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(57) ABSTRACT 
Polyamines having the formula: 

or a salt thereof With a pharmaceutically acceptable acid 
Wherein: Rl-R5 may be the same or different and are alkyl, 
aryl, aryl alkyl, cycloalkyl or hydrogen; at least one of R1 
and R2 and at least one of R4 and R5 are not hydrogen, and 
any of the alkyl chains may optionally be interrupted by at 
least one etheric oxygen atom, excluding N1,N3-diethylsper 
midine and N1,N3-dipropylspermidine; and 

A and B are bridging groups Which effectively maintain 
the distance betWeen the nitrogen atoms such that the 
polyamine: is capable of uptake by a target cell 
upon administration of the polyamine to a human or 
non-human animal; and (ii) upon uptake by the target 
cell, competitively binds via an electrostatic interac 
tion betWeen the positively charged nitrogen atoms 
to substantially the same biological counter-anions 
as the intracellular natural polyamines in the target 
cell. 
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Reagents: (a) NaH/DMF; (b) NaH/DMF/i ,S-dibromopentane; (c) TFAICHZCIZ; (d) 30% 
HBrlHOAc/PhOH, HCI. Scheme 2. Synthesis of DE(4,5) (22). 

FIG. 2 
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1,3-dibromopropane (rn = 1) or 1,4-dibromobutane (m = 2); (c) Ph3CC|/CH2Cl2; 
(d) NaH/DMF/66 or 67; (e) 30% HBr in HOAc/PhOH/CH2Cl2. HCI. 

FIG. 3 
Scheme 3. Synthesis of monopropyl SPD and HSPD analogues. 
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28 R = H‘HCI, DPNSPM 

Reagents: (a) NaH/DMF/n-Prl; (b) 30% HBr in HOAc/PhOH/CH2Cl2, then HCI 

Scheme 4. Synthesis of DPNSPM (28). 
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Scheme 5. Synthesis of DE(5.4,5) (29). 

FIG. 5 
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DP-[3,4] 

N-Monodealkylalion 
N-Monodealkylation (Depropylation at N1) 
(Depropylation at Na) 

N NH 
H2N/\/\/H\/\/H\/\ \AH/W W 2 

N1_MP_[3,4] N8-MP-[4,3] 

Elaboration’ oflgiamine aminopropy lion . . 

to form tetraamine :gpylauon 
(Spermine Synthase) ) 

H2NMH/\/\/H\/’\/H\/\ \/\N/\/\/NH2 H 

N1-MP-[3,4,3] MP'M 

Three Types of Metabolic Transformation of Bisalkyltriamines in L1210 Cells. (21) N 

Dealkylation is a prequisile for further metabolism. In L1210 cells: N-depropylation > N 

deethylaiion. No N-demethylation was observed. (b) Deaminopropylation by ‘SSATIPAO can 

occur if N-dealkylalion exposes a primary aminopropyl terminus. Deaminopropylation is most 

pronounced in analogues with a norspermine, [3,3,3], or norspermidine, [3,3], backbone. (c) 

Elaboration of a triamine to the corresponding tetraamine can occur when N-dealkyla?on exposes a 

7 primary aminobutyl terminus which can be aminopropylated by spermine synthase. Only 

analogues or metabolites with a spermidine, [3,4], backbone appear to serve as substrates (i.e.,N‘ 

alky1-[3,4]; not N‘-alkyl-[4,3], N-alkyl-[3.3], N-alkyl-[4,4], or N'°-alkyl-[5,4]). 

FIG. 7 
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BIOLOGICALLY ACTIVE SPERMIDINE 
ANALOGUES, PHARMACEUTICAL 
COMPOSITIONS AND METHODS OF 

TREATMENT 

[0001] The research Which led to the completion and 
reduction to practice of the present invention Was supported 
in part by Grant No. R01-DK49108 aWarded by the National 
Institutes of Health (NIH). The US. Government has certain 
rights in and to the invention described and claimed herein. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to novel polyamines 
useful as active ingredients in pharmaceutical compositions 
and therapeutic methods of treatment. 

[0004] 2. Description of the Prior Art 

[0005] Because of the sustained increases in polyamine 
biosynthesis in pre-neoplastic and neoplastic tissues, a great 
deal of attention has been directed to the polyamine biosyn 
thetic netWork as a target in anti-neoplastic strategies [Pegg, 
“Polyamine Metabolism and Its Importance in Neoplastic 
GroWth and as a Target for Chemotherapy,”Cancer Res., 
Vol. 48, pages 759-774 (1988); and Marton et al, “Directions 
for Polyamine Research,”J. Cell Biochem., Vol. 45, pages 
7-8 (1991)]. Initial Work focused on the design and synthesis 
of compounds Which Would inhibit L-ornithine decarboxy 
lase (ODC) [Bey et al, “Inhibition of Basic Amino Acid 
Decarboxylases Involved in Polyamine Biosynthesis,”Inhi 
bition of Metabolism Biological Signi?cance and Basis for 
New Therapies, McCann et al, eds.; Academic Press: 
Orlando, Fla., pages 1-32 (1987)] and S-adenosyl-L-me 
thionine decarboxylase (AdoMetDC) [Pegg, Cancer Res., 
Vol. 48, supra; and Williams-Ashman et al, “Methylglyoxal 
Bis(guanylhydraZone) as a Potent Inhibitor of Mammalian 
and Yeast S-Adenosylmethionine Decarboxylases,”Bio 
chem. Biophys. Res. Commun., Vol. 46, pages 288-295 
(1972)]. Some success Was achieved through this approach 
in that di?uoromethylornithine (DFMO), an ODC inhibitor, 
and methylglyoxyl-bis(guanylhydraZone) (MGBG), an 
AdoMetDC inhibitor, Were effective against both in vivo and 
in vitro tumors [Sunkara et al, “Inhibitors of Polyamine 
Biosynthesis: Cellular and In Vivo Effects on Tumor Pro 
liferation,”Inhibition of Polyamine Metabolism Biological 
Signi?cant Cause and Basis for New Therapies, McCann et 
al, eds.; Academic Press: Orlando, Fla., pages 121-140 
(1987); and Pegg et al, “S-Adenosylmethionine Decarboxy 
lase as an EnZyme Target for Therapy,”Pharmacol. T her., 
Vol. 56, pages 359-377 (1992)]. HoWever, clinical trials did 
not mirror the success realiZed in the model systems; the 
drug either Was too toxic as With MGBG [Pegg et al, 
Biochem. Pharmacol., Vol. 27, pages 1625-1629 (1978)] or 
Was unable to shoW signi?cant impact on tumors in humans 

as With DFMO [Schecter et al, “Clinical Aspects of Inhibi 
tion of Ornithine Decarboxylase With Emphasis on the 
Therapeutic Trials of E?ornithine (DFMO) in Cancer and 
ProtoZoan Diseases,”Inhibition of Polyamine Metabolism. 
Biological Signi?cance and Basis for New Therapies, 

Apr. 18, 2002 

McCann et al, eds.; Academic Press: Orlando, FL, pages 
345-364 (1987)]. One of the problems With the target 
enZymes ODC and AdoMetDC is associated [Seiler et al, 
“Polyamine Transport in Mammalian Cells,”Int. J. Bio 
chem., Vol. 22, pages 211-218 (1990)] With their very short 
half-lives, i.e., about 20 minutes. This can translate into a 
protracted exposure requirement for patients Which is a less 
than desirable situation. Nonetheless, both DFMO and 
MGBG served Well as proof of principle that the polyamine 
biosynthetic netWork Was an excellent target in the design of 
anti-cancer drugs. 

