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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
15 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
20  production runs.
Therefore, there is a need for an improved process for preparing salts of

bis(thio-hydrazide amide) compounds.

SUMMARY OF THE INVENTION
It has now been found that bis(thio-hydrazide amide) disalts can be prepared
25  inaprocess 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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15 A description of preferred embodiments of the invention follows.

The invention is a method of preparing a bis(thio-hydrazide amide) disalt, which
includes the steps of combining a neutral bis(thio-hydrazide amide), an organic
solvent and a base to form a bis(thio-hydrazide amide) solution; and cdmbining the
solution and methyl tert-butyl ether, thereby precipitating a disalt of the
20  bis(thio-hydrazide amide). Thus, as used herein, a neutral bis(thio-hydrazide amide)
has at least two hydrogens whicﬁ 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
25  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(thio-hydrazide amide)
to produced a disalt. In various embodiments, the base can be an Me (e.g.,
triethylamine, diphenylamine, butylamine, or the like); an ammonium hydroxide
(e.g., tetramethyammonium hydroxide, téh—abutylammonium hydroxide, or the like);
30 an alkali metal hydroxide (lithium hydroxide, sodium hydroxide, potassium
hydroxide, or the like) an alkali metal C1-C6 alkoxide, or an alkali metal amide

(e.g., sodium amide, lithium diisopropyl amide, or the like). In some embodiments,
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15  amide) salt formed by the method to form a solution. In various embodiments, the
organic solvent is w.att;r-miscible. The organic solvent can generally be selected
from a C1-C4 aliphatic alcohol (e.g., meth;c\nol, 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, diisopropy!
20 ether, or the like), a C2-C4 cycloaliphatic ether (e.g., tetrahydrofuran, dioxane,),
dimethyl formamide, dimethyl sulfoxide, N-methyl pyrrolidone, 2 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, tert-butyl alcohol, or the like),
acetone, tetrahydrofuran, and methy! ethyl ketone. Preferably, the organic solvent
can be selected from methanol, ethanol, acetone, and methyl ethyl ketone.
In 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
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' In preferred embodiments, the organic solvent is acetone. Preferably, the

base is about 2 molar to about 5 molar ethanolic sodium ethoxide, or more

preferably from about 2 to about 2.5 molar.

15 The neutral bis(thio-hydrazide amides) employed in the disclosed method

can be represented by Structural Formula I:
Rs y z T4 _
NP WP
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Y is a covalent bond or an optionally substituted straight chained

hydrocarbyl group. o

20 Ri-R4 are independently -H, an optionally substituted aliphatic group, an
optionally 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.

25 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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15 In particular embodiments, the bis(thio-hydrazide amides) are represented by
Structural Formula II:
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R;-Rs and the pharmaceutically acceptable cation are as described above for
Structural Formula I.

20 . In Structural Formulas I-II, R; and R, are the same or different and/or R; and
R4 are the same or different; preferably, R; and R; are the same and R and R, are
the same. In Structu;al Formulas I and Y, Z is preferably O. Typically in Structural
Formulas I and I1, Z is O; Ry and R; are the same; and R; and R, are the same.
More preferably, Z is O; R; and R; are the same; Ry and Ry are the same.

25 In other embodiments, the bis(thio-hydrazide amides) are represented by
Structural Formula II: R; and R; are each an optionally substituted aryl group,
preferably an optionally substituted phenyl group; R; and R4 are each an optionally
substituted aliphatic group, preferably an alkyl group, more preferably, methyl or
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Typically in Structural Fornmulas | and H Z is 0; Rl and R2 are the sane;
and R3 and R4 are the sane. Mire preferably, Zis 0; Rl and R2 are the sane;
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and R4 are gﬁﬁﬂ, , t hyl .
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substituted ali pﬁ?ﬁﬂ&h&re%diment, the bis(thio-hydrazide amides) are represented by
Structural Formula II: R; and R; are each an optionally substituted aliphatic group,
preferably a C3-C8 cycloalkyl group optionally substituted with at least one alky1

15  group, more preferably cyclopropyl or 1-methylcyclopropyl; R3 and R, are as
described above for Structural Formula J, preferably both an optionally substituted
alkyl group; and Rs and Rg are as described above, but Rs is preferably —H and Rs is
preferably +H, an aliphatic or substitﬁted aliphatic group, more preferably —H or
methyl. '

20 Alternatively, the bis(thio-hydrazide amides) are represented by Structural
Formula II: R; and R; are each an optionally substituted aliphatic group; R3 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; Rs and R4 are both as described above for
Structural Formula I, preferably an alkyl group; and Rs is —H and Rg is —H or an
aliphatic or substituted aliphatic group. More preferably, R; and R; are both a
C3-C8 cycloalkyl group optionally substituted with at least one alkyl group; Rs and
R4 are both an alkyl group; and Rs is —H and R4 is —H or methyl. Even more

30  preferably, R; and R, are both cyclopropyl or 1-methylcyclopropyl; Rz and Ry are
both an alkyl group, preferably methyl or ethyl; and Rs is —H and Rg is —H or
methyl.



preferably a C3-C8 cycl oal kyl group optionally substituted with at |east one
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cycl oal kyl group optional ISy substit
and R4 are both an al kyl group; and R5 is -Hand R6 is -H or nethyl. Even

