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BACKGROUND OF THE | NVENTI ON Many drugs are now avail able to be used in the
treatnent of cancer. However, in many cases the cancer fails to respond to
the anti-cancer therapy or its growh and/or netastasis is only slowed.
Even when a tunor initially 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 these reasons, there has been a need for new
anti-cancer agents and for new drugs which can be used to treat multi-drug
resi stance cancers. Certain bis(thio-hydrazide am de) conpounds have been
described as being significantly cytotoxic to cancer cells, including
cancer cells that have becone nulti-drug resistant, and for enhancing the
anti-cancer activity of other anti-cancer agents, such as taxol and taxol
anal ogs (see, e.g., U S. Application No 10/758589, and US Patent Nos.

6, 762, 204, and 6, 800, 660, the entire contents of which are incorporated

herein by reference). '@mm%a&b%mgrm%} W{%‘;ﬁ Nhemsel ves only

margi nal ly soluble in “water wever, therr I'sclosed in US
Application No. 11/157,213, the entire contents of which are incorporated

herei n by refgnre i ter solubility and bioavailability.
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BACKGROUND OF THE INVENTION

Many drugs are now available to be used in the treatment of cancer.
However, in many cases the cancer fails to respond to the anti-cancer therapy or its
growth and/or metastasis is only slowed. Even when a tumor initially responds to an
anti-cancer therapy by decreasing in size or going into remission, the tumor often .
develops resistance to the 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 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 aﬁti—cancer
agents, such as taxol and taxol analogs (see, e.g., U.S. Application No 10/758589,
and US Patent Nos. 6,762,204, and 6,800,660, the entire contents of which are

.incorporated herein by reference). '

These bis(thio-hydrazide amide) are themselves only marginally soluble in
wafer. However, their disalts (as disclosed in US Application No. 11/157,213, the
entire contents of which are incorporated herein by reference) show high water

solubility and bioavailability. Typically these disalts suffer from long reconstitution



drying these disalts and which shorten the reconstitution tinmes of the
disalts. SUMVARY OF THE I NVENTION It has now been found that reconstitution
tinmes for d¥0EUIM2I8BL(thio- hydrazide anide) disalts can PHeT/HSHPEE3IeRS

consi derably by |yophilizing and annealing@ the disalts in the presence of a
crystal line bul ki ng exci pient under certain conditions, It has also been

found that  bYehuOpldb? L8R ABSALLAG, LARPRuflePAl L A REsgnce ©f 2

crystalline b 1 nNg exC|p| , Spe not

required, anghetinkzedf 196shilizatich @qtiptriefigwhios irfrédses mfxsas@kﬁﬁabd Wlth@.d}ﬁﬁ@d- In
one enbodi ment; the present invention relates to a conposition conprising a
conpound repr@éﬁﬁl@étsby structural fornmula (1): 2M+ or M+ 3 ZZ Z- Rl \N-N
R S S Yisacoylgg i : .hai ght
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a substi t ut eddgingrthéeseidisatis anpwhichrshertet the revopstititien Smbsbf theidedlitar yl gr oup,
or R and R3 taken together with the carbon and nitrogen atons to which
t hey are bonded, and/or R2 and R4 taken together with the carbon and

ni trogen ator?(,f@m@ d, forma non- aromatic heterocyclic
ring optional use ?o an aronatlgﬁflng Zis -Cor -S. M is a

phar maceut i cal I y ak bephabbeennonnd tHaereconstitution tianes R 2errtdirs b (thio-hydrazide
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PCT/ US2006/ 03@2@5) disalts cgn be degreased sprddaratin by byaphiligingand awselingthe
represented b a
water in | essa&tS H %ﬁgéﬁac%agf%&g%é RE@%&Q}%&#&H@N@@%&@%@H@S‘ %&/enu on
relates to a hmmimshebm ﬁrmdabatbwllmpiglzangzmﬁmmadlﬂgahesﬁhm«sdnﬂmmdssenn:et ur al
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and therefore manufactunng costs are cons1derably reduced.

In one embodiment, the present invention relates to a composition

comprising a compound represented by structural formula (I):

2 M* or M2*

\”/ "N )\ )\ \”/R2
| S
. Yisacovalent bond or a substituted or unsubstituted straight chained
hydrocarbyl group. |
R;-Ry 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 atoms to which they are bonded, and/or R, and R, taken
together with the carbon and nitrogen atoms to which they are bonded, form a non-
aromatic hetefocyclic ring optionally fused to an aromatic ring.
Zis -O or--S.
M" is a pharmaceutically acceptable monovalent cation and M** is a

pharmaceutically acceptable divalent cation.



from1:20 to 1:1. In another enbodinment, the present invention relates to a
nmet hod for aring a |lyophilizate of a conposition conprising a conpound
repr esent eEV(gy’ 8%kt ural fornula (1) and a pharnaceutic q:T/FS%{’g@%H@%?bI e
crystalline bul king excipient. The nmet hod conprises the steps of. a)
preparing an aqueous solution of the conpound and the excipi ent mherein the

nol ar ratio of sai und i excipient is
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of the conpound buln dpethsnem @dumnt,ﬂrﬂg)rmnb@wamtmnereb#%tthe cofoposition sol ut i on

conprising the freeze-concentrate nne sition.
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conpound and the exci pi ent; 2007/ 021881 PCT/ US2006/ 031285 4 b) freezing
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temperature of the compound to form a freeze-concentrate,

¢) annealing the freeze-concentrate at a temperature above the glass
transition temperature of the compound but below the melting temperature of the
frozen solution comprising the freeze-concentrate, to form an annealed composition;

d) freezing the annealed composition at a temperature below the glass
transition temperature of the compound; and

e) drying the annealed composition of step €) to obtain a lyophilizate with a
moisture content of less than 10%.

In another embodiment, the present invention relates to a lyophilizate
comprising a compound represented by structural formula (I) and a pharmaceutically
acceptable crystalline ‘bulking excipient, The lyophilizate is prepared by the process
described immediately above:

In another embodiment, the present invention relates to a method for
‘preparing a lyophilizate ofa composition comprising a compound represented by
structural formula (I) and a pharmaceutically acceptable excipient, selected from the
group hydroxyethyl starch, dextran and combinations thereof. The method
comprises the steps of:

a) preparing an aqueous solution of the compound and the excipient;



content of less than 10% |n another enbodi nent, the present invention
relates to a |lyophilizate conprising a conpound represented h tructural
fornmul a (I1WORW/B1§ar naceutical ly acceptabl e excipi ent ,chéfséﬁ%@a“f‘? om t he
group hydroxyethyl starch, dextran and cdnbinations thereof. The :
| yophilizate is prepared by the process described imediately above. In

anot her enbodi nent,, .t he esent. in i relate e, use of the
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of a medi camERMPHSING ageEINeURGEPEeserted py strngigrat fnsmata (Dnangrp phesmegentieally The
di scl osed net £ ar il i I | ed)
conpositions ag?%zﬁbgésé’%%é@é?%%%i %@HEIH %éﬁglﬁg&?g %éf%g S?%{?H’ |d§’ﬁ‘g£‘;%rai ods of
time w thoutcoidireitions theteofi The lyophitioate issprepared by Mlegmocdshidesoiipgd wat er
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the need for speciyal.] SHSHRER ni
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conpri si ng a doirpotikibo disblodédizsreia. e detipodtimoisidmidisietedias aanaorthaupg whose

structure is enconpassed by a fornula selected from Structural Fornul as
(1)- (V), as (Heseythpenlypafigance dgugpdministered to the subject) or is co-administered

with one or more other anti-cancer drugs.

In another embodiment the present invention relates to the use of
composition or lyophilizate disclosed herein in the manufacture of a medicament for
the purpose of treating cancer in an individual.

The disclosed methods allow for the lyophilized (and optionally annealed)
compositions disclosed herein to be dried and stored for long periods of time
without deterioration of the cornpositions. Also, thé high water solubility of the
lyophilized (and optionally annealed) compositions disclosed herein allows‘ for fast
reconstitution of the composition without the need for ‘specialized equipment such as .
sonic baths etc. The lyophilization and annealing process described herein are also
conducted under standard conditions without the need for high vacuum and low
temperatures typically require for compounds with low glass transition temperatures,

which would greatly increase the costs associated the lyophilization procedure.



which is reconstitutable in 10 nL in | ess than 10 m nutes; preferably in
less than 5 mnutes, nore preferably |l ess than 2 m nutes, even nore
preferabl yWRX7PHEH | nminute, still nore preferably, | cRST/USAP6/EBI285econds.
The ternms "reconstitutable” or "reconstitwed" as defined herein neans that
t he conposition or anneal ed conposition and/or |yophilized conposition of

the present | L.Qn ' | ly in water under anbient
condi tions. bﬁlfg?#ﬁf%é?@ﬁm&éﬁgﬁn{% osition further conprises a
har naceuti cal | aﬁﬁee@g =1 Dl ) M ‘l ly accept abl e
gxci pient" as u}s/ed e eﬁkﬁﬁéﬁgﬂeﬁégthﬁPgﬁgsﬁdﬁ%E |% ;%%@g&tg a soloution
prior to | yolirddidedrhide) ¢cammsonindwigciciyarcantpemdwhos siucturas ehbempaskadr |

t exture, strelrllwtr?, and 2/qu f the yogﬁ)iel' eg{ cake. Phgr ceﬁsi cally
accept abl e exb)?%_‘l%ﬁﬂ’ga %&f?@éﬁ@%@d@;@é%ﬁw a%ﬁf‘f( PsASAIRECTIAg é’gﬁ’ﬁ’_stz&%f,
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In certain preferred enbodi nents the pharnmaceutically accepta exci pi ent

i s a cryst al | mimtdsyinorempyefexatilpiess than Theintites,reveti oroys peefdrably 1ésu kianrig
excipient”™ or ,"crystalline _bulkin ent"” as,used herein means an exci pi ent
whi ch provi de@B Rt Emeglfelf‘?}’gl?léfr]@gsttgg‘l ﬂésch) ilization cake. These
crystalline bul ki gy, SroBOiRib AL orReboiQANeY” S @RnetbRid BEuns that

bi s(t hi o- hydrazi de aé?nﬁ e%. eI n alggiﬁiti% oorf, tﬁe 1crysta | ng bufltlﬁnagnsagaents are
capabl e of crthstainpositiomonambesaled pappoditicneanidéor Iyaphdized @ompoditien ofthgst al | i ne
bul ki ng agent may forma crystal structure conbined with the bis(thio-

hydr az de- am BIESEDt BVORIRR Fenti dissoRod PampIefely; e W er FouiFs SRhifBheongFioDfie

bi s(thi o- hydrazi dg Affiekd emroiRh&s, (R c(ﬁﬁ%(;sﬁg,lnefuﬁﬁ&sgo%{ ' bul ki ng agents
i ncl ude hydrophilic ex%?%i eents, such as, ter sol ubl eﬂEiS’ ymers; sugars,
such as manni plekmacentibaltyodcceptalylk iekcipienty| Theitemd {‘plonmacenticall yrapseptatde |

arabinitol, arabi.to),, galactitol, iditqgl, alljtol, I.Ltitol ,. fructose,
sor bose, gl uc%@’,le&y%‘g@?%feémﬁﬂfgé&a %S’@Q%?Whﬁgﬁ @.t%ptsg?lgggr}pn?réet ose,
gl ucose, fruckesgliz Hdnds 8nhdrde SRarad8isHes GRS as R Q6 texhiO Sfrength aldNOSE,
xyl ose, |yxose, sucrose, naltose, l|lactose, |actul ose, fucose; Trhamose,

nel ezi t ose, .YGMnEG@Weﬂgd;ﬁﬂhzeﬁﬁﬁkMMhmﬁ%B’ ac6eptallt excipiesis maydfef fonose,
altritol, t heclaxram% é, %?fjerlsyana%ﬁ e\tldej\usftgrg,rgys(talﬁ-ineo‘rgulki-nfg%g(c%}entas? st\é\ﬁlli!zerg,sand

tonicity raising agents.

In certain preferred embodiments the pharmaceutically acceptable excipient
is a crystalline bulking excipient. Thé terms “crystalline bulking excipient” or
“crystalline bulking agent” as used herein means an excipient which provides bﬁlk
and structure to the lyqphilization cake. These crystalline bulking agents are inert
and do not react with the bis(thio-hydrazide amide). In addition, the crystalline
bulking agents are capable of crystaliizing under lyophilization conditions. The

‘crystalline bulking agent may form a crystal structure combined with the bis(thio-
hydrazide amide), or may form a crystal structure independent of the bis(thio-
hydrazide amide).

Examples of suitable crystalline bulking agents include hydrophilic
excipienté, such as, water soluble polymers; sugars, such as mannitol, sorbitol,
xylitol, glucitol, ducitol, inositiol, arabinitol, arabitol, galactitol, iditol, allitol,
maltitol, fructose, sorbose, glucose, xylose, trehalose, allose, dextrose, altrose,
lactose, glucose, fructose, gulose, idose, galactose, talose, ribose, arabinose, xylose,

lyxose, sucrose, maltose, lactose, lactulose, fucose, rhamnose, melezitose, .



the corresponding racemates; inorganic salts, both mneral and m neral

organi c, such as, calcium sal ts, such as the lactate, gluconate,

gl yceryl phd¥PRW7A21881 t r at e, phosphat e monobasi ¢ and di baBEBHUSHIE/R1R85 e,
sulfate and tartrate, as well as the sane gsalts of al um num and nagnesi um
car bohydrates, such as, the conventional nono- and di-saccharides as well as
t he correspondi ng poly f}(ldrl c al cohols; proteins, such as, albumn; am no

aci ds, such aBalpiessgaffiaege alftitoh gheir onfically peiive foma Minar by forws) asarell as
Preferred cr yﬁk%ﬁ%@ﬁn&ggﬁé@&a?&%% adlcSaft 'b%piﬁﬁlehﬁ%ﬂhh{lﬁeﬂf QPRERDS St ng

of glycine, manni ran Hex ose, 0Se, sucro
pol yvi nyl pyr r ad, calcing saltt,rsablabothe la@itdcglﬁc&naﬂ&ﬂglgoefy]phaiphatw citdater eof . Ot her
preferred crystalllne bqu|ng gent are yci ne mannitol . In certain

ot her pref er r BiPsehaiemoRghasis and aS&?‘é‘t"&la q, ﬁ‘élfaé% W&raé%é‘ﬁtwalsasw I'n
certain enbod uh{g&nﬁ e oty | ar
ratio of his %t IEBEeg]hy razf% %‘é es)’ rel%gh?lg{/ag&i %k?ﬁtbastgggl pi e{r%?lia(ﬁ;@?ggo to
1:1, pref er amdydidsaddhatideslas Ivelllasthe abdirgsponding padgh}alnmﬂso}mﬂaa ppteisagstich n a
nolar ratio exce of the his ﬁhlohdram gaf% salt to the
exci pi ents of 8% F@Pmérkéﬁgdﬁl%amfl%é qsg 1ng; Séﬁa ¢ &t i‘réiol y from1:10 to 1:2,
even nore pre?ﬁgﬁgg%gtr n% 5.5t0 1:2.0. In other enbodinents, a

accepta

phar maceuti ca e excipient can be used in conbination with the
bi s(thi o- hydr azi dePmfirrbd )crystatline bulking agbts mcselebiedﬁdnytheag‘rmqpctcmbﬂsﬁngeocfci pi ent

forms a gelatin or polyner, structure i-ch can be anor ous or crystalllne
Exanpl es of salaﬁm&rfﬁmﬁ&@mn, AFXERSE'BPIQEH: SUERTS Bﬁ?lmngf

hydr oxyet hyl gﬁﬂ}gf I starch,
pectin, anyl g%}ga(ﬂ:(%?n IQ%F%C%n%M r%ﬁngr%?f;%tht (F)I% Te g};sltﬂm&gl:mlﬂ?he

exci pi ent is sgenbare gtlycirferaymannibo b xinedettyin od:halpcdfﬁrrcibmb@dmntd thenbi nati ons

t hereof. Typicall excipient are present in a weight ratio of the bis
(t hi o- hydr azi ggstaﬁﬁnag)lﬁmgatg;gns nt of from1:0.5 to 1:20 preferably

from1:1 to 1:10, meﬁaﬁré?ﬁgfdgﬁéﬁ’tsm statlide Bﬂk&g%geﬁg e8P lgf abl'y

from1l:1 to 1:2. For one e ment ecorrp05| n conprising t
bi s(t hi o- hydrmno@éblsa(ﬁnm}hydraaldd amnﬂrlsaramwo theadxkipient o€ p28l6 é:1exci pient, is

2, ORI e oS, RS Sttty o ) voRl L cd and smncaled composiiion. oy
Wien unl yophi bf #edisii8&8ydrazide amide) disalt to the excipients of, for example, from, 1:20
to 1:2, preferably from 1:10 to 1:2, even more preferably from 1:5.5 to 1:2.0.

In other embodiments, a pharmaceutically acceptable excipient can be used
in combination with the bis(thio-hydrazide amide) wherein the pharmaceutically
acceptable excipient forms a gelatin or polymer structure which can be amorphous
or crystalline. Examples of such pharmaceutically acceptable excipients include
hydroxyethyl starch, dextran, polyvinylpyrrolidone, gelatin, pullan, starch, pectin,
amylopectin, chitin and combinations thereof, preferably the excipient is selected
from hydroxyethyl starch, dextran and combinations thereof. Typically these
excipient are present in a weight ratio of the bis (thio-hydrazide amide) to the |
excipient of from 1:0.5 to 1:20 preferably from 1:1 to 1:10, more preferably from
1:1 to 1:5, even more preferably from 1:1 to 1:2.

For one embodiment, the composition comprising the bis(thio-hydrazide
amide), and a pharmaceutically acceptable excipient, is a lyophilized, more
preferably a lyophilized and annealed composition. Alternatively, the disclosed

compositions are lyophilized or unlyophilized. When unlyophilized these



WO 2007/ 021881 PCTI US2006/ 031285 7 conpositions. can be starting materials
used to prepare the lIyophilized and anneal ed conpositions of the invention
by means oMWQHWT/BRI8esses described bel ow. The term "l yopHT/PSHP¢/N85as used
herein is a freeze drying or dehydration 7%echnique which involves renoving
a solvent, preferably a water m scible solvent, nore preferably water from

a conposition, typjcally by sublimtion under hi vacuum when th
conposi tion i%omff?s’élo_fl?" B%I“e‘PPy@“'&Pg majt ‘i‘qu_i%P‘ieB?F%g]?ealﬁpplPlgé%‘y\g}WEg%osi tion
and i ni m zesegxd daoh OB B RLA6A b?%%aﬁ&'@i‘ﬂﬁ?ro%é&%@éés&]ﬁb&i baykng for |ong

term storage of ‘the conposition at” tenperatufes above freezing. The terns
"1 yophili zed conpdoEhe tenm“]yophijiagtion’i as ededladceit ioa fre¢zeaipying oz delg/dration used
herein nean the solid .residue or cake i ch is.pr,qduced or. whj ch. remai ns
after the | BRI IEINGs S anEe SOF RaTEHTYE wers: TSPl pIvert
enbodi ments, {hBg pr!eﬁé%(l}) WhitE o Eﬂiﬁll?ésitﬂﬁ, Esypida}i%g 'sﬁBl?rﬁ‘étf‘onﬂﬁﬁeﬁligR' sture
content of less than 10 % preferably |ess than % ,nore preferably | ess

than 2 % evevacnumevipndhecampositionsis in & frameristate. ThepHilizetion stabdizes theof a

| yophi lized fornul ation, can .be neasured bﬁi Karl .Fisher or ofher Eet hods.
Typi cal |y, | ySHRIsiieRendmipignizes qxidaiiog,and other gempdative BF‘?CS?Feéalﬁf?‘?S‘Hﬁ o (a

| yophillizer) | ' B0y ﬂg@ﬁ{. ' iabl e tenperature
controls, a lggﬁggéﬁgéﬁgﬁéﬁctglgF%lg?sg’vl\g?rg?&,t&g d a ei/s‘éﬂgﬁﬁemﬁgizgfggm to reduce the
pressure in the dfly tegmgfigodielizeddoendogivioh?,|“Tyombiliaad palet @s Slygpnitizate’l as

I ncl udes two st tl;;s:_a freezi step and ,a rjmar drgi n oc%l subl i ngtion
step, and carBpORSIIPRS 1A ephkErsiie 08 sakpar ot ridpced pp fhichygmens afir
|'yophi |'i zat i Ot'fﬂe P}Fo?ﬁﬁ&%i&ﬁyro@écﬁﬂe bR oo, ah ERAiTR o &A%, tHeal i ed out
prior to the freezing stage and an anneal 1 ng stage carried out during prior
to the dryi nigoshikizpel fosulatedohlyophitizdtp het 2 maistra contemtaif ebs shaarlyp %et hod of

Lrealing (he L Comoeldl g, S selulLon B pL ke, bizeelnn, Thlg el ude
addi tion of cQEPPRENTRe fifal hdlSthRASE: BbatRlibdd HrRMEliod, chilBE B¥BsREPHEREHNY) . Of
pre-cooling the solution. In certain preferred enmbodi ments the conposition
or sol ution iKislwerecotlerthetiods.
Typically, lyophilization is carried out in lyophilization equipment (a
lyophillizer), which comprises a drying chamber with variable temperature controls,
a condenser to collect water, and a vacuum system to reduce the pressure in the
drying chamber.
The lyophilization process generally includes two steps: a freezing step and a
.primary drying or sublimation step, and can optionally include a secondéry drying
step. The lyophilization process may also include a pretreatment stage, carried out
prior to the freezing stage and an annealing stage carried out during prior to the
drying stage. '
As used herein “pretreatment” includes any method of treating the
composition or solution prior to freezing. This may include, for example,
concentrating the solution, formulation revision (i.e., addition of components to
increase stability and/or improve processing), or pre-cooling the solution.
In certain preferred embodiments the composition or solution is precooled at
between 10 °C and -10 °C, preferably, between 0 °C and -10 °C, over a time period

of between 10 seconds and 1 hour, preferably between 1 minute and 30 minutes,



between 10 C and -10 C, preferably, between 0 C and -10 C, over a tine
period of between 10 seconds and 1 hour, preferably between 1 m nute and 30
m nut es. VBO2007920881881 PCT/ US2006/ 031285 8 To prepare tRE/¥52809/0386288
reconstitutabl e conpositions, a bis (thiol8ydrazide am de) and a
pharmaceutically acceptabl e excipient is dissolved or suspended in a

i tabl I t, f | y,.t i s(thio-hyd id ' h
Shar maceut i cal ly ROk renpseo oRaruBett i 0% CBPRubrEds of vent
Lo forma solaité)ind Debhsldeitical) oaphabtibxcifientls anipsrabyana nd can

optionally conpri'se other ingredients such as buffers, pharmaceutically
accept abl e sabitablesolueticprefepabdy thedinjthiehydrpzide empde) bhdthephancentically

di s' sol ved t herei Typi.cally,. the solvent..is ., steri.le water with no. other
i ngredi ents. aﬁ??&?&%‘?’?"@@?‘%,ar‘%/@ésoéYﬁd\}Bﬁtsu}nglﬁsﬂﬁ?ﬂtzﬁ SOl ent . such as,
an al cohol , epgs; : ' : er/ al cohol
m xture, dinet ;ﬁag&e@g%n g{:ant(l %ir/hs%h?b?se%o?%éﬁzl%?&a?ldgr(?rt]ﬂ(@gﬁo?ﬁpgrﬁ o otk

di met hyl f or nangreldient®bEh asTudfefs, pbarmetagealdy acdeptablieseltoeweathéryophi | i zat i on. -

, aft et t t. t , .08 f I, I he, f ' t ep,
Phe- sl ut | on AeHesBisly e ri bl aeainne Gphi eratgmlaly Sheidane °
tenperature Qferfld@atet Fithiddi d%hé%%r@éi’bﬂ@. AMeARlivel), thekdhéntfis £8&EaqrRnsent rat e.

G ass transition tenperature ( as defined herein is the tenperature at
whi ch a conpaeatvént beshgesamsaleahsl fergrmethanol pfthanod te-dytyl klgobolsrat e t o t hat ~ of

[ li_guyi E | bel t i al i cal l igid
or ‘ot assy. anthegeapebrR iR ah R MR RSB D). 8 ol de
transition i siimethyEbM@side(DMIBIp transition and in certain instances can be

a gradual transition. For the bis (thio-hydrazide am de of Structural .
Formula, (I1) the Thg first stapg of the diggoset dyapbilination plocessy efter an¥ preoimeatmentat i on

f th d i pient . | N | Ui Tg' is the, gl
Cranstti on t SHBEAFEFADEL 1 e RGN b 16 RUBNCHICIORH By SPFRG R O ERe, pi ent
in sol ution. i gag tehsioRdsffsaldre STBEBR (ARNEPHLFAE 8midd) tAfoRind rekze-

concentrated, conposition or m xture consisting of the conpound of the
present i nvereoheantrated exci pient or excipients interlaced in the

interstitial regi %ﬁas%ftrgngﬁioirl(fgmﬁ:e{rXt%}e%sg), as defined herein is the temperature at
which a compound changes state from that of a glassy rigid state to that of a viscous
liquid. For example, below the Tg materials are typically rigid or glassy, and
typicain are rubbery or leathery above the Tg. The glass transition is not always a
sharp transition and in certain instances can be a gradual transition. For the bis
(thio-hydrazide amide of Structural Formula, (II) the Tg is -44.7 °C.

