Tetrahedron Letters 59 (2018) 2197-2204

journal homepage: www.elsevier.com/locate/tetlet

Contents lists available at ScienceDirect

Tetrahedron Letters

Digest paper

Supramolecular systems constructed by crown ether-based cryptands )

Xintong Ren?, Jing Zhang?, Ming Cheng?, Qi Wang ™*, Juli Jiang **, Leyong Wang?

Check for
updates

2 Jiangsu Key Laboratory of Advanced Organic Material, School of Chemistry and Chemical Engineering, Nanjing University, Nanjing 210023, China
b Key Laboratory for Organic Electronics and Information Displays & Jiangsu Key Laboratory for Biosensors, Institute of Advanced Materials (IAM),
Jiangsu National Synergetic Innovation Center for Advanced Materials (SICAM), Nanjing University of Posts & Telecommunications, 9 Wenyuan Road, Nanjing 210023, China

ARTICLE INFO ABSTRACT

Article history:

Received 31 December 2017
Revised 7 April 2018
Accepted 22 April 2018
Available online 23 April 2018

Keywords:

Cryptand

Pseudorotaxane

Rotaxane

Stimulus-responsive supramolecular
system

Supramolecular polymer

Cryptands, seen as a kind of crown ether derivatives, have attracted much attention because of their three
dimensional spatial structures and additional binding sites. Moreover, by changing functional groups on
the third arm, various stimuli-responsive host-guest systems were obtained, which have played key roles
in the construction of functional supramolecular systems. The recent advances in supramolecular sys-
tems constructed by crown ether-based cryptands, and further applications, especially in supramolecular
polymers are summarized in this digest paper.

© 2018 Elsevier Ltd. All rights reserved.

Contents
L8 o L1 ol o) VA PPN 2197
General synthetic methods of crown ether-based cryptands. .. ......... . ittt i ettt et et et ettt e e 2198
BasiC NOST—@UEST SYSTRITIS . . . o vt vt ittt ettt et ettt e ettt e e et e e e e e et e et e e e e e e e e e e e e 2198
Stimulus-responsive SUPramOleCUIAT SYSTEIMIS. . . . .ot ittt et ettt e ettt e e e e e e e et ettt e e e e e 2200
2] 3 B Yt 0100 S NIy ) o 0 Y 2200
Light-TeSPONSIVE SYSTOITIS . . v o ottt it ettt et ettt et ettt e et et e et e et e e et et e e e e et et ettt et ettt 2200
IO -TESPONSIVE SYSTOIMIS . « . v vttt e et ettt e et et et e et e e et et e et e et e e et et e e e et et e e e e e 2201
REAOX-TESPONSIVE SYSTEIMIS & . . o v it ittt et et et et e et et et e e et et et e e e et et et e e e e e ettt 2201
SUPTAMOLECUIAT POLYIMELS. . . . ot ittt it ettt ettt et et e e e e e et e e e et e e e e e ettt e e e 2201
ConcluSION and PEISPECLIVES . . . v i vttt ettt ettt et et e e e e e e et e et e e e e e e e e e e e e 2202
ACKNOWIBAGMENES . . . .ottt ettt et e e e e e e e e e e e e e e e e e e e e e e e 2203
REIOIBIICES . . ..ottt e e e 2203
Introduction ethers have limited their further applications in the efficient fabri-

The development of new kind of hosts is one of the most impor-
tant topics in host-guest chemistry. Crown ethers as the first gen-
eration of synthetic hosts have been extensively used in various
fields, such as supramolecular polymers,' molecular machines®
and drug delivery materials.> However, the flexible structures
and relatively monotonous complexation modes of simple crown
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cation of advanced supramolecular architectures. Thus, designing
and synthesizing novel crown ether-based hosts with specific
structures and properties have attracted increasing attentions
so far.

Crown ether-based cryptands, a kind of crown ether derivatives,
have received great attentions due to their three dimensional spa-
tial architectures and potential applications in the construction of
advanced supramolecular systems. Moreover, in many cases,
crown ether-based cryptands have been proved to be more influ-
ential hosts than the corresponding simple crown ethers for the
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introduction of additional binding sites and the preorganization
during the association process. More importantly, the different
additional arms on cryptands played crucial roles in constructing
host-guest systems responsive to various external stimuli, which
was crucial for the fabrication of functionalized supramolecular
systems.

