
TORQUOSELECTIVITY OF 

CYCLOBUTENE RING OPENING 

 

Torquoselectivity rules (discussed in Chapter 3.5 of my book) indicate that 3-

phenylcyclobutene will ring-open to give the outward rotated product (Reaction 1). 

Houk and Tang report a seeming contradiction, namely the ring opening 

of 1 gives only the inward product 3 (Reaction 2).
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Reaction 1 

 

Reaction 2 

B3LYP/6-31G* computations on the ring-opening of 4 indicate that the activation 

barrier for the outward path (leading to 5) is nearly 8 kcal mol
-1

 lower than the 

barrier for the inward path (leading to 6, see Reaction 3). This is consistent with 

torquoselectivity rules, but what is going on in the experiment? 

 

Reaction 3 

http://comporgchem.com/blog/?p=181
http://comporgchem.com/blog/?p=181
http://comporgchem.com/blog/?p=181#torq1


In the investigation of the isomerization of the outward to inward pathway, they 

discovered a low-energy pyran intermediate 7. This led to the proposal of the 

mechanism shown in Reaction 3. The highest barrier is for the electrocyclization 

that leads to the outward product 5. The subsequent barriers – the closing to the 

pyran 7 and then the torquoselective ring opening to 6 –  are about than 13 kcal 

mol
-1

 lower in energy than for the first step. The observed product is the 

thermodynamic sink. And the nice thing about this mechanism is that 

torquoselection is preserved. 

 

Reaction 4 

(relative energies in kcal/mol, activation energies above arrows) 

 

 

 

Source: http://comporgchem.com/blog/?p=181 


