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Potential Energy Surfaces of 1-Phenyl-1,2-
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Potential energy surfaces are found for 1-phenyl-1,2-propandione-
1-oxime (1) and its four tautomers, i.e., 1-nitroso-1-phenyl-1-propen-
2-ol (2), 1-nitroso-1-phenyl-2-propanone (3), 2-hydroxy-1-phenyl-
propenone oxime (4) and 3-nitroso-3-phenyl-propen-2-ol (5). Calcula-
tions are carried out at the Hartree-Fock (HF), Density Functional Theory
(B3LYP) and the second-order Moller-Plesset perturbation (MP2) lev-
els of theory using 6-31G* and 6-311G** basis sets. Five conformers,
with no imaginary vibrational frequency, are obtained by free rotations
around three single bonds of 1: Ph-C(NOH)C(O)CH3, PhC(NOH)-C(O)-
CH3 and PhC(N-OH)C(O)CH3. Similarly, eight structures with no imagi-
nary vibrational frequency are encountered upon rotations around three
single bonds of 2: Ph-C(NO)C(OH)CH3, PhC(N-O)C(OH)CH3 and
PhC(NO)C(-OH)CH3. In the same manner, six minima are found through
rotations around three single bonds of 3: Ph-CH(NO)C(O)CH3, PhCH(-
NO)C(O)CH3 and PhCH(NO)-C(O)CH3. Two minima are also found
through rotations around four single bonds of 4: Ph-C(NOH)C(OH)CH2,
PhC(N-OH)C(OH)CH2, PhC(NOH)-C(OH)CH2 and Ph-C(NOH)C
(-OH)CH2. Finally, two minima are found through rotations around
four single bonds of 5: Ph-CH(NO)C(OH)CH2, PhCH(-NO)C(OH)CH2,
PhCH(NO)-C(OH)CH2 and PhCH(NO)C(-OH)CH2. Inter-conversion
within the above sets of conformers (of 1, 2, 3, 4 and 5) are probed
through scanning (one and/or two dimensional) and/or QST3 techniques.
The order of the stability of global minima encountered is: 1 > 3 > 2 >
4 > 5. Hydrogen bonding appears significant in tautomers 2 and 4.

Key Words: Ab initio, DFT, Tautomerization, 1-Phenyl-1,2-
propandione-1-oxime, 1-Nitroso-1-phenyl-1-propen-2-ol, 1-Nitroso-
1-phenyl-2-propanone, 2-Hydroxy-1-phenyl-propenone oxime,
3-Nitroso-3-phenyl-propen-2-ol.

INTRODUCTION

In organic chemistry the compounds containing the >C=N–OH group-
ing derived from the aldehydes and ketones by condensing them with
hydroxylamine are known as oximes generally oximes may be changed to
the corresponding amide derivatives by treatment with various acids. This
reaction better known as Beckmann rearrangement1. Since oximes have
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more than one conformer, the experimental and quantum chemical calcu-
lations for their conformational analysis are very interesting and have
received a lot of attention among experimental and theoretical chemists2.
For instance, the microwave spectrum of n-butyraldehyde oxime was
observed in the frequency region 26.5-40 GHz, where four rotational
conformers were found to exist in the gas phase; among these, two
conformers belonged to the (E)-geometrical isomer and the other two to
the (Z)-geometrical isomer. The 2-nitrosophenol derivatives are also in tau-
tomeric equilibrium in solution3,4 with quinonemono-oxime but nitroso form
predominates5. Buraway et al.3 have shown that in hexane, CCl4, CHCl3,
Et2O, benzene, ethanol and water the 2-nitrosophenol was observed only
as nitroso tautomer. In all the solvents the compound studied exhibits the
characteristic band of nitroso group. In disagreement with the above
experiment, Jaffe6 MO calculations have shown that the oxime form of
2-nitrosophenol should be more stable by 4 kcal/mol. Ab initio results for
the total energies of both tautomers with intramolecular hydrogen bond
indicate that the nitroso tautomer is more stable than the oxime tautomer
by 10.29 and 5.69 kcal/mol at HF/6-31G and HF/6-31G* level, respec-
tively7. In another incident, the tautomeric and conformational equilibrium
of acenaphthenequinonemonooxime was studied by liquid and solid state
NMR spectroscopy and ab initio calculations. The compound studied
exists in the solid state as an oxime tautomer. However, in solution both
the oxime and the nitroso tautomeric forms are present. Ab initio 6-31G
(d,p) calculations in agreement with the experimental data predict the oxime
tautomer to be more stable8. Yet in another study, all the possible carbonyl-
nitroso, enol-nitroso and carbonyl-oxime conformations of glyoxalmono-
oxime and all the rotamers of carbonyloxime tautomer of 1-methyl and
2-methylglyoxalmonooximes have been theoretically investigated; where
the fully linear carbonyl-oxime conformer has been found to be the most
favoured one over the enol-nitroso and carbonyl-nitroso conformations9.

