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CHEMICAL AND THERAPEUTIC BACKGROUND

Chemistry

20
There are seven groups of polyamines described herein,(1) predominately linear
tetraamines and polyamines linked by 1,3-propylene and/or ethylene groups, those
derived from 1,3-bis-[(2’-aminoethyl)-amino]propane (2,3,2-tetramine); (2)
predominately branched tetraamines and polyamines linked by 1,3-propylene and/or
ethylene groups; (3) cyclic polyamines linked by 1,3-propylene and/or ethylene groups,

25 ), those derivd from the macrocycle 1,4,8,11-etraazacyclotetradecane (cyclam) ; (4)
combinations of linear, branched and cyclic polyamines linked by one or more 1,3-
propylene and/or ethylene groups, (5) substituted polyamines, (6) polyamines
derivatized to form tyrosine phosphatase inhibitor molecules with linear or branched
chains attached and (7) derivatives of 2,2"-diaminobiphenyl with linear or branched
chains attached. Of the collection of compounds described, most are not presently

30 known but a few have been prepared previously. -
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phosphorylation (OXPHOS) diseases frequently have a delayed onset, organ selectivity

and an episodic, progressive course. For example the A3243G mutation associated
with mitochondrial encephalopathy, lactic acidemia, stroke-like episodes (MELAS) can
pure a pure cardiomyopathy, pure diabetes and deafness, or pure external
ophthalmoplegia (Naviaux R.K. 2000).
20 The level of oxidative damage to mitochondrial and nuclear DNA, as measured
by 8-hydroxy-2’-deoxy guanosine increases with age (Mecocci P. et al 1993) and
oxidative damage to mitochondrial DNA occurs in Alzheimer’s disease (Mecocci P. et
al 1994 and 1998).
Some organs may be more prone to oxidative damage due fo lack of protective
substances, for example uric acid an antioxidant and transition metal chelator (Ames
= B.N. et al 1981) is not present in brain that may limit recovery from ischemic

reperfusion damage and metal accumulation post stroke.

Examples of Diseases Where Mitochondrial DNA Malfunctions

In Parkinson’s disease reduced glutathione is depleted due to loss of

30 endogenous polyamines, thus reducing the activity of glutathione peroxidase and
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Mitochondrial disorders with neurologic manifestations include; Ptosis,

ophthalmoplegia, exercise intolerance, fatigability, myopathy, ataxia, seizures,
myoclonus, stroke, optic neuropathy, sensorineural hearing loss, dementias, peripheral
neuropathy, headache, dystonia, myelopathy. Mitochondrial disorders with systemic
20 manifestations include; cardiomyopathy, cardiac conduction defects, short stature,
cataract, pigmentary retinopathy, metabolic acidosis, nausea and vomiting,
hepatopathy, nephropathy, intestinal pseudo-obstruction, pancytopenia, sideroblastic

anemia, diabetes mellitus, exocrine pancreatic dysfunction and hypoparathyroidism.

’s DNA Damage in Neurodegenerative Disorders
Mitochondrial DNA is not protected by histones and lacks a pyrimidine dimer
repair system (Clayton DA et al 1974). Mitochondrial DNA has a relatively short half
life of six to ten days compared with an up to one month half life of nuclear DNA. The
error insertion frequency of polymerase vy is approximately 1 in 7,000 bases, leading to
2-3 mismatched nucleotides per cycle of replication. Hypoxia induces damage to

30
nuclear DNA and to a greater extent to mitochondrial DNA (Englander E. et al 1999).
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breakage (Husain S. et al 1997). Copper concentrations in the cerebrospinal fluid of

Alzheimer’s patients is increased 2.2 fold and caeruloplasmin concentrations is also
increased (Bush AL et al 1994). Copper concentrations are elevated to 0.4 mM and

20 iron and zinc to 1 mM in the neuropil of Alzheimer’s brain (Lovell M. et al 1998,

Smith MLA. et al 1997).

Mitochondrial DNA content is depleted in Parkinsonian brain and following MPTP
administration in experimental animals due to deficient DNA replication in both
instances (Miyako K. et al 1997 and 1999). MPP+ destabilizes D-loop structure
thereby inhibiting the transition from transeription to replication of mitochondrial DNA

(Umeda S. et al 2000).
Alzheimer’s disease patients brains have decreased levels of mitochondrial

25

DNA, increased levels of 8-OHdeoxyguanosine and increased DNA fragmentation (de
la Monte SM. et al 2000). TIncreased levels of point mutations, for example at
nucleotide pair 4366 in the IRNA™ gene was observed (Shoffner JM. et al 1993).
The risk of Alzheimer’s disease increases when a maternal relative is afflicted with the

30 disease (Duara R. et al 1993, Edland S.D. et al 1996).
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5,906,996 to prevent MPTP induced dopamine loss and the applicability of such

15 compounds in the treatment of neurodegeneration, this being notated herein in its

entirety by this reference.
A model of neurodegeneration involving Parkinson’s, Alzheimer’s,
Olivopontine Cerebellar Degeneration, Lewy Body, Binswanger’s and Lou Gehrig’s
diseases involving a similar constellation and cascade of events, whereby the final
20 disease is determined by the duration of damage and the anatomical distribution of
damage was described. The principal highlights of this pattern of neurodegeneration

and its treatment by polyamines are summarized as follows:

The Neurodegenerative Pathway In Parkinson’s, Olivopontine Cerebellar

Atrophy (MSA), Alzheimer’s, Lewy Body, Binswanger’s and Lou Gehrig’s

23 Diseases

There are five principal aspects of neuronal damage in this pattern of
neurodegeneration all of which are prevented by optimized polyamine molecules;
Mitochondrial DNA Damage, Growth Factor Functions, Receptor Activities,

Energetics and Redox Homeostasis and Deposition of Amyloid.
30 .
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Polyamines regulate redox homeostasis by binding glutathione (Dubin D.T.

15 1959). These primary deficits associated with polyamine deficiency cause the neuronal

dedifferentiation processes of these diseases via the changes in growth factor levels or
ratios, the rapid entry of calcium via the MK801 ion channel and the metabolic
consequences by damaged RNA transcripts causing production of defective

cytochromes.
20 Secondarily defective cytochromes are proteolysed and release enkephalin by
products and also release free iron into the mitochondrial matrix. The iron is leached
from damaged calcium laden mitochondria nto the cytosol of the neurons. NMDA
receptor activation causes excess calcium entry into cells.

Thirdly gross elevation of the free level of a metal such as iron causes
displacement of other metals such as copper, nickel, cobalt and lead from sites where
they are bound. One or more of these metals overactivate preasapatate proteases
(Abraham 199a, 199b, 1992, Black 1989, Blomgren 1989, Chakrabarti 1989, Dawson
1987, Dawson 1988, Edelstein 1988, Hamakubo 1986, Koistra 1984, Matus 1987,
Perlmutter L.S. et al 1988, Press E.M. 1960, Rabbazoni B.L. 1992, Rose C. 1988, Rose
C. 1989, Scanu A.M. 1987, Whitaker J.N. 1979) which can produce B-amyloid and
tangle associated proteins. In Parkinson’s Disease and Alzheimer’s Disease there is an

increase in free copper levels in the absence of an absolute increase In copper levels or

25
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jons by the presence of a polyamine; d) Induction of metallothionein gene transcription;

¢) Induction of nerve growth factor, brain derived neuronotrophic factor and
neuronotrophin-3 gene transcription; f) Regulation of affinity of NMDA receptors and
20 iockade of the MKS801 jon channel; g) Inhibition of protein kinase C; h) Mitochondrial
reuptake of calcium; i) Binding and conservation of reduced glutathione; j) Induction
of ornithine decarboxylase by glutathione; k) Maintenance of the homeostasis of the
redox environment in brain; 1) Non toxic chelation of divalent metals in brain; m)
Regulation of activity of preaspartate proteases; n) Inhibition of acetylcholinesterase

and butyrylcholinesterase; 0) Blockade of muscarinic M, receptors; p) Maintenance of

25 ratio of membrane phosphatidylcholine: phosphatidylserine ratio; q) Inhibition of
superoxide dismutase, amine oxidase, monoamine oxidase B by binding of free copper;
r) Regulation of brain polyamine levels in dementias with maintenance of endogenous
polyamine levels; s) Blockade of neuronal n and p type calcium channels.
Successful therapy must prevent glutathione loss, prevent mitochondrial DNA
30

damage or cytochrome enzyme malfunction, prevent release of metals including calcium
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The Neur odegeneration Process - Prevention & Treatnent by Pol yam nes:

The following summarizes the principal concurrent and sequential components
of neurodegeneration in Parkinson’s, Alzheimer’s and Lou Gehrig’s diseases, the sites
of cellular damage and the pivotal relationship between neurotoxins and polyamines in

20 precipitating and preventing neurodegeneration.

Excessive exposure to xenobiotic molecules that migrate into the cell across the
polyamine transport pump initiate depolymerization of pigment. During
depigmentation more organic molecules and stored heavy metals are released
intracellularly. The excessive exogenous (xenobiotics) and endogenous quinones and
semiquinones (neurotransmitter by products) organics mutate mitochondrial DNA

25 bases randomly when catalyzed by heavy metals.

When mitochondrial DNA is damaged, the cytochrome proteins produced are
dysfunctional. Breakdown of these proteins releases iron intramitochondrially and
subsequently intracellularly. ~ The inactive cytochromes fail to produce the energy

storage compound adenosine triphosphate (ATP) which operates the cell’s various

metabolic processes.
30



The foll ow ng summari zes the principal concurrent and sequential conponents
of neurodegeneration in Parkinson's, Al zheinmer's and Lou CGehrig's diseases,
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Peri pheral Neuropathy
15

Peripheral neuropathy occurs in  association with mitochondrial
encephalomyopathies (Chu C. et al 1997). Vacuolar degeneration of dorsal root
ganglia cells may consist of degenerating mitochondria. Mitochondrial DNA mutations
may be caused by lipid peroxidation. o~lipoic acid affected improvement in
streptozotocin-diabetic neuropathy (Low P.A. et al 1997). Glutathione treats

20 experimental diabetic neuropathy (Brabenboer B. et al 1995).
‘ Probucol and Vitamin E improve nerve blood flow and electrophysiology
(Cameron N.E. et al 1994, Karasu C. et al 1995). Hydroxytoluene and carvidilol were
also effective in preventing damage in diabetic neuropathy (Cameron N.E. et al 1993
and Cotter MLA. et al 1995).

25
Optic Neuropathy

Optic neuropathy occurs in multiple sclerosis patients and occasionally these
multiple sclerosis patients have LHON associated mitochondrial DNA mutations.

Optic neuroapthy also occurs from toxic exposure to tobacco and methanol as in
Cuban epidemic optic neuropathy (CEON) (Sadun A. and Johns D.R. et al 1994).

30
Methanol leads to formate production that inhibits cytochrome oxidase and adenosine



15 Peripheral neuropathy occurs in association with mtochondriaj

encephal onyopathies (Chu C. et at 1997). Vacuol ar degeneration of dorsal
root gamgbioa/ossks s nmay consi st of degenerating m tochondrcausMaasehondri al
DNA nut ati ons nay be caused by |i pi dioperoxi dation. a-lipoic acid affected
| nprovenent in streptozotocin-diabetic neuropathy (Low P. A et al 1997).
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Hydr oxytol uene and carvidilol were also effective in preventing damage in

di abetic neuropathy (Caneron N.E. et al 1993 and Cotter MA et al 1995).

25 Optié Neuropatliy Optic neuropathy occurs in nmultiple sclerosis patients
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in the optic nnerv 1Q.r S ess calciuminflux, increased nitric
oxi de 59%5?3#’@r%(ﬁﬁalﬁ)&&ﬁﬁ%ﬁihghetgp1%ygen free radicals (Sucher N.J. et al
1997). Diabetes Mellitus

Diabetes Mellitus

Mitochondrial DNA Damage in Diabetes
Mitochondrial DNA content in peripheral blood was observed to be 35% lower
in Non Insulin Dependent diabetics (NIDDM) than in controls Lee HX. etal 1998) and

the decline precedes the onset of diabetes. Reduced oxidative disposal of glucose

15

results in insulin resistance in skeletal muscle and / or defective insulin secretion in

pancreatic islets. Decreased mitochondrial DNA content impairs fat oxidation in the
20 presence of increased fatty acid availability, fatty acyl CoA accumulates in the cytosol
and thus causes insulin resistance (Park K.S. et al 1999). '

Streptozotocin  causes oxidant mediated repression of mitochondrial
transcription (Kristal B.S. et al 1997) and the quantity of mitochondrial DNA decreases
in the islets of diabetes prone GK rats (Serradas P. et al 1995). Forty two different
mitochondrial DNA point mutations, deletions and substitutions have been associated
with NIDDM (Matthews C.E. et al 1998). Mitochondrial DNA mutations such as the
M3243 base substitution can also cause maturity onset diabetes of the young (MODY)
and auto antibody positive insulin dependent diabetes mellitus (IDDM) (Oka Y. 1993

and 1994). Free radicals can cause deletions of the mitochondrial genome (Wei Y.H. et

25

al 1996). Nitric oxide and hydroxyl radical production in response to environmental

agents were proposed as a means of producing mitochondrial DNA damage, expression

30 of mutated proteins which cause MHC restricted immune responses and P cell death in
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culture. It also reduces the B cell proliferation caused by hyperglycemla. Palmitic acid

also induced release of cytochrome ¢ and apoptois of B cells (Maedler K. et al 2001).

20 Exocytosis of Insulin
The methyl ester of succinnic acid may bypass defects in glucose transport,

phosphorylation and further catabolism and stimulate insulin secretion and release
(McDonald J. et al 1988 and Malaisse W.J. et al 1994). Succinate esters increase the
supply of succinnic acid and acetyl CoA to the Krebs cycle (Malaisse W.J. 1993a), they
stimulate insulin synthesis and release (Malaise W.J. et al 1993b), they increase insulin
output at high concentrations of glucose (Akkan A.G. et al 1993), they maintain insulin
secretion when B cells are challenged with streptozotocin (Malaisse W.J. 1994), they
enhance the insulinotropic effect of hypoglycemic sulfonylureas (Vicent D. et al 1994),

25

they improve the secretory potential of exocrine pancreas when administered prior to
streptozotocin (Akkan A.G. et al 1993), they protect against the cytotoxic effect of
interleukin-1 (Eizirik D.L. et al 1994) and they do not show any glucagonotropic effect

30 (Vicent D. et al 1994).



correlates with duration of NIDDM and the frequency of diabetic
proliferative and sinple retinopathy and nephropathy (Suzuki Y. et al
1999). Hywerogloy3esri a causes oxidative damage to the m t oelaonoz/al73DNA of
vascul ar snooth muscle and endothelial2 cells precipitating vascul opat hy
(Fukagawa N. K. et al 1999). High insulin levels are also inplicated in
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ncty vat 1 Srngprarei iePRElEmet A PUIBZE (he trans endothelial permeability
of proteins Triglyceride hydrolysis generates diacylglycerol which activates protein kinase
C which promotes serine/ threonin phosphorylation thus reducing tyrosine kiinase
activity. Feeding animlas high fat diets increases the ratio of membrane bound to
cytosolic protein kinase C sixfold. Protein kinase C a,, B, € and 8 is increased in muscle
of rats fed a fat rich diet (Schmitz-Pfeiffer C. et al 1997) and in regularly fed Goto-
Kakizaki rats, a strain of rats with insulin resistance (Avignon A et al 1996). Inhibition

20

of protein kinase C in rat adipocytes prevented insulin resistance (Muller HK. et al
1991). Protein kinase C ¢ is overexpressed in Psammomys preceding the onset of overt
insulin resistance and is a prediabetic stage (Tkeda Y et al 1999). Protein kinase C
25 causes retinopathy, neuropathy and nephropathy in diabetes (Koya D et al 1998).
- Polyamines and Insulin Concentration

Erythrocyte spermidine levels are elevated in insulin dependeht diabetic patients
and patients with microalbuinuria and macroalbuminuria and retinopathy (Seghieri G.
et al 1992). Spermine oxidase activity is lower in insulin dependent diabetics though
not in patients with proliferative retinopathy (Seghieri G. et al 1990). Polyamines are

30 . L .
present in high concentrations in B cells and are concentrated in secretory granules



10 such as al bumn (Lynch J.J. et al 1990). Al bumn, hyperglycem a, H202
can cause the 4977 bp mtochondrial DNA del etion associated wth diabetes
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patients with nephropathy and peripheral vascul ar disease. The sane

del eti ong e ri | > i L epats wth
o r ed A BaRtDRIRETIo86), Pifled, MerifalhE sl Rl ickee JBLESE' T oo

r adi cal s(prépndninnhowevec isperivand sncrdasesembul{l indRA Hevedd amd plcd®gs inkuligl yceri de

hydr ol ysi e i | yceral which act.ivates of.ei n_ ki nase C which
pr onot es“'iﬁg? E@l%?si]ﬁﬁ é'fgﬁf ﬁégﬁgrogﬁﬁ‘mlﬁ BROiests &ﬁdgsﬁi@dﬂ%ﬁﬁ\ghf’%waﬁgnw i nase
activitywERRN. ngo@ni M as high fat diets increases the ratio of nmenbrane
bognd to" cytosolic protein kinase C sixfold. Protein kinase Ca, 1li, a and
8 Is increased in nuscle 20 of rats fed a fat rich diet (Schmtz-Pfeiffer
C. et al 1 QZ(ggga.ng{in regularly fed CGoto- Kakizaki rats, a strain of rats
W th insgf”}r’? RCS % HBe (Avignon A et al 1996). Inhibition of protein
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1991). Protein kinase C a is overexpressed in Psammonys precedi ng the onset
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N et al 1988). Sperm ne protects 'the inSulin nRNA from degradation (Wl sh
N. 1990) the incidence of insulin dependent diabetes mellitus in childhood (Haglund B. et al
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1996). Low serum zinc and hyperzincuria have been reported in the initial stages of
Type 1 diabetes (Hagglof B. et al 1983). Hyperzincuria and borderline zinc deficiency
also occurs in type 11 diabetes (Kinlaw W.B. et al 1983). Preloading animals with zinc,
which induces metallothionein synthesis, metallothionein being a radical scavenger,
partially prevents streptozotocin induced diabetes (Yang Y. et al 1994). Elevated
20 metallothionein increased resistance to DNA damage and to depletion of NAD+,
increased resistance to hyperglycemia and reduced B cell degranulation and necrosis
(Chen H. et al 2001). Metallothionein is highly inducible and does not seem to have
deleterious effects at higher concentrations.
In alloxan induced diabetes diethylenetriamine pentaacetic acid inhibits the
hyperglycemic response (Grankvist K. et al 1983). Part of the cytoprotective effect of
2 spirohydantoin-derivative aldose reductase inhibitors in diabetes may relate to their
ability to chelate copper ions and thus inhibit ascorbic acid oxidation (Jiang Z.Y. et al
1991).
Iron-catalyzed peroxidative reactions may account for the diabetes found as a
common side effect of transfusion siderosis, dietary iron overload and idiopathic
hemochromatosis McLaren G.D. et al 1983). Plasma copper levels are higher i
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diabetic patients and are highest in diabetics with angiopathy and diabetics who have
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Vanadium and Insulin Sensitivity
Vanadium decrease blood glucose and D-3-hydroxybutyrate levels in diabetes,
it also testores fluid intake and body weight of diabetic animals. These metabolic
effects occur because vanadium decreases P-enolpyruvate carboxykinase (PEPCK)
20 transcription, thus decreasing gluconeogenesis; secondly it decreases tyrosine
aminotransferase gene expression, Thirdly it increases expression of glucokinase gene;
fourthly it induces pyruvate kinase; fifthly it decreases mitochondrial 3-hydroxy-3-
methylglutaryl-CoA synthase (HMGCoAS) gene expression; sixth it decreases the
expression of the liver and pancreas glucose-transporter GLUT-2 gene in diabetic
animals to the level seen in controls (Valera A. et al 2001); seventh it increases the
2 amount of the insulin-sensitive glucose transporter, GLUT4 by stimulating its
transcription (Strout H.V. et al); eighth the metabolic effects of vanadium are mediated
by inhibition of protein tyrosine phosphatases (PTP). Peroxovanadium compounds
irreversibly oxidize the thiol group of the essential cysteine at the PTP catalytiq site
(Fantus LG. et al 1998). Vanadium is a structural analog of phosphate. Vanadium does
not exhibit the growth effects and mitogenic effects of insulin and thus might avoid the

30 macrovascular diseases consequences of hyperinsulinemia and be clinically useful in
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1995). Free fatty acid and triglyceride levels are controlled more quickly in diabetic
animals than glucose levels (Cam M.C. et al 1993). Type I and Type II diabetic
patients treated with vanadium had significantly less need for insulin (Goldfine A.B. et
al 1995 & 2000).

The toxicity of vanadate was reduced by administering it in chelate form,

sodium 4,5 dihydroxybenzene-1,3 disulfonate (Tiron) (Domingo J.L. et al 1995). The
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20 organic forms of vanadium corrected the hyperglycemia and impaired hepatic

glycolysis more safely and potently than vanadium sulphate (Reul B.A. et al 1999).
Vanadium complexed with the biguanide drug metformin was not more effective in
lowering blood glucose in streptozotocin ~ treated rats than
bis(maltolato)oxovanadium(IV) salts (Lenny C.Y. et al 1999). Vanadate acts as a
phosphate analog and binds to phosphoryl transfer enzymes, where it can assume a
25 trigonal bipyramidal structure. Hydrogen peroxide may complex with vandium,
forming pervanadate, which may oxidize the catalytic cysteine of tyrosine phsophatase

(Huyer G. et al 1997).

Tyrosine Phosphatase Inhibition and Insulin Sensitivity
Tyrosine phosphatases and tyrosine kinases play crucial roles in cellular growth

’ and differentiation, signal transduction, metabolism, motility, cytoskeletal organization,
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epidermal growth factor receptors (Tappia P.S et al 1991, Milarski K.L. et al 1993).

Autoantigens in Diabetes Mellitus

Insulin dependent diabetes mellitus (IDM) antibodies to glutamic acid
20 decarboxylase (a 64-kDa autoantigen) are present in more than seventy percent of
newly diagnosed patients and have been detected up to seven years before the onset of
clinical disease (Backkeskov S. et al 1990). The tyrosine phosphatase 1A-2 (a 37/40-
kDa antigen) was found in fifty four percent of newly diagnosed IDDM patients
(Passini N. et al 1995, Payton MLA. et al 1995). Eighty eight percent of IDDM patients
had antibodies to one or both of these antigens (Bonifacio E. et al 1995). A further
25 antigen, insulinoma associated protein IA-28 (phogrin), which is an insulin granule
membrane tyrosine phosphatase, has been observed in IDDM patients, it being the 37-
kDa antigen and the IA-2 being the 40-kDa antigen (Lu J. et al 1996). Phogrin has a
high homology with TA-2 protein. Fifty six percent of new onset IDDM patients had

antibodies to phogrin (Kawasaki E. et al 1996).
In monozygotic twins the antibodies to IA-2, TA-2ic, GADss and ICA were all

30 predictive of diabetes development (Hawa M et al 1997). IA-2 and GAD antibody
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within the juxtamembrane region of IA-2 (Kolm-Litty V. et al 2000).

IA-2 specific IFN-y production, which is characteristic of a T cell response occurred in
spleen cells of non obese diabetic mice (NOD), with development of diabetes a few
weeks after the response peaked (Trembleau S. et al2000).

20 Low dose streptozotocin induces an immunological, non antigen specific
diabetes mellitus. On low dose streptozotocin administration the ICA 512 protein
tyrosine phosphatase was decreased on the third day without induction of ICA-specific
cytotoxic T cells. Toxic destruction of B cells stimulates recruitment of macrophages
and production of monokines such as IL-1 and TNF-o, which have a cytopathic action
on islet, cells (Li Z. et al 2000).

Macrophages stimulate T helper cells to release IFN-y, the cytokine that is most likely

25

responsible for induction of MHC Class 1 expression in the endocrine cells. IFN-y was
observed to induce islet cell MHC antigens and enhance streptozotocin induced
diabetes in the CBA mouse model (Campbell 1. et al 1988).

Protein tyrosine phosphatase 1B levels were increased in obese non diabetics
and further increased in obese diabetics. However PTP-1B activity per unit of PTP-1B

30
protein was markedly reduced in obese non diabetics and in obese diabetics. Body
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221 reside in a hydrophobic pocket which recruits the phosphorylated tyrosine. The
alanine 217 and glutamine 262 residues particularly contribute to the hydrophobicity.
The cysteine residue is phosphorylated through a thiophosphate linkage during catalytic

turnover and the phosphoenzyme intermediate is subsequently hydrolyzed by a water
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molecule, which attacks the just vacated leaving site. The cysteine residue (Cys215)

forms a covalent cysteinyl phophoenzyme intermediate. The Asp 181 acts as a general
20 acid to donate a proton to the phenolic/alcoholic oxygen and forms a network of
hydrogen bonds to the phenolic oxygen of phosphotyrosine and a buried water
molecule. The Asp residue is positioned to donate a proton to the tyrosine leaving
group during the first hydrolysis step. The Asp residue also plays a role as a general
base to activate a nucleophilic water molecule during the dephosphorylation step. An
arginine plays a role in substrate recognition and transition state stabilization.

Use of a difluorophosphonate, substitution of a naphthalene ring for a phenyl
ring in the phosphotyrosyl and addition of a hydroxyl in the naphthyl 4-position
enhanced inhibitory potency of PTP-1B inhibitors (Burke T.R. et al 1996). The
fluorines introduce hydrogen bonding interactions with the Asp 181 — Phe 182 amide

25

nitrogen, displace a water molecule and reduce the second phosphonate ionization
constant (pKa2). The hydroxyl group displaces two water molecules. 2-O-tyrosinyl

30 malonate ethers, particularly when containing the difluoro substitution at the methylene
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Tyrosine phosphatase Inhibitors / PPARa and PPARy Partial Agonists / Partial

Antagonists
Polyamines covalently bind to glutathione, however they also covalently bind

20 with sterols and a spermine coupled cholesterol metabolite was identified in shark. It
had potent central appetite suppressant effects in genetically obese mice (Zasloff M. et
al 2001).
Prostaglandin J2 is an endogenous of PPARy and stimulates adipocyte
differentiation (Wolf G 1996). The thiazolidinedione drugs are PPARY stimulators and
25

may be useful in the treatment of the insulin resistance syndrome otherwise known as
cardiovascular dymetabolic syndrome or syndrome X (Fujiwara T. et al 2000). PPARY

is not readily stimulated by fatty acids whereas PPARa in Liver and muscle is (Forman

B.M. et al 1996).

30 Insulin Resistance Syndrome



Per oxovanadi um conpounds are potent inhibitors of PTP-1B and exanples such
as nmpV(2, 6-pdc) and npV(pic) wee selective inhibitors, causing |esser
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second althdrosclerot1c patlents (Morgan J.M. 1972). Patients who died of cardiovascula

diseases had lower aortic chromium concentrations than controls (Schroeder H.A. et al

1970). Human subjects with impaired glucose tolerance had significant improvement
20 in impaired glucose tolerance, reduction of the exaggerated insulin response to a
glucose load and reduction of serum cholesterol in response to chromium (Freiberg
JM. et al (1975). In spontaneously hypertensive rats chromium lead to a significant
reduction in plasma glucose without significant effect on plasma insulin following
intraperitoneal glucose challenge (Yoshimoto S. et al 1992). Chromium
supplementation in diabetics improves glucose tolerance, decreases blood cholesterol
and triglycerides, and increases high density lipoprotein (HDL) (Abraham A.S. et al
1992).

Plasma chromium levels and insulin levels after oral glucose loading were

25

higher in obese controls than in lean controls, plasma chromium levels were similar in
obese and lean insulin dependent diabetics (IDD), plasma chromium levels were higher
in lean non insulin dependent diabetics (NIDD) than in controls. Chromium levels

30 correlate with body mass index (BMI) and rise in the obese and in non insulin



phosphate binding site close to the catalytic site has been identified and
bi nds substrates such as phosphotyrosi ne and

bi s- (par awphosptsephenyl ) met hane (BPPM) Puius Y. et al 99PrI/US02/40732

11- aryl benzo[ b] napht ho[ 2, 3-d] furans and 11-aryl benzo[ b] napht ho[ 2,3 10

d] t hi ophenes were observed to act as efficacious inhibitors of PTPase
(Wobel J. et al.., 199 ol ycations, including p am ne g served to
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tyrosi ne phophorylation (QCetken C. et al 1992). Tyrosi ne phosphat ase

I nhibitors / PPARa and PPARy Partial Agonists / Partial Antagonists
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i dent i f iMiflodhonddicl rRysfunctioh sandpepergetios dysfirgtionp Fapyirmaenf (piixosyoss i fects in

genetically. obese.n.c Zasloff M e . 2. ' s an
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1996) . ToRsdghbmzAldred Taeibshytral LS Far MeRBeRyms Nentdnal, Micrevasbulareandbe usef ul
in the treatnment of the insulin resistance syndrone ot herwi se known as

car di ovadeupeascdgneempb¢ationsyndr ome or syndrone X (Fujiwara T. et al 2000).
PPARy is not readily stinulated by fatty aci ds whereas PPARa in Liver and
mgﬁcl eis (Forman B.M et al 1996). 30 Insulin Resistance Syndronme WO

037 051348, Brobtlaieid®’ 40732 20 The insulin resistance syndrone includes
hyperinsul i nem a, inpaired glucose tolerance, hypertension, dyslipidem a,
hyperuricem a, high fibrinogen |evels and elevated plasm nogen activator

i nhi bitor-1 Ra&g%ﬁ%%ﬁ%@éﬁ%ﬁg%&&%@ arthy diddigsS ané AeL4E Sofr e

associ ated wi m na are’risk factors for coronary 5
artery dhkedpadfilaDNZaakletiors M4974; MDIB6) MM, 43L hinmease asigmipendsingige and

glrjg'?fa: ;aé@i’gfg%lb’l %Slgﬁgfe}}'gj Eeor%ggcqgrt. 24 c[:%%ldaﬁing %\!ven% DGR sy VI Y of
deletions as the left atrium (Corral-Debrinski M et al 1992). Ischemia causes a
15 decrease in reduced glutathione and superoxide dismutase activity in heart (Ferrari R. et
al 1985). Hearts that have experienced acute myocardial infarction have elevated levels
of mitochondrial DNA over controls though lesser elevation than occurs in coronary
artery disease hearts (Ferrari R. et al 1996). Reduced pH and increase Pi result from
accumulation of lactate and hydrolysis of ATP. Reduced pH and increased Pi
20 downregulate contractility and cause akinesia of the ischemic zone. GF-109293X
protects against hypoxia induced apoptosis in cardiac myocytes (Chen S.J. et al 1998).
The severity of clinical symptoms and survival time correlated with
mitochondrial DNA defects in cardiomyopathy patients and hundreds of different DNA
minicircles were observed (Ozawa T. et al 1995). Decreased activity levels of
Complex I, ITI, TV and V occur in cardiomyopathy patients inheriting mutations or
deletions of mitochondrial NDA (Marin-Garcia J. et al 1999) and depletion of
mitochondrial DNA (Marin-Garcia J. et al 1988). Fifty percent of patients with

hypertrophic cardiomyopathy were observed to have respiratory chain abnormalities

25

(Zeviani M. et al 1995). Alcohol, ischemia and adriamycin also cause cardiomyopathy
with mitochondrial DNA deletions. Mitochondrial DNA defects occur less frequently
in dilated cardiomyopathy as compared with hypertrophic cardiomyopathy (Arbustini

30 E. 1998 and 2000). Coenzyme Qi has been found to be an effective therapy in



events, which precipitate insulin resistance. Metabolic Effects of Chrom um
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obese an%b%ggn i nsul in dependent di abetics (I1DD), plasma chrom uml evel s
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controls. Chromiumlevels 30 correlate with body nass index (BM) and rise
in the obese and in non insulin W 03/051348 PCJ/ US02/ 40732 dependent
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and post stroke. DNA fragmentation and oxidative damage occur (Chen J. et al 1997

and Cui J. et al 2000). Mitochondrial damage and cell death cause release of large
quantities of redox metals locally in the area of the lesion. Endoplasmic reticulum
releases calcium and this can be prevented in experimental stroke by dantrolene (Tasker
R.C. et al 1998) Uric acid, a scavenger of peroxynitrite and hydroxyl radicals (Yu F. et
al 1998), vitamin E (Tagami M. et al 1999) and estrogen (Goodman Y. et al 1996) can

prevent apoptosis in stroke models. Putrescine, spermine and spermidine protected

20

neurons in the CA1 layer of hippocampus and in the mediolateral body of striatum from
degeneration after global ischemia in a gerbil strokemodel (Gilad G. etal 1991) and a
syntetic polyamine N,N-di(4-aminobutyl)-1-aminoindian being more protective against
25 neuronal damagte post global forebrain ischemia in the gerbil (Gilad G.m., Gilad V.H.
1999). In a transgenic mouse overexpressing ornithine decarboxylase, the increased
ornithine decarboxylase and resultatn induction of transcription factors c-Fos and zif-

268 in the hippocampus were not damaging (Lukkarainen J et al 1995).

Presbycussis
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Depletion of thioretinaco in aging and cancer
Depletion of thioretinaco from mitochondrial and microsomal membranes
causes increased formation of oxygen radicals and their release within neoplastic and
senescent cells (Olszewski AJ. et al 1993). Depletion of thioretinaco from
20 mitochondrial and microsomal membranes causes; excessive homocysteine thiolactone
synthesis; increased conversion of thioretinaco to thioco; inhibition of oxidative
phosphorylation; and accumulation of toxic oxygen radical species McCully 1994a).
Malignant cells accumulate homocysteine thiolactone. Deficient intracellular
methionine and adenosyl methionine in malignant cells may result from excessive
conversion of methionine to homocysteine lactone.
25
Metabolites and retinoic acid
Folic acid and riboflavin are recjuired for the conversion of homocysteine to
methionine. Reduced folate intake is associated with increased incidence of heart
disease and stroke. Also DNA damage from hypomethylation occurs due to deficiency

of adenosyl methionine.
30
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1998), VNE Z{aaglgam' M et al 1999) and estrogen (Goodnman Y. et al
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lipoprotein producing aggregation and uptake of LDL by nacrophages.

ATP formation and oxygen species holding
Under normal circumstances the disulfonium form of thioretinaco, in the

presence of ascorbate, is the electrophile that catalyzes reduction of radical oxygen

20 species to water, concomitant with binding of ATP from the F1 complex 1994ab).
Binding of the oxygen anions of the proximal and terminal phosphates of ATP to the
disulfonium complex releases ATP from the F1 binding site McCully K.S. 1994a).
Adenosyl methionine formation and further formation of thioretinaco result from
cleavage of the adenosyl triphosphate bond.

25 Toxic Models of Disease

Paraquat causes cell death in E.coli, which action is promoted by copper (Kohen
R. et al 1985) and iron (Korbashi P. et al 1989).  Paraquat causes single strand DNA
breaks in mouse lymphoblasts (Ross W.E. et al 1979). Zinc displaced a redox metal and

was effective in preventing paraquat toxicity in E. coli ( Korbashi P. et. al.).
30
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their r%%%?%%%%ﬁfﬁﬁ%%eg@&??gn g(ﬁ%}%aﬁgeﬁfega?éggzgmkj AJ. et at
1993). Peikat BB 1942, Philipedi Kael f1982) Diavotide indnehsididbetasdyrinkibdignal

Conver Sipencroric 1E1SFaL | AORSBhetS HPUREen A HPEP IO Fbk; Aap] i thls"C! #a5€C
Ii’gggg)i‘:?lﬂijlﬁtgﬁn%r@ﬂ%é%gg o o cyst el no-t b ol act one. Dt ci ont
epwizbtocini r(dl-GmathyloisrsesrbansyhrDgiueesaminglal Wigehninduess s nmay
Vet abol (He0S1ea 8 SRBEIm BreEeat PSS R st Fagh 707 afd BubaZ ofc, =0
the conygiai@An@breRRIPRGREERENE 10P1). Streptozotocin by causing DNA strand breaks
increases poly (ADP-ribose) polymersase (PARP) activity resulting in NAD" and ATP
depletion (Pieper AA. et al 1999, Cardinal J.W. et al 1999).
Oxidative metabolism of glucose is impaired after alloxan exposure (Borg L.A.
et al 1979). Alloxan induces DNA strand breaks and poly (ADP-ribose) polymerase
(PARP) activity and depletion of NAD (Yamamoto H. et al 1981a, 1981b and Uchigata

Y et al 1982). Alloxan causes oxidation of mitochondrial pyridine nucleotides (Frei B.

o

15

et al 1985) with efflux of mitochondrial calcium. Alloxan lowers mitchondrial
glutathione content of mitochondria (Boquist L. et al 1983). Alloxan inhibits glucose
induced insulin release and activates the ATP sensitive K channel (Carroll P.B. et al

1994).

20

Contrast Media

Contrast media used in radiologic examinations include complexes of the
25 following metals; trivalent gadolinium, iron, trivalent lanthanide (Aime S. et al 2002,
Villringer A., et al 1988 and Desreux J.F.et al 1988), manganese, technetium. Basic
requirements for human use are that compound(s) are non ionic (Parvez Z et al 1991,
Lloyd K. 1994), do not have COO groups, have OH groups in various positions around
the molecule (Almen T. 1990), and are water-soluble. Secondary composition
possibilities are that they may be monomers, dimers, trimers or tetramers (Morris T.

30 1993), may be incorporated into liposomes, will have low viscosity, will exhibit low



met hi oni ne. Reduced folate intake is associated wth increased incidence of
heart di sease and stroke. Al so DNA damage from hyponet hyl ati on occurs due
to defi ciwoag/osoiis adenosyl mnet hi oni ne. 30 WO 03/ 051348 PCPCUSGRZ/4A0382 24
Pro carcinogenic and anti carci nogeni2 conmpounds Thi oretinaco and
thioretinamde are cytostatic in cultured nmalignant cells (MCully K S.
1992). Honpcystei ne thiol one,causes f.i prosi,s, ne ' .| gyt I on,
squanpuesmalalzy (Mefthai W}gpll%gé)’&?d ﬁ%@p"r By f,%sbzglbm?e g?%ﬂﬁég%&@%ngi ogenesi s
(MeCul | By, 1994a). Honocysteine induces apoptosis (Kruman I.
et al Z%V(S)g}.&pggaég%ﬁlgrgy&?ncrease in honocysteine thiolactone | eads to

di sul phi de” bbhel tdxivitynof contusst mediniinsauseidy, thedieleyingerharagtaristics add oduced by
from oxidation of honocysteine thi. ne,: a ri B 10 Oxygen
radi cal ¥HBYs gmldf@sﬁ% HeYHSe e&@P’f‘%g‘“}Pﬁ@g‘if"g‘s ?’df’%{?’%\z’éa? #{%ﬁﬁé‘ éﬁ%ﬁe@%oécl erosi s

| 8 obseguahiiR difomAht AFstbatdlAkyaBratanies whbkvBload dldtting e, in a

At herogenesiS is correlated with total honocysteine. .Ho gﬁst(ﬁhne IS

correl adese dupehdent snatiner HohibBingr agerepation o RIFRSTS: QPFmB%gf N O@BL) + high

oo heobanBEP FakERD of sdaci OpRbaLS bhdbttiblis bA9Oactinsionased

synt hes einet one enhances atherogenesis because of
t hi ol at ;@fiplefneafyalieranion O5Givhs Bpataméquilivintersdugtionf iplasursicéim apd oduci ng

aggregation and uptake of L by nacrophages ATP format i on.and oxygen
speci esMEENEHHB, 0%@?9@%‘%5?%@%&%&1@8 PEBIO&%{?P?‘MG%%?O orm o?
t hi or et '

: , - niry ot
C?{’ aly Zé}%@é}ﬁl eg}{)‘blntsgev?éﬁﬁ'g%?glgﬁp&fse,aﬁ%laab@uvah%n} AReiatigs tihOfdtohdary hat
Wi

redu on o oxygen 20 species to water, concomtant
h bi nekspgaf syind,r mhititien Bf cottipeefactoahipig) solghiity ARd gpemhENG Xy gen

ani ons of the prgxinal.and. tern nal phasphat f. : LSyl foni um
conpl exaigpdeRse ﬁﬁf?’“?%ﬂfi’f’ﬁ]é’e ﬁoﬁl&lﬁt ﬁm&f?&'ﬂg icsf? 'zseﬁlé?ﬁ-g%l h %e%ﬁ%%ﬁcgf
Adenosybﬂﬁﬁtﬂétﬂn&d}ﬁ%ﬁ:%snﬁ hieinARs ffuf speifid andirbmier abest i bumen mado r esul t
from cleavage of the adenosyl triphosphate bond. 25 Toxic Mdel s of

Di sease vBaringyanedicinoses cell death in E.coli, which action is pronoted by
copper (Kohen

Chain polyamine (Kim E.E. et al 1981) and polyazomacrocyclic polyamines
15 (Sherry A.D. et al, Kiefer G.E. et al) have been used successfully as contrast media.
The biphenyl family of polyamines synthesized herein may have broad clinical
applications as contrast media.
An iron polyamine complex may be used in hepatic MRI imaging Zhang. X.L. et al
2002, Chang D. et al 2002).
A manganese polyamine complex may be used as liver and pancreas contrast MRI
agent amongst other uses (Gong J. et al 2002, Diehl S.J. et al 1999, Wang C. et al

20

1998). A liposome preparation of the complex can be used.

A gadolinium polyamine complex may be used for angiography, intraarticular
examinations and hepatobiliary MRL Tt has no renal toxicity as compared with iodine
media and can be used in patients who have had previous anaphylactic reactions to
iodine media.(Spinosa D.J. et al 2002).

A technetium polyamine complex may be used in detection and evaluation of

25

myocardial ischemia patients. The chain polyamine triethylene tetramine has been

used as a technetium gastric contrast media (Kim E.E. et al 1981).

SUMMARY OF THE INVENTION
30



R et al 1985) and iron (Korbashi P. et al 1989). Paraquat causes single
strand DNA breaks in nouse |ynphoblasts (Ross WE. et al 1979). Zinc

di spl acedwe wesos net al and was effective in preventing parapoaio7BoXi Ccity
in E. coli (Korbashi P. et. al.). 30 20D 03/051348 PCT/ US02/ 40732 25

Hi stidi ne was successful in preventing MPP+ induced damage in E. coli (

Haskel Y. et. al ). MPDP+, .the naam ne oxi d i TP i s

al so muThgdRiertion @ anpreress fer Sé'&%‘é%fmg W@?X?ntlh\f)%?)ﬁ}pgg}sle 916’0{‘ ;%/ﬁlgérsals}g ( PARP)
activit ylSoliDg LERY bi [ Givhidabilfy MEDBiokupscal BetiviB&RBS ithdhi bi t or s
prevent b%h{;&?\éﬁ%ggﬂsda@gghﬂg tiﬁﬁ_m‘r}odent llgttsjlbstanti a niara &ZE}?ng J et al
1995) . Rehpownds and theimuseRa thearapestiv eganthios e radmep LT ardpsop §IBHCor of NADH

dehydr ogenase .conponent. of e.gle . £ ' md<. et al
1970, Bizhgigsy S g djseasg ot P bR ?t“%g‘fi‘ﬂ%ssz)cﬁ%&éz@?@gmi néguces

ot abet egofeliaf NDBdnkfion Pansyedtddy dlisgaser oDiapétes piSiroke, déthalosslyensiss e
(MacDonal d M J. 1981 and thus jnhibjting insuli.n rel ease ‘%tel nke J et al
1968) . woard'eblsdmlwmd@myeﬁ@bhﬁ%mefg&cﬁ?lﬁg%ﬁl?‘%&%‘c’ SHHWE) whi ch

i nduces . di abgt.es in.ang . } Romenkr 8ndiipe S. et al
1970) aﬁanqeﬁdﬁgggpor%%%@%?gg&g%é Reusser ?%‘%1 . Strept oﬂzT%t ocin by
causi ng SENsiS t dndnTokineBksosuren C Tetrs@sinps lapd (pabpaminbe pegdysed \IeEIB 4@ ( PARP)

activity resulting in NAD+ and ATP depletio Pi eper...AA. 99,
Car di nacompeynds theg pctjagdupes 'W@Pﬁ\‘i@n ﬁgpéel?fﬁ S %‘F fgﬁcﬁéﬁs" gg!l;’ys?ﬁ%; r%pgi r ed

after al - rﬂsd“fﬁ i kP oLSubRtratd9 1) wilkhidrrthe amihes@s DNA
SL and B#égg;%%ugér%o po yh%ﬁ%%ﬁ)g\gg%.gl yurrer%se g_‘lg,IARP) act?vit and -
d ‘§)| et i disphite MeMalidesrefinse tearaaminwfaﬁggq agqumbeg of prechEal glpssetat ﬁhes? et al

1982). All oxan causes oxi.dat.ion of .mtoch ' 1odi taides (Frei
B, e SlesESaNy Al RIedOMIRLLs: I CEARBIN P e ol TRAU TR, 1o €

m t chonggd ghity/et RigaMheC t (@f predopsinaelr ibeancBed)uetsantinesetand| 1983) .
Al l oxan%lfrﬁlieélft s gl ucose ZO%imnﬁced insulin rel ease ??’ggﬁlc“ vat es the ATP

sensi t i yelysminssalinker §CA3propylpng andpr gﬂlylepggg})o}lpfgo(ﬁ ¢ 9815??1158 nt rast
R e e e e B L KOV
et al 2Q@a cyclic polyamines linked by one or more 1,3-propylene and/or ethylene groups, (5)
15 substituted polyamines, (6) polyamines derivatized to formtyrosine phosphatase
inhibitor molecules and / or PPAR partial agonists — partial antagonists, with linear or
branched chains attached and ((7) polyamine derivatives of 2,2"-diaminobiphenyl with
linear or branched chains attached. Further, the linked tetraamines may have one or

more pendant alkyl, aryl cycloalkyl or heterocyclic moieties attached to the nitrogens.

20 Accordingly, in one aspect the invention is directed to compounds of the

formula:

[ |
y N /N\M;\T/\(‘/)/n\’iz/\t/)/;\“s
Rs Re

or
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Villringer A, et al 1988 and Desreux J.F.et al 1988), manganese,
technetium Basic requirenents for human use are that conpound(s) are non
ioni c (PawoaaoZizes al 1991, Lloyd K 1994), do not have @ODUgoowP3s2 have
OH groups in various positions around8 the nolecule (Almen T. 1990), and
are wat er-sol uble. Secondary conposition possibilities are that they may
be nmononers, diners, trinmers or tetraners (Morris T. 30 1993), may be
incorporated into |iposones, will have | oRsviscosity, will exhibit | ow WO
03/051348 PCT/ US02/ 40732 26 osmolality ( WH. 1994), and have a
particle size between 0.6 and 3 m Bgons t capillary enbolism The
toxicity of contrast nedia is caused | om ng characteristics and
actions; binding to proteins, enzy n, ghi stam ne rel ease,
alterations in 5 electrol ytd?@ng ro ﬂosy%ﬁ ity, prolonging
whol e bl ood clotting time in a dode—deMendent Nmarmér, i nhibiting
aggregation of platelets, opening pf blood brain |barrier, release of
vasoactive substances from endot helialycells, yactilyation of conpl ement,
alteration of G bbs Donnan e iyifﬁrl n ?f\‘QI asma cal ci um and
magnesi um i nhibition of cholTRest &as | aRyon of prostaglandin
rel ease, imune systemresponse, vas onse, platelet activation,
alteration in secondary 10 nessenger. syste h'obiti on of clotting
factors, lipid solubility and nenbr'ane erations. The toxicity of iodine
contrast nmedia has caused interest in dev opnent of other netal conplexes
ﬁj alternatives for specific and broader uses in human and veterinary

fici ne. Chain polyamine (KimE. E. et al 1981) and pol yazomacrocyclic
pol yam nes 15 (Sherry A.D. et al, Kiefer GE et al) have been used
successfully as contrast nedia. The biphenyl famly of polyam nes
synt hesiWWe&feBer ei n may have broad clinical applications as contrast media.
An iron 4 Sffark hydopat, ialkylRlryl] oRdoaliyl Zming. X. L. et
al 2005{0%@%9 tfeg%ﬁ)g 2{8?8%{@%% A mangangse pol yam ne co @Iex may be
used as abidy efutathtbnpamis acid, wmhlegcldmﬂmﬂag@ﬁ’f)g Brdrogpi fiereae, ( Gong J.

SF eglar g?u?%hvcg]'r e{] {“i’éa‘E‘(‘B‘nﬁ &yadé%ﬁ%@éQ?S e%a(%v gl d%'l lelj %&%I yé\rdr)ﬁog)g conpl ex may
bgsused ufbg)c{un?(ﬂxg! ?)ﬂi}lf’oqllil}iloné,n BLARTtEAL %@a&ladlone, glutamate, succinate, acetyl-L-
carnitine, co-enzyme Q, lazeroids, polyphenolic flavonoids, homocysteine,
menaquinone, idebenone, dantrolene, (CHz)[XCHy)qJNH; - wherein n = 3-6 and X =
nitrogen, sulfur, phosporous or carbon, or heterocycle wherein R, and R; taken together
are —(CH,XCH,),- wherein n = 3-6 and X = nitrogen, sulfur, phosporous or carbon.
20 R; and Ry may be the same or different and are hydrogen, alkyl, aryl, cycloalkyl, amino

acid, glutathione, uric acid, ascorbic acid, taurine, estrogen, dehydroepiandrosterone,

probucol, vitamin E, hydroxytoluene, carvidilol, o-lipoic acid, o-tocopherol,
ubiquinone, phylloquinone, B-carotene, meanadione, glutamate, succinate, acetyl-L-
carnitine, co-enzyme Q, lazeroids, polyphenolic flavonoids, homocysteine
menaquinone, idebenone, dantrolene or heterocycle wherein Rz and Ry taken together
25 are -(CH,XCHy),- wherein n = 3-6 and X = nitrogen, sulfur, phosporous or carbon.
Rs and R may be the same or different and are hydrogen, alkyl, aryl, cycloalkyl, amino
acid, glutathione, uric acid, ascorbic acid, taurine, estrogen, dehydroepiandrosterone,
probucol, vitamin E, hydroxytoluene, carvidilol, a-lipoic acid, o-tocopherol,
ubiquinone, phylloquinone, B-carotene, meanadione, glutamate, succinate, acetyl-L-
carnitine, co-enzyme Q, lazeroids, polyphenolic flavonoids, homocysteine,

30 menaquinone, idebenone, dantrolene —(CH,)a[XCHy) ]NH; - wherein n= 3-6 and X =



exam nations and hepatobiliary MRI. It has no renal toxicity as conpared
with iodine nedia and can be used in patients who have had previous
anaphyl acwoasegaet i ons to 25 iodine nedia.(Spinosa D.J. eCTalSo2@02). A

t echneti um pol yam ne conplex may be u¥ed in detection and eval uati on of
nyocardi al ischem a patients. The chain polyamne triethylene tetram ne has

been used as a technetiumgastric contrast di.a( Ki m,E 1981).
SUMVARYH@Iﬂg?Néu’rfRNE RORpuS C%KB”@XQ‘ g‘%%%aﬁﬁf%ﬂ%&b% t&?}%ﬁ?@elr nven% i on
| S a progeseH,QRUIBY.DWhSRIfh RS- PRy R ﬁ%gaﬁmﬁnggmspamas seaia, of

substitution reactions, optimzing the broavailability and bi ol ogi cal
acti vi t ResRgRot Rey, RepRunFhasndahd maebe thesamg ordulerspiand; are Bydipeeht or t he

treat nen f Parkinsan'.s di.sease, hej £ S, diks : o NS

di seas_e?h‘ﬁﬁn@'\xgn@@?"@qdi R, 3¢ i%@%@?@ehei S %ﬁ?’eggﬁ% A La%giggﬁ{e&?%%i on, Lewy
Body di %&ﬁigt%n, &lﬁgﬁkﬁﬁmd@sfeﬁhﬁ; pdbhEd] Osiedngin a8 i Iy droxiyictesme dealidilels heni a,

Car di omyopat hy, phropathy, Ischem a, {d aucoma, Presbycussis,  Cancer,

Ost eopollipsics acidhei oetbcophertlt biquitione, Iphyllegniansy yB-Beraidne Dinaadiondyy| t i pl e

Scl erosi s and Toxi n, Exposur Tetr.aam nes and | yam n her ei n

are coRpHURHS tﬂ‘&?‘né@lto %@Dﬁ?}g‘?gmgﬁ& Vi %Wy@ﬁnregex%ﬁ%‘gs?egaﬁlgﬂ%ﬁgcr eaclt i on

of aCyC'qa%lgg&'s, oML Geifd] M&MqinoAt, kildbehahd, dastralbhd -FCHRYE,)ANIBUbSt I at es
a

that w | to the” amnes or 10 displace the halides. These tetraanines
fall intovkereimnber 3ef asd et nittoger| sphopperess of catheBs op hgterqoygle

predom natel.y_|i near tetraamn m -1 1 nke 1. pyl ene
B or Gl Re a5 b ke S 83 AL RER e WAERLY ° B aR - dieogll
pol“yam @ﬁﬁ—‘uﬂ,})wr&go}.cﬁhﬁﬁ_opw ene and/ or ethylene groups; (3) cyclic
pol yam nes i nked by 1, 3- propyl.ene and/ or et hyl ene

roups; . (4
conbi nat¥Monsansk p mayebsr thesepgeifergpijand age; kot gy%rﬁi’lg]n\agy?wgd)eﬂghone or
nor e 1,%@{@9@ ngnd/or et hyl ene groups, (5) 15 substituted pol yam nes,
(6) pol nes§ derivatized to forntyrosi ne phosphatase inhibitor nolecul es
and / orx,RRERpasy bathcagmeios tifferenpand aml nitogeaganfusphospdreys aricagen. or

branched chai ns attached and ((7). pol yam.ne.derivatives_ of .
2,2' -diam nob‘?‘spﬁ%ﬁerﬂ“t hgpkiy]i néa%“%@%@ﬁh%%d“%ﬁ?&}%gs gtﬁt%%%%&hmﬁu‘?rt her, the
li nked tehr A8HCRER sTRYabPMRIrORRoY residl ficR a8 ehistiylabkyl, prodyy lisopyepydal kyl or
hefgrocyclic noieties attached to the nitrogens. 20 Accordingly, |fn one
aspect tibebutylyelitilonctyl ddiyl end the liks. Jhampburhsubstituentsof the invention are o
1 to 12 carbons which may be substituted with 1 to 2 substitutents.
“Cycloalkyl” refers to a cyclic alkyl structure containing 3 to 25 carbon atoms.

The cyclic structure may have alkyl substituents at any position. Representative groups

include cyclopropyl, cyclopentyl, cyclohexyl, 4-methylcyclohexyl, cyclooctyl and the

20 like.

“Aryl” refers to aromatic ring systems such as phenyl, naphthyl, pyridyl,
quinolyl, indolyl and the like; aryl alkyl refers to aryl residues linked to the position
indicated through an alkyl residue.

“Heterocycle” refers to ringed moieties with rings of 3-12 atoms and which

’s contain nitrogen, sulfur, phosphorus or oxygen.

As shown from the above structures, examples include derivatives of 1,3-bis-
[(2’-aminoethyl)-amino]propane (referred to hereafier as 2.3 2-tetramine); 1,4-bis-[(3’-
aminopropyl)-amino]butane (referred to as  3,3,3-tetramine); and 1,4,8,11-
Tetraazacyclotetradecane (cyclam).  Specific examples include N,N’,N77N°”-
tetramethyl 2,3,2-tetramine; N,N”**-dimethyl 2,3,2-tetramine; N,N’**-Dipiperidyl-2,3,2-

tetramine, NN’ N°° N”*’-tetramethylcyclam and NN’ N’ N”>’-tetraadamantylcyclam.
30



formula: 2 15 NN 25 R(""~ X2 ERSs Mn | P F14 or 30 WO 03/051348

PCT/ US02/ 40732 28 R6 R5 7 ~R2 Rs 1la NN RRL)fNRI3 RR3 Rs R12 Rlo
R11 10 Wwermsiosi34R1 and R2 may be the sane or different amdtarse2imyrdr ogen,
al kyl, aryl, cycloal kyl, amno acid,30glutathione, uric acid, ascorbic
acid, taurine, estrogen, dehydroepi androsterone, probucol, vitamn E,

hydroxyt ol uen?aﬂtigt_?lél\# %Hefﬁ‘lged éﬁ&bb&iﬁ@h& ﬁ%ﬁﬁ%?@oﬁgﬁ‘fﬂ& (Rk@er&ﬂleq yt none,

phyl | oqui none, nmeanadi one, uccrn acetyl -L-
car ni t i ngdant:itamez \inethiQ enhtdénentddl; apd Nsipire paitiof thé pipenidindsor pipsraxyst ei ne,
menaqui none, jdepbenpone, dantrol epne, -(CH2)n(XCH2), JNH2 - wherein n = 3-6
and X = TIHEY VW ,tﬂ%ﬁ‘prﬁ?WB%&séﬂgmﬂ@&’E%%@“ﬂ@t%cycl e wherein Rl
and R2 taken it%ﬁtﬂ&%deﬁfcg)ghtﬁ%é(%ﬁg&n‘dﬁ%ﬁ'a)ﬁ}d R, Singe the§¥Bnelinta Pagié 0gen,

sulsfur, phosporous or car nd R4 may be the same or different and
ar é hydr egee, graigkyormasaits withynénetixioy dcidsamidhsuchasaitd arg inclwdedi witten the i ¢ aci d,

ALY SRR NG N R e g
; EL? ;: ?E?&npmmb.l Réprefifive Of Sa¢IOiaRs Qre B APGGLKIOAde, Byliiobidthide, sulfaRl nat e,

phosphate, acetate, lactate, glutamate, succinate, propionate, tartrate, salicylate, citrate

and bicarbonate.

There are three structural motifs that are being exploited in this invention. 1,3-

10 bis-[(2’-aminoethyl)-amino]propane (2,3,2-tetramine) and its derivatives are tetramines
that are known to have a large number of physiological actions. They are well known
binders of metal ions and form very stable complexes with a variety of transition
metals. Secondly, polyazamacrocycles such as 1,4,8,11-tetramethyl-1,4,8,11-
tetraazacyclotetradecane (cyclam) are of considerable interest due to their ability to
form strong complexes with transition metals such as copper, cobalt, iron, zinc,

15 . .
cadmium, manganese and chromium.

Accordingly, in a second aspect the invention is directed to compounds of the

formula:

20 Ry R>

Rs

“SLY

R R N
3 , 4 . / \R

25 7 9

Wherein

R;-R4 may be the same or different and are hydrogen, alkyl, aryl, cycloalkyl, hydroxyl,

thiol, amino acid, glutathione, phosphate, phosphonates, uric acid, ascorbic acid,

taurine, estrogen, dehydroepiandrosterone, probucol, vitamin E, hydroxytoluene,

carvidilol, a-lipoic acid, a~tocopherol, ubiquinone, phylloquinone, $-carotene,

30 . . . :
meanadione, succinate, acetyl-L-carnitine, co-enzyme Q, lazeroids, polyphenolic



carnitine, co-enzyme Q |azeroids, polyphenolic flavonoids, honocysteine ,
menaqui none, idebenone, dantrol ene or heterocycle wherein R3 and R4 taken
t oget her &0 0ane134§ CH2ZXCH2) n wherein n = 3-6 and X = nitrogemussaidfrar ,
phosporous or carbon. R5 and RS may b¥ the same or different and are

hydr ogen, al kyl, aryl, cycloalkyl, amno acid, glutathione, uric acid,

ascor bi L.d-. t i t e droBQj L r obucol ,

vt ant n ORGSR e e e o

ubi qui notsperbyd dramrbonpmchetdrdeyciy wheneR  arbRatdkenegethendrarrat e, succi nat e,
ooy s G Chgw 3STAT K 1 200 72 G oL BBRBUS 5 FEPYT ene OLE) n
CH2) 1l NHR, and' R} B heSaOoP &AL 481 RETHURAZH 40GF 2ryRBylbdikagen, sul fur

ph%s:'por ous or carbon, or heterocycle wherein 6 taken together are
- (CH2XCHB)droxyihtthioki amino aci@-gutathione, phespbate,gihesphontes iric asib aprorkios or
carbon. R7, R8, R9, R o, R1 3. an 4, .m the or

di f  er et R HPECHPEFD &8‘9%%‘5%‘?@‘?5%?% Pm@y?ﬁ]ﬂo Y PR R et

gl ut at hi ORGdiILI biipdid &bid,%@@o?h&oﬁ%bﬂ;uiﬁoﬁé,?ﬂ?ﬂo uiRoRsS BLeadisténe, o

dehydr oepi andr ost erone, ‘probucol, vitamn E, hi/nzr oxytol uene, carvidilol, a
| i poi ¢ ameahadintpmoghateolcetylibi-coition eo-ephyhée 8 la , p@lyphenoliene,

nmeanadi oge | ut te ucci nat e tyl-L-carniti s en ]

| azer oi ?‘;0881%37@9{3*‘?”%"?‘3&[ C%fvﬁfygﬂ%i @Qﬁﬁ%‘#&éﬁ%ﬁ?’%&? _@ﬁaq i 22"6 ﬁ%’gﬁfl g ebenone,

dant r ol eng_12(48d3] Alnkedgeh! udo phospogiBioR cirben3- 6 and X = nitrogen, sulfur,

phegsporous or_carbon, or heterocycle wherein RS and R6 taken together are

- ( CH2XCHR) andReinay he thesame or ditergut andprerhygeagen, alkylsayk gyclogkds por ous or

car bon. n p,. 1 1L f bridoing groups of
Moo Ricp B ol QORISR ooty Polonl it i mctib

vari abl e om ons’ e sane or different

and ar e avid,noghe, estoén dehydiogiadossterome, peotinool, vitAminEgdydnexytolnene;, al kyl "
has its conventional neaning as a_straight chzﬁi@n or Er anched chain
sat ur at eerryigiHeledings agid soioropheroh uRIUHONE, Phylggw)Pne. Br3Ife. i sopropyl, 15
i sobut vyl - I I 1 the L] Kk lléé},%-'tuents of the
i nventi ofrl]le%anréea%o ? 3%91?1%%1 e@g%%%@a\a%icgﬁm%%éggéT%gﬁﬂsf %Qﬁl?,g vmmt;h l1to 2
subst i t ufigringids, —(CH,),[XCH,),JNH, - wherin n = 3-12 and X = nitrogen, sulfur,

15

phosporous or carbon, or heterocycle wherin Rs and Re taken together are —

(CH,XCHy),- wherin n = 3-12 and X = nitrogen, sulfur, phosphorous or carbon.

