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The design and preparation of novel M3L2 trigonal cages via the coordination-driven self-assembly of preorganized
metalloligands containing octahedral aluminum(III), gallium(III), or ruthenium(II) centers is described. When tritopic or
dinuclear linear metalloligands and appropriate complementary subunits are employed, M3L2 trigonal-bipyramidal and
trigonal-prismatic cages are self-assembled under mild conditions. These three-dimensional cages were characterized
with multinuclear NMR spectroscopy (1H and 31P) and high-resolution electrospray ionization mass spectrometry. The
structure of one such trigonal-prismatic cage, self-assembled from an arene ruthenium metalloligand, was confirmed
via single-crystal X-ray crystallography. The fluorescent nature of these prisms, due to the presence of their electron-
rich ethynyl functionalities, prompted photophysical studies, which revealed that electron-deficient nitroaromatics are
effective quenchers of the cages’ emission. Excited-state charge transfer from the prisms to the nitroaromatic
substrates can be used as the basis for the development of selective and discriminatory turn-off fluorescent sensors for
nitroaromatics.

Introduction

Three-dimensional (3D) supramolecular entities are ubi-
quitous throughout nature and account for various biological
functions. For example, viral capsids are precisely assembled
cages comprised of protein subunits and serve the biological
role of nucleic acid storage.1 In the past 2 decades, weak

noncovalent and dative metal-ligand interactions have been
exploited using appropriately designedmolecular subunits in
a predictive manner to construct aesthetically appealing
abiological 3D self-assemblies.2 This approach has also
provided access to functional materials with a wide range
of desirable structural and dynamic properties.3 The con-
struction of functional supramolecular architectures possess-
ing tailor-made properties, such as molecular recognition,4

host-guest chemistry,5 and supramolecular catalysis3f,6 has
become the focus ofmodernmetallosupramolecular chemistry.
Transition-metal-mediated, coordination-driven self-assembly
has emerged as a useful synthetic tool to access such species.
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For example, hydrophobic or fluorous nanophases were
accessed by endofunctionalized M12L24 molecular spheres
assembled by this route.7a Additionally, similarly formed
chiral metal-organic tetrahedral cages have separated race-
mic mixtures with high enantioselectivity.7g

To date, the directional bonding approach for the
coordination-driven self-assemblyof 3Dmetallosupramolecules
has proven quite successful and focuses on the use of rigid,
organic ligands encoded with information on directionality
and angularity. More recently, interest in the application of
preorganized metallocomplexes to direct the coordination-
driven self-assembly and the preparation of metallosupra-
molecules has increased.8-11 Self-assemblies constructed from
such building blocks can introduce unique characteristics
such as magnetic8d or photophysical properties and chiral
centers,8e while avoiding the time-consuming and expensive
multistep syntheses required to install these attributes via
conventional synthetic pathways. We have previously shown
that two-dimensional polygons can be constructed from the
coordination-driven self-assembly of metalloligands.12 For
example, a [5 þ 5] pentagon was prepared from 108� metal
carbonyl dipyridine ligands,12 and [3þ 3] hexagons and [2þ 2]
rhomboids containing cobalt carbonyl motifs have been
prepared via supramolecule-to-supramolecule transforma-
tions of ethynyl-functionalized building blocks.12b We now
report on the extension of this approach to 3D assemblies.
Square-planar palladium(II) and platinum(II) metals have

been exploited for their structural rigidity in the synthesis of
several discrete structures of predefined shapes and sizes.2,3

Octahedralmetal ions are known to be less predictable for the

construction of defined discrete structures. However, the
construction of discrete metallosupramolecules via the self-
assembly of transition-metal complexes with octahedral
geometries is a growing field because of the versatile proper-
ties expected in the presence of such metal ions.8,11,12 The
application of octahedral and square-planar metal ions
together with the generation of discrete and defined struc-
tures has not been well explored. In a continuation of our
investigation into the scope and diversity of functional
metallosupramolecules, herein we presentM3L2 3D trigonal-
bipyramidal cages that are assembled from preorganized
metalloligands containing octahedral aluminum(III) and
gallium(III) centers (Scheme1) in combinationwithplatinum(II)
acceptors. M3L2 cages represent the simplest 3D supra-
molecular structures13 and can be assembled by the combina-
tion of two tritopic subunits and three ditopic tectons.14 To
further explore the self-assembly of M3L2 cages in a com-
plementary way using octahedral metalloligands, we report
the reactions of octahedral ruthenium(II) metal-containing