Oxime compounds are used as antidotes for nerve agents. A nerve agent
inactivates acetyl cholinesterase molecules by phosphonylation of the
molecule. Moreover, compounds capable of nitroso-oxime equilibria
often show specific biological activities10,11. To carry out such biological
functions, biomolecules must adopt definite conformational forms. Again,
this makes the study of oxime tautomeric conformations of prime impor-
tance and worthy of receiving attentions12-17. In particular, the biologically
active 1-phenyl-1,2-propandione-1-oxime, 1, has electron donor atoms con-
sisting of carbonyl oxygen and oxime nitrogen, which enable it to act as a
mono- or bidentate ligand in metal complexes18. To date, no report has
appeared on conformational energy surface of 1 and its tautomers. In this
paper, conformational energy surface, are reported for 1-phenyl-1,2-
propandione-1-oxime and its tautomers at the Hartree-Fock (HF), DFT
(B3LYP) and the second-order Moller-Plesset perturbation (MP2) levels
of theory, using 6-31G* and 6-311G** basis sets.
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EXPERIMENTAL

Rotational energy profile around all the single bonds of 1, 2, 3, 4 and 5
(Figs. 1-5), are determined using ab initio HF calculation and STO-3G
basis-sets. Calculations are performed via the Gaussian 98 system of
programs19. Several optimizations are carried out for 1, 2, 3, 4 and 5. Each
at a constant dihedral angle, starting from 0° to 360° with ten degrees
increments. All the other structural parameters are allowed to vary and be
optimized. The geometrical structures, corresponding to the ground states
and transition states are investigated at HF/STO-3G level of theory. To
assess the performance of this approach, all species are computed at higher
levels. Consequently, the STO-3G outputs are used as inputs for the HF/6-
31G* calculations and the HF/6-31G* outputs are inputted for HF/6-31G**.
The Hartree-Fock method usually works well for frequency predictions
and geometry optimizations, but its utility for calculating conformational
energy is questionable20. Hence, the necessity of investigating the effects
of the electron correlations on the order of the magnitude of relative ener-
gies of the conformers arises. So, further post Hartree-Fock (MP2) single
point calculations are performed on optimized geometries obtained through
HF/6-31G* and HF/6-311G**21. Finally, the geometry reoptimizations are
carried out using the Density functional theory (DFT) in the form of Becke's
three parameters functional hybrid method22. This is with the Lee, Yang
and Parr correlation functional ((B3LYP)/6-31G*) and (B3LYP)/
6-311G**)23.

Transition state geometries are investigated by QST3 technique. In each
case, two optimized conformers along with their speculated transition state
are inputted. In order to confirm the nature of the stationary species and
evaluate the rotational activation energy barriers around each bond,
frequency calculations (using the keyword: FREQ) are carried out for ground
and transition states at both HF and DFT levels. The energy values are
corrected with zero point vibrational energy to eliminate known system-
atic errors in calculations. All the structures appeared to correspond to
local minima, since frequency calculations yield only positive values at
the equilibrium geometries. All the structures are considered to be true
transition states by having only one imaginary frequency. Also the reaction
path followed by IRC to confirm transition states related to the correspond-
ing minimums24,25.

