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CHEMICAL AND THERAPEUTIC BACKGROUND

Chemiistry

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)-aminojpropane (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-tetraazacyclotetradecane (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"-diaminobipheny! 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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Mt ochondri al DNA Darmage | ndividuals carrying mld nitochondri &l6 Jape 2066
substitutions manifest |ate onset di seases |ike Parkinson's and

Al zhei ner's di seases and fam lial deafness, whereas persons wth

nmoder at el y WM@P¥E¥R#MBous base substituti ons devel op Type | PCI/HBAHEBZS,
Leber's Hereditary Optic Neuropathy, Kyclonic Epilepsy and Ragged Red

Fi ber Disease (MERRF). Individuals with severely del eterious base
substitutions develop pediatric onset nyopathies, dystonias and Leigh's

syndr one. |lJace D.C.. (1992 a, b ests that aging and common _
degener at %’”&?5&%@5@"#&4‘@?@?%@8&&9@@?@? decl i ne caused by inherited
oxi dative phosphoryl ati on (OXPHOS) gene defects and acquired somatic
mutations. MId,.m taqchondrial _deoxyrihonucleic acid (DNA) :rearrangenents

and dupl i cat i JAEVIIRIE sarpnepid opitpchondast PNA basy subsipdens ‘%ﬁ“gﬁﬁtlféé and
deafness. odar disCBye like IEAMiADABEARN WI-hoitt d editlhb@nsmd ¥gResARRSS OCI at ed

with adult. onset Chronic Progressive External Ophthahnopl egia (CPEO and
Kear ns- Say/PeeasDaRAu rf@ﬁ( pasdsralely delsterausn base \apstisyions F‘E’ﬁ%l%é[gmw{mr ome.

[
Primary odiabbds] Léberd MRsdainaYbmid RaurbdRFHOBLIMICSERRES, dddeRiteld Ry have a
del ayed opset, organ selectivit and an episodic, progressive course. For
exanpl e t F@eraBisaase; (Prﬁpéﬁ)onh'éﬂ%ﬂsa‘{"’é‘a sevgraly deleteriewo hesei wbstidrivephal opat hy,

| act i C aciAmh pediftit At hlydathios, $96l6Tas Mal7ERHS SPhdrdd] SWAIRWITS.C.

cardi onyopat hy, pure di abétes and deaf ness, ©Or pure external )

opth al nmoliPe%B) gt ik apngapirmmmonTiseenemiing distaserbalitiomendrastige t o

m t oChondgdeihe SN tfhakedNda : }@ﬁ@sﬂr 3.~ y guanosi ne
i ncreases v{\zli_teh ageg]%spl\/b!%g%tgi P @%%@%&é@%"gﬁ? oxXl| a%gﬁ%g&a%tgmggde( to

i t ochond#saairedDRpatisc amiptipns. Al MHG| mitpchondtlab elsowyribheustie iackl, (BWA) al 1994 and
1998) . SOiRufofialiis HRY alfichRhe LD Aduly ShiiAldd Ry falBg s by | ack of

protective substances, exanpl e uric acid an anti oxi dant and transition
netal chefeafisss. (Meresever: wprragenents ggtideldtignslsve prasassaciated withaadaltt hat may

post st r ot Een RIRERSE Fadrl OB AR AT e B o IR CL ons 1 n
" Par ki nsonSydpmecEsiS) rand Fsemonjs Maatoi b Bendres Rypiwetned Prireary oxidatise of
Szgdﬁg n (J) ﬂ@g&%é@a@gﬁ ESXPHOYS iGN Helfhnt o deVdybd ol Slodh 8404 0Re per oxi dase
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
ophthatmoplegia (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 (Mecocei P. et al 1993) and
oxidative damage to mitochondrial DNA occurs in Alzheimer’s disease (Mecocei P. et
al 1994 and 1998).
Some organs may be more prone to oxidative damage due to 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 gluiathione is depleted due to loss of

30 . . . . .
endogenous polyamines, thus reducing the activity of glutathione peroxidase and
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Oxi dati ve damage disintegrates mitochondrial DNA into hundredsiGdune @86 of
m tochondri al DNA fragnents which causes rel ease of apoptotic factors and
cell death (Ozawa T. et al 1997). Mtochondrial DNA deletions in brain

ti ssue al sOVOPA¥@H8e with age and the increase varies fPEHUSABIBL ai n
region to another (Corral-Debrinski M et al 1992), deletions being

hi ghest in the substantia nigra and striatum.(Soong NNW et al 1992) and
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et aj ETQ |ro nta né d nucl ear gene defects nmay cause
m t ochond®rgreds ?Q&% ‘ﬂ%gﬁll % ] Whmqameéfwseeﬁmmm DNA
del et i onSfa%rmaaéua@m(mgawmmtgtﬂgg of m t ochondrial DNA content. A
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al  1995)andNg Cdls%ar'églbﬁﬁﬁscﬁétﬁﬁm&ﬁﬁlt RiAcifiRRs AsiRed Bﬁ@tném,m& ?vfnélu] al

transl ati on and cause "age-rel ated respiration e I cl ency sobe K. et al
1998) . Wl PFhmEyiennenial agantp @nd saglserdsdrg dafectropay QW&eomktgﬁmRﬂIeﬂl or nucl ear

gene def e&i&eaﬁégubyxpreﬁIsp&kngtlt%gfﬁ)mlpi\é fn&ﬁ%ﬁ&’ﬂdl gt Al GRiE! ﬁryg Hiy" 0l ogi ¢

mani f estati ons i'ncl ud 0SI S gl a, exercl nt ol erance,

fati gabl | Gepletions, oy mitpshondsiah DNA Cglagtﬂlﬂu régeverwgcibpim Oiénntmbendlmbt iC

neur8pat S t : p eur opat hy,
headacheWNAsfcgﬁlga %/J F‘%)pa §A2mhg Eyﬁ rra %laeg(e)dr gﬁlg Q%Elﬁlh’a[y}éltem C
mani f est alph%ﬁ% nfitgeliondeal cyteckivmmpeopridasy (COXr i gane dumstwiption feadisg ¢t s, short

stature, | h nausea and
vom ti ng, epa@g%gt(ﬁdfg%p ?g’p% aPBE@% e?%%%gpseu%“g%%gﬁ ﬂa%t I on,
pancyt opesndauantitatee chingst mmut(mhml, DHAeﬂae@ beenmbbdrvad(Zevieniddrétnd pancreatic

DY Sor der SNP onRas PPt il Moo dMCo FARSEoA) RERRBOTIRTSER o°

pyri m di regedélated respapmnrdefvistoyriisolt Xy eoal DRSpt Vadlfrd® Adrod tachondri al DNA

has 1a rel |tk npared with an up to
one nont h&}&éﬁﬁ’w@%g"&tﬂnuc 1é“’étlr Wear mde% r@?eﬁ‘ﬁgéﬁ?%h frequency of
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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, namsea 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 protecied 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 haif life of nuclear DNA. The
etror insertion frequency of polymerase v is approximately 1 in 7,000 bases, leading to
2-3 mismatched nucleotides per eycle of replication, Hypoxia 'induces damage to
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nuclear DNA and to a greater extent to mitochondrial DNA (Englander E. et at 1999).



nucl ear DNA and to a greater extent to mtochondrial DNA (Engl ander E. et
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Nucl ear and mtochondrial DNA repair declines during aging in neurons and
in cortical glial cells (Schmitz C et at 1999). 8-hydroxyguanosi ne
(8-0HG I mWABY®aEBi vity is increased in the substanti aPElg¥a407Lcl eus
raphe dorsalis and occul omotor nucl eu$ of Parkinson's disease patients,
and 8-OHG i munoreactivity is also increased in the substantia nigra of

d i vopon Nuﬁgamﬁgg ehebAREi THeA eipaik dedlinésAiring agiMBSA) nearvds hrelwy cotioaly di sease

patients. odi es were proposed to be .de t.ing mtochopndria (Gai
WP. et glialzeafehmiiz 6csishti®h %M?’%[EFW?‘H%%%E’%‘“’ e E‘I"E@r epair DNA

damage ¢ k. Neil SN 2o hiyhsdcalesiofr anclews ofepai r  of
Xray in uceg%dgél&p%st rang_ __ﬂ?ggkgﬁzgﬁy_ er 53Ig.ISD. ,%%%9) Rglmra 1 ne d_eBI etion
caused byadnsoii’$ Idiseasornationts, idi & ﬁé“@ﬂ?@%%r‘éé‘?@s‘“‘f’%@%%ﬁhr of strand
br ks, CaliRRlPYiehn B O GIGARIN Oheiipbactadth! (OB QMBI llBgvanaugh P F.

et al 198 concentrations of spermne aqd sper m di ne
prevent $odytisease paiiohtsDRw bediks wetscRrerased [, be (pReReRRitpe™y °°é‘2§ han A U et

al 1992) ﬁgj‘ﬁt %,_A Eﬁ;a/;dgdlg,cp{)( | mmm&ﬁ@bgﬁgﬁ‘yﬁ%{@ﬁnm@%ﬂﬁ&eﬁﬁ%ﬁireBNACOHVEF si on

of guani roxyguani ne and cause _strand breakage , o% A (Husain S.
et at 19mhageltmmsatdebyableomyeih (Jst ©x1994) | Balysmpings PO AHE O &%t ed  ani nes

to qui nones a em qui.nopes, o hN | hikd d my

pr egi pi té?‘g“’%‘gﬁ@l gﬁggéﬁé‘gﬁ“ﬁ&ﬂ{% g%%’?n gogh%ﬁiﬁc%p %eﬁﬁf;@dsﬁdgqﬁ’l 'ggasesy( Levay

G et al Wmmm@g)mammms ﬂmmumbmf@u@t@)?brt@cégm@ﬁ ¥abédbl e of

caugy ng DNA_ stran r eakage a dgRAcent rations

in the C@MW%HDHWE?‘H&Oé%L%V%&“% Pgéét#gagtlésﬁ)é i cr_leased 2.2 fold

fégd- caer WoRRin@ &t of SRasiat bad spensidine pﬁdgsm singtecstrand BAVA B imjuced o 119m?/|4') .
pper concentrations are e t to in

t he neur dpi fupeFPxide iﬁ-@? Mﬁ%‘ﬁ%&%\/eﬁcﬁﬂ g}ﬁﬁdgr;{[?%;é&&gsrﬁctﬂﬁe MA. et al

F o i g ot onc elal 1 1 ot DNA

Wi adm ni str op, i n_experi nent.al.. - i cien
replicat ngleth(fé‘Wiﬁ‘ S. F‘r@t@%eghiw ‘pf?gal g&ag%lg%qﬁ%gg&ag]ﬁ%%%gg?t. MPP+
dest abi | i z&Sedrd Q@Rork raggftgéﬁﬁlujnbimr@dwrsidihingiﬁjgmglttdepoﬁﬁoarmdtmeﬁ from |

tragsgcription to replication_of mtoch&)Edria}m

precipitate cellular damage in Parkinson’s and Low Ge 'g;s discases (Levay G. et al

1997). Melanin in association with Cu(ll) is also capable of causing DNA strand
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
iron and zinc to 1 mM in the neuropil of Alzheimer’s brain (Lovell M. ¢t al 1998,
Smith M.A. 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 (Mivako K. et al 1997 and 1999). MPP+ destabilizes D-loop structure
thereby inhibiting the transition from transeription {0 replication of mitochondrial DNA
(Umeda S. et al 2000).

Alzheimer’s disease patients brains have decreased levels of mitochondrial

20
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DNA, increased levels of 8-OHdeoxyguanosine and increased DNA fragmentation (de
la Monte S.M. et al 2000). Tncreased levels of point mutations, for example at
nucleotide pair 4366 in the fRNA®™Y 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).



(Ureda S. et al 2000). Al zheiner's disease patients brains have decreased
| evel s of mitochondrial DNA increased |evels of 8-OHdeoxyguarifsdure 2006
i ncreased DNA fragnentation (de |a Monte SSM et al 2000). Increased

| evel s of point nmutations, for exanple at nucleotide pair 4366 in the

t RNAOLN geOgES1#Bser ved (Shof & er J.M et al 1993). TREI/PF8K073F

Al zhei mer' s di sease increases when a faternal relative is afflicted with
the disease (Duara R et al 1993, Edland S.D. et al 1996). 16 June 2006 5
10 15 20 25 V\9n08(hd34hs prdpesed WS 240 dDullihriganiigase b Brpflgp¥skd as a

cause of Lou Cehrig' s disease by Bradl ey.W et _al and defici.ency of

cyt ochr onﬁa!:ameﬁ%@yé’éf’ﬁ%%l’?}“% gridase g A %to%ir ) g‘lwé?ﬁlegeh&pwer e
observed fyreRRscanbg Bofthck eMaét al 1999)n@COmOGIP oGl AL998X al (1998). A
decreased activity of mtochondrial co Iexl Ialgan Ci trastﬂ%gs nt hase was
observed in 04 degeased ﬁ@@r@ﬂéﬁ?‘é?n%ggﬂﬁ?%' o GERD P ﬁgw(‘l%chapi ra

A HV. 199 %@bﬁv@bﬂé&%&%e;wb&%m&aﬁﬁn @iy arivis?9 (SHabirMAMiVai n Brai n
Function an revent -~ Neur odegenerati on However the pathol ogy of several

di sease st%el¥9%hi ch are described bel ow i nvolves nore than the initial
DNA damage and correspondingly the influence of therapeutic agents in
these di seases involves control of DNA danmage and other cellular injuries
si mul t aneBisddgieal Actimewf Belsamines ot Mainteindraly Fyncfiop pndPrevent ot r i ne in

Mur phy U. g, 5,906,996 to prevent MPTP induced dopam ne | oss and
t he appl i?ﬁ‘t‘)’lpoﬁ% %rc#‘gguch conpounds in the treatnment of neurodegeneration,
this being notated herein in its entirety by this reference. A nodel of
neurnddege i i i i ' : i : ShiwvigRpRrsi ne

Cerebel | a B%‘tééégﬁe%r%atﬁyogér# @%ﬁ%@%@m@%ﬁ%?%ﬁe{gu GCehrig' s diseases
i nvol vi ngmaresthan kter initiohBN! fzmdge rand worespendingly e @ﬂ'@ﬁ%?f’ﬁkﬁ@?fé‘gij' the final
di sease i s_deterj i (oF: 1Y jeg al
di stri but F%eﬁl%olf] tﬁ%‘g%ngaé&hgngglg%g%%gg ﬂglﬁe pr gﬁcﬁg?’whfegﬁafgﬁﬂ of this
patt er n ofinmaeoskdgeneration and its treatnent by pol yam nes are

summari zed as f]g)rle'!nguvgfy reported the ability of 2,3,2 tetramine in Murphy U.S. Patent No.
5,906,996 to prevent MPTP induced dopamine loss and the applicability of such
compounds in the treatment of neurodegeneration, this being notated herein in Is
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entirety by this reference.
A model of newrodegeneration involving Parkinson’s, Alzheimer’s,
Olivopontine Cerebellar Degeneration, Lewy Body, Binswanger’s and Lou Gehrig’s
diseases involving a similar constellation and eascade 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 Nenmrodegenerative Pathway In Parkinson’s, Olivopontine Cerebellar
Atrophy (MSA), Alzheimer’s, Lewy Body, Binswanger’s and Lon Gehrig’s

2 Diseases

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

Energetics and Redox Homeostasis and Deposition of Amyloid.
30 :




The Nenrodegenerative Pathway in Parldnson's, O ivopontine Cerebellar

At rophy (MSA), Al zheiner's, Lewy Body, Binswanger's and Lou GeHi6idune 2006
D seases There are five principal aspects of neuronal damage in this
pattern of neurodegeneration all of which are prevented by optim zed

pol yam ne rW08¥WIEE; M tochondrial DNA Damage, G owth FBCT/O3028FAZt i ons,
Receptor Activities, Energetics and fRedox Honeostasis and Deposition of
Anyloid. 30 16 June 2006 5 10 15 20 25 30 WO 03/051348 6 Cascade of Events
in the Pi&@gﬂ%g?ﬂélté’fnth’@l’éﬁd@éi@ﬂ@hﬂﬁie%ﬂe@ﬁﬂa&ﬁﬁ)ﬁ/ 40732 M tochondrial DNA
I s damage y dopam ne and xenobiotics in the presence of reduced |evels
of naturally occurring polyam nes. Pol yam nes conpetitively bl ock the

upt ake of XenR@{g@ﬁ&gﬁﬁaﬁ@Nﬁhs Qﬁﬂg@@&ﬁﬁoa@iiﬂé@i&xenﬁlﬁ@ﬂiagﬁﬂm@m@ma el eases
or gani ¢ nol ecu [

es and free netal's h damage mtochondrial DNA bases.
Pol yam nef rqinctddetelspiinatiralyperaring®oliymbiedani ¢ nol ecul es by steric

I nteractions G : i 8l thENBYake R UesdbRttics Mdiciibdeplgmoedi rect |y and
i nduce transc%lﬁlg.nlﬁglﬁé o?o%ee?dé‘lfe ot hi onein (CGoering 1985), the

P.L. et al
net al s beiigngent.c Depigyentaiiomrcieases OIS M@!ﬂﬁ&sr@dm%whﬁﬁé% so i nduce
transcription of. gr ac ctNBRNVE g0 WhMadeabf Qirganiy ai n deri ved
neur onot r"&lﬁ)#gn‘;{’-'ggt]%% E%ﬁéus P%értﬁmgﬁg%{g& Glad G e?é atjll 89, Pol yam nes

regul at e rdlecuksstbystetiy imerawions(Backadses at 1992 Thengomyssier Be @l %AW af f ect t he
|l evel of agonism or ' RechKBIP.1. Pal ©ESNIRImdiBepaNd ste M Et
al 1993, ﬁvﬁ&‘i"&gﬁ‘?‘ﬁ?gﬁ%a%?mgﬁgb‘?‘f?%&ggﬁ wg‘y of ?)rotgjlnn ki ngse C (Mezzetti
Get at 198Riytivtin waziionyBamesingDNAISGes] JISY alspadpemiransermiien of gowth edox
homgpst asi s by hindin ' . ' dnotrontee Bittor FOIRSE dilai nary
deficits GGt %sa‘“ﬁ%t%&g%]ﬁ%g&n%oﬁ%%e | é’c‘:lptenjf:l&(gy oqg_%lge t hefneur onal
dedi f f er ergobaGilah Greowb498% Fhlyehizse retubisathesactiviy NeclHLh#eT™ S growt h
factor |eyel r ratios,.t rap fidlofisiiae Mha M1 Ng801 i on
channel aﬁ@ﬁgngﬁﬁqs%ﬁecg%ﬁs}é&kjg%g@gf%ny%gm ged RNA trapscripts causing
product i oghafkel (Breebtc W& Et aly1988 vicek J.F. 1990) and the activity of protein kinase
| C (Mezzetti G et al 1988, Moruzzi M.S. et al 1990, 1995).

Polyamines regulate redox homeostasis by binding glutathione (Dubin D.T.
1959). These primary deficits associated with poiyamine deficiency cause the neuronal
dedifferentiation processes of these diseases via the changes in growth factor levels or
ratios, the rapid entry of calciun via the MK801 ion channel and the metabolic

consequences by damaged RNA transcripts causing production of defective
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cytochromes.

Secondarily defective cytochromes are proteolysed and release enkephalin by
products and also release fice iron into the mitochondrial matrix. The iron is leached
from damaged calcium laden mitochondria into the cytosol of the neurons. NMDA

20

receptot 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 JN. 1979) which can produce B-amyloid and
tangle associated proteins. In Parkinson’s Disease and Alzheimer’s Discase there is an

increase in free copper levels in the absence of an absolute increase 1 copper levels or
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Secondarily defective cytochromes are proteolysed and rel ease enkephal i n by
products and al so release free iron into the mtochondrial mat riéxJurh@odéon
is leached from damaged cal cium | aden mtochondria into the cytosol of the
neurons. NVDA receptor activation causes excess calciumentry into cells.
Thirdly gro¥@0E5e4#8ti on of the free level of a nmetal suchCHESR2#$W2 causes

di spl acenent of other netals such as €opper, nickel, cobalt and | ead from
sites where they are bound. One or nore of these netals overactivate

pr easapatlﬁ&g 16! ta‘?naml deAis8 A D Bdkue L‘SQiEr Iéx&QZdueBioartkloﬁsQ%theBl ongren
1989, Ch abar 1989, Dawson 1987, Dawso g Etgelstel n é 88, Hanmakabo
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Wi t aker { can praoduce p-anyloid,and %@ %SﬁOCI at ed
pr ot ei ns.belantivatedibly nexsral @Vdesfe@% iensdnchpdnESURR S AnopfTER £ g{"h‘é? is an

I nc¥ ease | i BRSARE GndicaRiuneaad eogiper iarcr ease in
copper |eTvHé1| @eé%{r?n&gﬂﬁﬁése %%%S%s B G e eat sy

PCT/ US02/ paftit@Briytikely.| Givsh y reln forctivalent mefals da adivatipgRieagparpiedtfedsthpper | evel s
due to |t%g|£%sf0€d o&&lz%n%é?&*‘r‘é?ﬁé?g%a@in disUhdlicl, Thgif émeorampeeithwhd | activate
am ne oxi

0Si nase Zi nc superOX| de di squt.ase and nonoani ne
oxi dase B:hniEhEs;qnatemsplwﬂutmﬁmtbP@mWﬁhﬁ’?fh%@! B Dseassta8d SHFeREIY al  di val ent

met al '0”%%”‘3' L) “Qasgl fiher3 BGonvbfs© N in ERkhdniR PRARMhtan Deklegtid i t erat ure

on these at zinc and cal cium and co are
parti cul aghk plallnckﬁhyatio@hkewmafwlbm niober ngimea|apdh Pagnseniap pqﬁh&rsma#a{ i ng

prem;partate rote and anyloid production as a tertiary event in this
nodel , i t™FY ¥ ﬁrsc%ﬁ 8‘%

dance with the clinical situation whereby patients
present with Bﬂtﬁrklspﬁ;(ﬁcaﬁy ﬁhsmsmaﬂmmh@sll}k & 24}, HetpmEr havy sease

For mat i on PR B IR Bl PRt BT A PN R oy a or

neur on ang Par |nson| an pat hoI ogy after
nmany year grofictiggcades. More speC| fically, therapeutic pol yam ne conpounds

B e i AT
of upt akeo@hnix QA teingad colse @bligpigmentative and A4 damage; ByBiRric
15 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 transcripfion;
¢) Induction of nerve growth factor, brain derived neurcnotrophic factor and
neuronotrophin-3 gene transcription; f) Regulation of affinity of NMDA receptors and
20 blockade of the MK801 ion channel; g) Inhibition of protein kinase C; h) Mitochondrial
reuptake of calcium; i) Binding and conservation of reduced ghutathione; j) Induction
of ornithine decarboxylase by glutathione; k) Maintenance of the homeostasis of the
redox enviromment in brain; 1) Non toxic chelation of divalent metals i brain; m)
Regulation of activity of preaspartate proteases; n) inhibition of acetylcholinesterase

and butyrylcholinesterase; o) Blockade of muscarinic M, receplors; p) Maintenance of

= 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 calcivm channels.

Successful therapy must prevent giutathione loss, prevent mitochondrial DNA

30 damage or cytochromne enzyme malfinction, prevent release of metals inchuding caleinm



__di val ent

organi ¢ nol ecul es being a cause of depignmentation and DNA damage; b) Steric
shi el ding of DNA from organi c nol ecul es by conpacting DNA; c) Uiéndune 2006 of
m t ochondri al DNA danage by renoval of free copper, iron, nickel, nercury
and lead ions by the presence of a polyam ne; d) Induction of

met al | ot hi oM@OHOGHBEe transcription; €) Induction of nerPEI/gpai®2f act or,
brai n derived neuronotrophic factor afld neuronotrophin-3 gene
transcription; f) Regulation of affinity of NVDA receptors and bl ockade of
the MKBOL i:PRhublidRaal NvDA katbhbi bib@ads prpeatigpapisneastonGnd ehsuidgt ochondr i al
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chal
ratio; q)pathopidnii¢ andrpeesise @M@J@Q@%@%Mé@dﬂﬁiaﬁ%% &S fhnoani ne
oxXi dase & B, 0011001 (iR PPfinsofidn ReGhthaL | MRimdTsal discasl yam ne
nti

| evel s | as Wt h mal ntenance of endogenqus ol yam ne | evels; s)

Bl ockade Rifiswanperianiiseases, hemly podyydirsasedieesidilery eoh CHIOIIAGEE < #P% her apy nust
pr event t at hi one , v ] d a OhAviciheage: Mes€yt ochrone
e iﬁ?ﬁ%‘?ﬂ“ n(fere%@%?/ eartli? b @e ﬁgﬁ&tﬁg netal s | i

enzyne ease of s, includi'ng cal cium 16 June
2006 5 10cobfpodilis 26iMBe 0BmeEd84% Somolingsdapentiz 3developmett (I3EnBIARTF i a, NVDA

recgpt or bl.ockade.. ..pre . 'g,ggﬂg j tlsHital BatuS BéiBEENT At | on,
pr event WW&&%@@%&V@%W& pr%idzl&%qﬁfﬁg@ganzyrre agct I vat i on.

Pol yami nesie permcsisfamytbibinrAlietndre discase awd GadisspsasdpBe cloecly Bfaiesd profile of
t he above, actions a reve i o ' 2 dbdhsifibn ani mal
model . BeRH ggvoﬁlgwgog?argﬁs né"?lﬁasﬁ%gg?n %?ﬁ%%@%ﬂ??ﬁ&%ms di seases
are pat hagRoRiserphurdses alsmsahotdieforty verin phRatdgnsoa bansthays aidndr i al  and
cytosolic,events in Parkinson' s disease, Guanmani an Parki nsoni an denenti a,
Al zhei rrerdes?"ﬂﬁssease, Bi nswanger' s di seases, Lewy body di sease, hereditary
cerebral henorrhage - Dutch type, divopontine cerebellar atrophy and

Batten's Di sease it is _.anticipated that i1 1 be beneficial
in ?:%nt r ol he Ngwadessneratioy ELRS ﬁr‘grﬁf‘?nl}'?ﬁéé ?fgﬁs“gl}mﬁg’ﬁ% gﬁf‘%&m di f ference

bet ween Parki nson's and Al zhei mer's pat hol ogi cal features being

The following summarizes the principal concurrent and sequential componenis
of neurodegeneration in Parldnson’s, Alzheimer’s and Lou Gehrig’s diseases, the sites
of cellular damage and the pivotal relationship between peurotoxins 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
intracellntarly. The excessive exogenous (xenobiotics) and endogenous quinones and
semiquinones (neuroiransmitier by producis) 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 presence of anyloid in Al zheiner's di sease and the di seases being
closely interlinked by the evolution of Parkinson's disease iri6oJune 2006
Al zhei ner's di sease with anyloid deposition as the fornmer progresses. At
post nortemforty percent of Parkinson brains have anyloid deposits. The
Neur odegene&¥@b¥/@m34Pr ocess - Prevention & Treatnment by PoP@EK$RE6732 The

foll owi ng sunmari zes the principal cohbcurrent and sequential conponents of
neur odegeneration in Parkinson's, Al zheinmer's and Lou Gehrig' s di seases,

the sites of T nelakr rettasEORoANEL bidtheRl ¥@I Ble &6 KolnOmsNhRodREidgEN
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neur odegefEVaET SHTOUESRATSS cludingsenpreoridasy danb Breaks dovroplyamings andat i grate

into the gehdpaffit PdicdstiCthaPBLARERMIdid ROTPRE brebMbdt prbletnl aDEcreasin
depol yneri zati on_of pigment. Durin depi gment ati on nnre_organL§ nmol ecul es
and st or eBPlEBIDg Ievels Brigwar repol el ay SXGYE RCHININGIPHifiASG activkie reswlisansi ve
ex0genous, (peeaad IpQlIbdeR) oyl CofSRHRY SRR IR0 BESwE gozﬁﬁﬁgw Hﬁu& %%g\s

b d a bases

(neurotransmtter by products) organics nutate mtochondri
randoni y GIEPIVe Aicapspiidel shatiienn (G SiBtthatsstimplinies the trafe Hiondes elzyDhlafi s danaged,
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i ntracel | ul ar |4s wathes resp@ingdhe isfovo et ooy éfxichotigios putiioding boxiner gy

storage cgap aglnaahdiCatd | %gﬁa%g 2 ' oper at cell's
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br eaks dof/\&n%%gplg%% nege%g%%ﬁw)é?%%@g%fa?%g pr o%%gé es S?%é’?ﬂ%’o&‘g u%%garryl oi d
fromits pisthyl-despaprctBMDA)Derpionshihgf thpsel cparomeats| of ueiredepademtion t hr eshol d

| evel by ' 1. '“ﬂﬁ% glgg '| Lty results in a positive feedback
cycl e of %&?&géﬂoggﬁ?ﬁaﬁg& ossage au%s{lg‘ pol yam nes bind and conserve the
pepti de glutathione (GSH) that stinulates the rate limting enzynme of

pol yam neppk j ni t hi ne decarboxyl ase. As well as regulating the
I nfl ow an@{ﬁ’?ﬁiy\fe\ﬁ#a@gnobi otics and binding of toxic

15 . ' . - . .
Peripheral newropathy occurs in  associstion 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
sireptozotocin-diabetic neuropathy (Low P.A. et al 1997). Gluiathione ireats
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 M.A. et al 1995),

20
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Optic Neuropatly

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

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

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



free metals, polyam nes al so conpact mtochondrial DNA that is not coiled
or supercoiled like nuclear DNA; they pronote transcription off6séee 2006
neuronal growmh factors; they regulate the activities of several cell
surface receptor systens including the n-nethyl-d-aspartate (NVDA)
receptor. AVQHB1¥MPpese conponents of neurodegenerati on REHUB&4E3htrol | ed
using an optim zed pol yanm ne. Periphelfal Neurapathy Peripheral neuropathy
occurs in association with mtochondrial encephal omyopathies (Chu C. et al
1997) . VaghRkgtated parnaoat isodinghishkal sabectaasdt in gATRy| desuliselnl dearyeconsi st of
degenerating mtochondri a. M'toctggndrfj alrgg){}lA rru%@tions may be caused by
|i pi d “perwikichendrialirangportpiingy and shuytdovay ol ¥ pal M RBY Y ent i n

strept ozot oci n-di abetic neuropathy (Low P. A et al 1997). d utathione
treats experinmental diabetic neuropathy (Brabenboer B. et al 1995).
Probucol &n#cow® amin E i nprove nerve bl ood fl ow and el ectrophysi ol ogy
(Carferon N.E. et al 1994, Karasu C. et al 1995). Hydroxytol uene and

carvidilol were also effective in preventi ngg danmage r51n di(??ek.ligc neur opat hy

(Cameron N. E. leglaugomaghesM gapglionselleet the gunade ﬁ'i‘e“f@g% DB} $REUr opat ky

Optic ne &C@%ﬁ% Tl b enfsrhas asdlsvapatiherd sirand tedgadi onal |y
%?ﬂ%%ngxggl e slé ' ﬂl

t hese mu atient’s have L140ON associ at ed&JIEn' t ochondri al DNA
nut at i onsglauCpti pativats Baptal 1890 ugletamats being proge X540 & 824891 obacco and

met hanol | hgem c optic neuropathy (LEON) (Sadun A. and Johns
D.R et a% i@ﬁ%e%%gatlﬁg% | leads to formate producti_ogh?t hat inhibits

cytocbr one oxiBassciemdicadendsiantediy WIRS roesplyr sctivpliosn g oPHC BFFVHD 03/ 051348
10 PIOT/ USQRLAOL 3204t bARAGPRALS RERMUS niRE okidle dyihatisshidproieaibease in ATP

results i decreased —m rial transportation and shutdown of axonal
t r anspor t ayganfreeGhdicedofPachen Ngl. etk 898t he M ganglion cells of the retina
degenerate and there is defective axoplasmc flow (Quigley H A 1995).
Gutamate is elevated in the vitreous body of glaucona patients (Dreyer
E. B. et abiab&@6SMelligisut amat e being nore toxic to M ganglion

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 HK. et al 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
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 difterent
mitochondrial DNA point mutations, deletions and substitutions have been associated
with NIDDM (Maithews 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
al 1996). Nitric oxide and hydroxy! radical production in response t0 environmental
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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




cells (Dreyer M et al 1994). The excitotoxic cascade caused by NVDA

receptor activation in the optic nerve results in excess cal ciléndung ROOG

i ncreased nitric oxide synthesis and production of oxygen free radicals

(Sucher N.J. et al 1997). Diabetes Mellitus Mtochondrial DNA Danage in

D abet es MwogHBsmdsi al DNA content in peripheral bl ood weGr/oiwgerwzed to be

35% |l ower in Non Insulin Dependent dilabetics (NIDDM than in controls Lee

H K et al 1998) and the decline precedes the onset of diabetes. Reduced

oxi dati vey dy%;aspﬁﬁﬁ toOhy BHFOIED. (BHY). t Reliotions Ul Breelianintennad st skel et al

muscl e an or de ?ectlve Insulin secretion in _pancreatic islefs.

Dec r eas e cnmjildidasiso pattdining D soylednpolypeplide eoquis g gk ingreenipee presence
i ncre val |ty, fatty acyl CoA accunulates in the

cyt osol a}iﬁ%)l}i %ﬁééﬁésa@aglégl‘ﬁgiuﬁgg resistance (Park KS. et al 1999).
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DNA decr rats (Serradas P. et al
1995). Foapauenmﬁdﬂaémzémtmﬁmmnmeﬁuzdaw d8Pht Ghmaa@n%?ﬁ@ﬁolael etions

and substityll gne have heen ASSRELAkatia bit RRMGNA bRawasuf. et a

1998) . THons Suc M3243 base substitution can
al so caus@mmﬂ.teyamge)t di abetes of the young (MODY) and auto anti body

positive Insulin, de en bet e t oM pakigsts and
1994). Free ralﬁgf“!:‘ﬁl g‘ﬁé%e 2‘3"?@‘#&‘5’0?& t&% m tc())cﬁf AXI al genonme (Wi
Y.IT et ﬁﬂs 1\/]3541243 |mmondeomw hstdalot993)r a&hmbxsplemmosmel n response
to efviro nts were r )
it oc hondCHD Gheerfid v 3r BeBRGRSE niSosRp R INR el 837 el 1 oe wic
restrict eghriclAdsneitk Gﬁmeﬁmambfhb frbgyadrivy iof disbetiuprliftodise 30d 0 15 20 25
30 WO 03/051348 11 PCT/ e | B (1992).
Reduct i onEmply tineppihy 3 8‘? 3 ﬁ’g ﬁsgf%-@f ¥ gaf%%g I—@%er Cal n%ﬁlé%eupsl et
anyl oi d pelilReR dhiklfrea6 the hfitoblibndridl IMMA pﬁvasanmgmmfmusm pBMndathelgmt s (O ar k
A. et a! 1995). These defects air d t h h such
I nmp ai rmnﬁe]%lmqﬂligﬁligf&mc opatny (hgﬂ)aoawaw G% Y5999 %ﬁl &dﬂ]‘lﬁ&}ﬁ%ﬁ

_ also implicated in damaging smooth muscle and endothelial cells (O’Brien SF. et al
15 1997). Monosaturated palmitib acid causes DNA fragmentation of rat islet cells in
culture. It also reduces the B cell proliferation caused by hyperglycemia. Palmitic acid

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

Exacytosis 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 P cells are challenged with sireptozotocin (Malaisse W.J. 1594), they
enhance the insulinotropic effect of hypoglycemic sulfonylureas (Vicent D. et al 1994),
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they improve the secretory potential of exocrine pancreas when administered prior o
streptozotocin (Akkan A.G. et al 1993), they protect against the cytotoxic effect of
interleukin-1 (Rizirik D.L. et al 1994) and they do not show any glucagonotropic effect

30 (Vicent D. et al 1994).



insulin secretion. Treatnent with coenzyne QLO has been reported to be
successful in a patient with the MB243 A to G nutation (Suzukil6¥unrg 2006
1995). d ucagon secretion is also decreased in diabetes nellitus
associated with mtochondrial DNA defects (Odawara M et al 1996). Insulin
dependent dvab¥se®s aut oanti body positive al so occurs i np@Et$em7a2 carrying
the M3243 nutation. (Cka Y. et al 1998). 8-hydroxydeoxyguanosi ne (8CHDG
content and extent of deletion of mtochondrial DNA base 4977 del etion
correlates wi t ygimatel 40 Qfmiidddoavashisl feinkilng pameyly by 4 mbetdilar
proliferative and sinple retinopathy and nephropat hggmgSuzuki ..et al
1999) . Hy peedsayisms niciing adpv@streagy of] Jpitarhongiy Fistebplish et PRSP DNA of

vascul ar iGdfBin 3068 RARIRE k) Rlocin®ieldoss #Ut tiilE thatihsilin Yelegell opat hy
(Fukagams@%&%?}% 1999 FR i nsulcicnr} | evel s are . al sou} rr%)l i cated in

. Hgh )
danmagi ng stevssdibyralesamate e@kﬁgtﬁ@i 2010).c AfsoLlytanai indyoed psulipfelease 1997y
Mondsat “rfs{egxﬂf Rekdy St}i%?if%t&@%ﬁsas% ik REIEAbAkE 0N poihissidd chamhagt cells in
a

cul ture. so reduces e J3 cell proliferation caused by hyperglycemn a.
Pal mtic abliowedihsioilivnofisslséim adezewtasts. cyt ochronme ¢ and apoptois of (3
cells (Maedler K et al 2001). Exocytosis of Insulin The nmethyl ester of
succinnic acid may bypass defects in glucose transport, phosphorylation
and f urt heProtit Kinetel S mddnshtinResisthatee i nsul in secretion and rel ease

(McDonal d J. egﬂﬁ%Tﬁj%&a%g&m 18 33&%\{)1;?3% Eihas%%)cg)'g\e TRIGEAINRES) esters

i ncrease the succinni c aci acetyl to the Krebs cycle
(Mal ai sse Néivatidi®6Bpepteirt kingse Ginbwasenthe tians endothelislpetressbilitypfproleigase

(Mal®i se WJ, et,al. ) IRC i ' . '
concent r at T°Sh& %‘Pmﬂ}‘{@grgcg' Xy A&t%g%gdﬂ?'e e |h9§é$g‘§§km‘f2lﬁiez99 Er:rgér?%atug% t%@i nsul i n
secreti on by @itcetohdriah DA Helétiomrigeediateidtwitls dinkstas dEgavdein DNegtal sse W J.
1994), the en ce t.he, Lnsuli rda@t r opJ . 110, Gt
sul f onyl ur Z%?é ?‘%’?@‘ﬁﬂmﬁ%‘et egfﬂ {1%’334) @c@ﬁ@é ?%pgfhg%aeﬁtgﬁggéﬁe{%%gf g]%s/ pot enti al
of exocri néelgivncirepatinitely admoniis paieat witti wphtopathy endgperiphesalossonlat Akkan A G
et al 1993), th prot ect. agai,nst the, c 0X]| - euki n-1
(Ei zirik DUt Isat%gejﬁmggﬁa}?q‘%rﬁseﬁtodugn%% %ﬁ%%dalﬁye%%%g% F\ﬂo{)‘gﬁgﬁlsc ef f ect
(Vi cent D. with ibaifk@hcoselbletntreoribifinSesddants, 13Porgcd0a Wil §87 08ixalas 12
PCT/ 15502/ 48&:711:1)%2 precipitants thereof (Liang P. et al 1997). |

' 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 «, B, € and & 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
of protein kinase C in rat adipocytes prevented insulin resistance (Muller ILK. et al
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1991). Protein kinase C s is overexpressed in Psammomys preceding the onset of overt
insulin resistance and is a prediabetic stage (Tkeda Y et al 1999). Protein kinase C
05 causes retinopathy, neuropathy and nephropathy in diabetes (Koya D et al 1998).
~ Polyamines and Insulin Concentration

Erythrocyte spermidine levels are elevated in insulin dependeﬁt diabetic patients
and patients with microalbuimuria and macroalbuminuria and retinopathy (Seghieri G.
etal 1992). Spemmine oxidase activity is lower in insulin dependent diabetics though
not in patients with proliferative retinopathy (Seghieri G. et al 1990). Polyamines are
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present in high concentrations in B cells and are concentrated in secretory granules



A utamate al so stinul ates exocytosis of insulin, primarily by an

intracel lular mechani sm acting downstream of mitochondrial netl@éhins2d06s
ol igonmycin that abolishes the insulin release response to succinate does
not inhibit the insulin release caused by glutamate (Maechler P. et al
2000) . Al sov@buasaét e i nduced insulin rel ease seens to PEUUSIRET8T her
factors such as ATP i nduced cl osure of® potassi um channels followed by

i nflux of calciumand exocytosis. Protein Kinase C. and Insulin Resistance
Hyper gl ycefoaggand Dadsa sl 1986). alitieying, gpernidhiicoindisperkiintifcredse fndirsit oS. et al
1989). Activati.on,of protein kinase C incr he 1rans, endot heli al
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associ at ed@w %l{}ﬂdi gﬁgt es (Egawhary, D.N. et al 1995 and Swoboda, B.E. et
al 1995). gl a endot helial cells containing this deletion are
particularly common in patients with nephropathy and peripheral vascul ar

di sease. The, sanme del etion is also present during aging and nore frequently
in pati ent'22&PERIG IEESr ed gl ucose tol erance or insulin resistance,

hypergl ycem a amdrihd CRadhafdCHl & albBYFPald GitinBh (@ dEvdneneef al( 19980 P. et al
1997). Triglyceride hydrolysis generates diacylglycerol which activates
protein kifgdused @omﬁwﬁiﬁ Ipipeniseplss aj’@mmwa,tﬁw@@rnﬂn gotlegephend) [TAE-Bh t hus

reduci ng tihiifodth aiadozoftl ifddodd difIRGE oA M as hi gh Tat di ets
increases the ratio o _r%o_rane ound to cytosolic protein kinase C

si xf E{I)d. Pr ot eiln Stiepteedondn dndwged slisheigs gnatal disicbwivneld dltereduddre arof rats fed
a fat¥rich,di ' B e : t ' ly fed Goto-
Kaki zaki %‘?‘JSESE%@P g";ﬁ‘;“?‘)‘ﬁ ?%{’Jé’%vﬁ ﬁ?p?rhg%%’i% esﬁsgi}g%%g‘“{pig%%%% et al
1996) . | nhindi plasore zioé. Prwliniadmiiisaen hims thet makdl pyely tte svihireyemtabd i nsul i n

resi stance,  Mildafi, K18 '10839%) conPERUE Ik SRS GaSe by R AP essed i

Psammonys precedi ng the onset ‘of over insulrn resitstance and 1I's a
pr edi abet i @nedntrgoni|ikedizbeitc pregednt 189 heir Frtodes iavedk fovas eoeniciions of

retinopat e Dﬂﬁ By 8 OH%& | ' 1998) .
Pol yam ners%gﬁtgz Z?b?]su |£n Png%%ﬁlrgg )i 0 %?%?‘%r@é%?g‘i‘g%‘é‘&%ﬂfg r?é,ve s are
el evgté ed i the iincidenean ol aypdinddaptndditadiaticies npailitue it shildhoat! (Heglvad B ebvat h
m cr @&l bui | & and croal hum nuria. and retino h Seghi er | et al
1992). Spe{ry%@ﬁei’%’f( P sez“é“c%“.%v%ﬁ’%fz?%“fﬁag’ﬁ? E’?eﬁl T ‘g%?i‘% ﬂ%e‘ﬁ%%d%’ s % abetics
t hough nf)Tylieri distictes (Hzgiof Bhetal MSBD.ng%pémfﬁcmﬁtdnd(bpﬂeﬂﬁy; ﬁiﬁeg&ﬁcﬁnby G det al
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which induces metallothionein synthesis, metallothionein being a radical scavenger,
partially prevents streptozotocin induced diabetes (Yang Y. et al 1994). Elevated
metallothionein increased resistance to DNA damage and to depletion of NAD+,
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increased resistance to hyperglycemia and reduced § 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
spirohydantoin-derivative aldose reductase inhibitors in diabetes may relate to their

25

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 in
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diabetic patients and are highest in diabetics with angiopathy and diabetics who have
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N et at 1988). Spennine protects the insulin nRNA from degradation (Wlsh
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Hyper zi ncuria and borderline zinc deficiency  also occurs in type II
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| r on- cat aliydieed pddxadimedgd.i ve reacti ons may account for the diabetes found as
a agmon side effect of transfusion siderosis, dietary iron overload and

I di opathic henochromatosis McLaren G D. et al 1983). Plasma copper |evels

ar e hi ghervanadiudiaa@Bkilih $easitieint s and are hi ghest in diabetics with
angi opathy and V%a%?u% Idgc?'ea\é\éqglog@ \él%c(}sg aiJ:t(&l B%-gjgdggxygutyrate levels in diabetes,
it also restores fluid intake and body weight of diabetic animals. These metabolic

effects occur because vanadium decreases P-enolpyruvate carboxykinase (PEPCK)

el

20 transcription, thus decreasing gluconcogenesis, secondly it decreases tyrosine

aminotransferase gene expression, Thirdly it increases expression of glucokinase gene;
fourthly it induces pyruvate kinase; fifthly it decreases moitochondrial 3-hydroxy-3-
mefthylglutaryl-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
25 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 (PTF). Peroxovanadivm compounds
irreversibly oxidize the thiol group of the ¢ssential cysteine at the PTP catalytiq site
(Fantus L.G. 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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met abolism (Mateo MC. M et al 1978, Noto R et al11983). Car bct6hune 2006
lysine (CM.) levels are twice as high in the skin collagen of diabetics as
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et al 1993). Matrix netall oproteinasel™ (IVIMP-9) concentrations are
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gl uctki nasfARNP have Ailbdtoteichvel QUHEREC M908 kV:Hﬁ&lﬁm ifslaisfom el t
decreases m tochondrial 3-hydroxy-3- matrlvé gl ut aréﬁ- CoA synt hase ( HMGCoAS)

gene expr ageiedive is |smm0210tocmechat@a§ &ais (Gam Qp@te@§9 dn tmeﬂldlab@tps and

pancr eas %ﬂﬁﬁpéee diahet a the | evel
seen in c?ﬁ%ﬁg al era ‘?Jse QOHF;ngoo X seven1 n |dtl£’|n%cgi§§§ie§m{e anount

of the i ndoiprovementsiceuryin fgiting plasme elaresposlycesylated hempglopinslevely muhmg its

t t t f di
ranscrip ﬁlage%‘ glﬁﬁ:fs%'dp c}?ﬁ:‘d}lcuoﬁ'&rﬁgaﬂ @HEEEE%'B hihgc&éﬂ‘?\? (e'll_?) vanadi um

are nedi ate rotein t e pho tases
Per ox ovanaw&hﬁwrﬁtm acld and trighyceridd lobsls anci apinirelledimaore m;rmldygn ohﬁbe‘m t he

esselﬁ I al a%ﬁé]? ltﬁ%ﬁ gﬁﬁcogé]?evg I &ﬁtﬁld telt%l slb§3‘§ Type I and Type I diabetic
patients freated 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
organic forms of vanadium corrected the hyperglycemia and impaired hepatic
glvcolysis 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
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lowering  blood  glucose n streptozotocin~ freated  rats  than
bis(maltolato)oxovanadium(IV) salts (Lenny C.Y. et al 1999). Vanadate acls as a
phosphate analog and binds to phosphoryl iransfer 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

0 . . . . .
] and differentiation, signal transduction, metabolism, motility, cytoskeletal organization,
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as a
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 (Baekkeskov 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 patienis
had antibodies to one or both of these antigens (Bonifacio E. et al 1995). A further
= antigen, insulinoma associated protein IA-2B (phogrin), which is an insulin granule
membrane tyrosine phosphatase, has been observed in IDDM patients, it being the 37-
kDa antigen and the TA-2 being the 40-kDa antigen (Lu J. et al 1996). Phogrin has a
high homology with IA-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 1A-2, IA-Zic, GADgs 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 TA-2 (Kolm-Litty V. et al 2000).

IA-2 specific IFN-y prodaction, which is characteristic of a T cell response accurred in

spleen cells of non obese diabetic mice (NOD), with development of diabetes a few
weeks after the response peaked (Trembleau S. et al2000).

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

20

cytotoxic T cells. Toxic destruciion of B cells stimulates recruitment of macrophages
and production of monokines such as II.-1 and TNF-¢.,, 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 aptigens and ephance streptozotocin induced
diabetes in the CBA mouse model {Campbell I et al 1988).

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

protein was markedly reduced in obese non diabetics and in obese diabetics. Body
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clinical disease (Baekkeskov S. et al 1990). The tyrosi ne phosphatase | A-2
(a 37/40- kDa antigen) was found in fifty four percent of new yltdagena286d
| DDM patients (Passini N et al 1995, Payton MA et al 1995). Eighty
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overexpressed in n di qagnosed. | PI'E)%Q p]?f % 8 : & inflbitdh 1996) . At
t he onset 8 aﬁﬂﬁﬁ%’ﬁ'@ﬁg %:gn?f\ggz ]Zwe epernden @Ig’lﬁ(l rngg’g%%snsle to A2 as
measur ed {pEpHRRLT gh@hdhciil roagtor (EGIR)dpptepbaryities(Pofive Bl pbHY4)-does not
correlate__with age,.sex or HLA-DR type (.Doft . Ok O migeour of five
epi t opes rT@ESéj?ﬁ‘%’éfs‘dl’)?/ﬁi@‘kﬁ%ﬂ%‘%ﬁ%@%ﬁl&ggmsg%a?gg‘l%gr W thin the
PTP |i ke @ofdsiieGh o WydZophulit @bcket whichecomuist the phesphergldied agbsine. Sfhet yr osi ne
phosghat ase proteins. The fifth epitope was .t hj | aeobrane -
regi on of ajapmg %K@P%SWV #gz ‘3?18 pg%@ \é\ﬁy conffitutd & &'Qﬁydf%%ﬁl@'

The cysteine residue is phosphorylated through a thiophosphate linkage during catalytic

turnover and the phosphoenzyme intermediate is subsequently hydrolyzed by a water

molecule, which attacks the just vacated leaving site. The cysteine residue (Cys215)

forms a covalent cysteinyl phophoenzyme intermediate. The Asp 181 actsasa 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 o 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
finorines introduce hjrdrogen bonding interactions with the Asp 181 — Phe 182 amide
nitrogen, displace a water molecule and reduce the second phosphonate ionization
constant (pKaz). The hydroxyl group displaces two water molecules. 2-O-tyrosinyl
malonate ethers, particularly when containing the difluoro substitution at the methylene
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| A-2 specific IFN-y production, which is characteristic of a T cell
response occurred in spleen cells of non obese diabetic nice (19Ghyne 2096
devel opnent of diabetes a few weeks after the response peaked (Trenbl eau
S. et al2000). Low dose streptozotocin induces an inmunol ogi cal, non
antigen spe¥P3esidddi abetes nellitus. On | ow dose strept oRCT/U#N2/40732
administration the I CA 512 protein t¥rosine phosphatase was decreased on
the third day without induction of |CA-specific cytotoxic T cells. Toxic
dest ruct i 9RsfmaB ARlnb&l Stibidy & REILIGE(BukaaTR. @fal 1RGN Brasdic satd
production of nonokines such as |IL-1 an NF%X %Ch have a c¥t opat hi c
action onegedyely chasged| sybgiityents pagy to,fhe yzalle horhalg etealy (PRt e T hel per

cells to mbﬁ@% #ﬁeymﬂmrﬁm ekiINBobN AL nérS plideptiorduis KRy inhibitep@nsi bl e f or

I nduction o X ss 1 expression in the endocrine_ cel Ii. N F@-y was
observed foxalyhainine)-besreie ewfl| campining iag e o AHOgHhafPEEd o Bt 0¥8t oci n

| ndced %ﬁ% rlifle |46 A HOUR Lritd Shic KamRb ok 1o, aViosl MY Protei n

tyrosine p se | vel s were increased in obese non, diabetics and
further i REPweseuimaisparesiod abipjagid at s povitpn. pTis erates n Gie3PINS unit of

PTP-1B pgg‘%gfgg olfFes 0 lﬁg.gdd%,r rg?%giiilg; gvex&heé@. ROM @Uo@gq&iss&naraeyli n obese

di abeti cs: une 20 25 30 WD 03/051348 18

PCT/ US02/ #BdkpRatevisding sitberiose b the batalutic sife hes toppidemtified and binds sybsiraifsi ¢ of

PTP-1B. Thus i i 2T P- Acti gp@)’ Puiu®y. Egul i n

resi st ancﬁuciﬁﬁgg%gﬁ(igoglggg}dt%%ﬁ]}ng%‘%lg@g%ﬁgjg%tﬁﬁep fromlsubcel | ul ar

fracti ons 1997am notidirgibetzolbmphihel23sdifmansi rnde abearyhaeroimpbdol2ekt i vity from

obese nonditﬁf?%ﬁl%einn e&%ﬁgﬁ%ﬁ%@ 45 aggfﬂcgt.?&gqn]{imgfha% (VHhobdA9@at | nsul i n

I ncreases ase activity in rat hepatoma (Hashinoto N. et at
1992) and199®). L6 nuscle cells (Kenner K A et al 1993). In the ob/ob nouse

model |evels %@X‘ifa gﬁ;gflégﬁgp%@%m@%g% 'lt‘éér?sbﬁ’égwg opPhakase FidmbB decrease

such that in o rnsulin receptors increases six
fol d conppheshaikd dutioly-(Tonkd etall 1988)e Copwaschoidhibiior of pelyanme gpBHEsisPr ot ei n

Tyrosi ne Pho ase Catal ysis Perox | enigignt
I nhi bi torgyofﬁ&@-"f’é g‘ﬁ'ﬂge affpsfee %ﬁ%{ﬁ&g@%}jﬂ@%ﬂg&&p C) egs%dtyprr%V( pic) wee
sel ect i ve phodphitylagérSandedding potrdseins ar the miediontdiimished tyrosine phosphatase

5 activity and increased tyrosine phophorylation (Qetken C. et al 1992).

