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Abstract: A SC”—"‘Leunb!wd two-dimensional Pd(IT) complex derived from a bidentate hcmnd trans-1.2-

o I) complex derived from
bis(4-pyridylethylene and (en)Pd(NO,), in DZO showed concentration dependent and guest-induced

d (e
rcorgamzauon behavior. While the trimeric assembly is induced either at very low concentration or in

the presence of guest L.Ulllp mentary o the trimer cavity, the tetrameric asscmbly is induced either in
less dilute solution or in the presence of guest with better van der Waals contacts with the tetramer
cavity surface. Espeually, in the case of usmg 1,3- adamanlanedlcarboxyhc acid disodium salts as a
guest, all the ngumcuc forms uisappearr:u and uuly a sin, g le, tetrameric aaacmmy was clear ny induced.

© 1998 Elsevier Science Ltd. All rights reserved.

Since Fujita reported the self-assembled square supermolecule by metal-ligand interactions in 1990,' many
molecular squares have appeared.”* These molecular squares have been isolated and well-characterized with
various analytical methods such as NMR, elemental analysis, mass spectrometry, and X-ray crystallography.
However, there are only a few examples for the self-reorganization of those assemblies depending on the
concentration in dynamic equilibrium®® or their hydrophobic interaction with guests in the aqueous solution.’
Here, we describe concentration dependent and guest—induced reorganization in water, and the characterization
of those reorganized assemblies using rather flexible trans-1,2-bis(4-pynidyljethylene (BPE) as a bidentate
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Scheme 1

Bidentate ligand BPE (1) was treated with (en)Pd(NO,),, 2 (Scheme 1).* The NMR spectra, obtained at
various concentrations in D,0, showed the assemblies of two main components with highly symmetric
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structures. Both products turned out to have macrocychc structures because of the ex pec(ed lstmchlometry of
1
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Hz, PyH: 87.58,d, J = 7.7 Hz, olefinic H: 8 7.29, s, for the trimer
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The major component at higher concentration was assigned as the

2 Wy oy

most stable, stramlcss molecular square 4 by analogy with the structure of a bipyridyl based complex.** The
other structure which could be stable at lower concentration should be assigned as the second most stable
molecular triangle 3 (Scheme 1). These assignments were strongly supported by the concentration dependent
equilibrium ratio: one, dominant at higher concentration (10 mM), changed gradually to the other as the
concentration became lower down to 0.1 mM. The formation of oligomeric structures became significant at
relatively high concentrations (>50 mM). The equilibrium ratios of tetramer 4/trimer 3 are 64:36, 57:43, 36:64,
22:78, 16:84, and ~ 1:99 at 10, 4, 2, 0.6, 0.3, and 0.1 mM, respectively. This equilibration behavior is

attributable to thermodynamic factors (enthalpy and entropy): while at higher concentration, tetramer 4 with an
undistoried structure is more stable in view of enthalpy, trimer 3 with a slightly distorted structure is (‘:ﬁTOpiCﬂl‘y
manra Favnrahla ot lnmwar namaanteation hanoiiea ~Ff ite accamhl awer components compared to 4.57
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Figure 1. Monitoring of the concentration-dependent reorganization of (en)Pd(NO,),-BPE complex by 'H
NMR (500 MHz, D,0, 25 °C). Signals indicated by open circles are attributed to oligomeric components.

ful]y solvated the molecular welghts of trimer®* and tetramer® are 1044 and 1392 respecnvely Consuiermc
the equilibrium ratio of tetramer 4/trimer 3, 64:36 at 10 mM in D,O, determined by the NMR integration, the
average molecular weights were calculated to be 207 and 1170 with and without taking into account NO; ions,
respectively. VPO data were obtained by using two standard solutions: (i) 5 mM of B-cyclodextrine aqueous
solution was used (method 1). (ii) 5 mM of [B-cyclodextrine + 2 NaNO,] in H,O was used in order not to
consider NO," ions (method 2). The results (197 (s.d.10) by method 1, 1100 (s.d.150) by method 2) were
consistent with the calculated average molecular weight of the mixture, [trimer + tetramer], at 10 mM. More
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suppomng information was derived from ESI-MS. Because any 31gn1ncant 51gnal was not obtained for
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solvent. Thus, somc molecular ions corresponding to the tnmer and the tetramer were obtained by ESI-MS: m/z

m~ A rAx QLN fAg AT £Aam o rAR LTIV AT

1348 [M-20Tf}*, 850 [M-30T{}", 637 uM+n} 30T(}*, 599 [M-40Tf]" for trimer, 1235 [{(M+H