[0006] It Would thus be desirable to design polyamine 
analogues Which Would be incorporated via the polyamine 
transport apparatus and, once in the cell, Would ?nd their 
Way to the same subcellular distribution sites as the normal 

polyamines do, but Would be unable to be further processed 
[Janne et al, “Polyamines in Rapid GroWth and Cancer, 
”Biochim. Biophys. Acta, Vol. 473, page 241 (1978); and 
Porter et al, “Enzyme Regulation as an Approach to Inter 
ference With Polyamine Biosynthesis—an Alternative to 
EnZyme Inhibition,”Enzyme Regal, Vol. 27, pages 57-79 
(1988)]. They Would appear enough like the natural 
polyamines to shut doWn polyamine enZymes just as When 
the cells are exposed to exogenous spermine. 

[0007] Thus, a series of terminally N-alkylated tet 
raamines, Which exhibit anti-neoplastic activity against a 
number of murine and human tumor lines both in vitro and 

in vivo, Were assembled [Bergeron et al, “Synthetic 
polyamine analogues as antineoplastics,”J. Med. Chem., 
Vol. 31, pages 1183-1190 (1988); Bergeron et al, “Antipro 
liferative Properties of Polyamine Analogues: a Structure 
Activity Study,”J. Med. Chem., Vol. 37, pages 3464-3476 
(1994); Bernacki et al, “Antitumor Activity of N,N‘-Bis(eth 
yl)spermine Homologues Against Human MALME-3 Mela 
noma Xenografts,”Cancer Res., Vol. 52, pages 2424-2430 
(1992); Porter et al, “Biological Properties of N4-Spermi 
dine Derivatives and Their Potential in Anti-cancer Chemo 
therapy,”Cancer Res., Vol. 42, pages 4072-4078 (1982); and 
Porter et al, “Biological Properties of N4- and N1,N8 
Spermidine Derivatives in Cultured L1210 Leukemia Cells, 
”Cancer Res., Vol. 45, pages 2050-2057 (1985)]. These 
tetraamines have been shoWn to utiliZe the polyamine trans 
port apparatus for incorporation [Bergeron et al, J. Med. 
Chem., Vol. 37, supra; and Porter et al, “Aliphatic Chain 
Length Speci?c of the Polyamine Transport System in 
Ascites L1210 Leukemia Cells,”Cancer Res. , Vol. 44, pages 
126-128 (1984)], deplete polyamine pools [Bergeron et al, 
“Role of the Methylene Backbone in the Antiproliferative 
Activity of Polyamine Analogues on L1210 Cells,”Cancer 
Res., Vol. 49, pages 2959-2964 (1989)], drastically reduce 
the level of ODC [Pegg et al, “Control of Ornithine Decar 
boxylase Activity in ot-Di?uoromethylornithine-Resistant 
L1210 Cells by Polyamines and Synthetic Analogues,”J. 
Biol. Chem., Vol. 263, pages 11008-11014 (1988); and 
Porter et al, “Relative Abilities of Bis(ethyl) Derivatives of 
Putrescine, Spermidine and Spermine to Regulate 
Polyamines Biosynthesis and Inhibit L1210 Leukemia Cell 
GroWth,”CancerRes. , Vol. 47, pages 2821-2825 (1987)] and 
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AdoMetDC activities [Pegg et al, J. Biol. Chem, Vol. 263, 
supra; and Porter et al, Cancer Res., Vol. 47, supra] and in 
some cases to up-regulate spermidine/spermine/Nl-acetyl 

transferase (SSAT) [Pegg et al, “Effect of N1,N12-Bis(eth 
yl)spermine and Related Compounds on Growth and 
Polyamine Acetylation, Content and Excretion in Human 
Colon Tumor Cell,”J. Biol. Chem, Vol. 264, pages 11744 
11749 (1989); Casero et al, “Differential Induction of Sper 
midine/Spermine Nl-Acetyltransferase in Human Lung 
Cancer Cells by the Bis(ethyl)polyamine Analogues,”Can 
cer Res., Vol. 49, pages 3829-3833 (1989); Libby et al, 
“Major Increases in Spermidine/Spermine-Nl-Acetyltrans 
ferase by Spermine Analogues and Their Relationship to 
Polyamine Depletion and GroWth Inhibition in L1210 Cells, 
”Cancer Res., Vol. 49, pages 6226-6231 (1989); Libby et al, 
“Structure-Function Correlations of Polyamine Analog-In 
duced Increases in Spermidine/Spermine Acetyltransferases 
Activity,”Bi0chem Pharmac0l., Vol. 38, pages 1435-1442 
(1989); Porter et al, “Correlations BetWeen Polyamine Ana 
log-Induced Increases in Spermidine/Spermine N-Acetyl 
transferase Activity, Polyamine Pool Depletion and GroWth 
Inhibition in Human Melanoma Cell Lines,”Cancer Res., 
Vol. 51, pages 3715-3720 (1991); Fogel-Petrovic et al, 
“Polyamine and Polyamine Analog Regulation of Spermi 
dine/Spermine Nl-Acetyltransferase in MALME-3M 
Human Melanoma Cells,”J. Biol. Chem, Vol. 268, pages 
19118-19125 (1993); and Shappell et al, “Regulation of 
Spermidine/Spermine Nl-Acetyltransferase by Intracellular 
Polyamine Pools-Evidence for a Functional Role in 

Polyamine Homeostasis,”FEBS Lett., Vol. 321, pages 179 
183 (1993)]. Interestingly, on incorporation of the tet 
raamine analogues, the total picoequivalents of charge asso 
ciated With the analogues, as Well as the natural polyamines, 
is maintained for about 24 hours. Thus, as the cell is 
incorporating n picoequivalents of drug, it is excreting n 
picoequivalents of natural polyamines. 

[0008] Very small structural alterations in these spermine 
analogues and homologues result in substantial differences 
in their biological activity [Bergeron et al, Cancer Res., Vol. 
49, supra]. For example, While the tetraamines N1,N12 
diethylspermine (DESPM), N1,N11-diethylnorspermine 
(DENSPM) and N1,N14-diethylhomospermine (DEHSPM) 
suppress ODC and AdoMetDC to about the same level at 

equimolar concentrations, the effect of both DESPM and 
DEHSPM on cell groWth occurs earlier than that observed 
for DENSPM. The K value of DENSPM is over 10 times as 

great [Bergeron et al, Cancer Res., Vol. 49, supra] as those 
of DESPM and DEHSPM for the polyamine transport 
system. HoWever, the most notable difference betWeen the 
three analogues is related to their ability to stimulate SSAT 
[Casero et al, Cancer Res., Vol. 49, supra; Libby et al, 
Cancer Res., Vol. 49, supra; Libby et al, Biochem Pharma 
c0l., Vol. 38, supra; and Porter et al, Cancer Res., Vol. 51, 
supra]. The tetraamine DENSPM up-regulates SSAT by 
1200 fold in MALME-3 cells, While DESPM and DEHSPM 
stimulate SSAT by 250- and 30-fold, respectively [Porter et 
al, Cancer Res., Vol. 51, supra]. Thus, the impact of the 
tetraamine compounds on cell groWth Was shoWn to be 
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dependent on: the distance betWeen the nitrogens; the nature 
of the terminal alkyl substituents [Bergeron et al, J. Med. 
Chem, Vol. 37, supra] and, most importantly, on the charge 
status of the molecules [Bergeron et al, “The Role of Charge 
in Polyamine Analogue Recognition,”J. Med. Chem, Vol. 
38, pages 2278-2285 (1995)]. 