In the past two decades, a series of crown ether-based cryp-
tands were elegantly designed and prepared, serving as one of
the major driving forces for the accelerated development of
host-guest chemistry.* In this digest paper, we will highlight
recent advances in the functional supramolecular systems con-
structed by crown ether-based cryptands. Although many wonder-
ful cryptand-based supramolecular systems have been reported so
far, not all of them can be included in this digest paper due to the
space limitation.

General synthetic methods of crown ether-based cryptands

There are many methods to construct different crown ether-
based cryptands. In general, crown-ether derivatives were
obtained as the starting materials firstly, and then, the different
third arm on cryptands were constructed. A representative exam-
ple was the synthesis of cryptand H1. As shown in Scheme 1, bis
(5-hydroxy-1,3-phenylene)-32-crown-10 was obtained firstly and
reacted with tetra(ethyleneglycol) ditosylate to give H1 in 38%
yield by a highly diluted method.

Basic host-guest systems

Pseudorotaxanes® were seen as basic units of complex
supramolecular systems, in which macrocyclic components were
threaded onto axles. In order to build pseudorotaxanes more effec-
tively, high binding strengths of the host-guest interaction were
necessary, and crown ether-based cryptands were the appropriate
candidate hosts to construct pseudorotaxanes owing to 3D spatial
architectures and the high binding capacity.

Inspired by the sandwich-type structures of the complexes
between bis(m-phenylene)-32-crown-10 (BMP32C10) and para-
quat derivatives, Gibson et al. reported the first BMP32C10-based
cryptand H1.” The cryptand has three dimensional cavity structure
and multiple binding sites, which has strong complexing ability
with paraquat guest G1 (Scheme 2). The association constant of
the host-guest system in acetone solution is 6.1 x 10* M~!, 100
times stronger than simple BMP32C10 derivatives. More impor-
tantly, H1 > G1 complex exhibited a “pseudorotaxane-like” struc-
ture according to the crystal analysis results, which was different
from the taco structures that BMP32C10 derivatives usually
formed. This work has played the milestone role in the develop-
ment of crown ether-based cryptands and their supramolecular
assemblies.

After that, Gibson et al. also synthesized a series of BMP32C10-
based cryptands (Scheme 3).” All of the results revealed that these
cryptands have higher association constants with paraquat deriva-
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Scheme 2. Chemical and crystal structure of complex H1 > G1.
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Scheme 3. Chemical structures of H2a-H2n.
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tives than conventional crown ethers due to the preorganization of
the host and the introduction of the optimized binding sites. For
instance, the association constant of cryptand host H2a and guest
G1 was 5.0 x 105 M~!, which had been the largest value of the
association constant with paraquat derivatives so far. Moreover,
crystal structures of complexes formed by these cryptands with
guests were more likely to be pseudorotaxanes, not sandwich-type
structures. Lately, Gibson et al. reported two types of crown ether-
based pyridyl cryptands also have the familiar structures.®

Yan et al.? synthesized a BMP32C10-based cryptand H3 with a
pyridine nitrogen atom outside on the third arm (Scheme 4), which
was confirmed by the crystal structure of the H3 > G2 complex. By
using host-guest interaction based on H3 and metal coordination
ability, a novel [3]pseudorotaxane was obtained.

Our group'® designed and synthesized two BMP32C10-cryp-
tands H4a and H4b by bridging P=0 functional groups in the third
arms, in which the locations of the P=0 groups has a minor differ-
ences, and those two cryptands H4a and H4b could form [2]pseu-
dorotaxanes with paraquat guest G1 both in solution and solid
state. More interestingly, by analyzing the packed crystal struc-
tures of these two complexes H4a > G1 and H4b > G1, two
supramolecular poly[2]pseudorotaxanes could be obtained in
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Scheme 1. Synthetic method of crown ether-based cryptands H1.
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