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Abstract:



This paper presents applicability of commonly available furan derivatives, like 2-methyl furan, furaldehyde and 5-methylfuraldehyde in syntheses of jasmanoides.
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Introduction


Jasmonoides are a relatively narrow, but very important group of synthetic fragrance substances. Owing to their relatively high prices, jasmonoides are only added to some more valuable fragrances compositions. Table 1 shows major representatives of that group [1,2].



Table 1. Major jasmonoides.
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Cis-Jasmone




	
Dihydrojasmone
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Isojasmone
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Methyl Jasmonate
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Jasmine Lactone
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Jasmolactone Extra C




	
 [image: Molecules 05 01201 i006]

	
Cis-Jasmone Lactone










Numerous methods of synthesis of jasmonoides have been developed due to their practical importance [3,4,5]. Most of these methods have only preparative significance. Among the many methods of synthe-sis, the most interesting ones are those involving furan derivatives. An advantage of these is the fact that they often use inexpensive intermediates, in particular furan intermediates such as furfuryl alcohol, furaldehyde and 2-methylfuran.



Such a possibility was first indicated in1942 by Hunsdiecker, who developed complete synthesis of jasmone and dihydrojasmone from 5-methylfuraldehyde [6,7] (Scheme 1).



Nowadays, that method is only of historical interest, with its low yield of only 30% for the final products. Quite different was the method proposed by Zefirov et al., based on the readily available raw materials methylfuran and acrolein. Step I of the reaction produced a good yield of 5-methyl-furylpropionic aldehyde, which reacts with an ylide intermediate in a Wittig-Horner reaction to afford a corresponding 5-methyl-2-alkenylfuran, which in turn, after a sequence of conventional reactions, affords cis-jasmone [8,9] (Scheme 2).



A serious drawback of the method is the use of the Wittig-Horner reaction, which is hard to carry out on a larger scale. Besides, it usually gives a mixture of cis-trans isomers and the trans isomers have a fatty odour which make them is useless in perfume compositions. The later works of Crombie [10] and Fetizon [11,12] would enable reduction of the amount of trans isomer to 5% (using Na-tert-amylate as catalyst of Wittig - Horner reaction ). 5-Methyl-2-(cis)-hexene-3-ylfuran may also be obtained by direct methylfuran alkylation with cis-hexenyl bromide [13,14] ( Scheme 3 ) or by the method described by Furuchata et al. [15], where the following reaction sequence was employed (Scheme 4).



An important intermediate in the synthesis of jasmonoides is 5-methylfuraldehyde. It is obtained in greater than 90% yields from methylfuran, POCl3 and DMF by the Vilsmeiyer reaction [16].



Jasmone and dihydrojasmone may be synthesised from 5-methylfuraldehyde by two methods. One of them is based on a Grignard reaction with a corresponding alkyl magnesium halide, followed by rear-rangement to a cyclopentanone derivative [17,18,19] (Scheme 5).



The rearrangement reaction is carried out under phase transfer catalyse conditions (PTC) in a slightly a-cidic medium, which enables elimination of the inconvenient step of catalytic hydrogenation [20]. An option is to effect the rearrangement reaction without PTC [21]. The process can be further simplified by omission of the Grignard reaction altogether. Methylfuran is condensed with an excess of aliphatic aldehyde in the presence of an acid catalyst to produce corresponding furylcarbinols [22] (Scheme 6).



The other method is based on aldehyde hydrogenation to 5-methylfurfuryl alcohol, followed by its rearrangement and alkylation of the resulting methylcyclopentenolone [23,24] (Scheme 7).



Alkylation of methylcyclopentenolone may be effected either conventionally [25] (Scheme 8), or under phase transfer catalysis (PTC) conditions [26,27] (Scheme 9).



There is one more way to convert 5-methylfurfuryl alcohol into jasmone [28,29,30] (Scheme 10).



This method, however, has only limited preparative importance. Furaldehyde based syntheses are a separate group. In this case as well, the key step is the use of a Grignard reaction to produce alkylfu-rylcarbinols, followed by rearrangement into 2-alkylcyclopentenone derivatives [31,32,33,34] (Scheme 11).



Alkylcyclopentenolone can also be obtained from furfuryl alcohol [35] (Scheme 12).



The resulting 2-alkylcyclopentenone can be alkylated with methyllithium to afford jasmone and its analogs [36] ( Scheme 13) or more simply, it can be converted directly into jasmonic acid esters, which can be hydrolysed and decarboxylated to give jasmone. This can be effected in a reaction of 2-alkylcyclopentenone and diethyl malonate [37,38] (Scheme 14).



Jasmonate analogs are also obtained by 2-alkylcyclopentenone cyanation [39] (Scheme 15).



After hydrogenation of the double bond the resulting 2-alkylcyclopentanone can be oxidised to give jasmolactone derivatives [40] (Scheme 16).



An analysis of the above methods of synthesis of jasmonoides from readily available furan derivatives such as furaldehyde, furfuryl alcohol but primarily 2-methylfuran, indicates that such methods may be competitive with traditionally used, commercial processes to synthesise such fragrant substances, especially in cases where inexpensive furan monomers are available. The relatively novel methods based on PTC may well be implemented in the commercial practice.
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Scheme 1. 
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Scheme 2. 
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Scheme 3. 
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Scheme 4. 
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Scheme 5. 
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Scheme 6. 
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Scheme 7. 
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Scheme 8. 






Scheme 8.



[image: Molecules 05 01201 sch008]







[image: Molecules 05 01201 sch009 550]





Scheme 9. 
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Scheme 10. 
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Scheme 11. 
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Scheme 12. 
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Scheme 13. 
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Scheme 14. 
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Scheme 15. 
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Scheme 16. 
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