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The design and construction of discrete, functional supramo-
lecular species is an area of expanding development.1 Nanoscale
supramolecular devices that possess microenvironments with
unique mechanical, chemical, or optical properties are of
significant interest.2,3 One of the inherent limitations associated
with the multicomponent covalent synthesis of nanoscale
architectures is the difficulty in predictably generating a single
supramolecular moiety in high, extractable yield. The self-
assembly,Via noncovalent interactions (typically hydrogen
bonding and metal-ligand dative bonding), of nanoscale
complexes provides an attractive alternative to covalent synthesis
in that, when employing the proper synthetic strategy, multi-
component units can spontaneously organize into a single
supramolecular species.4

We recently reported the syntheses, by self-assembly, of rigid
cationic tetranuclear organometallic and inorganic macrocycles
with approximately 90° linkages at the metal or iodonium
center.5 Herein we describe the synthesis and characterization
of two novel organometallic nanodimensional macrocycles. In
contrast to our previously reported macrocycles, these new
complexes display twotrans-platinum linear linkages along the
sides of the square, as well as platinum or iodonium centers
with roughly 90° geometries at the corners of the macrocycle.
The reaction of 4,4′-diiodobiphenyl with 2.2 equiv of Pt-

(PPh3)4 provides a simple and effective route,Via oxidative-
addition, to the bisplatinum complex1 (Scheme 1); this complex
displays two oppositely alignedtrans-platinum centers that will
prove useful in the self-assembly process. The utility of zero-
valent Pt(PPh3)4 in the preparation oftrans-Pt(PPh3)2XR
complexes (X) halide; R) alkyl, alkenyl, acyl, or aryl) is
well documented.6 Complex1 is a CH2Cl2- and CHCl3-soluble
white powder and was characterized by IR, NMR (1H, 31P,13C),
and mass spectroscopy, as well as physical means. Importantly,

the 1H-NMR spectrum of1 displays two sets of doublets
attributable to the Ho (6.45 ppm) and Hm (5.91 ppm) nuclei of
the biphenyl hydrogens magnetically coupled to each other (3JHH
) 8.1 Hz). The31P{1H} NMR spectrum exhibits a singlet for
the equivalenttrans-phosphines at 23.0 ppm, with a1JPPt of
3095 Hz.7 Diagnostic of theη1-aryl carbon-platinum bond is
the observed triplet resonance (2JCP ) 8.4 Hz) in the13C{1H}
spectrum at 144.1 ppm.8

Reaction of complex1 with AgOTf yields the desired
bistriflate complex2 in 80% yield. The19F{1H}-NMR spectra
of 2 displays a singlet at-78 ppm, as is expected for the weakly
bound triflate anion. The31P{1H} singlet resonance of2 is
shifted downfield (to 29.3 ppm) relative to1. Furthermore,2
displays a1JPPtof 3219 Hz, which is significantly larger than1
and indicative of an increase in the Pt-P bonding interaction
and electrophilicity at platinum.9

In order to determine the affinity of the bistriflate complex2
toward nitrogen-based ligands, and therefore its utility in the
self-assembly process, excess pyridine was added to a CH2Cl2
solution of complex2, resulting in the formation of the
bispyridine adduct3.10 As confirmed by NMR spectroscopy,
this cationic complex proved to be robust and not prone to
pyridine loss. The1H chemical shifts of theR- andâ-pyridine
hydrogens of3 are shifted upfield (presumably due to shielding
by PPh3), relative to free pyridine (HR ) 8.50 ppm; Hâ ) 6.99
ppm), to 8.04 and 6.72 ppm, respectively. Complex3 exhibits
a clearly distinct31P{1H} chemical shift (21.8 ppm) and1JPPt
(3063 Hz). The formulation of3 was likewise confirmed by
the FAB-MS that displayed a strong isotopic pattern ascribed
to [M-OTf]+ centered at 1898 amu.
Modular self-assembly of the novel, hybrid iodonium-

organoplatinum nanoscale macrocycle5 was achieved by
addition of a solution of bis[4-(4′-pyridyl)phenyl]iodonium
triflate (4),5c a 90° linkage, to the bistriflate complex,2 (Scheme
2). The formation of5 was quantitative by NMR, although
workup yielded 81% of product5.11 The 31P{1H} NMR of 5
displays a singlet at 22.5 ppm (1JPPt) 3076 Hz);12 as expected,
these data are similar to those of3. Chemical shifts, in acetone-
d6, of the R- and â-pyridine hydrogens (8.52 and 7.18 ppm,
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respectively) of5 are translated upfield by 0.26 and 0.53 ppm,
respectively, relative to the free ligand4. The13C{1H} chemical
shifts of the 4,4′-bis(trans-Pt(PPh3)2)biphenyl portion of5 is
entirely consistent with data for3, whereas the resonances of
the iodonium corner are akin to those reported for the hybrid
cis-platinum-iodonium squares.5c

