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Dynamic covalent capture of hydrazides by a
phosphonate-target immobilized on resin

Giulio Gasparini, Federico Rastrelli and Leonard J. Prins*

A protocol is described that permits the self-selection of hydrazides from a small library by a phospho-

nate-target immobilized on resin. Hydrazides are captured by a neighbouring aldehyde group through

reversible hydrazone bond formation. Stabilizing intramolecular interactions between the phosphonate-

target and functional groups of the hydrazides drive the selection process. The phosphonate-target is

introduced onto commercially available Tentagel resin through straightforward synthetic steps. The functio-

nalized resin could be conveniently characterized by HR-MAS NMR spectroscopy using a recently develo-

ped transverse relaxation filter that eliminates the strong phase defects commonly observed with CPMG

sequences. In addition, a protocol was developed to quantitatively remove the captured hydrazides from

resin in order to analyse their composition by LC/MS. Kinetic experiments were used to study hydrazone

formation and exchange on resin yielding similar results to those obtained previously in solution. Compe-

tition experiments showed that the system reaches thermodynamic equilibrium if multiple hydrazides are

added to the resin. Finally, competition experiments showed that the immobilized phosphonate-target

indeed amplifies the capture of those hydrazides able to develop stabilizing interactions with the target.

Importantly, the obtained amplification profile was nearly identical to the ones obtained previously in

solution studies. Notably, the observed amplification factors for the self-selected hydrazides were higher,

which was attributed to steric effects imposed by the resin.

Introduction

Dynamic combinatorial chemistry has emerged as an attractive
tool for the development of receptors,1,2 sensors,3 catalysts4,5

and materials.6–8 It relies on the spontaneous adaptation of a
system under thermodynamic equilibrium to new conditions
arising from an external input (e.g., pH, temperature, addition
of metal, guest, protein, etc.). Typically, dynamic combinatorial
chemistry yields high affinity binders as the concomitant large
change in free energy of complex formation is able to signifi-
cantly shift the library composition. Recently, we have pro-
moted a dynamic covalent capture approach which serves to
render dynamic combinatorial chemistry also suitable for the
accurate detection of much weaker interactions.9 It relies on
the use of dynamic covalent bonds for the formation of struc-
tures in which intramolecular noncovalent interactions stabil-
ize certain structures over others. The increased sensitivity
originates from the fact that the stabilizing interactions occur
intramolecularly. Dynamic covalent capture was found to be
very useful in systems where subtle energetic differences are

very important, such as protein folding,10 fragment based drug
discovery,11 and self-assembly processes.12 We have used this
approach for the self-selection of hydrazides able to accelerate
the cleavage of a neighbouring ester bond through transition
state stabilization.13,14 Self-selection was driven by the use of a
phosphonate-group (as in 113 or 214, Chart 1) which acted as a
stable transition state analogue of basic ester hydrolysis. A cor-
relation was observed between the amplification factors in the
dynamic screening and the efficiency of the selected hydra-
zides in assisting ester cleavage.

The main challenge in dynamic combinatorial chemistry is
the detection of changes in the library composition and we
have spent considerable effort in the development of analytical
tools to rapidly determine amplification factors by NMR15,16

