
EPITOPE ANALOGS CROSS-REFERENCE TO RELATED
APPLICATIONS [0001] This application claims priority
under 35 U.S.C.  119(e) to U.S. Provisional
Application No. 60/581,001, filed on June 17, 2004,
entitled SSX-2 PEPTIDE ANALOGS, and to U.S.
Provisional Application No. 60/580,962, filed on June
17, 2004, entitled NY-ESO PEPTIDE ANALOGS; each of
which is incorporated herein by reference in its
entirety. BACKGROUND OF THE INVENTION Field of the
Invention [0002] In certain embodiments, the invention
disclosed herein relates to analogs of peptides
corresponding to class I MHC-restricted T cell
epitopes and methods for their generation. These
analogs can contain amino acid substitutions at
residues that directly interact with MHC molecules,
and can confer improved, modified or useful
immunologic properties. In particular, epitope analogs
from the tumor-associated antigens SSX-2, NY-ESO-I,
PRAME, PSMA, tyrosinase, and melan-A are identified.
Additionally classes of analogs, in which the various
substitutions comprise the non-standard residues
norleucine and/or norvaline, are disclosed.
Description of the Related Art The Major
Histocompatibility Complex and T Cell Target
Recognition [0003] T lymphocytes (T cells) are
antigen-specific immune cells that function in
response to specific antigen signals. B lymphocytes
and the antibodies they produce are also
antigenspecific entities. However, unlike B
lymphocytes, T cells do not respond to antigens in a
free or soluble form. For a T cell to respond to an
antigen, it requires the antigen to be bound to a
presenting complex known as the major
histocompatibility complex (MHC). [0004] MHC proteins
provide the means by which T cells differentiate
native or "self cells from foreign cells. MHC
molecules are a category of immune receptors that
present potential peptide epitopes to be monitored
subsequently by the T cells. There are two types of
MHC, class I MHC and class II MHC. CD4+ T cells
interact with class II MHC proteins and predominately
have a helper phenotype while CD8+ T cells interact
with class I MHC proteins and predominately have a
cytolytic phenotype, but each of them can also exhibit
regulatory, particularly suppressive, function. Both
MHC are transmembrane proteins with a majority of
their structure on the external surface of the cell.
Additionally, both classes of MHC have a peptide
binding cleft on their external portions. It is in
this cleft that small fragments of proteins, native or
foreign, are bound and presented to the extracellular
environment.[0005] Cells called antigen presenting
cells (APCs) display antigens to T cells using the
MHC. T cells can recognize an antigen, if it is
presented on the MHC. This requirement is called MHC
restriction. If an antigen is not displayed by a
recognizable MHC, the T cell will not recognize and
act on the antigen signal. T cells specific for the
peptide bound to a recognizable MHC bind to these
MHC-peptide complexes and proceed to the next stages
of the immune response. SUMMARY OF THE INVENTION SSX-2
4i- analog embodiments [0006] Embodiments include
analogs of the MHC class I-restricted T cell epitope
SSX- 241-49, KASEKIFYV (SEQ ID NO. 1), polypeptides
comprising these analogs that can be processed by pAPC
to present the epitope analogs, and nucleic acids that
express the analogs. The analogs can have similar or
improved immunological properties compared to the
wild-type epitope. [0007] One embodiment relates to an
isolated SSX-2 peptide having a sequence comprising 1
or more amino acid substitutions of the sequence
KASEKIFYV (SEQ ID NO:1), in an 



amount sufficient to elicit cytokine production from a
T cell line generated by immunization against an
epitope with the sequence KASEKIFYV (SEQ ID NO: 1). In
one aspect, the amount sufficient can be not more than
10 uM. In a further aspect, the amount is not more
than 3 uM. In a further is not more than 1 uM. In a
further aspect, the amount can be not more than 0.3
uM. In one aspect, the substitutions can include a
standard amino acid. In a further aspect, the amount
can be not more than 0.3 uM. In one aspect, the
substitutions can include a standard amino acid, for
example Tyr, VaI, Leu, Ala, He, Met, Trp, Phe, Asp,
Asn, or Ser. In a further aspect, the substitutions
can include a non-standard amino acid. In one aspect,
the non-standard amino acid can be, for example, NIe,
Nva, Abu, or a D-stereoisomer of a standard amino
acid. In a further aspect, the substitutions can
include a modified terminal amino acid. In one aspect,
the modified terminal amino acid can be an amidated
C-terminal amino acid. In a further aspect at least
one of the substitutions can be the addition of an
amino acid, wherein the addition is a C-terminal
addition. In a further aspect, the peptide further can
include the substitution of conserved amino acids at
any site, but preferably at the P3, P5, or P7 sites
which are not expressly involved in any MHC
interactions. [0008] A further embodiment relates to
an isolated peptide of 9 amino acids, P l to P9, which
can include one amino acid at each site. For example,
P l can be K, F, Y, W, Phg, Phe(4-F), Phe(4-NO 2),
MeTyr, b-(3-benzothienyl)-Ala, or D-Lys; P2 can be A,
L, V, I, M, D-AIa, Nal-2, Abu, Aib, NIe, or Nva; P3
can be S; P4 can be E, Q, NIe, or Nva; P5 can be K; P6
can be I, L, V, NIe, or Nva; P7 can be F; P8 can be Y,
F, Phe(4-F); and PW (P-omega) at P9 can be V, I, A,
Nva, MeVaI, or Abu. In some instances, the sequence is
not KASEKIFYV. [0009] A further embodiment relates to
an isolated peptide of 9 amino acids, P l to P9, which
can include one amino acid at each site. For example,
P l can b e K, F , Y, W, Phg, Phe(4-F), Phe(4-NO 2),
MeTyr, b-(3-benzothienyl)-Ala, or D-Lys; P2 can be V,
L5M, Abu, NIe, or Nva; P3 canbe S; P4 can be E, Q,
NIe, or Nva; P5 can be K: P6 can be I, L, V, NIe, or
Nva; P7 can be F; P8 can be Y, F, Phe(4-F); and PW at
P9 can be V, I, A, Nva, MeVaI, Abu, or V-NH2. [0010] A
further embodiment relates to an isolated peptide of 9
amino acids, P l to P9, which can include one amino
acid at each site. For example, P l can be K, F, Y, W,
Phg, Phe(4-F), Phe(4-NO2), MeTyr,
b-(3-benzothienyl)-Ala, or D-Lys; P2 can be A, L, V,
M, Abu, NIe, or Nva; P3 can be S; P4 can be E, Q, NIe,
or Nva; P5 can be K; P6 can be I, L, V, NIe, or Nva;
P7 can be F; P8 can be Y, F, Phe(4-F); P9 can be V;
and PW at PlO can be I or L. [0011] A further
embodiment relates to an isolated peptide of 9 amino
acids, Pl to P9, which can include one amino acid at
each site. For example, P l can be K, F, Y, W, Phg,
Phe(4-F), Phe(4-NO2), MeTyr, b-(3-benzothienyl)-Ala,
or D-Lys; P2 can be V; P3 can be S; P4 can be E, Q,
NIe, or Nva; P5 can be K: P6 can be I, L, V, NIe, or
Nva; P7 can be F; P8 can be Y, F, Phe(4-F); P9 can be
V; and PW at PlO can be I, L, V, or NIe. [0012] A
further embodiment relates to an isolated peptide of 9
amino acids, Pl to P9, which can include one amino
acid at each site. For example, P l can be K, F, Y, W,
Phg, Phe(4-F), Phe(4-NO 2), MeTyr,
b-(3-benzothienyl)-Ala, or D-Lys; P2 can be L; P3 can
be S; P4 can be E, Q, NIe, or Nva; P5 can be K: P6 can
be I, L, V, NIe, or Nva; P7 can be F; P8 can be Y, F,
Phe(4-F); P9 can be V; and PW at PlO can be I, L, V,
NIe or Nva. [0013] A further embodiment relates to an
isolated peptide having the sequence: K{L, V, M, I,
D-AIa, D-VaI, Nal-2, Aib, Abu, NIe, or Nva}SEKIFYV; or
{F, Phg, Y, Phe(4-F), Phe(4- NO2), O-methyl-Tyr, or
b-(3-benzothienyl-Ala} ASEKIFYV; or {Y, F, or W}{V,M,
or 1}SEKIFYV; or {F or W)LSEKIFYV; or K{A, V, or
L}SEKIFYI; or K(L or V)SEKIFYV-NH 2; or FVSEKIFY(I, A,
Nva, Abu, or MeVaI); or FVS(Q, NIe, Nva}KIFYV; or
FVSEK(L, V, NIe, or Nva)FYV; or 



FVSEKIF(F, Phe(4-F))V; or KASEKIFYV(I, L,);or
KVSEKIFYV (I, L, V, or NIe); or KLSEKIFYV (L, V, NIe,
or Nva} . [0014] A further embodiment relates to an
isolated peptide having the sequence: K(L, V, M, Abu,
NIe, or Nva} SEKIFYV; or (F or Phg}A SEKEFYV; or
YVSEKIFYV; or F(L, V, or I}SEKEFYV; or W(L or
I)SEKEFYV; or K(V or L)SEKIFYI.; or FVSEKIFY(I or
Nva}. [0015] A further embodiment relates to an
isolated peptide having the sequence: K(V or
L)SEKEFYV; or (F or Y)ASEKEFYV; or FVSEKEFYI. [0016] A
further embodiment relates to a class I MHC/peptide
complex wherein the peptide has the sequence of any of
the peptides in the embodiments described above and
elsewhere herein. In one aspect, the complex can be
cross-reactive with a TCR that recognizes a class I
MHC/SSX-24 9complex. In a further aspect, the complex
can be an HLA-A2/SSX-2 4i.49 complex. [0017] A further
embodiment relates an immunogenic composition that can
include any of the peptide embodiments described above
and elsewhere herein. In one aspect the peptide can
have, for example, the sequence: K(L, V, M, Abu, NIe,
or Nva} SEKEFYV; or (F or Phg}A SEKEFYV; or YVSEKEFYV;
or F(L, V, or I)SEKEFYV; or W(L or I)SEKEFYV; or K(V
orL)SEKIFYI; or FVSEKIFY(I or Nva}, or K(V or
L)SEKIFYV; or (F or Y)ASEKIFYV; or FVSEKIFYI. [0018]
Some further embodiments relate to analogs of the MHC
class I-restricted T cell epitope NY-ESO-1, 57-i65,
SLLMWITQC (SEQ DD NO. 1), polypeptides that include
these analogs that can be processed by pAPC to present
the epitope analogs, and nucleic acids that express
the analogs. The analogs can have similar or improved
immunological properties compared to the wildtype
epitope. [0019] One embodiment relates to an isolated
NY-ESO-Ii 57-I65 peptide having a sequence comprising
1 or more amino acid substitutions of the sequence
SLLMWITQC (SEQ ID NO:1), in an amount sufficient to
elicit cytokine production from a T cell line
generated by immunization against an epitope with the
sequence SLLMWITQC (SEQ ID NO:1). For example, in one
aspect, the amount sufficient can be not more than 10
uM. In a further aspect, the amount can be not more
than 3 uM. Also, in a further aspect, the amount can
be not more than 1 uM. In a further aspect, the amount
is not more than 0.3 uM. In one aspect, the
substitutions can include a standard amino acid. In a
further aspect, the substitutions can include a
non-standard amino acid. In one aspect, the
non-standard amino acid can be, for example, Tyr, VaI,
Leu, Ala, He, Met, NIe, Nva, Trp, Phe, Asp, Asn, Ser,
Abu, and a D-stereoisomer of a standard amino acid. In
a further aspect, the substitutions can include a
modified terminal amino acid. In one aspect, the
modified terminal amino acid can be an amidated
C-terminal amino acid. In a further aspect at least
one of the substitutions can be the addition of an
amino acid, wherein the addition is a C-terminal
addition. [0020] One embodiment relates to an isolated
peptide having a sequence in which: P l is S, F, K, or
W; P2 is L, I, V, NIe, or Nva; P3 is L; P4 is M, L, or
N; P5 is W; P6 is I, A, L, V, or N ; P7 is T; P8 is Q,
E, D, or T; PW at P9 is C, V, I, L, A, Nva, NIe, V-NH
2, or L-NH 2; and 



wherein the sequence is not SLLMWITQ(C, V, I, L, A},
FVLMWITQA, or FILMWITQ(L, I}. [0021] Another
embodiment relates to an isolated peptide having a
sequence in which: P l is Y; P2 is L, V, I, NIe, or
Nva; P3 is L; P4 is M, L, or N;P5 isW; P6 is I, A, L,
V, or N; P7 is T; P8 is Q, E, D, or T; PW at P9 is V,
I, L, Nva, NIe, V, V-NH2, or L-NH2; and wherein the
sequence is not YVLMWITL or YLLMWIT(I, L}. [0022] A
further embodiment relates to an isolated decamer
peptide having a sequence {S,Y}LLMWITQ(C, V}(L, I,
Nle}. [0023] Yet another embodiment relates to an
isolated peptide having a sequence SILMWITQ(C, V, L,
A}, YLLMWITQ (Nva, Nle}, F(L, V)LMWITQ(V, L, I}, Y(I,
Nva, NIe)LMWITQV, YLLLWITQV, or TVLMWITQV. [0024] A
further embodiment relates to an isolated peptide
having a sequence (S, F)VLMWITQV, SLMWITQNva, or
SNvaLMWITQV [0025] Still another embodiment relates to
an isolated peptide having a sequence SNvaLMWITQV.
[0026] Some embodiments relate to an isolated peptide.
The peptide can include or consist essentially of a
sequence in which: PO is X, XX, or XXX, wherein X
specifies any amino acid or no amino acid; and Pl is
K, F, Y, W, Phg, Phe(4-F), Phe(4-NO2), MeTyr,
b-(3-benzothienyl)-Ala, or D-Lys; and P2 is A, L, V,
I, M, D-AIa, Nal-2, Abu, Aib, Nle, or Nva; and P3 is
S; and P4 is E, Q, Nle, or Nva; and P5 is K: and P6 is
I, L, V, Nle, or Nva; and P7 is F; and P8 is Y, F,
Phe(4-F); and PW at P9 is V, I, A, Nva, MeVaI, Abu, or
V-NH2, or P9 is V, and PW at PlO is I, L, V, Nle or
Nva; and PW+ 1 is X, XX, or XXX, wherein X specifies
any amino acid or no amino acid; and wherein the
sequence is not KASEKIFYV; [0027] The isolated peptide
can include or consist essentially of the sequence:
K(L, V,M, I, D-AIa, D-VaI, Nal-2, Aib, Abu, Nle, or
Nva}SEKIFYV; or (F, Phg, Y, Phe(4-F), Phe(4-NO2),
O-methyl-Tyr, or b-(3-benzothienyl- AIa)ASEKIFYV; or
(Y, F, or W) (V, M, or I)SEKIFYV; or (F or W)LSEKIFYV;
orK{A, V, or L }SEKIFYI; or K{L or V}SEKIFYV-NH2; or 



FVSEKIFY(I, A, Nva, Abu, or MeVal}; or FVS(Q, NIe,
NvaJKIFYV; or FVSEK(L, V, NIe, or Nva}FYV; or
FVSEKIF(F, Phe(4-F)}V; or KASEKIFYV(I, L,};or
KVSEKIFYV (I, L, V, or Nle}; or KLSEKIFYV (L, V, NIe,
or Nva} . [0028] The isolated peptide can include or
consist essentially of the sequence: K(L, V, M, Abu,
NIe, or Nva} SEKIFYV; or (F or Phg}A SEKIFYV; or
YVSEKIFYV; or F(L, V, or 1}SEKIFYV; or W(L or
1}SEKIFYV; or K(V or L}SEKIFYI.; or FVSEKIFY(I or
Nva}. [0029] Also, the isolated peptide can include or
consist essentially of the sequence: K(V or L}SEKIFYV;
or (F or Y}ASEKIFYV; or FVSEKIFYI; or KVSEKIFYV.
[0030] Further, the isolated peptide can include or
consist essentially of the sequence KVSEKIFYV. [0031]
The isolated peptide can have affinity for a class I
MHC peptide binding cleft. The MHC can be, for
example, HLA-A2. [0032] Some embodiments relate to a
class I MHC/peptide complex wherein the peptide can
have the sequence of the peptide of claim 1. The class
I MHC/peptide complex can be crossreactive with a TCR
that recognizes a class I MHC/SSX-24M9 complex. The
class I MHC/peptide complex can be an complex. [0033]
Other embodiments relate to a polypeptide that
includes a polypeptide as described above and
elsewhere herein, in association with a liberation
sequence. [0034] Still further embodiments relate to
immunogenic compositions that include a peptide as
described above or elsewhere herein. [0035] Others
relate to nucleic acids encoding or nucleic acid means
for expressing a polypeptide as described above or
elsewhere herein. Also, some relate to immunogenic
compositions that include such nucleic acids or
nucleic acid means.[0036] Some embodiments relate to
methods of inducing, maintaining, or amplifying a CTL
response. The methods can include intranodal
administration of a composition as described above and
elsewhere herein. [0037] Other embodiments relate to
methods of entraining a class I MHC-restricted T cell
response , which methods can include intranodal
administration a composition as described above or
elsewhere herein plus an immunopotentiating agent.
[0038] Further embodiments relate to methods of
inducing, maintaining, or entraining a CTL response,
which methods can include intranodal administration of
a composition as described above and elsewhere herein.
[0039] Some embodiments relate to isolated peptides
that include 1 to 3 substitutions in 



the sequence KASEKIFYV having an affinity for a class
I MHC binding cleft that is similar to or greater than
the affinity of KASEKIFYV for said class I MHC binding
cleft. The halftime of dissociation can be similar to
or greater than the halftime of dissociation of
KASEKIFYV from said class I MHC binding cleft. The
isolated peptide can be recognized by T cells with
specificity for the peptide KASEKIFYV. [0040] Still
further embodiments relate to isolated peptides that
include or consisting essentially of a sequence in
which: Pl is K, F, Y, W, Phg, Phe(4-F), Phe(4-NO2),
MeTyr, b-(3-benzothienyl)-Ala, or DLys; and P2 is A,
L, V, I, M, D-AIa, Nal-2, Abu, Aib, NIe, or Nva; and
P3 is S; and P4 is E, Q, NIe, or Nva; and P5 is K: and
P6 is I, L, V, NIe, or Nva; and P7 is F; and P8 is Y,
F, Phe(4-F); and PW at P9 is V, I, A, Nva, MeVaI, or
Abu; wherein the sequence is not KASEKIFYV; or Pl is
K, F, Y, W, Phg, Phe(4-F), Phe(4-NO2), MeTyr,
b-(3-benzothienyl)-Ala, or DLys; and P2 is V, L, M,
Abu, NIe, or Nva; and P3 is S; and P4 is E, Q, NIe, or
Nva; and P5 is K: and P6 is I, L, V, NIe, or Nva; and
P7 is F; andP8 is Y, F, Phe(4-F); and PW at P9 is V,
I, A, Nva, MeVaI, Abu, or V-NH2; or Pl is K, F, Y, W,
Phg, Phe(4-F), Phe(4-NO2), MeTyr,
b-(3-benzothienyl)-Ala, or DLys; and P2 is A, L, V,M,
Abu, NIe, or Nva; and P3 is S; and P4 is E, Q, NIe, or
Nva; and P5 is K: and P6 is I, L, V, NIe, or Nva; and
P7 is F; and P8 is Y, F, Phe(4-F); and P9 is V; and PW
at PlO is I or L; or Pl is K, F, Y, W, Phg, Phe(4-F),
Phe(4-NO2), MeTyr, b-(3-benzothienyl)-Ala, or DLys;
and P2 is V; and 



P3 is S; and P4 is E, Q, NIe, or Nva; and P5 is K: and
P6 is I, L, V, NIe, or Nva; and P7 is F; and P8 is Y,
F, Phe(4-F); and P9 is V; and PW at PlO is I, L, V, or
NIe; or Pl is K, F, Y, W, Phg, Phe(4-F), Phe(4-NO2),
MeTyr, b-(3-benzothienyl)-Ala, or DLys; and P2 is L;
and P3 is S; and P4 is E, Q, NIe, or Nva; and P5 is K:
and P6 is I, L, V, NIe, or Nva; and P7 is F; and P8 is
Y, F, Phe(4-F); and P9 is V; andPW at Pl 0 is I, L, V,
NIe or Nva. [0041] Some embodiments relate isolated
peptides that include or consist essentially of a
sequence in which: PO is X, XX or XXX, wherein X
specifies any amino acid or no amino acid; and Pl is
S, F, K,W or Y; and P2 is L, I, V, NIe, or Nva; and P3
is L; and P4 isM, L, or N; and P5 is W; and P6 is I,
A, L, V, or N; and P7 is T; and P8 is Q, E, D, or T;
and PW at P9 is C, V, I, L, A, Nva, NIe, V-NH2, or
L-NH2; and PW + 1 is X, XX, XXX, wherein X specifies
any amino acid or no amino acid; and wherein the
sequence is not SLLMWITQ(C, V, I, L, A}, FVLMWITQA,
FILMWITQ(L, I}, YVLMWITL or YLLMWIT(I, L}. Pl is S, F,
K, or W; P2 is L, I, V, NIe, or Nva; P3 is L; P4 is M,
L, or N; P5 is W; P6 is l, A, L, V, or N; P7 is T; P8
is Q, E, D, or T; PW at P9 is C, V, I, L, A, Nva, NIe,
V-NH2, or L-NH2; and wherein the sequence is not
SLLMWITQ(C, V, I, L, A}, FVLMWITQA, or 



FILMWITQ(L, I}; or Pl is Y; P2 is L, V, I, NIe, or
Nva; P3 is L; P4 isM, L, or N; P5 isW; P6 is I, A, L,
V, or N; P7 is T; P8 is Q, E, D, or T; PW at P9 is V,
I, L, Nva, NIe, V, V-NH2, or L-NH2; andwherein the
sequence is not YVLMWITL or YLLMWIT(I, L}. [0042] A
further embodiment relates to a class I MHC/peptide
complex wherein the peptide can have the sequence of
any of the peptides in the embodiments described above
or elsewhere herein. In one aspect, the complex can be
cross-reactive with a TCR that recognizes a class I
MHC/NY-ESO-1 157.165 complex. In a further aspect, the
complex can be an HLA-A2/NYESO- Ii 57-I65 complex.
[0043] In one aspect of the above embodiments, the
peptide can have affinity for a class I MHC peptide
binding cleft, such as HLA-A2. [0044] A further
embodiment relates to a polypeptide comprising the
peptide sequence of any of the embodiments in
association with a liberation sequence. [0045] A
further embodiment relates to an immunogenic
composition that includes any of the peptide
embodiments. In one aspect the peptide can have a
sequence as set forth herein. [0046] A further
embodiment relates to a nucleic acid encoding any of
the peptide embodiments, but preferably those which do
not have non-standard amino acid substitutions. In a
further aspect, the nucleic acid can be encoded in a
vector. [0047] A further embodiment relates to an
immunogenic composition that includes the nucleic acid
encoding any of the peptide embodiments. [0048] A
further embodiment relates to a method of inducing a
CTL response by intranodal administration of any of
the compositions or peptides of the embodiments. In a
further aspect, the method can allow for maintaining a
CTL. In a further aspect, the method can allow for
amplifying a class I MHC-restricted T cell response.
In a further aspect, the method can allow for
entraining a class I MHC-restricted T cell response.
In a further aspect, the method also can include an
immunopotentiating agent. [0049] Some embodiments
relate to isolated peptides having a sequence
comprising 1 to 3 or 4 amino acid substitutions in a
native epitope sequence, wherein a concentration of
the peptide required to elicit cytokine production
from a T cell line generated by immunization against
an epitope with the sequence is not more than a
particular concentration, for example, 10 uM, 1 uM,
0.3 uM, and the like. The substitutions can include a
standard amino acid, a non-standard amino acid, and
the like. The non-standard amino acid can be any of
those described herein, for example, a Dstereoisomer
of a standard amino acid, Nva, or NIe. The
substitutions can include a modified terminal amino
acid, and the modified terminal amino acid can be an
amidated C-terminal amino acid. One of the
substitutions can be the addition of an amino acid,
for example, the addition can be a C-terminal
addition. [0050] Other embodiments relate to peptides
having an amino acid sequence that 



includes at least one difference from a sequence of a
segment of a target-associated antigen, the segment
having known or predicted affinity for the peptide
binding cleft of a MHC protein, wherein the at least
one difference can be a NIe or Nva residue replacing a
residue at an MHC-binding motifanchor position in said
segment. The anchor position can be a primary anchor
position, for example, P2 or PW. The anchor position
can be an auxiliary anchor position. The difference
can include a NIe or Nva residue replacing a
hydrophobic residue in said segment. In some aspects
I, L, or V can be a preferred residue in the
MHC-binding motif anchor position. In some aspects the
peptide can have a length of about 8 to about 14 amino
acids or more preferably a length of 9 to 10 amino
acids, for example. [0051] The protein protein can be
a human MHC protein, for example, class I MHC protein.
The MHC protein can be, for example, a type such as
HLA-A2, A3, A24, A30, A66, A68, A69, B7, B8, B15, B27,
B35, B37, B38, B39, B40, B48, B51, B52, B53, B 60,
B61, B62, B63, B67, B70, B71, B75, B77, C4, CwI, Cw3,
Cw4, Cw6, Cw7, and CwIO. In some aspects, the MHC
protein can be HLA-A2 or A24. The MHC can have an
anchor residue binding pocket, wherein the pocket is
homologous to the B- or F-pocket of HLA-A*0201. The
MHC residues responsible for forming binding pockets,
and which binding pockets accommodate epitope anchor
residues and thus define the binding specificity of
the MHC molecule, are well understood in the art. One
compilation of such information is found at the FEVIM
(Functional Immunology) web site at the hypertext
transfer protocol (http://) "sdmc.lit.org.sg:8080/f
mm/." See also Schdnbach C , Koh J.L.Y., Sheng X.,
Wong L., and V.Brusic. FDVIM, a database of functional
molecular immunology. Nucleic Acids Research. 2000.
Vol. 28. No. 1 222-224 : and Schdnbach C , Koh JL,
Flower DR, Wong L., and Brusic V. FIMM, a database of
functional molecular immunology; update 2002. Nucleic
Acids Research. 2002. Vol. 30. No. 1 226-229 ; each of
which is hereby incorporated by reference in its
entirety. Also, the peptide can have at least one
binding characteristic that is substantially the same
as, or better than, a corresponding characteristic of
said segment for said MHC. For example, the binding
characteristic can be elevated compared with that of
said segment. Also, the binding characteristic can be
affinity or stability of binding for example. [0052]
The peptide can have an immunogenicity that is
substantially the same as, or better than, the
immunogenicity of the segment. The immunogenicity can
be increased. The immunogenicity can evoke an immune
response that is cross-reactive to said segment or can
evoke a CTL response. The immunogenicity can be
assessed, for example, using an MHC-tetramer assay, a
cytokine assay, a cytotoxicity assay, by measuring an
immune response recognizing the peptide, by measuring
an immune response recognizing said segment, using an
in vitro immunizations system, or any other suitable
method. The immunization system can include human
cells. The immunogenicity can be assessed using an in
vivo immunization system, for example, one that
includes a transgenic mouse. The peptide can have an
at least similar binding characteristic as said
segment for said MHC. For example, in some aspects
what is considered to be "similar" can be determined
based upon the instant disclosure. In some particular
aspects "similarity" can be based upon, for example,
peptide concentration for half-maximal binding,
relative affinity, stability (half time of
dissociation) and cross-reactivity/functional avidity.
As an example, a peptide can be considered similar if
it hasresults or characteristics that are within
twofold, even threefold, four, five or 10 fold of the
value for the native peptide. Also, as an example, for
cross-reactivity/functional avidity a similar result
can be one where the data are within three and 10-fold
of the native peptide. As another example, percentage
of binding values can be considered similar when
within 2, 3, 4, 5, 6, 7, 10, 15 or 20% of the native
peptide. Also, ED50 values can be considered similar
in some aspects when within 2- or 3-fold of native
sequence. Similar halftime of dissociation can be for
example within 2- or 3- fold. 



