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Spermidine/spermine-N*-acetyltransferase (SSAT), the rate-limiting step in polyamine catabolism,
is critical for the interconversion and modulation of cellular polyamines. Inhibitor-initiated
induction of this enzyme also appears to correlate with the sensitivity of tumor cells to a class of
novel polyamine analogues, the bis(ethyl)polyamines. Thus, terminally alkylated polyamines which
modulate the cellular level of SSAT could be of great value for understanding the role of this
enzyme both in analogue-mediated cytotoxicity and in overall cellular polyamine metabolism.
Such analogues could also become important therapeutic agents by disrupting cellular polyamine
metabolism. The structure—activity relationships defining the interaction of polyamine analogues
with SSAT have not been fully elucidated, and, in particular, unsymmetrically alkylated polyamines
have not been synthesized and evaluated as modulators of SSAT. To this end, we now report the
synthesis and preliminary biological evaluation of N'-ethyl-N'!-propargyl-4,8-diazaundecane and
Nt-ethyl-N'-((cyclopropyl)methyl)-4,8-diazaundecane via a synthetic pathway which represents
an efficient route to a variety of unsymmetrically substituted polyamine analogues. The title
compounds act as effective inhibitors of isolated human SSAT and produce a differential
superinduction of SSAT in situ which appears to be associated with a cell specific cytotoxic response
in two human lung cancer cell lines. In so doing, these analogues exhibit promising antitumor
activity against cultured human lung cancer cells.

Introduction

The enzymes involved in the polyamine metabolic
pathway have been the subject of intensive study, and a
number of specific inhibitors for these enzymes have been
designed as potential antitumor or antiparasitic agents.?
Despite this effort, only one of these inhibitors, a-diflu-
oromethylornithine, has become a clinically useful agent.?
To date, most of the studies involving inhibitors of
polyamine metabolism have focused on the enzymes
involved in the biosynthetic pathway. Recently, however,
there has been considerable interest generated in the
enzyme spermidine/spermine-Nl-acetyltransferase
(SSAT),! the rate-limiting step in the back conversion of
polyamines. SSAT, in conjunction with polyamine oxidase
(PAO), allows for reversal of the biosynthetic pathway
and attenuation of the levels of individual polyamines.

The induction of SSAT in two human lung cancer cell
lines which respond differently to treatment with inhibitors
of polyamine biosynthesis has recently been studied.5 In
these cell lines, the level of induction of SSAT appears to
correlate inversely with the degree of resistance to cyto-
toxicity following treatment with the polyamine analogue
N1 N'2.hjg(ethyl)spermine (BESpm, Figure 1).> Rate of
growth and cellular polyamine content in the human small
cell lung carcinoma (SCLC) line NCI H82 are minimally
affected by BESpm, which appears to down regulate
polyamine biosynthesis by the same mechanism as the
natural polyamines.® By contrast, BESpm was found to
be markedly cytotoxic at a concentration of 10 uM in the
large cell lung carcinoma (LCLC) line NCI H157, accom-
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Figure 1. Structures of spermine, norspermine, N, Ni2-bis-
(ethyl)spermine, and analogues 1 and 2.

panied by nearly complete depletion of all intracellular
polyamines and a decrease in ornithine decarboxylase
(ODC) activity to undetectable levels. In the responsive
LCLC line, BESpm was found to induce SSAT in a time-
and dose-dependent manner to maximum levels greater
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than 1000-fold above baseline. Conversely, in the unre-
sponsive SCLC cell line, minimal (less than 7-fold)
induction of SSAT was observed, regardless of the time
period or the concentration of BESpm employed. These
results suggest that the differential induction of SSAT
may play a role in determining cell specific sensitivity to
polyamine antimetabolites. Additionalinhibitors of SSAT
would be of great value in the study of this phenomenon.

The structural requirements for interaction with the
SSAT active site have not been fully investigated, but
some structure/affinity data are available.” The natural
substrates for the enzyme, spermidine, and spermine, have
Ko, values of 130 and 34 uM, while sym-norspermidine
and sym-norspermine exhibit K, values of 9 and 10 uM,
respectively. N'-Acetylspermine is also a substrate (Kmn
= 51 uM), while N'-acetylspermidine is not, since it does
not possess the requisite free aminopropyl moiety. It has
been suggested that bis-monoalkylation of both terminal
nitrogens of spermidine or spermine is optimal for
antiproliferative activity and that alkylation at an internal
nitrogen reduces in vitro activity.® Elongation of the
central alkyl chain of spermine or bis-alkylated spermine
to C-8 produces analogues which have dramatic effects on
in vitro® and in vivo!® tumor cell growth, levels of
intracellular polyamines,®!! and DNA conformation and
aggregation.? The terminal bis(benzyl)-substituted C-8
spermine homologues have been shown to down regulate
ornithine decarboxylase and S-adenosylmethionine de-
carboxylase in rat hepatoma cells, resulting in depletion
of cellular polyamines and complete abolition of cell
division.!! However, this effect appears to be related to
metabolism of the bis(benzyl) derivative to the corre-
sponding bis-primary amine. The bis(ethyl)polyamines,
and in particular bis(ethyl)norspermine, have excellent
affinity for SSAT and serve as competitive inhibitors but
can dramatically induce the enzyme to levels that are as
much as 2000% above baseline. This effect, combined
with the down regulation of polyamine biosynthesis by
bis(ethyl)polyamine analogues,®!2 leads to a depletion of
cellular polyamines and cytotoxicity in some cell lines. In
recent studies, the bis(ethyl) polyamines have shown great
promise in vitro and in vivo as antitumor agents.13-1¢ To
date, polyamine analogues with unsymmetrical bis(alkyl)
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substitutions have not been synthesized and evaluated as
inhibitors or inducers of SSAT or as antitumor agents.
Such analogues, if active, would be of great value in terms
of elucidating additional structure—activity relationships
for optimal interaction with SSAT and could also prove
to be effective antitumor agents.

