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Historical story on natural medicinal chemistry: Nature products research and

Nobel Prize
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Abstract: This article briefly introduces Nobel Prize winners who made significant contributions to researches in natural products,

mainly Nobel Prize winners in Chemistry, in order to celebrate their great achievements and to inspire young researchers. This article is

one of the series of historical stories on natural product chemistry written by the authors.
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SINE H 120164 B i UUR A 1 3R
% W, 7L E ) Jean-Pierre Sauvage. 3% [E ff)James
Fraser Stoddart. fij = [fJBernard Lucas Feringa, 3
Rk 5 RO AE 73 - HLES B B v A il 44 B A5
() BSCRIE TT ZRSRAAE B2 DURA 38, HAR X
KB R (Yoshinori Ohsumi) [K7E & B 40y 5
ML 1) 200 32 A 1 B gk 3R 15 1 DL R AR B 2 Bl R
2, FEMRR IO

i DURHE (Nobel Prize, B 77 M3ul: http:/www.
nobelprize.org) J& tt 5t A A ITE S b A e 2
R 2T, T 1901 AR AR iy 338 44 40 22 2 B R o
e DIRERG 48 « 3% D1/K (Alfred Bernhard Nobel,

Ys BEA: 2016-06-11

1833—1896) it W i HL s 731t 7= A 9 B 1 A,
For 5 R R Fi A G 22100 32 B U DURAE 2
4% (Nobel Prize in Chemistry), PLE/N 595 U/RAE
5 & 224 (Nobel Prize in Physiology or Medicine) .
Vs DURMSEIORUE, B 1901 4Ei DRI R &
2015 4, i VURME 4 115 3, BR 19164 1917,
1919. 1924. 1933, 1940—1942 4EiX 8 A MK
RILAAL, B 1K, BILHAT T 107 ke, 3L
A 172 N53RE VURM 2232 . BLAE 1902 4F, 5 {k
%5 Hermann Emil Fischer 5l [E HAE KR =2
WA M IR IR 2R . KRR =L =0 S 1AL
SRR F URA H A G, Hod DL R AR

EEWAB: WAL PELGERRRE (2016040); ILHEH T EARE (ZD2016093); i JLEEFR K2 HOH FL2AHF 5t B Al Uk % B0 H
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VIt A 78 %)k R A HAG AR it 7 s i B
FPHEA 54 4L, BREAERIR A7 TR H 28
TR S 20 £, ANAEIT 10 FFEHE 9 A
R o B RIRTII AT S AH 240 BR IR AT 5 4,
KIEAEIE WD . RINE VAL AR
= 2 55 5 A LA 25 R D% 1) 9 e A0,

1806 4 23 % A [E 2577l Sertiirner M\ A% 5
TR B ARG E (morphine), EMGE I KIR
LTI, 1828 4EHE[E K5 Friedrich
Wohler (1800—1882) EIJSLHLIRE (urea) HIA
TABNREEAI L ZRE A, 2 NN
TR AR K T A WA RS . I
PUG, A3 KRR = 0T 50 I ERARAL & )1 i 3]
F—REAHPITBRERRNEY), N % 2
EERA T, EABIR AR FO A 72 EE
A S, BRI — B B HES R B A ALY
PR A T e v DR 2 SRAG 2 B A < Bl
IE IR Ak i i b —H0 o 2 SCE K AR

ARSI DURM 2 3R E N T, T EA4HAE
KRN 50 A Y TR PSR R R, H
AR KIS, LR [ R AR =Pk H R
RIETIRE, JEAE R B A & T B2 R
TAE# .

1 51 EE 20 g 30 £

551 Jmi DRSSV 1901 48, fif 2405
2 Jacobus Hendricus van’t Hoff (1852—1911) [K7E{L
=281 775 DA HL R IR BRI AT A S HH DT RIR LR R
HJG, 161902 4F, 2 2 Jais VURMGEESmUK 4 | s
1558 Hermann Emil Fischer (1852—1919, & 1),
AR ) R PR T HAE R IR = IR (M 4584
3 FCTE T LA B M 0A £ B % 75 T A R 25 1 sk
Fischer 7EXTHESE B 70 IR DTRR B, A BI 1 HEY
SIS (isomerism) ZE[A1#HIML (epimerism), 7
OIFFEH 2 24 1) Fischer #6523 (Fischer’s project) X
WEISIARGE M AT FEAIHIAR o Fischer A il 1 &1 %0
(glucose) HBE (fructose) SFHLHE, A “HifL
27, WA, Fischer MBUILA S IES AL G145
WS BIIRTT, 4 7SR RAE G T B
EE % (barbital) 1EN]— RIIERATAEY 5L H
XPEE 0 BRI AT, S R IO AL T 2 ke,
TR B DARIEA T A L
A ENTUR. A NN Fischer 716 1744
b2~ (biochemistry) %},

1 Hermann Emil Fischer %
Fig. 1 Prof. Hermann Emil Fischer

1910 4, fEE{L¥ 5K Otto Wallach (1847—
1931, Bl 2) FETERRIEH IR A VST 7T R
kSRR DURIL 2222 . Wallach 7EHF 78 R AR
HEEE I R AR R, R I R R B R A AR
TR AMEFRAENS T, X515 PUET
IR AR 737 i A AR A PP KA
I, B e AT RIIER M FESEHR/N T
A AR ZE 2 AN 2 AL SRR
(isoprene) HA RIS ARG, HoTh Rz
AN TOIIR 75 28, 850 & B ARk 28
TR X RN E Yo 4 Al (terpenes). Wallach
% Wiz FH o AT SR A 2GR a0 HCL. HBr S5 @ 1
VFZ RIRKEI ) CroHye ZH 7MW IR 251, FFAE 1909
HERFTIE 600 RITHIEARZNE ki 57
(Terpene und Campher), M NEARHEA VS
VIR T BN

2 Otto Wallach 1%
Fig.2 Prof. Otto Wallach

Wallach 582 17 “ 5% &N (isoprene
rule)”: RIRGERWA DAL T IR G R A,
B UL AR FAELE [ R4 S 02 Hh 7 e M =k
AN TR TR ATAR ) o 332 I W7 B o 2 75 i 2%
P —ANEEEN, MR, BEETTRIRERN, A
REOAREP S BB e s 28R R TR
SERI T, HRRAE R R A I o I —
PRI, FEA R AR RIS .

