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Binding Profiles of Self-Assembled Supramolecular Cages from

ESI-MS Based Methodology

Carlo Bravin,® Elena Badetti,”! Rakesh Puttreddy,® Fangfang Pan, ®! Kari Rissanen,®'Giulia Licini,?

and Cristiano Zonta*®l

Abstract: Confined molecular environments own peculiar
characteristics that make their properties unique in the field of
biological and chemical sciences. In recent years, the advancement
of synthetic supramolecular capsules and cages have offered the
possibility to interpret the principles behind their self-assembly and
functions, leading to new molecular systems which display
outstanding properties in molecular recognition and catalysis. Herein,
we report a rapid method based on ESI-MS for the determination of
binding profiles for linear saturated dicarboxylic acids within a series
of different cages. These cages have been obtained through the self-
assembly of modified tris(pyridylmethyl)amine (TPMA) complexes
and different diamines have been chosen to vary their size and
flexibility. This methodology has allowed to gather how small changes
in the structure of the host and guest can contribute to the recognition
events. Moreover, it has been possible to study molecular systems
which contains paramagnetic metals that are not suitable for classical
binding constant determination by 'H NMR.

Introduction

Molecular cages and capsules have been valuable source of
knowledge in the understanding of molecular recognition
phenomena.l'l The main feature of these structures, is their ability
to perform the confinement of guest molecules as molecular host
with a well-defined space. Since the early studies by Rebek,? it
has been reckoned that confinement process is ruled by the
complementarity and adaptability, in terms of size and shape
among host, guest and solvent.P! In detail, the interplay of these
parameters is determining the thermodynamic and kinetic of the
association process. The overall information achieved by these
studies has been the basement for the preparation of
supramolecular cages with application in sensing, catalysis,
transport and delivery.®!

More recently, the use of Dynamic Covalent Chemistry (DCC)®!
to obtain confined systems has largely eased the synthesis of
supramolecular architectures with an increasing structural
complexity.®! However, while in principle it is possible to obtain a
high number of chemical entities, the fast and reliable
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determination of the energies involved in binding events still
remains a time demanding issue. In other words, most of the time
the bottleneck is represented by the binding constant
determination using 'H NMR analysis.l Beside the large amount
of information that can be gathered by this technique,®
competitive experiments where more than one partner is present
in solution are difficult to analyse and, as a consequence, every
single guest must be investigated individually. In addition, 'H
NMR has several limitations in the presence of paramagnetic
metals, therefore related 'H NMR spectra are most of the times
difficult to interpret. For these reasons, high throughput screening
experimental analytical techniques are increasingly used to
gather recognition data from DCC experiments.®!

In  recent years, we have worked with modified
tris(pyridylmethyl)amine (TPMA) metal complexes and DCC,[' to
obtain an imine-based zinc self-assembled molecular cage
1a+Zn.['" In detail, we investigated the capability of cage 1¢Zn to
include a series of diacids ranging from succinic Cs4 to
tetradecandioic C1a (Scheme 1). This series of diacids were
selected to explore how small and somehow linear variations on
the structure of the guest can influence the free energy binding
profile of the inclusion process. '"H NMR binding constant
experiments revealed a pattern displaying a pseudo-Gaussian
profile centred on Cs (Fig. 1).

However, while taking advantage of DCC chemistry for the
extension of the cage series with different linker is
straightforward,'? the determination of the molecular recognition
properties of the novel formed systems via 'H NMR binding
experiments requires a titration for every guest. A fast and reliable
method would be preferable for a rapid assessment of the binding
capabilities of the newly developed systems.["]
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Figure 1. '"H NMR binding constants (Kz) values for the inclusion of diacids
series Cs-C14 within cage 2. Solvent is acetonitrile-ds.
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Scheme 1. Synthesis of cages 1a-h*M. The reaction of 2M (1 equiv) with a diamine 3a-h H2N-R-NH2 (2.5 equiv) in the presence of a suitable diacid Cn in DMSO-
ds gives the corresponding bimetallic molecular cages Cn@1a-h*M in 24 hours. The counteranion is the perchlorate for all the metals.

