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Effect of SL-11159 cytotoxicity in 
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OLIGOAMINE COMPOUNDS AND DERIVATIVES 
THEREOF FOR CANCER THERAPY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority bene?t of US. 
provisional patent application No. 60/329,982, ?led Oct. 16, 
2001. The content of that application is hereby incorporated 
herein by reference in its entirety. 

STATEMENT OF RIGHTS TO INVENTIONS 
MADE UNDER FEDERALLY SPONSORED 

RESEARCH 

[0002] Not applicable. 

TECHNICAL FIELD 

[0003] This invention is directed to compounds and meth 
ods useful for treating cancer and other diseases caused by 
uncontrolled cell proliferation, and for treating microspo 
ridiosis and other infectious diseases. More speci?cally, this 
invention is directed to oligoamine compounds Which dis 
play anti-tumor activity in vitro and in vivo, and Which 
display anti-microspora activity as Well as methods of 
making and using those compounds. 

BACKGROUND ART 

[0004] Cancer is one of the leading causes of death in the 
World. According to the World Health OrganiZation, cancer 
is the third most common cause of death in the World, after 
heart disease and infectious disease. Cancer is the second 
most common cause of death (after heart disease) in the 
developed World. Accordingly, discovery of neW and effec 
tive treatments for cancer is a high priority for health care 
researchers. 

[0005] Cancer is often treated by using chemotherapy to 
selectively kill or hinder the groWth of cancer cells, While 
having a less deleterious effect on normal cells. Chemo 
therapeutic agents often kill rapidly dividing cells, such as 
cancer cells; cells Which are dividing less rapidly are 
affected to a lesser degree. Other agents, such as antibodies 
attached to toXic agents, have been evaluated for use against 
cancers. These agents target the cancer cells by making use 
of a characteristic speci?c to the cancer, for eXample, 
higher-than-normal rates of cell division, or unique antigens 
expressed on the cancer cell surface. 

[0006] Various naturally-occurring and synthetic amine 
containing compounds have been evaluated for anti-cancer 
and antiproliferative activity. The folloWing patents and 
patent applications, all of Which are hereby incorporated by 
reference in their entirety, discuss certain of these com 
pounds: U.S. Pat. Nos. 5,541,230, 5,880,161, and 5,889,061; 
and International Patent Cooperation Treaty Applications 
WO 00/66587, WO 98/17624, and WO 95/18091. Other 
publications Which discuss various amine-containing com 
pounds, for a Wide variety of applications, include US. Pat. 
No. 3,956,502, to polyamine alcohols as microbicides; US. 
Pat. No. 4,013,507 and US. Pat. No. 5,866,016, Which relate 
to the compounds commonly called ionenes; CA 2,231,200, 
Which discusses polyalkylimines as gene transport carriers; 
EP 889 112, directed to a lubricating oil composition for 
automatic transmissions; US. Pat. No. 4,971,598, directed 
to reaction products of alkenyl succinimides With ethylene 
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diamine carboXy acids as fuel detergents; US. Pat. No. 
5,091,576, Which discusses anti-neoplastic, anti-viral, or 
anti-retroviral spermine derivatives, and US. Pat. No. 5,393, 
757, Which discusses polyamines and anti-diarrheal and 
gastrointestinal anti-spasmodic pharmaceutical composi 
tions and methods of treatment; WO 93/04036 and US. Pat. 
No. 5,185,369, directed to synthetic aryl and heteroaryl 
polyamines as eXcitatory amino acid neurotransmitter 
antagonists; US. Pat. No. 5,530,092 and US. Pat. No. 
5,698,662, directed to dendritic macromolecules and the 
preparation thereof; US. Pat. No. 5,750,788, Which dis 
cusses preparation of amines from compounds having at 
least three cyano groups; US. Pat. No. 5,847,190, to den 
dritic nitrogen-containing organic compounds; US. Pat. No. 
6,046,282, to reactive diluents for polyamidoamine epoXy 
curatives; WO 95/20580, to macrocyclic octaaZa com 
pounds; WO 96/38528, directed to betaine esters for the 
delivery of alcohols; WO 97/07674, WO 98/51660, and W0 
99/ 17802, to ethyleneimine oligomers for selective modi? 
cation of nucleic acids; WO 00/09634, to diesel fuels 
comprising hydrocarbyl amines; WO 01/64779, to 
polyamine polyoXides used as asphalt emulsi?ers; WO 
01/79329, to oligopolysuccinimides; Bruice T C et al., “A 
microgonotropen branched decaaZa decabutylamine and its 
DNA and DNA/transcription factor interactions,” Bioorg 
Med Chem. 5(4):685-92 (1997); SatZ A L and Bruice T C, 
“Recognition in the minor groove of double-stranded DNA 
by microgonotropens,: Acc. Chem. Res. 35(2):86-95 (2002); 
Kroger N et al., “Species-speci?c polyamines from diatoms 
control silica morphology,” Proc. Natl. Acad. Sci. USA 
97(26):14133-8 (2000); Bacchi C J et al., “Novel synthetic 
polyamines are effective in the treatment of experimental 
microsporidiosis, an opportunistic AIDS-associated infec 
tion,” Antimicrob. Agents Chemother. 46(1):55-61 (2002); 
and Bacchi C J et al., “SL-11158, a synthetic oligoamine, 
inhibits polyamine metabolism of Encephalitozoon cuni 
culi,” J. Eukaryot. Microbiol. Suppl:92S-94S (2001). 
[0007] Despite intensive research aimed at ?nding effec 
tive treatments for cancer, is Well-knoWn that, While some 
cancers can be treated With relative success, no effective 
treatments eXist for other cancers. Thus, there is a need for 
additional pharmaceutical agents to complement the medici 
nal remedies currently available for treatment of cancer and 
diseases characteriZed by uncontrolled cell proliferation. 

[0008] In addition to treatment of cancer, the oligoamine 
compounds of the present invention are also useful for 
treatment of diseases caused by microorganisms such as 
bacteria, viruses, and parasites. See Bacchi C J et al., “Novel 
synthetic polyamines are effective in the treatment of experi 
mental microsporidiosis, an opportunistic AIDS-associated 
infection,” Antimicrob. Agents Chemother. 46(1):55-61 
(2002); and Bacchi C J et al., “SL-11158, a synthetic 
oligoamine, inhibits polyamine metabolism of Encephalito 
ZOO” cuniculi,” J. Eukaryot. Microbiol. Suppl:92S-94S 
(2001). Microsporidiosis refers to infections caused by any 
of the parasitic protists of the phylum Microspora; over 140 
genera and 1200 species of microsporidia are knoWn, and at 
least 14 of these species can cause pathology in humans: 
Enterocytozoon bieneusi, Encephalitozoon intestinalis (pre 
viously knoWn as Septata intestinalis), Encephalitozoon 
hellem, Encephalitozoon cuniculi, Pleistophora sp., T rachi 
pleistophora hominis, T anthropophthera, Nosema ocu 
larum, N. algerae, Vittaforma corneae, Microsporidium 
ceylonensis, M. africanum, Brachiola vesicularum, and B. 
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connori. (See Centers for Disease Control information at 
World Wide Web URL WWW.dpd.cdc.gov/dpdX/HTML/Mi 
crosporidiosis.htm). Microsporidiosis is most prevalent in 
immunocompromised hosts, such as patients With AIDS and 
HIV-related diseases, or transplant recipients on immuno 
suppressive therapy. Healthy hosts appear to harbor asymp 
tomatic or self-limiting microsporidiosis. Symptoms of 
microsporidiosis include diarrhea and other gastrointestinal 
complications, muscle infections, genitourinary infections, 
respiratory infections, and eye infections. 

[0009] While pharmaceutical treatments currently eXist 
for microsporidiosis, such as albendaZole and metronidaZole 
(Flagyl), not all treatments are effective against every patho 
gen, and undesirable side effects to speci?c medicines can 
occur in certain individuals. Thus, additional medicinal 
agents are needed to complement the treatments currently 
available for microsporidiosis and other diseases caused by 
microbes. 

DISCLOSURE OF THE INVENTION 

[0010] The invention is directed to oligoamine compounds 
and derivatives thereof, methods of making them, and 
methods of using them. 

[0011] In particular, the invention embraces compounds of 
the formula: 

[0012] 
[0013] R1 is independently selected from the group 

consisting of H and Cl-C4 linear alkyl; R2 is inde 
pendently selected from the group consisting of H 
and Cl-C4 linear alkyl; each R3 is independently 
selected from the group consisting of Cl-C8 linear 
alkyl; each R4is independently selected from the 
group consisting of H and Cl-C4 linear alkyl; R5 is 
independently selected from the group consisting of 
H and Cl-C4 linear alkyl; m is an integer betWeen 7 
and 15, inclusive; and all salts thereof. 

Where 

[0014] In one embodiment, R1 is H. In another embodi 
ment, R2 is H. In another embodiment, both R1 and R2 are 
H. 

[0015] In another embodiment, at least one of R5 and the 
R4 moiety bonded to the nitrogen to Which R5 is also bonded 
is H. In another embodiment, both R5 and the R4 moiety 
bonded to the nitrogen to Which R5 is also bonded are H. In 
another embodiment, each R4 is H. In another embodiment, 
R1 is ethyl. 

[0016] In another embodiment, R1 is ethyl and R2 is H. In 
another embodiment, R5 is ethyl. In another embodiment, R5 
is ethyl and the R4 moiety bonded to the nitrogen to Which 
R5 is also bonded is H. 

[0017] In another embodiment, R1 is ethyl, R2 is H, R5 is 
ethyl and the R4 moiety bonded to the nitrogen to Which R5 
is also bonded is H. 

[0018] In yet another embodiment, each R3 is indepen 
dently selected from the group consisting of C3-C4 linear 
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alkyl. In yet another embodiment, each R3 is C3 linear alkyl. 
In yet another embodiment, each R3 is C4 linear alkyl. 

[0019] In other embodiments, m is 7. In other embodi 
ments, m is 9. In other embodiments, m is 11. In other 
embodiments, m is 13. In other embodiments, m is 15. 

[0020] The invention also embraces compounds of the 
formula: 

[0021] Where 

[0022] R1 is independently selected from the group 
consisting of H and Cl-C4 linear alkyl; R2 is inde 
pendently selected from the group consisting of H 
and Cl-C4 linear alkyl; each R3 is independently 
selected from the group consisting of Cl-C8 linear 
hydroXyalkyl and Cl-C8 linear alkyl, With the pro 
viso that at least one R3 is Cl-C8 linear hydroXyalkyl; 
each R4 is independently selected from the group 
consisting of H and Cl-C4 linear alkyl; R5 is inde 
pendently selected from the group consisting of H 
and Cl-C4 linear alkyl; m is an integer betWeen 7 and 
15, inclusive; and all salts thereof. 

[0023] In one embodiment, at least one of R1 and R2 is H. 
In another embodiment, both R1 and R2 are H. In another 
embodiment, at least one of R5 and the R4 moiety bonded to 
the nitrogen to Which R5 is also bonded is H. In another 
embodiment, each R4is H. 

[0024] In another embodiment, R1 is ethyl. In another 
embodiment, R1 is ethyl and R2 is H. In another embodi 
ment, R5 is ethyl. In another embodiment, R5 is ethyl and the 
R4 moiety bonded to the nitrogen to Which R5 is also bonded 
is H. 

[0025] In another embodiment, R1 is ethyl, R2 is H, R5 is 
ethyl and the R4 moiety bonded to the nitrogen to Which R5 
is also bonded is H. 