As still another example, for cross-reactivity a value
that is about 2-fold different from wild-type can be
considered similar. These similar values are exemplary
only and given in the context of some aspects of some
embodiments. Other "similar" values can be determined
based upon the other experiments and teachings herein.
[0053] The peptides can be immunologically
cross-reactive with the segment. The cross-reactivity
can be assessed by immunizing with the segment and
assaying recognition of the peptide. The
cross-reactivity can be assessed by immunizing with
the peptide and assaying recognition of the segment.
[0054] The peptide as described above and elsewhere
herein can be modified to include two differences, for
example. In some instances each difference
independently can include a NIe or Nva residue. In
some instances one difference can not include a NIe or
Nva residue. Also, the peptide as described above and
elsewhere herein can include three or more
differences. [0055] The target-associated antigen can
be a tumor-associated antigen. The targetassociated
antigen can be a pathogen-associated antigen. [0056]
Other embodiments relate to immunogenic composition
that include the instant peptides as described above
and elsewhere herein. Further embodiments relate to
methods of immunization that include administering
such compositions to a mammal, for example,
administering directly to the lymphatic system. [0057]
Still other embodiments relate to methods of making a
T cell epitope analogue. The methods can include
providing an amino acid sequence of a segment of a
target-associated antigen, the segment can have known
or predicted affinity for the peptide binding cleft of
a MHC protein; changing at least one amino acid of the
sequence corresponding to an anchor position of a MHC
binding motif to NIe or Nva; and synthesizing a
peptide comprising the changed sequence. The synthesis
can be for example, chemical synthesis or any other
synthetic method. [0058] Some embodiments relate to T
cell epitopes peptide analogue wherein the analogue
differs from a native epitope peptide by replacement
of at least one native residue corresponding to an
anchor position of a MHC binding motif with a NIe or
Nva residue. [0059] Further embodiments relate to
methods to generate and resulting compositions
representing peptides that are immune active and carry
unnatural amino acids at one or multiple MHC anchor
residues.BRIEF DESCRIPTION OF THE DRAWINGS [0060]
Figures IA and B summarize the substitutions that have
been explored for SSX- 241-49 analogs at each
individual amino acid position for nonamers and
decamers, respectively. [0061] Figure 2 is a schematic
diagram of the methodology of a preferred embodiment
for identifying analogs. [0062] Figure 3 is a table
showing the cross-reactivity and functional avidity of
SSX- 241-49 analogs substituted at a single position.
[0063] Figure 4 is a table showing the
cross-reactivity and functional avidity of SSX- 241-49
analogs substituted at two positions. [0064] Figure 5
is a table showing the cross-reactivity and functional
avidity of SSX- 24 1 49 analogs substituted at more
than two positions. [0065] Figure 6 is a table showing
the cross-reactivity and functional avidity of SSX-
24i.49 decamer analogs encompassing the nominal 41-49
peptide. [0066] Figure 7 is a diagram showing the
injection schedule of the SSX-24M9 analogs. [0067]
Figure 8 shows the activity of the SSX-24M9 A42V, A42L
analogs and wild-type 



in lysis of tumor cells. [0068] Figure 9 shows the
injections schedule for in vivo cytotoxicity studies
and ex vivo cytotoxicity studies as well as which
SSX-24M9 analog peptide was used for the boost. [0069]
Figure 10 is a table showing the in vivo specific
lysis results for a number of the analogs as compared
to a control (wild-type peptide) and EAA (Melan A
26-35). [0070] Figure 11 is a table showing the in
vivo specific lysis results for a number of the SSX-24
1.49 analogs as compared to a control (wild-type
peptide) and EAA as well as MHC binding and MHC
stability. [0071] Figure 12 shows the percent specific
lysis of tumor cells (624.38 human tumor cells)
achieved following immunization with a number of
analogs as compared to a wild-type control. Figure
[0072] Figures 13A-C summarize the substitutions that
have been explored at each individual amino acid
position for nonamers and decamers, respectively, as
well as the results that were obtained. [0073] Figure
14 is a diagram showing the injection schedule used
for analysis and testing of the NY-ESO-I analogs.
[0074] Figures 15A-C show the specific elimination of
target cells as measured by removing the spleens and
PBMC from challenged animals and measuring CFSE
fluorescence by flow cytometry. [0075] Figures 16A and
B show the in vivo cytotoxicity against target cells
coated with wild-type peptide after boost with
NY-ESO-I analogs.[0076] Figures 17A and B show an ex
vivo analysis of the ability of the analogs to trigger
enhanced immunity against the wild-type epitope as
assessed by cytokine production. [0077] Figure 18
illustrates a protocol for validating the antigenicity
of the PSMA 288-297 epitope, as well as the results of
the testing. [0078] Figure 19 is a table showing the
cross-reactivity and functional avidity of PSMA
288-297 analogs substituted at a single position.
[0079] Figure 20 is a table showing the
cross-reactivity and functional avidity of PSMA288-297
analogs substituted at two positions. [0080] Figure 2
1 is a table showing the cross-reactivity and
functional avidity of PSMA 288-297 analogs substituted
at more than two positions. [0081] Figure 22 shows the
immunogenicity of various PSMA 288-297 analogs
measured by Elispot. [0082] Figure 23 shows the
results of an assay regarding the amplification of
anti- PSMA 288-297 response by the I297V analog
measured by Elispot. [0083] Figure 24 shows the
results of boosting with the I297V analog. The assay
showed that the boosting resulted in cytotoxic
immunity against a PSMA + human tumor line. [0084]
Figure 25 illustrates a protocol for validating the
antigenicity of the PRAME 425. 433 epitope, as well as
the results of the testing. [0085] Figure 26 is a
table showing the cross-reactivity and functional
avidity of PRAME 425.433 analogs substituted at a
single position. [0086] Figure 27 includes two tables
(A and B), which show the cross-reactivity and
functional avidity OfPR-AME42S-43S analogs substituted
at two positions. [0087] Figure 28 is a table showing
the cross-reactivity and functional avidity of 



PRAME 425-433 analogs substituted at more than two
positions. [0088] Figure 29 shows the immunogenicity
of a analog measured by Elispot. [0089] Figure 30
shows the results of boosting with the L426Nva L433Nle
analog. The assay showed that the boosting resulted in
cytotoxic immunity against native epitope coated
cells. [0090] Figure 3 1 shows a protocol for the in
vivo evaluation of PRAME analogs, as well as the
results of the evaluation. [0091] Figure 32 shows a
protocol for the ex vivo stimulation of cytokine
production in analog induced, native epitope
re-stimulated T cells. [0092] Figure 33 shows the
results of boosting with the L426Nva L433Nle analog.
The assay showed that the boosting resulted in
cytotoxic immunity against a human tumor cell line.
[0093] Figure 34 depicts a protocol for in vitro
immunization to PRAME 425-433 . [0094] Figure 35 shows
the tetramer analysis results after in vitro
immunization with PRAME 425-433 analogs.[0095] Figure
36 depicts the structure of the plasmid, pCTLR2, a
plasmid that expresses the PRAME425-433 epitope.
[0096] Figure 37 shows the assay results for an
experiment in which humor tumor cells were lysed by T
cells primed with plasmid DNA and boosted with
peptides. [0097] Figure 38 shows the tetramer analysis
results after plasmid prime with TyT369-377 and
peptide boost with the V377Nva analog. [0098] Figure
39 [0099] Figure 40 shows a schematic representation
of an Tyrosinase analog immunogenicity evaluation
protocol. [0100] Figure 4 1 shows the immune response
results against 624.38 cells contacted with effector
cells from HHD primed with plasmid and boosted with
TyT369-377 analogs. DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT [0101] Peptides encompassing T
cell epitopes are usually poor immunogens or immune
modulators due to one of multiple factors: a
suboptimal pharmacokinetics profile, limited binding
to MHC molecules (reduced K0n and increased Koff),
decreased intrinsic recognition by T cells present in
the normal immune repertoire (e.g , through various
forms of tolerance). Various strategies have been
pursued to improve the immunologic properties of
peptides, particularly the screening and use of
peptides in which the sequence differs from the
natural epitope. Such analogs are known by various
names in the art, such as heteroclytic peptides and
altered peptide ligands (APL). The generation of such
analogs has most often utilized amino acids from the
standard set of genetically encoded residues (see for
example Valmori, D. et al., J. Immunol. 160:
1750-1758, 1998). Use of nonstandard amino acids has
typically been associated with efforts to improve the
biochemical stability of the peptide (see, for
example, Blanchet, J.-S. et al., J. Immunol.
167:5852-5861, 2001). [0102] Generally, analogs can be
categorized into the following two main classes: (1)
modification of peptide anchor residues to achieve
better HLA binding profiles and higher immune
responses, and (2) modification of peptide anchor
residues and TCR contact residues to circumvent T cell
tolerance for self-antigens. [0103] Some embodiments
relate to analogs that have at least one of the
following retained or improved properties, including
but not limited to: 1. Cross-reactivity and functional
avidity to TCR 2. Affinity for and stability of
binding to MHC class I 



3. In vivo effect on immunity assessed by cytotoxicity
4. In vivo effect on immunity assessed by ex vivo
production of IFN-gamma 5. Increased resistance to
proteolysis.[0104] Some embodiments relate to peptide
sequences, including analogs, where the amino acids of
the sequence are referred to with a position
designator, for example Pl, P2, P3, PW, etc. In
addition, the peptide sequences can be referred to as
including a PO and/or PW + 1 designator. In some
aspects, PO can be X, XX, or XXX, where X is any amino
acid or no amino acid. Similarly, in some aspects, PW
+ 1 can be X, XX, or XXX, where X is any amino acid or
no amino acid. Thus, for example, XXX can mean any
combination of any amino acid residues or no amino
acid. Thus, these embodiments can encompass
polypeptides having up to three additional amino acids
(with any combination of amino acid residues) on the
N-terminus or C-terminus of the specified sequence.
Also, in some aspects, the embodiments can encompass
no additional amino acids on the N-terminus or the
C-terminus. [0105] The MHC residues responsible for
forming binding pockets, and which binding pockets
accommodate epitope anchor residues and thus define
the binding specificity of the MHC molecule, are well
understood in the art. One compilation of such
information is found at the FIMM (Functional
Immunology) web site at the hypertext transfer
protocol (http://) "sdmc.lit.org.sg:8080/fimm/." See
also Schonbach C , Koh J.L.Y., Sheng X., Wong L., and
V.Brusic. FIMM, a database of functional molecular
immunology. Nucleic Acids Research. 2000, Vol. 28. No.
1 222-224: and Schonbach C 5 Koh JL, Flower DR, Wong
L., and Brusic V. FIMM, a database of functional
molecular immunology; update 2002. Nucleic Acids
Research. 2002. Vol. 30. No. 1 226-229; each of which
is hereby incorporated by reference in its entirety.
[0106] The phrase "liberation sequence" refers to a
peptide comprising or encoding an epitope or an
analog, which is embedded in a larger sequence that
provides a context allowing the epitope or analog to
be liberated by immunoproteasomal processing, directly
or in combination with N-terminal trimming or other
physiologic processes. In some aspects, the analog or
epitope can be designed or engineered. [0107] Other
embodiments relate to epitope arrays and other
polypeptides that include the epitope analog sequences
that can be processed to liberate the analog. Further
embodiments relate to nucleic acids, particularly DNA
plasmids, encoding such polypeptides, or simply an
analog, and their expression therefrom. The analogs,
the polypeptides comprising them, and the encoding
nucleic acids can all be components of immunogenic
compositions, particularly compositions suitable for
intralymphatic delivery, all of which relate to
further embodiments. [0108] Peptide analogs with
improved immunologic properties can be designed by
modifying the anchor residues involved in the
interaction with MHC molecules, so as to increase the
binding and stabilize the formation of MHC-peptide
complexes. Such modifications can be guided by
knowledge of the binding motif or preferred anchor
residues of the restricting MHC molecule. There
further exist various rules, indexes and algorithms
that can be used to predict the properties of analogs
bearing various substitutions with the limitation that
the substitution is selected from the standard set of
genetically encodable amino acids.[0109] However,
there are no databases or algorithms to predict the
outcome of replacing anchor residues with non-standard
amino acids and their usefulness is previously not
well explored. It is herein disclosed that the
non-standard amino acids norleucine (NIe) and
norvaline (Nva) can be advantageously substituted into
the anchor residue positions of MHC-binding peptides.
It is preferred that they be placed in a position
favorably occupied by a hydrophobic or a large amino
acid, especially I, L, or V. 



[0110] MHC-binding motifs are generally defined in
terms of preferred residue side chains at nominal
positions within a span of 8 to 10 amino acids (see
for example Rammensee et al., "MHC Ligands and Peptide
Motifs," (Molecular Biology Intelligence Unit),
Springer-Verlag, Germany, 1997 Landes Bioscience,
Austin, Texas; and Parker, et al., "Scheme for ranking
potential HLA-A2 binding peptides based on independent
binding of individual peptide side-chains," J .
Immunol. 152:163-175. Website algorithms are also
available which can be used to predict MHC binding.
See for example, the world wide web page of Hans-Georg
Rammensee, Jutta Bachmann, Niels Emmerich, Stefan
Stevanovic: SYFPEITHI: An Internet Database for MHC
Ligands and Peptide Motifs (hypertext transfer
protocol access via: syfpeithi.bmiheidelberg.
com/scripts/MHCServer.dll/home.htm) and another is
"bimas.dcrt.nih.gov/molbio/hla bind." For class
I-restricted epitopes the C-terminal position, PW, is
typically a primary anchor. The 2nd position, P2, is
also often a primary anchor or, alternatively, P3
and/or P5 can serve this role. Positions P2 through P7
have all been recognized as secondary or auxiliary
anchor positions for one or another MHC (see Rammensee
et al., and see Table 6 from U.S. Patent Application
Publication No. 2003-0215425 (U.S. Patent Application
No. 10/026,066, filed on December 7, 2001, entitled
EPITOPE SYNCHRONIZATION IN ANTIGEN PRESENTING CELLS;
which is incorporated herein by reference in its
entirety for all of its disclosure). For class
Il-restricted epitopes Pl, P4, P6, P7, and P9 have
been recognized as anchor positions. The foregoing is
intended as a general guide and should be considered
exemplary and not exhaustive or limiting. Many
analyses and compilations of binding motifs, anchor
residues, and the like are available in the scientific
and patent literature and over the internet. Their
conventions and results further provide those of skill
in the art useful guide to the design of epitope
analogs, when coupled with the teaching herein. [0111]
The length of the peptide actually bound to the
presenting MHC molecule can be longer than the nominal
motif sequence. The ends of the binding cleft for
class II MHC molecules are open so that the bound
peptide can be extended at either end of the core
motif. In contrast the binding cleft is closed at both
ends in class I MHC molecules so that the ends of the
bound peptide must generally correspond to the motif,
however significant variation in length can be
accommodated through bulging and folding of the
central region of the bound peptide, so that peptides
of up to at least about 14 amino acids in length can
be presented (see for example Probst-Kepper, M. et
al., J. Immunol. 173:5610-5616, 2004).[0112] Epitope
analogs can have improved K0n and KOfr related to the
interaction with class I MHC molecules, as well as
preserved or increased interaction with T cell
receptors recognizing the original epitope, modified
or improved in vivo or ex vivo activity reflected in
enhanced expansion of specific T cell populations,
improved cytokine production by specific T cells, or
in vivo or in vitro cytotoxicity against targets
carrying natural epitopes, mediated by T cells that
reacted with the peptide. In addition, such analogs
may interact in a more optimal fashion with multiple
distinct MHC class I molecules. [0113] Such peptide
analogs with improved immune properties may encompass
one or multiple substitutions, including one or
multiple non-standard amino acids. Among non-standard
amino acids, substitutions for primary anchor residues
consisting of norvaline or norleucine are preferred
since, as exemplified below, they can not only improve
on the interaction with MHC class I, but can also
preserve cross-reactivity with TCR specific for the
native epitope and show improved in vivo immune
profile. More specifically, mutating the P2 amino acid
residue from A, L or V to norvaline or norleucine
improved immune properties and is thus preferred. In
addition, modifying 



the C terminal residue to norvaline or preferably
norleucine, improved immune features of the analogs.
In addition, analogs that encompass multiple
substitutions at primary and/or secondary anchor
residues including norvaline and/or norleucine at P2
or PW, can be associated with improved immune
properties. [0114] Certain uses of norvaline (Nva) and
norleucine (NIe) are mentioned in U.S. Patent No.
6,685,947, PCT Publication Nos. WO 03/076585 A2 and WO
01/62776 Al and U.S. Patent Publication No.
20040253218A1. None of these references teaches the
general usefulness of Nva or NIe substituted at an
anchor position of a MHC-biding peptide to improve an
immunological property. The '218 publication teaches
that the substituted residues should be incorporated
at TCRinteracting positions and not at MHC-interacting
positions: [01 11] In still another embodiment of the
invention, the peptide is an analog of a peptide
derived from an NS-specific antigen that is
immunogenic but not encephalitogenic. The most
suitable peptides for this purpose are those in which
an encephalitogenic selfpeptide is modified at the
T-cell receptor (TCR) binding site and not at the MHC
binding site(s), so that the immune response is
activated but not anergized (Karin et al, 1998;
Vergelli et al, 1996). [0115] HLA-A2.1-restricted
peptides incorporating NIe disclosed in the '776
publication are derived from CEA, p53, and MAGE-3. In
the CEA peptide 1(NIe)GVLVGV and the p53 peptide
S(NIe)PPPGTRV, NIe is present at the P2 position. No
teaching about the general usefulness of norleucine is
provided and no disclosure is provided indicating how
or if these substitutions altered the properties of
the analogs as compared to the native sequence. [0116]
Some of the instant embodiments relate to epitope
analogs that incorporate Nva and/or NIe at a position
promoting binding to MHC. Some embodiments
specifically exclude the useNIe and/or Nva in HLA-A2.1
-restricted epitopes, HLA-A2.1 epitopes from CEA, p53,
and/or MAGE-3, or other peptides derived from MAGE-3,
CEA, and/or p53. In some embodiments, one or more of
the specific sequences as disclosed in the above
referenced patent references are specifically
excluded. Other exemplary embodiments include the use
of NIe and/or Nva atP3, P5, and/or PW anchor
positions, at an auxiliary anchor position, to make an
analog of a non-A2- or non-A2.1-HLA restricted
epitope, in an anchor position of a peptide that is
not derived from an oncogene or oncofetal protein, and
in an anchor position of a peptide derived from a CT
antigen. [0117] In general, such analogs may be useful
for immunotherapy and/or prophylaxis of various
diseases such as infectious, cancerous or
inflammatory, as single agents or in combination
therapies, due to their optimized interaction with MHC
molecules and T cell receptors, key to onset and
regulation of immune responses. Analog production
[0118] The analogs may be produced using any method
known to one of skill in the art, including
manufacturing the peptides using a method of peptide
synthesis or expressing nucleic acids that code for
the desired peptide analogs. Thus, when the analogs
include one or more non-standard amino acids, it is
more likely that they will be produced by a method of
peptide production. When the analogs include only one
or more substitutions with standard amino acids, they
may be expressed from an expression vector using any
method known to one of skill in the art.
Alternatively, the peptides may be expressed using a
method of gene therapy. Analog testing [0119] The
usefulness and/or the activity of the analogs was
identified. In this way useful and/or improved analogs
can be identified. To be useful, an analog may not
necessarily be 



found to be improved in the identified assays. Thus, a
useful peptide may contain other properties such as
being useful in a tolerized patient or resistant to
proteolysis. To be improved, a peptide can be found to
have a clear improvement in binding to the TCR,
binding to the MHC molecule, and an improved immune
response or any other biological activity. To be
useful, the peptide may be found not to be improved
when using a murine test system, but because of the
differences in the human immune system, may be
improved when tested in a human. Alternatively, the
usefulness may stem from a potential to break
tolerance in a tolerized human. Alternatively, the
usefulness may stem from the ability to use the
peptide as a base for further substitutions to
identify improved analogs. [0120] In order to evaluate
usefulness, improved properties and to compare the
analogs in any way to the wild-type, one or more of
the following assays were conducted: peptide binding
affinity for HLA-A*0201; peptide-HLA-A*020 1 complex
stability assay; cross-reactivity assay (recognition
of peptide analogs by wild-type peptide specific CTL
or recognition of wild-type peptide by CTL generated
using peptide analogs); immunogenicity assays, such as
an IFN-g secretionassay, a cytotoxicity assay, and/or
an Elispot assay; antigenicity assays such as an in
vitro tumor cell lysis assay, an ex vivo tumor cell
lysis, and an in vivo tumor cell lysis; and
proteolysis assays to identify increased resistance to
proteolysis. Details of exemplary assays are presented
in the Examples. Uses of the Analogs [0121] Useful
methods for using the disclosed analogs in inducing,
entraining, maintaining, modulating and amplifying
class I MHC-restricted T cell responses, and
particularly effector and memory CTL responses to
antigen, are described in U.S. Patent application Nos.
09/380,534 and 09/776,232 both entitled A METHOD OF
INDUCING A CTL RESPONSE; U.S. Provisional Application
No. 60/479,393, filed on June 17, 2003, entitled
METHODS TO CONTROL MHC CLASS I-RESTRICTED IMMUNE
RESPONSE; and U.S. Patent Application No. 10/871,707
(Pub. No. 2005 0079152) and Provisional U.S. Patent
Application No. 60/640,402 filed on December 29, 2004,
both entitled METHODS TO ELICIT, ENHANCE AND SUSTAIN
IMMUNE RESPONSES AGAINST MHC CLASS I-RESTRICTED
EPITOPES, FOR PROPHYLACTIC OR THERAPEUTIC PURPOSE. The
analogs can also be used in research to obtain further
optimized analogs. Numerous housekeeping epitopes are
provided in U.S. Application Nos. 10/117,937, filed on
April 4, 2002 (Pub. No. 20030220239 Al), and
10/657,022 (2004-0180354), and in PCT Application No.
PCT/US2003/027706 (Pub. No. WO04022709A2), filed on
September 5, 2003; and U.S. Provisional Application
Nos. 60/282,211, filed on April 6, 2001; 60/337,017,
filed on November 7, 2001; 60/363,210 filed on March
7, 2002; and 60/409,123, filed on September 5, 2002;
each of which applications is entitled EPITOPE
SEQUENCES. The analogs can further be used in any of
the various modes described in those applications.
Epitope clusters, which may comprise or include the
instant analogs, are disclosed and more fully defined
in U.S. Patent Application No. 09/561,571, filed on
April 28, 2000, entitled EPITOPE CLUSTERS. Methodology
for using and delivering the instant analogs is
described in U.S. Patent applications 09/380,534 and
09/776,232 (Pub. No. 20020007173 Al), and in PCT
Application No. PCTUS98/14289 (Pub. No. WO9902183A2)
each entitled A METHOD OF INDUCING A CTL RESPONSE.
Beneficial epitope selection principles for such
immunotherapeutics are disclosed in U.S. Patent
Application Nos. 09/560,465, filed on April 28, 2000,
10/026,066 (Pub. No. 20030215425 Al), filed on
December 7, 2001, and 10/005,905 filed on November 7,
2001, all entitled EPITOPE SYNCHRONIZATION IN ANTIGEN
PRESENTING CELLS; 09/561,074 entitled METHOD OF
EPITOPE DISCOVERY; 09/561,571, filed April 28, 2000,
entitled EPITOPE CLUSTERS; 10/094,699 (Pub. No. 



20030046714 Al), filed March 7, 2002, entitled
ANTI-NEOVASCULATURE PREPARATIONS FOR CANCER;
Application Nos. 10/117,937 (Pub. No. 20030220239 Al)
and PCTUS02/11101 (Pub. No. WO02081646A2), both filed
on April 4, 2002, and both entitled EPITOPE SEQUENCES;
and Application Nos. 10/657,022 and PCT Application
No. PCT/US2003/027706 (Pub. No.WO04022709A2), both
filed on September 5, 2003, and both entitled EPITOPE
SEQUENCES. Aspects of the overall design of vaccine
plasmids are disclosed in U.S. Patent Application Nos.
09/561,572, filed on April 28, 2000, entitled
EXPRESSION VECTORS ENCODING EPITOPES OF
TARGET-ASSOCIATED ANTIGENS and 10/292,413 (Pub.
No.20030228634 Al), filed on November 7, 2002,
entitled EXPRESSION VECTORS ENCODING EPITOPES OF
TARGETASSOCIATED ANTIGENS AND METHODS FOR THEIR
DESIGN; 10/225,568 (Pub No. 2003- 0138808) filed on
August 20, 2002, PCT Application No. PCT/US2003/02623
1 (Pub. No. WO 2004/018666) filed on August 19, 2003,
both entitled EXPRESSION VECTORS ENCODING EPITOPES OF
TARGET-ASSOCIATED ANTIGENS; and U.S. Patent No.
6,709,844, entitled AVOIDANCE OF UNDESIRABLE
REPLICATION INTERMEDIATES IN PLASMID PROPAGATION.
Specific antigenic combinations of particular benefit
in directing an immune response against particular
cancers are disclosed in Provisional U.S. patent
Application No. 60/479,554 filed on June 17, 2003 and
U.S. Patent Application No. 10/871,708 filed on June
17, 2004 and PCT Patent Application No. PCT/US2004/0
19571 (Pub. No. WO 2004/112825), all entitled
COMBINATIONS OF TUMOR-AS SOCIATED ANTIGENS IN VACCINES
FOR VARIOUS TYPES OF CANCERS. Antigens associated with
tumor neovasculature (e.g., PSMA, VEGFR2, Tie-2) are
also useful in connection with cancerous diseases, as
is disclosed in U.S. Patent Application No. 10/094,699
(Pub. No. 20030046714 Al), filed March 7, 2002,
entitled ANTINEOVASCULATURE PREPARATIONS FOR CANCER.
Methods to trigger maintain and manipulate immune
responses by targeted administration of biological
response modifiers are disclosed U.S. Provisional
Application No. 60/640,727, filed on December 29,
2004. Methods to bypass CD4+ cells in the induction of
an immune response are disclosed in U.S. Provisional
Application No. 60/640,821, filed on December 29,
2004. Exemplary diseases, organisms and antigens and
epitopes associated with target organisms, cells and
diseases are described in U.S. Application No.
09/776,232 (Pub. No. 20020007173), filed February 2,
2001 and entitled METHOD OF INDUCING A CTL RESPONSE.
Exemplary methodology is found in U.S. Provisional
Application No. 60/580,969, filed on June 17, 2004,
and U.S. Patent Application No. I (Attorney Docket:
MANNK.050A), filed on June 17, 2005, both entitled
COMBINATIONS OF TUMOR-ASSOCIATED ANTIGENS IN
DIAGNOTISTICS FOR VARIOUS TYPES OF CANCERS.
Methodolgoy and compositions are also disclosed in
U.S. Provisional Application No. 60/640,598, filed on
December 29, 2004, entitled COMBINATIONS OF
TUMOR-ASSOCAITED ANTIGENS IN COMPOSITIONS FOR VARIOUS
TYPES OF CANCER. The integration of diagnostic
techniques to assess and monitor immune responsiveness
with methods of immunization including utilizing the
instant analogs is discussed more fully in Provisional
U.S. Patent Application No. 60/580,964 filed on June
17, 2004 and U.S. Patent Application No. _/___ (Arty.
Docket No. MANNK.040A), filed on June 17, 2005, both
entitled IMPROVED EFFICACY OF ACTIVE IMMUNOTHERAPY BY
INTEGRATING DIAGNOSTIC WITH THERAPEUTIC METHODS.The
immunogenic polypeptide encoding vectors are disclosed
in U.S. Patent application No. 10/292,413 (Pub. No.
20030228634 Al) filed on November 7, 2002 entitled
EXPRESSION VECTORS ENCODING EPITOPES OF
TARGET-ASSOCIATED ANTIGENS AND METHODS FOR THEIR
DESIGN, and in U.S. Provisional Application No. __/__,
, filed on June 17, 2005, entitled (Attorney Docket
No. MANNK.053PR), entitled METHODS AND COMPOSITIONS TO



ELICIT MULTIVALENT IMMUNE RESPONSES AGAINST DOMINANT
AND SUBDOMINANT EPITOPES, EXPRESSED ON CANCER CELLS
AND TUMOR STROMA. Additional useful disclosure,
includes methods and compositions of matter is found
in U.S. Provisional Application No. / , filed on June
17, 2005 (Attorney Docket No. MANNK.054PR), entitled
MULTIVALENT ENTRAIN-AND-AMPLIFY IMMUNOTHERAPEUTICS FOR
CARCINOMA. Further methodology, compositions,
peptides, and peptide analogs are disclosed in U.S.
Provisional Application Nos. 60/581,001 and
60/580,962, both filed on June 17, 2004, and
respectively entitled "SSX-2 PEPTIDE ANALOGS" and
"NY-ESO PEPTIDE ANALOGS." All of these applications
mentioned in this paragraph are hereby incorporated by
reference in their entirety for all that they teach.
Additional analogs, peptides and methods are disclosed
in U.S. Patent Application No. / (Attorney Docket:
MANNK.038A) entitled SSX-2 PEPTIDE ANALOGS; U.S.
Patent Application No. __/__, (Attorney Docket:
MANNK.039A), entitled NY-ESO-I PEPTIDE ANALOGS; and
U.S. Patent Application No. _ / , (Attorney Docket:
MANNK.051A), entitled EPITOPE ANALOGS; all filed on
June 17, 2005. As an example, without being limited
thereto the references are incorporated by reference
for what they teach about class I MHC-restricted
epitopes, analogs, the design of analogs, uses of
epitopes and analogs, methods of using and making
epitopes, and the design and use of nucleic acid
vectors for their expression. Antigens [0122] There
are many antigens, epitopes of which can be recognized
by T cells in an MHC-restricted manner, for which
manipulation of an immune response directed against
them has therapeutic or prophylactic potential. The
principles for making analogs of MHC-binding peptides
described herein are generally applicable to any of
these antigens and their epitopes. A particular focus
of the present disclosure is epitopes from the
tumor-associated antigens (TuAA) SSX-2, NYESO- I,
PRAME, PSMA, tyrosinase, and Melan-A. [0123] SSX-2,
also know as Hom-Mel-40, is a member of a family of
highly conserved cancer-testis antigens (Gure, A.O. et
al. Int. J . Cancer 72:965-971, 1997, which is hereby
incorporated by reference in its entirety). Its
identification as the TuAA antigen is taught in U.S.
Patent 6,025,191 entitled ISOLATED NUCLEIC ACID
MOLECULES THAT ENCODE A MELANOMA SPECIFIC ANTIGEN AND
USES THEREOF, which is hereby incorporated by
reference in its entirety. Cancer-testis antigens are
found in a variety of tumors, but are generallyabsent
from normal adult tissues except testis. SSX-2 is
expressed in many different types of tumors, including
synovial sarcomas, melanoma, head and neck cancers,
breast, colon and ovarian cancers. In addition to its
widespread expression in a variety of cancers, it is
also immunogenic in patients with late stage disease.
Further, there is evidence of spontaneous humoral and
cellular immune responses towards this antigen in
metastatic tumor patients (Ayyoub M, et al., Cancer
Res. 63(17): 5601-6, 2003; Ayyoub M, et al. J Immunol.
168(4): 1717-22, 2002), which is incorporated herein
by reference in its entirety. Two HLA-A2 restricted T
cell epitopes have been identified recently using
reverse T-cell immunology, namely SSX 4I-49 (Ayyoub M,
et al. J Immunol. 168(4): 1717-22, 2002; U.S. Patent
No.6548064, entitled ISOLATED PEPTIDES CONSISTING OF
AMINO ACID SEQUENCES FOUND IN SSX OR NY-ESO-I
MOLECULES, THAT BIND TO HLA MOLECULE; U.S. Patent
Application No. 10/117,937, entitled EPITOPE
SEQUENCES) and SSX- 2io3-i p (Wagner C, et al. Cancer
Immunity 3:18, 2003), each of which is incorporated
herein by reference in its entirety. The C-termini of
both epitopes can be efficiently generated by in vitro
proteasome digestion. Isolated HLA-A*0201/SSX-2 4M9
multimer + CD8 + T cells from tumorinfiltrated 



lymph nodes of SSX-2 positive patients exhibited high
functional avidity and can effectively recognize SSX-2
positive tumors; however, the spontaneously occurring
immunological responses were not sufficient for
stopping tumor growth, possibly because these immune
response did not develop until fairly late in the
disease progression, and the activated T cells were
not numerous enough. U.S. Patent No. 6,548,064 (which
is incorporated herein by reference in its entirety)
further describes substituting a T or A residue at
both the P2 and PW position of an SSX-2 epitope.
[0124] NY-ESO-I is a cancer-testis antigen found in a
wide variety of tumors and is also known as CTAG-I
(Cancer-Testis Antigen-1) and CAG-3 (Cancer
Antigen-3). NY-ESO-I as a tumor-associated antigen
(TuAA) is disclosed in U.S. Patent 5,804,381 entitled
ISOLATED NUCLEIC ACID MOLECULE ENCODING AN ESOPHAGEAL
CANCER ASSOCIATED ANTIGEN, THE ANTIGEN ITSELF, AND
USES THEREOF that is hereby incorporated by reference
in its entirety. A paralogous locus encoding antigens
with extensive sequence identity, LAGE-la/s and
LAGE-lb/L, have been disclosed in publicly available
assemblies of the human genome, and have been
concluded to arise through alternate splicing.
Additionally, CT-2 (or CTAG- 2, Cancer-Testis
Antigen-2) appears to be either an allele, a mutant,
or a sequencing discrepancy of LAGE-lb/L. Due to the
extensive sequence identity, many epitopes from
NY-ESO-I can also induce immunity to tumors expressing
these other antigens. The proteins are virtually
identical through amino acid 70. From 71-134 the
longest run of identities between NY-ESO-I and LAGE is
6 residues, but potentially cross-reactive sequences
are present. And from 135-180 NY-ESO and LAGE-la/s are
identical except for a single residue, but LAGE-lb/L
is unrelated due to the alternate splice. The CAMEL
and LAGE-2 antigens appear to derive from the LAGE-I
mRNA, but from alternate reading frames, thus giving
rise to unrelated protein sequences. More recently,
GenBankAccession AF277315.5 (which is incorporated
herein by reference in its entirety), Homo sapiens
chromosome X clone RP5-865E18, RP5-1087L19, complete
sequence, reports three independent loci in this
region that are labeled as LAGEl (corresponding to
CTAG-2 in the genome assemblies), plus LAGE2-A and
LAGE2-B (both corresponding to CTAG-I in the genome
assemblies). [0125] NY-ESO-1 ,57-1 65 is identified as
an HLA-A2 restricted epitope in U.S. Patent No.
6,274,145 entitled ISOLATED NUCLEIC ACID MOLECULE
ENCODING CANCER ASSOCIATED ANTIGEN, THE ANTIGEN
ITSELF, AND USES THEREOF, and U.S. Patent Application
No. 10/1 17,937 (Pub. No. 20030220239) entitled
EPITOPE SEQUENCES reports that this C-terminus is
generated by the housekeeping proteasome in an in
vitro assay. Analogs substituting A,V,L,I,P,F,M,W, or
G at PW, alone or in combination with A at another
position, are disclosed in U.S. Patent Nos. 6,417,165
and 6,605,711, both entitled NY-ESO-I -PEPTIDE
DERIVATIVES, AND USES THEREOF. The references
described in this paragraph are incorporated herein by
reference in their entirety. [0126] PRAME, also know
as MAPE, DAGE, and OIP4, was originally observed as a
melanoma antigen. Subsequently, it has been recognized
as a CT antigen, but unlike many CT antigens (e.g.,
MAGE, GAGE, and BAGE) it is expressed in acute myeloid
leukemias. PRAME is a member of the MAPE family which
consists largely of hypothetical proteins with which
it shares limited sequence similarity. The usefulness
of PRAME as a TuAA is taught in U.S. Patent No.
5,830,753 entitled ISOLATED NUCLEIC ACID MOLECULES
CODING FOR TUMOR REJECTION ANTIGEN PRECURSOR DAGE AND
USES THEREOF, which is hereby incorporated by
reference in its entirety. U.S. Patent Application No.
10/181,499, entitled METHODS FOR SELECTING AND
PRODUCING T CELL PEPTIDE EPITOPES AND 



