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TFurthermore, the values of A; increase from lan-
thanum to neodymium and then decrease gradu-
ally, indicating that the first three rare earth ions
are too large to allow the most effective enhance-
ment of chelation. ‘
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A new porphyrin, a,8,v,5-tetra-(4-pyridyl)-porphine, has been synthesized and purified. The zinc, c‘opper,“and
nickel complexes of thié porphyrin have been prepared. The visible absorption spectra of these complexes were
studied employing both chloroform and 1.0 N hydrochloric acid as solvents.

One of the limiting factots in' the study of por-
phyrins and metalloporphyrins is their insolubility
in aqueous solutions. Thus the study of the oxi-
dation-reduction reactions of metalloporphyrins
is hampered by their water insolubility.'=3

Fig. 1.—a,B,~,8-Tetra-(4-pyridyl)-porphine,

We have synthesized a new porphyrin, «,8,7,6-
tetra-(4-pyridyl)-porphine, which is water soluble
(Fig. 1). This porphyrin is a new member of the
a,B8,7v,9-tetraphenylporphine series.* '

The free base porphyrin can complex with
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metal ions to form metalloporphyrin complexes.
The pyridines on «,8,7v,8-tetra-(4-pyridyl)-por-
phine can pick up protons in acid solution; this
property accounts for the porphyrin's water
solubility.

In this communication we report the synthesis
of a,8,7,6-tetra-(4-pyridyl)-porphine and some of
its metalloporphyrin complexes and the spectral
properties of these molecules.

' Experimental

Synthesis.—Literature methods were used to make the
@,B,v,8-tetra-(4-pyridyl)-porphine.¢ For the preparation
of the zinc salt, 50 ml. of pyridine, 15 g. of zinc acetate,
25 ml. of pyrrole, and 85 ml. of 4-pyridine carboxaldehyde
were mixed in a 250-ml, all-glass pressure bomb. The
bomb was flushed with nitrogen and sealed. The reaction
mixture was heated in an oil bath at 110° for 48 hr.
Parple crystals of zinc-a,8,y,5-tetra-(4-pyridyl)-porphine
were collected, washed with alcohol and ether, and dried
inanoven at 110°.- The yield was about 109,. There was
more product dissolved in the reaction mixture but re-
covery was not attempted. The zinc derivative was
purified on an alumina column (Fisher Alumina) using
chloroform as a solvent and 5% methanol-chloroform as
an eluent. The product was recrystallized from chloro—
form-methanol. .

The porphyrin was prepared by removal of the zinc ion
from the zinc porphyrin complex. The zinc derivative
was dissolved in chloroform. To remove the zinc ion
from the zinc porphyrin complex 6 N HCI was added to
the chloroform solution. The porphyrin went into the
acid layer as the diacid porphyrin. The free base por-
phyrin was extracted into chloroform after neutralization
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of the HCl. This free base porphyrin was purified on a
tale column. Another method of preparation and purifi-
cation of the free base consists in dissolving the zinc
porphyrin in 10 N HCl and heating at 70~80° for 2 hr.
The green precipitate that results is the salt «,8,v,5-
tetra-(4-pyridyl)-porphine - 6HCI, If this salt is dissolved
in distilled water the free hase results. It then can he
extracted into chloroform. The metal complexes werc
prepared by refluxing the «,8,v,6-tetra-(4-pyridyl)-por-
phine with the metal acetate in acetic acid. The metallo-
porphyrins so formed were extracted into chloroform and
purified on alumina columns.

All the porphyrins prepared were very stable com-
pounds. They did not melt or sublime at temperatures
up to 300°.

Spectra.—The visible spectra were taken in 10.00-mm,
matched cells in either a Cary Model 14 or a Bausch and
Lomb Model 505 spectrophotometer. The extinction
coefficients were determined by measuring the spectra of
three different solutions of the porphyrin. The average
deviations of the extinction coefficients were all less than
2%.

Infrared.—The infrared spectra were taken with a
Beckman Model IR-7 spectrometer using KBr pellets.
The strongest peaks are listed with each compound.

X-Ray,—X-Ray powder patterns were taken on the
porphyrins with a Norelco X-ray machine and a recording
diffractometer. Copper radiation was used with a nickel
foil filter. The two 6 values of the strongest peaks are
listed with each compound.

a,B,v,6-Tetra~-(4-pyridyl)-porphine is a deep purple
compound.

Anal. Caled. for C40N3H252 C, 77.7; N, 18.1; H, 4.2,
Found: C, 77.5; N, 18.1; H, 4.4, Infrared peaks in
cm. ™ 800, 882, 970, 1003, 1400, 1592, X-Ray peaks:
19.85°, 21.10°, 26.24°,

Zinc-a,B,v,0-tetra-(4-pyridyl)-porphine is a bright pur-
ple compound.

Anal. Caled. for ZnCyNgHz: Zn, 9.6; C, 704, N,
16.3; H, 3.6. Found: Zn, 9.1; C, 704; N, 16.4;
H, 3.8. Infrared peaks in c¢m.™t: 787, 887, 990, 1400,
1583. X-Ray peaks: 17.65°, 19.52°, 30.40°, 39.70°,

Copper-a,83,7y,6-tetra-(4-pyridyl)-porphine is a reddish
purple compound.

