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Carpanone

Chapman’s Synthesis of

Isolation: Brophy, G. C.; et Carpanone
al. Tetrahedron Lett. 1969,
29, 5199 » An elegant biomimetic synthesis of
carpanone was reported by Chapman and co-
workers in 1971
carpanone
> Carpanone, a lignan obtained from the » This remarkable two step synthesis of
bark of the carpano tree, poses a carpanone involves Diels-Alder cycloaddition
significant synthetic challenge and oxidative phenolic coupling as the key
reactions
» The molecule possesses no element of
symmetry and has five contiguous
asymmetric centers Chapman, O.L.; co-workers. J. Am. Chem. Soc. 1971, 93, 6696

» The structure of carpanone was revealed
by Australian scientists in 1969
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G080 Key Steps in Total Synthesis

> Intramolecular Diels-Alder Reaction

6-Membered ring with

6-Membered ring with
Me a double bond

a double bond

> Oxidative
Phenolic
Coupling

6-Membered ring with
a double bond

Intramolecular Diels-Alder Reaction

Option A

Unstable precursor

6-Membered ring with
a double bond

CH-845 Course on Organic Synthesis; Course Instructor: Krishna P. Kaliappan 3



M Intramolecular Diels-Alder Reaction

Option B

6-Membered ring with
a double bond

Option C

carpanone Oxidative
phenolic coupling
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(CIIW Retrosynthesis

Oxidative
phenolic coupling

Me—_—Me

o)
)
O—Pd—O O
carpanone
Me
:> <O Chapman, O.L. and co-workers. J. Am. Chem. Soc. 1971, 93, 6696
S OH
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Types of Diels-Alder Reaction

> Intermolecular Diels-Alder Reaction

> Intramolecular Diels-Alder Reaction

Type | (IMDA):
> Results in the formation of fused bicyclic system

» Dienophile is attached to C-1 atom of diene
~d A

®
Jr == U

Fused bicyclic system

Type Il (IMDA)

» Dienophile is attached to C-2 atom of diene

» Type Il IMDA generally results in the formation
of bridged bicyclic system, provided the ring
formed should be larger than six membered
(should be minimum seven membered ring)

- A
—

Bridged bicyclic system
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S Examples

Type | (IMDA): Type Il (IMDA):

7 Cone N ‘\\\\C02Me

XN Ho~ —_— oo A
N —>
H e
(@
O
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Oxidative Phenolic Coupling

» Oxidative coupling is an important reaction in the
biosynthesis of secondary plant metabolites. It was
estimated that the biosynthesis of more than 10% of
alkaloids involves one or more oxidative coupling
steps

> It was Barton and Cohen who first suggested that
the biotransformation of benzylisoquinolines to
morphine alkaloids may involve phenolic radicals,
which by radical pairing form new C-C and C-O
bonds either intra- or intermolecularly

[::j/o<<ea» [:i]¢p

Barton, D. H. R.; Cohen, T. Festschrift Arthur Stoll, 1957;p 117

OH

Fe(lll)
"ROOR_

+ HH\Y —— C'_@

Pappo, D; co-workers. J. Org. Chem. 2019, 84, 4, 1677-1686

sen 00 .

HO

‘ K3Fe(CN)6 “\
Thyagarajan, B. S., Chem. Rev. , 1958, OO

58,439

FeCl,
_>
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Total Synthesis of Carpanone
0000 y P
7
220 °C
< @\ K2C0‘°’ € :@\ j 77% <D _tBuOK.
Acetone Claisen 0 OH DMSO
85% rearrangement

Me —Me
NaOAc
MeOH-Hzo> o o
PdCl,, 38°C | < »
(46%) O O—Pd—O O

C-C bond
rotation

C, - symmetric

Chapman, O.L.; co-workers.
J. Am. Chem. Soc. 1971, 93,

Diels-Alder 5696

o

\ (¥)-carpanone /

CH-845 Course on Organic Synthesis; Course Instructor: Krishna P. Kaliappan 9



O Total Synthesis of Carpanone by Matsumoto

0000
One step Synthesis
Me
O,
(@) Co(ll)salpr
<

CH,Cl,, rt

O OH 15h

carpanone

Matsumoto, M.; etal. Tetrahedron Lett. 1981, 22, 4437-4440

» Carpanone was synthesized by Matsumoto in an
excellent yield by oxidation of trans-2-(1-propenyl)-
4,5-methylenedioxyphenol with molecular oxygen
in the presence of transition metal complexe

Summary

An elegant biomimetic synthesis of carpanone was
reported by Chapman and coworkers in 1971

This remarkable synthesis of carpanone involves
Diels-Alder cycloaddition and oxidative phenolic
coupling as the key reactions

The total synthesis was accomplished in 4 steps
with an overall yield of 46%

Matsumoto’s approach made use of the oxidation
of trans-2-(1-propenyl)-4,5-methylenedioxyphenol
with molecular oxygen in the presence of
transition metal complexe to give carpanone in
90% vyield in a single step
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