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Phenolic acids in the wild mushroom Ganoderma lucidum and synthesis of some 
possible metabolites 
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Abstract. Ganodemw lucidu111 is one of the most extensive!) studied mushrooms due to its 
medicinal properties . p-Hydruxyhcn zoic acid was the most abundant phenolic ac id found in this 
mushroom. after HPLC-DAD-MS ana lys is . In the present work we describe the synthesis o f 
glucuro nide and methyl derivatives of p-hydroxybenzoic acid, wh ich arc two of the main 
c irculat ing metabolites found in humans. Their biological activity is going to he evaluated and 
compared to the parelll compound. in order to understand the in 1·iro mechanism of act ion of 
phenolic acids . considering their metabolism. 

Introduction. 
Dietary pheno lic compounds arc widely conside red to contribute to health benefits in humans. 
Howt:ver. little is known about thei r bioactive forms in 1·im and the mechanisms by which they 
may contribute toward disease prevention. Moreover. many swdies on the biological effec ts of 
phenolic compounds have ignored the question of their achit:vable concentrations in the 
c ircula tion after ingestion as well as the possibility of conjugation and metabol ism [I j. 
Gwwdemw lucidum is one of tht: most extensivt: ly sw died m ushrooms due to its med ic inal 
propert ies. The phenolic extract of it s fru iting body was charac te ri zed by us using HPLC-DAD­
MS. beingp-hydrox ibenzo ic (0.58 mg/ 100 g dw) and p-coumar ic (O.:lR mg/100 g dw) acids the 
main phenolic acids found in the extract. A rt:lated compound. cinnamic ac id (0.28 mg/ 100 g 
dw). was also detected 121. 
The present work a ims nt contribut ing to the knowledge of tht: mechani sms in volved in the 
health-promoting propert ies of phenolic compounds. namt!ly pheno lic ac ids usual ly present in 
mushrooms . With that goal. circulatin g mctabolites found in humans as sulfatt:. methyl and 
glucuronide derivatives are be ing prepared by chemical synthes is. Here in, we dcscrib.; the 
synthesis of glucuronide and methyl dt:rivatives of p-hydroxybenzoic ac id . the most abundallt 
phenolic acid found in Ganoderma lucidum. 

Materia ls and Methods . 

Glwuronidmion of p -hydro.rrben:oic · acid 
p-Hydroxybenzoic acid (0.050 g) . acctobromo-a-D-glucuronic ac id methyl ester 1250 m g) and 
potassium carbonate (90 mg) wert: d i~solvcd in 10 mL of DMF under argon and the mixture 
was stirred for 6 h at room temperature. The reaction mixture was d iluted with 50 mL o f EtOAc 
and then washed with water (7 x I 0 mL). Th~ organic layer was dried over MgSO" and the 
solvent was evaporated 13 1. The product obtained was purified by a chromatograph ic column 
using a rnixturt: of e the r/petroleum e ther (50:50. v/v) as eluent. T he product was isolated as a 
white solid (30 m g. 10% J. m.p.= 125.9- 126.2 "C. 11-1 NMR (300 MHz. C DC I1): i'i = 2.00 (s . 3H). 
2.06 (s. 3H) . 2.07 (s. 3H). 3.73 (s, 3 H). 4.30 (d. 1 = 9.6 1-Iz. I H) . 5.29 (t. J = 9 .2 Hz. I H), 5 .34 
(del . ./ = 9.2 and 7.6 Hz. I H). 5.42 (t. ./ = 9.2 Hz. 11-1). 5.94 (d.1 = 7.6 Hz, IH).6.80 (d. 1 = S.l:! 
Hz. 2 H) . 7 .8 1 (cl , 1 = 8.8 Hz. 21-1). " C NMR : 20 .47 (0Ac). 20.53(0AeJ. 20 .5!:! (0Ac). 53. 19 
(0Me). 69.11 (CH), 69.94 (CH) . 7 1.58 (CH). 72.77 (C H).9 1.63 (C H), 115.41 (2xCH) . 119.95 
(C). 132.58 (CH). 161.2!:! (C) . 16:\.99 (C=O). 167.53 (C=O). 169.45 (C=O). 169.56 (C=O), 
169.9 I (C=O ). HRMS (ESI-TOF) ea led. for C10 1-1110 ,1 (M• + Na) 477. 1004. found 477.0995. 
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Me!hylarion ofp-hydroxyben:oic acid 
p-Hydroxybcnzoic acid (0.050g ) . dimethyl sulphate (0.0 17 ml) and po tassium carbonate (0.050 
g) in acetone (10 mL) were stirred at 45-50°C f()r :l h . The so lvent was evaporated. the residue 
was suspended in water (3 mL) and extracted with ethyl ace tate (3 x 3 mL) 141. The combined 
ethyl acetate extracts were dried tu give the product after precipitation with ether/petroleum 
ether as a beige solid (20 mg . 33%). m.p.~ 4R.6-49.R "C . 

11-1 NMR (400 Ml-11.. DMSO-r/6 ) : o = 

3 .79 (s. 31-1). 3.82 (s . 3 1-1 ) . 7.04 (d . .I~ 9.0 Hz. 21-1) . 7.9 (d . .I~ 9.0 Hz. 2 1-1 ) . 1'C NMR: S l .Hl 
(OMe). 55.50 (OMe) . 114.0:'\ (2xCH). 12 1.82 (C). 13 1.22 (2xCH) . 163. 12 fC). 165 .H9 (C~O). 

HRMS (1::51-TOF) calcd. fur C)l-1 100 , (M' ) 166.0630. found 166.0628. 

Results and discussion 

The p -hydroxybcnzoic ac id was reacted with acetuhromu -a -D-gl ucuronic ac id methyl ester (2 
equiv.) to give the corresponding gluc uronide ester I (Sche me) only in 10% yield. The reaction 
conditions need to be optimized to increase the yield compound 1. and after that a deprotection 
wi ll be carried out tu obtain the correspond ing 0 -glucuronide . w hich wi ll be submitted to 
biological studies . 
The methylat ion of the p -hyd roxybenzoic acid using dimethyl su lphate f0.5 equiv .) gave the 
corresponding p-methoxyphenylester derivative 2 in 33% yie ld. This possible me tabol ite will 
also be submitted to bio logical studies. 
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Sc heme . Methylation and g lucuronidation of p-hydroxybcnzoic acid. 
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