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ABSTRACT A porous hydrogen-bonded organic framework (HOF) composed of N-hetero π-

conjugated molecules (Nπ-HOF) is a promising candidate for multi-functional porous materials. 

However, such HOFs are still limited and only handful examples were reported. In this study, we 

investigated positional effects of annelated pyrazine-rings on structure and stability of Nπ-HOFs 
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to establish design principle of Nπ-HOFs. A new isomer of hexaazatrinaphthylene (CPBTQ) 

was synthesized and subjected to Nπ-HOF construction, activation, evaluation of stability and 

permanent porosity. Comparison between two kinds of Nπ-HOF composed of isomers (CPBTQ 

and CPHATN) possessing three pyrazine rings annelated at the different positions indicates that 

the positional difference of the pyrazine rings strongly effects on conformation of the peripheral 

phenylene groups, which then lead to different structure and stability of the Nπ-HOFs. The Nπ-

HOF composed of CPBTQ (CPBTQ-1a) are revealed to exhibit the Brunauer-Emmett-Teller 

surface area of 471 m2g−1 and show HCl responsiveness thanks to the basic pyrazine rings 

annelated to the triphenylene core. We believe that the present results can contribute not only for 

construction of multifunctional porous materials but also for chemistry on hetero-aromatic 

compounds.  
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Introduction 

Nitrogen (N)-containing relatives of polycyclic aromatic hydrocarbons (aza-PAHs) have recently 

attracted much attention regarding application for organic semiconducting materials, sensors, and 

so on. These include linear azaacenes,1–4 star-shaped azatriphenylene,5 discotic 

azabenzocoronene,6,7 and bowl-shaped aza-PAHs8 such as azacorannulene9 and azasumanene.10 

Incorporation of N atoms into the π-conjugated systems is capable of fine-tuning electronic states 

of the systems,11–14 capturing and sensing cationic species,15,16 making metal complexes,17–21 and 

improving molecular packing in crystalline states through C–H···N interactions22 or dative 

bonds23 to achieve effective charge-transport properties. To date, systematic studies on 

relationship among numbers and positions of the N atoms in the system, molecular properties, 

aggregate structures, and solid state properties were conducted from theoretical and experimental 

aspects. Bunz, Dreuw, Himmel, and co-workers reported spectroscopic precise analyses of 

tetracene analogues with different numbers of N atoms in solid noble-gas matrices.24 Day and 

co-workers reported organic semiconduction properties of pentacene analogues with 5 or 7 N 

atoms based on the predicted crystal structures, energy evaluation, and calculated charge carrier 

mobility.25 Theoretical calculation on reorganization energies were also reported.26 Isoda, 

Tadokoro, and co-workers demonstrated redox properties of azaacene-based in liquid crystalline 

states.27 Bonifazi and co-workers conducted systematic crystallization of aza-PAHs and boronic 

acids via hydrogen-bonding to yield various co-crystals.28 However, effects of N atoms in aza-

PAHs on their molecular arrangements in hydrogen-bonded organic frameworks (HOFs) with 

permanent porosity have not fully been understood.  

HOFs are porous molecular crystal particularly constructed through intermolecular hydrogen 

bonds. Because of their high crystallinity, easy recrystallization process to obtain, and 
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developing design strategy based on multiplicity and/or directionality of hydrogen bonds, various 

HOFs have been constructed and investigated their properties as a new class of porous 

frameworks.29–35 In connection with HOFs, we previously demonstrated that C3-symmetric π-

conjugated hydrocarbons, such as a triphenylene derivative Tp, possessing six carboxyphenyl 

groups in their periphery (Chart 1) form hydrogen-bonded hexagonal network (H-HexNet) and 

that the H-HexNet stacks without interpenetration to yield the corresponding layered HOFs.36–38 

More recently, Chen and coworkers report a HOF based on C3- or C6-symmetric benzene 

derivatives with carboxy groups.39,40 Interestingly, when the triphenylene moiety of Tp was 

replaced by hexaazatriphenylene (HAT), the resulting derivative CPHAT formed no layered 2D 

framework but a three-dimensional (3D) rigid framework with permanent porosity.41,42 In the 3D 

framework, the HAT moiety is deformed into a propeller-shaped conformation by packing forces. 

