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ABSTRACT

Polyamine-based scavenger resins containing 2, 3 and 4 nitrogen atoms have been prepared and their comparative effi-
cacy to scavenge appropriate electrophilic chemicals (acids, acid chlorides, isocyanates and aldehydes) from solutions
has been studied. As expected, the scavenging efficiency is directly proportional to the number of nucleophic nitrogens
present on the resin. The results have been compared with the performance of the popular scavenger resin, namely,
tris(2-aminoethyl)amine resin, to conclude that the low-cost polyamine resins now prepared can be conveniently used as

effectively as the expensive commercial product.

Keywords: Acids; Acid Chlorides; Aldehydes; Isocyanates; Ethylenediamine; Diethylenetriamine;
Triethylenetetramine; Tris(2-aminoethyl)amine; Scavenger Resins; Combinatorial Synthesis

1. Introduction

In almost all synthetic organic reactions, one has unde-
sirable products in addition to the desired ones. These
may be un-reacted raw materials, byproducts, excess rea-
gents, catalysts and, of course, solvents. Occasionally,
excess reagents are intentionally used to hasten the reac-
tions or to force them to go to completion. These need to
be removed at the end of the reaction by different meth-
ods including filtration, evaporation, crystallization and/or
chromatography. Use of scavengers is a technique by
which the undesired components are removed by interac-
tion of the scavenger that carries an appropriate func-
tionality which can react with the unwanted compo-
nent(s). Scavenger resins, in which the reactive function-
ality is immobilized on a polymer, are widely used for
the workup of solution phase reactions to remove excess
reagents, substrates or byproducts, often by simple filtra-
tion. Use of scavenger resins is particularly critical in
parallel synthesis or combinatorial chemistry since a large
number of compounds is usually present and selective
removal of some of the reagents and components is often
required [1,2]. Sometimes, the scavenger resins are also
used to conveniently isolate the desired product from the
complex mixture of reactants and byproducts [3].

The polymer-bound polyamines help in removal of
acids from the solution by forming the corresponding
salts, acid chlorides by forming amides, carbonyl com-
pounds by forming Schiff bases and isocyanates by for-
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ming ureas. The most popular scavenger resin of this
class is tris(2-aminoethyl)amine (TAEA) linked to poly-
styrene-co-divinylbenzene (PS-DVB) resin through a me-
thylene bridge [4] which is very expensive. In the pre-
sent work, we developed a simple and improved method
of preparation of the related polyamine-functionalized
resins which are much less expensive and made a com-
parative study of their efficacy as scavenger resins. They
are the ethylenediamine (EDA), diethylenetriamine (DETA)
and triethylenetetramine (TETA) linked to PS-DVB res-
ins, carrying 2, 3 and 4 amino groups respectively. These
resins have been made in multi-kilogram scale and are
now available commercially from Bharavi Laboratories.

2. Results

The known method of attaching tris(2-aminoethyl)amine
to polystyrene-based resin is treatment of chloromethy-
lated PS-DVB resin (Merrifield resin) with excess of the
polyamine in dimethylformamide at elevated tempera-
tures [3]. However, we found that this method invariably
gave products that showed an intense band around 1660
cm™ in the infrared spectrum indicating retention of di-
methylformamide in the beads. Washing of the resin with
different solvents failed to remove the band indicating
some kind of affinity between the resin and the forma-
mide moiety. Therefore, nitrogen analysis for determina-
tion of the amine content for estimation of the scaveng-
ing capacity of the product would be undependable. Al-
ternative solvents for the reaction were therefore exam-
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ined. For reactions involving the cross-linked polymers,
one of the important requirements is the swelling pro-
perty of the resin in the solvent used for the reaction.
Solvents like dichloromethane, tetrahydrofuran, dioxane,
etc., in which the Merrifield resin swells, could possibly
be used for the reaction under investigation. Dichloro-
methane or chloroform was unsuitable as the reaction
was very slow even at their reflux temperatures. Among
the other solvents that could be used, 1,4-dioxane was
considered as it swells the resins and does not contain
nitrogen. Reaction of Merrifield resin with different chlo-
rine loading (1 - 3 mmol Cl/g) was examined in dioxane
at various temperatures ranging from ambient to 100°C;
use of dioxane at 60°C under nitrogen atmosphere proved
to be safe and optimum. The molar ratio of the active
chlorine on the resin to the amines was varied from 1:1,
1:2, 1:5 and 1:10 to determine that the ratio of 1:5 al-
lowed the completion of the reaction in 8 - 10 h at 60°C.
Though it is economical to make these polyamines with
high amine loading, the possibility of cross-linking
within the beads at higher chlorine loading would cause
the resins to become rigid or brittle. Therefore, the Mer-
rifield resin of moderate loading (1.6 and 2.1 mmol Cl/g)
was used in dioxane (10 volumes relative to the resin)
with 5 equivalents of the polyamine; stirring the mixture
at 60°C for 8 h under nitrogen yielded the desired pro-
ducts. The extent of the reaction was determined by chlo-
rine estimation using Volhard method [5] for the residual
chlorine on the resin. When the chlorine content on the
resin was negligible, the resin was filtered, washed as
given under Experimental Section (below Scheme 1) and
dried over potassium hydroxide under vacuum. The ele-
mental analysis for nitrogen indicated lower nitrogen
content (mmol N/g) than theoretical value, indicating a
certain degree of cross linking but without the loss of
swelling characteristics and reactivity (Table 1). It may
be noted that while the maximum amine loading in the
tris(aminoethyl)amine (TAEA) resin given in the litera-
ture [4] was 3.2 mmol N/g starting from Merrifield resin
of 1.7 mmol Cl/g, the amine content of the resin obtained
under the present conditions was 4.2 mmol N/g both for
the tris(2-aminoethyl)amine and the triethylenetetramine,
starting from Merrifield resin of 1.6 mmol Cl/g.

