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By employing the coupling reaction oftrans-PtI2(Et3)2 with C-H bonds in alkynes as the key step, two
new 60° organometallic subunits with different size from 3,6-dibromophenanthrene were prepared in
reasonable yields. The X-ray structures of both di-Pt(II) diiodide complexes showed that they were indeed
suitable candidates for 60° building units. By utilizing these novel linkers as ditopic acceptor subunits,
three M3L2 trigonal-bipyramidal (TBP) cages were formed. All three TBP cages were characterized with
multinuclear NMR and electrospray ionization mass spectrometry (ESI-MS) along with element analysis.

The design and synthesis of three-dimensional (3D) cages
via coordination-driven self-assembly has become a very active
field within supramolecular chemistry in the past decade.1 A
large amount of elegant 3D structures with well-defined shape
and size have been reported,2 and some of them exhibit very
promising application in host-guest chemistry3 and catalysis.4

Among these well-designed 3D supramolecular structures,
M3L2-type cages represent the simplest constructions and some
unusual properties.5 For instance, the supramolecular trigonal
prisms prepared by Bosnich’s group, each bearing three mo-
lecular clefts, were shown to form 1:6 and 1:7 host-guest
complexes with 9-methylanthracene.3e

A predesigned supramolecular M3L2 cage can be assembled
via the edge-directed self-assembly method by the reaction of
two tritopic subunits with three ditopic tectons. It is worth noting
that 90° angular5a,b,6and 0° angular3e,5c-f di-Pt(II) or di-Pd(II)
linkers have been extensively explored as ditopic tectons to build
M3L2 cages. However, until now, there has been less investiga-
tion of self-assembly of M3L2 trigonal-bipyramidal (TBP) cages
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by employing 60° angular precursors as ditopic acceptor
subunits. This might be attributed to the dearth of appropriate
60° units.

3,6-Bis[trans-Pt(PEt3)2(NO3)] phenanthrene1 derived from
3,6-dibromophenanthrene has proven to be a very effective 60°
bidental tecton to construct supramolecular triangles.7 It indicates
that 3,6-dibromophenanthrene can be a useful skeleton to build
novel 60° building blocks. Herein, we report the design and
synthesis of new 60° organometallic subunits with different size
from 3,6-dibromophenanthrene and self-assembly of M3L2 TBP
cages by utilizing these novel di-Pt(II) linkers as ditopic acceptor
subunits. All three TBP cages are characterized with multi-
nuclear NMR and electrospray ionization mass spectrometry
(ESI-MS).

Synthesis of the 60° Tectons.The activity of C-H bonds
in alkynes induced by transition metals has received considerable
attention in organometallic chemistry.8 A large number of
oligomeric and polymeric transition-metal complexes containing
σ-bonded acetylene units have been prepared, and their ap-
plications in the field of materials sciences have been studied.9

Herein, we utilize the coupling reaction oftrans-PtI2(Et3)2 with
the C-H bonds in alkynes as the key step to synthesize two
novel 60° tectons.

From 3,6-dibromophenanthrene2, 3,6-diethynylphenanthrene
4 was prepared by the coupling reaction with (trimethylsilyl)-
acetylene, followed by deprotection with KOH in a mixture of
methanol and THF. Compound4 was then reacted with 4 equiv
of trans-PtI2(Et3)2 to give diiodometal complex5 as reported

in the literature.10 Subsequent halogen abstraction with AgOTf
resulted in the isolation of the bistriflate salt6 in high yield
(Scheme 1).

Another larger 60° tecton can be obtained by introduction of
π-conjugated hydrocarbon bridges (Scheme 2) via repetitive
applications of the Sonagshira coupling of aryl halides with
terminal alkynes. The coupling reaction of 3,6-diethynylphenan-
threne4 with 4 equiv of 1,4-diiodobenzene in a mixture of THF
and triethylamine generated 3,6-bis(1-iodo-phenylethynyl)-
phenanthrene7, in the presence of cuprous iodide/Pd(0)
catalysts, in good yield. From compound7, the larger 60° tecton
11 was synthesized by using procedures similar to those used
to prepare6.