1 l8l [M 30T}, 887 [(M+H)-30Tf]*, 850 [M-40Tf}* fOl’ tetramer.
' thaca 1imil

han we et nhtainad data tha cimilar reenilte ware rennrtad hvy 1ita of /1/6 and Romern ot al 5
il YYw J“ WVULGILIWAL WA OW WL,y LitWw JRRSERREAL I%ADWRIRT T Wwitw IUPUI swii I.IJ i \..Jll.u A= tad. SALENS  ANLSLLAWR WY b L% ¥ T
Hg ever, the above concentration _pendgm NMR spectra showed a little difference from Fuli[a's re5|_hs,6
This may be due to the difference in the anionic species involved (ClO,” and NO; anions). While Fujita’s results

were supported only by 'H NMR, our results were verified by VPO and mass data as well as 'H NMR.

In addition to the concentration-dependent reorganization behavior, a specific guest complementary to the
cavity of (en)Pd(NO,),-BPE complexes seemed to be able to induce the reorganization of these complexes
through hydrophobic interaction in water. A '"H NMR spectrum (Figure 2c) was taken from the 2 mM aqueous
solution of (en)Pd(NO,),-BPE complex (obtained from 2 mM of each precursor) which was saturated by p-
dimethoxybenzene (~10 mM). Figure 2c showed that p-dimethoxybenzene induced the trimer structure and the
relative intensities of its corresponding peaks increased. The CPK molecular model indicated that p-
dimethoxybenzene fitted the trimer cavity and is too smali to be suitable for the tetramer cavity. Similar
phicniomena were observed when using cholic acid sodium salt (10 mM, Figure 2d). To investigate the guesi-
induced reorganization for the tetramer structure, the larger and more fitting guests for the tetramer structure, 18-
crown-6 and 1,3-adamantanedicarboxylic acid disodium salts (10 mM each) were used. As expected, 18-
crown-6 increased the relative intensities of NMR signals corresponding to the tetramer (Figure 3c). Upon
addition of 1,3-adamantanedicarboxylic acid disodium salts, surprisingly, all the oligomers as well as trimer
disappeared (Figure 3d). These guest-induced reorganization processes for the assembly of the tetramer were
complete within several seconds. This can be considered as models of “induced-fit” molecular recognition in

which a specific substrate induces the organization of the recognition site of a receptor itself.’
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Figure 2. Guest-induced reorganization of (en)Pd(NQ;),- Figure 3. Guest-induced reorganization of (en)Pd(NO;),-
BPE complex for trimer: (a) 2 mM (b) 0.6 mM (¢) 2 mM + BPE complex for tetramer: (a) 2mM (b) 10 mM (c) 2 mM
p-dimethoxybenzene (d) 2 mM + cholic acid sodium sait. + 18-crown-6 (d) 2 mM + 1,3-adamantanedicarboxylic acid

disodium salts,

In order to gain some insight into the 3-dimensional structures of the Pd(II) complexes, we carried out the
geometry-optimization of these macrocyclic trinuclear and tetranuciear Pd(II) complexes and their guest-
inclusion complexes.'" The MM2 forcefield was used, and the forcefield parameters regarding the Pd atoms
were taken from refs. 7 and 12 (stretching, bending, and torsion terms were taken from ref. 7 and out-of-plane
bending term was taken from ref. 12). The additional torsion angle parameters in the form of N-Pd-N-X (where
X = H and C) were set to zero as suggested in the reference 12. The structures of tetramer and trimer which
include 1,3-adamantanedicarboxylic acid'' and 1,4-dimethoxybenzene, respectively, are shown in Figure 4. As
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expected, both trimer 3/1,4-dimethoxybenzene complex and tetramer 4/1,3-adamantanedicarboxylic acid
complex showed good van der Waals contacts inside the binding cavity.

(a) trimer 3/1,4- dimethoxybenzenc complex (b) tetramer 4/1,3-adamantanedicarboxylic acid complex

Tiawra A4 (la od structures of trimer and tetramer complexes.’! These snace-filline models
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were drawn to be 85 % of van der Waals' volumes.

Anticipating the formation of a two-dimensional square network material as in the case of using a bipyridyl
ligand,” we treated Cd(NO,), with BPE (2 molar equiv.) in H,O/EtOH at ambient temperature and obtained
colorless crystals within a week. However, X-ray crystallography supported the formation of two-dimersional
layered structure, not the square network.'

In summary, seif-assembled molecular triangie 3 and square 4 were shown to exist in equilibrium in D,O:
trimer 3 is favored at lower concentration and in the presence of the gucu complernemary to the trimer cavity

bie at relatively mgu‘ conceniration and in ihe presence of the suitable
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