VACCINES INCORPORATING SAID SELECTED EPITOPES (which
is incorporated herein by reference in its entirety)
identifies a variety of potential epitopes, including
PRAME425-433 , using in vitro digestion with
immunoproteasome. [0127] PSMA (prostate-specific
membranes antigen), a TuAA described in U.S. Patent
5,538,866 entitled "PROSTATE-SPECIFIC MEMBRANES
ANTIGEN" which is hereby incorporated by reference in
its entirety, is expressed by normal prostate
epithelium and, at a higher level, in prostatic
cancer. It has also been found in the neovasculature
of non-prostatic tumors. PSMA can thus form the basis
for vaccines directed to both prostate cancer and to
the neovasculature of other tumors. This later concept
is more fully described in U.S. Patent Publication No.
20030046714; PCT Publication No. WO 02/069907; and a
provisional U.S. Patent application No. 60/274,063
entitled ANTI-NEOVASCULAR VACCINES FOR CANCER, filed
March 7, 2001, and U.S. Application No. 10/094,699,
filed on March 7, 2002, entitled "ANTI-NEOVASCULAR
PREPARATIONS FOR CANCER," each of which are hereby
incorporated by reference in its entirety. The
teachings and embodiments disclosed in said
publications and applications are contemplated as
supporting principals and embodiments related to and
useful in connection with thepresent invention.
Briefly, as tumors grow they recruit ingrowth of new
blood vessels. This is understood to be necessary to
sustain growth as the centers of unvascularized tumors
are generally necrotic and angiogenesis inhibitors
have been reported to cause tumor regression. Such new
blood vessels, or neovasculature, express antigens not
found in established vessels, and thus can be
specifically targeted. By inducing CTL against
neovascular antigens the vessels can be disrupted,
interrupting the flow of nutrients to (and removal of
wastes from) tumors, leading to regression. [0128]
Alternate splicing of the PSMA mRNA also leads to a
protein with an apparent start at Met58, thereby
deleting the putative membrane anchor region of PSMA
as described in U.S. Patent 5,935,818 entitled
"ISOLATED NUCLEIC ACID MOLECULE ENCODING ALTERNATIVELY
SPLICED PROSTATE-SPECIFIC MEMBRANES ANTIGEN AND USES
THEREOF" which is hereby incorporated by reference in
its entirety. A protein termed PSMA-like protein,
Genbank accession number AF261715, which is hereby
incorporated by reference in its entirety, is nearly
identical to amino acids 309-750 of PSMA and has a
different expression profile. Thus the more preferred
epitopes are those with an N-terminus located from
amino acid 58 to 308. PSMA288-297was identified as
possessing an HLA-A2 binding motif in WO 01/62776,
entitled HLA BINDING PEPTIDES AND THEIR USES, which is
hereby incorporated by reference in its entirety. Its
production in vitro by digestion with housekeeping
proteasome and actual binding to HLA-A2 was disclosed
in U.S. Patent Application Publication No.
2003-0220239 entitled EPITOPE SEQUENCES. [0129]
Tyrosinase is a melanin biosynthetic enzyme that is
considered one of the most specific markers of
melanocyte differentiation. Tyrosinase is expressed in
few cell types, primarily in melanocytes, and high
levels are often found in melanomas. The usefulness of
tyrosinase as a TuAA is taught in U.S. Patent
5,747,271 entitled "METHOD FOR IDENTIFYING INDIVIDUALS
SUFFERING FROM A CELLULAR ABNORMALITY SOME OF WHOSE
ABNORMAL CELLS PRESENT COMPLEXES OF HLA-A2/TYROSINASE
DERIVED PEPTIDES, AND METHODS FOR TREATING SAID
INDIVIDUALS" which is hereby incorporated by reference
in its entirety. [0130] Melan-A, also called MART-I
(Melanoma Antigen Recognized by T cells), is another
melanin biosynthetic protein expressed at high levels
in melanomas. The usefulness of Melan-A/MART-I as a
TuAA is taught in U.S. Patent Nos. 5,874,560 and
5,994,523 both entitiled MELANOMA ANTIGENS AND THEIR
USE IN DIAGNOSTIC AND THERAPEUTIC 



METHODS, as well as U.S. Patent No. 5,620,886,
entitled ISOLATED NUCLEIC ACID SEQUENCE CODING FOR A
TUMOR REJECTION ANTIGEN PRECURSOR PROCESSED TO AT
LEAST ONE TUMOR REJECTION ANTIGEN PRESENTED BY HLA-A2,
all of which are hereby incorporated by reference in
their entirety. The immunodominant HLA-A2 restricted
epitope from this TuAA is Melan-A26-35. It has been
shown to be produced by the housekeeping proteasome
(Morel, S. et al. Immunity 12:107-117, 2000), which is
hereby incorporated by reference in its entirety.
Various analogs incorporating standard amino acids,
including an improved analogsubstituting L at P2, are
disclosed in U.S. Patent No. 6,025,470, entitled
ISOLATED NONA- AND DECAPEPTIDES WHICH BIND TO HLA
MOLECULES, AND THE USE THEREOF, which is hereby
incorporated by reference in its entirety. The use of
analogs incorporating non-standard amino acids with a
primary goal of improving biochemical stability is
reported by Blanchet, J.-S. et al., J. Immunol.
167:5852-5861, 2001, which is hereby incorporated by
reference in its entirety. SSX-2 41-49 Analogs [0131]
As noted above, the natural immune response to SSX-2
in cancer patients, including the response to SSX-24i
_49, may not be effective in controlling cancer.
Additionally, wildtype SSX-241-49 is only a moderately
immunogenic peptide that can further limit its
clinical potential. Stronger SSX-2 specific immune
responses induced by the use of superagonist analogs
results in clinical benefits for patients with SSX-2
positive tumor. [0132] Thus, in one embodiment, the
analogs can be used in compositions to stimulate the
immune response of a subject to mount an immune
response against a target cell displaying the target
antigen. The embodiment is contemplated to have
utility in the treatment and prevention of neoplastic
and viral disease. [0133] Since the wild-type SSX-24M9
is only a moderately immunogenic peptide that may
prevent it from eliminating tumors effectively in
vivo, a method was used to de novo design SSX-24i _49
variants that were more potent or had a variety of
improved properties. By using a more immunogenic SSX-2
analog peptide, it was possible to stimulate a
stronger immune response and/or to amplify the
naturally occurring immune response to achieve a
better chance of clinical response. Thus, the binding
properties (affinity and HLA-A*0201/peptide complexes
stability), immunogenicity, antigenicity and
cross-reactivity to the wild-type epitope were
analyzed for each of the analogs to identify an
improved property. In some embodiments, by improved
property it is meant generally, that the analog can be
better used for some purpose than the wild-type. Thus,
the analog need not exhibit improved binding,
stability, or activity to be improved and may even
show a reduced ability to mediate certain parts of the
process, but still be improved for use in another way.
For example, analogs that retain some activity, but
not all activity may be better in human systems that
are tolerized to the wild-type antigen. [0134]
Previously, modifications of natural tumor-associated
peptide epitopes by incorporating favorable anchor
residues have generated analogs with improved binding
profiles with HLA molecules and enhanced
immunogenicity. One of the most successful examples is
the A27L peptide analog of Melan-A 26-35 epitope.
Valmori et al., "Enhanced generation of specific
tumorreactive CTL in vitro by selected Melan-A/MART- 1
immunodominant peptide analogs," J Immunol. 1998,
160(4): 1750-8; which is hereby incorporated by
reference in its entirety. The original epitope failed
to form a stable complex with HLA-A2 molecules since
it lacks optimum anchor amino acid residue at position
2. The modified A27L Melan A 26-35 peptide analog has
demonstratedunequivocally increased binding profiles
with HLA-A2 molecules and greater immunogenicity than
its wild-type counterpart. Immunizing patients with
this analog can generate strong T cell immune
responses that were able to recognize the wild-type
epitope presented at the cell surfaces. Similar 



modifications have been obtained successfully with
many other tumor-associated epitopes such as GPlOO
209-217 (Parkhurst et al., "Improved induction of
melanoma-reactive CTL with peptides from the melanoma
antigen gplOO modified at HLA-A*0201 -binding
residues," J Immunol. 1996, 157(6): 2539-48; which is
hereby incorporated by reference in its entirety),
Her-2 369-377 (Vertuani et al., "Improved
immunogenicity of an immunodominant epitope of the
HER-2/neu protooncogene by alterations of MHC contact
residues," J Immunol. 2004, 172(6): 3501-8; which is
hereby incorporated by reference in its entirety).
[0135] Up to this point no SSX-24i.49 analogs have
been designed and studied even though they hold great
promise for development of SSX-2-based vaccines to
treat a variety of cancers, particularly SSX-2
positive cancers and/or tumors. Thus, methods are
disclosed herein that can be used for the
identification and production of analogs to a Synovial
sarcoma X breakpoint 2 (SSX-2) wild-type sequence.
Using the methods, a panel of 95 novel SSX-241-49
analogs based on the wild-type sequence from amino
acids 241-249 were identified with a variety of
improved properties. The improved properties include,
but are not limited to, binding to class I MHC and T
cell receptor (TCR) molecules, and biological
responses such as IFN-g secretion, cytotoxicity, and
tumor cell lysis. Peptides with improved potency that
retained cross-reactivity with the wild-type epitope
were identified. Among these analogs, some have been
demonstrated to be the superagonist variants of the
wild-type SSX-241-49 peptide, some of which analogs
have been shown to have much higher affinity with
HLA-A*0201 molecule, and the peptide-HLA complex
possessed extended stability. When the mice were
immunized with these analogs, they were able to induce
enhanced CTL immune responses in HHD transgenic mice.
The resulting CTLs could effectively lyse A2+ and
SSX-2+ tumor cell lines both in vivo and in vitro,
which indicated that the CTLs generated using the
analogs were able to recognize the wild-type
SSX-241-49 epitope that naturally presented at the
cell surfaces. In comparison with the wild-type
SSX-241-49 epitope, the analogs are better candidates
for the development of cancer vaccines. [0136]
Embodiments include families of one or more peptides
of 9 or 10 amino acids in length related by sequence
to amino acids 41-49 of the human cancer testis (CT)
antigen SSX-2 (SSX-24i.49) . The individual peptide
embodiments have one to several defined amino acid
substitutions in the wild-type sequence. The
substituted amino acids are, variously, other members
of the standard set of amino acids commonly
genetically encoded, derivatives thereof, their
Dstereoisomers, or other non-standard L-amino acids.
These analogs are useful for investigating the
interaction of the wild-type epitope with class I MHC
and TCR molecules and other components of the immune
response, and for designing additional analogs with
further optimized immunologic properties. Some
embodiments of the analogs have at least similar
immunologic properties to thewild-type epitope in the
HLA-transgenic mouse model in which they have been
tested. Such peptides can be useful in humans, as
SSX-2 is a self-antigen to which a degree of tolerance
may be expected, and the amino acid differences of the
analogs can help to stimulate populations of T cells
that have avoided negative selection but are
cross-reactive with the wild-type epitope. Various
peptide embodiments can have one or more improved
immunologic properties in that they possess greater
affinity for MHC or greater stability of binding to
MHC, elicit greater cytokine production or require
lower peptide concentrations to elicit similar
cytokine production from T cells that recognize the
wild-type epitope, are more immunogenic, can induce or
amplify a cross-reactive cytolytic response to the
wild-type epitope, or can break tolerance. [0137] In
one embodiment, the analogs can have at least one
substitution at a residue selected from the group
consisting of, Pl, P2, P4, P6, P8, P9 and PlO. In a
further embodiment, the 



analogs can have at least two substitutions at
residues selected from the group consisting of: Pl,
P2, P4, P6, P8, P9 and PlO. In a further embodiment,
the analogs can have at least three substitutions at
residues selected from the group consisting of: Pl,
P2, P4, P6, P8, P9 and PlO. In a further embodiment,
the analogs can have substitutions at positions P2 and
P9. In a further embodiment, the peptides can have
substitutions at residues Pl, P2, and P9. In a further
embodiment, the peptide analogs can have substitutions
at residues Pl, P2, and P4. In a further embodiment,
the peptide analogs can have substitutions at residues
Pl, P2, and P6. In a further embodiment, the peptide
analogs can have substitutions at residues Pl, P2, and
P8. In one embodiment, two substitutions can produce
improved properties. In a further embodiment, one
substitution can produce improved properties. In a
further embodiment, three substitutions can produce
improved properties. In a further embodiment, the one
or more substitutions can produce improved properties
but are still recognized by a TCR that recognizes the
wild-type sequence (still cross-react with the
wild-type sequence). [0138] One embodiment relates to
epitope arrays and other polypeptides comprising the
epitope analog sequences that can be processed to
liberate the analog. Further embodiments relate to
nucleic acids, particularly DNA plasmids, encoding
such polypeptides, or simply an analog, and their
expression therefrom. The analogs, the polypeptides
comprising them, and the encoding nucleic acids can
all be components of immunogenic compositions,
particularly compositions suitable for intralymphatic
delivery, that constitute further embodiments. Analog
design [0139] Embodiments relate to the SSX 4I-49
peptide which contain substitutions of the sequence
KASEKIFYV (See Figure 1). In a further embodiment, the
analog can be generally an analog of the SSX-24 1.50
decamer peptide with the sequence KASEKIFYVY. The
residues or amino acids that make up the peptide are
referred to herein as P1-P9 or Pl-PlO to designate the
position within the peptide as numbered from the N- to
the C-terminus, Pl corresponding to the
N-terminalLysine and P9 corresponding to the
C-terminal Valine in the nonamer. Alternatively, the
residues may be referred to by the primary activity of
the molecule that they are involved in. For example,
residue P2 is described as the N-terminal primary
anchor molecule, while P9 (or PlO in the decamer) is
described as the primary C-terminal anchor. Residues
P4, P6 and P8 are primarily involved in TCR
interactions. Substitutions can use any amino acids,
including Standard and non-standard amino acids, known
to one of skill in the art. A number of exemplary
amino acids are disclosed herein, however, the
substitutions disclosed herein are not meant to be a
list that includes all imagined substitutions, but are
exemplary of the substitutions that are possible. One
of skill in the art may find a number of other
non-standard amino acids in catalogs and references
that may be purchased or chemically produced for use
with the analogs herein. [0140] A number of possible
analogs were produced by modification of peptide
anchor residues to achieve better HLA binding profiles
and higher immune responses, including at the
Nterminal primary anchor (P2 position), at the
N-terminal secondary anchor (Pl position), at the
Nterminal primary and secondary anchor (Pl and P2
positions), and at the N-terminal primary/secondary
anchor (Pl and P2 positions) and C-terminal primary
anchor (P9 position). Further, peptides with
modifications at the anchor residues and TCR contact
residues were produced to circumvent T cell tolerance
for self-antigens, these modifications included
modifications at the Nterminal primary/secondary
anchor (Pl and P2 positions) and secondary TCR
recognition sites (P4, P6 and/or P8 positions),
modifications at the N-terminal primary/secondary
anchors (Pl and P2 position), and modifications at the
C-terminal primary anchor (P9) and at secondary TCR
recognition 



sites (P4, P6 and/or P8 positions). Further, decamer
analogs were produced. [0141] The choice of which
residues would best produce analogs with improved
properties involved analysis of studies of MHC peptide
interactions, studies of TCR peptide interactions and
previous analogs that were known in the art. Some
residues are primarily involved in a specific
interaction and some are secondarily or even
tertiarily involved. Thus, the knowledge of how the
residues are involved in the binding to these
molecules was involved in the analysis. Further some
of the wild-type residues are preferred, meaning that
they work well for the intended interaction, while
others are non-preferred, meaning that they work
poorly for the interaction. Thus, in one embodiment,
the non-preferred residues can be substituted. For
example, the valine at the Cterminus is generally a
preferred anchor residue because it produces a strong
interaction with the HLA molecule and, thus, it was
less preferred to substitute this residue. However,
modifications of wild-type tumor-associated peptide
epitopes by incorporating favorable anchor residues
have generated analogs with improved binding profiles
with HLA molecules and enhanced immunogenicity. One of
the most successful examples is the A27L peptide
analog of Melan-A 26-35 epitope (Valmori D, et al. J
Immunol. 160(4): 1750-8, 1998; which is hereby
incorporated by reference in its entirety). The
original epitope failed to form a stable complex with
HLA-A2 molecules since it lacked an optimal anchor
residue at position 2. In contrast the modified Melan
A2 -35 A27L peptide analog demonstrated unequivocally
increased binding profiles with HLA-A2 molecules and
greater immunogenicity than its wild-type counterpart.
Immunizing patients with this analog generated strong
T cell immune responses that were able to recognize
the wild-type epitope presented at the cell surfaces.
Similar modifications were obtained successfully with
many other tumor-associated epitopes such as GPlOO
209-217 (Parkhurst MR, et al. J Immunol. 157(6):
2539-48, 1996; which is hereby incorporated by
reference in its entirety), Her-2 369-377 (Vertuani S,
et al. J Immunol. 172(6): 3501-8, 2004; which is
hereby incorporated by reference in its entirety).
[0142] The choice of how many residues to substitute
involves a desire to substitute better residues while
still retaining enough of the qualities of the epitope
that it will still be recognized by T cells which
recognize the wild-type epitope. Thus, in one
embodiment, one or two substitutions can be made to
the wild-type peptide. In a further embodiment, more
than two substitutions can be made to the wild-type
peptide, while still retaining cross-reactivity with
the wildtype peptide. [0143] Thus, generally, the part
of the peptide that is involved in TCR recognition is
desirably substituted to produce improved
immunogenicity while still cross-reacting with the
wildtype epitope. For example, a peptide that shows
increased immunogenicity is preferred. Because the P2
or second amino acid at the N-terminal end is believed
to be primarily involved in the process of producing
improved immunogenicity, primarily through improved
binding properties, it is a preferred substitution
site and a number of modifications were made in the
exemplary analogs to identify desired substitutions.
Similar considerations apply to the carboxy-terminal
position, PW which also can be important for MHC
binding. [0144] Thus, in one embodiment, the analog
can include a substitution at the P2 residue that
substitutes a more hydrophobic residue for the
wild-type alanine. In a further embodiment, the
hydrophobic residue also can possess a more bulky side
chain. In a further embodiment, the residue at P l can
be substituted with a more hydrophobic residue. In a
further embodiment, residues Pl and P2 both can be
substituted with more hydrophobic residues. In further
embodiments at least one residue at Pl, P2, and P9 can
be substituted. In a further embodiment, at least two
residues at Pl, P2 and P9 can be substituted. In a
further embodiment at least two residues at Pl, P2, P9
P4 and P6 can 



be substituted including one or more residues involved
in TCR binding. [0145] Further, substitutions of those
residues only secondarily involved in binding to TCR
or the MHC molecule can be advantageous. For example,
substitution of secondary TCR binding amino acids can
generate analogs that still bind and produce a
response and do not interfere with the binding to the
MHC molecule, but preferably overcome the tolerance
issues of self-antigens. This is useful because a
patient who has cancer may be partially tolerized to
the antigen. Thus, in order to overcome that
tolerance, an analog that retains some activity can be
preferable to an analog with more improved
immunogenicity, because it will be less likely to be
recognized as "self by the immune system.1. N-terminal
proximal primary anchor modification(P2) [0146] The
N-terminal primary anchor is the 2nd N-terminal amino
acid of the peptide and is the N-terminal proximal
primary anchor. It is primarily involved in the
interaction with the MHC molecule and substitutions
can result in improved binding and stability. However,
it may be secondarily involved in TCR interactions
also. Thus, substitutions at this site can result in a
peptide with improved interaction with MHC molecules
as well as improved interaction with the TCR. [0147]
The alanine found at this position in the wild-type
sequence is generally believed to be non-preferred for
the interaction with the MHC molecule. Thus, preferred
embodiments of the analogs have a substitution at this
position. In one embodiment, the original Ala 42 found
in the wild-type sequence can be substituted with a
more hydrophobic amino acid. Any more hydrophobic
amino acid may be used including any that is available
or known to one of skill in the art, including
standard amino acids and non-standard amino acids. In
a further embodiment, the original Ala 42 is
substituted with a more hydrophobic amino acid also
possessing a bulky side chain. Examples of more
hydrophobic amino acids includes, but are not limited
to: Leu, VaI, He, Met, ot-aminobutyric acid,
Norleucine and Norvaline.TABLE l N-TERMINAL PROXIMAL
PRIMARY ANCHOR MODIFICATION 2. N-terminal secondary
anchor modification (Pl) [0148] The N-terminal
secondary anchor is the first amino acid at the
N-terminus. This residue is Lys 4 1 and is defined as
a secondary anchor residue in interacting with the
HLA-A*0201 molecule. However, it is also engaged in
the interaction with the T cell receptors to a certain
degree. Therefore, modifications of this position can
generate some heteroclitic analogs that are more
immunogenic and more suitable for the development of
tumor vaccines. Although the lysine at this position
is generally considered to be favored, substitutions
can result in highly improved properties. [0149] Thus,
in one embodiment, the original Lys 43 found in the
wild-type sequence can be substituted with a more
hydrophobic amino acid. Any more hydrophobic amino
acid can be used, including any that is available or
known to one of skill in the art, including standard
amino acids and non-standard amino acids. In a further
embodiment, the Lys 43 can be substituted with
anaromatic amino acid. Examples of more hydrophobic
amino acids include, but are not limited to: Phe, Tyr,
Trp, and D-Lys . Table 2 N-TERMINAL SECONDARY ANCHOR
MODIFICATIONS 3. N-terminal primary and secondary
modifications (P2 and Pl) [0150] In one embodiment,
both primary and secondary anchor residues were
substituted to result in improved binding affinity to
the HLA molecule. In a further embodiment, the double
substitution produced improved stability of binding to
the HLA molecule. In further embodiments, the binding
and/or stability was not improved and may have even
been reduced, but other properties of the molecule
were improved, such as activity or recognition by a
tolerized 



individual.Table 3 N-TERMINAL PRIMARY AND SECONDARY
ANCHOR MODIFICATION 4. N-terminal primary/secondary
anchor and C-terminal primary modification (P2, Pl and
P9) [0151] The C-terminal VaI of the wild-type peptide
is generally a preferred anchor residue and primarily
involved in the interaction with the MHC molecule
However, substitutions were earned out to identify
which amino acids improve the analogs having primary
and secondary Nterminal modifications. These
C-terminal substitutions can be used in the absence of
one or more Nterminal modifications also. [0152] These
modifications were shown to improve binding affinity
and stability and in some cases resulted in analogs
with decreased cross-reactivity. Thus, in some
embodiments, the substitution to the C-terminus
resulted in a peptide with improved binding and/or
stability without decreased cross-reactivity. However,
in other embodiments the substitution to the
C-terminus resulted in a peptide with improved binding
and/or stability with equal or decreased
cross-reactivity Each of the molecules can be of use
in certain cases or in certain patients. In one
embodiment, the valine at the C-terminus is
substituted with a large aliphatic ammo acidTable 4
N-TERMINAL PRIMARY/SECONDARY ANCHOR AND C-TERMINAL
PRIMARY MODIFICATIONS 5. N-terminal primary/secondary
anchor and TCR residues modification [0153] The TCR
sites are generally recognized as residues P4, P6, and
P8 and are the primary residues involved in the
binding to the TCR However, other residues may also be
involved in the interaction to a lesser extent. In one
embodiment, one or more of the sites primarily
involved in TCR interaction can be substituted to
increase the interaction. Preferably, these
substitutions can generate heteroclitic analogs that
do not interfere with binding to the MHC molecule, but
overcome the tolerance issues of the wild-type
peptides In a further embodiment, at least one TCR
substitutioncan be included with at least one
substitution at position Pl, P2, and/or P9 In a
further embodiment, the substitution at any one or
more of the P4, P6, and P8 positions can be a polar
amino acid. In a further embodiment, the substitution
can be an aromatic ammo acid at position P8 In a
further embodiment, the substitution can be an amino
acid with a large aliphatic side chain at position P6
In a further embodiment, the substitution can be an
amino acid which has a larger side chain to preserve
the interaction. Table 5 N-TERMINAL PRIMARY/SECONDARY
ANCHOR AND TCR SITES MODIFICATION6. C-terminal amide
[0154] In some embodiments, the C-termmal residue can
be modified to contain an amide in the place of the
free carboxyhc acid Thus, for example, if the peptide
is a 9-mer (nonamer) the P9 residue can be modified.
If the peptide is a 10-mer (decamer) the PlO residue
can be modified Preferably this results in a peptide
or analog that has increased stability in biological
media, including but not limited to blood, lymph, and
CNS Preferably, the peptides can retain the other
necessary activities to result in an analog usable for
vaccination or as an immunogen Table 6 C-TERMINAL
AMIDE and fct avidity 7. Decamers [0155] The length of
typical MHC binding peptides can vary from about 8 to
about 11 ammo acids in length However, most of the
previously used HLA-A*0201 are 9-mers (nonamers) 



or 10-mers (decamers) Thus, in one embodiment, the
analog can be an analog of the wild-type sequence
SSX-24i.5o However, because the wild-type 10-mer does
not have the correct bindingmotif and showed no
immunological activity, a 10-mer was created by
substituting amino acids at the PlO position and
identifying the effect of various wild-type and
analogs (see Figure 1). 8. Remaining residues [0156]
With reference to Figures IA and IB, any residues can
also be substituted with conservative amino acids.
Conservative substitutions can be paired with any of
the above substitutions that can produce an effect.
Alternatively, conservative substitutions can be
specifically at residues that are not believed to be
involved in any of the activities at a primary,
secondary, or even tertiary level. Such residues
include P3, P5 and P7. For example, the Serine at
position P3 can be substituted with an alanine or
threonine to produce an analog. Typically, such
conservative substitutions do not significantly affect
the activity of the analog, however, in some
embodiments they can increase certain activities or
decrease certain activities. NY-ESQ-I _} Analogs
[0157] Many features regarding a variety of
embodiments and aspects of analog design are disclosed
above, either generally or as applied to the SSX-2
epitope. It is to be understood that such disclosure
is also applicable to this and subsequent epitopes.
Explicit restatement of such disclosure will be
minimized for the sake of brevity. [0158] Embodiments
relate to analogs of the MHC class I-restricted T cell
epitope NYESO- 1 ,57.165 , SLLMWITQC (SEQ ID NO. 1),
polypeptides comprising these analogs that can be
processed by pAPC to present the epitope analogs, and
nucleic acids that express the analogs. The analogs
can have similar or improved immunological properties
compared to the wild-type epitope. [0159] One
embodiment relates to methods to derivatize and
improve analogs of NYESO- Ii 57-I65 , along with
specific sequences that encompass substitutions. The
analogs can contain at least one substitution, but can
have multiple substitutions comprising standard or
non-standard amino acids singly or in various
combinations. The analogs can result in peptides with
retained or improved properties. [0160] The epitope
NY-ESO-I 157- I65 has been shown to be presented by
NY-ESO-I expressing cell lines, by measuring the
epitope specific T cell activity against such cells
(Jaeger, E. et al., J . Exp. Med. 187:265-270, 1998;
U.S. Patent No. 6,274,145 entitled ISOLATED NUCLEIC
ACID MOLECULE ENCODING CANCER ASSOCIATED ANTIGEN, THE
ANTIGEN ITSELF, AND USES THEREOF), which is
incorporated herein by reference in its entirety.
Methodologies to improve the physico-chemical
properties of the peptide NY-ESO-Ii 57 I65 have been
described (U.S. Patent No. 6,417,165 entitled NY-ESO-I
-PEPTIDE DERIVATIVES, AND USES THEREOF), which is
incorporated herein by reference in its entirety, and
can consist of replacement of the terminal cysteine
with other amino acids that preserve or enhance the
interaction with MHC and are devoid of the deleterious
property of disulfide C-C bond formation interfering
with the activity.However, sole manipulation of the C
terminal cysteine residue ignores the advantages of
optimizing multiple residues throughout the peptide
for major histocompatibility (MHC) and/or T cell
Receptor (TCR) binding. Thus, beyond the practicality
of mutating the Cys residue, there is considerable
opportunity in mutating additional amino acids
throughout the peptide. For example, substitutions can
be used to further optimize the binding to MHC and /or
TCR in a fashion that enables more effective
application in clinics. [0161] Embodiments relate to
families of one or more peptides of 9 or 10 amino
acids in length related by sequence to amino acids
157-165 of the human cancer testis (CT) antigen
NY-ESO- 1 (NY-ESO-I 157-165). 