In this paper, we report the synthesis of fifteen novel molecular
cages which differ for the linker and the metal centres of the two
TPMA units, together with a study on their recognition properties.
The latter was gathered with ESI-MS based competition
experiments. The methodological approach developed, allowed
not only the rapid evaluation of the binding profile of the newly
developed Zn(ll) cages, but also of other eight corresponding
Cu(ll) cages, which were completely silent in° '"H NMR
spectroscopy. Even if the displayed profiles represent relative and
not absolute binding energies, deep information on how host and
guest small structural variations affect the binding process are
retrieved.

Results and Discussion

Synthesis of novel supramolecular cages with different
linkers

In the initial part of the study, the cages family were extended to
diamine linkers different from that used in the previous work, to
demonstrate the synthetic versatility of this class of molecular
cages and to verify how these linkers were modifying the
recognition properties.['4

In detail, we envisaged to extend the cages series started with
cage 1a*Zn, to four aliphatic diamines differing for length of the
spacer (1,3-diaminopropane 3b; 1,4-diaminobutane 3c, 1,5-
diaminopentane 3d, (71R,2R)-cyclohexyldiamine 3h) and three
xylylenediamines (ortho-xylylenediamine 3e, meta-
xylylenediamine 3f, para-xylylenediamine 3g) (Scheme 1).

As in our previously reported synthesis, the novel cages were
formed by the slow addition of the proper diamine linker to a
diluted solution of complex 2¢Zn in the presence of a dicarboxylic
acid chosen according to the expected length of the cage. As
example, the addition of 3b diamine linker (2.5 equiv.) to a

solution containing suberic acid Cs (0.5 equiv) and complex 2¢Zn
(1 equiv) led to the corresponding cage Cs@1b*Zn (see Fig. S13).
Cage formation was checked with 2D-NMR (COSY,DOSY) (see
Fig. S14-15) and MS analysis. Similarly, the extension of the
cages series was undertaken for the other diamine linkers. High
yields were obtained for all the different linkers confirming the
reliability of the synthetic method. Beside the classic
characterisation analysis performed for all the cages (see Fig.
S10-33), DOSY NMR was also carried out in order to have
information on the effect of the diamine linkers length towards the
size of the resulting cage. The experimental hydrodynamic radius
obtained (see Table S1) showed a good correlation with the
radius estimated with semiempirical PM6 calculations for each
structure (see Fig. S3). These results confirmed the cage
formation in solution and they highlighted the influence of the
linker in the modulation of the size of the inner cavity.

ESI-MS Competition Experiment for Cage 1a*Zn

Once the eight molecular cages were synthesised, we started to
investigate how the linkers can influence the binding capability of
the novel formed systems toward dicarboxylic acids. In this
context, classical 'H NMR titrations would result in more than 80
single titration experiments. For this reason, we explored the
possibility to use ESI-MS for a qualitative determination of the
molecular recognition properties of the new formed systems. ESI-
MS represents an ever-growing technique with an increasing
capability to interpret molecular recognition events.['3]

At first, we set up a competition experiment where all the eleven
dicarboxylic acids, ranging from Cs to C14, were introduced in a
solution containing the components for the formation of cage
1a*Zn (Scheme 1). In a typical experiment, the dynamic system
is allowed to explore all the possible combinations of binding
between the cage and the guests, and to equilibrate
thermodynamically toward the more stable inclusion cages.
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Figure 2. a) ESI-MS profile for the competition experiment of guests, ranging
from C4 to C14 (1 eq. of each guest), in the presence of cage 1a*Zn. Each
isotopic pattern labelled with Cn represents the inclusion complex Cn@1a+Zn.
b) Comparison between the AG obtained via 'H-NMR binding constant
determination profile (x axis) and the AAG values obtained performing the
competition experiment with ESI-MS (y axis).

24 hours after mixing the forming components of cage 1a*Zn
together with the eleven dicarboxylic acids, the reaction mixture,
diluted to suitable concentration for MS technique, was injected in
the ESI ion source.