Scheme 1. Coordination-Driven Self-Assembly of M3L2 Cages from
Metalloligands with Octahedral Metal Centers
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bidentate acceptors with tridentate pyridyl donor 1,3,5-tris-
(4-pyridylethynyl)benzene to afford M3L2 trigonal prisms.
In this paper, octahedral complexes 1 and 2, prepared from

4-pyridylbutane-1,3-dione and cationic gallium(III) and alu-
minum(III), respectively, were employed as tritopic ligands
for the assembly of trigonal-bipyramidal cages (Scheme 1, A).
Treatment of cationic gallium(III) or aluminum(III) with
4- pyridylbutane-1,3-dione resulted in coordination of the
latter’s β-diketone moiety, poising the three pyridine groups
of 1 or 2 to subsequently bind additional metal centers.
Furthermore, the pyridine rings were oriented orthogonally
to one another because of the octahedral coordination envi-
ronment about the metal centers, permitting 3D growth.8a,e

Thus, when octahedralmetal-containing donors 1 and 2were
combined with 90� or 60� platinum acceptors, M3L2-type
heterometallic trigonal-bipyramidal cages were formed. In a
complementary approach, dinuclear half-sandwich octahe-
dral ruthenium(II) arene acceptors 10 and 11

15,16 were com-
bined with 1,3,5-tris(4-pyridylethynyl)benzene 9 to assemble
M3L2 trigonal-prismatic cages (Scheme 1, B). The ethynyl
groups built into ligand 9 impart electron-rich and fluorescent
properties to cages 12 and 13. Using UV-Vis and fluores-
cence emission spectral analysis, we investigated the host-
guest properties of cages 12 and 13 with electron-deficient
nitroaromatics. Upon the addition of nitroaromatics, the
emission of 12 and 13 was quenched, demonstrating the
utility of these cages for the development of selective and
discriminatory fluorescence sensors for nitroaromatics.

Results and Discussion

Construction ofM3L2Heterometallic Trigonal-Bipyramidal
Cages. The preparation of heterometallic trigonal-
bipyramidal cages 5 and 6 was achieved by the [2 þ 3] self-
assembly of metalloligands 1 and 2, respectively, with the
90� platinum acceptor 3. Upon the addition of a CD2Cl2
solution of ligand 1 or 2 into 1.5 equiv of 3 in CD3NO2, 5
and 6 were obtained after 5 h of stirring at room tem-
perature. Similarly, for the self-assembly of 7 and 8,
metalloligands 1 and 2 were treated with the 60� acceptor
4 in an acetone-d6 and D2O (1:1, v/v) solution for 15 h at
65 �C. 31P{1H} and 1HNMRmultinuclear analysis of the
reaction mixtures revealed the formation of single, dis-
crete species with high symmetry. The 31P{1H} NMR
spectra of self-assemblies 5-8 display single, sharp singlets
with concomitant 195Pt satellites (-1.4 ppm for 5,-0.3 ppm
for 6, 14.2 ppm for 7, and 11.8 ppm for 8) shifted
upfield [Δδ (ppm) = 14.0 for 5, 12.9 for 6, 4.1 for 7, and
6.5 for 8] relative to starting platinum acceptor 3 or 4
[Figures 1A and S1 in the Supporting Information (SI)].
Compared to their signals before self-assembly, the reso-
nances of the R and β protons of the pyridine rings show
significant downfield shifts in the 1H NMR spectra of these
trigonal-bipyramidal cages (Figures 1B and S2-S4 in the
SI), due to the loss of electron density upon coordina-
tion to platinum. It is also notable that the doublets at