Analog design [0162] The analog is generally an analog
of the NY-ESO-Ii 57-165, with the sequence SLLMWITQC
(SEQ ID NO:1). Analysis of whether wild-type amino
acids are preferred or nonpreferred used previous
analyses of other peptide-MHC or TCR interactions. For
example, the Cysteine at the C-terminus is generally a
non-preferred anchor residue because it does not
produce a strong interaction with the HLA molecule
and, thus, it was highly preferred to substitute this
residue. However, although the Serine at position Pl
is generally preferred, it was found that substituting
an aromatic could produce a peptide with improved
properties. Further the Leucine at position P2 is
generally acceptable, but substituting a hydrophobic
and/or bulky amino acid resulted in a peptide with
improved properties. The residues which are primarily
involved in the interaction with the TCR (P4, P6 and
P8) showed a preference generally for some polarity,
and in the case of P8 an aromatic generally produced
peptides with favorable properties. [0163] One
preferred embodiment relates to an analog that has a
substitution at the P2 position. Preferably, the
substitution can be a hydrophobic residue. More
preferably, the substitution can be a bulky
hydrophobic residue. In a further embodiment, the
residue at Pl can be substituted with a more
hydrophobic residue. In a further embodiment, residues
Pl and P2 can be both substituted with more
hydrophobic residues. In further embodiments at least
one residue at Pl, P2, and P9 can be substituted. In a
further embodiment, at least two residues at Pl, P2
and P9 can be substituted. In a further embodiment at
least two residues at Pl, P2, P9, P4, and P6 can be
substituted, including one or more residues involved
in TCR binding. In a further embodiment, the residue
at P8 can be substituted with an aromatic. Examples of
the following substitutions are shown in Figures
13A-13C. 1. N-terminal proximal primary anchor
modification(P2) [0164] The N-terminal primary anchor
is the 2nd N-terminal amino acid of the peptide, thus,
it is the N-terminal proximal primary anchor. Although
the original Leucine 158 is not considered
"non-preferred" for binding to the MHC molecule,
substitutions can produce a peptidewith improved
binding. Thus, in one embodiment, the original Leu 158
found in the wild-type sequence can be substituted
with a similarly or more hydrophobic amino acid. Any
hydrophobic amino acid may be used, including one that
is available to or that is known to one of skill in
the art, including standard amino acids and
non-standard amino acids. In a further embodiment, the
original Leu 158 can be substituted with a more
hydrophobic amino acid also possessing a bulky side
chain. Examples of more hydrophobic amino acids
include, but are not limited to: Leu, VaI, lie, Met,
a- aminobutyric acid, Norleucine and Norvaline.
Further, a naphthal side chain can also be
substituted. Preferably, the substitution results in
improved binding and stability with the HLA molecule.
However, this residue may be secondarily or tertiarily
involved in TCR interactions, and substitutions may
also result in improved recognition by the TCR. 2.
N-terminal secondary anchor modification (Pl) [0165]
The N-terminal secondary anchor is the first amino
acid at the N-terminus or Pl . This residue is
involved in a number of interactions. The residue of
Ser 157 was defined as a secondary anchor residue in
interacting with HLA-A*0201 molecule, it also engaged
in the interaction with the T cell receptors to a
certain degree. Therefore, modifications of this
position generate some heteroclitic analogs that are
more immunogenic and more suitable for the development
of tumor vaccines. Thus, substitutions can result in a
variety of improved qualities. [0166] Although the
Serine is not considered "non-preferred," a number of
substitutions can result in improved qualities of the
peptide. Thus, in one embodiment, the original Ser 157
found 



in the wild-type sequence can be substituted with a
more hydrophobic amino acid. Any more hydrophobic
amino acid can be used, including one that is
available to or that is known to one of skill in the
art, including standard amino acids and non-standard
amino acids. Examples of more hydrophobic amino acids
include, but are not limited to: Phe, Tyr, Trp, and
D-Lys. 3. N-terminal primary and secondary
modifications (P2 and Pl) [0167] In one embodiment,
both primary and secondary anchor residues were
substituted to result in improved binding affinity to
the HLA molecule. In a further embodiment, the double
substitution produced improved stability of binding to
the HLA molecule. In further embodiments, the binding
and/or stability was not improved and may have even
been reduced, but other properties of the molecule
were improved, such as activity or recognition by a
tolerized individual.4. N-terminal primary/secondary
anchor and C-terminal primary modification (P2, Pl and
P9) [0168] The C-terminal cysteine of the wild-type
peptide is generally a non-preferred anchor residue.
Because this residue is generally primarily involved
in the interaction with the MHC molecule, it can be
preferred to substitute residues that result in a
stronger interaction with the MHC molecule. Thus,
substitutions were shown to improve binding affinity
and stability and in some cases resulted in analogs
with decreased cross-reactivity. In some embodiments,
the substitution to the C-terminus can result in a
peptide with improved binding and/or stability without
decreased cross-reactivity. However, in other
embodiments the substitution to the C-terminus can
result in a peptide with improved binding and/or
stability with equal or decreased cross-reactivity.
Because substitution of this residue have been
previously shown to provide improved peptides, it can
be preferable produce peptides that were more improved
in the interaction with the MHC molecule as well as
other interactions, such as the recognition by the
TCR. Thus, in some embodiments, the Cterminal
substitution can be paired with at least one other
substitution. Examples of amino acid substitutions to
the C-terminus include, but are not limited to,
valine, lysine, alanine, and isoleucine. 5. N-terminal
primary/secondary anchor and TCR residue modifications
[0169] The primary residues involved in the
interaction with the TCR are generally recognized as
residues P4, P6, and P8. However, other residues may
also be involved in the interaction to a lesser
extent. In one embodiment, one or more of the sites
primarily involved in TCR interaction can be
substituted to result in an improved interaction.
Preferably, these substitutions generate heteroclitic
analogs that do not interfere with binding to the MHC
molecule, but overcome the tolerance issues of the
wild-type peptides. In one embodiment, at least one
TCR substitution can be included with at least one
substitution at position Pl, P2, and/or P9. In one
embodiment, amino acids with some polarity can be
substituted at P4, P6, and P8. In a further
embodiment, amino acids which are aromatic can be
substituted at the P8 position. 6. C-terminal amide
[0170] In some embodiments, the C-terminal residue can
be modified to contain an amide in the place of the
free carboxylic acid. Thus, for example if the peptide
is a 9-mer (nonamer) the P9 residue can be modified.
If the peptide is a 10-mer (decamer) the PlO residue
can be modified. Preferably this results in a peptide
or analog that has increased stability in biological
media, including but not limited to blood, lymph, and
CNS. Preferably, the peptides retain the other
activities to result in an analog usable for
vaccination or as an immunogen.7. Decamers [0171] The
length of typical MHC binding peptides varies from
about 8 to about 11 amino acids in length. However,
most of the previously used HLA-A*0201 are 9-mers
(nonamers) 



or 10-mers (decamers). Thus, in one embodiment, the
analog can be a 10-mer of the wild-type sequence
NY-ESO-1 157. 166- However, because the wild-type
10-mer does not have the correct binding motif and
showed no immunological activity, a 10-mer was created
by substituting amino acids at the PlO position and
identifying the effect of various wild-type and
analogs (see Figures 13A-13C). In one embodiment, the
residues that were added or substituted for the
wild-type at the C-terminus can be selected from the
group consisting of norvaline, leucine, isoleucine,
valine, and alanine. 8. Remaining residues [0172] With
reference to Figures 13A and 13C, any residues can
also be substituted with conservative amino acids.
Conservative substitutions can be paired with any of
the above substitutions that can produce an effect.
Alternatively, conservative substitutions can be
specifically at residues that are not believed to be
involved in any of the activities at a primary,
secondary, or even tertiary level. Such residues can
include P3, P5 and/or P7. Conservative substitutions
are known to those of skill in the art, but, for
example, the Leucine at position P3 can be substituted
with an alanine or threonine to produce an analog.
Typically, such conservative substitutions do not
significantly affect the activity of the analog.
However, in some embodiments they may increase certain
activities or decrease certain activities. Because of
the known interactions, it is unlikely that such
conservative substitutions will have a significant
effect on any of the activities. PSMA 2 -2 ? Analogs
[0173] Many features regarding the variety of
embodiments and aspects of analog design are disclosed
above, either generally or as applied to particular
epitopes. It is to be understood that such disclosure
is also applicable to this and subsequent epitopes.
Explicit restatement of such disclosure will be
minimized for the sake of brevity. [0174] Some
embodiments relate to analogs of the MHC class
I-restricted T cell epitope PSMA288-297, GLPSIPVHPI,
polypeptides comprising these analogs that can be
processed by pAPC to present the epitope analogs, and
nucleic acids that express the analogs. The analogs
can have similar or improved immunological properties
compared to the wild-type epitope. Evidence validating
the presentation of this epitope by human cancer cells
is presented in Example 32 below. [0175] One
embodiment relates to methods to derivatize and
improve analogs of PSMA288-297, along with specific
sequences that encompass substitutions. The analogs
can contain at least one substitution, but can have
multiple substitutions comprising standard or
non-standard aminoacids singly or in various
combinations. The analogs may result in peptides with
retained or improved properties. [0176] Embodiments
relate to families of one or more peptides of 9 or 10
amino acids in length related by sequence to amino
acids 288-297 of the human PSMA. Analog Design [0177]
In some embodiments, the PSMA28S297 analog can contain
substitutions of the sequence GLPSIPVHPI. Reference to
binding motif data, such as presented in table 7 in
example 2 below, indicates that the P2 anchor residue
can make the largest individual contribution to
affinity of any position in an A2.1 -restricted
epitope. In this case the amino acid at the P2
position is the optimally preferred leucine. The PW
anchor residue, isoleucine, is favorable. In vitro
binding studies using the T2 cell assay system (not
shown) have indicated that the native peptide has
generally supepor binding charactepstics, particularly
as compared to the SSX-2 and NY-ESO-I epitopes. The
epitope exhibited significant binding at relatively
low concentrations, although this was paired with a
relatively shallow nse toward saturation. The
wild-type epitope can be improved. Analyses such as 



that represented by tables 7 and 8 are averages and
the behavior of a given residue in a particular
sequence may diverge from the average. Consistent with
the favorable results obtained with NIe and Nva for
the SSX-2 and NY-ESO-I epitopes discussed above, NIe
and Nva also can be successfully used for the instant
PSMA epitope. Finally, even similar binding
charactepstics, if paired with alterations that help
circumvent whatever tolerance to the epitope may
exist, can increase the effective immunogenicity of
the peptide. In the transgenic mouse model the native
peptide is poorly immunogenic (see Example 35 for
instance) which may reflect tolerance to the epitope;
the region of PSMA from which this epitope is derived
is identical between mouse and human PSMA. 1.
N-terminus proximal primary anchor modification (P2)
[0178] As noted above, although the native residue at
the P2 position of this epitope is generally the
optimal residue among genetically encoded amino acids,
the effect of substituting other preferred or bulky
hydrophobic residues were examined for potential
improvement of binding, tolerance breaking and
cross-reactive immunity. Exemplary substitutions can
include Met, He, GIn, VaI, Nva, NIe, and aminobutyric
acid (Abu). 2. N-terminal secondary anchor
modification (Pl) [0179] The N-termmal secondary
anchor is the first ammo acid at the N-terminus. The
native GIy is only marginally preferred at this
position. Various observations (see tables 7 and 8 for
example) show that amino acids with potential to
improve the epitope include Ala, Ser, Abu and
sarkosine (Sar, that is, N-methylglycine).3.
C-terminal primary anchor modification (PW) [0180] The
native lie at this position is generally a preferred
but not optimal residue. Substitution at this position
can improve binding. Exemplary substitutions can
include VaI, Leu, Nva, and NIe. 4. Secondary anchors
and TCR exploration [0181] The penultimate position
(PW-1) can serve both as a secondary anchor and a TCR
interacting position. Substitution of Ala, Leu, Ser,
and Thr can be have their primary effect on TCR
interaction, though they can also contribute to
improved binding. P3 is another position that can
effect both binding and immunogenicity. Substitution
of Trp at this position can improve both. [0182]
Further embodiments relate to combinations of
substitutions at multiple positions in order to
combine, synergize, and counteract the various effects
obtained with the single substitutions. Many features
regarding the variety of embodiments and aspects of
analog design are disclosed above, either generally or
as applied to particular epitopes. It is to be
understood that such disclosure is also applicable to
this and subsequent epitopes. Explicit restatement of
such disclosure will be minimized for the sake of
brevity. [0184] Embodiments include analogs of the MHC
class I-restricted T cell epitope PRAME425-433,
SLLQHLIGL, polypeptides comprising these analogs that
can be processed by pAPC to present the epitope
analogs, and nucleic acids that express the analogs.
The analogs can have similar or improved immunological
properties compared to the wild-type epitope. Evidence
validating the presentation of this epitope by human
cancer cells is presented in Example 39 below. [0185]
One embodiment relates to methods to derivatize and
improve analogs of PRAME425-433, along with specific
sequences that encompass substitutions. The analogs
can contain at least one substitution, but can have
multiple substitutions comprising standard or
non-standard amino acids singly or in various
combinations. The analogs can result in peptides with
retained or improved properties. 



[0186] Some embodiments relate to families of one or
more peptides of 9 or 10 amino acids in length related
by sequence to amino acids 425-433 of the human PRAME
sequence. Analog Design [0187] Some embodiments relate
to analogs of the PRAME425-433 which can contain
substitutions of the sequence SLLQHLIGL. Reference to
binding motif data, such as presented in table 7 in
Example 2 below, indicates that the P2 anchor residue
can make the largest individual contribution to
affinity of any position in an A2.1 -restricted
epitope. In this case the amino acid at theP2 position
is the optimally preferred leucine. The PW anchor
residue, leucine, is favorable, though not as strongly
preferred. Analyses such as that represented by tables
7 and 8 are averages and the behavior of a given
residue in a particular sequence can diverge from the
average, nor is the wild type PW residue necessarilly
the most preferred for that position. Consistent with
the favorable results obtained with NIe and Nva for
the other epitopes, similar improvements can be
obtained substituting NIe and Nva with this sequence.
Finally, even similar binding characteristics, if
paired with alterations that help circumvent whatever
tolerance to the epitope may exist, can increase the
effective immunogenicity of the peptide. [0188] The
rationale for various substitutions has been set forth
above. The particular substitutions investigated for
the PRAME425 433 epitope follow the same logic and are
disclosed in the examples 40-42 and Figures 25-27.
Substitutions were made at the primary anchor
positions P2 and PW (P9), the secondary anchor
positions Pl and PW- 1 (P8). Substitutions were also
made in the TCR interacting positions (in addition to
secondary anchor positions) P3 and P6. Selected
substitutions have impact on binding and/or stability
of MHC class I - peptide complexes, key features in
determining the immunological properties of peptides.
In addition, due to T cell repertoire considerations
and to circumvent mechanisms responsible for the
limited immunity to native epitopes, substitutions
that retain the capability of analogs to interact with
T cell receptors recognizing native peptides, can be
of practical value. EXAMPLES [0189] The following
examples provide analogs and methods of identifying
analogs. The analogs can be used, for example, as
immunogens, vaccines, and/or treatment of a variety of
cancers. The analogs were produced as in Example 1.
SSX-241-49 analogs were identified as shown in Example
2, those produced listed in Example 3 and tested for
improved properties as in Examples 4-21. The testing
Of NY-ESO-I 157-16 analogs were tested for improved
properties as in Examples 22-30. EXAMPLE 1 Peptide
synthesis, purification and characterization [0190]
Peptides were synthesized on either a Symphony
multiple peptide synthesizer (PTI technologies, MA) or
an ABI 433A peptide synthesizer (Applied Biosystems,
Foster City, CA) at 0.05 - O.lmmole scale using
standard Fmoc solid phase chemistry. C-terminal free
acid peptides were synthesized using pre-load PEG-PS
resins (on Symphony) or Wang resin (on ABI).
C-terminal amidated peptides were synthesized on
Fmoc-PAL-PEG-PS resin. All resins were purchased from
Applied Biosystems (Foster City, CA). The Fmoc-amino
acids used in peptide syntheses were purchased from
Novabiochem (San Diego, CA) and AnaSpec (San Jose,
CA). Post-synthesis cleavage was carried on by the
standard protocol.[0191] Peptide purification was
carried out on either semi-preparative HPLC columns or
SPE cartridges (Phenomenex, Torrance, CA). The purity
of all peptides was > 90%. The identity of each
peptide was verified by Maldi-TOF MS (Voyager DE,
Applied Biosystems) and analytical HPLCs (Varian or
Shimazu) using a Synergi C12 column (Phenomenex,
Torrance, CA). 



EXAMPLE 2 De Novo Designed SSX-241-49 Analogs [0192]
Structural modification of a moderately antigenic
peptide can considerably improve peptide-MHC binding,
CTL recognition, and/or immunogenicity. General
guidelines regarding how to modify a wild-type epitope
in order to achieve a peptide analog with enhanced
potency are known in the art. An appreciated strategy
is to optimize the residues at the so-called anchor
positions for binding to the particular MHC molecule
at issue. In the case of HLA-A2 a marked preference
for hydrophobic residues at the P2 and PW positions
has been observed, particularly L, and M at P2, and V
at PW. (PW denotes the C-terminal residue of the
epitope. For HLA-A2 that is P9 or PlO depending on the
length of the peptide.) Replacing the Pl position with
aromatic residues, such as F, Y and W can also be
advantageous. , Table 7. Coefficients used by the
BIMAS algorithm (Algorithm available by hypertext
transfer protocol: //bimas.cit.nih. ov/molbio/hla
bind/Table 8. Scoring Pattern for HLA-A*0201 used by
the SYFPEITHI Algorithm (9-mers) (Algorithm available
by hypertext transfer protocol: //s f
eithi.bmi-heidelber .com/scri
ts/MHCServer.dll/home.htm [0193] Adapted from:
Rammensee, Bachmann, Stevanovic: MHC ligands and
peptide motifs. Landes Bioscience 1997EXAMPLE 3 The
following analogs were produced using the predictions
in Example 1. Table 9.BIS(THIO-HYDRAZEDE AME)E) SALTS
FOR TREATMENT OF CANCERS RELATED APPLICATIONS This
application claims the benefit of U. S. Provisional
Patent Application Serial No. 60/582,596, filed June
23, 2004 and U. S. Provisional Patent Application
Serial No. 60/681,368, filed May 16, 2005. The entire
teachings of the above applications are incorporated
herein by reference. BACKGROUND OF THE INVENTION Many
drugs are now available to be used in the treatment of
cancer. However, in many cases the cancer fails to
respond to the anti-cancer therapy or its growth
and/or metastasis is only slowed. Even when a tumor
initially responds to an anti-cancer therapy by
decreasing in size or going into remission, the tumor
often develops resistance to the drug. For these
reasons, there has been a need for new anti-cancer
agents and for new drugs which can be used to treat
multi-drug resistance cancers. Certain
bis(thio-hydrazide amide) compounds have been
described by the present inventors as being
significantly cytotoxic to cancer cells, including
cancer cells that have become multi-drug resistant,
and for enhancing the anti-cancer activity of other
anti-cancer agents, such as taxol and Epothilone D
(see, e.g., U.S. Publication Nos. 2004/0225016 Al,
2003/0045518 and 2003/01 19914, the entire contents of
which are incorporated herein by reference). SUMMARY
OF THE INVENTION It has now been found that
bis(thio-hydrazide amide) disalts show unexpectedly
high water solubility and bioavailability. For
example, disodium and dipotassium salts of Compounds
(1) and (2), show water solubility of greater than
1,000 mg/ml, compared with a solubility of about 0.1
mg/ml for the corresponding neutral form of Compounds
(1) and (2) (see Examples 2, 10 and 15). Similar
increases in solubility were observed for the 



disodium and dipotassium salts of Compounds (12), (13)
and (14) (see Examples 12-15). Moreover, the
bioavailability of the disodium salt of Compound (1)
was 80%, whereas the bioavailability of the neutral
compound was 4.8% (see Example 16). A representative
tautomeric structure of Compounds (1) and (2) are
shown below: iCompound (1) Compound (2) Based on these
results, novel bis(thio-hydrazide amide) disalts,
pharmaceutical compositions comprising a
bis(thio-hydrazide amide) disalt and methods of
treatment using a bis(thio-hydrazide amide) disalt are
disclosed. One embodiment of the present invention is
a compound represented by the following Structural
Formula (I), and its tautomeric forms: 2 M+ or M2+ Y
is a covalent bond or a substituted or unsubstituted
straight chained hydrocarbyl group. R1-R4 are
independently -H, an aliphatic group, a substituted
aliphatic group, an aryl group or a substituted aryl
group, or R1 and R3 taken together with the carbon and
nitrogen atoms to which they are bonded, and/or R and
R taken together with the carbon and nitrogen atoms to
which they are bonded, form a non-aromatic
heterocyclic ringoptionally fused to an aromatic ring.
Z is -O or -S. M+ is a pharmaceutically acceptable
monovalent cation and M2+ is a pharmaceutically
acceptable divalent cation. Another embodiment of the
present invention is a pharmaceutical composition
comprising a bis(thio-hydrazide amide) disalt
disclosed herein and a pharmaceutically acceptable
carrier or diluent. The pharmaceutical compositions
can be used in therapy, for example, as anti-cancer
agents. The present invention also provides for a
method of treating a subject with a cancer. The method
comprises administering to the subject an effective
amount of a bis(thio-hydrazide amide) disalt disclosed
herein. The bis(thio-hydrazide amide) disalt is
administered as a mono-therapy (i.e., as the only
anti-cancer drug administered to the subject) or is
co-administered with one or more other anti-cancer
drugs. The use of the bis(thio-hydrazide amide)
disalts disclosed herein in the manufacture of a
medicament for the purpose of treating cancer in an
individual is also provided in the present invention.
The present invention also provides for a method of
preparing a bis(thio-hydrazide amide) disalt. The
method includes the steps of combining a neutral
bis(thio-hydrazide amide), an organic solvent and a
base to form a bis(thio-hydrazide amide) solution; and
combining the solution and an organic antisolvent,
thereby precipitating a disalt of the
bis(thio-hydrazide amide). In various embodiments, a
method of preparing a bis(thio-hydrazide amide) disalt
- includes the steps of combining a neutral
bis(thio-hydrazide amide) and an organic solvent
selected from methanol, ethanol, acetone, and methyl
ethyl ketone to make a mixture; adding at least two
equivalents of a base selected from sodium hydroxide,
potassium hydroxide, sodium methoxide, potassium
methoxide, sodium ethoxide and potassium ethoxide to
the mixture, thereby forming a solution; and combining
the solution and an organic antisolvent selected from
pentane, hexane, cyclohexane, heptane, petroleum
ether, ethyl acetate, and diethyl ether to precipitate
the disalt of the bis(thio-hydrazide amide). hi
various embodiments, a method of preparing a
bis(thio-hydrazide amide) disalt, 



includes the steps of combining a neutral
bis(thio-hydrazide amide), an organic solvent and a
base to form a bis(thio-hydrazide amide) solution; and
separating a disalt of the bis(thio-hydrazide amide).
In various embodiments, a method of preparing a
bis(thio-hydrazide amide) disalt includes the steps of
combining a neutral bis(thio-hydrazide amide), an
organic solventand a base to form a bis(thio-hydrazide
amide) solution; and combining the solution and methyl
tert-butyl ether, thereby precipitating a disalt of
the bis(thio-hydrazide amide). In various embodiments,
a method of preparing a bis(tbio-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 tert-butyl ether to
precipitate the disalt of the bis(thio-hydrazide
amide). Because the disclosed bis(thio-hydrazide
amide) disalts have excellent water solubility and
high bioavailability, they can be used in water-based
formulations suitable for intravenous and oral
administration. In addition, the disclosed
bis(thio-hydrazide amide) disalts are relatively
non-toxic, which allows the use of the disclosed
disalts at relatively high doses with minimal side
effects. The high water solubility of the compounds,
in turn, makes high dose formulations possible. The
bis(thio-hydrazide amide) disalts disclosed herein can
be used to treat cancers, including cancers that have
become multi-drug resistant. Thus, the disclosed
bis(thiohydrazide amide) disalts can be used to treat
cancers where other drug regimens have either failed
or become ineffective. Additionally, the disclosed
bis(thio-hydrazide amide) disalts are particularly
effective when used in combination with other
anti-cancer drugs such as taxol or an analog of taxol.
BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 is the
structure of taxol (Paclitaxel). Figure 2 is the
structure of taxotere (Docetaxel). Figures 3-23 are
each the structure of a taxol analog. Figure 24 is the
structure of a polymer comprising a taxol analog group
pendent from the polymer backbone. The polymer is a
terpolymer of the three monomer units shown. DETAILED
DESCRIPTION OF THE INVENTION The bis(thio-hydrazide
amide) disalts of the present invention are
represented by Structural Formula (I).M+ is a
pharmaceutically acceptable monovalent cation. M2+ is
a pharmaceutically acceptable divalent cation.
"Pharmaceutically acceptable" means that the cation is
suitable for administration to a subject. Examples
ofM+ or M2+ include Li+, Na+, K+,Mg2+, Ca2+, Zn2+, and
NR4 +, wherein each R is independently hydrogen, a
substituted or unsubstituted aliphatic group (e.g., a
hydroxyalkyl group, aminoalkyl group or ammoniumalkyl
group) or substituted or unsubstituted aryl group, or
two R groups, taken together, form a substituted or
unsubstituted non-aromatic heterocyclic ring
optionally fused to an aromatic ring. Preferably, the
pharmaceutically acceptable cation is Li+ Na+, K+,
NH3(C2H5OH)+, N(CH3)3(C2H5OH) , arginine or lysine.
More preferably, the pharmaceutically acceptable 



cation is Na+ or K+. Na+ is even more preferred. In
Structural Formula (I), Z is preferably -O. More
preferably, Z is -O; Ri and R2 are the same; and R3
and R4 are the same. In one embodiment, Y in
Structural Formula (I) is a covalent bond, -C(R5R6)-,
-(CH2CH2)-, trans-(CH=CH)-, cis-(CH=CH)- or -(CC)-
group, preferably -C(R5R6)-. Ri-R4 are as described
above for Structural Formula (I). R5 and R6 are each
independently -H, an aliphatic or substituted
aliphatic group, or R5 is -H and R6 is a substituted
or unsubstituted aryl group, or, R5 and R6 taken
together, are a C2-C6 substituted or unsubstituted
alkylene group. The pharmaceutically acceptable cation
is as described above. In a preferred embodiment of
the present invention, the bis(thio-hydrazide amide)
disalt is represented by Structural Formula (II):
Ri-R6 and the pharmaceutically acceptable cation are
as described above for Structural Formula (I). hi one
more preferred embodiment of the present invention,
the bis(thio-hydrazide amide) disalt is represented by
Structural Formula (II) where Ri and R2 are each
asubstituted or unsubstituted aryl group, preferably a
substituted or unsubstituted phenyl group; R3 and R4
are each a substituted or unsubstituted aliphatic
group, preferably an alkyl group, more preferably,
methyl or ethyl; and R and R6 are as described above,
but R is preferably - H and R6 is preferably -H, an
aliphatic or substituted aliphatic group.
Alternatively, R1 and R2 are each a substituted or
unsubstituted aryl group; R3 and R4 are each a
substituted or unsubstituted aliphatic group; R5 is
-H; and R6 is -H, an aliphatic or substituted
aliphatic group. Preferably, R1 and R2 are each a
substituted or unsubstituted aryl group; R3 and R4 are
each an alkyl group; and R5 is -H and R6 is -H or
methyl. Even more preferably, R1 and R2 are each a
substituted or unsubstituted phenyl group; R3 and R4
are each methyl or ethyl; and R is -H and R6 is -H or
methyl. Suitable substituents for an aryl group
represented by R1 and R2 and an aliphatic group
represented by R3, R4 and R6 are as described below
for aryl and aliphatic groups. In a second more
preferred embodiment of the present invention, the
bis(thiohydrazide amide) disalt is represented by
Structural Formula (II) where R1 and R2 are each a
substituted or unsubstituted aliphatic group,
preferably a C3-C8 cycloalkyl group optionally
substituted with at least one alkyl group, more
preferably cyclopropyl or 1-methylcyclopropyl; R3 and
R4 are as described above for Structural Formula (I),
preferably both a substituted or unsubstituted alkyl
group; and R5 and R6 are as described above, but R5 is
preferably - H and R6 is preferably -H, an aliphatic
or substituted aliphatic group, more preferably - H or
methyl. Alternatively, the bis(thio-hydrazide amide)
disalt is represented by Structural Formula (II) where
R1 and R2 are each a substituted or unsubstituted
aliphatic group; R3 and R4 are as described above for
Structural Formula (I), preferably both a substituted
or unsubstituted alkyl group; and R5 is - H and R6 is
-H or an optionally substituted aliphatic group.
Preferably, R1 and R2 are both a C3-C8 cycloalkyl
group optionally substituted with at least one alkyl
group; R3 and R4 are both as described above for
Structural Formula (I), preferably an alkyl group; and
R is -H and R6 is - H or an aliphatic or substituted
aliphatic group. More preferably, R1 and R2 are both a
C3-C8 cycloalkyl group optionally substituted with at
least one alkyl group; R3 and R4 are both an alkyl
group; and R5 is - H 



and R6 is - H or methyl. Even more preferably, R1 and
R2 are both cyclopropyl or 1- methylcyclopropyl; R3
and R4 are both an alkyl group, preferably methyl or
ethyl; and R5 is - H and R6 is - H or methyl.The
following are specific examples of bis(thio-hydrazide
amide) disalts represented by Structural Formula (II):
R1 and R2 are both phenyl; R3 and R4 are both methyl;
R5 is -H, and R6 is ethyl; R1 and R2 are both phenyl;
R3 and R4 are both phenyl, and R5 and R6 are both
methyl; R1 and R2 are both 2-thienyl; R3 and R4 are
both phenyl, and R5 and R6 are both methyl; R1 and R2
are both 4-cyanophenyl; R3 and R4 are both methyl; R5
is -H, and R6 is methyl; R1 and R2 are both phenyl; R3
and R4 are both methyl; R5 is -H, and R6 is methyl; R1
and R2 are both phenyl; R3 and R4 are both methyl; R5
is -H, and R6 is benzyl; R1 and R2 are both phenyl; R3
and R4 are both methyl; R is -H5 and R6 is ethyl; R1
and R2 are both phenyl; R3 and R4 are both ethyl; R5
is -H, and R6 is n-butyl; R1 and R2 are both
2,5-dimethoxyphenyl; R3 and R4 are both methyl; R5 is
-H, and R6 is methyl; R1 and R2 are both phenyl; R3
and R4 are both methyl; R5 is -H, and R6 is wo-propyl;
Ri and R2 are both 3-nitrophenyl; R3 and R4 are both
methyl; R is -H, and R6 is methyl; Ri and R2 are both
4-chlorophenyl; R3 and R4 are both methyl; R5 is -H,
and R6 is methyl; Ri and R2 are both phenyl; R3 and R4
are both methyl; R5 is -H, and R6 is 3-thienyl; R1 and
R2 are both phenyl; R3 and R4 are both methyl, and R5
and R6 taken together, are propylene; Ri and R2 are
both 2,3-dimethoxyphenyl; R3 and R4 are both methyl;
R5 is -H, and R6 is methyl; Ri and R2 are both
2-chloro-5-methoxy phenyl; R3 and R4 are both methyl;
R5 is -H, and R6 is methyl; R1 and R2 are both
2,5-difluorophenyl; R3 and R4 are both methyl; R5 is
-H, and R6 is methyl; R1 and R2 are both
2,5-dichlorophenyl; R3 and R4 are both methyl; R5 is
-H, and R6 is methyl; R1 and R2 are both
2,6-dimethoxyphenyl; R3 and R4 are both methyl; R5 is
-H, and R6 is methyl; Ri and R2 are both
2,5-dimethylphenyl; R3 and R4 are both methyl; R5 is -
H, and R6 is methyl; R1 and R2 are both
2,5-dimethoxyphenyl; R3 and R4 are both ethyl; R5 is
-H, and R6 is methyl, and R1 and R2 are both
2,5-diethoxyphenyl; R3 and R4 are both methyl; R5 is
-H, and R6 is methyl; R1 and R2 are both cyclopropyl;
R3 and R4 are both methyl; R5 and R6 are both -H; R1
and R2 are both cyclopropyl; R3 and R4 are both ethyl;
R5 and R6 are both -H; R1 and R2 are both cyclopropyl;
R3 and R4 are both methyl; R5 is methyl; R6 is -H; R1
and R2 are both 1-methylcyclopropyl; R3 and R4 are
both methyl; R5 and R6 are both -H; R1 and R2 are both
1-methylcyclopropyl; R3 and R4 are both methyl; R5 is
methyl and R6 is -H; R1 and R2 are both
1-methylcyclopropyl; R3 and R4 are both methyl; R5 is
ethyl and R6 is -H; R1 and R2 are both
1-methylcyclopropyl; R3 and R4 are both methyl; R5 is
-propyl and R6 is -H; R1 and R are both
1-methylcyclopropyl; R3 and R4 are both methyl; R5 and
R6 are both methyl; R1 and R2 are both
1-methylcyclopropyl; R3 and R4 are both ethyl; R5 and
R6 are both -H; R1 and R2 are both
1-methylcyclopropyl; R3 ismethyl, and R4 is ethyl; R5
and R are both -H; R1 and R2 are both
2-methylcyclopropyl; R3 and R4 are both methyl; R5 and
R6 are both -H; R1 and R2 are both
2-phenylcyclopropyl; R3 and R4 are both methyl; R and
R6 are both -H; R1 and R2 are both
1-phenylcyclopropyl; R3 and R4 are both methyl; R5 and
R6 are both -H; Ri and R2 are both cyclobutyl; R3 and
R4 are both methyl; R and R6 are both -H; Ri and R2
are both cyclopentyl; R3 and R4 are both methyl; R5
and R6 are both -H; Ri and R2 are both cyclohexyl; R3
and R4 are both methyl; R5 and R6 are both -H; R1 and
R2 are both cyclohexyl; R3 and R4 are both phenyl; R5
and R6 are both -H; Ri and R2 are both methyl; R3 and
R are both methyl; R and R6 are both - H; R1 and R2
are both methyl; R and R are both ^-butyl; R5 and R6
are both -H; Ri and R2 are both methyl; R3 and R4 are
both phenyl; R5 and R6 are both -H; R and R2 are both
tbutyl; 