As the solution freezes the concentration of the compound and excipient
increases in solution, Tg’ is the glass transition temperature at the maximum
concentration of drug and excipient in solution.

Freezing produces a “freeze concentrate” of a highly concentrated,
composition or mixture consisting of the compound of the present invention and
excipient or excipients interlaced in the interstitial region of the ice crystals.

In certain preferred embodiments, in the freeing step the solution is frozen at
a temperature between -44.7 °C and -80 °C, preferably, between -44.7 °C and -60
°C, preferably between -44.7 °C and -50 °C, over a time period of between 10 -
minutes and 10 hours, preferably between 30 minutes and 3 hours, more preferably,

between 30 minutes and 2 hours.



In certain preferred enbodi nents, in the freeing step the solution is frozen
at a tenperature between -44.7 C and -80 C, preferably, between -44.7 C and
-60 C, prwoaoedi2ssiet ween -44.7 C and -50 C, over a ti mpquaus20e/0isbet ween
10 mnutes and 10 hours, preferably betwgen 30 mi nutes and 3 hours, nore
preferably, between 30 m nutes and 2 houfs. WD 2007/021881

PCT/ US2006/ 031285 9 In the next step of the disclosed |yophilization
procedure, the "fﬁm&mextsinpeﬁthnealﬂsel‘osécklyophiiliartiadnlgroenduﬁaﬂred‘freﬂee terns
"anneal ed" or "anpeal,in as,. used e i «a « ol din the

t enper at ur e GePnGepate, ?e‘%gl E‘BW(:@H‘F'F‘]&E l‘rﬁ? oﬁ%‘{éaﬁg ’Eeﬁ?ﬁﬁﬁﬁlﬁuﬁ%‘q

duration of g, fs'&a;fro@ésls QY‘ﬁolHﬂl thd RipRtahirB 8f ﬁfélﬂ‘éeﬂélc@ﬁ%‘éhtﬁét@'afa&dhstant
crystallize. Typical ze-concentrate is annealed at a tenperature
bet ween t he temgperiatnge @oarduramrbntoﬁtarﬂerthmmowa thet drpstaltinerpulkimigreg cipteat to
freeze-concentrate, d.the. of the conpound of. th resent. i nvention.

The nelting 0 0 entrate
e el £ g BOTRILS RS obE Sttt TorB e B BRTT ) A HEPFAGES bEABERT,

as used hereigp ﬂqélhh@%ohﬁ%ﬁfea&dﬂ’eﬁ sélhtmr%ﬁrﬁﬁhéiﬁ?thﬁ FREENcHRE M Ang }EPT | Si ng
the his (thio-hydraZide am de) and excipient <changes froma solid frozen
state to a | T@mfdihesmammlmld oﬁtlmprssenbmmnon TEheimeltihgypeihi of the Eopar at ure i s

around 0 C but var. 0 tratl n of t ol uti on.
Uhen the fr osduln pebRfiting SRR RRomRalaf oS BRGERAiS K OF ilineietlioal 1 he
crystalline kil g 5%k Bb18Hdn édﬁ'iﬁf?sn?g tﬁé%ﬁ%ﬁho-ﬁ&rﬂx‘dﬁ%%&dé}%@@f@ﬁ@ﬁt of the
compound of the present invention. I'n certain preferred enbodi nents, the

anneal i ng st eparngss frany 4 salidofiiozenstage tolaliquadstatzion stags & peksf é‘ypmdbetﬂmodl ment ,
the annealin ste i s, carri.ed, re t once,, such s IWI t hree
imear frve foeiare s appees Dy BiLar Jebend@Rgh e Rrgitasob st car i ed
out twi ce. | Roltfibh SihoA1RE FELAL BRI B Theprebdht m%n@a{lﬁelahﬁweﬁt g the
freeze- concentrate is annealed at a terrperature between 0 C and -44.7 C,
preferably, cbestal\lumblﬂklﬁgamdpwnﬂfoﬁnandryspal eﬁ'mtmblnydepemdmtacnf the Gmpaiind30 C

over a tine gg}e { bet ween 10 mi nutes and 10 hours, preferably between 2
hours and 6 REHEPTesFBE BV er abl y, between 3 hours and 5 hours. The term

"anneal ed conposi i} @&rtaiAprf&Psh dftcliments, A ¥nfeaRROstED 1sQRrYdAl ceflonce. In

certain more preferred embodiment, the annealing step is carried out more than

once, such as twice, three times, five times or ten times. Typically, the annealing
step is carried out twice,

In certain preferred embodiments, in the annealing step the freeze-
concentrate is annealed at a temperature between 0 °C and -44.7 °C, prefera‘bly,
between 0 °C and -40 °C and, preferably between 0 °C and -30 °C over a time period
of bef.ween 10 minutes and 10 hours, preferably between 2 hours and 6 hours, more
preferably, between 3 hours and 5 hours.

The term “annealed composition” as used herein is any composition which
has been annealed as defined above. -

In the next step in the disclosed lyophilization procedure, the annealed
composition can be frozen to a temperature below the Tg of the bis (thio-hydrazide
amide). In this freeing step, the solution is frozen ata temperature between -44.7°C

-and -80 °C, preferably, between -44.7 °C and -60 °C, preferably between 44.7 °C and
-50 °C over a time period of between 10 minutes and 10 hours, preferably between

30 minutes and 3 hours, more preferably, between 30 minutes and 1.5 hours.



has been anneal ed as defined above. In the next step in the disclosed

| yophi | i zati on procedure, the annealed conposition can be frozen to a

t enper at ur VQIBA2IBRE Tg of the his (thio-hydrazide ani dBGT/US06/PIIZSS r eei ng
step, the solution is frozen at a tenperatllre-between -44.7 C and -80 C,
preferably, between -44.7 C and -60 C, preferably between 44.7 C and -50 C

over a time peri OﬁU{fI bet en,10 m es and 10 hours rably between
30 nminutes and 3 tgrm y@%r@?@?‘gﬁ?neﬂmwsﬁym%‘gﬁﬁﬁaw €5 ‘hours.
WO 2007/ 0218%@1@?3@@%99&69@@1@%ezel&ngéh%afe%r%néhléﬁ ¢Hnp &ﬁldﬂsvﬂqlé‘er ein

enconpasses any method of renoving water or solvent fromt e
f r eeze- concennaintaining thergiesy stitecditpoSeaze canwiniks ormaneried comppsitios. gl assy

state of the freezg-concentyate r anneal ed sitpLon. The dryin
step invol ves the TR BHE GPH%VOE El[rﬁjﬁ??8#8’89‘1“%%5\8%]?'}{13%%‘@0%%?3
under a vacuug@ht tnpsietsHn@sr a %u@rﬂ%‘%ﬁe@atﬁfe? Yo En&%’h't@ B?&ent@oll&ﬁb‘é‘

freeze-concentrate. I'n certain particul ar "'enbodi nents, the aqueous or
sol vent conmfrthmfrsezaf@nc@mdnwyrt&uphntmulm gmb@tilmeng; fheiaqueops or yalmept The

tenperature of the d nou h to vide a sufficient
Fare of subl | OB HEovd By Mbtigtien ik dWPEnds RSP RE e t hat
al | conponentige alyidd\&te ﬁﬁ@?@ehlgpeﬁ&@h&@mvfd%rﬁu&rﬁ&éﬁm of ShblEatRmIfiERt 1 on
provi des considerable ‘cooling To the product, tenperatures for the drying

step are gendiquid gompatentsi xghiow etmagh tchiosue that alltchmpbn@'é&oﬁ@eﬁbw- In the
prinmary dryi the freeze- nce rate or neal ed, c on Is dried
by subli mati Oc%ngﬁn te[rgﬁﬁéqﬁ ?tffmd’rg ©3 %‘S@emg’ng‘f%) BB %/thebet ween
10 C and - 10 frodwdt q&%ga*ahﬁemm%ﬁg %Bafwge%eﬁlmﬂm&m r tBdAthbd¥BhE ON

t enper at ures |ncI ude between 0 C and C, preferably between 0 C and -25
T. Typical | ytheGisedingstepn i s carried out under vacuum conditions at

pressures of bet 200 mrorr and mror r er abl tween. 200 mror r
P 100 mTorr, - minanePRPaAaye He e s R G R g g pion

Subl i mat i on 'cﬁ‘le@%’yrshBHm@ﬁén Qﬁ/aetren@eltanﬁ@ba%expzio of ah@LWERT) pief ?fsbéﬂéen‘lo

hour s, preferabl bet ween 10 hours and 30 hours, nore preferab bet ween 20

hours and 3010h -184@i pretamably petwietn 103 peh0 S additionalublimaidver a time

period of bettyc\ﬁggratures include between 0 °C and -30 °C, preferably between 0 °C and -25 °C.

Typically sublimation is carried out under vacuum conditions at pressures of
between 200 mTorr and 20 mTorr, preferably between 200 mTorr and 100 mTorr,
more preferable, between 180 mTorr and 130 mTorr.

Sublimation is carried out over a time period of between 5 hours and 40
hours, preferably between 10 hours and 30 hours, more preferably, between 20 hours
and 30 hours, additionally sublimation is carried out over a time period of between
10 hours and 80 hours, preferably between 30 hours and 60 hours. '

After removal of the ice crystals by sublimation, the remaining freeze-
concentrate or annealed composition may sﬁll contain bound water/solvent that may
be rembved by slow heating which is optionally conducted under vacuum cdnditions
to produce the lyophilized cake. This is the final segment of the lyophilization cyclé
where residual moisture is reduced to levels that no longer support biological growth
and chemical reaction. This process is secondary drying. The reduction of moisture
in during secondary drying is accomplished by increasing the temperature to

ambient temperature or above.



10 hours and 80 hours, preferably between 30 hours and 60 hours. After
renoval of the ice crystals by sublinmation, the remaining freeze-

concent r at WOR00HRAA| ed conposition may still contain bol¢d/WBPWBEEF vent
that may be renoved by sl ow heating whichlis optionally conducted under
vacuum conditions to produce the |yophilized cake This is the final

segnment of the ly ilizatjon,cyc re reS|d noi st u is reduced to
l evel s that no lo g? d”é&tﬂ %@@‘g {0 A OEW{?EPWPB%QCIDOH Thi s
process is S%&@:’M@S)Vdé%&ﬁu%ﬁ -at 1 BnpRattfeldetieddl 200l SldB0RC 'pPefQ['dBl'y”g secondary

drying is acconplished by increasing the tenperature to ~anbient tenperature
or above. V\Dbzminoﬂfg&hdmfﬂ,mablgi&m%n4QfCIandt5IQedemmialr@esmrpmmg step

the freeze-cqncentrate qr.a g: tion at a
t enper at ur e @PB\‘E@W?G“%“%%E&@ th% eggr@ @BC tooiq %fe'eﬁ E
preferably beweerau%&r@a&é&c&cemsta @eurme%éﬁ@ootmmw es Incl ude
10 Cto 80, preferably, ypi cal ly desorption is <carried out
under vacuu mm’ﬁlrd |ptr¢forab13abetwc€s%(w mg orsfan@éOQeélFonz oorapreferabledber@eeoniBor r |
preferably bet (f%(h rr and 100 mTorr, nore preferable, between 180
mlorr and 136n 1?? partlcul ar enbodl ment, desorption is carried out

over a tine peri O%prartféﬁla!*/%ﬁiboéﬁndﬁ‘t s RptiG o&ﬁidﬂ%ﬁi%veﬁﬁﬁ@ﬁ&lﬁd}’ofbet ween
30 mnutes and 5 hours, nore preferably, between 1 hour and 3 hours,

addi ti onal dévsbvq@nulemlmuwegnd h@ howks, preferabl Bbetwisenid @ miputes erdabhqms,mqre 20

' has o moreRaE: vt Tt wels By BoparRi ki YR 2R 800y " o

preferably | aggrs pldfRatdy Y0 1696RofMI € preferably less than 1 % The final
noi sture of a |yophili zed formul ation, can be freasured by Karl Fisher or .

ot her methods. Typi ﬂ'hcdyophywmfbmdamwrdy@}eh@éﬁeﬂstﬁ}’plpallyabmdrmmtém th the
S S R N e T T
art. In one eRROHYITENn mbheprbReiy lese fidn ¢ c%rpqrﬁe HhaiMmbistupé 8PATyBhiRYed he
follow ng pr ocedure. The t enperature of the chanber is optionally reduced
to bet ween 1doxmulation, can be measured by Karl Fisher or other methods.
Typical lyophilization cycle useful in accordance with the present invention
are provided below. The cycles may be varied depending upon the equipment and
facilities available in a manner well known in the art.
In one embodiment, the lyophilized composition is prepared by the following

procedure, The temperature of the chamber is optionally reduced to betyveen 10°C

and -10 °C and maintained for a period of between 5 minutes and 5 hours prior to

freezing. The temperature of the chamber is then reduced to between -44.7 °C and -

80 °C and the temperature is maintained for between 10 minutes and 10 hours. The

temperature is then increased to between 0 °C -44.7 °C aﬁd held for between 10

minutes and 10 hours. The temperature of the chamber is then reduced to between -

44.7°C and -80 °C and the temperature is maintained for between 10 minutes and 10

hours. The temperature is then optionally increased to between 0 °C and -44.7 °C -

and held for between 10 minutes and 10 hours. The temperature of the chamber is

then reduced to between -44.7 °C and -80 °C and the temperature is maintained for

between 10 minutes and 10 hours. The pressure in the lyophilization chamber is

then reduced to between 20 mTorr and 200 mTorr. After reducing the pressure in

the chamber, the temperature is ramped up to between 20 °C and -20 °C. and



and -10 C and maintained for a period of between 5 mnutes and 5 hours prior
to freezi n%. The tenperature of the chanber is then reduced to between

-44.7 C an¥O-20802¢8%4nd t he tenperature i s maintai ned for PEATUEENS/03D8H nut es
and 10 hours. The tenperature is then inggeased to between 0 C -44.7 C and
hel d for between 10 mnutes and 10 hours. The tenperature of the chanber is
then reduced to between - 44.7 C and -80 _C and the tenperature i s maintained

for between -¥@intined &3 bgheend andgi@rhpursthetenpapmre then isontinaallbmpsaal | y
i d t - T ' d 10
our s The. ¢ SEELHERRA202C Mg bl ald il for Bebfeeh D0 SR 10 HE, SNC

and -80 C aniydphitizt€ produet preferdbdy ha afirgl fredstirercontent oftetwddh lessrtbares and 10
hours. The pressure in the |yophilization chanbgr is then reduced to
bet ween 20 nifeRut 18 ansdessHrer fboupd Yoo fypicaliliéPoly ke pressure in  the chanber,

the tenperature i t ' : P " 021881
PCT/ US2006/ 031285 é‘g%ﬁ%ﬁl r@ﬁ?%&%@gﬁlﬁgﬁﬁ%&%@g ety nper at ur e
then is opti dreabllywingrpectdutt) The thepsvarre GlthEckambai@s dpticmally bedfuded tor bet ween

10 minutes and 10 hoyrs. The |yophilized product preferably has a final
noi st ure con?%‘?‘ﬁee’éﬂog@aﬁé nC agd naipiamed faperipdaf hptyvacs Sdnimlies ashbdut 1%

typically ab 0% | 14 ' . Lkl 1, Z& _
conposition ?&S;GIFPEH ed;r)(lflér grgéigriﬁd’?%éeﬂeﬁ-@ﬁa%e §gﬁl%%g%§§%1}%mﬁé&%g&n#etr’ga@g?ne of the
chanber is op476Gandy60 8dune thettempéretuneis maittaiied fisk HetWeartD miiutdisanded for a

period of between 5 mnutes and 1 hour prior to freezin The tenperature
of the charb 9urﬁsﬂlﬁéqmneé%}u@éathea%@@%@é&)betwa¢w0§9m-4(g"§@ Re

tenperature | “@Eﬁ' | f t ] : I
tenperature |b§tt egth?’{rll%?%gsée)dcf u?% Qet @v\glé%agﬁ@cgfatﬁg c-ﬂé}gb%lgﬁ%ﬂﬁgqu&g?%r bet ween
2 hours and Between s44. THE@ ah@ riieiCadndrthe teinpebeture hamaamtaihad fon®stween@0ed 't o

between -44.7 C and -60 C and the tenperature .is _maintained for between 30
mi nut es and BURYEs &nd rheurs.e dhe Femneratuedn thee eraprallyasegsed ie Pesad0t6 - bet ween

0 C- 40 C apfo r 6 re of the
chanber is ?ﬁe‘g%#ggg@e%%%w%gr?%g%g%i??‘B%Sar’@g?%ﬁp%ya&%éﬁg%agﬁﬁ%ér%at ure is
mai nt ai ned f dren rbdiices enb@&Feen A4t 2XC ant-68 °Gaud she (Ehperates sumeintainedfor

| yophilization chanber is tthen. reduced to bet n O niforr and, 200 nlorr.
A]Yt gr r educi gatv\(eﬁ@ 3B minuigs and 3 howe. 'The pressureint}ﬁg ?yop%?liza?on chammber is then

reduced to between 100 mTorr and 200 mTorr. After reducing the pressure in the

chamber, the temperature is ramped up to between 10 °C and -10 °C. and maintained
for between 20 and 30 hours. The temperature then is optionally ramped up to
between 30 °C and 60 °C, and held for between 1 hour and 3 hours. The lyophilized
product preferably has a final moisture content of between less than about 10% and
less than about 1%, typically about 1%.

In another a<|iditiona1 embodiment, the lyophilized composition is prepared
by the followillg procedure. The temperature of the chamber is optionally r’e&uced
to -5 °C and maintainéd for a period of 15 minutes. The temi)erature of the chamber
is then reduced to -48 °C and the temperature is maintained for about 1 hour. The
temperature in then increased to ~20 °C and held for about 4 hours. The temperathre
of the chamber is then reduced to -48 °C and the temperature is maintained for about
1 hour. The temperature in then optionally increased to —20 °C and held for about 3
hours. The temperature of the chamber is then reduced to -48 °C and the
temperature is maintained for about 1 hour. The pressure in the lyophilization

chamber is then reduced to 100-200 mTorr. After reducing the pressure in the



chanber, the tenperature is ranped up to between 10 C and -10 C. and

mai ntai ned .for between 20 and 30 hours. The tenperature then is oggionally
ranped up P 20e0%88h 30 C and 60 T. and held for bet weenPG@T/HEHO06/4}H 853

hours. The |yophilized product preferablyi3has a final noisture content of
bet ween | ess than about 10% and |ess than about 1% typically about 1% In

The 1ol | ow nPaPQER du EmPPRBIE TAEPSd B0 B tF G At ERUMBEF o8 ShI RS ARy
reduced to "ﬁleQ_eﬁlBtgrﬁfméﬂ i68idngfly ?anﬁ?‘eﬁg%dcoqf% B, G uleha helliter 3 ROMET at ur e

of the chanber 1Is en reduced to =48 'C and the tenperature i s malntained

for about 1 HbherlyogltiBzed proghet atafereblyhat hé&nal moistas echtérnd of X3s Gaaiablodiel d f or

about 4 hours, Th tenaﬁeggtur% of the chanber is.then reduced to -48 C and
t he tenperat (7% and typigally #PpWd %or about 1 hour. The tenperature in.then

opt i onal |y | nor eascl horfg (fARtIURlbattny AROWopRiizP U Bpodih s STPer at Ur &

of the chanber is then re C and t enperature 1s nmaintained
for about 1 hweparedbetherfeBswing procetine. The dumparatatd afithe clesmies is apgionddbn

reduced to 100-20 forr. After duci ng the ssure, i.,n_the WD_2007/ 021881
PCTI US2006/ oéfé‘éfz?gt%etwe%éﬁb‘gﬁﬁéﬁhg @@ﬂ&&qﬁpgﬁa fiaspet“aﬂﬁéi?eﬁh‘ﬁe‘t‘é +5 C and
mai nt ai ned f%ﬁ%%d%%ogﬂggﬁe teml')@ﬁt&r@@ﬁk%b&hﬁeﬁi?%m‘r@dﬁé&&&ﬁ%héﬁI anped up

to +45 C. over a and hel r 3 hours. The lyophilized product preferably
has a final i 3Ceed &OiCand thé tempemturh asmaintrined Rvbetmcen PP indoutesamgdifout 1 %

| t ther addi.ti onal dj ., _the.lyophilized i tion |
e o e O P e SRSl o S BB e SRR AR
optional ly raeygcedd oo BetineenfidGeduiiftng plesaitd inBethainB8ed teQbmperP@fd 0d of

between 5 minutes and 1 hour. The tenperature of the chanmber IS then
reduced to besweapedupit betv@earl’C 8 - dnd tmaintainpé fartbetweeens3 Oranil G0 ai ned f or

DR 0 e bR TS PR o Bl RO o SRR, Phamer
pressure in the HeBfsR BEtweeh 0 heR20A B0 hBurs! The AoMAEiAR pteiueeleReMPrds and
-30 C and mai ntai ned for between 30 and 60 hours. The tenperature then is
optional |y ramfisal mgisture doatentefbet@edd lassth@0atout 46% dndllessfthan dbettdén 10 hours
and 30 hours. tyimgll}lr Xé)d%tcnl% zed product prefer a‘bl y has
Another embodimenty of the present invention is a pharmaceutical
| composition comprising a lyophilized, reconstituted bis(thio-hydrazide amide) as
disclosed herein and a pharmaceutically acceptable carrier or diluent.
For the bis (thio-hydrazide amides) described herein of Structural Formula
(D-(V), M" is a pharmaceutically aqceptable monovalent cation. M* isa '
pharmaceutically acceptable divalent cation. “‘Pharrhaceutically acdéptable” means
that the cation is sﬁitable for administration to a subject. Examples of M* or M*
include Li*, Na*, K, Mg®*, Ca**, Zn**, and NR,", wherein each R is independently
hydrogen, a substituted or unsubstituted aliphatic group (e.g., a hydroxyalkyl group,
aminoalkyl group or ammoniumalkyl group) or substituted or unsubstituted aryl
group, or two R groups, taken together, form a substituted or unsubstituted non- -
aromatic heterocyclic ring optionally fused té an aromatic ring. Preferably, the
pharmaceutiﬁally acceptable cation is Li*, Na, K, NH3(C‘2H50H)+,
N(CHs)3(C;HsOH)", arginine or lysine. More preferably, the pharmaceutically

. s ATt + + . :
acceptable cation is Na” or K'. Na’ is even more preferred.



a final noisture content of between | ess than about 10% and | ess than about
1% typicall about 1% Anot her enbodi nent of the present invention is a
phar maceut | W00 &fosi ti on conprising a |yophilized, recRERUS006ed285

bi s(t hi o- hydrazi de am de) as disclosed hegein and a pharmaceutically
acceptabl e carrier or diluent. For the bis (thi o- hydrazi de am des) descri bed
herei n of Structural For mul_a 1)-(V), M is phar maceutical ly acceptabl e

m)noval ent cation. ﬁE"IlC‘PEaIgon'ﬁﬁl&t@a%&RTP@EGWW‘QCM%PM@"‘EWV&%H@ Rati on,
" Phar naceut i %ﬁh?ga?e%ggﬁlﬁglﬁd&%ﬁ{é J@Eﬁ%ﬁg cation is suitable for
0

adm ni stration a subject M2+ include Li+, Na+, K+,
Mgt +, Cat+, Zn2+, Iaofle biﬁdemWneI’YéiantﬂmuinaHolnsulaJ(di)apemdeaﬂbﬂlt)bon&,ydrogen a
substituted or unsubstijt uted al i ph grou droxyalkyl group,
am noal kyl gr@G}ﬁR@}’ AfFehHarairags(C 3%‘319 P@'&fﬁ@% "tQIt‘é@ %‘rgrﬂ%ubstl tuted
aryl group, B\B’ R groups, taken together, forma substituted or

unsubsti t ut e3 non- “aromati ¢ heterocyclic ring optionally fused to an
aromati c ri ngC(IBRgJ-eRaRyare hidescribeal dbave firiStabtuyal Focmplagb). RseatiRgard s Li +,

Na , KK, NH3 H5 +, 3(. HS + I Mo
preferably, geFl 1&%@?&%@{}%1%%1@ gé??)?@ﬂ : gi&ﬁ? ’gﬁg:%ou?é;afn]gﬁrls I%ﬁrafelii\lgé : s
even nore pr éﬁ%?' %]{hﬁg ura
Formul a ( 1I)O, ?é?%%b‘igtrué%&r%%g%s%éﬁ e pr% Y, %en %Oée{h%i%é éJg&'RZ are
t he same; and:&%ﬁb@trtdteaéranmﬁshmtdammﬂe alt;e 'Hrd)p‘ldnmmncaﬂy accéitabilet ur al

Formula (1) is,a covale Eond C(R5R6) -, -(CH2CH2)-, trans-(CH=CH)-
Ci s- (CH=CH) - cationis@sg 95"5‘1538 Bovepreferabl y - C(R5R6) Rl-R4 are as descri bed

above for Structugal, %:9%’%41 &E%Fgﬁs@ﬁgﬂy@zﬁé I@éygegcﬂggcgg&a?g}éay -H, an

al i phatic or substltu oup;

substituted mepresmteﬂﬂiylsuaioaﬂa]aﬁqdnu@r(diﬂp or, R5 and R6, taken together, are
a C2- C6 substituted or unsubstituted alk %ene group. The pharnmaceuti cal |y
acceptable cation is as described aBMWerMi'n one enbodi nent the bis
(thio-hydrazi de am des) described herein are represented by Structural
Formula (111): Rs : R4

R1.\[(N\N/ \N /NTRZ
N | 1

R;-Rs and the pharmaceutically acceptable cation are as described above for
Structural Formula (J).