1915 4, {H[E{L2%5 Richard Martin Willstitter
(1872—1942, K&l 3) FXFHEYI A FEF A4 R
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(chlorophyll) B FT U R 3R DURA 2K, 1927
o, {8 [E 14 % 5K Heinrich Otto Wieland (1877—1957,
Kl 3) BRI TS A Bh A I 2 B S 440 & 0 IR
(cholic acid) S HAHIAL AL I AT I O R 3R
W URe 2, JREE A AL ZERR (1910—
1997) F 20 tHhzd 30 SFAUE Z4E Wieland #IZIR T
T N JE R M S T 1 R

3 Richard Martin Willstitter #3% (%) 5 Heinrich
Otto Wieland #1% ()

Fig. 3 Prof. Richard Martin Willstéitter (left) and Prof.
Heinrich Otto Wieland (right)

1923 4 B R 2 44 73 T4k %% 5K Fritz Pregl
(1869—1930, K&l 4) HOISZAHRE ik ok
A VURM 2 o AR A WA S YR 7 pri B 46
N, Pregl #4242 55 1 A1 3R A3 DUR S BT b % %
W T 5 NS 2 (0 DL BT Ak 25 S E e Ak 1
DRSS G 2 —, ARG v BLJE TEE A LA
SRR IRA WAL = TR 7 A W] 2D ) S 301
R

4 Fritz Pregl 4%
Fig. 4 Prof. Fritz Pregl

1928 4, fEEAL% % Adolf Otto Reinhold
Windaus (1876—1959, K& 5) BUNHETE AL &)
WS EESR Csterols) H4E4EZR (vitamins) 4544 LA
S EATT 2 8] ) 9% R B4R 1) s R 1 2R 3R LR AR 2
.. Windaus I8 X) H [ BEROWE T, e A HY L
SEMY, 1F 1903 4R T I “Cholesterol” 2,
Je R SR I A — LEH [ A AU, ey S A
2R S B T Al Windaus 75 3E— 25 X6} [E
FE Wi, R T 55— AR &Y 2 A S

Cergosterol), WA I Z M i i 2Oty
Y4 D, (vitamin Dy)o T X— R BRI TR,
Windaus Z4% # I\ A 72 § 44 6% (Chemistry of
steroids) HIFFAIE Z—-

1930 4, fHE[E{L2%5 Hans Fischer (1881—
1945, K5 WEJ)TIMAE (haemin) FIFERE
PIVERT G5 IE, Rl LT 3R & BT TH A 72
FHHUAF TR R RO T 2R 3R DL /R 4k 22 3 . Hans
Fischer #( 4% 4k 1915 4F i Dl R4k 22 23R 15 %
Richard Martin Willstétter #(4% 2 J&, it — X i-4¢
A& 34T 90 . Hans Fischer & LA -4
#F, MRS A RS/ 50, IRkl
HE&RBEETHAWELSE, 5&ES%E &G
B, B R ERAE 11X 2 g dEsE S 4
HEAHEZEAEMEENE R RA™Y . Hans
Fischer /& 1902 45 2 Jmik VI/R{L 23R H
Hermann Emil Fischer %24, tHAHRIEFH Hans
Fischer i& /& Hermann Emil Fischer [{£ ¥

& 5 Adolf Otto Reinhold Windaus #i% (i) 5 Hans
Fischer #li% ()

Fig. 5 Prof. Adolf Otto Reinhold Windaus (left) and Prof.
Hans Fischer (right)

N FRA T REY T E &SR RO,
FEAL 3% T AT W. H. F. Kuhlmann ¥t 250
PIERTHIA RN, Pregl T 1912 i iHH —%
EBEN. . B KR W RESEIE
YNSRI A B AN ERE Y, Sl AW, X T
AL 3~5 mg REUEYDRL R RE 1T B HE R ¥ E B
FEL R, Pregl HIHEEN (MEEREI) (Die
Quantitative Microanalyse, 1917) —1i. FK[EE 4
HHA T A TIF IR (1900—1989), i 1 [ 1k,
¢ Heinrich Otto Wieland J&, X [RBE Fritz Pregl
B, e ES o R E,

2 20 2 30~60 FX

1937 4, FEE{25K Walter Norman Haworth
(1883—1950, 6) i 4% Paul Karrer
(1889—1971, K 6) FL[AZRFIX — 4 1) 18 VIR
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6 Walter Norman Haworth #i% (Z). Paul Karrer #{
% (%) 5 Richard Kuhn % (#H)

Fig. 6 Prof. Walter Norman Haworth (left), Prof. Paul
Karrer (middle), and Prof. Richard Kuhn (right)

A4 . Haworth #0821 3 B0 2 ik K AL &4
(carbohydrates) F14EEZ C (vitamin C) M) &5 H4H
i, Karrer HIE M EFER 2 RHE bR
(carotenoids)« 1% ZE (flavins) PLAHEAZR A F
B, (vitamins A and B,) HIHF5E.

Haworth H#2@dxf e, KM T EHA
1) “IaIRIT iRk (Haworth projection)”, iX
Tl 1) 1) S5 M R IE SAG U T G TR T B8 B LS 45
Mo MERIL T FBEAMERE LA I AAAAE, B
ReA Lo e AEAE, ZHEWVERy . 45 nT LIFE
PR S5 26 T K ARG, LA S (1) AR At S 55
PERT . 1929 4, Haworth Z% thhi 17 CHESR B9 1500
(The Constitution of Sugars) IXIREW, X HEIEILE
K. MRS T R R 45 . Haworth ZPBZIAHAIIE
THEAER C (vitamin C) HIE5H, IFT 1933 5L
TYEER C A K.

B A0 22 2K Karrer BCUIHE AR N FR 42 B3 55
B35 % MR (carotene). #4iAER A (vitamin A),
e T, PSRRI B-HE bR
(B-carotene) W LAFEAEMIRNFBEMENAEER A, N
HAPMH RS NHZE 1747544l . Karrer 1858
THAR By MG AL fE T —LeRA% M &
b2 E AR A S5H . Karrer B AYEE R
A2 BN A T AS H DT

TEREJE ) 1938 4F, fEER}%K Richard Kuhn
(1900—1967, K 6) NIHAERMKENE bR
(carotenoids) M 4EAZ 23 (vitamins) B 5T A1 HL
300 B R 3R 24 A 1 DUR A 22 . Kuhn 2042 R FH A
RS TR R 7y B AS B T R 4 AR oA B-H
b3 LS HAR S KA RS D& plsy, A
TR s 2R R KGR T HE 2110 Kuhn
HIZIESE N T XTEAE 2R AL Boy Be 545 HNE 54
G AR

1939 4F, fHEE{LZ K Adolf Friedrich Johann
Butenandt(1903—1995, K] 7) 5% 14225 Leopold
Stephen Ruzicka (1887—1976, K 7) L6435 44F
i DURM 222 . Butenandt #5035 42 BT A 0 PR3 2
(sex hormones) W TN, Ruzicka #3520 72 A
NIERRIERAMEY) (polymethylenes) DA KR
KUEY) (terpenes) W FTHEUAS 1 BCaR 71 31524 .

