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ABSTRACT: The synthesis and characterization of cationic two-
dimensional metallamacrocycles having a hexagonal shape and cavity
are described. Both macrocycles utilize a pyrazine motif containing an
organometallic acceptor tecton with platinum(II) centers along with
different donor ligands. While one macrocycle is a relatively larger [6 +
6], the other is a relatively smaller [2 + 2] polygon. A unique feature of
the smaller ensemble is that it is an irregular polygon in which all six
edges are not of equal length. Molecular modeling of these macrocycles
confirmed the presence of hexagonal cavities. The ability of these π-
electron rich macrocycles to act as potential hosts for relatively electron
deficient nitroaromatics (DNT = 2,4-dinitrotoluene and PA = picric acid)
has been studied using isothermal titration calorimetry (ITC) as a tool.
Molecular dynamics simulation studies were subsequently performed to
gain critical insight into the binding interactions between the nitroaromatic guest molecules (PA/DNT) and the ionic
macrocycles reported herein.

■ INTRODUCTION

The use of coordination bonds in the synthesis of discrete
nanoscalar frameworks is presently a popular research area
among contemporary supramolecular chemists.1 This is
reflected in the increase in number of reports and reviews
describing construction of metallasupramolecular structures
using “coordination driven self assembly” protocol in the past
few years.2 Using this methodology that relies on metal−ligand
interactions, various two-dimensional polygons and three-
dimensional polyhedra have been constructed.1−3 Several
supramolecules have also emerged as functional materials
with application in fields including but not limited to host−
guest chemistry (molecular recognition), catalysis, and sensing.4

As far as the two-dimensional metallamacrocycles are
concerned, the “coordination driven self assembly” approach
has yielded molecular polygons of various shapes and sizes.1a,b,5

In this context, it must be mentioned that there are relatively
lesser examples of higher polygons (molecular pentagons,
hexagons, etc.) than smaller ring systems (molecular triangles,
rhomboids, squares, and rectangles).6 This is because the
design of larger ring systems usually requires association of a
larger number of tectons (building blocks), and hence synthesis
of these two-dimensional ensembles is more challenging.
Among the higher order two-dimensional polygons, the

hexagonal motifs are encountered more often in nature. This
geometrical shape has often been referred to as nature’s “perfect
shape” and examples in nature which incorporate this structural
motif include but are not limited to the beehive honeycomb,

scutes of a turtle’s carapace, snowflakes, and graphite. This
shape has also been recognized by human beings as the one of
the most efficient shapes. This explains why, in engineering,
nuts and bolt heads are hexagonal.
The predominance of this shape may have fueled interest

among chemists to design hexagonal metallamacrocycles with
six edges.7 The directional bonding protocol systematized by
Stang and co-workers dictates that macrocycles with six sides
can be constructed by two different synthetic strategies. The
first approach is based on the reaction of two types of
complementary ditopic tectons, each having 120° angles
between the reactive sites.8 The second approach requires
combination of six units of an angular building block possessing
a turning angle of 120° with six units of complementary linear
ones having a 180° bite angle.9

In the field of coordination driven supramolecular chemistry,
organometallic complexes with platinum(II) centers have
emerged as one of the most popular choices for acceptor
tectons.10 Recently, we have reported the synthesis of a new
pyrazine based ditopic organometallic complex containing
platinum ethynyl motifs.11 It was further shown that this
acceptor tecton can act as a host for compounds present in
nitroaromatic explosives.
Herein, we report application of this pyrazine based 120°

PtII2-organometallic complex as a synthon for the construction
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of cationic molecular polygons that have a hexagonal shape.
The macrocycles reported herein are unique examples of
pyrazine motif containing cationic metallasupramolecular
polygons. These newly synthesized macrocycles were com-
pletely characterized by multinuclear NMR spectroscopy
including 1H DOSY, ESI-TOF mass spectrometry and
elemental analyses techniques. Further insight into the shape
and size of these ionic macrocycles was obtained via molecular
simulation, employing the PM6 semiempirical molecular orbital
method. The resulting macrocycles are e-rich due to the
presence of platinum ethynyl motifs. In this context, it must be
mentioned that molecular ensembles containing Pt-ethynyl
motifs have found potential application in the efficient
detection of electron deficient nitroaromatic explosive materials
in trace quantities.4e The fact that the macrocycles reported
herein have several platinum ethynyl units in their backbone
has been further exploited to study their host−guest
interactions with nitroaromatics (DNT = 2,4-dinitrotoluene
and PA = picric acid). Isothermal titration calorimetry has been
used as an analytical tool to show host−guest complex
formation between these macrocycles and nitroaromatic guest
molecules. Results obtained from calorimetric titration experi-
ments were supported by theoretical computational simulation
studies.