In another embodiment, the bis(thio-hydrazide amide) is represented by
Structural Formula (III) where R, and R, are each a substituted or unsubstituted aryl

group, preferably a substituted or unsubstituted phenyl group; Rs and R4 are each a
substituted or unsubstituted aliphatic group, preferably an alkyl group, more
preferably, methyl or ethyl; and Rs and R are as described above, but Rs is
preferably —H and R is preferably —H, an aliphatic or substituted aliphatic group.

Addiﬁoﬂally, R; and R; are each a substituted or unsubstituted aryl group; R
and Ry are each a substituted or unsubstituted aliphatic group; Rs is -H; and Rgis -H,
an aliphatic or substitutedalibhgtic group. Preferably, R; and R; are each a ,
substituted or unsubstituted aryl group; R3 and Ry are each an alkyl group; and Rs is (
-H and R¢ _is -H or methyl. Even more preferably, R; and R; are each a subs_tituted

or unsubstituted phenyl group; R3 and Ry are each methyl or ethyl; and Rs is -H and



2MorM+ R3 OOR M\ /MM /NYRZ ~~ NNRSRs SSR-R6 and the

phar maceuti cal I¥ acceptabl e cation are as descri bed above for Structural
Formul a (1)WOR78%88her enbodi ment, the bis(thio-hydrazi deCEIBZIE)/031385
represented by Structural Fornmula (111) where R and R2 are each a
substituted or unsubstituted aryl group, preferably a substituted or
unsubstituted phenyl group; R3 and R4 are each a substituted or

unsubst i t ut edelb ripleametyyr Suipablpsubsétuenss foran anyligrouneptasentadbreR: préRer abl y,

"M ana Ro s P ananimy Ehe S Srially RO TP R Ferotthe W R ICLD

Addi tional |y, anRlaliphélicRo@dse each a substituted or unsubstituted aryl group;
R3 and R4 are each a substituted or unsubstituted aliphatic group; R5 is

-H; agd R6 is -H, hlnanorémi grhbadiment; thelmthiq-hydazide pywrde) disaljinigpresetedt gr ably,
R1 R2 i - . ~
cach an al byl Py asRaLRald (1) SRR, RaRaAK Lth it o i iy @Rd ™4 are

preferably, Rlliphft fRupeeferbly £CSUWEBEyiclaalied growp dpfistidlst dubsfitetdd Wit  gr oup;

R3 and R4 are each nmethyl or ethyl; and R5 is -H and 2007/ 021881
PCT/ US2006/ 03¢zggne alkylRgoun; maxe preferablyayclopiapyhen emethydeyolarsenys Rondan aryl

group represent b i t ~C_ QL I ed by R3, R4
and R6 are agﬁﬁégﬁ %f%sgﬁéb%f]e%&?vg ff %{?%glrcﬁ?aﬁlé)rqgﬁ%l (;[)pﬁl_%tf%gﬂa rbg’l%g?lﬁ)%mgeﬁo her
embodi nent, tﬁiﬁuﬁﬁﬁ%{témalﬁylﬁdﬁﬂzdnd@s&ﬁd R hrethsSirbdribied abepe, BAERE R prefbrvbly
Structural Formula (I11) ere Rl and R2 are each a substituted or

unsubst i t ut ed-H and Raistorefegpburtl, gy dipBatimensubstitatedaliphaticamp ey mage oup
optionally s ' 6 1.t t |east one al kyl group, nore preferably

cycl opropyl gﬁ%ﬁﬁ@&f@y}ﬂ@v@} opropyl; R3 and R4 are as described above for

Structural For mul aAddifionaliyefhe badihyo-badrizide snldie) disalt ecrepresertebbioStnidhuhied
al kyl group; and R5 and Ro _are as described above, but R5 is preferably
Formula (III) where R; and R, are each a substituted or unsubstituted aliphatic

group; R3 and R4 are as described above for Structural Formula (I), preferably both a
substituted or unsubstituted alkyl group; and Rs is -—H' and R 1s —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 R4 are both as described
above for Structural Formula (I), preferably an alkyl group; and Rs is —H and Rg is - )
H or an aliphatic or substituted aliphatic group. More preferably, R; and R; are both
a C3-C8 cycloalkyl group optionally substifuted with at least one alkyl group; R3

- and R4 are both an alkyl group; and Rs is.—H and R¢ is —H or methyl. Even more
preferably, R; and R, are both cyclopropyl or 1-methylcyclopropyl; R; and Ry arle‘
both an alkyl group, preferably methyl or ethyl; and Rs is —H and Rgis—H or -
méthyl.

The following are specific examples of bis(thio-hydrazide amide) disalts
represented by Structural Formula (IIT): R; and R; are both phenyl; R3 and R4 are
both methyl; Rs is -H, and Rg is ethyl; R; and R; are both phenyl; R; and R, are both
phenyl, and Rs and R¢ are both methyl; R; and R, are both 2-thienyl; R; and R4 are
both phenyl, and Rs and R¢ are both methyl; R; and R, are both 4-cyan0pheﬁy1; Rs
and R4 are both ;‘nethyl; Rs is -H, and Rgis methyl; R; and R, are both phenyl; R3
and R4 are both methyl; Rs is -H, and R¢ is methyl; R; and R; are both phenyl; R3
and Ry are both methyl; Rs is -H, and R4 is benzyl; R; and R, are both phenyl; R3 and



-Hand R6 is preferably -H an aliphatic or substituted aliphatic group,
nore preferabl H or nmethyl. Additionally, the bis(thio-hydrazide am de)
disalt is r‘gﬂlzg(é@ﬁiséb by Structural Formula (111) where RCTAIS200RB3E8E each
a substituted or unsubstituted aliphatic Woup; R3 and R4 are as descri bed
above for Structural Formula (1), preferably both a substituted or

unsubsti tuted,al kyl .gr ,pand RS ig :H and R6 is -H. or optj onal |y
substit ut ed glll‘? ﬁ?ﬂ“ﬂ“%ﬁ@uﬁs ISPF'ﬁﬁjéﬁllgBF%/e%Pgd Ra%d%a%?rt@ﬂbgﬂ??ﬁ&%?“gﬁ“
cycl oal kyl gr&HlBothCHﬂiylol'@@is M, m&ist%ﬁﬁd VRt R, akEBsth z@@m@éﬂw{&pwn up; R3
and R4 are both as déscribed above for "Structufal Formula (1), preférably

an al kyl grouBs arainRh aR5both methynBs Re-H, Qnd Rifisonethyl; &b a@fhanam: both shebsk Rs ut ed

al i phatic gr refer R2 are ycl oal kyl

gr oup optlona?ﬁyR%aﬁ%E?tﬁf‘Eﬁt%a% iéh}gltm‘? ééstlso RSP %} 6%6ﬁrp?b%§§ and R4 are
both an al ky|m&6ﬁl‘t€ﬂ R An&RR, b HotRBEHRE B T’is 35! Q{d RTE,E{E Bethyl BV eahd

preferably, R. a &2 are both cycl opropy 1- met hyl cycl opr opy R3 and R4

are both an bﬂtMHchbwronIpnylpRefaed Sblasﬁbmhmﬁth}’hrRses Hy andahads REthyS R]Hndnd R6 is

-H t hyl || fi of hyd d

i de) i sal (B B RUERTLE B & FREPL BFFb o bR RS At Ko 5l e bot h
phenyl; R3 ang ﬁéb@ﬂh%)he { R, B%d RY dre Uoth inth Han@Rgaﬁ%ﬁRk $akh ydetheRbre and R2
are both pheny? and R4 are ‘both heny?l and R6 are both nethyl:

R and R2 ar eplbpylhnez&hnéﬁyhremhéﬁddlmﬂmephﬂbﬁhﬁspnéﬁjme@ﬂdﬂﬂ&yém’d R6 are
P s oh andiorl RS s Rl el Y SO AR o ey e R R BT RAS ot

nethyl; RS isgre Hoth%ﬁ&hﬁ@Rk% JEtahy Ry ﬁ%ﬁg}ﬁ RR2n@ RS akkHolth @fsaﬁﬁhoroﬁ%nyland R4
are bot h methyl; R5 is -H and R6 is benzyl; Rl and R2 are both phenyl; R3

and WO 2007/ omagilRmerbmmmyloBi%%I am@Rstraq:tbyleu AndrBs bglbotlBS1 s - H, and

and Ro' < eirypronslfy e B men B RCE g BB RO R e L7

both nmethyl; #%hp%-dilbetRRGpERRY]; R,HRK RYlare Bdth atehyRR A EHDAIR DI ey, and
R4 are both methyl; R |591-) ,y R6}R|ﬁs I so- propyl ,5alRl nd H areybolf%ﬁ 3

ni trophenyl ; &g lﬁzﬂdemhésiédmﬂwlmm’illm ﬂgmgrewthmiﬂl%Rs s -Hemd/Rs,lS R, and
R2 ar e. bot h Y ‘Eﬁhi %r R (f{anebo%gZ,%O(ﬂ Ahoxyp lt ?{3 angllmafe ?hetsnyl, ﬂs i , A

met hyl ; R, and
and Rg1 is methyl, and R; and R; are both 2,5-diethoxyphenyl; R; and R4 are both

methyl; Rs is -H, and R s methyl; R, and R, are both cyclopropyl; R3 and R4 are
both methyl; Rs and R are both -H; R; and R; are both cyclopropyl; R3 and Rsare .
both ethyl; Rs and Rg are both -H; R; and Rz‘afe both cyclopropyl; R and Ry are
both methyl; Rs is methyl; R¢is -H; R, 'and R, are both 1-methylcyclopropyl; R3 and
R4 are both methyl; Rs and Rg are both -H; R; and R, are both l-methylcyclopropyl;
R and Ry are both methyl; Rs is methyl and Reis -H; Ry and Ryare both 1-

" methylcyclopropyl; Rs and R4 are both methyl; Rs is ethyl and Rgis -H; R; and R,
are both 1-methylcyclopropyl; R; and R4 are both methyl; Rs is n-propyl and Reis -
H; Ry and Ry are both 1-methylcyclopropyl; Rs and R4 are both methyl; Rs and R
are both methyl; R; and R; are both 1-methylcyclopropyl; R; and Ry are both ethyl;
Rs and R are both -H; R and Ry are both 1-methylcyclopropyl; Rs is methyl, and Ry
is ethyl; Rs and Rg are both -H; R; and R, are both 2-methylcyclopropyl; R; and R4
are both methyl; Rs and Re are both -H; R and R; are both 2-phenylcyclopropyl; Rs
and Ry are both methyl; Rs and Rg are both -H; R; and R; are both 1-
phenylcyclopropyl; Rs and R4 are both methyl; Rs and R¢ are both -H; R; and R; are



R2 are both phenyl; R3 and R4 are both nmethyl; R5 is -H and R6 is
3-thienyl; R and R2 are both phenyl; R3 and R4 are both nethyl, and R5 and
R6, taken WOFPHEA81are propylene; R and R2 are both Z,P\?Wﬁ?é‘lﬂﬂ’é%%henyl;
R3 and R4 are both methyl; R5 is -H andlR6 is nethyl; R and R2 are both
2-chl or o- 5- net hoxy phenyl; R3 and R4 are both methyl; R5is -H and R6 is

nmethyl; Rl a ) § : . r 0 met hyl ;
R5 ig - H, angg%%fzg%gﬁg?’%?ﬁnﬁé agén%cltg%ﬁegl?}gﬁgghd %5%9 3@?‘6@?&&%2‘6 . R3 ztnd
R4 are both nsmmyuopa%i;maha Ra et Hh hizthVEHydnd IR ar@béth RE; RY end RoArD

2, 6- di met hoxyphenyl ; and R4 are both methyl; R5 is -H and R6 is nethyl;
R and R2 a%@ﬂmwl@hzm;ﬁjmeheﬁhyngthmRamdmar&rb@ﬂbﬁ;rRmﬂware RS is -H,

d RS i ' g ¥ R4
a0, oy TR R e B T RO RO
2, 5- di et hoxy pbermbthylRR; andl RRéredoth ettlyl; Ryeht R ardBoth SH; Ry ardi®, £6bbta et hyl ;

R1 and R2 are both cycloprogyl; R3 and R4 are both nethyl; R5 and R6 are
both -H, R, aihipRagnd Roare vethdibyprloRynd Rearg hathrb; R and Bopre hothgaethyls and

R6 are both H,_ R, e, kot I | 5 n 4., ar th yret hyl ;
RS is methyl X a0 MhoBE R RO RSO TR -, %GIR;\ e g%trhg’bb?fﬂ’l%a%{lnd Ra
are both net [Rylate tdth afechyRR Aind Kp@kdibothl-HRR; aidiR Rde 261 [Fotdhd R, are both

1-net hyl cycl opropyl; R3 and R4 are both nmethyl; R5 is nethyl and R6 is -H,
R and R2 ar &aillhRaandRaeasg beticHs B pg Rz ardotiherprepyhids 456thy anebatll ; R5 i s

ethyl and R6_J - are - Y, r |3 R4 are
both net hyl : @ﬂ?ﬁ%ﬁ%‘%ﬂ% gé‘ﬁd%lnﬁg‘%{% i%?‘%?egaéﬁ‘gi{’%%gar"g‘ﬁgﬁlﬂ RecBiiBle

1- met hyl cycl epti@PyhieséiBedbM4man hobddevetibad for Beuatal Rérmds €)oot h net hyl ;
Rl and R2 are both 1-nethylcycl o%ﬁgl .+ R3 and R4 are both ethyl; R5 and R6
are both -H, preferghly IRD, Na eKhdtHa( Hy e PECBprGpllsOHR3 moge pesfdghly Nand R4

Is ethyl; R5 R and R2 are both 2-nethyl cycl opropyl; R3
and R4 are tg)g?ﬁ’ %P%C%CB%%&%QN@ are both -H, RL and R2 are both

2- phenyl cycl opr op¥ot nfady biz(HicRdydraddahide)disaly reprebentditbRéradterabot h - H, R,
and R2 are both 1- PhenyL&/cl oprog_}ll' R3 and R4 are both net h;ﬂp; R5 and R6
are both - H FrrmaladliRoRsprd Rearedottt 651 Brammeringinde gdsreis Rugmd Ry prasbnth

cvctobut | BicAtui gt ARy R 8 i BD i cBomnd, 2 o
R2 are bot h phyefloh@® dnd 3 addsheRd]; R and &, bro withyhenyRanaRd a6 Raue Hoat h - H,
R and RZ ar ?nethyl; R; and R, are both phenyl, and R; and R4 are both ethyl; R; and R, are both

phenyl, and R3 and Ry are both n-propyl; R; and R; are both p-cyanophenyl, and Rj

and R, are both methyl; R; and Ry are both p-nitro phenyl, and R3 and R4 are both

methyl, R1 and R; are both 2,5-dimethoxyphenyl, and R; and Ry are both methyl; R

and R, are both phenyl, and R3 and R, 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

R3 and R4 are both methyl; R; and R; are both 3-cyan0pheny1, and R; and Ry 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 R3 and R, are both phenyl; R; and R; are both 2-

methoxyphenyl, and R3 and R4 are both methyl; R; and R; are both

3-methoxyphenyl, and R and R, are both methyl; R; and R, are both

2,3-dimethoxyphenyl, and R; and R, are both methyl; R; and R, are both

2-methoxy-5-chlorophenyl, and R3 and R, are both ethyl; R; and R; are both

2,5-difluorophenyl, and R; and Ry are both methyl; R; and R are both

2,5-dichlorophenyl, and R; and R4 are both methyl; Ry and R, are both



both cycl ohexyl; R3 and R4 are both phenyl; R5 and R6 are both -H, R and R2
are both nethyl; R3 and R4 are both nmethyl; R5 and R6 are both -H R and
R2 are botWO28¢¥(133881 R3 and R4 are both t-gutyl; R5 and RETAS2006@BR8S H R
and R2 are both nethyl; R3 and R4 are bot phenyl; R5 and R6 are both -H;
R, and R2 are both t-butyl; R3-and R4 are both nethyl; R5 and R6 are both

-H R and R3 sadigefiyiptlenyBndR atf&‘le?eir@bQﬂhtxﬁ thfE RO ¥hd RE@redioth R6 are both -H
R and R2 are’ boltﬁ Meg%ﬂl; Rg and R4 are %oﬁ 'et h?%e R5 and R6 are both

-H I n these2enethptyes-chtonephohy; mecRudrdcRy dry bathaoegthydbReand:Rs arehothepr esent ed
by M+ and M2+ is ag described for ructural Foroula.(l), referably Li+,
Nk Ko NHBD crgpicapbang Bo eadotiy POt Rl Bokip b SnghlRd oven
nore preferakl + -S54t Bl 95 i =Tpd! e sent ed
by St 1 uct ur al > SROREeTRth TAMIRRIL R Brd KOLS D AENIER MRl ki RS RE
wherein: R Radref@dtlamethyhton R, pdshreniyl; Raml, RelimetioRphenygd, &k Ry sd@d3rphenyl ; R

d R2 bot = O h I d, R4 h . R d R2
bot h phonyl . BTPEY afhu SHRalE BV RCHE R R 27 Raftd tR ALE BB ghonyl . and
R3 and R4 ar gndR} freBolinethR, aADR; B?dRKﬁe%ﬁfb-(ﬂH%}éﬁyl; RPehdR, #8dofpt are both
n-propyl; R and R2 are both p-cyanophenyl, and and R4 are both nethyl;

R and R2 ar EthhO0PHnndrRy aniddtuare beth ghesyldhdan@R sarebisb represeptedyoy:thek and R2
are both 2, 5.dj et hoxyphenyl nd R3 and R4 are both nmethyl; R and R2 are
bot h phenyl, fojl?d"%sg'ﬁmﬁﬁ%gp}éﬁboth n-butyl; R and R2 are bot hp-
chl orophenyl, and~R3 R4 are both nethyl; R and R2 are both ‘
3-ni trophenyl, and R4 are both nethyl; R and R2 are both
3- cyanophenyl , and “and |R4 are bOtHszﬂn'et hyl; R, and R2 are both

h

3-fl uorophenyl, and 4 methyl; R, and R2 are both
2-furanyl, and R3 and R4 arefiboth phenyl; R and R2 are both 2-

met hoxyphenyl, and R3-and R4lare both nmethyl; R and R2 are both
3- et hoxyphenyl, and R3 and &4 are -both’ methyl; R and R2 are both

2, 3- di met hoxypdRy¥hd RAB@ Ut mg;él,?kl ahe Rh atelbotiehbytyl, d3d Ranad R afy wotlpot h
2- met hoxy- 5- chl or ophenyl , and and R4 are both ethyl; R and R2 are both
2, 5-di f | uor ophenwi R1 anddRoree beth nentil R owdRaase hoth phenylaRdambRagre bpidt h
2, 5-di chl or ophenyl d an ~arl e h hyl ; a R2. are,both WO
2007 05501 PtV diend kb  RasE R, and Ry tte'both oftfisheRs, Bifry2d"
R4 are both phenyl; R; and R; are both methyl, and R3 and R4 are both 2-ethylphenyl;
R, and R; are both methyl, and R3 and R4 are both 2,6-dichlorophenyl; R;-R4 are all
methyl; R, and R; are both methyl, and R; and R4 are both z‘-butyl ; Ry and Ry are
both ethyl, and Rs and Ry are both methyl; Ry and Ry are both #-butyl, and R; and Ry
are both methyl; R; and R, are both cyclopropyl, and Rs and Ry 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 R4 are both methyl; R; and R; are both 2-

methylcyclopropyl, and R3 and Ry are both methyl; R; and R; are both
1-phenylcyclopropyl, and R3 and Ry are both methyl; R; and Ry are both

_ 2-phenylcyclopropyl, and Rs and R4 are both methyI; R, and R, are both cyclobutyl,
and Rs 'and R4 are both methyl; R; and R; are both cyclopentyl, and R; and R4 are -
both methyl; R; is éyclopropyl,_Rz is phenyl, and R3 and R4 are both methyl. In
these examples, the pharmaceutically accéptable cation represented by M and M**
is as described for Structural Formula (1), preferabiy Li*, Na*, K, NH3(C,HsOH)" or
N(CH;);(C,HsOH)", more preferably Na* or K*, even more preferably Na'.



2, 5-di net hyl phenyl, and R3 and R4 are both nethyl; R and R2 are both

2- met hoxy-5-chl orophenyl, and R3 and R4 are both nethyl; R and R2 are both
3, 6- di net hW\20PEIN$81 and R3 and R4 are bofh nethyl; R afETAS280643588 h
phenyl, and R3 and R4 are both 2-ethyiphehyl; R and R2 are both

2-methyl -5-pyridyl, and R3 and R4 are both nethyl; or R is phenyl; R2 is
2, 5- di met hOXyphenFiefer?é@ldex%lp‘Pé@%fokgﬁf(ﬁhy&ﬁlﬂb sPRidy bisall3, faRde R2mar e bot h

met hyl, and R3 and R4 are bot hp- CF3- phen R, and R2 are both nethyl, and
R3 and R4 ar presest invsniGu, 3rprepregenteddy thedoliowmgstmoeiurel forasscooH: and R3 and
R4 are both phenyl; R and R2 are both repreg{l@nt ed by the follow ng
structural fornula: and R3 and R4 areMhel phenyl; R, and R2~are both

i s-butyl, and R3 ;/ RAyar e bot pheny; R and R2 aye bot R3
and R4 are both p R, and F>2 are hoth nethyl, and R3 re both
2-pyridyl; R andl®2 aré both gycl ohe and NR4 ar bot h phenyl; R,
and R2 are both neth d._R3 an yi phe ; R2 are

both nethyl, and R3 and R4 Hre bot 2, 6-di chl orophenyl ; R R4 are al
methyl; R and R2 are both methyl, and R3 and R4 are bot M t- butyl; KD:and R2
are both ethyl, and R3 and¥R4 are both nmethyl Ri and R2Tare both t-butyl,
and R3 and R4 are both nethyl; R and R2 are_both cyclopropyl, and R3 and
R4 are both nethyl; R, - and R2 are boﬁhNbVENGpropyl and R3 and R4 are both
ethyl; R and R2 are both 1- nmethyl cycl opropyl, and R3 and R4 are both
methyl; R and R2 are hgth 2- neLhyIcy , and|R3 and R4 are both
nmethyl; R, and R2 are nyl cycl opropyl, and|R3 and are both

nmet hyl; R, and R2 ar e“bot? an t—are both
methyl; R, and R2 are bot R4 an bqth nethyl; R
and R2 are both cycl open . lend R3 and R4 are both nmethyl ;'R is
cyclopropyl, R2 is phenyl, agl R3 and R4 are both nethylg In theiﬁoeéﬁnples
t he pharnaceutlcally acceptable cation represented by M+ and M2+ i's as
described for Structural Forrmula (I), Rg +y Li +, Na+, K+, NH3(C2HSCH)+
or N(CH3)3(ClH50H) +, nore preferably + even nore preferably Na+.
WO 2007/021881 PCT/ US20061031285, 19 Pr erreq)exanples of

bi s(t hi o- hydrazi de am di salts% for cg-fse inithe l
. \ /
S

2 M" and M?* are as described above for Structural Formula (D). Preferably, the .

pharmaceutically acceptable cation is 2 M", wherein M" is Li*, Na*, K*, |
NH;(C,Hs0H)* or N(CH3)s(C,HsOH)*. More preferably, M is Na* or K*. Even
more preferably, M" is Na*.