RESULTS AND DISCUSSION

In this paper, HF, MP2 and DFT methods, with 6-31G** and 6-311G**
basis sets, are employed for investigating the tautomeric and conforma-
tional equilibria of 1-phenyl-1,2-propandione-1-oxime (1, Table-1),
1-nitroso-1-phenyl-1-propen-2-ol (2, Table-2), 1-nitroso-1-phenyl-2-
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propanone (3, Table-3), 2-hydroxy-1-phenyl-propenone oxime (4, Table-
4) and 3-nitroso-3-phenyl-propen-2-ol (5, Table-5) (Figs. 1-5). These com-
pounds along with the calculated energy barriers, separating the low
energy conformers, as well as the transition states in their inter-conversion
pathways. In order to determine the barrier of internal rotations of differ-
ent tautomers, we have calculated the electronic energies of the molecules
as a function of the angle of the rotation about all the single bonds.
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Fig. 1. Final optimized geometrical parameters (dihedral angles) of five
conformers of 1-phenyl-1,2-propandione-1-oxime (1), obtained
through DFT(B3LYP/6-311G**) calculations
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Fig. 2. Final optimized geometrical parameters (dihedral angles) of eight
conformers of 1-nitroso-1-phenyl-1-propen-2-ol (2), obtained by
DFT (B3LYP/6-311G**) calculations
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Fig. 3. Final optimized geometrical parameters (dihedral angles) of six
conformers of 1-nitroso-1-phenyl-2-propanone (3), obtained by
DFT (B3LYP/6-311G**) calculations
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Fig.  5. Final optimized geometrical parameters (dihedral angles) of two
conformers of 3-nitroso-3-phenyl-propen-2-ol (5), obtained by
DFT (B3LYP/6-311G**) calculations

The final optimized geometric structural parameters of conformers of
1, 2, 3, 4 and 5 are obtained by DFT (B3LYP/6-311G**) calculations (Figs.
1-5). The results show five rotomers (1Min1, 1Min2, 1Min3, 1Min4 and 1Min5) to
be important for conformational description of 1 (Fig. 1). Eight conform-
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ers (2Min1, 2Min2, 2Min3, 2Min4, 2Min5, 2Min6, 2Min7 and 2Min8) turn out to be
significant for conformational account of 2 (Fig. 2). Six conformers (3Min1,
3Min2, 3Min3, 3Min4, 3Min5 and 3Min6) are essential for conformational picture
of 3 (Fig. 3). Two conformers (4Min1 and 4Min2) appear to be important for
conformational description of 4 (Fig. 4). Two rotomers (5Min1 and 5Min2) are
found significant for description of 5 (Fig. 5).

Thermodynamic data of 1, 2, 3, 4 and 5 are calculated at HF (6-31G*
and 6-311G**), B3LYP (6-31G*, 6-311G**) and single point MP2 (6-
31G*, 6-311G**) (Tables 1-5). These data include the sum of electronic
and thermal energies (E), the sum of electronic and thermal enthalpies (H),
as well as the sum of electronic and thermal Gibbs free energies (G). All
the seven levels of theory show 1Min3 to have smaller Er, Hr and Gr, than
those of all the conformers scrutinized (Table-6). Hence, they are set at
zero, while the Er, Hr and Gr of other conformers are adjusted accordingly.

A discrepancy is encountered between HF, MP2 and B3LYP in calcu-
lating the global minimum for conformers of 2. On one hand, hydrogen
bonding between oxygen and hydrogen (O—H---O) is observed in 2Min5

which is suggested by B3LYP and MP2 methods (with 6-31G* and/or
6-311G** basis sets) to be the global minimum for conformers of 2. The
parameters involved in this hydrogen bonding are quite reasonable with
the O—H distance of 0.960 Å and H---O distance of 1.746 Å and with the
corresponding ∠  O—H---O motif angle of 106.1º (Fig. 2, Table-6). On the
other hand, hydrogen bonding between nitrogen and hydrogen (O—H---
N) is observed in 2Min7 which is suggested by the less complicated HF
methods (with 6-31G* and/or 6-311G** basis sets) to be the global mini-
mum for conformers of 2. The parameters involved in this hydrogen bond-
ing are also quite reasonable with the O—H distance of 0.954 Å and H---N
distance of 2.111 Å and with the corresponding ∠  O—H---N motif angle
of 111.2º (Fig. 2, Table-6).