The MS spectrometry trace displayed a series of m/z peaks
corresponding to the eleven different inclusion cages (Fig. 2a)
Cn@1aZn. More in detail, in the region between 759 to 839 m/z
were present the double charged clusters related to the inclusion
complexes Cn@1a*Zn with their characteristic isotopic pattern.
As it can be seen at first glance, the MS trace of the competition
experiment strongly reminds the binding constant profile
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measured using single '"H NMR experiments. In this case, the
highest peak is corresponding to the Ce@71a*Zn inclusion
complex and it is still possible to observe the characteristic odd-
even distribution pattern present also in the 'H NMR titration
experiment. This is noteworthy, taking into account that the
energetic difference from neighbour guests in the series is small
(e.g. the energy difference calculates from 'H NMR between
Co@1a*Zn and Cio@1aZn is 0.5 kd/mol).

In order to have a more detailed comparison among the two
analyses, the relative intensity of the monoisotopic peaks in the
ESI-MS was correlated with the NMR experiments (Fig. 2b). In
particular, the binding constant values obtained via '"H NMR and
the intensity peaks of ESI-MS were converted into the
corresponding AG and AAG respectively (see Table S2). A good
linear correlation confirms the initial visual impression of the ESI-
MS trace. The experimental points tend to stay close to the line of
tendency and the slope of the linear correlation is close to unity.
As the inclusion complexes Cn@1a*Zn are structurally similar,
and the correlation expressed between AG and AAG obtained
respectively from 'H NMR and ESI-MS is linear, we assume that
ESl-response factor is similar along the Cn@1aZn series.l"®! It
should be noted that in principle in solution and gas-phase
analysis can differ very much. In addition, it is worth of notice that
the signals related to inclusion complexes with smaller binding
constants (Ca, Cs, C11, C12, Cua) are slightly over estimated and
they tend to have high values of standard deviation. This error can
arise from a more important contribution of the baseline noise.
Nevertheless, the developed methodology can offer in a couple of
minutes of acquisition a qualitative determination of the selected
inclusion cage, which open to the possibility to have a good
estimation on cage selectivity toward guest of increasing size.

ESI-MS Competition Experiment for Cages 1a-h*Zn

After establishing the reliability of the ESI-MS competition method,
we applied this approach to other cages with the same diacids
series. The analysis was carried out in a similar fashion to the
1a*Zn cage. Molecular cages 1b-h*Zn were prepared in DMSO
solution performing a competition experiment in which were
present all diacids, from succinic C4 to tetradecandioic C14. The
solution was checked after 24 hours by 'H NMR, to evaluate the
complete disappearance of the aldehyde signal, and by ESI-MS
analysis. The results expressed for each competition experiment
as selectivity profiles are reported in Figure 3 (see Fig. S1).
From the novel set of experiments, it is possible to notice that the
new cages can incorporate all the diacids of the series.
Interestingly, there is an evident modulation on the selectivity
profile dictated by the characteristics of the diamine linker. As
example, in the case of propyl linker 1b it is possible to observe a
widespread pseudo-Gaussian profile centred between suberic
acid Cs and sebacic acid C1o. In general, C10 shows the strongest
interaction within the cage while shorter diacids Ca.o, as well as
longer diacids C11.4, display a lower intensity. This behaviour is
due to the thermodynamic cost for a conformational
rearrangement of the host and the guest to perform the
recognition process.
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Figure 3. ESI-MS selectivity profiles for Ca@+1a-h Zn in the competition experiments. The general observation for all the profile series relies that to an elongation
of the diamine linker corresponds a shift to longer diacids as more suitable guests. In the same fashion increasing the flexibility of the linker a wider distribution of
the preferential guests is observed. The analysis of the binding profile leads to the following values of weighted arithmetic mean(x.): a=8.05; b=9.23; ¢=9.57; d=9.67;
e=9.77; f=10.76; g=10.95; h=6.39.The error for each experiment are reported in the Supporting Information (Table S3)

In other words, to an elongation of diamine linker, from
ethylendiamine 1a to 1,3-propylendiamine 1b, the main effect is
the shift of the maximum in ESI-MS spectra from Ceto C1o. This
observation could be translated in a quantitative data considering
the weighted arithmetic mean of each distribution (xc).

