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Abstract Crown ethers, as the first generation macrocycle, with flexible cavity, are widely used to construct
supramolecular assemblies, due to their complexation of metal ions and organic cations. Sulfonated crown ether is
a kind of anionic crown ether derivative with good water solubility, compared with crown ether, it possess more
binding sites, stronger binding ability and better guest selectivity with metal ions and organic cations. This review
introduces the research progress of sulfonated crown ether from the synthesis of sulfonated crown ethers, the
complexation of alkali metal ions, lanthanide metals, and the assembly of organic cationic guests. Then we
comprehensively analyse the binding modes and driving forces of sulfonated crown ethers from the perspectives of
thermodynamics and crystal structures. Finally, we discuss the opportunities and challenges of the development of
molecular binding and assembly of sulfonated crown ethers, and prospected the application of sulfonated crown

ethers.
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Fig.1 Chemical structures of sulfonated crown ethers
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Table 1 A comparison of association constants K /10° M~

for the formation of [ 2] pseudorotaxanes in various solvents at

298 K3

CD,CN™ ¢D,0D™" ¢D,0D'*T CD;0D/D,0/

(CD;),S00

DB24C8

4-BPE?* 1.9 5.4 el 0.1
3-BPE?* 4.7 12.9 el 0.7
BVE? 0.9 2.2 el 0.1
PBVE* 1.0 el Le] 0.2
DSDB24C8

4-BPE? el >100 0.2 0.5
3-BPE?* e >100 0.3 3.7
BVE2* Le] >100 0.1 0.5
PBVE* el >100 2.3 7.7

[a] Determined by the single-point method utilizing the equation K, =
[ pseudorotaxane ] /[ axle ] and using equal initial concentrations of axle
and wheel (2. 0107 M) and the integral values of the NCH, resonances
('H NMR spectroscopy) for complexed and uncomplexed axles. Errors
are estimated to be 10% or less. [ b] Values in CD;CN are for BF} salts.
[ c]Axles are employed as Br™ salts. [ d] A mixture of 50% CD,0D,

40% D,0. [e] One or more components are insoluble in this solvent.
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Fig.7 Ball-and-stick representations of the X-ray structures
of [ 4-BPE** C DSDB24C8 ] ( bottom) and [ 3-BPE* C
DSDB24C8] (top). S yellow, O red, N blue, C black, axle
=gold bonds, wheel =silver bonds; hydrogen atoms omitted

for clarity"*
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Fig. 11 (a) Crystal structure and (b) the packing
representation of [ 2] pseudorotaxane MV>* C TSBMP26C8,
(¢) Crystal structure and(d) the packing representation of
[ 2] pseudorotaxane BPE* C TSBMP26C8 '

Fz 2 TSBMP26C8 1 TSBMP32C10 574 HLIH & FZARTE K 1: UE BB 05 & F B0 (K, /M) Bkt (AH/K] - mol ™) 4

(TAS/kJ-mol™") Al [16. 191

Table 2 Complex associate constants(K,/M™") | enthalpy ( AH/kJ-mol™") and entropy changes ( TAS/kJ-mol™") for 1:1 inclusion

complexation of TSBMP26C8 or TSBMP32C10 with organic cationic guests in water at 25 °C ' '

Host Guest K (M) DAG® AH® (kJ/mol) TAS® (kJ/mol )

TSBMP26C8  MV?* (1.83 = 0.01) x 10° -18.62 = 0.01 -10.18 + 0.08 7.80 = 0.07
BPE?* (3.44 = 0.13) x 10? -14.47 + 0.09 -3.03 £ 0.03 11.46 + 0. 14
BPB** (2.65 +0.15) x 10? -13.82 + 0. 14 -4.26 = 0.22 9.55 + 0.36
DQ** (1.63 + 0.02) x10° -5.85+ 0.03 12.48 = 0.06
Dp? (4.62 0.08) x 10° -10.19 = 0.08 10.73 = 0. 12
BPYE?* (6.52 = 0.09) x10° -24.89 + 0.05 -3.12 = 0.08
BisMV?* (4.08 + 0.06) x10° -11.53 £ 0.01 -20.49 + 0. 19

TSBMP32C10  MV?* (4.36 £ 0.04) x10° -26.43 + 0.09 -5.66 + 0.12
BPE** (1.02 £ 0.00) x10° -8.02 = 0.01 9.17 + 0.00
BPB?* (1.59 + 0.13) x10° -11.90 + 0.95 6.36 £1. 16
DQ* (3.55 +0.12) x10° -16.69 + 0.37 3.57 £ 0.45
Dp? (2.89 £ 0.01) x10* -32.58 + 0.32 -7.11 = 0.31
BPYE?* (1.04 = 0.01) x10* -34.12 + 0.09 -11.19 + 0.08
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Table 3 Complex associate constants(K,/M™") , enthalpy( AH/k] -mol™") and entropy changes ( TAS/kJ-mol™") for 1:1 inclusion
complexation of TSDN32C8 or TSDN38C10 with organic cationic guests in Water at 25 °C[!? 37 43 4. 4]