8.65 and 7.75 ppm, which were ascribed to the R and β
protons of the pyridine ring in the coordinated cages of
5 and 6, split into pairs of doublets. A similar split was
observed for the doublet at 8.70 ppm corresponding to
the R protons of the pyridine rings of 7 and 8 (Figures
S2-S4 in the SI). These results can be explained by the
hindered rotationof thepyridine rings upon coordination to
platinum, consistent with our previous reports.15 The
sharp NMR signals in both the 31P and 1H NMR
spectra, along with the solubility of these species, ruled
out the formation of oligomers in solution.
Further proof for the trigonal-bipyramidal structures

of 5-8 was obtained using electrospray ionization mass
spectrometry (ESI-MS). The ESI-MS spectrum of 5 exhib-
ited two charged states at m/z 1500.2 and 950.8, corres-
ponding to [M- 2OTf]2þ and [M- 3OTf]3þ, respectively.
For assembly 6, two charged states at m/z 1457.3 and
654.7 were assigned to [M- 2OTf]2þ and [M- 4OTf]4þ,
respectively. Charged states atm/z 1473.4 (7) and 1089.6 (7)
and m/z 1445.5 (8) and 1068.6 (8) were observed to
correspond with [M - 3NO3]

3þ and [M - 4NO3]
4þ for

these final two cages, 7 and 8. These peaks were isotopi-
cally resolved and in good agreement with the calculated
theoretical distributions (Figures 2 and S5 in the SI).
Although X-ray structural information was elusive for

the trigonal-bipyramidal cages, the sizes and shapes of 5
and 7 were ascertained from the results of MM2 force-
field simulations (Figure 3). The calculated inner-cavity
diameter of these cages was ca. 1.3 nm for 5 and ca. 1.8 nm
for 7.

Trigonal-Prismatic Cages Self-Assembled from Half-
Sandwich Ruthenium(II) Metalloligands. Trigonal-prismatic
cages 12 and 13 were obtained by [2 þ 3] self-assembly of
the tritopic planar donor 9 with half-sandwich arene
ruthenium(II) metalloligands 10 and 11, respectively. A
nitromethane solution containing9wasadded toamethanol
solution of 10 or 11 in a 2:3 ratio and allowed to stir at room
temperature for 4 h. Upon the addition of diethyl ether into
the concentrated reaction mixtures, 12 and 13 were precipi-
tated as yellow and red-wine crystalline solids, respectively.
The trigonal-prismatic structuresof12and13wereconfirmed

Figure 1. (A) 31P{1H}NMRspectraof the starting90�platinumacceptor
3 (top) and the trigonal-bipyramidal cage 5 (bottom). (B) Partial 1HNMR
(300 MHz, 298 K) of donor 1 (top) and trigonal-bipyramidal cage 5

(bottom). All NMR spectra were recorded in CD2Cl2/CD3NO2 (2:1, v/v).
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by NMR and high-resolution ESI-MS analysis. The molec-
ular structure of 12 was further elucidated by single-
crystal X-ray diffraction using synchrotron radiation.
The 1H NMR spectra of 12 and 13 exhibit two doublets
(δ 8.21 and 7.61 for 12 and δ 8.45 and 7.65 for 13),
assigned to the pyridine protons of the self-assemblies.
Additionally, sharp singlets at δ 7.78 (12) and 7.84 (13)
were observed for the 2, 4, and 6 protons of the central
aromatic ring of 9 and two doublets for the p-cymene
moiety were observed at δ 6.11 and 5.96 for 12 and δ 6.21
and 6.01 for 13 (Figure S6 in the SI). The assignment
of trigonal-prismatic structures to 12 and 13 was also
supported by ESI-MS analysis (Figure 4). Charged
states at m/z 1517.0 (12), 961.7 (12), 1592.8 (13), and
1011.9 (13) were observed, corresponding to [M -
2OTf]2þ and [M - 3OTf]3þ. These peaks were isotopi-
cally resolved and in good agreement with the calculated
theoretical distributions. After anions were exchanged
from a triflate to a perchlorate, a single crystal of 12 suit-
able for X-ray analysis was obtained by the slow vapor
diffusion of diethyl ether into a dichloromethane/methanol
solution of 12 (Table S1 in the SI). As shown in Figure 5, the
two tritopic ligands arearranged face-to-face, coordinated to
three arene ruthenium metalloligands to give a trigonal-
prismatic structure with a height of approximately 7 Å and
a distance of about 24 Å between the edges. Inspection
of the crystal packing reveals that 12 has a one-dimensional
columnar structure along the R axis. Discrete trigonal
prisms stack to give favorable π-π interactions with a 60�
rotation between cages and an intermolecular spacing

