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A mesogenic organogelator: fibrous aggregation of azobenzene derivatives with a syn-chiral carbonate moiety

Jun-ichi Mamiya, Kiyoshi Kanie, Tamejiro Hiyama, Tomiki Ikeda* and Takashi Kato*

1. Synthesis of azobenzene derivative (R,R)-2 having a cyclic carbonate moiety.


Synthesis of 4-(4-methoxyphenylazo)benzaldehyde 3 was carried out by azo-coupling reaction followed by the etherification as shown in Scheme S1. 
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The procedure is as follows: 4-Aminobenzaldehyde (9.5 g, 79 mmol) was dissolved in a mixture of water (250 mL), acetone (125 mL), and 35% hydrochloric acid (27 mL), and the solution was cooled to –15 °C. Stirring of the solution was started, and an aqueous solution of sodium nitrite (7.4 g, 90 mmol, H2O 100 mL) was added dropwise into the solution over 10 min to generate diazonium salt. After the resulting mixture was stirred for 1 h at –10 °C, a solution of phenol (13.0 g, 138 mmol), sodium hydroxide (4.7 g, 117 mmol), and sodium carbonate (17.8 g, 167 mmol) in H2O (100 mL) was slowly added to the solution at such a rate as to maintain a temperature of –10 °C, and then red solid precipitated.  The reaction mixture was allowed to warm to 0 °C and stirred for 2 h. The pH of the resulting mixture was adjusted to 3 by the addition of 5% hydrochloric acid and poured into a separatory funnel containing water (100 mL), ethyl acetate (500 mL), and CH2Cl2 (500 mL). The organic phase was separated, and the aqueous phase was extracted three times with ethyl acetate and CH2Cl2 (total 1 L, respectively). The combined organic extracts were washed with sat. aqueous NaCl, dried over anhydrous magnesium sulfate, filtered, and concentrated in vacuo. The residue was recrystallized from hexane and ethyl acetate to give 4-(4-hydroxyphenylazo)benzaldehyde (4) as orange solids in a yield of 41% (7.2 g). To a stirring suspension of 4 (1.74 g, 7.7 mmol), potassium carbonate (2.1 g, 15.4 mmol), and acetone (80 mL) in a three-necked round-bottom flask, methyl iodide (2.2 g, 0.96 mL, 15.4 mmol) was added dropwise at 0 °C under an argon atmosphere. After the reaction mixture was refluxed for 3 h with stirring, the resulting mixture was poured into a separatory funnel containing water (100 mL) and ethyl acetate (100 mL). After the organic phase was separated, the aqueous phase was extracted three times with ethyl acetate (total 300 mL). The combined organic extracts were washed with water containing small portions of NaHSO3 and sat. aqueous NaCl solution, successively. The organic phase was dried over MgSO4, filtered, and evaporated under reduced pressure. The residue was purified by flash column chromatography on silica gel (eluent: hexane/AcOEt = 5/1) to give 3 as red crystals in a yield of 78% (1.43 g, 6.0 mmol). 
Compound 3: IR (KBr) 3449, 2838, 2743, 1699, 1597, 1499, 1435, 1409, 1317, 1295, 1254, 1201, 1137, 1109, 1027, 842, 811, 728 cm-1; 1H-NMR (400 MHz, CDCl3)  = 3.87 (s, 3 H),  (d, J = 10 Hz, 2 H), 7.49 (d, J = 8 Hz, 2 H),7.88 (m, 4 H), 10.07 (s, 1 H); 13C-NMR (75 MHz, CDCl3)  = 191.7, 162.9, 156.1, 147.0, 136.9, 130.7, 125.3, 123.0, 114.3, 55.6; MS m/z (rel intensity) 241 (M++1, 7), 240 (M+, 42), 136 (2), 135 (30), 108 (8), 105 (100), 92 (40), 77 (93), 76 (10), 64 (35); Found: C, 69.93; H, 5.31; N, 11.54%. Calcd for C14H12N2O2: C, 69.99; H, 5.03; N, 11.66%.

