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Abstract: Reaction of metallacrown and metallacalixarene platinum bistriflates with bipyridine as well as other
bidentate connector ligands results in the formation of tetranuclear macrocycles via self-assembly that combine crown
ether and calixarene chemistry with molecular squares. Multinuclear NMR spectroscopy and electrospray mass
spectrometry are employed to characterize these unique supramolecular species. The calixarene metallamacrocycles

are used in simple transport experiments to carry su
chloroform.

Introduction

Crown ethers? and calixarene%along with other classical
macrocycles such as cyclophariesyclodextrins cavitands,

Ifonate salts from one aqueous phase into another through

phenomeno¥1° and continue to be of active research
interest®=1°® An interesting subclass of crown ethers and
calixarenes are metallacrowfsind metallacalixarenésthat,
analogous to crown ethers and calixarenes, are capable of

cryptands, and clathrates are the progenitors of current SUPrajinding hard metal cations and small molecules, respectivély.

molecular chemistr§=1> They played pivotal roles in the
development of hostguest chemistry and inclusion

Recently, molecular squarés®* have emerged as the latest
members of the family of supramolecular species. Molecular
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Scheme 1.Self-Assemby of Macrocyclic Metallacrown Ether Molecular Squares
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squares are examples of discrete cyclic assemblies whére 90showed a broad singlet (line width at half heightl69 Hz) at

angles establish a well-defined geometry and shape.

Thisroom temperature, which turned into the usual sharp singlet (line

feature, combined with the conformational rigidity and multiple width at half height= 19 Hz) only at 95°C. We attribute this
positive charges at the corners of these unique molecular squaredehavior to the likely intramolecular complexation of the crown

make them attractive hosts for electron rich gué%#. Hence,

ether oxygens o2 to the Pt metal center. Interaction®fvith

crown ethers, host par excellence for hard metal cations andeither bipyridine, 8) or diazapyrened), respectively, afforded
calixarenes premier hosts for neutral guests, nicely complementthe desired macrocyclic producésand6 via self-assembly in
molecular squares that may serve as hosts for electron rich andCH;OH/CH,CI, in good isolated yields (Scheme 1).

perhaps anionic species. Therefore, we reasoned that it would Likewise, reaction of the knovéhcalix[4]arene-platinum(ll)

be interesting to combine these different types of macrocycles chloride complex7 with a 10% molar excess of AgOTf in
into single, unique, molecular assemblies. Herein we report CH,Cl, afforded the desired bistriflate compl&x Interaction

the preparation in high isolated yields, via self-assembly, as well of 8 with bipyridine 3 in CH,CI, at room temperature resulted
as the characterization of the first examples of metallacrown in the self-assembly of the desired calixarene molecular square

ether and metallacalixarene based cationic, tetranuclear, mac9 in essentially quantitative yield (Scheme 2).

rocyclic molecular squares and some preliminary chemistry.

Results and Discussion

Reaction of the knowA? platinum-metallacrown ether com-
plex 1 with a slight excess of AgQOSQF; in CH,Cl, afforded
the required square planar metallacrown ether Pt bistrilate
Interestingly, the3!P{1H} spectrum of2, in contrast to the
spectra of previous square planar Pt and Pd triflate compféxes,

Similarly,
interaction of8 with the knowr® bisheteroaryliodonium salt
10 resulted in the novel hybrid calixaren@donium—Pt
molecular squarél in good isolated yield (Scheme 3).

These unique hybrid macrocyclic crown ether and calixarene
molecular squares are stable colorless microcrystalline solids
and are characterized by elemental analyses as well as infrared
and multinuclear NMR methods and, for compleXeand 9,
an electrospray mass spectrum. In accord with the symmetry
requirements of these macrocyclic molecular squares, the

(31) For square tetramers based on transition metal diamines, see: (a)31P{ 1H} spectra display a single sharp singlet, with appropriate
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Y. J.; Washizu, S.; Ogura, KI. Am. Chem. Socl994 116 1151. (e)
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4175. (g) Fujita, M.J. Synth. Org. Chem. (JpnlP96§ 54, 953.
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Soc.1995 117, 11588. Slone, R. V.; Hupp, J. T.; Stern, C. L.; Albrecht-
Schmitt, T. E.Inorg. Chem.1996 35, 4096.

