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ABSTRACT 
 
The (4+3)cycloaddition reactions of allylic cations to dienes is a powerful method for the direct synthesis of seven-
membered rings which are occurrence in many of natural products have biological activity. (4+3) cycloadditions 
reactions between oxyallyl cations and anthracene or 9-substituted anthracene have not yet been studied 
extensively. Although these compounds have great importance, where 9,10-dihydro-9,10-propano-anthraceness can 
be used  as key step in  the medicinal synthesis. For this reason In this review article we will emphasis on the 
reactions between anthracene and its derivatives as dienes with α,α'-dihaloketones and α,α,α',α'-tetrahaloketones as 
oxyallyl cations. 
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INTRODUCTION 
 

Before the discovery of the (4+3) cycloaddition reaction, many methods for preparation of seven-membered rings 
are available in literatures which are limited to the expansion to seven-membered rings and some cyclization 
reactions. [1, 2] (4+3) cycloaddition reaction is a reaction between an allylic cations and a diene. This reaction is one 
of the most powerful and straightforward methods for the synthesis of seven-membered rings from simple starting 
materials. [3] Seven-membered rings comprise a large family of biologically active natural products. For this reason, 
the (4+3) cycloaddition reactions have a particular interest to many synthetic organic chemists. Unlike the Diels-
Alder reaction, (4+3) cycloaddition have been investigated but it's not as widely as with Diels-Alder reaction. These 
investigations have led to the presence of two types of (4+3) cycloaddition reaction, namely intermolecular of the 
(4+3) cycloaddition reaction [4, 5] and intramolecular of (4+3) cycloaddition. [6, 7] Electronically, intermolecular 
(4+3) cycloaddition is similar to the Diels-Alder reaction and can be viewed as a [4π (4C) + 2π (3C)] combination in 
which an allyl cation participates as the reactive dienophile for the formation of a seven-membered ring as shown in 
(Figure 1). [8] 

+

4 p p34C 3C  
 

Figure 1: Generic (4+3) Cycloaddition Reaction between an Allylic Cation and Diene 
 
However, (4+3) cycloaddition reaction is more complex than the Diels-Alder reaction, the main reason is that the 
configuration of the allyl cation intermediate has several alternatives (three possible structures) respectively the W 
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form, the sickle form and U form, the as shown in (Figure 2), and also seven-membered rings are more difficult 
from six-membered rings to prepare due to increased ring strain and entropy. [9] 
 
 
 
 
 

 
 
 
 
 

Figure 2: Possible Structures for Cationic Dienophile 
 

Frontier orbital theory analyses and interacting molecular orbital's for (4+3) cycloaddition, allowed by the 
Woodward-Hoffmann rules, show the diene HOMO and the oxyallyl LUMO as with the Diels-Alder reaction, but 
the extent of regioselection is normally less pronounced for (4+3) processes, because the regioselectivity which is 
subject to control by frontier molecular orbital. Nevertheless, several examples have been reported in which 
excellent selectivity was achieved through the use of chiral substituent on the diene or oxyallyl component. [10] 
 
Classification And Reaction Mechanisms Of Oxyallyl Cations With 1, 3-Dienes: 
Hoffmann et al [11] have found that it is useful to divide reactions of allyl cations with 1,3-dienes into three 
categories based on mechanistic considerations with presenting much of the analyses, semantics and interpretations 
and also predicted results for this reaction. Theoretical studies suggest that both Type (A) and also Type (B) 
concerted and stepwise mechanisms are possible that lead to Bridged seven-membered rings or (4+3) cycloadducts. 
Type (C) processes do not give cycloadducts but lead to products derived from electrophilic addition reactions. 
These types are shown in (Figure 3). However, type (C) reactions are not of our interest for this study. [7] 
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Figure 3: Mechanism Proposed by Hoffmann 

 
Several features of this reaction are noteworthy (Figure 3) such as the product formed from the reaction depends on 
the nature of the (X and Y) groups. Typically, the (X) group is oxygen functionality whereas the (Y) group can be an 
oxygen, nitrogen or sulfur atom or methylene. [12] 
 
Formation of Oxyallyl Cations From α,α-Dihaloketones and �,�, �′, �-Tetrahaloketones: 
Oxyallyl cations have been known as intermediates in organic chemistry since first proposed by Favorskii in 1894, 
thereafter it has named Favorskii reaction or Favorskii rearrangement. [13, 14] Since that time, oxyallyl cations have 
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been used by organic chemists as intermediate in syntheses a variety of natural product across a wide range of 
unique applications. One such application that has enjoyed a great deal of success and studied on extensively in this 
area is (4+3) cycloaddition reaction to form seven-membered rings. The first evidence for the existence of oxyallyl 
cations was reported by Fort in 1962, probably unwillingly, when he treated chloro-dibenzyl ketone with 2,6-
lutidine in the presence of furan at room temperature. After a couple of days, he isolated the first (4+3) cycloadduct 
as shown in (Scheme 1). [15-17] 
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Scheme 1: The First (4+3) Cycloaddition Reactions 