more 30 pref er abivliereint Raand R arrbatibplidnyl; R langd Rg jayd bath mistingdf dmdIRs\enb opr opyl ;
A QA LT TR G U AN MW A
e Ton! S 3 o S ) MR Y 6 2
bot h phenyl mefiyl], and RR% -3, R a6t R, red both 4-methoRphatyl, RHakbRadre bbthk h -H;, R1 and
S o g o L S e B ES, B Ragfa?™ P 1
methyl, Rs is methyl, and R¢ is -H; R, and R; are both phenyl, R; and R4 are both
10 ethyl, Rs is methyl, and R¢ is -H; R; and R; are both 4-cyanophenyl, R3 and R, are
both methyl, and Rs and Ry are both -H; R; and R; are both 2,5-dimethoxyphenyl,
R3 and R, are both methyl, and R and R are both -H; R; and R; are both |
2,5-dimethoxyphenyl, R; and R4 are both methyl, Rs is methyl, and R is -H; R; and
R, are both 3-cyénopheny1, R3 and Ry are both methyl, and Rs and Rg are both -H; R,
15 - and R; are both s-flunorophenyl, R; and R4 are both methyl, and Rs and R are both
-H; R, and R; are both 4-chlorophenyl, R; and Ry are both methyl, Rs is methyl, and
Rgis -H; R; and R; are both 2-dimethoxyphenyl, R; and R4 are both methyl, and R
and Rg are both -H; Ry and R; are both 3-methoxyphenyl, R and R4 are both methyl,
and Rs and Ry are both -H; R; and R; are both 2,3-dimethoxyphenyl, Rg and Ry are
20  both methyl, and Rs and Re are both -H; R, and R; are both 2,3-dimethoxyphenyl,
R3 and R4 are both methyl, Rs is methyl, and Rs is -H; R; and R, are both
2,5-difluorophenyl, R3 and R4 are both methyl, and Rs and R¢ are both -H; R; and R;
are both 2,5-difluorophenyl, R; and Ry are both methyl, Rs is methyl, and Ry is -H;
R; and R are both 2,5-dichlorophenyl, R; and R4 are both methyl, and Rs and R are
25  both -H; R; and R; are both 2,5-dimethylphenyl, R3 and Ry are both methyl, and Rs
and Re are both -H; Ry and R; are both 2,5-dimethoxyphenyl, R and Ry are both
methyl, and Rs and Re are both -H; R; and R; are both phenyl, R3 and R4 are both
methyl, and Rs and R are both -H; R; and R; are both 2,5-dimethoxyphenyl, R3 and
R4 are both methyl, Rs is methyl, and R¢ is -H; R, and R; are both cyclopropyl, R3




methyl, and R6 is -H, Rl and R2 are both 4-net hoxyphenyl, R3 and R4 are both
methyl, and R5 and R6 are both -H Rl and R2 are both phenyl, R3 and R4 are

both ety 100373 Methyl, and R6 is -H R and R2 ar n R3 and
R4 are both 8 %6 R5 is methyl, and R6 is -H R an%‘%g'}%?@ 8‘%?1

4- cyanophenyl R3 and R4 are both nethgl-, and R5 and R6 are both -H R and
R2 are both 2,5-di nmet hoxyphenyl, R3 and R4 are both nethyl, and R5 and R6
are both -H, Rl and R2 are both 2,5-dinmethoxyphenyl, R3 and R4 are both

nreéI h)él4 R5 Eﬁ%ﬁﬁhﬁﬁhﬁ?ﬁ&&y&&%&%ﬂ%ﬂe@bﬁm Mazrelkmbbaﬂnoqya}mpmpghyL, : EB
an are ho net hyl , an ar a 0
3-f | uor opheRyand Ba azgkptigthyl, and)5 mﬁﬁ?l o%hhg Ih?“&%d b%\tggygéyqqpy
and R2 are r is met hyI and
R6 is -H R ancc‘iﬁﬁ%{ya gﬂﬁﬁb{za ﬁﬁ@@g%ﬁ ﬁo%gagﬁgpgfbﬁﬁg bot h net hyI
and ESt hand lﬁﬁethyleyﬁgplbpyll;& Bhad Rmake%ﬂamethphmi%d Bs lal(;d R@x;qﬁmbﬁ,, RR&dand R4
are bo me n r a are
2, 3-di met ho fli @gﬁ Paroa}?l FFG&@WF h%lweﬁw baRe e bot h
-H Rl and t Hgg},%% p&iﬁy hyl, R5
I's methyl, % dﬁlg %}e%ogllpan )6;6 ot%fangq% ?%orc&ﬁﬂeny{gem and R4
zzir g 30]'5 Ih rrehh&h Rs 1§|i-mﬁ R?Smdglj aFGh ol - M?ﬁﬂcyﬁpra)yl%%ﬂaﬂm meéioﬂnmbt(lj‘ilegs_ y

i f1uorogpheny an bo is nethyl, . an " is -H
RL and R2 aie'BEpHl ?nRngﬂ%ﬂ'E%d I%Hare éﬂéethﬂlcﬁﬁ‘l@PIBBY ﬂm@i‘% &%nd R5 and
R6 are 25 b = | R3 and R4 are both
nmet hyl , andgé{@manﬁl%@ar ﬁ%{‘ﬁ%bﬂﬁ?%ﬁﬁgﬁéﬁ%@g{?éf bot 2 5-di nmet hoxyphenyl ,
R3 and R adentéthyleyclopopyl, R3 amtRIRBredoth RﬁylaamihgardebbreFBbt}aﬂﬂ RR2ndRe bot h
phenyl, R3 an 4_ar e

bot h 2, 5- di AE 1R YR Oth@e;mst s IRRRY: B Py s 4R it bo L ana ke
S o R and iR ngue el nusieRSYAyL R and i, 2R9BIIRAEI LRER, LRPRO/ 018653

-B and R4 are oth -H R "and are both
cycl opr opyl areMéﬁ;chmdaRzearbbbchepheyxMcyelnprolﬁSI R@dn&&areabdlbtﬂethyﬂ-l ank and R2

"l R and’ Ko o0 B6e ot Ky R bORYIOEY I arpPih RartBe g it ny | and
0 1P R B SRS b BN B 08 0
both methyl, and Rs and R are both -H;; R1 and R; are both cyclopentyl, R; and R4
are both methyl, and Rs and R¢ are both -H; R; and R; are both cyclohexyl, R3 and
R4 are both methyl, and Rs and R are both -H; R; and R, are both cyclohexyl, R;
~ and R4 are both phenyl, and Rs and Rg are both -H; Ry and R; are both methyl, R,
20  and R, are both methyl, and Rs and R¢ are both -H; R and R; are both methyl, R;
and Ry are both #-butyl, and Rs and R¢ are both -H; R, and R; are both methyl, R3
and Ry are both phenyl, and Rs and Rg are both -H; R; and R, are both ¢-butyl, R3
and R4 are both methyl, and Rs and Rg are both -H; R; and R; are ethyl, R3 and Ry
are both methyl, and Rs and R¢ are both -H; or R; and R; are both #-propyl, R3 and
25 Ry are both methyl, and Rs and R are both -H.
In specific embodiments, the bis(thio-hydrazide amides) are represented by
Structural Formula IV:
Ry 0 0 Ry

LI
R N N Ry
YT
H H
S S

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



-H R and Rz are both 1-nethylcyclopropyl, R3 and R4 are both nethyl, RS is
ethyl, and R6 is -H R and R2 are both | -nethylcyclopropyl, R3 and R4 are
bot h math 208")3/2|76n-propyl, and R6 is -H R and R2 are bot h

