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A new analytical method for anchoring quantification of amines
on resin support
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Abstract—A rapid and quantitative method for monitoring the efficiency of coupling of amino compounds to polystyrene resin
through a carbamate linker has been developed. para-Nitrophenyl carbonate activating group has been shown to release a
valuable chromophore for quantitatively monitoring the progress and the yield of the reaction. © 2003 Elsevier Science Ltd. All
rights reserved.

The combinatorial synthesis of a large collection of
compounds has rapidly emerged as a powerful method
for identifying biologically active molecules.1–3

Significant advances have been made in the rapid syn-
thesis of peptide and oligonucleotide mixtures and more

recently in the synthesis of small organic non-peptide
libraries on solid support.4 In addition, a significant
number of organic reactions have been studied on solid
phase, and a variety of new chemistry developed.5,6 In
most cases cleavage of the product from support and
full characterisation of the target compound have been
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accomplished to evaluate individual reactions. How-
ever, the search for methods of monitoring the
efficiency of anchoring before undertaking reactions on
support, when mixtures of compounds are generated or
multi-step sequences are required, creates a demand for
new and selective quantitative tests.

In the course of our work on non-peptide chemistry we
found the need for coupling amino acids to polystyrene
resin via their N-terminus moiety. In addition we were
interested in developing a rapid and quantitative
method for monitoring the efficiency of the coupling of
our amino acids, before undertaking any further elabo-
ration. Being the carbamate moiety a suitable linker for
our purposes we decided to use the activated para-
nitrophenyl carbonate resins 1a, 1b and 2 as supports.
para-Nitrophenylcarbonate activating group has been
previously reported for immobilizing amines,7–13 or
aminidines14 as well as for coupling of amino acids.15

Beside its efficiency in promoting the anchoring of
amino moieties, the activated para-nitrophenyl carbon-
ate resins, releasing para-nitrophenol in solution, would
also afford a valuable chromophore for quantitatively
monitoring the efficiency of the coupling (Scheme 1).
The method we developed is indeed based on the
determination of the amount of para-nitrophenolate
generated under basic conditions (yellow chromophore
at pH >7.6, �max=434 nm) once released during the
coupling reaction. The reported method has been set up
for both loading estimation of resins 1a, 1b, 2 and
calculation of the yield of the amino acid coupling
reaction. Definitely, these two values could be easily
determined through a simple UV measurement accord-
ing to the equation (dil=dilution as mL, wt=g of
resin).

Substitution (mmol/g)=A434×V×dil/(�434·wt)

Obviously, for quantitative analysis we had to find the
extinction coefficient (�) of a basic solution of 4 which
was determined as 32,800 M−1 cm−1, at �max=434 nm.

Figure 1. UV calibration curve of chromophore 4.

The calibration curve was also established using five
different concentrations of chromophore solutions, a
good correlation factor R2=0.9919 was found, as
reported in Figure 1.

Polystyrene Wang resin (loading 0.84 mmol/g) was thus
reacted with para-nitrophenylchloroformate15 to obtain
activated resin 1a with high yield (Scheme 1). The
efficiency of this reaction was proved upon para-nitro-
phenol cleavage: a known amount (�20 mg, re-calcu-
lated loading 0.72 mmol/g) of resin 1a was reacted with
1 mL of a 20% solution of piperidine in DMF for 1 h.
After filtration 20 �L of the obtained solution was
diluted to 25 mL with DMF to obtain a �2×10−5 M
concentration, suitable for UV measurement. The
absorbance of the sample, measured against the
reagents blank at 434 nm, showed a convertion of 90%
(loading 0.65 mmol/g).

The same method was applied to calculate the efficiency
of activation of a Merrifield resin 1b (measured para-
nitrophenol loading 1.30 mmol/g over 2.0 mmol/g of
initial loading) and of a different para-nitrophenylcar-
bonate activated resin 2, which was prepared as
reported.16 In the latter case a lower value of the

Table 1. Loading of different aminoacids on activated resin 1a and 2
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Table 2. Loading of different amines on activated resin 1a (0.65 mmol/g) or 1b (1.34 mmol/g)

Figure 2. Monitoring of the coupling reaction of 5 on acti-
vated resin 1a.

and diluting to 25 mL with DMF. The absorbance
measurements were generally repeated for three times.
The obtained results are reported in Table 1.

Three different amino acids were examined and in all
cases high yields of coupling were observed, even when
resin 2 was used (Table 1, entry 4). The analyses were
also repeated using lower amounts of resin in the
coupling reaction and comparable results were obtained
working with a 50 mg scale.

In order to exemplify its generality and efficiency the
method was extended to several amines. The results
obtained are reported in Table 2. A series of primary
amines was used first, and in all cases a good yield of
coupling was recovered, even when hindered substrates
like t-butylamine (entry 5) or phenylalaninole (entry 2)
were used. To confirm the accuracy of the method less
reactive amines were tested. Secondary cyclohexylamine
showed a comparable reactivity (entry 6), but when
more hindered sec-isobutylamine was used (entry 7) a
lower yield was measured as expected. This trend was
confirmed also in the case of aromatic amines (entries 8
and 9), in particular a very low yield was observed in
the coupling of �-methylindole and this low value was
not increased after repeating the reaction three times. It
is known that protection of the indole nitrogen can be
troublesome18 and in our case this fact was probably
enhanced by the hindrance due to the methyl group in
the �-position. Loading of aminotriazine (Table 2,
entry 10) on activated Merrifield resin 1b was also

loading was recovered (measured 0.44 mmol/g over 1.0
mmol/g) probably because a small fraction of the less
reactive tertiary alcohol groups remained free. This fact
has already been observed in similar reactions,17 and we
believe that the possibility of knowing the exact loading
of amines on this support can be a useful improvement
for the further development of this t-Boc like linker.

The yield of amino acids coupling was then determined.
In a typical experiment a slurry of a known amount
(�500 mg) of resin 1a in 3 mL of dry DMF was treated
with a DMF solution (3 mL) prepared with 4 equiv. of
AA, 1 mL of BSA and 100 mg of DMAP.15 The yield
of coupling was then monitored by taking a sample of
10 �L, adding 20 �L of a 20% of piperidine in DMF
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determined. Also in this case we observed a high yield
of coupling which can be explained by the lower aro-
maticity of this heterocycle.

As a final remark using this procedure, monitoring of
the reaction progress was also possible as shown in
Figure 2.

Loading of propargylamine 5 on resin 1 was in fact
measured at different times showing that the reaction
was almost complete after 24 h. This was also con-
firmed by FTIR analysis by checking the increase of the
strong absorption of the �C�H stretching at 3290 cm−1.

Rapid determination of both percent of conversion and
time required for reaction completion, avoiding tedious
cleavage of intermediates at each checkpoint, can be
achieved. Knowledge of the time required for a reaction
step to reach completion is crucial during the optimisa-
tion phase as well as during library synthesis on solid-
phase, therefore this methodology is indeed very useful
when applicable to kinetic studies.

In conclusion, we have developed a rapid, sensitive and
quantitative test for monitoring the yield of coupling of
amino compounds on polystyrene resins through a
carbamate linker. The method can be efficiently used
for loading estimation of the derivatised resin as well as
for reaction kinetic studies.
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