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General information 
All reactions involving air- and moisture-sensitive reagents were carried out using oven dried glassware and 
standard syringe-septum cap techniques. TLC inspections were on silica gel GF254 plates. Column 
chromatography was performed on silica gel (300–400 mesh). All chemicals were purchased from commercial 
suppliers and used as received. 
All solvents and reagents were used as supplied with following exceptions. Tetrahydrofuran (THF), toluene, 
benzene was freshly distilled from Na metal/benzophenone under argon. N, N-Dimethylformamide (DMF), 
dimethyl sulfoxide (DMSO), CH2Cl2, and pyridine were distilled from calcium hydride under argon. The methanol 
was dried over 4Å molecular sieves. 
Melting points were taken on WRS-1B digital melting point apparatus. 1H and13C NMR spectra were obtained on 
a Bruker Ascend 400 (400 MHz), and tetramethylsilane (TMS) was used as internal standard. Data for 1H were 
reported as follows: chemical shift (ppm), and multiplicity (S = singlet, d = doublet, t = triplet, q = quartet, m = 
multiplet). Data for 1H NMR and 13C NMR were all reported as ppm. Coupling constants were reported in Hertz 
(Hz). All high resolution mass spectra were obtained on a micro TOF-QII 10203 spectrometer.  
The first 3 compounds are known compounds, HRMS is enough to confirm these literature compounds.   
Experimental procedures of the strategy  
Methyl 5-nitro-furoate.  

O COOCH3
OH3COOC NO2

HNO3 - Ac2O
-5 oC, 2 h

EtN(Pr-i)2, DCM
-5 oC - r.t., 15 h

90 %  
To 100 mL of acetic anhydride at −5oC was added 42 mL of fuming nitric acid. To this solution was added 21.3 mL 
(0.2 mol) of methyl furoate in 35 mL of acetic anhydride at −5oC over 2 h. The reaction was stirred at −5oC for 2 h 
and then quenched with ice water (200 mL). The aqueous layer was extracted with ether (3 × 200 mL), and the 
combined ethereal layers were washed with a saturated NaHCO3 solution (300 mL) and water (200 mL), and dried 
over Na2SO4. After removal of the solvent, the resulting yellow solid (42 g, 92 %) was used in the next step 
without further purification.  
To a solution containing 42 g (0.18 mol) of the above solid in 175 mL of CH2Cl2 at −5oC was added 31.8 mL (0.18 
mol) of N, N-diisopropylethylamine. After the addition, the mixture was allowed to warm to r.t., stirred for 15 h, 
and then poured over 17.5 mL of concentrated HCl and 125 g of ice. The aqueous layer was extracted with CH2Cl2 
(3 ×200 mL), and the combined organic extracts were washed with a saturated NaHCO3 solution (200 mL), and 
water (200 mL), and dried over Na2SO4. Removal of the solvent under reduced pressure left a crude solid that was 
dissolved in CH2Cl2 and filtered through a pad of silica gel. After removal of the solvent, the resulting residue was 
recrystallized from methanol to yield the product methyl 5-nitro-furoate as a pale yellow solid (28 g, 90 %). HRMS 
(ESI): m/z [M + Na]+ calcd for C6H5O5NNa: 194.0065; Found: 194.0054. 
2-Furancarboxylic acid-5-(4-methoxyphenoxy)-methyl ester (6). 



