STRUCTURE OF 3-PYRAZOLIDONE HYDROCHLORIDES

B. E. Zaitsev, L. B. Preobrazhenskaya, UDC 547.775:543.422.4
and R. B. Zhurin

On the basis of the shift of the bands of the stretching vibrations of the amide group in the
IR spectra of the hydrochlorides of 1-phenyl-3-pyrazolidone derivatives in chloroform and
in the crystalline state, it was proved that 3-pyrazolidone hydrochlorides are formedthrough
the addition of a proton to the nitrogen atom in the 1 position. The different type of proton-
ation of 3-pyrazolidones as compared with the protonation of 1-phenyl-5-pyrazolones (pro-
tonation at the oxygen) is explained by the presence of an aromatic heteroring in the latter
compounds and the absence of such a ring in the former. '

On the basis of an analysis of the pK, values of several 3-pyrazolidones, Zaitsev and co-workers [1]
have demonstrated that pyrazolidones add a proton at the amine nitrogen in the 1 position. More detailed
information regarding the protonation of phenidones, particularly their reaction with HCl, can be obtained
by IR spectroscopy. For this, one can use the vibrations of the bonds that include nitrogen atoms (N—H,
Nt—=H, and C~N) and the vibrations of groups that are sensitive to a change in the state of the indicated
nitrogen atoms. Carbonyl groups are particularly groups of this sort. In [1] it was pointed out that the IR
spectra of pyrazolidone hydrochlorides in the crystalline state contain bands at 1690-1775 cm™1, while the
spectra of chloroform solutions of these hydrochlorides have bands at 1720-1725 cm™!. However, the pa-
per did not contain any data for the hydrochlorides of the individual compounds, the indicated frequency in~
tervals were not adequately discussed, and the completeness of protonation was unknown.

In the present study we have used IR spectroscopy to study the structure of the hydrochlorides of 1-
phenyl-3-pyrazolidone derivatives in the crystalline state and in chloroform solutions.

An important factor responsible for the interaction of hydrogen halides with heferocyclic compounds
is the basicity of the heteroatoms. The latter depends to a great degree on the environment. Depending
on the environment, the heteroatoms in compounds can be found in various states that determine the type
of valence orbitals and their inclusion in the molecular electronic system. Of special interest in this re-
spect are compounds with several heteroatoms. In particular, 5-pyrazolones and 3-pyrazolidones are
compounds of this sort.

It has previously been pointed out that the state of the nitrogen atom in 5-pyrazolone is determined
by the inclusion of an unshared pair of nitrogen electrons in the aromatic system of the pyrazolone ring
[1]. The latter circumstance explains the sharp reduction in the basicity of nitrogen atoms, which is con~
firmed by the ease of protonation of 5-pyrazolone derivatives at the amide oxygen atom rather than at the
nitrogen atoms [2].

A distinctive peculiarity of 1-aryl-pyrazolidones is the absence of a closed r-electron system in the
pyrazolidone ring. A consequence of this is the fact that phenidone (1-phenyl-3-pyrazolidone) is charac-
terized by the presence of several atoms that have electron-donor properties — the two ring nitrogen atoms
and the carbonyl oxygen. These atoms have unshared pairs of electrons that are capable of being supplied
to the unfilled or partially vacant orbitals of protons or hydrogen atoms. It should be expected that, of the
two nitrogen atoms, the nitrogen atom in the 1 position rather than that in the 2 position has the greatest
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Fig. 1. vn= bands in chloroform
and in chloroform in the presence of
HCI: 1) and 2) 1~phenyl-3-pyrazoli~
done (c 0.00308 M); 3) and 4) anti-
pyrine (¢ 0.00331 M); 1) and 3) un-
protonated forms; 2) and 4) proton~
ated forms.

Fig. 2. vg = band of 1-(o-tolyl)~3~-
pyrazolidone in chloroform and in
chloroform in the presence of HC1
(c 0.0028 M): 1) unprotonated form;
2) and 3) partially protonated forms;
4) completely protonated form.

TABLE 1. Frequencies of the Stretching Vibrations of the C=0
Groups in the IR spectra of 3-Pyrazolidone Hydrochlorides*
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capacity for protonation. This is due to the fact that the unshared pair of
electrons of the 2-N atom interacts with the carbonyl group, which leads
to a sharp decrease in its basic properties and to an increase in the ba-
sicity of the carbonyl oxygen. The interaction of 1-N with the phenyl
group and with 2-N should be relatively weak, since the phenyl group and
2-N interact much more weakly with the 1-N amine nitrogen than does the
carbonyl group with the 2-N atom. As a result, the basicity of 1-N is ex-
pected to be quite high (see {1]).
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Fig. 3. vo=0 bands of 1~
phenyl-4-methyl-3-py-
razolidone in the crystal-
line state.

Thus the phenidone molecule has two basic groups that are capable
of protonation — the amide and amine groups. Since the pK, of an aro-
matic amine is five orders of magnitude greater than the pK, of the amide,
one should expect that the formation of a salt should proceed primarily
through the amine 1-N nitrogen and then through the oxygen of the car-
bonyl group.

