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General 
All reagents and solvents were obtained from Sigma-Aldrich (St. Louis, MO) and Fisher 
Scientific (Hanover Park, IL) and were used without further purification. Reactions were 
monitored either by thin-layer chromatography (TLC) or by a Shimadzu LC-20A series 
HPLC system. TLC was performed using glass plates pre-coated with silica gel (0.25 mm, 
60-Å pore size, 230-400 mesh, Sorbent Technologies, GA) impregnated with a 
fluorescent indicator (254 nm). TLC plates were visualized by exposure to ultraviolet 
light (UV). Debenzylation reactions were done using domnick hunter NITROX UHP-
60H hydrogen generator, USA. Flash column chromatography was performed using a 
Biotage Isolera One system and a Biotage SNAP cartridge. Proton and carbon nuclear 
magnetic resonance (1H and 13C NMR) spectra were recorded employing a Bruker AM-
400 spectrometer. Chemical shifts were expressed in parts per million (ppm), J values 
were in Hertz. Mass spectra were recorded on a Varian 500-MS IT mass spectrometer 
using ESI. High-resolution mass spectra (HRMS) were recorded with a BioTOF II ESI 
mass spectrometer. The purity of compounds was determined by analytical HPLC using a 
Gemini, 3μm, C18, 110Å column (50 mm × 4.6 mm, Phenomenex) and a flow rate of 1.0 
mL/min. Gradient conditions: solvent A (0.1% trifluoroacetic acid in water) and solvent 
B (acetonitrile): 0-2.00 min 100% A, 2.00-7.00 min 0-100% B (linear gradient), 7.00-
8.00 min 100% B, 8.00-9.00 min 0-100% A (linear gradient), 9.00-10.00 min 100% A, 
UV detection at 254 and 220 nm. 
 
Synthesis of 2,4-dihydroxy-6-pentylbenzaldehyde (2) 

 
To a stirred solution of POCl3 (2.8 mL, 30 mmol) in dry DMF (8 mL) at 0 °C was slowly 
added a solution of olivetol (1) (2.18 g, 12 mmol) in dry DMF (6 mL). The mixture was 
allowed to stir at room temperature for 18 h. The reaction mixture was then cooled to 
0 °C and cautiously treated with ice water (15 mL) and with 20% aqueous solution of 
NaOH to pH = 10. The resulting mixture was heated to reflux for 10 min and then 
allowed to cool to room temperature. The solution was then acidified to pH = 1 with 
concentrated hydrochloric acid, extracted with ethyl acetate (3 × 25 mL). The combined 
organic layer was washed with brine (40 mL), dried over Na2SO4, filtered, and 
concentrated under reduced pressure. The residue was purified by flash column 
chromatography (Hexane : Ethyl Acetate = 90 : 10) to give 2 as a yellow solid (1.42 g, 
56%). 1H NMR (400 MHz, CDCl3, ppm) δ 12.44 (s, 1 H), 10.02 (s, 1 H), 7.27 (br, 1 H), 
6.28 (d, J = 2.0 Hz, 1 H), 6.25 (d, J = 1.6 Hz, 1 H), 2.80 (t, J = 8.0 Hz, 3 H), 1.63-1.58 (m, 
2 H), 1.36-1.31 (m, 4H), 0.89 (t, J = 6.4 Hz, 3 H); MS (ESI-): m/z 207.2[M-H]-; HPLC 
purity: 84.1% (254 nm), tR: 7.02 min; 95.4% (220 nm), tR: 7.02 min. 
 
Synthesis of 2,4-bis(benzyloxy)-6-pentylbenzaldehyde 

 
To a stirred solution of 2,4-dihydroxy-6-pentylbenzaldehyde 2 (1.423 g, 6.8 mmol) in 
acetone (20 mL) was added potassium carbonate (2.819 g, 20.4 mmol) and benzyl 
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bromide (2.43 mL, 20.4 mmol) at room temperature. The mixture was then heated to 
reflux for 12 h and allowed to cool to room temperature. The solvent was removed under 
reduced pressure. The residue was dissolved in water (40 mL), extracted with ethyl 
acetate (2 × 25 mL). The combined organic layer was dried over Na2SO4, filtered, and 
concentrated under reduced pressure. The residue was purified by flash column 
chromatography (Hexane : Ethyl Acetate = 97 : 3) to give an oil (1.861 g, 70%). 1H NMR 
(400 MHz, CDCl3, ppm) δ 10.56 (s, 1 H), 7.40-7.33 (m, 10 H), 6.47 (d, J = 2.4 Hz, 1 H), 
6.44 (d, J = 2.4 Hz, 1 H), 5.08 (s, 4 H), 2.96 (t, J = 7.6 Hz, 2 H), 1.55-1.53 (m, 2 H), 
1.36-1.33 (m, 4 H), 0.89 (t, J = 7.2 Hz, 3 H); 13C NMR (100.5 MHz, CDCl3, ppm) 
δ190.31, 164.51, 163.53, 149.71, 136.15, 136.12, 128.77, 128.74, 128.36, 128.25, 127.61, 
127.35, 117.36, 109.32, 97.86, 70.72, 70.20, 34.59, 31.96, 30.90, 22.64, 14.11; MS 
(ESI+): m/z 411.3 [M+Na]+;  HPLC purity: 100% (254 nm), tR: 8.30 min; 100% (220 nm), 
tR: 8.30 min. 
 
