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APPLI CATI ON This application clains the benefit of
wo@7/0P8ervi si onal Application No. 60/708,977, PCT/E820061031285
August 16, 2005. The entire teachings of the above
application(s) are incorporated herein by reference.
BACKGROUND OF THE | NVENTI ON Many drugs are now
avai l able to be used in the treatment of cancer.
However, in many cases the cancer fails to respond to
the anti-cancer therapy or its growh and/or
nmetastasis 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
resi stance 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-drag resistance
cancers. Certain bis(thio-hydrazide am de) conpounds
have been described as being significantly cytotoxic
to cancer cediRgrHIMEWORAIISRANEIDIEEFORMMBATIRYE
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anti-cancer activity of other anti-cancer agents, such
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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 anti-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
wOo MERTISEN |t has now been found that reconstiPCr/Us2006/031285
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conmposition conprising a conpound represented by
structural formula (1) and a pharmaceutically
accept abl e exci pient, wherein pbhgsalietr ratio of said
conpound to said excipient is from1:20 to 1:1.
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S
Y is a covalent bond or a substituted or unsubstituted straight chained

hydrocarbyl group.

R;-R4 are independently -H, an aliphatic group, a substituted aliphatic group,
an aryl group or a substituted aryl group, or R; and R; taken together with the
carbon and nitrogen atoms to which they are bonded, and/or R, and 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.

Z1s -O or -S.

M is a pharmaceutically acceptable monovalent cation and M>" is a

pharmaceutically acceptable divalent cation.



I n anot her enbodi nent, the present invention relates
to a method for preparing a Iyophilizate of a
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moisture content of less than 10%.
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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;



c) drying said freeze-concentrate to obtain a
| yophilizate with a noisture content of |ess than 10%
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composmons disclosed herein to be dried and stored for long periods of time
without deterioration of the compositions. Also, the 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.



The present invention relates to conpositions
conprising a bis(thiohydrazi de am de) conpound whi ch
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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 crystalﬁzing 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
excipients, 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, .



exci pients, such as, water soluble polyners; sugars,
such as mannitol, sorbitol, xylitol, glucitol
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xyl ose, trehal ose, allose, dextrose, altrose, |actose,
gl ucose, fructose, gul ose, idose, gal actose, talose,
r obisteiose rdﬁnwﬂ@sémmy Ithmleqpticy&bs@wﬁmﬁd% or fraforme)eas well as

f
S Enen TR RSO UpR e HIGERE Gery g mipipe groani, such

Op¥, cglatubysads tsuviead e ﬂEctz(tB'ghﬁHonhtef Ql@/lﬁ?/lpﬁsspl\ﬁ{el, ciatef he
correspondl ng racenates; inorganic sa bot h m _ner al

aalepsahqrﬁ@mpoleﬂswdcdlbaﬂrc pucgHates aplérte mndsiartraie, ag ol agghe same
t %ﬁts oﬁgﬁﬁﬁ&m gnd'aQ , %&i&ﬁ*a@é@oﬂﬁ% &he E(l)lwe (?nal mono-
phosphat e nono d dibas

asi succl nate, sul
amtll dissatchatiées aasvalsledsl thasoﬂdfspomhngpslahychm(ﬁlcdioﬂﬂ;rpmuctms such

and nesi ynm ¢ tes,
O B oS A B A4S ke SR REE Har1d as ¢ he

c?glg,ﬁﬁmpgblq&n@ol yhydric al cohol s; proteins, such as,
bum h; "am no aci ds, such as glycine; enulsifiable

f ats aqumﬁmsmllnp@ybmlbing@gﬁ@s arersefegied depre thesareiry ¢ameisting of

L N g i S

S Heli0se, glREsY MhdybhhhaBbisdheeof. tORbeprefered gtys;eamm tailidng
conblnatlons thereof. Other preferred crystalllne

bagaa; #g SANEIROr ARETEPY churraTai otk prefsired smbedimants, e her

p mf crystal line bul king agent
[ g&frsrtg%ir&ﬁg%u %eg{;lrg?lzﬁnﬁﬁtglrerbodl ments the crystalline

bul ki nin @geint anbc&hrpemis dwtcrysnalhne‘r’mhlkmgragbmts 1sqﬁredmn5m a molar
tive .to the

t hi o- az des [ n of
e & BT 50 hiTaPiop SERGPATELGdS Berx Ryt b5 Y 0 1 He
eiSf‘eﬁ?ékﬁSﬂtlSlo% g: Pf”gﬁﬁéﬁllyl the%x@i@ie@fs drébicQer® € Q%ﬁ)l&fraﬁch&cess

(t hi o- hydr azi am de) disalt to the excipients

of)f the bis (ém@chwdr@mdﬁ mmle) ﬂiszb te &eleleplqﬂf@fefcwmmp}eoﬁwm 1:20
117 Berr iRl Ao L s rRB ety 220
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excerpstaliins. Exmhpleleof 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 Iyophilized, more
preferably a lyophilized and annealed composition. Alternatively, the disclosed

compositions are lyophilized or unlyophilized. When unlyophilized these



hydr oxyet hyl starch, dextran, polyvinylpyrrolidone,
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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.



a condenser to collect water, and a vacuum systemto
reduce the pressure in the drying chanber. The
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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.
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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 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 1.5 hours.
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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 removed by slow heating which is optionally conducted under vacuum conditions
to produce the lyophilized cake. This is the final segment of the lyophilization cycle
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.
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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 and held for between 10
minutes and 10 hours. The temperature of the chamber is then reduced to between -
447 °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



is dried by desorption at a tenperature between 20 0C

and 80 0C, preferably, between 30 0C and 60 0C,
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product preferably has a final moisture content of between less than about 10% and
less than about 1%, typically about 1%.

In another acllditional embodiment, the lyophilized composition is prepared
by the following procedure. The temperature of the chamber is optionally reduced
to -5 °C and maintained for a period of 15 minutes. The temperature 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 temperature
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



and held for between 10 m nutes and 10 hours. The
tenperature of the chanber is then reduced to between

WO 2007/28€1 and -80 OC and the tenperature i s naPCl/HBI006031285
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that the cation is suitable 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 to gether, form a substituted or unsubstituted non-
aromatic heterocyclic ring optionally fused to an aromatic ring. Preferably, the
pharmaceutiéally acceptable cation is Li*, Na*, K, NH3(C;HsOH)",
N(CH3)3(C,HsOH)", arginine or lysine. More preferably, the pharmaceutically

. . + + + .
acceptable cation is Na™ or K'. Na' is even more preferred.



I n anot her additional enbodinent, the Iyophilized
conposition is prepared by the foll ow ng procedure.
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the prgsanind: RMBRLIAAL itBe Fis@IRBIHTRELI e Aille) is represented by
Structural Formula (IIT) where R; and R are each a subsﬁtuted or unsubstituted aryl
group, preferably a substituted or unsubstituted phenyl group; Rs and Ry are each a
substituted or unsubstituted aliphatic group, preferably an alkyl group, more
preferably, methyl or ethyl; and Rs and Re are as described above, but Rs is
preferably —<H and Ry is preferably —H, an aliphatic or substituted aliphatic group.

Additionally, R; and R, are each a substituted or unsubstituted aryl group; Rs

and Ry are each a substituted or unsubstituted aliphatic group; Rs is -H; and Rg1s -H,
an aliphatic or substituted aliphatic group. Preferably, R; and R; are each a ,

substituted or unsubstituted aryl group; Rs and R4 are each an alkyl group; and Rs is ‘

-H and Reis -H or methyl. Even more preferably, R; and R; are each a substituted

or unsubstituted phenyl group; Rs and R4 are each methyl or ethyl; and Rs is -H and
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hydlg mrggﬂ@gﬁ ggl@}mu , 46 04 aosrub@ml’{éﬁ'dﬂﬁﬁﬁé%}iﬁmted

gr-oup) or su nsubstituted aryl group
t ¥iiphiigproupsprefeadbéyna C5eEd hae:ﬂqalltsd rgm@ qub@@hly sibstitugad “with at

bstit d
{ Betant s Sara o PGy SeRREiiE ph T-rhc AR kY and
%%ﬁ%@ %E‘stchgécll 56/0\@%@9&@@&@ WM(I) %réibrbblyNaJth aKtl’astltuted or
CH3) 3( C2H50OH) +, ar gi ni ne or

Monsebgitetce a&m group h@ld&qaqnﬁ%@g@ p%@qsply eélczga@b'@ ehﬂt 55 1s preferably
lon s Na.o
STABE B PETARN 2t b el LR SRR EGiob more
%gl%fféfﬂﬂ?hﬂ oanétByll- O R a% R ar e the sane; and R3 and
are e sane n
For mul éd(h[tl))n@lgy gleclej,@(glplgﬁ]gfd@ éj)[% n1s rsgprr?us%éﬁ!&)%mctural
a4 ) Mo i A Sl St é‘?f‘%’ﬁﬁmée&oavhgh?‘“‘
Sefougi Ry ald Epmrens desetihed Rbvalint SBichard Reqila (1), preferably both a
L Pisars e By B0 fa B i R 3h Rl o g apfionally

oﬁuﬁéﬂﬁi@ﬁéﬂp@lﬂﬁ@ Qro@f)y Prﬁér@bl@; R P#nd Roard BdthRﬁCB -eedycloalkyl group
together, are a - C6 substituted or unsubstltut ed

abpwraﬁe serstioped Wﬁb aplvastipae ekl é@rupy aé%%{ A Ibathagdepmibed
(tah(i’ c?fﬁ i bee am ggg ng%fg%rgll be ﬁ%r 2 A ;apnggl i$-Hand Reis —_
r @P&Ieaiﬁil‘ﬁpﬁéhdbk shbstitated hﬁbhalﬁo rgpatipa Nibtelpreferably, Ry and R, are both
a C3-C8 cycloalkyl group optionally substituted with at least one alkyl group; R3
and R, are both an alkyl group; and Rs is —H and Rg is —H or methyl. Even more
preferably, R; and R; are both cyclopropyl or 1-methylcyclopropyl; Rs and R4 are
both an alkyl group, preferably methyl or ethyl; and Rs is —H and R¢ is —H or
méthyl‘

The following are specific examples of bis(thio-hydrazide amide) disalts
represented by Structural Formula (IIT): R; and Ry are both phenyl; Rs and R4 are
both methyl; Rs is -H, and Reis ethyl; R; and R are both phenyl; R; and R4 are both
phenyl, and Rs and Re are both methyl; R; and Rp are both 2-thienyl; R; and R4 are
both phenyl, and Rs and Re are both methyl; R; and R are both 4-cyanopheny1; R;
and Ry are both _methyl; Rs is -H, and Reis methyl; R, and R; are both phenyl; Rs
and Ry are both methyl; Rs is -H, and Reis methyl; R; and R, are both phenyl; R3
and Ry are both methyl; Rs is -H, and Reis benzyl; Ry and R, are both phenyl; R3 and



2M+ or M+ R -R 6 and the pharmaceutically acceptabl e
cation are as descri bed above for Structural Fornul a

w@ goz/ormsanot her enbodi nent, the bi s(thio-hydreei/tis2006/031285
amde) is represented by Struggural Forrmula (I11) ~
where Ri and R are each a substituted or unsubstituted
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eaath%)hkwl R SUR , @9 @oﬁﬁnbﬁayl— bhdRglalBR &keirltc&gether are
net h ven nore preferablé1 Ri. and R2
SurBBYlPi; Ro and Ro piedWHR 2t dime OFHehFPYL: &s&ﬂ% Laﬁamﬁilyl Rs
Ak Bnlbrd-5- hbsyl; 1 81
R O e e
r @pbethansted; By isRH, andl RR2s matlyl R ahd Bhaltel hoﬂgi,étqgﬂuorophenyl

BT e 12 s B i G DS TREEHoRhar RrBSaHihy-

t&l@m@%@h& 10Rmr%960ﬁ%&ﬁa}1 di a0, ah& R %ﬂﬁ@cﬁ?lnRednchz are

Struct Formul'a (111) ereRlandRZare each
shdgh 2i&-ditrethoayphensl) Betant iuaee bath presiyl R gis obfpand Reis methyl Ry

DRy BEb Y2 TR T BRSO ks . and
PSSt 3 | a%d Ry ebeCiviio p;sLdlﬁfeﬂﬂompmdmyl ngmﬂ cmramd;dth efRgL; Rads -H,
R4 are as described above for Str tural nmul )b h
preaioilord o s e e e B B0 Byt
92 a{%qg I—B%nﬁ %eﬁff é Q&H c?@@lyr%fpylb B afPRI Sre

pre era y -H ~an aliphatic or

Sbldﬁﬁtmdthbﬂ;s]@is ald R)J‘eae bothg-ﬁ—bﬂm andrBp ererh'oelf eycwnrypyl Rt grd Ryare

By 00l Lo g kL e L Ag1 AT A r
both methyl; Rs is methyl; Rgis -H; R; and R, are both 1-methylcyclopropyl; Rs and
Ry are both methyl; Rs and Rg are both -H; R; and R, are both 1—methylcyclopropyl;
Rs; and R4 are both methyl; Rs is methyl and Rgis -H; R; and Ry are both 1-

" methyleyclopropyl; Rs and Ry are both methyl; Rs is ethyl and Rgis -H; R; and Ry
are both 1-methylcyclopropyl; Rs and R4 are both methyl; Rs is n-propyl and Reis -
H; R, and R, are both 1-methylcyclopropyl; R; and R4 are both methyl; Rs and Rg
are both methyl; Ry and Ry are both 1-methylcyclopropyl; Rs and Ry are both ethyl;
Rs and Rg are both -H; R; and R; are both 1-methylcyclopropyl; Rs is methyl, and R4
is ethyl; Rs5 and Rg are both -H; R; and R; are both 2-methylcyclopropyl; R3 and R4
are both methyl; Rs and Rgare 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-
phenyleyclopropyl; Rs and Ry are both methyl; Rs and Re are both -H; R, and R, are



Formula (I111) where RL and R2 are each a substituted

or unsubstituted aliphatic group; R3 and R4 are as
wale®cpoised above for Structural Formula (1), prer/EsHbé§31285

both a substituted or unsubstittuted al kyl group; and R

is-Hand Ris -H or an optionally substituted
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R S e D R
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R6 is ethyl; Rl and R are both phenl R3 and are
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Lb-r@aBMhﬁm|prefaabWa+R4 are both met hyl ; R5 is -H,
and R6_is nethyl; R —and R2 are both phe - R3 and R4
are bdi% m?érf/rbw(ﬂnq;hydrémdwam&}?a disglts lsepfﬁé@rﬁw by Rirugiigl R

Zf‘;] ogm*apat qT'IIP REINY | R¢ B2 v - 14 535S Rag 'i&l]]ﬁ'&:étvlﬁyér?n éncdnlézR e both

benzyl; R and R2 ar
arhenlptukd Remdyﬂhg ar<REoth$ CH;-phﬁnyIFl@l arsl lieidwboth}a aHeCE®O-

ar e, ot h, gh%{%%ﬂ argjpﬁendh?ﬂ ar gzg?%gqtﬁ%ﬂgnﬂ aa Ii3 and'_Rl4 are both

Zn&hﬂll R%H@Ryﬁla BB pheﬁgl ahdRR4n@REarRBbth ABRYINK| andR, 418 both
-H, and R6 is net and R2 are both phenyl; R3
amenydang Bs a6t Ry am‘eg@tyln-pmsyh 81 apfl Rapng bréh p-syanophepisl and Rs