In the case of ethylendiamine 1a the x; value is 8.05 and it shifts
to 9.23 for the propyl linker 1b. In the case of longer diamine
linkers, namely 1,4-butyldiamine 1¢ and 1,5-pentyldiamine 1d, it
is possible to observe a small and continuous shift toward longer
dicarboxylic guests. While the preferential guest is still the diacid
C10 for both cages formed by the longer linkers (x.=9.57 for 1c
and 9.67 for 1d), longer diacids tends to be recognized to a higher
extent. Similar considerations explain the ESI-MS traces for the
three xylylendiamine linkers (ortho-xylylenediamine 1e, meta-
xylylenediamine 1f, para-xylylenediamine 1g). In these systems,
to an enlargement of the size cavity due to the presence of xylyl
linkers, corresponds a small shift towards longer diacids, though
the preferential guest still remains the diacid C1o (x.=9.77 for 1e,
10.76 for 1f and 10.95 for 1g).

A remarkable change in the shape of the competition curve is
observed for the cage formed by 7R,2R-cyclohexyl linker 1heZn.

A narrow selectivity profile centred on adipic acid Ce (x.=6.39) is
observed for the competition experiment of 1heZn cage. This
peculiar selectivity toward shorter diacids with respect to the
previous case can be explained by the decreased geometrical
distance between the two imine nitrogen atoms present in the
cage. On the other hand, the higher selectivity of 1heZn towards
two diacids is a direct consequence of the restriction in the
available conformations imposed by the cyclohexyl ring of the ¢
linker. While it has been previously observed that tight linkers
support cage formation,'] this is the first example of inclusion
complex in which to a tightening of the supramolecular
architecture corresponds a higher selectivity.

In summary, 1a-beZn cages are characterized by a recognition
profile centred between Ce and C10. To an increase of the length
of the aliphatic diamine linker (from ethyl 1a to pentyl 1d), longer
diacids get preferentially recognised and the distribution of guests’
selectivity becomes slightly wider. In the same fashion, the
selectivity of the xylylen series of cages 1e-1f-1g is modulated by
the size of the host and the 1heZn cages selectivity has a profile
ruled by the geometry and stiffness of the linker.
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Figure 4. (a) X-ray crystal structure of C1o@1b*Cu in CPK model displaying the entrapment of sebacic acid C1o (ball & stick model) inside the cage. (b) Section of
3-D packing to highlight -1 stabilization of C1o@1b*Cu cage entities. The sebacic acid C1ois shown in CPK model. (c) 1-D polymer formation.

Copper cages and X-Ray crystal structure of Cio@1b*Cu

A strong limitation of binding constant determination via '"H NMR
is represented, in the chemistry of self-assembled architectures,
by structures containing paramagnetic metals. In fact,
paramagnetic metal centres are known to make complicate
spectral assignment due to line broadening and large changes in
chemical shifts.['®]

In this context, we were interested in the use of a paramagnetic
metal, such as Cu(ll) coordinated to TPMA unit,[' but these
systems are typical examples of structures that are difficult to
monitor by '"H NMR. It was also impossible to achieve values of
the binding constants by UV titrations because the cage
chromophores were only slightly influenced by the binding event
and significative variations in the absorption bands, before and
after the guest addition, were not detected.

To evaluate if the ESI-MS methodology was able to support also
paramagnetic metals, we synthetised Cu(ll) cages starting from
the TPMA copper complex 2¢Cu (Scheme 1), following the same
conditions previously described. As for zinc cages, for each of the
eight diamine linkers the corresponding copper cages were
obtained, and the recognition properties toward a single
dicarboxylic acid were investigated. Among these structures,
good quality single crystals suitable for X-ray were obtained for
the Cio@1b*Cu inclusion complex (Fig. 4). Cage C1o@1b*Cu is

very compact and acquires 15.5 A between the two metal centres
(Fig. 4a) to accommodate sebacic acid Cho.
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Figure 5. ESI-MS profile for the competition experiment of guests ranging from
Cas-to C14 (1 eq. of each guest) in the presence of 1 equivalent of cage 1a*Cu.
Each isotopic pattern labelled with Cn represents the inclusion complex
Cr@1a*Cu
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Figure 6. ESI-MS selectivity profiles for Ca@1a-heCu in the competition experiments. The general observation for all the profile series is similar to that obtained for
2¢Zn complex. A moderate shift of the maximum is observed in the Cn@1a-h*Cu cages as expected by the already know shortening of the distance of the metal
from the tertiary amine of the ligand. In virtue of this structural variation, longer diacids can accommodate within these cages with respect to the corresponding zinc
cages. The analysis of the binding profile lead to the following values of weighted arithmetic mean (xc) respect to the diacid series: a=8.27; b=8.85; ¢=8.93; d=10.40;
e=10.00; f=10.64; g=11.32; h=6.84. The error for each experiment are reported in the Supporting Information (Table S3).

