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Research Progress of Antibiotics Conjugated with Siderophores

Liu, Jun Hou, Jinsong Meng, Ying Miao, Zhiying Lin, Jing Chen, Weimin*

(College of Pharmacy, Jinan University, Guangzhou 510632)

Abstract The natural siderophore is a class of small-molecule iron ion chelating agents secreted by bacteria, which can be
recognized by specific outer membrane receptors and transported into cytoplasm to provide iron for bacteria. Using this
characteristic of siderophore, antibiotics can be coupled with them and enter into bacteria through the bacterial iron uptake
system. This strategy is called “Trojan horse” strategy. Recently, cefiderocol, the first siderophore-antibiotic conjugate, was
approved for marketing, which has aroused accumulated interest of scientists and pharmaceutical companies in this field. This
paper provides a comprehensive review of the progress in antibiotics conjugated with siderophores from three aspects: the
types of siderophore molecules, antibiotics with different action mechanisms, and the role of linkers. The basic relationship
between anti-bacterial activity and three moieties of this novel type of anti-bacterial agents has been revealed. This review will

provide a reference for the development of new antibiotics conjugated with siderophores.
Keywords antibiotic; siderophore; conjugate; “Trojan horse” strategy
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1 Albomycins
OY)
NH N_
5@?\
. HN__O
0~
N9 b O\>\j
e
(CH,),OH
o~ O

HO /
R o SxOH N
2 Salmycins OH
OH

(i) Iron reduction

(ii) Cyclization

R=0, (OH), NOH; n=4, 5

B2 RASERRdUE RPN

Figure 2 Antibiotics released from natural sideromycins

Chin. J. Org. Chem. 2020, 40, 3026~3043

© 2020 Chinese Chemical Society & SIOC, CAS

3027

http://sioc-journal.cn/



BIKE

PrAE R BB KL e FE R N R RIS R
7 5 FhuAd = wRCR i B A B A U E A
0.2019 4 11 14 H, SCHE & 2 i B H# = (FDA)
e T — SRR o AR B AE = 25 Sk 78 R
(Cefiderocol) b7, #—PIGAFE T “FR&HAL” 431
PUA 2 WS AT LA 9 — B ) A% s o A 3R 90 7 R R
S A i 24 [ R AT AT RN, (AR O RISk R, (B
RIFPURAE A B A R -, A A RER
PUAER SH AR EUA S FARIC AT LUA B “Hpik 7
KE” FRE PR ? WA MR 5wt e 5l
TEARSCH, AT VR 45 0 A STk A [ L
HHTAE 2 G A TIPS B s R R, R
e, T R R B A o AR AE R MBI R A
5%,

1 SEESTTF

&5 N1k, CaH-IT 500 Pk EAARTEAN T B
TR o gt R IS, R A T o 4 B A R T B 3
Firh, WU SRR G B, F B A
AT R A B 14 8 I A 2RO, W B A YEie 2
YR N — HEE WD N B A0 B A I8 TR M 4 R 5T
W, Fe' SR EoN Fe?', SRR R JE R T, B
JE R TR Fe® e 4 B A FA U™, BRARAAAR I SR = B4y Ny
PIRIE, RIRERBARA N T & BB EUA. RIR A
AN LR SO A 43 6t Ak R A0 ot o 2
PG BH P B 4 35 (0076 %) BR B8 (Staphylococcus aureus) /3
%72k 5 (4 (Staphyloferrin, 3)(B 3). ¥ % [P H )
KIGFFRI(E. coli)5r i (i kT B 3 2 (Enterobactin, 4)(F&

