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Abstract:  The synthesis of the hitherto unknown l,l'-dimenthene 11 from menthone has been studied in 
detail. The most convenient procedure entails conversion of menthone 6 into its tosylhydrazone 7, Shapiro 
transformation into the iodide 9 and copper-mediated homocoupling to 11. Under optimised reaction 
conditions aca. 55% overall yield of dimenthene 11 was obtained from menthone. The reactivity of 
dimenthene towards Diels-Alder cycloaddition reactions proved expectedly poor, as result of the difficulty of 
the diene to adopt a planar conformation. 4-Phenyltriazoline-3,5-dione (PTAD), tetracyanoethylene (TCNE) 
and singlet oxygen afford fair to good yields of the non-symmetrical cycloadducts 13a-c. In the case of 
PTAD, the C2 symmetrical adduct 13a' is also formed but it converts into the non-symmetrical adduct 13a 
on standing. The endoperoxide 13c obtained in the photoxygenation reaction is transformed into furan 14, 
possibly via the unstable syn-diepoxide 15. In contrast, the anti diepoxide 15, obtained from m-CPBA 
oxidation of dimenthene 11 is stable towards heating and it is not transformed into the furan. 
© 1999 Published by Elsevier Science Ltd. All rights reserved. 

The positive features exhibited by C2-symmetric compounds are largely recognised and discussed in 

several instances. 1 Besides standard procedures, 1 another convenient access to enantiopure C2-symmetric 

molecules is the homocoupling of monofunctionalized simple natural products as, for example, monoterpenes. 

Scattered reports in the literature witness this approach even though the strategy has not yet been fully 

recognised as standard practice for the preparation of chiral auxiliaries for asymmetric synthesis. Examples of 

molecules falling into this category are 1-5 derived from camphor (12a and 22b), verbenone 3 (3), carvone 4a (4) 

and menthol 4b (5). Other examples of C2 molecules derived from monoterpenes are known but in these cases 

the structures of interest have been obtained as a components of complex reaction mixtures. 

5 ...... 
I 2 3 4 5 

Here we wish to present research aimed at the synthesis of a diene derived from menthone belonging to 

this class of compound and the study of its chemistry. Menthone was easily converted into the vinyllithium 

derivative 8 by the Shapiro reaction described by Garner and co-workers 5 but it was not possible to use it 

directly for the coupling reaction because of the presence of lithium sulfinates in the reaction mixture. The 

lithium compound 8 was hence transformed into the iodide 95 in 70% yield using a large excess of iodine (4 

eq) or into the trimethyltin derivative 6 10 with trimethyltin chloride (4 eq). The homocoupled product 11 was 

thus obtained from 9 using t-BuLi and anhydrous CuI (1 eq) in 90% yields. 7 Important is the use of 

stoichiometric amounts of THF as coordinating the cuprate allows the coupling but the use of THF as solvent 

lowers the yields, leading to large amounts of decomposition products. Alternatively, one equivalent of 

TMEDA can be used in place of THF. In this case low temperatures are necessary to control reactivity, as 

TMEDA ensures an exothermic reaction. In another coupling procedure, the tin compound 10 was coupled 
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with Cu(NOa)2.3H20 to give l l  in 40% yield. 8 The former procedure was however adopted as the method of 

choice and it was used for the synthesis of several grams of dimenthene 11. In all cases, the alkene 12 is 

formed as a side product but it is easily removed from the desired diene 11 because of its high volatility. 

6 X=O 8 X=Li 
7 X=NNHTs 9 X=I 11 

10 X = SnMe 3 

12 

Simple calculations (MM3 level) on the conformational behaviour of 11 highlight its peculiar geometry 

and the difficulty of the diene to become planar, especially in view of the steric hindrance of the isopropyl 

groups. As was experienced in a similar case, 9 the Diels-Alder reactivity of 11 is of interest because it may 

exhibit a supra-supra or antara-antara mode of addition. Cycloaddition reactions of 11 were tested with the 

most common dienophiles and its reactivity proved to be rather poor. While maleic anhydride and (E)- 

bis(phenylsulfonyl)ethylene did not lead to any adduct even at pressures as high as 15 Kbar, 4-phenyl-l,2,4- 

triazoline-3,5-dione (PTAD), tetracyanoethylene (TCNE) and singlet oxygen led to Diels-Alder products whose 

spectroscopic data were consistent with the non-symmetrical adducts 13a (65%), 13b (40%) and 13¢ (30%). 