Conversely, no discrepancy is encountered between HF, MP2 and
B3LYP in calculating the global minima for conformers of 1, 3, 4, or 5
tautomers. All the employed methods show 1Min4 to be the global minimum
of 1 (Fig. 1, Table-6). Hydrogen bonding between oxygen and hydrogen
(O—H---O) is observed in 1Min4. The parameters involved in this hydrogen
bonding are: the O—H distance = 0.950 Å, H---O distance = 1.790 Å and
the corresponding ∠  O—H---O motif angle = 142.4º. This conformer does
not immerge as the global minimum of 1, due to the steric effects involved
between its ortho-hydrogens and the β-CH3 (Fig. 1, Table-6). Similarly, all
the employed methods show 4Min2 to be the global minimum of 4 (Fig. 4,
Table-6). Hydrogen bonding between oxygen and hydrogen (O—H---O)
is observed in 4Min2. The parameters involved in this hydrogen bonding are:
the O—H distance = 0.942 Å, H---O distance = 1.805 Å and the correspon-
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TABLE-6 
RELATIVE ENERGIES (Er), ENTHALPIES (Hr) AND GIBBS FREE ENERGIES 
(Gr) FOR 23 CONFORMERS OF THE SCRUTINIZED TAUTOMERS (1-5) via 
HF, B3LYP and MP2 (kcal/mol). THE GLOBAL MINIMUM, 1Min 3, DATA (Er, Hr 

AND Gr) ARE SET AT ZERO; WHILE THOSE OF THE OTHER 22 
CONFORMERS ARE ADJUSTED ACCORDINGLY 

HF (kcal/mol) B3LYP (kcal/mol) MP2 (kcal/mol) Confor-
mers 

Energies 
6-31G* 6-311G** 6-31G* 6-311G** 6-31G* 6-311G** 

E 9.13 2.77 7.81 8.52 
H 9.13 2.77 7.81 8.52 1Min 1 
G 8.37 2.52 7.04 7.70 

11.24 1.88 

E 2.64 2.77 1.56 2.03 
H 2.64 2.77 1.56 2.03 1Min 2 
G 2.56 2.52 1.56 1.92 

5.05 1.88 

E 0.00 0.00 0.00 0.00 
H 0.00 0.00 0.00 0.00 1Min 3 
G 0.00 0.00 0.00 0.00 

0.00 0.00 

E 5.67 6.41 0.74 2.01 
H 5.67 6.41 0.74 2.00 1Min 4 
G 5.81 6.52 1.15 2.47 

5.90 3.17 

E 1.12 1.09 1.95 1.78 
H 1.12 1.09 1.96 1.78 1Min 5 
G 0.87 0.89 1.55 1.53 

2.18 2.05 

E 24.84 25.12 19.14 19.76 
H 24.84 25.12 19.14 19.76 2Min 1 
G 25.04 25.19 19.74 20.29 

25.73 21.98 

E 29.71 29.45 23.48 23.89 
H 29.71 29.45 23.51 23.89 2Min 2 
G 29.87 29.58 23.84 24.24 

30.84 26.73 

E 18.81 18.68 14.79 15.10 
H 18.81 18.68 14.79 15.10 2Min 3 
G 19.02 18.72 15.41 15.61 

20.75 16.75 

E 23.61 23.34 19.21 19.37 
H 23.61 23.34 19.21 19.36 2Min 4 
G 23.79 23.44 19.73 19.91 

25.64 21.41 

E 19.70 20.43 0.74 2.01 
H 19.70 20.43 0.74 2.01 2Min 5 
G 20.29 20.98 1.15 2.47 

18.76 15.68 

E 27.31 32.23 13.37 21.74 
H 27.31 32.23 12.99 21.74 2Min 6 
G 28.01 32.23 13.85 21.87 

26.13 29.71 

E 18.28 18.47 12.65 13.44 
H 18.28 18.47 12.65 13.44 2Min 7 
G 18.40 18.33 13.31 14.07 

19.45 15.98 
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HF (kcal/mol) B3LYP (kcal/mol) MP2 (kcal/mol) Confor-
mers 

Energies 
6-31G* 6-311G** 6-31G* 6-311G** 6-31G* 6-311G** 

E 26.93 26.94 24.07 24.60 
H 26.93 26.94 24.07 24.60 2Min 8 
G 26.19 26.06 24.20 24.64 