. In Structural F Qfmulas (I) and (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

R; and R4 are the same. -



present invention, are represented by the follow ng structural fornulas: 2
M- or M+ ()Y o- ONMNN-N S S (u) 2MrtorM+ 07 07 1~11Y N, P4~ NN S S
(1V); and WORAGHOREB81O- O NNNN-N S S M M and M2+.ar BCEASHWERF2¥ed above
for Structural Formula (1). Preferably, tfie pharmaceutically acceptable
cation is 2 M wherein M+ is Li+, Na+, K+, NH3(C2H5CH)+ or

N(CH3) 3(C2H50H) +. More preferably, MF is Na+ or W Even nore preferably, Mt
is Na+. In Structural Formulas (1) and (II.I)) R, and R2 are the sane or

different and/ or Tiediapleserbigfio-hiidragidpamade) disltemayhavetguomenp formsRl  and R2
th . 2 1
I%EJ('IE' / Usczaogg/rre Ogﬁ%g o%%ﬁﬂ;s,?é@énﬁe&ﬁg?ﬁsmq %%le%gédge%ﬁ%%gg&i f8§il ts may have

tautoneric fexaffiple, SByictiedl FobmedaadIypkitereih MisOMTH,- erefshowh befowt:he conpounds
represented by, for exanple, Structural Formula (1) wherein Y is -CH2- are

shown below. 2MtorM+ 3 1ZZ R M NR2 2 YHSS 2 M or M+

2 M* or M2+
Ta z z T4
A AN AN A
N C N
. Ha
S | ’ S ;
2 M* or M2+

N
A I
1T \N \\C \N/\{(2

H H
g | g ; and

2 M* or M2t

oY i ofr

" /K/I\ y &
1\”/\"'/ ﬁ/ﬁ/\ﬂ/
o | I |

It is to be understood when one tautomeric form of a disclosed compound is
depicted strﬁcturally, other tautomeric forms are also encompassed. |
A “straight chained hydrocarbyl group” is an alkylene group, i.e., -(CHy),-,

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,



31Irl1Zz RMN. -\ J-\ NRR \/ H~~HS Sand 2 MW o M+ 3z Z- RA RLN N
R2 YHHSS It is to be understood when one tautoneric formof a

di scl osed 3UMPWAE2I8BE depicted structural ly, other tautoR€FUE200gHRS5ar e

al so enconpassed. A "straight chained hydr2dcar byl group" is an al kyl ene
group, i.e., -(CH2)y-, wth one or nore (preferably one) internal nethylene

groups optio 20k WY | & Rkage .or OUPpay | . pesI ti¥e jnteger
(e.qg., bet V\Bgl%l e}’ylgf‘]%%?%f?%p?@?fg?%‘g’i </g gb%t%%g%ﬂﬁ%r}(}}’ g'%gngpﬁolrsede}érrl% erably 1
or 2. A "linKegewgaoeferreeiiakspet @owp ist-QRRIsP NeherginRanR Cdte Heledces a

met hyl ene in a straight chai ned hydrocarbyl. Exanples of suitable |inkage
groups i ncl udeoxe.|Gteble spbstitapnts forpmedipdenegraymand afydroerrhy Zrgwpiare

PCTI US2006/ 0 . . 161l - 0 t i rofocny r am ne
wherein Ra | Shgo kP AEr KL SAS Rk rele il el dbOBh R ackty gL

wher ei n RS andisdRsedicem@eindieR s artiRyvare piafértclubstituass firuhelitgerfe@r an al kyl ene
group and a hydrocarbyl group are  those which do not substantially
interfere withydrorarbyhgravpaapesenigth®Yty of the discl osed .conpounds. R5 and
R6 are preferred s oy f.or .an rhyl .
represented by Y. ‘%ﬁaﬁaﬁ%ﬁ%&@ lgra osﬁfg)lgﬁ! s&élngﬁ’reoéf%%h[emégg?‘%ed@ﬁbarr%ﬁg%gd or

cycl i ¢ non- arigriddagboniyig el adobiletellyisatirdtsd Gompkle tentyins ahel bainetk Wits\ohi ch
contains one or nore units of unsaturation, Typically, a straight chained

or branched aWispieation. Gymeallyhastrughishained or bugachedoalintighip groupthepdrompl 9 er abl v

CorBon oo ibutfhodith RoRehkerdL BUGL & SOR, MRS cLORURS: BRRS" 10
preferably a lssfRngbito shvat 16 darbon bloanss pretbratly fong3 @ighoue 8. An aliptidiy! , et hyl,

n- ‘
group is preferably a straight chained or branched-alkyl group, e.g, methyl, ethyl, n-

propyl, iso-propyl, n-butyl, sec-butyl, tert-butyl, pentyl, hexyl, pentyl or octyl, or a
cycloalkyl group with 3 to about 8 carbon atoms. A C1-C8 straight chained or
branched alkyl group or a C3-C8 cyclic alkyl group is also referred to as a “lower
alkyl” group.

The term “aromatic group” may be used interchangeably with “aryl,” “aryl

2 ¢ ” ¢

ring,” “aromatic ring,” “aryl group” and “aromatic group.” Aromatic groups include
carbocyclic aromatic groups such as phenyl, naphthyl, and anthracyl, and heteroaryl
groups such as imidazolyl, thienyl, furanyl, pyridyl, pyrimidy, pyranyl, pyrazolyl,
pyrroyl, pyrazinyl, thiazole, oxazolyl, and tetrazole. The term “heteroaryl group”
may be used in;cerchangeably with “heteroaryl,” “heteroaryl ring,” “heteroaromatic
ring” and “heteroaromatic group.” Heteroaryl grouios are aromatic groups that
comprise one or 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 ﬁngs. Examples include benzothienyl, benzofuranyl, indolyl, quinolinyl,
benzothiazole, beﬁzooxazole, benzimidazole, quinolinyl, isoquinolinyl and

isoindolyl.



propyl, iso-propyl, n-butyl, sec-butyl, tert-butyl, pentyl, hexyl, pentyl or
octyl, or a cycloalkyl group with 3 to about 8 carbon atons. A C-C8

strai ght cW®i2081028881 br anched al kyl group or a C3-C8 cyc|RCI/E2086/038Bup i s
also referred to as a "lower alkyl" group2 The term "aromatic group” my be
used interchangeably with "aryl," "aryl ring," "aromatic ring," "aryl
group” and "aromatjc group,” Aromgatic groups include carbocyclic aromatic
groups such as ph Wlt?%g?émﬂg{e?‘g%@ %ﬂr@%‘}ﬂ‘,’vﬁ ds F@F@F@gﬁl € groups such
as imdazoly ta: I [ 1G9, 3Y, |,
pyrroyl, pyr g?%g?%%ﬁeaég{%ﬂﬁggégglow bg%‘%ytggtr%%zogleg% ﬁg{hteg{rﬁr%@]ﬁgtfér oaryl
group" nmay Hg-plsanglennatgeouphiasigeabbglowi t h "het eroaryl ," "heteroaryl ring,"
"heteroaromatic ring" and "heteroaronmati ¢, greup." Heteroaryl groups are
aromatic groups that conprise one or nore heteroatom such as sul fur,
oxygen and nitrogen, in the ring structure| Preferably, heteroaryl groups
conprise fromone to four heteroatons. Aropgtic groups also include fused
pol ycyclic aromatic ring systenms in whig rbocycl ic aromatic ring or
heteroaryl ring is fused to one or nore het eroaryl rings. Exanples

i ncl ude benzot hi enyl, benzofuranyl, indol gui nol i nyl, benzot hi azol e,
benzooxazol e, benzi m dazol e, quinolinyl, ispquinolinyl and isoindolyl. WO
2007/ 021881 PCT/ US2006/ 031285 22 The term{arylene" refers to an aryl group
which is connected to the remainder of the nolecule by two other bonds. By
way of exanple, the structure of a 1,4-pheny| ene group i s shown bel ow
Substituents for &Sobstityérasnforgnangems groagsades descibdd belbeviof an arghgrany.l gr oup.
Non- aronmati ¢ heteroc cIic.antgs are non-aromati c r.ings %%h i.ncl ude one or
mor e het er oat ons argafie hetsroencliGrinesare pm-TQRpRte Hngs P rIP‘F]rlj‘.geeﬁ‘?é)rri ng

can be fiven sk eteRfaYdhs Hch b Aol &for SRIfRF 1 BBkYe MBEBLEGHEHd C groups
our het'er I I

conprise from one to about tons. Exanples®inclu
t et r ahydr of urfeveydix, sevet ordightah émbgrbe nPreferabiy fetdrocyelic ighoupsoomhndd finmm

Subst i tuent s OBRGTPRE KOk BErEATL AR A RGe ERTIRBEN oroup).

tetrahyrothiophenyl, morpholino, thiomorpholino, pyrrolidinyl, piperazinyl,

piperidinyl, and thiazolidinyl.

Suitable substituents on an aliphatic group (including an alkylene group),
non-aromatic heterocyclic group, benzylic or aryl group (carbocyclic and heteroaryl)
are those which do not substantially interfere with the anti-cancer activity of the
disclosed compounds. A substituent substantially interferés with anti-cancer activity
when the anti-cancer activity is reduced by more than about 50% in compound
with the substituent compared with a compound without the substituent. Examples
of suitable substituents include -R?, -OH, -Br, -Cl, -1, -F, -OR®, -O-COR?, -COR?, -
CN, -NO,, -COOH, -SOH, -NH,, -NHR?, -N(R®R"), -COOR?, -CHO, -CONH,, -
CONHR?, -CON(RR"), “NHCOR?, -NR°COR?®, -NHCONH,, -NHCONR“H, -
NHCON(R*RP), -NR°CONHj, -NR°CONR?H, -NR*CON(R*R"), -C(=NH)-NH,, -
C(=NH)-NHRa, -C(=NH)-N(R*RP), -C(=NR®)-NH,, -C(=NR°)-NHR?, -C(=NR°)-
N(R®R), -NH-C(=NH)-NH,, -NH-C(=NH)-NHR’, -NH-C(=NH)-NR®R"), -NH-~
C(=NR°)-NH;, -NH-C(=NK*)-NHR", -NH-C(=NR°)-N(R'R"), -NR°H-C(=NH)-NH,
“NRY-C(=NH)-NHR?, -NR*-C(=NH)-N(R*R"), -NR*-C(=NR®)-NH,, -NR%-C(=NR°)-
NHR?, . . .
“NR%C(=NR°)-N(R°R"), -NHNH,, -NHNHR?, -NHR*R®, -SO,NH,, -SO,NHR?,



non-aromati c heterocyclic group, benzylic or aryl group (carbocyclic and
heteroaryl) are those which do not substantially interfere with the
anti - canceWO2997/421881 of the disclosed conpounds. A substRGI/E?P06/031285
substantially interferes with anti-cancer2activity when the anti-cancer
activity is reduced by nore than about 50%in a conpound wth the
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-CON - CN, - zﬁ@gs,( S AHZ RaRb), -000W -CHO - CONH2, -
CONHRa, CO\I( %R -N %é% Q&Qa(o)mé -NH)CO\IRaH - NHCON( RaRb) ,
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“NR d- C( =NR) - ﬁﬁ? EEI‘WW ﬁéﬁ)?%ﬁg%he R‘l@%o B)U%? gb‘g%{c’m&ﬁﬂ&\l% o) E?{ﬁ—(NHRa ’
- NHRaRb, - SOghdud, repﬁmft&d:by @ﬂﬂﬂﬁ&bﬁ&iorﬁ%ﬁﬁ/hdfe&@@&hﬁ%i@ﬁ&eprz&mﬁmm Rb,
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group, non- ar, fﬂi‘@s‘ehﬁéd #erocyclic group or -N(RaRb), taken together, forma
substituted o substituted non-aronmatic heterocyclic group. The aI kyl ,
aromati c and non- omﬁt’l-@RIet@@mbﬁkiyl)p-SRé;m +EPi; NERT HRB)s, MEHEH,RInd t he

non-aromati c. o b e each optionall
and i ndepend resented by R¢. R#
Ot NG %ﬁ%ﬁéﬁﬁkﬁﬂb KRN P F
is R+, - RI*k 1), -SR+, - - -NCS, -N(R)2, -NHCO2R+,
NHC( O) R+ NHNH - NHC(O) N(R) 2, NHNHC( O N(R)2, - NHNHOORRH,
N0 50 R OO ARCH. QIR SO F&cO)Rd@(monmz, -00m)B’ R+

- SCLON) 2 AR < SR G 5 Al MBS S
-C(=S)NR™Y),, or -C(=ENH)-NRH,.

R*is—H, a C1-C4 alkyl group,l a monoéyclic heteroaryl group, a non-
aromatic heterocyclic group or a phenyl group optionally substituted with alkyl,
haloalkyl, alkoxy, haloalkoxy, halo, -CN, -NO,, amine, alkylémine or dialkylamine.
Optionally, the group ~N(R"); is a non-aromatic heterdcyclic group, provided that
non-aromaﬁc heterocyclic groups represented by R™ and —N(R™"), that comprise a
secondary ring amine are optionally acylated or alkylated.

Preferred substituents for a phenyl group, including phenyl groups |
represented by R;-Ry, include C1-C4 alkyl, C1-C4 alkoxy, C1-C4 haloalkyl, C1-C4
haloalkoxy, phenyl, benzyl, pyridyl, ‘;OH, -NH,, -F, -Cl, -Br, -I, -NO, or -CN.

Preferred substituents for a cycloalkyl group, including cycloalkyl groups
represented by R; and R,, are alkyl groups, such as a methyl or ethyl group.

Suitable pharmaceutically acceptable carriers may contain inert ingredients
which do not inhibit the biological activity of the disclosed disalts. The
pharmaceutically 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 technique"s can be
employed, such as those described in Remington’s Pharmaceutical Sciences, Mack

Publishing Company, Easton, PA. Formulation of the compound to be administered



R+ is -H a Cl-C4 al kyl group, a nonocyclic heteroaryl group, anon- aromatic
het erocyclic group or aphenyl group optionally substituted with al kyl,

hal oal kyl , wad ¥exwa1sé@l oal koxy, hal o, -CN, -NO2, ami ne, alkyi/Ee8006:03a285

di al kylam ne. Optionally, the group -N(R22 is a non-aronmatic heterocyclic
group, provided that non-aromatic heterocyclic groups represented by R+ and

N(R+) 2 t hat . da I | at.ed

N Kyl at ed prEfBaroeE<CiaE fa Bearie phAaHERGH STrble Eoer o gy |
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hal oal kyl, Cl - hal oal koxy, phenyl , benzyl”, pyridyl, ,
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activity of the disclosed disalts. The pharmaceutl ca acceptable carriers
shoul d be bi amahm@ofhﬂrdagelatmor cynimﬂevitxms):arerkMWnnmﬂieemm@akﬁy,et alon- i mmnogeni c

and devoi d of esir reac t, nistrati

subj ect. St am‘f‘%ﬂ‘g @?@ﬁ%ﬁ LP?%E tSt E@Havgﬂ]%a%éﬁorﬁe%%é oned
such as those descihfiggd éﬂboﬁﬁﬁbﬂ%%ﬁe?ﬁﬁh@&ﬁ%ﬁb & FhetiRSd SMNE@Ang MaCk
Publ i shi ng Conpany, Easton, PA. Fornul ation of the conpound to %

adm ni st ered smmezmﬂhazm Q@ﬁbmﬂﬁmmahmmemvmmn varhe lacd:thrdi ng to the
route of administration Iected n | si on, a

Sui t abl e phar%@e%l‘gﬁeé}s CRRET 8° é??‘?g?ﬁﬁlrb(?fﬂ Jgﬁ ’3’8ﬁ\ GQF}PEP?Sc}ﬁ ?t ﬁde for
exanpl e, st erddhﬁm‘é@hﬁganléﬁ)ﬁéti\ﬁé' DUmabs §1%Ebﬁ&%tut€@®@ﬁhhl%ﬁ%ﬁé(ﬁu@ﬁ§rdr£b§de( sal i ne
cont ai ni ng about benzyl al cohol), phosphat e- buffered saline,

Hank' s sol ut i amide) cm;amiascmbdddmanerﬁ@tablﬁeoneldrenorwad&l@dsalfantl cencsagsigh at i ng

cnown 1 n e 8 b pageief pi B el dd B iR BiegRE Ad) “hcf Ve
Agent s” , - John\ih, a3k aMbs ST ti-chAGE irughaed &B%Enl%@lh%\ﬁeﬁefﬁﬁbltyhﬁe% esent

|nvent|on is a nethod of treating a subject with a cancer. Optionally, the
met hod of t headnrivigtetddomtiecancéredrug éschnf agentethatrstebilizes migtotubsies sk actander as
descri bed bel ow. Tpl H?LaéBﬂ conprises the step of adm nistering an
effective arm‘&r‘i‘PaB 08 % stituted, |yophilized bis(thio-hydrazide

A “subject” is a mammal, preferably a human, but can also be an animal in

need of veterinary treatment, e.g., companion animals (e.g., dogs, cats, and the like),
farm animals (e.g., cows, sheep, pigs, horses, and the like) and laboratory animals
(e.g., rats, mice, guinea pigs, and the like),

As noted above, one embodiment of the present invention is directed to
treating subjects with a cancer. “Treating a subject with a cancer” includes
achieving, partially or substantially, one or more of the following: arresting the
growth or spread of a cancer, reducing the extent of a cancer (e.g., reducing size of a

“tumor or reducing the number of affected sites), inhibiting the growth rate of a
cancer, and ameliorating or improving a clinical symptom or indicator associated
with a cancer (such as tissue 6r serum components).

Cancers that can be treated or prevented by the methods of the present
invention include, but are not limited to human sarcomas and carcinomas, e.g.,
fibrosarcoma, myxosarcoma, liposarcoma, chondrosarcoma, osteogenic sarcoma,
chordoma, angiosarcoma, endotheliosarcoma, lymphangiosarcoma,

lymphangioendotheliosarcoma, synovioma, mesothelioma, Ewing's tumor,



am de) disalt described herein. Preferably, one or nore additional
anti-cancer drugs are co-admnistered with the reconstituted, |yophilized
bi s(t hi o- waeeziogssani de) disalt. Exanples of anti-cancBETYSUYE/OHE

descri bed bel ow. Preferably, the co- adm+d stered anti-cancer drug is an
agent that stabilizes m ctotubul es, such as taxol or an analog of taxol. A

"subject” i s]oRIER bmaffh%ﬁ&ﬁrﬁ%sﬂrc@nﬁum ceI?bI’hoﬁlﬂ,npﬁaIcﬁéanQ%aﬁ:@l aaeml i n
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achieving, partially or substantially, one or nore of the f'ol I ow Nng:

arresting thearcigomas bronchogpnie garcufons, tamakesil, carcenlmma,r}gpaﬂomaehlﬁeeduct of a cancer
(e.g., reduci ng size,of. a tunor or. reduci ngo e nunber qffect ed sites),
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clinical synmpiQPaPéanb&HeSiddulir t&%@f)%@gtc%ﬂcmc%é I&nﬁll%%ﬂ@tﬁ{g ¢RbiahmADldddesue or
serum conponents). Cancers that can be treatéd or prevented by the methods

of the presenarcinomagenitheiialicarsineaes, ghomaasoeidomp medwbblastdmayan sar conas and

car ci nonas, fihrosarco XxQsa rcoma, chondrosarconmm,
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| ynphangi osane@bia, dl%g;éﬂ&ﬁi@%lﬁﬁx@%dﬂﬁizgx @mmméﬁe@%bg@%marresot hel i ona,
Ewing's tunor, WO 2007/ 021881 PETI US2006/'031285 25 | ei onyosar conm,

rhabdonyosar eaimal 13&9%1%@&@@%}% aopmim@b@qymdqmmaa any} e myglgcw@r

ovari an canc ncer mous . eI I rcinomg,.. ba cel |

car ci noma, ageélhgg? I? %\Bé%qu‘aﬁ@%’c? E%’F 1°$5I938%Ifs I and car ci nona,
papi | l ary cawtm@réakelﬂmpIchfcﬁamemcéiﬁlaqsﬁaﬁmWynszgfaﬁﬂgaﬁf@u@kaﬁfm
nmedul l ary carci noma, bronchogenic carci nomd, reénal caf ci nonm,

hepat oma, bi ked chronic Iymphsiciteriteukehin; a@dazobfcmﬂnma vernj ltwnmhamaéHbdgkaal _
i | ool | Eigeand PrrsHed BB Sips B BPle ket VAlaendHets of nonm ol 1 o
astrocyt oma, ni¥efbsldbaith@sfaO4 heavy chain disease.
Other examples of leukemias include acute and/or chronic leukemias, e.g,
lymphocytic leukemia (e.g., as exemplified by the p388 (murine) cell line), large
| granular lymphocytic leukemia, and lymphoblastic leukemia; T-cell leukemias, e.g.,
T-cell leukemia (e.g., as exemplified by the CEM, Jurkat, and HSB-2 (acute), YAC-
1(murine) cell lines), T-lymphocytic leukemia, and T-lymphoblastic leukemia; B
cell leukemia (e.g., as exemplified by the SB (acute) cell line) , and B-lymphocytic
‘ 1eukelﬁia; mixed cell leukemias, e.g., B and T cell leukemia and B and T
* lymphocytic leukemia; myeloid leukemias, e.g., granulocytic leukemia, myelocytic
leukemia (e.g., as exemplified by the HL-60 (promyelocyte) cell line), and
" ‘myelogenous leukemia (e.g., as exemplified by the K562(chronic)cell line);
neutrophilic leukemia; eosinophilic leukemia; monocytic leukemia (e.g., as
exemplified by the THP-1(acute) cell line); myelomonocytic leukemia; Naegeli-type
myeloid 1eukerﬁia; and nonlymphocytic leukemia. Other examples of leukemias are
described in Chapter 60 of The Chemotherapy Sourcebook, Michael C. Perry Ed.,
Williams & Williams (1992) and Section 36 of Holland Frie Cancer Medicine 5th
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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 thé anti-cancer drug. Cancers that have developed resistance
to two or more anti-cancer drugs are said to be “multi-drug resistant”, For example,
it is common for cancers to become resistant to three or more anﬁ-cancer agents,
often five or more anti-cancer agents and at times ten or more anti-cancer agents.
The term “effective amount” and the administration routes are as previously
 described in US Application No. 11/157,213, the entire contents of which are |
incorporated herein by reference). '

Optionally, the disclosed bis(thio-hydrazide am1de) 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; batimastat; benzodepa; bicalutamide; bisantrene



(e.g., as exenplified by the SB cell line); pronyelocytes (e.g., as
exenplified by the HL-60 cell line); uterine sarcoma (e.g., as exenplified
by the MESV@A0wmkissii ne); nonocytic |eukema (e.g., as BKEMSRISNHEEDIY t he
THP-1(acute) cell line); and |ynphoma (€7y., as exenplified by the U937
cell line); nost preferably, this enbodinment of the nmethod enpl oys the

di sodi um sal 0 I ' | € AV
effective at reaq?lﬂ&g)e’ gil}gaﬁ&e)dm\%%g%tg ﬁ%%%s@r@%l%@ﬁjh@rﬁg%ﬁaé&%%duf@k gédﬁ%m’
resistant”. ¥ropBRRGIAE; wgulcfﬁn icAdtinoalykit; talgfereectatRemide; adbetiancer drug
becones resistant to the anti-cancer drugi when the anti-cancer drug is no
| onger ef f ectardePlatin; craisting cerwbiciybydeehlogide; carzelegianesdelingel; exarrpl e, many
aror o e bbbk, SO0t ER ORRbiof B, BdGRIREEr UO DY

decreasing i n eve rem evel' dp resi stance
to the drug. C}&)El‘aglnef mhﬂiaﬂlﬁb daUﬁ@ﬁBlcﬁf ]@/d@dﬂﬂ;ﬂ@ﬁieeﬂd:oiﬁﬂmbyd@ohﬁ@lm ion of
their growh and/ or reappearance after havi ng seem ngly gone into

reni ssion, déezaguaning, dezaghininemestaterdiadgquange Clﬂo@@@é‘ébl@iﬂ t he

anti - cancer (AC ) Vv e MO or nore
anti - cancer %F&tﬁlg%mare ggoﬁcgi &% ‘Hgt&lfr’? ag%g&r&e@ﬁ{s B&ﬁr oér%la{ekarrpl e, It is
comon for cénesmycingeduteire; dffb‘ﬁm&ﬁﬁé\lﬁydr@c}ﬂcbﬁdb? elRimithRictn; @Aloptagiancer agents,
often five or nore anti-cancer ents and at tinmes ten or nbre anti-cancer
agents. The EMPrematef ¢nipropidine, ioin AxdroghlerideAronlerqlatasenbidut es are as