■ RESULTS AND DISCUSSION
According to the “directional bonding approach,” the
prerequisite required for the design of a convex supramolecular
polygon framework is the availability of at least two
complementary building blocks (tectons), each having two
divergent reactive sites present in them. The knowledge of the
angular separation (θ) between the two reactive binding sites
(in case of each tecton) is important for predicting the shape of
the anticipated two-dimensional ensemble.1b,l In the specific
case of a molecular hexagon, two kinds of frameworks are
reported in the literature. In the first type, one of the building
blocks occupies the vertices of the polygon and the other
complementary building block defines the edges of the polygon
(Chart 1a). This is possible because, in these polygons, the

former building block is angular with a turning angle (θ) of
120° while the complementary tecton is linear having bite angle
(θ) equal to 180°. The synthesis of this type of framework
requires the assembly of twelve [6 + 6] tectons. In case of the
second type of discrete hexagonal molecular polygons reported
in the literature, both complementary building blocks (tectons)
occupy the vertices of the molecular hexagon (Chart 1b). Since
a hexagon has six vertices and two complementary tectons are
used, the construction of this latter type of “trimeric” hexagon
requires self-assembly of six [3 + 3] tectons and is therefore

relatively less complex than the former “hexameic” ensembles.
We propose a third strategy for the design of discrete hexagonal
polygons that utilizes fewer building blocks. In this method-
ology, if one of the tectons occupies two vertices, then reaction
with a complementary angular tecton (with a turning angle of
120°) will yield a finite hexagon via a [2 + 2] self-assembly
process (Chart 1c). 3,3′-Bipyridine can be considered as a
ditopic donor tecton that can yield such kinds of a “dimeric”
molecular hexagon via a much simpler [2 + 2] assembly of
appropriate tectons.
It must be mentioned here that in case of the aforementioned

“hexameric” and “trimeric” frameworks (a and b in Chart 1),
the resulting polygons are convex and regular. These are convex
because the magnitude of each of the six interior angles is less
than 180°. Additionally, each side of these resulting polygons (a
and b in Chart 1) is of the same length, and all interior angles
are congruent (120°). Therefore, these polygons are regular
because, by definition, regular polygons have congruent sides
(equilateral) and congruent interior angles (equiangular). In
case of the third structure (c in Chart 1), the resulting
macrocycle is also a convex hexagon. Here, every interior angle
measures 120°. However, the building blocks defining the six
sides of this polygon are not the same. As a result, all sides of
this polygon (c in Chart 1) are not congruent, and hence it (c
in Chart 1) is irregular (equiangular but not equilateral).
To illustrate this point, self-assembly and characterization of

two cationic hexagons (a regular and another non regular)
employing a pyrazine based ditopic acceptor tecton is being
described herein (Scheme 1).

