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A new, efficient, sensitive, and reliable color test for the visual detection of resin-bound primary and secondary
amines is described. The reaction between amines and 1-methyl-2-(4'-nitrophenyl)-imidazo[1,2-a]pyrimi-
dinium perchlorate (DESC) provides the “on-bead generated” colored stable intermediate azadiene. The
developed protocols allow detection of resin-bound primary amines in the presence of secondary amines.
The test can also be used for the detection of resin bound thiols.

Introduction

Solid-phase organic synthesis (SPOS), originally devel-
oped by Merrifield' for the polymer-supported synthesis of
peptides, has now become an important technique for the
synthesis of almost any class of organic compounds,?
especially for the generation of combinatorial libraries® and
peptides,* which are important for drug discovery.’ In SPOS,
it is more difficult to monitor the reaction because the
chemical transformations proceed on insoluble resin beads,
and, therefore, fast solution-phase analysis methods, such
as TLC and LCMS, are not directly applicable for SPOS.
Also NMR,° IR” and electrochemical impedance spectros-
copy® (EIS) experiments are not straightforward on resin.
This makes the monitoring of solid-phase reactions a
challenging subject.

A variety of direct (on-bead) and indirect (off-bead)
techniques has been developed. Simple colorimetric tests,
however, still remain the most convenient way for providing
information of the course of solid-phase reactions. A color
test, which indicates by visual detection the presence or
absence of a functional group, is a simple, practical tool to
monitor the completeness of the reaction. The ninhydrin test,’
originally developed by Kaiser et al. in 1970, was the first
colorimetric test for the detection of primary amine and is
still widely used in peptide synthesis. Throughout the years
a number of new color tests for various functional groups
have been reported. '’

Resin-bound primary or secondary amines are visually
detectable with ninhydrin,” bromophenol blue,'" chloranil,'?
2,4,6-trinitrobenzenesulphonic acid (TNBS),"? 4-N,N'-dim-
ethylaminoazobenzene-4'-isothionate14 (DABITC), 4-nitro-
phenyl-5-{ N-ethyl-N-[4-(nitrophenyl)azo]phenyl }amino-3-
oxapentanoate (NF31),'” and 2,3-dichloro-5-nitro-1,4-naph-
thoquinone.'® Although these number of available color tests
useful for solid phase peptide synthesis (SPPS), we believe
that there is still a need for reliable and sensitive tests for
the visual detection of primary and secondary amines.

* To whom correspondence should be addressed. E-mail: erik.vandereycken @
chem.kuleuven.be.
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Here, we wish to report a novel, simple, fast, and sensitive
colorimetric assay for the visual detection of solid-phase
bound primary and secondary amines, as well as thiols, using
1-alkyl-2-aryl-imidazo[ 1,2-a]pyrimidinium salts.

Results and Discussion

We have recently reported a new procedure for the
synthesis of polysubstituted 2-aminoimidazoles,'” employing
substituted 2-aminopyrimidines and a-bromocarbonyl com-
pounds.'® The intermediate imidazo[1,2-a]pyrimidinium
salts, appeared to give a deep color in reaction with primary
and secondary amines at room or at slightly elevated
temperature. We have synthesized a series of 1-alkyl-2-aryl-
imidazo[1,2-a]pyrimidinium perchlorates 4a—t from the
readily available substituted 2-aminopyrimidines 1 and
phenacyl bromides 2 (Scheme 1).

The resulting salts 4a—t were in turn tested for a possible
color change upon reaction with resin-bound primary amines
(aminomethylated polystyrene resin from Novabiochem;
loading 0.5 mmol/g) (Table 1). It appeared that all the salts
bearing a para-nitro group (R?) at the phenyl ring gave a
red color change of the resin beads (Table 1, entries 6,
14—20). Variation of R' did not affect noticeably the
coloration (Table 1).

Importantly, 1-alkyl-2-aryl-imidazo[1,2-a]pyrimidinium
perchlorate salts 4a—t are soluble in common organic
solvents, for example, DMF, DMSO, acetonitrile, methanol,
and acetone, whereas the corresponding bromides are less
soluble and do not give any color upon treatment with resin
bound primary amines. All further color tests were performed
with 1-methyl-2-(4'-nitrophenyl)-imidazo[1,2-a]pyrimidini-
um perchlorate 4f, which is forthwith called “DESC”."* This
crystalline reagent can be stored for several months at room
temperature without noticeable decomposition. We presume
that the strong color that appears upon reaction of DESC
with amines, for example, piperidine, is the result of the
formation of a conjugated azadiene compound 5, resulting
in a colorant with A,y at 455 and 361 nm. These absorption
bands are most probably a result of the intramolecular charge
transfer because the presence of a para-nitro phenyl group
(Scheme 2).2°
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Scheme 1. Synthesis of 1-Alkyl-2-aryl- 1m1dazo 1,2-a]pyrimidinium Perchlorates 4
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“ Reagents and conditions: (i) MeCN, 100 °C, MW 150 W, 20 min; (ii) PPA, 140—150 °C, 15—20 min; (iii) 70% HCIO4 (10 equiv), H,O, rt, 15 min.

