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Abstract

Artemisinin is a sesquiterpene compound extracted from the Chinese traditional medicinal herb
Artemisia annua. Artemisinin has excellent antimalarial activity, especially potent for chloro-
quine-resistant falciparum malaria. Dihydroartemisinin (DHA) is the most important derivative of
artemisinin, which is not only a better antimalarial drug than artemisinin, but also developed
successfully the first generation drugs such as artemether and artesunate originated from it. Until
now, global researchers have not only found DHA derivatives with better antimalarial activity, but
also found that some derivatives have anti-tumor, anti-leishmaniasis, anti-blood schistosomiasis,
anti-virus, antibacterial, anti-inflammatory, and lipid-lowering and so on. Our laboratory has also
carried out researches on DHA derivatives and found many highly active molecules with new bio-
logical activities. This article collected and summarized the research advances with respect of the
synthesis and biological activity of DHA derivatives at home and abroad, trying to provide clues
for the future research of DHA.
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FERRANPEEASGAGHEAREYE S PRS- EERMEY. FEREFRRODUEEE, X
it @R EN R EINEE . WEFE & (dihydroartemisinin, DHA) R E B EN R EEATAEY, AR
HEEBREGHNIVESY, WHOHREBTEFRR. FERRES —REWEY. 581k, &3
HRANRMURI T PUEiEEF I DHARTAY), T HRNEEATAEY EATME. iR 23%. i
WIMHR. PRS- il TR, BIRSAYEE. AMAEHFRE T DHARTAENNR, RITRE
EEES FRFRNAEYEE. A2 CRERE T BRSNS T DHANTAYI & R A EDIEERF R ER, RE
ADHARJG 80 IR HELR R

KA
FHER, VNEAFEX, NAFERTEY, a8 bUEEk, SEMEHE
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1. BEERNLRIARARTER

HiER M HEARY, 2o hEEK. W, WL 58E% 10 &8, et HARE
G E A A L EHER EMET (W) b Ea TR, 7 (RAREZ)
WA HIRYT CRIFEEIE” MidEk. (R, fE N —FPE AW Rl S T AR E B N E & 275
W “EHEE, DOKTIREL @ik, RIRZ” (1.

SR, FRE T IFRZ R, R AT e B N I SR R ) I T R S T S| Y R A
Jei. HORMEBERIUNE A RIE, 8R4 RN 29, K2 WRRIER, W 513 i A
K. 2017 4, KRAH 219 W NBEGYER, HhKZ) 92%KATEAEMILX, 5% K AETERMTHIX, &
i 43 TTAFETHERR, HAdEPNH X 5 93% [2]. BB —FXIERA R TT 4R E T OLE 1), XS
ASYNTR, VL E 2SR Pelletier T 1820 45 A XSG 7 Hh 20 BS45 2, 7E 1920 4EDARTZE T #B2 HUER
HIEZ. BifE, DT NERRE R T — RIIERIE 2, HAPLL 1930 FERTFRBEEJLE 1)2
PRI, N T MBRITIER I — 420, 1960 44X, P MRS ST 6 H ILTE 2R me AN 3R e 77 30
S FETZ AT, BAELIA 1000 5 NBEGYERE, 1E 1970 fFE = INE] 3000 77, &EBUFHRE T KE
(B I TARR RO R, PR IE R MR PSR i 3, T S R P IE TR SR AT, IR T 2RI
e A . P E BT RS AR R, T 1967 4E 5 H 23 HGL L =WHE7 . VA EREME
f 7 B R BUE AR T, BERCLE D2 EEWEON T R2ER T 1972 45 11 A 28
B IR B AR R, X RUE. R R IH R 100%, 1973 FENGRHE AT & RPUE
A R3]

