
8072 | Chem. Commun., 2019, 55, 8072--8075 This journal is©The Royal Society of Chemistry 2019

Cite this:Chem. Commun., 2019,

55, 8072

Adjustable chiral self-sorting and self-discriminating
behaviour between diamond-like Tröger’s
base-linked cryptands†

Yuan Chen,a Cheng Qian,a Qian Zhao,a Ming Cheng,a Xinran Dong,a Yue Zhao, *a

Juli Jiang *a and Leyong Wang ab

Two isomers of Tröger’s base-linked cryptands 5a and 5b were

synthesized, and both of them have two chiral N-centers, exhibiting

rare diamond-like scaffolds. Particularly, when growing from the

solution of rac-5a, a single enantiomer RNRN-5a was found in the

crystal cell, revealing chiral self-sorting behaviour. However, when

adding CF3COOH to protonate Tröger’s base in the solution of

rac-5a, two enantiomers were both formed in pairs in the crystal

cell, exhibiting chiral self-discriminating behaviour.

Since the birth of supramolecular chemistry, a large number of
macrocycles1 have been constructed and used in molecular
machines,2 interlocked structures,3 supramolecular catalysis,4

metal detection,5 adsorptive separation,6 and smart materials
widely.7 Among them, chiral macrocyclic structures have attracted
much attention for their wide applications in the fields of chiral
recognition,8 chirality inversion,9 chiral induction,10 and stereo-
selective self-assembly.11 In general, there are two common
strategies to fabricate chiral macrocyclic hosts, including
(i) introducing chiral auxiliaries into the macrocyclic skeletons
and (ii) eliminating the symmetry plane or inversion center in
order to produce inherent chirality into the cavity-shaped
macrocyclic skeletons.

As a classical example of nitrogen stereogenic center,12

Tröger’s base (TB)13 is an inherently C2-symmetric chiral com-
pound with two N-centered chiral units. The V-shaped structure
and rigid conformation made TB a useful building block to
construct various functional architectures in diverse areas such
as catalysis,14 molecular recognition,15 optical materials,16 and
polymer membranes.17 In 2018, Stoddart and co-workers18

synthesized Tröger’s base-linked polymers by in situ intermolecular

alkylation and cyclization of either trans- or cis-di(aminobenzo)-
[18]crown-6, and evaluated their proton conduction performance in
humid environments. Inspired by their research, we speculated
that if the length of the glycol chain was increased, it was possible
that Tröger’s base-linked cryptands might be formed due to the
intramolecular cyclization reactions. In most cases, macrocyclic
cryptands were designed by introducing functional groups into the
third arm of cryptands.19 To the best of our knowledge, relatively
limited attention has been paid to the synthesis of cryptands by
intramolecular cyclization from rigid building blocks.20

Herein, by introducing Tröger’s base functional groups, two
kinds of V-shaped cryptands 5a and 5b via the intramolecular
cyclization reactions of trans- or cis-di(aminobenzo)[24]crown-8
are reported as illustrated in Scheme 1. Each of them has a TB
unit, and thus, a pair of enantiomers should exist theoretically.
When growing from the solution of rac-5a, a single enantiomer
RNRN-5a was found in the crystal cell, exhibiting chiral self-
sorting behaviour. However, when adding CF3COOH to proto-
nate Tröger’s base in the solution of rac-5a, two enantiomers
were formed in pairs in the crystal cell, exhibiting chiral self-
discriminating behaviour. It was a rare example that chiral self-
sorting and self-discriminating behaviour could be regulated by
adding external stimuli. Chirality is the omnipresent property
in nature, and deeply understanding the chiral behaviour is
helpful to mimic nature’s designs precisely and accurately.

