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analogues containing four thiadiazole moieties
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The crossover condensation of 2,5-diamino-1,3,4-thiadiazole and isoindoline or pyrroline diimino derivatives in the presence of
copper(Il) affords a new 30mn-electron hexamer with hemiporphyrazine-like character.

Expanded porphyrinoids constitute ideal models to explore the
limits of the classical Hiickel rule to define aromaticity.!-3
Moreover, they possess exceptional coordination properties such
as the ability to accommodate large cations (lanthanides and
actinides)* or anions.> In addition, expanded macrocycles display
red-shifted absorptions in the visible region,' presumably asso-
ciated to their extended-conjugated nt-systems, and this fact makes
them potentially useful as therapeutic agents in photodynamic
therapy (PDT),° non-linear optical materials’ and in optical
limiting.3 In contrast with expanded porphyrins, expanded aza-
porphyrinoids have been hardly explored. Superphthalocyanines
represent an exception.’ In fact, these pentapyrrolic macrocycles
were for many years the only reported expanded azaporphyrins.

We have performed different modifications of the tetraaza-
porphyrin structure in order to obtain other macrocycles struc-
turally related to phthalocyanines and porphyrazines but exhibiting
nonconventional physicochemical properties. One of the modi-
fications is the incorporation of one or two 1,2,4-triazole moieties
in the tetraazaporphyrin structure to afford cross-conjugated, 207-
electron hemiporphyrazine systems (THpz) with intrinsic ABAB
symmetry.!%!! Moreover, we have designed and reported for the
first time the preparation and properties of 18m-electron A;B-type
triazoleazaporphyrin macrocycles. In this case, their aromatic and
intrinsically unsymmetrical porphyrazinic character is evidenced
by their spectroscopic features.!?
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Scheme 1 Synthesis of the [2 + 4] expanded hemiporphyrazines.
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Currently, we are applying the methodology developed for
the above intrinsically unsymmetrical azaporphyrins to the
synthesis of expanded analogues. We have applied two main
strategies based on the use of two azaporphyrin precursors.
Hence, 28mn-electron hexamers, which are able to accommodate
two metal ions within their central cavity, have been obtained
stepwise by the dimerization reaction of open trimeric inter-
mediates.'? Another approach to obtain azaporphyrin analogues
other than tetramers relies on the use of 2,5-diamino-1,3,4-thia-
diazole.'* We report here on the synthesis of a new expanded
[2+4] thiadiazole-derived azaporphyrin hexamer made up of
four thiadiazole subunits and two face-to-face pyrrole rings.

Expanded azaporphyrins 1a,b have been obtained in a 40-60%
yield by the condensation of thiadiazole derivative 2 with diimino-
pyrroline or diiminoisoindoline derivatives 3a,b, respectively,
in a 2:1 stoichiometric ratio in isopropanol and in the presence
of a Cu" salt (Scheme 1)." Under these conditions, the corre-
sponding [3 + 3] macrocycle was also obtained. !4

The use of Cu'' as a template turned out to be essential to
obtain [2 + 4] macrocycles 1a,b, whereas other transition metals
such as Nill, Zn" and Co! afforded only the related [3 + 3]
macrocycles. Compounds 1a,b were identified based on their
spectroscopic characteristics. The MALDI-TOF MS spectra of
1a,b displayed their corresponding molecular ions at m/z 1139—
1145 and 823-827, respectively (Figure 1). Their UV-VIS spectra
showed the lowest energy band appearing at 430462 nm,
indicating the presence of a non-aromatic macrocycle.

The first rationalization of this result seems inconsistent with
the proposed structures for 1a,b. As these compounds possess
30m-electrons in their most favourable m-conjugation pathway,

A mixture of the corresponding diimine 3 (0.25 mmol), 2,5-diamino-
1,3,4-thiadiazole 2 (0.50 mmol) and Cu(OAc), (0.30 mmol) was heated
in isopropanol (20 ml) at reflux temperature for 24 h. After the solvent
was rotary evaporated, the residue was sequentially washed with hexanes,
toluene and methanol to give 1a,b in addition to the corresponding
[3 + 3] macrocycles.

1a: yield 59% ([3 + 3] compound was obtained in 15% yield). IR (KBr,
viem™): 2950, 2890, 2850, 1580, 1500, 1450, 1410, 1360, 1310, 1270,
1160, 810. UV-VIS (CHCl;, 4,,,,/nm): 381, 462. MS (MALDI-TOF,
dithranol), m/z: 1139-1145 [M]*.