[ | | ' : 3 | t ent
of “whi oh ar e ToLIRt S ReARE b Re Moerhite gt St o AR oo
bi s(t hi o- hydetagoside phvispleste; dtapaint sfadmaoledydmchiogide fasirebiae fehﬁeﬁnidé her

anti-cancer agents such as, Adri anycip, Dactjnonycin Bl eony
Vi nbl ast i ne tlexurhing; tiydargbing mb?whaf&cﬂlé@ramaeﬂ rf?ura@&&ate@ lf@qﬁgde%cfwbmqnae

acr oni ne; Q&ﬂ:ﬁlﬁé}? f%ﬁ‘l e%&ﬁﬂa&ne%p&{o%m%ﬂh% d H%Ci pEt antrone
acet at e; m nog al nsacr anagtrozo ramycin;

aspar agi nas ehydiscﬂﬁdjmdld’,l ;fosﬁzrﬁ@a ilndifowine; aterd aidi I1qinot mmg:neaombmntrrast at ;
benzodepa; bical utam de; bisantrene WO 2007/.021881 PCT/ US2006/ 031285 27
hydr ochl ori d@*erkﬁumaﬁ:l(ﬂé L) niptepierpneal fanda; gnterderan afp-@bmiptarierenlfaatle;  br equi nar
sodi um  brop Lk P?la% - Ry Sl BRn %?acfé ’}I%M% ol éaﬁﬁ#’fﬁ %@ﬁq}% nC ﬁ{n%?e%ﬁﬂ de;

carbetinmer; “car m,car rrus I'ne:” car u dr’o car zel esi n;
cedefingol ; hydrochloride; lanreotide acetate; letrozole; leuprohde acetate; 11arozole

hydrochloride; lometrexol sodium; lomustine; losoxantrone hydrochlo‘ride;
masoprocol; maytansine; mechlorethamine hydrochloride; megestrol acetate;
melengestrol acetate; melphalan; menogaril; mercaptopurine; methotrexate;
methotrexate slodium; metoprine; meturedepa; mitindomide; mitocarcin;
mitocromin; mitogillin; mitomalcin; mitomycin; mitosper; mitotane; mitoxantrone
hydrochloride; mycophenolic acid; nocodazole; nogalamycin; ormaplatin; oxisuran,
pegaspargase; peliomycin; pentamustine; peplorﬁycin 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;. téloxantrone
hydrochloride; temoporfin; teniposide; teroxirone; testolactone; thiamiprine;

thioguanine; thiotepa; tiazofurin; tirapazamine; toremifene citrate; trestolone acetate;



chi oranmbucil; cirolemycin; cladribine; crisnatol nesylate; cycl ophosphanm de;
cyt ar abi ne; dacar bazi ne; daunorub|C|n hydrochl ori de; decitabi ne;

dexor mapl aY9 A%070gBBhguani ne; dezaguani ne nesyl ate; di azi HGB’N@ZWQM%bl cin;
doxorubi cin hydrochl ori de; drol oxifene; ol oxifene citrate; dronostanol one
propionate; duazonycin; edatrexate; eflom thine hydrochloride;

el sam truci n SRR [

hydr ochl ori de; &1%1@919 ate esor uﬁagﬁﬂnﬁﬁb}%tggwg%@ﬁﬁtg%E#Elaﬁun&ﬁlonzgle
estranust i nehyﬂrodﬂhladlag uwdlmmtaréimd@azmpeqotﬂbpm’@dmﬁn veﬂalnsmsa sfaphosphat e;

etoprine; fadrozale h drochl ori de; faza i ne re i de, _ f] oxuridine;
fl ugar abi ne Hﬁ‘ﬁ’é‘%ﬁ’&s& fate] Vigpesines ¥indesipg ﬂﬁ%ﬁq f"gﬁpﬁé“ 5\“&)@ V’&‘S}Yé?ma?eost riecin
sodi um gentifaki. We&ﬁﬁﬁé gap&t@eﬂﬂmiﬁae I?Arﬁ'&ﬁedﬁnf(&i@ﬁ@ﬁ?fﬁ@ bﬂaﬁyb' cin

0 e;

hydrochl ori de; It nof osi ne; interleu I ncl udi ng reconbi nant
i nterl eukin: sulfat@rvordzblz:) zempftaenfmaxtatlal fautPein liydtehicziden al fa 2b; int erferon

alfa-nl interfer al fa-n3; interf bet a- interfero amma- |
i proplatin; iri no&glﬁeaﬁn GEET Jaaopie en}f’lgﬁf%%qtl’ﬂ%‘ tedtat 4 ]In%igrozol e
| euprolide aﬁlﬁlyglto?(g#tdlﬁhq}fplﬁeth aGh 'anrétth‘%mj &ﬂ'&ﬁ&%ﬁl%cﬁﬂ:%édm | onust i ne;

| osoxant r one lorid masoprocdl ; maytansi ne; mechl or et ham ne
hydr ochl ori dedecgpgmttadotelemmtaadw};eukmmkéhgﬁélantagomstei altretamimed; phal an;
menogaril; nercapt Qpuri n rexat.e; thot rexat e. sodi unm . met opri ne;
net ur edepa; ?ﬁ“ﬁ?‘ﬁ ed@m ‘2‘?5&19 am1ﬂ¢1F FHARAD: SRS BRSECTIRS) onal ci n:

m tonycin; NhideRsRRr ana@ﬂréﬂﬂ@%ﬁdro@’rab%l?&t b RBgenYE AL Aitigom¥COphenol i ¢

aci d; nocodazole nogal anyci'n; ormaplatin; OXisuran;. pegaspargase;
pel i onyci n; plﬂagcmmﬁ mnta;elprephfm-dwsalmmgutnbmh@gemfpmﬁémﬁi datianduogeopr onan;

i posul fan; i roxantrone h ochloride; pli orres orfimer
Sodi um | por f arcaoa&mﬂtrémf'@, e Bt HOSHFAPLER BIPHES hur onyel n
puronmycin hygyg glg/%naf&/ mEfﬁ’?‘?%’sr dehe mfddRRRTS; rh%ogfo@ﬂl ehdiatbries Opu?ﬁaid ngol ;

saf i ngol hydroc I or| si ntrazene; arfosate so
spar sonyci n; acidpara-GHR- MP’ﬁBﬁhymmnmd@mmmp, ssplacoinestdmestans patrimpbtate; n;

streptonigrin;. tre t ozoci n; ~sul.of enur; talisomnmyc al a sodi um
tegafur: tePoRagdtHhEXmast ”E)gh‘?’%ﬁ‘arsﬁ’gn%é??ﬁ BQI’f’n%at ¥18n?7[5‘§§8 ?—5"133% rone;

test ol act onejry iR, ibAfinol; BQ&H%&’%“B@R/ABﬁ'aﬂfa Biistst baB ﬂn{bf ti rapazamine;

torem fene C|trate tresto?one acetate; WD 2007/021881 PCT/ US2006/ 031285 28

benzoylstaurosponne beta lactam denvatlves beta-alethine; betaclamycin B;

betulinic acid; bFGF inhibitor; bicalutamide; bisantrene; bisaziridinylspermine;
bisnafide; bistratene A; bizelesin; breflate; bropirimine; budotitane; buthionine
sulfoximine; calcipotriol; calphostm C; camptothecin derivatives; canarypox IL-2;
capecitabine; carboxamide-amino-triazole; carboxyanndotnazole CaRest M3;
CARN 700; cartilage derived inhibitor; carzelesin; casein kinase inhibitors (ICOS);
castanospermine; cecropin B; cetrorelix; chlorlns; chloroquinoxaline sulfonamide;
ciéaprost; cis-porphyrin; cladribine; clomifene analogues; clotrimazole; collismycin
A; collismycin B; combretastatin A4; combretastatin analogue; conagenin;
crambescidin 816; crisnatol; cryptophycin 8; cryptophycin A derivatives; curacin A;
cyclopentanthraquinones; cycloplatam; cypemycin; cytarabine ocfosfate; cytolytic
“factor; cytostatin; dacliximab; decitabine; dehydrodidemnin B; deslorelin;
dexamethasone; dexifosfamide; dexrazoxane; dexverapamil; diaziquone; didemnin
B; didox; diethylnorspermine; dihydro-5-azacytidine; 9- dioxamycin; diphenyl
spiromustine; docosanol; dolasetran; doxifluridine; droloxifene; dronabinol;

duocarmycin SA; ebselen; ecomustine; edelfosine; edrecolomab; eflornithine;



triciribine phosphate; trinetrexate; trimetrexate glucuronate; triptorelin;

t ubul ozol e hydrochl oride; uracil nustard; uredepa; vapreotide; verteporfin;
vi nbi asti nWOIPTBL  vincristine sulfate; vindesine; vi RfSEVTB060F1384¢ e;

vi nepi di ne sulfate; vinglycinate sulfate29vinleurosine sulfate; vinorelbine
tartrate; vinrosidine sulfate; vinzolidine sulfate; vorozole; zeniplatin;

zinostatin; LCin. rochl.oride. e nti-cancer drugs include, but
are not |lim tze g#%ﬁgf é%{%lgieplf'?? 10 g?%%ﬁé&(% ! eﬁ?tfo%@’e?s%f/’ ?ﬂ %ﬁpﬁgﬁl’ D
abirat erone; esigdgehuhiagbiistspehitiatole R&poside EyRBME] ¢xenttermat;faddzolgl desl euki n;
ALL-TI C antagoni sts; altretam ne; apbanustine; am dox; am fostine;

ami nol evul i nitezagbing; fensetinde fherastim dénasteade; Havapirisiol; dlezelastinst Hepstsrene;
andr ogr aphol igl8; ] S i, R o B0 RGNS . £, agoni st . G
antarelix; an ??r 3@@%&?&??‘%@‘%‘?@%gg‘%@@‘énggd?“é. Nn- %;{’ %agﬁl%l?%%{cﬁ g)g{e}lr?,%ltn’
prostatic carfelemstitie; aaioliafini m@?hyrﬁf;lEhlﬂﬁﬂﬂiiﬁéﬁe,ogﬁlo@fabhﬁﬁgﬁﬁrelix;

ol i gonucl eotides; aphidicolin glycinate; apoptosis gene nodul ators;

apopt osi s r egglatinefesnhibiters; ganecitabinedeiuiathvio itorsThepsul{pg; hereglidean nase;

asul acrine; at ne: .at ri dne: . .axinastatin.l;. axinast.at.kn 2;

axi nastatin %e%%é@ﬁeolﬁ?&c%aﬁig%qﬁe%%%19%3(13?:?% ?cga@%)ﬁﬂ%n, lfi?’fllfe&g’ri vatives;
bal anol ; bat iidmamshhe; iBAdToABE; iRH AR THEd &0 IdAES MnRuinsd; .
benzoyl st aurospori ne; beta | actam derivatives; beta-alethine;, betaclanycin
B; betulini dmawingstinyrtaxt feptides; insrlin-bke growth facier; 1 scepiax inbivétor; interferon

bi sazi ri di nyl 1:0e: i.snafide. histr ] < blzel esin: flate;

br opi ri m ne; a%ﬁtgggg,} 1.3‘2“’#8?&611@%%%?1%% 15%%11@ %)]%r’]%dr%g?%:réﬁlg p(l)tp)'rﬂil E%f‘(;ﬁ’ al phostin
C, canpt ot hegioplade lidsyglhdiv €;Sisotea @0l ohbinoRalicon die B, itadetiog; jasplakinolide;

car boxam de-am no-triazol e; carboxyam dotriazol e; CaRest M3; CARN 700;
cartil age derebalelidedtilaneliarin-I driacetate;ilanreqtidee | cinapryciny denograshmg lntngm cos) ;
cast anosper m_pe;... nin. B s Lx s 1GhloF iens: Lnoxal Fne.
sl fonam de: SRRl ok bt bl cifor, RULBERPHLRPEIAES,
cl ot ri mazol ejlewppdlideseatigdntpo gsstdrbnes tonptdrelB; lewiisele;dHratole) liAdar
conbretastatin_anal ogue; conagenin; cranbescidin 816; crisnatol;

crypt ophyci n Pelyagyinanngiepe; iporhiisrdisasehagide peptifes ippphilic platinum

cycl opent ant hr I DQNES. - 1€ . S P ine: sf at e;

Cytol vl et ASRapbRBTRSoA AR O RAKALY, IEHLBLRAR BEGRERRE T T 6
desl orelin; lckxaitRinepldoatating txorbafeaNirdescasitiletizataphyteXysstapas | ;

di azi quone; didemmin B; didox; diethylnorsperm ne; dihydro-5-azacytidine;
9- di oxanyci AytichepHeesy maitapsing mepnpsiain AowgsEmestat; rsPpIoeel; BY#sPioxi f | uri di ne;

drol oxi f ene; rgaftgf}@i%'iﬂ%{)ftors; matrix metalloproteinase inhibitors; menogaril; merbarone;

meterelin; methioninase; metoclopramide; MIF inhibitor; mifepristone; miltefosine;
fnin'mostim; mismatched double stranded RNA; mitoguazone; mitolactol;
mitomycin analogues; mitonafide; mitotoxin fibroblast growth factor-saporin;
mitoxantrone; mofarotene; molgramostim; monoclonal antibody, human chorionic
gonadotrophin; monophosphoryl lipid A+myobacterium cell wall sk; mopid,ainol;
multiple drug resistance gene inhibitor; multiple tumor suppressor 1-based therapy;
mustard anticancer agent; mycaperoxide B; mycobacterial cell wall exiract;
myriaporone; N-acetyldinaline; N-substituted benzamides; 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;



duocarnyci n SA; ebsel en; econustine; edel fosine; edrecol omab; efl omthine;
WD 2007/ 021881 PCT/ US2006/ 031285 29 el enene; emtefur; epintbhicin;

epri steri A0 2807(R¥Lst i ne anal ogue; estrogen agoni sts; EEFF@@@WOM%S

ant agoni sts; etani dazol e; etoposi de phospftat e; exenestane; fadrozol e;
fazarabine; fenretinide; filgrastim finasteride; flavopiridol,;

flezel asti ne;%alfnﬁt@?l%ﬁi%ﬂﬁ?pamiﬁidﬂﬁ?d@@'ﬁﬂﬁéxﬁﬂiél%ﬁfé?fﬁféﬁé'%@daﬁtiﬁlydF ochl ori de;
forfeni mex; fonnestane; fostriecin, “fotenustine, gad’o! I ni um t exaphyrin;
gal | i um ni t reazellipae;eegespbrgass; pgssines| Hertosanypelysul fatesso divmhipshiostating

gencti t abi ne;_glutathio I nhi bikters, he | am . heregulin: . hexanethyl ene

bi sacet am d e g’WB@F i %%rﬁ&bfPM°§%P§d%ae§ﬁﬁ %gﬂ%ipﬁeﬂ%{.omm, ene;

i dr amant pne;.pHeJn?Iafzétﬁﬂegﬁiosphﬁmiﬁlﬁbitoﬂs!@idﬁéﬂﬂ%ﬂodﬁ?ﬁﬁhirﬂfﬂcﬁwriﬁ&d; o

| mrunosti mul'ant " peptides; insulin-like growmh factor-1 receptor inhibitor;

i nterferon Ritpswpisins piritrexisn;fdacstis Aiphacetih 8y klasminogen atijiatnténhibitor;

I ododoxor ubi gi n: i poneanol....4-: iroplact: . .irsogl adine; jsobengazole;

| sohomhal | AU S D{E o BE Pk o RO R B8 SRl yROTBE 12l | ar i - N
triacetate; doARIRGIorHRmycRi; Hesirisone; Jrepl Bisaadridohe;| pRodtadladin $4 f at e;

| eptol statin; letrozole; |eukemia inhibiting factor; |eukocyte al pha

i nt er f eron; PIOteapATRs inhidHess, Peyjein-Aobatsd swarea eaodulaiqs; Bro&tin kinaseGam sol e;

¥ e 1 ' v niLi ; : ti de.
[ pophi 1 e prabRR e IBER SRR o BB b MRARE R ARABTE | e

| onet rexol ; ibibidasbieae nidkagiePhogiRryl hsevaBibAbspurb@key bPlapdloadrididedt ecan;
| utetium texaphd;;&%](r;; I ysonI line; lytic peptides; maitansine; mannostatin

A; nari mast apyri trddisaioglabin pelioxyettene opajusaiental BRtegemsts;raltitexed;

nmet al | oprotejn inhikitors: rkl:  nmr ne: . .aeiereliRn;

met hi oni nas ell;am%é%&éﬂ’ E%E%%a}g;pr%%%ﬁfeﬁqsg glﬁ{l &%&gggsr %ng{ﬁgéﬁgs;, e}%'(?{\gf osi ne;

M rinoSti M fhesietebelipas Bhech i atnRVR o T86 CUaRARRShibx0k B s Bhds,

m tonyci n anal ogues; mitonafide; mtotoxin fibroblast growh factor-saporin;
m t oxant r oneRIretiamideregletmidn; sotatiking rosynbde; sequinimex} pdiginonen chori onic

gonadot r ophi n; n ﬁgg phoryl . |1 i%i”.@fr oh ri.um cel | vva§| k. mopi danol ;
mul tiple dru&bpg@rg élesagﬁ)gu}, r§% i 0%09@&{0?61’ garlg{morstl% S’r ]Z'.IEIBFU 2 pased
therapy;  nusdnafstingRbhdsodes ded 9T inhibiE BRRASA IR nikleddeoagtabr i al cell wal |
extract; nyriaporone; N-acetyldinaline; Nsubstituted benzam des;

naf arel i n; niagnsduction; inhihiiprsxeigral ansdueien medulatons vingle ¢haphantign-finding
hartograst| n})rope(iar%aspéo%tral.n? soDlEIREA E)E&dnrl]m borocaptate; sodium phenylacetate; solverol;

somatomedin binding protein; sonermin; sparfosic acid; spicamycin D;

=

spiromustine; splenopentin; spongistatin 1; squalamine; stem cell inhibitor; stem-cell
division inhibitors; stipiamide; stromelysin inhibitors; sulfinosine; superactive
vasoactive intestinal peptide antagonist; suradista; suramin; swainsonine; synthetic
'glycoéaminoglycans ; tallimustine; tamoxifen methiodide; tauromustine; tazarotene;
tecogalan sodium; tegafur; tellurapyrylium; telomerase inhibitors; temoporfin; |
temozolomide; teniposide; tetrachlorodecaoxide; tetrazomine; thaliblastine;
thiocoraline; thrombopoietin; thrombopoietin mimetic; thymalfasin; thymopoietin
receptor agonist; thymotrinan; thyroid stimulating hormone; tin ethyl etiopurpurin,;
tirapazamine; titanocene bichloride; topsentin; toremifene; totipotent stem cell
factor; translation inhibitors; tretinoin; triacetyluridine; triciribine; trimetrexate;
triptorelin; tropisetron; turosteride; tyrosine kinase inhibitors; tyrphostins; UBC
inhibitors ; ubenimex; urogenital sinus-derived growth inhibitory factor; urokinase

receptor antagonists; vapreotide; variolin B; vector system, erythrocyte gene



neridroni c acid; neutral endopeptidase; nilutam de; nisanycin; nitric oxide
nodul ators; nitroxide antioxidant; nitrullyn; 06- benzylguanine octreotide;
oki cenone:; WO 2088131881 eot i des: onapri stone; ondansetron: oRGAASRYIHA128 aci n:
oral cytokine inducer; ormaplatin; osat eﬁbne oxal i pI atin; oxaunomycin;

pal auam ne; WO 2007/021881 PCT/ US2006/ 031285 30 pal m t oyl r hi zoxi n;

pam droni ¢ agigl, éiyg%ﬁf‘e%lr L Blami RV PG Bﬁﬁ??ﬁ@&élﬂme Aaftind, %bﬂﬁ

pegaspar gase; esi ne; ’pent osan po ys ate lun pentostatin;
pentrozol e; werdzbhbzmterpm* esiphtin dalasqeb; idnki)ziinozstaunisoin,alapteenﬁmfermdym n;
. phenyl acet at

....ph hat ase i nhi bi nil; pilocarpine
hydr ochl or i dégdl ﬁégﬂﬁaﬁ?%drﬁﬁsﬁqg&‘mﬁu?ﬁl&? {5UGox ‘]’Ombl acetin B; plasni nogen
activator inhi bi t‘Erxam s%tf'tHHr' eﬁﬁ@%’cﬁ?& c?Elﬂ‘?att LAVER GRERAUIE Ut are pot

plati numtriam ne co |rrer I uni porfirorrycm pr edni sone;
propyl bis- a¢1mmbdneHER(EEE"B@J®(iﬂastuz]iﬁnab) @Gememm;i@A) ) whidhiis e hemapived ei n

A- based |m"rune at or; gaflOtel n ktjgn S I nhi.bitor; protein |nase C

i nhi bitors, monogjpral antibqdy) Eﬁ‘ﬁgeﬁiﬁl@bﬁ ya&e@ts WiHhREREEHS re?ﬁﬁri ne
nucl eosi de p ;

pyri doxyl at eg&%&?g{}%’d)gl n pga%%%g{)SCF@%&E%J{&%%%W%y@ gﬁP {aegiofgiﬁ/gtl a'ls
raltitrexed; reoeptmsntthieopiatetmfofﬂrermsgdntlpm of dbthfotrmatif; ZEXMAPAKBI bi tors; ras

inhibitors; r s-,GAP i nhibitor; retelliptine d t. | ated; rhenium Re 186
etidronate; i( 3ypeb) (Rioﬁg"zéli?é@aceuﬂf’?ls’rﬁ"?zﬁgﬁ?cﬁé" f%lﬁlaﬁti m de; rohitukine;
romurtide; r%&uﬂb%res&ﬂd@'lﬁﬁﬁbﬁ’i%d%hu CHM&ﬁ{éolorﬁfBﬁt{&% fort %ﬂtﬂm

Sar CNTJ; sar cophy A sargram)sti m di m nmetl cs; Senusti ne; senescence
derived i nhi lof acute ﬂe;nabaih@afotemmnni,cPANORl@XTM wihgnhai; arrtm‘mnzadilidﬂﬂﬁmell

orot i n: o1 2 FRREEAIEGbIREAE0oTb U P BERse R OB G FHERPacet at o
solverol; s giR Rl l&og,giagtqi% e&ﬁt%%ﬁi G ﬁﬁﬁ@&ﬂ&cﬁﬁg%ﬁ&hy IR Bop$ P canycin
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antibody (Protein Design Lab/Kanebo); RITUXAN™ which is a chimeric anti-
CD20 IgG1 antibody (IDEC Pharm/Genentech, Roche/Zettyaku);
LYMPHOCIDE™ which is a humanized anti-CD22 IgG antibody (Immunomedics);
LYMPHOCIDE™ Y-90 (Immunomedics); Lymphoscan (Tc-99m-labeled;
radioimaging; Immunomedics); Nuvion (against CD3; Pro’;ein Design Labs); CM3 -
is a humanized anti-ICAM3 antibody (ICOS Pharm); IDEC-114 is a primatied anti-
CD80 antibody (IDEC Pharm/Mitsubishi); ZEVALIN™ is a radiolabelled murine
anti-CD20 antibody (IDEC/Schering AG); IDEC-131 is a humanized anti-CD40L
antibody (IDEC/Eisai); IDEC-151 is a primatizéd anti-CD4 antibody (IDEC); IDEC-
152 is a primatized anti-CD23 antibody (IDEC/Seikagaku); SMART anti-CD3 is a -
humanized anti-CD3 IgG (Protein Design Lab); 5G1.1 is a humanized anti-

complement factor 5 (C5) antibody (Alexion Pharm); D2E7 is a humanized anti-
TNF-o antibody (CAT/BASF); CDP870 is a humanized anti-TNF-o Fab fragment
(Celltech); IDEC-151 is a primatized anti-CD4 IgG1 antibody (IDEC
Pharm/SmithKline Beecham); MDX-CD4 is a human anti-CD4 IgG antibody
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limited to folic acid analog (e.g., methotrexate), or pyrimidine analogs (e.g.,

Cytarabine), purine analogs (e.g., mercaptopurine, thioguanine, pentostatih).

Examples of natural products useful for the treatment or prevention of T-cell

malignancies in the methodé and compositions of the invention include but are not

limited to vinca alkaloids (e.g., vinblastin, vincristine), epipodophyllotoxins (e.g.,

etoposide), antibiotics (e.g., daunorubicin, doxorubicin, bleomycin), enzymes (e.g.,

L-asparaginase), or biol_ogical response modifiers (e.g., interferon alpha).

Examples of alkylating égents useful for the treatment or prevention of

cancer in the methods and 6ompositions of the invention include but are not limited

to, nitrogen mustards (e.g., mechldroethamine, cyclophosphamide, chlorambucil,

melphalan, efc.), ethylenimine and methylmelamines (e.g., hexamethlymelamine,

thiotepa), élkyl sulfonates (e.g., busulfan), nitrosoureas (e.g., carmustine, lomusitne,

semustine, streptozocin, efc.), or triazenes (decarbazine, etc.). Examples of

antimetabolites useful for the treatment or prevention of cancer in the methods and

compositions of the invention include but are not limited to folic acid analog (e.g.,

methotrexate), or pyrimidine analogs (e.g., fluorouracil, floxouridine, Cytarabine),
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etc.), alkyl sulfonates sg .g., busulfan), nitrosoureas ., carnustine,
| onusi t ne,  @bgrogensde.g riesiowerane prpiReisaligrymesisrane), anE@érﬁg%Ce@T,

t t abol f f I
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are not | i nhdtesn boudedlih thadiethodnad@ith theFompositibad stkai®lentid fopytie m di ne
anal ogs (e. mer capt gpuri ne,

Cytarabine), purine analo
t hi oguani ne%eé@ﬁnégt prevention @Q"&-ﬁ?ﬂfé@ nk%mmoom@m eompletegiegor t he
treatnment Orcm%fa%‘ff%ﬁ@ﬁat%), a-EatﬁleaJclenedmne (e.g., mitoxantrone), substituted urea (e.g.,

hydroxyurea), methyl hydrazine derivative (e.g., procarbazine), adrenocortical

suppressant (e.g., mitotane, aminoglutethimide).

