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a b s t r a c t 

We describe a janusarene derivative PyJ, which forms micrometer-scale one-dimensional metallo- 

supramolecular polymer through coordination driven self-assembly. PyJ is a well-preorganized dode- 

catopic pyridyl ligand built on a hexaphenylbenzene platform. The two-face structural feature of PyJ 

allows for a delicate control over multiple Py-Ag + -Py coordination interactions, leading to assembled 

structure of PyJ-Ag + , which was characterized by dynamic light scattering, atomic force microscopy, and 

transmission electron microscopy. 

© 2021 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia 

Medica, Chinese Academy of Medical Sciences. 
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Coordination-driven self-assembly is a highly modular and flex- 

ble approach for the rational construction of various metallo- 

upramolecular structures such as molecular cages, knots, and 

elicates [1–13] . In addition to these discrete molecular enti- 

ies, some well-organized metallo-supramolecular polymers were 

lso constructed, providing access to novel functional and stimuli- 

esponsive materials [14–23] . No matter which final structures are 

argeted, well-preorganized metallo-ligands hold the key for the 

uccessful endeavor in these directions. 

In 2017, we reported a homoditopic molecular host, named 

anusarene ( Fig. 1 , top left) [24] , which can bind and align various

uest compounds concurrently in the solid state. During the course 

f this study, we realized that a simple phenyl-to-pyridyl structural 

odification will result in an unusual dodecatopic pyridyl ligand 

yJ, whose two-face structural feature might be particularly suit- 

ble for the construction metallo-supramolecular polymer ( Fig. 1 , 

ight), taking advantage of the well-established linear Py-Ag + -Py 

oordination chemistry [25–28] . Therefore, we initiated this study, 

hich is detailed below. 

PyJ was synthesized via a cobalt catalyzed cyclotrimerization 

eaction ( Fig. 1 ). Detailed synthesis and characterization are de- 

cribed in Supporting information. The identity of PyJ is unam- 

iguously confirmed by using high resolution mass spectroscopy 

HRMS) and a combination of different nuclear magnetic reso- 

ance (NMR) techniques ( Fig. 2 ). HRMS shows an ionic species ( m/z

703.8224) fully consistent with the theoretical value ([M + 2H] 2 + , 
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alcd. for C 186 H 236 N 12 O 48 : 1703.8224). The isotopic pattern is iden- 

ical with that of the simulated one. In the 1 H NMR spectrum 

CDCl 3 ), resonance signals corresponding to the hexaphenylben- 

ene (HPB) protons of PyJ (7.44, H 

d ; 7.33, H 

e ) are observed. Other 

esonance signals on the pyridyl unit can be well assigned with 

xpected integrations. 

Coordination-driven molecular assembly of PyJ was first inves- 

igated by using UV-vis absorption spectroscopy ( Fig. 3 A). When 

g + is titrated to a methanol solution of PyJ, the absorption band 

hifts from 293 nm to 300 nm, giving a sharp isosbestic point at 

03 nm, suggesting a clean transformation from PyJ to the PyJ-Ag + 
ssembly. The titration curve levels off after the addition 6 equiv. 

f Ag + ( Fig. 3 A, inset), a theoretical stoichiometry for the proposed 

ne-dimensional supramolecular assembly ( Fig. 1 , right). 
1 H NMR result (Fig. S3 in Supporting information) is consistent 

ith the UV-vis measurement. The resonance signals of PyJ grad- 

ally vanish upon AgBF 4 titration, in deuterated methanol, indicat- 

ng the formation of larger assembly, which prohibits fast molecu- 

ar tumbling. In addition, no evident change in the chemical shift 

s observed, implying a slow exchange in the NMR time scale. The 

bsence of notable resonance signals, corresponding to the short 

ligomers, e.g. dimer and trimer, probably suggests a nucleation- 

longation assembling process, as occurs in many supramolecu- 

ar polymerization systems [29] , in which the formation of short 

ligomers is more energetic demanding, because restricted confor- 

ational switching in the initial assembling state might promote 

urther elongation. This is consistent with the S-shaped titration 

urve ( Fig. 3 A, inset) [30] , observed in the UV-vis studies. Dynamic 

ight scattering reveals the formation of an assembled species 
stitute of Materia Medica, Chinese Academy of Medical Sciences. 
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Fig. 1. Synthesis and structure of the pyridine functionalized janusarene PyJ. The 

triethylene glycol monomethyl ether (tg) chain, attached to improve the solubility 

of PyJ, is omitted for clarity. Structure of the assembled PyJ-Ag + (right) is optimized 

using the Spartan software, MM force field. 
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Fig. 2. High resolution mass (top) and 1 H NMR spectra of PyJ (CDCl 3 ). 