and UV/Vis spectroscopy.17 Nonetheless, we felt that the selec-
tion procedure could be further facilitated by performing self-
selection experiments on a solid support. Resin-bound
dynamic combinatorial chemistry has attracted considerable
attention as it permits a straightforward isolation of the library
components able to interact with the resin-bound target. Con-
ceptually, it bears a strong resemblance to affinity chromato-
graphy, with the difference that the resin is exposed to a
dynamic, rather than a static, mixture. In fact, in a very early
example, Eliseev et al. exploited affinity chromatography to
amplify the concentration of an arginine-receptor in a
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dynamic library.18,19 Through numerous cycles of equilibration
and selection experiments the original concentration of the
receptor could be increased from 3 to 85%. In this case, equili-
bration of the library and selection on resin were performed
separately. In the same period, Miller et al. used dsDNA
immobilized on resin as a receptor to alter the composition of
an equilibrating mixture of metal-complexes.20 This study
served as a starting point for the same group for the develop-
ment of impressive applications of resin-bound dynamic com-
binatorial chemistry.21 This eventually led to the possibility to
identify small molecule RNA binders from a resin-bound
dynamic library composed of over 10 000 members. In this
study disulfide exchange was exploited on resin to create the
dynamic library which was then equilibrated in the presence
of the fluorescent RNA-binding target.22 Other early examples
of resin-bound dynamic combinatorial chemistry were
reported by the groups of Still23 and Sanders.24 More recently,
Sherrington and Otto used polymer-supported cationic tem-
plates to alter the composition of a dynamic library of di-
sulfide-linked macrocycles.25–27 These studies showed indeed
the amplification of the expected macrocycles based on solu-
tion studies, but, importantly, also the detainment of the
amplified receptors on the solid support. Based on these posi-
tive reports, we were interested in determining whether resin-
bound dynamic combinatorial chemistry would also be appli-
cable for the detection of weak interactions and whether the
obtained results would be comparable to those obtained in
solution. Considering the ample availability of solution data

for the phosphonate-system discussed above, we decided to
take that as a model system to perform a feasibility study.

Results and discussion
Resin-functionalization and characterization

The transposition of the homogenous system to solid support
required the functionalization of a resin with scaffold 1.
Commercially available Tentagel S-FMP resin RA (0.26 mmol g−1)
was taken as a starting point for two reasons. It is already
functionalized with a 2-methoxy benzaldehyde group which in
our previous studies served as a reference scaffold (3).13 In
addition, it was anticipated that the high swellability of the
Tentagel resin in polar solvents such as methanol would favor
the exchange kinetics on resin. Resin RA was converted into
target resin RB by a BBr3-mediated cleavage of the methoxy ether
followed by reaction with ethyl phosphonic dichloride (EtPOCl2)
and aqueous hydrochloric acid to introduce the phosphonate
group. The phosphonate group was deprotonated by treatment of
the resin with a NaHCO3 solution (5%) followed by extensive
washing with methanol and dichloromethane (Scheme 1). The
resulting resin RB was characterized by NMR spectroscopy. The
31P NMR spectrum of resin RB obtained from a suspension in
CDCl3 yielded a singlet at 29.18 ppm, which is similar to that
observed for the reference scaffold 1 in solution (24.95 ppm)
(Fig. 1).13

Further evidence was obtained by comparing the HR-MAS
spectra of resins RA and RB (Fig. 2). An indication for the modi-
fication of the head group was obtained from the appearance
of a new aromatic signal at 7.33 ppm. However, the presence
of more signals than expected in the aromatic region together
with the observation that the signal at 7.70 ppm did not shift
indicate that the chemical conversion of head groups may not

Chart 1

Scheme 1 Synthesis of resin RB.
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be quantitative. This also emerges from the successive studies
of hydrazone formation on resin (vide infra).

The characterization of functionalized resin beads by solu-
tion state NMR spectroscopy is hampered both by the scarce
chain mobility and by the local-field inhomogeneity at the
bead–solvent interfaces. While these two phenomena will both
contribute to signal broadening, the effect of local-field
inhomogeneity can be eliminated by fast sample rotation at
the so called ‘magic angle’. This technique, known as High
Resolution Magic Angle Spinning (HR-MAS), delivers a dra-
matic narrowing of signals originating from the more mobile
parts of the sample, yet it has negligible effects on the broad
and intense peaks due to nuclides located on the rigid back-
bone of the resin (Fig. 3, top). In order to remove this
unwanted – and generally dominant – contribution, a trans-
verse relaxation filter must be applied, usually in the form of
spin-echo trains known as the “CPMG sequence”. However,

relaxation filters built on such sequences may have conflicting
effects, which are evident in Fig. 3 (middle): while the broad
signals of the resin are completely removed by the application
of a 100 ms long spin-echo train, strong phase defects appear
at the same time on the sharp signals. Indeed, such defects
can be eliminated by modifying the CPMG pulse sequence to
allow purging of magnetization just after each echo is com-
pleted (Fig. 3, bottom). The quality of HR-MAS spectra filtered
by this new pulse sequence (CPMGz)28 is particularly evident
when the resin functionalities display complex hyperfine pat-
terns, such as those reported in Fig. 4 for sample RA–F