Tyrosine phosphatase Inhibitors / PPARo and PPARy Partial Agonists / Partial

Antagonists
PolyMes 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 f2 is an endogenous of PPARy and stimulates adipocyte
differentiation (Wolf G 1996). The thiazolidinedione drugs are PPARY stimulators and
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 PPAR« in Liver and muscle is (Forman
B.M. et al 1996). '
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of epidermal: growth factor receptor (EGFR) dephophoryl ati on (Posner B.I.

et al 1994). The cysteine residue 215 and its surrounding r esilfudieng 2006

hi stidine 214 to arginine 221 reside in a hydrophobic pocket which
recruits the phosphorylated tyrosine. The alanine 217 and gl utam ne 262
resi dues pavenzuiasly contribute to the hydrophobicity. pPOHesieyesei ne

resi due i s phosphoryl ated through a t¥i ophospbate |inkage during catalytic
turnover and the phosphoenzyne internediate is subsequently hydrolyzed by a
water ol ecu'@f M.\%]hﬁ besﬁ%a&&ﬁndio% anuﬁaesv@@aﬁ@dnﬂeaﬁa;mga@dtgucoﬁwe cysteine

resi due (Cys21l or s coval ent cysteinyl phoenz terredi ate. The
Asp 181 cokepnes hwpgémxoa,l dyglipidgmidy %ﬁ@ﬂéef%la’pﬁlﬁg H W‘}?g%f‘}qge"e 3 Gnd

phenol | o/ g RN XOSRIHA AGHR 1 oG GReavly GIUDEHONIS Lo e

phenol i c osphotyrosine and a burie t%é Fﬁgfpl ecul e. The Asp
resi due ithesecfadters ammssmmtedmﬁ!t@dan@ﬁkﬂdéﬂvs%aﬂwe\gg? TOReOf E40TRYy  group
ursng NGty disdsd Xh Ay 2 e?&QPQ@gﬁﬁtd%ﬁ&dhﬁﬁbﬁH%aﬁhgﬁchnﬂ ausitative ol € as a

gener al € a nuc l'ic water nol ecu uring the
dephosphonbssi aﬁmﬂmhsnm inAmectinice]i diatetes piverpetivty rab | pEOtPiR 1%%%9%‘?3‘3)‘ ecogni tion
and transition state .stabi Use of a difluorophosphonat e,

subst i t ut TGRS ‘Fmﬂllﬁfﬁf}ﬁﬁ e%é?‘%slkﬁ%c ¥or a phenyl ring in the phosphotyrosyl
and addition of a hydroxyl i n the naphthyl 4-position enhanced inhibitory
pot ency o PTP E‘ rs (Burke T.R et at 1996). The fluorines
|ntroduc l&i’(l)t‘% uJ]r11teract|ons with the Asp 181 - Phe 182 am de

ni trogen, di s%ﬁ&&thaldmmc sondupptibe  medisposidgde TDRMLs dissd cheBdsPhonat e

i onjjgat i on . cons h r t ter

mol ecul esd9efiLigyey %WPSS"%‘P@?% “glftg)ég{%%ﬂeﬁgﬁg%??e%ﬁlgéogﬁ%de%ﬂgdgﬁt ai ning the
di fl uoro guhiehideUt Cleomiin téneemmtity fire hemdiGtishuesede2 GBS wemocogsdﬁzrdolm 30 WO

03/ 051348 19 PCT]) US02/ 407 ri.dg I bitors
(Bur ke T. terghe FStf@@GWJEEé’E}Wl ?“gtﬁ%f 8#@%@? c?{/ﬁoghgag%(}é% gitgl t uent s
para to therdaydr pliywabl @alpflocish dbetigy &hﬂoydarrﬁﬂeﬁéﬂ af MQdﬁl’@lydlﬁfér PTPase

(Mont serat J.. 996, hqQs PTP,
(oxal yl - aﬁﬁ’%ﬁ’mﬁé’ﬁé{‘ﬁ %ql’ﬁé{",‘%ﬁg’ég t gﬂ %e@ %Cll co-Enﬁh%l?r(yggHr?h%bst IPhted in the
t et r ahydr egygntiGh "@nédn@Btidno rifsthe haﬁldf insiliigdepandent Aisheti¢SchidreRTRerEB.  Mbst

othgg PTPasgs contain, an as ar.a | Thi s

creat es apigaifiFailydpwerchansias ‘?l%a&%@&\?gaﬁ%%}) Fio aﬁ@% BI@S@B (1versen

L.G et aly,g00@kiond\weRs Sidhifidgdily decreased in diabetics and non sxgmﬁcanﬂy in
atherosclerotic patients (Morgan JM. 1972). Patients who died of cardiovascular

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

1970). Human subjects with impaired glucose tolerance had significant improvement
20 in jmpaired glucose tolerance, reduction of the exaggerated insulin response to a
glucose load and reduction of serum cholesterol in response o chromium (Freiberg
JM. et al (1975). In spontancously 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
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

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

25

30



phosphate binding. site close to the catalytic site has been identified and
bi nds substrates such as phosphotyrosi ne and 16 June 2006

bi s- (par a- phosphophenyl ) mret hane (BPPM) Puius Y. et al 1997).

| 1- aryl benzo[ b] napht ho[ 2, 3-d] furans and 11-aryl benzo[ b] napht ho[ 2, 3-

d] t hi ophene¥o v&Ise34®bser ved to act as efficaci ous inhibi t 2 BUSR/4HFTPase
(Wobel J. et al 1999). Polycations,2!i ncl udi ng pol yam nes were observed to
i ncrease tyrosine phophat ase activity (Tonks et al 1988). Conversely

i nhibitio Q\m@mm% Sofise th YnsEiMesiv@sce! CHRMiLA ckBGicRame tyr osi ne
phosphat agep%an% %“é‘@%g r osl r?e :%hos phoryl ati on_and adding pytrescine to

t he medi umgniﬁnanﬂysh@'daswméttanemwﬁb pendaiediabegies (I0R) Gade Kiér¥a®ed tyrosine
phophoryl n (Cetken C. et al 1992). Tyrosine phosphatase Inhibitors /
PPARa and \Ry Partial Agonists / Partial Antagonists Polyam nes
covalently bind to glutathione, however they also covalently bind wth

stefol s and a erm ne cou d ¢ch [y eSS | fied in
shark It had ?@Feme EE’Wrglloe%%ceaf ‘?"zﬁ@u%’%sr er%ianat%ue%f ect Eusl ﬂl%glg%et ically
obese m CM{OZE(iidﬁfﬂf Didfinrtion ahd 2@geyics &ysﬁmt:mgi :im;ia;lmlem of £xeaytc§xsdzfgenous of

Fﬁﬁgoﬁng hElgag‘iséﬂggi ‘&P@%@Eﬁ?&l %I i oﬁéélg‘gn%\!‘\ﬁ Sg%%t%’g | n the

treat ment cedsed; Jéﬁt Al’téfddl iCarboRgdrste and Fatsyoebaliven, dchrmal, %cﬂomvuiara@d

cardi ovascul ar d glllll ¢ syndrome or syndronme x (Fujiwara T. et al 2000).
PPARy i s Mgt GHMSat ed by fatty acids whereas PPARa in Liver and
nmuscle is (Forrran B. et al 1996). Insulin Resistance Syndrone 16 June

200605 10 15 20 25 30 V\D 03/ 051348 20 PCT/ 0s02/ 40732 The insulin resistance
syndrome iA#edresslesosfyper i nsul i neni a, inpaired glucose tolerance,
hypertension, dyslipidema, hyperuricema, high fibrinogen Ievels and

el evated pl asm nogen activator inhibitor-i concen%{Pﬂ

1993). All thbsdhy dewdy of apaienis SBving: BUOHKY 5B a‘*%ﬁé%ﬁm‘%%&? and are
M £ ochond BB D et b7 ot LA Giptast fpifeint) act5).
especially in left venmcle muscle, this area accumulating twenty seven times as many
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
2 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, III, IV 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
(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
B, 1998 and 2000). Coenzyme Qo has been found to be an effective therapy in
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| oss of mtochondria in preclinical diabetes overactivity of protein kinase
C are key events, which precipitate insulin resistance. Mt abdbidires 2006 s
of Chromium As with | ow zinc consunption predisposing to |DDM dietary
chrom um deficiency has been associated wi th devel opnent of

at her oscl evo@ngosaiag gl ucose intol erance. Chrom um concert¥Bi0@¥3i N human
ti ssues decreases very considerably Zfter the first two decades of |ife.
Further chrom um excretion by the kidney is increased follow ng oral

gl ucose | O@Gcii&aydpﬁﬁg A® dethe HelmeAO& dongdinitaticart iRk (LaB&deRI FHING al ef | ned
car bohydr at es have been depleted of their chrom umcontent. Chrom um
concentrati®fs in the hair of insulin dependent diabetic children were
significantly |lower than in controls (Hanbidge KM et al 1968). Hepatic

chromi um concentrations were significantly decreased in diabetics and non
si gni ficantly ilmvagulespeeth erwelp FPHRyiachiation byl mariymetadipmfeasefit i ent s who

i odS of . _ . . . (rati
than cont rardPERRsBion, S RAE RY YioUTh ABSL rRARY AU SRARRS L5 O0°

gl ucose t oipgaiant exitiael Isivgiendiiydipoproteinbyanarophiges by inicrepsing sdiviy ofitbs e

t ol : duct.i t [ | i ] t I | oad
and r oduct OB HaParFRAG (REIRPOr A PIbh e PeamE AR e B dbber g o M
et al (1978ebxy-PCI-2pdhibiced adgativn dfrpailae ot eusdé sndohipention of hemtyte a

significan reduct j in plasnma.glucose._w t hout significant effect on
ol asn | neiseh Woki 200hn PP AT RERTIST T6h &%, ToTie s dOwHS e REesioB.ohi ot o S,

et al 1992erdhERAE WiioRURRI PPERY abbiifls sindhaR6ilitsdné WRERKES iflindat 0Se

t ol ettance, decreases bl ood cholesterol and triglycerides, and increases

hi gh densithiekh¢spindmaen carotidipierics AamwdhghalA9%). et al  1992). Plasma chronium
|l evel s and insulin levels after oral glucose |oading were higher in obese
controls than in lean controls, plasma chromumlevels were simlar in
obese and $fedhe i nsul i n dependent diabetics (I1DD), plasma chrom umlevels
were higher in lean non insulin dependent diabetics (NIDD) than in
controls. Chromumlevels correlate with body mass index (BM) and rise in
the obese and iDecreesedileresld ¥HATB, PwnpH2B06G2E lewls 8f itragdinko giwBuBey, 051348 21

PCT/ IUSSOZ/ 4Qf&é"z;o?ellulwz calcium ions and free radicals and protein kinase C activity occur during
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 caunse release of large

guantities 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 CAl layer of hippocampus and in the mediolateral body of striatum from
degeneration after global ischemia in a gerbil strokemodel (Gilad G. etal 1991) and 2
syntetic polyamine N,N-di(4-aminobutyl)-1-aminoindian being more protective against
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

25

ornithine decarboxylase and resultain induction of transcription factors c-Fos and zif-

268 in the hippocampus were not damaging (Lukkarainen J et al 1995).
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dependent diabetics (NIDD) in response to insulin resistance. Chrom um
excretion was significantly increased in |ean insulin depended HingHdee&s
(IDD) (Earle K.E. et al 1989). Thus the major biochem cal Conponents of

D abetes Mellitus include, Mtochondrial Dysfunction and energetics
dysfuncti orwwopsgrasBnent of Exocytosis of Insulin, |npaiP€UUSZUEOSE

Tol erance and Dimnished Insulin Sens#tivity with consequent Altered

Car bohydrate and Fat Metabolism Neuronal, M crovascular and Macrovascul ar
Conpl i cati ons.p Hg@lfsg§crles%!t9%'oﬁl IftoddRdiR aNTA BitatRAL seiht £ e WI3Pg3cor onary
artery di sease t evels of mtochondrial DNA deletions M977, M436,
MLO, 422 i paintmsistien (Fenfi GAnttia) 19870 Aseipidcteatiting and o-lipqic gadiprofested nuscl e,

this area_acgunul atin ) -t ' At he |eft
i um ( GBS EPcishyPPgk AR fosS N Bihitien A7 BRI of auEherRAG OA 12 1
reduced gheiktdri whieh axechrsulged ceiioge agingnifeidomnaiD.v et 9l 20BeardbestFerrari R

et sal 1985). arts that. have | engRd b En dhal infarction have
el evat ed FEURTE! ‘@P%EFB%%'P{S%&P{%SB%@%VH ]@%énétrg% t hough | esser el evation
than occurs in coronary artery disease.hearts (Ferrari R et at 1996).
Reduced pH and increase Pi result from accunulation of |actate and

hydr ol ysi £%BfATP. Reduced pH and increased Pi downregul ate contractility
and cause akinesia of the ischem c zone. G- 109293X protects agai nst

hypoxi a i ndyced, apoptosj s in cardiac nyocytes (Chen S.J. et al 1998). The
severity (geﬂa"f"ﬁf’gg&“g’?@?%% and survival time correlated with
m tochondri al  BWinglaik epitisesis phaza od elhngiopiah metipatisesn irsreasiogty converadls  of
di fferent DNA mnicircles were observed a . et_al .Decr eased
activity [Rpemecysienechinly °=1{h‘qr?tfn,a°‘f Vv 3?%%%@%%?%%@5%?%%5% hy
patients inhefeitioRObiflihetd @AGchOidriall @hdeéridoplasnit retictlomhnermbraxes. N
(Marin-Garcia J, et _al 999% and degl.eti on (Pf q 'tooch Qggiid?lfogﬁ@d
( Mar i n- Gargrepsedl quaptitigs of) gygyn ragicglspecies aferodugs ;r%fnl" St e M th o hypertrophic
?;r di OWOWt &Xda\ﬁlﬁﬁ ‘]%_»5 glgﬁﬁéyil&ﬂlethtﬁ%oth%me L(Eﬁﬂunﬁl{{gg M9ThHai Homhnyst:em‘ wdoid | es

evi ani et a : cohol , ischenj.a.and adr n 0, cause
car di onyopstmsiptes frlease af FoWhdRCIPT Spchyan é‘g? 5’?‘??& %fatf)n%@lﬂ%?%fzﬁt def ect s
occur | essigf;g)_equent ly in dilated cardi onyopathy as conpared with

hypeyst rophi ¢ ‘cardi omyopat hy (Arbustini E 1998 and 2000). Coenzynme Qo has
been found to be an effective therapy in 16 June 2006 5 10 15 20 25 WO

03/ 051348 iRttt Zco 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
2 mitochondsial 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 ﬁboﬂavin are reéuired 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.
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22 cardionyopathy and in the treatnent of congestive heart failure
(Langsjoen P.11. et al 1988). In vascul ar smooth nuscle PPARy 18clune2006
inhibits matrix netall protease-9 (MW-9) expression and acivity (Marx N
et al 1998). PPARy agonists stinmulate uptake of oxidized | ow density

| i popr ot ei WOY3REBophages by increasing activity of thePCEBINEHGEr
receptor CD36 (Tontonoz P. et al 1998%. Troglizatone, rosiglitazone and 15-
deoxy-PGJ-2 inhibited mgration of vascular snoth nmuscle and m gration of

nonocyt esy Hﬁ,g &{gﬁdaaggg,)mgm ga@ksts such as fibrate drugs |owers
t he progressmn ¥ aheroscl erotic Iesnons .and PP % Blgfm sts .such as

troglitazone dBderetinaee andt thissgtinamide 3R cytostatic HuneH af £ es (Law R
et al 199@%1 lﬁ% q!;g Db as eorh& é?télﬁe Ofhidddtone! Quuded, fibrdgis,cagerotigvel s of
intracel |l ul'ar gl utamat'e,” intracéellular calci umlons %free radi cal s and
protein kinlameatbmctsquamaps oceieplesize | Wisplagiae eeplasi r Spigtc gnent at i on
and soxi datl ve ( %’9@4 19&hoc ﬁecﬂdﬁucés afdptadls 2000) .

M tochondfm%(fge'ge e an@u%esl gqglegfsﬁ cause rel easygteo | ar ge 1551iéantl ties of
redox net mmandakt yl 2800).hSeapmslaryoincrense melmmn«wstméﬁ%@?ﬁﬁcleﬁ t¥cul um

rel eases qal cj and.t hi N8 RobRiciREd ismbdiRtd By foke by

dantr ol eng i&‘ggg? (P t%oélt %%@8@@&?@ g.C&I@e, a scsgengerﬁ%f
peroxynitbkmm(mnﬁhh;adaymmbﬂndmm (Yu F. et al 1998), vitami n E (Tagam
M et al 1999) and estrogen (Goodnman Y. et al 1996) can prevent apoptosis
in stroke nodels. Putrescine, spermne and sperm dine protected neurons in
the CAl | ayawaseiilatitzagpacanpus and in the medi oI ateral body of striatumfrom
degeager ation after gl %BJ(? i sC kebRd&llafifdtoad G etal
1991) and a sYRYESHT 86 a ar]i'géanﬁé%l ﬂgﬁr%g .3%0)- 1-am noi ndi an bei ng
nore prot @ﬁtehummw f3Sbbsemved! i iz nebamag:ulaumss agmbarowa)m@bma@ﬁ schem a in

the gerbil (Glad, I
over expr e<¥RgEeBeYH ?ﬁ?ﬁ@qﬁ‘igﬁ%g‘%‘é fogt eB% 9%1% ]f@%rg?cggtglgg %e%%a?ﬁ:{ﬁgl
decar boxy li@siecholRetefot sad Io&teﬂbnm@dhpdpmn GEDLY -amhrdepwydupommﬁ@%l Fos and

Pr e by cus hdesigol BERGE oiosHE) TR fiesSF PG ISHERTAGHHE Bicolbadt 1555)-

enhances atherogenesis because of thiolation of amino acids of apoB of low density

15 lipoprotein producing aggregaﬁon 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 1994a,b).
Binding of the oxygen anions of the proximal and terminal phosphaies of ATP fo the
disulfonium complex releases ATP from the F1 binding site McCully K., 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 sirand 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



PCT/ US02/ 40732 Presbycussis results fromm tochondrial DNA nutations such
as the M3243 point nutation (Bonte C.A et al 1997). Acetyl -| -16adune 20@6
and a-lipoic acid protected rats from devel opi ng hearing | oss and

di m ni shed the quantity of mtochondrial DNA deletions which accunul ated
during agi O &SI H#fan M D. et al 2002%. These conpoundsPEEHSWBEIRE fective
in upregul ati ng cochl ear mitochondriat® function. Cancer Cell Division /
Gowth Factors During the synthesis phase of cell division nethionine is

| nor easi ngl Y GamEAd M culdssh EPR¥ABL PP inehag uniege ih L sl e | o
converted to t

I'oco _and cobalamn is renov%gl&fé&?é%i _ndgng?t 0 m tochondri al
and endopWastriet).r MELRL hmmaepnis oxidasmyetabalifep 13 AEAIRELCf  oxygen
radi cal s ' e BT hBlyebd (P ARFOL0HRRy idihceadedat | on of
homcyste@g@% %Fégtyg@éjqﬁl\/b&??y K. gpl _7_%). I(—Il’orrogxﬁste_i ¢ acid stinmulates
rel ease otaugmgdepieticnof S’ snd WTRs BARF inhibiters provept M1 waeed fapaopath P. et
al 51976) LQn:.Qf: 1 hi [ ys§ agi ng and cancer Depl etion of
thioreti nie{‘cljté)))8 rg&%%%ﬁﬁa?éﬁgﬁ%ﬁgggﬁ 9?%!?'cr_osonal menbranes causes increased
formation of oRgtgueme rindiices Parkinosnish dhraningle 288 iR anh iphitiieb 9 HAPH and

senescent jgebl 5.l S0UaK & de Shudl HAI oniRPIIRhLPEIOf itdl D7t naco from

m'tochondfl? crosona anes causes; excessive honpcysteine

t hi ol act oBeiksomySH. 11682, Phillipsavidastal 198Bv distoside gidupdsidinbetes Ruibibist hi oco;
adi ol sperel WGt piBaRLy Rhkdlhdl (RBLAAS Y, TR, b e pe
t hi ol act onthibifef inilie rdleasei(Stainke leanbla®68)et hi oni ne and adenosyl net hi onine in
nommeyet i ne | SEPBFELERL (5 RYRBERaEy SRMEERY idl s 1e to
ri bof | avi Qiabsies mesiinals cedioss XLk spaisisrBbsnkiofiz Hénetalsto@p)radtigducefet hi oni ne.
i seage aliiA FrBRRaRee RARR GaniDe Srbik L aRRRIns PRASAREbRITET |
defi ci enc¥ncrébesa@dBn@OP-rivoet)icbmeaase FRRP) adivity r@0bdgin NADI 3md A T¥5 WO
037051348 depletion (Pieper AA. etal 1999, Cardinal J.W. etal 1999).
Oxidative metabolism of glucose is impaired after alloxan exposure (Borg L.A.
15 et al 1979). Alloxan induces DNA sirand breaks and poly (ADP-tibose) 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.
et al 1985) with efflux of mitochondrial calcium. Alloxan lowers mitchondrial
glutathione content of mitochondria (Boquist L. et al 1983). Alloxan inhibits glucose
20 induced insulin release and activates the ATP sensifive K" channel (Carroll P.B. et al

1994),

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, techuetium. Basic
requirements for human use are that compound(s) are non ionic (Parvez Z et al 1991,
Lioyd X. 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, frimers or tetramers (Morris T.

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




24 PCT/ US02/ 40732 Pro carci nogenic and anti carci nogeni c conpounds
Thioretinaco and thioretinanmide are cytostatic in cul tured mal il§nkine 2806 s
(McCully K S. 1992). Honocysteine thiolactone causes fibrosis, necrosis,

i nfl ammati on, squanous netapl asi a, dysplasia, neoplasia, calcification and
angi ogenesiWONBCGHBly K. S et al 1989, 1994a). Honocyst ei HE/VHWEHEe:
apoptosis (Korman |I. et al 2000). Se¥ondary increase in honocysteine

t hi ol actone | eads to disul phide bond formation with am no aci ds.

Hormoey St &)ofi oAby Mth i W A G 95 Dird b8 pdtié16lsike Beitwedn (NO#RICY @icedns 6o _
t hi ol act one. ovascul ari zation Oxygen radicals cause tissue damage during
neovascul awidxapitlery embelis.i oscl erosis is observed in the new vascul ature as

cancer grows aRd (|, AVadescontrdd RRURAGERAEES bl the RllloRind! deragteiistics ahd!
honocyst ei ne. nocysteine Is correlated with total chalesterql and | ow

density |dctioms dtimding (4 [igteins, hgnghmel cinkipitipn) hisepren &1§9s¢: HEISTRUORY A est er ol
MGl 'y KiS, 90) . a Sj inB QAMREY BloSd BRtnR I tRha it HNE
enhances %?Wgﬁ'gegg%vgjgﬁlglé e@g’g?gﬁgl%h?h*%f%%ngn of am no aé]?ds of .apoB of | ow
density ddspcippatieitmpmner inibiingaggresation of plateiets ppenteg of blopd bsn

nacr ophages.. ATE far mat | d VS Ci i UndiR4tidao ol

ci rcunst g‘??f@%r’ PRES; gﬁl‘fa%’%% form g‘% ?ﬁ?‘oregﬁtﬁg%g,c@iﬂsﬁ the prgsence of
ascor bat econyerhdng abibratitrr affibbsdDaninan equlitatugy exstuetion of plaghe eflcivaandal oxygen

species to water,.concom.t ' Rindi f iRMRLRE Fmse P! ex
1994a, b) .ma%}eﬁ‘BF’nB]&g’f %°§°§%18§%‘5%n| ons ﬁ&’%ﬁﬁé&%@g&?% “and term nal
phosphat egysgfn A%Porse, Wimovagdl sespbron) phiadangstizstione [alieteléon ATPeGoORdFY t he FI

bi ndpong site MCully K S . 19943) € | Ligniiae L@ and
further f’i’j‘F??ﬁ‘Egef)r‘fy%%/m’h%%lpé:‘tof’n%c%b?@gu@?tﬁ%’rgﬁﬁ g‘%lgtgi\l/tgggé; the adenosyl

t ri phosphgticgations dThe Foxitiey dtistinesconfrasDinediadas Rasedduiatestdmdeselopeentiof deat h™ i n
E.coli, which action .is pronoted by. co g) and iron
( Kor bashi ©Ber E’F‘a([;\f’or’i@lg’%s.as PAFIRTEE 1R %§c5#§%§ﬂ§{ r&aerslﬁ'ﬁlﬁl},&a&%rﬁeaks in
nmouse | ynpheblaashédiéillass WE. et al 1979). Zinc displaced a redox netal and

was effective in preventing paraquat toxicity in E. coli (Korbashi P. et.
al.). 30 16 June 2006 5 10 15 20 25

Chain polyamine (Kim EE. 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 8.J. et al 1999, Wang C. et al
1998). A liposome preparation of the complex can be used.
A gadolinium polyamine complex may be used for amgiography, intraarticular

20

examinations and hepatobiliary MRY. It has no renal toxicity as compared with iodine
media and can be used in patients who have had provious 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 jschemia patients. The chain polyamine triethylene tetramine_ hasg been
used as a fechnetium gastric contrast media (Kim E.E. et al 1981).

SUMMARY OF THE INVENTION
30




30 WO 03/051348 25 PCT/ USQ2/ 40732 Hi stidine was successful in preventin
MPP+ i nduced danmage in E. coli ( Haskel Y. et. al ). MPDP+, tH@Jmaﬁgﬁne
oxi dase netabolite of MPTP is also nmutagenic (Cashnman J. R (1986). Poly
(ADP-ri bose) polynerase (PARP) activity is increased causing depletion of
NAD+ and A™PO OFRRES| nhi bitors prevent MPTP i nduced danagBCT/E$RKedEnt
substantia nigra (zZhang J et al 1995)%7 Rot enone induces Parki nosnismin
animals and is an inhibitor of NADH dehydrogenase conmponent of the

el ectron 6 hai, Beesh T6C Bynfhekizin® poBlami® 7 €mpobidsksiars Sils 01982,
Phi | I i ps Mﬁ%ﬁ@%ﬁ%@%ﬂﬁ G yihelizing ipolte i -

; .. Di,azoxi de 1 nduces di abetes by .i.nhibiting

pancr eat i wbgimr@acqgn%wﬁm@n&j%}a%@éﬂﬁ% a{‘%&&ﬁ’ﬁ'fﬁ&“%[l@s be 9 and thus
i nhi biting | | Dhd'edi Ltk BoehtsSfor Mk trbRERNt ofParkepbig diteagd, n
(N-( net,hy‘%r?%ﬂtar os’o%lgr épnlgsalgﬁgh%lﬁuﬁlosgm ner_w_hi_ch,i nO uces gi abetes in
ani mal s, Abtitipess Dlistassy fudve SFobirig Ro di65RS: A RESTANGET b dsgpses gPWPPAREC i nduces

DNASst ran S BOF L Jdiseazt | ERARES! BEoke, DA tHeRUGdrogs, DNA strand
br eaks iﬁ%ﬁegﬁyggegﬁﬁﬁ%ﬁbosiy)lwﬁgl yner sase (PARP) acti vi t%r esul ting
0

in NAD+ ahfyooidial Iatherhias Gaodiomyipetbs Nophropathy. dschanyigolavsepa; Frebyopst ot al
1999). Oxj.dati | dism of. ggﬂ&ﬁ%@e Ih'ﬁalﬂn'jﬁﬁ*f' L BelvafhigsasaINiaiae exposure
(Borg L. A ancg;i\fgﬁtegﬁéﬁg?ﬁ% %ilgn in y(’:es DNA strand bregﬁs and poly

( ADP-r i boSerogio bydralosiacExposuiP) Teigamipgs pnd palygapies tredycet be@P ¥Yanamt o H.
et al 198la, 19 an ' : SofRVERTeXI dati on of
i tochondF?’g‘fouB%:tgﬁiaﬁgasnuc Sgg{li@vglecgcﬁlﬁkmgggﬁé}{ ﬂé:.rééleg%? wyktgﬁ ef f1 ux of

mi t ochondeyolib amitles brutkyl Ablides sith laowiets obdubsitates diat aill adg tortha aMBHET cont ent  of

n t qghondrj quis b 96 | P iRt Bs¥450FRescl Nduced
i nsulin rgﬂsglﬁéegg%ﬁﬁldts%h}%?g% et egs%"lkms%e%g@%\fe e channel (Carroll P.B. et
at  1994) claSentreasl) WedbmimGeht linstr weadivanassad pelyamaigesoliskadcb®seni nat i ons
i ncl ude conplexes of the, follow lﬁia{'jﬁ [ o tSadRldeidm iron,
trival ent P{%gﬁlﬁlf‘aﬁfl & (e YIEC SORR art?) ?g%% |)fiﬁ-fiédr?ger A, et al 1988 and
‘Desreux Jphiyahines 1ARASYy, 1 fanepiens andive chyiens groupBAd) eycliceppliapd#nt s f or
human use are that conpound(s) .are L.QWN : Aifhr Bland2dl, Ll oyd
K. 1994), hﬁ%edr}atﬁ%‘B{P@M‘ngyﬁmﬁ%gogp%iﬂjggog&ﬂ;@l}éﬁg?/ar| dus posItions
around  t e spRliepslyanicd linked By oikaf @ore BBgrapyneandir-eulabgwnpstdondar y
conpa@sition _possibilities are.that they r e ohitsiRES, triners
or tetr anﬁ?@“ﬁ‘ﬁ‘?ﬂr pplyamgnes, @83‘30,13'%?5 b@e%ﬁ%r&%}ripg’r gé egi ?%{1% 1)Ih?blﬁosom&*s, will
have | oW VisR$ idoYeculdé hdd /eof FPBIRE paralvaddiisisyrn parBAICHitaGonists, with lnear 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 cycloalky! or heterocyelic moieties attached o the nitrogens.

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

ot

formula;

! !
S B

or
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10 15 20 25 WO 03/051348 26 PCT/USC2/ 40732 osmolality (Matthai WH. 1994),
and have a particle size between 0.6 and 3 microns to avoid cdfiJung 00
enbolism The toxicity of contrast nmedia is caused by the follow ng
characteristics and actions; binding to proteins, enzyne inhibition,

hi st am ne r¥P83Ed348al terations in el ectrol yte envi r onneR€T/US62/40732
hyperosnol ality, prolonging whole blo#d clotting time in a dose dependent
manner, inhibiting aggregation of platelets, opening of blood brain
barrier, rel ease of vasoactive substances_from endothelial cells,
activation of conplenment, alteration of bbs Donnan equilibrium
reduction of plasma cal ci um and ot nesi u i nhibi tion of cholinesterase,
stinmulation of prostaglandin rel easeN i ygten1response, vasovaga
response, platelet activation, alteratyon inYsecondary nessenger systens,
inhibition .of clotting factorg,, |i5Pq\ ol ubi Ii ;y% angRgmenbrane al terations.
The Stoxicity of iodine contrast i ‘Nt erest i n devel opnent of
ot her nmetal conplexes as alternatiyes for specifiijc and broader uses in
human and veterinary nedicine. Chain polyam KimE. E. et al 1981) and
pol yazomacr ocycl i c pol yam nes ertgl A.D. di\at,™,efer GE. et al) have
been used successfully as confi#¥ast dla. THe Bephenyl family of

pol yam nes synt hesi zed herein may hay, inical applications as
contrast nedia. An iron polyam ne gghpl ex |may be,psed in hepatic MR

i magi ng Zhang. X. L. et al 2002, Chang D. jet al 2002). A manganese

pol yam ne conpl ex may be used as |iver anéspancreas contrast MR agent
anongst other uses (Gong 3. et a] 2002, Diehl 5.3. et al 1999, Wang C. et
al - 1998). A liposone preparation of the conplex can be used. A gadolinium
pol yam ne conpl ex may be used for angi ography, intraarticular exam nations
and hepat sfgietdi@ry MRI. It has no renal toxicity as conpared wth iodine

eacti onsRe gha Reuprie bt o (&firss $UP s Pogeh %\éi}z‘?ﬁ‘ﬁ‘*@f% R um
pol yam ne agiagh@hidheyurittadid egcarivic deitiettiinn estrogere \dgh @ﬁpm#raﬁterowoc ardi al
2o & T eohREVREAR o ERiG o dHtroRgplonE i Boroed | PEREpt B Ay o o
THE 9\ El\lmv@tnone, phylloquinone, B-carotene, meanadione, glutamate, succinate, acetyl-L-
' carnitine, co-enzyme Q, lazeroids, polyphenolic flavonoids, homocysteine,
menaquinone, idebenone, danirolene, —(CHy)oXCH;)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 R4 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, a-tocopherol,
ubiquinone, phylloquinone, P-carotene, meanadione, glutamate, succinate, acetyl-L-
carnitine, co-enzyme Q, lazeroids, polyphenolic flavonoids, homocysteine .
menaguinone, idebenone, dantrolenc or heterocycle wherein Rs and R, taken together
25 are —(CH,;XCH,),- 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, o-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 —(CHy)[XCHz),[NHa - wherein n.= 3-6 and X =




30 16 June 2006 5 10 15 20 WD 03/051348 27 PCT/ US02/ 40732 The invention is
a process for synthesizing pol yanmi ne conpounds via a series of 16 June 2006
substitution reactions, optimzing the bioavailability and bi ol ogi cal
activities of the conpounds, and their use as therapeutic agents for the
treat ment OVOP#UIMAsoON' s di sease, Al zheiner's di sease, RCUUBAITY' S

di sease, Binswanger's disease, Oivop¥ntine Cerebellar Degeneration, Lewy
Body di sease, Di abetes, Stroke, Atherosclerosis, Mocardial |schem a,

Car di onmyo ] in FERes RY esStheather Cancer ,
Hfﬁro, %ﬁ%ﬁ%&{hﬁ%ﬁoﬂym daRfoll P Rserdel A4 GREBIn FERAS RY Sother

Ost eopor osi' s | Arthrirtis, |nf arrmatorg Bowel D sease, Miltiple
Scl er osi samn{CHISGH)ExhersinnT 3-Fand Xanmifiagenanfug STYSRMOREY SHPBYuced herein

are compgundspl hat rack ag Dases 6 Bk dk BffoanaRthyBioghle T eact i on
of acycli c”gﬁng’E?}‘%ﬁ%Bkézmkﬁsés or_m’gP%yWaFi des wi th a var | gtyg_of substr at es
that wil | algld and, chedoadinilnewingracidi| glphtionet wéc [eid] gecorbicTaeide VBN aani nes

fall5into nu of st al . The : )
predom naf’sgfoﬁe n%%%g];oep Bt éfﬁ%%#%eég ro%h%ﬁ%g gé%ﬂh@?r?ﬁoﬁl% &E‘"‘?ﬁ’g@é’%’%r opyl ene
and/ or et fybiengidlr OuRBeophPl, Piltegituona thyljoghinams hpdarbtete, ameanadiongnd

pol yam nes_ | inked by, 1, 3- propyl eneg, and/ or et hyl ene groups; (3).cyclic
pol yani ne£lutanaige o gucgipais, SQCWQ%VPEWQQ&?GTBB?Y% hyA g?@%ﬁoﬁwilf%ﬂhc

conbi nat i gRvonefds! HoARRYsteild, dtaRpshona NdcheNdie] Ganpoleya (K. [KCHREMEY one or
nore 1, 3-propyl ene and/ or _et hyl ene grou | yam nes, (6)

ps, (5 substi tuted . po
pol yani nes verain &t T Zefti 2h X ﬁr%%@%sﬁ“ﬁ@“ﬁ%ﬁ%?é?ﬁéﬁ L8 LAPHHPHIFDBIYRB| ecul es and

I or PPARpafetd 18] and R0 lieh fogeth@ialkd L(@H,ROHRPOMesdiS n =86 ihd X Re@foged, br anched
chai s attacﬁed@aar?d (7) gl yam ne déri vatives of 2,2'-di am nobi phenyl wth

| i near or SWFRGERPTKE ST $A3PM t ached. Further, the linked tet raani nes nay
have one @f , Rj sBth& Yt difidfedl ardVeé BAGING grofipsheEtvarishly tnpth noi et i es

attached to the g’itrogens. Accordingly, in one aspect the invention is
di rected tiomchipeb@s of the formula: p2 1 25 R/ ml1l/// niz PRs R3 R4

Por 301 @(; %H&'ﬁ; 3199 fic the same or different and are nitrogen, sulfur, phosporous or carbon.

As used herein, “alkyl” has iis conventional meaning as a straight chain or
branched chain saturated hydrocarbyl residue such as methyl, ethyl, propyl, isopropyl,
isobutyl, t-butyl, octyl, decy! and the like. The alkyl substituents of the invention are of
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 atkyl substituents at any position. Representative groups
include cyclopropyl, cyclopentyl, cyclohexyl, 4-methyleyclohexyl, cyclooctyl and the
like.

i5

20

“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
confain nitrogen, sulfur, phosphorus or oxygen.

As showﬁ from the above structures, examples include derivatives of 1,3-bis-
[(2’-aminoethyl)-amino}propane (referred fo hereafter as 2,3,2-tetramine); 1,4-bis-[(3’-
aminopropyl)-aminolbutane (referred to as 3,3,3-tetramine); and 1,4,8,11-

25

Tetraazacyclotetradecane (cyclam).  Specific examples include N,NN.N°”-
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
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30 Wherein Rl and R2 may be the sane or different and are hydriSgéune 200§ |
aryl, cycloal kyl, amno acid, glutathione, uric acid, ascorbic acid,
taurine, estrogen, dehydroepi androsterone, probucol, vitamn E,

hydr oxyt ol Je@83/05¢4Bvi di |l ol , a-1ipoic acid, a-tocopherol, PCHBWGMWADNe,

phyl | oqui none, O0-carotene, meanadi one®® gl utamate, succinate, acetyl -
carnitine, co-enzynme Q |azeroids, polyphenolic flavonoids, hom)cyst ei ne,
menaqui none, idﬁh&aﬁﬂgprdafﬁrmmMents(m)aﬂ{lkﬂd&)ﬂib&ﬂﬁine plpetigienon = 3-6 and

X = nitro sulf r.. phospor ous. or rbo het er.ocycl e. wherein R and
R2 taken t rthis & ED%P& %% zﬁ“’frtéc@lpéﬂg‘ éonpwpr@pg Yen,

sul flﬁr,d phﬁﬁg@@ﬂﬂﬁmméada@fahgﬂeca%mrkaﬂdﬂqmypeh&e&ﬁigngﬁ:jﬁgmhdl fferent and "
are hydrogen, 0 Aaci ut at hi one, uric aci
ascorbi ¢ aci d, ‘Xml? @Pﬁ?ﬁ"ﬁ% a%m&%%fn %P%&%@onm’bﬁbﬁ%%ol
vitamin E aﬂ%‘x&@ rgﬁi&yst%u%ﬁl% wﬁﬁhﬁh—ﬂiﬂ@ﬁmdsaanhlsﬂ&i §al® GkdlincRidéP Gaphatd| |

ubi qui none, phyl | oqui none car ot ene, neanadi one, %(ﬂppanat e, succinate,

(3-
acetyl - L- wapwﬂtblﬁ@m@@neﬂﬁwa@m e the Phapageiisal applcatipnofdhii ds,

hormocyst ei ffnpoundie RRpeiMRMIGe of FIEPRSING AR thligatdcalofns h?&roﬁ%hﬁ‘&eoﬁﬂﬁiee wher ei n
R3 and Rq taken together are -(CH2XCH2)a wherein n = 3-6 and X = nitrogen,

sul f r, phehosehais,acekie, dastatrs ghutanzate, Fuccrg nﬂ?P@Eat?:mt&n@hﬁflat& G ent and
are hydr oggiyni@kdewbe. aryl, cycloal kyl, amno acid, glutathione, uric acid,
ascorbic acid, taurine, estrogen, deh¥dr oepi andr ost erone, probucol,

vitanin E, hydridwpass thesstruetualneifs gt arg bping sxrloifediia thininyeionh &l |
ubi qdpnonebm—?@%&ﬂ@éﬂaﬁ%}ﬁmofp?%ﬁﬁé O £DR iR R Weriviy N AERfming4ICC nat e,

acetyl-L- carnitine, co-enzy azeroi ds, pol yphenolic flavonoids,
honmocyst ei thaf are mweuhhmiargedwbﬁmf@hmam% petinms.- Timppare WRbkpgwIg NH2 -

wherein N g, % of il idhs i d HIRE v&Q0&able complexes with a variety of transition
metals. Secondly, polyazamacrocycles such as 14,8,11-tetramethyl-1,4,8,11-
tetraazacyclotetradecane (cyclam) are of considerable imterest due to their ability fo

form strong complexes with fransition metals such as copper, cobalt, iron, zinc,

15 cadmivm, manganese and chrominm.
Accordingly, in a second aspect the invention is directed to compounds of the
formula:
20 Ry 2
Rs
Xz X4
Ry Ry /N\
25 Ry Rg
Wherein
Ri-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, hydroxyioluene,
carvidilol, o-lipoic acid, o-tocopherol, ubiquinone, phylloquinene, B-cafotene,
30

meanadione, succinate, acetyl-L-camitine, co-enzyme Q, lazeroids, polyphenolic




5 10 15 20 25 30 WD 03/051348 29 PCT/ US02140732 nitrogen, sulfufg June 2006
phosporous or carbon, or heterocycle wherein R 5 and R6 taken together are
-(CH2XCH2), wherein n = 3-6 and X = nitrogen, sulfur, phosporous or carbon.
R7, its, R9, Rio, Ru, R12, R13, and R14, may be the sane or different and
are hydrogew0 03/ggue| | aryl, cycloal kyl, am no acid, gl utB€HUSAE473Uric acid,
ascorbic acid, taurine, estrogen, deHydroepi androsterone, probucol,
vitam n E, hydroxytoluene, carvidilol, a- lipoic acid, a-tocopherol,
ubi qui nondlavpdvidis, qmﬂznpmz)nﬂmgawm BHEaMFQmmgen,g;hlfmarrat e, succinate,
acetyl-L-carnitine, co-en zer olic flavonoids,
homocyst ei SPOFRYA SHEATAENY %eﬂjé’ggﬁg’ﬁ Ig‘aar??pzd?%ﬁ%{) t%—”12")‘%[[XCI—|2)J NH2 -
\r/]\her ein nl(e}lfé’)vi\ﬁﬂgﬁldvﬁénﬂnﬁd 3 1DHAK k&iﬁofgem sulﬁhqs:psphm mrcaﬂmbonmor
eterocycle erein RS an t aken_ toget her n erein n =
3-6 and xRs aﬁﬁ?ﬁ&ﬁ‘ghem‘?ﬂmWﬁﬂ%ﬁ‘&%‘&‘rﬁ‘g&%‘:ﬂcé{qﬁﬁ& i‘(’%_{k’%md p may be the
same>or dlﬁ‘ H@y&ﬁnﬂu@r@mﬁm@@mﬁ% glﬁc@pme pﬁospmntea,mrﬁ abﬂn@t:dmcf rom 3-12
carbons. X, and X2 may a fere t .and are nitro sul fur,
e jgein .

phospor ousacﬁlﬁ‘a@:‘ﬁ?%éﬂmge%éehﬁé@apl EEP'R‘;‘HO JygrgryreinEs onal neani ng
as a stral gREgifNd-Rodi acm*,) " RRESRHErof, hﬁiqamaﬁé %ﬁioﬁﬁinMédB%feﬁé/' reSI due such
as nethyl, et hyl’ ropyl, 1soprop I SO t - but octyl, decyl and
the |ike. ﬂfmﬂ(&M@y$ucw%taPQMénﬁm€,Fh@ﬂMt3%W1®r enqilct o 12 carbons
whi ch may g6, x?df&s&l ﬁe%&chMMR} &d%%mleﬁidé&:ﬂi b SCH Vel 0akIhn refers to

a cyclic a structu cont al ni ng carbon at'ons.” The cyclic
str u;t ure =fr&-)12 rac X =aiteggen, sullfigy phosphereus ar cagdpop. posi ti on. Representative
grou i nel I , rﬁﬂc&r yl cycl ohexyl ,
cycl eocty{}%aﬂg%?ﬁﬁg%?ﬂ{ggwé%&#%k g?%%ﬂsé y&ﬁ%@oﬁgﬁ‘%&lr?% sygtems such as
phenyl , ndpldtoxyl, thigyamiiny4cid, ghytritiiotey phospimtin phdsplosates uris acidkescorhicy | al ky |

refers 0 R lulifs LANGS: hihied, L&.&J@&@Oﬁ%ﬁﬁ&ﬂ vibfifl £3ad ,é,& nguoh an al kyl

resi due erocYc letrres w of 3-12 atoms
and whi ch caoviditodioalipuoid aougmtocq:hlemi,mbxquhnsqa mbyllwgmooneg&ygmmle,éss shown from

(2 “am noBt R HBY bR E TR PE P SIorS PSR EerIBER ™). ot ram ne):
1,4 bl s- [ (fRavonoids, ~{(CH,)a[XCHy)nJNH; - wherin n = 3-12 and X = nitrogen, sulfur,

phosporous or carbon, or heterocycle wherin Rs and Rs taken together are ~

(CHXCH,),- 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,

20 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;),INH; - wherin n = 3-12 and X = nitrogen, sulfur, phosporous or carbon,
or heterocycle wherin Rs and R taken together are {CHyXCHy),- wherin n=3-12 and
X = nitrogen, sulfur, phosphorous or carbon.

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

25
carbon.

or
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am nopropyl )-am no] butane (referred to as 3,3,3-tetram ne); anqsldﬁngzgés
Tetraazacycl ot etradecane (cyclam. Specific exanples include N, N,
tetramethyl 2,3,2-tetramne; NN''-dinmethyl 2,3,2-tetrani ne;
N, N'' -Di pi peridyl-2,3,2- tetramne, N, N, N, N‘-tetrarret hyl cycl am and
N, N , N', N'"'"Wo8¥paddanmant yl cycl am 16 June 2006 5 10 15 2BCEBSRQ0MD
03/ 051348 PCT/ US02/ 40732 30 Particul®Brly preferred enbodi nents of R and
R4 are piperidine, piperizine, or adamantane. In this enbodinent, N and
N4 are part of the piperidine or piperazine rings while in the adamantane
case, Ni and N4 are appended fromthelrings. It will be understood that the
conpounds of 1 and 2, since they contgin a basic amne group, formsalts
Wi th non-toxic acids and suchRs e inglRJded within the scope of this
i nvention. These salts may enhancCe ar maceutical application of the
conpaunds. Representative of such eﬁcp%/) Qchl oride,
hydr 6br om de, sul fate, phosphate ‘ 7 B I ut amat e, succi nate,
propi onate, tartrate, salicylate; ciNg&te amgd bi carbonate. There are three
structural motifs that are beihg expl oited in i G RERgent i on. 1, 3-
bis-[(2'-am noet hyl ) -am no] propane (2, 3,2-tetramne)_and its der| vatives
are tetramnes that are kno ‘ 2 AGHE e Rof physi ol ogi cal
actions. They are wel|l known b| n nmetaN i ons and formvery stabl e
conpl exes with a variety of transiltion {fetals.C8ds6Rdly,

‘ et hyl -1, 4,8, 11-
tetr zacycl ot etradecane (cy®,a QNSi derabl e interest due to their

ab|I| y to formstrong conplexes with tra 'ftion nmetals such as copper,
cobalt, iron, zinc, cadmum nengangge and chrom um Accordingly, in a
second aspect the invention is direct ed to conpounds of the fornmula: RH

"2 Raf--X23- Re | RE R4 R4 RO
wherein

Ry
thiol, amino acid, pyridine, pyrazole, 3,5—d1methy1pyrazole, mndazole, qumolme,

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, a-lipoic acid, a-tocopherol, ubiquinone, phylloquinone, B-carotene,
meanadione, succinate, acetyl-L-carnitine, co-enzyme QQ, lazeroids, polyphenolic

20 flavonoids, ((CH2)[XCH;)JNH; - wherin n = 3-6 and X = nitrogen, suifur,
phosporous or carbon, or heterocycle wherin Ry and R; taken together are —
(CH;XCHy)o- 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, a-lipoic acid, w-tocopherc], ubiquinone, phylloquinone, -
carotene, meanadione, succinate, acetyl-L-carnitine, co-enzyme Q, lazeroids,
polyphenolic flavonoids, or heterocycle wherin Rs and Ry taken together are —
(CH2XCHjz),- wherin n = 3-6 and X = nitrogen, sulfur, phosphorous or carbon,

30




Wierein Ri-R4 may be the same or different and are hydrogen, ajgYhne 2006
cycl oal kyl, hydroxyl, thiol, am no acid, glutathione, phosphate,
phosphonat es, uric acid, ascorbic acid, taurine, estrogen,

dehydr oepi andr ost erone, probucol, vitam n E, hydroxytoluene, carvidilol,
a-lipoic acwaidgiigcopher ol , ubi qui none, phyll oqui none, BETEHSWBHENE,
meanadi one, succinate, acetyl-L-carni¥ine, co-enzyme Q |azeroids,

pol yphenolic 16 June 2006 5 10 15 20 25 WD 03/051348 PCT/ 0S02/ 40732 31

f | avonoi dsRs-R{@4%)bé [iGhiRg diHitferentind mierhydroged alk, antl ofclaalkyli yageyt, sul fur,
phospor ous,or carbon, or. heterocycle wherin R and en together are -
( CH2XCH2) NGk Ao acid, pyridine, ’:mﬁfkfzf"%gwd’élﬁ’l ﬁmgﬁ%‘gﬁﬂ?}raﬂ “or carbon.
R5 and RS Xapjetnt whise Xanshien, Biohiop hitidl n2igl, @651, hiethege amim| kydroxyar y!

cycl oal kyl dr oxgl ., thiol, am no acid,, glutathi qge, phosphat e,
phosphor i t@s‘t?%”f“’cp qsphpte. sphasphguate. MoP acid S35eotRie. agdy faygRs, | ostrogen,

dehydr oepi @hgdostifkifRRond) plBERL,, Wialnd{TEn hﬁdroﬁmﬁ@aeyfcgdvuﬂaﬁ,a-ﬁﬁﬁé vidilol,
a-lipoic acid, a-tocopherol, ubiquinone, phylloquinone, (3-carotene,
neanadi onedcid; y&cipepherol, abkminone, - pyHaquinone, B-cerotsnsymenndlione succisiatds

pol yphenol jj G- 1%&@; I dSu,. et e ocC - wher | d aken together
are -(O%Z)%Ig%gc er?’n %D egéyéklzqéndya%@d\é\f?t PSQB%%O@% f%&?ﬁoﬁ SC)sp_horous or
car bon. RACGhHAFFEH2adHbe wherin 8 Zfe6 ond Hi=f digogen; sulfed phospotops pogebon, al kyl |
aryl, cycl %ﬁpﬁ Lol ] achg, tathi.one,, phosphat e,
phosphonat(S(;%?}Je%t%((%c%cl%t(I{:llM : a{%ﬂgr%ﬁ%@ A2 ,ep?rgﬁﬂjﬁ%}f&g’g'f rwélﬁléuﬁf] 3-band

dehydr oepi 4 rdrisegen sulfie, phosphoomes by carbdnani n E, hydr oxyt ol uene, carvidilol,

a-li dgi c %k&ni%%%eg%ﬁtg?glﬂe%'%%@yilﬁone’ phyl | oqui none, (37car ot ene,

___ neanadione, -L-camtine, co-enzynme Q |azeroids,

pol yphenolic flavonoids, -(CH2)n[XCH2))jNH2 - wherin n = 3-12 and X =
nitrogen, sulfur, phosporous or carbon, or heterocycle wherin R5 and R6
t aken tog - inn.= 3-12 and X = nitrogen, sulfur,
phos phor JBRALr @%gg#i HOFs m%@glmkw_h_ar_yJ_,_cygLQakaJ_,__hymnny o
thiol, am no acid, glutathione, phosphate, phosphonate, uric acid,

ascorbic 1., rine, estropqgen, ehydr oepi andr ost er.one, .probucol,
vitamn E?ﬁﬁsd}'%%%ﬁ? [RRRuen g‘%‘ﬁséﬁ’ﬁ‘g‘f 1,’%?3‘1"88?& varigty %{mfﬁl-“[‘ 789 ol |

ubi ?dlﬁ nEnethe pityse ) _Quemqiaiymmes(d&smwﬁ:eﬂe,imamﬁmaﬁ?cmn}& Sllg(lcu?l@élﬂct the .

ace -L-carnj tine, co-enzyne O J.azer.qi.ds, po nolic avonoi ds, -
(CHZ%/a[X 8&@3@03’&9&%‘?@‘?‘{}(’%‘“9 93142’35‘1‘}‘?88%135{1%?‘?? OWEul fur, phosporous or
car bon,

Figure 1 Route of Synthesis of 1,3-bis-[(2’-aminoethyl)-aminolpropane and
analogous compounds
20 Figure 2 Route of Synthesis of [2-(methylethylamino)ethyl](3-{[2-

(methylamino)ethyi]amino} propyl)amine and analogous compounds

25
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or heterocycle wherin RS and R6 taken together are - (CH2XCH2) arg Jhvsd o0& =
3-12 and X = nitrogen, sulfur, phosphorous or carbon. Xl -X4 nmay be the
sanme or different and are nitrogen, sulfur, phosphorous or carbon. or 30
16 June 2006 5 10 WD 03/051348 PCT/ US02/ 40732 32 R, 15 20 25 wherein
R1-R4 nmay D¥OPHEL®ANe-or different and are hydrogen, al KOEE/USPRA 732

cycl oal kyl , -hydroxyl, thiol, amino a¥id, pyridine, pyrazole,

3, 5-di net hyI pyrazole, im dazol e, quinoline, phenol, 4-X-phenol and

5- X- phenol Fighger3e X Rocwloﬁﬁmthdsisw&-pipbtﬁdy@thﬂje{%m- ‘ethyl, methoxy, anino,

hydr oxy; gl ut at hi one, ur.i c aC|d ascorbic acid,
tauri ne, estrogen, dehydgggljglg?igl’l r%@ﬁ?ﬁﬁﬁ‘gﬁ}taﬁ%% 8311 g?u?(é?ﬁll??
hydr oxyt ol Eigue, 4 calRmtd:lclfSYnthemslufﬁbpmerannyiethﬂ)-i{b{(apheroI ubi qU| none,

phyl | oqui none, (3- c Lot en succ acet -carnitine,
co-enzyme Q | azeroi emzﬁ%ﬁ%ﬁ%ﬂ’g?ﬂ’& opy F‘Ey’gﬁﬂﬁﬁﬁ‘@[ sdgi‘}px ) 1INH2 -
wheri'n n =Figu® Sand )sz-mnmoé,thﬁg{eF[(z-sminbethyl)mallﬂfmﬁmds]@u@yl}meﬂ@rabmmanar

het erocycl e wherin R, and taken togset her are - (CH2XCH2)n wherin n = 3-6
and X = nitrogen, sulfur mﬂ?ﬁ? or carbon. R5 and R5 may be the sane

or differ Sﬁgmam’»ddar Q2-tbi@lblbﬂ£3ll]nah-BMamlﬁib)y*llﬁyl]@y{al(eﬁ%fdﬁy[s 3.1 ]fach- Ioxyl , thiol,
am no aci ridine met razol e, im dazole

qui nol i ne, pﬁgnol laﬂp'%ﬂgﬁﬁja“jéﬁgp?l& PSS LOUPEDr 0, br on,

nitro, nethghe7 et hxi-ammethﬂm,[(mmm@emﬁ)éﬁf@m,m@hﬁb@yﬂpmﬁﬁe andhosphat e,
phosphont es, uric a%wg ascorbi ¢ acid, taurine, estrogen,

dehydr oepi andr ost er OZ0H? GPRROBIYS vitamin E, hydroxytol uene, carvidilol,
a-1i poi ¢ apigthe 8a- t OGBBIRTyRhothyIBI@LARGImeEIPhh BEN ) Gmidednd Car o ene,
nmeanadi one, succinate, acetyl-L-carnitine, co-enzyne Q |azeroids,

pol yphenol i c f | avon@hiiegougeo ocycl e wherin R3 and R4 taken together are
- (CH2XCHopigurewher i fefh f(3%n6mﬂ[uip9ﬁd§hﬁutﬁﬂ}aﬂﬁmpr§pm(w phosphorous or

carbon. 30 16 June 200
 pyri yhnethyl)amme and analogous compounds

Figure 10 [2-(dimethylamino)ethyl](3-{[2-
(dimethylamino)ethyl}methylamino} propyl)methylamine and analogous

13 compounds
Figure 11 2-[3-(2-aminoethylthio)propylthioJethylamine and analogous compounds
Figure 12 1,4,8,11-teiraaza-1,4,8,1 1-tetramethylcyclotetradecanc and analogous
compounds
Figure 13 1,4,8,11-tetraaza-1.4,8,11-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-tetracthyloyclotetradecane  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

30




10 WD 03/051348 PCT/ US02/ 40732 33 R5-R12 may be the sanme or difg $ic8066d
are hydrogen, alkyl, aryl, cycloal kyl, hydroxyl, thiol, am no acid,

pyridi ne, pyrazole, imdazole, quinoline, phenol, 4-X-phenol and 5-

X- phenol where X = chloro, brono, nitro, nethyl, ethyl, nethoxy, am no,
hydroxy; dJVOoEM48ne, phosphate, phosphonate, uric aci dPCHE¥BHEBL aci d,
taurine, estrogen, dehydroepiandrost®rone, probucol, vitamn E,

hydr oxytol uene, carvidilol, a-lipoic acid, a-toeopherol, ubiquinone,

phyl | oqui nbigaee 18- c aMenadyb?.3.Adzanlineaed amiagoistampoundscet yl - L- carni ti ne,

co-enzymne er oj 001,y . l.avgnoi ds. - 2) o[ XCH2) " ] NH2 -
wherin n :ﬁg—“]gqgnd @“ﬁ?@?@éﬁ%ﬂﬁ?%‘ﬁ%ﬁﬂ%’%smé r carbon, or
het er ocycl¥gwha@fi n Nenayl R6 taken together are -(QQ@iE¥ayRhyD-BHEin n = 3-6

Vel ugs from 0- 20, BALERY R R PP el AT psbepl fieomiBT depi ct
reaction siipem@3 foChtdnsumpr eparation of a vari et yQgfiparidyletppdsapes and the
subsequent pol yam nes_d ribed in t i.nventjon and FIGS. 42 - 46 depi ct
the effect of pol ya%pﬁ%‘iﬁe D?‘B‘k‘fob\prf’wgf?%ﬁf ‘g‘g)éicg F‘?‘gq“a%aﬁ%tcf”@ﬁ?‘%“% as

1; ogl gyvs: [(Fi;igmra @1 Rﬁrﬁh]ﬂiytﬂl,@ nt-iheaizs-l,@f&llatetr%bli:qyclo{&&12]n0n-|3-ylcyc10tetra g

, 3- bi s- ' -am noe - nql pr,opane an i gure 2anal ogous conpounds
Rout e of Synthesis @?%?%!Ml?ﬁﬂé%ﬁ%ﬂwmw hyl](3-{][ 2- _

(met hyl amiFiggreRdy| | eCliraainpt AN ) -Stiane-0Ne 1 RRkbigRI3 8 Qeasnds 25 30 16 June

2006 5 10 15 20 25 3/051348, __Figure 3 Figure 4 Figure 5 Figure 6
Fi gu (£ 7 Figure 8 :Wc)yc otetra?iecane(Cl)z]C? ande analagous%ompounds g g

Figure 24 p-(Phosphonomethy1)-DI-phenylalanine~Butylamine salt and

analagous compounds
Figwe25  2-amino-N-(2-{[3-(2-amino-3-(4-
- phosphonomethylphenyl)propanolylamino]

ethyl}amino)propyl]amino}ethyl-3-(4-
phosphonomethylphenyl)propamide

15 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’-dimethyibiphenyl and
analagous compounds
20 Figure 28 2,2°-diammino  (bis-N,N’-quinitylmethyl)biphenyl and  analagous
compounds-
Figure 29 {(3,5-dimethylpyrazolyDmethyi}[2-(2-{[(3,5-dimethylpyrazolyl)
methyijamino} phenyl)phenyljamine and analagous compounds
Figure 30 2-{[(2-{2-[(2-pyridylmethylamino]phenyl}-
25 phenyl)aminojmethiyl} phenol and analagous compounds

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

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

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

2 methyl} phenol and analagous compounds




Figure 9 Figure 10 Figure 11 Figure 12 Figure 13 Figure 14 'jﬁﬁ@zééa
Figure 16 conpounds Figure 17 34 PCTIUS02/ 40732 Route of Synthesis o
(2-pi peridylethyl)-{3-[(2- piperidylethyl)am no]propyl}am ne and anal ogous
conpounds Route of Synthesis of (2-piperazinylethyl)-{3-[(2-

pi per azi ny|V@u3A5L3#1 no] pr opyl }am ne and anal ogous conpoubhdEUS02/40732

(2- ani noet hyl ) (3-[ (2- am noet hyl ) net hy¥anmi no] pr opy! } net hyl am ne and

anal ogous conpounds

[ 2- (bi cycl @bge 34 1] narhidrod-de1o @LpyyibyinsthyRmiivlsheayidipBerdihinoh- 3-
ylan1no)ethyl]an1no)péafyéég ne agd anal ogous conpounds

(2- ani noet hyl ) { 3- [ ( 2etwlig ﬂ%¥¥ﬁ §P05 <of | butyl }ami ne and anal ogous

conpounds figoRYsi dyb,&ﬁﬁﬂb}d-%-g HobroBothéaibiieRyin-ap2-no] propyl } ani ne and
anal ogous conpounds _net hyl ( 3-] net hyl ( 2- py_rl_gyl rﬁet Igam no] pr opyl } ( 2-
pyri dyhnet hyl ) ani ne [nerlamiae phaulo QPIgde and analagdus compounds

[ 2- (81 et hyla@iapo) eiimbdrest (2 22diamino (bis-N,N’-quinilylmethylbiphenyl)(Cl),
(di met hyl amno) et hyl | mét hyl am no} propyl ) net hyl am ne and anal ogous
conpounds 2- [ 3- ( 2- afihaeleEQUsCRIBYWED py| t hi o] et hyl ami ne and anal ogous
conmpounds wl.4.% 1 }+5Le4i - i LRy ¥ t et radecane and
anal ogous Fléglr%}p:g]undit 0%%5%&??[ f[gﬁzg[z(ijz-gﬁéygﬁ& 11 ii'&ﬂpﬁ e
tetra( 2- pi peri dyl et RijnybDyminglnestiyhipbenshCliddl and aralaggBus conpounds 1, 4, 8, 1
l-tetraaza-1,4,8,1 %-&EM gbi cycl o[ 3. 3. 1] non-3-yl cycl ot et radecane and
anal ogous conpounds ?L , é‘ 11-tetraaza-1, 4, 8,11-tetraethyl cycl ot etradecane
and anal ogBigare 38 onp danaium (2,2°-diamino(bis-N,N’-pyridylmethyDbiphenyl)Cl.  and

10

analagous compounds
Figure 39 Gadolinium (2,2°-diamino(bis-N,N’-pyridylmethyl)bipheny)CL]Cl and
analagous compounds
Figue 40 Chromium (2-({[2+(2-{[2-hydroxyphenylmethyljamino} phenyl)
phenyl] amino}methyD)phenol)CI);]Cl1 and analagous compounds
Figure 41 Schematic of 23,2, tetramine structure; 1,3-bis-[(2°-aminoethyl)-
15 amino}propane
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 Bigured6  Effect of Cyclam Adamanfanc on DiazoxideInduced 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, cobali, iron, zinc, cadmium, manganese and chromium These
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can be compared and correlatlons between the stability 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-VIII,

3 Table 1. Heats of Formation of Organic Compounds
Compound AH (Keal/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 4.33

25 2.3 2tetra sulfur -26.25
cyclam -15.65
cyclam-methylated 18.73
cyclam-adamantane -40.02

30 Table II. Heais of Formation of Copper Complexes
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Cu 2,3,2-adamantane 269.53

15 Cu 2,3,2-methyls on carbons 5/7 T 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 25455
Cu cyclam-isopropyl 271.59
Cu cyclam-S4 207.15
Cucyclen 235.10
Cucyclam 3,3,3 24528

. 23 Table I, Heats of Formation of Iron Complexes

Compound AR (Kcal/inol)
Fe2,3,2 12.16
Fe222 37.16

30

Fe333 -1.39




25 30 HEATS OF FORMATI ON Anong the reasons for the selection of16cmm
to be used for these fornulations are the results of a series of

cal cul ati ons using heats of formations of the nolecules. The relative
stabilities of the conmpounds were determined in order to predict which
woul d | ead W@ 0¥/5834Dst st abl e nmetal conpl exes when they PEEEI02M478h netal s
such as copper, cobalt, iron, zinc, c&dnm um nmanganese and chroni um These
16 June 2006 5 10 15 20 25 30 WD 03/051348 PCT/ US02/ 40732 37 netals are of
par ti cul akge bt REERladH6n N@/Nei 1 i mport ancg.ion neur ol ogi cal and ot her

di seases. Heafs of formation (M )are calcul ated by |ooking at the

f or mat i onFef.32-pipesidisund fromits constitueft?3atons. The | ower the heat of
formati on; } .stable is the conpoundgsihe assunption in this
‘conput at i gﬁg;ﬁezmgpir&lm? that the calculated heats of formation for the
conpl exes Fei213,2-abomenthsg e with the ability of-¥he organic conpound to
conpf ex wi ) 1 i -pl ogi cal systegs. The nore strongly the

bi ndi ng %?&%&%ﬁ%?@%&g@ﬁhs?@l y it is tha?g?he organi c nol ecule wll

i nteract Wetdd.2-tasdfeal ion of choice. Th87& are other factors that enter
into the %%tc agmbi nding ability of the orggys nolecules, but heats of
formati on"het p suggest how different organic nol ecul es m ght behave. By
varyi ng t e cgclgamiethyiasédecul es, the heats of6%38rnmation for the conpl exes
can be conpared a el ati ons between tf tability of the conpl exes and
the stru tﬁyéa%ﬁ‘a&ﬁﬂaceh%%npl exes can be rradreﬁ'&?'he relative stabilities of a
r epr esent Feicyetamsbopropy! of or gani ¢ conpounds83i®2 shown in Table | while the
heat 3 of fornati for the netal conplexe shown in Tables II1-VIII.
Table L I—g%tcgagf‘%gor mati on of Organic Corrpgiﬁgi ConpoundAH ( Keal / ol )

2,3, 2-tet rRargyclen 18. 24 2,2, 2-tetram ne-17. 097.26 3, 3-t et ram ne- 32. 70

2,3, 2-net t};élc%lgnq 3%% N1/ N4-13. 81 3173

Table IV. Heats of Formation of Zine Complexes

15

Compound AH° (Keal/mol)
Zn232 355.75
Zn222 352.45
Zn33,3 328.73
20 Zn 2,3,2-methylated on N1/N4 336.55
Zn 23 2-isopropyl on N1/N4 316.18
7Zn 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 Zn 2,3,2-methyls on carbons 5/7 34221
Zn 2,3,2-tetra sulfur 329.15
Zn cyclam 35825
Zn cyclam-methylated 388.64
Zn cyclam-benzylated 485.39
20 Zn cyclam-adamantane 347.52

Zn cyclam-isopropyl 330.81




2,3,2-nmethyl ated on N2/ N3-10.35 2, 3, 2-pi peridine-32.47 2,3, 2- piﬁej&ﬁé Q@ﬂﬁ 33
2,3,2-tetra sul fur-26.25 cycl am 15. 65 cycl am net hyl at ed18. 73

cycl am adamant ane- 40. 02 Table H Heats of Formation of Copper Conpl exes 16
June 2006 WD 03/051348 PCT/ US02/ 40732 38 Conpound 41 (eal/nw) 5 10 15 20
25 30 Cu 2,80 23/45e34Bam ne 244.10 Cu 2,2, 2-tetram ne 252. BBI/USTY40732
3,3,3-tetranmine 224.16 Cu 2,3,2-netfl ated on N1/ N4 243.98 Cu
2,3,2-methylated on N2/ N3 241.42 Cu 2,3, 2-isopropyl onNl/ N4 207.69 Cu

g, g g-itsogﬁggx%n% N2/ N3 250.17 Cu 2,3, 2-zholganzyl on N2/ N3 314.08 Cu
, 3, 2-tetranethyl 273.85 Cu 2,3, 2-tetraisopropyl 229.83 Cu
2,3, 2- benZybydan3380. 10 Cu 2, 3, 2- pi peri di}ﬁg-SQSS. 10 Cu 2,3, 2-piperizine
288.68 Cu 2, 3, 2-adanantane 269.53 Cu 2,3, 2-nethyls on carbons 5/ 7 227. 45
Cu 2,3,2-tetra sulfur 210.42 Cu cyclam 260.20 Cu cyclam nethyl ated 298. 97
Cu (;ycl aniblie M | Beasiopametion ¢ Mayganayn CRmple¥Fane 254. 55
Compound AR (Kcalmol)
Mn 2,32 ' 266.79
Mn 2,22 235.44
Mn 3,3,3 194.42
10 Mn 2,3, 2+tetra sulfur 264.50
Mn cyclam ' 215.97
Mn cyclam-methylated 198.40
Mneyclam-S4._ 24357
. Table VI. Heats of Formation of Cobalt Complexes
5
Compound AR (Keal/mol)
Co23,2 -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 -54 -1265.56

Table VIL. Heats of Formation of Cadmium Complexes
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Cu cyclamisopropyl 271.59 Cu cyclam S4 207.15 Cu cyclen 285.11(9‘j
cyclam 3, 3,3 245.28 Table M Heats of Formation of Iron Conpl exes @%ﬁgﬁﬁd
4Fl (Kcal/nol) Fe 2,3,2 12.16 Fe 2,2,2 37.16 Fe 3,3,3 -1.39 16 June 2006
5 10 15 20 25 30 WD 03/051348 39 Fe 2,3,2-nmethylated on NI/ N4 -8.19 Fe

2, 3, 2- pi perwWaP3@13484. 23 Fe 2, 3, 2-piperizine -18.51 Fe PCBUMZAfaant ane
-19.16 Fe 2,3,2-nmethyls on carbons 517 7.99 Fe 2,3,2-tetra sulfur 87.39
Fe cyclam -5.75 Fe cyclamnethylated -69.53 Fe cycl am adanmant ane -92. 82
Fe cycl amémggyl -83.02 Fe cycl amg# k3dvmot) Fe cyclen 17.76 Fe cyclam
3,3,3-31.73"Table 1V. Heats of Formation of Zinc Conpl exes Conpound 4H'
(KeaUmol) zZn 2,3,2 355.75 Zn 2,2,2 352.45 Zn 3,3,3 328.73 Zn
2,3,2-methyjaged on N1/ N4 336.55 Zn 2,3, 25ppepropyl on N/N4 316.18

Cd222 401.00
> Cd3.33 382.04
Cd 2,3,2-isopropyl on N1/N4 366.86
Cd 2,3,2-isopropy] on N2/N3 376.40
Cd 2,3, 2-piperidine 374.06
Cd 2,3,2-adamantane 354.51
Cd 2,3,2+tetra sulfor 357.79
10 Cd cyclam 41195
Cd cyclam-isopropyl 376.40
Cd cyclam-54 356.13
Table VIII. Heats of Formation of Chrominm Complexes
15
Compound AR (Kcal/mol)
Cr23,2 398.73
Cr 2,3,2-isopropyl on N1/N4 379.87
20 Cr 2,3,2-piperidine 403.22
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.
05 PREPARATION OF THE INVENTION COMPOUNDS
There are numerous compounds described in the invention but in general, the
invention
componds are obtained by converting the starting di- or tetramine of the formula:
3 A variety of reactions were used to prepare the compounds. Compound 1 was
0

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




Zn 2,3,2-isopropyl on N2/ N3 330.81 Zn 2,3,2-tetranethyl 351.00
2,3,2-benzlyated 478.96 2Zn 2,3, 2-piperizine 351.70 Zn 2,3, 2- r?&i%%%ﬂﬁ
carbons 5/7 342.21 Zn 2,3,2-tetra sulfur 329.15 Zn cyclam 358.25 Zn

cycl am nmet hyl at ed 388.64 Zn cycl am benzyl ated 485.39 Zn cycl am adanmant ane
347.52 Zn w@akemBsopr opyl 330.81 PCT/ US02/ 40732 16 JuneCcRO8@4&340 15 20
25 30 WO 03/051348 40 Zn cyclam -S4 389.04 Zn cyclam 3,3,3 351.89 Table V.
Heats of Formation of Manganese Conpl exes Conpound 414 (Kcallnol) M 2,3,2

266. 79 Madind 1d i@ HCI44it. MheInminsdactdds hé mubleo 3,1£ﬂt39iaﬁﬁg$w &itung)im 50 M
cyclam 215, 97 M cycl am net hyI ated 198. 40 cyclam - Tabl e VL

Heats of FBHidat P Jrregen obganeral cm%wexééonm@mﬁoarﬁismmo{vww mmﬂp 2,3,2

N |1 |2 ilg 8 % ’6 gﬂ,sté’tu&o@rea&%ﬁ Sitbliim&Rord fr Bustc sehmioR with P proicd idn/Bpkdtciah €d on
sequence also involved in the synthesis. The sg of acetyl groups to protect the amines
5

could be exploited to alkylate tetramines.

