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o-Methyl Polyamines: Efficient Synthesis and Tolerance Studies in Vivo and in Vitro. First
Evidence for Dormant Stereospecificity of Polyamine Oxidase
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Efficient syntheses of metabolically stabtemethylspermidinel, a-methylspermine2, and bise,o'-
methylated sperming starting from ethyl 3-aminobutyrate are described. The biological tolerance for these
compounds was tested in wild-type mice and transgenic mice carrying the metallothionein promoter-driven
spermidine/spermini!-acetyltransferase gene (MT-SSAT). The efficient substitution of natural polyamines
by their derivatives was confirmed in vivo with the rats harboring the same MT-SSAT transgene and in
vitro with the immortalized fibroblasts derived from these animals. Enantiomers of previously unknown
1-amino-8-acetamido-5-azanonane dihydrochlofideere synthesized starting from enantiomerically pure
(R)- and @-alaninols. The studies with recombinant human polyamine oxidase (PAO) showed that PAO
(usually splits achiral substrates) strongly favors Reigomer of4 that demonstrates for the first time that

the enzyme has hidden potency for stereospecificity.

Introduction Scheme 1.Polyamine Metabolism in Mamm@ls
Under the physiological conditions, biogenic polyamines are HZNWNHz

polycations that interact with many cellular macromolecules and putrescine

participate in several distinct functions in the mammalian \PAO

physiology! Precisely maintained polyamine homeostasis is N'-acetylspermidine

imperative for cell proliferation as both the accumulation and _

depletion of polyamines can lead to disorders of cellular

metabolisn? In many tumor cell lines, the polyamine levels HNTS NSNS,

are high compared to normal cells, supporting accelerated cell 2 H

proliferation. On the other hand, the depletion of the polyamine spermidine

pools with inhibitors of their biosynthesis or compounds
activating the catabolism of the polyamines lead to cell growth N'-acetylspermine
inhibition and even to apoptosis.

In mammalian cells (Scheme 1) spermine can be oxidized H
directly to spermidine by spermine oxidaseAnother pos- HNTSSN SN NN,
sibility for the back-conversion of spermine to spermidine (and z H spermine
similarly s_pe_:rmidine to putrescine) is the concatenated actions appg. polyamine oxidase; SMO, spermine oxidase; SPDSY, spermidine
of spermidine/spermineN'-acetyltransferase (SSAT) and synthase; SPMSY, spermine synthase; SSAT, spermidine/spetine
polyamine oxidase (PAO). SMO uses only spermine, whereas acetyltransferase.
PAO strongly favorsN!-acetylated substrates; both singly or ) . )
doubly acetylated spermine ahB-acetylspermidine are excel-  diethylnorspermine, DENSpm) or nonsymmetrically bis-alkyl-
lent substrates for PA®This back-conversion of the polyamines ~ ateéd at terminal amino groups. These compounds, similar to
produces one ¥, molecule per each split carbenitrogen spermine, are ac'tlvely transportedllnto the cells bu@ are incapable
bond, thus causing oxidative stress. Drugs affecting polyamine ©f fulfilling crucial cellular functions of ponamme%.Th_e ]
catabolism may induce SSAT activity up to 1000-fold and cause @ccumulation of DENSpm, or other compounds of similar
the depletion of the higher polyamines spermidine and spermine.nature, results in the down-regulation of the polyamine synthesis
Such compounds are of great interest and are being studied a§nd/or the activation of the polyamine catabolism. Such
anticancer drugg. terminally N-alkylated an_alogues are substrates for PA@d

Alkylated polyamine derivatives are widely used for the after terminal dealkylation are prone to the SSAHAO
investigation of the biochemistry of spermine and spermidine. Pathway. , , o ,
Most of these studies have concentrated on the analogues of A €SS investigated group of polyamine derivatives comprises

spermine and its homologues that are symmetrically (e.g. the analogues with_ an alkyl substituent(s) attached_to carbon
atom(s) of polyamine backbone. Contrary to terminaily

alkylated derivatives of spermine, some of these compounds

* To whom the correspondence should be addressed. ¥8568—17—

163256. Fax:+358-17—163259. E-mail: Jouko.Vepsalainen@uku.fi. ~ are able to sustain cell viability with depleted polyamine
T Department of Biotechnology and Molecular Medicine, University of  pools1?11The single methyl group in the-position (Figure 1)
Kuopio. i i f .
*These authors contributed equally to the work. prevents the acetylation of the adjacgnt amine-ofiethylsper
s Russian Academy of Sciences. midine (1, o-MeSPD),a-methylspermineZ, a-MeSPM), and
I Department of Chemistry, University of Kuopio. bis-o,,a’-methylated spermine3( o,o'-Me;SPM) by SSAT,

10.1021/jm050872h CCC: $33.50 © 2006 American Chemical Society
Published on Web 12/15/2005



400 Journal of Medicinal Chemistry, 2006, Vol. 49, No. 1

CHg
HZN)\/\N/\/\/ NH,
)

H 1, a-MeSPD

CHj
|
|

H 2 o-MeSPM

CHy H
[
)\/\ Ao~ N NH,
L Y
H CHjy
3, o,0'-Me,SPM

O CHy
)I\N)\/\N/\/\/NHZ
1 |
H

H
4, N'-Ac-a-MeSPD

Figure 1. The structures of the--methylated polyamine analogues
used in this study:1, a-MeSPD,a-methylspermidine2, a-MeSPM,
o-methylspermine3, a,a’'-Me;SPM, bise,a'-methylspermine4, Ac-
o-MeSPD,N8-acetyla-methylspermidine.

which is the rate-limiting step in the interconversion of the
natural polyamines. Howevet;-3 turned out to be capable of
inducing biosynthesis of SSAT similarly to spermine and
spermidingt2

Analoguesl—3 are as effective as the natural polyamines in
inducing the conversion of the right-handed B-DNA to left-
handed Z-DNAL Furthermore] (similarly to spermidine) and

“rdaen et al.

the case of SSAT overinduction, exogenous supplementation
of the natural polyamines does not restore cell viability due to
their rapid intracellular catabolisi.However, treatment with
1 prevented the acute pancreatitis altogether in¥and both
1 and 3 restored the early liver regeneration in the partially
hepatectomized transgenic ratd Moreover, we showed that
1 and 3 are competitive SSAT inhibitors and rather poor
substrates for the oxidases (especially involved in the
catabolism of the polyamines in vitf.