HERe MAOEHIRG &, 707N CisHpOs, SMJE A7 B 4a 300 M H At il 4 s 281
BV & X AT T, WIS R B AE IR T T 1975 4E 11 H 30 HEfE T & R LRSS O
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K1), TEERRZE MEERANLEY, 4P REndEER . 2. FBMmNEEER, Kike
SRR AN AR LR RS, (EIRHEA FORE R, FE R — NS 5 B AR e, BE
FETE 156 C~157 C I fif it R A0 %2 B0 2 10 R (1] [4]

l\

~

Cl N

=T B

Figure 1. Chemical structures of three antimalarial drugs

L. =MHUE AR F L4549

HER BT E R R, R e 2040 i Hh i i i 1 B N2 B (s 2 kAT
SRR B 3 BT I EGERR A ML ZT R, T B A 20 R 2 5 2%, T PELIT I 5 R B Ut 41 B
F, AP S UG IR A AR LA 8 3RS R 0 I SR IR B R B R L, e B A W AT BB T2 (5] [6].
WHARM, RS E e NER 7 AR AR E 7], T8 2R S S e G T A R T
RO B T X — 5 2. 7EBEE MG RBIE S, A EPMEIGIE 2099 1, Bk 4 Bl BoMifG LLA &, P
IR ARG (AR B (] 35 B AR T2, MRIA T EEREA Rk, HAL KERT RdEAL WA RGRTT
PUAEBMEIE[ 1], 1986 4F, W E T EHE T 20 ST RS i R R A B AR A A, HE xR
BN R G e 2. (H, HERKE MR, SR EE S 7 A R,
B R AERIER 4 g/5days; EEFR S, RITBMEIE TR 45.8%, FMARECH(18.6 £4.6)K, i
71 HIE S IAZE 34.8%, “FIEMRRE17.0 R[4]. BUICAT7ELRUE TS & 2R IATT 2GR 1 [R] 25 v Ik e ) sl
MR T HEE RPN T —A B R,

2. B—RESRNED

TR TA MR, MHAAER TR RS, AR SRS TAG ARG EEBMALL.
KEWFFAERY, FERMOBTEEMZEEA mAPUEEERRIE, B 228 R S BT PR EL
W, XEEINRRS] T EERNAR. B2 1973 4, HERBHEE R IS EIE R & =T SR NI
JFErEEY) - WEHEH LA 2, dihydroartemisinin, DHA). 7% Y, DHA FIPUEEMEHESTEE R,
FONE BRI GIN T MBI RN SRS, TR TR S R/ AT R TR

1976 £ 2 A, 523 HAETE T HEHREWSUENTS . S0/ DHA Kk, &7 KEM
DHA i), A RMPBIELRUE T & 6 & HRELIE 2). & HERmEER, Hife, BF
TR B 1) 24 1 o £ 785 FR R 315 913 PEE 13N TL 3R AR50, 1 RTE AR 9 100%, 28 RE IR N 7.4%,
BRI E . 1987 £ 9 H R 25 Al BRI 25 ) 3R A5 5 FP Mok S5 ek 24 0 s R kv S 7008 2R 0, 75 R A
NEZWBIEL) . SR, BRG] RIT 7R S BN 2) M T, o  AE I R rh R AR
F(5 RITFRM) 28 REBRZENUN 4.4%), T 1987 FJFAUEF AL~ HE (4], HEHONIE B FIERER
Ziy. BT TR 20 ST T R B R ES K L, DHA Zisim Tl dE &L 10 5, RENEE
1.95% [1], B2 5 20 O b1 i 7 8 DR IR AN S 7000 8 FR IRk 569 7040 et 2 48 BN R H 972, DHA
F 1992 SEFMHFHZET . H AT DHA #i AN N —A B b &4,
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Figure 2. The first generation of artemisinin antimalarial drugs

B2 F—KESENESR

3. DHA TP HERM

Bz, DHA. EFBAE SN, 29 EREZNERRIT M EEER. DEERBE NS
it LA V8T 77 % (artemisinin based combination therapies, ACTs)H 2001 4% WHO & ek — 21697 )7
FLLK8], HERERMEM LR T A HEEF A, KUK R fig 2wl (Hi2, #f
il 5 (1 7 18 2 R PUIE 2B SR MR A BT . FEAEFE AL K220 N'Da DD ¥ DHA il it IR 5 % ek
MUER LAY 1 (LK 3), HAmi P A PK2 ¥ 1C50 43514 0.86 nM A1 1.4 nM, 305 H k.
HEBERE S5 DHA [9]; [FFEZ N'Da DD, fl DHA 12 fifi B EEEALE 2L &9 2 F1 3 (OLE 3)PieE
TEVERCE B BERE 1 3 A5 A 22 £5[10].