R3 and R4 are both methyl; R5 and R6 are both -H; Ri
and R2 are ethyl; R3 and R4 are both methyl; R5 and R6
are both -H; Ri and R2 are both n-propyl; R3 and R4
are both methyl; R and R6 are both -H. In these
examples, the pharmaceutically acceptable cation
represented by M+ and M2+ is as described for
Structural Formula (I), preferably Li+, Na+, K+,
NH3(C2H5OH)+Or N(CH3)3(C2H5OH)+, more preferably Na+
or K+, even more preferably Na+. For many
bis(thio-hydrazide amide) disalts represented by
Structural Formula (II), Y is -CH 2-. Examples include
wherein: Ri and R2 are both phenyl, and R3 and R4 are
both -CH3-phenyl; Ri and R2 are both
o-CH3C(O)O-phenyl, and R3 and R4 are phenyl; R and R2
are both phenyl, and R3 and R4 are both methyl; Ri and
R2 are both phenyl, and R3 and R4 are both ethyl; Ri
and R2 are both phenyl, and R3 and R4 are both
w-propyl; Ri and R2 are both p-cyanophenyl, and R3 and
R4 are both methyl; Ri and R2 are both/7-nitro phenyl,
and R3 and R4 are both methyl; Ri and R2 are both
2,5-dimethoxyphenyl, and R3 and R4 are both methyl; Ri
and R2 are both phenyl, and R3 and R4 are both -butyl;
Ri and R2 are both /"-chlorophenyl, and R3 and R4 are
both methyl; Ri and R2 are both 3-nitrophenyl, and R
and R4 are both methyl; Ri and R are both
3-cyanophenyl, and R3 and R4 are both methyl; Ri and
R2 are both 3-fluorophenyl, and R3 and R4 are both
methyl; Ri and R2 are both 2- furanyl, and R3 and R4
are both phenyl; Ri and R2 are both 2-methoxyphenyl,
and R3 and R are both methyl; Ri and R2 are both
3-methoxyphenyl, and R3 and R4 are both methyl; Ri and
R2 are both 2,3-dimethoxyphenyl, and R3 and R4 are
both methyl; Ri and R2 are both
2-methoxy-5-chlorophenyl, and R3 and R4 are both
ethyl; Ri and R2 are both 2,5-difluorophenyl, and R3
and R4 are both methyl; Ri and R2 are both
2,5-dichlorophenyl, and R3 and R4 are both methyl; Ri
and R2 are both 2,5-dimethylphenyl, and R3 and R4
areboth methyl; R1 and R2 are both
2-methoxy-5-chlorophenyl, and R3 and R4 are both
methyl; R1 and R2 are both 3,6-dimethoxyphenyl, and R3
and R4 are both methyl; Ri and R2 are both phenyl, and
R3 and R4 are both 2-ethylphenyl; Ri and R2 are both
2-methyl-5- pyridyl, and R3 and R4 are both methyl; or
Ri is phenyl; R2 is 2,5-dimethoxyphenyl, and R3 and R4
are both methyl; R1 and R2 are both methyl, and R3 and
R4 are both /?-CF3-phenyl; R1 and R2 are both methyl,
and R3 and R4 are both -CH3-phenyl; R1 and R2 are both
- CH2)3COOH; and R3 and R4 are both phenyl; R1 and R2
are both represented by the following structural
formula: and R3 and R4 are both phenyl; Ri and R2 are
both "-butyl, and R3 and R4 are both phenyl; R1 and R2
are both n-pentyl, R3 and R4 are both phenyl; R1 and
R2 are both methyl, and R3 and R4 are both 2-pyridyl;
Ri and R2 are both cyclohexyl, and R3 and R4 are both
phenyl; R1 and R2 are both methyl, and R3 and R4 are
both 2-ethylphenyl; Ri and R are both methyl, and R3
and R4 are both 2,6-dichlorophenyl; R1-R4 are all
methyl; Ri and R2 are both methyl, and R3 and R4 are
both -butyl; R1 and R2 are both ethyl, and R3 and R4
are both methyl; Ri and R2 are both t-butyl, and R3
and R4 are both methyl; R1 and R2 are both
cyclopropyl, and R3 and R4 are both methyl; R1 and R2
are both cyclopropyl, and R3 and R4 are both ethyl; R1
and R2 are both 1-methylcyclopropyl, and R3 and R4 are
both methyl; Ri and R are both 2-methylcyclopropyl,
and R3 and R4 are both methyl; R1 and R2 are both
1-phenylcyclopropyl, and R3 and R4 are both methyl; Ri
and R2 are both 2-phenylcyclopropyl, and R3 and R4 are
both methyl; R1 and R2 are both cyclobutyl, and R3 and
R4 are both methyl; R1 and R2 are both cyclopentyl,
and R3 and R4 are both methyl; Ri is cyclopropyl, R2
is phenyl, and R3 and R4 are both methyl. In these
examples, the 



pharmaceutically acceptable cation represented by M+
andM2+ is as described for Structural Formula (I),
preferably Li+, Na+, K+, NH3(C2H5OH)+ or
N(CH3)3(C2H5OH)+, more preferably Na+ or K+, even more
preferably Na+.Preferred examples of
bis(thio-hydrazide amide) disalts of the present
invention are the following: 2 M+ andM2+ are as
described above for Structural Formula (I).
Preferably, the pharmaceutically acceptable cation is
2 M+, wherein M+ is Li+, Na+, K+, NH3(C2H5OH)+ or
N(CH3)3(C2H5OH)+. More preferably, M+ is Na+ or K+.
Even more preferably, M+ is Na+. In Structural
Formulas (I)-(II), R1 and R2 are the same or different
and/or R3 and R4 are the same or different.
Preferably, R1 and R2 are the same and R3 and R4 are
the same. The disclosed bis(thio-hydrazide amide)
disalts may have tautomeric forms. By way of example,
tautomeric forms of the compounds represented by, for
example, Structural Formula (II) wherein Y is -CH 2-
are shown below: 2 M+ or M2+2 M+ or M2+ 2 M+ or M2+ It
is to be understood when one tautomeric form of a
disclosed compound is depicted structurally, other
tautomeric forms are also encompassed. Certain
compounds of the invention may be obtained as
different stereoisomers (e.g., diastereomers and
enantiomers). The invention includes all isomeric
forms and racemic mixtures of the disclosed compounds
and methods of treating a subject with both pure
isomers and mixtures thereof, including racemic
mixtures. Stereoisomers can be separated and isolated
using any suitable method, such as chromatography. A
"straight chained hydrocarbyl group" is an alkylene
group, i.e., -(CH2)y-, with one or more (preferably
one) internal methylene groups optionally replaced
with a linkage group y is a positive integer (e.g.,
between 1 and 10), preferably between 1 and 6 and more
preferably 1 or 2. A "linkage group" refers to a
functional group which replaces a methylene in a
straight chained hydrocarbyl. Examples of suitable
linkage groups include a ketone (-C(O)-), alkene,
alkyne, phenylene, ether (-O-), thioether (-S-), or
amine (- N(Ra)-), wherein Ra is defined below. A
preferred linkage group is -C(R5R )-, wherein R5 and
R6 are defined above. Suitable substitutents for an
alkylene group and a hydrocarbyl group are those which
do not substantially interfere with the anti-cancer
activity of the disclosed compounds. R5 and R6 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 group is preferably a straight chained or
branched alkyl group, e.g, methyl, ethyl, ^-propyl,
w<9-propyl, "-butyl, sec-butyl, tert-butyl, pentyl,
hexyl, pentyl or octyl, or a cycloalkyl group with 3
to about 8 carbon atoms. A C1-C8 straight chained or
branched alkyl group or a C3-C8 cyclic alkyl group is
also referred to as a "lower alkyl" group. The term
"aromatic group" may be used interchangeably with
"aryl," "aryl ring," "aromatic ring," "aryl group" and
"aromatic group." Aromatic groups include carbocyclic
aromatic groups such as phenyl, naphthyl, and
anthracyl, and heteroaryl groups such as imidazolyl,
thienyl, furanyl, pyridyl, pyrimidy, pyranyl,
pyrazolyl, pyrroyl, pyrazinyl, 



thiazole, oxazolyl, and tetrazole. The term
"heteroaryl group" may be used interchangeably with
"heteroaryl," "heteroaryl ring," "heteroaromatic ring"
and "hetero aromatic group." Heteroaryl groups are
aromatic groups that comprise one or more heteroatom,
such as sulfur, oxygen and nitrogen, in the ring
structure. Preferably, heteroaryl groups comprise from
one to four heteroatoms. Aromatic groups also include
fused polycyclic aromatic ring systems in which a
carbocyclic aromatic ring or heteroaryl ring is fused
to one or more other heteroaryl rings. Examples
include benzothienyl, benzofuranyl, indolyl,
quinolinyl, benzothiazole, benzooxazole,
benzimidazole, quinolinyl, isoquinolinyl and
isoindolyl. 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: LLLf1 ruwr
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. Preferably, heterocyclic groups
comprise from one to about four heteroatoms. Examples
include tetrahydrofuranyl, tetrahyrothiophenyl,
morpholino, thiomorpholino, pyrrolidinyl, piperazinyl,
piperidinyl, and thiazolidinyl. Suitable substituents
on an aliphatic group (including an alkylene group),
nonaromatic heterocyclic group, benzylic or aryl group
(carbocyclic and heteroaryl) are those which do not
substantially interfere with the anti-cancer activity
of the disclosed compounds. A substituent
substantially interferes with anti-cancer activity
when the anti cancer activity is reduced by more than
about 50% in a compound with the substituent compared
with a compound without the substituent. Examples of
suitable substituents include -Ra, -OH, -Br, -Cl, -I,
-F, -ORa, -O-COR a, -CORa, -CN, -NO2, -COOH, -SO3H, -
NH2, -NHRa, -N(RaRb), -COORa, -CHO, -CONH2, -C0NHR a,
-C0N(R aRb), -NHC0R a, - NRcC0R a, -NHCONH 2, -NHCONR
H, -NHC0N(R aRb), -NR CONH2, -NRcC0NR aH, - NRcC0N(R
aRb), -C(=NH)-NH 2, -C(=NH)-NHR a, -C(=NH)-N(R aRb),
-C(=NR C)-NH2, - C(-NR c)-NHRa, -C(=NR c)-N(R aRb),
-NH-C(=NH)-NH 2, -NH-C(=NH)-NHR a, -NHC(= NH)-N(R
aRb), -NH-C(-NR C)-NH2, -NH-C(=NR)-NHR a,
-NH-C(=NR)-N(R aRb), - NRdH-C(=NH)-NH 2,
-NRd-C(=NH)-NHR a, -NRd-C(-NH)-N(R aRb), -NRd-C(=NR
c)-NH2, -NRd-C(=NR c)-NHRa, -NRd-C(=NR c)-N(R aRb),
-NHNH2, -NHNHR , -NHRaRb, -SO2NH2, -SO2NHR3, -S0
2NRaRb, -CH=CHR , -CH=CR aRb, -CRc=CR3Rb,-CRc=CHR3,
-CRc=CRaRb, -CCRa, -SH, -SR3, -S(O)R a, -S(O)2R3.
Ra-Rd are each independently an alkyl group, aromatic
group, non-aromatic heterocyclic group or -N(RaRb),
taken together, form a substituted or unsubstituted
nonaromatic heterocyclic group. The alkyl, aromatic
and non-aromatic heterocyclic group represented by
Ra-Rd and the non-aromatic heterocyclic group
represented by -N(RaRb) are each optionally and
independently substituted with one or more groups
represented by R#. R# is R+, -OR+, -O(haloalkyl),
-SR+, -NO2, -CN3 -NCS, -N(R+)2, -NHCO 2R+, -NHC(O)R +,
-NHNHC(O)R +, -NHC(0)N(R +)2, -NHNHC(0)N(R +)2,
-NHNHCO 2R+, -C(O)C(O)R +, -C(O)CH 2C(O)R+, -CO2R+,
-C(O)R+, -C(0)N(R +)2, -OC(O)R +, 



-0C(0)N(R +)2, -S(O)2R+, -SO2N(R+)2 -S(O)R+,
-NHSO2N(R+)2, -NHSO2R+, -C(=S)N(R +)2, or -C(=NH)-N(R
+)2. R+ is -H, a C1-C4 alkyl group, a monocyclic
heteroaryl group, a non- aromaticheterocyclic group or
a phenyl group optionally substituted with alkyl,
haloalkyl, alkoxy, haloalkoxy, halo, -CN, -NO2, amine,
alkylamine or dialkylamine. Optionally, the group -
N(R )2 is a non-aromatic heterocyclic group, provided
that non-aromatic heterocyclic groups represented by
R+ and -N(R +)2 that comprise a secondary ring amine
are optionally acylated or alkylated. Preferred
substituents for a phenyl group, including phenyl
groups represented by R1-R4, include C1-C4 alkyl,
C1-C4 alkoxy, C1-C4 haloalkyl, C1-C4 haloalkoxy,
phenyl, benzyl, pyridyl, -OH, -NH2, -F, -Cl, -Br, -I,
-NO2 or -CN. Preferred substituents for a cycloalkyl
group, including cycloalkyl groups represented by R1
and R2, are alkyl groups, such as a methyl or ethyl
group. Another embodiment of the present invention is
a pharmaceutical composition comprising a
bis(thio-hydrazide amide) disalt disclosed herein and
a pharmaceutically acceptable carrier or diluent.
Suitable pharmaceutically acceptable carriers may
contain inert ingredients which do not inhibit the
biological activity of the disclosed disalts. The
pharmaceutically acceptable carriers should be
biocompatible, i.e., non-toxic, non-inflammatory,
nonimrnunogenic and devoid of other undesired
reactions upon the administration to a subject.
Standard pharmaceutical formulation techniques can be
employed, such as those described in Remington's
Pharmaceutical Sciences, Mack Publishing Company,
Easton, PA. Formulation of the compound to be
administered will vary according to the route of
administration selected (e.g., solution, emulsion,
capsule). Suitable pharmaceutical carriers for
parenteral administration include, for example,
sterile water, physiological saline, bacteriostatic
saline (saline containing about 0.9% mg/ml benzyl
alcohol), phosphate-buffered saline, Hank's solution,
Ringer's-lactate and the like. Methods for
encapsulating compositions (such as in a coating of
hard gelatin or cyclodextrins) are known in the art
(Baker, et al, "Controlled Release of Biological
Active Agents", John Wiley and Sons, 1986). Another
embodiment of the present invention is a method of
treating a subject with a cancer. Optionally, the
method of the invention can be used for a multi-drug
resistant cancer as described below. The method
comprises the step of administering an effective
amount of a bis(thio-hydrazide amide) disalt described
herein. Preferably, one or more additional anti-cancer
drags are co-administered with the bis(thio-hydrazide
amide) disalt.Examples of anti-cancer drugs are
described below. Preferably, the co-administered anti
cancer drug is an agent that stabilizes mictotubules,
such as taxol or an analog of taxol. A "subject" is a
mammal, preferably a human, but can also be an animal
in need of veterinary treatment, e.g., companion
animals (e.g., dogs, cats, and the like), farm animals
(e.g., cows, sheep, pigs, horses, and the like) and
laboratory animals (e.g., rats, mice, guinea pigs, and
the like). As noted above, one embodiment of the
present invention is directed to treating subjects
with a cancer. "Treating a subject with a cancer"
includes achieving, partially or substantially, one or
more of the following: arresting the growth or spread
of a cancer, reducing the extent of a cancer (e.g.,
reducing size of a tumor or reducing the number of
affected sites), inhibiting the growth rate of a
cancer, and ameliorating or improving a 



clinical symptom or indicator associated with a cancer
(such as tissue or serum components). Cancers that can
be treated or prevented by the methods of the present
invention include, but are not limited to human
sarcomas and carcinomas, e.g., fibrosarcoma,
myxosarcoma, liposarcoma, chondrosarcoma, osteogenic
sarcoma, chordoma, angiosarcoma, endotheliosarcoma,
lymphangiosarcoma, lymphangioendotheliosarcoma,
synovioma, mesothelioma, Ewing's tumor,
leiomyosarcoma, rhabdomyosarcoma, colon carcinoma,
pancreatic cancer, breast cancer, ovarian cancer,
prostate cancer, squamous cell carcinoma, basal cell
carcinoma, adenocarcinoma, sweat gland carcinoma,
sebaceous gland carcinoma, papillary carcinoma,
papillary adenocarcinomas, cystadenocarcinoma,
medullary carcinoma, bronchogenic carcinoma, renal
cell carcinoma, hepatoma, bile duct carcinoma,
choriocarcinoma, seminoma, embryonal carcinoma, Wilms'
tumor, cervical cancer, testicular tumor, lung
carcinoma, small cell lung carcinoma, bladder
carcinoma, epithelial carcinoma, glioma, astrocytoma,
medulloblastoma, craniopharyngioma, ependymoma,
pinealoma, hemangioblastoma, acoustic neuroma,
oligodendroglioma, meningioma, melanoma,
neuroblastoma, retinoblastoma; leukemias, e.g., acute
lymphocytic leukemia and acute myelocytic leukemia
(myeloblasts, promyelocyte, myelomonocytic, monocytic
and erythroleukemia); chronic leukemia (chronic
myelocytic (granulocytic) leukemia and chronic
lymphocytic leukemia); and polycythemia vera, lymphoma
(Hodgkin's disease and non-Hodgkin's disease),
multiple myeloma, Waldenstrobm's macroglobulinemia,
and heavy chain disease.Other examples of leukemias
include acute and/or chronic leukemias, e.g.,
lymphocytic leukemia (e.g., as exemplified by the p388
(murine) cell line), large granular lymphocytic
leukemia, and lymphoblastic leukemia; T-cell
leukemias, e.g., T-cell leukemia (e.g., as exemplified
by the CEM, Jurkat, and HSB-2 (acute), YAC-l(murine)
cell lines), T-lymphocytic leukemia, and
T-lymphoblastic leukemia; B cell leukemia (e.g., as
exemplified by the SB (acute) cell line) , and
B-lymphocytic leukemia; mixed cell leukemias, e.g., B
and T cell leukemia and B and T lymphocytic leukemia;
myeloid leukemias, e.g., granulocytic leukemia,
myelocytic leukemia (e.g., as exemplified by the HL-60
(promyelocyte) cell line), and myelogenous leukemia
(e.g., as exemplified by the K562(chronic)cell line);
neutrophilic leukemia; eosinophilic leukemia;
monocytic leukemia (e.g., as exemplified by the THP-I
(acute) cell line); myelomonocytic leukemia;
Naegeli-type myeloid leukemia; and nonlymphocytic
leukemia. Other examples of leukemias are described in
Chapter 60 of The Chemotherapy Sourcebook, Michael C.
Perry Ed., Williams & Williams (1992) and Section 36
of Holland Frie Cancer Medicine 5th Ed., Bast et al.
Eds., B.C. Decker Inc. (2000). The entire teachings of
the preceding references are incorporated herein by
reference. In one embodiment, the disclosed method is
believed to be particularly effective in treating a
subject with non-solid tumors such as multiple
myeloma. In another embodiment, the disclosed method
is believed to be particularly effective against
Tleukemia (e.g., as exemplified by Jurkat and CEM cell
lines); B-leukemia (e.g., as exemplified by the SB
cell line); promyelocytes (e.g., as exemplified by the
HL-60 cell line); uterine sarcoma (e.g., as
exemplified by the MES-SA cell line); monocytic
leukemia (e.g., as exemplified by the THP-l(acute)
cell line); and lymphoma (e.g., as exemplified by the
U937 cell line); most preferably, this embodiment of
the method employs the 



disodium salt of Compound (1). The disclosed method is
particularly effective at treating subjects whose
cancer has become "multi-drug resistant". A cancer
which initially responded to an anti-cancer drug
becomes resistant to the anti-cancer drug when the
anti-cancer drug is no longer effective in treating
the subject with the cancer. For example, many rumors
will initially respond to treatment with an
anti-cancer drug by decreasing in size or even going
into remission, only to develop resistance to the
drug. Drug resistant tumors are characterized by a
resumption of their growth and/or reappearance after
having seemingly gone into remission, despite the
administration of increased dosages of the anti-cancer
drug. Cancers that havedeveloped resistance to two or
more anti-cancer drugs are said to be "multi-drug
resistant". For example, it is common for cancers to
become resistant to three or more anti-cancer agents,
often five or more anti-cancer agents and at times ten
or more anti-cancer agents. An "effective amount" is
the quantity of compound in which a beneficial
clinical outcome is achieved when the compound is
administered to a subject with a cancer. A "beneficial
clinical outcome" includes a reduction in tumor mass,
a reduction in metastasis, a reduction in the severity
of the symptoms associated with the cancer and/or an
increase in the longevity of the subject compared with
the absence of the treatment. The precise amount of
compound administered to a subject will depend on the
type and severity of the disease or condition and on
the characteristics of the subject, such as general
health, age, sex, body weight and tolerance to drugs.
It will also depend on the degree, severity and type
of cancer. The skilled artisan will be able to
determine appropriate dosages depending on these and
other factors. Effective amounts of the disclosed
compounds typically range between about 1mg/mm2 per
day and about 10 grams/mm2 per day, and preferably
between 10 mg/mm2 per day and about 5 grams/mm2. When
co-administered with another anti-cancer agent, an
"effective amount" of the second anti-cancer agent
will depend on the type of drug used. Suitable dosages
are known for approved anti-cancer agents and can be
adjusted by the skilled artisan according to the
condition of the subject, the type of cancer being
treated and the amount of bis(thiohydrazide amide)
disalt being used. The disclosed bis(thio-hydrazide
amide) disalts are administered by any suitable route,
including, for example, orally in capsules,
suspensions or tablets or by parenteral
administration. Parenteral administration can include,
for example, systemic administration, such as by
intramuscular, intravenous, subcutaneous, or
intraperitoneal injection. The bis(thio-hydrazide
amide) disalts can also be administered orally (e.g.,
dietary), topically, by inhalation (e.g.,
intrabronchial, intranasal, oral inhalation or
intranasal drops), or rectally, depending on the type
of cancer to be treated. Oral and parenteral
administrations are preferred modes of administration.
Optionally, the disclosed bis(thio-hydrazide amide)
disalts can be co-administered with other anti-cancer
agents such as Adriamycin, Dactinomycin, Bleomycin,
Vinblastine, Cisplatin, acivicin; aclarubicin;
acodazole hydrochloride; acronine; adozelesin;
aldesleukin; altretamine; ambomycin; ametantrone
acetate; aminoglutethimide; amsacrine; anastrozole;
anthramycin; asparaginase; asperlin; azacitidine;
azetepa; azotomycin;batimastat; benzodepa;
bicalutamide; bisantrene hydrochloride; bisnafide
dimesylate; bizelesin; bleomycin sulfate; brequinar
sodium; bropirimine; busulfan; cactinomycin;
calusterone; caracemide; carbetimer; carboplatin;
carmustine; carabicin hydrochloride; carzelesin;
cedefingol; chlorambucil; cirolemycin; cladribine;
crisnatol mesylate; 



cyclophosphamide; cytarabine; dacarbazine;
daunorubicin hydrochloride; decitabine; dexormaplatin;
dezaguanine; dezaguanine mesylate; diaziquone;
doxorubicin; doxorubicin hydrochloride; droloxifene;
droloxifene citrate; dromostanolone propionate;
duazomycin; edatrexate; eflornithine hydrochloride;
elsamitrucin; enloplatin; enpromate; epipropidine;
epirubicin hydrochloride; erbulozole; esorubicin
hydrochloride; estramustine; estramustine phosphate
sodium; etanidazole; etoposide; etoposide phosphate;
etoprine; fadrozole hydrochloride; fazarabine;
fenretinide; floxuridine; fludarabine phosphate;
fluorouracil; flurocitabine; fosquidone; fostriecin
sodium; gemcitabine; gemcitabine hydrochloride;
hydroxyurea; idarubicin hydrochloride; ifosfamide;
ilmofosine; interleukin II (including recombinant
interleukin II, or rIL2), interferon alfa-2a;
interferon alfa-2b; interferon alfanl ; interferon
alfa-n3; interferon beta-I a; interferon gamma-I b;
iproplatin; irinotecan hydrochloride; lanreotide
acetate; letrozole; leuprolide acetate; liarozole
hydrochloride; lometrexol sodium; lomustine;
losoxantrone hydrochloride; masoprocol; maytansine;
mechlorethamine hydrochloride; megestrol acetate;
melengestrol acetate; melphalan; menogaril;
mercaptopurine; methotrexate; methotrexate sodium;
metoprine; meturedepa; mitindomide; mitocarcin;
mitocromin; mitogillin; mitomalcin; mitomycin;
mitosper; mitotane; mitoxantrone hydrochloride;
mycophenolic acid; nocodazole; nogalamycin;
ormaplatin; oxisuran; pegaspargase; peliomycin;
pentamustine; peplomycin sulfate; perfosfamide;
pipobroman; piposulfan; piroxantrone hydrochloride;
plicamycin; plomestane; porfmier sodium; porfiromycin;
prednimustine; procarbazine hydrochloride; puromycin;
puromycin hydrochloride; pyrazofurin; riboprine;
rogletimide; safmgol; safmgol hydrochloride;
semustine; simtrazene; sparfosate sodium; sparsomycin;
spirogermanium hydrochloride; spiromustine;
spiroplatin; streptonigrin; streptozocin; sulofenur;
talisomycin; tecogalan sodium; tegafur; teloxantrone
hydrochloride; temoporfin; teniposide; teroxirone;
testolactone; thiamiprine; thioguanine; thiotepa;
tiazofurin; tirapazamine; toremifene citrate;
trestolone acetate; triciribine phosphate;
trimetrexate; trimetrexate glucuronate; triptorelin;
tubulozole hydrochloride; uracil mustard; uredepa;
vapreotide; verteporfn; vinblastine sulfate;
vincristine sulfate; vindesine; vindesine sulfate;
vinepidine sulfate; vinglycinate sulfate; vinleurosine
sulfate;vinorelbine tartrate; vinrosidine sulfate;
vinzolidine sulfate; vorozole; zeniplatin; zinostatin;
zorubicin hydrochloride. Other anti-cancer drugs
include, but are not limited to: 20-epi-l,25
dihydroxyvitaminD3; 5-ethynyluracil; abiraterone;
aclarubicin; acylfulvene; adecypenol; adozelesin;
aldesleukin; ALL-TK antagonists; altretamine;
ambamustine; amidox; amifostine; aminolevulinic acid;
amrubicin; amsacrine; anagrelide; anastrozole;
andrographolide; angiogenesis inhibitors; antagonist
D; antagonist G; antarelix; antidorsalizing
morphogenetic protein- 1; antiandrogen, prostatic
carcinoma; antiestrogen; antineoplaston; antisense
oligonucleotides; aphidicolin glycinate; apoptosis
gene modulators; apoptosis regulators; apurinic acid;
ara-CDP-DL-PTBA; arginine deaminase; asulacrine;
atamestane; atrimustine; axinastatin 1; axinastatin 2;
axinastatin 3; azasetron; azatoxin; azatyrosine;
baccatin III derivatives; balanol; batimastat; BCR/ABL
antagonists; benzochlorins; benzoylstaurosporine; beta
lactam derivatives; beta-alethine; betaclamycin B;
betulinic acid; bFGF inhibitor; bicalutamide;
bisantrene; bisaziridinylspermine; bisnafide;
bistratene A; bizelesin; breflate; bropirimine;
budotitane; buthionine sulfoximine; calcipotriol;
calphostin C; camptothecin derivatives; canarypox
IL-2; 



capecitabine; carboxamide-amino-triazole;
carboxyamidotriazole; CaRestM3; CARN 700; cartilage
derived inhibitor; carzelesin; casein kinase
inhibitors (ICOS); castanospermine; cecropin B;
cetrorelix; chlorlns; chloroquinoxaline sulfonamide;
cicaprost; cis-porphyrin; cladribine; clomifene
analogues; clotrimazole; collismycin A; collismycin B;
combretastatin A4; combretastatin analogue; conagenin;
crambescidin 816; crisnatol; cryptophycin 8;
cryptophycin A derivatives; curacin A;
cyclopentanthraquinones; cycloplatam; cypemycin;
cytarabine ocfosfate; cytolytic factor; cytostatin;
dacliximab; decitabine; dehydrodidemnin B; deslorelin;
dexamethasone; dexifosfamide; dexrazoxane;
dexverapamil; diaziquone; didemriinB; didox;
diethylnorspermine; dihydro-5-azacytidine; 9-
dioxamycin; diphenyl spiromustine; docosanol;
dolasetron; doxifluridine; droloxifene; dronabinol;
duocaraiycin SA; ebselen; ecomustine; edelfosine;
edrecolomab; eflornithine; elemene; emitefur;
epirubicin; epristeride; estramustine analogue;
estrogen agonists; estrogen antagonists; etanidazole;
etoposide phosphate; exemestane; fadrozole;
fazarabine; fenretinide; filgrastim; finasteride;
flavopiridol; flezelastine; fluasterone; fludarabine;
fluorodaunorunicin hydrochloride; forfenimex;
formestane; fostriecin; fotemustine; gadolinium
texaphyrin; gallium nitrate; galocitabine; ganirelix;
gelatinase inhibitors; gemcitabine; glutathione
inhibitors; hepsulfam; heregulin; hexamethylene
bisacetamide;hypericin; ibandronic acid; idarubicin;
idoxifene; idramantone; ilmofosine; ilomastat;
imidazoacridones; imiquimod; immunostimulant peptides;
insulin-like growth factor-1 receptor inhibitor;
interferon agonists; interferons; interleukins;
iobenguane; iododoxorubicin; ipomeanol, 4~; iroplact;
irsogladine; isobengazole; isohomohalicondrin B;
itasetron; jasplakinolide; kahalalide F; lamellarin-N
triacetate; lanreotide; leinamycin; lenograstim;
lentinan sulfate; leptolstatin; letrozole; leukemia
inhibiting factor; leukocyte alpha interferon;
leuprolide+estrogen+progesterone; leuprorelin;
levamisole; liarozole; linear polyamine analogue;
lipophilic disaccharide peptide; lipophilic platinum
compounds; lissoclinamide 7; lobaplatin; lombricine;
lometrexol; lonidamine; losoxantrone; lovastatin;
loxoribine; lurtotecan; lutetium texaphyrin;
lysofylline; lytic peptides; maitansine; mannostatin
A; marimastat; masoprocol; maspin; matrilysin
inhibitors; matrix metalloproteinase inhibitors;
menogaril; merbarone; meterelin; methioninase;
metoclopramide; MIF inhibitor; mifepristone;
miltefosine; mirimostim; mismatched double stranded
RNA; mitoguazone; mitolactol; mitomycin analogues;
mitonafide; mitotoxin fibroblast growth
factor-saporin; mitoxantrone; mofarotene;
molgramostim; monoclonal antibody, human chorionic
gonadotrophin; monophosphoryl lipid A+myobacterium
cell wall sk; mopidamol; multiple drug resistance gene
inhibitor; multiple tumor suppressor 1-based therapy;
mustard anticancer agent; mycaperoxide B;
mycobacterial cell wall extract; myriaporone;
N-acetyldinaline; N-substituted benzamides; nafarelin;
nagrestip; naloxone+pentazocine; napavin; naphterpin;
nartograstim; nedaplatin; nemorubicin; neridronic
acid; neutral endopeptidase; nilutamide; nisamycin;
nitric oxide modulators; nitroxide antioxidant;
nitrullyn; O6-benzylguanine; octreotide; okicenone;
oligonucleotides; onapristone; ondansetron;
ondansetron; oracin; oral cytokine inducer;
ormaplatin; osaterone; oxaliplatin; oxaunomycin;
palauamine; palmitoylrhizoxin; pamidronic acid;
panaxytriol; panomifene; parabactin; pazelliptine;
pegaspargase; peldesine; pentosan polysulfate sodium;
pentostatin; pentrozole; perflubron; perfosfamide;
perillyl alcohol; phenazinomycin; phenylacetate;
phosphatase inhibitors; picibanil; pilocarpine
hydrochloride; pirarubicin; piritrexim; placetin A;
placetin B; plasminogen 



activator inhibitor; platinum complex; platinum
compounds; platinum-triamine complex; porfimer sodium;
porfiromycin; prednisone; propyl bis-acridone;
prostaglandin J2; proteasome inhibitors; protein
A-based immune modulator; protein kinase C inhibitor;
protein kinase C inhibitors, microalgal; protein
tyrosine phosphatase inhibitors; purine nucleoside
phosphorylase inhibitors; purpurins; pyrazoloacridine;
pyridoxylatedhemoglobin polyoxyethylene conjugate; raf
antagonists; raltitrexed; ramosetron; ras farnesyl
protein transferase inhibitors; ras inhibitors;
ras-GAP inhibitor; retelliptine demethylated; rhenium
Re 186 etidronate; rhizoxin; ribozymes; RII
retinamide; rogletimide; rohitukine; romurtide;
roquinimex; rubiginone Bl; ruboxyl; safmgol;
saintopin; SarCNU; sarcophytol A; sargramostim; Sdi 1
mimetics; semustine; senescence derived inhibitor 1;
sense oligonucleotides; signal transduction
inhibitors; signal transduction modulators; single
chain antigen-binding protein; sizofiran; sobuzoxane;
sodium borocaptate; sodium phenylacetate; solverol;
somatomedin binding protein; sonermin; sparfosic acid;
spicamycin D; spiromustine; splenopentin; spongistatin
1; squalamine; stem cell inhibitor; stem-cell division
inhibitors; stipiamide; stromelysin inhibitors;
sulfmosine; superactive vasoactive intestinal peptide
antagonist; suradista; suramin; swainsonine; synthetic
glycosaminoglycans; tallimustine; tamoxifen
methiodide; tauromustine; tazarotene; tecogalan
sodium; tegafur; tellurapyrylium; telomerase
inhibitors; temoporfm; temozolomide; teniposide;
tetrachlorodecaoxide; tetrazomine; thaliblastine;
thiocoraline; thrombopoietin; thrombopoietin mimetic;
thymalfasin; thymopoietin receptor agonist;
thymotrinan; thyroid stimulating hormone; tin ethyl
etiopurpurin; tirapazamine; titanocene bichloride;
topsentin; toremifene; totipotent stem cell factor;
translation inhibitors; tretinoin; triacetyluridine;
triciribine; trimetrexate; triptorelin; tropisetron;
turosteride; tyrosine kinase inhibitors; tyrphostins;
UBC inhibitors; ubenimex; urogenital sinus-derived
growth inhibitory factor; urokinase receptor
antagonists; vapreotide; variolinB; vector system,
erythrocyte gene therapy; velaresol; veramine;
verdins; verteporfin; vinorelbine; vinxaltine;
vitaxin; vorozole; zanoterone; zeniplatin; zilascorb;
and zinostatin stimalamer. Preferred additional
anti-cancer drugs are 5-fiuorouracil and leucovorin.
Examples of therapeutic antibodies that can be used
include but are not limited to HERCEPTIN(r)
(Trastuzumab) (Genentech, CA) which is a humanized
anti-HER2 monoclonal antibody for the treatment of
patients with metastatic breast cancer; REOPRO(r)
(abciximab) (Centocor) which is an anti-glycoprotein
Ilb/IIIa receptor on the platelets for the prevention
of clot formation; ZENAPAX(r) (daclizumab) (Roche
Pharmaceuticals, Switzerland) which is an
immunosuppressive, humanized anti-CD25 monoclonal
antibody for the prevention of acute renal allograft
rejection; PANOREX(tm) which is a murine anti-17-IA
cell surface antigen IgG2a antibody (Glaxo
Wellcome/Centocor); BEC2 which is a murine
anti-idiotype (GD3 epitope) IgG antibody(ImClone
System); IMC-C225 which is a chimeric anti-EGFR IgG
antibody (ImClone System); VITAXIN(tm) which is a
humanized anti- V/33 integrin antibody (Applied
Molecular Evolution/Medlmmune); Campath 1H/LDP-03
which is a humanized anti CD52 IgGl antibody
(Leukosite); Smart M195 which is a humanized anti-CD33
IgG antibody (Protein Design Lab/Kanebo); RITUXAN(tm)
which is a chimeric anti-CD20 IgGl antibody (E)EC
Pharm/Genentech, Roche/Zettyaku); LYMPHOCIDE(tm) which
is a humanized anti-CD22 IgG antibody (Immunomedics);
LYMPHOCIDE(tm) Y-90 (Immunomedics); Lymphoscan
(Tc-99m-labeled; radioimaging; Immunomedics); Nuvion 