Ry is hydrogen, alkyl, aryl, cycloalkyl, hydroxyl, thiol, amino acid, glutathione,

phosphate, phosphonate, uric acid, ascorbic acid, taurine, estrogen,

dehydroepiandrosterone, probucol, vitamin E, hydroxytoluene, carvidilol, a-lipoic
2 acid, a-tocopherol, ubiquinone, phylloquinone, B-carotene, meanadione, succinate,
acetyl-L-carnitine, co-enzyme Q, lazeroids, polyphenolic flavonoids, —
(CH)o[XCH,),]NH, - wherin n = 3-12 and X = nitrogen, sulfur, phosporous or carbon,
or heterocycle wherin Rs and R taken together are (CH,XCH,),- wherin n = 3-12 and
X = nitrogen, sulfur, phosphorous or carbon.

X1-X,4 may be the same or different and are nitrogen, sulfur, phosphorous or

25
carbon.

or
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"Cycloalkyl" refers to a cyclic alkyl structure containing 3 to 25 carbon
atons. The cyclic structure may have al kyl substituents at any position.
Repr esentwbiod@sguoups i nclude cycl opropyl, cyclopentyl, egalusazxorb?

4- et hyl cycl ohexyl, cyclooctyl and th# 20 like. "Aryl" refers to aromatic
ring systenms such as phenyl, naphthyl, pyridyl, quinolyl, indolyl and the
like; aryl alkyl refers to aryl residues linked to the position indicated
t hrough an al kyl residue. "Heterocyclg" refers to ringed noieties with
rings of 3-12 atons and which contaip nitrogen, sulfur, phosphorus or
oxygen. 25 As shown fron1the‘§bove st:uctureg, exanpl es include derivatives
of 1,3-bis- [(2'-am noethyl)-aMmQolLpls ®ferred to hereafter as
2,3,2-tetramne); 1,4 bis-[(3 - aljni noprgpyl)-am no] butane (referred to as
3,3 3-tetramne); and 1, 4,8, 11- Tutraazacycli;gxcaggqage (cyclam . Specific

exanples include NN ,N',N''- tets . 3/2-tetram ne; NN''-dinethyl
2,3,2-tetramne; N, N -Dipi perF'Q8 | -2, - tet a-nlne,

N, N,N,N'-tetranmethylcyclamand N, N, N', N'' -t et¢aaffatmnt yl cyclam 30 WO
03/ 051348 PCT/ US02/ 40732 30 Particuljarly pref errgg em&odi ments of Rl and
R4 are piperidine, piperizi nelo~g gdmant ange—TT - LAFY “@bodi ment, N and
N4 are part of the piperidine or \\Ngs while in the adamant ane
case, N and N4 are appended fro gs. |t (@FdiRsBe understood that the
compounds of 1 and 2, since they ai nAa basic 5 amne group, formsalts
with non-toxic acids and such sdl ts™% i gl uded within the scope of this
i nd@ntion. These salts may enffance th phar Receuti cal application of the
conpounds. Representative of such salikts are the hydrochl ori de,

hydr obroni de, sulfate, phosphate, ad®tate, lactate, glutamate, succinate,
propi onate, tartrate, salicylate, citrate and bicarbonate. There are three
structurgvheﬂgﬁlti fs that are being exploited in this invention. 1,3- 10

bi s-[(2'-am noet hyl ) - am no] propane (2,3,2-tetranmine) and its derivatives

ar e t et rRrRpamy Heltht s@ne ok difiyrent andare chydrdgan, gk viLaE cyelbalkily By droegll cal

actions. e re | kpown
thqu, >gu:naino é’c\f X pyr?dcl)ne, pyrazole, 3,5-dimethylpyrazole, imidazole, quinoline,

15 phenol, 4-X-phenol and 5-X-phenol where X = chloro, bromo, nitro, methyl, ethyl,
methoxy, amino, hydroxy; glutathione, phosphate, phosphonates, uric acid, ascorbic
acid, taurine, estrogen, dehydroepiandrosterone, probucol, vitamin E, hydroxytoluene,
carvidilol, o-lipoic acid, o-tocopherol, ubiquinone, phylloquinone, B-carotene,
meanadione, succinate, acetyl-L-carnitine, co-enzyme Q, lazeroids, polyphenolic

20 flavonoids, —(CHy)n[XCH;),]NH, - wherin n = 3-6 and X = nitrogen, sulfur,
phosporous or carbon, or heterocycle wherin R; and R, taken together are —
(CH,XCHy),~ wherin n = 3-6 and X = nitrogen, sulfur, phosphorous or carbon.

Rs and Rs may be the same or different and are hydrogen, alkyl, aryl, cycloalkyl,
hydroxyl, thiol, amino acid, pyridine, pyrazole, 3,5-dimethylpyrazole, imidazole,
quinoline, phenol, 4-X-phenol and 5-X-phenol where X = chloro, bromo, nitro, methyl,

25 ethyl, methoxy, amino, hydroxy; glutathione, phosphate, phosphontes, uric acid,
ascorbic acid, taurine, estrogen, dehydroepiandrosterone, probucol, vitamin E,
hydroxytoluene, carvidilol, o-lipoic acid, a-tocopherol, ubiquinone, phylloquinone, -
carotene, meanadione, succinate, acetyl-L-carnitine, co-enzyme Q, lazeroids,
polyphenolic flavonoids, or heterocycle wherin R; and Ry taken together are —

(CH2XCHjy),- wherin n = 3-6 and X = nitrogen, sulfur, phosphorous or carbon.
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bi nders of nmetal ions and formvery stable conplexes with a variety of
transition netals. Secondly, polyazamacrocycles such as

1, 4,8, 11-wetsassuhyl -1, 4, 8, 11- tetraazacycl ot et radecane (®¢alzod/4@se of
considerable interest due to their ab#3lity to formstrong conplexes with
transition netals such as copper, cobalt, iron, zinc, 15 cadm um

Tengane SR NSO i BARAL S o SRR, ASRESIMASLYTIEG o0 [
R3 R4 N ﬂilcﬂQamﬁﬁ Mhiemgﬁdineﬂ)yr&blegamldnzd@ qumalme qhendlf #8¢-phénohand &+ e

hydr oge clo dro thiol, amnqg a
gl ut at h éhﬂg §% %‘ 31’1‘?)‘%8{ 1=a%q1¥il né%tb‘ﬁ%yblagn%c}ﬁ’gm’%’aurl ne,
estrogen 1&%@& OﬁEHsﬁﬁﬁié 0ph&pRBRate pruﬁ@”&é?h, a¥dorBil Beiff, thHiORkgidene,

cagV|d|IoI a-lipoic acid, a- tocopherol ubi qui none, phyl oqui none;
j 3-carot éeﬂa'dr@planmmmmn@rotmuobl natamin éi;dl}gdk@)dyicdaem taanadilalp oeliyjere  Q
| azer oi ds,. poI eﬂo c WD .03/051348 PCT/ US02/ 40732 31 fl avonoj ds,
- (CH21[ XRsig: %mp erﬁiﬁ tnqpipone, phyBogiippng, B-¢aretergy gneanadiong, SUCCHABs por ous
or car boge t,grL GERBHOSY CoerdBEL N MDEHOTER, | SSARMARRL Nhafifis, ( T2XCH T

wherin n gen, Fous or earb R5 and R5
may be t(@iﬁ.@@}b)n]lﬁ]ﬁimnn e G-Gaed Ky nigeon, wlfnylphoqmybus cnwaﬂma kyl, 5

hydr oxyl , thi ol cid g athlone onte ric
aci d, as%ro‘?%?fecwé“cw emf gﬂtap‘%& a&%@%@g’?ﬁﬁd’iﬂ% f“ibcr obucol ,

vitamn ﬁ,_ﬂﬁqg@%gﬁlﬂlrumphmgagyﬂg%ﬁ a-lipoic acid, a- tocopher ol,
ubitgui none, phyIquU|none [ 3-carotene, neanadi one, succinate,

acetyl - LNcammitttfbgtvewﬁho'abmﬁnm ®10] azeroi ds, pol yphenolic flavonoids, or
het erocycl e wherin R3 and R4 taken toget her are - (CH2XCH2) n wherin n

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1-41 depict reaction schemes for the preparation of a variety of intermediates and
15 the subsequent polyamines described in the invention and FIGS. 42 — 46 depict the

effect of polyamines on toxin induced bacterial inactivation as follows:
Figure 1 Route of Synthesis of 1,3-bis-[(2’-aminoethyl)-amino]propane and
analogous compounds

20 Figure 2 Route of Synthesis of [2-(methylethylamino)ethyl](3-{[2-

(methylamino)ethyllamino } propyl)amine and analogous compounds

25
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= 3-12 and X = nitrogen, sulfur, phosphorous or carbon. 10 R7 and R8 may be
the sanme or different and are hydrogen, al kyl, aryl, cycloal kyl, hydroxyl,
t hi ol , amvoo3asisds gl utat hi one, phosphate, phosphonate, uPCE/Bor/@d73ascor bic
acid, taurine, estrogen, dehydroepi an¥ osterone, probucol, vitam n E,

hydr oxyt ol uene, carvidilol, a-lipoic acid, (x-tocopherol, ubiquinone,

phyl | ogqui ] 3- ' iMare, acetyl-L-carnitine,
co-enzyngn%ﬁg%azerg?%gaﬁgng%ﬁgﬁg iga%gwgﬁgggégﬁgg, -(CH2) n[ XCH2) n] NH2 -
wherin n = 3-12 and X =pipetidggduy])amiroipropyl } phoepod enalogruscampomdsor

het er ocygl e erin k5, a t.ak toget her .are .;  LCH2XCH2) n wherin n =
3-12 anéﬁ%@éﬂ%itlroggme Ve ?lsﬁﬁ@s'mgﬁaﬁlﬁ'é'feg?yl)égr’géh. R9 i)s hydr ogen,
al kyl, aryl, cycl opigevdzinylstaiiaihe]pkdiyPlamiadhmtParafdedus &rkiicils one,

phgsphat e, phosphonate, uric acid, ascorbic acid, taurine, estrogen, 20

dehydr oePIgRI? ost ef&Aanosthybdd-4(2-aminoethy hmethylaminelpranyl Juesthylamineandi | ol |

a-lipoic acid, a-tocopt‘h%léﬁl o su(t&i iuﬂg e, phyll oqui none, 3-carotene,
nmeanadi one, succi nate, acegy]l‘- -carnitine, co-enzyne Q | azeroids,

pol yphenBig’unsl,?l avon[w'(uisyclo[sQ@}ﬁomsxqbzﬁma]ewar(]s-{mbrcya?n.ﬁﬁmﬁz-and Xd:RG
ni trogen, sulfur, phosparous or carbopn, .or heterocycle wherin R5 an
t aken toget her areyfaereﬁéx%yﬁyml Bropyl)aminesind anglpgpus gompapadsogen, sul fur,

R L e i L

PCT/ US02/ 40732 32 anft6gdRE cRap¢@de) nRR2 5 | R8 (CH2) nR3R4 R9

~10G2) pR R2g  ( CHE) BESRmethy1)(3-(2-pyridylmethyl)amino]propyl}amine and
analogous compounds

Figure 9 methyl(3-[methyl(2-pyridylmethyl)amino]propyl }(2-
pyridylmethyl)amine and analogous compounds

Figure 10 [2-(dimethylamino)ethyl](3-{[2-

(dimethylamino)ethyl}methylamino} propyl)methylamine and analogous

15 compounds
Figure 11 2-[3~(2-aminoethylthio)propylthio]ethylamine and analogous compounds
Figure 12 1,4,8,11-tetraaza-1,4,8,11-tetramethylcyclotetradecane and analogous
compounds
Figure 13 1,4,8,11-tetraaza-1,4,8,1 1-tetra(2-piperidylethyl)cyclotetradecane ~ and
20 analogous compounds
Figure 14 1,4,8,11-tetraaza-1,4,8,11-tetrabicyclo[3.3.1]non-3-ylcyclotetradecane
and analogous compounds
Figure 15 1,4,8,11-tetraaza-1,4,8,11-tetracthylcyclotetradecane and  analogous
compounds
s Figure 16 N,N'-(2'-dimethylphosphinoethyl)-propylenediamine and analagous

compounds

Figure 17 3-(3-(2-aminoethoxy)propoxy)propylamine and analagous compounds
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10 R10 R12 R11 wherein RI-R4 may be the sanme or different and are
hydrogen, alkyl, aryl, cycloalkyl, hydroxyl, thiol, amno acid, pyridine,
pyrazol e, w8, 0Bostiset hyI pyrazol e, imdazole, quinoline, 15pPardarso/40732

4- X- phenol and 5- X-phenol where X = c¥l oro, bronpo, nitro, nethyl, ethyl,
met hoxy, am no, hydroxy; gl utathione, phosphate, phosphonates, uric acid,

ascor bi chighkd b ! avahigl 2851 raRRRine RNUAIAGAL BpATET one, br obucol
vitamn hydr oxyt ol uéne carvid

i pol c acid, a-tocopherol,

ubi qui noE?@ureplﬂ/l I o@brmmmZ D,Zéléntmnmnfeandamhgauh@mmoundscm nat e
acetyl i ne nzyme Q | azeroids, polyphegnalic oi ds,
(O%Z)n[@f)%ﬁ NHp Vi Wirl nn=36and X = nitrogérplpﬁﬂyf yl ?%‘E por ous
or carbon, or het ep@@uaﬁ@wﬁ)@ﬁm@]ﬂ% Mniﬂ’e’)é@%@ﬁﬂ LRARL IS Cofd Gurids ( CH2XCH2) n
fur

wherin n_= 3-6 and X = nitrogen, , osphorous or carbon. R5 and R5
may be tE’@uE?a?’ﬂe r Chroptigient  and are hydr ogen, al k(ﬂkplpm@z’ﬂethsdyéli-@(al-kyl

hydr oxyl, thiol, r i e zol e,

i )r/n dazgl e, qui no%ggd%%hg%‘rﬁ% p%bé}ﬁgﬁr?%e @2@1 %’%aﬁ]é'ﬁ‘gf’ W’i’é‘?‘g}{%& = chl oro,
brono, nFigne 22et hyenadyb(let, B,\Iﬁqtetraafzdﬂom 1 BstRBicy v DX JhonBLHbpdlblega e,
phosphat e, phospho&t es, uric ascor bi c acid, taurine, estrogen,

dehydr oepi andr ost e )( &Y %‘laagﬁpﬁﬁ‘PﬁlPP‘E S hydroxyt ol uene, carvidilol,
a- 11 poi cragieh3 a- t(@ﬁ@ﬁiﬁmh Wi %a%nﬁll,Sﬂhytle{rﬁﬂ%c%?%l]b&xSCar ot ene,
I’me; co-en ,

meanadi one€, succinate, acety f L-carnit azer oi ds,
pol yphenolic fl avoyioywjetetrmdechm(@})dﬂyahcbalmmccﬁﬁpcamds R4 taken together are

- 10CH2XGH2)." erin Ifur phosphor ous or
car bon. WS/ 0%'@% %@?ﬂﬁ%@'ﬂf &%’W wylganepe san@ng
different and are faHoeaesbom dﬁm ar yI cycl oal kyl, hydroxyl, thiol,
amno acid, pyridine, pyrazole, im dazol e, quinoline, phenol, 4-X-phenol

and 5- EigEEd wh&rming-N-@rila(daminwddd- nitro, nethyl, ethyl, nethoxy,

am no, hydroxy; sphonate, uric acid, ascorbic
acid, taurine, est @&oﬁ@@gﬁﬁ%ﬁ@@g %ﬁ’})ﬁ kq%i probucol vitamn E
hydr oxyt ol uene, caﬂsthyl(}lamﬁio)prapﬁ]amm}eﬂ@@30(,4 a- tocopher ol , ubi qui none,

phyl | oqui none, | 3-caraotene, neanadi one, succinate, acetyl L-carnitine,

co1 enzyme Q | azer@1ogeh Onﬁm%iféﬁeylbmomra@énm ds, -

and analagous compounds

Figure 26 2,2-diamino  (bis-N,N’-pyridylmethyl)biphenyl and  analagous

compounds
Figure 27 2,2’-diamino(bis-N,N’-pyridylmethyl)-6,6’-dimethylbiphenyl and
analagous compounds
2 Pigwre28  22-diamino  (bis-N,N'~quinilylmethylbiphenyl and  analagous
compounds
Figure 29 [(3,5-dimethylpyrazolyl)methyl][2-(2-{[(3,5-dimethylpyrazolyl)
methyl]amino} phenyl)phenyl]amine and analagous compounds
Figure 30 2-{[(2-{2-[(2-pyridylmethylamino]phenyl}-
’s phenyl)amino]methyl} phenol and analagous compounds

Figure 31 2-({[2-(2-{[2hydroxyphenyl)methyl]Jamino} phenyl)phenylJamino}
methyl)phenol and analagous compounds

Figure 32 4-methyl-2-{[(2-{2-[(2-pyridylmethylamino]phenyl }-
phenyl)amino}methyl } phenol and analagous compounds

Figure 33 3-nitro-2-{[(2-{2-[(2-pyridylmethylamino]phenyl}-phenyl)amino]

methyl} phenol and analagous compounds
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(CH2)n[ XCH2) nN] NH2 - wherin n = 3-6 and X = nitrogen, sulfur, phosporous or
carbon, or heterocycle wherin R5 and R6 taken together are -(CH2XCH2) n-
wherin n wo3B®semel 14 X = nitrogen, sulfur, phosphorous ecTamsobet32 N is an
integer with values from 0-10. BRI EF IESCRI PTI ON OF THE DRAW NGS FI GS. 1-41
depict reaction schenmes for the preparation of a variety of internediates

d 15 th b ' ' and FIGS. 42 -
Zg depi c lgf]e'ffr' 21? fzggﬂltogf?ég@”g:ﬁ%ggﬁgﬂﬁte r#l fl?lrolhﬁl ggﬂ%’%@%@% 611 i nactivation
as follows: Fi gur eméthRDphéncd bndymildpons Somf)ounds _

1, 3-bis- {:(2 -am noet hyl) - an no] propane g§ g% s conpounds 20 Figure 2
Rout e of Figyretlesi s2=@m11{023‘61€‘é'ﬂ3h9ﬂ@9¥8m%¥h3fﬁ ’EBR@T(}Q( ¢1[ 2-

t hyl t hyl | 25 30 WO
037 083248 Pty USRI Ra e ARG BAga e AAAREURAOIds
(2° pi per Figutesiehy| ) MaBgdriede (242° ahmndml(bﬁﬂ?lﬁ)’a;mmb}mcthp&blphmyﬂﬁ@%d anal ogous
conpounds Figure 4 Route of Syn sis of (2-piperazinylethyl)-{3-[(2

pi per azi nyl et hyl ) afft 1998, g and anal ogous conpounds 5 Figure 5
(2-am nogflyd 39 3- [ {6n ?ﬁbﬁl@ﬁﬁib{k)zf@tmip?ﬁaﬁﬁﬂeﬂ{yﬂﬁhﬁhbméﬁmam ne and

anal ogous “conpounds F

[ 2- (bicycl o[ 3. 3. 1] phnnyBamhm}mnth)'thmO})(@l)ﬂ@l(“Eﬂ%l;ﬂéqg@% 3. 1] non- 3-

yl am no) et hyl ] am no ro%ﬁl )am ne and anal ogous conpounds Figure 7

(2-am noet hyl ) {3-[§ det hyl ) ani no] - 1- net hyl but yl }anmi ne and anal ogous
conpoundgighfl 3§ gUr ¥aBadium  (2,2’-diamino(bis-N,N’-pyridylmethyl)bipheny)Cl,  and
(2¢@YridYlmet hyl) {3-[ (2- PYri d¥l net hy1) ani no] PropYl}am ne and anal ogous
corrpounds Fi gure 9a QWFG@nPWﬂdﬁyI (2-pyridyl met hyl ) am no] propyl } ( 2-

pyri dyl | Jgm ng. o) 8.

(2~ (di ”Ft%}?’ agmgano) € ?ﬁ&ﬂr%% OHSm S BINEE py iy ey dBiphenyl)CLICI and

(di met hyl ani no) et hysdlagubydbmpowalspr opyl ) net hyl ani ne and anal ogous

Figure 40 Chromium (2-({[2-(2-{[2-hydroxyphenyD)methyl]amino} phenyl)
phenyl] amino} methyl)phenol)C1),]C1 and analagous compounds
Figure 41 Schematic of 2,32, tetramine structure, 1,3-bis-[(2’-aminoethyl)-

15 aminopropane
Figure 42 Effect of Spermidine on Diazoxide-induced Bacterial Inactivation
Figure 43 Effect of 2,3,2-piperidine on Diazoxide-Induced Bacterial Inactivation
Figure 44 Effect of 2,3,2-pyridine on Diazoxide-Induced Bacterial Inactivation
Figure 45 Effect of 2,3,2-diCH; on Diazoxide-Induced Bacterial Inactivation
20 Figure 46 Effect of Cyclam Adamantane on Diazoxide-Induced Bacterial
Inactivation
DESCRIPTION OF PREFERRED EMBODIMENTS
25 HEATS OF FORMATION
Among the reasons for the selection of compounds to be used for these
formulations are the results of a series of calculations using heats of formations of the
molecules. The relative stabilities of the compounds were determined in order to
predict which would lead to the most stable metal complexes when they react with
30

metals such as copper, cobalt, iron, zinc, cadmium, manganese and chromium These



15 conpounds Figure 11 2-[3-(2- an1noethylth|o)propylthlo]ethylanlne and
anal ogous conpounds Figure 12 1,4,8,1 1-tetraaza-1, 4,8,

1-t et ranewbyBoysk®ot et radecane and anal ogous conpounds Flgﬂmﬂmnﬂmmsﬁ 8,1
l-tetraaza-1,4,8,1 1ltetra(2-piperidyl¥thyl)cyclotetradecane and 20

anal ogous conpounds Figure 14

L, 4,8 11lalehd Q?ezgfi) xiipﬁlail Jﬁnt%%&tr ﬁﬁé gé/ %ﬁéll{ fﬂoanBQ'l 313@65&%@1%% £id 3figgane and

anal ogous conpound raaza-
1- tetraetljsydseg/cl ot etradecane and anal ogous corrpounds Figure 16

NN -(2'-dineth Iphos hi noet h propyl enedi am ne_and anal agous 25
conmpounds Fi gH%@!tS 1°f QU?IQ(AH% wylated d}yo ak thenformatioy ofndl agous

C°”p‘z’”?3??%%‘9*#?@53*34‘95&%§ﬁlgﬁ%§§3§ﬁ§ﬁ& feal R Bt RIS o e
and angl fsg;bueom asEmlg} mﬁz&hﬂ&nnqbutatl()ﬂalmopbls tiyt the b@lb\)latgahftitﬁ- )1

am_no] pro am a a Qu unds i gure
oy o unPt PR FAPEEHORSAE VAL Gorelste A Bk 1SR AFBESOORA ne
(d)z2]a (ﬁ@&nﬁféﬁl\@ﬁi’%ﬂqw ‘M‘%lo%bﬁusry@teﬁl% VeRad¥dre (silroﬂ«rl the binding

l-tetraaza-1,4 1 -tetrabicyclo[3.3" 1] non-3-ylcycl otéefra decane) (Adj)2
and anal ecpms ﬂmnpmjﬂ@bf iFisghatgthe Ergaﬁh:nnuheude will interact with the metal ion of

1,4,8,11-tet -1.4 t et
L & e TR pes B o A e SuBL R SrhIRfdRE abitity, of the ppeanic
p- ( Phos phneaRs ikt ekl o feiatioh 281 %wamﬁffék@nﬁwgmwﬁﬂolem RGNS

com@ounds Fi gure 25 2-am no-N-(2- am no- 3-(4-
phos phonbehavpy [Byhesying ﬁh@p@wcynamwgq theheays pf &rﬁm@y@ et | camplrsges
ethyl - 3- giﬁl Y hc%ﬁﬂngfe'ao% @XA&Q&‘&&' %&&QQ?Eedgtablhty of the complexes and the

structure of the complexes can be made. The relative stabilities of a representative
survey of organic compounds is shown in Table I while the heats of formation for the

metal complexes are shown in Tables II-VIIL

15 Table I. Heats of Formation of Organic Compounds
Compound AH (Kcal/mol)
2,3,2-tetramine -18.24

20 2,2 2-tetramine -17.09
3,3,3-tetramine -32.70
2,3,2-methylated on N1/N4 -13.81
2,3,2-methylated on N2/N3 -10.35
2,3,2-piperidine -32.47
2,3,2-piperizine 433

25 2,3,2-tetra sulfur -26.25
cyclam -15.65
cyclam-methylated 18.73
cyclam-adamantane -40.02

30 Table II. Heats of Formation of Copper Complexes



15 and anal agous conpounds Figure 26 2,2'-di am no

(bis-N, N -pyridyl net hyl ) bi phenyl and anal agous conpounds Fi gure 27

2, 2" -di amvoagioss4\N - pyri dyl met hyl ) - 6, 6' - di net hyl bi phenyl pamdiSoamaBagous
conmpounds 20 Figure 28 2,2'-diamno (3s-N N -quinil Yl nethYl)bi phenYl and
anal agous i conpounds Figure 29

[ (3, 5- d| razol yl)methyl ][ 2- (2-{ Q@ﬁﬂ’ hyl pyrazol yl)
nethyl]a éﬂﬁgnyl)phenyl]anlne and ahés ggﬁénpounds Figure 30 2-{
[(2-{ 2-[(2-pyridyl nethyl am no] phenyl} phenyl)am no] net hyl } phenol and
anal agous conpounds 25 Figure 31

2- g{ [ 2- (QuBZhtatramiypheny| ) met hyl ] ami no} phe#dA-Ybhenyl ] ani no}  net hyl ) phenol
and anal ounds Figure 32

4- get hyl ng%[s% %%ggj ¢ 2-pyri dyl met hyl ani no] phe nyq }-

phenyl )a@hg TRk henol and anal agous coppoumds Figure 33

3-nitro 2-{2- 2 pyr| | met hyl am no] ph phenyl ) am no]
met hyl }pﬁé%cﬂz -Beth ‘l:orrpounds 30 W& ‘6%9%51348 PCT/ US02/ 40732 36

Figure 3 enbglc? 'I:gteciolif\l%ﬂ{t’z [ (2- pyri dyl rref,'b% m no] phenyl } - phenyl ) am noj

met hyl } p ana agous conpounds Figure
2, am no-Gul; xmﬂ@bﬂmph@mmmmyl phenyl ) - N- (2- 20269

[ benzyl am no henyl } ropam de and an #@ us conpounds 5 Figure 36
Manganes@‘l@?] iSOpf %&éfﬁ@ NN - qui ni |yl rre? ??bl phenyl)(Cl)2 and

anal agou 1 /K337 lron 314.0

(44ghl org %@??gﬁ?%, [(2- pyr| dyhnet hyl am no] phenyl }-

phenyl ) a@uad, asttamieliphienol ) (A ) 2] A and anal@y®us conpounds Figure 38

Vanadi u i am no(bis-N, N -pyridyl meth phenyl )Cl2 and 10
anal agozbgéeﬁaz%ﬁ%%@ é}gre 39 Gadol i ni um 19 84
(2, 2" - di ggirmtbegzyMitdd - pyri dyl met hyl) bi pheng8).@ 2] CI and

Cu 2,3,2-piperidine 255.10
Cu 2,3,2-piperizine 288.68
Cu 2,3,2-adamantanc 269.53
15 Cu 2,3,2-methyls on carbons 5/7 - 22745
Cu 2,3,2-tetra sulfur 21042
Cu cyclam 260.20
Cu cyclam-methylated 298.97
Cu cyclam-benzylated 405.60
20 Cu cyclam-adamantane 254.55
Cu cyclam-isopropyl 271.59
Cu cyclam-S4 207.15
Cu cyclen 285.10
Cucyclam 3,33 245.28
25 Table II1. Heats of Formation of Iron Complexes
Compound AH’ (Kcal/mol)
Fe 2,3,2 12.16
Fe2,22 37.16
30

Fe3,33 -1.39



anal agous conpounds Fi gure 40 Chrom um

(2-({[2-(2-{[ 2- hydr oxyphenyl ) net hyl ] am no} phenyl) phenyl] am no}

met hyl ) phwoaBp&I3¥2] C1L and anal agous conpounds Figure 41 Sekenmsoz/e76f 2, 3, 2,
tetram ne structure; 1,3bis-[(2" -am n®ethyl)- 15 am no] propane Figure 42
Ef fect of Sperm dine on D azoxi de-induced Bacterial Inactivation Figure 43

Ef f ect , 2-pi.peri di n D azoxi de-1nd d Bacterial Inactivation

Fi gure ?frf éjé'&?tﬁﬂgtegf’gl,l\gﬁg%i di ne on Di a26>g<|‘;‘i e- I nduced Bacteri al

| nact i vaid o9 Jibgidi® 45 Effect of 2,3, 2-di Cs#B2®n Di azoxi de- | nduced
Bacterial T'mactivation 20 Figure 46 Effect of Cyclam Adamantane on

Di azoxi die-2,hatpieagizBect eri al | nactivation DESER PTI ON OF PREFERRED

EMBODI N&NI 25 HEATS OF FORMVATI ON Anpbng t hegkgasons for the selection of
corpoun sﬁ%s’%)’zﬁga‘&g%amf or these fornmulati on?'é?e the results of a series of
cal cul atpeons Jufidthgs beatboad 5/or mati ons of t/# nol ecul es. The rel ative
stabilities of the conpounds were determ niésj n order to predict which
woul d | die.33-tetresulist stabl e netal conpl ex¥swhen they react with 30

met al SV@%@' g‘gﬁcopper, cobalt, iron, zinc, gagm um mnmanganese and chrom um
These FUB1348 PCT/ US02/ 40732 37 metal’s are of particul ar interest due
t o t hei rFd ¢yptuni-artgldted neur ol ogi cal and ot h€9.53di seases. Heats of formation

(AR )are_cal cul ated by | ooking at the formti of a conpound fromits
cafiem e

const i t USHEY € ower the heat of fol on, the nore stable 5 is

t he conpgy | nption in this conmputggipgnal work is that the

calcul at edé}%(laagg-g%p%???or mation for the conplexes will correlate with the
abi1ity X cychan-S#gani ¢ conpound to conpl ex!3¥h netal ions in biological
systens._The,nore strongly the binding occy the nore likely it is that
the orgdifi @M ecule will interact with the fetal ion of choice. There are
ot her fagd @fckank Bat3 enter into the actual bi-3di78g ability of the organic

nol ecul es, 'but heats of formation hel p suggest how different organic

nol ecul es m ght

Table IV. Heats of Formation of Zinc Complexes

15 Compound AH’ (Kcal/mol)
Zn232 355.75
Zn2272 35245
Zn 3,33 328.73

20 Zn 2.3,2-methylated on N1/N4 336.55
Zn 2,3 2-isopropyl on N1/N4 316.18
Zn 2,3,2-isopropyl on N2/N3 330.81
Zn 2,3 2-tetramethyl 351.00
Zn 2,3,2-benzlyated 478.96
Zn 2,3,2-piperizine 351.70

25 7Zn 2,3 2-methyls on carbons 5/7 342.21
Zn 2.3 2-tetra sulfur 329.15
Zn cyclam 358.25
Zn cyclam-methylated 388.64
Zn cyclam-benzylated 485.39

20 Zn cyclam-adamantane 347.52

Zn cyclam-isopropyl 330.81



10 behave. By varying the organic nol ecul es, the heats of formation for the
conpl exes can be conpared and correl ati ons between the stability of the
conpl exesweard/os13@¢8 structure of the conpl exes can be nadePCThsor/el7at i ve
stabilities of a representative surv#y of organic conpounds is shown in
Table | while the heats of formation for the netal conplexes are shown in
Tables 11-VIII1. 15 Table |I. Heats of Forma§§§940f Organi ¢ Conpounds
Conpoun@nRB‘FIPK"c‘§. hnol) 2,3,2-tetrani ne -18: 20 2,2,2-tetramine -17.09
3,3,3-tetram 2.70 2,3,2-nethylated ogsNgdN4 -13.81 2,3, 2-net hyl ated
on N2/ '\ghc?gi'aglg.’».’»% 3,2-piperidine -32.47 25 2,3, 2-piperizine 4.33
2,3,2-tetra sulfur -26.25 cyclam-15.65 cyclamnethylated 18. 73

cycl am t ape, - 02 .Tabl.e.H t mati on of Copper Conpl exes
30 WO o%dﬂgﬁgﬂgq@éﬁ%&%ﬁ%aﬁ’ﬂ?é’ﬁi‘%%g%pé&ﬂnh“g"gﬁ (Kcal I mol)  Cu
293,2-tetramne 244.10 Cu 2,2,2-tetramne 252.36 5 Cu 3,3, 3-tetram ne

224.16 Cu 2,3,2-nethylated on N1/ N4 243.98 Cu_ 2,3, 2-nethylated on N2/ N3

241. 42 Coepu@d?2-i sopropyl on N1/ N4 20t ad&cal@od 3 2-i sopropyl on N2/ N3
250. 17

Mn23,2 266.79
Mn 222 235.44
Mn 3,3,3 194.42
10 Mn 2,3,2-tetra sulfur 264.50
Mn cyclam 215.97
Mn cyclam-methylated 198.40
Mn cyclam -S4 248.57
Table VL. Heats of Formation of Cobalt Complexes
15
Compound AH’ (Kcal/mol)
Co232 -1250.81
Co222 -1236.41
20 Co03,3,3 -1265.92
Co 2,3,2-methylated on N1/N4 -1269.13
Co 2,3,2-piperidine -1300.69
Co 2,3,2-adamantane -1250.92
Co 2,3 2-methyls on carbons 5/7 -1268.45
Co 2,3,2-tetra sulfur -1258.52
2 Co cyclam -1187.9
Co cyclam-methylated -1265.64

Co cyclam-isopropyl
Co cyclam -S4 -1265.56

Table VII. Heats of Formation of Cadmium Complexes
30



Cu 2,3, 2-dibenzyl on N2/ N3 314.08 10 Cu 2,3,2-tetranethyl 273.85 Cu
2,3,2-tetrai sopropyl 229.83 Cu 2,3, 2-benzylated 380.10 Cu

2, 3, 2- pi papiodions4255. 10 Cu 2, 3, 2-pi peri zi ne 288. 68 Cu 2pgrarsazavant ane
269.53 15 Cu 2,3, 2-nmethyls on carbons415/7 227.45 Cu 2,3,2-tetra sul fur
210.42 Cu cyclam 260.20 Cu cyclamnethylated 298.97 Cu cycl am benzyl at ed
405. 60 0 Cu cycl am adamant ane 254.55 cycl | sopropyl 271.59 Cu

cycl am S4OTIPPH Cu cyclen 285.10 MCM??)STS 245.28 25 Table M
Heats of Formation of Iron Conpl exes Conpound AFl (Kcal/fnol) Fe 2,3,2
12.16 Fe 2,2,2 37.16 30 Fe 3,3,3 -1.39 WD 03/051348 PCT/ US02/ 40732 39 Fe
2,3, 2-meCadBk ed on NI/ N4 -8.19 Fe 2,3, 2-pa%Pedli dine -54.23 Fe

2,3, 2-pi iz ne -18.51 Fe 2,3, 2-adamant ang,;-ak9. 16 5 Fe 2,3, 2-nmethyls on
cagbons @&§=2? 99 £01'0109

Cd33.3 382.04
Cd 2,3,2-isopropyl on N1/N4 366.86
Cd 2,3,2-isopropyl on N2/N3 376.40
Cd 2,3,2-piperidine 374.06
Cd 2,3,2-adamantane 35451
Cd 2,3,2-tetra sulfur 357.79
10 Cd cyclam 411.95
Cd cyclam-isopropyl 376.40
Cd cyclam-S4 356.13
Table VIII. Heats of Formation of Chromium Complexes
15
Compound AR’ (Kcal/mol)
Cr232 398.73
Cr 2,3,2-isopropy! on N1/N4 379.87
Cr 2,3,2-piperidine 403.22
20
Crcyclam 399.99
Cr cyclam-isopropyl 430.05
This tabular data can be analyzed by comparing the various structural features
of the molecules as in examples 19 to 24 below.
PREPARATION OF THE INVENTION COMPOUNDS
25
There are numerous compounds described in the invention but in general, the
invention
compounds are obtained by converting the starting di- or tetramine of the formula:
A variety of reactions were used to prepare the compounds. Compound 1 was
30

prepared via a nucleophilic substitution reaction followed by conversion of the free



Fe 2,3,2-tetra sulfur 87.39 Fe cyclam-5.75 Fe cyclamnethylated -69.53
Fe cycl am adamant ane -92.82 Fe cyclamisopropyl -83.02 10 Fe cyclam $4
137.13 Peoapobsms 17. 76 Fe cyclam 3,3,3 -31.73 Tabl e | VPCHAm0E 40082
Formation of Zinc Conpl exes 15 Conpowtd Alrl (Kcal/nmol) Zn 2,3,2 355.75

Zn 2,2,2 352, 45 Zn 3,3,3 328.73 20 Zn 2,3,2-nethylated on N/ N4 336. 55 Zn

2.3 2t ottt el pafly et &% & ARy IR aBDLLHS e SHIRE, 7T
351. 70 2hallde, % Beaah(ﬁfﬁfohyge‘ﬁeﬂh mwonﬁcﬁﬁﬁouﬁé& also #voRed, 2 ruelebphiticl| f ur

329.15 Zn cyclam 358.25. Zn cycl am rret hyI ated 388.64 Zn cdycl am benzyl at ed
485. 39 zvbsaéaoarfﬁ%fa@ﬁnﬁ%ﬁmes esi basts Soluliape With a SEYsciop/denratection wo

03/ 051348, REFLLIA 0TS in A0 LENE! B S 3o HouNoHELAT Paricds 351 89

Ta le V ormation o ganese
could be exploited to alkylate tetramines.

Compounds 3 and 4 were synthesized by having 1,3-diaminopropane serve as
the nucleophile with displacement occurring on the o carbon to the piperidine or
piperizine. The P position is particularly susceptible to nucleophilic attack in
molecules of this type. Other heterocyclic moieties could be added in similar fashion

10 starting from the appropriate B-ethyl heterocycle in this fashion.

The theme of using amines to attack alkyl halides in nucleophilic substitution
reactions was also exploited in the formation of 6 and 14. The 1-position in the
bromoadamantane is much more reactive than expected and so the adamantane moiety
could be added to numerous amines in this fashion. Compound 7 involves a novel
preparation of an existing compound as we reversed the nature of the nucleophile and
the electrophile to lead to high yields of the product. In the case described, the 1,3-

substituted portion is the alkyl halide while the amine is used to form the terminal

15

nitrogens.

Compounds 8 and 9 were prepared using substitution reactions rather than the
previously reported (for 8) imine formation reaction followed by a reduction. The o-
20 carbon on the pyridine ring is extremely reactive due to resonance stabilization of any

intermediate formed. This is a general approach and numerous other aromatic
heterocycles could be added in this fashion.

We have continued the take advantage of nucleophilic substitution reactions to
prepare 11 with the electrophilic 2-chloroethylamine. Once again, this scheme
illustrates the extreme reactivity of the PB-carbon on amines when used to do

5 substitution reactions. 2-chloroethylamin§ could be added to many amines to form
other tetraamines including many that are not symmetrical.

Compound 13 was prepared in a fashion similar to that used to synthesize 3.
The starting amine here is the macrocyclic cyclam. This reaction illustrates the power
of using macrocycles in these schemes as the substitution led cleanly to the tetramine.
Compound 15 was prepared under strongly basic conditions using the anion of the
cyclam as the nucleophile attacking an alkyl halide. Certainly any primary alkyl halide

30
could be substituted in this sequence. Phosphine also can be incorporated into these



5 Conmpound AH (Kcal/mol) M 2,3,2 266.79 WM 2,2,2 235.44 Nh 3,3,3 194.42
10 W\n 2,3,2 tetra sulfur 264.50 WM cyclam 215.97 WM cycl am net hyl at ed

198. 40 Mwoagobeus - S4 248.57 Table VI. Heats of Formati orCafus@ieBb:

Compl exes 15 Conpound 4H (KeaUrmI) G 2,3,2 -1250.81 Co 2,2,2 -1236.41 20
-1265.92 3,3,3 Co Co 2, 3,2-nethylated on N1/ N4 -1269. 13 Co

20312 D B0 b3y o PO 13EfcBGoq g ugors. !

cyc: am éél%&ﬂhg%n/ﬁdg@}(ﬂﬂ %ltlheﬁeé Bttiigesith 42 6Mmitd TG raytidracotild bpusalén Co
cyclam - 1265.5 Table VI|, Heats of Formation o dm um Conpl.exes 30
VO 03/ 05AmyAmumier) efganings gavsredsin @nprienta Hps Vv(%é)ﬂnﬁrfelv & & preparhiion bt

compound 17 where oxygens were incorporated into the intemal positions of the
> molecule.

Compounds 1-17 can be used to make metal complexes. Examples include the
preparation of the vanadium complexes 18, 20 and 22 where 2,3 2-tetramine is
converted into their vanadium complexes by treatment with a vanadium precursor.
Compounds 19, 21 and 23 were prepared in similar fashion starting with a chromium
precursor. Any number of metal complexes such as copper, cobalt, iron, manganese

10 could be prepared from any of the compounds 1-17 by treating these compounds with
the appropriate metal salt followed by isolation of the metal complex.

Compound 24 is a tyrosine phosphatase inhibitor molecule that was prepared
inthis work. It has also been attached to polyamines via a protection-substitution-
deprotection sequence resulting in islation of 25 and 35. These novel compounds
include both the polyamine backbone portion along with the tyrosine-phosphate
15 portion.

Compound 26 incorporates the biphenyl moiety into a polyamine compound.
This compound is prepared by a nucleophilic substitution reaction of the biphenyl
precursor with the chloromethylated pyridine. The o-position of the heterocyclic
pyridine is particularly reactive and we take advantage of this fact in the synthesis of
20 26.

The related compound 27 was prepared in a two step process by first fonniﬁg
the imine that is isolated and purified followed by reduction. This two step reaction
sequence is also used to prepare 28, 30, 31, 32, 33 and 34 from the appropriate
substituted heterocycle and the substituted biphenyl. Large numbers of other imines
could be formed and converted to the desired amines using a similar sequence of steps.

23 Compound 29 was synthesized by an unusual nucleophilic substitution using a
hydroxy group as the leaving group from a hydroxymethyl pyrazole in its reaction a
substituted biphenyl.

Compounds 36 — 40 are metal complexes prepared from the compounds
described above. These Mn, Fe, V, Gd and Cr complexes are representative of the
utility of compounds 24 — 35 as electron donors to metal ions. Numerous other metal

30
complexes could be prepared.



Cd 2,3,2 393.21 Cd 2,2,2 401.00 5 Cd 3,3,3 382.04 Cd 2,3, 2-isopropyl on
Nl /N4 366.86 Cd 2,3, 2-isopropyl on N2/ N3 376.40 Cd 2, 3, 2-pi peridi ne
374.06 Ga02385B4mdanant ane 354.51 Cd 2, 3, 2-tetra sul f ur PEFUSAD4aB2 Cd
cyclam 411.95 Cd cycl amisopropyl 378.40 Cd cyclam S4 356.13 Table VIM
Heats of Formation of Chrom um Conpl exes 15 Conpound Al (Kcallnmol) O
2,3,2 398.73 O 2,3,2-isopropyl on N1/ N4 379.87 20 Cr 2, 3, 2-pi peridine
403.22 Cr cyclam 399.99 O cyclamisopropyl 430.05 This tabul ar data can
be anal yzed by conparing the various structural features of the nolecul es
as in exanples 19 to 24 bel ow. PREPARATI ON OF THE | NVENTI ON COVPOUNDS 25
There are nunerous co unds described-in the invention bugsin general, the

i nventi on conpounds ar¢ obtained by converting the starting di- or
tetram ne of the fornmuyfa: 30 A varie of reaqctions.yere uged to prepare

t Ae conpounds. qugpuﬁ C S titution
reaction foll owed 'y con

amine to its HCO salt. The am ne @cts as the nudl eophile I n displacing the
di-alkyl halide, a reaction of géneral utilityRs4Conpound 2 also involved a

nucl eophilic substitution reaction, this tine done in basic solution with
a protection/deprotection '

or

10 Rs

15

20 (where A and B equal hydrogen or alkyl and m, n, and p may be the same or different)

to the corresponding N-substituted compound by treating these compounds with an
alkyl halide under conditions that affect the conversion.
Ry, Ry, R, Ry, Rs, Re, Ry, Rs, Ro, Rio, Ru1, Ria, Rus, and Rys, may be the same or
different and are hydrogen, alkyl, aryl, cycloalkyl, amino acid, glutathione, uric acid,
ascorbic acid, taurine, estrogen, dehydroepiandrosterone, probucol, vitamin E,
23 hydroxytoluene, carvidilol, o-lipoic acid, o-tocopherol, ubiquinone, phylloquinone, B-
carotene, meanadione, glutamate, succinate, acetyl-L-carnitine, co-enzyme Q,
lazeroids, polyphenolic flavonoids, homocysteine, menaquinone, idebenone, dantrolene
~(CH),[XCH,)o]NH, - wherein n = 3-6 and X = nitrogen, sulfur, phosporous or
carbon, or heterocycle wherein Rs and Ry taken together are (CH,XCH,),- wherein n

= 3-6 and X = nitrogen, sulfur, phosporous or carbon.
30



sequence al so involved in the synthesis. The use of acetyl groups to
protect the amines 5 could be exploited to al kylate tetram nes. Conpounds
3 and 4 woaspythesi zed by havi ng 1, 3-di am nopropane ser PETAS02/4(182

nucl eophil e with di spl acenent occurri4fg on the a carbon to the piperidine
or piperizine. The O position is particularly susceptible to nucleophilic
attack i I i (=38 d be
added i VBTGP PEERP e Sy S Eerch afl aCbRUARY Gl PR EHY 16

het er ocylrbm 3-h2 cdrbensf ashi on. The thene of using amines to attack al kyl
hal i des {,n_nugl eophi i c substitution. reactions s also exploited in the
for mat i oft! Bt zgﬁg%ﬂf‘“ﬁﬁ’g(’f- RIFRG and ﬂgen’ﬁwmmflﬁ CqOMhch nore
reactive than expected and so the adamantine noiety could be added to
nugerous amnes in this fashion. Conpound 7 involves a novel preparation
of “an exfetardigelyoippiasandaspart theinyesien is Hireeted tor compfoundeofithe foasmvld: | e and 15
the electrophile to lead to high yields of the product. In the case
described, the 1,3- substituted portion is the alkyl halide while the am ne
is used to formthe termnal nitrogens. Conpounds 8 and 9 were prepared
usi ng substitution reactions rather than the previously reported (for 8)
imne formation reaction followed by a reduction. The a- 20 carbon on the
pyridine ring is extrenely reactive due to resonance stabilization of any
internediate forned. This is a general approach and nunerous ot her aromatic
het er ocycl es coul d be added in thig fashiong W have continued the take
advént age of nucl eophilic substitu “ons to prepare 11 with the

el ectrophilic 2-chl oroet hyl am ne. n, thiks schene illustrates the
extreme reactivity of the J3-carbon gr=amy\nes whgh used to do 25
substitution reactions. 2-chloroethyl am ne\coul d| be added to many am nes to
form other tetraam nes incl Mrg—Xpny t hatXareXaot synﬁntrical. Conpound
13 was prepared in a fashr simla t used\o nt hesi ze 3. The

t he power of using macrocycles in ese s{henes as|the substitution |ed
cleanly to the tetramne. Conpoung 15 was epar edyunder strongly basic
conditions using the anion of the 3) cyclan1§s t hgZ nd¢l eophil e attacking an
al k1 halide. Certainly any primry alkyl hal i dR,” coul'Rgbe substituted in
this sequence. Phosphine also can be incorporated into these WD 03/051348

PCT/U802/407$2
Wherein

R;-R4 may be the same or different and are hydrogen, alkyl, aryl, cycloalkyl, hydroxyl,
thiol, amino acid, glutathione, phosphate, phosphonates, uric acid, ascorbic acid,

20 taurine, estrogen, dehydroepiandrosterone, probucol, vitamin E, hydroxytoluene,
carvidilol, a-lipoic acid, o-tocopherol, ubiquinone, phylloquinone, B-carotene,
meanadione, succinate, acetyl-L-carnitine, co-enzyme Q, lazeroids, polyphenolic
flavonoids, ((CH,),[XCH,),]NH, - wherin n = 3-12 and X = nitrogen, sulfur,
phosporous or carbon, or heterocycle wherin R; and R, taken together are —
(CH,XCH,),- wherin n = 3-12 and X = nitrogen, sulfur, phosphorous or carbon.

25 Rs and Rs may be the same or different and are hydrogen, alkyl, aryl, cycloalkyl,
hydroxyl, thiol, amino acid, glutathione, phosphate, phosphontes, uric acid, ascorbic
acid, taurine, estrogen, dehydroepiandrosterone, probucol, vitamin E, hydroxytoluene,
carvidilol, a-lipoic acid, a-tocopherol, ubiquinone, phylloquinone, 3-carotene,
meanadione, succinate, acetyl-L-carnitine, co-enzyme Q, lazeroids, polyphenolic
flavonoids, or heterocycle wherin R; and R, taken together are (CH,XCH,),- wherin n

30 = 3-12 and X = nitrogen, sulfur, phosphorous or carbon.



43 nol ecul es as been done for Conmpound 16. This nol ecul e was prepared via
the use of an addition/reduction sequence starting wwth an amne. This
reacti on wouwBdsises used on any nunber of am nes covered i rCrhise2/pEseEnt .
This was done for the preparation of 46conpound 17 where oxygen were
incorporated into the internal positions of the 5 nolecule. Conpounds 1-17

can be used.to nake tal compl exes., Ex es, | epar ati on of
t he vanBapidhiRe B Sigsworfgggﬁﬁ%%@@)%&aagﬁr gﬂ’?’a‘%ﬁ nzellkpg convert ed
into the NASHIUh SRRl & XR%athiynd, pRapIBRL phdsphorte; ariadtidnasporbizur sor .
Conpounggdr?@’gl?dlé% 23 wérée pr enarpgd in s?m’ ar, fashjon starting with a
chr oni uevidpieesing, ssirogeAndehydiespiendipsterong, prebuesl. cvitana ks RYFOXEBIUERE cobal t,

{rat | nguE LoD ocBRYEAHds oroeRPreR RO PRI lE. ERRRUE> 5T Y
i 9ol ati gp.g ‘116&6 sﬁﬁ%ﬁt%'te, Gl XamfPRRPeI atkyRf O Sazerbids,goiyphedies phat ase

i nhi bitor nolecule that was prepared inthis work, It h al so been

at t achedavonapds, yEH DX CH M Hpr thedin nom3-42 884 X ThitosendB ot ect i on sequence
resulting in islation of .2 n . i nclude both the
pol yani RECHPRERBGhER 8?1‘?%’3%5& glge%va\}e&q%ﬁdg‘d?% Oseln;tgé_ pﬁos%gf\at e 15 portion.
Conpou n@Cﬁ?XCHQBI RAéRd 85 3-IPakd Kiremyrbgem swlivyr, phnsphmommme conmpound.

b1 bheny Ko ipmalsogesbrlko. el evslceip H ARy a6 A i IRRIEES. o0 £ on o
bi phenyIRe 1pp¥EE0gae RIKK), BFY! { diion a- position o
the hel of 06Yell GgsBHdiL Ao SidPREbiBRUA liriieaGkiogen and we take advant age

pfxgc;%ﬁ I %g synthesi ?&l;b f F

of,fhi's hesi's © 0 26.” The telated conpound 27 was

prIEpar edehytirdepiamirsdt@Png pestassl, bytafnin Bf hydooxyitolgend, barvidilohe-tiprie i s i sol at ed
and purified foll owed by reduction. This two step reaction .sequence is

al so usedid e-focepharel, pgiqumene, phyllapiinons, Bngarotmes aﬁwgerasgfs%%% at e

substituted. heter.ocycle an h tJ 1 fdgs. Large nunbers of

ot her i fFAEs -cggﬁﬁraéfgg-e n%@’%ﬁ%ﬂg%hé%ﬁ%goﬁ%ﬁt ﬁe (fes’si red amines using a
si mi | ar (EegyECH,fNISS epberin 25 3QMiK ¢ r@@ogems swlfuns phespareds dycatenunusual
nucl eophi li'c substitution usin

by i ooy eteragd ey eroN s and Hatdhndagatnes o CEpSL Ry B Ao prd 1P 11O

X = nitrogen, sulfur, phosphorous or carbon.

15 )
X;-X, may be the same or different and are nitrogen, sulfur, phosphorous or carbon.
or
20 Rs
Ry Rs
O l\/(GHz)nm Ra
Re N RaRs
Re __(CHRIR,
25
(CH5),R3R4
R10 R12

R11

30



Conmpounds 36 - 40 are netal conplexes prepared fromthe conpounds
descri bed above. These M, Fe, V, Gd and G conplexes are representative of
'It\lnrere uti Iw%}smls@?n})ouggs 24 - 35 as el ectron donors to meCalvSonme32

rous ot her neta conpl exes cowll d be prepared.
PCT/ US02/ 40732 44 2 5 N NrrpRll X~ ~' X2 R6 IIC\)/InIOP R3 \I/?\? Og/r 0?(%3% R5 R7
R4 ;\NRL'R2Z RB NN: N N15 R13 "R3 RO Rl12 Rlo R11 20 (where A and B
equal hWheEf’g%n or alkyl and m n, and p may be the same or different) to

t he Cor R @&eb difieRPhrROAD BRIz alky B atylngcloa drgxgnds wi t h
an al ky %th' e under conditions that %fecltkyt htey g%,nve??r:’éq RllJ R2, RS,
1Eh

§|4f f eR;% ﬁfm argﬂmam,pﬁmm@mazalrﬁ Srhimethrlpyrazgleg e same or
ent a r

g a phaen 4o raengtagd S pbdheiterd oy ¢41§r§$#%§*°ké‘§°f AR A0

dé hydr Oﬁ{émré}ﬁﬁlg rRJdeoxyP gmﬁ@he phbgﬁmmpﬁsp&naféﬁ hxydamd,}asmrbwne

carvi di a’lipoi ¢ acid, a-tocopheral, ubiquinone,
car ot enegidytaarieg |eﬁmen,glehy@{m@ndrgﬁéwpﬁdftr%bma e‘f‘W“‘E Eg QY# @1 n% 1) " g 2 gy me

ebenofiidiahePBpdhac: rpoymii Bhidtinop PRAKBLRGRE b BROgAK! T00S,
Fakent AuaRDA sudlif zxﬁgi*‘ﬁﬁ‘a"h“é‘?éf‘ﬁ“?ﬁ‘e Qansradygobperie n 7o and £
flavonoids, —(CHz)r&)(CHz)n] , - wherin n = 3-6 and X = nitrogen, sulfur,
phosporous or carbon, or heterocycle wherin R and Ry taken together are —

10 (CH,XCH,),- wherin n = 3-6 and X = nitrogen, sulfur, phosphorous or carbon.

Rs and Rs may be the same or different and are hydrogen, alkyl, aryl, cycloalkyl,
hydroxyl, thiol, amino acid, pyridine, pyrazole, 3,5-dimethylpyrazole, imidazole,
quinoline, phenol, 4-X-phenol and 5-X-phenol where X = chloro, bromo, nitro, methyl,
ethyl, methoxy, amino, hydroxy; glutathione, phosphate, phosphontes, uric acid,
ascorbic acid, taurine, estrogen, dehydroepiandrosterone, probucol, vitaminE,

15 hydroxytoluene, carvidilol, a-lipoic acid, a-tocopherol, ubiquinone, phylloquinone, B-
carotene, meanadione, succinate, acetyl-L-carnitine, co-enzyme Q, lazeroids,
polyphenolic flavonoids, or heterocycle wherin R; and Ry taken together are —
(CH,XCH,),- wherin n = 3-6 and X = nitrogen, sulfur, phosphorous or carbon.

Rs-R;, may be the same or different and are hydrogen, alkyl, aryl, cycloalkyl, hydroxyl,
20 thiol, amino acid, pyridine, pyrazole, imidazole, quinoline, phenol, 4-X-phenol and 5-
X-phenol where X = chloro, bromo, nitro, methyl, ethyl, methoxy, amino, hydroxy;
glutathione, phosphate, phosphonate, uric acid, ascorbic acid, taurine, estrogen,
dehydroepiandrosterone, probucol, vitaminE, hydroxytoluene, carvidilol, a-lipoic
acid, a-tocopherol, ubiquinone, phylloquinone, -carotene, meanadione, succinate,
acetyl-L-carnitine, co-enzyme Q, lazeroids, polyphenolic flavonoids, —
(CH,)o[XCH,),]JNH, - wherin n = 3-6 and X = nitrogen, sulfur, phosporous or carbon,
or heterocycle wherin Rs and Re taken together are —(CH,XCH,),- wherin n = 3-6 and

25

X = nitrogen, sulfur, phosphorous or carbon.

N is an integer with values from 0-10.

30 There are also instances where some forms of 2,32-tetramine need fo be

protected prior to adding on the various groups as is true for 2 and 6. For the cyclam



= 3-6 and X = nitrogen, sulfur, phosporous or carbon. 30 WO 03/051348

PCT/ US02/ 40732 45 M n, and p may be the sane or different and are

bri dgi ng womajpsi3es variable length from 3-12 carbons. Xt pamsSK24am8y be t he
sane or different and are nitrogen, s#lfur, phosporous or carbon 5
Accordingly, in a second aspect the invention is directed to conpounds of

the fornul a; S . 7 \i R= ndher ei n
R ra myPpolshBlegmtoppil Ao (Sieudd wie BEncrdny A tp gy
cycl oal kphpotidly (@ayipounds0dl5). ami no acid, glutathione, phosphate,
phosphonates, uric acid scorbjic acid I ne, rqgge
dehydr oepi apcﬁ%@ﬁ%ﬁ@a 3?&@(%30&’I%ﬁﬁ’a’rﬁ’ﬁgéﬁ%agﬁi%ug‘?fﬁ’ 20027 di 1 of :
a- | 1 POl 0559, Chy, 33,100 IBIRY 91, 361199 Ut 0 BopaRtkih HAGHHBATL fof drGmsaiae,
meanadi 0n&, ’suécinaf e, "aéet’yl -L-carni ti ne, co- e\rll\lz%rre Q | azeroids,
pof y pher@f the knéwa wongiodsds des@HR MeXCHRFNBNASB, 10k A2l 5 26, 30, 32) have X =
nitrogen, sulfur, . phgsporous.or carhaon het er.ocycl rin R and R2
taken t (§ER REGPRLHdgn 2 %ﬁ}fﬂéﬁ?}f? anﬁx] g q{éx?ﬁf_m%ﬁ?g %%1 ' %I%%Aﬂfe{%’fée ™ sul fur,
PhoSphorQURicl nfad§ H@Ahe &6 §dovRedray tHeeinvéifionad® not usid dses@mipland are
hydrogen, al kyl, aryl, cycloal kyl, hydroxyl, thiol, amno acid,
gl ut at hihawe popbessienaced gsrydistromndowill be prepared as pars ebthis wventiondor theur i ne,
estroge tdtehgdroepi andr ost erone, probucol, vitam n E, hydroxytol uene,
carvi di '8 "™™8%1 i poi ¢ acid, a-tocopherol, ubiquinone, phylloquinone,
(3-carot ene, THEBASHoaiPund USChisfQe-andaaihyil-dmiwipropines 1, eas @repane Q
| azgr oi ds, fggl‘yph.en.ol i c  flavanoids, or het erocl);cl e \rlﬁgri R3 and. R4 taken
t oget heringrfashiprspibars thahfendin thesbiterature (Y ag Aphend. %g’éﬂ‘:"e‘é% Fur,
phosphor,gy ?)ﬁgfnafﬂ{epa%}e p\l&aga%{ogﬁél?’ﬂx@p@@_ W§Q&1nﬁ%§t%igrﬂﬁcanﬂy reduced the

purity of the product. Subsequent preparations have taken a number of tacks to lead to

a pure product. We have eliminated this problem by developing a purification strategy

that works through the hydrochloride salt that leads to a single product of very high

purity.
15 In order to prepare the novel compound 2, ([2-(methylethylamino)ethyl](3-{[2-
(methylamino)ethylJamino}propyl)amine), protection of the more reactive terminal
nitrogens 1 and 4 as their acetyl derivatives was performed prior to methylation of
nitrogens 2 and 3. Deprotection of the acetyl groups with KOH led to the desired
compound.
20 Compounds 3 ((2-piperidylethyl)-{3-[(2-piperidylethyl)amino]propyl} amine)
and 4 ((2-piperazinylethyl)-{3-[(2-piperazinylethyl)aminojpropyl} amine) were made in
similar fashion through the nucleophilic substitution reaction of 1,3-diaminopropane
with 1-(2-chloroethyl)piperidine (to give 3) or 1-(2-chloroethyl)piperizine (to give 4).
Numerous other tetramines are accessible through similar reactions where the nature of
the amine is varied.
25 (2-aminoethy!){3-[(2-aminoethyl)methylamino]propyl}methylamine, S, is a
known compound (Barefield EX et al 1976) but was prepared in a novel way here.
The physical properties of our compound do not match those found in the literature but
the NMR data in the literature in no way fits the structure of the compound while our
NMR and mass spectral data are consistent with the formulation.