Compound (R,R)-2 was prepared by the reaction through the route shown in Scheme S2. Details for the preparation is as follows.
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An oven-dried, 300 mL, two-necked, round-bottomed flask, equipped with a rubber septum and a magnetic stirring bar was charged with lithium wire (97 mg, 14.0 mmol), 4,4’-di-tert-butylbiphenyl (3.2 g, 12.0 mmol), and dry THF (100 mL) at 0 °C under an argon atmosphere. After stirring for 5 h at the temperature, the resulting dark blue solution was cooled to –78 °C. (R)-1,2-Epoxyoctane (0.90 g 1.1 mL, 7.0 mmol) was slowly added portionwise to the solution over 10 min at a rate maintain the temperature of –78 °C. The resulting solution was cooled to –90 °C, and THF (50 mL) solution of 3 (1.20 g, 5.0 mmol) was added dropwise to the mixture at –90 °C. After 2 h of stirring at the same temperature, the reaction was quenched by the successive addition of methanol (20 mL) and sat. aqueous NH4Cl (10 mL) under an argon atmosphere. The resulting mixture was allowed to warm to room temperature over 3 h, and stirred over night. The red solution was poured into a separatory funnel containing 5% aq. NH4Cl (100 mL) and ethyl acetate (100 mL). The organic phase was separated, and the aqueous phase was extracted three times with ethyl acetate (total, 300 mL). The combined organic extracts were dried over sodium sulfate, filtered, and evaporated under reduced pressure. The crude product was purified by flash column chromatography on silica gel (eluent: hexane/AcOEt = 7/3) to give diol 5 (0.85 g, 2.3 mmol) in a yield of 46% as an epimeric mixture. 
The diol 5 was converted to (R,R)-2 as follows: An oven-dried, 200 mL, two-necked, round-bottomed flask, equipped with a rubber septum and a magnetic stirring bar was charged with 5 (0.85 g, 2.3 mmol) and dry THF (50 mL) at 0 °C under an argon atmosphere. Stirring of the solution was started, triethylamine (0.33 mL, 2.4 mmol) and a THF (30 mL) solution of triphosgene (0.68 g, 2.3 mmol) were added dropwise to the solution, successively, at 0 °C. The resulting mixture was stirred at room temperature for 8 h. Complete of the reaction was checked by TLC, the mixture was poured into a separatory funnel containing an aq. NaHCO3 solution (100 mL) and ethyl acetate (100 mL). The organic phase was separated, and the aqueous phase was extracted three times with ethyl acetate (total, 300 mL). The organic extracts were dried over anhydrous MgSO4, filtered, and evaporated in vacuo. The residue was purified by flash column chromatography on silica gel (eluent: hexane/AcOEt = 5/1) and recrystallized from hexane to give orange crystals of (R,R)-2 (0.41 g, 1.00 mmol) in a yield of 45%. 
Compound (R,R)-2: IR (KBr) 3440, 2929, 1726, 1603, 1501, 1396, 1248, 1143, 1099, 1029, 848, 567 cm-1; 1H NMR (400 MHz, CDCl3)  = 0.87 (t, J = 7 Hz, 3 H), 1.29 (m, 8 H), 1.55-1.85 (m, 4 H), 3.88 (s, 3 H), 4.59 (m, 1 H), 5.50 (m, 1 H), 7.01 (d, J = 9 Hz, 2 H), 7.47 (d, J = 8 Hz, 2 H), 7.86-7.94 (m, 4 H); 13C NMR (75 MHz, CDCl3)  = 162.3, 152.8, 149.9, 146.8, 139.6, 126.3, 125.0, 123.0, 114.3, 79.4, 79.0, 55.5, 38.0, 35.3, 31.7, 28.9, 24.5, 22.5, 14.0; MS m/z (rel intensity), 397 (M++1, 3), 396 (M+, 12), 239 (3), 238 (11), 211 (2), 165 (3), 149 (2), 135 (61), 128 (3), 107 (100), 92 (20), 77 (57); Found: C, 69.93; H, 7.33; N, 7.09. Calcd. for C23H28N2O4: C, 69.68; H, 7.12; N, 7.06.




2. IR measurements of the gel and sol states of the mixture of (R,R)-(+)-1 and dodecane at various temperatures 


Variable-temperature IR measurements were carried out in the gel and the sol states of the mixture of (R,R)-(+)-1 and dodecane. The concentration of (R,R)-(+)-1 in dodecane is 11 g L-1. Figure S1 shows the IR spectra in the range of 1500-2000 cm-1 from 25 to 100 °C. The peaks due to the carbonyl (C=O) stretching are observed at 1708 cm-1 in the gel states from 25 to 65 °C. The C=O band is shifted to 1720 cm-1 in the sol state at 70 °C. It is indicated that the C=O stretching was suppressed by intermolecular interactions of the gelators on the gel states. The formation of the fibrous aggregation of (R,R)-(+)-1 can be explained by the dipole-dipole interactions between the syn-chiral carbonate moieties in the gel state. 
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Figure S1
FT-IR spectra at various temperatures for the mixture of 


(R,R)-(+)-1/dodecane in the gel and sol states
3. Small-angle X-ray scattering (SAXS) measurements of (R,R)-(+)-1 on the LC state
Compound (R,R)-(+)-1 showed thermotropic liquid crystallinity. The mesomorphic phase structure was examined by SAXS measurements. At 90 °C, diffraction peaks at 56.6, 27.8, 18.4, and 13.8 Å are observed as shown in Figure S2. These peaks correspond to the d100, d200, d300, and d400 lattices, respectively. It indicates that (R,R)-(+)-1 forms a higher order smectic phase with 56.6 Å of the layer spacing. 
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Figure S2  SAXS profile of (R,R)-(+)-1 at 90 °C.
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