1- met hyl cycq opropyl, R3 and R4 are both methyl, and R5 EffdUSR8064186560t 1

met hyl; R and R2 are both 10 1-net hyl cycgl.opropyl R3 and R4 are both ethyl,
and R5 and R6 are both -H R and R2 are both 1-rret hyl cycl opropyl, R3 is
nmethyl, R4 is ethyl, and R5 and R6 are both -H R and R2 are both

2- et hyl cycl aeﬁﬁpaﬂd,R&dm%Bﬁoﬁ&ﬁe { R, BRI Ry hre bothHRAyRAAd R an@RparBOt h - H,
Rl and R2 are both 2-penyl cycl opropy h3 and R4 are both methyl , and R5
and R6 are (pothethyl RRaJ@Fhﬁz mb@ﬂhpmyhand Bensd Ey@e&@ﬂDWFOPM1&@dRQ4 are both

15 net hyl are_b cl R3 and
Ra are bot Ardgr ey eadRaeRl e tand R S5 bR ARV ERS anfRas PRl

cycl opentyl, ha@laﬁﬂﬁ%nd%ﬁhréﬁéthﬂi@ﬁﬁyk a@dlnzﬂ’ébaﬂpw@umemobﬁihlan IH R and
R2 are both cycl ohexyl , are’ Both nmet hyl, and R5 and R6 are both
-H R afd r@d&@né&larec%hmﬂwmlmRm@bwhphmlbmdquoar@rBularehwb R5 and R6

and Ro. are BarDh b oeg R R R EloRepe v R R R RGBSR DT,
and R5 and RS ap¢ BothQliitroplienk, aBdMR; Bd RY Erelbottime® gmu, anBR, a@élEbtR‘l are both
phenyl, and RS and R6 are both -H R and R2 are both t-but and R4 are

bot h™ net hy| 3-eadorEnyk andBs amchb@nerbothmefhvl Fnan®R2 grebath uorq@eaﬂd R4 are

and 26 R 4PERE AR ARSI Aefyb g Bl uoln 2280 AUR MR AR T

enbodi Mot s pheig; Ri a:(dmimwﬂmmed@xwmmhn@mamm e&afm:ﬂxetm Rtandct ur al
Formula 1V: R3 0. R4 R ' X S S wherein: R and R2
are both phéﬁawreb@thé-msthamhmylamw&@ﬂboﬁhn@myl Rgand Raare3ptRy are bot h

o) % P A .30 g M bl TSR, 65t v0
2-methoxy-5-chlorophenyl, and R3 and R4 are both ethyl; R; and R; are both
2,5-difluorophenyl, and R; and R4 are both methyl; R; and R; are both

15  2,5-dichlorophenyl, and R; and Ry are both methyl; R; and R; are both
2,5-dimethylphenyl, and R3 and R4 are both methyl; R; and R; are both
2-methoxy-S-chlorophenyl, and Rj and R4 are both methyl; R; and R; are both
3,6-dimethoxyphenyl, and R3 and Ry are both methyl; R; and R; are both phenyl,
and R; and Ry are both 2-ethylphenyl; R and R; are both 2-methyl-5-pyridyl, and

20 . Rj and R, are both methyl; or R; is phenyl; R; is 2,5-dimethoxyphény1, and R3 and
R4 are both methyl; R; and R; are both methyl, and R3 and R4 are both
p-CFs-phenyl; R; and R; are both methyl, and R3 and R4 are both o-CHj;-phenyl; R,
and R; are both —(CH,)3;COOH; and Rj3 and Ry are both phenyl; R; and R, are both

Sy

2,

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



phenyl, and R3 and R4 are both nethyl; Rl and R2 are both phenyl, and R3 and
R4 are both et h¥l, R and R2 are both phenyl, and R3 and R4 are both

n- propyl ; WO 200§d24B6 are both p-cyanophenyl, and R3 and PET/EE0&GI8HS3NEL hyl ;
Rl and R2 are both p-nitro phenyl, and and R4 are both nethyl; R and R2
are both 2, 5-di net hoxyphenyl, 5 and R3 %nd R4 are both methyl; R and R2 are
bot h phenyl and R3 and R4 are both n-butyl; R and R2 are both

hi h 4
2 oh o oBerits oA BFREAL sr?é’%%@%ﬁxﬁ%% R . g o RbE R,
3- cyanophenydre b@thdn&ylﬁRdaﬂR@ﬁ& ot éyc[mdswl,,anﬂleaﬂd RRArebéth BetHyL; R,
3-fluorophenyl, and and R4 are_both neth and R2 are bhoth
2-furanyl, MW%WRXCIQF@PW@W RoaghRangte: bom etb}‘ldRRﬂmhReallﬁé’Pﬂl

2- met hoxyphen EE)jl @are bot h
met hoxyphgln%ﬁlefhygd}gloﬁbpﬂigngﬁ ar e%gﬁ}“ﬂﬁ yi,l{‘%: nquaﬁggare bot h
3-di neshowmﬂlyi/dyclopf@y%dm aEdRaathmhhleﬂm F.B{llandliz aagtotR2 are bot h
t hoxy-5-chl or ophenyl, and_R3 and R4 are hoth eth RL and R2 are both
2850

. 5-di f | uor dpPRsylcyclontpridh and &s pad Be aredhotihmethiyhiyi xanrk e are both 15

3-

2,

2 5

2. 5- i ot hy oy BRfbey o885 il B, SRl an KRR oFOE R |
:2:, e

p

2-

t hoxy- 5- amHIRaramﬂtPamyébotambﬂBa Rnghd3¥, ﬁbbothﬂiyblop&itbb{hnde amhR, B2 are bot h
6- di met hoxyphenyl ., _and and R4 are both nethy and R2 are both
e

henyl, andofBmstylRa laméclmpwlzRexsmw i R R; 30 Patrﬁie hothap@hyor h

met hylinS- pyri d ), henyl; R2 is
2, 5-di nelphoxyphe?l%/Ffeﬁ%&lgg%%ﬁ@ gﬂgﬁgﬂ é’a%aglﬁr%%ng?%gﬁdﬂgca%o@ are both
met hyl , and (RB(I8)dndghamacdunichlly geceptablelzaltydrid ssivatszdhdreotar e bot h net hyl, and
R3 and R4 are both o-CH3-phenyl; RI and R2 are both -(CH2)3COOH, and R3 and
R4 are both phenyl; R and R2 are both ~N represented by the follow ng
structural fornula: 0 apl R3 25 and R4 are both phenyls
n-butyl, and R3 and R4 bot h lphenyﬂ) RI Oand ar d n-pentyl, R3 and
R4 are both phenyl; Rt R2 ang bot met ng\ﬁnd § R4 are both
2-pyridyl; R and R2 a 1} CyCTRie an , . are both phenyl; Rt
and R2 are both nethyl, and R andHR4 ar e botl 2- et hyl phenyl Rl and R2 are
both methyl, and R3 and R4 ar® both 2, 6-di chl oroph%nyl R -R4 are al |
Compound(l)