b: TCNE, C6H6, reflux N ' ) , , " ~ " , ,  X 
¢: O2,TPP, CH2CI2,fl 

".% 

11 \ / 9  13a'-c' 13a"-c" 

13a X.X = ,l~l..~.ph 

O 
13b X-X = -C(CN)2C(CN)2- 
1 3 ¢ X = X = O  

The stereochemistry of the cycloadducts 13a-¢ was deduced by the number of lines in their NMR 

spectra. Significantly, the non-symmetrical (Cl-symmetric) nature of 13a-e reflects in 20 distinct signals in the 

13C NMR spectrum. The other possible configurations 13a'-¢' or 13a"-e" would exhibit half this number of 

signals because of their C2-molecular symmetry. 

Interestingly, on performing the reaction of 11 with PTAD within an NMR tube with continuous 

monitoring of the reaction, the transient formation of the C2-symmetric adduct 13a '  (preferred on steric 

grounds and on the size of the coupling constants over 13a") could be recorded. This observation points to a 

dipolar mechanism kinetically leading to 13a '  and thermodynamically to 13a. Because PTAD, TCNE and 

singlet oxygen are known to proceed occasionally with mechanisms involving dipolar intermediates, the poor 

reactivity exhibited by other dienophiles is ascribed to the inability of the diene to become planar and thus not 

allow sufficient orbital overlap for concerted cycloaddition. 9 
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Upon heating with catalytic CoTPP in refluxing benzene, the endoperoxide 13e rapidly and cleanly 

converts into furan 14. The expected bis-epoxide syn-15 could not be observed. 9b The structure of the furan 

14 was deduced from its spectroscopic data, including MS. The MS spectrum of 13c is identical to that of 14 

indicating a rapid and clean loss of a water molecule from the endoperoxide or the derived bis-epoxide. Such a 

possibility prompted Os to investigate the reactivity of diene 11 with m-CPBA. 9b The reaction proceeds at rt in 

dichloromethane to afford one product only out of the three possible ones. Because of the presence of only one 

half of signals in the 1H and 13C NMR spectra, the C2-symmetric structure anti-15 was assigned to the 

diepoxide, preferred over the alternative C2-symmetric structure anti-15' because of indications given by the 

structures minimised at the MM3 level and because of the size of the coupling constants observed in the 1H 

NMR spectrum between the proton of the epoxide ring and the adjacent proton at the ring carbon substituted 

with the methyl group. 

CoTPP 
13c 

C6H6, reflux 

anti-15 

m-CPBA 
11 

syn-15 
(not observed) 

anti-15' 

14 

Indeed, the minimised structure anti-15' shows a dihedral angle between the two hydrogens of ca. 80 °. 

The expected coupling constant of 0.3 Hz is in contrast with J = 1.3 Hz that was observed, while in structure 

anti-15 the angle of 67 ° is in agreement with that observed (1.3 Hz). 

Bisepoxide anti-15 was submitted to both Br6nsted and Lewis acids treatment to obtain furan 14 but 

the only result was the complete decomposition of the substrate into complex reaction mixtures. Also CoTPP 

was used with the same aim but it proved to be ineffective even after several hours at reflux. Several reducing 

agents 10 were also employed to effect the reductive cleavage of endoperoxide 13c such as thiourea, LAH, Red- 

A1 ® but the sole product was the furan 14. On the other hand, the reaction of 14 with m-CPBA was expected 

to give the enedione 19 according to the reactivity observed in 2,5-substituted alicyclic furans. 11 

rrvCPBA 
14 

Cl--~CI 2 

h 

" , , %  

- 1 9  2 O  
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The reaction performed at 0 ° C produced mainly a compound lacking C2 symmetry,  as shown by the 

presence of  at least six methyl doublets in its lH NMR spectrum. Other spectroscopic data (MS, IR etc.) 

support the hypothesis that a Baeyer-Villiger reaction occurred in the enedione 19 to produce 20  by analogy to 

the reactivity of  the unsubstituted octahydrodibenzofuran.12 

In conclusion, we have prepared for the first time the enantiopure diene derived from menthone 11,  

showed that it reacts in Diels-Alder reactions to afford the non-symmetric adducts 13 and transformed the 

endoperoxide derived from the photoxygenation into furan 14. Because the only adducts to dimenthene were 

obtained from dienophiles that are known occasionally to proceed through dipolar intermediates 13 it is supposed 

that the cycloaddition reactions with these substrates do not follow concerted pathways. 
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