(33) Rauter, H.; Hillgeris, E. C.; Erxleben, A.; Lippert, 8. Am. Chem.
Soc.1994 116 616.

(34) Stricklen, P. M.; Volcko, E. J.; Verkade, J. G.Am. Chem. Soc.
1983 105 2494.

(35) Fujita, M.; Yazaki, J.; Ogura, Kletrahedron Lett1991, 32, 3589.

Pt-satellites, for the eight equivalent chelating phosphorus
groups. The presence of the triflate counterions is indicated
by the1°F singlet between-76 and—77.8 ppm as well as by
the infrared absorptions around 1250, 1100, and 1030cm
characteristic of ionic triflate® TheH and3C{!H} spectra,
although complex, are not only diagnostic of the proposed
structures ob, 6 and9, 11 but are consistent with the respective
spectral data of the constituent metallacrown efthemd
calixarené! complexes and the molecular squ8@mponents,

(36) Lawrence, G. AChem. Re. 1986 86, 17 and references cited
therein.
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Scheme 2 Self-Assembly of Macrocyclic
Metallacalix[4]arene Molecular Squage
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whose individual structures have been confirmed by single-
crystal X-ray determinations.
More specifically, the protons to N in 5 resonate at 8.9
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Scheme 3Self-Assembly of Hybrid
Calix[4]arene-Platinum-lodinium Molecular Squard1
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The tetrameric nature of the macrocycle, in addition to the
presence of water f@&, was unambiguously determined by ESI-
FTICR mass spectromet?. Figure 2 shows the isotopically
resolved ESI-FTICR mass spectrum of complex The

ppm and the comparable proton resonance for the dppp-chelatedsotopically resolved signals centeredratz 2260 and 2266

Pt-molecular squaf@is at 9.0 ppm. Fo8, the protonsx to N
are at 9.9 ppm and the comparable protons for the-Het—

correspond to the [M- 3OTf]*" and [M — 30Tf + H,OJ3"
species, respectively, which clearly indicate a tetrameric com-

diazapyrene square are at 10 ppm. Each of these hydrogerplex. The inset in Figure 2 shows an expansion plot of the 3

signals is shifted downfield relative to free bipyridyl (bigy
and diazapyrenel, as expected upon chelation. Likewise, the
C, for 5in the3C NMR spectra are at 152.6 and at 151.8 ppm
for the related dpppPt—bipy square?? whereas fol, C, is at
146.4 ppm and in the relatedsPt-Pt—diazapyrene square,C
is at 147.0 ppm. Similarly, the GhHsignalsa. to the chelating
P in5 and6 are consistent with those in the metallacrown ether,
as are the proton signals of the remaining methylene units.

A similar situation exists for molecular squat®and11 and
the constituent components calix[4]arene and “parent” molecular

charge-state of the comple® and comparison with the
theoretical isotopic distribution of the predicted elemental
composition of the 3 molecular ion (i.e., loss of three triflate
counteranions) [€s7HaosF1sNsO31PsP1Ss]. These data pro-
vide: (a) an experimental MW of 6780.612 farwhich agrees
well with the theoretical MW of 6780.555; (b) evidence for the
presence of at least one noncovalep®dduct ird (theoretical
MW 6798.566, experimental MW 6798.619); and (c) a near
perfect match of the experimental and theoretical isotopic
envelopes for macrocycl®, supporting the tetrameric nature

squares, as can be seen by close examination of the respectivef complex9, and along with the multinuclear spectral data, its

experimental data.

A noteworthy feature of complexes 6, and9, 11 is the
relatively high number of water molecules occluded in the solid
state. Moreover, the water from eitieor 6 was not removed
even upon heating at 10@ under vacuum for a week. We
hypothesize that the water is likely to be interacting with the
cationic Pt via the oxygen lone pairs and simultaneously
hydrogen bonded to the crown ether oxygens as illustrated in
Figure 1. A similar explanation has been suggeStedaccount
for the high water content of the Pt-group metallacrown ethers.