(i.e. resin RA functionalized with hydrazide F; top: CPMG pulse
sequence; bottom: CPMGz pulse sequence).

Hydrazone formation and exchange on resin

Experiments were performed on commercial resin RA in order
to verify hydrazone formation on resin and the kinetics and
thermodynamics of hydrazone exchange. Resin RA was chosen
rather than RB, because previous solution studies had revealed
slower hydrazone formation and exchange kinetics for scaffold
3, compared to phosphonate-scaffolds 1 and 2. In addition,
these initial studies served to set up a protocol for detecting
the ‘captured’ hydrazides by LC/MS, which is the most straight-
forward way of quantifying the composition of small libraries.

Resin RA–F was prepared by treating resin RA with hydrazide
F (19 eq.) in DMF for 2 days at 50 °C. Hydrazide F was chosen
because it is readily detectable by UV/Vis spectroscopy also at
low concentrations. After shaking for 2 days at 50 °C the solu-
tion was removed by filtration and the resin was washed

Fig. 1 31P-NMR liquid state spectrum of resin RB (122 MHz, suspension in
CDCl3). An 80% solution of H3PO4 in H2O was used as an external standard for
calibration.

Fig. 2 1H HR-MAS spectrum of resins RA (top) and RB (bottom) (400 MHz,
beads swollen in CDCl3) recorded at 25 °C and a spinning frequency of 2300 Hz.
Peaks marked with an asterisk are spinning sidebands of the signal at 3.7 ppm.

Fig. 3 1H HR-MAS spectrum of sample resin RB (400 MHz, beads swollen in
CDCl3) recorded at 25 °C and a spinning frequency of 2300 Hz. Peaks marked
with an asterisk are spinning sidebands of the signal at 3.7 ppm. Top: unfiltered
spectrum; middle: spectrum acquired with a 100 ms CPMG filter; bottom: spec-
trum acquired with a 100 ms CPMGz filter. Note the phase defects introduced
by CPMG (particularly on signals between 6.2 and 8.0 ppm), which are elimi-
nated by CPMGz (see the text and the Experimental section for details).
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extensively with DMF, methanol and dichloromethane before
drying. Hydrazone formation was confirmed by HR-MAS NMR
spectroscopy (Fig. 4, top: CPMG pulse sequence; bottom:
CPMGz pulse sequence) showing the characteristic imine
peaks at 8.08 and 8.13 ppm. The presence of two imine peaks
and two sets of aromatic signals originates from the presence
of two isomeric forms of the hydrazone as a result of E/Z-iso-
merism of the hydrazone bond.13 The persistence of the alde-
hyde signal at 10.23 ppm indicates that hydrazone-formation
is not quantitative, contrary to studies in solution under iden-
tical experimental conditions (prolonged heating and large
excess of hydrazide). This chemical unreactivity is in line with
the observations made during resin synthesis (vide supra). In
any case, the next studies on hydrazone exchange and the self-
selection experiments indicate that the presence of an inert
quantity of aldehydes does not bear negative consequences for
the utility of the resin.