[0026] In yet another embodiment, each R3 is indepen 
dently selected from the group consisting of C3-C4 linear 
hydroXyalkyl and C3-C4 linear alkyl, With the proviso that at 
least one R3 is C3-C4 linear hydroXyalkyl. In yet another 
embodiment, each R3 is independently selected from C3 
linear hydroXyalkyl and C3 linear alkyl, With the proviso that 
at least one R3 is C3 linear hydroXyalkyl. In yet another 
embodiment, each R3 is independently selected from C4 
linear hydroXyalkyl and C4 linear alkyl, With the proviso that 
at least one R3 is C4 linear hydroXyalkyl. 

[0027] In other embodiments, m is 7. In other embodi 
ments, m is 9. In other embodiments, m is 11. In other 
embodiments, m is 13. In other embodiments, m is 15. 

[0028] In additional embodiments, the alkyl segment 
?anked by the tWo leftmost nitrogens of the compound 
contains a hydroXyalkyl group. In additional embodiments, 
the alkyl segment ?anked by the tWo leftmost nitrogens of 
the compound contains the only hydroXyalkyl group in the 
molecule. That is, When the structure is draWn out in its 
entirety, the ?rst R3 group encountered When reading left to 



US 2003/0130356 A1 

right is a hydroXyalkyl group, or the only hydroXyalkyl 
group. In additional embodiments, the alkyl segment ?anked 
by the tWo rightmost nitrogens of the compound contains a 
hydroXyalkyl group. In additional embodiments, the alkyl 
segment ?anked by the tWo rightmost nitrogens of the 
compound contains the only hydroXyalkyl group in the 
molecule. That is, When the structure is draWn out in its 
entirety, the last R3 group encountered When reading left to 
right is a hydroXyalkyl group, or the only hydroXyalkyl 
group. 

[0029] In another embodiment, the invention embraces 
compounds of the formula: 

R10 R80 R90 R60 

\N R R IL R N/ — 30 — 40 — 50_ 

R20 R70 

[0030] Where 

[0031] R10, R20, R69, and R70 are independently 
selected from H, methyl, ethyl, n-propyl, isopropyl, 
n-butyl, isobutyl, sec-butyl, and t-butyl; 

[0032] Where each R80 and R90 are independently 
selected from H, methyl, ethyl, n-propyl, isopropyl, 
n-butyl, isobutyl, sec.-butyl, and t-butyl; 

[0033] Where R30, each R40) and R50 are indepen 
dently selected from: 

[0034] and Where y is an integer selected from 5, 6, 
7, 8, 9, 10, 11, 12, and 13; and all salts thereof. 

[0035] In one embodiment, at least one R30, R40) or R50 is 
independently selected from: 

—CH2CHOHCH2— and 

—CH2CH2CHOH—. 

[0036] In another embodiment, at least one R30, R40) or 
R50 is independently selected from: 

—CH2CH2CHOHCH2—; and 
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[0037] In another embodiment, at least one of R30 and R50 
is independently selected from: 

[0038] In another embodiment, each R40 is independently 
selected from the group consisting of —CH2CH2CH2— and 
—CH2CH2CH2CH2—. In another embodiment, R30 is inde 
pendently selected from the group consisting of 
—CH2CH2CH2— and —CH2CH2CH2CH2—. In another 
embodiment, R50 is independently selected from the group 
consisting of —CH2CH2CH2— and —CH2CH2CH2CH2—. 
In another embodiment, R30 and R50 are independently 
selected from the group consisting of —CH2CH2CH2— and 
—CH2CH2CH2CH2—. In another embodiment, R40 and R50 
are independently selected from the group consisting of 
—CH2CH2CH2— and —CH2CH2CH2CH2—. In another 
embodiment, R30 and R40 are independently selected from 
the group consisting of —CH2CH2CH2— and 
—CH2CH2CH2CH2—. In another embodiment, R30, each 
R40 and R50 are independently selected from the group 
consisting of —CH2CH2CH2— and —CH2CH2CH2CH2—. 
In one embodiment of the foregoing embodiments, y=5, 7, 
9, 11, or 13. In yet another embodiment, y=6, 8, 10, or 12. 
In yet another embodiment, y=5, 7, 9, or 11. In yet another 
embodiment, y=5. In yet another embodiment, y=7. In yet 
another embodiment, y=9. In yet another embodiment, 
y=11. 

[0039] In another embodiment, each R40 is 
—CH2CH2CH2CH2—. In another embodiment, R30 is 
—CH2CH2CH2CH2—. In another embodiment, R50 is 
—CH2CH2CH2CH2—. In another embodiment, R30 and R50 
are —CH2CH2CH2CH2—. In another embodiment, each 
R40 and R50 are —CH2CH2CH2CH2—. In another embodi 
ment, R30 and each R40 are —CH2CH2CH2CH2—. In 
another embodiment, R30, each R40) and R50 are 
—CH2CH2CH2CH2—. In one embodiment of the foregoing 
embodiments, y=5, 7, 9, 11, or 13. In yet another embodi 
ment, y=6, 8, 10, or 12. In yet another embodiment, y=5, 7, 
9, or 11. In yet another embodiment, y=5. In yet another 
embodiment, y=7. In yet another embodiment, y=9. In yet 
another embodiment, y=11. 

[0040] In another embodiment, each R40 is 
—CH2CH2CH2—. In another embodiment, R30 is 
—CH2CH2CH2—. In another embodiment, R50 is 
—CH2CH2CH2—. In another embodiment, R30 and R50 are 
—CH2CH2CH2—. In another embodiment, each R40 and 
R50 are —CH2CH2CH2—. In another embodiment, R30 and 
each R40 are —CH2CH2CH2—. In another embodiment, 
R30, each R40, and R50 are —CH2CH2CH2—. In one 
embodiment of the foregoing embodiments, y=5, 7, 9, 11, or 
13. In yet another embodiment, y=6, 8, 10, or 12. In yet 
another embodiment, y=5, 7, 9, or 11. In yet another 
embodiment, y=5. In yet another embodiment, y=7. In yet 
another embodiment, y=9. In yet another embodiment, 
y=11. 

[0041] In one embodiment, R10, R20, R60, and R70 are 
independently selected from H, methyl, ethyl, n-propyl, and 
n-butyl. In another embodiment, each R80 and R90 are 
independently selected from H, methyl, ethyl, n-propyl, and 
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n-butyl. In another embodiment, R10, R20, R60, and R70 are 
independently selected from H, methyl, ethyl, n-propyl, and 
n-butyl, and each R80 and R90 are independently selected 
from H, methyl, ethyl, n-propyl, and n-butyl. 

[0042] In another embodiment, R90 and each R80 are H. In 
another embodiment, R10 is H, R20 is ethyl, R60 is H, and R70 
is ethyl. In one embodiment of the foregoing embodiments, 
y=5, 7, 9, 11, or 13. In yet another embodiment, y=6, 8, 1 0, 
or 12. In yet another embodiment, y=5, 7, 9, or 11. In yet 
another embodiment, y=5. In yet another embodiment, y=7. 
In yet another embodiment, y=9. In yet another embodiment, 
y=11. 

[0043] In another embodiment, R30, each R40) and R50 are 
—CH2CH2CH2CH2—, and R90 and each R80 are H. In 
another embodiment, R30, each R40) and R50 are 
—CH2CH2CH2CH2—, and R10 is H, R20 is ethyl, R60 is H, 
and R70 is ethyl. In another embodiment, R30, each R40) and 
R50 are —CH2CH2CH2CH2—, R90 and each R80 are H, and 
R10 is H, R20 is ethyl, R60 is H, and R70 is ethyl. In one 
embodiment of the foregoing embodiments, y=5, 7, 9, 11, or 
13. In yet another embodiment, y=6, 8, 10, or 12. In yet 
another embodiment, y=5, 7, 9, or 11. In yet another 
embodiment, y=5. In yet another embodiment, y=7. In yet 
another embodiment, y=9. In yet another embodiment, 
y=11. 

[0044] In another embodiment, the invention embraces 
compounds of the formula: 

Where y=5, 6, 7, 8, 9, 10, 11, 12, or 13. In yet another 
embodiment, y=5, 7, 9, 11, or 13. In yet another embodi 
ment, y=6, 8, 10, or 12. In yet another embodiment, y=5, 7, 
9, or 11. In yet another embodiment, y=5. In yet another 
embodiment, y=7. In yet another embodiment, y=9. In yet 
another embodiment, y=11. 

[0045] In another embodiment, the invention embraces 
compounds of the formula: 
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until the desired chain length is generated, and optionally 
reacting the last nitrogen to be added With an alkyl halide to 
terminate the synthesis. 

[0048] The invention also embraces methods of making 
the compounds by preparing a linear amide chain, Where the 
linear amide chain is formed by protecting the nitrogen of an 
uu-amino acid, reacting the carboXyl group of the protected 
co-amino acid With an alkylamine to form an amino-pro 
tected co-amino amide; deprotecting the amino group of the 
co-amino amide; and reacting the amino group of the 
c-amino amide With the carboXyl group of a second co 
amino acid to form a peptide bond. This latter reaction can 
be repeated as desired until the desired chain length is 
reached. The ?nal nitrogen added to the polyamide com 
pound can optionally be reacted With an alkanoic acid. 
Finally, the polyamide compound can be reduced to a 
polyamine compound. 

[0049] In another embodiment, the 
embraces a method of making a compound 

R10 R80 R90 R60 

\N R R IL R N/ — 30 — 40 — 50_ 

invention also 

are as de?ned in the various embodiments above, 
comprising the steps of: 

a) providing a ?rst compound of the form 

[0053] Where R51 is selected from the group consist 
ing of 

Where y=5, 6, 7, 8, 9, 10, 11, 12, or 13. In yet another 
embodiment, y=5, 7, 9, 11, or 13. In yet another embodi 
ment, y=6, 8, 10, or 12. In yet another embodiment, y=5, 7, 
9, or 11. In yet another embodiment, y=5. In yet another 
embodiment, y=7. In yet another embodiment, y=9. In yet 
another embodiment, y=11. 

[0046] In another embodiment, the invention embraces the 
compounds 

CH2CH3, and all salts thereof. 

[0047] The invention also embraces methods of making 
the compounds described above, by protecting the amino 
group of an alkylamine in such a manner that it can undergo 
one, and only one, alkylation reaction at the amino group 
(such as protection With mesitylenesulfonyl chloride), react 
ing the protected alkylamine With a haloalkylnitrile com 
pound, reducing the nitrile group to an amino group, repeat 
ing the protection, reaction, and reduction steps as desired 

[0054] Where PGHy is a hydroXy protecting group; 

[0055] b) providing a second compound of the 

[0056] Where blocking group BGN is selected from 
the group consisting of an amino protecting group 
and methyl, ethyl, n-propyl, isopropyl, n-butyl, 
isobutyl, sec-butyl, and t-butyl; 

[0057] R80 is as de?ned in the various embodiments 
above; 

[0058] R41 is selected from the group consisting of 

—CH2CH2CH2— 
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[0059] c) activating the carboxyl group of the 
second compound; 

[0060] d) coupling the second compound to the 
?rst compound to form a compound of the formula 

[0061] Where g is 1; 

[0062] e) repeating step c) and repeating the cou 
pling step of step d) for (g-l) additional cycles to 
form a compound of the formula 

[0063] Where g is an integer from 7 to 15; 

[0064] f) reducing the amide groups to amine 
groups; and 

[0065] g) removing any protecting groups BGN 
and PGHy that may be present in the compound. 
The resulting compound may optionally be puri 
?ed by any method knoWn in the art, such as 
column chromatography, ion-exchange chroma 
tography, HPLC, or thin-layer chromatography. 