Synthesis of 2,4-bis(benzyloxy)-6-pentylbenzoic acid (3) 

 
To a stirred solution of 2,4-bis(benzyloxy)-6-pentylbenzaldehyde (1.86 g, 4.8 mmol) and 
NaH2PO4 (1.36 g, 12 mmol) in DMSO (16 mL) and water (4 mL) at 0 °C was slowly 
added a solution of NaClO2 (1.44 g, 12 mmol) in water (4 mL). The mixture was allowed 
to stir at room temperature for 14 h. The saturated aqueous solution (20 mL) of Na2CO3 
was added. The mixture was then acidified to pH ≈ 1 with concentrated hydrochloric acid 
and extracted with ethyl acetate (2 × 25 mL). The combined organic layer was washed 
with brine (30 mL), dried over Na2SO4, filtered, and concentrated under reduced pressure. 
The residue was first purified by flash column chromatography (hexane : ethyl acetate = 
80 : 20) to give a mixture of the desired product and trace amount of starting material. 
The mixture was then recrystallized in hexane/ethyl acetate (95 : 5) to give the pure 
product as a white solid (1.182 g, 61%). 1H NMR (400 MHz, CDCl3, ppm) δ 7.41-7.29 
(m, 10 H), 6.50 (d, J = 2.0 Hz, 1 H), 6.48 (d, J = 2.0 Hz, 1 H), 5.10 (s, 2 H), 5.04 (s, 2 H), 
2.79 (t, J = 8.0 Hz, 2 H), 1.62-1.58 (m, 2 H), 1.33-1.29 (m, 4 H), 0.87 (t, J = 6.8 Hz, 3 H); 
13C NMR (100.5 MHz, CDCl3, ppm) δ 170.48, 161.09, 158.06, 146.58, 136.35, 135.94, 
128.74, 128.73, 128.27, 128.23, 127.61, 127.28, 114.23, 108.82, 98.67, 71.25, 70.19, 
34.68, 31.78, 31.07, 22.51, 14.06; MS (ESI-): m/z 403.4 [M-H]- HPLC purity: 98.9% 
(254 nm), tR: 7.66 min; 99.3% (220 nm), tR: 7.66 min. 
 
Synthesis of 2,4-dihydroxy-6-pentylbenzoic acid (4) 

 
Method A: To a stirred solution of 2,4-dihydroxy-6-pentylbenzaldehyde 2 (833 mg, 4 
mmol) and NaH2PO4 (1.20 g, 10 mmol) in DMSO (10 mL) and water (2.5 mL) at 0 °C 
was slowly added a solution of NaClO2 (1.13 g, 10 mmol) in water (2.5 mL). The mixture 
was allowed to stir at room temperature for 14 h. The saturated aqueous solution (15 mL) 
of Na2CO3 was added. The mixture was then acidified to pH ≈ 1 with concentrated 
hydrochloric acid and extracted with ethyl acetate (2 × 25 mL). The combined organic 
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layer was washed with brine (30 mL), dried over Na2SO4, filtered, and concentrated 
under reduced pressure. The residue was purified by flash column chromatography 
(hexane : ethyl acetate = 70 : 30) to give the desired product (453 mg, 50%), which was 
used directly in the next step. HPLC purity: 96.5% (254 nm), tR: 6.50 min; 95.2% (220 
nm), tR: 6.50 min. 
 
Method B: A solution of 2,4-bis(benzyloxy)-6-pentylbenzoic acid 3 (402 mg, 1 mmol) in 
ethyl acetate (4 mL) was treated with 10 wt% Pd/C (49 mg, 12 wt%). The mixture was 
stirred at room temperature under 1 bar H2 atmosphere for 24 h. The mixture was then 
filtered through Celite and washed with ethyl acetate (2 × 10 mL). The combined organic 
layer was evaporated under reduced pressure to give the desired product (216 mg, 97%). 
1H NMR (400 MHz, d6-DMSO, ppm) δ 10.08 (br, 1 H), 6.15 (d, J = 2.4 Hz, 1 H), 6.12 (d, 
J = 2.4 Hz, 1 H), 2.73 (t, J = 7.2 Hz, 2 H), 1.47-1.45 (m, 2 H), 1.26-1.24 (m, 4 H), 0.84 (t, 
6.8 Hz, 3 H); 13C NMR (100.5 MHz, d6-DMSO, ppm) δ 173.20, 164.04, 162.02, 147.69, 
110.49, 105.71, 101.02, 35.74, 31.79, 31.46, 22.36, 14.34; MS (ESI-): m/z 223.3 [M-H]-; 
HPLC purity: 100% (254 nm), tR: 6.50 min; 100% (220 nm), tR: 6.50 min. 
 