Scheme 1 Chemical structures and cartoon representations of 5a and 5b.
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Detailed synthetic routes for cryptands 5a and 5b are shown
in Scheme 2. By combining 1H and 13C nuclear magnetic
resonance spectroscopy (NMR) and high-resolution mass spec-
trometry (HRMS), the formation of 5a and 5b was confirmed
undoubtedly. As shown in Fig. 1, due to the C2 symmetry of 5a,
in the 1H NMR spectra of 5a only two sets of singlets from the
aromatic protons of the TB unit were found, ascribed to HA

(HA’) and HB (HB’) at 6.78 ppm and 6.68 ppm, respectively.
Compared with 5a, in the 1H NMR spectra of 5b, two singlets
(Ha and Hb) and two doublets (Hc and Hd) from the aromatic
protons of the TB unit were found. At the same time, the
coupling constant J = 8.8 Hz was ascribed to ortho-coupling
between protons Hc and Hd. The pair of singlets located at
6.47 ppm and 7.05 ppm belong to protons Ha and Hb, respec-
tively. In Fig. 1(b), twelve singlets from different carbons in the
aromatic area were obviously recognized in the 13C NMR
spectra of 5b, while six singlets from carbons in the aromatic
area were recognized in the 5a spectra. In addition, the correla-
tions were observed in the 1H–13C HSQC/HMBC spectra (see the
ESI,† Fig S16). Furthermore, the electrospray ionization (ESI)
mass spectra provided signal peaks at m/z 537.2218 and
537.2213 for [5a + H]+ and [5b + H]+, respectively.

Both 5a and 5b have two chiral N-centers, and due to the
bridged methylene groups of diazocine nitrogen atoms there
are two enantiomers, (RNRN)- and (SNSN)-, which exist simulta-
neously in the racemate. Much effort was made to get the
crystal from the solution of rac-5b, but failed. Single crystals
were successfully obtained by slow diffusion of isopropyl ether
into a dichloromethane solution of rac-5a, and randomly, one
single crystal was selected to be analysed by X-ray. Unexpectedly,
only enantiomer (RNRN)-5a was found to exist in the crystal cell,
and enantiomer (SNSN)-5a was not found at all. Although the
(SNSN)-5a crystal cell was not selected by chance, it is reasonable to
assume that the crystal with only the (SNSN)-5a enantiomer should
exist among crystals of 5a. Due to the almost same crystalline
morphologies of two 5a enantiomers, their manual sorting was
unsuccessful. Compared with the racemic mixtures of enantio-
mers reported during crystallization in most solutions, chiral
self-sorting behaviour, or known as ‘‘conglomerate’’, was not
so common, especially chiral self-sorting behaviour occurred
between macrocycles.21–24

As shown in Fig. 2, enantiomer (RNRN)-5a crystallized in the
orthorhombic unit with the C2221 space group with the C2 axis
passing through the a axis, and revealed the strained rigid
isosceles geometries with vertex angles of B881. Defined by the
base-to-apex distance, the cavity size of (RNRN)-5a was 4.1 Å, and
the distance of the base and hypotenuse was 6.8 Å and 6.1 Å,
respectively. The favourable C–H� � �p interaction (dCg� � �C =
3.83 Å and yC–H���� � �Cg = 138.81) between the H atom on one of
the outward glycol chains and the centroid of another phenylene
ring was found as the main driving force in the stacking state of
(RNRN)-5a. In most cases, the crystal from the solution of the
racemic compound was composed of a pair of enantiomers, and
only 5 to 10 percent of racemates were crystallized in the form of
condensed crystals (conglomerate crystallization).25

As the medium base, Tröger’s base unit could be protonated
easily.26 If Tröger’s base unit in rac-5a was protonated, more
additional potential driving forces such as H-bonds would be
involved during the crystallization, which might change the

Scheme 2 Detailed synthetic routes for 5a and 5b. (i) 4-Nitrobenzene-
1,2-diol, K2CO3, CH3CN, reflux; (ii) TsCl, Et3N, CH2Cl2 25 1C, total yield 73%
(2); (iii) 4-nitrobenzene-1,2-diol, K2CO3, N(Bu)4

+I�, CH3CN, N2, reflux, 57%
(3); (iv) RANEYs-Ni, N2H4�H2O, CH3OH, reflux, 82% (4); (v) CF3COOH,
(CH2O)n, 25 1C, 28% 5a and 27% 5b.