[0066] The invention also provides methods of treating 
diseases characteriZed by uncontrolled cell proliferation, 
such as cancer, including, but not limited to, prostate cancer 
and breast cancer, by administration of one or more of the 
compounds described above. The invention also includes 
compositions of one or more of the compounds described 
above in combination With a pharmaceutically-acceptable 
carrier, and/or With another therapeutic agent. Examples of 
compounds of the invention Which can be used for the 
treatment of diseases characteriZed by uncontrolled cell 
proliferation, e.g. cancer, such as prostate cancer and breast 
cancer, 

[0068] or any salt thereof 

are 

[0069] The invention also embraces a method of treating 
microsporidiosis and AIDS-associated infections, by admin 
istration of one or more of the compounds described above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0070] FIG. 1 depicts the effects of SL-11159, SL-11160, 
SL-11175, and SL-11226 on survival of DuPro cancer cells. 

[0071] FIG. 2 depicts the effect of SL-11159 cytotoxicity 
on PC-3 cancer cells after 5 days incubation. 
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BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0072] The invention is directed to various novel oligoam 
ine compounds and derivatives thereof as described herein. 
The invention includes all salts of the compounds described 
herein. Particularly preferred are pharmaceutically accept 
able salts. Pharmaceutically acceptable salts are those salts 
Which retain the biological activity of the free bases and 
Which are not biologically or otherWise undesirable. The 
desired salt may be prepared by methods knoWn to those of 
skill in the art by treating the polyamine With an acid. 
Examples of inorganic acids include, but are not limited to, 
hydrochloric acid, hydrobromic acid, sulfuric acid, nitric 
acid, and phosphoric acid. Examples of organic acids 
include, but are not limited to, formic acid, acetic acid, 
propionic acid, glycolic acid, pyruvic acid, oxalic acid, 
maleic acid, malonic acid, succinic acid, fumaric acid, 
tartaric acid, citric acid, benZoic acid, cinnamic acid, man 
delic acid, sulfonic acids, and salicylic acid. Salts of the 
polyamines With amino acids, such as aspartate salts and 
glutamate salts, can also be prepared. 

[0073] The invention also includes all stereoisomers of the 
compounds, including diastereomers and enantiomers, as 
Well as mixtures of stereoisomers, including, but not limited 
to, racemic mixtures. Unless stereochemistry is explicitly 
indicated in a structure, the structure is intended to embrace 
all possible stereoisomers of the compound depicted. 

[0074] The term “alkyl” refers to saturated aliphatic 
groups including straight-chain, branched-chain, cyclic 
groups, and combinations thereof, having the number of 
carbon atoms speci?ed, or if no number is speci?ed, having 
up to 12 carbon atoms. “Straight-chain alkyl” or “linear 
alkyl” groups refers to alkyl groups that are neither cyclic 
nor branched, commonly designated as “n-alkyl” groups. 
Examples of alkyl groups include, but are not limited to, 
groups such as methyl, ethyl, n-propyl, isopropyl, n-butyl, 
isobutyl, sec-butyl, t-butyl, n-pentyl, neopentyl, cyclopro 
pyl, cyclobutyl, cyclopentyl, cyclohexyl, and adamantyl. 
Cyclic groups can consist of one ring, including, but not 
limited to, groups such as cycloheptyl, or multiple fused 
rings, including, but not limited to, groups such as adaman 
tyl or norbornyl. 

[0075] “Substituted alkyl” refers to alkyl groups substi 
tuted With one or more substituents including, but not 

limited to, groups such as halogen (?uoro, chloro, bromo, 
and iodo), alkoxy, acyloxy, amino, hydroxyl, mercapto, 
carboxy, benZyloxy, phenyl, benZyl, cyano, nitro, thio 
alkoxy, carboxaldehyde, carboalkoxy and carboxamide, or a 
functionality that can be suitably blocked, if necessary for 
purposes of the invention, With a protecting group. 
Examples of substituted alkyl groups include, but are not 
limited to, —CF3, —CF2—CF3, and other per?uoro and 
perhalo groups. 

[0076] “Hydroxyalkyl” speci?cally refers to alkyl groups 
having the number of carbon atoms speci?ed substituted 
With one —OH group. Thus, “C3 linear hydroxyalkyl” refers 
to —CH2CH2CHOH—, —CH2CHOHCH2—, and 
—CHOHCH2CH2—. “C4 linear hydroxyalkyl” refers to 
—CH2CH2CH2CHOH—, —CH2CH2CHOHCH2—, 
—CH2CHOHCH2CH2—, and —CHOHCH2CH2CH2—. 
Note that, for example, —CH2CHOHCH2CH2— is under 
stood to include both the fragment: 
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[0077] and the fragment: 

[0078] Where the Wavy lines indicate the attachment of the 
fragment to the remainder of the molecule; and similarly for 
the other hydroxyalkyl diradicals. 

[0079] The term “alkenyl” refers to unsaturated aliphatic 
groups including straight-chain (linear), branched-chain, 
cyclic groups, and combinations thereof, having the number 
of carbon atoms speci?ed, or if no number is speci?ed, 
having up to 12 carbon atoms, Which contain at least one 
double bond (—C=C—). Examples of alkenyl groups 
include, but are not limited to, —CH2—CH=CH—CH3; 
and —CH2—CH2-cyclohexenyl, Where the ethyl group can 
be attached to the cyclohexenyl moiety at any available 
carbon valence. The term “alkynyl” refers to unsaturated 
aliphatic groups including straight-chain (linear), branched 
chain, cyclic groups, and combinations thereof, having the 
number of carbon atoms speci?ed, or if no number is 
speci?ed, having up to 12 carbon atoms, Which contain at 
least one triple bond (—CEC—). “Hydrocarbon chain” or 
“hydrocarbyl” refers to any combination of straight-chain, 
branched-chain, or cyclic alkyl, alkenyl, or alkynyl groups, 
and any combination thereof. “Substituted alkenyl,”“substi 
tuted alkynyl,” and “substituted hydrocarbon chain” or 
“substituted hydrocarbyl” refer to the respective group sub 
stituted With one or more substituents, including, but not 
limited to, groups such as halogen, alkoxy, acyloxy, amino, 
hydroxyl, mercapto, carboxy, benZyloxy, phenyl, benZyl, 
cyano, nitro, thioalkoxy, carboxaldehyde, carboalkoxy and 
carboxamide, or a functionality that can be suitably blocked, 
if necessary for purposes of the invention, With a protecting 
group. 

[0080] “Aryl” or “Ar” refers to an aromatic carbocyclic 
group having a single ring (including, but not limited to, 
groups such as phenyl) or multiple condensed rings (includ 
ing, but not limited to, groups such as naphthyl or anthryl), 
and includes both unsubstituted and substituted aryl groups. 
“Substituted aryls” refers to aryls substituted With one or 
more substituents, including, but not limited to, groups such 
as alkyl, alkenyl, alkynyl, hydrocarbon chains, halogen, 
alkoxy, acyloxy, amino, hydroxyl, mercapto, carboxy, ben 
Zyloxy, phenyl, benZyl, cyano, nitro, thioalkoxy, carboxal 
dehyde, carboalkoxy and carboxamide, or a functionality 
that can be suitably blocked, if necessary for purposes of the 
invention, With a protecting group. 

[0081] “Heteroalkyl,”“heteroalkenyl,” and “heteroalky 
nyl” refer to alkyl, alkenyl, and alkynyl groups, respectively, 
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that contain the number of carbon atoms speci?ed (or if no 
number is speci?ed, having up to 12 carbon atoms) Which 
contain one or more heteroatoms as part of the main, 

branched, or cyclic chains in the group. Heteroatoms 
include, but are not limited to, N, S, O, and P; N and O are 
preferred. Heteroalkyl, heteroalkenyl, and heteroalkynyl 
groups may be attached to the remainder of the molecule 
either at a heteroatom (if a valence is available) or at a 
carbon atom. Examples of heteroalkyl groups include, but 
are not limited to, groups such as —O—CH3, —CH2—O— 
CH3, —CH2—CH2—O—CH3, —S—CH2—CH2—CH3, 
—CH2—CH(CH3)—S—CH3, —CH2—CH2—NH— 
CH2—CH2—, 1-ethyl-6-propylpiperidino, 2-ethylthiophe 
nyl, and morpholino. Examples of heteroalkenyl groups 
include, but are not limited to, groups such as —CH=CH— 
NH—CH(CH3)—CH2—. “Heteroaryl” or “HetAr” refers to 
an aromatic carbocyclic group having a single ring (includ 
ing, but not limited to, examples such as pyridyl, thiophene, 
or furyl) or multiple condensed rings (including, but not 
limited to, examples such as imidaZolyl, indoliZinyl or 
benZothienyl) and having at least one hetero atom, includ 
ing, but not limited to, heteroatoms such as N, O, P, or S, 
Within the ring. Unless otherWise speci?ed, heteroalkyl, 
heteroalkenyl, heteroalkynyl, and heteroaryl groups have 
betWeen one and ?ve heteroatoms and betWeen one and 
tWenty carbon atoms. “Substituted heteroalkyl,”“substituted 
heteroalkenyl,”“substituted heteroalkynyl,” and “substituted 
heteroaryl” groups refer to heteroalkyl, heteroalkenyl, het 
eroalkynyl, and heteroaryl groups substituted With one or 
more substituents, including, but not limited to, groups such 
as alkyl, alkenyl, alkynyl, benZyl, hydrocarbon chains, halo 
gen, alkoxy, acyloxy, amino, hydroxyl, mercapto, carboxy, 
benZyloxy, phenyl, benZyl, cyano, nitro, thioalkoxy, carbox 
aldehyde, carboalkoxy and carboxamide, or a functionality 
that can be suitably blocked, if necessary for purposes of the 
invention, With a protecting group. Examples of such sub 
stituted heteroalkyl groups include, but are not limited to, 
piperaZine, substituted at a nitrogen or carbon by a phenyl or 
benZyl group, and attached to the remainder of the molecule 
by any available valence on a carbon or nitrogen, —NH— 
SOZ-phenyl, —NH—(C=O)O-alkyl, —NH—(C=O)O 
alkyl-aryl, and —NH—(C=O)-alkyl. If chemically pos 
sible, the heteroatom(s) as Well as the carbon atoms of the 
group can be substituted. The heteroatom(s) can also be in 
oxidiZed form, if chemically possible. 

[0082] The term “alkylaryl” refers to an alkyl group 
having the number of carbon atoms designated, appended to 
one, tWo, or three aryl groups. 

[0083] The term “alkoxy” as used herein refers to an alkyl, 
alkenyl, alkynyl, or hydrocarbon chain linked to an oxygen 
atom and having the number of carbon atoms speci?ed, or 
if no number is speci?ed, having up to 12 carbon atoms. 
Examples of alkoxy groups include, but are not limited to, 
groups such as methoxy, ethoxy, and t-butoxy. 