30.26 26.12 

E 14.95 17.64 16.45 19.11 
H 14.95 17.64 16.45 19.10 3Min 1 
G 13.94 16.65 15.53 18.22 

20.77 18.96 

E 13.57 15.13 16.63 19.12 
H 13.57 16.39 16.63 19.12 3Min 2 
G 12.60 15.35 15.23 18.22 

19.96 18.17 

E 14.32 16.89 16.99 19.64 
H 14.33 16.89 16.99 19.64 3Min 3 
G 13.38 16.07 15.90 18.69 

20.18 18.06 

E 14.79 17.73 17.15 20.09 
H 14.79 17.73 17.15 20.09 3Min 4 
G 14.19 17.13 16.54 19.36 

20.16 19.00 

E 16.24 18.94 17.20 19.94 
H 16.24 18.94 17.20 19.94 3Min 5 
G 15.44 18.24 16.34 19.10 

21.44 19.78 

E 15.55 18.50 17.55 21.03 
H 15.55 18.50 18.11 21.03 3Min 6 
G 14.97 17.93 16.78 19.77 

21.13 19.81 

E 21.97 17.78 20.26 16.30 
H 21.97 17.78 20.26 16.30 4Min 1 
G 21.78 17.70 20.13 15.91 

25.67 24.72 

E 18.72 14.95 15.47 11.86 
H 18.72 14.95 15.47 11.86 4Min 2 
G 19.63 15.86 16.52 12.91 

19.94 12.62 

E 32.17 30.74 33.70 35.75 
H 32.17 30.74 33.70 34.82 5Min 1 
G 32.06 30.59 33.37 39.59 

35.04 33.23 

E 34.07 32.78 35.15 34.19 
H 34.07 32.78 35.15 34.19 5Min 2 
G 33.69 32.37 34.93 33.86 

34.58 32.95 

 

ding O—H---O motif angle = 114.5º. Finally, no hydrogen bonding is
observed in any conformer of 3 and/or 5; indicating the higher significance
of hydrogen bonding in stabilizing tautomers 2 and/or 4. The lack of
H-bonding in 3 and/or 5 is translated into the higher similarity between the
energies of their corresponding rotomers (Table-6).

5264  Bekhradnia et al. Asian J. Chem.



Free rotations around three single bonds (-) of 1: Ph-C(NOH)C(O)CH3,
PhC(NOH)-C(O)CH3 and PhC(N-OH)C(O)CH3, give five energy minima
conformers (1Min1, 1Min2, 1Min3, 1Min4 and 1Min5; Fig. 1). Similarly, rotations
around three single bonds of 2: Ph-C(NO)C(OH)CH3, PhC(N-O)C(OH)CH3

and PhC(NO)C(-OH)CH3, give eight structures (2Min1, 2Min2, 2Min3, 2Min4,
2Min5, 2Min6, 2Min7 and 2Min8; Fig. 2) with no imaginary vibrational frequency.
In the same manner, six minima (3Min1, 3Min2, 3Min3, 3Min4, 3Min5 and 3Min6;
Fig. 3) are found for 3 through rotations around Ph-CH(NO)C(O)CH3,
PhCH(-NO)C(O)CH3 and PhCH(NO)-C(O)CH3 bonds. Two minima (4Min1

and 4Min2) are found through rotations around four single bonds of 4:
Ph-C(NOH)C(OH)CH2, PhC(N-OH)C(OH)CH2, PhC(NOH)-C(OH)CH2

and Ph-C(NOH)C(-OH)CH2 (Fig. 4). Similarly, two minima (5Min1 and 5Min2)
are found through rotations around four single bonds of 5: Ph-
CH(NO)C(OH)CH2, PhCH(-NO)C(OH)CH2, PhCH(NO)-C(OH)CH2 and
PhCH(NO)C(-OH)CH2 (Fig. 5).

Inter-conversion pathways of the five conformers of 1 are probed
through scanning (one and/or two dimensional) and/or QST3 (B3LYP/
6-311G**) techniques (Fig. 6). The same treatments are adopted for the
eight conformers of 2 (Fig. 7), the six conformers of 3 (Fig. 8), the two
conformers of 4 and the two conformers of 5 (Fig. 9).