TR0 FRRTRIREE, i L BOISTN EA ALS W
4neth}loRo ph@RYydre bBH z_mdhrﬂéthax@mﬂylh aﬂﬂelkhaﬂd RRDe bsththyl; R;
aalﬂg H@&f%gqf@?ﬁ%yl ané Rs gwmaﬁfi{?%hg ohtugy gﬁf ?ﬂyde%z;ﬂgs ga%%a rl? 3 "
chlorophenyl, and R3 and R4 are both methyl; R; and R, are both 3-nitrophenyl, and
R3 and R4 are both methyl; R; and R, are both 3-cyanophenyl, and R; and R4 are both
methyl; R; and R; are both 3-fluorophenyl, and R; and R4 are both methyl; R; and R,
are both 2-furanyl, and R3 and R4 are both phenyl; R; and R, are both 2-
methoxyphenyl, and R; and R4 are both methyl; R; and R, are both
3-methoxyphenyl, and R; and R4 are both methyl; Ry and R, are both
2,3-dimethoxyphenyl, and R3 and R4 are both methyl; R; and R, are both
2-methoxy-5-chlorophenyl, and R3 and R4 are both ethyl; R; and R, are both
2,5-difluorophenyl, and Rz and R4 are both methyl; R; and R; are both
2,5-dichlorophenyl, and R3 and R4 are both methyl; R; and R, are both



R2 are both phenyl; R3 and R4 are both nethyl, and R5

and R6 taken together, are propylene; R and R2 are
whodon/02188t di met hoxyphenyl; R3 and R4 are bot h P&L/0y1006/031285

R5is -H and R6 is nmethyl; Ril8and R2 are both

2-chl oro-5-nmet hoxy phenyl; R3 and R4 are both nethyl;
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5-di et hoxyphenyl; R3 and R4 are both nmethyl; R5
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thyI R5 and R6 are both -H;.
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R5 and both -H, Ri and R2 are both cycl opropyl ;

R3 and R4 are poth nethyl; R5is nethyl; R6 is -H Ri
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bot h nmet hyN re both -H, Rj and R2 are both

1-met hyl cycloprgpyl; R3 and R4 are both nmethyl; R5 is

methyl and R6 isOH R and,R2 are both 1- ‘

3%/ | agﬁgho 5 }i(’)(gg pthF}z%I ﬁgﬁ%&% age{ go géihqltﬁ?grpdy 1|13, aIII§5R4I a?‘e both
h@ﬁ‘ﬁhy{ Eﬂd:k%ﬁ% o8, -pé?ﬁylaﬁgmﬁf‘R? é;agzﬂlaeggf; ?}éltaﬁd R% are both

i's.rc-rro
‘ 1H¢thY1h¥1hd:&§hr(ﬂonybothR3p§&niyl R andeRbn¢ bothreydiphexyRandRg and

T8 R S S i e B AL B Ry ot etiylgheny

G AR ,PES Both Bictii], AR ,RAd R, Ardth 2,6-dichlorophenyl; R, -R, are all
1rrethélncyclo ro}B} R?'?ls net hyl, and R4 |ps e}{h’IR4 .

anethr; By endBs #ye .bpﬁh ngethyﬂd ambRa pred Botrg both #-butyl; R, and R, are

é’gﬁ?&ﬁ%b ﬁ%{cﬁko %{d)%/ Ar Rgﬁé&f{}’ﬁﬁ‘b g{l(ﬁ R? gtle bollE 11 leyl’ arIlr\()isR? Eri]rgd Ry

are

Zlf@bﬁhyﬂlelh{yil Rp&aPB dre Bathandlopbpgl, and 8 AndRY, glbottRbe®yy R; -
R .and are both_ 1-
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b
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mthylcymibprppyit yrld, RRprdaduchréMotamaetlyglt R; amt Rydre bBh and R
qt&e%?fc@clb'ﬁ'fopﬁ, ar‘rilci1 ﬂ3 ;ngd ﬁz z?re both methyl; R; and R, are both

_ 2-phenylcyclopropyl, and R; and R4 are both methyl; R, and R; are both cyclobutyl,
and R3 and R4 are both methyl; R; and R, are both cyclopentyl, and R3 and R4 are -
both methyl; R is cyclopropyl, R» is phenyl, and R3 and R4 are both methyl. In
these examples, the pharmaceutically acceptable cation represented by M" and M**
is as described for Structural Formula (I), preferably Li*, Na*, K*, NH;(C,HsOH)" or
N(CHs)3(C,HsOH)", more preferably Na* or K*, even more preferably Na®.



bot h cycl ohexyl; R3 and R4 are both nethyl; R5 and R6

are both -H R and R2 are both cyclohexyl; R3 and R4
wa@e@7lootskl phenyl ; R5 and R6 are both -H R anPCRESHN€031285

both nethyl; R3 and R4 are botlR methyl; R and R6 are

both -H R and R2 are both nmethyl; R3 and R4 are both
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nmet hyIPre%egggmggesgéfzmg ﬂh E%ﬁl?e aﬁ%ge) ?ﬁsgﬁégoare )g%eh

prbsef ingendioR2ara reprisented blyube folloR3ngsichcRéaldosmides: h

methyl; R5 and R6 are both -H R and R2 are ethyl; R3

and R4 are_both methyl; R5 AN % e both -H R
5 -propyl;; R3 angl R4 areg- both t hyl ;

and R ot h - H. ’In t hese exanpl es, thgE
phar ma al |y acqept ablel catio epr esgnt ed
and M2+ eSS rib\edN or tur or

preferably Li +, |Na+, K+, NH3(C2H50H) +
N( CH3) 3( C2H50H) nmore preferably Na+ or K, &ven more @@; °
preferably Na . Yor many bis(thi o-hydrazide am de)
disalts represented by Structural Formula (I11), R5
and R6 are both -H Exanpl edMINide wherei n: RL and
R2 are both phenyl, and R3 @nd R4 are both

. Ri and R2 arejboth

(1)3

hyl: B and ®2 are Jpoth
phenyl , and R R4 are both r-propyl; Ri
bot hp- cyanophenyl$ and R3 and R4 are both rrEffhyI Ri (IV); and
and R2 are both”-nitro phenyl, and R3 and R are bot h
methyl; R and R2 are both z,lﬁfdximf-z‘t hoxyphenyl, and R3

and R4 are both nethyl; R and R2 are both phenyl, and

R3 and R4 are both p- butyl ORI andOR2 are bot h” -
chl or ophen and R3 |land R4|are both meth (
are both W, a an 4 ar
Rl and R2 are bo )
both nethyl; Rl apd R2 are both 3- quorophen I, and R3
and R4 are both ;
and R3 and R4 are both phenyl; R and R2 are bot h 2.
eI and/ pHE Anelas dasmtibRs above fRd SameutabFormmss By PreRialdpdhiR

%gw%%ggtﬁgllﬁéche@%x h%l?%]&fsrf R}[i R%eremdl\/lR ﬁlr+,eN 51,0, tlgl,
NH3(CoHsOH)" or N(CH;)3(C,HsOH)". More preferably, M* is Na* or K*. Even
more preferably, M" is Na™.

In Structural Formulas (I) and (III), Ry 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.



2, 3-di nret hoxyphenyl, and R3 and R4 are both nmethyl; Ri

and R2 are both 2-nethoxy-5-chl orophenyl, and R3 and
weAooanzIskot h et hyl ; R and R2 ére bot h ~ PCT/US2006/031285

2, 5-di fl uorophenyl, and R3 an OR4 are both net hyl ; Ri

and R2 are both 2,5-dichl orophenyl, and R3 and R4 are

both nethyl; Ri and R2 are both2, 5-di net hyl phenyl, and

R3 and R4 _are both nethyl; R and R2 are both . _

2- met hidgydisslessd Sisibtnchydrazignemdehdigalumay kavsdeyiomeric forms.

R - - di I nd. R3
B N S e
R3ampkt, Rduetnal Botnimi2 (B et &y -FCHR arasiov2béob®: bot h
2-met hyl -5-pyri-dyl, and R3 and R4 are both nethyl; or
Ri is phenyl; R2 is 2,5-dinethoxyphenyl, and R3 and R4
are both nethyl; R and R2 are both nmethyl, and R3 and
R4 are bot hp- CFs-phenyl ; Ri 23hdP'®¥ are both net hyl,
and R3 and R4 are hoth -CH3-phenyl; Rl and R2 are both
- CH2) 3C00H: and F(S%and R4 %@re bot K phenyl ; ™Rl and R2
are both representdd by the foll ow hg struclural
f or nul a: R3 gndl\R4 th p ; ?/'&d Bre
both 7-butyl, d R3 a R4 ar oth p yl; and R
are both rc-peftyl, R3 and R4 die both phenyl;
R2 are both nethyl, and R3 and R4 are both 2-p
Rl and R2 are both cyclohexyl, ang R3 and R4 are both
phenyl; R and R are both Ré\f'h%“,/' and R3 and R4 are
both 2-ethyl phenyR; R and-R2 areoth metfyyl, and R3
and R4 are both 2)6-dichl grophenyl};, R -R4 j[are all
net hyl ; g] and R2Nare bot h_net hyl ,| and R3 land R4 are
both -butyiN R AanthR2_are h R4
are both nethil;" R &nhd R2 afe both N-butyl]] and R3
and R4 are boffh nethyl; R and R2 are both
cycl opropyl, gnd R3 and R4 are both nethyl; Rs- and yend
are both cyclopropyl, and R3 and R4 are both ethyl; Ri
and R2 are both 1- nethyl cyclopropyl, and R3 and R4
are both nethyl; Ri anngz e th 2-
nmet hyl cycl opropyl, and and’ R4 are both net hyl ; Ri
and R are both IRphenyl cycl opropyt, and R3 and R4 are

both nethyl; R ahd R2 ar¢ both 2{phenyl c;{cl opr opyl ,

and R3 gnd R4 ang both nethyl; and R2|,\rare both

cycl obut yIN R3\a 4 ot t Ry ;\?And R2
S .

are both cyd[opentyl and R3Sand R4 Hre

S

It is to be understood when one tautomeric form of a disclosed compound is
depicted structurally, 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,



both nethyl; R is cyclopropyl, R2 is phenyl, and R3
and R4 are both nethyl. these exanples, the

w@baromseut i cal | y acceptabl e cati on represent eBCHYSIWG6/031285
and M2+ is as described for Stductural Formula (1),
preferably Li+, Na+, K+, NH3(C2H50H)+ or N(CH
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%%%SEWQ%S ,d%\‘/EY'i s Na+. In Structural
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di fferent "and/ or and R4 are the same or” different.
Fryef anarkionywhi el issathpRelsisatutaies aravid clapehtEBs ancoRorumits of
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t;ﬁupﬂmgo-ﬁmgyb Wﬂ’&lt@llt; Qeca]i)lﬁpll,l mebu.np]aps:&glll, héxylspengyl@hbetyl, or a
rocar ro is an a e group, .i.e.,

TS, DU SERLEL P Btk e R i

R hALhE® R yOEOUP 81 R PBLONSY LY a[lSi&P gﬁg@% ég's% Ref8rrdd f@)ka%‘%e‘lower

group y is a positive integer (6.g., between 1 an
11" prowper abl y between 1 and 6 and nore preferably 1

or 2. "l i nkage group”,refers to. f.unctional. . group..

oii o Tiegput c895ai Bl by B Sad Qorp Bt M ot -an
hitgh easiytic ridgangyesooh” sid taedth&id drogayeA@noie Sroups include
i nclude, a ketone (-C(Q)-),. al kene, _al kyne, phenyl ene,
oy glicgrymatihegrgapheich @s shgnyl.grphityhand mﬁmca and heteroaryl
VREERcH ihiadBih fhnyl, furanyl, pyridyl, pyrimidy, pyranyl, pyrazolyl,
pyrroyl, pyrazinyl, thiazole, oxazolyl, and tetrazole. The term “heteroaryl group”
may be used interchangeably with “heteroaryl,” “heteroaryl ring,” “heteroaromatic
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ring” and “heteroaromatic group.” Heteroaryl groups 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 rings. Examples include benzothienyl, benzofuranyl, indolyl, quinolinyl,
benzothiazole, benzooxazole, benzimidazole, quinolinyl, isoquinolinyl and

isoindolyl.



bel ow. A preferred Iinkage group is -C(R5R6)-, wherein
R5 and R6 are defined above. Suitable substitutents

wo 2007488l Kyl ene group and a hydrocar byl gr oupP@Er/8S2006/031285
those which do not substantialdy interfere with the
anti-cancer activity of the disclosed conpounds. R5

and Re_are preferred substituents for an al kyl ene or
hydr o CQ?GOS?FQ F‘Wfﬁ?e? sipra d AR &y I ghpuly Whagh 151conmeetgddo dicoup
| Srirdlef 8f @B el ey . ' 5 |
hydr ocarbon which is ggﬁ%?%ﬁgﬁssg%@ﬁggbgﬁwggﬂ%ﬁ?%ﬂﬁ&hﬁeOfa
cgﬁwhmméaungcmymeownbnkmw of unsaturation. Typically,
a straight chained or branched.gli{hatic group has
from1l to about 20 carbon atons, preferably from1l to
about 10, and a cyclic aliphatig¢ group has from3 to
about 10 carbon atons, preferapb from3 to about 8.
An aliphatic group is prefergp &) strai ght chai ned or
branched al kyl group, e.g, ng et hyl, npropyl,
-propyl, 7z-butyl, sec-butyl, -butyl, pentyl,
hexyl, pentyl or octyl, or a cyg¢loal kyl group with 3
to about 8 carbon atons. A Cl-C8 strai ght chai ned or
branched al kyl group or a C3-CG3wexclic alkyl group is

also referred to as "l ower alky]l" qgrqup, The term
"ar ona%eurb@{lélleﬂtﬁ por ar?aaﬁ]ﬁ C &§oER qqﬁséiﬁéﬂgﬁai’ﬁj&“ﬂ/ feR gryl group.
"aryl , Non-gfoflaticihBrocycBE AREY dré nbh-Bbmaticaings wHiQLiRclud&8hne or