7 Adolf Friedrich Johann Butenandt #3% (%) #
Leopold Stephen Ruzicka #i% ()

Fig. 7 Prof. Adolf Friedrich Johann Butenandt (left) and
Prof. Leopold Stephen Ruzicka (right)

20 thed 30 FEARAE A, P2 AEF IR I
FHEATHEFE, Butenandt B 26 W22 A R H H EL
AR T MEMYEE Cestrone). M=% (estriol). THAA
fiil (progestin) FRI4H &t FE € BAT g T AR 2R i
G, Al SO 55 PR R S B A4S B T S R
(androsterone) =2 AR (testosterone), F B/ |
K1 $§ i (BEARR, progesterone). 52 HLFH & &>
Butenandt X X £8P I8 Z0F A2 B ) 52 0 DL R AH B
3 R BT T BERAMIBE AP, HRTE AR A R K
S A R 2 AT FT R AT R 7 54l

1910 4 ¥ DUR Ak 22 23R A5 3 18 1F 4k 2
Wallach 4 28565 R AR5 A& VI I 70453 Ak b
TIFREE 56 1) S I ) N, AEL R B 5 Bl T B RN,
I LR 2K Ruzicka KINEL I 7 & I AN AFAE
—E R R R R R S, TR
ZAE BN T K EARAE, (RS bR I AR AE
HAR T A b, FEE TR RS VI A LS
R RS R — i 2808 Ruzicka 7F Wallach [IHF 4T
Fepih b, X wE RS T, AP TR
B I M RN, R AR IR ) R I s R )
(biogenetic isoprene rule)”: FTA RINME RAA VD
LW "8 (mevalonic acid, MVA) &12HT4
HeREEYD, B TR G HE — NE TR
SR IR AR AL AT

Ruzicka FIHfE T — 25 Fms . i =
T AL 2225, PRI A — S8 58 AR,
HEAT I 52 U S AR ORI A AR, Ruzicka i858 K
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THEAEREE (nerolidol) FH4x & XKEE (farnesol) [
EE M, TS E TR (civetone) L5 55 7 il
(muscone) FIMLFE5H, MIRFILEH 73 B 15 5 F]
fil (jasmone), FXJHALZLEMHEAT T 1T -

1945 4, HEFL %K Alexander Fleming
(1881—1955, K 8).Ernst Boris Chain(1906—1979,

K 8) Fl1 Howard Walter Florey (1898—1968, K| 8)
UKL T E A RTUERAYEER BT,

penicillin, B 9) T3 [F] 58 3K 2448 1) i DUR A= BEF]
G, HREEARIT R, ernN R T
THEANGEMw. B, X— KR RS T i
St WO AU B L BRI R i — .

8 Alexander Fleming ##% (). Ernst Boris Chain #i% (F) #1 Howard Walter Florey 3% (&)
Fig. 8 Prof. Alexander Fleming (left), Prof. Ernst Boris Chain (middle), and Prof. Howard Walter Florey (right)

H
N s
0 “coon
B9 BSEEHHFEEN

Fig. 9 Chemical structure of penicillin

T 85 2 IR IR R, 45 B2 2 DL R bt A 2 It 9
ik T — K. Fleming AL T HHZR, i
ATV VURE 2L B4, 15 2 [R5
Hb 2 FERL R KA H NI S AETE T 3 RKILZ T,
=5 b 85 A 315 8 A0 R AL T iR U, B
f8 1929 4F Fleming K& 7 KT KMNEFF R,
HEEERBTRSAIEFEENEN, AN
BHAR RS S EM, 1 Fleming H XA
REEFRMLN, W 7t —PmA.
1939 4F, 7ESCE TAEMERE L5 5 Chain AI7E L [EH
TAE BRI 2358 52 5% Florey 5 | Fleming (1)
S, RBEFERAN, HEIEY . AR
S, UESE T H B R RIIRIIRL, IALE 1944 B
H N H TR

1947 4E, FEELZS Robert Robinson (1886—
1975, & 100 R NS R IR 274 50l 72 Xof A2

l;-'-\ i
10 Robert Robinson 1%
Fig. 10 Prof. Robert Robinson

Calkaloid) R 7Tt 5 3K 45 DL/RAE 242K . Robinson
P X — I U DUR 3R 1338 h B AR )
—RLRIRFM R, 2N “ A AL,

AR RIE T A A H B A — e B ) S A
GO, REEBLENRRTML—, HRZHUE
BRI RAELE COEIA), 2 80A Teo'aE BL A B
B AERENE . UGB TR B ROR DL R S
SEFAR B RA,  0FT- AP () B 7 B A 24 R M
[ . Robinson Z#%ia FA WAL HITR DL R & 1 5
WA, EIHE T BEM (narceine). BT
(nicotine ) « "G ME (morphine, K 11). %5 H
( corydaline ) « #f i & B (eserine ) . ¥ & &
(berberine) HE 71 ([T, strychnine, &l 11).
KAEHH (vinblastine)s FK/KALHE (colchicine) %51
TR R Z R AR IR g AP,

HO.

HO"
ik (morphine)

B 11 PBHER Dk F AL F A

Fig. 11 Chemical structures of morphine and strychnine

1925 4F, BHEAFEKZFHPZE Robinson K H
B A2l s M ME A — AMZ 0 R e B SR
WE IR R AR AL 22 5 4y, RIS 2 1806 4 AL {A I I Yk
WorEkoad LT A2 al, kR EEL
IR RE A, Robinson &KFAKIL L 50 ke, H
BRI T — RN L. 1955 4F, MmER) 4

&% T (strychnine)
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M2 X AT INEAF S TIESE. 1952 4, EEHZY)
R K S 104 2 24% Marshall D. Gates B 2ecfkiE 58
J, T T 4 R

Robinson £ 13 % RIR =M AW & BOSE A FIRN
WHot, B T4 S (biomimetic synthesis)

(PR, Xl T A P 25 A HE I AN AR P A
Bt — SRR, T 1917 F 1 KRR A6 TS
% 7 FEAER Ctropinone, & 12) 3, JRa T 44
B AT, AR BT A LA A1 2 SO A
RHreA:,

[S)
COO
CHO SRR
2R, pH=5
+ H,NCH; + O
-2 H,0
CHO o . .
COO Mannich reaction

12 fEmBARE &R

Fig. 12 Biomimetic synthesis of tropinone

Robinson HHEIEFEA NG M. ERIL T 3 4
H1 % b Pk s % (Robinson annulation reaction,
13) [Pl 33—l B B (M T N T IR R RS, TE
RGN T ERT EAEERZ L, AN
FENE BB F A A B B4 22 AE K BRURBR  (Wieland-
Miescher ketone, P 13). 4= KEKRKE & N L
B S B BE AL S YD) — M EEA JEORE, E AR AR
eGSR EAE ARG IREEHE, W
Danishefsky [ 4542 B 4= 45 iR Corey K IH-Ji

(longifolene) 44 Rt 1#14

0L oo o

13 TREMFRRE () S%HZE-KERE (6)
Fig. 13 Robinson annulation (left) and Wieland-Miescher
ketone (right)

Robinson #(#% & 56 i | % 5 55 2= 45 i M €
BEEATH -N/IER, ERMEEEMEX
Robert Burns Woodward S 1EXT H 1T T4 IE. 1E2
Robinson ZXH AT A VIWSZ I /0 &5 S5 e LA SR
FFIFEINETAE, JH 7 AN AR i Siia .
A, PR EEE: RIhA R T EE R Dk
TIREEZ Y, kA R R 5 R S50, 8
ME M EkRR R TiEah 5. RIEZE L RARAGYIL
SRR (1902—1979) E i )\ Robinson
P, AT REAEA LA BT TT .