Compound 6, [2-(bicyclo[3.3.1]non-3-ylamino)ethyl](3-{2-(bicyclo[3.3.1]non-

30 3 ylamino)ethyljamino}propyl)amine and compound 14, 14,8,11-tetraaza-1,4,8,11-



R7 and R$ may be the sanme or different and are hydrogen, alkyl, aryl,
cycl oal kyl, hydroxyl, thiol, am no acid, glutathione, phosphate,
phosphonawe,030si3e¢8 aci d, ascorbic acid, taurine, estrogenPCT/US02/40732
dehydr oepi andr ost er one, probucol, vit#m n E, hydroxytoluene, carvidilol,
a-lipoic acid, a-tocopherol, ubiquinone, phylloquinone, a-carotene, 5
meanadi o : ' s LtLBe, = d : oi

pol yphena ToeHHREE Ron SR IgnIRRRle 1ok, pRusl A shmidr 48 DRt

ni t r ogengmematién (KrungtadspBAb Ut adr1968) bb ib-bramoddatrantny obith WeeapprofRiatand R6
t aken to%ﬁth rdaég - %CHZ CFZ),, wherin n = 3-12 and X = nitrogen, sulfur,
phosphor BCied 104, Bre Prg8ICISS” hy gr ogen, al kyl, aryl, cycloal kyl, hydroxyl .
thiol, amino @gnfoudd Ut a(fzbarﬁiaﬁethylgfimﬁ.@laﬁ{iﬁeeﬂghmﬁ@nﬁmhﬂﬁmﬁ}@rﬁirfé;
asgorbic acid, taurine, estrogen, 10 dehydro€pi androsterone,” probucol,

vitam n s hatr prepersidupreriovghir thraughokhe zeactipoi of Nali-tis(chlareassiybe?. 1t |

ubi qui no .0QUj-NO -cargt.en nagdi.one,,,sycci nat e
ace1(::I yl - Lﬂeg%ar?%??é"l é','e gﬂgﬁleg%lthﬁé%&nel %‘g%g&?pgﬁ%he%ﬁ ieV¥ Ipeﬁp@ﬁ%q &]%e -
( CH2) n[ X&aadouhtii2 a comlpbaidlp differe-whay BNEbISwingh bintle Procedbius thahespor ous or

carbon, _or heterocycle wherin R5 and R6 taken together are -(CH2XCH2)"
wherin nforcempoundy” 15 X = nitrogen, sul fur, phosphorous or carbon. Xl -X4

carbon. or OPRayHuhE) QARSI Ao el BotRRDERIID" s -
( CH2) nR3&vmpdahd bRl RaRfpibpai8d ba cadpd&dlg 4RTERET eoRtudOhaa that Tound in the
10

Jved

literature. Instead of making this compound via the two step process of a Schiff base
condensation of pyridine-2-carboxaldehyde with 1,3-propanediamine followed by a
reduction reaction (Fischer HR. et al 1984), we prepared it directly through a
nucleophilic substitution of picolyl chloride with 1,3-propanediamine. This results in
higher overall yields since we employ a one step process.

The preparation of the mnovel compound 9, methyl(3-[methyl(2-
15 pyridylmethyl)amino] propyl}(2-pyridylmethylamine, was performed in a fashion
similar to that used to synthesize 8. The product was of high purity and its analytical
data matched the desired structure.

Compound 10, [2-(dimethylamino)ethyl}(3-{[2-
(dimethylamino)ethyl]methylamino} propyl)methylamin, was prepared by the literature
20 procedure (Golub G. et al 1992.) and the synthesis resulted in a high yield of a pure
product. Although the literature did not supply physical data for the compound, our
results are consistent with the structure of the compound.

2-[3-(2-aminoethylthio)propylthio]ethylamine, 11, is a known compound (Hay
R.W. et al 1975) but was prepared by a novel procedure here. Nucleophilic substitution
of 1,3-dimercaptopropane with 2-chloroethyamine resulted in formation of 11 that had
2 physical properties similar to those reported.

The preparation of 1,4,8,11-tetraaza-1,4,8,11-tetramethylcyclotetradecane, 12,
was performed in a manner similar to that found in the literature (Barefield K. et al
1973). The analytical data for this compound matches that found previously.

Compound 13, 1,4,8,11-tetraaza-1,4.8 11-tetra(2-

piperidylethyl)cyclotetradecane, was prepared from cyclam through a nucleophilic
30



Wherein Rl -R4 may be the sane or different and are hydrogen, alkyl, aryl,
cycl oal kyl, hydroxyl, thiol, amno acid, pyridine, pyrazole,

3, 5-di nretwoloppssaol e, i m dazol e, quinoline, phenol, 4 -Xpomarsot/4@sd 5

- X-phenol where X = chloro, bronmo, nifro, methyl, ethyl, 5 nethoxy, am no,
hydroxy; gl utathione, phosphate, phosphonates, uric acid, ascorbic acid,
tauri ne, : I

hydr oxyt %ﬁielfr?g,gﬁ %é%r@%%q Sﬂﬁi?éﬁa %@B?)x?ei&rg (E} Iﬁ'edto%ré’;?dg% g(l;)) ' u@."cﬁﬂﬁ f)tnhg F] e,

phy! | oquéerbrtyed &-cyelawtconisl be prepma@lumngﬂnstypcoﬁmamomcet yI L-carnitine,

nzyme noI C ds CH JNH2 -
\(/:\ﬁe(ral f}yn :Q %ﬁﬁ gm%* ﬁzﬁe ase{mﬁ%ylp %etf?ﬁgéﬁ?&r !)%rs‘g rlm)ﬁ’&&’ f)OB?‘F
het er ocy@ieridlLd MR et 3 4 96%) bﬁk@@sP @freb%r@b a d#led GRbEARre udifE2XCH2) n
wherin n = 3-6 and X = nitrogen, fur, ph osp orous R5 and R5 may be the

sane or Hmilpereesetybu Vaﬂedlffymnb@@morﬁ|cnymuomndqu@fmam¢aysteps hydr oxyl ,

thiol, amno |rret Iprazoe zoIe
qui nol i ne, ph§§1 Ou@y;(&qlkﬁeno gﬁ’g) @‘dﬁ"f’a ﬂ es Ifﬂr?)?s mm%qﬁ

nlh tr 0h nmbleglile memhy[ﬂ%cemﬁ fhexwgo &i’ﬂrdgends h)?ldxﬁs)itﬂem@ sttb@ﬁimh@ﬂﬁs d@h@&@bat e,
phosphon ri.c aci ascor bi ¢ aci t auri ne, estrogen,

dehydr oe%ffdz rsdpetiog process and eonld byichanged te m‘i@%?’&h‘:’@kﬁé’ﬁhﬁéﬁ@mréafw dilol,
a-lipoi cyapkg, a-tocopherol, ubiquinone, phylloquinone, j3- carotene,
meanadi one, succi nate, acetyl -L-camtine, co-enzynme Q |azeroids,

pol yphenol i c Cbmpwmii d17, 03 (Wenﬂmedioay}ﬂnqrdxy)ﬁpﬁmdjﬁg imkan noget her are

- [@H2XCH2) n- = nitr u hor ous or

ca% bon. ?fg‘)’ I?JCé’rfi’%tE’% QWGBHHW s the é‘?qs‘?fg‘?eaﬁ%aﬁ‘fee trlﬂi‘@r ?)tgtz‘g meseps | aryl
cycl oal kyt 2 3@1@&%& THS ntltgin@i su@;ﬁ’tdﬁ%nelgf 'dane R ‘Wﬂllﬁﬁmoﬁ%&ieﬂnsﬁ;‘“ dazol e,
qui nol i ne, pheno - X-phenol and 5- X-phenol where = ¢thl oro, brono,

nitro, nERIHRE Wl@tih@l’ralk el‘mdwdlaﬂkﬁdiah@g/droxy gl ut at h| one, phosphate,
phosphonat e, c_acig i c.acid aur | esLrogen .
dehydr oepi and?%ésf’ T %%gtgé ?‘8?’31 ‘\ﬂn?g%“hcgngﬁ%sr iﬁy?‘&aaér%é O i 1 ol
a- i poi Cstraéghtdforaaxﬁdﬁﬂﬁﬁteﬁs)ohumug laGth#108, prediiydor Aeith The RPproprifeseirRne,
nmeanadi one, succinate, 25 acetyl-L-carnitine, co-enzyne Q |azeroids,

poI gphen’@?ﬁ%‘a‘f | A Rovelk chro H{lwzﬁ)qut@wz)}%@ ‘angdd pre Arepargd gnasienilir =

ogengsisih Gikihe 2 R car bon, or heterocycl e wherin RS and R6
taken togacsét her a g - 3%%{‘%11%0\,\1*16“ nn=3-6 and

Compound 24, p—(Phosphonomethyl)-DL—phenylalanjne, is a known compound

(Marseigne, 1, et al 1988) that was prepared in six steps starting from p-
cyanobenzylbromide. This compound was converted into its butylamine salt by
treatment of 24 with an aqueous solution of butylamine followed by precipitation.

20 Numerous other salts of this compound could be prepared, all of which would have
substantially modified properties.

Compound 24 was used as one of the precursors for the preparation of 25, 2-
amino-N-(2-{[3-(2-amino-3-(4- phosphonomethylphenyl)propanolylamino]
ethyl }amino)propylJamino } ethyl-3-(4-phosphonomethylphenyl)propamide, by reacting
Boc-protected 24 with 2,3,2-tetramine, 1, after activation of the carboxylic acid group.

25 This novel compound 25 incorporates the tyrosine phosphate inhibitor group into the
tetramine backbone. Compound 24 could be added to any number of the amines
described here to form novel polyamine compounds.

The preparation of 2,.2°-diamino (bis-N,N’-pyridylmethyl)biphenyl, 26, has been
described previously (Malachowski M.R. et al 1999). The novel compound 27, 2,2’-
diamino(bis-N,N’-pyridylmethyl)-6,6’-dimethylbiphenyl illustrates an example of

30 incorporating additional substifuents onto the biphenyl rings, in this case methyl groups



X = nitrogen, sulfur, phosphorous or carbon. Nis an integer wth val ues
fromO0-10. 30 There are al so instances where sonme fornms of 2,3,2-tetram ne
need to bwo oposetlect ed prior to adding on the various groupETasoz/s078z ue for
2 and 6. For the cyclam WD 03/051348 RCT/ US02/ 40732 48 type nol ecul es,
nucl eophilic substitution reactions were generally used to prepare the

conpounds (conpounds .. Conpounds 3 L) , . 17, 18,
19, 20, mzthe @POSZ%OHSM IW)IH sgce “ﬂgﬁé‘z‘ﬁﬂg ‘éé’f p’é‘?% girﬁp%%% % a"’%? 38,
39, 40 Shafififa ﬁediing df%‘d@éﬂtht@@ beRfentd olfowed! byt 4 BRo-steh pbcestie known
conpoun s de cribed her 5, 7, 8, 10, 11, 12, 15, .26, 30, 31) have
been prmpallvmg matdyﬁcaslhy(bog@la@fvﬂfﬁmshrﬁlﬁly mactien eof $AaAMIMAtWERUAY i n t he
literature of the conpounds covered in the invention
but notPXEﬁ¥¥Q¥? %gﬁbﬁgghdﬁgg%hhot been prepared el sewhere and will be
prlepared as part of this invention for the first time. The base compound
1,3-bis-[(2'-am noet hyl)-am no] propane, 1, was prepared 10 in a fashion
simlar to that found in the literature (Van Ai phen J. 1936). However, in
the original literature preparation, an inpurity was found that
significantly reduced the purity of the product. Subsequent preparations
have taken a nunber of tacks to lead to a pure product. W have elimnated
this problem by developing a purification strategy that works through the
hydrochl oride salt that |eads to a single product of very high purity. 15
In order to prepare the novel conmpound 2,

([& (et hyl et hyl am no) et hyl ] (3-{[2- (nethyl am no)ethyl]am no}propyl)am ne),
protection of the nore reactive termnal nitrogens 1 and 4 as their acetyl
derivatives was performed prior to nethylation of nitrogen 2 and 3.
Deprotection of the acetyl groups with KOH led to the desired conpound. 20
Compounds 3 ((2-piperidylethyl)-{3-[(2-piperidylethyl)am no]propyl}am ne)
and 4 ((2-piperazinylethyl)-{3-[(2-piperazinyl ethyl)am no] propyl } am ne)
were made in simlar fashion through the nucl eophilic substitution
reaction of 1,3-diam nopropane w th 1-(2-chloroethyl)piperidine (to give
3) or 1-(2-chloroethyl)piperizine (to give 4). Nunerous other tetram nes
are accessible through simlar reactions where the nature of

15

20

25

30



the amne is varied. 25

(2-am noet hyl ) {3-[ (2- ai ni noet hyl ) met hyl ai ni no] propyl }nethylamne, 5, is a
known conpouwadsi3Barefield EX et al 1976) but was preparedpca/isonanrel way
here. The physical properties of our52conpound do not match those found in
the literature but the NVR data in the literature in no way fits the

t t f th d il.e., . NVR. ; .
consi st ent RN DEHEENN ok dre SBRIBLITE B ORIty e ©
] non- 37%93?2%@%{%@)@ Fidi? of & YsbRhediate ImimoNa 8Gubstitution-elimination
3-yl amno)ethyt] am no} propyl)am ne and conpound. 14,

1, 4, 8, 1gathway amrtingl withs2,21diw@igdigseslsnderuusdineseprboxaldghyde.  This
tetrabicyclo[3.3 non-.3-yl cycl.ot e d ) e ' igrilar way.
Di rect TeAROa RO R oREE A Flogugh L IROARSRSHE NREILEREORMout s B AT 20 Y
appr opr j &g c?lfl%xﬂltﬁ(rélﬁﬁd_tt@ cbﬂﬁgow 76 Wwherd tied SyridGentiogsrade Fplaced with the

(2-am noet hyl ) {3-[(2-am noet hyl )am no] - 1- met hyl butyl }am ne, 5 has been
pr epar ebulpresquinokneringsr ough t he reaction of N, N -bis(chloroacetyl)-2, 4-

pent anedi am Qg@\gﬁﬁd nmet hyl ajgi ne (M @gj;}g_gim h?rl %élyl)%tﬂﬂ{f-(ml{ﬁm@f ed the
0

conmpound in etely di'fferent y ow ng'a simlar procedure as
t hat USE;Hnetﬁﬂﬁyrﬁﬁfm%taﬁyﬂ_]ammo}phenyl)phenyl}amine is prepared for the first time
(2-pyridyl methyl){3-[(2-pyridyl.nmethyl)an.no] propyl }am o _known
conpounénd ircoResatey eparels %@gSaV1€M¥@%@%§}lcd%‘ﬁﬁbv "é'ﬁ% %}18\%%31? lélgts%ign t hat
found in; - 1 grﬁf Y Rt IRHPpEZAIO kS RIS thawrald he two
step prglcaggggbéﬁ%gb C |?? Iglgttlalk(con ens}gﬁ on %Sgigzpyri di ne-2- ¢car boxal. dehyde
wilth 1, Zopmopadedi ani ne B3O | oned by 2-{[(2RE@rwHIdERehyaRRaphaRsr H R et

al 1984) repared..it directly through 5 1 kLt i on of
pi col yl pbﬁnm@aﬁwﬁwe I}Pal@%rlﬁﬁa}ﬂéa‘fna% epn«iﬁ?agkkffgg@???%%e% g gwoveral I
yi el ds g'f gfeesé@ﬁff-%ﬁié Rlloe@ sy ©HRdoRrwite sediutilralyepide §6oodwinf At diel novel

compoun met hyl (3-[met hyl'(2- 15 pYridYl nmethYl)am no] propYl} (2-PY
ri dyl netlB®@) am nea was perforned in a fashion simlar to that used to

oyt e e ol URa A AL AR bl tep s gt e
(i et ik o) @lbytsts yd ubtoedpidpgitreat tphpa GompaerdHe Bl by t he
e Ejra-e{yz-bgcgg%fp%ggﬁ&ﬁ@tﬁ%ﬁgo?phe%gzl)&'len%ﬂ%%it?o}%@ﬂxyb*ﬁﬁen%\( "t B§3bsn’ esul ted
compound that contains three nitrogens and one oxygen (Melby L. R et al 1975).
Derivatives of 31 where the phenol ring is substituted with a CH; in the 4-position led
to the new compound 32, 4-methyl-2-{[(2-{2-[(2-pyridylmethylamino]phenyl}-
phenyl)amino]methyl}phenol . This compound was formed by the reaction of N-(2-

pi L)

20 Lyridylmethyl)-2,2diamino biphenyl with the substituted salicylaldehyde.

Compound 33, 3-nitro-2-{[(2-{2-[(2-pyridylmethylamino}phenyl}-
phenyl)aminojmethyl}phenol was synthesized in similar fashion by treating the nitro-
substituted salicylaldehyde with the same polyamine as used for 32 while 34, 4-chloro-
2-{[(2-{2-[(2-pyﬁdylmethylamino]phenyl}—phenyl)amino]methyl}phenol is prepared
with the suitable chloro-substituted precursor compound. This addition-elimination-

25 reduction sequence could be exploited for a large number of substituted

salicylaldehydes.

Compound 35, 2, amino-3-(-(4-phosphonomethylphenyl)-N-(2-{-2-
[benzylamino]phenyl} phenyl)propamide, incorporates components of the tyrosine
phosphate inhibitor and the biphenyl rings to form the polyamine. 35 was prepared by

reacting N-(2-pyridylmethyl)-2,2°diamino biphenyl with the Boc-protected amino acid
30



product. Although the literature did not supply physical data for the
conpound, our results are consistent with the structure of the conpound.
2-[ 3- (2- awpreest3ys t hi o) propyl t hi o] et hyl ami ne, 11, is a kneoen/usompowend (Hay
R W et al 1975) but was prepared by 8 novel procedure here. Nucl eophilic
substitution of 1,3-dinercaptopropane with 2-chloroethyamne resulted in

formation of 11 that d .25 physic roperties sim.l . reported.
The pr cplequleott iilowed by, dpiorbeiopasan 7 ulnsfeis Filed Moy brCRE: 1 2600 C
12, b a%iﬁ%%liﬁﬂén W@c%%F aied i f1ad fakliond in the literature

fie : ytic

(Bare et a 1973). The ana al data for_ this conpound matches
that found pWesivwusiefal @omiereacdi1the axampdes1 descabed abeye) weres piepateg r a( 2-

pi peri dyl et hyl cl ot.et,radecane SGYC): ] h a
nucl eop Pmpe&%gx\@sﬁgﬁoﬁ‘i‘& eﬁ%%%%%ﬂu%ﬁl?ﬂ@gnﬁ@ﬁﬁ a fashion
sPM | ar glifiRRUMBIMREIS@S) tn Br apstirtionmpatiog. 4Coiboyndohércorpherievat i ves of
cycl am could be "prepared usi.n(% this type_of reacg{sgn. b "
1, 4, 8, Lliron éntp acomplex vath13d via theyiagtion O Feltle tyilectdaidormed by reagtipg,
conmpoung, § Cher hal zer MR i % feadid @k sedevion ofr0di f i ed
procedu?&ﬁﬂgﬁhg’%@ EP&r#ga?ﬁ%%%dggﬁ@?%%@%?ﬁ é‘??f rent reactions conditions
and pur 2é iwgat GADI, S Ceppounddpas prepafedity the neactibn ob@Hdly mdtht ateswlHagr por at es
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Example 1

1,3-bis-[(2’-aminoethyl)-amino]propane [Figure 1].

A mixture of 15 g of 1,3-dibromopropane and 50 mL of absolute EtOH was

20 added slowly to 25 g of 1,2-diaminoethane hydrate. The mixture immediately became
warm. It was then heated to 50 °C for 1 hour, 20 g of KCl added and the heating
continued for 30 minutes. The mixture was filtered from the KBr and distilled at
reduced pressure. The residue formed two layers that were separated. The top layer

was distilled and the product had a b.p. of 115-116 °C, (1 mm). The compound was

further purified by converting the free amine to its tetrahydrochloride salt by addition

25 of 6M. HC1. The melting point of the salt was 278-283 °C. It was converted back to its
free amine by treatment with NH,OH. Mass spectral analysis showed a m/e = 160. 'H
NMR (CDCls): 8 1.26 (6H, s), 1.60 (2H, quin), 2.60 (4H, 1), 2.71 (8H, t).
Example 2
[2-(methy1ethylamino)ethy]](3-{[2-(methylamino)ethyl]amino} propyl)amine
30

[Figure 2].



(Marseigne, I., et al 1988) that was prepared in six steps starting from p-
cyanobenzyl brom de. This conpound was converted into its butylam ne salt by
treat mentwofo3@13u8 t h an aqueous sol ution of butylam ne f olpicovesd2/y32
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dimethylformamide was heated at 60 °C under N for 3 h. The resultant mixture was
treated with 19.8 g (0.164 mol) of iodomethane and stirred at 50 °C. After24 h at 50
°C, the reaction was quenched by the addition of 95% EtOH. Volatiles were removed
at reduced pressure and 50 mL of water was added to the residue. The product was
15 extracted with three 50 mL portions of chloroform. The combined organic extracts
were successively washed with water and NaCl,, dried over anhydrous sodium sulfate,
and concentrated to give 6.3 g of yellowish oil. The oil was purified by flash
chromatography with 1:4 hexanes-ethyl acetate as the eluent to give acetylated [2-
(1nethylethylmnino)ethyl}(3-{[2-(methylamino)ethyl]amino}propyl)amine asan oil.
A stimed solution of 30 g (454 mmol) of acetylated [2-
(methylethylamino)ethyl](3-{[2-(methylamino)ethyl]amino}propyl)amine, 100 ¢
(0.178 mol) of potassium hydroxide, 70 mL of methanol and 15 mL of water was

20

heated under reflux for 24 h. The methanol was removed at reduced pressure and the
product was extracted into 2 x 50 mL of ether. The combined extracts were washed
with NaCl, dried over sodium sulfate and concentrated under vacuum. The crude
25 mixture was purified by flash chromatography with 5:1 hexanes-ethyl acetate as the
cluent. After evaporation of the solvents, 0.79 g (71%) of the product was obtained as
a colorless oil. Mass spectral analysis showed a m/e = 244. "HNMR (CDCL): 81.03

(12 H, ), 1.26 (6H, ), 1.60 (2H, quin), 2.60 (4H, 1), 2.71 (8H, 1) 3.23 (2H, m).

Example 3

0 N N . .
3 (2-piperidylethyl)-{3-[(2-piperidylethyl)amino] propyl}amine [Figure 3].



pat hway starting with 2,2'-di am nobi phenyl and 2-qui noline carboxal dehyde.

This reaction was followed by a reduction of the i mne using NaBH4.

Conmpound w8 m»5846 novel conpound related to conpound 26 wagresor/ma3pyri di ne

rings are replaced with the bul kier $ui noline rings. Conpound 29,
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3-nitro-2-{[(2-{2-[(2-pyridyl met hyl am no] phenyl } -

phenyl ) am no] met hyl } phenol was synthesized in simlar fashion by treating

the nitro- substituted salicylal dgjgyﬁg]é/\&t h the sanme pol yam ne as used for
32 while 34, 4-chloro-

2- {[ ( 2- ( 2- (*-BipevazingletghHP+[@rpinsratinyipthyDaminslpyemiliaming dRignretlanol i s
prepared wth the suitable chloro-substituted precursor conmpound. This
addition-elimnation 25 reducti on sequence could be exploited for a |arge
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t he Boc-30 i€ cCTREscntonowacillbwedQo stir for 24 h. The solvent was evaporated and the
residue was extracted with 2 x 50 mL of CH,Cl,, dried over Na,SOs, and evaporated to
dryness. The compound was purified by converting it to ifs hydrochloride salt by
addition of HCl. The melting point of the salt was > 300 °C. It was converted back to
its free amine by treatment with NH,;OH. The resultant oil (0.82 g, 41%) was analyzed.
Mass spectral analysis showed a m/e = 299 (M" + 1). 'H NMR (CDCl): §1.40-1.82

(10H, m), 2.42-2.55 (14H, quin), 2.58-2.77 (10H, m).

20

Example 5

> (2-aminoethyl){3-[(2-amincethy)methylamino]propyl} methylamine [Figure 5].
To a solution of 1.0 g (0.0128 mol) of N,N-dimethyl-1,3-propanediamine in 50
mL of EtOH was added a solution of 2.96 g (25.6 mmol) of 2-chloroethylamine in 50
mL of EtOH dropwise over 40 min. The solution was stirred at room temperature for
20 h. The solvent was evaporated and the residue was extracted with 2 x 50 mL of

30 CH,Cl,, dried over Na;SOs, and evaporated to dryness. The resultant oil (1.52 g, 63%)
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Example 7
(2-aminoethyl){3-[(2-aminoethyl)amino]-1-methylbutyl}amine [Figure 7].

A mixture of 2.34 g (10 mmol) of 2,4-dibromopentane and 50 mL of absolute

EtOH was added slowly to 1.2 g (20 mmol) of 1,2-diaminoethane hydrate. The mixture

20 immediately became warm. It was then heated to 50 °C for 1 hour, 10 g of KCl added
and the heating continued for 30 minutes. The mixture was filtered from the KBr and

distilled at reduced pressure. The compound was purified by converting it to its
hydrochloride salt by addition of HCl. The melting point of the salt was > 300 °C. it

was converted back to its free amine by treatment with NH,;OH. Mass spectral analysis

of the oil ((1.28 g, 68%) showed a m/e = 188. 'HNMR (CDCls): § 1.12 (6H, d), 1.30-

1.37 (6H, 5), 1.60 (2H, 1), 2.60 (2H, m), 2.74 (8H, 1).

25

Exémple 8
(2-pyridylmethyl){3-[(2-pyridylmethyl)amino] propyl}amine [Figure 8].

To a solution of 1.0 g (0.0135 mol) of 1,3-diaminopropane in 50 mL of EtOH

30
was added a solution of 4.43 g (27.0 mmol) of 2-chloromethylpyridine in 25 mL of
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evapor at
co! gg' €S ghalzed. MBRSpRARA Nl sRAWE & nBE RS Qrrier)= BV [EDMR):(DCL3) -
1.55 (2H, quin), 2.30 (6H, s), 2.58 (4H, t), 3.75 (4H, s), 7.07-7.85 (6H, m), 8.50-8.62
(24, d).
20 Example 10
[2-(dimethylamino)ethyl}(3-{[2-
(dimethylamino)ethyllmethylamino} propyl)methylamine [Figure 10].
A solution of 1.0 g (6.23 mmol) of 2,3,2-tetramine, 10 mL of formic acid, 10
mL of 37% formaldehyde and 1 mL of water was refluxed for 20 h. The solvent was
2 evaporated, the solution was made basic with 3 M NaOH, and was extracted with 3 x
30 mL of CH,Cly, dried over Na;SOy, and evaporated to dryness. The resultant oil
(0.88 g, 58%) was analyzed. Mass spectral analysis showed a m/e = 244 M™+1). 'H
NMR (CDCl): 8 1.62 (2H, quin), 2.24-2.30 (18H, s), 2.60 (4H, t), 2.71-2.75 (81, ©).
30 Example 11

2-[3-(2-aminoethylthio)propylthio]ethylamine [Figure 11].
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bath. While stirring, a concentrated solution of NaOH was slowly added to pH >12,

15
The temperature was kept below 25 °C during the addition and then extracted with 3 x

30 mL of CHyCl,., dried over Na;SOy, and evaporated to dryness. The resultant oil (
0.98 g, 71%) was analyzed. Mass spectral analysis showed a m/e = 256. 'H NMR
(CDCls): 8 1.68 (4H, quin), 2.22 (12H, s), 2.64 (8H, 1), 2.75 (8H, 1).
20
Example 13
1,4,8,11-tetraaza-1,4,8,11-tetra(2-piperidylethyl)cyclotetradecane [Figure 13].

To a solution of 0.5 g (2.5 mmol) of cyclam in 25 ml of CH,Cl, was added a
solution of 0.8 g of NaOH in 25 mL of water. A solution of 1.83 g (9.98 mmol) of1-(2-
05 chloroethyl)piperidine in 25 mL of CH,Cl, was added dropwise at room temperature.
The stirring was continued for 24 h. The solvent was evaporated and the residue was
extracted with 3 x 50 mL of CH,Cl, dried over Na,SO,, and evaporated to dryness.
The resultant oil (0.725 g, 45%) was analyzed. Mass spectral analysis showed a m/e =
646 (M" + 1). "H NMR (CDCL): § 1.28 (8H, q), 1.46-1.72 (24H, m),1.72 (4H, m),
2.42-2 .80 (24H, m), 2.64 (8H, t), 2.75 (8H, 1).

30
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mxtures(géﬂtie%%&%%g mmol) o 4- di broropent ane and 50 nL of absolute

Et&]—( to 1.2 g (20 mmol ) of 1, 2-diam noethane hydrate. The
m*Xture 20 inmediately becane warm It was then heated to 50 C for 1 hour,
10 g of KCl added and the heatin ued for 30 minutes. The m xture

was filtered fromthe KBr and d.‘gwmsa reduced pressure. The conpound

was purified bj’ﬂ%ﬂ'l‘.’fﬁxtda&g-l',i,s,iP—téﬁ’acethylcyclotetradecane [Figure 15].

To a stirred solution of 1.0 g (5.0 mmol) of cyclam in 50 mL of DMF was

added 4.0 g (0.1 mol) of NaH in small portions. The solution was heated under

15 nitrogen at 60 °C for 3 h. 3.12 g (20 mmol) of iodoethane was added in one portion.
The solution was heated at 60 °C for 18 h. The reaction was quenched with 95% EtOH,
extracted with 3 x 35 mL of CH,Cl,., dried over Na,SO;, and evaporated to dryness.
The resultant oil was purified by flash chromatography using ethyl acteate/MeOH.
Mass sﬁectral analysis of the oil (0.72 g, 46%) showed a m/e =312. '"H NMR (CDCls):

20 $ 1.38 (12H, 1), 2.16 (8H, q), 3.38 (41, quin), 3.54 (8H, t), 3.80 (8H, t).
Example 16
N,N'-(2'-dimethylphosphinoethyl)-propylenediamine [Figure 16}].

Propylenediamine (4.0 g) was dissolved in 200 mL of ethanol. To the solution was
2 added 9.4 g of dimethylvinylphosphine sulfide and the mixture was heated at reflux for
72 h. The solvent was evaporated under reduced pressure and the residue dissolved in
400 mL of chloroform and washed with 50 mL of 2 M NaOH and dried over MgSOu.
The solvent was removed under reduced pressure to give an oil that was crystallized
from ethyl acetate to give 6.8 g (51%) of the pure product. . To a suspension of
LAIHA (12 g in 125 mL of dry dioxane was added NN-(2-

30 dimethylphosphinothioethyl)-propylenediamine (prepared as above). The mixture was



hydrochl oride salt by addition of HCl. The nelting point of the salt was >
300 T. It was converted back to its free amne by treatnent with NHL CH.
Mass specwpaB/osrsas ysis 25 of the oil ((1.28 g, 68% showeeca/ushm4073188. 1H
NVR (CDC13): 8 1.12 (6H, d), 1.30- 1.87 (6H, s), 1.60 (2H, t), 2.60 (2H,
m, 2.74 (8H, t). Exanple 8

(2-pyri 2- Irreth 1. 30 To
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m, of 051348 PCT/ US02/ 40732 wat er. 10% NaOH was added until the
pH reaclﬁeﬂGQ@H[lqanﬁ,cﬁ 10(1 A, spAS TE4HL 9,352 34(8H ). t enper at ure and NaOH was
added to keep the pH at 8-9 over 3 days. The solvent was evaporated and
the residue was extracted with 3 x 30 nL of CH2O 2, dried over Na2SO4, and
eéaporat ed to dryness. The resul mtm,ﬂém(z 63 g, 76% was anal yzed. 5 Mass
spectral analysis showed a nfe = 257 (M' + 1) 4CDCI 3): 6 1.60 (2H,
quin), 2.62 (4H, B@- (a-amen()emoxx)promxyhsrppsbn{lw[Flﬁ)“e13 144-8.63 (2H, d).
Exampl e 9
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erattrs and the pH at 8-9 over 3 days The
s vent (ﬂqameyawef at)edmand"hbl"wlutm Wasre@zsieéxﬁoraﬁchechndi the ®lyen O’V%L of

cH2d 2, 15 d t tant oil
(2. 69 geV?HW(;‘tIe w?a windEsayane &1 o5 iyt ARE Sl il s 555 (e
+ 1), " HoNMR 6 d@ed Jsvé5Nﬁ ), Q‘ﬂiede ad 3aplofited. S)Th620158ve(s4ﬂhsht) 3.75
(4H, s) 7 07-7. (6H , (2H, d). 20 Exanp

[ 2- (di rrmhmmangnapwt hsihg l(Be{hy[l zacetate/hexane 10 gwe 032 g ( ) o% 3-(3-(2-
aminoethoxy)propoxy)propylamine. 'H NMR (CDCL): § 1.32(4H, s), 1.68 (2H, q),
2.71 (2H, t), 2.96 (8H, t). MS m/z 162 (calcd 162).

15

Example 18
Vanadyl 2,3,2-Tetramine [Figure 18].

To 1.0 g (0.624 mol) of 2,3,2 tetramine in 20 ml of EtOH was added 0.073 g (0.0624
20 mol) of vanadylacetylacetonate in 20 ml of EtOH. The solution was refluxed for 30
min and cooled to room temperature. Overnight a red-brown solid precipitated. The

complex is formulated as being [VO(2,3,2-tetramine)acac].

Example 19
Chromium 2,3,2-Tetramine [Figure 19].
25
To 1.0 g (0.0624 mol) of 2,3,2-tetramine in 20 ml of EtOH was added 0.245 g (0.0624
mol) of chromium (IIT) nitrate in 20 ml. Of EtOH. The solution was refluxed for 30
min and cooled to room temperature, Overnight a solid precipitated. The complex is

formulated as being [Cr(2,3,2-tetramine)(NO;),]NOs.

30



(di met hyl am no) et hyl ] met hyl am no} propyl ) net hyl am ne [Figure 101. A solution
of 1.0 g (6.23 mml) of 2,3,2-tetramne, 10 nL of formc acid, 10 nL of
37% f or rewoahysis4@and 1 nl of water was refl uxed for 20 h. PCraSsphorent was
25 evaporated, the solution was made @asic with 3 M NaOH, and was extracted
with 3 x 30 nL of CH2C 2, dried over Na2SO4, and evaporated to dryness.
The resultant oil (0.88 g, 58% psmaiadgzed. Mass spectral analysis
showed a mle = 244 (W + 1). '"H NWR (CDC13): S 1.62 (2H, quin), 2.24-2.30
(18H, s), Xawedyh2-piperjdyletiyh)Z3Q-piperidylethydfantinalprbpylidmine)(Cl),

2-[ 3-(2-am noet hyl t hi o) propyl t hi oiﬁt h}/l ine [Figure 111. WD 03/051348

PCT/ US02/ 40732 58 To a sol ution 'gﬂ.%f‘g] (0.0128 nol) of

1, 3-di mercaptopropane in 50 nL of EtOH was added a solution of 1.48 g of
Na®H in 10 nL of water. To the solution was added 214 g (18.48 mmol) of

2- chl or oet hy| hePAemeg{0.68 mmolypf B3 3-pipThas sdl of methanel svas added aisadutidor 8 h.

The sol v : t . r &S] tracted w th 25 nL of
G20 2, BRI AR S VAR 1T BREPENENARG, Vi BRhBR ek tng oi | vee
di still e atin 268 cdaldd (4 room fethpergiuee CryBfalgof W{Yadymspig@ﬁgﬂétﬂﬂ'l)-%ﬂm ysis
showed a[gte = 11314 1H NVR ( 13). S 1.48 (4H, s), 2.34-2.86 (14H m.
Exanpl e U&Piegdylethybanuna]grppydbaminc)Ch, farmediovermightywhigh vere coliertedine

[ Fi gure ; t ¢ hS f & (0 . gl 5.3 nL
of for m e, AgaL! CARRINSLEOLIENG il I AT, &P e
for 18 M2.3%dl,BN,80.03ni xture was transferred with 6 nL of water to a
be#ker and cooled to 5 Cin an ice bath. Wile stirring, a concentrated
solution of NaOH was slowy added to pH >12, 15 The tenperature was kept
bel ow 25 C during the addition angyipgReAxtracted with 3 x 30 nL of
CH2Cl12., dried over Na2SO4, and evaporated to dryness. The resultant oil (
0.98 g, ¥“hypmiwm (@pipgridyletivd)s3-HRaiperidylethal)gminolphpyiiantned€N):4C156. 1H
NVR (CDC13): b 1.68 (4H, quin), [?Fiz‘%r(fﬁH’ s), 2.64 (8H, t), 2.75 (8H, t).
20 Exanpl e 13 sure

To 200 mg (0.67 mmol) of 2,3,2-pip in 25 mL of methanol was added a solution
of 178 mg (0.67 mmol) of Cr(IIN)Cl; in 25 mL of methanol. The solution was heated
for 30 min, cooled to room temperature and the solvent was evaporated to 20 mL.
Crystals of [Chromium ((2-piperidylethyl)-{3-[(2-piperidylethyl )Jamino]
propyl }amine)(C1),]Cl formed overnight which were collected and dried. Anal. Calcd
for CrCysClsHzNe: C, 39.43; H, 7.52; N, 18.39. Found: C, 39.05; H, 7.19; N, 18.54.

15

20

Example 22
Vanadyl (1,4,8,11-tetraaza-1,4,8,11-tetrabicyclo[3.3.1]non-3-
ylcyclotetradecane)(Cl); [Figure 22]

To 300 mg (0.41 mmol) of cyclam-ad in 25 mL of methanol was added a
solution of 50 mg (0.41 mmol) of V(II)CL, in 10 mL of methanol. The solution was
heated for 30 min, cooled to room temperature and the solvent evaporated to 10 mL.
Crystals of Vanadyl (1,4,8,11-tetraaza-1,4,8,11-tetrabicyclo[3.3.1]non-3-
ylcyclotetradecane)(Cl), formed in 72 h which were collected and dried. Anal. Caled
for VCsoCloHgoNy: C, 69.24; H, 9.32; N, 6.45. Found: C, 69.01; H, 9.45; N, 6.88.

25

30 Example 23



1,4,8,11-tetraaza-1, 4, 8, 11-tetra(2-pi peridyl ethyl)cycl otetradecane [Figure
131. To a solution of 0.5 g (2.5 mmol) of cyclain in 25 nL of CH2Cl12 was
added a swbugiosr4of 0.8 g of NaOH in 25 nL of water. A solpatriusa2/ef73d. 83 g
(9.98 muol) ofl-(2- 25 chloroethyl)pig@eridine in 25 nL of Cl11202 was added
dropwi se at roomtenperature. The stirring was continued for 24 h. The

sol vent was evaporated a the residqu Xtr ' 3 x 50 nL of
CH2C12, dried gsé‘i’mmé&g’]&ﬁ@t@%ﬁgr4g§’£ﬁ'%‘?t5§lﬂf3§ﬁi@§§?l]mf#ljg “resultant oil
0.725 g, 45% was anal k¥23s showed a nfe = 646
EMP + %). 1H/() NVR (CDCI%?’: gel.ggca(%g&,@ﬂ)al)d,llﬁgggl.gz (24H, mM,1.72 (4H, m,

2.42-2.80 (24H, nm), 2.64 (8H, t), 2.75 (8H t). 30 WD 03/ 051348
PCT/ US02/ 407
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[Figureé@. To a stirred solution of 1.0 g (5.0 mml) of cyclamin 50 nL
of, DMF was~™ added 4.0 g (0.1 nol) of NaH in small portions. The solution
wa¥ heated under 15 nitrogen at 60 C for 3 h. 3.12 g (20 mmol ) of

i odoet hane was added i n one portign. 'Iih? solution was heated at 60 C for 18
h. The reaction was quenched wit HESHBIEAS extracted with 3 x 35 ni of

CH2C 2., dri sdpRyShohBmeiy1)-DIdpRuisaaind Butyldmnimesdt [Fidibe 24psul tant oi |
was purifiedﬁgy sﬁﬂggh chrom)at og?apﬁg usi ng ethyl acteate/ MeOH.  Mass
spectral analysis of the oil (0.72 g, 46% showed a me = 312. 1H NMR

gcggl?)gH ,[2 ;) sclufion CARE (0.t2)6’g, Boh8 rﬁgﬂjﬂ difthy! steRfniifiialonbie217%, 941(8H, 1),

mol), and p-cyanobenzyl bromide (1) (1.96 g, 0.01 mol) in 25 mL of ethanol was
15 refluxed and stirred for 17 h at 110 °C. After cooling and addition of water (50 mL), the
crystalline material was collected by filtration and washed twice with water, to yield
2.89 g (87%) of the white solid Diethyl (4-Cyanobenzy1)acetamidomalonate. "H NMR
(DMSO-dg) 8 1.12 (t, 6 H), 1.93 (s, 3 H,), 3.42(s, 2 H), 4.14 (q, 4H, ), 7.16-7.80 (2 d,
4 H), 8.15(s, 1 H).

Diethyl (4-Cyanobenzyl)acetamidomalonate (996 mg, 3 mmol) was |
hydrogenated at atmospheric pressure and room temperature for 22 h in ethanol (25
mL) and concentrated HCI (1.5 mL) with Pd/C 10% as catalyst (200 mg). After
filtration, the solution was taken to dryness. Water (60 mL) was added to the residue
and unreacted material was removed by filiration. The filtrate was again concentrated
to dryness, giving 956 mg (85%) of the white solid Diethyl [4-
(Aminomethyl)benzyl]acetamidomalonate. 'H NMR (DMSO-de) 5 1.12 (t, 6 H), 1.92
(s,3H,),3.40 (s, 2 H), 3.88 (s, 2 H), 4.11 (g, 4 H), 7.03-7.38 (2 d, 4 H), 7.99 (s, 1 H),
8.21(s,3H).

A solution of Diethyl [4-(Aminomethyl)benzyl]acetamidomalonate (2.06 g, 5 o)
mmol), NaNO, (535 mg), and water (100 mL) was heated for 3 h at 110 °C, cooled,
and extracted with ethyl acetate. The extract was washed with 1 M HCl, water, 5%
NaHCO;, water and brine, dried over NayS04, filtrated, and taken to dryness, giving a

20

25
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Example 16 N, N -(2'-di net hyl phosphi noet hyl ) - propyl enedi am ne [Fi gure 16].
Propyl enediamne (4.0 g) was dissolved in 200 nmL of ethanol. To the

sol uti on wev3/02B4added 9.4 g of di net hyl vi nyl phosphi ne sulpCirdsozamd31 he

m xture was heated at reflux for 72 @. The sol vent was evaporat ed under
reduced pressure and the residue dissolved in 400 nL of chloroform and
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(8. 6rmol sadddln mal | ortlosto han fterrgevolution
EVBI ¥ mo %Rg pro aﬁ% %wﬂ@
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10 dr opw se over 30 min. The solutio o) h and
Fhe ol a0 Gy 5r S 21 & L0 dah 28S GradDab S0 3G 4T 8 0
wat er a dQ9e<§ ted with 2 x 50 nL of CH2C12 dried over Na2S®™, filtered
% The oil was flash chromatographed using 1:1 ethyl

aggt :;/2/ hex aleleﬁQl 4-(EhlOroBR:A1gy1 oéhi2gl Jaoétahidodaa]@mate (50 mg, 0.14 mmol) was
. 2. issplher e rerbylBogmne (L NEshie e or 2 s 35Ot EerE”
{arr e aoss O SELE 4 Bt g O el Mk s
CH,C1,-CH;0H (90:10) as eluent, to yield 45.6 mg (71%) of the white solid Diethyl [4-
[(Diethoxyphosphinyl)methylJbenzyl] acetamidomalonate. "H NMR (DMSO-ds) & 1.11
(t, 12 H) 1.88 (s, 3 H), 3.12 and 3.15 (s, 2 H), 3.38 (s, 2 H), 3.92 (m, 4 H), 4.09 (q, 4
H), 6.88-7.18 (d, 4 H), 7.92 (s, 1H).
A solution of Diethyl [4-[(Diethoxyphosphinyl)methyljbenzyljacetamidomalonate (55
mg, 0.06 mmol), 1 N NaOH (0.5 mL, 4 equiv) in water (2 mL), and methanol (2 mL)
was stirred for 3 h at room temperature. After addition of 8 mL of water and 5 mL of

15

concentrated HC1, the reaction mixture was refluxed for 4 h (110 °C), cooled, and,
20 after addition of 20 mL of water, adjusted to pH 4 with 10% NaOH. After
lyophilization and purification by chromatography on silica gel with 2-propanol-
NIHLOH (28%) (60:40) as eluent, the white product (14.2 mg, 40% yield) p-
(Phosphonomethy1)-DL-phenylalanine was obtained: TH NMR (D,;0) (TMS as external
reference) & 2.70 and 2.83 (s, 2 H,), 2.88 and 3.12 (dd, 2 H), 3.74 (m, 1 H), 7.10 and
7.22 (d, 4 H); mass spectrum (FAB), m/e (MH)" caled 296, found 296. The compound
» .was converted into its butylamine salt by treatment with butylamine followed by

precipitation from an aqueous solution.

Example 25
2-amino-N-(2-{[3-(2-[2-amino-3-(4-phosphonomethylphenyl)
propanolylamino]ethyl} amino)propyl]amino}ethyl)-3-(4-

30
phosphonomethylphenyl)propanamide [Figure 25].



20 nmol ) of vanadyl acetyl acetonate in 20 m of EtOH The sol ution was
refluxed for 30 mn and cooled to roomtenperature. Overnight a red-brown
solid prewopswsategl. The conplex is formulated as being PCT/US02/40732

[VO( 2, 3,2-tetram ne)acac]. Exanpl e 1%4Chrom um 2, 3, 2- Tetram ne [Figure 191.
25 To 1.0 g (0.0624 nmol) of 2,3,2-tetramne in 20 m of EtOH was added
0.245 g (0.0624 nol) of chromum (111) nitrate in 20 M. O EtOH The
solution was refluxed for 30 mn and cooled to roomtenperature. Overnight

a solid precipist di GRERUE 2.6 OF i of)f blﬁidngmethyl)-DL-
[Cr(2,3,2-tet ranﬁmﬁe (NCB§e] NCG3. 30 V\é(gSI 05134%%P /USOZ/ 7?51 61 Exanpl e
20 Vanaﬁhd:nylalanme 0.82 g (8.1 mmol) of triethylamine and 1.68 g (7.7 mmol) o

2- yl d | | C F
b1 5 Thubgicapbets TheofpiaR Skt b A ARgBARK 07 M Trhe LOL0N
s8l uti ogy1uRén %%s @Gaéf()%t@? atrﬁé'ﬂhaedqfres‘d(lﬂelt&) Qiyhebs) The resulednt witwespokifiedhe
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sol uti on was heate

30 mn and cooled to roomé &H&Sef%‘rystals of
Vanady| by (@lyipeshioyategraghy) nsing metbanel/pllprofomm de, yis! %nﬁ t
I h I 1 ect d dd d. Anal.
Cal cd 1 apeeekopRaRERSD DISbBEMRE 17, X ® 0706 ounar . 4233 1
8.24; N, 20.aq%. a&,&uﬁaﬁ@ﬁloei gJ(3CIhnmm1)Juf232-tetramine in 10 mL of DMF was
2- dyl et h I th d
[ gr o adder 84 g6 2agmpb og porropyosmoaetiet (i EIFReGR R ATANE fhdd]

added a ai%_l?ﬂze)gpggﬁ o]f%%%eéﬁ] s(&h%nrwa%l Added 2 Golukibh LEDPPAN(12BL18.20f

hanol ution eat ed 30 mn, cooled to rgom errperat ure
t he m@bNentlOwak AN atded 35 @ @oz mnol) of peweled MAHGOR 15

((2 pi peridyl e yhe ) 2]

f or med dWérVFﬁ%ﬂ‘EHW\%ﬂ‘%?ﬁi ’%?é%% Be t@ éédﬁﬁg%%‘}lgtr‘ni}rpﬁhs it ?@%@a%ﬂ?&f‘&?&a%
washed with 1 N HCI, followed by saturated NaHCO;. The solution was dried over
MgSO, filtered, and evaporated under reduced pressure. The oil was purified by flash
chromatography to give 1.2 g (46%) of Boc-2-amino-N-(2-{[3-(2-[2-amino-3-(4-

phosphonomethylphenyl) propanolylaminojethyl} amino)propyl] amino}ethyl)-3-(4-
13 phosphonomethylphenyl)propanamide as a colorless oil.
A solution of Boc-2-amino-N-(2-{ [3-(2-[2-amino-3-(4-phosphonomethylphenyl)
propanolylamino]ethyl}amino)propyl]amino}ethyl)-B-(4—
phosphonomethylphenyl)propanamide (0.5 g, 0.59 mmol) in 10 mL of methylene
chloride and 2 mL of trifluoroacetic acid was stirred at room temperature for 30 min.
20 The solvent was evaporated at reduced pressure. 2-amino-N-(2-{[3-(2-[2-amino-3-(4-
phosphonomethylphenyl) propanolylamino]ethyl} amino)propyllamino}ethyl)-3-(4-
phosphonomethylphenyl)propanamide was isolated as the trifluroacetic acid salt which
was treated with ammonia to give 0.20 g (52%) 2-amino-N-(2-{[3~(2-[2-amino-3~(4-
phosphonomethylphenyl) propanolylamino]ethyl }amino)propylJamino} ethyl)-3-(4-
phosphonomethylphenyl)propanamide. TH NMR (D,0) (TMS as external reference) 6
1.32 (8H, s), 1.62 (2H, quin), 2.57 (4H, 1), 2.66 (8L t), 2.75 (4H, 5), 2.82 and 3.10 (4H,

dd), 3.76 (2H, m), 7.12-7.28 (8H, m).

25

Example 26

30 2,2’-diamino (bis-N,N’-pyridylmethyDbiphenyl [Figure 26].



for CrCl6CI 3H34N6: C, 39.43; H, 7.52; N, 18.39. Found: C, 39.05; H 7.19;
N, 18.54. 20 Exanple 22 Vanadyl

(1, 4, 8, 1iwopaBsmsaa- 1, 4, 8, 11-tetrabi cycl o[ 3. 3. 1] non- 3- PCT/US02/40732

yl cycl otetradecane) (O )2 [Figure 221 660 300 ng (0.41 mml) of cyclamad in
25 nmL of nethanol was added a 25 solution of 50 ng (0.41 mml) of V(I1)Cl12
in 10 nmL of nethanol. The solution was heated for 30 mn, cooled to room

temperature and the solvent evaporated to 10 nL. Crystals of Vanadyl
(1,4, 8,11 tet Taasglution of 101g (643 abnmiyofa,p?rdianﬁﬂlmeﬁyl in 50 mL of EtOH
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of water (50 m_) t he crystalllne mat erial “was col | écted by iltration and
washed t366CK928i tm\mme(cnce)yml b &ﬁlﬁﬁo&i 68448 @t §))%.46 88 (81! 1y, D et hyl
(4- Cyanobenzyl ) acet anmi donal onat e.
7.04-8.50'(6H, m), 8.53 (2H, d). MS m/z 367 (calcd 367). Anal. Caled for CpHy,Ny:
C,78.65; H,6.06; N, 15.28. Found: C, 79.00; H, 5.84; N, 15.62.
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Example 27

2,2’-diamino(bis-N,N’-pyridylmethyl)-6,6’-dimethylbiphenyl [Figure 27]

To 6.0 g (8.2 mmol) of 6,6’-dimethyl-2,2’-dinitrobiphenyl in 75 mL of EtOH
0 was added 1.0 g of palladium on carbon. The solution was hydrogenated on a Parr
system for 4 hours at 60 psi. The catalyst was filtered and the solution was reduced to
an oil under reduced pressure. The oil was crystallized from EtOH to yield 5.6 g
(75.0%) of the off-white product (mp 66-67 °C) 2,2’-diamino-6,6’-dimethylbiphenyl.

To a refluxing solution of 1.5 g (7.06 mmol) of 22’-diamino-6,6-
dimethylbiphenyl in 40 mL of EtOH was added 1.48 g (14.12 mmol) of 2-
pyridinecarboxaldehyde in 25 mL of EtOH. The solution was refluxed for 8 h and the
solution turns yellow. The solution was cooled and 1.1 g of NaBH; was added in one

portion. The solution was stirred for 2 days and the solution turned colorless. The

25

solution was evaporated at reduced pressure, the residue was dissolved in water and
extracted with 2 x 50 mL of ether. The ether was evaporated and the residue was
crystallized from ethyl acetate/hexane to give white crystals of 2,2’-diamino(bis-N,N’-

30 pyridylmethyl)-6,6’-dimethylbiphenyl. 'HNMR (CDCl3): J2.21 (6H, s), 4.23 (4H, s),
7.02-8.13 (14H, m).



(DVBO-d6) 8 1.12 (t, 6 H), 1.93 (s, 3 H, 3.42 (s, 2 H, 4.14 (q, 4H, ),
7.16-7.80 (2 d, 4 H, 815 (s, I M 20 D ethyl

(4- Cyanobwoagiojmeet am domal onate (996 ny, 3 nmol) was hyaceagsezieEa: at

at nospheri c pressure and roomtenperature for 22 h in ethanol (25 nL) and
concentrated HO (1.5 nmL.) with Pd/C 10% as catal yst (200 ng). After
filtration, the solution was taken to dryness. Water (60 nlL) was added to
the residue and unreacted material was renoved by filtration. The filtrate
was again concentrated to drynesBxamplei28g 956 ngy (85% of the white solid
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diamino(bis-N,N’-quinilylmethyl)biphenyl, mp 156-158 °C. '" NMR (CDCl3): [14.60
(4H, d), 5.25 (2H, t), 7.10-8.15 (20H, m).

Example 29
[(3,5-dimethylpyrazolyl)methyl}[2-(2-{[(3,5-
dimethylpyrazolyl)methyljamino} phenyl)phenyljamine [Figure 29]

20
To 1.49 g (8.09 mmol) of 2,2>-diaminobiphenyl in 100 mL of acetonitrile was
added 2.0 g (16.2 mmol) of N-hydroxymethyl(3, 5-dimethyl)pyrazole. The solution
was stirred at room temperature for 3 days. The solution was dried over MgSOy,
filtered and evaporated to dryness under reduced pressure. The resultant oil was
’s crystallized from ethyl acetate to give [(3,5-dimethylpyrazolyl)methyl][2-(2-{[(3,5-

dimethylpyrazolyl)methylJamino} phenyl)phenyl] amine. " NMR (CDCly): 1J2.18
(6H, s), 2.26 (6H, s), 3.81 (2H, broad s), 4.52 (4H, s), 5.30 (2H, 5), 6.63-8.13 (8H, m).

Example 30
2—{[(2—{2—[(Z-pyridylmethylamino]phenyl}-phenyl)amino]methyl}phenol [Figure
30 30]



CH2C12- CH3OH (90: 10) as eluent, to yield 45.6 ng (71% of the white solid
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by col umm)chr omat ography usi ng net hanol/chl oroformto yield 2.1 g (77% of
the Boc-p-(phosphononet hyl) -DL-phenylal anine. To a solution of 0.5 g (3.1
mml) of 2,3,2-tetramine in 10 nL of DVF was added 2.24 g (6.2 mmwol) of
Boc- p- (phosphononet hyl ) - DL- phenyl Eki‘ﬂbfk%lat 0 C under

2-({[2-(2-{[2-hydroxyphenyl)methyl]amino} phenyl)phenyljamino} methyl)phenol
[Figure 31]

15

To 1.00 g (3.63 mmol) of N-(2-pyridylmethyl)-2,2’-diaminobiphenyl in 25 ml of
ethanol was added 0.48 g (3.63 mmol) of salicylaldehyde. The solution was refluxed
for 30 min and cooled to room temperature. The solution was evaporated to 10 mL and
20 cooled at °0. Yellow crystals were collected by suction filtration to yield 0.90 g (72%)
of 2-(2-aza-2~(2-(2-pyridylmethyl)amino)phenyl )phenyl)vinyl)phenol, mp 110-112 °C.
To 2.0 g (7.26 mmol) of 2-(2-aza-2-(2-(2-pyridylmethyl)amino)phenyl)phenyl)
vinyl)phenol in 50 mL of ethanol was added 0.3 g of NaBH,. The solution was stirred
at room temperature for 24 h. The solution was treated with concentrated HCl until
05 acidic, extracted with 2 X 25 mL of CH,Cl,, dried over NaSO, and evaporated under
reduced pressure. The resultant oil was crystallized from methanol to yield 1.36 g
(64%) of 2-{[(2-{2-[(2-pyridylmethylamino] phenyl}-phenyl)amino}methyl}phenol.
mp 154-156 °C. '"HNMR (CDCls): 111.60 (2H, broad s), 4.42 (4H, s), 6.81-8.23 (16H,
m). MS m/z 426 (calcd 426).

30 Example 32



an atnosphere of nitrogen. To this solution was added a solution of DPPA (1
m., 3.2 10 mmol) in 10 nL of DVMF and 0.35 g (3.2 mml) of powered NaHCG3.
The sol utworns/osesgs vi gorously stirred for 24 hours at 0 C pChassmharsi on was
diluted with ethyl acetate, washed wisth 1 N HCl, followed by saturated
NaHCO3. The solution was dried over MSH, filtered, and evaporated under
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Example 33
3-nitro-2-{[(2-{2-[(2-pyridylmethylamino] phenyl}-phenyD)amino]methyl}phenol
[Figure 33}

20

To 0.60 g (2.18 mmol) of N-(2-pyridylmethyl)-2,2°-diaminobiphenyl in 10 mL
of ethanol was added 0.36 g (2.18 mmol) of 2-hydroxy-6-nitrobenzaldehyde. The
solution was refluxed for 30 min and cooled to room temperature. Yellow crystals were
collected by suction filtration to yield 0.36 g (41%) of 2-(2-aza-2-(2-(2-
pyridylmethyl)amino)phenyl)phenyl)vinyl)-5-nitrophenol , mp 114-115 °C.

To 0.36 g (1.59 mmol) of 2~(2-aza-2-(2-(2-
pyridylmethyl)amino)phenyl)phenyl)vinyl)-5-nitrophenol in 50 mL of ethanol was
added 0.72 g (19.0 mmol) of NaBH,. The solution was stirred at room temperature for
24 h. The solution was treated with concentrated HCI until acidic, extracted with 2 X
25 mL of CH,Cl,, dried over NaSO; and evaporated under reduced pressure.- The
resultant oil was crystallized from methanol to yield 0.24 g (61%) of 3-nitro-2-{[(2-{2-

25
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by filtration and recrystallized fromEOH resulting in 1.51 g (75. 9%
yield) of white crystals of 2,2 -(bis-NN -pyridyl nethyl)biphenyl, np
135- 136 Gyoloswosrsps 137 C. 8b 10 Mass spectrum AB M5), ml z ( reratSoven732

intensity); 367 (100), 274 (35), 195 ¢23), 180 (29). HRVS (FAB, nN\BA)
cal cd for C24H23NA ([ MkHfI: 366.1922, found 366. 1923 1H NVR ( CDC13):

o 52 (o i Bl R 5 B BB L

78 65; { 6! 5 15.62. 15 Exanple 27
2,2' -di am no?éDCN&I Eﬁ %f/glll{ggilﬁrargts%@m (QHOQ) d:grzre??f/ blﬂglrilne)nyl [ Figure 27] To

609(82mm|) of 6,6'-dinethyl-2,2' d|n|trob|phenyl in 75 nmL of EtOH 20
was added 1.0 g of palladiumon c rbon %’ge sol uti on was hydrogenated on a
Patcr systemfor 4 hours at 60 ps é talyst was filtered and the

soluti on 4sglofé 2t FidQirhetH ﬁaﬁné aﬁ eRpIathho] byl phesls
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66-67 C) 2,2'-diam no-6, 6" -di meth)[Flﬁ“ﬁh Nyl To a refluxing solution of 1.5
g (7.06 mml) of 2,2'-diam no-6,6"'- dinethyl bi phenyl in 40 nL of EtOH was
added 1.48 g (14. 12 mol ) of 2- 25 pyridi necarboxal dehyde in 25 nL of EtCH.
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(bis-N, N -quinilylnethyl)bi phenyl [Figure 281 ) 5.43 mmol ) of
50 o anyabimeths Mooy hphcoy Dt doriosshenplied S0LmES of citaob WD ) of

200 1oL ARG RO AR o G AR il 1 2 oo o 0

solution was treated with concentrated HCI until acidic, extracted with 2 X 25 mL of

1 CH,Cl,, dried over NaSQ, and evaporated under reduced pressure. The resultant oil
was crystallized from ethyl acetate to yield 0.20 g (57%) of 4-chloro-2-{[(2-{2-[(2-
pyridylmethylaminoJphenyl }-phenyl)amino]methyl} phenol mp 172-174 °C. 1H NMR
(CDClLy): [11.62 (1H, broad s), 4.52 (4H, s), 7.02-8.31 (15H, m).

