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May 16, 2005. The entire teachings of the above
application are incorporated herein by reference.
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20040235909, 20040225016, and 20030195258. The entire

t &g NS AdpIibaFeEONocunent s are i ncor porated by
reference. Salts of these bis(thio-hydrazide am de)

COMPOUAHS BhEciidhickind tiidbdaefipel.ScBtavidignalisplitatian No.
| east in part for reasons of solubility. See, for .. .
ex8iH8I 26Koljlad oaMay 16,2008, Thesnii téﬂn%é’lf g?ﬁabove application are
| icat.i Serq 60/ 582,596, filed June 23,

ég%ffpoéﬁta(?%?@fn#%\fl%?cghal Pat ent Application Serial
No. not yet assigned, Atty. Docket No. 3211.1014-001,
ILEAE(OKGRK[?ILHNDG(DE THRRAEBNTIONThe entire teachings of

ese a t [
Howev e ’e%ai;pgtz)ai ﬁg%ﬁ%&@%g@gég%ﬁﬁ%ﬁd Sareré%geeftrllear%%%annaceuticals,
IyQ ?F&Jnlc{ll%ﬁta's 3&1&5@&’ rg%%.@be?ﬁ)@ eRENFBENEY, 411U, PateatiNo.
poofl'y sui'ted to scal’e up to production runs.

Theg 25t 285 1.8 b istied Patené AgipientionAld. AEPHREED B S8 sRAtpg MNos-

o0 SRS SRy g s

Ifogzggggcz%mo,bmaomggemo@nmm6,@@@»3@1 35458 s Thamtire
teachings of these documents are incorporated by reference.

Salts of these bis(thio-hydrazide amide) compounds are believed to be
particularly useful at least in part for reasons of solubility. See, for example Koya, et
al., U.S. Provisional Patent Application Serial No. 60/582,596, filed June 23, 2004,
and U.S. Provisional Patent Application Serial No. not yet assigned, Atty. Docket
No. 3211.1014-001, filed concurrently herewith. The entire teachings of these
applications are incorporated by reference. However, the existing process includes a
lyophilization step, which can be energy intensive and poorly suited to scale up to
production runs.

Therefore, there is a need for an improved process for preparing salts of

bis(thio-hydrazide amide) compounds.

SUMMARY OF THE INVENTION

Tt has now been found that bis(thio-hydrazide amide) disalts can be prepared
in a process suitable for scale-up to pharmaceutical production runs.

A method of preparing a bis(thio-hydrazide amide) disalt includes the steps

of combining a neutral bis(thio-hydrazide amide), an organic solvent and a base to
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f QbIPedt SHasAbdse to form a bis(thio-hydrazide amide) solution; and combining the
solution and methyl zert-butyl ether, thereby precipitating a disalt of the
bis(thio-hydrazide amide). Thus, as used herein, a neutral bis(thio-hydrazide amide)
has at least two hydrogens WhiCI‘,‘l can react with the bases described herein to form a
disalt.

Typically, at least about two molar equivalents of the base are employed for
each molar equivalent of neutral bis(thio-hydrazide amide); more typically, from
about 2 to about 5 equivalents, or preferably from about 2.0 to about 2.5 equivalents.

Suitable bases can be strong enough to react with a bis(thip—hydrazide amide)
to produced a disalt. In various embodiments, the base can be an amine (e.g.,
triethylamine, diphenylamine, butylamine, or the like); an ammonium hydroxide
(e.g., tetramethyammonium hydroxide, tétrabutylammonium hydroxide, or the like);
an alkali metal hydroxide (lithium hydroxide, sodium hydroxide, potassium
hydroxide, or the like) an alkali metal C1-C6 alkoxide, or an alkali metal amide

(e.g., sodium amide, lithium diisopropy!l amide, or the like). In some embodiments,
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or the hke) a C2 C4 aliphatic ether (e.g., diethyl ether, dlpropyl ether, diisopropyl
20  ether, or the like), a C2-C4 cycloaliphatic ether (e.g., tetrahydrofuran, dioxane,),
dimethyl formamide, dimethyl sulfoxide, N-methyl pyrrolidone, a glycol (e.g.,
ethylene glycol, propylene glycol, tetramethylene glycol, or the like), an alkyl glycol
ether (e.g., ethylene glycol dimethyl ether, or the like), and acetonitrile. More
typically, the organic solvent can be selected from methanol, ethanol, propanol (e.g.,
25  1-propanol, 2-propanol), butanol (e.g., 1-butanol, zers-butyl alcohol, or the like),
acetone, tetrahydrofuran, and methyl ethyl ketone. Preferably, the organic solvent
can be selected from methanol, ethanol, acetone, and methyl ethyl ketone.

Tn various embodiments, the neutral bis(thio-hydrazide amide) can be
substantially insoluble in the organic solvent, thereby forming a mixture, whereby
30  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



organi c solvent is water-m scible. The organic sol vent
can generally be selected froma CL-C4 aliphatic

waloewhek736e. g., net hanol, ethanol, 1-propanol, PCT/US2006/018653

10

15

20

25

2-propanol, or the like), a Cl-C4 aliphatic ketone
(e.g., acetone, nethyl ethyl ketone, 2-butanone, or
the like), aCZC4aIiphatic ether (e.g., diethyl

F};qgvg rmecgp%zeo 1 F %rgpling hél?r? of%ic%{lﬁ@éﬁegﬁ ab & 0.75 and
t %Ju@E}S%QIfeH bAihe n@ﬁt@éﬂ %Ek‘%blﬁo-h}iﬂl FE & nided amm'trﬂnened per each liter

di net hyl sul foxi de, N-nethyl pyrraolidone, ¥18r
(ef ggametshlwb@nér@fbvbb’l abasit éwléﬁét@fﬁéﬁﬁl bisttitohy azide
tetr th an al kyl gl ycol

léjl%?e °y em%etd éér)lcgl hd: {/ocffﬂqgaéh t%elt ether, or the

l i lke) A@%ecﬁ%@hﬁﬂ? t‘m(ltmo-fhwaeldremdau sojution fextemdfamies from
sol vent can be sel ected, from net hanol, ethanol .
oihspsazstic {avg, he DpHD iSO BEBFORABICs): D e, oon nclude

( gne? or mbie séé{eﬁ@%u&htag Frle- iRy b1§’%9911h%raz% ahﬁ@e)' ihke) ,

acet one, ur an, and ket one.
Pbﬁttﬁroalbwazmmmmegmnnm atiplhe é»m(thocahycbemé@ m@a;cieé dlSﬁlut swthe like.

met hanol h nol., .aceto and
In var %gge FE}?QH{J@'[S’%%OT&%‘E}PF ve%t ig Eﬁihﬁx PY: Ry %g% the
. g‘rzls%% abG Zt}ﬁoﬁ%%@ﬁ“ AbolaY aliwak dedigmi Hydtdiedeg bgaiore

vent, thereby formng a m xture, whereby conbi ni ng
tlpmﬂexab]@' foart kb @ tmahQILtrZeS fotas a bi s(thi o- hydrazi de

am de) E8rereiihaleple g hREh QU BEceipl, o

0p22 8 a0 oHblaPtctabioR ?ﬁlo@fr etﬂaﬁomwdimh ethoxide, or more
bi s(t hi o- hydrazi de am d% areconbi ned per each liter

mrﬁc@bmﬂom@bméﬂtto apputt 'y between about 0.75

and ab i

am de) 8%%%0%4&120 grrta%g%%%lw ém@f@é&r %atg? E%g%ég/delﬁtgt hod
Progh 86 aéyrysfmb @ytsnfucmu @onﬁultaﬂe neut r al

bi s(t hi o- hydrazi de %\sd re CO?‘bI ned Per each liter

of organi ¢ sol vent. her e n, a

"bi s(thio-hydgazide Nam de) soIgtALg} nhen fmgrned from
t he organic sol , ne gt hiorRydr azi de
am de), and the hase, d&n include ore or re species
such as the neutral bis(thio-hydrazide an®de) (Dt he

bi s(t hi o--hydrazi de anmi de) nonosalt, the

bi s(t hiviswdmakntdeorsinirde)optipsalnt subs;mtuteﬁétrmgiaéchamed

hydrocarbyl group.
R;-Ry are independently -H, an optionally substituted aliphatic group, an

optionally substituted aryl group, or R; and Rj 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.

ZisOorS.

The neutral bis(thiohydrazide) amides can be prepared according to methods
described in U.S. Patent No. 6,825,235 to Chen, et al., and U.S. Patent Nos.
6,762,204 and 6,800,660 to Koya, et al., and also according to methods described in
the co-pending and co-owned U.S. Published Patent Application No.
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R;-R¢ and the pharmaceutically acceptable cation are as described above for
Structural Formula I.