Although the HR-MAS spectra filtered by the newly develo-
ped sequence display the quality of a typical solution state
spectrum, NMR spectroscopy is less convenient for the analy-
sis of a complex mixture. Therefore, we were interested in
developing a methodology that would permit an analysis of
the captured hydrazides by LC/MS. This required a release of
the hydrazides from the resin and we reasoned that hydrazine
would be an ideal candidate for that purpose. Hydrazine is
highly nucleophilic and has a high solubility in MeOH and its
high polarity results in very low retention times in RP-HPLC

thus avoiding overlap with the hydrazides. The feasibility of
this protocol was tested by shaking resin RA–F in a 2.1 M solu-
tion of hydrazine in methanol (400 eq.) at 50 °C for 24 hours.
The solution was then recovered by filtration and analyzed by
LC/MS without further treatment. The resulting chromatogram
gave exclusively the peak for hydrazide F (Fig. 5). Importantly,
treatment of the recovered resin with a second batch of hydra-
zine did not release further hydrazide F, indicating that a
single treatment is sufficient for a quantitative recovery of the
captured hydrazide.

The kinetics of hydrazone exchange on resin were investi-
gated by adding 1 ml of a DMF solution containing an excess
of both hydrazides F (19.5 mg, 20 eq.) and H (20.0 mg, 19 eq.)
to resin RA–H (20 mg), prepared in a similar manner as RA–F

(see before). Hydrazides F and H were selected for this experi-
ment, because previous studies had shown that the corres-
ponding hydrazones are not involved in any particular intra- or
intermolecular interactions. The suspension was left at 50 °C
and aliquots of the resin were isolated at regular time intervals
(2, 4, 8, 24, and 48 hours), washed extensively, treated with
hydrazine and analyzed by LC/MS. Integration of the signals
gave the amount of both hydrazides captured on resin as a
function of time (Fig. 6). A constant hydrazide ratio was
reached after 10 hours indicating that thermodynamic equili-
brium was reached. The observed 1 : 1 ratio at equilibrium is
in full agreement with the one obtained in solution using the
reference scaffold 3.13

The ability of the system to reach thermodynamic equili-
brium was further confirmed by adding a large excess of hydra-
zides F and G (20 eq.) to resins RA, RA–F and RA–G, respectively
(Fig. 7). All mixtures were kept at 50 °C for 2 days and the cap-
tured hydrazides were analyzed by LC/MS as described before.
All three resins had an identical hydrazone composition con-
firming that indeed thermodynamic equilibrium was reached
(inset of Fig. 7). Furthermore, comparison of the integrals of G
and F gave a 34 : 66 ratio, respectively, which is again in fine
agreement with the data obtained in solution (37 : 63).13

Quantification was performed by integrating the extracted

Fig. 4 1H HR-MAS spectrum of sample resin RA–F (400 MHz, beads swollen in
CDCl3) recorded at 25 °C and a spinning frequency of 2300 Hz. Peaks marked
with an asterisk are spinning sidebands of the signal at 3.7 ppm (see the Experi-
mental section for details). Top: spectrum acquired with a 100 ms CPMG filter.
In this case, the defects introduced by CPMG are emphasized by the many coup-
ling constants active in the spin system and leading to a complex hyperfine
pattern with mixed phases. Bottom: spectrum acquired with a 100 ms CPMGz
filter, whereby the mixed phases have been eliminated. The inset shows the
characteristic imine signals.

Fig. 5 LC/MS chromatogram (TIC: total ion current) of the cleavage mixture
obtained by treatment of resin RA–F with hydrazine. (UPLC RRHD zorbax Eclipse
Plus C18 (2.1 × 100 mm, 1.8 μm), flow 0.2 ml min−1, eluents: H2O + 0.1%
HCOOH (A), CH3CN + 0.1% HCOOH (B), gradient: 0–5 min 10–90% B).
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mass-to-charge ratio for each hydrazide from the TIC
measured by ESI-MS.