[0009] It Was decided to establish Whether or not a similar 

structure activity relationship exists for triamines, i.e., ana 
logues of spermidine. The importance of this issue is under 
scored by the tremendous difference in toxicity betWeen the 
triamines and tetraamines in general. Triamines are much 
less toxic, thus making them of potentially useful therapeu 
tic value [Bergeron et al, “Metabolism and Pharmacokinet 
ics of N1,Nl1-Diethylnorspermine,”Drug Metab. Dispos., 
Vol. 23, pages 1117-1125 (1995)]. 

[0010] It is, therefore, an object of the present invention to 
provide certain novel triamines possessing biological activ 
ity, in particular, anti-neoplastic activity. 

SUMMARY OF THE INVENTION 

[0011] This and other objects are realiZed by the present 
invention, one embodiment of Which relates to polyamines 
not occurring in nature having the formula: 

[0012] or a salt thereof With a pharmaceutically acceptable 
acid Wherein: 

[0013] Rl-R5 may be the same or different and are alkyl, 
aryl, aryl alkyl, cycloalkyl or hydrogen; at least one of 
R1 and R2 and at least one of R4 and R5 are not 
hydrogen, and any of the alkyl chains may optionally 
be interrupted by at least one etheric oxygen atom, 
excluding N1,N3-diethylspermidine and N1,N3-dipro 
pylspermidine; and 

[0014] A and B may be the same or different and are 
bridging groups including unsubstituted heterocyclic 
bridging groups Which effectively maintain the dis 
tance betWeen the nitrogen atoms such that the 
polyamine: is capable of up-take by a target cell 
upon administration of the polyamine to a human or 

non-human animal; and (ii) upon uptake by the target 
cell, competitively binds via an electrostatic interac 
tion betWeen the positively charged nitrogen atoms 
to substantially the same biological counter-anions 
as the intracellular natural polyamines in the target 
cell, provided that Where A or B is a heterocyclic 
bridging group, the bridging group is an unsubsti 
tuted heterocyclic group incorporating said N1, N2 or 
N3 atoms in the heterocyclic ring as an unsubstituted 
N atom; the polyamine, upon binding to the biologi 
cal counter-anion in the cell, functions in a manner 
biologically different than the intracellular 
polyamines. 
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[0015] A further embodiment of the invention concerns a 
pharmaceutical composition in unit dosage form comprising 
a pharmaceutically acceptable carrier and a pharmaceuti 
cally effective amount of a polyamine as described above or 

a salt thereof With a pharmaceutically acceptable acid. 

[0016] An additional embodiment of the invention com 
prises a method of treating a human or non-human patient in 
need thereof comprising administering thereto a pharmaceu 
tically effective amount of a polyamine described above or 
a salt thereof With a pharmaceutically acceptable acid. 

[0017] Other embodiments of the invention Will become 
apparent from the folloWing detailed description of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIGS. 1-5 depict reaction schemes for the synthe 
ses of the polyamines of the invention. 

[0019] FIGS. 6(a) and 6(b) depict the structure-activity 
relationship betWeen triamine analogues and tetraamine 
analogues, respectively, and SSAT up-regulation. 

[0020] FIG. 7 elaborates the metabolic transformation of 
the triamine analogues. 

[0021] FIG. 8 depicts the structure-activity relationship 
betWeen the triamine analogues and K values. 

[0022] FIG. 9(a) represents the structure-activity relation 
ship betWeen the triamine analogues and the IC5O values. 

[0023] FIG. 9(b) illustrates the structure-activity relation 
ship betWeen the tetraamine analogues and the IC5O values. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0024] In the polyamines of the invention, as described in 
the above structural formula, Rl-R6 may be alkyl, e.g., 
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec 
butyl, tert-butyl; aryl, e.g., phenyl, p-tolyl, 2,4,6-trimeth 
ylphenyl; aryl alkyl, e.g., benZyl, ot-phenethyl, [3-phenethyl; 
cycloalkyl, e.g., cycloheXyl, cyclobutyl, cyclopentyl, cyclo 
heptyl; any of the foregoing Wherein the alkyl chain is 
interrupted by etheric oXygen, e.g., CH3O(CH2)2—, 
CH3O(CH2)2O(CH2)2—> CH3 
O(CH2)2O(CH2)2O(CH2)2—; or hydrogen. 

[0025] EXcept Where Rl-R6 are hydrogen or etheric sub 
stituents, each are hydrocarbyl and may have from about 1 
to about 10 carbon atoms, it being understood that the siZe 
of the substituents Will be tailored in each case to ensure that 

the polyamine is capable of uptake by the target cell and, 
upon uptake, Will competitively bind With the intracellular 
counter-anions as described above. 

[0026] The bridging groups A and B may be the same or 
different and may be alkylene having 1-8 carbon atoms, e.g., 
methylene, trimethylene, tetramethylene, pentamethylene; 
branched alkylene, e .g., —CH(CH3)CH2CH2—, 
—CH2CH(CH3)CH2—, —CH(CH3)CH2CH2—, 
—CH2CH(CH3)CH2CH2—; arylalkylene, e. g., 
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—CH(Ph)CH2CH2—, —CH2CH(Ph)CH2—, 
—CH(Ph)CH2CH2CH2—, —CH2CH(Ph)CH2—CH2—; 
cycloalkylene, e.g., cycloheXylene, cis- and trans-1,3-cyclo 
heXylene, 1,4-cycloheXylene, 1,3-cyclopentylene; heterocy 
clic groups Which incorporate Within the ring one of the 
nitrogen atoms of the polyamine [e.g., 

[0027] it being understood that the heterocyclic nitrogen 
group may be located at the terminal end(s) or Within the 
interior of the polyamine. 

[0028] Those skilled in the art Will appreciate that it is only 
necessary that the bridging groups be selected so as to ensure 

uptake by the cell and competitive binding to the intracel 
lular counter-anion as described above. 

[0029] At physiological pH’s, the naturally occurring 
polyamines and the analogs of the present invention are 
largely in a protonated state [Bergeron et al, “HeXahydro 
pyrimidines as masked spermidine vectors in drug delivery, 
”Bi00rg. Chem, Vol. 14, pages 345-355 (1986)]. At a 
cellular level, these polycations can bind to a collection of 
single unconnected anions or to anions tethered to a single 
biomolecule, e.g., the phosphates on a nucleic acid. 

[0030] If there is any signi?cance to the role of charge 
interaction in the biological properties of the polyamine 
analogs, alterations in the polyamine methylene backbone 
should have signi?cant impact on the compound’s biologi 
cal properties. In fact, the signi?cance of charge and the 
length of the methylene bridges separating the cations in the 
biological properties of the polyamine analogs has been 
demonstrated. 

[0031] Among the most preferred polyamines of the 
invention are those of the folloWing formula: 

R1—N1H—(CH2)m—N2H—(CH2)—N3H—R2 
[0032] Wherein: R1 and R2 may be the same or different 
and are H or alkyl; preferably having, at most, 10 carbon 
atoms; most preferably, methyl, ethyl and n-propyl (With the 
proviso that both R1 and R2 may not be H); and m and n may 
be the same or different and are 3, 4 or 5. 