 
To a magnetically stirring solution of 4-methoxyphenol (24 g, 0.19 mol) in DMSO (600 mL), K2CO3 (26 g, 0.19 mol) 
and methyl 5-nirto-furoate were added at r.t. under argon atmosphere. The resulting solution was stirred for 1 h 
at 85 oC. The reaction mixture was cooled to room temperature, diluted with crushed ice (600 g), and extracted 
with EtOAc (3 × 300 mL). The combined organic layer was washed with brine (200 mL) and dried over anhydrous 
Na2SO4 and concentrated under reduced pressure to yield the product 6 as a yellow oil (38.5 g, 95 %). HRMS (ESI): 
m/z [M + Na]+ calcd for C13H12O5Na: 271.0582; Found: 271.0573. 
5- (4-methoxyphenoxy) -2-furanmethanol (5) 

 
Ester 6 (38.5 g, 0.155 mol) was added to a magnetically stirring suspension of LiAlH4 (8.8 g, 0.23 mol) in dry THF 
(500 mL) at 0 oC, and the reaction mixture was stirred for 0.5 h at room temperature. The reaction mixture was 
quenched with ice water (500 mL) and filtered. The filtrate was extracted with EtOAc (3 × 300 mL), and the 
organic phase was washed with brine (200 mL), dried over anhydrous Na2SO4, and concentrated under reduced 
pressure to yield the product 5 as a yellow oil (33.4 g, 98 %). HRMS (ESI): m/z [M + H]+ calcd for C12H13O4: 
221.0814; Found: 221.0803. 
3-hydroxy-6-(4-methoxyphenoxy) phthalate dimethyl (7) 

  

To a magnetically stirring solution of 5 (31.4 g, 0.14 mol) in toluene (300 mL), dimethyl acetylenedicarboxylate 
(40 g, 0.28 mol) in toluene (300 mL) was added at r.t. under argon atmosphere, and the mixture was refluxed for 
3 h. The reaction mixture was cooled to room temperature, then p-toluenesulfonic acid (48 g, 0.28 mol) was 
added. Within 30 minutes, all starting material was consumed (reaction monitored by TLC), and the reaction 
mixture was diluted with water (300 mL), extracted with EtOAc (3 × 300 mL), and then the organic phase was 
washed with brine (200 mL), dried over anhydrous Na2SO4 and concentrated under reduced pressure. The crude 
residue was purified by flash chromatography over silica gel (PE/EtOAc = 5/1) to yield the product 7 as a white 
crystalline solid (41 g, 88 %), m.p. 68-70oC. 1H NMR (400 MHz, DMSO-d6) δ 10.25 (s, 1H), 7.07 (d, J = 9.1 Hz, 1H), 
7.03 (d, J = 9.0 Hz, 1H), 6.91 (d, J = 9.4 Hz, 2H), 6.87 (d, J = 9.3 Hz, 2H), 3.79 (s, 3H), 3.72 (s, 3H), 3.70 (s, 3H). 13C 
NMR (101 MHz, DMSO-d6) δ 166.64, 166.03, 155.57, 152.97, 151.63, 146.48, 125.96, 125.07, 120.62, 119.28, 
117.70, 115.33, 55.84, 52.94, 52.87. HRMS (ESI): m/z [M + Na]+ calcd for C17H16O7Na: 355.0794; Found: 355.0788. 
3-hydroxy-6-(4-methoxyphenoxy) phthalic acid (4) 

 
To a magnetically stirring solution of NaOH (60 g) in 95 % ethanol (400 mL), 7 (20 g, 0.06 mol) was added at r.t., 
and the reaction mixture was refluxed for 2 h. The solution was cooled to room temperature and 1.0 mol/L HCl 
solution was added until a large amount of solid was precipitated. The solid filtered was dried under vacuum to 
give the product 4 as pale yellow solid (18 g, 99 %), m.p.128-130oC. 1H NMR (400 MHz, DMSO-d6) δ 12.84 (s, 2H), 
7.04 (d, J = 9.0 Hz, 1H), 6.97 (d, J = 9.0 Hz, 1H), 6.93 – 6.85 (m, 4H), 3.72 (s, 3H). 13C NMR (101 MHz, DMSO-d6) δ 
169.94, 167.37, 155.79, 155.47, 151.86, 145.58, 129.13, 126.18, 119.29, 115.29, 113.79, 55.86. HRMS (ESI): m/z 
[M + Na]+ calcd for C15H12O7Na: 327.0481; Found: 327.0472. 
3-hydroxy-6-(4-methoxyphenoxy) phthalic anhydride (8) 