YQOOQ

N\NMN/N\"/
H

Compound (2)

021180

15 Compound (3)

. op@

Compound (4)

.
3



30 net hyl ;wB.2066M3473¢ are both nethyl, and R3 and R4 are -butyl: R and
R2 are WD 2006/ 124736 PCT/ US2006/ 018653 -10 both ethyl, Bﬁ?@s@ éh%s:m are

both nethyl; RL and R2 are both t-butyl, and R3 and R4 are both nethyl; R
and R2 are both cycl opropyl, and R3 and 14 are both net hyl; Rl and R2 are
bot h cycl opropyl, and R3 and R4 are both ethyl; R and R2 are both

1-met hyl cycl opropyl, and R3 and R4 are both nethyl; R apd R2 are both 5
2-met hyl cycl opropyl, ang”R3, and R4 ar g bothnet% ;R R2 are both

1- phenyl cycl opropyl, a il and R4 ar & bot hj net R2 are both

2- phenyl cycl opropyl , ar M4 ' d R2 are both

cycl obutyl, - and R3 and R4 ard] bot ; Hand R2 are both cycl opentyl,
and R3 and R4 are both nethylg Iopropyl SR2 is phenyl, and R3 and
R4 are both nethyl. 10 Preferred exanptes of bi s(thl o- hydr azi de am des)

i ncl ude Conpounds (1) (18) and phaﬁmmmﬂé | |y acceptable salts and

sol vates thereof: NNN\ HHS Conmpound (1) OO Y H N Conpound
(2) 00 MNTfj IIH 15 S Compound (3) S N~N! H Conpound
(4) S WD 2006/ 12473 D06/ 0|1865 -1

/

Compound (6)
Compound (7) 5
OCH, OCHs ’
l
N/N
H OCH
CH30 3
Compound (8) :
OCH3 OCH3
|
/N
CH30 H OCHs
Compound (9) .



Oy OO01I -~

NN,N\ Ss HH Conmpound (6)

-NC o 0/ CN

N NONNNHH S S Conpound (5) H3CO/ OOl / | OCH3 \ |
~HIl H'INSS Conpound (7)

CIIZHS mw&ﬁ%ﬁ%“%l\l Y CH30 S HH S OCH3 Conpound (8) ZP%SZIO%%STS 00\

N'N N

PCT/ Us2006/ 018653 -12 F F /

I 1 00 -12-

F
|'o 0
N\u/ﬂ\T/ﬁ\u/N
S

Compound (10)
HsCO
CH3O
Compound (11)
rL
HsCO \”
CH30 S
Compound (12)
OCHg3
Compound (13)

IR
SUEV)

Compound (14)

O S S OCH3 5 Conpound (9) WD 2006/ 1

r©
Qe

OCHi
\W’ :; “~OCH,
S  OCH;,

OCHj

«©
e



N SHRHS Conpound (10) PY 0 O |~N H3CO N, NN OCH3 5500433 Corrpound

(11) N\ OCH3 H3CO PONCH H S S OCH3 Conpound (12) OCH3 OCH3 JO~ 0
YHHS (13 d d YHHSCO d S5 Conpo
2006/ 1247?6’3&2@@@3%06/ 018653 -13 OCH3 OY 0 O N I I\#‘lc\lﬁprgfgﬂ% ]g%&ZHS
Compound (15) C% 1TYNNXC) - 13-
OCHg
OCH3
Compound (15)
ﬁ o o ,/
N N
\N N~
H H
S S
Compound (16) .
Compound(17)
Compound (18)
5 Particular examples of bis(thio-hydrazide amides) include Compounds (1),

10

15

(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 zerz-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:



H S S Compound (16) iJNle I~Ify Ir" HH S S Conpound (17) and 0 O N, NAN
HH S Conpound (18) S 5 Particul ar exanpl es of bis(thio-hydrazi de am des)
i ncl ude CQQB ), (17), and (18). In some enbodi nents, a 'nethod of
preparing a g%@?ﬁ% hydrazi de amide) disalt includes tREIUSHIEOHES3
conbining a neutral bis(thio-hydrazi de_ggi.de) and an organic sol vent
sel ected from net hanol, ethanol, acetone, and nethyl ethyl ketone to 10 nmake
a mxture; adding at |east two equivalents of a base selected from sodi um
hydr oxi de, pot assi hydr oxi de; sodi um net hoxi de, potassiuql;» hoxi de,
sodi um et hoxi ge pot assi ym et hoxpde to tthe m xture, thgefeby Iorning a
sol ution; and ng thejsolutio and hyl tert-buty | to
precipitate the (. of they_ bis(thj o-hyd zidgﬁgm'de). Q preferred
enbodi nents: the [ ol ve s 1 tones e’ | s Bthanol i ¢ sodi um
et hoxi de; the organic soljyent is”ethanol; the base is
hydr oxi de; the neutral bits(thio-hydrazide am de) is:
PCTI US2006/ 018653 -14 0 OY H 'S and/or the neutral
amde) is: 0 00

and/or the neutral bis(thio-hydrazide amide) is:

AL TR
AH/N\NMN/N\“/A
H H
S S s or
R
H H
S S

A “straight chained hydrocarbyl group” is an alkylene group, i.e., -(CHa),-,

Iaqueous sodi um
&) 2006/ 124736
bi s(t hi o- hydrazi de

10  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,

15  phenylene, ether (-O-), thioether (-S-), or amine (-N(R")-), wherein R" is defined
below. A preferred linkage group is -C(RsRe)-, wherein Rs and Rg 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 Rg are preferred substituents for an