[0033] Exemplary of preferred polyamines of the inven 
tion are: 

[0034] 

[0035] 

dimethylnorspermidine (DMNSPD) 

monoethylnorspermidine (MENSPD) 

[0036] diethylnorspermidine (DENSPD) 

[0037] monopropylnorspermidine (MPNSPD) 

[0038] dipropylnorspermidine (DPNSPD) 

[0039] dimethylspermidine (DMSPD) 
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[0040] 

[0041] 

[0042] 

[0043] 

[0044] 

monoethylspermidine [(MESPD)N1] 

monoethylspermidine [(MESPD)N8] 

diethylspermidine (DESPD) 

monopropylspermidine (MPSPD)N1] 

monopropylspermidine [(MPSPD)N8] 

[0045] dipropylspermidine (DPSPD) 

[0046] dimethylhomospermidine (DMHSPD) 

[0047] diethylhomospermidine (DEHSPD) 

[0048] monopropylhomospermidine (MPHSPD) 

[0049] dipropylhomospermidine (DPHSPD) 

[0051] CH3CH2NH(CH2)4NH(CH2)5NHCH2CH3 
[DE (4, 5)] 

[0052] 

[DP(4, 5)] 

[0056] It Will be understood by those skilled in the art that 
the polyamines of the present invention may be employed to 
effect any desired biological effect mediated by the 
polyamine biosynthetic netWork or system, e.g., anti-neo 
plastic, anti-viral, anti-psoriasis, anti-in?ammatory, anti-ar 
rhythmic, etc. 

[0057] For the purposes of a detailed description of a 
preferred embodiment of the invention, hoWever, the activ 
ity of a representative number of polyamines against tumor 
cells sensitive thereto Will be described. 

[0058] The triamines of the invention described hereinbe 
loW can be envisioned as belonging to one of tWo families 

of polyamines having the structural formula: 

R1 N (CH2)m N (CH),, N R5 

[0059] One family of polyamines can be characteriZed as 
having symmetrical methylene backbones, i.e., Wherein 
m=n. 

[0060] The other family is unsymmetrical, i.e., m#n. 

[0061] Synthesis of Triamines. 

[0062] The tWo families of triamines Were synthesiZed: (1) 
those With symmetrical methylene backbones, i.e., derived 
from the parent polyamines norspermidine (3,3), homosper 
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midine (4,4) or the longer triamine (5,5) [Wherein (3,3), (4,4) 
and (5,5) refer to the number of methylene groups, i.e., 
(m,n)], With an alkyl group at one or both terminal nitrogens; 
and (2) those With unsymmetrical methylene backbones, i.e., 
from the parent polyamines spermidine (3,4) or the (4,5) 
triamine, With an alkyl group at one or both terminal 

nitrogens (Table 1). The numbers in parentheses refer to the 
number of methylenes separating successive nitrogens. In 
the case of the N°‘,N‘”-disubstituted norspermidine (m=3, 
n=3) and spermidine (m=3, n=4) analogues, the commer 
cially available triamines norspermidine (NSPD) (1) and 
spermidine (SPD) (7) Were reacted With mesitylenesulfonyl 
chloride (3 equiv) under biphasic conditions (CH2Cl2/dilute 
NaOH) to give 30 [Bergeron et al, DrugMetab. Disp0s., Vol. 
23, supra], and 31, respectively (step e) (FIG. 1, Scheme 1). 
These trisulfonamides Were deprotonated With NaH in DMF 
and treated With an eXcess of the appropriate primary alkyl 

iodide to make intermediates 43, 44 and 46-49 (step Finally, the mesitylenesulfonyl blocking groups Were 

cleanly removed under reductive conditions utiliZing 30% 
HBr in HOAc and phenol in CHZCI2 (step g) to give terminal 
dimethyl-(2, 8), diethyl-(4, 11), and dipropyl-(6, 14) NSPD 
and SPD, respectively, Which Were isolated as their recrys 
talliZed trihydrochloride salts. 

[0063] The symmetrical triamines homospermidine 
(HSPD) (15) (4,4) and 1,7,13-triaZatridecane (24) (5,5), 
Which Were not commercially available, and their terminally 
dialkylated derivatives Were synthesiZed by a segmented 
synthesis (FIG. 1, Scheme 1). Mesitylenesulfonamide (35) 
[Bergeron et al, Drug Metab. Dispos., Vol. 23, supra] Was 
dialkylated With either N-(4-bromobutyl)phthalimide to give 
37 (step i) or With 5-chlorovaleronitrile to furnish 39 (step 
c). Hydrogenation of the cyano groups of 39 With Raney 
nickel in methanolic ammonia gave N,N-bis(5-aminopen 
tyl)mesitylenesulfonamide (42) (step d), Which provided 
5,5-triamine 24 in good yield by treatment With 30% HBr in 
HOAc (step g). Use of the aromatic imide blocking group in 
37 avoided the solubility problems during attempted hydro 
genation (Raney nickel, methanolic NH3) of N,N-bis(3 
cyanopropyl)mesitylenesulfonamide. HydraZinolysis of 37 
in re?uxing EtOH (step led to N,N-bis(4-aminobutyl)m 
esitylenesulfonamide (40). HSPD (15) itself resulted from 
reductive deprotection of monosulfonamide 40 (step g). 
Terminal diamines 40 and 42 Were converted to their mesi 

tylenesulfonamides 32 and 34, respectively, (step e) and 

Were alkylated With the appropriate primary halide (step Hydrogen bromide-promoted deprotection of masked ana 

logues 50, 52 and 55-57 yielded DMHSPD (16), DPHSPD 
(19), DM(5,5) (25), DE(5,5) (26) and DP(5,5) (27), respec 
tively. 

[0064] N1,Ng-Diethylhomospermidine (DEHSPD) (17) 
Was made by a convergent route (FIG. 1, Scheme 1). 
Alkylation of sulfonamide 35 With N—(4-bromobutyl)-N 
ethylmesitylenesulfonamide (58) [Bergeron et al, J. Med. 
Chem, Vol. 37, supra] (2 equiv) led to triprotected analogue 
51 (step h), Which Was unmasked With HBr/HOAc, giving 
DEHSPD (17) (step g). 3,8,14-TriaZaheXadecane [DE(4,5)] 
(22), the terminally diethylated analogue of the unsymmetri 
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cal 4,5-triamine, Was assembled from N-(tert-butoXycarbo 
nyl)-N-mesitylenesulfonamide (59), a diprotected ammonia 
synthon [Bergeron et al, J. Med. Chem., Vol. 37, supra] 
(FIG. 2, Scheme 2). Alkylation of reagent 59 With N-(4 
bromobutyl)-N-ethylsulfonamide (58) (NaH/DMF) (step a) 
gave triprotected monoethylputrescine 62. The BOC group 
of 62 Was removed With tri?uoroacetic acid (TFA) (step c). 
The resulting sulfonamide 63 Was alkylated With N-(5 
bromopentyl)-N-ethylmesitylenesulfonamide (61) (step a), 
Which Was made from ethylsulfonamide 60 and excess 

1,5-dibromopentane (NaH/DMF) (step b), to generate fully 
protected triamine 64. Deprotection of the amino groups of 
64 With HBr led to the diethylated analogue 22 (step d). 

