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ABSTRACT: Phenolic acids are the main active ingredients in propolis. In this article, we classified the phenolic acids in

propolis according to their affiliate basic skeleton structures, that aimed to provide valuable chemical basis for investigating
chemical composition and comprehensive assessing medicinal value of propolis.
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Tab 1 Benzoic acid derivatives

Ry s S 22 3R
3,4-dihydroxybenzoic acid JLAS R [4]
4-methoxybenzoic acid 4-FA R R (5]
benzyl salicylate KRR T (5]
3,4,5-trihydroxybenzoic acid BETR (6]
2,5-dihydroxybenzoic acid Je TR [5]
methyl salicylate ABFE 5L 2K FH R Y I [7]
p-hydroxy benzoic acid p-7Kk R [7]
2-hydroxybenzoic acid KR (7]
acetyl salicylic acid LK TR (8]
veratric acid PR (71
4-hydroxy-3-methoxybenzoic LR [71
4-hydroxy-3-prenylbenzoic acid [9]
4-hydroxy-3-prenylbenzoic acid [9]
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Fig 1l Chemical structure of major phenolic acid in propolis
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Tab 2 Phenylpropionicacids in propolis
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A AL R 177 £ ) (cinnamic acid derivatives): Wl FR 2R AL A5 W (caffeic acid): [25]
cinnamic acid [10] caffeic acid [18]
cinnamic acid ethyl ester [5] 3-methyl-2-butenyl caffeate [15]
cinnamic acid methyl ester [5] 3-methyl-3-butenyl caffeate [18]
cinnamic acid, 3,4 dimethoxy-tms-ester [11] butenyl caffeate [26]
cinnamic acid, trimethylester [11] benzyl caffeate [18]
3,4-dihydroxy-5-prenylcinnamic Acid [12] butyl caffeate [12]
artepillin C [13] caffeic acid cinnamyl ester [12]
3-prenyl cinnamic acid allyl ester [14] caffeic acid isoprenyl ester [12]
3-prenyl-4-(2,3-dihydrocinnamoyloxy)cinnamic acid [12] caffeic acid phenethyl ester [7,12]
3-prenyl-4-(2-methylpropionyloxy)cinnamic acid [12] cinnamyl caffeate [27]
drupanin 3-prenyl-4-hydroxycinnamic acid [13] dimethylallyl caffeic acid [28]
p-methoxycinnamic acid [15] dimethylcaffeic acid [7]
allyl-3-prenyl cinnamate [16] ethyl caffeate [10,26]
benzyl 3,4-dimethoxycinnamate [4] phenylethyl caffeate [18]
benzyl-3,4-dimethoxycinnamate [7] pentyl caffeate [18]
cinnamyl 3,4-dimethoxycinnamate [17] pentenyl caffeate [15]
cinnamyl cinnamate [17] hexadecyl caffeate [29]
3,5-dimethoxy-4-hydroxycinnamic acid [6] hydrocaffeic acid [19]
cis-3-methoxy-4-hydroxy-cinnamic acid [16] isopentenyl-caffeate [18]
dihydrocinnamic acid [15] B-phenylethyl caffeate [25]
dimethoxycinnamic acid [18] ferulic acid [18]
hydrocinnamic acid [16] 3-methyl-2-butenyl ferulate [17]
hexadecyl-4-methoxyhydrocinnamate [19] 3-methyl-3-butenyl ferulate [4]
hexadecenyl-4-methoxyhydrocinnamate [19] benzyl ferulate [19]
octadecyl-4-methoxyhydrocinnamate [19] heindecenyl hydroferulate [19]
p-hydroxycinnamic acid [16] octadecatrienyl ferulate [19]
p-hydroxyhydrocinnamic acid [16] octenyl ferulate [19]
p-methoxy-cinnamic acid cinnamyl ester [12] pentadecenyl hydroferulate [19]
tetradecenyl-4-methoxyhydrocinnamate [19] pentadecyl hydroferulate [4]
tetradecyl-4-methoxyhydrocinnamate [19] pentenyl ferulate [7]
trans-3,4-Dimethoxycinnamic acid [16] prenyl ferulate [19]
trans-3-methoxy-4-hydroxy-cinnamic acid [16] tridecatrienyl hydroferulate [19]
trimethylsilyl 3-methoxy-4-cinnamate [11] tridecenyl hydroferulate [19]
capillartemisin A [20] tridecyl hydroferulate [17]
cinnamylidene acetic acid [12] 2-methyl-2-butenyl ferulate [18]
p-7r 5.1 M A7 £ W) (p-coumaric acid and derivatives): isoferulic acid [71
p-coumaric acid [21] 3-methyl-3-butenyl isoferulate [15]
m-coumaric acid [7] 3-methyl-2-butenyl isoferulate [7]
o-coumaric acid [7] benzyl isoferulate [4]
3,5-diprenyl-p-coumaric acid [22] cinnamyl isoferulate [4]
3-prenyl-4-(2,3-dihydro-p-coumaric acid) [23] pent-4-enyl isoferulate [7]
3-prenyl-p-coumaric acid [22] pentenyl isoferulate [7]
Baccharin [24] phenylethyl isoferulate [7]
coumaric acid methyl ester [12] prenyl isoferulate [7]
p-coumaric acid ester [12] 2-methyl-2-butenyl isoferulate [17]
p-coumaric benzyl ester [12] cinnamyl isoferulate
p-coumaric cinnamyl ester [12]
p-coumaric-methyl-butenyl ester [12]
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Quinic acid: Ri1=R,=Rj Caffeoyl(caffeic acid)
R1 R2 R3
Chlorogenic acid Caffeoyl H H
4,5-dicaffeoylquinic acid H Caffeoyl Caffeoyl
4,5-dicaffeoylquinic acid Caffeoyl H Caffeoyl
3,4,5-tri-caffeoylquinic acid Caffeoyl Caffeoyl Caffeoyl
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Fig 2 The basic skeleton of chlorogenic acids in propolis
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Tab 3 Chlorogenic acid derivatives in propolis

