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Introduction

A normal (4+2) cycloaddition Diels Alder reaction involves an overlap of in-phase orbitals with HOMO-LUMO combination
between a conjugated diene and an alkene. Though a number of dienophiles have been used in Diels Alder reaction, of late,
imines have also been employed as dienophiles in a hetero-Diels Alder reaction which proceeds via (4+2) cycloaddition
pathway under thermal or acid catalyzed reaction conditions. Vinyl ketones upon (4+2) cycloaddition with imines afford
dihydropyridones with excellent yields [1]. In a similar reaction, vinyl allenes have also been found to react in presence of
Lewis acid resulting in high diastereoselective products [2].

In more advanced research work, stepwise radical cation Diels Alder reaction via multiple pathways has been carried out by
electrocatalysis triggered by an oxidative SET process. The recent examples of radical cation Diels Alder reaction have
employed styrenes but the scope is not limited only to such electron rich dienophiles. Bauld and Yoon observed that aryl
vinyl ethers,enol-ether equivalents, and aryl vinyl sulfides also work as promising dienophiles for the reactions [3-9]. In this
article, we have discussed the various mechanistic pathways of normal pericyclic (4+2) cycloaddition vis-a-vis stepwise

radical cation Diels Alder reaction via multiple steps.
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General Discussion and Mechanistic Pathways

Diels Alder reaction is a cycloaddition reaction in which two unsaturated molecules (diene and dienophile) add together and

form a six-membered ring [10]. The diene acts as an electron-rich nucleophile and the dienophile as the electron poor
electrophile.
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The orbital in ethylene that receives these electrons is the Lowest Unoccupied Molecular Orbital (LUMO). The electrons in
the HOMO of butadiene flow smoothly into the LUMO of ethylene resulting in a concerted reaction. Radical and ionic
intermediates are not involved here.

Frontier orbital analysis of a (4+2) cycloaddition reaction shows that overlap of in-phase orbitals to form the two new sigma
bonds requires suprafacial orbital overlap. Both the combinations are possible that is if we use HOMO of the alkene and
LUMO of the diene or LUMO of the alkene and HOMO of the diene.

The symmetries of the two ground state orbitals are such that bonding of the terminal lobes can occur with suprafacial
geometry.

—
-7 o

I e
) LT ymmetry
. flowed
LUMO 8%8 :
ofalicens i Cyclohexene

LUMD of
Gisns,

HOMO

ofalkens

Cyclohexene

Cyclohexane

In this approach of cycloaddition, the Diels Alder reaction is stereospecific and carried out under thermal control. The
stereochemistry of the starting dienophiles is maintained during the reaction and a single product stereoisomer (1) results
(SCHEME 1).
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SCHEME 1: Stereoisomer (Product 1).
There are simultaneous breaking and making of bonds through a six-centered transition state with no intermediate.

Similarly, if we carry out the cycloaddition with a cis dienophile such as methyl-cis-2-butenoate, only the cis-substituted

cyclohexene product (2) is formed.
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Thousands of examples of Diels Alder reaction are known that proceed by a pericyclic process.

Electron withdrawing substituents in the dienophiles such as >C=0,-CHO,-COOR,-CN [11],-NO2 [12], etc. promote the
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The reaction is also accelerated by the presence of electron releasing groups in the dienes.

Triple bond compounds, allenes, and benzyne may also function as dienophiles [13].
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Products 5 and 6

It is also possible for a diene to have one double bond in an aromatic system and the other outside it. Viz.
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Styrene has also been shown to react in this manner [14].

Endo products (7a and7b) result in high yields from Diels Alder Reaction when cyclopentadiene and anthracene react with

maleic anhydride under varying conditions [15-18].
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In a recent work N-heterocycles of the type (7Qa and 7Qb) have been synthesized from Diels Alder adducts (7a and 7b)
which in turn have been obtained via (4+2) cycloaddition Diels Alder reactions using appropriate dienes and dienophiles
[19].
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Anthracene also reacts with N-substituted maleimides to yield the Diels Alder Adduct (7¢) [20].
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Mechanistically the formation of (7¢) can be depicted as below (SCHEME 1a).
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SCHEME 1a: Formation of (7c).
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1,3-indandione (8), an important member of the class of 1,3-diketo compounds has been found to yield a series of compounds
of biological and chemical interest with different substrates and reagents. When interacted with DMSO/Ac,0 reagent at
~1500°C, it affords a Diels Alder adduct (9) SCHEME 2.
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SCHEME 2: Diels Alder adduct (9).