Synthesis of benzyl 2,4-dihydroxy-6-pentylbenzoate (5) 

 
A suspension of 2,4-dihydroxy-6-pentylbenzoic acid 4 (192 mg, 0.86 mmol), BnBr (102 
µL, 0.86 mmol) and potassium bicarbonate (103 mg, 1.03 mmol) in DMF (4 mL) was 
stirred at ambient temperature for 5 h. The mixture was then quenched with water (20 
mL), extracted with ethyl acetate (2 × 25 mL). The combined organic layer was washed 
with H2O (20 mL) and brine (20 mL), then dried over Na2SO4, filtered, and concentrated 
under reduced pressure. The residue was purified by flash column chromatography 
(hexane : ethyl acetate = 85 : 15) to give 5 as a solid (247 mg, 92%). 1H NMR (400 MHz, 
CDCl3, ppm) δ 11.82 (br, 1 H), 7.44-7.37 (m, 5 H), 6.28 (d, J = 2.4 Hz, 1 H), 6.20 (d, J = 
2.4 Hz, 1 H), 5.77 (br, 1 H), 5.34 (s, 2 H), 2.75 (t, J = 8.0 Hz, 2 H), 1.39-1.37 (m, 2 H), 
1.15-1.11 (m, 2 H), 1.04-1.02 (m, 2 H), 0.79 (t, J = 7.2 Hz, 3 H); 13C NMR (100.5 MHz, 
CDCl3, ppm) δ 171.39, 165.39, 160.51, 149.19, 135.01, 129.06, 128.71, 110.88, 104.95, 
101.40, 67.51, 36.98, 31.88, 31.82, 22.59, 14.03; MS (ESI+): m/z 337.2 [M+Na]+; HPLC 
purity: 99.7% (254 nm), tR: 7.55 min; 97.7% (220 nm), tR: 7.56 min. 
 
Synthesis of benzyl 4-((2,4-bis(benzyloxy)-6-pentylbenzoyl)oxy)-2-hydroxy-6-
pentylbenzoate (6) 

 
To a stirred solution of benzyl 2,4-dihydroxy-6-pentylbenzoate 5 (94.3 mg, 0.3 mmol) 
and 2,4-bis(benzyloxy)-6-pentylbenzoic acid 3 (121.4 mg, 0.3 mmol) in dry toluene (3 
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mL) was slowly added trifluoroacetic acid anhydride (486 µL, 3.45 mmol) at room 
temperature. The mixture was stirred overnight and the solvent was then removed under 
reduced pressure. The residue was purified by flash column chromatography (hexane : 
ethyl acetate = 97 : 3) to give 6 as a solid (135 mg, 64%). 1H NMR (400 MHz, CDCl3, 
ppm) δ 11.45 (s, 1 H), 7.44-7.23 (m, 15 H), 6.63 (d, J = 2.0 Hz, 1 H), 6.50 (d, 2.4 Hz, 1 
H), 6.48 (d, J = 2.0 Hz, 1 H), 6.38 (d, J = 2.4 Hz, 1 H), 5.36 (s, 2 H), 5.06 (s, 2 H), 5.05 (s, 
2 H), 2.70-2.66 (m, 4 H), 1.66-1.62 (m, 2 H), 1.35-1.31 (m, 6 H), 1.14-1.10 (m, 2 H), 
1.02-1.01 (m, 2 H), 0.88 (t, J = 7.2 Hz, 3 H), 0.79 (t, J = 7.2 Hz, 3 H); 13C NMR (100.5 
MHz, CDCl3, ppm) δ 171.09, 166.06, 164.41, 161.02, 157.66, 155.27, 148.32, 143.94, 
136.49, 136.35, 134.79, 129.10, 128.83, 128.78, 128.71, 128.57, 128.22, 128.11, 127.59, 
127.54, 116.13, 115.62, 109.56, 108.78, 107.46, 98.24, 70.70, 70.20, 67.81, 36.84, 33.95, 
31.92, 31.86, 31.71, 31.06, 22.60, 22.57, 14.08, 14.04; MS (ESI-): m/z 699.6 [M-H]-; 
HRMS (ESI+) Calcd for C45H48O7 (M

+): 701.3473, Found: 701.3472; HPLC purity: 100% 
(254 nm), tR: 8.91 min; 100% (220 nm), tR: 8.91 min. 
 
Synthesis of anziaic acid  

 
A solution of benzyl 4-((2,4-bis(benzyloxy)-6-pentylbenzoyl)oxy)-2-hydroxy-6-
pentylbenzoate (6) (135 mg, 0.19 mmol) in ethyl acetate (5 mL) was treated with 10% 
Pd/C (38 mg). The mixture was stirred at room temperature under 1 bar of H2 atmosphere 
for ca. 2 h. The reaction was stopped once it was complete (monitored by HPLC). The 
mixture was filtered through Celite and washed with ethyl acetate. The combined organic 
layer was evaporated under reduced pressure (the water bath temperature was kept below 
30 °C) to give anziaic acid as a white solid (78.6 mg, 95%). 1H NMR (400 MHz, CD3OD, 
ppm) δ 6.62 (d, J = 2.4 Hz, 1 H), 6.56 (d, J = 2.0 Hz, 1 H), 6.27 (d, J = 2.0 Hz, 1 H), 6.22 
(d, J = 2.4 Hz, 1 H), 2.92 (t, J = 7.2 Hz, 2 H), 2.86 (t, J = 7.6 Hz, 2 H), 1.62-1.60 (m, 4 H), 
1.34-1.32 (m, 8 H), 0.91-0.86 (m, 6 H); 13C NMR (100.5 MHz, CD3OD, ppm) δ 173.89, 
170.41, 166.05, 164.34, 164.14, 154.90, 149.36, 149.04, 116.22, 113.16, 112.23, 109.03, 
105.22, 102.01, 37.73, 36.79, 33.21, 33.13, 32.99, 32.62, 23.60, 23.46, 14.44, 14.38; MS 
(ESI-): m/z 429.3 [M-H]-; HRMS (ESI+) Calcd for C24H30O7 (M+Na+): 453.1884, Found: 
453.1887; HPLC purity: 100% (254 nm), tR: 7.54 min; 100% (220 nm), tR: 7.54 min. 
 