In Structural Formulas I-II, R; and R, are the same or different and/or R3 and
Ry are the same or different; preferably, R; and R; are the same and R; and R4 are
the same. In Structural Formulas I and I¥, Z is preferably O. Typipally in Structural
Formulas I and IT, Z is O; R; and R, are the same; and Rj and Ry are the same.
More preferably, Z is O; Ry and R are the same; Rz and Ry are the same.

In other embodiments, the bis(thio-hydrazide amides) are represented by
Structural Formula IT: Ry and R, are each an optionally substituted aryl group,
preferably an optionally substituted phenyl group; R3 and Ry are each an optionally
substituted aliphatic group, preferably an alkyl group, more preferably, methyl or
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20 Alternatively, the bis(thio-hydrazide amides) are represented by Structural
Formula II: R; and R, are each an optionally substituted aliphatic group; Rz and Ry
are as described above for Structural Formula I, preferably both an optionally
substituted alkyl group; and Rs is —H and R¢ is ~H or an optionally substituted
aliphatic group. Preferably, R; and R; are both a C3-C8 cycloalkyl group optionally

25  substituted with at least one alkyl group; R3 and Ry are both as described above for
Structural Formula I, preferably an alkyl group; and Rs is —H and Rg is —H or an
aliphatic or substituted aliphatic group. More preferably, R; and R, are both a
C3-C8 cycloalkyl group optionally substituted with at least one alkyl group; Rs and
Ry are both an alkyl group; and Rs is —H and R is —H or methyl. Even more

30  preferably, R; and R, are both cyclopropyl or 1-methylcyclopropyl; Rs and Ry are
both an alkyl group, preferably methyl or ethyl; and Rs is —H and Re is —H or
methyl.
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optionally substituted aryl group; R3 and R4 are each

an al kyl group; and Ris -H ahd R6 is -H or nmet hyl .
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-H: R; and R, are both 4-chlorophenyl, R; and Ry are both methyl, Rs is methyl, and
Rg is -H; R, and R are both 2-dimethoxyphenyl, R and R4 are both methyl, and Rs
and R are both -H; R; and R, are both 3-methoxyphenyl, R3 and R4 are both methyl,
and Rs and Ry are both -H; R; and R, are both 2,3-dimethoxyphenyl, R; and Ry are
both methyl, and Rs and R are both -H; R; and R; are both 2,3-dimethoxyphenyl,
R; and Ry are both methyl, Rs is methyl, and Re is -H; R; and R; are both
2,5-difluorophenyl, Rs and Ry are both methyl, and Rs and Re are both -H; R; and R,
are both 2,5-difluorophenyl, R; and R, are both methyl, Rs is methyl, and Re is -H;
R; and R, are both 2,5-dichlorophenyl, R; and Ry are both methyl, and Rs and Rg are
both -H; R; and R; are both 2,5-dimethylphenyl, R; and Ry are both methyl, and Rs
and R are both -H; R; and R, are both 2,5-dimethoxyphenyl, R3 and Ry are both
methyl, and Rs and R are both -H; Ry and R, are both phenyl, Ry and Ry are both
methyl, and Rs and Ry are both -H; R; and R, are both 2,5-dimethoxyphenyl, Rs and
R, are both methyl, Rs is methyl, and R¢ is -H; R; and R, are both cyclopropyl, R3
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| east one al kyl group; R3 and R4 are both an al kyl

wgrasp4@aad Ris - Hand R6 is -H or nethyl. Erenuszie/ 018653
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preferably, Rl and R2 are bot@ cycl opropyl or
1- nmet hyl cycl opropyl; R and R4“are both an al kyl group,
preferably methyl or ethyl; and Ris - Hand Ris -H

or rrethyl specifjigc e di nt.s...the )
i ReATE DR ReaY mE s 8 e i 3, both cyclopropyl,
5% Hﬁf R &k v6af éﬂéx 12ardd R almeg &b BothRY;, m@n&m@m fasth bryclopropyl,
en R3 and R4’ are both net hﬁy and_R5 and R are
1S

bﬁg hlnd Ry arlabodrmefml Ris és methnl. phé -I% Rneandid #edofiot h

o DR8P i P pgie o s,

RY, Eﬁé'botl@ﬂ@‘ne&ﬁ@y R@&B;Lrolfgzl RNghdR adre bbmmethyl Rs is methyl and Re is
4- e gp nd R4 are_ hoth ﬁ eglw %2 el
R pigAfee thmmamlcs@loam%&swng ﬁ;ﬁ/ bt b s ethyl,

ar e, hot h '

o pud gﬁﬁsh QX R2 % Hgﬁ% %&H%l cg(gt% tlﬁ? ?nd'k}sﬁ% vBNmEEyl, R,5

Wﬁtihyﬂopyaaﬂd R@ is S1; Rifan®RR, aredbd® lamﬂhjzﬂoyﬁopropyl R; and Ry are
anor henyl] . R3 and e d R5 and R6

aP@t}(lB’é?thY 1”1%/ d R anigh s Wgﬁﬁ’emﬁtg’}' lik? agé EPF/ tF‘f’r]]§yphenyl

R%aﬁt%gyl%rcﬁ&gr ?ﬂt R, BRi RY hre RROMRR, AR Rardl R Retbltlr 4 Fled Ry

an are bo

2, 5-di net hoxg hen |, R3 and R4 are
baiei‘oomfeumy&thy@/qlqarmll‘@i is raethiylRB4 lssith}ﬂi, ardIR savd Brare peth -H;

bot h cya hen and R4_are
ol 40 8 e WG 7t S Yo RGP b B ey ARER R R
R%re%@h R4 Rf sdaet &e %&Wﬁhen@rﬁﬁ}clBFWI ,RG aad R, hed llsbth Inliethyl and
Rl and R2 are both 4-chl orophen R3 and R4 _are

mBts lapdl Rs RS tosh ridt Ryand Berage pgth, gphqqquygloam YRR 504 %g@fehboth
2 d It}%t eg\%gé/ﬁg &%ﬁg aigla E%Ea% gﬁéﬁdﬁﬁe alt%q}oﬂ}]%ﬁgﬁﬁltyl R Q]& are

%Hﬁltlh@agyp E@@R& andRg a*gd;lgzaﬂ-farmbdmdtm amebdtylcyclapehti?, Bpeand Ry
are pot -H an are
2 25 efithrEted ﬂéﬂﬁé%wd Kesrabi i B SndBe rehethpiclobsiy. Reand

6 P et B ISR g
mahd R, aresudh Rhenys, an&IRs Rhd R drdbath et pBt fnd Ry are both methyl Rj
and Ry are both methyl, and Rs and Re are both -H; Ry and R; are both methyl, R3
and Ry are both #-butyl, and Rs and R are both -H; R; and R; are both methyl, Rs
and R, are both phenyl, and Rs and Rs are both -H; Ry and R; are both t-butyl, Rs
and R, are both methyl, and Rs and Re are both -H; Ry and R, are ethyl, R; and R4
are both methyl, and Rs and Rg are both -H; or Ry and R; are both n-propyl, R3 and
R4 are both methyl, and Rs and Re are both -H.
In specific embodiments, the bis(thio-hydrazide amides) are represented by

Structural Formula IV:
4
| |
Ri N N Re pv
N N
hd Y
S

wherein: R; and R, are both phenyl, and R3 and R4 are both 0-CHjs-phenyl; R and
R, are both 0-CH3C(0)O-phenyl, and R3 and Ry are phenyl; Ry and R; are both



2,5-difluororhenyl, R and R4 are both nethyl, and R5
and R6 are both -H Rl and R2 are both

wa 2e06tii2d1360r ophenyl, R3 and R4 are bot h et hyl pPCRUSE®6/018653
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methyl, and Ris -H, Rl and R2 are both
2, 5-di chl orophenyl, R3 and RAZare both met hyl, and R
and R are both -H Rl and R2 are bot h

. 5-119?13 r&rlgﬁtl g}; lgﬁ%‘ ﬁggllf.q b%m&ﬁa& % bOt otg%thre]?{yl anadrkg and R4 are

2 t da iR thyl R4l afRBR.
b%h%‘éﬂygr% F}{}eﬂéltotg?%eﬁﬂ R2 af%ﬁb%?iﬁiég%n ?OPEB gnd ’