1Min3                                1Min2                                 1Min1                                  1Min4            1Min5

-553.5500

-553.5250

-553.5000

-553.4750

-553.4500

-553.4250

-553.4000

-553.3750

-553.3500

0 10 20 30 40 50 60

E
T 

+ 
ZP

E

Fig. 6.  The least energetic pathway (among 24 possible routs; B3LYP/6-311G**
level of theory) for inter-conversions of five conformers of 1; probed
through scanning (one and/or two dimensional) and/or QST3 techniques)

Rotations around single bonds render several conformers as minima
for each tautomer. The lowest possible energy paths are selected for inter-
conversions of these conformers. Two dimensional scans are employed for
the transition states not reachable through simple rotations around one bond.
Search for a transition structure between E and Z conformers of 1 (and/or
2) is carried out using the STQN (B3LYP/ 6-311G**) method. This option
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2Min5    2Min6   2Min8         2Min7            2Min3    2Min1       2Min2       2Min4

-553.5250

-553.5000

-553.4750

-553.4500

-553.4250

-553.4000

-553.3750

-553.3500

0 20 40 60 80 100 120 140 160

E
T 

+ 
ZP

E

Fig. 7. The least energetic pathway, for inter-conversions of five conformers of
1-nitroso-1-phenyl-1-propen-2-ol, 2 (B3LYP/6-311G** level of theory)
probed through scanning (one and/or two dimensional) and/or QST3
techniques)

3Min1       3Min2           3Min3            3Min4         3Min5            3Min6

-553.5060
-553.5055
-553.5050
-553.5045
-553.5040
-553.5035
-553.5030
-553.5025

0 10 20 30 40 50 60 70 80

ET
 +

 Z
PE

Fig. 8. The least energetic pathway, for inter-conversions of five conformers of
1-nitroso-1-phenyl-2-propanone, 3 (B3LYP/6-311G** level of theory)
probed through scanning (one and/or two dimensional) and/or QST3
techniques)

4Min1                       4Min2               5Min1                5Min2

-553.5400
-553.5200
-553.5000
-553.4800
-553.4600
-553.4400
-553.4200
-553.4000
-553.3800
-553.3600

0 2 4 6 8 10 12 14 16 18

ET
 +

 Z
PE

Fig. 9. The least energetic pathway, for inter-conversions of five conformers of
2-hydroxy-1-phenyl-propenone oxime (4) and 3-nitroso-3-phenyl-propen-
2-ol (5) (B3LYP/6-311G** level of theory) probed through scanning (one
and/or two dimensional) and/or QST3 techniques)
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requires the input of the optimized reactant and product as well as a
propose transition state structures. Hence, the atoms are specified in the
same order within the three structures (Figs. 1-5).

Different ab initio methods of calculations predict unanimously that
the global minimum of oxime tautomer, 1, is of the lowest energy com-
pared to those of 2, 3, 4 and 5. In turn, the global minimum of 3 is found to
be more stable than that of 2. Hence, the order of the stability of global
minima encountered is: 1 > 3 > 2 > 4 > 5.

Conclusion

Ab initio calculations portray a clear picture of 1-phenyl-1,2-
propandione-1-oxime, 1, tautomerizations to: 1-nitroso-1-phenyl-1-propen-
2-ol (2), 1-nitroso-1-phenyl-2-propanone (3), 2-hydroxy-1-phenyl-
propenone oxime (4) and 3-nitroso-3-phenyl-propen-2-ol (5). The order of
the stability of global minima encountered is: 1 > 3 > 2 > 4 > 5. Hydrogen
bonding is observed in two conformers of 2, one of which turns out to be
the global minimum; one conformer of 4, which happens to be the global
minimum; one conformer of 1, which dose not immerge as the global mini-
mum; and no conformer of 3 and/or 5 indicating the higher significance of
hydrogen bonding in tautomers 2 and/or 4. Inter-conversion pathways of
the five conformers of 1 are probed through scanning (one and/or two
dimensional) and/or QST3 techniques. The same treatments are adopted
for the eight conformers of 2, the six conformers of 3, the two conformers
of 4 and the two conformers of 5.
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