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Research advances of the structural modification and
biological activities of usnic acid derivatives
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Abstract ;: Usnic acid is a lichen-derived secondary metabolite with a unique dibenzofuran scaffold, which has antibacterial ,

antiviral , antitumor and other biological activities. For increasing the biological activity and solubility , various usnic acid deriv-

atives have been synthesized through structural modifications. In this paper, their structural modification, biological activity

and structure-activity relationship are reviewed in order to give some references for the further research.
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Fig. 2 The reaction route and chemical structures of a class A derivatives
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T (4 A CJ5ir) [ F i FE ek g AT A2 ) S8 (MIC =
64 pg/mL) , 1k E AT

A BAFEY) 45 ~ 57 X 22 [P o K W #T &
Escherichia coli 14 W #F & Enterobacter cloacae . %
S BT Pseudomonas aeruginosa W15 1 ¥ % T
FASER ;B 55(MIC = 0.20 x 107 mmol/mL) i i
ARZFHUFT I8 Bacillus cereus & TEILTHA B (MIC =
1.07 x 107 mmol/mL) &, J A% 1if P 54K F 424
MR AT AT 45 ~ ST % AR A ACH T
T B A5 L T EA AR 0 A 1 D2 &5 )
MIC 4 0.35~7.53 x 10? mmol/mL, H:rfv,46 i
FefE(MIC = 0.35~0.70 x 107 mmol/mL) , Hk
157 F1564,

E 744 249 X} P. aeruginosa 115 P& T-44
BIR,0F I [CE BRI Shigella flexner FVR HEZF fLFT
B Bacillus subtilis 75 PEYIE TN 8z

25 b AR A S0 AT AR 0k s 22 G B T
AR AR O 2 QB PR TR TG P 22 52 LB AT
FbE a2 AR T I IR AT A AT R
FIBTEL TR 1 5 51 A D5 S M bk i) s AT 2R 0, B4t i 03

R RGPS R , 3 i — DT R R PR 2 24
WBaE T RAFIM AL,
2.2 WMEBITEVRRSEENE

WEMEAYUEZHRES PRRES A
SRR R MR R SRR R
W) A H A HIND 38 8 pdm09 (15T,
JITRFGE AN SRR AT A= ) v, BB 4015 Pk o T B TR
(EDso =51.7 P«M) ,/E\:q:' A %%Hﬁﬁﬁ?ﬁ%%7(EDso
= 35.0 uM) 4},5 .12 14 F115 17 24 27 128 32,
34 1 B1 wRAgHERATAEY) 91.94 97 Fi1 98 5 4 W b
B (EDy 4.2 ~11.2 pM) ; B2 BREkfTA= 9 119 ~
128 3% P15 ik 35 - 120 ~ 122 35 P55 ( EDS S fIKh
2.0 pM), H 7 £ FEEE 1465 0 ek R Tk Ak 1 Ak
GYIEMEAR M 6 i A & A COOH F:A AT A=)
128 1 P R B (EDy, = 160.7 uM) ;D2 RFI4iT
AW 202,210 221 222 225 ~ 232 236,238 ~ 240
H1,219(EDy, = 2.4 pM) iG B RAL T 202 (ED;, =
69.5 WM) KRB 1 {f IR J5 k6 5L 10 5 220k, BRAYT
A= 238(ED,, = 8.7 pM) 239(ED,, = 13.4 uM) |
241(EDy, = 5.5 uM) 1% VR 2 15 5177 240 (ED, =
262 pM) i ERERAL , b G W is M7 25.9 ~
82.7 uM;E S5 SURACAT £ ) 245 (EDy, = 7.8
M), F EEREAT A ) 257 (ED, = 7.2 pM) , &4k
A% 264(EDs, = 10.6 uM) & PEX 4R, 1L4h,
AT T V5 AT A ) 0 o) R S A A 3 R A 5T 3R B
(-)-PABRR L ( +)-FAB YU R 1G VER , & 45118
Mifs, C+ ) -FA SRR AT AR (O e L nib s ) 3% PR
BRI