Synthesis of benzyl 2,4-dihydroxybenzoate (7) 

BnOOC

OH

OH  
Following the procedure for compound 5: 2,4-dihydroxybenzoic acid (1.54 g, 10 mmol), 
benzyl bromide (1.25 mL, 10.5 mmol), potassium bicarbonate (1.2 g, 12 mmol), DMF 
(20 mL); Eluent (hexane : ethyl acetate = 85 : 15); Product: white solid (2.02 g, 83%). 1H 
NMR (400 MHz, CDCl3, ppm) δ 11.00 (br, 1 H), 7.77 (d, J = 8.4 Hz, 1 H), 7.42-7.37 (m, 
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5 H), 6.40 (d, J = 2.4 Hz, 1 H), 6.35 (dd, J = 8.4, 2.4 Hz, 1 H), 5.62 (br, 1 H), 5.35 (s, 2 
H); 13C NMR (100.5 MHz, CDCl3, ppm) δ 169.79, 163.72, 162.07, 135.50, 132.10, 
128.72, 128.52, 128.25, 107.96, 105.96, 103.19, 66.76; MS (ESI-): m/z 243.2[M-H]-; 
HPLC purity: 100% (254 nm), tR: 6.85 min; 97.1% (220 nm), tR: 6.85 min. 
 
Synthesis of 2,4-bis(benzyloxy)benzaldehyde  

 
Following the procedure for compound 2,4-bis(benzyloxy)-6-pentylbenzaldehyde: 2,4-
dihydroxybenzaldehyde (2.76 g, 20 mmol), benzyl bromide (5 mL, 42 mmol), potassium 
carbonate (6.08 g, 44 mmol), acetone (20 mL); Eluent (hexane : ethyl acetate = 95 : 5); 
Product: solid (6.12 g, 96%). 1H NMR (400 MHz, CDCl3, ppm) δ 10.38 (s, 1 H), 7.83 (d, 
J = 8.8 Hz, 1 H), 7.43-7.35 (m, 10 H), 6.63 (dd, J = 8.8, 1.6 Hz, 1 H), 6.59 (d, J = 2.0 Hz, 
1 H), 5.12 (s, 2 H), 5.09 (s, 2 H); 13C NMR (100.5 MHz, CDCl3, ppm) δ 188.29, 165.22, 
162.80, 135.98, 135.95, 130.54, 128.79, 128.78, 128.42, 128.34, 127.58, 127.32, 119.56, 
107.07, 100.15, 70.50, 70.43; MS (ESI-): m/z 317.2 [M-H]-; HPLC purity: 98.7% (254 
nm), tR: 7.65 min; 98.7% (220 nm), tR: 7.65 min. 
 
Synthesis of 2,4-bis(benzyloxy)benzoic acid (9) 

 
Following the procedure for compound 3: 2,4-bis(benzyloxy)benzaldehyde (824 mg, 2.6 
mmol), NaClO2 (80%, 880 mg, 7.8 mmol), NaH2PO4 (936 mg, 7.8 mmol), DMSO/H2O 
(10 mL/4 mL); Eluent (hexane : ethyl acetate = 85 : 15); Product: solid (663 mg, 76%, 
containing trace amounts of starting material), pure product can be obtained following 
recrystallization in hexane/ethyl acetate (3:1). 1H NMR (400 MHz, d6-DMSO, ppm) δ 
7.72 (d, J = 8.4 Hz, 1 H), 7.51-7.30 (m, 10 H), 6.80 (d, J = 2.0 Hz, 1 H), 6.67 (dd, J = 8.8, 
2.0 Hz, 1 H), 5.19 (s, 2 H), 5.15 (s, 2 H); 13C NMR (100.5 MHz, d6-DMSO, ppm) δ 
167.03, 163.01, 159.86, 137.40, 136.95, 133.69, 128.98, 128.83, 128.52, 128.35, 128.11, 
127.51, 114.01, 106.79, 101.64, 70.12, 70.05; MS (ESI-): m/z 333.3 [M-H]-; HPLC purity: 
100% (254 nm), tR: 7.17 min; 100% (220 nm), tR: 7.16 min. 
 
