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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-
2-0l (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-
tionsare carried out at the Hartree-Fock (HF), Density Functional Theory
(B3LY P) 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 threesinglebonds of 1: Ph-C(NOH)C(O)CHa;, PhC(NOH)-C(O)-
CH3 and PhC(N-OH)C(O)CHs. Similarly, eight structureswith noimagi-
nary vibrational frequency are encountered upon rotations around three
single bonds of 2: Ph-C(NO)C(OH)CH,3, PhC(N-O)C(OH)CH; and
PhC(NO)C(-OH)CHs. Inthe same manner, six minimaare found through
rotations around three single bonds of 3: Ph-CH(NO)C(O)CHa, PhCH(-
NO)C(0O)CH; and PhCH(NO)-C(O)CHs. Two minima are also found
through rotations around four single bonds of 4: Ph-C(NOH)C(OH)CH,
PhC(N-OH)C(OH)CH,, PhC(NOH)-C(OH)CH, and Ph-C(NOH)C
(-OH)CH,. Finally, two minima are found through rotations around
four singlebonds of 5: Ph-CH(NO)C(OH)CH,, PhCH(-NO)C(OH)CH_,
PhCH(NO)-C(OH)CH, and PhCH(NO)C(-OH)CH,. 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 QST 3 techniques.
The order of the stability of global minimaencounteredis: 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-Nitr 0so-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 contai ning 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 rearrangement®. 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 chemists?.
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 derivativesarealso in tau-
tomeric equilibrium in solution®* with quinonemono-oxime but nitroso form
predominates’. Buraway et al.® have shown that in hexane, CCl,, CHCls,
Et,O, benzene, ethanol and water the 2-nitrosophenol was observed only
as nitroso tautomer. In al the solvents the compound studied exhibits the
characteristic band of nitroso group. In disagreement with the above
experiment, Jaffe® 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-
tively”. 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) calculationsin agreement with the experimental data predict the oxime
tautomer to be more stabl€®. Yet in another study, all the possible carbonyl-
nitroso, enol-nitroso and carbonyl-oxime conformations of glyoxamono-
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 conformations’.

Oxime compounds are used as antidotesfor 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 activities'®™. 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 attentions*’. 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 enableit to act asa
mono- or bidentate ligand in metal complexes'®. 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 thesinglebondsof 1, 2, 3, 4and 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
programs"”. Severa 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 thisapproach, all speciesare computed at higher
levels. Consequently, the STO-3G outputs are used as inputs for the HF/6-
31G* calculationsand the HF/6-31G* outputsareinputted 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 questionable®. 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 cal culations are performed on optimi zed geometries obtained through
HF/6-31G* and HF/6-311G***, Finally, the geometry reoptimizations are
carried out using the Density functional theory (DFT) intheform of Becke's
three parameters functional hybrid method®. This is with the Lee, Yang
and Parr correlation functional ((B3LYP)/6-31G*) and (B3LYP)/
6-311G**)*,

Transition state geometriesareinvestigated by QST 3 technique. In each
case, two optimized conformers along with their specul ated 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 oneimaginary frequency. Also the reaction
path followed by IRC to confirm transition states rel ated to the correspond-
ing minimums*?,

RESULTSAND DISCUSSION

Inthispaper, 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-al (5, Table-5) (Figs. 1-5). These com-
pounds along with the calculated energy barriers, separating the low
energy conformers, aswell asthe transition statesin their inter-conversion
pathways. In order to determine the barrier of internal rotations of differ-
ent tautomers, we have cal culated the electronic energies of the molecules
as afunction of the angle of the rotation about al the single bonds.

Fig. 1. Final optimized geometrical parameters (dihedral angles) of five
conformers of 1-phenyl-1,2-propandione-1-oxime (1), obtained
through DFT(B3LY P/6-311G**) calculations
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2Min 7

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. 4. Final optimized geometrical parameters (dihedral angles) of two
conformers of 2-hydroxy-1-phenyl-propenone oxime (4),
obtainedby DFT (B3LY P/6-311G**) calculations
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Min 1 5Min 2

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

Thefinal optimized geometric structural parameters of conformers of
1,2, 3,4 and5areobtained by DFT (B3LY P/6-311G**) cal culations (Figs.
1-5) The results show five rotomers (1Min1, 1Min21 lMin3, Ivina and 1Min5) to
be important for conformational description of 1 (Fig. 1). Eight conform-
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ers (2mint, 2Mmin2, 2Min3, 2Minds 2Mins, 2Mine, 2minz @nd 2wuing) turn out to be
significant for conformational account of 2 (Fig. 2). Six conformers (3uin1,
3umin2, Smin3, Mming, Smins aNd uing) are essential for conformational picture
of 3 (Fig. 3). Two conformers (4win1 and 4wvinz) appear to be important for
conformational description of 4 (Fig. 4). Two rotomers (S5uin1 and Suinz) are
found significant for description of 5 (Fig. 5).