[0084] The term “alkanoate” as used herein refers to an 
ioniZed carboxylic acid group, such as acetate 

(CH3C(=O)—O(_1)), propionate (CH3CH2C(=O)—O(_ 
1)), and the like. “Alkyl alkanoate” refers to a carboxylic 
acid esteri?ed With an alkoxy group, such as ethyl acetate 
(CH3C(=O)—O—CH2CH3). “co-haloalkyl alkanoate” 
refers to an alkyl alkanoate bearing a halogen atom on the 
alkanoate carbon atom furthest from the carboxyl group; 
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thus, ethyl uu-bromo propionate refers to ethyl 3-bromopro 
pionate, methyl uu-chloro n-butanoate refers to methyl 
4-chloro n-butanoate, etc. 

[0085] The terms “halo” and “halogen” as used herein 
refer to Cl, Br, F or I substituents. 

[0086] “Protecting group” refers to a chemical group that 
exhibits the folloWing characteristics: 1) reacts selectively 
With the desired functionality in good yield to give a 
protected substrate that is stable to the projected reactions 
for Which protection is desired; 2) is selectively removable 
from the protected substrate to yield the desired function 
ality; and 3) is removable in good yield by reagents com 
patible With the other functional group(s) present or gener 
ated in such projected reactions. Examples of suitable 
protecting groups can be found in Greene et al. (1991) 
Protective Groups in Organic Synthesis, 2nd Ed. (John 
Wiley & Sons, Inc., NeW York). Amino protecting groups 
include, but are not limited to, mesitylenesulfonyl (Mes), 
benZyloXycarbonyl (CBZ or Z), t-butyloXycarbonyl (Boc), 
t-butyldimethylsilyl (TBDIMS or TBDMS), 9-?uorenylm 
ethyloXycarbonyl (Fmoc), tosyl, benZenesulfonyl, 2-pyridyl 
sulfonyl, or suitable photolabile protecting groups such as 
6-nitroveratryloXy carbonyl (Nvoc), nitropiperonyl, pyre 
nylmethoXycarbonyl, nitrobenZyl, dimethyl dimethoXyben 
Zil, 5-bromo-7-nitroindolinyl, and the like. HydroXyl pro 
tecting groups include, but are not limited to, t-butyl, benZyl, 
trityl, Fmoc, TBDIMS, photolabile protecting groups (such 
as nitroveratryl oXymethyl ether (Nvom)), Mom (methoXy 
methyl ether), and Mem (methoXy ethoXy methyl ether), 
NPEOC (4-nitrophenethyloXycarbonyl) and NPEOM (4-ni 
trophenethyloXymethyloXycarbonyl). 

Synthetic Methods for Production of Oligoamine 
Compounds 

[0087] Three general methods are presented herein for 
synthesiZing the oligoamine compounds of the invention. 

[0088] 1. The ?rst method involves repetitive addi 
tion of bromocyanoalkyl compounds to mesitylsul 
fonylated alkylamines as folloWs: the amino group of 
an alkylamine compound IA (such as methylamine, 
ethylamine, n-propylamine, n-butylamine, sec-buty 
lamine, t-butylamine, and other alkylamine com 
pounds, Which are commercially available from Ald 
rich Chemical Company, Milwaukee, Wis., and other 
suppliers) is protected, eg by reaction With mesity 
lenesulfonyl chloride (available from Aldrich 
Chemical Company and other suppliers) to form a 
protected alkylamine IIA. The protected alkylamine 
IIA is treated With base, e.g.. sodium hydride in 
anhydrous dimethylformamide, and then reacted 
With a haloalkylnitrile compound, such as 4-bro 
mobutyronitrile or 3-bromopropionitrile (Aldrich). 
The nitrile moiety of the resulting product IIIA is 
reduced by various methods knoWn in the art, such 
as treatment With hydrogen gas and palladium or 
platinum metal, to yield the free amine IVA. The 
forgoing steps—protection of the —NH2 group 
(such as With the mesitylenesulfonyl group), and 
reaction of the —NH(Mes) moiety With a haloalky 
lnitrile folloWed by reduction With H2 or other meth 
ods knoWn in the art, is repeated until the desired 
number of nitrogen groups has been added. If a 
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terminal alkyl group is desired, eg an ethyl group, 
it is added to the last nitrogen by simply reacting the 
last —NH(Mes) moiety With an alkyl halide (e.g., 
bromoethane, n-butyl chloride) instead of a 
haloalkylnitrile. 

mesitylenesulfonyl 
chloride 

Mes 

[0089] 2. The second general method of preparing the 
saturated oligoamine compounds of the invention 
involves using chemistry analogous to that used for 
peptide synthesis to generate a polyamide chain, 
folloWed by reduction of the amide linkages to 
amines. A non-naturally occurring amino acid, such 
as HZNCHZCHZCHZCOOH or another compound 
Where an amino group and carboXyl group are sepa 
rated by a linear alkyl chain of one to tWelve, one to 
eleven, one to eight, or one to seven CH2 groups, can 
be converted into its N-protected derivative by using 
Boc, Fmoc, CbZ, or other amino protecting groups 
Well-knoWn in the art, as illustrated beloW by con 
version of compound IB into compound IIB (PG 
indicates a protecting group). 

[0090] In certain methods for synthesiZing the compounds 
of the invention, the carboXyl group of the N-protected 
amino acid can then be converted into an amide group, 
Which functions to prevent undesired reactions at the car 
boXyl group, and Which Will ultimately be converted into an 
amine group bearing the outermost alkyl groups of the ?nal 
compound. That is, in certain methods for synthesiZing the 
compounds of the invention, such as 
CH3CH2(NHCH2CH2CH2CH2)9NHCH2CH3, converting 
the carboXyl group of Boc-NHCH2CH2CH2COOH into 
BOC-NHCH2CH2CH2CONHCH2CH3 ultimately provides 
the ethyl groups ?anking the repeating core of the molecule. 
This is shoWn for the general case for compound IIIB beloW. 
It should be noted that the designation “alkyl” in the scheme 
beloW can refer to groups Which are identical or different, 
that is, alkyl can be used to designate both the 
—CH2CH2CH2— group and a —CHZCH3 group as in 
Boc-NHCH2CH2CH2CONHCH2CH3. 
[0091] Once the carboXyl group of the N-protected amino 
acid is converted into an amide group, the N-terminus can be 
deprotected (compound IVB beloW). Another N-protected 
amino acid (Which can be, but is not necessarily, identical to 
the amino acid used in the previous step), can then be added. 
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The step is repeated until a desired length is reached, as in 
compound VB below. 

l 

IVB . 

/ 

(ll 
PH HN— (alkyl) —C HN— (alkyl) — CONH(alkyl) 

II 

[0092] Once compound VB has been generated, it can be 
used in various further methods to synthesize the com 
pounds of the invention. One such method is to reduce the 
amide groups of compound VB by various methods knoWn 
in the art, using reagents such as borane (e.g., borane 
tetrahydrofuran complex) or lithium aluminum hydride, to 
the compound VIB1 as folloWs. 

VIB1 

H 

PG HN— (alkyl) — C HN— (alkyl) — CH2NH(alkyl). 

H 
n 

[0093] TWo units of the reduced, appropriately protected 
compound VIIB1 (note that the protecting group designated 
“PG” can be the same or different from the protecting groups 
used in previous syntheses) are then condensed With a 
central alkyl group VIIIB1 (Where “LG” designates a leav 
ing group, Which is displaced by the secondary nitrogen of 
VIIV1). 

VHB1 

H PG PG 

H N— (alkyl) — C N— (alkyl) — CH2N(alkyl). 

H 
n 

[0094] VIIIBl. 

LG- (alkyl)-LG 

[0095] While “alkyl” is used to designate the groups in the 
intermediates of the synthesis, unsaturated segments (alk 
enyl, alkynyl) groups can be used as Well, provided that they 
are reduced at the end of the synthesis to alkyl groups. 
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[0096] Alternatively, if the desired number of alkyl links 
and nitrogens are present in intermediate VB, the compound 
can be acylated as depicted in VIB2: 

VIBZ 

M ii 
(alkyl)C HN— (alkyl) — C HN— (alkyl) — CON(alkyl). 

II 

[0097] folloWed by reduction of the amides to amino 
groups. Amides can be reduced to amino groups using 
various methods knoWn in the art, using reagents such as 
borane (e.g., borane-tetrahydrofuran complex) or lithium 
aluminum hydride. (Amine compound VIB1 can also be 
acylated and reduced to form the ?nal compound, With 
appropriate protecting groups to prevent acylation of the 
secondary amines.) 
[0098] While the synthetic scheme described above is 
performed in solution phase, solid-phase organic synthesis 
can also be employed. Since many of the reactions above are 
similar to reactions performed during solid-phase peptide 
synthesis, the reaction scheme above is readily adapted to 
solid-phase synthesis using techniques for peptide synthesis 
Well-knoWn in the art, as described in, for example, Atherton 
and Sheppard, Solid Phase Peptide Synthesis: A Practical 
Approach, NeW York: IRL Press, 1989; SteWart and Young: 
Solid-Phase Peptide Synthesis 2nd Ed., Rockford, Ill.: 
Pierce Chemical Co., 1984; and Jones, The Chemical Syn 
thesis of Peptides, Oxford: Clarendon Press, 1994. Auto 
mated synthesis of the polyamides can be performed using 
an automated polypeptide synthesiZer employing the solid 
phase method, such as those sold by Perkin Elmer-Applied 
Biosystems, Foster City, Calif. FolloWing completion of the 
entire polyamide precursor, the polyamide is cleaved from 
the solid support and the amide groups are reduced to amine 
groups as described above. 

[0099] 3. The third general method of preparing the 
saturated oligoamine compounds of the invention 
comprises reduction of unsaturated polyamine com 
pounds. Polyamine compounds Which are conforma 
tionally restricted due to the presence of one or more 
double or triple bonds, such as those described in 
US. Pat. No. 5,889,061, WO 00/66587, and WO,98/ 
17624, are reduced under a hydrogen atmosphere in 
the presence of ?nely divided platinum, palladium, 
nickel, or other hydrogenation catalysts Well-knoWn 
in the art (e.g., platinum dioxide or “Adam’s cata 
lyst;” platinum black; palladium on charcoal, Pd/C; 
Raney nickel). 

Synthetic Methods for Production of 
Hydroxyoligoamine Compounds 

[0100] Hydroxy groups can be readily incorporated into 
one or more locations of the oligoamine compounds. 
Example 11 beloW indicates a synthetic scheme for prepar 
ing an oligoamine With hydroxyl groups in tWo alkyl seg 
ments of the oligoamine. The method can be readily adapted 
to prepare oligoamines With hydroxy groups at any location 
in any segment of the molecule, simply by using the 
appropriate protected hydroxy amino acid. For example, 
ZHN(CH2)(CHOR)(CH2)COOH can be used in place of 
ZHN(CH2)(CH2)(CH2)COOH for one of the segments of 
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the oligoamine in any of the preceding general schemes, or 
in the schemes in the examples. This compound is readily 
synthesized from commercially available 4-amino-3-hy 
droxybutyric acid, by protecting the amino group With the Z 
group and then protecting the hydroxy group. The protecting 
group R on the hydroxy group can be TBDMS or any other 
hydroxy protecting group stable to the subsequent reaction 
conditions. As an additional example, 
ZHN(CH2)(CH2)(CHOR)COOH (readily synthesiZed from 
commercially available 4-amino-2-hydroxybutyric acid) can 
be used to place the hydroxy group in an alternate location. 
The hydroxy-containing aminobutyric acids are available in 
enantiomerically pure R and S forms should stereospeci?c 
synthesis be desired. 

