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Abstract―The conformational isomerization of 2-oxo-1,3-dioxane and its methyl analogs was investigated by 
means of ab initio RHF//6-31G(d,p) and MP2//6-31G(d,p) quantum-chemical methods. It is shown that in 
comparison with 1,3-dioxanes the potential energy surface of the mentioned compounds has a fewer number of 
stationary points and includes two minima corresponding to conformers of sofa or distorted sofa configuration 
and one maximum corresponding to 2,5-twist form. The value of potential barrier of interconversion of cyclic 
carbonates is significantly lower than that of the analogously substituted 1,3-dioxanes.  

The interest in cyclic carbonates originates from 
their structural features and a complex of practically 
useful properties [1–7]. The presence of sp2 carbon 
atom in the second position of the ring causes essential 
differences in stereochemistry of the molecules of such 
substances compared to other 1,3-dioxacycloalkanes. 
The proper estimate of influence of the carbon atom 
valence state on a stereodynamic behavior of the 
molecules of cyclic hydrocarbon heteroanalogs is an 
actual problem of conformational analysis [8, 9]. A 
promising way of its solution consists in a  computer 
simulation of the conformational isomerization. It was 
shown earlier [10–14] that potential energy surface 
(PES) of the symmetrically substituted 1,3-dioxanes 
studied by means of semiempirical and nonempirical 
quantum-chemical approaches contained chair con-
formers as the minima and also 1,4- and 2,5-twist 
forms, therewith the isomerization of one chair 

conformer into another proceeds by two routes. By the 
data of semiempirical calculations PES of 2-oxo-1,3-
dioxane includes energetically degenerated sofa (S) 
forms and a maximum corresponding to 2,5-twist form 
(2,5-Т) [15]. This work consists in the study of 
isomerization pathways of 2-oxo-1,3-dioxane and its  
methyl-substituted analogs I–V by means of RHF//6-
31G(d,p) and MP2//6-31G(d,p) nonempirical quantum-
chemical approaches using HyperChem package [16] 
under conditions simulating behavior of these mole-
cules in the gas phase (Scheme 1). 

Conformational analysis is known [8] to include the 
study of minima and barriers between them. We 
established that PES of compounds I–V contain two 
minima, equatorial and axial sofa conformers Sе and 
Sа (energetically degenerated in the case of carbonates 
I–III and slightly twisted in the case of compounds II 
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Scheme 3. 

and V), and also a transition state corresponding to 
2,5-Т-form (Scheme 2).  

Low values of activation barriers to the 
conformational isomerization for all the studied 
compounds primarily have engaged our attention. 
They almost do not depend on the number or position 

of methyl substituents in the ring. These values are 
more than 3–4 times lower than the value ∆E≠  for the 
unsubstituted 1,3-dioxane [9.3 and 6.6 kcal mol–1 , 
RHF//6-31G(d,p)] [11], and they also are 4–5 times 
lower than the calculated activation barriers of the 
model 5-methyl-1,3-dioxane VI studied in this work 
(see table, Scheme 3). 

Scheme 2. 
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Experimental values of ∆G≠ for cyclic carbonates 
are not known. It is however presumable that they 
should be lower than those of the similarly substituted 
1,3-dioxanes: The substitution of the sp3-carbon by the 
trigonal sp2-boron atom leads to an increase in the 
interconversion barrier of six-membered cyclic esters 
of boric acids, 1,3,2-dioxaborinanes, by 2–3 kcal mol–1 
on the average [17, 18].  