In light of the potential value of terminally alkylated
polyamines as therapeutic agents, the unsymmetrically
substituted polyamine analogues 1 and 2 (Figure 1) have
been proposed. The syntheses described for the sym-
metrically bis-alkylated polyamine derivatives such as
BESpm, which involve as little as three steps,® are not
adaptable for the production of unsymmetrically substi-
tuted polyamine analogues, since these routes depend on
simultaneous alkylation of both terminal nitrogens of a
protected tri- or tetraamine intermediate. Therefore, the
synthetic route to the unsymmetrically alkylated poly-
amines 1 and 2 (shown in Schemes I and II) has been
proposed. This route is intended to be of sufficient
efficiency and versatility to allow for the eventual pro-
duction of a variety of analogues in suitable quantities for
biological evaluation. We now report the synthesis of the
title compounds 1 and 2 vig this synthetic route and
describe the results of their preliminary biological eval-
uation.

Chemistry

The synthetic route leading to compounds 1 and 2 is
depicted in Schemes I and II. 1,3-Diaminopropane (3)
(Scheme I) was treated with benzaldehyde in formic acid
using the method of Bergeron!” to produce the monoben-
zylated diamine 4, which was then selectively protected
at the remaining primary nitrogen using 2-mesitylene-
sulfonyl chloride!® to afford the corresponding mesityl
analogue 5. Addition of a phthalimidopropyl group was
then accomplished using 3-bromopropylphthalimide (6)
and lithium iodide in n-butyl alcohol, yielding the tripro-
tected analogue 7. Compound 7 represents a versatile
synthetic intermediate, since each of the three protecting
groups can be removed individually, allowing for the
possibility of selective functionalization at any of the three
nitrogen atoms.
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The elaboration of synthon 7 to the desired target
molecules 1 and 2 is shown in Scheme II. Ethylamine
hydrochloride (8) was treated with 2-mesitylenesulfonyl
chloride!® to afford the corresponding mesityl-protected
analogue 9. Treatment of 9 with sodium hydride in
dimethylformamide, followed by dropwise addition of 1,3-
diiodopropane 10, then produced the monoalkylated iodide
11. Analogue 11 was then added to a mixture of synthon
7 and sodium hydride to provide the fully protected
tetramine 12.

In order to reduce the number of deprotection steps
necessary toreach the final compound, it became necessary
to convert the N-benzyl and N-phthaloyl protected
nitrogens to their corresponding N-mesityl moieties. Our
attempts to sequentially remove the benzyl and phthal-
imide protecting groups, followed by dimesitylation in a
single step, were unsuccessful, since the yield for the
dimesitylation was low, and because attempts to remove
the phthalimide in the presence of the debenzylated
secondary amine resulted in the formation of undesired
side products. Therefore, these transformations were
accomplished in a stepwise fashion beginning with inter-
mediate 12. The benzyl protecting group was removed by
hydrogenolysis!® (Hs, 10% Pd/C) to yield the free sec-
ondary amine analogue 13, which was reprotected by
treatment with 2-mesitylenesulfonyl chloride!® to afford
intermediate 14. Hydrazinolysis of the phthalimide2®
(methanolic NH;NH;) then produced primary amine 15,
which was reprotected as described above to yield the
tetramesitylated compound 16. The presence of an acidic
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hydrogen at this terminal mesitylated nitrogen provides
a means for facile selective functionalization at this
position. Thus, deprotonation of 16 in DMF in the
presence of sodium hydride, followed by the addition of
either propargyl bromide or (bromomethyl)cyclopropane,
resulted in the formation of the fully protected, unsym-
metrically alkylated intermediates 17 or 18, which were
deprotected in 30% HBr in acetic acid?! to afford the
respective target molecules 1 and 2 as their tetrabromide
salts.

Results and Discussion

Compounds 1 and 2 were evaluated as inhibitors of
human SSAT using a crude lysate from H157 cells as
previously described.® Both compounds 1 and 2 were
found to be effective inhibitors in this assay system,
exhibiting similar potency to the known inhibitor BESpm,
as shown in Figure 2. To determine whether analogues
1 and 2 exhibit cytotoxic specificity similar to that
previously observed for BESpm, 96-h dose-response ex-
periments were performed on both the H157 LCLC and
H82 SCLC cell lines. Preliminary results indicate that
compounds 1 and 2 are also selectively cytotoxic. Treat-
ment of H157 cells with either 1 or 2 at levels above 5 uM
resulted in cytotoxicity, as shown in Figure 3, with ICs
values of 0.79 and 0.57 uM, respectively. Both compounds
are more potent against LCLC than the known inhibitor
BESpm.2? By contrast, compounds 1 and 2 are minimally
cytostatic in the H82 SCLC cell line, exhibiting ICs values
of 4.74 and 0.84 uM, respectively, as shown in Figure 4.
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Figure 2. Inhibition of SSAT by BESpm and compounds 1 and
2. Each data point shown represents the average of two
determinations.
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Figure 3. The cytotoxic effect of BESpm and compounds 1 and
2 on H157 large cell lung carcinoma (LCLC) following 96-h
treatment.