Because of the conformation, the six peripheral carboxyphenyl groups alternately direct upward 

and downward to form a 3D H-bonded network. These results are crucially provided by 

introduction of pyrazine rings into the π-conjugated core. Subsequently, we synthesized its larger 

analogue, carboxyphenyl-substituted hexaazatrinaphthylene derivative (CPHATN).43 CPHATN 

was revealed to form a very stable porous layered framework based on the 2D H-HexNet. 

Importantly, the framework is responsive to HCl vapor or solution by changing its color from 

yellow to brown due to protonation of the pyrazine rings. 
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Chart 1. C3-symmetric π-conjugated molecules (C3PI) without and with incorporated pyrazine 

rings as a building blocks to construct porous hydrogen-bonded organic frameworks. 

 

Keeping this in mind, we became interested in a H-bonded assembly structure of 

carboxyphenyl-substituted benzotriquinoxaline derivative CPBTQ. CPBTQ possess three 

pyrazine rings annelated in different position from CPHATN. Therefore, comparison of the 

assembly structures of these two regioisomers can provide a positional effects of the N-hetero-

rings on molecular arrangements and properties.  

In this paper, synthesis and characterization of CPBTQ, construction and structural 

determination of its HOF, evaluation of porosity and stability of the activated HOF, acid 

responsiveness, and effects of the N atoms in CPBTQ on structure and property of the HOF are 

described. Interestingly, CPBTQ forms a H-HexNet-based HOF with the different stacking 

manner of H-HexNet sheets from that of CPHATN. The H-HexNet involves desociated and 

pertly H-bonded dimers, in addition to fully H-bonded carboxy dimer (Figure 1). Moreover, it is 

revealed that the position of the pyrazine rings strongly effects on conformation of the peripheral 

phenylene groups, which then makes the structure, particularly H-bonding patterns, and property 
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of the HOF different from that of CPHATN. We believe that the present results can contribute 

not only for construction of new functional N-hetero π-conjugated molecule-based HOFs (Nπ-

HOFs), but also for chemistry on hetero-aromatic compounds.  

 

Figure 1. Schematic representation of hydrogen-bonded hexagonal network (H-HexNet) of 

CPBTQ and its features. 

 

Results and Discussion 

Synthesis and crystallization of CPBTQ. 2,3,6,7,10,11-Hexaaminotriphenylene 

hydrochloride salt, which was synthesized from the corresponding hexabromotriphenylene 

derivative according to the literature,44 was treated by benzil derivative 1 in acetic acid to give 

ester derivative 2 (Scheme 1). CPBTQ was subsequently prepared by hydrolysis of 2. CPBTQ 

was characterized by 1H and 13C NMR spectroscopy, HR-MS, and crystallographic analysis. 

Solvated framework CPBTQ-1(MeBz) with a H-HexNet motif was obtained as needle-shaped 

orange crystals by slow evaporation of a solution of CPBTQ dissolved in N,N-

dimethylacetamide (DMA) and methyl benzoate (MeBz) at 120 °C for 3 days. We also attempted 
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to obtain a crystal of CPBTQ with the same solvent system (i.e. N-methylpyrrolidone and 1,2,4-

trichlorobenzene) as in the case of CPHATN. However, no crystal was obtained. 

 

 

Scheme 1. (a) Synthesis and (b) crystallization of CPBTQ 

Crystal structure of CPBTQ-1(MeBz). CPBTQ crystallized into the space group of P3212 

(no.153) to give the solvated H-HexNet framework, CPBTQ-1(MeBz), as shown in Figure 2 and 

Table S1. The crystal consists of four symmetrically-independent molecules of CPBTQ (A, B, C, 

and D), two of which possess C2-symmetric axis (A and D). Since C2-symmetric axis lies on the 

center of carboxy dimer, the hydrogen atoms are expediently attached on both the oxygen atoms 

of the carboxy group as shown in Figure S1. BTQ cores are slightly deformed due to the packing 

force in solid state: root mean square deviation (RMSD) of the cores ranges from 0.06 to 0.19 Å 