Self-assembly and Characterization of Molecular
Hexagons. The diplatinum acceptor tecton (1) was first
reacted with two equivalents of silver nitrate and subsequently
with an appropriate ditopic donor tecton (3,3′-bipyridine or
4,4′-bipyridine) in a 1:1 stoichiometric ratio. This resulted in
the exclusive formation of the desired ionic molecular hexagon
2 and 3 via [2 + 2] and [6 + 6] coordination driven self-
assembly, respectively. After evaporation of the solvent under
reduced pressure, the crude product thus obtained was washed
with diethyl ether and subsequently recrystallized from
methanol to obtain the desired macrocycles as a yellowish
microcrystalline solid in high yields (>80%). In both cases, the
product exhibited high solubility in common organic solvents.
The newly prepared self-assembled compounds were sub-
sequently characterized by using multinuclear NMR spectros-
copy, mass spectrometry (ESI-TOF-MS), and elemental
analyses. In each case, the formation of a single discrete
molecular ensemble was initially evident from their respective
31P{1H} and 1H spectral analyses. The appearance of a sharp
singlet (δ 15.25 ppm for 2 and 15.78 ppm for 3) in the
respective 31P{1H} NMR spectrum (Figure 1a and Supporting
Information S3) along with an associated pair of platinum
satellite peaks (2, 1JPPt = 1131 Hz; 3, 1JPPt = 1135 Hz) clearly
reflected the formation of single highly symmetrical species in
which all phosphorus nuclei are chemically equivalent. In
addition, the significant downfield shifts of the phosphorus
peaks in products (2 and 3) relative to 1 indicate incorporation
of a newer metal−ligand coordination bond around the Pt
centers due to cleavage of Pt−I bonds in 1. The 1H NMR
spectra of 2 and 3 also suggested the incorporation of a donor
tecton (3,3′-bipyridine in case of 2 or 4,4′-bipyridine in case of
3) and acceptor pyrazine based tecton (1) in the respective
final product. A representative proton NMR spectrum of 2 is
shown in Figure 1b. Here the signals at 9.04, 8.87, 8.56, and

Chart 1. Cartoon Representation of (a) [6 + 6], (b) [3 + 3],
and (c) [2 + 2] Hexagons
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7.90 ppm correspond to the protons of 3,3′-bipy moieties. A
sharp singlet at 8.26 ppm corresponds to the protons of the
pyrazine moiety. The ethyl protons of the phosphine moiety
attached to platinum centers are observed in the range 1.88−
1.08 ppm. Similarly, in the case of 3, all proton signals in 1H
NMR were assigned precisely (Supporting Information S3). In
the case of both products (2 and 3), the integration of the
proton NMR signals due to bipyridine bridging ligands and
pyrazine based PtII2 units suggest a self-assembly of these
building blocks in a 1:1 stoichiometric ratio. The purity of these
self-assembled products (2 and 3) was further ratified from
their respective 1H DOSY NMR spectrum, wherein the
appearance of a single trace confirmed the formation of a
single product and simultaneously ruled out the possibility of
the presence of impurities in the form of other macrocycles or
oligomeric byproduct(s) in solution (Supporting Information
S4).
The actual composition of 2 and 3 was ascertained by mass

spectrometric (ESI-TOF-MS) analyses (Supporting Informa-
tion S4,S5). In the case of compound 2, its ESI-TOF-MS
spectrum (Figure 2) showed peaks at m/z = 2474.73 [2-NO3]

+,
1206.37 [2-2NO3]

2+, 783.58 [2-3NO3]
3+, and 572.19 [2-

4NO3]
4+ which are attributed to the consecutive loss of nitrate

counteranions assuming the formation of the M2L2 macrocycle
[M = PtII2 acceptor 1, L = 3,3′-bipy]. Similarly for compound 3,
the corresponding ESI-TOF-MS spectrum (Figure 2) exhibited
signals at m/z = 1840.55 [3-4NO3]

4+, 1206.37 [3-6NO3]
6+,

889.28 [3-8NO3]
8+, 783.58 [3-9NO3]

9+, 629.84 [3-11NO3]
11+,

and 572.19 [3-12NO3]
12+ corresponding to the formation of

M6L6 species [M = PtII2 acceptor 1, L = 4,4′-bipy]. Thus, mass
spectrometry was used as a useful analytical tool to
unambiguously confirm that the self-assembly reaction of the
pyrazine based 120°-PtII2 acceptor linker (1) with angular 3,3′-
bpy leads to the formation of a [2 + 2] ionic metallamacrocycle,
while the reaction of 1 and linear ditopic 4,4′-bpy donor ligands
results in the formation of [6 + 6] discrete and cationic
supramolecular frameworks.
All attempts to grow single crystals of these self-assembled

metallacycles (2 and 3) for structural characterization have
proven unsuccessful to date. Under these circumstances,
structural information on these metallacycles was obtained by
optimizing their respective geometry utilizing the PM6
semiempirical molecular orbital method.12 The energy
minimized structure for both self-assembled macrocyclic