Here we present efficient synthetic protocols to pre(dar8
in quantities sufficient for animal studies. Synthesis of previously
unknown 1-amino-8-acetamido-5-azanonah\¢-a-MeSPD),
a mimic of Nl-acetylspermidine (an excellent substrate for
PAQO), is also described. This compound and its different
enantiomers are essential to bypass the acetylation block of
o-methylated polyamine analogues by SSAT and to study the
substrate requirements of PAO. The biological tolerancés-Gf
were for the first time measured in MT-SSAT transgenic and
syngenic mice in vivo. Furthermore, these analogues were also
studied with MT-SSAT transgenic rats in vivo and with the
immortalized MT-SSAT transgenic rat fibroblasts in vitro.

Chemical Synthesis

Scheme 2 outlines the synthesis of the studiedethylated
polyamine analogue&—3. Synthesis was started from com-
mercially available ethyl 3-aminobutyratés)( which was
reduced by LiAlH, to amino alcohoB, protected with benzyl-

2 (similarly to spermine due to its conversion to spermidine) chloroformate (CbzCl) to give, and mesylated to our key
serve as substrates for deoxyhypusine synthase, which postintermediate8. This mesyl derivative, which was not further

translationally modifies the eukaryotic initiation factor 3A.
Moreover,1 and 3 proved to be metabolically quite stable, as
they are not substrates for diamine or monoamine oxidases

purified, was easily converted either d-protected methyl-
spermidine9, bromide derivativel0, or amino alcoholl2.
To prepare compount the intermediat8 was first aminated

and as such are auspicious tools to evaluate the roles of thewith an excess of putrescine @oat 0—20 °C, which decreased

polyamines in different cellular functions both in vivo and in

the number of minor byproducts that were difficult to separate

vitro. Compound2, on the other hand, is more complicated, as and enabled good yield (72%). The target trihydrochloridé of
one end of the spermine backbone is unmodified and this was obtained after catalytic hydrogenation and crystallization
analogue can serve as a substrate for the catabolic enzymes.from aqueous acidic alcohol in 46% overall yield as calculated
We have recently published results covering the effects of for starting5s.

these analogues in the transgenic taf§ The SSAT transgene The synthesis of corresponding spermine analoguweas
under the control of the mouse metallothionein | promoter (MT) started from mesyl intermediaBeby elongation of the protected

is greatly induced in the MT-SSAT transgenic rats by zinc polyamine backbone first with an excess of 4-aminobutanol at
administration. This leads to drastically reduced levels of the 0—37 °C to givel2, which was then protected &8, mesylated,
higher polyamines in the pancreas and results in a severeand treated with an excess of 1,3-diaminopropane in THF at
necrotizing pancreatiti$ In vitro studies have shown that, in  0—37 °C to give 14 in 70% yield. We also tried amination at

Scheme 2.Synthesis of Racemie-Methylated Polyamined—3?2
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aReagents and conditions: (i) LIAKITHF, reflux; (ii) Cbz-Cl, HO, NaHCQ; (iii) MsCI, Et3N, 0 °C; (iv) HaN(CH)aNH2, THF, 0—20 °C; (v) (1)

Hz/Pd, AcOH-MeOH 1:1; (2) HCI, MeOH:; (vi) LiBr, THF; (vii) bN(CH2)4OH, THF, 0-37 °C; (viii) (1) MsCI, Et:N, (2) H,N(CH2)sNHz, THF, 0-20°C;
(ix) NSCI, E&N, CHClz, 0 °C; (X) (1) K2COs, DMF; (2) PhSH, KCOs, DMF.
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Scheme 3.Synthesis of Enantiomers of AcetyHmethylspermidine4?

J\/CN i J\A ii J\/\ NPht v _ (R)-4, N'-Ac-a-MeSPD
AN e S e IS
Boc Ns

(S)-4, N'-Ac-0-MeSPD
Boc R R
(R/S)-16 (R/S)-17 R=H ) ii (R/S)-19 R=Boc ) iv
(R/S)-18 R=Ns (R/S)-20 R=Ac

aReagents and conditions: (i) LIAKHELO, —5 °C; (ii) Ns-Cl, E&N, CHxCl,, 0 °C; (iii) PhtN(CH,)4l, K2COs, DMF; (iv) (1) HCI, EtOH, EtAc; (2)
AcCl, EtN, CHCly, 0 °C; (v) (1) PhSH, KCOs, DMF; (2) HoNNH2-H0, EtOH, reflux; (3) HCI, MeOH.

20°C, but this only increased the number of minor byproducts, Syngenic mice Transgenic mice
which made purification of the compourigt more laborious.
The target tetrahydrochloride &fwas obtained after deprotec-
tion similar tol in 41% overall yield calculated faX-Cbz-3-
aminobutanol?.

The above linear strategy was ineffective for the synthesis
of a,a’-Me,SPM 3. However, due to symmetry of the target
molecule, a straightforward convergent strategy was developed
starting from bis-nosyl protected putrescihie This derivative
was not readily soluble in most of organic solvents, except DMF
and DMSO. The attempts to alkylafel with mesyl or tosyl
derivatives of 7 gave low yields. However, the bromide 2
derivative10 reacted smoothly witli1 in the presence of K
CO;, and after selective removal of Ns-groups with a small (mglkg) (mg/kg)
excess of thiophenol, symmetrickb was obtained in a high ~ Figure 2. The distribution of polyamines and their-methylated
yield. As previously, Cbz-groups were removed by catalytic analoguesin the liver of MT-SSAT transgenic mice and their syngenic

. . . . littermates after 24 h treatment with the indicated dosalyes.3—5;
hydrogenation and the tetrahydrochloride3oivas isolated in - ) X ; ’
57% overall yield as calculated fot 1, a-methylspermidine2, o-methylspermine3, bis-a,a’-methylsper-

h . mine; black, spermidine; white, combined amounts of putresdifie,
To prepare isomersRj-4 and §)-4, the corresponding  acetylspermidine, and spermine; graymethylated polyamine ana-
enatiomerically pure nitrile46 were synthesized as described logues.

earlie® and were reduced by LiAllHwithout racemization to
give the key aminesR)-17 and §)-17 (Scheme 3). These amines  pronounced in the transgenic mice, but only in the transgenic
were converted into nosylatds and then smoothly alkylated liver, 1 was detected as the degradation produc?.adn the
with 4-iodophthalimidobutane to give enantiomeR-(9 and other hand, in the syngenic pancreds,appeared to be
(9-19in 89% and 91% yields, respectively. Removal of the completely degraded as shown by the large accumulation of
Boc group with HCI/EtOH followed by acetylation and subse- spermidine. However, wheth@rdegraded td. or spermidine
quent one-pot removal of nosyl and phthaloyl groups with PhSH \yas impossible to distinguish due to the large spermidine peak
and BNNH-H0, respectively, resulted irR{—4 and ©§—4, in the HPLC graphs that obscured the possible appearance of
which were converted to hydrochlorides and crystallized. In 1 |nterestingly,2 appeared to be stable in the pancreas of the
conclusion, the earlier unknowiR)-4 and §-4 were prepared  ransgenic mice (Table S14 of the Supporting Information). The
in seven steps with good overa}l yields _51% and 52%, spermine levels remained mostly unaffected or decreased slightly
respectively, as calculated for starting matefiél in response to the treatments; only in the livers of the syngenic
animals and in the kidneys of both mouse lines treated @ith
. . were spermine levels significantly depleted. The analogues did
The methylated polyamines accumulated in a dose-dependent,o; affect plasmar-amylase or ALAT activities (Tables S1,
manner in the three tissues studied: Iiver (Figure 2), pancreasgg and 511 of the Supporting Information). All analogues were
(‘_I'ables S4, 59, and S14 of the Supporting Informat|on), fand well-tolerated and the general tolerability was comparable to
kidney (Tables S5, S10, and S15 of the Supporting Information) that of the natural polyamines in mice (kDvalues (ip, as