(37) (a) Gray, G. MCommun. Inorg. Chert995 17, 95. (b) Alcock,
N. W.; Brown, J. M.; Jeffery, J. CJ. Chem. Soc., Dalton Tran§976
583. (c) Alcock, N. W.; Brown, J. M.; Jeffery, J. @. Chem. Soc., Chem.
Commun.1974 829.

structure’® Similarly, the 2+ charge-state was observed for
complex5 and resulted in an experimental MW of 4421.695,
which compares well with the theoretical MW of 4421.732.

(38) Cheng, X. H.; Gao, Q. Y.; Smith, R. D.; Simanek, E. E.; Mammen,
M.; Whitesides, G. MRapid Commun. Mass Spectrof®95 9, 312.

(39) It needs to be emphasized that it is not a simple or routine matter
to obtain either X-ray or mass spectral data on these unique, complex,
coordinatively bonded, supramolecular species. Each experiment is a major
undertaking (as is of course well-known in crystallography) with no
guarantee of success. To date, we have been unable to obtain suitable single
crystals of any of the complex&s 6, 9, and 11, and able to obtain a
electrospray mass spectrum of oBlgnd9. However, once an electrospray
mass spectrum or an X-ray structure is obtained on a closely related
congener, we are anchored and related complexes may be securely identified
by careful (multinuclear NMR, IR, etc.) spectral comparisons and satisfac-
tory elemental analyses.
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Figure 1. Possible water coordination by cationic squatesnd6 in
the crown ethere portion of the assembly. 3.25 x 10°° M solution

(30 ml) of 9 in CDCl3

Theoretical
Isotopic Magnetic Stirring Bar
Aﬂ Mmsmbutmn Figure 3. U-Tube transport setup.
a b 3) established that both sodium tosylagand13 were readily
2256 2260 2264
transported by the metallamacrocy@ecross the chloroform
phase.
Experimental SO-Na
Isotopic ’
Distribution CH34©—SO3N;1
12 13
2256 2260 2264 No transport occurred in the absence of h8sin the

- - chloroform phase. When an equal molar mixturdafand13
[M - 30T was employed, NMR sampling indicated that in the initial phases
—_— (first 10—20%) of transport sodium tosylate was preferentially
S carried across the chloroform phase by Hbsver the sodium
salt of 2-naphthalenesulfonic acid with a selectivity of-1.5

100

% Abundance

» [M - 30TF + H,03* 2.0. This selectivity for the smaller of the two sodium
25 arenesulfonates by hod, although admittedly small, is
nevertheless interesting. At present we have insufficient data
0 and insight to rationalize this preference. Moreover, such
2225 2245 2265 2285 2305 “passive transport” along a concentration gradigist compli-
m/z cated by the fact that after about-105% of the amount of
Figure 2. ESI-FTICR of metallamacrocycl® (top), theoretical initially present substrate (in the left-hand aqueous phase in
(middle), experimental isotopic distribution for the [M 30TFF* Figure 3) is carried into the receiving phase by the host, back
charge-state (bottom). transport becomes significant. Back transport limits both the

selectivity and the efficiency of material separations in such
| simple passive transport systems. Nevertheless, these experi-
fnents can provide useful insights into the molecular recognition
and complexation properties of supramolecular macrocyclic
hosts. In the present instance, the fact that these novel
macrocycles act as anion hosts is particularly noteworthy as
much less is known about anion complexatfthan cation and
neutral substrate interactions by molecular héstginally, very
preliminary experiments indicate that h@dt able to transport
aromatic amino acids as well.

Transport of Organic Sulfonate Anions via Molecular
Square 9 Having established the structure of these nove
supramolecular assemblies, which combine the classical covalen
crown ethers and calixarenes with the coordinated molecular
squares, we set out to investigate, in a preliminary manner, their
chemistry. One of the more interesting and potentially useful
properties of supramolecular species is molecular recognition
and complexatiofi-1° One way of assessing molecular rec-
ognition and complexation of organic substrates is their transport
across a concentration gradient, in a U-type cell (Figure 3), by
macrocyclic host4? We measured the transport of the sodium
salt of arenesulfonic acids from one agueous phase into a secon
aqueous phase through a chloroform phase in the presence and The preparation, via self-assembly, of a set of novel supra-
absence of ho&tin the chloroform phase. Periodic NMFH) molecular species that combine the classical covalent crown
sampling of the second £ phase (right-hand arm in Figure ether and calixarene macrocycles with the coordinated molecular
squares is reported. Multinuclear NMR along with elemental

reféfg)ngéiciﬁgfgin F.Angew. Chem., Int. Bd. Engl98§ 27, 362 and analyses and ESI-FTICR mass spectrometry are used to fully
(41) Winger, B. F.; Hofstadler, S. A.; Bruce, J. E.; Udseth, H. R.; Smith, Characterize these supramolecular assemblies. The excellent