Differences in the energy values of conformers Sе 
and Sа (∆E) of carbonates IV and V, аnd also of 
dioxane forms Cе and Cа VI are insignificant. 
However, it should be admitted that the data of 
МР2//6-31G(d,p) method are erroneous: The 
experimental -∆G0 values for methyl substituent at С-5 
atom of the ring lie in the range 0.8–1.05 kcal mol–1 
for 1,3-dioxanes [19] and 0.7–1.05 kcal mol–1 for 
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Comp. 
no. Parameters RHF//6-31G(d,p) MP2//6-31G(d,p) 

I 
 

∆E 
∆E≠ 

0 
2.0 

0 
1.8 

II ∆E 
∆E≠ 

0 
2.2 

0 
2.2 

III ∆E 
∆E≠ 

0 
2.3 

0 
2.3 

IV ∆E 
∆E≠ 

0.9 
2.5 

0.3 
2.0 

V ∆E 
∆E≠ 

1.4 
3.2 

0.9 
2.8 

VI ∆E 
∆E≠ 

0.7 
10.4, 9.3, 6.2 

0.04 
11.6, 11.0, 7.0 

Calculated parameters of conformational isomerization for 
compounds I–VI (kcal mol–1) 



cyclic carbonates [6, 7]. In this connection it is 
interesting to estimate the value ∆G0 for compounds 
IV and V by independent method using experimental 
(from 1Н NMR spectrum: 3JAX, 3JBX [7]) and theoretical 
(JAa, JBa, JAe, JBe) vicinal spin-spin coupling constants 
of conformers Sе and Sа with the relative content of N 
and 1–N respectively [20]: 

3JAX + 3JBX = N(JAa + JBa) + (1 – N)(JAe + JBe), 
∆G0 = –RT ln [N/(1 – N)]. 

In its turn the theoretical coupling constants can be 
determined by the modified Karplus equation [21] 
using torsion angles between the corresponding 
protons in conformers, which  are participating in the 
binary equilibrium (optimal geometry data). Value of 
N calculated by us for carbonate IV is equal to 74, that 
is, the ratio of equatorial and axial conformers is 74:26 
(76:24 by 13С NMR data [7]), and value of ∆G0 for 
methyl substituent is equal to ≈ –0.6 kcal mol–1 at    
298 K. For carbonate V the ratio of equatorial and 
axial forms in mixture constitutes 86:14 (88:12 by [7]), 
and ∆G0

298 ≈ –1.1 kcal mol–1. Most likely in the last 
case the increased ∆G0 value is caused by steric 
interactions of substituents in the carbon fragment of 
the cycle.  

Results obtained show that the conformational 
flexibility of cyclic carbonate molecules is higher 
compared with 1,3-dioxanes. It is due to a decrease in 
the number of the nonbonded interactions in the 
heteroatomic part of ring.  

EXPERIMENTAL 

Carbonates I–V and their structural and also their 
conformational parameters were described in [6, 7], 
and the corresponding properties of dioxanes VI were 
reported in monograph [19]. The route and values of 
interconversion barriers were determined by HyperChem 
package [16].  

The PSE stationary points were attributed to 
maxima (form 2,5-Т) due to was confirmed by the 
presence of one negative frequency in the corres-
ponding Hesse matrix. Applicability of calculation 
methods to determine values of free energy for 
substituents in 1,3-dioxanes was discussed in [22]. The 
modified Karplus equation is represented as [21]: 

3JHH = P1cos2 φ + P2cos φ + P3  
+ ∑∆χi[P4 + P5cos2 (ξiφ + P6 |∆χi|)], 

where ∆χi is  electronegativity difference between 
substituents of the corresponding ethane fragment and 

hydrogen, φ is the calculated torsion angles between 
interacting protons, ξi takes the values ±1 depending 
on orientation of substituents at the carbon atoms of 
the ethane fragment, and Р1–Р6 are parameters 
depending on the substitution degree of this fragment. 
On solving this equation the numerical values of 
parameters Р1–Р6 (Р1 = 13.22, Р2 = –0.99, Р3 = 0, Р4 = 
0.87, Р5 = –2.46, Р6 = 19.9°) were used for fragment 
containing three substituents, and electronegativity 
values from [23] were used. The numerical values of 
experimental coupling constants are equal to: 3JAX=9.2, 
3JBХ = 4.5 and 3JAX = 10.85, 3JBX = 5.0 Hz for cyclic 
carbonates IV and V, respectively [7]. 
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