Table 1. Synthesis and Color Test of 1-Alkyl-2-aryl-imidazo[1,2-a]pyrimidinium Perchlorates (4a—t) with Resin-Bound Primary

Amines
entry compd 3, 4 color change® R! R? yield of 3 (%)" yield of 4 (%)"
1 a - Me 4'-F 69 91
2 b - Me 4'-Br 88 83
3 c - Me 4'-Cl 74 94
4 d - Me 4'-1 71 82
5 e - Me 4'-MeO 57 80
6 (DESC) f + Me 4'-NO, 95 89
7 g - Me 4'-Me 70 77
8 h - Me 4'-H 81 78
9 i - Me 3'4'-diF 76 95
10 j - Me 3'-NO, 64 58
11 k + Me 4'-MeS 69 64
12 1 + Et 4'-NO, 89 69
13 m + Bu 4'-NO, 83 86
14 n + Bn 4'-NO, 85 54
15 o + homoveratryl 4'-NO» 65 72
16 p + i-Pr 4'-NO, 91 89
17 q + i-Bu 4'-NO, 79 58
18 r + cyclopropyl 4'-NO, 62 73
19 s + cyclohexyl 4'-NO, 84 59
20 t + cyclododecyl 4'-NO, 88 44

“ A few beads of aminomethylated resin (0.5 mmol/g, Novabiochem) were suspended at rt in the freshly prepared solution of the salt 4a—t (0.01 M)
in DMF (100 uL), and the color change was evaluated after 5 min; — stands for a negative test (no color change), and + stands for a positive test.

? Isolated yields are given.

Scheme 2. Formation of the Azadiene Intermediate 5 upon Reaction of DESC with Piperidine
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Thus, having detected a strong coloration for resin bound
primary and secondary amines upon treatment with DESC,
we have elaborated a standard protocol. For the detection of
primary amines the following procedure has been established:
a few beads are suspended in 100 4L of a 0.01 M DESC
solution in DMF. After they were heated at 60 °C for 5 min,
the beads are washed with DMF (3x), MeOH (3x), and
DCM (3x). Beads containing deprotected amino groups
appear as red to dark orange spheres, while beads containing
no free amino groups remain colorless. In most cases, heating
is not necessary for the detection of primary amines because
the color appears immediately after addition of a solution
of DESC. Only for very low concentrations of free primary
amines heating is necessary to enhance the sensitivity of the
test. The procedure for the detection of secondary amines is
slightly different. A few drops of a 20% DIEA solution in
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DMF are added after the addition of DESC to the resin beads.
The solution turns dark after addition of the DIEA, but after
they were heated and washed (according to the procedure
described for the detection of primary amines), the beads
that contained free secondary amino groups are isolated as
red or dark orange spheres, while beads not bearing any
secondary amino groups, retained their original color. To
guarantee the reliability of the DESC test, it is recommended
to refresh the DESC solution monthly.

Evaluation of the Sensitivity of the DESC Test toward
Solid-Phase-Bound Primary Amines. A series of resin
samples of known free amine content was prepared by
coupling aminomethylated polystyrene resin (loading 0.5
mmol/g, Novabiochem) with a mixture of Fmoc-Ala and
Boc-Ala in various ratios. After selective removal of the
Fmoc-protective group, the final beads were obtained with
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Table 2. Comparison of the Sensitivity of DESC and TNBS for
Primary Amines at Different Loadings

amine
entry  content
(mol%)

DESC test TNBS test

1 2
2 5
3 10
4 20
5 50
6 100

a content of 50, 20, 10, 5, and 2 mol% of free resin bound
primary amino groups. Subsequently, these different fractions
were treated with DESC and TNBS, and the difference in
color change was evaluated (Table 2). DESC seemed to be
more sensitive, which is especially useful at low concentra-
tion levels of free amine content. TNBS gave a reliable result
up to 5 mol % (23 umol/g) of free amine content, whereas
DESC is sensitive up to 2 mol % (9 umol/g).

To further demonstrate the difference in sensitivity be-
tween DESC and TNBS, a mixture of completely protected
resin (no free amine present) and resin containing 5 mol %
of free primary amine was mixed in a 1:1 ratio and treated
with the respective reagents (Figure 1). This test clearly
shows that DESC gives a distinct color change even at low
free amine content (5 mol %, 23 umol/g) and that a better
contrast is obtained compared to TNBS. Other types of resin,
such as aminomethylated polystyrene resin (0.2 mmol/g and
0.9 mmol/g loading) and Hypogel (0.9 mmol/g), a resin
containing a polyethylene spacer, also turned red upon
treatment with DESC clearly indicating that DESC is a
reliable color test for primary amines with sensitivity up to
2 mol % (9 umol/g) of resin bound free primary amine
content.