(Table 1). CPBTQ molecules (A–D) are stacked along the c axis with three-fold helical manner, 

and each of them respectively forms a perfect or quasi H-HexNet sheet. In contrast with the 

previously reported HOF CPHATN-1(124TCB), H-HexNets of CPBTQ-1(MeBz) involve a 

dissociated dimer (dd) and defective H-bonded dimers such as an open dimer (od) and truncated 

chain (tc), in addition to perfectly H-bonded dimer of the carboxy groups as shown in Figures 2b 

and 3. These defective H-bonded dimers has open-end hydroxy groups, which are probably 
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trapped by solvent molecules through H-bonds36 although most of solvent molecules were not 

able to be solved crystallographically due to sever disorder. It is noteworthy that anisotropic 

displacement of the peripheral carboxyphenyl groups is much more significant than that of the 

BTQ core moiety: Averaged Uiso values for cores A, B, C, and D range from 0.053 to 0.062, 

while those of phenylene moieties and carboxy groups range from 0.080 to 0.11, and from 0.123 

to 0.143, respectively (Table 1). Particularly, the groups with defectively H-bonded or 

dissociated dimers are severely disordered (Figure S2). H-HexNet frameworks stacked nearly in 

an eclipsed manner between layers B and C. In the cases of layers A-B and C-D, on the other 

hand, the H-HexNet layers stack in an inverted fashion, resulting less overlap of the frameworks. 

The defective H-bonded dimers and highly disordered atoms with larger Uiso exist in these less-

overlapped regions. The imperfect H-bonded network formation in CPBTQ-1(MeBz) effects on 

stability of the framework as described later. The framework has two kinds of threefold helical 

channels (I and II) along the crystallographic b axis (Figure 4). In the channels, MeBz molecules 

are accommodated thought they are highly disordered, and therefore, most of them are not able 

to characterized crystallographically (Figure S3). Channel I has a narrow width of 5 Å and 

unlevel surface. Channel II has a more complicated shape, like a shish-kebab structure, with 

narrow bottle neck (7 Å) and wide discotic spaces (20 Å). A ratio of total potential solvent area 

volume is calculated to be 36% by PLATON software with probe radius of 1.2 Å  (cell volume: 

34267.5 Å3, void volume per cell: 12418 Å3).  
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Figure 2. Crystal structure of CPBTQ-1(MeBz). (a) Packing diagram viewed down from the c 

axis. (b) Side view of stacked molecules in the unit cell drawn by displacement anisotropic 

ellipsoids with 50% probability, where four symmetrically-independent molecules (A, B, C, and 

D) are colored by yellow, cyan, gray, and dark blue, respectively. A and D have C2-axis within 

the molecules. (c) Relative positions of the stacked BTQ cores. (d) Stacking motifs of the 

adjacent layeres A-B, B-C, and C-D. Dash lines in magenta denote H-bonds. Orange spheres in 

layer A denote the other part of the carboxyphenyl groups disordered in two positions. dd: 

dissociated dimer, tc: truncated H-bonded chain, od: open dimer. 
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Figure 3. H-bonding patterns of carboxy groups observed in a crystal structure of CPBTQ-

1(MeBz). 

Table 1. Structural displacement parameters of CPBTQ molecules A, B, C, and D. 

 Aa B C D 

RMSD of BTQ coreb 0.10 0.18 0.19 0.06 

Uiso(BTQ core)c 0.062 0.053 0.054 0.050 

Uiso(phenylene)c 0.107 0.084 0.080 0.080 

Uiso(carboxy)c 0.143 0.128 0.123 0.132 

a Values for one of the symmetrically-independent three carboxyphenyl groups are not included 
due to its significantly disordered structure, which is refined with structural restrain. 

b Root mean square deviation (RMSD) of BTQ moiety. 

c Averaged values of Uiso are applied. 
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Figure 4. Visualized surfaces of the void. (a) Top view of the voids. (b) Cross-section of the 

channel I. (c) Cross section of the channel II. The cross-section images were prepared by cutting 

on the red lines and viewing from a direction along red arrows.  