 
A solution of 4 (16 g, 0.05 mol) in Ac2O (160 mL), and the reaction mixture was refluxed for 2 h. Removal of Ac2O 
by vacuum distillation, the residual was cooled to room temperature and shaking in ultrasonic cleaner, then solid 
was precipitated. After filtering, the solid was dried over in vacuum to yield the product 8 as a bright yellow solid 
(13.6 g, 95 %), m.p.143-145oC. 1H NMR (400 MHz, DMSO-d6) δ 7.64 (d, J = 9.0 Hz, 1H), 7.19 (dt, J = 10.6, 3.5 Hz, 
3H), 7.08 – 7.04 (m, 2H), 3.79 (s, 3H). 13C NMR (101 MHz, DMSO-d6) δ 168.74, 160.63, 159.92, 157.35, 154.30, 
147.81, 141.78, 133.23, 125.36, 124.21, 121.99, 119.19, 115.97, 55.98. HRMS (ESI): m/z [M + H]+ calcd for 
C15H11O6: 287.0556; Found: 287.0546. 
2-hydroxy-7-methoxy-9-oxo-9H-xanthene-1-carboxylic acid (3a) 

 
To a stirred solution of 8 (12.8 g, 0.045 mol) in benzene (500 mL) at 0 oC was added dropwise a benzene solution 
of AlCl3 (14.7 g, 0.11 mol) and the reaction mixture was refluxed for 3 h. The result solution was cooled to 0-5 oC 
and 2 mol/L HCl was slowly added, and then filtered by diatomite and repeatedly washed by DMF until diatomite 
was white. The filtrate was extracted with EtOAc (2 × 300 mL), and the organic phase was washed with brine (100 
mL), dried over anhydrous Na2SO4 and concentrated under reduced pressure to yield the mixture of product 3a 
and few 3b as a yellow solid (11.2 g, 88 %). Without purification, it was used directly in the next step. 3a: 1H NMR 
(400 MHz, DMSO-d6) δ 12.76 (s, 1H), 10.16 (s, 1H), 7.62 (d, J = 9.0 Hz, 1H), 7.58 (d, J = 9.1 Hz, 1H), 7.51 (d, J = 3.0 
Hz, 1H), 7.48 (dd, J = 9.0, 3.1 Hz, 1H), 7.42 (d, J = 9.2 Hz, 1H), 3.88 (s, 3H). 13C NMR (101 MHz, DMSO-d6) δ 175.33, 
168.23, 156.03, 150.42, 149.19, 125.14, 124.84, 121.28, 120.04, 119.77, 117.92, 106.00, 56.17. HRMS (ESI): m/z 
[M + H]+ calcd for C15H11O6: 287.0556; Found: 287.0546. 
 
2,7-dimethoxy-9-oxo-9H-xanthene-1-carboxylate methyl (3) 

 
To a magnetically stirring solution of the 3a and 3b (11.2 g) in DMF (180 mL), K2CO3 (6.1 g, 0.044 mol) and CH3I 
(7.9 g, 0.055 mol) were added in turn at r.t., and then the reaction mixture was stirred for 3 h at 90 oC. The 
reaction mixture was cooled to room temperature, diluted with water (300 mL), and extracted with EtOAc (2 × 
150 mL). The organic phase was washed with brine (150 mL), dried over anhydrous Na2SO4 and concentrated 
under reduced pressure to yield the product 3 as a yellow solid (10.9 g, 94 %), m.p.201-203oC. 1H NMR (400 MHz, 
DMSO-d6) δ 7.81 (d, J = 9.3 Hz, 1H), 7.75 (d, J = 9.3 Hz, 1H), 7.64 (d, J = 8.7 Hz, 1H), 7.50 (d, J = 8.5 Hz, 2H), 3.89 (s, 
3H), 3.87 (s, 6H). 13C NMR (101 MHz, DMSO-d6) δ 175.39, 167.11, 156.19, 152.32, 150.56, 149.92, 125.69, 121.14, 
121.08, 120.91, 120.17, 120.16, 118.11, 105.87, 57.27, 56.21, 52.76. HRMS (ESI): m/z [M + H]+ calcd for C17H15O6: 
315.0869; Found: 315.0858. 
9-hydroxy-2,7-dimethoxy-9H-xanthene-1- carboxylate methyl (9) 