Table I. Induction of SSAT Activity in H157 LCLC or H82
SCLC Cells Following Treatment with BESpm, 1 or 2

cell SSAT activity
treatment line (pmol/min/mg of protein)
none H157 32.34
10 xM BESpm H157 38330.08
10uM1 H157 19098.68
10M2 Hi157 42780.40
none Hs2 28.08
10 xM BESpm Hs2 22.73
10uM1 Hs2 19.81
10 M 2 Hs2 47.09

This observation is similar to the results of studies
involving BESpm, in which no significant cytotoxicity was
observed at concentrations of up to 100 uM in the H82 cell
line.22

Compounds 1 and 2 were also evaluated in vitro for
their ability to induce SSAT in both H1567 LCLC cells and
H82 SCLC cells. These data are outlined in Table I. Cells
were exposed to a 10 uM concentration of either BESpm,
1or 2 for 24 h, after which the cells were lysed and assayed
for SSAT activity. Analogues 1 and 2 were found to be
highly effective inducers of the human enzyme in the
responsive H157 LCLC cell line, producing SSAT levels
comparable to or greater than those observed following
treatment with BESpm. It is equally important to
determine whether compounds 1 and 2 induce SSAT in
the unresponsive SCLC cell line, since the specificity of
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Figure 4. The cytostatic effect of compounds 1 and 2 on H82
small cell lung carcinoma (SCLC) following 96-h treatment.

cytotoxicity observed with polyamine analogues such as
BESpm has been postulated to be associated with their
ability to superinduce SSAT.2? Neither compound 1 or 2
caused significant induction of SSAT in the treated H82
SCLC cell line, an observation which is consistent with
previous studies involving BESpm.5222 These findings,
therefore, support the assertion that there is a positive
correlation between analogue-initiated superinduction of
SSAT and the development of cytotoxicity. Investigations
are currently underway to determine the molecular
mechanism responsible for the induction of SSAT by 1
and 2 in the H157 cell line and for the lack of induction
in the unresponsive H82 cell line. Other polyamine
analogues have demonstrated the ability to increase the
steady-state levels of mRNA specific for SSAT, resulting
inan increasein SSAT protein.4232¢ However, the precise
mechanism underlying the induction of the SSAT protein
hasnotbeen elucidated. Thus, compounds 1 and 2should
provide additional tools to facilitate the understanding of
the regulation of SSAT gene expression.

Finally, the synthetic route leading to compounds 1 and
2 is sufficiently versatile and efficient to allow for the
synthesis of a wide variety of unsymmetrically substituted
polyamine analogues. In our laboratories, the synthesis
of additional analogues for usein a structure—-activity study
is underway, as are additional biological experiments
involving 1 and 2. The results of these studies will be
reported in a future communication.

Experimental Section

Compound 4, 1-(benzylamino)-3-aminopropane, was synthe-
sized according to the procedure of Bergeron.!” Allotherreagents
were purchased from Aldrich Chemical Co. (Milwaukee, WI) or
Sigma Chemical Co. (St. Louis, MO) and were used without
further purification except as noted below. Pyridine was dried
by passing it through an aluminum oxide column and then stored
over KOH. Triethylamine was distilled from potassium hy-
droxide and stored in a nitrogen atmosphere. Methanol was
distilled from magnesium and iodine under a nitrogen atmosphere
and stored over molecular sieves. Methylene chloride was distilled
from phosphorus pentoxide, and chloroform was distilled from
calcium sulfate. Tetrahydrofuran was purified by distillation
from sodium and benzophenone. Dimethyl formamide was dried
by distillation from anhydrous calcium sulfate and was stored
under nitrogen. Preparative scale chromatographic procedures
were carried out using E. Merck silica gel 60, 230-440 mesh.
Thin-layer chromatography was conducted on Merck precoated
silica gel 60 F-254.