Host Guest K,(M™) D-AG° - AH° (kJ/mol) TAS° (kJ/mol)

TSDN32C8 MV (4.04 = 0.35) x 107 43.40 = 0.22 38.93 + 0.27 4.47 £ 0.05
EV* (5.25 + 0.58) x 107 44.04 = 0.28 41.54 + 0.54 2.50 + 0.26
BuV?* (4.66 = 0.48) x 107 43.75 + 0.26 43.92 + 1.05 -0.17 = 0.79
Mp (1.13 = 0.06) x 10° 28.84 + 0.04 29.23 + 0.23 -0.39 = 0.35
PMDI* (5.82 % 0.05) x 10° 32.90 + 0.02 24.85 + 0.01 8.05 + 0.03
NDI?* (9.81 + 0.08) x 10° 34.18 + 0.02 23.17 + 0.03 11.01 + 0.08
Gl (2.82 +0.21) x 10° 36.81 + 0. 18 35.47 + 0.05 1.34 £ 0.23
G2 (4.94 £ 0.29) x 10° 38.20 + 0. 14 33.38 + 0.04 4.82+0.18
G3 4.32 x 10° 37. 41.39 -3.54
G4 (8.09 + 0.09) x 10° 33.72 + 0.03 39.37 + 0.37 -5.65 = 0.39
G5 (1.64 = 0.08) x 10° 35.47+ 0. 12 40.54 + 0.07 -5.08 = 0.20
G6 (1.82 £ 0.13) x 10° 35.52 £ 0.02 41.42 + 0.42 -5.89 = 0.40

TSDN38C10 MV (3.25 + 0.04) x 10° 31.46 + 0.03 30.13 + 0.24 1.33 = 0.21
EV* (1.85 + 0.04) x 10° 30. 06 + 0.05 27.20 + 0.01 2.86 + 0.07
BuV?* (1.88 = 0.02) x 10° 30. 10 + 0.03 27.27 + 0.01 2.83 £ 0.02
MP2* (4.42 = 0.26) x 10? 15.03 = 0.69 14.71 = 1.29 0.38 + 1.43
PMDI* (8.08 = 0.30) x 10* 27.99 = 0.09 20.59 £ 0. 15 7.40 £ 0.24
NDI?* (2.33 +0.03) x 10° 36.32 + 0.03 36.31 + 0.04 0.01 = 0.01
BV? (7.12 £ 0.01) x 10° 33.37 £ 0.00 30.99 + 0.07 2.54 £ 0.07
Dp?* (2.49 + 0.00) x 10° 36.47 £ 0.00 29. 80 + 0.06 6.84 + 0.06
DMDAP?* (1.12 + 0.03) x 10® 45.89 + 0.06 47.84 + 0.12 -1.96 + 0.18
DBDAP? (2.25 + 0.03) x 107 41.93 = 0.04 40. 06 + 0.06 1.87 0. 10

fb2EgE R 2020, 32(11): 1651~ 1664
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Table 4 Parameters of fluorescence spectra of five silk tricyclic fluorescent dyes binded 1o tetrasulfonated dinaphtho-32-crown-8"

Dyes K (M) Ao 1 Nem ) N ( complex) Dcomplex
AO 1. 8x10° 450 1 527 0.139 541 0. 186
PY 1. 7x10° 530 i 566 0.303 572 0.330
MB 1. 8x10° 610 ! 693 0. 032 695 0. 033
AD 1.4x10° 400 Quench 476 0. 284 476 0.374
ADZ* 1. 0x10° 390 Quench 404 0. 429 404 0. 346
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B 15 (a) DP* C TSDN38C10- Al (b) DMDAP* C
TSDN38C10-fi fR45 #4141 ; (¢) DP** C TSDN38C10 #1(d)
DMDAP*" CTSDN38C10 AU AIA (3550 731 A 7
AR TEHME)

Fig.15 Crystal structures of (a) DP** C TSDN38C10 and
(b) DMDAP* C TSDN38C10, and packing representation
of (¢) DP* C TSDN38C10 and ( d) DMDAP* C
TSDN38C10. Please note that the solvent molecules and

partial hydrogen atoms are omitted for clarity !
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