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Abstract: Several spin-labeled carboxyl-containing resins were prepared, containing different
concentrations of spin labels (nitroxyl or verdazyl stable free radicals). ESR studies of the prepared
resin specimens demonstrated that the dependence between their ESR signal area and estimated and/or
calculated amount of attached spin labels is linear in the case of verdazyl radicals, which makes this
non-destructive approach a promising fast and accurate method for a resin loading determination.
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Current analytical techniques used for solid-phase syntheses form a rather short list, the most important
being 'H and "C NMR, GC/MS and HPLC/MS.' At the beginning of combinatorial chemistry, FTIR was used
for qualitative analyses of polymer-bound intermediates, but reliability has been a problem. NMR techniques
(MAS, gel-phase) are presently the most frequently used analytical methods in combinatorial chemistry: the
introduction of MAS 'H NMR method is particularly promising, but NMR always needs support by an
additional analytical method (MS and/or HPLC). In addition, the sensitivity limit of NMR spectroscopy (107*-
10°mol) is not yet high enough for the routine analysis of organic libraries. Mass spectroscopy, although it can
often be very sensitive (picomol scale), cannot yet compete (even including state-of-the-art modifications, such
as ES-MS, MALDI, ezc.)’* with NMR as regards to structure elucidation, and always requires the cleavage of
the products from the polymer support. Isotope tagging’ and radiofrequency tagging,* recently reported as
promising “noninvasive” encoding techniques for combinatorial chemistry, require expensive reagents or
equipment.

The use of stable free radicals as spin labels in biochemistry of natural polymers (peptides or
oligonucleotides) is well-known and has mainly concentrated on the study of chain mobility or interaction with
surroundings (for instance, recent work deals with the use of spin labels and of the ESR method for monitoring
the aggregation of peptide chain attached to polymer support).’ By contrast, their use in the preparation of
spin-labeled synthetic polymers was for strategically different purpose, i.e., to study the magnetic (especially
possible long-range order) interaction in anisotropic solids.*’

The successful use of spin labels in analysis of complex biological molecules and their synthetic analogs
is based on high reliability, sensitivity, and reproducibility of ESR/EPR spectroscopy, which is a common tool
for identification of paramagnetic labeled compounds. Solid and solution phase ESR spectra of stable free
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radicals are both very characteristic and even allow analysis of radical mixtures. The sensitivity limit of ESR
spectroscopy (10°-10"° mol for the solid state and 10™-10"* mol for solutions) is superior to many other
analytical methods, especially to NMR. Finally, the ESR/EPR method is more rapid in micro scale analysis
than NMR, which requires a long acquisition time: for instance, '*C NMR resolution of polymer-bound sample
usually is resolved only after several hours, while ESR of a spin-labeled polymer will take only a few minutes.

We have developed a new fast protocol for the determination of functionalized resin loading, based on
the use of spin labels capable of binding to the solid supports and on the use of the ESR technique as a method
of qualitative/quantitative control of such binding.

As an initial object, we chose the carboxy-containing copolymer of styrene/divinylbenzene (1%). We
assumed that the preparation of a series of resins via attachment of various amounts of spin labels to the
carboxy groups of the polymer matrix will mimic the situation when it is necessary to determine the loading of
resins with different content of carboxy groups. 4-Hydroxy-TEMPO (1, Scheme 1) and 6-(3-aminophenyl)-
2,4-diphenylverdazyl (3) were selected as spin labels, considering their distinct ESR spectra and the presence
of reactive functional groups (hydroxy and amino, respectively). To prepare the calibration chart for the use of
TEMPO spin label, we synthesized the model compound, 4-(benzoyloxy)-TEMPO (2), by reaction of 1 with
benzoyl chloride in DMA in the presence of triethylamine.
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The calibration chart was obtained from the results of ESR measurements of a “blank”-labeled resin
series, prepared by suspending of pre-weighed amounts of unsubstituted polystyrene-divinylbenzene (1%) co-
polymer (0.1 g per sample) in dichloromethane aliquots containing different concentrations of 2 (0.5%, 1%,
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5%, 10%, and 20% mass). After stirring overnight at room temperature, the solvent was evaporated in vacuum,
the residues were dried in vacuum overnight, and the resulting mechanical mixtures of 2 and of unsubstituted
co-polymer were analyzed by ESR spectroscopy (25 mg of solid sample of “blank”-labeled resin in each case).
As expected, the integration of ESR signal area (which is proportionate to the concentration of radical spin
centers) in the “blank”-labeled resins correlated linearly with the mass concentration of the model spin label 2
in such mechanical mixtures. We then prepared a series of resins containing chemically bound TEMPO
radical. Carboxy-containing copolymer (Novabiochem, HL, 2.47 mmol/g) was converted into the
corresponding acid chloride 5 (Scheme 2), according to the method of Leznoff et al.® The resin § was then
treated with DMA aliquots containing different concentrations of nitroxyl radical 1 (1%, 5%, 10%, 20%, and
30% molar). Series of the resins 6 thus prepared which contained various amounts of TEMPO spin labels’
were studied by the ESR spectroscopy. It was found that the integration of the ESR signal area increases
linearly with the increase of nitroxyl radicals content only when the molar concentration of nitroxy! radicals is
lower than 10%. At the higher concentrations of TEMPO label, the ESR signal of TEMPO-bound samples of
polymers is broadened and its intensity is decreased. This phenomenon may be explained by the increasing
spin-spin exchange of the neighboring TEMPO spin labels. Indeed, as Cilli et al.’ also noticed recently in the
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case of nitroxide labels, it was necessary to keep the radical concentration as low as possible in the labeling of
peptide-containing resins to avoid spin-spin exchange which may interfere with the ESR line shapes.
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We then switched to verdazyl spin labels 3,' which are noticeably more stable'' but not as widely used
as nitroxyls in labeling. Similarly to the TEMPO series, mechanical mixtures of 3-(3-aminophenyl)-1,5-
diphenylverdazyl (3) as a model radical and blank styrene-divinylbenzene co-polymer were prepared,
containing 1%, 3%, 5%, 10%, and 20% mass of spin labels on blank resin, and were analyzed by ESR
spectroscopy in order to obtain the calibration chart which again linearly correlated the intensity/area of the
ESR signal and the concentration of radical (Figure; last point, 20%, is omitted because of the space reason).
Next, we prepared three resins 7 containing chemically bound verdazyl radicals by the reaction of resin 5 with
3 in different concentrations,’ initially 4.1%, 8.1%, and 16.2% mass. The samples of spin-labeled resin 7 thus
obtained (Scheme 2) were subjected to the ESR study.
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Figure. Calibration plot and results of extrapolation in verdazyl-  interchain spin-spin exchange as it was
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(i) When a new polymer was prepared, which contains functional groups capable of binding the amino
groups of verdazyl spin label 3 (i.e., -COOH, -NCO, epoxy, etc.); this approach gives rapid and
accurate way to determine the actual loading of such resins for the following of chemical reactions
with aromatic amines.

(ii) In combinatorial chemistry, this approach holds great potential for qualitative control of sequential
chemical transformations involving creation of the functional groups of the above type. Labeling of
the newly created functionalized resin with a small amount of such spin label will provide a reliable
tag which is ESR-detectable throughout all the combinatorial protocol. It is much less expensive than
the radio-frequency method,™* and can potentially be used for a single bead tagging.

The range of verdazy! spin labels can be easily expanded, depending on the types of functionalized resins

needed to be analyzed. Our studies here are under way and will be reported in due course.
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