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Abstract—According to quantum chemical calculations (B3LYP/6-311G*) and IR spectroscopy the basicity of
oxygen atom of O-vinylacetoxime is substantially lower than that of O-ethylacetoxime and is comparable to the
basicity of phenyl vinyl and diphenyl ethers. In CCly solution, O-vinylacetoxime gives H-complexes with
methanol by formation of N---HO bonds. With phenol and trifluoroacetic acid under these conditions it enters
in the reaction of electrophilic addition. O-Ethylacetoxime in inert media forms with methanol and phenol two

types of H-complexes with the N---HO or O--*-HO bonds.
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O-Vinylketoximes are promising monomers and
intermediates, as well as the models for investigation
of reactivity of O-vinyloxime function. Their chemical
modifications makes it possible to purposefully syn-
thesize new compounds with the =N-O system of
bonds. O-Vinylketoximes are unstable energy-rich
compounds (temperature of decomposition 110-150°,
energy of decomposition 1300-1800 J g ') [1]. Their
reactivity in electrophilic addition of carboxylic acids
and alcohols to the double bond was studied on the
example of O-vinylbenzophenone oxime [2]. The
conformational structure and vibrational spectra of the
simplest representative of this class of compounds, O-
vinylacetoxime I, [3-5] and possible intramolecular
rearrangements initiated by dissociation of the N-O
bond were theoretically studied [6]. It was shown that
in the isolated state oxime I exists as an equilibrium
mixture of two planar conformers: ap,ap and ap,sp, the
former being by 0.62 kcal mol™' (HF/6-311G**) more
stable [3-5].

=
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>: N\o 7
L-ap.sp

The activation parameters and thermal effects of
intramolecular rearrangement of this compound into
iminoacetaldehyde were estimated and the structure of
the transition state was identified [6]. Quantum-

chemical study of hydration and protonation of oxime
I in the gas phase provided a possibility to solve the
problem of interrelation between the structure of its
stable conformers and their propensity to form H-
bonded complexes [7, §].

In the present work we have studied the interaction
of O-vinylacetoxime (I-ap,ap) and (I-ap,sp) with weak
(methanol) and strong (phenol and trifluoroacetic acid)
proton donors using the methods of IR spectroscopy
and quantum chemistry. When studying the electron-
donating ability of oxime I, O-ethylacetoxime Il was
used as a model compound in which the =N-O
fragment is not connected with a highly reactive vinyl
group.

Earlier, theoretical study of donor—acceptor inter-
action of O-vinylacetoxime I with water and trifluoro-
acetic acid [7, 9] has shown that its monohydrates are
weak H-complexes with the energy of formation AE 4—
5 kcal mol ™" that slightly depends on the conformation
of the molecules or the type of the H-bond. All heavy
atoms in both conformers of proton-acceptor I lie in
one plane. Upon the formation of the monohydrate
with participation of the oxygen atom, the N-O bond is
elongated as compared to the starting molecule. With
trifluoroacetic acid strong H-complexes with the
N-+HO (AE 11.1-12.1 kcal mol™") or O--HO bonds
(AE 7.8-9.1 kcal mol ™" are formed. With this, not only
the lengths of the N-O and C-O bonds of oxime I but
also the mutual orientation of its vinyl and azomethine
groups is substantially changed.
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We have studied theoretically the H-complexes of
the ap,ap- and ap,sp-conformers of oxime I with
methanol of 1:1 composition with participation of the
nitrogen (I1la and IIIb) or the oxygen (IVa and I'Vb)
respectively, and those of 1:2 composition with
participation of both heteroatoms Va and Vb (see
Fig. 1 and Table 1). H-Complexes of I with phenol of
1:1 composition with the N--HO (VI) and O--HO
bond VII and of 1:2 composition VIII were studied on
the example of its more stable conformer I-ap,ap (see
Fig. 2 and Table 1).