Compounds 3 and 4 were synthesized by having 1,3-diaminopropane serve as
the nucleophile with displacement occuiring on the o carbon to the piperidine or
piperizine. The P position is particularly susceptible to nucleophilic attack in
molecules of this fype. Other heterocyclic moieties could be added in similar fashion
10 starting from the appropriate 8-ethyl heterocycle in this fashion.

The theme of using amines fo attack atkyl 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 moisty

could be added to numerous amines in this fashion. Compound 7 involves a povel

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-
substifuted portion is the alkyl halide while the amine is used to form the terminal

15

nitrogens.

Compounds 8 and 9 were prepared using substifution 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
héterocycles could be added in this fashion.

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

25 substitution reactions. 2—chloroethyla:nige could be added to many amines to form
other tetraamines including many that are not syrometrical.

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 alky! halide

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

30




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 - 1?5%'7'%%20%
cyclam-1187.9 Co cyclamnethyl ated -1265.64 Co cyclami sopropyl Co
cyclam -S4 -1265.56 Table VII. Heats of Formation of Cadm um Conpl exes
PCT/ US02/ 4043 23/058348une 2006 5 10 15 20 25 30 WO 03/ 051348CHusi@avrpbund 48
(Kcal hnol) Cd 2,3,2 393.21 Cd 2,2,2401.00 Cd 3,3,3 382.04
2,3,2-isopropyl on NIIN4 366.86 Cd 2,3, 2-isopropyl on N21N3 376.40 Cd

2, 3, 2- pi pemnbldéul a8 Béerfone Gt CouipodndIRITEHE MORCIS Habdprepdoe via tedist 0F ra sul fur
357.79 Cd cygl _ag? 411,95 Cd c¥cl_amj sopropyl _376.40 Cd clam S4 356. 13
Tabl e VI | 120 additiow/reductiag, sgatenes:; Saging Wit ey S L5260 HeUe (KcaMhol )
PCT/ USO02/ A0y 3mfber & ainides3Reréd in His Batéht 2 ThiORisO@te BNthblipdidraBdPoB7 O

2,3,2-piperidine 403.22 C cyclam 399.99 . . ..
compound 17 where oxygens were incorporated into the internal positions of the

3 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-eiramine is
converted into their vanadium complexes by ireatment 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 aitached to polyamines via & 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 info a polyamine compound.
This compound is prepared by a nucleophilic substitution reaction of the biphenyl
precursor with the chloromethylated pyridine. The a-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 converied fo the desired amines using a similar sequence of steps.

25 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
substitnted 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 jons. Numerous other metal

30
complexes could be prepared.




Cr cyclamisopropyl 430.05 This tabul ar data can be anal yzed byéﬁﬁgyagbgg
the various structural features of the nolecules as in exanple %

bel ow. PREPARATI ON OF THE | NVENTI ON COVPOUNDS There are nunerous conpounds
described in the invention but in general, the invention conpounds are

obt ai ned byveesexsi ng the starting di- or tetranune of e¢wUSooneved a: A
variety of reactions were used to prefdare the conpounds. Conpound 1 was
prepared via a nucl eophilic substitution reaction followed by conversion of
the free 16 June 2006 5 10 15 20 25 30 WD 03/051348 PCT/ US02/ 40732 42
amne to its HCl salt The am ne acts as the nucl eophile in displacing the
di -al kyl halide, a reaction of general utility. Conpound 2 also involved a
nucl eophilic substitutjon reaction, this tine done in bggic solution with
a protection/deprotect”% sequence al so involved in the Synthesis. The use
of acetyl groups to project the amnes could be exploit to al kyl ate

t et sam nes. Cbnpound%A?HﬂSWf/VB( ,syhzﬁgjr?ed ay/ﬁﬁféfr - di am nopr opane
serve as the nucl &phile di §pl ac ﬁ%rrln 31thé%h carbon to
t he pi peridine or plper|2|ne Th¢ S p05|t|on ils particularly susceptible
to nucleophilic attack in nolecuRes of this tyae. Ot her heterocyclic
noi eties could be added in simlar fashion starting fromthe appropriate
O-ethyl heterocycle in this fashion. The theme of using am nes to attack
al kyl halides in nucleophilic substi®ution reactions was al so exploited in
the formation of 6 and 14. The 1-position in the bronpadamantane is much
nore reactive than expected and so the adanantine noiety could be added to
nunmggous am nes in this fashion. Conpo®ad .7 involves a novel preparation
of an existing conmpound as we reversedithe nature of the nucl eophile and
the el ectrophile to |lead to highs ield product. In the case
described, the 1,3- substituted po he al kyl halide while the am ne
is used to formthe termn nik« ogens. undg, 8 and 9 were prepared
usi ng substitution reactiond rathe th€ préviously reported (for 8)
imne formation reaction followdd by a reductijon. The a-
S——— N—
/,/R:// AN \\‘Rg

15 Rig Ry

R12 R‘i g

11

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

atky! halide under conditions that affect the conversion.

Ry, Rz, Rs, Ry, Rs, Re, Ry, Rs, R, Rug, Rut, Ryz, Ris, and Rys, may be the same of

different and are hydrogen, alkyl, aryl, cycloafkyl, amino acid, glutathione, uric acid,

ascorbic acid, teurine, estrogen, dehydroepiandrosterone, probucol, vitamin E,
2 hydroxytoluene, carvidilol, o-lipoic acid, a-tocopberol, ubiquinone, phylioquinone, f3-
carotene, meanadione, glutamate, succinate, acetyl-L-carnitine, co-enzyme Q,
lazeroids, polyphenolic flavonoids, homocysteine, menaquinone, idebenone, dantrolene
~(CH),[XCH,),JNH, - wherein n = 3-6 and X = nitrogen, sulfur, phosporous or
carbon, or heterocycle wherein Rs and R taken together are ~(CH2XCH2),,— whereinn

= 3-6 and X = nitrogen, suifur, phosporous or carbon.
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carbon on the pyridine ring is extrenely reactive due to r eSONafiCPune 2006
stabilization of any internediate forned. This is a general approaéﬁ and
nuner ous other aromatic heterocycles could be added in this fashion. W
have continued the take advantage of nucl eophilic substitution reactions to
prepare 11 WR0HISIHE el ectrophilic 2-chl oroet hyl am ne. OnB€I/Bgpamer32 t hi s
schenme illustrates the extrene reactdvity of the 0-carbon on ani nes when
used to do substitution reactions. 2-chloroethylamne could be added to
many am neé¥, toanklgr may b¢ Hersanetor difforent and mel tuidizging groupy of katabkrlengtiot
synnetricq% gggpé%n% 13 was prepared in a fashion simlar to that used to
synt hesi ze %? it g?arting am ne here is the macrocyclic cyclam This
reacti on iX{aedOhataydbetiivesape vedifferoht and arehitaren Gaifal, piospdiodshe sabachenmes as
the substitution led cleanly to the tetram ne. Conpound 15 was prepared
under, strongly basic conditions using the anion of the cyclamas the

nucl éophi | Aeccatdinghy imngseaondalspect thb aiviesiton iCairdcRIdM SonfoMndarol tRMymadky! hal i de
coul d be substituted in this sequence. Phosphine al so can be incorporated
into these 16 June 2006 5 10 15 20 25 30 WD 03/051348 PCT/ US02/ 40732 43
nol ecul es as been done for Conpound 16. This nol ecul e was prepared via the
use of an addition/reduction sequence starting wwth an amne. This
reaction could be used on any nunber of am nes covered in this patent.
This was done for the preparation of conmpound 17 where oxygens were
incorporated into the internal positions of the nolecule. Conpounds 1-17
can he used to nmake netal conpl exeg, Exanplgs include the preparation of
t he Jgnadiun1conplexes 18, 20 and 2% wheref2,3,2-tetranmine is converted
into their vanadi um conpl exes by tre wi t hRa vanadi um precursor.
Compounds 19, ‘21 and 23 were prepar (mlar fashion starting with a
chrom um precursor. Any nunb 1~_Q_T_X es such as copper, cobalt,
i ron, manganese could be par ed ounds 1-17 by
treating these conpounds w’th the a ety salt followed by

i solation of the nmetal conplex. Co und &4 is a tyrosi ne phosphat ase

i nhi bitor nolecul e that was prepar inthdg work §yt has al so been attached
to polyanines via a protection substitution-* depp6tecti on sequence
resullfing in islation of 25 and 35. These noveR/conpirynds

Wherein
Ry-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, dehydroepiandrosierone, probucol, vitamin E, hydroxyioluene,
carvidilol, o-lipoic acid, o-tocopherol, ubiquinone, phylloquinone, B-carotene,
meanadione, succinate, acetyl-L-carnitine, co-enzyme Q, lazeroids, polyphenolic
flavonoids, {(CHy),[XCHy), INEE, - 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, §-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.




I ncl ude both the pol yam ne backbone portion along with the

t yrosi ne- phosphate portion. Conpound 26 incorporates the bi phemu'i'ﬁ)?g?@
into a pol yam ne conmpound. This conpound is prepared by a nucl eophilic
substitution reaction of the biphenyl precursor with the chloronethyl at ed
pyridi ne. ™0305p88ition of the heterocyclic pyridine |®HESRMHCE arly
reacti ve and we take advantage of thi% fact in the synthesis of 26. The
rel ated compound 27 was prepared in a two step process by first formng

the im nept hatg, 'n%a b%%@gaﬁl@oaa&eewanﬁla@d@ﬁmgmwz i, wawon This two

step reacti on uence 1's al so used prep are 28, 31, ,32, 33 and 34

fromthe hﬁp@m@bﬂn @mﬂgl%@{gl@fﬂﬂl@ée %?@W&}@P%’ U Pﬁ‘éa“é‘iljﬁicﬁt{“ht ed bi phenyl .
Large nuhes Subhe Udisen, hPf SepishillishitkoR pfebeCvintbln SOmEEGRALchg L he desi red

am nes usl ng a si'm st eps. rrpound 29 was synt hesi zed by an
unusual ncathdmim-lmmcauﬂ,smtothem whiquirpng, phllerminepe.d-@EPes t he | eavi ng

group froma dr ox rre h sdbgd i tut ed
bi phenyl . '“65‘%?%8%82 Xcﬁ?@’?are %a‘l[one"k#rp eﬁg&bﬁ@ gityg ?&gmthe conmpounds
descrlbedﬂahgmﬂs_@mﬂggxmﬁuhﬁﬁﬁ-Vﬂmﬁmn&mﬂzami Wmm$s g representative of
the wutility of co unds, 24 - a _nmetal ions.
Numer ous BE B‘?""i“?é’cr?fgr%o’(‘r(?ﬁb% ‘é%C? %hﬁ'ﬁa%f) li‘?epar ecgertﬁ}é une 2006 5 WO
03/ 951345(@42342@;5 UgBd0Z3222np X Riitrogen &Ry phosph@odssorRaloN | 7- R RE3 i | R
RS Rl s Hysrogen lkyf aryl, cycloalleyl, hydroxyl, thiol, amino acid, glutathiore,

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

dehydroepiandrosterone, probucel, vitamin E, hydroxytoluene, carvidilol, a-lipoic

10

acid, o-tocopherol, ubiquinone, phylloquinone, -carotens, meanadione, succinate,
acetyl-L-carnitine, co-enzyme Q, lazeroids, polyphenolic flavonoids, —
(CH2).[XCH,)JNH, - wherin n = 3-12 and X = nitrogen, sulfur, 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.

15 )
X;-Xs may be the same or different and are nitrogen, sulfur, phosphorous or carbon.

or

20 Re
Ry

(C Ha)nR1R2

\(C Hz) \RaRy4

Re (CHZ)R1R,
25

(CHz),R3Ry

30




25 30 R6 Rs~\~R7 (where A and B equal hydrogen or al kyl and i rig June200@
may be the sanme or different) to the corresponding Nsubstituted conpound
by treating these conpounds with an al kyl halide under conditions that
affect the conversion. R, R2, R3, R4, Rs, R6, R7, R3, Rv, R o, Rl11l, R12,
R13, and RiwQ oiysdbe the sane or different and are hydregeosealkyl, aryl,
cycl oal kyl, amino acid, glutathione, 4iric acid, ascorbic acid, taurine,
estrogen, dehydroepi androsterone, probucol, vitam n E, hydroxytol uene,
carvidil -| i poi c acid, a-tocopherol, ubiquinone, phylloquinone, [3-
car ot ene, 'Meanadi one, glutanate succi nate, acetyl-L-carnjtjine, co-enzyne
Q laz erm~E$maphﬂ ﬂmpm:mdr diffeirend oushase Bsirossarbed.ndi qyeloalanhisiioxtbne

|debenone i I?r'm ac(iadﬂ' %Hé%ﬂai&%" )5%%@%31{?2}‘)&?&‘5 maiblgqgmgh@nd X = nit rogen,

sul fur, 0 het er wher ei n and R6 taken
t oget her ﬁfeﬁol— mwz;aa 5 ¥pleablwirere X =3hpre hepmo, nitg, mp@wle?ﬂw sul fur,

phospor ous car bo DH 021348

PCT/ US02/ %&gﬁy alggxo;kydﬁoxy%gta&@oné{ﬂhgg%?% gp hgaf’rlrllgan%% %&f f gdr’ ent and are

bri dgi ng gﬁ@u@ﬁmakmmgﬁmamhﬁhﬂqﬂqwﬂmmmmmmmﬁmmﬂ,Eﬁmﬁoﬁﬂnﬂxmﬂ@h&mXZ may be the
sane or different and ace nitro sul fur U eCarbon

Accor di ngPaFvidilel. o HBE At %eroph eg@h‘éb“im?f’élﬁ’tqhégﬁoﬁ%%gé %u&foq%l to conpounds of
the Lor ”Ehﬁana@oné?%ucgldfa‘%e ice?ﬁ?-LfcagnmPé%ogknzﬁnd &/Q, lakeBoitkd] pEl_?/pRnther e: n I El ! R4
may be the sane or _different _and are cycl oal ky

hydr oxyl , flayorpigh, (EHAEC g@MH?gIWH _)c[? %ﬂn%gﬁ %'gﬂ’ %/‘?émgﬁ’osphonat es, uric

aci d, ascﬁﬁ&?&oﬁs‘-‘dr@arb@ of BdtéroBiRle viRtih By aid Rokyncogedpt aedr oSt er one,

probmcol amn E dr oxyt Ql_uenge

(CH,XCHy)o~ whenn n=23-6 and X = nitrogen, sulfur, phosphorous ot 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, phetol; 4-X= -pt[eﬁvi'and‘5-X—phenol’Whereﬂ{fhiﬂroﬂ?fﬁmﬁﬁﬁﬁfﬂﬂﬂﬂthyl?***"”*’W* S

ethyl, methoxy, amino, hydroxy; glutathione, phosphate, phosphontes, uric acid,
ascorbic acid, taurine, esfrogen, dehydroepiandrosterone, probucol, vitamin E,

15 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 R4 taken together are -
(CH,XCHp),~ wherin n.= 3-6 and X = nitrogen, sulfur, phesphorous or carbon.

Rs-Ry, 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 3-

X-phenol where X = chloro, bromo, nitro, methyl, ethyl, methoxy, amino, hydroxy;

glutathione, phosphate, pbosphonate, uric acid, ascorbic acid, faurine, estrogen,

dehydroepiandrosterone, probucol, vitaminE, hydroxytoluene, carvidilol, a-lipoic
acid, o-tocopherol, ubiquinone, phyiloquinone, B-carotene, meanadione, succinate,
acetyl-L-carnitine, co-enzyme Q, lazeroids, polyphenolic flavonoids, —

(CHy)u[XCH,).INH, - wherin n = 3-6 and X = nitrogen, sulfur, phosporous or carbon,

or heterocycle wherin Rs and Re taken together are (CHoXCHy),- wherin n=3-6 and

X = nitrogen, sulfur, phosphorous or carbon.

25

N is an integer with values from 0-10,

30 There are also instances where some forms of 2,3,2-tetramine need to be

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




carvidilol, (x-lipoic acid, a-tocopherol, ubiquinone, phylloquifgQige 2006
(3-carotene, neanadione, succinate, acetyl-L-carnitine, co-enzyne Q

| azer oi ds, pol yphenolic flavonoids, -(CH2)a[ XCH2)n] NH2 - wherin n = 3-12
and X = nitrogen, sulfur, phosporous or carbon, or heterocycle wherin Rl
and R2 t akewovugeber are - (CH2XCH2)n wherin n = 3-12 aP@I/BS02/44782 r ogen,
sul fur, phosphorous or carbon. 25 R5 4ind R5 nmay be the sane or different
and are hydrogen, alkyl, aryl, cycloalkyl, hydroxyl, thiol, amno acid,
gl ut at hi Omﬁ:e M%Mamzeoﬁhmmmmm reatiofis wedeChenasiyousbd ¢o pregrelfhet aur i ne,
estrogen, dehydroepi androz&orone probucol, vitami n E, hydroxytol uene,
carvi di | olcomE‘?}mfj? opoygd 3 t ocopherol , ubi qui none, phyl | oqui none,

(3-carotene, m AHdODES, 4?6@;&3914@16,&0?18’,|191-20;aﬂmﬁ, 28£24, 0B-26802Y,me Q
| azer oi ds, pol¥ enollc f

avonoi ds, or heterpcycle W%ertb Rﬁ .and R4 taken
t oget her Wb 83,36> e o1 4P agp prepaged it Hwﬁn Pr P EShImE ) £ yr |
phosphor Oléﬁ-‘tﬁlar hﬁ%b&ﬂlpoﬁlﬁis‘h%ﬁb&gﬁﬁs o5, 17582119 2.6 IWZSQ% Gﬁ,mljﬁa‘%
PCT/ USQ2/ 40732 R7 and "Rs may. same Qr e&g] are drogen

al kyl, ar yren pippareshing, fashioty 9@#&9@@ differeat fhaar‘% 60 R

phosphat e ;308 EH;EQhe an‘iﬁBuﬁ%'c@ver@@ GO 'uﬁientﬁﬁi sht nbﬁttfeﬁ'ﬁ@cxﬁlﬁﬂésogen
dehydr oepi an rost efone, probucol, vitamn E, dr oxyt ol uene, carV| dilol,

a-1ipoic é}gv@notéeqmgyr@reéﬂewhqg P%WW&?@IGH?WIWS@% Phirdnvention B ficene

nmeanadi ongy«$iieCi nate, acetyl -L-carnitine, co-enzynme Q |azeroids,
pol yphenol'i'c [avon0| ds, (CH2) a[ XCH2) nfNHz - wherin n = 3-12 and X =
ni trogen, suI f The baqgmmgwuh?’bﬁ-[@mﬂﬁmﬂthﬁ}) -apERaprepape) b ‘Wﬁd?rﬁ??f% and R6

t aker0t ogef W b fiefblte Tvair ARhAIS 1556) Moo, sul f ur,
phosphorous or carfamﬂEgr S rogen esefy jdg’ry , cycloa?l kyI hydr oxyl ,

t hi ol , ’ anitheorighiad htegamm@retmm an phpsighwescto aigsificanily grgced e dl
ascorpi c CO
ap%ﬁgf Cﬂfgge&rbt{ﬂ%é n%ﬁ)&éqa ?r(ﬁpiaJQﬁ&ﬁ i éﬁ@ﬁtﬂ:ﬁ%@éﬁ% t@feﬁ@!&

vitamn E olc acid, a-tocopherol,
ubi qui none peshprothetuiMedreg. eliminstedsthismeoblere hy developing aqweicaiign strategy

ool b B R i Enigd A8 e P oGt of ey ol 0>, -
carbon, qurityet er ocycl e vvher in R5 and R6 taken together are -(CH2XCH2),
be the sams or MPRFePdRTaig i AR st 2, CLERRRERITBLEAMAT, KX ey
(methylammo)ethyl]ammo}propyl)amme) 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.
Compounds 3 ((2-piperidylethyl)-{3-[(2-piperidylethyl)amino]propyl}amine)
and 4 {(2-piperazinylethyl)-{3-[(2-piperazinylethyljamino]propyl} amine) were made in

20

similar fashion through the nucleophilic substitution reaction of 1,3-diaminopropane
with 1-(2-chloroethyD)piperidine (to give 3) or 1-(2-chlorosthyl)piperizine (to give 4).
Numerous other feframines are accessible through similar reactions where the nature of
the amine is varied.
25 (2-aminoethyl){3-[(2-aminoethyl)methylamino]propyl}methylamine, 5, is a
known compound (Barefield EX et al 1976) bui 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 speciral data are consistent with the formulation.
Compound 6, [2-(bicyclo[3.3.1Inon-3-ylamino)ethyl](3-{2-(bicyclo[3.3.1]non-

30 3-ylamino)ethyl]amino}propyl)amine and compound 14, 1.4,8,1i-tetrasza-1,4,8,11-



or R11 30 16 June 2006 5 10 15 20 25 30 WD 03/051348 47 PCT/ USO fAe32006
Wierein 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 net hyl pyrazol e, im dazol e, quinoline, phenol, 4-X-phenol and

5- X- phenol w#e¥®1348= chl oro, brono, nitro, nethyl, ethylpCTawehesy, am no,
hydr oxy; gl ut at hi one, phosphate, phos{¥honates, uric acid, ascorbic acid,
taurine, estrogen, dehydroepi androsterone, probucol, vitam n E,

hydr oxyt ol eabicyclofses. Vinoh-B glcyclptetrhdepmiccware ipepated! i C0 pitelan way. U lDieget none,

phyl | oqui none 3z carote 0 suc |na e | -L-carnitine,
co-enzyme W' ?%%éﬁ%#ﬂ?hlgg ﬁgéa@ﬁgi PfP @Fﬁ@' ﬂdﬂé§ %ﬁ@ﬁ?ﬁﬂ fNH2 -
wherin n amﬁn@kanﬂm%pme@nkmﬁgen sul fur, phosporous or carbon or

het erocycl e wh in R d.R2.ta et her (CH2X mherin n=3-6
and %( = nit rog ]af (zﬁﬁﬁ%“ﬁﬁ’aﬁajﬁgawwaﬂ‘ ningls ] thy MSe the same
or differems iwod lﬁé;ﬁrdayﬁreﬁﬁeﬂy ﬂ&‘oﬁgﬂ theafen&noncys W-Kiydcmoma&wlpzw t hi ol ,
am no acid, dlne 3, t hyl azole i m dazol e qU|noI|ne
phenol | - | :%@nﬁﬁ ﬁ'ﬁ W"’ém— WP EDo Wsmbavenprepared s | - - -
ethyl, mtd@pﬁm@ﬁ‘a%mpﬁw SfésenOwall Bt BliowRe a@ﬂﬂﬁ@ RAjcsdumPRasRhREd tes, uric
acid, ascorbic acid, taurine, estrogen, dehydroepiandrosterone, probucol

vitam n E Pregppessdt ol uene, carvidilol, a-1ipoic acid, a- t ocopherol,

ubi qui none, ph ibﬁiﬂyhﬁaﬂﬁ){ﬂ[@r Qpﬁﬁmeﬁi}gamm%ﬁﬁé}%%@ne S$ICE Bakfown

acetyl-L-camting, co-en | azer 0i'ds pol'yphenolic flavonoi ds, or
heterocycl‘@n%ﬂﬁ‘éﬂdi'?ﬁ‘t%sHﬁﬁf@bxﬁwlﬁt@ﬁéﬁ?&maﬁoée o ipptke-oynsd ingkeer i n n =

6 Hhd X freiiutd, QEREhd Fhdiditiy HBROSPAAN MO bs BEP BbcesRor RiduifFgede Lhe same
or dlfferent and are hydro en al ky I, cycloal kyl ﬁé% roxyl, thiol,
Lijs

ami no aci congspeation rf, pyp: aﬂmxaﬂﬁ@haé&m 1.3rpiopercdisgiing d bt & X- phenol
and 5- X- pB&RALn %!1@3811 riscteP PR O et E{]qm) We ar@@tipmrecﬂ?tﬂﬂw et hoxy,

am no, hydroxy; t at'hi one, hos ate,” phosp onate c ac ascorbic
acid, tau rt}uﬁléﬂpbélsq yubgitivtion of g¥ éﬁepr@maedlmgua’bls 1'39&1]1! wrin E,. e

hydr oxyt ol yianeaverdi Mdidd difle weaenlﬂldirod cﬁw step process.

The preparation of the novel compound 9, methyl(3-[methyl(2-
15 pyridylmethyl)amino] propyi}(2-pyridylmethyl)amine, 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)ethyljmethylamino} propy!)methylamin, was prepared by the literature
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

20

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
25 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 literatuze (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




aci d, a-tocopherol, ubiquinone, phylloquinone, O0-carotene, neangllHme2006
succi nate, acetyl-L-carnitine, co-enzyne Q |azeroids, polyphenolic
flavonoids, - (CH2)n[XCH2)n]NH2 - wherin n = 3-6 and X = nitrogen, sulfur,
phosporous or carbon, or heterocycle wherin R5 and R6 taken together are
- (CH2XCH2) avanbeasid8 = 3-6 and X = nitrogen, sulfur, phospiisvsede78r car bon.
N is an integer with values fromO0-10® There are al so i nstances where sone
forms of 2,3,2-tetramine need to be protected prior to adding on the

vari ous grsubgiution in g fashio simlar @ thedneBwe Gerto plepare yathpound @. Mune o306 5 10 15

20 25 -30 y 48 48 PCT| US02/ 40732.type | ecul es, nucl eophilic

substi t ut Y@ﬁg%’ggﬁ%’%%‘%@\ﬂggaBWE?‘&?P@%%‘ © ?gefa&?ﬁi're the conpounds
(conmpounds 10- 15)8,1ICetiranids, Pl-tefactiylcyblotetradebane, 18,is 4 Gnovi/conund® 9, 32, 33,
34, 35, 36,3 3 9. 4 repared in this inyention for the first
Vs o OREREME st al o) yRREP Pisttred, Bork By i bR bveeds® weim 1 ' 5.

15, 28, 30, sisdilir rbvgvsts biteeih dffennreotions conditb halpwifgatinisegat | y di f f er ent
than that foung,in t e#li.terat re. In gjggi.tion, manyﬂg‘f t he conpounds
covered in the GOMPEHG L %6 mO¥g compopnd, that ineprporates nhasnborons e dbe pr epar ed
el sewher e maoldeutd bl theeplqre aFahe Gwe Siithoabs. OThik RitrmhNYMNitin@sh fs0donkRea first
time. The q%ﬁ%gﬂfo ound 1, 3-his-J(2'-am noet hyl)-am no] propane, 1, was

pr epar ed rhign/reduptog Prages 4ud copld bephenged tinclude prvgen pt wherrdoparsi/an Al phen
J. 1936). ddeiv@ver, in the original literature preparation, an inpurity was
found that signjficantly reduced the purity of the product. Subsequent
prepgy at i ons h%@’@%@en%a ot éremigoethoxyipropgxyapylamine.s urke PVEHuct Ve
have-“el i rEoﬁ%’bﬁﬂi thitlifcoRfoRid sy ben HRVIRL BRIc0Ee 1 Plidd offthe JF tRMidddeA! €9y that
wor ks t hroy t he hydrochl oride salt that |eads to a single product of very
high pur iqf?%:l?ﬁffa%’ér s potespph substifwsion és dene sy llismsen-type chemistry

([ 2- (et hysefigprviand Moanekiwbhd Sdildng nhigt hyl am no) et hyl ] am no} propyl ) am ne),
protection of the nore reactive termnal nitrogen 1 and 4 as their acetyl
derivatives wadlp&rpariienobieqovelovasading complenis, M) andyb eecups imd 3 _

Depr ot ect isgighf frit@rd3h@ionlbyHhiRiBS vihddiarkBHchedt with thd BpfiGtiateSihrting

material. The novel chromium complexes 19, 21, and 23 are prepared in similar

15 fashion using a chromium precursor.

Compound 24, p-(Phosphonomethy1)-DL-phenylalanine, is a known compound

(Marseigne, I, 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 bulylamine 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- phosphonomethylphenyi)propanotylamino]
ethyl }amino)propyllamino } 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 numbér 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 MR, et al 1999). The novel compound 27, 2,2°-
diamino(bis-N,N’-pyridylmethyl)-6,6’-dimethylbiphenyl illustrates an example of

30 . . s . . . o
_ incorporating additional substituents onto the biphenyl rings, in this case methyl groups




conpound Conpounds 3 16 June 2006
((2-piperidylethyl)-{3-[(2-piperidylethyl)am no]propyl}amne) and 4

((2-pi perazinyl et hyl)-{3-[(2-pi perazi nyl et hyl )am no] propyl }am ne) were nade
in simlar fashion through the nucleophilic substitution reaction of

1, 3-di am nope odEeds wth 1-(2-chl oroethyl) pi peridi ne (t oPEi/uss2/3)73or

1- (2-chl oroet hyl ) pi perizine (to give 3). Nunerous other tetrami nes are
accessi ble through simlar reactions where the nature of the amne is
varied. (;gyRhg pogk: {3id Wi L feekdpy nidRy bid e ] Conivhd PPWAY | ani ne, 5,
is a -knoéﬁﬁgadﬁggﬁﬂw é[gl#%ﬁre{%&a K et al 1976) II%Ut vvamsm repared in a novel
way her e.madethy goHylinemtoupling of batuted besgenes dalrdbydo PP t hose found
in the I|i; r Iﬁﬁﬁ%ﬁﬁyﬁ% ab.a iR bk EhAL#E Cathine NGitha-fits the
‘structur e&g#'%b#egact%%cou I elgo%};ﬂ \INRhg%éctilbrrass spectral data are

consi st engyridineturbdyaldelgideandiNe¥®. Conpound 6,

[ 2- (%1 cycl o[ 3. 3. 1] non-3-yl am no) et hyl ] (3-{2-(bicycl o[ 3. 3. 1] non-

3-yl am no) et hyl ] am no} propyl ) am ne and conpound 14,
1,4,8,11-tetraaza-1,4,8,11 16 June 2006 5 10 15 20 25 30 WD 03/051348

PCT/ US02/ 40732 49 tetrabicycl o] 3. 3. 1] non- 3-yl cycl ot et radecane were
prepared in a simlar way. Direct amnation (Krunkalns E. V. et al 1968) of
1- bronbadamant ane with the appropriate amne led to the pure products.
Compound 7, (2-am noethyl){3-[(2-am noet hyl)am no] - 1-net hyl butyl }am ne,

has been prepared previously through the reaction of

N, N - bi s(chl oroacetyl)-2,4- pentanedi am ne with nethylam ne (M kukam F.
1975)¢ We have prepared the conpound in a conpletely different way by
following a simlar procedure as that used for conpound 1.

(2-pyridyl methyl){3-[(2-pyridyl methyl)am no] propyl }am ne, 8, is a known
conpound but was prepared by a conpletely different procedure than that
found in the Iliterature. Instead of nmaking this conmpound via the two step |
process of a Schiff base condensation of._pyridine-2-carboxaldehyde with
1, 3- propanedi am ne followed by a reduction reaction (Fischer HR et al 5
1984), we prepared it directly through a nucleophilic substitution of
picolyl chloride with 1, 3-propanediam ne. This results in higher overall
yiel g since we enploy a one step process.

fpary
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The preparation of the novel conpound 9, nethyl (3-[methyl (2- 44 une2006
pyridyhnet hyl ) am no] propyl}(2-pyridyl nethyl)am ne, was perforne

fashion simlar to that used to synthesize 8. The product was of h| gh
purity and its analytical data matched the desired structure. Conpound 10,
[ 2- (di met hywanpsaseuet hyl | (3-{[2- (di met hyl am no) et hyl ] net bgirasmaep:2
propyl ) net hyl amin, was prepared by th@ literature procedure (Golub G et
al 1992.) and the synthesis resulted in a high yield of a pure product.
Although the lihGlof! dithothdl 2805 26l BIMENCGhindAhitiDbiphdigl eapound, our
results are consistent Wth the structure of the conpound

2- [ 3- ( 2- aprepost bwtltehfou)lv.tr(mp?ﬂ thei iofeengdate piEe Vlal& S“P@“&‘%ﬁémﬁ‘aﬁ?ﬂrpound (Hay
R W et al 975 r Cefbuxaidegsie. Tis! eophilic
substltut]?gh %@%“@ﬁl%ﬂ(ﬁm}l@a %Iaadaoﬁ’ﬁ{nnﬂ'iﬂé e

mer capt opr e wth 2-chloroethyam ne.resulted in
f or mat i onreadtion vat fialtowed dby mslmtroalof feapnet ysing NabHy JroneRoudi 38 8 4 epor t ed.

Thesspr epat i o aluclethfud dub 815096 fnde e Brkind BAGATBIMNLAARe! [ adecane

12, was i a nmahner sim t found in the literature
(Bar ef i el shilder quinotihe ridg873) . The anal ytlcal data for this conpound matches

that found pr;ea)/l ous| y. Conmpognd 13, @ﬁd&eﬁéﬁ%&&%ﬁ&gﬁ%ﬁ@{ﬁggtetra(2-

pi peri dyl et hy et radeCdne, pr epar am t hrough a

nucl eophi &hﬁﬂ@@yﬁﬂﬂﬁ)ﬁ&ﬁﬁ]ﬁuﬁé}pﬁ&y@ﬁh@ﬂ]wm p@p@squsthsdirmwsozl 40732

substitution in a fas simlar to pcompound 4.

Many ot he?ndnﬁlﬁ?rp?fﬁtF? \%@ZOB‘? ISR E%CI%OEE‘HQ @ﬁ?s‘gﬁ:g*#ggnaﬁag\}agg %% tygg of

rk eacti on. dlltmﬂlgﬁ ﬁé&?& mg%mﬁ%&hmmmmwle%%mmmm bl s a
nowg conpoun er hol z et 9 ‘ ere a

rmd}wpi edngP’BE%Fﬂr e using gé’l m | ar 29{&%@5@ E’m\myﬁém er ‘J d

eactions

conditio n?hei?ﬂmﬁﬂé}hfeﬂ@ﬁ}bh@m s eemnwn%mpomnkihéltﬁs fosmed wevl@l pr@arﬁ@gm nd t hat
I NCOr pora

es pho o _the.
ni t r ogens®f thA ng‘ghgfqdl"fﬂopo%% eorglyggd%hg)%ﬁl gLt re uct i on

process afgk ouI d be changed to include oxvqen or_other donors if desired. _ |

Compound 17,73 (3 { 25300 LA2KY) B SROIRI SR, WRGes bfimBirf BV
two rings of the bipbenyls are substituted with different groups. Compound 31, 2-({[2-
(2-{{Z-hydroxyphenyl)methyl]anﬁno}phenyl)phcnyl]amino} methyi)phenol is a known
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-pyridylmethylaminojphenyl }-
phenyl)amino]methyl}phenol . This compound was formed by the reaction of N-(2-
pyridylmethyl)-2,2'-diamino biphenyl with the substituted salicylaldehyde.
 Compound 33, 3-nitro-2-{[(2-{2-[(2-pyridylmethylamino]pheny1}-
phenylaminojmethyl}phenol was synthesized in similar fashion by treating the nitro-

15
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substituted salicylaldehyde with the same polyamine as used for 32 while 34, 4-chloro-

2-{[(2~{2-[(2-pyridyimethylaminojphenyl }-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
salicylaidehydes.

Compound 35, 2, amino-3-(-(4-phosphonomethylphenyl)-N-(2-{-2-

[benzylaminolphenyl} 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




conpound that incorporates oxygen into the nolecule in place ofid y&bobée
nitrogens of 2,3,2-tetramne. This internal substitution is done Vi a
Wl lianson-type chem stry starting with a di-al koxi de and a di -al kyl
hal i de. The preparation of the novel vanadi um conpl exes 18,20 and 22 occurs
in strai gWoo¥@isAerd fashi on by m xi ng a vanadi um pr ecuPGUSIMHATE2 t he
appropriate starting material. The ndvel chrom um conplexes 19, 21, and 23
are prepared in simlar fashion using a chrom um precursor. Conpound 24,
p- (Phos P%@Q&ﬁé B lediroRed %9%@;){110&1:@&1 b 2k, ALERAN r6190Y QulyEminedMms el gne, | .,
et al repared in six steps startlngfromp-
cyanobenz;ltdyp@nibd@blnmnﬂbé@hbp@ﬁmﬂbﬂ/ﬁ%ﬁ@@‘ﬁ &hiPRt 0 its butyl amine salt by
treatnment of %&&hé el A BHPRRESof B euaaﬁlmegfdemw abbveewéie| grepaed. by

u

precipitation merous other sa hi s conpound. could be pr epar ed,
al | of whCehpownd|3$ tesslted @mghmmapmm 9f m& Wéh% £ormpound 24 was

& t N ( 2-
5 0. an BBt R G6 f ¢ berfl 39 e ;ﬁobﬁﬁaﬁn“‘lﬁiﬁ ‘“3@@‘%@" (=l
et hylt ) ami m-)mtcnqaydt)dlﬂmmhéﬂmdthsmwu@h Eﬁg{@tﬁ’&‘l")’ﬁ?%ﬁ&} de, b%/ .
reacti n [ eC 1on O e
car boxng|¥E§ %W§92§%gﬁ&%&&%unﬂﬁ%ﬁﬁgﬂ gﬁ%rg?ﬁf{oﬁéﬁtwom ne
Ehosggazi e%fiwhhmd()lgab mmdgmmmwﬁﬂmﬁlggaéﬁﬁnfml@ﬁﬁm i24 coul d
e adde (0] %%% nunper r}ﬁﬁer ?%SCMS ¢ ﬁ%rec b%lt,t@éﬁﬁbﬁwe

S

pol yani ne'™ Ion o

(bis-N, N anaydth&waﬁﬁﬁhym%ﬂaispmnyg withi@omhamdbdenl” a4 + B3 dhawidleadus| v
(Nalmchomsquqwl R et 1999 The novel conmpound 27, 2,2'-

di ami no( bfa2 N“‘Wﬂ‘ﬂ?}?‘ﬁﬁ?’ﬂ@?i‘ =6, 6' - di met hyl bi phenyl illustrates an
exanpl e of incor por ating additional substituents onto the biphenyl rings,

in thi 16 J 051348 51
IF‘rC]ZT/ U|832;:23(733$‘?5Pﬁ/°ﬂlﬂgsrlgt%p cﬁ%%gf’}t’]q ﬁloﬁ ?ssll%ﬁ%%ng &3;:1 etg\rilbngs further out

‘of plane. Conpound 27 was nade by an U | man coupllnq of substituted
benzenes follo

and t hen react dogg“’i?lﬁtéx %@P#{eﬁg%ﬁogw&%e%tga&g ﬁé} hy %g})ég{jo%:gi&l 020

compounds within the scope of the invention.
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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
added slowly to 25 g of 1,2-diaminoethane hydrate. The mixture immediately became
wann. It was then heated o 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
of 6M. HC1. The melting point of the salt was 278-283 °C. It was converted back to its
free amine by treatment with NELOH, Mass spectral analysis showed a m/e = 160. 'H
NMR (CDCL): & 1.26 (6H, 5), 1.60 (2H, quin), 2.60 (4H, t), 2.71 (SH, 1).

20
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Example 2
[2-(methylethylamine)ethyl](3- {[Z-(methylamino)ethy]]amino}propyl)amine

30 [Figare 2],




16 June 2006 5 10 15 20 25 WD 03/051348 52 PCT/ US02/ 40732 The lﬁgﬂg
28, 2,2'-diamno (bis-NN -quinilylmethyl)biphenyl was prepared by t
formation of the intermediate imne via a substitution-elinination pat hway
starting with 2,2'-di am nobi phenyl and 2-qui noline carboxal dehyde. This
reacti on wasoduisiEded by a reduction of the imne using MBERIZ4@Zspound 28
is a novel conpound related to conpodnd 26 where the pyridine rings are
replaced with the bulkier quinoline rings. Conpound 29,

[ (3,5-di methyl pyrazolyl)nethyl][2-(2-{[(3, 5-

(hmet hyl pyrazol yl ) et hyl ] am no} phenyl ) phenyl Janine is prepared for the

first tine ankimixeosOcdeL6.0857 meb ot megnegeym, fugingsnie BABHH 1P o§ubstitution
pat hway, @Tbns%_(% aﬁ’%‘?@#@t R @9 Eﬁ{éyko APt benzene and 3.76 g (0.047 mol) of

3, 5-di net zole as the starting ndterials. Conpound

30, 2- {[(acefyzemoﬁdqayheaﬂgdmﬂemﬂwnfora@] Pthe msaction GRS i) Weled 81 3iChy | } phenol |

is & kno ha for chi ff- base
ol oweq DYk RRHAE Petan Poipn S So@niR e b SebidforfAERA She Riidydn gl L D
is also oiswahade;wﬁamg&nm:aL@opmhgaﬁntm amdmimmhﬂ!@lwluﬂmﬂlé@@lfwmtry so the

Lvo 11 ngs, of 1e, bl BAENY) 'S sk Radd s Wikt HLEGFLERL sy Compound

(k 2-{[2- hyﬁm&yaénh?ﬁpa{rétéﬁet?w d’:@iﬁiﬁphasmn?éshpmwlmmmpﬁtﬂﬁ’ysqq@mgm Li sRa t
nown oun con r itro a e
al 1975). gﬁg@p@%@q Qnce 62\;11%3\15'[% an[eﬁ é)v%rhgaﬁfg? e QAR % Gl Mk BY

ring rs substituted wth a
CH3 in thﬁseﬂ‘\ﬂ@lﬁtﬂﬂlﬂﬁr badficatién.t he new conpound 32,

ghenyl gllalm nf)][( %‘%’%@%‘Fﬂ %yq% é’%ﬁ%‘&@%@&&@’x‘%"f g aﬁetyl?tﬁ 2P&ction of
N-(2- pyr mﬁhﬁ&t%ﬁeﬁ%&e@u@n B80T el sditrh hydridesin ﬁgunlt oft -
sallcylaldehyde ound, 33

3- ni t r o- 2 dmgthylopugnuide s P@fﬂdﬁééﬂy?éfﬁﬁ‘eﬁ&]%ﬁ’e%% The resultant mixturc was
phenyl) ampaldRid Yo BRenes miBsofSydskdetaiaamd stired amu Wr_AfgREdretS) treating

e O e cvanchid by tnd SO, o 95, St SRS WA TLRG S used for
2- { [ (2-{ 2} {edndd Prd¥l-ERA 50 &1 SOWREERS dddahngib yatduaoTte prohdiplesnol i s.
prepgged wth the suﬁ;tabl e chl oro- s StétUt&geg e‘?a’ﬁ or coeauutr;d Thi s
addi t1 on- exiraekedawithy freer Lhbt pastions of E‘@r@bu i ‘iﬂjls?)rlg?né% 5F%a 1 arge
nunber of SUbGELLU&H wastiRl hﬁﬂi'»@a‘t&%ﬁ&ﬂ@@l dried over anhydrous sodium sulfate,
and concentrated to give 6.3 g of vellowish oil. The oil was purified by flash
chromatography with 1:4 hexanes-ethyl acetate as the eluent to give acetylated [2-
(methylethylamino)ethyl](3-{[2-(meﬂ1ylamino)eﬂ1yl]amino}propyl)amine as an oil.

A stimed solution of 3.0 g (454 mmol) of acetylated [2-
(méthylethylamino)ethyl](?:-{[2-(methy1amino)ethy1}amino}propyl)amine, 100 g
(0.178 mol) of potassium hydroxide, 70 mL of methanol and 15 mL of water was
heated under reflux for 24 h. The methanol was removed at reduced pressure and the
product was extracted imio 2 x 50 mlL of ether. The combined extracts were washed

with NaCl, dried over sodium sulfate and concentrated under vacuum. The crude

20

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 speciral analysis showed a m/e = 244. "H NMR (CDCL;): 81.03
(12, d), 1.26 (6H, s), 1.60 (2H, quin), 2.60 (4H, £), 2.71 (8H, 1) ,3.23 (2H, m).

Example 3

30 (2-piperidylethyl)-{3-[(2-piperidylethyamino] propyljamine [Figure 3].




Compound 35, 2, am no-3-(-(4-phosphononet hyl phenyl)-N-(2-{-2- 4g June 2006

[ benzyl am no] phenyl ) phenyl ) propam de, i ncorporates conponents of the

tyrosi ne phosphate inhibitor and the bi phenyl rings to formthe pol yam ne.
35 was prepared by reacting N (2-pyridylnethyl)-2,2" diam no bi phenyl with
t he Boc- provesyee4anm no acid 30 16 June 2006 5 10 WO 03/ DSIBg4E32

PCT/ 0S02/ 40732 nol ecul e 24 fol |l owed by deprotection with acid. Nunerous

rel ated pol yam nes that incorporate the bi phenyl backbone can be prepared
in this fashion. Various netal conplexes of the exanpl es described above
were prepared. Conpound 36 resul ted fromthe reaction ‘% &/hdgsszth

2, 2" di am no (bTe-aNusure of @i el @I7Fermp)) ¥ bidininapmpng An t%t uti on

reaction. @%@I 7 ROR. A CRIERLRN m@ &dvi a the
reaction 01%8 mﬁzﬁéﬁggﬁggﬁﬁﬁeﬂgh%g%gactl ng . VC12 w " }g‘g ound 26.

The gadol Hropwise Cotbs @343 omel: o@ﬂé%—&hle@ewaplw@waépm@n%ﬁt Vi th GdC13.
Consound §9m‘§$sn?é nga?é{u&x%@té Etﬂ%ﬂﬁh e SitdnBwii éﬁp&&e&aﬁ&{hbl ng in the
chrom um comnple

urrerous ot netal’s such as copper cobalt, technetium
and ot her rdsidas sia$ txdnctedivith 8 r¥ack Dﬁ@Hzﬂlia HH%WGBUQ@Q%P 31@08’1’5‘?11 24 - 35

should le LNl ¥ 8{;@:@ wm shi®
correspongn%es(s‘rquﬁ? s%i({] h YE)% g% 15 20 25 0 The

fol | owi ng a&ddﬁdifpd)ﬁi‘,‘]ar'l&e mcitmgcpemt bf)thﬂ B&lwasr%&@ °63ut1t W@ﬂtcollt’ﬁrtefl #p¢k ©he nunber
of  conpounds W|1:h 3G analyzed.

1, 3- bi s- [ (8 CRHPREEY Hyafqﬁwér%g ﬁﬁfrocl)r}pane i"éﬁ%fl&bﬁ?}l()@%)ﬁaﬁre of 15 g of

1, 3- di br o giReiRd adilgkiddhowed @in/alsOV AEDOFHMER (@03 1404182t 0 25 g of
1, 2-@ am noet hane t diately becane warm It was

t hen heat éh“}{aﬂ)s%“@!ggfl %ﬂ't‘)‘gbr @é%(gqﬁ’%e added and the heating
continued for 30 mnutes. The mxture was filtered fromthe KBr and

distilled at reduced pressure. ]SI due fornmed two | ayers that were
separated The top | ayer was di st f"é‘He4nd the product had a b.p. of

115-116 C, (é azing16h! dt@sinylbthy Daninp)profylixdhily [Rigmredl.t i ng the free
amnet0|tst ahydroclor| de sal't by addition

To a mixture of 0.5 g (6.75 mmol) of 1,3-diaminopropane and 50 mL of
absolute EtOH was added 1.62 g (40.5 mmol) of NaOH. To this solution was added
dropwise 2.48 g (13.45 mmol) of 1-(2-chloroethyl)piperizine in 50 mL of EfOH over
30 min. The solution was allowed to stir for 24 h. The solvent was evaporated and the
residue was exiracted with 2 x 50 mL of CH,Cl,, dried over Na;SO,, and evaporated to
dryness. The compound was purified by converting it to ifs hydrochloride salt by
addition of HICL. The melting poing of the salt was > 300 °C. Tt was converted back to
its free amine by treatment with NFL,OH. The resultant oil (0.82 g, 41%) was analyzed.
Mass spectral analysis showed a m/e = 299 " + 1). 'H NMR (CDCL): 51.40-1.82
(10H, m), 2.42-2.55 (141, quin), 2.58-2.77 (10H, m).
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Example 5
2 (2-aminoethy}){3-[(2-aminoethyDmethylamine} propyltmethylamine [Kigure 5].
To a solution of 1.0 g (0.0128 mol) of N,N-dimethyl-1,3-propanediamine in 50
mL of FtOH 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 femperature 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%)



of 6M HCL. The nelting point of the salt was 278-283 T. It wasjgEpweLdHes
back to its free amne by treatnment with NHAOH Mass spectral anal ysis
showed a me = 160. rH NWR (CDC13): 8 1.26 (611, s), 1.60 (211, quin),
2.60 (411, t), 2.71 (8K t). Exanple 2

[ 2- (et byl e¥O93/e34p0) et hyl ] (3- ([ 2- (et hyl am no) et hyl | am PGFBIRHYBI am ne
[Figure 2]. 16 June 2006 5 10 15 20 2% 30 WD 03/ 051348 54 PCT/ US02/ 40732 A
m xture of 0.37 g (0.0155 nol) of magnesiumturnings, 5.0 g (0.031 nol) of
1, 3- bi s- [ s aBahéO®h Y5 A48 AR). VLR pRiraDihalibis sifwddenaere1sn@r3+76 g (0. 047
mol ) of acefyl chloride is heated under reflux for 2 h. The reaction

m xture i 4).c6bNMR (GDGh): Bde20 GH: #. LAY (Fhm) R:#U65b s 2-0H (4 édant ed into a
separatorgﬁl{rnel. The residue in the flask is washed twice with 50 niL
portions § ’ether, and the ethereal solution is poured over ice. The
ether-water mxture is then added to the benzene solution in the separatory
funn®l and separated. The organi CEQQ@@%@' s washed once with 50 nL of 5%
sodi um bi carbonate and once with water and dried over CaCl2. The solution

is filtered and [2«kieytlofB. 51 pnon-F-yintmhrmethyllG{2-<bicydel3.3Anmmghet i cal |y stirred
m xture of 5.0 g ( 8.6 I f 1 2- tetram ne prepared
above and 2.0 g (80. 7yxﬁﬁr@e@ﬂ%‘8ﬁﬁr&&%§%ﬁ§%‘@éﬁiﬁ&?@m of N, N

di met hyl f or mam de was heated at 60 C under N2 for 3 h. The resultant

m xture was treated w 19. 0. ) I - stirred at
50 C. _After 2&‘?1’5:1“%#&'(&’]1&@21%«5%3% n Am%aagéﬁg%%ggﬁéfg@ﬁgedagdl tion of 95%
Et OR Vol atiitta@ineveere Hestiod e stamless stekl bontbps 885 0C dorambl. The producif wagat er was
addet to the residue. Th odu e ' r L portions
of ol or ofPSHH: 139, a T o) a0 @iﬁ%m?@%@ﬁ%@%%e g‘?%\?gpdg’f&lmshed Wi th
wat er and g Gparatéll arfidmaicailkatinh yith 206 nioall 30% sqicbest WaOFLalflle coxmentrated to
give 6.3 of yellow.,sh oil, The oi]. was fied by fl . Chr omat ogr aphy
W ih 14 MeRaRGeReOR e m e ottt dre Bor Rebbr sREr oSl

(met hyl et f(y.b.@gj 30))e ek dedtrd] laBalysiEshbybainoy: 20 YA INMR (ODELEPBY L 24i ne_as._an

oil. Astirred soluti f acetylated [2-

on of 3.0 g (4.54 mol
(met hyl et A0{#ing) ethi-13 (33H @»%%ﬁﬁy‘l)’a%ﬂsr@#eﬁhyl ] am no) propyl ) ami ne, 10.0
g

15

Example 7
(2-aminoethyl) {3-[(2-aminoethyl)amino}-1-methylbutyl}amine [Figore 7).

A mixture of 2.34 g (10 mmol) of 2,4-dibromopentane and 50 mL of absolute
BtOH was added slowly to 1.2 g (20 mmol) of 1,2-diaminoethane hydrate. The mixture
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 ifs
hydrochioride salt by addition of HCl. The melting point of the salt was > 300 °C. k
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 (CDCL): § 1.12 (6H, d), 1.30-
1.37 (64, 5), 1.60 (2H, t), 2.60 (2H, m), 2.74 (8H, t).

20
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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



(0.178 nol) of potassium hydroxide, 70 nL of nethanol and 15 n1_13)juﬁ@§306
was heated under reflux for 24 h. The nmethanol was renoved at reduced
pressure and the product was extracted into 2 x 50 nL of ether. The

conbi ned extracts were washed wth NaCl, dried over sodiumsulfate and
concent r at eYOUHd#Svacuum The crude m xture was puri fi 8aT/B§02f40785 h

chromat ography with 5:1 hexanes-ethyl3%acetate as the eluent. After
evaporation of the solvents, 0.79 g (719% of the product was obtained as a

col or | ess itdr. IM&@CHPﬁQdeaédﬁﬂﬁlkhé j rea&newdme m@onv&ﬂémedﬁtwa (CDC13):

'?;L g323( (1 géjp#t%eg}gﬁgp 6\|§:|as a%lzled fo kecp € pH at %I-Qngver g days. (fhe soIIvenZ was (L(8H,

(2-pi peri diyhsidtvd dnd Brel fediditd RRE lediydcRidMivlil 3Nk 30] RLOGYCHATH, NBieki Riveur €3] . 16
June 2006 5 10 15 20 25 30 WD 03/ 051348 55 PCT/US02/ 40732 To a nixture of

(6 ?@zﬁﬂmayd@fapfra@ddﬁomr dha Fsulign odd28P & JP%) M58 FAEIEt OH was
add %19.15 It I NRAR ¥85C opwi se 2.48
g (13. 45 nmo ﬁ%lgélg ﬁl%eoeqﬁ ;957 (g'ﬁ*a?ﬁeﬁn 50 @jfdggggdsg%ver
mn. The smin)lil @1(4%@ 04 @¥ies). Tb5-§ISDI(6TL0n) 244-8.63 123, C@ol vent was evapor at ed
and the residue was extracted with 2 x 50 nL of CH2A Z, dried over Na2SOM4,
and evaporated to dryness. The conpound was purified by converting it to
its hydrochl ori de salt by additi dixaofpld®Cl. The nelting point of the salt

was > 300 T. t ' ree.am nt with
on ~ThenP Bl RS RS he BTt Baie i R ARy i PR

anal ysis showed a me = 297 QM"' + 1P 'H NVR (CDC13): 8 1.40-1.82 (1411,
m, W 40-2.58 (1411, quin), 2.60-2.72 (1011, n). Exanple 4

(2- pi perazi nyl ethyl)--{3-[(2=pi perazi nyl et hyl ) am no) propyl }am ne_[ Ei gure
41. To a m xt uiTe achlufioh of)1.0 ¢ (0.H128mbl) oﬁNﬂdﬂa&ﬁy&ijﬂnmanpﬁmninahnﬁ(So mL of

Added ar APCHO e Gird a Sl B B3l L Rule a0 150 ot

of Et OH o\a5rmL3fF viken.. lﬁvﬁeNsmHuﬁaamﬂdarhmtﬂlmmpﬂdaachcm L IThe @olufden tvas The

Gecie, arfiEnd gere @il NeEE i edh o e S 8t PR pBund s
purified bmlecmnrmrvbas ra:gapotatédaazﬂttﬁe Ryidioahd atiacted $ith 3 D30 mL of CHCl,,
15 dried over NaySOy, and evaporated to dryness. The resultant oil (2.69 g, 74%) was
analyzed. Mass spectral analysis showed a m/e = 285 M+ 1). 'H NMR (CDCL): 8
1.55 (2H, quin), 2.30 (6H, s), 2.58 (4H, 1), 3.75 (44, s), 7.07-7.85 (6H, m), 8.50-3.62
(2H, 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
mi. of 37% formaldehyde and 1 mL of water was refluxed for 20 h. The solvent was
evaporated, the solution was made basic with 3 M NaOH, and was extracted with 3 x
30 mL of CHyCl,, dried over NapSO,, and evaporated to dryness. The resultant oil
(0.88 g, 58%) was analyzed. Mass speciral analysis showed a m/e =244 (M" + 1). 'H
NMR (CDCls): 8 1.62 (2H, quin), 2.24-2.30 (18H, s), 2.60 (4H, 1), 2.71-2.75 (81, 1).