The change in the frequencies of the v stretching vibrations in the IR spectra was used to prove
the type of protonation phenidone undergoes. In doir_lkg this, we took into account the dependence of v~_
on such factors as 1) the inductive effect due to the NH group, 2) the formation of a hydrogen bond, or 3)
protonation of the C=0 group. The first effect increases vg=(» while the second and third lower it [3].
Proceeding from these factors, it should be expected that in the case of protonation at the 1-N atom (type
A), g = in the IR spectrum of the protonated p_Ii_lenidone should be shifted to the high~frequency region
under the influence of the inductive effect of the N—H group.

H,C—CH H,C-—CH
H'\él \Ci() 2? \ i+
C.H /NN CGHP/N\N/C~0—H
65 H > H

A B

However, in the case of protonation at the oxygen of the amide group (type B), Vo= lin the IR spectrum of
the protonated molecule should be shifted to the low-frequency region as compared with v - o of the un-
protonated molecule. A confirmation of the latter is the disappearance of v¢ . g in the IR spectra of 5-
pyrazolone hydrochloride as compared with yo = (1655 cm™}) in the spectrum of 5-pyrazolone in chloro-
form solution and in the crystalline state, respectively (Fig. 1). In addition, an examination of the IR spec-
tra of 3-pyrazolidone hydrochlorides in the crystalline state and in CHCl; solutions demonstrates that

vo=0 18 shifted to the high~frequency region to 1743-1775 cm™! as compared with vg = g (~1690 em™) in
unprotonated 3-pyrazolidones (Table 1, Figs. 1-3). On the basis of the observed shift of v - (y, it can be
concluded that protonation of 3-pyrazolidones proceeds at the cyclic 1-N atom. As a result of this, salts
of the A type rather than of the B type are formed. '

The maxima of the vy = (y absorption bands in the spectra of solutions of protonated 1-aryl-3-py-
razolidones in chloroform lie in a narrow interval (1744~1749 ecm™1). At the same time, the interval of
vc=0 values is considerably broader (1695~1713 cm™!) (Table 1) in the spectra of solutions of the unpro-
tonated pyrazolidones in chloroform. As was previously pointed out [4], the broader vg - interval in the
latter case is determined by transmission of the interaction of the aryl group through the unshared pair of
electrons of the 1~-N atom. However, protonation of the 1-N atom leads to blocking of this pair of elec~
trons and, consequently, to disruption of the possibility of interaction of the amide group with the aryl
group. As a result, substituents in the phenyl ring will not ha:iye an effect on the amide group, and vo -

should be determined primarily by the inductive effect of the NH group, as a consequence of which the
vc=0 values should be close to one another.

The observed shift (Ayx -, 39-50 em™)) is high. In explaining the magnitude of Avg - g, it is nec-
essary to take into account that it is caused by the electrostatic effect of the positive charge of the proton
and removal of the unshared pair of 1~-N electrons from conjugation with the amide group.

It should be noted that the interval of v -  values in the IR spectra of solutions of the pyrazolidone
hydrochlorides in chloroform presented in [1] does not agree with our data.

In addition to the indicated increase in vy - o on protonation of the pyrazolidones in chloroform, we
observed an increase in the half widths of the bands of the amide groups (Ayy /2) by a factor of 1.5~2. One
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gl_f the reasons for the latter is the possibility of the formation of an intermolecular hydrogen bond of the
NH:--0=CN and NH..-O=CN types. This is in agreement with the shift in the bands of the stretching vi~
brations of the NH groups to the low-frequency region (3000-3300 cm™1) on protonation and the appearance
of diffuse vy bands at 2200-2600 cm™L.

It should be noted that when dry HC! is bubbled into a solution of the 3-pyrazolidones in carbon tet-
rachloride, a white salt precipitates immediately, during which the vn—  bands of the salt or of the start-
ing 3-pyrazolidone are not detected in the spectrum of the solution. When HCl is bubbled into solutions of
the 3~pyrazolidones in chloroform, no salt precipitates and, as indicated, vg =0 bands of only the salt are
observed upon sufficient saturation with HCl; i.e., the 3-pyrazolidone is completely protonated.

Two bands at 1690-1700 and 1730-1750 cm™! of about the same intensity are observed in all cases in
the region of the stretching vibrations of C=0 groups in the spectra of the crystalline salts precipitated
from CCl, solutions. This can be explained_'l_oy the formation of stable crystalline associates from the pro-

tonated and unprotonated molecules of the >NH -+ N< type. This type of aSSOCi_%tiOD hinders protonation

of the nitrogen atom that is linked by a strong hydrogen bond. The presence of NH groups is proved by the
very strong bands at 2200-2600 and 2800-3100 cm™L.

EXPERIMENTAL

The investigated 3-pyrazolidones (Table 1) were recrystallized from agueous alcohol or benzene
prior to recording their spectra, and the chloroform was purified by passing it through AL;O;. The IR
spectra of KBr pellets and chloroform solutions of the 3-pyrazolidone derivatives and their hydrochlorides
were obtained with a UR-20 spectrophotometer. The layer thickness of the chloroform solutions was ~ 0.5
cm. The hydrochlorides were prepared by bubbling dry HCI into a solution of the pyrazolidone derivative
in CHCly and CCly (the phenidone hydrochlorides did not precipitate from CHCl; solutions). The concen-
tration of the solution of the phenidone in chloroform and in chloroform containing dry HCl was retained
unchanged (~1- 1073 M). The accuracy in the measurement of the frequencies of the carbonyl bands was
+2 cm™L, while the accuracy in the region of an LiF prism was 5 cm™L
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