é?onclusions

R.D.J. Am. Soc. Mass SpectrotB93 4, 566. agreement between the experimental and theoretical molecular
(42) Bruce, J. E.; Vanorden, S. L.; Anderson, G. A.; Hofstadler, S. A;;
Sherman, M. G.; Rockwood, A. L.; Smith, R. D. Mass Spectron1995 (46) For recent examples of anion receptors, see: (a) Small, J. H;
30, 124. McCord, D. J.; Greaves, J.; Shea, KJIJAm. Chem. So995 117, 11588.
(43) Schweikhard, L.; Guan, S. H.; Marshall, A. 1@t. J. Mass Spectrom. (b) Xu, W.; Vittal, J. J.; Puddephatt, R.1bid. 1995 117, 8362. (c) Morgan,
lon Proc 1992 120, 71. G.; McKee, V.; Nelson, JJ. Chem. Soc., Chem. Comm@895 1649. (d)
(44) GOOGLY Software, Andrew Proctor, 1995. Ilwata, S.; Tanaka, Klbid. 1995 1491.
(45) Rockwood, A. L.; Vanorden, S. L.; Smith, R. Bnal Chem1995 (47) For a review, see: Molecular Recognition, Tetrahedron Symposia-

67, 2699. in-Print; Hamilton, A. D., Ed.Tetrahedron1995 51, 343-652.
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weights along with the match of isotopic envelopes for
macrocycless and 9 unambiguously establish the tetrameric
nature of these complexes. Simple, “passive transport” experi-
ments demonstrate that macrocy8lis capable of transporting
sodium tosylatel 2 as well asl3 from one aqueous phase into
another through chloroform. A small selectivity of 8.0 is
observed for the preferential transportii over 13.

Experimental Section

1H, 18C, %F, and®P NMR spectra were recorded on a Varian XL-
300 spectrometer at 300, 75, 282, and 121 MHz, respectiviy.

J. Am. Chem. Soc., Vol. 119, No. 22, 199767

Calcd for G7eH176PtuPsSsNgOssF24:12H,0: C, 42.83; H, 4.08; N, 2.27;
S, 5.20. Found: C, 42.51; H, 3.77; N, 2.39; S, 5.40.

Preparation of [Pt(PPhy(CH>CH>0)sCH,CH,PPh,)(2,9-diaza-
pyrene)(OTf),]4 6. In analogy with the preparation &f 26 mg (0.025
mmol) of 2 was reacted with 6 mg (0.028 mmol) of 2,9-diazapyfne
in 40 mL of CH.CIl, and CHOH (1:1 mixture) fo 3 h at 25°C. A
similar workup resulted in the formation of a light yellow solid, 20
mg (66%) of6: mp 215-218°C (dec.); IR (CCJ) 3095, 3037, 1258,
1155, 1104, 1029 cn; 'H NMR (CD.Cl,/CDsOD) 6 9.9 (d, H,, Jup
= 2.3 Hz), 8.1 (s, ), 7.77-7.73 (bm, H), 7.28-7.24 (bm, Hh, ),
4.4-4.29 (bm, CH), 4.03-4.01 (bm, 2 CH), 2.81 (bs, CH); 3C{*H}
NMR (CD,Cl,/CDs;OD) ¢ 146.4 (G), 133.7 (G), 133.0 (G), 129.8
(Cn), 128.6 (G), 128.2 (Gyso, diazapyrene), 125.5 (§o, Ph), 124.2

chemical shifts are reported relative to the residual nondeuterated solvenkcﬁ)' 121.4 (q, G, Jor = 319 Hz), 70.3 (G or Cy), 70.0 (G or Cu),

of acetone aty 2.05 or methylene dichloride at 5.32. The'3C
chemical shifts are referenced relative to {LLOCD; at & 29.0 or
CD.Cl,atd 52.0. The'F NMR spectra are referenced to CE(lealed
capilliary) ato 0.00, and thé'P chemical shifts are referenced to 85%
HsPO, (sealed capillary) ab 0.00 in the appropriate solvent. Melting
points were obtained with a Mel-Temp capillary melting point apparatus

and are uncorrected. Elemental analyses were performed by Atlantic

Microlab, Inc., Norcross, GA.