Both diplatinum linkers6 and11 displayed a singlet at 23.1
and 25.2 ppm, respectively, accompanied by concomitant195Pt
satellites in the31P{1H} NMR spectra. The1H NMR spectra of
6 and11exhibited characteristic phenanthrene proton resonances
in the aromatic area, two singlets and two doublets. Compared
to di-Pt(II) donor6, in the1H NMR spectrum of11, all proton
resonances in the phenanthrene ring displayed downfield shifts
due to the electron withdrawing by the largeπ-conjugated
bridges. For example, the H4 (δ 8.94 ppm) of11 showed about
0.5 ppm downfield shift from 8.41 ppm in the spectrum of6.

Single crystals of di-Pt(II) diiodide complexes5 and 10,
suitable for X-ray diffraction studies, were grown by slow vapor
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SCHEME 1. Synthesis of 60° Angular Di-Pt(II) Acceptor
Subunit 6

SCHEME 2. Synthesis of 60° Angular Di-Pt(II) Acceptor
Subunit 11
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evaporation of a solution of a solvent mixture (dichloromethane/
methanol 1/1) at ambient temperature for 2-3 days. An ORTEP
representation of the structure of5 (Figure 1) shows that it is
indeed a suitable candidate for a 60° building unit, with the
angle between the two platinum coordination planes being
approximately 65°. The distance between the two Pt centers in
5 is 11.11 Å. All of the atoms (except for the triethylphosphine
ligands) lie approximately in the same plane.

Similar to 5, the X-ray structure of10 shown in Figure 2
exhibits an approximate 55° angle between the two platinum
coordination planes that indicates it is also a proper alternative
for 60° building unit. The distance between the two Pt centers
in 10 is 17.04 Å, which is much longer than that in both new
di-Pt(II) diiodide 5 and known di-Pt(II) donor linker1.
Compared to5 and1, the difference in the structural feature in
10 is that the coordination vectors are not perfectly parallel to
each other, as the dihedral angle between the diethynylbenzene
units (sCtCC6H4CtCs) is about 13°, which may be caused
by the unhindered rotation around the acetylene bonds. A similar

phenomenon has been discussed in the case of the anthracene-
based “clip”.5d

Self-Assembly and NMR Studies of Supramolecular TBP
Cages.Heating the tetrahedral donor12and the 60° diplatinum
acceptor1 in a 2:3 stoichiometric ratio in a 1:1 (v/v) acetone-
d6/D2O mixture overnight resulted in M3L2 TBP cage13.
Likewise, the TBP cages14 and 15 can be prepared by
combination of tritopic donor12 and 60° diplatinum acceptors
6 and11 in a 2:3 ratio at ambient temperature in excellent yields,
respectively (Scheme 3). Multinuclear NMR (1H and 31P)
analysis of assemblies13-15 displayed very similar charac-
teristics that suggested the formation of discrete, highly sym-
metric species. The31P {1H} NMR spectra of13, 14, and15
exhibited a sharp singlet (ca. 14.3 ppm for13, 19.7 ppm for
14, and 16.6 ppm for15) shifted upfield from the starting
platinum acceptors1, 6, and11 by approximate 9.7 ppm for
13, 3.5 ppm for14, and 8.6 ppm for15, respectively. This
change, as well as the decrease in coupling of the flanking195-
Pt satellites (ca.∆J ) -200 Hz13, ∆J ) -70 Hz14, and∆J

SCHEME 3. Self-Assembly of Supramolecular TBP Cages

FIGURE 1. ORTEP diagram of 60° di-Pt(II) diiodide complex5.
Thermal ellipsoids are drawn to 30% probability.

FIGURE 2. ORTEP diagram of 60° di-Pt(II) diiodide complex10.
Thermal ellipsoids are drawn to 30% probability.

Yang et al.