 

Comparison between CPHATN and CPBTQ crystals. As previously reported, CPHATN, 

which is an isomer of CPBTQ, is crystallized into P-1 space group with Z` = 1 (Figure S4). The 

structural differences between molecules CPHATN and CPBTQ is location of the pyrazine 

rings as shown in Chart 1. This difference, however, caused crucial differences on their 

molecular packing in crystalline states. These differences can be explained from conformation of 

the peripheral phenylene moieties. Figure 5 shows distribution of dihedral angle ( ) of biphenyl 

derivatives with ortho-substituents and of 2-phenyl-3-substituted-pyridine derivatives, where 
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substituent R is phenyl group or o-, m-, and/or p- substituted phenyl groups, surveyed by Mogul, 

which is a knowledge-based library of molecular geometry derived from the Cambridge 

Structural Database.45,46 Distribution of the dihedral angle in the phenyl-pyridine systems slightly 

shifted into smaller angle region for  <90° and into larger angle region for  >90° compared 

with the phenyl-benzene systems due to less steric hindrance at the ortho-position (i.e. C–H vs. 

N). These results indicate that phenyl-pyridine systems have larger degree of freedom regarding 

rotational conformations. Indeed, the  values observed in HOFs and Nπ-HOFs composed of 

C3PIs Tp, CPHAT, CPHATN, and CPBTQ show the same tendency (Table 2). HOFs Tp-1, -2, 

-3, -4, and CPHATN-1a exhibit the angle  ranging from 43.7 to 72.8°. On the other hand, that 

of HOFs CPHAT-1a and the present CPBTQ-1(MeBz) ranges from 27.9 to 65.6°. High degree 

of freedom on conformation of the peripheral phenylene groups, in the case of CPBTQ, results 

in increase of versatility of molecular packing pattern, to yield the framework with high Z’ 

values and partly defected H-bonding network. Additionally, in the crystal structure of CPBTQ-

1(MeBz), interlayer CH···N interactions form between the N atoms in the BTQ core and 

aromatic proton of the phenylene groups of CPBTQ located in the next stacked layer: [C(197)–

H···N(11): H···N distance: 2.62 Å, C–H–N angle: 157.7°. C(164)–H···N(16): H···N distance: 2.58 

Å, C–H–N angle: 164.5°] (Figure S5). Because of these interlayer C–H···N contacts, the involved 

phenylene rings have more twisted conformation with larger values of  ( = 65.6° and 49.4°). 

In the case of CPHATN, on the other hand, the N atoms in the core are difficult to make 

interlayer C–H···N interactions due to steric hindrances.  
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Figure 5. Dihedral angle distribution of (a) phenyl-benzene and (b) phenyl-pyridine systems 

possessing substituents at the ortho-position of the phenyl group. 

 

Table 2. Dihedral angles  in Nπ-HOFs CPBTQ-1(MeBz) and the related crystals. 

crystal  a  [˚] 

Tp-1, -2, -3, and -4 49.8–72.8 (56.2)b 

CPHATN-1a 43.7–67.6 (52.8)b 

CPHAT-1a (124TCB) 27.9  

CPBTQ-1(MeBz)  (A) 

(B) 

(C) 

(D) 

34.9–65.6 (49.9)b 

38.3–49.4 (45.5)b 

33.3–56.4 (42.6)b 

38.2–57.6 (48.9)b 

a Ranges of  

b Values in the parentheses are averaged angle of . 
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Thermal behaviors. Thermal gravimetric (TG) analysis of as-formed crystalline bulk of 

CPBTQ-1(MeBz) shows two weight loss process (Figure S6), indicating that the MeBz 

molecules are located at least two different positions through different intermolecular 

interactions. Indeed, crystallographic analysis were capable of solving symmetrically 

independent one MeBz molecule, which was stacked at the corner of the void, while the other 

