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meso-Tetra[b-(8-hydroxyquinolyl)jporphine was synthesized by the Rothemund
method as a model of porphyrin with metal chelating groups in the peripheral region.
The presence of three kinds of copper(II) complexes was demonstrated ; free base porphyrin
with metal chelated 8-quinolinol groups and metalloporphyrin with metal chelated and
unchelated 8-quinolinol groups. In dimethylformamide solution, reaction of the com-
pound with excess copper(Il) perchlorate occurred in two steps; rapid metal chelation
of the 8-quinolinol moiety and subsequent slow Cu(II) incorporation into the porphine
moiety. Reaction with excess aluminum(III) nitrate under similar conditions gave free
base porphyrin with AI(III) chelated 8-quinolinol groups.

Keywords porphyrin; metalloporphyrin; tetraarylporphine; synthetic porphyrin;
8-quinolinol; metal chelation

It has been found that many human and animal tumors show porphyrin fluorescence
and many naturally occurring porphyrins possess an affinity for neoplastic tissue.? Synthetic
porphyrins such as tetraphenylporphinesulfonate have also been found to accumulate in
tumors.® However, attempts to use porphyrin molecules as a carrier for radioactive metals
in order to concentrate them in tumor tissue were
unsuccessful.¥  Metalloporphyrins seem to lose the
affinity for tumors.»

If the free base form of a porphyrin labeled with
radioactive metals accumulates specifically in tumors,
the potential uses of such a porphyrin in a diagnostic
or chemotherapeutic role would be great; tumors could
be imaged with external position or gamma cameras,
destroyed by radiation from administered isotopes
and sensitized such that they could be destroyed by
an external stimulus. A porphyrin with a metal
chelating group in the peripheral region might serve
as such a carrier for radioactive metals.

As a model of porphyrins with metal chelating
Fig. 1. Structure of meso-Tetra[5- groups, meso-tetral5-(8-hydroxyquinolyl)jporphine (Fig.

(8-hydroxyquinolyl) Jporphine 1) has been synthesized. This article deals with its
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synthes’s and with the characteristics of the chelation phenomena. Biological and medical
applications of the compound will be reported later.

Results and Discussion

The Rothemund method,® i.e., the direct condensation of pyrrole and a corresponding
aldehyde, was employed for the synthesis of meso-tetra[5-(8-hydroxyquinolyl)]porphine. The
compound may be represented as PH,(QOH),. PH, stands for the porphine moiety with
two pyrrole hydrogens, and QOH for the quinolinol moiety.

Three kinds of metal complexes may exist for the compound; free base porphyrin with
chelated 8-quinolinol groups, PHy(QOM),, and metalloporphyrin with unchelated and chelated
8-quinolinol groups, PM(QOH), and PM(QOM),, respectively, where M indicates a metal ion.
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Tig. 2. Spectra of DMF Solutions of meso-Tetra[5-(8-hydroxyquinolyl)]-
porphine (1)

Concentration of the porphine: 2 x 10-6 u, 300—480 nm; 2 x 10-5 u, 480—700 nm. A,
metal jon-free solution. B, [Cu(II)]y: 8 x 10~6 m, 300—480 nin; 8 X 10~ u, 480700 nm.
A, ;B ————.

The spectrum of the compound in N,N-dimethylformamide (DMF) is shown as Curve
A of Fig. 2. The compound is present as the free base form, PH,(QOH),, in this solvent.
Band III at 555 nm is less intense than band II at 594 nm? and the spectrum may be clas-
sified as phyllo-type, which is shown by unsubstituted porphine® and by meso-tetra(2- and 4-
pyridyl)perphines.” It is clear from the spectrum that the porphine and the 8-quinilonol
groups at the meso position are not conjugated and hence both rings are almost perpendicular,
as in tetraphenyl and tetrapyridyl porphines. The low intensity of band III indicates the
electron-withdrawing character of the 8-quinolinol groups.?

Spectrum B in Fig. 2 is that of DMF solution containing the porphine and four equivalents
of Cu(II) perchlorate. The spectrum, with four weak bands in the visible region, is char-
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Fig. 3. Spectra of DMF Solutions of meso-Tetra[5-(8-hydroxyquinolyl)j-
porphine (2)

C, D: Concentration of the porphine: 2 x 10~% u, 300—480 nm; 2 X 10-°® u, 480—700 nm.
[Cu(IT)]p: 1 X 10-* M, 300—480 nm: 1 x 10-2x, 480—700 nm. D:[HCIO,4]r, 6.2 X102 n.
C,———-1iD,

acteristic of the free base form of porphyrin.
The difference spectrum between this spectrum

50F (B) and that of PH,(QOH), (A) had a peak at

395 nm and resembled the difference spectrum

+0r between Cu(II) chelate and unchelated forms of

T 5ol 8-quinolinol. These results indicate that the

s~ predominant species in the DMF solution is

= 20k PH,(QOCu"),. The spectrum of PH,(QOH), was

s regenerated by the addition of HCIO, to the
Lok DMF solution ([C10,)~]=0.01 m).