1b: yield 40% (the corresponding [3 + 3] macrocycle was obtained
in 23% yield). IR (KBr, v/cm™): 2960, 2920, 2850, 1580, 1510, 1490,
1420, 1390, 1340, 1250, 1200, 1110, 1090, 1040. UV-VIS (CHCl,,
/mm): 366, 392, 430. MS (MALDI-TOF, dithranol) m/z: 823-829 [M]*.
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Figure 1 Isotopic patterns of molecular ions corresponding to (a) la
and (b) 1b.

they should be classified as aromatic according to Hiickel
[4n + 2] rule. Their non-aromatic nature could arise from a
strong deviation their planarity, thus preventing the effective
delocalization of 30n-electrons. Alternatively, a supposed planar
macrocycle 1a,b could maintain the m-electrons localized within
the corresponding thiadiazole and pyrroline circuits, respectively,
so that each heterocyclic subunit preserves its own aromaticity
against the overall delocalization.!> Thus, aromaticity and anti-
aromaticity are more important concepts in small rings than in
large ones.!617

The formation of compounds la,b implies a condensation
between two thiadiazole moieties, one of them as the amino,
and the other as the imino tautomer, which can be rationalized
by considering the tautomeric equilibrium between A and B
(Scheme 2) and the condensation between the two tautomers to
afford the dimeric species C. The existence of the imino

Scheme 2 Condensation reaction of two thiadiazole subunits.

tautomer in acidic medium has been proven before.!® Further
copper(Il) template condensation reaction of dimer C with
diiminopyrroline or iminoisoindoline, followed by spontaneous
oxidation, should lead to isolated azaporphyrins 1a,b.

The role of the Cu salt is not clear, however its presence is
essential for the formation of macrocycles 1a,b. Since the use
of other ions (Ni"', Zn" and Co") did not afford compounds 1,
the coordination sphere of the metal should be a key in the
arrangement of macrocycles 1a,b. Furthermore, the presence of
the Cu! salt could also shift the equilibrium towards imino thia-
diazole form B (Scheme 2) in a similar fashion to a protic acid.

In conclusion, we have prepared expanded heteroazapor-
phyrinoids made up of two face-to-face pyrrole subunits and
four thiadiazole rings.

This work was supported by the ESF-SOHYD Programme,
COST Action D35, and the EU Project ROBUST DSC, FP7-
Energy-2007-1-RTD no. 212792. Financial support by the MEC,
Spain (CTQ2008-00418/BQU, CONSOLIDER-INGENIO 2010
CDS 2007-00010, PLE2009-0070, PSE-120000-2009-008
FOTOMOL) and CAM (MADRISOLAR-2, S2009/PPQ/1533)
is gratefully acknowledged. M. S. R-M. acknowledges the MEC
for a R&C contract.

References

1 (a) A.Jasat and D. Dolphin, Chem. Rev., 1997, 97, 2267 and references
cited therein; (b) J. L. Sessler and S. J. Weghorn, Expanded, Contracted
and Isomeric Porphyrins, Pergamon, New York, 1997; (c) J. L. Sessler,
A. Gebauer and S. J. Weghorn, Expanded Porphyrins, in The Porphyrin
Handbook, eds. K. M. Kadish, K. M. Smith and R. Guilard, Academic
Press, San Diego, CA, 2000, vol. 2, pp. 55-121; (d) T.D. Lash,
Syntheses of Novel Porphyrinoid Chromophores, in The Porphyrin
Handbook, eds. K. M. Kadish, K. M. Smith and R. Guilard, Academic
Press, San Diego, CA, 2000, vol. 2, pp. 125-200.

2 (a)J. L. Sessler and D. Seidel, Angew. Chem. Int. Ed., 2003, 42, 5134;
(b) T. K. Chandrashekar and S. Venkatraman, Acc. Chem. Res., 2003,
36, 676; (c) S. Shimizu and A. Osuka, Eur. J. Inorg. Chem., 2006, 1319;
(d) R. Misra and T. K. Chandrashekar, Acc. Chem. Res., 2008, 41, 265;
(e) N. Jux, Angew. Chem. Int. Ed., 2008, 47, 2543.

3 (a) M. Stepien, L. Latos-Graz’ynski, N. Sprutta, P. Chwalisz and
L. Szterenberg, Angew. Chem. Int. Ed., 2007, 46, 7869; (b) Z. S. Yoon,
A. Osuka and K. Dongho, Nature Chem., 2009, 1, 113 and references
therein; (c¢) J.-i. Aihara and H. Horibe, Org. Biomol. Chem., 2009, 7,
1939; (d) J. M. Lim, Z. S. Yoon, J. Y. Shin, K. S. Kim, M.-C. Yoon and
D. Kim, Chem. Commun., 2009, 261.

4 (a) J. L. Sessler, A.E. Vivian, D. Seidel, A. K. Burell, M. Hoehner,
T. D. Mody, A. Gebauer, S.J. Weghorn and V. Lynch, Coord. Chem.
Rev., 2001, 216-217, 411; (b) J. L. Sessler, P. J. Melfi and G. D. Pantos,
Coord. Chem. Rev., 2006, 250, 816.

