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The Diels-Alder Reaction
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Intramolecular Diels—Alder — Fundamentals
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Intramolecular Diels—Alder — Fundamentals
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Intramolecular Diels—Alder — Fundamentals

Predicting relative Stereochemistry

COOMe

X = N toluene Meood cooMe
| P | —_— € / COOMe
Z 100 °C \
% COOMe
COOMe -

160 °C
45% l
5 OO f
©\> COOMe
HopH

24 : 76

: COOMe
A COOMe

Roush, W. R. In Comprehensive Organic Synthesis; Trost, B. M., Fleming, I., Paquette, L. A., Eds.;
Pergamon Press: Oxford, 1991; Vol. 5, p 513-550.



Outline

Introduction

Definition

Examples of Heteroatom Dienes/Dienophiles
Examples of all Carbon Dienes/Dienophiles

Conclusion



Outline

Examples of IMDA Triggered by:

 Heat

o Activating Reagents (Acetylation, Sulfonylation)
 Fragment Couplings

e Elimination

e Oxidation



Examples of Heteroatom
Dienes/Dienophiles



Total Synthesis of VM55599. Utilization of an Intramolecular
Diels—Alder Cycloaddition of Potential Biogenetic Relevance
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(a) Stocking, E. M.; Sanz-Cervera, J. F.; Williams, R. M. J. Am. Chem. Soc. 2000, 122, 1675-1683. (b) Sanz-Cervera, J. F.;
Williams, R. M. J. Am. Chem. Soc. 2002, 124, 2556-2559.



Stereoselective Total Syntheses and Reassignment of
Stereochemistry of Cylindrospermopsin
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An enantioselective synthesis of (-)-FR182877
provides a chemical rationalization of its structure
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Total Synthesis of (x)-Fasicularin Based on Stereocontrolled
Intramolecular Acylnitroso-Diels—Alder Reaction
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Abe, H.; Aoyagi, S.; Kibayashi, C. J. Am. Chem. Soc. 2000, 122, 4583-4592.



Examples of all Carbon
Dienes/Dienophiles



Total Synthesis of (—)-Ircinianin
and (+)-Wistarin
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Uenishi, J.; Kawahama, R.; Yonemitsu, O. J. Org. Chem. 1997, 62, 1691-1701.



Total Synthesis of (—)-Ircinianin
and (+)-Wistarin
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Enantioselective Total Syntheses of
Manzamine A and Related Alkaloids
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Humphrey, J. M.; Liao, Y.; Ali, A.; Rein, T.; Wong, Y.-L.; Chen, H.-J.; Courtney, A. K.; Matrtin, S. F.
J. Am. Chem. Soc. 2002, 124, 8584-8592.



IMDA Reaction of an in Situ-Generated, Heteroatom-
Stabilized Allyl Cation: Total Synthesis of (x)-Lycopodine
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Pearson, W. H.; Lin, K.-C.; Poon, Y.-F. J. Org. Chem. 1989, 54, 5814-5819.



IMDA Reaction of an in Situ-Generated, Heteroatom-
Stabilized Allyl Cation: Total Synthesis of (x)-Lycopodine
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Total Synthesis of Colombiasin A
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Nicolaou, K. C.; Vassilikogiannakis, G.; Magerlein, W.; Kranich, R. Angew. Chem. Int. Ed. Engl. 2001, 40, 2482-2486.
Nicolaou, K. C.; Vassilikogiannakis, G.; Magerlein, W.; Kranich, R. Chem. Eur. J. 2001, 7, 5359-5371.



Total Synthesis of Colombiasin A

OMe
Me toluene
é
180 °C

(-)-columbiasin A

Nicolaou, K. C.; Vassilikogiannakis, G.; Magerlein, W.; Kranich, R. Angew. Chem. Int. Ed. Engl. 2001, 40, 2482-2486.
Nicolaou, K. C.; Vassilikogiannakis, G.; Magerlein, W.; Kranich, R. Chem. Eur. J. 2001, 7, 5359-5371.



Total Synthesis of Natural Dysidiolide
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Miyaoka, H.; Kajiwara, Y.; Hara, Y.; Yamada, Y. J. Org. Chem. 2001, 66, 1429-1435.



Total Synthesis of Natural Dysidiolide

0
. IF! OH ?/
~ CH
Me,N”/ ~NMe Y. 3
,"“ CH3 1 2 C| 2 I',. CH3
93% > ‘
L R f —
o : - HaCY N\ 2 .
H3C“ ; i 2. Li, MeNH,, t-BuOH S \H HSC“‘ R i
S\H S\
H

) OH J
0 OTBS C
J OTBS >= 92% THPO 3
THPO ~ OH
O —

O,, hv, Rose Bengal
DIEA, CH,Cl,, —78 °C, 88%

S\F
HO CHs
OH
o |
(@)

Miyaoka, H.; Kajiwara, Y.; Hara, Y.; Yamada, Y. J. Org. Chem. 2001, 66, 1429-1435.



Total Synthesis of Anhydrolycorinone Utilizing Sequential
Intramolecular Diels-Alder Reactions of a 1,3,4-Oxadiazole
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(a) Wilkie, G. D.; Elliott, G. I.; Blagg, B. S. J.; Wolkenberg, S. E.; Soenen, D. R.; Miller, M. M.; Pollack, S.; Boger, D. L. J. Am.
Chem. Soc. 2002, 124, 11292-11294. (b) Wolkenberg, S. E.; Boger, D. L. J. Org. Chem. 2002, 67, 7361-7364.



Total Synthesis of Anhydrolycorinone Utilizing Sequential
Intramolecular Diels-Alder Reactions of a 1,3,4-Oxadiazole
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Chem. Soc. 2002, 124, 11292-11294. (b) Wolkenberg, S. E.; Boger, D. L. J. Org. Chem. 2002, 67, 7361-7364.



Total Synthesis of (x)-Stenine Using the IMDA
Cycloaddition of a 2-Methylthio-5-amido-substituted Furan
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Padwa, A.; Ginn, J. D. J. Org. Chem. 2005, asap.



Total Synthesis of (x)-Batrachotoxinin A
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Total Synthesis of (x)-Batrachotoxinin A
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Enantiospecific Synthesis of the Proposed
Structure of Diterpenoid Pseudopteroxazole
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Biomimetic Synthesis of (x)-Pinnatal and (£)-Sterekunthal A
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Total Synthesis of (+)-Elisabethin A
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Heckrodt, T. J.; Mulzer, J. J. Am. Chem. Soc. 2003, 125, 4680-4681.
Heckrodt, T. J.; Mulzer, J. J. Am. Chem. Soc. 2003, 125, 9538 (addition correction).



Total Synthesis of (+)-Elisabethin A

exo transition state

Heckrodt, T. J.; Mulzer, J. J. Am. Chem. Soc. 2003, 125, 4680-4681.
Heckrodt, T. J.; Mulzer, J. J. Am. Chem. Soc. 2003, 125, 9538 (addition correction).
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Biomimetic Synthesis of (-)-Longithorone A
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Layton, M. E.; Morales, C. A.; Shair, M. D. J. Am. Chem. Soc. 2002, 125, 773-775.



Biomimetic Synthesis of (-)-Longithorone A
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Conclusions

e Seek the intramolecular Diels—Alder
reaction in your natural product synthesis
even though it might not be obvious!

« Many intramolecular Diels—Alder reactions
can be initiated by simple activation

o It is difficult to imagine that Nature
would not take advantage of IMDA.