25

lixample 11
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2-[3-(2-aminoethylthio)propyithio]ethylamine [Figure 11}.




addition of HCI. The nelting point of the salt was > 300 T. It e 2006
converted back to its free amne by treatnment with NHAOH The resu tan? oi |
(0.82 g, 41% was analyzed Mass spectral analysis showed a me = 299 (M
+ 1). "HNWR (CDC13): 51.40-1.82 (1011, m, 2.42-2.55 (1411, quin),
2.58-2.77 (WOM)s1Hp. Exanple 5 PCT/US02/40732

(2-am noet hyl ) {3- 1( 2- am noet hyl ) net hy3am nol propyl } net hyl am ne [ Fi gure 51.
To a solution of 1.0 g (0.0128 nol) of N N-dinethyl-I|, 3-propanedi am ne in
50 nL of EtOH was added a solution of 2.96 g (25.6 mmol) of

2- chl oroet hyl am ne i.n.50 0 ropwi.se over 40 mn. The solution was
stirred at rooﬁotaeﬁgﬂ?‘ﬁt?ﬁgbf%{ﬂ'(ﬁgggi’@ ?gif}s“g‘P%"@"iﬂ“’Rﬁ%m’e%B%ﬁ@t ef and the
resi due wgaoex@maﬂﬂaﬁhmmmhmzfX45@oﬂngHﬁnQ?ﬁﬁgdimmﬂﬁggdﬂﬁﬁﬁg Bﬁ%%%ﬁé gngo 15
evaporated to dryn oi une

20 55 o G4PesALAI3Es sl b uereabvinmse i 2 P E B e sobitign es . s
spec ral aefedifsr ssmoymo&emv@s w%ﬁ&te{d%dth’e reslaue wak'e%eﬁ%@ 23 S.1.20
(411, s), (t)p%ﬁH uin S) H t), 2.73 t).

Exanpl e 6 ™y # g}c ?"8‘ Iffzﬁgﬁ @dﬁ’%ﬁ’ﬁ‘?ﬁ) ’é‘t‘h;meﬁ?( 3T ezregtma@g,@l UPSB 3.1] non-3
yl am no) etditikbasi 188)198 i googwﬁs{ gwgw maééspe&mﬁatﬁ{s%h%e&%M' of

1- brom)adamanlt ane and acetylated 2,3, 2- tetram ne were heated
in a stai M94s$ NMBLCOIRD hﬂg@fﬂés@ﬁé‘ﬂs@(mﬂﬁﬁe product was poured into a
m xture of 250 nL of 2 N HC1 and 200 nlL of ether. The aqueous |ayer was
separated and nade al kaline with 200 nL of 50% aqueous NaCH. The m xture
was extract ed with ether and t he Exampletl2dri ed over K2CO3 and evaporated to

?Ic\é?:ls;]) "5 1 24|!3 Aol RGBTSR g 8° 111 )12 s
811, t). Exanple 7
mxtur e of 3. o8 e RlHeginl G d 20l MBicl Fchin 15 i R ol I 0ol L o

Et OH was aufdetl 3% ontnaldehyde 2ndgl @HO ofrwale) wa£ rdfluzedi foarti8noeThan@ctivndr at e.  The

M xtur e, R APt RRCE Win 30t Wt 5o bR BRSS9 590 iSah e T POUT - 10

bath. While stirring, a concentrated solution of NaOH was slowly added to pH >12,
The temperature was kept below 25 °C during the addition and then extracted with 3 x
30 mL of CHyCl., dried over Na;SO;, and evaporated fo dryness. The resultant oil (
0.98 g, 71%) was analyzed. Mass speciral analysis showed a m/e = 256, 'H NMR
(CDCl,): 3 1.68 (4H, quin), 2.22 (12H, s), 2.64 (8H, £), 2.75 (8K, ©).

15

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-
chioroethyl)piperidine in 25 mL of CH;Cl, was added dropwise at room temperature.
‘The stirring was contirmed for 24 h. The solvent was evaporated and the residue was
extracted with 3 x 50 mL of CHyCly, dried over NaySO,, and evaporated to dryness.
The resultant oil (0.725 g, 45%) was analyzed. Mass spectral analysis showed a m/c =
646 (M" + 1). 'H NMR (CDCL): § 1.28 (8H, q), 1.46-1.72 (24H, m),1.72 (4H, m),
2.42-2.30 (24H, m), 2.64 (8L, 1), 2.75 (8H, 1).

25
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and the heating continued for 30 m nutes. The m xture was fllte'rdﬂg{é%é he
KBr and distilled at reduced pressure. The conpound was purifie

converting it to its hydrochloride salt by addition of HCO. The rreltlng
point of the salt was > 300 C. It was converted back to its free am ne by
treat ment WOB/JHIEOH. Mass spectral analysis of the oi |l PEEsS02807g3 68%
showed a me = 188. 'H NWVR (CDC 3): S°1.12 (611, d), 1.30- 1.37 (6H, s),
1.60 (211, t), 2.60 (211, m, 2.74 (8H, t). Exanple 8

(2-pyridyl methyl){3-[(2-pyridyl ngi )Qf)@m no] propyl }amne [Figure 8]. 30 To
a solution of 1.0 g (0.0135 nol) 3-di am nopropane in 50 m , of EtCOH
was added M,&H-tﬁnaemﬂb,ﬂ,&llttstrghlem[@34&%#)3'13??0@1%?49%@?%%1 dine in 25
mL of 16 June 2006 5 10 15 20 25 30 WD 03/051348 PCTI US02/ 40732 57 water.
10% NaOH was added until the pH reached 9. The solution was stirred at room
t enper at ur e aritb NAQH(AW& suraed} efi cyckink gefd tleohEfQH vas 9ddnde}- 132 {88, The

sol sent Vino ‘ﬁpo%}%%ﬁ?%@gnetlﬂ% WRSHAHS Wikd bR BEchid Tl s3ifio0 ML of

Cl12C12, rover ) evaporated to dryness. The resultant oi |
(2 63 g, %ﬁ%eamswafamnéueated\mgwpabc selitioanensyeypporaierbynder gdwesd= 257 (W +

"H NVR_( CDC1
7 1 5.7 80 p{eg‘TT‘ )%%acteg vﬂ?ﬁ% ég'ﬁ‘zlzggéﬁyg%lﬁ " eﬁ%v r%a&SOE Jand %va%@rafeﬂ]té s),
met hyl ( 3- Hﬂﬁéﬁyt{‘h&e&;&tﬂnﬁw (ethyl glafmwas}imdm#.lmswﬁﬂkﬁ}mlﬁm shpwedni ne
Figure 9
[N :\Elgl rret]ﬁ 6§0§\%g'a eﬁ{m&&’%‘ég P%%Q 55?%%}&%)\7\@66 (é‘gd%‘ﬁ“)az% ution of
4.19 ¢ (258}5, oob (8m0f). 2- chl oronet hyl pyridine in 25 nL of water. 10% NaCH
was i@dded unti I _the-pH _reachedS. _ The sol ution was. stirred at room

tenperature and NaOH was added to keep the pH at 8-9 over 3 days. The
sol vent was evaporated and the reﬁiﬂqﬂems extracted with 3 x 30 nL of

(2,60 5, 74% uadiHs Na?r%r@al TR Sioteuet TPamsidh & e = 265 (1
+ 1). Il NWR (CDC13): 8 1.55 ( 211 quin),. . 2.30. ( 611, s), 2.58 (411, t),
3.75 (41l 9) 7 aosZn'er gc?lut(ic?nlo 0'g (50 mmo?) 6f20ycl(am m’ 50d1?nL of DMF was

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

nitrogen at 60 °C for 3 b 3.12 g (20 mmol) of iodoethane was added in one portion.

The solution waé heated at 60 °C for 18 h. The reaction was quenched with 5% 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 spectral analysis of the oil (0.72 g, 46%) showed a m/e =312, "H NMR (CDCls):

5 1.38 (12HL 1), 2.16 (8H, q), 3.38 (4H, quin), 3.54 (3EL 1), 3.80 (3EL ).

15
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Example 16
N,N'-(2'-dimethylphosphinoethyl)-propylenediamine {Figure 16].

Propylenediamine (4.0 g) was dissolved in 200 mL of ethanol. To the solution was
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 mI, of 2 M NaOH and dried over MgSO4.
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
LiAlH4 (12 g in 125 mL of dry dioxane was added N,N-(2'-
dimethylphosphinothioethyl)-propylenediamine (prepared as above). The mixture was

25
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Exanpl e 10 [2-(dinmethylam no)ethyl](3-([2 16 Jun
(di met hyl am no) et hyl ] met hyl am no] pr opyl ) net hyl am ne [ Fi gure 10]. ‘}3\ ? 9? on
of 1.0 g (6.23 mmol) of 2,3,2-tetramne, 10 nL of formc acid, 10 nl, of
37% f or mal dehyde and | n1, of water was refluxed for 20 h. The sol vent was
evapor at ed, WOBEIBBuUt i on was nade basic with 3 M NaOH, aP@I/ugie/4e782ract ed
with 3 x 30 nL of CH2CI 2, dried over®®Na2SO4, and evaporated to dryness.
The resultant oil (0.88 g, 58% was anal yzed. Mass spectral analysis

?Egﬁd a) tdMuRedrof 46 b W mistdre waklcodbdR dlokehielvaater adel, 62:11(&[!-?, MOMAOW, 2.24-2.30
s

t), 2.71-2.75 (811, t)

2-[3-(2- aﬁdd?@@@%é‘?%ﬂi%?lﬁ‘ﬁ%‘y@tﬂﬁﬂdé? WP%WI{W?&H% Iih]mi%])%%e 2006 5 10
15 20 25 5 0l ution of 1.0 g (0.0128

nol ) of 13\51 %ﬁ%@r%ﬂﬁléfzopro 02?{’}(@%8@3{55%3’6@% was added a sol ution of
1.48 g of NaCH in 10 m, of water. To the solution was added 214 g (18.48
mmol3) of 2-chl oroet hyl am ne in 25 ]%1[“ Ft OH. The solution was refluxed
for 8 h. The sol vent was evaporate (fnd the resi due was extracted with 3 x
25 nlL of CH2d 2, 3&@EH2dmimethoxypBapoxyropdsmine (Bigert X7d dryness. The
resultant oil was distilled at 165-173 (1 mm) to give 1.81 g, 73% Mass
spectral analysis showed a me = 194. 1H NMR (CDC13): S 1.48 (411, s),
2. 34- 2. 86 Sodigih10. 201, (Slﬁnmmb] waslaided in small portions to 50 mL of ethanol. After

lol4u?| éﬁ t&') raaz‘?afrfgdf?ﬁcr& tgﬁfg)é?ne@ oﬂ&tﬁ E’F@M@?g&aglag&ép%fnorm c acid,
4.5 M o&uﬁe?&/ﬁof@mammzmde (mgpssmmywm@fbmmwa@ad@@ h. The

reactdi on 37%. m Xt ur ferred f t aker and
cool ed t o SEPPW¥Ie 0vEh § %S"W‘i“ls’ }N "x“d(r);fo?tga?lcoa\rqgen rsgt%eng ‘%%I ution of

NaOH was %b@&ayedadnﬁdemmbﬁl o2 dissolted ih SOl aft water amd&ximmd wigh 2w 25 C

over  Na2SoA it GhGho 'tZ%@fS‘f‘%ff@ﬁ e M I s

was anal yzh@maldasephedasig all an,a yBiat/inkamend giveDS2 PEBG) o BAMR- (CDCI3): S

1.68 (411, qui

anﬁnoegloxy)zroggxy§p]fgp]& amm ’ ’Ig‘b% éi)%ls)tg 1 35(4ZE sf 811618 (2h), q), Exanpl e 13

2.71 (2H, t), 2.96 (8H, t). MS m/z 162 (calcd 162).
15
Example 18
Vanadyl 2,3,2-Tetramive [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. Ovemight a red-brown solid precipitated. The

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

Example 19
”5 Chromium 2,3,2-Tetramine [Figure 19].
To 1.0 g (0.0624 mol) of 2,3,2-teiramine in 20 ml of EtOH was added 0.245 g (0.0624
mol) of chromium (1) nitrate in 20 ml. Of E{OH. The solution was refluxed for 30
min and cooled to room temperature. Overnight a solid precipitated. The complex is
formulated as being JCr(2,3,2-tetramine)(NO; ), INOs.

30




1,4,8,11-tetraaza-1, 4, 8, 11-tetra(2-pi peridyl et hyl)cycl ot et r adecgguhé&i2006e
13]. To a solution of 0.5 g (2.5 mmwol) of cyclamin 25 m, of CH2Cl2 was
added a solution of 0.8 g of NaOH in 25 nL of water. A solution of 1.83 g
(9.98 mol ) ofl-(2- chloroethyl)piperidine in 25 nL of CH2Cl 2 was added
dropwi se atWPdyM18nperature. The stirring was conti nuedCT/use2a473h. The
sol vent was evaporated and the resi du¥ was extracted with 3 x 50 ni of
CH2C12, dried over Na2SO4, and evaporated to dryness. The resultant oil
(0.725 g, 45% was anal yzed. Mass Expmpler28l anal ysis showed a me = 646

M® + 1). - 8H. . 1,.46-1.72 (2411, ,1.72 (411,
gr), 2.42-2. g&%ﬂ%@ﬁ%ﬁ"@i ?IPFS’,Q} ’Ef.h:f%a*tlg'ﬂterovsﬁfangeem%?m une 2006 5
10 WD 03/051348 59 PCT/ US02/ 40732 [Figargl®® 14
1,4,8,11-tetraaza-1, 4, 8, 11-tetrabi cycl o(3. 3. 1] non- 3-yl eyel ot et r adecane
[Figure 141. To 0.5 g (2.5 mol) of cyclamin 50 nL of EtOH was added 2. 15

g (10.0 nmmol) Tef200 iy 0163 actatpeft2:f B pipin 3OmIlof afetiahsdvad baRWaS6luaMer 30 min.
Svapor at e A @ QA of SRl b ds Mo Hebae e biigh yos FSGHOTIOG D
S5 o oo s e ekt CoruRs el O (037 0
' 11/() N\Al\//aRs( %‘éi‘?%ée%ﬁ@??ﬁ?wgﬁ‘ﬁ%&w% %’“@B‘P pyermighiquiichy were qflecieds11, t),
2. 70 (811,antl)iredxanp| €alddfor VC1sCLH;Ns: C, 42.86; H, 8.17; N, 19.98, Found: C

1,4,8,11-tgtragzaz 1,4, 1-tetraethyl cycl otetradecane [Figure 15]. 15 20 To
a stirred @$2ﬁ1€#‘=%2§‘% g (5.0 mol) of cyclamin 50 nL of DMF was added

[
4.0 66(0. 1 nol) of NaH in small portions. The solution was_heat ed under
nitrogen at 60 C for 3 1t 3.12 g (20 mml) of iodoethane was added in one
portion. - The soluti'on was heated P2t for 18 h. The reaction was

quenched nChforib @-pijeria ibsnaspe dhbérinyfoit ASup Al iRy, ed over

‘Na2SO4, and evapor at to dryness.  The resultant ol uritied by-flash
chr omat ogr aphy usi ng ethyl act eat &ige3ll Mass spectral analysis of the oil
(0.72 g, 46% showed a me = 312. 111 NWR (CDC13): 8 1.38 (1211, t), 2.16

(811, a), 3.38 (4K quin). 3 .54 (81-1, 1), 3,80 (811 t). Exanple 16
s To 200 mg (0.67 tmol) of 2,3,2-pip in 25 mL of methanol was added a soltution

of 178 mg (0.67 mmol) of Cx(TIN)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.
Crysials ~ of  [Chromium  ((2-piperidylethyl)-{3-[(2-piperidylethyl)amino]
propyl}amine)(C1);]JC1 formed overnight which were collected and dried. Anal. Caled
2 for CrCysClHagNg: C, 39.43; H,7.52; N, 18.39.. Found: C,39.05; H, 7.19; N, 18.54.

Example 22 ‘

- Vanadyl (1,4,8,11-tetraaza-1,4,8,1I-tetrabicyclo[3.3.1]11011-3—

. 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(ID)Cl, in 10 mL of methanol. The solution was
heated for 30 min, cooled to room tpmﬁerature and the solvent evaporated to 10 mL.
Crystals of Vanadyl Q1 ,4,8,1 1-tetraaza-1,4,8,11-tetrabicyclof3.3. I]Iion-?:—
Ylcyclotetradecane)(CI), formed in 72 h which were collected and dried. Anal, Caled

- for VCsiClLHgNy: C,69.24; H,9.32; N, 6.45. Found: C, 69.01; H, 9.45; N, 6.88.

25
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N, N' - (2' - di met hyl phosphi noet hyl ) - propyl enedi am ne [Fi gure 16]. 183Jwite 2006
Propyl enediamne (4.0 g) was dissolved in 200 nmL of ethanol. To the
solution was added 9.4 g of dinethylvinyl phosphine sulfide and the m xture
was heated at reflux for 72 h. The solvent was evaporated under reduced
pressure arMOPHBLIHMBsi due di ssolved in 400 niL of chl or oPGVHEAHE3Nashed
with 50 mL of 2 M NaOH and dried over%2MySO4. The sol vent was renoved under
reduced pressure to give an oil that was crystallized fromethyl acetate

to give 6.8 g ( mgjm tﬁ@sﬁwtarwzaﬁiu;:s 11-tetrﬁazc9clsp$pﬂﬂm-an of LiAIH4 (1.2
g) in 125 nL of dry di oxane was added

di met hyl phosphi not hi oet WYPIDWWWHEQDEIG\‘ ﬂég‘("ﬁgébar ed as above). The
m xture was 16 June 2006 5 10 15 20,25 WD 03/051348 60 PCT/ US02/ 40732

refluxed for 36 h. The nmixture was cool ed, di oxane/wat r added, 3 nL of 2 M
NaCH added arifo 80ftme: (9etlsmmedi efnoyaiea-ad in 2 &l plomgibago %’g?‘%aphosphl ne.

1H NWR o2k hamol
t), 2. 55(%%1?%110{1% i'ngggﬁ%}mcﬁm;f&rgm?cl}% am %gﬁehoxy(gﬁzﬁiuogﬁagpyl am ne
[Figure 1E¢atﬁ)fdr mmm,xoolgdtc(@ommyramanddh@ao vyt gfaRpIated aﬁs to 50 nL

.of eth I I , f 1,3
groganggloglry s aag\ég dﬂr& ?égrgqg% Eﬂll@eélr%%g [Iéé%%}ﬁr?g[y)l 8 g, 8.6

mmol ) in 5&yﬂb1e’médea!nh}ﬁﬁl)i]€l/vﬁsmaﬁ@wmgw whish sereoadiecsd rﬁ'ﬂTdF H&2ko| ut i on was
refl df t |
i ssol ved Pipady GEGHHGR T 61k, P 02 KBRS B0 O RgEh L 12 e

over Na2S@#l. filtered and evaporat ed. The oil was flash chromat ogr aphed
usinm 1: 1 ethyl acetate/hexane“to give 0.32 g (46% of 3-(3-, ( - _

am noet hoxy) propoxy) propyl anine. 1H NMR (CDCl 3): 8 1.32(41-1, s), 1.68
(21-1, ), 2. 71(21" t), 2.96 (8Example245 m z 162 (cal cd 162) Exanpl e 18

Varedit 2. ey A bt oSS0 s 3, 202
vanadyl acetyl acetonate in 20 nl of EtOH. The solution was refluxed for 30
A solution of Na (0.26 g, 0.011 mol), diethyl acetamidomalonate (2.17 g, 0.01
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 filiration and washed twice with water, to yield
2.89 g (87%) of the white solid Diethy] (4-Cyanobenzyl Yacetamidomalonate, "Bl NMR
(DMSO-d¢) & 1.12 (1, 6 H), 1.93 (s, 3 H,), 3.42 (s, 2 H), 4.14 (q, 41, ), 7.16-7.80 (2 d,

"4 H),815(s, 1 H)

' Dicthyl  (4-Cyanobenzy1)acetamidomalonate (996 mg, 3 mmol) was '
hydrogenated at atmospheric pressure and room temperature for 22 h in ethanol (25
mL) and concentrated HCI (15 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 filirate was again concentrated
to dryness, giving 956 mg (85%) of the white solid . Diethyl [4-

. (AminomethyDbenzylJacetamidomalonate. 'H NMR (DMSO-dg) 8 112 (t, 6 H), 1.92
(s,3 H,), 3.40 (s, 2 H), 3.88 (s, 2 H), 4,11 (q, 4 H), 7.03-7.38 (2 d, 4 H), 7.9 (s, 1 H),
8.21 (s, 3 H).

A solution of Diethyl [4 (Annnomethyl)benzyl]acetamldomalonate (2.06g,5.5
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%
NaHCQ,, water and brine, dried over Na,S0,, filirated, and taken fo dryngss, giving a

20
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m n and cooled to roomtenperature. Overnight a red-brown soli dé June 2006
preci pitated. The conplex is formulated as being

[VO( 2, 3, 2-tetram ne)acac]. Exanple 19 Chromium 2, 3,2-Tetrani ne [Figure 19].
To 1.0 g (0.0624 nol) of 2,3,2-tetramne in 20 mM of EtOH was added 0.245 ¢
(0.0624 nOVP 0BES1EAr omi um(III) nitrate in 20 m. O EtCMT/THR/M46782 uti on was
refluxed for 30 mn and cooled to ro@mterrperature Overnight a solid
precipitated. The conplex is fornulated as being

Cr(2, 3, 2- 81 RPeE/ US02/ 40732
gl (EX Ak g’i@% rc@giﬁm%éé NER R NAT4- (8 PardSyrkine)beRA facd@nlidiniiicked8 1 BCE

(2(()]2 EI Egr (W)G{EWMR OMFQ-26) };H}@OQIHMWI@ a%@}%r(ép%iﬁzt{sﬁ@%ﬁ [ ::I gure
in of met hanol was

added a séﬁgt%?oz-rlli% gﬁgg Ir%%(gg 76%4@ 2\?}51{ 22 in 15 nL of methanol.
'I;\e S;o: ution V\Assoluaan efiDfethyl [@@yﬁwrfm&ybwzﬁiﬁcemm@ﬁm@ﬁﬁodﬂmr e. |

al's am no
prgpyl }amgr?e %dfﬂ%%gmgl\i&eérﬂ?qgﬁ% #}e@é}%ﬁé&%«% ect eg()15 (r}%dasl ed. Anal.
Cal cd for réi[ﬁicéd:fxﬂl-mmland G?ngqhm toHry@esd 7.F,he|\tes1:1® 98 wiboh dwviccwith42 33: 1
8.24; N, e r.om u
((2-pi per lﬁﬂ} zt hyF?‘n‘?3 [?02- pi %@?i d;}hgt hyI am norglrl%pyl Pa hyl ne) ( g’ ) 2].d
[ Figure 21¢m$ﬁn%&@1)5@z§1§hc&ﬁnmﬁmﬂonﬂé D230 (G8%; i'h NMR DMSO-deptlH&nol was

added a s 8 ( Ik met hanol .
The sol ut ?%Hmagg%&agké qu géﬁrﬁ m%g&’ﬁeﬁ%g ro }%} ?elryrggﬁflhn}ﬁs and t he
sol vent wapogyapgy ated to 20 nlL. Crystals of [Chrom.um
((2mper|dyle ri ethyl)amn p ) Cl)21d
f ormed over ni gbf‘;ﬁw)lu %ﬁc%?‘@&t‘glﬁ? E@Ei '3%‘32"8% 3"’3‘1’ (ﬁnﬁgwgﬁmgﬂ%
Cr (g sd 3H%{§Nﬁvecﬁn 18Ghyi Phosphite/(45RL) Md #BuBA forr i ds fre€rendHraDaF, tritthyl7. 19;
N, 18. 54. Exanpl e 22
(1, 4,8, lli’ll%%gglé%ilae silvregdia v PPufisd i fishochsomytagpply on silica gel with
yl cyc | ot etoradecansi ©0)i8) dskl@ts, & Al 428 mg (71%) of the white solid Diethyl [4-
[(Diethoxyphosphmyl)methyl}benzyi] acetamidomalonate. 1HNMR (DMSO-dg) & 1.11
(. 121—1) 1.88 (s, 3 H), 3.12 and 3.15 (5, 2 H), 3.38 (s, ZH) 392(m 4H) 409 (g, 4
H), 6.88-7.18 (d, 4 H), 7.92 (s, 1H).
A solution of Diethyl [4-[(Dlethoxyphosphjnyl)methyl]bemi]aceMdomlomte (55
mg, 0.06 mmof), 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,
after addition of 20 mlL of water, adjusted to pH 4 with 10% NaOH. After
Iyophilization' and purification by chromatography on silica gel with, 2-propanol-
NHOH (28%) (60:40) as eluent, the white product (142 mg, 40% yield) p-
(Phosphonomethyl)-DL-phenylalénine was obtained: "H NMR (D;0) (TMS as external
referencé) 52.70 and 2.83 (5, 2 H,), 2.88 and 3.12 (dd, 2 H), 3.7% (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 info its butylannne salt by treannent w1th butylamme followed by

20

25
precipitation from an aqueous solution..

. " Example25
2-amino-N-(2-{[3-(2-[2-amino-3-(4-phosphonomethylphenyl)
3 30 propanolylamino]ethyljamino)propyllamino}ethyi)-3-(4-
phesphonomethylphenyl)propanamide [Figure 25].




30 To 300 ng (0.41 mol) of cyclamad in 25 nl, of nethanol mq@g@ﬁgzgos
solution of 50 ng (0:41 mmol) of V(I1)C 2 in 10 nmL of net hanol .

solution was heated for 30 mn, cooled to roomtenperature and the sol vent
evaporated to 10 nL. Crystals of Vanadyl

(1,4,8,11-twOpyrHs81, 4, 8, 11-tetrabi cycl o[ 3. 3. 1] non- 3- PCT/US02/40732

yl cyclotetradecane)(CI)Z formed in. 72 h which were collected and dri ed.
Anal . Calcd for VC50Cl2HsoN4: C, 69.24; H, 9.32; N, 6.45. Found: C, 69.01;
H 9.45; N, 6.88. Exanple 23 16 June 2006 WD 03/051348 62 PCT/ USQ2/ 40732

Chromium (1, 4,8,11-tetraaza-1,4,8, 11-tetrabi | 0[.3. 3. 1] non-, 3-
yl cycl gt e'g r adeﬁaﬁgﬂ(@ﬁ}%}ﬁéﬁf\’ﬁ‘g@?‘@ 9817 fG’mi‘l?)l égﬁ?‘lr;?@ F?’G ‘lﬂﬂm‘}gﬂ’ of

| d R @nmﬁi‘llcﬁr&l 0.41 |
cyclam a 5,@%%0@%%@%%}) o‘ﬁ’%?et@%ﬁﬂe and $.68 Wt {7 ol) 10 &ti-eeit- ( mol )

of Cr(Ill met hanol he sol uti on was %tedf r 30 mn,

cool ed t obwtgodicarbonatsr aThe solufinn Warestisisf b KoL Jespsrasire dor; 6 19ys- i) .e Crystal s
of Ghroni a B 3wﬁd

yl cycl ot ewtgf}‘can%%pé%tﬁ%? O?dﬁ%r%s%i%ﬂfygﬁ% @hfiéﬁbl\%lrgl co ed and
dried. Anby colual cubriasegrhgSrdE3Ireibaal/chiprofpnde vigld 2d g477n) °f6th25 Found:
C 67.11

p- (Phosph?ﬂ%ﬁ&tﬁgﬁﬂﬁmﬂnﬁgé Fi@%ne--But | am ne sal tﬁ\&n!:i ure 241 15 20 25

30 A sol ution Bé aNalufion 2509 g @ qulbmt)2 3;@1‘@13#9@3 Eckt offfite (2.17 g,
0.01 ﬁ?f?*'ﬂﬁ P 25 L of
et hanolrmwégd g?éf} gjgégmﬂ E&Z%ll rr@g ﬂ&m fD%%hg%IQ%?%eed}gc%gwbrﬁg and °
addi tion eﬁaummem(&enmgen 't ¢his mimnwasad@dmmﬁpapfmébmite%?ed by
filtiat f the whit
ol i & 01 oBHD ey rE op g LR e etk NG ' 15 1
(t g Iii)5 whs 9@01@351)/ Sirkdd)for B lb2rs(as) ‘C Fe, sohrttmw@%]dﬂwdr wifh eﬂwl Zg%ﬂé: 80 (:2), d, I;l
mm
36%*!‘?859@9’ Ebeg{iﬁgglé ety ”s%?a%yﬁ&ﬁé o A IR oA s Qi 9. 3

vvas hydr pressure and room tenperature in
et hanol ( Mgsomheaem;i anbavapnticd tmdbr Mehce preSsurt.) Thei eihw@apugifisdby Hashc at aI yst

(200 M) . o ol oeraphy to give 12 g (46%) of Boc-2-amino-N-(2-{[3-(2-[2-amino-3-(4-
phosphonomethylphenyl)  propanolylaminojethyl} amino)propyllamino}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)propylJamino}ethyl)-3-(4-
phosphonomethylphenyl)propanamide (0.5 g, 0.59 mmol} in 10 mL of methylene
chloride and 2 mL of triflucroacetic acid was stirred at room temperature for 30 min.
20 The solvent was evaporated af reduced pressure. 2-amino-N-(2-{[3-(2-[2-amino-3-(4-
phosphonomethylphenyl) propanolylamiuo]ethyl} amino)propyljamino}ethyl)-3-(4-
phosphonomethylphenyl)propanamide was isolated as the trifluroacetic acid salt which
was ireated with ammonia to give 0.20 g (52%) 2-amino-N-(2-{[3-(2-[2-amino-3-(4-
phosphonomethylphenyl) propanolylaminojethyl }amino)propy}jamino}ethyl)-3-(4~
phosphonomethylphenyl)propanamide. "H NMR (D;0) (IMS as external reference) 3
1.32 (8H, s), 1.62 (2H, quin), 2.57 (4H, t), 2.66 (8H, 1), 2.75 (41, 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’-pyridylmethyDbipheny! [Figure 26].




filtration, the solution was taken to dryness. Water (60 ni) waﬁ;ggﬁgqobg
the residue and unreacted material was renoved by filtration. The filtrate
was again concentrated to dryness, giving 956 ng (85% of the white solid
D ethyl [4- (Am nonethyl)benzyll acetanm domal onate. 1H NVR (DVMSO-d6) 8 1.12
(t, 6 H), 1WO30M8 3 H ), 3.40 (s, 2 H), 3.88 (s, 2 H),Par/uinzgg324 H),
7.03-7.38 (2 d, 4 H, 7.99 (s, 1 H), 98.21(s,3H). A solution of Di et hyl

[ 4- (Am nonet hyl ) benzyl | acet am dormal onate (2.06 g, 5.5 nmol), NaNO2 (535
ng), and water (100 nL) was heated for 3 h at 110 C, cooled, and extracted

et or and pr i na Gl aRt of L0 R a0 B bbbt on ABEROR S g1 Vi ng
Ry ey gw’mwm"?&mfwﬁﬁ‘wfﬁémﬁﬁate 155
g (8300 | 11 Kokt BN o Op N T BRE g g S 1y

4.127(q, 4Heacheq 848 A dolochahge o4 light yellowo a &cﬁﬁmige IQOKS&VEH # ﬂﬂ , 7.92
doma

(51510 Asohusinngl el o bt eupli ety Lacst gt domekat e

di chl ororrenmammaﬁ{m Mmmgthefﬂmpﬂm@muoﬁafknaﬂn%ﬁ@mmcwgewlhé0 dryness.

Th d t th, d t the whijt lid
i ot hyt [ ool BB A b ot Shond bR o e s atiegs g 11 MR
( DVBO- d6) by, fAlfratidrt andGedrystallized Fros EtGH dsultidg 401,68 g (25. b%yléld)laf Ghlite 4 H), 4.69

(S 2 :-?)r o??é[%gyf"; g’én‘%ﬁ &%M%I%%B@ﬁéwl %H)I%BQJL(E‘L@% 137 i8S di ssol ved
| n t r | et hWasplsprs:p'hmt(EABMSULin/:ﬁ@daﬂi@fﬂmm@) 67 (128), R74 @55? €195 (2D l’@' of

T S A @6&?&% Pt
f the wh 4- hy |

acet an do'ﬁEFé%%% TRV o\ PR PR i&‘%i%]@”%] 312

and 3.15 0@4 Q5HGH, 8),.385X(@H, @). HYS 9z 967 (calod 367H) Andl. Q%iddFor &,,15,: 6. 88- 7. 18

Egi[?DlHZa hox plifoﬁb%ﬁér?i}lq’)]rsrétshg #@é@yg‘%gﬁé%mr@nate (55 ny, 0.06

mmlfs N NaOH (0.5 nL, 4 equiv) in water (2 nL), and nethanol (2 nlL).
Example 27
2,2’-diamino(bis-N,N’-pyridylmethyl)-6,6’-dimethylbiphenyl [Figure 27}

To 6.0 g (8.2 mmol) of 6,6’-dimethyi-2,2’-dinitrobipheny] in 75 mL of EtOH
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 ol under reduced pressure. The oil was crystallized from EtOH to yield 56 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 2,2’-diamino-6,6'-
dimethylbiphenyl in 40 mL of EtOH was added 148 g (14.12 mmol) of 2-
pytidinecatboxaldehyde 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
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. Y NMR (CDCls): 02.21 (6H, s), 4.23 (4H, s),

7.02-8.13 (14H, m).
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was stirred for 3 h at roomtenperature. After addition of 8 m_@JuH@tngs
and 5 nL of concentrated HCO, the reaction m xture was refluxed for

(110 C, cooled, and, after addition of 20 nL of water, adjusted to pH 4
with 10% NaOH. After |yophilization and purification by chronmatography on
silica gel WPOR0138pr opanol - NHAOH (28% (60:40) as el ueRET/USHBIERI t e
product (14.2 ng, 40%yield) p- (Phosffhononet hyl)-DL-phenyl al ani ne was
obtained: 'H NVR (D20) (TMS as external reference) S 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); nmass
spectrum (FAB), nfe (MVNcal ed 296, LBEE%SZ% The conpound was converted
into its butylanline salt by treatEmen th butylam ne foll owed by

precipitation f rorﬁﬁiﬁiiaqlmtﬁhls-lﬁsm-qlulnﬂylmeﬂty@ﬁmhenﬁ@‘.gme 28]

2-am no- N- (2-{[3-(2-[ 2- am no- 3- (4- phosphononet hyl phenyl )

propgnol yl am no] et hyl } am no) propyl | am no} et hyl ) - 3- (4-

phosp?onomet hy [Tighlehg 3.6 mpmbafi2Pe-diamigebighead In Sdﬁleéﬂbﬁxagnggas%d&&i 1(5 20 25
WO 03/ 051 732. To .5 e.was added 2.0 g77
ol ). of - (bR 0SSy DS AR e i R SolgioBv TEBEd SRl o

triethyl armmeccmlad 10 1@ 'gn'@é‘raﬁrdmﬁlﬂ)e oledito 0CC! CriMillybf CamAlRonie. The

sol ution e for hours The sol ution was
evapor at egg % %% g%é@%‘&"@@@ﬂ%’lgﬁgg ﬁigﬁés‘?qu’ﬁ Dpibensl wers collgatedna purifi ed
by col umm 18B+1d@#t.ogr aphy usi ng met hanol /chl oroformto yield 2.1 g (77% of

the Boc-p-(phgspho thI) - phenyl Ianine. To a solution of 0.5 g (3.1
ml ) of 2, 3, Z%etrggﬂa\ n of vwa8f adhaab(22-(a¢s2-43-mol ) of

Boc p- (phwnhmnbbﬂnﬂwhbnﬂph@hﬁwdﬁb@mﬂamﬁme& G BDOGE, o@?ma&mher e of

ni trogen. a;{ﬁ?% gﬁ] %4 added sol ution_ of DPPA 2 mol)
in 10 m, §0 eg“’ﬁ@ Sriopdhaieandipaactged Fireomol ut i on
w?ﬁ ?n gor ?&mﬂeyatm‘:lfbﬂ’ﬁﬂhf The getuf@Uiss &%aﬁlgil %th@ﬁﬁ‘ceﬁ@it&%& I—I@%l u%ﬂl\%%t e_?_h""’ th
ethyl acetate s Wi ol | owe saturate e

‘sol ution VA% %&eﬂl"\ﬁ% 8%5 %@2%1$=|¢F%P% Naﬁﬁdﬁ'éz@pm@@mdﬁnw@ncededuced
pressur e. pikaroi Thewasalittioilvas dryliitth r 1.2 g (46%
of Boc- 2- ani n(r) N-(2-{[3-(2-[2- g%ﬂdnoétgﬁ&zeﬂ%ﬁ%gﬁ%%&?g{%gHQ%ny?_

propgnol y Higrinashiet by i-quinivimeshylfbighphl amp h24-e5817), ) HNMR(CDCL,): 04.60
(4H, d), 5.25 (2H, 1), 7.10-8.15 (20K, m)

Example 29
[(3,5-dimethylpyrazolylmethyl}{2-(2-{[(3,5-
dimethylpyrazolyl)methyljamino} phenyDhphenyljamine [Figure 29]

20
To 1.49 g (8.09 mmol) of 2,2*-diaminobipheny! in 100 mk 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 MgSO04,
filtered and evaporated to dryness under teduced pressure. The resultant oil was
0s crystallized from ethy! acetate to give [(3,5-dimethylpyrazolylymethyl}[2-(2-{[(3,5-

dimethylpyrazolyl)methylJamino} phenyl)phenyl] amine. 'H NMR (CDCL;): D2.18
(6H, 5),2.26 (6H, 5), 3.81 (2H, broad ), 4.52 (4H, 5), 5.30 (2K, 5), 6.63-8.13 (8H, m).

Example 30
2-{1(2~{2-[(2-pyridylmethylamino]phenyl}-phenylamino}methyl}phenol [Figure
30 301 |




phosphononet hyl phenyl ) propanani de as a colorless oil. A solutiofg june 2006
of Boo- 2- am no- N- (2- {[ 3- (2- [ 2- am no- 3- (4- phosphononet hyl phenyl)

propanol yl am no] et hyl } am no) propyl ] am no} et hyl ) - 3- (4-

phosphononet hyl phenyl ) propanani de (0.5 g, 0.59 mmml) in 10 nL of nethylene
chlori de anMO23AAI348f trifluoroacetic acid was stirred atPEDEM2EeHRPerat ure
for 30 min. The solvent was evaporat®d at reduced pressure. 2-am no-N (2-{
[ 3-(2-[2-am no- 3-(4- phosphononet hyl phenyl)

propanol yl ani ndjeet-bgI(}-aimaybefchy Hdiaminotsplenylyih R0 3al( ¢f ethanol was added

h h d
ol T wni ot bk TS Bl RS MO TSGR e e 50 iR 6T © 2
2- am no- N-¢@lefl] B+ o2 - ice-tatti. noY@lo(Mcrsptws ph?ﬁlcg)emﬂl;ZL(phemg-l(a-(l~aza-2-(2—

Bngggﬂglng %%B%‘H‘I Hen&@% }}ﬁ’@ﬁﬁ\?&}”(epg%jlh?%dfas external reference)

8 1732 (814, dp, 1. 16(2 (2g+ Q.39 , 2mfiel)( 41,0ft), 2:{2@%2&@1-@;2 (22. 75 (414,

30" 22— o WA PErEms o Dol FirABiRRlh 75 Lt sliao Lot saae0 g T S ine
2006 5 10 (I®320mab ﬁmmom&bmsn&asmwm/w)ﬁaﬁa@stmmt gdognon of 1.0 g
o 3 56 o Empemtsfor D3 B van Gl ot O T 2598 of 10O
A 10% sol uéxuaaemma@fam (&'d]iﬁdiizﬂmiﬁﬂWvSﬁ\hiSDJalﬁ& eﬁdpofa!tddlﬁxdaqéwce@n unti |
obeeryed dRepe Ao meEReoraralieed Frupta deoutheutn s BHa 0%dnd Nact! | o
addecrﬁ over(75%glays of 0 m{pt(m{m-hm;@bheamﬁeﬂlﬁqb&mﬁ@}phéﬁy@pﬁdnwamzﬁé}eCI pi tation

of an off-white soliyd occurs. The reaction I1s conplete when the pH no

| onger dr opeftiihenel. 8H NW& ©Kdi)piltlaR2Hsbroad $)e¢ 22 411, Y, Ti21T6416HN and
recrystal II%.l;ed fromEtOH resulting in 1.51 g (75.9% yvyield) of white
crystals o -(bis-N,N -pyridyl met hyl ) bi phenyl, np 135-136 C, |it.np 137
Csb Mass spectrum (FAB M5), nmliz (relative intensity); 367 (100), 274 (35),
195 (23), 180 (29). HRVS (FAB, "y?ﬁ@l% ;cd for C24H23N4 ([M+H] | : 366. 1922,
found 366. 1923. I H NWR (CDC13): ? H, broad s), 4.48 (4H, s),

6. 61- 5 .83 (2&]{-[2—(ﬁ=){[Z-hydroxyphenyl)methyl]ammo}phenyl)phenyl]ammo}methyl}phenol

1
[Figure 31]

To 1.00 g (3.63 mmol) of N-(2-pyridylmethyl)-2,2’-diaminobipheny! 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 femperature. The solution was evaporated to 10 mL and
cooled at °0. Yellow crystals were collected by suction filtration to yield 0.90 g (72%)
of 2-(2-aza-2-(2-(2-pyridylmethylyamino)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 ethano! was added 0.3 g of NaBH,. The solution was stirred
at room temperatore 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 1.36 g
(64%) of 2-{[(2-{2-{(2-pyridylmethylamino] pheny!}-phenyl)aminomethyl}phenol.
mp 154-156 °C. 'HNMR (CDCls): [31.60 (2R, broad s), 4.42 (41, 5), 6.81-8.23 (16H,
m). MS m/z 426 (caled 426).

20
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7.04-8.50 (6H, m, 8.53 (2H d). M5 mfz 367 (calcd 367). Anal. {galgse 2006
C24H22N4:  C, 78.65; H, 6.06; N, 15.28. Found: C, 79.00; H, 5.84; N, 15.62,
Exanple 27 2,2'-diam no(bis-N, N -pyridylmethyl)-6,6'-dinmethyl bi phenyl
[Figure 271 To 6.0 g (8.2 mml) of 6,6 -dinethyl 2,2'-dinitrobiphenyl in 75
nmL . of Et OHWQE¥S&H8ed 1.0 g of palladi umon carbon. The BEGI/USIRMT3has
hydrogenated on a Pan systemfor 4 h®urs at 60 psi. The catal yst was
filtered and the solution was reduced to an oil under reduced pressure.
The oi | was-nemsg2: zq@-ﬁyrrmylﬂtﬂiammmmm}@h&m)anﬁmﬂnﬁ%yl}qxheﬂdie off-white
product (np 66-67 C) 2,2'-diam nogﬁ %rret hyl bi phenyl. To a refl uxing
solution of 1.5 g (7. 06 nol ) of % C? m no- 6, 6' - di nmet hyl bi phenyl in 40
m. of EtOH was added 1.48 g (14.12 nmmol) of 2- pyridi necarboxal dehyde in 25

mL of EtOH. Th ol utj.on was_ refl uxed, for and t sol ution.turns
yel l ow. The so&ﬂ?’r@rg & mpe)y aﬁf*’a(ﬁzmdﬂm th%’?'g&af@\gﬂ“%@?hﬁ%ﬁé'ﬂbé) one
port1on. TReuatltidsGadeERs3s ki(D. rlscinﬁa) o022 hadtexyaRehettybenaildehydan The ned
colorless. The solution was ev d at reduce(tjq%g iﬁgure t he residue

was di ssolsolton wasefiaredfar 30 33?‘! d\ip {peTS tempsy SRR Wahe et her

Vas evapolgdReh@ne tdalr a7l @mdeo cwma&rbs@@dveier eslleBleld by sac@imat e/ hexane
to give white crystals of 2,2'-diam no(bis-N

pyri dyl metigations, 6 todi matsi| bi Bﬁ@nyl gIH %)(CDQfS) 0Z-atdH2s), 4. 23

411 ]3:;31115 Q543466 PCT/ US02/ 40732
( IZ) Zé)yﬁd@% dlyam no ﬁnyﬂ%he@%ﬁ]ﬁfﬁ%?ﬁghﬁiﬁl O%f)phenr%/ﬁ [F| ure 281 5 10

15 20 25 30 ToTe. 0 g205. 43 amol )7 15 2, 2mthni noti pherdiZ-aza2 6-(%1_ of
et hakbl V@E agiretly 1)&:1&331;&113%9;@%1@3&11)\4 Aetigibiol ¢h isDeRB dPMBkslewyde. The

sol ution refl uxed m n, ‘cool ed’'to room tenperature and the
cool ed t o agdded C. @gﬁﬂ\ﬁaﬁ@ofl‘hp s@g@oqwggst@d(almom temperature for 24 h, The

aza- 2- (3- 'séfaﬂbwgé&é&e&médﬁ@&ﬁ%{ehrﬁ@%hi aédlé%xﬁ&qawﬁ@mk;meap wer e
col | ect ed, 138-140C. To 1.0 g (3 1) of 1-aza-I-(2-(2-(]-aza-2-(3-

i soqui nol ﬂ};ﬂznﬂnqqow@nmghm$wm@ém@qsqeﬁw yeyuieh ke paltag gl | of

ethanol VQg. crustaltized from methanol to yield 136 g (64%) of 4-methyl-2-{[(2-{2-[(2-
pyridylmethylamino}phenyl }-phenyl)amino]methyl}phenol. mp 135-137 °C. "H NMR
(CDCl): 111.68 (1H, broad s), 2.03 (3H, s), 4.40 (44, s), 6.82-8.20 (15H, m).

Example 33
3-nitro-2-{[(2-{2-{(2-pyridylmethylamino] phenyl}-phenyljaminojmethyl} phenol
20 [Figure 33}

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 filiration to yield 036 g (41%) of 2-(2-aza-2-(2-(2-
pyridylmethyl)amino)phenyl)phenyljvinyl)-5-nitrophenol , mp 114-115 °C.

To 0.36 g (1.59 momol) of 2-(2-aza-2-(2-(2-
pyridylmethyl)amino)phenyl)phenyl)vinyl)-5-nitrophenol in 50 mi. 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 HC1 until acidic, extracted with 2 X
25 ml of CHyCly, dried over NaSO, and evaporated under reduced pressure.- The
resultant oil was crystallized from methanol to yield 0.24 g (61%) of 3-pitro-2-{[(2-{2~

25
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added 0.2 g of NaBH4. The solution was refluxed for 30 mn and {g"\gimsbohéed
at room tenperature for 22 h. The solution was treated with concentrated
HC until acidic, extracted with 2 X 25 nL of CH2CI 2, dried over NaSO4 and
evapor at ed under reduced pressure. The resultant oil was crystallized from
et hanol to WPéH1¥836 g (64% of 2,2'- dianino(bis PCT/US02/40732

N, N - qui ni | yl met hyl ) bi phenyl, .rap 1569158 C. 1H NMR (CDC13): 04.60 (41,

d, 5.25 (2H, t), 7.10-8.15 (20H m . Exanple 29

[ (3, 5- di el iWlRGR]BtERh B&sﬁ% ﬂe%ylﬁa@mﬁ&]én% h?l}phenol mp 178-180 °C. H

di met hyl | t hyl 291 To 1.49
(8. 09 %r&yraz°c¥>8z%%ﬁ#<2é“aﬁm£a 14 GHFE908 #1501 (OBbEDI (111 o vas  added

2.0 g (16.2 mml) of N hydroxynethyl (3, 5 di mret hyl ) pyrazol e. The sol ution
was stirred at roomtenperature for 3 days. The solution was dried over
MySO4, filtered and evaporated t dxgmp under reduced pressure. The

OB Mg i bt

di met hyl pyrazol yl ) met hyl ] am no} pHEigard pHenyl] amine. 'H NVR (CDC13): 02.18
(611, s), 2.26 (6H, s) 3.81(2H, broad s), 4.52 (41-L s), 5.30 (21L s),
6. 63-8.13 (8171, m. Exanple 30

2-{[(2-{2-[(2- ﬁSOrQ@E@l&mmiﬂlofdi(ﬂﬁlmb’]}merﬂbéh%ﬂ’}thmmd}mEMﬂyh}lﬁhdmol [ Fi gure

(5. 68 ol i s M £ A Skt g e R a8 1T 357"
(11.3 mml iefloteddar J0oyinahd edojalido rdbh:etemptrmura:) nY allew q:}@tallm&rdctﬂhcte&ljy mn and

cool é8 i &?‘# ce Bﬁntag Yew h%gfdyStmnyl )} of of

s
2-(2-aza-2 -dza- roxy henyl )p enyl2) yl ) phenol
np 145- 14@ﬁdyﬂimtﬁ;yl)ﬁmgloﬁmaﬁga)pmn)rmwb-ﬁ:h{oie;ﬂmmﬂ 291({)2145-11@1‘3{};1 2-(2-

hydr oxyphenyl ) nyl)phe phenyl yl ) phe |n 25 nol was
added 0.3 g \# 93 mol ) of NaBH4 )(q'?lp ngn vvas refl uxed’zeézh(? 30 mn and
stirred at pyrd@hnethyﬂmn&m};ﬁ&m;é)ph@l)ﬂy]h—&dﬂﬁoﬁﬁh&ltmcﬁﬁl wiiSoft atiemble das t h
concentr at extract.ed X 25 o 2, dried
over Nasorrdlig e NapRs s A ML iotmfemoitali i LR 01 | “le
cr ystj?l | i zsathtion e elelityd with ebmieathaE0budtd ayidie] exiticié@ with 2 X 25 mL of .
CHCl,, dried over NaSQO,4 and evaporated under reduced pressure. The resulfant oil
was crystallized from ethyl acetate fo yield 0.20 g (57%) of 4-chloro-2-{[(2-{2-[(2-
pyridylimethylaninophenyl}-phenyDaminolmethyl} phenol mp 172-174 °C. '"H NMR
(CDCl): [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-(phosphonomethy])-DL-
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

25

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 (278 mmol) of N-(2-pyridylmethyl)-2,2’-
diaminobiphenyl in 10 ml of DMF was added 1.0 g (2.78 mmol) of Boc-p-
(phosphonomethyl) -DL-phenyialanine at 0 °C under an atmosphere of nitrogen. To

30




(7399 of 2-({[2-(2-{[2-hydroxyphenyl)nethyl]am no} phenyl )pheny{%fj\ﬂ}ilg(}bos
net hyl ) phenol. 1 H NWR (CDC13): QL.72 (2H, broad s), 4.25 (4H, s),
7.12-7,70 (16H, m. Exanple 31

2- ({[2-(2-{[ 2- hydr oxyphenyl ) net hyl ] am no} phenyl ) phenyl } am no} net hyl ) phenol
[ Figure 31|W@@3/a518 g (3. 63 nmol ) of PCT/US02/40732

N- (2-pyridyl met hyl ) -2, 2' -di ani nobi phe®yl in 25 nlL of ethanol was added
0.48 g (3.63 mmol ) of salicylaldehyde. The solution was refluxed for 30
m n and cotlissglution mesadded apelntieneDPPEE mb) 2188 mmolis 10 vdpofP@dado 10 nl

A 10%0c8 3% o, i) W AL NI, T RS Sk Morditfy bt 5§ 2 O1 1O

ﬂ (2) g i2a_zrah<2m(2t-((20p)ﬂ}hb($ylutimn h?lh)dﬂﬂmwthhﬂf}&'awmnw&sh&/d ayth)ipRemol, , np
>+ (2ara 2P By Sabubec N B sfviom e, died s MeSOm, g t®d i n 50 nt

of et hanol emmraiadidmtbr@edﬁcgl p)éssNaBHth o]lh@sthﬂéd By IWAASchédnhdidgRsbhy 3 I OOM
tenperaturg for }_%S“ s{g ul%r‘ﬂ Cg'é ed with concentrated HCl until
aci di c Vact! ed ﬁn t(’rq 5 H° 'flma‘—’@ -Phgsnhepersiistpiad-@rid- evapor at ed
under I (rje(il[tbgmﬂapnm]pmnﬁ}?h'léhﬁ) p@paﬂag@d@tas@bbloﬂ%grﬁryrs]t ?I i ze;:l from met hanol
to yie 0 yl net am no
phenyl } - phi& ﬁ@f‘?%’rﬂ %ﬂﬁ?’?%’éﬁ@sﬁi&%ﬁ%ﬁ’hﬁs’g% ﬁﬂNNR (CDC13): 01.60
(213, br oame&)zlanmoﬁhe(rwph@m)pﬁ)paﬂmgd 29.5(gl 6141 1) inMB o, gr 426 (cal cd 426) .
Exanpl e 32 oty ‘1"(% %{ng % 0 25 30 WO 03/ 051348 68 PCT/ 0S02/ 40732
4- met byl - 2‘“%1? ?“e{@] I HrtuRTRacstie Aeil pre siirerlabraemy | ) ani no] met hyl } pheno
:\I-([Z gur gﬂﬁﬁéraﬂfﬁfﬂrm gﬁe ﬂ&vdﬁgﬁb%e orated atreduced pressure, f»,[‘—h I dded
pyri i anj nobi phen of ethanol was adde
0.30 g (2. %‘91‘?71%21 %%’B‘Psl’émﬁ %e@l)n%{ %B@WMWG@M}WY%OI ution was
refluxed f@opagSnide %ﬁﬁﬂa@ﬁ@éﬁgﬁmﬂéa@&mabﬁ@%%ﬁfcﬁ%sFIER@dv?ﬂ ution was
evaporated to 10 i cooled at 0. Yellow crystals were collected by

suction fAFRMERTPEH" o0 8 (6P%) &avinog-(-(amhpsbonameilylphenyRN-O- ( 2-

pyr i dyl metpybaghAmoRHemi oA Mhiahaik) A NTRkR belisnoh 7 ”P 158-160 C.
(2H, broad 5), 2.78 (2 H, 5), 2.86 and 3.10 (211, dd), 3.70 (1 F, m), 4.48 (2H, 5),

6.65-6.85 (8H, m), 7.00-8.50 (7H, m), 8.4 (1K, d).

15

Example 36
Manganese (2,2°-diamino (bis-N,N*-quinilylmethyl)biphenyl)(Cl), [Figure
36]

20

To 100 mg (0.27 mmol) of 2,2’-diamino (bis-N,N"-quinilyimethyl)biphenyl in
15 mlL of methanol was added a solution of 44 mg (0.27 mmo}) of Mu(T)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 Manganese (2,2 -diamino (bis-N,N’-
quinilylmethyl)biphenyl)(Cl); formed over 7 days which were collected and dried.-
Anal. Caled for MnGC;ChieNy: C, 64.87; H, 4.43; N, 9.45. Found: C, 64.78; H,
4.40; N, 9.94,

25

Example 37
30 P




To 2.0 g (7.26 nmol ) of 2-(2-aza-2-(2-(2- 16 June 2006
pyri dyl met hyl ) am no) phenyl ) phenyl ) vi nyl ) - 4- net hyl phenol in 50 niL 0'1"l et hanol
was added 0.3 g of NaBH4. The solution was stirred at roomtenperature for
24 h. The solution was treated with concentrated HC1 until acidic,
extracted WORIBINE25 nlL of CH2Cl 2, dried over NaSO4 anBCBUBEYEL ed under
reduced pressure. The resultant oil Vas crystallized from nmethanol to
yield 1.36 g (64% of 4-methyl-2-{[(2-(2-](2-
pyri dyl net hyl a gpgnm 2-p :mhaa@rm.mbw;, 135-137 C. |11
NM 2 (CDCl3): n[ﬂl 111, geoa [g “d%m 4. 40 (4H, s), 6.82-8.20
(15H, n). Exanple B@el!?{)ﬂ!‘lﬂ"l)‘ﬂ?h{l}{“t?“{)@l 2[%' igresAl et hyl ani no
phenyl } - pbenyl ) ami no] met hyl } phenol  [Figure 33] To 0.60 g (2.18 mvl) of
N-(2-pyridy] methyl)-2, 2 -di am nobi phenyl in 10 M. of eth s added
0.36 g (2.18 niel) dﬂ02 hydr oxy(086 ni t mEwdhz al Blehy dechlerhez- ﬁ&o*%l\te?on was
reflfixed f élﬂﬁmg; m}jqulnqam@bwisal S were
col | ected gydéglgﬂ}' ?)ﬁ&ftra% Pgen fo ﬁlgjgll 41% _of za-2-(2-(2-
pyri dyl netaﬂgldd)amln@mh%mbi)grﬂﬂéﬁwv rPfIF)eﬁgJﬂlztﬂié Iﬁ@n@fmeth%dll 1115 C. To
0.36 g (1. ?{]"&I (18- temperature and the solvent was

ﬁl%fl 1 no%ﬁg f&z.";(ﬁﬁﬁlh%iog}?eﬂ room temn Fera € an

pyri dyl met” phenyl )vinyl)-5-nitrophenol in 50 nL_ of ethanol
was adde@vﬁpo?ﬂecg (9. 00mmoil) of Kawkls Tofe doput (behloras-di% H’E%i‘ at room

hor i oSl Pt AR IRRAMSALEACHIN, TORATGe B 1A untl]
evapor at ediaysehich wectumtiestest ang sigied . Ana?rh@alcdfs)gﬁp@a(ﬁhﬂnmo wasSkf4isHal | i zed

15750 25 aeeioafoTeit G g, Ot (% (2 10 June 2000 8 40

[ (2- pyridyl met hyl am no] phenyl ) - phenyl ) am no] net hyl } phenol . np 178-180 T. rH
NVR (CDCl 3): Q.53 (111, broad s) g4 4mﬂsl@3§411 s), 6.92-8.01(1511, m.
Exanpl e 34

4-chl or o- M{;ﬁ(ﬁuﬁxzz,ﬁz(—ﬂmmino(ﬂwmt-byhésm&}ypbmhyny}l)%&Fﬁgﬁl)ea'iﬁ no} met hyl } pheno
| [Figure 34] To 0.60 g (2.18 mmol ) af

N- (2- pyri dyl net hyI )- 2, 2" -di am nobi phenyl in 10 m. of ethanol was added
0.34 g (2.18 mmal Jooahg 50.2hmarobise 1,2 ydiarhide Ifis LN TityeidglodethyDbiphewyd in _

15 15 mL of methanol was added a solation of 33 mg (0.27 mmol) of V(II)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 [Vanadivm (2,2’-diamine(bis-N,N’-
pyridylmethyl)biphenyl)Cl,] formed overnight which were collected and dried (78 mg,
69%). Anal. Caled for VCChLHRN,: C, 59.00; H, 4.55; N, 11.47. Found: C, 5943;
H 4.12;N, 11.37

20

Example 39
[Gadolinium (2,2’-diamino(bis-N,N*-pyridylmethylbiphenyl)CL]Cl [Figure 39}

To 100 mg (0.27 mmol) of 2,2°-diamino (bis-N,N"-pyridylmethyl)biphenyl in
15 mL of methano! was added a solution of 100 mg (0.27 mmol) of GA(IM)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}C1 formed ovemight which were collected and dried (78
mg, 69%). Anal. Caled for GACuCLH,Ny: C,45.74; H,3.53; N, 8.89. Found: C,
45.33; H, 3.78; N, 8.32.

25
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refluxed for 30 min and cooled to roomterrperature- Yel | ow crysighsn gg
collected by suction filtration to yield 1.06 g (77% of 2-(2-aza-2- ?
pyri dyhnet hyl ) am no) phenyl ) phenyl ) vi nyl ) - 4- chl orophenol , np 115-116 C. To
0.35 g (0.91 mmol) of 2-(2-aza-2-(2-(2-

pyri dyl met WO PHILH8) phenyl ) phenyl ) vi nyl ) - 4- chl or ophenol PEEBI2M73Df et hanol
was added 0.19 g of NaBH4. The sol uti?on was stirred at room tenperature
for 24 h The solution was treated with concentrated HCl until acidic,
extracted with 2 X 25 nL of CH2CE2amglei46d over NaSO4 and evaporated under

reduced pressure. The result oi J C tallized fromethyl acetate to
yield 0.20 g (57% of 4-chl oﬁghﬁ‘“?‘t'{"z&%@[(%‘)z@‘

pyri dyl met hy hpdorgd Héhgméthyl}ﬁ}ﬁiiﬁ}ﬂﬁﬂﬂnmkﬂﬁgdmhb}mm pheRlCTRIA74 C. ' H NWR
(CDC13): QL.62 (111 r oads) 02 31 (15H, m. Exanmple 35

2- ani_no- 3- ( ( 4- phosphononet hyl pheny¥ }g“R?‘E
[ben?yl am no] phenyl )phenyl )propanam de [ Fi gure 35] To 5 nL of di oxane was
added 2.0 g (7.7 mol) ghos (ﬂs él | al anine, 0.82 g

(8.1 mmol) of tTfou?QPmE(QéP ek 2 (2g £y DﬂfPBFayl)a?efh?ﬁaﬁl@Plnh%ﬁl yl

di car bonat ﬁenﬁj’éﬁmﬁi}lﬂéﬂiygﬂléﬁ@lsmsiﬁ' 1. @8 nidthahélOfAst RANRES 8d1ktidh Jran3 ?m%ﬂour s. The
sol ution was evaporated at .reduced pressure to dryness. The resultant oil

was purifi@go Wllﬁf%n@hﬁ%%%fmn@smﬁ spiutiomRYYaY heated & 30avim t o yi el d

2.19 (77%ooléﬁ th B6om @ﬁgsepat&efaﬁ&%koﬁﬁ%ﬁtt W3 %vap@hfe&*i@@ﬁ'ﬂ a@rﬁﬁﬂs dp a
sol ution of 77 g ( of N-(2-pyridyhnethyl)- di am nobi phenyl

in 10 h[‘JIVF“%s added 1.0 g (2.78 nmol) of Boc- p (&G%%{{%mathyl)

- DL- ﬂenyllg,ldﬁﬁ To 16 June 2006 5
10 15 20 2 %%&/ 05@5&&&%&%&%@% %ﬁgga}ﬁl?g;y |s so %?1. on was added a
sol uti on obrmsmEmxey 4 waeks whiggweraspljected anddrigd (474 mEFe34rd Ang. Lalgdfor 88 ol )
of pomeredcr@g_ld@g.ﬁ e i 0 | h hours at O
T. The solution vvasagi Fﬁﬁé%vﬁ??%t gbga%@%ﬁgtg §(\§/\/Z§ﬁ§g4\?\nqﬁh?{% N HC

foll owed by saturated NaHCO3. The soI ution was dried over MgSH, filtered,
and evaporated under reduced E?l The oil was purified by flash
chromat ography to give 1.0 g ( 0

Boc- 2- ami no- 3- (- ( 4- pHmppasisomef StpbibtiernfMethl Joa Complexes
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 paitern: Co > Fe > Mn > Cu > Zn > Cd.
Occasionally the Cn complexes are more stable than the Mn but otherwise the trend

20 holds consistenily 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 HI it is apparent that Fe 2,3,2 —piperidine and Fe 2,3,2- adamantane
have a low heat of formatibn which would be attractive to address the excess iron pools
in neurodegenerative disease and the excess iron released into brain tissue following
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

25

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.