[0065] The 4,5-triamine 1,6,12-triaZadodecane (20) and 
its dialkylated analogues 2,7,13-triaZatetradecane [DM(4,5)] 
(21) and 4,9,15-triaZaoctadecane [DP(4,5)] (23) Were pro 
duced by a segmented synthesis (FIG. 1, Scheme 1). Con 
secutive monoalkylation of sulfonamide 35 With 4-bro 
mobutyronitrile (step a) and 5-bromovaleronitrile (step b) 
generated dinitrile 38. The cyano groups of 38 Were reduced 
in a Parr shaker With Raney nickel in methanolic ammonia 

(step d), resulting in primary amine 41. Cleavage of the 
sulfonyl group of 41 With HBr (step g) produced the parent 
4,5-triamine 20. Treatment of 41 With mesitylenesulfonyl 
chloride (2 equiv) gave 33 (step e), Which Was terminally 
dialkylated With iodomethane to 53 or With 1-iodopropane to 
54 (step Unmasking the amino groups led to dimethylated 
and dipropylated 4,5 -analogues 21 and 23, respectively (step 

[0066] N1 -Propylnorspermidine (MPNSPD) (5) Was made 
by treating trimesitylenesulfonyl NSPD 30 [Bergeron et al, 
Drug Metab. Dispos., Vol. 23, supra] With 1-iodopropane (1 
equiv/NaH/DMF), and isolating 45 from the statistical miX 
ture of mono- and di-alkylated products by ?ash column 
chromatography (step f) (FIG. 1, Scheme 1). Since SPD is 
unsymmetrical, reaction of its trisulfonamide 31 With a 
primary alkyl iodide (1 equiv) Would lead to N1- and 
N8-monoalkylated products, Which may be dif?cult to sepa 
rate. Thus, the synthesis of both SPD and the HSPD mono 
propyl analogues required a fragment synthesis (FIG. 3, 
Scheme 3). N-Propylmesitylenesulfonamide (65) Was con 
verted to 3-bromopropyl 66 or 4-bromobutyl reagent 67, 
With the required dibromoalkane in eXcess (NaH/DMF). 
Triphenylmethyl chloride Was stirred at room temperature 

With either 1,3-diaminopropane or 1,4-diaminobutane (5 
equiv) in CHZCl2 (step c), resulting in Nl-tritylated-trimeth 
ylenediamine 68 or -putrescine 69. Sulfonation of 68 and 69 
occurred at the primary nitrogen and not neXt to the bulky 
triphenylmethyl group to give N,N‘-disubstituted diamines 
70 and 71, respectively (step a). 

[0067] Reaction of the anions of 70 or 71 With the appro 
priate bromide 66 or 67 resulted in regiospeci?c N-alkyla 
tion at the sulfonamide terminus. Speci?cally, reaction of 70 
With 67 gave 73, and 71 plus 66 or 67 led to 72 or 74, 
respectively. 
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[0068] The protecting groups of 45 and 72-74 Were 
removed simultaneously With Hbr in HOAc/PhOH, resulting 
in MPNSPD (5), MPSPD(N1) (12), MPSPD(N8) (13) and 
MPHSPD (18), respectively. 

[0069] Both N1- (9) and N8-ethylspermidine (10) Were 
obtained from reduction of the requisite monoacetylspermi 
dine With lithium aluminum hydride in hot THF, thus 
completing the synthesis of the triamine series. 

[0070] Tetraamine analogue N1,N11-dipropylnorspermine 
(DPNSPM) (28) Was accessed from commercially available 
norspermine (FIG. 4, Scheme 4). Bis-alkylation of the 
tetrasulfonamide dianion of 75 [Bergeron et al, J. Med. 
Chem. , Vol. 37, supra] With 1-iodopropane (step a) and facile 
removal of the mesitylenesulfonyl blocking groups of 76 
With HBr (step b) generated DPNSPM (28). 

[0071] The longer polyamine 3,9,14,20-tetraaZadocosane 
[DE(5,4,5)] (29), the terminally diethylated derivative of the 
unknoWn (5,4,5) tetraamine, Was synthesiZed in three high 
yield steps by the segmenting method (FIG. 5, Scheme 5). 
N-Ethylmesitylenesulfonamide (60) [Schreinemakers, Recl. 
Trav. Chim. Pays-Bus Belg, Vol. 16, pages 411-424 (1897)] 
Was deprotonated (NaH/DMF) and treated With 1,5-dichlo 
ropentane (10 equiv), resulting in alkyl chloride 77 (step a). 
N1,N4-Bis(mesitylenesulfonyl)putrescine (78) [Bergeron et 
al, J. Med. Chem, Vol. 37, supra] Was alkylated With 
synthon 77 to give masked tetraamine 79 (step b). The four 
blocking groups Were removed With HBr (step c) to furnish 
DE(5,4,5) 29 as its crystalline tetrahydrochloride salt. Bio 
logical Evaluations. In summariZing the biological proper 
ties of the polyamine analogues, the results are separated 
into three sets of measurements: the 48- and 96-hour IC5O 
values against L1210 cells and the corresponding K values 
for the polyamine transport apparatus (Table 1); the effect on 
polyamine pools (Table 2); and the impact on ODC, 
AdoMetDC and SSAT (Table 3). The compounds are 
arranged in sets by increasing length, e.g., norspermidine, 
spermidine, homospermidine, (4,5)- and (5,5)-triamines. 
Each set is ordered in terms of the siZe of the terminal alkyl 

groups. While the IC5O and K values of DESPD and its 
impact on polyamine pools, ODC, AdoMetDC and SSAT 
have been previously reported [Porter et al, Cancer Res., 
Vol. 45, supra], the measurements on this compound Were 
repeated so that the appropriate positive control and not a 
historical control Would be in place. In order to shoWcase the 
importance of the polyamine’s overall chain length in struc 
ture-activity relationships, there is included a brief commen 
tary of results of tetraamine analogues [Bergeron et al, J. 
Med. Chem., Vol. 37, supra] Where available. Thus, numbers 
included in parentheses in the tables represent the values for 
the corresponding tetraamine analogues. A brief discussion 
is also presented on the metabolic pro?le of the triamines 
and on the cationic conservation of charge the cell maintains 
as de?ned by the polyamines. Finally, a comparison of the 
acute and chronic in vivo toxicities of several key triamines 
and tetraamines is presented. 
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[0072] Antiproliferative Activity—IC5O of L1210 cells. 

[0073] As shown in Table 1, NSPD is the most active 
among the NSPD family of analogues With an IC5O of 0.9 
pM at 48 hours and 0.5 pM at 96 hours. This activity is 
probably related to the fact that this triamine can easily be 
converted to toXic metabolites [Alarcon et al, “Evidence for 
the Formation of Cytotoxic Aldehyde Acrolein from EnZy 
matically OXidiZed Spermine or Spermidine,”Arch. Bio 
chem. Bi0phys., Vol. 137, pages 365-372 (1970)]. All of the 
alkylated norspermidine analogues have IC5O values >100 
pM at 48 hours. At 96 hours, the IC5O values range from 3.5 
to >100 pM With an order of 
DMNSPD<DENSPD<DPNSPD<MENSPD and MPNSPD 

(most to least active). Thus, in this family, terminal dialky 
lation With smaller groups increases the compound’s activ 
ity, While triamines With a single alkyl group are less active 
than the corresponding compound With bis N°‘,N‘”-alkyl 
substitution. In contrast, analogues of the tetraamine nor 
spermine, although also inactive at 48 hours, Were more 
active than the corresponding triamines at 96 hours. More 
over, Whether norspermine Was symmetrically substituted 
With methyl or ethyl groups or had a single ethyl ?xed to one 
of the terminal nitrogens Was insigni?cant relative to the 
96-hour IC5O values, Which Were around 2 pM. 

