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The design and construction of discrete, functional supramo-

lecular species is an area of expanding developféinoscale 0 1y NMR spectrum of 1 displays two sets of doublets
supramolecular devices that possess microenvironments W'thattributable to the (6.45 ppm) and H (5.91 ppm) nuclei of
unique m(_echanlcasll, chemical, or optical properties aré of o pinheny hydrogens magnetically coupled to each ofigs (
significant interest:® One of the inherent limitations associated _ 8.1 Hz). The*'P{H} NMR spectrum exhibits a singlet for
with the multicomponent covalent synthesis of nanoscale o .equivélemtransrphosphines at 23.0 ppm, with Gy of
architectures is the pliffic_ulty _in predictably gengrating a single 3095 Hz’ Diagnostic of theyl-aryl carbowpla’tinum bond is
supramolecular moiety in high, extractable yield. The self- the observed triplet resonandddp = 8.4 Hz) in thel®C{ *H}
assembly,via noncovalent interactions (typically hydrogen spectrum at 144.1 ppfh

bonding and metalligand dative bonding), of nanoscale Tpo,iion of complext with AgOTf yields the desired
complexes provides an attractive alternative to covalent synthe5|sbi striflate complex2 in 80% yield. The'9F{1H}-NMR spectra

in that, when employing the proper synthetic strategy, multi- 5 yico1avs o singlet at 78 ppm, as is expected for the weakly
component units can spontaneously organize into a single oy iiate anion. Th@lP{*H) singlet resonance d is

supramolecular speciés. Shift ) ;
- ed downfield (to 29.3 ppm) relative tb Furthermore?

We recently reported the syntheses, by self-assembly, of rigid 150 ¢ 415, of 3(219 Hz \Ev%ic)h is significantly larger thain
cationic tetranuclear organometallic and inorganic macrocycles and indicative of an incréase in the-fR bonding interaction
with approximately 90 linkages at the metal or iodonium and electrophilicity at platinurh
center? Herein we describe the synthesis and characterization . L .

. : ; In order to determine the affinity of the bistriflate comp&x
of two novel organometallic nanodimensional macrocycles. In toward nitrogen-based ligands, and therefore its utility in the

o ey o o e oo el ey process, excess pydine s added o1
P play P 9 9 solution of complex2, resulting in the formation of the

sides of the square, as well as platinum or iodonium centers . - .
. ’ . bispyridine adducB.1° As confirmed by NMR spectroscopy,
W'%f‘ﬂggg@g gfiﬂgﬂ(')%sogit tﬁgnC?rleﬁLS gfzﬂf L?\?Cg?(g/:le. this cationic complex proved to be robust and not prone to
; pheny < € pyridine loss. ThéH chemical shifts of the-- andS-pyridine

(PPh)4 provides a simple and effective routda oxidative- h ; : "
> . : e ydrogens o8 are shifted upfield (presumably due to shielding
addition, to the bisplatinum compléx(Scheme 1); this complex by PPh), relative to free pyridine (K= 8.50 ppm; H = 6.99

displays two oppositely aligngdans-platinum centers that will . -

prove useful in the self-assembly process. The utility of zero- ppm), to 8.04 a”g 6'172 ppm, respectively. Com3axhibits

valent Pt(PP§), in the preparation oftransPt(PPR),XR a clearly distinct” P{H} chemical shift (21.8 ppm) antlee:
4 2 (3063 Hz). The formulation 08 was likewise confirmed by

complexes (X= halide; R= alkyl, alkenyl, acyl, or aryl) is - : - . !
We!l documented. Complex1is a.CI—lzCIz- and CHC}-soluble :ge[l\';é%%% T :r:tglrsertljla%e&g;t;%nug isotopic pattern ascribed
white powder and was characterized by IR, NMR,(P, °C), Modular self-assembly of the nbvel hybrid iodonitm

and mass spectroscopy, as well as physical means. Importantlybrganoplatinum nanoscale macrocydewas achieved by
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1995 95, 2725-2828. (b) Whitesides, G. M.; Simanek, E. E.; Mathias, J. i 5¢c i istri

P.; Seto, C. T.; Chin, D. N.; Mammen, M.; Gordon, D. Wcc Chem t2r|f|at_|(_ah(4),f a9(t§.’ IInka}ge, to the blstTﬂtate %Oml\pllll\(ﬂaé,(S(l:S]emeh
Res 1995 28, 37—44. (c) Cram, D. J.; Cram, J. MContainer Molecules ). € Tormation ofs> was quantitative Dy , althoug
and Their GuestsThe Royal Society of Chemistry: Cambridge, England, workup yielded 81% of produci.’® The 3P{*H} NMR of 5
1994. (d) Lehn, J.-MSupramolecular Chemistry: Concepts and Perspec- displays a singlet at 22.5 ppriJgpr= 3076 Hz)2 as expected,

ggeééggs?bhshers: Weinheim, 1995.  (e) Tour, J. 8hem Rev. 1996 these data are similar to those3f Chemical shifts, in acetone-

(2) Drexler, K. E.Nanosystems: Molecular Machinery, Manufacturing  ds, Of the a- and 8-pyridine hydrogens (8.52 and 7.18 ppm,
and ComputationWiley: New York, 1992.