All 'H and 3C NMR spectra were recorded on a General
Electric QE-300 spectrometer, and all chemical shifts are reported
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as & values referenced to tetramethylsilane (TMS) or sodium
3-(trimethylsilyl)-1-propanesulfonate (DSS). Infrared spectra
were recorded on a Nicolet 5DXB FT-IR spectrophotometer and
are referenced to polystyrene. In all cases, 'H NMR, *C NMR,
and IR spectra were consistent with assigned structures. Mi-
croanalyses were performed by Galbraith Laboratories, Knoxville,
TN, and are within 0.4% of calculated values.
1-[[(2-Mesitylene)sulfonyllJamino]-3-(benzylamino)pro-
pane (5). A 0.92-g portion of 2-mesitylenesulfonyl chloride
(0.0042 mol) in dry dichloromethane (15 mL) was added dropwise
with rapid stirring to a solution of 4 (0.70 g, 0.0042 mol) in 60
mL of 10% NaOH at 0 °C, and the mixture was allowed to stir
at0°C for 90 min. The organic layer was separated, the aqueous
layer was further extracted with 15 mL of chloroform, and the
combined organic layers were dried over MgSO,, filtered, and
concentrated in vacuo to afford 1.69 g of a yellow oil. This crude
product was purified on silica gel (chloroform/methanol/NH,-
OH 900:50:3) to give 1.35 g (92% yield) of the pure product as
a yellow oil: 'H NMR (CDCl3 ) § 7.20 (m, 5H, benzyl aromatic),
6.94 (s, 2H, mesityl aromatic H-3 and H-5), 3.74 (s, 2H, benzylic
CH,), 3.00 (t, 2H, H-1), 2.71 (t, 2H, H-3), 2.64 (s, 6H, mesityl
2-CH; and 6-CHy), 2.3 (s, 3H, mesityl 4-CHs), 1.66 (q, 2H, H-2);
13C NMR (CDCl;) & 142.4 (mesityl aromatic C-2 and C-6), 139.3
(mesityl aromatic C-3 and C-5), 139.3 (benzyl aromatic C-1),131.8
(mesityl aromatic C-4), 128.5 (benzyl aromatic C-2 and C-6),128.2
(benzyl aromatic C-3 and C-5), 127.2 (benzyl aromatic C-4), 53.9
(benzylic CHy), 48.6 (C-3), 42.9 (C-1), 27.8 (C-2), 22.9 (mesityl
2-CH; and 6-CHj), 20.9 (mesityl 4-CHs); IR cm™! (KBr) 3296
(sulfonamide NH), 1602 (aromatic), 1461,1314,1152 (SO2) . Anal.
(CIQH26N2OZS)’ C’ H’ N-
1-Phthalimido-4-(N-benzyl)-7-[[(2-mesitylene)sulfonyl]-
amino]-4-azaheptane (7). A solution of N-(3-bromopropyl)-
phthalimide (6) (3.82 g, 0.014 mol) in 7 mL of hot n-butyl alcohol
was slowly added to a hot (80 °C) suspension of 5 (2.00 g, 0.0057
mol), Na;CO; (0.64 g, 0.006 mol), and Lil (0.18 g, 0.0014 mol) in
16 mL of n-butyl alcohol. The reaction mixture was allowed to
stir at 80 °C for 24 h, and was then cooled and filtered. The
filtrate was evaporated (35 °C at 0.02 mmHg) to give the crude
product as yellow oil, which was chromatographed on silica gel
(hexane/ethyl acetate, 4:6) to give 2.30g (75% ) of pure 7 as white
crystals: YH NMR (CDCls ) 6 7.82 (m, 2H, phthalimido H-3 and
H-6),7.73 (m, 2H, phthalimido H-4 and H-5), 7.20 (m, 5H, benzyl
aromatic), 6.90 (s, 2H, mesityl aromatic H-3 and H-5), 5.82 (s,
1H, sulfonamide NH), 3.63 (t, 2H, H-1), 3.49 (s, 2H, benzylic
CHy), 3.00 (t, 2H, H-7), 2.60 (s, 6H, mesityl 2-CH; and 6-CHjy),
2.44 (m, 4H, H-3 and H-5), 2.23 (s, 3H, mesityl 4-CHjy), 1.8 (q,
2H, H-2),1.65(q, 2H, H-6); 3C NMR (CDCls) 6 168.3 (phthalimido
C=0), 141.8 (mesityl aromatic C-2 and C-6), 139.0 (mesityl
aromatic C-3 and C-5), 139.3 (benzyl aromatic C-1), 133.9
(phthalimido C-1 and C-2), 132.1 (phthalimido C-3 and C-6),
131.8 (mesityl aromatic C-4), 128.5 (benzyl aromatic C-2 and
C-6),128.2 (benzyl aromatic C-3 and C-5), 127.2 (benzyl aromatic
C-4), 123.2 (phthalimido C-4 and C-5), 58.4 (benzylic CH»), 51.9
(C-8),51.0(C-5),41.6 (C-7), 86.1 (C-1), 26.3 (C-2), 25.6 (C-6),22.9
(mesityl 2-CH; and 6-CHj3), 20.9 (mesityl 4-CHj); IR em™! (KBr)
3296 (sulfonamide NH), 1771, 1700 (phthalimido C=0), 1602
(aromatlc), 1461, 1314, 1152 (SOz) Anal. (C3H3N30,5),C, H,

N Ethyl-(2-mesitylene)sulfonamide (9). A 1.34-g portion
of 2-mesitylenesulfonyl chloride (0.00613 mol) in 6 mL of dry
dichloromethane was added dropwise with rapid stirring to
ethylamine hydrochloride (8) ( 0.50 g, 0.00613 mol) in 6.1 mL of
10% NaOH (0.0153 mol) at 0 °C. After 1 h the mixture was
allowed to warm to room temperature and stirred for an additional
2 h. The layers were separated, the aqueous phase was further
extracted with two 10-mL portions of chloroform, and the
combined organic extracts were dried over MgSQ,. Filtration
and removal of the solvent in vacuo then afforded 1.454 g of a
white amorphous solid, which was purified on silica gel (hexane/
ethyl acetate, 6:2) to give 1.25 g (90% yield) of the product as
a white solid: *H NMR (CDCl;) 6 6.96 (s, 2H, mesityl aromatic
H-3 and H-5), 4.39 (br s, 1H, NHSOy), 2.96 (q, 2H, ethyl CHy)
, 2.64 (3, 6H, mesityl 2-CHj and 6-CH3), 2.3 (s, 3H, mesityl 4-CH3),
1.09 (t, 3H, ethyl CHj); *C NMR (CDClg) & 142.4 ((mesityl
aromatic C-2 and C-6), 139.3 (mesityl aromatic C-3 and C-5),
139.3 (benzyl aromatic C-1), 131.8 (mesityl aromatic C-4), 37.6
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(ethyl CHy), 22.9 (mesityl 2-CHz and 6-CHa), 20.9 (mesityl 4-CHj),
15.1 (ethyl CHj3); IR cm-! (KBr) 3296 (sulfonamide NH), 1602
(aromatlc), 1461, 1314, 1152 (SO;). Anal. (C,;H;7NO.S), C, H,