of the MT-SSAT transgeplc and syngenic mice. Target tls.sges hydrochloride) of 870 mg/kg for spermidine and 370 mg/kg
were selected on the basis of our focus in current research: liver

. . ... for spermine).
for toxicity and regeneration, pancreas due to a pancreatitis ) . )
study, and kidney because higher polyamines are associated with 1€ MT-SSAT transgenic rats were treated twice wiith3
nephrotoxicity. The dosages used in the studies; D mg/ at 25 mg/kg dose, aqd none of the animals were lost glurlng the
kg of 1 (equaling 1-10-fold of the dosage used for the liver study. However, at h|gher do;es the mortallty rﬁte quickly rose
regeneration or pancreatitis studies in rat), %56 mg/kg of (resu!ts not shown). While tissue SS_AT activities were only
2, and 12.5-50 mg/kg of3 (equaling 0.25-1-fold of the dosage marginally affected, the concentrations of spermidine and
used in the pancreatitis studies in rat), were well-tolerated in SPermine were reduced, especially in the liver (Table S17 of
mice. The total polyamine levels were not much affected in the Supporting Information). As in the mouskappeared to
either mouse line by the treatments, with the exception of liver, be metabolically stable in the transgenic rat, wher2agas
where spermidine was markedly depleted (Figure 2, Tables S3 readily degraded in both the liver and the kidney. Furthermore,
S5, S8-10, and S1315 of the Supporting Information). In both 3 degraded td. to some extent only in the liver (Table S17 of
mouse lines the SSAT induction was greatest viit(2—20- the Supporting Information). No degradation of spermine
fold), whereas3 resulted in practically no SSAT induction at analogues was detected in the rat pancreas, but again low
all (Tables S2, S7, and S12 of the Supporting Information). As amounts ofl could have remained undetected with the used
expected, the results from mice treated wihwere more HPLC system due to the spermidine peak. As a conclusion, it
complicated. The induction of SSAT by the compounds appears that there are some species-specific and/or the trans-
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Figure 3. The distribution of polyamines and their-methylated
analogues in the immortalized rat fibroblasts during 48 h culture. Cells
were plated in triplicates in six-well culture plates in Dulbecco’s
modified Eagle’s medium supplemented with heat-inactivated 10% fetal
bovine serum and gentamycin B/mL 24 h before the growth medium
was replaced with fresh medium and the drugs. Co, untreated cells;
DENSpm, 10uM diethylnorsperminel, 1 mM a-methylspermidine;

2, 10uM a-methylspermine3, 1 mM bis-a,a’-methylspermine; black,
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spermidine; white, combined amounts of putrescine and spermine; gray,

o-methylated polyamine analogues. Né'-acetylspermidine was
detected in either fibroblast cell lines.
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Figure 4. Lineweaver-Burk plot to calculate kinetic values of racemic
and different isomers oRNé-acetyla-methylspermidine. The kinetic
studies of human recombinant polyamine oxidase were performed in
duplicates with four or five different substrate concentrations from 10
to 200 uM. Reactions were carried out in total volumes of 180
containing 100 mM glycineNaOH (pH 9.5) and 5 mM DTT and were
allowed to proceed for 2060 min at 37°C before HPLC analysis. No
degradation of the substrates was detected in the absence of the enzyme.
(9-4, (9-N8-acetyla-methylspermidines, racemicNeé-acetyla-me-
thylspermidine; R)-4, (R)-N8-acetyle-methylspermidine; AcSPIN*-
acetylspermidine.

uM, keat = 8.5 s1), suggesting that PAO could readily use
acetylatedR-isomers ofo-substituted polyamine analogues.

genecity-related differences in the maintenance of the polyamine Thus, the polyamine analogues with other alkyl and/or aromatic

homeostasis in the studied animals.

The in vitro studies with immortalized rat fibroblasts derived
from the MT-SSAT transgenic and syngenic rats showed that
the treatment witll—3 effectively reduced the pools of natural
polyamines (Figure 3). Botth and 3 were well-tolerated at 1
mM, whereas concentrations higher tharn0 of 2 were toxic.
The supplementation of the cells with 1 mM aminoguanidine
(AG) had insignificant effects on the polyamine contents of the
fibroblasts. However2 was readily degraded in the absence of
AG in both cell lines, while the degradation 8fwas detected
only in the transgenic cells independent of the AG treatment
(Tables S19A,B of the Supporting Information). Moreover, in
the transgenic cell clearly inhibited the proliferation of the
fibroblasts in the absence of AG, while in rodents both spermine
analogues were equally well tolerated (Table S17 of the
Supporting Information). Interestingly, the SSAT activity
increased slightly (210-fold) in the transgenic cell lines upon
exposure tal—3 but remained unaffected in the control cells,
whereas DENSpm induced SSAT 26800-fold in the trans-
genic cells but only about 10-fold in the control cells (Table
S18 of the Supporting Information). The maximal uptake of

the analogues appeared to be reachable at low concentration

in vitro, whereas in vivo the analogue accumulation depended
on the dose (Tables S35, S8-S10, S13-S15, S17, and
S19A,B of the Supporting Information).

To study the fate ofl, the use of recombinant human PAO
was essential, as-methylated polyamine analogues are not
acetylated in vivo or in vitro. Furthermord,is not effectively
transported into the immortalized fibroblasts (unpublished
observations), and in fact, acetylation is considered to facilitate
the export of excess polyamines. In additidris an excellent
compound to assess stereospecific substrate requirements f
PAO. We found that PAO strongly preferred (Figure 4) the
R-isomer of4 (Km = 95uM, kear= 9.0 s°1) versus theSisomer
(Km = 170uM, kot = 1.2 s1). Expectedly, the degradation of
racemic4 (Km = 100uM, keat= 1.3 s1) was strongly affected
by the presence ofg-4. Interestingly, thek.: value for R)-4
was slightly higher than that fov!-acetylspermidine, = 14

substituents in thex-position are interesting compounds for
further studies to determine the substrate requirements of PAO.
In summary, the synthetic schemes described in the present
paper allow the preparation @4 in gram quantities in more
than 99% purity. Suggested synthetic schemes are also suitable
for the preparation ofRf)- and ©)-isomers ofLl—3, which may
exhibit different biological activities. The strong stereoselectivity
of PAO, which was demonstrated for the first time with the
different isomers off, may have biological implications. The
presented animal experiments show that these polyamine
analogues are well tolerated in mice. Furthermore, the studies
in vitro confirm that these analogues are effectively transported
into fibroblasts and can support cell proliferation when the
natural polyamines are severely depleted. These compounds
have proven to be useful tools in studies aimed at elucidating
the functions of single polyamines both in vivo and in vitro.