MeBz molecules were not due to sever disorder as shown in Figure S3. Consequently, solvent 

molecules inside the framework were completely removed at around 240 °C under ambient 

pressure. To reveal structural changes of CPBTQ-1(MeBz) during desolvation by heating, 

powder X-ray diffraction (PXRD) patterns of crystalline bulk were recorded as gradually heated 

upto 360 °C (Figure 6). Although initial intensity of the diffraction peaks are weak due to sever 

disorder of solvent molecules inside voids,38 peaks at 3.92° as well as ca. 6.8° and 7.8° gradually 

appeared, and grew up to 210 °C by heating. The resultant pattern is in good agreement with the 

original pattern of CPBTQ-1(MeBz), indicating that the desolvated material retains its original 

framework. At higher temperature than 210 °C, however, the peaks became broader and weaker, 

indicating that crystallinity of the bulk was gradually lost. These results are consistent with the 

complicated crystal structure of CPBTQ-1(MeBz) containing as many as four symmetrically-

independent molecules and a defective H-boned network. With these results in mind, activation 

of the material was accomplished by heating at 190 °C for 48 h under a vacum condition, giving 

the corresponding desolvated materials CPBTQ-1a. Complete desolvation and crystallinity of 

the activated materials were confirmed by 1H NMR spectra of solutions dissolved in dueterated 

DMSO (Figure S7) and PXRD patterns (Figure S8), respectively. 
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Figure 6. Variable temperature (VT) PXRD patterns of crystalline bulk of as-formed CPBTQ-1. 

Temperature was increased at the rate of 1 °C min−1. PXRD patterns were recorded from 3° to 

18° of 2with the scan rate of 3°min−1. Therefore, each scan has a temperature gradient of 5 °C. 

The inserted PXRD pattern at 26 °C is magnified 10 times for clarity. 

Evaluation of permanent porosity. CPBTQ-1a shows type-I or quasi-type-I isotherms for N2, 

CO2, H2, and O2 sorption at low temperature. The uptakes are 125 cm3/g for N2 at 101.5 kPa, 

147.7 cm3g−1 for O2 at 20.9 kPa, 135 cm3g−1 for CO2 at 100.4 kPa, and 57.5 cm3g−1 for H2 at 

101.7 kPa. Calculated BET surface area and pore volume based on the CO2 sorption isotherm are 

471 m2g−1 and 0.3721 cm3g−1, respectively (Figure S9).  Pore size distribution of CPBTQ-1a 

calculated by the non-localized density functional theory (NLDFT) shows two peaks at 0.7 nm 

and 1.1 nm (Figure S10), supporting the complex shape of the void channels in CPBTQ-1a as 

shown in Figure 4. It is noteworthy that N2 sorption processes of CPBTQ-1a undertook much 

more slowly compared with the case of CPHATN-1a.44 This result is also supported by the 

crystal structure of CPBTQ-1(MeBz) possessing narrower bottle neck of the 1D channels.  
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Figure 7. Gas sorption isotherms of CPBTQ-1a at low temperature. Nitrogen (black circle) at 

77K, carbon dioxide (green triangle) at 195 K, oxygen (blue squre) at 77K, and hydrogen (red 

diamond) at 77K. Solid symbol: absorption. Open symbol: desorption.  

 

Struture durability toward common solvents. To disclose structural durability of the 

frameworks toward common solvents, crystalline powder of CPBTQ-1a was immersed into hot 

solvents [chloroform (60 °C), toluene (100 °C), ethanol (60 °C), and water (100°C)] for 24 h, 

filtered, and subjected to PXRD measurement (Figure 8). The original pattern was also retained 

and the peak intensity was recovered after heating, except for the case of water and conc.HCl, in 

which recovery of the peak intensity was prevented. These results indicate that CPBTQ-1a is 

stable toward less polar organic solvent but is not stable suficiently toward highly polar solvents, 

which is in contrast to CPHATN-1a. 
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Figure 8. PXRD patterns of crystalline bulk of CPBTQ-1a before and after immersed into hot 

solvents and ambient conc. HCl for 24 h. Bottom lines: wet materials obtained just after 

filteration. Top lines: dried materials obtained after heating the filtered samples at 150 °C for 1h 

to remove the solvents. 