N Ethyl-N-(3-iodopropyl)-(2-mesitylene)sulfonamide (11).
A 0.116-g portion of sodium hydride (60% mineral oil dispersion,
0.0029 mol) was added to a solution of 9 (0.50 g, 0.0022 mol) in
8 mL of dry DMF in a nitrogen atmosphere at 0 °C. After the
evolution of the gas subsided, the resulting mixture was added
slowly via a transfer needle to another flask containing 1,3-
diiodopropane 10 (3.91 g, 0.0132 mol ) in 2 mL of dry THF. The
reaction was then allowed to stir at room temperature for 4 h.
Removal of the solvent by rotary evaporation (35 °C at 0.2 mm
Hg) gave the crude product, which was purified on silica gel
(hexane/ethyl acetate, 9:1) to give 0.317 g (36%) of pure 11 as
a yellow oil: 'H NMR (CDCl3 ) 6 6.94 (s, 2H, mesityl aromatic
H-3 and H-5), 3.22-3.27 (m, 4H, ethyl CH; and propyl H-1) , 8.06
(t, 2H, H-3), 2.64 (s, 6H, mesityl 2-CH; and 6-CHj), 2.3 (s, 8H,
mesityl 4-CHy), 2.29 (q, 2H, H-2), 1.09 (t, ethyl CHy); 1*C NMR
(CDCl3) 5 142.4 (mesityl aromatic C-2 and C-6), 139.3 (mesityl
aromatic C-3 and C-5),139.3 (benzyl aromatic C-1),131.8 (mesityl
aromatic C-4),45.8 (C-1),40.7 (ethyl CH»), 31.4 (C-2), 22.8 (mesityl
2-CHj; and 6-CHj), 20.9 (mesityl 4-CHjs), 12.9 (ethyl CHy), 2.2
(C-3); IR cm™! (neat) 3296 (sulfonamide), 1602 (aromatic), 1461,
1314, 1152 (S0,). Anal. (C;sH2NO.SI), C, H, N.

1-Phthalimido-4-(N-benzyl)-8-[ N-(2-mesitylene)sulfonyl]-
11-[ N-ethyl-N-[(2-mesitylene)sulfonyl]amino]-4,8-diazaun-
decane (12). A 0.047-gportion of sodium hydride (60% mineral
oildispersion, 0.00119 mol) in 2 mL of dry DMF was added slowly
via syringe to a cooled (0 °C) solution of compound 7 (0.408 g,
0.000 76 mol) and compound 11 (0.604 g, 0.001 53 mol) in 3 mL
of dry DMF under a nitrogen atmosphere. The reaction was
allowed to stir at 0 °C for 30 min, after which cold water (1 mL)
and chloroform (2 mL) were added with stirring. Removal of the
solvents in vacuo followed by chromatography on silica gel
(hexane/ethyl acetate, 6:4) then afforded pure 12 (0.584 g, 96 %)
as a yellow oil:'H NMR (CDC];) é 7.82 (m, 2H, phthalimido H-3
and H-6), 7.73 (m, 2H, phthalimido H-4 and H-5), 7.20 (m, 5H,
benzyl aromatic), 6.90 (s, 4H, mesityl aromatic H-3 and H-5),
3.63 (t, 2H, H-1), 3.39 (s, 2H, benzyl CH,), 3.13 (q, 2H, ethyl
CH,), 3.13 (m, 6H, H-7, H-9 and H-11), 2.53 (s, 12H, mesityl
2-CH; and 6-CHj), 2.35 (t, 2H, H-3 ), 2.27-2.24 (s, 6H, mesityl
4-CHjy), 1.72 (m, 4H, H-2 and H-6), 1.72 (q, 2H, H-10), 1.0 (t, 3H,
ethyl CHj3); 1*C NMR (CDCly) 5 168.3 phthalimido C=0), 141.8
(mesityl aromatic C-2 and C-6), 139.0 (mesityl aromatic C-3 and
C-5), 139.3 (benzyl aromatic C-1), 133.9 (phthalimido aromatic
C-1 and C-2), 132.1 (phthalimido aromatic C-3 and C-6), 131.8
(mesityl aromatic C-4), 128.5 (benzyl aromatic C-2 and C-6), 128.2
(benzyl aromatic C-3 and C-5), 127.2 (benzyl aromatic C-4), 123.2
(phthalimido aromatic C-4 and C-5), 58.4 (benzylic CH,), 51.0
(C-3), 51.9 (C-5), 44.2 (C-7), 43.5 (C-9), 42.7 (C-11), 40.1 (ethyl
CHy), 36.2 (C-1), 25.9, 25.8, 25.0 (C-2, C-6, C-10), 22.8 (mesityl
2-CH; and 6-CH3), 20.9 (mesityl 4-CHg), 12.7 (ethyl CHs); IR
cm (neat) 1771, 1714 (phthalimido C=0), 1602 (aromatic), 1461,
1314, 1152 (SO;). Anal. (C4HseN(OeSs), C, H, N.