5 J.L. Sessler, P. A. Gale and W.S. Cho, Anion Receptor Chemistry,
Royal Society of Chemistry, Cambridge, 2006.

6 W.-H. Wei, M. E. Fountain, J. L. Sessler, D.J. Magda, Z. Wang and
R. A. Miller, Macrocyclic Chemistry, 2005, 407.

7 H. Rath, J. Sankar, V. PrabhuRaja, T. K. Chandrashekar, A. Nag and
D. Goswami, J. Am. Chem. Soc., 2005, 127, 11608.

8 (a) H.S.Nalwa and J. S. Shirk, in Phthalocyanines, Properties and
Applications, eds. C. C. Leznoff and A. B. P. Lever, VCH, Cambridge,
1996, vol. 4, p.79; (b) J. W. Perry, in Nonlinear Optics of Organic
Molecules and Polymers, eds. H. S. Nalwa and S. Miyata, CRC Press,
Boca Ratén, FL, 1997, p. 813.

9 (a) J. L. Sessler, T.D. Mody and V. Lynch, Inorg. Chem., 1992, 31,
529; (b) T.J. Marks and D. R. Stojakovic, J. Am. Chem. Soc., 1978,
100, 1695.

10 (a) F. Fernandez-Lazaro, T. Torres, B. Haushel and M. Hanack, Chem.
Rev., 1998, 98, 563; (b) U.Hahn and M. S. Rodriguez-Morgade, J.
Porphyrins Phthalocyanines, 2009, 13, 455.

11 (a) M.S. Rodriguez-Morgade, G. de la Torre and T. Torres, Design
and Synthesis of Low-Symmetry Phthalocyanines and Related Systems,
in The Porphyrin Handbook, eds. K. M. Kadish, K. M. Smith and
R. Guilard, Academic Press, San Diego, 2003, vol. 15 (99), pp. 125-160;
(b) M. S. Rodriguez-Morgade and P. A. Stuzhin, J. Porphyrins Phthalo-
cyanines, 2004, 8, 1129.

- 193 -



Mendeleev Commun., 2010, 20, 192—-194

(a) M. Nicolau, B. Cabezén and T. Torres, Coord. Chem. Rev., 1999,
190-192, 231; (b) M. K. Islyaikin, M. S. Rodriguez-Morgade and T. Torres,
Eur. J. Org. Chem., 2002, 2460; (c) B. Cabezon, S. Rodriguez-Morgade
and T. Torres, J. Org. Chem., 1995, 60, 1872; (d) M. K. Islyaikin and
E. A. Danilova, Izv. Akad. Nauk, Ser. Khim., 2007, 663 (Russ. Chem.
Bull., Int. Ed., 2007, 56, 689); (e¢) M. K. Islyaikin, E. A. Danilova,
Yu. V. Romanenko, O. G. Khelevina and T. N. Lomova, in Chemical
Processes with Participation of Biological and Related Compounds,
Koninklijke Brill NV, Leiden, The Netherlands, 2008, pp. 219-270.

M. S. Rodriguez-Morgade, B. Cabezén, S. Esperanza and T. Torres,
Chem. Eur. J., 2001, 7, 2407.

M. K. Islyaikin, E. A. Danilova, L. D. Yagodarova, M. S. Rodriguez-
Morgade and T. Torres, Org. Lett., 2001, 3, 2153.

O. N. Trukhina, M. S. Rodriguez-Morgade, S. Abwandner, E. Caballero,
N. Snejko, E. A. Danilova, E. Gutiérrez-Puebla, M. K. Islyaikin, D. M.
Guldi and T. Torres, submitted.

16 F. Fernandez-Lazaro, J. de Mendoza, O. M6, S. Rodriguez-Morgade,

17

18

~ 194 -

T. Torres, M. Yéiiez and J. Elguero, J. Chem. Soc., Perkin Trans. 2,
1989, 797.

J. Sankar, S. Mori, S. Saito, H. Rath, M. Suzuki, Y. Inokuma, H. Shinokubo,
K. S. Kim, Z. S. Yoon, J.-Y. Shin, J. M. Lim, Y. Matsuzaki, O. Matsushita,
A. Muranaka, N. Kobayashi, D. Kim and A. Osuka, J. Am. Chem. Soc.,
2008, 130, 13568.

(a) P.C. Guha, J. Am. Chem. Soc., 1923, 45, 1036; (b) L. Antolini,
A. Cornia, A. C. Fabretti and W. Malavasi, J. Cryst. Mol. Struct., 1993,
23, 967; (¢) H. Senda, H. Hajime and J. Maruha, Acta Crystallogr.,
1986, C42, 1087.

Received: 15th March 2010; Com. 10/3489