of 3.4 Å. The interstitial sites of the crystal structures for
12 are occupied by perchlorate counteranions and solvent
molecules.

Photophysical Studies of Trigonal-Prismatic Cages 12

and 13: Fluorescent Detection of Nitroaromatics.Cages 12
and 13 (0.01mM inMeOH) exhibit strong bands at λ=310
nm for 12 and λ=315 nm for 13, which are attributed to
intra/intermolecular π-π* transitions. The absorption
features of 12 exhibit dynamic behavior in the presence of
nitroaromatics. The incorporation of electron-rich ethynyl
moieties rendered cage 12 fluorescent; therefore, electronic

Figure 3. Proposed structure of the heterometallic, trigonal-bipyramidal
cages 5 (A) and 7 (B) as obtained by MM2 force-field simulation.

Figure 2. Calculated (red) and experimental (blue) ESI-MS spectra of
trigonal-bipyramidal cages 5 (A) and 6 (B).

Figure 4. Calculated (red) and experimental (blue) ESI-MS spectra of
trigonal-prismatic cages 12 (A) and 13 (B).

Figure 5. X-ray structures of the trigonal-prismatic cage 12: side view
(left) and top view (right). Color code: green, Ru; red, O; blue, N. H
atoms, counteranions, and solvent molecules are omitted for clarity.

Figure 6. UV-Vis spectra of 12 (1.0� 10-5M solution in methanol) in
the presence of TNT (from 0 to 72 μM).
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variations were monitored upon the addition of electron-
deficient nitroaromatics. When trinitrotoluene (TNT)
was added to a solution of 12 (1.0� 10-5M inmethanol),
significant absorption changes in the UV-Vis spectra
were observed, as shown in Figure 6. Upon the addition
of TNT, the strong absorption at 315 nm decreases in
intensity while a new absorption at 250 nm gradually
increases, reaching a maximum at a TNT concentration
of 72 μM.Thewell-anchored isosbestic point at 306 nm in
the absorption spectra of 12 uponTNTaddition indicates
the formation of a stable complex between 12 and TNT.
Solutions of 12 and 13 (1.0 � 10-6 M in methanol) are

emissive when excited at 280 nm, the spectra of which
exhibit threebandswithwavelengthsof349, 361, and380nm
(Figure 7). The quantum yields of 12 and 13 were deter-
mined to be 0.12 and 0.22, respectively, relative to that of
anthracene (Table 2 in the SI). The emission spectra were
sensitive to the addition of nitroaromatics, which quenched
the emission of the self-assemblies significantly. The
fluorescence intensity of 12 decreased 70% in the presence
of 148.9 μMTNT (Figure 7, left). The ratio of the fluores-
cence intensities, I0/I (monitored at 350 nm), where I and
I0 represent the fluorescence intensity of 12 with and
without TNT, respectively, shows a linear response to the
TNT concentration in the range of 0-150 μM (Figure 7,
right). The Stern-Volmer constantKsv was determined to
be 2.1�104 M-1 by fitting the linear plot to the Stern-
Volmer equation I0/I=1þKsv[TNT]. The stiochiometry
and binding constant of TNT/cage 12were determined to
be 5:1 and 4.91� 104M-1, respectively (Figures S7 andS8
in the SI). Notably, the addition of 45.8 μM picric acid
(PA) quenched the fluorescence of 12 completely compared

to TNTunder the same conditions (Figure 8). In this case,
the Stern-Volmer constant was determined to be 1.0 �
105 M-1. This phenomenon can be explained by the
electron-deficient nature of PA relative to TNT, leading
to a stronger electron transfer andultimatelymore efficient
quenching.17,18

Figure 7. Fluorescence spectra of 12 (1.0� 10-6M inmethanol) in the presenceofTNT (from0 to 175μM), λex=280 nm (left); Stern-Volmer plot of the
fluorescence quenching of 12 by TNT. The fluorescence intensity was monitored at 350 nm (right).