Thermodynamic dataof 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 enthal pies (H),
as well as the sum of electronic and thermal Gibbs free energies (G). All
the seven levels of theory show 1yvins to have smaller E;, H, and G, than
those of al the conformers scrutinized (Table-6). Hence, they are set at
zero, whilethe E;, H, and G, of other conformers are adjusted accordingly.

A discrepancy is encountered between HF, MP2 and B3LY P 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 2uins
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 A and H---O distance of 1.746 A and with the
corresponding J O—H---O motif angle of 106.1° (Fig. 2, Table-6). On the
other hand, hydrogen bonding between nitrogen and hydrogen (O—H---
N) is observed in 2uiny Which is suggested by the less complicated HF
methods (with 6-31G* and/or 6-311G** basis sets) to be the globa mini-
mum for conformers of 2. The parametersinvolved in this hydrogen bond-
ing are also quite reasonable with the O—H distance of 0.954 A and H---N
distance of 2.111 A and with the corresponding 0 O—H---N motif angle
of 111.2° (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 1uins to be the global minimum
of 1 (Fig. 1, Table-6). Hydrogen bonding between oxygen and hydrogen
(O—H---0) isabserved in 1uins. The parametersinvolved in this hydrogen
bonding are: the O—H distance = 0.950 A, H---O distance = 1.790 A and
the corresponding [0 O—H---O motif angle = 142.4°. This conformer does
not immerge as the global minimum of 1, due to the steric effectsinvolved
between its ortho-hydrogens and the 3-CHjs (Fig. 1, Table-6). Similarly, all
the employed methods show 4yinz to be the global minimum of 4 (Fig. 4,
Table-6). Hydrogen bonding between oxygen and hydrogen (O—H---O)
isobserved in 4uinz. The parametersinvolved in thishydrogen bonding are:
the O—H distance = 0.942 A, H---O distance = 1.805 A and the correspon-
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TABLE-6
RELATIVE ENERGIES (E,), ENTHALPIES (H,) AND GIBBS FREE ENERGIES
(G, FOR 23 CONFORMERS OF THE SCRUTINIZED TAUTOMERS (1-5) via
HF, B3LYP and MP2 (kcal/mol). THE GLOBAL MINIMUM, 1,,,,, DATA (E, H,
AND G) ARE SET AT ZERO; WHILE THOSE OF THE OTHER 22
CONFORMERS ARE ADJUSTED ACCORDINGLY

Confor- ¢ oo HF (kca/mol)  B3LYP (kcal/mol)  MP2 (kcal/mol)

mers 6-31G* 6-311G** 6-31G* 6-311G** 6-31G* 6-311G**
E 913 277 781 852

Lyin1 H 9.13 277 781 852 1124 188
G 8.37 252 704 770
E 264 277 156 203

Lyins H 264 277 156 203 505 188
G 2.56 252 156 192
E 000 000 000 000

Lyins H 000 000 000 000 000 000
G 000 000 000 000
E 5.67 641 074 201

Lyina H 5.67 641 074 200 590 317
G 5.81 652 115 247
E 112 109 195 178

Lyins H 112 109 196 178 218 205
G 0.87 089 155 153
E 2484 2512 1914 19.76

2uin1 H 2484 2512 1914 1976 2573 2198
G 2504 2519 1974  20.29
E 2071 2945 2348  23.89

2uin2 H 2071 2945 2351 2389 3084 2673
G 2087 2958 2384  24.24
E 1881 1868 1479 1510

2uin3 H 1881 1868 1479 1510 2075 1675
G 1902 1872 1541 1561
E 2361 2334 1921 19.37

2uina H 2361 2334 1921 1936 2564 2141
G 2379 2344 1973 1991
E 1970 2043 074 201

2uins H 1970 2043 074 201 1876 1568
G 2029 2098 115 = 247
E 2731 3223 1337 2174

2uine H 2731 3223 1299 2174 2613 2971
G 2801 3223 1385 21.87
E 1828 1847 1265 1344

20in7 H 1828 1847 1265 1344 1945 1598
G 1840 1833 1331  14.07
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Confor- ¢ iie HF (kcd/mol)  B3LYP (kcal/mol)  MP2 (kcal/mol)

mers 6-31G* 6-311G** 6-31G* 6-311G** 6-31G* 6-311G**
E 2693 2694 2407 24.60

2uins H 2693 2694 2407 2460 3026 2612
G 2619 2606 2420 24.64
E 1495 1764 1645 1911

Buin1 H 1495 1764 1645 1910 2077  18.96
G 1394 1665 1553  18.22
E 1357 1513 1663  19.12

3uin H 1357 1639 1663 1912 1996 1817
G 1260 1535 1523 1822
E 1432 1689 1699  19.64

3uins H 1433 1689 1699 1964 2018  18.06
G 1338 1607 1590 1869
E 1479 1773 1715  20.09

Buina H 1479 1773 1715 2009 2016  19.00
G 1419 1713 1654  19.36
E 1624 1894 1720 19.94

Buins H 1624 1894 1720 1994 2144 1978
G 1544 1824 1634  19.10
E 1555 1850 1755 21.03