Because of the flexible cage side arms, and close packing,
Cio@1beCu units remarkably displays -1 interactions at
centroid-to-centroid distances of 3.629 A (Fig. 4b), subtly
responsible for disordered encapsulated C10. The -1
interactions are extended one dimensionally (Fig. 4c), and the
resultant 1-D polymers inter-digitates to promote an efficient and
complex 3-D network.

After establishing the recognition properties of copper(ll) cages,
competition experiments of the diacid C4-C14 toward the 1a-heCu
family were performed as for 1a-heZn cage series. ESI-MS trace
(see Fig. S2) is analogous, beside the difference related to the
isotopic pattern of copper, to the profiles reported for the zinc
cages (Fig. 3). Also in these cases, it is possible to observe
selectivity profiles which are similar in shape and intensity to the
corresponding 1a-heZn family (Fig. 6) and similar considerations
on the effect of the linkers can be taken. Interestingly, a closer
look to the selectivity profiles reveals a small difference with
respect to zinc cages. The selectivity profiles in fact, are always
slightly shifted towards longer guests. This variation was
expected, and it arises from the shorter distance between the
copper and the tertiary amine of the ligand, allowing to
accommodate longer guests than the zinc(Il) series.?”! The strong
correlation between zinc(ll) and copper(ll) profiles, together with
the possibility to accommodate longer diacids for the copper(ll)

series, corroborate the use of ESI-MS profiles for the analysis of
copper(ll) cages, which was not possible otherwise.

Conclusions

In conclusion, seven zinc(ll) and eight copper(ll) novel molecular
cages differing in size have been synthesized. The selectivity
profiles have been investigated using an ESI-MS methodological
approach that allows to perform a competition experiment in
which all the eleven diacid guests are present in the reaction
mixture. This approach has shown to furnish selectivity profiles
that are well correlated with NMR titration in the case of 1a*Zn
cage. More importantly, the technique proposed can be used also
for copper(ll) systems which cannot be investigate either via 'H
NMR or UV-Vis titrations.

In summary, all molecular cages synthetized in this work are able
to bind dicarboxylic acids, and competition experiments have
shown trends in molecular recognition properties dictated by the
complementarity and adaptability of the binding partners. These
results give interesting knowledge on how different linkers can
modulate the flexibility and size of the resulting molecular cages,
and their influence in the recognition events. Besides increasing
the knowledge on molecular recognition events, the possibility to



have high throughput information on the binding capabilities of
these systems pave the way for the development of more
selective and functional cages.

Experimental Section
General procedure for the synthesis of complexes

0.10 mmol of ligand 4,4',4"-(6,6',6"-(nitrilotris(methylene))tris(pyridine6,3-
diyl))tribenzaldehyde 1 were dissolved in acetonitrile (15 ml) and 0.10
mmol of the corresponding metal perchlorates hexahydrate were added.
The solution was stirred at room temperature for 1 hour and the reaction
was followed by 'H NMR and ESI-MS. At the end of the reaction diethyl
ether (25 ml) was added obtaining quantitatively a crystalline solid then
centrifuged and dried. 2+Zn (pale yellow solid, yield 95%). '"H NMR (300
MHz, CD3CN) & (ppm): 10.09 (s, 3H, CHO), 8.82 (d, 3H, J= 2.0 Hz, PyrH),
8.44 (dd, 3H, J=8.0 Hz, J=2.0 Hz PyrH), 8.07 (d, 6H, J=8.0 Hz, ArH), 7.94
(d, 6H, J=8.0 Hz, ArH), 7.75 (d, 3H, J=8.0 Hz, PyrH), 4.40 (s, 6H,CH2).
HRMS (ESI-TOF) (m/z): [M+CIlO4]+ calcd. for [C39H30N403Zn+ClO4]+,
765.1094; found 765.1165. Elemental analysis: C. 54.08; H, 4.01; N, 6.85.
Required [1-Zn](CIO4)2. C 54.03; H, 3.49; N, 6.46. 2+Cu (dark green solid,
yield 98%)."H NMR (300 MHz, CD3CN) & (ppm): 10.11 (s), 8.57 (d), 8.29
(s)- HRMS (ESI-TOF) (m/z): [M+CIO4]+ calcd. for
[C39H30N403Cu+ClO4]+ 760.1135; found, 760.1202. Elemental
analysis: C. 54.23; H, 4.02; N, 5.88. Required: [1+Cu](ClO4)2 C 54.14; H,
3.50; N, 6.48.