"aromatic group.” Aromatic groups include carbocyclic
aneiedietcEoaee pachag alfregsniveiggh or s ithihe ringn dhe ring can be
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er&%?y g%%%ggﬁggé aromati c groups that conprise
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hed Bio8atvaIth.doAo® SWstmtial P HIRG fedé $AhItRE hilfl8ardciS &elivity of the
pol ycyclic aromatic ring systens in which a

s:! § epmpoundsndtsiestitieny sistanteldy merfdres witly aits-cingseatbtivity
LoheA e Dhti-IRE:r gcttlr\]/%l is reduced by more than about 50% in a compound
with the substituent compared with a compound without the substituent. Examples
of suitable substituents include -R?, -OH, -Br, -C}, -1, -F, -OR?, -O-COR?, -COR?, -
CN, -NO,, -COOH, -SO:H, -NH,, -NHR?, -N(R?R®), -COOR?, -CHO, -CONH,, -
CONHR?, -CON(R*RP), -NHCOR?, -NR°COR?, -NHCONH,, -NHCONR®H, -
NHCON(R*R), -NR°CONH,, -NR°CONR®H, -NR°CON(R’R?), -C(=Nﬂ)-NH2, -
C(=NH)-NHR?, -C(=NH)-N(R’R"), -C(=NR°)-NHp, -C(=NR®)-NHR?, -C(=NR%)-
N(R*R), -NH-C(=NH)-NH,, -NH-C(=NH)-NHR?’, -NH-C(=NH)-N(R"R"), -NH-
C(=NR®)-NH,, -NH-C(=NR")-NHR", -NH-C(=NR")-N(R’R"), -NR*H-C(=NH)-NH,,
-NR-C(=NH)-NHR?, -NR%-C(=NH)-N(R*R?), -NR*-C(=NR®)-NH,, -NR*-C(=NR%)-
NHR?, .
“NR.-C(=NR)-N(RR), -NHNH,, -NHNHR?, -NHR’R?, -SO,NH,, -SO,NHR?,



het eroaryl rings. Exanples include benzothienyl,

benzofuranyl, indolyl, quinolinyl, benzothiazole,
wheozozearol e, benzi m dazol e, quinolinyl, |soqECnUSumgmnmﬁ

and isoindolyl.The term"aryl ene" refers to an aryl

group which is connected to t he remai nder of the
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%O@xt‘d}oﬂﬁﬁpﬁé‘c@ﬁoya{&g@ﬁﬁ@h}é ’alk@rﬁ ta%rﬁ&tY&Add%ogl[é?Hﬁﬁtlc heterocychc
conpri se from one to- about four heteroatons. Exanples

| gremm@erqsemtpéhy& el mnérﬁlsd nont@omahc‘yh@t:mcw@tmwp represented by

SRR yRStech RSP A8 e P Pl wBhBF PliRgrows
Qﬁpragbmédlpjhafl c group (including an al kylene gr oup)
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actl?é@jtag g?f }thﬁie{k%(l)bsfgi( gglggt ]\m}oghg %aé?%ﬁ uent
SNBNFEEDIRAL |y interferes with anti-cancer activity
A eBss F O EBRRRG Gik RO B bR In oo eEs
WOdzoZNe@'r)Pos BRI LBOIRIie- ot LN%@N(@QWZRF
sui tabl & subs tuentS|nc - Ra, -

E=SOR, )zr@MH) Y - CN I\m COO—| - S(IBH

- NH2 - CON

- Con R ao T S NeDR R EoRRe LR VR D B
-ar@ihﬁﬁ)d\lﬂé?e@@éhc ngEfa @Q\{Hﬂﬁ v RGO N a1y sINRGERSY RitA Ry,

- :NH) - NH2, l") NH) N( RaRb) ). . .
l‘aoaﬁg@; alkgxy, ha ]e(ﬂ-k%)ha}qHFQ\I JC\EQZ,_NR ne, F\]é(msle or dialkylamine.

Wﬁ%'ﬁlg %l%ﬁ%’—N(Nﬁ ¢ %% alﬁﬁégc he g%lu;%o ﬁ:(p%gg%d fhat
-1iRebb1GatrNRBteNdelRclic- gﬂ%s@éprhké)xtdﬁl-ﬁa R and —N(R"), that comprise a
_slelcchndcl(y nrll_g am: gne are %ptlonléﬁy accyzf(latecs:a 01) aliél}llﬁfed. NRd- C(=NR) - ~

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, -1, -NO; or -CN.

Preferred substituents for a cycloalkyl group, including cycloalkyl groups
represented by R; and Ry, 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 techniques can be
employed, such as those described in Remington’s Pharmaceutical Sciences, Mack

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



NHRa, - NRd- C(-NR)-N(R aRb), -NHNH2, - NHNHRa, - NHRaRb,
- S2NH2, - SO2NHRa, - SO2NRaRb, - CH=CHR - CH=CRaRb,
WO gReAOR8Rb, - CR=CHR a, -CR=CR3Rb, -CCR a, - SH,PCcBBR82006/031285
-S(ORa, -S(O2R . Ra-Rd are édch independently an
al kyl group, aromatic group, non-aromatic heterocyclic

- N ' for substituted .
e OB 250 PSR
adaioyule). suitabit iphaminentival edraamifocpaitehDadttinistratbOuRlude, for
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SRR T B cor oo Earejpp o e Bitp i
-"CorRted REEAENFRidibdical AXH) Aonts" OhB)WIE; 40 ors HI8k).
2R+, - SOPN(R+) 2, -S(O) R+, -NHSO 2N(R+)2, -NHSQ2R+,

- O =S)NIqtherebodiment O£ NS iy gntiords p snethqd of teatigya
aalugﬁél:t WHIOHE T, ”@gﬁgﬁl (l:lljy' fhe %t&%docﬁrtﬂé ir9 e cad be used for a
norar omat i ¢ het ef cycl Pt group of a phenyl” Frols

optliighag tepistmbsdriceussadbswiltied baldwy | Thdwakbal kyprisdskbxstep of
hal oal koxy, hal o, -CN, - , am.ne, _ al kyl.am_ne or )
AEERSFER %?&&Ne&ﬁm%ﬁ%% IRECRSHBHfS -%m@ lipp bisgihyg-hydrazide
N0 d & MR deSertRH HeREY CPicferfi1 P Whe of nFE g@(ﬂti&gﬁtanti-ﬁancer ccljrugs
non-aromati c heterocyclic groups represented by R+ an

-aKf R-adipinishered wothyihe tsorstitded dytaphylizeid iis(dud-hpdrazide amide)

i,onal | ated or .al kyl ated.. Preferred
SR OTRb NS S B Yo SRR By o
guinridstered phi sante driyis Ra aBdnt thdd elablieeShi SdtuBhikY |such as taxol
Cl- 4 al kox Cl- A4 hal oal kyl, C1-C4 hal oal koxy,

ﬁﬁéﬁﬁ{l%lo%%f\z{fw,- pyridyl, -OH -NH, -F, -d, -Br, - I| ,
R E T T
awell f2vetameriatréatinent, oigpsomparthn asineln@tdiydogercaes, byd the like),
Srot Aiimals (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,
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HE syl MmN b e B NIRRT G ot A Blesmuyetooyic
eleticshiinen el obladtieg proneRbittit, HEdéh 6o dyEic,An SRS a6 a8d
treating a subject with a cancer. Optionally, the
Y hdedemineclirprie deyksmia thranic myelgeytiy (gaamﬁ»michlpu@mia

resi g : g : o) .
CER BB RSB IRRREN e HoRE e VOE FERDRne (Hodgkin's
atierasd arof noa-Hedgived diserse)d] multyp hivelones] Waldenstrobm's

bi s(t qi o-lh dr azi %S amcge%]dgi salt descri bed herein.
PREFesay yfém&‘ém RO 2R onal anti - cancer drugs

are CoReNRpl Q@ feulvetnhstiNQudL£RSiddldHt Bithnic legxk%r&%ﬁeeég.,

| yophi li zed bi's(thio-hydrazide amde) disalt.
dimahedytic devkemiaie gy as axempifet hibdd p388 Gvwrik)afel b)), arge

t 0.adm nistered antiscancer. drug js an.agent .t hat
S Smif PEEhAEL Kot ehd GRROhL bl SR T T o
tsell leuRemiaUbjs € 6§ exdnSplHi sTBRe CENIEfBkADANG BSBU®RBute), YAC-
but can also be an animal in need of veterinary '
texriperell lisey, T-lpprbedyiis hevkaminpad Tdygphoblasiis, ledkenya; B
g 156mid £, as" LB e ine} 5P B B! ]
hor ses, madngeg e e?lélﬂt?ﬁ%dr@ ﬁlgés%rgf %tF gge\gﬁlfme P gff (fg 18'.“ ,%ﬁocym
Matlemiminciecd gell Relkemiags, g. AR dAnd Teellildigkemia 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 leukemia; 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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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). ‘ ' h
Optionally, the disclosed bis(thio-hydrazide amide) disalts can be co-
administered with other anti-cancer agents such as Adriamycin, Dactinomycin,
Bleomycin, Vinblastine, Cisplatin, acivicin; aclarubicin; acodazole hydrochloride;
acronine; adozelesin; aldesleukin; altretamine; ambomycin; ametantrone acetate;
aminoglutethimide; amsacrine; anastrozole; anthramyecin; asparaginase; asperlin;

azacitidine; azetepa; azotomycin; batimastat; benzodepa; bicalutamide; bisantrene
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hydrochloride; mycophenolic acid; nocodazole; nogalamycin; ormaplatin; oxisuran;
pegaspargase; peliomycin; pentamustine; peplomycin sulfate; perfosfamide;
pipobroman; piposulfan; piroxantrone hydrochloride; plicamycin; plomestane;
porfimer sodium; porfiromycin; prednimustine; procarbazine hydrochloride;
puromycin; puromycin hydrochloride; pyrazofurin; riboprine; rogletimide; safingol;
safingol hydrochloride; semustine; simtrazene; sparfosate sodium; sparsomyecin;
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;
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(abci xi mab) (Centocor) which is an ant i -gl ycoprotein

|1 b/ | PdspebEpingp "Brcrotibulin stelkilieart nfegns amantieangeragentwhich
Qfts ‘Bk‘a egtﬂfgre%flb H{‘th%@%P ﬁﬁg%%du%qg 'Jﬁf)ﬁl%at or} of(ngpc%&uebules

Phar hmaceut i"ca
IEmamples opmigeibubin stabitaeais iedudetbtol @2 faxod agtd %ﬁiam Additional

RO e, pravent L on, o schte renal allogiart
&%Heé%r?%ﬁ%%ﬂ%ég@@ﬁwﬁﬁ ;?1&9@%1{0(1%9)&930 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; Epothilone 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 (BASF, also known as ILX-651 and LU-223651); AC-7739
(Ajinomoto, also known as AVE-8063A and CS-39.HCL); AC-7700 (Ajinomoto,

also known as AVE-8062, AVE-8062A, CS-39-L-Ser.HC), and RPR-258062A);



murine anti-idiotype (GD3 epitope) |1gG antibody

(I'mCl one System; | MCC225 which is a chineric
w@nio7ABEGFR | gG anti body (I nC one System); VI TAMITMUIS20P6/031285

which is a humani zed anti-aVv73% integrin antibody

(Applied Ml ecul ar Evol ution/ Medl nmune); Canpath

11'"'1%1519&1@% \Mahl‘hlﬁaﬁ@e @aﬁggﬁﬁ d%e@af’i‘tghteb %a%cilgréolhc%nﬁ &%g%)bm

(Leukosité); Snart chrs a Uman I Z€

| @a@@mty@oﬂyul(n&klmiteeDmtmmt@nl Liatbdphane exagrs; dAd BN i
\gglchls qI;{Jmerlc anti- CD20 1gd antibody (IDEC
IVAFEE RSt Yeh, Rochel Zet t yaku): LYMPHOCI DE(tn) whi ch

is a hAm@Jéﬂh@ﬁ‘nrﬂﬁt"hngf@%uhﬁﬁﬂﬁﬁﬁdrbﬂ%s(Arﬂﬁﬂf{]%ﬁ%gﬂ arg%ﬁt' Wthh
LYMPHOCI DE(tm) Y-90 (I nmmunonedi Ccs oscan

(arés moiphibiing teleiliny podyoprizagion gr mlqzmmbo}emssemsbly Ruariples of
LR Rk o R B ftod sl et R RS ana
pirugﬂalhldedelapiment EBR0za (a6 Wioth RER- ﬁl@ﬂjﬂﬂ\dﬁs%{ﬁﬂ RMNadso
EVALI N( t a radi ol abel ed nmuri ne anti -

B P en R 1S R e issTg onate €olse Ruvamier@dl
mp.» R S o R
a‘glmrhm1n& Euclamt Alt@thzfﬁlramamb (B’d’gorlﬁ}lrﬁEO),%dﬂiggﬁﬁmk DésuSMédRT

nt oteln Si

Mihaitttn 195 7 0038 Ht0 T, Siaictiod SPaBRERILS,
(Spohgietatinh BOSYor Akt QrSt%ﬁ%fsztm D2k %ﬁ;ﬁlg?stﬁi‘m%n b%ﬁlgdot

anti-_ TNF- antibody ( I's a humani ze

M@TCC}IﬂNFlde (2dge InoxanasitU(163793% mﬁﬁ)f SCIPBG3I565; Autigatin PE (also

BRI SO0k (SR T 45852 o

I(Bl@rmatmknfﬂyl{ﬂ\zﬁdﬁdsﬁﬂ 5533’/5) L%U&@han@%@ aﬁicﬁlﬂicﬂ@xvdsqﬂmw-

CDP571 i s a humani zed

B Briemstim oS (oo @@arm@@a KPR 15578 3 Am ety Vincristine

g T e T
@@ad«tmy Bi Stiensiay); SANFERAX (mlly/sloaamm)nﬁnuzzw%m@m@m&lm
AR AR onealy, VTR, A S LIS
afakko)] GHN/ 5925 QbR I kB LR a A Kh&FHLs LY-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 Hughés Institute, also known as DDE-261 and WHI-261); H10
(Kansas State University); H16 (Kansas State University); Oncocidin A1 (also
known as BTO-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



Chenot herapeutic agents that can be used in the

nmet hods and conpositions of the invention include but
wae@7nootssl i mted to al kyl ati ng agents, anti nmet BDUS1006031285

nat ural products, or hornones.35Exanpl es of al kyl ating

agents useful for the treatnent or preventlon of
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conpositions of the invention include but are not

limted to vinca al kal oids {e.g., vinblastin,
woR0veo2s8i ne), epi podophyl I otoxins {e.g., etopPSI/tis2006/031285

teni poside), antibiotics {e.g.36 acti nonmycin D

daunor ubi ci n, doxorubicin, bleomycin, plicanycin,

m tonycin), enzynes {e.g., L-asparaginase), or

bi ol ogi cal response nodifiers {e.qg., intef\Mlgron

AP pivdg bortdsdnapt beenafmitied fromahe apdolantagongsinsheiarfng skeleton

e oL B GH- ARb ok EAPF SFelFRE Fifblbide 2o

3 @nb abuble Bbh&th & oﬁ‘gbﬁlrk?@%%kaﬁféﬁr@é 0dsdaditRedin Structural
e.g., hydroxyprogesterone

predni sone estins
hiﬁéVH?)@ggé‘t’ bibelpse tamend qmﬁrats»tlyqimg@&péw@nemnted from