Figure 1. Comparison of the sensitivity of TNBS (left) and DESC
(right) for primary amines.

Claerhout et al.

Evaluation of the Sensitivity of the DESC Test toward
Solid-Phase-Bound Secondary Amines. As mentioned
above, a slightly modified protocol was needed for the detection
of secondary amines. A few drops of a 20% DIEA solution in
DMF should be added after addition of the DESC solution to
the resin and heating for 5 min at 60 °C is necessary. The resin-
bound secondary amine was prepared by coupling a backbone
amide linker 6 (BAL) with aminomethylated polystyrene resin
(0.5 mmol/g, Novabiochem), followed by reductive amination
with C-terminal protected phenylalanine, resulting in the forma-
tion of resin 8 (Scheme 3).

The resin was thoroughly washed with DMF, DIEA (20%
in DMF), dichloromethane, and methanol. The resin-bound
secondary amine 8 was then treated with DESC with and
without the addition of DIEA (20% in DMF) and heated in
both examples. This clearly demonstrated the need for the
addition of DIEA for the detection of secondary amines
(Figure 2). The protocols for detection of primary and
secondary amines using DESC are essentially different,
enabling the selective detection of primary amines in the
presence of secondary amines. Thus, for example, the course
of a reductive amination of a resin-bound primary amine can
be followed.

Subsequently, to determine the sensitivity for resin-bound
secondary amines, a series of resin samples of known free
amine content were prepared by coupling of aminomethy-
lated polystyrene resin (0.5 mmol/g, Novabiochem) with a
mixture of Fmoc-Ala and Boc-Ala in varying ratios (Scheme
4). After selective removal of the Fmoc-protective group,
the resin was reacted with a backbone amide linker,?'
applying reductive amination conditions. This resulted in the
generation of resins with a free amine content of 100, 50,
20, 10, 5, and 2 mol % of secondary amine (Scheme 4, Table
3). The results clearly show that DESC can be used for the
detection of secondary amines up to a loading of 2 mol %
(9 umol/g) of free resin-bound secondary amine. A possible
application of this test is the detection of the completeness
of the coupling of an amino acid to the secondary amine
using the BAL strategy,?' which is known to be a difficult
coupling step.

Test with Resin-Bound Thiols. In addition, the DESC
test was evaluated for a resin-bound thiol that was derived
from a commercially available trityl protected resin (loading
0.88 mmol/g, Novabiochem, Figure 3). Although we did not
determine the sensitivity of the test, the very intense dark
red color that appeared upon treatment with DESC at room
temperature, without addition of base, suggested that this
test could be valuable to determine the completeness of
reactions where resin-bound thiols are involved (Figure 4).

Conclusions

A new, efficient, sensitive, and reliable test for the visual
detection of resin-bound primary and secondary amines was
developed based on 1-methyl-2-(4'-nitrophenyl)-imidazo[1,2-
a]pyrimidinium perchlorate 4f (DESC). The test can also be
used for the detection of resin-bound thiols. The advantage
of DESC over previously described solid-phase colorimetric
amine tests is the high sensitivity for the detection of
secondary and primary amines in a reliable and easy way.
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Scheme 3. Synthesis a Resin-Bound Secondary Amine (0.2 mmol/g) via the Backbone Amide Linker (BAL) Strategy”

. (o]
|
O/\NHZ + HOO(:/\/¥OA<j>7CHO o\
N
H

Aminomethylated
Polystyrene resin
(0.2 mmol/g)

BAL-Linker

g o~ )

8 0\_/

“ Reagents and conditions: (i) AM PS resin (0.2 mmol/g, Rapp Polymer), DIC (3 equiv), HOBt (3 equiv), BAL linker (3 equiv), MW, 60 °C, 20 min; (ii)

H-L-Phe-OAll - HCI (4 equiv), NaCNBH3 (4 equiv), DMF/MeOH (9:1), 16 h.

Figure 2. Resin-bound secondary amine treated with DESC and
20% DIEA (left) and only with DESC (right) in DMF solution at
60 °C.

Another advantage of DESC is its ability to follow the
conversion of a resin-bound primary amine into a secondary
amine as the protocol for detection of primary amines does
not cause a color change for secondary amines. DESC is
accessible from cheap starting materials and can be prepared
on a multigram scale in two steps. A solution of DESC is
stable at ambient temperatures and can be used with
confidence within one month.