(3) Recent key references: (a) Fujita, M.; Oguro, D.; Miyazawa, M.; (6) (a) Abel, E. W.; Stone, F. G. A.; Wilkenson, G., E@amprehensie
Oka, H.; Yamaguchi, K.; Ogura, KNature 1995 378 469-471. (b) Organometallic Chemistry ]IElsevier Science: Tarrytown, New York,
Bedard, T. C.; Moore, J. 9. Am Chem Soc 1995 117, 10662-10671. 1995; Vol. 9. (b) Stille, J. KThe Chemistry of the Metal-Carbon Band
(c) Amabilino, D. B.; Dietrich-Buchecker, C. O.; Sauvage, JJPAm Hartley, F. R., Patai, S., Eds.; Wiley: Chichester, England, 1985; Vol. 2,
Chem Soc 1996 118 3285-3286. (d) van Nostrum, C. F.; Picken, S. J.; Chapter 9. (c) Sen, A,; Chen, J.-T.; Vetter, W. M.; Whittle, RJRAM
Schouten, A.-J.; Nolte, R. J. M. Am Chem Soc 1995 117, 9957-9965. Chem Soc 1987, 109, 148-156. (d) Crociani, B.; DiBianci, F.; Giovenco,
(e) Ashton, P. R.; Ballardini, R.; Balzani, V.; Credi, A.; Gandolfi, M. T.;  A.; Berton, A.; Bertani, RJ. Organomet Chem 1989 361, 255-267.
Menzer, S.; Peez-Garéa, L.; Prodi, L.; Stoddart, J. F.; Venturi, M.; White, (7) For comparison, th&P NMR data fortrans-Pt(PPR),(Ph)l, synthe-

A. J. P.; Williams, D. JJ. Am Chem Soc 1995 117, 11171-11197. (f) sized independently, are as follow®P{1H} NMR (CDCls) 6 21.2 (S,3Jppt
Drain, C. M.; Lehn, J.-M.J. Chem Soc, Chem Commun 1994 2313- = 3081 Hz). See: Anderson, G. K.; Clark, H. C.; Davies, J. A.
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Chem Soc 1995 117, 8793-8797. (d) Stang, P. J.; Whiteford, J. A.  vinyl)(L)][OTf] %2 (L = CsHsN and CO) complexes have been reported.
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respectively) ob are translated upfield by 0.26 and 0.53 ppm,
respectively, relative to the free ligadd Thel3C{1H} chemical
shifts of the 4,4bistransPt(PPh)2)biphenyl portion of5 is
entirely consistent with data f@, whereas the resonances of
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macrocycle7 are clearly distinct from the monomér(—3.1
ppm, YJppr = 2185 Hz). Thea- and S-pyridyl hydrogen
chemical shifts (7.53 and 5.87 ppm, respectively)7ofre
translated upfield by 0.67 and 0.74 ppm, respectively, relative

the iodonium corner are akin to those reported for the hybrid to the free ligandb.

cis-platinum—iodonium square%:
The structural formulation of the proposed macrocycieas

The estimated dimensions of the macrocygkere~3.4 nm
(34 A) along the edge and4.8 nm (48 A) diagonally® For

firmly elucidated by mass spectroscopy. While the matrix- macrocycle7 these metrical parameters ar8.0 and~4.3 nm,

assisted laser desorption ionization (MALDI) spectrumb5of
failed to exhibit a feature attributable to the fNDTf] 1+ charge

respectively; these values are reasonable since the solid-state
structure of hybrid iodoniummetal macrocycle showed it to

state ion (9747 amu), it did, nevertheless, display a distinctive be generally planar and righd. In light of the size of5 and?7,
feature at 1500 amu. This peak was tentatively assigned to theexperiments aimed at imaging these nanoscale complexes by

[M—60Tf] 6+ charge state. However, due to the limited
resolution of the MALDI spectrum, electrospray-ionization

scanning tunneling microscopy are currently underway. We
propose that these new organometallic macrocycles, and other

Fourier transform ion cyclotron resonance (ESI-FTICR) mass similar complexes currently under investigation, will be poten-

spectrometry was used for analysissopthis technique provides
gentle ionization combined with high-resolution capabilitifhe
ESI-FTICR MS spectrum d obtained from an acetone solution
resolved the peak centerednalz = 1500.163 amu with am/z
peak spacing of/s corresponding to the [M60Tf] 6+ charge
state ion of macrocycl®. The observed molecular weight

(9000.98 Da) and isotope pattern is in excellent agreement with

the theoretical weight (9001.02; errer 4.4 ppm) and pattern.