Synthesis of 7-hydroxy-2,2-dimethyl-5-pentyl-4H-benzo[d][1,3]dioxin-4-one (12) 

 
To a stirred solution of 2,4-dihydroxy-6-pentylbenzoic acid 4 (340 mg, 2 mmol), DMAP 
(14.9 mg, 0.12 mmol) and acetone (176 µL, 2.4 mmol) in DME (5 mL) was added 
thionyl chloride (190 µL, 2.6 mmol) at 0 oC. The mixture was allowed to warm to room 
temperature for 2 h. The mixture was then quenched with NaHCO3 (aq, 30mL) and 
extracted with ethyl acetate (2 × 30 mL). The combined organic layer was washed with 
brine (40 mL), dried over Na2SO4, filtered, and concentrated under reduced pressure. The 
residue was purified by flash column chromatography (hexane : ethyl acetate = 80 : 20) 
to give 12 as a solid (164 mg, 39%). 1H NMR (400 MHz, CDCl3, ppm) δ 8.35 (s, 1 H), 
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6.52 (d, J = 2.4 Hz, 1 H), 6.37 (d, J = 2.4 Hz, 1 H), 3.02 (t, J = 8.0 Hz, 2 H), 1.69 (s, 6 H), 
1.63-1.56 (m, 2 H), 1.38-1.34 (m, 4 H), 0.87 (t, J = 7.2 Hz, 3 H); HPLC purity: 89.7% 
(254 nm), tR: 7.05 min; 90.2% (220 nm), tR: 7.05 min. 
 
Synthesis of dimeric precursors 10a-d and 13 
benzyl 4-((2,4-bis(benzyloxy)benzoyl)oxy)-2-hydroxy-6-pentylbenzoate (10a) 

 
Following the procedure for compound 6: compound 5 (62.9 mg, 0.2 mmol), compound 9 
(70.2 mg, 0.21 mmol), trifluoroacetic acid anhydride (324 µL, 2.3 mmol), toluene (2 mL); 
Eluent (hexane : ethyl acetate = 97 : 3), then recrystallization from hexane if necessary; 
Product: white solid (79 mg, 62%). 1H NMR (400 MHz, CDCl3, ppm) δ 11.48 (s, 1 H), 
8.02 (d, J = 8.8 Hz, 1 H), 7.47-7.26 (m, 15 H), 6.73 (d, J = 2.4 Hz, 1 H), 6.65 (d, J = 2.0 
Hz, 1 H), 6.61 (dd, J = 8.8, 2.0 Hz, 1 H), 6.54 (d, J = 2.0 Hz, 1 H), 5.36 (s, 2 H), 5.13 (s, 
2 H), 5.08 (s, 2 H), 2.78 (t, J = 8.0 Hz, 2 H), 1.43-1.39 (m, 2 H), 1.14-1.13 (m, 2 H), 
1.04-1.03 (m, 2 H), 0.79 (t, J = 7.2 Hz, 3 H); 13C NMR (100.5 MHz, CDCl3, ppm) δ 
171.15, 164.45, 164.14, 162.96, 161.14, 155.58, 148.18, 136.35, 136.08, 134.87, 134.71, 
129.12, 128.82, 128.79, 128.61, 128.38, 127.90, 127.60, 126.96, 116.34, 111.73, 109.29, 
108.93, 106.30, 101.34, 70.62, 70.36, 67.79, 36.90, 31.95, 31.90, 22.62, 14.08; MS 
(ESI+): m/z 631.2 [M+H]+; HRMS (ESI+) Calcd for C40H38O7 (M+H+): 631.2691, Found: 
631.2688; HPLC purity: 100% (254 nm), tR: 8.56 min; 100% (220 nm), tR: 8.56 min. 
 
4-((benzyloxy)carbonyl)-3-hydroxyphenyl 2,4-bis(benzyloxy)-6-pentylbenzoate (10b) 

 
Following the procedure for compound 6: compound 7 (48.4 mg, 0.2 mmol), compound 3 
(84.4 mg, 0.21 mmol), trifluoroacetic acid anhydride (324 µL, 2.3 mmol), toluene (2 mL); 
Eluent (hexane : ethyl acetate = 97 : 3), then recrystallization from hexane if necessary; 
Product: white solid (107 mg, 85%). 1H NMR (400 MHz, CDCl3, ppm) δ 10.88 (s, 1 H), 
7.84 (d, J = 8.4 Hz, 1 H), 7.42-7.31 (m, 15 H), 6.75 (d, J = 2.0 Hz, 1 H), 6.61 (dd, J = 8.8, 
2.0 Hz, 1 H), 6.49 (s, 1 H), 6.48 (s, 1 H), 5.36 (s, 2 H), 5.05 (s, 2 H), 5.04 (s, 2 H), 2.68 (t, 
J = 7.6 Hz, 2 H), 1.66-1.64 (m, 2 H), 1.32-1.31 (m, 4 H), 0.88 (t, J = 7.2 Hz, 3 H); 13C 
NMR (100.5 MHz, CDCl3, ppm) δ 169.55, 166.06, 163.15, 161.15, 157.76, 156.89, 
144.03, 136.53, 136.37, 135.36, 131.24, 128.79, 128.74, 128.65, 128.30, 128.25, 128.19, 
127.61, 127.49, 115.51, 113.44, 110.82, 110.24, 107.57, 98.32, 70.73, 70.23, 67.06, 33.99, 
31.73, 31.08, 22.60, 14.09; MS (ESI+): m/z 653.0 [M+Na]+; HRMS (ESI+) Calcd for 
C40H38O7 (M+H+): 631.2691, Found: 631.2691; HPLC purity: 100% (254 nm), tR: 8.63 
min; 100% (220 nm), tR: 8.63 min. 
 