 
Later, Cookson et al [18] developed another, more efficient procedure for the formation of oxabicyclic by treating α, 
α'-dibromoketone with sodium iodide in the presence of furan as shown in. In this case, it was observed that the 
formation of large amounts of resulting from the reaction of electrophilic substitution between the cation furan and 
oxyallyl generated in situ. Reaction of α, α'-dibromoketone with cyclopentadiene afforded the cycloadducts. At a 
later time, Cookson et al [19] experimented of this reaction with cyclopentadiene and N-methylpyrrole to assess the 
generality on (4+3) cycloaddition reaction. In the case of cyclopentadiene compounds was isolated, but in the case 
of N-methylpyrrole just the product of electrophilic substitution was isolated. The works of Fort and Cookson are 
the foundation on formation of seven- members through cycloaddition (4+3). These works are caught the attention 
of a number of chemists in this area to the development of several useful synthetic methods to generate appropriate 
oxyallyl cations. Among the most common ways of generating oxyallyl cations is the reduction of α-haloketones, 
α,α'-dihaloketones and α,α,α',α'-tetrahaloketones. Contributions of Hoffmann [9, 11, 20, 21], Noyori [22-24], 
Harmata [7, 25, 26], Fohlisch [27-30], Mann and Barbosa [31-38] were the most important contributions in this area 
which has been covered in many papers, reviews, etc. 
 
Halogenated allylic cations, particularly oxyallylic cations such as α,α'-dibromoketones or α,α'-diiodoketones and 
α,α,α',α'-tetrabromoketones which are most common or α,α,α',α'-tetrachloroketones are also used. As was mentioned 
earlier, this categories offer some unique opportunities that can be synthetically useful for (4+3) cycloaddition. 
Many reagents have been used to generate oxyallyl cations from α,α'-dihaloketones and α,α,α',α'-tetrahaloketones. 
Generally, the simplified mechanism for these reactions initially involves the attack of a metal on the halogens. The 
metal itself complexed with solvent and other ligands interacts with the carbonyl and assists in the removal of a 
halide by forming the corresponding cation oxyallyl, as shown in (Scheme 2). [39] 
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Scheme 2: The General Mechanism and Reagents Used to Generate Oxyallyl Cations from α,α'-Dihaloketones and α,α,α',α'-

Tetrahaloketones 
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(4+3) Cycloaddition Reactions Of Dienes And Oxyallyl Cations:  
The dienes in (4+3) cycloadditions was also similar to the Diels-Alder reaction in terms of the requirement of an s-
cis conformation. Many examples have been mentioned in the intermolecular (4+3) cycloaddition reaction between 
oxyallyl cations as dienophiles and different dienes such as furan, substituted furan, cyclopentadiene, substituted 
pyrrole anthracene and substituted anthracene.  
 
The course of (4+3) cycloaddition depends greatly on the choice of the reducing agent. The most widely used 
reducing agents for the cycloaddition of α,α'-dibromoketones, and α,α,α',α'-tetrahaloketones are iron tricarbonyl 
Fe(CO)3, [40] diiron carbonyl Fe2(CO)9, [41-43] diethyl zinc Et2Zn, [35, 44] triethyl borate with zinc dust (EtO)3B, 
Zn, Zn-Cu couple in dioxane and sonication, [45] Zn/Cu, copper and sodium iodide Cu/ NaI). [46, 47]  
 
Fe2(CO)9 is one of the most widely used reducing agents for the cycloaddition of α,α'-dibromoketones, and α,α,α',α'-
tetrahaloketones but this reducing agent which is very expensive and toxic. [48] 
 
Among various intermolecular (4+3) cycloaddition reactions of an oxyallyl cation with furan or its derivatives and 
cyclopentadiene are the compounds which studied widely in this area and also it reacts with different reducing 
reagents under several conditions to providing the corresponding cycloadduct. [40, 49] 
 
Pyrroles have not been used as often as furan or cyclopentadiene as dienes in the (4+3) cycloaddition because of its 
high nucleophilicity. N-methylpyrrole failed to react in (4+3) cycloadditions. However, N-acetylpyrrole and N-
carbomethoxypyrrole could be induced to engage in (4+3) cycloadditions by changing the nitrogen protection to 
electron withdrawing groups. [50] 
 
Anthracene and substituted anthracene such as alkyl anthracene methoxyanthracene, phenylanthracene and 
alkenylanthracenes have also been used as dienes in (4+3) cycloaddition reaction with α,α'-dibromoketones or 
α,α,α',α'-tetrabromoketones such as 1.3-dibromoacetone or 1.1.3.3-tetrabromoacetone as oxyallyl cations in the 
presence of reducing agents under different sets of conditions which afforded the cycloadducts in good yields. In the 
literature, there are a few examples of intermolecular (4+3) cycloaddition of anthracene and/or its derivatives with 
α,α'-dibromoketones or α,α,α',α'-tetrabromoketones. 
 
