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Using the MO LCAO method in Hiickel’s approximation, the 7-elec-
tronic charges and the bond orders of porphyrins containing ethoxy-
carbonyl and methy! substituents in the B-positions have been calcu-
lated. A correlation has been observed between the frequencies of
stretching vibrations of the C=0 groups in the IR spectra and the
orders of their bonds. Changes in the chemical shifts of the protons of
the methyl groups with the introduction of ethoxycarbonyl substituents
agree with the changes in the 7-electron charges.

Continuing earlier investigations on the influence of
electronegative substituents on the physicochemical
properties of the porphyrins [1, 2], in the present
paper using the MO LCAO method in Huckel's approxi-
mation, we have calculated the m-electron charges
and the bond orders for the following porphyrins: 1,4,
5, 8~-tetramethylporphyrin (I), 2-ethoxycarbonyl-1,4,5,
8-tetramethylporphyrin (II), 2, 3-diethoxycarbonyl~
1,4, 5, 8-tetramethylporphyrin (IIla), 2,6-diethoxy-
carbonyl-1,4, 5, 8-tetramethylporphyrin (Illb), 2,7-
diethoxycarbonyl-1, 4, 5, 8-tetramethylporphyrin (Illc),
2,3, 6-triethoxycarbonyl-1, 4, 5, 8-tetramethylporphyrin
(IV), and 2, 8, 6, T-tetraethoxycarbonyl-1,4, 5, 8, tetra-
methylporphyrin (V). The results of the calculations
are used to discuss the IR frequencies of the vibrations
of the C=0 groups and also the NMR spectra.

METHOD OF CALCULATION

In the MO LCAO method in Huckel's approximation,
the m-electron charge on an atom r is given by the
expression: ¢,= I ¢;%n;, where cjp are the coefficients

of the molecular orbitals, n; is the number of electrons
in the i-th molecular orbital; and the bond order p,,=

= X CuCishy.

As in the preceding papers [1, 2], we used a set of
semiempirical parameters [3]. The resonance integral
for the bond between the ethoxycarbonyl group and the
porphyrin ring was chosen in such a way as to ensure
a linear relationship between the experimental and the
calculated energies of the = transitions [1, 2].

The results of the calculations of the electron den-
sities are given in Tables 1—4. The system of num-
bering the atoms is given in the following scheme:
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INFRARED SPECTRA

Coulson and Longuet-Higgins [4] have established
that the frequency of the stretching vibrations of the
bond rs is determined by the force constant

Krs':“épm_{'c(l—pfs) +[

EG(S*d) :r Trs,rs
Snrollop 4 2

where Trs,Ts is the self-polarizability and pyg is the
order of the bond rs, £ and ¢ are the force constants
of double and single bonds, and d and s are the lengths
of these bonds. For the C=0 bond, the self-polariza-
bility is found to have a very small influence [5] ‘and
therefore we may take kypg = £ppg + 0(1 = ppg)-

Since a good correlation has been observed by a
number of investigators [5—~7] between the frequencies
of the stretching vibrations of the carbonyl groups of
various unsaturated compounds and the orders of their
bonds, it was natural to expect a similar correlation
in the case of the porphyrins. Table 5 gives a com-
parison of the experimental frequencies of the stretch~
ing vibrations of the C=0 groups withthe orders of the
C=0 bonds for compounds II-V. The IR spectra were
taken in KBr tablets on a UR-10 spectrometer.

In a consideration of the IR frequencies of the por-
phyrins I[I-V, they could have been expected to change,
both because of the mutual influence of the ethoxycar-
bonyl substituents through the conjugated porphyrin
ring, and also because of steric hindrance, which we
took into account in the calculations by means of the
experimental data on electronic absorption spectra
[1, 2]. Calculations showed that the first effect has
a slight influence on the order of the bonds of the
C=0 groups. Thus, only two vibrational frequencies
are predicted, a lower one for the C=0 groups of the
ethoxycarbonyl substituents not subject to steric hin-
drance and a higher one for the case where there is
steric hindrance. The values of these frequencies are
about 1695 and 1715 cm~*. Deviations from these
values are easily explained by the experimental error.
The broad band at 1700~1709 cm~* apparently arises
as a consequence of the superposition of the two bands
mentioned. Compound V forms an exception; this
should have an absorption band at about 1715 em™h