As used herein, a "microtubulin stabilizer" means an anti-cancer agent which
acts by arresting cells in the G2-M phases due to stabilization of microtubules.
Examples of microtubulin stabilizers include taxol and taxol analogues. Additional
examples of microtubulin stabilizers included without limitation the following
marketed drugs and drugs in development: Discodermolide (also known as NVP
XX-A-296); Epothilones (such as Epothilone A, Epothilone B, Epothilone C (also
known as desoxyepothilone A or dEpoA); Epothilone D (also referred to as KOS-
862, dEpoB, and desoxyepothilone B); Epothilone E; Epothilone F; Epothildne B N-
oxide; Epothilone A N-oxide; 16-aza-epothilone B; 21-aminoepothilone B (also
known as BMS-310705); 21-hydroxyepothilone D (also known as Desoxyepothilone
F and dEpoF), 26-fluoroepothilone); FR-182877 (Fujisawa, also known as WS-
9885B), BSF-223651 (BASEF, also known as ILX-651 and LU-223651); 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-2580624);
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hydr oxypr oge rone capro nmegestrol acetafe, Xypr ogest erone

acetate), ' &abwageNSC-654963); Goblibbdtystaisolkmetvnak TZEL1027Y, LB4563%Hi ol ),

antiestrogen_(e.g., tanpxifen) androgens gﬁig" testosterone propionate,
a8

f 1 uoxymest et(B]ikﬁiﬂaClaf?@ﬁ*%lﬁRﬂW‘é%?)} LS14508 $cia GRS Lp - -easi ng
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met hods and conmposi'trons o onfo treatnent or
prevention ghlfgiayivZ3358 ¢Daibkhi)p IGH-164fTakedy) d58d08 (Pakedap KRS (Hengarian

cisplatin, carbhobl atin), anthracenedione (e.q., mtoxantrone), substituted

urea (e.g., Academy of Sciences); SAH-49960 (L111y/Novar(t]15); 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 L'Y-355703);
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 Al (also
known as BT0-956 and DIME); DDE-313 (Parker Hughes Institute); SPA-2
(Parker Hughes Institute); SPA-1 (Parker Hughes Institute, also known as SPIKET-
P); 3-IAABU (Cytoskeleton/Mt. Sinai School of Medicine, also known as MF-569);
Narcosine (also known as NSC-5366); Nascapine, D-24851 (Asta Medica), A-
105972 (Abbott); Hemiasterlin; 3-BAABU (Cﬁoskeleton/Mt. Sinai School of
Medicine, also known as MF-191); TMPN (Arizona State University); Vanadocene
acetylacetonate; T-138026 (Tularik); Monsatrol; Inanocine (also known as NSC-
698666); 3-IAABE (Cytoskeleton/Mt. Sinai School of Medicine); A-204197




hydr oxyarea), nethyl hydrazine derivative (e.g., procarbazine),
adrenocortical suppressant (e.g., mtotane, am noglutethimde). As used
herein, a "mcrotubulin stabilizer" means an anti-cancer %ent whi ¢

by arrestiW@2e3I0p¥81 n the G2- M phases due to stabilizatiBf /HfSZW/eifla%Subul es
Exanpl es of m crotubulin stabilizers i nclirde taxol and taxol anal ogues.

Addi tional exanples of mcrotubulin stabilizers included without limtation
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include without limtation the foll owing markéted drugs and drugs in
devel opnent : CémbretastatineA4; ahd endlogpandaieriRtbas GiereofDol astatl n 10 (also known

as DLS-10 and NS 76128 bul j hi onat al s nown as Cl - 980
Vincri stine; NSCCS%‘@g’?é ()fﬂ&freég(ias(ﬁ%ﬁhfxel @8%@0&?}"% S Ko kiv)) E )

Al torhyrti nswﬁﬁﬁ%ts%z ethArRirp/dnidl b AN bRt inhtioh; n@a%mtg%f ns (such
as Spongistatin 1 ongi statin 2, Spongistatin 3, Spongistatin 4,
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the entire contents of which are 1ncorporated herein by reference. 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, 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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Ol



known asNSC- 654663); Soblidotin (also known as TZT-1027), LS-4559-P
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Sinar Sehool DeRtAPsies ABERIE oW BRe T et BEPILESUOH IOBISRE 35
(Abbott); T- @hakahé skeleton DR nidde WSt (bsiBUDabilitybBnHakied 8ld &tAMEBRE | S) ;

El eut herobi ns (such as Desnet hyl el eut her obi n, Desaétyl el eut herobin, -
| soel eut her oierofybulmiprmation Jihuartbbiernn; “ta;qal &I@ﬂﬂﬁds d @dhgreammnem

Medi D- 6814 A; 293620 (Abb NPI - 2350
(Ner oub) : oRmoawtd RoRn e e Hasis shBE SR o roiChimans pictofbie

(-) - Phenyl ahifstidfiohalTaRolkdaldps nﬁ§b@$§i‘n{1ﬁﬁ5@3ginﬂépﬁﬁm&lﬁﬁa§ Medi ca) ;

D- 68836 (Asta Moddica), Moseverin B 43411 (Zentaris, also known as

D-81862); A 289008tipmbshistprpye themsmtm(e/amdm cl)nunema thQa@ed('ralds';bv«rthﬁ/m as

SPA- 110, tr|fI uor tate sal.t. D- 823 Zent aris D82 18

Czontaris) . SErsaRSTRbRc it SRS s BT e P8R G0

(Nati onal He@kélhple%?@qm ah#18§ Frkiu@Sdd asmaéﬁﬁm doftordaf wnposmon is
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): |
R 9 R14

\\\\\RZO



Conbretastatin A4; and anal ogs and derivatives thereof. Taxol, also referred

to as "Paclitaxel", is a well-known anti-cancer drug which acts b¥
enhanci ng WOZOHEB1 i zi ng ni crotubul e formation. Many anB¢HYS208¢/031E83% 61 are
known, including taxotere. Taxotere is al¥o referred to as "Docetaxol". The

structures of other taxol analogs are shown in US Application No..11/157,213
the entire contents of which are incorplgrat ed herein by reference. These

conpounds have the basic taxane skel ety asj|ja Lon®mn structure feature and
have al so been shown to have the abilit cells in the &-M phases
due to stabilization of m crotubules. g variy of substituents

can decorate the taxane skeleto el y a§fecting biol ogical

activity. It is.,also appar en t ha bot hfof the cycl ohexane
rings of a taxojj anal can.jfpave a . 2 [ rgdi cated positions.
For clarity purposes, ic ta « OIE | bel ow i n

Structural Fag : N B
PCT/ US2006/H81285 HSG (M) . Dofibl e b ’% beegk,
cycl ohexane rings in the 3 axane skel efon OP@pr sented by Structural Formula
(V). The basic taxane sKdketon can i Rel ude ze}-__mg1 one doubl e bond in one
or both cycl ohexane rings, as indicated in Str Ctural  Formul as (VI'l) and
(VI11) below. A nunber of atons have al so been omtted from Structural
Formula (VI) to ;indicate sites in which structural variation conmonly
occurs anobng taxol anal ogs. For exanple, substitutiofVid).the taxane skel eton

wth sinply an en.atom. ndi cates,t ha droxyl., acyl, .al koxy or another
oxygen- gga)r/i ng %’égf pllq}gq{{?.llfyg %Wb?g@%ﬁ?ﬂéwﬁ ﬁﬂegrg}lﬁié’.ph??&js% Wnd ot her
substituti O%b%utehfbﬁeﬁﬁ@&f‘p,Sgl%lgeml?%f‘-@ﬁlgmde W t hout losing the ability

to enhance and-stabilize - mérotubule formation. Thus, the term "t axol
anal og" is defi neli;hea&wertatkyhgennpga substiubad dwehilkyl grawp,tanery) gsoup draxol

skel et on andsu%ﬁ%&d%“g%fﬁ m cr ot ubul e

Ri; is -H, -OH, lower alkyl, substituted lower alkyl, lower alkoxy,
substituted lower alkoxy, -O-C(0)-(lower alkyl), -O-C(O)-(substituted lower alkyl),
-0-CH,-O-(lower alkyl) -S-CH,-O-(lower alkyl).

Ri3 is -H, -CHj, or, taken together with R4, -CHs-.

Ry4 is -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.

| Ris -H, lower acyl, lower alkyl, substituted lower alkyl, alkoxymethyl,
alkthiomethyl, -OC(O)-O(lower alkyl), -OC(O)-O(substituted lower alkyl),
-OC(O)—NH(lowér alkyl) or -OC(0)-NH(substituted lower alkyl). |

Ri¢ is phenyl or substituted phenyl.

Ri171s -H, lower acyl, substituted lower acyl, lower alkyl, subsfituted, lower
alkyl, (lower alkoxy)methyl or (lower alkyl)thiomethyl.

Ris -H, -CHj or, taken together with R;, and the carbon atoms to which Ry,
and R;3 are bonded, a five or six membered a non-aromatic heterocyclic ring.

Ry is a lower alkyl group, a substituted lower alkyl group, a phenyl group, a
substituted phenyl group. "

Raois -H or a halogen.



formati on. Taxol analogs may be fornul ated as a nanoparticle coll oi dal
conposition to inprove the infusion tine and to elimnate the need to

del i ver t O 209703188t h Cr enophor whi ch causes hyper sensi ECHESPVPLIE] ons i n
some patients. An exanmple of a taxol anaP®g formul ated as a nanoparticle
col |l oidal conposition is ABI-007 which is a nanoparticle colloidal

composi tion. of Pr 8Bl I bl un Bl KR N bSad PEORB LIS 11

saline. Typically, e faxo | ogs use erei'n are represente
Structural Fowenacgl. (VI1) or (VII1): RI12 0 Rl4 Rg \\WR20 0 R71 0/ R10 NJ

PCTI US2006/ 031285 PRl 16 Yer At erii Bistind) Rqrpulgsg ViR o & B Hem5d 1 r17 0
OR1S OR21 RLBrdRb®s: Ry is phenyl, tert-butoxy, -S-CH,-CH-(CHjs),, -S-CH(CHjs)s, -S-

(CH,);CHj3, -O-CH(CHj3)s, -NH-CH(CHj3)s, -CH=C(CH3); or para-chlorophenyl;

Ry is phenyl, (CH3),CHCH;-, -2-furanyl, cyclopropyl or para-toluyl; Ry, is -H, -

OH, CH;CO- or -(CHy),-N-morpholino; Ry is methyl, o, Ry3 and Rys, taken

together, are -CH,-; .

Ryasis -H, -CH,;SCHj3 or -CH,-O-P(O)(OH),; R5 is CH3CO-;

Ri¢ is phenyl; Ry7 -H, or, Ry; and Rys, taken together, are -O-CO-O-;

Rys is -H; Ry is -H or -F; and Ry; is -H, -C(O)-CHBr-(CHj)13-CHs or
-C(0)-(CH3)14-CH3; -C(0)-CH,-CH(OH)-COOH,
-C(0)-CH,-0-C(0)-CH,CH(NH,)-CONH,, -C(0O)-CH,-O--CH,CH,OCHj or
-C(0)-0-C(0)-CH,CHs.

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 us Application No./ 11/157, 2213. 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
(D-(V)). The neutral forms of the disclosed bis(thio-hydrazide amide) disalts can be
prepared according to methods described in U.S. Publication Nos. 2003/0045518
and 2003/0119914, both entitled SYNTHESIS OF TAXOL ENHANCERS and also
according to methods described in U.S. Publication No. 2004/0225016 A1, entitled
TREATMENT FOR CANCERS. The entire teachings of these publications are

incorporated herein by reference.



(VIT'1). Rois a lower alkyl group, a substituted |ower alkyl group, a
phenyl group, a substituted phenyl group, -SR 9, -NHR19 or -OR19. Rl1l is a
| ower al kYO 2003021885k substituted | ower alkyl group, an aP§T/U§GeP31R%S a
substituted aryl group. R12 is -H, -OH, 1¥éwer al kyl, substituted | ower

al kyl, lower al koxy, substituted |ower alkoxy, -OC(O) (1 ower al kyl),
-0QO- (substltur 19V&Teddt Kdduk two riel (hlehd We het) (1 ower
al kyl). R13 is - ﬁﬁlc o? take%w? ogeatgﬁ%?l W ttﬁ R14, aléybﬁeen%j%l-fg% -H, -OH,

| ower al ko xye,ach @ota(:(e);u(vabmbwf mh’ﬁtyll bis(theorbydiazide ethide)ympore typicatky from

o o Sl P S o e Tt et 2 fr RS2 2l | bond.

RIS -H | B
ARSI - R R A R R T A T

-OC( O - NH(| dm@rfochlcm/h)ilso}t InOgrops kidpsdibenist theddsd candre anldnying (e. R b i s phenyl

o kyl - subst TED RS sieny amigs bup e SV b o g | O
al kyl ) thi ormefelyy ey Ridthybhmo Hifh I9firodk irabag bt Ky dRbdaa Belichigepar bon

atoms to which R17 and R s .are bonded, a five or six menbered
non- ar onat i canreékaérmctpbhydromdﬂQlﬂlﬂrrghy@orad%@mélmnahyd]¢x19¢,m@pass1anlsubst i tuted

2 hal ogen. VBo0 O ek cretr R el 3105 oSS ror e e R ol 7 T

substi tut ed (e@WRbdiahkahide! 19WRIm SEprapy]l SHRRL bit e BRe). [1RWBMe 3E¥bdintdngf er abl y,
the variables in Structural Formul as Vl;g%qgand (VII'l') are defined as

follows: Ri othf: bagshiesgdium thydroxide: patgssiungh idel-fodiwgy 1 -Calkpkidei3) 3, - S-
G e e T

sodium hydroxide, sodium methoxide, or sodium ethox1de

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, o

" The organic solvent can be any organic solvent w}ﬁch 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 éan 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 ether (e.g., tetrahydrofuran, dioxane, or
the like), dimethyl formamide, dimethyl sulfoxide, N-methyl pyrrolidone, a glycol
(e.g., ethylene glycol, propylene glycol, tetramethylene glycol, or the like), an alkyl



OH, CH3CO or -(CH2)2-N-norpholino; R13 is nethyl, or, R13 and R14, taken
together, are -CH2-; Rl14 is -H -CH2SCH3 or -CHZ-O P(O ( : l,5. CH3CO ;
R16 i s pheRQRO7TMEIE8l 1 or R17 and R13, taken together, Eﬁ%ﬁma@%@@s Rls
is -H R20is -Hor -F, and RR1 is -H, - ) - CHBr - (CH2) 13- CH3 or
-C(O-(CH2)14-CH3; -C(O) - CH2- CH(OH) - COOH,

- Q[ O - CHZ- O G612 Qe Ne) ety ol difdeflyl 6iHer, O tHeHiidel e H3etotitrile. More
-C(O)-OC(O)%—QCHS. @;\%t gg%ll anal o ca?%l so be bonded to or be E)endent from
a phar maceut iyoighally, theexgapicablveniesinypeselected dionamethapel, gthenal) prapate! (agne

e of | f this .t i h ' licati J/ 11/157,
5513 The t b RoRRHe? BarateR Uil (o 2, T38Ral Pt BupRRep i (i M,
pol ymers. Thacekins( fefthRydtyfliray baemethyliethyldicidlel Bredérablyomedrf@iiotvean be

prepared by a nmethod of the invention. The.nmethod o tﬁreparl ng the
di scl osed bi eanthei selested feom aethaaal, gdpnel; acgtans, indemetbskethylketngps of combi ni ng

| bis(thiq-hydrazi.d ide), . ' | b f
2 brs(thi o hydr ar oA Bl sy AER R A B R B3
organi ¢ anti mﬁw&mreat&@gr EBVbRERChE bhsd! 1he Bistthel-Bpdrhzi@é amide§ and the

bi s(t hi o-hydrazi de am de) (e.g., conpounds represented by Structural
Fornul as (| 9rganip solvente canses thabis(brabydrszide vmidg) sisalide prasipieteaub ofiydr azi de

Bubl | bat | on 10ROt BBieB ERE oTEe R EtsRY 8 T BURGEE ERF EhrD Mg s
OF TAXOL ENF@gC.,E;Eéﬁt@e,dpai&@m aiben heliahg, Heptdie! stesRe, fe6dind) eflthe kb, S.

Publ i cati on . 2004/ 0225016 Al, entitled TREATMENT FOR CANCERS. The entire
t eachi ngs of Coddecyplopllane (4.9 neyciohexane, exlonsntanecortibe bke), v¢3relilalleice. WO

2007/ 021881 PCTI US2 5 Tv.pi.cal | '
equi val ent s %%t(ﬁg"%ggligé%ég’%?z}gﬁ%t%gﬁeh%%%%??hlgaﬁﬁggépél@Oorgﬁkﬂ;ut ral
bi s(t hi o- hyd¢ther @9 ,anetle) sthyTRtter,tdigth gladther, méthohpropQsiier Jortthe BROUL 5

equi val ents, or preferably fromabout 2.0 to about 2.5 equival ents. Suitable
bases can bebenzenm dpluens ad xene ddoraiiypisally, Bhosqrepmie apijsotvent epa teni de) to

produced a dée?e?cltetd frc|>rﬂ d\feeffl)illoe Ser,e 1p1%%i}/fT§Hérs(é.g.t, E]J?oplg/?gse 1-%?onp)}f br —rf)ro%r}l),ne (e.g..

methyl propyl ether, ethyl propyl ether, methyl tert-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 me;chyl tert-butyl ether.

In various embodiments, the neutral bis(thio-hydrazide amide) can be
substantially insoluble in the organic solvent, thereby fofming 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-.h'ydrazide amide) are
combined per each liter of orgaxﬁc 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



triethylam ne, diphenylam ne, butylamne, or the like); an amoni um

hydr oxi de (e.g., tetramethyamoni um hydroxi de, tetrabutyl amoni um

hydr oxi de, V0 200/@2188ke) ; an al kali netal hydroxide (Iit hPCHUB0A6/031R85e,

sodi um hydroxi de, potassium hydroxide, ordlthe like) an alkali nmetal O -C6
al koxi de, or an alkali nmetal amde (e.g., sodiumamde, |ithiumdiisopropyl

am de, or the_ |l ' F{Ep‘ : h LS: L um hydr oxi de,
pot assi um hyd?rlgongaeo,res]ge&lfe%%ﬁ%?%gg Oilﬁgg,hfoh%g{?gzgg? %r%d%i,% al koxi de,

sodi um am de, big(thiphlyanzide mrdde)deonoeilt, iehisitiabihy draziiedimide ) dishltoxi e likeodi um
net hoxi de, or sodium et hoxi de. _In various enbogdi nments, the base can be an

al kali netal hydri@erefergd embedimenth the grgaats sobisnhssthanohyRreterdly.dhe ¢ he

like), a div ' i i 10 - | kyl al kal i
metal (e.qg., q%ag%lai%ﬁﬁiu {5‘% ,%%rg%a‘%sé?%}%ﬁgﬁ#%%gﬁ?g‘.dg.‘fr%ﬁ%gnyl i thiun.
More typi cal | prefetdbdy frameaboat 2 td dboun2. Byshlarde, sodi um hydri de, potassium

hydri de, butyllithium butylsodium butylpotassium phenyllithium
phenyl sodi um or pR&ESERed ambedimenissths Segrnireiosient isasetang dirplerblvathe ncl udes

l'ithium sodi : j i i.di T ' ol vent can be
any organic S%@%/g%%ﬁ@#ﬁiré&?Aﬁ?gcﬁﬂﬂeﬂ#ﬁg%@m %%lgoﬁ%%ggh}%gesa m xt ure of

t he bi s(thi o-pryfdradly ftemaibode) teoatdut e neolgani ¢ sol vent. Typically, the
organi ¢ sol vent is_palar enough to dissolve the, bis(thio-hydrazide am de)

salt formed by thelhstis{EuHohydragideamide)|disalty arepaned Py the pes@ ByERIRNATE, t he

organi c solv i sl bl : I I / be
el oot od 1 o sy BegibseiRR feindiaf il OBk ol K imERRATSAEN, (1
1- propanol , 23)r GQhanehtiral bis(thidirydrakiéy amiles) enfplopdd iphia disclsstdanahddtog. ,
acetone, nethyl ethyl ketone, 2-hytanone, . or the like), a C2-C4 a)iphatic
ether (e.g., Hmrﬁaqedéﬂtaﬁére,mmeﬁwg ISuetiEal Fogmplas fh«(Hy par b tepresentsd bhe
like), a C2- ¢ i Sltl']Elﬁ A, ﬂ.%hy '&S%ﬂ or the
i ke), dinet ﬁ:f/if ?(?%Ir‘ﬁngénsg‘g&&%?ﬁet y?s @EI@&’X‘F%%% %ﬂ(’aﬁ%ﬁh%?@%l one,esa
gl ycol (e. g.andetréfgtrediealgésyasdh Stpctopy Ferreulgd (30T, réspecetivelt hyl ene gl ycol , or
the like), an al kyl W 20071021881 PCJ/ US2006/ 031285 40 gl ycol ether (e.g.,
et hyl ene gl ycol dinethyl ether ,|3or t I iﬁ an 'l;acetoni trile. Mire

ecle

typically, the organic SFQ1| vent \can bg| sel ed frpm matRQanoI , et hanol,
propanol (e.g., \ﬂ/ NN v N T
H H
S S .
Thus, as used herein, a neutral bis(thio-hydrazidé amide) has at leasf 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 (), M is a pharmaceutically acceptable monovalent
cation. M*" is a pharmaceutically acceptable divalent cation as described above.

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



1- propanol , 2-propanol), butanol (e.g., 1-butanol, tert-butyl alcohol, or
the |ike), ngz(ﬁé;znes t etrahydrof uran, and nethyl ethyl ketone. Preferably,
t he organic Ht%81can be sel ected from net hanol , et han®CI/useals@sr2ss and
met hyl ethyl ketone. As used herein, the €4 ganic antisolvent is a solvent
that when added to the solution created by conbining the base, the

bi s(t hi o- hydr azi am.de). and the .organi ¢ sagl vent, causes the

bi s(t hi ohydrﬁ‘}cﬁ e %H?‘E@?%’Hﬁghor’?ydf}%z@?%?ﬁﬁﬁ%%e& out of solution. Typically,
t he organic antisolvent can be selected froma C5-Cl10 al kane (e.g.,

pent ane, petrol eum et her, hexane, heptane, octane, isooctane, or the |ike),
C5- C10 cycl oal kane (e. g.,acycl ohexan&) cycPopent ane, the like), a C3-Cl10
al kyl ester (e.g., ethy, cetagg, prppyl cetaLe, | butyrate, or the
i ke; a C3-Cl10 al kyl ether 0. et e r,-diethyl ether, nethyl
propyl ether, or the like), enzepe, tolueng{ ang| xylene. More typically,
the organic antisolvent can b8 selected fromdiethyl ethgyf, dipropyl ether
(e.qg., propyl as 1-propyl or 2-propyl), nethyl propyl efﬁgr, et hyl propyl
ether, methyl tert-butyl ether, nethwb acetate, ethyl acetate, propyl
acetate, pentane, hexane,/\cycl ohgxanej hepjane, jand pgty ol eumether. In
sone enbodi nents, the or i i n‘pﬂ a 0 al kane or C5-Cl10
cycl oal kane. In various prgfe nt th ni c antisol vent can
be heptane; or, the organic nti sél vent cantbe di et her or ethyl
acetate. In various preferre® enbodi nents, the organic antisolvent can be
met hyl tert-butyl The present invewtion sulustrabddiynthe follovtihg exemplesy which are not

bi s(t hi o- hydrazid m de) . can be substantially insoluble in the organic
sol vent , theF%%@cggﬁWﬂHBﬁE%ﬁFﬁ?ﬂ?@y-mhereby conbi ning 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 neutral bis(thio, hydrazide anm de) are

conbi ned per_each liter of organic solvent, or typically between about 0.75
and about 1EXEMBILEIGATION neutral bis(thio-hydrazide anide) are conbined
per each liter of organic solvent. Preferably, about 1 nole of the neutral
bi s(thi o-hydrazide am de) are combi ned per each liter of organic solvent.
As used her eEgample 'l Dsfldpenhytifreszedeyiagipai@nes®s ut i on, " when formed from
the organic solvent, the neutral bis(thio-hydrazide am de), and the base,
can include WO 2007/021881 PCTI US2006/ 031285

The freeze-dryer shelf was cooled at 0.1 °C/min, 0.2 °C/min, 0.4 °C/min, 1.0
°C/min, and by rapidly freezing the vials in a -80 °C freezer. The worst looking

cakes were produced when the product was frozen in the -80 °C freezer. This
thermal treatment yielded a sep;clrated layer at the top of the sample referred to as
 “flake” throughout this study. Flake formation can be likely explained by a much
higher resistance of the upper portion of the cake toa gas flow when éompare’d to
the material making up the remainder of the cake. A thinner flake separated from
the top of the dried cake when the shelves were cooled at 1 °C/min. No flaking was
seen using the optimized formulation (as dried ﬁéing parameters outlined in Table 1)
when the shelves were cooled at a rate of 0.1 °C/min, 0.2 °C/min, or 0.4 °C/min. Of
note is the fact that other variables were changed when the cooling rate was slowed
(e.g., the heating rate during primary drying).
An annealing step was included in order to induce mannitol crystallization
and control the size of the crystals. Two annealing temperatures, -8 °C and -20 °C,

were tested, In addition, the effect of annealing time and number of annealing



41 one or nore species such as the neutral bis(thio-hydrazide am de), the

bi s(t hi o- h‘%dram de am de) nonosalt, the bis(thio-hydrazide am de) disalt, or
the Iike. WPg0 ‘Hfoé?séilred enmbodi ments, the grganl ¢ sol vent PCI/USRH5(431285
Preferably, the base is about 2 nolar t o4dbout 5 nol ar aqueous sodi um

hydr oxi de, or nore preferably fromabout 2 to about 2.5 nolar. In preferred

embodi Tent s cytia o RkiBPhyaizhor Y ARE pRhReE el/evahlifed BRERNAIS abou!

