Intramolecular spin alignment and exchange interactions in purely organic spin systems are essential topics in the field of molecule-based magnetism. 1,2 Since most studies have been limited to the ground state, synthetic efforts have been actually devoted to design high-spin compounds that are based on conjugated polyradicals with topologically polarized π-spins able to give rise to ferromagnetic interactions between the spin carriers. Therefore, topologies that are expected to allow antiferromagnetic interactions, yielding a singlet or low-spin ground state, have been generally discredited. Recently, the observation of high-spin excited states in purely organic π-conjugated spin systems with a singlet ground state has opened a new strategy for photoinduced/ photoswitching magnetic spin systems and has rekindled an interest in systems with the "wrong" topology. 3 One of the major requirements for the organic coupler in such a strategy is that it has to have luminescent properties associated with an accessible photoexcited triplet state. In this context, the silacyclopentadienes, usually abbreviated siloles, are promising candidates. In comparison to conventional π-systems, the silole ring would take advantage of the σ*-π* conjugation between the σ* orbital of the silicon moiety and the π* orbital of the butadiene fragment, leading to an unusually lowlying LUMO. 4 This allows the siloles to exhibit very interesting luminescent properties, which may be associated with potential magnetic interactions through this system. 5 We report here the preparation and the structural characterization of the novel diradical 1,1dimethyl-2,5-bis(3-N-tert-butyl-N-aminoxylphenyl)-3,4diphenylsilole (3), as well as the determination of its magnetic ground state. † Universite ´Montpellier 2. ‡ Institut de Chimie de la Matie `re Condense ´e-CNRS. § UCB-Lyon I, Laboratoire des Multimate ´riaux et Interfaces.
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The room-temperature ESR spectrum of 3 in degassed dichloromethane (Figure 2) exhibits the quintet of lines expected for a bis-aminoxyl radical system (a N /2 ) 6.59 G) in which the exchange coupling parameter J is substantially larger than the nitrogen hyperfine coupling (|J| . a N ). Cooling the sample down to cryogenic where J is the exchange interaction, Θ indicates a Weiss constant employed to describe the additional of an eventual intermolecular interaction by mean field theory, and f was introduced to take into account the sample purity and experimental errors. 8 The best-fit parameters were J/k B ) -6.0 K, Θ ) 0 K, and finally, f ) 0.96, which also corresponds to the estimation of the biradical purity from the room-temperature ESR results. The introduction of a nonzero Weiss constant Θ did not improve the fit. This result is consistent with negligible through-space intermolecular antiferromagnetic interactions, as expected from the observed NO'''NO shortest intermolecular distance of 4.90 Å observed in the crystal. 9 To confirm the nature of the magnetic interactions observed in the solid state, ESR studies were carried out on frozen solutions down to 4 K. The presence of a triplet state was evidenced by the observation of a halffield transition (∆M s ) 2) below 50 K at a field of 1717 G. The intensity of this transition was measured as a function of the temperature (4-30 K). The resulting Curie plot (Figure 4) showed a nearly linear increase of the signal intensity with increasing the inverse absolute temperature, consistent with a thermally accessible triplet state. The best fit of the data according to the Bleaney-Bowers model 8 where C is a constant to fit the sample intensity and ∆E T-S is the singlet-triplet energy gap, gave a result (8) Bleaney, B.; Bowers, K. D. Proc. R. Soc. London 1952, A214, 451. ( 9) Spin contacts at distances greater than 5 Å can be considered to give rise to negligible magnetic interactions. An estimation of the antiferromagnetic through-space interaction at a distance of 4.9 Å leads to a result of less than 0.2 K. Caneschi, A.; Gatteschi, D. In The Chemistry and Magnetic Properties of Metal Nitronyl Nitroxide Complexes; Lippard, J. S., Ed.; Wiley: New York, 1991; Vol. 39, p 332. (10) (a) Ling, C.; Lahti, P. M. J. Am. Chem. Soc. 1994, 116, 8784 
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(1) From the above results, it follows that the connection of two m-phenylaminoxyl radicals across the 2,5-positions of a silole ring leads to a near-degeneracy of the singlet ground state with the thermally accessible triplet state. At first glance, the nearly planar conformation of a silole linker is in drastice contrast to the behavior of analogous acyclic diphenylsilane couplers, for which very weak magnetic interactions are observed. 5 However, it seems difficult to determine at the present time whether the magnetic exchange pathway implicates the silicon atom, since the butadiene moiety alone should also lead to a singlet ground state in the spin-polarization model.