Figure 3. Highly active antimalarial DHA derivatives
3. EYEMEHUE DHA {1451

WHEANEGHREERNEREY. HEREEWREEL—A Linker ¥, = NMEEEZMEERST
Rk, HERRAANTIRBIUETEEE SN EY. DHA RS2 HZ5E% 11 @ DHA 4T
B i K #5201, HJE Tsogoeva SB [12]. Thebtaranonth Y [13]. Jung M [14] [ 15150 78 & i b 5 1T (1)
AT WETENNAIEY], DHA &Y RA WE &SR EEmiueiGth, (HR R E Pk HoesE .

4. DHA fTEYNHEEYEY

BRPUEEELASL, DHA UG e EYE AR . 1993 45, Woerdenbag HJ [16] 5
YR I DHA A1 A0t S8 B /K8 4 i A $il E FH(ICso = 29.8 + 4.5 uM). Tsogoeva SB [12]% 8 DHA —
AR 4 (WL 4)5F N AR/ B fiti e (14 360 661375 P43 B 1Cs0 = 80 nM; Renard P [ 17157 & B FREERAL &4 5
(UL 4)xt s 4H M L1210 1 1Cso 24 10 nM,  $liIEe Jy k. thab b B 258K 22 RAABA %[ 18] I
FHZGRR 1B T 204%[19]. Dehaen W [20]55 &3 1 Hul e i& AR 47 ¥ DHA fiT4E¥). Arav-Boger R [21]
Al Tsogoeva SB [22]& 3 DHA fiT4: 4 6 (W[l 4) HAHLE 45 2 (¥ HE /7 ; Thornfeldt 231 Dehaen W [24]
K I DHA AT4E9 7 (WLIE 4 BAH0 HIV BIAEST; Marin 1T [25]K I & Bl BAG A% 1051 HBV 351
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Porter NA [26] 1) J 31 i FF I 055 125 B8 1 H AT B AIC 7- o SE08H [F 5 7-DHC) E 1T A V6 77 I JH B 7 S AR AR R
KU ARG R, Bon T DHA AT 23 R .

Hye™

~ \
0 0

o /
‘ / O 0 e

HCMV ECso = 0.13 uM

HIV-1 ICso = 4.06 uM °
6 7

Figure 4. Multi-active DHA derivatives
B4 ZEMN_ESTSRITEY

5. DHA WY&EHa S HELiE i

YR AE CEER T RZHERZNTAEY, BERZZ DHA 120 BEATEMHATEY: %HE
Wi, FE AP, 508 O-FFK. N-HEM C-HK[27].

O-FHATAY L EAFE DHA Mk, FRIRESFIIKEREE, 5o B s FBEA S E I8 e (0 )8 T 2k,
BT O-HRMTAYEE B AR &l s, — B2 3R TR #Z. 1992 4
Lin AJ [28]{FR A0 DHA 8t E5 FAHE, Fré &4 8 (LI SMPUEiE ks TH % 2000
4 Dive D [29] 8 Ui — K 20T Linker 5 DHA A&, & HT — RIMEED 9 (LE 5)FFIK T EMmit
JEIETE: 2003 4EZEZL[30]H Mannich B BE5I N T DHA 20 T3 2146 &4 10 (L] 5); 2006 4F Singh C
(311K KRR m o R R & NI BE A BERI 25 38 BESIN DHA 4 P21 & 11 f 12 (LK 5), FHE
TRARLE A T S s IR SR e P 2014 4F Yang PH [32]3RiE T DHA-Ge 2% O-F 2845413 (WK 5)
FERHEA TR B T P47 T IR 2016 4F Verma RK [331A1 Liu JH [34]73 HI3RAE T 4 25 /1 Fi A1 1 Fok 5k
5] N DHA 2> 7854k &40 14 F115 (WLIE] 5); 2019 4E Sun J [35PKM5IWE 5 DHA HES K T — &5k
G116 (WK 5B T e PR g .

