de), and the base, can
i ncl ude vpg8omdfogevd® WO 2006/ 009940 PCT/ US2005/0 21 64 2 S0SR |gs such as
the neutral bis(thio-hydrazide am de), the bis(thio-hydrazide am

nonosal t, the bis(thio-hydrazide am de) disalt, or the like. In preferred
enbodi nents, the organic solvent is ethanol. Preferably, the base is about
2 nmol ar to about 5 nolar aqueous sodi um hydroxr de or nore preferably from

about MMJTDISOGHHME -mleﬂ‘lVbN}fC gphandorlnk HAnefash ol -grgfAnl- ¢ sol vent
is acetone., Pr f-r.bI base. abo 2 nDIar to about 5 nol ar
ethanoqu?'bcug retheR e o St J"'ﬁy' Sy fromabout 2 to about 2.5
nol ar. The s(thr oom,ydr,@ﬂ.zr tde) disalts prepared by the present
inventio e the isalts @d herein, including those represented by
Structura AU Da a v neut r al bis(thio-hydrazide am des)

enpl oyed in the disclosed nethod to prepare the disalts represented by
Structural Forrmulas (1)-(Il) can be represented by the foll ow ng Structural
Formul as where the vari abl es have the sane val ues and preferred values as in

Struct ural Fonguh g o( bk oLSSRAGNENOR03:E R s LN bl Y H Y S

S () (1) rern, neutra de) has

at | east mmmﬂy&dﬂ@@NDMa(cﬁly!}brsmtthﬁ)bbmyﬂqe'n@emnﬂﬁﬂaime)t(m@9gl,l4 4DgRIbIRt ONB i N
Structural Fornmulas (1) and (Il1") which can react with the bases descri bed
her ei n t 8t fooEhiempaTasEEt The festantisaluiien wentileied, ther thenutrpe vias sheledadBu i cal | y

acce tabI tio utr t abl e di val ent
cati 8n as%(':les? ﬁ@}eﬁ&i{&é@%‘”e@ ggﬁeo%gmﬁrtgf)g %‘é@g@%‘ bA iré%?g&%ltohe organi c

sol vent can béygagetro eo|t ol e.7the
organic solveﬁ? can gﬂ%s?ﬁ%%%%ﬁﬁn gpgzgejgzn be&aggigﬁgqmgg%Pgﬁzﬁydzgxrde

t he anti $wl 4EhtElean Amel. liapidatoe CidheNaNeuOs$).0.BHsQ (40 7022)y ArAA1dE 4p9:de) can

be: 0¥ NNl@!&@{%und: C49.95; H4.17; N12.05.

Method B: To a stirred solution of - N-Malonyl-bis(N'-thiobenzoyl- N'-methy!
hydrazide) (0.92 g) in THF (15 mL) was added a solution of NaOH (0.184 g) in MeOH
(15 mL). After 15 min stirring at room temperature, the resultant solution was
concentrated and precipitated with ether to yield 1 g of a light orange powder after
filtration. The physical data for the precipitate was is in accordance with that obtained

from Method A.

Example 3. Lithiun; 2-(N'-methyl-N'-thiobenzoyl-hydrazinocarbonyl)-1-(methyl-

thiobenzovyl-hvdrazono)-ethanolate: Compound (4)

To a solution of N-Malonyl-bis(N'-thiobenzoyl- N'-methyl hydrazide) (8g, 20
mmol) in THF (90 ml) was added llithium diisopropylamide (LDA) (20 mmol, 2M in
heptane/THF/ethylbenzene) at 0 °C, and the mixture was stirred for 2 hours. The
precipitate was collected, washed with EtOAc, and dried to give a mono lithium salt of N-
Malonyl-bis(N'-thiobenzoyl- N'-methyl hydrazide) (6.5 g).

"H-NMR (DMSO-dg) & (ppm), 7.71-7.32 (m, 10H), 3.72-2.73(m, 9H).
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HHSS 31 W 2006/ 009940 PCT/ US2005/ 021642 and/or the neutral
bis(thiow%g‘r zide amde) can be: 1 0 0 N\NNN HHS Sor 1 00 1 Y NNANN
HHSS Kg?"é’%'g'nt invention is illustrated by the foP¢fBWSHYS/EX4tbI es,
which are not intended to be limting in any way. EXEMPLI FI CATI ON Exarrpl e
1. Sodium 2-(N -nmethyl-ITT -thiobenzovl -hydrazi nocar bonyl)-1-(nethyl -

t hi obenzoyl - hydrazono) - et hanol ate: Conpound (3) Ne O 0 s s To a stirred

cl ear solution of N Ml onyl-bis(N -thiobenzoyl- N -nethyl hydrazide) (2 Q)
in THE (25 nL) was added sodi um am de (0.2 g). The resultant m xture was
stirred Bxamplerf. tRilithiuar. 3r@'fuathvi-NWidhiohenznye hpdrazinaearbonsd)- b matid- was
collected by filtration and V\qsheg wnth THE and ether. The resulting solids
were drie t 00 12 Q . Alight yellow solid weighing
1.53 g was obtained. 1HNWR (DMSO-d6) S (ppm: 2.2-2.7 (m 2H), 3.1-3.7 (in,
6H), 7.1-7.5 (in, 10 H. El em Anal. Caled. For C19H1I9NANaO2S2. 0. 55H20: C
52.75% HA % N12.998%wf ound: 52.42% H 4.41 % N 13.07% 32 WO

2006/ 00991 /12164

Compound 5 was prepared according to the method described in Example 3 except
that 2 equivalents of LDA were used instead of one equivalent.

'H-NMR (DMSO-d) § (ppm): 7.61-7.12 (m, 10H), 3.82-2.29(m, 8H).

Example 5. Ethanolamine: 2-(N'-methyl-N'-thiobenzoyl-hydrazinocarbonyl)-1-(methyl-

thiobenzoyl-hydrazono)-ethanolate: Compound (6)

The monoethanolamine compound was made in a similar to that in Example 3 by
using one equivalent of ethanolamine instead of LDA.

'"H-NMR 4783 (DMSO-dg) & (ppm): 7.72-7.33 (m, 10H), 3.80-2.63(m, 13H) .

Example 6. Diethanolamine: 2-(N'-methyl-N'-thiobenzovyl-hvdrazinocarbonyl)-1-(methyl-

thiobenzovl-hydrazono)-ethanolate: Compound (7)

The diethanolamine compound was made in a similar to that in Example 3 by using
two equivalents of ethanolamine instead of one equivalent of LDA.

'H-NMR 4783 (DMSO-d¢) § (ppm): 7.69-7.31 (m, 10H), 3.78-2.64(m, 16H)

Example 7. Magnesium; 2-(N'-methyl-N'-thiobenzovyl-hydrazinocarbonyl)-1-(methyl-

thiobenzovl-hydrazono)-ethanolate: Compound (8)

The pH of a suspension of MgO (440 mg, 1.1 mmol, 15 mL) in water was adjusted
to 2-3 to form a clear solution. To this solution was added dilithium; 2-(N'-methyl-N'-
thiobenzoyl-hydrazinocarbonyl)-1-(mmethyl-thiobenzoyl-hydrazono)-ethanolate (1 mmol),
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Exanpl e 2. Di sodirun:

2- (N - mgia¥los Aevliri obenzoyl - hydr azi nocar bonvl ) -1 - (et hW:T/I 1S2005/021642

t hi obenzoyl - hydrazono) - et hanol ate: Conpound (1) O NNN' ONNNa OO 5 Method
A. To a stirred clear solution of NaOH (0.358 g, 8.95 mml) in H20 (10 nl)
was added N-Mal onyl -bi s(N -thi obenzoyl- N -nmethyl hydrazide) (1.79qg, 4.48
nunol) at roomtenperature. The resultant solution was filtered, then the
filtrate anadhe BEYHEP Whe siireed far § hpwre/ The orecimatate thel foamé@W@?C@l} t&fendr yi ng t o

oo aLn, CRBR 8B iphi axel U (RSB pem 2 15 (s, 29 545

C19H1sN4Na202 521 OnTRZOM G T S 4839132 kb 4 R9; 3.9ME4@6; sfipund:  C 49. 95; H
4.17: N12.05. Met hod%B To §?§%I)|prr§ed sol utél_ion 3. 6( .

N-I\/al onyl -bi s(N -thi obenzoy) N' net hyl hydra2| de) (0 92 g) in THE (15 nl)

was addeo J . : m n
stirring G5 16 -' ----- ¥at ed and
precipit i ght orange povvder after

filtrati gﬁ%?f#e&vgﬁggﬁagg?&%g%@fa%r T%g%yrl%{‘cdllpl tate was is in accordance with
t hat obt ai ned THe aheiivet dvathond EeanpleirBa sikitanitaithat in Example 7 by using

2-(N - O@gqgg -thl& Ré((%l-hydrazi nocar bonyl ) -1 - (nethyl -

t hi obenz Gl 8? anol ate: Compound (4) O LT DIl IDY NNNN" To a

| ut f N I [ - hyl [ 8g, 20
?r?mlu)I |02 '(I)'HE (1 N?i{{@{ was agia)edmpﬁgfﬂlﬁﬁﬁ%‘% &%’o@@pglgamygﬂﬁ%ﬁ g 528 mol , 2M

in heptane/ THFl et hyl benzene) at 0 C, and the m xture was stirred for 2
hours, The precipitate was collected, washed with Et QAc, and dried to give
a nono | iExamme 8aMongpoigssingl MNI—rmsthw-M-imabmmrhwirazmpcaﬁbqnw{)r1—M. de)

rrioungﬁ%('n 10H), 3.72-2.73(m 9H).