Amplification experiments

Finally, self-selection experiments were performed in order to
determine whether the phosphonate-group embedded on
resin RB would alter the distribution of ‘captured’ hydrazides.
To this end, a 1 ml solution containing 25 mM of each hydra-
zide A–H was added to two different SPS vials containing
either resin RA or RB (22 mg, which corresponds to approxi-
mately 5 µmol of supported aldehyde groups). The mixtures
were shaken for 3 days at room temperature after which the
resins were washed and dried. Captured hydrazides were then
removed by hydrazine and injected directly in UPLC for analy-
sis. Quantification was performed using the ESI-MS detector
in total ion current (TIC) mode, extracting from the obtained
chromatogram the mass-to-charge ratio (m/z) of each hydrazide
(Fig. 8). Integration of the hydrazide signals from the mixture
yielded the relative amount of hydrazides present on either
resin. Generally, in setting up a library for screening by mass
spectrometry one of the selection criteria is to have a unique

mass for all members for the unequivocal assignment of each
signal. Since this study was aimed at validating the protocol
through a comparison with previous solution data,13,14 our
library regrettably contained several hydrazides with identical
or nearly identical masses. For those hydrazides, peaks were
assigned based on the retention times of the separately
injected pure hydrazides. Importantly, the use of calibration
curves was not necessary, because the amplification factors are
determined from a comparison of the relative chromatograms
obtained from resins RA and RB. For each chromatogram, the
signals were arbitrarily normalized on the peak intensity of
hydrazide A, which also in previous studies was taken as a
reference. Amplification factors for each hydrazide were then
calculated by dividing the peak intensities in the RB chromato-
gram by the ones in the RA chromatogram. The results are
listed in Table 1 and plotted in Fig. 9, together with the ampli-
fication factors found previously for scaffolds 113 and 214 in
solution.

From Fig. 9 emerges a strong amplification of positively
charged hydrazides B and C which is fully in line with previous
observations. The obtained amplification profile is important

Fig. 7 HPLC chromatograms indicating the hydrazone composition on resin RA

in the presence of G (20 eq.) and F (20 eq.). The three chromatograms refer to
the different starting resins used (either RA, RA–F, or RA–G). The hydrazides were
quantified by extracting their ion peaks from the TIC and integrating the
respective signals giving the ratios indicated in the inset. The peak marked with
an asterisk originates from hydrazine.

Fig. 8 (a) LC/MS chromatogram of the cleavage mixture of resin RA. (b) LC/MS
chromatogram of the cleavage mixture of resin RB. (UPLC RRHD zorbax Eclipse
Plus C18 (2.1 × 150 mm, 1.8 μm), flow 0.2 ml min−1, eluents: H2O + 0.1%
HCOOH (A), CH3CN + 0.1% HCOOH (B), gradient: 0–5 min 10–90% B).

Table 1 Quantification of hydrazides by LC/MS captured on resins RA and RB,
respectively, and calculated amplification factors

Hydrazide
Retention
time (min) Resin RA Resin RB

Amplification
factor

A (ref) 4.03 1 174 886 679 184 1.0 (ref)
B 1.67 211 029 708 485 5.8
C 2.16 27 413 64 820 4.1
D 2.69 213 757 88 442 0.7
E 1.90 767 701 129 496 0.3
F 4.31 1 904 766 1 072 353 1.0
G 2.60 525 096 159 522 0.5
H 6.08 1 865 869 1 724 865 1.6

Fig. 6 Hydrazone exchange kinetics on resin RA. The kinetics were measured
by adding an excess of both hydrazides F (20 eq.) and H (19 eq.) to resin RA–H