20

Example 35
2-amino-3-(-(4-phosphonomethylphenyl)-N-(2-{2-
[benzylamino]phenyl}phenyl)propanamide [Figure 35]

To 5 mL of dioxane was added 2.0 g (7.7 mmol) of p-(phosphonomethy1)-DL-
25 phenylalanine, 0.82 g (8.1 mmol) of triethylamine and 1.68 g (7.7 mmol) of di-tert-
butyl dicarbonate. The solution was stirred at room temperature for 3 hours. The
solution was evaporated at reduced pressure to dryness. The resultant oil was purified
by column chromatography using methanol/chloroform to yield 2.1 g (77%) of the
Boc-p-(phosphonomethy1) -DL-phenylalanine.

To a solution of 077 g (2.78 mmol) of N-(2-pyridylmethyl)-2,2°-
diaminobiphenyl in 10 mL of DMF was added 1.0 g (2.78 mmol) of Boc-p-

(phosphonomethy1) -DL-phenylalanine at 0 °C under an atmosphere of nitrogen. To

30



aza- 2- (3-isoqui nol yl')vi nyl ) phenyl ) phenyl ) - 2- (3-i soqui nol yl ) et hene were
collected, np 138-140 C To 1.0 g (3.62 nmol) of 1-aza

1-(2-(2- (Woazams34€ 3- 10 PCT/US02/40732
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sal i cyl aProERAIEde Whwiselafadias dhe W?a@ﬁmqmsﬂibwh@hwﬁ'eafndm oled in an ice
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( mm[ble?f)yhengl i}ﬁ)ikﬁyg}gﬁ@ry()gpr eth an(gl was ad%%&gbéﬂ?%% ég ﬁ’%lg of

phenyl)vin
Napt. TR beiad s, Q82 a1 S6coeil 3 69 (8 ddhrp. Zhel iy, A8 @EL Shom
6.65-6.85 (8L m), 7.00-8.50 (7EL m), 8.4 (1H, d).

20 Example 36
Manganese (2,2’-diamino (bis-N,N’-quinilylmethyl)biphenyl)(Cl), [Figure

36]

To 100 mg (0.27 mmol) of 2,2’-diamino (bis-N,N’-quinilylmethyl)biphenyl in

15 mL of methanol was added a solution of 44 mg (0.27 mmol) of Mn(IT)Cl, in 10 mL

of methanol. The solution was heated for 30 min, cooled to room temperature and the

2 solvent was evaporated to 10 mL. Crystals of Manganese (2,2’-diamino (bis-N,N’-
quinilylmethyl)biphenyl)(Cl), formed over 7 days which were collected and dried.

Anal. Caled for MnGC;;ChHyeNy: C, 64.87; H, 4.43; N, 9.45. Found: C, 64.78; H,

4.40; N, 9.94.

Example 37
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tenperature for 24 h. The solution was treated with concentrated HC until
acidic, extracted with 2 X 25 nL of CH2Cl12, dried over NaSO4 and

evapor at esouwn@er4s educed pressure. The resultant oil waspPcmysbakd7szed from
et hyl acetate/hexane to yield 0.72 g 0 (73% of
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antl cool dstmdihyldaidopieayly $hahyl)aneine]nosthyl poteadl imy1 5500kt ofomethamal rveasi on to

)| ?lz?agéadgeg z—({aﬁ&r oﬁgfw wst (027 ) oS HRsUDnimn 19 vl of msthaneli They 110- 112

T. To 2, ( | i d_t temperature and the solvent was
2-(2-aza§-"g§t’%§-tz’ig§§£r{?§ﬁrng{)ﬁ§'ﬁ e oy Y PHeny Y Vinyl) phenol in 50 nt

of et hanghpwardadded 003 gnlof NaBEdystafhe ebl ulrpon (thehlera-?+{Hd-2d(2r oom

tenperature for 24 h. _The solution was t ted w a Cl until
25 a1 dimmdsimetadpagialptyD e R pE R GRACO IRRRE b 2

evapor at&gs %@&1’ LRANEePERP&E AnkeChRE Ybit BT, ;O Wed: C,\5dtodk [Hzed from
mefd‘uanol o Vyle ‘g 1,36 g (649% of ZN{' &(2-{2-[(2- pyri dyl met hyl am no]
phenyl } -p8&ndl Y261 Fohmdst Gyi2 3 ERSI88: N 441154- 156 C. | H NUR (CDC13): 01. 60
(2H, broad s), 4.42 (4H, s), 6.81-8.23 (16H, m. M5 nlz 426 (calcd 426).
Exanmple 32 30 WD 03/051348 PCT/ US02/ 40732 68 4-nethyl-2-{1(2-{2-
[(2-pyridyl methyla min o] phenyl ExapprB8 )anin o] methyl} phenol [Figure
32] To 0.60 g (2.18 mml) of N (2-pyridyl methy])-2 2'-diam i phenyl in 25
nL 5 of [Vetuadihon (ha’sdisamiae(is-B ’gm(lz(.i}ilsmwdﬂalpiaéﬂyﬁ&z] [ﬁ‘g‘“'e 8P

2- hydr oxy- 5- met hyl benzal dehyde. The .solution was refluxed for 30 mn and
cooled to roomtenperature. The solution was evaporated to 10 nlL and

cool ed at 0. Yell0oOwng (Y37 ahmolyef &, 2 editmiroehih, N yeyridylmethyl)biphenyl in

15 |5 mL of methanol was added a solution of 33 mg (0.27 mmol) of V(IT)CL, in 10 mL of
methanol. The solution was heated for 30 min, cooled to room temperature and the
solvent was evaporated to 10 mL. Crystals of [Vanadium (2,2°-diamino(bis-N,N’-
pyridylmethyl)biphenyl)Cl,] formed overnight which were collected and dried (78 mg,
69%). Anal. Calcd for VCpClLH,Ny: C, 59.00; H, 4.55; N, 11.47. Found: C, 59.43;

20 [ 412N, 11.37

Example 39
[Gadolinium (2,2’-diamino(bis-N,N’-pyridylmethyl)biphenyl)Cl>]Cl [Figure 39]

To 100 mg (0.27 mmol) of 2,2’-diamino (bis-N,N’-pyridylmethyDbiphenyl in

% 15 mL of methanol was added a solution of 100 mg (0.27 mmol) of Gd(IIN)Cl; in 20
mL of methanol. The solution was heated for 30 min, cooled to room temperature and

the solvent was evaporated to 10 mL. Crystals of [Gadolinium (2,2’-diamino(bis-N,N’-
pyridylmethyl)biphenyl)CL]JC1 formed overnight which were collected and dried (78

mg, 69%). Anal. Calcd for GdCoyClsH,Ny: C, 45.74; H, 3.53; N, 8.89. Found: C,

45.33: H, 3.78; N, 8.82.
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filtration to yield 0.90 g (72% of 2-(2-aza-2-(2-(2-

pyri dyl met hyl ) am no) phenyl ) phenyl ) vi nyl ) - 4- net hyl phenol , np 158-160 C. To
2.0 g (7.w6 mwoei3ys of 2-(2-aza-2-(2-(2- 10 PCT/US02/40732
pYridyYl met hYl) am no) PhenYl ) PhenYl) vi n¥#1) - 4- met hYl phenol in 50 nL of ethanol
was added 0.3 g of NaBH4. The solution was stirred at roomtenperature for
24 h. The solution was treated \gF%ng%nﬁntrat ed HC until acidic,
extracted with 2 X 25 nL of ried over NaSO4 and evapor at ed under
reduced pressure. The resul t[a(t‘ﬁmtmnhm @ag[2=2yqeal | i zed from nmet hanol to
yield 1.36 g (649 of 4-nethyl -2 -p;lg(z-{z-[ﬁz 15

pyri dyl met MydEexy: Bﬂéﬁﬂh}ﬂ]ﬁﬁ%‘w syhphenxllaping} metipyphenohCh:1C87 1 114 NWR
(CDC13): D 1.68 (IH broad s), F@ f 4.40 (4H, s), 6.82-8.20 (15H,
rr).5 Exanple 33 3-nitro-2-{[(2- {2 pyri dyl met hyl am no]

phényl } - phenyl ) am no] net hyl } phenol 20 [F| gure 33] To 0 60 g (2.18 mmol ) of

N- (2- i dyl 2 d I dded
0.36 o (2 &”ﬁaﬁ%‘é@(@o weD 28 Bt dhBrreRm o g atER s
ref | uxedphens]]3Rind} ﬁifmp &l 25 Gl @pm&@mﬁmﬁ, '4i8ed X@bmwﬁ of Y33 Mg were
collected by suctlon tration to yleld036(amtl41O of é@éazaZ(Z(Z-

(2)532yr| do- %mm»@?ﬁnéﬂ;)@leelnﬁo)rph@me)thamw The selvtompnehedted fop3@ 1ain) 15 T. To
pyri dgl Eré({iiﬂ ﬁmfpﬁ# ?JWéeﬁytﬁS 61 v?‘(r?éf Vg eva;gorate enoO I|nL 5(8ryn§fﬂ ?f et hanol

was addpthrémi#ng (19.0 rrrml) of NaBH4 The sol ution was @i{ec@d{[2t room
tengperature for 24 h. The solution was treated with oncentrated HC until

aci di c, M9W@wi)mthylmmb@eﬁﬂ)ﬁmﬂﬂmmmaﬁhyléaheélo Eniksos and
¥ om ot IumET05Er 2 SEHGSGhER G2y ERlccred ARy Wiol EEM MBrba) AdESCRIRNTRE, o' 2

PCT/ US02CAD/GRBH.890,: C, 56.29; H, 4.37; N, 5.05. Found: C 56 78; H, 4.42; N, 5.01.
[ (2- pyridyl net hyl am no] phenyl } - phenyl ) am no] et hyI }phenol . np 178-180 T. 1H
NVR (CDC13): 01.53 (1H, broad s), 4.16 (4H, s), 6.92-8.01 (15H m. 5
Exanpl e 34 4-chloro-2- 1[( 2-{2-]£§a%1lﬂyaidyl met hyl am no]
phenyl } - phenyl ) am no] nethyl} phenol [Figure 34] To 0.60 g (2.18 mmol ) of
N- (2- pyri dyl net hyl ) -Compaxisameffgabilitiengl Metal 1on fdomplexes

15

Referring to the heats of formation, the first modification to consider is how the
heats of formation are affected by changing the metal ion. The data is quite clear here
with the relative stabilities following the pattern: Co > Fe > Mn > Cu > Zn > Cd.
Occasionally the Cu complexes are more stable than the Mn but otherwise the trend

20 holds consistently from one set of complexes to another. The trend in changes in
stability due to changes in the metal may be exploited by recognizing the affinity that
the organic compounds have for various metal ions in the body.

In Table III it is apparent that Fe 2,3,2 —piperidine and Fe 2,3,2- adamantane
have a low heat of formation which would be attractive to address the excess iron pools
in neurodegenerative disease and the excess iron released into brain tissue following
25 lysis of dead neurons post stroke, the adamantane having additional effect on the
NMDA receptor.

Similarly from Tables IT and IV it is apparent that Fe cyclam methylated and Fe
cyclam adamanatane are very stable and Zn cyclam methylated and Zn cyclam
adamantane not unduly stable. This behavior could be useful in treating ischemic
damage post myocardial infarction where iron exerts toxic redox effects and tissue zinc

30 stores are rapidly depleted.



of ethanol was added 0.34 g (2.18 mmol) of 5-chlorosalicyl al dehyde. The
solution was 10 refluxed for 30 mn and cooled to roomtenperature. Yellow
crystal s werom/osous ected by suction filtration to yield 1. ®6TgSO¥¥%p2 of
2-(2-aza-2-(2-(2- pyridylnethyl)am noBphenyl ) phenyl)vinyl)-4-chl orophenol ,
np 115-116 T. To 0.35 g (0.91 mml) of 2-(2-aza-2-(2-(2-

fa:uQJ et hanol

pyridyl met hyl R TaiehaRG)Ph hte@%gi{ﬂeﬁtyﬂh)if ﬂleférgré’ gagén H%}Elﬁ?
was added 0.19 g of NaBH4. The solution was stirre ro errperature

for 24 hbmcmg c@meutmnh manganeseat Gl %ﬂhsmﬂp}dnbnaNéﬂ\IH&nngﬂnl 38 di Cd
t te f .15.CH2CI evapor at e
o or s clallehilag aft & sfibies ot g pdleets. HheR Rbiniapen Has molsaEl nyi

acet at e 4re anqiaﬁhb% 2th0cl6§ed?8in® fmdlediéO 1P théir Edpdcity? td Gddress ﬁ'ee metal
pys i dyl net hyl am no] phenyl } - phe%yl ) am no] met h ylépaprﬁ%no np 172-174 C. 1H NWR

( CDC13) : eXyessgn neurpdegsperativasfiseasesandsiigkes), 7. 02-8.31 (15H, in). 20 Exanple
35 2-am no- 3-(-(4-phosphononet hyl phenyl ) - N-(2-{2- .

[ benzyl am no] phenyl ) phenyl ) propanam de [Figure 351 To 5 nlL of di oxane was
added 2.0 g (7.7 mol ) of p-(phospkanapreRhyl) DL- 25 phenyl al anine, 0.82 g
(8.1 mol) of triethylam ne and 1.68 %‘(7 7 mmol ) of di-tert- butyl

di carbonate. The sol ution was sti rRisgNige roomtenperature for 3 hours. The
sol ution was evaporated at reduced pressure to dryness. The resultant oil
was purified by columm chronmat ography using nmethanol/chloroformto yield
2.1 g (77% Ofortthe 2.B3eteamipieosphpooxist fgrhl)&tgelDLofpﬁawilh lgsh'ém irings Wiena

sdluti o 2. 78 mmo ri met

di ani no&%‘%‘gﬁﬁ n}e%l g%ls rlrﬂcr‘f)&fsekaf§ %X%Pél\h‘&éﬁp éh ﬁ‘“ﬂ“ﬁ%’ﬁs rﬁrrﬁﬁ )Ca’%)geB‘Eﬁ!’— p-

( phos phonkse top Angg%pbewiealaﬁm&ﬁw@él &nﬁl&&g% a8 @6@%@@{&[ 2ni trogen.
To WD 03/051348 PCI/ US02/ 40732 70 this sol ution was ad sol’utlon of
DPPA (1 tgirammegandyihs 2.3, hrteteantine dIOﬂmVFm@nd Inpal epseR. &8 Brﬁzﬂ—oetrammomer ed

NS, IS R oSl e R sl s oy
sat ur at ecieN#t4CGRe ZTh2-tstedmine o:mmmsxeéraredm@ree stableSa fhel 2 ere@iramiid
complexes. This suggests that the 3,3,3-tetramine compounds may be of considerable
15 interest as companions to the 2,3,2-tetramine compounds. Schugar H. and coworkers
(Inorg. Chem., 19, 940, 1980) have shown through stability constants that changing the
size of the chelate ring has an effect on the resultant stability of the metal complex.
Modification of the cyclam rings so that the rings are smaller or larger also
impacts the heats of formation. The cyclen complexes are less stable than the cyclam
20 rings, a result that has been documented elsewhere. Increasing the size of the ring as
was done for the cyclam 3,3,3-tetramine complexes also leads to enhanced stability
compared to cyclam.
These size related changes in stability influence the design of compounds for
treatment of neurodegenerative disorders, stroke, glaucoma, Atherosclerosis,
cardiomyopathy, ischemia, optic neuropathy, peripheral neuropathy, Presbycussis and

25
cancer.

Example 43
Addition of Side Groups on Chain (Open Ring) Molecules

Along with changing the size of the rings, various alkyl groups were put on the

30 nitrogens or catbons to see how these modifications affected the stability of the



5 evaporat ed under reduced pressure. The oil was purified by flash
chromat ography to give 1.0 g (62% of

Boc- 2- am Wo-03/§13¢8t- phosphononet hyl phenyl ) - N- (2- { 2- PCT/US02/40732

[ benzyl am no] phenyl } phenyl) propananm@e as a colorless oil. A solution of
Boc- 2- am no- 3- (- (4- phosphononet hyl phenyl ) - N-(2- {2- [benzyl am no]

Chof i tgomRlsgs. b T9mLer pf ssoryzatins cat bp gipsted Fprtndual st g™
t enper ag;ega? 21‘“% h SR the ﬂgﬁ oSk \seRdra W%&h@}ﬁ%ﬂy rEdueatbseasure. 2-

am no- 3 ononet hyl phenyl ) - benzyl am nolphenyl } phenyl)
pr opanamita ceapariaglthe &b, Zrictianéne pﬁ)mpmxdadet e one§ whew eitheh NNGE ¢ r eat ed

with a ato
2- ani no% e ﬂ?‘i’cﬁ%‘%ﬁﬁ%ff@&gﬁ@r&?‘ﬁ) This ssult aJso holds for isopropyl SIOURS) phenyl )
prdpananygituted b NYR4 rall;?] fér iZBproﬁfc’lHon M8, Thereds @ &n(lﬂtofd,ddmg 2 86
and 3.10 (2H, dd) 3.70 ( , 4.48 (2H, s),. 15 6.65-
(7b00 ﬁ N5ﬂg(3 Efplllm) on 81@411(0%?113 ) Seenézhﬁlm gomgounsls W/ﬁhd’&ﬁ@ges“g? t?em&l am no
I g- ui ni p t 7 I
of 2,2 gﬁ’n ﬂg%teg‘gé QK‘% klpﬂngllﬁﬁlylléﬁg%%\ﬁ ‘%‘?p eny trllmi%a %%@ot?&rlr@?l r?gnoPT\DNa)s
_zli_ﬂded i’io?g{p;g)de@n ﬁf :14drrg (03(2)7 mml) of M(I1)Cl2 in 10 nL of nmet hanol .
e solution was heate | ed
ool vent ves Slegtietial Ay sotbocn 58 Sotbog SwaAga-uedey oo oh el *°
(B S- N N @bl L Iiigeh Toab AR gl 160 1OTRARRYGE shalsi au\/al Ibkrelwere
Lésecte and drie Anal . Calcd for "MhC32C12H26N4: C, 64.87; H, 4.43; N,
aionthiardble ©4hatSourd wheh the mekhylowent. plased wp|the Brogas. WO 03/ 051348
PCT/ USOZ/ 40732 71 [lron
(4-chloro-2-{[(2-{2-[(2-pyridyl met hyl ani no] phenyl }- phenyl ) amni no] net hyl )

phenol)(d)2]d [F Y/
phen: Oag 2){][(2 E{'ﬁl[dl('iﬁm'ideTdk@Q&lﬂm)dQlogédlﬁﬁéM(ﬂécules

The trends for the heats of formation of the cyclam complexes are not as

consistent as those found for the 2,3,2-tetramine complexes. For example, putting

15 methyl groups on the nitrogens increases the stability in some cases but decreases it in
others. The same is true for the complexes where isopropy! is added to the nitrogens.
Once again though, benzyl groups greatly decrease the stability of the complexes
showing that there is an upper limit as to how bulky the substituents can be before the
stability of the complexes is greatly diminished. Surprisingly, the addition of
adamantane to the cyclams leads to enhanced stability in all cases. Adamantane is a

very large group but it is able to find ways to exist so that the structure is actually quite

20

stable. This stability of the cyclam adamantane compounds may be useful in situations
such as stroke and glaucoma where NMDA receptor antagonism is required.
From a biopassaging standpoint the stability of the 2,3,2—isopropyl complexes
and molecules with carbon side chains attached to the ring nitrogens or carbons is
25 valuable toward developing compounds which are more lipophilic and thus have better
passage across the gastrointestinal tract, blood brain barrier and blood retinal barrier,
this being important in the treatment of Parkinson’s, Alzheimer’s, Lou Gehrig’s,
Binswanger’s, Lewy Body diseases, Olivopontine Cerebellar Degeneration, Stroke,
Glaucoma and Optic Neuropathy described herein.

30 Example 44



5 pYridYl nmet hYl mm no] phenY1} -PhenYl)am no] net hYl} phenol in 15 nL of

nmet hanol was added a solution of 70 ng (0.27 mmol) of Fe(lll1)Cl2 in 10 nL
of met harwD.03/0bis48 sol uti on was heated for 30 min, cool ed tPCTIUSO2H0732
tenperature and the solvent was evap®rated to 10 nL. Crystals of Iron
(4-chloro-2-{[(2-{2-[(2-

pyri dyl met hyl am no] phenyk#x - I ' nol)(d)2]d fornmed over
2 days which were colle ﬁﬁgﬁ)@@%%‘g@%@é@fﬁ@ cd for FeC25C14H22N30O C,
51.94; H 10 3.84; N, 7.26. Found: C, 52.33; H 3.88; N, 7.41. Exanple 38
[ Vanadi um (2, 2' -di am no(bi s-N, N - pyridyl net hyl ) bi phenyl )d 2] [Figure 38] To
100 ng (0.27 4nethgr igmpoptant rﬁaﬂfalﬁwfhf‘om{etﬁggwmnﬁw %@%@Nﬁ@‘{ 9@?5‘%‘@%% n 15

15 nL of et [ ; Cl2 i

To,m of POGIARL AR, 3CURIELE Roltl BR Biec HipHubdh &F ORS00,

E (Zaﬁ“ger 3_ttha_ﬂtlmrtd1_es uﬁcxl;lihed dlenie ém?]mteheamh ]'pzraﬁﬁdgnorp%ﬁremo%t adﬂeﬂgnél lséNéibuth Va\r,]ﬁdi Em
, 2" -diam nQ(his-N, N - i t I pheny . \ ,.ght whi

(e 0P SUPR 3N i o AR Bl B SRRt 0 °

9. 00; "‘zop?]eﬁ%bm exdsl - tdse EQHMExesCareSRoft3stablB0thlh the base 1.3 IdetRmifxanpl e 39

[ Gadolinium (2,2"-di am no(bis-N, N -pyridyl met hyl ) bi phenyl Y& 2]d [Figure

39] To dmoplexes( Wepgenarabizitiasts can be mfida n¢gaoding ithe- ademapiang gompeutidy bpbi phenyl

in 25 15.nL of t hapgl was_added a sol ution of " f
Gd(111) d!%és ’f‘?{e‘%gﬁiﬁ’(#&%taﬁeaﬂ% e.xcﬁgjeg'o‘flﬁﬁbgen“&%%ajr%egﬂtngg (21936%193%['1' 1%‘ én oc ool ed
to room ¢sHipRngé (Indedd) Ghe HRecERPI¥LTE MGE @IAPartdlcethet Co léhends. equal & al s of

[ Gagol i nium (2, 2" -di am no(bi s-N, N - pyridyl methyl) bi phené:q%iClZ] c fornmed
over ni ghstakilitye isvete though (theyc s fustes dange iapd : Fé‘,ﬁ yeggsts Wahpvendaresd f or

Ry e s oS e i B
(2- ({[ 2- {hey $kéddd byyparsaadbheny| ) net hyl j ani no) phenyl ) phenyl ] ani no)

t hyl ) ph 1 ).Cl | .
met hyl) pheno ”}‘he %al%]cxc]:dine, piperizine and adamantane derivative molecules are attractive

because the terminal groups can substantially alter basicity, lipophilicity and passage

through membranes, in addition to altering receptor binding properties. These

15 derivatives may also be attractive where a selective bias towards iron removal versus
stored copper removal is sought. This could be applicable to therapeutics for ischemia
post myocardial infarction, atherosclerosis and neurodegenerative diseases.

Further the stability of terminally substituted derivatives provides opportunity
for substitution with glutathione, wuric acid, ascorbic acid, taurine, estrogen,

20 dehydroepiandrosterone, probucol, vitamin E, hydroxytoluene, carvidilol, o-lipoic
acid, a-tocopherol, ubiquinone, phylloquinone, B-carotene, meanadione, glutamate,
succinate, acetyl-L-carnitine, co-enzyme Q, lazeroids, and polyphenolic flavonoids or
homocysteine, menaquinone, idebenone, dantrolene.

These specific derivatives of polyamines may be used as compounds in the

2 treatment of, though not limited to, the following diseaées:
glutathione polyamine in peripheral neuropathy and ischemia
uric acid polyamine in stroke
ascorbic acid polyamine in diabetic neuropathy and ischemia
taurine polyamine in diabetic neuropathy

30 estrogen polyamine in stroke

dehydroepiandrosterone polyamine in stroke



[Figure 401 5 To 200 ng (0.50 nmol) of

2-({[2-(2-{[ 2- hydroxyphenyl ) net hyl ] am no} phenyl)

phenyl | amwvoaBietshy| ) phenol in 25 nL of methanol was addedpraTdamsbuiizen of 133
ing (0.50 mmol) of C(I11)C1l3 in 20 WL of nethanol. The sol ution was
heated for 30 min, cooled to roomtenperature and the sol vent was

evapor at : : omum (2-({[2-(2-f [2- 10

hydr oxypﬁg% %g%u]wgir#%o?% %nfﬁ({%ge}{ﬁyl ] am no} et hyl ) phenol )Cl) 2} A fornmed
over 2 wedmsinnli pblyamie @olpesiphadl awdropathed Alzheimer)s dispe, Snalle. afiéhl cd f or
Cr C26C13H2AN2O2: C, 56.29; H, 4.37; N, 5.05. Found: C, 56.78; H 4.42; N,
5.01. EXSMpM8 41 Conparison of Stabilities of Metal |on Conpl exes 15

Referri n%dr@xﬁtbﬁeﬁ@ﬁ&l?aﬁ%eﬁ@ﬁé’iﬂiﬂe%?neﬁrﬁgatﬁizrSt modi fication to consider is

how the ‘'heat's of formation are affected by changing the netal ion. The

data is eprviddobpadyamine ireperiphetal néwopathwt i ve stabilities follow ng the

pattern: > Fe,> M1 > Cu > 7Zn > .Cd. . Occasionally the Cu conpl exes are
nore st a‘ﬁ]gg)of%%?hd P‘PF@W%‘&P“S%W@PW%“P%&‘? a“z"dyal‘?m CHEHSYSPHERY |y from
one set id admiB&eSdik@s@not her. The trend in changes in stability due to
changes in the netal may be exploited by recognizing the affinity that the
or gani ¢ edoapherhd polyeminean atharasclgsosisetnglischoms& i n t he body. In Table 111 it

is apparent that Fe 2,3, 2 &ﬁ%jperi dine and Fe 2,3, 2- adamantine have a |ow
heat of FERHIRS PRVPEWIGBHAPES attractive to address the excess iron

pool s iﬁbiﬂ@iﬁbg@ﬁggﬂﬁ{n@tiﬁ}éghgﬁﬁease and the excess iron released into brain
ti ¢86ue followng 25 lysis of dead neurons post stroke, the adamantine

havi ng aplilloquinghe €Yitamain KahpolyamingNmatheraselerasts. angicaidiemygpathyom Tabl es | |
and IV i %aiyent. t hat .Fe.cycl am net hyl ated and Fe cycl am adamanat ane

é' LS al'% e 1
are ver yPSEATHE PRRGTRC BV SMitet hyl at ed and Zzn cycl am adar nant ane not

undul 'y sgialinfate pélysmPeh@¥iaBéegoul d be useful in treating ischemc damage
post nyocardial infarction where iron exerts toxic redox effects and tissue

zinc  30suscigpiepoljaminein ditbetasepl et ed. WO 03/ 051348 PCT/ US02/ 40732 73

acetyl-L-carnitine polyamine in Alzheimer’s disease and presbycussis

s co-enzyme Q) polyamine in diabetes, cardiomyoapthy and congestive heart failure
lazeroid (21 aminoquinone) polyamine in stroke
polyphenolic flavonoid (quercetin, catechin, epicatechin) polyamine as antioxidants
homocysteine polyamine in cancer
meanadione (Vitamin K3) polyamine in cardiomyoapthy

2 idebenone polyamine in cardiomyoapthy, MELAS and stroke
dantrolene polyamine in stroke

Memantine polyamine, rimantidine polyamine in glaucoma.

Example 45
Internal Substitutions in the Open Chain (Ring) Molecules

25

It is also possible to replace the nitrogens with other donors such as sulfur. As
shown, these complexes excepting the iron ones are considerably more stable than the
nitrogen ones. Sulphur containing polyamines terminally derivatized with
homocysteine could be used as anti-cancer agents.
Internal Substitutions in the Closed Ring Molecules

Replacing the nitrogens with sulfur enhances the stability of some complexes
(Cu, Zn, Co) but not in others (Fe, Mn). This result shows that it is possible to build

30



From Tables Il and Vit is apparent that there are chain (open ring)

nol ecul es bi ndi ng copper and nanganese, Cu 2, 3, 2-isopropyl on NI/N4 and M
3,3,3 rewpacisnesy are as stable as closed ring nol ecul eeCT/USN2Ig0760ai n
(open ring) nolecules are conparable™™ith closed ring nolecules in their
capacity to address free netal 5 excess in neurodegenerative di seases and
stroke. Exanple 42 Ring S ze_ For.t 2,3,2-tetram ne c upds.. formation
of 6- neifertBe HMEHWS CRAPRUD Ose&‘?%}tﬁ&g{ Sb‘ﬁst'gf:tai 4o P%eéré{ggrgsﬂgﬁlg ét ability
of the 0 hi ftizedReth Esmeuysiei@ dotild be used

3,3, 3-tg@b@%%g%'?%ﬁﬁé%dng?%gggﬁ?g@tcﬁgecor responding 2,3,2- tetram ne and

t he 2, 2aRar adti-earicae agempounds. I n all cases, the 3,3,3-tetram ne conpl exes
are nore stable than their 2,3,2-tetram ne counterparts. Also, it is
generally true that the 2,3,2-tetram ne conplexes are nore stable than the
2,2, 2-tetram ne conplexes. This ExagfgRetde that the 3,3, 3-tetramne
conmpounds may be of considerable 15 interest .as conpanions to the

2,3, 2-tetram ne Rhaneanelineticaduaniages veasus ssahiitycehdervafivey g chem, 19,

940, 1980) have shown through stability constants that changing the size
of the chelate ring has an effect on the resultant stability of the netal
conpl ex. ModiTiciraii Mmodificatidts sty cldahainadditions alkeatpKahkpophilipity ané alseal | er or

| arger al so inpacts _the heats of format.ion. e.cycle nplexes. are | ess
stabl e thamethelisy of these smpqungs thus ghaagipg ?‘?]lfyt}e Ha VB‘egr%Cjé&‘:' qHeT Bd

o1 sewher gy \GEGRGAA tbiEey] 22 leirhitnd iDrApRilyRRcdRAGIE Halldifeyial am

3,3, 3-tétram ne conpl exes eads to enhanced stability conpared to
cycl am vieskomy adewdioarseX adanmaddsetiah 199Abi This yefabplisre ydl obrieuglg begn of

conpounds fqr trea nt of neurodegeneratiy Lsarders r ql auconma,
At her os c"fté"feas?‘gl,ﬁd%@i’?ﬁi"é rﬁH’B‘Qf"%ﬁl ,‘gf’g%wzgﬂi %‘fmlgoﬁjg fi?: arrllgu{roo B%I?%ye?gfeglg rl?pher al
neur opatheciPsE s CHES bty 8ktacBEd Gid 6E intefm¥Bydkivatizeddabledutes. o Siede Groups
on Chain (Open R ng) Mol ecules Along w.th changi hg tﬂg ther of , the rings,

vari ous teehinyént gf degdiseaseemsntionsd abree adongsr el iR and less Jrgueet dogiNgee how

}Dg%s Esg%ﬂ%% atcie %‘?xﬁy %I)élgg G ob ﬂfghﬁl s?é%ﬁ’ﬂaéé’oug ffod tﬁ@ra%tﬁ%’f@@tlﬁﬂ%aﬁem

compliance.
15

Additional Comments

The results in Tables I to VIII shed light on the stability of these molecules and

helps direct which ones are appropriate for particular disease situations based upon

metal ion selectivity and pharmacological actions and how to enhance the
20 bioavailablility of orally or parenterally delivered drugs, and drugs crossing particular

membranes such as the blood brain barrier and blood retinal barrier.

Example 47
Qil Water Partition Coefficients

25

Partition coefficients were determined by dissolving the compound in a 1:1 mixture of
octanol/water and shaking the solution for 12 hours. HPLC was used to determine the

partition coefficient. The reported values are the log of the octanol/water partition

Table IX. Oil Water Partition Coefficients
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74 conpl exes. A nunber of generalizations can be extracted fromthe data.
First, putting small alkyl groups on the nitrogens generally enhances

t hei r st awDloBy1348Thi s can be seen when conparing the 2, 3pP2TiEsoz/amBne
conpounds to the ones where either NI78NA or N2/ N3 are substituted with

met hyl groups. This result also holds for isopropyl groups 5 substituted on
Nl /N4 and generally for isopropyls on N2/ N3. There is alimt to adding

| arge groups on the nitrogens as seen by the conpounds with benzyl

subst i t ueampoundrhese conpl exes akeg Ragtiiomotfficiess stabl e than the
unsubstituted 2, 3,2-tetram ne conplexes. Jhe placenent of al kyl groups on
the carbons was only studied in a f ﬁﬁ%ﬁge AT byt for all of themthe
addition of nethyls led to enhanced stability at a | evel 10 conparable to
thmt found when the nethyls were placed on the nitrogens. Addition of Side
G oups of2@6EaMING ng Mol ecul es The trbfds for the heats of formation of
the cycl am-coppl.exes are not as consifﬁent as those found for the
2,3,2-tetram ne conpl exes. For exanpl e, putting 15 nethyl groups on the

ni t rogen3,3i2apyretises the stability in spfe cases but decreases it in others.
The sane,| ue r..the conpl exes where isopropyl is added to the
nitrogen%bibégégngggw% t hough, benzyl %ﬂoups greatly decrease the stability
of the cgﬂmh@éﬁgﬂdﬁﬁomﬁng that there iggan upper limt as to how bul ky the
substituénts can be before the stability of the conplexes is greatly

di m ni shed. Surprisingly, the addition of 20 adamantine to the cycl ans

| dédds t o~enhanced stabili in.all cases. mantane.is a very |large grou
but it i?"%ﬁﬁz’a’e "Y‘gerfl?aﬁ&t‘%i‘?é Pﬁfht@%i ﬁi“b“’%‘ﬁ‘?f fiseoramal, £or pagsage ﬂé@?ﬁ’algl yg P
quite skigilll emBiahés SRSl tbar®drs.t MoYAtLARBRRIATBM I omONH Y NES fRY be

useful in situations such as stroke and gl aucoma where NVDA receptor
ant agoni Rafential cangidatesqgior m givoaussi oius a2 igjraminedhdlretrathimesndi3,3.2¢ y of the

2,3,2-1s 0, . I . Wit h.carbon side ai ns attached
to the r}%ﬁgé?%h‘%g@h%&rﬁ%é? %ﬁ%r?aﬁﬁ%%/éq Saac@f%%tt rl?ﬂlsﬁlg?/g&%’ gméhecorrpounds
whi ch argastroméesting) bpitier and thiedblédilisraindaerideet t er passage across the
gastrointestinal tract, blood brain barrier and blood retinal barrier,
t(;gi s being inportant in the treatnment of Parkinson's, Al zheinmer's, Lou

Rr i g's, Binswanger's, Lewy Bodgydisrages. O ivopontine Cerebellar
Degeneration, Stroke, @ aucoma an tic Neuropathy described herein. 30
Exanpl e 44 PKa’s

PKa's were determined by standard potentiometric titration methods in aqueous

solution with an ionic strength of 0.10 at 25 °C. Values are reported as log K values of

20 the equilibrium constant.

Table X. pKa’s
pKa(1) pKa(2) pKa(3) pKa(4)

2,2 2—tetramine 9.7 9.1 6.6 33

= 2,3,2—tetramine 10.3 9.5 7.3 6.0
2,3,2—pyridine 83 7.4
2,3,2-piperidine 9.9 9.3 6.4 3.6
2,3 ,2-tetramethyl 10.2 9.4 6.1 29
tetramethylcyclam 9.7 93 3.1 2.6
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WD 03/ 051348 PCT/ US02/ 40732 75 Modifications of Term nal N trogens Another
inportant result is the one shown by changing NI /N4 into piperidine or

pi peri zi /wonBsBgens. It should be noted that these conpomraddasar/e7spnewhat
different 5 than the ones described ®bove in that the piperidine groups
are not added to NI/N4 but rather NIIN4 are replaced by the piperidine or

BB P82 ok R 5 e b BRER e TR G S e GEP e
gener al i gaink®nNs can be nmade regardi ng the adamant ane conpounds but it is

not ewor t hy t hat they are not excessively unstable conpared to the
2, 3, 2- t chalegtioneof compoundsawith pppTepmpte PRa’sHeT BemiR wtious difgasss B WWoni | e t he

Co one i a nd
buky. A St B el Ssbiched oP SSRobIRMEHh MRS LGP RENT

i tr ogengarivhy dmhsadwbasrsahgheafp‘{@stwmhdibe psefplesuchess andiabeteeynd pmst d be
pursued The er| di ne, piperizine and adanmant ane derivative nol ecul es are
attract i EoC i&Ectare t er mi nal groups can substantially alter basicity,
| i pophilicity and passage through nenbranes, in addition to altering
receptor binding properties. These 15 derivatives nmay al so be attractive
wher e a Egpaimenal Meabod ofMieaairingBacterial/Survived suExamples d8 —copper renoval
is sough%jl This could be applicable to therapeutics for ischem a post
nyocar di 4 i nf arction, atherosclerosis and neurodegenerative di seases.
Further the stability of termnally substituted derivatives provides

oppgrtunity for substitution wi th glutathione, uric aci d ascaorbic acid,
tauri ne, B@@cma)g\@m innpouleied W@ﬁ@@ﬁﬂ&ddﬂd&t@?'fﬁr?@aﬁf ferotiglteen howrsalting @
hydroxyt C e,
phyl | oqu hﬁ&%{i E id)}pm gl oné\/I @cﬁ{lﬂtcoﬁtairﬁﬁq%gﬁtgféﬂﬁ;ﬁa?@bﬂﬁkf‘&”

acetyl - Lpzqa:m taemle wére- &ﬁﬁﬁﬁ@d@mb@ﬁeﬂow R deapaifiugh é2000 a . av ddoi ds or
honocyst ei ne, paqui none, idebenone, dantrolene,  These s

derivati W‘%ﬁfﬁtﬁﬁ?Wﬁ%dme%l%nggéﬁF%{in% Tespsp ?S{L“t VE%t ment of ,
though neunldd™hdif r;ge%%égﬁ £ iR '® FISRAIES X 10} L BLORE 1P90YaNR ne 1

peri pheral  neuro ischema uric acl ol'yam ne in stroke
HEPES. The cells, the following toxins; methyl viologen (paraquat), methyl viologen

15 (MPP"), rotenone, daizoxide, streptozotocin and alloxan, and antidotes were added,

reaching final volumes of 1 m! in Epppendorf tubes and placed on a rotator at room
temperature. 10 uM diethylenetriaminepentaacetic acid was added to the samples to
terminate the reactions at the specified times of either twenty or sixty mnutes. 300 pL
20 of cells were plated on Petri plates containing nutrient agar and incubated at 35°C
overnight. Colonies were counted after 20 hours. Percentage survival as compared
with culture controls is calculated from the means of triplicates in each experimental
group. Bacteria utilized were E.coli, S.aureus, M. luteus ATCC strains and GM 7359
alkA tag E. coli mutant (Marinus M.G. et al 1988 and 1989). Histidine was used for
comparison purposes because it ahd previously been reported efficacious in
95 counteracting MPP" and paraquat toxicity in E.Coli (Haskel Y. et al 1991).

Example 49
Table X1 Toxins and Antidotes PARAQUAT

Organism: E. coli (ATCC 35150)

Toxin: Paraquat
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ascorbic acid polyam ne in diabetic neuropathy and ischem a taurine

pol yam ne in di abetic neuropathy 30 estrogen polyam ne in stroke

dehydr oepwendnsster one pol yam ne in stroke WO 03/ 051348 PETTUS024048732 76
probucol polyam ne in peripheral neur8pathy vitam n E polyamne in

peri pheral neuropathy, Al zheiner's disease, stroke and ischem a,

hydr oxyt ol uene pol.yam ne in peti | neuropathy 5 carvidilol polyam ne
in peri 614’@1@9‘!3334'2‘6?%5% %‘@%@?@E@&%‘lﬁ yani ne in presbycussis,

peri phe%?dub?ﬁdﬁ'ﬁﬂfé BY naRgtesli abetic neuropathy and Al zheiner's disease
a-tocopherol polyam ne 1 n atherosclerosis and i schem a nenaqui none

pol yam ne in di abetes 10 ubi qui none polyam ne in ischem a phyl | oqui none

(Vitamin K1) polyanm ne in atherosclerosis and cardi omyopat hy 0-carotene
pal yam ne in ischem a gl utanmat eﬁggli ne | gel abetes succinate pol yam ne

an

i i P Variance - . .

i B di abetes acetyl-L-carnitine gsm HEaR TR hei mer's di sease and
presbycussi s 3%ren: enzy@E: Q pol yamSWh Seuares; o MeaRSuaEe, . diFdBaant hy—and

Av AN UUL'JL Il_y
congest i ve hejdetwetradréugs @11 1 azer oi d| 398 _anmi nodui28one) pol mi_p_gt r oke

pol yphenol i c [fwikmgroopsd (eier cetin, |.2® echin, |ed9Pcatechi mﬂf_gﬁm‘a_m'_ne as
ant i oxi dants |fagnocyst eijpe pol yam peren cancgr neanadi ohe (Vitam nl K3)
pol yam ne in cardironyoapthy 20 | debenone pol yam ne in cardi omyoapt hy, MELAS
and stroke dgpbd PLLMNSe BrRLMadH B@pdnbnt Sdribritke Mewmnt i ne pol yam ne, rimantidine

pol yam ne in glaucoma. Exanple 45 Internal Substitutions in the Open Chain
(R ng) Molecules 25

10
Mean %
Samples Survival Fisher
PLSD
Culture 100
0.5 mM Histidine 100
15 1 mM Histidine 100
0.5 mM Spermine 100
1 mM Spermine 96
1 mM 2,3 2-tetramine 100
0.5 mM Paraquat 16
20 1 mM Paraquat 10
0.5 mM Paraquat + 0.5 mM Histidine 30 0.217
0.5 mM Paraquat + 1.0 mM Histidine 37 0217
0.5 mM Paraquat + 0.5 mM Spermine 60 0.2178Sig. at
99%
1.0 mM Paraquat + 0.5 mM Spermine 100 0.217Sig. at
25 99%
1.0 mM Paraquat + 1.0 mM 2,3 2-tetramine 100 0.217Sig. at
99%

Spermine and 2,3,2-tetramine were more efficacious in preventing cell loss than

histidine at comparable doses.
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It is also possible to replace the nitrogens with other donors such as

sul fur. As shown, these conpl exes excepting the iron ones are considerably
nore st alwe oBlars4t he nitrogen ones. Sul phur contai ni ng peCTarsoners32
termnally derivatized with honocyst8i ne could be used as anti-cancer
agents. Internal Substi tuti ons in the C osed Ring Ml ecul es 30 Repl aci ng

t he n|tr es t y of some conplexes (Cu,

Zn, ggﬁﬁm in o '1ers ‘%‘%%Q(ﬁ% %@‘?@4 shows that it is possible
to bUI I d WD 03/ 051348 PCT/ US02/ 40732 77 into the or gani ¢ conpounds

sel ecti vi ty for sone ions over others. Again a sul phur containing

cl osed rPrgIEN W@%?Q%?@d wi th honocysteine could be used as an
anti - cang % ugt® Exanmpl e 46 Pharnacokinetic advantages versus stability
ofsderl vat I ves rm nal nodifications and side chain additions alter pKa,

| i pophi | Aatidgtes 2¢B, 2tstmmindrand@ycddonl i sm of t hese conpounds, thus changi ng
half life in vivg. 2 2-tetramne is rapidly netabolized to acetyl
2,2,2-tef“r°&ﬁzi‘t Vﬁﬂﬁ?iﬂ’%ﬂt’fﬁ excreted with a half life in 10 vivo of only a
few hours (Kodama H. et al 1997). This netabolismw || obviously be

altered considerably in termnally derivatized conpounds and to sonme extent
in nolecules with side chains attached and in internally derivatized

nol ecules. In the treatnent of the diseases nentioned above a | onger half
life and |l ess frequent dosing s cq as..once %Iy dosing will be highly
advant ageous for therapeutic ef f 6T*8Rd"PAT conpl i ance. 15 Additi onal
Copgrent s The rSoeiget s in PEhles |t oSW $quar§ﬁ_erl Maamﬁquaﬁn t fdeskt abi it y of

t hese nol ecul ¢8etwaeh grdupy direct 84h ones Aré7 appropr|e®s2for pdrticul ar
di sease sit uat|ivanis gbased|{ 4pon _ net dl.oson sel edtooyi t v _and|phaearacol dgi cal
actions and h@woikio enhanpm the 20 Higagvail abliflity of orhlly or
parenterally delivered drugs, and drugs crossing particular nenbranes such

as the bl ood bpaien Rakdid & beridaf cdibpamisit valdnedral lpag ri er. Exanple 47 G| Water
Partition Coefficients

15 Mean %
Samples - Survival Fisher .
PLSD
Culture 100
0.5 mM 2,3,2-tetramine 100

20 1 mM 2.3,2-tetramine 100
30 uM Cyclam 87
0.5 mM 2,3,2-tetramine 39
0.5 mM Paraquat 39
0.5 mM Paraquat + 0.5 mM 2,3 2-tetramine 78 0.114Sig. at
99%

25 0.5 mM Paraquat + 1 mM 2,3,2-tetramine 80 0.1148Sig. at
99%
0.5 mM Paraquat + 30 uM Cyclam 71 0.114Sig. at
99%
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25 Partition coefficients were determ ned by dissolving the conpound in a
1:1 mxture of octanol/water and shaking the solution for 12 hours. HPLC
was used wo odessusri ne the partition coefficient. The repecrdaboval’ees are
the log of the octanol/water partitios2 Table I X. G| Water Partition
Coefficients 30 WD 03/051348 PCT/ US02/ 40732 78 Conpound Log Partition
Coefficient Octanol ; Water 5 2,2 2-tetram pe 1. n3y:2-tetramne 2.1
2, 3, 2- pyh$-aifritamine and eyclanrprotegted\gpaigat Rﬁféﬂ“a&?@}‘%@»cﬁﬁd‘g?‘f‘%ﬁ ne 0.7 10
Cct anol . | L kol { ligkents of 2 are optimal for
passage Q%%Q@%%m@%%%wng%ﬁ%ﬁggﬁg%? ngfsgegfagﬂa{%l ers. Molecules within a
range fromO0.5 to 4.0 are potential candidates for in vivo use. Thus
2,2,2-tetramne, 2,3,2-tetram &Lg‘ 3’2’3 303, 2- pyridine have optimal lipid
water partitioning to facilitate?Hef P’ passage through the
gastrointestinal barrier and the blood brain barrier. 15 Exanple 48 PKa's
PKa's were determ ned by standard potentionetric titration nmethods in
aqueous Tade ¥Xion Twxihs and Antidatesst r MBPh of 0.10 at 25 T. Values are
reported as log K values of 20 the equilibriumconstant. Table X. pKa's
pKa(l) pKa(2) pKa(3) pKa(4) 2,2,2-tetramne 9.7 9.1 6.6 3.3 25
2, 3, 2- t edfpafiishe S18urduXATdC 961 2, 3,2 pyridine 8.3 7.4 2,3, 2-piperidine
9.9 9.36.43.6 ,2,3,2tetranethyl 10.2 9.4 6.1 2.9

Toxin: MPP

Antidotes: Histidine, 2,3,2-piperidine, Cyclam and Cyclam Adamantane

10 Incubation Time: 60 minutes
Analysis of Variance Table
Source: DF: Sum Squares: Mean Square: F-test:
Beiween groups | 19 5.847 .308 20.918
15 Within groups | 58 597 .01 p =.0001
Total 77 6.444
Model Il estimate of between component variance = .078
20 Mean %
Samples Survival Fisher
PLSD
Culture 100
0.5 mM Histidine 90
7.5 uM 2,3,2-piperidine 100
25 30 uM Cyclam 81
30 uM Cyclam Adamantane 100
0.1 mM MPP* 31
0.15 mM MPP” 15
0.2 mM MPP” 6
0.25 mM MPP* 3

30



tetranethylcyclam9.7 9.3 3.1 2.6 30 WO 03/051348 PCT/ US02/ 40732 79 2,3,2
-pyridine is less basic and thus nore soluble at neutral pH than sone of

t he ot herwoawiosisgs Sel ecti on of conpounds with appropriat ®@CgH&x4d762z use in
vari ous di seases where low pKa's wowdd be useful. Selection of conpounds
wi th appropriate pKa's for use in 5 various di seases where hi gher pKas

woul d be usef 1l 1N .di abetes and post c jad:. 1 nfarction.

Exper i @&SMoﬁgM§§8an Bacteri al Sur\r/?ég/aﬁi?dn ‘a#pl es 49 - 54. 10
Bact eri ggwefe innocul ated and cultured in nutrient agar for eighteen hours,
using a shaking incubator at 140 r.p.mand 35C_ Medi um contained 10 mM
HEPES b@fX5esMaviPP pH10M 222+patistiee cent ri f uged t whcd#4 W§rdlal RC- 5
centriftégﬁgm,ooo r.pm x 15 mnutes at 4C and washed twice in 10 uM HEPES
buf f er. °resuspended cells were counted using a Henocrit and diluted to
a’l evel 00f5 AMKMEDT +CRIM 8. 3pBpipatidine 10 M HEPES. 5%he0.244 Big, att he fol | owi ng
toxins; nethyl viologen (paraquat), nethyl viologen 15 (MPP+), rotenone,

dai zoxi #9,5%t rept ozot oci n and al | oxan, and antidotes were added, reaching
final v ' )| f tubes and plgaceg ptator at room
t enper aﬂum&ﬁﬁ}aﬁmgﬁé%g&%ﬁg%%nepent aacetic chi gz\%/gsjﬁ%gded to the

sanpl es ®OF%term nate the reactions at the specified tinmes of either twenty

or sixty mutes, 300 0,of cells were plated i«:plat es contai ni ng
nut ri ent0-ZyaM ME m@ﬁ\ggée%fpg{eﬂgg@ over ni ght . é@poﬁﬁgé %}\grag counted after
20 hoursggdﬁ/?rcent age survival as conpared wth culture controls is

cal.cul atéd fromthe neans of triplicates in each experinental group.

Back er i .16t mM MRP Wedbul Gyslam S. aureus, M | ut el¥s AP g%k ns and GM 7359
al kA tag) E%o/coli mutant (Marinus MG et al 1988 and 1989). Histidine was
used for?- 8npari son purposes because it ahd previously been reported

ef fi caci @ys.MMPES- cCaMTRiIas WdagaMadle and par aqudld ORR2digyati n E. Col i
(Haskel Y. et al 1991). Exanple 49 Table Xl Toxins and Anti dotes PARAQUAT
30 Orgari%¥e E. coli (ATCC 35150)

0.2 mM MPP" + 2.5 uM Cyclam Adamantane 100 0.242 Sig. at
99.5%

15 0.2 mM MPP" + 5.0 uM Cyclam Adamantane 100 0.242 Sig. at
99.5%
0.2 mM MPP" + 7.5 uM Cyclam Adamantane 100 0.242 Sig. at
99.5%

20 Micromolar doses of 2,3,2-piperidine and cyclam adamantane protected against 200 uM
doses of MPP" whereas histidine was only effective in substantially higher dose.

Example 51

Table XIV  Toxins and Antidotes ROTENONE

25

Organism: E. coli (GM 7359) alkA tag E. coli mutant

Toxin: Rotenone

Antidotes: 2,3,2-piperidine, 2,3,2-pyridine, Chromium 2,3,2-pyridine, 2,2.2-
tetramine, 2,3.2-diCH; and Cyclam Adamantane

Incubatiion Time: 60 minutes
30



Toxi n:

Par aquat WD 03/ 051348 PCT/ US02/ 40732 80 Anti dotes:
Sperm ne and 2, 3, 2-tetram ne
Vari ance wabBesSatir ce: DF: Sum Squares:
groups 11 3.546 .322 35.864 Wthin gsoups 24 .216 .009 p
3. 762 Mbdel

Mean Squar e:

Hi sti di ne,

| ncubation Tinme: 60 mnutes 5 Anal ysis of

F- t ePCT/USBRIOBEN

=. 0001 Total 35
H estimate of between conponent variance = .104 10 Mean %

Sanpl es Survival Fisher PLSD Culture 100 0.5 mMH stidine 100 15 1 nM
Hi stidine 100 0.5 nmM Spermine 100 1 nM Spermine 96 1 nM 2,3, 2-tetram ne
100 0.5 nM Paraquat 16 20 1 nmM Paraquat 10 0.5 nmM Paraquat + 0.5 nM

H stidine 30 0.217 0.5 nmM Par agyaisistor karfdndsiVedid st i dine 37 0.217 0.5 nM

Paraquat + 0. om\/l Spgrm&_e 99 9 21 §J11%qye?és 9ﬂe/£n33q9arQM Raraquat + 0.5 nM

Sperm ne 100 2175t 25—99% * vt et T L OTENEZ 3,21 bt ram ne
100 0.217Sig. _%i‘l@%@% Sl ri-ne—andl2 23 e were ot < ef-fchci ous in
praventing ¢ el Within-psaups 14403 508 005
Total 134 1.419
Model Il estimate of between component variance = .006
Mean %

10

15

20

25

30

Samples

PLSD

Culture

50 uM 2,3,2-piperidine

50 uM 2,3,2-pyridine

1 uM Chromium 2,3,2-pyridine

2 mM 2,2 .2-tetramine

25 uM 2,3,2-diCH3

25 uM Cyclam Adamantane

100 uM Rotenone

100 uM Rotenone + 2.5 uM 2,3,2-piperidine
99.8%

100 uM Rotenone + 5 uM 2,3,2-piperidine
99.8%

100 uM Rotenone + 20 uM 2,3,2-piperidine
99.8%

100 uM Rotenone + 50 uM 2,3,2-piperidine
99.8%

100 uM Rotenone + 2.5 uM 2,3,2-pyridyine
99.8%

100 uM Rotenone -+ 5uM 2,3,2-pyridyine
99.8%

Survival Fisher

100
100
100
100
100
100
100
60

100

100

100

100

100

100

0.182 Sig. at

0.182 Sig. at

0.182 Sig. at

0.182 Sig. at

0.182 Sig. at

0.182 Sig. at



hi stidi ne at conparabl e doses. 30 WO 03/051348 PCT/ US02/ 40732 81 Table X1l
Toxi ns and Anti dotes PARAQUAT O ganism S. aureus (ATCC 29213) Toxi n:

Par aquat WoAnwsdet es: 2, 3, 2-tetram ne and Cycl am | ncubat ipam/UR02ren7360

m nutes Anal ysis of Variance Table 13®SSource: DF: Sum Squares: Mean Squar e.
F-test Between groups 6 .884 .147 66.512 Wthin groups 14 .031 .002 p

=. 0001 Tgot al .91 I esti.nat e of bet variance =

. 048 151‘1(@);3‘3\4 @)Qef‘g&ﬁ%z&{g“ﬁ&r%ﬂ ‘33|‘—‘P% her PLSD t@?@%g‘%o. 5 mv
2,3,2-tedgggyine 100 20 1 nM 2.3, 2-tetramne 100 30 uM Cyclam 87 0.5 nM
2,3,2-tetramine 39 0.5 mM Paraquat, 39 0.5 nmM Paraquat_+ 0.5 mM

2, 3, 2- t elQ0uiiRnserpge ¢ SPTi23.2-pyridgne, 25 0.5 mivi B9 ddBRSig & mv

2,3, 2-te§§§‘?i ne 80 0.114Sig. at 99% 0.5 nmM Paraquat + 30 uM Cyclam 71
0.114Si g™ ?

100 uM Rotenone + 1 um Chromium 2,3,2-pyridine 100 0.182 Sig. at
99.8%
100 mM Rotenone + 0.5 mM 2,2 2-tetramine 67 0.182
100 mM Rotenone + 2 mM 2,2, 2-tetramine 100 0.182 Sig. at
99.8%
100 uM Rotenone + 2.5 uM 2,3,2-diCHj 100 0.182 Sig. at
10 9989
100 uM Rotenone + 5 uM 2,3,2-diCHj3 89 0.182 Sig. at
99.8%
100 uM Rotenone + 12.5 uM 2,3,2-diCH3 100 0.182 Sig. at
99.8%
100 uM Rotenone + 25 uM 2,3,2-diCH; 100 0.182 Sig. at
15 998y
100 uM Rotenone + 2.5 uM Cyclam Adamantane 97 0.182 Sig. at
99.8%
100 uM Rotenone + 5 uM Cyclam Adamantane 89 0.182 Sig. at
99.8%
20 100 uM Rotenone + 12.5 uM Cyclam Adamantane 100 0.182 Sig. at
99.8%
100 uM Rotenone + 25 uM Cyclam Adamantanane 100 0.182 Sig. at
99.8%
Low micromolar doses of 2,3,2-pyridine, 2,3,2-diCH; and cyclam adamantane protected
25 against rotenone induced cell killing.
Example 52
Table XV Toxins and Antidotes DIAZOXIDE
30

Organism S.aureus (ATCC 29213)



99% 30 WO 03/051348 PCT/ US02/ 40732 82 2,3,2 -tetram ne and cyclam

prot ect ed agai nst paraquat induced cell killing, paraquat being effective
at | ower woemst3han 2, 3, 2-tetram ne. Exanple 50 5 Tabl e Xcrlusopxi7as and
Antidotes MPP+ Oganism S. aureus ($&TCC 29213) Toxin: MPP+ Antidotes:

H stidine, 2,3,2-piperidine, Cyclam and Cycl am Adamantane 10 | ncubation
Time: 60 m nutes Analysis of Variance Tabl e Source: DF. Sum Squares: Mean
Squar e: TpxingB¥azoxidgt ween groups 19 5.847 . 308 29.918 15 Wthin groups 58
.597 .0 = o Tot ; 4etrdpgie! 1Asdridied, ,301- ideen conponent
vari ancé&ngdgtgs/g%g%dlﬁ,a%eg}g%%?ﬁ%ﬁg Sur\el’lzv’%fltz rﬁ| sher PLSBﬁgJJI ture 100 0.5
mM Hi st iand Ggclath 7.5 uM 2, 3, 2-pi peridine 100 25 30uMcyclam 81 30 uM

Cycl am Adapgant ane 1%8 0.1 nmm MPP+ 31 0.15 M MPP+ 15 O0.2mMWPP+ 6 0. 25
mvl VPP+ Iagubation Time: 60 minutes
5

Analysis of Variance Table
Source: DF. Sum Squares: Mean Square: F-test.
Between groups | 25 2.688 .108 5.668
Within groups 76 1.442 .019 p = .0001
10 Total 101 4.13
Model! If estimate of between component variance=  .023
Mean %
Samples Survival Fisher
15 PLSD
Culture 100
0.5 mM Histidine 100
5 uM Spermine 99
20 uM 2,3 2-tetramine 99
20 10 uM 2,3,2-piperidine 100
5 uM 2,3 2-pyridine 99
10 uM Cyclam 100
0.15 mM Diazoxide 25
0.15 mM Diazoxide + 500 uM Histidine 58 0.36
0.15 mM Diazoxide + 5 uM Spermine 71 0.36 Sig. at
2 99.8%
0.15 mM Diazoxide + 2.5 uM 2,3,2-tetramine 65 0.36 Sig. at
99.8%
0.15 mM Diazoxide + 5 uM 2,3 2-tetramine 78 0.36 Sig. at
99.8%
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30 WO 03/051348 PCT/ US02/ 40732 83 0.15 mM MPP+ 0.5 mM Hi stidine 64 0.242
Sig. at 99.5%0.25nM MPP++ 1uM 2, 3, 2-piperidine 54 0.242 Sig. at 99.5%5
0. 25 mM MPB03/053u 2, 3, 2- pi peridine 54 0.242 Sig. at 99. purQusab40mds WP +
5uM 2, 3, 2-piperidine 69 0.242 Sig. at87 99.5%0.25 mM WPP+ + 7uM
2,3,2-piperidine 100 0.191 Sig. at 99.5% 10 0.15 mM MPP+ + 30 uM Cycl am 79

0.242 Si g, 99. 5% 0. ++1 uM Cycl am Ad n . 0.242 Sig. at
99. 5% 0. 1%%@9-%103-“ .+5%%W$§ﬁ&%%nt ane 1000, §§§%§8’9 at  99.5% 15
0.2 mM MfPge,+ 5.0 uM Cycl am Adamant ane 100 0.242 Sig. at 99.5%0.2 nv MPP+
+ 7.5 uM Cycl am Adamant ane 100 0.242 Sig. at 99.5% 20 M cronol ar doses of
2, 3, 2- pi Q& M Péazenidecty2) oM 23 rteanine prot ect ed’Sag8PASE A0 UM doses of
VPP+ vvhei_ge@,% hi stidine was only effective in substantially higher dose.
Exanpl e 51°Tabl e XIV Toxi ns and Antidotes ROTENONE 25 Organism E. soli

( 7359). 1 smADisdxide €261 2 BRtgpéridideoxi n:  Rot enolt® ANB6Sigt &s:
2,3,2-piperidine, 2,3,2-pyridine, Chromum 2,3, 2-pyridine, 2,2,2-

tetram n¥-8% 3, 2-di CH3 and Cycl am Adanant ane

0.15 mM Diazoxide + 5 uM 2,3 2-piperidine 91 0.36 Sig. at
99.8%

0.15 mM Diazoxide + 10 uM 2,3,2-piperidine 92 0.36 Sig. at
99.8%

0.15 mM Diazoxide + 2.5 uM 2,3,2-pyridine 61 0.36 Sig at
99.8%

0.15 mM Diazoxide + 5 uM 2,3,2-pyridine 84 0.36 Sig. at
99.8%

0.15 mM Diazoxide + 2.5 uM Cyclam 99 0.36 Sig. at
99.8%

0.15 mM Diazoxide + 5 uM Cyclam 85 0.36 Sig. at
99.8%

0.15 mM Diazoxide + 10 uM Cyclam 98 0.36 Sig. at
99.8%

2.3 2-tetramine, 2,3,2-piperidine, 2,3,2-pyridine and cyclam prevented diazoxide

10

15

20 induced cell killing at low micromolar doses whereas histidine was partially

protectiveat substantially higher doses.