[ benzyl am no] phenyl } phenyl ) propanam de as a colorless oil. A Y4h8%006
Boc- 2- am no- 3- (- (4- phosphononet hyl phenyl )-N-(2-{2- [ benzyl am no

phenyl } phenyl) propanam de (0.5 g, 0.81 nmol) in 10 nL of nmethyl ene
chloride and 2 nL of trifluoroacetic acid was stirred at room tenperature
for 20 m n.WIREIdHRvent was evaporated at reduced pressuP€r/U2/40732

anl i no- 3- (- (4- phosphononet hyl phenyl ) - -N(2-(2- [ benzyl am no] phenyl } phenyl)
propanani de was isolated as the trifluroacetic acid salt which was treated
with ammoni a thsomaTeklepllzand § it ébspparent that there are chain (open ring) molecules

or opanam daro e YRR PRO IR T0Y 1.5 05hropyt o RIAL ey "PhP ALY, T PooRy )

an8038100(12mecm)y argasy Gtable abiclosed ring rd@eqult 3 Thussdhain (ﬁpeﬁiﬁﬂﬂg} ﬁﬁéeems 1, m,
7 5
(bissN, N %%lj“?pg‘?blg"ﬁ ‘%‘ e%hrg’?&y‘%“%ﬂq%zm[%%&?%ag%%gﬁse eﬂfo‘?ﬁen’lﬂg .27 mol )

of 2,2'- dlmsaml(ebxoslegdhkramdmehsﬁmmke)bl phenyl in 15 m, of nethanol was
added a sol ution of 44 ng (0.27 mml) of Mi(I1)Cl2 in 10 m.  of methanol .
The solution was heated for 30 min, cooled to roomtenperature and the
solvent was evaporated to 10 nlL. Exymaprl4gs of Manganese (2, 2'-di am no
(bis-N,N - quinilylnethyl)biphenyl)(C)2 forned over 7 days which were
collected and dried. Anal. Calcd & OMYC32C12H26N4: C, 64.87; H, 4.43; N,
9.45. Found: C, 64.78; H 4.40; N, 9.94. Exanple 37 16 June 2006 WO

03/ 051348 PCT/ US02/ 4 71 [ 1 . .
(4- or o- 2- {[kJ ?’f ??’éaﬁ{ﬁ”? g?%ﬁ%‘?%n&%?“ﬁﬁe?ﬁ/p‘)‘mmbﬁw rings when
pheny )amhﬂﬁimh}é@Niﬂﬂl@kf)aé@thﬁtﬁmtﬁr'ﬁfﬂiéﬁﬁetaﬁn@lei& Hhi?lnde sd@ 100 ng

0.26 | hl -{
f)yrudylmrrTgt C Oroy%g TSR ‘3&1(%§Pwaleﬁf§ﬁ|}0pﬂ?§n@mmnd;sgrﬂé%r met hanol

was addedet&nﬁ@d whd Gle Qf2, 7Rtk otw! ) IJPfallFé‘e(sEsJ |ﬁ1§1£33 Retrhfhiftl Of
met hanol . The, sol ution or 30 mn, cooled td roomtenperature

s. he t_eg
and the sd&PUPRIGEeSgELMoE Abncfels 3 2getAminegopatcrpgs. ohlse.ribi generally
(4- chl or otde ({hft2the 22,5 0 Zetramine complexes are more stable than the 2.2 2-tetramine

complexes. This suggests that the 3,3,3-tetramine compounds may be of considerabie

L;

15 . .
Interest as compantons to the 2,3,2-teframine 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 tings, 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 carbons to sce how these modifications affected the stability of the




pyridyl met hyl am nol phenyl) - phenyl ) am no] net hyl } phenol ) (C1) 21C1 {g@siRe zgngr
2 days which were collected and dried Anal. Calcd for FeC25C 4H22N3C.
51.94; H 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 met hyl ) bi phenyl ) 21 [Fi gure 381 To
100 ng (0. 2YOf#¥NJ480f 2, 2' -diamino (bis N, N -pyridyl net hpEVES@HERYl in 15
mL of nethanol was added a sol ution of* 33 myg (0.27 mmol) of V(I1)Cl2 in 10
mL of nethanol. The solution was heated for 30 min, cooled to room

t enper at U'&@mﬁl@ﬁkst hkenunﬁﬁl' Mﬁé&hefd%tl&#h@ﬁb@éﬁﬁcie@ frbfh e dath Vigstausingf [ Vanadi um
(2,2 -diam no(bis-N, N - pyridyl nethyl) bi pheng} )C}aé]& formed ver ni ght which
ver e co||é@ﬂédkﬂrﬁ0w0e@e(wg%egen€ e nhapces their g %&'{hﬂ\k@? eFAHONA: C,

59. 00; H, yhe I?gomagnd,ﬂglﬁléasf@mne GomBShmAB o tHe orfbs WeroNithés RINEX@NDI € 39

[ Gadol i ni um am no(bi s-N, N - pyridyl net hyl ) bi phenyl ) C121Cl [ Figure
391 10 10012R43 1 sotptitritesl Witkometaylzzroups a il gesl jalso foids qsywpﬁfwh%f’w )b| phenyl

I n 5 n 0 # 1

Gd(11] )013?'933“{{‘%3% ISR SHER B BRYIPSh RbEO B i{ Dt ey

cool ed t o largogronpspr ik vitezemds ssteby e, eomponads with benzl sebstigents n1_

Crystals Nil vnsybstituted 2,3,2-tetramine
pyri dyl rre?ﬁes{e) Fﬂﬂéﬁé %@C&%@ucgor neﬁﬁg%g]riﬁl ghtun\%rln éhevvere caol | ected and
dried (78comg],ex®9% Anal . Caled for GIC24C13H22N4: C, 45.74; H, 3.53; N,

L My Ui Asicat e i

hydr oxy phéuot frmait mflt]mmthm}@hmbﬁ piegiyid Jednto w613 Bvsk ] O
Figauée 401 T
[2 I(~£{J[2e(2 ?Egrﬁ@ag tﬂg‘p BT rﬁéhyﬁ%ﬁ"eﬁ% ”]t;‘emﬁ'ogens

phenyl ] am no} | net hyl ) phenol in-25 nL of rret hanol was added a solution of

133 ing (0,50 m"rDI) gﬂtlga%%ld%%ouisonzﬁowd gﬁ%&? The sol ution was

heated for 30 m n, errperature e sol vent was
evaporated to 20 ni. Crystals of [Chrom um (2-(f[2-(2-[[ 2-

over 5 wacks WPt fFeus r b PaE! ¥t Gt bEMr GuIE Bt ByF ARG A2 0 (O o7

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

)

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 isopropyl 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 reqwred
From a biopassaging standpoint the stability of the 2,3,2-isopropyl complexes
and molecules with carbon side chains attached to the ring mitrogens or carbons is
%3 valuable toward developing compounds which are more lipophilic and thus have betier
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 Cerebeilar Degeneration, Stroke,
Glaucoma and Optic Neuropathy described herein.
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Cr C26C13H24N202: C, 56.29; H, 437; N, 5.05. Found: C, 56.78; Hq lﬁe gb
5.01. Exanple 41 Conparison of Stabilities of Metal |on Conpl exes 3 85
30 Referring to the heats of formation, the first nodification to consider
is how the heats of formation are affected by changing the netal ion. The
data is quiwalEteds here with the relative stabilities POUVUSMNG t he
pattern: Co > Fe > Mh > Cu > Zn > Cd.” Cccasionally the Cu conpl exes are
nore stable than the Mh but otherwi se the trend holds consistently from
one set of conpl exes to anwdifRationsvd Terwinedl Nitrogbanges in stability due to
changes in the netal may be exploited by recognizing the affinity that the
organi ¢ conpounds have for various netal ions in the body. In Table Il it

i s apparent thainother iZnpdriznt r¢3uld & thélorahavntlby-ehatgite Ri/NAdawmietitige ohave a | ow
heat of for_matlon whi ch m@@ugi, be att active to address th@g@gess i ron
pool s i n HEHEEY Satlt l?é%eél 3 d0esh SOBRAUBLS AP SHEY B8t into brain
ti ssde f0|1i1§&v\ﬂ169nes|d¥@h§ed3ibod@ﬂﬁh£t&hﬁ ﬁﬂ@dﬂ@sgm@% aRMRt addeg teliar@miane havi ng
additional effect on th NVDA receptor. Simlarly fromTables Il and IV it

i s appar en hﬁhﬁyl\ﬁé“‘f%?@laﬁ?ﬁ ?ﬁéfhﬁ)ﬂl%ﬁ“é%!l‘e&ﬁalpﬁéﬂn%y e eeeR Aiee are very
st abl e and:ofperCobalphitedahdil | RhpxaN dre Ao YAt thad ABEBALADS 206 antiRA Ul Y

stable. This behavior coul d be useful in treating i schemc danmage post

nyocar di al compiexes ti¥pgengrelizations ¢nn heymade sespgingdhy tapg eampeundsdut i ssue zinc
stores ar e {ARtNorh jﬂﬁﬁ{ fbphke n%@exyéﬁ%e@%ﬁaﬁe\é\gnﬁﬁé@é]tﬁé§3aw/ 40732 73

From Tables Il and i's_apparent that there are chain (open ring)

nol ecuI es coppauids dindegsh dhe Emomhgaﬁé@ée siehleowhilepthe demoap s el M | N and M
3,3, ress%?ﬁcj(vewtﬁ;gh fidy St ela,%e%&eeﬂyrm&gée%%e%ﬁmg% chain

(open ring) ecul es “are” conparabl™e wth ¢closed ring nolecules in

t hei r - capdaiiienatied sroupi Waced pr & nifraegns maynobadversply aliaet sipisguensrties Pk di seases
and StrOkeihnghﬂﬂHIbSpﬂigued_R' ng Size 10 15 20

The piperidine, 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 atfractive 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 opporfunity
for substitution with giutathione, wuric acid, ascorbic acid, taurine, estrogen,

20 dehydroepiandrosterone, probucol, vitamin E, hydroxytoluene, carvidilol, a-lipoic
acid, o-tocopherol, ubiquinone, phylloquinone, B-caroiene, meanadione, ghutamate,
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

50 estrogen polyamine in stroke

dehydroepiandrosterone polyamine in stroke




25 For the 2,3,2-tetram ne conpounds, formation of 6-nenbered r1§9§n¥"{§$ﬁ6
binding to netal ions increases the stability of the netal conpleXxes. S
can be seen when conparing the 3,3,3-tetram ne netal conplexes to the
corresponding 2,3,2- tetramne and the 2,2, 2-tetram ne conpounds. In all
cases, the WBOBVBIMBtram ne conpl exes are nore stabl e t hBOT/UHRI49732
2,3,2-tetram ne counterparts. Also, it is generally true that the
2,3,2-tetram ne conpl exes are nore stable than the 2,2,2-tetram ne

conpl exes. probucsl polyreisdt i petiphterd heurdpathy3- t et r anmi ne conpounds may be of

consi derabl.e .interest . as.co nions to the 2 3, 2-tetramne co unds.
Schugar H.wgﬁﬁ"g%vﬁ?ﬁ?ﬁ’%e = Ip%%?”ﬁm? ﬁ?W?&%Qﬁ@ﬁ?&eri W%a‘i‘?@ﬁes%g&m t hr ough
stability iscdratgnts that changing the size of the chelate ring has an
effect on the resultant stabpili.t f the netal conplex. Mdification of the
cyclam ri H&@‘Bﬁ%&?l’@ﬁ@ﬂw ’r‘i‘g“:‘?nﬁ%é‘ﬂélﬁﬁf)ﬂ’aél?y or larger also inpacts the

heat $' of feivigilol olyashine iChefibRitala@aERpaNLS are | ess stable than the cyclam
rings, a re?ul_t tgat has been docunented el sewhere. Increasing the size of

the ring a&1iPHigacidaplyemipe g presbycussis,penpheral newppailyy and disbefs newsathy so | eads
t o enhancegdshphiihkl Y disgepared to cycl am These size related changes in
stability influence the design of conmpounds for treatnment of

neur odegen&iepephesol golyanine isathesosclsrasis agll isghasmia, At her oscl erosi s,

cardi onyo | ﬁ%ﬁh : i ¢_neuropat hy, peripheral neuropathy,

Pr esbycus??%%%lab&?a& cer .e‘%g%brr%fse 43 Addition of Side G oups on Chain (Open
Ri ngégl\/bl ethiquanpng Poljhming inkdbhmihangi ng t he size of the rings, various alkyl
grou wer . A ns. o s..to see.how these nodifications
af f ect ed t@gﬁsiagl Fk?‘gamo'?kf@%%%ﬁﬁedngﬁ%gégﬁﬁsT‘Sﬁiﬁmfgog D0 03/051348 74
PCT/ US02/ 4peé8tenopyyamdsesin isshegminber of generalizations can be extracted from

the data. FEirst tting .. | I al kyl groups on the nitrogens generally
enhances tﬁ%‘gf‘?’af&i’g’ﬁ?‘m“?&d‘%??% can be seen when conparing the

2, 3, 2- t et rsadimse palygditnislidberet he ones where either NIINA or N2/N3 are
SUBSUT LUt e R oy 0 oA { Gindarl peopenils® 1O T SoProPY! aroups

co-enzyme Q polyamine in diabetes, cardiomyoapthy and congestive heast failure

15
lazeroid (21 aminoquinone) polyamine in stroke

polyphenolic flavonoid (quercetin, catechin, epicatechin) polyamine as antioxidants
- homocysteine polyamine in cancer
meanadione (Vitamin K3) polyamine in cardiomyoapthy
20 idebenone polyamine in cardiomyoapthy, MELAS and stroke
dantrolene polyamine in siroke

Memantine polyamine, rimantidine polyamine in glancoma.

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
homogysteine 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

30
: (Cu, Zn, Co) but not in others (Fe, Mn). This resuit shows that it is possible to build




substituted on N1/ N4 and generally for isopropyls on N2/ N3. ThefeeJﬁﬁegooe
limt to adding |arge groups on the nitrogens as seen by the conpounds

wi th benzyl substituents. These conpl exes are very nuch | ess stable than
the unsubstituted 2,3, 2-tetram ne conplexes. The placenent of al kyl groups
on the car DYA83/4&¥8only studied in a few cases, but forPEIUSIBATBhem t he
addition of methyls led to enhanced st/ability at a | evel conparable to
that found when the nethyls were placed on the nitrogens. Addition of Side
G oups oni{d %egr Bl GolMphiay | seRctivite fh S5HS ikl ibleonpasiferOiAdatr #at i on of
the cyclam conpl éxes are not as consistent as_those foun or the

2,3, 2- t et swlphuneoniainips elesad rinzqolyamneletivatized With Jomorypiaye 0@%?‘6 Eehn t he
nitrogen |Ner.eas tability in some cases but decreases it in others.
The sane %gs}&tar%ﬁ?g?cg%gg%% conpl exes where isopropyl is added to the
nitrogen. Once again though, benzyl groups greatly decrease the stability
of the conpl exes show ng that ttﬁagujléﬁan upper Ilimt as to how bul ky the
substituents can be before the stabrlity of the conplexes is greatly

di mi ni shed. Sur pr Pbamuggcpkinetieadvauiagesoersys stahilifyafdesivalives t he cycl ans | eads
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

stable. This sTatsiral topdifitatioheandsideahain dddidons alier FEankinophitieiyied alse useful in
situation sugh,.as r.ok l,auc . : e LQfanAf @IONi smis
required. aﬂgl‘%eﬁ?cbghgflggglse%acgPﬁg‘g%#’at%p%ﬁﬁl (iaﬁ g? aEI I‘?'t%{’g’b@f the

2, 3, 2- i Soppitfly Inctabuided e scetyl AR, Mrtrewinesmd wipidly caerbied vathdehalhliferds at t ached
to tiee ring nitrogens .or r [ a q REIRGeCOMpounds
whi ch are rog "W%Ofgﬂ’i ]1°|m<§ @H%%‘s&ﬁg%@e?%g# eg"gglg%ég‘gy‘?cr 052 %1? he

gast r oi nt aidréd @bnsidepably; itb exodhally aderivdsized icempounds Binddd somtei erigntarri er

this being i rtant .in_.the treatnment j : , i .S, Lou
Gehri g' s, gl%ﬁ@%\é”ﬁtges?&es?haﬁgﬁ@glﬁé a’(lflps"le{a;nféegga:il § I ?/ég%%%ﬁoggﬂ%gr iefﬁ{ehlﬂl ar
Degener at ireatmeSt sfake discaGsamanionedoabdveOp langeNesili i and Jessl Espentdnginger ei n.
Exampl e 44 16 June, 2006. W0.03/,051348 PCT/ . i Lications of
Ter g1pnal Rﬁ‘ﬁ}‘raﬁﬁg‘f?sdaéy g@%%%@@ﬁ%ﬁ%‘#%ﬁ%%%%ﬁ? Zréesu tga:hglﬁt he one
shown by ¢haplgnbgN / N4 into piperidine or

15

Additional Commenis

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 jon selectivity and pharmacological actions and how to enhance the
bioavailablility of orally or parenterally delivered drugs, and drugs crossing particular
membrarnes such as the blood brain barrier and blood retinal barrier.

20

Example 47
Qil Water Partition Coeflicients

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

Table IX, Ol Waier Partition Coefficients
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pi perizine nitrogens. It should be noted that these conpounds afgjgRe®0bst
different than the ones descri bed above in that the piperidine groups are
not added to NI/N4 but rather N1/N4 are replaced by the piperidine or

pi perizine. Wth the exception of the copper conpl exes, these conpl exes
are nore st¥WBPBISIHEN t he base 2,3, 2-tetram ne conpl exesPCIB502/40732
generalizations can be made regardi ng’8t he adamant ane conpounds but it is
noteworthy that they are not excessively unstable conpared to the
2,3,2-tetram ne conpounds (indeed, the Fe conplex is nore stable while the
Co one is hn stability) e 2y are quite |large and bul ky.
Thi s suggégggﬁ% gt even | arge, %ﬁ?%%ggﬁﬁthgﬁ%ﬁps pl aced on the nitrogen
may not adversely affect their propOctanels Watt they shoul d be pursued. The
pi peri di ne, piperizine and adamantane derivative nolecules are attractive
becagise the term nal groups can substantially alter basicity, |ipophilicity
and passagh22#éirapumgh nenbranes, in addi.éion to altering receptor binding
propertie 1 . derivatives may al be attractive where a selective

bi as toma?%%gﬁﬁ%%n?ennval ver sus sto?gﬁ copper renoval is sought. This
coul d be dhpRipgadihe to therapeutics far7ischem a post nyocardi al

infarctio rosgl.erosis and neuro enerative diseases. Further the
stabilityq%%i%gﬁﬁFﬁgﬂﬁi substituted dgﬁgvatives provi des opportunity for
subst i t ut i aynlawHgiperigingt at hi one, uric aa)®, ascorbic acid, taurine, estrogen,
dehydr oepi andr ost erone, probucol, vitam n E, hydroxytol uene, carvidilol,
a-lipoic acid, a-tocopherol, ubiquinone, phylloquinone, (3-carotene,
meanadi oneQctarlolit wared utitioh U6 bartdich, codfiRiells oF 2 GAY dtivial R piRaR g Q
Iazer0|dsqi§£d E@#% he%%%;c Llavon%hgs r honocystej ne, menaqui none,

i debenone, P¥AHF INCTHSSIC DANRIE § e“d‘%ﬁi"\’)ﬁ’é‘i 3 aang5rgny Op-iei h@ dramay be used
as conpounstentisl dahididads foRinA usefl , THuS QU cRShink] 2118 D A& rahine dae, 52/ | owi ng
diseases:é&#ﬁ%§&£$oneﬁgi%égﬂine i n peripheral. neuropathy and ischema wuric
acid poly © {DAveS PRt Wites partigqning iy fellitaivethein passadsctraugh der opat hy and
i schem a gdagtvintestingl GhyRMAIGhd Blost BhRbkgieneur opat hy estrogen pol yam ne in
stroke dehydroepi androsterone polyam ne in stroke 16 June 2006 5 10 15 20
WO q%/051348 PCT/ US02/-40732 76 probucol polyanm ne in peripheral neuropathy

Example 48
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 97 91 6.6 33

2 232 tetamine 103 9.5 73 6.0
2,3, 2-pyridine 83 7.4
2,3 2-piperidine 9.9 93 6.4 36
2,3, 2-4eframethyl 10.2 9.4 6.1 29
tetramethylcyclam 9.7 93 3.1 26
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vitam n E polyam ne in peripheral neuropathy, Al zheiner's diseagejusé28b
and ischem a, hydroxytol uene polyam ne in peripheral neuropathy
carvidil ol polyam ne in peripheral neuropathy a-lipoic acid polyamne in
presbycussi s, peripheral neuropathy and di abetic neuropathy and

Al zhei mer' SVAP¥EAEE a-t ocopherol pol yam ne in at heroscl ePEBUS249782 | schem a
menaqui none pol yani ne in di abetes ubi®@ui none pol yamine in ischem a
phyl | oqui none (Vitam n K1) pol yam ne in atherosclerosis and cardi onyopat hy
13- car ot engs poiyyific i€lebd bakis GREKAmPle b RBRIE nQial FATUAR sbifle 6f @b 6thes

succi nate pal yam ne in di abetes acetyl-L-carnitine polyamne in Al zheiner's
di sease arfPfSesbycussi s co-enzynme Q pol yani ne in 'di abetes, cardi onyoapt hy
and congesddiatfol§esdmpomhds\ith ap%ﬁéﬁét@ pRa%t 2dr BB OfbuE BREkeD YA BwEe i n
stroke pol yphenolic flavonoid (quercetin, catechin, epicatechin) polyam ne
as anti oxi ikt wouldwousgi. o Splection | of LRMEEYIR WAHRPFODHEE XN OIPE Y/ ani n K3)
pol yam ne J,RoGAHM0Y ARRE Miched HERCHONE ROMYANAG: hNinCARNQHAARIDY. MELAS
and stroke dantrol ene polyam he in stroke Memantine pol yam ne, rinmantidine
pol yanm ne mypcgtdial gdareiionExanpl e 45 Internal Substitutions in the Open Chain
(Rng) Molecules 25 30 It is also possible to replace the nitrogens with
ot her donors such as sulfur. As shown, these conpl exes excepting the iron
ones are déxpsrigentid Methat of Meagitieg BacterialiRurvipaltin Bgamplends- Sul phur
cont ai ni nggypol yanmi nes ternminally derivatized with honocysteine could be
used as antl-cancer agents. Interhal Substitutions in the C osed Ring

Mol ecul es Replacing the nitrogens with sul fur enhances the stability of

tha o Sibate i iy B G bnd g o RERED gyt oukl g aSul t shows
shaking incubator at 140 r.p.m and 35°C. Medivm contained 10 mM HEPES buffer at
pH 7. Cells were centrifuged twice in Sorval RC-5 centrifuge 12,000 rpm. x 15
minutes at 4°C and washed twice in 10 uM HEPES buffer. The resuspended cells were
counted using a Hemocrit and diluted to 2 level of 5 x 10" cells per ml in 10 uM

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 ml 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 mmutes. 300 pL
20 of cells were plated on Petri plates confaining nuirient agar and incubated at 35°C

ovemaight. 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.aurens, M. lutens ATCC strains and GM 7359

alkA tag E. coli mutant (Marinus MLG. et al 1988 and 1989). Histidine was used for

comparison purposes becanse it ahd previously been reported efficacious in
’s counteracting MPP" and paraquat toxicity in E.Coli (Haskel Y. et al 1991).

Example 49
Table X1 Toxing and Antidotes PARAQUAT

Organism: E. coli (ATCC 35150)
Toxin: Paraquat
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Exanpl e 46 Pharmacoki netic advantages versus stability of
nodi fications and side chai n additi BeBUMNZAES2 pKa,
t he met abol i sth of these conpounds,
2,2,2-tetramne is

25 WD 03/051348 77 PCT/ US02/ 40732 into the organi c conpounds Seibeﬁghél'zbbe
sul phur contai ni ng cl ose

ring
i -cancer

t hus changi ng
rapi dly metabolized to acetyl

2,2,2-tet Mﬁb&é‘s ﬁ@gdﬁl@mpg}nﬁn@mrpgg@w@ a half lifein vivo of only a
few hour s (Kodana 1997). This nmetabolismw || obviously be

altered cb??ﬁb&!’éﬁg'ﬁnﬁ/ﬁpﬁ“’#‘é?sm nal I'y derivatized conpounds and to sone extent
in nolecules with side chains attached and in internally derivatized
nol ecules. In the treatnent of the diseases nentioned above a | onger
life and less frequent dosing such as once daily dosing will
advant ageous for therapeutic ef fAB¥sSAGPR At conpl i ance.

hal f
be highly
Addi ti onal

Comments The resedst s i n
t hese nol ecul e$Bswwdn artupd

di sease situati

hles lto

Syt Bquaresy o d Medndqpargy n

i85t st abhilj
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§ direct
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ofitn gomsed
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P16l on_sel
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U

o P8hr nac

parti cul ar
Dl ogi cal

actions and hoyrdd enhan¢ss the bipareai lablitity of orblly or parenterally
delivered drugs, and drugs crossing particular nenbranes such as the bl ood
brain barrier avdebkdgoge ofbttvaratompaent vedance Exafdl e 47 O | Water Partition
Coefficients Partition coefficients were determ ned by dissolving the

conpound in a 1:1 m xture of octanol/water and shaking the solution for 12
hour®. HPLC was used to determine the partition coefficient. The reported
values are the Iog of the octanollwater partitilgn Table I X. QI Water
Partition Coefficients 30 16 June 2006 5 10 WD 348 PCT/ US02/ 40732 78
Conpound IsggpRartition Coefficient Octanol \Biireival Fisher
PLSD
 Culture 100
0.5 mM Histidine 100
15 1 mM Histidine 100
0.5 mM Spermine 100
1 mM Spermine 9
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 0.217Sig. 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.
30




2,2,2-tetramne 1.6 2,3,2-tetramine 2.1 2,3,2-pyridine 2.7 i, n
Nl INd 0.4 cyclampiperidine 0.7 Qctanol : water partition | ogzb‘gﬂ'?%ﬂg
coefficients of 2 are optimal for passage through |[|ipid nmenbranes and
tissue barriers. Mdlecules within a range fromO0.5 to 4.0 are potenti al
candi dat es WOP34534§i vo use. Thus 2,2, 2-tetram ne, 2, 3, 2- PEU/UIMMTE2 and
2,3,2- pyridine have optinmal |ipid watler partitioning to facilitate their
passage through the gastrointestinal barrier and the blood brain barrier.
15Exanpl e Zble RKR' s THBKas sudvaitidodet er mMPARAGYATt andard potentionetric
titration nethods in aqueous 20solution with an ionic strength of 0.10 at
25 C. Values are reported as log K values of the equilibrium constant.
Tabl e X. pHaiaiske Emeudptaic) 29263 3) pKa(4) 2,2, 2-tetramnine9.79.16.63.3 25
2,3,2-tet r_frri_n_ 10.39.57.36.0 2,3, 2-pyridine8.37.4 _

2,3, 2- pi pet PH-ABGIHRS. 36.43. 6 2, 3, 2-t et ranet hyl 10. 29. 46. 12. 9

t et r anet hy hayidokeds 1192 {8raddneidd €yél@m16 June 2006 5 10 15 20 25 WO 03/051348
PCT/ GS02/ 40732 . 79. 2 yridine is |less basic and thus nore sol ubl e at

13 2. -
neutral pHoephaton Time: 64 mimwies ot her

Analysis of Variance Table
10 Source: DF: Sum Squares: __Mean Square: F-est
Between groups |6 B84 47 £6.512
Within groups 14 031 .002 p = .0001
Total 20 915
Model It estirate of betweesn component varianca = 048
15
Mean %
Samples - Survival Fisher .
PLSD
Culture 100
0.5 mM 23 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-teframine 78 0.1148ig. at
59%
2 0.5 mM Paraquat + 1 mM 2,3,2-tetramine 80 0.1148ig. at
99%
0.5 mM Paraquat + 30 uM Cyclam 71 0.114Sig. at
99%
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amnes. ' Selection of conpounds with appropriate pKa's for u hﬂn%%bbgus
di seases where low pKa's would be useful. Selection of conpounds W
appropriate pKa's for use in various di seases where hi gher pKas woul d be
useful such as in diabetes and post nyocardial infarction. Experinental
Met hod of MWeR8MISIIHY Bacterial Survival in Exanples 49 - BAL/UBAEE78Y i a were

i nnocul ated and cultured in nutrient 8gar for eighteen hours, using a

shaki ng i ncubator at 140 r.p. mand 35C. Medi um contai ned 10 nM HEPES buffer
at pH 7. 1. a]&ﬁ% jf dﬁ‘a. &8 o B Rigent ri fuge 12, 000
r.pm Xx lg’%?imt%%%%ggat %'}%%nﬂé&gges%\ed tv%a%g%ﬁ%ed?l\gﬂﬂHEP S buffer. The

r esus pendediaqeit beingieffestiveatuewesdoses thag 28.24eteinet and diluted to a | evel of
5 x 101 cells per nil in 10 pM HEPES. The cells, the follow ng toxins;

met hyl vi ol ogen (paraquat), nethyl viologen (MPP), rotenone, daizoxide,
streptozotocin and al | oxan, andExwmpleid} es were added, reaching final

vol ufres of 1 m in Epppendorf tubes and placed on a rotator at room
tenperature. 10 pM diethyl enetri am nepentaacetic acid was added to the
sanpl es t (TableXH naFexibhmdriedidoteons MPPt he specified times of either twenty
or sixty mmutes. 300 pL of cells were plated on Petri plates containing
nutrient agar and i ncubated at 35C overnight. Colonies were counted after
20 hours. (RgirisntSgeress(ATIOCA9243) conpared with culture controls is

cal cul at egqfrg%he means of triplicates in each experinental group.
Bacteria ut®H were E.coli, S.aureus, M |uteus ATCC strains and GM 7359
al KA tag BRntideles: Hidtidaiw, 2,6 Mepipanidine M yelanesndalyclb8B8damutat®89) . Hi sti di ne was
usedifor _cogpari.son purposes because it ahd previously been reported

ef fi caci OJQ"‘W%R“O t@fﬁ@’f‘\%ﬁg MPP+ and paraquat toxicity in E. Coli (Haskel
Y. et al 1991). Exanple 49 30 Table Xl Toxins and Anti dotes PARAQUAT
Organism E. coil (ATCC 35150) Toxin: Paraquat 16 June 2006 5 10 15 20 25
WO 03/051348 80 Antidotes: Histidine, Sperm ne and 2,3, 2-tetram ne

Analysis of Variance Table
Source: DE: Sum Squares: Mean Square: F-fest:
Between groups ¢ 19 5847 .308 28.918
15 Within groups 158 597 .01 p=.0001
Total 77 6.444
Model Il esfimate of between component variance= 078
20 Mean %
Samples | Survival Fisher
PISD
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*
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| ncubation Tine: 60 m nutes Between groupsl13.546.32235. 864 Wt,{g e 2006
groups24. 216. 009=. 0001 Tot al 353. 762 Source: DF: Model 11 esti of

bet ween conponent variance = .104 Sanples PLSD Culture 0.5 nM Histidine
1 MM Hstidine 0.5 nMSpermne 1 nMSperminel nmM2, 3, 2-tetramine 0.5
ni M Par aqua¥0 ®3/4fA4Par aquat 0.5 mM Paraquat + 0.5 nM Hi st PEi/B¥24@35 nM
Paraquat + 1.0 mM Histidine 0.5 nmv P¥raquat+ 0.5 nM Spermine 99% 1.0 nM
Paraquat + 0.5 nM Spernmine 99% 1.0 mM Paraquat + 1.0 mM 2, 3, 2-tetram ne

99% Mean Y05 Svrwimietlo sihsheEadRd 100 100 100 649@.24008g a6 10 30 0.217
37 0.217 60 0.217Sig. at 100 0.217Sig. at

99.5%

0.25mM MPP" + 1uM 2,3,2-piperidine 54 0.242 Sig. at
99.5%

> 0.25 mM MPP* + 2uM 2,3,2-piperidine 54 0.242 Sig. at
99.5%
0.25 mM MPP" + 5uM 2,3,2-piperidine 69 0.242 Sig. at
99.5%
0.25 mM MPP* + 7uM 2,3,2-piperidine 100 0.191 Sig. at
99.5%

10 0,15 mMMPP* + 30 uM Cyclam 79 0.242 Sig at
99.5%
0.2 mM MPP" +1 uM Cyclam Adamantane 100 0.242 Sig. at
99.5%
0.2 mM MPP* + 2.5 uM Cyclam Adamantane 100 0.242 Sig. at
99.5%

15 4.2 mMMPP* + 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. coh 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




100 0.217Sig. at Spermne and 2,3, 2-tetram ne were nore efficaqie)‘gl&n% 3006
preventing cell loss than histidine at conparable doses. Analysis 0o

Vari ance Tabl e PCT/US02/40732 Sum Squar es: Mean Square., F-test 30 16 June
2006 5 10 WD 03/051348 81 PCT/ US02/ 40732 Table XI1 Toxins and Anti dotes
PARAQUAT OVAM/®Ii48S, aureus (ATCC 29213) Toxin: Par aquBET/IAH2HE8} es:
2,3,2-tetram ne and Cyclam |Incubatid¥ Time: 60 minutes Source: DF: Between
rou s6.884.14766.512 Wthin groupsl4.031.002=. 0001 Total 20. 915 Model 11
estimate of between conponent variance = .048 15 20 25 Sanples PLSD
Culture 0.5 mMM2,3,2-tetramine 1 mM2.3,2-tetramne 30 uM Cyclam 0.5 nmM
2,3,2-tetramne 0.5 mM Paraquat 0.5 nM Paraguat + 0.5 nm\R, 3, 2-tetram ne
99% 0.5 nM Paraquat + 1 mM 2, 3, 22Tk AYARIE® 72880

Source: DE:. Sum Squares: Mean Square: F-iest:
Between groups | 31 911 029 5.855
5 Witiin groups | 103 508 005 p =.0001
Total 134 1.419
Mcd.el il estimate of between component variance = .006
Mean %

10 Samples Survival Fisher

PLSD

Culture , 100

50 uM 2,3,2-piperidine 100

50 aM 2,3,2-pyridine 100

1 uM Chromium 2,3 ,2-pyridine 100
15 2 mM 2,2 2-tetramine ‘ 100

25 uM 2,3,2-diCH3 100

25 yM Cyclam Adamantane 100

100 uM Rotenone 60

100 uM Rotenone + 2.5 uM 2,3 2-piperidine | 100 0.182 Sig. at
20 99.8%

100 uM Rotenone + 5 uM 2,3,2-piperidine 100 0.182 Sig. at

99.8%

100 uM Rotenone -+ 20 uM 2,3,2-piperidine 100 0.182 Sig at

99.8%

100 uM Rotenone + 50 uM 2,3,2-piperidine 100 0.182 Sig. at
= 99.8%

100 uM Rotenone + 2.5 uM 2,3, 2-pyridyine 100 0.182 Sig. at

99.8%

100 uM Rotenone + SuM 2,3,2-pyridyine 100 0.182 Sig. at

99.8%
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0.5 mM Paraquat + 30 uM Cyclam 99% Anal ysis of Variance Tabl e ghﬁggabg
Mean Square., F-test Mean % Survival Fisher 100 100 100 87 8
0.114Sig. at 80 0.114Sig. at 71 0.114Sig. at 30 16 June 2006 5 10 WO

03/ 051348 82 PCT/ US02/ 40732 2,3,2 -tetram ne and cycl am prot ected agai nst
paraquat i rH@8EGIBEI | killing, paraquat being effectivePERUSRWEB2 doses
than 2,3, 2-tetram ne. Exanple 50 Tabl® Xl 11 Toxins and Antidotes we
Organism S. aureus (ATCC 29213) Toxin: W' Antidotes: Histidine,

2, 3, 2- pi perpbdIRoteSIE MUY 3 BystigFinddanant ane 10in@uisatsipat Ti me: 60 mi nut es
Anal ysis of Variance Table 15 20 25 Between groupsl195. 847.30829.918 Wthin
gr oupss58. 598%1=. 0001 Total 776. 444 Source: DF: Sumuares: Mean S uare:

F-test 100 M Rotenone + 50 uM 2,3,2-pyridyine 100 0.182 Sig at
99.8%
3 100 uM Rotenone + | um Chromivm 2,3,2-pyridine 100 0.182 Sig, at
99.8% |
100 mM Rotenone + 0.5 mM 2,2 2-feframine 67 0.182
100 mM Rotenone + 2 mM 2,2 2-{etramine 100 0.182 Sig. at
99.8%
100 uM Rotenone + 2.5 uM 2,3,2-diCH; 100 0.182 Sig. at
10 999
100 uM Rotenone ++ 5 uM 2.3,2-diCH; 89 0.182 Sig_ at
99.8%
100 uM Rotenone + 12.5 uM 2,3,2-diCHs 100 0.182 Sig. at
99.8%
100 uM Rotenone + 25 uM 2,3,2-diCH; 100 0.182 Sig. at
15 9989
100 uvM 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

2> against rotenone induced cell kiling
Example 52
Table XV  Toxins and Antidotes DIAZOXIDE
30 Organism S.aureus (ATCC 29213)




Model 11 estinmate of between conponent variance =.078 Sanpl esMegd i
Survival Fisher PLSD 100 Culture 0.5 mM Histidine90 7.5 uM Juhe 2006
2,3, 2-piperidinel00 30 uM Cycl anBl 30 uM Cycl am Adanant anel00 0.1 nM MPP+31
0.15 mM MPP+15 0.2 nM MPP+6 0.25 mM MPP+3 30 5 10 15 20 25 WD 03/051348 83
0. 15 nM MPPHOOI/&IHRI Hi stidine 99.5% 0.25nmM MPP++ | uM 2, BCRUMREEM? di ne
99.5% 0. 25 mM MPP++ 2uM 2, 3, 2-pi peri dfne 99.5% 0. 25 M MPP++ 5uM
2,3,2-piperidine 99.5%0.25 nM MPP++ 7uM 2, 3, 2-pi peridine 99.5%0.15 nM
MPP++ 30 ¢M. ide09- 5% 0. 2 nM MPP++1 uM Cycl am Adanant ane 99.5% 0.2 nmM

MPP++ 2.5 uM Cycl am Adanmant ane  99. 5% o o
Antidotes; Histidine, Spermine, 2,3,2-tetramine, 2,3,2-piperidine, 2,3,2-pyridine

and Cyclam
Incubation Time: 60 minutes
5
. Analysis of Variance Table
Source; DF: Sum Squares: _ WMean Square: F-test
Betwesn groups |25 2688 .108 5.668
Within graups 76 1.442 019 p = 0001
10 Totgl 101 4.13
Mode! i estimate of between component variance= 023
Mean %
Samples ' Survival Fisher
1 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
16 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
» 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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0.2 mM MPP++ 5.0 uM Cycl am Adamant ane 99.5% 0.2 mM MPP++ 7.5 %%ﬁ%%
Adamant ane 99.5% 16 June 2006 PCT/ US02/ 40732 64 0.242 Sig. at : 9
Sig. at 54 0.242 Sig. at 69 0.242 Sig. at 100 0.191 Sig. at 79 0.242
Sig. at 100 0.242 Sig, at 100 0.242 Sig. at 100 0.242 Sig. at 100 0.242
Sig. at M ¥ORBISEHMEdoses of 2, 3, 2-pi peridine and cycl am BEEEsauerne

prot ected agai nst 200 uM doses of M whereas histidine was only
effective in substantially higher dose. Exanple 51 Table )UV Toxi ns and

Ant i dot es (RGN INE,dR N1 (FENL 258, 2-&Bhihink GM 7359) 78 k@368 & coi |l nutant
Toxi n:. Rot enone Ant | dotes: 2,3, 2-piperidine, 2,3,2-pyridine, Chrom um
2,3, 2-pyr iMi%e, 2,2,2- tetranine, 2,3,2-di CH3 and Cycl am Adanmant ane

| ncubat i ony 1k ARY Diffdxie oA 38 2l@rathiae 2006 VO 93/ 034 878,84 PCT/ US02/ 40732
Anal ysis of Variance Table 5 10 15 20 25 Bet ween groups31.911.0295. 955

Wt hin gr #d38403. 508. 005=. 0001
3 0.15 mM Diazoxide + 2.5 ,2,3,2-piperidine 100 0.36Sig. at

99.8%

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 0.368ig. 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)

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

25

Incubation Times: 20 and 60 minutes
T20 = Incubation time of 20 mimutes
T650 = Incubation time of 60 minutes
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Total 1341. 419 Source: DF: Model it estimte of between conmponenjg yﬁﬁ%%ﬁﬁ =
.006 Sanples PLSD Culture 50 uM 2,3, 2-piperidine 50 uM 2, 3, 2-pyridine 1
uM Chromium 2; 3, 2-pyridine 2 mM2,2,2-tetram ne 25 uM 2, 3, 2-di CH3 25 uM
Cycl am Adamant ane 100 uM Rot enone 100 uM Rot enone + 2.5 uM

2, 3, 2- pi perWadpHE13489. 8% 100 uM Rot enone + 5 uM 2, 3, 2- pi pRETUMR@T73D9. 8% 100
uM Rot enone + 20 uM 2, 3, 2-pi peri di ne 3899. 8% 100 uM Rot enone + 50 uM
2,3,2-piperidine 99.8% 100 uM Rotenone + 2.5 uM 2, 3, 2-pyridyine 99.8% 100
UM Rot enoRg: tpmddhP- 47.2- pyridyine 99.8% Sum S uares: Mean Square. F-test:
Mean % Survival Fisher 100 100 100 100 100 100 100 60 100 0.182
Sig. at 100 0.182 Sig. at

T20 Mean %
Samples ' Survival Fisher
> 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 M Chromium 2,3,2-pyridine 100
5 uM Vanadium 2,3,2-pyridine 100
40 uM 2,3,2-diCH; _ 100
100 vM 2,3.2-sulfur 100
100 uM Cyclam Adamantane 100
200 uM Vanadium Cyclam Adamantane 100
15 500 mM Cyclam piperidine 100
0.2 mM Diazoxide 22
T60
Culture 100
20 200 uM Histidine 100
200 uM Spermidine _ 100
50 uM 2,3,2-piperidine 100
40 uM 2,3,2-pyridine 100
5 uM Chromium 2,3,2-pyridine 100
5 uM Vanadium 2,3,2-pyridine 100
25 40uM232-diCH: 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 0.182 Sig. at 100 0.182 Sig. at 100 0.182 Sig. at 100 0.4{83u75%008t
30 5 10 15 20 25 30 WD 03/051348 85 100 uM Rotenone + 20 uM 2, 3, 2-pyri dyl ne
99. 8% 100 uM Rot enone + 50 uM 2, 3, 2-pyridyine 99.8% 100 uM Rotenone + 1 um
Chrom um 2, 3, 2-pyridine 99.8% 100 mM Rotenone + 0.5 nM 2, 2, 2-tetram ne

100 nM Rot SH@AEIS34® vl 2, 2, 2-tetrami ne 99. 8% 100 uM Rot B¢H 240732 5 uM
2,3,2-di CH3 99.8% 100 uM Rotenone + 8 uM 2, 3, 2-di CH3 99.8% 100 uM

Rot enone + 12.5 uM 2, 3, 2-di CH3 99. 8% 100 uM Rot enone + 25 uM 2, 3, 2-di CH3
99. 8% 100 uM Rot enone + 2.5 uM Cycl am Adanmant ane 99. 8% 100 uM Rot enone + 5
uM Cycl am Adamant ane 99. 8% 100 uM Rot enone + 12.5 uM Cycl am Adanant ane

99. 8% 100 uM Rot enone + 25 uM Cycl am Adanmant anane 99. 8%

Analysis of Variance Table
Saurce: DF: Sum Stguares: Mean Square; F-test
Befween groups |2 1.478 .739 86.793
5 Within groups |8 051 .009 p =.0001
Total 8 1.53
Mode! Il estimate of between compenent variance = 244
T60
10 o
Histidine
0.2 mM Diazoxide + 200 uM Histidine 54 0.184 Sig. at
95%
13 Analysis of Variance Table
' Sourge: DF: Sum Squares: Mean Sguare: F{est:
Between groups §4 1.486 374 2467.867
Within groups 11 002 1.515E-4 p =.0001
Total 15 1.487
Mode! Il 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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16 June 2006 PCT/US02/40732 100 0.182 Sig. at 100 0.182 Sig. £ é@%(}OS
0.182 Sig. at 67 0.182 100 0.182 Sig. at 100 0.182 Sig. at 89 O'i(é I g.
at 100 0.182 Sig. at 100 0.182 Sig. at 97 0.182 Sig. at 89 0.182 Sig.
at 100 0.182 Sig. at 100 0.182 Sig. at Low mcronol ar doses of
2,3,2-pyri qY@es05m@48 2-di CH3 and cycl am adamant ane pr ot ecR@IUSIYHHBNSt

rot enone induced cell killing. Exanpl® 52 Table XV Toxins and Anti dotes
DI AZOXI DE Organi sm S. aureus (ATCC 29213) 16 June 2006 5 WD 03/051348 86
PCT/tJS02/ 40732 Toxin: Di azoxi de Antidotes: Histidine, Sperm ne,
2,3,2-tetramne, 2,3,2-piperidine, 2,3,2-pyridine and Cyclam I ncubation
Time: 60 mnutes Analysis of Variance Table 10 15 20 25 Bet ween

gr oups252. 688 11085.668 W L hin r SRS g VaReeTaRe 0001 | 018

Source: Sum Sguares; Mean Square: F-test:
Betweengroups |3 2141 Ji4 189.358
5 Within groups |8 .03 004 p= 0001
Total 11 2171
Mode! I 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:
Between groups |7 1.1 183 16.948
Within groups __ |15 151 011 p=.0001
20 Total 23 1.251
Model 1t estimate of between component variance= 058
T20
o5 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%
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Tot al 1014. 13 Source: DF: Model 11 estimate of between corrponent.l%?[lhg%%sz
.023 Sanples PLSD Culture 0.5 mMH stidine 5 uM Sperm ne 20 u
2,3,2-tetramne 10 uM 2,3,2-piperidine 5 uM2,3,2-pyridine 10 uM Cycl am
0.15 mM Di azoxi de 0.15 nM Di azoxi de+ 500 uM Hi stidine 0.15 nM D azoxi de +
5 uM Sper niW@ 0368934895 0. 15 M Di azoxi de + 2.5 uM 2, 3, 2- t ePEHHESAEITIDI. 8% 0. 15
mM Di azoxide + 5 uM 2,3, 2-tetrami ne %9.8% Sum Squar es*. Mean Squar e.

F-test Mean % Survival Fisher 100 100 99 99 100 99 100 25 58 0.36

g%/ 8&34?093 mRi DBRRe361080MD2,3 2lpikAide 36 Si . at1080 0263 digna 2006 WO

9%
0.2 mM Diazoxide + 20 uM 2,3,2-piperidine 100 0.253 Sig. at
99%
> 0.2 mM Diazoxide + 50 uM 2,3 2-pipendine 100 0.253 Sig. at
99%
10 Analysis of Variance Table
Source: DF: Sum Squares: Mean Square: F-fest
| Between groups {5 2.736 547 22.431
Within groups 12 293 024 p = .0001
Total 17 3.029
Mode! i estimate of between component variance = 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 160 0.39 Sig at
95%
25

30




87 PCT/ US02/ 40732 0.15 MM Di azoxide + 10 uM 2, 3, 2-tetram ne780. &}lg a[f
99.8% 0. 15 nM Di azoxide + 20 uM 2, 3, 2-tetram ne750 36 Sig. at 9 g 28 5
mM Di azoxide + 2.5 , 2, 3, 2-pi peri di ne1000. 36Si g. at 99.8% 0. 15 nmM D azoxi de
+ 5 uM 2, 3, 2-pi perldl ne910. 36 Sig. at 99.8%0.15 nM Di azoxide + 10 uM

2, 3, 2-pi per“’@lilimém@ 36 Sig. at 99.8% 10 0. 15 nM Di azoxi deCHush2807aM
2,3,2-pyridine610.36 Sig. at 99.8% 0.%25 nM Di azoxi de + 5 uM
2,3,2-pyridine840.36 Sig. at 99.8%0. 15 ni M D azoxide + 2.5 uM Cycl anB90. 36
Sig. at 99.8% 15 0.15 mM Di azoxide + 5 uM Cycl anB50.36 Sig. at 99.8%0. 15
nmM Di azoxi de + 10 uM Cycl anB80. 36 Sig. at 99.8% 202, 3, 2-tetram ne,
2,3,2-piperidine, 2,3,2-pyridine and cyclam prevented di azoxi de induced
cell killi ng at | ow nicronol ar dSSEE®S é’i‘aé%?gpqlﬁ stidine was partially
protectiveat sufs¥eantiall PFhigher d “af@ﬁ Weay Sgpiae: X\E-testoxi ns and

Ant i dot es DI AZQfeMmRenrayem) (ATF‘Jf'| 189732) [PH¥EIn: Di gzoxi de
Antidotes: Hi st|WitingrouBpertdi di ne, 2 .342- pi perlia®Bne 2 3p2089% i di de,
Chromum 2,3, 2tWteridine f2B. 3. 2-di QH3s2 2, 3, 2-isul fur. Ovcl am Adandnt ane,
Vanadi um Cycl am Adanmant ane and Cycl am Pi peri dine Incubation Tines: 20 and
60 m nutes T20 Maded ihestirimie of kehveen camppopdnt v2danesi=n ut0S5

T20
10 e
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
5
09%
0.2 mM Diazoxide + 20 uM 2,3 2-pyridine 100 0.22 Sig. at
9%%
0.2 mM Diazoxide + 40 uM 2,3,2-pyridine 100 0.22 Sig. at
99%
20
Analysis of Variance Table
Soures; DF: Sum Squares: Mean Sauare; F-est
Between groups |6 2.481 A13 10.74
25 Within groups 14 539 .038 p=.0001
Total 20 3.02
Mode! I estimate of between component vadance= 125
T&0
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T650 = I ncubation time of 60 m nutes 16 June 2006 5 10 15 20 2516/\1ﬂme 2006
03/ 051348 See Figures 43 - 47. 88 PCT/US02/ 40732 T20 Mean % Sanples
Survival Fisher PLSD Culture 100 200 uM Hi stidine 100 200 uM Sperm di ne
100 50 uM 2, 3, 2-piperidine 100 40 uM2,3,2 pyridine 100 5 uM Chrom um
2,3,2-pyri V805088 5 uM Vanadi um 2, 3, 2-pyridi ne 100 40PE¢RY2/20732 di CH3 100
100 uM 2, 3, 2-sul fur 100 100 uM Cycl ath Adamant ane 100 200 uM Vanadi um

Cycl am Adamant ane 100 500 nM Cycl am pi peridine 100 0.2 mM Di azoxi de 22
T60 Cul t W¥-&2990dir200 uM Hi stidine 100 200 uM Spernidine 100 50 uM

| g: g: 33"5;??%?ﬂjé"i'?&%gﬁ%ﬁ%s%%é?t}ﬁiﬁ ; |g| Birilg?neﬁlﬁwgf??%”?, 3, 2-di CH3 100

100 uM 2, 396 sul fur 100 100 uM Cycl am Adamant ane 100

0.2 mM Diazoxide + 5 uM 2,3,2-pyridine 100 0.477 Sig. at
S ooy

0.2 mM Diazoxide + 10 uM 2,3,2-pyridine 100 0477 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 0477 Sig. at
10 g9e

Analysis of Variance Table
Seurce: BF; Sum Sguares: Mean Square: F-iest:
Between groups |3 _ 2.217 739 354.556
15 Within groups |8 017 002 p = .0001
Totat 11 2234
Model Il estimate of between component variance =. 246

20

T60

Chromium 2,3,2-pyridine

0.2mM Diazoxide + 1 uM chromyium 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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200 uM Vanadi um Cycl am Adamant ane 100 500 nM Cycl am Pi peri di ”eléggnegoasmv'
Di azoxide 1 30 16 June 2006 WO 03/051348 89 PCTI US02/ 40732 Anal ysis o
Variance Table 5 10 15 20 25 Between groups21.478.73986. 793 Wthin
groups6. 051. 009=. 0001 Total 81.53 Source: DF: Mdel 11 estinate of between
conponent WEPPHIFEHS= 244 T60 Histidine 0.2 nM D azoxi B&/¥S020Q3M

Hi stidi ne 95% Bet ween rou s41.496. 3742467.867 Wthin oull. 0021. 515E- 4p

=. 0001 Total 151. 497 Source: DF: Mdel 11 estimte of between conponent
variance = .117 T20 Sperm dine 0.2 nmM Di azoxide + 1 uM Sperm di ne 100
0.031 Sig. at 99%0.2 nM Di azoxi de + 2. 5uM Sperm di ne 100 0.031 Sig. at
99% 0.2 nmM Di azoxi de + 200 uM Sperm di ne 100 0.031 Sig. at 99% Sum
Squares: Mean Square: F-test AnaPjRypisof¥tiangaisbience Tabl e

Source: DF: Sum Squares: Mezmn Square: F-test
Between groups {2 1.63 815 81.248
3 Within groups | 6 .05 01 p=.0001
Total 8 1.601
Mode! It estimate of between component variance = .268
Vanadium. 2,3,2-pyridine
10 . o .
0.2 ;M Diazoxide + 5 uM Vanadium 2,3,2-pyridine 80 0.303 Sig. at
99%
] Analysis of Varance Table
15 Source: DF: Sum Sguares: Mean Square: Fiest
Between groups |5 1.113 223 40.179
Within groups 15 .083 .006 p =.0001
Total 20 - 1.196
Mode! H estimate of between component variance = .063
20
T20
2,3,2-diCH,
0.2 mM Diazoxide + 5 uM 2,3 2-diCH; 100 0.155 Sig, at
99%
25 0.2 mM Diazoxide + 10 uM 2,3,2-diCHs 100 0.179 Sig. at
99%
0.2 mM Diazoxide + 20 uM 2,3 2-diCH; 100 0.179 Sig. at
99%
0.2 mM Diazoxide + 40 uM 2,3,2-diCH; 100 0.179 Sig. at
09%
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54 0.184 Sig. at Square: F-test Sum Squares: Mean 30 16 June 209§ jan¥So06
03/ 051348 Source: DF: Between groups32.141.714189. 358 Wthin

groups8. 03. 004=. 0001 Total 112.171 Model Il estinate of between conponent
variance = . 237 10 15 20 T60 Spermdine 0.2 mM Di azoxide + | uM

Spenni di ne WO93348 1M Di azoxi de + 2.5 uM Spermi di ne 999 BYsREE732 DF:

Bet ween groups71.1.18316.948 Wthin gFoups16.151.011=. 0001 Total 231. 251
Model 11 estinate of between conponent variance = .058 25 30 no
2,3,2-piperidine 0.2 nmM D azoxide + 1 uM 2,3, 2-piperidine 81 0.253 Sig. at
99% 0.2 nmM Di azoxide + 2.5 uM 2, 3, 2-piperidine 81 0.253 Sig. at 99%0.2 nmM
D azoxideu + 5 uM 2, 3, 2i peridine 100 0.253 Sig. at 99% 90 PCTI US02/ 40732

Analysis of Variance Tahble
5 Source: DF: Sum Sguares: Mean Square: F-fest
Between groups |5 2.353 A71 8.407
Within groups 12 : 672 066 p=.0013
Total 17 3.025
Mode! | 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 0.59Sig at
99%
20
Analysis of Variance Table
Source: DF: Sum Squares: Mean Square: F-est
Between groups | 4 1.6684 416 9.477
Within groups 13 .57 ‘ 044 P =.0008
Total 17 2234
25 Mode! 1t eslimate of hetween component variance = 108
T60
2,3,2-Sulfur
30 0.2 mM Diazoxide + 12.5 uM 2,3 2-suifur 32 0.446




Anal ysi s of Variance Table Analysis of Variance Table Sum SquarmJuNg%oa
Square: F-test: 96 0.168 Sig. at 100 0.168 Sig. at Sum Squares: Mean

uare: F-test 16 June 2006 5 WD 03/051348 PCT/ US02/ 40732 91 0.2 nmM

D azoxi de + 10uM 2, 3, 2-pi peridine 100 0.253 Sig. at 99%0.2 nM D azoxi de +
20 uM 2, 3, zﬂﬁuﬂﬁ%’\l?ﬁu ne 100 0.253 Sig. at 99% 0.2 nM Di aPEKI#BH3E0 uM
2,3,2-piperidine 100 0.253 Sig. at 9¥% 10 Analysis of Variance Table

Bet ween groupsb52. 736.54722. 431 Wthin groupsl2.293.024= .0001 Total 173. 029
Sour ce: DRj2 MpgiBlazbtides (00ma @ 3 -sudfat ween conmponené? vesissiget = 15 20 25 T60
2,3, 2- plperldlne 0.2 mM Di azoxide + 2.5 uM 2, 2-piperidine 99%0.2 nM
DIaZOXI de 2% um 2, 3, 2- pi peridine 99%0.2 nmM Di azoxide + 10 uM 2,3
-piperidine 99%0.2 nM diazoxide + 20 uM 2,3 -piperidi ne 99% Sum Squar es:
Mean Square: F-test .174 410.39 Sig. at

5
Analysis of Variance Table
Source: DF: Sum Squares: Mean Sguare: F-test
Between geoups | 6 1.349 337 351
Within groups 17 012 001 p = .0001
Total 23 1.362
Model {i 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 4.2 mM Diazoxide + 50 uM Cyclam Adamantane 100 0.076 Sig.
at 99%
0.2 mM Diazoxide + 100 uwM Cyclam Adamaniane 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
Withingroups |23 1.942 .084 p=.0023
25 Total 29 4.42
Mode! I} estimate of between component variance= 084
T60
Cyclam Adamantane
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1000. 39 Sig. at 1000.39 Sig. at 1000.39 Sig. at 30 16 June 20061 Jikle Bo080
25 WD 03/051348 Source: DF: Between groups6l.067.17821.751 Wthin
groups14.114. 008=. 0001 Total 201. 182 Model 11 estinmate of between conponent
variance =.057 no 2,3,2-pyridine 960.22 Sig. at 0.2 nmM Di azoxide + 2.5 uM
2,3, 2-pyri dVR&IHME0. 2 nM Di azoxi de + 5 uM 2, 3, 2-pyri di nBGBESRAI 9. at 99%
0.2 nM Di azoxide + 10 uM 2, 3, 2-pyri di He1000. 22 Si g. at 99% 0.2 nM Di azoxi de
+ 20 uM 2, 3, 2-pyri di nel1000. 22 Sig. at 99% 0.2 nM Di azoxi de + 40 uM

2, 3, 2- pyr i @2 niM D@Gogde S50 nMdtCyei Stanaetane DF:  Bet Wde .66 oups62. 481. 41310. 74

Wthin groggwgg%g}gg‘%;%gg&lq%%%ﬂ%eNbdeI Ifooeatﬁiﬁg@gg of between

conponent

at 99%

0.2 mM Diazoxide + 100 uM Cyclam Adamantane 100 0.666 Sig.
> atoov

Analysis of Variance Table
Source: DF: Sum Squares: Mean Square: F-est:
Between groups |7 241 387 650.019
10 Within groups 128 017 001 p = 0001
Total 35 2.727
Model Il 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 at99%
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PCT/ US02/ 40732 Anal ysis of Variance Table Analysis of Variance {g)ife 2006
Squares: Mean Square.* F-test Sum Squares: Mean Square:. F-test 16 June
2006 5 10 WD 03/051348 93 PCTI US02/ 40732 2,3, 2-pyridine 0.2 nmM Di azoxi de +
2.5 uM 2, 3,2-pyridine 99 0.477 Sig. at 99%0.2 nM D azoxide + 5 uM

2,3, 2-pyri dWﬂéXWSOA?? Sig. at 99% 0.2 nM Di azoxi de +PQDUSMRA40732
2,3,2-pyridine 100 0.477 Sig. at 999%8%.2 nM Di azoxi de + 20 uM
2,3,2-pyridine 100 0.477 Sig. at 99% 0.2 nM Di azoxi de + 40 uM
2,3,2-pyridine 70 0.477 Sig. at 99% Anal ysis of Variance Table 15 20 25

Bet ween groups32.217.739354. 556 Wthin groups8.017.002=. 0001 Total 112. 234

Source: DF: Sum Squares: Mean SqQUahei ofv: del 11 estimate of between
conponent vari ag&lﬁe . 246, T60 Cﬁ‘ e o ar%xﬁ%tr 0 i d| ne 0. 2rr1\/| Di azoxide + 1

uM chrom um 2, 3; eI + 5 uM
chrogm um 2, 3, 2-
ithin groups

Total 8 1488

%413 o 661.484
001 p = 0001

Mode! Il estimate of between component varance = 246

T60

Cyclam Piperidine

0.2 mM Diazoxide + 500 nM Cyclam Piperidine 53 0.101 Sig. at
99%

[{H

Spermidine, 2,3,2-piperidine, 2,3,2-pyridine, vanadium 2,3 2-pyridine, chromium 2,3,2-
pyridine, 2,3,2-diCH;, 2,3,2-sulfur, cyclam adamantane, vanadium cyclam adamantane

and cyclam piperidine prevented diazoxide induced cell killing at low micromolar doses

15

whereas histidine required higher doses to prevent cell killing.