N-HEATAEYIZEH Lin AJ [36] 1990 i /efikiER, fELL DHA AJERIE =0 &k Vil DHA-NHAr
FATEDOXNIBRE A, ILIE 6); 1995 £, ZF4eE[37][AIFE LA DHA 4 JFURHERTBR L IE £ A7 4L T 5K 1% 3
WEY)— i1 T DHA-NHAr RATAED( N %28 B, UL 6); N'Da DD [9] [38]LL DHA. FEEES .
WRME A JEARL,  — D15 A [a4& DHA-Piperazine (JX M2k C, WLIE 6).

1990 4F Jung M [391fJeiRkiE T C-HRATEY, TEHTERANERET 4 B RNAKR T C-12 1T %
fTAEY 17 (WL 7). BHEJSTE 1995 4F, Ziffer H [40]#3E T UL DHA R J5URHE = AL S BEES S VIAEAE T4
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— P IR B A C-12 1) 2-M5TH 2 DHA (JR B2k D, WA 7), (HZIERICN 25%. O'Neill PM [41]7E LA
filh E4kEEAA, 7 2009 FFHRIE [ L) DHA B2 0 BN H1S C-12 [ 2-/@ A % DHA (V648 E, WL

Figure 5. Examples of O-glycoside DHA derivatives
5. O-F 3¢ DHA T4 47R 45

A BF3ze Et,0
CH, NH ArNH,
g Iﬁ pyridine
oxalyl chloride pyridinium sulphate
-

piperazine HsC"

C

Figure 6. Examples of preparing N-glycoside DHA derivatives
6. N-H 3 DHA T4 1895 & =~
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Figure 7. Examples of synthetic routes for C-glycoside DHA derivatives
[ 7. C-H3% DHA T & BUEE LR )

B 7y, BICRN 92%. (HIE, RZFEFGI@ZRIE, Pladts)Toikimdix = #5745 N3] DHA 77
2002 4, Lee S [421RI& T —FHi & BT IE(RNERLL F, WK 7), "R T RiRWME, T C-H247
AHIFPSS. AN, Sasaki T [43]. Zhang A [44]. Fousteris MA [45]2% 40 #H 51 58

%} DHA FMEMt P K IL e e sl HEAMBR S GEMER MK, &2 Pk MHEH &1,
#i4n Liu JH #1 Yu, BY [17]7E 2016 FkiE TAMIET & 2 fifk LIl 7RG T — R 2 Ak
i o- K& (LK 8).

Figure 8. Other DHA derivatives
8. H'E DHA £iT£4)

6. ASLWEFPSWHRIAE

M H AT DHA AT G DURE , Bt ARG BEPATI i — 245 WEoE, R AEREEE
RAEAERNEA E oI AT, DIREEE T AEIUEE . R AN, B

DOI: 10.12677/hjmce.2020.83008 72 i


https://doi.org/10.12677/hjmce.2020.83008

L) DHA R A0 TT FEF S L P SEIRAL B XHHT A BU) DHA AT AR R0 10 A HE
51, GILBIERITIT, B T IESEKZ M DHA A5 EAT NI EAL, (6 AN IZ5 10 500 AR 4 RO
T DHA STAEMIRHHORS Sk, SR . Hi . ARG RS LRI, JIUTIEAE
DHA RFAEIEE 7 LLRERRE 5 T 01 I B A 51 TS24 FR IR V2 i

ARSI DHA SE, M 2009 BHFICAIRIFIIG . B2V, BOE T HFR5 T I0 R 8t
We BEoFHAMITR, BT OME S, BT AR HOKEIE, 9T AR RIS T
W Jgle, XSRS A No O R TINESE50 T 51\ DHA 4 i, 2 Seikith T IR CBEAR M
FRARNES). URUEZE, ME( M, SMRIDUMSEAIS T, RS T SN U KR ORI 1422
A 3-L 1P Linker W, WAFT 100 24T, PbIFaMRT 58 M7 HEZEERES
F WSHRILT BAT P BRI 0 DHA 290, VIAREHE46). BOIR, 37K T 20 FHTERIGH, M4 T
WK B REZ . BRI EIED T, Bt T 200 ZAT . PkIEARAEE 67 A
FRAT. EILA AT 9 KOLE 0t 125 A HBRA, Hif 114 M RFIR.

