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On the basis of measurements of dipole moments and a comparison of the results obtained
with those calculated by a vectorial additive scheme, the structure of a series of sterically
hindered p-hydroxystyrylpyridines have been determined.

The physicochemical and biological properties of sterically hindered p~hydroxystyrylpyridines de~
pend on the nature of the ortho substituent in the phenol ring and the substituent in the ethylene bridge [1, 2].
The reason for such a dependence could be a change in the planarity or the geometric configuration of the
styrylpyridines investigated, which contain voluminous substituents, To determine the structure of these
compounds, we have determined experimentally (“exp) and have calculated by a vectorial scheme (keale)
the values of the dipole moments of 2,6-di~tert-butylphenol (I) and some substituted p-hydroxystyrylpyridines
{I1-v1).

n-vi
U—IV, VI Py=pyridin-4-yl; R'=R?=1-C,Hy; V Py=pyridin-2-yl; R:=1.C,H,; R2=CH;
I, V R3=H; 111 R¥=CH;; IV R*=CgHs; VI R*=p-0,NCsH,

In the vectorial calculation of dipole moments, we assumed that the phenyl ring of the 2,6-di-tert-
butylphenyl group was located in the plane of the figure; the angles between the bonds of the vinyl group,
the plane of which coincides with the plane of the figure,was 120° and the y axis was directed through car-
bon atoms 1 and 4 of the 2,6~di-tert-butylphenol ring. The components of the dipole moments of the in-
dividual fragments of the molecule, calculated by the method given by Eda and Ito [3] are: pyridine, uy=
0.65 D; uy=+2.14 D (from the ring); nitrobenzene, uy,=0,98 D; py=+3.90 D (from the ring). The dipole
moment of fragment ¢ (Fig. 1) was determined by comparing the components of the dipole moments of the
styrylpyridines calculated for the 4-substituted derivatives [4]: px=0.50 D, Hy =~2.70 D (from the ring),
and the component of the dipole moment of pyridine is py =%0,15 D, p,, =—0,56 D; the moment of the OH
group is 1.55 D [3] and is directed perpendicularly to the plane of the ¥igure, that of the tert~butyl group
is 0.44 D and that of the methyl group 0.40 D, as in benzene derivatives [5].

Using the values of-the components of the dipole moments of the individual fragments of the molecule
obtained and also the angles of the vinyl group that were adopted, we have calculated [6] the dipole moments
of the compounds under investigation, It is convenient to consider the calculation of the dipole moments for
the cases of compounds (III) and (V), which are shown in Fig. 1. For compound (IIT) calculation of the trans
and cis forms leads to values of 3,98 and 2,92 D, respectively (pyridine ring perpendicular to the plane of
the figure), Since the experimental value of the dipole moment is 3.40 D, it may be assumed that in solu-
tion a mixture of cis and trans forms exists with some predominance of the less polar cis form, On the
other hand it is extremely likelythat the donor effect of the methyl group changes the direction of the dipole
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moment pu. of fragment 4 to the opposite direction, In this case,

the calculated dipole moment for the cis form will be 3.34 D, which
is in good agreement with the experimentally determined value of this
magnitude.

Investigations of the PMR and IR spectra of this compound con-
firmed this conclusion, Thus, it has been established [7] that in the
IR spectra of trans isomers of various substituted ethylenes there
are two characteristic bands in the 1330 and 965 cm™! region which
are absent from the spectra of the cis isomers, Unfortunately, the
cis isomers do not have such characteristic bands, which makes
it difficult to identify them directly by IR spectroscopy. We have
also found in the IR spectra of all the compounds apart from (IIT)
bands characteristic for the trans isomers, while in the spectrum
of compound (IT) these bands were absent or were extremely weak,
However, in the PMR spectrum of this compound we detected two
types of signals of hydrogen atoms of the ethylene group — in the

F1g 1. Scheme of calculation 6.75 ppm region, which is characteristic for cis structures, and in
_of the dipole moments of com- the 7.65 ppm region, which is characteristic of trans isomers [8].
pounds (III) and (V). The intensity of the signals at aboqt 6.75 ppm was approximately
twice that of the signals in the 7.65 ppm region, Thus, on the basis
of a study of the dipole moments and IR and PMR spectra it may be considered that compound (TII) is a
mixture of the cis and trans forms with a considerable predominance of the cis structure.

