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Synthesis of 1,4-Bis(npropoxy)pillar[7]arene and Its Host—guest Chemistry

Zhang, Zibin Chi, Xiaodong
Huang, Feihe™
(Department of Chemistry, Zhejiang University, Hangzhou 310027, China)

Han, Chengyou Zhang, Mingming Yu, Guocan

Abstract Pillar[r]arenes, as a new type of macrocyclic hosts, have attracted more and more attention in recent years. Their
repeating units are connected by methylene bridges at the para-positions so they have a pillar architecture, which is different
from the basket-shaped structure of meta-bridged calixarenes. Herein, 1,4-Bis(n-propoxy)pillar[Slarene (P5),
1,4-bis(n-propoxy)pillar[6]arene (P6) and 1,4-bis(n-propoxy)pillar[7]arene (P7) were synthesized from the condensation of
1,4-di(n-propoxy)-2,5-bis(methoxymethyl)benzene using p-toluenesulfonic acid as the catalyst in dichloromethane. They
were characterized by "H NMR, °C NMR and mass spectrometry. They had different "H NMR spectra but similar *C NMR
spectra. The diameter of the internal cavity of P5 is ca. 4.6 A, similar to those of cucurbit[6]uril (ca. 5.8 A) and
a-cyclodextrin (ca. 4.7 A). The diameter of the internal cavity of P6 is ca. 6.7 A, similar to those of cucurbit[7]uril (ca. 7.3
A) and p-cyclodextrin (ca. 6.0 A). The diameter of the internal cavity of P7 is ca. 8.7 A, similar to those of cucurbit[8]uril
(ca. 8.8 A) and y-cyclodextrin (ca. 7.5 A). The host-guest binding properties of them were investigated with n-octyltriethyl
ammonium hexafluorophosphate G as a model guest. P6 showed complexation with G while weak complexation was ob-
served between G and P5, but no complexation occurred between P7 and G. The "H NMR spectrum of an equimolar solution
of P6 and G in chloroform-d showed only one set of peaks, indicating fast-exchange complexation between P6 and G on the
'H NMR time scale at 22 ‘C. A mole ratio plot indicated that the complexation stoichiometry was 1 : 1 between P6 and G.
This was further confirmed by a low resolution electrospray ionization mass spectroscopy peak at m/z 1451.7 corresponding
to [P6oG—PF,]". The association constant of the 1 : 1 complex P6>G in chloroform-d was determined to be (740 86)
Lemol ™! by a proton NMR titration. These experiments demonstrate that G fits the cavity of P6 while it is too big for the
cavity of PS and too small for the cavity of P7.

Keywords macrocycles; host-guest chemistry; supramolecular chemistry; pillararenes; self-assembly
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Figure 1 Partial "H NMR spectra (400 MHz, CDCl;, 22 °C) of P5 (a),
P6 (b) and P7 (c)
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Figure 2 Ball and stick views of the minimized energy structure of P7:
(a) top view; (b) side view
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Table 1 Calculated structural parameters for P5°, P6“ and P7° based on
van der Waals radii of the atoms

B |
A
1|
AYA BA HYA Ve/A3
P5 47 13.5 7.8 152
P6 6.7 152 7.8 302
P7 8.7 16.9 7.8 493

© 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“ Based on X-ray crystal structures reported previously®; ® Based on the
minimized energy model of P7; “ Based on the diameter of the inscribed circle
or the circumcircle of the regular pentagon, the regular hexagon or the regular
heptagon; “Based on the distance between the two oxygen atoms on the same
benzene ring; Based on the volume of the regular pentagonal pillar, hexago-
nal pillar or heptagonal pillar.
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Figure 3 Partial '"H NMR spectra (400 MHz, CDCl;, 22 C) of (a) 2
mmol/L P5, (b) 2 mmol/L P5 and G, (¢) 2 mmol/L G, (d) 2 mmol/L P6
and G, and (e) 2 mmol/L P6
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Figure 4 A possible complexation model of P6 and G
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500/1—300/1—100/1), 15%] P5 (1.57 g, 76%), P6 (100
mg, 5%) % P7 (20 mg, 1%). P5, m.p. 107.8~108.2 °C; 'H
NMR (400 MHz, CDCl;, room temperature) J: 6.80 (s,
10H), 3.79 (t, J=6.0 Hz, 20H), 3.77 (s, 10H), 1.79~1.70
(m, 20H), 1.00 (t, J=8.0 Hz, 30H); *C NMR (100 MHz,
CDCl;, room temperature) o: 150.0, 128.5, 115.2, 70.1,
29.8, 23.1, 10.9; MS m/z (%): 1048.6 [M+NH,4]" (100).
HRMS caled for [M+NH4]" CgsHoyNO;; 1048.6872,
found 1048.6848, error —2.3 ppm. P6, m.p. 118.6~120.2
‘C; '"H NMR (400 MHz, CDCl;, room temperature) o: 6.69
(s, 12H), 3.81 (s, 12H), 3.70 (t, J=6.0 Hz, 24H), 1.74~
1.65 (m, 24H), 0.93 (t, J=8.0 Hz, 36H); *C NMR (100
MHz, CDCl;, room temperature) o: 150.6, 128.1, 115.2,
70.3, 30.9, 23.1, 10.8; MS m/z (%): 1255.0 [M+NH,]"
(100); HRMS caled for [M+H-+NH,]" C;sH;;3NOY,
1255.8257, found 1255.8225, error —2.5 ppm. P7, m.p.
153.7~154.2 °C; '"H NMR (400 MHz, CDCl;, room tem-
perature) J: 6.61 (s, 14H), 3.84 (s, 14H), 3.68 (t, J=6.0
Hz, 28H), 1.68~1.59 (m, 28H), 0.87 (t, J/=6.0 Hz, 42H);
C NMR (100 MHz, CDCl;, room temperature) J: 150.8,
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128.1, 115.1, 70.5, 30.9, 23.0, 10.7; MS m/z (%): 1460.9
[M + NH,] © (100); HRMS caled for [M + NH,] "
CoHi3NOY; 1460.9491, found 1460.9454, error —2.5
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