Table XVI Toxins and Antidotes DIAZOXIDE

Organism: M. Luteus (ATCC 499732)
25 Toxin: Diazoxide
Antidotes: Histidine, Spermidine, 2,3,2-piperidine, 2,3,2-pyridine, Chromium
2,3,2-pyridine, 2,3,2-diCHs, 2,3,2-sulfur, Cyclam Adamantane, Vanadium
Cyclam Adamantane and Cyclam Piperidine
Incubation Times: 20 and 60 minutes
T20 = Incubation time of 20 minutes

30 T650 = Incubation time of 60 minutes



| ncubatiion Tinme: 60 mnutes 30 WO 03/051348 PCT/ US02/ 40732 84 Anal ysis
of Variance Table Source: DF: Sum Squares: Mean Square: F-test: Between
groups 3Iw0934513@29 5.955 5 Wthin groups 103 .508 . 005 prer®0d4073ntal 134
1.419 Model 11 estimate of between co¥ponent variance = .006 Mean % 10
Sanpl es Survi val Fi sher PLSD Cul ture 100 50 uM 2, 3, 2-pi peridine 100 50
uM232p§r|d|n 1 uM Chromum 2, 3, 2-pyridine 100 15 2 nM

2,2, 2-tf 25 uM 2, 3, 2-di CH3 100 25 uM Cycl am Adamant ane 100

100 uM Rot enone 60 100 uM Rot enone + 2.5 uM 2, 3, 2-pi peridine 100 0.182 Sig.
at 20 99.8% 100 uM Rotenone + 5 uM 2, 3, 2-pi per.i di ne 100 0.182 Sig. at

99. 8% 10@0uM Rot enone + 20 uM 2, 3, 2- pi peri di ne MeA%182 Sig. at 99. 8% 100

uM Rot eré%;lneplgs 50 uM 2, 3, 2- pi peri di ne 100 0.182 gungg}t Fistrar 99 8%
5

PLSD
Culture 100
200 uM Histidine 100
200 uM Spermidine 100
50 uM 2,3,2-piperidine 100
40 uM 2,3,2 pyridine 100
10 5 uM Chromium 2,3,2-pyridine 100
5 uM Vanadium 2,3,2-pyridine 100
40 uM 2,3,2-diCH; 100
100 uM 2,3,2-sulfur 100
100 uM Cyclam Adamantane 100
200 uM Vanadium Cyclam Adamantane 100
15 500 nM Cyclam piperidine 100
0.2 mM Diazoxide 22
T60
Culture 100
200 200 uM Histidine 100
200 uM Spermidine ‘ 100
50 uM 2,3,2-piperidine 100
40 yM 2,3,2-pyridine 100
5 uM Chromium 2,3,2-pyridine 100
5 uM Vanadium 2,3,2-pyridine 100
25 40 uM2,32-0iCH; 100
100 uM 2,3,2-sulfur 100
100 uM Cyclam Adamantane 100
200 uM Vanadium Cyclam Adamantane 100
500 nM Cyclam Piperidine 100
0.2 mM Diazoxide 1
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100 uM Rotenone + 2.5 uM 2, 3, 2-pyridyine 100 0.182 Sig. at 99.8% 100 uM
Rot enone + 5uM 2, 3, 2-pyridyine 100 0.182 Sig. at 99.8% 30 WO 03/051348
PCT/ US02/w0 03251386 100 uM Rot enone + 20 uM 2, 3, 2- pyri dyi neCIAGoD4a82 Si g.
at 99.8% 100 uM Rotenone + 50 uM 2, 392-pyridyine 100 0.182 Sig. at 99.8%
5 100 uM Rotenone + 1 um Chrom um 2, 3, 2-pyridine 100 0.182 Sig. at 99.8%
100 mM Rotenone + 0.5 nM 2,2,2 tetram ne 67 0.182 100 mM Rot enone + 2 nM
2,2,2-tetramne 100 0.182 Sig. at 99.8% 100 uM Rotenone + 2.5 uM
2,3,2-diCH3 100 0.182 Sig. at 10 99.8% 100 uM Rotenone + 5 uM 2, 3, 2-d1CH3
89 0.182 Sig. at 99.8% 100 uM RQle&Pd Qaritinckdafle UM 2, 3, 2-di CH3 100 0. 182

Sig. at 99.8% 100 uM Rot enone + 2 ngq\?are% 2- %Q—%%@’l@) Ord§2 Sig. at 15

99. 8% 100 uM F&¥Enene ~5—tvi-Cyc 0 AcarrerTt %6730 Al 99. 8%
100 uM Roteno}ﬁﬁﬁ%ﬁwi 4 8ne—89—0r-48o—Srg—at— 9789729 100 uM
Rot enone + 12| Vithingraops:| 4 5100 0 18008 o o¢ 19588 100" M

Rot enone + 25/ ToM Cycl amifdanant anan®&s300 0. 18P Sig at 199 8%

Modet Il estimate of between component variance = .244
T60
10 s
Histidine
0.2 mM Diazoxide + 200 uM Histidine 54 0.184 Sig. at
95%
15 Analysis of Variance Table
‘ Source: DF: Sum Squares: Mean Square: F-test:
Between groups {4 1.486 374 2467.867
Within groups 11 .002 1.5615E-4 p = .0001
Total 15 1.497
Mode! 1l estimate of between component variance = 117
20
T20
Spermidine
0.2 mM Diazoxide + 1 uM Spermidine 100 0.031 Sig. at
99%
25 0.2 mM Diazoxide + 2.5uM Spermidine 100 0.031 Sig at
99%
0.2 mM Diazoxide + 200 uM Spermidine 100 0.031 Sig. at
99%
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Low m cronol ar doses of 2,3, 2-pyridine, 2,3,2-di CH3 and cycl am adamant ane
protected 25 against rotenone induced cell killing. Exanple 52 Table XV
Toxi ns amdoAawsdat es DI AZOXIDE 30 Organi sm S. aureus ( ATCEBCZTAZLBY07%D

03/ 051348 PCT/ US02/ 40732 86 Toxin: MW azoxi de Antidotes: Histidine,
Spermne, 2,3,2-tetramne, 2,3,2-piperidine, 2,3,2-pyridine and Cyclam

I ncubation Tine: 60 mnutes 5 Analysis of Variance Table Source: DF: Sum
Squar es: Mean Square: F-test Between groups 25 2.688 .108 5.668 Wthin

group s 76 1.442 .019 p =.0001 10 Total 101 4.13 Mbddel Il estimte of
bet ween corrponent vari ance = . 023nMaRif Vranc@fgplees Survival Fisher 15 PLSD
Culture 100 0 Hlstnglne 100 oy rm“ma%g 20 W2, 3, 2-tetram ne
99 20 10 UM 2= F—pipe Hfrme—too—R T 2 5 2y Hre—o -6 S5 TV Oyl am 100
0. }5 v Di azoX DS.J mvFBrazox et SGG tHvA Ibtld;ll, IO 336
Within groups 8 .03 .004 p=.0001
Total 11 2171
Model Il estimate of between component variance= 237
T60
10
Spermidine
0.2 mM Diazoxide + 1 uM Spermidine 96 0.168 Sig. at
99%
0.2 mM Diazoxide + 2.5 uM Spermidine 100 0.168 Sig. at
99%
15
Analysis of Variance Table
Source: DF: Sum Squares: Mean Square: F-test:
Beitween groups |7 1.1 .183 16.948
Within groups 16 151 .011 p = .0001
20 Total 23 1.251
Model I estimate of between component variance=  .058
T20
95 2,3,2-piperidine
0.2 mM Diazoxide + 1 uM 2,3,2-piperidine 81 0.253 Sig. at
99%
0.2 mM Diazoxide + 2.5 uM 2,3 2-piperidine 81 0.253 Sig. at
99%
0.2 mM Diazoxideu + 5 uM 2,3,2iperidine 100 0.253 Sig. at
99%

30



0.15 mM Di azoxide + 5 uM Spermine 71 0.36 Sig. at 25 99.8% 0.15 nmM

D azoxide + 2.5 uM 2, 3,2-tetramne 65 0.36 Sig. at 99.8%0.15 nM D azoxi de
+ 5 uM 2,wp2awetnam ne 78 0.36 Sig. at  99.8% 30 WO 03/ 05P8441502/40732

PCT/ US02/ 40732 87 0.15 MM Di azoxide 9% 10 uM 2, 3,2-tetranmine 78 0.36 Sig.
at 99.8%0.15 nmM Di azoxide + 20 uM 2,3, 2-tetramine 75 0.36 Sig. at 99.8%
5 0.15 mM Di azoxi de + 2. 2,3, 2-pL.peridine 100 36Si .at, 99.8%0.15 niv
Di azoxi &@M%ﬂé&@,ﬁ@%@%ﬁ@%@%o. 36 Sig. &90 géﬁ%%‘%?&S mM Di azoxi de
+ 10 uUMgdeg3, 2-piperidine 92 0.36 Sig. at 99.8%10 0.15 nM Di azoxide + 2.5
uM 2,3, 2-pyridine 61 0.36 Sig. at 99.8%0.15 nM D azoxide + 5 uM

2, 3, 2- pyr2 M Digebxiile36205i 2,32-piBgidd% 0. 15 nM DilRPoRi2dd Sig.at 5 uM Cycl am 99
0.36 Si g) ft 99.8% 15 0. 15 nM Di azoxide + 5 uM Cyclam 85 0.36 Sig. at

99. 8% 0.7P8° M Di azoxi de + 10 uM Cyclam 98 0.36 Sig. at 99.8%

233, 2-t 817 N1 MRazokide 25®UREL B digigeridene3, 2- pyr i di ri®0an@58\8ig. atn pr event ed

di azoxi de 20 induced cell killing at |ow m cronol ar doses whereas

hi stidi M®%as partially

10 Analysis of Variance Table
Source: DF: Sum Squares: Mean Square: F-test:
Between groups |5 2.736 547 22.431
Within groups 12 .293 .024 p =.0001
Total 17 3.029
Model! Il estimate of between component vafiance = .174
15
T60
2,3,2-piperidine
0.2 mM Diazoxide + 2.5 uM 2,2-piperidine 41 0.39 Sig. at
99%
20 0.2 mM Diazoxide + 5 uM 2,3,2-piperidine 100 0,39 Sig. at
99%
0.2 mM Diazoxide + 10 uM 2,3 -piperidine 100 0.39 Sig. at
99%
0.2 mM diazoxide + 20 uM 2,3 -piperidine 100 0.39 Sig. at
99%
25
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protectiveat substantially higher doses. Table XVI Toxins and Antidotes

DI AZOXIDE Organism M Luteus (ATCC 499732) 25 Toxin: Di azoxide Antidotes:
Hi sti di newoSpesmsiugli ne, 2, 3, 2-pi peridine, 2,3,2-pyridine, EaTarsom732
2,3,2-pyridine, 2,3,2-diCH3, 2,3,2-su2fur, Cyclam Adanmant ane, Vanadi um

Cycl am Adamant ane and Cycl am Pi peridi ne I ncubation Tines: 20 and 60 m nutes
T20 = Incubation tine of 20 mnutes 30 T650 = Incubation tinme of 60

m nutes WO 03/ 051348 PCT/ US02/ 40732 88 See Figures 43 - 47. T20 Mean %
Sampl es Survival Fisher 5 PLSD Culture 100 200 uM Histidine 100 200 uM
Sperm di ne 100 50 uM 2, 3, 2- pi pemhglysker Vdashce #dbieUM 2, 3, 2 pyri di ne 100 10 5

uM Chrom um 2, 3, 3. aRadl.umyg. SednRyri gine 100 40 uM
2,3,2-di CH3 1Q 10 372 f J0 100 ullyépéjg am -\éa;g};mt ane {100 200
C

bt~ A~ AN el 6 A - L A0\
uM Vanadi um CT 0 F LV 2 auu v S prper{drmn +66—10. 2 MM
Dl\%zom de 22q:lié-’6‘£@i$ﬂ&§upe1—“,tgg—ze—zﬁ?j eHvH sti)ufoio..c 100 B = 0001
20

Total 1.182
Model ll estimate of between component variance=  .057
T20
10 . -
2.3,2-pyridine
0.2 mM Diazoxide + 2.5 uM 2,3,2;pyridine 96 0.22 Sig. at
99%
0.2 mM Diazoxide + 5 uM 2,3,2-pyridine 93 0.22 Sig. at
99%
0.2 mM Diazoxide + 10 uM 2,3,2-pyridine 100 0.22 Sig at
15
99%
0.2 mM Diazoxide + 20 uM 2,3 2-pyridine 100 0.22 Sig. at
99%
0.2 mM Diazoxide + 40 uM 2,3,2-pyridine 100 0.22 Sig. at
99%
20
Analysis of Variance Table
Source: DF: Sum Squares: Mean Square: F-fest:
Between groups {6 2.481 413 10.74
25 Within groups 14 .539 .038 p =.0001
Total 20 3.02
Model Il estimate of between component variance=  .125
T60
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200 uM Sperm dine 100 50 uM 2, 3, 2-pi peridine 100 40 uM 2, 3, 2-pyridine 100
5 uM Chromum 2, 3, 2-pyridine 100 5 uM Vanadi um 2, 3, 2-pyridine 100 25 40 uM
2, 3, 2- di GMB 0308134400 uM 2, 3, 2-sul fur 100 100 uM Cycl am Adamarsozmeg3100 200
uM Vanadi um Cycl am Adamant ane 100 508 nM Cycl am Pi peridine 100 0.2 niM

D azoxide 1 30 WD 03/051348 PCT/ US02/ 40732 89 Anal ysis of Variance Table
Source: PRin. igguares: Mean Square F-test: Between groups 2 1.478 .739

86.793 5 Wt hi n groups 6 .051 .009 p =.0001 Total 8 1.53 Model Il estinate
of bet we@z mihiperexide var5 wWvide3.2-pyfde T60 10 Hi sOPdi0mE7 Sig.2at M Di azoxi de +
200 uM Hy&d i dine 54 0.184 Sig. at 95% 15 Anal ysis of Variance Tabl e
Sour ce: ® Sum Squares: Mean Square: F-test: Between groups 4 1.496 .374
2467. 8670.2\WiMDiazatiospS uM 2,300Byddiad SE- 4 P=. 0001190Tqj 477 i3, & 497 Model 11
est i mat egé)of bet ween conponent variance = .117 20
0
0.2 mM Diazoxide + 10 uM 2,3,2-pyridine 100 0.477 Sig. at
99%
0.2 mM Diazoxide + 20 uM 2,3,2-pyridine 100 0.477 Sig. at
99%
0.2 mM Diazoxide + 40 uM 2,3,2-pyridine 70 0.477 Sig. at
10 99
Analysis of Variance Tahle
Source: DF: Sum Sguares: Mean Square; F-test:
Between groups | 3 2.217 739 354.556
15 Within groups |8 017 .002 p = .0001
Total 11 2.234
Model ll estimate of between component variance = 246
20
T60
Chromium 2,3 2-pyridine
0.2mM Diazoxide + 1 uM chromium 2,3,2-pyridine 100 0.125 Sig. at
99%
0.2 mM Diazoxide + 5 uM chromium 2,3, 2-pyridine 100 0.125 Sig. at
99%
25
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T20 Spermdine 0.2 nM Di azoxide + |
25 0.2 nmM Di azoxi de + 2. 5uM Sperm dine 100 0.031 Sig.
Di azoxi dew® 03081348 Sper mi di ne 100 0.031 Sig. at
PCT/ US02/ 40732 90 Anal ysis of Variande Tabl e Source:
Square: F-test:
. 004 =.0001 Total

at

11 2. 171 Model 11

uM Spermi dine 100 0 031 Sig. at
99% 0.
99% 30 WPCOA/0%1B348

DF: Sum Squar es:
Bet ween groups 3 2.141 .714 189.358 5 Wthin groups 8 .03
esti mate of between conponent vari ance

99%
2 mv

Mean

= .237 T60 10 Spermidine 0.2 mM Di azoxide + 1 uM Sperm dine 96 0.168 Sig.
at 99%0.2 mM Di azoxide + 2.5 uM Sperm dine 100 0.168 Sig. at 99% 15
Anal ysi s of Variance Tabl e Sourcg,, ng\,g%eﬁq gres: Mean Square: F-test
Between groups 7 1.1 .183 16.948 é; %rou S uar%Sl F-Qe%t'l p=. 0001 20
Total 23 1.258MHdel it estrate—gis > Vi, LgTce =058  T20
25 2,3, 2-pi pe.m}youps 2 1.63 81 1.2
5 Within groups |6 .06 .01 p =.0001
Total 8 1.691
Model Il estimate of between component variance= 268

Vanadium 2,3,2-pyridine

10 0.2 mM Diazoxide + 5 uM Vanadium 2,3,2-pyridine 80 0.303 Sig. at
99%
Analysis of Variance Table
15 Source: DF: Sum Squares: Mean Square: F-fest
Between groups |5 1.113 223 40.179
Within groups 15 .083 .006 p =.0001
Total 20 1.196
Mode! il estimate of between component variance=  .063
20
T20
2,3,2-diCHs
0.2 mM Diazoxide + 5 uM 2,3,2-diCHj3 100 0.155 Sig at
99%
9% 0.2 mM Diazoxide + 10 uM 2,3,2-diCH; 100 0.179 Sig. at
99%
0.2 mM Diazoxide + 20 uM 2,3,2-diCH3 100 0.179 Sig. at
99%
0.2 mM Diazoxide + 40 uM 2,3,2-diCHj; 100 0.179 Sig. at
99%
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0.2 mM Di azoxide + 1 uM 2,3, 2-piperidine 81 0.253 Sig. at

D azoxide + 2.5 uM 2, 3, 2-pi peridine 81 0.253 Sig.

+ 5 uM 2,8p2Bpsnsigli ne 100 0. 253 Sig.

at

91 0.2 nmM Di azoxide + | QuM 2, 3, 2- pi pe?si di ne 100 0. 253 Sig. at

D azoxide + 20 uM 2, 3, 2-pi peridine 100 0.253 Sig. at

Di azoxi de + 50 uM 2, 3, 2-pi peridine 100 0.253 Sig.

Vari ance Tabl e Source:

DF: Sum Squar es:

Mean Squar e:

F-t est

5 2.736 .547 22.431 Wthin groups 12 .293 .024 p =.0001 Total

Model ||
2,3, 2-pi peridi

ne

estimate of between conponent variance

. 174 15 T60

0.2 mM D azoxide + 2.5 uM 2, 2-piperidine 41 0.39 Sig.

99% 20 0.2 nM Di azoxi de + 5 uM 2 ABalgisisf YrsericelTabe 100 0. 39 Sig.

D azoxi de +8difReuM 2, 3 DFpi peri di n8urd OLafds:39 Nsaf Squate:

99% 0.2 mMM

at 99% 0.2 nM Di azoxi deu
99% 30 WO 03/ 051248/1UR0T4013SD2/ 40732
99% 0.2 nmM
99% 5 0.2 MM

at 99% 10 Anal ysi s of

Bet ween groups
17 3.029

99% 0. 2
9%%esd. 2 nM di azoxi de

at

+ 20 uM 2, 3 - fige@kebrtrdips 190 0.39 Sip3sat 471 8.407
Within groups 12 672 .056 p=.0013
Total 17 3.025
Model Il estimate of between component variance=  .138
10
T60
2,3,2-diCH3
0.2 mM Diazoxide + 5 uM 2,3,2-diCH; 68 0.59 Sig. at
99%
0.2 mM Diazoxide + 10 uM 2,3,2-diCH; 100 0.59 Sig. at
99%
15
0.2 mM Diazoxide + 20 uM 2,3,2-diCH; 100 0.59 Sig. at
99%
0.2 mM Diazoxide + 40 uM 2,3,2-diCH; 95 0.59 Sig. at
99%
20
Analysis of Variance Table
Source: DF: Sum Squares: Mean Square: F-test:
Between groups |4 1.664 416 9.477
Within groups 13 .57 .044 p=.0008
Total 17 2.234
25 Modet li estimate of between component variance= 106
T60
2,3,2-Sulfur
0.2 mM Diazoxide + 12.5 uM 2 3,2-sulfur 32 0.446
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99% 25 30 WD 03/051348 PCT/ US02/ 40732 92 Anal ysis of Variance Table
Source: DF: Sum Squares: Mean Square. F-test: Between groups 6 1.067 .178
21. 751 5 wDtohios3gs oups 14 .114 .008 p =.0001 Total 20 1. P82/Usbziel73dl
estimate of between conponent varianc® = .057 T20 10 2,3, 2-pyridine 0.2
inM Di azoxide + 2.5 uM2 3,2-pyridine 96 0.22 Sig. at 99%0.2 nmM D azoxi de

2.3, 2. ot Dy o WO T3 S0 5006 0. 2 i 3 s QT WS B b

2, 3, 2- pyggegli ne 100 0.22 Si g. at 99%0.2 nmM D azoxi de + 40 uM
2,3,2-pyridine 100 0.22 Sig. at 99% 20 Anal ysis of Variance Tabl e Source:
DF: Sum Squares: Mean Square: F-test Between groups 6 2.481 .413 10.74 25

Wthin groups 14 .539 .038 =.0001 Total 20 3.02 Model Il estimte of
be5t ween conponent variance = .125
Analysis of Variance Table
Source: DF: Sum Squares: Mean Square: F-test:
Between groups | 6 1.349 337 351
Within groups 17 .012 .001 p =.0001
Total 23 1.362
Model #f estimate of between component variance = 096
10
T20
Cyclam Adamantane
0.2 mM Diazoxide + 12.5 uM Cyclam Adamantane 100 0.076 Sig.
at 99%
15 0.2 mM Diazoxide + 50 uM Cyclam Adamantane 100 0.076 Sig.
at 99%
0.2 mM Diazoxide + 100 uM Cyclam Adamantane 100 0.076 Sig.
at 99%
20
Analysis of Variance Table
Source: DF: Sum Squares: Mean Square: F-test:
Between groups | 6 2.478 413 4.892
Within groups 23 1.942 .084 p =.0023
25 Total 29 4.42
Model I| estimate of between component variance=  .084
T60
Cyclam Adamantane
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0 WD 03/051348 PCT/US02/ 40732 93 2,3,2-pyridine 0.2 nmM Di azoxi de +
M2,3,2-pyridine 99 0.477 Sig. at 99%0.2 nmM D azoxide + 5 uM

- pyrwoidessed 0.477 Sig. at 5 99% 0.2 mM Di azoxi de PCIUISOMI0732
-pyridine 100 0.477 Sig. at 99%70.2 nM Di azoxi de + 20 uM

-pyridine 100 0.477 Sig. at 99%0.2 nM D azoxi de + 40 uM

, 3, 2- pyk Ldi 70 0.4 i at, 10, 99% Anal ysi s of,-Variance Tabl e Source:
DF: _8um_@26%19@@2%%1éﬁ??&’?’%@”ﬂ‘?%gqam“@?men ar o3 0968 517 739 354, 556
15 Wt hi g2gh0UDSzekidd+ 17.5- M TyClanPAB@dmantaieal 11 2.1284 0Msdedig.| | estimate of
bet ween conponent variance = .246 20 T60 Chrom um 2,3, 2-pyridine 0.2nM

Di azoxi d& 99”4 uM chromi um 2, 3, 2-pyridine 100 0.125 Sig. at 99% 0.2 nM

O 820X 08 > Ry AAEREO T HNuEr &y AaRVAdaiaifind 00 O- 125081 @:668'sig 9970 25 30 VIO

03%05134

T60 3
2.5 u
2,3,2
2,3,2
2,3,2
2,3

at 99%
Analysis of Variance Table
Source: DF: Sum Squares; Mean Sqguare: F-test:
Between groups |7 2.71 .387 650.019
10 Within groups |28 017 .001 p = .0001
Total 35 2.727
Model It estimate of between component variance = .097
15 T60
Vanadium Cyclam Adamantane
0.2 mM Diazoxide + 1 uM Vanadium Cyclam Adamantane 100 0.055 Sig.
at 99%

0.2 mM Diazoxide + 5 uM Vanadium Cyclam Adamantane 100 0.055 Sig.
20 at 99%

0.2 mM Diazoxide + 10 uM Vanadium Cyclam Adamantane 100 0.055 Sig.

at 99%

0.2 mM Diazoxide + 50 uM Vanadium Cyclam Adamantane 100 0.055 Sig.

at 99%

0.2 mM Diazoxide + 200 uM Vanadium Cyclam Adamantane 100 0.055 Sig.
25 at 99%
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Anal ysis of Variance Tabl e Source: DF: Sum Squares: Mean Square: F-test:
Bet ween groups 2 1.63 .815 81.248 5 Wthin groups 6 .06 .01 p = 0001 Total
8 1.691 MvoaB/ost34esti nate of between conponent vari ance =PCTAS02/MaEsadi um
2,3,2-pyridine 10 0.2 nmM Di azoxi de + 8 uM Vanadi um 2, 3, 2-pyri di ne 80 0. 303
Sig. at 99% Anal ysis of Variance Table 15 Source: DF: Sum Squares: Mean
Square: F-test: Between groups 5 1.113 .223 40.179 Wthin groups 15 .083
.006 p =.0001 Total 20 1.196 Model 1l estimate of between conponent
variance = .063 20 T20 2,3,2-diCH3 0.2 mM Di azoxide + 5 uM 2, 3, 2-di CH3
100 0.155 Sig. at 99% 25 0.2 niVARiyaig oiviatkecetTah® uM 2, 3, 2-di CH3 100 0. 179

Sig. at  99% GodcstM Di azpri de + 20 s Que- inehidogh@@ 0. 379 Sig. at  99%

0.2 nM Di azoxi gawa@nggu#ﬂ!ﬁ, 3, 2-d1 CHig , 400 U. T7P_ 51 g. at 790 WO 93/ 051348
PGT/ US02/ 4073 %\, : Iy s ot varfgpre tapte -W'_%é_%sqtpé.oom jar es:

Mean Square: F3LE 8 1.488

Madel Il estimate of between component variance =  .246

T60

Cyclam Piperidine

0.2 mM Diazoxide + 500 nM Cyclam Piperidine 53 0.101 Sig. at
99%

10

s Spermidine, 2,3,2-piperidine, 2,3,2-pyridine, vanadium 2,3,2-pyridine, chromium 2,3,2-
pyridine, 2,3,2-diCHs, 2,3,2-sulfur, cyclam adamantane, vanadium cyclam adamantane
and cyclam piperidine prevented diazoxide induced cell killing at low micromolar doses

whereas histidine required higher doses to prevent cell killing.

Example 53
20

Table XVII  Toxins and Antidotes  STREPTOZOTOCIN

Organism: E. Coli (GM 7359) alkA tag E. coli mutant

Toxin: Streptozotocin

Antidotes: Spermidine, 2,3,2-piperidine, 2,3,2-pyridine, 2,3,2-diCH; and
Cyclam Adamantane

25

Incubation Time: 60 minutes

30



Bet ween groups 5 2.353 .471 8.407 Wthin groups 12 .672 .056 =.0013 Total
17 3.025 Model Il estimte of between conponent variance = .138 10 T60

2, 3, 2- di GMB 0305348 nM Di azoxide + 5 uM 2, 3, 2-di CH3 68 0. 59 PBirgIS0z#07399% 0. 2
nmM Di azoxide + 10 uM 2,3, 2-di CH3 100 ®.59 Sig. at 99% 15 0.2 nM Di azoxi de
+ 20 uM 2,3,2-diCH3 100 0.59 Sig. at 99%0.2 nmM D azoxi de + 40 uM
2,3,2-diCH3 95 0.59 Sig. at 99% 20 Anal ysis of erina,ﬁce Tabl e Source: DF:
Sum Squares: Mean Square: F-test: Between group A1°664 . 416 9.477

Wt hin gS&)‘ﬁBﬁmlB .57 .044 p =.0008 Total 17 2. 28drvitalMdideér |11 estinmate of
bet ween conponent variance = .106 T60 2,3,2-Sulfur 30 0.2 nmM Di azoxi de +
12.5 uM BL8D2-sul fur 32 0.446 WD 03/ 051348 PCT/ US02/ 40732 96 0.2 mM

D azoxi de + 100 uM 2, 3, 2-sul fur 67 0.515 Sig. at 99% 5 Anal ysis of

Vagi ance Tabl e

Analysis of Variance Table

Source: DF: Sum Sguares: Mean Square: F-test:
Between groups | 23 .803 .035 1.806
Within groups 72 1.393 .018 p = .0305
Total 95 2.196
10 Model li estimate of between component variance=  .004
Culture 100
5 uM Spermidine 97
20 uM 2,3,2-piperidine 100
15 20 uM 2,3,2-pyridine 100
12.5 uM 2,3,2-diCH; 100
12.5 uM Cyclam Adamantane 100
100 uM Streptozotocin 57
100 uM Streptozotocin + 5 uM Spermidine 87 0.297 Sig. at
20 99.8%
100 uM Streptozotocin + 2.5 uM 2,3,2-piperidine 70 0.297
100 uM Streptozotocin + 5 uM 2,3,2-piperidine 100 0.364 Sig. at
99.8%
100 uM Streptozotocin + 20 uM 2,3 2-piperidine 100 0.364 Sig. at
99.8%
25 100 uM Streptozotocin + 2.5 uM 2,3,2-pyridine 100 0.364 Sig. at
99.8%
100 uM Streptozotocin + 5 uM 2,3,2-pyridine 100 0.364 Sig. at
99.8%
100 uM Streptozotocin + 20 uM 2,3 2-pyridine 100 0.364 Sig. at
99.8%
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Source: DF: Sum Squares: Mean Square: F-test: Between groups 6 1.349 .337
351 Wthin groups 17 .012 .001 p = .0001 Total 23 1.362 Mdel Il estimte
of bet weewoamsmpoaent variance = .096 10 T20 Cycl ai n Adamramtisop4@32 niv
D azoxide + 12.5 uM Cycl am Adamant and0®@00 0.076 Sig. at 99% 15 0.2 nM
D azoxi de + 50 UM Cycl am Adamant ane 100 0.076 Sig. at 99% 0.2 nM D azoxi de

+ 100 uM Cycl am Adamant ane . Sig. at 99% 2 i s of Variance
Tabl e SéWEMSﬁPtO@W%EMQg’%Q%?%quare: F-ti@@ 8%@?\%&%%‘! groups 6 2.478
. 413 4.88920, Wthin groups 23 1.942 .084 p = 0023 25 Total 29 4.42 Model I

estimat € of between conponent variance = .084 T60 cl am Adanant ane 30 WO
03/ 0513460 AIStuOIoU@ B2 5 WV 23, 2-difDi azoxi de +18900.3ff Sl pPam Adamant ane 47

0. 666 03&8 D azoxide + 12.5 uM Cycl am Adamant ane 100 0.666 Sig. at 99%
0.2 mM BP&%xi de + 100 uM Cycl am Adamant ane 100 0.666 Sig. 5 at 99%

Ahal ysi 300 {iMVetiReRockabl12.5 uM 2,3 2-diCH; 100 0.364 Sig, at
99.8%
100 uM Streptozotocin + 1 uM Cyclam Adamantane 93 0.297 Sig. at
99.8%
100 uM Streptozotocin + 5 uM Cyclam Adamantane 100 0.364 Sig. at
99.8%
100 uM Streptozotocin + 12.5 uM Cyclam Adamantane 100 0.364 Sig. at
99.8%

10

Spermidine, 2,3,2-piperidine, 2,3,2-pyridine, 2.3,2-diCH;, and cyclam adamantane
prevented streptozotocin induced cell killing at low micromolar doses.
Example 54
15

Table XVIII  Toxins and Antidotes ~ ALLOXAN

Organism: E. Coli (GM 7359) alkA tag E. coli mutant

Toxin: Alloxan

Antidotes: 2,3,2-adamantane, 2,3,2-pyridine, Chromium 2,3,2-pyridine, 2.3,2-
diCH; and Cyclam Adamantane

Incubation Time: 60 minutes

20

25

30



Source: DF: Sum Squares: Mean Square: F-test Between groups 7 2.71 .387
650. 019 10 Wthin groups 28 .017 .001 p =.0001 Total 35 2.727 Nbdel |1
est i mat e wh obesseen conponent variance = .097 15 T60 VanadirursofywBam
Adamant ane 0.2 nM Di azoxi de + 1 uM Vanadi um Cycl am Adamant ane 100 0. 055
Sig. at 99%0.2 nM Diazoxide + 5 uM Vanadi um Cycl am Adamant ane 100 0. 055
Sig. 20 at 99%0.2 nM D azoxi de + 10 uM Vanadi um Cycl am Adamant ane 100
0.055 Sig. at 99%0.2 nM Di azoxi de + 50 uM Vanadi um Cycl am Adamant ane 100
0.055 Sig. at 99%0.2 nM Di azoxi de + 200 uM Vanadi um Cycl am Adanant ane 100
3. 055 Sig. 25 at 99% 30 WO 03/ Qpl3dls PlidSaad 40732 98 Anal ysis of

ari ance Tablgou%gzicgél%m%@%g;g&“%&a g;thtggt.: Bet ween

roups 2 1.4 '

g%.482 Mbdel 1Beieen goups 129 hot ween!t¥iponent—viikiance *—--ZZZ%E,UUUTéO lgt aql/c?am
PSperi di ne 0. [PWitidoRivpy odBlle + 500 h&RSOy.C| 908, | q B = 001 b, at

99% 15 Sper i [diome, 2, 3. 48pi per i di nb4798. 3. 2- pylri di ne '
2,3,2-pyridine, chromum 2, 3, 2-

vamadi um.

Model Il estimate of between component variance = 053
Mean %
10 Samples Survival Fisher PLSD
Culture 100
100 uM 2,3,2-tetramine adamantane 100
10 uM 2,3,2-pyridine 100
100 uM chromium 2,3,2-pyridine 100
10 uM 2,2-diCH3 100
15 10 uM Cyclam Adamantane 100
2 mM Alloxan 20
2 mM Alloxan + 1 uM 2,3, 2-tetramine adamantane 51 0.229 Sig. at 99.5%
2 mM Alloxan + 100 uM 2,32 tetramine adamantane 69 0.229 Sig. at 99.5%
2 mM Alioxan + 10 uM 2,3,2-pyridine . 100 0.229 Sig. at 99.5%
20 2 mM Alloxan + 5 uM Chromium 2,3,2-pyridine 57 0.229 Sig. at 99.5%
2 mM Alloxan + 25 uM Chromium 2,3,2-pyridine 52 0.229 Sig. at 99.5%
2 mM Alloxan + 100 uM Chromium 2,3,2-pyriidne 70 0.229 Sig. at 99.5%
2 mM Alloxan + 2.5 uM 2,3,2-diCH3 100 0.229 Sig. at 99.5%
2 mM Alloxan + 10 uM 2,3,2-diCH;3 100 0.229 Sig. at 99.5%
’s 2 mM Alloxan + 2.5 uM Cyclam Adamantane 100 0.229 Sig. at 99.5%

2 mM Alloxan + 10 uM Cyclam Adamantane 100 0.229 Sig. at 99.5%

2.3 2-tetramine adamantane, 2,3,2-pyridine, chromium 2,3,2-pyriidne, 2,3,2-diCHs and
cyclam adamantane prevented alloxan induced cell killing at low micromolar

concentrations.
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pyridine, 2,3,2-di CH3, 2,3, 2-sulfur, cyclam adamantane, vanadi um cyclam
adamantane and cycl am pi peridine prevented di azoxide induced cell killing
at | ow miwpoowssus doses whereas histidine required hi gherpcaases4dre2 pr event
cell killing. 20 Exanple 53 Tabl e XViib2 Toxi ns and Antidotes STREPTOZOTOCI N
O ganism E. Coli (GM 7359) aI kA tag E. coli mutant Toxin: Streptozotocin

25 Antidotes: Sperm djne, d 2,3, 2-di CH3 d
Cycl am Adamant ane | nc !f&?’feéﬁ“‘h W&VHﬁ@h Eﬁzp&ms géa%n'og)} 821348 | o
PCT/ USO2FW§g gg%?ce es/bf tﬁ@fﬁﬁeﬁﬁcﬁ@ﬁl{ﬂs\/ﬁ* polyfhies il kariods diseaessi s of

Vari ance Sum Squar es: Mean Square: F-test: Between
groups 23 .803 .035 1. 806 Wthin groups 72 1.393 .019 p =.0305 Total 95
2.196 Model It estimte of betvveegzxg% opent variance = .004 10 Culture
100 5 uM Spermidine 97 20 uM 2 gﬂperldl ne 100 15 20 uM 2,3,2-pyridine

160  12. Newbddlehorativ < didealod Paiﬂlnsomwmammémmmmsé,aﬁm Gﬂmgm
Streptozotocin 57 100 uM Streptozotocin + 5 uM Sperm di pe 97 Si at

disease, Binswanger’s disease, Olivopontine Cel ebellar Beoeneratmn, ﬁo y g-

disease.

Polyamines treat these diseases by;

a) Competitive inhibition of uptake of xenobiotics at the polyamine transport site, such

organic molecules being a cause of depigmentation and DNA damage; b) Steric
10 shielding of DNA from organic molecules by compacting DNA; c) Limitation of
mitochondrial DNA damage by removal of free copper, iron, nickel, mercury and lead
ions by the presence of a polyamine; d) Induction of metallothionein gene transcription;
¢) Induction of nerve growth factor, brain derived neuronotrophic factor and
neuronotrophin-3 gene transcription; f) Regulation of affinity of NMDA receptors and
blockade of the MK 801 ion channel; g) Inhibition of protein kinase C; h) Mitochondrial
15 reuptake of calcium; i) Binding and conservation of reduced glutathione; j) Induction
of omithine decarboxylase by glutathione; k) Maintenance of the homeostasis of the
redox environment in brain; 1) Non toxic chelation of divalent metals in brain; m)
Regulation of activity of preaspartate proteases; n) Inhibition of acetylcholinesterase
and butyrylcholinesterase; o) Blockade of muscarinic M, receptors; p) Maintenance of
20 ratio of membrane phosphatidylcholine: phosphatidylserine ratio; q) Inhibition of
superoxide dismutase, amine oxidase, monoamine oxidase B by binding of free copper;
r) Regulation of brain polyamine levels in dementias with maintenance of endogenous
polyamine levels; s) Blockade of neuronal n and p type calcium channels. To treat
neurodegenerative diseases require prevention of mitochondrial DNA damage,
maintenance of the oxidative phosphorylation activity of cells, induction of cellular

25 ) . ) e
repair mechanisms, regulation of receptor and enzymatic activities.

Example 56
Stroke
Polyamines ireat the consequences of stroke in the following manner;
a) Induction of metallothionein gene transcription; b) Induction of nerve growth factor,

30 brain derived neuronotrophic factor and neuronotrophin-3 gene transcription; c)



20 99.8% 100 uM Streptozotocin + 2.5 uM 2, 3, 2-pi peridine 70 0.297 100 uM
Streptozotocin + 5 uM 2, 3, 2-piperidine 100 0.364 Sig. at 99.8% 100 uM

St r ept ozowoaBsB420 uM 2, 3, 2- pi peridine 100 0.364 Sig. at pcaIs824®532 100 uM
Streptozotocin + 2.5 uM 2, 3, 2-pyridineg 100 0.364 Sig. at 99.8% 100 uM
Streptozotocin + 5 uM 2, 3, 2-pyridine 100 0.364 Sig. at 99.8% 100 uM

oh S Skt My R YbsPhrat BatkdEcBebncthy R Biiala o0

0.364 Sighitiion 8913&)%1%@&1&&&/@5%9 ARt 6HOh@EAl retptBke O Ealé.iuﬂr ¢) Bidliddend. 364
Sig. at 99.8% 00 uMStreptozotocm + 12.5 uM 2, 3, 2- di CH3 100 0. 364 Si g.

at  99. seensomation Of r apduszdt glutathione] g)@@y@qwﬁ@&wﬁmeaﬁéwbow 339 70¥5; g at

0q. 5o 1o wtibhich: & RIS oF B MR ATOHRTRAGERR A B0k ) 2
at 99, 8%15@@:&6103&1&@011 8f divaleni petalsdinrtgrain? j)3inRibiyor off suq)ﬁrcﬁqc& dismuaks, and

cycl am adamant ane revented streptozotocin induced cell kill.ing .at |ow
m cronol @4 AEYER O@Qﬁp‘ﬂeRﬁ&u lation “pf hbrat VRBURG, develsy I%rﬁmlé%qﬂ%}_OXAN

maintenance of endogenous polyamine levels; 1) Blockade of neuronal n and p type

calcium channels.

Prevention of oxidative damage during the reperfusion post ischemia and removal of

redox metals released from dead cells, trapped in the tissue are important objectives.
10

\ Example 57

Diabetes Mellitus

Age, growth and metabolic requirements, weight and body mass, predisposition to

atherosclerotic and vascular complications influence the treatment selection for diabetes

mellitus patients. Several drugs may be developed to treat Type I and Type II diabetes
15 mellitus and its vascular and neuronal complications, treatment choices being related to
age, weight, body mass and clinical stage of disease; compositions which provide
mitochondrial protection; compositions which additionally increase insulin output,
compositions which enhance glucose tolerance, compositions which reduce insulin
requirements and compositions which prevent diabetic nephropathy, microvascular
20 damge, macrovascular damage and neuroapthy:
Mitochondrial Protection
a) Competitive inhibition of uptake of xenobiotics at the polyamine transport site, such
organic molecules being a cause of mitochondrial DNA damage; b) Steric shielding of
DNA from organic molecules by compacting DNA; ¢) Limitation of mitochondrial
DNA damage by removal of free copper, iron, nickel, mercury and lead ions by the
25 presence of a polyamine; d) Induction of metallothionein gene transcription; e)
Inhibition of protein kinase C; f) Mitochondrial reuptake of calcium; g) Binding and
conservation of reduced glutathione; h) Induction of omithine decarboxylase by
glutathione; i) Maintenance of the homeostasis of the redox environment j) Inhibition
of superoxide dismutase, amine oxidase by binding of free copper. Succinate and
glutamate derivatized polyamines can stimulate insulin release. Prevention of

30 mitochondrial DNA damage, maintaining oxidative phosphorylation, maintaining



Organism E. Coli (GM 7359) alkA tag E. coli nmutant Toxin: Al loxan 20
Antidotes: 2,3, 2-adamantane, 2,3, 2-pyridine, Chromum 2,3, 2-pyridine,

2, 3,2- diwBd3and4Cycl am Adanant ane | ncubation Tinme: 60 m mards02/25380 WO
03/ 051348 PCT/ US02/ 40732 101 Anal ysiig4 of Variance Tabl e Source: DF: Sum S
uar es: tI;/gan gguargig F-test: Between groups 20 4.243 .212 22.912 5 Wthin
. groups L ; =. 0001 .Total 80 4..798. Nbdel ,] Sti o et ween
conponerff‘lt‘%iﬁopgﬁlfaénggb’@gf% miggriy 159 egarf’rgllcglsmgﬁ?e\%i Q/aé'{la éi sdrqg;?l %Bﬂ%gb Culture
100 100nyife?: erdribie! VAT AB0AGSTRDE aRgudiBl MbuliMl Zedtelorpyin Gines 160 100 uM
chrom um 2, 3, 2-pyridine 100 ° 40 uM 2, 2-di 100 15 10 uM Cycl am

Agaman: aliweﬂSﬁmll infannave Anpersant obigctivesiin the|teapent of dighgtes. 3 2-t et r ani ne

adaman e . 0. 229 .Si at 99.5% 2 mM Alloxan + 100 uM 2, 3,2 tetram ne
adamant nheging "sl"%?e“g% 99.5% 2 mM Alloxan + 10 uM 2, 3, 2-pyri di ne 100
02229 Si GuccitateDIpHin@O indreibt Mel sopply of siocinlit G¥id and acatid, CoLtqthe Kdelbre 57
0.229 Sig. at 99.5% 2 nMAlloxan + 25 uM Chrom um 2, 3, 2-pyridine.52 0.229
Sig. at ©Slestey stimmlarg inswlimsynthests and) ielsasiihigminergass psylin ‘gﬁ@“ﬂ“) ?‘b%hzzg Si g.

at 99. 5% . . . . .
doncentrations of glucose. Glutamate polyamines stimulate release of insulin by

promoting exocytosis.
However in forms of diabetes associated with hyperinsulinism further insulin secretion
is not desired because it may further damage P islet cells thus causing islet amyloid
10 deposition and it contributes to macrovascular damage. Agents which increase glucose
tolerance whilst not increasing insulin output can be helpful in managing the disease.
Chromium and vanadium polyamine complexes are useful in that regard.
Obesity and Hyperinsulinisim and Lipid Balance
A chromium polyamine complex can deliver trivalent chromium to its target sites
where it promotes glucose tolerance in instances where body mass index is greater than
15 average. A trivalent chromium polyamine complex can enhance glucose tolerance and
decrease blood cholesterol and friglycerides, and increase high density lipoprotein in
diabetics with above average body mass index and in obese patients having incipient
diabetes. Polyamine tyrosine phosphatase inhibitors and chromium polyamine
combines mitochondrial protection with enhanced glucose tolerance and metabolic
20 regulation of lipid and carbohydrate metabolism.
Reducing Insulin Requirement, Carbohydrate Absorption and Maintaining Lipid
Balance
Tetravalent vanadium polyamine complexes may be used in Type I and Type Il
diabetes to achieve metabolic control and diminish insulin requirement. A vanadyl
polyamine complex delivers vanadium in its cationic vanadyl V(IV) form to the tissues
25 and a smaller dose of vanadium is required than when administered in other salt forms.
Vanadium decrease blood glucose and D-3-hydroxybutyrate levels in diabetes, it also
restores fluid intake and body weight of diabetic animals. These metabolic effects
occur because vanadium a) decreases P-emolpyruvate carboxykinase (PEPCK)
transcription, thus decreasing gluconeogenesis; b) it decreases tyrosine
aminotransferase gene expression; ¢) it increases expression of glucokinase gene; d) it

30 . .
induces pyruvate kinase; e) it decreases mitochondrial 3-hydroxy-3-methylglutaryl-



2 MM Al loxan + 2.5 uM 2, 3,2-di CH3 100 0.229 Sig. at 99.5% 2 nmM Al |l oxan +
10 uM 2, 3,2-di CH3 100 0.229 Sig. at 99.5% 2 mM Al loxan + 2.5 uM Cycl am
Adamant arwo005034229 Sig. at 99.5% 25 2 nM Al l oxan + 10 ®EIT@KR0L/80732
Adamant ane 100 0.229 Sig. at 99.5% 203, 2-tetram ne adamant ane,
2,3,2-pyridine, chromum 2,3, 2-pyriidne, 2,3,2-diCH3 and cyclam adamant ane

t I tions.
Drevent cthoal byiase LRSI e Kbl 3 1 B VB AL SR 01,
acti on Fehd pmiaepsglewoscaappederdiLURS apneiin diabeticianisalofo thellgvahkernsni n

arious dis . e 55 5 radegener at.i di seases- on's
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t Bese di seases by, a) Conpetifive inhibition of uptake of xenobiotics at
t he pol ymedinged banispibitions of erotsinc kyroging aosphataisesc (PBR). b dlenerosawslitse of

deplgnen t shi e fr organi c
nol ecul eé 8‘%‘(@ nggrc%gﬁgmg)tﬁ% tﬁofgfoug tihe Mt ﬁﬁg%@?‘?ﬁ% gﬁ?ﬂge by
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channel ; dggasenilidoe irsolin odsisEmot és cadsechhg defertshin thd hmallimsl@halﬁig pethwatipt ake of
cdbci um I ndin ser n of reduc | ut at hi_ong; J ) I nducti on
of orni tyaﬁi‘gﬂt&‘“" 5&3&%@? Hpoigstorpg %g/é’? £185 4Rd cadghyl; yslase

honeost aﬁxbt?m@fméreﬁsmgr @H&AW !év@l%”ﬁmané lofrﬁééxgpre%s?es f:to‘iiﬂe rGdiRkigh! on of

divalent netals in brain, m Regulatio Ivity of predspartate
pr ot easeby mjcropiages; ti) dinhast aameltlyb ataoliag émtrepiseffecink) vanadium restores

butyryl c kade f muscari ni.c rs
Mai nt enatﬁh%ynq?ﬁ%&&z‘?‘feg %}r‘ﬁ ?Q’r‘iréa %%ﬁ?fﬁi’ﬂng}‘leg% geapﬂ%q‘fggplh@l}iq%yl serine
ratio; q));Inhirbitbied friidfothyronine T; levels. Vanadyl polyamine has the advantages of

mitochondrial protection combined with the ability to regulate the insulin signaling

15 pathways, with effects on glucose, carbohydrate and fat metabolism. It can lower

insulin requirements, thus overcoming the vascular consequences of hyperinsulinism,
permit viable B cells to continue functioning and will exert these functions irrespective
of body mass index.
Diabetic Nephropathy
20 Polyamines which more potently decrease protein kinase C activity than others may be
used in the treatment of diabetic nephropathy. Protein kinase C causes apoptosis in
diabetic nephropathy and polyamines reduce protein kinase C activation. Protein kinase C
is overactivated due to excess diacylglycerol (DAG) formation from glucose.
The major Components of diabetes mellitus include, mitochondrial dysfunction and
energetics dysfunction, impairment of exocytosis of insulin, impaired glucose tolerance
25 and diminished insulin sensitivity with consequent altered carbohydrate and fat
metabolism, neuropathy, microvascular and macrovascular complications are treatable
with these classes of compounds, particularly by optimizing mitochondrial protection,
protein kinase C inhibition, tyrosine phophatase 1B inhibition and PPARa and PPARY
partial agonist / partial antagonist activities in a therapeutic compound.
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super oxi de di snut ase, am ne oxi dase, nonoam ne oxi dase B by binding of free
copper; r) Regulation of brain polyamne levels in denentias with

mai nt enarwe dfsBmglogenous pol yam ne | evel s; s) Bl ockade etCTrnsoz/antat n and
p type cal cium channels. To treat nd0¢odegenerative di seases require
prevention of ntochondrial DNA damage, nmaintenance of the oxidative
phosphor Wigds I M | ' ar 25 repair

mechani sng,ﬁéﬂﬁ%ﬁ?gitkﬁngzb%%ﬂaé%?ﬁ%%}a’ gﬁgﬁg%ﬁ%@&’cﬁg‘% ll%l ties. Exanple 56

St roke P8plyamings featatherosthmsis onst quibprogeesaién by thoellowing mechaalshewi ng manner ;

o o1 Ak var suifBi o ARGy B RucimbleBRS e Pompting DMAGE e BGR: ophi - 3

gene tr aoffiiiophéritial DNA\@x@ R4fovBEDE He0 2bARE3R HhBoh By Of
af§inity of NVDA receptors génécig%l ockade of thg&I\iKB%nlgi%ﬁ C anneP;QB?é)
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Bi ndi ng s i f~.r l.ut.at hi one; | nd j.on of qrnithine
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redox envomservation ofnrdduedd ghitdthfondon) tRdicioahel airh@in®fdedhbakne pptals in
brain; j Itagﬁii bi ti cnm .0f superoxide di snutase and am ne oxi dase k)

Regul at i ope:dY) Majaiepanse 9 thedinmepsiasis 9 therfeders enitopmenia i fdvibitioe of

endogenogssiRtyiadd F8mbfNE hid arhine Xg&{&gqug @ﬁdiﬁgé??%§'°°§%§nci’r9vég iglg(?gcal cium

channel s. Prevention of oxidative danage dur reper fusi t
i scheni amatochengiial IPNAT dameghy xmadttzhingr exidathed phosphotl@atibng ebhidtaitingpped in

th® tissue arei t.obj.ectives. 10 Exanple 5 D abetes Mel|itus Age,
growt h aﬂ%ﬁ%ﬁgﬁﬁg&ﬁ%&we%?%@“&% mgmbrane iggity SR t i on to
at her oscires Ghilioald ddmias Gid diaj6P TRdcald G |WERGE ! 1F dhéBldiEaLis

drugs may be devel oped

selection for diabetes nellitus patients. Severa ru
to treatPreygdion of egidptipe of lowdenbigt Bpoprsteinss klsoumpeantahti t s vascul ar and

neur onal | ' r nt choi.ces bei,ng telated to age, i ght,
body. mas 24 S0AE phddtfuratd, FRTB ol ARUES s B S RSl BRGiAmEL
m t ochonativalin pelationctol disbetic arpEtnt beNSM vith RESHIS kdBAbYink Mpod&En | NSUl i n
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15p ratios and preventing atherosclerotic plaque formation. PPARo stimulates fatty acid

catabolism in liver, heart, brown adipsoe tissue and PPARy stimulates fatty acid
anabolism or storage as triglycerides in adipose tissue. Free faty acids can cause insulin
resistance in liver and muscle with increased hepatic gluconeogenesis. PPARa may act
reciprocally with insulin. Thus tyrosine phosphatase inhibitors which are partial agonists /
partial antagonists of PPARa and PPARy can be synthesized from the polyamine tyrosine

20
phosphatase inhibitiors described herein and utilized to treat diabetes and atherosclerosis.

Example 59
Glaucoma
Polyamines treat glaucoma by;
25 a) Limitation of mitochondrial DNA damage by removal of free metals by the presence
of a polyamine; b) Induction of metallothionein gene transcription; ¢) Regulation of
affinity of NMDA receptors and blockade of the MK 801 ion channel; d) Mitochondrial
reuptake of calcium; ¢) Binding and conservation of reduced glutathione; f) Induction
of ornithine decarboxylase by glutathione; g) Maintenance of the homeostasis of the
redox environment; h) Non toxic chelation of divalent metals; i) Inhibition of
superoxide dismutase and amine oxidase by binding of free copper; j) Regulation of

30
polyamine levels in M ganglion cells with maintenance of endogenous polyamine



conpositions which enhance gl ucose tol erance, conpositions which reduce
insulin requirenents and conpositions which prevent diabetic nephropathy,
m cr ovascwbas/053@s dange, macrovascul ar damage and neur oap®layiusS02/40732
Mtocltondrial Protection a) ConpetitidVe inhibition of uptake of
xenobi otics at the polyam ne transport site, such organic nol ecul es being
a cause ¢f 'tw il f gg%] om
organic myleg'cul es by ncgbn%% %g%m%du mltrg;thls%irqe‘%)e?& ﬁlg)tngct%gn rlétF: DNA
damage byo¥afobval of free copper, iron, nickel, nercury and |l ead ions by
the 25 presence of a polyam ne; d) Inducti on of netall othionein gene
transcription; e) Inhibition of protein kinase C, f) Mtochondri al
reupt ake of calcium g) Binding ar]gkanﬁggggrvati on of reduced gl utathi one;
h) 51 nduction of ornithine decarboxylase by glutathione; i) Mintenance of
t he honed&esRy¥eussiSf t he redox environnent j) Inhibition of superoxide
di smut ase, g@l’ﬁ]li@ nding of free copper. Succinate and

eri va{:r I nge%ﬁgciugﬁs Qgﬁ

gl ut anat e es can stinulate insulin release. Prevention
of 30 m apﬁﬂenndmehmngmﬂbmnmﬁ,orgmdmhaleemegbp&oﬁpédmg MIASH) Oiiafibh ON,

t 8. PCT/ US02/ 40732 . 104 t ochond I nb
ot Qg?l r oPRitdhandoal PNk domace Ry TeRAV 2hfige capRFT 954 fram aqmsihy the preAnEn
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hyperinsulinismare i'nportant objectives I
Enhanci ngroteis kitase er)ahfs‘eclsnﬁmbrenmake phealteinimn é)sBmdmgmﬁe:ohmkup pEy of

t@i ni d h cle |
aynt hos: e AaBEReY 1 Byt OF oTERibe LGS B GaBioREem r at | ons
of gl ucoMuintEhdtoa BRIR Mébéfaﬁlﬂs %@%esﬂéﬂé&léﬁhﬁmhﬁhé@f %ﬂfnﬂo‘ﬂsdfl r&ﬁﬁe

pronot i ng exocytosis. However in forms of di abefes associ ate
hyper i ns@ispwiasen gndr emétie pridage hy sbmdleg i @fn fre scopper. d%lb)edndw&ame‘eentt may

furth I t .10 d t d
1 cont r Eoramdal DAR difeed phASbRISS Wb B M i b BRBicb o "

t ol er ancdeafiisk.st not increasing i nsul | n out put can be hel pful in managi ng

the di sease. Chrom um and vanadi um pol yam ne conpl exes are useful in that

regard. Qbesity and Hyperirisulinismand Lipid Balance A chrom um pol yam ne
| ex can deliver trivalent Chr%lﬂﬂé@l its target sites

Optic Neuropathy

Polyamines treat optic neuropathy by;

a) Steric shielding of DNA from organic molecules by compacting DNA; b) Limitation

of mitochondrial DNA damage by removal of free copper and iron ions by the presence
20 of a polyamine; ¢) Induction of metallothionein gene transcription; d) Inhibition of

protein kinase C; e) Mitochondrial reuptake of calcium; f) Binding and conservation of

reduced glutathione; g) Induction of omithine decarboxylase by glutathione; h)

Maintenance of the homeostasis of the redox environment; i) Inhibition of superoxide

dismutase and amine oxidase by binding of free copper, j) counteracting agents which
”s are toxic to mitochondria. a, b) and c) prevent mitochondrial DNA damage.

Example 62

Peripheral Neuropathy

Polyamines treat peripheral neuropathy by;

a) Steric shielding of DNA from organic molecules by compacting DNA; b) Limitation

of mitochondrial DNA damage by removal of free copper and iron ions by the presence

30 . .
of a polyamine; c) Induction of metallothionein gene transcription; d) Inhibition of



where it pronotes glucose tolerance in instances where body nmass index is
greater than 15 average. A trivalent chrom um pol yam ne conpl ex can
enhance gWwoae®s13t®l erance and decrease bl ood chol est er ol PamdS02/40732
triglycerides, and increase high dendb8y |ipoprotein in diabetics with
above average body mass index and in obese patients having incipient

di abet P I hi I
czﬁb?niéprme%’ i oot sete ek y) B Gad Bt SATAILEE YA e
met abol i RigHhidhd; OgL%ddduehdoiangﬁﬁ@%uﬁbaiﬁaﬁebybghtaMnaemc. ng

I nsulin eqw rement, ohydrate Absorption and_Mai ntai ning Lipi, Bal ance
Tet r aval Mainterancsioftie pomymmmoﬁ@mmﬁan}mg& ﬂsﬁﬂlﬂﬂﬁ(’q’?ﬁ@lﬂﬁ( Ty pe |l

di abetes,.to achi eve netab Lro A
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fdrmto jheodié &SmBSchoRriand bdafidre) prévent asmchdndvialBNiAudarhager equi r ed t han
when adm nistered in other salt forms. Vanadium decrease bl ood gl ucose and
D 3- hydroxybutyrate |l evels in diabetes, it also restores fluid intake and
body wei ght of diabetic aninals. ?ﬁ@ t abolic effects occur because
vanadi um a) decreases P-enol pyruva ar boxyki nase (PEPCK) transcription,
thus deccasérng gl uconeogene5| S; It decreases tyr05| ne am notransferase

B o ) ) S50 ALy O USRI e B 1
3 hydr o oG, W oG awﬁmée@&% 051} e RSO RTAY: 1ikd isletingpnt hase

gene expressi on; decCreases the expression of the liver and
p cr easAgIaLmsmxw antsqeelivler e@mmlegéﬂéﬂlmompfﬁb@ dommation and; Brofask | evel

ol Ucose ML P EayEvnAReR DISER] LIS g oncind oo Rty Fuft | @
insulin LokR dmiiRee |hbﬁ10§§'sft&§fa§1d0formaﬁﬁdlMﬁbl&@ﬁnﬁom@groaﬁthd’amr aothiityi t i on_ of
protein tyrosine phosphatases (PTP). Peroxovanadi uglby gaijs i rreversibly

oxi di ze amkthupprsven it fvesivanaes %%@ﬁ?ﬁsﬁﬁlaﬁﬁlﬁércﬁ‘ése catal ytic
site. Vanadiumis a structural anal og of phosphate. Vanadi um does not
exhi bi t

Example 64

15 Treatment of Inherited Mitochondrial Diseases.
Mitochondrial deletions, susbtitutions, mutations caused -the following diseases. The
expression of the defects is variable from patient to patient. Polyamines limit damage to
mitochondrial macromolecules as demonstrated herein with cell viability studies using
six mitochondrial toxins. Polyamines can be used to treat the consequences of inherited
20 mitochondrial defects. These inherited diseases include;Alpers Syndrome, Alzheimer’s
Disease, Atherosclerosis, Barth’s Discase, Batten’s Disease, Beta-Oxidation Disorders,
Carnitine Deficiency, Cardiomyopathy, COX (Cytochrome C Oxidase Deficiency),
Diabetes, Glaucoma, Glutaric Aciduria, Huntingtori’s Disease, Keamns-Sayre/CPEO,
Leigh's . Disease, Leber's Optic Neuropathy /LHON, MELAS, Mitochondrial
Cardiomyopathies, Mitochondrial Cytopathies, =~ Mitochondrial Encephalomyopathies,
25 Mitochondrial Myopathies, Optic Neuropathy, Parkinson's Disease, Peripheral
Neuropathy, Presbycussis, Respiratory Chain disorders: Complexes L, II, III, IV and/or v,

Seizures and Stroke.