9466 J. Org. Chem., Vol. 71, No. 25, 2006



) -50 Hz 15), is consistent with back-donation from the
platinum atoms. In the1H NMR spectrum of each assembly,
the hydrogen atoms of the pyridine rings exhibited small
downfield shifts (R-H, 0.10-0.27 ppm;â-H, 0.3-0.4 ppm) due
to the loss of electron density that occurs upon coordination of
the pyridine-N atom with the Pt(II) metal center (Figure 3).
Two doublets were observed for theR-hydrogen nuclei in the
1H NMR spectrum of13, and this might be attributed to hindered
rotation about the Pt-N(pyridyl) bond that has been reported
previously.11 On the contrary, the1H NMR spectra of14 and
15 showed only one doublet for theR-H protons that may be
due to free rotation of the Pt-N(pyridyl) bond in these cages,
which are much larger than cage13. The sharp NMR signals
in both the31P and1H NMR along with the solubility of these
species ruled out the formation of oligomers.

Mass-Spectrometric Characterization of Supramolecular
TBP Cages. Assemblies13-15 exhibited similar ESI-MS
spectra, thereby further substantiating their TBP cage structures.
The ESI-MS spectra of assembly13 (Figure 4A) showed three
charged states atm/z ) 2242.7, 1474.5, and 1090.4, corre-
sponding to [M- 2NO3]2+, [M -3NO3]3+, and [M- 4 NO3]4+,
where M represents the intact assemblies, and their isotopic
resolution are in excellent agreement with the theoretical
distribution. In the ESI-MS spectra of assemblies14 and 15,
peaks attributable to the loss of triflate counterions, [M-
3OTf]3+(m/z )1609.5 for14, m/z )1169.8 for15), and [M -
4OTf]4+(m/z )1809.5 for 14, m/z )1319.9 for 15) were
observed. These peaks were isotopically resolved, and they agree
very well with the theoretical distribution (Figure 4B,C).

Two new 60° organometallic subunits with different size from
3,6-dibromophenanthrene were prepared in reasonable yields,
and three M3L2 TBP cages were formed by utilizing these novel
di-Pt(II) substrates as ditopic acceptor subunits. To the best of
our knowledge, these represent the first instances of predesinged,
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Org. Chem.2006, 71, 6644-6647.

FIGURE 3. Partial 1H NMR spectra of free tritopic donor subunit12 (A), supramolecular TBP cages13 (B), 14 (C), and15 (D).

FIGURE 4. Calculated (top) and experimental (bottom) ESI-MS spectra of supramolecular TBP cages13 (A), 14 (B), and15 (C).
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supramolecular M3L2 TBP cages that are derived from 60°
organometallic subunits as ditopic acceptor tectons. This
enriches the library of approaches to build well-defined three-
dimensional architectures. Likewise, the formation of the M3L2

TBP cages with different size 60° di-Pt(II) ditopic acceptor
subunits and tripod donors has once again proven the versatility
and modularity of the directional bonding approach to self-
assembly. All three TBP cages are characterized with multi-
nuclear NMR and electrospray ionization mass spectrometry
(ESI-MS) along with element analysis.

Experimental Section

Synthesis of 3,6-Diethynylphenanthrene 4.In a 100 mL round-
bottom Schlenk flask were dissolved 3,6-dibromophenanthrene2
(1.0 g, 2.98 mmol) and 1.69 mL trimethylsilylacetylene (11.7 mmol)
in 40 mL of freshly distilled THF and 10 mL of dry triethylamine.
A mixture of 0.344 g of tetrakis(triphenylphosphine)palladium
(0.298 mmol) and 106 mg of cuprous iodide (0.24 mmol) was
added, and the suspension was stirred for 16 h at room temperature
in the absence of light. After removal of the solvent, the residue
was suspended in 100 mL of diethyl ether and washed twice with
100 mL of water, and the organic phase was dried over magnesium
sulfate. After filtration, the solvents were removed, and the residue
was separated by column chromatography on silica gel. With a
solvent mixture (hexane/acetone 25/1), 0.95 g (86%,Rf ) 0.45,
hexane/acetone 6/1) of3 was isolated.