20 Example 53

Table XVII  Toxins and Auntidotes ~ STREPTOZOTOCIN

Organism: E. Coli (GM 7359) alkA tag E. coli mmtant

Toxin: Streptozotocin

Antidotes: Spermidine, 2,3,2-piperidine, 2,3, 2-pyridine, 2,3,2-diCH; and
Cyclam Adamantane

Incubation Time: 60 minutes

25
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16 June 2006 WO 03/051348 94 Anal ysis of Variance Table 5 10 1518€Juhge 2006
Bet ween groups2l. 63.81581.248 Wthin groups6.06.01= .0001 Total 81. 691

PCTI US02/ 40732 Source: DF: Sum Squares: Mean Square: F-test Mdel |1
estimate of bhetween conponent variance = .268 Vanadi um 2, 3, 2-pyri dine 0.2
nmM Di azoxi dEC¥3%1Hf1 vanadi um 2, 3, 2- pyri di ne 80 0. 303 Si gPCHUS®28WE Anal ysi s
of Variance Tabl e Between groupsb1. 11%. 22340. 179 W thin

groups15. 083. 006=. 0001 Tot al 201. 196 Source: DF: Mddel Il estimte of

bet ween conponent variance = .063 no 2,3, 2-di CN&an®2 nM Di azoxi de + 5 uM
2,3, 2-di Cl—g» 1q0 0.155 Sig. at 99%0.2 mM Di azo§i de %_]é.s uM 2, 3, 2-di CH3 100
0.179 Sig. Ht"999% 0. 2 nM Di azoxi de + 20 uM 2, 3”24 0 0.179 Sig. at
99% 0. 2 m\PL¥BzoXxi de + 40 uM 2, 3,2-di CH3 100 0.179 Sig. at 99% Sum
Squares: Mean Square. F-test 30 16 June 2006

5
Analysis of Variance Table
Source; DF: Sum Squares: Mean Square; F-fest
| Belween groups 123 803 035 1,806
Withingroups |72 1,388 019 p=.0305
Total 95 2,196
10 Model Il estimate of between component variance= 004
Culture 100
5 uM Spermidine 97
20 uM 2_3,2-piperidine 100
15 20uM232-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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5 WD 03/ 051348 Source: DF: 95 PCT/ US02/ 40732 Anal ysis of VarianpgeJua!20080
15 20 Between groupsb52.353.4718.407 Wthin groupsl2.672. 056= 001

Total 173. 025 Model |1 estimte of between conponent variance = T60
2,3,2-diCH3 0.2 mM Diazoxide + 5 uM 2, 3,2-di CH3 99%0. 2 vaDiazoxide + 10
uM 2, 3, 2- di 83983, 0. 2 M Di azoxi de + 20 uM 2, 3, 2- di CH3PCDUSRBI32 VI

Di azoxi de + 40 uM 2, 3, 2-di CH3 99% Soufte: DF: Between groups4l. 664.4169. 477
Wthin groupsl3.57.044=.0008 Total 172.234 25 30 Model It estimte of

bet ween  CopPaIHe %maoaﬁseum;@ﬁmﬁp 2, 3, 2- Sulobuo.369sig. M Di azoxi de +

12.5 uM 2,3, 2-sul 7138 680.59 Sig. at 1000.59 Sig. at 1000.59 Sig. at
950. 59 Si §9-8%
100 uM Streptozotocin + 5 uM 2,3,2-diCH; 100 0.364 Sig. at
99.3% :
3 1100 uM Streptozotocin + 12.5 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 M Cyclam Adamantane 100 0.364 Sig. at
99.8%
10 100 uM Streptozotocin + 12.5 uM Cyclam Adamantane 100 0.364 Sig. at
99.8% |

Spermidine, 2,3,2-piperidine, 2,3,2-pyridine, 2,3,2-diCHj, and cyclam adamantane
prevented streptozotocin induced cell killing at low micromolar doses.

Example 54
15
Table XVII  Toxins and Antidotes ALLOXAN
Organism: E. Coli (GM 7359) alkA tag E. coli mutant
Toxin: Alloxan
20 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
25
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Anal ysis of Variance Tabl e Sum Squares: Mean S uare: F-test Sunl‘ﬁ%ﬂﬂféﬁﬁ%
Mean S uare: F-test 32 0.446 16 June 2006 5 WD 03/051348 Anal ysi's 0

Vari ance Table 10 15 20 Between groups6l. 349. 337351 Wthin groupsl7.012.001
11 p=.0001 Total 231.362 96 0.2 nM Di azoxide + 100 uM 2, 3, 2-sul fur 67 0.515
Sig, at 9MPEYME: DF: Mdel 11 estimate of between coREBHERMIBAri ance =
. 096 PCT/ USO2/ 40732 T20 Cycl am Adandfit ane 0.2 nM Di azoxide + 12.5 uM

Cycl am Adamant ane 100 0.076 Sig. at 99% 0.2 nmM Di 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 100 0.076 Sig. at 99% Anal ysis of Variance Table 25 30 uare:
F-test Between groups62.478.4134, 892 Wthin ar oups231. 942. 084=. 0023

Tot al 294. 42 Source: DF: l\[/)t]):del | 1 VB T @o " Bet ween conponent vari ance

.084 T60 Source: Sum Squares:  Mean Square: F-fest:
Between groups_{ 20 4.243 212 2232
5 WWithin groups 60 556 009 p=_0001
Total 80 4.788
Model Il estimate of between component variance = .053
Mean %
10 Samples Survival Fisher PLSD
Culture 100
100 uM 2,3, 2-ietramine adamantane 100
10 uM 2,3,2-pyridine 100
100 uM chromium 2,3,2-pyridine 100
10 wM. 2,2-diCH3 100
15 10 uM Cyclam Adamantane 100
2 mM Alloxan 20
2 mM Alloxan -+ 1 uM 23,2-tetramine adamantane 51 0.229 Sig. at 99.5%
2 mM Afloxan + 100 uM 2,3,2 tetramine adamantane 69 0.229 Sig. at 99.5%
2 mM Altoxan + 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 oM Chromium 2,3,2-pyriidne 70 0.229 Sig. at 99.5%
2 mM Alloxan + 2.5 uM 2,3.2-diCH; 100 0.229 Sig. at 99.5%
2 mM Alloxan + 10 uM 2,3,2-diCH; 100 ©.229 Sig. at 99.5%
05 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-pyriidune, 2,3,2-diCH; and
cyclam adamantane prevented alloxan induced cell killing at low micromolar

concentrations.
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Cycl am Adamant ane Sum Squar es. Mean Square., F-test Sum Squar €S ‘g/@'gé\ ﬁﬁﬁ
June 2006 5 10 WD 03/051348 97 PCTI US02/ 40732 0.2 nmM Di azoxi de + ﬁ

Cycl am Adamant ane 47 0.666 0.2 nM Di azoxide + 12.5 uM Cycl am Adanant ane 100
0.666 Sig. _at 99% 0.2 nM Di azoxi de + 100 uM Cycl am Adanant ane 100 0. 666
Sig. at 9o¥P&NYME: DF: Between grobﬁgn. 71.387650. 019 BET/HPR/40732
groups28.017. 001=. 0001 Tot al 352. 727 el 11 estinmate of between conponent
variance = .097 15 20 25 T60 Vanadi um Cycl am Adamant ane 0.2 nM Di azoxi de +
1 uM Vanadi um Cycl am Aésesses ankinitAdihl Ofebhabigns ofatti®@®% 0. 2 M Di azoxide + 5

uM Vanadi u ¢l am Adamgnt 100 0.035 Sig.. at 99% 0. 2 Di azoxi de + 10
(M Vanadi uIRIIREATE AEAIRRIR o BerpBgpes aghsnscyt Jolvaiines gixsios fEE oxi de + 50
uM Vanadi um Cycl am Adanant ane 100 0.055 Sig. at 99% 0.2 nM Di azoxi de + 200

uM Vanadi um Cycl am Adanant ane 100 0. 05? ] g. at 99% Anal ysis of Variance
Tablg Sum S uares: Mean S uare: F- &P 16 June 2006

Neurodegenerative diseases- Parkinson’s disease, Alzheimer’s discase, Lou Gehrig’s

disease, Binswanger’s disease, Olivopontine Cerebellar Degeneration, Lewy Body

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; ¢) Limitation of
mitochondria! 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;
e) Induction of nerve growth factor, brain derived neuronofrophic 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
reuptake of calcium; i) Binding and conservation of reduced glutathione; j) Induction
of omithine decarboxylase by glutathione; k) Maintenance of the homeostasis of the

15

redox environment in brain; 1) Non toxic chelation of divalent metals in brain; m)
Regulation of activity of preaspartate proteases; n) Inhibition of acefylcholinesterase
and butyryicholinesterase; o) Blockade of muscarinic M, receptors; p) Maintgnance 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
neurodegencrative discases require prevention of mitochondriai DNA damage,
maintenance of the oxidative phosphorylation. activity of cells, induction of cellular

2 repair mechanisms, regulation of receptor and enzymatic activities.

Example 56
Streke
Polyamines treat 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)




5 10 15 20 25 WD 03/ 051348 e: - Between rou s21.481.74lest 661.
groups6. 007. 001=. 0001 Total 81.488 98 PCT/ US02/ 40732 Anal ysi s of

Tabl e Sou
conponent

5 pHbe

rce: DF: Sum S uares: Mean S uar Ft Mdel ||l estimte of between

vari ance = .246 T60 Cyclam Piperidine 0.2 nM D azoxi de

+ 500 nM
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Non toxic chelation of divalent metals in brain; j) Inhibition of superoxide dismutase

and amine oxidase k) Regulation of brain polyamine levels in dementias with
maintenance of endogenous polyamine levels; I} 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.

_ 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 I diabetes
mellitus and its vascular and néuronal 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
damge, macrovascular damage and neuroapthy:
Mitochondrinl Protection
a) Competitive inhibition of uptake of xenobiotics at the polyamine transport site, such
organic molecules being a cause of mitochondriai 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
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
mitochondrial DNA damage, maintaining oxidative phosphorylation, maintaining

cl am
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Sanmpl es PLSD Source: OF: F-test Between groups23.803,0351.806 Wthin
groups721. 393.019 11 =. 0305 Total 952. 196 10 15 Mbdel Il est | mat'!g 2P0 en
conponent variance = .004 Culture 5 uM Sperm dine 20 uM 2, 3, 2-pi peri di ne
20 uM 2, 3, Z-Byri dine 12.5 uM 2,3, 2-di CH3 12.5 uM Cycl am Adamant ane 100 uM
St r ept ozot O¥PA¥MBHEuM St rept ozotocin + 5 uM Spermi di ne 28CHYSBHIBRO uM
Streptozotocin + 2.5 uM 2, 3, 2-pi peri d’he 100 uM st reptozotocin + 5 uM
2,3,2-piperidine 99.8% 100 uM Streptozotocin + 20 uM 2, 3, 2- pi peri di ne

99. 8% 25 L@fbcHdAIGHT opinbaad Gidgnitytfr@m TrasNedical ifduoyd dathape and Stid@Matf) uM

Streptozotocin + 5 uM 2,3, 2-pyridine_ .99 8% 100 uM Streptozofocin + 20 uM
2,3, 2-pyrif SQEEELSH, K’r?aleffg‘F skt o fsCiiE AR ST BodBr 0952 Mean. %
Survival HiyphiisulBidh H¢uap&tint Mietvésahl the reatildik of dibetes.

Enhancing Insulin Release
Succinate polyamines increase the supply of succinic acid and acetyl CoA to the Krebs
cycle they stimulate insulin synthesis and release they increase insulin outpui at high
concentrations of glucose. Glutamate polyamines stimulate release of imsulin by
promoting exocytosis.
However in forms of diabeies associated with hyperinsulinism further insulin secretion
is not desired because it may further damage P islet celis 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 wanaging the disease.
Chromium and vanadium polyamine complexes are useful in that regard.
Obesity and Hyperinsulinism and Lipid Balance
A chromivm polyamine complex can deliver trivalent chromium fo ifs 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 triglycerides, 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
regnulation 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 II
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diabetes to achieve metabolic control and diminish insulin requirement. A vanadyl
polyamine complex delivers vanadium in its cationic vanadyl V(IV) form {o the tissues
2 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
ocour because vanadium a) decreases P-c¢nmolpyruvate carboxykinase (PEPCK)
transcription, thus decreasing gluconeogenesis,; b) it decreases tiyrosine
aminotransferase gene expression; c) it increases expression of glucokinase gene; d) it

_ 30 induces pyruvate kinase; ¢) it decreases mitochondrial 3-hydroxy-3-methylglutaryl-




100 100 100 100 57 87 0.297 Sig. at 70 0.297 100 0. 364 Si 9y r’i\]t 10%9
0.364 Sig at 100 0.364 Sig. at 100 0.364 Sig. at 100 O.364 sig 66
June 2006 5 10 15 20 25 WD 03/051348 100 100 uM Streptozotoci n+ 1 uM
2,3,2-diCH3 99.8% 100 uM Streptozotocin + 5 uM 2,3,2-di CH3 99. 8% 100 uM

St rept ozot PRSI 5 yM 2, 3, 2-di CH3  99. 8% 100 um St r epPEPEEBHIT2Z+ 1 um

Cycl am Adamant ane  99. 8% 100 uM Strepf®zotocin + 5 uM Cycl am Adanant ane

99. 8% PCT/ US02/ 40732 100 0.364 Sig. at 100 0.364 Sig. at 100 0.364 Sig.

at 93 0. 26pASygthasgt(IMIBAS) geut Spprpssiart; £ dearusSttheptpossivnof the tivd2. 5 uM

Cycl am Adam&%as]ﬁlgcosc-ﬁansporter GLUT-2 gene in diabetic animals to the level seen in
controls; g) it increases the amount of the insulin-sensitive glucose transporter, GLUT4
by stimulating its transcription; h) the insulin like 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
catalytic site. Vanadium is a structural analog of phosphate. Vanadium does not exhibit
the growth effects and mitogenic effects of insulin and thus might avoid the
macrovascular diseases consequences of hyperinsulinemia and be clinically useful in
disease where insulin resistance is caused by defects in the insulin signaling pathway.
10 Vanadium mimics the effects of insulin in restoring G proteins and adenyl cyclase
activity increasing cyclic AMP levels; I) vanadyl ion suppresses nitric oxide production
by macrophages; j) it has a positive cardiac inotropic effect; k) vanadium restores
albummin mRNA levels in diabetic animals by increasing hepatic nuclear factor 1 (HINF
1); 1) it restores triiodothyronine 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 Nephropatly

Polyamines which more potently decrease protein kinase C activity than others may be
used in the treatment of disbetic nephropathy. Protein kinase C causes apoptosis in
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diabetic nephropathy and polyamines reduce profein 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, fyrosine phophatase 1B inhibition and PPAR« and PPARY
partial agonist / partial antagonist activities in a therapeutic compound.

30
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10 uM
2,3,2 tetrg t 99. 5‘V | oxan+
2, 3, pyri d| nelOO 8‘ gggﬁg&sg ?égtoﬁsé}%gﬂ zre'ﬂi\tﬁlﬁlq H‘mb fB dingrand i um
2,3 pyr | eAnsRISAtion. QQ@CEW};I ghtaﬂﬁﬁleS%) Induction of ornithine decarboxylase by
glutathione; h) Maintenance of the homeostasis of the redox environment; i) Inhibition

of superoxide dismntase and amine oxidase by binding of free copper. Prevention of

mitochondrial DNA damage, maintaining oxidative phosphorylation, maintaining
10 normal LDL : HDL lipid ratios and preserving mitochondrial membrane integrity from
free radical damage are major objectives in these diseases. In atherosclerosis
prevention of oxidation of low density lipoprotein is also important.
The tyrosine phosphaiase inhibitor polyamines and chromium polyamines mentioned
above in relation to diabetic treatment are useful with regards to improving lipoprotein
ratios and preventing atherosclerotic plaque formation. PPARq stimulates fatly 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
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resistance in liver and muscle with increased hepatic gluconeogenesis. PPAR« may act
reciprocally with insulin. Thus tyrosine phosphatase inhibitors which are partial agonists /
partial antagonists of PPARc and PPARy can be synthesized from the polyamine tyrosine
phosphatase inhibitiors described herein and utilized to treat diabetes and atherosclerosis.
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Example 59
Glaucoma
Polyamines treat glancoma by;
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 blockads of the MK801 jon chamnel; d) Mitochondrial
reuptake of calcium; ) Binding and conservation of reduced glutathione; ) Induction

25

of omithine decarboxylase by glutathione; g) Maintenance of the homeostasis of the
redox environment; h) Non toxic chelation of divalent metals; 1) 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




2 mM Al loxan + 25 uM Chrom um 2, 3, 2-pyridine52 0.229 Sig. at 99.5% 2 nM
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30 16 Juney -5 10 15 20 25 30 WD 03/051348 102 PCT/ US02/ 40732 Di seases
and i ndi vi dual "nmechani sns of action Followi ng are exanpl es of therapeutic
actions of polyam nes in various di seases: Exanple 55 Neurodegenerative

di seases- Parkinson's disease, Al zﬁ%iamrrqr'af di sease, Lou Cehrig's disease,
Bi nswanger's di sease, divopontine Henel | ar Degener ati on, Lewy Body

di sease. P8rephygussiss treat these di seases by, a) Conpetitive inhibition of

upt ake of E@Pﬁgﬁh&td&g r@sb%c%xpsgse ol yam ne transport site, such organic

nol ecul es a cause Fgnentati on and DNA danage; b) Steric

shi el di ng aFStpiyshielding of DNAIfonmuizadeinekcilys kyuoRpasingDONIN) 1 hitddoi t at i on of
m t ochondr jal.. repoval qf .free copper, iron, nickel, nmercury
and | ead P%Lr% %y E ﬁe %’?‘é‘é’ﬁé%%ﬁ“@“ﬁ&ﬁﬁ?ﬁ%?‘pa&; IIPR ¢S B 81§ pissence
et al | ot hi oheipalygeine; ¢y hxisctionpdfi metatlotiddneln gt ddBorPhioned)VRhiBieMtde f act or,
brain deri . t hi,c factor and eur onot r ophi n-3 gene
transgri pt %‘1@% [ § #{E[nge%g G’f 12‘?‘?%‘1?“@?5 Wﬁﬁ‘? ?fgﬁa&u‘?‘a%ﬁﬂ}d@{géﬁfl spnscrgaion of| ockade of
the VK801 ieduced hglntathioneg)s) | Tndhickivi | c¥norafihife WeBirPodiabd ) Euatlod H9chondri al
r eupt ake Oﬂdaﬁa%n% témmjbe) Bi ndi n d conservation of reéduced glutathione; j)
I nduction ~of Off t 1 hemegy I By reRmagng; 1 shibiipn phsuneterideice of t he
honeost asi dismitagehand amine oxidase by binding of free copper. a, b) and ¢) prevent
mitochondrial DNA damage which increases in the cochlea during aging and causes
deafness.
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Example 61
Optic Neuropathy
Polyamines treat optic neuropathy by;
a) Steric shielding of DNA from organic molecules by compacting DNA; b) Limitation
20 of mitochondrial DNA damage by removal of free copper and iron ions by the presence
of a polyamine; ¢) Induction of metallothionein gene transcription; d) Inhibition of
protein kinase C; &) Mitochondrial reuptake of calcium; f) Binding and conservation of
reduced glutathione; g) Induction of ornithine 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, f) counteracting agents which
0s are toxic to mitochondria. a, b) and c) prevent mitochondrial DNA damage.
Example 62
Peripheral Nearopathy
Polyamines treat petipheral 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 jons by the presence
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of a polyamine; ¢) Induction of metallothionein gene transcription; d) Inhibition of




redox environnent in brain; 1) Non toxic chelation of divalent netals in
brain; n) Regulation of activity of preaspartate proteases; n)16|4\‘l'ﬁ'ﬁb?9¢%n
of acetyl cholinesterase and butyryl cholinesterase; o) Bl ockade of
muscarinic M2 receptors; p) Maintenance of ratio of nenbrane
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di snut ase, ami ne oxi dase, nonoani ne d¥ dase B by binding of free copper;
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transcription; c¢) 16 June 2006 5 10 15 20 25 30 WD 03/051348 103

PCT/ US02/ 40732 Regul ation of affi qjx%% Rig3NVDA receptors and bl ockade of the
MK801 ion channel; d) Inhibition o Brotei n kinase C, e) Mtochondri al
reupt ake ofamcest ci um f) Binding and conservation of reduced gl utat hi one;
g) | nductigp..of Qmihi R RS Es C&%H 101008 by BkirMRidhLenance of

t he hOITEOSI{b},SI S %ﬁﬁéﬁrgggéﬁg%wr nrrep‘?aﬂlln rglgn; c?‘? _?\Ion_lrt o_xtlgc chel ation
of di val erformation) & colaltdibaneocy§tying pdliyhing cempléx cankehawe ide thioztinacese  and

am ié oxid ' -1 -pok gr&'ﬂ% ks ?&{TER] S wth

mai ntenanc%sgfn&)értl o%g%%l%%egﬁaﬁlggllg%r ; %‘é?gg{ggl&gg% n u?%ﬁal n and p
type cal cigamstdivgnetan. spiriesvroduceth by foxng, edinfioncandaaenge cellsr iFaghaerlit

reper f usi on HeiL &6 ] d k @Mgé- of .. from dead
cells, tra"ﬁ%‘%g nt gglg‘? ss%iel %ﬁ‘cg |npo°rnf§1vr?f&§g§ﬁe§%t§§f%%g@ E%%?r% e 57 Di abetes
Mel |itus Agdihgpowett teridvasitmdsodnidmepeguilazagmteaysedby gincerels. body nass,

predi sposition to

Example 64
Treatment of Inherited Mitochondrial Diseases
Mitochondrial deletions, susbtitutions, mutations caused -the following diseases. The’
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expression of the defects is variable from patient to patient. Polyamines limit damage to
mitochiondrial macromolecules as demonstrated herein with cell viability studies using
six mitochondrial foxins. Polyamines can be used to treat the consequences of inherited
mitochondnal defects, These inherited diseases include;Alpers Syndrome, Alzheimer’s
Discase, Atherosclerosis, Barth’s Disease, Batien’s Disease, Beta-Oxidation Disorders,
Carmiting Deficiency, Cardiomyopathy, ‘COX (Cytochrome C Oxidase Deficiency),
Diabetes, Glaucoma, Glutaric Aciduria, Huntingfor’s Disease, Keams-Sayre/CPEO,
Leigh's . Disease, Leber’s Optic Neuropathy /[AHON, MELAS, Mitochondrial
Cardiomyopathies, Mitochondrial Cytopathies, = Mitochondrial Encephalomyopathies,
Mitochondrial Myopathies, Optic Neuropathy, ~ Parkinson's Disease, Peripheral
‘Neuropathy, Presbycussis, Respiratory Chain disorders: Complexes I, II, III, IV and/or V,

' Seizures and Stroke.
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Example 65

Treatment of Osteoporosis, Multiple Seclerosis, Rheumatoid Arthritis and

30
Inflammatory Bowel Disease




at heroscl erotic and vascul ar conplications influence the treatnent
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to treat Type | and Type Il diabetes nellitus and its vascul ar and
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body nmass a%B0¥P5i#8cal stage of di sease; conpositions whPENUpREYISEe

m t ochondri al protection; conpositiond which additionally increase insulin
out put, conpositions which enhance gl ucose tol erance, conpositions which

reduce i ngyldspe gﬁ&%ﬂﬁtﬁé@ﬁﬁﬂﬁﬁorﬁﬂﬂh G BTHRThaAdR0 pr¢iing BrupdcoNRbl istuedbt i C
nephr opat hy, mnacr macr ovascul ar

rovascul ar  dange damage and neyr oapt hy:
M t ochondostadpompsist EdullernP-4) et:@ﬂ%@@%)t i Yanadatsi saylges B?te‘{eﬂﬁﬂa HO% enobi ot i cs

at the pol ' S i ch _,@Fga L oRishO LSS k&S RRiiBgiml cause of
m tochondrvﬁg]gh%ﬁﬁé‘%%gra%ge;%%? %?lel?% Sﬁl el di %%ﬁlggo DNA fr gﬁlﬁgr gani c
mol ecul es abipimmonpa etdepbpl®hyklitic )in Liniver awmithndesteaseidt betpberyid dnfiltegbign, damage by

rendval of free.copper, i i . . QRS et he
presence 5?511 ""g%?“?’;%“ ar%ié);n’ %%&F%egﬁg%siﬁ%kﬁn%%{dcnﬁwot llleggr?légll dn ge%@mi"

transcri ptek an2002). Polyahiitei bas@PRAR ppaitiad iagorkiitn Apatia; anfagonsiis withtreatr] al

reupt ake of_ cal ci Hmﬂ{ﬂ?}% Si ndi ng and conservation of reduced gl utathione;
h) I nduct it 2iate SPORPsESaEear boxyl ase by gl utathione; i) Mintenance of
t he honeostasis of the redox environment j) Inhibition of superoxide
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exposure to mitochondrially damaging organics and heavy metals.

Example 67
Radiologic Uses
Contrast media used in radiologic examinations including complexes of the following
metals;
trivalent gadolinium, iron, trivalent lanthanide, manganese, fechnetium are described in

20

Examples 36, 37 and 39.. Basic requirements in synthesizing derivatives of these
polyamines for human use are that the compound(s) are non jonic, 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
» 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 nsed. An iron polyamine may be used in hepatic MRI imaging.
Gadolinium polyamine may be used for angiography, infraarticular examinations and

30 .
hepatobiliary MRL 1t has low renal toxicity.



However in fornms of diabetes associated with hyperinsulinismfurther
insulin secretion is not desired because it may further damagd6olung 2006
cells thus causing islet amyloid deposition and it contributes to
macrovascul ar damage. Agents which increase glucose tolerance whilst not

i ncreasi ng WR$#M1#8out put can be hel pful in managi ng thePEFE8EHE732 Chroni um
and vanadi um pol yani ne conpl exes are "W$eful in that regard. Obesity and
Hyperinsulinismand Li pid Bal ance A chrom um pol yam ne conpl ex can deliver
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Bal ance Te sed in Type | and
Type || a'l a e c % %?]éé\j@dﬁ‘e@‘@ﬁaqﬁh@g%%gﬁﬁan%f%ﬁ:ﬁsh insulin
requirement. A vanadyl pol yam ne conpl ex delivers vanadiumin its cationic
vanadyl V(IV) formto the tissues and a smaller dose of vanadiumis

requi red than when adm nistered in other salt forns. Vanadi um decrease

bl ood gl ucose and D- 3-hydroxybutyrate levels in diabetes, it also restores
fluild i nt ake and body wei ght of diabetic aninmals. These netabolic effects
occur because vanadi um a) decreases P-enol pyruvate carboxyki nase ( PEPCK)
transcription, thus decreasing gluconeogenesis; b) it decreases tyrosine

am notransferase gene expression; c) it increases expression of glucokinase
gene; d) it induces pyruvate kinase; e) it decreases mtochondri al

3- hydroxy-3-nethylglutaryl 16 June 2006 5 10 15 20 25 30 WD 03/051348

PCTI US02140732 105 CoA synt hase (HM3Co0AS) gene expression; fl it decreases
the expression of the liver and pancreas glucose-transporter G.UT-2 gene
in diabetic animals to the |l evel seen in controls; g) it increases the
anourt of the insulin-sensitive glucose transporter, GUT4 '

20

25

30




by stinmulating its transcription; h) the insulin |ike netabolic effects of
vanadi um are nediated by inhibition of protein tyrosine phospHd dgns 2006
(PTP). Peroxovanadi um conpounds irreversibly oxidize the thiol group of
the essential cysteine at the PTP catalytic site. Vanadiumis a structural
anal og of pWBYPHHEP4E. Vanadi um does not exhibit the growPATEFR288138 and

m togenic effects of insulin and thusthi ght avoid the macrovascul ar

di seases consequences of hyperinsulinema and be clinically useful in

di sease where insulin resistanlderepceslitedd by defects in the insulin
signaling pathway. Vanadiummmcs the effects of insulin in restoring G
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106 PCT/ US02/ 40732 At herosclerosis, Myocardial |Ischem a, Cardionyopat hg,
| scheni a Pol yam nes treat atherosclerosis onset and progressior 3006
foll owi ng nechani sns; a) Steric shielding of DNA from organi c nol ecul es by
conpacti ng DNA; b?, Limtation of mtochondrial DNA damage by renoval of
free copperWOBH34nd cadmiumions by the presence of aPgbr§uMnHe; c)
| nduction of netallothionein gene tradscription; d) Inhibition of protein
ki nase C, e) Mtochondrial reuptake of calcium f) Binding and
conservation of reduced glutathione; g) Induction of ornithine

u

decar boxyl ase b | ut at hi gne; h). Mai ntf enance of the honeostasi s, of the
redox ‘envi ?E’fﬁ‘feﬁ‘t ;&')tm'ftrfﬁ?‘g‘?‘:ttih%ﬁg]atfﬁ‘ %ft‘gl? JeuefrepmaloXiowy A ne oxi dase
by bi ndi ngadvbrsé £lRGcabSRRA! AnkY EXARLI(DID0RTs6(1M), pB@FONdri al DNA danmage,

mai nt ai ni ng oxi dati ve phosphorylation, maintaining norrmal LDL : HDL lipid
ratios and preserving mitochondrial menbrane integrity from free radical
dameye ar eapmdKivasiva MY Scdl e YandkIe Reassal bp db iR ToFbRIRShE
prevention of oxidation of |ow density |ipoprotein is also i-nportant. The
tyrosi ne piiseyieelasseAMIhiEnal SansoBetiparh Abetigrats e ramdhi PRl dieAys nent i oned
above in relRbicm. bRl ppioss, i edomenn-ayAasuseful with regards to
inproving |ipoprotein ratiosS and preventing atherosclerotic plaque

formati on. PPARa stinulates fatty acid catabolismin liver, heart, brown

adi psoe ti . ty . t I S 5t P age as
%ﬁ)ﬂﬁzﬁrﬁi d@g@wm_yas&akﬁi, Qﬁaé(s@,fl\g%’l\d%%ﬂ, PABARMHSK DSt OF

triglycerides 1 n adi pose tissue. Free é aci ds can cause insulin
5

r esi st anceDplrBdlloyBr Pidote, Audlagenin(y kampanaebs Bertine FatGayazgl. ds dleedydiesi s.
PPARIG Y vidido, M. WK 0RHal N iBialiORUnh Rnitob R bV ASIAG AN ARke a5

i nhibitors wh are partial agonists ﬁ%l‘tl al antagoni sts of PPAR(x and
PPARy can ¢edismyapathyi Acyr.pemPathd1998).ovi HB(Dy1®3il8e  phosphat ase
inhibitiors described herein and utilized to treat di abetes and

atheroscl erosis. Exanple 59 d aucona Pol yam nes treat glaucona by, a)
Li mi t at i onAtbistinit BicMorbiuij B Pibage, darGayerzbyAyr Eavovarl L éiengtice of adiepathic by t he

presence LOE. i ta | ot hi onei n gene

transcri pt(:ﬁ%l;[]e;% c§ %@%@l%%\mg@g%wy%ﬁ ’i(;‘% VMDA receptors and bl ockade of
t he MK801 ion channel; d) Mtochondrial reuptake of calcium e) Binding
and thonser i of, e i Bione,; I j ofy QLI Hh ne

decar boxyl %@tgn (by):/b'g{RL‘I}F]gt%ﬁlﬁ C)(riILIee% F'h?%’%cair?‘?é’ %M%%Q%oﬁégg?{i% iS,L@C)f t he
redox envi Horoslil., InnzehlS8: A aeval 384D islel witodhibndtial altteantigereteatignized by | nhi bi ti on

Requl a1 ont 671° BRPYLHNG Fiagerd o {BpSART ke ok Wil ookl FoBBEnce of

endogenous9f), yiiv 6ie 16 June 2006 5 10
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15 20 25 WD 03/051348 PCT/ US02/ 40732 107 levels. The Mganglion cells are
pi gment and metal rich and very prone to glutamate toxicity. FEahne 2006
Presbycussis Polyam nes treat presbycussis by, a) Steric shielding of DNA
from organi c nol ecul es by conpacting DNA;, b) Limtation of mtochondri al
DNA damage W9 0¥/&A¥4al of free copper and iron ions by theCpregsmse of a
pol yami ne; c¢) Induction of metall othildhein gene transcription; d)

I nhibition of protein kinase C, e) Mtochondrial reuptake of calcium f)

Bi ndi ng andaewns dbaneg MoWang C..rESuhwexr], GﬁtﬁglfatPhiEnmbIe@)ebioﬁdu@mEmw&f orni t hi ne

decar boxyl i nt ena ostasis of the
redox ‘envi ?}gﬁ"’r‘r@r@? sg!n)%?%ﬂidg%aﬁm %’r el\ég?fb(fp‘@?f "gnlﬂl‘é%‘éa Araeiiy oxi dase
by bi ndi ngWA.f@égléfoEptﬂrSpea,(1992),581d225)-4pr event mtochondrial DNA danmage
whi ch increases in the cochlea during aging and causes deafness. Exanple
61 tic Neuropathy Pol yam nes treat optic neuropathy by; a) Steric

s][n el di nﬁ Har@llei, f.onWagmganirc mt:ﬁcabﬂple?asf @ﬁnpastmngumylm,g i tay onh
of mitochongdria re of free cop |ron|ons y the
presence ?qmﬁz W eqec‘% ?%W&EFE) IFiat; Ingeg: Ghempy a%ﬂeﬂaz

transcription; I nhi bi tion of protein kinase C, e) M tochondrl al

reupt ake o onservatign of reduced gl utathione;

| nduct i kﬁr %Fl%ogﬁgt {q)iag,@r ng 31@% Hjhesis of Masraspelic Ryranyiagsiyenance of
the honeos Mesidl SorAssisid OyellRKoERMHOMRBRrg, Ohbm!, (1978), 15 qm@fls‘ﬁﬂper oxi de
di smut ase and am ne oxi dase by bi ndi ng o% freé copper, |) counteracting
agen which are toxic to mtochondria. a, b) and c) prevent m t ochondri al

DNA ”BgeBaﬁe!raJH&@n&% 30 Wahkedher aWoh%NAQP%MzP:PW aﬁt’i‘.&ntpe“ pher al
ec

neur opat hy ‘H“‘C shi el d| ng of from organi c no es by
conpacti ng q’_‘%:ﬁes aE‘F XPegspign, of glouyn gchbpatesyg o dentergle ibdiabesinoval  of
free coppefaaDibele®190ONSep¥5(ORE2IPEsence of a polyam ne; c) Induction of
nmet al | ot hi onei n gene transcription; d) Inhibition of 16 June 2006
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Mt ochondri al reuptake of calcium f) Binding and conservati on 16fJune2@Rd
gl utat hi one; g) Induction of onrithine decarboxylase by gl utathione; h)

Mai nt enance of the honeostasis of the redox environnment; i) Inhibition of
super oxi de WAP¥MI8se and ani ne oxi dase by binding of frBel/E¥pgeEn2 j)
counteracting agents which are toxicdo mtochondria. a, b) and c) prevent
m t ochondri al _DNA danage. Exanple 63 Cancer Polyam nes formextrenely
stabl e conploaieio G {ampesona V.. BingleylP.& e (iklyt ¢olleintigdnefi0s isahe pfi@piyat i on. A
cobalt di hgﬁ%gtf i A 1. n behave Ljke.thioretinaco. As a
non toxic, int ?gé:@:l %ag@'ﬁ'ﬁg%@%g%ﬁ%%ﬁt‘ﬁ%efeﬁ'a{?f’ﬁ}ﬁs‘% %Fe PPYPRHEES®on and
protect agdpaigessy lar dwynyeel. @ReY)) b (Ps16dRSed by toxins, radiation and
cancer cells. Further it would dimnish honocysteic acid formation, which
promgtes growm h factor activity, and thus prevent the invasiveness and
neovaseul aBpaiat Cénddaithés G, Caninem, dB|leys, ENRMVb@ID patidn eBwaMY @f

I nherited i i_sease toc ial | etions, susbtitutions,
mut at i ons %&%@%S\ﬁﬁ%éﬁ{;s@a{%@?w&% w&g@%fﬁ@%@é%r ession of the defects
is variable frompatient to patient Polyamnes |limt danmage to
m t ochondr§ .qacr | ecul es as nstrate erein wth cell viability
st udi es usila%mgg‘l"xl%%%tng%h%%gﬂoﬁp ‘0 §.°9FSSF rrpelondsin ingubatecbwitho t r eat
t he consedqiabeited snd hoi-tibellddtatioxanTivith GBRADIO! idtrarbiefcREdSial &Bé‘e%ﬁaﬂidh@%?‘i ted

c

di seases ingl ude: Al.pers ndrone, Al zheinmer's Disease, Atherosclerosis,
Bartfy s Di l[s‘l“glzlfse g,%h’@ %ena“?){‘ﬂr%aéﬁé’@f’sfﬁétf’apgi Mekboll9BR)sBrl86r-d1. Canitine
Def i ci ency, Cardi bnyopathy, 'COX (Cytocbrone ' C Oxi dase Defi ci ency),

Di abet es, aucqQma,. tari.c Aciduria, lluntingtori's D sease,

Kear ns- Sayl?%r)gg%a dldel(_;@i?g CISS0p %eggliﬁmﬁ’gbgr ' E%@ﬁ it visle Lef yblaany ot L HON, .
MELAST M t glodvon dietabblisnCof domayanaédic $eelll! BasROATR (14965 GRAL RS,

M tochondré'oal Encephal onmyopat hi es, M tochondrial Myopatfiies, tic

Neur opat hy, “Par ki nson' s Di sease, Peripheral Neuropathy, Presbycussis,
Respiratory Chain disorders: Conplexes I, Il, IIl, Nand/or V, Seizures

and Strok le 6 .
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Treatment of Osteoporosis, Miultiple Sclerosis, Rheumatoid Arthritis and

| nfl ammat ory Bowel Disease 16 June 2006 5 10 15 20 25 30 WO 03/165)w2e32000
PCT/ US02/ 40732 Tyr o si nephosphatase inhibitors such as orthovanadate
prrevent. glucocorticoid i nduced osteoporosis (Rulley P.A et al 2002).
Vanadat e stWHIP#8 ost eobl ast formati on without affect PEHUSRHESE| ast
formation. PAPRy agonists decreased étperientnal autoi mune

encephal omyelitis in mce, wiith decreased | ynphocyte infiltration,
reduced demyaitli haGiamsch e dotispsiehl Fo Henwhkéma., dagr Ryt OHém &, eXpveb 65ibidN

(Feinstein 02),. . Pol.yam.ne hased PP, ariial agonists /

parti al ampg%tllg%sﬁeﬁ getemé?r%g?ééhgp degal xﬁg‘fhlm%b%ic &GP ‘%’ﬁ’é (?F"sg%‘gg‘?"l'-Exarrpl e 66
Ant i dot es (1986} GRAPX<94Toxi ns and Heavy Metal s The bacterial experinents
herei n denosnstrate broad efficiacy of polyanm ne classes against

m toghondri-al toxi ns. Paraquat causes lung, |iver and brain danmage in man,

MPTP~/ MPPBuaKd RRmdre Rb & otfaus synBriret B sinichsadridi-@édxid isosib e ph&eot oci n and
all oxan ¢ i gb 2Ll tus. The toxicity of paraquat and TP is
exacer bat eﬁ@%@gvsh?%gﬁg&éoﬁeavy netals are epidemologically linked to
di seases such a Parkinson's disease and sone cancers. Polyam nes can be
used to trea i.ngl C tive_.expgosure to mtochondrially damaging
or gani cs aﬁah‘ﬁjlalg% %gﬁg@%%é,é@@&}}eg%&h@gﬁgg Regierd s Bmakdi a used
i n radi ol ogiotecsl¥ aificARtiérdNHith NGLEBL)BSEO TRbSKEEsOPTPNP @l hawidd jmmet al s;
trival ent gﬁlqjol ipium_iron, trivalent |anthani de, nmanganese, technetium are
descrj bed 1 dHochsmistry (19992R35(50)k8%-% e qui renent s i n synt hesi zi ng
derivdtives of these pol yam nes for human use are that the conpound(s) are
non ionic, _do nat have COO graoups, have OH groups in various positions
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have | ow viscosity, they exhibit |ow osnolality, and have a particle size
between 0.6 and 3 microns to avoid capillary enbolism MingandéeJyng 2006 ne
may be used as liver and pancreas contrast MR agent anobngst other uses. A
| i posonme preparation of the conplex can be used. An iron polyam ne nmay be
used i n hep¥Pil¥'FWE i magi ng. Gadol i ni um pol yanm ne may bBCTE&E/4752

angi ography, intraarticul ar exaninatildhs and hepatobiliary MRI. It has |ow
renal toxicity. 16 June 2006 5 10 15 20 25 WD 03/051348 110 PCTI US02/ 40732
Manganese €xgnegos BB Ofttet VLR NvBkAAG I EK] Y hBRoRMhnt Dikdabedy | prdvedss 2hd Exanpl e

36) May be used as |iver and pancreas contrast MR agenf . anongst ot her
uses. A | iqsseloprent pof pparipherah wFver HYSRBFHSIe D ¢ SFPPERZONGEIBIabEG GRts.

(4-chloro- faFétélggiﬁ%Ii%f%, 299304,

pyri dyhnet hyl am ho] phenyl’} - phenyl ) am no] net hyl } phenol ) (C1) 2] C1( Exanpl e 37)
May be used in hepatic MR imaging. Gadolinium (2,2 -diam no(bis-NN -

pyr iyl et Guhorbih RAENbACMER FArGHoHAIPYE Difds 18y MhieREEIK] mPEGdRO" aphy,

i ntraarticular exam nations "an pat O ary MRlI. It has | ow renal
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synthesizing said composition; and
administering an effective dose of said composition to a mammal.
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2 The method of Claim 1 wherein said siep of synthesizing comprises converting by
treatment with an alkyl halide a compound taken from a group consisting of

compounds having the formula:

A B
HaN M NHp

N NW

25 \M;\H n H 0

wherein A and B are hydrogen or alkyl, and m,n, and p are the same or different,

compounds having the formula:
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Hz03 P/X | \R1
20 Rs Rs NH2
wherein
Ri-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, probucel, 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)[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.
Rs and R may be the same or different and are hydrogen, alkyi, aryl, cycloalkyl,

30 hydroxyl, thiol, amino acid, glutathione, phosphate, phosphontes, uric acid, ascorbic
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(CHyXCHy)n- wherin n =3-12 and X = niirogen, sulfur, phosphorous or carbon.
Rois hydrogén, alkyl, aryl, cycloalkyl, hydroxyl, thiol, amino acid, glutathione,
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X = nitrogen, sulfur, phosphorous or carbon.
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X;-X4 may be the same or different and are nitrogen, sulfur, phosphorous or carbon.

and compounnds having the formula:

25
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and conpounds having the forrmula: 30 16 June 2006 W) 03/051348 150

PCT/ 0502/ Wt aming afid, BYridine: -nwezalsy Spcdimpbylonpeoleyr maiszols AHDOHRY ar e

hydr ogen, pidnakiy 14X 3htol aﬁ&glm?lhéﬁﬁi whét¥ 3¢ eXatlloro, Brbing) nitr8NinB@ylaGitgl, pyri di ne,
pyrazol e, 3, 5-di met hyl pyrazol e, imdazaole, quinoline, phenol,_ 4-X-pheno
and 5- X- pRetexy. aing hxdiexphglutations, phesthats, phesphopatesyyric aidascombifpt hoxy

am no, Ny gi@xfring] dthradel! @MGdro iRidie, ROQREN ARBHASE, MidiokyBRief, ascorbic
acid, taurine, estrogén, dehydroepiandrosterone, probucol, vitanmin E
hydinpxyt obareddel, iElipae wicill | of-tocaphergloivbiqainone, phyilegpmer di-cazgi§i®yui none,

) A i ) T
o i S O o SRR B T L L0
wherin n Hadn6idsnd(CHRPICH)YER, - sdicfiurn = Shospdr Bus oitrogen; badiur, or
heter ocyc{} OSI%'g{lSi or %larb%zr:],d oBQheEe%(c?r etgﬂe%lh Rl AGCRr; taken together are —
(CH,XCH),~ wherin n = 3-6 and X = nitrogen, sulfiwr, phosphorous or carbon.
20 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, -
25 carofene, meanadione, succinate, acetyl-L-carnitine, co-enzyme Q, lazeroids,
polyphenolic flavonoids, or heterocycle wherin Rs and R4 taken together are —
{CH;XCHy),- wherin n = 3-6 and X = nitrogen, sulfur, phosphorous or carbon.
R5-Ry; 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, nitto, methyl, ethyl, methoxy, amino, hydroxy;
30 giutathione, phosphate, phosphonate, uric acid, ascorbic acid, taurine, estrogen,




(CH2XCH2) a- wherin n = 3-6 and X = nitrogen, sul fur, phosphorous or carbon.
20 R5 and R5 may be the same or different and are hydrogen, al Kl Juag 2006
cycloal kyl, hydroxyl, thiol, am no acid, pyridine, pyrazole,

3, 5-di net hyl pyrazol e, im dazole, quinoline, phenol, 4-X-phenol and

5- X- phenol WAEHBIHE= chl oro, brono, nitro, methyl, et hyPCT/W#RMERY, ami no,
hydr oxy; gl utat hi one, phosphat e, phoslf)‘hont es, uric acid, ascorbic acid,
taurine, estrogen, dehydroepi androsterone, probucol , vitamn E,

hydr oxyt oldgbysgepiadnesteione| probuchi, pwita:miacE dhydeoxtytebepd ecaotidiloibiidigoione,

phyl | oqui ucci nate etyl - L—car ni tine,
co- enzymeer lgggcrzogah%f%‘f Ry pﬁ’té’nﬂﬁ’qgmf"i‘ vriﬁ%f)tage ngﬁanaﬁgqng,r 8’(99"8?8’ wherin R3
and R4 talaaa:tyltbganiuae ace-enzy(:ﬁl—lzm—lzmaeromk;erpmiy;theﬁol&- 6 flavehoids,= Ri trogen,
sulfiu, p bon 5- R12,.may be t or different and are
hydr pgen, Qgﬁ%&g&gw Efrglaﬂ k?fﬁm% psen, Sflﬁinoaggﬁ 't'chréét% pyri di ne,
pyrﬁzol e, orhetdmzyiﬂewhmﬂmmwmtamhe@e{hera&eﬁ{mﬁmz)nawﬁbrﬁr%xsml where X
= chioro, Jro ni t met hoxy, am no ydroxy; 30

gl ut at hi or?g, n ﬁ’é’ thngéﬁ%?féﬁg?/nurl c acid, ascorbic acid, taurine,
estrogen, Mﬁaﬂuﬂ@eﬂﬁﬁﬁvﬁuésﬁ‘rdﬂﬂ)@el 051348 PCT/ US02/ 40732 151

dehydr oepi andr ost erone, probucol, vitam n E hydroxytol uene, carvidilol,

U-|ipoic jd, fl- aqpher ol ,. ubl qui nope, | | oqui none, n-carotene,
nmeanadi oneq’aﬂ%"u@ﬁé‘ ?‘(g"(ia'g';bcﬂ‘%ﬁm paid GOMpositica ‘s’é%/? ndFPI8 Hgronp "9“&1?@?%?%5

pol yphenohh@etd@@m@mvmgmﬁbﬁﬂ,ﬂixmm X] NH2 - wherin n 3-6 and X =
nltrﬁ)g sul fur, phosporous or carbon, or heterocycle V\/nerl n R5 and R6
t ak together are-(CHZXCHZ)n wherin n = 3-6 and X = nitrogen, sulfur,

phosphorous or carbon. N is an integer vvlth val ues from 0-10. 3 The met hod
of claim2 wherein saidfeonposition is taken froma group onsi sting of

those conpositions havirg the formla: ~ In i R3 R4 15
conposi tions having t R14,
)WNX1/W\ N\
i5

compositions having the formula:

R
Rs 7
20
R R
R4 1 2 _Rg
\“"EN N/ /
-——-—-N c——
™~
v N\R3 Ro
95 Ryg Rio
R1‘!
wherein
R: and R, are taken from a group consisting of hydrogen, atkyl, aryl, cycloalkyl, amino.
acid, glutathione, uric acid, ascorbic acid, taurine, estrogen, dehydroepiandrosterone,
, probucol, vitamin B, hydroxytoluene, carvidilol, o-lipoic acid, -oc-tocopherol,
0

ubiquinone, phylloquinone, B-carotene, meanadione, glutamate, succinate, acetyl-L-




RaR4I | "R3 Ra 25 R12/R, o R11 30 wherein: Rl and R2 are taken fraoma
group consisting of hydrogen, alkyl, aryl, cycloalkyl, amino &k dune 2006

gl utathione, uric acid, ascorbic acid, taurine, estrogen,

dehydr oepi andr ost erone, probucol, vitam n E, hydroxytol uene, carvidilol,
a- i poi c acvQ¥%1#8copherol, ubi qui none, phyl | oqui none, P¢BUAHEBZNe,
nmeanadi one, gl utamate, succi nate, acé?%ll -L 16 June 2006 5 10 15 20 25 30 WO
03/ 051348 152 PCT/ US02/ 40732 carnitine, co-enzyne Q |azeroids,

pol yphenotdrgitihd, avengingse QoMeeysid] Npolypheaslac Uiimaeids, delassgsidne, dant r ol ene,
-(CH2)j XCH2) g] NH2 - wherein n = 3-6_a ‘Jﬁﬁ ﬁg{g t aken ggﬁ Qgr are

- ( CH2XCH2Insradgnce igpbenone, lagtrolgpe, m({f: BalNER & ¥ B}ﬁ‘a‘%— % onsi sting
of hydroggRir. Itoge%y&e_@mzjgyﬁhe@ﬂhm_@aci d, glutathione, uric acid,
ascorbic aci taurine, estrogen,  dehydroepi androsterone,.. probucol,

vitam n ERs s talsim feme 2 sroup ¢ousisting of hydiagem ialkvh apy, cyelogld odmias ol |

ubi §ui nongeg PiLARAYT BRNR, GscbtiO b8 StaurRABAILA! AehyltdthilibRerossCCI Nat e,
acetyl -L- carnitine, co-enzyne Q |azeroids, polyphenolic flavonoids,

honocyst eprobucol, neitemjni Bomedrokyelbensorrervidilght ediveive 2dd, hetterapbsel e and R3

d Rat 1 t - XCH? - i = - R R6
aken 1 r ofngeb il piloaBhle; ptotieere, Felmalte! Sl siliaie Saea, TP ALE,
ohyir SEpL anir ot orone . Cof obtreol b C vt ot PO A i i ol
i st er, vi , tolu vidilol,
a- | ?/poi cpg‘é’fl?;ﬂmné?‘-"?’ 6‘%8?11‘?8?’31@“&‘%@5 &Ftﬁ%?gcl,le iﬁﬁﬁﬂ%%‘ﬁ%‘%?’ tir}E('Efa"’rr%fene,

meanadi onECHAAILRah@eincT6nat e, acetyl-L- carnitine, co-enzyne Q

| azé® oi ds o]l yphenol i ¢ fl avonoi ds,. ho st ei ne men one. i debenone,
dant r ol en85 gn‘J( %—ﬁ%&?ﬂ-‘%‘ﬁ RISEPUP CoFSLTing ﬂinl?y%Zoggn,étﬂcyg Sied 1’@3193 0 aken
toget her a¢ig, gl{ubiENEHRC. acil) @Ecdibic Acid, @urfne, estrogen, dehydroepiandrosterone,

probucol, vitamin E, hydroxytoluene, carvidilel, c-lipoic acid, o-focopherol,

~ ubiquinone, phylloquinone, B-caroiene, meanadione, glutamate, succinate, acetyl-L-
carnitine, co-enzyme , lazeroids, polyphenolic flavonoids, homocysteine,
menaquinone, idebenone, dantrolene —(CHy)a[XCH,),]NH; - wherein n = 3-6, and Rs
and R taken together are (CH>XCHp)y- :

wherein n = 3-6.

15

Ry, Rg, Ro, Ryg, Ray, Riz, Rys, and Ry, may be the same or different and are hydrogen,

alkyl, aryl, cycloalkyl, amino acid, glutathione, uric acid, ascorbic acid, faurine,
20 estrogen, dehydroepiandrosterone, probucol, vitamin E, hydroxytoluene, carvidilol, o-
lipoic acid, o-tocopherol, ubiguinone, phylloquinone, B-carotene, meanadione,
glutamate, succinate, acetyl-L-carnitine, co-enzyme Q, lazeroids, polyphenolic
flavonoids, homocysteine, menaquinone, idebenone, danirolene —(CHy)n{XCH;),JNH,
- wherein n = 3-6 and X = nitrogen, sulfur, phosporous or carbon, or heterocycle
wherein R;s and Rg taken together are (CEHLXCHy),~ wherein n = 3-6 and X = nitrogen,
25 sulfur, phosporous or carbon.

M, 1, 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 djfferenf and are nitrogen, sulfirr, phosporous and

carbon.