benzyl 4-((2,4-bis(benzyloxy)benzoyl)oxy)-2-hydroxybenzoate (10c) 
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Following the procedure for compound 6: compound 7 (70.5 mg, 0.29 mmol), compound 
9 (96.8 mg, 0.29 mmol), trifluoroacetic acid anhydride (410 µL, 2.9 mmol), toluene (3 
mL); Eluent (hexane : ethyl acetate = 97 : 3), then recrystallization from hexane if 
necessary; Product: white solid (105 mg, 65%). 1H NMR (400 MHz, CDCl3, ppm) δ 
10.89 (s, 1 H), 8.04 (d, J = 8.8 Hz, 1 H), 7.90 (d, J = 8.8 Hz, 1 H), 7.49-7.28 (m, 15 H), 
6.84 (s, 1 H), 6.73 (d, J = 8.8 Hz, 1 H), 6.65 (s, 1 H), 6.63 (d, J = 9.2 Hz, 1 H), 5.38 (s, 2 
H), 5.15 (s, 2 H), 5.10 (s, 2 H); 13C NMR (100.5 MHz, CDCl3, ppm) δ 169.60, 164.21, 
163.08, 162.89, 161.21, 157.07, 136.29, 136.02, 135.33, 134.75, 131.13, 128.80, 128.78, 
128.63, 128.42, 128.32, 127.93, 127.62, 126.90, 113.69, 111.48, 110.94, 109.96, 106.27, 
101.31, 70.58, 70.38, 67.04; MS (ESI-): m/z 559.4 [M-H]-; HPLC purity: 100% (254 nm), 
tR: 8.27 min; 100% (220 nm), tR: 8.27 min. 
 
3-hydroxy-5-pentylphenyl 2,4-bis(benzyloxy)-6-pentylbenzoate (10d) 

 
Following the procedure for compound 6: compound 8 (olivetol 1) (43 mg, 0.24 mmol), 
compound 3 (81 mg, 0.2 mmol), trifluoroacetic acid anhydride (324 µL, 2.3 mmol), 
toluene (2 mL); Eluent (hexane : ethyl acetate = 97 : 3); Product: solid (65 mg, 57%). 1H 
NMR (400 MHz, CDCl3, ppm) δ 7.43-7.31 (m, 10 H), 6.50-6.47 (m, 3 H), 6.42 (s, 1 H), 
6.25 (s, 1 H), 5.11 (br, 1 H), 5.06 (s, 2 H), 5.05 (s, 2 H), 2.69 (t, J = 7.6 Hz, 2 H), 2.45 (t, 
J = 7.6 Hz, 2 H), 1.65-1.64 (m, 2 H), 1.54-1.50 (m, 2 H), 1.33-1.28 (m, 8 H), 0.89-0.88 
(m, 6 H); 13C NMR (100.5 MHz, CDCl3, ppm) δ 167.20, 160.88, 157.60, 156.26, 151.68, 
145.74, 143.68, 136.54, 128.71, 128.60, 128.20, 128.06, 127.96, 127.60, 116.14, 113.95, 
113.12, 107.43, 106.57, 98.22, 70.75, 70.21, 35.75, 33.93, 31.71, 31.51, 31.01, 30.67, 
22.58, 22.53, 14.05; MS (ESI+): m/z 589.3 [M+Na]+; HRMS (ESI+) Calcd for C37H42O5 
(M+H+): 567.3105, Found: 567.3107; HPLC purity: 98.8% (254 nm), tR: 8.44 min; 98.7% 
(220 nm), tR: 8.44 min. 
 
2,2-dimethyl-4-oxo-5-pentyl-4H-benzo[d][1,3]dioxin-7-yl 2,4-bis(benzyloxy)-6-pentyl 
benzoate (13) 

 
Following the procedure for compound 6: compound 12 (38 mg, 0.14 mmol), compound 
3 (61.7 mg, 0.15 mmol), trifluoroacetic acid anhydride (233 µL, 1.65 mmol), toluene (2 
mL); Eluent (hexane : ethyl acetate = 97 : 3); Product: solid (80 mg, 85%). 1H NMR (400 
MHz, CDCl3, ppm) δ 7.41-7.32 (m, 10 H), 6.60 (s, 1 H), 6.59 (s, 1 H), 6.52 (s, 1 H), 6.50 
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(s, 1 H), 5.07 (s, 2 H), 5.06 (s, 2 H), 3.00 (t, J = 7.6 Hz, 2 H), 2.69 (t, J = 7.6 Hz, 2 H), 
1.69 (s, 6 H), 1.65-161 (m, 2 H), 1.53-1.51 (m, 2 H), 1.34-1.33 (m, 8 H), 0.90-0.88 (m, 6 
H); 13C NMR (100.5 MHz, CDCl3, ppm) δ 165.90, 161.21, 159.71, 158.16, 157.84, 
155.93, 150.46, 144.08, 136.44, 136.28, 128.72, 128.59, 128.24, 128.19, 127.65, 127.57, 
118.42, 115.27, 109.51, 108.59, 107.57, 105.20, 98.26, 70.79, 70.23, 34.46, 33.93, 31.86, 
31.68, 31.06, 30.61, 25.70, 22.56, 22.52, 14.07, 14.03; MS (ESI+): m/z 673.4 [M+Na]+; 
HRMS (ESI+) Calcd for C41H46O7 (M+H+): 651.3317, Found: 651.3318; HPLC purity: 
97.7% (254 nm), tR: 8.79 min; 97.2% (220 nm), tR: 8.79 min. 
 