%eéxoﬁlmmwhwwlandzmcan&&mb@a nzgtley] arrpoghpynitro

ey R e R ot BB RGY g PO Es- ?éﬁ P
%{d RP amLme %ﬁgﬁetﬁéz : & and B hrgwith %zshenya nid R aad®,R6: both

are both are oth cyc

|, R3 A
andund: R adR are bath RehlareRbhrEylcand %&?ﬁrﬁ% bathéﬁ%&g;zg and

ﬁg\f ﬁ%oé&h g%ﬁ%ﬂﬁeﬁﬁy jll_?d %3'&?}84 % bg‘{h:mg(ﬂﬁﬂﬂ RTBhAY, ardBoih S
e

1%Rh9m%ar@&oaw@thw@ﬁe et B Ry Rs apibRy gre both
Q-%ﬁ)rlf BNhaR ) Se béth Z%eﬁeg%;g% Rg} ﬁnch% Bnd R, are both methyl R1 and

ylcyclopro ryl, are both neth R5
eRbyste, beeilnd- nRﬁhomhbhlendMnR&arebwbmmyln& m;d By eueévoth

re 3t dimepioxphant 8 K pB® Ro it Sott By AP oy
aﬁqngiﬂo §-cﬁfbtrc'5b1ﬁﬁ§1h Yhd Rﬁéﬁh REa@mdttREhat R, bad R, mtﬁmﬁi

are | cycl opropyl, R3 and R4 are
b@tﬂadléluhlsﬂlpher&fh,obnﬁéhamd RR 83@ botb@mqﬁhyl 1 mad Bnarefothar e

o AU OB R Rl o 3

22@&%&1@3&}@1{&91 Ry Ry aﬁ@R@m@ Hth suethyh R handdbhye bothnd RS
nd are both -H R and R2 are both

22gneth9xsc§@mpgmwl apgRa sl R arghethmethyldtipd Rogrbed

S D S 8 et R,y et e
aragd R; %@Rbgtd‘boﬂ’rﬂ -eRiylgrdyRR anéRbaIel’boctly @erd:jhylyf’b —pyrliziyl and
and R4 _are bot h net hyl bot -H R
arBd apd R @rpRAth MeBLopdhity Pgelﬁéi Igzn‘ﬁ 256 -dime P?PLYF' r?-}}f%?‘s and
e ) R3ERd ROER bott
Cycl Rﬁ\éxyﬁnéﬁ%aﬂ %rﬁﬂ‘{farelﬂothahe 9d i@ R2 RQ oth
p-CF3-phenyl; R; and R, are both methyl, and Rs and Ry are both o-CHj-phenyl; R,

and R; are both —(CH;);COOH; and Rz and Ry are both phenyl; Ry and R; are both

™y

L)

represented by the following structural formula: 0 ,and R
and Ry are both phenyl; R; and R, are both n-butyl, and R3 and R4 are both phenyl;
R; and R, are both n-pentyl, R3 and Ry are both phenyl; R; and R, are both methyl,
and Rs and Ry are both 2-pyridyl; R; and R; are both cyclohexyl, and R; and R4 are
both phenyl; R; and R, are both methyl, and Rs and Ry are both 2-ethylphenyl; R;
and R, are both methyl, and R3 and Ry are both 2,6-dichlorophenyl; R1-R4 are all
methyl; R; and R, are both methyl, and R; and Ry are both z-butyl; Ry and R» are



R4 are both nmethyl, and R5 and R6 are both -H, R and

R are both cycl ohexyl, R3 and R4 are both phenyl, and
we3omnd4B6 are both -H R and R2 are both net hgjusR®6/018653

and R4 are both nethyl, and ﬁ% and R6 are both -H Ri

and R are both nethyl, R3 and*R4 are both -butyl, and

R5 and R are both -H, R and R are both methyl R3 and

St etuban Baan i gty r o BBl n B g A b
axﬂ:g b8§1 ﬁEtﬁPlp‘Rt] Bnd H’z a@ bR gy&pr@bﬁ @LHIRJ andFR@éﬁé b nadStByl R;

net hy ar e th -H and
aami Rt b3t qo«:lwydpyl R@d&adtnda&areeb%b tethyhéil hﬂ}iﬁ RZailFdeqf%

TSR RO, ol BREsLbo SUEREL M bt

%Mﬁﬁﬁﬁikgﬁggﬁﬂuﬁﬂ R Mindhese bsth Iﬁéthgam El B2d Ry ereﬂlxoﬂh
henyl ", R4 are both

ai@h@aﬂlwc@my @)i@spwélr%al are hﬁfgl T’P@hﬂnal P&A Rs %feﬁﬂ hy|
% R ARy, dog s Bl o,

baidR etmyR4 arR]:oﬁndefﬁyHiRe ahd)IRla arﬂﬂmﬂy byclwmtml‘alrﬁb ﬂdaﬂm@re
bot h w-g 101 ; Rl and are b g?he 1
abefhmacthyleRpisiaycloatanyl Rzrle’ip}é Are,2q 13’
phenyl ideflindlade 80@1 Bunds
bot h ZPE %}%r?e%hae@% S ﬁgggﬁh%%axgéagﬁﬂl ?Jiar e lp
MK B) arfdi pharmladeBtically dootptalyitealisland a@ﬂdaiﬂsf@mf R4 are
both 7 -butyl; Rl and R2 are both_p-chl orophenyl, and
R3 and R4 are both nethyl; RL and R2 are both

3-ni tropheny and RB and R4 are_both neth

R2 are both .noph nyl , Qind and R4 ate bdlth

met hyl ; Rl & % areNQoth -f op Nn | . ~and-R3 and
R4 are both nefhyl )Rl axd are JfF furanyl, and
R3 and R4 are both phenyt; R1 and are.ooth

2- met hoxyphenyl, arml R3 and R4 are both net hyl; Rl and
R2 are both 3-met hoxypherfy¥nRayad D and R4 are bqth
nmethyl; RL and R2 are both 2, 3-di net hgxyphenyl, and R3
and R4 are both netp Rl and R2 a gt h

2- met hoxy- 5- chl or or , and R3 anfj are both ethyl;

Ri and R2 are both

S
Compound (2)

15 Compound (3)

2 op@

S Compound (4)



2,5-di fhiorophenyl, and R3 and R4 are both nethyl; Rl

WO%g}?ﬁ%ﬁre both 2, 5-di chl or ophenyl, and R3 a%TﬁlS@P(ﬁ;ml%ﬁ

nethyl; R and R2 are both 2, 5-di net hyl pheny
and R3 and R4 are both meth I; Rl and R2 are both
2- met hoxy- 5~chl orophenyl, -anmd" R and R4 are both
methyl; RL and R2 are both 3, 6-di net hoxyphehyl and R3
and R are both nethyl; R and R are both phe yI, and

R3 and R4 e~bot h 2\-eth e both
2- et hyl - dyl, land andj|R4 ag hyl ; or
Rl i s pheny R > ol Yy, and R3 and R4
~are both nethyl; an re bogh nmethyl, and R3 and
R4 are both >-CF g-phenyl; R and R2 are both nmet hyl ,

and R3 and R4 are both o- m%;(%g R and R2 are
both -(CH 2)3CO0H, and RORH re both phenyl; RL
and R2 are both represent ed by the fol I oW hg OCH3
struc ' “and R4 re A h~phenyl™, Rl

and R2 ‘are ot h]n- but\yl d and bt h
phenyl ; Ri and R : R4 are both
phenyl; Rl and ar k{%zh rret hyI an R3 and R4 are
bot h 2-pyridyl; Rlcand are both cyct ohexyl, and R

S
and R4 are both phenyl; Rl and R2 are both nethyl, and
R3 and R4 are both 2-et kiphmpoeng (@) R and R2 are both
nmet hyl, and R3 and R4 are both 2, 6-dichl oropheré(N

R1-R4 argcal | _gethyl; Rl and R2 are both g and
R3 and R4 an€ both ?-putyl nd R arg et hyl
and R3 and botpp e I ard 2= e~bot h

*-butyl, and +R4~aFe bofh hyl Rl and R2 are
bot h cycl opropyl, RBl and R4 afk bogh methyl; R
and R are both cycl opropyl, and R3 and R are both
ethyl; R and R2 are both 1 nmet hyl cycl opropyl, and R3
and R4 are both met hyl ; re both

2- met hyl cycl opr opyl, and%gg%g 4 are both met hyI R1
and R2 are botqbcikghenyl cycl opropyl and RD@Hd R4 are

bot h net hyl ; R2 are both phenyI cyc| opropyl,
and R3 and R gge_both net hyl; and R ar g2bot h
cycl obutyl, & and R4 g e bgth et hyl and R2
are both cycl N%l\nfoll a e
H H
CHO S s OCHs
Compound (8) ;
OCHj OCH3
I
. N
H
CHO 8 S OCHs