30 , compositions having the formula:



R7, Rs, R9, Rio, Rt, R12, Rl3a and Rio, may he the sane or different and
are hydrogen, alkyl, aryl, cycloal kyl, ami no acid, glutathionéel6 June2806d,
ascorbic acid, taurine, estrogen, dehydroeplandrosterone pr obucol ,
vitam n E, hydroxytoluene, carvidilol, a- l|ipoic acid, a-tocopherol,
ubiquinoneﬁ”%ﬂ??*%ﬁuinone, 0-car ot ene, meanadi one, gl ut BEEV24732 ci nat e,
acetyl-L-carnitine, co-enzyme Q | azer'doids, pol yphenolic flavonoids,
honocyst ei ne, nmenaqui none, idebenone, dantrol ene -(CH2)a[ XCH2) 41NH2 -
wherein n = 3-6 and X = nitrogen, sulfur, phosporous or carbon, or
heterocycle wherein R5 and R6 taken together are -(CH2XCH2)n wherein n =
3-6 and X = nitrogen, sulfur, phosyorous carbon. M n, and p may be the
sanme or different and are bridging g oups/of vagiable length from 3-12
carbons. Xl and X2 nmay be the sane erenq and are nitrogen, sulfur,
phosporous and carbon. , conp |t% he formula: 16 June 2006 5
WO §3/051348 153 RuR2 1-x§%,#3§7_' Q{ RPCT[ US02/ 40732 wherein
10 RI-R4 may be the sane or™®differen ogen, al kyl, aryl,
cycl oal kyl, hydroxyl, thiol, am no [ [ : phosphate,
phosphonates, uric acid, ascorbic estrogen,

dehydr oepi andr ost erone, probucol, vitam n E, hygfoxytoluene, carvidilol,
a-1ipoic acid, a-tocopherol, ubiquinone, phylIFéqui ndise, (3-carotene,
meanadi one, succinate acetyl-L-carnitine, co-enzyne Q Iazer0|ds
polyphenol | avonoi ds, - (CH2)a[ XCH2) JNH2 - wherin n = 3-12 and X =

ni trogen, % ’?ur 15 phosporous or carbon, or heterocycle mherln Rl and R2
takem t ogﬁt—]hﬂnapbeethe saShd2 WiTfaRnt andveineyidrogen,alkdl, spyLaydoalkcyl, lidroxghen, sul fur,

phosphor or .carb R5 and e ent and are
hydr ogen, l?{f’lm”ﬁf"{])&utaggl Pl %te y@’?’géﬁ uﬁ(_?%?ddﬁgmgﬂrléé\o aci d, _

gl ;.It at hi qﬁamepéms@madﬁgdrpkmaﬂhmetm prglmccll, aﬁaldmﬁabﬂhtém@ue;ﬁm dt ][aurl ne,20
estrogen i.an t obuco amn r oxyt ol uene,
carvi di | o‘fam@/q °3‘8 o %Oﬁt‘}@&p}ﬁ? one @BY%FWSW@B'W oqui none,

13- car ot e;ﬂ@anadmﬁmin%eace umaxaﬂma,coaaghndaumﬁs; pmpheﬁamenzyrre Q

| azer oi ds ol henol i ¢ avono ds, or ocycl e in R3 and R4 taken
t oget her f&afgnmgp ?,psnn 3-1 angj}’( Xntrove uﬁ{n

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, cycloatkyl,

hydroxyl, thiol, amino acid, glutathione, phosphate, phosphontes, uric acid, ascorbic
acid, taurine, estrogen, dehydroepiandrosterone, probuco!, vitamin E, hydroxytoluene,
20 carvidilol, o-lipoic acid, a-tocopherol, ubiquinone, phyiloquinone, B-carotene,
meanadione, succinate, acetyl-L-carnitine, co-enzyme Q, lazeroids, polyphenolic
flavonoids, or heterocycle wherin R; and Ry taken together are (CHoXCH;)- wherinn
= 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, probucel, vitamin E, hydroxytoluene,
carvidilol, a-lipoic acid, a-tocopherol, ubiguinone, phyﬂoquinone, B-carotene,
meanadione, succinate, acetyl-L-carnitine, co-enzyme Q, lazeroids, polyphenolic
flavonoids, —(CHy)u[XCHy).JNH; - wherin n = 3-12 and X = nitrogen, sulfur,
phosporous or carbon, or heterocycle wherin Rs and R taken together are -

(CH,XCHy),- wherin n=3-12 and X = nitrogen, sulfur, phosphorous or catbon.
30



= 3-12 and X = nitrogen, sulfur, phosphorous or carbon. R7 and R8 nmay be
the same or different and are hydrogen, alkyl, aryl, cycloal kyl16 Jupe 2606
thiol, am no acid, glutathione, phosphate, phosphonate, uric acid, ascorbic
25 acid, taurine, estrogen, dehydroepi androsterone, probucol, vitamn E,
hydr oxyt ol MR&303#Bvi dil ol , a-lipoic acid, a-tocopherol, PCiyUgpaMBHe,

phyl | oqui none, O0-carotene, neanadioré succinate, acetyl-L-carnitine,
co-enzynme Q |lazeroids, polyphenolic flavonoids, -(CH2)n[XCH2),dNH2 -
wherin n g i d =, i AR I'thiol. RRGSPR ioflg@r bon, or

het er ocyc?geé\}\%%?igér%%gﬂéﬁgl% _takle’rilﬁ?%%%ttﬁlg}_’ are -H()@tza;(ﬂﬁd}-l%n wherin n =
3-12 and phosphais; phagehonats piriopeid, eersisasidoiauring e¥ag®eon. 30 16 June 2006 10 15

20 25 30 4 SIevIR d,g%gyt' 888, aftbdy! . aryl,
cycl oal ky%@%@%@‘#&%ﬁi %’fﬁﬁyg}% no a??’g,; g u{tﬂg?%%{rrlg ’p%gié%%at e,

pho )sﬁg honaisdd, aHdcopi@ed] hbigudrmae phgll@gindne, Paaroiane, mernbdiage syccinate,

dehydr oepi andr ost et one, probuceol, vitam . draxyt ol uene, carvidilol,
a-1ipoic ac&@i(lj" :Caﬁtl‘?liﬁ’c%?m'a?&@6’?"&'&%&3@8&“&%@%"8&% one, (3-carotene,
rre?nagi onlgnHzﬁfgml H;D.ﬂNELgd -me:&% ¥ =3Li2ead m) + hift@genCauiar) piospous drazdon) ds,

pol yphenol i c avongi ds. - (CH2)JXCH?) JNH2 - eryn n = 3- and X =

ni t r ogen, oSierqpyele %%B?W%é?gﬁ ﬁ‘:are(n(CHr%.‘,’)o'cV%“é”\/\}%f?ﬁ“ , and R6

t aken t ogRt=-hghoghSutfrCpRosEiddisoreliBsd. N n = 3-12 and X = nitrogen, sul fur,
phosphorous_or carhon. Xi-X4 nmay be the sane_or different gnd are nitrogen,

) Y
sul fur, phoSpRBY Badesrme o dErrentand 2% STsEt FYIHRPIRSRACTRYS PHETOBr nul a: Wher ei n
R1-R4 may be the sanme or different and are hydrogen, al kyl, aryl,
cycligal kyl , hydraoxyl thiol, amno acid, pyridine, pyrazole,
3,5-dinetﬁ%“ﬁ?@&%@ﬁ@?EWH$ Ffgrelal quinol i ne,~ phenol, 4-X-phenol and
5- X- phenol where X = chloro, brono, nitro, nethyl, ethyl, nethoxy, am no,
hydr oxy; gl utat hi one, phosphate, phosphonates, uric acid, ascorbic 16 June
2006 5 10 15

-]

15 R,
R; _ Rs
‘ /(CHz)nR1R2
R
20 8 \(CHz)nR3R4
Re (CH.),R{Rs
‘ (CHz)nRsR 4
Rﬂ) R12
Ry
25

Wherein
R;-R4 may be the same or different and are hydrogen, alkyl, aryl, cycloalkyl, hydroxyl,
~ thiol, amino acid, pyrdine, pyrazole, 3,5-dimethylpyrazole, imidazole, quinoline,
phenol, 4-X-phenol and 5-X-phenol where X = chloro, bromeo, nitro, methyi, ethyl,
30 methoxy, amino, hydroxy; glutathione, phosphate, phosphonates, uric acid, ascorbic




20 25 WD 03/051348 155 PCT/ 0s02/ 40732 acid, taurine, estrogen,

dehydr oepi andr ost erone, probucol, vitam n E, hydroxytol uene, cHrJuae 2006
a-lipoic acid, a-tocopherol, ubiquinone, phylloquinone, [3-carotene,
nmeanadi one, succinate, acetyl-L-carnitine, co-enzyme Q |azeroids,

pol yphenol WO 03454348 noi ds, -(CH2)n[ XCH21,]NH2 - wherin n BCBUS2ANE X =
nitrogen, sulfur, phosporous or carBléh, or heterocycle wherin Rl and R2
taken together are - (CH2XCH2)"- wherin n = 3-6 and X = nitrogen, sulfur,
phosphor ajug; %mﬁ@reﬁﬁfgen,'ﬁéhﬁ% Bﬁdﬂ%ﬁ&oh@ ﬂr&’!ﬁcﬁa@&mﬁ{n Elityiekpoem)d are
hydrogen, al'kyl, “aryl’, “cycl oalp droxy , thiol, amno acid, pyridine,
pyrazol e, cagridilali weliojd pyidaz (ﬂ-@coﬁihﬂ@aﬂ@#ﬁﬂm@ﬂfﬁ quFYHPﬂ‘H%Oﬂep Hesfstenes - X phenol

d 5-X-p &hﬁ[‘ th ,
an no, @g@g%ﬂ@e&&@ O%Je&y? osp% 0" %h%nt es, ur| nygﬂ nghgeasg)(;?/bi C
aci d, tauﬂavnwﬂses%(ﬂﬁgb[ﬁi&&hﬂi}vﬁf oepliland rto§t értorsad %robmt,fggeﬂ, wifarri n E,

Ny b O OlndSRFons B Yhdlbd, Obr b8iclobRG] Sudbh R, dnd SRORAER orcitt! A1 NONE,

phyl | oqui% clna carnitine,
co- enzyrre((lgz}mmwhmlmn Mhyd)ﬁe?mtrogenjsmophnsﬂ&uowmrh@bm ocycle wherin R3

0l or, - oRoRhaY St T, P e bt Gt g A pichodh Bt BT emil 0000

hydr ogen, hﬁkdﬁyl,,thaﬁyhmmymdzmabmne my(hzobeyIBS -ditnlathglpyraagie,nomidgdott, pyri di ne,

EY ¥ or o, i, ol S aato B S BfgPor i £ EIORe o, M gt Mere

gl ut at hi Oé’c&yl rﬁimﬁﬁam“:plhg&ﬂmnglﬁmﬂnw@ qaheaphﬁe, plosplidnies, ade (hmd; aurine,
estibgen, d hydrg}le?a andro teron D ol uene,

d
o ot o gsoSBll A BRfET SRR e isront: Mftloct: | HRHANHE O U

[ 3- car ot em@ir x?ﬁﬂ\ibﬂ lic@RatiloR ugfpoibaécej o-f6hctol lublmidné, lphﬁloqﬁmﬂamyrre Q
| azeroi ds, polyphenoljc flavonoids, (CI—|22 [ XCH2) n] NH2 - erin n = 3-6 and
X = ni t r ogepfenss |y prapadiops o SEEHRIRs atetyldr H6M tive, o, co-RRAYIEL he | 122510 i n R5 and
'R6 taken % ﬁtﬁfc BiRnoilCHR X R baycleREin F) mdSRE talkd tofetierNbser 0gen,

0S

sul fur, horous or carbon. Nis an integer with val ges fromO0-10. 4.
The neth Céhoht Whermgred-8iapd E47 wtregmpdiug, PROSPRAIOYS K £8799% om a gr oup

consi sti bethesameordlfferentandareh drogen, alkyl, aryl, cycloalkyl, hydroxyl,
[ 2- {3ret hy Tt Lyl gm no}et hyl ] (3- (1[2 (matyh rgamagl% gztyh n_aarlnkyno}ypr ())%Syl )am ne, 30
16 June 20éd, @ningacid, pyridine, pyrazole 1m1dazole qumolme phenol, X-phenol and

X-phenol where X = chioro, bromo, nitro, methyl, ethyl, methoxy, amino, hydroxy;

glutathione, phosphate, phosphonate, uric acid, ascorbic acid, taurine, estrogen,
dehydroepiandrosterone, probucol, vitamin E, hydroxytoluene, carvidilol, a-lipoic

acid, o-tocopherol, ubiquinone, phylloquinone, $-caroiene, meanadione, succinate,

2 - acetyl-L-carnitine, co-enzyme Q, lazeroids, polyphenolic flavonoids, -
(CH)u[XCH;),JNH; - wherin n = 3-6 and X = nitrogen, sulfur, phosporous or carbon,
or heterocycle wherin Rs and R taken together are -(CHoXCHy),- 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} propyl)amine,

30




15 20 25 30 WD 03/051345 156 PCT/ US02/ 40732 (2- pi peridyl ethyl) - {63 [(2 8

pi peri dyl et hyl ) ami no] propyl } ami ne, June 2006

(2- pi perazinyl ethyl)-{3-[(2-pi perazi nyl et hyl ) am no] propyl }an ne,

[ 2- (bicycl o[ 3. 3. 1] non- 3-yl am no) et hyl ] (3-{2- (bi cycl o[ 3. 3. 1] non3y] am no) et hy
] ami no} prERYIOSEHS ne, PCT/US02/40732

nmet hyl ( 3-[ net hyl ( 2- pyi i dyl net hyl ) am Héﬁ] propyl) (2-pyridyl methyl)aznine,

,4,8,1 ltetraaza-1,4,8,1 1-tetra(2-piperidylethyl),
4,8
N -

: ,11 3-vyl | ot etrad :
PR P Ko b Ry ik lpopy Bauef o V] eyel of etradecane
(3- (2 dﬁﬂnn@thlﬁﬂ)yBr@ﬂ&cplW%mW aminolprgpyiaryine.2, 3, 2- Tet rani ne, Chr oni um
, 3, 2-Tet
2t per BTGy U JeminOeICh foipsiels 3 pensylamimopeballanincl, 4 urn
2- pi per ilgpySatmide) - { 3- [ ( 2- pi peri dyl et hyl ) am no] propyl }am ne, Vanadyl

1458, 11 gl nace e ot Beskbb B HaRAINRoSH b it AryBaley o of ot radecane,

Chr om um
1,4, 8, 11-1481 hadimarn- 14,81 1-istiapipdridylethiyD] 3. 3. 1] non- 3-yl cycl ot et r adecane,

Ph | 3-(2- 3-(4-

Bhg spgzggﬁ%?’ﬁﬁ[&gﬁﬂ%ﬂ/&%ﬁe Pg%% ?{ﬁﬂi” 3%8]01123 ﬁ@c?o%tm'dgx%né[ (2-ami no- 3-(
et hyl } anixpy- (ﬁ‘-dhnétﬂ;aphmplilmieﬁyl)-p&:p@kbn@mphononet hyl phenyl ) pr opam de,
2,2'-dia b rdhneth , 6' - di met hyl bi phenyl 2,2' -diam no
(bis- NI Nrg %u@rﬁ“?‘??w I % =[(3 5- d: et h§| pIyPazo?/yI)rret hyI]|[2 (2-
{[(3, SdMMﬁﬂm-m'bydn)me,net hyI ] ani no) phenyl ) phenyl ] am ne, 4-nethyl -2-f

21q 2- d | ami henyl } - phenyl ' t hyl henol ,
ot F o Carbbyaat 3 IR Gy bt nyl am o) phenyl g Pene
- pheny| ) avanRay i plpetidyiRyIpl3-i(2 pipeibigtetayinfinolpropyl Jamine,

e iR A Ao i 170

E Benzyl anvgﬁhﬂhlgwn el )48, Dpﬁmﬁi@;clo[mmyﬁﬂe%&cwmte&adﬁamm no
I s-N, N - qui ni

(4- chl or &© l?"ﬂ“(“?ilﬁgﬁh?é“%ﬁ fg’g’ﬂ%é té?g’lrcgiﬁ?ﬁéj]ﬂﬁ@ﬁ%iﬂﬂdﬁﬁwa}%m no] met hyl )

phenol ) ( G-{EkbSphon NADN-phenylalanine,

(2.25-d am no( ] %2—{[3 (2-am1no-3d Y4-nEtprl11¥é gﬂome p jl%propanolylammo}

ethyl Jamino)propyljamino }ethyl-3-(4-phosphonomethylphenyl)propamide,

2,2°-diamino(bis-N,N’-pyridylmethyl)-6,6”-dimethylbiphenyl,

2,2’ -diamino (bis-N, N -quinilylmethyi}biphenyi,

[(3.5-dimethylpyrazolyl)methyl}2-(2-{[(3,5dimethylpyrazolyl)

methyllamino} phenyl)pbenyijamine,

4-methyl-2-{[(2-{2-}(2-pyridylmethylamino]phenyl}-phenyl}aminomethyl} phenol,

3-nitro-2-{[(2- {2-[(2-pyridylmethylaminolphenyl} -phenyl)aminojmethyl } phenol,

4-chloro-2-{[(2-{2-{(2-pyridylmethylamino]phenyl}-phenyl)amino]methyl } phenol,

2,amino-3-(-(4-phosphonomethyiphenyl)-N-(2~{-2-
[benzylamino]phenyl } phenyl)propamide,

Manganese (2,2’-diamino (bis-N,N’-quinilylmethyl}biphenyl(Ch,

Iron (4-chloro-2-{[(2-{2-[(2-pyridylmethylaminojphenyl}-

phenyDaminojmethyl} phenol)(CD:JCL

Vanadium (2,2’ -diamino(bis-N,N"-pyridylmethyDbiphenyl)Cl,

Gadolinium (2,2’-diamino(bis-N,N’-pyridylmethyl)biphenyl)Cl,]Cl, and

Chrominm (2-({[2-(2-{[2-hydroxyphenyl)methyiJamino}phenyl)phenyljamino}

methyl)phenol)CI),jCl,

1
1
N
3-
2
(

(

20

25

30




Gadol i nium (2, 2' -di am no(bi s-N, N - pyridyl net hyl ) bi phenyl)d 2] Cl, 'glrrll]'i?
Chrom um (2-({[2-(2-{[ 2- hydr oxyphenyl ) net hyl ] am no} phenyl ) phen q ?13906
met hyl ) phenol )Cl ) 2] Cl1, 16 June 2006 5 10 15 20 25 30 WO 03/051348 157
PCT/ US02/ 40732 5. The method of claim4 wherein said diseases conpri se:

Par ki nson' SVPE&EHE, Al zhei mer' s di sease, Lou Gehrig's dPEEEN/40732

Bi nswanger's di sease, O ivopontine @& ebellar Degeneration, Lewy Body

di sease, Stroke, Diabetes Mellitus, Diabetic Nephropathy, Qbesity,
Hyperinsul i nism Atherosclerosis, Myocardial |schem a, Cardi onyopat hy,
Cardi ac Failure, Nephropathy, .Ischem a, d aucoma, Presbycussis, Cancer,
Ost eopor 0%i SThemebtitodf clamél wherdindaidalisgasescon®risdthe net hod of claim5 wherein
said toxif j. .S > i & , di azoxi de,
Str ept os o BTG Hhelie REAGES £RLBE 60 BEAM B, Yibvmnd L ES0BE. | Gl 2
wher ei n s@liebpshtige GafebslarDiegsicrition, Leuy Hody disensp Stroks Dighstes Meliges, of |

- adfn xi ng~an .el nt_.taken . . loSik di br onopr opane
and 2, 49181%%&%&??%%%3? o?&%%‘“?‘%%ﬁ‘g%ﬁ%@é‘?% O%g’r%\g 0clgrrg'?a(l) 1, 2di am noet hane
hydr at e; Isefieadd, Caglidniyepaths (CardiagFaiine; NephropatbappeteriiaylaskcemE0C f or about one

hour; -addi ot 3ssi U hl oride: .-conti nui d heating for three hours;
filteri ﬂ%ﬁ%%f St Sirmgrastangfo "ﬁéd“&%@%f%?§~ _distilling the mxture

at reduced pressure; -allowing the formati on of top and bottom | ayers;

St | edt gBe R SrsaRs W NG et B ek Mo BB 1 G

salt to amppree amine by treatnent with ammoni um hydroxide. 8. The nethod of

cl aggn 7 wherein ,sai d, steps of .adnj xj ng,. heati.n ading and continuing said
heating cH¥WHPRS g2z i t°é°t§‘81“3?n%%lr?"%*m§‘f°§58’lsg§d8ﬁbpr opane and ethanol in a
wei ght ratio of about 1 to

7. The method of claim 2 wherein said step of synthesizing further comprises the
steps of: _
—admixing an clement 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 o approximately 50°C for about one hour;
-adding potassium chloride;
-contimiing said heating for three hours;
filtering potassium bromide out of the mixture;
-distilling the mixture at reduced pressuse;
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 sali 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 KC1 in a weigth ratio of 1 to 4; and continning heating the sofution for about

30 1 hour.



2.6; slowy adm xi ng 1, 2-di am noet hane hydrate in a wei ght ratif\q f a%&fé 1
to 2.2 heating the solution to 50 C for one about 1 hour, adm ‘Eﬁj“?( n

a weigth ratio of 1 to 4; and continuing heating the solution for about 1
hour. 16 June 2006 5 10 15 20 25 30 WO 03/051348 158 PCT/ US02/ 40732 9. The
met hod of AV@PH®HRherein said conposition consists of PCI/US2/40732
1,3-bis-[(2' -am noethyl) amnino] propdffe; and said steps of admi xing,

heati ng, adding and continuing said heating, conprise: formng a solution
of 1, 3-di bronopropane and ethanol in a weight ratio of about 1 to 2.6;

slowmy adm xi ng 1, 2-di am noet hane hydrate in a wei glg_t ratio of about 1 to
2.2 heat9-Agerivdiod of deimohwheseig gaid cpsposision camit of 1. k2 -ampsidly KA in a

wei gth rafl; ; safiSleg50B8 bl i RE&n adifle 5@ |cbhtisiithgf @6ig about 1
hour. 10 h:go@%otp%%eé%gﬁ Sgﬁalge 2 V\her el ’sa?tg&’step of selecti r(?rg conpri ses:
ascert ai nieating, kemprisat s of formati on of a set of said conmpounds; and

choési ng saj C R ' j bl 5 wBBRL a8 of KIofRE kN conpar ed
to the he%&“qlgfaSgg@%??%’%%bgﬁﬂ%{rﬁé%ég%%%&ﬁ?n sailg sgt. 11 The net hod of
claim 10 herein: said step of ascertaining conprises: calculating the

heats at the farumation.of . qgh . &4 respective
consti tueﬂ?&yﬁgﬁég@d%%%%ﬁeo ggigﬁwg%%éﬁi{?@?{nf%afd step of choosing
conpr i seshatihethaolitio tb 5&°C for aix dtioni Eeowgf said set of conpounds as a

function of .their.respective Sy. .t L 0. i ' tabilities
are deter ‘?‘fi‘ﬂ%’&g:{{g T 8’? ?é‘ f%ﬁ’%%‘ﬁﬁ"i 40 %f“% %o%é[ g?%é fr}%g%%@(tg igélghﬁ]e%? Es‘ﬂ) o

formati ont hewyd whereby the relative stabilities of the set of conpounds are
deemed indicative of ability to yield the nost stable conplex when reacted
with a group of netals. 13 The nethod of C aim 12 wherein;

10 The method of claim 2 wherein said step of selecting comprises:

ascertaining the heats of formation of a set of said compounds; and choosing said
compound in consideration of its heat of formation compared to the heats of formation

of other compounds in 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

atoins.

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

nenrodegenerative 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.




said group of netals includes copper, cobalt, iron, zinc, cadm %n}
manganese and chromium 14 The method of O aim 13 wherein sai d°June 2006
degenerative di seases conprise neurodegenerative diseases characterized by
excess iron pools and said conpound is selected froma group consisting of
2,2, 2- pi perWAPHB1HEAd 2, 3, 2 adanantane. 16 June 2006 5 10raBUSWY4@32 \\D

03/ 051348 159 PCT/ US02/ 40732 15 The At hod of C aim 13 wherein said
degenerative di seases conprise ischemc damge and punp failure post
nyocardi al infarction characterized by iron-induced toxic redox effects
and depl etion of tissue zinc stores; and said conpound is selected froma
group conki s’k‘hengetbﬁd off Glaine y13 | veheraie s8¢ egeaerativg Wéeaé'iﬁ(ﬂ"awgd‘é?@ﬁ?%ne cycl am

et hyl at egh.and o6Y Gha 2 rrg?ﬁ&@:ﬁ Gocartibil TaGrollBH BRfackrid By Mokdndlded ei n sai d

degeneratlve dlse neur odegenerative dlseases and strokes; and
sai d corrptomctrﬁdm a@c%@hédﬁmwwémwglﬁéﬁwfesc%%ﬁi ¢amepoynd BEReed t i ons
havisng ch ypllaB akan 0 roup

consi st n%é)rg %@F‘?@(ﬁg av‘i ng g%&gjggg%%ﬁl(ﬁg]aﬁol ecﬁ%{se ggncgangnanganese
bi ndi ng nmbthylaleéanddy%iaﬁwaammd of Claim 16 wherein said conpositions
havi ng copper-binding nolecules include 2,3,2 isopropyl on NIIN4; and said
conposi tions havi ng manganese- bi ndi ng nol ecul es include 3,3,3 tetramne. 18
The net hotb of Tisd anatholB ofh@lai nl% aiteratie geide daganomtivii ghieatss eoIsSe se

neur odegenerati ve r der tr I
car di onyo’beé‘fq%genefa 1éen Fﬁa%ess‘m%s m}k%ér{iéﬁ?l g‘i“gp ﬁﬂy‘;@ mgraltlg]%géregﬁ ﬁﬁ%ﬁ? %%art, hy,
pr esby ¢ ussdnsistpdoiteong@esitiomsnhvie] cnhamo(np@s ung)onetalsbls@hg mmuiw @kﬁmer i vatives

f tio ds h th d of
gl ailmoig mr)%lugfre‘“’z’af’%’vsl@ﬁﬁ%é’gncd@]pﬁ Vi ngm{ ﬁ%gféﬁfj %ﬂdrﬁfgnaljogreo ecu oi ngl udes

3, 3, 3 t et manganése binditizamoladsant anes, cycl am 3, 3 3 and conpounds havi ng
al kyl substituted nol ecules. 20 The nethod of Claim 13 wherein said
degenerative di seases conprise Parkinson's, Lou Gehrig's, Binswanger's
and Lewy Bpdyheimansrsf Clhimv0ovticiahe stidr edglobitions Beden eoprei-Bndingt r ok e,

gl aucoma and Rt SudeY 3&F}sagprr]<¥pyl &MiNe; ana

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 Cerebellar
Degeneration, stroke, glaucoma and optic neuropathy; and
said composition is selected from a group of compositions having alkyl side

chains.

30



said conposition is selected froma group of conpositions having al kyl side
chains. 30 16 June 2006 5 10 15 20 25 30 WD 03/ 051348 PCT/t?SOﬂ%Mme%O
21 The nethod of Claim 13 wherein said degenerative di seases conprise

neur odegenerati ve di seases, ischem a post nyocardial infarction and

at her oscl e p3#051348nd sai d conposition is sel ected frome@Eruseasizges of
conpounds from a group consisting of 19hj peri di ne, pi perazine and

adamant ane. 22 The nethod of claim 3 wherein said degenerative di seases
conprise stroke, diabetic neuropathy, peripheral neuropathy, Al zheiner's
di sease, atherosclerosis, ischema, diabetes, presbycussis, cardionyopathy
and conge8li v&hhemethod aifl Glaem Ahdwherpin saidndrgeieratyn diseages cqmpriser om
COWOU“"%E\?X&%& @%@d&@&e&'i&&%ﬁ%ﬁ?ﬁ?&a@%ﬁ Flon SHE SiHefollitBgs,M N

el enents sel ecte roma group consisting of glutathione, uric acid,
ascorbic awdd, taurine, estrogen, dehydroepi androsterone, probucol, vitanin
£ 2 nyar oxh bk §fion feleblh b dcftvhd RObEotfibbhas FREAPEBHE bohsistth ¢! none.
phyl | oqui honé, “carot enes, nenadl one, gl utamte, sucCi nate,

acetyl - | - pipenidine, piperacine emkadamaqpnd. azer oi ds, pol yphenol i ¢ fl avonoi ds,
honocyst ei ne, nenaqui none, idebenone, dantrol ene and phosporous. 23 The
nmet hod of C aim 22 wherein said degenerative di sease conprises stroke; and
sai d conpa3iTheamrtiodns tlains3 ohenein seidalepoheratite/disdases co@prisEsgolmp thabeticof C ai m 22

wherein said degener.atiyve di sease ri.ses di abetes:, a . sal.d_conposition
is deri veHe'frP’@ﬁ%%’ccPr?B snegﬁpg@{f’eé&?lg%ﬁfﬁ %?egsuep 5 °§F1§It'°rq’qg‘gls§$eng%hosphor ous,
tauri ne, Gabagynpre@yclsik paddibngopathy tamdopirgedive basetcifaibtey, agl whEmat e and
acetgl -1 -carnitine ppl. Lhes. 25 The, met hod .of aim 2 erein said
degener at FYBPYHIOBS éf‘%{%‘%pnh?@e%"%o% i PpYpaEgtermypal of %gegn%j%ﬁcxmgé%v ssis; and
sai d conpeststiiuitn with defieur dektiodnfiomnp pionp somatisg b glufatidoncaums adig) consi sting
of a lipoic.acid.and acetyl-I-camtine.palyam nes. .26 .The nethod of C aim
22 aher e TG Hibpelta | VHOHS CREDaIBASEHS Provacol e

hydroxytoluene, carvidilol, o lipoic acid, tocopherols, ubiquinone, phylloguinone,

carotenes, menadione, glutamate, succinate, acetyl-l-carnitine, co-enzyme Q, lazeroids,

polyphenolic flavonoids, homocysteine, menaquinone, idebenone, dantrolene and

5
1 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, o lipoic acid, tocopherol, succinate, glutamate and

acetyl-l-camitine polyamines.

0 25 The method of Claim 22 wherein said degenerative disease comprises Alzheimer’s
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 degencrative disease comprises

30 atherosclerosis; and said composition selected from a group consisting of tocopherol

polyamine and coenzyme Q polyamine.




at heroscl erosis; and said conposition selected froma group cor]l%iofti ng gé
t ocopherol pol yam ne and coenzyne Q polyam ne. 16 June 2006 5 yre 26065
WO 03/ 051348 161 PCT/ US02/ 40732 27 The met hod of C aim 22 wherein said
degenerative di sease conprises ischem a;and said conposition is sel ected
froma gro0yoe¥si48ti ng of tocopherol polyam ne and coePZHBW2/@7p0| yam ne.
28 The method of O aim 22 wherein sailtt di seases conpri se myocardi al
degeneration and congestive heart failure; and said conposition consists
of coenzyme Q polyam ne. 29. The method of Caim 22 wherein said
degenerative di seases conprise cancer; and said conposition is taken from
a group c¥nsiThtinmghal oftClaimh 22 divherdin $eid ydegererpsivp clispast cA@PTse80 The net hod of
Claim 2 wherein sdai d step of converting conprises adjusting the in vivo
hal f 1ife and pAannacoki netic properties of said conposition by selective
term nal safd tonmmsitios ibstlediad frons g®tp Thesistiog Sdoephaphpelyamiphendi n sai d
step of converti conprises adjusting the in vivo half |ife and

phar mcokﬁoﬁw(‘g?%% rr"F'f‘es of said conposition by addition of side chains
on am no or nethylene groups. 32 The nethod of Caim2 wherein said step of

sel ecting,c rises: .findi t he octanol / wa -1:C{ .of partition
of a ser ?&%‘“?ﬁ?‘g%%m%g@,ﬁe&ﬁd giis% ?Sn(ﬁ)méﬁg%mgg%%%ﬁndgg%%&g%si deration
of its ocindnehgektivedicat faloef fidehidrtbmpesifimreemkittoof cobreryme Qapoblamingt er

coefficients of other conpounds in said series. 33 The nmethod of C aim 32
wherein said step of picking conprises determning the abilities of said
seri es of2onpe wiisodt 6 PRES 20 hiieugh shideddgadesive nideasebkaoptiser ai n and bl ood

retigpal barriers as,a functian of their respect.ive qct l.. / wat er
coef fi ci effiReet a‘%@n%ﬁ‘%f’?f”&"é?"&“dﬁ?&f’?i i ﬁr%("l?e‘iogf*lﬁﬁ%e‘gc%og@ Ming to a

di stri but hRhcGstE@psigddtingsed about 2 and having a useful range extending
towards 0.5 and 4, the nunbers being | og values. 34 The nethod of Caim2
wherein said step of selecting conprises; 30 neasuring pKas of a |ist of

‘sai d conmpayings imeddd of ClalPewkddiP said step of converting comprises adjusting the in
vivo half life and pbarmacokinetic 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 coeﬁcients;
wherein said sbilities 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




5 10 15 20 25 WD 03/051348 162 PCTI US02/ 40732 sel ecting said cq und_in
consideration of its pKas conpared to the pKa's of other conp ne,2006 ¢
list. 35 The nethod of Claim 34 wherein said step of selecting conprises;
selecting a conmposition wth higher pKas in the treatnent a di sease

char act eri 28@0p8p134Bower tissue pH 36 The nethod of C ai FABBSRKHEBZI n sai d
di seases include ischenia post nyocarl®f al infarction and diabetic

ket oaci dosis. 37 The method of Claim2 wherein said step of selecting
Conpr i sesqigl; %&E&ﬂg&;ﬂ@m&ﬁﬁﬂa&ﬁﬁéﬁ/@fﬁé s \oRbdred ke pKafs dfaiiid: compounds
in consi dser aﬁ%n of the disease target t%@ be&%r eat ed 3é)nd t he route of

adni ni st r enoipeunds3@ thenlist.net hod of C ai m 20 wherein; sai d conpound consi sting
of pyridine tetram ne. 39 The nethod of C aim 20 wherein said degenerative
di sease consists of Al zheimer's disease; and said conpound conprises

acet yl - | - 3arfht imethog of Glaink Ae wherginThid sigp PhpiECHRE WMINGES22 wher ei n sai d
degéner at | y.() RS fighly a8 BPIE Sreaitfh » WREAL CRARAUDAF bRr © Sel ected
froma gr%)%%hg%ﬁgﬁlgﬁ?sﬁgﬂo ﬁlgﬂéi pI perfgi 1rr‘lae, gY %t ama’?e pol yam %e,

succi nat elopet y&ne pi¢, chromi um tetram ne and vanadyl tetram ne and
phosphorous pol yam ne. 41 The nethod of Caim2 wherein said degenerative
di seases conprise peripheral and optic neuropathy; and said conpounds
conpri se Bé&uTliemectival ofDinine 35 mdtermin sapbdiseases itethpio| ischeniagost MpocTdiel et hod of
Claim 2 wherein said, degener.ative di seases conprise glaucoma; and said
conpounds %ﬁ%%agidﬁaeglﬁ%ﬁ@%é&?;& 2 tetram ne and adamant ane cyclam 30 16
June 2006 5 10 15 20

10 37 The method of Claim 2 wherein said step of selecting comprises determining the
respective likely efficiency of said compounds in consideration of the disease target fo

be freated 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 counsists of diabetes; and
said compounds are selected from a group consisting of 2,3,2 piperidine, gluternate
polyamine, succinate polyamine, chromium tetramine and vanadyl tetramine and
phosphorous polyamine.

41 The method of Claim 2 wherein said degenerative discases 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 glancoma;

and said compounds comprise adamantane 2,3,2 tetramine and adamantane cyclam.

30




25 30 WD 03/051345 163 PCTI US02/ 40732 43 The net hod of Cla|n13‘ﬂgire|n 8Id
degener ati ve di sease conpri se presbycussis; and said conpounds

| i poi c acid polyam ne and acetyl-l-carnitine polyam ne. 44 The nethod of
Claim4 wherein said conposition consists of (2-am noethyl){3-

[ (2- am noetW§PIemisno] - i - net hyl butyl }am ne; and sai d st eppGf/Usdmi7st ng,
heati ng -addi ng and continui ng said Héating conprise fornmng a solution of
2, 4-di bronopentane and ethanol in a weight ratio of about I to 17; slowy
admi xi ng 43 2786 a#iH0ASE DRRE 3MVibH Sl Beg@néradiveQiRhseoMptisd présayééslbeat ing the
solution to 50 C for about 1 hour, adn1X|ng KCin a weight ratio of about 1
to 4; andandowid SOMBePHE AOMPYSY It liggicyerign Pelsrmiap cand  3eciviiheamdie 45 The

met hod of $. Ahixe44 wherein said step of converting to a tetrahydrochloride
sal t conBr ses of adding hydrochloric acid. 46 The nethod of Claim?2
wherein said step of synthesizing further conprises; the steps of -adm xing

3l ut f
Gi 2 nopr dbaneT SRR o) Pt Fllertiy aSombAta ORI G lpioctyiifs | .
chl or onet K?Hmlmmthyﬂammd-hmm&utyl}aadjmsandngmd hsepp Hf oddmimiag,r dsailngi ng m xt ure
to 9.0y agilibl o alud g ALK f5ng 5 LEF R0 AR LS ot room

terrperature mal ntainin on-of sodi um
hydr oxi deand/ethand! maywvesight adtib@fiebogt 5@l Vents to evaporate; and -extracting

5500 WL S ol S R S

sai d steps@iﬁtuaﬁnrﬁﬂf’@@)r@bwmﬂhsms formng a first solution of
1, 3-18i am n and n ratio of about 1 to 40; forning
a second e@fﬁ’a‘i’fﬁgﬁg& ‘ﬁelgtﬁlr%’r °§8{’W?‘%?6§$. dine and water in a weight ratio

of about cdntinging hbgtingiick stlatidnifoe aAOB0 Minkks.

45 The method of claim 44 wherein said step of converting to a tetrahydrochloride sait
comprises of adding hydrochloric acid.

15 46 The method of Claim 2 wherein
said step of synthesizing further compsises; 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;
-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

20

addition of sodium hydroxide over 3 days;

-allowing solvents 10 evaporate; and

~extracting residues with CHoCl,.
25 47. The method of claim 46 wherein said composition consists of (2-
pyridylmethyl){3-{(2-pyridylmethylamino]propyl } amine;
said step of admixing comprises
forraing 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
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PCT/ US02/ 40732 48. The nethod of claim 46 wherein said conposit1®&MURe20PE; s
of nethyl (3- [nethyl (2-pyridyl methyl)am no]propyl}(2-pyridyl nethyl)am ne;
and said step of adm xi ng conprises: formng a first solution of N, N

di met hyl - 1,80 p¥@gpahedi am ne and et hanol in a weight ratpor/ofezaieut | to
40; forming a second solution of 2-cHbbronethyl piperidine and water in a
weight ratio of about |I to 5.5; and mxing first and second sol utions. 49.

The net hod. I jn.said conposition consists of

(2-piperi %ﬁé@%ﬁ%ﬁ%é?w?%gﬁogf'peri dyl et hyl ) am no] propyl } am ne, and sai d
step of synthesizing conprises: formng a first solution of

1, 3-di am pppr epane i n., et-h Y i.aht Lo feoipd 80; admi xi ng
NaCH in a%i g‘ﬁ’F g Pc(l) ng&g%oﬁ %ih%{e\é?ﬁg;ﬁ ?o(@%lﬁ%rpgoseco%{i%}s%@asi on of

1- ( 2- chl ojuestivi@pyrityimeihgaeinb propyDémiridyimethyeingiet andat i 0 of about 1 to 16;
addi #g sai d iecc}.ng solution to said first first solution dropwise in a

wei ght ra"faf%s Brot agH & GOMPESS- over about 30 minutes; stirri ng the conbi ned
sol ut i onsfopviae asixeisohdon lod B¥,18-dimema Sr@Erdpangdisming end sthamol tin asteighyy r esi due

w th CH2Cl 2 d}:i ed over,. Na2SO4; evaporating to dryness; converting to a
hydr ochl of2FA8r Bt 1805 ddition of HCl: and converting back to free anine
by treat niidingiatsaconi46ition o 2-fileronehiiospaidine! aal wakr ihe weight mtid df conposi ti on
consi sts aof (2-

pi per azi n%“@iﬁﬁﬂ%i@%@[(z- pi per azi nyl et hyl ) ami no] propyl }ami ne; and said step
of synt heﬁlﬁﬁﬁg’m-smﬂﬁédoﬁ@ﬁluﬁ(@ﬁ_m ng a first solution of 1,3-di am nopropane

in egdganol in a weight ratio of about 1 to 80; adm xing NaCH in a wei ght
ratio of about i to 25; :

49, The method of claim 2 wherein said composition consists of (2-piperidylethyl)-{3-
[(2- piperidylethyl)amino}propyl }amine, and

~ said step of sjrnthes'ming comprises:
forming a first solution of 1,3-diaminopropanc in ethanol in a weight ratio of about 1 to
80,
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

15

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;
evaporaiing to dryness;
converting to a hydrochloride salt by addition of HCI; and
converiing 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)aminoJpropyl jamine; 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 dmixing NaOH in a weight ratio of about 1 to 25;
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second solution of 1-(2-chloroethyl)piperidine in ethanol in a '%‘Pﬁgz 86 o
of about | to 16; adding said second solution to said first first solution
dropwise in a weight ratio of about 1 to 1 over about 30 m nutes; stirring
t he conbi néW0 8ilsuidé ons over about 25 hours; evapor ati ngrEUSIRMI732
extracting residue with CH2Cl 2 dri ed1®ver Na2SO4; evaporating to dryness;
converting to a hydrochloride salt by addition of HCL; and converting back

to free e ird B hoinatidi s Qbiokd @2 Wherein
sai d con‘ggaé' "‘F%ﬁecl}’é&@g@%gfﬁim&g gr c%%plg&o—[ﬁhsul-g??fﬁﬁgﬁ of splgrm' ne, sperm di ne,
2, 3, 2- pi phoutditodé; 2, 3, 2-pyridine, 2,2,2-tetramne, 2,3,2- tetram ne,
2,3, 2-di . cycl am ad tang. ' o) LAdldng. g2 sul fur,
vanadi um%'é‘%@g%\a&a%’&gﬁ@ﬁ% g’n dﬁ%??%ﬁ%@b‘é?‘?&%ﬁ@i_sg?%‘%r?@ﬁ r%‘%hod of claim
51 wher eigbowditd 1dvaabee 30 aimtesses; paraquat -induced cell death,
MPP+- 1 nduged | | death,, Lotengne-i cell death, diazoxide induced
cell deatsﬁ{m&%geeﬁ“g’ﬁha@}”ﬁ%sH&ﬁ@gwggﬁﬁﬁgeat h and al | oxan i nduced cel |
deat h. S53vagdistingBbleams;of claim 52 wherein said disease consists of
di azoxi de-i nduced, cel | . and i conposition is taken froma group
consi st i rifrating peidue wah C?’S@flﬁf‘ﬁ‘?ﬂ’éf}’ﬁ%%?’a: 2-tetram ne, 2,3, 2-piperidine,
2, 3, 2- pyrdvihdi@ingQy @lyadss; chromium 2, 3,2 pyridine, 2,3,2-di CH3,
2,3,2-sulfiu, cycl a t ang, nadi cycl am adamant ane and cycl am
pi peri di ﬁ'é’?v%ﬁn%tﬂé%%g%‘a‘gﬁg%ﬁ i‘q\@?"\ﬂﬁmiaﬁgsai d conposition consists of
[ 2- (et hydogitdaihcticn &) Rdehyie(b3-tieb@nebwith EgDENO0) et hyl ] ami no} pr opyl ) ami ne,
and id step of synthesizing further conpri-ses; preparing of first

3.2

m xture of magnesium turnings, 1,3-bis-[(2"-am noethyl)-am no]propane,
benzene and ARehthoddFlcREh devticRIPREd bontposition is taken from a group consisting

of spermine, spermidine, 2,32-piperidine, 2,3,2-pyridine, 2.2 2-tetramine, 2,3,2-
 tetramine, 2,3,2-diCH;, cyclam adamantane, vanadium 2,3,2-piperidfine, 2,32 suifur,

vanadium cyclam adamantane and cyclam piperidine.

fad

15 52. The method of claim 51 wherein said disease comprises;

paraguat -induced cell death, MPP induced cell death, rotenone-induced cell death,
diazoxide induced cell death, streptozotocin-induced cell death and alioxan induced celt
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, chromivm 2,3,2-pyridine,
2,3,2-diCHs, 2,3,2-sulfur, cyclam adamantane, vanadium cyclam adamantane and
cyclam piperidine.
= 54 ’ The method of Claim 2 wherein said composition consists of
[2-(methylethylamino)ethyl}(3-{[2-(methylamino)ethyl]amino} propyl)amine; and said
step of synthesizing further comprises; preparing of first mixture of magnesinm
turnings,
1,3-bis-[(2’-aminoethyl)-aminolpropane, benzene and acetyl chlbride respective
approximate percentage of 0.6%, 8.5%, 8.45%, and 6.4% per weight;

30 cooling said first mixture;




approxi mate percentage of 0.6% 8.5% 8.45% and 6.4% per wei ghfe' cool Wﬁ
said first mxture; 16 June 2006 5 10 15 20 25 WD 03/051348 166 s‘é § 2 g
the m xture into a |iquid phase and a solid phase; preparing a second

m xture by mxing said solid phase with ether; preparing a solution by
pouri ng saiWO8¥GHH8 m xture over ice; preparing a thirdeei/xsenesby addi ng
said solution to said liquid phase; ashing said third mixture with sodium
bi carbonate; washing said third m xture with water. PCT/ OS2/ 40732 55 The
met hod of I zing conprises converting

t he starff'p%a%gh?eﬂgﬁ&eteigﬁazl %ﬁé%g%g%ﬁmleast one of said conponents
in said pmﬂﬁm@sondlnmmmmﬂdﬂﬁbph@ﬂ%ﬁ‘b%@m uted conpound by

treatment_with a Qﬁ| | gl nﬂf?llef&é ek sai d conposition by

conver si ﬁepla%n%asoé‘f 05)f’hrpoug agg{lsc?)?‘gn 0 rochl oric acid. 56 The net hod
of d ai m;ﬁcpaimzethndaaxwredxymﬁthag saidsoluion 4o Sﬂleh%ﬁdP@S%m noet hyl ) (3-[ (2

am noet hy| th o] e %g , and said step of synthesizing
further §%‘i&‘“&“@%‘§‘r |‘%§ls}° rs%

-

solution of N,N

di met hyl WMﬁn@Emmﬁddmammtmmret hanol in a ratio of approximately t to
50 per weight; preparing a second solution of 2-chloroethylam ne and
ethanol in a ratio of approximately 1 to 17 per weight; conbining said
first anksserONehe®biCiabng whadsin mdtdm‘rprdsmhestzingmomﬁms corngrtingitee t hi r d

solution at .rogmte rature for _app apey ating

sol vent s S Y ¢ A %a%?%f’?lﬂﬁme%n&{g ggé‘tglérf;gs?ar?delsel °§‘§ | ;Msal d sol ution
With a vojoupBuidl tHRGharesgorditg ol-substined ofmyiuad by Zrewivenewith smiakyb onposi ti on
consjts 0

[ 2-(bi cyc'}ﬂgfl%agdl]non 3-ylam no)ethyl ] (3-{2-(bicyclo[3.3.1]non-3-

yl am no) ejueryib@ il @pmpesithn) Bnéoneersion o aabld tisbwegh akditionrifthydioghlone f ur t her
conprises heating for approximately 6 hours at 215C a m xture of
1- br omoack#fant ane and 2, 3, 2-

56 The method of Claim 2 wherein said composition consists of (2-aminoethyl){3-[(2-
aminocthyl)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 1o 50 per weight;
preparing a second solution of 2-chlorocthylamine and ethanol in a ratio of
approximately 1 to 17 per weight;
20 combining said first and second solutions into 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 consisis of
[2-(bicyclo[3.3.1]non-3-ylamino)ethyl](3-{2-(bicyclo[3.3.1jnon-3-
ylamino)ethyl]amino} propyl)amine, and said step of synthesizing further comprises
heating for approximately 6 hours at 215°C a mixture of 1-bromoadamantane and 2,3,2-

25

fetramine in a mol ratio of approximately 1 to 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 1to0 9 per weight;
30




tetramne in a nol ratio of approximately 1 to 5; adm xing sal €§§ 6
into a solution of 2NHCl1 and ether having a ratio of apprOX|na g to
| per weight, in aratio of approximately | to 9 per weight; 30 16 June
2006 5 10 15 20 25 30 WD 03/051348 167 PCT/ US02/ 40732 separating the
aqueous | ayeD 04481 kal i ni zing said | ayer in a vol une of PGUBERMIFEDUS NaCH
extracting with ether; drying the extlfact over K2CO3; and evaporating to
an oil. 58 The nmethod of Claim2 wherein said conposition consists of [2-
(et hyl et by afh O ik @kioohd faged drnd- aéﬁﬁhﬂm%%mun@eemwkzbmmewbwmﬁb&@m ne; and
said step Of synthesizing further conprises; nethylating term nal nitrogens
of 2,3,2 NePHamine by refluxing in the presence of benzene and acetyl

chl ori de. éﬂmﬂﬂfwﬂﬁ&ﬂﬁd of Claim58 wherein said step of synthesizing
further conprises; preparing a first mxture of magnesium turnings; of

1, 3-bi s- [@Qﬂngﬂﬁﬁﬂmaﬁwyﬂﬂgéﬁhﬁﬁﬁpropane benzene and acetyl chloride
reséectlvgv gaﬂhg%aggpe percentage of 0.6% 8.5% 8.45% and 6. 4% per

wei ght ; coo I ng sai irst mxture; separating the mxture into a liquid
phase and a solid phase; preparing a second m xture by mxing said solid
phase withget hgr; paki I p a copdpmn xture over
I ce; preparlﬁef1 a eﬁhﬁd%£1§%3?e§g‘Hgdﬁg Qﬂd 8gﬁso 8?.%%“?% g@lgp}qu|d

phase; wastihylghgamuho)etivti(h t&xma&wmmbswmmmpﬂmw washi ng said

third m x furth id third mxture over Call 2; filtering
sai d thi rgmérgte%‘fsgmﬂar"é'g &)ébﬁgo%?‘th mxture of said third m xture sodi um

hydri de anzmhiliylahpg termmal mtmgens of 2,3,2 tetramine by refluxing in the presence of
10

benzene and acetyl chloride.

59 The method of Claim 58 wherein said step of synthesizing further comprises;
preparing a ﬁrst mixture of magnesium tornings;
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;
heating said fourth mixture under N; at approximately 60°C for about three hours;

treating said fourth mixture with approximately Y its voluine of iodomethane;

25

stirring said treated fourth mixture at 50°C for approximatety 24 hours;
quenching said treated fourth mixture with 95% ethanol;

removing volatiles at reduced pressure;

‘watering with addition of approximately % volume of water;

30 extracting organic products with approximately three ¥z volumes of chloroform;




di methyl fonnam de in a ratio of approximately 2.5, 1 and 37.5 r@m@%aﬁﬁ
per weight; heating said fourth m xture under N2 at approxi mat

about three hours; treating said fourth mxture with approxi rrately % its
vol une of iodonmethane; stirring said treated fourth m xture at 50C for
appr oxi mat e¥Q0RBIHBUr s; quenching said treated fourth nPRE/USK4eWLh 95%
et hanol ; renoving volatiles at reducdé pressure; watering with addition of
approximately'/: volune of water, extracting organic products with

appr oxi rrag,@gmlﬁcr;@& azﬁ@ rggjcgmﬁglmtercamg%gf orm 16 June 2006 5 10 15 20 25
WO 03/.051348 /U882/4 732 168 washing said organic products with water

and Nad ; doing 9yl cseanée Bpdiahiorepnbulieussosye sty dr ous sodi um sul fate;

concentragbﬁ@nﬁd&gwmp&j purifying said oil by flash chromatography
wi th' /4 hexanes-e acetate as eluent into an acetylated oil of said

conposi ti Gﬁl‘lfyﬂﬁrsﬁidlmjl Ly flash chrpeptogmplyavigh Ydwrgresedbyl aspiate as shugaldptom
hydrfoxi de,, E&?ﬁé}&%ﬁ td"éﬁrfngﬁslﬁdﬁ respective proportions of 1, 3, 23 and 5
re

per melght pective ting said solution under reflux for about 24
hours; r éommgwsgsqimmanf@mda@etﬂm odapotrseivmliydroxide methatioh gnd water ist her ;

washi ng w, oncentratl ng under vacuum
puri fying én@ %ﬁ%ﬁ?pgrw%srn}gtl%?gaﬁ(wbgn@ﬁéﬁ%i&%orat 'ng solvents. 60 The net hod
of d ai mheaﬂngsmdmlaimndmdcmpﬂlm i abouicBriwist s of [ 2-

(di nmet hyI %]XI | hyl am no) et hyl ] met hyl am no} propyl ) net hyl a
m ne; sal';d'; st eps of a{;ﬂésg{?r% ng further conprises; refluxing for

about 20 hmcsngm!méthﬁr; on of 2,3,2 tetramne, formc acid and 37%
forriﬂl deh |l\{V§IE in a weight proportions of approximtely 1,10,10 and
respect%gg‘? &
drying over sodinm sulfate;

concentrating under vacunm;
- purifying by flash chromatography; and

evaporating solvents.
15 60 The method of Claim 2 wherein said composition consists of  [2-
(dimethylamino)ethyl}(3-{[2-(dimethylamino)ethylmethylamino} propyDmethylamine;
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 1'/; volume of CH;Cly.
z 61 The method of Claim 2 wherein said composition consists of 2-[3-(2-
aminosthylthio)propylthio]ethylamine; 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 to 10;
30




evaporating solvents fromsaid solution; mating said solution bl%s n%%OOG
addition of NaOH, and extracting residues with 3 tinmes 11/2 volu

CH2C12. 61 The method of Claim 2 wherein said conposition consists of
2-[3-(2- am noet hyl t hi o) propyl t hi o] et hyl am ne; and said step of

synt hesi zi PO PHUISAH8r conprises: preparing a first sol uti bea/o$02/40732

1, 3-di mer capt opropane and water in aeight ration of about 1 to 50;
preparing a second solution of NaOH and water in a weight ratio of about
1.5 to 10, 30 1 un o ; oGO R / USQ2/ 40732
form ng afo | ng”q}r Y %F"%eo%@%%ﬁégé?ﬁ?%%%@%éggﬁﬁégoI ut(%:)ggl-s in a
wei ght r adbios Sob 1; about 5 to 1; formng a third solution of

2- chl oroef hyl am ne. and. et ' | ' . . o 1;

i xi ng- e dfEt RS Bl 3R el & £lvcfigPhlio aPatpt 0 7
refluxi nggsafy m xture over approxi mately 8 hours; evaporating sol vents

fromsaid yefl uxe xture: ..extracti r esi i.th CH2C 2. 62 The net hod
of 0 o m wloiping Ensdbiop RS o B hE T A BgpERLULFR 241

1, 4, 8, 11- fegiivtingsaid thixdur8 ot apmbximaiy8onysc| ot et radecane; and said steps of
synt hesi zi ng conprjses: refluxing.for about 18 hours a solution of cyclam
form c act'@ ‘”Qt?gjsf’ P‘i‘?‘ﬁﬁﬁ’é’ﬁ?&é@é‘md T in weight proportions of

appr oxi mag@dayinkredidds with €TROY. 1 respectively; adding water to said solution
in a weight ratio of approximately 0.5 to 1; <cooling said solution to
about 5C; adjust the pH of said solution to above 12 with NaOH, extracting

t he sol ut gD NTHMnidihddld? Cladin 268heldif sdi@édag@sidbn &nsiseo® Wher ei n sai d conposition

congpsts of 1,4,8,1 ltetraaza-
0 1,4,8,11-tetraaza-1.4,8,11-tetramethyleyclotetradecane; and

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
itoi; a _
preparing a third solution of 1-(2-chloroethyl)piperidine and CH;Cl, in a weight ratio of

25

approximately 1 fo 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 xiracting residues with CH;CL.



1,4,8,11-tetra(2-pi peridylethyl)cycl otetradecane; and said st eq

synthesi zing further conprises: preparing a first solution of 9;’[:'"%1?%%
CH2C12 in a weight ratio of approximately 1 to 50; preparing a second
solution of NaOH and water in a weight ratio of approximately I to 31,
prepari ng avor3usipe of said first and second sol ution | NPCGI/US/B2 rati o of
approximately |Itol; preparing a thid® sol ution of

1- (2-chl oroet hyl) pi peri di ne and CH2C12in a weight ratio of approximtely i
to 14; adding said third solution dropwise into said mxture in a weight
ratio of about 1 to 2; stirring said mxture over about 24 hours;
evapor at i6dg The megimdsef Glaith 2 avberer saich gompssitign sansigis of (ybEIbtetramagune 2006 5

10 15 20 4 The nethod of Claim?2
A A S e L I P

-tetrabi myﬂstdp&f@ynﬂmmg&uﬂenmmaradecane and said step of synthesi zing
furiher

et gt r 0B Skgsp B Btafipht e B dh o Vbidh o sg%‘%@“a%?%‘"ﬁf? on of -

1- br onoad@ant ane and ethanol in a weight ratlo of 1to formng a

2 o ght PR 8 MR o1 o nop ey AR ) AR **“é%f B ure to |

reflux ovax about 20 hours evaporatl ng said sol ution under reduced
pressure; and extracti resi.due msa d s t 65 The
met hod of OEEE hMIX{H: C‘? eq%ﬁmﬁ?‘ﬂ $ Héf)(g?tf %Vg%eslﬁé’tsgﬁ %ﬁiﬂ%%
1,4,8,11- Wﬁgﬁtmﬂb&;ﬂﬂﬂ;&r&tmtiwi cycl ot etradecane; and said step of

synihesi Zh gf al Igz%ure {0 TEttux over about 20 hours;

-U

evaporating said solution under reduced pressure; and
extracting residue from said solution with CH>Cly;

65 The method of Claim 2 wherein said composition consists of
1,4.8,11-tetraaza-1,4,8,11-tetracthylcyclotetradecans; 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 0 12.5;
heating said solution for about three hours at about 60°C;
admixing jodoethane 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;
quenching the solution with about 95% ethanol;

extracting residue with CHyCly.

20

66 The method of Claim 2 wherein said composition consists of NN'-(2'
25 dimethylphosphinoethyl)-propylenediamine; and the step of synthesizing further
COMpIises:
incorporating phosphorus into a molecule of propylencdiamine 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




formng a solution of cyclamand DMF in a weight ratio of apprqy pate
to 50; adm xing under stirring small portions of Nall in a vve?@n‘ﬁ?'?%w%&of
about Ito 12.5; heating said solution for about three hours at about 60C
adm xi ng i odoethane in a single portion into said solution in a weight

rati o of ab¥@e3F1Hy 17.5; heating said solution at aboubPCBU2@N787 about 18
hours; quenching the solution with dbbut 95% et hanol; extracting residue
with CH2Cl 2. 66 The nethod of Claim2 wherein said conposition consists of
NN -(2' Z&%ﬂzﬁ%x hﬁsteQaﬁﬁun%%iéambéng&@whgdiﬁem@mwaha@ndl 4 Wagtam of

synt hesi zi ng rther conprises: “incorporating phosphorus rnto a nol ecul e
of propylafsbaeitdte p& in pl ace of two of its nitrogen atons by addition and
reductio 1 : B ; i hithbatsep of

| ncor por Al SRR PHO T s o S RINOR UGB AT 3as 171
PCT/ USQ2/14@232 preparing a first solution by dissolving propyl enedi am ne

i nt o5 et halﬂ’%'répﬂfe@l“%%%&“‘?ﬁ { Pahoﬂtf’?zq}aﬂféf | to 50; adm xing

di et hyl vi'ny osphine su e 1nto sald solution in a weight ratio of
about | dvep@@inglselntitsgndst redwiel pressied, thawng ardsivwe.f or about 72 hours;
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 ng$ $hé methedofiliein 67 whiran efidstey ofinsimporasing finther easingiges: Wi t h NaOH, and

dryi ng sai.d residue oyer. SO4. 69 The nethod of Claim 68 wherein said step
of ~synt he ?S?{%s?@f?ﬁﬁ%ﬁe“é%’\@%r%gg’s: removing solvents in said residue under
reduced pwsshiwrsidraidpe ofitt Na®Hpadd crystallizing said oil wth ethyl

g?egﬁgﬁé %”?1 %a_té%n id%eg\lrje%%g%a.on of LiAlH4 in dry dioxane in a weight ratio

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 acetate;
preparing a suspension of LiAiH, 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 info 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 (FIDL) 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 to0 275;
30




adm xing said oil into said suspension; to yield a mxture; ref UXI n | d
m xture for about 36 hours; cooling said m xture; and addi ng A6 '?ﬁgzaﬁ

di oxane in water and NaOH into said mxture. 70 The nethod of Claim 2
wherein said di seases consi st of diabetes and abnormal |ow density

| i popr ot ei tWQEINSE3480 hi gh density lipoprotein (}1DL) ratpgraswdiesal d
conposition is selected froma groupg’onsisting of vanadyl 2,3,2-tetranine
and chromum 2, 3,2- tetranm ne; and said step of synthesizing further

conpri se abéud 136 1t hanol

col ut i on P BBt s Snd i doluign a £ 401Gkt BT bl 19015
conprisesndformng a first solution of 2,3,2 tetramne in ethanol in a

wei ght X ng a second sol ution of vanadyl

acetyl ace%% gIe |n8}eﬁE1 %tr‘ﬁ% n%’(r%wgﬂ\}\%mg% ratio of about I to 275; 30 16 June
2006 5 10 15 20 25 30 WD 03/051348 172 PCT/ US02/ 40732 adm xi ng said second

Fef | uxt ng 2o KpeEpi iR A Bid pfostetifBaidly bkl o ' G 2 70"
wher ei n sméghriag e frsofolutvaof 2,A¢-tbwmtinein etfpnpiin 8 ssighpratip af byt tof20r st sol ution

f 2,3, 2-
gr epari ng;FE gﬁ%@g ngmé‘glsglfl?%rh(’% ‘fht%rﬁ'l}lf)n\rﬂrﬁhgrnwﬂhl a%l fﬂtﬁo%&lgl}tﬁh%ﬁ%l In a weight

rati o of abatwougo 80; t o 80 ~adm xi ng said second soI utlon into said first

solution in.a volunme r of. abo sol ution
f or abouta‘ﬁ'ﬁx’ﬂgmﬁ&%ﬁ@n ﬁ:hoth%o i ggil%‘egd@r&r?agg‘ft ls}?e of
converti ngdconpri ses usi ng am nes to attach alkyl halide in a nucl eophilic

subgbi tut Hﬁ'm?é sai S%Iu%gg For about 30 minutes.

73 The method of Claim 55 wherein said step of converting comprises 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 1to 100;

30 forming a second solution of V(I)Cl; and methanol in 2 weight ratio of about 1 to 145;




74. The nethod of claim 2 wherein said conposition consists of %43(%
am noet hoxy) propoxy) propyl am ne; and the step of synthesi zing f18Jupg 2006
conprises: preparing a first solution by dissolving sodiuminto ethanol in
a weight ratio of about 1 to 200; after cessation of hydrogen evol ution
adm xi ng an¥O8¥¥5iMBng for about one hour 1, 3- propanedi oPCT/BIY445a2 d fi r st
solution in a weight ratio of about 17t o 0.005; preparing a second sol ution
of chl oroethyl ami ne and ethanol in a weight ratio 1 to 40; formng a third
sol ution adnxi I%WI ' ] into said first

sol uti on tg%fllgrﬁggk%ﬂg?g%’gam nu?@lﬁﬁﬂg}wﬁﬁgﬁgoﬁﬂmﬁ?rd sol ution over about 8
hours; arlgatingsaiddhiad solefiopovsrehew 30 pBnuisShe et hod of claim 2 wherein said

conpositi . CONSY . I :

pi per | dy|c§ﬁ%‘§ﬁ%a‘§f{t§‘f‘?icg{‘%°¥%gﬁ’g ytfriéﬁr@qlﬁeam no] propyl }ami ne) (A1) 2; and the
step of synthesizing further conprises: formng a first solution of 2,3,2
ands net h | i a i At 4 -] ; . Walel cond

sol uti on of Vﬁhﬁﬂ%dﬁ%ﬂ%%&%ﬁfmq %ﬁ)dejl ?A%?Jgsﬁl{’ﬁ?:g%sﬂsgggmax o_l‘JJtﬂrl i@to 145; 16
June 2006iferitiPledst)2A0-[25piBaidNBLYRADBIIMEpyIFARitco (G2, and Hibe dtepollit i on by

m xing said. first d secand solutions; heating said third solution over
about 30 WWE?%%%“?@%H%"H‘@“% d third solution at room tenperature.

PCT/ OS02/ f#tMi3g a Tiest saltidonnaf 2 3cipip hnd inahana? indreeightmatiaif @b Apwii®k i on consi sts

 chromim (52h ] A (2D ; ; | .
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sol uti on ffmidg 3 #Brduohrtion ty mitifppsaid firkirend sevehdyiutioas;i o of about 1 to 100;

form ng second. sol. ution of Il ).Cls and nmethanol in a weight ratio of
about 1 t aﬁ‘i%saldf@’ﬂf‘hﬂl%“t"fﬁ%&égl Y% by mixing said first and second
sol ut i onsgooligPdaid@ird solatidntt Fodnsienpérhiore; aader  about 30 mi nut es;

evaporating said third solution to two fifths of its original volume.