HO
HO i

HN™ ~O

NH

2 H
Oﬁ’/‘\/N

(0] e}

3 Staphyloferrin 4 Enterobactin

6 Pyochelin 7 Rhodotorulic acid

OH
NH 0 o)
L
H H H
N
0O 0.0
OH /7 OH © JE O OH
HN
om HO H o N o)
0

3). HIERAER M 1 (Pseudomonas aeruginosa)y- i 17
W2k & (Pyoverdine, 5) Rk & 4% (Pyochelin, 6)(& 3),
A MR LB Y (Rhodotorula pilimanae) T HEEL
HH K 1 21 1% B} B2 (Rhodotorulic acid, 7)(F 3) A1k 7] &
(Fusarium roseum)p= £ [f]—Ffi 25 % Fusarinine B (8)*/ik
BB 3)5F. XL TR LA = 56 A0 0 5 =
PRETEE TG, BN )52 AR i s gk N
M, NV S 7, TR TGP E A KR35

RRGBEEAREZ NG, WIEREED)
ReFE B A BT, RARBREBARTT DL N =RK: 7F2
JERRM . JLRBY LA o-FR IR ALY, R HR A
() 4)72 B R T el A A IR R AR, G 23 e 4
B EESMED A, e NSBRERIRIL AR TR N Fe
THIEAA, 5 PTG A EHORAITE 102 ~107 2], X
Tl 5 R 7 1 &5 6 W] AR S5 B 52 7K fidd A AR 1)
B, LRI AL L0)(1& 4)0)—firh— g i = A, BN
EATRA SR By aify, B DAZRIE EAHSB PN F2 R e
g /N Fe® T MIRC AR, - Fr B R A (1) Bk 3 A4 (B 4) ]
THE AR A R (BE W) A, Ml REMRRES
Fe' G, A MSREBAR B W G54 B2 DU
BIGIR . LR o- 32 3R 1R, PLAK) LR S5 M1 542
S e FA (12) 0 3 B 42230 R BB AT LS Fe®”
TE RSB B RSE 2544, IXLETRAR S B R R
BV R R I R G, W DM A 5 HOE i P A 2 )
ik s SRR R B A AR S, A BT PR R T 4 B A
S, 0T 5 AT 5 2 5 AL 41 A B 1 8 25 TG PR S D Ak
PrAE 2 AT DUE BV R BUR 1 i ia, v iR oIS 75 4 A T
77 AR PR 4 B T 24 12

(0]
Ao
H
e}

0 NH
NH HN
OJ\i 0 ﬁ Hi/
HO NH N-OH OH
H/go n-OH

H
LI o
Yﬁk X OH

N
H
5 Pyoverdine
OH
OH NH, OH NH,
H]/O\/Y\”/N\/\\\\“Kﬂ/o
(e} (e} +
NH; © (I)H |
-0 N
8 FusarinineB 0

B3 RIS

Figure 3  Structures of natural siderophores
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Figure 11 Macrolide antibiotics-siderophore conjugates
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Figure 12 Oxazolidinone-siderophore conjugates
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Figure 14 Ciprofloxacin-siderophore conjugates
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Chin. J. Org. Chem. 2020, 40, 3026~3043

© 2020 Chinese Chemical Society & SIOC, CAS

3039

http://sioc-journal.cn/



BIKE

Wm%
Q@mwﬁ

ﬁﬁw

%ﬁ

Bl 18 =S-SRy

Figure 18 Triclosan-siderophore conjugates

AW PR L 2R AAR B 1 08 R B (Fabl). Fabl 78 41 1 44 P4 2 )
HEEM, BRMRIR G RS E T REES. =84
WIS Fabl LUK i 4 D8 T de € 1 = o &4
RECM Fabl KFEAEFH, H000 48 B4 44 A 16D T 077 TR 1) 5
OO B 0 AP T SE BRI, 67 24 R P I 4
T (08 A ER B (Staphylococcus aureus)~ 5% FBATE B K
Mkt & (E. coli)« 8 £%4E 5.l 6 (Pseudomonas aeruginosa)
AR H A ISEIEH, X KA # kK E. coli DC2 1]
MICAE/NT 0.1 pmol/L. fHIEEY 67 FHt B i 14 5 Bk =
SAEMIVE - RCRAEAL. FERLHIBE 7R 0, B A K A
BRI B R TEVE R 22k ok SR U TR B R R -, R
AR DA Hh Bk B I A R s = S A e de B A1 e i
WHITER. R, =& AETEH 0 M4 5 AR AT g A2
BRI R FF B0 R T 1 AR A Ji A
Miller it 2417188057 vb 55 2 pRs B /R AL S %,
Wil 17— RAVREE - RARBA, EA155 0 2 d it
R R 5 R = R R S IRk 5 A R AL
(LA 2R UK K At 68( LAZH TR 4H i B N EEAR B HTAE 3R)
MNP A S4(LAYHIE DNA SRJEREFIH 0 7 A e A ¥E bR
AR 3 A1 =5UE 67(LLJ i It 2 4 8 11 S i o 4E AR
PTG T AR Y. AR, LT A
TR AER S, S 54 1 68 5 eI BHAPTER A
TSk AR AR L, PUBVETERRAC, X REZ T