The structural formulation of the proposed macrocycle5was
firmly elucidated by mass spectroscopy. While the matrix-
assisted laser desorption ionization (MALDI) spectrum of5
failed to exhibit a feature attributable to the [M-OTf] 1+ charge
state ion (9747 amu), it did, nevertheless, display a distinctive
feature at 1500 amu. This peak was tentatively assigned to the
[M-6OTf] 6+ charge state. However, due to the limited
resolution of the MALDI spectrum, electrospray-ionization
Fourier transform ion cyclotron resonance (ESI-FTICR) mass
spectrometry was used for analysis of5; this technique provides
gentle ionization combined with high-resolution capability.13The
ESI-FTICR MS spectrum of5 obtained from an acetone solution
resolved the peak centered atm/z) 1500.163 amu with anm/z
peak spacing of1/6 corresponding to the [M-6OTf] 6+ charge
state ion of macrocycle5. The observed molecular weight
(9000.98 Da) and isotope pattern is in excellent agreement with
the theoretical weight (9001.02; error) 4.4 ppm) and pattern.
Modular self-assembly of macrocycle7 was accomplished

by the addition of a CH2Cl2 solution of the 90° corner,6,14 to
the linear linkage2 (Scheme 3). The reaction was quantitative,
as determined by NMR spectroscopy.15 Importantly, the31P-
{1H} spectra of7 exhibits singlet signals at 21.4 (1JPPt) 3060
Hz) and-5.5 (1JPPt) 2198 Hz) ppm with a 2:1 intensity ratio
accountable to thetrans-PPh3 andcis-dppp, respectively. The
chemical shift of the former phosphorus nuclei parallel the data
of complexes3 and5, while thecis-dppp phosphorus nuclei of

macrocycle7 are clearly distinct from the monomer6 (-3.1
ppm, 1JPPt ) 2185 Hz). TheR- and â-pyridyl hydrogen
chemical shifts (7.53 and 5.87 ppm, respectively) of7 are
translated upfield by 0.67 and 0.74 ppm, respectively, relative
to the free ligand6.
The estimated dimensions of the macrocycle5 are∼3.4 nm

(34 Å) along the edge and∼4.8 nm (48 Å) diagonally.16 For
macrocycle7 these metrical parameters are∼3.0 and∼4.3 nm,
respectively; these values are reasonable since the solid-state
structure of hybrid iodonium-metal macrocycle showed it to
be generally planar and rigid.5c In light of the size of5 and7,
experiments aimed at imaging these nanoscale complexes by
scanning tunneling microscopy are currently underway. We
propose that these new organometallic macrocycles, and other
similar complexes currently under investigation, will be poten-
tially useful devices, particularly in the area of organic synthesis
and organometallic catalysis.17 Furthermore, complex7 is of
significant interest in regard to its potential nonlinear optical
and electronic properties, given the presence of metal-alkynyl
units and possibleπ-conjugation within the macrocycle frame.18
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(11) Selected data for5: mp 202-205 °C dec; IR (thin film; acetone-
d6; cm-1) 3058 (C-H), 1393, 1435, 1480 (Ar), 1276, 1260, 1155, 1098
(OTf); 1H NMR (499.8 MHz; acetone-d6) δ 8.52 (d, 16H, partially obscured,
HR-Py), 8.49 (d, 16H,3JHH 8.5, HR-PhI), 7.69 (d, 16H,3JHH 8.5, Hâ-
PhI), 7.18 (d, 16H,3JHH 6.5, Hâ-Py), 6.82 (d, 16H,3JHH 8.0, Ho-Pt), 6.35
(d, 16H,3JHH 8.0, Hm-Pt); 13C{1H} NMR (125.7 MHz; acetone-d6) δ 153.6
(s, CR-Py), 148.3 (s, Cγ-Py), 141.3 (s, Cγ-PhI), 138.6 (s, CR-PhI), 137.7
(s, Co-Pt), 136.8 (s, Cp-Pt), 131.6 (s, Câ-PhI), 128.1 (t,2JCP 9, Ci-Pt),
126.3 (s, Cm-Pt), 124.9 (s, Câ-Py), 122.4 (q,1JCF 322, OTf), 116.4 (s,
Ci-PhI); 31P{1H} NMR (acetone-d6) δ 22.5 (s,1JPPt3076);19F{1H} NMR
(acetone-d6) δ -77 (s). Anal. Calcd for C436H336F36I4N8O36P16Pt8S12: C,
52.92; H, 3.42; N, 1.13. Found: C, 49.40; H, 3.58; N, 1.03.

(12) Rotation about the I-C or Pt-C(alkyne) bond at both corners of
the squares5 and 7 results in time-averaged equivalency of the PPh3
phosphine nuclei in the31P{1H} NMR.
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cm-1) 3076, 3054 (C-H), 2119 (CtC), 1605, 1587, 1482, 1435 (Ar), 1265,
1150, 1100, 1030 (OTf);1H NMR (300 MHz; CD2Cl2) 7.53 (d,3JHH 6.5,
16H, HR-Py), 6.67 (d, 16H,3JHH 8.1, Ho-Pt), 6.30 (d, 16H,3JHH 8.1, Hm-
Pt), 5.87 (d, 16H,3JHH 6.4, Hâ-Py); 13C{1H} NMR (125.7 MHz; CD2Cl2)
δ 150.52 (s, CR-Py), 137.97 (s, Co-Pt), 137.4 (br s, Cγ-Py), 136.56 (s,
Cp-Pt), 127.80 (s, Câ-Py), 126.43 (s, Cm-Pt), 121.84 (q,1JCF 321, OTf),
122.0 (m, CtCR-Pt), 107.10 (m, CâtC-Pt); 31P{1H} NMR (CD2Cl2) δ
21.4 (s, 16P,1JPPt 3060, PPh3), -5.5 (s, 8P,1JPPt 2198, PPh2); 19F{1H}
NMR (CD2Cl2) δ -78 (s). Anal. Calcd for C508H408F24N8O24P24Pt12S8:
C, 56.47; H, 3.81; N, 1.04. Found: C, 55.32; H, 3.89; N, 1.04.
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the following known structural parameters: the I to Pd distance of 11.2 Å
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for trans-Pt(PPh3)2(Ph)Cl.16a (a) Conzelmann, W.; Koola, J. D.; Kunze,
U.; Strähle, J.Inorg. Chim. Acta1984, 89, 147-149.
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