1-Phthalimido-8-[ N-(2-mesitylene)sulfonyl]-11-[ N-ethyl-
N-[(2-mesitylene)sulfonyl Jamino-4,8-diazaundecane (13). A
0.40 g portion of 12 (0.000 49 mol) was dissolved in 1 mL of
chloroform and added to a suspension of 10% Pd/C which had
been previously wetted with 1 mL of dry ethanol. An 8-mL
portion of methanol was added, and the resulting suspension
was hydrogenated at 50 psi in a Parr apparatus at room
temperature for 2 days. The catalyst was filtered off (0.45 u
Zetapore filter) and washed with methanol, and the combined
filtrate was concentrated in vacuo to give 0.263 g (75.5%) of 13
asawhite solid. This product was used immediately and without
further purification in the subsequent step: H NMR (CDCls)
6 7.82 (m, 2H, phthalimido aromatic H-38 and H-6), 7.73 (m, 2H,
phthalimido aromatic H-4 and H-5), 6.94 (s, 2H, mesityl aromatic
H-3 and H-5), 6.90 (s, 2H, mesityl H-3 and H-5), 3.85 (t, 2H, H-1),
3.13 (m, 8H, H-7, H-9 and H-11 and ethyl CH,), 2.54-2.49 (d,
12H, mesityl 2-CH; and 6-CHy), 2.29 (s, 6H, mesityl 4-CHy), 2.17
(m, 4H, H-2 and H-6), 1.65 (q, 2H, H-10), 0.86 (t, 3H, ethyl CH3s);
IR cm™! (neat) 3310 (NH), 1700 (phthalimido C=0), 1461, 1314,
1152 (SOy).



Synthesis of Polyamine Analogs

1-Phthalimido-4,8-bis[ N-(2-mesitylene)sulfonyl]-11-[ N-
ethyl-N-[(2-mesitylene)sulfonyl]amino]-4,8-diazaunde-
cane (14). A 0.08-g portion of 2-mesitylenesulfonyl chloride
(0.000 369 mol) in 3 mL of dry dichloromethane was added
dropwise with rapid stirring to a solutior of 13 (0.263 g, 0.003 69
mol) and 10% NaOH (0.6 mL, 0.001 25 mol) at 0 °C, and the
mixture was allowed to stir for 1 h at 0 °C and then 2 h at room
temperature. The layers were separated, the aqueous phase was
further extracted with two 10-mL portions of chloroform, and
the combined organic extracts were dried over MgSO,. Filtration,
removal of the solvent in vacuo, and chromatography of the
residue on silica gel (hexane/ethyl acetate, 6:4) then afforded
pure 14 (0.200 g, 61%) as a yellow oil: *H NMR (CDCl;) 6 7.82
(m, 2H, phthalimido aromatic H-3 and H-6), 7.73 (m, 2H,
phthalimido aromatic H-4 and H-5), 6.92 (s, 4H, mesityl aromatic
H-3 and H-5), 6.78 (s, 2H, mesityl aromatic H-3 and H-5), 3.43
(t, 2H, H-1), 3.03-3.12 (m, 12H, H-3, H-5, H-7, H-9, H-11 and
ethyl CHy), 2.55-2.47 (d, 12H, mesityl 2-CH; and 6-CHjy), 2.29-
2.24 (d, 6H, mesityl 4-CHj), 1.67 (m, 6H, H-2, H-6 and H-10),
0.99 (t, 3H, ethyl CHy); 1*C NMR (CDCly) 6 168.3 (phthalimido
C=0), 141.8 (d, mesityl aromatic C-2 and C-6), 140.1 and 139.0
(mesityl aromatic C-3 and C-5), 133.9 (phthalimido aromatic C-1
and C-2), 132.1 (phthalimido aromatic C-3 and C-6), 131.8 (mesityl
aromatic C-4), 123.2 (phthalimido aromatic C-4 and C-5), 43.4,
43.3, 43.2, 42.6 (C-3, C-5, C-7, C-9 and C-11), 40.2 (ethyl CHy),
26.5 (C-2), 25.5 and 25.4 (C-6 and C-10), 22.8 (mesityl 2-CH; and
6-CH3), 20.9 (mesityl 2-CH; and 6-CHj), 12.7 (ethyl CHj); IR
cm™ (neat) 1700 (phthalimido C=0), 1602 (aromatic), 1461,1314,
1152 (SO,). Anal. (CisHeoN(OsSs), C, H, N.

1-Amino-4,8-bis[ N-(2-mesitylene)sulfonyl]-11-[ N-ethyl-
N-[(2-mesitylene)sulfonyl]lamino]-4,8-diazaundecane (15).
A 0.013-g portion of dry hydrazine (0.000 405 mol) was added to
asolution of 14 (0.173 g, 0.000 193 mol) in 1.6 mL of dry methanol
under a nitrogen atmosphere. The solution was heated at 50 °C
for 18 h, cooled, and concentrated in vacuo. The residue was
dissolved in 4 mL of dichloromethane, the solution was filtered,
and the solvent was removed in vacuo to afford 0.146 g (100%)
of the crude amine 15. This product was used immediately and
without further purification in the subsequent step: 'H NMR
(CDCly) 6 6.92 (s, 6H, mesityl aromatic H-8 and H-5), 3.15-2.98
(m, 12H, H-3, H-5, H-7, H-9, H-11 and ethyl CH,), 2.54 (s, 18H,
mesityl 2-CH; and 6-CHy), 2.28 (s, 9H, mesityl 4-CHjs), 1.66 (m,
4H, H-6 and H-10), 1.52 (m, 2H, H-2), 0.99 (t, 3H, ethyl CHj);
13C NMR (CDCl;) 6 142.4 (mesityl aromatic C-2 and C-6), 140.1
(mesityl aromatic C-3 and C-5), 131.8 (mesityl aromatic C-4),
43.0,42.6, 42.1 (C-7, C-9 and C-11), 40.1 (ethyl CH>), 39.1 (C-3),
30.9 (C-2), 25.4 and 25.2 (C-6 and C-10), 22.7 (mesityl 2-CHs and
6-CHj), 20.9 (mesityl 2-CH; and 6-CHj), 12.6 (ethyl CHy); IR
cm™! (neat) 3300 (NH,), 1602 (aromatic), 1461, 1314, 1162 (S05).