Scheme 1. Design of Macrocycles 2 and 3

Figure 1. (a) 31P{1H} and (b) 1H NMR spectra of macrocycle 2.
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products (2 and 3) was largely planar and hexagonal in shape
(Figure 3). The presence of a hexagonal cavity is also clearly

evident from the space filling model of these macrocycles
(Supporting Information S5). This is in line with the prediction
that one can make based on the tenets of the “Directional
Bonding Approach” as outlined in Chart 1. In the case of self-
assembled product 2, two units each of 3,3′-bipy (donor) and
pyrazine based organometallic (acceptor) tectons combine to
yield a convex hexagon that is irregular (all sides are not of
equal length) albeit equiangular. In this well-defined hexagonal
supramolecular macrocycle, the length of the two edges is 0.43
nm, while the length of the other four edges is 0.93 nm. On the
other hand, in the case of a [6 + 6] self-assembled ensemble

involving 4,4′-bipy (donor), the resulting hexagon is a regular
polygon, with each side measuring 2.3 nm. The distance
between two diagonally opposite endocyclic nitrogens of
pyrazine moieties was found to be 1.11 nm for [2 + 2]
macrocycle 2, while in case of the [6 + 6] hexameric macrocycle
(3), the distance is relatively larger and estimated to be 4.31
nm. The average distance between two opposite Pt atoms was
measured to be 1.29 and 4.21 nm for hexagons 2 and 3,
respectively (Figure 3). Optimized geometry also indicated that
in both cases (2 and 3), there was a slight distortion from a
square planar geometry at the platinum centers.

Study of Host−Guest Complexation between Macro-
cyclic Host (2 and 3) and Nitroaromatic Guests Using
Calorimetric Titration. Compounds 2 and 3 have the
following two characteristics. First, these have multiple Pt-
ethynyl linkages in the polygon backbone that renders them π-
electron-rich species relative to nitroaromatic compounds that
are relatively electron deficient species due to the presence of
one or more e-withdrawing nitro functional groups. Second, the
hexagonal self-assembled ensembles are convex polygons and
hence have a spacious internal cavity for exhibiting
encapsulation chemistry with a guest of suitable size. Therefore,
we were interested to explore host−guest interactions of these
cationic pyrazine motif containing metallamacrocycles with
nitroaromatics such as picric acid (PA) and 2,4-dinitrotoluene
(DNT).
Usually, it is reported in the literature that the presence of Pt-

ethynyl motifs renders the molecule fluorescent in nature, and
hence fluorescence (quenching) spectroscopy is used as a tool
for studying their host−guest interactions with electron poor
quenchers.4e,10a,b We have previously reported that the
organometallic acceptor linker (1) is nonfluorescent in
nature.11 Hence, in the present case, ensembles 2 and 3
derived from 1 are nonfluorescent in nature. This limits, herein,
the use of fluorescence spectroscopy as an analytical tool to
study host−guest complexation between these electron-rich

Figure 2. Selected charge states for macrocycles 2 and 3 observed by ESI-TOF-MS spectrometry.

Figure 3. Simulated ball and stick molecular model optimized by PM6
semiempirical molecular orbital methods: (a and b) macrocycle 2
(phosphine ligands are omitted in a), (c) macrocycle 3. Color code:
light gray, C; orange, P; dark cyan, Pt; blue, N. H atoms are omitted
for clarity. Unit of distances measured is nanometers.
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frameworks (2 and 3) and relatively electron deficient
nitroaromatics. Under these circumstances, isothermal titration
calorimetry (ITC) was appropriately used to study the above-
mentioned host−guest chemistry.
In contemporary research, ITC has emerged as a powerful

analytical tool for studying molecular recognition between
supramolecular host and guest species.13 The magnitude of
binding interactions and other thermodynamic parameters can
be estimated precisely using this calorimetry technique.
The ITC titrations between macrocylic hosts (2 or 3) and