Figure 8. Fluorescence quenching of 12byPA (left) and the corresponding Stern-Volmer plot (right). Fluorescence spectrawere recorded using solutions
of 12 (1 � 10-6 M) in methanol monitored at 350 nm.

Figure 9. Selective fluorescent detection of nitroaromatics using coor-
dinated trigonal-prismatic cages 12 and 13. The fluorescence intensities of
solutionsof12and13 (1.0� 10-6Minmethanol) weremonitoredat 350nm.
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2009, 28, 4288. (b) Ghosh, S.; Mukherjee, P. S. Organometallics 2008, 27, 316.

(18) (a) Toal, S. J.; Trogler, W. C. J. Mater. Chem. 2006, 16, 2871.
(b) Swager, T. M. Acc. Chem. Res. 2008, 41, 1181. (c) Germain, M. E.; Knapp,
M. J. Chem. Soc. Rev. 2009, 38, 2543.
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When a variety of aromatic compounds such as benzoic
acid, 4-methoxybenzoic acid, 1,4-benzoquinone, 4-nitro-
toluene, nitrobenzene, 4-nitrophenol, TNT, and PA were
added to solutions of 12 or 13, only the nitroaromatics
efficiently quenched the fluorescence emission, as shown
in Figure 9. This result is consistent with the expected
mode of π-π interactions, in which electron-deficient
nitroaromatics act as fluorescence quenchers either via
excited-state electron transfer from the electron-rich
prismatic cage 12 or 13 or by charge-transfer complex
formation.

Conclusion

Wepresent in this paper the construction ofM3L2 trigonal
cages via the coordination-driven self-assembly of preorga-
nized metalloligands containing octahedral metal centers.
Tritopic pyridine ligands incorporating aluminum or gal-
lium, in which the coordination sites for self-assembly are
controlled by the metal’s octahedral coordination environ-
ment, were assembled with appropriately angled (60� or 90�)
platinum acceptors and afforded novel heterometallic
trigonal-bipyramidal cages. Two trigonal-prismatic cages were
successfully constructed from the self-assembly of an electron-
rich, planar donor, 1,3,5-tris(4-pyridylethynyl)benzene (9)
with dinuclear ruthenium arene metalloligands, with the
former possessing two octahedral ruthenium centers capped
by p-iPrC6H4Me and bridged by either oxalate (C2O4

2-) or
2,5-dihydroxy-1,4-benzoquinonato (C6H2O4

2-). Furthermore,
we have demonstrated that the self-assembly of building
blocks possessing ethynyl functionalities can endow the 3D
cages with interesting properties, such as increased electron
density and fluorescence. The efficient electron transfer from
the self-assembled trigonal-prismatic cages to the electron-
deficient nitroaromatics quenched the fluorescence emission
of 3D cages, demonstrating that the “host” cages may be
developed into selective anddiscriminatory fluorescent sensors
for nitroaromatics.
We are confident that the efficient construction of 3D

cages from preorganized metalloligands via coordination-
driven self-assembly will open a door to new supramolecular
nanoarchitectures with functional metallic centers. This will
allow, for example, the expressionof novelmagnetic andphoto-
physical properties, as well as catalytic behavior. Further-
more, self-assemblies of functional metalloligands may also
find application in the fabrication of stimulus-responsive
molecular devices.8d