Desilylation of3 (0.33 g, 0.70 mmol) was achieved by stirring
the compound in a saturated solution of methanol-THF (3 g KOH
in 20 mL of methanol and 20 mL of THF) for 3 h. The solution
was carefully diluted with 50 mL of water, and the organic product
was extracted with diethyl ether. Drying the ether phase over
magnesium sulfate and subsequent filtration resulted in a slightly
yellow oil after removal of the solvent. Column chromatography
on silica gel with a solvent mixture (hexane/acetone 7/1) yielded4
as a white powder. Yield: 0.52 g, 90%. Mp: 200-201 °C. Rf )
0.42 (hexane/acetone 8/1).1H NMR (CDCl3, 300 MHz): 8.82 (s,
2H, H4,5), 7.85 (d, J ) 8.1 Hz, 2H, H1,8), 7.74-7.67 (m, 4H,
H2,7,9,10), 3.23 (s, 2H, Hethynyl). 13C NMR (CDCl3, 75 MHz): δ 132.3,
130.2, 129.6, 128.9, 127.8, 127.3, 120.7, 84.3, 78.2. MS (EI)m/z:
226.0 (M+).

Synthesis of 3,6-Bis[trans-Pt(PEt3)2I(ethynyl)]phenanthrene
5. To a 100 mL round-bottom Schlenk flask were addedtrans-
diiodobis(triethylphosphine)platinum (1.21 g, 1.77 mmol) and4 (0.1
g, 0.44 mmol). Then 20 mL of toluene and 10 mL of dry ethylamine
were added under nitrogen. The solution was stirred for 10 min at
room temperature before 20 mg of cuprous iodide was added in
one portion. After 16 h at room temperature, a small amount of
diethylammonium iodide started precipitating out of solution. The
solvent was removed in vacuo, the resulting yellow residue was
separated by column chromatography on silica gel with a solvent
mixture (benzene/hexane 2/1), and5 was isolated. Yield: 0.43 g,
73%.Rf ) 0.43 (benzene/hexane 2/1). Mp: 244-245°C. 1H NMR
(CDCl3, 300 MHz): δ 8.5 (s, 2H, H4,5), 7.72 (d,J ) 8.1 Hz, 2H,
H1,8), 7.59 (s, 2H, H9,10), 7.49 (d,J ) 8.1 Hz, 2H, H2,7), 2.28 (m,
24H, PCH2CH3), 1.24 (m, 36H, PCH2CH3). 13C NMR (CDCl3, 75
MHz): δ 130.4, 129.8, 129.6, 128.4, 126.7, 126.3, 124.4, 101.5,
91.0, 16.9, 8.6.31P NMR (CD2Cl2, 121.4 MHz): δ 5.76 (s,1JPt-P
) 2325.3 Hz). MS (ESI)m/z: 1341.2 (M+). Anal. Calcd for
C42H68I2P4Pt2: C, 37.62; H, 5.11. Found: C, 37.60; H, 5.09.

Synthesis of 3,6-Bis[trans-Pt(PEt3)2OTf(ethynyl)]phenanthrene
6. A 50 mL round-bottom Schlenk flask was charged with 0.3 g
(0.22 mmol) of5 and 15 mL of dichloromethane. To the solution
was added 0.17 g (0.66 mmol) of AgOTf at once, resulting in a
yellowish precipitate of AgI. After 4 h at room temperature, the
suspension was filtered through a glass fiber and the volume of
the solution reduced to 5 mL. Subsequent addition of diethyl ether
resulted in the precipitation of the bistriflate salt6 as a slightly

yellow crystalline powder. Yield: 0.28 g, 92%. Mp: 96-97 °C.
1H NMR (CD2Cl2, 300 MHz): δ 8.41 (s, 2H, H4,5), 7.76 (d,J )
8.4 Hz, 2H, H1,8), 7.62 (s, 2H, H9,10), 7.46 (d,J ) 7.9 Hz, 2H,
H2,7), 2.11 (m, 24H, PCH2CH3), 1.27 (m, 36H, PCH2CH3). 31P NMR
(CD2Cl2, 121.4 MHz): δ 23.1 (s,1JPt-P ) 2386.5 Hz). MS(ESI)
m/z: 1235.0 (M+ - OTf), Anal. Calcd for C44H68F6O6P4Pt2S2: C,
38.15; H, 4.95. Found: C, 37.78; H, 4.65.