Example 65

Treatment of Osteoporosis, Multiple Sclerosis, Rhenmatoid Arthritis and

30 )
Inflammatory Bowel Disease



the gromh effects and mtogenic effects of insulin and thus m ght avoid
the nmacrovascul ar di seases consequences of hyperinsulinema and be
clinical lwousefishs i n di sease where insulin resistance ispPcaused4dry2 def ects
in the insulin signaling pathway. 10 1Wanadium m mcs the effects of insulin
in restoring G proteins and adenyl cyclase activity increasing cyclic AW

| evel s; 1) vanadyl_ion suppresses nitric oxide production.. by: phages;
i) it haTs'r%ﬁﬂmﬂtSP%aS@dF]aBﬁ‘éfs is %‘HFTE’V%‘F#‘% prr “%éﬁ%"dﬁ"ﬂfﬁ"%% o(?ééd(s)
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Pol yam nes which nore potently decrease protein kinase C activity than

ot hers rrell mirdiated Hamppe diFAS¢S eat nent of di abetic nephropathy. Protein

ki nase C causes apoptosis in diabetic nephropathy and pol yam nes reduce
protein kinase C activation. Protein kinase C is overactivated due to
excess di acyl gl ycerol (DAG formeExamplermn gl ucose. The naj or Conponents of
di abetes nellitus include, mto ﬁggdr' | dysfunction and energetics

dy funct$wﬁtWF§@d?§B?X‘E&%§ aY% alfn;u! in, inpaired glucose

t dfer anog 810 Bk sl YehnbShsBERSbiohd efiicisiyt OF polyaminiecrtassas t er ed
car bohydr X &*and ra met abol i sm neur opat hy, m crovascul ar and
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Exampl e 58 WO 03/ 051348 PCT/ US02/ 40732 106 At hgir oscl er gsi Sp i}%ocardi al
| scheni amethx dHeany opelelsyare| epidewiplpgically linked to diseases such a Parkinson's

disease and some cancers. Polyamines can be used to treat single and cumulative

o

15 _ _
exposure to mitochondrially damaging organics and heavy metals.

Example 67

Radiologic Uses
Contrast media used in radiologic examinations including complexes of the following
20 metals;
trivalent gadolinium, iron, trivalent lanthanide, manganese, technetium are described in
Examples 36, 37 and 39.. Basic requirements in synthesizing derivatives of these
polyamines for human use are that the compound(s) are non ionic, do not have COO
groups, have OH groups in various positions around the molecule, and are water-
soluble. Secondary composition possibilities are that they can be prepared as
2 monomers, dimers, trimers or tetramers, they may be incorporated into liposomes, they
have low viscosity, they exhibit low osmolality, and have a particle size between 0.6
and 3 microns to avoid capillary embolism. Manganese polyamine may be used as liver
and pancreas contrast MRI agent amongst other uses. A liposome preparation of the
complex can be used. An iron polyamine may be used in hepatic MRI imaging.
Gadolinium polyamine may be used for angiography, intraarticular examinations and

30 .
hepatobiliary MRI. It has low renal toxicity.



Pol yam nes treat atherosclerosis onset and progression by the follow ng
mechani sns; a) Steric shielding of DNA from organi c nol ecul es by conpacti ng
DNA; b) Lwoiosasizehr of mitochondrial DNA damage by renovalrcafushr/ew3zopper,
iron and cadmumions by 5 the presemte of a polyanine; c) Induction of
net al | ot hi onei n gene transcription; I nhi bition of protein kinase C e)

M t ochond | t ak f | f d d
gl utat hi M;iggﬂgﬁ;ee(lé%d%&?mgﬂ (R Bn iR DS Bl 0 A )
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super oxi de am ne oxl dase by binding of free CO&e
Prevent l]ﬁépzﬁimonm vbC hlmmdrcomlple@NAcamrrbge usné.| nflsémi r%w‘bbomatﬁ[ 2-{(2-

phosphoryl ati o i g

preser wﬁ‘i@ldﬂnﬂ 6‘?’1‘8‘!"5&* W&H&m%%%@@?@‘ﬁ@d (Err?‘ adr gez?ﬁw Hage are

nﬁj or °%§CPE%69 il "hipeRe Nirgeag®siind N atiRioBAiher ansd]ammo(bmm[m- of

oxi dation o ow density li poprotel nis also inportant. The tyrosi

phosphat meilylméthilhiphenyhCldch nedxasple c?n?)orMﬁm rb@l yused nder naniossRRY- above

in relatJon odlabet trea ¥ 0 i nproving

| i popr ot BFARTHFYIRS GEamy ’°B§ %n%ﬂ%a%ogﬂ ai?%er 05C 1?aa\rgﬂcl) g({q)ﬂé% ormati on. PPAR(X

stinulates fatty acid 15 catabolismin liver, heart brown adi psoe tissue

and PPARy stinulates fatty acid anabolism or storage as triglycerides in

adi pose tissue. Free faty acids can cause insulin resistance in |iver and

nmuscle with increased hepatic gl uconeogenesis. PPARa may act reciprocally
h insulin. Thus tyrosine phosphatase inhibitors which are parti al

ad nists / 20 partial antagonists of PPAR(x and PPARy can be synthesized

fromthe pol yam ne tyrosine phosphatase inhibitiors described herein and

utilized to treat diabetes and atherosclerosis. Exanple 59 d aucona

Pol yam nes treat glaucoma by, 25 a) Limtation of mtochondrial DNA damage

by renoval of free netals by the presence of a polyam ne; b) Induction of

met al | ot hi onein gene transcription; c) Regulation of affinity of NVDA

receptors and bl ockade of the MKBO 1 ion channel; d) M tochondri al

reupt ake of calcium e) Binding and conservation of reduced gl utathione; f)

I nduction of ornithine decarboxylase by gl utathione; g) Mintenance of the

honeost asis of the redox environnent; h) Non toxic chelation of divalent

metals; i) Inhibition of 30 superoxide di snutase and am ne oxi dase by

bi ndi ng of free copper; j) Regul ati on of

20

25
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pol yam ne levels in Mganglion cells w th maintenance of endogenous

pol yam ne WD 03/ 051348 PCT/ US02/ 40732 107 |levels. The Mganglion cells are
pi gnent awo messhsri ch and very prone to glutamate toxiciPCy/usexanmpte 60 5
Presbycussi s Pol yam nes treat presbydussis by, a) Steric shielding of DNA
from organi c nol ecul es by conpacting DNA b) Limtation of mtochondrial
DNA damage by renoval of freegge giron ions by the presence of a
pol yam ne; c¢) Induction of rret a | onel n gene transcription; d)

I nhibition of protein kinase C e) M t ochondri al reupt ake of calcium f)

Elr 2?; ngneﬂ’g car%‘eé(ﬁrtgggs gg/& ﬂig’ ﬂfgﬁ’é: &Jﬁ&s ﬂgbﬁg @gp g}ﬁ%tlég‘ir’}bgfﬁost asi s

of the regam gﬂ&’dse(mﬂﬂ?ﬁds ih)patiedtt Rith &4 thh&ﬂ%ﬁ%uﬂﬁ-deﬂélﬁi&f 31% d am ne
ox§ dase by hindin C) prevent mtoc rial

damage eé?’bqhﬁ@r HiB lxpen (ﬂ?\%?pdbbﬁﬂ@ém%rﬂﬂng agi ng and causes deaf ness. 15
Exanple 61 Optic Neuropathy Polyam nes treat optic neuropathy by; a)
Steric shielding of DNA from organi c nol ecul es by conpacti ng DNA;, b)

Li mi t at i éibrahain CGRt,diso0lll].| PdtteDNA Viayrtagtraby W ENT¥mbstdl, A CORusRRRRAaNd i ron
i ons by thgﬁ?ag ?sen 20 of ~a poJ yam ne;, c) Induction of netall othionein
gene t r aR&FHFp{58h 1k & disenseobrai clgpvss @it thacNrigmeings of thevemploibBdr i al

r eupt ake elﬁagg,bhggl Bidp Felalal r reduced gl ut at hi one;
g) | nducFﬂ%n of ornit hII n@%ggé(?‘g?%oxyr[c@%@yy% u?@t% one; Mai nt enance of
th]g honeost asi s of the redox environnent; i) Inhibition of super oxi de
dildut as 1,ne, oxi.da bi.nd f count eracting
agent s m%b%ﬁ%%wo?ﬁght%mgg z;{O aéhbﬁ)“&ﬁgpﬁ) Vﬁpé\l@ﬁ?nwgchondrl al
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47(4), 639-48.
25
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Pol yam nes treat peripheral neuropathy by; a) Steric shielding of DNA from
organi ¢ nol ecul es by conpacting DNA; b) Limtation of mtochondrial DNA
damage bywopanwnyshs of free copper and iron ions by the presemaso2/a803nf a
pol yam ne; c¢) Induction of netall othilehei n gene transcription; d)

I nhi bition of WO 03/051348 PCT/ US02/ 40732 108 protein kinase C, e)

M tochondrial reuptake of calcium f) Binding and conservation of reduced
gl ut at hi one; g) Induction of ornithine decarboxylase by gl utathione; h)

Mai nt enapgrePfr. t CenhaFERSAIaSHR RlatioRCoff SleicANMicAREEMimal Joxidiy bid i on of
superoxi de disnmutase and am ne oxi dase by binding of free copper, j)
count er aaiviersg chigieak effostsi ddm T agdiel. (19%0) 66614 28Rondria. a, b) and c)
prevent mtochondrial DNA damage. Exanple 63 Cancer Pol yam nes form
extrenely stable conplexes with cobalt as indicated by their heats of

f OF et i ORnarfi-SPRRtakva Wi B VeNsilel He Ypeg Xari Reversahpf dofective Getusins hide
thioretinaco. 10 As_a non toxic, jintracellular, el ect g ‘gi 4163 it Wl
promot e #deRyk eckase/c AR pignpl EAnsductign Ap Atabelc gis By ygrady g Phale st uced by

t oxi ns, ﬂ/ﬁ)ée‘f"b@ﬁ%ﬂ%c o A6 el 650 ﬁ%%g?hj'b‘ woul d di m ni sh honocyst ei c

acid fornation, pronot'es gr owt or activity, and thus prevent
t he i nvasi veness and neovascul ari zati on caused by cancer cells. Exanple 64

15 Treatnent of |nherited t achondri al - Di seases,, t ochondrd al_.dgl eti ons,
susbt i t ufrR3ED, %@?&%ﬂ%@@d = (RSP d ’é“:ﬁ ’s%ﬂ%géeg’#geﬁl%x P essi on
of the dpheREfo,Ir% Miffilo? ol Mh&RM BCHARn T MRkINEP, dlhyaMAMRarld Tt damage
tol m tochondria)- macronol ecul es as denonstrated herein wth cell
vi abi | i t YignodVe MigeshoydrialiRNAi muietionscaidanitochendsal abopypalitised dildiede used
to treat the conseguences. of 4 nherd 0.9 ial defects. These
i nher i teﬁar&(’g@’é@%@% eﬁdjé’;uklli&@f' g{é§§ﬁ$°§'ﬁé%(§ﬁ§%§?%g)r s Disease,
At heroscl erosis, Barth's Di sease, Batten's D sease, Beta-Oxidation
Di sorders, Carnitine Deficiency, Cardi bnyopathy, ' COX (Cytochro 'C
Oxi dase Baustinie it \ylorbim;, b dtilodio, & Sivara, AGW%‘ﬁLgnaﬁ%‘é{f)lmﬁﬁgt on's
Di sease, - E b VB 235593880 Leber's Optic Neuropat hy
/ LHON, . ﬁﬁ%ﬁé@%d%?ﬁgﬁdﬁeg)&G@Pg@g@%{g?m es, Mtochondrial Cytopathies,
M tochondrial Encephal omyopat hies, 25 Mtochondrial Myopathies, Optic
Nety opat %ﬂenpgr])k.: ?{Sog;g E'.SOD: gg;ixe uP .rI.I, RB]S%E: aé.F,, Duinkekrken G., deVries R.P.

Hutton J.C. Imogen 38: A novel 38-kD islet mitochondrial autoantigen recognized by

T cells from a newly diagnosed type 1 diabetic patient. Jour. Clin. Invest. (1996),

97(2), 555 — 61.

20 Avignon A., Yamada K., Zhou X, Spencer B., Cardona O, Saba-Siddique S.,
Galloway L., Standaert M.L., Farese R.V. Chronic activation of protein kinase C in
soleus muscles and other tissues of insulin-resistant type II diabetic Goto-Kakizaki
(GK), obese/aged, and obese/Zucker rats. A mechanism for inhibiting glycogen
synthesis. Diabetes (1996), 45(10),1396-404.

25 Baekkeskov S., Aanstoot H.J., Christgau S., Reetz. A., Solimena M., Cascatho M., Folli

F., Richter-Olesen H. DeCamilli P. Identification of the 64K autoantigen in insulin-

dependent diabetes as the GABA-synthesizing enzyme glutamic acid decarboxylase.

Nature (1990), 347, 151 — 56.

30
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Maeder Tzevidah Ny®SiaKotti) . b.I6
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appet i t éndupiiechondmal RINA lautatlohlsaiu&artthowopmhyl MusclemndJNaveﬂ%I)a?a Met ab
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m t ochony 3 -58, Zhang
P ep?ieb%*g BERR BB be e RRRCBp R Bondrad - Block eptya Aol
early i(heRS) At , b53-n68[r ot oxi c DNA damage. Jour. Neurochem (1995),
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claim Zhaﬁé—@ &Xepgg%(()f gtt!yrdé%tgﬁgp@ gener atﬁé%%%gﬂglgaseéﬁggé%flo;m e(‘f’&lﬁ red
m tochoﬁ@dttmrqﬁmmuvm@NAnge oo Qleutavhemt (O96))d4i Bl 14racr onol ecul es  and
inherited mtochondria) genetic defects said nethod conprising the steps of
selecting a conposition froma group consisting of 10 predomi nantly |inear

t et r aamzhesg ZNPrainytHosie phosphkRtesd Biologicl IR AN Sr@RflaLEharacteristics,
and mechanism of catalysis. Crit Rev Biochem Mol Biol. (1998), 33(1), 1-52.




et hyl ene groups, predom nately branched tetraam nes and pol yam nes | i nked
by 1,3- propylene and/or ethylene groups, cyclic polyam nes |inked by

1, 3- propywerwg/osrsdg or et hyl ene groups, conbi nations of | i meargsobseszhed and
cyclic polyam nes linked by one or m#fe 1, 3-propyl ene and/ or ethyl ene
groups, substituted pol yam nes, polyam nes derivatized to formtyrosine
phosphat ase i nhi bitor nolecules with |inear or branched 15 chains attached,
pol yarmi GBiMer i vati ves of 2,2 -di ami nobi phenyl with |inear or branched

chai ns attached; synthesizing said conposition; and adm ni stering an
effective dose of said conposition to a mammal. 20 2 The nmethod of Caiml
wher ei NWaadlgingt ep of synt hesi zi ng conprises converting by treatnment with
an al kyl halide a compound taken froma group consisting of conpounds
having the formula: ABH2NIVHg 25 mHnNn Hp wherein A and B are

hydr ogep A’fneﬂiohﬂftre@ﬁ% d\/%@ner@t@\ﬁé disqak& dudeo sane or different, conpounds
havi ng the formula: 3 03/ 051348 PCT/ US02/ 40732 148 r",*) HHN--] NH 5

EH wher siguired giitephandriahfaNp. dassagbe the same or different and are bridging
0947 ol gl R o bons, X0 and 2, my be e care o
havi ng ideinheritsdméocidndRaHgdnetiO def¥ctd 1

said method comprising the steps of: selecting a composition from a group consisting

of
10 predominantly linear tetraamines and polyamines linked by 1,3-propylene and/or
ethylene groups, predominately branched tetraamines and polyamines linked by 1,3-
propylene and/or ethylene groups, cyclic polyamines linked by 1,3-propylene and/or
ethylene groups, combinations of linear, branched and cyclic polyamines linked by one
or more 1,3-propylene and/or ethylene groups, substituted polyamines, polyamines
derivatized to form tyrosine phosphatase inhibitor molecules with linear or branched
15 chains attached, polyamine derivatives of 2,2'-diaminobiphenyl with linear or branched
chains attached;
synthesizing said composition; and
administering an effective dose of said composition to a mammal.
20 2 The method of Claim 1 wherein said step of synthesizing comprises converting by
treatment with an alkyl halide a compound taken from a group consisting of

compounds having the formula:

H2N\W\ /\WNHZ
N N
25 H H

m
wherein A and B are hydrogen or alkyl, and m,n, and p are the same or different,

compounds having the formula:

30



H2ZBP R, 20 R5 R3 NH2 wherein RI-R4 may be the sane or different and are
hydr ogen, al kyl, aryl, cycloal kyl, hydroxyl, thiol, am no acid,

gl ut at hi owe,03ppbgphat e, phosphonates, uric acid, ascorbi craxiusp2/4d7auri ne,
estrogen, dehydroepi androsterone, prdkticol, vitam n E, hydroxytol uene, 25
carvidilol, a-lipoic acid, a-tocopherol, ubiquinone, phylloquinone,
O0-carotene, neanadi one, succinate, acetyl-L-carnitine, co-enzynme Q

| azer oi ds, pol yphenolic flavonoids, -( XCH2) nN] NH2 - wherin n = 3-12
and X = nitrogen, sulfur, phosporous pr carbpn, or heterocycle wherin R
and R2 taken together are - (CH2XCH2),{- wherin n = 3-12 and X = nitrogen,
sul fur, phosphorous or carbon. R5-—an\HRS mapN he sanme or different and
are hydrogen, alkyl, aryl, cycloallkyl, 30 hydroxylf, thiol; am no acid,

gl ut at hi one, phosphate, phosphont€gs, i C ach , _agcorbic WD 03/051348

FTT/ US02/ 40732 149 acid, taurine, est}ogen, @ehydroepi androsterone,
probucol, vitam n E, hydroxytol uene, arvidi fol, a-Ilipoic acid,
a-tocopherol, ubiquinone, phylloquinonby j3-garotene, meanadi one,

succi nate, acetyl-L-carnitine, co-enzyne | azer oi ds, pol yphenolic
flavonoi ds, or heterocycle wherin R3 and R4 taken together are -(CH2XCH2)"
wherin n 5 = 3-12 and X = nitrogen, sulfur, phosphorous or carbon. R7 and
Rs may be the sane or different and are hydrogen, alkyl, aryl, cycloal kyl,
hydr oxy| m%§L0|’ am no acid, glutathione, phosphate, phosphonate, uric
acid, ascorbrc acid, taurine, estrogen, dehydroepi androsterone, probucol,
vm am nNME,n, layid oy bk theisame ondiffaiéntaind ase brigging gaeipg, ofavariable |,

ubi qui ngne, Egylgoquinone, n- car ot ene, neanadi one, succi nate,

acet yl - [foBui-h? CRIREDS- co- enzyne Q | azeroids, pol yphenolic 10 fl avonoi ds,
-(G2), x&w&gmg%e MGIhE oR dEfrSreR afd dreXnifrodbi,’ QURR, pliospbrets anghospor ous
or carbon, or hetérocycle wherin R5 and R6 taken together are - (CH2XCH2)"
wherin parbo®- 12 and X = nitrogen, sulfur, phosphorous or carbon. RO is
hydr ogen, al kyl, aryl, cycloal kyl, hydroxyl, thiol, am no acid,

gl ut at hi one, phosphate, phosphonate, uric acid, ascorbic acid, taurine,
estrogencmﬁgngggﬁgﬁﬁgﬂkﬂﬁﬂMQsierone, probucol, vitam n E, hydroxytol uene,
carvidilol, a-lipoic

15 Ry Ro
0
o
C
H203P/x Y \R1
20 Rs Rs NH»

wherein
R;-R; may be the same or different and are hydrogen, alkyl, aryl, cycloalkyl, hydroxyl,

thiol, amino acid, glutathione, phosphate, phosphonates, uric acid, ascorbic acid,

taurine, estrogen, dehydroepiandrosterone, probucol, vitamin E, hydroxytoluene,

25 carvidilol, o-lipoic acid, o~tocopherol, ubiquinone, phylloquinone, -carotene,
meanadione, succinate, acetyl-L-carnitine, co-enzyme Q, lazeroids, polyphenolic
flavonoids, (CHy),[XCHy),JNH; - wherin n=3-12 and X = nitrogen, sulfur,
phosporous or carbon, or heterocycle wherin R; and R; taken together are —
(CH,XCH,),- wherin n = 3-12 and X = nitrogen, sulfur, phosphorous or carbon.

Rs and Rs may be the same or different and are hydrogen, alkyl, aryl, cycloalkyl,
30 hydroxyl, thiol, amino acid, glutathione, phosphate, phosphontes, uric acid, ascorbic



acid, a-tocopherol, ubiquinone, phylloquinone, 0-carotene, neanadi one,
succi nate, acetyl-L-carnitine, co-enzyne Q |azeroids, polyphenolic
fl avonoi d&p 03/06BkR) , , [ XCH2) j NH2 - wherin n = 3-12 and X =pairtusoyer32 sul fur,
phosporous or carbon, or het erocycl g4herin R5 and R6 taken together are
-(CH2XCH2) n- wherin n = 3-12 and 20 X = nitrogen, sulfur phosphorous or
carbon. X1-X4 may be the sane or_different anf are. n sulfur

h

phos photaddawinecgstioasn. dehydToeiaRssosierens Ku9Lvg étaf‘lﬁ'i‘ O%OIH

03/ 051348 P 4 ?—%%4 R6 N

[ (CH2) nﬁﬂﬂ? {%%9 3%@ %t&%%h\%ﬁﬁr el(ﬁﬂllﬁx Fg&ﬂ%;;mggﬁ sanme or different
and Sr en{@mgg@nsluc@hgﬁegacg@w{_%aml Hiak, ml-dmym* eIQgghzmlyds polylphcnohcam nohaC| fJ
pyri di ne, pyrazole i me pyr.a azo (3 Jheno
4X- phenBavesatissor heiqspeiely Wirat » SodR ekt oEetheTag ‘(JWW %?Fl“ et hyl
met hoxy.. ;a(9 Nov~ hydro \ﬁhﬂtﬂ{o@ @usd?g fehat e, phosphonat es, uric agi d,

ascorbi c” aci t aur |%%, est roge dehydr oepi andr ost er one, probucol
vi t ami nREanleme}bE dheLsane, or Hifferantndiareolydrégen| alswi, ervhaiydloalirk ocopher ol |

ubi qui no | I.oqui nong, ote on n

acetyl - ‘gﬁﬁi *%‘?(ﬂé‘ '@8 a&&@zgw%%on? 2 8@3?%% d#‘ HBF%@d %fg(gf\l?bcnm ds,
-(CH2), i QL{{%};%] &Beﬁlandrgstémﬁé\%r%uconl VitdgR E, hgdibkytbluenghospor ous
or carbon, éter cyc vvherl n RL and R2 taken toget her are - (CH2XCH2)"-

wherin parviddob caligbixacidn mmog:}moisuhlmunqnepnbﬁmymug foearetePdon. 20 R5 and

R5 may be the sane or different d are dr K cycl oal kyl,

ﬁgr oxymea{‘arﬁ“lﬂe S%nﬁf? aesty-L-63f (gq T%’a% pé %’%&q pyrazol e,
dazolpgyonofddl '@ mﬁz %é’m@ﬁe@kz &E@X&ﬁﬁtﬁébaﬂ@hlﬁmere X = chloro,

br ono, nitro, nmet hoxy, am no, hydroxy; gl utathione,
phos phaphosppteas phmrb% or hciemca@lﬁdvhena%@ﬂé iR talendosetheiafee, estrogen,

el OR3P 951 i <R PPAGEk < AU By pgA Bl i, carvicl ol
Ry is hydrogen, alkyl aryl, cycloalkyl, hydroxyl, thlol amino acid, glutathione,
phosphate, phosphonate, uric acid, ascorbic acid, taurine, estrogen,
dehydroepiandrosterone, probucol, vitamin E, hydroxytoluene, carvidilol, o-lipoic
b acid, o-tocopherol, ubiquinone, phylloquinone, f3-carotene, meanadione, succinate,
acetyl-L-carnitine, co-enzyme Q, lazeroids, polyphenolic flavonoids, —
(CH,)o[XCH,),]NH, - wherin n = 3-12 and X = nitrogen, sulfur, phosporous or carbon,
or heterocycle wherin Rs and R¢ taken together are (CH,XCH,),- wherin n=3-12 and
X = nitrogen, sulfur, phosphorous or carbon.

20
X;-X, may be the same or different and are nitrogen, sulfur, phosphorous or carbon.

and compounds having the formula:

25

30



25 carotene, neanadi one, succinate, acetyl-L-carnitine, co-enzynme Q

| azeroi ds, polyphenolic flavonoids, or heterocycle wherin R3 and R4 taken

t oget her WOD@3/053@H2XCH2) n- wherin n

phosphorous or carbon. R5-R12 may be 16he sane or different and are
hydrogen, alkyl, aryl, cycloalkyl, hydroxyl, thiol, amno acid, pyridine,
pyrazol e, imdazole, quinoline, phenol, 4 -X-phenol and 5- X-phenol

= chloro, bromo, nitro, methyl,

met hoxy, am no, hydroxy; 30

= 3-6 and X = nitrogemCTAIs0E/W0732

where X

gl ut at hi one, phosphate, phosphopeatesxyic acid, ascorbic acid, taurine,

estrogen, WO 03/051348 PCT/ USO
probucol, vitam n E, hydroxyt ol
Ht ocopherol , ubi qui none, phyl
-L-carnitine, co-enzyj

acetyl

(TH2)

or carbon, 5 or heterocycle V\/nerl
(CHZXCHZ)n wherin n = 3-8

car bon.

wherein said conposition is taken froma gr

151 dehgdroeplandrosterone
rvi di Le¥HeRR2poic  acid

36 and X = nf

R5 and R6 taken_tpgether are
Qi trog gﬁz)ﬂﬁFp

[ XCH2)" ]NH2 - wherin n

Phosphorous or

, ar ot ene, neanadi one, succi nat e,
2r oi ds \p\lélphenol ic flavonoi ds,
R4 sul fur, phospor ous

Nis an integer with v3 ~ }%BTherrethodof claim?2
0

udCHeRR{Rst i ng of t hose
IS N~MXInX'E6 | tp

15 conpositions having the formiNy R5 7 20 R14 )f' RR RB NN

10

15

20

25

30

wherein

R;-R; may be the same or different and are hydrogen, alkyl, aryl, cycloalkyl, hydroxyl,
thiol, amino acid, pyridine, pyrazole, 3,5-dimethylpyrazole, imidazole, quinoline,
phenol, 4-X-phenol and 5-X-phenol where X = chloro, bromo, nitro, methyl, ethyl,
methoxy, amino, hydroxy; glutathione, phosphate, phosphonates, uric acid, ascorbic
acid, taurine, estrogen, dehydroepiandrosterone, probucol, vitamin E, hydroxytoluene,
carvidilol, o-lipoic acid, a-tocopherol, ubiquinone, phylloquinone, [I-carotene,
meanadione, succinate, acetyl-L-camitine, co-enzyme Q, lazeroids, polyphenolic
flavonoids, —(CH)J[XCH,),JNH; - wherin n = 3-6 and X = nitrogen, sulfur,
phosporous or carbon, or heterocycle wherin R, and R, taken together are —
(CH,XCH,),- wherin n = 3-6 and X = nitrogen, sulfur, phosphorous or carbon.

Rs and Rs may be the same or different and are hydrogen, alkyl, aryl, cycloalkyl,
hydroxyl, thiol, amino acid, pyridine, pyrazole, 3,5-dimethylpyrazole, imidazole,
quinoline, phenol, 4-X-phenol and 5-X-phenol where X = chloro, bromo, nitro, methyl,
ethyl, methoxy, amino, hydroxy, glutathione, phosphate, phosphontes, uric acid,
ascorbic acid, taurine, estrogen, dehydroepiandrosterone, probucol, vitamin E,
hydroxytoluene, carvidilol, a-lipoic acid, o-tocopherol, ubiquinone, phylloquinone, f3-
carotene, meanadione, succinate, acetyl-L-carnitine, co-enzyme Q, lazeroids,
polyphenolic flavonoids, or heterocycle wherin R and Ry taken together are —
(CH,XCHy,),- wherin n = 3-6 and X = nitrogen, sulfur, phosphorous or carbon.

Rs-R;, may be the same or different and are hydrogen, alkyl, aryl, cycloalkyl, hydroxyl,
thiol, amino acid, pyridine, pyrazole, imidazole, quinoline, phenol, 4-X-phenol and 5-
X-phenol where X = chloro, bromo, nitro, methyl, ethyl, methoxy, amino, hydroxy;

glutathione, phosphate, phosphonate, wric acid, ascorbic acid, taurine, estrogen,

R3 R4



N RI3 R4/ R3 RO ' 25 R12 R10 R11 wherein: RL and R2 are taken froma
group consisting of hydrogen, alkyl, aryl, cycloal kyl, am no acid,

gl ut at hi owe,03/s13@8 aci d, ascorbic acid, taurine, estrogen, PCT/US02/40732

dehydr oepi andr ost erone, probucol, viltam n E, hydroxytol uene, carvidilol,
a-lipoic acid, a-tocopherol, 30 ubiquinone, phylloquinone, a-carotene,
meanadi Q uGel e, ot V- 3 @2/ 40732 152
cam ti ne@g%@gﬁ%&n%&%m]é’agfearbg?& 5, V%%I@lpﬁé h&@égﬁ%\%’ng%vdg ﬁg{ﬁﬁ@%‘s ei ne,
menaqui renk, l-tebphaak ubipridone] pivdloquinch) NMEcitdtR)e] Mdnadivhe rsate¢inate= 3-6 and
Rl and R2 iken t.ogether are -(81—!23%—%), wher iqln = 3-6, R3 and R4 are

t aken f raSAVELgHEUHNG 0N SPEOEAEE of Chy Byls, 5 nolyphenolig oneyds-ky I~ ani no

5 acid, FONANEHL | &> 335K RI=LhiaG ' r

dehydr oe(gji}gsﬁlgjr{gg%r on:!ej, lwq’lf?)lﬁhgIlblucs’(')I , vi:?an%n?lr%%%’ﬁ?/@%?@%@?ﬁ%&fg@gﬁh dilol,

a- | i poi cordwtasiocysle wbaphBs abd Re taliey togethee arepHEH B, ho méerin ncad ot e,

meanadi ape, .al ut a e, .succi nat e, %cetyl -L- carnitine, co-enzynme Q

| azer oi ds, %&?%Fﬂhgﬁ i%hqu BWSIT AT %Romocystei ne , nenaqui none, i debenone,
dant r ol eNigs 41 inhgbEWRE Yahes A6k 0RBp.and R4 taken together are - 10 (CH2XCH2)
wherein n = 3-6, R5 and R6 are taken froma group consisting of hydrogen,
al kyl, aryl, cycloal kyl, amno acid, glutathione, uric acid, ascorbic

aci d, taurlibgeneteed ofogjaim 2 adiasetr i cemposaisneis daken frqm e igropl consistingefn E,

hydr oxyt.Ql uen carvidilol -| i poic acid, a-tocopherol, ubiquinone,

phyl | oqt}lﬁ%st)énc ,gip((’?-lg%?g?vé’ﬁ%ﬁhemﬁgﬂi one, glutamate, succinate, acetyl-L-
cani tine, co-enzyne Q |azeroids, polyphenolic flavonoids, honocysteine,
15 nmenaqui none, idebenone, dantrolene -(CH2),,[ XCH2)n]NH2 - wherein n =
3-6, and R5 and R6 ta&Tn toget her are - (CH2XCH2) n wher ei n?:r? = 3-6. R7, Rs,

R9, R o, Rll, R12, R13 Zand R14, may be the sane or different and are

hydr ogen, N N
R1/ W\X‘l/\t/r\xz/w \RS
" " P
Rs Rs

15
compositions having the formula:
Rs
Rs 7
20
R R
Ria 1 2 Re
\___\_N \ -
R, 3/ R4/ N\R3 Ro
2 5 R12 R1 o
R
wherein:
Ri and R, are taken from a group consisting of hydrogen, alkyl, aryl, cycloalkyl, amino
acid, glutathione, uric acid, ascorbic acid, taurine, estrogen, dehydroepiandrosterone,
probucol, vitamin E, hydroxytoluene, carvidilol, o-lipoic acid, o-tocopherol,
30

ubiquinone, phylloquinone, B-carotene, meanadione, glutamate, succinate, acetyl-L-



al kyl, aryl, cycloal kyl, amno acid, glutathione, uric acid, ascorbic acid,
taurine, 20 estrogen, dehydroepi androsterone, probucol, vitam n E,

hydr oxyt owoenesidear vidil ol , a |ipoic acid, (x-tocopherol, pabiusoz/mIse,

phyl | oqui none, [3-carotene, neanadi o8 gl utamate, succinate,
acetyl-L-carnitine, co-enzyme Q |azeroids, polyphenolic flavonoids,

h t ei ne, ' i deb , dantral - 2 XCH2) 1. NH2 -
uhar o) ncHmIing, GCRRENIS Gt 1 BaERso PYPReTOeCpaey  PATBOREI
et ef OC kfhEquittiie! Sdeﬂer@%sa&%u%@enkgkk(gmz§n?ﬂ€mm © wHefdii HGHB)@landWRerei n n =

3-6 and ="nitrogen, 5 sul fur, phosporous or carbon. M n, and p may be
t he samandR, tikbd together amd(EHeXCHy dowheyeigmotpd, of variable length from 3-12

carbons,. X1.and X be the sane.or different,a r ' sul fur,
phospor Baand R afeéé‘r om FEIOUR CONSITENE Pgiﬁﬁé‘{‘ﬂ%"x?r %‘b"yg %Ieﬁ’fc F%?kﬁ(g%\%@)“%s/ 051348
PTT/ US04 40 R%thidRS (Ric &82d Sasborbio@eid, Huff, 8odRa, QéhydrodpiarRrdsgeroner ei n 10
RI-R4 may bé the same or different and are hydr ogen, al kyl, aryl,
cycl oal pydbuctly drdseptin Ef Hiydroxytotiens, aenddile)l w-lipeiconeid, pHedqnephaol,

hosphonat es, uric _acid, asgorbic acid, ..taurine, estrogen
de hygr o SBloaePEpIS Auinops. JBrgaigtene, Meatadions. 9?1‘%‘?’8’5?;/15‘6?0%&’%%,3“%’5‘% dilol,
(X- 11 pOigfrted, c@éﬁitﬂ'ﬁ%o h@r Olazetddsd U pBRPRenolBY | f96H60O N GhontbcgaEiat ene,

meanadi one, slccinate, acetyl-L-carnifine, co-enzyne Q |azeroids,

pol yphe mdnaguinérieaidehencas, dantroledy of XSewrndlnad Rs ahd Ratakendogether aghd X =
nitrogeg é@ﬁéﬂ &5 hosporous or carbon, or heterocycle wherin R and R2
tﬁgentg 2 BIECPADXTH2) n wherin n = 3-12 and X = nitrogen, sulfur,
phosphoRQusd ®; a%ﬁ&ﬂfrom@_‘gr@@ ccﬁ@isim% obﬁydrb%b@ anwl, ayldéyicl@llgtanind ar e
hydrogen, al kyl, aryl, cycloal kyl, . drooxyl, thi ol m no acid,
gl ut at hiaoide glytatbiophatres, agidoaseabr aeid, fapriee, a"éﬁﬁge“a%tﬁ“g

probucol, vitamin E, hydroxytoluene, carvidilol, o-lipoic acid, o~tocopherol,

pepiandrosterone,

ubiquinone, phylloquinone, B-carotene, meanadione, glutamate, succinate, acetyl-L-
carnitine, co-enzyme Q, lazeroids, polyphenolic flavonoids, homocysteine,
menagquinone, idebenone, dantrolene —(CHy) [XCH,)]NH; - wherein n = 3-6, and Rs
and Re taken together are —(CH,XCHy)n-

wherein n = 3-6.

15

R, Rs, Ro, Ryg, Ry, Ry, Ry3, and Ry, may be the same or different and are hydrogen,
alkyl, aryl, cycloalkyl, amino acid, glutathione, uric acid, ascorbic acid, taurine,
20 estrogen, dehydroepiandrosterone, probucol, vitamin E, hydroxytoluene, carvidilol, o-
lipoic acid, a-tocopherol, ubiquinone, phylloquinone, B-carotene, meanadione,
glutamate, succinate, acetyl-L-carnitine, co-enzyme Q, lazeroids, polyphenolic
flavonoids, homocysteine, menaquinone, idebenone, dantrolene —(CHy)o[XCH;)o[NH,
- wherein n = 3-6 and X = nitrogen, sulfur, phosporous or carbon, or heterocycle
wherein Rs and Re taken together are (CH,XCH,),- wherein n = 3-6 and X = nitrogen,
95 sulfur, phosporous or carbon.
M, n, and p may be the same or different and are bridging groups of variable length
from 3-12 carbons.
X, and X, may be the same or different and are nitrogen, sulfur, phosporous and

carbon.

30 , compositions having the formula:



acid, taurine, estrogen, dehydroepi androsterone, probucol, vitamn E,

hydr oxyt ol uene, 20 carvidilol, a-lipoic acid, a-tocopherol, ubiquinone,
phyl | oquiwonajosrs4g€ar ot ene, neanadi one, succi nate, acetyl PCTasonidBne,
co-enzynme Q lazeroids, polyphenolic 15| avonoi ds, or heterocycle wherin R3
and R4 taken together are -(CH2XCH2)n wherin n = 3-12 and X = nitrogen,
sul fur, phosphorous or carbon. R7 and R8 may be the sanme or different and
are hydrogen, alkyl, aryl, cycloal kyl, hydroxyl, thiol, am no acid,

gl ut at hi one, phosphate, phosphonatg, uric aegid, ascorbic 25 acid, taurine,
estrogen, dehydroepi androst erone, pNobucol/ vitam n E, hydroxytol uene,
carvidilol, a-lipoic acid, a-tocophe bi qui wone, phyl | oqui none,

[ 3-carot ene, neanadi one, succinate, -L-cf@rnitine, co-enzyne Q

| azeroi ds, polyphenolic flavogrQidg 2)n)NH2 - wherin n = 3-12
and X = nitrogen, sulfur, Osporo erocycle wherin RS
and R6 taken together are - (CH2XCH2 -12 and X = nitrogen,
sul fur, phosphorous or carbon. 30 / US02/ 40732 154 RO is
hydr ogen, al kyl, aryl, cycl oal kyl, thiolpy am no acid,

gl utat hi one, phosphate, phosphonate, uric acid, Assgrbic acid, taurine,
estrogen, dehydroepi androsterone, probucol, vRfam n B hydroxytol uene,
carvidilol, a-lipoic acid, a-tocopherol, ubiquinone, phylloquinone,

0- carot ene, neanadi one, succinate, S acetyl-L-camtine, co-enzynme Q

| azer oi @bgrepol yphenol i c flavonoids, (CH2)n[XCH2)aJNH2 - wherin n = 3-12

and X =_nitrogen,, sul fur, .. r r r erin R5
att re Ri Hlagg’ﬁ&%%afnea?redl&%%g??f&%% ?%9% a{_ﬁézy ?%Egtﬁgwg(%@y%t rogen,
sul f ur, (hA1OSRMB ReIdS fﬁmtatﬁaﬁ@@BospKitthdaﬁbbﬂa&slm sadyasanbidiatider ent and are
nitrogen, sulfur, phosphorous or car bog 10 andﬁ?ln&osi tions having the
f or nul atautige,gstrggenRaehydyggpiapdropisrong, pro , hydroxytoluene,

carvidilol, a-lipoic acid, a-tocopherol, ubiquinone, phylloquinone, 3-carotene,

2

ucol, vitamin

meanadione, succinate, acetyl-L-carnitine, co-enzyme Q, lazeroids, polyphenolic
flavonoids, «(CHy)o[XCH,),JNH; - wherin n = 3-12 and X = nitrogen, sulfur,
15 phosporous or carbon, or heterocycle wherin R; and R; taken together are —
(CH,;XCH,),- wherin n = 3-12 and X = nitrogen, sulfur, phosphorous or carbon.
Rs and Rs may be the same or different and are hydrogen, alkyl, aryl, cycloalkyl,
hydroxyl, thiol, amino acid, glutathione, phosphate, phosphontes, uric acid, ascorbic
acid, taurine, estrogen, dehydroepiandrosterone, probucol, vitamin E, hydroxytoluene,
20 carvidilol, a-lipoic acid, a~tocopherol, ubiquinone, phylloquinone, 3-carotene,
meanadione, succinate, acetyl-L-carnitine, co-enzyme Q, lazeroids, polyphenolic
flavonoids, or heterocycle wherin R; and Ry taken together are (CH;XCH,)y- wherin n
=3-12 and X = nitrogen, sulfur, phosphorous or carbon.
Ry and Rg may be the same or different and are hydrogen, alkyl, aryl, cycloalkyl,
hydroxyl, thiol, amino acid, glutathione, phosphate, phosphonate, uric acid, ascorbic
25 acid, taurine, estrogen, dehydroepiandrosterone, probucol, vitamin E, hydroxytoluene,
carvidilol, a-lipoic acid, a-tocopherol, ubiquinone, phylloquinone, 3-carotene,
meanadione, succinate, acetyl-L-carnitine, co-enzyme Q, lazeroids, polyphenolic
flavonoids, —(CHy)[XCHy)]NH, - wherin n = 3-12 and X = nitrogen, sulfur,
phosporous or carbon, or heterocycle wherin Rs and R taken together are

(CH,XCH,),- wherin n = 3-12 and X = nitrogen, sulfur, phosphorous or carbon.
30



20 R8 (CH2)NnRBR4 R9 ~. (CH2)fIRR2 (CH2)nR3R4 R10 R12 11 25 Werein
Rl-R4 may be the same or different and are hydrogen, alkyl, aryl,

cycl oal kyWo odgsirdaxyl , thiol, am no acid, pyridine, pyraZ(Pk?EF[USOZ/40732

3, 5-di net hyl pyrazole, im dazol e, quindine, phenol, 4-X-phenol and

5- X-phenol where X = chloro, brono, nitro, nmethyl, ethyl, 30 methoxy,

am no, hydroxy gl ut at hi one, hqgsphonat r'.c aci d, ascorbic
WO 03/ 0Ba sdwdmgen. adils gl gycl Oglgsl gbé‘ﬁaxylt Bt n"é‘ﬁﬁg‘é‘g”ﬁh o
dehydr oglp(;a@ 5%555‘19,9 zfﬁEi&%corH‘cta@ﬁ' ﬁuﬁne @%Qgﬁyt ol uene, carvidilol,

a-1ipoi a tocophero ui none, phyl’l oqui none, (3-carotene,

meanadi délﬁrdr&pmﬁdﬂ)ateﬁoneapmbydzolj_vﬂmnmﬁ |hydn;oxg’®lmzy¢mv1@0ﬂ, aApos ds,
pol yphenol ic flavonoids, -(CH2)n[XCH2)n] NH2 - V\herl?j@ 3-6 _and X =
n| t r ogefgcidsottpegpherod, W@W@B@’U@ﬂm@aﬁ% CaTQJEnG, dReap: 9‘(‘:‘?=é“%f@?q=n Rl and R2

t dken to r ) i = nitrogen, sulfur,
phospho?‘%{??é1 Fmﬁzﬁ'ﬁ C&g?{éég@l%mg p@ﬁhﬁ%ﬁlscglﬁageg?l&%l fferent and are
hydr oge(‘(:H@),L[BMHz)m whgtih aat B3R andb(ydnmogbn, sulfunnahomm oacarbpn,pyrl di ne,
pyrazol e, 5-di et hyl pyrazale, i m dazol e, hen - phenol
and 5 xrlpﬁﬁ@ﬁesrclwb%nﬁ and Ry fakgn toge ﬁbﬂfeﬁ{?ﬁ#gﬁ@p ﬁyﬁz t hoxy,
am no, kyd en %H&xagﬂbs@ﬁﬁmué)ﬁf’éa?% e, phosphontes, ur| c acid, 10

ascorbic ac t"auri A st rogen, dehydroeplandrosterone probucol vitamn
E, hydﬁb&%ﬁmhd&ﬂhesmaeawdﬁﬁnﬁﬁamimﬁpmnquuﬁuﬁhrampaﬂwwméﬂmpm'leqU|none
phyl | oqui none, 0- carotene, neanadi one, succinate, acetyl-L-carnitine,

ﬁ enzyne Q lazeroids, polyphenolic flavonoids, or heterocycle wherin R3
a 8 @&ﬁﬁ%kgﬂﬁ@hﬁﬁn ﬂ@”bnﬁQhQXCHZ)rI wherin n = 3-6 and X = nitrogen
sulfur hosphorous or carbon. R5-R12 may be the sane or different and are
hydrogen al kyl, aryl, cycloal kyl, hydroxyl, 15

15 Rs
R7
(CHz)nR1R2
R
20 8 \(CHQ) RsR,
Re (CHo) R1Ry
(CH,),RaR4
R10
Ry4
25
Wherein

R;-R4 may be the same or different and are hydrogen, alkyl, aryl, cycloalkyl, hydroxyl,
thiol, amino acid, pyridine, pyrazole, 3,5-dimethylpyrazole, imidazole, quinoline,
phenol, 4-X-phenol and 5-X-phenol where X = chloro, bromo, nitro, methyl, ethyl,
30 methoxy, amino, hydroxy; glutathione, phosphate, phosphonates, uric acid, ascorbic



thiol, am no acid, pyridine, pyrazole, imdazole, quinoline, phenol, 4-X
phenol and 5- X-phenol where X = chloro, brono, nitro, nethyl, ethyl,

met hoxy, Woiaos513eydr oxy; gl utathi one, phosphate, phosphomatrajsozui7e2 aci d,
ascorbic acid, taurine, estrogen, ddRydroepi androsterone, probucol,
vitam n E, hydroxytoluene, carvidilol, a-Ii poi c 20 acid, c tocopherol,

bi hy! | t , i nat

acetyl B HpiiG ROTORED ERHREP SpHSRRG REOgb JPREO BTV s,
CH2) n r n d

f:ar bén[ggg;@lhéter 8@%§i%egﬁﬁ§$§wg&d ‘}Iééq_ufl eﬁq?’gg&'ﬁglr’ﬁé;?e%ag)snm

wherin ﬁe&na’&nﬁle;&rbﬂccm@w Iacétyleb&amlmd f eo-gnzyhes holaemids; palyphenoli i s an
integer with values from (3 The n;eého cI ai.m 2 vvh&lfel n said

4.
corrp03| Havonojds, kBl dl‘gﬁoupWh‘E%sI} ST nitrogen, s

L& LB % B08A8, Migobud (A X ambrak e ] el propy! ) i ne

pi per i d¢CIELEGH))awheinpr Py dreink rfemtrogen, sulfur, phosphorous or carbon

(2 ?LP%Z%%W Y o el A A A P RBERD ARG Y, AR

] non3yl gﬁhﬁ Aol | 3REdd0 hcidP reidinea &ol@ 3,5-dimethylpyrazole, imidazole,
met hY1( et hYl( Z PYri dYi net hY am no ProPYl} ( 2 Ple dYl net hYl%t%”f ne

1, 4,8, 1qmnobmer, @h&rwl Jé—X-Iglenoll'atnétﬁ- phepplpubgred & £hiprg, bromo, nitro, m
1,4,8, 11;t et 3 ot
N S RO A TRLBUAURL St o BrcipHbke | e erlecanc

3-1(3- (Za@BYHi@eédemhep@KfYc)g&flprliehyquaandIWﬁadgl,l pRbdeal Tevitamion&, 10
Chrom um 2, 3, 2- Tetram ne, Vanady

( 2- pi pehydrpxeiphpns, -Cfig’lcllt@r%'lhﬁéﬁclf’tﬂq éi‘ﬁ%@é?ﬁ’hé‘}’m?}%ﬁuﬁgu‘m@a Pom um
(2- pi peridyl eth (2 I d hy | ney }@gnsadyl
1, 4,8, 11 Pé’?’aa’%ﬁg‘%ﬁ% né ﬂu%fE Rﬁaéeabx%: féﬁgﬂ {1é] ngﬁ@gﬁyxﬁ otaezter adécane,
Chr om Ugbl%fpﬂerﬁ»h& 1figlonaiis A or heterocycle Whenn R; and Ry taken together are —
1,4,8,11-t Stéﬁg)ln Cv%ﬁeln% [ é” —61;11;}10 og n, S\Cx)ltfurt 51%%8 Stous or carbon.

R5—R12 may be the same or different and are hydrogen, alkyl, aryl, cycloalkyl, hydroxyl,

> thiol, amino acid, pyridine, pyrazole, imidazole, quinoline, phenol, 4-X-phenol and 5-

X-phenol where X = chloro, bromo, nitro, methyl, ethyl, methoxy, amino, hydroxy;
glutathione, phosphate, phosphonate, uric acid, ascorbic acid, taurine, estrogen,
dehydroepiandrosterone, probucol, vitamin E, hydroxytoluene, carvidilol, a-lipoic

20 acid, a-tocopherol, ubiquinone, phylloquinone, B-carotene, meanadione, succinate,
acetyl-L-carnitine, co-enzyme Q, lazeroids, polyphenolic  flavonoids, -
(CHy)u[XCH,),]NH; - wherin n = 3-6 and X = nitrogen, sulfur, phosporous or carbon,
or heterocycle wherin Rs and R taken together are (CH2XCHy),- wherin n = 3-6 and
X = nitrogen, sulfur, phosphorous or carbon.

N is an integer with values from 0-10.

25
4. The method of claim 2 wherein said composition is taken from a group

consisting of :
[2-(methylethylamino)ethyl}(3-{[2-(methylamino)ethylJamino}propylamine,

30



p- (Phosphononet hy |)-D L-phenyl al ani ne, 15 2-am no-N-(2-{[3-(2-am no- 3-(4-
phosphononet hyl phenyl ) propanol yl am no] ethyl } am no)propyl] am no
} et hyl - 3 wOa3phsgphononet hyl phenyl ) pr opam de, PCT/US02/40732
2,2' -di am no(bis-N, N -pyridyl methyl)-16¢ 6' - di net hyl bi phenyl, 2,2'-diam no
(bis-N, N - qui ni |yl met hyI ) bi phenyl, [ (3, 5-di nethyl pyrazolyl)nmethyl] [2-(2-

3, 5di net I 20 neth | ) phenyl | am ne,
e
ép 2 |etn)r/ | bgﬂ#ﬁ?&@%ﬁ%ﬁkﬁ@@ elrar%ler%ylet]'lyl%gimmf%)mpgl Yamine,
- phenyl ma(m ]ol{mBﬂ]aidnm}glmhno)eﬁyﬂ(ﬂ -{2-Ghigydo[3.3. l]nonBylammo)ethyl]ammo}

[ (2-{2-] gyrl dyl met hyl am no] phenyl ) -phenyl)am no] et hyl } phenol ,
am noPTSPX 4aEhosphononet hyl phenyl ) - N-(2- {-2 [ benzyl ani no] phenyl }

| 1
ey P e Ao s, |
{ 2- [ (2- pys8 dyletreadayl @,ﬁllﬁdﬁrﬁpm@@dﬂd}'leih}’é}aenyl ) am no] et hyI ) phenol ) (d)2]d,

T AL A R o S

(2-({[2§ ﬂi@éj@lﬁlﬁ@éth VI ylehediamﬁiephenyl ) phenyl ] ami no} 30
nmet hyl ) enoI ) ]C,” WO 03/051348 PCT/ US02/ 40732 157 5. The met hod Of
claim @m%q;y}ﬁrgm&%dﬁmmse Par ki nson' s di sease, Al zheiner's

di seasey; sease, Binswanger's disease, divopontine
gfddebel I g?a‘%eg’g’hqe?a a?%gl% Lewy Body di sease, Stroke, Diabetes Mellitus, 5
bet i ChideghmoRa R letrafiinsi ty, Hyperinsulinism Atherosclerosis, Mocardial

I sch Car di Fai | thy, |sch a
by ooy e Was oy B arE IR DB T RBT I sor dore. 6. Tno o
met hod Br&ﬁlaiﬂno'@p}ﬁgﬁaﬁb y@aﬂsqa Biﬁeﬂdyleﬂﬁﬁﬁﬂuﬂi]ﬁ@b gmméormrl se paraquat,

MPP+, rot e | azoxI strept ozot 6ci n and I'oxan-i nduced di sorders.
7. The Wumtdyﬁi 168, t1-ttranan- wws}drtntraiacm@[ﬁépﬂoonéw%m@etza%anpurt her

compri's %ﬁr tn%%m ﬁ&,%?ﬁ -teIraaza—lA,S,l 1-tetrabicyclo[3.3.1]non-3-ylcyclotetradecane,
p-(Phosphonomethy1)-DL-phenylalanine,

15 2-amino-N-(2-{[3-(2-amino-3-(4-  phosphonomethylphenyl)propanolylamino}

ethyl }amino)propyl]Jamino}ethyl-3-(4-phosphonomethylphenyl)propamide,

2.2°-diamino(bis-N,N’-pyridylmethyl)-6,6”-dimethylbiphenyl,

2,2’~diamino (bis-N,N’-quinilylmethyl)biphenyl,

[(3.5-dimethylpyrazolyl)methyl}[2-(2-{[(3,5dimethylpyrazolyl)

20 methyllamino} phenyl)phenyljamine,

4-methyl-2-{[(2-{2-[(2-pyridylmethylamino]phenyl} -phenyl)amino]methyl} phenol,

3-nitro-2-{[(2-{2-[(2-pyridylmethylamino]phenyl}-phenylaminojmethyl} phenol,

4-chloro-2-{[(2-{2-[(2-pyridylmethylamino]phenyl}-phenyl)amino]methyl} phenol,

2,amino-3-(-(4-phosphonomethylphenyl)-N-(2-{-2~

[benzylamino]phenyl } phenyl)propamide,

Manganese (2,2’-diamino (bis-N,N’-quinilylmethyl)biphenyl)(Cl),,

Tron (4-chloro-2-{[(2-{2-[(2-pyridylmethylamino]phenyl} -

phenyl)amino]methyl} phenol)(CI),]JClL,

Vanadium (2,2’-diamino(bis-N,N’"-pyridylmethyl)biphenyDCl,,

Gadolinium (2,2’-diamino(bis-N,N’-pyridylmethyl)biphenyl)CL]CL, and

Chromium (2-({[2-(2-{[2-hydroxyphenyl)methyl]Jamino}phenyl)phenylJamino}

methyl)phenol)CI),]Cl,

25
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-adm xi ng an el enment taken froma group consisting of 2,4 di bronopropane
and 2,4 dibronopentane di ssolved in absolute ethanol into

1, 2-di amwoaBlsarses hydrate; 15 -heating the resulting m XPrarason40732

approxi mately 50C for about one hour ;157 addi ng potassi um chl ori de;
-continuing said heating for three hours; -filtering potassium brom de out
of the mxture; -distilling the m xture at reduced pressure; 20 -all ow ng
the formation of top and bottom |l ayers; -separating and distilling the top
| ayer; zcohvertin ) 4R di.st. .top layer to a

tetrahygrr 8@?1 rg%élhago{;gl?ﬁ?ﬁ;@]%?mﬁgagﬁ@gsﬁﬁeﬁgbﬂggﬁ%.Salt to a free am ne by

t r eat meParkikisbiTs dizease] Alzhbiyshrizdistase, Bou Gebrigistdirsdsep Binswangsr s disees®ei n sai d

For i ngOHveBInG BisrebEIY I3 ekt S B ey e MREE TRbes BRI, 2T of o
about 1@%ﬁ3@g@gﬁ¥%@&@@)ﬁﬂ%ﬁﬁs@hﬁ§nﬁ'Rtﬁéi@éd]@:@@is,m@ﬁ@ﬁﬁa] n a weight

ratio o out heating the solution to 50 C for one about 1 hour;
adni xi nisch&hiaj Gardionsyopathyy Gerdincdiailure; Deghropathy.deshemiui(Hgueoe®: i ng t he

solutiop for abo 301 hour.. 30 P 02/ 40732 158 9. The
net hod E’Fesgffcé’?sfﬁ’ AR Q?tﬁog(g[f’ﬂs o1} Lok 1% %%%ﬁg 68%4% ‘s of

1,3-bis-[(2'-am noethyl) arnino] propane; and said steps of adm xi ng,
heating, adding and continuing said heating, conprise: 5 fornmng a

sol uti of. oFhelmetha nfokepy & pulieaeia rgideionindussyd disQudptSHROMBISE PAFUShout 1 to
2.6; sl ?Vﬁéﬁ adm xi ng 1, 2-di am noet hane hydrate in a weight ratio of about 1
tp 2.2 ating the solution to 50 C for one about 1 hour; adm xing KCl in
alQei gt botbdrieOdi@foxidd, Sirejitonetic mmt lhxhminduead disgrdetse sol ution for about 1
hour. 10 10 The nethod of claim2 wherein said step of selecting conprises:

7. The method of claim 2 wherein said step of synthesizing further comprises the
steps of:
_admixing an element taken from a group consisting of 2,4 dibromopropane and
2.4 dibromopentane dissolved in absolute ethanol into 1,2-diaminoethane hydrate;
15 -heating the resulting mixture to approximately 50°C for about one hour;
-adding potassium chloride;
-continuing said heating for three hours;
-filtering potassium bromide out of the mixture;
-distilling the mixture at reduced pressure;
20 -allowing the formation of top and bottom layers;
-separating and distilling the top layer;
-converting free amine in the distilled top layer to a tetrahydrochloride salt; and

-converting said salt to a free amine by treatment with ammonium hydroxide.

8. The method of claim 7 wherein said steps of admixing, heating, ading and
25

continuing said heating comprise:

forming a solution of 1,3-dibromopropane and ethanol in a weight ratio of about 1 to
2.6;

slowly admixing 1,2-diaminoethane hydrate in a weight ratio of about 1 to 2.2

heating the solution to 50 %C for one about 1 hour;

admixing KCI in a weigth ratio of 1 to 4; and continuing heating the solution for about

30 1 hour,



ascertaining the heats of formation of a set of said conpounds; and
choosing said conpound in consideration of its heat of formation conpared
to the hewDv3oF13Ormati on of other compounds in said set pCTASKA407BE net hod
of claim 10 wherein: said step of asdé&taining conprises: calculating the
heats at the formation of said set of conpounds fromtheir respective
constituent atons. 12 The nethod of claim 11l wherein said step of choosing
conprises determning the 20 stabilities of said set of conpounds as a
functi og Qe hORL of ATMES Whkkil'GAd SorRbodiRI EnsRI:of 1Y9I6IE f{N-anithdetiyipbi | 1 ti es
are detérmned In inverse proportion to said respective heats of

f or mat | sminojpropases mebysaic stepe| oft admixéngaicating, caddite enéd epatingpg cwithbounds are
deened j ndi cative of ability to yield the nost stable conplex when reacted
with a %‘%‘&&W%‘Pal s. 25 13 The nethod of O aim 12 wherein; said group of
netal s fpmittdssolaRRRer 1 3cahdhioprdpate and benolGadiiveight reibgdmbost b
chromum 14 The nethod of C aim 13 wherein said degenerative di seases
conpri s26; neur odegener ati ve di seases characterized by excess iron pools and

sai d conpound, i s. el e fh r I SEl p2, 2- pi peridine
and 2, 3%‘”& ‘ﬁmgﬁ‘g?’ 'ﬁé&%@f?&g}aﬁlaﬁ%gﬁ%@%§Hﬁl}>%b?fi%§%he met hod of

C ai m 18eapnenié leaintodederer atd abeutil keases conprise ischernic damage and
punp failure post mnyocardial infarction characterized b¥ i rgn-i ndgtlced

toxi c roedisiing KEtinsa akiethetioatildn 4% end peuiwing heating fiesolution JoLaboyt - oy ound
is sele 5 froma group consisting of zinc cyclam nethylated, zinc

cwl am adanmant ane, cyclam nethylated and cycl am adamant ane. 16 The net hod
of "Claim 13 wherein said degenerative di seases conprise neurodegenerative

di seases_and strokes;. an ai d coppositign is selected froma group
consi st tfglhsrm H‘E)BE?I?%gé"%ﬁ%ﬁ‘? tﬁﬁpﬁse?%cﬁlgﬁ PYRY et al  bi ndi ng nol ecul es

taken 10 HafR SHeOMACON Eiribtitd 0Pfa S aFORId ic@xﬂ?_oﬁ@d;i agd cheghrg kiiddi ng
nol ecul es an manganese bi ndi ng nol ecul es. 17 The method of C aim 16
wher ei ncempourshinossidératien ofaits hegt ebfpmation eempried e dgria ot formatige 2, 3, 2
' SOpT Op\t’)i‘ o&@}\l t%nl}pmdun%g] gn said set.

15 11 The method of claim 10 wherein: said step of ascertaining comprises: calculating
the heats at the formation of said set of compounds from their respective constituent

atoms.

12 The method of claim 11 wherein said step of choosing comprises determining the
20 stabilities of said set of compounds as a function of their respective heats of formation;
wherein said stabilities are determined in inverse proportion to said respective heats of
formation; and
whereby the relative stabilities of the set of compounds are deemed indicative of ability
to yield the most stable complex when reacted with a group of metals.
25 13 The method of Claim 12 wherein;

said group of metals includes copper, cobalt, iron, zinc, cadmium, manganese and

chromium.