Cu(II) perchlorate (50 eq.) was added to

0 the porphine in DMF. The spectrum measured

0 immediately after the addition was essentially

10* [Cu(ID)] () the same as that of PH,(QOCu"),. After standing

Fig. 4. Dependence of the Pseudo-First— 24 hr at 30° the spectrum C in Fig. 3 was

Order Rate Conmstant, k,, on the Total obtained. Spectrum C is quite similar to the

Concentration of Cu(ll) Perchlorate, characteristic spectrum of metalloporphyrin.®

[Cu(Il)]z. [PH(QOH)4}r, 2X 1077 The species responsible for the absorption should

be PCu(QOCu"),.

The kinetics of formation of PCu(QOCut), in DMF were measured at 30° by monitoring
the absorption at 548 nm. With a large excess of total Cu(II) over porphine, the formation
of the metalloporphyrin followed first-order kinetics. The observed first-order rate constant,
k., increased linearly with increase of the total concentration of Cu(II)([Cu(II)];). Figure. 4
shows the intercept of the linear &, vs [Cu(II)]; plot at the axis. At [Cu(II)]; in four-fold
excess over porphine, k, eventually approaches zero. It is concluded that the reaction of
the porphine with excess Cu(II) consists of two steps; rapid metal chelation by the 8-quinolinol
moiety and subsequent slow Cu(II) incorporation into the porphine moiety.

DMF solution of HCIO, was added to the solution of PCu(QOCut), to give 0.062 m total
concentration of HC1O,. The spectrum characterisitic of metalloporphyrins, with intensified
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Soret band, was obtained with this solution, as shown in Curve D of Fig. 3. The difference
spectrum of D and C was quite similar to that of B and A and hence to that of Cu(II) chelate
and unchelated forms of 8-quinolinol.  Judging from these results, spectrum D can be ascribed
to the species PCu(QOH),.

Fifty equivalents of AI(NQ,); was allowed to react with the porphine in DMF for 4 hr
at 42°. The spectrum showed the presence of the free base form, PH,(QOAI?*),. There
was no sign of formation of Al porphinate, even on prolonged heating of the solution.

Cu(II) is the most reactive metal ion in porphyrin metallation under conditions similar
to those used in the present study.'® With other metal ions, metalloporphyrin formation
is much slower and requires a large excess of metallic salts. On the other hand, chelation
with 8-quinolinol is generally instaneous and complete. Thus, it seems feasible that the free
base form of the porphine is labeled by a number of metallic elements.

Experimental

5-Formyl-8-quinolinol was prepared according to the method reported by Matsumura and Ito.lh) A
propionic acid solution of 5-formyl-8-quinolinol (5.75 g, 0.0332 mol) and pyrrole (2.23 g, 0.0332 mol) was
refluxed for 1.5 hr. After removal of the solvent % vacuo, the residue was washed and extracted with CHCl;.
The extract was chromatographed on a silica gel column and 300 mg of a purple crystalline product was
obtained from the 29, MeOH-CHCI, eluate. The product was dissolved in 100 ml of EtOH-free CHCl; and
refluxed for 2 hr. After addition of a dry benzene solution (2 ml) of 2,3-dichloro-5,6-dicyanobenzoquinone
(60 mg), the mixture was refluxed for a further 2 hr. Purification by silica gel chromatography afforded
140 mg of meso-tetra[5-(8-hydroxyquinolyl)lporphine as purple crystals (yield 29,). Anal. Calcd for C;¢Hy,-
NyO,: C, 76.18; H, 3.88; N, 12.69. Found: C, 74.62; H, 4.00; N, 11.93. MS m/e: 882 (M+), 738 (M+— C,H,-
NO). IR »3% cm~t: 3381 (QOH st.), 3311 (NH st.), 1580, 1502, 1470 (PH, C-N st.), 1418, 1265, 1239, 1192,
940 (PH,, ring def.), 826, 788.

The compound was very soluble in DMF, dimethylsulfoxide, and 1m HCI, soluble in CHCI,, benzene,
acetone, ethyl acetate, and dioxane, slightly soluble in MeOH, EtOH, AcOH, and 1M NaOH, and insoluble
in ether, CCl,, and water.

The procedures used in the kinetic study were essentially the same as those described in our previous
papers.1®

A Union-Giken SM-202 spectrophotometer, a JASCO DS-701G infrared grating spectrophotometer,
and a JEOL-01SG mass spectrometer were used throughout the present study.
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