Experimental Section

Chemistry. Ethyl 3-aminobutyrate,R)-alaninol, §-alaninol,
1,4-diaminobutane, 4\Fiodobutyl)phthalimide, thiophenol, meth-
anesulfonyl chloride (MsCl), LiAlkE, and o-nitrophenylsulfonyl

hloride (NsCl) were purchased from Aldrich (United States), and

the rest of the chemicals were from Fluka (Switzerlang)- And
(9-N-(tert-Butyloxycarbonyl)-3-amino-butyronitrilel@) were pre-
pared following published procedur&sTLC was carried out on
precoated Kieselgel 60 F254 plates and column chromatography
with Kieselgel (46-63 um, Merck, Germany) using the following
elution systems: (A) 97:3 CHgt+MeOH, (B) 9:1 dioxane-25%
ammonia, (C) 4:2:1:2-butanot-AcOH—pyridine—H,0O, (D) CHCE,

(E) 200:1 CHC}—MeOH, (F) 97:3 dioxane25% ammonia, (G)
95:5 CHC—MeOH, (H) 96:4 dioxane25% ammonia, (I) 98:2
dioxane-25% ammonia, (J) 95:5 dioxan@5% ammonia, (K) 1:2

ol,EtOAc—hexane, and (L) 75:25 dioxan25% ammonia. Melting

points were determined in open capillary tubes and are uncorrected.
Optical rotation angles were measured with Perkin-Elmer 241 digital
polarimeter. Chiral-HPLC analysis was performed using a Whelk-O
1 (RR) 25 cm x 4.6 mm column, with an isocratic run from 0 to

75 min with a flow rate of 0.5 mL/min of 60% ethanol to separate
(R)- and ©-isomers of Ace-MeSPD after dansylation, and
treatment was as described previol&lyH and13C NMR spectra
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were measured on a Bruker Avance 500 DRX using tetramethyl-

silane (TMS) in CDJ or sodium 3-(trimethylsilyl)propanesulfonate
(TSP) in DO as internal standards. Chemical shifts are given in
ppm, and the letted indicates normabJyy couplings and all
values are given in hertz.

3-Aminobutan-1-ol (6). A solution of freshly distilled ethyl
3-aminobutyrateq, 13.5 g, 0.103 mol) in dry THF (50 mL) was
added dropwise to the stirred suspension of LiA{Blg, 0.21 mol)
in dry THF (150 mL). The reaction mixture was refluxed with
stirring for 3 h and kept at 20C overnight. The residue was
quenched first with water (11.4 mL), 20% NaOH (10.6 mL), water
(29.0 mL), and finally with 40% NaOH (34.2 mL). The organic
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050.03t,48.36d,46.89t,41.85t,33.34t,26.85t, 25.69 t, 20.38
g. Anal. (C3H24N3C|3) C, H, N.
N-(Benzyloxycarbonyl)-3-amino-1-bromobutane (10).The
mesyl intermediaté was prepared as i from 7 (3.01 g, 13.5
mmol), EgN (2.52 mL, 18.1 mmol), and MsCl (1.16 mL, 15 mmol).
The evaporated and dried residue was dissolved in THF (5 mL),
and LiBr (3.5 g, 40 mmol) in THF (20 mL) was added in one
portion. The reaction mixture was stirred overnight at 0,
chloroform (30 mL) was added, solids were filtered off, and the
filtrate was evaporated in vacuo. The residue was dissolved in
chloroform (50 mL); washed with water (2 30 mL), 1 M NaHCQ
(2 x 15 mL), and brine (20 mL); and dried (Mg3pQ The

phase was separated, and the solids were extracted with hotevaporated residue was dried in vacuo ovgDgAKOH to give 10

chloroform (4x 80 mL). The combined organic layers were dried

(3.78 g, 95%) as a viscous oiR; 0.61 (D); 'H NMR (CDCl) 6

(MgS0Oy) and evaporated in vacuo, and the residue was distilled 7.37-7.26 (5H, m, Ph), 7.11 (1H, br s,H\Cbz), 5.03 (2H, s, CH

(bp 108-9 °C/42 mmHg, lit?? bp 73°C/7 mmHg) to giveb (7.3
g, 80%) as a colorless liquidtH NMR (CDClg) ¢ 3.79-3.68 (2H,
m, CH,0), 3.12-3.03 (1H, m, MeCH), 2.58 (3H, bs, OH, NH
1.62-1.54 (1H, m, CH®i,), 1.50-1.40 [1H, m, CHC, (due to
chiral center on the next carbon, these fifotons have different
chemical shifts)], 1.09 (3H, d] = 6.5, CH).
N-(Benzyloxycarbonyl)-3-aminobutan-1-ol (7)was prepared
from benzyl chloroformate (4.65 mL, 33 mma)(2.7 g, 30 mmol),
THF (30 mL), water (5 mL), and NaHCG{3.81 g, 45 mmol) using
the known method? The residue was triturated with a 1:2 ether

hexane mixture (80 mL), and the precipitate was filtered and dried

in a vacuum over s, to give 7 (6.03 g, 90%): mp 60C; R
0.38 (A);'H NMR (CDCls) 6 7.37-7.28 (5H, m, Ph), 5.09 (2H, s,
CH,Ph), 4.75 (1H, bs, NHCbz), 4.613.93 (1H, m, MeCH), 3.67
3.59 (2H, m, CHO), 2.98 (1H, bs, OH), 1.831.72 (1H, m), 1.45
1.35 [1H, m, CHCH, (due to chiral center on the next carbon, these
CH,-protons have different chemical shifts)], 1.20 (3H,Jd; 6.5,
CHjy).