1952 &, £ [E #2425 Selman Abraham Waksman
(1888—1973, & 14) BRUABLES —NH RO Hi4i#
P E REERE R (streptomycin, B 15) 153k
DURAEB S R4 . 1943 4 Waksman 54 1) %42

14 S. A. Waksman #1%
Fig. 14 Prof. S. A. Waksman

OH

15 EEBRMUFLEN

Fig. 15 Chemical structure of streptomycin

1ESE0 = I M 3B TR (K2R 1 Cactinomycetes)
BB R, X U S — AN REE A SR TT I
SN2 BER R IR IR T IR R 2= 1t e,
TEVRROTCE A A R AR, PR 7B S 9 AR 3R 1
EERANIR . Waksman HEA4E F2 B 9T HIRAN A =2, 4F
ARAEPUERI AT RS T2 R Br 7RI
BB R, RS RI TR E F (actinomycin). #
&R (patulin). 22 2 (streptothticin) Fi 5
# (neomycin) MIABEFIHUEN T, o kth G 1L
X LY T Sy 4 NP4 R (antibiotics) s —MZIA
9 Waksman 345 18 DURSEAMIE BT H R 5T 25
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2, MR NAY] T — R85 B PR T EA
FAR, IWMHFE T AR, R RZAGNR
[T, RKRHHES 17X T HAERMFL, Waksman 4
FALK YRR “PiAE TR 2”7, Waksman B AR
%2, FEH (M) (Enzymes, 1926). (LIEFAEY)
2R (Principles of Soil Microbiology, 1928)- {5
BRI ILLBRMN )Y (Streptomycin: Nature and
Practical Applications, 1949). (Fi# & ) (Neomycin,
1952) %,

1964 4, JilE 44581052 Dorothy Mary
Hodgkin (1910—1994, K& 16) #IRFEIE KRRV
SR T 7 T S BR RAE SR AR U DURIL 2238, 1R
e E Py S B NIRRT DURK I R R, W
A Ebr EgkE B RN (Madame Curie) BELLJE2E 3
RrRAG v DURM 2 R 0 R K

Hodgkin #(#%—E8U T HEZ A BIE R
VIt 9t . 1934 4, IEALESIM K% 311
Hodgkin 53 3. 2% [E 1% 5 John Desmond

16 Dorothy Mary Hodgkin 1%
Fig. 16 Prof. Dorothy Mary Hodgkin

EWETTL, N EEOE (pepsin) kL
BT TIE; 1949 4, Wbk TR T8 R L5
SEIRE 7T E; 1956 4F, Hodgkin 4% /i %4 8 Mt
o, AT TR X HERATHEXNYEER B
(vitamin Byy) ARSI FIRGE, NN SEI4EE &
B N TA RGBT T 5l

Hodgkin 5 EAERERRE, B4 8K
Yl 1972 4, 78 H AT ERAAT (1 by i A K
4= I, Hodgkin #UZ{ERL ERIEN AT ERZERN
TAE, Bt et St E ST A g &
FEEM . 1975 4F, WhiEsE (AR & RRRT —
e R Ay v ] ) il A AL SC & . I & Hodgkin #4043
[ EMBEHESE, TR ERE R U B LT S
471 I 98 248 14 TR X BT S 488 b (%) s st 3R A5 1 R s [0 4T
HIM7 I\ - Hodgkin 2300t E R 5T 1978 4 1R
IO AR ) E BB L AR T =B, 4
T T RE RIS EAB R ISR AR
SR ER G = .
3 1965 4F

1965 £, ZEE{LE S Robert Burns Woodward
(1917—1979, B 17> RIEF LA BT Z K
SRR A G AT 1 Rt 2R ARV DR f 2, R
Woodward #04% i Gt # AN kT 0k, B T EANL
AT, M SRS . RO %
Z /N T SR DTk, K Woodward #
R 20 LA KRIAIL R, W RAR =)
T 53R A5 U DL7R 22 0 R T e A8 HY AR L

[ 17 Robert Burns Woodward #i%
Fig. 17 Prof. Robert Burns Woodward

Woodward #24 “IMARAYEGHZR”, —4E
e A2 A ANlE H IR 8RR aa e (B
18), WZE7* (quinine) M. fJHEEEPY. A7y
(cortisone ) £ EJF BE (lanosterol ) . Fi| Ifil *F
(reserpine) P, 19322, /g (lysergic acid)+
Mg 2 B PUIR & Ctetracycline )« FK 7K Al B
(colchicine)+ ki & C (cephalosporin C). 44

% B &,

1944 4, Woodward F1[H]ZF W. E. Doering EAf
FER T BTG, WA ATREE, 15
B TACE R RS, SO ARG R B
BRI, JF—FAAN Woodward Al Doering
R SLARIE R SR (stereoselective reaction)
fR5E SUFEEAE T R, THEIAE 2 T A LS Btk
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FIF (reserpine)

(0]

WOH OH|
e
y\H H oH
HO N

Y2 # By, (vitamin Byp)

18 Woodward FER 2 A BN — L8 RRA L F L
Fig. 18 Chemical structures of some natural products synthesized by Woodward

PRGNS bR B ) AR R KR R L, 1951
4, Woodward 58 95 [IH [ BELE A Y 22 A2 [
A 2GR, hE it & TAEREEY
B ISR BERA BV B A BT A A BART,
Woodward PG F A A5 FB, Hi@id IR, UV
A CHN 73 #rmidsifig e 7 2HA 9 DMLk
[ A 4 40 ST A 5 K S 1 ) Y, 1956 4,
Woodward X EE— A& H TR 1) 46 ik 28,
X R 1955 AFR - AL 2= 55 2 e RAE 14,1
BRI B9 45 2R f-~F AR ACE 4 IR, R
T B2 Woodward 31538 VURS G 5E i 1 4E4E R
B, A&, ENMERRAINEERIE 11
I 100 N, HUFR Woodward 4G U7
P AAE, A NAREE SAEVLE BT
i s ACE AR Y, YA T T, Woodward
AR GRS SRR B R AR R
BAR, RIS RS A BRI Y R RS D B A
W6 OSSR AT T T