 

 

 

 

Acid-induced Color changes. Since CPBTQ has three pyrazine rings annelated to 

triphenylene core, the corresponding HOF CPBTQ-1a exhibits HCl responsivness as in the 

cases of CPHATN-1a43 and CBPHAT-1a.47 As shown in Figure 9a, yellow-brown crystalline 

bulks of CPBTQ-1a immideately turned into redish-brown by adding a drop of conc. HCl 

aqueous solution. In solid state absorption spectrum of CPBTQ-1a (Figure 9b), absorpion 

shoulder at aroud 550–600 nm is observed after adding HCl. Subsequence heating of the brown 

bulks resulted in recovery of the original color due to removal of HCl. To obtain structural 
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information of CPBTQ-1a upon exposure to HCl, PXRD patterns of the crystalline bulk were 

recorded before and after added a drop of conc. HCl, and after removeal of HCl by heating for 30 

min at 150 °C as shown in Figure 9c. The PXRD patterns were once disappered by adding a HCl 

drop. The original pattern was then slightly recovered by heating, implying that addition of HCl 

to the framework may perturbe the crystal structure through rearrangement or exchanges of H-

bonding. This observation is also contrary to CPHATN-1a with a rigid framework. 

 

 

Figure 9. HCl responsiveness of CPBTQ-1a. (a) Color changes of crystalline bulk upon 

exposing to HCl. Conditions: (i) adding a drop of conc. HCl on the materials, (ii) heating at 

150 °C for 30 min. Changes on (b) absorption spectra and (c) PXRD patterns upon exposing to 

HCl and subsequent removing of HCl.  

Conclusion 
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In this study, A porous hydrogen-bonded organic framework (HOF) composed of N-hetero π-

conjugated molecules (Nπ-HOF) was constructed from carboxyphenyl-substituted 

benzotriquinoxaline derivative (CPBTQ). The resultant solvated framework CPBTQ-1(MeBz) 

consists of layered 2D hexagonal network sheet, which was precisely revealed by single-

crystalline X-ray diffraction analysis. Compared with the previously reported Nπ-HOF 

composed of isomer hexaazatrinaphthylene derivative (CPHATN) possessing pyrazine rings in 

the different positons, the present framework has a complicated and defective H-bonded network 

structure. We thoroughly studied the positional effects of the pyrazine rings on the structure, and 

revealed that that the positional difference strongly effects on conformation of the peripheral 

phenylene groups. The dihedral angles of the peripheral phenylene rings () can range wider in 

the case of CPBTQ (33.3−65.6°) than CPHATN (43.7–67.6°) due to less steric hindrance at the 

ortho-positions. Permanent porosity, thermal and chemical stabilities, and reversible HCl 

responsiveness of the activated Nπ-HOF CPBTQ-1a were also evaluated. We believe that the 

present results can contribute not only for construction of new functional Nπ-HOFs, but also for 

chemistry on hetero-aromatic compounds. 

 

Experimental Section. 

General. All reagents and solvents were used as received from commercial suppliers. 1H and 13C 

NMR spectra were measured by JEOL 400 YH (400 MHz) spectrometer. Residual proton and 

carbon of deuterated solvents were used as internal standards for the measurements (for 1H NMR, 

CDCl3,  = 7.26 ppm; DMDO-d6,  = 2.49 ppm: for 13C NMR, CDCl3,  = 77.00 ppm; DMSO-

d6, = 39.50 ppm). Mass spectrum data were obtained from a autoflex III Bruker. Thermo 

gravimetric (TG) analysis were performed on Rigaku TG8120 under an N2 purge (100 mL 
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min−1) at a heating rate of 5 Kmin−1. Powder X-ray diffraction (PXRD) data were collected on a 

Rigaku Ultima-IV (40 kV, 44 mA) using graphite-monochromatized Cu-Kα radiation (λ = 

1.54187 Å) at room temperature. A scan rate is 2.0 ° min−1. Single crystal X-ray measurement 

and analysis. Diffraction data of CPBTQ-1 was collected on a CCD (MX225HE, Rayonix) with 

the synchrotron radiation (λ = 0.8500 Å) monochromated by the fixed exit Si (111) double 

crystal. The cell refinements were performed with a software CrysAlisPro.48 SHELXT49 was 

used for the structure solution of the crystals. All calculations were performed with the observed 

reflections [I > 2σ(I)] with the program CrystalStructure crystallographic software packages, 

except for refinement which was performed by SHELXL.50 All non-hydrogen atoms were 

refined with anisotropic displacement parameters, and hydrogen atoms were placed in idealized 

positions and refined as rigid atoms with the relative isotropic displacement parameters. 