1-[[N-(2-mesitylene)sulfonyl Jamino}-4,8-bis[ N-(2-mesity-
lene)sulfonyl]-11-[ N-ethyl-N-[(2-mesitylene)sulfonyl Jami-
nol-4,8-diazaundecane (16). A 0.163-g portion of 15 (0.000 21
mol) was mesitylated exactly as described for the synthesis of 14
to afford crude 16, which was purified on silica gel (hexane/ethyl
acetate, 5:5) to give 0.100 g (50% yield) of the product 16 as a
white foam: H NMR (CDCl; ) 6 6.92 (s, 8H, mesityl aromatic
H-3 and H-5), 3.18 (t, 2H, H-3), 2.97-3.10 (m, 10H, H-5, H-7,
H-9,H-11 and ethyl CH,), 2.68 (s, 6H, mesityl 2-CHg and 6-CH3,),
2.51 (s, 18H, mesityl 2-CH; and 6-CHj), 2.28 (s, 12H, mesityl
4-CHjy), 1.61 (m, 6H, H-2, H-6 and H-10), 0.9 (t, 3H, ethyl CHj);
13C NMR (CDCly) 6 1424 (mesityl aromatic C-2 and C-6), 142.7
and 141.9 (mesityl aromatic C-2 and C-6), 140.1 and 138.9 (mesityl
aromatic C-3 and C-5), 132.9 (mesityl aromatic C-4), 131.9 (mesityl
aromatic C-4), 43.4, 43.3, 42.9, 42.7 (C-5, C-7, C-9 and C-11), 40.1
(ethyl CHy), 39.3 ( C-3), 27.58 (C-1), 25.53 and 25.24 (C-6 and
C-10), 22.7 (mesityl 2-CH;s and 6-CHsy), 20.9 (mesityl 2-CH; and
6-CHj), 14.2 (C-2), 12.6 (ethyl CHjs); IR cm~ (KBr) 3296
(sulfonamide NH), 1602 (aromatic), 1461,1314, 1152 (SO,). Anal.
(CHesN(OsSy), C, H, N.

1-[N-Propargyl-N-[(2-mesitylene)sulfonyl]Jamino]-4,8-
bis[N-(2-mesitylene)sulfonyl]-11-[ N-ethyl-N-[(2-mesity-
lene)sulfonyl]amino]-4,8-diazaundecane (17). A 0.028-g por-
tion of sodium hydride (60% mineral oil dispersion, 0.000 42
mol) in 4 mL of dry DMF was added slowly via a dry syringe to
asolution of 16 (0.2 g, 0.000 21 mol) and propargyl bromide (0.074
g, 0.000 63 mol) in 4 mL of dry DMF at 0 °C under a nitrogen
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atmosphere. The reaction was allowed to stir at 0 °C for 30 min,
and then cold water (1 mL) and chloroform (3 mL) were added
with stirring. Removal of the solvent in vacuo (35 °C at 0.2
mmHg) and chromatography of the residue on silica gel (hexane/
ethyl acetate, 5:5) then afforded pure 17 (0.152 g, 73%) as a
yellow oil: TH NMR (CDCl;) 66.85 (s, 8H, mesityl aromatic H-3
and H-5), 3.78 (s, 2H, propargyl CH>), 2.91-2.98 (m, 12H, H-3,
H-5, H-7, H-9, H-11 and ethyl CHy), 2.45-2.46 (m, 25H, mesityl
2-CHj3, mesityl 6-CH; and propargyl CH), 2.28 (s, 12H, mesityl
4-CHjy), 1.61 (m, 6H, H-2, H-6 and H-10), 0.9 (t, 3H, ethyl CH,);
13C NMR (CDCls) 6 142.5 (mesityl aromatic C-2 and C-6), 140.1
(mesityl aromatic C-3 and C-5), 132.9 (mesityl aromatic C-4),
131.9 (mesityl aromatic C-4), 73.5 (propargyl quaternary C), 60.4
(propargyl CH), 43.4,43.3,42.6 (C-1,C-3,C-5,C-7,C-9and C-11),
40.1 (ethyl CH,), 34.8 (propargyl CH,), 25.4 and 24.9 (C-6 and
C-10), 22.7 (mesityl 2-CH; and 6-CH3), 20.9 (mesityl 2-CH; and
6-CHjy), 14.2 (C-2), 12.6 (ethyl CH3); IR cm™! (neat) 3282, 2253
(alkyne CH), 1602 (aromatic), 1461, 1314, 1152 (SO;). Anal.
(CBOH70NAOBSA)’ C’ H’ N-

1-(Propargylamino)-11-(ethylamino)-4,8-diazaunde-
cane Tetrahydrobromide (1). A 0.72-g portion of phenol
(0.0076 mol) of phenol was dissolved in 7.2 mL of 30% HBr/
HOACc in a stoppered flask, and to this mixture a solution of 17
(0.06 g, 0.000 06 mol) in 2.4 mL of ethyl acetate was added in
three portions over a period of 3 h. After the addition was
complete, the reaction mixture was stirred for an additional 16
h at room temperature, then cooled to 0 °C, and diluted with 10
mL of water. The aqueous phase was washed with two 6-mL
portions of ethyl acetate before being lyophylized to give the
crude product as dark yellow solid. This crude product was
washed with methanol and filtered to yield the tetrahydrobromide
salt of 1 (0.03 g, 85%) as a white solid. An analytical sample of
1 was prepared by recrystallization from aqueous ethanol: 'H
NMR (D;0) 4 3.96 (s, 2H, propargyl CH,), 3.2 (m, 14H, H-1, H-3,
H-5, H-7, H-9, H-11 and ethyl CHy,), 2.13 (q, 6H, H-2, H-6 and
H-10), 1.23 (t, 2H, ethyl CHj).

