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By exploiting the supramolecular assistance of a sterically shielded tris-(phenanthroline-Cu+) motif, we report on the self-assembly of a trigonal
nanoprism C3, its post-self-assembly functionalization, and transformation into a cage-like 3D framework with distinct compartments, C4. The
nanoprism with altogether six reactive aldehyde terminals was also utilized as a sophisticated ‘monomer’ in a template-directed constitutional
dynamic imine polymerization to prepare an unprecedented triple-stranded dynamer PC1. To analyze the correlated growth in its three congener
strands, a fully covalent triple-armed star polymer SP was fabricated from the metallodynamer through capping, imine reduction, and removal of
the template. The Atomic Force Microscopy analysis of 68 triple-armed star polymer molecules suggests that the growth of their arms is
correlated to ca. 72%.

Modification of HETPHEN Methodology3

Characterization of trigonal nanoprism C3
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x and x‘
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NMR showed a diagnostic upfield shift of
the mesityl protons x, x’ in C3 (δ = 6.68 ppm) as
compared to those in free 5 (δ = 6.93 and 6.94
ppm) and of aldehyde protons d (δ = 9.64 ppm)
as compared to those in free 6 (δ = 10.09 ppm).
An intimate π-π stacking between the mesityl
groups of 5 and the pyridine-2-carbaldehyde
unit of 6 may be responsible for such shift in
the 1H NMR .
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Supramolecular assitance of [Cu(1)]+ in the iminopyridine
formation

Figure 1: (a) ESI-MS spectrum of C3 = Cu6(5)2(6)3 (PF6)6 (in CH2Cl2) and experimental isotopic distribution (black
lines) along with calculated isotopic distribution (red lines) for the species Cu6(5)2(6)3 (PF6)24+. (b) 1H NMR spectrum
(400 MHz, CD2Cl2, 298 K) of C3. (c) DOSY plot of cage C3 in CD2Cl2.

Characterization of Doubly capped cage C4
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The resonances of the mesityl protons in C4 showed a significant upfield shift
and were split in four sets, appearing at δ = 5.92, 6.13, 6.22 and 6.57 ppm
(marked as red box), suggesting an intimate stacking between the mesityl group
of 5 and the iminopyridine units of the macrobicyclic ligand 9.
Due to the complexation of 2 to Cu+, the aldehyde functionality should become even more susceptible towards
nucleophilic reagents, such as amines. Indeed, addition of p-toluidine (3) to a solution of C1 led to quantitative
formation of the iminopyridine ligand 4 at the Cu+ center, thereby furnishing the heteroletic complex C2, as confirmed
by spectroscopic evidence.
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Chemical structures and Cartoon representation of Ligands 5-8

Figure 2: (a) 1H NMR spectrum (400 MHz, CD2Cl2:CD3CN (1:6), 298 K) of C4. (b) Energy-minimized (MM+)
structure of C4 with anticlockwise orientation of both ligands 5. (c) ESI-MS spectrum of C4 = Cu6(5)2(9) (PF6)6
(in CH3CN) and experimental isotopic distribution (black lines) along with calculated Isotopic distribution (red
lines) for the species Cu6(5)2(9) (PF6)5+. ( 9 = (6)3(8)2 – 6 H2O). (d) DOSY plot of cage C5 in CD2Cl2:CD3CN (1:6).

Characterization of PC1 and SP
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Synthesis and post-self-assembly functionalization of nanoprism
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Figure 3: (a) AFM height image of metallodynamer PC1. (b) AFM image of star poymer SP. (c) Distribution of the
hydrodynamic diameter of PC1. (d) An expanded part of the 1H NMR spectrum (400 MHz, CD2Cl2, 298 K) of PC1. (e) The
histogram represents the average arm length distribution for SP.

The length assessment of the dynamic polymer PC1 (DP = 11) based on end group analysis (1H- NMR) is consistent
with that on the covalent star polymer SP effected by AFM (DP = 10). Most of the star shaped polymers show an
arm length from 20-35 nm. The histogram provides an arm-length distribution ranging from 10 nm to 50 nm, with
an average arm length of approximately 26 nm, corresponding to a molecular weight of 22 kDa . Among 68
investigated star molecules, 72% of the molecules (49 molecules) show correlated growth in their polymer chains
within the error limit ± 6 nm (3 nm corresponds to the length of one monomer unit).

We have described the formation of the doubly capped cage C4 and triple-stranded poly-nanocage PC1. The above
methodology due to its inherent template control and cooperative effects, provides an elegant route for the
preparation of multi-armed polymer molecules with arms of identical length. The post-polymerization reduction of
PC1 generates a kinetically locked poly-amine still affixed to a supramolecular scaffold while subsequent
demetallation liberates a triple-armed star-like polymer.
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Conclusion
In conclusion, we have utilized the supramolecular assistance of a sterically encumbered tris-(phenanthroline-Cu+) unit for the exclusive formation of self-assembled nanoprism and cage with a high level of constitutional control. We have
also described the formation of the triple-stranded poly-nanocage PC1, in which tris(phenanthroline-Cu+) units and poly-iminopyridines are organized in a highly defined manner via heteroleptic complexation. To the best of our
knowledge, PC1 represents the first example of a triple-stranded metallodynamer. The post-polymerization reduction of PC1 generates a kinetically locked poly-amine still affixed to a supramolecular scaffold while subsequent
demetallation liberates a triple-armed star-like polymer. AFM analysis of individual star polymer molecules suggests that the growth of their arms is correlated up to 72%.