N8-(Benzyloxycarbonyl)-1,8-diamino-5-azanonane (9)To a
stirred and cooled (0C) solution of7 (5.51 g, 24.7 mmol) and
EtN (5.22 mL, 37.5 mmol) in dry DCM (60 mL) was added MsCI
(2.14 mL, 27.5 mmol) in dry DCM (10 mL) within 10 min. Stirring
was continued fol h at 0°C and 30 min at room temperature,
and the reaction mixture was pouredart M NaHCQ; (40 mL)

Ph), 3.78-3.72 (1H, m, Me®), 3.46-3.41 (2H, tJ= 7.4, (H-

Br), 2.10-1.99 [1H, m (due to chiral center on the next carbon,

these CH-protons have different chemical shifts)], 1-95.85 [1H,

m, CHCH, (due to chiral center on the next carbon, these,-CH

protons have different chemical shifts)], 1.12 (3HJe; 6.6, CH).
Bis-N*,N*-o-nitrophenylsulfonyl-1,4-diaminobutane (11).To

a cooled (O°C) solution of freshly distilled 1,4-diaminobutane (1.1

g, 12.5 mmol) and EN (5.2 mL, 37.5 mmol) in dry DCM (50

mL) was added NsCI (6.05 g, 27.3 mmol) in dry DCM (30 mL)

within 40 min with vigorous stirring. After addition, stirring was

continued fo 1 h at 0°C and 3 h atroom temperature. The

precipitate was filtered off, washed with MeOH {315 mL) and

chloroform (3x 10 mL), and dried in vacuo over®s to give 11

(5.3 g, 91%) as a pale-yellow crystalB; 0.55 (E); mp 1856 °C;

1H NMR (DMSO-dg) 6 7.98-7.91 (4 H, m, Ph), 7.867.81 (4H,

m, Ph); 2.872.82 (4H, m, Gi:N), 1.44-1.37 (4H, m, CCEi,C).
N&-(Benzyloxycarbonyl)-8-amino-5-azanonan-1-ol (12Mesyl

intermediate8 was prepared as if from 7 (3.34 g, 15 mmol),

EtN (2.61 mL, 19 mmol), and MsCI (1.24 mL, 16 mmol). The

evaporated residue was dissolved in THF (10 mL) and cooled to 0

°C. To the resulting solution the cold (@) mixture of 4-ami-

nobutanol (12.3 g, 138 mmol) and THF (20 mL) was added in one

portion, and reaction mixture was stirred at each three temperatures

(0, 20, and 37C) for 12 h, totaling 36 h. The solvent and an excess

solution. The organic layer was separated and washed with waterof 4-aminobutanol were evaporated in vacuo, and the residue was

(2 x 10 mL), 0.5 M HSQ, (3 x 35 mL), water (2x 10 mL), and

1 M NaHCG; (10 mL). The dried (MgS@) and evaporated residue
of 8 was dissolved in anhydrous THF (40 mL) and cooled t&€0

a cold (0°C) solution of 1,4-diaminobutane (35.1 g, 400 mmol) in
dry THF (40 mL) was added in one portion, and the reaction
mixture was kept fo6 h at 0°C and 16 h at room temperature.

dissolved in 2 M NaOH (25 mL) and extracted with DCM (R 45
mL). The organic layer was separated, washed with brine (15 mL),
dried (NaSQy), and evaporated in vacuo. The residue was purified
on silica gel with eluent F, which resulted 12 (3.75 g, 85%) as

a viscous 0il: Rr 0.45 (B);™H NMR (CDCl) 6 7.40-7.29 (5H, m,
Ph), 5.09 (2H, s, B,Ph), 5.03 (0.5H, s, NCbz), 5.01 (0.5H, s,

THF and excess of 1,4-diaminobutane were evaporated in vacuoNHCDbz), 3.85-3.77 (1H, m, Me®), 3.57 (2H, t,J 6.3, CH,OH),
and the residue was purified on a silica gel column using eluent B 2.70-2.55 (4H, m, G1,N), 1.76-1.51 (8H, m, NH, OH, CE&,C),

to give 9 (5.3 g, 72%) as a viscous 0ilR 0.15 (B); 'H NMR
(CDCly) 0 7.37-7.27 (5H, m, Ph), 5.57 (1H, bs, NHCbz), 5.08
(2H, s, CHPh), 3.85-3.76 (1H, m, MeCH), 2.742.52 (6H, m,
CH,NH), 1.71-1.41 (6H, m, CCHC), 1.40 (3H, bs, NH, NB),
1.17 (3H, dJ = 6.5, CHy); °C NMR ¢ 156.04 s, 136.85 s, 128.49

1.18 (38H, d,J = 6.5, CH).
Bis-N,>N8-(benzyloxycarbonyl)-8-amino-5-azanonan-1-ol (13).
Benzyl chloroformate (1.55 mL, 11 mmol) was added in three
portions with 15-min intervals to a cooled {C) and vigorously
stirred mixture of12 (2.94 g, 10 mmol), THF (20 mL), NaHCO

s, 128.01 s (2C), 66.39 t, 49.77 t, 46.43 t, 45.96 d, 42.11 t, 36.64 (0.84 g, 10 mmol), ath2 M N&CO; (6 mL). Stirring was continued

t, 31.57 t, 27.43 t, 21.25 q.

1,8-Diamino-5-azanonane Trihydrochloride (1o-MeSPD).Pd
black in methanol {1 mL) was added to a solution &f (5.2 g,
17.7 mmol) in a mixture of AcOHMeOH (1:1, 40 mL), and

for 1 h at 0°C and 3 h atroom temperature, organic layer was

separated, and the residue was extracted with chloroform (15 mL).
Organic layers were combined and evaporated to dryness in vacuo,
and the residue was dissolved in chloroform (30 mL); washed with

hydrogenation was carried out at atmospheric pressure. Solids wered.5 M H;SOy (2 x 10 mL), water (15 mL), ath 1 M NaHCGQ; (2

filtered off and washed with MeOH, and the combined filtrates

x 10 mL); dried (MgSQ); and evaporated in vacuo. The residue

were evaporated in vacuo. The residue was dissolved in ethanol,was purified on silica gel using first eluent E and then G to give

diluted with 7 M HCI (6.6 mL), and evaporated to dryness in vacuo,
and the residue was recrystallized from aOHMeOH—EtOH
mixture to givel (4.23 g, 89%) as colorless crystals: mp 121
°C (lit. mp 283°C¢for lyophilized powder)R 0.45 (C);'H NMR
(D20) 6 3.53 (1H, m, MeCH), 3.21 (2H, m, NG} 3.15 (2 H, m,
NCH,), 3.07 (2H, m, NCH), 2.16 [1H, m, CCHC (due to chiral
center on the next carbon, these Gttotons have different
chemical shifts)], 2.02 [1H, m, CGI€ (due to chiral center on the
next carbon, these Gkprotons have different chemical shifts)],
1.86-1.74 (4H, m, CCHC), 1.36 (3H, dJ = 6.5, CHy); 13C NMR

