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Abstract—22,72,122,172—Tetra-tert—butyltetrabenzo-5,10,15-triazap0rphyrine was synthesized, and its basic
properties were studied by spectrophotometric titration. It was found that in the system ethanol-sulfuric acid
nitrogen atoms in the tetrapyrrole macroring undergo protonation in three steps. The corresponding ionization
constants and concentration ranges for mono-, di-, and tricationic forms of the examined compound were

determined.

DOI: 10.1134/S1070363209040252

Development of new efficient procedures for
detection of chemical compounds in various media
with the aid of molecular sensors constitutes an
important problem in modern chemistry. The main
parameters determining the efficiency of any chemo-
sensor are physicochemical properties of a compound
(source of analytical signal), which indicate recogni-
tion of one or another substrate [1, 2]. Tetrapyrrole
derivatives may be wused to transform primary
analytical signals into optical response. For example,
porphyrins can be used to detect anions in solution.
Protonated forms of tetrapyrrole compounds are
capable of forming complexes with acid anions through
hydrogen bonds.

We previously studied the possibility of using
protonated porphyrins as receptors for halide ions

(Hlg") [3]. The results of direct titration of singly
(HsP") and doubly protonated species (H4P*") of
3,7,13,17-tetramethyl-2,8,12,18-tetrabutylporphyrin (I,
H,P) with halide salt solutions revealed formation of
stable complexes H;P"-Hlg  and H4P*"-2Hlg in
acetonitrile, and their stability constants were
determined at 298 K. Fluorescence of porphyrin
molecules in a solution containing halide ions was
effectively quenched in keeping with the internal and
external heavy atom effects. Analysis of the
dependences of the fluorescence intensity and lifetime
on the concentration of iodide ions in solution showed
that HyP*" may be used as fluorescent receptor for
halide ions [4].

In the present work we synthesized 22 7%122,17%-
tetra-tert-butyltetrabenzo-5,10,15-triazaporphyrine (II)
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Fig. 1. Plot of the Hammett acidity function H, vs. sulfuric
acid concentration ¢(H,SO,) (M) in the system ethanol—
sulfuric acid for diphenylamine derivatives [5].

and examined its basic properties. We found that in the
system ethanol-sulfuric acid the tetrapyrrole macro-
ring in II is protonated at nitrogen atoms in three steps.
We estimated the corresponding ionization constants
and concentrations ranges for singly, doubly, and triply
protonated species.

Porphyrin II magnesium complex was obtained by
heating a mixture of 4-tert-butylphthalonitrile, metallic
magnesium, and methyl iodide in anhydrous diethyl
ether in the presence of iodine. The complex was
converted into free base II (H,BP) by treatment with
trifluoroacetic acid. Compound II was purified by
column chromatography on aluminum oxide of activity
grade III according to Brockmann (eluent chloroform).
The electronic absorption and mass spectra of
porphyrin II, as well as its elemental composition,
were fully consistent with the assumed structure.

Solvent nature is an important factor affecting the
basicity of compounds. Ethanol was selected as a
medium, taking into account its inertness with respect
to porphyrin II and amphoteric properties (it is both
weak acid and weak base). The system ethanol-
sulfuric acid with the acid concentration ranging from
0.01 do 11.22 M was studied in detail [5, 6]. More than
15 ionization constants were found [Eq. (1)] for
different diphenylamine derivatives, and the pKyr+
values covered the range from —6.21 (4,4'-dinitrodi-
phenylamine) to +1.36 (for 4-methoxydiphenylamine).

pKu+ = Ho + log (curi/cy). (1)
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Fig. 2. Electronic absorption spectra of (/) neutral H,BP and
its (2) singly (HsBP™), (3) doubly (H,BP*"), and (4) triply
protonated species (HsBP*") in the system ethanol—sulfuric
acid; cpopn = 1.5 % 107, ¢(H,S0,) = 0.0-3.85 M.

Figure 1 shows the plot of the Hammett acidity
function H, that characterizes proton-donor power of a
medium versus sulfuric acid concentration in the
system EtOH—H,SO,, which is described by Eq. (2):

B 2.0482 +0.7776¢(H,S0,)
1 +8.7975¢(H,S0,) — 0.2413¢,(H,S0,)

2)

Hy

Here, ¢(H,SO,4) is the concentration of sulfuric acid
(M). The log [c¢(H3BR")/c(H,BR)] dependence on Hj is
a straight line with a slope equal to unity.

