
BENCHMARKING 

CONFORMATIONS: MELATONIN 

 

Conformational analysis is one of the tasks that computation chemistry is typically 

quite adept at and computational chemistry is frequently employed for this 

purpose. Thus, benchmarking methods for their ability to predict accurate 

conformation energies is quite important. Martin has done this for alkanes
1
, and 

now he has looked at a molecule that contains weak intramolecular hydrogen 

bonds. He examined 52 conformations of melatonin 1.
2
 The structures of the two 

lowest energy conformations are shown in Figure 1. 
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Figure 1. Structures of the two lowest energy conformers of 1 at SCS-MP2/cc-

pVTZ. 

The benchmark (i.e. accurate) relative energies of these conformers were obtained 

at MP2-F12/cc-pVTZ-F12 with a correction for the role of triples: (ECCSD(T)/cc-

pVTZ)-E(MP2/cc-pVTZ)). The energies of the conformers were computed with a 

broad variety of basis sets and quantum methodologies. The root mean square 

deviation from the benchmark energies is used as a measure of the utility of these 

alternate methodologies. Of particular note is that HF predicts the wrong ordering 

of the two lowest energy isomers, as do some DFT methods that use small basis 

sets and do not incorporate dispersion. 

In fact, other than the M06 family or double hybrid functionals, all of the 

functionals examined here (PBE. BLYP, PBE0, B3LYP, TPSS0 and TPSS) have 

RMSD values greater than 1 kcal mol
-1

. However, inclusion of a dispersion 

correction, Grimme’s D2 or D3 variety or the Vydrov-van Voorhis (VV10) non-

local correction, reduces the error substantially. Among the best performing 

functionals are B2GP-PLYP-D3, TPSS0-D3, DSD-BLYP and M06-2x. They also 

find the MP2.5 method to be a practical ab initio alternative. One decidedly 

unfortunate result is that large basis sets are needed; DZ basis sets are simply 

unacceptable, and truly accurate performance requires a QZ basis set. 

Source: http://comporgchem.com/blog/?p=2662 