Compound (9)



both nethyl; R is cyclopropyl, R2 is phenyl, and R3

and R4 are both nethyl. Preferred exanpl es of
woieet1h#6 hydr azi de ami des) include Conpounds PCYASLIBY/018653

and pharmaceutically accepta be salts and sol vates

t hereof : Conpound (1) Conpound“(’5) Conpound (6)
Conpound (7) Conpound (8) Conpound (9) Conpound (10)
Compound (11) Ebnpound (12) Conpound (13) Coppound (16)
and Particul arexanpl es of bis(thio-hydrazi'de am des)

i ncl ude Compoupds (1), (17), and (18).
enbodi nent s, t hod |of pfepar Chg a |
( d

bi s(t hi o- hyd e_aninde) disal #(i ncl
conbi ning a netifra IoiéIN i o-Yiydr adi de Jam d€) and an
organi ¢ sol vent sel&ctedifro netHdnoI{;ethanol
acetone, and nethyl "ethyl ketone to nmake a m xture;
addi ng at |east two equi@ahpntnd (80) a base sel ected
from sodi um hydr oxi de, potassi um hydroxi de, sodi um
nmet hoxi de, pg#Fassi um net ho ide,c§odiu et
pot assi um et e to|the xturje, thereb
sol uti on; anad comi niNg_ t hessoldti on-Mad
tt-butfdC@t herf to pfeci Pitate the Nisal
bis(thio-hxﬁqﬁgide59n1d . I'n preferredsemb@Chgnt s:
the organic solvent is acetone; the base is ethanolic
sodi um et hoxi de; the or daempowi#&ht is ethanol; the .
base i s aqueous sodi um hydroxi de; the neutra

bi s(t hi o- hydgazide ami de) tﬁ:aanor tre n

bi s(t hi o-hye anilde) Is:
N _N
HsCO H/U\H\L\J{ OCHg

Compound (12) ;
OCH3; . OCHj;
A N
N\N/l\v/l\N/N
~ H H
S S
Compound (13) :
Cl Cl
I
NN
Cl S H H S Cl

p | Compound (14)

2



or A "straight chained hydrocarbyl group"” is an
al kyl ene group, i.e., -(CH)y-, with one, or nore

wopowilesabl y one) internal nethyl ene groups oppcomabkdogo18653
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15

replaced with a |inkage groug y is a positive integer
(e.g., between 1 and 10) perably between 1 and 6
and nore preferably 1 or 2. A "linkage group" refers
to a functional group which replaces a nethyl
strai ght chai ned hydrocarbyl. Exanples of suit
I i nkage groups i nclude a ketone (-C(O-),

al kyne, ene, ether hi oether or

am ne (- ), mhireln ef i ne

preferre age gNqup i ). and R6

are defi ned above” Sui'Nabl e bstlﬁuents

al kyl ene group and a h¥yldrocarbyl g up a ﬁtwhich
er

do not substanti@lly intepfere t he
activity of the bls(thlohgﬁ‘ggw%%§ggnldes and t axanes.

R5 and R6 are preferred substituents for_an | ene
or hydro gra\bkreprQ§ented3by Y. gﬂﬁ e
group is ai ght chai ne br ajhjched or

non- ar omet ydr ocddqon i conplNe sapur at ed
or whi ch contai ngfone mor ey uni t sNof unfat urati on.

Typically, a strajght ai ned| or brlanche al i phatic
group has from1 <o about 20 carbon atons, preferably
from1l to about 10, and a gyﬁ@b@hdﬂ15phatlc group has
from3 to about 10 carbon atons, preferably from3°to

about 8. An aliphaticgroyup |scprefe ably st rai ght
chai ned or ial kyl|l grou e.,é |, ethyl,
72-rropyl, N<n- L ert-hx&yl,
pentyl, hexyl, /pe tyI r octyl, a al kyl group
wth 3 to about 8gcarbon atons. Cl- @0 straight

chai ned or branchgd al kyCogpoupi @7)a C3-C8 (:y%]k;1
al kyl group is also referred to as a "lower dlkyl"
group. The ter "aro tic guoupt)nay

i nt er changeabl "aryI " I omati c
ring," "aryl N ot Aronmati c
groups i ncl ude H

S Compound (18)

Particular examples of bis(thio-hydrazide amides) include Compounds (1),
(17), and (18).

In some embodiments, a method of preparing a bis(thio-hydrazide amide)
disalt includes the steps of combining a neutral bis(thio-hydrazide amide) and an
organic solvent selected from methanol, ethanol, acetone, and methyl ethyl ketone to
make a mixture; adding at least two equivalents of a base selected from sodium
hydroxide, potassium hydroxide, sodium methoxide, potassium methoxide, sodium
ethoxide and potassium ethoxide to the mixture, thereby forming a solution; and
combining the solution and methyl zer¢-butyl ether to precipitate the disalt of the
bis(thio-hydrazide amide). In preferred embodiments: the organic solvent is
acetone; the base is ethanolic sodium ethoxide; the organic solvent is ethanol; the

base is aqueous sodium hydroxide; the neutral bis(thio-hydrazide amide) is:



car bocyclic aromatic groups such as phenyl, naphthyl,
and ant hracyl, and heteroaryl groups such as

wom@azeisyl , thienyl, furanyl, pyridyl, pyrim ggijus2006/018653
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pyranyl, pyrazolyl, pyrroyl, pyrazinyl, thiazole,
oxazolyl, and tetrazole. The ﬁérn1"heteroaryl gr oup”
may be used interchangeably with "heteroaryl,"

“heteroaryl ring," "heteroaromatic ring" and "heterg
oup." The term "heterqaryl," as used
; nﬁno-or [ ic aronatic
onpris t one heteroa

; oxyge but™ ma c
hrteroat@hs per fing. A¢bnatic gr oups

al so include flused polycyclic aromatic ringisystens in

whi ch a carboc§clic aromatic ring or heteroatyl ring

is fused to one or nore other heteroaryl rings.

8 nbicd uelembeRaRl NS aMlde) Renzof uranyl, i ndol yI,

qui nol 1 nyl', benzot hi'azol e, benzooxazol e,

benzi m dazol e, quinolinyl, isoquinolinyl and

i soi ndolyl. Th tern1raryl©ne" Qefer% to anaaryl group

whi ch is conn t he Jjemai fder | ecul e by
two ot her bonds.
1, 4-rhenyl ene grou
for an arylene grogp are as described b®l ow fogran
aryl group. Non-aromatic heterocyclic rings are
non-aromati c rings which ipacludg one or nore

het er oat ons su
ring. The rin
ei ght - menber ed. /Ex | eN'i ncdde tletrahydr of ur anyl ,

t et'r ahydr ot hi ophenyll, nd? phol i no, hi onfir phol i no,
pyrrolidinyl, pipeﬁ%zinyl, pi peri di nyl, “and
thiazolidinyl. Suitable substituents on an aliphatic

et of odk SPER PariR BRI eliPhny in JROGRS S0 Lo, -(CHa)-
gﬁ@f}p&ﬁysﬂ L GreARELINGH IS RRY ﬂl'tte)ﬁﬁ‘atﬂﬁnétﬂﬁéﬁ ol ortonaRf replaced

stantially Tnterféere W e anti-cancer act|vit%
ofwithheelinkage group. y is a positive integer (e.g., between 1 and 10), preferably

between 1 and 6 and more preferably 1 or 2. A “linkage group” refers to a
functional group which replaces a methylene in a straight chained hydrocarbyl.
Examples of suitable linkage groups include a ketone (-C(O)-), alkene, alkyne,
phenylene, ether (-O-), thioether (-S-), or amine (-N(R")-), wherein R is defined
below. A preferred linkage group is -C(RsRg)-, wherein Rs and Re are defined
above. Suitable substituents for an alkylene group and a hydrocarbyl group are those
which do not substantially interfere with the anti-cancer activity of the
bis(thiohydrazide) amides and taxanes. Rs and Rq are preferred substituents for an
alkylene or hydrocarbyl group represented by Y.