In an interesting hetero-Diels Alder reaction imines have been employed as dienophiles which involve LUMO of the imine.
The reaction may be thermal or acid-catalyzed and proceed via a [4+2] cycloaddition mechanism.
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The imino Diels Alder reaction may occur either by a concerted mechanism or stepwise process (SCHEME 2a).
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SCHEME 2a: Imino diels alder reaction

For the concerted process, the lowest energy transition state places the lone pair in an exo-position. Thus (E) imines in which
the lone pair and the larger imine carbon substituents are cis, tend to give exo-products [21] (SCHEME 3).
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SCHEME 3: Formation of Adduct 11.

If the imine nitrogen is protonated or co-ordinated to a strong Lewis acid, the mechanism shifts to a stepwise, Mannich-
Michael pathway [22] (SCHEME 4).
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SCHEME 4: Mannich-Michael pathway.

In a more recent work, radical cation Diels Alder reaction has been employed between aryl vinyl ether (12) and 2,3-dimethyI-
1,3-butadiene (13) under Single Electron Transfer (SET) process to afford the Diels Alder adduct (14) with excellent yield.
The adduct (14) has been found approximately cis/trans=1:2 mixture so, the reaction must proceed in a stepwise manner.
Both Z and E forms afforded the same synthetic products [22] (SCHEME 5).

13 (14)
12-7 (13) cis/trans=1:2

SET

(14)

(13) cig/trans=1:2

SCHEME 5: Z and E formes.

The plausible mechanism proposed for the reaction can be rationalized on the basis that when aryl vinyl ether (12,E or Z) was
subjected to oxidative SET conditions, it afforded a radical cation (12%) which then gets trapped by 2,3-dimethyl-1,3-

butadiene (13) to get the acrylic radical cation intermediate (R'+) . This acyclic radical cation gets converted into the aromatic

radical cation with a six-membered ring (13%) or a four-membered ring (R '+) via the rapid intramolecular SET process. This
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proposed mechanism suggests that the six- membered ring closure of the acyclic radical cation intermediate () is a stepwise
process leading to the Diels Alder adduct (14) (SCHEME 6) (TABLE 1).
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SCHEME 6: Diels Alder adduct.

TABLE 1: Diels alder reaction under different reaction conditions

Name of Reaction Mechanism Type of addition Conditions
Proceeds under thermal
Normal Diels Alder Reaction Concerted mechanism 4+2 cycloaddition conditions
The concerted and  Stepwise Thermal and acid-
Imine Diels Alder Reactions mechanism 4+2 cycloaddition catalyzed
Radical cation Diels Alder Single electron transfer
Reaction Multiple mechanisms 4+2 cycloaddition (SET) process

Synthetic Applications
Normal Diels Alder reaction, being stereospecific in nature, has found broad synthetic applications It has been used to

synthesize many natural products and to determine the configuration of the reactants by studying the adduct. Imine Diels
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Alder reaction has been found as a powerful tool for the synthesis of a number of natural products, often in a region, diastereo
and enantioselective manner. Some important examples of Diels Alder reaction are given for illustration.

1. In the synthesis of camphene
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4. Imine Diels Alder reaction has been used for the synthesis of a number of alkaloid natural products
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Danishefskys diene is used for the construction of a six-membered ring en-route to Phyllanthine [22].

Conclusion

In conclusion, our findings and literature survey reveals that Diels Alder reaction does not follow only the concerted
mechanism but stepwise mechanistic pathways are also effective. Radical ion Diels Alder reactions are highly stereoselective
including stereospecific examples and follow oxidative SET triggered cycloadditions. Besides usual dienophiles, imines have
also been employed as dienophiles in hetero-Diels Alder reactions.
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