(against CD3; Protein Design Labs); CM3 is a humanized
anti-ICAM3 antibody (ICOS Pharm); IDEC-1 14 is
aprimatied anti-CD80 antibody (IDEC Pharm/Mitsubishi);
ZEVALIN(tm) is a radiolabelled murine anti-CD20
antibody (IDEC/Schering AG); IDEC- 131 is a humanized
anti-CD40L antibody (IDEC/Eisai); IDEC-1 5 1 is
aprimatized anti- CD4 antibody (IDEC); IDEC-1 52 is a
primatized anti-CD23 antibody (IDEC/Seikagaku); SMART
anti-CD3 is a humanized anti-CD3 IgG (Protein Design
Lab); 5Gl. 1 is a humanized anti-complement factor 5
(C5) antibody (Alexion Pharm); D2E7 is a humanized
anti-TNF- antibody (CAT/BASF); CDP870 is a humanized
anti-TNF- Fab fragment (Celltech); IDEC-1 51 is a
primatized anti-CD4 IgGl antibody (IDEC
Pharm/SmithKline Beecham); MDX-CD4 is a human anti-CD4
IgG antibody (Medarex/Eisai/Genmab); CD20-sreptdavidin
(+biotin-yttrium 90; NeoRx); CDP571 is a humanized
anti-TNF- IgG4 antibody (Celltech); LDP-02 is a
humanized anti-a4/37 antibody (LeukoSite/Genentech);
OrthoClone OKT4A is a humanized anti-CD4 IgG antibody
(Ortho Biotech); ANTOVA(tm) is a humanized anti-CD40L
IgG antibody (Biogen); ANTEGREN(tm) is a humanized
anti-VLA-4 IgG antibody (Elan); and CAT-1 52 is a
human anti-TGF- 2 antibody (Cambridge Ab Tech).
Chemotherapeutic agents that can be used in the
methods and compositions of the invention include but
are not limited to alkylating agents, antimetabolites,
natural products, or hormones. Examples of alkylating
agents useful for the treatment or prevention of Tcell
malignancies in the methods and compositions of the
invention include but are not limited to, nitrogen
mustards (e.g., mechloroethamine, cyclophosphamide,
chlorambucil, etc.), alkyl sulfonates (e.g.,
busulfan), nitrosoureas (e.g., carmustine, lomusitne,
etc.), or triazenes (decarbazine, etc.). Examples of
antimetabolites useful for the treatment or prevention
of T-cell malignancies in the methods and compositions
of the invention include but are not limited to folic
acid analog (e.g., methotrexate), or pyrimidine
analogs(e.g., Cytarabine), purine analogs (e.g.,
mercaptopurine, thioguanine, pentostatin). Examples of
natural products useful for the treatment or
prevention of T-cell malignancies in the methods and
compositions of the invention include but are not
limited to vinca alkaloids (e.g., vinblastin,
vincristine), epipodophyllotoxins (e.g., etoposide),
antibiotics (e.g., daunorubicin, doxorubicin,
bleomycin), enzymes (e.g., L-asparaginase), or
biological response modifiers (e.g., interferon
alpha). Examples of alkylating agents useful for the
treatment or prevention of cancer in the methods and
compositions of the invention include but are not
limited to, nitrogen mustards (e.g., mechloroethamine,
cyclophosphamide, chlorambucil, melphalan, etc.),
ethylenimine and methylmelamines (e.g.,
hexamethlymelamine, thiotepa), alkyl sulfonates (e.g.,
busulfan), nitrosoureas (e.g., carmustine, lomusitne,
semustine, streptozocin, etc.), or triazenes
(decarbazine, etc.). Examples of antimetabolites
useful for the treatment or prevention of cancer in
the methods and compositions of the invention include
but are not limited to folic acid analog (e.g.,
methotrexate), or pyrimidine analogs (e.g.,
fluorouracil, floxouridine, Cytarabine), purine
analogs (e.g., mercaptopurine, thioguanine,
pentostatin). Examples of natural products useful for
the treatment or prevention of cancer in the methods
and compositions of the invention include but are not
limited to vinca alkaloids (e.g., vinblastin,
vincristine), epipodophyllotoxins (e.g., etoposide,
teniposide), antibiotics (e.g., actinomycin D,
daunorubicin, doxorubicin, bleomycin, plicamycin,
mitomycin), enzymes (e.g., L-asparaginase), or
biological response modifiers (e.g., interferon
alpha). 



Examples of hormones and antagonists useful for the
treatment or prevention of cancer in the methods and
compositions of the invention include but are not
limited to adrenocorticosteroids (e.g., prednisone),
progestins (e.g., hydroxyprogesterone caproate,
megestrol acetate, medroxyprogesterone acetate),
estrogens (e.g. , diethlystilbestrol, ethinyl
estradiol), antiestrogen (e.g., tamoxifen), androgens
(e.g., testosterone propionate, fiuoxymesterone),
antiandrogen (e.g., flutamide), gonadotropin releasing
hormone analog (e.g., leuprolide). Other agents that
can be used in the methods and with the compositions
of the invention for the treatment or prevention of
cancer include platinum coordination complexes (e.g.,
cisplatin, carboblatin), anthracenedione (e.g.,
mitoxantrone), substituted urea (e.g., hydroxyurea),
methyl hydrazine derivative (e.g., procarbazine),
adrenocortical suppressant (e.g., mitotane,
aminoglutethimide). The bis(thio-hydrazide amide)
disalts disclosed herein are believed to be
particularly effective when co-administered with
anti-cancer agents which act by arrestingcells in the
G2-M phases due to stabilization of microtubules.
Thus, the disclosed method preferably includes
co-administration of anti-cancer drugs which act by
this mechanism. Examples of anti-cancer agents which
act by arresting cells in the G2-M phases due to
stabilization of microtubules include without
limitation the following marketed drugs and drugs in
development: Erbulozole (also known as R-55104),
Dolastatin 10 (also known as DLS-IO andNSC-376128),
Mivobulin isethionate (also known as CI-980),
Vincristine, NSC-639829, Discodermolide (also known as
NVP-XX-A-296), ABT-751 (Abbott, also known as E-7010),
Altorhyrtins (such as Altorhyrtin A and Altorhyrtin
C), Spongistatins (such as Spongistatin 1,
Spongistatin 2, Spongistatin 3, Spongistatin 4,
Spongistatin 5, Spongistatin 6, Spongistatin 7,
Spongistatin 8, and Spongistatin 9), Cemadotin
hydrochloride (also known as LU-103793
andNSC-D-669356), Epothilones (such as Epothilone A,
Epothilone B, Epothilone C (also known as
desoxyepothilone A or dEpoA), Epothilone D (also
referred to as KOS-862, dEpoB, and desoxyepothilone B
), Epothilone E, Epothilone F, Epothilone B N-oxide,
Epothilone A N-oxide, 16-aza-epothilone B, 21-
aminoepothilone B (also known as BMS-3 10705),
21-hydroxyepothilone D (also known as Desoxyepothilone
F and dEpoF), 26-fluoroepothilone), Auristatin PE
(also known as NSC-654663), Soblidotin (also known as
TZT-1027), LS-4559-P (Pharmacia, also known as
LS-4577), LS-4578 (Pharmacia, also known as LS-477-P),
LS-4477 (Pharmacia), LS- 4559 (Pharmacia), RPR-1 12378
(Aventis), Vincristine sulfate, DZ-3358 (Daiichi), FR-
182877 (Fujisawa, also known as WS-9885B), GS-164
(Takeda), GS-198 (Takeda), KAR- 2 (Hungarian Academy
of Sciences), BSF-223651 (BASF, also known as ILX-651
and LU-223651), SAH-49960 (Lilly/Novartis), SDZ-268970
(Lilly/Novartis), AM-97 (Armad/Kyowa Hakko), AM-132
(Armad), AM-138 (Armad/Kyowa Hakko), IDN-5005
(Indena), Cryptophycin 52 (also known as LY-355703),
AC-7739 (Ajinomoto, also known as AVE-8063A and
CS-39.HC1), AC-7700 (Ajinomoto, also known as
AVE-8062, AVE- 8062A, CS-39-L-Ser.HCl, and
RPR-258062A), Vitilevuamide, Tubulysin A, Canadensol,
Centaureidin (also known as NSC-106969), T-138067
(Tularik, also laiown as T-67, TL- 138067 and
TI-138067), COBRA-I (Parker Hughes Institute, also
laiown as DDE-261 and WHI-261), HlO (Kansas State
University), H16 (Kansas State University), Oncocidin
Al (also laiown as BTO-956 and DIME), DDE-313 (Parker
Hughes Institute), Fijianolide B, Laulimalide, SPA-2
(Parker Hughes Institute), SPA-I (Parker Hughes
Institute, also known as SPIKET-P), 3-IAABU
(Cytoskeleton/Mt. Sinai School of Medicine, also known



as MF-569), Narcosine (also laiown as NSC-5366),
Nascapine, D-24851 (Asta Medica),A-105972 (Abbott),
Hemiasterlin, 3-BAABU (Cytoskeleton/Mt. Sinai School
of Medicine, also known as MF- 191), TMPN (Arizona
State University), Vanadocene acetylacetonate,
T-138026 (Tularik), Monsatrol, Inanocine (also known
as NSC-698666), 3-IAABE (Cytoskeleton/Mt. Sinai School
of Medicine), A-204197 (Abbott), T-607 (Tularik, also
known as T-900607), RPR-1 15781 (Aventis),
Eleutherobins (such as Desmethyleleutherobin,
Desaetyleleutherobin, Isoeleutherobin A, and
Z-Eleutherobin), Caribaeoside, Caribaeolin,
Halichondrin B, D-64131 (Asta Medica), D-68144 (Asta
Medica), Diazonamide A, A-293620 (Abbott), NPI-2350
(Nereus), Taccalonolide A, TUB-245 (Aventis), A-259754
(Abbott), Diozostatin, (-)-Phenylahistin (also known
as NSCL-96F037), D-68838 (Asta Medica), D-68836 (Asta
Medica), Myoseverin B, D- 43411 (Zentaris, also known
as D-81862), A-289099 (Abbott), A-318315 (Abbott),
HTI- 286 (also known as SPA-110, trifluoroacetate
salt) (Wyeth), D-82317 (Zentaris), D-82318 (Zentaris),
SC-12983 (NCI), Resverastatin phosphate sodium,
BPR-OY-007 (National Health Research Institutes), and
SSR-25041 1 (Sanofi), and Hsp90 inhibitors such as
geldanmycin, radicicol, herbimycin A, macbecin I and
II, novobiocin, 17-AUylamino-17- demethoxygeldanamycin
(17AAG), 17-Demethoxy-17-
[2-(dimethylamino)ethylamino]geldanamycin (17DMAG),
CNF-1010, purine-based Hsp90 inhibitors such as PU3,
PU24FC1, and PU29FC1, and oxime derivatives of
radicicol such as KF25706 and KF58333. Taxol, also
referred to as "Paclitaxel", is a well-known
anti-cancer drug which acts by enhancing and
stabilizing microtubule formation. The structure of
Taxol is shown in Figure 1. Many analogs of taxol are
known, including taxotere, the structure of which is
shown in Figure 2. Taxotere is also referred to as
"Docetaxol". The structures of other taxol analogs are
shown in Figures 3-23. These compounds have the basic
taxane skeleton as a common structure feature and have
also been shown to have the ability to arrest cells in
the G2-M phases due to stabilization of microtubules.
Thus, it is apparent from Figures 3-23 that a wide
variety of substituents can decorate the taxane
skeleton without adversely affecting biological
activity. It is also apparent that zero, one or both
of the cyclohexane rings of a taxol analog can have a
double bond at the indicated positions. For clarity
purposes, the basic taxane skeleton is shown below in
Structural Formula (VI):(VI). Double bonds have been
omitted from the cyclohexane rings in the taxane
skeleton represented by Structural Formula (VI). The
basic taxane skeleton can include zero or one double
bond in one or both cyclohexane rings, as indicated in
Figures 3-23 and Structural Formulas (VII) and (VIII)
below. A number of atoms have also been omitted from
Structural Formula (VI) to indicate sites in which
structural variation commonly occurs among taxol
analogs. For example, substitution on the taxane
skeleton with simply an oxygen atom indicates that
hydroxyl, acyl, alkoxy or another oxygen-bearing
substituent is commonly found at the site. These and
other substitutions on the taxane skeleton can be made
without losing the ability to enhance and stabilize
microtubule formation. Thus, the term "taxol analog"
is defined herein to mean a compound which has the
basic taxol skeleton and which promotes microtubule
formation. Taxol analogs may be formulated as a
nanoparticle colloidal composition to improve the
infusion time and to eliminate the need to deliver the
drug with Cremophor which causes hypersensitivity
reactions in some patients. An example of a taxol
analog formulated as a nanoparticle colloidal
composition 



is ABI-007 which is a nanoparticle colloidal
composition of protein-stabilized paclitaxel that is
reconstituted in saline. Typically, the taxol analogs
used herein are represented by Structural Formula
(VII) or (VIII):(VII). (VIII). R1O is a lower alkyl
group, a substituted lower alkyl group, a phenyl
group, a substituted phenyl group, -SR , -NHR1 or -OR1
. R11 is a lower alkyl group, a substituted lower
alkyl group, an aryl group or a substituted aryl
group. R12 is -H, -OH, lower alkyl, substituted lower
alkyl, lower alkoxy, substituted lower alkoxy,
-O-C(O)-(lower alkyl), -O-C(O)-(substituted lower
alkyl), -O-CH2-O-(lower alkyl) -S-CH2-O-(lower alkyl).
R1 is -H, -CH3, or, taken together with R14 , -CH -.
R14 is -H, -OH, lower alkoxy, -O-C(O)-(lower alkyl),
substituted lower alkoxy, -OC( O)-(substituted lower
alkyl), -0-CH 2-O-P(O)(OH)2, -O-CH2-O-(lower alkyl),
-0-CH 2- S-(lower alkyl) or, taken together with R20,
a double bond.Ri5 -H, lower acyl, lower alkyl,
substituted lower alkyl, alkoxymethyl, alkthiomethyl,
-OC(O)-O(lower alkyl), -OC(O)-O(substituted lower
alkyl), -OC(O)-NH(lower alkyl) or
-OC(O)-NH(substituted lower alkyl). R16 is phenyl or
substituted phenyl. Ri7 is -H, lower acyl, substituted
lower acyl, lower alkyl, substituted, lower alkyl,
(lower alkoxy)methyl or (lower alkyl)thiomethyl. R18
-H, -CH3 or, taken together with R17 and the carbon
atoms to which R17 and Ri are bonded, a five or six
membered a non-aromatic heterocyclic ring. R1 is a
lower alkyl group, a substituted lower alkyl group, a
phenyl group, a substituted phenyl group. R20 is -H or
a halogen. R2I is -H, lower alkyl, substituted lower
alkyl, lower acyl or substituted lower acyl.
Preferably, the variables in Structural Formulas (VII)
and (VIII) are defined as follows: R10 is phenyl, r
-butoxy, -S-CH2-CH-(CH3)2, -S-CH(CH3)3, -S-(CH2)3CH3,
-O-CH(CH3)3, -NH-CH(CH3)3, -CH=C(CH3)2 or ar
-chlorophenyl; R11is phenyl, (CH3)2CHCH2-, -2-furanyl,
cyclopropyl or ara-toluyl; R12 is -H, -OH, CH3CO- or
-(CH2)2- -morpholino; Ri3 is methyl, or, R13 and R14 ,
taken together, are -CH2-; R14 is -H, -CH2SCH3 or
-CH2-O-P(O)(OH)2; R15 is CH3CO-; R16 is phenyl; R17
-H, or, R17 and R18, taken together, are -0-C0-0-; Ris
is -H; R20 is -H or -F; and R2 1 is -H,
-C(O)-CHBr-(CH2)i3-CH3 or -C(O)-(CH2)14-CH3;
-C(O)-CH2-CH(OH)-COOH,
-C(O)-CH2-O-C(O)-CH2CH(NH2)-CONH2, -C(O)-CH2-O-CH
2CH2OCH3 or -C(O)-O-C(O)-CH2CH3. A taxol analog can
also be bonded to or be pendent from a
pharmaceutically acceptable polymer, such as a
polyacrylamide. One example of a polymer of this type
is shown in Figure 24. The term "taxol analog", as it
is used herein, includes such polymers. The
bis(thio-hydrazide amide) disalts disclosed herein can
be prepared by a method of the invention. The method
of preparing the disclosed bis(thio-hydrazide amide)
disalts includes the steps of combining a neutral
bis(thio-hydrazide amide), an organic solvent 



and a base to form a bis(thio-hydrazide amide)
solution; and combining the solution and an organic
antisolvent, thereby precipitating a disalt of the
bis(thio-hydrazide amide) (e.g., compounds represented
by Structural Formulas (I)-(V)). The neutral forms of
the disclosed bis(thio-hydrazide amide) disalts can be
prepared according to methodsdescribed in U.S.
Publication Nos. 2003/00455 18 and 2003/01 19914, both
entitled SYNTHESIS OF TAXOL ENHANCERS and also
according to methods described in U.S. Publication No.
2004/0225016 Al, entitled TREATMENT FOR CANCERS. The
entire teachings of these publications are
incorporated herein by reference. 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(thio-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, tetrabutylammonium
hydroxide, or the like); an alkali metal hydroxide
(lithium hydroxide, sodium hydroxide, potassium
hydroxide, or the like) an alkali metal C1-C6
alkoxide, or an alkali metal amide (e.g., sodium
amide, lithium diisopropyl amide, or the like). In
some embodiments, the base is sodium hydroxide,
potassium hydroxide, sodium C1-C6 alkoxide, potassium
C1-C6 alkoxide, sodium amide, or potassium amide, or
preferably, sodium hydroxide, sodium methoxide, or
sodium ethoxide. In various embodiments, the base can
be an alkali metal hydride (e.g., sodium hydride,
potassium hydride, or the like), a divalent metal base
(e.g., magnesium oxide) a C1-C6 alkyl alkali metal
(e.g., butyllithium), or an aryl alkali metal (e.g.,
phenyllithium). More typically, the base is lithium
hydride, sodium hydride, potassium hydride,
butyllithium, butylsodium, butylpotassium,
phenyllithium, phenylsodium, or phenylpotassium. As
used herein, an alkali metal includes lithium, sodium,
potassium, cesium and rubidium. The organic solvent
can be any organic solvent which is stable when the
base is added to a mixture of the bis(thio-hydrazide
amide) and the organic solvent. Typically, the organic
solvent is polar enough to dissolve the
bis(thio-hydrazide amide) salt formed by the method to
form a solution. In various embodiments, the organic
solvent is water-miscible. The organic solvent can
generally be selected from a C1-C4 aliphatic alcohol
(e.g., methanol, ethanol, 1-propanol, 2-propanol, or
the like), a C1-C4 aliphatic ketone (e.g., acetone,
methyl ethyl ketone, 2-butanone, or the like), a C2-C4
aliphatic ether (e.g., diethyl ether, dipropyl ether,
diisopropyl ether, or the like), a C2-C4
cycloaliphaticether (e.g., tetrahydrofuran, dioxane,
or the like), dimethyl formamide, dimethyl sulfoxide,
N-methyl pyrrolidone, a glycol (e.g., ethylene glycol,
propylene glycol, tetramethylene glycol, or the like),
an alkyl 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., 1-propanol, 2-propanol),
butanol (e.g., 1-butanol, tert-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. As used herein, the organic antisolvent
is a solvent that when added to the solution created
by combining the base, the bis(thio-hydrazide amide)
and the organic solvent, 



causes the bis(thiohydrazide amide) disalt to
precipitate out of solution. Typically, the organic
antisolvent can be selected from a C5-C10 alkane
(e.g., pentane, petroleum ether, hexane, heptane,
octane, isooctane, or the like), C5-C10 cycloalkane
(e.g., cyclohexane, cyclopentane, or the like), a
C3-C10 alkyl ester (e.g., ethyl acetate, propyl
acetate, methyl butyrate, or the like, a C3-C10 alkyl
ether (e.g., methyl ethyl ether, diethyl ether, methyl
propyl ether, or the like), benzene, toluene, and
xylene. More typically, the organic antisolvent can be
selected from diethyl ether, dipropyl ether (e.g.,
propyl as 1-propyl or 2-propyl), methyl propyl ether,
ethyl propyl ether, methyl tert-butyl ether, methyl
acetate, ethyl acetate, propyl acetate, pentane,
hexane, cyclohexane, heptane, and petroleum ether. In
some embodiments, the organic antisolvent can be a
C5-C10 alkane or C5-C10 cycloalkane. In various
preferred embodiments, the organic antisolvent can be
heptane; or, the organic antisolvent can be diethyl
ether or ethyl acetate. In various preferred
embodiments, the organic antisolvent can be methyl
ert-butyl ether. In various embodiments, the neutral
bis(thio-hydrazide amide) can be substantially
insoluble in the organic solvent, thereby forming a
mixture, whereby combining the base with the mixture
forms a bis(thio-hydrazide amide) solution. Typically,
the bis(thio-hydrazide amide) solution can be clear.
Generally, between about 0.25 and about 2.5 moles of
the neutral bis(thio-hydrazide amide) are combined per
each liter of organic solvent, or typically between
about 0.75 and about 1.5 moles of the neutral
bis(thio-hydrazide amide) are combined per each liter
of organic solvent. Preferably, about 1 mole of the
neutral bis(thio-hydrazide amide) are combined per
each liter of organic solvent. As used herein, a
"bis(thio-hydrazide amide) solution," when formed from
the organic solvent, the neutral bis(thio-hydrazide
amide), and the base, can include one ormore species
such as the neutral bis(thio-hydrazide amide), the
bis(thio-hydrazide amide) monosalt, the
bis(thio-hydrazide amide) disalt, or the like. hi
preferred embodiments, the organic solvent is ethanol.
Preferably, the base is about 2 molar to about 5 molar
aqueous sodium hydroxide, or more preferably from
about 2 to about 2.5 molar. hi 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. The bis(thio-hydrazide amide) disalts prepared
by the present invention are the disalts disclosed
herein, including those represented by Structural
Formulas (I)-(V). The neutral bis(thio-hydrazide
amides) employed in the disclosed method to prepare
the disalts represented by Structural Formulas
(I)-(II) can be represented by the following
Structural Formulas (I')-(H'), where the variables
have the same values and preferred values as in
Structural Formulas (I)-(II), respectively: Thus, as
used herein, a neutral bis(thio-hydrazide amide) has
at least two hydrogens (e.g., the hydrogens bonded to
the nitrogen atoms in Structural Formulas I 1) and
(H') which can react with the bases described herein
to form a disalt. hi Structural Formula (I), M+ is a
pharmaceutically acceptable monovalent cation. M2+ is
a pharmaceutically acceptable divalent cation as
described above. hi various preferred embodiments, the
organic solvent can be acetone; the base can be
ethanolic sodium ethoxide; the organic solvent can be
ethanol; the base can be aqueous 



sodium hydroxide; the antisolvent can be heptane; the
neutral bis(thio-hydrazide amide) can be:and/or the
neutral bis(thio-hydrazide amide) can be: The present
invention is illustrated by the following examples,
which are not intended to be limiting in any way.
EXEMPLIFICATION Example 1. Sodium;
2-(N'-methyl-N'-thiobenzoyl-hvdrazmocarbonyl)-l-fmethy
lthiobenzoyl- hydrazonoVethanolate: Compound (3) To a
stirred clear solution of
N-Malonyl-bis(N'-thiobenzoyl- N'-methyl hydrazide) (2
g) in THF (25 mL) was added sodium amide (0.2 g). The
resultant mixture was stirred at room temperature for
4 hours. The precipitated product was collected by
filtration and washed with THF and ether. The
resulting solids were dried in vacuo (0.1 mmHg) for 12
hours. A light yellow solid weighing 1.53 g was
obtained. 1H-NMR (DMSO-d6) d (ppm): 2.2-2.7 (m, 2H),
3.1-3.7 (m, 6H), 7.1-7.5 (m, 10 H). Elem. Anal. Calcd.
For C19H19N4NaO2S2 0.55H2O: C 52.75%, H 4.66%,
N12.98%; found: C 52.42%, H 4.41%, N 13.07%.Example 2.
Disodium;
2-QS['-methyl-N'-thiobenzoyl-hvdrazinocarbonyl)-l-(met
hylthiobenzo gl-hvdrazono)-ethanolate: Compound (1)
Method A: To a stirred clear solution of NaOH (0.358
g, 8.95 mmol) in H2O (10 mL) was added
N-Malonyl-bis(N'-thiobenzoyl- N'-methyl hydrazide)
(1.79g, 4.48 mmol) at room temperature. The resultant
solution was filtered, then the filtrate was cooled
with a dry-ice/'PrOH bath followed by freeze-drying to
obtain Compound 1 as a solid. 1H-NMR (DMSO-d6) d
(ppm): 2.15 (s, 2H), 3.45 (s, 6H), 7.0-7.2 (m, 6 H),
7.2-7.4 (m, 4H). Elem. Anal. Calcd for
Ci9H18N4Na2O2S2-OJH2O (457.22): C 49.91; H 4.29;
N12.26; found: C 49.95; H 4.17; N12.05. Method B: To a
stirred solution of- N-Malonyl-bis(N'-thiobenzoyl-
N'-methyl hydrazide) (0.92 g) in THF (15 mL) was added
a solution of NaOH (0.184 g) in MeOH (15 mL). After 15
min stirring at room temperature, the resultant
solution was concentrated and precipitated with ether
to yield 1 g of a light orange powder after
filtration. The physical data for the precipitate was
is in accordance with that obtained from Method A.
Example 3. Lithium;
-rN'-methyl-N'-thiobenzoyl-hvdrazinocarbonvD-l-Cmethyl
thiobenzoyl- hydrazono)-ethanolate: Compound (4) To a
solution of N-Malonyl-bis(N'-thiobenzoyl- N'-methyl
hydrazide) (8g, 20 mmol) in THF (90 ml) was added
llithium diisopropylamide (LDA) (20 mmol, 2M in
heptane/THF/ethylbenzene) at 0 0C, and the mixture was
stirred for 2 hours. The precipitate was collected,
washed with EtOAc, and dried to give a mono lithium
salt of NMalonyl- bis(N'-thiobenzoyl- N'-methyl
hydrazide) (6.5 g). 1H-NMR (DMSO-d6) d (ppm),
7.71-7.32 (m, 10H), 3.72-2.73(m, 9H).Example 4.
Dilithium;
2-(N'-methyl-N'-thiobeiizoyl-hvdrazinocarbonyl)-l-(met
hylthiobenzoyl- hydrazonoVethanolate: Compound (5)
Compound 5 was prepared according to the method
described in Example 3 except that 2 equivalents of
LDA were used instead of one equivalent. 1H-NMR (DMSOd
6) d (ppm): 7.61-7.12 (m, 1OH), 3.82-2.29(m, 8H).
Example 5. Ethanolamine;
2-(N'-methyl-N'-thiobenzoyl-hvdrazinocarbonyl)-l-(meth
ylthiobenzoyl- hydrazonoVethanolate: Compound (6) The
monoethanolamine compound was made in a similar to
that in Example 3 by 



using one equivalent of ethanolamine instead of LDA.
1H-NMR 4783 (DMSOd 6) d (ppm): 7.72-7.33 (m, 1OH),
3.80-2.63(m, 13H) . Example 6. Diethanolamine;
2-(N'-methyl-N'-thiobenzoyl-hydrazinocarbonyl)-l-(meth
ylthiobenzoyl- hydrazonoVethanolate: Compound (7) The
diethanolamine compound was made in a similar to that
in Example 3 by using two equivalents of ethanolamine
instead of one equivalent of LDA. 1H-NMR 4783 (DMSO-d
6) d (ppm): 7.69-7.31 (m, 1OH), 3.78-2.64(m, 16H)
Example 7. Magnesium;
2-(N'-methyl-N'-thiobenzoyl-hydrazinocarbonyl)-l-(meth
ylthiobenzoyl- hydrazonoVethanolate: Compound (8) The
pH of a suspension of MgO (440 mg, 1.1 mmol, 15 mL) in
water was adjusted to 2-3 to form a clear solution. To
this solution was added dilithium; 2-(N'-methyl-N'-
thiobenzoyl-hydrazinocarbonyl)-l-(methyl-thiobenzoyl-h
ydrazono)-ethanolate ( 1 mmol),and the mixture was
stirred for 3 hours. The precipitate that formed was
collected and washed with water, and then dried to
give the magnesium salt (2. 1 g). 1H-NMR (DMSO-d6) d
(ppm): 7.68-7.32 (m, 10H), 3.98-2.49(m, 8H). Example
8. Calcium;
2-psr'-methyl-N'-thiobenzoyl-hydrazinocarbonyl)-l-(
'methylthiobenzoyl- hydrazono)-ethanolate: Compound
(9) The calcium compound was made in a similar to that
in Example 7 by using Ca(OH)2 instead of MgO. 1H-NMR
(DMSO-d6) d (ppm): 7.67-7.34 (m, 10H), 3.91-2.55(m,
8H). Example 9. Monopotassium;
2-pSP-methyl-N'-thiobenzoyl-hvdrazinocarbonyl)-l-(meth
ylthiobenzoyl- hydrazono)-ethanolate: Compound (10)
N-Malonyl-bis(N'-thiobenzoyl-N'-methyl hydrazide)
(micronized), 5.006 g (12.5 mmol) was suspended in 70
mL of absolute ethanol. Into this suspension was added
with stirring 12.4 mL (1 equivalent) of a 1.008 N
solution of potassium hydroxide in methanol. The
resulting solution was filtered through a glass
acrodisc (German) and concentrated to about 5 mL. Into
this concentrated solution, 5 mL of ethyl acetate was
added, followed by anhydrous ether until the resulting
solution turned cloudy. This solution was left for
crystallization overnight. A hardened precipitate was
broken up with a spatula, filtered out, washed twice
with anhydrous ether and vacuum-dried at 50 0C to
afford a monopotassium salt as pale-yellow solids
(4.05 g, 70%). 1H NMR (DMSO-d6) (a mixture of
tautomers): d (ppm): 7.4-7.25, 7.22 (m, 10H), 3.60,
3.45 and 3.19 (singlets, 6H), 2.78, 2.39 and 1.96
(singlets, 3H) ) . IR (KBr): 1686s, 1572, 1478 cm 1 .
Anal. Calcd for C19H19K2N4O2S2 + H2O: C, 49.98; H,
4.64; K, 8.56; N, 12.27. Found: C, 49.99; H, 4.51; K,
8.67; N, 11.91.Example 10. Dipotassium;
2-(N'-methyl-N'-thiobenzoyl-hvdrazinocarbonyl)-l-(meth
ylthiobenzoyl- hvdrazono)-ethanolate: Compound (2)
Method A: N-Malonyl-bisQNT-thiobenzoyl-N'-methyl
hydrazide) (micronized, 5.006 g, 12.5 mmol) was
treated with 24.95 mL (2 equivalent) of 1.002 N
solution of potassium hydroxide in water (volumetric
standard solution, Aldrich). AUmaterial except a few
particles dissolved, and 6 mL of MiUi-Q water was
added to afford a solution with some tiny particles
remaining. The solution was then filtered through a
glass acrodisc (Gelman), the filter was rinsed with 2
mL of Milli-Q water, and the combined solution was
diluted to 50 mL with Milli-Q water and lyopliilized
to produce a title compound as yellow foams (6.17 g).
1H NMR (DMSOd 6) : d (ppm): 7.34-7.31 (m, 4H),
7.11-7.09 (m, 6H), 3.51 (m, 