_

The dipole moment of compound (V) (Fig. 1) was found mathematically from the components of the dipole
moment of a-substituted pyridine calculated by Eda andIto's method [3] (1 =% 2.00D, uy=0.94 D, from the
ring) and the values of the dipole moments adopted for the individual fragments (see above). The trans
form in which the pyridin~2-yl ring is located in the plane of the figure (rotation by 180° about the C—C
bond does not change the magnitude of the dipole moment) leads to satisfactory agreement with experiment,
Calculation gives a value of the dipole moment of compound (V) of 2,65 D, while experiment gives 2,58 D,
Depending on the orientation of the uy vector of the pyridin-2-yl ring relative to u, (OH), calculation for
the cis form leads to values of 3,91 D (in the same direction), 1.70 D (in the opposite direction), and 3,02
D (pyridin-2-yl ring in the plane of the figure),

If the pyridin~2-yl ring is arranged perpendicular to the plane of the figure, then with y,(OH)=+1,55D
and py (pyridin-2-yl)=+2,00 D for the trans form we obtain the two values of the dipole moment of 3.55
and 0.45 D (the moments uy and u, in the same or opposite directions, respectively). Assuming that these
forms exist in solution in equal amounts, from the formula p? =1/2(3.55)2 +,(0.45)% we obtain pcglc=
2.53 D, which also agrees satisfactorily with the experimental moment of 2,58 D, It is clear that ‘with such
an approach to the calculation of the dipole moments of compound (V)(and the other compounds considered)
it would be necessary to take into account the presence in the solution of other possible nonplanar con~
formations of the molecule, However, it is obvious that this cannot be done without special supplementary
information.

The results of the determinations and calculations of the dipole moments of the p-hydroxystyryl-
pyridines investigated are given in Table 1, In the last column, this also shows the position of the pyridine
ring relative to the 2,6-di~-tert-butylphenol group. It can be seen from the results given that, in complete
agreement with the results that we obtained previously [8] by IR and PMR spectroscopy, the sterically hin-
deredp-hydroxystyrylpyridines studied have predominantly the trans configuration, with the exception of
compounds (IIX) and (VI). According to PMR spectra [9], in inert solvents, 2,6-di-tert-butylphenol exists
in the monomeric form. We have found that the dielectric constant (¢, 5) of solutions of 2,6~di~tert-butyl-~
phenol in benzene depend linearly on the concentration, which also shows the absence of association. Tt
might be assumed that in solutions of the compounds investigated, which contain a phenyl residue and a
pyridine ring, acid—baseinteraction takes place. However, the linear dependence of £, , of solutions of
the sterically hindered phenols in benzene on their concentration that we have established shows the prac-
tical absence of any interaction of the nitrogen heteroatom of the pyridine ring and the hydroxy group of
the phenol because of the steric inaccessibility of the latter,
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EXPERIMENTAL

Compounds (II-VI) were synthesized by a published method [2]. Benzene of "cryoscopic" grade was
purified as described by Osipov [10] and had bp 80.1°C (760 mm), d,? 0.8738, ni3° 1.4979, £ 2,2725, The
dielectric constants of the solutions were measured onanE-12-1 instrument with an oscillographic null
indicator permitting the recording of a change of 0,005 of a relative capacity unit. The densities were de-
termined pycnometrically. The electronic polarization (P,)) was taken as equal to the refraction, which
was calculated from the sum of the refractions of the bonds [11] taking a refraction of 1,80 em? for the
O—H bonds as for an acid, and a Tefraction of 2.688 cm? for the C=C bond. The molecular polarization
at infinite dilution (P.) was calculated by means of Hedestrand's equation [12], The atomic polarization
was not taken into account., The dipole moment was calculated from the equation p=0,221+v P_—-Pg1. All
the measurements were performedat 25+ 0.05°C. The errorsin the determination of the dipole moments,
evaluated by Le Fevre's method [13] did not exceed £1-2%of the measured value,

The IR spectra were recorded on a UR-20 instrument in CHCl, solution and the PMR spectra were
obtained on anINMC-60 instrument in acetonitrile and CCl, using tetramethylsilane as internal standard,
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