CHEMICAL SHIFTS OF THE PROTONS OF THE
METHYL GROUPS

In experiments on nuclear magnetic resonance, a
nucleus with a magnetic moment gives a signal corres-
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Table 5

Correlation Between the Frequencies of the Stretching | Vibrations of the C=0

Groups and the Bond Orders ofithe Porphyrins

P = (free bases) for the bonds
Compound ve=0, cm™!
29--30 32--33 35-~36 38—39
11 1697 0.849
I11a 1715 0.860 0.860 ’
IIb 1694 0.849 0.849
Ile 1695 0.849 0.849
1V 1700—1709 0.860 0.860 0.849
A\ 1700—1710 0.860 0.860 0.860 0.860
Table 6
Chemical Shifts of the Protons of the Methyl Groups 6 and Excess 7-Electronic
Charges Aq
Ciompound (rfl.,u‘:n%:' ??g:-(’)rtlgfs) Aq on the methyl groups (dications)
I 3.81 (12) 0.0534 00534 0.0634 0.0534
11 379 (9) 4.06 (3) 0.0587 0.0537 0.0534 0.0534
IIa 379 (6) 4.02 (6) 0.0581 00581 00534 0.0534
Hic 3.75 (6) 4.02 (6) 0.0587 0.0537 0.0637 0.0587
v 373 (3) 4.02(9) 0.0581 0.0581 0.0586 0.0537
A"/ 3.98 (12) 0.0580 0.0580 0.0580 0.0580
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ponding to the value of the magnetic field at the nucleus
H = (1 —o)H), where H; is the applied field and ¢ is the
screening constant. Where the molecule contains polar
groups, the proton H attached to an atom X will have
an additional chemical shift [8]: A = —aE,; — bEz, where
E, is the component of the electric field E created by
the polar groups in the X—H direction. In this expres-
sion, the main member is that which depends linearly
on the field strength. A linear relationship between the
chemical shift of a proton and the excess of m-electron-
ic charge on the carbon atom to which the proton is
attached has been observed for many unsaturated com-
pounds [9—11]. We have established a similar correla-
tion for the porphyrins I-V.

The proton resonance spectra of these compounds
in the form of dications were taken on an INM-C-60
spectrometer. Trifluoroacetic acid was used as the sol-
vent and the concentration of solute was about 15mg/ml.
Tetramethylsilane was used as internal standard.

In the spectra obtained for all the compounds, the
protons of the methyl groups gave not more than two
signals. One of them corresponds to methyl groups
attached to pyrrole rings with a free B-position and
the other signal appears when an exthoxycarbonyl sub-
stituent is present in the S-position. Since, in the cal-
culation of these electron densities, the model of a
heteroatom was used for the methy! groups, the charges
on the methyl groups are compared with the experi-
mental data.

It can be seen that (with an accuracy of 5 x 10~%)
calculation gives two values of the charges on the CHy
groups. The methyl groups with a greater positive
charge (adjacent to ethoxycarbonyl groups) have a
lower screening constant and, accordingly, give a sig-
nal at a smaller value of the field.

In this work, the influence of 7-electron currents
on the chemical shifts is not discussed. A quantum
mechanical calculation has shown that for the series
of porphyrins I-V the contribution of the m-electron
currents to the chemical shifts of the methyl protons
is constant within the limits of experimental accuracy
and does not change the quantitative picture of the
proton resonance sSpectra.

The comparison of the calculated and experimental
values for the IR spectra and the PMR spectra that

741

has been carried out shows that the simple Huckel
method correctly predicts the qualitative change in the
electronic structure of the porphyrins on the intro-
duction of different numbers of similar electronega-
tive substituents.- In conclusion, we may mention that,
accordingto calculation, the introduction of an ethoxy-
carbonyl substituent into the B8-position of 1,4,5, 8-
tetramethylporphyrin has a relatively weak influence
on the m-electron charges and the indices of the free
valence of the unsubstituted B-positions. A considerable
change in the electron densities takes place in the
meso positions. Thus, for all the free B-positions the
difference in reactivity determined by electron den-
sities is far less than for the meso positions.
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