H3C\\\‘

Hac™

Figure 9. The molecular types designed and synthesized by Liu Jian
E 9. XA FAE

I E ALk 25 A 7 181H 259 75 (Open Innovation Drug Discovery Program, OIDD) “F & #4T 71X
B F TG HEINR, 732 T K-ras/Wnt & I E(FE(Kras-Wnt SL). Wnt {5 5 i# & (Wnt Pathway Activator).
PR 1M 2E B (Anti-angiogenesis) 145 /% i P4 (Anti-tuberculosis) LA & /2§ 5 2 7 W (Insulin Secretion)-.
Jit v LA B AR 73 WA(GLP-1 Secretion) #4325 F 32 A5 71)(GPR 119 Receptor Agonist). AR 514y
AR Z AL PF(mGIu2R Antagonist) 8% 3L R AH G K 52 #4645 1577](CGRP Receptor Antagonist). Apelin 52
PRSP LA R CUFE B 1771 (Hexokinase 2 Inhibitor) & AE #0354 . KA 15 MEEYIRDH L 50 S A
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g, B s MEE YRR EF: LI TM6b-2 7£ Anti-Angiogenesis. Cell Cycle G-2M. Kras-Wnt SL.
Wnt Pathway Activator J7 TH A R H TG, 1Cso/ECso fH 5 518 0.67 uM+ 0.21 uM. 3.99 uM. 0.21 uM;
LJ TM6b-3 7£ Anti-Angiogenesis. Kras-Wnt SL 77 [HIH % 3 [1)3E 1, 3 1Cs fH 73714 0.67 pM. 0.011 pM;
LJ TM6b-4 /£ Anti-angiogenesis. Cell Cycle G-2M. Kras-Wnt SL. Wnt Pathway Activator J5 [H 4 5 H 13
P, ICs5/ECso [E. 57724 0.52 pM. 0.46 uM. 0.20 pM., 0.46 uM; LJ TM7a-4 7€ Anti-angiogenesis. Kras-Wnt
SL.Wnt Pathway Activator 77 [fil 5 ¢ H I35 14, ICso/ECso {E. 73 74 0.67 uM.0.060 uM. 1.27 uM; LJ TM8a-7
1E Anti-angiogenesis. Kras-Wnt SL J7 THI A &35 3G 1, I ICso {238 0.30 pM. 0.19 pM (JLIE 10). X
SegE BRI E RS 7 o B 28 RO s AR E Y, TR R TR SIS T R AT Sk
[[47] [48] [49] [50].