N-Malonyl-bis(N'-thiobenzoy!l-N'-methyl hydrazide) (micronized), 5.006 g (12.5
mmol) was suspended in 70 mL of absolute ethanol. Into this suspension was added with
stirring 12.4 mL (1 equivalent) of a 1.008 N solution of potassium hydroxide in methanol.
The resulting solution was filtered through a glass acrodisc (Gelman) and concentrated to
about 5 mL. Into this concentrated solution, 5 mL of ethyl acetate was added, followed by
anhydrous ether until the resulting solution turned cloudy. This solution was left for
crystallization overnight. A hardened precipitate was broken up with a spatula, filtered
out, washed twice with anhydrous ether and vacuum-dried at 50 °C to afford a mono-
potassium salt as pale-yellow solids (4.05 g, 70%).

'"H NMR (DMSO-dg) (a mixture of tautomers): 6 (ppm): 7.4-7.25, 7.22 (m, 10H),
3.60, 3.45 and 3.19 (singlets, 6H), 2.78, 2.39 and 1.96 (singlets, 3H) ). IR (KBr): 1686s,
1572, 1478 cm™. Anal. Caled for CioH 0KaN4O,S, + HyO: C, 49.98; H, 4.64; K, 8.56; N,
12.27. Found: C, 49.99; H, 4.51; K, 8.67; N, 11.91.



Exanple 4. Dilithium

2-(N -me obenzoyl - hYdr azi nocar bonyl ) - 1- (et hv -

t hi obenzyﬁhﬁyg?%?%no) et hanol ate: Conpound (5) G I, Fcimﬁ“ ¥ 5 s
Compound 5 was prepared according to the nethod descrl bed in Exanple 3
except that 2 equivalents of LDA were used instead of one equival ent.

' H-NMR (DMBSO- d6) 5 (pprr) 7. 61 7. 12 (m | OH), 3.82-2. 29(m 8H)., Exarrple 5.
Et hanol aniBxempk pgiun2-ANinegteyi 29y : r-hiy e ny1-1 (e

t hi obenzoy| - dra onp) - et ha oI t e: Conpoun (6) The m)noet hanol am ne
conpound @gﬂg%%;ﬁ L S . oMnd Banple 3 by using one equival ent
of ethanolam ne instead of LDA. 1H NVR 4783 (DMSO-d6) S (ppm): 7.72-7.33 (m
| OH), 3.80-2. 63(m 13H). Exanpl e 6. Diethanol anm ne;

2-(N -nmeth -t!hi obenzevl - hvdr gzi nocar bonvl ) - 1- (et hil -

t hi obenzo ydr azoMag | atlg; @Qonpound (7) The diethanol am ne conpound
was made i nva §{m Mar to that yn Exanpl e 3 by using two equival ents of

et hanol am ne i nstead of one equival ent of LDA. 'H NWR 4783 (DVBO-d6) S
(ppm: 7.69-7.31 (m 10H), 3.78-2.64(m 16H) Exanple 7. Magnesium

2- (N -nethyl - N -t hi obenzovl - hvdr azi nocar bonvl ) - 1- (et hyl -

t hi obenzoyl - hydy an @N%MM@IMSQN -BosHaue- Namekhymmhrame) Miidrdnized, 5 The pH

of a suspensi on of MO ( mt; 1 rnnol ter was adj usted to
2-3 to fobH0g &sﬂ%érm@@l)uvasdrp eﬂd”tﬂh% 9§c§u1fu1(2 @qmvﬁ@ntéaﬁibao%msqlmqm

2-(N rreth

tl uobenZO\?F4 aﬁ“dn h?’ droxe ]tr)loWnEf}F’j (Vfl%tflﬁyﬁang?{ds lélﬁl%\ﬂ“dﬁly%)r gle%rrr]x(%ena% s tI ate
(1 nunol) a few4aMfol2ARHRRAIAM Fl/ MIANAD) Aaldr4vas adaed tofhe“fdmmsumomtkst irred

for 3 hours. The preci pltate that forned was collected and washed with
wat er an@omhélny@ﬂrt@bmtrgmgm@ ﬂhesmgneﬂaamheyaﬁlter@ﬂllowl a glﬁﬁSNMR)QI@NBO d5) 5

CRRA L s N I T

diluted to 50 mL with Milli-Q water and lyophilized to produce a title compound as yellow
foams (6.17 g).

'H NMR (DMSO-de): 8 (ppm): 7.34-7.31 (m, 4H), 7.11-7.09 (m, 6H), 3.51 (m,
6H), 2.11 (s, 2H). IR (KBr): 1561, cm™. Anal. Caled for C oH5K2N4O2S; + H,O: C,
46.13; H, 4.07;, K, 15.81; N, 11.33. Found: C, 46.08; H, 4.21; K, 16.05; N, 11.32.

Method B: Altematively, N-Malonyl-bis(N'-thiobenzoyl- N'-methyl hydrazide)
(micronized, 5.006 g, 12.5 mmol) was dissolved in anhydrous THF (62 mL). Into this

solution, and 25.1 mL (2 equivalent) of 1.008N solution of potassium hydroxide in
methanol (volumetric standard solution, Aldrich) was added. From the resulting solution,
solvent was removed under reduced pressure to leave about 5 mL of an oily residue, WhiCI}
was triturated with anhydrous ether until a pale yellow solid was obtained. The solid was
filtered out, washed twice with anhydrous ether and vacuum-dried at 50 °C, to yield the
dipotassium salt as a poweder (4.3 g, 73%). NMR data were identical with those obtained
above in Method A.

Example 11. Cholin; 2-(N'-methyl-N'-thiobenzovyl-hydrazinocarbonyl)- 1-(methvl-

thiobenzoyl-hvdrazono)-ethanolate: Compound (11)

Into a stirred solution of N-Malonyl-bis(N'-thiobenzoyl- N'-methyl hydrazide)
(2 g, 5 mmol) in 65 mL of anhydrous THF was added dropwise 1.32 mL of a solution of
choline hydroxide (45% solution in MeOH) in 10 ml of anhydrous THF. At first, a clear
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t hi obenzoyl - hydr azono) - et hanol ate: Conpound (9) The cal ci um conpound was
made i n wowami/doagyot o that in Exanple 7 by using Ca( OHpet/nsheashi185 MIO.
"H-NWVR (DVBO-d6) S (ppm: 7.67-7.34 (m 10H), 3.91-2.55(m 8H). Exanple 9.
Monopot assi uny 2- (N -net hyl - N -t hi obenzoyl - hydr azi nocar bonyl )- ] -(nethy]-
t hi obenzoyl - hydr azono) - et hanol ate: Conpound (10) I~li HY-0 55

N- Mal onyl - hi s(N -t hi obenzoyl -N -net hyl .hydrazide). (m cronized), .5 006 g
(12.5 rnﬁ‘grl‘)‘é%ﬁés gli’?ﬁgné’ BWPﬁlnbYBT‘?‘h‘P“&FlO%B%rZﬁ&F égléé ﬁ‘é‘ﬁéP UPR S L |
suspensi ofoWas; agechiN L b5ihPR el digitROWaY BheRh)oudfwRndy AA8 N
sol ution o? po% asgji‘?urﬁ‘\ﬂrtfgg’%lc§(>§<%egl:11 1r:rﬁéit r?glr?(rﬁ@ 1131T e raesul ti noé1 ’s%ﬁ%uti on ei/vas

filtered whthetigh: TAI9(2a5sv/ 4G thediosice (ithlanAndroanetheo nne ndduatmedriddoat S&FGUL 5 nil.
Into this concentrated solution, 5 nL of ethyl etate was added, foll owed

a

by anhydPPiay 8¢ ged sai 29 2 pale YeUa PR WeR (SdFs: igé%.%'t urned cloudy. This

sol ution was | frar ' ' I.ght : e recd pLtate was
broken up wit hefg&\]s}gg\t%hg,ééf%? {Aellpé‘g&ﬂegﬁ%@\&\%ﬁ/a%ﬁgg @6\/4&%2? ‘\EI\I?'[%E ’ g'%ﬁyﬁﬁoﬁg’ et her
and vacuub®Hy,i3e8s-a80 %, SHY, G .40-8.07 dma2 Hprsos0, Botsessli U Galdietassipab aoyel | ow
solids (4,05 g, 70%9. 'H NI\/RU&DI\/SO d5)I%(a m xture of tautomers): S (ppm:

7. 4-7. 25, 9H). 204, 32 ang .06 (smedess, 35045 TRAEBs): 165¢silagfed 48261y - 2. 78, 2. 39
and 1.96 (singlets, 3H ). IR (KBr): 1686s, 1572, 1478 cmi. Anal. Calcd for
C19H19K2N402S2 + H20: C, 49.98; H, 4.64; K, 8.56; N, 12.27. Found: C,

49. 99; H, Efarhdle 1K, THs6dumN-WinmBdy1-B6-tMEO 1200 6ARERHEIHCTAY8IS230b4023G 2-
Exanpl e 10. D potassi um

2_(N - net Gysth L anethyleyelopropyldyy 3p hethg e Comapey,

t hi obenzoyl - hydr azono) - et hanol ate: Conpound (2) D O5 S Method A

N- Mal onyl - bi s(N -t hi obenzoyl - N -nethyl hydrazide) (mcronized, 5.006 g,

12.5 mol) S itre ted i t|h 4,95 nmL (2 equivalent) of 1.002 N solution of
pot assi uw:?t%rﬁmq i ater | unetric standard solution, Adrich). Al
except "
s s

mat eri al

Into a stirred clear solution of NaOH (24.7 mg, 0.62 mmol) in H,O (5 mL) was
added N-Malonyl-bis(N'-thio-1-methylcyclopropyl- N'-methyl hydrazide) (110 mg, 0.31
mmol) at room temperature. The resultant solution was filtered, then the filtrate was
cooled with a dry-ice/PrOH bath followed by freeze-drying to obtain Compound (12) as a
solid.

'H-NMR (DMSO-dg) & (ppm): 0.38 (1, 4H, J=5), 0.83 (t, 4H, J=5), 1.18 (s, 6 H),
2.62 (s, 2H), 3.38 (s, 6H).