An aliphatic group is a straight chained, branched or cyclic non-aromatic
hydrocarbon which is completely saturated or which contains one or more units of
unsaturation. Typically, a straight chained or branched aliphatic group has from 1 to
about 20 carbon atoms, preferably from 1 to about 10, and a cyclic aliphatic group

has from 3 to about 10 carbon atoms, preferably from 3 to about 8. An aliphatic



10

15

20

25

30

bi s(t hi ohydrazi de) am des and taxanes. A substituent

substantially interferes wwth anti-cancer activity
wohers/ kB ant i - cancer activity is reduced by nmeCcE/USh®R018653

about 50%in a conmpound with the substituent conpared

with a conmpound w thout the -ddbst i t uent . Exanpl es of

sui tabl e substituents include -Ra, -OH, -Br, -d, -1,

_F, -ORa, -O CORa, ~CORa, -CN, - _COOH, -
_ syPRp s upfkerbly Retaiehi)chal ancl%’lkyl EFNfHp & g?%ﬁ%ﬁ sfhyl,

R ISP B R BN o AN Ry e ore

- SicrNigy IgHﬁJ,p witf 3hbhbdHRaarbotatd) AN RCRRIsjraight chamed or

N@P@{Fég Ryl &F—‘E{P%&%mg ﬁﬁﬁﬁaq\i}_‘hg( gr IO\IW_}? é?l %Raﬁéég)ﬁil Io a%“lowe1

gfwg((ggﬂg C) - NH2, - NH C(=NRc) - NHRa,
- NRc) - N(RaRb) , - NRdH- C(=NH) - NH
- NRd- hﬁ\}a}mhﬂa[mnaucmulﬁ(mMa N(eﬁgnﬁpq;g;langeably with “aryl,” “aryl

- NRd,,gmNRg‘} r’l%?%&lﬂ@f Fégmﬁ(H Ragm%gﬁﬁﬁraqupi I\Iﬁﬁa%t}c groups include

%%hc adaRNdRroups SGRINRafReny; Gph@iRaand-aoHraiRa Rnd heteroaryl
CRc= Rb, ~CRc FgrCHRa - x:

SoapFBICh A8 dMIdBEolyh menm&@yamwé%amﬁwég%ﬁﬁ nyreAlyL
@%’%M%ﬂa@%% ero?ﬂ Pandh Paz%![e? el 6 B REREY Fﬂogp”

ento et ormanotlona
S ﬁia? toee m@écbmeﬁdmgemwuh “he!bmarz,d Y Cheterogrd mimg, ”‘I‘Hr@tero aroma’uc

| kyl t d h
?@5% L et ORI TRCEHb BTG, & WSy Brsves
UB-or grﬁf ﬁ%?@ﬁceﬂ'oﬁbétlc NEBREDIe Ao heRetpriRBat RAAIOhY haltbatom

n epende substituted with one or nore groups
r eywhes emtr@&:nbgulﬁar an@#xygn,rbm mmmcludq r?a|3og|4|&3ﬁtgroatoms per
- SR+ N(.R+ NHCO2 R+ }gg)[
 RPHATO RIS OURE P OTHEY S 2 PRI G JC Yo i which

%('é%ﬂggc'ﬁt ;arorfehtid Eﬁ@ﬁi‘b‘ceroﬁ@gl@'@%@)d% one 602BE other
heteroaryl rings. 2Examp1es include benzothienyl, benzofuranyl, indolyl, quinolinyl,

benzothiazole, benzooxazole, benzimidazole, quinolinyl, isoquinolinyl and
isoindolyl.

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

1,4-phenylene group is shown below:

—( )t

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

Non-aromatic heterocyclic rings are non-aromatic rings which include one or
more heteroatoms such as nitrogen, oxygen or sulfur in the ring. The ring can be
five, six, seven or eight-membered. Examples include tetrahydrofuranyl,
tetrahydrothiophenyl, morpholino, thiomorpholino, pyrrolidinyl, piperazinyl,
piperidinyl, and thiazolidinyl.

Suitable substituents on an aliphatic group (including an alkylene group),

non-aromatic heterocyclic group, benzylic or aryl group (carbocyclic and heteroaryl)



~OC(O R+, -0C(0)N(R +)2, -S(O) 2R+, -S@N(R+)2 -S(O R+
- NHSO2N( R+) 2, - NHSOR2R+, - C(=S) N(R+) 2, or

woCiesNRl b R+) 2. R+ is -H, a Cl-C4 al kyl gr oupPC&US2006/018653
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nonocycl i c heteroaryl group, a non-aromatic

het erocyclic group or a pherryllé'group optionally
substit ut ed vvi th aI kyI hal oal kyl , al koxy, hal oal koxy
hal o, - ne, alkylamne or di.al kyl am. n

Opreithosa |w1ych @m@otgsslbﬂﬁmaﬂl(ymt@fp@ vl 64 2B GARGGr AoV of the
Eg{sgtp %&rﬁhﬁe)ga[n%ﬁgs ol QYAE Oy Elgﬁgtﬁ%psﬁﬁﬁﬂﬁiﬂﬁmeiferes with

I'C ‘groups repr esente
t hati-caRepidtisey mﬁmlmﬁmnycanmgacamms radeced pyinorralthap about 50%

e e el L S 30l
e Wh{‘%ﬁﬂﬁ:l& hfgﬂggd18¥ﬁbsn&§%nﬁn@hd%gﬁz OF-64 - |01 1, -F,
DR, NBCBRE FCOR 5-CBY, -Nm,mgﬂr it et Y R,
al'eéb i e AT dﬁg‘* ZIQR& &

2, REARORAH, QHG@NU&RB)@ LNRTCONHZ CZNR CONR*‘H
haloalkox Jphenyl benzyl

- NR°CBN(RRP), -CREELNE zﬁ@(*ﬁ%ﬂ@r&edcéﬂﬁg) N(B‘é?ﬁt)’s for

re@%g\?gﬂ#\i%z b (r%?gl\gﬁgzuéi% Zﬁgiﬂ@groups as a

mNﬂy@(%ﬁm QTS NH)INRRY), d‘ﬂE-@(bNRﬁ)‘-}NébSt ood

LENab@"’“ °éﬁ%&”w°°ﬂ?m€°”” ém%%@ﬁ%o;m%?cg NEFNET ™
ﬂﬁ% E [ sémarl orzg gﬁ%g&%ﬁ]@c_mﬁgtwégnuon .
thﬁR csseNﬂ%)eNH@é,Lm?Fﬁ@ah DHNEBERY O,g*N}EﬂHn,r-é&ﬂﬂéE aNfIRaR
{ a i ,
; nep o PR SRR e et BReG Cl e Konan be
SG@R”%}@@*’ AR LSgRAL R LSRTEY, ADRS LB ASRE, se@jwdandsso@)zw

as chromat ography. 'EXEMPLI FI CATI ON EXAMPLE
PrRéfRiraa¢ eash 1odepPhdandlymatiiyd (gtqmpoamyv@tlagrca@ a@n ar@}natlc

(S%Sﬁb%cgf Agf%%% SK}T@{YE\% wg%g tco%'e&lep%lﬁr?éﬁ gﬁmﬁ{gﬂg%hbsmuted

non-aromatic heterocyclic group. The alkyl, aromatic and non-aromatic heterocyclic
group represented by R*-RY and the non-aromatic heterocyclic group represented by
-N(R®R®) are each optionally and independently substituted with one or more groups
represented by RY,

R*is R*, -OR", -O(haloalkyl), -SR*, -NO,, -CN, -NCS, -N(R"),, -NHCO,R",
_NHC(O)R", -NHNHC(O)R", -NHC(O)N(R"),, -NHNHC(O)NR "),
NHNHCO,R", -C(O)C(O)R", -C(0)CH,C(O)R", -CO:RY, -C(O)R™, -C(O)NR M,
-OC(O)R*, -OC(O)N(R M, -S(0)R", -SON(R™),, -S(O)RY, -NHSONR s,
NHSO,R, -C(=S)N(R M)z, or -CENH)-NR .

R" is —H, a C1-C4 alkyl group, a monocyclic heteroaryl group, a
non-aromatic heterocyclic group or a phenyl group optionally substituted with alkyl,
haloalkyl, alkoxy, haloalkoxy, halo, -CN, -NO,, amine, alkylamine or dialkylamine.
Optionally, the group ~N(R™"); is a non-aromatic heterocyclic group, provided that

non-aromatic heterocyclic groups represented by R” and ~N(R "), that comprise a



conmbined with 40 nL of absolute ethanol to forma
m xture as a slurry. Aqueous sodi um hydroxide (3.0
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with stirring at roomtenperature, and the m xture was
cool ed to not exceed 35 degrees C. The aqueous sodi um
hydr oxi de addi tion vessel was rinsed with 1nL of water
and 5 nL of ethanol, ? the rinse re added to the
niegendasy ripg painee PpiRlly erdatel or alkelaleds stirred for