H O O
Cl-H3N : l?l
OHO/ OH
69
O
'.QJK
o OYN\(O OH o

/U\N/\/\/N\H/N\/\/\N

OH (0]

71

EATTE Z A ST AE R BB BT B i — P K
L, SR AR R AR 54 1 68 FHEL, LAM
Bis /e R ERE R o AR 67 B o i (/K AN R e
W AT RELE ML AN h B2 BT R 0 28 — Ak, RIE BT
PR, 25 b, 3X Ul B o RHE B i is 3\ 41 T
ML R AE U T PR BB A, R P A Sy
JE AT R, DUARIE AR B BT LA HE N 4 5 41
Ha, FELEAH A P9 A 2R

5.2 %K FTERE LS desketoneoenactin &5

2005 4F Miller LY HRIE T LAELAT H18h) 3L B 2R
KR AW desketoneoenactin (DE)E NZGR4FEHR], Ak
T EANEEA R RBAR BT 69, 70 A1 71(14 19).
Desketoneoenactin EAA&AE FHHLEI T A A, N ] 52
BN T 45t & B KSR A ASEK B, a AR
PR, T DA N 30 4 R, 3 ek il R A i R ) 5
SRATCEEC, BEY) 69 FhEkIR A/ Nkt Rk
AR (ferrichrome, FCH), Y 70 T akak ik
93 NS R BRE#ARZEY) (ornithine-based trihydrox-
amate, ORNI), 1HEEY) 71 FR I BREAR T 0 8 7 FR L B
BRI UP (isocyanurate-based hydroxamate, 1SO).
WP TEEAR FURIN, SRR E T IR 69, 70 K171 % H
R EREE 1 MIC KA 3.1, 12.5 F1 25 pmol/L. &

Y O._N_ O
RQPASEERS

NH; 70

A SRaSSee

& 19 Desketoneoenactin-2k# A5 A

Figure 19 Desketoneoenactin-siderophore conjugates

3040

http://sioc-journal.cn/

© 2020 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2020, 40, 3026~3043



Chinese Journal of Organic Chemistry

REVIEW

)42, %R RB P B S MK T desketoneo-
enactin (MIC {54 0.2 pmol/L). #t—ZHLHIFER 5T Hh &I
H eGSR E 5 SO Rk R BR Bk, A S A E ek
BRI EEY) 69 B 5 T4 B L, bt
PR T AR T e AR IR, A 7] 3B R AR kA A
Al REAEAERR e e, BRI BB R e B AR I I B B
W, BT DAARYE AN [ SR AR, U R RSB Bk 2
HERPUAE R AR BT 0 T R O R R

25 b, BRI RR S MR K HED TR E MR
HEEM., WSEER AR, SRR A R A
be, BEPIRETE T TR R L. b, &
IR R CRRS RS SRS B AR 3 T B G ER R R
EH T TR RO AS 3] 288 2 Bk i A 0 e B A RS Sk, AL
BHF TAE #2575 W v HB BRI B RO PEAN B A5 B AR AS
[ MR ERBAR TR HCRE 77, ik th 2 4 B A5 AR FH )
BREAAAE AR T 2503515358 43

