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Driven by metal coordination, a flexible crown ether was
self-assembled into neutral discrete complexes with two
organoplatinum acceptors. Specifically, a [1+ 1]-assembled
structure was separated from self-assemblies with different
stoichiometries by vapor diffusion of acetone into their
dichloromethane solution. The formation of these crown
ether-incorporated self-assemblies was confirmed by NMR,
elemental analysis, and X-ray single-crystal analysis.

In the past decade the preparation of finite two-dimensional
(2D) and three-dimensional (3D) nanostructures by self-as-
sembly of simple building blocks in solution has received
considerable attention.1 Coordination-driven self-assembly using
metal systems is a growing area at the forefront of supramo-
lecular chemistry.1 Much of this construction has been based
on the coordination motif between Pd(II)/Pt(II) acceptor species
and neutral nitrogen donor units.1c,i,k-m Therefore, usually ionic
self-assemblies were obtained. Neutral assemblies are believed
to be more suitable for encapsulation of neutral organic guests,
so recently we utilized Pt-oxygen bonding to fabricate some
neutral, discrete, nanoscopic assemblies.2 First, we used rigid
or flexible dicarboxylate-based nonfunctional building blocks
(terephthalate, fumarate, isophthalate, muconate, etc.) to fabri-
cate rectangles,2a,b rhomboids,2b and triangles.2b Later, we
prepared a neutral ferrocene-containing heterobimetallic rect-
angle and a rhomboid.2c Due to their three-dimensional aroma-
ticity, carboranes have many important applications in material

sciences.3 Therefore, we made a carborane-containing neutral
rectangle and a rhomboid.2d Recently we synthesized enan-
tiopure chiral tartrate-based rectangles,2e which exhibited in-
duced circular dichroism.

Applications of crown ethers in supramolecular chemistry can
be dated back to Pederson’s discovery of the alkalai-metal-
templated synthesis of crown ethers.4 They have been widely
used as hosts of metal ions and small organic molecules.5 More
recent studies focused on complexation between dibenzo crown
ethers and organic guests.6

Previously we prepared three ionic, discrete assemblies by
incorporation of a flexible pyridine-functionalized 18-membered
diaza crown ether via coordination-driven self-assembly.7 Herein
we report the successful preparation of two neutral, discrete
assemblies from a flexible 32-membered dibenzo crown ether
and two organoplatinum acceptors based on Pt-oxygen bonding
(Scheme 1) and their characterization, including X-ray single-
crystal analysis of one assembly.

The disodium salt1 was prepared by neutralizing bis(5-
carboxy-m-phenylene)-32-crown-108 with NaHCO3 in a 1:1
water/acetone solution. Dropwise addition of an aqueous solu-

† Zhejiang University.
‡ University of Utah.
§ Virginia Polytechnic Institute & State University.

(1) (a) Lehn, J.-M.Supramolecular Chemistry: concepts and perspec-
tiVes; VCH: New York, 1995; pp 139-160. (b) Chambron, J.-C.; Dietrich-
Buchecker, C.; Sauvage, J.-P. Transition Metals as Assembling and
Templating Species. InComprehensiVe Supramolecular Chemistry; Lehn,
J.-M., Chair, E., Atwood, J. L., Davis, J. E. D., MacNicol, D. D., Vogtle,
F., Eds.; Pergamon Press: Oxford, 1996; Vol. 9, Chapter 2, pp 43-83. (c)
Fujita, M.Chem. Soc. ReV. 1998, 27, 417-425. (d) Baxter, P. N. W.; Lehn,
J.-M.; Baum, G.; Fenske, D.Chem.sEur. J.1999, 5, 102-112. (e) Caulder,
D. L.; Raymond, K. N.Acc. Chem. Res.1999, 32, 975-982. (f) Caulder,
D. L.; Raymond, K. N.J. Chem. Soc., Dalton Trans.1999, 1185-1200.
(g) Saalfrank, R. W.; Uller, E.; Demleitner, I.; Bernt, I. Synergistic Effect
of Serendipity and Rational Design in Supramolecular Chemistry. In
Structure and Bonding; Fujita, M., Ed.; Springer: Berlin, 2000; Vol. 96,
pp 149-175. (h) Leininger, S.; Olenyuk, B.; Stang, P. J.Chem. ReV. 2000,
100, 853-908. (i) Fujita, M.; Umemoto, K.; Yoshizawa, M.; Fujita, N.;
Kusukawa, T.; Biradha, K.Chem. Commun. 2001, 509-518. (j) Cotton, F.
A.; Lin, C.; Murillo, C. A. Acc. Chem. Res.2001, 34, 759-771. (k) Holliday,
B. J.; Mirkin, C. A. Angew. Chem., Int. Ed.2001, 40, 2022-2043. (l)
Swiegers, G. F.; Malefetse, T. J.Coord. Chem. ReV. 2002, 225, 91-121.
(m) Seidel, S. R.; Stang, P. J.Acc. Chem. Res.2002, 35, 972-983.

