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WA . AT PR U ATE 5 B0 R RN 1 H N AR 41
M A2z f 22 5, WItIEA s T — RN E
Z AR S BN R R S B /N g 1R AL 2
MR . MR . S5 . s . 9
DRI e PR S5 g . 0 [ 24 B2 R A W - - A hir v
(James W. Black) & i 52 1A BHL s 1) 24 ) 35 25 9% /K
(Propranolol) I H2 5z A& #5 4T 5 25 ¥ 79 bk & T
(Cimetidine); 3 [El4: W1k 27 R 25 B 20 GRS R B 18 - 3R
FI B (Gertrude B. Elion) & 4: F53A - 7 8k 3 (George
H. Hitchings) & i 1 43 4 $TJE 95 25 W) & Wi wis I
(Pyrimethamine) . ! %8 B (Trimethoprim) F1— % 37
MR IS A3T A= 71 1L 2 ) 4 154 (6-mercaptopurine) |
97 L 247 53] M2 L (ALl opurinol ) A1 £, 32 4100 56 751) B ek M2 4
(Azathioprine), T JF A& T 8 — /3R 159 35 B & &h 25 5
B 45 P )5 (Food and Drug Administration, FDA)3iL i
B T N 28 fe 2% Bk B % B (human immunodeficiency
virus) 2459 & F M 11 (azidothymidine).
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B —A B e, B H XA B R IR R AR
Yt FIHANLEMEE, ¥ i E s Dosicoh 5
BRI, &5 Rk, N a5 250 W
SRS M 150047, FDA B34 $H i 1437 25 29 76 30
A, H A 2/3)& T AL EE ), HAth Sy 38 7 284 5808 16
NEAE . BACHT 250 A AR R 7811, /N T2 KRR
HTRAKW. 90T k15 55 TA DL 2= 1 d R
K&, WBATE 222 G PSS T M sk BT k. B
U245 M) 1) 30%~60% 5 K AR 7“1 A ¢, Al fEJE KIR™
YA ST A, BORI T KRR 7 W0 9 25 K4 R AE
aEA AN TG R R, BB KR W 25
W, Shtb S SR al, 7 AR AL A 25 3G MR 2
Wil B, AN B, AT AR TP R 2 T UE
ToiR W KR =W 4549 . TR 4R (nuclear magnetic
resonance, NMR) ! 8L Z 1, FI 0 KR 7> 1) 454 45
FE FE MO Tk 2 SO R A A4 G i, I aE i 204
ek BRSNS . B L SRS R AR, R
MM LIE, 250 %558 H AR U HOR AL AL R A o5
S HL AT I R RV, HR AT AR Tk 5 A B Ak 2
GG . D b i TR AR ) AR, T
Ja MO IE AR AE B L. 2 4 KR 7= P diazonamide A
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B Bz v B B — b B A A 24 o K (I
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25— TIRI7 2 KRR . K I 3k,
TEAR N 2 i B K Az 8 RN 35 PR B2y K A R, & — AT
2. 18394F, Pirid™ RIS KM I & W T KA.
18534F, Gerhardt™" "4 5 T 2 BE/K IR, (H 24} #)
iR, WA ST AT SE . T KA R AR
FERR R I8 AN 1 G s 2RI E A, 18974F, Hey-
dentill 25 & e e i T 2 BE K iR X A~ 259 (K 1). A
1, FFH 125 19 Eichengruntg 3 Hoffman 7E 18974 &
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COX), I i 410 Tl 44 P9 A8 6 A DU 15 1) iy 910 i 25 10 A=
YIa e, AR 19824F (i DR B2, 5K
FK A7 R () HLERAS ], B ) DE A 43 &5 44 538 A
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Figurel Transformation of two prodrugs, salicin and aspirin, to salicylic acid