All reactions were performed in oven-dried glassware under an inert
atmosphere of dry Nand solvents used during the workup were reagent
or HPLC grade except hexanes which was distilled from Cahtl
was stored over molecular sieves (3 A). Dry £# and DMF used
for reactions were distilled from CalHand were stored over molecular
sieves (3 A) if not used immediately after distillation. Acetone used

66.8 (G); **P{*H} NMR (CD,Cl,/CD;OD) 6 —0.98,Jpr = 2900 Hz;
%F NMR (CDCI,/CDsOD) 6 —76 (s, 8 G-3S0s). Anal. Calcd for
CrooH176PtuPsSsNgOs6F24: C, 46.95; H, 3.61; N, 2.28; S, 5.22. Found:
C, 43.92; H, 3.64; N, 1.89; S, 4.51.

Synthesis of 5,11,17,23-Tetréert-butyl-25,27-bis((diphenylphos-
phino)ethoxy)-26,28,-dipropoxycalix[4]arene-Platinium Bistriflate
8. To a solution of calix[4]aren-platinum chlorigfe(1.581 g, 1.11
mmol) in 20 mL CHCl,, AgOTf (0.600 g, 2.34 mmol) was added at
room temperature, and the reaction mixture was stirred overnight. The
insoluble material (AgCI) was removed by filtration and washed with
CH_Cly; during the filtration, additional insoluble material precipitated
and was filtered. This filtration procedure was repeate 2imes
until a clear filtrate resulted. The solvent from the combined filtrates
was evaporated by blowing:NXo a small quantity, which was triturated

for the preparation of square was HPLC grade and stored over molecularyith dry hexanes, and the precipitate thus formed was collected by

sieves (3 A). p-Toluenesulfonic acid and 2-naphthalenesulfonic acid,
sodium salts, were commercially avaiable compounds (Aldrich) and
were recrystallized from C¥OH/H,O. 2,7-Diazapyrene was prepared
by modified literature proceduré.

Preparation of [Pt(PPhy(CH2CH20):CHCH,PPh,)(OTf);] 2. To
a solution in a Schlenk flask containing 111 mg (0.14 mmol) of
Pt(PPR(CHCH,0);CH,CH,PPh)(CI);22 in 60 mL of CHCl, was
added 108 mg (0.42 mmol) of AQOTf. The reaction mixture was stirred
at 25°C for 48 h with the exclusion of light. To the heterogeneous
mixture was added 30 mL of GB®H, which was then filtered through
a coarse-porosity glass frit containing Celite. The clear filtrate was
concentrated to 10 mL under reduced pressure, followed by the addition
of diethyl ether to precipitate the metal triflate complex. Collection
under an atmosphere of nitrogen and drying under vacuum in a drying
tube gave a tan-colored powder, 112 mg (78%Z20fmp 50-55 °C
(dec.); IR (CC}) 3099, 3038, 1252, 1225, 1160, 1104 ¢m'H NMR
(CD.CI/CD;0D) ¢ 7.52-7.44 (bm, PP}, 7.43-7.33 (bm, PP}), 4.25
(bs, CH), 3.98 (t, CH), 3.91 (bm, CH)), 2.8 (bm, CH); **C{*H} NMR
(CD.CI,/CD30OD) 6 133.7 (d, G, Jep = 11 Hz), 133.5 (d, & Jep =
2.5 Hz), 129.7 (d, & Jcp = 12 Hz), 122.2 (d, Gso Jor = 70 HZ),
121.0 (g, G, Jer = 319 Hz), 73.6 (s, €or Cy), 68.4 (s, G or Cy),
32.2 (G or Cy, Jep= 37 Hz), 27.8 (d, Gor Cy, Jep = 46 Hz);3'P{*H}
NMR (CD,Cl,/CDsOD) 6 14.0 (vb),Jpro= 4000 Hz;**F NMR (CDCly/
CDsOD) 6 —76 (s, 2 G&-3S0s). Anal. Calcd for GsH3ePtP.S,0O9Fs-
4H,0: C, 37.27; H, 4.05; S, 5.85. Found: C, 37.28; H, 3.69; S, 5.93.

