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Olivier Mongin and Albert Gossauer*

Institut fiir Organische Chemie der Universitdt, Ch. du Musée 9, CH-1700 Fribourg (Switzerland)

Abstract : Tripodaphyrins are tetrahedral or pyramidal assemblies in which a porphyrin macrocycle, situated on the top
of the molecule, is "supported” by three "legs" consisting of linear arrays of rigid constitutive elements. The present

work describes the synthesis of two representative examples (1 and 2) of this novel class of molecules.
Copyright © 1996 Published by Elsevier Science Ltd

Introduction. Owing to the diversity of their particular properties (chemical stability, colour, fluores-
cence, formation of metal chelates, etc.) the study of porphyrins seems to be an inexhaustible source of new
research fields in organic chemistry.l:2 Indeed, porphyrin derivatives play an important role not only in living
organisms as prosthetic groups of functional proteins like haemoglobin, myoglobin, cytochromes, catalases and
peroxydases, chlorophylls, etc., but also as versatile synthetic pigments. Among the latter number different
catalysts,34 oxygen-carrying molecules,5 and electron-transfer systems. Moreover, for some time past por-
phyrin derivatives attract growing interest in medical research both as photosensitizers in Photodynamic Therapy
(PDT)7 and as vectors in Boron Neutron Capture Therapy (BNCT)8.9 of cancer.

In the course of these investigations a large number of both "stacked" (so-called cofacial) porphyrin
dimers10 and laterally bridged “flat" or "gable" porphyrin dimers!!-13, as well as some pillared cofacial tri-
mers,!415 and toroid-shaped tetramers!6:17 have been synthesised in relation to the important roles of porphyrin
aggregates with restricted geometries in haemoproteins and photosynthetic pigments. Also straight linear
oligomers (trimers!8 and tetramers!9) as well as pentamers in which four meso-tetraphenylporphine units are
radially arranged around a central macrocycle20:2 have been synthesised, in which the porphyrin units are joined
at their meso-positions by pheny! rings either directly or through ethyny! groups. Until now, however, no oligo-
meric structures are known, in which the monomeric subunits point into the three directions of the space.

The recent report on the positioning of a meso-tetraphenylporphine derivative under the scanning tunnelling
microscope (STM)22 prompted us to communicate our synthesis of a meso-tetraphenylporphine tetramer 1 which
owing to its molecular geometry seems to be predestinate for nanofabrication experiments. Actually, as the
synthesis of 1 starts from a tetraphenylmethane core, to which four porphyrin macrocycles are covalently linked,
the "legs" of the tetrahedral-shaped molecule can be prolonged as it may be required, enabling therefore the
construction of molecules with quite long base edges. Thus, in tripodaphyrins23 1 and 2 the longest distances
between the vertices of the molecule measure approximately 420 and 315 pm, respectively, so that such kind of
molecules should firmly stand when adsorbed on a surface. Owing to the presence of the porphyrin macrocycle,
the positioned molecules should render service on the different fields of application outlined above. These
conjectures are presently investigated in our laboratory.

Experimental. To synthesize 1, 5-(4-iodophenyl)-10,15,20-triphenylporphine24 was transformed in 97%
yield into the corresponding zinc chelate (4a) under standard conditions (Zn(II) acetate, CHCl3/MeOH (9:1),
reflux, 1h) and thereafter reacted with tetrakis(4-ethynylphenyl)methane (3c¢), which was prepared as outlined in
Scheme 1. A better overall yield (76 vs. 51%) was obtained reacting tetrakis(4-iodophenyl)methane (3a)25 with
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6 eq. of [5-(4-cthynylphenyl)-10,15,20-triphenylporphinatojzinc(ll) (4¢) under the same conditions as in c¢)
(Scheme 1). As expected from the distance between the porphyrin chromophores (about 270 pm) and their mutual
geometrical orientation (cf.26), both the UV/VIS (Fig. 1) and fluorescence spectrum (Fig. 2) of 127 does not
reveal the presence of significant excitonic interaction between them.

3a:R=R'=1 4a:R=1
2 ( 3b:R=R'=C=C-SiMe; 4b : R = 0=C-SiMe,
R b)<3C:R=R‘=CECH 4c:R=C=CH
O °)C1 d) g)<4d:R=3e
R' Q O R by 4e :R=3f
O 3d :R=C=CH, R' = C=C-SiMe; 2

R 3e:R=C=C, R = C=C-SiMe; H,CO Q = O I

3f :R=C=C,R'=C=CH

Scheme 1 : a) HC=C-SiMej;, Pd(PPh3),Cl,, Cul, DMF/NEt; (9:1), 35 oC, 15h (95%). b) 1IN NaOH,
THF, 20 °C, 2h (93%). c) 4a (4 eq.), Pd(PPh3)s, DMF/NEts (5:1), 40°C, I5h (58%). d) TBAF (0.5 eq.),
CHCl3, 20°C (30%). ) same cond. as in a) (93%). f) 0.5 N NaOH, THF, 20 °C, 2h (92%). g) 0.5 N NaOH,
THF, 20 °C, 3h (99%). h) 5 (3 eq.), Pd(PPh3)4, DMF/NEt; (5:1), 45°C, 20h (88%).
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Figure 1 : Superposed UV/VIS spectra of 1 (—) Figure 2 : Superposed fluorescence spectra of 1
and [meso-tetraphenylporphinato] Zn(II) (----) (—) and [meso-tetraphenylporphinato] Zn(II)
5.5x 107 M and 1.8 x 10-6 M, respectively, (---) 2.1 x 10-8 M and 6.9 x 10-8 M, respect-
in benzene ively, in benzene

The synthesis of 2 started as well from 4a, which was treated with 1 eq. of (4-ethynylphenyl)tris { [4-{(tri-
methylsilyl)ethynyl]phenyl] methane (3d) under the conditions ¢) given in Scheme I to afford the corresponding
tripodaphyrin 4d in 80% yield, the "legs" of which were elongated, after cleavage of the ethynyl protecting
groups, by Pd[P(CgHs)3]4 catalysed condensation with 1-iodo-4-[(4-methoxyphenyl)ethynyl]benzene (5). The
latter was prepared in 65% yield reacting 4-methoxyphenylacetylene?9 with 3 eq. of p-diiodobenzene under ana-
logous conditions as those used for the synthesis of 3b (Pd(PPhs),, Cul, toluene/NEt; (5:1), 40°C, 15h). The
analytical data of 230 confirm the structure assigned to this compound.
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