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Table of content 

 

Two pairs of imine-based metallosupramolecular architectures 
sharing no component—a [2×2] grid-like complex and a linear double 
helicate—have been prepared via the self-sorting of their six building 
blocks. These systems provided unique examples of a three-level self-
sorting process. The architectures assembled were characterized by 
NMR, mass spectroscopy, and X-ray crystallography. 
 

Two constitutional dynamic libraries (CDLs)—each containing two amines, two dialdehydes and two 

metal salts—have been found to self-sort, generating two pairs of imine-based metallosupramolecular 

architectures sharing no component, a [2×2] grid-like complex and a linear double helicate. These CDLs 

provided unique examples of a three-level self-sorting process, as only two imine-based ligand 

constituents, two metal complexes and two architectures were selected during their assembling out of 

all the possible combinations of their initial components. The metallosupramolecular architectures 

assembled were characterized by NMR, mass spectroscopy, and X-ray crystallography. 

  



Introduction 

By addressing both molecular and supramolecular levels, constitutional dynamic chemistry (CDC) has 

provided chemists with a powerful tool for controlling the organization of chemical systems,[1-3] in 

particular through the operation of orthogonal self-assembly[4] and self-sorting.[5-9] Illustrative examples 

of the organizational power of constitutional dynamic systems at both levels can be found in 

architectures assembled via the condensation of amine and 2-formylpyridine components into dynamic 

imine-based ligand constituents around transition metal cations.[3a,b,9f-h,10,11]  

The concurrent assembly of several of these architectures within the same reaction mixture was shown 

to promote the emergence of new properties going beyond those of each individual architectures, 

highlighting the importance of fostering compositional diversity within constitutional dynamic systems 

in order to extend the scope of their accessible properties.[1c,3b,8a, 9f-h,11a-d,h] However, to our knowledge, 

literature reports only describe the self-assembly of constitutional dynamic architectures having at least 

one component in common (i.e. organic components and/or type of metal cations).[5,8,9] To increase the 

compositional diversity of the manifold of assembled architectures, strategies are required, that allow to 

simultaneously control the outcome of two (or more) interconnected dynamic processes. Such a 

strategy is offered namely by combining imine-based dynamic ligands and dynamic metal-ligand 

coordination bond formation. 

In the present report, we describe two constitutional dynamic libraries each enabling the concomitant 

generation of a pair of imine-based metallosupramolecular architectures (sharing no component) —a 

[2×2] grid-like complex and a linear double helicate—via the self-sorting of their initial six different 

building blocks. The study provides a unique example of a three-level self-sorting process: i) at the 

molecular level, only two specific imine based ligands were formed via the self-sorting of the initial 

eighteen amine and dialdehyde components;  ii) at the supramolecular level, only two specific metal 

complexes were generated via the self-sorting of the imine-based ligands around the two types of metal 

cations used; iii)  finally, only two specific architectures were produced via the self-sorting of the 

assembled metal complexes. 

Results and Discussion 

1) In a first study, we envisaged that the ligand selectivity of Fe(II) cations should drive the evolution of a 

mixture of components 1, 2, 3 and 4 towards the exclusive formation of the linear double helicate 

[Fe2(3,42)2]4+ and the [2×2] grid-like complex [Cu4(1,22)4]4+ upon addition of Fe(II) and Cu(I) salts (Figure 

1), the notation (n,m2) refers to the imine-based constituent generated by the condensation of aldehyde 

n with two amines m. Based on previous work from our group[12] and on the preferred octahedral 

coordination geometry of Fe(II), it was expected that Fe(II) would preferentially bind the least sterically 

hindered NNN-tridentate ligand accessible from the initial components, namely the condensation 

product of 3 with two amines 4. Subsequent to the formation of [Fe2(3,42)2]4+, Cu(I) would, by default, 

have to bind to the moderately-sterically hindered bidentate coordination site offered by the 

condensation product of 1 with two amines 2. The suitable flexibility of the CH2CH2 bridge of 3 should 

ensure that [Fe2(3,42)2]4+ adopts a linear double helicate architecture,[13,14] while the rigidity and linearity 

of bis-imine (1,22) and the preferred tetrahedral coordination geometry of Cu(I) should enforce a [2×2] 

grid-like architecture to the [Cu4(1,22)4]4+ complex.[15,16] Considering the limited steric congestion of 1, 

the sterically more demanding 8-amino-2-methylquinoline 4 was preferred over an unsubstituted 8-



aminoquinoline to prevent the incorporation of 1 into Fe(II) complexes at equilibrium and to improve 

the efficiency of the self-sorting process.[12] 

Figure 1.  (Top)  -  Synthesis  of  complexes  [Cu 4(1 ,22) 4]4 +  and [Fe2(3 ,42) 2]4 +   through the self-sorting of their  

in it ia l  reactants. Reaction conditions:  1 :2 :3 :4 :Cu(BF 4):Fe(BF 4) 2  (1:2:1:2:1:1) ,  CD 3CN:CDCl3 2:1, 60 °C, 18 h. 