Synthesis of anziaic acid analogues 11a-d and 14 
4-((2,4-dihydroxybenzoyl)oxy)-2-hydroxy-6-pentylbenzoic acid (11a) 

 
Following the procedure for anziaic acid: Compound 10a (79 mg, 0.12 mmol), 10 wt% 
Pd/C (25 mg, 31 wt%), ethyl acetate (4 mL); Product: solid (45 mg, 100%). 1H NMR 
(400 MHz, CD3OD, ppm) δ 7.87 (d, J = 8.8 Hz, 1 H), 6.65 (d, J = 2.4 Hz, 1 H), 6.60 (d, J 
= 2.0 Hz, 1 H), 6.42 (dd, J = 8.8, 2.4 Hz, 1 H), 6.35 (d, J = 2.4 Hz, 1 H), 2.92 (t, J = 7.2 
Hz, 2 H), 1.62-1.61 (m, 2 H), 1.37-1.35 (m, 4 H), 0.91 (t, J = 7.2 Hz, 3 H); 13C NMR 
(100.5 MHz, CD3OD, ppm) δ 167.89, 165.25, 164.29, 162.61, 153.72, 147.55, 131.94, 
114.96, 111.90, 108.30, 107.69, 103.39, 102.29, 35.39, 31.66, 31.29, 22.09, 12.98; MS 
(ESI-): m/z 359.1 [M-H]-; HPLC purity: 100% (254 nm), tR: 6.96 min; 100% (220 nm), tR: 
6.96 min. 
 
4-((2,4-dihydroxy-6-pentylbenzoyl)oxy)-2-hydroxybenzoic acid (11b) 

HO

O

O

O C5H11

OHHO

OH

 
Following the procedure for anziaic acid: Compound 10b (97 mg, 0.15 mmol), 10 wt% 
Pd/C (32 mg, 33 wt%), ethyl acetate (5 mL); Product: solid (55 mg, 100%). 1H NMR 
(400 MHz, CDCl3, ppm) δ 7.95 (d, J = 8.4 Hz, 1 H), 6.78-6.75 (m, 2 H), 6.29 (d, J = 2.4 
Hz, 1 H), 6.23 (d, J = 2.4 Hz, 1 H), 2.88 (t, J = 7.6 Hz, 2 H), 1.65-1.64 (m, 2 H), 1.34-
1.32 (m, 4 H), 0.87 (t, J = 6.8 Hz 3 H); 13C NMR (100.5 MHz, CDCl3, ppm) δ 171.61, 
168.87, 164.42, 163.06, 162.96, 155.65, 147.84, 131.46, 112.68, 110.77, 110.74, 109.94, 
104.09, 100.59, 36.15, 31.74, 31.63, 22.17, 12.97; MS (ESI-): m/z 359.1 [M-H]-; HRMS 
(ESI+) Calcd for C19H20O7 (M+H+): 361.1282, Found: 361.1280; HPLC purity: 98.0% 
(254 nm), tR: 6.91 min; 98.3% (220 nm), tR: 6.91 min. 
  
4-((2,4-dihydroxybenzoyl)oxy)-2-hydroxybenzoic acid (11c) 
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Following the procedure for anziaic acid: Compound 10c (54 mg, 0.1 mmol), 10 wt% 
Pd/C (20 mg, 37 wt%), ethyl acetate (4 mL); Product: solid (27.9 mg, 99%). 1H NMR 
(400 MHz, CD3OD, ppm) δ 7.92 (d, J = 8.4 Hz, 1 H), 7.87 (d, J = 8.8 Hz, 1 H), 6.81 (d, J 
= 2.4 Hz, 1 H), 6.77 (dd, J = 8.8, 2.4 Hz, 1 H), 6.43 (dd, J = 8.8, 2.4 Hz, 1 H), 6.35 (d, J = 
2.4 Hz, 1 H); 13C NMR (100.5 MHz, CD3OD, ppm) δ 171.62, 167.76, 165.33, 164.31, 
162.99, 155.80, 131.96, 131.37, 112.72, 110.03, 108.35, 103.28, 102.31; MS (ESI-): m/z 
289.1 [M-H]-; HRMS (ESI+) Calcd for C14H10O7 (M+H+): 291.0500, Found: 291.0503; 
HPLC purity: 100% (254 nm), tR: 6.29 min; 100% (220 nm), tR: 6.29 min. 
 