(2) (a) Das, N.; Mukherjee, P. S.; Arif, A. M.; Stang, P. J.J. Am. Chem.
Soc.2003, 125, 13950-13951. (b) Mukherjee, P. S.; Das, N.; Kryschenko,
Y. K.; Arif, A. M.; Stang, P. J.J. Am. Chem. Soc.2004, 126, 2464-2473.
(c) Das, N.; Arif, A. M.; Stang, P. J.; Sieger, M.; Sarkar, B.; Kaim, W.;
Fiedler, J.Inorg. Chem.2005, 44, 5798-5804. (d) Das, N.; Stang, P. J.;
Arif, A. M.; Campana, C. F.J. Org. Chem.2005, 70, 10440-10446. (e)
Das, N.; Ghosh, A.; Singh, O. M.; Stang, P. J.Org. Lett.2006, 8, 1701-
1704.

(3) Jude, H.; Disteldorf, H.; Fischer, S.; Wedge, T.; Hawkridge, A. M.;
Arif, A. M.; Hawthorne, M. F.; Muddiman, D. C.; Stang, P. J.J. Am. Chem.
Soc.2005, 127, 12131-12139.

(4) Pedersen, C. J.J. Am. Chem. Soc.1967, 89, 7017-7036.
(5) Bradshaw, J. S.; Izatt, R. M.Acc. Chem. Res.1997, 30, 338-345.

Raymo, F. M.; Stoddart, J. F.Chem. ReV. 1999, 99, 1643-1664. Gokel,
G. W.; Leevy, W. M.; Weber, M. E.Chem. ReV. 2004, 104, 2723-2750.
Huang, F.; Gibson, H. W.Prog. Polym. Sci.2005, 30, 982-1018.

(6) Huang, F.; Jones, J. W.; Gibson, H. W.J. Am. Chem. Soc.2003,
125, 14458-14464. Badjic, J. D.; Cantrill, S. J.; Stoddart, J. F.J. Am. Chem.
Soc.2004, 126, 2288-2289. Tachibana, Y.; Kihara, N.; Takata, T.J. Am.
Chem. Soc.2004, 126, 3438-3439. Huang, F.; Lam, M.; Mahan, E. J.;
Rheingold, A. L.; Gibson, H. W.Chem. Commun.2005, 3268-3270. Huang,
F.; Nagvekar, D. S.; Slebodnick, C.; Gibson, H. W.J. Am. Chem. Soc.
2005, 127, 484-485. Nikitin, K.; Fitzmaurice, D.J. Am. Chem. Soc.2005,
127, 8067-8076. Zhu, X.-Z.; Chen, C.-F.J. Am. Chem. Soc.2005, 127,
13158-13159.

(7) Chi, K.-W.; Addicott, C.; Stang, P. J.J. Org. Chem.2004, 69, 2910-
2912.

(8) Gibson, H. W.; Nagvekar, D. S.Can. J. Chem. 1997, 75, 1375-
1384.

