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A versatile and efficient template synthesis has been
developed to synthesise novel polyamines [e.g. rac-N3-
(3-aminopropyl)butane-1,3-diamine, isospermidine 1] via
amino acids [e.g. (2R,4S/2S,4R)-N4-(3-aminopropyl)-2,4-di-
aminopentanoic acid] using cobalt(III) to assemble the three
precursor components in a biomimetic manner.

Spermidine [N-(3-aminopropyl)butane-1,4-diamine] and other
polyamines are cationic species with a remarkable range of
biological activities1 and potential medical applications.2,3 A
common synthetic approach to polyamines condenses suitably
protected fragments, e.g. putrescine [butane-1,4-diamine] mo-
noprotected on one nitrogen function, with an N-protected
3-aminopropanal.4 N-Protection in polyamine synthesis has
generally been achieved using classical methodology, whereby
nitrogen functions are blocked with e.g. benzyl5 or benzylox-
ycarbonyl6 or trifluoroacetyl groups.6a

We have found that a cobalt(III) reagent can be used as a
template to assemble three components in a manner analogous
to one route of biosynthesis of spermidine7,8 leading to novel
amino acids and polyamines. For example, propane-1,3-dia-
mine, acetylacetone and glycine can be combined to yield
(2R,4S/2S,4R)-N4-(3-aminopropyl)-2,4-diaminopentanoic acid
(‘carboxyisospermidine’ 2), which can be decarboxylated to the
triamine N3-(3-amino-propyl)-butane-1,3-diamine (‘isospermi-
dine’ 1). The Schiff base tetradentate cobalt(III) complex 3
constitutes the key intermediate in the synthesis of 2 and 1
(Scheme 1). From the viewpoint of synthetic strategy the cobalt
ion serves to mask simultaneously specific nitrogen functions
and to provide controlled activation of certain functional
groups.

The racemic bis(propane-1,3-diamine)glycinatocobalt(III)
complex 49 was readily oxidised10 (PBr3, N-bromosuccinimide)
to the corresponding glycine-imine complex 5. The bis(ethane-
1,2-diamine) analogue of the cobalt-stabilised imine 5 is known
to react at the electrophilic imine carbon with acetylacetone in
methanol containing sodium carbonate leading to diaster-
eoisomeric 1+1 adducts.10 With acetylacetone in aqueous
alkaline conditions complex 5 gave the stable Schiff base
tetradentate complex 3, as a single racemic diastereoisomer
(L,R/D,S). The structure of this complex† was validated by X-
ray crystallographic analysis (Fig. 1).

The mechanism of formation of complex 3 involves a
nucleophilic addition of the monoanion of acetylacetone to the
Re face of the activated imine C-atom in complex 5 to give a 1+1
adduct 6, as shown in Scheme 1. Addition of acetylacetone
monoanion to the Si face of 5 may be impeded by the adjacent
propane-1,3-diamine ligand. Hydroxide-induced intramolecu-
lar condensation11 of one of the acetyl functions of 6 with the
nearest apical amino group gives an intermediate imine that
loses the other acetyl group (NB alternatively, initial loss of one
acetyl followed by intramolecular condensation may occur).
One-pot reduction of the imine function and the metal centre,12

leading from complex 3 to amino acid 2, was achieved by
treatment of the imino complex 3 with sodium borohydride at
pH 9 followed by acidification to pH 5. The relative ster-
eochemistry of amino acid 2 was determined as (2R,4S/2S,4R)
by crystallographic analysis.13 The reduction of the imine is
irreversible and the stereochemical course from 3 to 2 should
therefore be determined by the relative energies of the transition
state for approach of borohydride to the Re and Si faces of the
imine 3. Approach to the Si face may be more hindered by

Scheme 1 Reagents and conditions: (a) i. CF3SO3H, N2, rt; ii. NBS, PBr3,
dry DMF, 60 °C; iii. LiBr, 60 °C; (b) CH3COCH2COCH3, water, pH 12; (c)
i. NaBH4, water, pH 9, rt; ii. pH 5, rt; (d) i. NBS, buffer pH 5, rt; ii.
NiCl2.6H2O, NaBH4, rt. (only the L-enantiomer of complexes 3, 4, 5 and 6
are shown).

