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Abstract – Efforts to construct a dibenzo[b,f]oxepin ring system for a synthesis 

of bauhinoxepin J are described. A DDQ-promoted oxidative dearomatization– 

cyclization of the 2-phenoxyethyl-substituted tetramethoxybenzene was used to 

construct a tricyclic quinone monoacetal.

Bauhinoxepin J (1), a secondary metabolite isolated from the root extracts of Bauhinia purpurea (Figure 

1),
1
 is reported to exhibit antimycobacterial and antimalarial activities.

1
 The dibenzo[b,f]oxepin structure 

containing a seven-membered cyclic ether with a functionalized quinone moiety consequently has 

attracted considerable synthetic interest. Herein, we describe a synthetic study on bauhinoxepin J (1), in 

which the dibenzo[b,f]oxepin ring system was constructed using a DDQ-promoted oxidative 

dearomatization–cyclization of the 2-hydroxyphenethyl-substituted tetramethoxybenzene. 
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Figure 1. Structure of bauhinoxepin J (1) 

 

Our synthetic approach for bauhinoxepin J (1) is shown in Scheme 1. We anticipated that the electrophilic 

intermediate 3 would be generated when 2-hydroxyphenethyl-substituted tetramethoxybenzene 2 was  
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treated with a suitable oxidant.
2
 Subsequent intramolecular interception of 3 would yield the tricyclic 

quinone monoacetal 4, which would be a promising precursor for 1. 
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Scheme 1. Approach to bauhinoxepin J (1) 
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Scheme 2. Synthesis of 2-hydroxyphenethyl-substituted tetramethoxybenzene 2 

 

The synthesis of the 2-hydroxyphenethyl-substituted tetramethoxybenzene 2 was conducted as shown in 

Scheme 2. Treatment of 2,5-dihydroxy-p-benzoquinone (5) with AcCl in MeOH afforded the 

dimethoxyquinone 6 (79% yield), which was reduced with NaBH4 to give the hydroquinone 7 (82% 

yield). After methylation with dimethyl sulfate (75% yield), formylation of the resulting 
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tetramethoxybenzene 8 with DMF in the presence of n-BuLi gave tetramethoxybenzaldehyde 9
3
 in 83% 

yield. McMurry coupling
4
 of 9 with salicylaldehyde (41% yield) followed by hydrogenation of the 

resulting trans-stilbene 10 led to 2 in 94% yield. 

With the 2-hydroxyphenethyl-substituted tetramethoxybenzene 2 in hand, we next examined the key 

oxidative dearomatization–cyclization (Table 1). When compound 2 was treated with 2 equiv of CAN in 

aqueous MeCN, a complex mixture was obtained (entry 1). The reaction with diacetoxyiodobenzene in 

aqueous MeOH likewise resulted in the formation of a complex mixture (entry 2). Nevertheless, after 

several attempts,
5
 we were pleased to find that the desired reaction successfully proceeded when carried 

out with 5 equiv of DDQ in dioxane to produce the tricyclic quinone monoacetal 4 in 81% yield (entry 3). 

The structure of 4 was unambiguously confirmed by an X-ray crystallographic analysis (Figure 2). 

 

Table 1. Oxidative dearomatization cyclizations of 2 with oxidants. 
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Entry Oxidant Solvent Yield (%) 

1 CAN (2 equiv) MeCN/H2O (4/1) complex mixture 

2 PhI(OAc)2 (2 equiv) MeOH/H2O (40/1) complex mixture 

3 DDQ (5 equiv) dioxane 81 

 

 

 

Figure 2. X-Ray Structure of tricyclic quinone monoacetal 4 
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In conclusion, We have succeeded in constructing a dibenzo[b,f]oxepin ring system by a DDQ-promoted 

oxidative dearomatization–cyclization of the 2-hydroxyphenethyl-substituted tetramethoxybenzene. 

Further studies on the synthesis of bauhinoxepin J are currently underway. 