Experimental Section

General Remarks. 'H and '>’C NMR spectra were
recorded on a Bruker Avance 300 and 400 MHz instruments,
using DMSO-ds, MeOH-d,, or CDCl; as solvents, The 'H
and '*C chemical shifts are reported in parts per million
relative to tetramethylsilane, using the residual solvent signal
as an internal reference. Mass spectra were recorded by using
a Kratos MS50TC and a Kratos Mach III data system. The
ion source temperature was 150—250 °C as required. High
resolution EI-mass spectra were performed with a resolution
of 10 000. The low-resolution spectra were obtained with a
HP5989A MS instrument. For thin layer chromatography,
analytical TLC plates (Alugram SIL G/UV;s4 and 70—230
mesh silicagel (E.M. Merck)) were used. All reagents were
purchased from commercial sources and used without further
purification. Melting points of the compounds are uncor-
rected. The aminomethylated polystyrene resin (loading of
0.5 and 0.9 mmol/g) and the trityl-protected thiol resin (0.88
mmol/g) were obtained from Novabiochem. The aminom-
ethylated polystyrene resin (0.2 mmol/g) was obtained from
Rapp polymer. A multimode Milestone MicroSYNTH mi-
crowave reactor (Laboratory Microwave Systems) was used
in the standard configuration as delivered, including propri-
etary software. Reaction temperatures were monitored by an
IR sensor on the outside wall of the reaction vials and fiber

optic sensor inside the reaction mixture. All experiments were
carried out in sealed microwave process vials (15, 50 mL).
After completion of the reaction, the vial was cooled to 25
°C via air jet cooling before it was opened.

Preparation of the DESC Solution. Compound 4f (35.4
mg) was dissolved in DMF (10 mL, peptide grade, Biosolve)
to provide 0.01 M solution of DESC reagent.

Procedure for the Detection of Resin-Bound Primary
Amines with DESC. A few washed resin beads were
transferred to a test tube, and the DESC solution (100 uL)
was added. The mixture was heated for 5 min at 60 °C and
was then diluted with DMF (2 mL) and decanted. The resin
beads were washed several times until the supernatant
solution was nearly colorless. The color of the resin beads
was evaluated with a microscope.

Procedure for the Detection of Resin-Bound Primary
Amines with TNBS. To a sample of washed resin beads, a
1 M solution of 2,4,6-trinitrobenzenesulfonic acid (TNBS)
in DMF was added. In addition, a solution of N,N-
diisopropylethylamine (DIEA, 20%) in DMF (100 uL) was
added. The mixture was left at room temperature for 10 min.
The solution was diluted with DMF (2 mL) and decanted.
This was repeated several times until the decanted DMF
solution was nearly colorless. The color of the resin beads
was monitored with a microscope; orange coloration of the
beads indicated a positive test.

Procedure for the Detection of Resin-Bound Second-
ary Amines with DESC. A few washed resin beads were
transferred to a test tube, and the DESC solution (100 uL)
was added. In addition, a solution of N,N-diisopropylethy-
lamine (DIEA, 20%) in DMF (100 uL) was added. The
solution was heated for 5 min at 60 °C, resulting in a dark
coloration of the supernatant liquid. The solution was diluted
with DMF (2 mL) and decanted. This was repeated several
times until the decanted DMF solution was nearly colorless.
The color of the resin beads was evaluated with a micro-
scope. Yellow to red beads indicated the presence of
secondary amines.

Procedure for the Detection of Resin-Bound Thiols. The
procedure for the detection of thiols is similar to that for
primary amines. The resin beads (polystyrene thiophenol
resin, 0.88 mmol/g, Novabiochem, Figure 3) were transferred
to a test tube, and the DESC solution (100 uL) was added.
The mixture was heated for 5 min at 60 °C and was then
diluted with DMF (2 mL) and decanted. The resin beads
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Scheme 4. Synthesis of a Series of Resin-Bound Secondary Amines with a Different Secondary Amine Content”
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“Reagents and conditions: (i) AM resin (0.5 mmol/g), DIC (3 equiv), HOBt (3 equiv), (Boc/Fmoc)Ala-OH (3 equiv), MW, 60 °C, 20 min; (ii) DMF/
DIEA (4:1), rt, 20 min. (iii) DIC (3 equiv), HOBt (3 equiv), BAL linker (3 equiv), MW, 60 °C, 20 min; (iv) H-L-Phe-OAll-HCI (4 equiv), NaCNBH3;
(equiv), DMF/MeOH (9:1), 16 h; (v) DESC solution, DIEA/DMF (1:4), 60 °C, 10 min.

Table 3. DESC Test at Different Loadings of Secondary Amine

amine amine
entry content DESC test entry content DESC test
(mol%) (mol%)
1 2
2 5
3 10

were washed several times until the supernatant solution was
nearly colorless. The color was evaluated with a microscope.
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Figure 3. Structure of polystyrene thiophenol resin.

Figure 4. Coloration of resin-bound thiol with DESC.
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