Preparation of [Pt(PPhy(CHCH>0):CHCH,PPh,)(4,4-bipyrid-
yl)(OTf)2]4 5. To a 50 mL Schlenk flask, equipped with a stir bar,
containing 81 mg (0.078 mmol) &in 30 mL of CH,Cl, and CHOH
(2:1 mixture) was added 19 mg (0.12 mmol) of 'dppyridine. The
resulting homogenous reaction mixture was allowed to stir at@5
for 2 h. The reaction mixture was filtered through a coarse-porosity
glass frit lined with a Whatman 934-AH glass microfibre to afford a
clear, colorless solution. The filtrate was reduced in volume by 75%
by rotary evaporation, followed by addition of diethyl ether to afford
a tan-colored solid, 72 mg (78%) @2 mp 210-222°C (dec.); IR
(CCly) 3131, 3069, 1255, 1221, 1104, 1106 ¢miH NMR (CD.Cly/
CD;0D) 6 8.91 (d, H,, Jun = 7 Hz), 7.75 (d, B, Jun = 6.5 Hz), 7.69-
7.63 (M, ), 7.52-7.47 (m, H), 7.35-7.30 (M, H,), 4.20-4.05 (bm,
CHy), 4.07-3.95 (bm, 2 CH), 2.50 (bs, CH); *3C{*H} NMR (CD.Cl,/
CD;0D) 6 152.6 (G), 145.5 (G), 134.1 (G), 133.4 (G), 130.2 (Gy),
126.4 (Goso, 125.3 (G), 121.5 (g, G, Jer = 320 Hz), 71.0 (@),
70.6 (G), 67.3 (G); 31P{*H} NMR (CD,Cl,/CDs0D) 6 —1.24 (S),Jeip
= 3310 Hz;*°F NMR (CD,Cl,/CDsOD) 6 —76 (s, 8 G&3S0;). Anal.

filtration and dried under vacuum to afford 1.51 g of the desired product
8 as an off-white solid (yield 82%): mp 21219°C (dec., shrunk at
196 °C); H NMR (CDxCl,) 6 7.70 (m, 8 H, H-pnd, 7.61 (M, 4 H,
Hp-pnp), 7.50 (M, 8 H, Kh-pnp), 7.13 and 6.42 (24 H each, Ho),
4.16 and 3.20 (AB quartel = 12.7 Hz 4 H each, ArCGi,Ar); 4.13
(m, overlap, ArOG1,CH,PPh), 3.91 (t, overlap, ArO8,CH,CHs), 3.86
(m, overlap, ArOCHCH,PPh), 1.77 (m, 4 H, ArOCHCH,CHj), 1.30
and 0.80 (2s, 18 H eactkert-butyl), 1.00 (t, 6 H, ArOCHCH,CHj3);
3C NMR (CD,Clp) 6 154.3 and 152.1 (2s,A35-28), 147.1 and 145.2
(2s, Gy112351), 135.9 and 132.1 (2S,42.9,13.21,37,15.00 133.4 (S, G-php),
133.1 (t, G-pr, 130.0 (t, Gi-prp, 126.3 and 125.2 (2S,45012.22,24.4,6,16. )%
124.3 (M, Gpso-rne), 120.4 (q,d = 317.0 Hz,CF3), 78.2 (s, ArCCH,-
CH,PPh), 69.3 (s, ArGCH,CH,CHs), 34.6 and 34.1 (2$3(CHz)s); 31.9
and 31.4 (2s, @H3)3); 31.8 (s, ACHAT), 28.2 (m, ArOCHCH,PPh),
23.3 (s, ArOCHCH,CHs), 10.3 (s, ArOCHCH,CH3); 3P NMR
(CDCly) 8 —4.4 (s,Jpp = 3917 Hz);'%F NMR 6 —79.1 (s). Anal.
Calcd for Q0H94F5010P2Pt$'2H202 C, 5697, H, 586, S, 3.80.
Found: C, 56.66; H, 5.81; S, 3.78.