%%ﬁ%ﬁéﬁ%n% LR 8B sy SRR PR Bl
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anti androgen { fiutam de), gonadotropin rel easing
SERP 78 %ﬂg?fb@ml{nem@wateff Babhwsirpwd) acybrapexy 95 anather arygen-
TP REehls ChpaR s V. Wl T OIRES A o o
deenesans si®lam1ecqnl tetmaterwitwot tishatthe abitignpleakasefaad gtabilize

e G I S T L e,

EBhpyhnd m{oma@ ehedRkic\taldl m@elétsn dnd wRIPGRbRBRES Afdrotubule
adrenocortical suppressant m t ot ane,

afmmﬁﬁ@mu tlaxpd ariabep m%é)elf@,@@ﬂhtég eb A na@parﬁqu enligidal i n
ar i g %1%1%5 r[o im %Q@? th% 9 %ﬁ t1cmaena‘%1 to eﬁ1al d%at? Ie %Qe td%hvgr the

s N t Ses

stiradbwvith I&bﬂn@phd}fvv}[ﬂ:}c&amtsMbmpe&endf@ﬁﬁm&&ldhfs in some patients. An
m crotubulin stabilizers jnclude taxol and taxol

SnEPBIG S fore] anlp s farmudaterhi eRengpamicter @t samposition is
HAHI7 RBIH id Eﬁlé&b%%glcl@ éo'ﬂgﬂfal L-d Js?ﬁdno& Prbinl QAdifYdang

mar ket ed dr ugs rugs in o nment
Dacldexia rthaslis Jdaeommumd wrselime. as N\/PXX A- 296)

Epot hi ones oth| Epot hi | one B,
et Bty B s Rrie el §aSs e EartersRB Abyptural
deRadk; (VERQL vipne D (also referred to as KOS- 862,
dEpoB, and desoxyepothllone B) ; Epothllone E;

Epot hil one F; Epothilone B No éde; Epoth&hone A

N- oxi de; 16-aza-epothilone B; . bt hi | one B
(al so known as BM5-3 10705); NoKyepot hi \ape D
(al so known as Desoxyepot hi Lg Y
0 Ry 0 ‘
/U\ J\/H\ W C
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F and dEpoF), 26-fluoroepothilone); FR-1 82877
(Fujisawa, al so known as W5- 9885B), BSF-223651 (BASF,
wab@ookiseinn as | LX- 651 and LU 223651); AC- 7739PCT/US2006/031285
(A inonoto, al so known as AVE-$063A and CS-39. HC1);
AC- 7700 (Ajinonoto, also known as AVE-8062, AVE-8062A,
CS-39-L-Ser. HO , and RPR- 25862A) . Fijianolide B;
Laul i mal i de; Cari baeosi de; : oI i n;RJaccal onol i de;
- El eut herobi n; Sarcodictyin; L%
Di ctyostatin-1; Jatrophane es

i tor" greans n anty

iting 'ubul i poly Bri zat|i on- or)
: anpl 4E
'm n h\

dtugs i B devel oprent© Erbu ozoke ( | so Fglown as

R-55104); Dol astatin 10 (also RRBwnas DLS-10 and
§51 (A

NSC- 376128) ; MZoobul i n i sefhi onat e nown as Cl -
980); Vincristine; NSC 639829; ABT: bot, al so
known as E-7010); Altorhyrtins (such as Al torhyrtl n A
and Altorhyrtin C); Spongistatins (such as

Spongi statin 1, Spongistatin 2, Spongi st aMIH).3,

Spongi in 6

SPONG} 84t o8003 Abb oo FATOHEI I, Ropry sro, o
Gubsidiated phényd gomipl {ﬂRlﬁieNHRh&OrJORMm as LU- 103 793 and
NSC- 06693516)“@ Aﬁ(,}’ statin E’ 5& 0 known

NSC- 654683 10Werp ij%ff’}llh 3sypet Wefaﬁékﬁzm%myryl group or a
g&%@d%ﬂ%n&m a, also known as LS-4577); LS-4578

(Pharmaci a, al So known as LS-477- P); LS-4477
( Phar rPaziSaﬁ -OF, i5%9 alkph anbstitiited JowRPRIKY], 128@8alkoxy,

SRS ol gl 20 BB ol LG - btngaes lver et

Aoacigp- @bwé‘;caueylc;@mz%ho%ﬁﬁ@ 18L| | 1'y/ Novart i s)
SDZ- 268970 I | y/ Novartis I\/Z, 7 (Armad/ Kyowa

Hak k o)R13 &\l 36Hg, Ay rifakgn: to q@@ﬂ(]ﬁ\rm*ééﬁi(yom Hakko) ;

Ly 30895y H S0P EEUBLER OV O b B, SR B ower
%@Kau—&CCﬁDh(s@hktﬂ:ﬂteﬂm aH@l)L\ISQI-CH.ZQGSIQ@)(OH)‘z @Q@Z O-(lower

D3RSl IO P e g™ i iebledoss
known ras 1D &6ey NG M2 &b stithlePlower alkyl, alkoxymethyl,
alkthiomethyl, -OC(O)-O(lower alkyl), -OC(O)-O(substituted lower alkyl),
-OC(0)-NH(lower alkyl) or -OC(O)-NH(substituted lower alkyl).

R 1s phenyl or substituted phenyl.

Ry71s -H, lower acyl, substituted lower acyl, lower alkyl, substituted, lower
alkyl, (lower alkoxy)methyl or (lower alkyl)thiomethyl.

R;s -H, -CHj or, taken together with R;; and the carbon atoms to which Ryr

and R;g are bonded, a five or six membered a non-aromatic heterocyclic ring.

Rig1s a lower alkyl group, a substituted lower alkyl group, a phenyl group, a
substituted phenyl group.

Raois -H or a halogen.



(Kansas State University); H 6 (Kansas State

Uni versity); Oncocidin Al (al so known as BTO 956 and
WORMED218BDE- 313 ( Par ker Hughes Institute); SPAPQI/US2006/031285

(Parker Hughes Institute); SPA8 (Parker Hughes

Institute, also known as SPI KETP); 3-1AABU

(Cyt oskel.et.on/ M . .Si nai hoal of ci ne, alsa kno

s v Baas el et SnaPBdidhe tho W et Sy Sibstiie
Naseapiyle, D-24851 (Asta Medica), A- 105972 (Abbott);
Hem asterlin; 3-BAABU (Cytoskeleton/M. Sinai School

of Mediiefsiebl Y»ath% Bafabbtrin Serunmral Fompulas B ¢tk (VABhare defined

N AT SR o e s e (s A
a(@;r@icmﬁqa-&tﬁmﬂg& Lmaaggal%%?sgghﬂ?m)grfb% O.s?a?c_?_ﬂcl)ropheﬁlyl
0 C 0 ul ar i
Sﬁggs 1?%}?8% %@3 hégg%%eA% ki TREIE. AYClepreny! OAp@itolyL; Raz is -H, -

Ed)HUCH‘?CQb bAgCESHChL r@ﬁﬁ%ﬁk vik &lmh *bzf ﬁbnagd R4, taken

saetyleleutherobl soel eut’her obi’n’
mﬂtb@tﬂ@rﬁbﬁm) Hal | chondrl n B, D-64131 (Asta

N 905050 Tttt L8 Pl Bl R84

(AventRg)s pnZB RIH4, (o&\blbgtahal Rly!:)'teﬁiéﬁ%g%tthe@’are -0-CO-0-;
(-)-Phenyl ahl stin Aé_éal so known as NSCL: 96F037): D- 68838
(Ast a Heds TH)R20 15689365 andRa 1T -€49)- O Rys@HeD is 1CHB; or

. D-81862); A-289099
(Dggggta%b) Z@gigg@) %bot@%% (al 32) known as
C7ont atLey: URZS1E (zemiaris) Soe266 ()L e
r ; entaris); - ;
R@@ﬁé@é@f@'?ﬁgﬁbsphat e sodi um BPR-OY-007 (National
Heal t hh Beoea{atd) éa‘ﬂ%{léotl}g‘tﬁﬁ)ied @Q@'b%%%ﬂ&ént ﬁpﬁ’ghgrmaceutlcaﬂy

Conbretastatin A4; and anal ogs and ‘deri vati ve
taseqniapie patamet, su@h o) p@fmrylemldeo Oas exﬁapllelotfapel})hmr io§ thas

) A ISR et B SR 1

tlami)heramgemlenﬁwsudhrpbn}uﬂérmg taxotere. Taxotere IS aI SO
referrg% to_as "Doceta . The structures of other

t axol TARNBEE0 BY%T%I#@@WIM disaltygistlpeedttierain Ken be prepared by a
o o G e T —
taedd) aiﬁatts tr&;kniee tlml‘smépstoﬁ nom@BindngCOmeTal Bis(thiotiideazide amide),
{245, BITLE, Blag, heen shouw Lo, beve Lhe sbll 1Y
%bﬁi@iﬂlﬁgz’@i@s@lﬂtlgﬁ and an organic antisolvent, thereby precipitating a disalt of
the bis(thio-hydrazide amide) (e.g., compounds represented by Structural Formuias
(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.



m crotubul es. Thus, a wide variety of substituents can
decorate the taxane skel eton w thout adversely
wa@bdogo2isey bi ol ogi cal activity. It is al so appBCEN$2006/031285
that zero, one or both of the38ycl ohexane rings of a
taxol anal og can have a double bond at the indicated

e B PR PR L Mt
(€dbD n{oWr)equibelent & Heotalid(Ene hpéaride Bintdeynbreanpichey, from

I [ in the t skel] et gn represent ed
S B s S R S b A B 255 el
can i IglitdeR basdsQaR be G ANRLIe tPRAE virith Q’Gﬁgtgflf —lgﬂg%%ﬁc}eaaénide)

cycl ohexane rings, as indicafted in Structu '
(tWprodugedia (igalt.| Jn weicosempodionehier thobase @ndehaviming @q.,

I: from Structural Fo La.(VlI) to.indigate
e Bush bRl Bt PRRRR b SRR e
qeen dettamxdthyaahad0@a hyfokidx Rabeyl atiedihin Wy Rk RN of e like);
t axane skel eton with sinply an oxygen atom i ndicates
taﬁlé&qiva?té&lgbfd,r%@fyﬁhfhlammww@a pRdydenaidre m@awmg

P iy . ite. . n
R e e AR PP Al e b b3R5 Wi
We.gheodiumosiide lithiemabisbpopyl amidaharnbelils)d Is tahé bx}lz@ﬁments,

j crotubul.e formati.on. Thus,. the term,"taxol anal og"
b 15 0 e PTG, TR REREHR oW R e K ade,
Bs SiutneBRC6 HMQIxR1O8b R AW Br P61ATRNLR AL Bpf)fé?éflﬂﬁy,
ormati on. Taxol anal ogs nay be fornmulated as™ a
radispaidretide, sodilmi ethoxideso spdibmrethaxiderpr ove t he

i nfusi oy .10 .elimnate the d t eliyver the
SN AR AL AN DB IR
rsediatn loyaside, pos@sBnPRidridn] & th&ikO X 2B RnOheRl ba% ol o.,

anal og fornul ated as_a nanoparticle col| oi dal .
SRHEHELRT ) 3 CARC o1 alkeleprerad (ag nhwisbihinm) e an aryl alkali
GRthiqk galy )l Qo2 ey REARS L REARTh RGO RRGL] ,3%8l
t hat qi S ’#@%@ﬁ@?ﬁ%t Z&Qo i ny@aﬁyge_ k%y%}lgcl a#l]l §l }?%e e’tsé)gfé
apdiidg potasedn hydeds barydlithepr, ém%ﬂsoeldiub,yoﬁlpmﬁaﬁmiﬂ,l
Formul.a. (VL) qr (VII1): [1).(VII1). RLGs a | ower
gﬁ%&%@} ﬁ?‘e’éﬁg ban ?‘)G’?]géiy PO RY kyl group, a phenyl
gr oup.Asdused herein, an alkali metal includes lithium, sodium, potassium, cesium
and rubidium.

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



substituted phenyl group, -SR1L , -NHRL or -ORL . R1 1

is a lower alkyl group, a substituted |ower alkyl
w@e@ap2188n aryl group or a substituted aryl greCpPUSR0DZ031285

is -H -OH |Iower alkyl, subst40tuted | ower alkyl,

| ower alkoxy, substituted | ower al koxy, -OC(O - (| ower
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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 mefhyl tert-butyl ether.

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

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

the organic solvent, the neutral bis(thio-hydrazide amide), and the base, can include
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In Structural Formula (I), M is a pharmaceutically acceptable monovalent
cation. M*" is a pharmaceutically acceptable divalent cation as described above.

In various préferred embodiments, the organic solvent can be acetone; the
base can be ethanolic sodium ethoxide; the organic solvent can be ethanol; the base

can be aqueous sodium hydroxide; the antisolvent can be heptane; the neutral

bis(thio-hydrazide amide) can be:

A .
N\N/U\)]\H/N
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be an alkali netal hydridg (e.g., sodium hydride,
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Cgakecsqpér@ BYdduced when the product was frozen in the -80 °C ﬁeezer ThlS
thermal treatment yielded a separated layer at the top of the sample referred to as

netal (e.g.,
e i's Iithium

* “flake” throughout this study. Flake formation can be likely explained by a much
higher resistance of the upper portion of the cake to a gas flow when compared 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 using 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
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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
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%%291*%' ?ceh%ra%?e%\ggc for amorphous mannitol) in the formulations that underwent
an annealing step demonstrated that the annealing was sufficient for marmnitol
crystallization.

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 ’-methyleN’-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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Giabhitd haathodkanddgake appearance were eval uat ed.
The final tenperature chosen for anneali ng was -20 OC.
T

Fr eez elhgriakisg thay weessprodipcsd pempay pedhe 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’-thiobenzoyl-
hydrazinocarbonyl)-1-(methyl-thiobenzoyl-hydrazono)-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 WFI, or 5%(w/v) dextrose in WFIL. The
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3. Ramp from -500C to 200C at iOoC/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

A G o A o

Tg’ was taken to be the midpoint of the transition.
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Osmolality of a formulation containing 55.5mg/mL; disodium 2-(N’-methyl-
N’-thiobenzoyl-hydrazinocarbonyl)-1-(methyl-thiobenzoyl-hydrazono)-ethanolate
and 11%(w/v) mannitol was tested after reconstitution in water for injection (WFI),
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 glycine. 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.rbonyl)-1—(methyl-thiobenzoyl-hydrazono)-ethanolate or
0.5:1, 1:1, or 2.5:1 molar ratios of glycine:disodium 2-(N’-methyl-N’-thiobenzoyi-
hydrazinocarbonyl)-1-(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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th1o enzoy razono)- Ethatolate concentratlon 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-



the flake contains a higher concentration of disodium
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cake body. This could be due o a slight phase
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appear to affect the stability of the product. RP-HPLC
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product 1s in the range of i'sotonhicity. Exanple 2
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4.500C to 200C #t€100C nin 11 50

5 27.0 11 » 50
6 571 14 ~ 20and 50
7 45.6 14 50
8 34.8 6 50
9 27.9 6 50

10 67.6 ‘ 14 20 and 50

Formulations 8 and 9 turned to a powder upon shaking. Formulations 4 and
5 failed to produce 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.
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hydrazono)-ethanolate can be delivered in a single vial which provides additional

economical advantage to this formulation.