2 nmol ar to about ar ethanolic sodi um et nore preferably from
about 2 to adunperamréchmémfor affielibg sias hZQ)-Chtheem—dimr@mydb} \xcércspdrfmnpd epar ed

by the present invention ar t he salt cl osed her I ncl g those
repr esent ed "BIPESFIE eﬁﬁ‘? e)cycfe@)nﬁ awegfmg,ﬁtgmwpgu drazi de
am des) enplqysd €l g% ﬂ’b%_}(gl scl osed met hod to prepare the disalts represented
by Structural Formu [)-(I'l1) can be represented by the follow ng

Structural For rrulPaknamkadr;eng vas perforaizided slkﬂfftenm)bmtlﬁeﬂmngiagtfﬂm -17€ tpr ef erred
val ues aS| St ral For Ias(l) ectiy ZZ R4 R NN R2
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has at | eas g t .l rogen
atons in Struct u?a?s%l'—%r %u?%%ﬁ?ﬁ?g %ndﬁfwg?ﬁ&%&cﬁoggﬁérrée é{eﬁ\%\n\ﬁ#the bases
descri bed héorg drying time (theprbidaet! ttmpératudt was stilt B2 °C-belowlthe gl M+ is a

Bceept abl e APPRFERES S 1qHoHE) ASEaF (Rege o vel O PO T ot
accept abl e

embodi Ment s e 1% M5k Sn U HRm ER8r HnE GR1 OAShell N RARECAS “0Sy &S hanol i c

sodi um et hoxi de; the organic sol veﬁ can be ethanol; the base can be
aqueous sodlahmdnwdrthe(ﬁm;mtﬂaeydnynngwmpemturcafndndemmrarmthwmagﬂwtraI ,

bi s(thi o- hydg%%) lt50 %Irlrllc agl%gv heahngora?nggom Q‘s I‘}Iélto FH_&C at 0.5 °C/min, and
from -15 °C to 5 °C at 0.1 °C/min was introduced. Cake flaking ceased to be a

problem in the chosen formulation after the initial cooling rate and the primary

drying heating rate were lowered. - Additional studies would be necessary to fully
differentiate between the effects of these two parameters, but the visual observation
of the flake formation just at the beginning of the primary drying cycle when the
formulations were cooled more rapidly suggests the importance of the appropriate
cooling rate in preventing phase separation of the product.
| Secondary drying consisted of a ramp from 5 °C to 45 °C, and a holding step
at 45 °C. 45 °C was chosen because performing secondary drying at that
. temperature would convert mannitol hydrate into anhydrous mannitol. The final
temperature raxhp rate chosen was 1 °C/min, with the holding step lasting 3 hours.
The recommended freeze-drying cycle chosen for this product is shown in
Table 1.

Table 1. Recommended freeze-drying cycle.

Thermal Treatment

Rate (C/min) Temperature Hold time (min)
0.0 -5 15

0.4 -48 60

1.0 -20 240



SS (Il) WO 2007/021881 PCT/ US2006/ 031285 42 and/or the neutral

bi s(t hi o-hé/drazide amde) can be: OO NONKANNNHHSS; or YN~ N \
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exanpl es, which are not intended to be l44mting in any way. EXEMPLI FI CATI ON
Exanpl e 1 Devel opnment of freeze-drying paranmeters The freeze-dryer shelf was
cool ed at Oé)l Cmn, 0.2Cmn, 004 Cmn,_ 1.0 Cmn, and by rapidly
freezing th Rials in a -80 freezer. Th&%worst I ooki ng cakes were
produced whangthe product wws frozen in thgy-80 C freezer. This thermal
treatnment yielded a separated |ayer at the top of the sanple referred to as
"flake" thrddyhout this stu#y. Flake forn@fion can be likely explained by a
much hi gher resistance of the upper portion of the cake to a gas fl ow when
conpared to the material making up the remai nder of the cake. A thinner

fl ake separ MRngt he top of the dried cake when the shelves were cool ed
at 1 Cmna No flaking was seen using the optimnzed fornulation (as dried
usi ng par anmgtae €C/oun) i ned TemPeptuee 1)  whBresyune(mshel ves Hudd émedolimd at a
rate of 0.1 mn, 0.2 Cmp, or 0.4 Cm O noteis.the fact that other
vari abl es wer changed when™ he cool i ng r?éoe was sl owed ! (e.g., the heating
rate duringggimary drying)is An anneal i ngiggep was inclyded in order to

i nduce mannitol crystallization and control the size of the crystals. Two
anneal i ng téhberatures, -85C and -20 C, Wdte tested, IA58ddition, the
effect of annealing tinme and nunber of annealing :

Secondary Drying
Rate (C/min) Temperature Pressure (mT) Hold time (min)
1.0 45 | 150 ‘ 180 .

DSC analysis was performed in order to characterize the temperatures of the
glass transition of disodium 2-(N ’-methyl—N’-ﬂxiobenzoyl—hydrazinocarbonyl)-1-
(rriethyl-thiobenzoyl—hydrazono)-ethanolate formulations. The Tg’ of approximately
-34 °C was detected for a formulation containing 55 mg/ml disodium 2-(N’-methyl-
N’-thiobenzoyl-hydrazinocarbonyl)-1-(methyl-thiobenzoyl-hydrazono)-ethanolate
and 11% (w/v) mannitol when no annealing step was introduced into a thermal
treatment. No Tg’ was observed following an annealing step at -8 °C for one hour.
The goal of annealing is to crystallize the mannito} in ﬂze‘foﬁnulation. The absence
of a Tg’ (characteristic for amorphous mannitbl) in the formulations that underwent
an annealing step demonstrated that the annealing was sufficient for mannitol
crystéllization.

DSC analysis was also performed for the freeze-dried samples in order to
determine the Tg’ and confirm the absence of mannitol hydrate. The concentration
of mannitol hydrate can be estimated based on its characteristic endothermic melting
at 80 °C. The Tg’ of the freeze-dried disodium 2-(N’-methyl-N*-thiobenzoyl-
hydrazinocarbonyl)-1-(methyl-thiobenzoyl-hydrazono)-ethanolate-mannitol
formulation was approximately 56 °C. No mannitol hydrate melts were observed in
the dried product, indicating that the secondary drying step was sufficient in

converting the metastable mannitol hydrate to an anhydrous form of mannitol. Also,
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drying cycle when the formulations were cool ed nore rapi suggests the
i npor t ance dinal freezepdryner dysteechosamdbr this stedyeprpdugsd evireduich yith% separ ati on
of the product a?eco%u?ry drying consisted of a ranp from5 Cto 45 C, and a
hol di ng ste gﬂf %5 C was chosen because perform ng secondary drying
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hydrazinocarbonyl)-1-(methyl-thiobenzoyl- hydrazono) ethanolate proved to be
stable through all of the freeze-drying cycles tested, as no degradation products were
detected. On average, main peak purity of 97% was observed for disodium 2-(N’-
methyl-N’-thiobenzoyl-hydrazinocarbonyl)-1-(methyl-thiobenzoyl-hydrazono)-
ethanolate than the cake body. |

The flakes that Were produced in many of the freeze-drying runs were tested
for potency, and compared to the cake body. Equal weights of both were
reconstituted in the same volume of deionized water. This analysis indicated-that
the flake contains a higher concentration of disodium 2-(N’-methyl-N’-thiobenzoyl-
hydrazinocarbonyl)-1-(methyl-thiobenzoyl-hydrazono)-ethanolate than the cake
body. This could be due to a slight phase separation during freezing. The separation |
does not appear to affect the stability of the product.

RP-HPLC analysis showed that the freeze-drying process used in this study
did not adversely affect the stability of disodium 2-(N’-methyl-N’-thiobenzoyi-
hydrazinocarbonyl)-1-(methyl-thiob enzoyl-hydrazono)Q ethanolate.

The osmolality of the freeze-dried product (55.5mg/mL disodium 2-(N’-
methyl-N’-thiobenzoyl-hydrazinocarbonyl)-1-(methyl-thiobenzoyl-hydrazono)-
ethanolate and 11% mannitol) was assessed following reconstitution in water for

injection (WFI), 0.9%(w/v) NaCl in WF]I, or 5%(w/v) dextrose in WF1. The
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d| sodi um 2- (N - net

N -t bi obenzsglttadmdﬂmpmdm&rsbnﬂ;dI)a.ageerrrmtbmbﬂy hi obenzoyl - hydr azono) - et hanol at
e and 11 % (w v) mannitol when no annealing step was introduced into a
thermal treatnment. No Tg' was observed follow ng an annealing step at -8 C

for one hou i L&t t he nmannitol in the
Exarﬂ Jiee fg&%é dgfmgeﬁﬁ%dlﬁ}gz QLIS ahbt;aﬁoﬁ

formul ati on e absence characteristic for anorphous mannitol)
in the fornbydedinomrtiduat)-L{dethykthiobearoyhhydmbomy-cttapplattearsinchbicatoéd t hat t he
anneal i ng was.suffigient for i.tol crystallization. DSC analysis was

al so perforﬁ’E&PF‘E}ﬁéL%&% pa sy P%ﬁe sanples in order to determne the Tg'
and confirmthe absence of nmannitol hydrate. The concentration of nannitol
hydrate can be estimated based on its characteristic endothermc nelting at
80 C. The Tg' of Fiehze- iy wasipéréumdd soal Genesis 238 L freedeydryed (Mittispbenzoy!| -

nydrazi nQcagbony N ds BNy SILAPSTEY el SRR 08 ikl I o
with empty vials. The vial headspace was filled with air. ‘
Tg’ and Tg were evaluated using a PYRIS Diamond DSC. Samples for Tg’
determination were prepared by loading 50puL of sample into a 50puL aluminum pan,
then sealing the pan using the sealing press. The thermal program used to identify

Tg’ (without annealing) was:

1. Ramp from 200C to -500C at 100C/min
2. Hold at -500C for 4 minutes
3. Ramp from -500C to 200C at 100C/min

The thermal program used to identify Tg’ that included an annealing step was:

Ramp from 20 °C to -45 °C at 10 °C/min
Hold at -45 °C for 10 minutes

Ramp from -45 °C to -8 °C at 10 °C/min
Hold at -8 °C for 1 hour

Ramp from -8 °C to -70 °C at 10 °C/min
Hold at -70 °C for 5 minutes

Ramp from -70 °C to 20 °C at 10 °C/min

o T - N N

Tg’ was taken to be the midpoint of the transition.
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0.9% NaCl in WFI, or 5% dextrose in WFI. An Osmette XL was used to measure

the osmolality after reconstitution in 10 mL of solvent as well as after dilution to

150 mL. Osmolality measurements were also made of the solvents.

The crystalline bulking agents that were explored for use in the freeze-dried

formulation were mannitol and glydine. Formulations containing 55.5 mg/mL and

either 1:1, 2.5:1, 4:1, or 5:1 molar ratios of mannitol:disodium 2-(N’-methyl-N’-

thiobenzoyl—hydrazinoca;'bonyl)-1-(meﬂ1yl-1'hiobenzoyl-hydrazono)-ethanolate or

0.5:1, 1:1, or 2.5:1 molar ratios of glycine:disodium 2-(N’-methyl-N’-thiobenzoyl-

hydrazinocarbonyl)-l-(methyl-thiobenzoyl-hydrazono)-ethanolate were used in the

initial formulation development experiments.

Formulations with 1:1 and 2.5:1 mannitol:disodium 2-(N’-methyl-N’-

thiobenzoyl-hydrazinocarbonyl)-1-(methyl-thiobenzoyl-hydrazono)-ethanolate

resulted in phase separation and some collapse upon freeze-drying. While both 4:1

and 5:1 mannitol:disodium 2-(N’-methyl-N’-thiobenzoyl-hydrazinocarbonyl)-1-

(methyl-thiobenzoyl-hydrazono)-ethanolate formulations produced rugged cakes,
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product is in the range of isotonicity. Exanple 2 freeze drying of disodium
2- (N - net hynethyl-Nhthsehenzenlthydrazinocarbonyl)-1-(methyl-thiobenzoyl-hydrazono)-

el i enes SepRR b e i SRR ML AR SR Be 2 oho e ©
Genesi s 25Hlydife@igetithyeN tMethy BN -thiSeeeb -Md@éz%ndmn?{)ﬂc@ﬁjetﬁlﬁf ectly on the

shel f. Space | eftover on the szelf was flﬁ| ed with enpty vials: The vial

headspace whisb¢nzoylelydrpzonoxicthandigte fomeplatipnapredused plogans ¢akesibagdid npyRI S

D anond DSC, Samnles for, [T9',;.determ nat.i on. wer e pared | oadi ng 50L of
sanpl e int d'e%)n%g@teacio&}ﬁﬁal%gpggfougﬁ ﬁg‘rﬁq&‘éﬁ?ﬁ’ﬁ\é@ eﬁggﬁml? y}lg\% the sealing
press. The thioBédrll- d%@iiﬁdiﬂwﬁ&%l t R(thélBtthiobenZl-hiddab it ietimaoRe) | ng) was: 1.
Ranmp from 200C to&-%oc at | Qo )rﬁl(’l 2?1 Hol d aﬂi -gOOC&gC_))I‘ 4 mnutes 3. Ranp
f r om - 500C se@ples prodaced eogmticakesioa firsiappedaranpeoyjgenvus shakingrefuredithdny Tg' t hat
i ncl uded agoannesl(ai ng step was: 1. Ranmp from20 Cto -45 Cat 10 C/min 2.
Hol d at -45°EPPEF*M0 ninutes 3. Ranp from-45 Cto -8 Cat 10 Cmn 4. Hold

?t 'g c fO[ 1 h@Hsedon BrsPrdsti maBnftolt wasséRcfed For fiBthey develophentiol d at -70 C
or 5 ninutes

studies. The 5:1 mannitol:disodium 2-(N’-methyl-N’-thiobenzoyl-

hydrazinocarbonyl)-1-(methyl-thiobenzoyl-hydrazono)-ethanolate formulation
equated to an 11%(w/v) mannitol solution for 55 mg/mL disodium 2-(N’-methyl-N’-
ﬂliobenzoyl—hydrazinoéarbonyl)—1—(methyl-thiobenzoyl-hydrazono)-ethanolate
solution, and this was used as the starting point for the next round of formulation
studies.

Using an 11 %(w/v) mannitol solution, the concentration of disodium 2-(N’-
methyl-N’-thiobenzoyl-hydrazinocarbonyl)-1-(methyl-thiobenzoyl-hydrazono)-
ethanolate wasl varied at 42mg/mL, 55.5mg/mL, and 83mg/mL in order to test the
effects of disodium 2-(N ’-méthyl—N’-thiobenzoyl-hydrazinocarbonyl)-1 -(methyl-
thiobenzoyl-hydrazono)-ethanolate concentration on the properties of freeze-dried
cake. All of the formulations produced pharmaceutically elegant cakes with a thin
flake separating from the top in most cases. The reconstitution time of the 83mg/mL
formulation was -almost 3 minutes, which is undesirably long. The other
formulations reconstituted in about 20 seconds. A formulation with 67 mg/mL

. disodium 2~(N’-methyl-N’~thiobenzoyl-hydrazinocarbonyl)-1-(methyl-thiobenzoyl-
| hydrazono)-ethanolate with 11% mannitol of was also evaluated, and produced an
elegant cake that reconstituted in about 20 seconds.

After narrowing down the type and concentrations of excipients and
disodium 2-(N’-methyl-N’-thiobenzoyl-hydrazinocarbonyl)-1 ~(methyl-thiobenzoyl-
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55.5mg/ mL; disodium 2-(N -nethyl - N -thiobenzoyl - hydr.azi nocar bonyl ) - |
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after reco : : : . 9% in , or 0
dextrose i Wlﬁdﬁ%%%%%%%%hﬁgﬁTt‘ag&\néasure the osnolality after
reconstitution in 10 nL of solvent as well as after dilution to 150 ni.

Csnol ality surenments, were gl so nmade of the solvents. The crystalline
bul ki ng agﬁg %-h@l @nékfﬁddﬁm'@ﬂ%@dwn the freeze-dried fornulation
wer e manniftat —glycine T AL T HIR: Cont aif (o 82 ‘) i ther
11, 2.5 3 g T o e S i { G171 SRt 2 (N et Ryl - N -

t hi obenzoyl - hydr azi nocar bareyiiy]l-Ne-thisbédzplk-t hi obé&zay) - hydr gasebmiet hgnol at e
or 0.5:1,) 1:1, or 2.5:1|polar, ratios . of glycine:di sodium
2- (N -net Ryl - N - t hi obenz p¥drazinocarbonyl)-1-

hydr azi nogar bonyl ) - 1- ( nmef g\ék&%ﬂhﬁ%‘éﬁo&y—' - hydr @azono) - et hanal ét e were jused in

the initijal formulation ve 6prren xperiments. Fornul atjions withi{l:1 and
2.5:1 manni tol : di sodi um Phydfazene)-eshandiate
| (mg/mL)
1 67.6 11 20 and 50
2 56.2 1 20 and 50
3 44.8 11 50
4 33.8 11 50
5 27.0 11 : 50
6 57.1 14 20 and 50
7 45.6 : 14 50
8 34.8 6 50
9 27.9 6 50 _
10 67.6 ~ 14 ~ 20and 50

Formulations 8 and 9 turned to a powder upon shaking. Formulations 4 and
5 failed to produée rugged cakes. The other formulations did produce rugged cakes.
Flaking was present in many of the vials, but formulations 1 and 6 showed less
flaking than the other formulations.



t hi obenzoyl - hydr azi nocar bonyl ) - 1- ( et hyl - t hi obenzoyl - hydr azono) - et hanol at e
resulted in phase separation and sone col |l apse upon freeze-drgli ng. Wile
both 4:1 V¥A@003/03188knni t ol : di sodi um PCT/USZ006/031285

2- (N -met hyl - N -t hi obenzoyl - hydr azi nocar B8nyl ) - 1-

(et hyl -t hi obenzoyl - hydrazono) - et hanol ate fornul ati ons produced rugged
cakes, WD 2007/0 ; 0, : f ~ 14 f rst! ' rped the
nore pharmaceut i ?aq%%r %ﬁ%légﬁt%pec%ﬁeb%iggsel?éﬁ N ﬁah%p %ék%’ di @égﬁg}u E’f?lggfr omthe
tops of the wigk6Eng/mlidisddiumh BN afethyl 0 Lbivbentoyl-hiyiezlogabogylsont ai ni ng
formul ations, the 0.5:1 glycine:disodium 2-<§N'- ) . )

met hyl - N - t HisBersggbemg i ivsdrarsnal-eiommalate aod Wttorpannitel dhanzlaion H)atidz ono) -
gt g?‘QO' 3|t scsaaﬂi nePe'_ 5??38#%%& ot f S8 1 BN MEADE tARuERIEAARlS aRsE- The

2- (N - met hyl fodhulbtfidrsliesaday testiyely ia Hhaneaaedivaily hecep{abbd dnke that did not '

t hi obenzoyl - hydrazono) - et hanol ate fornul ati ons produced el egant cakes but
did not rechtayilakingapewer Jormulation Zgproduced dhe morreelggaih 81kem
2-(N -nmethyl -N - . C .
thi obenzoy! - hydr a7l TSeAr S5 M e AL or RAIEBEn 2B S RIAF LI 5RET Bifanol at e

sanpl es pr odieiech] Gleegadiiedqak eatlined in Table Bplisdhan QeN’vheahyNS shaki ng reduced
them to a powder. Based on these results, nmannitol was sel ected for further
devel opnent thispgrzoykhydraznesarbonyhni-fmethyi-thinbensayvi-hydrazena)rifhanslate hi obenzoy! -

hydr azi nocar =1 A [ '19%{95- Ii t3al ormul ation
equated to a@%g‘%ﬁw Il‘%{lh]lt: %gF(ﬁg{ﬁéﬁ{ %’n or a@qgn%t;l%_ﬂd ﬂg{))%‘l%g?él

2- (N - net hylhylrazinocarbonyl)-1-(methyl-thiobenzoyl-hydrazono)-ethanolate with 11%(w/v)

t hi obenzoyl - hydr azj nocar bonyl ) - 1- (et hyl -t hi obenzoyl - hydr azono) - et hanol at e

sol uti on, = arfganmiikinaer fop figcionn dhs phkfor Hys femutatiop s Rend &P Thisnd. of
formul ati on foﬁ%@g%clﬁg 8%?:*%:7@% %ﬁpﬂr&z%ﬁ We¥De-dFRNR! &yBle 8 Qi@ THELE 1 witt

concentration

met hyl - N' - t heaideinaauggddy:cidphannsenteallyle)egintprodiny, BiyHiltiheda eyl vibiy eritzono) -
et hanol ate waslvaried at 42np/nl, 55.5np/nL,_ and 83 mL.in order to test
the effect Sl?épil,@if Iéééilﬁgh’[ﬂ., d'ngodium 2—(5N ?-Iggthyl-N’—ﬂ?lobenzgg(-hydrgzr,]mocarbonyl)-

2- (N -nmethyl ¢ N -4 Wi @E:?ﬁh- N “@% s

t hi obenzoyl -%%?%Qotﬁ%%- e an%“a&%%@%ﬁfcégé\@%ﬁ%%g%n 8?615353%5“&‘?%"3 &
freeze- dri e-(Natethy PN -tlibbérdreyl-ydradisddatboay i) lo@uethd - thivbenegput i cal |y

el egant cakes with a thin flake separating fromthe top . in npst cases. The
reconst it ut iyEraZPRY-hanojaie 83k dslivered in a single vial which provides additional

economical advantage to this formulation.

-t

Example 3

In a glass beaker 160g of purified water was heated to approximately 65 °C. 9.06g

-of hydroxyethyl starch (HES) was slowly added to the vlvatern and mixed. Mixing
was conﬁnued until the HES dissolved (less than '1 0 minutes). The solution was
cooled to room temperature and then 11.70g of disodium 2-(N’-methyl-N’-
thiobenzoyl—hydrazinocarbonyl)-1-(methyl-thiobenzoyl—hydrazono)-ethanolate was
added. This was mixed until all the disodium 2-(N’-methyl-N’-thiobenzoyl-
hydrazinocarbonyl)-1-(methyl-thiobenzoyl-hydrazono)-ethanolate was in solution
(less than 10 minutes). All the solution was quantitatively transferred to a 200 mL
volumetric flask and diluted to 200 mL with purified water. The final unit
formulation was 55.5mg/ml STA-4783 sodium and 45 mg/ml HES.



formul ati on was al nbst 3 m nutes,

formul ati ons reconstituted in about 20 seconds.

di sodi um WO 2007/021881
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The appearance and reconstitution times of the resulting freeze-dried cakes were

evaluated.

While this invention has been particularly shown and described with

references to preferred embodiments thereof, it will be understood by those skilled

in the art that various changes in form and details may be made therein without

departing from the scope of the invention encompassed by the appended claims.



8 34.8 6 50 9 27.9 6 50 10 67.6 14 20 and 50 Fornul ations 8 and 9 turned
to a powder upon shaking. Fornulations 4 and 5 failed to produce rugged
cakes. The other formulations did produce rugged cakes. Flaking was present
in many of the vials, but fornmulations I and 6 showed | ess flaking than the
ot her formul ati ons. WO 2007/021881 PCT/ US2006/ 031285 50 Further studies
were performed using fornulations 1, 2, 6, and a fornulation wth 67ng/ m
disodiun12-(N'-nethyI-N'-thiobenzoyl-h&frazinocarbonyl)-l-

(et hyl -t hi obenzoyl - hydrazono) - et hanol d@te and 14% rmannitol (formulation 10)
wth a freeze-drying cycle as outligedvg Table | in an attenpt to mnimze
flaking. Both formulations 1 and 2 resulted in pharmaceutically acceptable
cake that did not exhibit any flaking, however fornulation 2 produced the
nor e elgﬁ%gf fake . The results of the formulation work performed on this

pr oj ect &P*@Bﬂiﬁ-an optimal freeze-dried (as outlined in Table 1)

di sodi um 2- (N -net hyl -N -

t hi obenzoyl - hydr azi nocar bonyl ) - 1- (et hyl -t hi obenzoyl - hydr azono) - et hanol at e
for mul ali on A&APattieCAERPrSNE ¢aimeundifoprsenied By thritolipsying strugturglhi obenzoyl -
hydr azi nocar bonyl ) - 1- (net hyl - t hi obenzoyl - hydr azono) - et hanol ate with 11
%W v) mannformlilai n water for injection. The pH for this fornulation is
around 10.9. This formulation, along with a optim zed freeze-drying cycle
as outlined in Table I will result in a rugged and pharmaceutically el egant
product. By filling 20 nL vials witg20 12 of 55.5 ng/nL di sodi um

2-(N -methyl -N -thiobenzoyl - hydr azi Ma?% nyl ) -

1- (et hyl -t hi obenzoyl - hydr azono) - et hanol ate,. t he desired dose of 670 ng

di sodium 2-(N -nmethyl-N -thiob enZoyl - hy azinocgfbonyl)-l-(nethyl-thiob
enzoyl - hydrazono)-ethanola,e can be delivefed in al single vial which

provi des addi ti onaRi~gcong QQ% NUWES mul gtRon. Exanple 3 In
a gl ass beaker 160g of rifietnN to appfoximately 65 C
9.06g of hydroxyethyl gtarch (HES) was slowy added tq@ the water and m xed.