Porphyrin H,BP in acid medium gives rise to three
kinds of species differing by the position and intensity
of absorption maxima in the electronic spectra (Fig. 2).
Theoretically, acid—base interactions could involve two
pyrrole nitrogen atoms and one to three meso-nitrogen
atoms in molecule II. Spectrophotometric titration of
H,BP in ethanol—sulfuric acid showed that protonation
of the tetrapyrrole macroring was accompanied by
successive (as the concentration of sulfuric acid rises)
appearance of three families of spectral curves, each
being characterized by its own set of isosbestic points
(Figs. 3-5). In the range of sulfuric acid concentration
from 0.01 to 1.80 M we observed one jump on the
titration curve (Fig. 6), indicating formation of singly

protonated triazaporphyrin species according to
equilibrium (3).
kbl
H,BP + H* H;BP". (3)
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Fig. 3. Variation of the electronic absorption spectra of the
system HyBP—C,HsOH-H,S04; Cporpn = 1.5 % 107, c(H,S0,) =
0.01-1.80 M.

This is consistent with published data for meso-
tetrazaporphyrin III. As shown in [7], compound III is
protonated at one of the four meso-nitrogen atoms (Ky; =
0.74). The site of protonation of molecule II (i.e.,
meso-nitrogen atom) follows from the character of
variation of the spectral pattern in going from H,BP to
H;BP" (Fig. 2). As the concentration of sulfuric acid
increases to 1.8 M, the two-band absorption spectrum
of H,BP is transformed into one-band spectrum; the
intensity of the remaining absorption band decreases,
and it becomes strongly broadened (Fig. 3).
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Fig. 5. Variation of the electronic absorption spectra of the
system H,BP—C,HsOH-H,SO4; Cpomph = 1.5% 107, c(H,SOy) =
3.31-3.82 M.
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Fig. 4. Variation of the electronic absorption spectra of the
system H,BP—C,HsOH-H,SO4; Cpomph = 1.5% 107, c(H,SOy) =
1.81-3.30 M.

According to published data [8], the observed
variation in the spectral pattern results from rupture of
m-conjugation in the tetrapyrrole chromophore due to
protonation of the meso-nitrogen atom which is forced
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Fig. 6. Spectrophotometric titration of H,BP (cpopn = 1.5 %
107 M) with sulfuric acid [¢(H,SO4) = 0.01-1.80 M] in
ethanol; A = 726 nm, 298 K.
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Scheme 1.

Bu-#

out from conjugation. Thus the first step of protonation
of H,BP may be represented by Scheme 1.

Further raising the acid concentration in the system
H,BP-C,HsOH-H,SO, gives rise to a family of
absorption curves with one isosbestic point (Fig. 7).
The titration curve has one jump in the sulfuric acid
concentration range from 1.81 to 3.30 M (Fig. 8), and
the corresponding acid-base interaction is described by
equilibrium (4).

khZ

H3BP" + H” H,BP*". 4

The broad low-intense absorption band at A 725 nm

is transformed into a strong band with its maximum at
A 748 nm (Fig. 4). In keeping with the data of [9], this

1.2r T

Fig. 7. Variation of the electronic absorption spectra of the
system H,BP—C,HsOH-H,SO4; Cpomph = 1.5% 107, c(H,SOy) =
1.81-3.82 M.

pattern is typical of protonation of pyrrole nitrogen
atom (Scheme 2). Analogous results were obtained for
protonation of H,BP* in the sulfuric acid concentra-
tion range from 3.31 to 3.82 M [Fig. 5, 9; equilib-
rium (5); Scheme 3].

kh3

H,BP* +H" HsBP3". (5)

We can conclude that, like tetramethyltetrabutyl-
porphyrin I [2], triazaporphyrin II in the system
C,Hs0H-H,SO,4 containing 1.81 to 3.82 mol ! of
sulfuric acid undergoes successive protonation at one
meso-nitrogen atoms and two pyrrole nitrogen atoms.
On the basis of variations in the spectral patterns of the
H,BP-C,HsOH-H,S0O, systems (Figs. 3-5) we cal-
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Fig. 8. Spectrophotometric titration of H,BP (cpopn = 1.5
107 M) with sulfuric acid [¢(H,SO4) = 1.81-3.30 M] in
ethanol; A = 748 nm, 298 K.
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Scheme 2.