Preparation of Molecular Square 9. 4,4-Bipyridine (0.0300 g,
0.192 mmol) was allowed to react with calix[4]aretrfet(OTf), (8)
(0.348 g, 0.211 mmol) in C¥Cl, (20 mL) at room temperature for 3
h. The colorless solution was evaporated withtdl one third of its
volumn and then was layered with distilled hexaneg8@ mL) for
several days. The cotton-like crystalline material was collected by
filtration, washed well with hexanes, and dried under vacuum to give
the desired produc®f (0.342 g, 98%) as a white solid: mp 36808
°C (dec., shrunk at 296C); *H NMR (CD,Cl,) ¢ 8.66 (d,J = 4.73
Hz, 16 H, Hpy), 7.81 (M, 32 H; H-pp, 7.54 (M, 48 H, Hhp-prnd).
7.27 (d,J = 6.65 Hz, 16 H, H-p), 7.12 and 6.39 (2s, 16 H each,
Haro), 4.50 and 4.25 (2bs, overlap, Ar®GCH,PPh), 4.14 and 3.15
(AB quartet,J = 12.8 Hz, 16 H each, ArB,Ar), 3.76 (t, 16 H,
ArOCH,CH,CHg), 1.97 (s,H20), 1.48 (m, 16 H, ArOChICH,CHj3),
1.30 and 0.79 (2s, 72 H eactert-butyl), 0.87 (t, 24 H; ArOCH
CH,CHj3); 3C NMR (CD.Cl,) 6 154.2 and 151.1 (2s,435,27-28), 151.6
(S, Cl_py), 146.6 and 144.6 (ZS,AQ1,23,5,1); 143.1 (S, (;—Py), 135.8
and 131.9 (25, 5;1,9,13,21,3,7,15,1)3 133.3 (m, Gfpm:), 133.1 (bS, me:),
130.2 (m, C,-.-Php), 125.9 and 124.7 (25,AQ0,12,22,24,4,6,16,J)8 124.2 (m,
CipschhF); 123.8 (S, gfpy), 121.0 (q,J = 320.1 HZ,CF3), 77.5 (S,
ArOCH,CH;PPh), 69.5 (s, ArGCH,CH,CHs), 34.3 and 33.7 (2s,
C(CHs)3), 31.8 (obscured by @Hs)s; ArCHAr), 31.6 and 31.0 (2s,
C(CHa)3), 29.1 (m, ArOCHCH,PPh), 22.4 (s, ArOCHCH,CHs), 9.8
(s, ArOCHCH,CHj3); 3P NMR (CD,Cl,) 6 —6.9 (s,Jptp = 3231 Hz);
19 NMR (Cchlz) o -78.7 (S) Anal. Calcd for @d‘|4od:24Ngo4o-
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PgPt,Ss-8H,0-0.5CHCIl,:  C, 58.40; H, 5.78; N, 1.51; S, 3.46.
Found: C, 58.03; H, 5.46; N, 1.42; S, 3.60.