Synthesis of 3,6-Bis(1-iodophenylethynyl)phenanthrene 7.The
tetrakis(triphenylphosphine)palladium (0.204 g, 0.18 mmol), tri-
ethylamine (10 mL), and 1,4-diiodobenzene (1.17 g, 3.54 mmol)
were stirred together at room temperature for 15 min in a nitrogen
atmosphere. Cuprous iodide (34 mg, 0.18 mmol) was then added,
followed by alkyne4 (0.201 g, 0.88 mmol). The solution was heated
for 15 h at 60°C, during which time the color changed to yellowish
white. The reaction was quenched with ammonium chloride,
extracted with ether, washed with brine, dried over magnesium
sulfate, filtered, concentrated, and purified by column chromatog-
raphy (hexane/acetone 10/1). Yield: 0.42 g, 75%.Rf ) 0.4 (hexane/
acetone 10/1). Mp: 238-239°C. 1H NMR (CDCl3, 300 MHz): δ
8.86 (s, 2H, H4,5), 7.87 (d,J ) 8.1 Hz, 2H, H1,8), 7.75-7.70 (m,
8H, H2,7,9,10and PhH), 7.35 (d,J ) 8.4 Hz, 4H PhH). 13C NMR
(CDCl3, 75 MHz): δ 137.8, 133.4, 132.2, 129.8, 128.9, 127.7,
126.6, 122.9, 121.5, 94.6, 91.6, 89.6. MS (EI)m/z: 629.5 (M+ -
1).

Synthesis of 3,6-Bis(1-ethynlphenylethynyl)phenanthrene 9.
In a 100 mL round-bottom Schlenk flask were dissolved7 (0.40 g,
0.63 mmol) and 0.36 mL of trimethylsilylacetylene (2.54 mmol)
in 100 mL of freshly distilled THF and 15 mL of dry triethylamine.
A mixture of 147 mg of tetrakis(triphenylphosphine)palladium (0.13
mmol) and 25 mg of cuprous iodide (0.13 mmol) was added, and
the suspension was stirred for 36 h at room temperature in the
absence of light. After removal of the solvent, the residue was
suspended in 100 mL of diethyl ether and washed twice with 100
mL of water, and the organic phase was dried over magnesium
sulfate. After filtration, the solvent was removed and the residue
separated by column chromatography on silica gel. With a solvent
mixture (hexane/acetone 10/1), 0.294 g (81%,Rf )0.45, hexane/
acetone 6/1) of8 was isolated.

Desilylation of8 (0.294 g, 0.51 mmol) was achieved by stirring
the compound in a saturated KOH solution of methanol-THF (3
g in 20 mL of methanol and 20 mL of THF) for 4 h. The mixture
was diluted with water, neutralized with aqueous ammonium
chloride, and extracted with ether; the extract was washed with
water, dried over anhydrous sodium sulfate, and evaporated to afford
the crude acetylenic derivative. Column chromatography on silica
gel with a solvent mixture (hexane/acetone 7/1) yielded of9 as a
white powder. Yield: 0.202 g, 93%. Mp:>300 °C. Rf ) 0.37
(hexane/acetone 3/1).1H NMR (CDCl3, 300 MHz): δ 8.89 (s, 2H,
H4,5), 7.89 (d,J ) 8.4 Hz, 2H, H1,8), 7.75 (m, 4H, H2,7,9,10), 7.59
(d, J ) 8.4 Hz, 4H, PhH), 7.53 (d,J ) 8.4 Hz, 4H, PhH), 3.20 (s,
2H, Hethynyl). 13C NMR (CDCl3, 75 MHz): δ 132.4, 132.2, 131.8,
129.8, 129.8, 129.0, 127.7, 126.7, 123.9, 122.2, 121.5, 92.1, 90.0,
83.5, 79.2. MS (EI)m/z: 427.1 (M+ + 1).