Woodward (% 1EA W& Bt #2 B H 204106
AR b 2 B 5 R e AR T IS,
WA R SR 7 ) 45 1) % 5 T T L EUAS 1 VF 2 B
o tHAKEEIARE, Woodward $2H T H & & IEMAM

B-MEEE L5, 21E T R E L2 Robert Robinson
I IATHE H IR A M HER . BBk, AR TER T
B ERL (santonic acid)« HEkTH . # % &
(patulin)+ =55 2 (terramycin) %% 2 (aureomycin)
WEIEN (cevine). kFF & (magnamycin). JRE 5
% (gliotoxin)+ TT#kF % (oleandomycin). %% 2
# (streptonigrin) ¢ 3& 24 WHFE R IR F= 0] K 5 R
(tetrodotoxin) P7EEAT JL RARF=HII L5 M %552 o AEN
TEWRE R LI, Woodward KL T —2RET T AR H0HY
FTAIRFEWIRIRIA N EERAL A (macrolides), FX)H:
AW R R R R AR A A . 1952 4R,
Woodward 5 Geoffrey Wilkinson (1921—1996) &5
FLHEM 7 %%k (ferrocene) HIIEMZI, 3147
G B AT L HGE - 177 )5 Wilkinson 5 Pauson.
Fischer KX} & J& A AL 222 H DTk 3RS 1 1973 4F 1k
DURMA 2
Woodward 75 AL 5 A H 7 8K
TR 1941—1942 4, ik 7o F45 58500
ER PG R, FERAMEHE TS e LAk R, 2
7 Woodward #E . Ji5 >ReAth )RR BN L0 AR 1 1)
O FERNILP 1A S B P il 1 30 Rak4nsbt
K, FELAAMDGIEREE A NS T AR [ B
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PERVER . fERIh e A& iR R B iR,
Woodward AR KIAE [442] KGN H G B
A AT LASLRAS R SIAR L 22 ROV, 15 2N 1
AR FEY), Woodward SR E . HELET
144258 Roald Hoffmann 3838 i X0 3 48 g 3 KA B 92
ANBIBF RIS, R4 T AR R R
E. ABFEER CHIEXNFRTEER” (The
Conservation of Orbital Symmetry), X F#X Woodward-
Hoffmann #1 )] ( Woodward-Hoffmann rules)**!, “#\
TE X RR AP E R R A H A AR e —
(Kenichi Fukui) Q32 [ “FIZEIEH L  (frontier
molecular orbital theory) Atz b Ik e 6 18
PRI, 1981 4, HALZEZEHH—S
Hoffmann KA K s G 3E (Rl 5= 3R 1 DR A 23
CRNERTPRSFER BT DLAL “RTZREIEBNIR Y 2 X)

B EE R RS, HOPRE 20 4D 60 AR
DL i BB AL 2 BEAR
4 20 42 60~70 FK

1969 4%, #MEiit 5 % Odd Hassel (1897—1981,
19) FIH[E 1225 Derek Harold Richard Barton
(1918—1998, K 19) BN AR A ChbE. K
IREE Csteroides) FEALA WL AR Y ()0 T2 K
T SLARAR SRS, T 3 [R] SR 3R G 4 R DUR 2

Hassel % HI CAEAT, B X GTERATH 5
FORN I OB EA PR SR A T I SZAR S M AT T
INE AT, &R H T4 (conformation).
f k) R (chair conformation). M=% (boat
conformation). %5 #T1 (conformational analysis)
S, Bg MR E I IS T AR A
J7iF, IR X SRR ER R 1) H K DR

Barton 14 Hassel 4 tH [ 14 G 43 47 i 21 FH A £
WAV SIARGE R, B B T 2 IR A
= AR (configuration) 5#% (conformation)
PR R, H— PR E T A VSLARM S 1L  7E Barton

[# 19 Derek H. Richard Barton #i% (4) #1 Odd Hassel
R B

Fig. 19 Prof. Derek H. Richard Barton (left) and Prof. Odd
Hassel (right)

AT, BEFZ SRS V) STAR G 3 AT B 5T
Al Y “IREMS” (equatorial conformations)
Z A B A RE ) . FERXM R, AR50
S R A i e YT WO : S C2 i 1 M PR (RS E2
H#H. Barton WA RIFEIVERAT 7 HEPI0. )
ZuEE It ge, I B LR R R e —
FEHN, KR HT N T AR — AN 3R Y
TH,

7t Hassel & H 13 et 5 o fr il -,
Barton FJ FH X AT 5 A AR E W) 7 4544
AT AT, BAER T 8RR 3 NI O
BEVL B BRI — N IR B SR A B R DG &R, I
e T — RS IA L EMRIEER, RERE THE
(configuration) MIMES, SEFEMRE | BRI ED
HISTARGE g ] H e B . 20 tHh4d 50 AW,
Barton J¢ TR RT3 4 SCPOA TR %, R
FHRGRE R R, FE2FEZINA, BRI
Sl N/& H 1874 & Jacobus Henricus van’t Hoff
(1852—1911)#1 Joseph Achille Le Bel(1847—1930)
FEH IR 22U LR, SEAREER T B —
MNEIERREE, MR BRERGIN, R AR
T LA T TT IR, WSO B B — AN AN AT
RISy, HOTERZ KA E M. [FI, H4495
F DRI H ST AR S5 4 R R M B AE A HLAL 22 Rl = A AL
B R R S b A IR B A, T AR
JoT R AR R AR BV, AE 25 9T S N A A
HEHEZMIEM.