(Bottom)  -  Partia l 1H NMR spectrum (400 MHz, CD 3CN, 298 K)  of the crude reaction mixture after  18 h  at 

60 °C. The diagnostic s ignals  of  the complexes are colour coded, [Cu 4(1 ,22) 4]4 +  in  red and [Fe2(3 ,4 2) 2]4 +  in  

purple.  

2) In a second study, we envisaged that the role of the octahedrally and tetrahedrally coordinated 

metal cations could be reversed so that, upon the addition of Zn(II) and Cu(I) salts to a mixture of  

components 4, 5, 6 and 7,  Zn(II) cations would drive the exclusive formation of the [2×2] grid-like 

complex [Zn4(5,42)4]8+ and, as corollary, of the linear double helicate [Cu2(7,62)2]2+ (Figure 2). Compared 

to Fe(II), Zn(II) cations were shown to require more steric information in their initial set of components 

to yield a similar degree of self-sorting.[12] Therefore, despite the significant steric congestion provide by 

the C6H6 bridge of 7, the substituted 8-amino-2-methylquinoline 4 was preferred over a regular 8-

aminoquinoline to avoid any scrambling of the ligands between the two architectures at equilibrium.  

The linearity and rigidity of 5 and the coordination preferences of Zn(II) should ensure that [Zn4(5,42)4]8+ 

adopts a [2×2] grid-like architecture,[15] while the C6H6 bridge of 7 should allow the twisting of the 

dinuclear complex [Cu2(7,62)2]2+ into the helical shape characteristic of a linear double helicate 

architecture.[13,14]  

Before attempting the self-sorting experiments, the four complexes were prepared separately to 

confirm their architectures. Each of them was obtained by mixing 1 eq. of the corresponding bis-

aldehyde with 2 eq. of the appropriate amine and 1 eq. of the corresponding metal salt in a 2:1 

CD3CN:CDCl3 mixed solvent. The reaction mixtures were analysed by NMR spectroscopy and ESI-MS 

after 18 h of heating at 60 °C. As expected for the formation of a [2×2] grid-like architecture or a linear 

double helicate architecture, in all four cases the 1H NMR spectra of the solutions revealed the 

formation of highly symmetrical complexes, as all the protons of the ligands of each complex 

experienced a single chemical and magnetic environment (see the Supporting Information). ESI-MS 



allowed the determination of the exact ligand to metal ratio of the species formed. In each cases, a 

series of m/z fragments matching with the molecular weight of the expected architectures and the 

sequential loss of BF4
- anions during the ionisation process was obtained (see the Supporting 

Information). The analysis of the isotope pattern of these fragments also corroborated the formation of 

the desired complexes. In some cases, additional proof of the nature of the architecture could be 

obtained. In 1H NMR spectroscopy, the N-CH2
 protons of [Cu4(1,22)4]4+ and the CH2 protons of the bridges 

of [Fe2(3,42)2]4+ appeared as AB systems (J=12.8Hz and J=11 Hz, respectively). Such AB patterns are 

characteristic of methylene groups in asymmetric environments, such as the one conferred by the rigid 

architectures of [2×2] grids or linear double helicates.  

Figure 2.  (Top)-  Synthesis  of  complexes [Cu 2(7,62) 2]2 +  and [Zn 4(5 ,42)4]8 +  through the self-sorting of  their  

in it ia l  reactants . Reaction conditions:  4 :5 :6 :7 :Cu(BF 4):Zn(BF 4) 2  (2:1:2:1:1:1) ,  CD 3CN:CDCl3  2:1, 60 °C, 18 h. 

(Bottom)-  Partia l  1H NMR spectrum (400 MHz, CD 3CN, 298 K)  of  the crude reaction mixture after  18 h at 60 

°C. The diagnostic s ignals  of  the complexes are colour coded, [Cu 2(7 ,62) 2]2+  in  red and [Zn 4(5,42) 4] 8 +  in  

green. 