Synthesis of 10. trans-Diiodobis(triethylphosphine)platinum
(0.964 g, 1.40 mmol) and9 (0.15 g, 0.35 mmol) were added to a
100 mL round-bottom Schlenk flask. Then 20 mL of toluene and
10 mL of dry ethylamine were added under nitrogen atmosphere.
The solution was stirred for 10 min at room temperature before 20
mg of cuprous iodide was added in one portion. After 16 h at room
temperature, a small amount of diethylammonium iodide started
precipitating out of solution. The solvent was removed in vacuo,
and the resulting yellow residue was separated by column chro-
matography in silica gel. The column was eluted with a solvent
mixture (benzene/hexane 2/1) to give10 as a yellow powder.
Yield: 0.41 g, 75%.Rf ) 0.56 (benzene/hexane 2/1). Mp: 226-
228 °C. 1H NMR (CDCl3, 300 MHz): δ 8.87 (s, 2H, H4, 5), 7.87
(d, J ) 8.1 Hz, 2H, H1,8), 7.73 (m, 4H, H2,7,9,10), 7.49 (d,J ) 8.1
Hz, 4H, PhH), 7.29 (m, 4H, PhH), 2.25 (m, 24H, PCH2CH3), 1.18
(m, 36H, PCH2CH3). 13C NMR (CDCl3, 75 MHz): δ 131.9, 131.7,
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130.9, 129.8, 129.8, 128.9, 128.9, 128.5, 127.5, 126.4, 122.0, 120.0,
100.6, 93.5, 91.0, 90.9, 16.5, 8.2.31P NMR (CD2Cl2, 121.4 MHz):
δ 9.39 (s,1JPt-P) 2313.64 Hz). MS (ESI)m/z: 1541.0 (M+). Anal.
Calcd for C58H76I2P4Pt2: C, 45.20; H, 4.97. Found: C, 45.24; H,
4.94.

Synthesis of 11.A 0.30 g (0.194 mmol) portion of10 and 15
mL of dichloromethane were added in 50 mL Schlenk flask. To
the solution was added 0.15 g (0.58 mmol) of AgOTf at once,
resulting in a yellowish precipitate of AgI. After 4 h at room
temperature, the suspension was filtered through a glass fiber, and
the volume of the solution reduced to 5 mL. Subsequent addition
of diethyl ether resulted in the precipitation of the bistriflate salt
11 as a slightly yellow crystalline powder. Yield: 0.29 g, 94%.
Mp: 132-133 °C. 1H NMR (CD2Cl2, 300 MHz): δ 8.89 (s, 2H,
H4,5), 7.91 (d,J ) 8.1 Hz, 2H, H1,8), 7.78 (s, 2H, H9,10), 7.76 (d,J
) 8.1 Hz, 2H, H2,7), 7.52 (d,J ) 8.1 Hz, 4H, PhH), 7.27 (d,J )
8.1 Hz, 4H, PhH), 2.25 (m, 24H, PCH2CH3), 1.18 (m, 36H,
PCH2CH3). 31P NMR (CD2Cl2, 121.4 MHz): δ 25.18 (s,1JPt-P )
2364.99 Hz). MS (ESI)m/z: 1435.5 (M+ - OTf). Anal. Calcd for
C60H76F6O6P4Pt2S2: C, 45.45; H, 4.83. Found: C, 45.18; H, 4.52.