Therapeutic Use of Oligoamine Compounds 
[0101] Oligoamine compounds of the present invention 
are useful for treatment of a variety of diseases caused by 
uncontrolled proliferation of cells, including cancer, particu 
larly prostate cancer, breast cancer, and other cancers. The 
oligoamine compounds of the present invention are also 
useful for treatment of infectious and microbial diseases, 
Which can be caused by microorganisms, including, but not 
limited to, microorganisms such as bacteria, viruses, and 
parasites. In particular, the oligoamine compounds of the 
present invention are useful in treating diseases in immu 
nocompromised patients. The oligoamine compounds of the 
present invention are particularly useful for treating 
microsporidiosis. (See Bacchi C J et al., “Novel synthetic 
polyamines are effective in the treatment of experimental 
microsporidiosis, an opportunistic AIDS-associated infec 
tion,” Antimicrob. Agents Chemother. 46(1):55-61 (2002); 
and Bacchi C J et al., “SL-l 1158, a synthetic oligoamine, 
inhibits polyamine metabolism of EncephalitoZoon cuni 
culi,” J. Eukaryot. Microbiol. Suppl:92S-94S (2001)). The 
compounds are used to treat mammals, preferably humans. 
“Treating” a disease using an oligoamine compound of the 
invention is de?ned as administering one or more oligoam 
ine compounds of the invention, With or Without additional 
therapeutic agents, in order to prevent, reduce, or eliminate 
either the disease or the symptoms of the disease, or to retard 
the progression of the disease or of symptoms of the disease. 
“Therapeutic use” of the oligoamine compounds of the 
invention is de?ned as using one or more oligoamine 
compounds of the invention to treat a disease, as de?ned 
above. A “therapeutic amount” of the oligoamine com 
pounds of the invention is an amount suf?cient to treat a 
disease, as de?ned above. 

[0102] In order to evaluate the ef?cacy of a particular 
oligoamine compound for a particular medicinal application, 
the compounds can be ?rst tested against appropriately 
chosen test cells in vitro. In a non-limiting example, oli 
goamine compounds can be tested against tumor cells, for 
example, prostate tumor cells. Exemplary experiments can 
utiliZe cell lines capable,of groWing in culture as Well as in 
vivo in athymic nude mice, such as LNCaP. HorosZeWicZ et 
al. (1983) Cancer Res. 43:1809-1818. Culturing and treat 
ment of carcinoma cell lines, cell cycle and cell death 
determinations based on How cytometry; enZyme assays 
including ODC, SAMDC and SSAT activities; and high 
pressure liquid chromatography detection and quantitation 
of natural polyamines and polyamine analogs are described 
in the art, for example, Mi et al. (1998) Prostate 34:51-60; 
Kramer et al. (1997) Cancer Res. 57:5521-27; and Kramer 
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et al. (1995) J. Biol. Chem. 270:2124-2132. Evaluations can 
also be made of the effects of the oligoamine compound on 
cell groWth and metabolism. 

[0103] Analysis begins With IC5O determinations based on 
dose-response curves ranging from 0.1 to 1000 pM per 
formed at 72 hr. From these studies, conditions can be 
de?ned Which produce about 50% groWth inhibition and 
used to: (a) folloW time-dependence of groWth inhibition for 
up to 6 days, With particular attention to decreases in cell 
number, Which may indicate drug-induced cell death; (b) 
characteriZe oligoamine compound effects on cell cycle 
progression and cell death using ?oW cytometry (analysis to 
be performed on attached and detached cells); (c) examine 
oligoamine compound effects on cellular metabolic param 
eters. Oligoamine compound effects can be normaliZed to 
intracellular concentrations (by HPLC analysis), Which also 
provide an indication of their relative ability to penetrate 
cells. Marked differences in oligoamine compound uptake 
can be further characteriZed by studying the compound’s 
ability to utiliZe and regulate the polyamine transporter, as 
assessed by competition studies using radiolabeled spermi 
dine, as previously described in Mi et al. (1998). Oligoamine 
compounds could also enter the cells by a diffusion mecha 
msm. 

In vivo Testing of Oligoamine Compounds 

[0104] Oligoamine compounds found to have potent anti 
proliferative activity in vitro toWards cultured carcinoma 
cells can be evaluated in in vivo model systems. In a 
non-limiting protocol, the ?rst goal is to determine the 
relative toxicity of the compounds in non-tumor-bearing 
animals, such as DBA/2 mice. Groups of three animals each 
can be injected intraperitoneally With increasing concentra 
tions of an oligoamine compound, beginning at, for 
example, 10 mg/kg. Toxicity as indicated by morbidity is 
closely monitored over the ?rst 24 hr. A Well-characterized 
polyamine analog compound, such as BE-333, can be used 
as an internal standard in these studies, since a data base has 
already been established regarding acute toxicity via a single 
dose treatment relative to chronic toxicity via a daily><5 d 
schedule. Thus, in the case of oligoamine compounds, single 
dose toxicity relative to BE-333 is used to project the range 
of doses to be used on a daily><5 d schedule. 

[0105] After the highest tolerated dosage on a daily><5 d 
schedule is deduced, antitumor activity is determined. Typi 
cally, tumors can be subcutaneously implanted into nude 
athymic mice by trocar and alloWed to reach 100-200 mm3 
before initiating treatment by intraperitoneal injection 
daily><5 d. Most oligoamine compounds can be given in a 
range betWeen 10 and 200 mg/kg. Oligoamine compounds 
can be evaluated at three treatment dosages With 10-15 
animals per group (a minimum of three from each can be 
used for pharmacodynamic studies, described beloW). Mice 
can be monitored and Weighed tWice Weekly to determine 
tumor siZe and toxicity. Tumor siZe is determined by multi 
directional measurement from Which volume in mm3 is 
calculated. Tumors can be folloWed until median tumor 
volume of each group reaches 1500 mm3 (i.e., 20% of body 
Weight), at Which time the animals can be sacri?ced. 
Although the initial anti-tumor studies focuses on a daily><5 
d schedule, constant infusion can be performed via AlZet 
pump delivery for 5 days since this schedule dramatically 
improves the anti-tumor activity of BE-333 against A549 
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human large cell hung carcinoma. Shanna et al. (1997) Clin. 
Cancer Res. 3:1239-1244. In addition to assessing anti 
tumor activity, free oligoamine compound levels in tumor 
and normal tissues can be determined in test animals. 

Methods of Administration of Oligoamine 
Compounds 

[0106] The oligoamine compounds of the present inven 
tion can be administered to a mammalian, preferably human, 
subject via any route knoWn in the art, including, but not 
limited to, those disclosed herein. Methods of administration 
include but are not limited to, intravenous, oral, intraarterial, 
intratumoral, intramuscular, topical, inhalation, subcutane 
ous, intraperitoneal, gastrointestinal, and directly to a spe 
ci?c or affected organ. The oligoamine compounds 
described herein are administratable in the form of tablets, 
pills, poWder mixtures, capsules, granules, injectables, 
creams, solutions, suppositories, emulsions, dispersions, 
food premixes, and in other suitable forms. The compounds 
can also be administered in liposome formulations. The 
compounds can also be administered as prodrugs, Where the 
prodrug undergoes transformation in the treated subject to a 
form Which is therapeutically effective. Additional methods 
of administration are knoWn in the art. 

[0107] The pharmaceutical dosage form Which contains 
the compounds described herein is conveniently admixed 
With a non-toxic pharmaceutical organic carrier or a non 

toxic pharmaceutical inorganic carrier. Typical pharmaceu 
tically-acceptable carriers include, for example, mannitol, 
urea, dextrans, lactose, potato and maiZe starches, magne 
sium stearate, talc, vegetable oils, polyalkylene glycols, 
ethyl cellulose, poly(vinylpyrrolidone), calcium carbonate, 
ethyl oleate, isopropyl myristate, benZyl benZoate, sodium 
carbonate, gelatin, potassium carbonate, silicic acid, and 
other conventionally employed acceptable carriers. The 
pharmaceutical dosage form can also contain non-toxic 
auxiliary substances such as emulsifying, preserving, or 
Wetting agents, and the like. Asuitable carrier is one Which 
does not cause an intolerable side effect, but Which alloWs 
the novel oligoamine compound(s) to retain its pharmaco 
logical activity in the body. Formulations for parenteral and 
nonparenteral drug delivery are knoWn in the art and are set 
forth in Remington ’s Pharmaceutical Sciences, 18th Edi 
tion, Mack Publishing (1990) and Remington, The Science 
and Practice of Pharmacy, Lippincott Williams & Wilkins 
(2000). Solid forms, such as tablets, capsules and poWders, 
can be fabricated using conventional tableting and capsule 
?lling machinery, Which is Well knoWn in the art. Solid 
dosage forms, including tablets and capsules for oral admin 
istration in unit dose presentation form, can contain any 
number of additional non-active ingredients knoWn to the 
art, including such conventional additives as excipients; 
desiccants; colorants; binding agents, for example syrup, 
acacia, gelatin, sorbitol, tragacanth, or polyvinylpyrollidone; 
?llers, for example lactose, sugar, maiZe-starch, calcium 
phosphate, sorbitol or glycine; tableting lubricants, for 
example magnesium stearate, talc, polyethylene glycol or 
silica; disintegrants, for example potato starch; or acceptable 
Wetting agents such as sodium lauryl sulfate. The tablets can 
be coated according to methods Well knoWn in standard 
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pharmaceutical practice. Liquid forms for ingestion can be 
formulated using knoWn liquid carriers, including aqueous 
and non-aqueous carriers, suspensions, oil-in-Water and/or 
Water-in-oil emulsions, and the like. Liquid formulations can 
also contain any number of additional non-active ingredi 
ents, including colorants, fragrance, ?avorings, viscosity 
modi?ers, preservatives, stabiliZers, and the like. For 
parenteral administration, oligoamine compounds can be 
administered as injectable dosages of a solution or suspen 
sion of the compound in a physiologically acceptable diluent 
or sterile liquid carrier such as Water or oil, With or Without 

additional surfactants or adjuvants. An illustrative list of 
carrier oils Would include animal and vegetable oils (e.g., 
peanut oil, soy bean oil), petroleum-derived oils (e.g., min 
eral oil), and synthetic oils. In general, for injectable unit 
doses, Water, saline, aqueous dextrose and related sugar 
solutions, and ethanol and glycol solutions such as propy 
lene glycol or polyethylene glycol are preferred liquid 
carriers. The pharmaceutical unit dosage chosen is prefer 
ably fabricated and administered to provide a ?nal concen 
tration of drug at the point of contact With the cancer cell of 
from 1 nM to 10 mM. More preferred is a concentration of 
from 1 to 100 nM. The optimal effective concentration of 
oligoamine compounds can be determined empirically and 
Will depend on the type and severity of the disease, route of 
administration, disease progression and health and mass or 
body area of the patient. Such determinations are Within the 
skill of one in the art. Oligoamine compounds can be 
administered as the sole active ingredient, or can be admin 

istered in combination With another active ingredient, 
including, but not limited to, cytotoxic agents, antibiotics, 
antimetabolites, nitrosourea, vinca alkaloids, polypeptides, 
antibodies, cytokines, etc. 

EXAMPLES 

Chemical Synthesis Examples 
[0108] The folloWing examples are illustrative of the 
manufacture of several compounds according to the present 
invention, and are not intended to limit the invention dis 
closed and claimed herein in any fashion. The Examples are 
included herein solely to aid in a more complete understand 
ing of the present invention. 