T B 13,202 238 264 Xif S [7] i J8k o 7 A/
California/7/09 ( HINlpdm ) , A/Aichi/2/68 ( H3N2) .
A/Vladivostok/2/09 (HIN1) A/PR/8/34 (HINI1) {975
PRI 220, For 13 VR B B 3, HoR &5
BOvETE R B, [R] i R AT AR PSS A A
BCAHTTRIEHT 25 b A

BT LARWESE AT, In B R A S5 R B, ang I A
/NEE R R EER R BRI ) A e
SR RGP , AT A T & 5 AR EE A R R Y
B R AR BB
2.3 MEEBLITEYMMEENE

PSR EAA BT AR, AR FHAIL R 55 410 a1
S -DNA #5712 —lEff 1 ( Tyrosyl-DNA phosphodies-
terase 1, Tdpl ,PBD code: 1MU7) £ /%% Tdpl
JEFH T8 1 DNA-#H M 2 A9 1 1 (Topl ) VIHIE &
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PIRIELAD 375K i DNA 53453 (48 52 i, 2 B e
ST A SRR L WA ERRATLE WX Tdpl AORT
FER R LRI Z —

SCHRXT A M ReiT A=) 23 ~29 35 Fi136 42 F1I
43 B1 Z 50K 177 A4 88 ~ 118 (B3 Z 41| WE WML AT
£ 129 ~ 144 X Tdpl #4306 M #E4T T AF5E . BR
33 43 Hb, IE AR LA SR (1C,, > 50 wM) 58,39 4~
A4 5k 1 B P BE 25 kg — Bk (1C,, = 1. 23
M), 105 115 139 143 138 144 7 il ity 1) vie i 7
YRR JRYEIEIN (1C5, 2K 25 ~ 86 nM) , Hidr 105 i 1
BT (1IC, = 25 nM) ,139 X2 (IC,, = 26 nM) , 105
FA1S (0] 1o S5 44 (AR T P A AL, 2% B A B R AT A 4
HOAS X R HR L 18 465 5 F FRUR S e £k B 9 % Tdpl 7Y
T

PSR B3 Z 4 BEME AT A= W) 129 ~ 135 (1C,, Ky
0.61 ~5.9 puM) 5 HF3LmEms 7244 136 ~ 144 (1C,,
$70.026 ~0.457 uM) # L, JFEHE RS 1 ~2 4>
WO, R B s,

FABETRAY Bl 22 51 Wk Wi I 175 A5 47 88 ~ 118 ([
105 5 115 7E 94 BE /R Ju [ N # il ) , £ 0. 16 ~ 6. 73
pM S il s B G B TE . 5 88 (IC,, = 0. 72
M) A, TR BT (91 ~ 93 102, 1C,, Jy 0. 15 ~0. 53
M) BN 238t HLE e ELBUEC A B R I AN A
117 F, C1 W) 25 B AT LI a6 2 5 Y AR SRR R O
AW (94 .95 103) & PGSR BIfE e 472

ABTR A AT AR Wk 33 .43 5 MK T B
48,23 ~29 35 Fi136 42 F143 {EHEHHF(1C, R 0. 16
~2.0 pM) , HXF A MCF-7 F1 A-549 Jfyed 24 ffg 35 H
HIKEEME, 35(1C, = 0.19 uM) F136(IC,, = 0.16
PV ) 1R A R J1 U R S R P S 7 AT 3 e B
AT FEAEH Tdpl g EZAEH . 51 A KR
S, 16 PR SR, FL A E R R R, IR B AL
(fiiHE9 26 1C5, = 0.26 pM) 5 FUEELIR B AT B 5
M) 10 55 i B 2 A F 2, R ER IR (1) 33 5 ik
WU 43 FERIFSTHE BV A RESM ] Tdpl ™,