Barton F#5 (1) H At sl G 785 B B B 25 I
FOTI, KW T 3 240G e £ I 00— P i (5 7 7%,
JEBFRN “ E#i s B (Barton reaction). DA R
B RE R RS MU R RPIH RN E LS.
1994 4F, Barton (4% 41k 4 T [E B} 2= e S E B A o

1975 4E, HiAbZ 5K Vladimir Prelog (1906—
1998, 18 20) RIAHFTEA N> T S AL 22 A0 B ML HL
31 BBt 5 9 E 4k % K John Warcup Cornforth
(1917—2013) 735 T HEERE TR A3

‘ﬁ ,F
ﬂl = '

20 Vladimir Prelog &%
Fig. 20 Prof. Vladimir Prelog
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Prelog HF A TAERT SO AW0, A ()8t 95 i
W TR Z KRR AR A (configuration )
Prelog IR A FL T 1E 8~ 12 JLIMIREEH 14 G AL
FAETERIR R, WA NI T B R 2 B0 [ R 45
R, BT BB RSRL E IAS [F) A 25 o s S
e AR e AR, RS IX URIE F0 il R VF 20 B B S R
Y S FSTARF YR AT AT . 1956 4, Prelog 53
S AL 2ES Christopher Ingold (1893—1970).
Robert Sidney Cahn (1899—1981) — i 4 %} ¥y 74
FIFRIC Bl R/S (rectus/sinister, 7] 3C “A5//7) 4K
REINE WA, T IR IR AR BB AS A B8 1 37
IR R R/S FTY i 44 T ) TR IA F Mk
JEFHIMAL, T 1970 4E4% FE PR 5 5N A A 2 A
2 (IUPAC) KH. N TiHZER “AXFRIE” X
—ARAEE AR IR, 3 AR HAL IS
“FHE Cchirality)” Konsr 5 F R AE S
Jio AATHIM S E ALK iZ 8%, INITTNAL
AR R BE TREE A . Jaok, Prelog JTH4h
WA 0, IR T VR 2 iR R SR o
Eean &R 3 78 1 M RASWMAE DRI E =
(boromycin). Prelog JEAEH4 G I 87774 () 5 Wi B
P VAL E [N il RS/l SRSV S S E S S
TR SIAR L — 1B 4518
5 20142 90 R E 21 HE24]

1990 4, FE[E{L2~5K Elias James Corey (1928
—, K 2D BFEAER R RRA IS YIE BOT H )

KM% (longifolene)

CHj

@
N. CH
CH; O)J\/ N
cl] "5t
N

: 0CH; O
S~ CH;

MeO

FEEAZ (maytansine)

OH
N\—=">"cooH o
Z _
OH

AIFIRREE, (prostaglandin E;)

Ecteinascidin 743

BT R 3R v ULURA 72, b i S ) sk it 2
RIETANA BB ITES, GGtk d <
G B i (retrosynthetic analysis) ”. il /2 4k
Woodward #URZ 5, XR34S DRI 2
AHLE BRI

21 Elias James Corey %
Fig. 21 Prof. Elias James Corey

M 20 28 50 ARG IR 30
ZAERFAI L, Corey HAHIHIATER 1 EHANE %
RIRP= 4 e (B 22), k@t 80wz
fi 2 E\BY (prostaglandin E;, & 23). 4145 g B
(ginkgolide B). £ & A & (maytansine) . Et 7430
( ecteinascidin 743 . trabectedin ) . = M T
(camptothecin)™), £1 % 2 KK P A Cerythromycin
macrocyclic lactone A). H =% A; (leukotriene A4)
o X Corey JLMNAINRIE A BOHEAT R ZA 41 .
TESEE F RN 6 I AR, Corey #dszid i
HEREE, QEEREE 7 WA ok
(retrosynthetic analysis)” B0, #0445 BB BE 2
MELE ORI 462 IS o] — 20— B & ARG e 2%

AT NEEB (ginkgolide B)

\_/

N
\\c‘
OH O

BB (camptothecin)

22 Corey TR A MK —LEERRRTMUFEN

Fig. 22 Chemical structures of some natural products synthesized by Corey
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0

OH

BnO Q)\: H

=g = O~
—_—
N _
o) ~~ ~cHo HO =
OH

OBzP

23 Corey A AITIIRE E, B5LkE
Fig. 23 Corey’s total synthesis route of prostaglandin E,

HbRm=9, W&o N Bisr=yiraa s, 8H
FRr= AT G Ia ) “ W ml “YE”, BB EHER
BN THE, kBB, B
SEMITTER. BAR . BRI/ PG R, R4
AR, BN FREERITE, A i
BIHEG s & — DA, RATIR B, 45
G HSWHAEN), Corey BIIRT | (G A
&) (The Logic of Chemical Synthesis) —15, 4
WIS o, ARG E K. Corey Hid%
GIER) “WE IR BEREIE R TIEER
FRTLT e MYE e R A GBI 2R, (2t T
SIEILHERAIE BALF ) E K JE. Corey %
FETFRIFE R I B R BB & kot ks
FALE 1969 FEEtEgm ] 1 — MR HL
B g 2k Wi I FE R OCSS (Organic Chemical
Synthesis Simulation); X fnfl 54t N &R THEHL
B AR BEER S NEWAL G B R A E B, XLy
EIIE L E R TR Ok #E A A B A
ChemDraw DL AL 245 R SciFinder 55 H
Bl. Corey AANLE ALK T — 37240,

Hi £ #l2% 5 Richard Robert Ernst (1933—, [
24) BRI W] T A8 B AR AR RS IR 7 ik A — 4E %
WEIEARFEARIRAG 1991 4F 1 DURAL 2222 A AE =1 20 9F
MREFEPRPEE  Chigh resolution NMR spectroscopy )
FHAEH T A TTER . 2002 4F, Fi L RF2ESK Kurt
Wuethrich (1938—, & 24) [R& B AL REILHRE
AR E R oy T = dEgs ik, EEFR
%% John B. Fenn (1917—, [l 24) FIHAFR}F K
I H#k— (Koichi Tanaka, 1959—, [ 24) KA
TR Sy 7 BB A A, iR R SR 3 DUR
2z de . X LR S BARE A X RIR =Wk T B
FERE T, AR TR SR N 5 A R IR = 25
K E S it 1 o I HOR T B, AR E 1%
RIRFERE R RN E R Tt F I R e

2008 4, 3 A3 HE B K A E (Osamu
Shimomura, 1928—, & 25). Martin Chalfie (1947—,
Kl 25) Fgkskf@ (RogerY. Tsien, 1952—, [&25)
Rl R B RN T W) 2% 9% 6 | H (green
fluorescent protein, GFP) LA J& W Aff 51 i 3R 15 24 4F
W IR 52

24 Richard R. Ernst ##%. Kurt Wuethrich #i%. John B. Fenn ZiRXFHETPH—5E WNEERH)
Fig. 24 Prof. Richard R. Ernst, Prof. Kurt Wuethrich, Prof. John B. Fenn, and Mr. Koichi Tanaka (from left to right)

25 T#H& (7). Martin Chalfie (F) FiskkiE (&)
Fig. 25 Osamu Shimomura (left), Martin Chalfie (middle), and Roger Y. Tsien (right)
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WHE A Z N T AT, O& NI
AP R} 2R T A0 B B B R b il TR Z —,
AT T8 B 1 AR D B AE IR [R] | #4% [8] 77 T 1) A8 4k
DA A )25 b Ty RE PRI 2 0], a0 K o 44 428 40 L ) ¢
B Ay iOr K& RO BRI R
L, 45 DL TE 3R AT 55 2 A2 4 22 50 o o0 0K
CHEWNT AR CHENNT R TR — Le B R AN AR
A AR T A RO RSB 9T, S “IE T B
IEAR R “AM2E”, XAE AV S — AN R
K.