Anal, Caled. for CuCyNsHa: Cu, 9.3; C, 70.6; N,
16.5; H, 3.6. Found: Cu, 9.2; C, 69.7; N, 16.2;
H, 3.9. Infrared peaks in cm,™: 802, 892, 990, 1003,
1403, 1592. X-Ray peaks: 8.50°, 19.92°, 20.93°,
26.10°.

Nickel-a,8,v,6-tetra-(4-pyridyl)porphine is a deep red
compound.

Anal. Caled. for NiCyxNsHas:
16.6; H, 3.6. Found: Ni, 8.1;

Ni, 8.7; C, 71.1; N,
C, 70.1; N, 18.5;

H, 3.9. Infrared peaks in cm.™': 795, 872, 988, 1004,
1402, 1589. X-Ray peaks: 12.00°, 19.90°, 20.70°,
25.95°.

a,B,v,8-Tetra-(4-pyridyl)-porphine-6HCl is a bright
green compound,

Anal. Caled. for CyoNgHy-6HCL: Cl, 25.4. Found:
Cl, 23.5. This substance was very hydroscopic and also
lost HCl on heating, making the analysis difficult and
uncertain.

Absorption Spectra.—The «,3,7,6-tetra~(4-pyridyl)-por-
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Fig. 2—A, 356 X 107% M «,B,y,0-tetra-(4-pyridyl)-
porphine in 1,0 ¥ HCl1; B, 5.7 X 1073 M «,8,v,5-tetra-(4-
pvridyl)-porphine in aqueous, pH 2.3; C, 4.0 X 1075 A/
,8,7,5-tetra-(4-pyridyl)-porphine in CHCI;.

phine is soluble both in chloroform and acidic aqueous
solvents. The absorption spectrum of «,8,v,3-tetra-(4-
pyridyl)-porphine in CHCl;, Fig. 2C, shows a typical four-
band free base porphyrin spectrum in the visible region.
The spectrum of this porphyrin in water at pH 2.3 is very
similar to the spectrum in chloroform, Fig. 2B. These
solutions both are orange in color. In 1,0 N HCI the
spectrum changes to that of Fig, 2A. The color of this
solution is bright green. The green solution constitutes
the porphyrin in the ‘‘diacid” type of porphyrin. The
diacid porphyrin has four protons in the center of the
porphyrin ring. Also, the «,8,v,8-tetra-(4-pyridyl)-por-
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Fig. 3.—A, 44 X 107% M copper-a,B,v,o-tetra-(4-
pvridyl)-porphine in 1.0 N HCI; B, 3.7 X 105 M copper-
a,f,v,6-tetra-(4-pyridyl)-porphine in CHCls.
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phine in.1.0 N HCI has four otlier protons on the pyridine
nitrogens. The pK. of the inner protons is about 1.0.
This low pK is due to the high charge of the molecule
caused by the presence of the pyridine protons. The6HCI]
salt of this compound has been isolated (see Synthe-
sis section). The fact that the spectrum of the «,8,v,5
tetra-(4-pyridyl)-porphine in CHCl; is very similar to that
in aqueous solution (pH 2.3) indicates that the protons
on the pyridine nitrogens do not interact greatly with the
porphyrin system.

If one replaces the two protons of the free base por-
phyrin by a metal ion the visible spectrum changes con-
siderably. Fig, 3 shows the spectra of copper-a,8,v,6-
tetra-(4-pyridyl)-porphine in both CHCl; and 1.0 N
HCL.

TasLe 1
Ab-
sorption Extinction
maxima, coefficient

Compound Solvent mp X 103

Free base CHCl; 417 425
513 19.6
547 5.4
588 5.9
643 1.7

Free base Aqueous 420 201
pH 2.3 518 13.5
553 5.3
585 6.2
638 1.3

Free base 1.0 N HCl 442 287
588 12.5
639 15.8

Zinc complex CHCl; 442 512
559 19.4

Copper complex CHClg 413 517
538 21.1

Copper complex 1.0 NHC1 423 539
549 16.6

Nickel complex CHCl, 412 220
528 14.9

Nickel complex 1.0 NHC1 415 130
534 10.8
562 9.5

a,8,7,6-TETRA-(4-PYRIDYL)-PORPHINE COMPLEXES 495

The spectra of the copper complex are similar in both
solvents. Table I lists the main absorption maxima and
extinction coefficients of «,8,v,8-tetra-(4-pyridyl)-porphine
free base and its metal derivatives.

In the case of the nickel complex, the spectrum in
aqueous solution shews that one of the shoulders that
existed in CHCIly solutions had developed into o full-
sized hand (Fig. 4).
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Fig. 4—A, 5.0 X 107% M nickel-a,8,7,5-tetra-(4-
pyridyl)-porphine in 1.0 N HCI; B, 3.6 X 1075 I nickel-
a,B,v,0-tetra-(4-pyridyl)-porphine in CHCl,.

A study of the effects of the solvent on the porphyrin
absorption bands should help in the theoretical interpre-
tation of the absorption spectra of the porphyrin system.®

Inspection of Table I shows that the absorption maxi-
mum shifts to the red in changing from CHCl; to 1.0 N
HCl. Also the extinction coefficients are smaller in 1.0
N HCl. The Soret band, the band that occurs in the
410-my- region, is affected most by the solvent change.
Its extinction coefficient is reduced by almost 50% on
solvent change. The visible bands also are affected but by
a much smaller amount. The reason for these effects is not
yet understood.
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