14 The method of Claim 13 wherein said degenerative diseases comprise

neurodegenerative diseases characterized by excess iron pools and said compound is

30 selected from a group consisting of 2,2,2-piperidine and 2,3,2 adamantane.



sai d conposi tions havi ng manganese- bi ndi ng nol ecul es include 3, 3,3
tetramne. 15 18 The nethod of claim 13 wherein said degenerative di seases
conpri se woaansmaegener ati ve di sorders, stroke, glauconmm, a&®ChArsoyei7ezr osi s,
cardi onyopat hy, ischem a, optic neundpat hy, peripheral neuropathy,
presbycussis and cancer; and said conposition is selected fromderivatives
of those conpounds having the largest 20 ring nolecules. 19 The net hod of
cl aim 18 wherein said conpounds having the | argest ring nol ecules includes
3,3,3 tetram F=lorz pe=Tn) i , iseadétdedi@pize URthemi@vi ng

al kyl SE s?lﬂ(lf Efegh ngt{g%lﬁes. 2%@5}8%_}%(;1}6%%1{%5@6%653 é‘}BCI aim 13 wherein said
degener ddmage atids pamspsfaiuneppass anyesaidiah sofaretion chamatesized Pysiromingdigethger ' s,

and Le Body, di ses, . vopopt.i ne Cer lar i oke,

gl auco%%d%teﬁgc Rand gﬁ%‘?ﬂ?f?“ﬁhﬁ“@ & Sggr%o%dtﬁaﬁgﬁgﬁé@?ég? eelﬁ&% om a
gPoup Ofroﬁx%’gﬁﬁbtdoﬁﬁ%xk@f #idl @k&‘mh fiétiflateanginoTyclaf MBn0LAG1S4Em

PCT/ US02/ 40732 160 21 The nethod of aim 13 wherein said degenerative

di seasemethyigted and cyglam adtepai@eat i ve di seases, ischenia post nyocardi al
infarction and atherosclerosis; and 5 said conposition is selected from
derivatives of conpounds froma group consisting of piperidine, piperazine
and adangnt gme. mthobhefmeldied 16f viHesdinm Sidhdegenerativg ddisegene@omprivse di seases
conpri se stroke, diabetic neurogpathy, .geripheral .neyr hy, Al zheiner's
di seasenewpdrgeaaliv dissases %@%F%i,anxdi‘laﬁ’é’ ,SI“BPé%B#%“S%@%’@ LEPH onyopat hy
and conggstive Jre@hlnosfiohy havi ' insP HRAA Bih@ig fokeiés/ flltefi r OM
cquoungg&#gégng terpnqlfsﬁ{é)}@r?lﬁ%’lﬁlggr%ﬁﬁg{é’gg%%n%?ecul e substitution with
el*€nent froselacgtomp tomsintiaggod wpmpositonst hayngf capper dindiag anolgeules apdd,
ascorbic acid, tayrine, estrogen, dehydroepi androsterone, probucol, vitamn
E, hydRs56 l,ngd‘&?lg?‘ﬁ?ﬁ'ol , a lipoic acid, tocopherols, ubiquinone,

phyl | oqui none, carotenes, nenadi one, glutamate, succinate,

acetyl-l-carnitine, co-enzyme Q_ |azerojds, palyphenolic fl agzoggoi ds,
honocystl@i iBe mesthaguiof dHleim | e distnie saidh semppERensyfaving copper-binding

molecules include 2,3,2 isopropyl on N1/N4; and
said compositions having manganese-binding molecules include 3,3,3 tetramine.

15
18 The method of claim 13 wherein said degenerative diseases comprise
neurodegenerative disorders, stroke, glaucoma, atherosclerosis, cardiomyopathy,
ischemia, optic neuropathy, peripheral neuropathy, presbycussis and cancer; and
said composition is selected from derivatives of those compounds having the largest

20 ring molecules.

19 The method of claim 18 wherein said compounds having the largest ring molecules
includes 3,3,3 tetramine, cyclam adamantanes, cyclam 3,3,3 and compounds having

alkyl substituted molecules.

25 20 The method of Claim 13 wherein said degenerative diseases comprise Parkinson’s,

Lou Gehrig’s, Binswanger’s, and Lewy Body diseases, Olivopontine Cercbellar
Degeneration, stroke, glaucoma and optic neuropathy; and
said composition is selected from a group of compositions having alkyl side

chains.
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15 phosporous. 23 The nethod of C aim 22 wherein said degenerative di sease
conpri ses stroke; and said conposition consists of uric acid polyam ne. 20
24 The newbad/osf34€l ai m 22 wherein sai d degenerative di SseaPETABOPHITIES

di abetes; and said conposition is dasived from conpounds selected froma
group consisting of phosphorous, taurine, CoEnzyme Q a lipoic acid,
tocopherol, succinate, glutamate and acetyl-Il-carnitine polyamines. 25 25
The net hod of C aim 22 wherein said degenerative di sease conpri ses

Al zhei e’ s Tl SRARGI T (4IRS DVE UshdiSin 3R WRBpSheRRVBOTiskaRE bdmplasi ved from
conpounds sel ected froma group consisting of a Ilipoic acid and

acet y| - neumdaganerative dispasesnischernig st myecardia] dnfatigh rand athgrescderasisai d
degenerati,ve di sease conprises 30 atherosclerosis; and said conposition

sgl ect ed‘nflr om a group consisting of tocopherol polyam ne and coenzyne Q
pol yam rgid éﬁﬁfé%‘ﬁﬁ 1834 cRATHMBR¢AFRRE of dpauindd ien® kv cohsislig ofi 22

wherei n sai d degenerative di sease conprises ischem a, and said conposition
i s sel edipagidineppipsraging@pd adasamaneng of t ocopherol pol yanine and 5 coenzyme
Q pol yam ne. 28 The nethod of C aim 22 wherein said di seases conprise
nyocardi al degeneration and congestive heart failure; and said conposition
consi st 920The pethod v clim 6l wirntinsaid d28eneTativendidehsed compbastroka 2diabaicei n sai d

Froma GBI EratioH) BRUBBE-t ARSTHS o ARSHS: AOeOrJEhessh e The
L0, S PR P 1B e M e 8 U 1
sel ect i wentpesitionas derived dipan coumpstndsuhidng teri@nad 1nitrhgenradédpsidmeiecgleai m 2
wher ei n sxsxgsi,u t%ne&itﬁfele%?errll egetlei:cqgi ) ig?oeu% &)Criljsllslartlg' o gfu%hi.orﬁe, uric acid,
ascorbic acid, taurine, estrogen, dehydroepiandrosterone, probucol, vitamin E,
hydroxytoluene, carvidilol, o lipoic acid, tocopherols, ubiquinone, phylloquinone,
carotenes, menadione, glutamate, succinate, acetyl-l-carnitine, co-enzyme Q, lazeroids,
polyphenolic flavonoids, homocysteine, menaquinone, idebenone, dantrolene and

15 phosporous.

23 The method of Claim 22 wherein said degenerative disease comprises stroke; and

said composition consists of uric acid polyamine.

20 24 The method of Claim 22 wherein said degenerative disease comprises diabetes; and
said composition is derived from compounds selected from a group consisting of
phosphorous, taurine, CoEnzyme Q, « lipoic acid, tocopherol, succinate, glutamate and

acetyl-l-carnitine polyamines.

25 The method of Claim 22 wherein said degenerative disease comprises Alzheimer’s
25

disease and presbycussis; and

said composition is derived from compounds selected from a group consisting of o

lipoic acid and acetyl-l-carnitine polyamines.

26 The method of Claim 22 wherein said degenerative disease comprises

30 atherosclerosis; and said composition selected from a group consisting of tocopherol
polyamine and coenzyme Q polyamine.



vivo half |ife and pharmacoki netic properties of said conmposition by
addition of side chains on amno or nethylene groups. 20 32 The net hod of
Claim 2 werogiom3sai d step of selecting conprises: findi ngrchasozi@snl |

wat er coefficients of partition of alseries of said conpounds; and picking
sai d compound in consideration of its octanol / water coefficient conpared
to the octanol water coefficients of other conpounds in said series. 33
The nethod of C aim 32 wherein said step of picking conprises determ ning
the 25,abidy ] f b Sef i n&%& : t he

intesti ’gl +1Eﬁ @%@Q@r%{??%ﬁ‘dﬂ W%Begﬁ rsg@i na H%g?%?g?%%;séd;ﬁﬁﬁ%ti on of their
respectisplenfigi@dol / water coefficients; wherein said abilities are

determ ned according to a distribution curve centered about havi ng a
usef ul $%Q@ﬁ’@52§1€%iglﬁédf’ rfagné‘. TORR FOpsIstifg oﬁ&ﬂ@@ﬁgmgagﬁanﬁ%%egg@gl ues. g34

The mtmﬁﬁ{‘e@(}@lw‘%ﬁher ein said step of selecting conprises; 30
measuri ng as a l1st of said conpounds; and WO 03/051348 PCT/ US02/ 40732
162 sel ecting said conmpound in consideration of its pKas conpared to the

pKa's o her . c nd n,the |ist., . ' erein
Cai d st b ToF RethGEET R EorpPrbes: i Hispisy P HR, BHeRlin el iflolt101 S
pKas i naid@nlop ik TR faluk; 20a 54d ebmpasitien tamibisuf cobmyeare @ ipslyamineH. 36 The
met hod of C aim 35 wherein said diseases include ischem a post myocardi al
infarction and di abetic ketoacidosis. 10 37 The nethod of Claim2 wherein
sai d st sel ect. QIIPAA t hid : : ' i kely
e{(Li Ci eﬁgyof(}fe Y dcgigrrpcg u‘r‘fd%2 W&%ﬁs@@%@%ﬁ‘% ‘%?%ﬁ%%ﬁsfgét arget to be
t r'eat edcafedr tdhd datdiempbsitishrisntaken dtdnom. g198p TossistbigholicdlfaliGliai m 20 wher ei n;
sai d conmpound consisting of pyridine tetramne. 15 39 The nethod of C aim
20 wher BPROSHIIMGRIEHBING: | ve di sease consists of Al zheiner's disease; and
sai d conpound conprises acetyl-Il-carnitine polyamne. 20 40 The net hod of
Cl aim 22 wherein said degenerative di sease consists of diabetes; and

30 The method of Claim 2 wherein said step of converting comprises adjusting the in

vivo half life and pharmacokinetic properties of said composition by selective terminal
nitrogen substitutions.

15
31 The method of Claim 2 wherein said step of converting comprises adjusting the in
vivo half life and pharmacokinetic properties of said composition by addition of side
chains on amino or methylene groups.

20 32 The method of Claim 2 wherein said step of selecting comprises:

finding the octanol / water coefficients of partition of a series of said compounds; and

picking said compound in consideration of its octanol / water coefficient compared to

the octanol water coefficients of other compounds in said series.

33 The method of Claim 32 wherein said step of picking comprises determining the
= abilities of said series of compounds to pass through the intestinal, blood brain and
blood retinal barriers as a function of their respective octanol / water coefficients;
wherein said abilities are determined according to a distribution curve centered about 2

and having a useful range extending towards 0.5 and 4, the numbers being log values.

34 The method of Claim 2 wherein said step of selecting comprises;

30 measuring pKas of a list of said compounds; and



sai d conmpounds are selected froma group consisting of 2,3,2 piperidine,
glutamate polyam ne, succinate polyam ne, chromumtetram ne and vanadyl
t et r am neweard/osphosphor ous pol yam ne. 41 The net hod of C &cmiBowgsei n sai d
degenerative di seases conprise periphetal and 25 optic neuropathy; and
sai d conmpounds conprise taurine polyamne and a |lipoic acid polyam nes. 42
The method of Caim?2 erein.said degenerative di seases .cq i se gl aucong,;
and sai SFleGWEFANRONMOVEH 18 SOBY LRt ,schr@?arrgﬁ%gw gggﬁé’ﬁf ane
cyclam .30 %ﬂ 03h Brligg8 PCT/ US02/ 40732 163 43 The nethod of O aim3
wher ei n“Sal gegenerafive di sease conprise presbycussis; and said
conpounds conprise a lipoic acid polyam ne and acetyl-l-carnitine
pol yam pne._ 5 44 The th f Clai.n4 er.ei.n sai Tposi tion consists of
(2-am nggtﬂiﬁ‘)‘?th‘;]?figﬁ%%%d@?eﬁ?}PfgmsWB]o- Fql‘ra‘%{’ﬁﬁ%f}%{%%rgm ne; and said step
adm ¥dj8din rk?@étil%&iticﬁﬁ@itﬂ&igﬂfé@' R8T e featmanica dbaisenhasetepizédby f or ming a
sol ution of § 4-di bronopentane and ethanol in a weight ratio of about | to
17; sl oWwwerdsiiegthg 1, 2- di ami noet hane hydrate in a ratio of about 1 to 35
heating the solution to 50 C for about | hour; 10 adm xing KC in a wei ght
ratio of about 1 to 4; and continuing heating the solution for about 30
m nut es 36 45hd hethoat sfodiath 36! whereibdsawhdiseises mahude Sschpmad pevmyecsidid to a
tetrahydrochioride salt conprjses of adding hydrochloric acid. 15 46 The
met hod éiffa@ﬁailﬁﬁl‘tdlﬁb@%eﬁp@g?’&sstep of synthesizing further conprises; the
steps of -adm xing a solution of an elenent, taken froma group consisting
oiol, 3- di am nopropane and NN-di net hyl -1, 3- propanedi am ne and_et hanol into
22" chl osBnEhéyethageof laie 7 wheveiresaid 8©p of selecting comprises determining the

respective likely efficiency of said compounds in consideration of the disease target to

be treated and the route of administration.

38 The method of Claim 20 wherein;

said compound consisting of pyridine tetramine.
15

39 The method of Claim 20 wherein said degenerative disease consists of Alzheimer’s

disease; and '

said compound comprises acetyl-l-carnitine polyamine.
20 40 The method of Claim 22 wherein said degenerative disease consists of diabetes; and
said compounds are selected from a group consisting of 2,3,2 piperidine, glutamate
polyamine, succinate polyamine, chromium tetramine and vanadyl tetramine and

phosphorous polyamine.

41 The method of Claim 2 wherein said degenerative diseases comprise peripheral and
25 optic neuropathy; and

said compounds comprise taurine polyamine and o lipoic acid polyamines.

42 The method of Claim 2 wherein said degenerative diseases comprise glaucoma;

and said compounds comprise adamantane 2,3,2 tetramine and adamantane cyclam.
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-adjusting the pH of the resulting mxture to 9 by addition of 10% sodi um
hydr oxi de; -stirring the mxture at roomtenperature and mai ntaining the
pH bet weewo0d3an34® by addition of sodi um hydroxi de over ®caaws2/467at| ow ng
solvents to evaporate; and -extractilad residues with CH2C 2. 25 47. The
met hod of claim46 wherein said conposition consists of (2-

pyri dyl net hyl [ €2-pyridyl met hyl 1L nol pr-opyl } am npe.. | .of

Dy 0! 5t DO Sahd B Py YRR T AP AR et TS Bl o

et hanol ahd ghideédhpounds | ndirissbeutlipbic tRid Golfaainé Nehdd 4G PNEarfRingt i on of

2-chl oronet hyl piperidine and water in a weight ratio of 30 about 1 to

5.5; angolp@md®. 051348 PCT/ US02/ 40732 164 mxing first and second

solutions. 48. The nethod of claim46 wherein said conposition consists of

ngthyI(B- [ et hyl (2- pyridyl met hyl) am no] propyl } (2-pyridyl methyl ) am ne; and

S”sai d gyep afheapbthod SOCIRRATRMIRSEN shidlddhip@siioh bbﬁsw@mtar@moahyl)?-

N,N—dinethyl-1,3-8ropanedianine and ethanol in a weight  ratio about 1
y.

to 40; 1Gramingethybemmett!gusthylbuivliemine cpandrwitbtsign o pdpidmgcheat@ewat er in

a wei gh [ . : , 1. X1 WE | utions.
T L L e D L e L e e

(2- pi p;arahdyﬂﬁhdﬂ){hh-v{re?nght[n(tﬂ}oﬂu‘bpeﬁ;l tylZt hyl %am’ noj plr opyl }am ne, and said
step o ynt hesi.zi ng, canpr.i ses: formng a first. gol ution .

1, 3¢ di aficHdpAdBREE T -SpRRRTag DYAREF dhe Falior Foubil ot 3%9%}1“%8@? 15

adm xi n | i b0 Of about 1 to 25; form ng a second sol ution
oflol-(z-gg .%igiﬁ%%iagg‘?tildﬁ% in ethanol in a weight ratio of

admixing KC in a weight ratio of about 1 to 4; and

continuing heating the solution for about 30 minutes.

45 The method of claim 44 wherein said step of converting to a tetrahydrochloride salt
comprises of adding hydrochloric acid.

15 46 The method of Claim 2 wherein

said step of synthesizing further comprises; the steps of

-admixing a solution of an eclement, taken from a group consisting of 1,3-
diaminopropane and N,N-dimethyl-1,3-propanediamine and ethanol into 2-
chloromethylpiperidine in water;

20 -adjusting the pH of the resulting mixture to 9 by addition of 10% sodium hydroxide;
-stirring the mixture at room temperature and maintaining the pH between 8 and 9 by
addition of sodium hydroxide over 3 days;

-allowing solvents to evaporate; and
-extracting residues with CH,Cla.

25 47. The method of claim 46 wherein said composition consists of (2-
pyridylmethyl){3-[(2-pyridylmethyl)amino]propyl}amine;
said step of admixing comprises
forming a first solution of 1,3-diaminopropane and ethanol in a weight ratio of about 1
to 40;
forming a second solution of 2-chloromethyl piperidine and water in a weight ratio of

30 about 1 to 5.5; and



about 1 to 16; adding said second solution to said first first solution
dropwise in a weight ratio of about | to 1 over about 30 m nutes; 20
stirring woasosmsiis ned sol uti ons over about 25 hours; evaparatSorng73nl vents;
extracting residue with CH2G 2 dri ed1ever Na2SO4; evaporating to dryness;
converting to a hydrochloride salt by addition of HCl; and converting back
to free am ne by treatrretn with NHAOH 25 50. The nethod of claim 2

wher ei niSENE{ES ARbECENG FOIBUANS; st s of (2-

pi perazinyl ethyl)-(3-[(2-pi perazinyl et hyl)am no] propyl }am ne; and said step
of synthesizing conprises: formng a first solution of 1, 3-diam nopropane
in etha#l iTha mﬁhqhtofreiamn 46F whbeint sdidt comp@siti®0 canﬂﬁthfngT n a

wei ght ratjq of 1.to.2 05 /USO 0732 165 forming a
second QGHY%‘FY @l)ﬁlﬁf'lﬁ’a?@gﬁ?/&fmﬁpg‘h# anol in a weight ratio
of3 abo%dkte%@ onghrikds:d second sol ution to sal d first first sol ution
dropwi se In wel g t ratl o of about 1 to 1 over about 30 m nutes;

stirri nfprmlmg a&m&tlsnbtﬂlosmf@ﬁ Nodimetyirl, apronenciinpipe aad cthapalisaayeiedt soI vents:

extractin d‘H it h CH2C12 dried over Na2SO4; evaporating to dryness;
convertfaﬁg %u 38 thloride salt by addition of HCl; and converting back

to fr eef&ﬂ@uﬁ,@a B¥cohd @atuiiBh Bf BtdhlorbindBil pipdAdind and heteret hoseigiit ratiaifn 2
wherei n sai rsrgom tion is taken froma group consisting of sperm ne,
sper mi debait 120 8.52a8d peri dine, 2,3, 2-pyridine, 2,2 2-tetramne, 2,3,2-

tetram ﬂﬁmng ﬁ‘?’st%ng'ségé‘l?ld SSEb M adamant i ne, vanad| um 2, 3, 2- pi peri df ine, 2,32
su M
49. The method of claim 2 wherein said composition consists of (2-piperidylethyl)-{3-
[(2- piperidylethyl)amino]propyl }amine, and
said step of synthesizing comprises:
forming a first solution of 1,3-diaminopropane in ethanol in a weight ratio of about 1 10
80;
15 admixing NaOH in a weight ratio of about 1 to 25;
forming a second solution of 1-(2-chloroethyl)piperidine in ethanol in a weight ratio of
about 1 to 16;
adding said second solution to said first first solution dropwise in a weight ratio of
about 1 to 1 over about 30 minutes;
20 stirring the combined solutions over about 25 hours;
evaporating solvents;
extracting residue with CH,Cl, dried over Na;SOq;
evaporating to dryness;
converting to a hydrochloride salt by addition of HCI; and
converting back to free amine by treatmetn with NH,OH.
25
50. The method of claim 2 wherein said composition consists of (2-
piperazinylethyl)- {3-[(2-piperazinylethyl)amino]propyl }amine; and
said step of synthesizing comprises:
forming a first solution of 1,3-diaminopropane in ethanol in a weight ratio of about 1 to
80;

30 admixing NaOH in a weight ratio of about 1 to 25;



vanadi um cycl am adamant ane and cycl am pi peridine. 15 52. The net hod of
claim51 wherein said di sease conprises; paraquat -induced cell death,
MPP+- i nduwed3oei3us deat h, rotenone-induced cell death, di @erisdz4i7sziuced
cell death, streptozotocin-induced cab$ death and all oxan induced cell
death. 20 53. The nmethod of claim52 wherein said disease consists of

di azoxi de-i nduced cel |l  death, ?nd % i.d. conposi th;:‘)n L.s tak L ftro a group
consi stforgingfa sspendsotionsgs dr(-chioreethybpigendine {1} cthanpl in 3 weight Lo of i o
2,3, 2- %%pfii {bem.cycl am - chromum 2, 3, 2-pyridine, 2,3, 2-di CH3,
2,3,2-sulTur, cyclam adamant ane, vanadi um cycl am adamantane and cyclam
pi per i didding 26d Sécoti sohtibhdd sefd fitshifinstSohitionedrapwise dn cowpight fatienolconsi st s

of . .

[ 2- (retabprel ] QYRTABPUENIPES] [ 2- (et hyl ani no) et hyl ] ami no} pr opyl ) ani ne;
ald sai ﬁr?ﬁ%gﬁ BinbMméA sOREbAY B\er bbGUtPSmoGRPr i ses; preparing of first

m xture o gnesium turnings, 1,3-bis-[(2'-am noethyl)-am no]propane,
benzenecvaporatiogtsolventh| ori de respective approximate percentage of 0.6%

8.5% 8.45%. and..6. 4% X lLing said first mxture; WO
03/ 05139{%*’&5%13ﬁg&g?&'bﬁ?@"ﬁzdfg%‘%@%vae?g}ﬁ“ngﬁ he nmixture into a |iquid phase
and a Séﬂabgraﬁhgﬁﬁdryn@g,epari ng a second mXxture by mxing said solid phase

with ether; prepari ngma,sol ution by pourén ai d second m xture over ice;
pr epar i enpvertingite a hydrechlerdgsaliynddgionaidClopt i on to said |iquid phase: 5

washi ng_ sai d. t hi DARITEIRTY ' g@ponate; washing said third

m turec%%F%n%g)f@??O #&geﬁﬂzﬁ%@%ﬁ@% 2 wherein said step of

synit hesi zi ng conprises converting the starting di - or tetram ne
conponent, at |east one of said copponents in, sai conmpound he

cor r espdhd i g methedinfc "I“HthWﬁ‘E"SWp TRpoSTom IS F?}r‘:rf’%ﬁn? ﬁ%%upa‘f ;Sllllsenéio hal i de;
and pur Lf yi,ng.5ai doGamas| bi PRiHanRy ez 3naRrited Fahttetrimbigie,addi tion of
hydrochi)if)rgpgﬂmgg’i gp 56 The mét ﬁ?dé of Claim2 wherein said composition

consi st ®tramife? 25h2-dudhH wiyylas: jdapaantane, vanadivm 2,3, 2-piperidfine, 2,32 sulfur,

vanadium cyclam adamantane and cyclam piperidine.

15 52. The method of claim 51 wherein said disease comprises;

paraquat -induced cell death, MPP*'-induced cell death, rotenone-induced cell death,
diazoxide induced cell death, streptozotocin-induced cell death and alloxan induced cell
death.
20 53 The method of claim 52 wherein said disease consists of diazoxide-induced cell
death, and said composition is taken from a group consisting of spermine, spermidine,
2,3 2-tetramine, 2,3,2-piperidine, 2,3,2-pyridine, cyclam, chromium 2,3,2-pyridine,
2,3,2-diCHs, 2,3,2-sulfur, cyclam adamantane, vanadium cyclam adamantane and
cyclam piperidine.
25 54 | The method of Claim 2 wherein said composition consists of
[2-(methylethylamino)ethyl](3-{[2-(methylamino)ethylJamino} propyl)amine; and said
step of synthesizing further comprises; preparing of first mixture of magnesium
turnings,
1,3-bis-[(2’-aminoethyl)-amino]propane, benzene and acetyl chloride respective
approximate percentage of 0.6%, 8.5%, 8.45%, and 6.4% per weight,

30 cooling said first mixture;



am noet hyl ) met hyl am no] propyl } net hyl am ne, and 15 said step of synthesizing
further conprises: preparing a first solution of

NN- di met wi-03/0313ps opanedi anmi ne and ethanol in a ratio of prapparsoxi#metely 1
to 50 per weight; preparing a second1s®l uti on of 2-chl oroethyl am ne and
ethanol in a ratio of approximately 1 to 17 per weight; 20 conbining said
first and second solutjons_into a third | ytion; stirring said third

sol ut i GAPARtRHHaMISHFRILR %}1@1ﬁ8m%ﬁﬂﬂﬂfpﬁ‘gPEW’ 20 hours; evaporating

sol vent §%ﬁa§#§%§?°‘%§§i2‘&%ﬁ9§¥“%ﬁ“g s@ildoBX phade ithkth@si dues in said sol ution

with ak e nethod of Caim2 wherein said conposition
consi stgemiing 250Rition by poorifg $id sevond Buxturndvien)ce;

thyl ] (3-{2- (bi¢cycl o[ 3. 3. 1] pon-3:. _yl.ami.no) at ' 1) ani ne, and

ar . Suspameahiatristy wiE i ol ERUE U ARRET LD SV L el ) 6

hdur s %?as%ﬁ%@aﬂﬂr&%kﬁu@ivﬁhs&ﬁjmmm@ne and 2,3,2- tetramine in a nol
of ap

ratio roximately | to 5; adm xing said mxture into a solution of
2NHC1 awashatgseid third inpigtuse withiwatesf approximately 1.25 to 1 per weight, in a
ratio of approximately I to 9 per weight; 30 WO 03/051348 PCT/ US02/ 40732
167 separating the aqueous layer and alkalinizing said layer in a volune of
50% aqueP e mhithdd ofGlalra Ot wikgeinishid seiphefsyntheyizing coingprisest goawertiog dhe K2COB;

and 5 evaporating to an oil. 58 The thod of .Clajm2 vvheréei.n sad'd

conposi $r8ng clinsi o $etHIIpS COMpepFRl &t ﬁg‘i‘%n‘?%ofgtsﬁﬁ FpEponents 1 sal

([ 2- (meg byl QL% ﬁ{e%{r{ﬁﬂg@?}ﬁgﬁgﬁa{&%&% WBimpdlil 83 isdaghenl yifn & BIES] 2i ng

further rrses; termnal nitrogen of 2,3,2 tetram ne by
r uxi ldidejaddhe presence of 10 benzene and acetyl chloride. 59 The nethod

of O aim58 wherein sai.d step of synthesjzi further c i - . preparin
a firstPHrbng @1 FomaeHE) )h%pﬁyq;izflﬁ% o2 daft thoough MG orCOF Ry drS&oric P €P g

acid.

56 The method of Claim 2 wherein said composition consists of (2-aminoethyi){3-[(2-
aminoethyl)methylamino]propyl }methylamine, and '
15 said step of synthesizing further comprises:
preparing a first solution of N,N-dimethyl-1,3-propanediamine and ethanol in a ratio of
approximately 1 to 50 per weight;
preparing a second solution of 2-chloroethylamine and ethanol in a ratio of
approximately 1 to 17 per weight;
20 combining said first and second solutions info a third solution;
stirring said third solution at room temperature for approximately 20 hours;
evaporating solvents in said third solution; and

extracting residues in said solution with a volume of CH,Cl,.

57 The method of Claim 2 wherein said composition consists of
[2-(bicyclo[3.3.1]non-3-ylamino)ethyl](3-{2-(bicyclo[3.3.1 ]non-3-

ylamino)ethylJamino} propyl)amine, and said step of synthesizing further comprises

25

heating for approximately 6 hours at 215°C a mixture of 1-bromoadamantane and 2,3,2-
tetramine in a mol ratio of approximately 110 5;
admixing said mixture into a solution of 2NHCl and ether having a ratio of

approximately 1.25 to 1 per weight, in a ratio of approximately 1 to 9 per weight;
30



of 1,3-bis-[(2'-am noethyl)-am no] propane, benzene and acetyl chloride
respective approximte percentage of 0.6% 8.5% 8.45% and 6. 4% per

wei ght ; 1Womooki3mg said first mxture; separating the m xtraraSomtar3a |iquid
phase and a solid phase; preparing dé6second m xture by mxing said solid
phase wth ether; preparing a solution by pouring said second m xture over
ice; preparing,a third mxture by addin ai d. sol ution ooaid |iquid
phase; %gﬁgﬂh‘@ aqugoys {ayief GH%Q@KP@% Sf‘ﬂj @‘X‘Eﬁ i H#@Q}eb%%q/g;aqu%o\é‘ghi ng said
third magoi-e wth water; drying said third mxture over CaCl2;, filtering
said third mixture; preparing a fourth mxture of said third m xture sodi um
hydr i de esmabting Njith efheret hyl formamide in a ratio of approximately 2.5, 1 and
37.5 regpectj,vel er ight; .25 heating said fourth m xture under N2 at

appr oxi a&‘%y’e@ﬁ%&g@ﬁ%%% 5800 ce hours; treating said fourth mxture with
agpr OXi @9dRrating/td ah bfl. vol ume of iodonmet hane; stirring said treated fourth
m xture at 50C for approximately 24 hours; quenching said treated fourth
m xture with 95% et hanol ; renoving volatiles at reduced pressure; ,watering

wi th additio f 0X] " h2 &iaet bpgrxr gani c
pr oduct gkwi tﬂhé;pgr%g@?ngfmgﬁrge W%Hgglsﬁge\éﬁgﬁ;ﬂglﬁﬁgr gﬁﬁ%@ \t;\?) 2?%/ 051348
PCT/ USO ZinéthyRehyldbfiioyeaisiij(d ¢ [ anethplagam)ethplijoavino} mropyhamimetand and NaCl ;
drying said organi rodycts over .anhydrous sodium sulfate; concentrating
into anSeidiste PY‘?‘@‘?%“% CbPYBYSFY ash chromat ography with '/ 4

hexanes &lifuhiRC firAlB1 a8 if 2 B0 etranthe 8¢ SeNhiRingdinOitle Hesnde bf

cQ ositron;, tormng a solution of said acetylated oil, potassium

hydr oxi denzemenhdacstylahldridat er in respective proportions of 1, 3, 23 and 5
per wei ght respectively; heating said solution under reflux for about 24
hours; renoving nmethanol at reduced pressure; extracting into ether;

59 The method of Claim 58 wherein said step of synthesizing further comprises;
preparing a first mixture of magnesium turnings;
of 1,3-bis-[(2’-aminoethyl)-amino]propane, benzene and acetyl chloride respective
approximate percentage of 0.6%, 8.5%, 8.45%, and 6.4% per weight;
15 cooling said first mixture;
separating the mixture into a liquid phase and a solid phase;
preparing a second mixture by mixing said solid phase with ether;
preparing a solution by pouring said second mixture over ice;
preparing a third mixture by adding said solution to said liquid phase;
20 washing said third mixture with sodium bicarbonate;
washing said third mixture with water;
drying said third mixture over CaCly;
filtering said third mixture;
preparing a fourth mixture of said third mixture sodium hydride and N,N,-
dimethylformamide in a ratio of approximately 2.5, 1 and 37.5 respectively per weight;
25 heating said fourth mixture under N, at approximately 60°C for about three hours;
treating said fourth mixture with approximately % its volume of iodomethane;
stirring said treated fourth mixture at 50°C for approximately 24 hours;
quenching said treated fourth mixture with 95% ethanol;
removing volatiles at reduced pressure;
Ewatering with addition of approximately % volume of water;

30 extracting organic products with approximately three % volumes of chloroform;



10 washing with NaCl; drying over sodiumsulfate; concentrating under
vacuum purifying by flash chromatography; and evaporating solvents. 15 60
The net howoaB/ogl3ag m 2 wherei n said conposition consists ofPCTA’S02/40732

(di met hyl am no) et hyl ] (3-{[ 2- (di net hyl1a8i no) et hyl ] net hyl am no;

propyl ) met hyl am ne; and said steps of synthesizing further conprises;

refl uxing for %gout 20 h8urs athsmtu'tai;@%&ﬁl' 2,3,2 tetramne, formc acid and
37% 20 SHE N AMGPRIYEL? W WA A&t proporti ons of approxi mately
1,10, 10d%ﬁﬂg&aidbﬁ'g%aﬁ,rﬁrb&f&%veeuagfa&@islsaaiuaoémﬁw;s from said sol ution;

maki ng sdi d sol ution 'basic by addition of NaOH, and extracting residues

wi th 3 conesntrating te/ant oiie of CH2C12. 25 61 The nmethod of O aim 2 wherein

sai d conposi.tion.cansist -] 3- (12 ' ' |.0].et hyl am ne;
and sai duanas o SIS R slorRutatalts v A APl Al CIBLARK SiAiBE™Y FTL 1)
of’ 1, 3- dhesoRMdA! haltcoaipdsiioher in a weight ration of about 1 to 50;
preparing a second, solution of NaOd and wat I n,_a wei ght tio of about

1.5 to forminge spivtioy dsaslascivtated b poiessnm g&‘ﬁ@"‘ﬂ&r‘ﬁ?ﬁ@“%{ alglarvﬂterrfpxt ure by

m Xi ng ' L 0 ' . ﬁé@ﬁ? . ratio of about 5 to 1;
form ng§§§ptgﬁ|§‘ie&§§%(ﬁﬂ |sg(ﬁq6?dzz§%ﬁ%?%§t§ﬂ%$§§ns ne ‘gzlr% et hanol in a weight
rati o ofheatfgydaid &ldtidrountlpr feflaxl fenabogt Zbhalrsol ution into said mixture in a
ratio of about 1 to fluxing said m xture over approximtely 8

.8, .
hour s; é@‘&ﬁﬂpgmmg‘i‘t\fﬁ‘m@gﬁeﬁ?ﬂr@ai d refluxed mixture; extracting

resi duegxwhdihoGhtdCiker;
10

washing with NaCl;
drying over sodium sulfate;
concentrating under vacuum;
purifying by flash chromatography; and
evaporating solvents.
15 60 The method of Claim 2 wherein said composition consists of  [2-
(dimethylamino)ethyll(3-{[2-(dimethylamino)ethyllmethylamino} propyl)methylamine;
and
said steps of synthesizing further comprises;
refluxing for about 20 hours a solution of 2,3,2 tetramine, formic acid and 37%
20 formaldehyde and water in a weight proportions of approximately 1,10,10 and 1
respectively;
evaporating solvents from said solution;
making said solution basic by addition of NaOH; and
extracting residues with 3 times 1Y/, volume of CH,Cl,.
25 61 The method of Claim 2 wherein said composition consists of 2-[3-(2-
aminoethylthio)propylthiojethylamine; and
said step of synthesizing further comprises:
preparing a first solution of 1,3-dimercaptopropane and water in a weight ration of
about 1 to 50;

preparing a second solution of NaOH and water in a weight ratio of about 1.5 10 10;
30



62 The nethod of Claim2 wherein said conposition consists of 10 1,4,8,11

-tetraaza- 1,4,8,11 -tetramethyl cycl otetradecane; and said steps of

synt hesi zwog3osmps i ses: refluxing for about 18 hours a solpatriuse2/ef73zycl am

formc acid, 37% formal dehyde and wat®er in weight proportions of

apprOX|naL$Iy 33 5.?, 4.5 and 1 respectively; adding water to said solution

in a weight ratio of approximately 0.5 to 1, coalin [ '

about 5lormig mﬂ;&&smxum? muzsmgﬁ#ﬁﬁ%ﬁ sesand solufigus éz‘i&ﬁffj&hﬁ%l}@td&fn He

corposi 8K REliest's of 14,8, 11 -tetraazar o o o am2vhereln said
, 4,8, 1] - aza-

1, 4, 8, loringig’ @fidrdpiabetiondyfl Bthiptdethybdnnine ind ettheaokein amgight ratiosefeybont

synt hesi zi n&]. further 20 conprises: preparing a first solution of cyclam

and C!—IZ%;!SZO n a weight ratio of approximately 1 to 50; preparing a second

sl uti .O&in?ifxirl%asgd s%ﬂﬂio}“ﬁﬁt%_rsgidrlnﬁm)ﬁ@Er%'fraﬁbﬂif'aﬁo&fl @pm.oxi mtely 1 to 31;

preparing a xture of sai first and second solution in a weight ratio of

appr oxi refiueing saifGmiktwré pverrapperximately & hury sol ution of

1- (2-chl or oet.hyl ) pi per.i di ne, and 212 in a weight ratio of approximatel
1to 14‘?"3&8@?‘%3‘2&?’83 ’RM%?_‘%?S’?‘HE‘%’H‘X&WSW se into said m xturean a wei gh%/
rati o ofxRAHE rekidus %ith GL,OL. 1 Ng said m xture over about 24 hours;

evaporating solvents; and 30 extracting residues with CH2O 2. WD 03/ 051348
PCT/ US02/ 40732 170 64 The nethod of Claim2 wherein said conposition

consistg,of, 1.4.8.1 et = b i Leyclo[3.3.1

] rllé)n 3- §1? Cé;h‘? B’F‘g’topgéggééﬁei; %g%rgmss;almgcogx% epmg %’%ﬁ? gs'i zing further conprises:
5 Y or ni ng &1 f-ictiahzasl 8l lilawtrahethylcledotetradecend) andl in a weight ratio of
approximately 1 to_  100; .

said steps of synthesizing comprises:

refluxing for about 18 hours a solution of cyclam, formic acid, 37% formaldehyde and

water in weight proportions of approximately 1, 5.3, 4.5 and 1 respectively;

adding water to said solution in a weight ratio of approximately 0.5 to 1;

cooling said solution to about 5°C;

adjust the pH of said solution to above 12 with NaOH;

extracting the solution with CH,Cl,;

15

63 The method of Claim 2 wherein said composition consists of 1,4,8,11-tetraaza-
1,4.8,11-tetra(2-piperidylethyl)cyclotetradecane; and said step of synthesizing further
20 comprises:
preparing a first solution of cyclam and CH,Cl, in a weight ratio of approximately 1 to
50;
preparing a second solution of NaOH and water in a weight ratio of approximately 1 to
31;
preparing a mixture of said first and second solution in a weight ratio of approximately
1to1;
preparing a third solution of 1-(2-chloroethyl)piperidine and CHClyin a weight ratio of

25

approximately 1 to 14;

adding said third solution dropwise into said mixture in a weight ratio of about 1 to 2;
stirring said mixture over about 24 hours;

evaporating solvents; and

30 extracting residues with CHCl,.



formng a second solution of | -bronpadamantane and ethanol in a weight
ratio of 1 to 23; formng a mxture by adding said second sol ution
dr opwi se wpotos/osaiugl first solution in a weight ratio of alremtuso2/4w3d, over
30 minutes; 10 heating said m xture t1@ refl ux over about 20 hours;
evaporating said solution under reduced pressure; and extracting residue
fromsaid solution with CH2C12; 65 The nethod of Claim2 wherein said
conposition consists of 1,4,8,1 1-tetraaza-1,4,8,1
Ltetrag) h'}‘l#eCX\%ih%tde&t{ G I GhorAkad® oabekifdre Borlsto¥nt eS| MiBGadztr t her
npri ses ormng a solution of cycla in a weight rati o of
apprOX|n&;sellly-tdtrabmyaﬁ[S331]jmn9&-yigym1m&§ad®am’,land1g smal | portions of NaH in a
wei ght ratio o; 5. . heating said solution for about three
hours af4HERP W%‘GS‘&H% CPHE’S‘Q‘?%ane in asingle portion into said

sol ut i %gnfh\%aa ¥Rl 98futioR bf Byim 3RQekhabol 1 a RRight rdtio dfepprargmaiaiydi sol ution at

about 60 about 18 hours; quenching the solution with about 95%
et hanol 100; extracting residue with CH2Cl2. 66 The method of C aim2 wherein

sai d copposition consists io0 of 1t

di net hy%ﬁ’(%gp% F‘?ﬁ?@‘? ﬁ@f‘?‘?“p?ﬁéi?r°e“ﬁ%a§‘%ar%“‘§§e and efhanol in aé}’)e]%]?t rgtilon(t) es) zi ng

furtherps.conprises: incorporating phosphorus into a nol ecul e of

propyl enedi ani ne in pI ace of .two of itrogen ato addi ti on and

r educt i formingse minwEe bsaldimesaid 63oRd 6?1“@1’%3%?%5%\% Bt Esg%%l“‘é‘f‘b bf

| ncor porﬁﬁp%ﬁ%%éé&qﬁl 3096 DR g§1348 PCT/ US02/ 40732 171 pr ep_ari ng a
rst sOFET on by "di'ssol vi ng propyl enedi amne into ethanol in a weight

r i o Béatﬁz@@ﬂxﬂrﬁ:xtmeﬁﬁ'ﬁﬂaxinveﬂabguw(}mmm vi nyl phosphine sulfide into said

solution in a wei rati o of (?boctll 32 5 heating at reflux said
sol ut i oRVAPGFALAS 5t S‘?b‘“ﬂ%ﬂ? der reduce pressure;

extracting residue from said solutlon with CH,Cl;;

T

65 The method of Claim 2 wherein said composition consists of
1,4,8,11-tetraaza-1,4,8,11-tetracthylcyclotetradecane; and
15 said step of synthesizing further comprises:
forming a solution of cyclam and DMF in a weight ratio of approximately 1 to 50;
admixing under stirring small portions of NaH in a weight ratio of about 1 to 12.5;
heating said solution for about three hours at about 60°C;
admixing iodoethane in a single portion into said solution in a weight ratio of about 1 to
17.5;

heating said solution at about 60°C over about 18 hours;

20

quenching the solution with about 95% ethanol;
exiracting residue with CHCly.

66 The method of Claim 2 wherein said composition consists of N,N'-(2'
25 dimethylphosphinoethyl)-propylenediamine; and the step of synthesizing further
comprises:
incorporating phosphorus into a molecule of propylenediamine in place of two of its

nitrogen atoms by addition and reduction reactions.

67 The method of Claim 66 wherein said step of incorporating comprises:
30



evaporating sol vents under reduced pressure, |eaving a residue. 68 The

met hod of C aim 67 wherein said step of incorporating further conprises:

di ssol vi /gogaiosisaesi due in chl orof orm washi ng sai d resi deeTvispt4ddaoH, and
10 drying said residue over MpSO. 697The net hod of C aim 68 wherein said
step of synthesizing further conprises: renoving solvents in said residue

under reduced pressure to yield an oi stallizing.said.oil wth ethyl
acet at aaremrmga@rﬁ%scaum@é%@%wng)mm Fﬁ‘avﬁn F‘Wgﬁba “ﬁlgglt ight ratio
of abou(g ajoo‘Elﬁol Q). 15 admixing said oil into sal d suspension; to yield a
m xt ur e; uxing said mxture for about 36 hours; cooling said m xture;
and adchdmgmag&b;h@ﬂayhmm{bp&hmtphnamdﬁdmﬂt@ﬁ%d selutionioHweighbratigiod ahovttlure. 20

70 The nethod of Caim?2 wherein said di seases consi st of di abetes and
abnor mal® 42w densi ty lipoprotein (LDL) to high density |ipoprotein (HDL)

ratio a}%uﬁ%hﬂreﬁﬁ%ﬁa'séhﬁanfdr%bsﬁlnq{oeﬁh froma group consisting of vanadyl
2,3,2-tetramne and chromum 2, 3,2- tetramne; and said step of

synt hescvmpugtlhglsmlhmts mdapmcblesd PISSIG. #@vmgrﬁeqeaﬂw c salt with
2,3,2-tetramine 25 in an ethanol solution. 71 The nethod of Claim 70
wherei n said step of reacting conprises: formng a first solution of 2,3,2

tetram e ThHe nRdthane! Clafin 87 Witicfihi sdidbtep obfncadporting farti2® composesi ng a second
sol ution of vanadyl acetylacetonate in ethanol in a weight ratio of about
1to 27$SSQ§VJHH\®193¢S@B1P3E8WP%02/ 40732 172 admi xi ng sai d second sol ution

|nto saj | une ratio of about 1 to 1; and refluxing
d Sorvgﬁl%é]?aﬁd?e% {mggbﬁiér@t es. 5 72 The nethod of Claim 70 wherein

S alll st &g saideasidue gvérlMgﬂ?@J conpri ses:

69 The method of Claim 68 wherein said step of synthesizing further comprises:
removing solvents in said residue under reduced pressure to yield an oil,
crystallizing said oil with ethyl acetaie;
preparing a suspension of LiAlH, in dry dioxane in a weight ratio of about 1 to 100;

15 admixing said oil into said suspension;

to yield a mixture;

refluxing said mixture for about 36 hours;

cooling said mixture; and

adding a solution of dioxane in water and NaOH into said mixture.

20
70 The method of Claim 2 wherein said diseases consist of diabetes and abnormal low
density lipoprotein (LDL) to high density lipoprotein (HDL) ratio and said composition
is selected from a group consisting of vanadyl 2,3,2-tetramine and chromium 2,3,2-
tetramine; and
said step of synthesizing further comprises reacting a metallic salt with 2,3,2-tetramine

25 in an ethanol solution.

71 The method of Claim 70 wherein said step of reacting comprises:
forming a first solution of 2,3,2 tetramine in ethanol in a weight ratio of about 1 to 20;
forming a second solution of vanadyl acetylacetonate in ethanol in a weight ratio of

about 1 to 275;
30



preparing a first solution of 2,3,2-tetramine in ethanol in a weight ratio
of about 1 to 20; preparing a second solution of chromum (lIll) nitrate in
et hanol iwoasmeisght ratio of about 1 to 80; adm xing sai ¢CTasona73nl uti on
into said first solution in a voluneifatio of about 1 to 1; and 10
refluxing said solution for about 30 m nutes. 73 The nethod of C aim55

wherein said step of converting copprises using.,am nes t a ch. al kyl

hal i de admixingseidsspmid sokutionato; S@tﬁglg SQARUQY 142 ‘?mﬂ'ﬁ.ﬁ“’ﬂ’fe}abﬁ%{ Li% T’of ciaim?2
wher ei N, ai d conposition consists of 3-(3-(2- 15

ani noet™ Xy) pr opoxy) propyl am ne; and the step of synthesizing further
conpr i sefluxipgepdsolngom fdrialmostS$0Iminigs by di ssol ving sodiuminto ethanol in
a weight ratio of about 1 to 200; after cessation of hydrogen evol ution
adm xing and stirring for about one hour 1,3- 20 propanediol into said

first spj "[?Je‘?xlglﬁtﬁdﬂ GF (MBI wheteiPsaid step 6fieadiidgfufih@tomppisepar i ng a second
of ¢

sol ution oroet hyl am ne and ethanol in a weight ratio | to, 40;
f or mi ngpraparing affistdolutionofi3, Zdetanking inethanal e waight mie M abel1e28n i nt o

said first .solution oyer aho ] oo b j ' j ol ution
over abB'GParg‘gw‘bﬁ?cé’,nggﬂﬁ'%m}§?§${506§&m%§%t%ﬁ%§dﬁ}lgg %g\}g%? tgg ng claim?2
wher ei Naidk @ t¢ @orposi tion consists of vanadyl (2-

pi peridyl ethyl)-{3-[(2-piperjdylethyl)an.no]propyl}am.ne)(,C)2; and the
step of admixingssi seﬁgnc#mh@mmmw}g&*&&ﬂﬁi‘eﬂ%ﬂ%&ﬁéﬁl}ﬁfﬁ%‘t Oéé}?qﬁ%i%&ﬂelof 2,3,2
and net hacpol in a weight ratio of about 1 to 100; 30 form ng a second
sgbuti ofi “of V(11)C12 and nethanol in a weight ratio of about 1 to 145; WO
03/ 051 34Blukfap/sbidQaludioR 3ar abbéB3G mimitesy a third solution by mixing said first

and second solutions; heating said third solution over about 30 m nutes;
cooling said third solution at roomtenperature. 5 76. The nethod of claim

2 wher ebf) Bl HoH0APOSIalh 88 iRISH $5id sRip (FROAVErtHRE Cotnprises using amines to
attach alkyl halide in a nucleophilic substitution of N atoms.

74.  The method of claim 2 wherein said composition consists of 3-(3-(2-
15 aminoethoxy)propoxy)propylamine; and
the step of synthesizing further comprises:
preparing a first solution by dissolving sodium into ethanol in a weight ratio of about 1
to 200;
after cessation of hydrogen evolution admixing and stirring for about one hour 1,3-
20 propanediol
into said first solution in a weight ratio of about 1 to 0.005;
preparing a second solution of chloroethylamine and ethanol in a weight ratio 1 to 40;
forming a third solution by admixing dropwise said second solution into said first
solution over about 30 minutes;
refluxing said third solution over about 8 hours; and

25 evaporating solvents.

75.  The method of claim 2 wherein said composition consists of vanadyl (2-
piperidylethyl)-{3-[(2-piperidylethyl)amino]propyl }amine)(Cl); and

the step of synthesizing further comprises:

forming a first solution of 2,3,2 and methanol in 2 weight ratio of about 1 to 100;

30 forming a second solution of V(I)Cl, and methanol in a weight ratio of about 1 to 145;



pi peridyl ethyl)-(3-[(2-piperidyiethyl)am no]propyl}amne (C)2]d, and the
step of synthesizing further conprises: formng a first solution of
2, 3, 2- pi pvard/ossthanol in a weight ratio of about 1 to 10@CT/USoz/mi78y a
second solution of C(ll1:)d 3 and nmathanol in a weight ratio of about 1 to
110 formng a third solution by mxing said first and second sol utions; 10
heating said third solution over, z%bout 30m nué‘g.ls; ~cooling said third
sol ut i dhrmingradbird selupien hy preng s#d Tustapd segonA §OREPES:t hird sol ution to two
fifths ,of .| . QL]0 . thod of claim2 wherein said
corposi e i i) @Rgor(etibaul o miRGed
t et r aaz@oling séid Hird stlntidn atyodm fSnRratifenon- 3- yl cycl otetra decane) (Cl)2; and
15 said step of synthesizing further conpriases: preparing a first solution
of cycl am adamantine and nethanol in a weight ratio of about | to 66;
% epar i i a PREAAGRObERA 20hideinl 1 2oipdsitivs Bamads of chronight(+ at i o of
about 1 to 0; ZVformng a third solution by mxing said first_and
second miptridylethgl)-{3HExpipegdyethyDahinotprepyiiamisg” (EhlGhoand e siopuets:
cooling said. thi 9, solution to roomtenperature; and evaporating said third
sol uti o s‘éﬂlﬁﬁ" BHSCPHTE of its original vol ume. 77. The method of claim
2 wher efgim$if AR08 b3, 2P iiid Bebnol Gh b evdighnratdbof about 1 to 100;
(1,4,8,11-tetraaza-1,4,8,11 ) ) .
t et r abi fopwing Bsegond sintion ¢l GyENGLand methancbing yoighi ratig ofabautl do 4Ry o
synt hesjzi ng. CQUIQrI £eS. prapari nof ' sStomQloid of cycl am adanmant ane

d met 11k “?ﬁl@sﬁgﬁgﬁtb&@gﬁlg%@ﬁa eI(%fl(}té{:oto g%i;()ﬁ%repari ng a second

utioneabﬁlﬁ@iﬁhﬁﬁﬁolaﬂmmhmminﬂnmemi ght ratio of about 1 to 150; 30

formng a third solutiqgn by m xing said first and second sol utions; WO
03/ 0513@@111’8?#’9%‘291&@?@@at]?‘?@“ﬁ"éﬁg‘?rﬂ@“sé}l‘él third solution for about 30

M UL €S vt BindGaitiFhiid Lolfich WA of s bAGHLI RIMAEAL Ure; and evaporating
SO (0]

said thir tion t

77. The method of claim 2 wherein said composition consists of: Vanadyl (1,4,8,11-
tetraaza-1,4,8,11-tetrabicyclof3.3.1non-3-ylcyclotetra decane) (Cl),; and
15 said step of synthesizing further compriases:
preparing a first solution of cyclam adamantane and methanol in a weight ratio of about
1 to 66;
preparing a second solution of V(II)Cl; and methanol in a weight ratio of about 1 to
160;
forming a third solution by mixing said first and second solutions;
heating said third solution for about 30 minutes;
cooling said third solution to room temperature; and

evaporating said third solution to about one third of its original volume.

77.  The method of claim 2 wherein said composition consists of, Chromium
25 (14,8,11-tetraaza-1,4,8,1 1-tetrabicyclo[3.3.1Jnon-3-ylcyclotetradecane(CD,]CL; and
said step of synthesizing comprises:
preparingf a first solution of cyclam adamantane and methanol in a weight ratio of
about 1 to 66;
preparing a second solution of Ce(TI)Cl; and methanol in a weight ratio of about 1 to
150;

30 forming a third solution by mixing said first and second solutions;



about one fourth of its original volune. 5 78. The method of claim?2
wherein said conposition consists of p- (Phosphononethyl) DL-phenyl al ani ne;
and sai d woap/08f34synt hesi zi ng conpri ses the steps of : symchasozierg2 a first
conmpound consi sting of diethyl (4-cyan®dbenzyl)acetam domal onate by reaction
of Na, diethylacetam donal onate and p-cyanobenzyl brom de; reacting a

vol ume of said first conpound with NaNO2 to obtain a second conmpound 10
consi stheatingsaidithigdrsplution torghoyb AR MiHSShenzy| ] acet ani donal onate; forming a
solid di ethyl,.[4e: bRt & altRird bélaorc@mpound by
m Xi ng cé’%@%%‘ré%&%ﬂ?%%ﬁﬁ %ﬁﬁg‘gﬁdgﬁl’aﬁmﬂtw{e{% giiefl uxi ng a vol une of
sai d coheatii foiuttinof s angihalollwoné.de i n di chl oronmethane to obtain a third
conmpound consi sting of diethyl [4-

(Chl or onet hyl ) benzyl ] acet ai ni dommal onate; 15 dissolving a volune of said
conpoungk i n fyd eﬁx@%lbdphﬁsﬂﬁﬂiﬁﬁ 3 O whiefeir Nsdld C @oRPusitlon Cooasist | o pf Di et hyl

[ 4-[ (Di et hoxyphosphi nyl ) met hyl ] benzyl ] acet am donmal onate; m xi ng said
fourth ¢Bimsphordnvathy ) ddi-phenylalamoe;d@d. 79. The nethod of claim 79 wherein

20 - sai d. step.of ;synthesizin | ses: formng a solution of Na,

di et hy|%ﬁ%ﬁﬁ%’8¢&¥‘6ﬂ‘§t°é’f“%‘-sg®t§§o é%§§| bromi de, and ethanol in a weight
per cent agaRsidingabRit cdbipodid colisting of didtyl(dyendtienslacetapidanalorgts ai d
solution; stirring said solution for about 17 hours at. 110 C. adm xi ng

wat er i by reacieangiNa, dicteylesctanigaisplopate gnd p-cyaRebsBZ bFemIdEn g crystl | i ne
material_ from sald s | B0 cormadl la10a GEEEAdI BB poundr M Ng a
hydr ogeﬁg‘(‘tgg %i&llﬁlﬁlleo% Sléid ggklt 801};11??\';{?1 ?gﬁn&ﬁ%i ?@g?ﬂﬁan%l , concg%? rated HC
and’ Pd/ gorsfitiflg wRdigihlyl Pe(/ambagtiylbenzylldsstaBBimabomgts and 0. 88% respecti vel y;
keepi ng _said solution a om t enper.at ur e. and _under, ' essure
For " abofrming 2 RSt deimbl 4 ra T Reeslear Bt o g 2 AR rrgpRd ©0
03/ 05 136? nE:gIé YSBRMAOSBRid skéond compound with water;

refluxing a volume of said compound with thionyl chloride in dichloromethane to

obtain a third compound consisting of diethyl [4-

(Chloromethyl)benzyllacetamidomalonate;

15 dissolving a volume of said compound in triethyl phosphite to obtain a compound
consisting of Diethyl [4-[(Diethoxyphosphiny!)methyl]benzyl]acetamidomalonate;
mixing said fourth compound with methanol and HCL.

79. The method of claim 79 wherein

20 - said step of synthesizing comprises:
forming a solution of Na, diethylacetoamidomalonate, p-cyanobenzyl bromide, and
ethanol in a weight percentages of about 1%, 9%, 8%, and 83% respectively;
refluxing said solution;
stirring said solution for about 17 hours at 110 OC. admixing water in a weight ratio of
about 2 to 1; and

25 filtering crystlline material from said solution;

-said step of reacting comprises:

forming a hydrogenated solution of said first compound , ethanol, concentrated HCI
and Pd/c in a weight percentages of 4.4%, 88%, 6.6% and 0.88% respectively;

keeping said solution at room temperature and under atmospheric pressure for about 22
hours;

30

filtrating the solution to a dry filirate;



watering and then drying said filtrate. -said step of form ng conprises:
formng a solution of said second conpound, and water in a weight ratio of
about 0. 0RO wo5B#8 5 heating said solution for about two heargsar/4@in C,
drying said solution; and extracting18aid solution with ethyl acetate;
washi ng said extract with a solution of I MHC, water, 5% NaHCO3, water
and brine; . drying said e%ar ct over Na2SO4; and fllterl ng said extract.

10 81. WatringeRdthegdrdpgs i ch further conprises converti ng said

conposi tg ionic formby treatment with an amne. 82. The
?ﬂrﬁt%ﬁgnﬁ}n g\%& Fi§ds!

met hod o rein sard conposition consists of 2,2'-diamno(bis-

N, N - pyfaroyimetdlytion 6 @id sticomd bamhboyndeand Watﬁht!l a weight fﬁﬁé?t‘lfﬁ‘b@‘f‘t GGt heS| zi ng
conprises; formng a first solution of 6,6'-dinmethyl-2,2"-dinitrobi phenyl
and eth®hbl in a wei ght ratio of about 1 to 10; adm xi ng pal | adi um car bon

id a Ve &nglsatdl s8ludion R QBbutliwiothdes at 1I1§Jﬁcogenat| ng said solution on a Parr
system f or about 4 hours at 60 p.s.i; 20 filtering the solution and

reduci ngrymgmdmlummaed reduced pressure crystallizing said oil from

et hanol _j nt , 6" - di met hyl bi phenyl  conpound, form ng
a refl u%taacggggﬁ S@%Pg'%l%gh%o sal ‘fl rst conpound and ethanol in a weight

rati o Qlasldah@udid @x@4tt with alsolftionif nMAICIhivatkr, S0 MaEEO:pfvater and brine;
2- pyri di nrcar boxal dehyde an&4eth nol in a weight ratio of 25 about 0.075
to 1; adming said exrast ¥ Nr28EHu#M%bn i nto said second solution in a weight

ratio o 6440 1 to forma fourth solution; refluxing said fourth
s?é\gtl o%h?lgré%ﬂ%gurs;' adm xi ng NaBH4 to said fourth solution once cooled in
ight ratio of about 0.02 to 1;
81. The method of claim 79 which further comprises converting said composition into

a zwittterionic form by treatment with an amine.