6 20154

tE R R B (1930—, K260 5HAR

25 KA (Satoshi Omura, 1935—, & 26). %

IR2ZRL 5 William C. Campbell (1930—, & 26)
FLFEZRER 2015 4L vh DUR AR5 R 52 R ) 24
BN R IMPUER R W) # 2 (qinghaosu.
arteannuia. artemisinin, P 27) WK TTRR AL,
KA AT Campbell & PR AL [A] 5 BT 27 A HURRRL
Zifm i & (avermectin, P 27) kL.

J& W A SRR v DR 2 N % e o R SR b
=AM Rid sk ET DRSS b, KIH &R
MR R E . B R UL E . IHE
M R RL 7 R W S e 3R, B 2= DR R TR =] DL AR A
FAMLAI R KR A v R . HERIEN—
AR R IR R I, YR T T NI A,
FE 254 0% F s bt — 4 N W@ H =)

26 EBYMHEIR (). AFEHEIR () F William C. Campbell Hi% (H)
Fig. 26 Prof. TU You-you (left), Prof. Satoshi Omura (middle), and Prof. William C. Campbell (right)

0= 0
Q
ciy/ o,
- 07 e,
CH,

H OH
Fif4E 2 (avermectin)

HEZE (artemisinin)

& 27

RYUERE & (ivermectin)

HaR. MEEER. FHEERNLFEN

Fig. 27 Chemical structures of artemisinin, avermectin, and ivermectin

M SBT3 R AR D 2
B Y EIESERUREEZENE RN
—o A GRS N R I R R ORI G
F, PR R DA EAE (B HUR, river
blindness ). #EL 22 #1955 (lymphatic filariasis) &%
A, (A AT DL A HAh B A Ao, 9 N R AR
B 2T A HU B S LA g B iy SR B K 1) A B R0 356
Bl 78 20 4D 70 FFEATTER, H AL R (Kitasato
University ) KAt &' 5 £ [ Merck Institute for
Therapeutic Research [}JF}5 5% William C. Campbell

B VRN AE A7 AE 33 B GO ) v A R AT B
T, GRKI TR R— —ME ST NERIR
&, HEAREP) AT A RTEE . Merck
A F] DO BT R IEAT T a5, R gt —
ME AN T R R AR AT TR (e
D, HASEIT R REEE S 4R R
(ivermectin, & 27), JG2K Merck A RIFHAER =
VE RGN . PR AR TR IT R X 37 A
5] B E R s AR T R AT I E
P R RN R B SR IR o, AT SR AR B
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BIa BAER R, WA R B RIE B R K
1097 NEUR 2 MISERE I RN 2 — . KA
FAIHNFHFEDEYE R BT, Rz e g T 5
geERb kN, e R 7L 500 R EEEY
TEPERIAE YA =4, Ferh £ 30 MOT R B2
R 2], AR #E 7T R, RN R
TRHE T BHLE B E R F R R R . Kb A
2005 41 o E TAERE A EERE L, 2 ECE )
3B HEERE Lz —,
7 RE

23S KA RN B SR 7 126 T T BT R AR P2 40,
RS Z B RRIEE . X T R0
B FEAAE Hr 250 R A i B 2 R R Ak B Ay B 2
IR R, R BUR R SR 7= Ak 2 46 R 1)
BUA B 2 KA T B 3 e BT AR IR BBk
i NA U F R A AR AL | i EEHES) ) .
H 1 S 28 R 26 I E O A FLAG S5
BB AR — 03, AMURILE — > EH KR
BAKCF, i DUR b S35 42 (3 T4 P,

ki, O 2 NBEE R W2E 8T
MU RS 7 DR 332 4, ilan, SEE DD
A JE M0 OK 5% 56 M B 43 K2 Seripps i 7T FT
Kyriacos Costa Nicolaou ##% (P 28), b4 it
FBIBNC L 5E R T G EIZIE (taxol, P 29) B2,
RIFE (calicheamicin, & 29) fEA 120 2AE A
RIRF=WII A6 i, BT IETERHT e A I R
SRR EE R (maitotoxin, & 29) HIEH AL
P BT BRI AR O e . 55 BERG R 521
f# XN (Yoshito Kishi, [#28) ¥#%, JHp =2
JE#ZE (tetrodotoxin, & 29) PG TS MK
RPN IDHETETE R (palytoxin, K 29) P4
. SEEGIMF K2R Steven V. Ley ##% (& 28) 4
SR BINC A TERK T2 150 NEARIN=VIN]
25, BFE spongistatin 1 (& 29). HIHER

(rapamycin, & 29) 5. 3 E&HE HIE K1 Samuel
J. Danishefsky Z(4% (18] 28) 4511 A BA 3 37 58 A%
TEREYY BRIEEE (epothilone, & 41) BLK
UCS1025A (I 29) SRR I EE K. X
YR IR W 53§ GER TR, B RAE A BT AR
BRI FAAETEMEN, BITRZHEA %
PRAYEYE, BR8N R IR YT EE OB 2 ) Bl
BV SAE R RE NIRRT o

FER IR 22T S, Bt T U DR 2
3% N 24 J@ TG R #4% (Koji Nakanishi, & 28),
Hom R U SRR VR . AEYETE . e
AR INEE (ginkgolides, P 30) ML #) L HAE
FAMLEIEAT T RN T A T 5T, HA TG PR oy B
FIF B i NS, R AR =W 78 1) SE Bk
T, IEIREIR BB T RINE VR (1)
WER, BT 200 S B R R LS R8P
VIR o3 G580 %558 SR R AL, A AE R AR
PR B OUH R E o I 5D
AR AL A K G S e (REAR B AN 1 RAR ™
VI EE K48 ) 5o R e 7T 55 2 Ui X
13 7 BE TSR S IR TTER, R AR
IR N R RIRT MR SR R R i
IRAZ 3R AT 2 A [ oK e B A 20 (1) 2R 5 2
T, PEHEHE K224 S 2%, fh— R R
it 550 Z At A G AN, a2 2 A A A
TRARFLA K R 52
8 ZhiE

AR 2 8 3R VUR B N R IR =P
WEIE . S LA RHARTF K i R ok, fR
TR MR A SCHAFHSEAI A1, T 1943 453 DURAE
5 R RGP R ¥ X Henrik Carl Peter
Dam 3£ [E £} 245K Edward Adelbert Doisy & IlL4E4
2 K (vitamin K) FEx5 H#E AT THEFE . 1950 483 UL