selected nitroaromatic guests (picric acid or 2,4-DNT) were
recorded at 25 °C and are shown in Figure 4. The ITC traces
suggest that, in these studies, the binding interactions are
exothermic in nature. In the case of complexation between PA
and either macrocycles (2 or 3), the ITC data points were
found to fit best with a three-sites sequential binding model,
and the data did not fit satisfactorily with other binding models.
The thermodynamic parameters as obtained by ITC data are
tabulated in Table S1 (Supporting Information). The binding
constants as obtained from calorimetric titration were found to
be on the order of order 104 to 105 M−1 (Table S1), which
suggests very strong binding interactions between PA and the
macrocycles 2 and 3. The ITC data also clearly indicated that,
for either macrocycle (2 or 3) and picric acid, the difference in
the magnitude of binding free energy between three binding
sites is nominal (∼0.1−0.2 kcal/mol). Similarly, in the case of
host−guest complexation between metallamacrocycles (2 or 3)
and DNT, thr best fit of ITC data points corresponds to the
three sites sequential binding model. In general, the magnitude
of the binding constants as obtained from the ITC experiments
(Table S1) suggests that pyrazine containing macrocycles have
relatively higher binding affinity for picric acid than DNT
molecules as a guest moiety.
Theoretical Calculation. Molecular dynamics simulation

studies were performed to have a critical insight into the
binding interactions between the nitroaromatics (PA/DNT)
and the pyrazine based ionic macrocycles 2 and 3. It has been
shown from ITC experimental data that the macrocycle 2 and 3
have three binding sites for the nitroaromatic guests. To
generate the equilibrium ensemble of the nitroaromatic bound
macrocycles, both the nitroaromatic compounds were put in
the center of each of the macrocycles separately, leading to four

different macrocycle−nitroaromatic systems. Each of these
systems was placed in a cubic box of explicit water molecules. A
set of five independent simulations (each of 100 ns time scale)
was performed for each of these four systems leading to an
equilibrium trajectory for each of these systems. Conformations
from these equilibrium trajectories were used to estimate the
“proximity” of the nitroaromatic compounds to the macro-
cycles. The criterion for the proximity search was chosen such
that the oxygen atom of the phenolic −OH group of PA or the
carbon atom of the methyl group of DNT was within a 3 Å
radius of any heavy atom (carbon/nitrogen) of the macrocycle.
From the calculation, it appears that both PA and DNT spent
∼75% of their time in close proximity to the three types of
nitrogen atoms of the macrocycles and spent only ∼25% of the
time in close proximity to the carbon atoms, which proves that
the preferential binding modes of the nitroaromatic compounds
are ones with the phenolic −OH group of PA or the carbon
atom of the methyl group of DNT pointing toward one of the
nitrogen atoms of either of the macrocycles. These structures
were chosen as the initial configurations for the pulling
simulations to estimate the binding free energies of PA and
DNT to the macrocycles.
The simulated results showed that picric acid has a

preference for NA over NB and NC of both the macrocycles 2
and 3 (for both the macrocycles, NA and NB represent the N1
and N4 nitrogen atoms of the pyrazine moiety, respectively; NC

represents the nitrogen atoms of the 3,3′- or 4,4′-bipyridine
donor linkers of macrocycles 2 and 3, respectively). However,
this preference for PA is very nominal as the difference of
binding energy values between NA, NB, and NC is in the range
∼0.03−0.3 kcal/mol in the case of both the macrocycles. So, all
three types of nitrogen atoms of macrocycle 2 and 3 behave as
competing binding sites for picric acid. But unlike the binding
of PA, in the other case, DNT has a higher binding preference
for NB over NA and NC of both the macrocycles. The
preference is much more prominent due to the difference in the
binding free energy values of NB with respect to NA and NC

(∼0.8−0.9 kcal/mol). However, the same difference is very
nominal (∼0.03−0.1 kcal/mol) in the case of the rest of the
two nitrogen atoms (NA and NC), and they act as competing
binding sites for DNT.