Here are, we will address most important of these examples in this area for provide a more complete picture 
anthracene and its derivatives so that researchers need not scan too many sources to attain a good knowledge of the 
area. Hoffmann pioneered the use of anthracene and substituted anthracene as dienes for reaction with difference 
α,α'-dibromoketones and α,α,α',α'-tetrabromoketones in the presence of different reaction condition as shown in 
(Scheme 3) [11, 51] 
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Scheme 3: (4+3) Cycloaddition Reactions of α,α'-Dibromoketones with Anthracene or Substituted Anthracene in the Presence of 

Different Reaction Conditions 
 
Another example serves to Hoffmann achievements by reaction of 9,10-dimethoxyanthracene with α,α,α',α'-
tetrabromoketones in the presence of different reaction condition (Scheme 4) [52] 
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Scheme 4: (4+3) Cycloaddition Reactions of α, α, α', α'-Tetrabromoketones with 9,10-Dimethoxyanthracene in the Presence of Different 

Reaction Conditions 
 
9,10-dimethoxyanthracene has also been used in (4+3) cycloaddition reactions with α,α'-dibromoketones under 
similar reaction conditions as shown in (Scheme 5) [52] 
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Scheme 5: (4+3) Cycloaddition Reactions of α, α-Dibromoketones with 9,10-Dimethoxyanthracene in the Presence of Different Reaction 

Conditions 
 
Hoffmann students such as Abd El-Wareth was studied this reaction by use different substituted anthracene and 
other reagents (Scheme 6) [53] 
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Scheme 6: (4+3) Cycloaddition Reactions of α, α, α', α'-Tetrabromoketones with Anthracene in the Presence of Different Reaction 

Conditions 
 
The cycloaddition reactions of 9-methoxymethyl-anthracene with α,α-dibromoketones the cycloadducts in the 
presence of reaction conditions itself with variable yields (Scheme 7). [53] 
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Scheme 7: (4+3) Cycloaddition Reactions of 9-Methoxymethyl-anthracene with α, α-Dibromoketones  

 
Under similar reaction conditions anthracene (Scheme 8) and 9-benzyl-anthracene (Scheme 9) underwent (4+3) 
cycloaddition with α, α-dibromoketones and α, α, α', α'-Tetrabromoketones to give cycloadducts with different 
yields. [53] 
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Scheme 8: (4+3) Cycloaddition Reactions of Anthracene with α, α-Dibromoketones under Different Reaction Conditions 
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Scheme 9: (4+3) Cycloaddition Reactions of 9-Benzyl-anthracene with α, α-Dibromoketones and α, α, α', α'-Tetrabromoketones Under 

Different Reaction Conditions 
 
Usama Karama and Hoffmann [54-57] was also studies the (4+3) cycloaddition reactions of some substituted 
anthracene such as 9-alkenylanthracene with α,α,α',α'-tetrabromoketones as shown in (Scheme 10). Some of these 
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compounds have great importance, where 9,10-dihydro-9,10-propano-anthraceness can be used  as key step in  the 
synthesis of a homologues of antidepressants and  anti-anxiety.  
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Scheme 10: (4+3) Cycloaddition Reactions of α, α, α', α'-Tetrabromoketones with Anthracene and substituted anthracene in the Presence 

of same Reaction Conditions 
 
Hardinger reported [58, 59], that the reactions of α,α'-bis(sulfonyl) ketones with iron pentacarbonyl and TiCl4 in the 
presence of anthracene gave Hardinger reported, that the reactions of α,α'-bis(sulfonyl) ketones with iron 
pentacarbonyl and TiCl4 in the presence of anthracene gave the expected (4+3) cycloadducts in good yields as 
shown in (Scheme 11). 
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Scheme 11: Cycloaddition Reactions of α,α'-Bis(sulfonyl) Ketones with Anthracene in the Presence of Iron  Pentacarbonyl 

 
CONCLUSION 

 
In this review article, we described the intermolecular (4+3) cycloaddition reactions between anthracene and/ or its 
derivatives and oxyallyl cations particularly of α,α'-dihaloketones and α,α,α',α'-tetrahaloketones to synthesis of 
seven-membered rings. It also gives advantages and disadvantage reducing agents and reaction conditions, along 
with some examples for cycloaddition reactions of anthracene and its derivatives. 
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