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A novel way of preparing meso-substituted ethynylporphyrins and

their derivatives by using 1,2,3-thiadiazole as a protecting group
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Abstract: Meso-(1,2,3-thiadiazol-4-yl) porphyrins are smoothly transformed to the corresponding ethynyl
derivatives using potassium fert-butoxide as base. Some metal-catalyzed coupling reactions of these acetylenes

are described. © 1998 Elsevier Science Ltd. All rights reserved.
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Introduction

Meso-tetraaryl- and tetraalky]porphyrins"2 are prepared with relative ease and have been known for a long time.
However, the corresponding alkynylporphyrins were only described in the last decade. A number of these
compounds have been prepared with varying efficiency, using 3-substituted alkynals either in the Rothemund
condensation with pyrrole®, or in the McDonald type condensation with dipyrromethanes.* Alternatively, meso-
haloporphyrins can be coupled with monosubstituted alkynes®, or porphyrin-5-aldehydes can be converted in a
number of steps to ethynylporphyrins.5 Recently, improved yields of alkynylporphyrins have been obtained by
protection of the alkynal with dicobalt octacarbonyl, prior to the porphyrin condensation, and oxidative
deprotection.’

4b,5a

The alkynylporphyrins are of potential use as conjugated electronic materials, compounds with NLO

activity,” and in light harvesting.*®

* E-mail: wim.dehaen@chem.kuleuven.ac.be
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Results

As part of a project to evaluate the use of 1,2,3-thiadiazoles in organic synthesis, and in particular their
conversion to alkynethiolates, we carried out a mixed Rothemund condensation of 3,5-bis(tert.-
butyl)benzaldehyde 1 and 4-formylthiadiazole 2% using the Lindsey procedure’ (ratio 2:1). This yielded, apart
from the symmetrical A4 porphyrin (12% yield), three fractions containing the A3;B porphyrin 3 (15% yield),
and the two possible A;B; porphyrins 4 (1 1% yield) and 5 (9% yield). To our knowledge, 3-5 are the first
meso-substituted (1,2,3-thiadiazol-4-yl)porphyrins. We now attempted to convert 3 to the corresponding
alkynethiolate 6 by treating it with excess potassium tert.-butoxide. This base normally abstracts the proton at
C-5 of the thiadiazole, followed by ring cleavage to the alkynethiolate.” We had thought to use 6 as a
nucleophile in combination with alkylating agents, forming alkynesulfides 7, or to carry out the dimerization of
6 to the dithiafulvene 8 by adding water. To our surprise, we isolated ethynylporphyrin 9 in good yield (73
%).!° The NMR data of 9 allowed unambiguous assignment of the structure. The 'H NMR spectrum shows the
disappearance of the thiadiazole peak at § = 9.09 ppm, and a new peak appearing at 8 = 4.20 ppm. In the Be
NMR spectrum, the two acetylene carbons were observed at & = 85.87 ppm ( 2Joy = 50 Hz) and 83.60 ppm
("Jen = 250 Hz). Furthermore, the UV spectrum shows the expected™ shifted values for the Soret and Q bands

(see Scheme 1).
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4 Ry =Rz = 3.5-bis(t-butyl)phenyl Rs = Ry = 4-(1,2,3-thiadiazolyl)
5 Ry =Ry= 3,5-bis(t-butyl)phenyl Rz = Ry = 4-(1,2,3-thiadiazolyl)
6 Ry = Ry = Ry = 3,5-bis(t-butyl)phenyl Re= —cEc-—-se
7 Ry =Ry = Ry = 3,5-bis(t-butyl)pheny! Ry= —C=C—5sMe
9 Ry =Ry =Ry = 3,5-bis(t-butyl)phenyl R4= —C=C—H
12 Ry =R, = 3,5-bis(t-butyl)phenyl R3=R4=—C=C—H
13 Ry =Rz = 3,5-bis(t-butyl)phenyl Rz =Ry =—C=C-—H

Scheme 1
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This reaction bears some analogy to the decomposition of 4,5-diphenyl-1,2,3-thiadiazole to diphenylacetylene."'
However, this is the first documented example where a 4-monosubstituted 1,2,3-thiadiazole reacts in this way.
One possible explanation is that the porphyrinyl substituent, which under these circumstances is the dianion, is
releasing electrons into the thiadiazole ring. Thus, the acidity at C-5 is drastically lowered, making the
alternative process starting with the attack at sulfur more plausible. Alternatively, the alkynethiolate 6 could be
unstable and desulfurize with base. However, we were not able to trap any alkynethiolate formed with either
methyl iodide or carbon disulfide.

This serendipitous discovery opens the possibility to introduce a porphyrin moiety in a given molecule through
coupling at the alkyne function of 9.°° As a first experiment, we carried out a copper(Il) catalyzed Glaser
dimerization of {Zn]9 to obtain the bis(porphyrinyl) diacetylene 10 in a satisfactory yield of 90 %. The
Hagihara coupling of 1,4-diodobenzene with [Zn]9 also afforded the bisporphyrin 11 in excellent yield (94 %,
Scheme 2).

The bis(alkynyl)porphyrins 12 and 13 (Scheme 1) were obtained similarly in fair yields, starting respectively
from 4 (35 % yield) and § (29 % yield). An alternative synthetic pathway towards 12 and 13, using a mixed
condensation with 3,5-bis(t-butyl)benzaldehyde and 2-(trimethylsilyl)propynal as adapted from the literature,’
gave a mixture from which the expected products could not be isolated. These compounds 12 and 13 are of
obvious interest as building blocks to prepare porphyrin arrays, using the coupling strategies as for [Zn]9 above
(see Scheme 2). The new products 3-5 and 9-13 were fully characterized by 'H NMR (at 400 MHz) and °C
NMR (at 100 MHz) spectroscopies, and by ESMS.
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