IRAE P SR ARG 4 £ E Bl 2% K Edward Calvin

28 K. C. Nicolaou #i%. FEX A%, Steven V. Ley Z#%. Samuel J. Danishefsky ZURFHh A EF/REIRT NEEH)
Fig. 28 Prof. K. C. Nicolaou, Prof. Yoshito Kishi, Prof. Steven V. Ley, Prof. Samuel J. Danishefsky, and Prof. Koji Nakanishi

(from left to right)
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(6]
H
10, OH °
NH7Z 2
NH
HO
OH OH
EAEE (taxol) R EE R (tetrodotoxin)

: oH L —E0 & LOH
Z : I;I() s BH gy 20
HO [0 © 0
0 o gy, nH Ho_ |H
H> H H (6]
H 0. wH
(N
<
H O 0.
PH 0 HO;_I L J=on
< . O ONa RO nod et
O Y OHH H HOH H
HO o H i )
HO :\OH H - 0. 0. OHO]—(I)/' A OH OZA OH N .‘\\OH
OH \H O HOH H')
SO0 DY 0 SO0y R0 OH
HH a1 aghH Hog oof B AGH H o
HO OH Ho” Y10
ot Ho OH

O OH O

spongistain 1 #HMAFZE (rapamycin) 18 KB (epothilone B) UCS1025A

29 —ESRRRMNLFELEN

Fig. 29 Chemical structures of some complex natural products
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(6]

\ 0
- SEER N E
K s 18R s An

) )

HRAT A BRK R=OH

A WEE A R,=H, R,=H, R;=OH
AT WBEL R=H

RAAEE B R;=OH, R,=H, R;=OH
AT C  R;=OH, R,=OH, R;=OH
RATAEE M R =H, R,=OH, R;=OH
AR ] R;=OH, R,=OH, Ry=H

30 SRENBERIILELER
Fig. 30 Chemical structures of ginkgolides

Kendall . Philip Showalter Hench #1¥i 4 &} 2% &
Tadeus Reichstein XJ 5 _FJIf 7 Jii i 2% (adreno cortico
hormones, ACTH) M H &5 5 W8 nidi4T 1t
Fo 1952 FFEEE A F K HE TR Archer
John Porter Martin 5 Richard Laurence Millington
Synge & 73 BL (3272 (partition chromatography )55

e 5 AR A v DUR 22 PR AR 2 A1 5 R AR
YIRS TR, IR a4 oK ) DT ik 32 A v
FELLR LA T T
8.1 RAFHINAZI

I AR R R AR I E A, BB
FRpk 2 B M BOR IS5 i e &4, ke
PNy B A B B AV AR, AR AT KRR
Y ER U — 2 TAE, BARHEAREEGIR,
H2 BRI AR S LA EMER I T BUAS BCR 1Y
MERE, [FIRE, RIH LGV RS E . &
MV 40 W7 5 AN BT SR 2R FRDRS ORI T8 (R R R TR A
BHEBEMER, 1 R—VIRR= Y0 S R4,
XTI TAE B R E 2, Waksman K I EE 5 &K DA
KOTHCEYIRIEFL;  Fleming 25X HHE R KIS
W FORR s e Wl 245 e LT v 2R i e o A
AR
82 RAFHINMRMRSEHEE

] B AL B ) 2540 5 1 I R AR = A 2 0t 9 B
FERMES, AR Z BRIV FEAH 3 DR
WIRAGFH L LR . filhn, “Rifbz5e”
Fischer. JE¥ A ML E VI FT 25 N\ Wallach,
“HAEWptkz 22”7 Robinson &, IERAMATIETA NEEAE
(RIBIE FE R T T RIR =I5 3K 11 5 R R A AE
BRI FEENE
83 RAFHINEEMSLEIE

RIRF=W a6 E AR T AN LS, JUEE
AHLE R BT AR K fe 5 o, BRI RcA

AU 28208 B U8, T DURBE M EA 52
SHERET L, WGt 2 RR W26 NS
KRR L ULE T mil ) e, BEE A R
ez AR ALE . HERIRTH S EW K B, —1
N —AGERIRR I AR R IR 4 Js 1) R 1 AE B
TR EF IR, KRR FEAEHES) A HL
AR R R | O EERER, —EE
B R IR =) 46 W EE 28 O A B 22 R R 1 B R
o DR NS R IR 7= W4 AT T 3R A5 0 DLJR 2
FIRFEZ 4%, Woodward #(#% 5 Corey #U% K
FioNEEE, AN WY “Corey 4 L2
— I I™ERI R, Woodward (146 B2 — 14
KINZAR,
8.4 AHFIEILRIRD

RIRF=WI RN 22 A6 5 PR 0T 1) 5 2 VA K Hh
WO TR R B, e T2
BANAC B, TXSeEIR i N S K R Wk
— BB TR L, H RN BN G
WA TR R . AR DURESASH 1, iX
FERTSBI A EMCS, a0 Wallach 383 % R AR FE R
G VIR FEHR BB FA 5K )38, Haworth I8 I X}
B 25 MR e th 17 2 4 4R R T (Haworth
projection), Ruzicka 181X KR5S 2544 (1) FL g2
H T mESR AR YR S AR (biogenetic isoprene
rule), Woodward it & 4E4E 2R By SEHE KRR
VIR EJE KA T F A0 “PUE X PR EER”,
Bartont 1 Hassel &5 it KA SRS VIR 1)
B 50 42 H IR R AL & W ST AR R B A REE IR (the
concept of conformation and its application in
chemistry) %5,
8.5 KA BRI AR

FEIXAN RIS R AR DR R A9 DUR SR RN
HBIAZ, HRMITKTTEIREIA T EE, RV
W TS BRI A B —F ARG AR, BRI AT
REMEAEZN R AR W S R, T B & BIF IR N
SO AT BRSE W TR EK, (R A A
FARIIAT BT R & - 2002 4F 1 DURMEE 2 3 443k
2 RAEAES 7 AT BOR SO ) SO T 3R 2, 1%
1E R 1 WUR AP Ze 23 ) Bk 7 Fons A AT 25 22 o ik i)
WKEE -

HARPAEE I B R Z2 i ik 17 A ph 2R 1 2 4%
PE, AR R 2 R R E L AR T A R
IS, K E IR R f 1) 50 1) SRR g T A0 1) 2% A
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G T A AR RAT Y, XS WEi K
ok B 5 ZHEAF KT RE S P Rl %mu
R, KRR T TR T AE) . B
e PO N ﬁﬁ*?%%%u&
AR AW Q1T DARIRWIN & S it 5T )5
[ B A2 AT R R — € AR DUR SR L TG &
BAME LR ERHTENREREERE. RKCONEHE
Fidn s CRARGILS LIERTI) 2 —, WHELE
&AMk, SO R ik B Mg, fEE A
JR A R

SEHk

(11 Z %, $MIEE, Y. BoRR G REEMILE
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