Scheme 3.

culated the equilibrium constants for the formation of
protonated species HsBP*, H,BP*", and HsBPH®" using

Egs. (6)—(8).
pKy1 = Hy + log [c(H;BP")/c(H,BP)]; (6)
pKy, = Hy + log [e(HBP*")/c(H;BPY)]; (7)
pKys = Hy + log [e(HsBPH* Y/ e(H,BP*)].  (8)

The calculated constants [cp = 1.5 X 10° M, c¢(H,SOy) =
0.01-3.82 M] are given below:

Porphyrin | 1 I
Ko - 1.86 0.74
K 398 0.08 -
K3 64.52 0.045 -

It is seen that the constant for formation of
monocation H;BP" (protonation at the meso-nitrogen
atom) is higher by a factor of ~20 than the constant for
formation of dication H,BP* (protonation at the
pyrrole nitrogen atom) and that protonation of the

second pyrrole nitrogen atom is approximately twice
as difficult as proton addition to the first pyrrole
nitrogen atom. This is very consistent with published
data [10]. Each protonation step is characterized by a
strong response in the visible region of the electronic
absorption spectrum, which provides the possibility for
controlling properties of the tetrapyrrole chromophore
by varying the acidity of the medium. Our results show
that 2%,7°,12%1 7z—tetra—tert—butyltetrabenzo—S, 10,15-tri-
azaporphyrine (II) may be regarded as basis structure
for the design of pH-switchable molecular device for
detection of anions in solution.

EXPERIMENTAL

The electron-impact (70 eV) mass spectrum was
obtained on an MKh-1310 instrument (ion source
temperature 150-200°C). Spectrophotometric titration
of triazaporphyrin Il with sulfuric acid in ethanol was
performed on a Varian Cary 100 spectrophotometer.
The experimental procedure and procedure for data
processing were described in [4]. The error in the
determination of the protonation constants was +(3—5)%.
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Fig. 9. Spectrophotometric titration of H,BP (cporpn = 1.5%
10° M) with sulfuric acid [c¢(H,SO,) = 3.31-3.82 M] in
ethanol; A = 794 nm, 298 K.

22,7%,12%,17>-Tetra-tert-butyltetrabenzo-5,10,15-
triazaporphyrin (II). A small crystal of iodine and
0.25 ml of methyl iodide were added to a suspension
of 0.1 g of magnesium in 30 ml of anhydrous diethyl
ether, and the mixture was heated under reflux until
complete dissolution of magnesium. A solution of 1.0 g
of 4-tert-butylphthalonitrile in 30 ml of anhydrous
diethyl ether was added, the mixture was heated for 0.5 h
under reflux, the solvent was distilled off to dryness,
and 20 ml of anhydrous quinoline was added to the
residue. The mixture was heated for 1 h under reflux,
cooled, and diluted with 50 ml of dilute hydrochloric
acid (1 : 5 by volume). The precipitate was filtered off,
washed with water, and dried in air at 70°C. The
product was dissolved in chloroform and subjected to
column chromatography on aluminum oxide of activity
grade III according to Brockmann using chloroform as
eluent. The first blue fraction contained magnesium
complex of triazoporphyrin II, and the second fraction
contained magnesium complex of tetra-tert-butyl-
phthalocyanine. The second fraction was evaporated to
a minimal volume and subjected to repeated
chromatography on silica gel, the first fraction being
collected. The solvent was distilled off under reduced
pressure, the residue was dissolved in 5 ml of tri-
fluoroacetic acid, and the solution was heated for 5 min
under reflux. It was then cooled and diluted with 50 ml

of water. The precipitate was filtered off, washed with
water, and dried in air at 70°C. The product was
dissolved in chloroform and subjected to chromato-
graphy on aluminum oxide of activity grade III
according to Brockmann usinf chloroform as eluent.
The eluate was evaporated to a minimal volume, and
porphyrin I was precipitated by adding 50 ml of
methanol. Yield 129 mg (12%). Electronic absorption
spectrum (ethanol), An., nm (loge): 689.1 (4.24),
645.2 (4.17). Mass spectrum: m/z 736.81 (Iq 67%) [M]".
Found, %: C 79.72; H 6.92; N 13.25. C4Hs/N>.
Calculated, %: C 79.75; H 6.96; N 13.29.
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