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General methods. All reagents were obtained from commercial suppliers and used 

without further purification unless otherwise noted. 1H and 13C NMR spectra were 

recorded with a 400 MHz or 100 MHz spectrometer in the indicated solvents at 25 C. 

Chemical shifts are expressed in parts per million (δ) using residual proton resonances 

of the deuterated solvents as the internal standards. Crystals were measured using 

Bruker D8 Venture-Metaljet diffractometer equipped with an PHOTON II area 

detector and HELIOS multilayer optics monochrommated Mo-Kα radiation (λ = 

0.71073 Å). Crystal structures were solved by direct method and refined by 

full-matrix least-squares methods based on F2 using SHELXL-2014 software. X-ray 

diffraction (XRD) patterns were obtained on a Bruker D8 Advance diffractometer 

with a Cu Kα radiation operated at 40 kV and 40 mA. Hirshfeld surfaces and 

fingerprint plots were calculated by CrystalExplorer-21.5 software. CCDC (Nos. 

2261133, 2261139, 2261140) contains the related crystallographic data, which can be 

obtained free of charge from The Cambridge Crystallographic Data Centre via 

www.ccdc.cam.ac.uk/data_request/cif. 

 

Compound 3. To a solution of compound 4（365 mg, 0.57 mmol)，compound 5 (670 

mg, 2.87 mmol), Pd(dppf)Cl2 (42 mg, 0.057 mmol) and Cs2CO3 (819 mg, 1.72 mmol) 

in 1,4-dioxane/H2O (20 mL). The reaction mixture was stirred at 85oC for overnight 

under N2. The reaction was monitored by TLC. After reaction finished, the mixture 

was concentrated and purified by flash column chromatography on silica geleluted 

with (DCM/MeOH=10/1) to give compound 3 (184 mg, 44 %) as an off-white solid. 
1HNMR (400 MHz, CDCl3): δ 8.36 (s, 8H), 7.42 (d, J = 8.4 Hz, 8H), 7.11 (d, J = 8.8 

Hz, 8H), 2.08 (s, 24H). 13C NMR (100 MHz, CDCl3) δ (ppm): 148.85, 148.47, 145.73, 

136.22, 131.39, 130.76, 127.56, 29.72, 17.34. HR-MS (ESI): Calcd for C53H49N4 

[M+H]+: 741.3957. Found: 741.3963. 

Co-crystal of 1·2. Compound 2 (10.8 mg, 0.027 mmol) and Compound 1 (10 mg, 

0.013 mmol) were dissolved in dichloromethane (5.0 mL), and then dimethyl 

sulfoxide (0.05 mL) was added to the mixture. The co-crystal suitable for X-ray 

diffraction of compound 1 and 2 was obtained by slowly evaporation crystallization of 

the mixed solvent. 

Co-crystal of solvate 1·2·CHCl3. Compound 2 (10.8 mg, 0.027 mmol) and 

Compound 1 (10 mg, 0.013 mmol) were dissolved in chloroform (5.0 mL), and then 

dimethyl sulfoxide (0.05 mL) was added to the mixture. The co-crystal suitable for 

X-ray diffraction of compound 1, 2 and CHCl3 was obtained by slowly evaporation 

crystallization of the mixed solvent. 

Co-crystal of solvate 1·CHCl3. Compound 1 (10 mg, 0.013 mmol) were dissolved in 
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chloroform (5.0 mL). The co-crystal suitable for X-ray diffraction of solvate 1·CHCl3 

was obtained by slowly evaporation crystallization of the mixed solvent. 

 

Figure S1. 1H NMR (400 MHz, CDCl3) spectrum of compound 3 at 25 C. 

 

Figure S2. 13C NMR (100 MHz, CDCl3) spectrum of compound 3 at 25 C. 



3 
 

 

Figure S3. HR-MS (ESI) of compound 3. 

The preparation of powder samples were similar to that of co-crystal samples, but 

the difference was that the solvent was evaporated quickly, dried under vacuum at 

room temperature, and then ground with a mortar to obtain samples suitable for 

powder X-ray diffraction (PXRD). 
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Figure S4. PXRD patterns of powder samples and simulated PXRD pattern of the 

cocrystal samples. (a) Comparison of the mixture of compound 1 and 2 (powder, red 

line) and simulated pattern of the co-crystal of 1·2 (black line). (b) Comparison of the 

a) b) 

c) d) 
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mixture of compound 1, compound 2 and CHCl3 (powder, red line) and simulated 

pattern of the co-crystal of solvate 1·2·CHCl3 (black line). (c) Comparison of the 

mixture of compound 1 and CHCl3 (powder, red line) and simulated pattern of the 

co-crystal of solvate 1·CHCl3 (black line). (d) Comparison of the mixture of 

compound 1 and CHCl3 (powder, black line), mixture of compound 1 and compound 

2 (powder, red line), mixture of compound 1, compound 2 and CHCl3 (powder, blue 

line). (The equivalence ratio of compound 2 to 1 is 2:1.) 

 

Figure S5. The co-crystal structure of a) 1·2; b) solvate 1·2·CHCl3; c) solvate 

1·CHCl3 (all atoms were labeled). 

 

Figure S6. The five-interpenetrated networks of co-crystal solvate 1·2·CHCl3 (For 

clarity, hydrogen atoms and molecules of chloroform were omitted from the 

interpenetrating structure). 