 

EXPERIMENTAL 

Solvents were dried and distilled according to standard protocols. The phrase ‘residue upon workup’ 

refers to the residue obtained when the organic layer was separated and dried over anhydrous MgSO4 and 

the solvent was evaporated under reduced pressure. 

 

2,5-Dimethoxycyclohexa-2,5-diene-1,4-dione (6) 

To a stirred suspension of 2,5-dihydroxy-p-benzoquinone (5) (20.0 g, 143 mmol) in MeOH (714 mL) was 

added AcCl (3.50 mL, 48.6 mmol) at rt, and the reaction mixture was stirred for 25 h at 80 ºC. The 

precipitate was filtered and washed with cold MeOH. The resulting solid was dried in vacuo to give 

dimethoxyquinone 6 (18.9 g, 79%) as a yellow solid; mp 202.3–205.7 ºC (AcOEt/hexane); IR (KBr): 

1662, 1599, 1205 cm
−1

; 
1
H-NMR (400 MHz, CDCl3) 3.85 (s, 6H), 5.87 (s, 2H); 

13
C-NMR (100 MHz, 

CDCl3) 56.6 (CH3), 105.5 (CH), 159.6 (Cq), 181.6 (Cq); HRMS (ESI) m/z calcd for C8H8O4Na 

[M
+
+Na

+
]
 
191.0320, found 191.0323. 

 

1,4-Dihydroxy-2,5-dimethoxybenzene (7) 

To a stirred suspension of dimethoxyquinone 6 (7.70 g, 45.9 mmol) in EtOH (60 mL) was added NaBH4 

(4.50 g, 119 mmol) in portions at 0 ºC, and stirring was continued for 3 h at the same temperature. The 

reaction mixture was quenched with 1 M HCl and extracted with AcOEt. The combined extracts were 

washed with brine, and the residue upon workup gave hydroquinone 7 (6.40 g, 82%) as a yellow solid; 

mp 181.8–188 ˚C (AcOEt/hexane). IR (KBr): 3406, 1520, 1450, 1240, 1192 cm
−1

; 
1
H-NMR (400 MHz, 

CDCl3) 3.82 (s, 6H), 5.23 (s, 2H), 6.58 (s, 2H); 
13

C-NMR (100 MHz, CDCl3) 56.6 (CH3), 99.8 (CH), 

138.6 (Cq), 140.3 (Cq); HRMS (ESI) m/z calcd for C8H10O4Na [M
+
+Na

+
]

 
193.0477, found 193.0477. 

 

1,2,4,5-Tetramethoxybenzene (8) 

To a stirred suspension of hydroquinone 7 (14.0 g, 82.3 mmol), Me2SO4 (55.0 mL, 370 mmol) and 

NaHSO3 (1.37 g, 13.2 mmol) in EtOH (90 mL) was added dropwise 10 N NaOH (47 mL) at 0 ºC. After 

stirring for 5.5 h at 80 ºC, the resulting solution was diluted with water and extracted with AcOEt. The 

combined extracts were washed with brine, and the residue upon workup gave tetramethoxybenzene 8 

(12.3 g, 75%) as colorless needles; mp 99.7–101.8 ˚C (AcOEt/hexane); IR (KBr): 2945, 1525, 1471, 1203 

cm
−1

; 
1
H-NMR (400 MHz, CDCl3) 3.96 (s, 12H), 6.61 (s, 2H); 

13
C-NMR (100 MHz, CDCl3) 57.0 
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(CH3), 100.7 (CH), 143.2 (Cq); HRMS (ESI) m/z calcd for C10H15O4 [M
+
+H

+
]

 
199.0970, found 199.0968. 