Example 13. Disodium; 2-(N'-methyl-N'-thiocyclopropyl-hydrazinocarbonyl)-1-(methyl-

thiocyclopropyl-hydrazono)-ethanolate: Compound (13)

l O'Na* O'Na* '
S S

The disodium compound was prepared by a similar method to that used for

Example 12.
'H-NMR (DMSO-dg) & (ppm): 0.45 (m, 4H), 0.85 (m, 4H), 2.61 (s, 2 H), 2.70 (m,
1H), 3.41 (s, 6H).
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a few particles dissolved, and 6 nL of MIli-Q water was added to afford a
solutio tiny partlcles remai ni ng. The sol ut filtered
throughnwwg%ﬂg%%(ﬁg{:rfodl sc (Gelman), the filter was rlnsbgP/Uw?E) }E?ﬁn’
MIli-Qwater, and the conbined solution was diluted to 50 mL with MII|-Q
wat er and | yophilized to produce a title conmpound as yellow foans (6.17 Q).
"H NVR (DVBO-d6): 3 (pprr) 7. 34 7.31 (m 4H) 7 11-7. 09 (m 6H), 3.51 (m
6H), 2. 11E0<amDiH—h4 DR ;245 i ¥ eyt ¢ 9H1gK2N40282 +
H20: C, il613 X
16. 05; N, 32, et hod-B—# : NEIVRHOT v ] obenzoyl -

N - met hyl Gawsioasd 489 (mcronl zed 5. 006 g, 12 5 nunol) was dissolved in
anhydr ous IHE (62 ﬁt]). Into this solution, and 25.1 nL (2 equival ent) of

1. 008N sol ution of potassium hydroxide in methanol (volunetric standard

sol ution, AIdr| h) ovas.added. Fromthe resulting solution, solvent was
removed under du ed resgur o | eave about 5 nL of an 0|Iy resi due, which
was tritur hd/o ether until a pale yellow solid was obtai ned.
The solid wastd flltered out,s washed tw ce wlth anhydrous et her and

vacuumdried a |eI dt di pot a f.a der .(4.3 g,
7355 . NVR dat a TRBRIPTeRsiEY ORI AR B b Ao e 1R

Exanpl e 1Exaﬁg I’Jnexcept that KOH was used instead of NaOH.

2- (N - net hyl hi obenzoyl - hydr azi nocar bonyl ) - 1- ( net hyl -

t hi obenzoyl - hy dﬁbe)QDMSﬁh@@l&a(ppm)(Ezﬁ@(mnd{I 0132 (y#d)al.$8 i(s, 6ed), 2ai0us,i on of
N- Mal Onyl-%b{S(N -thiobenzoyl - N -methyl hydrazide) (2 g, 5 mml) in 65 nL of
anhydrous2 P36 8Hded dropwi se 132 nL of a solution of choline hydroxide
(45% solution in MeOH) in 10 m of anhydrous THF. At first, a clear 36 WO
2006/ 009940 PCT/ U82005/021642 solution was forned, followed by

preci pi t aExamplef1sa Bis (EhisH ydtazidé @nsideLiDisels Hate Sighifichmly GredtertBoldbilityt he
precipitation to be conpleted. The precipitate was filtered out, washed
twice W nding Monosalts And-NgH@bEgims, anhydr ous et her, and
vacuumdri ed at 50 Cto obtainthe titled salt as a pale yeIIow powder
(2.14 g, 85% . A pppRIADVBOWEEIhefaand water evasfaddaditio e sQmpeurdopugh: that the7. 35,

7.24-7.19 4 60, 3..45 d
5 To (sinpeullve Gty S e Yogtgfmg Ny BoE300 AT il e g "
IR (KBr) : sHf8R Swelll afBSonided2Eab6iH 5-10 min at about 50 °C). If the added amounts of the

compound were totally solubilized, more amounts of the compound were added to the

solution and the mixture was shaken well and sonicated until a suspension was achieved.
The suspension was then filtered through a 0.2 pum filter. The filtered solution was diluted
with DMSO. Then the mixture was analyzed by HPLC to determine the concentration of

the compound.

The HPLC system consisted of the HP 1100 Model (Agilent, Wilmington, DE)\
equipped with a model 1100 quaternary pump, a model 1100 autosampler, a model 1100
Diode-Array Detector for UV detection at 280 nm. HPLC analysis was performed using a
gradient mobile phase consisting of acetonitrile-water containing 0.1% formic acid.
Mobile phases were degassed and filtered through a solvent filtration apparatus and
pumped at a constant rate of 1.0 mL/min. Separation was made on an XTerra MS C18
analytical column, 4.6 mm i.d. x 150 mm, (Waters Corp., Milford, MA, USA) fitted with
a pre-column filter (XTerra MS C18, 3.9 mm x 20 mm). The column was maintained at
40°C. Data acquisition and instrument setting were controlled using HP Chemstation

software (version 8.03).
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Exanpl e 12. Di sodi um
2-(N -methyl -N -thio-I-nmethyl cycl opropyl - hydrazrnocar bg =1-
(rret hyl “f%}/‘w(’/l‘m}’r‘r“ét hyl cycl opr opvl - hydr azono) - et hanol at 58%()8%&%)8/%]3“( 12) |aNa
oNa N~-N~N~N 5 5 Into a stirred clear solution of NaOH (24.7 ng, 0.62 muol)
in H2O (5 nm.) was added N Mal onyl -bi s(N -thio-I-nethylcycl opropyl -

N -net hyl hydrazide) (110 ng, 0.31 nmol) at roomtenperature. The resultant
sol uti on was f iSofubilétgdataHenedcheofipbtmdtestedass showaltetbwiirt Fatde dry-i ce/ ' Pr CH
bath foll owed by freeze-drying to obtain Conpound (12) as a solid. "H NWR
(DMBO-d6) S (pmﬂﬂelo SShulbility Bhla J=5), 0.83 (t, 4H J=5), 1.18 (s, 6 H),

2.62 (s, 211), 3.38 (s, 6H). Exanple 13. Disodium

2-(N - mef ISthplN t Baltscvcl Gpnpwpgd Fyﬂvlakzhtmmmbmw@- - (et hyl -
t hi ocvcl eproepytrhyer aL%e%l%t hapol-ater—Conpoune—=13) Il MNN v NN) S S The
di sodi um copoupd was |prepar ed y a simlar; method to that used for Exanple
12. 'H NMR (DVBO-d6) § (GepmpundO. 45(m 4H), 0.85 (m 4H), 2.61 (s, 2 H),
2.70 (ni T SnAT (s 6 37T WO 20081599940 BCJ/ US2005/ 021642 Exanpl e
14. Dipotassiunm 2-(Nl-nmethyl-N -t hio-1-nethylcycl apropyl -
hvdr azi nocafbonyl )M41- ((met hyt - t hi - | 33.5
- met hyl cycTopr opyhbriydr azong) - et hanol at&s. o (Lsompound| (14) IMO K MN N 71Y
> S 5 The-—dipotassiumiconpound-we hod simlar to that used
for Exafpl @ 12| eX¥ept| t hat3 KOH Was used pristead of | NaOH,
2K 2 >1000

G X' 10 41.2

H Ca® 9 18.9

i HEA 6 51.5 10

J 2HEA” 7 231.1 (>200)

K Mg* 8 43.5

L ‘Choline” 11 264.0 (>200)

M 2Na" 12 >1000

N 2Na" 13 >1000

6 2K° 14 >1000

As can be seen in Table 1, the bis(thie-hydrazide amide) disalts, for example,
Compounds 1, 2, 5, 7, 12, 13 and 14, have significantly greater water solubility than the
corresponding neutral or monosalt compounds. In particular, Compounds 1 and-2 showed
significantly greater water solubility than the corresponding neutral form. Similarly,
disalts compounds, Compounds 1, 2, 5 and 7, showed much greater water solubility than

the corresponding monosalt compounds, Compounds 3, 4, 6 and 10.

Example 16. Bis (Thio-Hydrazide Amide) Disalts Have Significantly Greater

Bioavailability Than The Corresponding Monosalts And Neutral Forms

A) Procedure for pharmacokinetics study in dog

Male beagle dogs were acclimated for at least one week prior to use, were fed

laboratory chow and water ad libitum, and were housed in temperature and humidity
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'H-NIVR(DIVBOdS) S (ppm: 0.39 (in, 4H), 0.82 (m 4H), 1.18 (s, 6 H), 2.60
(s 6H). Exanple 15. Bis (Thio-Hydrazide Am de) Disalts Have
Si gni f i CXV(?W%&S%%‘E er Solubility Than The Than The Cor P@?ﬂéﬁ%ﬁi’f‘?é“’%nosal ts
And Neutral Forns And Neutral Fonns A conpound was wei ghed and water was
added to the conmpound such that the resulting concentration of the conpound
was about 100 ng/nL. The m xture was then shaken well and sonicated (about
5-10 m n adonabbied r&dnC)Conpgouhdie watkl prbparad st s saifitiéhér inoapmons injertentwtaal |y

sol ubilized, nore anmpunts of the conmpound were adged to the _solution and
the m xt ur@Psie fahqiad rdpanistration. Qéﬁ%é?éw&%ﬁ ppedafo d%epémyo&%ua%ifvé%d

Soi ut i o wiksoa P EAERY PR R U ol o B T ISRE e Dy OB

det er mi ne thbeneilc dotly atdign. Broodtsiamp(tanwaﬂmrbueaih@ aﬂ-lat@vslysjfémmmmse@tlﬁm of

the HP 1100 Model (qr%l lent, WI mmgton equi pped with a rmdel 1100
quat er nar yAnguhy? 4a Grodnd 34 bo( @n%ﬁ%ramﬁﬁ@&n afithe COIBPRSH'@ d gpd pasma

Det ect or Talobll et SRHLA0 ahe B0l MBSO Ay S SutPae RRCLOIBE diahao o

gradi ent nob OI’ISI St "ac nitri a| ni ng

fonni c aciComp cMih'dl e p[d@ﬁﬁeﬁ/aé/\/%ﬁéasdl%ﬁas§&ﬂhq{jﬂ f:thohﬁfc%GaﬁHV mhtaadaﬁl Medt
filtration apparatus and ed at a constant rate of 1.0 ni/mn.