13 (3.94 g, 92%) a viscous 0ilR; 0.27 (A); 'H NMR (CDCl) 6

7.34-7.27 (10H, m, Ph), 5.11 (2H, s,HzPh), 5.07 (2H, s, 8-

Ph), 4.96 (0.5H, s, NCbz), 4.57 (0.5H, s, NCbz), 3.73-3.55

(3H, m, Me, CH;0), 3.30-3.18 (4H, m, G1,N), 1.75-1.45 (7H,

m, OH, CAH,C), 1.17-1.10 (3H, m, CH); 13C NMR (CDCk) ¢

156.16, 155.90, 136.82, 128.52, 128.07, 128.00, 127.85, 67.07,

66.59, 62.33,47.44,45.41, 44.78, 44.34, 36.22, 35.13, 29.66, 25.02,

24.70, 21.32.
Bis-N,°N*2-(benzyloxycarbonyl)-1,12-diamino-4,9-diazatride-

cane (14).The mesyl intermediate was prepared a9 iinom 13
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(3.85 g, 9 mmol), BN (1.53 mL, 11 mmol), and MsCI (0.77 mL, (9)-N3-(tert-Butyloxycarbonyl)-1,3-diaminobutane (§)-17) was
10 mmol). The evaporated and dried residue was dissolved in THF prepared asR)-17 starting from §)-16°to give §-17 as a colorless
(15 mL) and cooled to 0OC, and a cold (?°C) solution of 1,3- 0il (91%): [0]?% +12.C° (¢ 2.0, CHC}) (lit.?° [0]?%5 +12.C°); H
diaminopropane (6.66 g, 90 mmol) in THF (5 mL) was added in NMR shifts were identical to those oRJ-17.
one portion. Afte 6 h at 0°C and overnight at room temperature, (R)-N*-(o-Nitrophenylsulfonyl)- N3-(tert-butyloxycarbonyl)-1,3-
the reaction mixture was concentrated in vacuo. The residue wasdiaminobutane ((R)-18). To the cooled (OC) solution of R)-17
poured inb 1 M NaOH (15 mL), extracted with DCM (% 15 (1.43 g, 7.6 mmol) and Bl (1.21 mL, 8.8 mmol) in dry DCM
mL), and evaporated in vacuo, and the residue was purified on silica (15 mL) was added the solution of NsCI (1.77 g, 8.0 mmol) in dry
gel using eluent H to givd4 (3.05 g, 70%) as a viscous oiR DCM (7 mL) with stirring within 30 min. Stirring was continued
0.25 (F);*H NMR (CDClg) 6 7.34-7.29 (10H, m, Ph), 5.10 (2H, for 1 h at 0°C, followed by washing the reaction mixture with
s, CH.Ph), 5.07 (2H, s, B,Ph), 4.79 (1H, s, NCbz), 3.35-3.20 H,O (10 mL), 10% citric acid (15 mL)1 M NaHCGQ (10 mL),
(5H, m, MeCH, CHN), 2.73 (2H, t,J = 6.8, (H,N), 2.66-2.53 and brine (10 mL) and drying (MgS{ The solvent was removed
(4H, m, CH,N), 1.70-1.35 (11H, m, NH, NH, CCH,C), 1.16- in vacuo to afford R)-18 (2.78 g, 98%) as a colorless solid: mp
1.10 (3H, m, CH); 13C NMR (CDCk) ¢ 155.85, 136.88, 136.70,  115-6 °C (H,O—MeOH); R 0.21 (K); []?% —13.C° (¢ 5, CHCE);
128.48, 128.02, 127.92, 127.79, 67.07, 66.96, 66.48, 49.63, 47.85,'H NMR (CDCl;) 6 8.14-8.10 (1H, m, Ar), 7.857.81 (1H, m,
47.62,47.17,45.37, 44,77, 44.32, 40.54, 36.20, 35.06, 33.77, 27.25Ar), 7.74-7.69 (2H, m, Ar), 6.23 (1H, bs, NsNH), 4.31 (1H,Jd
26.48, 25.95, 21.33. = 6.5, NH), 3.80-3.69 (1H, m, MeCH), 3.333.22 (1H, m, CHN),
1,12-Diamino-4,9-diazatridecanetetrahydrochloride (x-MeSPM) 3.01 (1H, m, CHN), 1.78-1.69 [1H, m, CH®; (due to chiral
was prepared as from 14 (3.0 g, 6.2 mmol) and recrystallized ~ center on the next carbon, these Gtfotons have different

from a HO—MeOH—EtOH mixture to give2 (1.97 g, 88%) as  chemical shifts)], 1.531.43 [1H, m, CHC, (due to chiral center
colorless crystals: mp 256l °C (dec) (lit’ mp 247 °C for on the next carbon, these Gidrotons have different chemical

lyophilized powder): R; 0.13 (C);*H NMR (D,0O) 6 3.56-3.48 shifts)], 1.37 (9H, s, CMg, 1.11 (3H, d,J = 6.7); *C NMR o
(1H, m, MeCH); 3.24-3.10 (10H, m, GloN); 2.18-2.08 (3H, m, 155.91, 148.07, 134.24, 133.28, 132.49, 130.70, 125.06, 79.59,

NHCHCH,, CH,CH,NH,); 2.04-1.95 (1H, m, NHCH®1,); 1.85- 43.81, 40.81, 38.10, 28.26, 21.37. Anal 4@3N:06S) C, H, N.

1.77 (4H, m, CCHC); 1.36 (3H, dJ = 6.6, CH); 13C NMR (D,0) _(S)-N*-(o-Nitrophenylsulfonyl)- N*-(tert-butyloxycarbonyl)-1,3-
o 47.07, 45.41, 44.62, 44.00, 36.67, 30.47, 23.79, 22.83, 17.58, diaminobutane ((S)-18) was prepared a®yj-18 starting from 6)-
17.34. Anal. (GiHzN4Cl4-0.25H0) C, H, N. 17to give (§-18as a colorless solid (99%): mp 116 °C (H,0—

MeOH); [0]%% +13.0° (¢ 5, CHCE); 'H NMR shifts were identical
to those of R)-18. Anal. (GsH23N306S) C, H, N.

