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I\bstraFt - A sernienipirical approach to the degenerate rearrangement of the 

3-acetylamino-5-niethyl-1,2,4-oxadiazole is reported. Quantum mechanical 

calculations at the MNDO and AMI level have been carried out for the anionic 

form of tlie acetylaniinooxadiazole and for the transition state. The theoretical 

value of activation energy for tlie degenerate process has been compared with 

the experimental free energy of activation previously obtained by the dynamic 

n n i r  The calculations have been also extended to the different conformers 

of the anionic acetylamino moiety and to the conformational processes. 

Fur the rmore ,  a quas i -degenera te  r ea r rangement  fo r  the 3- 

trideuterioacetylaniino-5-niethyl-1.2P-oxadiazole has been pointed out by nrnr 

technique, and tlie calculated free energy of activation confirmed the expected 

lower reactivity of the neutral species with respect to the anionic one. 

INTRODUCTION 

Heterocyclic rearrangements of five membered rings involving the participation of three side 

chain atoms are well documented in literature.1 According to the Boulton-Katritzky 

Scheme 1 4 2 ,* they cover the azole to azole interconversions.3 also named and 

reviewed'" as "mononuclear heterocyclic rearrangements". 
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Among these reactions. 3-acylamino-1.2.4-oxadiazoles (3) and (4) have furnished interesting 

examples of thermally induced rearrangements of the iso-heterocyclic type$ which can be 

also degenerates when R = R ' .  In  particular. 3-benzoylan1ino-5-methyl-I,2.4-oxadiazole 

(3; K = Me, R'  = Ph) and the corresponding 3-acetylarnino-5-phenyl-1,2,4-oxadiazole (4; 

R = Me, R'  = Pb) have been shown to give a thermally induced equilibrium process where 

the 5-phenyl-substituted oxadiazole was the significantly favoured component.4 On the 

other hand. the potassium salt of 3-acetylan1ino-5-metl1yl-1,2,4-oxadiazole ( 5 )  showed in  the 

nnir spectrum I(CD3)zSOl two methyl singlets, reversibly coalescing at 112°C; from the 

coalescence temperature and the frequency separation of methyl singlets, a value o f  free 

energy of activation, AG*, of 19.6 kcal mol-I was calculared.5 ilowever, for the neutral 

species ( 5 ) .  no coalescence phenomenon was observed up to 190°C in  (CD3)2SO, thus 

indicating for the hypothetic reversible process a AG* higher than 25 kcal mol-1. 

Scheme 1 

Recently, some of  us have focused their attention to the photochemical behaviour o f  3- 

acylan1ino-1.2.4-0~:1diazoles, aiming to a photochemical approach to the iso-heterocyclic 

proce~ses.~ Moreover tnechanistic investigations on this class o f  heterocyclic 

rearrangements have been widely reported.' Now, i n  connection with our interest in the 

five membered ring chemistry and in  order to have more insights into the iso-heterocyclic 
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rearrangements of 1,2,4-oxadiazole systems, we became interested in a theoretical approach 

to this special class of thermally induced rearrangements.u In this connection we decided 

to analyse these reaclions by means of semiempirical quantum mechanical calculations, in 

order to estimate activation parameters and the structure of the transition state. In this paper 

we report results concerning the thermally induced rearrangement of the anion (6); 

moreover, in order to estimate the importance of the conformational isomerism o f  the 

acetylamino group in the coalescence phenomenon, we have extended the theoretical 

treatnient to different conformers of  the anionic acetylamino moiety, c.g., 7 and 8, and to 

the corresponding conforniational processes. 

Scheme 2 
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Molecular orbital calculations have been carried out at the MNDO and A M 1  semiempirical 

level by using the AMPAC program.9 Molecular geometries of the studied systems have 

been fully optiniized in  a planar arrangement (except for hydrogen atoms o f  methyl groups). 

As regards the conforrnational isomerism, we have optimized the geometries o f  the anions 

(7) and (8) derived from 6 through a rotation by 180" of the acetylamino group around the 

N(6)-C(7) bond or the C(3)-N(6) bond, respectively. 

For obtaining the structure o f  the transition state for the anionic degenerate rearrangement 

we have performed a series of minimizations as functions of the O(I)-N(2) distance (the 

a w m e d  coordinate reaction). In  the case of the conformational isomerism, the reaction 

coordinate has been taken as the dihedral angle C(3)-N(6)-C(7)-C(10) for the process 

6 4 7 and the dihedral angle N(4)-C(3)-N(b)-C(7) for the process 6 - 8 ,  

respectively. O f  course, the choice of the coordinate reaction is i n  some manner arbitrary, 

so we outline that the obtained structures of the tr;msition states are an approximation to the 

I I . I I P  tnnsilion stales. 