AR TR 7E NS FL B A R i 2 A, R
S R BTG IS T, WA S — R LAV AR K T
bR 55 0H & £ ( Mammalian target of rapamycin,
mTOR, PDB code :4JT5) fi 431, HL#F5t 20, #5
R C 254N 145 ~ 194 % mTOR 28 19 A K2
PRI AN 22 MCF-7 Fil MDAMB-231 F 30 H 2R Y
WV 192 5 Pk B3, 1C, 433 0. 28 WM Al 0. 32
WM X7 B ) 2R Y AT AR ) 175 ~ 194 5 H:

b A7 B B 58 22 AR (0 A A A L TP ik A A
145 ~ 161 ()5 PR TR R (4307 38 X0 W 4 162 ~
194, 53 & B 7 MV % 366 f1 2 I e il 58 40 7 4 15
mTOR HH F. A F A 40 i35 5 1 0 B 22 5 T
AR 2E 5, RE-IRO R 32 178, A Ak 176, 51
A 177 FEPEOIE 5 181 (FAUT ZEHRAT) L 180
CFE IR 16 T e A R S S 2R 3
588 T Jo S I T 7 420, T A 8 i 3 B 3 1 i Ak
AT DL S5 P38 G 05 1 5 AT AR ) 182 (183 (184 (185
PEMR UG 3%, 22 B3 n o S0 B % ) 4 B ] AR o5
U TG . AR 192 REAS 25 B0 R BP9
RS e Jid (9 AR SR AE I JE T mTOR il 5]

A A A 69 S /I BRIk B 448 JEL P aff s L1210
HEE BROP S CHO Rl Lewis fififgs 3LL AT 51 B9
%% 7898 DU145 N FLAR BRI MCFT7 | A48 P h 20
JRE M I K-562 A e ok 4 i (1 1 K-562
5N BRI U251 (75 (1C5, k3 ~ 14 uM)
PR TAAE R (1C,, K 19.5 ~105.4 uM) ,65 .71 82
X b3 8 oo 40 f A B AT B AP A (ICs, hy 4. 4 ~
15.3 puM) ' 569 ML, 71 B THPERL, W] T
NG o B8 ) B B | i /K B T DAARE a2 2 1 4
JHL B ok /0N R 7K L 4 P g L1210 Sk i3, 86 54
KAHSER 69 AL, 16 25 PR AIK (1G5, > 500 pM) ,
T T e B AR A RN R R E B UERT TR
S8 X R A L R P A P B T v T DB S R Y
ARl AR o ot i T A P B R A0
1) R AF g, RIS PR R 2 it — LI &

Mg IR K B, TCAE 2 K g IR AT A A SR
WA ey BUREE T & A 3,5- U T 4R e
FERF TP G R s WERR AT AR ) UK IR R AR M
FEATT A=) TR IR A R e b v M s S AR TR I e
WA A= 0T Tdpl 5 Pk S5 i, Wk BT A= IR =2, s
RT3 25 o A B TR R AT AE W rh, S SE AN
TRIFFRIEGER 43X mTOR 75 8 ZEAE H 5 3% 3L HL
AR I B 7KV 15 o SR TR M B %) B T LA B SR 4
TP M RN 5 ) A SRR P A S A7 A 2 1) e
FEBE  PURATE TP W30
2.4 MEBRITEVHMFBEENFAR

IEAh A SCHRBIFTE 2 BH , FA B IR A7 AR ) 63 .84
183 FEHTIESE Iy T G M I g Y s g 4
ARG NI 1 2 T O AT AR D B A A AR A i
R R HTPUEE 2 AR T R RS . G 9
T 7 EAT R4 M P R 7 O A v T RE S
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7, ORLUWHUK, B HEE
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ki 4 by \
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(+) usnic acid
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e 1S s
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Fig. 15 The structure-activity relationship of usnic acid derivatives
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