[0109] All commercially available reagents Were used 
Without further puri?cation. All reactions Were folloWed by 
TLC (silica gel F264 precoated, Merck); column chromatog 
raphy Was carried out With silica gel (Merck 60, 0.040-0063 
mesh). The detection Was performed either With UV light or 
the folloWing reagents: KMnO4 soln. (1:1 mixture of 1% aq. 
KMnO4 soln. and 5% aq. Na2CO3 soln.); Schlittler reagent 
(iodine platinate) (1 g HZPtCl6 in 6 ml H20, 20 ml IN HCl 
and 25.5 g KI in 225 ml H2O diluted to 1 L) for amides and 
amines. IR measurements are presented in units of [cm-1] 
and Were recorded on a Perkin-Elmer 781 instrument. NMR 
spectra Were recorded on Bruker-300 or Bruker AMX-600 
instruments With 6 in ppm and using the appropriate solvent 
as internal standard. MS spectra Were generated on Finnigan 
MAT SS0 700 or Finnigan MAT 90 instruments using 
chemical ioniZation (CI) With NH3 and electron impact (El; 
70 eV), and on a Finnigan TSQ 700 instrument using 
electrospray ioniZation (ESI). 
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Example 1 

[0110] 

(Boc)2, NaHCO3 
dioxane/H2O 

BocHN/\/\COOH 
1 

[0111] N-Boc-y-Aminobutyric acid (1): (This compound 
can also be purchased commercially from Sigma-Aldrich 
Chemical Company, Saint Louis, Mo., USA, product B 
1892). A solution of Boc2O (95 g, 435 mmol) in 600 ml of 
dioxane Was added at 0° C. to a stirred mixture of NaHCO3 
(73 g, 870 mmol) in H20 (500 ml) and y-aminobutyric acid 
(30 g, 291 mmol), stirred for 1 h at 0° C. and for 10 h at 20° 
C. The reaction mixture Was diluted With H20 (500 ml), 
extracted 3 times With CHCl3, the aqueous layer Was acidi 
?ed With 3% HCl to pH 7 and then With KHSO4 (20% aq. 
solution) to pH 2. The product Was extracted 5 times With 
CHCl3, dried (Na2SO4) concentrated in vacuo, and crystal 
liZed from EtZO-petr. ether. Yield 54.05 g (97%). mp: 58-59° 
C. NMR (CDCl3): 1.44 (s, 9H), 1.83 (m, 2H), 2.40 (t, 
J=7.15, 2H), 3.10-3.30 (m, 2H), 4.7 (bs, 1H). 

Example 2 

[0112] 

/\/\ HOBt, DCC BOCHN COOH —> 
DMF 

1 

BocHN/\/\COOBt 
2 

[0113] 1-HydroxybenZotriaZole derivative of N-Boc-y 
Aminobutyric acid (2): 1-HydroxybenZotriaZole (70.3 g, 
520 mmol; abbreviated as “HOBt” as individual reagent and 
as “Bt” indicating ester) and dicyclohexylcarbodiimide 
(DCC, 107.41 g. 520 mmol) Were added into an ice cold 
solution of the acid 1 (105.5 g, 519 mmol) in DMF (700 ml), 
the cooling bath Was removed and the reaction mixture Was 
stirred overnight at 20° C. DMF Was evaporated in vacuo at 
40° C., the residue Was suspended in CH2Cl2/H2O (2:1) 
mixture (1.5 liter), ?ltered, and the precipitate Was Washed 
With CH2Cl2 The Washings and ?ltrate Were combined, 
Washed 4 times With H2O, Washed With brine, dried 
(Na2SO4) and concentrated in vacuo. The product Was 
re-precipitated from hot CH2Cl2 With Et2O. The mother 
liquor Was concentrated and the residue Was re-precipitated 
again from hot CH2Cl2 With Et2O. Both crops Were com 
bined, dried in vacuo to obtain 151 g (87% of 2 as a mixture 
of N-and O-isomers, Which Was used in the folloWing steps 
Without further puri?cation. mp: 52-55° C. 1H NMR 
(CDCl3): 1.41 (s) 1.47 (s), 1.98-2.10 (m), 2.87 (t, J=7.16), 
3.18 (t, J=7.15), 3.27-3.36 (m), 4.71 (bs), 7.42-7.44 (m), 
7.47-7.60 (m), 7.76-7.79 (m), 7.99-8.04 (m), 8.05-8.08 (m), 
8.39-8.43 ESI-MS: 663.2 (M2Na+), 641.4 (M2H+), 
456.2, 342.0 (MNa+), 321.2 (MH+). 
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Example 3 

[0114] 

/\/\ EtNHZ BOCHN COOBt _> 
H20 

2 

BocHN/\/\CONHEt 
3 

[0115] (3-Ethylcarbamoyl-propyl)-carbamic acid tert-bu 
tyl ester (3): An aqueous solution of ethylamine (70%, 41 
ml) Was added into an ice cold solution of benZotriaZole 
derivative 2 (50 g, 156 mmol) in CH2Cl2 (500 ml), stirred for 
1 h at room temperature, diluted 2 times With CH2Cl2, 
Washed With H2O, then brine, dried (Na2SO4), concentrated 
and dried in vacuo. Yield 32.845 g (91%). mp: 82-83° C. 1H 
NMR (CDCl3): 1.15 (t, J=7.27, 3H), 1.44 (s, 9H), 1.75-1.85 
(m, 2H), 2.20 (t, J=7.10, 2H), 3.17 (q, J=6.49, 2H), 3.24-3.34 
(m, 2H), 4.82 (s, 1H), 6.13 (bs, 1 13C NMR (CDCl3): 
14.72, 24.91, 26.33, 28.35, 33.66, 33.92, 34.32, 39.78, 
79.21, 156.44, 172.43. ESI-MS: 483.4 (M2Na+), 461.4 
(M2H+), 321.2 (MH+). 

Example 4 

[0116] 

/\/\ 1) HQ, H2O BOCHN CONHEt —> 
2) 2, DIEA, DMF 

H 
\ 

BOCHN CON 2 Et 

4 

[0117] [3-(3-Ethylcarbamoyl-propylcarbamoyl)-propyl] 
carbamic acid tert-butyl ester 4. Hydrochloric acid (12%, 64 
ml) Was added to a cold solution of Boc-derivative 3 (21.1 
g, 91.7 mmol) in MeOH (190 ml) and stirred overnight at 
room temperature. The next day additional acid (30 ml) Was 
added and stirring Was continued for another 10 h. The 
reaction mixture Was ?ltered, Washed With CHCl3, concen 
trated and dried in vacuo overnight. The product Was sus 
pended in DMF (300 ml) With DIEA (42 ml), cooled to 00 
C. and a solution of Bt-derivative 2 (29 g, 90.5 mmol) in 
DMF (100 ml) Was added into the reaction mixture. The 
cooling bath Was removed and the stirring Was continued 
overnight. The solvent and DIEA Were removed in vacuo at 
45° C., the residue Was suspended in CHCl3/H2O mixture, 
Washed With H2O, aq. KHSO4 (20%), H2O, aq. NaHCO3 (2 
times With each), dried (Na2SO4), concentrated in vacuo, 
and triturated With petr. ether. Yield 22.32 g (78%). mp: 
134-1350. H (CDCl3): 1.15 (t, J=7.27, 3H), 1.44 (s, 9H), 
1.65-1.95 (m, 4H), 2.20-2.26 (m, 4H), 3.19 (q, J=6.15, 2H), 
3.23-3.35 (m, 4H), 4.82 (bs, 1H), 6.40 (bs, 1H), 6.68 (bs, 
1H). 13C (CDCl3): 14.77, 24.92, 25.66, 26.43, 28.38, 33.59, 
33.84, 33.92, 34.35, 38.83, 39.66, 79.35, 156.56,172.65, 
173.12. ESI-MS: 338.2 (MNa+), 316.0 (MH+), 216.0 (MH+ 
Boc). 

3 
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Example 5 

[0118] 

1) HCl, H2O 
H 
\ 

B HN CON Et 
°° 2 2) 2, Na2CO3, 

H 
\ 

BOCHN CON 3 Et 

5 

[0119] {3-[3-(3-Ethylcarbamoyl-propylcarbamoyl)-pro 
pylcarbamoyl]-propyl}-carbamic acid tert-butyl ester 5. 
Boc-Protected derivative 4 (22.3 -g, 70.7 mmol) Was stirred 
in a mixture of MeOH (200 ml) and HCl (12%, 81 ml) for 
48 h, concentrated to dryness in vacuo, dissolved in H20, 
and Washed 3 times With CHCl3. Water Was removed on a 
rotary evaporator at 45° C. The resulting hydrochloride Was 
dissolved in a mixture of CH2Cl2 (600 ml) and aq. Na2CO3 
(20%, 100 ml), cooled on an ice bath, and Bt-derivative 2 
(22.47 g, 70.15 mmol) Was added. The cooling bath Was 
removed and the mixture Was stirred for 18 h With a 

mechanical stirrer. The main part of the CH2Cl2 Was 
removed on a rotary evaporator, the reaction mixture Was 

suspended in Water and ?ltered. The product Was triturated 
in EtOAc, ?ltered, Washed With petr. ether and dried in 
vacuo. Yield 25.46 g (90%). mp: 170-171° C. 1H NMR 

(CDCl3/CD3OD): 1.14 (t, J=7.30, 3H), 1.44 (s, 9H), 1.72 
1.85 (m, 6H), 2.10-2.23 (m, 6H), 3.06-3.12 (m, 2H), 3.18 
3.26 (m, 6H), 5.57 (bs, 1H), 7.32 (bs, 1H), 7.46 (bs, 1H), 
7.60 (bs, 1H). 13C NMR (CDCl3/CD3OD): 14.22, 24.73, 
25.32, 25.39, 25.96, 28.15, 33.33, 33.59, 34.12, 34.25, 
38.60, 39.64, 79.29, 156.68, 173.39, 173.88. ESI-MS: 423.4 
(MNa+), 401.4 (MH+). 

Example 6 

[0120] 

H 

\ 1) HC1,H2O 
BocHN CON 3 Et 2) Z’NaZCOS, 

5 CHZClZ/HZO 

H 
\ 

BOCHN CON 4 Et 

6 

[0121] {3-{3-13-(3-Ethylcarbamoyl-propylcarbamoyl) 
propylcarbamoyl]-propylcarbamoyl}-propyl}-carbamic 
acid tert-butyl ester 6 Was prepared from Boc derivative 5 
(25.175 g) employing the same procedure as for 5 With the 
yield 24.79 g, (81%). mp: 196-197° C. 1H NMR (CDCl3/ 
CD3OD): 1.14 (t, J=7.28, 3H), 1.44 (s, 9H), 1.74-1.85 (m, 
8H), 2.15-2.24 (m, 8H), 3.10 (q, J=6.22, 2H), 3.18-3.26 (m, 
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8H), 5.55 (bs, 1H), 7.28 (bs, 1H), 7.43 (bs, 1H), 7.55 (bs, 
1H), 7.62 (bs, 1H). 13c NMR (CDCl3/CD3OD): 13.88, 
24.56, 25.14, 25.23, 25.75, 27.90, 33.07, 33.37, 33.94, 
38.34, 39.35, 79.04, 156.67, 173.37, 173.76, 173.86. ESI 
MS: 508.4 (MNa+), 486.4 (MH+). 

