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Historical story on natural medicinal chemistry: Biosynthesis of natural products
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Abstract: Natural products are the main resource of leading compounds and new drugs because of their unique chemical structures
and strong bioactivities. Through the primary and secondary metabolic processes, the plants synthesize various types of natural
products only using carbon dioxide, water, and enzymes. Some of these structure-specific bioactive compounds have become the hot
spots for organic synthetic chemists. To figure out the biosynthesis pathway of natural products is helpful for the artificial synthesis
and structure elucidation of natural products; Meanwhile, the principle of biosynthesis, reaction classification, and reaction
mechanism also provide inspiration for the research field of organic synthesis. Chemical biology and synthetic biology based on the
development and integration of natural product chemistry and molecular biology also promot the birth of new disciplines.
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TERPENE UND
CAMPHER
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1 (FEX5#EM) AYETE & Otta Wallach (Z2). Leopold RuZi¢ka (1) X Albert Eschenmoser (%)
Fig. 1 Cover of Terpene and Campher and Otta Wallach (left), Leopold RuZi¢ka (middle), and Albert Eschenmoser (right)
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FRIBLA R R BEE 1 3. FLRLAR i R 3RAS T
1910 1 NURMLEE R

Bt £ IR B R T 228 (ETH Ziirich) {225
Leopold Ruzicka (1887—1976, P 1) 7F FLAiAH AT

2-methyl-1,3-b d'}k/mil )\/@J\/
-methyl-1,3-buta 1en/ = |

head head
1) (0]
)H‘; y \’ \ij/
mail [
carvone
spearmint oil

2 REZHKREHEESHERE

Fig. 2 Carvone synthesized from isoprene units
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(isopentenyl pyrophosphate, IPP) Fl— F P iR
(dimethylallyl pyrophosphate, DMAPP) H:Z 5l
R EWIRI AN A . 1953 SEARSRE T “AVRK R
S HN (biogenetic isoprene rule)”:  FFE KA
KA IREFF2KE (mevalonic acid, MVA)
BRTAEHRNEY), B R E YA —
AMEER R R iR A, B 3. HT
Leopold Ruzicka fERSRALEH). SRR MR
H AT TR R B, A ) S5 == o A AL
WA F A 0o Leopold Ruzicka A 3RS T
1939 4Fif DURAL 2 . 72 H1E], Leopold Ruzicka
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(1925—, D W 7S KRR,

CH, o)

Hs g 9 P9
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B3 RIKTH. RIGEZHBEBE _RAK HEBRNEN
Fig. 3 Structures of isoprene, isopentenyl pyrophosphate,
and dimethylallyl pyrophosphate

2 EB2fR3Eit (polyketide theory)

1893 4E# [H k225 John Norman Collie (1859—
1942, K 4) MR B i &8 B &R
(orcinol), B AE 1907 4 X 53 85 th 1 41 Corsellinic
acid, P& 5), R0t 2% R HEIIX KA AP RE
Wi WA E EARESUAEH (ketene, CHy=C=0)
REM, FHENRZ AR L (polyacetyl) 2K
A, X T AL (A0,

Collie 1) HREL S BBV T Mt LU,
1953 4 K F) WAL 25X Arthur John Birch (1915—
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4 John Norman Collie, Arthur John Birch #1 Robert Robison (M Z 2 %)
Fig. 4 John Norman Collie, Arthur John Birch, and Robert Robison (from left to right)
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Fig. 5 Structures of orcinol (A) and orsellinic acid (B)
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the Chemical Society) 1555, Birch ¥ 7 KNI
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KT BRI A EF] 20 AT 50 4EA8 1Y Robert

condense, -H,O

N

cOoH enolize
HO OH

orsellinic acid

6 4NZCRBERRERNBIRCEH (BRI 2 E =)

Fig. 6 Condensation reaction of four acetic acid give an acetogenin (polyketide is a formal intermediate, not always having a

real existence)

Robison (1886—1975, K 4) KL T JLERAR“
i 2 AR IR R, 1955 SRR AR T H 3
1E CRIRF=II LG5I R ) (The Structural Relations
of Natural Products), $2th T 4 AW U, B
Frid i 2B X 2 (polyketonmethylene theory ),
K H BB AE A B (polyketide biosynthesis) i
TR .
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Urey (1893—1981, K 7) KI 7 EA (deuterium)
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(R 2 TRAS 1934 4R DURME S, 1934 4%
[E B} 25K Frederic Joliot-Curie (1900—1958, K& 7)
A Tréne Joliot-Curie (1897—1956, B 7) FKid (1935
A IR ARG E D KT N TS
(artificial radioactivity ), 1940 £E K % 1950 4471 & Fil
TR R MC, AU R A R s R
IR ERTEE RS R, (S8 72 B
FRpt 7 EEAR A AIA SRR, AT ST R
T gt