CHs H

T

~N

N
LJ TM6b-4 O—N

CH,

1CH,4

H
(0] S N

CHs LJ TM8a-7

LJ TM7a-4

Figure 10. The active molecular structures synthesized by Liu Jian

B 10. XZGITH&RENENE S FLEH

ARSEEG S AN NHEH E RO ICNZ 2011 AT AE AR, HR e Lipinski 52 ARG 55
ERBATEMN 1. T DHA 0 F45 M BR T, By DAE G BOE R A 1% 7 B R W e/ &
2R RS BB — K7 R B 8 T RTS8 B AR &Y B A B s 1, AR Z A
B2 o1 EURAE 2 R AEYE T BN T AR LT R TR . . B 2R5E 51 NF] DHA 4>,
Wit 7 9 KEFOLE 1) GRAFE] 206 > B+ . @i Lilly A &) OIDD ~F & Ml IX £ 4[]
AEEE, KT VR 2 EEE AR 6 AN RIETER AR AR FEVA B 2 9 Y(Proprotein convertase
subtilisin/kexin type 9, PCSKO)MHIVEIEELF, 1Cs (HIF/NT 1 uM, WG PR E 78T ICs = 0.272 pM, X
BRI DHA ATAEYEA PCSK9 MG HE[51] [52] [53]: A4 1 AE 35| W fe-2,3-XUIn 4208 1
(Indoleamine 2,3-dioxygenase 1, IDO-1)J7 HI RIS, 1Cs=0.8978 uM, X2 H X KINT H R TEMEA
IDO-1 $HiE1E[54]; ZFW TM1 R 55 T (DHA- S S B TAE NI B i gs sk, 2k 6 N+
IR, 1E 20 uM IRIE F 6 R BT sEE 100% [55]; 7 Wt {5 SIEIEE N+, ZFW TM1
1 ZFW TM2 R 5|(DHA-TEREATAEDD) H 1 8 N7r T ECso /N T 1 uM, TEPE&R = ECso = 0.0105 pM
[56]; 7£ A A 3-17 (IL-17)AHNE 71, 8 N7 T 1 ICso N T 1 puM, TG PES AT A3 1Cso = 0.1341 uM
(L 12) [53][57]-

JARBRAMN G B T R W7 71 IR R 2 00 7 B DL A EYE . SR ERe i R IW 2, ZFW
TM1 R250 5 TAM A JEH LT P as s vk, i HAERRMES . 05 Wt {55 @8 8% 7 R TS
WEPE, R R HL AT YE DHA AT, XS] T 2013 G 7T AE PRSI AOVE R . FMBRIN & A S0 = 2R
=4I DHA WA e A ihAE FIHEZE ZFW TM1 25150 11035l EeBl 1 0 2 EsiamR, 35195 1
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— RYIZ AR A Y (SXL TM9~SXL TM11); 7E4r 71, dheg Oas 7 FHEEER L- 2%
BR L-J3 AR L-i3 22 2 R 1E N Linker, Wit IFA T 8 MRAIIL 64 MEEW. 1£ 20 uM FF il ik fE
T, SR KT 00% I &WA 54 7E PCSKO #HNEMMR A 2 M7 2RI T, 1Cs 1l
790.4781 uM 1 0.3134 uM (L] 12) [58] [59] [60] [61].

CH,4

ZFW TM3

5 N 7. _OMec(NH,)
et
Pz 0
n

H(OCH;)

H3C||,

ZFW TMS ZFW TM6

R' 10
., HO
0{ )0 R2 3
A S
-
ZFW TM7 ZFW TMS8 ZFW TM9

Figure 11. The molecular types designed by Zhou Fuwei
E 1. BEEeitns FRE

o]
o F. N COOH
v\/u\( ‘ = !
2
NHR X
SXL TM7/8
COOH

SXL TM9

Figure 12. The molecular types designed by Sun Xiaoli
12. FMBRARI TR 9> F R

7. B4

TR LAY A R PUEARE I PUEIETE, Rt FaE AR R N . BEE X E
R MEATEMIIR FEAWHRN , NTRILE E R RPUE LR R I VF 2 e RV yuR .
PUR PR AUR . HTE . W AR RS E D MEYEE. BN S &R AP E R
VhL SHUEZG R, BEINAS B PEAVA AR AE T T o A SIS T B R AT MBS C AL TR 10 4F. ESCHR
PRI G b, R T 29t AR AC AR 8, ASRIG 8T Linker K DHA 5325 v Beali ik

DOI: 10.12677/hjmce.2020.83008 75 i


https://doi.org/10.12677/hjmce.2020.83008

U

ZIVERE (AR . TR ZE . RITIG . MRS M. DT RIARE)IERR -, ST B AR
500 ZAH T, KT miE RS T RCE I AEYIE R, ONE R R AT EYIR & R BV T TR A
B .

BB

A2 LR S0l U B = 7 R K A LR AN . ki DU SR [E Lilly 2> ] PR 5 5t J R 41T
L SR VG K 2 A R e TS T AN 24 5 e A M SR R AT T 2 2 A 0 o 3 A Iy T ) 3 B

E&WmE

HIR T AN ERT A B IR TR H (IR - W B 2 7 AT B R AT AR I A s it T
(CY190230), 2019.11.15~2020.06.30.

&E 3k
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