
7.307.357.407.457.507.557.607.657.707.757.807.857.907.958.008.058.108.158.208.258.308.358.408.458.50
f1 (ppm)

120121122123124125126127128129130131132133134135136137
f1 (ppm)

1

2

3

4

Studies on the Thermal and Carbocationic Rearrangements
of Arenes through Isotopic Labeling

Jeffrey W. Brulet* and Richard P. Johnson
University of New Hampshire, Department of Chemistry, Durham, New Hampshire  03824

jwe26@unh.edu, rpj@cisunix.unh.edu 
 

Introduction

Acknowledgments

  

 
Naphthalene automerization has not yet been observed under 
the present microwave conditions.  However, the 
implementation of pure triflic acid  allows temperatures above 
200 °C to be reached.   Based on our calculations, temperatures 
above 200 °C are necessary to observe naphthalene 
automerization.  The optimization of the experimental 
conditions is currently ongoing.  
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Naphthalene synthesis was accomplished using the above route.  
Each experimental reaction was optimized using unlabeled 
material before implementation of the 13C  isotopic  label.  The  
label was inserted through a Grignard reaction with 13C labeled 
carbon dioxide.4   The 13CO2  was generated by a reaction of 98% 
isotopically enriched  barium carbonate (Ba13CO3) with H2SO4.  

The likelihood of naphthalene automerization was analyzed 
through quantum mechanical B3LYP/6-31G(d+p) computations 
using the rearrangement mechanism proposed by Balaban. 

The total barrier to overcome was calculated as 70.59 kcal/ mol.  
These values were compared to phenanthrene, a similar arene 
species whose automerization is known.3   The naphthalene barrier 
was only 5.97 kcal/ mol higher in energy, reaffirming our belief that 
this automerization should occur under similar conditions. 

Due to the significance of such a discovery, in 1968 Staab and 
Haenel revisited Balaban's experiment.  Replacing the 14C  label 
with a 13C , Staab recreated the experiment, but did not observe 
any scrambling of the isotopic label to either the β or γ positions, 
refuting the claims made by Balaban.2,3  
Since 1968, the automerization of several aromatic compounds 
has been observed and confirmed through the use of 13C 
labeling.3,4   Naphthalene automerization however, has not been 
revisited or confirmed. 
We propose that under the proper conditions,  we will be able to 
observe naphthalene automerization. The determination of this 
automerization could influence how chemists approach arene 
chemistry and electrophilic aromatic substitution (EAS) reactions. 

-

 Synthesis of  13C labeled Naphthalene

In 1967, Alexandru T. Balaban reported the carbocationic 
automerization of naphthalene.  Automerization is a type of 
degenerate rearrangement that conserves both the molecular and 
structural formulas of the chemical specie.1    By heating a 14C 
labeled naphthalene in AlCl3  at 60°C  for two hours, Balaban 
reported a shift of the isotopic label from the α position to the β 
and γ positions.
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Figure 2:  1H NMR of Naphthalene Figure 3:  13C NMR of Naphthalene

13C Labeled Naphthalene Nuclear Magnetic Resonance Spectra

In figure 2, additional peaks are 
observed at 8.05 ppm and 7.65 
ppm. These peaks result from 
proton-carbon coupling  with the 
magnetically active 13C isotope. 
In figure 3, there is only one 
observable naphthalene peak.  
The high isotope enrichment at 
the β  position overpowers the 
intensities of the other peaks.  

High Pressure

13C Labeled Naphthalene

MW 150 °C, 30 min

MW 180 °C, 60 min

Figure 4 shows no evidence of successful automerization.  
The unlabeled naphthalene shows the location of all three 
carbon resonances, while the labeled naphthalene shows the 
starting position of the 13C isotope on the molecule.  As can 
be observed in the next two spectra, the isotopic label  
remains entirely at the α  position (128.1 ppm)  with no 
evident scrambling to the β position (125.8 ppm) or the γ 
position (133.4 ppm).

Trifluouromethanesulfonic acid (TFSA) was 
selected due to its high acidity and thermal 
stability.   The acid is responsible for the 
protonation of the naphthalene in order to begin 
the automerization process.   Each experiment 
was completed with unlabeled naphthalene to 
ensure that decomposition of the material did 
not occur.  At temperatures near 200 °C, 
dichloroethane vaporized, resulting in a rapid 
increase in pressure forcing the experiment to be 
aborted.

In order to circumvent the temperature 
limitations of dichloroethane, a mixture of AlCl3-
NaCl was used to reach the target temperature 
in a solvent free system.  However, the 
naphthalene sublimed away from the heat 
source making this an undesirable procedure for 
automerization.
The naphthalene reaction  in pure TFSA was able 
to reach temperatures of 220 °C with minimal 
pressure change. The naphthalene also did not 
undergo decomposition under these conditions.  
It is likely  that reaction temperatures  higher 
than 220 °C can be reached using these reaction 
conditions if necessary.  This work is  ongoing.

Future Work

Currently, the preparation of additional 13C labeled 
naphthalene is being accomplished in order to run another 
series of reactions at high temperatures (above 200  °C) in pure 
TFSA. We believe that it is at these higher temperatures that 
naphthalene automerization will be observed.
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Scheme 4: Automerization Experiments 
under Solvent Free Conditions

Scheme 3: Initial Automerization Experiments

13C Labeled Naphthalene Automerization Results

Microwave Automerization Experiments
Scheme 1: Proposed Mechanism of Naphthalene Automerization

Scheme 2: Synthetic Route to 13C labeled Naphthalene

Scheme 1: Energy Schematic of Naphthalene 
Automerization (in kcal/ mol).

Figure 4: 13C NMR Spectra of the Labeled Naphthalene
 Automerization Experiments under Various Reaction 
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