3-hydroxy-5-pentylphenyl 2,4-dihydroxy-6-pentylbenzoate (11d) 

 
Following the procedure for anziaic acid: Compound 10d (60 mg, 0.105 mmol), 10 wt% 
Pd/C (21 mg, 35 wt%), ethyl acetate (4 mL); Product: solid (33 mg, 80%). 1H NMR (400 
MHz, CDCl3, ppm) δ 11.50 (br, 1 H), 6.59 (s, 1 H), 6.56 (s, 1 H), 6.49 (s, 1 H), 6. 30 (s, 2 
H) 5.94 (br, 2 H), 2.93 (t, J = 7.2 Hz, 2 H), 2.55 (t, J = 7.6 Hz, 2 H), 1.63-1.58 (m, 4 H), 
1.31-1.30 (m, 8 H), 0.90-0.83 (m, 6 H); 13C NMR (100.5 MHz, CDCl3, ppm) δ 170.45, 
165.75, 161.31, 156.37, 150.51, 149.55, 146.24, 113.83, 113.70, 111.55, 106.59, 104.23, 
101.60, 37.11, 35.74, 32.00, 31.84, 31.43, 30.60, 22.56, 22.48, 14.01, 13.98; MS (ESI-): 
m/z 385.3 [M-H]-; HRMS (ESI+) Calcd for C23H30O5 (M+H+): 387.2166, Found: 
387.2182; HPLC purity: 98.9% (254 nm), tR: 7.69 min; 98.5% (220 nm), tR: 7.69 min. 
 
2,2-dimethyl-4-oxo-5-pentyl-4H-benzo[d][1,3]dioxin-7-yl 2,4-dihydroxy-6-pentyl 
benzoate (14) 

O

OC5H11

O C5H11

OHHO

O

O

 
Following the procedure for anziaic acid: Compound 13 (80 mg, 0.12 mmol), 10 wt% 
Pd/C (26 mg, 33 wt%), ethyl acetate (4.5 mL); Eluent: hexane : ethyl acetate = 90 : 10; 
Product: solid (48 mg, 83%).1H NMR (400 MHz, CDCl3, ppm) δ 11.22 (s, 1 H), 6.77 (d, 
J = 1.6 Hz, 1 H), 6.71 (d, J = 2.0 Hz, 1 H), 6.35 (s, 1 H), 6.34 (s, 1 H), 5.94 (br, 1 H), 
3.12 (t, J = 7.2 Hz, 2 H), 2.95 (t, J = 7.6 Hz, 2 H), 1.74 (s, 6 H), 1.67-1.63 (m, 4 H), 1.37-
1.33 (m, 8 H) 0.91-0.87 (m, 6 H); 13C NMR (100.5 MHz, CDCl3, ppm) δ 169.23, 166.39, 
161.63, 159.77, 158.30, 154.69, 150.83, 149.33, 118.25, 111.58, 109.91, 108.62, 105.50, 
103.78, 101.74, 37.19, 34.51, 32.01, 31.87, 31.80, 30.55, 25.68, 22.57, 22.48, 14.01; MS 
(ESI-): m/z 468.9 [M-H]-; HRMS (ESI+) Calcd for C27H34O7 (M+Na+): 493.2197, Found: 
493.2195; HPLC purity: 95.9% (254 nm), tR: 8.11 min; 95.7% (220 nm), tR: 8.11 min.  
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1H NMR for compound 2 
OH

OHC5H11

OHC
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HPLC for compound 2 
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1H and 13C NMR for 2,4-bis(benzyloxy)-6-pentylbenzaldehyde 

OBn

OBnC5H11

OHC
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HPLC for 2,4-bis(benzyloxy)-6-pentylbenzaldehyde 
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1H and 13C NMR for compound 3 

OBn

OBnC5H11

HOOC
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HPLC for compound 3 
OBn

OBnC5H11

HOOC
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1H and 13C NMR for compound 4 
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HPLC for compound 4 
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1H and 13C NMR for compound 5 
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HPLC for compound 5 
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1H and 13C NMR for compound 6 
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HPLC for compound 6 
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1H and 13C NMR for Anziaic acid 
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HPLC for Anziaic acid 
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1H and 13C NMR for compound 7 
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HPLC for compound 7 
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1H and 13C NMR for 2,4-bis(benzyloxy)benzaldehyde 
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HPLC for 2,4-bis(benzyloxy)benzaldehyde 
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1H and 13C NMR for compound 9 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Electronic Supplementary Material (ESI) for Medicinal Chemistry Communications
This journal is © The Royal Society of Chemistry 2013



31 
 

HPLC for compound 9 
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1H NMR for compound 12 
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HPLC for compound 12 
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1H and 13C NMR for compound 10a 
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HPLC for compound 10a 
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1H and 13C NMR for compound 10b 
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HPLC for compound 10b 
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1H and 13C NMR for compound 10c 
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HPLC for compound 10c 
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1H and 13C NMR for compound 10d 
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HPLC for compound 10d 
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1H and 13C NMR for compound 13 
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HPLC for compound 13 
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1H and 13C NMR for compound 11a 
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HPLC for compound 11a 

 

 
 
  

Electronic Supplementary Material (ESI) for Medicinal Chemistry Communications
This journal is © The Royal Society of Chemistry 2013



46 
 

1H and 13C NMR for compound 11b 
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HPLC for compound 11b 
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1H and 13C NMR for compound 11c 
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HPLC for compound 11c 
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1H and 13C NMR for compound 11d 
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HPLC for compound 11d 
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1H and 13C NMR for compound 14 
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HPLC for compound 14 
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