Fig. 1 The dication of complex (L,R)-3, one enantiomer of a pair.
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neighbouring H atoms (e.g. on the neighbouring methylene
group). One-pot decarboxylation via the successive treatment of
amino acid 2 with N-bromosuccinimide14 and sodium borohy-
dride–nickel dichloride15 gave the targeted polyamine, iso-
spermidine trihydrochloride 1.

The versatility of the methodology described has been
explored by varying each of the three components. By reacting
the glycine-imine complex 5 with methyl pyruvate, an analo-
gous reaction course to that described for acetylacetone was
observed leading to the corresponding tetradentate-imine com-
plex 7 (73%, isolated as a carboxylic acid). Reduction of this
complex with borohydride gave the novel amino acid N-
(3-aminopropyl)-2,4-diaminopentanedioic acid 8 (Scheme 2).
When 1,2-ethylenediamine and bis(2-aminoethyl)-1,2-diami-
noethane were assembled in the manner described above with
glycine and acetylacetone, tetradentate-imine complex 9 and
hexadentate-imine complex 10 were formed, respectively.
Reduction of these complexes with borohydride followed by
zinc in acidic aqueous solution afforded the novel amino acids
11 and 12. Decarboxylation of amino acids 11 and 12 yielded
the corresponding polyamines 13 and 14. Assembling alanine
with 1,3-diaminopropane and acetylacetone on the cobalt(III)
template furnished tetradentate-imine complex 15. Reduction of
the latter with borohydride afforded N4-(3-aminopropyl)-
2,4-diamino-2-methyl-pentanoic acid 16.

With hexafluoroacetylacetone and complex 5, the intra-
molecular condensation proceeded only as far as the tri-
fluoromethyl-substituted aminol 17 (Scheme 3), which was
isolated in 69% yield. With acetophenone and complex 5, the
condensation stopped at complex 18, i.e. the intramolecular
condensation did not occur at all. Reduction of 17 with
borohydride gave 2-(3,3,3-trifluoro-2-hydroxypropyl)glycine
19, whilst reduction of 18 gave 2-(2-hydroxy-2-phenylethyl)-
glycine 20. Full details and other examples of this new route to

2-hydroxyalkyl-substituted glycines will be reported else-
where.

In conclusion, using the cobalt template syntheses detailed
above, novel amino acids and polyamine derivatives have been
obtained in a few steps, starting from readily available cobalt
complexes. Application of the methodology described to the
synthesis of single enantiomers of amino acids and polyamines
is under investigation.

This work was supported by grants from the EPSRC and
ANU.

Notes and references
† Crystal data for 3: [Co(C11H26N5O2)]Cl2.H2O, M = 408.2, orthorhom-
bic, space group Pbca, a = 8.3623(4), b = 13.7158(7), c = 30.2033(15) Å,
U = 3464.2(3) Å3, Z = 8, Dc = 1.565 g cm23, m = 1.32 mm21 (Mo-Ka
radiation, l = 0.71073 Å), T = 160 K, R(F2 > 2sF) = 0.039, Rw(F2, all
data) = 0.090, with 4172 unique reflections and 207 refined parameters.
CCDC reference number 168722. See http://www.rsc.org/suppdata/cc/b2/
b206462f/ for crystallographic data in CIF or other electronic format.
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Scheme 2 Reagents and conditions: (a) i. NaBH4, water, pH 9, rt; ii. pH 5,
rt; (b) i. NaBH4, water, pH 9, rt; ii. pH 5, rt; iii. zinc dust; (c) i. NBS, buffer
pH 5, rt; ii. NiCl2·6H2O, NaBH4, rt (NB all compounds are racemates; the
relative stereochemistry of 8, 11, 12 and 16 was not yet determined).

Scheme 3 Reagents and conditions: (a) (F3CCO)2CH2, water, pH 11; (b)
NaBH4, water, pH 9 to 1; (c) PhCOMe, water, pH 11 (NB all compounds are
racemates; the relative stereochemistry of 17–20 has not yet been
determined).
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