RS 2 —. IWRIR YKk 2K 5 2B
FIVCAR, 29 Ab A A LG e i, BRAK T /I
YER, #R TR AGE N AE. B2 H AT, X3 E] PEARHL
A BTSSR AEDEFT. 20104F, RothwellZE 1P g4 T
204 T AR BT w] DC AR A I R GRS, 7R R R O 2> —
75 mgBl R UC AR, HFpLemT R TS AR, i
Uiy 45 5 9o ) 0 6 e 22 T B IR 70%. e [ A F 5
B A R B2 97 IR {8 R R (national  health service,
NHS) k5 4 551100044 (E7E A7 0 . FLARE . (218
. TS AR B R Y AR, R 2001 I IR H 0 i
17 e 2 KB 124F WG R WF 5, K 36 4% K $E A 100K,
300 mgPr] w] DT AR 75 BEA R Bl i — L8 WL e 1Y 52
k. 201644 12H 3 E T Rk 55 TAE/NH(U.S. Pre-
ventive Services Task Force, USPSTF) %k 3 35 ¥ #r
T HAE 200745 N HE 7 H I8 FH AT ) UG AR LA B 4
Fo g (6 e . B4 477 50~69:4 HL7E K ok 104
S I A5 29 DXL 68 3 10% 14 N AHE iR FH I 751 22 BT ] DT
MR(%E H <100 mg)ke 3 B O L5 95 A2l B . Bl A
VEARIX A PG R R e & T T — A2 547
SR NS A Dk
2 HaEkEAAY

H & % (Qinghaosu, artemisinin, artemisinine, ar-
teannuin) 2 J& W) 18 2 47 55 v [5 B 2 5 T 19724F N5
i (Artemisia annua L) 43 2 15 2 (19 FUIE 3B RUK
gy, kA E R BE A LA 2R B 5 A 4
PR EAAE, 16197341 5 i ik 2 Ak 2 &
K ST B, B S T 3 R A2, Bt s
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Figure2 Chemical structure of artemisinin/ginhaosu proposed by Y ugosolvian scientists
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TE = FBALT Tk & WA AE N FH A 3 — S 8
2, BRWEHRESY), HA-S AP A E P . 7E
B BT R BE BT i, S E R E YR
Rl 5 J7 97 7% (artemisinin-based combination ther-
apy) e A ik, TERT kY P s A R
(5358 %, dihydroartemisinin) . — A & Z 5
EBENE, artesunate) 1T s Bk (75 B, artemether F1E;
LBk, arteether) (E13). R HE R ERAHEEERMN
W JE =, TR S B R AN O A 0 — 2
iy, RN, HEEM A EES RN EWAMRE
DB G ER A B R, AT E RGN R
SREAH —AFRHE, HE R H ik — AN 2 i K.
T BRAR S W R K s PRy, mT LR T Bk
FWLATESS, EIRYT B BRI — 4259,

T RBAWIERYUER ER AT R A0
K, PAE Y b4 B AR s AN g 2 BT s 2.
A k& s RO AR B B0 S IR P 5
RO RE, SRTA B EAE, Tl fbtbzisa iy gk
W 8 2 A A I 5 S ) AR N — 3K
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Figure3 Artemisinin/ginhaosu and derivatives as pharmaceutical agents

Wi aEw L, 36 EER IR AR (Merck/M SD) 23
TS5 HARSZEAR RS, BN LR b 5
A PEEHLE O F LA . RAEDML, H AL BT
5% JIT Omuradif 5% 2H K 3 B A 53 25 TR Pk 3% 21 BR VD AR
AT AR, T R A R A AR 2 A
S 01 BE VAR N o B ieb L B W e ek L S E )
5, DR 22 R ok G B P 26 75 A2 U /B (Mus
muscul us)/F Sy i 156 B 89 LA sk /b7 B VR F 69 T3 1974
A, b HUF 5% BT 35 2% 59 A A 1 il £k T (Streptomyces
avermitilis) 55 2 0 B 15 8 — R RIFNER KL &
Yy, HARTA G, JRE LT 22 W R i R R SR
3 T R E o B S AR HEAT T RIS iy 44 O B 4 R 2R
(avermectin)®>~%¥. 19814, Albers-SchonbergZ: A
1 Springer A 15 st NM RFITX S48 B i A7 i o 7
BT 24 1 2% AR B W B S5 K. % R 5N A AR LAY
FZRL 5T BB AL T 28 Ay Aza, B1alBaa, AN IREE AL
GrBTHETR R Ay, Az, BB, J& 41 IRE ST
ST A 3B AR X B AR — Bk TR R .