Experimental Section

General Details. Metalloligands 2,8e 10, and 1111a,b were
prepared according to reported methods. 1 was synthesized
using a procedure analogous to that of 2. Deuterated solvents
were purchased fromCambridge Isotope Laboratory (Andover,
MA). NMR spectra were recorded on either a Varian Unity
300 MHz or a Bruker 300 MHz spectrometer. 1H NMR chemical
shifts are reported relative to residual solvent signals, and
31P{1H} NMR chemical shifts are referenced to an external un-
locked sample of 85%H3PO4 (δ 0.0).Mass spectrometry spectra
for the self-assemblies were recorded on aMicromass Quattro II
triple-quadrupole mass spectrometer using electrospray ioniza-
tion with a MassLynx operating system. Electronic absorption
spectra were recorded on a Perkin-Elmer Lambda 750 UV-Vis
spectrophotometer. Fluorescence emission studies were carried
out on a Horiba Jobin Yvon Fluoromax-4 spectrometer. The
solvents used for all photophysical studies were of spectroscopic

grade and purchased from commercial sources. From a single
crystal of 12, the diffraction data were collected at 100 K on an
ADSC Quantum 210 CCD diffractometer with synchrotron
radiation (λ = 0.900 00 Å) at the Macromolecular Crystal-
lography Beamline 6B1, Pohang Accelerator Laboratory, Pohang,
Korea. The raw data were processed and scaled using the
programHKL2000. The structurewas solved by directmethods,
and refinements were carried out with full-matrix least squares
on F2 with the appropriate software implemented in the
SHELXTL program package.

Synthesis of Tris[1-(4-pyridyl)acetylacetonato]gallium (1). So-
dium bicarbonate (197 mg, 2.35 mmol) was added to a solu-
tion of 4-pyridylbutane-1,3-dione (335 mg, 2.05 mmol) and
Ga(NO3)2 (150 mg, 0.58 mmol) in methanol and water (10 mL;
1:1, v/v). After stirring at room temperature for 4 h, a white solid
precipitated and was collected by filtration. The crude product
was then dissolved in CH2Cl2, washed with water, dried over
anhydrous sodium sulfate, and filtered, and the solvent was
evaporated under reduced pressure. Then, an ethyl acetate and
hexane mixture (20 mL; 1:1, v/v) was added to the residue,
precipitating a white solid that was collected by filtration to
afford 1 (168 mg). Yield: 52%. 1H NMR [CD2Cl2/CD3NO2

(2:1, v/v), 300MHz, 298K]: δ 8.55 (m, 6H, HR-Py), 7.63 (m, 6H,
Hβ-Py), 6.30 (dd, 3H, J=3.3Hz), 2.15 (m, 9H). Anal. Calcd for
C54H48Ga2N6O12:C, 58.30;H, 4.35;N7.55. Found:C, 58.56;H,
4.26; N, 7.29.

Synthesis of the Trigonal-Bipyramidal Cage 5. A CD2Cl2
solution (0.60mL) of 1 (2.18mg, 3.92μmol) was added dropwise
to a CD3NO2 solution of 3 (4.29 mg, 5.88 μmol). The mixture
was stirred at room temperature for 2 h before being transferred
into the appropriate vessels for NMR or ESI-MS characteriza-
tion. The solid product was obtained by removing the solvent in
vacuo. Yield: 93%. 31P{1H}NMR [CD2Cl2/CD3NO2 (2:1, v/v),
121.4 MHz]: δ-1.4 (s, 195Pt satellites, 1JPt-P = 3059.2 Hz). 1H
NMR [CD2Cl2/CD3NO2 (2:1, v/v), 300MHz, 298K]: δ 8.91 (m,
12H, HR-Py), 7.95, 7.90 (d, 12H, Hβ-Py), 6.23 (s, 6H, enol-H),
2.16 (s, 18H,-CH3), 1.65-1.75 (m, 36H, PCH2CH3), 1.15-1.25
(m, 54H, PCH2CH3). MS (ESI) for 5 (C96H138F18Ga2N6O30P6-
Pt3S6):m/z 1500.2 ([M- 2OTf]2þ), 951.2 ([M- 3OTf]3þ). Anal.
Calcd for C96H138F18Ga2N6O30P6Pt3S6: C, 33.93; H, 4.21; N,
2.55. Found: C, 34.13; H, 4.50; N, 2.40.