20 thed 30 AR EEHE LI R F A F 5K
Rudolph Schoenheimer (1898—1941, P 8) . T
F T A7 2538 i 2R 4 AR 7 4 i g 9 TR
Schoenheimer []BA ] Konrad Emil Bloch fi 1
(1912—2000, K 8) HA= 7 XMI7%, FHFRHATH
WEERWEST, Feia At 7R E R A& g, If
) AR . PSRRI R D SRR T e [ ),
185 [E B} 2% %K Feodor Felix Konrad Lynen (1911—
1979, & 8) & 1 & FOIH [ e i R 4 Wl il A
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(acetyl-coenzyme A) 251 S H 5 EIITRII K R,
TNGFEE T 1964 Y DURAR A7 B 2 2 AR I
PART, Fritz Albert Lipmann (1899—1986) X4 & I
HE A (coenzyme A, CoA, 9), 3K1F T 1953
SRR DR AR B A
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7 Frederick Soddy, George Charles de Hevesy, Harold Clayton Urey #0 Frederic, Iréne Joliot-Curie k33 (MZZIH)
Fig. 7 Frederick Soddy, George Charles de Hevesy, Harold Clayton Urey, and Joliot-Curie couples (from left to right)

8 Rudolph Schoenheimer, Konrad Emil Bloch #1 Feodor Felix Konrad Lynen (M2 )
Fig. 8 Rudolph Schoenheimer, Konrad Emil Bloch, and Feodor Felix Konrad Lynen (from left to right)
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Fig. 9 Structures of coenzyme A (A) and acetyl-coenzyme A (B)
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I EBR A |16 5K Karl August Folkers (1906—
1997, B 100 KILT MVA MAFLE, HULIEH T
AR AR BB SL (B 11D 1993
V5 [ 2% Rohmer PSRBT B AR R —

R A A& £ (non-mevalonic acid pathway,

mevalonate-independent pathway, P 12), 34T
TR T,

20 42 50 FFARH A Robison ib# T &R
e VIR A=) B BCRT AR UG, 1960 44 5 [ &)
MrK2# Alan Rushton Battersby 45 2% 3 FH il S 14: [R 42
RWICTTETIESE . 125 A1k, EamcakE
FCOABE A A B R, A B 2L A
HRMERIR=)

4 Z=$BRYEIN (tricarboxylic acid cycle)

A, AR IRGMZF RIEE %
Tl BIXTAfuth s CRenl & EE AR A =
R ) AIF 58 BB T 3R A 1910 4F 3 DL/R AR B 22 B R
S0P Al [ 2 4 A4 52 K Albrecht Kossel
(1853—1927, ¥ 13), 4Rl fb = I BEHE N, T+ 1891
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FE KR

Bl 10  Karl August Folkers, Michel Rohmer ¥ Alan Rushton Battersby (M Z2 2l 7)
Fig. 10 Karl August Folkers, Michel Rohmer, and Alan Rushton Battersby (from left to right)
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Fig. 11 MVA biosynthetic pathway
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Fig. 12 Non-mevalonic acid pathway

13 Albrecht Kossel, Hans Adolf Krebs #1 Albert Szent-Gyorgyi (MZZI )
Fig. 13 Albrecht Kossel, Hans Adolf Krebs, and Albert Szent-Gyorgyi (from left to right)
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(citric acid) w744, IRFRAEFTEEIRIE L (citric acid
cycle, CAC), HITHMRA & & — M =uRK
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e 1937 4F R S E ALK Hans Adolf
Krebs (1900—1981, & 13) &I, Bt 45 F5 A
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AT, — ML LAFEE John Innes Centre f¥) David
Alan Hopwood T~ 1984 £ (HR) (Nature) K
FIRARREDD, g RIR P 5568 B A £ Rk
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£ NMR Ml X-ray AT AR ERKBERIS R, =&
[N AR LR AR TC AL TR, (HA7E 1950 4FLART AR E
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1959) ST HHEEE R A F T ReidE s (B 15).
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B apm, ] \AD Gt
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14 CAC BRI —R K ZRAKHT=4
Fig. 14 Primary and secondary metabolites from CAC
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structure for cholesterol
Wieland/Windaus 1927 NP