77. The method of claim 2 wherein said composition consists of: Vanadyl (1,4,8,11-
tetraaza-1,4,8,11-tetrabicyclof3.3.1lnon-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(I[)Cl; and methanol in a weight ratio of about 1 fo
160;
forming a third solution by mixing said first and second solutions;
heating said third solution for about 30 minutes;

20

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 consisis of, Chromium
(1,4,8,114etraaza-1,4,8,11tetrabicyclo3.3. 1Jnon-3 -yleyclotetradecane(CL,]Cl; and

said step of synthesizing comprises:

23

preparingf a first solution of cyclam adamantane and methanol in a weight ratio of
about 1 to 66;

preparing a second solution of Cr(IIT)Cls and methanol in a weight ratio of about 1 to
150;

30 forming a third solution by mixing said first and second solutions;




cooling said third solution at roomtenperature; and evaporatin ial d th| rd
solution to two fifths of its original volune. 77. The nethod o

wherein said conposition consists of: Vanadyl (1,4,8,11-
tetraaza-1,4,8,11-tetrabicycl o[ 3. 3. 1] non-3-ylcyclotetra decane) (Cl)2; and
sai d step OVO83HiHBsi zi ng further conpriases: preparing BCFU$02H078D| uti on of
cycl am adamant ane and nethanol in a ght ratio of about 1 to 66;
preparing a second solution of V(I1)Cl2 and nethanol in a weight ratio of

about | th%atmfqugidtﬁlﬂfﬂdﬁ n@%taﬂbﬁtgoﬁﬁﬁ]ﬂésl on by mxing said first and second

sol utions sal ird solution for about 30 mi.nutes; cooli ng said
third solmbﬁlmatddhﬂd)m’mt!@rmé@m tameperatinegl a8d SpEPEing sad i PRFPRTS ol ution to

about Onebgﬁloglgfo%}thlo%ﬁs(?isg'l&%l@aglgm une. 77. The nmethod of claim2 wherein

~said corrp05|t|on consi's romum (1,4,8,11-tetraaza-1,4,8,11
tetrabicyclo[3.3.1]non-3-vyl cycl ot etradecane(CI)Z]CI and said step of

synthesi zjng C[ngn{eﬁ%ﬁ ?r g rs%gd S&Jug%bxﬂ&l Oforsiés| @ pdamant ane
and met hanol i'n a wel ht o of preparing a Second
sol ution whn@l@h@rﬁthylamupmnﬁalamhemnda wei ght ratio of about 1 to 150;

formng a rd sol.ution first and second sol utions; 16 June
2006 5 10* ‘fg‘ (?fﬁ‘g‘ﬂ?é‘%c ?'Egt“ﬁ%’fdpcw US02/ 40732 heating said third
sol ution styﬁmemm ﬁ&ﬂcmmpnmesanmg phédjethpi{Hcanobedzyd pbetaiidemalenato om
t enper at apor sal out one fourth of
its ori glutWafF c% Bﬁ %‘f‘g]ys %’“@%Bagﬁgdcﬁ%a%%f%%%glﬁpsal d conposition
consi sts ieicnag a(ﬁmmmﬂrmmompomwiﬁem@man iohigin asgoadiahpuep of
synt fiesi zi n rJ .Ste a first conpound
consi ot 1 rRRTERL A - ATRBBaR A T

formmg a solid diethyl [4-(Fydroxymethyl)benzylJacetamidomalonate third compound

by mixing a volume of said second compound with water;

- refluxing a volume of said compound with thionyl chloride in dichloromethane to
obtain a third compound -  consisting of diethyl [4-
(Chloromethyl)benzyl]acetamidomalonate;

15 dissolving a volume of said compound in triethyl phosphite to obtain a compound
consisting of Diethyl [4-[(Diethoxyphosphinyl)methylJbenzytlacetamidomalonate;
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, diethylacetoamidomalenate, 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 °C. admixing water in a weight ratio of
about 2to 1; and

= filtering crystlline material from said solution;

-said step of reacting comprises:

forming a hydrogenated solution of said first compound , ethanol, concentrated HCl
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

filirating the solution to a dry filirate;




by reaction of Na, diethylacetam domal onate and p-cyanobenzyl brom de;
reacting a volune of said first compound with NaNO2 to obtain albdermg006
conmpound consisting of diethyl [4-(Am nonethyl)benzyl]acetan donal onat e;
formng a solid diethyl [4-(Hydroxynethyl)benzyl]acetam domal onate third
conpound BYOAIHSIHY a vol unme of said second conpound w thCTHaS0RA¢732 ef | uxi ng
a volune of said conpound with thionyl3chloride in dichioronethane to
obtain a third conpound consisting of diethyl [4-
(Chl or onef vl Zty‘Ji“]‘%’ﬁEéﬁEﬂm%‘l onate; dissolving a volunme of said
conpound 1 n triethy osphite to obtain a conpound consisting of D ethyl
[ 4- [ (Di et saidyishof fohinglcymensesi| | benzyl | acet anmi domal onate; mi xi ng said
fourth co , [utibn BELER : ; i 9 wherein
- said stfe%fﬁoé%ss%lrth esi zi ngpdgg?rpggpggg?anﬁgya&&%gagkggg %?lgfgﬁgdgfﬁtol\lgi
di et hyl acetigam domal onat e, p-cyanobenzyl brom de, and ethanol in a weight
per éent a . . 19 0 0 86.r espectively; refluxing said
sol uti on?ﬁeépﬁé?ﬁ%ﬁshg%é@rgo %ﬁot)/frllc"‘?%%lg%o%t 17 hours at 110 C. adm xi ng
wat er i n dryimgisglsolnadn; endof about 2 to 1; and filtering crystlline material
fromsaid solution . -sal f,.reacting conprises: formng a
hydrogena? Ct%'%%sﬁ{%isglﬁt@qmg%?thﬁ%é > conpound , ethanol, concentrated HCl
and Pd/ ¢ washingseidgitragpevith e nolaim@sofd MG %yat@89% NaHIE s amadern@ Béibg; espect i vel y;
keepi ng sai d sol.utjon at .tenperature and under atnospheric pressure
f or abouta‘ﬂ‘gsﬁ‘gﬁ ?Ct?\'efp%%%'@n he solution to a dry filtrate; 16 June
2006 5 10fik&ingQGaidextsaet, WO 03/ 051348 175 PCT/ US02/ 40732 watering and then
dryitog said filtrate. -said step of formng conprises: formng a solution
of said second conpound, and water in a weight ratio of about 0.02

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’-dimethylbiphenyi; and
1 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 10 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.i;
20 filtering the solution and reducing fo 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 0.047 to 1;
forming a third solution of 2-pyridinrcachoxaldehyde 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 to
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;
evaporating said fourth solution at reduced pressure to a residue;

25

30




to 1; heating said solution for about two hours at 110 C, drying, said
solution; and extracting said solution with ethyl acetate; was H NG 2006
extract with a solution of I MHC, water, 5% NaHCO3, water and brine;
drying said extract over Na2SO4; and filtering said extract. 81. The net hod
of claim79v@b/Bk34Burt her conprises converting said conp®Si/vsiame’snto a
zwittterionic formby treatnment with'%nh anmine. 82. The nmethod of claim2
wherein said conposition consists of 2,2 -diamno(bis-

N, N - pyri 5 = diaet hyl bi phenyl ; and said step of synthesizing
corrprises‘:ﬂygf’%?{ﬁ{%él)%é‘?“?r“%tq’h%g| ution of 6,6 -dimethyl-2,2 -dinitrobi phenyl
and et hansdtractimgaaide¢sidve withgthes aod about 1 to 10; adm xi ng pal | adi um car bon

in a weig % %%g%gkesﬁag%?@%gﬁﬁ%ﬁg{%gr ogenating said solution on a Parr

system fo ours—a iltering the solution and reducing
to an oil under reduced pressure; crystallizing said oil fromethanol into

a ferst 2,2' -di,am no-.0..6; = di | hj L. C 5 i g refluxed
second so?szut [ glﬁ‘e e%éog‘l%Q?fﬁg%%%ﬁ%&%ﬁgﬁ%uﬁﬁgﬁ%Blfjral’_za(a{v?g% ght ratio of
about 0. OMNtquinilylaiedtiyDbiphesylitanir d sol ution of 2-pyridi nrcarboxal dehyde and

col it on TR EERRPoBSER on i n a wei ght ratio of about 0.64 to 1 to
form a f ofsktaingadirsttsotuipn b2 R udizmigosipheaylf andretansidh atveinht fatio of athawtir s ;
adm xi ng to said fourth solution once cooled in a weight ratio of
about 0.0 t“]!,; evaporating said fourth solution at reduced pressure to a
residue; ddmidinge-qieRbnabOxddehaf id 5 waldhD34i6 64848t AIE tdilssol vi ng sai d
resiglue | %ﬂ%ge dlid solution for about 30 minutes;
cooling to 0 °C to form crystals of a first l-aza-1-(2-(2-(1-aza-2-(3-
isoqm'nolyl}vinyl)phenyl)phenyl}-2-(3-isoquinojy1)ethene compound;
forming a second solution of said compound in ethanol in a weight ratio of about 0.025
to 1;
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 sofution with HC! to acididty;
extracting said second solution with CH,Cl3;
drying said second solution on NaSQOy; and
20 evaporating said second sotution vwnder 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 0.0157 io
1,
stirring said solution at room temperature for about 3 days;

25

drying said solution over MgSOy;

filtering and evaporating said solution to dryness under reduced pressure to form an oil;

30 crystallizing said oil from ethyl acetate.




extracting said residue with ether; and crystallizing the resi U‘E-'

fromet hyl acet at e/ hexane. PCT/ USOZ/ 40732 83. The nethod of cl ail RhEPes n
sai d conposition consists of 2,2'-diamno (his-

N, N - qui ni | yl met hyl ) bi phenyl; and said step of synthesizing conprises:
form ng a fWQ8¥058¥Puti on of 2 2' - di am nobi phenyl and et he@iBUSOR/40782 wei ght
rati o of about 0.025 to 1; adm Xi ng 131 qui nol i necar boxal dehyde in a wei ght
ratio of about 0.042 to 1; refluxing said solution for about 30 m nutes;
cooling to O Cto formcrystals of a first 1l-aza-1-(2-(2-(l-aza-2-(3-

I soqui nol yl') vi nyl ) phenyl ) phenyl ) - 2- (3-i soqui nol yl ) et hene ound; form ng
a second &olTh¢ hwﬁmbbfgé wam%dﬁﬁ“msﬁ'&ﬁd’mﬁ‘sﬁ*& megﬂkfw?&{f & of about

0.025 t g |: &h RAciNaR#4 in a weight ratio of
about O. 4@@%@& re@ ‘3 sec nd %ﬂ#utlon for about 30 m nutes;
stirring saaiscbpﬁsmﬂttmsmgwmpmeat room terrperat ure for about 30 minutes;

{red i ng Sahds S95810AL Bt 10 Wnldhuihl 02 bl ihenfichy Alabig oo ¢ second

sol uti on dryi ond solutio
evaporatlmgosﬁabdntsﬂeﬁﬁdudl sol ution under reduced pressure. 84. The nethod of

claim?2 ein

pyri dyl *‘3%?%3‘]5’8’%%)%5%3& enyﬁag b\%}‘éng}{]mﬁ?éﬁenoﬁ{@o%%o Said step of
synt hesi Zﬂeﬂ@uﬁ@iﬁﬂﬁmluuﬁmfmh@taomm; on of 2, 2'di am nobi phenyl and
acetonitril atio,.of 0.015 to 1; adm xing N

hydr oxy netd? P%@‘%@Pﬁé‘%%?%feﬁﬁ%ml n a weight ratio of about 0.0197 to
1; sti "l’|é\@pt&@ﬂl@sﬁ@fhﬁtlsﬂﬁtl@itolabmm’bhemfmmien‘.té,or about 3 days drying
sai dipsol ut| oves SO4; filtering a4 ng s _ on to
dryness u?ﬂfl‘ resa’&cgaﬂbr eSQL"\E‘P’é t'8 f r#% § dBOch?/lg1 g said oil
from et hyﬁyxﬁigﬁﬁaﬁiygamﬁﬁ)phum)pa&gﬁvﬁyn@-mahmeﬂa compound;

forming a second solution of said compound in ethanol in a weight ratio of about 0.05

to1;
admixing NaBH, in a weight ratio of about 0.007 t0 1;

stirring said second solution at room temperature for about 24 hours;

15 treatinfg said second solution to acidity with concentrated HC,
extracting said second solution with CH,Cly;
drying and evaporating said second selution 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)aminojmethyl}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 fo 1;
admixing 2-hydroxy-6-nitrobenzaldehyde in a weight ratio of 0.047 to 1;

23 refluxing said first solution for about 30 minutes; cololing said first solution to yield
crystals of 2-(2-aza-2-(2-(2-pyridylmethyl)amino)phenyl)phenyl)vinyl)-5-nitrophenol
compound,
forming a second solution of siad compound in ethanol in a weight ratio of about 0.009
to 1;
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;



30 WD 03/051348 177 PCT!I USQ2/ 40732 85. The nethod of claim 2 vw]l%rf 381661
conposi ti on consists of 4-nethyl-2-{[(2-{2- une

[ (2- pyri dyhnet hyl am no] phenyl } - phenyl ) am no] net hyl } phenol ; and said step
of synthesizing conprises: formng a fi rst sol ution of

N-(2- pyri dWOBYH¥A4¥ - 2, 2" - di ami nobi phenyl in ethanol in aPCHERTF about
0.03 to 1; adm xi ng 2-hydroxy- 5- nmet hyf®enzal dehyde in a weight ratio of
about 0.0485 to 1; refluxing said first solution for about 30 m nutes;

cool i ng %éhﬁ.agoéa{d%%coael ié}ﬂv&‘rpcoﬁ%ﬁ%tte@m,?fcﬁtcﬁﬂ'@; evaporating said first
solution to out one of 1ts volume; cooling said first solution to O

OC t 0 yi ektlackin® sqid segprd @wnmfh CHzClz;
pyridyl ne met hyl phenol conpound; forning a
e

second sol conpound I n ethandl in a weight ratio of about 0.05

to 1; admiystabligingsBldoil fromampibpght rati o of about 0.007 to 1; stirring said
seccsnd solution at roomtenperature for about 24 hours; treati nfg said

'second solution to acidity with concentrated HO ; extracti n& sai d second
sol uti on 8 t h TEEREHRY dfrcjamg whricin ssid oBpPHdEs eandists of drillosy?diPon to an

wher ei n SarieBefhBE B Bhor DR RRRR et e pfF uRAHetiba GF 21 M 2

[ (2-pyri chyhmmtgm_mpm@heny! }-phenyl) am nol net hyl } phenol and said step of
N (2 pyr (R RE DY non O Kl bbBio 2 bidhtBicitn in ctanel e o oy
about 0. O¥d&gliteatis ofabletit Ri0AF o2k hydr oxy- 6- ni t r obenzal dehyde in a weight ratio
Of Q0047 LSS S RN {3l Bicbteniqut 30 m nutes: colof ing
2-(2-aza- rzﬂﬁﬁngﬁu@&:@isdyhmfdnybdwﬁﬂnm‘)qtﬂagnyl )phenyl ) vinyl)-5-nitrophenol

ot o of b s gRwoREgn b oan frievmytr (AL ESR U PP QAR 11 2 Ui Bt
ratio of @k r&n y@lﬁmyphé%yl)p’ﬁényr)vmmmmm notnmuhd;tl on at rom

tenperat uf c?rmmgr a 2@0%% slaioh o said (%Lo?np%%m? i’ S0P in weight ratio of about

0.00875t0 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 CHzCly;
drying and evaporating said second solution to yield an oil,

0 rystallizing 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}methyi} 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 0.075t0 1;

admixing 5-chlorosalicylaldehyde in a weight ratio of about 0.0395 10 1;

refluxing said first solution for about 30 minutes;

25

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;




10 15 20 25 30 WD 03/051348 178 treating said second solution with
concentrated HCl toa cidity; extracting said second solution wl €& Juree2606

dryi ng and evaporating said second solution to an oil; «crystallizing sai d
oi | from methanol . PCT/US02/ 40732 87. The nethod of claim 2 wherein said
conposi ti orWesHIEBs of 4-cliloro-2-([(2- PCT/US02/40732

{2-](2-pyridyl met hyl ani no] phenyl } - phé@¥/l ) ami no] net hyl } phenol ; and the

nmet hod of synthesizing conprises: forming a first solution of N

(2-pyri dylymti NLB "o zﬂgtgfgg&@ybmﬂoqt hanol ina weight ratio of
about O. Oéf%ﬁ Hg 1; %ﬁ%am r%%m hl orosal i cal dehyde in a wei ght ratio of about
0. 0395 toshIﬂﬂgaa@fSBmdﬁ@U@%%!WWWP@@WER*’PB?POP 4hgysut 30 ni nutes; cooling

said firs 81%"? crystal s of

2-(2-aza- %ea?gé%gd&g?/&rdﬁ"ar“ﬁnet tﬁ! E mﬁlg%dq%%gg/%%% ényl ) vi nyl ) - 4-chl or ophenol
corrpound emmsmgswosé&dmn %i; of said conpound in ethanol in a
wei dght NaBH, r in a weight ratio of
about 0 0 B¢ %};38&&“ ﬁa%%ééogflg&g%%noiﬁgmo ut |on at roomtenperature for
about 24 d:rwalhzmgsaicbmtfmge@al@e’@mond solution with concentrated HCl to
acidity; extracting said second solution with CH2C12; drying and
evaporating said second solution to yield an oil; crystallizing said oil
f rom et hy$9. ac efhatrsethdiSof cHim Jrohdre daid compatitionZonsigs ef A-apdiodN-<bfidosi ti on

consists Qf.,4-chl 2-{[(2-
{2-1(2- py&f@?ﬂ’r‘é‘%’%&ﬁam no] phenyl } - phenyl ) ani no] net hyl } phenol ; and said step
of synt hggﬁﬂimgn&hﬁphdng]@pmpeﬁmlylﬁmgp]ahﬁ} ansino pwipyllarsino ethyl)-3-(4-

(2-pmridy|met am nobi phe eYo) ght ratio of
about 0. QB4 16’%‘1 e’ﬁﬂﬁ?@% d%r%@%?‘flg{/épgfﬂ'e"gjé%hgﬁ&napdm% ght ratio of
about 0. OBRparing 3, ﬁrss;eﬁdlnu@nng)fs alodatfej rs{phesphotdntethyll pDLaghonial8neyi nut es;
cool i ng sai I LSt so to r terrpera.t re to vi | s of
2-(2-aza- E‘?’ZL"PZ“ ﬁﬂrﬁlh&?r yq13 lﬁﬁeﬁf}# S5 %Pﬁ?"%“gﬁ% 't or ophenol
conpound; 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-

5 (phosphonomethy1) -DL-phenylalanine;

preparing a second solution of N-(2-pyridylmethyl)-2,2’-diaminobiphenyl in DMF ina
weight ratio of about 0.077to 1;

admixing into said second solution a purified volume of said first oil under nitrogen
atmosphere in a weight rafio 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
triffuoracetic acid in weight percentages of about 4%, 80% and 16% respectively,
stirring said fourth solution at room femperature for about 20 mimutes;
evaporating said fourth solution to obtain a frifluoracetate salt; and

treating said salt with ammonia.
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formng a second solution of said conpound in ethanol in a wei %gt rat?éJ
about 0.00875 to 1; 16 June 2006 5 10 15 20 25 WD 03/051348 1 (Hg
NaBH4 in a weight ratio of about 0.0047 to 1; stirring said second solution
at roomtenperature for about 24 hours; treating said second solution with
concentrat 80 HASIHY acidity; extracting said second sol REVGWZHSHh CH2C 2;

drying and evaporating said second sdution to yield an oil; crystaII|Z|ng
said oil fron1ethy| acetate. PCT/US02/ 40732 89. The method of clain12 wher e
sai d comgps p& ssfaﬂﬁ)ﬁ; fscCth s AgHREINE (Radobidrivel disdss A MOy

phosphononet R eny

pr opanol yl am no] ethyl}am no) pr I|n ethyl) 3-(4
- phosphanmbomdﬁabmldymmpa i dpanaggfe @ichongria “ﬁF‘p g’g?l‘?f

conpri se 45 lected fr
p-(phospﬁglﬁeﬁ({scﬁﬁﬁﬁhg%&p éen%t?/ ‘f’@értlélj tr?%ig% ?(l)sg%(%y gl%sggc gndoﬁla-%rglrl? but yl

di ear bonaioaswung@fwel ght percentage of about 52.6% 21% 8.6%and 17.7%

(OSERCH T el Sl SALnLY Sha RbHBHRR el WM S9REIAS Ulof or about 3

hour s; IR ora g and dryi sal I rst ution to tain a first oil of

t he Boc- mthﬂmoymipsnmmwﬁymmdewmmmpomp iliakedabys &3ond sol ut i on
f N (2- | t t f
gbout ( 0. %‘l rlra%dﬁg}éﬁih% e grqusarEgcﬁ secon IinﬂFcPWﬂS”br yidei @lforratio o

ng=in al oh a purified vol une of
said fi rSéthyleﬂe gmujae,rconi)mamgxsrmf linganrispichedernd cydic\pelygtines Hnked bgooabout 0. 09

to 1; pre arln athlrds n NG I in weight
per cent ag‘gtsm"S s 8piens ag 0{%t enc%r '%Di %’Ssal %iﬁg \é‘%g@oﬁgﬁ ang third
sol ut i onsdetivhtives bty 2 -diapeihaliiphienylweithinegr wbradchuixhajnmﬁhdt&dons first with

| NHGp and then with NaHCO3; drying, filtering and evaporating said m xed
solutions to obtain an oil of Boc-2-am no- 3-(-(4-phosphononethyl phenyl)-N

(2-{ 2- [ beggy ragicoapgitonydflqkiangd wheasnpaitoingesitiod ¢r takergframfaogiovp sol uti on
of a purlé&n(salgm}/goolf osecﬂmposmonsohavmgnﬂr?tthﬁmﬁne chl oride and

i ' [
15 N N
Ri/ \(\/);\)T/\(\ﬁ/n\)iz/\% \RS
Rs Ry

, compositions having the formula:

20
Rs -
Rs 7
R Ha
Ris Rs
\_N N/ P
25 A AR
Rz R4/ Rs Re
Rqd Rio
R4
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trifiuoracetic acid in weight percentages of about 4% 80% and ,16%
respectively; stirring said fourth solution at roomtenperat uré ‘(‘6’?9 200%:t
20 m nutes; evaporating said fourth solution to obtain a trifluoracetate
salt; and treating said salt with amonia. 30 5 10 15 20 Re RS 7 Rya" R\
R~Rs N 25 W@i#B 381348 180 PCT/ 0S02/ 40732 90. A conposi ReBHSiRd3se in the
treat ment of degenerative di seases dd& to acquired mtochondrial DNA
damage, redox danage to mtochondrial nacronol ecules and inherited

m tochondri al genetic defects, said conposition being selected froma group
consi sting of predomnantly |linear tetraam nes and pol yam nes |inked by

1, 3- pr opywhem@iriand/ or et hyl ene groups, predom nately branched tetraani nes

and pol yam L i Qigﬂﬂge(g?x SO0 RIKGE 1, @PGodllEyD WRino CYCl i C
pol yam ngﬁﬁgﬁ%%%%ﬁ/%ﬂe_ an __gr gertghﬁlé%g’g‘?gups, conbi nati ons of
| i near, b ghedhions) ucy ebidc agsoibicaasich danting.ntsiagapy defiydroepipndisicsont, 3. pr opyl ene
andd or ethyl e r.OUnS, - S | i nes. .angd..pol yam derivatives
of 2,2 -dff l?ﬂcﬁ.lgb?% enyIE’wH’?cﬁsﬁoqu"ngl?’ g%b@?lgi‘ﬁgﬁgamgh%ugs é?‘épgg%é?}’. 91. The
conposi t i Wig@ions) plyllo@inodee peatdtche tlemadipns i dhitamate,ssceikatey deelyhla gr oup
consi sting of those conpositions, havi the, formula;, 112 1 'N\ t m\ |
| | n \ RefariineRs cpgnzymey nfide s 142F18ide: hﬁ‘ggﬂliﬁmﬁ’r‘fe é%’l"ﬂ?}fisa: ]lﬁTﬁqﬁg%ﬁ 2 Rio Rl1

menaquinone, idebenone, dantrolens, ((CHy)o[XCHy) JNH; - wherein n = 3-6 and R;

and R, taken together are (CH;XCH;),- wherein n = 3-6,

R; and R; are taken from a group consisting of hydrogen, alkyl, aryl, cycloalkyl, amino

0 . N ) :
! 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, succin'ate, acetyl-L-
carnitine, co-enzyme Q, lazeroids, polyphenolic flavonoids, homocysteine ,
menaquinone, idshenone, dantrolene or heterocycle and R; and Ry taken together are —
(CHXCH,),- wherein n = 3-6,

R; and Rg are taken from a group consisting of hydrogen, atkyl, aryl, cycloalkyl, amino

15

acid, glutathione, wuric acid, _ascorbic acid, taurine, estrogen, dehydroepiandrosterone,
probucol,  vitamin E, hydroxytoluene, carvidilol, o-lipoic acid, o-tocopherol,
ubiquinone, phylloguinone, B-carotene, meanadione, glutamate, succinate, acetyl-L-
20 carnitine, co-enzyme Q, lazeroids, polyphenolic flavonoids, homocysteine,
menaquinone, idebenone, dantrolene —(CH;)[XCHz)oJNH, - wherein n = 3-6, and Rs
and R taken together are —(CH,XCH,),- wherein n = 3-6.
Ry, Rs, Re, Rig, Rui, Riz, Rys, and Ry, may be the same or different and are hydrogen,
alkyl, aryl, cycloalkyl, amino acid, glutathione, uric acid, ascorbic acid, faurine,
estrogen, dehydroepiandrosterone, probucol, vitamin E, hydroxytoluene, carvidilol, o-
25 lipvic acid, o-tocopherol, ubiquinone, phylloquinone, B-carotene, meanadione,
glutamate, succinate, acetyl-L-carnitine, | co-enzyme Q, lazeroids, polyphenolic
flavonoids, homocysteine, menaguinone, idebenone, dantrolens —~{CH)o[XCHy),JNH;
- wherein n = 3-6 and X = nitrogen, sulfur, phosporous or carbon, or heterocycle
wherein R;s and R taken together are {(CH2XCH),- wherein n = 3-6 and X = niirogen,

sulfur, phosporous or carbon,
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30 16 June 2006 5 10 15 20 25 WD 03/051348 181 PCT/ US02/ 40732 ei n;
and R2 are taken froma group consisting of hydrogen, alkyl, ar une 2006
cycloal kyl, amno acid, glutathione, uric acid, ascorbic acid, tauri ne,
estrogen, dehydroeplandrosterone probucol, vitam n E, hydroxytoluene,
carvidil ol Wa0¥esp¥Bc aci d, a tocopherol, ubi gui none, phWT/WW@he,
(3-carotene, neanadione, glutamate, d&ccinate, acetyl-L- canitine,
co-enzyme Q |azeroids, polyphenolic flavonoids, honpcysteine,

menagqui nqn,emFggﬂ @&ﬁﬂ@m%@a& IR a8 Ront aﬁ&@)bﬁhgéﬁé@oué%ﬁmamﬂé@tw n=3-6

and R and together are - (CH wherein n = 6, R3 and R4
are takerﬁdméﬂﬂ&af@imu@dconm sting of hydrogen al kyl, aryl, cycl oal kyl ,
amno acg Wb @5l ec? SR Hb6spBfudland AkikNe, est rogen,
dehydr oepl an og{[’ J]%’g‘fa’e"%’r o%%,coﬁi \%?I?am ntﬂll% pﬁydr oxyt ol uene, carvidilol,
a-lipoic acid, a-tocopherol, ubiquinone, phyIquU|none 0- car ot ene,
meahadi one, te, acetyl-L- carnitine, co-enzyne Q

| azer oi ds, ?)%P (ﬁlg?{%ﬁn%é??avg%'m ds, honocysteine , nenaqui none, idebenone,

dantrol ene or het erocycle and R3 and R4 {aken toget her are - (CH2XCH2) n-
wherein n = 3-6, its and R6 are Taken fyBm a group consi sting of hydrogen,
al kyl, aryl, cycloal kyl, am no i ut atgpi one, uric acid, ascorbic
acid, taurine, estrogen, dehydroe 'an'd ost erjone, probucol, vitamn E,

hydr oxyt ol uene, carvidilol, a-li |, @-tocopherol, ubiquinone,
phyl | oqui none, (3-car ot epes"ean gl u t esRssucci nate, acetyl -
carnitine, co-enzyne Q zeroi ds, phenol i § fl avonoi ds, honocyst ei ne,

mengiui none, idebenone, dantrol en ) a[ XCH )JNH2 - wherein n = 3-6, and
Rs and R6 taken together are -( whergin n = 3-6. R7, Rs, R4, RO,
R11, R12, R13, and R14, nmay be the sane or dyr’f exent and are hydrogen

al kyI aryI cycl oal kyI am no acid, glutat®n one, Ruric acid, ascorbic acid,
taurine, estrogen, dehydroep| androsterone probucol, vitam n E,
hydroxytolgene carvidilol, a- lipoic acid, a- tocopherol ubi qui none,

phyl | oqw (3-carotene, neanadione, gI ut amat e, succi nate,

acet yl - L-RaRpingy bethe smmz@ﬁme@ndagéyﬁo@&ﬂmmyﬂmnbﬂkﬂ hydrerybnoi ds,

ho ml);: yst e%hﬂﬁ, ADOIO bt Igpu%%bné, Sﬁo*%&%? Shosgi?o%fég Wi8 Scld,(a%ﬂ L&@HZ) n] NH2
taurine, estrogen, dehydroepiandrosterone, probucol, vitamin E, hydroxytoluene,

carvidilol, a-lipoic acid, a-tocopherol, ubiquinone, phylloguinone, B-carotene,

meanadione, succinate, acetyl-L-camnitine, co-enzyme Q, lazeroids, polyphenolic

flavonoids, (CHz)a[XCHz),]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.

Rs and Rs may be the same or different and are hydrogen, alkyi, aryl, cycloalkyl,

hydroxyl, thiol, amino acid, glutathione, phosphate, phosphontes, uric acid, ascorbic

20

acid, taurine, estrogen, dehydroepiandrosterone, probucol, vitarain E, hydroxytoluene,
carvidilol, a-lipoic acid, o-tocopherol, ubiguinone, phylloquinone, f-carotene,
meanadione, succinate, acetyl-L-carnitine, co-enzyme Q, lazeroids, polyphenolic
flavonoids, or heterocycle wherin R3 and R, taken together are ~(CH;XCHz),~ wherin n

25

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

R and Rg 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, a-tocopherol, ubiquinone, phylloquinone, f-carotene,




- wherein n = 3-6 and X = nitrogen, sulfur, phosporous or carbog, or
het erocycle wherein Rs and R6 taken together are -(CH2XCH2) a- ng 2006 -
3-6 and X = nitrogen, sulfur, phosporous or carbon. 30 16 June 2006 5 10
15 20 25 30 WO 03/0-51348 182 PCT/ US02/ 40732 1v!, n, and p nay be the sane
or differeWO8H¥1HEe bridgi ng groups of variable | ength P¢VB§HR/A7I2 car bons,
and Xis taken froma group consistind®f nitrogen, sulfur, phosporous and
carbon. , conpositions having the formula: R3 R4 /N R RO 2\ wherein

Rt - R4 mayp bgadidie, %Eﬁat&rac&ylfﬂ-ﬁdrﬁﬁhe,%ﬂ-@pﬁwh@ (YRR polydhkdiic aryl,

cycl oal kyl, hydroxyl, ‘thiol, amno aci gl ut at hi one, . phosphat e,
phosphonaf’taéei}mdﬁﬁ(@{bbpﬁmﬁé r bivRerEc T3-12 pad K= itrosge splien,
denydr 0e i8S bELARSE, offeRRIGAL whitkd R T aibi ogiatiad uene,  car vi di lol,

a-1ipoic aci a- t ocopher ol , ubi qui none, ¥hyl | oqui none, (3-carotene,
meanadi or(€H:XGHDirehesin ngciet34ndX T ajtogkh sullis ohespbores o8 cafbier oj ds,

pol yiphengi i; U Iy, GyEERYORREE, Wbl Gimo Wb difiaflion,3- 12 and X =
nitrogenfﬁgsllgjﬁéruég,%ﬁ’ p (%’s (%’rf}ggs_ or carbon, of heteroc%llcl e wherin R and R2
t aken t ogdbpheicaphesphop@p RO mseorlip peid.Aaueing, ePO88Ad X = ni trogen, sul fur,

phosphor o r _carbon. R5 . - i § f.e and are
hydr ogen,déi?‘%}?‘“ﬂ@%“&%&%%ﬁ?F‘Fmﬁéf]lg)t’/)g%%é&{ﬁﬁ’i cgf“ dﬁg%‘laﬁ%ﬁ) ghf:i d,

gl ut at hi aiel, dPhesRbRlLabiguiness pavilogsinone Beamtehe measatiomb) spccitd, d, tauri ne,
estrogen, dehydroepi andr ost erone, .&{Eo@uchol .vitam.n E, hydroxytol uene,
car vi di | qieetyllicpmgiing. co.gngymeQy lzerifs. Py eﬂﬂcqtkﬁvﬁ’boﬁ >~ phyl | oqui none,

P-car otgr‘@Hz)n 1 .I QWth| 'mggndxeaﬁ%‘dageh;sua’m?hdspv\tgoummhmng Q )
azdoi ds, pol yphenol i c avonoi ds, , or he e eri, nd R4 taken
t oget her %@tefmﬁwkia“ﬂﬁéﬁkﬁnwg“h“ﬂﬂbm%}i“ﬂﬂ‘?%}g ﬁ,ﬁs@al fur,
phosphor O}Q&E@&Ogéﬁ,rsmfﬁhpﬁzp@ﬁﬁmeﬁc;ﬂm be the sane or different and are

hydr ogen, al kyl", aryl, cycl oal kyl .
Y J X% Xlay be th)e/ same gr different %.nd are nitrogen, sulfur, phosphorous or carbon.

and compositions having the formula:

15 R
R7 R5
N/ (CHa)RRe
% Re \(CHz) nRaRy
Rg (CHz}R{R2
(CHZ)nR3R4
Rig Riz
Ry4
25 wherein

Ri-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, phosphonates, uric acid, ascorbic
acid, taurine, estrogen, dehydrocpiandrosterone, probucel, vitamin E, hydroxytoluene,

30 carvidilol, o-lipoic acid, o-tocopherol, ubiquinone, phyllogquinone, [-carotene,




hydroxyl, thiol, am no acid, glutathione, phosphate, phosphona urlg
acid, ascorbic acid, taurine, estrogen, dehydroepi androst erond QQﬁ
vitam n E, hydroxytoluene, carvidilol, a-lipoic acid, a-tocopherol

ubi qui none, phyl |l oqui none, n-carotene, 16 June 2006 5 10 15 20 25 30 WO
03/ 051348 MBBOFEIIES02/ 40732 neanadi one, succi nate, acetBECTUSIZAG783 t i ne,
co- enzyme Q lazeroids, polyphenolic18|avonoids, - (CH2)o[ XCH2)"]NH2 -
wherin n 3 12 and X = nitrogen, sulfur, phosporous or carbon, or

het er ocy 5 0 AL tazdrbld2 X mmwn;erl nn=
3-12 and Y t’ro en, ch Imgﬁggkh%§1§ﬁ§hgr anr bon. gﬂ?ﬂ F%’grogen

al kyl arfgmno@xg;scl—éaﬂﬁg[xcmw&xy|whmﬁ| Bl T &Rt dEiT “"@?ﬁ%af“ﬂ
phosphat g%%?ho?nea{rﬁon LB’I i;ﬁle ARES mica&pl , takad lthddeher @84 r-0gen,
dehydroe rosterone pro uco vitamn E, hy roxytol uene, carvidilol,
a-1ipoic (CH@XGH;),& oo pEr6 hod X iniigen elfurpphesphoss AHFEYO] | - car ot ene,

di | d
ol yphendi ke R F e BERG K JERAfhld BR NSRER N, S5l \JAGIRITE. |
ni t r ogen, hyamkalu rthioh harsipor apics pyridiney Ipprazole,od,Skiimethypyrarade, V\#Ré‘ilqzﬁleRS and R6
taken togel oﬁpe gg?%ﬁgégffc”?%mrs- T %rio'i'wﬂere}g—%]%o?] omd, Ml h&Rgen, sul fur,

phOSphOl’(ﬂ!llg' sane or ferent and are mtrogen
sul fur, pﬁﬂgﬁ,phﬁﬁmmﬁ anino A hipdraxy; aglultaﬁnmp,oshqsphﬁﬁs prosphegtes,hwiq @eiful a: RIB

g’;g[ g;rk;%?m d?%gcy au%meg 8 ggeng;geg%dfréegfag%s@me ag;%ba%@r ogg.@nmahkyl aryl,

pyr az

3, 5- di et fytaytoRéad, Qarvidifbl aipoft, acidy) |onmbophez;ol upiqamhg, phylboq@mmﬂ- and

5- X-phenol” where X = chI oro, ,brono, tro, Q% et h)é% oxy, am no,
hydroxy; Faieng; beHe diopg, o SPfcHIRLE,  PSHL SO ?r IS ascor bl c acid,

taurine, W&Qﬁ@ , fiAlBREY, aaPhaiesort ahaie Rs pernﬂbm: Ghken Viofyaiidr naré, —
hydr oxyt ol uene carV|d|IoI a-lipoic ac her o ubqu|none

phyl | oqui §ERECHRcHesingTe3-6 ppd FrLtregsaay riﬁh"Sphorg‘B‘ OF catbon.

Rs-Ry, 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;
13 glutathione, phosphate, phosphonate, uric acid, ascorbic acid, taunne, 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,)n[XCH;)oJNH; - wherin n = 3-6 and X = nitrogen, sulfur, phosporous or carbon,
or heterocycle wherin Rs and Rs taken together are —(CHXCH,)y- wherin n = 3-6 and

X = nitrogen, sulfur, phosphorous or catbon.

20

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)ethyl]amino } propyhamine.

04, The composition of claim 91 which consists of (2-piperidylethyl)-{3-(2-

30 piperidyiethyl)amino}propyl }amine.



15 20 25 30 WO 03/051348 184 PCTI US02/ 40732 neanadi one, succi ngte
acetyl-L-carnitine, co-enzyne Q |azeroids, polyphenolic flav ﬁdf‘ﬂle 2006
-(CH2)a[ XCH2) g] NH2 - wherin n = 3-6 and X = nitrogen, sulfur, phosporous
or carbon, or heterocycle wherin RI and R2 taken together are - (CH2XCH2),r
wherin ri WV@IBSEHY X = nitrogen, sulfur, phosphorous orPCHYWYHTIRS and Rs
may be the same or different and arel¥ydrogen, alkyl, aryl, cycloal kyl,
hydroxyl, thiol, am no acid, pyridine, pyrazole, 3,5-dinethylpyrazole,

L dazol s ik OlbAiond BEWRm It Xrie 0kisBNie R2 HipRRERPIVNIBACX = chl or o,
brono, nitro, net , ethyl, nmethoxy, am no, hydroxy; gl utathione,
phosphat epipsrimbyidtiobemsolpepd}asdtad, ascorbic acid, taurine, estrogen,
dehydr oepi andr ost erone, probucol, vitam n E, hydroxytoluene, carvidilol,
a-lipoic acid, a-tocopherol, ubiquinone, phylloquinone, 0- carotene,
nmeanadi o, sTbeicempesiticuc f yélaim G4r mhichneqnsigls- eh AP-teicygloBaAd90813ds

P Croxcrgyine SRRl biey SO G Y fro i ohitBipRiant 0 02%0 7"

carbon. R5-R12 may be the same or different and are hydrogen, alkyl, aryl,

cycl oal ky, hydr oxyl .thiaol, am ng aci ridi ne, g M dazol e,
qui nol i neg,r"'phe o ,"Xlﬂp%ﬁﬁ)ﬁe SI c%r% - %‘g%eg%ﬁsésghg?e"&%iﬁ%ﬁkﬁpﬁzmbrom),

ni tro, nepshidyimedtiyiiyrhinoipedpgybX3-pysdylmethyljapdacoxy; gl ut at hi one, phosphate,
phosphonate, uric acid, ascorbic acid, taurine, estrogen,

dehydr oepi andr ost erone, probucol, vitam n E, hydroxytol uene, carvidilol,
a-1li pgi C 9RCTEL complosition bR¢inkn ?ubmﬂ:hicnmm oﬁoh'*%BJla>a|¢:ti~ama=alaéf,8,|[1il-w‘.ﬁztaf'-"eéI ene,
neapmdi one, S i nate, cetyl-L-carnitine, co-enzynme Q | azeroids,

pol ypheno?‘P%“‘g'ﬁ%VB%%@faﬁgcaP 2), [ XCH2)"]NH2 - wherin n = 3-6 and X =
nitrogen, sulfur, phosporous or carbon, or heterocycle wherin R5 and R6
t aken together. are - ( CH2XCH2) n erin.n = 3-6 and = ni.tro . sul fur,
phosphor otfs of P& SPBBYIHOR %{cgﬁn:l% sk Gonsigts, f[}ed’ss’i(lr'?%aﬁ? _foﬁg? J. The
conposi t i RRakycHR3. MuBd-3Wiiyehiatsehsd s of 1, 3-bis-[(2'-am noet hyl)-

am no] propane. 93. The conposition of claim91 which consists of

[ 2- (met hyl et hyl am no) et hyl ] (3-{[2- (nethylam no)ethyl]am no}propyl)am ne.
94. The coypasé bdrbsiibn 6f Abim Slwhidh 6hsEVE NS 20dimethylphosphinoethyl)-

(2-psperidylethyl)-{3-[(2- piperidylethyl)am no]propyl}amne. 16 June 2006
propylenediamine.

101. The composition of claim 91 which comsists of 3-(3+2-

aminoethoxy)propoxy)propylamine.
20 102. The composition of claim 91 which consists of vanadyl 2,3,2-tctramine.

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-piperidylethyD-{3-[(2-
05 piperidylethyl)amino]propyl}amine)(Cl), .

105. The composition of claim 91 which consists of chromism (2-piperidylethyl)-{3-
{(2-piperidylethyl)aminojpropyl}amine (CI);]C1.

106. The composition of claim 91 which consists of vanadyl (1.4,8,11-tetraaza-

1,4.8,11-tetrabicyclof3.3. 1]non-3-ylcyclotetra decane) (Cl),.
30




5 10 15 20 25 WD 03/051348 185 PCT/ US02/ 40732 95 The conpositi 01% j)f clgi m
91 which consists of (2-piperazinylethyl)-{3-[(2- une 2006

pi perazi nyl et hyt)am no] propyl }am ne. 96. The conposition of claim91 which
consists of [2-(bicyclo[3.3.1]non-3-

yl am no) et W@ PFB132- ( bi cycl o[ 3. 3. 1] non- 3 yl ami no) et hyl | aPETBJRHGEPY | ) ami ne.
97. The conposition of claim91 whi cH3¢onsists of nethyl (3-[nethyl (2- -
pyri dyl nmet hyl ) am no] propyl } (2- pyri dyl met hyl ) am ne. 98. The conposition of
claim9l i C loSiti ity 9% Ts hf’orﬁuﬂalt,l,eﬂfif&(t%aza-

pi peri_dyll\g?hy ecyc g?%l?? ggg%gﬁg& %%mﬁ %%%%ﬁfp%;si tion of claim91 which
consi st s 1o4,81]-n@bicgcle[d Bl inera-vicyrigetatecapaChalbf cycl o[ 3. 3. 1] non

3-ylcycl ot etradecane. 100. The conposition of claim91 which consists of

N, N - (2'-di net hyl phosphi noet hyl ) - propyl enedi anm ne. 101. The conposition of
cl ai m 91 108 Ghe conposition of @391 2whiglcenwish k- EHeEbYIRERyPAm ne. 102,
The £onpositi o0, faflanﬂeai m 91 whi ch consists of vanadyl 2,3, 2-tetram ne.

103. The cor’r'BOsnY ion of claim9l which consists of chrom um

2,3,2-tetram ne. 104. The conposition of claim91 which consists of vanadyl

(2-pi perigyl ethyl)-{3- -0l perhdyl 1 BpyhlamneldMd ) 2 . 105.
The conpo tﬁglﬁ cg%péﬁ%&%ﬁﬂ%@lfgnvﬁ?é‘hﬁ%ocﬁé?%% é@?ﬂ@hﬁiﬁﬁm}( at “

(2- pi per i ghektiohyhdthyifhenfljRemminpighaimyd] et hydthsdaimind) propyiamizotetid-3-@-) 2] G . 106.
The corrposﬂg%i on of C%,Fi n§91 whi gh consi sts of vanadyl (1,4,8, 11-tetraaza-
1, 4, 8, 11-ROFRRRRY Gt phepybPRpPRmide.s o eyl otetra decane) (O)2. 30 16 June
2006 5 10 WD 03/051348 186 PCT/ 0502/ 40732 107. The conposition of claim91
whi cto conpjost sp0f (a5t St “akn® ot hiEh" 83685 of 2,2'-diamino(bisN;N'-

pyridylmethy!)-6,6"-dimethylbiphenyl.

111. The cbmposition of claim 91 which consists of 2,2°-diamino (bis-N,N'-
guinilylmethyl)biphenyl.
15 112. The composiion of claim 91 which consists of [(3,5-
dimethylpyrazolylmethyl][2+(2-{[(3,5-dimethylpyrazolyl)
methyl]amino}phenyl)phenyljamine.

113. The composition of claim 91 which consists of 4-methyl-2-{[(2-{2-{(2-

20 pyridylmethylamino}phenyl }-phenyl)aminojmethyl} phenol.

114. The composition of claim 91 which consists of 3-nitro-2-{{(2-{2-{(2-
pyridylmethylaminolphenyl}-phenyl)amino] methyljphenol.

115. The composition of claim 91 which consists of 4-chloro-2-{[(2-{2-[(2~

% pyridyimethylaminojpheny!}-phenyl)amino] methylt}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 NN -quinilylmethylbiphenyD)(CD).




1,4,8,11-tetrabicycl 0[3.3.1 ] non-3-yl cycl otetradecane(C )2]C . 198. The
conposi tion of claim91 which consists of p-(Phosphononet hyl ) - (18 June 2006
phenyl al ani ne. 109. The conposition of claim91 which consists of

2-am no- N- (2-{[ 3- (2-am no- 3- (4- phosphononet hyl phenyl ) pr opanol yl am no]

et hyl } am ndy@r8PHIeam no} et hyl - 3- (4- phosphono net hyl phehg1/V§iedyyam de. 110.
The conposition of claim91 which cod8lsts of 2,2 -dianino(bis-N N -

pyri dyhnet hyl ) -6, 6' -di net hyl bi phenyl. 111. The conposition of claim91

whi ch consists of 2,2'-diamno (bis-N N - quinilylnethyl)biphenyl. 15 20 25

112. The ¢ ition of clajm i,ch consists of [(3,5:

di met hyl py]ﬁgg (16 |comRosRAm of © F('%-% {W\QA{?‘('B*?"ES'W Hﬁt’?@[“pﬁh‘%{ﬁﬂr@@){?net hyl | ani no}
phenyl )phe[tﬂl[\ﬂzrﬂﬂj'lﬁﬁﬂl Thinno phasyl F-BRRA Bhthindndiyl Phaiol(@,j@hi ch consi sts of

4- met hyl - 2-{ 2-{2-[{2-
pyrigghnethylanlino]phenyl}-phenyl)anino]nethyl}phenol. 114. The .

conposi ti angofThé bahpBsRibn Whé1sih DIORAGESbchsioh oﬁvﬁh&{uﬁ-@;{-&lﬁ&i&gﬁi—ﬁ%-
pyrldylnethylanlno]g&enybﬁ-phenyl)anlno met hyl } phenol . 115. The
conposi t i gHTgYimetyDpberyiisbch consists of 4-chloro-2-{[(2-{2-[(2-

pyri dyl met hyl am nol phenyl ) - phenyl ) am no] net hyl ) phenol . 116. The
conposition of claim91 which consists of 2,amno-3-(-(4-
phosphonongfh¥he kempesition qf xlgim0 Y which\donsisth of gadolipivm beHydigminelpismi de. 117.
The conposy b 9t P I consi sts of nmanganese (2,2'-diamno (bis-
30 NN qﬂﬁ?&%ﬂ“ﬁ%ﬁ?@%&%ﬁ%@d )2. 16 June 2006 5 10 15 20 25 WO

03/ 051348 PCT/ US02/ 40732 187 118. The conposition of claim91 which

consilét s i " 3 {0t Gl diZaons i (2-(£12-(2-§12-
[(2-pyri d%&#et §?Jén%°ﬁﬁ§i% %%%?l}gglp?ﬁ’é‘inhfﬁ"?sésrﬁ%fo o SR ay 211, 110.
The conpodiveiosyphenyl}mgihpatineyphertyl) pberyilsmgnajinethyhadenoCl]CI .

(2,2 -diam no(bis-N, N - pyridyl net hyl) bi phenyl ) C12 .

122. The composition of claim 91 which consists of (2-aminoethyl){3-[(2-
aminoethylymethylamino]propyl }methylamine.

15 123, The composition of claim 91 which consists of (2-aminosthyl){3-I(2-
aminoethyl)amino}-1-methyibutyl}amine.
124. The composition of claim 91 which consisis of (2-pyridylmethyl){3-[(2-pyridyl
methyl)aminolpropyl} amine.

20
125. The composition of claim 91 which consists of [2-(dimethylamino)ethyl}(3-{[2~
(dimethylamino)ethyljmethylamino } propylmethylamine.
126. The composition of claim 91 which consists of 2-{3-(2-
aminoethylthio)propylthioJethylamine.

25

127. The composition of claim 91 which consists of 1,4,8,11-tetraaza-1,4,8,11-tetra(2-
piperidylethyDcyclotetradecane.

128. The composition of claim 91 which consists of 1.4,8,11-tetraaza-1,4.8 11-

tetracthylcyclotetradecane.
30




120. The conposition of claim91 which consists of gadolinium

(2,2 -diam no(bis- N, N -pyridyhnet hyl)bi phenyl )C12] C1. 121. Thel&kdapR2006on
of claim 91 which consists of chrom um (2-({[2-(2-{[2- hydroxyphenyl)

met hyl ] am no} phenyl ) phenyl] am no }nmethyl) phenol)d)2]C . 122. The
conposi ti orwoR3eNABmM 91 whi ch consi sts of (2-am noet hyl ) PGFp§2M40732

am noet hyl ) net hyl am no] propyl } et hyli8#ni ne. 123. The conposition of claim
91 which consists of (2-am noethyl) (3-](2-

ami noet hyljpam rgk- donfdkiivh it 3thike O NGhich Zobnsidtd ©FCIR@isdo O bRk Ngl @i m 91
whi ch consi sts of (2-pyridylnmethyl){3-[(2-pyridyl =~ nmethyl)am no] propyl}
am ne. 125?Y"¢ﬂé‘e€b(hﬁ'@g?ftﬂ'on of clans 91 which consists of

[ 2- (di met hyl am no) et hyl ] (3-{[ 2-

(di met hyl am no) et hyl ] met hyl am no} propyl ) met hyl am ne. 126. The conposition
of ¢ lé aim dﬁom%@ﬁ compositien opf 25{&311( 23/1 which consists of 2-{[(2-{2-[(2-

am ndet hyl4.hi PYlihdy ] conposition of claim9l

whi ch consljiyygtig}ﬂggﬁl, 4@)}‘%‘ ?@%@gﬁ&fﬁ%&@%@g 11’?(21 ra(2-

pi peri dyl et hyl )cycl ot etradecane. 128. The conposition of claim91 which

consi sts 1, 4, 1- 4. 8:.11-qf € th | of et ne. 30 16
June 2006q§110 1?h 0‘%§&é%ﬁéé>%5/6§T%489g8§ﬁ@%ﬁ/ég§§§40§§25%%g%%The

conposi t i diizhyfirasyphienymetii]ative phesybphenyiantin) methdpheml.(bi s- N, N -

pyri dyl met hyl ) bi phenyl. 130. The conposition of claim91 which consists of
2-{[(2-{2-[(2- pyridylnmethylanino]phenyl} phenyl)am no]nethyl }phenol. 131.
The conpodiBii ¢h cofipesitiionfod tsewtsi RMI comsbismedioh whicH [s2aked-from a group

([ 2hir ox ) ' P I ino} et hyl)phenol . 132, A.
Compost 1 AanEale Tl bl RS Y 2 RO AR Pt ng S RBIY o1 o
consi st i nghaifis gibkcheain ne derivatives of 2, 2'-di am nobi phenyl with linear or
branched chains attached.

133. The composition of claim 132 which consists of manganese (2,2°-diamino (bis-
 N,N’-quinilylmethyl)biphenyl}(CI);
15 134. The composition of claim 132 which consists of [iron (4-chloro-2-{[(2-{2-[(2-
. pyridylmethylamino]pheny!} -phenyl)amino}methyl } phenol)(CI);1CL

135. The composition of claim 132 which counsists of [gadolinium (2,2’-diamino(bis-
2 N,N’-pyridylmethyl)biphenyl)Cl,]JCL
136. The method of claim 2 wherein said composition consists of [(3,5-
dimethylpyrazolyDmethyl][2-(2-{{(3,5-
dimethylpyrazolylmethyljamino} phenyl)phenyl] amine; and said step of synthesizing
comprises:
forming a solution of 2,2°diaminobiphenyl and acetonitrile in a weight ratio of about
001510 1;
admixing N-hydroxymethyl(3,5-dimethyl)pyrazole in a weight ratio of about 0.0197 o
1;

stirring said solution at room temperature for about 3 days;

25

drying said solution over MgSOy;

filtering and evaporating said solution to dryness umder reduced pressure to form an oil;

30 crystallizing said oil from ethyl acetate.




133. The conposition of claim 132 which consists of nmanganese gl%@-dh&q%no
(his- N, N -quinilylnmethyl)biphenyl)(d )2 134. The conposition ng 2
whi ch consists of [iron (4-chloro-2-([(2-{2-[(2-

pyri dyl met hyl am nol phenyl ) - phenyl ) am no] net hyl } phenol ) (C)2]d . 135. The
conposi ti orW@PiEEB M 132 whi ch consists of [gadolinium (RCRUSKdken? no( bi s-

N, N - pyri dyl nmet hyl ) bi phenyl ) C12] CL 138 The nethod of claim 2 wherein said
conposition consists of [(3,5- dinmethylpyrazolyl)nethyl][2-(2-{ [(3,5

di met hyl pyrazol yl ) met hyl ] am no} phenyl ) phenyl ] ami ne; and said step of

synt hesi zi; - 40 | uti on. of di am nobi henyl and
acetonitrils in gpn V\gw of c‘?“&l ?gﬂ%?méﬁgﬁ?mpﬁ't@fﬁo?wtsl&%?ﬂ'ﬂq
N-hydroxy@f%yh@ﬁ-ﬁ?@@nmhyﬁﬁemylp&z@lp in a weight ratio of about 0.0197 to

1; st I t f bout 3 d d
i & sol uP AR R Rl o) Sy A A | ng 22. dsolution 19

dryness uphiesphemetisteibhprydpfpiRnide, k! I ERpIfkyn thdé Shnbiiss:ng said oil from
et hyl acetate. 16 Jfltll_ne 2006 5 10,15 20 25 WO 03/ 05 89 PCT/ US02/ 40732

137. The REPHE® S OfaispiegoRdy élﬁ’fa%eal 30&9 59@?@&)%@1 lglagipe,
2-am no- Nﬁ’(eﬂ?ﬂdnﬁne aRd [RteABulP dRafind #M‘.&é&@ ¥ labout 52.6%,

pr opanol y no) propyl | am no} et yl') - 3-("4-
phosphonohﬁﬂ@?% Iﬁiﬁ%‘%rﬁﬁ?ﬁﬁ%(ﬁ@de and said step of synthesizing conprises:

prepar i ngstirihg seid fﬁﬁiﬂﬂﬂoﬁ@tﬁﬁm%@%ﬁe for about 3 hours;

p- (phosphonorreth W)élpDL phenyl al.anine, triethylanine and di-tert-butyl

di carbonaFE@PPRt & nfies cspluion afeo wbtaBy a6 Pirst @il 9f 8 Bieand 17. 71/ 9
resé@ctlv@wgphaﬁdﬂgmﬁg mbﬁbnwafaﬁjnesol ution at roomtenperature for about 3
hour s; F"%)oratlng and ry| gsaldflrst solution to obtain a first oil of
Boo- p- gysplutionpt 2,3, 2+ietramingnindAVF pr @ peighhtia of eman8.0Sol uti on of
2,3, 2-tetfoalm ne in DMF in a weight ratio of about 0.05

admixing into said second solution & purified volume of said first oil in & weight ratio
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 i;
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 NaHCO; ;
drying, filtering and evaporating said third solution to obtain a second oil of Boc-2-
amino-N-(2-{[3-(2-[2-amino-3-(4-
phosphonomethylpheny])propanoly]amino]ethyl}amino)propyl] amino }jethyl)-3-(4-
phosphonomethylphenyl)propanamide;

preparing a fourth solution of a purified volume of said second oil, methylene chloride,

15

20

and trifluoracetic acid in weight percentages of about 4%, 16% and 80% respectively;
stirring said fourth solution at room temperature for about 30 minutes;

evaporating said fourth solution to obtain a trifluoracetic acid salt;

treating said salt with ammonia. |

25

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




to 1, adm xing into said second solution a purified volunme of saj fira&
oil ina weight ratio of about 0.2 to | under an at mosphere ofl%W¥iHe,4ae8
preparing a third solution of DPPA in DMF in a volune ratio of about 0.1 to
1; admxing into said third solution powered NaHCO3 in a weight ratio of
about 0. 03 WQO0X051348tirring said third solution for aboutPQHU$IGME7S; dil uting
said third solution with ethyl acetatl® washing said third solution first
with 1INHC1 and second with saturated NaHCO3; drying, filtering and

evapor at |( §9.s lhe niettiod df Slainui5s1 wherdio saiddidéade eorsier of tht@iohe-fikiudda gell -

anvno- N- (2-{] 3-(,2-.[.2- am no- 3- (4 .. L

phosphono rﬂS’H’rﬁ“ﬁ sl GomReSHiSa ﬁ%‘fﬂwafmﬂhwgmﬁf}*ﬁm%%%amm 2,3,2-

ani no} et hypyidide, Chronfiia 2BIpeiRichY b phamwing LOPREET 8d cyplagpar i ng a fourth
~solution of aadlﬁ)urified vol une of said second oil, nethylene chloride, and
triflsuoraé"@?ql BEid in weight percentages of about 4% 16% and 80%
respéctively; stirring said fourth solution at roomtenperature for about
30 minutes; evaporating.sajd _fourth solution to obtain g trif]uoracetic
acid salt 49y ilﬁ%}ﬁ plyclaim 52 \wheppin, s isgase copsisty b MEH tiescest ol aj m 52
wher ei N sgesth AR HRE oRAPSIIEISisOhkPPHGH U brdup Ainatingebt 2,398RidNdi@Nd sai d
conposition _is taken froma group consisting of spérmne, 2, 3,2- tetram ne
and cycl afclap angeyslradageriane. 10 15 20 25 30 WO 03/ 051348 PCT/ US02/ 40732
190 139. The nethod of claim52 wherein said di sease consists of

rotenone-i nduced cell death, and said conposition is taken froma group
consi&gt i nd4bf The methogjof glainy P avherzingsapl disppse eonpists of pirepiazoiovin-iglugedoyr i di ne,
2,2, 2°t et I3, akd Sid cothidsiRion RtakhH A g%ﬂﬁs?sgﬁ £4Rmikiae J@hhod of
claim52 \/‘\Jher_e_i n saicli c_ii_segsg consi sts o%ﬁﬁ PHin u%gdé}%e]?]l ’c?éggith, and said
conposi t i dveriding.Ackivyiding 3.3¢-60H: avkayrlemi ng of 2, 3, 2-pi peridine, cyclam
and cycl am adamant ane. 141. The nethod of claimb52 wherein said disease

consi sts of streptozotocin-induced
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, Camitine Deficiency, Cardiomyopathy, COX (Cytochrome C Oxidase
Deficiency), Diabetes, Glancoma, Glutaric Aciduria, Huntington’s Disease, Kearns-
Sayre/CPEO, Leigh's Discase, Leber's Optic Neuropathy /LHON, MELAS,
Mitochendrial Cardiomyopathies, Mitochondrial Cyiopathies, Mitochondrial
Encephalomyopathies, Mitochondrial Myopathies, Optic Neuropathy, Parkinson's
Disease, Peripheral Neuropathy, Presbycussis, Respiratory Chain disorders: Complexes 1,
I, I, TV and/or V, Seizwres and Stroke; and
said composition is taken from a group comsisting of spernrine, spermidine, 2,3,2-
piperidine, 2,3,2-pyridine, 2,2 2-teframine, 2,3,2-tetramine, 2,3,2-diCH;, cyclam
adamantane, vanadivm 2,3,2-piperidfine, 2,32 sulfur, vanadium cyclam adamantane

20

25

and cyclam piperidine.

144. A method of treating osteoporosis, rheumatoid arthritis, inflammatory bowel

” disease and multiple sclerosis in 2 mammal, said method comprising:




cell death, and said conposition is taken froma group consisting, of
spernidine, 2,3,2- piperidine, 2,3,2-pyridine, 2,3,2-di CH3 and 164ng2086
The met hod of claim 52 wherein said disease consists of alloxan-induced
cell death, and said conposition is taken froma group consisting of

2,3, 2- adanoM@ 8H&13482 3 2-pyri di ne, chrom um 2, 3, 2- pyri di pel/u239732 di CH3 and
cycl am adamanti ne. 143. The net hod of%tl aim 2 wherein said i dseases
conprise Al pers Syndrone, Alzheiner's Disease, Atherosclerosis, Barth's

Di sease, BdmimsieringDinseffstive Baseao{@x calatosition tdRes dirotie b provpasihpdlyaatnddef i ci ency,

Grutar o ARG RGN AR S LOAR Bl Rl ambla s g s

Di sease, Leber's Optic Neuropathy /LHON, MELAS, M tochondri a)

Car di onmyo hi.es ondr,La t opat hi es, .M tochondr| al

Enceghal oﬁ%%‘pgﬁ%lfl%tg@& %Icc?%'gﬂgg 3’5’?:%‘ sﬂ@@b‘?ﬂ’ frphslsts ?ﬁS‘E"iﬁ@T et he-2-

Par ki’ nson'tetranibics ga@hospRarcimeitgl RDLNbetybpatity ,Z-Aﬁ!iiﬁs-bwzu%ﬂ:;iamﬁggqm atory

Chai n di sogdeés: C@}rg’rfpp:hexjﬁ)s |, lll .1]11, I @nd[ oiﬂrv, ei zures and Stroke;
and said OMpogIt SDPrOPAnQylgingl o oﬁgy pRue TRy Hagmostst-di (e

spent i di n@hosphdhoZmethivipheryliprapamide Jind - Danhin63AK4-pBospherdnRiHyRIKLRS-N-

2,3, 2-tet r$‘r{n n‘S 21 32%&0—3 e%@I am _gdamant ane, vanadi um

2,3, 2-pi pé PRy laming) phenyEphenyBiBamitn cycl am adamant ane and cycl am

pi peridine. 144. A nmethod of treating osteoporosis, rheumatoid arthritis,

i nflammatory bowel disease and nultiple sclerosis in a mammal, said net hod
corrpi](}si ng: 16 June 2006 5 10 15 20 25 WD 03/051348 PCT/ US02/ 40732 191
adm ni stering an effective dose of a conposition taken froma group of

pol yam ne derived tyrosine phosphatase inhibitors or PPAR partial agonists
[/ partial antagonists.. 145. The nethod of claim 145 wherein said group
consists essentially of vanadyl 2,3,2- tetram ne, .

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] ethyl)

am no) propyl ] am no} et hyl - 3- (4- phosphono net hyl phenyl ) propam de and

2, am no- 3- ((4- phosphononet hyl phenyl )-N- (2-{-2-[benzyl am no]

phenYSI } phenyl ) propam de. 30 '

20

25

30




	desc pg1-100.pdf
	desc pg101-191.pdf