General procedure for the synthesis of molecular cages Cn@71a-h*Zn

To 500 pl (1.0 ymol) of a solution 0.002 M of complex 2¢Zn in DMSO-ds,
50 pl (0.5 ymol) of a solution 0.01 M in DMSO-ds of dicarboxylic acid Cn
and 125 pl (2.5 pmol) of a solution 0.02 M in DMSO-ds of a diamine 4a-h
were added in a NMR tube. The mixture was left for 12 hour at room
temperature and checked via '"H NMR and ESI-MS. The yield for all the
cages are >90% (Determined via 'H NMR on internal standard p-xilene).
Cs@1a*Zn "H NMR (400 MHz, DMSO-ds) 5 (ppm): 9.06 (s, 6H, PyrH), 8.46
(dd, 6H, J=8.0 Hz, J=2.0 Hz, PyrH), 8.40 (s, 6H, NHimm), 7.93 (d, 12H,
J=8.0 Hz, ArH), 7.80 (m, 12H+6H, PyrH+ArH), 4.36 (s, 12H, CH2), 3.94 (m,
12H, CHz-am), 2.55 (M, CHz-acia), 1.77 (M, 4H, CHzgacia). MS (ESI-MS)
(m/z): [M]?* calcd. for [CaoHgoN1404Zn2]?*, 775.3 found; 775.4 Cs@1bsZn
"H NMR (400 MHz, DMSO-ds) & (ppm): 9.09 (s, 6H, PyrH), 8.55 (dd, 6H,
J=8.0 Hz, J=2.0 Hz, PyrH), 8.47 (s, 6H, NHimm), 7.98 (d, 12H, J=8.0 Hz,
ArH), 7.81 (m, 12H+6H, PyrH+ArH), 4.44 (s, 12H, CHz2), 3.69 (m, 12H, CH>-
uam), 2.55 (m, 4H, CHz-aacid), 2.04 (m, GH, CHz.gam), 1.88 (m, 4H, CHz-Bacid),
1.55 (m, 4H, CHzyacd). MS (ESI-MS) (m/z): [M]** calcd. for
[CosHaoN1404Zn2]%*, 810.8 found; 810.7 Cio@1c*Zn 'H NMR (400 MHz,
DMSO-ds) d (ppm): 9.14 (s, 6H, PyrH), 8.56 (dd, 6H, J=8.0 Hz, J=2.0 Hz,
PyrH), 8.47 (s, 6H, NHimm), 7.90 (d, 12H, J=8.0 Hz, ArH), 7.83 (m, 12H+6H,
PyrH+ArH), 4.41 (s, 12H, CHz), 3.67 (m, 12H, CH2.qam), 1.89 (m, 4H, CH..
pacid), 1.75 (m, 12H, CHz-gam), 1.49 (M, 8H, CH2-y,5acid). MS (ESI-MS) (m/z):
[M]?* calcd. for [C100H100N1404Zn2]?*, 845.9 found; 845.7 C1o@1d*Zn 'H
NMR (400 MHz, DMSO-ds) & (ppm): 9.11 (s, 6H, PyrH), 8.52 (dd, 6H,
J=8.0 Hz, J=2.0 Hz, PyrH), 8.45 (s, 6H, NHimm), 7.94 (d, 12H, J=8.0 Hz,
ArH), 7.80 (m, 12H+6H, PyrH+ArH), 4.43 (s, 12H, CHz2), 3.62 (m, 12H, CH>-
aam), 1.85 (m, 4H, CHz-acid), 1.70 (m, 12H, CH2.am), 1.25 (m, 8H, CH2-
voacid). MS (ESI-MS) (m/z): [M]?* calcd. for [C103H106N1404Zn2]?*, 866.9
found; 866.9. Cs@1e*Zn 'H NMR (400 MHz, DMSO-ds) & (ppm): 9.11 (s,
6H, PyrH), 8.62 (s, 6H, NHimm), 8.54 (dd, 6H, J=8.0 Hz, J=2.0 Hz, PyrH),
7.99 (d, 12H, J=8.0 Hz, ArH), 7.82 (m, 12H+6H, PyrH+ArH), 7.30 (m, 12H,
