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Woodward total synthesis of strychnine (1954)

Total Synthesis of Strychnine
‘ )FH: i . ‘ﬂ\(: — [ﬂ ~ Wousdw.am
o" o ; o L ; 2::: Heinrih 0. Wieland

(1877-1957) 1927 NP

isostrychnine (6) strychnine (1)

Structure and Synthesis of Penicillin
A M — b0 R

For three decades after the discovery of natural penicillin by
Sir Alexander Fleming, the source of the antibiotic hardly changed.
Scientists made the drug by natural fermentation of Penicillium mold.
However, during World War II, the United States government
undertook a massive effort to determine the chemical structure of
penicillin and to chemically synthesize it in large quantities.

The scale of this project was compared to the development of the
atomic bomb. This stemmed from the dire need for the antibiotic to
treat soldiers on the battlefield. More than a thousand chemists
working at thirty-nine laboratories were involved in the project.
Despite the huge investment by the government, none proved to be

successful in solving this elusive problem.
82
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A well-known dispute about the
Structure of Penicillin

a@‘%
VA

This incident is significant because Robinson refused to give much
credence to spectroscopic data, while Woodward was a pioneer in using
it for organic structure determination. It displays the generational gap
between two of the greatest synthetic organic chemists of the twentieth
century.
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Structure of Penicillin

Penicillin G was proposed by Woodward in 1944 to contain a novel b-
lactam in its structure based on degradation products, reaction profiles, and
UV studies.

ZREH, %, EFEAEFEFIR, F4E HR. Robinson 47 F .
124k 6 M) 5B IE RIEAG TR o 1B 4 K 184G P9 BLAE (B-lactam) £ #) B 2R B
(E. Chain)% ik F K, REXZEERE, ¥R EERROERBEHE, £4
FF., FEFENSTX, BXERBERITHKE, EdelafERETEN—#,
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Structure of Penicillin

H
R.__N S_ Me
rR__N_ _cHo "Sme
D + GOy HN Me O |HN Me
[¢] CO,H CO,H CO,H
H R N
R.__N =
TITOM o R e
o o N\2<Me HN\2<Me
CO,H © CO,H
Abraham's correct structure Robinson's incorrect structure
Woodward
1944, 275 1944, 585

e Scheme 1. The notional reconstruction of penicillin from its degradation products.
* R = pent-2-enyl for the penicillin grown by fermentation in Oxford; R = benzyl for that
grown in America. The difference was slightly confusing until clarified in 1943, but it
did not affect the structural debates.
Edward Penley Abraham proposed b-lactam but opposed by Robinson
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Azadirachtingisi
The First Complete Structure Ley’s Modification 1985
CO,Me
AP /
Correct Structure
Broughton, H. B.; Ley, S. V. J. Chem. Soc. Chem. Commun. 1986, 46. X-ray 1986 by Ley 8
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Azadirachtin sees first total synthesis
10 August 2007

A complex natural product has finally succumbed to its first total
synthesis after 22 years of attempts by eminent organic chemists.
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Heinrich O. Wieland
RFHE
Me

Me
Me

Me
OH

Structure for Cholesterol
Wieland/Windaus 1927 NP

Structure for Ergsterol 1932

Me
Me ~

Structure for Cholesterol 1932
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Bernal, J. D. Nature, 1932, 129, 721.
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H. O. Wieland 27 NP Fritz Pregl 23NP

19 2 QEAEREPRFIERFEFABRSE. 19 3 3 FMFTFHFLEN.

FIEHBEFEREFARUEZRIETLE (R - Adams) #3F, i
FEEENKENLZITELME (H-Wieland) SEBTHENILER
Jo 19 3 4 ERE BRI AR, REMELZHEAAN, #IUR
RERBELER/R (FPregl) ZIAWUEDH. 193 55FKT
FEREE. 195 5FHEME T ZSMEWRNIEAR T I Sk,
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Q h A
/& g -+
What we will learn?

How to use them?
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Before 60°s

After 80’s

Chemistry

gram quantities

Between 60-80°s Spectra

mg

2D NMR
mg-ng

An Historical Glance

Degradation
Derivatization

UV, IR
MS
TH-NMR
3C-NMR
NOE, DEPT

H-'H COSY
HMQC (HSQC)
HMBC

NOESY (ROESY)
INADEQUATE
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Strategy of Structure Elucidation

IR A
HR-MS ST KA, TR, BT

" 'H-NMR { HW A F A EX A

uv Lt Ko S B
{2 =1

ID NMR 4 DCNMR | CoA#ASP, SP2, SP°
NOE H#& 2 8] X &
- DEPT C## £C, CH, CH,, CH,

— 'H-'H COSY H-C-C-H

HMQC H-C

2D NMR < HMBC H-C-C, H-C-C-C, H-C-C=C-C
NOESY (ROESY) H-H conformation

- INADEQUATE C-C
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What Differences Between Them

CSH»]oO

sadions

1 2
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What Differences Between Them
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What Differences Between Them

CgoH100-

COOH
O/\/ O)J\o/\
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Structure Elucidation

« Q 0. _0
OH P
5 H,CO
\_d OH
1 2
C10HsO4

Difference of IR, '"H-NMR, 3C-NMR
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1. How to Distinguish the Structures of A and B?

(0]
(0] (0] OH

A B
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2. How to Distinguish the Structures of 1 and 2?

HO o
O | O oH HO O Ol O OH
OH OH

1 2

TH-NMR?

99

3. How to Distinguish the Structures of 1 and 2?

HO o
oUnYadn o nYas

OCHj3 OH
OH O OH O

1 2
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4. How to Distinguish A and B Using NMR?