Fig. 1 (a) Annotated 1H NMR spectrum of 5a and 5b (400 MHz, CDCl3,
298 K). (b) Annotated 13C NMR spectrum of 5a and 5b (100 MHz, CDCl3,
298 K).

Communication ChemComm

Pu
bl

is
he

d 
on

 1
8 

Ju
ne

 2
01

9.
 D

ow
nl

oa
de

d 
by

 Y
un

na
n 

U
ni

ve
rs

ity
 o

n 
8/

9/
20

25
 1

1:
21

:0
2 

PM
. 

View Article Online

https://doi.org/10.1039/c9cc03577j


8074 | Chem. Commun., 2019, 55, 8072--8075 This journal is©The Royal Society of Chemistry 2019

chiral self-sorting behaviour in the stacking state. Along this
line of consideration, 2.0 equiv. trifluoroacetic acid (TFA) was
added into the solution to protonate rac-5a. And then, by slow
diffusion of isopropyl ether into dichloromethane solution
of the protonated rac-[5a�H], single crystals suitable for X-ray
analysis were successfully obtained. Although 2.0 equiv. TFA
was added into the solution to protonate rac-5a, only one
nitrogen atom was protonated by TFA, which was consistent
with the previously reported results.26 Protonated rac-[5a�H]
crystallized in the triclinic unit with the P%1 space group, and the
trifluoroacetate anion CF3COO� as a counter ion was located
outside the cryptand’s cavity near the tertiary ammonium N–H

group by hydrogen bonding (dN� � �O = 2.61 Å and yN–H� � �O =
176.51). As shown in Fig. 3, [5a�H] adjusted its shape to
complement adjacent quaternary ammonium centres, forming
asymmetrical shape of the cavity. It was found that p–p stacking
existed between neighbouring enantiomers with a centroid-to-
centroid distance of 4.00 Å. Unlike spontaneous deracemiza-
tion during the crystallization of rac-5a, a pair of enantiomers,
protonated (RNRN)-[5a�H] and (SNSN)-[5a�H], were both found
in the stacking state, which exhibited heterochiral self-sorting
behaviour. That is to say, chiral self-sorting and self-
discriminating behaviour of cryptand rac-5a could be regulated
by adding TFA (Fig. 4).

Fig. 2 (a) Front and side views of a single-crystal of (RNRN)-5a. (b) Crystal superstructures of (RNRN)-5a revealing C–H� � �p interactions. (c) Cartoon
representations of crystal superstructures of (RNRN)-5a (blue). Note: TB units with RNRN are depicted in blue, and the hydrogen is omitted for the sake of clarity.

Fig. 3 (a) Crystal structures of protonated rac-[5a�H]. (b) Solid state superstructure of protonated rac-[5a�H]. (c) Cartoon representations of crystal
superstructures of rac-[5a�H]. Note: TB units with SNSN are depicted in red, while TB units with RNRN are shown in blue, and CF3COO� as a counter ion is
depicted in green.

Fig. 4 Cartoon representations of chiral self-sorting and self-discriminating behaviour by adding TFA.
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In summary, Tröger’s base-linked cryptands 5a and 5b, which
had unique diamond-like structures and chiral self-classification
features, were synthesized using a one-step intramolecular cycliza-
tion reaction. When growing from the solution of rac-5a, a single
enantiomer RNRN-5a was found in the crystal cell, exhibiting chiral
self-sorting behaviour. However, when adding CF3COOH to proto-
nate Tröger’s base in the solution of rac-5a, two enantiomers were
formed in pairs in the crystal cell, exhibiting chiral self-discriminating
behaviour. It was not only the relative rare example that chiral
self-sorting behaviour occurred between macrocycles, but also the
intriguing example that chiral self-sorting and self-discriminating
behaviour could be regulated by external stimuli easily.
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