1-[N-[(Cyclopropyl)methyl]-N-[(2-mesitylene)sulfonyl]-
amino]-4,8-[N-(2-mesitylene)sulfonyl]-11-[N-ethyl-N-[(2-
mesitylene)sulfonyl]Jamino]-4,8-diazaundecane (18). A 0.10-g
portion of 16 (0.0001 mol) was reacted with (bromomethyl)-
cyclopropane (0.04 g, 0.0003 mol) exactly as described for the
synthesis of 17 to afford crude 18, which was chromatographed
on silica gel (hexane/ethyl acetate 6:4) to yield pure 18 (0.06 g,
56%) as a yellow oil: *H NMR (CDCl; ) é 6.85 (s, 8H, mesityl
aromatic H-3 and H-5), 3.11-3.21 (m, 12H, H-3, H-5, H-7, H-9,
H-11 and ethyl CHy), 2.86 (d, 2H, CsH;-CHy), 2.55-2.56 (m, 24H,
mesityl 2-CH; and 6-CH3), 2.31 (s, 12H, mesityl 4-CHj), 1.66 (m,
6H, H-2, H-6 and H-10), 0.96 (t, 3H, ethyl CHy), 0.71 (m, 1H,
cyclopropyl CH), 0.42 (m, 2H, cyclopropyl exo-CHz), =0.02 (m,
2H, cyclopropyl endo-CH>); 13C NMR (CDCls) & 142.5 (mesityl
aromatic C-2 and C-6), 140.1 (mesityl aromatic C-3 and C-5),
132.9 (mesityl aromatic C-4), 131.9 (mesityl aromatic C-4), 50.0
(mesityl 4-CHj), 43.3 and 42.6 (C-1, C-3, C-5, C-7,C-9 and C-11),
40.1 (ethyl CHy), 25.4, 25.3,25.2 (C-2, C-6 and C-10), 22.7 (mesityl
2-CH; and 6-CHjy), 20.9 (mesityl 2-CH; and 6-CHs), 12.7 (ethyl
CH3), 9.0 (cyclopropyl CH), 3.81 (cyclopropyl CHy); IR cm™ (neat)
éﬁol?l (aromatic), 1461, 1314, 1162 (SO2). Anal. (Cs;H7N(OsS)),

y L1y N.

1-[[(Cyclopropyl)methyl]lamino]-11-(ethylamino)-4,8-di-
azaundecane Tetrahydrobromide (2). A 0.05-g portion of 18
(0.000 05 mol) was deprotected exactly as described for the
synthesis of 1 to yield the tetrahydrobromide salt of 2 (0.021 g,
71%) as a white solid. An analytical sample of 2 was prepared
by recrystallization from aqueous ethanol: *H NMR (D;0) &
3.11 (m, 14H, H-1, H-3, H-5, H-7, H-9, H-11 and ethyl CH5,), 2.08
(q, 6H, H-2, H-6 and H-10), 1.25 (t, 3H, ethyl CHjy).

Enzyme Assay Procedure and SSAT Induction. Direct
measurement of the effect of compounds 1 and 2 on SSAT activity
was accomplished using a modification of an existing assay which
utilizes a cell free lysate as the source of enzyme.® The cells were
incubated with 10 xM bis(ethyl)spermine for 24 h toinduce SSAT,
then harvested, washed, and lysed by brief sonication. Thelysate
was centrifuged (12 000 X g, 30 min), and the supernatant was
used as asource of SSAT. Aliquots of the cytosol were incubated
in 100 mM 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
(pH 7.8), along with 3.0 mmol spermidine and 0.5 nmol 1-[}¢C]-
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acetyl CoA in a final volume of 50 mL for 6 min at 37 °C. The
reaction was stopped by the addition of 20 mL of 0.5 M
hydroxylamine hydrochloride, followed by heating in boiling
water for 3 min. The resulting samples were centrifuged and
aliquots were spotted onto P-81 phosphocellulose discs and
scintillation counted. Enzyme activity is expressed as pmol of
[M*Clacetylspermidine formed/min/mg of protein, and protein
was determined by the method of Bradford.?

Cell Culture. The NCI H157 (LCLC) and NCI H82 (SCLC)
cell lines were maintained in culture as previously described.?
Each cell line was refed with fresh medium (RPMI 1640 with9%
fetal calf serum, 100 units/mL of penicillin, 100 units/mL of
streptomycin) every 3 days to maintain log phase growth. In
experiments where the natural polyamines were added tocultures,
aminoguanidine was included in the medium at a concentration
of 1 mM to inhibit production of the toxic byproducts of the
amine oxidases present in the fetal calf serum. For treatment,
both cell types were manipulated as indicated in the Discussion
section. After treatment, cells were harvested and assayed for
cell growth and SSAT activity as described. Cell viability was
measured by standard trypan blue exclusion.
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