By their strength (AE 5.4-7.8 kcal mol ") these H-
complexes occupy the intermediate position between
the hydrates of oxime I and its complexes with
trifluoroacetic acid. When the nitrogen atom is
involved in their formation, they are more stable by
~2.0 kcal mol’'. H-Complexes of the (I-ap,ap)
conformer with phenol are stronger than those with
methanol by only 0.4 (N-+-HO) or 0.7 kcal mol
(O--HO).

In all H-complexes of oxime I of 1:1 composition
the starting conformation of the proton-acceptor is

Table 1. Characteristics of H-complexes of O-vinylacetoxime I, O-ethylacetoxime II, vinyl ethyl XV, divinyl XXIV,
diphenyl XXI, vinyl phenyl XXVII, and diethyl XVIII ethers with MeOH and PhOH

B3LYP/6-311G* IR in CCl; solution
Complex H-acceptor X--H Bond
—AE, kcal mol ™! d(X--H), A Av(OH), cm’! Av(OH), cm!
MeOH

1:1
II1a L ap,ap NH 7.37 2.007 149 154
1IIb L ap,sp NH 7.78 1.983 172 199
IVa L ap,ap OH 5.43 2.005 63
IVb L ap,sp OH 5.85 2.024 73
1:2
Va L ap,ap OH, 12.28 1.949 54

NH 1.960 128
Vb L ap,sp OH, 12.67 2.030 63

NH 2.081 126
1:1
IX 1L, ap,ap NH 8.32 1.991 182 215
X 1L, ap,ap OH 7.09 1.949 118 117
1:2
XI IL, ap,ap OH, 14.84 1.966 103

NH 2.007 163
1:1
XVI XV, sp,ap OH 6.19 1.967 78
XIX XVIII, sc,ap OH 7.84 [10] 140 [10] 148 [10]
XXII XXI OH 6.46 [10] 58[10] 50 [10]
XXV XXI1V, sp,ap OH 5.63 2.027 39
XXVIII XXVII OH 6.12 2.020 53
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Table 1. (Contd.)

B3LYP/6-311G* IR in CCl, solution
Complex H-acceptor X-+H Bond
—AE, kcal mol ™! d(X--H), A Av(OH), cm! Av(OH), cm’!
PhOH

1:1
VI L ap,ap NH 7.82 1.927 260
VII L ap,ap OH 6.09 1.953 131
1:2
VIII L ap,ap OH, 13.09 2.015 93

NH 1.962 237
1:1
XII IL, ap,ap NH 9.23 1.913 319 385
XIIT IL, ap,ap OH 7.28 1.890 208 215
1:2
X1V II, ap,ap OH, 15.48 1.927 168

NH 1.933 282
1:1
XVII XV, sp,ap OH 7.15 1.887 152 155 [13]
XX XVIII, sc,ap OH 9.84 [10] 264 [10] 271 [13]
XXIII XXI OH 6.46 [10] 127 [10] 126 [10]
XXVI XXIV, sc,ap OH 6.08 1.933 111 93 [13]
XXIX XXVII OH 6.33 1.934 117 107 [13]

retained, variations of dihedral angles C'=N-O'-C?
and N-O'-C?=C? do not exceed 14°. The lengths of the
covalent bonds in the complexes with methanol
slightly differ from those in the starting conformers of
oxime I; the same is true for complexes with phenol
with the N---HO bond. At the same time, when the
oxygen atom is involved in the complex formation
with phenol, the length of both bonds increases by
0.016 (C>~0") and 0.010 A (N-0").

H-Complexes of oxime I with methanol Va, Vb
and phenol VIII of 1:2 composition are by 5-7 kcal mol™
more stable than the corresponding 1:1 complexes
(Table 1). The molecular conformation of the proton-
acceptor in these complexes is also retained. The
lengths of the covalent bonds N-O' and C>-O'
increases by ~0.01 A with respect to the starting
conformers of oxime I. As in the complexes of phenol
with the O--*HO bond, this is indicative of weakening

of interaction between the oxygen atom lone pair (LP)
and the C=C and N=C groups that determines the
stability of the I-ap,ap and I-ap,sp conformers.

