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Abstract—A systematic study of nucleophilic displacement of mesyl groups using benzylamine was carried out on Multipin
Synphase™ supports. The optimal conditions were applied for the combinatorial synthesis of polyamine derivatives from
commercially available aminoalcohols and amines. © 2001 Published by Elsevier Science Ltd.

Polyamines (PA) are low molecular weight naturally
occurring polycationic molecules. Synthetic analogues
and derivatives are potential therapeutic agents in bio-
logical disorders such as cancer and parasitic diseases.
They can also be ion-channel blockers or vectors in
gene delivery. For these reasons, they have attracted
considerable attention in organic chemistry.1

The solid-phase synthetic pathway to these compounds
may involve the selective functionalization or protec-
tion from commercially available PA.2 However, a
greater diversity can be obtained through the assembly
of the PA skeleton from suitable amino building blocks
using alkylation of amines or sulphonamides,3 reductive
alkylation4 and acylation followed by reduction.5 In
spite of certain flexibility these reactions often require
the preparation of variable building blocks.

We report here the optimisation and the combinatorial
exploitation of a rapid and versatile synthetic pathway
to diverse PA from commercially available linear
aminoalcohols. Their hydroxyle group may undergo
simple reaction with methanesulfonyl chloride then dis-
placement by an excess of primary amine, secondary

amines or by a second aminoalcohol leading to a
variable PA chain.

SynPhase™ ‘Lanterns’ (Mimotopes Pty Ltd) were cho-
sen because they offer synthesis characteristics and
functionality comparable to Wang resin. Their easy and
fast handling facilitates combinatorial synthesis of milli-
gram scale individualised compounds (35 �mol per
support) using the ‘split-pool’ technique.

The 3-aminopropan-1-ol and benzylamine were used as
model building blocks for the optimisation sequence
(Scheme 1).

The first steps of the method used commercial and low
cost reagents. The anchorage of the first aminoalcohol
was achieved via an acidic labile carbamate linker.6 The
best conditions for the subsequent mesylation were
easily determined and consisted of the use of methane
sulfonyl chloride (1.1 M, rt, 30 mn) in anhydrous
pyridin. In contrast, the third step—nucleophilic substi-
tution by an amino group—was supposed to be used
either with readily available synthons or with hardly
accessible amines. For this reason, we were very inter-

Scheme 1.
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ested in an optimal reaction for many concentrations of
the amine.

Multiple attempts varied benzylamine concentration
(0.1, 0.25, 0.5, 0.75 and 1 M corresponding to 1.7–17
equiv.) in DMSO (0.6 mL), duration (ranging from 0.5
to 48 h) and temperature (rt, 50 and 80°C). After
cleavage, the 1H NMR spectra of the crude compound
in D2O in the presence of 4-nitrophenol (35 �mol) as an
internal standard were then realised. The integration
ratio of the desired compound to the internal standard
allowed an evaluation of the yield and the purity of the
N-benzylpropanediamine.

For each concentration a mathematical study allowed
Eq. (1) to be formulated: yield=K(1–10at) (K : maximal
yield, a : reaction rate, t : time).7 Thus, optimal condi-
tions could be defined: 1 M concentration of benzyl-
amine at 50°C for 6 h in anhydrous DMSO. The
concentration of benzylamine not only increased the
reaction rate but also influenced its completion.
Whereas the maximal yield did not exceed 70% at 0.5
M, it reached 90% at 1 M. The duration of reaction did
not compensate low concentrations showing a limit of
this synthetic pathway.

We transposed these findings to the synthesis of a small
combinatorial library of 16 individualised PA starting
from commercially available aminoalcohols and
amines8 (Scheme 2).

Sixteen SynPhase supports 1 were divided in two pools
and reacted, respectively, with 3-aminopropan-1-ol and
4-aminobutan-1-ol. The supports (2a–b) were pooled
for the mesylation then divided again and reacted with
the same aminoalcohols following the optimal condi-

tions for the nucleophilic substitution (1 M, 50°C, 6 h)
leading to 4aa–bb. They were pooled again for the
protection of the secondary amine allowing the mesyla-
tion of hydroxyle group. The resulting supports 6 were
finally shared in four pools and reacted with secondary
or primary amines. Their separated cleavage in acidic
conditions provided the individualised compounds 8.

These spermidine, homospermidine and norspermidine
derivatives 8 were analysed using various techniques.
The 1H NMR spectra were recorded in the presence of
an internal standard, as described above. This analysis
confirmed the obtaining of the expected crude com-
pounds 8 in good yield (50–85%) and purity (>90%).8

The HPLC,9 MS10 and paper electrophoresis11 analyses
supported this valuation and demonstrated the presence
of residual starting materials such as aminoalcohols or
mesylated aminoalcohols due to incomplete nucle-
ophilic substitution. The substitution could also occur
with two neighbouring mesyl groups resulting in the
weak production of bis-alkylated products.

Fig. 1 represents the 1H NMR spectrum in D2O and the
HPLC chromatogram of the crude N8-benzylsper-
midine (trifluoroacetate salt) 8abc, whose analytical
data are given in notes.12 The yield and purity levels of
this compound are representative of the other deriva-
tives 8 of the series.

In conclusion, we have developed a simple and efficient
method for the small scale combinatorial synthesis of
PA derivatives from diverse and commercially available
aminoalcohols and amines. The purity of the crude
products is compatible with direct screening of their
biological activity. Our investigations proceed with the
extension of the procedure to obtain tetramine deriva-

Scheme 2.
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Figure 1.

tives and with its possible transposition to Wang resin
to produce larger quantities (100 mg scale).
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