Figure 4. ITC isotherm (above) and ITC data points best fitted with a sequential three-site binding model (below) for the titration of macrocycles
(5 mM) into nitroaromatics (0.5 mM) at 298 K in methanol. (a) Macrocycle 2 with PA, (b) macrocycle 3 with PA, (c) macrocycle 2 with DNT, and
(d) macrocycle 3 with DNT.
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The preferable binding propensity of the binding sites of the
macrocycles 2 and 3 as obtained by “pulling simulations”
toward interaction with both the nitroaromatic guests (PA/
DNT) was found to be in good agreement with the conclusions
drawn from calorimetric titration experiments (see Figure 5).

■ CONCLUSION
In conclusion, herein we report the self-assembly of two new
cationic molecular hexagons (2 and 3) derived from a pyrazine
based organometallic acceptor tecton. 2 and 3 are distinctly
different from each other with respect to number of
supramolecular building blocks involved in their respective
self-assembly. Macrocycle 3 is a [6 + 6] self-assembled
ensemble, and there are only a handful of examples of such
types of supramolecular metallamacrocyles in the literature.
However, macrocycle 2 is a unique example of an irregular
albeit equiangular and convex molecular hexagon involving a [2
+ 2] association of appropriate donor and acceptor tectons.
Exclusive formation of these cationic macrocycles (2 and 3) has
been confirmed by multinuclear (1H and 31P) NMR spectros-
copy (including 1H DOSY NMR), ESI-TOF-MS spectrometry,
and elemental analyses techniques. Molecular simulation of
these macrocycles using the PM6 semiempirical molecular
orbital method further ratified their anticipated hexagonal
shape. Molecular simulations also indicated these self-
assembled ensembles (2 and 3) have nanoscalar dimensions.
The presence of multiple Pt-ethynyl linkages renders these
macrocycles (2 and 3) π-electron rich and hence were explored
as potential hosts with relatively electron deficient nitro-

aromatics (DNT = 2,4-dinitrotoluene and PA = picric acid). In
this context, using ITC, it can be concluded that these electron-
rich macrocycles reported herein have three binding sites (with
high binding affinity) to which relatively electron-poor guest
molecules (PA and DNT) can bind. Computational simulation
studies were performed to obtain insight into preferential
binding of the guest molecules among the three binding sites in
a given macrocycle. The preferential inclination of the
nitroaromatic guests (PA/DNT) for the different three binding
sites of the macrocycles (2 or 3) was clearly observed in these
“pulling simulations” studies. Overall, theoretical simulation
results were found to be in good agreement with the
conclusions drawn from calorimetric titration experiments.
Currently, we are extending this “proof-of-principle” study
toward enriching the literature with newer supramolecular
frameworks with practical applications in host−guest chemistry,
especially for the detection of nitroaromatics.

■ EXPERIMENTAL SECTION
General Details. All chemicals and anhydrous solvents used in this

work were purchased from commercial sources and used without
further purification. Linker 1 was prepared by following the protocol
reported by Bhowmick et al.11 FTIR spectra were recorded in a
PerkinElmer Spectrum 400 FTIR spectrophotometer. 1H and 31P
NMR spectra were recorded on Bruker 400 MHz spectrometers.
Elemental analysis was carried out using a Thermo Scientific Flash
2000 organic elemental analyzer. MS analysis was performed on
Bruker Impact ESI-Q-TOF system. All the samples were diluted in
methanol and infused directly via a standard ESI source using a syringe
pump at a flow rate of 180 uL/h. The system was previously calibrated

Figure 5. Potential of mean force as a function of the distance between the centers of mass (COMs) of the nitroaromatic compounds (PA and
DNT) and the macrocycles (2 and 3), (a) macrocycle 2 and PA, (b) macrocycle 2 and DNT, (c) macrocycle 3 and PA, and (d) macrocycle 3 and
DNT obtained using umbrella sampling and WHAM. The macrocycles are shown in licorice, and the nitroaromatic compounds are shown in CPK.
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in the mass range of 50−3000 m/z using a tune mix solution. Further
data were processed using Data Analysis 4.2 software, while simulated
isotope patterns were studied using Bruker Isotope Pattern software.
DOSY NMR measurements were performed on a Bruker AV 500
NMR spectrometer using a 5 mm gradient probe at 298 K. DOSY
experiments were done with a standard Bruker pulse sequence
(ledbpgp2s) with a longitudinal eddy current delay.
General Procedure for the Synthesis of Macrocycles 2 and 3.