10.1021/jo061007n CCC: $33.50 © 2006 American Chemical Society
J. Org. Chem.2006, 71, 6623-6625 6623Published on Web 07/12/2006



tion of 1 to an acetone solution of the anthracene-based platinum
acceptor2 at room temperature resulted in gradual precipitation
of some pale yellow solid, which was collected, washed with
acetone and water, and dried under vacuum. The proton NMR
spectrum (Figure 1b) of the crude product shows some peaks
of impurities, indicating that it contains not only the [1+ 1]
assembly, but also assemblies with other stoichiometries.
Increasing the reaction temperature even to 80°C did not change
the product composition. This is interesting considering that only
[1 + 1] ionic assembly was obtained when a pyridine-
functionalized 18-membered diaza crown ether and clip2 were
used as building blocks.7 Vapor diffusion of acetone into the
dichloromethane solution of the crude product afforded pure3
as yellow crystals. Only a sharp singlet with concomitant195Pt
satellites appeared in the31P NMR spectrum of3 (Figure 2b),
indicating that its four P atoms have equivalent chemical

environments. The small downfield shift (Figure 2a,b), 1.09
ppm, of this peak relative to that of2 is understandable
considering that the four P atoms are in the deshielding field of
the crown ether aromatic rings and formation of a Pt-O
coordinate bond replacing a similar Pt-O coordinate bond (Pt-
OOC- vs Pt-ONO2) in the starting “clip”.

X-ray-quality single crystals of3 were prepared by vapor
diffusion of pentane into a dichloromethane solution of3.
Crystallography unambiguously established the structure of3,
a discrete neutral species (Figure 3). In this structure, the dibenzo
crown ether part is folded and its two ethylene glycol chains
have a gauche conformation. These are similar to conformations
observed in complexes of analogues of1.9 The two aromatic
rings of 3 are not parallel to each other, but are splayed at an
angle of 35.5° with a centroid-centroid distance of 7.44 Å.
This distance is close to the corresponding distance, 7.39 Å, in
two complexes of analogues of1,9a,b but larger than in some
other analogous complexes.9c,f

Dropwise addition of an aqueous solution of1 to an acetone
solution of 90° organoplatinum acceptor4 afforded only [1+
1] self-assembly5; proton and phosphorus NMR spectra of the
product show only one set of peaks. The relatively large upfield
shift (Figure 2c,d), 7.40 ppm, of the sharp peak in the31P NMR
spectrum of5 relative to4 is in contrast to the small downfield
shift of the corresponding peak of3 relative to2. This is possibly
due to the inclusion of the two electron-poor P atoms in the
electron-rich cavity of the crown ether unit of self-assembly5,
which is not possible in self-assembly3 because the anthracene
moiety is too big. The shielding effect of two aromatic rings of
the crown ether part and electron donation from the ethereal
oxygen atoms make this upfield shift relatively large.

In summary, we successfully prepared two neutral discrete
self-assemblies from a flexible crown ether and two organo-
platinum acceptors based on Pt-oxygen bonding. Specifically,
[1 + 1] self-assembly3 was successfully separated from self-
assemblies with different stoichiometries by vapor diffusion of
acetone into their dichloromethane solution and its structure
unambiguously established via X-ray crystallography.

Experimental Section

Methods and Materials. Organoplatinum compounds210 and
411 were prepared as reported.

SCHEME 1. Self-Assembly of 1 with Platinum Acceptor 2
and 4

FIGURE 1. Partial1H NMR spectra (400 MHz, CD2Cl2, 22 °C) of (a) clip 2, (b) crude product from the preparation of self-assembly3, and (c)
self-assembly3.
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Synthesis of 3.To a 2 mLacetone solution containing 5.81 mg
(0.00500 mmol) of2 in an 8 mL vial was added an aqueous solution
(2 mL) of disalt 1 (3.34 mg, 0.00500 mmol) drop by drop with
continuous stirring (15 min). After the addition, the vial was sealed
with Teflon tape, and the reaction mixture was stirred overnight.
The yellow products, which precipitated, were filtered and washed
with acetone and water, collected, and dried under vacuum. The