X-ray-quality crystals of all four architectures were grown by liquid–liquid diffusion (see the 

Supporting Information). In all cases, subsequent X-ray crystallographic studies established the 

formation of the desired architecture (Figure 3). The two metal ions of [Fe2(3,42)2](PF6)4 and 

[Cu2(7,62)2](ClO4)2 are held adjacent by two ligand strands wrapped around each other in a helical 

fashion. The coordination geometries around both Fe(II) and Cu(I) are distorted octahedra and distorted 

tetrahedra, respectively. The Cu(I) helicate is more compact than the Fe(II) helicate (Cu,Cu distance is 

4.8931(5) Å and Fe,Fe distance is 8.877(2) Å). The metal ions of both [[Cu4(1,22)4]·C6H6](BPh4)4
  and 

[Zn4(5,42)4](BF4)8 lie almost in a plane (mean deviation of 0.3665(4) Å and 0.1830 (8) Å, respectively) and 

form a parallelogram (angles of 79.83 99.17°) and a square (angles of 89.94°), respectively. They display 

distorted tetrahedral and distorted octahedral coordination of their metal centres to two 

perpendicularly oriented ligands, respectively. A molecule of benzene lies in the central cavity of the 

Cu(I) complex (average Cu,Cu distance is 7.913(7) Å) whereas, in the case of the Zn(II) complex, the 

central cavity is occupied by disordered solvent molecules (average Zn,Zn distance is 11.462(0) Å).  



 

Figure 3.  Single crysta l X-ray structures  of l inear double helicate s [Fe2(3 ,42) 2](PF 6) 4  and [Cu 2(7 ,62) 2](ClO 4) 2  

and of  [2×2] gr id- l ike complexes [[Cu 4(1 ,22) 4] ·C6H6](BPh 4) 4
 and [Zn 4(5 ,42) 4](BF 4) 8 .  Solvent molecules  and 

counterions have been omitted for  clar ity.  

Having shown that all four architectures could be assembled individually, we investigated the formation 

of [Cu4(1,22)4]4+ and [Fe2(3,42)2]4+ on one hand and of [Cu2(7,62)2]2+ and [Zn4(5,42)4]8+ on the other hand 

from mixtures of their initial building blocks. For these two reactions, 1 eq. of each metal BF4
- salts was 

added to a mixture of 1 eq. of each bis-aldehydes and 2 eq. of each mono-amines in a 2:1 CD3CN/CDCl3 

mixed solvent. After 18 h of heating at 60 °C, the outcome of both self-assembly processes was analysed 

by NMR spectroscopy. In the case of [Cu4(1,22)4]4+ and [Fe2(3,42)2]4+, the 1H NMR spectra of the crude 

reaction mixture was dominated by the diagnostic signals of the two expected architectures, but some 

undefined side products were also visible (Figure 1). The limited fidelity of this self-sorting process, 

especially when compared to the simultaneous generation of related mononuclear complexes,[12] might 



reflect the need for greater assembly instructions in the initial components to compensate for the 

increased intricacy of assembling polynuclear architectures. In the case [Cu2(7,62)2]2+ and [Zn4(5,42)4]8+, 

the 1H NMR spectrum of the crude reaction mixture revealed the exclusive conversion of the starting 

materials into a clean mixture of the two metallosupramolecular architectures (Figure 2). The stronger 

assembly instructions, engraved initially in the components of the system to offset the less defined 

coordination preferences of ZnII compared to FeII, were also sufficient to impose the selective assembly 

of only these two architectures. In both systems, the addition of only one of the two metal cations to 

the initial library of components did not yield a single complex, exemplifying how the simultaneous 

assembly of two complexes can operate in synergy and how the higher complexity of a system (i.e. a 

larger number of components) may result in a simpler output, i.e. “simplexity”, as was noted in previous 

instances.[3b]  

Conclusion 

In the present investigations, we demonstrated that the coordination preferences of tetrahedral and 

octahedral metal ions can be exploited by ligand design to drive the simultaneous and selective 

formation of two constitutionally unrelated imine-based metallosupramolecular architectures from their 

initial reactants. This self-assembly amounts to a three-tier self-sorting process where the organization 

of the system is controlled at both molecular and supramolecular levels though the correct selection of 

only two imine-based ligand constituents, two metal complexes and two architectures from the 

extended dynamic library of entities potentially accessible via reversible interconnection of the initial 

reactants. The present study illustrates the delicate interplay of coordination and 

structural/conformational features that make up the information characteristics presented by the 

components and required for directing the final output of a complex instructed mixture. 

Learning how to concurrently control the outcome of multiple dynamic processes shared by 

several entities within the same reaction mixture is an important step towards increased compositional 

diversity in constitutional dynamic systems and, ultimately, towards self-assembling processes rivalling 

biological systems in complexity. 
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