ArHam), 5.01 (s, 12H, CH2-qam), 4.39 (s, 12H, CH2), 2.58 (m, 4H, CH2-qacid),
1.84 (m, 4H, CHz-gacia), 1.51 (M, 4H, CHz.yacia). MS (ESI-MS) (m/z): [M]**
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calcd. for [C110HesN1404Zn2]?*, 903.8 found; 903.9. C@1f*Zn 'H NMR
(400 MHz, DMSO-de) 6 (ppm): 9.11 (s, 6H, PyrH), 8.61 (s, 6H, NHimm),
8.53 (dd, 6H, J=8.0 Hz, J=2.0 Hz, PyrH), 7.96 (d, 12H, J=8.0 Hz, ArH),
7.83 (m, 12H+6H, PyrH+ArH), 7.34 (m, 6H, ArHam), 7.23 (m, 6H, ArHam)
4.81 (s, 12H, CH2-aam), 4.41 (s, 12H, CH2), 1.82 (m, 4H, CH2-gacid), 1.42 (m,
4H+4H, CH2ys acd). MS (ESI-MS) (m/z): [M]* calcd. for
[C112H100N1404ZNn2]%*, 904.4 found; 904.4. C10@1g°Zn 'H NMR (400 MHz,
DMSO-ds) & (ppm): 9.09 (s, 6H, PyrH), 8.56 (s, 6H, NHimm), 8.51 (dd, 6H,
J=8.0 Hz, J=2.0 Hz, PyrH), 7.95 (d, 12H, J=8.0 Hz, ArH), 7.80 (m, 12H+6H,
PyrH+ArH), 7.32 (s, 6H, ArHam), 7.32 (s, 12H, ArHam) 4.81 (s, 12H, CHa.
aam), 4.38 (s, 12H, CH2), 1.74 (m, 4H, CHzpacid), 1.34 (m, 4H+4H, CH2y5
acid). MS (ESI-MS) (m/z): [M]** calcd. for [C112H100N1404Zn2]%*, 904.4
found; 904.5. Cs@1h*Zn "H NMR (400 MHz, DMSO-ds) & (ppm): 8.88 (s,
6H, PyrH), 8.41 (s, 6H, NHimm), 8.35 (dd, 6H, J=8.0 Hz, J=2.0 Hz, PyrH),
7.82 (m, 12H+6H, PyrH+ArH), 7.98 (d, 12H, J=8.0 Hz, ArH), 4.37 (m, 12H,
CHy), 3.45 (m, 6H, CH2-qam), 2.19 (m, 4H, CH2-qacid), 1.67 (M, CH2-gam), 1.51
(m, 4H, CH2acia), 1.18 (m, CHzyam). MS (ESI-MS) (m/z): [M]?* calcd. for
[C102H98N1404Zn2]?*, 856.9 found 857.0.

General procedure for the competition experiments

200 pl (1.0 ymol, 1 equiv) of a solution 0.005 M of complex 2¢sM in DMSO-
ds, 50 pl (0.5 pmol, 0.5 equiv) of a solution 0.01 M in DMSO-ds of
dicarboxylic acids C4-C14 and 125 pl (2.5 ymol, 2.5 equiv) of a solution 0.02
M in DMSO-ds of the desired diamine 3a-h were added in a NMR tube.
The mixture was left for 24 hours at room temperature and checked via 'H
NMR and ESI-MS. In order to override artifacts coming from the ionization
method or the MS analysis, the experiments have been carried out using
two different instruments (Applied Biosystems ESI-TOF Mariner
Biospectrometry Workstation and Agilent Technologies LC/MSD Trap SL
AGILENT) which gave comparable results.
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