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Lecture note for CC-2-3 (Organic Chemistry-2) 

Intermolecular and intramolecular reactions 

Let us consider the following observation: 

 

The first one is an intermolecular reaction whereas the second one is intramolecular. The Latin terms 

“inter” means “between” while “intra” means “within”. The first reaction does not proceed at all while 

the second one proceeds easily. It is generally observed that for formation of small (3,4-membered) and 

medium-sized (5-7 membered) rings, the intramolecular reaction is both thermodynamically and 

kinetically favoured over the corresponding intermolecular variant. To understand why this is so, we 

have to consider the following points: 

 Thermodynamic Preference: In the given intermolecular reaction, two molecules are formed for 

every two consumed, so the amount of 'disorder' in the system does not change appreciably. However, 

in the given intramolecular reaction, this is not the case; two molecules are formed at the cost of a single 

molecule, so the amount of such ‘disorder’ is increased.  Thus the intramolecular reaction has an 

entropic favorability over the intermolecular one, i.e. acetic anhydride formation is entropically less 

favourable (∆So ≈ 0) than phthalic anhydride formation (∆So  > 0). Now we know that:  

∆Go = ∆Ho – T∆So 

So in case of Intramolecular reaction ∆Go is more negative than that in case of of Intermolecular 

reaction (as for the similar kind of reactions ∆Ho is assumed to be almost the same). As a result, 

Intramolecular reaction is thermodynamically more favored over Intermolecular reaction. 

 Kinetic Preference: In dealing with kinetics, our attention is focused squarely on the free energy of 

activation, i.e. ∆G≠. A large value of ∆G≠ implies that the transition state is less stable, high in energy 

and consequently the rate of reaction is relatively slow. On the other hand, a relatively small ∆G≠ implies 

a relatively more stable transition state leading to a faster rate of reaction. According to the transition 

state theory, an activated complex is formed in the TS during any reaction. In case of the intermolecular 

reaction cited above, two separate molecules need to combine to form a single activated complex. This 

means that a significant penalty of translational entropy has to be paid, leading to a more negative ∆S≠ 

for intermolecular reaction. But for the intramolecular reaction ∆S≠ is less negative, as a single molecule 

forms a single activated complex whereby only rotational degrees of freedom are lost. Now we know 

that:  

∆G≠ = ∆H≠ – T∆S≠ 

This means that ∆G≠ is more positive in case of intermolecular reaction than it is for the intramolecular 

reaction. As a result, the intermolecular reaction is associated with a higher free energy of activation 

and the rate of reaction is thus slower. So kinetically, intramolecular reaction gets preference over 

intermolecular reaction.  
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 This preference for intramolecular reaction over the intermolecular one is however, not always 

valid. During the synthesis of large ring compounds from α, ω-bifunctional compounds, the flexibility 

of the molecule decreases considerably from the acyclic reactant to the cyclic product, as restrictions 

are imposed on the free rotation of a large number of bonds – thus ΔSo is not so positive, i.e. such an 

intramolecular reaction is thermodynamically less favourable. Again, the flexibility of the molecule 

decreases largely on moving from reactant to the transition state – thus ΔS≠ is more negative. i.e. such 

intramolecular reaction is also kinetically less favourable. In other words, for such large ring 

compounds the loss of rotational degrees of freedom across a number of bonds on going from the acyclic 

reactant to the cyclic product incurs a substantial entropic penalty. Thus synthesis of a large ring 

compound poses a significant problem. How may we solve this? The “High Dilution Technique”, as 

developed by Karl Ziegler is to be applied. Let us consider the following:  

 

We can clearly see from the equation derived that as the concentration of substrate A~B is lowered, the 

ration between the rates of intramolecular reaction and intermolecular reaction increases. Thus at a very 

low concentration (> 10-3 M) of the substrate a situation may be achieved where the intermolecular 

reaction will be effectively suppressed and the intramolecular reaction will be more preferred. This can 

be maintained by adding the substrate for a prolonged period of time in a dropwise fashion to the solvent 

containing an excess of the condensing agent with continuous stirring. This is known as “High Dilution 

Technique”. 

Crossover experiments: A way to determine whether a reaction mechanism is intra or intermolecular: 

A method of studying reaction mechanisms that is particularly relevant for many molecular 

rearrangements is the technique of crossover experiments. Consider the pinacol-pinacolone 

rearrangement reaction in which an alkyl group appears to migrate from one place in a molecule to 

another. We may propose two different types of mechanisms for the reaction. In the first, the 

rearrangement takes place so that there is bonding between the migrating group and the rest of the 

molecule at all times. In the second, the migrating group separates from the rest of the molecule to form 

two fragments, which then recombine: 
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To apply the crossover technique to the pinacol-pinacolne rearrangement, we carry out the 

reaction with a mixture of two reactants, one of which is closely similar in structure with the other. For 

example, we first demonstrate that pinacol-1 yields only product A while pinacol-2 produces only B.  

 

Now we repeat the experiment but this time we take a mixture of pinacol-1 and pinacol-2. If we observe 

the new products C and D (called the “crossover products”), then we conclude that there was 

recombination of fragments produced during the reaction, i.e. the reaction is intermolecular in nature 

and mechanism-2 is opearting. If, however, we find that a mixture of pinacol-1and pinacol-2 produces 

only the products expected from each of the reactants alone (i.e. products A and B only, these are called 

the “normal products”), then the result of the crossover experiment is negative, suggesting that each 

reacting molecule does not separate into fragments during the reaction, meaning that the reaction is 

intermolecular (mechanism-1 is operating). 
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However, we must be careful in the interpretation of crossover experiments. If we find evidence 

of mixed products, we can conclude that the reaction mechanism involves fragmentation of the reactants 

and recombination of the fragments. If we do not see crossover products, we are, in fact, more limited 

in our conclusions. It may be, for example, that dissociation occurs but recombination to give product 

is faster than diffusion of the fragments from the solvent cage. Thus, observation of the outcome 

predicted on the basis of a proposed mechanism can be taken as support for that mechanism, but failure 

to observe such an outcome does not necessarily rule out that mechanism. Having said that, for your 

purpose, you may safely assume that absence of crossover products implies strict intramoleularity of 

the mechanism concerned. 

Suggested reading: 

1. Study Guide to Organic Chemistry, Saha et al., Volume-1, Second Ed., Techno World, ISBN: 

9788192669564, 

2. Perspectives in Structure and Mechanism in Organic Chemistry, Carroll, Second Ed., Wiley, ISBN: 

9780470276105. 
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