Synthesis of the Trigonal-Bipyramidal Cage 6. A CD2Cl2
solution (0.60 mL) of tris[1-(4-pyridyl)acetylacetonato]alu-
minum(III) (2) (2.22 mg, 4.32 μmol) was added dropwise to a
CD3NO2 solution of 3 (4.73 mg, 6.49 μmol). The mixture was
stirred at room temperature for 2 h before being transferred into
the appropriate vessels for NMR or ESI-MS characterization.
The solid product was obtained by removing the solvent under
vacuum. Yield: 96%. 31P{1H} NMR [CD2Cl2/CD3NO2 (2:1, v/v),
121.4MHz]: δ-0.27 (s, 195Pt satellites, 1JPt-P= 3097.2Hz). 1H
NMR [CD2Cl2/CD3NO2 (2:1, v/v), 300MHz, 298K]: δ 8.90 (m,
12H, HR-Py), 7.72, 7.92 (d, 12H, Hβ-Py), 6.35 (s, 6H, enol-H),
2.15 (s, 18H, -CH3), 1.70 (m, 36H, PCH2CH3), 1.20 (m, 54H,
PCH2CH3). MS (ESI) for 6 (C96H138Al2F18N6O30P6Pt3S6):m/z
1457.8 ([M - 2OTf]2þ), 654.7 ([M - 4OTf]4þ). Anal. Calcd for
C96H138Al2F18N6O30P6Pt3S6: C, 34.86; H, 4.33; N, 2.61. Found:
C, 34.63; H, 4.57; N, 2.44.

Synthesis of the Trigonal-Bipyramidal Cage 7. 1 (0.79 mg,
1.42 μmol) and the organoplatinum 60� acceptor 4 (2.48 mg,
2.13 μmol) were mixed in an acetone-d6/D2O (1:1, v/v) solution
and kept at 65 �C for 12 h before being transferred into the
appropriate vessels for NMR or ESI-MS characterization. The
solid product was obtained by removing the solvent in vacuo.
Yield: 90%. 31P{1H}NMR [acetone-d6/D2O (1:1, v/v), 121.4MHz]:
δ 14.5 (s, 195Pt satellites, 1JPt-P = 2670.8 Hz). 1H NMR
[acetone-d6/D2O (1:1, v/v), 300 MHz, 298 K]: δ 9.32 (m, 12H,
HR-Py), 8.82 (s, 6H), 8.42 (d, 12H, J=6.3 Hz, Hβ-Py), 7.97 (m,
6H), 7.85 (m, 12H), 5.70 (s, 6H), 2.55 (s, 18H, -CH3), 2.35 (m,
72H, PCH2CH3), 1.35 (m, 108H, PCH2CH3). MS (ESI) for 7
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(C168H252Ga2N12O30P12Pt6):m/z 1445.8 ([M- 3NO3]
3þ), 1068.8

([M- 4NO3]
4þ). Anal. Calcd for C168H252Ga2N12O30P12Pt6: C,

43.85; H, 5.52; N, 3.65. Found: C, 43.96; H, 5.88; N, 3.41.

Synthesis of the Trigonal-Bipyramidal Cage 8. 2 (1.08 mg,
2.11 μmol) and the organoplatinum 60� acceptor 4 (3.67 mg,
3.16 μmol) were mixed in an acetone-d6/D2O (1:1, v/v) solution
and kept at 65 �C for 12 h before being transferred into the appro-
priate vessels for NMR or ESI-MS characterization. The solid
product was obtained by removing the solvent in vacuo. Yield:
92%. 31P{1H} NMR [acetone-d6/D2O (1:1, v/v), 121.4 MHz]: δ
11.8 (s, 195Pt satellites, 1JPt-P= 2658.7 Hz). 1HNMR [acetone-
d6/D2O (1:1, v/v), 300 MHz, 298 K]: δ 9.05 (m, 12H, HR-Py),
8.55 (s, 6H), 8.12 (d, 12H, J=6.3Hz,Hβ-Py), 7.70 (m, 6H), 7.56
(m, 12H), 5.40 (s, 6H), 2.26 (s, 18H, -CH3), 1.52 (m, 72H,
PCH2CH3), 1.15 (m, 108H, PCH2CH3). MS (ESI) for 8 (C174-
H252Al2N12O30P12): m/z 1473.4 ([M - 3NO3]

3þ), 1089.6 ([M -
4NO3]

4þ). Anal. Calcd for C174H252Al2N12O30P12: C, 43.68; H,
5.62; N, 3.72. Found: C, 43.66; H, 5.80; N, 3.52.