Separ at i orfPRIEPRAEGT G afier cPsnl %Ehe?@ seaples gienensxtracted pynprotgin x

150 mm V@%ﬂé&tgﬁ% 9911'[111 NJ; O{rﬁie %ﬁ'h U%@% Idt Eor%eﬁ\fratgn QaR' etgrglldﬂ% égll

(XTerra Ve Aun ¢ urm - wWas nal nt al ne

acqui siti aandaf dursé gdﬂiﬁeéﬁtraﬁah tvisNPealesirea)Cande Qhthebe u@nmgxﬂrﬁbtﬁh@fséeatueqﬂ
software (version 8. 38 WD 2006/ 009940 PCT/ US2005/ 021642 Sol ubilit

data for @aaﬁolé@shwémm {Thet aiga awnsles haswre HAILKW was Tealsugatad upxig énep modified
Eglr lr:qb:):c ! Z%a%i%oalliﬁar%%h%cg Lﬁl& pf%g)rb@gwg%%ggbﬁas{ ﬁx\éaslupab\f\@bﬁgmg %gééglltr?itlonh[%Ut ral

mfinity was estimated by C/k, where k was expressed by the least square regression of the
log-linear concentration time points and C represents the last measurable plasma

concentration. Bioavailability was calculated by AUCpo/ AUCiv.

B) Bioanalvytical Method of Compounds (1) and (3) in plasma by LC/MS/MS

Compounds (1) and (3) and its internal standard were extracted from heparinized
plasma by protein precipitation with acetonitrile. Chromatography was achieved on an
XTerra column (Waters, particle size: Sum; 100 mm x 3.0 mm i.d.) using a mixture of
acetonitrile, water and formic acid. Analysis was performed on a Sciex API 365 tandeu(»
mass spectrometer with turbo ion spray interface. Negative ions were measured using the
multiple-reaction-monitoring (MRM) mode with m/z 399.0 = 165.1. The run time was 9
min per sample, and Compounds (1) and (3) were quantitated by a peak area ratio using

1/X*-weighted least-square linear regression plot.

Bioavailability data for each compound tested are shown below in Table 2. As can
be seen in Table 2, the disalt compound, Compound (1), showed much greater
bioavailability than the corresponding neutral compound or monosalt compound,

Compound (3).
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ClLit 4535 D2Li' 5626.0 (>500) E Nat+ 3 52.8 F 2Kt 2 >1000 G K 10
41.2 H 49 1 HEAP 6 51.5 10 J 2HEA' 7 231.1 ( < -, 8 43.5 L
Chol i net @?1%32/3@2“&200) M 2Na' 12 >1000 N 2Na+ 13 >1€‘%@%?ﬁif}f¥9‘“¥4 >1000
As can be seen in Table 1, the bis(thio=hydrazide am de) disalts, for
exanple, Conpounds 1, 2, 5, 7, 12, 13 and 14, have significantly greater
wat er solubility than the correspondlng neutral or nonosalt conpounds. In
partlculaﬂhbkun;é% Hailabilgy Pata showed S|gn|f|cantly greater water solubility
than t he correspondimgyneutTal for g Satbigr iy, disalts conpounds,

Conpoundsg $ampRs 5 &anel ¥, Cshoweld fruch greatér yater solubility than the
correspondi ng ngnosal t | conpounds Cbnﬁdﬂnds 3] 4, 6 and 10. Exanple 16. Bis
(Thi o- Hydr azi de |Am de) | Diesgdi F&mHave Significantly Greater Bioavailability
Than The Cor[esponding Mo osal ts| And tral Forns A) Procedure for
phannacol|ci neti¢s study mﬁ@gﬁaale bedgl e dogs were acclimted for at |east
one week |prior tlo use, |werdlfed Iaboratory chow and water ad libitum and
wer e housed T tenggrature and n(mi dirtygg 39 WD 2006/ 009940 PCT/ US2005/ 021642
controll ed raa Conpounds werelprepared as a solution for intravenous
injection or3a caﬁéulu for3oral adnlnﬁ%tratlpn. Three dogs were used for

t he st udy. Compounds Te 1njected intravenously via cephalic vein or by
oral gavage. The dose was adjusted based on the animal's body weight. Bl ood
sanpl es , . 30 mMn and 1, 2, 4, 6, 8
and 24 hr C

I General Method

About 50 mmol of the neutral form of a compound of the invention is suspended in
50 mL of acetone. About 2.04 equivalents of NaOH is dissolved in ethanol to form 38 mL
of a21 % solution. The NaOH solution is added to the suspension of the compound while
maintaining the temperature at about 0°C. The mixture is stirred for about 20 min. to give
a clear solution, then about 1.2 mL of water is add. The solution 1s allowed to come to
room temperature and about 400 mL of heptane is added. The solution is allowed to stir
about 12 hours and the resulting precipitate is collected by filtration.

The precipitate is added to about 60 mL of acetone and stirred for 2 hours at room
temperature, then collected by filtration and dried under vacuum for 1 hour at about 50 °C

to yield the pure disodium salt of the compound.

1L Preparation of Disodium; 2-(N'-methvyl-N'-thiobenzovi-hydrazinocarbonvl)-1-

(methyl-thiobenzovl-hydrazono)-ethanolate: Compound (1)

Compound (1) was prepared by the above general method. The analytical data was

as follows:
'H NMR (DMSO-dg) (ppm) 7.38-7.02 (m, 10H), 3.51 (s, 6H), 2.13 (s, 2H)

Elemental Analysis: Calculated for C;9H20N4Na,0,S,;: C 49.34, H 4.36, N 12.11,
S 13.87; found C 49.28, H4.18, N 11.91, S 13.63
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sanpl es were prepared after centrifugation (5000 rpm 8 min) of whole blood
sanpl e ound in plasma was neasured by a liquid chromatography with

t andem ma‘gg 2@'65’3%‘Pophotoneter (L MB/ MB) after 50 | of RITEER0EHRPIRS wer e
extracted by protein precipitation with acetonitrile. The conpound
concentration was determ ned by the standard curve (concentration vs. peak
area) made with the sane extraction procedure of controlled plasm. The

area underpgamiples (UG) Prépgatal stbabefintBistliot eiramdl 4mhd{ Solutiapezoi dal
met hod. The portion of AUC fromthe Tast nmeasurable plasm concentration to

infinity was es/t\usmp@opfbgbmfﬂko -hydeszedelenyide) (@mpegrs@h, Bygrens) veasemeigehr e

trat t t d C t
the I ast e b I of ARalie BB ISRTRL: roHu s ATar, abfi<es e uREIE ca by
AUCpo/  AUGB\) grhns Biaaan &l ¥ bingR B Wathdakd (0P aliitee wikh sﬁﬁrﬁl adYodd pl asna by
LCO M5/ 1vIS C%rrpounds (1) and (3) and its internal standard were extracted

f r om hepartempgrtire, mdglmanwgtummseaqmlqﬁrtemnopmcacd dhdegreds Gedhonguaoup sodium

Chr omat ogr.aph chi ev on an | umm S, rticle.size: 5m
700 nun 5 SR RaASGH Tsee] g7 e 8 1AL S ot b B e B RR. b or i
aci d. Analyses weRSadaed tOnEBtxRie 2ATCH Saditdl, (RBG 4 RRIAR st BB IS BRaahneIet er
with turbo ion spray interface. Negative ions were neasured using the

mul ti pl e- rBecesdnrgrpeliavodisodjuVisfthivegdraziderannyie) sebgiop wasisgparated Tite thres ti me
was 9 mn per s le, .a Compounds, (1) and (3) were quantitated by a peals
area rati c?qﬁglil??ﬁgé}%/fﬁe&g\ﬁgdﬁ?ﬁ’@@ xagple (Ssquare | i near regression plot.

Bi oavai lability data for each conpound tested are shown below in Table 2. As

can be seen in Table 2, the disalt conpound, Conpound (1), showed nuch
great er _m@éIl%;bi3|%fY\ieldhﬁBis(ﬁﬂomadnaeﬁparmmﬁa‘@ichiiMm@alcorrpound or nonosalt

conmpound, npound 40 6/ 009940 PCT/ US20 S/??g 642, Tahle 2.
Bi oavai | abi I i t é}%ﬁi BAbaR P g}elar ye yalpppflisedi %ilg%%' é{?ﬁl@a\m € Neutr al
Form of C%BHRMBQNa%-c%mbmed with 17 mL of methyl tert-butyl ether and stirred for 60 minutes

(precipitation occurred in less than 30 minutes). The resulting slurry was filtered, washed

with 10 mL of a 1:1 mixture of ethyl acetate:methyl tert-butyl ether, followed by 5 mL of
ethyl acetate. Residual solvent was removed by vacuum to give 3.51 grams (63%) of the

disodium salt of Compound (1) as a pale yellow solid. A yellow contaminant was visible.

Example 19: 87% Yield of Pure Bis(thio-hydrazide amide) Disodium Salt
A one-third portion of the above yellow disodium bis(thio-hydrazide amide)

solution was combined with 17 mL of methyl tert-butyl ether and stirred for 60 minutes
(precipitation occurred in less than 30 minutes). An additional 17 mL of methyl tert-butyi,
ether was added to the resulting thick slurry, and was stirred for an additional 14 hours.
The resulting slurry was filtered, washed with 10 mL of a 1:1 mixture of ethy!l
acetate:methyl tert-butyl ether, followed by 10 mL of ethyl acetate. Residual solvent was
removed by vacuum to give 4.84 grams (87%) of the disodium salt of Compound (1) as a

pale yellow solid. No yellow contaminant was visible.