Modular self-assembly of macrocyclewas accomplished
by the addition of a Ckl; solution of the 90 corner,6,* to

the linear linkage (Scheme 3). The reaction was quantitative,

as determined by NMR spectroscofly.Importantly, the3!P-
{H} spectra of7 exhibits singlet signals at 21.4J6p;= 3060
Hz) and—5.5 (Jpp= 2198 Hz) ppm with a 2:1 intensity ratio
accountable to theansPPh andcis-dppp, respectively. The

chemical shift of the former phosphorus nuclei parallel the data

of complexes3 and5, while thecis-dppp phosphorus nuclei of

(11) Selected data fd: mp 202-205 °C dec; IR (thin film; acetone-
de; cm™1) 3058 (C-H), 1393, 1435, 1480 (Ar), 1276, 1260, 1155, 1098
(OTf); I1H NMR (499.8 MHz; acetonés) 6 8.52 (d, 16H, partially obscured,
Ho—Py), 8.49 (d, 16H3J4y 8.5, H,—Phl), 7.69 (d, 16H3J4n 8.5, Hy—
Phl), 7.18 (d, 16H3Ju4 6.5, Hy—Py), 6.82 (d, 16H3Jn 8.0, H—Pt), 6.35
(d, 16H,334n 8.0, Hn—Pt); 13C{1H} NMR (125.7 MHz; acetonek) & 153.6
(s, G—Py), 148.3 (s, ¢—Py), 141.3 (s, &-Phl), 138.6 (s, &—Phl), 137.7
(s, G—Pt), 136.8 (s, G—Pt), 131.6 (s, g—Phl), 128.1 (t2Jcp 9, G—PY),
126.3 (s, G—Pt), 124.9 (s, G—Py), 122.4 (g, Xcr 322, OTf), 116.4 (s,
Ci—Phl); 3?P{*H} NMR (acetoneds) 6 22.5 (s,'Jpp:3076);19F{1H} NMR
(acetonaje) o —77 (S) Anal. Calcd for GzeHz36F36l aNgO36P16P18S12: C,
52.92; H, 3.42; N, 1.13. Found: C, 49.40; H, 3.58; N, 1.03.

(12) Rotation about the-C or Pt-C(alkyne) bond at both corners of
the squaress and 7 results in time-averaged equivalency of the PPh
phosphine nuclei in th&'P{1H} NMR.

(13) Bruce, J. E.; Cheng, X.; Bakhtiar, R.; Wu, Q.; Hofstadler, S. A,;
Anderson, G. A.; Smith, R. DI. Am Chem Soc 1994 116, 7839-7847.

tially useful devices, particularly in the area of organic synthesis
and organometallic catalysts. Furthermore, compleX is of
significant interest in regard to its potential nonlinear optical
and electronic properties, given the presence of metiklynyl
units and possibla-conjugation within the macrocycle frarde.
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(14) Whiteford, J. A.; Stang, P. J. Manuscript in preparation.

(15) Selected data fof: mp 215-220 °C dec; IR (thin film; CDCly;
cm %) 3076, 3054 (C-H), 2119 (G=C), 1605, 1587, 1482, 1435 (Ar), 1265,
1150, 1100, 1030 (OTf*H NMR (300 MHz; CD,Cl,) 7.53 (d,3Jun 6.5,
16H, H,—Py), 6.67 (d, 16H3J4 8.1, H—Pt), 6.30 (d, 16H334 8.1, Hn—
Pt), 5.87 (d, 16H3J4n 6.4, Hy—Py); 13C{*H} NMR (125.7 MHz; CDCl,)

6 150.52 (s, G—Py), 137.97 (s, &-Pt), 137.4 (br s, C-Py), 136.56 (s,
C,—Pt), 127.80 (s, &-Py), 126.43 (s, &—Pt), 121.84 (qiJcr 321, OT),
122.0 (m, G=C,—Pt), 107.10 (m, g=C—Pt); 31P{*H} NMR (CD,Cl,) &

21.4 (s, 16P pp; 3060, PPK), —5.5 (s, 8P, Jpp; 2198, PPh); 19F{1H}

NMR (CDQClz) o —78 (S) Anal. Calcd for 6oaH40824Ng024P24P 1 5Ss:

C, 56.47; H, 3.81; N, 1.04. Found: C, 55.32; H, 3.89; N, 1.04.

(16) We can reasonably estimate the dimensions arfid 7 employing
the following known structural parameters: the | to Pd distance of 11.2 A
for the hybrid iodonium-palladium squarés the Pt to Pd distance for the
tetranuciear macrocycle incorporating monoréesf 9.6 A4 the 4-C to
4'-C distance of 7.1 A for biphenyl, and the-RE bond length of 2.06 A
for trans-Pt(PPR),(Ph)Cl62 (a) Conzelmann, W.; Koola, J. D.; Kunze,
U.; Stréhle, J.Inorg. Chim Acta 1984 89, 147—149.

(17) Reference 1d, Chapter 5.

(18) Manna, J.; John, K. D.; Hopkins, M. dv. Organomet Chem
1995 38, 79-154 and references therein.