[0074] At 48 hours, SPD and all of its analogues had an 
IC50 of at least 100 pM. Unlike NSPD, and not surprisingly, 
SPD is the least active compound in its family With IC50 
values above 100 pM at both 48 and 96 hours. At 96 hours, 
DMSPD and DESPD are substantially more active than 
DPSPD. When an ethyl group Was removed from either end 

of DESPD, a monoalkylated analogue Was produced With 
loWer activity than DESPD, by one to tWo orders of mag 
nitude. It is interesting that monoalkylation of SPD by ethyl 
or propyl at different ends result in very different activities. 

At 96 hours, With an IC5O of 4 pM, MESPD(N1) Was about 
10 times more active than MESPD(N8). The same trend Was 
found, although to a lesser degree, among the tWo mono 
propyl SPD analogues in that MPSPD(N1) Was more than 
tWice as active as MPSPD(N8). Thus, alkylation at the N1 
position results in a higher activity than alkylation at N8 
(Table 1). The spermine analogues had a signi?cant effect on 
cell groWth even at 48 hours and at 96 hours, the IC5O 
concentrations of tetraamines ranged from 0.2 to 0.8 pM, 
With DESPM<DPSPM<MESPM<DMSPM. Again, in every 
instance, the tetraamines Were more active. It is interesting 
that 3.7% of intracellular N1-MESPD and 6.1% of intrac 
ellular N1-MPSPD are metabolically converted to the cor 
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responding tetraamines, ME-[3,4,3] and MP-[3,4,3] respec 
tively (Table 4). Given the potent antiproliferative activity of 
the tetraamines in general, this may help eXplain the 
enhanced activity of the Nl-alkylspermidines in comparison 
to the N8-alkylspermidines since the latter are not metaboli 
cally converted to tetraamines. 

[0075] Among the HSPD analogues, DEHSPD is active at 
48 hours With an IC5O of 25 pM. Other analogues’ ICSOs are 
at least 100 pM at 48 hours. At 96 hours, all of the ICSOs fall 
into the range from 0.3~0.9 pM, eXcept for DPHSPD Which 
has an IC5O of 6 pM. Compared to the norspermidine and 
spermidine analogues, the homospermidine analogues as a 
group are more active. With the tetraamines, the most 
notable differences in activity Were betWeen the diethyl and 
dimethyl compounds (Table 1). 
[0076] The (4,5) series are the most effective triamines 
identi?ed. As the triamine chain increases in length from 
(4,5) to (5,5), the activity decreases at both 48 hours and 96 
hours. Speci?cally, DM(4,5) and DE(4,5) have IC5O values 
in the 2-6 pM range, While the DP(4,5) has an IC5O around 
100 pM at 48 hours. At 96 hours, the IC5O values of both 
series substantially decrease; even DP(4,5) has an IC5O<2 
pM. The numbers are uniformly higher for the (5,5) tri 
amines even at 96 hours. The corresponding tetraamine 

analogues DE(4,5,4) and DE(5,4,5) are more active at both 
48 and 96 hours. 

[0077] Competitive Uptake Determinations in L1210 
cells. 

[0078] The ability of the norspermidines, spermidines, 
homospermidines, 4,5- and 5,5-triamines to compete With 
radiolabeled SPD for uptake Was evaluated (Table 1). The 
general trend is that the terminally alkylated triamines have 
higher K values than the unalkylated triamines and are thus 
less easily taken up by the cell. In the dialkylated series of 
spermidines, homospermidines and 4,5-triamines, K values 
increase as the siZe of the terminal group increases. This is 
not completely true With the norspermidines and the 5,5 
triamines. The relationship holds With methyl and ethyl but 
not for the propyl of the latter tWo systems. Finally, the 
number of methylenes separating the amines plays a role in 
determining polyamine uptake properties. In general the 
effectiveness With Which the analogues compete for uptake 
is spermidineszhomospermidines>4,5 triamines>5,5 
triamines>norspermidine. Interestingly, this same trend is 
observed With the ethylated tetraamines, 
spermineszhomospermines>DE(3,4,4)zDE(4,5,4)>norsper 
mine. 
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[0079] Polyamine Pools. 

[0080] The following guidelines Were adopted for study 
ing the impact of the analogues on polyamine pools (Table 
2). The measurements Were made after a 48-hour exposure 
to the analogue, and tWo different concentrations of ana 
logue Were evaluated in each case. For analogues Whose 
IC50 concentration exceeded 100 pM at 48 hours, the 
polyamine pools Were determined at 100 and 500 MM. For 
the other analogues, the effect on polyamine pools Was 
evaluated at the 48-hour IC5O concentration and at 5 times 
this number. 

[0081] At 500 pM, the effects of DMNSPD, DENSPD and 
MPNSPD on polyamine pools Were similar (Table 2), i.e., 
PUT Was depleted beloW detectable limits and spermidine 
Was reduced to 6-15% of controls, While spermine levels 
Were diminished to beloW 50%. DPNSPD Was not as effec 
tive as the other norspermidine analogues in depletion of 
polyamine pools, e.g., at 500 pM, PUT Was only loWered to 
68%, SPD to 71% and no effect on SPM level. The dipropyl 
analogue Was similar in behavior to the parent norspermi 
dine. The corresponding norspermines Were again more 
effective. At 100 pM, the effect of DMNSPM and DENSPM 
on polyamine pools Was similar, i.e., putrescine Was 
depleted to beloW detectable limits and spermidine Was 
reduced to around 5% of controls, While spermine levels 
Were diminished to 27-36%. 

[0082] DMSPD and DESPD at 100 pM depleted PUT to 
beloW detectable limits, SPD to 5%, SPM to 58% and 74% 
of control, respectively. The monoalkylated SPD analogues 
MESPD(N1), MESPD(N8) and MPSPD(N1) gave a similar 
pattern of polyamine pool depletion. At 100 pM, putrescine 
Was depleted to beloW detectable levels, spermidine to 25% 
and spermine to 80%, 84% and 90% of control value. 
MPSPD(N8) Was slightly less active than MPSPD(N1). At 
500 pM, DPSPD reduced PUT to beloW detectable level and 
SPD to around 10% of control. Like DPNSPD, DPSPD 
shoWed little suppression of SPM levels and possibly even 
some up-regulation at 100 pM. Interestingly, at the level of 
PUT and SPD suppression, MPSPD (N1) and MPSPD (N8) 
behave very much like their MESPD counterparts. HoWever, 
the propyl analogues are slightly less effective at spermine 
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suppression. The parent amine SPD suppresses PUT, but not 
SPD or SPM. Again, the corresponding spermines are more 
effective than the triamines. At 100 or 500 pM DMSPM or 
MESPM or at 30 and 150 pM DESPM, putrescine Was 
reduced to beloW detectable limits, spermidine diminished 
to under 2% of control and spermine to under 25%. At 3 21M, 
DPSPM reduced putrescine to beloW detection and spermi 
dine to 18%, While the spermine level remained at 64% of 
control. At 15 24M DPSPM, spermidine Was further reduced 
to 9% and spermine to 43%. Among the homospermidine 
analogues, the parent triamine, HSPD, Was the most active 
at polyamine suppression. At 100 pM, PUT Was depleted to 
again beloW detectable levels, SPD to 4% and SPM to 32%. 
With all of the HSPD analogues, at 500 pM, the level of 
putrescine Was diminished to beloW detectable limits and the 
SPD level beloW 10% of control. DMHSPD and DEHSPD 
had little impact on SPM level, While MPHSPD produced a 
mild decrease. In the case of cells groWn in 100 pM and 500 
pM DPHSPD, the level of SPM seemed to be increased 
compared to the controls. As is usual, the homospermines 
Were more effective than the corresponding triamine coun 
terparts. At 100 pM, the homospermine analogue DMHSPM 
Was similar to the corresponding alkyl spermine in its ability 
to deplete the polyamines. HoWever, DEHSPM Was some 
What less effective at suppressing spermine pools in com 
parison to DESPM. 

