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Introduction
The evolution of smoking in modern day society has changed 

drastically. Technology has given citizens a "fresh" new look at 

vaping devices over cigarettes(Fig 1). But one thing that has not 

changed over time is the main component, Nicotine. This 

constituent is a group of nitrogenous compounds that have 

been able to give marked phycological effects when inhaled. 

Nicotine is made up of many chemicals and harmful substances 

and is derived from the tobacco plant itself. It is important to 

understand how the chemical is synthesized to inform 

society of why citizens should not inhale these chemicals.

The Synthesis of Nicotine
Biosynthesis of the two component structures proceeds via two 

independent syntheses, the NAD pathway for nicotinic acid and 

the tropane pathway for N-methyl-Δ1-pyrrollidium cation.4 It 

was proved possible that the synthesis was able to occur at room 

temperature. The steps of were analyzed at: (Fig.4, Fig.5, Fig.6, 

Fig.7, Fig.8).

The 3,6-dihydropyridine-3-carboxylic acid is no longer 

aromatic, and is readily decarboxylated, leading to an 

azapentadienyl anion.3 Cation attacks the latter at the negative C-3, 

and this leads to a substitution reaction.(Fig 8). The synthesis itself 

would be the conversion of nicotinic acid into 2,5-

dihydropyridine through 3,6-dihydronicotinic acid. The 2,5-

dihydropyridine intermediate would then react with N-methyl-

Δ1-pyrrollidium cation to form enantiomerically pure nicotine.4

Conclusion
After all data collected we can conclude that the N-methyl-Δ1-

pyrrollidium cation used in the synthesis of nicotine is an 

intermediate in the synthesis of tropane-derived alkaloids. 

Biosynthesis begins with decarboxylation of ornithine by ornithine 

decarboxylase (ODC) to produce putrescine. By looking at the 

difficult process of the synthesis of nicotine, it should raise more 

awareness to you because now you know how it's made and what 

dangerous chemicals and elements could be put in your body!
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Fig. 2: Elements such as lead and 

Cadmium are present in tobacco 

leaves when being manufactured1.

Fig. 1: A common use of nicotine is 

through vaping2.

The Problem
The original issue to synthesize nicotine was that the reaction 

mechanism that suggested itself was electrophilic substitution 

on an aromatic system, but heterocyclic chemistry argued that 

such a reaction could not possibly occur at room temperature.

Chemist Sir Robert Robinson3, replied to it saying it was not 

possible for nicotinic acid to be the source of the pyridine ring in 

nicotine, explained as:

• Substitution reactions on pyridine are possible only 

under extremely drastic reaction conditions.3

• Direct replacement with some other substituent of a 

carboxyl group bonded to pyridine had never before been 

observed.3

Fig. 4 (above) Experiment 1: The 14C-labeled carboxyl group of nicotinic acid is not incorporated into the 

nicotine, but eliminated as CO2
(3).

Fig. 5 (above) Experiment 2: Carbon atoms 2 and 3 maintain their positions in nicotine. Nicotine 

formation thus amounts to a true substitution for the COOH-group3.

Fig.6 (above) Experiment 3: Specific tritium labeling at position 2 on the pyridine ring of nicotinic acid shows 

this atom to be retained in nicotine formation. This means there is no exchange of tritium for hydrogen3.

Fig. 7 (above) Experiment 4: A tritium incorporated at the 6-position of nicotinic acid is completely 

replaced during nicotine synthesis by the plant3.

Isolation of Nicotine
Tobacco plants are unable to synthesize nicotine via an electrophilic 

substitution on nicotinic acid. Nicotine, (S)-3-(1-methyl-2-pyrrolidinyl) 

pyridine, is the most abundant of the volatile alkaloids in the 

tobacco leaf.5 The primary commercial source of nicotine is by 

extraction from the tobacco plant. Nicotine acts on nicotinic 

cholinergic receptors4, which affects most organ systems in the body. 

The plant absorbs chemicals such as cadmium, lead, and nitrate from 

the soil and fertilizer (Fig 2). These additives can form cancer-

causing chemicals when they are burned.1

Fig.8 : The synthesis 

of Nicotine3.
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