Example 20: 96% Yield of Pure Bis(thio-hydrazide amide) Disodium Salt

A one-third portion of the above yellow disodium bis(thio-hydrazide amide)
solution was combined with 17 mL of methyl tert-butyl ether and stirred for 60 minutes
(precipitation occurred in less than 30 minutes). An additional 34 mL of methyl tert-butyl

ether was added to the resulting thick slurry, and was stirred for an additional 14 hours.
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(1) 2 2Na* 1 80 3 Na' 3 35 Exanple 17. Process Method for Preparing

D sodi unwgaddosodbesgGeneral Met hod About 50 nmol of the n\e@f,@ghmﬁmlm,of a
conpound of the invention is suspended in 50 nL of acetone. About 04

equi val ents of NaOH is dissolved in ethanol to form38 nL of a 21 %

sol ution. The NaOH solution is added to the suspension of the conpound while

mai nt ai ni the te erﬁaturt?__i at about 0C.. The fxture is stl rred for about 20
mn, to gi V¥ reslengedrmyseadilEred. tretedatidul ) miofm L brikBre Pt FSYadd. The

sol ution | a ept ane
s added. PRSP T o D D R A et i g
preci pi t atremiosedby vatuuedolyvd 3.8 5 padm 09600 he therdwidpinh atle of Soagdent {19 aabout 60
m. of acetone and stirred for 2 hours at room tenperature, then coll ected
by filtratRamyeiy slide Nouyriier coadyumanioyasitBlsr at about 50 C to yield the
pure di sodiumsalt of the conmpound. H. Preparation of Disodium

2- (N -methvl -N -t hiobenzoy] - hydr azi nocar bonv] ) - 1-

(et hvl - t hi obenwaiik tHiy thvaztivichaséicbapattiatiarly Seovaoanidd€st)ib b with wefdrenidgs twvas
prepared by t he _above general nmethod. The analytical data was as follows:

"H NVR ( DNEseEsy ey(nbgqiﬁnemsggemoﬁ)zt WH by gqfrstogdg)y these skHjed 1p thesart that pamous

21, s PR gl et e f e S URETR oo ol e dgibooao

PCT/ US2005ﬁ9éhlﬁ»ﬂ%nccﬁ?@d§§Hdec%' th8apPended epanat i on of D sodium
Bi s(thi o-hydrazide am de) Solution A sanple of a bis(thio-hydrazide am de)

(Compound 1, 15 grains) was conbined wth 40 nL of absolute ethanol to form
a mxture as a slurry. Agueous sodi um hydroxide (3.0 granms NaOH in 3.0 niL
H20) was added to the m xture with stirring at room tenperature, and the

m xture was cooled to not exceed 35 degrees C. The aqueous sodi um hydroxide
addition vessel was rinsed with 1 nL of water and 5 nL of ethanol, and the
rinses were added to the m xture. After addition, the m xture was stirred
for 110 m nutes.
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The resulting yell ow di sodi um bi s(thi o-hydrazi de am de) solution was
separated into three equal portions for the follow ng exanples. Exanple 18:
63% Yi el d of Bis(thio-hvdrazi de am de) Disodium Salt A one-third portion of
t he above yel |l ow di sodi um bi s(thi o-hydrazi de am de) solution was conbi ned
with 17 mL of nethyl tert-butyl ether and stirred for 60 m nutes
(precipitation occurred in less than 30 mnutes). The resulting slurry was
filtered, washed wth 10 nL of a 1:1 mixture of ethyl acetate: nethyl
tert-butyl ether, followed by 5 nL ofLAEMBSY| acetate. Residual solvent was
removed b vacuun1to give 3.51 grains (63% of the disodiumsalt of
ConpoundVRat)is gaimedjsy e yel | ow solid. A yellow contaninant was visible.
Exanpl e 19: 87% Yield of Pure Bis(thio-hvdrazide am de) Disodium Salt A
one-thirnd pont hi o- hydr azi de am de)
SO|UtIOA masAé% Pﬁ%hk@ﬁ?ﬂ9%¥ﬁm%gk&ﬁ%&ﬁ%&ﬁg er39%§4£ ether and stirred for
60 m nutes (precipitation occurred in Iess than 30 mnutes). An additional
17 nL of nethyl tert-butyl, ether @ to the resulting thick slurry,
and was stirred for an additional 14 hours, The resulting slurry was
filtered, washed with 10 nLEOf a 1: 1 nlxtur?-of ethp(4 acet at e: net hyl

tert- butyl ether, followed by 10 nmLfof et hyf acet atf Resi dual sol vent was

renoved by vacuum t o give 4184 gra (87% of the disodiuun salt of Conpound

(1) as a pale yel Fowsol idN ?ﬁ‘wcgp& visRbl e. Exanple 20:
o- hvdrazi de anvde) Di sndium S3ft A one-third

96% Yield of Pure Bis(t
portion of the above yel|l ow di sodi um bi s(thi o- hydr azi dg| am de) solution was
conmbined with 17 nL of thyl tert-butyl ether and stirged for 60 m nutes
(precipitation occurred in less than 30 mnutes). An additional 34 nL of

met hyl tert-bhegin: ether was added to the resulting thick slurry, and was

The resul i ng st ubry® GRCI9 PR Uit pEREoLPIHOH BT ety o Lokt

ethyl acetageupethyl tert-butyl ether, followed by 10 nL of ethyl acetate.
Resi dual solvent was renoved by vacuum t o give 5.35 grans (96% of the
di sodi um salt of RoRpétmiddependeslygH, pmaéplyaélmg@swmm substitaged pBphagiey @ i nant

w throf or ondob Etcip of sopbKERN ARE oHRD, APRTRERL (bbbt MLURTGLIORY "5

t hose ski | | editiogert ftemakd whichtheyai¢ bamled, and/or R, and R4 taken together with the carbon

and nitrogen atoms to which they are bonded, form a non-aromatic heterocyclic ring
optionally fused to an aromatic ring;

Z is-O or -S; and

M* is a pharmaceutically acceptable monovalent cation and M** is a

pharmaceutically acceptable divalent cation.

2. The compound of Claim 1, wherein the compound is represented by the following

Lx

structural formula:

\”/\

wherein M is Na*or K*.

ot
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changes in formand details may be made therein w thout departing fromthe
scope of the invention enconpassed by the appended clains. 43 CLAIMS Wat
is clained is: 1 A conpound represented by the follow ng structural fornula:
2MorM' 3 Z R | Z14 R 4/ NR2 YNYN, SS wherein: Yis a

coval ent bond or a substituted or unsubstituted strai ght chai ned hydrocar byl
group; RI-R4 are independently -H, an aliphatic group, a substituted

al i phatic group, an aryl group or a substituted aryl group, or R and R3

t aken t gget hghe Wrigouhfef CRIi@N whB@in Dist 00 EmdR, QS the Qambyi 40 R;hay Rakr thonded,
and/ or R2 and R4 taken toget her with the carbon and ni trogen atons to which
they are bon®#%; forma non-aromatic heterocyclic ring optionally fused to
an aromatic ring; Zis -Oor -S; and Mt is a pharnaceutically acceptable
nonoval ent cation and M2+ is a pharmaceutically acceptable dival ent cation.
2. The donpolhdcwfipdGhdiofiClhimdheheiem:t he conpound i s represented by the

];\/Im : :WiNg'gor Skz_?Ct rléi'!:l cc];v% ent Iaond MJ(RM%)- F-\?CIE%HJQ tr>11/1sN(&!i=/H-l)F-\),Z Y NS S wherein
cis-(CH=CH)- or -(CC)- group; and
Rs and Rg are each independently -H, an aliphatic or substituted aliphatic group,
or Rs is -H and Rg is a substituted or unsubstituted aryl group, or Rs and Re taken

together, are a C2-C6 substituted or unsubstituted alkylene group.

5. The compound of Claim 4, wherein:
Y is -C(RsRe)-;
R, and R; are each a substituted or unsubstituted aryl group; and

R; and Ry are each a substituted or unsubstituted aliphatic group.

6. The compound of Claim 5, wherein Rs is -H and R¢ is -H, an aliphatic or substituted

aliphatic group; R; and Ry are each an alkyl group; and R¢ is -H or methyl.

7. The compound of Claim 6, wherein R; and R, are each a substituted or unsubstituted

phenyl group and R3 and R4 are each methyl or ethyl.

8. The compound of Claim 4, wherein
Y is -CRsRs-;
R, and R; are both a substituted or unsubstituted aliphatic group;
Rs is -H; and
Re is -H or an optionally substituted aliphatic group.

9. The compound of Claim 8, wherein R; and R; are both a C3-C8 cycloalkyl group

optionally substituted with at least one alkyl group; R3 and Ry are both an alkyl group;
and Rg is -H or methyl.
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44 3. The conmpound of Claim2, wherein Zis 0; R and R2 are the sane; and
R3 and R4 are the sane. 4. The conpound of Caim3, wherein: Yis a

coval ent bond, -C(R5R6)-, -(CH2CH2)-, trans-(CH=CH)-, cis-(CH=CH)-

-(CO - group; and R5 and R6 are each independently -H, an aliphatic or
substituted aliphatic group, or RS is -Hand R6 is a substituted or
unsubstituted aryl group, or R5 and R6, taken together, are a C2-C6
substituted or unsubstituted al kyl ene group. 5. The conpound of C aim 4,
wherei njg. Y Tke - BRd - of Rlaianoo,Revharetn eRChind Rybsiel tuthedydloptepgiulast it ut ed
aryl group; and and R4 are each a substituted or unsubstituted ali phatic
group. 6. ThE@eWyleyeaPr@PY Claim 5, wherein R5 is -Hand R6 is -H an

al i phatic or substituted aliphatic group; R3 and R4 are each an al kyl

group; and R6 is -Hor nethyl. 7. The conpound of Caim6, wherein R and R2
are eachla slbstompoed of (laisubswhtietrethe pivgpophd gs oepresonttdRBy dimd fRbvange each
nmet hyl or eth}/ . g T conpound of Claim4, wherein Y is -CRBR6-; R and
R2 are both Uty %d or unsubstituted aliphatic group; R5 is -H and
R6 is -H or an optionally substituted aliphatic group. 9. The conpound of
Caim8, wherein R and R2 are botf.a CS-qq cycl oal kyl group optionally
substituted with at |east one al ky group %3 and R4 are both an al Kyl

group; and R6 is -H or net yI r‘r-éo Thecfonpounql; of Caim9, wherein R,
and R2 are both cycl opr opyI t hyl cy opr opy 11. The compound of
Claiml, wherein tEe COFYDOLNnd |s r epr esent by th foIIO\H ng structural

forrrula Na' Na' Y \ / Y
Rs Rs

wherein:

R and R; are both phenyl; R; and R4 are both methyl; Rs and Rg are both -H;

R, and R; are both phenyl; R; and R4 are both ethyl; Rs and Rg are both -H;

R; and R; are both 4-cyanophenyl; R; and R4 are both methyl; Rs is methyl; R is -H;

R, and R; are both 4-methoxyphenyl; R3; and R4 are both methyl; Rs and R¢ are both -H;
R, and R; are both phenyl; R; and R4 are both methyl; Rs is methyl; Re is -H;

R, and R; are both phenyl; R; and R, are both ethyl; Rs is methyl; R¢ is -H;

R, and R; are both 4-cyanophenyl; Rj and R4 are both methyl; Rs and R are both -H;

R; and R; are both 2,5-dimethoxyphenyl; R3 and R4 are both methyl; Rs and Rg are both -
H;

R; and R; are both 2,5-dimethoxyphenyl; R3; and R4 are both methyl; Rs is methyl; R is -
H;

R, and R; are both 3-cyanophenyl; Rj and R4 are both methyl; Rs and R are both -H;

R} and R; are both 3-fluorophenyl; R; and R4 are both methyl; Rs and Rg are both -H;

R and R;are both 4-chlorophenyl; R; and R4 are both methyl; Rs is methyl; Rg is -H;

R, and R; are both 2-dimethoxyphenyl; R; and R4 are both methyl; Rs and Rg are both -H;
R, and R; are both 3-methoxyphenyl; R3 and R4 are both methyl; Rs and R¢ are both -H;
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I3004R NN/ ~RZ SRS RARNS wherein: R and R2 are both phenyl; R3
and R4 are both nmethyl; R5 and R6 are both -H, R, and R2 are both phenyl;
R3 and R4 are both ethyl; R5 and R6 are both -H R and R2 are both

4- cyanophenyl; R3 and R4 are both nethyl; R5 is nethyl; R6is -H R and R2
are both 4-nmet hoxyphenyl; R3 and R4 are both nethyl; R5 and R6 are both -H;
R, and R2 are both phenyl; R3 and R4 are both nethyl; R5 is nethyl; R6 is
-H Ri and R2 are both phenyl; R3 and R4 are both ethyl; R5 is nethyl; R6

is -H R ang, i R £e bohln ﬁdﬁﬁ'@lﬁ@@bl@dhyl R;Rad agdre%ttamethlgotm ane R vte; bol?b- and
R6 are both -H R and R2 are both 2,5-di net hoxyphenyl; R3 and R4 are both

nmet hyl; R5 aﬁd R6 are both - H R, and R2 are both 2,5-di net hoxyphenyl; R3
and R4 are bgt :

3- cyanophenyl'! E&%ﬁ ng&% gﬁ%é{ﬁ%(%re P{yl 3a§2%Réﬂgdl§g1glr@@yﬁ gﬁlﬁ?‘%g‘s%_d R2
are both 3-fHuorophenyI R3 and R4 are both nmethyl; R5 and R6 are both -H,
R, and R2 arg bo and R4 are. bot t h RS i et hyl ;
R6is -H R ﬁa?fﬁhgi? E%Il'goioﬁ?‘ %’th‘éﬁ? B Ergie: bopam ‘Héj{%& é‘i{gf’ﬁ&bﬂ%ﬁgﬁhyl
RS and R6 arg ]jﬂza‘ré'lbothB;S &ﬂqOrB%héHyﬁ figcm}z%aﬁ%hpeﬁwa?ﬁwlls mEByRRdisRd; ar e
bot h net hyl; RS and are are

2, 3- di met hoxRphshid are P@hésﬁdlmlompéerbtb;tm and Rayire; bors mathy|; 6 aad &sbistieth By R

and R2 are bgth 3- dj
met hyl ; R6 |§ - (fB bg gr%%gh OP%IP% %{]Ogl}% ugétgp %ﬂ& II{TE%@yﬁ acrﬁ??ihare bot h
met hyl ; R5 aRdar%R?dre bb&htZJS-dhhethdiypEm@l;% aad &, bRtbot mbthdl; R sumd ®arbot - R3

and R4 are both nethyl; R5 is nethyl; R6is -H R and R2 are both
2, 5-di chl orloenyI R3 and R4 are both net hyI R5 and R6 are both -H R,

0, R B R R R R, a0,
R5 and R6 ar erelbothi2,5-dhhethoxyphenyl; R; and R4 are both methyl; Rs is methyl; R¢is -H;
R, and R; are both cyclopropyl; R3 and R4 are both methyl; Rs and Re are
both -H;
R, and R; are both cyclopropyl; R3; and R4 are both ethyl; Rs and R¢ are both -H;
R) and R; are both cyclopropyl; R; and R4 are both methyl; Rs is methyl; R¢is -H;
R, and R; are both 1-methylcyclopropyl; R; and R4 are both methyl; Rs and Re are both -
H;
R, and R; are both 1-methylcyclopropyl; R3 and R4 are both methyl; Rs is methyl and R¢
is -H;
R; and R; are both 1-methylcyclopropyl; R; and R4 are both methyl; Rs is ethyl and R is -
H;
R, and R; are both 1-methylcyclopropyl; R3 and R, are both methyl; Rs is #-propyl and R
is -H;
R, and R; are both 1-methylcyclopropyl; R; and R4 are both methyl; Rs and R are both
methyl;
R and R; are both 1-methylcyclopropyl; R3 and R4 are both ethyl; Rs and Rg are both -H;
R, and R; are both 1-methylcyclopropyl; R3 is methyl, and Ry is ethyl; Rs and R are both
-H;
Ri and R; are both 2-methylcyclopropyl; R3 and R4 are both methyl; Rs and R are both -
H;
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R, and R2 are both phenyl; R3 and R4 are both nethyl; R5 and R6 are both -H;
R, and R2 are both 2,5-dinmethoxyphenyl; R3 and R4 are both nethyl; R5 is
nmethyl; R6 is -H R and R2 are both cyclopropyl; R3 and R4 are both nethyl;
R5 and R6 are both -H, R and R2 are both cyclopropyl; R3 and R4 are both
ethyl; RS and R6 are both -H R, and R2 are both cyclopropyl; R3 and R4 are
both nmethyl; R5 is nethyl; R6is -H R and R2 are both |-nethyl cycl opropyl;
R3 and R4 are both nmethyl; R5 and R6 are both - H R and R2 are both

1- met hyl cycl Rp&@pR dre BBthamghdR'}lc?aepﬂapylegreﬁmm areBDtH Seth®l; R lan@Rd aRbothi s - H;
R, and R2 are both | -nethylcyclopropyl; R3 and R4 are both nethyl; R5 is
et hyl and Retis - H R and R2 are both 1-met hyl cycl opropyl; R3 and R4 are

1ot hyl cyci Sprnst & Bty Eoropt: Ry ARROTEmBhEL R Rpre both
R, and R2 arH;both 1-nethyl cycl opropyl; R3 and’ R4 are both ethyl; R5 and R6
are both -

H, R th 1- I and R4
is ethyl: RSRa?fH”%@ %F%ht%‘f lHR3 P?r?%‘}% %‘% )ﬁp%ha@%$mﬂg [gi opropyl : R3
and R4 are b , bot h
2- phenyl cycl gé%f{ﬁyb@m B§Cla@t}§?%%r§t%%ﬁ?mhh Heth% Iiagnama algrzoe(ﬁ%g% h - H R

and R2 are bBt#n m@h«yﬁh@y@phﬁwbwland R@ararbdthRnethYleRb@mmRm hyth:-HR5 and R6
are both - c a th methyl; R5
and R6 are bot%d%?aaqgﬂﬁg %Sll}é&ar ﬁ%hﬁgg%{h dgpent y ¥ F ‘%R%. rgb%ﬁ gf'e bot h

met hyl; RS aRdarl%RZa:rrebctIBtrﬁbth}lﬂ&ﬁdmmﬁb tzh areelyt;otsrandmaiecﬁwxm,, R3 and R4
are both nmet hyl ; RS and R6 are_ bot are both gycl ohexyl ;

and R4 are bBt W%%?POthRWb}ﬂdRmerWtW b‘l“i,”’l RRa“‘éﬁda‘Ri’OQ‘r bot h met hyI
R3 and R4 arg hoif, eﬁ‘@B&leethﬁ RNghdf6, S t%tlpﬁltléﬁyf i and Ry are both -H;

R, and R; are both ¢-butyl; R3; and R4 are both methyl; Rs and Rg are both -H;
R, and R; are ethyl; R; and R4 are both methyl; Rs and Rg are both -H; or
R, and R; are both »n-propyl; R; and R4 are both methyl; Rs and R¢ are both -H.

12. The compound of Claim 11, wherein the compound is represented by the following

structural formula:

Na* Na*
N
N\N/)\)\N/ N
s s ;

Na'* Na*

N _= . N
N N

;or
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R, and R2 are both nmethyl; R3 and R4 are both t-butyl; R5 and R6 are both
-H R and R2 are both nethyl; R3 and R4 are both phenyl; R5 and R6 are
both -H R and R2 are both t-butyl; R3 and R4 are both nmethyl; R5 and R6
are both -H, R and R2 are ethyl; R3 and R4 are both nethyl; R5 and R6 are
both -H, or R and R2 are both n-propyl; R3 and R4 are both nethyl; R5 and
R6 are both -H 12. The conpound of C aim 11, wherein the conpound is
represented by the following structural fornmula: Nat Na+ N/ N N NOY Qo
YO SS Na' Nat | | I~y N°N g¥N; @+ S S48 Na° Na° O OY N-, , N'!~~
N S S 11 A pharmaceutical conposition conprising a pharmaceutically
acceptable carrigr or di :\fent ang- a conoound represented, by the foll ow ng

structural for 2M or 13 1ZZ 14 Ri [ N\ /R2 Y T( S wherein: Yis
tuted unsu |tut d stra

a coval ent bond a subst chai ned
hydr ocar byl
S S
13. A pharmaceutical composition comprising a pharmaceutically acceptable carrier or

diluent and a compound represented by the following structural formula:

2 M* or M2*

Y\Ak T

wherein:

Y is a covalent bond or a substituted or unsubstituted straight chained hydrocarbyl
group;

Ri-R4 are independently -H, an aliphatic group, a substituted aliphatic group, an
aryl group or a substituted aryl group, or R; and R; taken together with the carbon and
nitrogen atoms to which they are bonded, and/or R; and R4 taken together with the carbon
and nitrogen atoms to which they are bonded, form a non-aromatic heterocyclic ring
optionally fused to an aromatic ring;

Z is-O or-S; and

M™ is a pharmaceutically acceptable monovalent cation and M*" is a

pharmaceutically acceptable divalent cation.