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 water and mixed. Mixing
was continued until the HES dissolved (less than .10 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.
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equated to an 11 9% w v) mannitol solution for 55 ng/nL
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M is a pharmaceutically acceptable monovalent cation and M isa

pharmaceutically acceptable divalent cation; and
wherein 2 g of said composition is reconstitutable in 10 mL of a

water in less than 10 minutes.

2. The composition of Claim 1, wherein the composition further comprises a
pharmaceutically acceptable excipient, and wherein the molar ratio of said

compound to said excipient is from 1:20 to 1:1.
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Formul ations 8 and 9 turned t@d a powder upon shaki ng.

Formul ations 4 and 5 failed to produce rugged cakes.

The other fornulations did produce rugged cakes.
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7. The composition of Claim 6, wherein:
Y is -C(RsR¢)-;
R; and R; are each a substituted. or unsubstituted aryl group; and
R; and R, are each a substituted or unsubstituted aliphatic group.

8. The composition of Claim 7, wherein: R3 and Ry are each an alkyl group; Rs
is —H; and Rgis -H or methyl.

9. The composition of Claim 8, wherein R; and R, are each a substituted or

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

10.  The composition of Claim 6, wherein
Y is -CRsR¢~;
R; and R, are both a suibstituted or unsubstituted aliphatic group;
Rsis -H; and
Ry is -H or an optionally substituted aliphatic group.
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appended cl ai ns. CLA
R; and R; are both 4- cyanophenyl R3 and Ry are both methyl; Rs is methyl;
R
is -H; , h
R; and R; are both 4-methoxyphenyl; R; and R4 are both methyl; Rs and Re .
are both -H;
Ry and R, are both phenyl; R; and R4 are both methyl; Rsis methyl; R is -H;
R; and R, are both phenyl; R; and R4 are both ethyl; Rs is methyl; Reis -H;
R; and R; are both 4-cyanophenyl; R3 and R4 are both methyl; Rs and Rg are
both -H;
R; and R, are both 2,5-dimethoxyphenyl; Ry and R4 are both methyl; Rs and
Rg are both -H;
R; and R, are both 2,5-dimethoxyphenyl; Rz and R4 are both methyl; Rs is
methyl; Rg is -H;



What is clainmed is: 1. A conposition conprising a
conpound represented by the foll ow ng structural
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m nut’®®8™ 2. The conposition of Claim1, wherein the

CONMPOS] 4ddq0 abdmbdth OLdiERIREY SRS YR RRAAN RRERWIHE Aletlil; Rs and Re
accept abl e exci pient, and wherein the nolar ratio of

sai d aohpibuHd to said excipient is from1:20 to 1:1.3.
The j i L Jdaim rej nt :

phar icBtaest Ty dsteBe sttt BhRi 8 pom mebek Repnd Bs
bul ki fagbeicHpi ent. 4. The conposition of C aim 3,

wherei n the pharmaceutical |l y. accept abl e cat itﬂn IS +

| Na
or K+R1 #d Rpgee bShpostimehpxyphanyki fin and Ryes Reth methyd; gy and
R1 an[g(,a'?gb&fﬁl{t he same; and R3 and R4 are the sane.

R; and R; are both 2,3-dimethoxyphenyl; R; and R4 are both methyl; Rs is
methyl; Rg 1s -H;

R; and R; are both 2,5-difluorophenyl; R3; and R4 are both methyl; Rs and Re
are both -H;

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

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

R; and R; are both 2,5-dimethylphenyl; R; and R, are both methyl; Rs and R¢
are both -H; ‘

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

R; and R, are both phenyl; R3 and R, are both methyl; Rs and Rgare

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

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

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



6. The conposition of Claim5, wherein: Yis a
coval ent bond, -C(R5R6)-, -(CH2CH2)-, trans-(CH=CA) -,
woero7(O88t group; and R5 and R are each i ndepePdEns1006/031285
-H, an aliphatic or substitutgd aliphatic group, or RS
is -Hand R6 is a substituted or unsubstituted aryl
group, or R5 and R taken together, are a C2-C6
substRitane &d axsrbotinexsbenrppylt Belard Ryare hethgrethpl: Ry is mpféyl; Re
conpqgc,jﬁ_i on of Claim6, wherein: is -C(R5R6)-; Rl and
R2 are @ach a substituted or unsubstituted aryl group;
and R3 aad®, & tarle ] eathylaydoispyll Bt e RY artbsthtaéthilyiReend
al i phatic group. 8. The conposition of Claim?7,
Mer§6ﬁ¥e¢@gha[ﬁd R4 are each an alkyl group; R5 is -H

and [ H_Qr 0 Y 1TRS
aner a R RE e bl BBy AR RPRR £ 0 B0 AR S:s
unsubsithtluheé®s ph&hyl group and R3 and R4 are each

met h or. _ethyl. 10. The conposiiion, of ajm 6 :
Wher gy R aro ot ety BRD: By BB wLSLhghk e i
or. unrgiPatd Rised: al i phatic group; RS is -H and R6 is
-H or an optionally substituted aliphatic group.11l.
The &orpdReeiedwilot-ngthylaydepropeReprd Ry arg hthRpethyleRs is
bot h - y¢l oal Kyl group optionally substituted
vvithnggrgﬁ%l%?%é%e%gl kyl group; R and R4 are both an

al kyIR;@ho Rp arecbdth RondtByleytiofropHt Ry hnd R2are Dbh methyl; Rs and
conpgsition of Claim 11, wherein RL and R2 are both
cycl dpreRath Biethylnet hyl cycl opropyl . 13. The

ComP ol RSP IR g
are both -H;
R; and Rj are both 1-methylcyclopropyl; Rs is methyl, and R4 is ethyl; Rs and
Rg are both -H;
R; and R, are both 2-methylcyclopropyl; Rs and R4 are both methyl; Rs and
Rg are both -H;
R; and R, are both 2-phenylcyclopropyl; R3 and R4 are both methyl; Rs and
Rgare both -H;
R; and R, are both 1-phenylcyclopropyl; Rs and R4 are both methyl; Rs and
Rgare both -H; '
R, and R, are both cyclobutyl; R and R4 are both methyl; Rs and Rg are both
-H; ’
R; and R, are both cyclopentyl; R; and R4 are both methyl; Rs and Rg are
both -H;
R, and R, are both cyclohexyl; R; and R, are both methyl; Rs and Rg are both
-H;
R, and R, are both cyclohexyl; R; and R, are both phenyl; Rs and Rg are both
-H;
R; and R, are both methyl; R3 and R4 are both methyl; Rs and Rg are both -H;
R; and R, are both methyl; R3 and R4 are both #-butyl; Rs and Re are both -H;



wherein: R and R2 are both phenyl; R3 and R4 are both

methyl; R5 and R are both -H Rl and R2 are both
w@b@nybissR3 and R4 are both ethyl; R5 and R6 aP€T/bs10h6/031285

-H, Rl and R2 are both 4- cya@qphenyl R3 and R4 are

both nethyl; R5 is nmethyl; Ris -H R1 and R2 are both

4- met hoxyphenyl R3 and R4 are both nethyl; R5 and R .

are bRtdndRfarébothmebtivlaR earsbRharp hethyiheny¥3R st Reargbeth -H;

bot h

pot h ‘vt ook B ek nomethaERy el TR potn 41
R6 1 SRy ddd IR ar@brflylRR, aﬁ&RQ@Eefbo‘ﬂh ¥ 2;3 PR Ry alooin A RE
are both methyl: R5 and are bot Ri and R2 are
bot h B, &ddireet heskyimeryll Rs m3l Bpere Pzathaﬁ@thbloﬁh ap@ Ry gie;both -
and are both -H R and R2 are both

2, 5-dimet hoxyphenyl ; R3 and R4 are both nethyl; R5 is
nmet hyI Ris -HR and R2 are both 3- cyanophenyl ; R

and R4 are both t hyl and are hoth, - .
B o RO Op QL U TR S GO REOBI Bt RGE Ry in

R5 ang,d QEs%tf?ﬁlti]mlﬂﬂtesR' and R2 are both
4-chl orophenyl; R3 and R4 are both methyl; RS is

methyl; Ris -H Ri and R2 are both 2-di net hoxyphenyl ;

R4 b
2 a0, R S hot ol WY gty £ ﬁ%mgﬂ%F bRl fbic n s
met hygateR 1863dhd%01 Afatdot h - H;

16. The composition of Claim 14, wherein the composition is a lyophilizate.

17.  The composition of Claim 16, wherein the crystalline bulking excipient, is
selected from the group consisting of glycine, mannitol, dextran, dextrose,
lactose, sucrose, polyvinylpyrrolidone, trehalose, glucose and combinations

thereof.

18.  The composition of Claim 17, wherein the molar ratio of said compound to

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

19.  The composition of Claim 18, wherein the molar ratio of said compound to

said excipient is from 1:5.5 to 1:2.

20.  The composition of Claim 19, wherein the crystalline bulking excipient is

glycine or mannitol.

21. The composition of Claim 20, wherein the crystalline bulking excipient is

mannitol.



Ri and R2 are both 2, 3-di met hoxyphenyl; R3 and R are
both nmethyl; R5 and R6 are both -H R and R2 are both
wQ @728t hoxyphenyl ; R3 and R4 are bot h nmet hyPCT/BS2006031285

methyl; R6 is -H R and R2 e both

2, 5-di f Tuorophenyl; R3 and RA are both nethyl; R5 and
R6 are both -H, R and R2 are both 2, 5-difhi orophenyl;
2R3 armtheRémpositibn bfi CiaihiR}| whe¥sin the gemhgditiorRisiag anbéaledd

and R are both 2, 5-di chl orophenyl; R3 and R4 are both
met hyPMPREYGRd R6 are both -H, R and R2 are both

2, 5-di net hyl phenyl; R3 and R4 are both nethyl; R5 and
R6 are both -H, R and R are both 2, 5-di net hoxyphenyl
283 aftheRompositibo oR Chamigl wheveimgidReorapasitisgtinrecpastigytable in

gng %W %remg%s%a?{ﬁf%wnd? and R4 are both nethyl; R5

and R2 are both
2, 5-di met hoxyphenyl ; R3 and R are both rret hyl; R5 |s

nethyl; R6 is -H Rl and R2 are both cy ﬁ‘i—f@é.
24nd mcw.aose%@nchmwg 2 PR F?PéF%’“E?Qt the o Wl%gnd

R2 ar, L h &%ﬁhgpropyl R3 and R4 are both ethyl; R5
and F%ﬁ.g?@%f H; Rl and R are both cycl opropyl; R3

and R4 are both nmethyl; Ris nethyl; R6 is -H R and
R2 are both 1-nethyl cycl opr opyl ; RS and R4 are both
methyl; R5 and R6 are both -H pRiorau?d R2 are both
1-met hyl cyclopropyl; R3 and R4 are both nmet hyI' R5 is
nmet hyl andR6|s-HR3

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 Rz 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 fﬁsed to an
aromatic ring;

Z is -O or -S; and

M is a pharmaceutically acceptable monovalent cation and M isa
pharmaceutically acceptable divalent cation; and

a pharmaceutically acceptable excipient, wherein the molar ratio of

said compound to said excipient is from 1:20 to 1:1.

25. A composition comprising a compound represented by the following

structural formula:



Ri and R2 are both 1-nethylcyclopropyl; R3 and R4 are

both nmethyl; Ris ethyl and R6 is -H R and R2 are
whoiaoh/odsset hyl cycl opr opyI R3 and R are bot h neCTys20062031285

is 72-propyl and R6 is and R2 are both

1- net hyl cycl opropyl; R3 and &% are both nethyl; R5 and

R are both nethyl; R and R2 are both

1- met hyl cycl opropyl; R3 and R4 are both ethyl; R5 and

R are both .-H R and R2 .are both

1-met hyl cycl opropyl; R3 is nethyl, and-R4 is ethyl; RS

and R6 are both -H R anshR2 a4 both

2-met hyl cycl opropyl; R3 and R4 are both nethyl; R5 and

R6 are ot -H R and R2 are both

2-ph R3 andd bot h et hyl ;
R6 arle X i nd R2

1- phe 2 N_R3 ot h_met hyl ;
R6 are ™ an \kk obut

R4 are both rret yl; R5 and R6 are both Ri an’
both cycl openty ; R3 and R4 are both nethyl;!1R5 and R6
are bqth -H Ri Sand R2 are both cycl ohexyl ; '®3 and R4

are DO Het hyI R5 and R6 are both -H R and R2 are

both cycl ajyexy phaRnQdéﬁm%ly%@eﬂ@Qﬂ@mBﬁWém oo VBB is a
are both -H R and R2 aré both nethyl; R3 and R4 are

bot h Pﬁi@ﬂmﬂtlﬁﬂyaﬂ@ﬁp%ka@éalmﬁqaﬁoﬁ anR and R2 are both

nmet hyl ; nd bo

"H R and rel s?}ldb&%%xwols&%%g 1’605 saﬁ,‘tegorleé moﬁi %\L \;\fﬂer
phenyh 1esR&aandrﬁnafeg both -H Ri and R2 are both
f-butyl; R3 and R4 are both nethyl; R5 and R6 are both
- H’

26.  The composition of Claim 25, wherein the composition further comprises a

pharmaceutically acceptable excipient, and wherein the molar ratio of said

compound to said excipient is from 1:20 to 1:1.

27.  The composition of Claim 26, wherein the pharmaceutically acceptable

excipient is a crystalline bulking excipient.

28.  The compound of Claim 27, wherein the pharmaceutically acceptable cation

is Nat or K.

29.  The composition of Claim 28, wherein said composition is reconstitutable in

a water in less than 2 minutes.

30.  The composition of Claim 29, wherein said composition is reconstitutable in

a water in less than 1 minute.

31.  The composition of Claim 29, wherein the composition is a lyophilizate.



Ri and R2 are ethyl; R3 and R4 are both nethyl; R5 and

R6 are both -H, or R and R are both p-propyl; R3 and
wrdooanziseot h nethyl; R and R6 are both - H  14PCTN82006/031285

conposition of Claim9, whergpn said conposition is
reconstirutable in a water in less than 2 m nutes. 15.
he nposi ti.on of Claim9, wherein said.c osi ti.on .

b’ SR6RamPp e O 4 Lyshaihe pasdioh ZH AR e RiRIGH, is
16.  THRciE@HBRShE bRy Ronshig B yciid) &lBhfoll BStran, dextrose,
conposition is a lyophilizate.”17. "The conposition of

d ai faci®e, wamseipolyveylpyydidant, trebalose, kdlunyse ol gingnnations
i's S%I? ectfed fromthe group consisting of glycine,
nmannitor°" dextran, dextrose, |actose, sucrose,

pol yvi nyl pyrrolidone, trehal ose, glucose and

conbi nations thereof. 18. The conposition of Caim1l7,

3dher dibg composibeme! Flatn §2ovheggindhe Bwe awtp elzarigognpound to
exci pi; | ; .41:1. 19. The conposition of
d ai Brgnéu?%?m gtré%fr?r%%é%rtr%ﬁ&}r ratio of said conpound to
said excipient is from1l:5. 5 to 1:2. 20. The

0 ition of daiml erein th tallj
ol R cREp et BTG 3T Rged e mtr ot S Coppgund to
conpesittek OPieaf isG: a5/ 28,0, Wwherein the crystalline

bul ki ng excipient is mannitol.22. The conposition of
Claim2 1, wherein the conposition is an anneal ed

sSar o 05 i ere fhor S 0T Bt P B Rultor WPy

t han gBRikasendsitoR4. A conposition conprising a
conmpound represented by the follow ng structural
formula: 2 Mt or M2+

36.  The composition of Claim 35, wherein the crystalline bulking excipient is

mannitol.