(R)-N-Phthaloyl-N®-(o-nitrophenylsulfonyl)- N&-(tert-butyloxy-
carbonyl)-1,8-diamino-5-azanonane {)-19). The mixture of R)-
18 (0.75 g, 2.0 mmol)N-(4-iodobutyl)phthalimide (0.725 g, 2.2
mmol), and KCO; (0.85 g, 6.2 mmol) in dry DMF (4 mL) was
stirred for 24 h at 20°C. Solvent was evaporated in vacuo, the
residue was treated with EtOA®,0 (2:1, 30 mL), and the organic
layer was separated, washed witf(H10 mL) and brine (20 mL),
dried (MgSQ), and evaporated in vacudhe residue was crystal-
lized from EtOAc-n-hexane to giveR)-19 as pale-yellow crystals
(1.03 g, 89%): mp 109110°C (EtOAc—n-hexane); {]?% —7.0°
(c 2, EtOAC);*H NMR (CDCl;) 6 8.00-7.96 (1H, m, Ar), 7.86-
7.80 (2H, m, Ar), 7.73-7.68 (2H, m, Ar), 7.66-7.61 (2H, m, Ar),
7.58-7.53 (1H, m, Ar), 4.48 (1H, bs, NH), 3.66 (2H,1,= 6.5,
CH,NPht), 3.62-3.55 (1H, m, MeCH), 3.463.21 (4H, m, CHN);
1.76-1.52 (6H, m, CCHC), 1.42 (9H, s), 1.11 (3H, d] = 6.5
Hz); 33C NMR 6 168.35, 133.99, 133.49, 133.33, 132.09, 131.54,
0 156.03, 136.86, 128.53, 128.05, 67.14, 66.41, 49.82, 46.45, 46'01’130.68, 124.10, 123.28, 78.80, 47.40, 45.14. 37.11: 36.18, 28.41,
36.66, 27.87, 21.28. 25.70, 25.53, 21.47.

2,13-Diamino-5,10-diazatetradecane tetrahydrochloride (3, (S)-N1-Phthaloyl-N5-(o-nitrophenylsulfonyl)- Né-(tert-butyloxy-
o,o'-Me,SPM) was prepared a8 from 15 (2.3 g, 4.6 mmol) to carbonyl)-1,8-diamino-5-azanonane §)-19) was prepared af}-
give 3 (1.47 g, 85%) as colorless crystals: mp 2Z4°C (dec) 19 starting from §)-18 to give (§-19 as a pale-yellow crystals
(lit. 26 mp 180°C for lyophilized powder):R: 0.13 (C);*H NMR (91%): mp 109-110 °C (EtOAc—n-hexane); §]2% +7.0° (¢ 2,
(D20) 6 3.55-3.46 (2H, m, MeCH); 3.21 (4H, ] = 6.8, CHN); EtOAc); H NMR shifts were identical to those oRJ-19.
3.17-3.11 (4H, m, ChN), 2.18-2.09 (2H, m, CCHC), 2.04- (R)-N-Phthaloyl-N5-(o-nitrophenylsulfonyl)- N&-acetyl-1,8-di-
1.93 (2H, m, CCHC), 1.84-1.75 (4H, m, CCHC); 1.35 (6H, dJ amino-5-azanonane (R)-20). To the solution of R)-19 (0.97 g,
= 6.6, CH); **C NMR (D;0) 6 49.86, 48.14, 46.78, 33.27, 25.64, 1 g9 mmol) in EtOAc (8 mL) was added the solution of dry HCI
20.09. Anal. (GzHaN.Cls) C, H, N. in EtOH (10 M, 4 mL) and the mixture was stirred for 30 min at

(R)-N3-(tert-Butyloxycarbonyl)-1,3-diaminobutane (R)-17). 20 °C. Solvents were evaporated in vacuo, the residue was
To a cooled {5 °C) suspension of LiAl (0.96 g, 25 mmol) in coevaporated with DMF (% 15 mL) in vacuo, and the residual
Et,0 (20 mL) was added a solution dR-16% (1.7 g, 9.2 mmol) oil was dissolved in dry DCM (8 mL) and g (1.41 mL, 10.2
in ELO (15 mL) with stirring within 20 min, and stirring was ~ mmol). After cooling (0°C), AcCl (1.17 mL, 2.38 mmol) in dry
continued for 45 min at-5 °C, followed by quenching of the DCM (3 mL) was added with stirring over 10 min, and stirring
reaction mixture with 20% (w/w) aq NaOH. The organic phase was continued for an additional 15 min at®©, followed by adding
was separated, the residue was extracted wi® E3 x 20 mL), MeOH (3 mL). The solvents were evaporated in vacuo, the residue
and the combined organic phases were washed with brine (20 mL).was dissolved in EtOAc (40 mL); washed with® (20 mL), 10%
Ether was evaporated in vacuo and the residue was purified oncitric acid (10 mL), and brine (20 mL); dried (MgS) and
silica gel using eluent | to giveR)-17 (1.56 g, 90%) as a colorless  evaporated in vacuo. The residue was crystallized from (Et©Ac
oil: R0.33 (J); p]%% —12.C° (c 2.0, CHC}) (lit.2°[a]?% —12.0%); n-hexane, 1:2) to giveR)-20 as a pale-yellow crystals (0.8 g, 92%):
IH NMR (CDCl) 6 4.61 (1H, bs, NH), 3.77 (1H, bs, MeCH), 2:79 R: 0.54 (J); mp 1256 °C (EtOAc—n-hexane, 1:2);d]%% —6.7°
2.69 (2H, m, CHN), 1.60-1.44 (m, 2H), 1.43 (s, 9H), 1.08 (3H,  (c 2, EtOAc).H NMR (CDCl) 6 7.96-7.92 (1H, m, Ar), 7.86-
d, J = 6.6 Hz);13C NMR (CDCk) ¢ 155.51, 78.89, 44.26, 40.99,  7.80 (2H, m, Ar), 7.747.69 (2H, m, Ar), 7.66-7.61 (2H, m, Ar),
38.81, 28.34, 21.43. 7.57-7.52 (1H, m, Ar), 5.58 (1H, dJ = 8.1, NH); 4.06-3.89

Bis-N2,N%3-(benzyloxycarbonyl)-2,13-diamino-5,10-diazatet-
radecane (15)Bromide10(3.78 g, 13.2 mmol), bis-sulfamidil
(2.16 g, 4.7 mmol), and ¥CO; (4.3 g, 31 mmol) were stirred in
DMF (30 mL) for 48 h at room temperature, followed by addition
of a mixture of KCO; (3.7 g, 27 mmol) and PhSH (1.4 mL, 13.5
mmol) in DMF (10 mL). After stirring for an additional 12 h at 20
°C, salts were filtered off, the filtrate was evaporated to dryness in
vacuo, the residue was suspended in chloroform (50 mL), and solids
were filtered off and washed with chloroform (8 10 mL).
Combined filtrates were washed with water ¥230 mL), dried
(MgSQy), and evaporated to dryness in vacuo, and the residue was
purified on silica gel using eluent F, resulting 1% (2.3 g, 70%)
as a colorless solidR; 0.46 (F); mp 1078 °C; 'H NMR (CDCls)