 

2,3,5,6-Tetramethoxybenzaldehyde (9)
3 

To a stirred solution of tetramethoxybenzene 8 (12.3 g, 62.1 mmol) in dry THF (310 mL) was added 

dropwise n-BuLi (1.57 M, 47.4 mL, 74.5 mmol) at –78 ºC. The reaction mixture was warmed to –10 ºC 

over 1 h and stirred at the same temperature for an additional 1 h. The mixture was then cooled to –78 ºC, 

and DMF (24.0 mL, 310 mmol) was added in one portion. The reaction was allowed to warm to 0 ºC over 

1 h. The resulting solution was diluted with water and extracted with AcOEt. The combined extracts were 

washed with brine. The residue upon workup was chromatographed on silica gel with hexane-AcOEt 

(85:15, v/v) as eluent to give tetramethoxybenzaldehyde 9 (11.7 g, 83%) as colorless needles; mp 

79.5–81.4 ˚C (AcOEt/hexane); IR (KBr): 2995, 1697 cm
−1

; 
1
H-NMR (400 MHz, CDCl3) 3.86 (s, 6H), 

3.89 (s, 6H), 6.79 (s, 1H), 10.41 (s, 1H); 
13

C-NMR (100 MHz, CDCl3) 56.8 (CH3), 62.1 (CH3), 105.1 

(CH), 124.3 (Cq), 143.9 (Cq), 149.2 (Cq), 189.9 (CH); HRMS (ESI) m/z calcd for C11H14O5Na [M
+
+Na

+
]

 

249.0739, found 249.0739. 

 

(E)-2-(2,3,5,6-Tetramethoxystyryl)phenol (10) 

To a stirred solution of activated zinc powder (9.50 g, 146 mmol) and pyridine (11.8 mL, 146 mmol) in 

dry THF (180 mL) was added dropwise TiCl4 (8.0 mL, 72.9 mmol) at 0 ºC. The reaction was warmed to 

room temperature and stirred for 0.5 h, then heated at reflux for 2.5 h. After cooling to 0 ºC, a solution of 

tetramethoxybenzaldehyde 9 (3.00 g, 13.4 mmol) and salicylaldehyde (2.8 mL, 26.5 mmol) in dry THF 

(100 mL) was slowly added to the mixture. After refluxing for 17 h, the reaction mixture was quenched 

with saturated aqueous NaHCO3. The resulting mixture was filtered through Celite, and extracted with 

AcOEt. The combined extracts were washed with brine, and the residue upon workup was 

chromatographed on silica gel with hexane-AcOEt (85:15, v/v) as eluent to give the trans-stilbene 10 

(1.70 g, 41%) as colorless prisms; mp 145.6–147.2 ˚C (AcOEt/hexane); IR (KBr): 3319, 1587, 1219 

cm
−1

; 
1
H-NMR (400 MHz, CDCl3) 3.78 (s, 6H), 3.88 (s, 6H), 5.19 (s, 1H), 6.51 (s, 1H), 6.83 (d, 1H, J = 

8.0 Hz), 6.96 (t, 1H, J = 8.0 Hz), 7.15 (t, 1H, J = 8.0 Hz), 7.25 (d, 1H, J = 16.8 Hz), 7.55 (d, 1H, J = 8.0 

Hz), 7.87 (d, 1H, J = 16.8 Hz); 
13

C-NMR (100 MHz, CDCl3) 56.5 (CH3), 60.5 (CH3), 98.5 (CH), 116.0 

(CH), 120.8 (CH), 121.3 (CH), 125.5 (Cq), 125.8 (Cq), 127.0 (CH), 128.4 (CH), 128.7 (CH), 141.3 (Cq), 

149.2 (Cq), 153.4 (Cq); HRMS (ESI) m/z calcd for C18H20O5Na [M
+
+Na

+
]

 
339.1208, found 339.1199. 

 

2-(2,3,5,6-Tetramethoxyphenethyl)phenol (2) 

To a stirred suspension of Pd-C (197 mg, 20 wt%) in AcOEt (11 mL) was added the trans-stilbene 10 

(987 mg, 3.10 mmol) at rt, and stirring was continued for 4.5 h at the same temperature under 5 atm of 
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hydrogen gas. The resulting solution was filtered through Celite, and the residue upon evaporation of the 

solvent was chromatographed with hexane-AcOEt (85:15, v/v) as eluent to give the 

2-hydroxyphenethyl-substituted tetramethoxybenzene 2 (924.7 mg, 94%) as colorless prisms; mp 