Bo] 24k T 28 ELAT A 5 170 % A A ORI L B A5 i B
YIRITEE, 5 A B R 35 A BT 24 B 2 B 4 K 24073
A U R SR TR TR R A, SR A7 AR RS
B IIBAT AP REAR 10 35 M ok A7 B 24 7 R BAAIB2AY A%
WA, XA —J8ard: i, 0 ARl vE S BT 4E i B 1
FIB 211 3 P8 55 W v REAH 2. P 4E TR R BLHLB2HE %
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4, P /N BRP B R 1t (L Dso) 43 1 29 7 1511
50 mg kg ™. ERVDZRHEI MG E B S AT R KN, 1)
HRE 255 A RN S5 240 FE R 2 Ak
[)22,23- AT . B, S5 22,23
KR 2 43 HP I —— N I 2 XU XU, R o7
(S8R O i) W o | I € o N T R By N WA S B 53
FHEAL IR AR T, Al Mt 15 51 22,23- — &
BTAE R R B, IR R, 4k i 2 (K1 4) 5 P4k
FEBUH LGP A —(1**, (HJELDso N30 mg kg™,
BT % 4. IRYER 2 2 — ) 1S dt 25 A B 259y,
XHRSNFAE AR, WEMELE . B2 AR TE .
R /N34 10814F, IR 4E T KTk T s o5
A B IHIE L | IR SR A R iR TY, RE
ZL20ZAF 4 B AU 1 10123 JTU M SR R KE SR S ) FH 25
BT 24 TR 2 19854F s I if Bl 1 Ry Al 4% Ha 500 R0 7 A=
H25%).

RV R N 19784 5l HR AF ST M 4 v R T AR
FHZY, 198T4E 4k 14 25 (7 i 44 Mecti zan) 7 125 [E w4t
#E BT, HTRIT SR 22 B (W B E). 7RI R
A W HR i rp B A BT 5 e BF A R B IR )
(Research and Training in Tropical Diseases, TDR)%i
H AR VD AR R BB St 7 K TR, R4

fgEEx
A;R;=CH; aRy;=CH,CH,
B;Rs=H b Ry = CH,

fIE= By
S

B4 Bl i 2 AR 28 A T S R AN e e

YO ARE AT R A IS E AT KOG BRI A 2 R K
WHZ, 45T 102K, 19964F, FDAHLAEMK 4k B
FAHNHIRIT 53 FE 22 B[R] £k g,

4 SCHAwkk

3 H A bk (eribuliny B H 7 T4 il 25 (Eisai) JF &,
5 i 44 halaven, T 20104F 28 it FDAHEL E w7, Wi
T O &t 2/ RLTT J7 R HE B YR
LR A2 W RS LR R 1,

201 28 804E A R ], H AR 4% 3k K 24 Hirataift il
A TR X K2 Uemuradf A 20 19 78 S 9 1) A (2
7345 (Halichondria okadai) /3 5515 5| HA # & 2 ¥F
ik 45 44 1) — 25 K AR P Wrhalichondrin. iz 2Kk & B
A AR SR BB I 0 T, 20 A A A e EE
S SR DA L A P A BB R IO B 12 400 mg
halichondrin B, HI T 25977 & 3E& FxfE. 1992 4F,
W 2 Kishi 4 A4S 1k 470 WA, 5Eml T
halichondrin BAY 4= i, T LR, 1A i
AR TR Z Rk, 1344 25 FnKishi 2082 A 7 Xt
AR AR SEAT T 36 PR PR MR 3O R A 9E, &
B — L7 545 halichondrin B A B i1 v i) 44 s,
FAEE BT R s . D 25 k2 ZaE

IHER

A;Rs=CH, aR, =CH,CH,
B,Rs=H  bRy=CH,

REEH

mixture of
>80% R,s = CH,CH,

OH <20% Ry = CH,

Figure4 Chemical structures of avermectins and derivatization to ivermectin
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A2 T3 H AR, BRI KA A TR D BN
320 HN 194, KRFEAR T A BOHE RN A= 7= AR, [F)
Aot o D A5 31 2 B A S TR IR IT & . fEfk
4544 1, halichondrin B R N R AU FR E M 2, TE
I H A bR 4G ek ok 1 (141 5).

3 H bR Tk AR & g 3k it6240, &k
A ML 308, ZIa B ARG IN T 78, A
e N 2 Sk T AR AT alifl, WAL TR
P A2 WU A S H AR B TSR
S5 R W R AR ) A D TR 1 TG TR TR
5 PHbILkE

b VT R (ixabepilone) /£ 3: 1# %5 % B (epothilone
B) 2 A AL AT A 4 B, W E R SE i Bt 52 F
(Bristol-Myers Squibb)Jf %, F20074 £ FDA#LE
7, HTIRIT &0 ARG Y E R4 YG T
2 VL) Bt P i Jmy 308 e 0 2L B g AR . A UD IE R ]
1 R B g 24 ) By fift FH 585 R 85 il U (capecitabine)
1A 1.