 



To a solution of 3 (10.7 g, 0.034 mol) in CH3OH (250 mL), NaBH4(2.6 g, 0.068 mol) was added at 5oC, and then the 
reaction mixture was stirred for 1 h at 5oC under Ar atmosphere. The reaction mixture was quenched with ice 
water (100 mL), extracted with EtOAc (3 × 100 mL), and the organic phase was washed with water (100 mL), dried 
over anhydrous Na2SO4 and concentrated under reduced pressure. The crude residue was purified by flash 
chromatography over silica gel (PE / EtOAc = 5 / 1) to yield the product 9 as a yellow solid (9.2 g, 86 %), 
m.p.160-162oC. 1H NMR (400 MHz, DMSO-d6) δ 7.25 (d, J = 9.1 Hz, 1H), 7.16 (d, J = 9.2 Hz, 1H), 7.11–7.07 (m, 2H), 
6.93 (dd, J = 8.9, 3.0 Hz, 1H), 6.06 (d, J = 8.2 Hz, 1H), 5.76 (d, J = 8.2 Hz, 1H), 3.84 (s, 3H), 3.79 (s, 3H), 3.76 (s, 3H). 
13C NMR (101 MHz, DMSO-d6) δ 155.36, 152.20, 144.62, 144.06, 123.81, 121.63, 118.71, 117.23, 116.35, 114.00, 
113.41, 60.04, 56.95, 55.90, 52.58. HRMS (ESI): m/z [M + Na]+ calcd for C17H16O6Na: 339.0845; Found: 339.0854. 
9-cyano-2,7-dimethoxy-9H-xanthene-1- carboxylate methyl (2) 

 
A solution of ZnI2 (0.9 g, 0.003 mol) and trimethylsilyl cyanide (6 g, 0.06 mol) in DCM (150 mL), and 9 (9.2 g, 0.03 
mol) in DCM (200 mL) was added at 0 oC under argon atmosphere. The reaction mixture was stirred for 1 h at 0oC, 
and saturated sodium bicarbonate solution (300 mL) was added. The mixture was extracted with DCM (3 × 100 
mL), the organic phase was washed with water (100 mL), dried over anhydrous Na2SO4 and concentrated under 
reduced pressure to yield the product 2 as a gray solid (9.3 g, 95 %), m.p.149-150oC. 1H NMR (400 MHz, DMSO-d6) 
δ 7.39 (d, J = 9.1 Hz, 1H), 7.28 (d, J = 9.2 Hz, 1H), 7.23 (d, J = 3.0 Hz, 1H), 7.20 (d, J = 9.0 Hz, 1H), 7.02 (dd, J = 9.0, 
3.0 Hz, 1H), 5.74 (s, 1H), 3.93 (s, 3H), 3.83 (s, 3H), 3.78 (s, 3H). 13C NMR (101 MHz, DMSO-d6) δ 166.04, 156.07, 
153.12, 145.38, 144.92, 122.04, 120.31, 119.18, 118.23, 117.18, 116.03, 115.00, 113.95, 113.44, 57.06, 56.10, 
53.18, 28.04. HRMS (ESI): m/z [M + Na]+ calcd for C18H15O5NNa: 348.0848; Found: 348.0839. 
4,10-dimethoxy-3H-pyrano[3,4,5-kl]xanthen-3-one(10). 