6H), 2.11 (s, 2H). IR (KBr): 1561, cm 1 . Anal. Calcd
for Ci9Hi8K2N4O2S2 + H2O: C, 46.13; H, 4.07; K, 15.81;
N, 11.33. Found: C, 46.08; H, 4.21; K, 16.05; N,
11.32. Method B: Alternatively,
N-Malonyl-bis(N'-thiobenzoyl- N'-methyl hydrazide)
(micronized, 5.006 g, 12.5 mmol) was dissolved in
anhydrous THF (62 mL). Into this solution, and 25.1 mL
(2 equivalent) of 1.008N solution of potassium
hydroxide in methanol (volumetric standard solution,
Aldrich) was added. From the resulting solution,
solvent was removed under reduced pressure to leave
about 5 mL of an oily residue, which was triturated
with anhydrous ether until a pale yellow solid was
obtained. The solid was filtered out, washed twice
with anhydrous ether and vacuum-dried at 50 0C, to
yield the dipotassium salt as a poweder (4.3 g, 73%).
NMR data were identical with those obtained above in
Method A. Example 11. Cholin;
2-(TS['-methyl-N'-thiobenzoyl-hvdrazinocarbonyl)-l-(me
thylthiobenzoyl- hydrazonoVethanolate: Compound (11)
Into a stirred solution of
N-Malonyl-bis(N'-thiobenzoyl- N'-methyl hydrazide) (2
g, 5 mmol) in 65 mL of anhydrous THF was added
dropwise 1.32 mL of a solution of choline hydroxide
(45% solution in MeOH) in 10 ml of anhydrous THF. At
first, a clearsolution was formed, followed by
precipitation of a fine solid. The solution was left
for 1 hour for the precipitation to be completed. The
precipitate was filtered out, washed twice with
ether:THF (2:1, v/v), then once with anhydrous ether,
and vacuum-dried at 50 0C to obtain the titled salt as
a pale yellow powder (2.14 g, 85%). 1H MMR (DMSO-d6)
(a mixture.of tautomers): d (ppm): 7.4-7.35, 7.24-7.19
(m, 10H), 3.83-3.80 (m, 2H), 3.40-3.37 (m, 2H), 3.60,
3.45 and 3.19 (singlets, 6H), 3.10 (m, 9H), 2.64, 2.32
and 2.06 (singlets, 3H) ) . IR (KBr): 1686s, 1586s,
1482s cm 1 . Example 12. Disodium;
2-(TS['-methyl-N'-thio-l-methylcvclopropyl-hvdrazinoca
rbonyl)-lrmethyl-
thio-l-methylcvclopropyl-hydrazonoVethanolate:
Compound (12) Into a stirred clear solution of NaOH
(24.7 mg, 0.62 mmol) in H2O (5 mL) was added
N-Malonyl-bisfN'-thio-l-methylcyclopropyl- N'-methyl
hydrazide) (110 mg, 0.3 1 mmol) at room temperature.
The resultant solution was filtered, then the filtrate
was cooled with a dry-ice/'PrOH bath followed by
freeze-drying to obtain Compound (12) as a solid.
1H-NMR (DMSO-d6) d (ppm): 0.38 (t, 4H, J=5), 0.83 (t,
4H, J=5), 1.18 (s, 6 H), 2.62 (s, 2H), 3.38 (s, 6H).
Example 13. Disodium;
-CN'-methyl-N'-thiocvclopropyl-hvdrazmocarbonvD-l-fmet
hylthiocvclopropyl- hvdrazonoVethanolate: Compound
(13) The disodium compound was prepared by a similar
method to that used for Example 12. 1H-NMR (DMSO-d6) d
(ppm): 0.45 (m, 4H), 0.85 (m, 4H), 2.61 (s, 2 H), 2.70
(m, IH) 3.41 (s, 6H).Example 14. Dipotassium;
2-(N'-methyl-N'-thio-l-methylcvclopropylhydrazinocarbo
nyl)- 1-(methyl-thio- 1-methylcYclopropyl-hydrazono)-
ethanolate: Compound (14) The dipotassium compound was
prepared by a method similar to that used for Example
12 except that KOH was used instead of NaOH. 1H-NMR
(DMS0-d 6) d (ppm): 0.39 (m, 4H), 0.82 (m, 4H), 1.18
(s, 6 H), 2.60 (s, 2H), 3.38 (s, 6H). Example 15. Bis
(Thio-Hydrazide Amide) Disalts Have Significantly
Greater Solubility 



Than The Corresponding Monosalts And Neutral Forms A
compound was weighed and water was added to the
compound such that the resulting concentration of the
compound was about 100 mg/mL. The mixture was then
shaken well and sonicated (about 5-10 min at about 50
0C). If the added amounts of the compound were totally
solubilized, more amounts of the compound were added
to the solution and the mixture was shaken well and
sonicated until a suspension was achieved. The
suspension was then filtered through a 0.2 mm filter.
The filtered solution was diluted with DMSO. Then the
mixture was analyzed by HPLC to determine the
concentration of the compound. The HPLC system
consisted of the HP 1100 Model (Agilent, Wilmington,
DE) equipped with a model 1100 quaternary pump, a
model 1100 autosampler, a model 1100 Diode-Array
Detector for UV detection at 280 nm. HPLC analysis was
performed using a gradient mobile phase consisting of
acetonitrile-water containing 0.1% formic acid. Mobile
phases were degassed and filtered through a solvent
filtration apparatus and pumped at a constant rate of
1.0 mL/min. Separation was made on an XTerra MS Cl 8
analytical column, 4.6 mm i.d. x 150 mm, (Waters
Corp., Milford, MA, USA) fitted with a pre-column
filter (XTerra MS C18, 3.9 mm x 20 mm). The column was
maintained at 4O0C. Data acquisition and instrument
setting were controlled using HP Chemstation software
(version 8.03).Solubility data for each compound
tested are shown below in Table 1. Table 1. Solubility
Data As can be seen in Table I the bis(thio-hydrazide
amide) disalts, for example, Compounds 1, 2, 5, 7, 12,
13 and 14, have significantly greater water solubility
than the corresponding neutral or monosalt compounds.
In particular, Compounds 1 and 2 showed significantly
greater water solubility than the corresponding
neutral form. Similarly, disalts compounds, Compounds
1, 2, 5 and 7, showed much greater water solubility
than the corresponding monosalt compounds, Compounds
3, 4, 6 and 10. Example 16. Bis (Thio-Hydrazide Amide)
Disalts Have Significantly Greater Bioavailability
Than The Corresponding Monosalts And Neutral Forms A)
Procedure for pharmacokinetics study in dog Male
beagle dogs were acclimated for at least one week
prior to use, were fed laboratory chow and water ad
libitum, and were housed in temperature and
humiditycontrolled rooms. Compounds were prepared as a
solution for intravenous injection or a capsule for
oral administration. Three dogs were used for the
study. Compounds were injected intravenously via
cephalic vein or by oral gavage. The dose was adjusted
based on the animal's body weight. Blood samples were
collected at intervals of 5, 10 and 30 min and 1, 2,
4, 6, 8 and 24 hr (example) after administration of
the compound and plasma samples were prepared after
centrifugation (5000 rpm, 8 min) of whole blood
samples. Compound in plasma was measured by a liquid
chromatography with tandem mass spectrophotometer
(LC/MS/MS) after 50 ml of these samples were extracted
by protein precipitation with acetonitrile. The
compound concentration was determined by the standard
curve (concentration vs. peak area) made with the same
extraction procedure of controlled plasma. The area
under curve (AUC) was calculated using the modified
trapezoidal method. The portion of AUC from the last
measurable plasma concentration to infinity was
estimated by C/k, where k was expressed by the least
square regression of the log-linear concentration time
points and C represents the last measurable plasma 



concentration. Bioavailability was calculated by
AUCpo/ AUCiv. B) Bioanalytical Method of Compounds (1)
and (3) in plasma by LC/MS/MS Compounds (1) and (3)
and its internal standard were extracted from
heparinized plasma by protein precipitation with
acetonitrile. Chromatography was achieved on an XTerra
column (Waters, particle size: 5mm; 100 mm x 3.0 mm
i.d.) using a mixture of acetonitrile, water and
formic acid. Analysis was performed on a Sciex API 365
tandem mass spectrometer with turbo ion spray
interface. Negative ions were measured using the
multiple-reaction-monitoring (MRM) mode with m/z 399.0
165.1. The run time was 9 min per sample, and
Compounds (1) and (3) were quantitated by a peak area
ratio using l/X 2-weighted least-square linear
regression plot. Bioavailability data for each
compound tested are shown below in Table 2. As can be
seen in Table 2, the disalt compound, Compound (1),
showed much greater bioavailability than the
corresponding neutral compound or monosalt compound,
Compound (3).Table 2. Bioavailability Data Example 17.
Process Method for Preparing Disodium Salts I .
General Method About 50 mmol of the neutral form of a
compound of the invention is suspended in 50 mL of
acetone. About 2.04 equivalents of NaOH is dissolved
in ethanol to form 38 niL of a 2 1 % solution. The
NaOH solution is added to the suspension of the
compound while maintaining the temperature at about
O0C. The mixture is stirred for about 20 min. to give
a clear solution, then about 1.2 mL of water is add.
The solution is allowed to come to room temperature
and about 400 mL of heptane is added. The solution is
allowed to stir about 12 hours and the resulting
precipitate is collected by filtration. The
precipitate is added to about 60 mL of acetone and
stirred for 2 hours at room temperature, then
collected by filtration and dried under vacuum for 1
hour at about 50 0C to yield the pure disodium salt of
the compound. II. Preparation of Disodium;
2-rN'-methyl-N'-thiobenzoyl-hydrazinocarbonyl)-l-
(methyl-thiobenzoyl-hydrazonoVethanolate: Compound (1)
Compound (1) was prepared by the above general method.
The analytical data was as follows: 1HNMR (DMSO-d 6)
(ppm) 7.38-7.02 (m, 10H), 3.51 (s, 6H), 2.13 (s, 2H)
Elemental Analysis: Calculated for C19H20N4Na2O2S2: C
49.34, H 4.36, N 12.1 1, S 13.87; found C 49.28, H
4.18, N 11.91, S 13.63Examples 18-20: Preparation of
Disodium Bisfthio-hvdrazide amide) Solution A sample
of a bis(thio-hydrazide amide) (Compound 1, 15 grams)
was combined with 40 niL of absolute ethanol to form a
mixture as a slurry. Aqueous sodium hydroxide (3.0
grams NaOH in 3.0 mL H2O) 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 1mL 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 equal portions for the following examples.
Example 18: 63% Yield of Bisfthio-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). The
resulting slurry was filtered, washed with 10 mL of a
1:1 mixture of ethyl acetatemethyl tert-butyl ether,
followed by 5 mL of ethyl acetate. Residual solvent
was removed by vacuum to give 3.51 grams (63%) of the
disodium salt of Compound (1) as a pale yellow solid.
A yellow contaminant was visible. Example 19: 87%
Yield of Pure BisCthio-hydrazide amide) Disodium Salt
A one-third portion of the above yellow disodium
bis(thio-hydrazide amide) solution was combined with
17 mL of methyl tert-butyl ether and stirred for 60
minutes (precipitation occurred in less than 30
minutes). An additional 17 mL of methyl tert-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 tert-butyl ether,
followed by 10 mL of ethyl acetate. Residual solvent
was removed by vacuum to give 4.84 grams (87%) of the
disodium salt of Compound (1) as a pale yellow solid.
No yellow contaminant was visible. Example 20: 96%
Yield of Pure Bisfthio-hvdrazide amide) Disodium Salt
A one-third portion of the above yellow disodium
bis(thio-hydrazide amide) solution was combined with
17 mL of methyl tert-butyl ether and stirred for 60
minutes (precipitation occurred in less than 30
minutes). An additional 34 mL of methyl tert-butyl
ether was added to the resulting thick slurry, and was
stirred for an additional 14 hours.The resulting
slurry was filtered, washed with 10 mL of a 1:1
mixture of ethyl acetate:methyl tert-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.CLAIMS
What is claimed is: 1. A compound represented by the
following structural formula: 2 M+ or M2+ wherein: Y
is a covalent bond or a substituted or unsubstituted
straight chained hydrocarbyl group; R1-R4 are
independently -H, an aliphatic group, a substituted
aliphatic group, an aryl group or a substituted aryl
group, or R1 and R3 taken together with the carbon and
nitrogen atoms to which they are bonded, and/or R2 and
R4 taken together with the carbon and nitrogen atoms
to which they are bonded, form a nonaromatic
heterocyclic ring optionally fused to an aromatic
ring; Z is -O or -S; and M+ is a pharmaceutically
acceptable monovalent cation and M2+ is a
pharmaceutically acceptable divalent cation. 2. The
compound of Claim 1, wherein the pharmaceutically
acceptable cation is Na+ orK +. 3. The compound of
Claim 2, wherein the pharmaceutically acceptable
cation is Na+. 4. The compound of Claim 3, wherein Z
is O, R1 and R2 are the same and R3 and R4 are the
same.5. The compound of Claim 4, wherein: 



Y is a covalent bond, -C(R5R6)-, -(CH2CH2)-,
trans-(CH=CR)-, CW-(CH=CH)- or -(CC)- group; and R5
and R are each independently -H, an aliphatic or
substituted aliphatic group, or R5 is -H and R6 is a
substituted or unsubstituted aryl group, or, R and R6
taken together, are a C2-C6 substituted or
unsubstituted alkylene group. 6. The compound of Claim
5, wherein: Y Is -C(R5R6)-; R1 and R2 are each a
substituted or unsubstituted aryl group; and R3 and R4
are each a substituted or unsubstituted aliphatic
group. 7. The compound of Claim 6, wherein R5 is -H
and R6 is -H, or an aliphatic or substituted aliphatic
group. 8. The compound of Claim 7, wherein R3 and R4
are each an alkyl group and R6 is -H or methyl. 9. The
compound of Claim 8, wherein R1 and R2 are each a
substituted or unsubstituted phenyl group and R3 and
R4 are each methyl or ethyl. 10. The compound of Claim
9, wherein the phenyl group represented by R1 and the
phenyl group represented by R2 are optionally
substituted with one or more groups selected from:
-Ra, -OH, -Br, -Cl, -I, -F, -ORa, -O-CORa, -CORa, -CN,
-NCS, -NO2, -COOH, -SO3H, -NH2, -NHRa, -N(RaRb),
-COORa, -CHO, -CONH2, -CONHRa, -CON(RaRb), -NHC0R a,
-NRcC0R a, -NHCONH2, -NHC0NR aH, -NHC0N(R aRb),
-NR0CONH2, -NRcC0NR aH, -NRcC0N(R aRb), -C(=NH)-NH2,
-C(=NH)-NHR a, -C(=NH)-N(RaRb), -C(=NR)-NH2,
-C(=NR)-NHRa, -C(=NR)-N(RaRb), -NH-C(=NH)-NH2,
-NH-C(=NH)-NHR a, -NH-C(=NH)-N(R aRb),
-NH-C(=NRC)-NH2, -NH-C(=NR c)-NHRa,
-NH-C(=NR)-N(RaRb), -NRdH-C(=NH)-NH 2,
-NRd-C(=NH)-NHRa, -NRd-C(=NH)-N(RaRb),
-NRd-C(=NRc)-NH2,
-NRd-C(=NRc)-NHRa,-NRd-C(=NRc)-N(RaRb), -NHNH2,
-NHNHRa, -NHRaRb, -SO2NH2, -SO2NHRa, -SO2NRaRb,
-CH=CHRa, -CH=CRaRb, -CRc=CRaRb,-CRc=CHRa, -CRc=CRaRb,
-CCRa, -SH, -SRa, -S(O)Ra, -S(O)2Ra, wherein Ra-Rd are
each independently an alkyl group, aromatic group,
non-aromatic heterocyclic group or -N(RaR ), taken
together, form a substituted or unsubstituted
non-aromatic heterocyclic group, wherein the alkyl,
aromatic and non-aromatic heterocyclic group
represented by Ra-Rd and the non-aromatic heterocyclic
group represented by -N(RaRb) are each optionally and
independently substituted with one or more groups
represented by R ; R# is R+, -OR+, -O(haloalkyl),
-SR+, -NO2 -CN, -NCS, -N(R+)2, -NHCO2R+, -NHC(O)R+,
-NHNHC(O)R+, -NHC(0)N(R +)2, -NHNHC(0)N(R +)2,
-NHNHCO2R+, -C(O)C(O)R+, -C(O)CH2C(O)R+, -CO2R+,
-C(O)R+, C(0)N(R +)2, - OC(O)R+, -0C(0)N(R +)2,
-S(O)2R+, -SO2N(R+)2, -S(O)R+, -NHSO2N(R+)2, -NHSO2R+,
-C(=S)N(R+)2, or -C(=NH)-N(R+)2; R is -H, a C1-C4
alkyl group, a monocyclic heteroaryl group, a
nonaromatic heterocyclic group or a phenyl group
optionally substituted with alkyl, haloalkyl, alkoxy,
haloalkoxy, halo, -CN, -NO2, amine, alkylamine or
dialkylamine; or 



-N(R+)2 is a non-aromatic heterocyclic group, provided
that non-aromatic heterocyclic groups represented by R
and -N(R +)2 that comprise a secondary ring amine are
optionally acylated or alkylated. 11. The compound of
Claim 10, wherein the phenyl groups represented by
R1and R2 are optionally substituted with C1-C4 alkyl,
C1-C4 alkoxy, C1-C4 haloalkyl, C1-C4 haloalkoxy,
phenyl, benzyl, pyridyl, -OH, -NH2, -F, -Cl, -Br, -I,
-NO2 or -CN. 12. The compound of Claim 5, wherein Y is
-CR5R6-; R1 and R2 are both a substituted or
unsubstituted aliphatic group; R5 is -H; and R6 is -H
or an optionally substituted aliphatic group. 13. The
compound of Claim 12, wherein R1 and R2 are both a
C3-C8 cycloalkyl group optionally substituted with at
least one alkyl group.14. The compound of Claim 13,
wherein R3 and R4 are both an alkyl group; and R6 is
-H or methyl. 15. The compound of Claim 14, wherein R1
and R2 are both cyclopropyl or 1-methylcyclopropyl.
16. A compound represented by the following structural
formula: wherein: R1 and R2 are both phenyl; R3 and R4
are both methyl; R5 and R6 are both -H; Ri and R2 are
both phenyl; R3 and R4 are both ethyl; R and R6 are
both -H; Ri and R2 are both 4-cyanophenyl; R3 and R4
are both methyl; R5 is methyl; R6 is -H; R1 and R2 are
both 4-methoxyphenyl; R3 and R4 are both methyl; R5
and R6 are both -H; R1 and R2 are both phenyl; R3 and
R4 are both methyl; R5 is methyl; R6 is -H; R1 and R2
are both phenyl; R3 and R4 are both ethyl; R5 is
methyl; R is -H; Ri and R2 are both 4-cyanophenyl; R3
and R4 are both methyl; R5 and R6 are both -H; Ri and
R2 are both 2,5-dimethoxyphenyl; R3 and R4 are both
methyl; R5 and R6 are both -H; Ri and R2 are both
2,5-dimethoxyphenyl; R3 and R4 are both methyl; R5 is
methyl; R6 is -H; Ri and R2 are both 3-cyanophenyl; R3
and R4 are both methyl; R5 and R6 are both -H; Ri and
R2 are both 3-fluorophenyl; R3 and R4 are both methyl;
R5 and R6 are both-H; Ri and R2 are both
4-chlorophenyl; R3 and R4 are both methyl; R5 is
methyl; R6 is -H; Ri and R2 are both
2-dimethoxyphenyl; R3 and R4 are both methyl; R5 and
R6 are both -H; Ri and R2 are both 3-methoxyphenyl; R
and R4 are both methyl; R5 and R6 are both -H; Ri and
R2 are both 2,3-dimethoxyphenyl; R and R4 are both
methyl; R5 and R6 are both -H; Ri and R2 are both
2,3-dimethoxyphenyl; R3 and R4 are both methyl; R5 is
methyl; R6 is -H; 



Ri and R2 are both 2,5-difluorophenyl; R3 and R4 are
both methyl; R5 and R6 are both -H; Ri and R2 are both
2,5-difluorophenyl; R3 and R4 are both methyl; R5 is
methyl; R6 is -H; Ri and R2 are both
2,5-dichlorophenyl; R3 and R4 are both methyl; R5 and
R6 are both -H; Ri and R2 are both 2,5-dimethylphenyl;
R3 and R4 are both methyl; R5 and R6 are both -H; Ri
and R2 are both 2,5-dimethoxyphenyl; R3 and R4 are
both methyl; R5 and R6 are both -H; Ri and R2 are both
phenyl; R3 and R4 are both methyl; R5 and R6 are both
-H; Ri and R2 are both 2,5-dimethoxyphenyl; R3 and R4
are both methyl; R is methyl; R6 is -H; R1 and R2 are
both cyclopropyl; R3 and R4 are both methyl; R5 and R6
are both -H; R1 and R2 are both cyclopropyl; R3 and R4
are both ethyl; R5 and R6 are both -H; R1 and R2 are
both cyclopropyl; R3 and R4 are both methyl; R5 is
methyl; R6 is -H; Ri and R2 are both
1-methylcyclopropyl; R3 and R4 are both methyl; R5 and
R6 are both -H; Ri and R2 are both
1-methylcyclopropyl; R3 and R4 are both methyl; R5 is
methyl and R6 is -H;Ri and R2 are both
1-methylcyclopropyl; R3 and R4 are both methyl; R5 is
ethyl and R6 is -H; Ri and R2 are both
1-methylcyclopropyl; R3 and R4 are both methyl; R is
^-propyl and R6 is -H; R1 and R2 are both
1-methylcyclopropyl; R3 and R4 are both methyl; R5 and
R6 are both methyl; R1 and R2 are both
1-methylcyclopropyl; R3 and R4 are both ethyl; R5 and
R6 are both -H; Ri and R2 are both
1-methylcyclopropyl; R3 is methyl, and R is ethyl; R5
and R6 are both -H; R1 and R2 are both
2-methylcyclopropyl; R3 and R4 are both methyl; R5 and
R are both -H; R1 and R2 are both 2-phenylcyclopropyl;
R3 and R4 are both methyl; R5 and R6 are both -H; Ri
and R2 are both 1-phenylcyclopropyl; R3 and R4 are
both methyl; R5 and R6 are both -H; R1 and R2 are both
cyclobutyl; R3 and R4 are both methyl; R5 and R6 are
both -H; R1 and R2 are both cyclopentyl; R3 and R4 are
both methyl; R and R6 are both -H; R1 and R2 are both
cyclohexyl; R3 and R4 are both methyl; R5 and R6 are
both -H; Ri and R2 are both cyclohexyl; R3 and R4 are
both phenyl; R5 and R6 are both -H; R] and R2 are both
methyl; R3 and R4 are both methyl; R5 and R6 are both
-H; Ri and R2 are both methyl; R3 and R4 are both
-butyl; R5 and R6 are both -H; 



R1 and R2 are both methyl; R3 and R4 are both phenyl;
R5 and R6 are both -H; R1 and R2 are both -butyl; R3
and R4 are both methyl; R5 and R6 are both -H; R1 and
R2 are ethyl; R3 and R4 are both methyl; R5 and R6 are
both -H; or R1 and R2 are both ra-propyl; R3 and R4
are both methyl; R and R6 are both -H.17. A compound
represented by the following structural formula: 18. A
compound represented by a structural formula selected
from: 19. A pharmaceutical composition comprising a
pharmaceutically acceptable carrier or diluent and a
compound represented by the following structural
formula: 2 M+ or M2+ wherein:Y is a covalent bond or a
substituted or unsubstituted straight chained
hydrocarbyl group; R1-R4 are independently -H, an
aliphatic group, a substituted aliphatic group, an
aryl group or a substituted aryl group, or R1 and R3
taken together with the carbon and nitrogen atoms to
which they are bonded, and/or R2 and R4 taken together
with the carbon and nitrogen atoms to which they are
bonded, form a nonaromatic heterocyclic ring
optionally fused to an aromatic ring; . Z is -O or -S;
and M+ is a pharmaceutically acceptable monovalent
cation and M2+ is a pharmaceutically acceptable
divalent cation. 20. The pharmaceutical composition of
Claim 19, wherein the pharmaceutically acceptable
cation isNa+ or K+. 21. The pharmaceutical composition
of Claim 20, wherein the pharmaceutically acceptable
cation is Na+. 22. The pharmaceutical composition of
Claim 21, wherein Z is O, R1 and R2 are the same and
R3 and R4 are the same. 23. The pharmaceutical
composition of Claim 22, wherein: Y is a covalent
bond, -C(R5R6)-, -(CH2CH2)-, trans~(CH=CB.)-, cis-
(CH=CH)- or -(CC)- group; and R and R6 are each
independently -H, an aliphatic or substituted
aliphatic group, or R5 is -H and R6 is a substituted
or unsubstituted aryl group, or R5 and R6 taken
together, are a C2-C6 substituted or unsubstituted
alkylene group. 24. The pharmaceutical composition of
Claim 23, wherein: Y is -C(R5R6)-; R1 and R2 are each
a substituted or unsubstituted aryl group; and R3 and
R4 are each a substituted or unsubstituted aliphatic
group.25. The pharmaceutical composition of Claim 24,
wherein R5 is -H and R6 is -H, or an aliphatic or
substituted aliphatic group. 26. The pharmaceutical
composition of Claim 25, wherein R3 and R4 are each an
alkyl group and R6 is -H or methyl. 27. The
pharmaceutical composition of Claim 26 wherein R1 and
R2 are each a substituted or unsubstituted phenyl
group and R3 and R4 are each methyl or ethyl. 28. The
pharmaceutical composition of Claim 27, wherein the
phenyl group represented by R1 and the phenyl group
represented by R2 are optionally substituted with one
or more groups selected from: -Ra, -OH, -Br, -Cl, -I,
-F, -ORa, -O-CORa, -CORa, -CN, -NO2 -COOH, -SO3H,
-NH2, -NHRa, -N(RaRb), -COORa, -CHO, -CONH2, -CONHRa, 



-C0N(R aRb), -NHC0R a, -NRcC0R a, -NHCONH2, -NHCONRH ,
-NHC0N(R aRb), -NR0CONH2, -NRcC0NR aH, -NRC0N(R aRb),
-C(^NH)-NH 2, - C(=NH)-NHRa, -C(=NH)-N(RaRb),
-C(=NRC)-NH2, -C(=NRc)-NHRa, -C(=NRc)-N(RaRb),
-NH-CO=NH)-NH2, -NH-C(=NH)-NHR\ -NH-C(=NH)-N(RaRb),
-NH-C(=NRC)-NH2, -NH-C(=NRc)-NHRa,
-NH-C(=NRc)-N(RaRb), -NRdH-C(=NH)-NH2, -NRd-C(=NH)-NHR
a, -NRd-C(-NH)-N(R aRb), -NRd-C(=NRc)-NH2,
-NRd-C(=NRc)-NHRa, -NRd-C(=NR)-N(RaRb), -NHNH2,
-NHNHRa, -NHRaRb, -SO2NH2, -S0 2NHRa, -S0 2NRaRb,
-CH=CHRa, -CH=CRaRb, -CR=CRaRb,-CRc=CHRa, -CR=CRaRb,
-CCRa, -SH, -SRa, -S(O)R , -S(O)2Ra, wherein Ra-Rd are
each independently an alkyl group, aromatic group,
non-aromatic heterocyclic group or - N(RaRb), taken
together, form a substituted or unsubstituted
non-aromatic heterocyclic group, wherein the alkyl,
aromatic and non-aromatic heterocyclic group
represented by Ra-Rd and the non-aromatic heterocyclic
group represented by -N(RaRb) are each optionally and
independently substituted with one or more selected
groups represented by R#; R# is R+, -OR+,
-O(haloalkyl), -SR+, -NO2 -CN, -NCS, -N(R+)2,
-NHCO2R+, -NHC(O)R+, -NHNHC(O)R+ -NHC(0)N(R +)2,
-NHNHC(0)N(R +)2, -NHNHCO2R+, -C(O)C(O)R+,
-C(O)CH2C(O)R+, -CO2R+, -C(O)R+, -C(O)N(R+)2,
-OC(O)R+, -OC(O)N(R+)2, -S(O)2R+, -SO2N(R+)2, -S(O)R+,
-NHSO2N(R+)2, -NHSO2R+, -C(-S)N(R +)2, or
-C(=NH)-N(R+)2; R+ is -H, a C1-C4 alkyl group, a
monocyclic heteroaryl group, a nonaromatic
heterocyclic group or a phenyl group optionally
substituted with alkyl, haloalkyl, alkoxy, haloalkoxy,
halo, -CN, -NO2, amine, alkylamine or dialkylamine; or
-N(R +)2 is a non-aromatic heterocyclic group,
provided that non-aromatic heterocyclic groups
represented by R+ and -N(R +) that comprise a
secondary ring amine are optionally acylated or
alkylated. 29. The pharmaceutical composition of Claim
28, wherein the phenyl groups represented by R1and R2
are optionally substituted with C1-C4 alkyl, C1-C4
alkoxy, C1-C4 haloalkyl, C1-C4 haloalkoxy, phenyl,
benzyl, pyridyl, -OH, -NH2, - F, -Cl, -Br, -I, -NO2 or
-CN. 30. The pharmaceutical composition of Claim 23,
wherein Y is -CR5R6-; R\ and R2 are both a substituted
or unsubstituted aliphatic group; R5 is -H; and R is
-H or an optionally substituted aliphatic group. 31.
The pharmaceutical composition of Claim 30, wherein R1
and R2 are both a C3-C8 cycloalkyl group optionally
substituted with at least one alkyl group. 32. The
pharmaceutical composition of Claim 31, wherein R3 and
R4 are both a substituted an alkyl group and R6 is -H
or methyl. 33. The pharmaceutical composition of Claim
32, wherein R1 and R2 are both cyclopropyl or
1-methylcyclopropyl. 34. A pharmaceutical composition
comprising a pharmaceutically acceptable carrier or
diluent and a compound represented by the following
structural formula:wherein: R1 and R2 are both phenyl;
R3 and R4 are both methyl; R5 and R6 are both -H; R1
and R2 are both phenyl; R3 and R4 are both ethyl; R5
and R6 are both -H; 