Example 7 

[0122] 

H 

| 1) HCl, H2O 
BocHN CON Et —> 

4 2) BH3—THF, 65° C., 4811 
6 3) MeSSOZCl, NaOH, CHZCIZ 

NHSO2M6S 
Et I|\I 

SO2Mes 7 
4 

[0123] 1N, °N, 11N, 16N, 21N-Pental<is(mesitylenesulfo 
nyl)-1, 6, 11, 16, 21-pentaZatricosane 7. Boc derivative 6 
(24.80 g, 51.06 mmol) Was dissolved in a cold MeOH (370 
ml)/aq. HCl (12%, 150 ml) solution, stirred for 48 h at room 
temperature, concentrated on a rotary evaporator at 45° C., 
dissolved in a minimum of H20, Washed 2 times With 

CHCl3, transferred into a 2 L round-bottom ?ask, and dried 
in vacuo. The product Was stirred With BH3-THF (1 M, 1 L) 
at 65° C. for 24 h, 200 ml more of BH3-THF solution Was 
added, and the reaction Was continued for another 72 h. The 
reaction mixture Was cooled to 0° C., quenched With HBr 
(30% in AcOH) until evolution of H2 stops (approx. 300 ml), 
half of the solvent Was removed on a rotary evaporator (5 

mm, 55° C.), more HBr/AcOH (500 ml) Was added, and left 
overnight. The reaction mixture Was concentrated again on 
a rotary evaporator (5 mm, 55° C.) until it became very 
viscous, and triturated With a mixture HCl (6%, 1L) and 
CHCl3 (200 ml), and ?ltered. The CHCl3 layer Was extracted 
3 times With H2O, the aqueous phases Were combined, 
Washed again With CHCl3, and concentrated to dryness on a 
rotary evaporator at 55° C. 

[0124] The residue Was suspended in a mixture of CH2Cl2 
(400 ml) and NaOH (2N, 560 ml), cooled on an ice bath, and 
sulfonyl chloride (61.2 g, 280 mmol) in CH2Cl2 (400 ml) 
Was added in a feW portions into the stirred reaction mixture. 
The cooling bath Was removed and the stirring Was contin 
ued for 10 h. The reaction mixture Was diluted tWice With 

CHCl3, mixed With 200 ml of H20, ?ltered, and the pre 
cipitate Was Washed With CHCl3 and H20. The ?ltrate and 
Washings Were combined, Washed 4 times With H2O, brine, 
dried (Na2SO4), concentrated and puri?ed on a column 
(SiO2, EtOAc:hexane=1: 1). Yield 36.8 g (77%). mp: 58-60° 
C. 1H NMR (CDCl3): 0.96 (t, J=7.14, 3H), 1.23-1.40 (m, 
16H), 2.29 (s, 15H), 2.54, 2.56, 2.58 (s, together 30H), 4.55 
(t, J=6.30, 1H), 6.93 (s, 10H). 

[0125] MALDI-MS: 1278.618 (MIC), 1262.600 (MNa+), 
1240.712 (M+). 
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Example 8 

[0126] 

NHSO2Mes 
Et N 

| + 
SO2Mes 7 

4 

?O2Mes ?O2Mes 
N \ N 1 1 V 

SO2Mes SO2Mes 
4 4 

8 

[0127] 3N, 8N, 13N, 18N 23N, 28N 33N, 38N, 43N, 48N_N_ 
Decakis(mesitylenesulfonyl)-3, 8, 13, 18, 23, 28, 33, 38, 43, 
48-decaaZapentacontene-25 Sodium hydride (60% sus 
pension in oil, 712 mg, 17.8 mmol) Was added to an ice cold 
stirred solution of the product 6 (18.4 g, 14.83 mmol) in 
DMF (185 ml), stirred for 10 min and 2-butene-1,4-diyl 
bis[mesitylenesulfonate] (3.356 g, 7.42 mmol) Was added 
into the reaction mixture. The stirring Was continued for 3 h 
at 0° C. and left overnight. After the mixture Was cooled to 
0° C., it Was quenched With ice Water, concentrated in vacuo 
at 50° C., dissolved in CHCl3, Washed 4 times With aq. 
NH4Cl, dried (Na2SO4), ?ltered and concentrated on a 
rotary evaporator. Yield: 16.9 g (90%). The product Was 
utiliZed in the folloWing steps Without further puri?cation. 

[012s] mp: 7374° C. 1H NMR(CDC13): 0.96 (1, J=7.19, 
6H), 7.15-7.40 (m, 32H), 2.29 (s, 30H), 2.52, 2.53, 2.54, 
2.55 (s, 60H), 2.85-3.19 (m, 36H), 4.13 (d, J=3.93, 4H), 5.42 
(bs, 2H), 6.92 (s, 20H). 13c NMR (CDC13): 12.70, 20.92, 
22.76, 24.44, 24.61, 24.73, 40.02, 42.07, 44.53, 44.92, 
45.59, 128.30, 131.95, 132.89, 133.35, 139.95, 140.09, 
142.29, 142.59. 

SO2Mes 
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[0129] 3, 8, 13, 18, 23, 28, 33, 38, 43, 48-DecaaZapenta 
contane decahydrochloride 9. The product 8 (32.2 g 12.7 
mmol) Was dissolved in 500 ml of CH2Cl2, cooled to 00 C., 
and PhOH (119.7 g, 1.27 mol) folloWed by 510 ml of HBr 
(30% in AcOH) Were added into the solution. The mixture 
Was stirred for 15 h at 20° C., quenched With 1000 ml of ice 
Water, and the organic layer Was separated and extracted one 
time With 150 ml of H20. The aqueous phases Were com 
bined, Washed With CH2Cl2 (8><150 ml), concentrated on a 
rotary evaporator at 50° C. to the volume of 600 ml, and 
stiffed overnight With 1 g of activated carbon. FolloWing 
?ltration through a CELITE cake (CELITE is a registered 
trademark for diatomaceous earth of the Celite Corporation) 
and rinsing the cake With H2O, the ?ltrate Was transferred 
into a Parr apparatus and subjected hydrogenation With 3 g 
of Pd on C (10%) for 48 h at 50 psi. The catalyst Was 
removed by ?ltration through a CELITE cake and rinsed 
With H2O; the H20 Was removed on a rotary evaporator at 
50° C. The residue Was dissolved in EtOH, cooled to 0° C. 
and product Was precipitated With 35% HCl. Finally it Was 
?ltered, triturated With EtOH and dried in vacuo. Yield 11 g 
(80%). mp: above 210° C. 1H NMR (D20): 1.27 (t, J=7.37, 
6H), 1.62-1.88 (m, 36 H), 2.95-3.25 (m, 40 13C NMR 
(D20): 13.31, 25.59, 45.68, 49.04, 49.66. MALDI-MS: 
850.2 (MH+HCl), 714.0 (MH+), 515.2, 543.8, 357.8. 

[0130] Example 10 

[0131] 1,4-Bis(mesitylenesulfonyloxy)butane (11) 1,4 
Butanediol (4.5 g, 50 mmol) Was dissolved in dioxane (30 
ml), and a 50% solution of KOH (45 ml) and benZyl 
triethylammonium bromide (675 mg, 2.5 mmol) Were 
added. The mixture Was stirred and cooled at 5° C., and 
mesitylenesulfonyl chloride (26 g, 120 mmol) Was added in 
small portions. The mixture Was kept for 5 hr at 5° C., excess 
Water Was added and the mixture Was stirred for 18 h at 25° 
C. The solid Was ?ltered, dried and crystalliZed from ethyl 
acetate/hexane; 14.6 g (64%) of 11 Were obtained; mp 
108.6° C.; 1H-NMR (CDCl3) 0 1.75 (t, 4H), 2.30 (s, 6H), 
2.60 (s, 12H), 3.95 (t, 4H), 6.95 (s, 4H). 13CNMR(CDCl3) 
0 20.94,22.48,25.15, 68.30, 131.70, 139.72, 143.29. MS 
MALDI (m/Z) 477.2 (M++Na), 493.1 (M++K). 

SO2Mes 
1) HBr, AcOH 
— 

N N \ N N\/ 2) H2, Pd/H2, H2O 
| | 3) HCl, EtOH/H2O 
SO2Mes SO2Mes 

4 4 

s 

PII 
N X10 HCl 

N \/ 
| 9 
H 

9 
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Mts 

MtsHN\/\/\ N N 2 
Mts 

12 
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Mts 

M N NC N 3 
Mts 

13 

Mts 

MtsHN\/\/\ N N 3 
Mts 

14 

16 

[0132] Compound 16. Amide 16 Was prepared starting 
With pentamide 12 (described in International Patent Appli 
cation WO 00/66587) following the sequence of reactions 
described in WO 00/66587, namely, alkylation With 4-bro 
mobutyronitrile, folloWed by reduction of the nitrile 13 and 
protection With mesitylene chloride to give 14. Repeating 
the sequence of reactions gave compound 15, then com 
pound 16. 

/\/\/OMtS MtsO 

11 

Mts 
N 

3 

5 

Mts 
N 

3 
Mts 

-continued 

Mts 

| 
WV NV 

T 6 
Mts 17 

[0133] Compound 17. Amide 16 (350 mg, 0.2 mmol) Was 
dissolved in DMF (10 ml), the solution stirred at 5° C. under 
N2, and 60% NaH (10 mg) Was added. Compound 11 Was 
added, the mixture Was alloWed to reach 25° C. and Was kept 
for 18 h. The solvent Was evaporated and the residue Was 
extracted With chloroform, the eXtracts Were Washed tWice 
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With saturated ammonium chloride, dried (Na2SO4) and 
evaporated. The residue Was puri?ed by ?ltration through a 
silica gel column using hexane/ethyl acetate (6:5) as eluant; 
140 mg of 17 (39%) Were obtained. 1H NMR (CDCl3), 6 1.0 
(t, 6H), 1.30 (m, 52 H), 2.30 (s, 42 H), 2.55 (s, 84H), 3.0 (m, 
56H), 10 6.95 (s, 28H). 13C NMR 6 12.68, 20.89, 22.67, 
22.74, 24.38, 24.46, 24.74, 40.03, 44.55, 44.85, 44.96, 
131.86, 133.37, 139.95, 142.28. 

17 

'14 HCl 

18 

[0134] Compound 17 Was deprotected to give tetradecam 
ine 18 using HBr/AcOH as 15 described in International 
Patent Application WO 00/66587 for compound 43 of that 
document, at pages 42-43. 