Synthesis of TDP Cage 13.Nitrate1 (6.02 mg, 0.0052 mmol)
and the tripod donor12 (1.94 mg, 0.0035 mmol) were placed in a
2-dram vial. A 1 mL portion of a mixture of solvent (acetone-d6/
D2O 1/1) was added. The reaction mixture was stirred overnight at
55 °C. The solution was evaporated to dryness, and white solid
was collected. Yield: 7.75 mg, 97%.1H NMR (acetone-d6/D2O
1/1, 300 MHz): δ 8.85 (d,J ) 5.7 Hz, 6H, HR-Py), 8.80 (d,J )
5.7 Hz, 6H, HR-Py), 8.51 (s, 6H, H4,5), 7.69-7.74 (m, 18H, Hâ-Py
and H1,8), 7.44-7.53 (m, 24H, H2,7, H9,10 and PhH), 7.07 (d,J )
8.4 Hz, 12H, PhH)), 1.32 (m, 72H, PCH2CH3), 1.04-1.14 (m,
108H, PCH2CH3). 31P {1H} NMR (acetone-d6/D2O 1/1, 121.4
MHz): δ14.3(s,1JPt-P)2686.9Hz).Anal.CalcdforC196H258N12O18P12-
Pt6·H2O: C, 50.84; H, 5.66; N, 3.63. Found: C, 50.44; H, 5.85; N,
3.39.

Synthesis of TDP Cage 14.To a 0.4 mL portion of a
dichloromethane-d2 solution of triflate6 (7.44 mg, 0.0054 mmol)
was added 0.4 mL of a solvent mixture (dichloromethane-d2/
acetone-d6 3/1) of the tripod donor12 (2.01 mg, 0.0036 mmol)
drop by drop with continuous stirring (10 min). The reaction mixture
was stirred for 1.5 h at room temperature. The solution was

evaporated to dryness, and the pale yellow solid was collected.
Yield: 9.03 mg, 96%.1H NMR (dichloromethane-d2/acetone-d6 7/1,
300 MHz): δ 8.83 (d,J ) 5.4 Hz, 12H, HR-Py), 8.50 (s, 6H, H4,5),
7.80-7.82 (m, 18H, Hâ-Py and H1,8), 7.67 (s, 6H, H9,10), 7.60 (d,
J ) 8.1 Hz, 12H, PhH), 7.51(d,J ) 8.1 Hz, 6H, H2,7), 7.21 (d,J
) 5.1 Hz, 12H, PhH)), 1.91(m, 72H, PCH2CH3), 1.21-1.26 (m,
108H, PCH2CH3). 31P {1H} NMR (dichloromethane-d2/acetone-d6

7/1, 121.4 MHz): δ 19.7 (s,1JPt-P ) 2318.6 Hz). Anal. Calcd for
C214H258F18N6O18P12Pt6S6: C, 48.69; H, 4.93; N, 1.59. Found: C,
48.65; H, 5.31; N, 1.64.

Synthesis of TDP Cage 15.To a 0.4 mL portion of a
dichloromethane-d2 solution of triflate11 (7.79 mg, 0.0049 mmol)
was added 0.4 mL of a solvent mixture (dichloromethane-d2/
acetone-d6 3/1) of the tripod donor12 (1.84 mg, 0.0033 mmol)
drop by drop with continuous stirring (10 min). The reaction mixture
was stirred for 1.5 h at room temperature. The solution was
evaporated to dryness, and the orange solid was collected. Yield:
9.44 mg, 98%.1H NMR (dichloromethane-d2/acetone-d6 7/1, 300
MHz): δ 8.87 (s, 6H, H4,5), 8.65 (br, 12H, HR-Py), 7.87 (br, 6H,
H1,8), 7.73-7.75 (m, 18H, Hâ-Py and H9,10), 7.49-7.57 (m, 30H,
H2,7 and PhH), 7.26 (d,J ) 7.5 Hz, 12H, PhH), 7.17 (d,J ) 6.0
Hz, 12H, PhH), 1.81(m, 72H, PCH2CH3), 1.16-1.33 (m, 108H,
PCH2CH3). 31P {1H} NMR (dichloromethane-d2/acetone-d6 7/1,
121.4 MHz): δ 16.6 (s,1JPt-P ) 2321.0 Hz). Anal. Calcd for
C262H282F18N6O18P12Pt6S6: C, 53.52; H, 4.83; N, 1.43. Found: C,
53.38; H, 5.23; N, 1.82.
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