O

CH3OOC CN

OO
Raney Ni, H3CCO2H / H2O
pyridine, NaH2PO2 . H2O

Ar, 0 oC, 5 h
(80 %) O

O O

O O

 

A mixture of 2 (8.8 g, 0.027 mol), pyridine (3.2 g, 0.04 mol), NaH2PO2 (4.75 g, 0.054 mol), AcOH (66 mL), H2O (54 
mL) and raney nickel catalyst (1 g) was stirred for 5 h at 0 oC under argon atmosphere. The reaction mixture was 
diluted with EtOAc (100 mL) and H2O (100 mL), and then filtered. The filtrate was extracted with EtOAc (2 × 100 
mL), the organic phase was washed with water (80 mL), dried over anhydrous Na2SO4 and concentrated under 
reduced pressure. The crude residue was purified by flash chromatography over silica gel (PE / EtOAc = 5 / 1) to 
yield the product 10 as a pale yellow solid (6.4 g, 80 %), m.p.201-203oC. 1H NMR (400 MHz, CDCl3) δ 7.49 (s, 1H), 
7.33 (d, J = 9.0 Hz, 1H), 7.02 (dd, J = 9.0, 2.8 Hz, 2H), 6.88 (d, J = 10.3 Hz, 2H), 4.01 (s, 3H), 3.85 (s, 3H). 13C NMR 
(101 MHz, CDCl3) δ 157.80, 156.26, 155.75, 144.02, 142.10, 134.57, 122.84, 121.64, 118.24, 116.51, 114.98, 
112.33, 108.63, 108.42, 104.97, 56.61, 55.75. HRMS (ESI): m/z [M + Na]+ calcd for C17H12O5Na: 319.0582; Found: 
319.0571. 
4,10-dihydroxy-3H-pyrano[3,4,5-kl]xanthen-3-one(SsnB). 

 

To a solution of 10 (5.2 g, 0.017 mol) in DCM (180 mL), BBr3 (1.0 M in DCM, 0.085 mol) was dropwise added at 
-5-0oC under argon atmosphere, and the reaction mixture was stirred for 1 h at the room temperature. The 
reaction mixture was quenched with ice water (150 mL), extracted with DCM (2 × 150 mL), and the organic phase 
was washed with water (80 mL), dried over anhydrous Na2SO4 and concentrated under reduced pressure. The 
crude residue was purified by flash chromatography over silica gel (PE / EtOAc = 5 / 1) to yield the final product 
SsnB as a yellow solid (4.2 g, 92 %). 1H NMR (400 MHz, DMSO-d6) δ 10.37 (s, 1H), 9.54 (s, 1H), 7.99 (s, 1H), 7.49 (d, 
J = 9.0 Hz, 1H), 7.11 (d, J = 2.8 Hz, 1H), 7.08 (d, J = 9.0 Hz, 1H), 7.03 (d, J = 8.9 Hz, 1H), 6.83 (dd, J = 8.9, 2.8 Hz, 1H). 
13C NMR (101 MHz, DMSO-d6) δ 164.30, 155.35, 154.14, 143.13, 140.89, 135.27, 123.86, 120.14, 118.55, 118.49, 



117.53, 114.94, 109.86, 108.00, 105.02. HRMS (ESI): m/z [M + Na]+ calcd for C15H8O5Na: 291.0269; Found: 
291.0261. 



NMR spectra. 
1H NMR of 7 

 
13C NMR of 7 

 



1H NMR of 4 

 
13C NMR of 4 

 



1H NMR of 8 

 
13C NMR of 8 

 



1H NMR of 3a 

 
13C NMR of 3a 

 



1H NMR of 3 

 
13C NMR of 3 

 



1H NMR of 9 

 
13C NMR of 9 

 



1H NMR of 2 

 
13C NMR of 2 

 



1H NMR of 10 

 
13C NMR of 10 

 



1H NMR of SsnB 

 
13C NMR of SsnB 

 