Example 11 

[0135] 

O 

O TBDBSCl, imd 
—> 

OH 
20 

O 

O EtNH2 
90° (3., 40 h 

OTBDMS 
21 

HO CONHEt 
1) PhTh, DEAD, PPh3 
2) HZNNHZ 

OTBDMS 
22 

HZN CONHEt 
ZNH(CH2)3CO2H, EtOZCCI 
—> 

OTBDMS 
23 

O OTBDMS 

N CONHEt 2) ZNH(CH2)3CO2H, 
H EtOZCCI 
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-continued 
0 OTBDMS 

1) H2, Pd/C 
ZHN —> 

N CONHEt 2)ZNH(CH2)sCO2H, 
H 2 EtOZCCI 
25 

o OTBDMS 1) BH3°THF, 60 Q, 
48h 

ZHN 
g CONHEt 2)B°°2O 

3 

OTBDMS 

26 

l|3oc 
ZHN N 

Boc 3 

27 

2 EtO CCl HO C CH CO H 
DHLPd/C ) 2 , 2 ( 2)2 2 

3)HC1 

OH 

g g 
/\N N \/ 

H H 7 
OH 

28 

[0136] Preparation of 5,46-Dihydroxy-3,8,13,18,23,28, 
33,38,43,48-decaaZapentacontane decahydrochloride 28. 
2-Hydroxy-y-butyrolactone 20 Was used as a starting mate 
rial. (This compound is commercially available as both R 
and S isomers.) FolloWing the protection of hydroxy group 
With t-butyldimethylsilyl chloride (TBDMSCl), the result 
ing lactone 21 Was treated With a THF solution of EtNH2. 
The resulting hydroxy amide 22 Was subjected to a Mit 
sunobu reaction With phthalimide (PhTh), diethylaZodicar 
boxylate (DEAD), and triphenylphosphine, folloWed by 
deprotection With hydraZine to obtain amine 23. Amine 23 
Was repeatedly acylated With y-carbobenZyloxy-aminobu 
tyric acid in presence of ethyl chloroformate and the car 
bobenZyloxy (Z) group Was removed by hydrogenation over 
Pd/C catalyst to yield products 24-26. Reduction of tetra 
mide 26 With the borane-THF complex, folloWed by treat 
ment of the resulting tetramine With Boc-anhydride, gave 
27. This product Was acylated With succinic acid after 
removal of the Z group by hydrogenation, then Boc-depro 
tected With aqueous HCl and the amide groups Were again 
reduced using BH3-THF reagent to yield desired product 28 
as a decahydrochloride. The 5R, 46R and 5S, 46S analogues 
are prepared by using the R or S isomers of 2-hydroxy-y 
butyrolactone, respectively, as the starting material. 

Example 12 
[0137] Calf-thymus DNA aggregation by spermine and 
oligoamines. The oligoamines of the invention are very 
ef?cient in producing DNA aggregation. The concentrations 
required for polyamines at the start of DNA aggregation 
along With the concentration required for spermine to 
achieve the same can be seen in Table 1. The oligoamines 
aggregated DNA 20 to 40 times more ef?ciently than sper 
mine under identical conditions. 

[0138] Test for DNA Aggregation: DNA aggregation Was 
studied using a Perkin-Elmer Lambda 25 UV/visible spec 
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trophotometer connected to a PTP 6 heating unit using a 
previously published procedure (see Basu, H S and Marton, 
L J, “The interaction of spermine and pentamines With 
DNA,” Biochemical Journal 244:243-246 (1987)). Aggre 
gation Was determined in 50 mM NaCl, 1 mM Na-cacody 
late pH 7.0 buffer by observing the increase in DNA 
absorbance (approximately 0.5 A260 units) at 320 nm. 

TABLE 1 

DNA Aggregation 

Conc. at the 
start of DNA 

Polyamine Aggregation 

Spermine 88.5 
SL-11159 2.5 
SL-11160 4.5 
SL-11175 2.0 
SL-11226 2.2 

Example 13 

[0139] Effect of Saturated Oligoamines on Human Pros 
tate Tumor Cell GroWth by the MTT assay. Saturated 
oligoamines inhibited prostate cancer cell groWth in vitro. 
DU-145 cells Were most sensitive and PC-3 cells Were less 
sensitive to the 10 effects of oligoamines. In general, ID5O 
values of less than 0.5 pM Were obtained (Table 2). Even 
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Cells Were harvested by treatment for 5 min With STV 
(saline A, 0.05% trypsin, 0.02% EDTA) at 37° C. The ?asks 
Were rapped on the lab bench, pipetted several times and 
aliquots of cell suspension Were WithdraWn and counted 
using a Coulter particle counter that has been standardiZed 
for counting each cell line using a hemacytometer. 

[0141] MTT Assay: TrypsiniZed cell suspensions Were 
diluted to seed 80 pl suspensions containing 500 cells in 
each Well of a 96 Well Corning microtiter plate and incu 
bated overnight at 37° C. in a humidi?ed incubator in 5% 
CO2. 20 pl of appropriately diluted stock solution of each 
drug Were added to the middle 8 columns of cell suspension 
in the microtiter plates. Each drug concentration Was run in 
quadruplicate. Outer columns of the plates Were used for 
buffer controls. Cells Were incubated With the drug for 6 
days at 37° C. in 5% CO2/H2O atmosphere. 25 pl of 5 mg/ml 
solution of 3-(4,5-dimethylthiaZol-2-yl)-2, 5-diphenyl tetra 
Zolium bromide (MTT) Were added to each Well and incu 
bated for 4 hours at 37° C. in 5% CO2/H2O incubator. Cells 
Were lysed by incubating overnight With 100 pl lysis buffer 
(500 ml of the lysis buffer contains: 100 g lauryl sulfate 
(SDS), 250 ml of N, N-dimethylformamide, and 2 ml of 
glacial acetic acid, made up to volume With Water; pH 4.8). 
[0142] The color Was monitored at room temperature at 
570 nm in a E-max Precision Microplate Reader (Molecular 
Devices Corporation, Sunnyvale, Calif.) and data Was ana 
lyZed using cell survival softWare supplied by Molecular 
Devices Corporation. 

TABLE 2 

Oligo 

amines 

ID5U values for Human 
Tumor Cell Lines 

Structures of Oligoamines LnCap DU145 DuPro PC-3 

SL-11159 

SL-11160 

SL-11175 

SL-11226 

0.15 0.30 0.60 

0.13 0.55 0.40 

2 0.24 0.35 0.5 

0.08 0.11 0.14 

though the PC-3 cells Were relatively more resistant to the 
oligoamines, at a 5 pM concentration the oligoamines 
reduced the cell number to less than 1% of the control on day 
6 of incubation. Tissue cultures and the MTT assay Were 
performed as folloWs. 

[0140] Tissue Culture. Cells Were seeded into 75 cm2 
culture ?asks With 15 ml of Eagle’s minimal essential 
medium supplemented With 10% fetal calf serum and non 
essential amino acids. The ?asks Were incubated in a 

humidi?ed 95% air/5% CO2 atmosphere. The cells Were 
groWn for at least 24 h to ensure that they are in the log phase 
of groWth and then they Were treated With the oligoamines. 

Example 14 

[0143] Cellular Uptake of Oligoamines. There Was con 
siderable uptake of oligoamines by the cancer cell lines; see 
Table 3A (DuPro cells) and Table 3B (PC-3 cells). In most 
cases, only a minor decrease in intracellular polyamine 
levels Were observed in both cell lines even at conditions 
Where the oligoamines exhibit considerable groWth inhibi 
tion and cytotoxicity. Therefore, these data suggest that the 
mechanism of cytotoxicity of oligoamines did not involve 
depletion of intracellular polyamine pools. While not Wish 
ing to be limited by any particular theory of operation, the 
cytotoxicity is likely related to their strong aggregation 
effect on DNA. 
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[0144] Polyamine Analysis. An appropriate number of 
cells Were taken from harvested samples and centrifuged at 
1000 rpm at 4° C. for 5 min. The cells Were Washed tWice 
With chilled Dulbecco’s isotonic phosphate buffer (pH 7.4) 
by centrifugation at 1000 rpm at 4° C. and resuspended in 
the same buffer. After the ?nal centrifugation, the superna 
tant Was decanted, and 250 ml of 8% sulfosalycilic acid Was 
added to the cell pellet. The cells Were sonicated, and the 
mixture Was kept at 4° C. for at least 1 h. After centrifugation 
at 8000 g for 5 min, the supernatant Was removed for 
analysis. An appropriate volume (50-100 pl) Was ?uores 
cence-labeled by derivatiZing With dansyl chloride. Labeled 
polyamines Were loaded onto a C-18 high-performance 
liquid chromatography column and separated by gradient 
elution With acetonitrile/Water at 50° C. Peaks Were detected 
and quantitated using ShimadZu HPLC ?uorescence monitor 
coupled With a Spectra-Physics peak integrator. Because 
polyamine levels vary With environmental conditions, con 
trol cultures Were sampled for each experiment. 

TABLE 3A 
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saturated oligoamines Were chosen for their ability to kill 
DuPro cells after 5 days of incubation. Oligoamines;SL 
11159, SL-11175 and SL-11226 had over 4 logs of cell kill 
on day 5 of treatment at 1-2 pM concentrations; see FIG. 1. 
Although the prostate tumor PC-3 line Was someWhat less 
susceptible to Oligoamine treatment (see Table 2 of ID5O 
values), a colony survival assay shoWed that at very loW 
concentrations (ca. 1.5-2 pM) SL-11159 kills almost four 
logs of PC-3 cells; see FIG. 2. The colony forming assay 
Was performed as folloWs. 

[0147] Colony Forming Ef?ciency Assay. All cell lines 
used in this assay have already been optimiZed With respect 
to the number of feeder cells and length of incubation time 
for observable colony formation. Cells Were Washed, har 
vested, and replated in quadruplicate at appropriate dilution 
into 60 mm plastic Petri dishes. The Petri dishes Were 
prepared not more than 24 hr in advance With 4 ml of 
supplemented Eagle’s minimum essential medium contain 

Cellular Polyamine and Oligoamine levels of DuPro Cells treated With Oligoamines 

Analog Polyamine levels (nmoles/106 Polyamine levels (nmoles/106 
Conc. cells) on Day 4 of Treamtment cells) on Day 6 on Treatment 

Treatment Put Spd Spm Analog Put Spd Spm Analog 

Control — 0.966 3.870 1.006 — 0.567 2.930 0.680 — 

SL- 0.8 0.560 ND ND 0.525 * * * 

11159 1.6 0.137 ND ND 0.513 * * * 

SL- 0.8 0.430 0.897 0.222 0.575 0.675 1.470 0.290 0.410 
11160 1.6 0.412 ND 0.195 0.775 * * * 

SL- 0.8 0.157 ND 0.050 0.145 0.155 ND ND 0.023 
11175 1.6 0.410 ND ND 0.150 * * * 

SL- 0.8 0.593 0.017 0.067 0.032 0.548 ND ND 0.022 
11226 1.6 * * * * * * * 

ND = Not detected; 
* = Cell yield is too lOW for accurate measurement 

[0145] 

TABLE 3B 

Cellular Polyamine and Oligoamine levels of PC-3 Cells treated With Oligoamines. 

Analog Polyamine levels (nmoles/106 Polyamine levels (nmoles/106 
Conc. cells) on Day 4 of Treatment cells) on Day 6 of Treatment 

Treatment Put Spd Spm Analog Put Spd Spm Analog 

Control — 0.567 2.790 0.660 — 0.300 0.565 0.234 — 

SL- 1 0.525 0.531 0.300 0.513 0.640 ND ND 1.026 
11159 5 0.670 ND 0.240 0.388 * * * 

SL- 1 ND 0.097 0.502 0.005 ND 0.085 0.180 0.007 
11160 5 ND 0.077 0.525 0.011 * * * 

SL- 1 0.515 ND ND 0.055 0.76 ND ND 0.08 
11175 5 0.519 ND ND 0.128 * * * 

SL- 1 0.573 ND ND 0.021 * * * 

11226 5 0.985 0.071 ND 0.026 * * * 

ND = Not detected; 
* = Cell yield is too lOW for accurate measurement 

Example 15 

[0146] Assessment of Oligoamine CytotoXicity by Colony 
Forming Assay. The cytotoXity of the oligoamines Was 
further assayed by the colony forming assay Four 

ing 5-10% fetal bovine serum (standardiZed for each cell 
line) for all cell lines. Cells Were incubated for the previ 
ously standardiZed number of days in a 95% air/5% CO2 
atmosphere. The plates Were stained With 0.125% crystal 