The 3D network stucture of co-crystal solvate 1·2·CHCl3 exhibited 

five-interpenetrated networks (Figure S5). From the crystal structure, it can be seen 

that the red grid unit in the middle was associated with four other grid units on the left 

and right sides, resulting in a five-interpenetrated structure. 
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Figure S7. a) The co-crystal structure of solvate 1·CHCl3. (For clarity, molecules of 

chloroform associated with pyridine rings C and D were not shown). b) The 

intermolecular packing mode of compound 1 (For clarity, the hydrogen atoms in 

compound 1 were omitted). c) The five-monomer array. d) The 3D supramolecular 

XBOF. 

When compound 1 was crystal cultured in chloroform without compound 2, as 

expected, the co-crystal suitable for X-ray diffraction of compounds solvate 1·CHCl3 

was obtained. The asymmetric unit has one quarter of compound 1 with C14 centre 

and one molecule of CHCl3 in a general position and linked to compound 1 by a 

well-defined C15-H15···N1 hydrogen bond. And the co-crystal structure revealed that 

The N atoms in the four terminal pyridine groups of compound 1 were respectively 

hydrogen-bonded (H···N distance: 1.83 Å, C-H···N bond angle: 149.7o) to a 

chloroform molecules. Each molecule of chloroform further bonded two other 

molecules of chloroform through Cl···Cl (Cl···Cl distance: 3.459(5) Å, C-Cl···Cl 

bond angle: 89.8(5)o) halogen bonding (Figure S7a, 7b). Detailed halogen and 

hydrogen bond lengths and angles for co-crystal of solvate 1·CHCl3 were given in 

Table S4-S5. The three nearest molecules of chloroform were hydrogen-bonded with 

pyridine terminals, which belong to three independent monomers, to form a 

five-monomer array shown in Figure S7c. In this five-monomer array, one 

tetraphenylmethane tetrapyridine molecule associated with other four molecules 

simultaneously through H···N hydrogen bonding and Cl···Cl halogen bonding, and 

the other four molecules further binded to other molecules. Finally, a 3D 

supramolecular XBOF was obtained (Figure S7d).  
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Table S1 Halogen bonds for co-crystal of 1·2 [Å and °] 

D-I...A d(D-I) d(I...A) d(D...A) <(DIA) 

C(30)-I(1)...N(1) 2.100(8) 2.849(6) 4.95(1) 178.4(2) 

C(33)-I(2)...N(2) 2.092(7) 2.859(7) 4.93(1) 170.5(2) 

 

Table S2 Hydrogen bonds for co-crystal of solvate 1·2·CHCl3 [Å and °] 

D-H...A d(D-H) d(H...A) d(D...A) <(DHA) 

C(31)-H(31)...N(2) 0.98 2.33 3.24(3) 153 

 

Table S3 Halogen bonds for co-crystal of solvate 1·2·CHCl3 [Å and °] 

D-H...A d(D-I) d(I...A) d(D...A) <(DIA) 

C(29)-I(1)...N(1) 2.09(1) 2.83(1) 4.92(2) 176.5(5) 

 

Table S4 Hydrogen bonds for co-crystal of solvate 1·CHCl3 [Å and °] 

D-H...A d(D-H) d(H...A) d(D...A) <(DHA) 

C(15)-H(15A)...N(1) 0.979 1.829 2.72(1) 149.7 

 

Table S5 Halogen bonds for co-crystal of solvate 1·CHCl3 [Å and °] 

D-Cl...A d(D-Cl) d(Cl...A) d(D...A) <(DClA) 

C(15’)-Cl(3)...Cl(1) 1.85(1) 3.459(5) 3.91(1) 89.8(5) 

 

Table S6 Crystal data and structure refinement of co-crystal of 1·2, co-crystal of 

solvate 1·2·CHCl3 and co-crystal of solvate 1·CHCl3. 

 
co-crystal of  

1·2 

co-crystal of  

solvate 1·2·CHCl3 

co-crystal of  

solvate 1·CHCl3 

Formula C66H48Cl3F8I4N4 C61H50Cl6F4I2N4 C57H52Cl12N4 

Mr. 1663.03 1381.55 1218.43 

Cryst. system Monoclinic Monoclinic Tetragonal 

T (K) 296  297 296 

Space group C2/c C2/c I4(1)/a 

a /Å 13.123(4) 29.043(3) 21.037(5) 

b /Å 43.843(14) 14.0514(12) 21.037(5) 

c /Å 13.393(4) 20.8239(17) 14.026(4) 

α /Å 90 90 90 

β /Å 114.914(5) 133.661(2) 90 

γ /Å 90 90 90 

V (Å3) 6989(4) 6147.9(10) 6207(3) 

Z 4 4 4 

Dx (g/cm3) 1.581 1.493 1.304 

μ (mm−1) 1.959 1.337 0.574 

F (000) 3228.0 2752.0 2504.0 

R (reflections) 0.0442 (4773) 0.1065 (3854) 0.1350 (1707) 

wR2 (reflections) 0.1422 (6077) 0.2587 (5405) 0.2750 (2658) 
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Co-crystal of 1·2 
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Co-crystal of 1·2 
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Co-crystal of 1·2 
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Co-crystal of 1·2 
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Co-crystal solvate 1·2·CHCl3 
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Co-crystal solvate 1·2·CHCl3 
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Co-crystal solvate 1·2·CHCl3 
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Co-crystal solvate 1·2·CHCl3 
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Co-crystal solvate 1·CHCl3 
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Co-crystal solvate 1·CHCl3 
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Co-crystal solvate 1·CHCl3 
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Co-crystal solvate 1·CHCl3 

 