and sampling the captured hydrazides in time. The cleavage mixture was
injected directly in the UPLC (UPLC RRHD zorbax Eclipse Plus C18 (2.1 ×
100 mm, 1.8 μm), flow 0.2 ml min−1, eluents: H2O + 0.1% HCOOH (A), CH3CN +
0.1% HCOOH (B), gradient: 0–5 min 10–90% B).
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as it indicates that selection on resin results in the identifi-
cation of the same hydrazides as in the solution studies. This
gives us confidence that the results obtained from the screen-
ing of larger libraries on resin may indeed yield relevant infor-
mation for solution-based applications. Nonetheless, the
amplification factors of 5.8 and 4.1 for B and C, respectively,
are much higher than those measured for the reference
scaffold 1 (1.8 and 1.3, respectively) and are more similar to
those obtained recently for modified scaffold 2 containing a
bulky dimethylaminomethylene-substituent in ortho-position
to the phosphonate-group (4.2 and 2.9, respectively). The
increased amplification factors between 2 and 1 were imputed
to the bulkiness of the ortho-substituent, which orients the
phosphonate-group to the hydrazide unit. For that reason, the
strong amplification factors observed here are tentatively
ascribed to the crowded environment imposed by the resin,
which favorably affects the interaction between the phospho-
nate group and selected functionality. It is also noted that
differences may arise from the different conditions (solvent,
equivalents of hydrazides) under which these experiments
were performed.

Experimental section
Synthesis of resin RB

Commercial resin Tentagel S-FMP (200 mg, loading 0.26 mmol
g−1) was treated with a 5 ml solution of BBr3 in CH2Cl2 (1 M,
100 eq.). The reaction mixture was shaken for 5 hours in an
SPS reactor. During this time the resin became violet. The reac-
tion mixture was cooled in an ice/salt bath and 4 ml HCl (1 M)
was added. The resulting mixture was shaken for 2 hours, after
which the solvent was removed by filtration. The resin was
washed with CH3OH (3 times), CH2Cl2 (3 times) and diethyl
ether (3 times) and dried under vacuum. The resin was sus-
pended in dry CH2Cl2 and ethylphosphonic dichloride (0.5 ml,
4.68 mmol, 90 eq.) was added. The reaction was kept at room
temperature overnight. The solution was removed by filtration
and the resin was washed with CH2Cl2 (3 times), after which a
solution of NaHCO3 (5%) was used to deprotonate the phos-
phonate-group. The resin was washed again with CH3OH

(3 times) and CH2Cl2 (3 times) and dried under vacuum. The
resin was suspended in CDCl3 to record the NMR spectra dis-
cussed in the main text.

Hydrazone formation on resin

All hydrazides A–H were obtained from commercial sources
and used without further purification. Resin RA (206.6 mg) was
functionalized by adding an excess of hydrazide F (190.0 mg,
19 eq.) in DMF (4 ml). After shaking for 2 days at 50 °C the
solution was removed by filtration and the resin was washed
extensively with DMF, methanol and dichloromethane before
drying. Hydrazone formation was confirmed by HR-MAS NMR
spectroscopy.

Hydrazone cleavage from resin

Resin RA–F was washed with DMF (3 times), CH3OH (3 times)
and CH2Cl2 (3 times). Each washing step involved 1 ml of the
solvent and shaking for 2 minutes. After drying the resin a
solution of hydrazine monohydrate was added (1 ml 2.06 M,
400 eq.) and the resulting mixture was shaken at 50 °C for
24 hours. The solution was recovered and analyzed by LC-MS.
The resin was treated again with hydrazine monohydrate for
24 hours. After this time the solution was recovered and
analyzed.

The LC/MS analysis was performed using an Agilent 1290
Infinity UPLC equipped with a diode array and an ESI-MS
detector. The chromatographic column used was an Agilent
RRHD zorbax Eclipse Plus C18 (2.1 × 100 mm, 1.8 μm) or a
RRHD zorbax Eclipse Plus C18 (2.1 × 150 mm, 1.8 μm), flow
0.2 ml min−1, eluents: H2O + 0.1% HCOOH (A), CH3CN + 0.1%
HCOOH (B), gradient: 0–5 min 10–90% B.

Hydrazone exchange on resin

Experiment I. A DMF (1 ml) solution containing hydrazides
H (20.0 mg, 19 eq.) and F (10.5 mg, 20 eq.) was added to resin
RA–H (20 mg, 1 eq.). The reaction was shaken at 50 °C and at
regulator time intervals (2, 4, 8, 24, and 48 hours) samples of
the resin were taken for analysis. Hydrazides were removed by
following the cleavage procedures and analysed by LC/MS.