[4.  The pharmaceutical composition of Claim 13, wherein the compound is represented by

the following structural formula:
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group; R -R4 are independently -H, an aliphatic group, a substituted
aliphatic group, an aryl group or a substituted aryl group, or R and R3
taken together with the carbon and nitrogen atons to which they are bonded,
and/ or R2 and R4 taken together with the carbon and nitrogen atons to which
they are bonded, forma non-aromatic heterocyclic ring optionally fused to
an aromatic ring; Zis -Oor -S; and M is a pharnaceutically acceptable
nonoval ent cation and M2+ is a pharmaceutically acceptable dival ent cation.
14. The pharnmaceutical conpositionwf O ainywl3, wherein the conpound is
represented by the followgg strucj-ural fopnmula: 4 M M 13 1Z 14 R\/N
INRZ NYNSS wherein is Na'Tor K 1b. The pharnaceutical conposition
of Claim 14, wherein Zis 0! R and/ R2 are fhe sang’; and é? and R4 are the
same. 16. The phar ut i SCopBsSi t™NNoN i 1 Yis a

coval ent bond, -C(R5R6){, -(CH2XCH2)-, t¥ans-(CHECH)-, d¢is- (C}hc}b-

-(CC)- group; and RS andl R6 are each independently -H, |jan aliphatic or
substituted aliphatic gsoup, or R5 is -Hand R6 is a substituted or
unsubstituted aryl group, or, R5 and R6, taken together, are a C2-C6
substituted or unsubstituted al kyl ene group. 17. The pharnmaceuti cal

conposi tion WLmem w%@ wggreln Yis -C(R5R6)-; R and R2 are each a
substituted OFiRsUbStTd d'aryl group; and R3 and R4 are each a
substituted or unsubstituted aliphatic group. 18. The pharmaceuti cal

conposition of Claim17, wherein RS is -Hand R6 | s -H _an aliphatic
15. The pharmaceutlcal composition of Claim 14, wherein Z is O 'R, and R, are the same;

and R3 and Ry are the same.

16.  The pharmaceutical composition of Claim 15, wherein:
Y is a covalent bond, -C(RsR¢)-, -(CH,CH,)-, trans-(CH=CH)-, cis-(CH=CH)- or
-(CC)- group; and
Rs and Re are each independently -H, an aliphatic or substituted aliphatic group,
or Rs is -H and Rg is a substituted or unsubstituted aryl group, or, Rs and Rg taken

together, are a C2-C6 substituted or unsubstituted alkylene group.

17.  The pharmaceutical composition of Claim 16, wherein:
Y is 'C(RSRG)';
R, and R; are each a substituted or unsubstituted aryl group; and

R3 and Ry are each a substituted or unsubstituted aliphatic group.

18.  The pharmaceutical composition of Claim 17, wherein Rs is -H and Rg is -H, an aliphatic

or substituted aliphatic group; R; and Ry4 are each an alkyl group; and Rg is -H or methyl.

19.  The pharmaceutical composition of Claim 18, wherein R; and R; are each a substituted or

unsubstituted phenyl group and R3 and Ry are each methyl or ethyl.
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or substituted aliphatic group; R3 and R4 are each an al kyl group; and R6 is
-Hor nethyl. 19. The pharmaceutical conposition of Claim18, wherein R
and R2 are each a substituted or unsubstituted phenyl group and R3 and R4
are each nmethyl or ethyl. 50 20. The pharmaceutical conposition of Claiml?9,
wherein Y is -CR5R6-; R and R2 are both a substituted or unsubstituted
aliphatic group; R5is -H and R6 is -H or an optionally substituted

al i phatic group. 21. The pharmaceutical conposition of Caim 20, wherein R,
and R2 a0.e bOhdplartdecetBeal cympasitidaydf Qaiou, ophetedmal | y substituted with at

| east one al kyl gyoup and R4 are both an alkyl group; and R6 is -H or
met hyl . 22. The p at tetsBeti cal conposition of Claim 13, wherein the conpound
is represented byr ffuerf.pd B&Wa@Qbs’%iwtét%rl{fn%bsﬂ%é@vﬂl%hatl\éagroM' R3 p- OR4 R
14/ NYRZ y NN S RS RS S wherei n: R, and R2 are both phenyl; R3 and R4 are
both nmethyl; R5 aRdisRg;arde both -H, R, and R2 are both phenyl; R3 and R4

are both ethyl; and R6 are bath -H R apd. R2 are both 4-cyanophenyl; R3
and R4 are both %‘t ﬁjﬁ;orﬁgoptéonr?@?'ﬁ‘fltfsyt"'l@ %llgﬁgﬁ;grﬁ'q' and R2 are both

4- met hoxyphenyl ; R3 and R4 are both nmethyl; R5 and R6 are both -H, R, and
R2 are bhoth ghen |; R3 and R4 are both r,rethoél; RS is methyl; R6 is -H R
and R2 8te bébh Pé@f&WFQUCF&CWSRK’“a‘?feCB‘@T‘@ tHprein f5 and Fre ey poth s G3C8
R _and R2_arg il 4raubab@Bha Rl NnRg 1% EorROfRYI TREURY R, oRP RGAR U3, 2T ©
both -H R gyrf chfeh}Sgc{)btﬁ Z&S-UBftﬁtfﬁoxyaenyﬁeo RBQa:% ‘%ﬁ érae lIJ%th nmet hyl ;
R5 and R6 ar an @eyllgreugdandRe is -H or methyl.

22.  The pharmaceutical composition of Claim 13, wherein the compound is represented by

the following structural formula:

Na* Na*
Ts o o) T4
R1YN\ = \N /N\”/R2
N N
1 ¥ Re i

wherein:

R, and R; are both phenyl; R3 and R4 are both methyl; Rs and R¢ are both -H;

R, and R; are both phenyl; Ry and R4 are both ethyl; Rs and R are both -H;

R} and R; are both 4-cyanophenyl; R; and R4 are both methyl; Rs is methyl; Rgis -H;

R, and R are both 4-methoxyphenyl; R; and R, are both methyl; Rs and Re are both -H;
R, and R; are both phenyl; R3 and R4 are both methyl; Rsis methyl; Rg is -H;

R\ and R; are both phenyl; R3 and R4 are both ethyl; Rs is methyl; Rgis -H;

R, and R; are both 4-cyanophenyl; R3 and R4 are both methyl; Rs and R¢ are

both -H;

R) and R; are both 2,5-dimethoxyphenyl; R; and R4 are both methyl; Rs and Rg are both -
H;
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R, and R2 are both 2, 5-dinmet hoxyphenyl; R3 and R4 are both nmethyl; R5 is
nmethyl; R6is - H Ri and R2 are both 3-cyanophenyl; R3 and R4 are both
nmethyl; R5 and R6 are both -H R i and R2 are both 3-fluorophenyl; R3 and
R4 are both nethyl; R5 and R6 are both -H, R and R2 are both
4-chorophenyl; R3 and R4 are both nmethyl; RS is nmethyl; R6is -H R and R2
are both 2-di net hoxyphenyl; R3 and R4 are both nethyl; R5 and R6 are both
-H R and R2 are both 3-nmethoxyphenyl; R3 and R4 are both nethyl; R5 and
R6 are bot h RHand IR, arahothR25-dineetinody bhedy B-Rdiane Rh acyhphiemygthyl; R3 ismethiRlY Rarie- bot h
methyl; R5 and R6 are both - H R and R2 are both 2, 3-di net hoxyphenyl; R3
and R4 are bbth methyl; R5 is nethyl; R6 is - H Ri and R2 are both

2, 5-di f1 uor oRNEAYR; arkBornC: bByIDRY dhdetdyboth RRUBNR Rda ardh-HH R
and R2 are bo?h 2, %ardlfl uoryggopginyy %?3 4a 0are }%’gt hsl%negxﬁylr R5 is methyl;

R6 is -H RRi @mﬂdRRZe both 3bbeQﬁ0mlesyldREmdoRm®hb¢tblmeﬂm R 2 othdih et hyl ;

R5 and R6 ar e.b nd R4 are
bot h net hyl; R Otﬁ%flrg%mhac@or?%h%%ﬁh (P&ﬁaggpegﬂqare b?ﬁgg&gp{%i n?aagh%kyphenyl
R3 and R4 arR, hﬁi[hzd?@bditWLleSthaﬂyblﬁﬁylaRﬁaﬁddU’are bds’dh nR,th)B,rMSﬁZ[béraee ol FH;
phenyl; R3 and R4 are both nethyl; R5 and R6 are and R2 are bot h
2, 5- di met hox §phthiaare pgth énaetmxyah@%&wnﬁé%nm bm}!@e?hé’l r?étalwl’R*éa‘Ré’oﬁb -H R

and R2 are bg bot h
o T 2 R P OBLARY. inkEh AR, B 2 OB BB Wiy B Rl D0 D e

both -H; R Hand R2 are both cyclopropyl R3 and R4 are both methyl; R5 is

o PR s S RS I U P SR Bl ¢ 12
and R4 are bgth rrethyl R5 is rrethyl and R6 is -H R and are both