110 m Iy | ouns

bi s(t h?%&%ﬁeg rsgglﬁgﬁﬁgﬁoge?ﬂeﬂ oll&igjngiv?/aﬁg%sgje%%rng% grérd l|)nt 0
tﬁpﬁeeﬁadlhj' Rp&u} inolude {03rC4 hlxyt, @u@mmgxm@a@ﬁé@loalkyl C1-C4

haBtIFo BB LRSBRA B DohCN G Bt GniiaBoudoy ol 1)
di sodi P?f@'}eﬁ(shﬂétﬁuaﬁéjfo@%hQEp@dﬂcdﬁéupS Q{o‘lﬁdlﬂgal\i)ﬂﬁtﬂc groups

conbi ne
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stelprasemiecﬂ by ReRaninalnde £1¢ B eﬁqyb |Gzel;€f1 @Esoaszaéalr Cédlamﬂ%gl -C4

h il
DA RO R Yl S R AT IRl 4, MRSt Ly .o
acetate fdﬁ éa]ydubétﬁﬁémb fr\l cyeloaksyl gioap) 1ﬁ«t&ﬁd1nlg)cy510aiﬂsybgroups

et hyl acetate. Residual solvent was renﬁvg vacuum
t tepseied b R1 ghdi e, 416 3ty! souph such SgunahyEa ?t thgreroups.
Conpou ¥ d in th ti
cont amﬂ(r:1l7\z§11§11t]a>1 S\/C\)/a":}ie @dgﬁhq%d%ﬁmw%ﬁ@o{gﬁouﬁ;gﬁ : d of 6_63?%“ o
Bhﬁl@%blo@tdﬁwdraamfdﬁeﬁmtm‘ems@l&sde gmdﬁstbteomemmldt dpiantgbmers)

t f th b l d
D {6 WorFRa AL AN E NP TEGH SO e Y NS
1 fisBlos&f cImRIIMbs RS mbmBué ¥t tré?atﬂﬁgra sﬁlB]@ctS@ﬂtH LG gixéh' is®fers and

m nutes (precipitation occurred in I'ess than
rmnmlm)therécrf adHidingnatmit Znixiures. Steepigpmersrcan by genprated and

S added. t sul.ting thick slurry, and was
sl?siofart USRg Anypui @F eg}?] > SR 45 Oénat%%gh}ysul ting
slurry was filtered, washed with 10 nL of a 1:1
m xture of ethyl acetate:neth rt-butyl ether,
fol l owed by 10 nlL of e@ﬁSEMBI?%‘tIQMIOﬁe& dual sol vent

AR 2 aH TR R e PR AR aBigducon

No yel | owingabaarbiR@hio-asazdsarbide) (Compound 1, 15 grams) was
combined with 40 mL of absolute ethanol to form a mixture as a slurry. Aqueous
sodium hydroxide (3.0 grams NaOH in 3.0 mL H,0) was added to the mixture with
stirring at room temperature, and the mixture was cooled to not exceed 35 degrees
C. The aqueous sodium hydroxide addition vessel was rinsed with 1 mL of water
and 5 mL of ethanol, and the rinses were added to the mixture. After addition, the
mixture was stirred for 110 minutes. The resulting yellow disodium
bis(thio-hydrazide amide) solution was separated into three eqﬁal portions for the

following examples.

EXAMPLE 1: 63% Yield of Bis(thio-hydrazide amide) Disodium Salt
A one-third portion of the above yellow disodium bis(thio-hydrazide amide)
solution was combined with 17 mL of methyl ferz-butyl ether and stirred for 60

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



EXAMPLE 3: 96% Yi el d of Pure Bis(thio-hydrazide am de)
Di sodium Salt A one-third portion of the above yell ow

wdizemoi2umss bi s(t hi o- hydrazi de am de) sol uti on WRET/US2006/018653
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combined with 17 nL of net hyI1 ert-butyl ether and
stirred for 60 m nutes (preci Ei'tation occurred in | ess
than 30 mnutes). An additional 34 nL of nethyl te

G ST e a6 e e rl 0, LR B o
rll;%?l%hlzteg t%g S%E;obfétt P efdtd. t RESEL a1 ¥BSHR &hradrdrovidd bilvastiua to

reo acetate:nethyl ter t-butyl ether,
f give evsacgrbxgs g@w}mfdhe disodimaebtod Comprard (o aF aPglepeHpw solid.
was renove vacuum.to give 5.35 grams (96% of the
dAsXS’&PWrﬁ%%‘FTPXWWéBNEb fid (1) as a pale yellow solid.
No yell ow contam nant was visible. Wiile this

invention has been particul arly shown and, descrihed
WENAMPLF 28786 Yieldpr dtuse Bis( thipthydr wdche amided Dusgdium Salt

il b ' hi i
L G e e

vari ou$* Tia orm an

t E‘«ﬁﬁﬁdtn{‘w\éé thasihedama gvgmg oﬁ methyl feer-sutghsthafanttsgrred for 60

i nvention enconpassed by the appended cl ai CLA

\é\hatluti?%(mﬁcawlfﬁé@n jogeurned lﬁlwéfwg%dﬁmﬁreébaﬁ H@dlgona% ml of
I.S(.thio-| ' i ' . ARy has & %

or LT AL SR e 6 SRl s g

Ohgdifbsal dalhvent Tasdealthasdutpwhofitterad, washed with 10 mL of a 1:1

S B 2B ) 30 Yo SO SR B
" i it At . ! . B0 0 e disodi
ar%%gfg? ‘lfd S?Neﬁ‘ﬁvggsn%t ho%l(i g?ﬁ/%é ai mwlé{z%/ﬁg?ei n a(tg?l/gg)gtt * C,hiSOdmm
algltibf Compowidal) esupalalyeliow solid. t Ne yblbese certamipl wyeyisivle.
for each nolar equivalent of neutral

bi s(t hi o- hydrazi de anm de). 3. The nethod of Caim 2,

WHEt EMPILING: 96 GAviefd §OPY R Bis{thiodRfdazide 2otibe)EDisodinm Salt
A one-third portion of the above yellow disodium bis(thio-hydrazide amide)

solution was combined with 17 mL of methyl terz-butyl ether and stirred for 60
minutes (precipitation occurred in less than 30 minutes). An additional 34 mL of
methyl fert-butyl ether was added to the resulting thick slurry, and was stirred for an
additional 14 hours. The resulting slurry was filtered, washed with 10 mL of a 1:1
mixture of ethyl acetate:methyl erz-butyl ether, followed by 10 mL of ethyl acetate.
Residual solvent was removed by vacuum to give 5.35 grams (96%) of the disodium

salt of Compound (1) as a pale yellow solid. No yellow contaminant was visible.

While this invention has been particularly shown and described with
references to preferred embodiments thereof, it will be understood by those skilled
in the art that various changes in form and details may be made therein without

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



4. The method of Caim3, wherein the organic sol vent
is selected froma Cl1-C4 aliphatic alcohol, a C1-C4

wabkophatize ketone, a C2-C4 aliphatic ether, a €2TM42006/018653
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cycl oal i phati c ether, dioxane dinethyl fornmam de,

di nethyl sul foxi de, N-methyl-¥rrolidone, a glycol, an
al kyl glycol ether, dioxane, and acetonitrile. 5. The
nmet hod of Claim4, wherein the organic solvent is

sel ected from nethanol, et k&S 1- propanol ,
2-propanol, 1-butanol, tert-buty\ al cohol, acetone,
tetrahydr of uran, and nethyl ethyl ketone. 6. The

meiie @hinfedas:m 4, wherein the organic solvent is
sel ected from net hanol, ethanol, acetone, and nethyl
ethyl ketone. 7. The nethod of Caim2, wherein the

bagse | %y%?%l)@(?‘ggﬁreg é%ag’gflélﬁhiénﬂm&ﬁ@(érﬁiﬁe) @Balglck@biising the

met al met'al Cl-C6 al koxi de, or an
al kal i steptaf: ami de. 8. The nethod of Claim?7, wherein

e a2 S i SR i v

sodi um am de, or aﬁ@h%ﬁéﬂ ic] rfbﬂﬁh@ﬁ(th&-hﬁﬂi@zlm‘aﬁrhmé) sflution; and
Claim7, wherein the base is selected fro

hydr oxi de, souiburmgrdersokiice andmetyd P Ey ﬂ%ﬁ?’rdglef 5.
The met hod of CI a| Létﬁtlwg%rd? aﬂotfl?lfelﬁ 'hzdﬁa%cﬁ'alﬁﬁﬁé)

nmet al hydri de, Ika n aryl
al kali netal. 11 The nmet hod of Cla|n110, wherein the

e R S T
h |1
e L

bi s(t hisavitig)dr azi de am de) is substantlally i nsol ubl e
in the organic solvent..

3. The method of Claim 2, wherein the organic solvent is water-miscible.

4. The method of Claim 3, wherein the organic solvent is selected from a
C1-C4 aliphatic alcohol, a C1-C4 aliphatic ketone, a C2-C4 aliphatic ether, a
C2-C4 cycloaliphatic ether, dioxane dimethyl formamide, dimethyl
sulfoxide, N-methyl pyrrolidone, a glycol, an alkyl glycol ether, dioxane, and

acetonitrile.