SR BN T8 WA B A B R R R 4 SR
PR 40 B 2T 4 9% 1 (Sorangium cellulosum Sc 90)f#
W N FINISC AR b i — A G, Nl AT DU 1Y
2 6] 6] % A W) F A e (Gesel I schaft fur Biotechnolo-
gische Forschung, Bk 18 [ 22 i 82 2% BE 4 s
Helmholtz-Zentrum fiir Infektionsforschung) #5}# %
Reichenbac fll HofleZ5 A 547587 201t 22 804F T & M
Sorangium cellulosum Sc 90% 4 i $2 B A5 31| R i B
ZAMB. ZFHHIREY, RIEHERE—K30LF
KIANBEERBACH Y 0 SR, ZEEY 1 0 2R 5y
MR R ARMBPEY. Y GBFAIE A 125 (Novartis)
4 BT B 22 — 3% B - 5 2 (Ciba-Geigy) 2> ®l #E4T T Hi &
B R S G I HR AR T AR E L )L S5 [ R /R

Halichondrin B

& 5 Halichondrin BFISE H A bkAGAL 2245+

Figure5 Chemica structures of halichondrin B and eribulin

U0 7R 7E 201H 20 904F- A 4] ] Bisf M 43 SCFF B (Sorangium
cellulosum) SMPA44r 7 B85 £ i 15 132 [ % R AFIB,
IR BIAE LS R B, & — 2 s iR
R E ), L EL A AR SR 4 R SN i JRg 4 i 2 7 8,
JE kTSR R, MXF TR ERAA Y, REER
Xof PR P-4 4 1 3 6 31K (HCT 116/V M46) 5 1 45 4 1 3t
[K R A% (A2780Tax22) 45 3 B & il 25 25 40 i 2 1%
P, TR HK A PR B L T R A2, HonT DU i %
AR, —IF (A R 5T $ 5. SRR S R AFIBAETE
AR AR e S 1) SR N TR RS, AT AR A
Ak i WA T ST A

19964F, Hofles NIORE X T4k i fh AT 56 Al —
YEAZ 0 LR ST B A T 3R 1A R ATIB A 48 X A A
[f]] 4%, Danishefskyif i £ Y | Nicolaouif i 2H 52 1
Schinzer % A3 5¢ i T 5 R F A 4 A A, 19974,
R 38 i 5 5w RN R AR B R AR T
DML R T & 3R 1R AT A, B3 S R AR
e M I AR 2 MR . K FE B e S8t B R Y
HF %2 B 77 AN 7 ] [ 50 A W A rpons o 3 1 25 S i
W LR DL A ML= AT A T 2 B I &%,
PRI R AL A e K, 158 T4
P A= o4, Pt e 2 B i R IR N EE WA N HAR
WIATRE MR AR TR, P I R e 17T A= ) BM S-247550
R 5 2 1 R VD DC B 25 7 T R EE (KD 6). — R IR S
RN 5286 20, BMS-247550 54 B 47 (94X 5544
. 5 Z B Y RSN R T . LA A
PN B R AE R A R4 i AR T 9 05 1. BMS-247550
P& g i, MIREEERB AiiAk#E S —M ki
e O pl T AR R T 2% BN i A Y 7 R PR
Tolk & A 5.

BMS-247550F 19994F i#f A Il R, 20074FZ:FDA
fbvfE By, PR C RS H AT —— A b R
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Figure6 Semi-synthesis of ixabepilone from epothilone B

RATEY).

6 KIEER

15 ¥6 % X (daptomycin) Hi ALk i 24 (Eli Lilly) %
B, JFF H Cubistifil 2 (B0 % 2R V> R Y ) I &, Z4:FDA
R B R T 20034 Ik i 1T, TR Y B 221G
PHAE B 5 A R O Rk B K | Bz R 235 4 SRR e i 4 o (0 3
AJER T 5 | S A0 A D0 SR O 8 I ILRE . TR TR
FIEH AR IR IR P A, XHiF 2 ik R 2 5 B
AR, AAR1970E P RS F R R 5 2 IH3
KePibEREZ—.