20 alkyiene 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

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



Jil,/ "NN HH5SS; or 0O0YNNN HH S S A "straight chai ned
hydrocarbyl roup" is an al kylene group, i.e., -(CH)y-, 10 with one, or
nor e (preﬂ¥P§HWVzﬁﬁé) i nt er nal nethylene groups opt i onal POTAUSPIOGOERES3 wi t h a
| i nkage group. y is a positive integer g , between 1 and 10), preferably
between 1 and 6 and nore preferably 1 69 A "l inkage group" refers to a
functi onal group whi ch replaces a nethylene in a straight chained

hyd byl f tabl e | ud t O -
o ke o | R WERERLTY » SRS fopt PRt BT il #ocnaf A, LX)
(-N(Rt)-), Wagfopiyl) z.Bé‘pﬂo?yﬂ beﬂﬁdsecllﬁlﬂWeﬁfbuBﬂ eée@lt}ﬂei@hxlyl DAEos ¥ Por &

-C(R5R6) -, wherein R are defined above. Suitable substituents for

an al kyl ene @jicloapyherpun wihi? deahayy 8 cegbou ptomseAtGloSa0 siipigbirhgied o

o1 st i onycr ST SE Brolblch ¢ CECRRbiCEEA T B stbidiedig B a0 1 went s

for an 2G al &yylepeour hydrocarbyl group represented by Y. An aliphatic group
is a straight chained, branched or cyclic non-aromatic hydrocarbon which is
conpl et el y sat ur atredeBr “mromestic groupameay hsrisedmtorshangeshly &its arybis ablr at i on.

Typi cal |y, % apnche to
about 20 caﬁ%@tn 2%%’%?8%? Te‘ggg%?%rgﬁ] a‘ii Lﬁ(ggl%{lb Oﬂf 310}?31.19)( |1fl?{:ﬂ1c(ii | phatic
group 25 hascaticeyrii &onﬁhetgtoub@smrés%ﬁ thyl, @hé aatacyf, adheetoaryhbout 8.
An al i phatic WD 2006/ 124736 PCT/ US20 /018653 -15 group is pr eferably a

strai ght chagrn&ss(yphsﬁian@%&y thisnyl.femsnpl, peidyl, pymspibyl, pyenkl pyrazolybr opyl | |
L s t ,
0P O] A ShrerB bl ol Bl A Mrear O KL trliolero M 0T OC1Y

chai ned or xhay'm@h@d infelohangrablypwith “lectécoarGly” Chetdroarybtiky P ‘Beétondpronsatial S0

referred to as a "I ower , . ,
ring” and “heteroaromatic group.” The term “heteroaryl,” as used herein, means a

mono-or multi-cyclic aromatic heterocycle which comprise at least one heteroatom
such as nitro gen; sulfur and oxygen, but may include 1, 2, 3 or 4 heteroatoms per

15 ring. 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,
berzothiazole, benzooxazole, benzimidazole, quinolinyl, isoquinolinyl and
isoindolyl.

20 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:

e~ )

Substituents for an arylene group are as described below for. an aryl group.
25 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.
30 Suitable substituents on an aliphatic group (including an alkylene group),

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



5 al kyI " group. The term "aromati c group may be used interchangeabl y with
“aryl," "aryl ring," "aromatic ring," "aryl group” and "aromatic group
Aromat i ¢ ' ude carbocyclic aronmatic groups such _as

napht hyl , %8?!90% l?ﬂﬁgcyl and heteroaryl groups such as Pﬁ?‘@ég‘{?W{“ﬁt hi enyl ,
furanyl, pyridyl, pyrimdyl, pyranyl, pygazolyl, 10 pyrroyl, pyrazinyl,

t hi azol e, oxazolyl, and tetrazole. The term "heteroaryl group" may be used
[ nterchangeabl y with "heteroaryl," "heteroaryl ring," "heteroaromatic ring"
and "heteroa t shP&artBiPin W hL anti-@Sndds 8 IE Bkie NMEans a
nono- or rmul t?x@%%%&@%@%@ﬁrﬁg ic ﬁ ferg](l:%/tgﬁ%ergmrac% (%%rrpé?se at‘}fﬁeast one

het er oat om bis(thiohgdrazite)oyrides andl thxemes d substrment, substbntivdly intecferedavith, 2, 3 or
4 het er oat ons 15 rin mat i.c oups .al so de fuse olyylrc
Aot o ri nerbReEa Y e e Spt oot iR S drdived P Tarh B DR b ¢
ring is fuse&4ebngmnemm%@swsaarem&%p%m%mau) g§und5%ﬁHMt%§e'”C| ude

benzot hi enyl, benZof uranyl, indolyl, quinolinyl enzot hi azol e
benzooxazi)l esubls’etrmzmtmEXaml@ ,of quitabpdd subyﬂltpentsmhldnoRT ROH, aBd -Cl, shifdol yl . 20

femai naer of “0he i@ or GOy £ WL 808,y “FEANRIAD.  ne.
structure of @oof{“lcpi@ﬁmzbmgbgcomas CHOQMERBELOMCOR* CNR BRIt | t uent's for
scri bed bel ow for an ‘aryl

an aryl ene group areas de group. 25 Non-aromatic
het er ocycl i c-NHEGNER; SNHEONR SeNHEONRIR")WNRTEONIEL, uNB GORR3H, nor e

het er oat ons $ 0gel gen,, n. The ring can be
five, six, siﬁ%@?@@m@@&%ﬁﬁa %@ﬁiw ré@aﬁ'gefflé{%a}aydrof uranyl,
tetrahydi@t hige n% z,mo(amrj matio(emr)meiﬂkhp ~NPYCENFrdNmy! . pi perazinyl,
pi peri di nyl, and Il azol i din 30" Sui ta | e subst i tuents on an aliphatic

group (incl ucNHgJ(aNTﬁNHWe @(ﬂﬁﬁs) N(Rribha-hlﬂaﬁéﬁNR )A¥Hgr ocyclic group,
peT Us2006) 0 TBe NRARNERE, R AR BN RiTH SRS SRy i erere with
the anti - canqqr{d @G‘NH) -NETe! Nj[tfhc(-—NH)_N(RaRb) -NRLC C(=NR°)-NH,,
-NR’-C(=NR°)-NHR?, -NR%-C(=NR°)-N(R"R"), -NHNH,, -NHNHR?, -NHR'R"
15  -SO,;NH,, -SO.NHR?, -SO,NR®R?, -CH=CHR®, -CH=CR°R",
-CR*=CR'R",-CR°=CHR", -CR°*=CR"R", -CCR’, -SH, -SR’, -S(O)R?, and -S(O);R".

