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Pre-designed combination of bi- or tri-dentate pyridyl 
ligands and platinum or palladium containing acceptors has 
been used in recent years for the synthesis of discrete 2D or 
3D supramolecules.1 This coordination-driven self-assembly 
methodology has basically taken advantage of the fixed 
bonding directionality of ligands and acceptors to allow the 
prediction of assembled product structures.2 Their fixed 
bond angles and the reversibility of dative bond formation 
have been ascribed to the unusual quantitative formation of 
discrete supramolecules instead of infinite network. On the 
contrary, conformationally-flexible ligands have been rarely 
used for the self-assembly of discrete supramolecules. 
Template guest molecules or ions were required for the 
formation of discrete supramolecules self-assembled with 
flexible ligands.3 Only recently flexible ligands of 1,2-bis(3- 
pyridyl)ethyne, 1,4-bis(3-pyridyl)-1,3-butadiyne and ambi- 
dentate pyridyl-carboxylate based donors have been success
fully applied in the absence of template molecules for the 
coordination-driven self-assembly with various rigid platinum 
acceptors.4 It is unique and interesting result that flexible 
ligands adjust their bond angle to accommodate their rigid 
platinum acceptors for the self-assembly of discrete macro
cycles. The right combination of a donor ligand and an 
acceptor metal as well as the degree of flexibility of ligands 
seem to be crucial for the successful coordination-driven 
self-assembly of discrete supramolecules. Thus, search for a 
new productive combination would be important work for 
expanding the applicability of coordinaton-driven self
assembly. On the other hand, like platinum analogues, 
square planar palladium complexes in which two positions 
are occupied by strong Pd-P bonds and remaining positions 
are coordinated by labile triflate anions have been popular 
acceptors in supramolecular chemistry.5 Therefore, we de

cided to check if flexible, bidentate pyridyl ligands like 1,2- 
bis(3-pyridyl)ethyne and 1,4-bis(3-pyridyl)-1,3-butadiyne 
would self-assemble with a rigid organopalladium acceptor 
into discrete supramolecular structures instead of oligomers 
or infinite networks. Herein, we report the results of our 
investigations.

The self-assembly processes were all performed in the 
same general manner. A CD3NO2 (1.0 mL) solution of 
ligands 1 (10 ^mol) and organopalladinum 2 (10 ^mol) was 
heated at 60 oC for 3 hour, followed by evaporation of 
solvent with nitrogen gas to give a white solid. The solid 
product was washed with diethyl ether and dried under 
vacuum to provide the self-assembled product 3 in high 
yield. The formation of [2+2] supramolecules 3 is shown in 
Scheme 1. The self-assembled macrocycles were effectively 
characterized by 31P{1H} and 1H NMR.

The 31P{1H} NMR spectra of 3 displayed a sharp singlet 
(3a: 68.37 ppm; 3b: 70.84 ppm). Sharp singlets are indi
cative of the formation of only one kind of product in each 
reaction. The signals are shifted approximately 8.3-10.8 ppm 
upfield relative to 2 (79.18 ppm) due to back donation from 
the palladinum centers (Figure 1). In the 1H NMR spectra of 
3, the o-hydrogen nuclei Ha of the pyridine rings experi
enced downfield shifts (0.2-0.8 ppm) relative to 1. These are 
consistent with the loss of electron density upon coordi
nation of the pyridine-N.

Further critical evidence of 3 was obtained with ESI-MS 
analysis. The self-assembled products 3 displayed similar 
spectra as shown in Figure 2 and 3. A peak corresponding to 
the intact macrocycle minus one TfO- counter ion was 
observed {[3a-TfO-]+ (n/z 1817), {[3b-TfO-]+ (m/z 1865)}. 
The second tallest peak was assigned to half of the intact 
cycle {[3a/2-TfO-]+ (m/Z 833), {[3b/2-TfO"]+ (m/z 857)}.

Scheme 1. Self-assembly of flexible, pyridyl ligands 1 with palladium acceptor 2.
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Figure 1. 31P{1H} and 1H NMR spectra of self-assembled macrocycle 3a.

Figure 2. ESI-MS of 3a and the isotopically resolved peaks.