ALK il 24 1Bk 2 SR f D B A4 B B R TR
A3 B 15 5 — 25 R PR BRI Kk B 2E % A21987C, 4%
AL E YR 4R & A 13 E R, 4510 & R
1) I R N 34~ S 3 1R %) I BRI, LA B 0 ) b 2 2
A Z EEHLS. X RIR R KL A Y ae e i El a0
i B o 2 R R B i, BELAS: 200 T IR SRR A4 2 1 5
AT 2 T 240 B ) 285 449, ) B e DA 200 T 1Y) 2400 o
MARBEANTE . X 13 EETR h A 64~ 3F 2 1 i 2 JE TR
FHE R SR G FER, L2 HAEE I 050 24 E R K 1Y)
DL RN N S R R S LR L- KA ik e . Cubist/ 7]
5~ STBUDOBLE I v S SIlK AL g R [(pEB WS E| RS
) D- KA TERE . A FCEE 2 BRI BE 16 7 b & A K
IR LKA T iz 1) S5 g 1A 7o 2043510

AL 25 K SR 43 B 15 B A21987Cy o H B 25 1
SE 4 — 8, X A AE % NS 1 R A K R 25 A
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]
OH Pd(PPhs)y, NaNs, _,<\N1

THF/H;0, 45T

P(CHg)s, THF;
NHg/H,0, 45
b RSl e

EDC, HOB,
CH3CN/DMF

OH

A21987C, 8 A B T B =4 [CPH M TR T 1, (E2: R
H A21987C o fif IR K B2 (C11-13)3 fim, B /IR
AV AR FTF. ST A21987C, 5% Hh 1Y i B — 5
PR 22 RERZ5 4, AL 25 1 Bl 28 K P e g
U5 T 0 %) 5 A A i AN T, ko LT R 9 P A v
FFOuAL. AT P ok P A A 21987C 5, 5 2B BT
G PR, iz e s B v Ak 2F Oy i ik —, ik
Bk AL T R B A 3, 158 T AR AT
5 ZAE N 231 A21987C 25U 25 2 B
SEG R, FHXT TA21987C,, AHETE X AR AIK
SMLRETE AR R, HFHAL TE BT, Sit
AR, 3k 305 & M/ R A0 & vk AT K R (Rattus
norvegicus) . 12 ¥ 8¢ £ 55 45 bt i 3 I8 T A21987C;,
A 1R K542 (300 mg kg™) W3 1 1 4 2 2
9 T e A T P T v AL Rl 2 e S R R TR R
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Small molecule drug development based on derivatization of
natural products
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Natural products in a genera term refer to endogenous chemical substances or secondary metabolites produced by living
organisms such as animals, plants or microorganisms. Historically, natural products have been indispensable resources as
medication throughout human civilization worldwide. Crude or semi-purified extracts of these living organisms,
especialy terrestrial plants, have been described in avariety of ancient Chinese books and utilized to treat various human
diseases. With the establishment of modern scientific system, research on individua active principles or secondary
metabolites from these living organisms was expanded, initially focusing on the chemistry and pharmacological effects.
The isolation, purification, pharmacological validation, and market of a naturally occurring natural product morphine as a
painkiller directly led to the foundation of a modern pharmaceutical company Merck in 1893. Since then a number of
natural products, such as quinine and penicillin, have been introduced as important medicines for the wellbeing of
mankind. Novel natural products have been the gold mine as drug leads in the field of small molecule drug discovery and
development to all pharmaceutical companies for over a century. With the great advancement in synthetic organic
chemistry and medicinal chemistry large volume of structurally diversified small molecules can now be rapidly produced
and screened in a high throughput manner, the role of natural products in modern drug discovery and development have
been largely diminished. Very often intrinsic side effects with natural products such as toxicity, limited availability, and
unfavorable potency and selectivity render it more and more difficult to utilize them directly as drug candidates.
Practically, synthetic transformation or total synthesis of natural products is required due to above-mentioned suboptimal
physicochemical and pharmacological properties or limited availability. 2015 Nobel Prize in Physiology or Medicine was
awarded to the discoveries of two natural products based novel therapies: i.e. avermectin-based therapy against infections
caused by roundworm parasites and artemisinin (Qinghaosu)-based therapy against Malaria. These two natural products
technically possessed certain unfavorable properties and the clinically utilized medicines were indeed their synthetic
derivatives. This review isintended to illustrate the importance and significance of structural determination and synthetic
transformations on natural products in modern drug discovery and development.

natural product, small molecule drug discovery and development, chemical transformation, structure
determination, artemisinin (Qinghaosu), aver mectin
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