The interaction of O-ethylacetoxime Il with proton-
donors was studied for its ap,ap-conformer which is by
0.5 kcal mol' more stable than the ap,sp-conformer
(see Fig. 3 and Table 1). H-Complexes of oxime II of
1:1 composition with methanol and phenol with the
N--HO bonds IX, XII are by 1.2 (with methanol) and
1.9 kcal mol™' (with phenol) more stable energetically
than those with the O---HO bonds X, XIII. With this,
they are by 1-2 kcal mol' more stable than the
corresponding H-complexes of oxime I having the

vinyl group.
Theoretical estimation of the electron-donating

ability of oximes I and II was performed by the use of
the Av(OH) value taken as the difference between the
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1.411 A 1.372A
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Fig. 1. Molecular structures of H-complexes of ap,ap- and ap,sp-conformers of O-vinylacetoxime I with methanol.

C v e A1 ¢ v

Fig. 2. Molecular structures of H-complexes of ap,ap-conformer of O-vinylacetoxime I with phenol.
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Ce

X1 X1

L
X1V

Fig. 3. Molecular structures of H-complexes of ap,ap-conformer of O-ethylacetoxime IT with methanol and phenol.

calculated stretching vibration frequencies of the free
and associated hydroxy groups of the proton-donor
molecule. The values of spectroscopic basicity [Av(OH)]
for H-complexes of methanol with the ap,ap- and
ap,sp-conformers of I containing the N--HO bonds
amount to 149 (IIla) and 172 cm™' (IIIb), and the
O-+HO bonds, 63 (IVa) and 73 cm ' (IVb), differing

more than twofold (Table 1). This difference is
retained also for the similar H-complexes of the ap,ap-
conformer of oxime I with phenol, 260 (N---HO) (VI)
and 131 cm' (O-+HO) (VII). The spectral shift for
complexes of oxime II as compared to those of oxime
I increases for the N--HO and O--HO bonds and
amounts to 182 (IX) and 118 cm ' (X) for complexes
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with methanol, and 319 (XII) and 208 cm ' (XIII) for
complexes with phenol, respectively (Table 1).
According to the data obtained, the basicity of oxygen
atom in oxime I is 1.9 times less than that in oxime II,
and the basicity of nitrogen in I is 1.2 times less than
in II. The differences found for the Av(OH) values
makes it possible to determine the electron-donating
centers in molecules I and II upon formation of H-
complexes in inert media from the data of IR
spectroscopy.

The comparison of the calculated spectral shifts for
H-complexes of oximes I, II and ethers (Table 1)
indicated the order of these molecules according to
sequences (1) and (2) in keeping with the increasing
electron-donating ability of their oxygen atom. The
calculations were performed for the most stable
conformers of the molecules [11, 12]. Sequence (1)
shows the values of Av(OH) (cm ') for H-complexes
of methanol, sequence (2), for those of phenol. The
maximum electron-donating ability is observed in
diethyl ether XVIII, the minimum, in divinyl ether
XXIV. The basicity of oxygen atom in oxime I is ca.
twice as low as that of ether XVIII, higher than in
divinyl XXIV and phenyl vinyl ether XXVII, and
close to that of diphenyl ether XXI.

XXIV (39) < XXVII (53) < XXI (58)
<I(63) <XV (78) <II (118) < XVIII (140), (1)

XXIV (111) < XXVII (117) < XXI (127)
<I(131) <XV (152) <II (208) < XVIII (264).  (2)

Since the electron-donating ability of the oxygen
atom in unsaturated ethers depends on the character of
interaction of its LP with the =m-system of the
molecules [13], the above order of spectroscopic
basicity reflects the degree of this interaction. It is
maximum in divinyl ether. In O-vinylacetoxime this
interaction is comparable with that in diphenyl ether
XXI. Electron-donating properties of O-ethylacet-
oxime II are comparable to those of diethyl ether
XVIII. This is in compliance with a lower degree of
interaction of the oxygen atom LP with the oxime
group as compared to the vinyl group [5].