R®-R* are each independently an alkyl group, aromatic group, non-aromatic

heterocyclic group or -N(R?RP), taken together, form an optionally substituted
non-aromatic heterocyclic group. The alkyl, aromatic and non-aromatic heterocyclic

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

R*is R, -OR", -O(haloalkyl), -SR*, -NO,, -CN, -NCS, -N(R"),, -NHCO;R",
NHC(O)R', -NHNHC(O)R*, -NHC(O)N(R™"),, -NENHC(O)NR™H,,

25  -NHNHCO.R, -C(O)C(O)R", -C(O)CH,C(O)R*, -CO.R", -C(O)R*, -C(O)N®RH),,
-OC(O)R", -OC(O)NR ™Mz, -S(O):R", -SO,N(R™),, -S(O)R*, -NHSONR ),
-NHSO:R", -C(=S)N(R")z, or -C(=NH)-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,

30  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



bi s(t hi ohydrazi de) am des and taxanes. A substituent substantially
interferes wwth anti-cancer activity when the anti-cancer activity is
reduced by about 50% in a conpound with the substituent conpared
with a con%%gﬁ/%gﬁout the 5 substituent. Exanples of s&TAPPW6OIISE | t uent s
include -Ra, -OH, -Br, -d, -1, -F, -0ORg,--0C0ORa, -CORe, -CN, -NO2, -COON,
-S@BH, -NH2, -NHRa, -N(RaRb), -COW -CHO -CONH2, -CONHRe, -CON(RaR),
-NHCORr, -NR CORa, -NHCONH2i -NHCONWH, - NHCON(RaR), -NR CONH2, - NRCONRaH,

“NR' CON( ReRb}opon i b s oFumEMedN ReR), 10 - C(=NR)) - NH2,
C(=\R § i EHR%?C"?%Z@) ON( éﬁ%)@? adlelly I\c'!l(wg%tﬁ)d-‘~’|\|H.2, v & )=NH) : NHcR:(a, :

- NH C( =NH) - N( RaR) Prefesr¢dGubstitperts-for a phgyl @teupRincidirg pheiisit SoupR) - N( ROR) ,

- NROH C(=NH) - NH2, . = NRd- ¢ =NH) -.N - NRA--C(=NH) - N .= NRd= (= - NH2,
- NRd- C(C(: NR)Hz ?@Hﬁé?ﬂt%g}ﬂ%r\iﬁ)a%ﬁ @%ﬁ 2%@@]%@@4%&&&81%8 Co)zNHz,

- S2NHRa, - SERAbMBbxy, phéiniBshzyl YOH,~ KR, ~EVWRY, BRaCHKO, ol R3ERaRb, - CCRY,

-SH, -SRa, -S(0)Ra,’and -S(0)2Ra. 'Re-Rd are each i ndependently an al kyl
group, aromatic gPrefredrsvhstinentaforan aliphaticaroup, inclugtingigliphatic BYoRpR' ), t aken

TheCal Kyl | aFBtREER bk Bk e R T CH L 101 BERE ¢ C AT R St 26 by
Re- Rd and t hgalpsiRo2y, pAgyl,beReyicp aedst| -OH, INBYLFT sp1f asxet edobyr -CNW( RaR) are

each optionally and i ndépendent substituted with one or nore groups
represent ed by RyPreferradsubstituentrior aogelealkghgreyp,)including cyclnaizyl gromps - NCS,

-N(R+) 2, - NHQO2R+ T OB+, - Q) R+, .- NH R -NHNHC( 0) N( R) 2, 25
INNRr, SRR R s ST Soqt A el ety AR R
- OC( O R+10 - OC( O) Nithyill also-ba(RieiStood P2 R &n Lémpord(d@efiployiHoNGTnZion

- NHSO2R+, -C(=S N(R{ﬂii or -C(=NH)-N(R 2, RRis -H a d-C4 alkyl group, a
nonocycl i ¢ hBebeabipinedes different strsppiseniafa &, Hattereomges| angd cHAmignesy) a phenyl

group option ' e ] | .. I {ﬁ] hal oal koxy,
hal o, -CN, - %Hzt,%at;tﬁ??&eﬂfﬁr@lﬂﬁ%&%gﬁ%&%&pgﬁ%@:ﬁ :}gﬁ]?%gﬁx ’?‘J&%gf&r‘&e the group
-N(R) 2 is a aeélosddusipoandicindmaeneds of teatibiPa subljedt ndetbdth phre istRera @it i C
het erocyclic groups represented by R+ and -NgR+)_2 t hat conprise a

mixtures thereof, including racemic mixtures. Stereoisomers can be separated and

15  isolated using any suitable method, such as chromatography.

EXEMPLIFICATION
EXAMPLES 1-3: Preparation of Disodium Bis(thio-hydrazide amide) Solution
A sample of a bis(thio-hydrazide amide) (Compound 1, 15 grams) was
20  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
25  mixture was stirred for 110 minutes. The resulting yellow disodium
bis(thio-hydrazide amide) solution was separated into three eciual portions for the

following examples.

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

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



WO 2006/ 124736 PCT/ 17S2006/ 018653 -17 secondary ring am ne are optionally

acyl ated or alkylated. Preferred substituents for a phenyl group, including
henyl gro sented by RI-R4, include C1-C4 al kyl,_ Cl-C4 allcoxy,

?:1 - ci hgl OZ‘F?%";’F’%Z?‘ C4 hal gal koxy, phenyl, benzyl, pir iPcE}W",IS@QﬁLﬂl%-SNHg, -F,

-, -Br, -1, -NO2 or -CN. 5 Preferred sugpstituents for an aliphatic group,

I ncl uding aliphatic groups represented by R1-R4, include d-C4 alkyl, d-C4

al koxy, d-C4 haloal kyl, C-C4 hal oal koxy, phenyl, benzyl, pyridyl, -OCH,

-NH2, -F, - Cflterddl wasHed withCR) @ of@GN.:1 Riigfufy dfethys abgite ety Sed-butyheyc| oal Kyl

group, including C%h(;lt oal kyl groups represented by Rt and R2, are al kyl
groups, such feliowedhst hiaL ofrethsil mostatgy Bapidual solvert was remaredb by BaquHBEPSst ood t hat

certain conpqun ml Qy in d .0 t ai | f.l;er ent
st er eoi somer @Vfgsf%f’?“ %e@?‘@ 8%%%?138021@%%% Sk or""g? (ﬂgars& ﬁg}'&@@oﬁlﬁ\/ent i on
i ncludes al | A g€y tentdrpinast wardrigibleeni ¢ mi xtures of the di‘'scl osed campounds

and nethods of treating a subject with both pure isoners and m xtures
t hereof, Pncluding racem c mixtures. Stereoisomers can be separated and 15

i sol at ed usi Wi . LI FI CATI ON
EXAMPLES 1-3%&%& gﬁ%g?{{%* é%rﬁm -%‘?fwﬁﬁ%?@%ﬁ%@@@% ution A
sanpl e of a bis(t N endhiddaortite efithelghove Gellpw divddilim BiS(thioaglyazidesanzide)c onbi ned
with 40 mL of absolute ethanol to forma m xture as_a slurry. Aqueous

sodi um hydr o%plution wap cembined NatbH 7 L of mefhyl feppbhutyhetherfadstirrgd €070 xt ur e
Wth stirri ; r m X e : ot exceed
35 degrees %%_u @‘%%Kpgg%té‘ﬁ@%%% ;%?%(#2@ Jdd eﬁ.oﬁﬁ‘@ggggﬁﬂaggﬁ? Pﬁsed wth