RESULTS A N D  1)ISCUSSION 

Bond lengths and bond angles o f  the anion (6 )  and the transition state for the degenerate 

rearrangernent are reported in  Table I ;  calculated energy values as well as the resulting 

values of the activation energies are shown in  Tables 2 and 3. 

Considering the degenerate rearrangement of the anion (6), the main difference i n  going 

from the starting system to the transition state is observed in  the values o f  bond angles o f  the 

pentatomic ring. This means that this part of the molecule, through relevant modifications of 

the bond angles, allows a relatively facile course o f  the reaction. Moreover, the transition 

state geometry is characterized by a different length between the O(1)-N(2) bond being 

cleaved and the N(2)-O(8) bond being formed, i .c. .  by an asymmetrical arrangement in  the 

coordinated reaction. 

Kepmling the energetic aspects of the rearrangement, theoretical calculations give a value of 

71.6 kcal mol- I  in  the case o f  MNDO calculation and 47.6 kcal mol- I  i n  the case o f  AM1 

Ilan~iltoninn 8s the difference in  the total energy between the anionic species (6) and the 

transition state. Since the rearrangement occurs without a significant change in  the 
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Table I. Calculated bond lengths (A)  and bond angles (degrees) for structure (6) 

and for the transition state (T.S.). 

6 T. S. 

MNDO AM I MNDO A M  I 

O( I )-N(2) 

N(2)-C(3) 

C(3)-N(4) 

N(4)-C(5) 

C(5)-O( I )  

C(3)-N(6) 

N(6)-C(7) 

C(7)-0(8) 

N(2)-0(8) 

C(5)-C(9) 

C(7)-C(10) 

C-I1 (average) 

O(1)-N(2)-C(3) 

N(2)-C(3)-N(4) 

C(3)-N(4)-C(5) 

N(4)-C(5)-O( I )  

C(5)-O(1)-N(2) 

N(4)-C(3)-N(6) 

C(3)-N(6)-C(7) 

N(6)-C(7)-O(8) 

N(4)-C(5)-C(Y) 

N(6)-C(7)-C(10) 
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Table 2. Transition state search for the anionic degenerate rearrangement 
(energy values in kcal mol-1). 

MNDO method 

O(l)-N(2) 
bond length (A) total energy 

AM I niethod 

O(I )-N(2) 

bond length (A) 
1.326 

2.1 

2.2 

2.3 

-69.2 

-64.4 

-17.8 

-13.0 

0.0 

2.1 

2.4 

1.6 

0.5 

-1.1 

-68.0 

total energy 

-13.3 

33.4 

34.3 

33.7 

N(2)-0(8) 

bond length (A) 

2.950 

2.784 

2.77 1 

2.758 

AE* (kcal niol-1) 

MNDO 71.6 

AM1 47.6 



'Table 3. Transition state search for the conformational processes 

(energy values in kcal mol-1). 

Dihedral angle (degrees) Total Energy 

C(3)-N(6)-C(7)-C( I 0 )  
MNIXI AM I 

dral angle (degrees) 
N(4)-C(3)-N(6)-C(7) 

AE* (6 4 7 )  AE* (6 -+ 8) 
MNDO 4.1 2.9 

A M  I 6.5 3.0 
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volume of the substrate, it seenis reasonable to suppose that the activation entropy may be 

expected to have a negligible role. Therefore, we can compare the experimental value of 

the free energy of activation (19.6 kcal mol-I) with the calculated energy change of the 

involved species. I t  is evident that there is a marked difference between experimental and 

ll~eoretical values, especially in the case of MNDO result. However, our opinion is that this 

difference could be due to the fact that the experimental value is obtained in solution: the 

dipolar aprotic solvent should favour draniatically the interconversion process in the anionic 

species as generally observedl".s.l(J for these type of heterocyclic rearrangements, thus 

lowering the corresponding activation energy. 

With regard to the conformational isomerism of the anionic acetylamino group, theoretical 

calculations allows us to observe that there are negligible differences in the total energies 

between rotational isomers (6). (7), and (8). so that it is in~possible to assign a preferred 

conformation to the isolated anion. Nevertheless, whichever the preferred conformation 

may he, undoubtedly the difference i n  energy between the starting conformer and its 

rotational transition state is too low 10 be compared with the value calculated for the 

rearrangernent process. Therefore, on the basis of MO calculations we can exclude that the 

coalescence phenomenon may be due to the rotalional isomerism around the amide bond in 

the anionic species. 