The value of the spectral shift Av(OH) in the series
of the considered H-complexes of oximes and ethers
with methanol and phenol linearly depends on the
length of hydrogen bond d(O---H), A, determining their
strength [Eq. (3)].

Av(OH) = (1847+254) — (888+129)d(0O---HO), 3)
r0.92,se21,nl1l.

Similar linear correlation (4) is observed between
the values of spectroscopic basicity of nitrogen atom in
the studied oximes and the length of the N---H bond in
their H-complexes with methanol and phenol.

Av(OH) = (3491£415) — (1667+211)d(N---HO), “4)
r0.98, se 18, n 5.

The nature of the interaction of O-vinylacetoxime I
with hydrogen bond donors (methanol, phenol, tri-
fluoroacetic acid) was studied by us using the method
of IR spectroscopy in inert media. In the spectrum of
solution of O-vinylacetoxime I in CCly the stretching
vibration bands of the C=C groups at 1623, 1648, and
the C=N group at 1669 cm ' are observed. A strong
band at 1623 cm™' belongs to the (I-ap,ap)-conformer,
and a weak band at 1648 cm™, to the less stable (I-
ap,sp) conformer [3]. Addition of excess phenol or
trifluoroacetic acid to this solution leads to the
disappearance of the v(C=C) vibrations band. At the
same time, addition of excess oxime I to the diluted
solution of phenol or trifluoroacetic acid in CCly (¢
~10*-107 M) results in disappearance of the OH
vibration band of the proton-donor molecule. These
changes are indicative of the addition of phenol or
trifluoroacetic acid to the C=N bond of oxime I with
the formation of O-(1-phenoxyethyl)- or O-(1-tri-
fluoroacetoxyethyl)acetoximes. However, the reaction
of addition of trifluoroacetic acid to O-vinylbenzo-
phenone oxime with the formation of O-(1-tri-
fluoroacetoxyethyl)benzophenone oxime proceeds
under more severe conditions (heating of equimolar
amounts of the reagents to 60°C during 0.5 h) [2].

Alcohols are also known to add to O-vinyl-
benzophenone oxime by the Markownikoff rule [3].
When performing the reaction in boiling methanol in
the presence of trifluoroacetic acid, the conversion
depends on the percentage of the latter. In the solution
of O-vinylacetoxime I in CCl, at 20—60°C and in the
absence of catalyst such reaction with methanol does
not take place. The v(C=C) band in the spectrum of
this solution with excess of methanol remains
unchanged. This allowed the use of methanol for
determination of the centers of basicity in O-vinyl-
acetoxime I. Unlike oxime I, the basicity of oxime II
was determined upon its interaction not only with
methanol but also with standard proton-donor, phenol.
The data of quantum chemical calculations were used
for analysis of the Av(OH) values in the IR spectra of
solutions. On the example of H-complexes of diethyl
ether with methanol XIX and phenol XX it was shown
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(a)
g \ /\/(b)
E
g v (©)
F
1 1 1 1
3600 3500 3400 3300 v, cm’
Fig. 4. IR spectra of O-vinylacetoxime I at (a) 25°C,

(b) —40°C, and (c) of O-ethylacetoxime II, 25°C in CCl,
solution with addition of methanol.

that the experimental values of Av(OH) for them, equal
to 148 and 277 cm’', respectively, are close to the
theoretically calculated at the B3LYP/6-311G* level
(140 and 264 cm™) [10].