R1 and R2 are both 4-cyanophenyl; R3 and R4 are both
methyl; R5 is methyl; R6 is -H; R1 and R2 are both
4-methoxyphenyl; R3 and R4 are both methyl; R5 and R6
are both -H; R1 and R2 are both phenyl; R3 and R4 are
both methyl; R is methyl; R6 is -H; R1 and R2 are both
phenyl; R3 and R4 are both ethyl; R5 is methyl; R6 is
-H; R1 and R2 are both 4-cyanophenyl; R3 and R4 are
both methyl; R5 and R6 are both -H; R1 and R2 are both
2,5-dimethoxyphenyl; R3 and R4 are both methyl; R and
R6 are both -H; R1 and R2 are both
2,5-dimethoxyphenyl; R3 and R4 are both methyl; R5 is
methyl; R6 is -H; R1 and R2 are both 3-cyanophenyl; R3
and R4 are both methyl; R5 and R6 are both -H; R1 and
R2 are both 3-fluorophenyl; R3 and R4 are both methyl;
R5 and R6 are both - H; R1 and R2 are both
4-chlorophenyl; R3 and R4 are both methyl; R5 is
methyl; R6 is - H; R1 and R2 are both
2-dimethoxyphenyl; R3 and R4 are both methyl; R and R6
are both -H; R1 and R2 are both 3-methoxyphenyl; R3
and R4 are both methyl; R5 and R6 are both -H; R1 and
R2 are both 2,3-dimethoxyphenyl; R3 and R4 are both
methyl; R5 and R6 areboth -H; Ri and R2 are both
2,3-dimethoxyphenyl; R3 and R4 are both methyl; R5 is
methyl; R6 is -H; Ri and R2 are both
2,5-difluorophenyl; R3 and R4 are both methyl; R5 and
R6 are both -H; Ri and R2 are both 2,5-difluorophenyl;
R3 and R4 are both methyl; R5 is methyl; R6 is -H; Ri
and R2 are both 2,5-dichlorophenyl; R3 and R4 are both
methyl; R5 and R6 are both -H; Ri and R2 are both
2,5-dimethylphenyl; R3 and R4 are both methyl; R5 and
R6 are both -H; Ri and R2 are both
2,5-dimethoxyphenyl; R3 and R4 are both methyl; R5 and
R6 are both -H; Ri and R2 are both phenyl; R3 and R4
are both methyl; R5 and R6 are both -H; Ri and R2 are
both 2,5-dimethoxyphenyl; R3 and R4 are both methyl;
R5 is methyl; R6 is -H; Ri and R2 are both
cyclopropyl; R3 and R4 are both methyl; R5 and R6 are
both -H; Ri and R2 are both cyclopropyl; R3 and R4 are
both ethyl; R5 and R6 are both -H; Ri and R2 are both
cyclopropyl; R3 and R4 are both methyl; R5 is methyl;
R6 is -H; R1 and R2 are both 1-methylcyclopropyl; R3
and R4 are both methyl; R5 and R6 are 



both -H; Ri and R2 are both 1-methylcyclopropyl; R3
and R4 are both methyl; R5 is methyl and R6 is -H; Ri
and R2 are both 1-methylcyclopropyl; R3 and R4 are
both methyl; R5 is ethyl and R6 is -H; Ri and R2 are
both 1-methylcyclopropyl; R3 and R4 are both methyl;
R5 is n-propyl and R6 is -H; R1 and R2 are both
1-methylcyclopropyl; R3 and R4 are both methyl; R5 and
R6 are both methyl; Ri and R are both
1-methylcyclopropyl; R3 and R4 are both ethyl; R5 and
R6 are both -H;Ri and R2 are both 1-methylcyclopropyl;
R3 is methyl, and R4 is ethyl; R5 and R6 are both -H;
Ri and R2 are both 2-methylcyclopropyl; R3 and R4 are
both methyl; R5 and R6 are both -H; Ri and R2 are both
2-phenylcyclopropyl; R3 and R4 are both methyl; R5 and
R6 are both -H; Ri and R2 are both
1-phenylcyclopropyl; R3 and R4 are both methyl; R5 and
R6 are both -H; R1 and R2 are both cyclobutyl; R3 and
R4 are both methyl; R5 and R6 are both -H; Ri and R2
are both cyclopentyl; R3 and R4 are both methyl; R5
and R6 are both -H; Ri and R2 are both cyclohexyl; R3
and R4 are both methyl; R5 and R6 are both -H; R1 and
R2 are both cyclohexyl; R3 and R4 are both phenyl; R5
and R6 are both -H; Ri and R2 are both methyl; R3 and
R4 are both methyl; R5 and R6 are both -H; Ri and R2
are both methyl; R3 and R4 are both -butyl; R5 and R6
are both -H; R1 and R2 are both methyl; R3 and R4 are
both phenyl; R and R6 are both -H; Ri and R2 are both
-butyl; R3 and R4 are both methyl; R5 and R6 are both
-H; Ri and R2 are ethyl; R3 and R4 are both methyl; R5
and R6 are both -H; or Ri and R2 are both n-propyl; R3
and R4 are both methyl; R and R6 are both -H. 35. A
composition comprising a pharmaceutically acceptable
carrier or diluent and a compound represented by the
following structural formula: 36. A composition
comprising a pharmaceutically acceptable carrier or
diluent and a compound represented by a structural
formula selected from:37. A method of treating a
subject with a cancer, said method comprising
administering to the subject an effective amount of a
compound represented by the following structural
formula: 2 M+ or M2+ wherein: Y is a covalent bond or
a substituted or unsubstituted straight chained
hydrocarbyl group; R1-R are independently -H, an
aliphatic group, a substituted aliphatic group, an
aryl group or a substituted aryl group, or R1 and R3
taken together with the carbon and nitrogen atoms to
which they are bonded, and/or R2 and R4 taken together
with the carbon and nitrogen atoms to which they are
bonded, form a nonaromatic heterocyclic ring
optionally fused to an aromatic ring;Z is -O or -S;
and 



M+ is a pharmaceutically acceptable monovalent cation
and M2+ is a pharmaceutically acceptable divalent
cation. 38. The compound of Claim 37, wherein the
pharmaceutically acceptable cation is Na orK +. 39.
The compound of Claim 38, wherein the pharmaceutically
acceptable cation is Na+. 40. The method of Claim 39,
wherein the cancer is a multi-drag resistant cancer. 4
1. The method of Claim 39, wherein the compound is
co-administered with an anti cancer agent that
stabilizes microtubules. 42. The method of Claim 39,
wherein the compound is co-administered with taxol or
an analog of taxol. 43. The method of Claim 39,
wherein Z is O; R1 and R2 are the same; and R3 and R4
are the same. 44. The method of Claim 43, wherein: Y
is a covalent bond, -C(R5R6)-, -(CH2CH2)-,
trans-(CH=CR)-, cis- (CH=CH)- or -(CC)- group; and R
and R6 are each independently -H, an aliphatic or
substituted aliphatic group, or R5 is -H and R is a
substituted or unsubstituted aryl group, or, R5 and R6
taken together, are a C2-C6 substituted or
unsubstituted alkylene group. 45. The method of Claim
43, wherein: Y iS -C(R5R6)-; R1 and R2 are each a
substituted or unsubstituted aryl group; and R3 and R4
are each a substituted or unsubstituted aliphatic
group.46. The method of Claim 45, wherein R5 is -H and
R6 is -H, or an aliphatic or substituted aliphatic
group. 47. The method of Claim 46, wherein R3 and R4
are each an alkyl group and R6 is -H or methyl. 48.
The method of Claim 47, wherein R1 and R2 are each a
substituted or unsubstituted phenyl group and R3 and
R4 are each methyl or ethyl. 49. The method of Claim
48, wherein the phenyl group represented by R1 and the
phenyl group represented by R2 are optionally
substituted with one or more groups selected from:
-Ra, -OH, -Br, -Cl, -I, -F, -ORa, -O-CORa, -CORa, -CN,
-NO2, -COOH, -SO3H, -NH2, -NHRa, -N(RaRb), -COORa,
-CHO, -CONH2, -C0NHR a, -C0N(R aRb), -NHCORa,
-NRcCORa, -NHCONH2, -NHC0NR aH, -NHC0N(R aRb), -NR
CONH2, -NR CONR H -NR CON(R R1 ), -C(=NH)-NH 2, -
C(=NH)-NHR\ -C(=NH)-N(RaRb), -C(=NRC)-NH2,
-C(=NRC)-NHR\ -C(=NR)-N(RaRb), -NH-C(=NH)-NH2,
~NH-C(=NH)-NHRa, -NH-C(=NH)-N(RaRb), -NH-C(=NRC)-NH2,
-NH-C(=NRc)-NHRa, -NH-C(=NR)-N(RaRb),
-NRdH-C(=NH)-NH2, -NRd-C(=NH)-NHRa,
-NRd-C(=NH)-N(RaRb), -NRd-C(=NRc)-NH2,
-NRd-C(=NR)-NHRa, -NRd-C(=NRc)-N(RaRb), -NHNH2,
-NHNHRa, -NHRaRb, -SO2NH2, -SO2NHRa, -S0 2NRaRb,
-CH=CHRa, -CH=CRaRb, -CR=CRaRb,-CRc=CHRa, -CRc=CRaRb,
-CCRa, -SH, -SR\ -S(O)Ra, -S(O)2R , wherein Ra-Rd are
each independently an alkyl group, aromatic group,
non-aromatic heterocyclic group or - 



N(RaRb), taken together, form a substituted or
unsubstituted non-aromatic heterocyclic group, wherein
the alkyl, aromatic and non-aromatic heterocyclic
group represented by Ra-Rd and the non-aromatic
heterocyclic group represented by -N(RaRb) are each
optionally and independently substituted with one or
more groups represented by R#: R# is R+, -OR+,
-O(haloalkyl), -SR+, -NO2, -CN, -NCS, -N(R+)2,
-NHCO2R+, -NHC(O)R+, -NHNHC(O)R+, -NHC(0)N(R
+)2,-NHNHC(O)N(R+)2, -NHNHCO2R+, -C(O)C(O)R+,
-C(O)CH2C(O)R+, -CO2R+, - C(O)R+, -C(O)N(R+)2,
-OC(O)R+, -0C(0)N(R +)2, -S(O)2R+, -SO2N(R+)2,
-S(O)R+, -NHSO2N(R+)2, -NHSO2R+, -C(=S)N(R+)2, or
-C(=NH)-N(R+)2; R+ is -H, a C1-C4 alkyl group, a
monocyclic heteroaryl group, a nonaromatic
heterocyclic group or a phenyl group optionally
substituted with alkyl, haloalkyl, alkoxy, haloalkoxy,
halo, -CN, -NO2, amine, alkylamine or dialkylamine; or
-N(R+)2 is a non-aromatic heterocyclic group, provided
that non-aromatic heterocyclic groups represented by
R+ and -N(R +)2 that comprise a secondary ring amine
are optionally acylated or alkylated. 50. The method
of Claim 49, wherein the phenyl groups represented by
R and R2 are optionally substituted with C1-C4 alkyl,
C1-C4 alkoxy, C1-C4 haloalkyl, C1-C4 haloalkoxy,
phenyl, benzyl, pyridyl, -OH, -NH2, -F, -Cl, -Br, -I,
-NO2 or -CN. 51. The method of Claim 44, wherein:Y is
a -CR5R6-; R1 and R2 are both a substituted or
unsubstituted aliphatic group; R is -H; and R6 is -H
or an optionally substituted aliphatic group. 52. The
method of Claim 51, wherein R1 and R2 are both a C3-C8
cycloalkyl group optionally substituted with at least
one alkyl group. 53. The method of Claim 52, wherein
R3 and R4 are both a substituted or unsubstituted
alkyl group and R6 is -H or methyl. 54. The method of
Claim 53, wherein Ri and R2 are both cyclopropyl or
1-methylcyclopropyl. 55. A method of treating a
subject with a cancer, said method comprising
administering to the subject an effective amount of a
compound represented by the following structural
formula:Na+ Na+ wherein: R1 and R2 are both phenyl; R3
and R4 are both methyl; R5 and R6 are both -H; R1 and
R2 are both phenyl; R3 and R4 are both ethyl; R and R
are both -H; Ri and R2 are both 4-cyanophenyl; R3 and
R4 are both methyl; R5 is methyl; R6 is -H; Ri and R2
are both 4-methoxyphenyl; R3 and R4 are both methyl;
R5 and R6 are both -H; Ri and R2 are both phenyl; R3
and R4 are both methyl; R5 is methyl; R6 is -H; Ri and
R2 are both phenyl; R3 and R4 are both ethyl; R5 is
methyl; R6 is -H; Ri and R2 are both 4-cyanophenyl; R3
and R4 are both methyl; R5 and R6 are both -H; Ri and
R2 are both 2,5-dimethoxyphenyl; R3 and R4 are both
methyl; R5 and R6 are both -H; 



Ri and R are both 2,5-dimethoxyphenyl; R3 and R4 are
both methyl; R5 is methyl; R6 is -H; Ri and R2 are
both 3-cyanophenyl; R3 and R4 are both methyl; R5 and
R6 are both -H; Ri and R2 are both 3-fluorophenyl; R3
and R4 are both methyl; R5 and R6 are both - H; Ri and
R are both 4-chlorophenyl; R3 and R4 are both methyl;
R5 is methyl; R6 is - H; Ri and R2 are both
2-dimethoxyphenyl; R3 and R4 are both methyl; R5 and R
are both -H; Ri and R2 are both 3-methoxyphenyl; R3
and R4 are both methyl; R5 and R6 are both -H; Ri and
R2 are both 2,3-dimethoxyphenyl; R3 and R4 are both
methyl; R5 and R6 are both -H;R1 and R2 are both
2,3-dimethoxyphenyl; R3 and R4 are both methyl; R5 is
methyl; R6 is -H; R1 and R2 are both
2,5-difluorophenyl; R3 and R4 are both methyl; R5 and
R6 are both -H; R1 and R2 are both 2,5-difluorophenyl;
R3 and R4 are both methyl; R5 is methyl; R6 is -H; R1
and R2 are both 2,5-dichlorophenyl; R3 and R4 are both
methyl; R5 and R6 are both -H; R1 and R2 are both
2,5-dimethylphenyl; R3 and R4 are both methyl; R5 and
R6 are both -H; R1 and R2 are both
2,5-dimethoxyphenyl; R3 and R4 are both methyl; R5 and
R are both -H; R1 and R2 are both phenyl; R3 and R4
are both methyl; R5 and R are both -H; R1 and R2 are
both 2,5-dimethoxyphenyl; R3 and R4 are both methyl;
R5 is methyl; R6 is -H; Ri and R2 are both
cyclopropyl; R3 and R4 are both methyl; R5 and R6 are
both -H; R1 and R2 are both cyclopropyl; R3 and R4 are
both ethyl; R5 and R6 are both -H; R1 and R2 are both
cyclopropyl; R3 and R4 are both methyl; R5 is methyl;
R6 is -H; R1 and R2 are both 1-methylcyclopropyl; R3
and R4 are both methyl; R5 and R6 are both -H; R1 and
R2 are both 1-methylcyclopropyl; R3 and R4 are both
methyl; R5 is methyl and R6 is -H; R1 and R2 are both
1-methylcyclopropyl; R3 and R4 are both methyl; R5 is
ethyl and R6 is -H; R1 and R2 are both
1-methylcyclopropyl; R3 and R4 are both methyl; R5 is
n-propyl and R6 is -H; R1 and R2 are both
1-methylcyclopropyl; R3 and R4 are both methyl; R5 and
R6 are both methyl; R1 and R2 are both
1-methylcyclopropyl; R3 and R4 are both ethyl; R5 and
R6 are 



both -H; R1 and R2 are both 1-methylcyclopropyl; R3 is
methyl, and R4 is ethyl; R5 and R6are both -H; Ri and
R2 are both 2-methylcyclopropyl; R3 and R are both
methyl; R5 and R6 are both -H; R1 and R2 are both
2-phenylcyclopropyl; R3 and R4 are both methyl; R5 and
R6 are both -H; R1 and R2 are both
1-phenylcyclopropyl; R3 and R4 are both methyl; R5 and
R6 are both -H; R1 and R2 are both cyclobutyl; R3 and
R4 are both methyl; R5 and R6 are both -H; R1 and R2
are both cyclopentyl; R3 and R4 are both methyl; R5
and R6 are both -H; Ri and R2 are both cyclohexyl; R3
and R4 are both methyl; R5 and R6 are both -H; Ri and
R2 are both cyclohexyl; R3 and R4 are both phenyl; R5
and R6 are both -H; Ri and R2 are both methyl; R3 and
R4 are both methyl; R5 and R6 are both -H; Ri and R2
are both methyl; R3 and R4 are both -butyl; R5 and R6
are both -H; R1 and R2 are both methyl; R3 and R4 are
both phenyl; R5 and R6 are both -H; Ri and R2 are both
-butyl; R3 and R4 are both methyl; R5 and R6 are both
-H; Ri and R2 are ethyl; R3 and R4 are both methyl; R5
and R6 are both -H; or Ri and R2 are both n-propyl; R3
and R4 are both methyl; R5 and R6 are both -H. 56. The
method of Claim 55, wherein the cancer is a multi-drug
resistant cancer. 57. The method of Claim 55, wherein
the compound is co-administered with an anti cancer
agent that stabilizes microtubules. 58. The method of
Claim 55, wherein the compound is co-administered with
taxol or an analog of taxol. 59. A method of treating
a subject with a cancer, said method comprising
administering to the subject an effective amount of a
compound represented by the following structural
formula:60. The method of Claim 59, wherein the cancer
is a multi-drug resistant cancer. 6 1. The method of
Claim 59, wherein the compound is co-administered with
an anti cancer agent that stabilizes microtubules. 62.
The method of Claim 59, wherein the compound is
co-administered with taxol or an analog of taxol. 63.
A method of treating a subject with a cancer, said
method comprising administering to the subject an
effective amount of a compound represented by a
structural formula selected from: Na Na464. The method
of Claim 63, wherein the cancer is a multi-drug
resistant cancer. 65. The method of Claim 63, wherein
the compound is co-administered with an ant i cancer
agent that stabilizes microtubules. 66. The method of
Claim 63, wherein the compound is co-administered with
taxol or an analog of taxol. 67. A method of preparing
a bis(thio-hydrazide amide) disalt, comprising the
steps of: combining a neutral bis(thio-hydrazide
amide), an organic solvent and a base to form a
bis(thio-hydrazide amide) solution; and combining the
solution and an organic antisolvent, thereby
precipitating a disalt of the bis(thio-hydrazide
amide) from the bis(thio-hydrazide amide) solution. 



68. The method of Claim 67, wherein at least about two
molar equivalents of the base are employed for each
molar equivalent of neutral bis(thio-hydrazide amide).
69. The method of Claim 68, wherein the organic
solvent is water-miscible. 70. The method of Claim 69,
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. 71. The method of Claim 70, wherein
the organic solvent is selected from methanol,
ethanol, 1-propanol, 2-propanol, 1-butanol, tert-butyl
alcohol, acetone, tetrahydrofuran, and methyl ethyl
ketone. 72. The method of Claim 70, wherein the
organic solvent is selected from methanol, ethanol,
and acetone.73. The method of Claim 68, wherein the
base is an amine; an ammonium hydroxide; an alkali
metal hydroxide, an alkali metal C1-C6 alkoxide, or an
alkali metal amide. 74. The method of Claim 73,
wherein the base is sodium hydroxide, potassium
hydroxide, sodium C1-C6 alkoxide, potassium C1-C6
alkoxide, sodium amide, or potassium amide. 75. The
method of Claim 74, wherein the base is sodium
hydroxide, sodium methoxide, or sodium ethoxide. 76.
The method of Claim 68, wherein the base is an alkali
metal hydride, an alkyl alkali metal, or an aryl
alkali metal. 77. The method of Claim 76, wherein the
base is lithium hydride, sodium hydride, potassium
hydride, butyllithium, butylsodium, butylpotassium,
phenyllithium, phenylsodium, or phenylpotassium. 78.
The method of Claim 68, wherein the organic
antisolvent is selected from a C5-C10 alkane, C5-C10
cycloalkane, a C3-C10 alkyl ester, a C3-C10 alkyl
ether, benzene, toluene, and xylene. 79. The method of
Claim78, wherein the organic antisolvent is selected
from diethyl ether, dipropyl ether, methyl propyl
ether, ethyl propyl ether, methyl acetate, ethyl
acetate, propyl acetate, pentane, hexane, cyclohexane,
heptane, and petroleum ether. 80. The method of Claim
79, wherein the organic antisolvent is a C5-C10 alkane
or C5-C10 cycloalkane. 81. The method of Claim 68,
wherein the neutral bis(thio-hydrazide amide) is
substantially insoluble in the organic solvent..82.
The method of Claim 81, 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. 83. The method of Claim 81, 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. 84. The method of Claim 83,
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. 85. The method of Claim
83, wherein between about 2 and about 5 molar
equivalents of the base are employed. 86. The method
of Claim 85, wherein between about 2.0 and about 2.5
molar 



equivalents of the base are employed. 87. The method
of Claim 85, wherein about 1 mole of the neutral
bis(thio-hydrazide amide) is combined per each liter
of the organic solvent. 88. The method of Claim 87,
wherein the organic solvent is ethanol. 89. The method
of Claim 88, wherein the base is about 2 molar to
about 5 molar aqueous sodium hydroxide. 90. The method
of Claim 89, wherein the organic antisolvent is
diethyl ether or ethyl acetate. 91. The method of
Claim 87, wherein the organic solvent is acetone. 92.
The method of Claim 91, wherein the base is about 2
molar to about 5 molar ethanolic sodium ethoxide. 93.
The method of Claim 92, wherein the organic
antisolvent is heptane.94. The method of Claim 67,
wherein the neutral bis(thio-hydrazide amide) is
represented by the following Structural Formula:
wherein: Y is a covalent bond or an optionally
substituted straight chained hydrocarbyl group; R1-R4
are independently -H, an optionally substituted
aliphatic group, an optionally substituted aryl group,
or Ri and R3 taken together with the carbon and
nitrogen atoms to which they are bonded, and/or R2 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; and Z is O or S. 95. The method of Claim 94,
wherein the neutral bis(thio-hydrazide amide) is
represented by the following Structural Formula:
wherein: Ri and R2 are both phenyl; R3 and R4 are both
methyl; R5 and R6 are both -H; R1 and R2 are both
phenyl; R3 and R4 are both ethyl; R and R6 are both
-H; Ri and R2 are both 4-cyanophenyl; R3 and R4 are
both methyl; R5 is methyl; R6 is -H; R1 and R2 are
both 4-methoxyphenyl; R3 and R4 are both methyl; R5
and R6 are both -H; Ri and R2 are both phenyl; R3 and
R4 are both methyl; R is methyl; R6 is -H; Ri and R2
are both phenyl; R3 and R4 are both ethyl; R is
methyl; R6 is -H;R1 and R2 are both 4-cyanophenyl; R3
and R4 are both methyl; R5 and R6 are both -H; R1 and
R2 are both 2,5-dimethoxyphenyl; R3 and R4 are both
methyl; R5 and R6 are both -H; R1 and R2 are both
2,5-dimethoxyphenyl; R3 and R4 are both methyl; R5 is
methyl; R6 is -H; R1 and R2 are both 3-cyanophenyl; R3
and R4 are both methyl; R5 and R6 are both -H; R1 and
R2 are both 3-fluorophenyl; R3 and R4 are both methyl;
R5 and R6 are both -H; R1 and R2 are both
4-chlorophenyl; R3 and R4 are both methyl; R5 is
methyl; R6 is -H; 



R1 and R2 are both 2-dimethoxyphenyl; R3 and R4 are
both methyl; R5 and R6 are both -H; R1 and R2 are both
3-methoxyphenyl; R3 and R4 are both methyl; R5 and R6
are both -H; R1 and R are both 2,3-dimethoxyphenyl; R3
and R4 are both methyl; R5 and R are both -H; R1 and
R2 are both 2,3-dimethoxyphenyl; R3 and R4 are both
methyl; R5 is methyl; R6 is -H; R1 and R2 are both
2,5-difluorophenyl; R3 and R4 are both methyl; R5 and
R6 are both -H; R1 and R2 are both 2,5-difluorophenyl;
R3 and R4 are both methyl; R5 is methyl; R6 is -H; R1
and R2 are both 2,5-dichlorophenyl; R3 and R4 are both
methyl; R5 and R6 are both -H; R1 and R2 are both
2,5-dimethylphenyl; R3 and R4 are both methyl; R5 and
R6 are both -H; R1 and R are both 2,5-dimethoxyphenyl;
R3 and R4 are both methyl; R5 and R6 are both -H; R1
and R2 are both phenyl; R3 and R4 are both methyl; R5
and R6 are both -H; R1 and R2 are both
2,5-dimethoxyphenyl; R3 and R4 are both methyl; R5 is
methyl; R6 is -H;R1 and R2 are both cyclopropyl; R3
and R4 are both methyl; R and R6 are both -H; R1 and
R2 are both cyclopropyl; R3 and R4 are both ethyl; R5
and R6 are both -H; R1 and R2 are both cyclopropyl; R3
and R4 are both methyl; R5 is methyl; R6 is -H; R1 and
R2 are both 1-methylcyclopropyl; R3 and R4 are both
methyl; Y' is bond; R1 and R2 are both
1-methylcyclopropyl; R3 and R4 are both methyl; R5 and
R6 are both -H; R1 and R2 are both
1-methylcyclopropyl; R3 and R4 are both methyl; R5 is
methyl and R6 is -H; R1 and R2 are both
1-methylcyclopropyl; R3 and R4 are both methyl; R5 is
ethyl and R6 is -H; Ri and R2 are both
1-methylcyclopropyl; R3 and R4 are both methyl; R5 is
^-propyl and R is -H; Ri and R2 are both
1-methylcyclopropyl; R3 and R4 are both methyl; R5 and
R6 are both methyl; R1 and R2 are both
1-methylcyclopropyl; R3 and R4 are both ethyl; R5 and
R6 are both -H; Ri and R2 are both
1-methylcyclopropyl; R3 is methyl, and R4 is ethyl; R5
and R6 are both -H; Ri and R2 are both
2-methylcyclopropyl; R3 and R4 are both methyl; R5 and
R6 are both -H; Ri and R2 are both
2-phenylcyclopropyl; R3 and R4 are both methyl; R5 and
R6 are both -H; Ri and R2 are both
1-phenylcyclopropyl; R3 and R4 are both methyl; R5 and
R6 are both -H; 



Ri and R2 are both cyclobutyl; R3 and R4 are both
methyl; R5 and R6 are both -H; Ri and R2 are both
cyclopentyl; R3 and R4 are both methyl; R5 and R6 are
both -H; R1 and R2 are both cyclohexyl; R3 and R4 are
both methyl; R5 and R6 are both -H; R1 and R2 are both
cyclohexyl; R3 and R4 are both phenyl; R5 and R6 are
both -H; R1 and R are both methyl; R3 and R4 are both
methyl; R and R6 are both -H; R1 and R2 are both
methyl; R3 and R are both -butyl; R5 and R6 are both
-H; R1 and R2 are both methyl; R3 and R4 are both
phenyl; R5 and R6 are both -H; Ri and R2 are both
-butyl; R and R4 are both methyl; R5 and R6 are both
-H; Ri and R2 are ethyl; R3 and R4 are both methyl; R5
and R6 are both -H; orR1 and R2 are both ^-propyl; R3
and R4 are both methyl; R5 and R6 are both -H. 96. The
method of Claim 95, wherein the neutral
bis(thio-hydrazide amide) is: 97. The method of Claim
95, wherein the bis(thio-hydrazide amide) is: 98. A
method of preparing a bis(thio-hydrazide amide)
disalt, comprising 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 abase selected from sodium hydroxide,
potassium hydroxide, sodium methoxide, potassium
methoxide, sodium ethoxide and potassium ethoxide to
the mixture, thereby forming a bis(thio-hydrazide
amide) solution; and combining the solution and an
organic antisolvent selected from pentane, hexane,
cyclohexane, heptane, petroleum ether, ethyl acetate,
and diethyl ether to precipitate the disalt of the
bis(thio-hydrazide amide) from the bis(thio-hydrazide
amide) solution.99. The method of Claim 98, wherein
the organic solvent is acetone. 100. The method of
Claim 98, wherein the base is ethanolic sodium
ethoxide. 101 . The method of Claim 98, wherein the
organic solvent is ethanol. 102. The method of Claim
98, wherein the base is aqueous sodium hydroxide. 103.
The method of Claim 98, wherein the antisolvent is
heptane. 104. The method of Claim 98, wherein the
neutral bis(thio-hydrazide amide) is: 105. The method
of Claim 98, wherein the neutral bis(thio-hydrazide
amide) is: ; or 106. A method of preparing a
bis(thio-hydrazide amide) disalt, comprising the steps
of: combining a neutral bis(thio-hydrazide amide), an
organic solvent and a base to form a
bis(thio-hydrazide amide) solution; andseparating a
disalt of the bis(thio-hydrazide amide) from the
bis(thio-hydrazide amide) solution. 107. The method of
Claim 106, wherein at least about two molar
equivalents of the base are employed for each molar
equivalent of neutral bis(thio-hydrazide amide). 108.
The method of Claim 107, 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. 109.
The method of Claim 108, wherein the organic solvent
is selected from methanol, ethanol, 1-propanol,
2-propanol, 1-butanol, tert-bx y l alcohol, acetone,
tetrahydrofuran, and methyl ethyl ketone. 110. The
method of Claim 109, wherein the base is an amine; an
ammonium hydroxide; 



an alkali metal hydroxide, an alkali metal C1-C6
alkoxide, or an alkali metal amide. 111. The method of
Claim 110, wherein the base is sodium hydroxide,
potassium hydroxide, sodium C1-C6 alkoxide, potassium
C1-C6 alkoxide, sodium amide, or potassium amide. 112.
The method of Claim 107, wherein the base is an alkali
metal hydride, an alkyl alkali metal, or an aryl
alkali metal. 113. The method of Claim 112, wherein
the base is lithium hydride, sodium hydride, potassium
hydride, butyllithium, butylsodium, butylpotassium,
phenyllithium, phenylsodiuni, or phenylpotassium. 114.
The method of Claim 107, wherein the neutral
bis(thio-hydrazide amide) is substantially insoluble
in the organic solvent..115. The method of Claim 114,
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. 116. The
method of Claim 114, 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.
117. The method of Claim 116, wherein between about 2
and about 5 molar equivalents of the base are
employed. 118. The method of Claim 116, wherein about
1 mole of the neutral bis(thio-hydrazide amide) is
combined per each liter of the organic solvent. 119.
The method of Claim 106, wherein the neutral
bis(thio-hydrazide amide) is represented by the
following Structural Formula: wherein: Y is a covalent
bond or an optionally substituted straight chained
hydrocarbyl group; R1-R4 are independently -H, an
optionally substituted aliphatic group, an optionally
substituted aryl group, or R1 and R3 taken together
with the carbon and nitrogen atoms to which they are
bonded, and/or R2 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; and Z is O or S. 