Experiment II. Resins RA–F and RA–G were prepared accord-
ing to the protocol used for resin functionalisation. To the
resins (RA, RA–F and RA–G) a solution containing a large excess
of hydrazides F and G in equimolar amount (20 eq. each with
respect to the resin) were added. The mixture was shaken at
50 °C for 2 days after which the resin was isolated by filtration
and washed as described above. Hydrazides were cleaved from
resin by following the cleavage protocol and analyzed by LC/
MS. Quantification was performed by extracting the mass of
the protonated hydrazides from the TIC of the recorded MS-
profile.

Self-selection experiment

Resins RA and RB (22 mg each, amounting to approximately
5 µmol of aldehyde groups) were weighted into two separate
SPS reactors and a stock solution (1 ml) containing all hydra-
zides A–H (25 mM each) in CH3OH was added to both reactors.

Fig. 9 Amplification factors for hydrazides B–H relative to hydrazide A for resin
RB and scaffolds 1 and 2 and their respective reference scaffolds.
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The mixtures were shaken at room temperature for 3 days,
after which the resin was isolated by filtration and washed
with CH3OH (4 times, 30 min each). The captured hydrazides
were cleaved from resin using the cleavage protocol (using 500
µl of a 2.06 M solution of hydrazine) and the cleavage solution
was analyzed directly by LC/MS (UPLC RRHD zorbax Eclipse
Plus C18 (2.1 × 150 mm, 1.8 μm), flow 0.2 ml min−1, eluents:
H2O + 0.1% HCOOH (A), CH3CN + 0.1% HCOOH (B), gradient:
0–10 min 10–90% B). The quantification was performed using
the ESI-MS detector in total ion current (TIC) mode, extracting
from the obtained MS-profile the mass-to-charge ratio (m/z) of
every hydrazide. Integration of the hydrazide signals yielded
the relative amount of hydrazides present on the resin.

NMR spectra

HR-MAS spectra were acquired using a Varian 400 spectro-
meter operating at a proton resonance frequency of
400.31 MHz and equipped with a 4 mm PFG indirect detection
nano-probe. Samples of resins were prepared in the form of
beads (ca. 10 μl) swollen in CDCl3 (ca. 40 μl). Rotor spinning
frequency was set to 2300 Hz, relaxation delay was set to 4.6 s
and a total of 64 scans were typically acquired for each sample.

CPMG filters were set to deliver an echo train of 100 ms in
50 cycles. CPMGz filters were set to deliver a train of 98.8 ms
duration in the form of 26 × 2 ms echoes, each followed by a
couple of 0.86 ms (i.e. twice the rotor period) bipolar gradients
(about 2 G cm−1). A slight mismatch between the echo period
(2.0 ms) and multiples of the rotor period (0.43 ms) was deli-
berately allowed in order to emphasize the spinning sidebands
by a slight dephase (a similar effect is exploited by TOSS in
solid-state NMR to achieve complete sideband cancellation).

Conclusions

A protocol has been developed that permits hydrazides to be
selected from a library according to their ability to develop sta-
bilizing interactions with a target immobilized on resin. The
selected hydrazides are captured on resin through the for-
mation of a reversible covalent hydrazone bond. Successively,
this reversibility is used to release the captured hydrazides
from the resin permitting quantification by LC/MS and deter-
mination of the relative amplification factors. The main scope
of this work was the development of a practical screening pro-
tocol and its validation by comparison with solution based
screening. Comparison of the obtained amplification profile
with data obtained previously in solution showed a selection
of the same hydrazides on resin. Based on related studies in
solution, the higher amplification factors determined for self-
selection on resin suggest that steric crowdedness imposed by
the resin may play a role in enhancing the intramolecular
interactions. The straightforwardness of this protocol makes
us confident that this approach is highly suitable for the
screening of large libraries.
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