Preparation of Hybrid Molecular Square 11. In a 50 mL round
bottom flask, bis[4-(4pyridyl)phenylliodonium triflaté® (35.4 mg,
0.0606 mmol) was suspended in 20 mL of acetone, and then calix[4]-
arene-Pt(OTf), (8) (0.103 g, 0.0607 mmol) was added all at once. A
pale yellow solution resulted within a few minutes. Afteh of stirring
at room temperature, the solvent was evaporated withTte residue
was taken up in CkCl; (~10 mL), and then triturated with ED. The
white precipitate thus formed was collected by filtration, washed with
Et,O, and dried under vacuum to give 0.103 gldfas a white solid.
From the filtrate, a second crop @il (0.014 g) was obtained to give
a total yield of 84%: mp 248C (dec., darkened at 23€); *H NMR
(acetoneds) 6 8.97 (d,J = 4.88 Hz, 8 H, H-py), 8.39 (d,J = 8.82
Hz, 8 H, Hi-ipn), 7.96 (M, 16 H, B-pnp); 7.76 (d,J = 8.82 Hz, 8 H,
Hg-ipn), 7.58 (m, overlap, Hy-pre, 7.52 (d,J = 6.52 Hz, overlap,
Hg-py), 7.23 and 6.51 (28 H each, Hio), 4.42-4.41 (2bs, overlap,
ArOCH,CH,PPh), 4.28 and 3.22 (AB quartel,= 12.81 Hz 8 H each,
ArCH-Ar), 3.93 (t, 8 H, ArOCH,CH,CHs), 2.88 (bsH20) 1.62 (m, 8
H, ArOCH,CH,CHs), 1.32 and 0.83 (2s, 36 H eadert-butyl), 0.89
(t, 12 H, ArOCHCH,CHg), *3C NMR (acetoneds) 6 155.0 and 152.0
(2s, Guzs27-28), 152.1 (s, G-py), 150.2 (s, C-py), 146.9 and 145.0 (2s,
CAr11'23'5'1), 139.6 (S, C;qph), 137.4 (S, Q*IPh), 136.4 and 132.8 (ZS,
Car1,91321,37,15 134.1 (t, G-pnp), 133.5 (S, G-pne), 131.7 (S, G-pn),
130.8 (t, anphp); 126.7 and 125.5 (25,,&@0112,22'24,4@15,])3 125.7 (S,
Cs-py), 125.5 (M, Gso-rnp), 122.2 (q,J = 321.2 Hz;CF3), 117.5 (s,
Cl), 78.3 (s, ArCCH,CH,PPh), 70.5 (s, ArGCCH,CH,CHj), 34.8 and
34.3 (2s,C(CHga)s), 32.2 (s, ACH-Ar), 32.0 and 31.6 (2s, @H3)3),
29.7 (m, ArOCHCH,PPh), 23.1 (s, ArOCHCH,CHs), 10.3 (s,
ArOCH,CH,CHj3); 3P NMR (acetoneds) 6 —8.3 (s,Jpr = 3180 Hz);
1% NMR (acetoneds) 6 —77.9 (s). Anal. Calcd for &eHaod18N4-
12026P4P£Ss:4H,0-0.3CHCl,: C, 53.60; H, 4.98; I, 7.14; N, 1.21; S,
4.16. Found: C, 53.97; H, 4.88; |, 7.14; N, 1.11; S, 4.43.

Mass Spectrometry. The electrospray ionization (ESI) Fourier
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to 20 V; both parameters were decreased to avoid thermal or collisional
dissociation, respectively, and correspond to very gentle source
conditions. To enhance the signal-to-noise and dynamic range, broad
band quadrupolar excitation was employed for ion accumulation during
the ion injection evert?4® Specifically, to enhance thet3charge-
state of comple)®, a tailored noise wave form was applied franiz

= 2200 to 2300 B2 V peak-to-peak. Similarly, to enhance the 2
charge-state of complex a single ion accumulation wave form was
applied aim/z= 2210 at 0.8 V peak-to-peak. The theoretical molecular
weights and isotopic patterns were calculated using GOOGLY soft-
ware* which utilizes an algorithm previously reportéd.

Transport Experiments. Two simple U-tubes, as illustrated in
Figure 3, were set up at room temperature side-by-side, with the second
one serving as a control, for each set of experiments. Into tube 1 was
placed 30 mL of a 3.25 105 M solution of macrocyclé® in CDCl
along with a small magnetic stirring bar. The left arm was carefully
layered with 8 mL of a 0.1 M solution (nearly saturated) of sodium
tosylate12 in D,O. The right arm was layered with 8 mL of pure
D,O. U-Tube 2 was identical except that the bottom layer consisted
of pure CDC} (no host). After stirring was commenced, the right arm
was periodically sampled b4 NMR. After approximately 24 h, the
substrate was detected by NMR in tube 1, and equilibrium was reached
after 10-14 days. No substrate (substariczor 13) was detected in
the control tube even after 14 days. A similar experiment with substrate
13 gave the same results. An experiment where both substtates
and13were present in equal molar concentrations (Figure 3) established
that sodium tosylatd2 was favored in the transport by a factor of
1.5-2.0 in the initial samplings as determined by integration of the
respective proton signals in tHél NMR. A simultaneous control
experiment once again established that no arenesulfonate anions passed
through the chloroform phase in the absence of macrodicle
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