5. The method of Claim 4, wherein the organic solvent is selected from
methanol, ethanol, 1-propanol, 2-propanol, 1-butanol, ter¢-butyl alcohol,

acetone, tetrahydrofuran, and methyl ethyl ketone.

6. The method of Claim 4, wherein the organic solvent is selected from

methanol, ethanol, acetone, and methyl ethyl ketone.



13. The nmethod of C aim 12, wherein the neutral
bi s(t hi o- hydrazide amde) is first conbined with the

wongsnizer3sol vent to formng a mxture, and t herbo@aas2006/018653
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liter P

added to the mxture to forn1bhe bi s(t hi o- hydrazi de

am de) solution. 14. The metR8d of Caim12, wherein

bet ween about 0.25 and about 2.5 noles of the neutral

bi s(t hi o- hydrazi de .ani de) ar onbj ned per each |iter

of. or B TR b klameh Weran ot ah et g fmoniun

wher ei WE. OgU ' €% BfoxidiCor an

neut r a&%ﬁ%ﬁ’ﬁ#ﬁ@%ﬂ? St% %@rg}?nged g?%ggraleﬁ%%%%or?% ed per

each | jlksli nefal amidni ¢ sol vent. 16. The nethod of Claim

14, wherein between about 2 and about 5 nol ar

equi val ents of the base are enployed. 17. The net hod

of G aim ﬂn@tﬁo\ﬂ’i}ﬁ@éﬂi DINRER RIS is?so@iuﬁﬂgyc&bﬁdé, potdssium

nol ar equi val ents of the base are enpl oyed. 18. The

met hodhydroxide; sedivg) Chir dkexidd patass éCéfaﬂf%de, sodium

neut r al bc{s thito-h drazcﬁ' de am de) is conbined per each
1Geh & RSN 86 °vent . 19, The nmethod of O aim

18, wherein the organic solvent is ethanol. 20. The

met hod of C aim 19, wherein the base |s about 2 nol al xid
t 8. aboihe methsidnt Cg@fgb’éughegqjg iﬂmﬁzﬁ%ﬁs(gggc’@ Irogn iqdnpﬁély roxide,

nmet hod _ of. ' e organi c solvent is -

acet ong&° lﬁrgéfﬂ%ﬁgr%toﬁgﬁ{ngl?%gogﬁﬁz 1, wherein the base

is about 2 nolar to about 5 nolar ethanolic sodium

et hoxi de. 23. The_ net hod of. imil r.ei n e. . .
nédt r aithy ifflse(d%%ii - FHym 22‘?’ el&ﬁ?%%se i‘gsmrméglg?lbglgﬂ g%drbdg? an alkyl
the f0'ahﬁ’@"nﬂ%al,s&rﬁ%&‘lrﬁi{aﬂzﬁéﬁy| a: wherein: Yis a

coval ent bond or an optionally substituted straight

chai ned

11.  The method of Claim 10, wherein the base is lithjum hydride, sodium
hydride, potassium hydride, butyllithium, butylsodium, butylpotassium,
phenyllithium, phenylsodium, or phenylpotassium,

12.  The method of Claim 2, wherein the neutral bis(thio-hydrazide amide) is

substantially insoluble in the organic solvent..

13.  The method of Claim 12, wherein the neutral bis(thio-hydrazide amide) is
first combined with the organic solvent to forming a mixture, and the base is

added to the mixture to form the bis(thio-hydrazide amide) solution.

14, The method of Claim 12, wherein between about 0.25 and about 2.5 moles of
the neutral bis(thio-hydrazide amide) are combined per each liter of organic

solvent.

15. The method of Claim 14, wherein between about 0.75 and about 1.5 moles of
the neutral bis(thio-hydrazide amide) are combined per each liter of organic

solvent.



10

hydr ocar byl group; R1-R4 are independently -H, an
optionally substituted aliphatic group, an optionally
weubwiiassed aryl group, or R and R3 taken togetChais2006/018653
with the carbon and nitrogen atons to which they are
bonded, and/or R2 and R4 takedt ogether with the
carbon andnitrogen atons to which they are bonded,
forma non-aromatic heterocyclic ring optionally fused
to an aromatic ring; and Zis Oor S. 24. The nethod
of . C ai [
aﬁq' de?’fﬂqsl%?te}lgrﬁ‘e&ggﬁ Hl It4g %vh@ﬁaﬂ{ ?éﬂve%ﬁw%%u@ %;%?E g%{ﬁlrtgzrhglﬁl
For mul a%mw]@ftebflthelﬁasewnde]ﬁﬁloaeé both phenyl; R3 and R4
are both nmethyl; R and R are both -H Ri and R are
bot h phenyl; R3 and R4 are both ethyl; R and R6 are
by h *T‘H E{eﬂ‘%ﬁ%f '@lﬁfr?lé)%ﬂ%réﬁn ByRReR EI%WIZ 0 483 adogt R molar
are bot ; RS 1s met R6 is -H R and R are
bot h 4eqmvdia)¢ypf1@njola$e em@emnéym are both nethyl; R and
R6 are both -H, R and R2 are both phenyl; R3 and R4
are both nethyl; R5 is nethyl; Ris -H R and R2 are
bog h p'ﬂ‘ﬁ@iﬂethoﬁ%f@lﬁn% aﬂﬁr@ﬁ?hlbb@tlhﬁbla oRtliesnemathyl ; R6
is -H R and R2 are both 4- cyanophen){1 R3. and R4 are
bot h nbtsft;umhﬂrm@p meidglis combmedmer sgchiiier gisheprgapgeplvent
2, 5-di net hoxyphenyl; R3 and R are both nethyl; R and

15

20

19.  The method of Claim 18, wherein the organic solvent is ethanol.
20. The method of Claim 19, wherein the base is about 2 molar to about 5 molar

aqueous sodium hydroxide.
21. The method of Claim 18, wherein the organic solvent 1s acetone.
22. The method of Claim 21, wherein the base is about 2 molar to about 5 molar

ethanolic sodium ethoxide.
23.  The method of Claim 1, wherein the neutral bis(thio-hydrazide amide) is

represented by the following Structural Formula:

X "
o L AT
T YT
S R? RB S
wherein:
25 Y is a covalent bond or an optionally substituted straight chained

hydrocarbyl group;

R;-R, are independently -H, an optionally substituted aliphatic
group, an optionally substituted aryl group, or R; and Rj taken
together with the carbon and nitrogen atoms to which they are

30 bonded, and/or R, and Ry, taken together with the carbon and



R6 are both -H, R and R2 are both
2, 5-di net hoxyphenyl; R3 and R4 are both nethyl; Ris

wortdeyk473R6 is -H, R and R are both 3-cyanopheaylus2(88/018653
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and R4 are both nethyl; R5 and R6 are both -H R and
R2 are both 3-fluorophenyl; -R3-and R4 are both met hyl ;
R and R6 are both -H R and R2 are both

4-chl orophenyl; R3 and R are both rreth l; %5 IS
methyl; R6 is _letqqgelhﬁamﬁisoyp@ @3hale onded, form a

2- di et hoxyrheny i\ ﬁs@ét@ﬁgmomatm
R6 are both - %ﬂ ?égﬁgghgt%re x#/,pheny

and R4 are both fBg;d; R5 and R5 are both -H Ri and
R2 are both 2, 3-dj nethoxyphenyl: R3 and R4 are both
methyl; R5 andRRé?8Fe both - H; R and R2 are both

2, 3-di met hoxyphenyl ; R3 and R are both methyl; Ris
nmethyl; R6 is -H R and R2 are both

225- di Theoretiptierfydlain3, aiwrd etreeaeuwtﬂow@nh-}wdraadaﬁan@) is

are both -H, ot h Iuororhenyl R3
and R4reé’F%SeBt§flt?y2]éﬁ‘?§ W"F%Sﬁf‘%mﬁét]ﬁ aF<6 is -H Rl and

R2 are both 2, 5-di chkRgrophenyl ; and R4 are both
methyl ; R5 and R6 ar¢ bothl]-H and R2 are both

2, 5- di met hyl ptRery! ; Ng\ﬁn 4 %tpfhtﬁfyﬁiz, R5 and
Q{”/ Ho Rg Rs

R are both -H, N
S S

wherein:

R; and R, are both phenyl; R; and R4 are both methyl; Rs and R are both
H:

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

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

R; and R, are both 4-methoxyphenyl; Rs and Ry are both methyl; Rs and R
are both -H;

R; and R, are both phenyl; R; and R4 are both methyl; Rs is methyl; Re is
H

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

R; and Ry are both 4-cyanophenyl; Rs and Ry are both methyl; Rs and Re are
both -H;

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

R; and R, are both 2,5-dimethoxyphenyl; Rs and Ry are both methyl; Rs 18
methyl; Re is -H;