RS 2% 3K
3,4-dicaffeoylquinic acid [30,31]
3,5-dicaffeoylquinic acid [30,31]
3-caffeoylquinic acid [30,31]
4,5-dicaffeoylquinic acid [30,31]
4-caffeoylquinic acid [30,31]
4-feruoylquinic acid [31]
5-caffeoylquinic acid [30,31]
5-ferruoyl quinic acids [31]
dicaffeoyl quinic acid [10,32]
mono-caffeoylquinic acid [32]
tricaffeoyl quinic acid [10]
3,4,5-tri-caffeoylquinic acid [33]
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Tab 4 Complex phenolic acid derivatives in propolis

(= E RS EEBUIN
6-(2-carboxyethenyl)-2,2-dimethyl-2H-1-benzopyran [9]
6-propenoic-2,2-dimethyl-8-prenyl-2H-1-benzopyran acid [34]
8-(methyl-butanechromane)-6-propenoic acid [16]
methyl3-[4-hydroxy-3-(3-methyl-2-butenyl)phenyl]-2-
(E)-propenoate (201
1,3-diferuloyl-2-acetylglycerol [5]
1-feruloyl-3p-coumaroyl-2-acetylglycerol [5]
2,2-dimethyl-6-carboxyethenyl-2H-1-benzopyran [13]
2,2-dimethyl-6-carboxyethenyl-8-prenyl-2H-1-benzopyran [22]
2,2-dimethyl-6-carboxyethnyl-2H-1-benzopyran [34]
2,2-dimethyl-8-prenylchromene [14]
3-hydroxy-2,2-dimethyl-8-prenylchromane-6-propenoic acid [16]
2,2-dimethyl-8-prenylchromene-6-propenoic acid [16]
2,2-dimethylchromene-6-propenoic acid [16]
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