Catalytic Asymmetric Total Syntheses of Quinine and Quinidine
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Quinine : The Anti-Malaria Drug
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Quinine : Early Investigations

1820 : P. L Pelletier and J. B. Caventou identifled
Quinine as the active ingredient of Cinchona.

Ann. Chim. Phiys. 1820; 15 291 and 337

1852 0 Initial stereochemical investigations undertaken by
L. Pasteur, identifying Quinine as leavo-rotatory.

Compl Rend. 1853, 37, 110

1854 : A Strecker established the ampirical formula of
Quinine as CxpHzeMN20z. Later confirmed by Zd. Skraup.

1 At 1834, 91 155

1907 © The correct IZ-EII'II'IE'EH'I."“.THT the atoms was established
= largely through the work of P. Rabe.
Armn. 1907, 40, 3635



Quinine : First Attempted Synthesis

"ot ls abwvious that napfhalidive, difering only by the elemeants of two
eguivalents of water might pass into [quinine] simply by an assumption
of water. We cannot of course, axpact to induce the water to enter
meraly by placing It in contact, but a hagpy experimant may attain this
end by the discovery of an appropriate metamaorphic process.”

f. W. Hofmann, Report of the Royal! College of Chemisiry, 18349
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Sir William H. Perkin : Easter, 1856
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Potassium
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Actually a mixture sauveine
of ortho and para

- A dye factory set up to produce Mauveine, located just south of the Black
Horse public House, in Greenford, West London. The Pub is still there,

. At the Royal Exhibition, Quesn Victorla made an appearance in a silk gown
dyed with mauveine

. The Perkin Process s patented and the "Aniline Dye Industry’ goes an to
spawn many of the world’s major pharmaceutical companlies including
BASF, Hoechst, Ciba-Gelgy and ICI

Account presented in Hotmann Memorial Lecture
I Chem. 3oc. 1896, 649, 596

Corrected Mauvelne Structure
L Chem. 5oc,, Perkin Tramns. 1, 1994, 5



Quinine : The Issue of Stereochemistry
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The Alkalolds, R. H. F. Mankse, Ed; Academic Press, NY, 1933, vol. 3, Chap. 16, p. 23



Pasteur’s Degradation Reaction of Quinine
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Quinine ; 1918, the 'Rabe’ Synthesis
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Formal Synthesis of Quinine By Woodward and Doering




Woodward/Doering’ Retrosynthetic Analysis and Strategy
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Woodward : Synthesis of Homomeroquinene
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Woodward : Synthesis of Homomerogquinene
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Woodward : Synthesis of Homomeroquinene __f
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Woodward : Synthesis of Homomeroquinene
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What we can learn from Woodward’s Synthesis

1. The formation, modification, and eventual cleavage of carbon
frameworks in cyclic settings to generate acyclic stereochemical

elements 3} OFEt ,‘4
\
Noog Ve el
H H Me
10 11

2. Rapid construction of the carbon framework in the target

molecule OFt
Z H
\
Na
N H
17 Q 10

3. The application of nitrite ester cleavage protocol can prevent
epimerization, directly afford the requisite ester side chain, and
make it easy to make double bond




Date

1918
1944
1970
1970
1974
1976
1976

Group

Rabe
Woodward
Uskokovic
Gates
Tavlor
Uskokowvic
Uskokowic

13°

summary of Quinine Syntheses

Yield

3%
0.075%"
5%,

3%°
25"

5%

1%

Reality

C8/9 All 4
C8/9 All 4
C8 10
C8 10

8 10
CE 101

-

L S5tarts from Quinotoxin

b : Uses Rabe results to complete a formal synthesis
C  Incorporated Uskokovic steps and yvields for meroguinine

Key Slep
1:1

1:1
£95:1
£95:1

£ 5:1

C9 High
C9 High

Original CE=-MN disconnection
NMon-selective hyvdrogenation
Vinyl gquinoline; C9 0, oxidation
Wittig reagent from meroguinine
Quinoline derived phosphorane
Amino-chloroepoxide cyclisation
Via guinuclidine electrophile



The First Stereoselective Total Synthesis of Quinine By Stork
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Stork’s Retrosynthetic Analysis and Strategy
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S5tork : Quinine Synthesis
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Stork : Quinine Synthesis
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What we can learn from Stork’s Synthesis

1. Conformational analysis shows that the two pseudo-chair forms
of the synthetic precursor are of similar energy, and makes the C-8

non-stereoselective. —
OMe
OMe =
8 AN
| X N
| X
N VS. \) 3
N A

2. Follow the words of wisdom by Robert Ireland: “All too often
the most convenient way to draw a molecule on paper belies the
most efficient synthetic approach.” This helps to construct the C-8

stereocenter. —
OMe _
g £NH — N7
R OR
P N —
N__~ H

3. Install C-9 stereocenter by oxygenation which utilize the steric
bulk of the bridgehead nitrogen in the quinuclidine ring.




Catalytic Asymmetric Synthesis of Quinine and Quinidine By Jacobsen
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Yesterday Once More: N1-C8 Disconnection
Jacobsen’s Retrosynthetic Analysis and Strategy
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Jacobsen’s Total Synthesis of Quinine
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Jacobsen’s Total Synthesis of Quinine
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What we can learn from Jacobsen’s Synthesis

1. Application of recently developed (salen)Al-Catalyzed conjugate
addition of methyl cyanoacetate to construct C4 stereocenter

efficiently.

2. C8 & C9 chiral center can be formed by Sharpless
dihydroxylation with high dr.

3. Yes, disconnection of N1-C8 bond provides a way to asymmetric
total synthesis of quinine



Comparison of the Two Steroselective Total Synthesis of Quinine

Date | Group Step | Yield Reality Key Step
2001 Stork 16 7% | Stereoselective | C8 High Stereospecific reduction set C8
2004 | Jacobsen | 16 5% Catalytic, C4, C8 and C9 High, Sharpless

Asymmetric

dihydroxylation




Large-Scale Synthesis of VANOL

Method IV to intermediate 20

Synthesis of 20 from b-hydroxyester
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Park, O. S, Jang, B. S. Archives of Phar.Research, 1995, 18, 277



Large-Scale Synthesis of VANOL

Future Work: Synthesis of VANOL and Resolution

O 190°C P ‘ OH

—r - ~ 1) (-)-brucine o (+) and
O ar, P OH 5 H,0 ’F\/;H 2) resolution ~ (-)VANOL
P OH O 3) reduction

(-)-brucine

Bao, J.; Wulff, W. D. et al J. Am. Chem. Soc., 1996, 118, 3392



Large-Scale Synthesis of VANOL

Conclusions

1) A new synthetic approach of VANOL was studied. This new method provides a cheap,
efficient way for large scale synthesis of VANOL ligand.

2) Conditions for Michael addition, hydrolysis and Friedel-Crafts reaction were
optimized.

3) Michael addition was scaled up successfully in high yields. More work is needed to
scale up Friedel-Crafts reactions.

4) Dehydrogenation reaction was studied and optimization of the conditions is in
progress.

5) Some new methods have been briefly discussed.

Thank you!




