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A Molecular Logic Gate Constructed by Pillararene-based Host-guest Interactions

XIA Danyu, CHENG Yujie, ZHANG Meiru, WEI Xuehong
(Scientific Instrument Center, Shanxi University, Taiyuan 030006, China)

Abstract: A pH-responsive host-guest recognition system based on the morphine group modified pillar[5]arene host (H1) and the or-
ganic amine salt guest molecule G1 was constructed. Under neutral conditions, H1 and G1 formed a [2]pseudorotaxane after host-
guest complexation. This host-guest system displayed dual-pH responsive property; under acidic conditions, H1 was protonated and
converted into H2, resulting in the disassociation with G1; under basic conditions, G1 was transformed into G2, leading to the disas-
sociation of the host-guest complex. Based on this host-guest system, we have successfully constructed a molecular logic gate sys-
tem in which different combinations of host-guest complexes, acids and bases acted as input and outputted different information.
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Scheme 1 The compounds used in this article and the design

concept
(a) The structures of the host and guest compounds; (b) cartoon
representation of the dual-pH responsive host-guest system; (c)

illustration of the logic gate diagram.
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Chemical Shift

B1 #453HNMR i (600 MHz, CDCl,, 298 K)
(a) H1 (5.00 mmol/L.); (b) H1 (5.00 mmol/L) F1 G1
(5.00 mmol/L); (¢) G1 (5.00 mmol/L),

Fig. 1 Partial '"H NMR spectra (600 MHz, CDCl;, 298 K)
(a) H1 (5.00 mmol/L); (b) H1 (5.00 mmol/L) and G1 (5.00
mmol/L); (c) G1 (5.00 mmol/L).
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2 B 2D NOESY #15] (600 MHz, CDCl;, 298 K)
(H1 (20.0 mmol/L)#1 G1 (20.0 mmol/L.).)
Fig.2 Partial 2D NOESY spectra (600 MHz, CDCl;, 298 K)
(H1 (20.0 mmol/L) and G1 (20.0 mmol/L).)
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Chemical Shift
B3 s 'HNMR 3&E (600 MHz, CDCl;, 298 K)
(a) H1; (b) H1 + =% Z; (¢) H1 + G1; (d) H1 + G1+ =5 Z; (e) Gl
(H1 1 G1 ByHe 1 5.00 mmol/L, =R M4 N 18.6 ul.)
Fig. 3 Partial '"H NMR spectra (600 MHz, CDCl,, 298 K)
(a) H1; (b) H1 + trifluoroacetic acid; (c) H1 + G1; (d) H1 + G1+ trifluoroacetic acid; (e) G1
(The concentration of H1 and G1 are both 5.00 mmol/L. The amount of trifluoroacetic acid is 18.6 pL.)
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Chemical Shift
B4 #45r 'HNMR 3% (600 MHz, CDCly, 298 K)
(@) G1; (b) G1+=2ZJ%; (¢) H14+G1; (d) H1+G1+ =ZJ%; (e) H1
(H1 1 G1 fEHR 5.00 mmol /L, =Z 44 1.00 pl.)
Fig. 4 Partial '"H NMR spectra (600 MHz, CDCl,, 298 K)
(a) G1; (b) G1 + triethylamine; (¢) H1 + G1; (d) H1 + G1+ triethylamine; (e) H1
(The concentration of H1 and G1 are both 5.00 mmol/L. The amount of triethylamine is 1.00 pL.)
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Chemical Shift

ESs #453'H NMR % (600 MHz, CDCl,, 298 K)
(a) H1 + G1; (b) a + =2 (1.00 pl.); (¢) b +=FRZMR (55.8 pl.); (d) a + =M (18.6 pl.); (e) d + =2 (1.00 pl.)
(H1 1 G1 B9 % 5.00 mmol/1..)
Fig. 5 Partial 'H NMR spectra (600 MHz, CDCl;, 298 K)
(a) H1 + G1; (b) a + triethylamine (1.00 pL); (c) b + trifluoroacetic acid (55.8 pL); (d) a + trifluoroacetic acid (18.6 pL); (e) d + tri-
ethylamine (1.00 pL)
(The concentration of H1 and G1 are both 5.00 mmol/L.)
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Table 1 The truth table of the logic gate based on H1 and G1

Inputl Input2 Input3 Input4 Input5 Outputl Output2

State 0 Acid Base State 1l State2 Statel  State 2
1 1 0 0 0 1 0
1 0 1 0 0 0 1
1 1 0 1 0 1 0
1 0 1 0 1 1 0
0 0 1 1 0 0 1
0 1 0 1 0 1 0
0 1 0 0 1 1 0
0 0 1 0 1 0 1
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