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Unprecedented Porphyrin-pillar[5]arene Hybrid Ditopic Receptor 
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*a,b 
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 Chao Chen,

a
 and Jianzhuang Jiang
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Novel porphyrin-pillar[5]arene host compound ZnPor-P5 was designed and prepared for the first time. A 1:1 

supramolecular complex (ZnPor-P5)·C4 was formed with neutral guest 1,4-bis(imidazol-1-yl)butane (C4) depending on the 

cooperative interactions between the coordination of zinc ion locating at the center of porphyrin moiety and the inclusion 

complexation of the pillar[5]arene cavity with the guest molecule according to a range of NMR, mass, electronic 

absorption, and fluorescence spectroscopic results in addition to ITC, demonstrating the ditopic receptor nature of this 

porphyrin-pillar[5]arene hybrid compound. Addition of CdI2 into (ZnPor-P5)·C4 in chloroform induced the dissociation of 

the guest molecule from the zinc ion locating at the center of porphyrin moiety due to the stronger coordination of 

imidazole with Cd
2+

 than with zinc ion, yielding a new supramolecular system ZnPor-(P5)·C4·Cd with different 

conformation.

Introduction  

Oligo- and multitopic receptors are omnipresent in nature 

because multivalent binding
[1]

 and cooperative binding
[2]

 are 

two major concepts to ensure the necessary efficiency and 

selectivity in biological recognition events as well as the 

complicated cascades of processes coupled to these events. 

Due to different binding sites employed for the receptors to 

substrate, the receptors usually exhibit different 

conformational change upon binding with different guest.
[3]

 

Such kind of conformational change in biological systems has 

been well employed to control the function of proteins and 

enzymes during the cellular metabolism.
[4]

 As a result, 

conformational change of the host upon binding with different 

guest and/or external stimulation has attracted increasing 

research interests in supramolecular chemistry in the past 

three decades through the development of various kinds of 

artificial ditopic and multitopic receptor systems based on 

crown ether,
[5] 

cyclodextrin,
[6]

 calixarene,
[7]

 and 

cucurbit[n]uril
[8]

 macrocyclic hosts. 

Pillar[n]arenes, as a new class of supramolecular host 

system, have also received considerable attention since their 

first synthesis in 2008.
[9] 

Thanks to their excellent host-guest 

binding ability with a number of guests, different 

pillar[n]arenes-based supramolecular polymers,
[10]

 functional 

vesicles,
[11] 

and other supramolecular systems
[12]

 with 

fascinating properties and application potentials have been 

developed. However, the pillarene-based ditopic receptors and 

in particular the pillarene-containing hetero-ditopic receptors 

still remain extremely rare. In 2013, Huang used pillar[5]arene 

and crown ether to construct a dynamic [1]catenane showing 

pH-responsiveness.
[13]

 In 2014, Wen and co-workers 

constructed a bicyclic host molecule using pillar[5]arene and 

crown ether with its two cyclic subunits selectively recognizing 

two different guest molecules.
[14]

 Obviously, novel pillarene-

based ditopic receptors with interesting supramolecular 

system formation properties are highly desired for the purpose 

of mimicking the biological recognition events. 

It is well known that porphyrins are of significant biological 

importance and widely used in supramolecular chemistry to 

mimic the porphyrin-containing active sites of proteins and 

enzymes.
[15]

 In addition to the large number of metal 

porphyrin monotopic receptors usually with the central metal 

ion as the sole biding site,
[16]

 cyclodextrins,
[17]

 crown ethers,
[18]

 

and calix[4]arenas
[19]

 were also incorporated onto the 

porphyrin periphery as additional binding site, resulting in a 

number of porphyrin-containing ditopic receptors. However, 

pillar[n]arene-containing porphyrin-based ditopic receptor still 

remains unreported thus far, to the best of our knowledge. 

In the present paper, we describe the preparation and 

characterization of unprecedented porphyrin-pillar[5]arene 

host compound ZnPor-P5. This novel hybrid compound forms a 

stable 1:1 supramolecular complex (ZnPor-P5)·C4 with neutral 

guest 1,4-bis(imidazol-1-yl)butane (C4) depending on the 

cooperative interactions between the coordination of zinc ion 

locating at the center of porphyrin moiety and the inclusion 

complexation of the pillar[5]arene cavity with the guest 

molecule according to a range of NMR, mass, electronic 

absorption, and fluorescence spectroscopic results in addition 

to ITC, demonstrating the ditopic receptor nature of this 

porphyrin-pillar[5]arene hybrid compound. Addition of CdI2 

into (ZnPor-P5)·C4 in chloroform induces the dissociation of 
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was obtained with 264.0 mg, 10%. 
1
H NMR (400 MHz, CDCl3, 

25 qC): w = -2.75(s, 2 H, NH), 1.61 (s, 27 H, CH3),7.20 (d, J = 8.0 

Hz, 2H, Ar), 7.75 (d, J = 8.0 Hz, 6 H, Ar), 8.07 (d, J = 8.0 Hz, 2 H, 

Ar), 8.14 (d, J = 8.0 Hz, 6 H, Ar), 8.87 (m, 8H, pyrrole)ppm. MS 

Calcd. for C56H54N4O: 799.05; found: m/z 799.62. Anal. Calcd. 

for C56H54N4O: C, 84.17; H, 6.81; N,7.01; found C, 84.09; H, 6.92; 

N, 7.13. UV/Vis [in CHCl3, �u�Ælvu� ~o}Px��W� ðî1 (5.64), 518 

(4.19), 554 (3.96), 593 (3.66), 649 (3.65). 