OH OH
OH OH
CH
COOH COOH
o O CH3
(A) (B)

101

5. For each spectrum below, chose between
the alternative compounds. Give your reasons.

NN or e Y

a0 58 §0 45 40 s 0 25 20 15 10 05 Qo

FARLIA 2 5 S SO



BB R K 52 25540582018

ilij\i

6. What Differences Between Them

103

7. For each spectrum below, chose between
the alternative compounds. Give your reasons.
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8. C:H,O,B0 H-NMRIZEIN T, #E S H LK

FriApr14 18:29:58 2000: (untitled)
W1:1H Axis = ppm Scale =52.82 Hz/cm

1.16 (t, 3H)

7.24'(dd, TH) 4.77 (dd, 1H) 4.47/(dd, 1H)

2.36 (q, 2H)

T T T T T T T T T T T T T T T T T
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B & CsH;0,

Mon Apr 10 23:07:06 2000 (untitied)
W1: 1H Axis = ppm Scale = 76.79 Hz/cm

a 1.87 d 3H

b 3.71 s 3H

¢c 5583 m 1H

d 703 m 1H
N N | M W, S

10. Assigin H,, H,, H_ and H, of Aspirin?

dd . 2, g
() 250 MHz td td dd ZAZFH A ’FIF:' #
O OH
\C/
CH;
1 OY
4 o
(a) 80 MHz 2
3
- Fig. 0.1. (a) 80 and {b) 250 MHz
8.0 70 'H spectra of aspirin in acetone-dg

ppm ~ solution,
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TH-NMR of Salicylic Acid

0. _OH™0
H 11.85
8.04 0
7.51 6.98
7.62
12 10 8 ' 6 ! ! ' 2 ' 0

www.biosite.dk 160510

1. EE@Ehr-ESV3E
| MW = 180 |“
J=15.9 Hz fo)
S
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HO
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EiERiT-E513R

C,H,0, “' ]
A,B, o

N
AA’BB’ OH
J=9.0Hz HO
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f | ! I
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C10H804, m/z:

12. HERRZEH

W — AR — A,

192. RETFFIE &,

IH-NMR 2 7H#

Zas
Hewr L TR a9 &84,

3H

C10H804

HERTZE

BC-NMR

BC-NMR 2 7C#

" 160

140 110 100

60

114
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IH-'H COSY & THM AL X % C,,H30,
o A
% il
HMQC 2 TFH-CX#% C,,H;0,
| H I JJ_
oo T 85 7 é 116
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C1oHgO4
Exact Mass: 192.04

17

Relative Intensity
L
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HR'MS C10H1004
'H NMR

[n‘ r A ﬁ?ﬁﬁE‘l

(500 MHz)

go @n 7o B0 50 40 30 20 10
(pprm)

19

HR'MS C10H1004

I3C NMR
Two signals

¥
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130 160 140 120 100 30 650 an
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Enlarged 'H NMR J=1.7 Hz
J=16 Hz J=8.1Hz J=16Hz
H
1H 1H
'H NMR I
(500 MHz) JL ] M
B e T
J=8.1,1.7 Hz Solvent
HR-MS C,H,,0, otven
Two
|
169
*C NMR
(125 MHz)
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1. Please draw a NMR chart for the following
structure. And give your reasons.

Hc (o)
|46p Hd
CaN
O Hb
Ha

133

BRHERSIE. &Ik

Nuclear Magnetic Resonance
IH- and 3C-NMR

An indispensable tool for structural elucidation

FARLIA 2 5 S SO
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HO. o O oH A Flavonoid, C,sH,,O4
() Exact Mass: 270.05
OH O
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ppm
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300 MHz 'H NMR spectrum in DMSO-d; Click for full Spectrum
Source; Aldrich NMR Library
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TH-NMR
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5.0

JH)‘LJUL«I& L

. 3.0 25 2.0 1.5 1.0
Chemical Shift (ppm) 173

TH-NMR

5.0 4.5

H in acetone at temp=268K

M | A

4.0 35 3.0 25 2.0 15 1.0
Chemical Shift (ppm)
174

R ARE I T 52 3R SO

47



BB R K 52 25540582018

48

ppm

L]
EEEEERERERE

]

=
S

3 176
IAMARSAASsnsasssasnssasasasssy [AARASAAAAS AR LA MRS A SRR
50 45 40 35 30 25 20 15 1.0

R ARE I T 52 3R SO



BB R K 52 25540582018

HMBC

[}
EREEREEEREE

ppm

=1
=]

o

o
L]
i)
=1

|
=1

I
=1

* ® b 177
T ABAALAAAAS RARA ARARS) LARAARRARASSARAN RARS: T T
50 45 40 35 30 25 20 1.5 10

NOESY

T RS o —arTile
|

e

ppm

S e
T
wi
|

rEona Rofes

P

178

R ARE I T 52 3R SO



R ARE I T 52 3R SO

LB R 2

4% 22018

(0]
>/CH3 OAc
Mes
o\ H~.,,2/ o 15
~
M, 15/1,1/12\3/ /1/
10 H o H N, o
o) / . / \
9, y
HH 5
\*" T M
ENEP 14
H3C\}/Cl) Meta 13
0 8b
4 2
75 l 11 9 3 1242b
8a
J U J JL_M_JL__J LN
T T T T T T T e e e e
8 7 6 5 4 3 2
Chemical Shift (ppm)
179
8
Hc/ ““, DYOH
o]
TIrrrryrrrrrrrr
4.625
m Chemical Shift ...
1 10 9
Chemical Shift (ppm)
1 Loie Wi
12 1 10 9 8 7 6 5 4 3 2 1
Chemical Shift (ppm)
180

50