37.  The composition of Claim 36, wherein the composition is an annealed

composition.

38.  The composition of Claim 37, wherein said composition is reconstitutable in

a water in less than 30 seconds.

39. A composition comprising a compound represented by the following

structural formula:



wherein: Y is a covalent bond or a substituted or
unsubstituted straight chai ned hydrocarbyl group;
WR0RM2BBE | ndependently -H, an aliphatic groupCT/@S2006/031285
substituted aliphatic group, gan 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 R and R4 taken together with the carbon
and nitrogen atons to which they are bonded, forma
non-aromati c heterocyclicogsrgngdtionally fused to an
aromatic ring; Zis -Oor -S; and M+t is a
phar nge€uRical | y accept abl e nonoval ent cation angh

is a eutical ly acceptabl e val ent| cati onj
a ph ccept abl e exci|pi ent,
nol ar sai dNgonp i

1. 20 to~¥"1. 25
represented by f
O M+ wherein:

ng
he foll ow ng structural for
I's a pharmaceutically acce
nonoval ent cation and M2+ is a pharnaceutically
acceptabf& di val ent cation; and wherein 2 g of said
conmposi ti it issa fiReRAsHutitallyadebeptitle Hdnblalent\Wati®! add M is a
| ess than 10 m nutes. 26. The conposition of C aim 25,
wher @barmparsuieniiy sseaptabie divplenicsationridi ses a

phar maceutj : el [Nt
ol ar rat i aro kR GEI SR R G LB, B0, Bl 00k
1: 20 st cbnipoudd to seieexxipipmds frbmnl :26 toll:&i m 26, wherein
the pharnmaceutically acceptable excipient is a
crystal line bul ki ng exci pi ent.

40. A method for preparing a lyophilizate of a composition comprising a

compound represented by the following structural formula:

2 M* or M2+
Rs

z z
R“\”/N\ )\ /K
N Y N
S

I’
/N\”/R2
S

Y is a covalent bond or a substituted or unsubstituted straight chained

wherein:

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

Z1s -O or -S; and



28. The conmpound of C aim 27, wherein the

phar maceutically acceptable cation is Na+ or K+. 29.
wab@7oomsposi ti on of C aim 28, wherein said conpOBUS10061031285

is reconstitutable in a wateg,in less than 2 mnutes.

30. The conposition of Caim %9, wherei n said

conposition is reconstitutable in a water in | ess than

1 mi nute. Mlis aiptermerepticillyi asceptdbl Cmannyaeyt catier midMt He a

conposition j.s | yophi | i.zate. 32. The conposition of

d ai m%ﬂ?ac\?ﬂ%é?aéﬁ'ﬁcgq?gabieréggﬁ%Ciaﬁ%n’t?ﬂ}ﬁki ng exci pi ent,

i s sel ect edhifaaRRduf Ealg RbdptAMNEySthiling bafkifd wedifient,

manni tol, dextran, dextrose, |actose, sucrose,

pol y\eomprigipeibe staefrad; trehal ose, gl ucose and

conbi nat i The. co Lt f j

wherei n t APFOAEPE R pdBs SIS GRS LA o) Retffen

exci pitendin itise folapratioldd shid chmpourdhito shiteexefpigrnss fromri: 28 to

Claim 33, wherein the nolar ratio of said conpound to

sai d lekci pient is 1:5.5 to 1:2.0. 35. The conposition

of dai m 3 frothRE Rldvol iy Ok ¥h &) hi e Wi B BHChP RN
is glycine’or mannitol. 36. The conposition of Caim

35, whesition terhgeramyesifahd ¢amepopafl ki frgmexfreqrieenoncangrate;

manni tol . 37. The conposition of aim 36, wherein the
conpos: t] dn Acnlis SREST o RaREds At £y rfe™ e Wi
CONMPainkition téthpdrhtatdBIIie coMiRual Busidlsh RdmeRinkit@fipdrature of
reconstitutable in a water in |ess than 30 seconds.

39. AheBapwsiolution conwpsing ithfreczesapesiiigte kplors apaeraind

t he fcth 8&%'89- structural fornula:2Mr O M2+ wherein: Mt
isap Zrmaceut i cal | y accept abl e nonoval ent cation and
M2+ is a 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%.

41.  The method of Claim 40, wherein steps c¢) and d) are repeated consecutively,

one or more times prior to step e).

42,  The method of Claim 41, wherein the annealed composition is dried in step
e) by sublimation at a temperature between 20 °C and -20 °C, under vacuum

conditions at a pressure of between 200 mTorr and 20 mTorr.

43.  The method of Claim 42, 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.

44.  The method of Claim 43, wherein the lyophilizate has a moisture content of
less than 5%.



pharmaceutically acceptabl e divalent cation; and a
phar maceutical |l y acceptabl e exci pient, wherein the
wodoa2xsat i 0 of said conmpound to said exci pi eneCT/BESI0@0A1285
1:20 to 1:1. 40. A nethod fogzpreparing a |yophilizate
of a conposition conprising a conpound represented by
the followng structural formula: 2 Mr or M2+ wherein:
49. i s Thegenikoeofi Cloond4ovharcis fhslypplitisde bas amoishye conied@f
straight, chained hydrocarbyl group; R -R are
i nde %ﬁygﬁpﬁ§‘-H, an aliphatic group, a substituted
al i phatic group, an aryl group or a substituted aryl
roup, or Ri_and R3 taken together_wi tg t he carbon and
i t r dgemetheshel Clamnd cwharsia helyepiilizaie das apgrsHe rontem gf
R4 t ther wwth the carbon and nitrogen atons
to \/\Elgsgh@ha%iho%s are bonded, forma non-aromatic
het erocyclic ring optionally fused to an aronatic

ring,.Zis, - :S;, ,andMt is a. pharnaceut.i cal
Gocemtbardnobnceain e Wire Sofiiie s Roo i S of et
phar neasthiucabdtivedr aapt @bl dovelost a gakipeAod 8fkt@een 10
phar maceuti cal | ¥1 acceptabl e crystalline bul ki ng

¥

exci phighies aebhPrP@isng the steps of: a) preparing an
aqueous sol ution of the conmpound and the exci pient
wherein the nolar ratio of said conpound to said

4xci [diremtethed 6f O 420whaeih tie frégzefcoaemitiag: ik henealed in step

solution of step a) at a tenperatyre below the gl ass
trand? & aownxp@fﬁ&%rﬁiﬁwe@n@f Cioe -%‘g?rp% Fricbsegesro himiuies and 10
freezgygoncentrate; c) annealing the

freeze-concentrate at a tenperature above the gl ass
transition tenperature of the conpound but bel ow t he

4@?' t "T1e rrtle%qgcﬁ (gfaéfrﬁrg 4@3: wherein the annealed composition is dried in step
e) by sublimation at temperature of between 10 °C and -10 °C, under vacuum

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

50.  The method of Claim 49, 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 mTor.

51.  The method of Claim 50, wherein the pharmaceutically acceptable cation is
Na or K.

52. The method of Claim 51, wherein Z is O; R and R, are the same; and R; and

Ry are the same.

53.  The method of Claim 52, wherein:
Y is a covalent bond, -C(RsR¢)-, -(CH,CH,)-, trans-(CH=CH)-,
cis-(CH=CH)- or -(CC)- group; and



the frozen solution conprising the freeze-concentrate,

to forman anneal ed conposition; d) freezing the
w@pngabmsdl conposition at a tenperature bel ow t PET/JSHS6031285

transition tenperature of thg,conmpound; and e) drying

t he anneal ed conposition of step e) to obtain a

| yophilizate with a noisture content of |ess than 10%

4 1. The RetahdRsefe BrlaindedddenttiertBian adipbpsc @)substtutd)

are r f ed consecutiyvel .one .or. e ti . prior.to
ot op Byt rougy A Refirtamgiecd Asuiedsd Gruisdpititd 201
anneakrqgh, 6ORPAR R} @ikeh Sogdthie Grd NCIIEPsudLtitt¥ed or unsubstituted
sublimation at a tenperature between 20 0C and -20 0C,

underlkylag@wondi ti ons at a pressure of between 200
mrorr and 20 nmforr. 43. The nethod of C aim 42,
wherein the anneal ed conposition is further dried in
54t ep Tok nithaiesfaTlping 65\ wlieréint enper at ure bet ween 20 0C
and 80 0C_under_vacuum conditions at a pressure of
bet ween 200mfPORsRsdnd 20 niforr. 44. The method of

C ai m 43, m{aﬁa R, Ard &en ORI iEd Bl GslBstitae Bty b jand

content of less than 5% 45. The method of ("aim 44,
wher ei n t e ahg Bplaid ¢azhbeubrtisuted omirstibstduted atigtmticgfoup.
| ess than 2% 46. The nethod of C aim 45, wherein the

l.yophilizate a poisture confent of less than 1%
Sy e A O S RHETD SOl FeHES (bl DL §roum: R
frozen . RitieRs Y ofnethyl.enper ature between -44.7 0C

and -80 OC over a tinme period of between 10 m nutes

and 10 hours. 48. The method of Caim47, wherein the
freeze-concentrate | nnealed in ste ). &
SPenparkorin et o5 AR b R e Bhvfustion
m nut@sutdfihtcibhReVr Sourtshd Rwhdret e daddfmEdhal o 4.
wherein the anneal ed conposition is dried In step
57. The method of Claim 53, wherein
Y is -CR5R5-;
R, and R; are both a substituted or unsubstituted aliphatic group;
Rsis -H; and
Rg is -H or an optionally substituted aliphatic group.

58. The method of Claim 57, wherein R; and R; are both a C3-C8 cycloalkyl
group optionally substituted with at least one alkyl group; R3 and R4 are both
an alkyl group; and Re is -H or methyl.

59. The method of Claim 58, wherein R; and R, are both cyclopropyl or
1-methylcyclopropyl.

60.  The method of Claim 50, wherein the compound is represented by the

following structural formula:



e) by sublimation at tenperature of between 10 OC and

-10 0C, under vacuum conditions at a pressure of
whedonoezrss200 mlforr and 100 mforr. 50. The net hpdr/v$2006/031285

Claim49, wherein the anneal gd conposition is further

dried in step f) by desorption at a tenperature

bet ween 30 OC and .60 OC under vacuum conditions at a

pressure of between 200 niforr and 100 mTorr. 51. The

met hod of C ai m 50, wherei nNghe phangticeutically

acceptable cation is Nat+ or K+. 52. The nethod of

G aimb51, wherein ZRss: O Rlpand R2 gire the Banme; and

R3 and R are the sarfe. 53. The nethod of C a|lm 52,

wherein: Yds a covgl ent bond dég CH2) g,

or -(CC)- grouwp; andRsa tndepen y

-H, an aliphatig¢ or subitute

is -H and R6 is|ja substituted-sor ungubstituted alyl

group, or R andsSR6 taken toge?her, are a C2-C6 S

substituted or unsubstituted al kyl ene group. 54. The

met hodhes$ing ai m 53, wherein: Y is -C(R5R6)-; Rl and R2

ar e gacho%, AR BHESH 107 a1 UDSbh WA 2RY b OR MO bott -1

and & SUbStTiuted or unsubstitute
al i plratand Ryfaeikinth PhenyTiRe, amtfaek bith €thel; R Sxhd Rufaes teith -H;

and; R3 and R4 are each an al kyl group; R5 s -H. and
R6. | S0 g2 ANy -V BRRPLTG: R b B DeiPRES Ro's et
whergin Rl and R2 are each a substituted or

unsubst i t ut ed phenyl group and R and R4 are each
nmet hy -Idy ethyl. 57. The nethod of C aim53, wherein Y

T o G A LS80 8,
are both -H;
R; and R; are both phenyl; R3 and R4 are both methyl; Rsis methyl; Re is -H;
Ry and R, are both phenyl; R3 and R4 are both ethyl; Rs is methyl; Reis -H;
R, and R, are both 4-cyanophenyl; Rs and R4 are both methyl; Rs and R are
both -H;
R; and R, are both 2,5-dimethoxyphenyl; R3 and Ry are both methyl; Rs and
Rg are both -H; .
R; and R, are both 2,5-dimethoxyphenyl; R; and R4 are both methyl; Rs is
methyl; Rg is -H;
R; and R, are both 3-cyanophenyl; R3 and R4 are both methyl; Rs and Re are
both -H;
R; and R, are both 3-fluorophenyl; R3 and Ry are both methyl; Rs and Re are
both -H;
R; and R, are both 4-chlorophenyl; R3 and R4 are both methyl; Rs is methyl;
Rs
is -H;
R; and R, are both 2-dimethoxyphenyl; R; and R4 are both methyl; Rs and Re
are both -H,;

iphati'ri2 group,|| or R5”




Ris -H and R6 is -H or an optionally substituted

al i phatic group. 58. The nethod of C aim57, wherein
wR200a0eISR2 are both a C3-C8 cycl oal kyl group opeT/ORZNé/§31285

substituted with at | east ong al kyl group; R3 and R4

are both an al kyl group; and ?26 is -Hor nethyl. 59.

The nethod of C aim58, wherein Rl and R2 are both

cycl ®aranp R, aterbath Breidtyd xyyhényhrRymnld. R466e bdth enatiet] hRgdaralf R
C ai m 50, \g@_erei n the conmpound is represented by the
folla%}ﬁl?fﬁh ructural fornula:wherein: R and R2 are

bot h - LAY Ry aDodlitheR d
bot h RH%H)RZ are%t@@qa%e%gtﬁﬁﬁﬁhen R3Ru and OR4 gr (}e,p%taﬁ

et hyIRsaRB)thmH R are both -H R and R are bot h

4-cy n n re_.bot hyl. .

