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Summary: (-)-Cocaine is thermally labile and, in a series of remarkable thermal reactions, is cleanly 

partitioned among benzoic acid, N-methylpyrrole and methyl 3-butenoate. 

Unimolecular thermal behavior occupies a position of fundamental importance among those reactions 

that describe the chemistry of a molecular system. All organic molecules have thermal chemistry and 

few reactions can rival the conceptual simplicity of adding thermal energy to a molecular system until 

a chemical transformation occurs. The thermal chemistry of a molecular system can often provide 

important information with respect to structure-reactivity relationships as well as being of value in 

organic synthesis.l 

Because of complications arising from bimolecular reactions, the unimolecular thermal chemistry is 

best studied by taking advantage of the conditions of very high dilution of the gas phase. However, 

the dif&ulty with using the gas phase for molecules with a high degree of complexity is that heat is 

usually required for their evaporation. The application of heat to many compounds, even under 

conditions of high vacuum, often results in their decomposition into intractable tars before 

evaporation occurs. We have discovered that this problem can be considerably alleviated by using a 

solvent to co-sublime the substrate at low temperatures. 2 We now report the application of this 

method to some tropane alkaloids. 

An important member of the tropane alkaloids is (-)-cocaine 1 whose abuse has created a number of 

complex and interacting social, economic, political and medical problems resulting in an urgent need 
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for more scientific information on the biology and chemistry of this substance.3 The thermal processes 

associated with (-I-cocaine may be particularly important because heat is often used as a mode of 

drug delivery.* Surprisingly, there is little information in the literature on the gas phase thermolysis 

of (-_)-cocaine.5 

The most obvious thermal reaction available to Wcocaine 1 is the cis elimination of bensoic acids to 

produce the methyl ester of ecgonidine 2. 9 Ecgonidine 2 has the structural features necessary for two 

modes of perky&c reactivity. The presence of the double bond in a six membered ring suggests the 

possibility of the retro Diels-Alder reaction. This possibility is suggested by photochemical studies on 

tropidine which resulted primarily in this mode of reactivity.10 

The second type of pericyclic reaction available to ecgonidine 2 is the retn, ene reaction.11 The 

structural features necessary for this reaction is a double bond and the availability of y-hydrogen 

atoms. These features are present in ecgonidine 2 but, because of structural constraints, only the 

endo y-hydrogen atom on C-6 of ecgonidine 2 is available to participate in a retro ene reaction. 
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At an oven temperature of 500 ‘C the sublimation (-)-cocaine, using a technique previously 

described,2 produced thermal products along with 65% of unreacted Gkocaine. Raising the 

temperature of the thermolysis oven to 550 ‘C resulted in the complete conversion of W-cocaine into 

its thermal products. However, ecgonidine 2 was not detected among the other thermal products. 
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The proton nmr spectrum shows the presence of two new absorptions characteristic of 0- and N- 

methyl groups. The absence of other sign&ant. 0- or N-methyl absorptions is supportive of the 

presence of one major thermal pathway for (-)_ cocaine. Inspection of the proton nmr spectrum led to 

the conclusion that, in addition to benxoic acid, two thermal products were formed whose structures 

were N-methylpyrrole 4 and methyl 3-butenoate 6. 12 This conclusion was confirmed by a comparison 

of the pyrolysis products with authentic samples. l3 

Although ecgonidine 2 was not observed it the thermolysis of (-)-cocaine, it is its participation in 

series of r&u ene reactions that is most consistent with the formation of thermal products, N- 

methylpyrrole and methyl 3-butenoate. The r&o ene reaction of ecgonidine 2 would initially produce 

the pyrroline derivative 3. A second r&n, ene reaction of this compound would give the observed 

products. Important driving forces for these processes are the formation of the aromatic pyrrole 

nucleus as well as the favorable TAS term of the total free energy of the process at the high reaction 

temperature. The failure to detect ecgonidine 2 strongly suggests that the carboxylic acid elimination 

is the slowest, least favorable thermal reaction leading to the final products. 
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It is interesting to compare the above result with the benxoate derivative of tropine 6. The 

evaporation of 6 at 525 “C resulted in the formation of tropidine (‘7). There was no indication of a retro 

ene reaction occurring at 525 or 550 ‘C, suggesting that the carboxyl substituent plays an important 

role in lowering the activation energy of the mtm ene reaction. Although substituent effects are well 

established for the Diels-Alder reaction, less is known about their role for the ene reaction.ll 

These studies suggest that two consecutive ene reactions initiating with methyl 4-butenoate and a 

suitable pyrrole derivative14 could provide access to the tropane ring system. This possibility is 

presently being explored. 
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