Synthesis of the Trigonal-Prismatic Cage 12. A CD3NO2

solution (0.5 mL) of the tripodal donor 9 (1.50 mg, 0.004 mmol)
was added dropwise to a CD3OD solution (0.5 mL) of ruthe-
nium triflate acceptor 10 (5.15 mg, 0.006 mmol). The mixture
was then stirred for 4 h at room temperature. Upon the addition
of diethyl ether, a yellow crystalline powderwas obtained.Yield:
89%. 1H NMR (400 MHz, CD3COCD3): δ 8.21 (d, 3J H,H =
6.6 Hz, 12H, Py-HR), 7.78 (s, 6H, Hbz), 7.61 (d, 3JH,H= 6.6 Hz,
12H,Py-Hβ), 6.11 (d,

3JH,H=6.3Hz, 12H,Har), 5.96 (d, 3JH,H=
6.3 Hz, 12H, Har), 2.96 (sept, 3J H,H= 6.9 Hz, 6H, CH), 2.29 (s,
18H,CH3), 1.39 (d,

3JH,H=6.9Hz, 36H,CH3).MS (ESI) for 12
(C126H114F18N6O30Ru6S6): 1517.0 ([M- 2OTf]2þ), 961.7 ([M-
3OTf]3þ). Anal. Calcd for C126H114F18N6O30Ru6S6: C, 45.40;
H, 3.45; N, 2.52. Found: C, 45.31; H, 3.41; N, 2.50.

Synthesis of the Trigonal-Prismatic Cage 13. A CD3NO2

solution (0.5 mL) of the tripodal donor 9 (2.63 mg, 0.007 mmol)
was added dropwise to a CD3OD solution (0.5 mL) of the

acceptor 11 (9.37mg, 0.010mmol). Themixture was then stirred
for 4 h at room temperature. Upon the addition of diethyl ether,
a wine-red crystalline solid was formed and collected. Yield:
83%. 1H NMR (400 MHz, CD3COCD3): δ 8.45 (d, 3J H,H =
6.6Hz, 12H, Py-HR), 7.84 (s, 6H,H-bz), 7.65 (d, 3JH,H=6.6Hz,
12H,Py-Hβ), 6.21 (d,

3JH,H=6.3Hz, 12H,HAr), 6.01 (d,
3JH,H=

6.3Hz, 12H,HAr), 5.81 (s, 6H,Hq), 3.01 (sept,
3JH,H= 6.92Hz,

6H, CH), 2.26 (s, 18H, CH3), 1.39 (d, 3J H,H = 6.9 Hz, 36H,
CH3).MS (ESI) for 13 (C138H120F18N6O30Ru6S6): 1592.8 ([M-
2OTf]2þ), 1011.9 ([M- 3OTf]3þ). Anal. Calcd for C138H120F18-
N6O30Ru6S6: C, 47.58; H, 3.47; N, 2.41. Found: C, 47.55; H,
3.44; N, 2.43.

Photophysical Studies of 12 and 13. Fluorescence quenching
studies were performed by adding a stock methanol solution of
TNT or PA (1.0 � 10-3 M) gradually to 2.0 mL of methanol
solutions of 12 or 13 (1.0 � 10-6 M). The sample was excited at
280 nm and the emission intensity monitored at 350 nm. Analysis
of the normalized fluorescence intensity (I0/I) as a function of
increasing quencher concentration ([G]) waswell describedby the
Stern-Volmer equation I0/I = 1 þ KSV[G]. KSV was calculated
by fitting the equation to the Stern-Volmer plot.
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