[0083] Similar results Were observed With homospermi 
dine homologues, the (4,5) and (5,5) triamines. At 500 pM, 
the (4,5) and (5,5) parent amines depleted both PUT and 
SPD beloW detectable level and SPM to 35% and 20% of 
control, respectively. DM(4,5) at 10 24M and DE(4,5) at 15 
21M reduce PUT beloW detectable limits and SPD to 18% of 
control. HoWever, neither is very effective at reducing SPM 
levels. DP(4,5) even at 500 pM, While it depletes the cell of 
PUT, only reduces SPD to 31% of control With possible 
stimulation of SPM. Finally, DP(5,5) is only marginally 
active, requiring a 500 pM concentration to even reduce 
PUT by 50% and SPD by 30% and With no impact on SPM. 
HoWever, the homospermine homologues DE(4,5,4) and 
DE(5,4,5), both of Which demonstrated loW 48-hour IC5O 
values, 0.3 and 0.4 pM, respectively, Were similar to the 
corresponding triamines at reducing polyamines. 

TABLE 2 

IMPACT OF TRIAMINE ANALOGUES ON 
POLYAMINE POOLSa 

Compd Conc.(‘uM) Put Spd Sprn Analogueb 

Norspermidines 

1 NSPD 0.9 38 44 113 1.09 
4.5 0 12 83 2.14 

2 DMNSPD 100 (100) 0 (0) 9 (5) 5s (36) 5.00 (2.14) 
500 (500) 0 (0) 6 (3) 4s (27) 5.51 (1.84) 

4 DENSPD 100 (10) 0 (30) 17 (14) 74 (31) 3.67 (1.59) 
500 (100) 0 (0) 7 (6) 47 (30) 3.77 (2.44) 

5 MPNSPD 100 0 29 56 3.07 
500 0 15 49 4.78 

6 DPNSPD 100 (100) 70 (61) 76 (35) 96 (77) 0.49 (0.89) 
500 (500) 68 (0) 71 (19) 102 (56) 1.24 (1.28) 

Spermidines 

7 SPD 100 0 117 118 — 

500 0 145 108 — 
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TABLE 2-continued 

IMPACT OF TRIAMINE ANALOGUES ON 
POLYAMINE POOLSa 

Compd Conc.(‘uM) Put Spd Spm Analogueb 

s DMSPD 100 (100) 0 (0) 5 (0) 5s (21) 4.96 (1.26) 
500 (500) 0 (0) 0 (0) 54 (24) 4.89 (1.24) 

9 MEsPD(N1) 100 (100) 0 (0) 25 (1) s0 (21) 4.20 (1.24) 
500 (500) 0 (0) 14 (1) 53 (19) 4.73 (1.23) 

10 MESPD(N8) 100 0 26 84 4.41 
500 0 15 61 4.96 

11 DESPD 100 (30) 0 (0) 5 (0) 74 (12) 4.61 (0.40) 
500 (150) 0 (0) 0 (0) 55 (14) 4.20 (1.13) 

12 MPSPD(N1) 100 0 25 90 3.97 
500 0 15 72 4.95 

13 MPSPD(N8) 100 0 33 103 3.52 
500 0 16 95 5.16 

14 DPSPD 100 (3) 6 (0) 35 (18) 135 (64) 3.26 (1.12) 
500 (15) 0 (0) 12 (9) 99 (43) 3.69 (1.09) 

Homospermidines 

15 HSPD 100 0 4 32 3.58 
500 0 2 21 4.44 

16 DMHSPD 100 (100) 0 (0) 3 (0) 106 (30) 5.51 (1.49) 
500 (500) 0 (0) 0 (0) 106 (27) 5.85 (1.03) 

17 DEHSPD 25 (10) 0 (0) 6 (0) 114 (61) 4.61 (2.94) 
125 0 3 97 4.69 

18 MPHSPD 100 0 2 82 5.16 
500 0 0 66 5.86 

19 DPHSPD 100 0 19 144 3.12 
500 0 7 111 3.68 

4,5-Triamines 

20 4,5 100 0 1 53 3.02 
500 0 0 35 3.20 

21 DM(4,5) 2 0 33 112 2.79 
10 0 18 111 5.36 

22 DE(4,5) 3 (0.3) 0 (44) 47 (61) 99 (70) 1.20 (0.26) 
15 (1.5) 0 (0) 1s (5) 9s (31) 3.40 (0.72) 

23 DP(4,5) 100 0 40 119 1.40 
500 0 31 121 2.42 

5,5-Triamines 

24 5,5 100 0 0 33 2.58 
500 0 0 20 2.50 

25 DM(5,5) 15 0 33 115 2.56 
75 0 20 101 3.61 

26 DE(5,5) 15 (0.15) 0 (37) 55 (55) 97 (88) 1.09 (0.34) 
75 (0.75) 0 (0) 23 (10) 73 (58) 1.59 (1.48) 

27 DP(5,5) 100 59 73 97 0.86 
500 51 69 103 1.33 

aPutrescine (Put), spermidine (Spd) and spermine (Spm) levels after 48 hours of treatment are 
given as % polyamine found in untreated controls. Typical control values in pmol/106 L1210 
cells are Put = 260 r 59, Spd = 3354 r 361 Spm = 658 r 119. 
bAnalogue amount is expressed as nmol/10 cells. Untreated L1210 cells (106) correspond to 
about 1 ,uL volume; therefore, concentration can be estimated as nmol/mM. 

[0084] Impact of Analogues on ODC and AdoMetDC 
Activities. 

[0085] A comparison of the effects of the triamine versus 
tetraamine polyamine analogues on ODC and AdoMetDC 
clearly demonstrates that the tetraamines are more effective 
at suppressing these enzymes than the corresponding tri 
amines [Bergeron et al, J. Med. Chem, Vol. 37, supra]. 
Previous studies [Porter et al, “Regulation of Ornithine 
Decarboxylase Activity by Spermidine and the Spermine 
Analogue N1,N8-Bis(ethyl) spermidine,”Bi0chem. J., Vol. 
242, pages 433-440 (1987); and Porter et al, “Combined 
Regulation of Ornithine and S-Adenosylmethionine Decar 
boXylase by Spermine and the Spermine Analogue N1,N2 
Bis(ethyl)-spermine,”Bi0chem. J., Vol. 268, pages 207-212 

(1990)] suggested that the effect of the polyamine analogues 
on ODC and AdoMetDC is fairly rapid. For example, 
DESPM induced reduction in ODC activity plateaued at 4 
hours and AdoMetDC at 6 hours. On the basis of these 
studies, it Was elected to evaluate the impact of the triamines 
on ODC and AdoMetDC at 4 and 6 hours, respectively. 