crude product was dissolved in 1.5 mL of dichloromethane. Vapor
diffusion of acetone into this solution afforded pure3 as yellow
crystals (4.24 mg, 51%).31P{1H} NMR (121.4 MHz, CD2Cl2, 22
°C): δ (ppm) 14.72 (s,1JPPt ) 2874 Hz).1H NMR (400 MHz,
CD2Cl2, 22 °C): δ (ppm) 9.69 (1H, s), 8.18 (1H, s), 7.69 (2H, d,
3JHH ) 8.8 Hz), 7.55 (2H, d,3JHH ) 10.8 Hz), 7.25 (4H, d,3JHH )
2.8 Hz), 7.01 (2H, t,3JHH ) 10.0 Hz), 6.67 (2H, t,3JHH ) 2.8 Hz),
4.12 (8H, t,3JHH ) 5.6 Hz), 3.72 (8H, t,3JHH ) 5.6 Hz), 3.62 (16H,
m), 1.57 (24H, m), and 1.04 (36H, m). Anal. Calcd for C68H106O14P4-
Pt2‚H2O: C, 48.61; H, 6.48. Found: C, 48.38; H, 6.58.

Synthesis of 5.To a 2 mLacetone solution containing 3.65 mg
(0.00500 mmol) of4 in an 8 mL vial was added an aqueous solution
(2 mL) of disalt 1 (3.34 mg, 0.00500 mmol) drop by drop with
continuous stirring (15 min). After the addition, the vial was sealed
with Teflon tape, and the reaction mixture was stirred overnight.
Solvents were evaporated to afford a gel, which was dissolved in
dichloromethane and washed with water three times. The organic
layer was separated, evaporated, and dried under vacuum to provide
5 as a colorless gel (5.00 mg, 95%).31P{1H} NMR (121.4 MHz,
CD2Cl2, 22°C): δ (ppm) 4.21 (s,1JPPt ) 3670 Hz).1H NMR (400
MHz, CD2Cl2, 22 °C): δ (ppm) 6.88 (4H, d,3JHH ) 2.8 Hz), 6.37
(2H, t, 3JHH ) 2.8 Hz), 3.89 (8H, m), 3.80-3.51 (24H, m), 1.92
(12H, m), and 1.26 (18H, m). Anal. Calcd for C42H68O14P2Pt‚
H2O: C, 47.04; H, 6.58. Found: C, 47.30; H, 6.73.

X-ray Crystal Data for Self-Assembly 3. Crystallographic
data: plate, yellow, 0.30× 0.23 × 0.05 mm3, C68H106O14P4Pt2‚
(C5H12)0.5, FW 1697.66, triclinic, space groupP1h, a ) 12.4457(6)
Å, b ) 15.6835(9) Å,c ) 20.4400(10) Å,R ) 106.507(3)°, â )
96.998(4)°, γ ) 102.985(3)°, V ) 3653.1(3) Å3, Z ) 2, Dc ) 1.543
g cm-3, T ) 150(1) K, µ ) 3.973 mm-1, 19805 measured
reflections, 12289 independent reflections, 772 parameters, 5
restraints,F(000) ) 1726, R1 ) 0.1041,wR2 ) 0.2116 (all data),
R1 ) 0.0718,wR2 ) 0.1813 [I > 2σ(I)], maximum residual density
0.96 e‚Å-3, maximum/minimum transmission 0.8261/0.3819, and
goodness-of-fit (F2) 1.038.
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FIGURE 2. 31P NMR spectra (121.4 MHz, CD2Cl2, 22 °C) of (a) clip 2, (b) self-assembly3, (c) 90° organoplatinum acceptor4, and (d) self-
assembly5.

FIGURE 3. X-ray structure of3 (30% thermal ellipsoids). Oxygen
atoms are red, carbon atoms are black, platinum atoms are green, and
phosphorus atoms are blue. Hydrogen atoms and solvent molecules
have been omitted for clarity.
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