82. The method of claim 2 wherein said composition consists of 2,2’-diamino(bis-
N,N’-pyridylmethyl)-6,6°-dimethylbiphenyl; and
15 said step of synthesizing comprises:
forming a first solution of 6,6’-dimethyl-2,2’-dinitrobiphenyl and ethanol in a weight
ratio of about 1 to 10;
admixing palladium carbon in a weight ratio of about 1 to 66,
hydrogenating said solution on a Parr system for about 4 hours at 60 p.S.d;
20 filtering the solution and reducing to an oil under reduced pressure;
crystallizing said oil from ethanol into a first 2,2°-diamino-6,6’-dimethylbiphenyl
compound;
forming a refluxed second solution of said first compound and ethanol in a weight ratio
of about 0.047to 1;
forming a third solution of 2-pyridinrcarboxaldehyde and ethanol in a weight ratio of
about 0.075 to 1;

admixing said third solution into said second solution in a weight ratio of about 0.64 fo

25

1 to form a fourth solution;

refluxing said fourth solution for 8 hours;

admixing NaBH, to said fourth solution once cooled in a weight ratio of about 0.02 to
1

30 evaporating said fourth solution at reduced pressure to a residue;



30 evaporating said fourth solution at reduced pressure to a residue; WO
03/ 051348 PCT/ US02/ 40732 176 dissolving said residue in water; extracting
sai d resiwoasmsths et her; and crystallizing the residue fromatsayhor32

acet ate/ hexane. 5 83. The nethod of dF@i m 2 wherein said conposition
consists of 2,2'-diamno (bis- N, N -quinilylmethyl)biphenyl; and said step
of synthesizing conprises: formng a first solution of 2,2'-diam nobi phenyl
and et hdiswilving seidesigetinaisTo of about 0.025 to 1: admi xi ng

2- qui no ight ratio of about 0.042 to 1; 10

refl ux'%}@t&?\% Qa%?é ?&J@Xﬁﬁortﬂ%rg%% 30 mnutes; cooling to 0 Cto form

cryst al erysthllizirfg the tesidua feonietify? a¢Qatethesarm- 2- ( 3-

i soqui nol'yl') vi nyl) phenyl) phenyl') - 2- (3-i soqui nol yl ) et hene conpound; form ng
a second solution of said conpound in ethanol in a weight ratio of about
02025 9 1, Tﬁéimemdaq)ﬂc%ﬂ BRhSemOGRIGbnTRsitioh @ndiaBof 2,77-damiiogbis- r ati o of
about 0. 0049 to 1; | uxi ng said second sol ution for about 30 minutes;
stirri ngINaqminﬁyﬂumﬂm}bmh@nybamht roomtenperature for about 30 m nutes;
treatingﬁ.a?id ?ﬂﬂ%ﬁ solution with HJ to acididty; extracting said second
sol ut i off'FER © SHIZINGRRMII®Eai d second sol ution on NaSO4; and 20

evapor atififns 2 et SERMOH oF Q| M idianinobipkenyl eadichanglrie aovsight 8o offstutret hod of
claim2 wherein said conposition consists of 2-{[(2-{2-[(2-

pyri dyl R#2AYe &ni no] phenyl } - phenyl ) ami no] et hyl } phenol ; and Said step of
synt hesi bi phenyl and

a5t on i g 2B B S5y A5k Pt o olpgoneb pheny
ydro;@ﬂtﬁ;ﬁﬂgyda(&olﬂ&mﬁfﬁﬁaﬂmitﬁ@mmnede in a weight ratio of about 0.0197 to

1; stirring said solution at roomt at ur or abou
cool(igng to 0 dJ to form crystals PEE 2 ﬁrs 1-Gza ) {2 é-ﬂ%g -(3-

isoquinolyl)viny!)phenyl)phenyl)-2-(3-isoquinolyl)ethene compound,;

forming a second solution of said compound in ethanol in a weight ratio of about 0.025
tol;
admixing into said second solution NaBH, in a weight ratio of about 0.0049 to 1;
15 refluxing said second solution for about 30 minutes;
stirring said second solution at room temperature for about 30 minutes;
treating said second solution with HCI to acididty;
extracting said second solution with CH,Cl;
drying said second solution on NaSOq; and

20 evaporating said second solution under reduced pressure.

84. The method of claim 2 wherein said composition consists of 2-{[(2-{2-[(2-
pyridylmethylamino]phenyl}-phenyl)aminojmethyl}phenol; and

Said step of synthesizing comprises:

Forming a solution of 2,2’diaminobiphenyl and acetonitrile in a weight ratio of about
0.015t0 1;

admixing N-hydroxymethyl(3, 5-dimethyl)pyrazole in a weight ratio of about 0.0197 to
L

stirring said solution at room temperature for about 3 days;

25

drying said solution over MgSO,;

filtering and evaporating said solution to dryness under reduced pressure to form an oil;

30 crystallizing said oil from ethyl acetate.



drying said solution over MgSO4; filtering and evaporating said solution to
dryness under reduced pressure to forman oil; 30 crystallizing said oil
from et hyWoasessue. WO 03/ 051348 PCT/ US02/ 40732 177 85. TPaa/user/imyd2 of
claim2 wherein said conposition condists of 4-nethyl-2-{[(2-{2-
[ (2- pyridyl met hyl am no] phenyl } - phenyl ) am no] net hyl } phenol ; and said step of
synt hesi zing conprises: 5 formng a first solution of
N-(2-pyridyl met hyl) -2, 2' -di am nobi phenyl in ethanol in a ratio of about
0. 03 toyal; LX) = b 2 P AL gfro-rati o of

o5 R B Erpy %%re?x SRS Bt Bgisitieof RnfeiMiogfTlo-ys

about 0.704 uxi n al rst solution for about m nut es;

cool i ng(3pledflinetiylaminolpheny!}-pherpbjantiecimethyl jphenolewador at i ng sai d first
solution to about one half of its volune;, 10 cooling said first solution to
0 OC t o’ajd EpRObSYRIHEIZRBLODIISE .-

pyri dylﬂ;ﬁﬁ, i REMABE DY KRSy Hheuy1)-24 deikinbbiprasi i ethanslnid,a forming a
second soO %%gﬁ%? sai d corrpounddl}yn et ?inol in a vvgi ght ratio of about 0.05
to 1; achaibxifabouiiBB4oiln a wei ght ratio of about 0.007 to 1; stirring said

second sol uti roomt era f-or 4 A tr.eatinfg said
second %‘8’[“&!‘1@%‘“?%079'6' ﬁ'??tﬁymﬂzﬁfdééﬁ%eéﬁtar@égtrﬁé ?ﬁ%gg?(?'gg%ftﬁg]’sai d second
sol ut i opfMkind sSiddediZohiiion ifotabdat3@iamadsat i ng said second solution to an
oil; cryst all izing said oil fromnethanol. 20 86. The nethod of claim2
wher ei nceding seidfpgSpiution tQ B985} WOWPEFIIIS, nj t r 0- 2- {[ (2-{ 2-
[ (2-pyridyl met hyl.qm < HRQlIEROY! } phenol and said step of
synt hes?‘#ﬁﬁﬁégé%?:ﬁg%g;ﬁﬁ §iri])r€(1£ %}%&2@%’#%1?{5@%0' ut ié(;!n of

1?2- py eoalitigmesdiy| ) fist 2' sadition nabi phen9C i o etvieldol ai n2«2-aze2dRt(2r ati o of

about 0.075 to_1; adm xin - hydr.oxy-6-nitr obenzal dehygde in a weight ratio
of 0. Q4m®1m?m2§m@gbl{}s@n_%ép%§&§ﬁwm - ‘s“fmg%‘yi?gf"bﬂ CP%IPO'é%Cgut 30 i nut es;
col ol i ngy5hdla bddofidl sS1BHN bPERid Conib&iiddl in ethanol in a weight ratio of about 0.05

to 1;

admixing NaBH; in a weight ratio of about 0.007 to 1;

stirring said second solution at room temperature for about 24 hours;

15 treatinfg said second solution to acidity with concentrated HCI
extracting said second solution with CHCly;
drying and evaporating said second solution to an oil;
crystallizing said oil from methanol.

20 86.  The method of claim 2 wherein said composiiton consists of 3-nitro-2-{[(2-{2-
[(2-pyridylmethylamino]phenyl} -phenyl)aminolmethyl} phenol  and said step of
synthesizing comprises:
forming a firsrt solution of N-(2-pyridylmethyl)-2,2’-diaminobiphenyl in ethanol in a
weight ratio of about 0.075 to 1;
admixing 2-hydroxy-6-nitrobenzaldehyde in a weight ratio 0of 0.047 to 1;

25 refluxing said first solution for about 30 minutes; cololing said first solution to yield
crystals of 2-(2-aza—2—(2—(2-pyridylmethyl)mnino)phenyl)phenyl)vinyl)-S-mtrophenol
compound,
forming a second solution of siad compound in ethanol in a weight ratio of about 0.009
to1;
admixing in a second solution NaBH4 in a weight ratio of about 0.018 to 1;

30

stirring said second solution at rom temperature for about 24 hours;



crystal s of

2-(2-aza-2-(2-(2-pyridyl met hyl)am no) phenyl ) phenyl ) vi nyl ) -5-ni trophenol
conmpound; wbas/s1sgs a second sol ution of siad conpound in etloanso2/iuT3a wei ght
rati o of about 0.009 to 1; adm xing 1% a second solution NaBH4 in a wei ght
ratio of about 0.018 to 1; 30 stirring said second solution at rom

tenperature faor about 24 hours; WO 03/ 348 PCT/US02/ 40732 178 treating
sai d sdEwsHEs sy sesond Sﬁqlﬂn@’éﬁhé’@ﬂ‘fqng?@é%mﬂ?éh idity; extracting said
second -1 00 - W - 2 yip@,and evaporating said second solution to
an oi l &wéyé‘ﬁ%‘ﬁéfpﬁ%‘g“ﬁ'ﬂ ﬁ;pr:ﬁ’ met hanol. 5 87. The nethod of claim?2
wher ei ndrgimigthind engmsatingaidseoeidsolutivh ta-agleilor o- 2- ([ ( 2-

2-[ (2-pyridyl pet hyl am no nyl } - phenyl ) am no] r net hyl } phenol ; and the
net hod ‘Efi’s"g‘i%ﬁé‘éi%@“%%Les: formng a first solution of
NS( 2- pyridyl met hyl )-2, 2' -di ami nobi phenyl in ethanol ina weight ratio of

about 0.075 to 1; 10 adm xi ng 5-chl orosalical dehyde i r} aelﬁeiogg_t atio of
about 08M395Themethodraft laini A gvhesein spidrepmpasition; evasisis ot ghehleroatr il nut es:

cool i ng,.sgid fi.rst | ut i r 3 I ISh%he nehéd o of

2-(2- azéz-s“g?ﬂ!‘(’%ﬁ"%fkﬁ?‘agyﬂoﬁ}eh@ﬂ)@%@?ﬁ'&ﬁgﬁ‘%ﬁ%ﬁﬂﬁ lrilyl ) - 4- chl or ophenol
corrpoung,;mhefsgmfgda,gllﬁigsggcond solution of said conmpound in ethanol in a

wei ght ratio of_ about  0.00875 to 1; 15 I Xi n HA.in a weight ratio of
about Ofcoming & dirst salution Pﬁ@-@@)ﬁ@’i@%‘#ﬂoé&ﬂfﬁﬁ%ﬂm&% F’%rfflt%%{?:l g%r e for
about 2 - | id second solution with concentrated HCl to
a\c}hdi ty;&'e@ég{a?gg{%ﬁgﬂ?a% tggi:ond solution with CHClI 2; drying and

evapor asdmigies-cdhisrcalimldehyde inarweightyntd df ahoubPI0395 ®ol:cryst al | i zi ng sai d
oil fromethyl acetate..8 he pet hod of claim2 wherein said conmposition
consi st Eeﬂ@fﬂ%séﬁl "g‘%s-og‘%t{o[“%% abot 5 tniites _ _

(f2- [ (2- pydiinghidBirSodoRitionad RivANKntpeRiteRYb yiNd a9bERIAY 2 Paendl(2-(and said step
o]

pyridylmethylamino)phenyl)phenyl)vinyl)-4-chlorophenol compound;

forming a second solution of said compound in ethanol in a weight ratio of about

0.00875to 1;

admixing NaBH; in a weight ratio of about 0.0047 to 1;

stirring said second solution at room temperature for about 24 hours;

15

treating said second solution with concentrated HCI to acidity;
extracting said second solution with CH2Cly;
drying and evaporating said second solution to yield an oil;

20 crystallizing said oil from ethyl acetate.

88.  The method of claim 2 wherein said composition consists of 4-chloro-2-{[(2-
{2-[(2-pyridylmethylamino]phenyl } -phenyl)amino]methyl}phenol; and said step of
synthesizing comprises:

forming a first solution of N-(2-pyridylmethyl)-2,2’-diaminobiphenyl in ethanol in a
weight ratio of about 0.075to 1;

admixing 5-chlorosalicylaldehyde in a weight ratio of about 0.0395 to 1;

25

refluxing said first solution for about 30 minutes;

cooling said first solution to room temperature to yield crystals of 2-(2-aza-2-(2-(2-
pyridylmethyl)amino)phenyl)phenyl)vinyl)-4-chlorophenol compound;

forming a second solution of said compound in ethanol in a weight ratio of about

30 00087510 1;



synt hesi zi ng conprises: formng a first solution of

N-(2-pyridyl nethyl)-2,2"-di am nobi phenyl in ethanol in a 25 weight ratio
of about WO03®5t3a8 1; adm xi ng 5-chl orosalicyl al dehyde i n &cmgisgh#o78ati o of
about 0.0395 to 1; refluxing said filfst solution for about 30 m nutes;
cooling said first solution to roomtenperature to yield crystals of

2-(2-aza-2-(2-(2-_pyridyhnet hyl Yam n ) phenyl ) vinyl)-4-chl h I
corrpoun%ﬁ,mw(ﬂg 4%{4&¥1§éﬁ%§@r§%¥8%$&4t&)8£i{10y %gnpoﬁnzj i nye% hanol ?Log y(/avgioght
ratio Qgﬁrﬁhgg%i% ﬁ%:gmg ts&ﬁﬁ@éa@t@oﬂﬁe%&%@ﬁ%%ﬂ&ﬁ%ﬁoﬂ%@” 40732 179 admi xi ng

NaBH4 in a rati o of about 0.0047 to 1; stirring said second solution
at r oontrestimpeaidisecondisohutiah dith @acensratest HCh to@gidifyy sai d second solution with

concentrated HCO..to acidiLy: . ting said second solution with CHd 2;
5 dryi n@"%ﬁnt‘é%‘ﬁﬁc&ﬁ?ﬁ@“ééqwl@%%’sol ution to yield an oil;

cdyst al [y ki hdsRhsbrtidg daiPBcBADNIu@sEbYidd a88il, The met hod of claim2 where
sai d conposition consists of 2-am no-N-(2-{[3- (2-[2-am no-3-(4

phos phooystetiizingsaisiil frpmeiad esitieni no] et hyl } ami no) propy! ] ani no)

et hyl)-3-(4- 10 phosphononet hyl phenyl ) propananm de; anam de; and said step
of synthesizing conprises: Preparing a first solution of dioxane,

p- (phosghonomrs MekhodBf qiiany lveiead aid combpositiom gbmsists of Araanido-N-@-{[But y|

Bi carbonate in a wei ght percentage of about 52.6% 21% 8.6%and 17. 7%
respect (%B'Wmsﬂ'@ri ng said first solution at roomtenperature for about 3

EE\:{ B PP B T R, 3 second

enyl al ani ne; preparing a second

ut i ophesphdhonRetivgiphety!)priphydnide; did-sdidstipeflsypihesiving cOHmMPFESi n a  wei ght
rati o of abqut 0.Q77 tq 1; adm xing into.sai,d secan |y -purified
vol une OFEPSENY #i %&‘it S&P“% d%ﬁgn ﬁ)’(iﬂ“%‘(?g eﬁ'?P‘ﬁ{S%°§‘8ﬁ§?’éYq?'hﬁéBﬁm§é&%%@“% i 0 of
about 04 QQndifmihe 2 BLERALIYD dReatibinb@ 8O0 Weight pRfcchRé. of DMounfzi6over ed
NaHCO3 i n wel ght percentages

21%, 8.6% and 17.7% respectively;

Stirring said first solution at room temperature for about 3 hours;

Evaporating and drying said first solution to obtain a first oil of the Boc-p-
15 (phosphonomethy1) -DL-phenylalanine;
preparing a second solution of N-(2-pyridylmethyl)-2,2’-diaminobiphenyl in DMF ina
weight ratio of about 0.077 to 1;
admixing into said second solution a purified volume of said first oil under nitrogen
atmosphere in a weight ratio of about 0.09 to 1;
preparing a third solution of DPPA, DMF and powered NaHCO; in weight percentages
of about 0.95 to 1;
stirring said mixed second and third solutions with ethyl acetate;
washing said mixed solutions first with INHCI and then with NaHCOs;

drying, filtering and evaporating said mixed solutions to obtain an oil of Boc-2-amino-

20

3-(-(4-phosphonomethylphenyl)-N-(2-{2-[benzylamino]phenyl} phenyl) propanamide;
25 forming a fourth solution of a purified volume of said oil, methylene chloride and
trifluoracetic acid in weight percentages of about 4%, 80% and 16% respectively,
stirring said fourth solution at room temperature for about 20 minutes;
evaporating said fourth solution to obtain a trifluoracetate salt; and

treating said salt with ammonia.

30



of about 0.95 to 1; stirring said m xed second and third solutions with

ethyl acetate; washing said m xed solutions first wwth 1INHC and then with

NaHCO3; dwwioagsi3fis | teri ng and evaporating said m xed sol utPcanssor/e7ebt ai n an

oi | of Boc-2-am no- 180

3- (- (4- phosphononet hyl phenyl ) - N- (2- { 2- [ benzyl am no] phenyl } phenyl)

propanam de; 25 form ng a_fqurth sol ut'(?n of a p(#l}rifi e% vol une. of said

i |, mehy Peermpasttim 198 Uss i the; roatgent o FeeCER e HSRETSHTe %}earc BiifQges of

about 49 9 () cidavel Y. tial b kit Fdriolssylest k) at room

t enper aﬁﬁ?ggﬁgﬁgg%ﬁt c%g‘%%g’ntétdég;da%%ggp%’; gdtdiag}é&?gigdfnﬁgurt h solution to

obt ai n iherited micschondrizd eesdictdefams] stidecanipogition ibdingzsclectgidtfrom gnglaRd. 30 WO

03/ 051348 PCT/ US02/ 40732 180 90. A conposition for use in the treatnment of

degener FELYPSeases due to acquired nitochondrial DNA damage, redox

damage ﬁﬁd@ﬂlgﬁﬁﬁ? NiHehA it FRGHIAND hRE Wolfandheh linkée byt ed-propylefonddionl geneti ¢

defects, sald conposition being selected froma group consisting of 5
ket Il gp

pr edoni ethplehy groupeapretderninately h@;ﬁchﬁﬁhtﬁ)‘@ﬁl}lﬁ}% 384 DO}Y3RERES yl ene

and/ or _ethyl ene.gro pr.edom e rHaam el yam nes
|i nked ByPY'eRE aB?@bﬁﬁ&ﬁe © NSt CQ?ﬁyM?a%*ﬁ‘?%ﬁ%’g‘?é g@éﬁ?@w&gﬁ?/gﬁgﬂ@s | i nked
by 1, 3- gihgRué eRpadhdinatioh emar, drahed asdogelio golyansnesflidkedibaiope br anched
and cyclitc polyam nes linked by one or npre 1 Sé‘gro | en Heilﬁd/ ar et hyl ene
gr oups, OBeEY 1. BrrreRylens apsYAT ey leng gropes yubstitied pelypies yamine

2. 2"~ di g3 oL PO oo RS RO Bl AlpAGhed. 10 91. The

conposi arm rerrn said conposition i1s taken froma group
consi sting of those conpositions having the fornula: z 15 NN~ R M
K= 956 T%?é c%mpocs?tlno%()g ;[:llaglg%ﬂh\% clerg garllg cfox%rpgsqjcigﬂ isztgaken from a group

consisting of those compositions having the formula:

| |
15 N
e
Rs R4

, compositions having the formula:

20
Rs
Rs 7
Ry Rz
Rya Rs
\———\N N/ -~
2 e, AN
R43 R4/ Rs Re
R4 Rio
Ri11
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R Rs 7 R4 RNe/R2 Ra NN 25 RI3 R4/NI \R3B RO RI2 R o R11 30 WO
03/ 051348 PCT/ US02/ 40732 181 wherein: R and R2 are taken froma group
consi st i rgoaB/obwsds ogen, al kyl, aryl, cycloal kyl, am no a®cd;usgt/wi7at hi one,
uric acid, ascorbic acid, taurine, edBrogen, dehydroepi androsterone, 5
probucol, vitam n E, hydroxytoluene, carvidilol, a-lipoic acid,
a-tocopherol, ubiquinone, phylloquinone, a-carotene, neanadi one, gl utamate,
succi nate, acetyl-L- carnitine, co-enzyme Q |azeroids, polyphenolic

fl avono";vfi% . honocyst ei ne, nenaqui none, idebenone, dantrol ene,

-(CH2) , 832)1] NH2 - wherein n = 3-6 and R  and R2 taken together are

- ( CH2X(RRArid Rhae eakenrirom 3-c6oupRensistihg ef hydeogeakalkylf ayhezclgrlbylp 28i9si st i ng of
hydr ogen,  al kyl , aryl, cygloal kyl,.amino 10 acid | ,ut ' ric acid,
aacor bt Sihatatiriont, Ve ackE RGt scil e prahahototdueBlanl iEront |

Wi tam no b Y AT Qe YN Gyagaiishlht OlearvitiillPi-Fipdi6  bid,a- pweppiRee] |

ubi qui none, phyl I oqui none; 3-tar ot ene, neanadi one, gl utamate, succi nate,
acet y| - sbiqeiacm, tphytloqeinerss) Z3-omotene,| meamadioks, ghudmashemsicingtef [agethnbi ds,
bonocysteine , nenaqui ngne,_ i debenone, d%&hr olﬁne on he%oer ocC tcle and R3
and R4 eaRidifet ofREMBIMGy £.- lazeroigep henpHS  dfayopoids.3 RomeeSIEi. Rs ar e
t aken f . u LSk tmg; . Min nCyelsogidkm] , am no
aci d, gfﬂg{{%@%ﬁégﬁ%@b’aﬁr@?lﬁébor |2§'g§gf{éﬁd I?%Jur F%g estrogen, !

dehydr ospl Rpgkastogethaeare —CHPCIAHY),- whereimnt B6, hydr oxyt ol uene, carvidilol,

-1 poi ld, a-t h | bi gui hyl | ' . ,
RHTE s L e L CR AT
l'azer oi g4, AAlaBOR) AricCacid, 4e61Bictivid, R@wmEY ShRbdea, dehydroepiandrosterone,

probucol, vitamin E, hydroxytoluene, carvidilol, o-lipoic acid, a~tocopherol,

ubiquinone, phylloquinone, f-carotene, meanadione, glutamate, succinate, acetyl-L-
carnitine, co-enzyme Q, lazeroids, polyphenolic flavonoids, homocysteine |,
menaquinone, idebenone, dantrolene or heterocycle and R; and R4 taken together are —
(CH,XCH_),- wherein n = 3-6,

Rs and Rg are taken from a group consisting of hydrogen, alkyl, aryl, cycloalkyl, amino

15

acid, glutathione, uric acid, 'ascorbic acid, taurine, estrogen, dehydroepiandrosterone,
probucol, vitamin E, hydroxytoluene, carvidilol, o-lipoic acid, a-tocopherol,
ubiquinone, phylloquinone, B-carotene, meanadione, glutamate, succinate, acetyl-L-
20 carnitine, co-enzyme (, lazeroids, polyphenolic flavonoids, homocysteine,
menaquinone, idebenone, dantrolene —(CHy)u[XCH,),JNH, - wherein n = 3-6, and R;
and R¢ taken together are ~(CH,XCH,),- wherein n = 3-6.
Rz, Rs, Ro, Rig, Ri1, Ryz, Ris, and Rys, may be the same or different and are hydrogen,
alkyl, aryl, cycloalkyl, amino acid, glutathione, uric acid, ascorbic acid, taurine,
estrogen, dehydroepiandrosterone, probucol, vitamin E, hydroxytoluene, carvidilol, o-
25 lipoic acid, o-tocopherol, ubiquinone, phylloquinone, B-carotene, meanadione,
glutamate, succinate, acetyl-L-camnitine, co-enzyme Q, lazeroids, polyphenolic
flavonoids, homocysteine, menaquinone, idebenone, dantrolene —(CH;)o[XCHy)a]NH2
- wherein n = 3-6 and X = nitrogen, sulfur, phosporous or carbon, or heterocycle
wherein Rs and R¢ taken together are -(CH,XCHa)o- wherein n = 3-6 and X = nitrogen,

sulfur, phosporous or carbon.
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menaqui none, idebenone, dantrol ene -(CH2)n[ XCH2) n] NH2 - wherein n = 3-6,
and R5 and R6 taken together are - (CH2XCH2)n wherein n = 3-6. R7, R8, R9,
Ri o, R11,wBb3/5B18, and R14, may be the sane or different pamdisaz/¢78ydr ogen,
al kyl, aryl, cycloal kyl, am no acid, 182 utathi one, uric acid, ascorbic acid,
taurine, estrogen, dehydroepi androsterone, probucol, vitamn E,

hydr oxyt ol uene, carvidilol, a | i poi¢c acid, .a-tocopherol. | a4l none,
phy! | oq¥s BodRd PavERPGE n"é‘,men%raﬁ%gfaf%‘ﬁé‘?g aﬁﬁcl?ﬂm 8{“858@ ivﬁg%bé% Bt

acetyl -4-car i enzynme Q | azeroids, polyphenolic flavonoids,
homcys%%@%?%ﬁ%&h%ne, | debenone, dantrol ene -(CH2) n[ XCH2) n] NH2 -
wher ei riXis faké: Sommdzrdup-canisistiog efipitrogert, sulfurpphnsperoys andbearbelt bon,  or

het erocycle wherein R5 and R6 taken together are -(CH2XCH2)n- wherein n =
3-6 and X = nitrogen, sulfur, phosporous or carbon. 30 WO 03/051348

FCT/ USO%W&%OBQ.%Mme,fOM\Qa;p may be the sane or different and are
bridgi ng groups of variable length from 3-12 carbons, and Xis taken from a
group consi sting of nitrogen, syl fur, phg;porous and carbon. 5
conpositions having the formulai\R2 R /*%-- 1 R3 2 T-A4A yR6 10 R3 R4 N
R\Rg wherein R-R4 may be the syme or/ diffgrent and are hydrogen, alkyl,
aryl, cycloal kyl, hydroxyl, 15t m norlaci d, gl utathione, phosphate,
phosphonat es, uric acid, ascorbi taudi ne, estrogen,

dehydr oepi andr ost er one, pr ol uene, carvidilol,
(x-lipoic acid, a-tocopRérol, I none, p3-carotene,
rrgqanadi one, succinate, acetyl-L-c e, co-empzyne Q | azeroids,

p

yphenolic flavonoids, -(CH2)m XCH2) kNHZ - erinn = 3-12 and X =
ni trogen, sul fur, Rs N
R/ Rg
wherein

R;-R, may be the same or different and are hydrogen, alkyl, aryl, cycloalkyl, hydroxyl,
thiol, amino acid, glutathione, phosphate, phosphonates, uric acid, ascorbic acid,
b taurine, estrogen, dehydroepiandrosterone, probucol, vitamin E, hydroxytoluene,
carvidilol, a-lipoic acid, a-tocopherol, ubiguinone, phylloquinone, B-carotene,
meanadione, succinate, acetyl-L-carnitine, co-enzyme Q, lazeroids, polyphenolic
flavonoids, (CHy)a[XCHa),]NH, - wherin n = 3-12 and X = nitrogen, sulfur,
20 phosporous or carbon, or heterocycle wherin R, and R, taken together are -
(CH,XCH,),- wherin n = 3-12 and X = nitrogen, sulfur, phosphorous or carbon.
Rs and Rs may be the same or different and are hydrogen, alkyl, aryl, cycloalkyl,
hydroxyl, thiol, amino acid, glutathione, phosphate, phosphontes, uric acid, ascorbic
acid, taurine, estrogen, dehydroepiandrosterone, probucol, vitamin E, hydroxytoluene,
carvidilol, a-lipoic acid, a-tocopherol, ubiquinone, phylloquinone, -carotene,
meanadione, succinate, acetyl-L-camitine, co-enzyme Q, lazeroids, polyphenolic

flavonoids, or heterocycle wherin R; and R, taken together are ~(CH2XCHaz).- wherin n

25

= 3-12 and X = nitrogen, sulfur, phosphorous or carbon.

Ry and Rs may be the same or different and are hydrogen, alkyl, aryl, cycloalkyl,
hydroxyl, thiol, amino acid, glutathione, phosphate, phosphonate, uric acid, ascorbic
acid, taurine, estrogen, dehydroepiandrosterone, probucol, vitamin E, hydroxytoluene,

30 carvidilol, o-lipoic acid, o-tocopherol, ubiquinone, phylloquinone, B-carotene,



20 phosporous or carbon, or heterocycle wherin RlL and R2 taken together are
- (CH2XCH2) n wherin n = 3-12 and X = nitrogen, sulfur, phosphorous or
carbon. Wb oansi3RS may be the sane or different and are hydmagpergo7at kyl ,
aryl, cycloal kyl, hydroxyl, thiol, d8#no acid, glutathione, phosphate,
phosphontes, uric acid, ascorbic acid, taurine, estrogen,

dehydr oepi andr ost er.one, propucol.,. vitamn E droxyt ol uene,. . carvidilol,
a-li poif@e%ﬂﬂpeaé}lf’@%ﬁwr?ég%ﬁ, ~CRBNRs [8#EY g r%%fﬁf(ﬁo%ogyﬁfgﬁé%r otene, 25
meanadi noiﬁb’,%?%%@f%@ﬁﬁmf-kﬁ%@m + BN, and X SMitydBen Qulfugzer oi ds,

pol yphenolic or heterocycle wherin R3 and R4 taken together
are - ( Gid¥snanoniaerdanporheterogckowherin Ks andR¢ iebegetogethen a6, phosphor ous or

bon. R8 b di ff , al kyl,
eyl AR whoR o) and &' pRogih iyt Bhodfiofl b (uBEeOTE BV
PAOS PhoRAk Gydidieb s, ABG1 CarylaGR NN, hyRlebsed, thivlirantio acid} glogdrione,

dehydr oepi ahdr 0st'er dne, " probucol, vitam n E, hydroxytoluene, 30 carvidilol,

a- | i poi phoaptiage, phosphooainanisiacid, Bscgthin avid, tapuie. EEECRone, 13- car ot ene, WO

03/ 051348 PCT/ USQ2/ 40732 83. neanadi .nate . t yh=Lcarnitine,
co- enzy‘??gyéjoep’ﬁﬁ SietRe, 1?)‘8%%8 hetit Iﬁllglﬁ??{ ?%r\(/’ O#%Iﬁig g@ cg?&@l%?n% ')1%&1'1'120 )INH2 -
wherin n.5 3 TquitidnE Q98 NoqEHbie) BreariBiRs RRbMdoR] siwaimbte, or
heteroc‘{/bclz ’eévt\ﬁ%})?%%i%&bgqnd R6 takg% toge?hcg are - (CH2XCH2) 11 wherin n =

3- 12 anabedyl¥-edrhitingaro-engying (), Jazoreids holypbenobie flesensdds.—5 R9 i s hydrogen,

al kyl, , yl , hydr i_0]. ] o] j ,
pBﬁSpM@ZM%Wé@WgB “%%a‘m%gc o#&ogéﬂégﬁg,ﬁ : }gousplgllr?gg alg‘gyggéggen,

dehydr ogRicdtaERE RhARMER s RidRUERN topéthanire —CHINCH )k wintrinarre 3-12amdi di | ol ,
a-lipoic acid, a-toco %erol, ubi qui none, phyl |l oqui none, [i-carotene,
neanadi Xrrepitrogert iswiiiate phospberpys on itine, co-enzyne Q | azeroids,

pol yphegolj c_fl.av, I . y j 3 and X =

ni troge ,"%dﬁyul?e, tgg%%ﬁ%%? %Sfé@gfaxg{a%%gﬁ?ogkffjg% })ﬁn’wgtssrgl g%({glcsz Piégﬁvlﬁil}i n R5 and R6
t aken together are -(CH2XCH2),,- wherin n = 3-12 and X = nitrogen, sulfur,
phosphorous or carbon., Xé*-e? nﬁg be the sane or different and are nitrogen,
sul f ur , anshensmpprsttions baying fedemulaang conpositi ons having the fornula: 15 R7

R5
15 Rs
R7 R5
(CH5)R4R>
Re \(CHQ) nR3aRy
20
RQ (CHz) nR1 R2
(CH2),R3R,
Ry Ria
Ry
25 wherein

R;-R4 may be the same or different and are hydrogen, alkyl, aryl, cycloalkyl, hydroxyl,
thiol, amino acid, pyridine, pyrazole, 3,5-dimethylpyrazole, imidazole, quinoline,
phenol, 4-X-phenol and 5-X-phenol where X = chloro, bromo, nitro, methyl, ethyl,
methoxy, amino, hydroxy; glutathione, phosphate, phosphonates, uric acid, ascorbic
acid, faurine, estrogen, dehydroepiandrosterone, probucol, vitamin E, hydroxytoluene,

30 carvidilol, a-lipoic acid, o-tocopherol, ubiquinone, phylloquinone, U-carotene,



Z (CG-12)nRL R2 20 R8 (CH2).RBR4 RO (CH2)nRIR2 (CHZ)nR3R4 R10 R12 R11
25 wherein R1-R4 may be the sanme or different and are hydrogen, alkyl,
aryl, cycwoaBkyisss hydroxyl, thiol, amno acid, pyridine, PoyrEaphE3?2

3, 5-di net hyl pyrazol e, i m dazole, quin&ine, phenol, 4-X-phenol and

5- X- phenol where X = chloro, brono, nitro, nethyl, ethyl, nethoxy, am no,
hydr oxy; gl utathi one, phosphate, phosphonates, uric acid, asecorhic acid,
t aur i naneansdipnry e FUCCHEER; I TIaﬁfb‘FE'é‘Fe (COFREZYHE o clﬁ??m@ls’t é’r?ﬁ’ Rﬁg}olﬂc

hydr oxyg ol &% gm ' a- iRl @ aCi3th adt oC CPNeitrBben, Ukl NONe,
phyl | oqfﬁja?'ﬁﬂ(ﬁgg 0-ca7§ ter@?‘h%QOSI‘%SlMS PCT/ US02/ 40732 184 neanadi one,
succi naghesporet Y - darbari o1 referauyclen »fioen R: |andeRoi tsen joEshe A it

flavonoi ds, -(CH2)n[.XCH2) JNH2 - erin n,= 3;6_an = nk.lrogen, sul fur,
phospor(&ik 22;6?"%‘6%?“&%‘%@?@%?%0@3% %Pﬁ?spz‘ﬂg"éﬁ”{’%?é‘% ? oget her are -
( @ZX;??%; é@d #33%’2 bl the 3afic AiMferent hid Q8L Rydrdpdit uitkylphodphetalisilor car bon.

5 Rs the same or different and are hydrogen, ,al(J(a%I, aryl,
cycl oal hydroxyl,hideloxarhinot a¢id) pyegdinao parazele, Py3-Hmeiayippzels o igidazole,

3, 5-di net hyl pyr.azol §,+.i m dazol g, Qul ' b I e ARdihwnd

5- X- phe%‘l“}i“%e?}?f“?tg"%mwg?og ,aggr%o n@ﬂéunol@;%rhlgfbe)r(ret ﬂ??’% bré)?‘#il’(lnahﬁr’rpt ho?g’y, ani no,
hydr oxYethgll Whethéhty0 naminbh asaRaye, ghihbsquep phesphate; i ghoapliahies, asicortidc aci d,
taurine, ‘estrogen, dehydroepi androsterone robucol ., vi.tam

) .n E
hydr oxyasebtliisn @Cids aieyiies.| esiroggn, idglydEoepiandrosiErens, opikreal, | g&’dﬁ’ nbne,

phyl | oqui non 13- 10. anagi SUGG , y -garnitine,
COo- enz%@fgﬁﬁ?lg?ber 8?‘%%@[’8%@‘%%3% e fc voﬁbﬁgmgééﬁg? g%?F§QMeri n R3
antd RA” takehe, t QBGInAGIbNET Ssuccin iR X@oR)-i-canhieing co-enz3n® a@d Mzeroidst r ogen,

sul fur, phosphorous or _carbon. R5-R12 may be the_s or different and are
hydr ogepelyghierglic figvpnoidsyer sgiergayelenphe ﬁ3 an %%ar?e&nf%{ Ei%® pyri di ne,

O o R Y T2 0B sl st gt phenol e X

Rs-R), may be the same or different and are hydrogen, alkyl, aryl, cycloa&yl, hyci/roxyl,

thiol, amino acid, pyridine, pyrazole, imidazole, quinoline, phenol, 4-X-phenol and 5-

X-phenol where X = chloro, bromo, nitro, methyl, ethyl, methoxy, amino, hydroxy,
15 glutathione, phosphate, phosphonate, uric acid, ascorbic acid, taurine, estrogen,
dehydroepiandrosterone, probucol, vitamin E, hydroxytoluene, carvidilol, o-lipoic
acid, o-tocopherol, ubiquinone, phylloquinone, B-carotene, meanadione, succinate,
acetyl-L-carnitine, co-enzyme Q, lazeroids, polyphenolic  flavonoids, -
(CH,)o[XCH,)oJNH, - wherin n = 3-6 and X = nitrogen, sulfur, phosporous or carbon,
20 or heterocycle wherin Rs and Re taken together are ((CH;XCHy),- wherin n = 3-6 and

X = nitrogen, sulfur, phosphorous or carbon.

N is an integer with values from 0-10.

92. The composition of claim 91 which consists of 1,3-bis-[(2’-aminoethyl)-

aminolpropane.
95 {prop:

93. The composition of claim 91 which consists of [2-(methylethylamino)ethyl}(3~{[2-
(methylamino)ethylJamino } propyl)amine.

94. The composition of claim 91 which consists of (2-piperidylethyl)-{3-[(2-

30 piperidylethyl)amino]propyl}amine.



15 gl ut at hi one, phosphate, phosphonate, uric acid, ascorbic acid, taurine,
estrogen, dehydroepi androsterone, probucol, vitam n E, hydroxytol uene,
carvi di | owp canbispoi ¢ acid, a-tocopherol, ubiquinone, phylPCTqIsIn@TE2
(3-carotene, nmeanadi one, succinate, 18etyl-L-camtine, co-enzynme Q

| azer oi ds, pol yphenolic flavonoids, 20 (CH2),,[XCH2),,]NH2 - wherin n =

3-6 and X = nitrogen, sulfur, phospqrous aqr c n, or | e wherin
R5 and %6 tTHeegompeiefe of o¢laim (%I—IZ’&%)%W%r‘%{l?ﬁp@eﬁﬁzglyil%%ﬁi&i— ni trogen,
sul fur, . -Nis an integer with values from 0-10. 92.

The con%ggﬁﬁg%@pa?%]ﬁ@ggﬂgﬁ%h consists of 1,3-bis-[(2'-am noethyl)- 25

am no] propane. 93. The conposition of claim91 which consists of
2- t hyl et hyl am .et hyl ~t[ 25 hyl ami t ' I i ne.
5;21- neoompti CPBROBOL of (A i O GORSRS 0f (2 (biefioP3 RIRAL) 2 e
L . _ _ . ot . N ne. VO
(()3/ gggggl%ﬂ%@%%gg% é%%cé%to{%%.l@%&f}%e colggjgg{iy%]ihgﬂadg? }o(ﬂ@) a)iair?ﬁy%el} V\ﬂ imcﬂeconsi sts
of (2-piperazinylethyl)-{3-[(2- piperazinylethyl)am no]propyl } am ne. 96.

A ra: P SR o : y,)am N
Y 2m noyet nvIft oSorabosie, /o5 iRy SENRARYS sl oF BRI OO e, |
97. Thepﬁ%%éﬂh&i)&ﬁhﬁﬂpr@bjfl}?l-;%&idghh@ﬂlyl)mﬁxbstS of methyl (3-[ et hy] (2-

pyri dyl net Ryl ) am no] pr opy (2-pyridyl methyl)am ne. 98. The conposition of
claim91 which consists of 1,4,8,11-tetraaza-1,4,8,11-tetra(2- 10

e 4 AL Ao cpB S A o

tetr abi pipetidfisihgl)djchmeirlleydmy cl ot et radecane. 100. The conposition of claim
91 which consists of N, N -(2'-dinethyl phosphi noethyl)- 15 propyl enedi am ne.
101. The conposition of claim91 which consists of 3-(3-(2-
am noet 59.Xy)ﬂ{e°9<§ﬁ?@sﬂf&>°36ka&§iﬁ?-912Qvﬂi&?--coi'iﬁ@tsC@ﬁrﬂ%&u'ﬂ%h'&fza-(ll@,m-% whi ch
consi sts of vanadyl 2,3, 2-tetram ne.

tetrabicyclo[3.3.1]non-3-ylcyclotetradecane.

100. The composition of claim 91 which consists of N,N'-(2'-dimethylphosphinoethyl)-
15

propylenediamine.
101. The composition of claim 91 which consists of 3-(3-(2-
aminoethoxy)propoxy)propylamine.
20 102. The composition of claim 91 which consists of vanadyl 2,3,2-tetramine.
103. The composition of claim 91 which consists of chromium 2,3,2-tetramine.
104. The composition of claim 91 which consists of vanadyl (2-piperidylethyl)-{3-[(2-
piperidylethyl)amino]propyl}amine)(Cl), .
25

105. The composition of claim 91 which consists of chromium (2-piperidylethyl)-{3-
[(2-piperidylethyl)amino]propyl}amine (CD),]Cl1 .

106. The composition of claim 91 which consists of vanadyl (1,4,8,11-tetraaza-

1,4,8,11-tetrabicyclo[3.3.1]non-3-ylcyclotetra decane) (Cl)s.
30



103. The conposition of claim91 which consists of chrom um

2,3,2-tetram ne. 104. The conposition of claim91 which consists of vanadyl
(2- pi perivaploaibghy - { 3-[ (2- pi peridyl et hyl )am no] propyl } amcma)spkgrad2 . 25
105. The conposition of claim 91 whidbéconsists of chrom um

(2- piperidylethyl)-(3- [(2-piperidylethyl)am no]propyl) amne (C)2]C

106. Th f cl f
(1.4, 9 T07. « She gamposttion, of olaicn 81 HBFE Jerors o8 GpRoHE PRSLHSFa¥ decane)
(cl)2. ?Qs"i‘P.tQ?t 5%%1?3%(,%% Q%é?adeéfﬁé(émm The conposition of claim91

whi ch cdnsists um 1,4 11-tetraaza- 1, 4,8, 11-tetr abi cyclo[3.3.1
] non- 3-yl cycl ot et radecane(Cl )2] G . 108. The conposition of claim91 which

of o1 ai 148 T PERPBBHET ts g X3 Envhigh KRSt af (ot hpsrtRqmpF FBRROS! L on
prﬁ)sphonor’r?@élgﬁi}llggml ) pr opanol yl am no] et hyI }am no) propyl ] am no} et hyl - 3- (4-

phosphono phenyl) propam de. 10 110. The conposition of claim 91 which
consists of 2,2'-diam no(bl s-N, N - pyridylmethyl)-6, 6" -dinethylbiphenyl.

111. Th ositio | ai IS N . |sNN-
qui ni | yf%?ﬁ@q ?‘HPB‘FI&PWIO Cl%ml%lg%'h%e&gg%o%glztﬁﬁegq & %E’_ %{lnngﬁ% ch consists
of (3, Shosphénfurhyytich gbmFAmymmhﬂo][ 2- (é‘thy!{}al[n(r&)ﬁﬂﬁylmm}wléﬂ-yl )

met hyl ] am no} phen eny ]am ne. 113. The conposition of claim91 which
consi st shasphanomethylphenylipropamade. (2. 20

pYti dYl met hyl am noj phenYl} PhenYl) am no] net hYl Phenol. A 114. The
copposition of claim9l1l which consists of 3-nitro-2- {[(2 {2-1(2-

pyt1 dyl wes.hy IThei oodupbsitiod }ofpbkalml Phnivhich wonsists ) ofp Rk eliammohis-NA

corrp05|t|on of claim SIStS of 4-chloro-2-{[(2-{2-[(2- 25
pYti dYl BEigymsihyDrise p%g}?%’blgh BhenYl) ami no] met hyl) phenol .

111. The composition of claim 91 which consists of 2.2°-diamino (bis-N,N’-

quinilylmethyl)biphenyl.
15 112 The composition of claim 91 which consists of [(3,5-
dimethylpyrazolyDmethyl}[2-(2-{[(3,5-dimethylpyrazolyl)
methyljamino} phenyl)phenyljamine.

113. The composition of claim 91 which consists of 4-methyl-2-{[(2-{2-{(2-

20 pyﬂdyhnethylamino]phenyl}-phenyl)amino]methyl}phenol.

114. The composition of claim 91 which consisis of 3-nitro-2-{[(2-{2-[(2-
pyridylmethylamino]phenyl}-phenyl)amino] methyl}phenol.

115. The composition of claim 91 which consists of 4-chloro-2-{[(2-{2-](2-

25 pyridylmethylamino]phenyl}-phenyl)amino] methyl} phenol.

116. The composition of claim 91 which consists of 2,amino-3-(-(4-

phosphonomethylphenyl)-N-(2-{-2-[benzylamino]phenyl} phenyl)propamide.

117. The composition of claim 91 which consists of manganese (2,2’-diamino (bis-

30 N N-quinilylmethyl)biphenyl)(C1),.



116. The conposition of claim91 which consists of 2,am no-3-(-(4-
phosphononet hyl phenyl ) - N- (2-{-2-[ benzyl am no] phenyl } phenyl ) propam de. 117.
The conpowptososizas cl ai m 91 whi ch consi sts of manganese (2C2/osd/amsno (bi s-
30 NN -quinilyl methyl)bi phenyl) (d)2.18W0 03/ 051348 PCT/ US02/ 40732 187 118.
The conposition of claim91 which consists of iron (4-chloro-2-{[(2-{2-

[ (2-pyridyl met hyl am no] phenyl } -phenyl)am no]nethyl } phenol)(Cl)2] d

5 119. The conposition of claim91 which consists of vanadi um

(2, 2" - di sl MDPeEmpPdsifion dEyoldiyd mathkgh amn@tawmqmcm&a.z {l(ee {zonposi ti on of
claim 91 which consists aof gadolinium (2 am no( bi s-

N, N - pyr ileypyristyhye %hammlplpeml}quanyl)mmmlrmthy&nhe@lﬂ £tion of claimol
whi ch consi sts of chrom um (2-({[2-(2-{[2- hydroxyphenyl)

methyl ] am no} phenyl ) phenyl] am no}nethyl) phenol)d)2]d . 122. The
conposi t116n e cokmiositidd ofbiaivh 9t evisciseamsists dfZanadimad? Bdjardife(b{sAN,N"-

th th yl }methylamine. 15 123. Th ition of
a1 ai m o DD R IRPBEDEE" 5. bt nost hyl ) (3- (2 T o

anm noet hyl ) am no] - 1- met hyl butyl) am ne. 124. The conposition of claim91
whi ch consists of (2-pyridylmethyl)(3-[(2-pyridyl nethyl )am no] pr opyl }
ami ne. 22012he ahmepasttoposi claiom 93f whichi consistswhfi gdlobioiwsi €2.8’-dfamino(bis-

Eél Erglt ﬁ@‘iﬁ?@?ﬁ%ﬁwﬁ@m )éﬁﬁl%} propyl ) met hyl am ne. 126. The conposition

of claim91 which consists of 2-[3-(2- amino ethylthio)propylthio]
et hyl am ne. 25 127. The conp05|t| on of claim91 which consists of 1,4,8,1

1- t et r aak2d- The cgmpositipn pf elaim 9} wiheh copsists of regins (& HAdddbe. 128. The

Cot T aot Hy PRy S phfP AR5 sh A i et RgTcr & O 1

122. The composition of claim 91 which consists of (2-aminoethyl){3-[(2-

aminoethyl)methylamino]propyl } methylamine.

15 123. The composition of claim 91 which consists of (2-aminoethyl){3-[(2-
aminoethyl)amino}-1-methylbutyl}amine.
124. The composition of claim 91 which consists of (2-pyridylmethyl){3-[(2-pyridyl
methyl)amino]propyl }amine.

20
125. The composition of claim 91 which consists of [2-(dimethylamino)ethyl}(3-{[2-
(dimethylamino)ethyljmethylamino } propyl)methylamine.
126. The composition of claim 91 which consists of 2-[3-(2-
aminoethylthio)propylthiolethylamine.

25

127. The composition of claim 91 which consists of 1,4,8,11-tetraaza-1,4,8,11-tetra(2-
piperidylethyl)cyclotetradecane.

128. The composition of claim 91 which consists of 1.4,8,11-tetraaza-1,4,8,11-

tetraethylcyclotetradecane.
30



188 129. The conposition of claim91 which consists of 2,2'-diamno

(bis-N, N - pyridylnmethyl)bi phenyl. 130. The conposition of claim91 which
consi sts wbD 030§3¢R-{2-[(2- 5 PCT/US02/40732

pYri dYl net hYl am no] phenY1} - PhenY1) amig®] net hYl } phenol . 131. The conposition
of claim91 which consists of 2-({[2-(2-

{[ 2hydr oxyph | ) net hyl.l ami hot phepyl ) phenyl ] am na} hyl. n ,132. A
conposi tf%n f OF° lfé’@pggmh" v‘-l’fl1 Cl@lht ?gs%vﬁﬁgd%(%ﬁsﬁﬂfﬁ’?ﬁé?mqﬁs' a group
10 consigiidytin@hyPsipk@iyi.ne derivatives of 2,2'-di am nobi phenyl with Iinear

or branched chains attached. 133. The conposition of claim 132 which
consi sts of manganese (2,2'-diamno (bis- N,

N
- qui ni | y{xet bi U (Cl)e2 5. 1349 The,. LLdhon of »claj | 332 which
coilsi st sijoas:ca m%n C?Q‘%gﬁhéé 0- -{%1?‘?}{ ?%(%%@?&%@%‘%t h?/ ar?ﬁ {Ir{g g% yl}
- phenyl| ) pywridybhethylbylijo]pieag-HpHetl)athino jméiBpi} pHdmel.conposi ti on of claim 132
whi ch consists of [gadolinium (2,2 -diamno(bis- N N
- pyridyl net hyl ) bi phenyl )C12] Cl. 20 136. The nmethod of claim2 wherein said
conposi tj@n congpst 3 5-di gethyl gyr 1) | 1 [&- (2 3,5
di et hyli|c;)3fazolr}§tll m?tgﬁ{ﬁo%lg?nm no?‘ghg%w) p gn%’ﬁcgm ?\Eg%@géndbgai%(gtzg% of
synt hesi {2mgiroxyphpnylyesthyflanino hgheaylgptenyilamino} nR:ti3pheméinobi phenyl and
acetonitrile in a weight ratio of about 25 0.015 to 1; adm xing
N- hydr oxynet hyl (3, 5-di met hyl ) pyrazole in a weight ratio of about 0.0197 to
1; stirriyng Aaédmsditdn 0 uad af RUMN EGIRR! Aedhfn fWHictlPROMke idAY & grodf Yi NI
sajgd solution over MgSA; filtering and evaporating said solution'to
dryness Gongisting ef peb@mpnedeinativesoof &2hdiamingbiphenglowithylineat bt brasgheshi d oi |
from et li;@%ﬁ% A WD 03/ 051348 PCT/ US02/ 40732 189 137. The nethod of
claim?2 erern said conposition consists of 2-am no-N(2-{[ 3-

133. The composition of claim 132 which consists of manganese (2,2’-diamino (bis-
N,N’-quinilylmethyl)biphenyl)(Cl),
15 134. The composition of claim 132 which consists of [iron (4-chloro-2-{[(2-{2-[(2-
pyridylmethylamino]phenyl}-phenyl)amino}methyl} phenol)(Cl),]CL

135. The composition of claim 132 which consists of [gadolinium (2,2°-diamino(bis-
2 N,N’-pyridylmethyl)biphenyl)Cl,]CL
136. The method of claim 2 wherein said composition consists of [(3,5-
dimethylpyrazolyl)methyl}[2-(2-{[(3,5-
dimethylpyrazolyl)methyljamino} phenyl)phenyl] amine; and said step of synthesizing
comprises:
forming a solution of 2,2”diaminobiphenyl and acetonitrile in a weight ratio of about
0.015t0 1;
admixing N-hydroxymethyl(3,5-dimethyl)pyrazole in a weight ratio of about 0.0197 to
L

stirring said solution at room temperature for about 3 days;

25

drying said solution over MgSQOy;

filtering and evaporating said solution to dryness under reduced pressure to form an oil;

30 crystallizing said oil from ethyl acetate.



(2-[ 2-am no- 3- (4- phosphononet hyl phenyl ) propanol yl ar ni no] et hyl

}am no) propyl ] am no}ethyl)-3-(4 5 hosPhononet hYl1PhenYl) ProPanam de, and

sai d st epwofos@ysthesi zi ng conprises: P preparing a first psatusoz/e3nf

di axane, p-(phosphononet hyl)-DL-phenyiB&al ani ne, triethylam ne and
di-tert-butyl dicarbonate in a weight percentages of about 52.6% 21%
8.5% and 17. 7% respectively; stirring said first solution at room
tenperature for about -33 hours; evaporating and drying said first solution
to obtaild7a fThemethot oftlafo-wherdio sdig komphsitionesaysts of Phmpoaiy2-g[Rni ne;

preparing a seco solution of 2 3, 2-tetramne in DMF in a weight ratio of
about O?ggfa%n%?fg@ﬁp%&lﬁaom 8p§%l}yi) second solution a purified vol ume of
sai d fi rpidpa@blyldnfing]eiiil G iné)ﬁfdlﬁl]aﬁ{n@m%%g%qg to 1 under an atnosphere of

nist rogen; preparing a third solution of in DWF in a volune ratio of
about 0 PhosnhonemethylphienslipmepanamisiesanidsaichsteploSsyhthesigimgmonmpriess: NaHCO8 in a

wei ght rat] f_a t tQ.1;,. stirring said thir ol pyti f.or about 24
hour s; gﬁﬂ&ﬁflggas g.{l? %} £ %uglgnsé?f ufiEs P}(P@?SR@PH%‘E{“QS@,SLWEWE*’R@ﬂg%i d third
sol ut i onriéthylaming al N budyIddisABORA: W tahwéighuFa{:@rﬁag\é_@H@%out 8D %Ag,
filteri %8"61%%;’(6\/\%1? rating said third solution to obtain a second oil of
Boc-2- 267%afliee ?—é?/"{fef@%"f«b[;z- am no- 3- (4-

phospho hyid h@{&ﬁg] ll)’u ' propyl ]

am no}ethyl J-3-(4- p %tg{on%g?lég)?r&e%é p eng{) %Qroi)’gghgﬁz)% de; preparing a fourth
sol ut i omvagforatinguranéli dg/ing| saide firkt salutionet®@nebiginl a MRithyiiere c!mo@gi-de, and
t A0f | uorgcet,i ¢ aci.d.i i ght percentages of about 4% 16% and 80%

r espect k@%’ﬁg}?"mﬁ‘@ﬂ’rﬂ} @g’bg@h?@ﬂpﬁh solution at roomtenperature for about
30 M NUbRpariRS a A¥ENAIBhitdE oF2i Th-fmbhdike ' ‘ ' i §pyoracetic
aci d saFit%'@ Itageati ng said salf wth arrrr%fr)\il)g@ %%@g}%{]ﬁ%&%ﬁa@?ai m 52
wher ei nmsja;i d di sease consists of paraquat-induced cell death, and said

gﬁgpg )S/ 1: %gl%ﬂﬂﬁgg it 5&8 si:go%g] sB1uB6S %%u%%@ ivso}dnglegoto gaic? %?srt r(gl r}g a v%éi:g%ﬁtzfaﬁ;[) etram ne

of about 0.2 to 1 under an atmosphere of nitrogen;
preparing a third solution of DPPA in DMF in a volume ratio of about 0.1 to 1;

15 admixing into said third solution powered NaHCO); in a weight ratio of about 0.03 to 1;
stirring said third solution for about 24 hours;
diluting said third solution with ethyl acetate;
washing said third solution first with INHCI and second with saturated NaHCOs;
drying, filtering and evaporating said third solution to obtain a second oil of Boc-2-
amino-N-(2-{[3-(2-[2-amino-3-(4-
phosphonomethylphenyl)propanolylaminojethyl }amino)propyl] amino }ethyl)-3-(4-
phosphonomethylphenyl)propanamide;

20

preparing a fourth solution of a purified volume of said second oil, methylene chloride,
and trifluoracetic acid in weight percentages of about 4%, 16% and 80% respectively;
stirring said fourth solution at room temperature for about 30 minutes;

2 evaporating said fourth solution to obtain a trifluoracetic acid salt;

treating said salt with ammonia.

138. The method of claim 52 wherein said disease consists of paraquat-induced cell
death, and said composition is taken from a group consisting of spermine, 2.3 2-

tetramine and cyclam.
30



30 WD 03/051348 PCT/ US02/ 40732 190 139. The nethod of claim52 wherein
sai d di sease consists of rotenone-induced cell death, and said conposition
i s taken Woma10s13g$ oup consi sting of 2,3, 2-piperidine, 2,3pP2I/ysyriaddne,
chromium 2, 3, 2-pyridine, 2,2,2-tetraPhe, 2,3, 2-di CH3 and cycl am
adamantine. 5 140. The nethod of claim 52 mherein sai d disease consists of

MPP} | ”dul‘%@dofl?éthgthgﬁﬁtf@lauﬂ 8 witldin %@Hﬁé&sﬁa' {xlsxét gegﬁné-l

consi sting pi peri | ne, cyclam an cyc am 41 The
met hod afeathL andsai@covhposition is #iken dicsedg@up cossiging of 2 szpthdme,tm,an i nduced

10 cell th and . sai 5|t| IS tak r a consi sting of
sper m dlmfé‘ ng, @lewggﬁsfa% ne,52, ‘ietﬁ’i‘i“flﬁe?rég ‘g&\i ?’9‘{1?3@?%“ and cyclam 142.
The net hpdnm@htasd @l M 52 wherei n sai d disease consists of alloxan-induced

cekl death, and said conposition is taken froma group consisting of
2, 3, 2-adamantine, 2,3, 2-pyridine, chrom' um2 3,2-pyridine, 2,3,2-di CH3 and

e e gl o im 2 NE a8 S B St SPGB

Di sease,debt 2ad’ SidicoRpbsitioas ki Aahi #xrodd TOAAGINS, ofCAIIN-hipAdiref i ci ency,
Car di onyopat hy, COX (Cytochronme C Oxi dase ficiency), D abetes, d aucom,

G ut ar i ccyplendand eyclapy {398 s Di sease, Kearns- 20 Sayre/ CPEO, Leigh's
Di sease, Leber's Optic Neuropathy /LHON, MELAS, M tochondri al

Car di onyopat hi es, Mtochondrial Cytopathies, Mtochondri al

Encephal Mﬂydﬂﬂtrhétﬁsd oFciafra lienehérain dvidofiadase eensisipbf strdfecdoneai-iduced
Patki nson’ s se, Peripheral Neuropathy, Presbycussis tory
Chai n d|°§3rd6%‘? pERBSSItion 15)tRken, frqm 2, 80umeEgnsStine o éwemecggeﬁ St r oke;

o o B hyiand ea deri g cons sting of spe e
2,3, 2- tetram' ne, 2,3,2-di CH3, cyclam
142. The method of claim 52 wherein said disease consists of alloxan-induced cell
death, and said composition is taken from a group consisting of 2,3,2-adamantane,
s 2,3,2-pyridine, chromium 2,3,2-pyridine, 2,3,2-diCH; and cyclam adamantane.
143. The method of claim 2 wherein said idseases comprise Alpers Syndrome,
Alzheimer’s Disease, Atherosclerosis, Barth’s Disease, Batten’s Disease, Beta-Oxidation
Disorders, Carnitine Deficiency, Cardiomyopathy, COX (Cytochrome C Oxidase
Deficiency), Diabetes, Glaucoma, Glutaric Aciduria, Huntington’s Disease, Kearns-
Sayre/CPEO, Leigh's Disease, Leber’s Optic Neuropathy /LHON, MELAS,
Mitochondrial Cardiomyopathies, Mitochondrial Cytopathies, Mitochondrial

Encephalomyopathies, Mitochondrial Myopathies, Optic Neuropathy, Parkinson's

20

Disease, Peripheral Neuropathy, Presbycussis, Respiratory Chain disorders: Complexes 1,

I, I, IV and/or V, Seizures and Stroke; and

said composition is taken from a group consisting of spermine, spermidine, 2,3,2-
25 piperidine, 2,3,2-pyridine, 22 2-tetramine, 2.3 2-tetramine, 2,3,2-diCH;, cyclam

adamantane, vanadium 2,3,2-piperidfine, 2,32 sulfur, vanadium cyclam adamantane

and cyclam piperidine.

144. A method of treating osteoporosis, rheumatoid arthritis, inflammatory bowel

disease and multiple sclerosis in 2 mammal, said method comprising:
30



adamanti ne, vanadium 2, 3, 2-pi peridfine, 2,32 sulfur, vanadi umcyclam
adamant ane and cycl am pi peridine. 144. A nethod of treating osteoporosis,

r heunmat oiwoasob3ug i s, inflammatory bowel di sease and mul PCpIES¥ed7862 0Si S i n
a mammal , said nmethod conprising: 301D 03/051348 PCT/ US02/ 40732 191

adm ni stering an effective dose of a conposition taken from a group of

pol yam t h@otﬁ% : agoni sts
[ parti ;hﬁingﬁi?i;egﬁgggxgtésﬁ‘&ﬁb@%g%gﬁg met gléi of %}nta|i3[rr(r)1ﬁ11%Eugr\/\}ﬁ‘SA n sal group
consi st sdesived fyrosad thxsphatmanlybltom OBPRAR paetial apowists / partial antagonists..

p- (Phosphononet hyl ) - DL- phenyl al ani ne, 2-am no-N-(2-{{[3-(2-am no- 3-(4-
phosphononet hyl phenyl ) propanol yl am no] et hyl) am no) propyl ] am no}

et hyl - 3-144: T QshaNe dlﬁhm’-fimﬁ‘é}&ﬂn)sﬁfd%&m %sﬁﬂ;dessennall of va Zh
2, §m no- 3- (- (4- phosphononet hyl phen enzyl am no|” p enyl)

phenyl ) pEGRaed B-(Phesphompmethy1)sBL pggnylalamne 3—ammo-N—(2—{[3 -(2-amino-3-(4-
phosphonomethylphenyl)propanolylamino] ethyl}amino)propyl}amino}ethyl-3-(4-
phosphono methylphenyl)propamide and 2,amino-3-(-(4-phosphonomethylphenyl)-N-
(2-{-2-[benzylamino] phenyl}phenyl)propamide.

10

15

20

25

30