The addition of O-ethylacetoxime II to the diluted
solution of methanol in CCl (C ~10* M) leads to a
decrease in the intensity of the stretching vibration
band of free OH groups (3637 cm') in the IR
spectrum. Simultaneously, a wide absorption band of
the associated OH groups (3422 cm ') with a shoulder
at 3520 cm ' appears in the spectrum (Fig. 4c). Upon
heating of the solution to 40—50°C the intensity of the
doublet band decreases with simultaneous increase in
the intensity of the vibration band of free OH groups.
The spectral shifts Av(OH) of the maxima of the
doublet band with respect to v(OH) of free hydroxy
group in this spectrum are equal to 117 and 215 cm™'
(Table). The best correspondence of these values to the
calculated Av(OH) in the H-complexes of oxime II
with methanol having O-~HO (118 cm™) (X) and
N-+HO (182 cm™) (IX) bonds suggests the pre-
dominant formation of two types of H-complexes of
the 1:1 composition in solution. With this, the band at
3422 cm' belongs to the more stable H-complex IX
with the N---HO bond, and its high-frequency shoulder,
to H-complex X with the O--*HO bond. In the spectrum
of solution of methanol and oxime II in CH,Cl, a
similar doublet band with maximum at 3398 and
shoulder at 3500 cm ' is observed. A decrease in the
temperature of the solution to —20°C results in an
increase in the intensity of the low frequency
component of the band, corresponding to H-complex
IX, and disappearance of the high frequency
component.

The addition of oxime II to the diluted solution of
phenol in CCly (C ~10* M) results in the appearance
(alongside the stretching vibration band of free OH
groups of proton-donor at 3612 cm ') of a doublet
band of associated OH groups with the components at
3397 and 3227 cm ' of comparable intensity. The high
frequency component can be assigned to stretching
vibrations of the OH groups participating in the
formation of the O--HO bonds since the spectral shift
Av(OH) of 215 cm' corresponds to the calculated
value of 208 cm ' for complex XIII (1:1) (Table 1).
The Av(OH) value of 385 cm ' corresponding to the
low frequency maximum is the most close to the
calculated value of 319 cm™' (XII) (1:1) for the OH
groups participating in the formation of the N--HO
bonds (Table 1).

Therefore, in inert media a dynamic equilibrium is
observed between the free molecules of O-ethyl-
acetoxime II and its H-complexes (methanol, phenol)
of 1:1 composition of the two types: with the N---HO
or O--HO bonds. Formation of H-complexes of oxime
II of 1:2 composition XI, XIV is hardly probable since
the calculated values of the spectral shifts for their
O--HO, N-HO bonds do not correspond to the
observed ones (see Table 1).

The addition of O-vinylacetoxime I to the diluted
solution of MeOH in CCly leads to a decrease in the
intensity of the stretching vibration band of the free
OH group of methanol and a wide band of associated
OH groups with two maxima (3483 and 3438 cm™')
(Figs. 4a, 4b). Their low frequency shift Av(OH) with
respect to the band of the free OH groups amounts to
154 and 199 cm™' and corresponds to formation of the
N--HO hydrogen bonds with two conformers (I-ap,ap
and I-ap,sp) in compliance with the results of cal-
culatioins for complexes Illa and IIIb (see Table 1).
For complexes with O--HO bonds IVa and IVb the
calculated values of Av(OH) are much less (63 and
73 cm'). Cooling of the solution of oxime I with
methanol in CCl, to —40°C leads to a strong increase in
the intensity of the low frequency component of the
doublet band, which belongs to more stable H-complex
of the (I-ap,sp) conformer I1Ib. The observed Av(OH)
values, as in the case of oxime II, do not correspond to
the calculated for H-complexes of oxime I of 1:2
composition Va and Vb (see Table 1).

Therefore, oxime I, as distinct from oxime II,
forms H-complexes with participation of only the
nitrogen atom. This is due to diminished basicity of its
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oxygen atom which according to calculations is twice
as low as that of oxime II.

EXPERIMENTAL

O-Vinylacetoxime was synthesized by the earlier
described procedure [14]. IR spectra from solutions of
the compounds were obtained on a Specord 75 IR
spectrophotometer. Quantum-chemical calculations
were performed at the B3LYP/6-311G* level using the
GAUSSIAN-03 package [15]. The geometry of
molecular systems was fully optimized to energy
minima with the accuracy of 10 au/Bohr. Positive
eigenvalues of the Hessian matrix for all structures
confirm that they belong to minima on the potential
energy surface. The energy of formation of H-
complexes (AE) was estimated as the difference
between their total energies and the sum of energies of
the components.
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