A ek AT SR S A S R P

are Imgﬂli\ymggﬁyt{ R5 and R are both -H R and R2 are

both hen)ﬁRI and R are both math;i{4 R5 is nethyl;
et P oTB BRSPS oSt st and Ry

both &ﬁ RS is nethyl; R6 is -H R and R2 are both

4-cyanophényl; R3 and R4 are both nethyl; R5 and R6

are [Rgtahd -Rlz|,ar€RbOﬂaﬂ,d duaovphdngt; iR;2n6- Rilarﬂabd’ubmq&t}é R4 i3

R3 and Ai 1%oth nmethyl; R5 and R6 are both -H Ri

and FEBYRESH 2, 5- di net hoxyphenyl R3 and R4 are

bothﬁg%mﬁw %ﬂhist@&mw h&B/1; 18, ardd R fre BO nf@hA! R and R
bot h yanglbhenyl ar?g %ﬁ, are bol?h e;nat hyl ; yili:'> 5an ¢

R6 armee sk RH; H;
R; and R; are both 2,5-dimethylphenyl; R3 and R, are-both methyl; Rs and Re
are both -H; |
R, and R, are both 2,5-dimethoxyphenyl; R3 and R, are both methyl; Rs and
Rg are both -H;
R, and R; are both phenyl; R; and Ry are both methyl; Rs and Re are
both -H; R; and R, are both 2,5-dimethoxyphenyl; R; and R4 are both methyl;
R5 is methyl; Reis-H;
R; and R; are both cyclopropyl; R; and R4 are both methyl; Rs and Re are
both -H;
R; and R, are both cyclopropyl; R; and R4 are both ethyl; Rs and R are both -
H; .
R; and R, are both cyclopropyl; R and R4 are both methyl; Rs is methyl; Re
is -H; »
R, and R; are both 1-methylcyclopropyl; R; and R4 are both methyl; Rs and
Rg are both -H;
R, and R; are both 1-methylcyclopropyl; R3 and R4 are both methyl; Rs is
methyl and Rgis -H;
R; and R, are both 1-methylcyclopropyl; R; and R4 are both methyl; Rsis
ethyl and Rgis -H;
Ry and R, are both 1-methylcyclopropyl; R3 and R4 are both methyl; Rs is



Rl and R are both 3-fluorophenyl; R3 and R4 are both

nmethyl; R5 and R6 are both -H, R and R2 are both
wd2@hlozrsephenyl ; R3 and R4 are both net hyl; R5PCEHUS2006/031285

methyl; R6 is, -H R and R2are both

2-di met hoxyphenyl; R3 and R4“are both nethyl; R5 and

R6 are both -H, Rl and R2 are both 3-net hoxyphenyl; R3

and Rdprapd dadtRyisgl;hyl ; R5 and R are both -H, Rl and R

et hy b AR AP AR YA BRp SRR SR Fe PR TghH Rs end

2, 3- qiérggng 1y R3 and R4 are both nmethyl; RS is
methyl; R6 is - RlandRZare bot h

2, 5- dilfalnd&m{ﬂimﬂy [-m¢Bylaymomraps Bs best R4 anebhthl othy?pRaand Re

R are b%ﬁ Rl and R2 are both 2,5-difl uorophenyl;
Afa];ite both nmethyl; Ris methyl Ris -H R

and R0, 2l R, ket $otR 1 SnethgIbydspPANRL is TR enRA, Blethyb Bt
methyl; R5 and R are both -H, Rl and R2 are both
2 5- defea b penyl : R3 and R4 are both methyl: R5 and

g@ a"k&? h&xyﬁhenyl g‘g ﬁgrgpﬁgtr(g a%doltl?]arﬁgto Hlylfl?thg; lz}ﬁ 8n d

R6 arlh;absaﬂsdih—]]-}t R and R2 are both phenyl; R3 and R4

Dot h 10,84 FE i ik DmeRy o ek e 889@%%4%% and

RS i RetbohgR6 is -H Rl and R2 are both

cycl opropyl R3 and R4 are both net h(%/ R5 and R6 are
R; and R, are both 1-phenylcyclopropyl; Rz an Ry are both methyl; R5 and

Rg are both -H;

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

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

R; and R; are both cyclohexyl; R; and Ry are both methyl; Rs and R are both
-H;

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

R; and R; are both methyl; R; and Ry are both methyl; Rs and Rgare both -H;
R; and R; are both methyl; R; and R4 are both #-butyl; Rs and R are both -H;
R; and R; are both methyl; R3 and R4 are both phenyl; Rs and Rg are both -H;
R; and R, are both #-butyl; R and R, are both methyl; Rs and Rg are both -H;
Riand Ry are ethyl; R3 and R4 are both methyl; Rs and R are both -H; or

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

61.  The method of Claim 56, wherein steps c¢) and d) are repeated consecutively

once prior to step e).



both -H, Rl and R2 are both cyclopropyl; R3 and R4 are

both ethyl; R5 and R6 are both - RL and R2 are both
waeyaropsepyl ; R3 and R4 are both nethyl; R5 i sP@EUR006/031285

R6 is -H R and R2 are both/d-nethyl cycl opropyl; R3

and R are both nmethyl; R5 and R6 are both -H, Rl and

R2 are both 1-nethylcyclopropyl; R3 and R4 are both

68et hyllhg nRBhadsofitdainy b1,amtbréb thesmixttre Rl frozed iﬁ@tearbe atxot h

ét W;} hrépﬁ\jx'f%qgeq: °%¥1' 4 %anangz-%‘g{ %@? ﬁtu'ﬁae"}?etn%% of bet%veen 30
1- methivhiey sddoProRy! ; R3 and R4 are both nethyl; R5

is-propyl and R6 is -H Rl and R2 are both
1-net hyl cycl opropyl; R3 and R4 are both met hyl; R5 and

ar t : :
oF 2 SRy 2 00 B A BDS ey one e
R ar ) bt tempbkaturd ba@eird °graad bad AC Tertrthiyencykdwpany | ;
R3 is nmethyl, and R4 is ethyl; R5 and R6 are both -H,
RL af@™% are both 2-methyl cyclopropyl; R3 and R4 are
both nethyl; R5 and R6 are both -H R and R2 are both
2- phenyl cyclopro ryl; R3 and R4 are both nmethyl; R5
6édnd Rbe arleéhdsﬁatﬂﬁlaim 6 Rivlsmein B comegpolund ks represented by a

1- phe 0 and R4 are both nethyl; R5 and
Exﬁﬂ%ﬁk nl%"%ﬁy Wg%@“are both cycl obutyl; R3 and
R4 are both methyl; RS angyR6 arg both -H R and R2
h~eycl opentyl R3 and R4 are both nmet hyl ;

LAKA

s S ’
Na+ Na+
N P X N
~ v
N N
;and
S S
Na* Na* o
%}/l O‘ o \\”/A
55. The method of Claim 64, wherein the mixture is frozen in step d) at a

temperature between -44.7 °C and — 60 °C over a time period of between 30

minutes and 3 hours.



both -H, R and R2 are both cycl ohexyl; R3 and R4 are

both nmethyl; R5 and R are both -H R and R2 are both
weyaroksgyl ; R3 and R4 are both phenyl; R5 andP@BUS2066/031285

both -H, R and R2 are both E§thyl; R3 and R4 are both

methyl; R5 and R6 are both -H R and R2 are both

methyl; R3 and R4 are both -butyl; R5 and R6 are both

-H R and R are both nmethyl; R3 and R are both

phenyl; R5 and R6 are both -H R and R2 are bot

65put }y‘ﬁh:e mpeshogof RAPY RSEHR g RYture Rg steRd) R BEPo0lsgah
-H R @hRqe : ;

ary B BB LB IO oy B SRR SIS e

and Réumrpeiobtt fiearitghtite solBBomindstéeb)ar e both - H 6 1.
The nethod of C aim 56, wherein steps c) and d) are
repeated consecutively once prior to step e).62. The

et hogheQfietifd B 018dn 6OREEREN thd@rysthXie belking dxcd@f id n
step b) at a tenperature between -44.7 0C and - 60 0C
over sgleptedrfropetht grpupfcobestieaerf Lrring, mpnagolaAeKtzmhdaxtrgse,

63. Th f Al ' ' inati
PR —

t enpehi@teft e between 0 0C and 40 OC for between 2 hours
and 6 hours. 64. The nethod of C aim 63, wherein the
conpound is represented by a structural fornula

¢3el e%%ﬁﬁ&f‘%f Mo DRty iRRein TREMBRE BAG (g‘; Salgt @g{ﬁoﬁﬂd to said

wherein the mxture i's frozen in step

t enpexaipientisimmiéd te44.7 0C and-60 OC over a tine
peri od of between 30 m nutes and 3 hours.66. The

nmet hod of Cl aim 65, wherein the mxture of step a) is

60! eCoeafktRdd HRtMRE B8, kPh@EnaREmok® rilfe ¢Pweid ntpol®d to said
peri od of between 5 mnutes and 5
excipient is from 1:5.5 to 1:2.0.

70.  The method of Claim 69, wherein the crystalline bulking excipient is glycine

or mannitol.

71.  The method of Claim 70, wherein the crystalline bulking excipient is

mannitol.

72. A lyophilizate comprising a compound represented by the following

structural formula:

2 M* or M?*
[ A A
| N /l\ /K N Ro
\H/\N/ y \N/ \”/

S S

Ry



hours prior to freezing the solution in step b). 67.

The nmethod of Claim66, wherein the crystalline
wheloriozngsexci pient is selected fromthe group PCT/US2006/031285

consi sting of glycine, mannitgl, dextran, dextrose,

| act ose, sucrose, polyvinylpyrrolidone, trehal ose,

gl ucose and conbi nations thereof. 68. The nethod of

d ai miereinwherein the nolar ratio of said conpound to

said excipient is from1:10 1. 1:1. 69.. The meth f.

3 ai m 68, SwRerEy e HOHSF e el oy PR Betag Paned
sai d nexQlcRbgNErolys, from1:5.5 to 1:2.0. 70. The nethod

of C aim69, wherein the crystalline bul king excipient .
i s gl yci n&idk aaimdiepasidentin -H, Aaealiphetivogrows, acuhstitnted aliphatic
wherein the stal | ine bul ki l.plant, i |

720 RGobher) PR ok bArle b A BUERRAT T AR Kemer
by t katlf 1ok kabbn gndhitrogéristams frewilishaheyhare ondedyanddoreR, and
coval ent. bond or a or unsubstitﬁt

substitute %d
st r afghtkearagsi ijihe EHPEY PIGRIGOEEN ROMRAC iish they are
i nde F&%H@éﬁ? Flh 4 llfbn-%n%'tilb RBREGeld BiPoptnaliPfiskd # £d

al i phatic group, an aryl group or a substituted aryl

gr oupronmaticRinggnd R t aken together with the carbon and
ni trogen onﬁ towhich they are bonded, and/or R2 and
R taken t fHS&E R th the carbon and nitrogen atons to

whi ch t he)Ma{S%_ ﬂ?ﬁﬁﬂ%utiédl’l&rﬂcéefﬁﬂwe 210a6@l € cation and M isa
heterocyclic ring optionally fused to an aromatic

ri ngphzmiaseui@ally ac@ptable divalantmatpmesut i cal |y
cCoePt 21 RS, 0L O By g v
the lyophilizate is prepared by a process comprising the steps of:
a) preparing an aqueous solution of the compound and the excipient
wherein the a molar ratio of said compound to said excipient is from 1:20 to
1:1;
b) freezing the solution of step a) at a temperature below the glass
transition 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%.

73.  The lyophilizate of Claim 72, wherein steps c) and d) are repeated

consecutively, one or more times prior to step ).



a pharmaceutically acceptable crystalline bul king

exci pient, wherein the |lyophilizate is prepared by a
w@e@eesssconpri sing the steps of: a) prepari ngP@mUS2006/031285

aqueous sol ution of the conmpound and the exci pient

wherein the a nolar ratio of ’$aid compound to said

excipient is from1:20 to 1:1; b) freezing the

70! utian ﬁghiﬁia‘%@oiaélaﬁﬁ 78, WIRIBE A AfnRalle ompbdigogis@sied in

't ansi tid tenperature of the conmpound, to forma

f r eezespcs) yenblimpeon &) temprsaiuraef hetween 20 °C and -20 °C, under

f - [.at t {
R R M

melting tenperature of the frozen solution conprising
the freeze-concentrate, to for njhan anlngal ed .. . h
TonpoBielyephiligate pf Glayn g, Vhaeiniheamealcd GRPBST DI BThg
t enpey at hybd ST & o
t he c%le g{ﬁgﬁg%gﬁgdgﬁ%tr ?ﬁgt%rﬁgé}gﬂﬁ%ée%g conposi tion
of ste@eeyaduamodinditionaat ajopssittd ofdreewesint 20an herr ged p@mTorr
content of less than 10% 73. The |yophilizate of
Caim72, wherein steps c) and d) are repeated

ns LW Eh; [ @héreifEse Pyopliliza et @ madjturddontent
%ﬁe Fg%gplﬁ}sﬁl}zﬁg%tgegg%mgﬁn 73, V\he%dlpn t he anneal ed
conpodsfilesschan 8%dried in step e) by sublination at a
tenperature of between 20 0C and -20 0C, under vacuum
conditions at a pressure of between 200 niforr and 20
MO I The Bropiliiatt @ Pk 7Eatvaerefn 1Bk dyaphiltzataiiee nabeisttteesontent
anneal ed conposition is further dried in step e) by
desor pflegsrthan 2% t enper at ure bet ween 20 0C and 80 0C
under vacuum conditions at a pressure of between 200
mlforr and 20 nmforr 76. The |yophilizate of O aim 75,
wher eirhe tylghilizatehif Ilzat 27, Wasrein fhoil gepiilizatos @apoigiire content
| ess than él% [7- The lyophilizate of O aim76,
wher ePhleth aP%fphi lizate has a noisture content ofless
than 2%

79.  The lyophilizate of Claim 78, wherein the mixture is frozen in step b) at a
temperat"ure between -44.7 °C and —80 °C over a time period of between 10

minutes and 10 hours.

80.  The lyophilizate of Claim 74, wherein the freeze-concentrate is annealed in
step ¢) at a temperature between 0 °C and -44.7 °C for between 10 minutes

and 10 hours.

81.  The lyophilizate of Claim 80 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.

82.  The lyophilizate of Claim 81, wherein the annealed composiftion is further
dried in step €) by desorption at a temperature between 30 °C and 60 °C



78. The lyophilizate of Claim77, wherein the
| yophilizate has a noisture content of |ess than 1%

wQ@ 2070881 yophi I i zate of C aim 78, wherein theP@i/K82006€031285
is frozen in step b) at a tedrr7perature between -44.7 0C
and -80 OC over a tine period2f between 10 mi nutes
and 10 hours. 80. The |yophilizate of Caim 74,

wher ej - ' i )
o B S S P AN GBS ERe
10 mimiives and 10 hours. 81. The |yophilizate of Caim

80 wherein the anneal ed conposition is dried in step
e) by sublimation at tenperature of between 10 0C and

840 Ofhe Igﬁglﬁ[izéft@% mmmmdbvhb@ﬁﬁhaghﬁn%@&%n? a@deptable
bet ween 200 nmylorr_ and 100 mrorr. 82. The |yophilizate .

+

of O edtigngINawpieliei n t he anneal ed conposition is

further dried in step e) by desorption at a

tenperature between 30 0C and 60 OCunder vacuum

gbndi Theolysplaiizate pf €%atrs3, aherleit MeeD; ROIWPre ti¥dntOhd R,
mrorr. 83. Tgf | yophilizate of Claim 82, wherein the

phar i8R e 9 9Meccept abl e cation is Na+ or K+. 84.