Preparation of Zn(TTBP). Zn(OAc)2·2H2O (1.7 g, 8.0 mmol) was 

added into a solution of 3 (0.32 g, 0.40 mmol) in CHCl3/CH3OH 

(2/1, v/v, 100 mL), and the mixture was stirred at room 

temperature for 24 h (along with a gradual color change from 

dark purple to pink-purple). The metalation progress was 

monitored by UV-Vis spectroscopy. The solution was diluted 

with CHCl3 and washed with saturated NaHCO3 and water. The 

organic layer was dried with MgSO4, and the solvent was 

removed. The residue was purified by flash column 

chromatography on silica gel using CH2Cl2 as eluent to afford 

Zn(TTBP) as a pink solid with the yield of 335.0 mg, 97%. 
1
HNMR (400 MHz, CDCl3, 25 qC): w = 1.62 (s, 27H, CH3), 7.20 (d, 

J = 8.0 Hz, 2H, Ar), 7.75 (d, J= 8.0 Hz, 6H, Ar), 8.08 (d, J= 8.0 Hz, 

2H, Ar), 8.14 (d, J = 8.0 Hz, 6H, Ar), 8.97 (m, 8H, pyrrole) ppm. 

MS Calcd. for C56H52N4OZn: 862.45; found: m/z 862.46. Anal. 

Calcd. for C56H52N4OZn: C, 77.99; H, 6.08; N, 6.50; found C, 

77.91; H, 6.14; N, 6.62. UV/Vis [in CHCl3, �u�Ælvu�~o}Px��W�ðî2 

(5.80), 550 (4.38), 587 (3.77). 

Preparation of H2Por-P5. In a 500 mL three round-bottom 

flask, a mixture of anhydrous potassium carbonate (304.1 mg, 

2.2 mmol), 3 (120 mg, 0.15 mmol) , KI (30.0 mg, 0.18 mmol) 

are added into the dry mixed solvent 1,4-Dioxane and DMF 

(3/1, v/v), and then 2 (49.6 mg, 0.05 mmol) was added into the 

solution under nitrogen atmosphere at 65 qC. The reaction 

mixture was stirred for 72 h. After the solid was filtered off, 

the solvent was removed. The residue was purified by flash 

column chromatography on silica gel and gelatum gel to afford 

H2Por-P5 as a black red solid with the yield of 15.0 mg, 17.5%. 
1
H NMR (400 MHz, CDCl3, 25 qC): w = -2.76 (s, 2 H), 1.62 (m, 

29H), 2.27 (m, 6H), 3.64 (m, 2H), 3.88 (m, 36H), 4.09 (m, 2H), 

4.44 (m, 2H), 6.82 (m, 10H), 7.26 (d, J = 8.0 Hz, 2H, Ar), 7.76 (d, 

J = 4.0 Hz, 6H, Ar), 8.14 (d, J = 16.0 Hz, 8H, Ar), 8.93 (m, 8H, 

pyrrole) ppm. MS Calcd. for C107H113N4O11Br: 1710.97; found: 

m/z 1710.81. Anal. Calcd. for C107H113N4O11Br: C, 75.11; H, 6.66; 

N, 3.27; found C, 75.22; H, 6.58; N, 3.18. UV/Vis [in CHCl3, 

�u�Ælvu�~o}Px��W�ðî2 (5.68), 518 (4.25), 554 (4.04), 593 (3.78), 

649 (3.73). 

Preparation of ZnPor-P5. Zn(OAc)2�2H2O (88.0 mg, 0.4 mmol) 

was added to a solution of H2Por-P5 (34.2 mg, 0.02 mmol) in 

CHCl3/CH3OH (2/1, v/v, 100 mL), and the mixture was stirred at 

room temperature for 24 h (along with gradual color change 

from dark purple to pink-purple). The metalation progress was 

monitored by UV-Vis spectroscopy. The solution was diluted 

with CHCl3 and washed with saturated NaHCO3 and water. The 

organic layer was dried with MgSO4, and the solvent was 

removed. The residue was purified by flash column 

chromatography on silica gel using CH2Cl2 to afford ZnPor-P5 

as a pink solid with the yield of 34.4 mg, 97%. 
1
H NMR (400 

MHz, CDCl3, 25 qC): w = 1.62 (m, 29H), 2.03 (m, 6H), 3.02 (t, 2H), 

3.60 (m, 36H), 4.10 (m, 2H), 4.30 (m, 2H), 6.67 (m, 10H), 7.26 

(2H, Ar), 7.75 (d, J = 8.0 Hz, 6H, Ar), 8.14 (d, J = 8.0 Hz, 8H, Ar),  

8.97 (m, 8H, pyrrole) ppm. MS Calcd. for C107H111N4O11BrZn: 

1774.36; found: m/z 1774.42. Anal. Calcd. for 

C107H111N4O11BrZn: C, 72.43; H, 6.31; N, 3.16; found C, 72.35; H, 

6.41; N,3.18. UV/Vis [in CHCl3, �u�Ælvu� ~o}Px��W� ðî3 (5.73), 

550(4.34), 589 (3.80). 
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