[0086] The parent triamine norspermidine reduced ODC 
activity to 11% of control, the corresponding dimethyl, 
DMSPD, to 17%, the diethyl analogue, DENSPD, to 80% 
and the dipropyl compound, DPNSPD, had no effect on this 
enzyme (Table 3). Monoethylnorspermidine, MENSPD, 
Was more active than the corresponding dialkyl analogue, 
DENSPD, With reduction to 42 versus 80% of control, as 
Was the monopropyl, MPNSPD, relative to its dipropyl 
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counterpart DPNSPD, With reduction to 33 versus 100% of 
control. In 4 hours, 1 pM DMNSPM, MENSPM or 
DENSPM reduced ODC activity to nearly the same extent, 
to approximately 7% of control. The triamines are generally 
less effective than the corresponding tetraamines at sup 
pressing AdoMetDC, although the differences are not as 
profound With the norspermidines versus the norspermines. 
The norspermidines reduce the AdoMetDC to 41-58% of 
control and the norspermines to 33-49% of control, except 
the dipropyls, Which are at best marginally effective. 

[0087] The spermidine analogues are less active than the 
corresponding spermines but more effective at reducing 
ODC activity than the norspermidines. At 1 pM DMSPM, 
MESPM or DESPM, ODC activity Was reduced to 10% or 
less of control, While ODC in DPSPM-treated cells Was only 
loWered to 52% of controls. The parent triamine spermidine 
reduces ODC to 16% of control While the alkylated ana 
logues except for DPSPD, diminish ODC activity to 
betWeen 10-30% of control. Again, the monoalkyl analogues 
are more effective than the corresponding dialkyl com 
pounds. MESPD(N1) and MESPD(N8) reduce ODC to 10 
and 17% versus 30% for DESPD. This property of the 
monoalkylated analogue is even further accentuated With the 
propylated spermidines MPSPD(N1) and MPSPD(N8) ver 
sus DPSPD loWering ODC to 18 and 14% versus 75% of 
control. Again, When comparing dialkylated compounds, the 
larger the alkyl substituent the less active the analogue. 

[0088] The spermidine analogues Were less effective than 
the corresponding norspermidines and spermines at reduc 
ing AdoMet activity. The spermidine analogues, except for 
DPSPD, reduce AdoMetDC to under 70% of control activ 
ity. DPSPD has no impact on the enZyme. Again, as With 
ODC, the monoalkylated spermidine compounds Were gen 
erally more active than the dialkylated compounds. 
DMSPM, MESPM or DESPM at 1 pM almost paralleled the 
ability of the corresponding norspermine analogues to sup 
press AdoMetDC With an average reduction to 33% of 
control, slightly more active than the spermidines. DPSPM 
at 1 pM reduced AdoMetDC activity to 72% of that seen in 
untreated cells. 

[0089] The homospermidines Were less active than the 
corresponding homospermines at reducing ODC activity, 
but similar in behavior to the spermidines. Also, consistent 
With the norspermidine and spermidine results, the triamines 
With the larger substituent, propyl, Were least effective and 
the monoalkyl compounds Were more active than the cor 
responding dialkyl ones. Finally, the homospermidine ana 
logues, except for MPHSPD, Were not effective at 
AdoMetDC inhibition and certainly less active than the 
corresponding tetraamines. 

[0090] Interestingly, adding a methylene unit to DEHSPM 
to produce DE(4,5,4) resulted in a decrease in ODC sup 
pressing activity. ODC Was loWered to only 7% of control 
With DEHSPM and to 20% of control With DE(4,5,4). This 
methylene addition had little effect on reduction of 
AdoMetDC activity, to about 40% for both. The same 
phenomenon Was observed on moving from loWer alkylho 
mospermidines to the dialkyl (4,5) and dialkyl (5,5) com 
pounds, the ODC-suppressing capacity substantially 
decreased While the AdoMetDC properties Were similar to 
those of the homospermidines. It is noteWorthy, hoWever, 
that the parent (4,5)-triamine demonstrates reasonably effec 
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tive suppression of ODC and AdoMetDC. The (5,5) parent 
triamine is an effective and highly selective ODC antagonist, 
reducing ODC to 16% of control With little effect on 
AdoMetDC. Other than this, there is little effect on either 
ODC or AdoMetDC by (5,5) analogues. The tetraamine 
analogue DE(5,4,5) is far more active against both ODC and 
AdoMetDC than DE(5,5). 

[0091] 
[0092] While the in?uence of chain length and terminal 
substituents are more monotonic regarding their effect on the 
analogues’ suppression of ODC and AdoMetDC, there are 
nevertheless some notable structure-activity relationships 
for SSAT stimulation. The ability of triamine analogues to 
up-regulate SSAT in L1210 cells is remarkably sensitive to 
small structural changes (Table 3; FIG. 6a). For example, 
the diethyl triamines stimulate SSAT 780% for DE(3,3) to a 
peak of 1380% for DE(3,4), With a decrease to 640% for 
DE(4,4) and falling to essentially control values for DE(4,5), 
120%, and DE(5,5), 90%. The DE triamine structure activity 
curve appears to be shifted to the right from the correspond 
ing DE tetraamine curve (FIG. 6b). Thus, the DE tetraamine 
curve is maximal at 1500% of control for DE(3,3,3) and falls 
to nearly control value for DE(4,4,4), DE(4,5,4) and DE(5, 
4,5). 
[0093] Substituent changes on the triamines have a pro 
found effect on SSAT stimulation only With the (3,3) and 
(3,4) compounds. The differences are more compressed for 
the (4,4) and (4,5) triamines and absent With (5,5) triamines. 
In the case of the tetraamines, the (3,3,3) system is the only 
framework in Which a marked effect in SSAT stimulation is 
observed With substituent changes. While there are some 
changes With the (3,4,3) backbone, these are again com 
pressed. 

Impact of Triamine Analogues on SSAT Activity. 

[0094] With both the triamines and tetraamines, unlike 
With ODC and AdoMetDC, there is no relationship betWeen 
substituent siZe and SSAT up-regulation. HoWever, When 
clear differences exist betWeen stimulatory abilities, i.e., 
(3,3), (3,4), (3,3,3), the ethyl group is clearly the superior. 

TABLE 3 

EFFECT OF POLYAMINE HOMOLOGUES ON 
ORNITHINE DECARBOXYLASE (ODC), 

S-ADENOSYLMETHIONINE DECARBOXYLASE (AdoMetDC) 
AND SPERMIDINE/SPERMINE ACETYLTRANSFERASE (SSAT) 

IN L1210 CELLS 

Compd ODC AdoMetDC SSAT 

Norspermidines 

1 NSPD 11 62 150 
2 DMNSPD 17 (6) 41 (49) 250 (200) 
3 MENSPD 42 (5) 58 (33) 390 (410) 
4 DENSPD 80 (10) 45 (42) 780 (1500) 
5 MPNSPD 33 38 470 

6 DPNSPD 100 (79) 99 (70) 220 (460) 
Spermidines 

7 SPD 16 43 160 

8 DMSPD 22 (3) 68 (40) 270 (300) 
9 MESPD(N1) 10 (10) 58 (27) 430 (150) 

10 MESPD(N8) 17 54 400 
11 DESPD 30 (3) 68 (28) 1380 (460) 
12 MPSPD(N1) 18 56 1200 
13 MPSPD(N8) 14 64 500 
14 DPSPD 75 (52) 107 (72) 1030 (500) 


































