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Abstract – A tricyclic hexaketone monohydrate with a hemiacetal structure was 

synthesized by the ruthenium-catalyzed oxidation of butyl-substituted 

tribenzotetradehydro[12]annulene-1,2-dione. The oxidation of the annulenedione 

afforded unique [12]annulene-1,2,5,6,9,10-hexaone, followed by the cyclization 

to produce corresponding tricyclic hydrate containing two dihydrobenzopyranone 

rings. The tricyclic hexaketone hydrate weakly interacts with methanol and 

ethylene glycol to form 1:1 complexes in solution. 

INTRODUCTION 

A large number of macrocyclic benzo-annulated annulenes have been synthesized to achieve new 

electronic and optical materials.1,2 Among them, dehydrobenzoannulenes (fully-conjugated 

ortho-phenylene-ethynylene macrocycles) have been vigorously investigated due to their opto-electronic 

properties and as substrates of the 2D carbon networks graphyne and graphdiyne.3,4 Furthermore, 

C3-symmetric dehydrobenzo[12]annulenes are a versatile building block, and many groups employed 

them to create new materials.5-7 Cyclic polyketones with regularly arranged carbonyl groups have 

attracted considerable attention because of their unique structures;8 however, only a limited number of 

cyclic polyketones have been reported.9 We already reported the synthesis of 2a by the oxidation of 1a 

with ruthenium catalyst (Figure 1).10 Interestingly, 1a easily produced the monohydrate 3 having a 
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(2H, dd, J = 7.1 and 2.5 Hz, CH), 4.41 (2H, t, J = 9.5 Hz, CH), 3.68 (2H, br s, OH), 2.65 (24H, m, CH2), 

1.68 (2H, br s, OH), 1.62 (24H, m, CH2), 1.45 (24H, m, CH2), and 0.97 (36H, m, CH3); TOF-MS m/z 672 

(M+). 

3,4:7,8:11,12-Tris(4,5-dibutylbenzo)cyclododeca-3,7,11-triene-5,9-diyne-1,2-dione (10). To a solution 

of (COCl)2 (0.72 mL, 8.28 mmol) in CH2Cl2 (50 mL) was added a solution of DMSO (0.80 mL, 11.2 

mmol) in CH2Cl2 (10 mL) at ‒78 °C. A solution of 9 (1.39 g, 2.07 mmol) in CH2Cl2 (10 mL) was added at

‒78 °C, and the mixture was stirred for 30 min at the same temperature. After warming up to ‒50 °C, 

Et3N was added, and the mixture was stirred for 1 h at ‒50 °C and then for 1 h at room temperature. 

Water and CH2Cl2 were added, and the organic layer was separated. The aqueous layer was extracted 

with CH2Cl2, and the combined organic layer was successively washed with saturated aqueous NH4Cl 

solution and brine, and dried over MgSO4. After evaporation of the solvent, the residue was purified by 

column chromatography on silica gel with hexane-benzene as eluent to give 10 (1.31 g, 94%). Yellow 

prisms, mp 101‒101.5 °C; 1H NMR (CDCl3, 500 MHz) δ 7.48 (2H, s, Ar), 7.44 (2H, s, Ar), 7.31 (2H, s, 

Ar), 2.66 (8H, m, CH2), 2.60 (4H, t, J = 7.3 Hz, CH2), 1.59 (12H, m, CH2), 1.42 (12H, m, CH2), and 0.97 

(18H, m, CH3); 
13C NMR (CDCl3, 125 MHz) δ 191.5, 144.5, 141.3, 141.0, 136.1, 133.4, 131.5, 130.2, 

123.3, 119.4, 92.9, 91.2, 33.1, 33.0, 32.3, 32.2, 22.8, 22.7, and 14.0; TOF-MS m/z 668 (M+). 

3,4:7,8:11,12-Tris(4,5-dibutylbenzo)cyclododeca-3,7,11-triene-1,2,5,6,9,10-hexaone hydrate (4). To a 

mixture of PhI=O (528 mg, 2.4 mmol) in water (0.2 mL) and acetone (1.8 mL) was added RuCl3·3H2O 

(7.3 mg, 0.028 mmol), and the mixture was stirred for 10 min at room temperature. A suspension of 10 

(189 mg, 0.28 mmol) in water (0.4 mL) and acetone (3.6 mL) was added, and the mixture was stirred for 

10 min at room temperature. After filtration, the filtrate was evaporated in vacuo, and the residue was 

purified by column chromatography on silica gel with hexane-EtOAc as eluent to give 4 (74 mg, 35%). 

Colorless plates, mp 98‒99 °C; 1H NMR (CDCl3, 500 MHz) δ 7.94 (1H, s, Ar), 7.92 (1H, s, Ar), 7.67 (1H, 

s, Ar), 7.20 (1H, s, Ar), 6.99 (21H, s, Ar), 6.98 (1H, s, Ar), 4.37 (1H, br s, OH), 3.27 (1H, br s, OH), 

2.86‒2.52 (12H, m, CH2), 1.72‒1.30 (24H, m, CH2), and 1.02‒0.89 (18H, m, CH3); 
1H NMR (MeOH-d4, 

500 MHz) δ 7.92 (1H, s, Ar), 7.86 (1H, s, Ar), 7.68 (1H, s, Ar), 7.18 (1H, s, Ar), 7.02 (21H, s, Ar), 7.00 

(1H, s, Ar), 4.87 (2H, br s, OH), 2.91‒2.55 (12H, m, CH2), 1.76‒1.30 (24H, m, CH2), and 0.94‒0.78 (18H, 

m, CH3); 
13C NMR (CDCl3, 125 MHz) δ 201.4, 190.7, 185.7, 149.5, 148.8, 143.7, 143.4, 143.1, 142.7, 

136.7, 134.9, 133.3, 132.1, 129.1, 128.54, 128.45, 128.0, 127.1, 126.2, 126.0, 125.6, 98.9, 96.8, 96.7, 33.0, 

33.0, 32.9, 32.83, 32.78, 32.5, 32.22, 32.17, 32.1, 32.0, 22.8, 22.7, 22.6, 14.0, 13.92, 13.89, and 13.8l; 13C 

NMR (MeOH-d4, 125 MHz) δ 204.7, 192.2, 188.3, 150.1, 149.4, 144.6, 143.8, 143.24, 143.21, 130.2, 

136.0, 135.0, 131.2, 130.3, 130.0, 128.2, 128.1, 127.9, 127.3, 127.1, 100.5, 98.8, 98.2, 34.4, 34.3, 34.22, 

34.20, 34.18, 34.0, 33.9, 33.6, 33.1, 23.8, 23.71, 23.69, 23.66, 23.62, 23.4, 14.4, 14.31, 14.27, and 14.23; 
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EI-MS m/z 732 (M+-18); HRMS (MALDI-TOF-MS) m/z calcd for C48H52O7·Na 73.4388, found 773.4411 

[M+Na]+. 
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