M xi ng s S

wherein:

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 R3 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; and

a pharmaceutically acceptable crystalline bulking excipient, wherein the

molar ratio of said compound to said excipient is from 1:20 to 1:1.

2. The compound of claim 1, wherein the pharmaceutically acceptable cation is Na* or K.



was continued until the HES dissolved (less than 10 m nutes). The sol ution
was cooled to roomtenperature and then 11.70g of disodium2-(N -nethyl-N -
t hi obenzoyl - hydr azi nocar bonyl ) -1 - (net hyl -t hi obenzoyl - hydr azono) - et hanol at e
was added. This was m xed until all the di sodi um

2- (N -nethyl -N -t hi obenzoyl -

hydr azi nocar bonyl ) - 1- (et hyl -t hi obenzoyl - hydr azono) - et hanol ate was in
solution (less than 10 m nutes). All e solution was quantitatively
transferred to a 200 nL volunetric flask and diluted to 200 nL with

purified, wat ghec sttioR@f claith tl or CREAY! Whérem AR T5.-a0W, Ate thd Smdef 8ad Rpdi um
and 45 ng/ nl HES. 2007/ 021881 PCT/ US2006/ 031285 51 8.0 mlL of the

sol uti on wasahd R} &g thatagep0 nl Type | glass vials. Freeze-dry stoppers were
pl aced on the filled vials, which were then | oaded into the freeze-dryer.
The freeze-drying cycle was as follows in Table 3: Table 3 Stage Shelf Set
Poi nt Tidme Teepanpdsition of@py Ohoefi ddims Fnedzwingeib: to -40 1.8 Hold -40 3 Ranp

-40 to -25 0.3 Primary yi ng, - 00m orr) 48 ) -25 to 25 8

Secondary Drying 235¢¢9 ‘%LPTLI§&$ Wagbééﬁgﬁtguégﬁﬁgégéhstitution ti mes of

the resulting;f dri 3 . e evaluated. Wiile this invention has
is (Cﬁ%@g bt Sﬁg??é@@r,i

been particularly shown ed with references to preferred
enbodi nent s t her eBf and Rs ask bdchbrdapantienty dédnyiphdiwse sshstibtethaliphatid greugrt t hat

various changes in . form and details may.be made.therein w thout departing
from the scoBbRor FHBARe on RS s CorpRoSBae oY AR dhiot Ko et 52
CLAIMS  What tdggthet, ale®021C% substituted or unsubstituted alkylene group.

5. The composition of claim 4, wherein:
Y is -C(RsR)-
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 composition of Claim 4, wherein
Y is -CRsR¢-;
R; and R; are both a substituted or unsubstituted aliphatic group;
R;5is -H; and
R is -H or an optionally substituted aliphatic group.

7. The composition of any one of claims 1 to 6, wherein the composition is a Iyophilizate.

8. The composition of any one of claims 1 to 7, wherein the crystalline bulking excipient is
selected from the group consisting of mannitol, sorbitol, xylitol, glucitol, ducitol,
inositiol, arabinitol, arabitol, galactitol, iditol, allitol, maltitol, fructose, sorbose, glucose,
xylose, trehalose, allose, dextrose, altrose, lactose, gulose, idose, galactose, talose, ribose,
arabinose, lyxose, sucrose, maltose, lactulose, fucose, rhamnose, melezitose, maltotriose,
raffinose, altritol, calcium lactate, calcium gluconate, calcium glycerylphosphate, calcium

citrate, calcium phosphate monobasic and dibasic, calcium succinate, calcium sulfate,



1 A conposition conprising a conpound represented by the foll ow ng
structural fornula: 2 M- or MM+ R3 Z ZZ R4 RL Y I4~Y I\ /RZ NN7( S S
wherein: Y is a coval ent bond or a substituted or unsubstituted straight
chai ned hydrocarbyl group; Rl-R4 are independently -H, an aliphatic group,
a substituted aliphatic group, an aryl group or a substituted aryl group,
or Rl and R3 taken together with the carbon and nitrogen atons to which
they are bonded, and/or R2 and R4 takegstogether with the carbon and
nitrogen atons to which they are bonded, forma non-aromatic heterocyclic

ring optionaltiyimftag@ek, blRndiung (40, alinfinuig gluconate, aldntfium Slycaytbhdlphat, a
phar maceutical | y acceptabl e nonoval ent cation and_M+ is a pharnaceutically
accept abl e dplEIRHR %r&%ep aiminymyPosphate meeehssiceat dipasiecdyriaBmsuesigaieal | i ne

oxciprent 1 s e WAL alyliffin SERAE: nEghashnflocB, CERIR BB (e

phar maceut i calagyesame gkyt:erplphommepmagr&mmnmte KrtagnbSum Phosphetemompbasid andn  of
claiml or claim?2, wherein Z R2 are the sane; .and, R3. and R4

are the san‘edl &Slc,mgnes%égmm% n&ig“%ﬁ’i]‘y“éﬂéat%fma&‘%ﬁ‘% tariratg, di-sagghanidesn: v i s
a coval ent bgpflihe C%&?Eﬁil% 01@%@3@0h01st2ﬂl§\ﬁ§m(%%1d emtﬂ's@ialglgfﬁ%‘)d' or

-(CO - group; and af e each | ndependent | H ~an aliphatic or
substituted abiypinglpyoolidanep, or R5 is -H and R6 |s 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 conposition of claimd4,

wher ei nyg, The composition of claim 8, wherein the crystalline bulking excipient, is selected from
the group consisting of glycine, mannitol, dextrose, lactose, sucrose,

polyvinylpyrrolidone, trehalose, glucose and combinations thereof.

10.  The composition of any one of claims 1 to 9, wherein the molar ratio of said compound to

said excipient is from 1:10 to 1:1.

11.  The composition of any one of claims 1 to 10, wherein the molar ratio of said compound

to said excipient is 1:5.5 to 1:2.0.

12.  The composition of any one of claims 1 to 11, wherein the crystalline bulking excipient is

glycine or mannitol.
13.  The composition of claim 12, wherein the crystalline bulking excipient is mannitol.

14.  The composition of any one of claims 1 to 13, wherein the composition is an annealed

composition.

15. A composition of any one of claims 1 to 5 and 7 to 14, wherein the compound is

represented by the following structural formula:



Yis -C(R5R6)-; R and R2 are each a substituted or unsubstituted aryl

group; and R3 and R4 are each a substituted or unsubstituted aliphatic
group. 6. The conposition of daim4, wherein Yis -CR5R6-; R and R2 are
both a substituted or unsubstituted aliphatic group; R5is -H and R6 is -H
or an optionally substituted aliphatic group. 7. The conposition of any one
of clains 1 to 6, wherein the conposition is a |lyophilizate. 8. The

conposition of any one of clains 1 to wherein the crystalline bul king
excipient is selected fromthe group Tonsisting of mannitol, sorbitol,
xylitol, glucitol, ducitol, inositiqg%fargpinitol, arabitol, galactitol,
iditol, allitol, maltitol, fructose, r Bose, gl ucose, xylose, trehal ose,

al | ose, dextrose, , lactose, gulose, idose, gal actose, ose,

ri bose, arabinosg e, sucrose, mMiltose, Ol actul pse, fugd ammose,
nel ezitose, naltofiri ose raf fihose, i cal ci pm | act cium
gl uconate, calciu yl phosphat e, citraye, cal psphat e

glyc
nonobasi ¢ and di bast /ia S U strs?q at & cl ul Tat g7 58 c4dl ci um
tartrate, aluninun1lactate,|a|uninunlgluconate, al um num gl yceryl phosphat e,
alum numcitrate, alum num phosphate nonobasi ¢ and di bagli c, al um num
succinate, alunminumsulfat® alumnumtartrate, magnesium | actate,
magnesi um gl wbesgiast e, magnesi um gl yceryl phosphat e, magnesi umcitrate,

Cutate.  mhofll CrIReRRlh s chB RN sl SRRRS N B Coponi ng
pol yhydri c aPtghaieuticallyagesptab ea‘i‘h"ﬂ%‘“éﬁ‘i“al,' enul sifiable fats and po

| yvi nyl pyrrol idone. 9. The conposition of claim8, wherein the crystalline
bul ki ng excipient, is selected from the group consisting of glycine,

manni t oll¢. deAtmaise fol pepase a lyophibzats of qpwimpesitiph pgmprdinglooempdundhal ose,
gl ucose and conbi nations thereof. 10. The conposition of any one of clains 1

to 9, wher ei Rpiebentdidbiathe Fallowin@étrirdl fe@pound to said excipient is from
1:10 to 1:1. 11. The conposition of any one of clainms | to 10, wherein the

nolar ratio of said conpound to said excipient is 1:5.5to 1:2.0.

2 M* or M2*
Rs Rs
| |

z zZ
R1YN\N)\Y)\N/N\”/RZ |
S S

wherein:

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

R;-R; 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 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



12. The conposition of any one of clainms 1 to 11, wherein the crystalline
bul ki ng excipient is glycine or mannitol. 13. The conposition of claim 12,
wherein the crystalline bul king excipient is mannitol. 14. The conposition
of any one of clains 1 to 13, wherein the conposition is an anneal ed
conposition. 15. A conposition of any one of clains 1 to 5 and 7 to 14,
wherein the conmpound is represented by the follow ng structural formula: 55
2M or M2 O a NN~ S S wherein: M_jis a pharmaceutically acceptable
nonoval ent cation and M2+ is a pharna@%utically accept abl e di val ent cati on.

16. A nethod for Mrmﬂfﬂgﬁgu{fj%ﬁqqg%\%ggﬁ@}eqn&{ovglewgﬁ5&1gl-m%grrpri sing a

conpound represent g structur ormu MorM 1312 1Z
R Y RzZ Y pharmacButcallptaccepiable divalentg@atiopy ahdent bond or a substituted or

unsubstituted strai,ght chai ned hydrocar byl. roup; R -R4 are.independentl
U an 8l phat ¢ St e r PR e MG pxape b iV GE S8 or X
substituted gyl 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 @beepafing ayaqieaesotebition ofiechmphend anddhdexsémaent wherein the

non-aromati ¢, het ehdeY clili Sombiithd ¢ 9l 0Ahikt if 3G APiody, A" Omati ¢ ring;

b) freezing the solution of step a) at a temperature below the glass transition
temperature of the compound to form a freeze-concentrate;

c¢) annealing the freeze-concentrate at a temperature above the glass transition
temperature of the compound but below the melting temperature of the frozen solution
comprising the freeze-concentrate, to form an annealed composition;

d) freezing the annealed composition at a temperature below the glass transition
temperature of the compound; and

e) drying the annealed composition of step d) to obtain a lyophilizate with a

moisture content of less than 10%.

17.  The method of claim 16, wherein steps c¢) and d) are repeated consecutively, one or more

times prior to step e).

18.  The method of claim 16 or claim 17, wherein the annealed composition is dried in step €)
by sublimation at a temperature between 20 °C and -20 °C, under vacuum conditions at a

pressure of between 200 mTorr and 20 mTorr.

19.  The method of claim 18, wherein the annealed composition is further dried in step €) by
desorption at a temperature between 20 °C and 80 °C under vacuum conditions at a

pressure of between 200 mTorr and 20 mTorr.

20.  The method of any one of claims 16 to 19, wherein the lyophilizate has a moisture

content of less than 5% measured by Karl Fisher method.



Zis -Oor -S; and 56 M+ is a pharnmaceutically acceptabl e nonoval ent cation
and M2+ is a pharnmaceutically acceptable divalent cation; and a
pharmaceutical |y acceptable crystalline bul king excipient, conprising the
steps of: a) preparing an aqueous solution of the conmpound and the

exci pient wherein the nolar ratio of said conpound to said excipient is
from1l:20 to 1:1; b) freezing the solution of step a) at a tenperature bel ow
the glass transition tenperature of t conmpound to forma
freeze-concentrate; c) annealing the fr'eeze-concentrate at a tenperature
above the glass transition tenperature of the conpound but bel ow t he
nmelting tenperature of the frozen solution conprising the

f r eeze- 2bncebhametbod obanfyammof lammniseto &4, wharpinshd Iyophilizite haseenoistyre he

anneal ed co ra | wth | ass transition
t enper at ur en‘gq“?eflhgﬁgﬁ%@ﬁ%} mrgéﬁ ‘g’]y gﬁa% ge'irﬂeéﬁﬁ‘gneal ed conposition of step
d) to obtain a lyophilizate with a m)l sture content of |less than 10% 17.

The net hod of claim 16, wherein ste6p and d) are repeated consecutively,
one or Pdre Themetbogef qu@0§§leplﬂ5eb tom witdrein tkg lyophibfatehasiamdistuer ¢l ai m 17,

wherein the ion [ by sublimation at a
t enperature Pe\%g%ﬁgigggi?%&ﬁqaﬁlﬁeégy garcﬁdSh\E}rarg thﬁ%?condl tions at a pressure
of between 200 mTorr and 20 mTorr. 19. The net hod of claim 18, wherein the
anneal ed co |t|on|sfurther dried in step e) desorption at a

t enper atdir e Iﬁéthﬁd ofpny oag @f gloings 1fger, Wb‘%!ﬁ'ﬂﬁh?:’@ﬁﬂi‘rﬁll%ﬁgzeﬁtm 8P Pr&dsure of
bet ween 200 %@E{atu?@ﬁetﬁger{nmrf °C #nd80 € orta? O&Jnoﬂ'@%b AReio Itfnhrga'rt] i 6 to

19, wherein t Izate has a noisture t ent o l'ess

measur ed by K)alndurdzl sher met hod. 57 21. The nethod of any one of clains 16
to 20, wherein the |yophilizate has a noisture content of |ess than 2%
nmeasured by Karl Fisher nethod. 22. The nethod of any one of clains 16 to

21, whepgi n ThembOPBf ddyZik ®f R '8I23t Whéein the freeze-concentrate is annealed in

step ¢) at a temperature between 0 °C and -44.7 °C for between 10 minutes and 10 hours.

25.  The method of any one of claims 16 to 24, wherein the annealed composition is dried in
step €) by sublimation at temperature of between 10 °C and -10 °C, under vacuum

conditions at a pressure of between 200 mTorr and 100 mTorr.

26.  The method of any one of claims 16 to 25, wherein the annealed composition is further
dried in step f) by desorption at a temperature between 30 °C and 60 °C under vacuum

conditions at a pressure of between 200 mTorr and 100 mTorr.

27.  The method of any one of claims 16 to 26, wherein the pharmaceutically acceptable

cation is Na" or K.

28.  The method of any one of claims 16 to 27, wherein Z is O; R; and R; are the same; and

R; and Ry are the same.



content of less than | % neasured by Karl Fisher nethod. 23. The nmethod of
any one of clains 16 to 22, wherein the mxture is frozen in step b) at a
tenperature between -44.7 C and -80 C over a tinme period of between 10

m nutes and 10 hours. 24. The nethod of any one of clainms 16 to 23, wherein
the freeze-concentrate is annealed in step c) at a tenperature between 0 C
and -44.7 C for between 10 m nutes and 10 hours. 25. The nethod of any one
of clains 16 to 24, wherein the anneal ed conposition is dried in step e) by
sublimation at tenperature of between I C and -10 C, under vacuum

condi ti at ..and 100 mTorr. 26. The net hod
of any g%% othgeIIgegtrﬁ}ééq%%lyg);lig?&%;}lgﬁg%g&géﬂéaI ed conposition is further
dried in step f) bBYisdasenlehi wnd HC(RsRSHEHACHE)e, thetswE€ElC3)-,C and 60 C under

vacuum Conditiﬁﬁiﬂﬁﬁ a quﬁsure of between 200 niforr and 100 mTorr. 27. The
met hod of any sHeTcF k1% (<) 187°08 88, wherein the pharmaceutical 'y

acceptabl e cati OmR.Ja5dM8 areMackSndegddentREHTES af P sRRd Afipidig 16 to
27, wherein Zis 0;5 th%ﬁ{je I%% arg@h%n ané' a da R% an(Si R4 arlg tlhgmsilg’me. 58

29. The met hout Refis dhgndReisafsubdtiitedoriBistlsstinged anplegreim or Ks and Re, tbwml ent  bond,
-C(RsR6) -, -(CH2CH2)-, traps- - ClLS- - or -(CC- group; and R5
and R6 are eé‘%&%‘?{d%ﬁér@éﬁ?w’g%e%?ﬁuHTqutI’}t}ﬂeﬁ% “NEEHEPi t ut ed al i phatic

group, or RS is -Hand R6 is a substituted or unsubstituted aryl group, or

Rs and R6, taken together, are a C2-C6 substituted or unsubstituted

al kyl ene3Qr ouphe mehodrefeanyeng eticlaimsalifyio ghevksteinl ai ns 16 to 29, wherein: Y is

-C(R5R6)-; R1 and YR%_%[(]%%% ch a substituted or unsubstituted aryl group; and
S

R3 and R4 are each a tuted or unsubstituted aliphatic group. 31. The

met hod of any one Rfan@lRgiafeeath atsabstifiteddi@ingibatititddsaryl@raffpand Rl and R2 are
both a substituted or unsubstjtuted aljphatic group R5 is -H and

R; and R, are each a substituted or unsubstituted a 1;phatic group.
31.  The method of any one of claims 16 to 29, wherein

Y is -CRsRs-;

R; and R; are both a substituted or unsubstituted aliphatic group;

Rsis -H; and

Re is -H or an optionally substituted aliphatic group.

32.  The method of any one of claims 16 to 31, wherein steps c) and d) are repeated

consecutively once prior to step e).

33.  The method of any one of claims 16 to 32, wherein the mixture is frozen in step b) at a
temperature between -44.7 °C and — 60 °C over a time period of between 30 minutes and

3 hours.

34.  The method of any one of claims 16 to 33, wherein the freeze-concentrate is annealed in

step ¢) at a temperature between 0 °C and —40 °C for between 2 hours and 6 hours.



R6 is -H or an optionally substituted aliphatic group. 32. The nmethod of any
one of clains 16 to 31, wherein steps ¢c) and d) are repeated consecutively
once prior to step e). 33. The nmethod of any one of clains 16 to 32, wherein
the m xture is frozen in step b) at a tenperature between -44.7 C and - 60
C over a time period of between 30 mnutes and 3 hours. 34. The nethod of
any one of clains 16 to 33, wherein the freeze-concentrate is annealed in
step c) at a tenperature between 0 C agg -40 C for between 2 hours and 6
hours. 59 35. The method of any one of“clains 16 to 34, wherein the

conpoun I'S Na'

0 NN OF Yo e RRERR i GRTE N S, SRR BRb S e AR o s 36,
The net hod ofstradtaiahfofbylasblected fromhe wherein the conpound is represented by
the follow ng structural forrrula Na’ Na+ 0- 0/ N\N%~ \/ ~-NN\ S S

AALAA LD

Na" Na"

\
N N
;and

Na* Na*
%}/ | °‘ o | \H/A

36.  The method of claim 35, wherein the wherein the compound is represented by the

following structural formula:

Na* Na*
T T
Doy
\N N/

S S



60 37. The nethod of claim 35 or claim36, wherein the mxture is frozen in
step d) at a tenperature between -44.7 C and - 60 C over a tine period of
between 30 m nutes and 3 hours. 38. The nmethod of claim37, wherein the

m xture of step a) is precooled at between 10 C and -10 C over a tine
period of between 5 mnutes and 5 hours prior to freezing the solution in
step b). 39. The nethod of any one of clains 16 to 38, wherein the
crystalline bul king excipient is selegted fromthe group consisting of
mannitol, sorbitol, xylitol, glucitol, ducitol, inositiol, arabinitol,

ar abi t 0B7. galrRe#ictholl of ldink 05 or elhikri 16) IwhefBa fhi tafikturd hﬂ@mﬁm,st@m) kese, gl ucose,
Xyl ose, trehal ose, allose, dextrose, altrose, |actose ul ose, idose,

gal act ose, t EMpSELure beiysan -44at Lhandose) q%@égélmewe%gﬁbe%wm&@lnuteaéndu ose,
fucose, rha &< Melezitose, maltotriose, raffinose, altritol, calcium

| actate, cal ciumgluconate, calcium glyceryl phosphate, calcium citrate,

cal ci um phosphat e m)nobasi c and di basic, calcium succinate, calciumsulfate,

cal ciumgtart t al u act at.e, al.um nu conat e, m num
gl ycer yPphos BRamEtiod 3f ¢ J(n%hefer"ai@ i R HoRTGrRaied R4S 12 G _
di basic, al U”I‘O”’@er%PEﬁfn@%Eﬁod oPAe‘tW%éﬂ%ﬁx‘d{efs%ﬁc?s héﬁr’ég}lﬂﬂt%‘ﬁe%hg%%oluﬁ@ﬂ”es' um

Iactate, magnesi um gl uconate, magnesi um gl yceryl phosphat e gnesi um
citrate, nagmesépdm phosphat e nonobasi c and di basic, nmagnesi um succi nate,
magnesi um sul fate, magnesiumtartrate, di - saccharides and the correspondi ng
pol yhydric al cohols, albumn, amno acid, emulsifiable fats and

pol yvi ngbpyr maé m@@la@oféh@z onEhﬂcrmhbmtoojs dRyreNBe Bfystalime BEIkidy dx@ip@t iswher ei n
the crystalline bul king excipient is selected fromthe group consi sting of

gl yci ne, manedlectid frefe shergygen cangistingef mennitpls serbitolpwylifol alpritglr dusitbldone,
trehal ose, ghﬁgﬁ’% mx%ﬂ%ﬁ%f,’?%’bﬂ@it }gﬁgc%tél il tglo%lhtoztilr(l]alg-{b? %Eog‘é’dso% %ﬁm%&e of

clains 16 t exci pi ent

i's from 1: 10xylosel trdhalést, altb2e, dEklteosBmm@sé lattoss) Yulose unise ,QlaRictoBe, 1fodepriboke,
wherein the nDIar rati o of said conpound tqo said excipient is froml:5.5to

1:2.0. 43. THEbREInbEOHH sugrgseomaliose, laptalons fugese, éh%‘ﬁwswl‘éﬁltﬁs‘b malteiripss, al | i ne
bul ki ng exci pisfiftse attritdl] MG 10%at@RAR P Eluconate, calcium glycerylphosphate, calcium

citrate, calcium phosphate monobasic and dibasic, calcium succinate, calcium sulfate,
calcium tartrate, aluminum lactate, aluminum gluconate, aluminum glycerylphosphate,
aluminum citrate, aluminum phosphate monobasic and dibasic, aluminum succinate,
aluminum sulfate, aluminum tartrate, magnesium lactate, magnesium gluconate,
magnesium glycerylphosphate, magnesium citrate, magnesium phosphate monobasic and
dibasic, magnesium succinate, magnesium sulfate, magnesium tartrate, di-saccharides
and the corresponding polyhydric alcohols, albumin, amino acid, emulsifiable fats and

polyvinylpyrrolidone.

40.  The method of any one of claims 16 to 39, wherein the crystalline bulking excipient is
k selected from the group consisting of glycine, mannitol, dextrose, lactose, sucrose,

polyvinylpyrrolidone, trehalose, glucose and combinations thereof.

41.  The method of any one of claims 16 to 40, wherein the molar ratio of said compound to

said excipient is from 1:10 to 1:1.



44. The nethod of any one of clains 16 to 43, wherein the crystalline
bul ki ng excipient is mannitol. 45. A lyophilizate prepared by a nethod
according to any one of clainms 16 to 44. 46. Use of a conposition according
to any one of clains 1 to 15 or |yophilizate according to claim45 in the
manuf acture of a nedi canent for treating cancer. 47. Use according to claim
46, wherein the use is in the manufacture of a nedicanent for treating
cancer in a subject who is co-adm nisgered one or nore other anti-cancer
drugs. 48. Use according to claim47, wherein the co-adm nistered
anti-cancer drug is paclitaxel or docetaxol 49. Use according to any one of

clainms 46, 47 or 48, wherein the cancer is nelanonma. )
42.  The method of any one of claims 16 to 41, wherein the molar ratio of said compound to

said excipient is from 1:5.5 to 1:2.0.

43.  The method of any one of claims 16 to 42, wherein the crystalline bulking excipient is

glycine or mannitol.

44,  The method of any one of claims 16 to 43, wherein the crystalline bulking excipient is

mannitol.
45. A lyophilizate prepared by a method according to any one of claims 16 to 44.

46.  Use of a composition according to any one of claims 1 to 15 or lyophilizate according to

claim 45 in the manufacture of a medicament for treating cancer.

47.  Use according to claim 46, wherein the use is in the manufacture of a medicament for

treating cancer in a subject who is co-administered one or more other anti-cancer drugs.

48.  Use according to claim 47, wherein the co-administered anti-cancer drug is paclitaxel or

docetaxol

49.  Use according to any one of claims 46, 47 or 48, wherein the cancer is melanoma.



