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The reaction of pentaerythritol tribromide with ethylenediamine under strongly basic conditions leads to
the quadridentate ligand 1,1-bis(2-aminoethylaminomethyl)-ethene (2), which is easily purified by for-
mation and chromatographic separation of its Co(III) complex, trans-[Co(2)Cl2]Cl�H2O.

� 2010 Elsevier Ltd. All rights reserved.
Derivatives of pentaerythritol and tris(hydroxymethyl)ethane
have been long and frequently employed for the synthesis of mul-
tidentate ligands, especially polyamines. Typically, the hydroxyl
groups of these polyols are converted to good leaving entities such
as aromatic sulfonate or bromide which may then be displaced by
various nucleophiles.1–11 Polyamines can be obtained either by a
direct attack of a simpler amine1–10 or by a reaction with azide fol-
lowed by reduction.11,12 Such reactions have been exploited also
with the derivatives of a large number of other polyols13 and where
the attacking reagent is a tosylamide anion, this is, of course, the
basis of the extremely popular Richman–Atkins method14 for the
production of macrocyclic polyamines.15 Although the proximity
of the functional groups on pentaerythritol and tris(hydroxy-
methyl)ethane frameworks can lead to cyclisation reactions,6–

10,16 in general the C5 entity and its connectivity remain intact in
the final products. It is known,17 however, that the reactions of
pentaerythritol derivatives under strongly basic conditions can
lead to fragmentation and in particular to the formation of deriva-
tives of bis(hydroxymethyl)ethene. In the present study, we have
found that this pathway is particularly prominent in the reaction
of pentaerythritol tribomide (2,2-bis(bromomethyl)-3-bromopro-
panol) with ethylenediamine (1,2-ethanediamine), a reaction that
we have used otherwise10e,f to prepare the hydroxyl-substituted
sexadentate amine ‘HOsen’, tris(aminoethylaminomethyl)meth-
anol.

Thus, heating a solution of commercially available pentaerythri-
tol tribromide in neat ethylenediamine (en) at 120 �C for 3 days
produces a mixture of polyamines (Scheme 1) which after basifica-
tion and distillation to remove the bulk of the ethylenediamine,
can be easily separated by formation and chromatography of their
ll rights reserved.
cobalt(III) complexes,18 a procedure which is effective in many
similar cases.10a,b Observation of a green complex 1 as a major
component (56% isolated yield) was at first taken to mean that
inefficiently removed residual ethylenediamine had given rise to
trans-[Co(en)2Cl2]+ but this complex can in fact be independently
detected as a minor species and is readily distinguished by its rel-
atively rapid hydrolysis to violet (largely cis) aqua complexes.19

Both the 1H and 13C NMR spectra20 of 1 indicate the presence of
unsaturated carbon in a rather symmetrical species and a crystal
structure determination21 of 1 as the hydrated chloride salt estab-
lished the presence of the quadridentate ligand 1,1-bis(2-aminoe-
thylaminomethyl)-ethene, 2, in the complex cation trans-
[Co(2)Cl2]+ (Fig. 1). The bound ligand has the R*,S* configuration
of the inner N-donor atoms, as found in saturated analogues,
where again the trans-CoN4Cl2 donor atom array is usual.22 The
central chelate ring has an essentially chair conformation and the
only approach within the lattice of a nucleophilic species to the al-
kene unit involves a rather remote (�3.6 Å) contact between the
terminal alkene (C8) atom and a chloride ion. Whether the reactiv-
ity of the alkene unit in solution is significantly affected by coordi-
nation to cobalt(III) remains to be established.

Reduction of the metal centre in 1 from the III to the II state un-
der acidic conditions leads to a rapid release of 2 in its tetraproto-
nated form,23 which is easily separated from free metal ions by
cation exchange chromatography. A crystal structure determina-
tion24 on the tetrahydrochloride confirmed that the alkene unit re-
mained intact despite the fairly prolonged exposure to aqueous
acid involved in its isolation and crystallisation. Consistent with
its tetraprotonated state, the ligand adopts an extended conforma-
tion (Fig. 2) and the lattice displays an intricate hydrogen-bonding
network involving the chloride anions, water molecules and pro-
tonated NH centres.
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Figure 1. The cationic complex species present in the lattice of trans-
[Co(2)Cl2]Cl�H2O. Displacement ellipsoids are shown at the 50% probability level
and hydrogen atoms are shown as small spheres of an arbitrary radius of 0.1 Å.

Figure 2. A perspective view of the cation present in the lattice of [2H4]Cl4�H2O.
Displacement ellipsoids are shown at the 50% probability level and hydrogen atoms
are shown as small spheres of an arbitrary radius of 0.1 Å.
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Scheme 1. Reactions of pentaerythritol in neat ethylenediamine. (i) Nucleophilic
substitution; (ii) deprotonation; (iii) retro-aldol reaction followed by Br-dissocia-
tion; (iv) separated by cation exchange chromatography.
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The facility of the formation of 2 is presumably a consequence
of the presence of the residual hydroxyl group in the reactant lead-
ing to a retro-aldol reaction and a release of formaldehyde under
strongly basic (and high-temperature) conditions, followed by bro-
mide ion dissociation. Whether these processes occur before, after
or in competition with amine substitution of the other bromo
groups is presently unclear. Interestingly, the reaction of pentae-
rythritol dibromide with ethylenediamine under very similar con-
ditions to those used herein10d gives rise principally to products
that are derived from oxetane species and formed via intramolec-
ular nucleophilic displacement of bromide, although it is also
known25 that other base-catalysed reactions of pentaerythritol
tribromide give rise to oxetanes and it may well be that differences
in activation energies associated with different reactants give rise
to marked effects on product distributions as a function of
temperature.
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