The Iyophilizate of Claim83, wherein Zis QO R and R2
are the same; and R3 and R4 are the sane. 85. The

8y ophThe lyaplslindte Of @laims4, whbreinei n: Y is a coval ent

bond, -C(R5R6)-, - - _trans- =CA) -, - ) -
gr oup; anzl)é %38%31%%@ é%ﬁdn"ngéﬁgéﬁi% VZSZ@H_ s

al i phat-(cHeCHyuUbsCtyt &#gulahphati c group, or RS is -H
and Ris a substituted or unsubstituted aryl group, or

R5 and R6 RafehR¢wgeedhandepgpdentlycHl, asakiphasic or substitutad

l("jn Zlu ?@%&%ﬁ%\%‘é}l@% érﬁf: SHARERD i Plvstliifed (%%Bgﬁbl s{i%l?etdearﬁf
group, or Rs and R, taken together, are a C2-C6 substituted or unsubstituted
alkylene group.

86.  The lyophilizate of Claim 85, wherein:
Y is -C(RsR¢)-;
R; and R, are each a substituted or unsubstituted aryl group; and
R and R4 are each a substituted or unsubstituted aliphatic group.

87.  The lyophilizate of Claim 86, wherein Rs is -H and R is -H, an aliphatic or
substituted aliphatic group; Ry and R4 are each an alkyl group; and Rgis -H
or methyl.

88.  The lyophilizate of Claim 87, wherein Ry and R; are each a substituted or
unsubstituted phenyl group and R; and R4 are each methyl or ethyl.

89.  The lyophilizate of Claim 85, wherein
Y is -CRsR¢-;
R, and R; are both a substituted or unsubstituted aliphatic group;
Rs1is -H; and )



Yis -C(R5R6)-; R1L and R are each a substituted or

unsubstituted aryl group; and R3 and R4 are each a
waeumsetsst ed or unsubstituted aliphatic group. P@TUSINE031285

| yophilizate of Claim86, wherein Ris -Hand R6 is

-H, an aliphatic or substituf’dd aliphatic group; R and

R are each an al kyl group; and R6 is -H or nethyl. 88.

The 1yophi}|zaie, ah obhldl Sdsithes fihaRl . R are

each a substitute unsoubsti tut ed ‘phenyl group and
R3 and R4 are each nethyl or ethyl. 89. The

ophjl i zate. . of | m 85, erejn | S - i n
LA e E R e R L e L
gr OURsro} bstiontallly 3MskRnited with 8f lea oﬁ@hllk?ﬁgjohy; R and Ry are both
substituted aliphatic group. 90. The [yophilizate of
d ai rngdkyl\gheursiand Rt isdiborreethyle both a C3- C8 ‘
cycl oal kyl group optionally substituted with at | east
one al kyl group; R3 and R are both an al kyl group; and
$6 i sTheHyophillBAtBYF Cla9h.00WRerbindphindiReatebeath cgtlapropPityr
wher ei n l%l and R2 are both cycl opropyl or
1- met hipcdypdevsmseRil. 92. The I yophilizate of O aim 82
wherein the conmpound is represented by the foll ow ng
structural formula: wherein: RL and R2 are both
gthenyThe IR8pkiticktR4{ GlagmiBtwhenan Hyel conRBund i Rpwsentesshithe

-H, Ri ,and are th_.phenyl; R3 and R4 are both
et hyFi,louﬁzwgigES%ﬁégﬁ?lgg%‘flﬁ' -H R and R2 are both

4- cyanophenyl; R and R4 are both nethyl; R5 is nethyl;
R6 is -H R and R are bot hy\g+met hoxyphenyl; R3 and R4
are both nmethyl; R5 and R6

Rs o o T4
R1\H/IL\N/)%\N/N\”/R2
l Re Re I

wherein:

R; and R, are both phenyl; R; and R4 are both methyl; Rs and Rg are both -H;
R; and R, are both phenyl; R; and R4 are bofh ethyl; Rs and Re are both -H;
R, and R, are both 4-cyanophenyl; R; and R4 are both methyl; Rs is methyl;
Rs

18 -H;

R; and Ry are both 4-methoxyphenyl; R3 and R4 are both methyl; Rs and R¢
are both -H;

R, and R, are both phenyl; R3 and R4 are both methyl; Rsis rpethyl; Rg is -H;
R; and R, are both phenyl; R3 and R4 are both ethyl; Rs is methyl; Reis -H;
R; and R; are both 4-cyanophenyl; R; and Ry are both methyl; Rs and Re are
both -H;

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



are both -H, Rl and R are both phenyl; R and R4 are

both nmethyl; R5 is nethyl; Ris -H R and R2 are both
w@b@npkissR3 and R are both ethyl; R5 is nethyl PCREER06/031285

-H R and R2 are both 4- cyar'j704ohenyl R and R are both

methyl; R5 and R6 are both - Ri and R2 are both

2, 5-di met hoxyphenyl; R3 and R4 are both nethyl; R5 and

R6 ar g, h@t R, arklbBin zammﬁ?é’th }%h@l@}lhR?arﬁi'm i@%BM&BﬁnRL is
R3 and R4 are both nmethyl; R5 is nethyl; Ris -H

and R2e#yd Rsds H3- cyanophenyl; R3 and R4 are both

S MEﬁRﬁy?bB%sﬂ’zaé‘B&&X 1y o 1 %‘E@ﬂ% A0k g Rsare

are bbéth-HH, Ri and R are both 4-chl orophenyl R3 and
R4 are both ne Rlsrrehl Ris -H

are bbt ﬁnc{szrﬁ%P%oWBﬁr@awy 5 s e 1 TR ﬁe%fﬂﬁeare
RS ang,R.gre both -H R and R2 are both

3- et hoxyphenyl; R3 and R4 are both nethyl; R5 and R6
ar e bBi nd Ry arbotird ciRgrophenyboR hard, Br-adé hethhostrphBaisimethyl;
R3 ang R are both nethyl; R and R are both -H R and
R2 are®both 2, 3-di met hoxyphenyl; R3 and R4 are both

met hyls;-HRS is methyl; R6is -H R and R2 are bot h

2, 5- d|f| uorophen%j/QI R3 and R4 are both neth l; RS and
R6 ar B1 pst Re arpiboty 2-gimertixynhenybdiarang Roaae both sacsisfichsand Rs

R3 an%e%ﬁﬂﬁ-‘iﬁ both methyl; R5 is

R; and R; are both 3-methoxyphenyl; R3 and R4 are both methyl; Rs and R
are both -H;

R; and R; are both 2,3-dimethoxyphenyl; R3 and R4 are both methyl; R5 and
R are both -H;

R; and R; are both 2,3-dimethoxyphenyl; Rs and Ry are both methyl; Rs is
methyl; Rs is -H;

R; and R; are both 2,5-difluorophenyl; R3 and R4 are both methyl; Rs and Re
are both -H;

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

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

R; and R; are both 2,5-dimethylphenyl; R; and R4 are both methyl; R5 and Re
are both -H;

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

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

both -H; R; and R; are both 2,5-dimethoxyphenyl; R3 and R4 are both methyl;
Rsis methyl; Rgis -H;

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



methyl; R6is -H R and R2 are both

2, 5-di chl orophenyl; R3 and R4 are both nethyl; R5 and
w@eooaneiseot h -H, R and R2 are both 2, 5-di net hpeposIwgé/31285
R3 and R4 are both nmethyl; R5_and R are both -H, Ri

and R are both 2, 5-dinet hoxypl:{ nyl; R3 and R4 are both
nethyl; R5 and R6 are both -H, Rl and R are both

phenyIR, 473 rant: hth ay& ; REbRY R, arBDonyt: -
-H Ri 1andeRz are bZt ﬁ@g?g-g?net%&rypﬁﬁlﬁ%%dg%g%ebom

are bébh nethyl; R5 is nethyl; R6is -H R and R2 are

bot h : 4na ot h.net hyl ;. B5.and. R6
are b E)P%/l%&le %;2 %%y%or% %%@ﬁb%{f ?1‘?%5‘&4‘8 B ?@p@?‘{hyhﬁé ﬁsdmﬁil% Rs
are bat#Hethyl; R5 and R are both - H R and R2 are

bot h clopropyl ;. R3 and R4 are both pethyl; Ris

met hy ﬁ% aﬁg ?{3 a?e{?oﬂgzil -raﬁgylp&c eprepHoRnand Ry ar>e/: both methyl; Rs and
1- ret ykfygdepopyl ; R and R are both nethyl; R5 and

R6 are both -H R and R2 are both
1- met By laog & epertly L m@BylaydorRdpdr Bs ot R4 arebhipl metRyl B is

nmet hyl___an is vH R and R2 are both
1- et %ﬁ%ﬁgﬁg&%@pﬁi R3 and R4 are both methyl; R5 is

et hyl Randd R, afe bdth 1 RetByleydRepraf@; RO R, are both methyl; Rs is
1-nmet hyl cycl opropyl; R and R are both nmethyl; R51s
7-prof RS- E-H R and R2 are both

L LR SRR 0Bl 1 €, R M 201

1- et hyiroydlaopRepyiH; R3 and R4 are both ethyl; R5 and

R R; and R; are both 1-methylcyclopropyl; R3 and R4 are both methyl; Rs and
R are both methyl;
R; and R, are both 1-methylcyclopropyl; Rs and Ry are both ethyl; Rs and R
are both -H;
R; and R are both 1-methylcyclopropyl; Rs is methyl, and Ry is ethyl; Rs and
R¢ are both -H;
R; and R; are both 2-methylcyclopropyl; Rs and R4 are both methyl; Rs and
Rg are both -H;
R and R; are both 2-phenylcyclopropyl; R; and Ry are both methyl; Rs and
Rg are both -H;
R and Ry are both 1-phenylcyclopropyl; R; and Ry are both methyl; Rs and
Rg are both -H;
R; and Rj are both cyclobutyl; R; and R4 are both methyl; Rs and R are both
-H;
R; and R; are both cyclopentyl; R3 and R4 are both methyl; Rs and Rg are
both -H;
R; and R; are both cyclohexyl; R; and R4 are both methyl; Rs and R are both
-H;
R; and R, are both cyclohexyl; R; and Ry are both phenyl; Rs and Rg are both
-H;



are both -H R and R are both 1-nethylcycl opropyl; R3

is methyl, and R4 is ethyl; R5 and R6 are both -H Ri
wap@7R2isar e bot h 2-met hyl cycl opropyl; R3 and RACHIS2006/031285

both nethyl; R5 and R6 are both -H, R and R are both

2- phenyl cycl opropyl; R3 and RA%are both met hyl; R5 and

R6 are both -H Ri and R are both 1-phenyl cycl opropyl

R and 1R AdR bed Botraidmyil; Rs%dqa%a@otﬁh%ﬂbﬁt RsaAﬂR e%k@l -H;
R2 are both cyclobutyl; R3 and R4 are

and R Rygrabathmetyyl aﬁcmpnm@r@bcﬁbttﬁuwnliwﬁrﬁwe bcmh -H;

?diarFeéklboth cy&l}&ﬁ exy yl %‘a%% ar e hgg'tl’h %Q{ﬁ areggth-H,

ang R&R ;a&née Rg@tdﬁbot]rlz‘-bﬁi}yl andeQRa; arechdile hieg@y ﬁk@d&ﬁ@é are lgiﬁh -H;
and R4 ar ot eny R5 and R6 are_both -H Rl an
R2 ar & ﬁﬁzﬁ%‘t qR rEidReprebathanghylh Reabdh Re areﬂzsﬂaﬁa OR

are b I t I
bot h %E‘G‘?% a%%@gﬁg%@alge&g ﬂhaﬁr@ﬁ&){meﬂgﬁdﬂ are’ E%th—_

met hylH. R3 and R4 are both phenyl; R5 and R6 are both
-H R and R2 are both /-butyl; R3 and R4 are both
nmethyl; R5 and R6 are both -H, R and R2 are ethyl; R3

88d RAhangophdlidateetdyibg 8?Rvﬁfégen|3§t § & Ratdy aré'fep@itecﬁ'
and R2 are both wp and R4 ‘are both nethyl;

R5 an&OIF@QIFtéVGBO?WGPHPF%/O%GP Phe | yophilizate of Caim
88, wherein steps c) and d) are repeated consecutively
once prior to step e). 94. The lyophilizate of daim
93, wike éyaphilimatenafXXlainedd, sviierdz e hixti®t e€pfréendh s@p b) at a

temperature between -44.7 °C and — 60 °C over a time period of between 30

minutes and 3 hours.
95.  The lyophilizate of Claim 94, wherein the freeze-concentrate is annealed in
step c) at a temperature between -0 °C and —40 °C for between 2 hours and 6

hours.

96.  The lyophilizate of Claim 95, wherein the compound is represented by a

compound selected from:

Na* Na* o '
T L
N\NMN/N
S S ;
Na* Na*

Ne_ A~ x N

; and



tenperature between -44.7 0C and-60 OC over a tine
peri od of between 30 minutes and 3 hours. 95. The

wo yaphreisszat e of C aim 94, wherein the PCT/US2006/031285
freeze-concentrate is annealgg in step c) at a
tenperature between -0 0OC and ’-40 OC for between 2
hours and 6 hours. 96. The |yophilizate of C aim 95,
wherein the conmpound is represented by a conpound
sel ected from97. The |yophilizate of C aim 93,
vmaanthenhdweisfrﬁ%n|nﬁymd)ata
tenperature between -44.7 and - 60 OC over a tine
period of between 3Q m nutes and ajhours.é98. The

Iyophlllze of C aiim 97, erein the mxture of

getmgsg,lo 0C and -10 pC over

. SR, rol
freezing the sollition iM step b). 99. Nrhe | yaphili zate
of Claim98, whafein the crystalline bul king |gxci pi ent
Is selected fromthe group consisting of gl yc$ne,

v AR SR B R e AP BUE T b SRRt n siep &) ata

conbi patdeptsreiRerRAt44.160 and h%O"’EQﬂ)'&i‘ h tiztperiod oSbawsen 30
99, wherein the nolar ratio of said conpound to said

exci pingmites adf¥lwrs: 10 to 1:1. 101. The Iyophilizate

of Claim99, wherein the nolar ratio of said conpound
to said excipient is from1l:5.5to 1:2.0. 102. The
bg.ophiThé Bapeiliakte Cf laim1dy] whetear ‘élie mniixhne of ste @)lik preeooled at
bul ki ng ex0|8 L ent |s yci ne or g . 123.. The 45
IyophPPtV‘?ﬁ’?é of arg i Wra% Iﬁ CLHECR P AP AD

bul ki g, £%6bPloSMezing (HRRH in step b).

99.  The lyophilizate of Claim 98, wherein the crystalline bulking excipient is
selected from the group consisting of glycine, mannitol, dextran, dextrose,
lactose, sucrose, polyvinylpyrrolidone, trehalose, glucose and combinations

thereof.

100. The lyophilizate of Claim 99, wherein the molar ratio of said compound to

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

| 101.  The lyophilizate of Claim 99, wherein the molar ratio of said compound to
said excipient is from 1:5.5 to 1:2.0.

102.  The lyophilizate of Claim 101, wherein the crystalline bulking excipient is

glycine or mannitol.

103.  The lyophilizate of Claim 102, wherein the crystalline bulking excipient is

mannitol.