SQUEEZE function equipped in the PLATON softeware51,52 was used to remove severely 

disordered solvent molecules in voids (CCDC number of CPBTQ-1: 1976117). Variable 

temperature (VT) PXRD measurement. Crystalline bulk of CPBTQ-1 placed on an aluminum 

substrate was subjected to VT-PXRD measurement under the air atmosphere. PXRD data were 

collected on a Rigaku Ultima-IV using graphite-monochromatized Cu-Kα radiation (λ = 1.54187 

Å) with a temperature control unit. Temperature of the sample was increased from room 

temperature to 633 K with a rate of 1 K/min. During temperature increasing, XRD patterns 

ranged from 2° to 17° was repeatedly recorded with a scan rate of 3 ° min−1. Therefore, each 

PXRD scan has a temperature width of 5 K. Sorption/desorption experiment. Activation of 

CPBTQ-1(MeBz) was performed under vacuum condition (0.2 kPa) for 48h at 463 K to give 

CPBTQ-1a for sorption experiments. Gas sorption measurements were performed on 
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BELSORP-max (BEL, Japan). The adsorption isotherms of N2, O2, CO2, and H2 were corrected 

at 77K, 77 K, 195 K and 77 K, respectively. 

Methyl ester 2. To a mixture of 2,3,6,7,10,11-hexaaminotriphenylene HCl salt44 (747 mg, 1.39 

mmol) in dry EtOH (100 mL) was added dropwise triethylamine (1.0 g). The reaction mixture 

was stirred for 10 min. To the reaction mixture was added benzyl derivative 1 (1.54 g, 4.72 

mmol) and acetic acid (2 mL), and the mixture was stirred for 24 h under reflux condition. The 

dark green suspension turned into a brown one. After cooled to room temperature, the precipitate 

was collected by centrifuge, washed with EtOH and THF, and dried in vacuo to give 2 (1.59 g, 

96%) as an orange solid. Mp. >300 °C. 1H NMR (400 MHz, CDCl3) 9.12 (s, 6H), 8.03 (d, J = 

8.0 Hz, 12H), 7.65 (d, J = 8.4 Hz, 12H), 3.99 (s, 18H) ppm. 13C NMR (100 MHz, CDCl3) 

166.5, 153.5, 142.6, 140.4, 131.8, 130.8, 130.0, 129.6, 124.9, 52.4 ppm. HR-MS (MALDI) m/z 

calc. for [M]− C72H48N6O12: 1188.3372; found: 1188.3330.  

CPBTQ. Ester 2 (1.08 g, 0.908 mmol) and KOH (1.00 g, 17.8 mmol) in 1,4-dioxane (70 mL) 

and water (130 mL) was stirred for 48 h under reflux condition. The reaction mixture was passed 

through a filter paper and the filtrate was acidized with 2M HCl. The resulting precipitate was 

corrected by centrifuge, washed with water, EtOH, and THF, and dried in vacuo to give CPBTQ 

(974 mg, 97%) as a dark orange solid. Mp. >300 °C. 1H NMR (400 MHz, DMSO-d6, 70 °C) 

8.08 (s, 6H), 7.81 (d, J = 8 Hz, 12H), 7.30 (d, J = 7.6 Hz, 12H) ppm. 13C NMR (100 MHz, 

DMSO-d6, 25 °C) 166.75, 152.24, 141.75, 139.51, 134.04, 130.84, 129.77, 128.75, 124.87 ppm. 

HR-MS (MALDI) m/z calc. for [M]− C66H36N6O12: 1104.2391; found: 1104.2407.  
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Positional Effects of Annelated Pyrazine Rings on Structure and Stability of 

Hydrogen-bonded Frameworks of Hexaazatrinaphthylene Derivatives 

Ichiro Hisaki,* Qin Ji, Kiyonori Takahashi, Norimitsu Tohnai, Takayoshi Nakamura 

 

A new N-hetero π-conjugated molecule-based hydrogen-bonded organic framework (Nπ-HOF) 

was constructed. Comparison of Nπ-HOFs composed of two different isomer of 

hexaazanaphthylene revealed that the positional difference of the pyrazine rings strongly effects 

on conformation of the peripheral phenylene groups, which then lead to different structure and 

stability of the Nπ-HOFs.  
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