104.9–107.2 ˚C (AcOEt/hexane); IR (KBr): 3357, 1592, 1460, 1226 cm
−1

; 
1
H-NMR (400 MHz, CDCl3) 

2.70–2.74 (m, 2H), 2.82–2.86 (m, 2H), 3.86 (s, 6H), 3.88 (s, 6H), 6.47 (s, 1H), 6.58 (s, 1H), 6.85 (dt, J 

= 1.2, 7.2 Hz, 1H), 6.92 (d, J = 7.2 Hz, 1H), 7.13-7.17 (m, 2H); 
13

C-NMR (100 MHz, CDCl3) 25.4 

(CH2), 32.3 (CH2), 56.3 (CH3), 61.3 (CH3), 97.2 (CH), 115.8 (CH), 120.1 (CH), 127.1 (Cq), 127.9 (CH), 

129.4 (Cq), 129.8 (CH), 140.5 (Cq), 149.0 (Cq), 154.7 (Cq); HRMS (ESI) m/z calcd for C18H22O5Na 

[M
+
+Na

+
]
 
341.1365, found 341.1356. 

 

1,4,4a-Trimethoxy-10,11-dihydrodibenzo[b,f]oxepin-2(4aH)-one (4) 

To a stirred solution of the 2-hydroxyphenethyl-substituted tetramethoxybenzene 2 (50 mg, 0.16 mmol) 

in dioxane (4 mL) was added DDQ (178 mg, 0.79 mmol) in portions at rt. After the reaction mixture was 

stirred at the same temperature for 10 h, the solvent was evaporated under reduced pressure. The residue 

was chromatographed on silica gel with hexane-AcOEt (70:30 v/v) as eluent to give tricyclic quinone 

monoacetal 4 (38.5 mg, 81%) as colorless prisms; mp 137.6–138.5 ˚C (AcOEt/hexane); IR (KBr): 3442, 

2937, 1637, 1458, 1232 cm
−1

; 
1
H-NMR (400 MHz, CDCl3) 2.34–2.42 (m, 1H), 2.73–2.81 (m, 1H), 

3.11–3.24 (m, 5H), 3.59 (s, 3H), 3.91 (s, 3H), 5.61 (s, 1H), 6.95–7.15 (m, 4H); 
13

C-NMR (100 MHz, 

CDCl3) 22.2 (CH2), 29.8 (CH2), 51.9 (CH3), 56.4 (CH3), 60.8 (CH3), 98.7 (Cq), 103.1 (CH), 122.7 (CH), 

125.1 (CH), 127.5 (CH), 129.0 (CH), 134.4 (Cq), 136.4 (Cq), 150.6 (Cq), 151.9 (Cq), 169.1 (Cq), 182.0 

(Cq); HRMS (ESI) m/z calcd for C17H19O5 [M
+
+H

+
]

 
303.1232, found 303.1231. 

 

X-Ray crystallographic analysis of compound 4.
6
 A colorless block crystal having approximate 

dimensions of 0.60 x 0.60 x 0.40 mm was mounted on a glass fiber. All measurements were made on a 

Rigaku RAXIS RAPID imaging plate area detector with graphite monochromated Mo-K radiation. The 

structure was solved by direct methods (SIR97) and expanded using Fourier techniques (DIRDIF99). The 

non-hydrogen atoms were refined anisotropically. Hydrogen atoms were refined using the riding model. 

The final cycle of full-matrix least-squares refinement on F was based on 13,033 observed reflections (I > 

0.00(I)) and 218 variable parameters, and converged (largest parameter shift was 0.54 times its esd) with 

unweighted and weighted agreement factors of R = 0.043 and Rw = 0.110. Crystal data for 4: C17H18O5, 

M = 302.33, monoclinic, space group P21/n, a = 13.6538(8) Å, b = 8.4884(4) Å, c = 13.9424(9) Å,  = 

113.237(2)
º
, V = 1484.8(1) Å

3
, Z = 4, Dc = 1.352 g/cm

3
, F(000) = 640, (MoK) = 0.99 cm

–3
. 
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