Scavenging or quenching capacity of the polyamine
resins:

The polyamine resins, bearing ethylenediamine [EDA];
diethylenetriamine [DETA] triethylenetetramine [TETA]
and tris(2-aminoethyl)amine (TAEA), showed a similar
type of scavenging property when tested with various
reagents, namely, 2-chlorobenzoyl chloride, phenylisocy-
anate and p-toluenesulfonyl chloride in dichloromethane
and hydrogen chloride in dioxane. All the polyamines
scavenged 2-chlorobenzoyl chloride and p-toluenesulf-
onyl chloride completely from the reaction mixtures
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within 15 minutes when the three equivalents of the poly-
amine resin was used; only two equivalents of polyamine
resin were needed to quench all the hydrogen chloride
during the same period. 2.5 equivalents of the polyamine
resin could scavenge the phenylisocyanate in 1 h. Thus,
comparative experiments showed that all the polyamines
have the same or similar type of scavenging property.
Table 2 shows the data for complete quenching of
phenylisocyanate (1 g; 8.4 mmol) in dichloromethane (20
ml) in1h.

The swelling properties for all the four polyamines in
different solvents also showed similar behavior (Table 3).
The numbers indicate the volume of the resin bed in ml
per gram of the dry weight of the resin.

3. Conclusion

Since all the polyamine resins behave in a similar manner
with respect to the swelling and scavenging properties, it
could be concluded that, in place of the expensive tris
(2-aminoethyl)amine resin, triethylenetetramine [TETA]
resin or equivalent quantities of the other polyamines like
ethylenediamine [EDA], diethylenetriamine [DETA],
which are much cheaper, can be effectively used. Use of
dioxane as solvent is preferred over dimethylformamide
for accurate determination of the nitrogen content on the
resin.

4. Experimental Section

Preparation of polyamine scavenger resins (General me-
thod).

Merrifield resin (100 g; 2.1 mmol Cl/g; 0.210 mol)
was swelled in dioxane (900 ml) and the polyamine (1.05
mol) was added to the swelled chloromethylpolystyrene
resin; the reaction mixture was stirred and heated at 60°C
for 8 h under nitrogen atmosphere. The completion of
reaction was checked by estimating the chlorine by Vol-
hard’s method which showed that the residual chlorine
was nil. The resin was filtered and successively washed
with methanol (200 ml), then with 10% triethylamine in
dichloromethane (1 L), methanol (200 ml), water till the
pH = 7 and finally with the methanol (3 x 100 ml). The
resin was dried in the vacuum oven at 50°C for 24 h over
potassium hydroxide pellets. Nitrogen content of the
resin was determined by elemental analysis.

Quenching or scavenging capacity of the polyamine
resins.

Phenylisocyanate (1 g; 8.4 mmol) was dissolved in di-
chloromethane (20 ml) and ethylenediamine resin of 3.2
mmol N/g (6.4 g; 20.5 mmol) was added to the solution
and stirred. After 30 minutes, 10 pL of the solution from
the reaction mixture was injected into the gas chromato-
graph to find that the peak intensity of the reaction mix-
ture had decreased by 60% when compared to initial
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Scheme 1: Preparation of polyamine resins.

Table 1. Amine loading (mmol N/g) of different polyamine resins.

Type of Resin Merrifield resin (mmol Cl/g)

Resin loading by N estimation

Theoretically Expected loading

EDA 2.1
DETA 2.1
TETA 1.6
TAEA 1.6

3.2 4.0
4.6 5.6
4.2 6.0
4.2 6.0

Table 2. Comparative quenching capacity of different polyamine resins toward phenylisocyanate (8.4 mmol).

Polyamine scavenger resin N content of the resin (mmol/g)

Quantity (g) of resin used for quenching

Mmol equiv. of the resin used

EDA Resin 3.2 6.4 20.5
DETA Resin 4.6 4.5 20.7
TETA Resin 4.2 4.9 20.6
TAEA Resin 4.2 5.0 21.0

Table 3. Swelling property of four different polyamines 1g = 1.6 ml/g dry weight.

Solvents EDA resin (ml/g) DETA resin (ml/g) TETA resin (ml/g) TAEA resin (ml/g)
DCM 7.0 7.0 7.0 7.0
THF 6.2 6.1 6.1 6.2
DMF 4.6 4.4 4.4 4.6

Toluene 6.0 4.0 44 4.6
Methanol 2.0 3.0 3.0 3.2

concentration; on stirring for further 30 min, the gas
chromatography of the sample showed no peak corre-
sponding to the isocyanate. Therefore it was concluded
that all the isocyanate is quenched by this polyamine
within 1h. Similar experiments were conducted with the
other polyamine resins and data is summarized in Table
2.

The scavenging properties were similarly tested with
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different electrophilic reagents, namely, 2-chlorobenzoyl
chloride and p-toluenesulfonyl chloride in dichlorome-
thane and hydrogen chloride in dioxane. All the poly-
amines scavenged 2-chlorobenzoyl chloride and p-tolu-
enesulfonyl chloride from the reaction mixtures within
15 minutes when the three equivalents of the polyamine
resin was used; only two equivalents of polyamine resin
were needed to quench all the hydrogen chloride during
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the same period.
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