1- et hyl cycl opr and R4 are both methyl; R5 is ethyl and R6 is -H
R and R2 ar&wﬁ?\;zaxe heth Byd- é‘;ﬂéP@phWlesaRQRaﬁ@ brih metdyh & iandrBs frglbothrel; j s

n-propyl andRBQnd ﬁfaré Hbth 2,5-difluorophenyl; R and R4 are both methyl; Rs is methyl; Re is -H;
R; and R; are both 2,5-dichlorophenyl; R3 and R4 are both methyl; Rs and Rg are both -H;
R; and R; are both 2,5-dimethylphenyl; R3 and R4 are both methyl; Rs and R¢ are both -H;
R, and R; are both 2,5-dimethoxyphenyl; R; and R4 are both methyl; Rs and Rg are both
-H;

R, and R; are both phenyl; R; and R4 are both methyl; Rs and Rg are both -H;

R, and R; are both 2,5-dimethoxyphenyl; R and R4 are both methyl; Rs is methyl; R is
-H;

R; and R; are both cyclopropyl; R; and R4 are both methyl; Rs and R¢ are both -H;

R and R; are both cyclopropyl; R3 and R4 are both ethyl; Rs and R¢ are both -H;

R, and R; are both cyclopropyl; R3 and R4 are both methyl; Rs is methyl; R¢is -H;

R and Ry are both 1-methylcyclopropyl; R; and R4 are both methyl; Rs and Rg are both
-H;

R, and R; are both 1-methylcyclopropyl; R3 and Ry4 are both methyl; Rs is methyl and R
is -H;

R, and R; are both 1-methylcyclopropyl; R; and R4 are both methyl; Rs is ethy! and Ry is
-H;

Ri and Ry are both 1-methylcyclopropyl; R3 and R4 are both methyl; Rs is n-propyl and R
is -H;
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52 R, and R2 are both 1-nethylcyclopropyl; R3 and R4 are both nmethyl; R5 and
R6 are both nethyl; R and R2 are both |-nethylcycl opropyl; R3 and R4 are
both ethyl; R5 and R6 are both -H, R and R2 are both 1-nmethyl cycl opropyl;
R3 is methyl, and R4 is ethyl; R5 and R6 are both -H R and R2 are both
2-met hyl cycl opropyl; R3 and R4 are both nethyl; R5 and R6 are both -H R
and R2 are both 2-phenyl cycl opropyl; R3 and R4 are both nethyl; R5 and R6
are both -H R and R2 are both | -phenylcyclopropyl; R3 and R4 are both
met hyl ; R5 aRdaR6Ra4re bt hmethslicyRoprpsll; R3 aad &, bat totle yetiohuR yand R3aendtR4 ar e
both methyl; R5 and R6 are both -H R and R2 are both cycl opentyl; R3 and
R4 are both W€ Mbl R5 and R6 are both -H R and R2 are both cyclohexyl

R3 and R4 ar I r t f

cycl ohexyl ; ﬂRéggfn‘gz ﬂﬁsg}f{el [B %@gﬂoﬁgﬁ)ﬁ R, 8 %ar%oé? gth fil?g aFQR@ a?e, Qgﬁlgi R2 are
bot h met hyI RR@lChlhdaerotarlembmwhyﬁepmyyl RRE mﬂUleﬁldaRes btbttyh Rand Re awrfotiR2 ar e
both nethyl; R3 and R4 are both i-butyl; R5 and R6 are both -H R and R2
are both nmethyl; R3 and R4 are both phenyl R5 and R6 are both -H, R and

R2 are both Ry iR are E@h@t\detﬁlﬂ{cw@prb@ﬂhm@idfmlare B%Rh afeehyRR 2dnd RR@kdbott, R
and R2 are ethyl; R3 and R4 are both nethyl; R5 and R6 are both -H, or R

and R2 are bdth n-propyl; R3 and R4 are both nmet hyl; R5 and R6 are both -H.
25 The Phar et b FOmeN 1 oy S DR LRI
Na+ Noml \/ NH N N

R and R; are both 1-phenylcyclopropyl; R; and R4 are both methyl; Rs and R are both

-H;

R, and R; are both cyclobutyl; R; and R, are both methyl; Rs and Rg are both -H;

R, and R; are both cyclopentyl; R3; and R4 are both methyl; Rs and R¢ are both -H;

R| and R; are both cyclohexyl; R; and R4 are both methyl; Rs and R¢ are both -H;

R, and R; are both cyclohexyl; R3 and R4 are both phenyl; Rs and R¢ are both -H;

R; and R; are both methyl; R; and R, are both methyl; Rs and Rg are both -H;

R and R; are both methyl; R; and R4 are both #-butyl; Rs and Re are both -H;

R, and R; are both methyl; R; and R4 are both phenyl; Rs and R¢ are both -H;

R, and R; are both #-butyl; R; and R4 are both methyl; Rs and R¢ are both -H;

R, and R; are ethyl; R; and R4 are both methyl; Rs and R¢ are both -H; or

R, and R; are both n-propyl; R; and R4 are both methyl; Rs and R¢ are both -H.

23.  The pharmaceutical composition of Claim 22, wherein the compound is represented by

the following structural formula:

|
SUP S
S
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or SSNa Na OO NNI-I N~t""~S S 24. A nethod of preparing a

bi s(t hi o-hydrazi de am de) disalt, conprising the steps of: conbining a
neutral bis(thio-hydrazide am de), an organic solvent and a base to forma
bi s(t hi o- hydrazi de am de) solution; and conbining the solution and an
organi c antisolvent, thereby precipitating a disalt of the

bi s(t hi o- hydrazi de am de) fromthe bis(thio-hydrazide am de) solution. 25.
The nethod of C aim 24, wherein the neutral bis(thio-hydrazide amde) is
represented by the follow ng Structygal Fegpula: R3z z Ra R N~ NRZ Y H
HY S wherein: Y is a covalent bond or an optionally substituted straight
chai ned hydrocar byl ; i dependgntly -H, nan optionally
substituted aliphati i group, or R
and R3 taken togeth which they are
bonded, and/or R2 and R4 nd nitrogen atons
to which they are bondéd, fjlorma non-aromatic heter c ring optionally
fused to an aromatic ring; cand ZisOorS. 26. A conmpoufd represented by the
followi ng structural fornmulfa: 2 M or M2+ 0- O- N\N "N

Na* Na*
A
L J I
\N N/
S S

24. A method of preparing a bis(thio-hydrazide amide) disalt, comprising the steps of:
combining a neutral bis(thio-hydrazide amide), an organic solvent and a base to
form a bis(thio-hydrazide amide) solution; and
combining the solution and an organic antisolvent, thereby precipitating a disalt of

the bis(thio-hydrazide amide) from the bis(thio-hydrazide amide) solution.

25.  The method of Claim 24, wherein the neutral bis(thio-hydrazide amide) is represented by

the following Structural Formula:
Rs Z z l|?4
PPN
R, N N R,
Y ~n v N \”/
H H
S S

wherein:

Y is a covalent bond or an optionally substituted straight chained hydrocarbyl

group;
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OY SS wherein M is a pharnaceutically acceptabl e nonoval ent cation and
M2+ is a pharmaceutically acceptabl e divalent cation. 27. The conpound of
Claim 26 wherein the conpound is represented by the following structural
formula: O M+ O M+ 2\ N\ / /NNYO S S 28. The conpound of C aim 27
wherein M+ is K+ or Na+. 55 29. A conpound represented by the foll ow ng
structural formula: / ONa+ ONa+ \ NN Y S S 30. A pharnaceutical

conposi tion conpr{Sikng igally ac a . ri r i.luent and
a conpound repr esgh?édargyﬂ{a%é@gﬁ%wﬁhg&!nsto Eﬁﬁ%ﬂ&ag’lbs %t%?reuﬁl gﬁﬁl?%mg%‘flb’l\/gﬂ ' M
/I ~ /N YO N N S &tionhiy sitstittedi &ylagrpdpponBe entd R akérytogethepvabtte drbon\aal ent
cation and M2+ is a har maceuti.cal ly acceptabl e dival e cr?(lti on. 31. The
phar maceuti cal cofMy8&rt pGMsJP Vﬁ‘ﬂ“&l thes grepradedrrndfos %&?ﬂ%ﬁ@ F15198E PR WiRt ed
by the follow ngygtdatohUdrdl nifr8fdiUhBms ® Mhidr th¥ afdYbMd¥® foPmS non-aromatic

heterocyclic ring optionally fused to an aromatic ring; and
ZisOorS.

26. A compound represented by the following structural formula:

2 M* or M%*

T T
N\N/ \N/N
S S ,

wherein M* is a pharmaceutically acceptable monovalent cation and M** is a

pharmaceutically acceptable divalent cation.

27.  The compound of Claim 26 wherein the compound is represented by the following

structural formula:

1 0" M o M l
”\NMN/N
S S .

28.  The compound of Claim 27 wherein M" is K or Na*.
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56 32. The pharmaceutical conposition of Caim31, wherein Mt is K+or Na+.
33. A pharnaceutical conposition conprising a pharmaceutically acceptable

carrier or

formul a:
29.
30.
31.

di luent and a conpound represented by the follow ng structural
OY O Na+ ONa+ NN YO S S 57

A compound represented by the following structural formula:

’ 0 Na* O Na* |
N\NMN/ N
S S ,

A pharmaceutical composition comprising a pharmaceutically acceptable carrier or

diluent and a compound represented by the following structural formula:

2 M* or M?*

R
N\\\N/// \\\N///N
S S ,

wherein M" is a pharmaceutically acceptable monovalent cation and M** is a

pharmaceutically acceptable divalent cation.

The pharmaceutical composition of Claim 30 wherein the compound is represented by

the following structural formula:
’ oM OM ‘
" M AN
N N
S S :
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32.  The pharmaceutical composition of Claim 31, wherein M" is K" or Na™.

33. A pharmaceutical composition comprising a pharmaceutically acceptable carrier or

diluent and a compound represented by the following structural formula:
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