6 REERE

R SRS VE N R AR P A
FAT LI AIG R T AR ES 7 —EmitE, HEAE KR
MW R IR SR RIS, “RREPARD” 5B
=AM R BREk A (GEh rtaii ar) . R
B (45 ¥ 2 v B8 03 43 ) e AR 25 (5 0 o 0 £
IRV LE Gy T R R A P R I AN RGER A
R — 414 0 PR RO AR, 3T RSk AR
b, DA TERE 72 35 RO P AR 22 B8 0T T = A e AR DL S
P KEF AR SR, X5 B EA —E W
WX, X EIE S A R WD BRI “RRs AR
o7 HiAE R MR R . SRR -l R AR E 1)
AR FREHT RS RT” SRES P
&, KZHEF T 407 40 i 5 o $EAR F P AE R AR BE
CHERBR T BEEYN(41, 47)iH SR KT B ST
AR, PR EAAE R TR, SR
& BT PUAE R MBI Bk B AR AN Gl E B i ik ER A
590 IS IE B A NS s B 22 R S S HA
B0 AR R B 38 20 5T 1) A D g 22-2999-63.931,
i — AT A A DR A A B S5 e A B R R Ak AR T ek
B 7 PR AR B N A R FE BB IS, BT LA, T
2RI R, KRBT R BB L s 53
MFAMNEBRNEERESEA, XHUHRE T N4k
A RNIEKZHURIIH) RS D” Sms # ik 5E F
E £ T £ P B A0 240 i 555 40 B A/ R R BEAR IO A R
B-N B A 2 (47, 33, 49) ik & S i 1049 1. Akt
A FARIBEY R SER A — A R FRE T s
AR s R IE . B AR R I AN RE A2 40 i
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HRERZRAE N RE, BREEBRIRICR G T s i Rt
RESE, JFAELHT PR B AR PR R AR R MR TR L
A E . (HIZ A N 1R R ) HE 12 A S8 R 3k 1) BRAECIR
A, KES KRR R, h T HARENER S %
Bt AR R SAFUKARIE R BIM L, WK
iR FR) 322 2 2 A1 T S A BB 7 1A SR AN B 3 e v B n A
€, SRJEAEANE WAL BIBYIRE P E R, SR B I
PURTETE. (Hid TRaE AR B I T Pt FoR I
3 e, 3 5 B — 2B A A i (55 ~ 57)1 71T,
Miller TRARZH 5Tk H AR e B S (5 14 1) doe o
Feit e BATRME T — I, p-WBIERA S
Y(47, 49) W] DLy — A BRI [, K LN
THE LRV s kB AA - P E R M . £
CRAE BRSPS 25 I8 I BB A - P R AR
YIRS =B 2 BRRAA. 124581k, S8 7 RER
BREA-PUERBIY), B5RA/BKBAEMIL, ATE
Jol A7) LA Py B 5 2 s R I SIS B 2 A 52 o 3 A ) Bk B A
FAAM(20, 22~24)P5 48893901 gt LAV AR AR BT B
—ABREAR L AR R 2 idan e 7y, SEA BT
WIRAEGIREAERM. ek, AR “RRBBEARS” 70Tk
PP gt R L R BB B A =N AR 73, 7T e
RRERBARIGTAE RV TCI EETT 7.

BRI -PUA R AW B SRS A R LIS BT
RGN IR TR IR ETTE, SEMASTERM
b, “RREBIRT” SRS AR AL B AT I
eI T LR PTA R 25k A XU, 1e S ik, s
BB AP A: AR T 405 PSR PR R p-
P BB S IR Sk PR, BRI IBC A 3R 0 A L 2 4k
BN B AR - LA AR it — DA T, AR A
N, - B R BR AR AR IR B AR — LR Ak SR 24
ANV RIS R IATT, (HAE B- NG R -k A
RAMRLF- SR R 2R B IR SR, BRERAA-PUE R MY
T AEAL 2 29T A 2 T LK, S AN ARk, ok
SRR A AR AT A 3R ) HE R
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