Buine H 1555 1850 1811 2103 2113 1981
G 1497 1793 1678  19.77
E 2197 1778 2026  16.30

Qi H 2197 1778 2026 1630 2567 2472
G 2178 1770 2013 1591
E 1872 1495 1547  11.86

By H 1872 1495 1547 1186 1994 1262
G 1963 1586 1652 1201
E 3217 3074 3370 3575

Byin1 H 3217 3074 3370 3482 3504 3323
G 3206 3059 3337 3959
E 3407 3278 3515 3419

Byin 2 H 3407 3278 3515 3419 3458 3295
G 3369 3237 3493 3386

ding O—H---O motif angle = 114.5°. Finaly, 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 istranslated into the higher similarity between the
energies of their corresponding rotomers (Table-6).
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Freerotationsaround three single bonds (-) of 1: Ph-C(NOH)C(O)CHs,
PhC(NOH)-C(O)CH3; and PhC(N-OH)C(O)CHs, give five energy minima
conformers (Iuint, Iminz, Inming, Iminga @Nd Lyins; Fig. 1). Similarly, rotations
around three single bonds of 2: Ph-C(NO)C(OH)CHa;, PhC(N-O)C(OH)CHs
and PhC(NO)C(-OH)CHg, give e|ght structures (2Minl, 2Min2, 2Min3, 2Minds
2ins, 2mine, 2vin7 @Nd 2uing; Fig. 2) with no imaginary vibrational frequency.
In the same manner, SiX minima (3Minl1 3Min2, 3Min3, 3Min4, 3Min5 and 3Min6;
Fig. 3) are found for 3 through rotations around Ph-CH(NO)C(O)CHj,
PhCH(-NO)C(O)CH; and PhCH(NO)-C(O)CHs; bonds. Two minima (4in
and 4winz) are found through rotations around four single bonds of 4:
Ph-C(NOH)C(OH)CH,, PhC(N-OH)C(OH)CH,, PhC(NOH)-C(OH)CH,
and Ph-C(NOH)C(-OH)CH. (Fig. 4). Similarly, two minima (5uiniand Swinz)
are found through rotations around four single bonds of 5: Ph-
CH(NO)C(OH)CH., PhCH(-NO)C(OH)CH,, PhCH(NO)-C(OH)CH, and
PhCH(NO)C(-OH)CH; (Fig. 5).

Inter-conversion pathways of the five conformers of 1 are probed
through scanning (one and/or two dimensional) and/or QST3 (B3LY P/
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

-553.3500 -
-5653.3750 -
-553.4000
-553.4250 -
-553.4500
-553.4750
-553.5000
-553.5250
-553.5500

ET + ZPE

0 10 20 30 40 50 60

Fig. 6. Theleast energetic pathway (among 24 possiblerouts; B3LY P/6-311G**
level of theory) for inter-conversions of five conformers of 1; probed
through scanning (one and/or two dimensional) and/or QST 3 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
thetransition states not reachabl e through simplerotations around one bond.
Search for atransition structure between E and Z conformers of 1 (and/or
2) iscarried out using the STON (B3LY P/ 6-311G**) method. This option
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2min5  2Min6  2Ming 2min7 2Min3  2Min1 2Min2  2Min4

-553.3500 -
-553.3750 -
-553.4000 -
-553.4250 -
-553.4500 -
-553.4750 -

ET + ZPE

-553.5000 -
-553.5250

0 2‘0 4‘0 6‘0 f;O 160 12‘0 14‘10 150

Fig. 7. Theleast energetic pathway, for inter-conversions of five conformers of
1-nitroso-1-phenyl-1-propen-2-ol, 2 (B3LY P/6-311G** level of theory)
probed through scanning (one and/or two dimensional) and/or QST3
techniques)

3Min1 3Min2 3Min3 3Min4 3Min5 3Min(i
-553.5025 -
-553.5030
-553.5035 -
-553.5040 -
-553.5045 -
-553.5050
-553.5055 -
-553.5060 ; ‘ ‘ ‘ ‘ ‘ ‘ ‘
0 10 20 30 40 50 60 70 80

ET + ZPE

Fig. 8. Theleast energetic pathway, for inter-conversions of five conformers of
1-nitroso-1-phenyl-2-propanone, 3 (B3LY P/6-311G** level of theory)
probed through scanning (one and/or two dimensional) and/or QST3
techniques)

Min2 5Min1 5M n2

Min1

-553.3600
-553.3800 +
-553.4000 H
-553.4200 |
-553.4400
-553.4600
-553.4800
-553.5000
-553.5200 |
-553.5400

ET +ZPE

0 2 ;1 é é 1‘0 1‘2 1;1 1‘6 1‘8

Fig. 9. Theleast 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 QST 3 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 3isfound to
be more stable than that of 2. Hence, the order of the stahility of global
minimaencountered is: 1 >3>2>4>5,

Conclusion

Ab initio calculations portray a clear picture of 1-phenyl-1,2-
propandione-1-oxime, 1, tautomerizationsto: 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 minimaencounteredis: 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 asthe 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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