To the solution of compound 1 (30 mg, 0.024 mmol) in chloroform
(5 mL) was added AgNO3 (9 mg, 0.048 mmol) in one portion, and
the reaction mixture was stirred for 4 h in the dark at room
temperature. The precipitated AgI was filtered off over a bed of Celite,
and the filtrate was collected as a pale yellow colored solution.
Subsequently, a methanolic solution of the respective bipyridine
(0.024 mmol, 0.5 mL) was added dropwise to the aforementioned
filtrate with continuous stirring. The reaction mixture was stirred for
10 h at room temperature. Solvents were removed under reduced
pressure, and the product obtained was washed several times with
diethyl ether to obtain a yellow colored solid that was finally dried in a
vacuum. This product was recrystallized as a yellow microcrystalline
solid by vapor diffusion of diethyl ether in its corresponding
concentrated methanol solution.
Macrocycle 2. Yield: 30 mg, 85%. 1H NMR (400 MHz, MeOD): δ

9.04 (s, 4H, Ar−H), 8.87−8.86 (d, 4H, J = 4.96 Hz, Ar−H), 8.56−8.53
(d, 4H, J = 8.28 Hz, Ar−H), 8.26 (s, 4H, Ar−H), 7.90−7.86 (m, 4H,
Ar−H), 1.88−1.77 (m, 48H, −CH2), 1.16−1.08 (m, 72H, −CH3).
31P{1H} NMR (163 MHz, MeOD): δ 15.25 (1JPPt = 1131 Hz). FTIR
(ATR): 2953, 2880, 2122, 1630, 1490, 1321, 1233, 1145, 1035, 763,
711 cm−1. Anal. calcd for C84H140N8P8Pt4: C, 44.05; H, 6.16; N, 4.89.
Found: C, 44.12; H, 6.24; N, 4.95. ESI-MS m/z found: [M−NO3]

+ =
2474.76, [M−2NO3]

2+ = 1206.39, [M−3NO3]
3+ = 783.59, [M−

4NO3]
4+ = 572.19.

Macrocycle 3. Yield: 28 mg, 84%. 1H NMR (400 MHz, MeOD): δ
9.03−9.02 (d, 24H, J = 5.84 Hz, Ar−H), 8.33 (s, 12H, Ar−H), 8.29−
8.27 (d, 24H, J = 6.2 Hz, Ar−H), 1.96−1.93 (m, 144H, −CH2), 1.30−
1.22 (m, 216H, −CH3).

31P{1H} NMR (163 MHz, MeOD): δ 15.78
(1JPPt = 1135 Hz). FTIR (ATR): 2947, 2886, 2101, 1618, 1482, 1316,
1150, 1029, 802, 742 cm−1. Anal. calcd for C252H420N24P24Pt12: C,
44.05; H, 6.16; N, 4.89. Found: C, 44.16; H, 6.25; N, 4.99. ESI-MS m/
z found: [M−4NO3]

4+ = 1840.58, [M−6NO3]
6+ = 1206.39, [M−

8NO3]
8+ = 889.29, [M−9NO3]

9+ = 783.59, [M−11NO3]
11+ = 629.21,

[M−12NO3]
12+ = 572.20.

ITC To Study the Thermodynamics of Host−Guest Chem-
istry of Macrocycles (2 and 3) and Nitroaromatics. ITC
experiments were performed on a MicroCal-iTC200 calorimeter
(GE Healthcare Life Science) at 25 °C. All experiments were done
using methanol as the solvent. Each experiment was done with 20
consecutive injections (5 mM) of macrocycles (2 or 3) into a
methanol solution of nitroaromatics (280 μL, 0.5 mM PA, or 0.5 mM
DNT) with 2 min intervals between two successive injections. The
rotation speed of the syringe was maintained at 600 rpm. The
integration of the heat pulses obtained from each titration was fitted
using MicroCal Origin 7.0 software to determine the site-binding
model corresponding association constant (K).
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