1 L of vat emetiyiderpbutyl ethecwhoaided tathd rédudting thivk slunsy endiddestirteal fohan
m.xture. After addition, the 25 mxture was stirred for 110 m nutes. The

resul ting yelRAdHoma! 14deursm Thegesuling shyray was Glersds weshed witl i0gnLlwha 1depar at ed

into three e ' « ] A% ; % Yield
of Bis(thio- y%ﬁ?@g%ﬁgt%@ﬁt@ﬁ%%uégwgﬁ one@?m lr‘igf%ﬁgr |1(J§%et%? "the
above yel | owRékigaali salvehi w44 feimovhd by azdumen trgivked. 84 grams (87%)) of the disodium

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

15
EXAMPLE 3: 96% Yield of Pure Bis(thio-hydrazide amide) Disodium Salt
A one-third portion of the above yellow disodium bis(thio-hydrazide amide)
solution was combined with 17 mL of methyl tert-butyl ether and stirred for 60
minutes (precipitation occurred in less than 30 minutes). An additional 34 mL of
20  methyl tert-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 zert-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.
25

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

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



solution was conbined with 17 nL of nethyl tert-butyl ether and stirred for
60 mnutes (precipitation occurred in less than 30 mnutes). The resulting
slurry was WO 2006/ 124736 PCTI US2006/ 018653 -18 filtered, washed with 10 niL
of a 1:1 mxture of ethyl acetate:nethyl tert-butyl ether, followed by 5 nL
of ethyl acetate. Residual solvent was renoved by vacuumto give 3.51 grans
(63% of the disodiumsalt of Conpound-{4) as a pale yellow solid. A yellow
contam nant was visible. 5 EXAMPLE 2: 87% Yield of Pure Bis(thio-hydrazide
am de) Disodium Salt A one-third portCbAIMS the above yel |l ow di sodi um

bi s(t hi o- hydrazi de am de) solution. was conbined with 17 nL of nethyl
tert-butyl ether and stirred for 60 mnutes (precipitation occurred in |ess
than 30 m nut . . Ltional 17 nL of 10 nmethyl tert-butyl ether was
added to the‘?@%ﬁ?@?lﬁlgeﬁg ick slurry, and was stirred for an additional 14
hours. The resulting slurry was filtered, washed with 10 m, of a 1:1

m xture of ethyl acetate:nethyl tert-butyl ether, followed by 10 nL of ethyl
acetate. Residuall: sol \ﬁempthﬂd§fp@lﬁml&laBgﬂr(ﬂé@%@ﬁﬂlbba@ﬂ}‘éb]&.b&ith&ans (87% of

t he di sodiu { . n . .yellow solid. No yellow

contan nant & vﬁds%l@ﬁ?%”&ﬁéﬁg@%%ﬁﬁ el d of Pure Bis(thio-hydrazide
am de) Di sodi um Sabinb#img@néuiial Bis@hiotlydrazide dnfide)roprésenyal byotedi sodi um

bi s(t hi o- hydrazi de am de solution was conmbined wth 17 nmL of nethyl
tert-butyl  etfollawinggtragtysal fogmpls 60 nminutes (precipitati on occurred in |ess
than 30 mnutes). An additional 34 nmL of 20 nethyl tert-butyl ether was
added to the res ing thick slurry, and was stirred for an additional 14
hours. The regdl gy sl urry s filtgred, waghed vvit£ 10 L

m xture of et fol]l owed py 10 | of et hyl
acetate. Resld uumto
t he di sodium s3 .
contam nant was vi si bl e. i this inventionqhas begn particularly shown
and described with

an organic solvent selected from a C1-C4 aliphatic alcohol, a C1-C4 aliphatic
ketone, a C2-C4 aliphatic ether, a glycol and an alkyl glycol ether, and a base to
form a bis(thio-hydrazide amide) disalt solution; and

combining the solution and methyl tert-butyl ether, thereby precipitating
the bis(thio-hydrazide amide) disalt.

2. The method of claim 1, wherein at least about two molar

equivalents of the base are employed for each molar equivalent of neutral bis(thio-

hydrazide amide).

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

4. The method of claim 1, wherein the organic solvent is selected

from methanol, ethanol, 1-propanol, 2-propanol, 1-butanol, tert-butyl alcohol,

acetone, and methyl ethyl ketone.



references to preferred enbodi nents thereof, it will be understood by those
skilled in the art that various changes in formand details nay be made
therein without 30 departing fromthe scope of the invention enconpassed by
t he appended clains. -19- CLAIMS What is clainmed is: 1. A nethod of
preparing a pharnmaceutically acceptabl e bis(thio- hydrazide am de) disalt,
conprising the steps of: conbining a nepgral bis(thio-hydrazide am de)
represented by the follow ng structural fornula: / I I OONNNN HH S S

an organi ¢ sol vents se| %4%"1{‘6 chaifrs, e?élﬁmég;%'%gféa ? ssePecEJil ol ycol

ali phatic ketone, t| c éther an al

et her, and aﬁta)asmethanolt ethanad, zme's)@emndrim}hlylaﬂlydikemrré.de) di salt soI ution; and
conbi ni ng the solution and nethyl tert-butyl ether, thereby precipi tati ng

t he bi s(thio-hydrazide am de) disalt. 2. The nethod of claiml1l, wherein at

| east about two nplar TRGWNRIESFaifl2, WiRrdHRRR HASEisGRLANE T Or each nol ar

equi val ent of neutral bis(thio- hydrazide amde). 3. The rethod of claim2,
wherei n the amyaomivm hglrogide; arsalkali mretal hydrokide ean alkaliTinetah€1 {Cfdalkéxidé,ai m 1,
wherein the or anji c..sol ent is selected from nethanol, ethanol, 1-propanol,
2- propanol , %ﬁ‘ﬂ%met @M%yt yI al cohol, acetone, and met hyl et hyl
ket one. -20- 5. The nmet hod of claim 4, V\/nerei n the organic solvent is
sel ected from net hanol, ethanol, acetone, and nethyl ethyl ketone.