These conclusions being drawn, we next focused our attention to the possibility of providing 

experimental evidence of a yrrusi-degenerate rearrangement in a neutral species in order to 

estimate the corresponding activation parameters. With this in mind, we have looked at the 

3-trideuterioacetylamino-5-1nethyl-1,2.4-oxadiazole (9). For this compound, the expected 

yrrnsi-degenerate rearrangernent inlo an equitnolar mixture containing both 3- 

lrideuterioacetylariiino-5-n~etl~yl (9) and 3-acetyla~nino-5-trideuteriometliyl-1,2,4-oxadiazole 

(10) could have been followed by '11-nmr measurements on the basis of the forecast 

different field of methyl signals for 9 and 10. 

When we reacted .l-amino-5-n1etl1yl-1,2,4-oxadiazole with deuterated acetic anhydride in 

refluxing benzene, we obtained an equimolar mixture of 9 and 1 0  (nmr analysis), thus 

indicating that the rearrangement occurred in the reaction conditions. However, when we 

performed the acetylation reaction by using the trideuterioacetylchloride in the presence of  

pyridine in benzene at room temperature, we isolated the expected trideuterioacetylarnino 

derivative (9) conlaining some amounts (about 12%) of the corresponding isomer (10). 
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Since i t  was impossible to have a pure sample of compound (9), we used this enriched 

mixture for a kinetic investigation. 

Scheme 3 

1 The qlrusi-degenerate rearrangement process was followed by the H-nmr technique i n  

(CDj)zSO at three different temperatures, and the concentration (%) of the components (9) 

and (10) was determined by integrating methyl singlets at 8 2.50 and 6 2.10, respectively. 

The kinetic constants were obtained by an A 2 A' equilibrium reaction treatment,'l and a 

value of the free energy of activation, AG*, of 27 kcal mol-1 was then calculated. In the 

figure we report the characteristic plot of  the concentration (%) of compound (10) versus 

time in the rearrangement of compound (9) at 60.0°C in (CD3)zSO. 

time (h) 

Fieure. Plot of !he cnncentration (%I of campaund (10) versus time in 

the rearrangement of compoaod (9) at M1.tPC in (CD3)zSO. 
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As expected on the basis o f the  previous comments, tile experimental value of the free energy 

of activation for the qrmsi-degenerate rearrangement of the neutral species, is higher than 

that obtained for the anionic species by the coalescence phenomenon; this result agrees with 

the higher reactivity of an anionic side chain sequence in a mononuclear heterocyclic 

rearrangement. 

EXPERIMENTAI.  

IH-Nmr spectra (60 MHz) were recorded on a Varian EM 360 spectrometer 

(tetra!iietl~ylsilane as internal standard). 

Reaction of 3-Amino-5-niethvl-1.2.4-oxadiazole with Trideuterioacetvl Chloride. 

To a suspension of 3-amino-5-metliyl-l,2.4-oxadiazole (I g, 10 mmol), in anhydrous benzene 

(100 ml) containing pyridine (1 g. 12 niniol). the trideuterioacetyl chloride ( I  g, 12 mmol) 

was added and the mixture was kept at room temperature for 40 11. Evaporation of the 

solvent under reduced pressure gave a residue which was worked up with water and then 

extracted with chloroform. Evaporation of this solvent gave a residue (1 g, 70%) which was 

taken up with benzene and filtered off giving the mixture of compounds (9) and (10) (0.9 g, 

62%). rnp 163°C (from benzene)(lit.$ iiip of 3-acetylamino derivative 3, 163'C); 1H-nmr 

I(CI)J)ZSOI 8: 2.10 (s, 311, C l l j )  (10; 12%). 2.50 (s, 311, CHj)  (9; 88%). 11.0 (s, 2H, NH) 

( 9  + 10).  

Kinetics Measurements. 

A sample of compound (9) (200 nig) in ( C D J ) ~ S O  (2 ml) was portioned in three nmr probes 

which were kept at 40.0°C, 50.0°C, and 60.0"C. respectively, and then used for the 

registration of the nlnr spectra. Integration of the methyl singlets at 6 2.50 for compound 

(9)  and 8 2.10 for compound (10) allowed to calculate the concentration (%) of the 

mixture components i8ersrrs tirne. l'he thermodinamic parameters, calculated by using the 

kinetic treatment relative lo the A 2 A' equilibrium reaction,ll were: k 1s-I] = 5.8 10.' 

(40.U°C): 1 .Y x 1 0 ~ '  (SO.O"C): 6.7 x 1 0 ~ 6 0 . 0 " ~ ) ;  AG* = 27 kcal mol-1. 
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