R; and R; are both 3-cyanophenyl; Rs and Ry are both methyl; Rs and Re are
both -H;

R, and R, are both 3-fluorophenyl; Ra and R4 are both methyl; Rs and Re are
both -H;



Rl and R2 are both 2,5-di met hoxyphenyl; R3 and R4 are
both nmethyl; R5 and R6 are both -H R and R2 are both

wohersyk473R3 and R4 are both nmethyl; R5 and R apeThstine/018653
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-H, Rl and R2 are both 2,5-di net hoxyphenyl R3 and R4
are both methyl: R5 is methyl23-R6 is -H R and R2 are
both cycl opropyl R3 and R4 are both nethyl; R5 and R
are both -H Ri and R2 are both cycl opropyl; R3 and R4
are boRhard Ry Iau;e 6L dchlorpharyd; Boeid Riprefiothmgthd Rypemethyl;
bot h cycl opg - R3 and R are both nethyl; RS is

nmet hyl ; ’Rl and R2 are both

1- et hR1 aNE R%gfequ\ﬂh »-dRBetBopRényl R; ot R, artHoH mettyl; Rg and
bond; R and are both 1-nethylcyctopropyl; R3 and R4
are both meRayrebas-Bnd R6 are both -H R and R2 are

2 R S R R B o

1- net hyl cyclaf.almpyﬂ{, R3 and R4 are both nmethyl; R5 is

ethyl and Ris -H ndR2
1- met hféye P@ﬁf%‘ﬂ%ﬂ“”ﬁg wﬁ%@ﬂlﬂwm?th%hxl Rs and
n- propyl ane RB Ri and R2 are both

1- et hyl cycl 3pr opyP;- R3 and R4 are both net h};)/ R5 and
R are tahd mtahwlbqth Ri3-dndtiRyplreayh dtsland R4 are oth methyl; Rs is
1- et hyl cycl oepﬁﬁpi& is ﬁS and R4 are both ethyl; R and
R, and R, are both 2,5-difluorophenyl; R and R4 are both methyl; Rs and
R are both -H;
Ry and R, are both 2,5-difluorophenyl; R3 and Ry are both methyl; Rs is
methyl; Rg is -H; |
R; and R, are both 2,5-dichlorophenyl; R; 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; 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‘Rz are both phenyl; R and R4 are both methyl; Rs and Re are both
-H;
R, and R; are both 2,5-dimethoxyphenyl; R3 and Ry are both methyl; Rs is
methyl; Rg is -H;
R, and R, are both cyclopropyl; Ra and Ry are both methyl; Rs and Rg are
both -H;
R; and R, are both cyclopropyl; Rs and Ry are both ethyl; Rs and R are
both -H;
R, and R, are both cyclopropyl; Rs and R, are both methyl; Rs is methyl; Re
is -H;
R, and R, are both 1-methylcyclopropyl; R; and R4 are both methyl; Y~ is
bond;



R6 are both -H, R and R2 are both
1-met hyl cycl opropyl; Ris nmethyl, and R4 is ethyl; RS

wandeR28m36¢ both -H Rl and R2 are both PCT/US2006/018653
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2-nmet hyl cycl opropyl; R and R4 are both nethyl; R5 and

R6 are both -H R and R2 arédboth '

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

R6 are both -H, Ri and R2 are both

é6 phe nmb a:gx}:qu medmyh 1-nRthyeychorapryliRe ndike a1y botbrmethyy Rs and
are bot d R2 are both cyclobutyl; R3 and

R4 are bot hRﬁé’EefRﬂh and R6 are bo%/h -H; )Iél and R2

are bogh gy RL %Qf&hﬂ-méﬁ%/l@iﬁlbﬁ?ép}df R oot R, srebbih metR§l; Rs is
and R6 are H, Rl and R2 are both cycl ohexyl; R3

chei tF){g ﬁrg mlﬁh’ylﬁ’e(iﬁylﬁ -HR5 and R6 are both -H i and R
R6 ar ekbg?%ﬁ-z 23 a?%%l?g argﬁggsflh W%W%}%%hyﬁaﬁﬁ%mw
both et h”FE‘%a%ﬁéﬁzﬂ e both butyl. RS and B8 o
ot h - B Rk Bacrerbthd enosr i aipys ErdphRa R og BoBgF R i
Pyl ra doRd SEReASEE L1 nlT °R and ?ereeaf’gt bot h

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

R are both methyl;

R; and R, are both 1-methylcyclopropyl; Rs and R4 are both ethyl; Rs and
Rg are both -H;

R, and R, are both 1-methylcyclopropyl; Rs is methyl, and Ry is ethyl; Rs
and Rg are both -H;

R; and R, are both 2-methylcyclopropyl; Rs and Ry are both methyl; Rs and
R are both -H;

R; and R, are both 2-phenylcyclopropyl; Rs and Ry are both methyl; Rs and
Rg are both -H;

R; and R, are both 1-phenylcyclopropyl; Rs and Ry are both methyl; Rs and
Re are both -H;

R, and R, are both cyclobutyl; R3 and Ry are both methyl; Rs and Rg are
both -H;

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

R, and R, are both cyclohexyl; R3 and Ry are both methyl; Rs and Rg are
both -H;

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

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

R, and R, are both methyl; R3 and R4 are both #-butyl; Rs and Rg are both
-H;



Rl and R2 are ethyl; R3 and R4 are both nethyl; R5 and
R are both -H or R and R2 are both 72-propyl; R3 and

welomrie43et h nethyl; R5 and R6 are both -H 25PCThiS2006/018653
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nmet hod of Cl aim 24, wherein the neutra

bi s(t hi o- hydrazi de ani de) is:2%26. The method of O aim

24, wherein the bis(thio-hydrazide amde) is: 27. A

nmet hod of preparing a bis(thio-hydrazi de anide)

di sal t R; aodiRs asi bugh risthydtRepnd R4 are bethivheryg; Bs AR afe both

bi s(t hi o- hydpazi de am de) and an organi c sol vent .

sel ected from net hanol, ethanol, acetone, and net hyl

et hyl ket,aa®,hLes 5otk 2baryliiRetand®R , saelbbth gnahyl] Rastd Ryare both

equi val ents of a base sel ected from sodi urhydr oxi de,

pot assi um hyHt oxi de, sodi um net hoxi de, pot assi um

met hoxi.de diu t Boxi i 8B0thQH: or

the moRiaPd orhorg) RF SheR, BROaPhRS Bl A G oo

am de) r5eh8R,ek bahd-ropyj Ri agl Rhare botluneibyl; Rsdndishayg both

tert-butyl ether to precipitate the disalt of the

bi s(t hi o- hdeazi de am de) fromthe bis(thio-hydrazide

am de) solution. 28. The nethod of Caim 27, wherein

the organic solvent is acetone. 29. The nethod of .

Ci23i m e mdthodoHCline 2hawkertis the hewil bis(thisdiydsszide amide) is:

et hoxi de, 30. The nethod of C aim 27, wherein the
" solwvent is ethanoly 31. The net hoE of da

the base is aqueous s¢di um hydroxi deg
27, rein the neutr
azi d€ ani dey” i 5 vt hodl, «

27, mhefein t he neutraﬂ bis(ihio;hydr32|de a

26.  The method of Claim 24, wherein the bis(thio-hydrazide amide) is:

9%
N\ /U\/”\ /N\’%
S S ;or
O
S S

27. A method of preparing a bis(thio-h};drazide amide) disalt, comprising the
steps of:
combining a neutral bis(thio-hydrazide amide) and an organic solvent
selected from methanol, ethanol, acetone, and methy! ethyl
ketone to make a mixture;
adding at least two equivalents of a base selected from sodium

hydroxide, potassium hydroxide, sodium methoxide,
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potassium methoxide, sodium ethoxide and potassium
ethoxide to the mixture, thereby forming a bis(thio-hydrazide
amide) solution; and V
combining the solution and methyl fert-butyl ether to precipitate the
5 disalt of the bis(thio-hydrazide amide) from the

bis(thio-hydrazide amide) solution.
28. The method of Claim 27, wherein the organic solvent is acetone.
10  29. The method of Claim 27, wherein the base is ethanolic sodium ethoxide.
30.  The method of Claim 27, wherein the organic solvent is ethanol.

31. The method of Claim 27, wherein the base is aqueous sodium hydroxide.

15
32.  The method of Claim 27, wherein the neutral bis(thio-hydrazide amide) is:
.
N /u\/“\ N
Sy N
H H
s J S

20

33,  The method of Claim 27, wherein the neutral bis(thio-hydrazide amide) is:

IO
H H
S S ; or
O O
PP
\N ‘N/
H H
S S

25