0 7.36-7.26 (10H, m, Ph), 5.51 (2H, bs,HCbz), 5.08 (4H, s,
CH,Ph), 3.85-3.74 (2H, m, MeCH), 2.732.65 (2H, m, CHN),
2.64-2.54 (2H, m, CHN), 2.54-2.45 (4H, m, CHN), 1.72-1.40
(8H, m, CCH,C), 1.16 (6 H, dJ = 6.5, CH); 13C NMR (CDCk)
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(1H, m, MeCH); 3.67 (2H, tJ = 6.9, CH:NPht), 3.46-3.17 (4H, Recombinant Protein Studies.The human recombinant PAO

m, CH:N), 1.97 (s, 3), 1.85-1.54 (6H, m, CCHC), 1.14 (3H, d, was produced according to the Qiagen Qiaexpressionist manual,
J= 6.5 Hz);13C NMR 6 169.94, 168.55, 148.37, 134.21, 133.60, and the protein was purified under native conditions using Ni
133.36, 132.22, 131.77, 130.63, 124.21, 123.43, 48.02, 45.47, 43.60NTA His Bind Resin (Novagen) as described in ref 17, except

37.28, 36.29, 25.85, 25.81, 23.60, 21.32. without affinity purification. PAO was estimated to be 80% pure
(S)-N*-Phthaloyl-N5-(o-nitrophenylsulfonyl)- Né-acetyl-1,8-di- according to SDSPAGE. However, the contaminating bacterial
amino-5-azanonane (§)-20) was prepared a&j-20 starting from protein did not have any PAO-like activity (data not shown). The

(9-19to give (9-20 as a pale-yellow crystals (91%): mp 126 kinetic studies of PAO were performed in duplicates with four or

°C (EtOAc—n-hexane, 1:2):d]%% +6.7 (c 2, EtOAc);'H NMR five different substrate concentrations from 10 to 200. The total
shifts were identical to those oR)-20. volumes of reactions were 180 containing 100 mM glycine

NaOH (pH 9.5), 5 mM DTT, and appropriate amount of PAO. The

(R)-N"-Acetyl-1,8-diamino-5-azanonane (§)-4). A mixture of reactions were allowed to proceed for-180 min at 37°C before

E:RC));Z(%(((S)ZS %1 é.;ljSmrglr)n i(:1l)b|l:\)Ah|:S (|_3| ﬁﬁgwngg’ﬁi}zrgdr?gol% ﬂrft 50 addition of 20uL of 100 uM diaminohexane as internal standard
°C, the solvent was removed in vacuo, and the residue was dissolved" 0% whv sulfosallcyll_c aC|_d prior t(.) HPLC anaIyS|s: .

in the mixture of DCM-H,0 (3:1, 50 mL). The water layer was Assays Related_to Biological StudiesThe SSAT activity was
separated and extracted with DCM, the combined organic phases2SSayed as described earfitHPLC was used to determine the
were washed with brine (15 mL) and dried (Mg§Qand solvent concentrations of th_e polyaml'nes and ttsuaimethylated analogl_Jes
was evaporated in vacuo. The residue was dissolved in EtOH (6 ©SSentially as described by Hynen et af® o-Amylase and alanine
mL) containing NH,-H,O (0.06 g, 1.83 mmol) and refluxed for 3 amino transfera_se (AI__AT) were determined from heparinized
h, and the solvent was evaporated in vacuo. The residue was treate@sma of the mice using a Microlab 200 from Merck.

with ann EtOH-water (1:1) mixture (5 mL), an insoluble oil was . .
separated, and the solution was applied to Dowex & (200- Acknowledgment. We thank Sisko Juutinen, Anne Karp-

400 mesh, HOform, 10 mL) and eluted with EtOHH,O (1:1) to pinen, and Tuula Reponen for skillful technica}l assistancg. This
get rid of phthalyl hydrazide. Fractions containing cruip4 were work was supported by the Academy of Sciences of Finland
evaporated to dryness in vacuo, and the residue was purified on a(project no. 108092) and the Russian Foundation for Basic
silica gel column using eluent L, resulting in puf®{4 as a base. Research, project no. 03-04-49080.

After treatment with HCI in EtOH and recrystallization from a

MeOH—EtOH mixture, R)-4 (0.21 g, 72%) was obtained as Supporting Information Available: Biological tolerance data
colorless crystals:R; 0.39 (C); ee 95%; mp 2661 °C (dec) and elementary analysis results of target compounds. This material
(MeOH—EtOH); [0]%% +4.0° (¢ 2, H,0); *H NMR (D,0) 6 3.98- is available free of charge via the Internet at http://pubs.acs.org.
3.89 (1H, m, Me®), 3.14 (6H, m, Gi,N), 2.00 (3H, s, COCh)

1.97-1.87 [1H, m, CHG, (due to chiral center on the next carbon, References

these CH-protons have different chemical shifts)], 1-88.72 (5H, (1) Thomas, T.; Thomas, T. J. Polyamines in cell growth and cell

m, 5H, CGH:C), 1.19 (3H, dJ = 6.6, CH;); *C NMR 6 174.00, death: Molecular mechanisms and therapeutic applicat@eis.Mol.

47.04, 44.91, 43.05, 38.96, 32.56, 24.02, 22.85, 22.05, 19.58. Anal. Life. Sci.2001, 58, 244—-258.

(C1oH25N3Cl0) C, H, N. (2) Jane, J.; Alhonen, L.; PietilaM.; Keinanen, T. A. Genetic
S)-NE-Acetvl-1 8-diamino-5 4 d approaches to the cellular functions of polyamines in mamriais.
(S)-N&- cetyl-1,8-diamino-5-azanonane ®-4) was prepare J. Biochem 2004 271, 877-894.

as R)-4 starting from §)-20 to give -4 (70%): ee 95%; mp (3) Wallace, H. M.; Fraser, A. V. Inhibitors of polyamine metabolism:

200-1°C (dec) (MeOH-EtOH); [0]%% —4.0° (c 2, H0); 'H NMR Review article. Amino Acids2004 26, 353—365.

shifts were identical to those oR)-4. Anal. (CigH2sN3Cl,0) C, H, (4) Wang, Y.; Devereux, W.; Woster, P. M.; Stewart, T. M.; Hacker,

N. A.;I Casero, % A., r;]r. _C_Iogingblant()j ch?ract_erizatioln of a human

min XI IS IN | min n X re.
_Transgenic Animal Studies.'l_’he prodL_Jcti_on of the trans_,genic E%ﬁf;‘er ;ecs)zogfestlyaggi&;%g? ¥ polyaimine analoglie expostire

mice and rats has been described earlier in det&bth animal (5) Vuijcic, S.; Diegelman, P.; Bacchi, C. J.; Kramer, D. L.; Porter, C.

lines were produced by the standard pronuclear injection technique W. Identifica_tion and characterization qf a novel flavin-containing

using the same transgene construct. The methylated polyamine Zggf_rg'?nse oxidase of mammalian cell origiochem. J2002, 367,
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