15 FB[EE: SR A0 E B 454 R IE R RV 45 40

Fig. 15 Original structure of cholesterol and corrected one

structure for cholesterol 1932

6.2 BEITRAFMAESR (biomimetic synthesis)

FE— RIS AN & et B fE, 18
HAVREG s, BiEReb B T 54 )
TR A e A O AR PR AR T B i Sk
[iEHE . 1917 4E Robert Robinson (1886—1975) #i|H]
2 Je A R (Mannich) @47 B8 — R4 A=A Ui
Bl CUFRBIFEAD RGBS RRIITFER (16,
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20 tH4 50~70 FAE EAR S VIR TT IRELE T
1R, 4k Woodward I Carl Djerassi &R HIFANG, 20
e 50 FAX, EMEELIE R Gilbert Stork (1921—
2017, B 17D+ B LA AR IF BB T 24 Albert
Eschenmoser (1925—) A1 3H 48 K 2% 1) William
Summer Johnson (1913—1995, & 17) &5 A1 JH[HEfE
A LR B, B A 2RI A IR 20
tH2e 70 4EAREHE HIE K% Ronald Charles D. Breslow
(19312017, [ 17) $&H T IOEE .
William Summer Johnson 40 $$ 4840 SV 2 H %
el TAREL SRATI B G O E R T 4 S
(progesterone) HIAE i, XA RIN=MEE R L
A AR (K] 18). #EH Nottingham K2
] Gerald Pattenden (1940—, & 17) K TH—% &
RiA S ARG E ) 4 ADIRFN T ASFHER LR 2 150
J7M (19, 1992 4Enf#E e 7 A% Clayton H.
Heathcock %5 N/ A4 A R ERE R 1 0% R A 24
% (daphniphyllum alkaloid) dihydro-proto-daphniphyl-
line!™™, FEISEEAL A4 & W ST A B 7K
BT RY AR R L A RIS e R
N, A K G A5 2] dihydro-proto- daphniphylline,
E IR ILE 200 W DURMSA2AFE, w5

HO
=0
CHO 1. H,0
[ + HN-Me + Y=g ——2-
=0
HO

Corey, fE 1997 fFEIKIRIE [ s AR T IESIARIG
PEHI AR T scalarane B —AF i R E WA B i —
J7W5 (dammaranedienol) % (& 21). itk
BV RIRT P ) — RS, (e A
YIS b I, S 2 3 AL manoalide
M. hyrtiosane Z4F1 scalarane 4., H:H scalarane 45
NE W, BRI PUSRGEN. R
EWEE  BIRE IR ZANFRA L, (HEEA T2
THTER, PRI AT R AR X A A I E AR 6 R T
Wit H— RAVAETF YR FERG I IR E RS = A1
X VAELE 1982 4EHH Nicolaou FHIFsEP. 7EAH 244
AR, Zid LAER (endiandric acid) H3BCRN
AR T AR A~C (] 22).
6.3 BHTEREBENRATY—NESE
REKAER

8 7 (penicillin) 13k % 2 (cephalosporin)
3L [E R AR EATE S B-NIEEIZIA (B-lactam),
XPRTAE RS & TEATUERTIHN 65%. &
THESS ) BV Z AL AL, 2 e SR B 5 0
TN FIAERRHE RIS TLn R ER
(thiazolidinic ring), MM SkflERPFEHIZ N IT - ABE
3£ (dihydrothiazolidinic ring). RN S 157

Me
Me N OH
N
mﬁ 0
O
\O

El16 PHERBITEER

Fig. 16 Biomimetic synthesis of atropine

& 17

Gilbert Stork. William Summer Johnson. Ronald Charles D. Breslow #0 Gerald Pattenden (M A2 #)

Fig. 17 Gilbert Stork, William Summer Johnson, Ronald Charles D. Breslow, and Gerald Pattenden (from left to right)
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1. CF3COOH, 0 C, 3 h, O\_/O

| 2. K,C05, H,0

1. 05

_

2. 5%KOH

18 ZEEMTESMK

Fig. 18 Biomimetic synthesis of progesterone
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Fig. 19 Synthesis of steroid skeleton for one step
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Fig. 20 Biomimetic synthesis of dihydro-proto-daphniphylline
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Fig. 21 Biomimetic synthesis of dammaradienol
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Fig. 23 Biosynthetic pathways for penicillin and cephalosporin'™”
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Fig. 24 Otto Paul Hermann Diels (left) and Kurt Alder (right)
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Fig. 25 Biosynthesis of cholesterol
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Fig. 26 Akira Endo (left) and Bruce D. Roth (right)
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Fig. 27 Structures and in vivo active forms of mevastatin and lovastatin
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