Fig. 4. (A) AFM height image of PyJ-Ag + , prepared by casting a dilute solution 

of PyJ (1.0 μmol/L) and Ag + (6.0 μmol/L) in methanol on a silica surface (scale 

1.5 μm × 1.5 μm). Inset, cross-section profile along the white line in the image. 

(B) TEM image of PyJ-Ag + negatively stained with uranyl acetate. 
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hich has an average hydrodynamic radius of ca. 120 nm ( Fig. 3 B).

n evident Tyndall effect is observed, accordingly ( Fig. 3 A, inset). 

Coordination-driven one-dimensional assembly of PyJ is proved 

irectly by using atomic force microscopy (AFM, Fig. 4 A) and trans- 

ission electron microscopy (TEM, Fig. 4 B). AFM image of PyJ-Ag + , 
btained by casting a dilute solution of PyJ (1.0 μmol/L) and Ag + 

6.0 μmol/L) in methanol on a silica surface, shows fibrous struc- 

ures of several micrometers in length, with the majority bundled 

n parallel. Although detailed molecular arrangement is not evident 
ig. 3. UV-vis (A) spectral changes of PyJ (1 × 10 −4 mol/L) toward AgBF 4 titration in me

he Tyndall effect observed using a laser pointer. (B) DLS data in the absence and presenc

2 
rom the AFM image, the height profile of individual polymer chain 

3.0 nm, Fig. 4 A, inset) matches the expected value if the attached 

g chains and counterion species are taken into account. In con- 

rast, control AFM experiment using PyJ, in the absence of Ag + , 
eveals dot-like structures without the formation of fiber-shaped 

bjects (Fig. S2 in Supporting information). 

TEM examination of a negatively stained PyJ-Ag + reveals bun- 

les of parallelly aligned fibres ( Fig. 4 B; Fig. S4 in Supporting in-

ormation), in agreement with that found in the AFM image. The 

olymer chains display a uniform diameter of ca. 4.0 nm, which is 

easonable considering that PyJ-Ag + is surrounded by a layer of tg 

hains and the counterions. 

When molecular assembly is carried out in a chiral solvent like 

 R )-methyl lactate, optically active PyJ-Ag + is successfully obtained 

31] . As shown in Fig. 5 , free PyJ is essentially optically inactive, in

eeping with its dynamic conformation in solution. In a sharp con- 

rast, evident circular dichroism (CD) signals at 285 and 305 nm 
thanol. Inset, absorption at 293 nm as a function of the concentration of Ag + , and 

e of Ag + . 
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Fig. 5. CD spectral changes of PyJ (1 × 10 −4 mol/L) toward AgBF 4 titration in a 

chiral solvent of methyl lactate. Inset, plot of the CD intensity at 305 nm as a func- 

tion of equiv. of Ag + added and the TEM image of PyJ-Ag + assembled in ( S )-methyl 

lactate. 
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merge and develop upon Ag + titration. The maximum spectral 

hange is reached after 6 equiv. of Ag + is present ( Fig. 5 , inset),

 theoretical stoichiometry for the expected PyJ-Ag + . The corre- 

ponding UV-vis spectral changes (Fig. S5 in Supporting informa- 

ion) are analogous to those observed in methanol ( Fig. 3 A), sug- 

esting a comparable assembling process. When the other enan- 

iomer, ( S )-methyl lactate, is used as the chiral solvent instead, a 

imilar trend in the CD spectral change is observed, but with per- 

ect mirror image Cotton effect ( Fig. 5 , dashed line). TEM image 

f a negatively stained sample shows bundles of parallelly aligned 

bers with a uniform diameter of ca. 4.0 nm ( Fig. 5 , inset), remi-

iscent of that found for PyJ-Ag + assembled in methanol ( Fig. 4 B). 

Mori et al. thoroughly investigated the propeller-chirality of a 

PB derivative [32] , ascertaining that ( P )-HPB has a major nega- 

ive Cotton effect at around 300 nm, and a minor positive one at 

horter wavelength. This spectral feature is exactly reproduced in 

he CD spectrum of PyJ-Ag + measured in ( S )-methyl lactate ( Fig. 5 ).

herefore, we speculate that chiral induction of PyJ-Ag + was real- 

zed in methyl lactate, and the HPB units in the assembled PyJ-Ag + 

ake uniform propeller-shaped conformation. This assumption is 

upported by the simulated assembling structure of PyJ-Ag + ( Fig. 1 , 

ight). 

In summary, we present a janusarene-based dodecatopic 

yridyl ligand PyJ, which forms one-dimensional metallo- 

upramolecular polymer in the presence of Ag + . The two-face 

tructural characteristic of PyJ is essential for this coordination 

riven self-assembly, and the propeller-shaped conformation of the 

PB units in assembled PyJ-Ag + can be biased in a chiral solvent, 

.g. methyl lactate. This work may stimulate the fabrication of 

ther metallo-supramolecular polymer with attractive chiroptical 

nd dynamic properties. 
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