Presumably macrocycles 3 readily undergo fragmentation 
into half under the electron-spray analysis conditions em- 
ployed.4a The base peak corresponding to the intact macro
cycle minus three TfO- ions was also observed {[3a-3T이가 

(m/z 506), {[3b-3TfO-]3+ (m/z 522)}. These peaks were all 
isotopically resolved and match the theoretical distributions 
very well. And, satisfactory elemental analyses of 3 were 

obtained.
Both reactions provided one predominant species evident 

in the 31P and 1H NMR spectra. Their sharp appearance sug
gests they are discrete species rather than oligomeric ones. 
In addition, no mass spectral evidence was found for any 
larger macrocycles. Impurity level in NMR spectra was 
smaller in the reaction with shorter ligand 1a than that of 1b,
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Figure 3. ESI-MS of 3b and the isotopically resolved peaks.

which reflects a general trend that less flexible ligands 
produce higher yields of specific self-assembled products.

In conclusion, we have prepared discrete macrocycles 3 
from flexible, bidentate pyridyl ligands 1 and palladium 
containing acceptor 2. Despite their ability to vary their 
bonding directionality, ligands 1 prefer to self-assemble into 
[2+2] macrocycles by adjusting their bonding directionality 
to accommodate rigid organopalladium acceptor 2. They 
represent unique examples of discrete supramolecules self
assembled from flexible pyridyl-ligands and a rigid Pd 
acceptor in the absence of template guest molecules. This 
provides additional evidence of thermodynamic control 
favoring formation of discrete entities over oligomeric 
networks, presumably due to the added gain in enthalpy 
from the additional dative Pd-N bond in the closed system. 
These molecular architectures represent further characteristic 
members in the self-assembled discrete supramolecules, 
illustrating the versatility of coordination-driven approach.

Experiment지

Methods and Mater^s. The pyridyl ligands 16 and 
organopalladium compound 27 were prepared as reported. 

All NMR spectra recorded on Varian Unity 300 spectro
meter. 1H and 31P(1H} chemical shifts are reported relative 
to the residual protons of CD3NO2 and an external, unlocked 
sample of H3PO4 (0.00 ppm) respectively. ESI mass spectra 
were recorded on a Micromass Quatto II Triple Quadrupole 
mass spectrometer with Micromass MassLynx operating 
system.

General Procedure for the Preparation of Assemblies 
3. Organopalladium acceptor 2 (10 ^mol) and bidentate 
ligand 1 (10 ^mol) were placed in a 1-dram vial. Nitro- 
methane-仏(1.0 mL) was added and the reaction was heated 
at 60 oC for 3 hours. Solvents were evaporated by blowing 
with nitrogen gas and the remaining solid products were 
washed with diethyl ether. The self-assembled products 3 
were finally dried under vacuum.

3a: Yield 96%. Mp = 218-222 oC dec. 1H NMR (CD3NO2, 
300 MHz) S 9.57 (s, 4H, Ha), 8.27 (br d,顼=4.3 Hz, 4H, 
Hb), 7.95-7.62 (m, 40H, Hph), 7.77 (br s, 4H, Hd), 7.27 (t,顼 
=6.9 Hz, 4H, Hc), 3.33 (m, 4H, PCH2), 3.24 (m, 4H, CH2P); 
31P(1H} NMR (CD3NO2, 121 MHz) S 68.37 (s). Anal. Calcd. 
for C80H64F12N4O1〉P4Pd2S4・2H2O: C, 47.99; H, 3.42; N, 
2.80. Found: C, 47.87; H, 3.23; N, 3.07.

3b: Yield 98%. Mp >250 oC dec. 1H NMR (CD3NO2, 300 
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MHz) S 8.97 (s, 4H, Ha), 8.37 (br s, 4H, Hb), 7.94-7.62 (m, 
40H, HPh), 7.69 (br s, 4H, Hd), 7.34 (br s, 4H, Hc), 3.23 (m, 
4H, PCH2), 3.15 (m, 4H, CH2P); 31P{1H} NMR (CD3NO2, 
121 MHz) S 70.84 (s). Anal. Calcd. for C84H64F12N4O12- 
P4Pd2S4・2H2。： C, 49.20; H, 3.34; N, 2.73. Found: C, 49.01; 
H, 3.27; N, 2.88.
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