7. The method of claim 6, wherein the base is sodium hydroxide,

potassium hydroxide, sodium C1-C6 alkoxide, potassium C1-C6 alkoxide, sodium

amide, or potassium amide.

8. The method of claim 6, wherein the base is selected from sodium

hydroxide, sodium methoxide, or sodium ethoxide.

9. The method of claim 2, wherein the base is an alkali metal hydride,

an alkyl alkali metal, or an aryl alkali metal.

10.  The method of claim 9, wherein the base is lithium hydride,
sodium hydride, potassium hydride, butyllithium, butylsodium, butylpotassium,

phenyllithium, phenylsodium, or phenylpotassium.

11.  The method of claim 1, 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) disalt solution.

12. The method of claim 1, 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.

13. The method of claim 12, 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.



6. The nethod of claim2, wherein the base is an am ne; an ammoni um

hydr oxi de; an al kali netal hydroxide, an al kali netal Cl-C6 al koxide, or an
al kali metal am de. 7. The nethod of claim®6, wherein the base is sodium
hydr oxi de, potassi um hydroxi de, sodi um Cl1-C6 al koxi de, potassi um Cl1-C6

al koxi de, sodium am de, or potassium am de. 8. The nethod of claim®,
wherein the base is selected from sodi uft -hydr oxi de, sodi um net hoxi de, or
sodi um et hoxi de. 9. The nmethod of claim2, wherein the base is an al kali
metal hydride, an alkyl alkali metal, or an aryl alkali netal. 10. The

met hod of claim9, wherein the base is lithium hydride, sodium hydride,

pot assi um hydri de,14but yllheiméthedof diaimyl 2 sdierein béiween ghwusig end apout 5

phenyl l'ithiu henyl o?i r phenylpotassium 11. The nmethod of claim1,
wherein the Egé‘llg‘reﬂ“}lvﬁfeé‘%%‘?ﬁ?ﬁﬁéez‘?‘ﬁ%lgy ide) is first conbined with the
organic solvent to formng a mxture, and the base is added to the m xture

to formthe bis(thio-hydrazide am de) disalt solution. 12. The nethod of
claim 1, wherein Hétwedheamsnd ¢f ckEmalfy whistsint bgtwsen ahwiue 8.0gind aheut2elt r al

bi s(t hi o- hydrazi de am d e, conbi ne er each liter of organic solvent.
13. The net hdﬁozl%eqefvg?%?glﬁﬁmﬁéf%erﬁ@PMn about 0.75 and about 1.5 noles
of the neutral bis(thio-hydrazide am de) are conbi ned per each liter of

organic solvent. -21- 14. The nethod of claim 12, wherein between about 2
and about 5 nol ar 16qui Vidieemitboddf dldim I sherpireatomp | oyadelof the nenad et hod of

claim 14, wherejn petween abput 2.0.and about,. 2. nol ar. equi val ents of the
base are errp;%ﬁ?%‘b‘?'gﬁ%?‘mgﬁ%m}fgy RSTbRne gt ﬁq":l’szll,ter\/ﬂ%é}?ee?rﬁa%fﬁé Vet hpl e of the
neutral bis(thio-hydrazide am de) is conbined per each liter of the organic

solvent. 17. The nethod of claim 16, wherein the organic solvent is ethanol.
17.  The method of claim 16, wherein the organic solvent is ethanol.

18. The method of claim 17, wherein the base is about 2 molar to about

5 molar aqueous sodium hydroxide.
19.  The method of claim 16, wherein the organic solvent is acetone.

20. The method of claim 19, wherein the base is about 2 molar to about

5 molar ethanolic sodium ethoxide.

21. A method of preparing a bis(thio-hydrazide amide) disalt,
comprising the steps of:
combining a neutral bis(thio-hydrazide amide) represented by the

following structural formula:

and an organic solvent selected from methanol, ethanol, acetone, and methyl ethyl

ketone to make a mixture;



18. The method of claim 17, wherein the base is about 2 nolar to about 5

nol ar aqueous sodi um hydroxi de. 19. The nethod of claim 16, wherein the
organi ¢ solvent is acetone. 20. The nethod of claim 19, wherein the base is
about 2 nolar to about 5 nolar ethanolic sodi um ethoxide. 21. A method of
preparing a bis(thio-hydrazide am de) disalt, conprising the steps of:

conmbi ning a neutral bis(thio-hydrazi de-apide) represented by the follow ng
structural formula: Oy NNHHYO S S and an organic solvent selected from

met hanol , et hanol ,3dametP st tABLqURARYIs 0hb¥le seleRiedMRorh SodTkGydrdRiad Ur e; - 22-
addi ng at |east two equivalents of a base sel ected from sodi um hydr oxi de,

pot assi um hy ¢otassidm, hysloatiidensoditimonréttiexidg potissimmethoxide isddiumsgbioxide et hoxi de
and potassium et hoxi.de to the m xture, there f.orm ng. a bi s(thio-hydrazide
ani de) di sal tan(QJBP@F%‘B‘H;etﬂboﬁfb‘pectBr‘i%‘? rﬁf%fet‘hsreé%%m%ghﬁﬁhm@%ﬂ&r t-butyl
ether to pr e%ﬁa?qﬁﬁlﬂsaﬁlﬁ@h,sﬂdt of the bis(thio-hydrazide amde) fromthe

bi s(t hi o-hydrazi de am de) solution. 22. The nethod of claim2l, wherein the
organi ¢ sol vent i sonbitingithe soR@ion aihé methtyhtent-rftylodtherio plecipifatertbe disalbe base is

th i di .et.hoxi de. . 24. . haod of ¢l aim.21, . .n th [
ol vent i s ot eari S Beide sanidel B tnetin oshy hoie? anidIRUSlh e T “agueous
sodi um hydr oxi de.

22.  The method of claim 21, wherein the organic solvent is acetone.

23. The method of claim 21, wherein the base is ethanolic sodium

ethoxide.
24. The method of claim 21, wherein the organic solvent is ethanol.

25.  The method of claim 21, wherein the base is aqueous sodium

hydroxide.