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From a structural point of view, 3 belongs to a class of biradicals termed as pseudo-disjoint, mainly constituted by nonalternating heteropentacyclic systems, in which spin-bearing units are connected to the central ring through sites bearing minimal spin density. 10 These systems usually displayed singlet ground states with low-lying multiplet excited states, whatever the heteroatom (X ) O, NH, S), since the latter did not affect a singlet spin distribution. Therefore, 3 appears to follow the same trend, although no lone pair allowing magnetic interactions by a superexchange mechanism is present on the silicon atom. 11 In summary, the connection of m-phenylaminoxyl radicals across the 2,5-positions of the luminescent silole ring is characterized by intramolecular antiferromagnetic interactions leading to a singlet ground state, which is one of the requirements to access photoinduced/ photoswitching magnetic spin systems. Therefore, our further efforts will focus on their potential spin alignment in the photoexcited state. This work is currently underway.
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 1 Figure 1. ORTEP view of 3 (50% probability). The Si atom lies on a 2-fold axis.
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 2 Figure 2. ESR spectra of a dichloromethane solution of 3 recorded at room temperature and at 100 K (inset).
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 3 Figure 3. Plot of experimental (O) and calculated (-) χ mol T values versus temperature for the biradical 3 (see text).
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 4 Figure 4. Curie plot for the biradical 3 compared with the Bleaney-Bowers model (see text). of ∆E T-S /k B ) 8 K. This result, which is close to the value of J/k B (∆E T-S )-2J) obtained from the SQUID measurements, clearly indicates the intramolecular nature of the antiferromagnetic interactions.From the above results, it follows that the connection of two m-phenylaminoxyl radicals across the 2,5-positions of a silole ring leads to a near-degeneracy of the singlet ground state with the thermally accessible triplet state. At first glance, the nearly planar conformation of a silole linker is in drastice contrast to the behavior of analogous acyclic diphenylsilane couplers, for which very weak magnetic interactions are observed.5 However, it seems difficult to determine at the present time whether the magnetic exchange pathway implicates the silicon atom, since the butadiene moiety alone should also lead to a singlet ground state in the spin-polarization model.From a structural point of view, 3 belongs to a class of biradicals termed as pseudo-disjoint, mainly constituted by nonalternating heteropentacyclic systems, in which spin-bearing units are connected to the central ring through sites bearing minimal spin density. 10 These systems usually displayed singlet ground states with low-lying multiplet excited states, whatever the heteroatom (X ) O, NH, S), since the latter did not affect a singlet spin distribution. Therefore, 3 appears to follow the same trend, although no lone pair allowing magnetic interactions by a superexchange mechanism is present on the silicon atom.11 In summary, the connection of m-phenylaminoxyl radicals across the 2,5-positions of the luminescent silole ring is characterized by intramolecular antiferromagnetic interactions leading to a singlet ground state, which is one of the requirements to access photoinduced/ photoswitching magnetic spin systems. Therefore, our further efforts will focus on their potential spin alignment in the photoexcited state. This work is currently underway.
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Summary: The synthesis, X-ray structure, and magnetic properties of a new aminoxyl biradical linked by a silacyclopentadienyl ring is reported. Connection across the 2,5-positions of the silole is characterized by intramolecular antiferromagnetic interactions leading to a singlet ground state, which is one of the requirements for accessing photoinduced/photoswitching magnetic spin systems.
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Supporting Information Available: Text, figures, and tables giving details of the synthesis, characterization, and crystal packing of 3. This material is available free of charge via the Internet at http://pubs.acs.org temperature gives a slightly structured signal in the ∆M s ) 1 region (Figure 2) which may be simulated by using the following parameters: S ) 1, |D| ) 16 G, |E| ) 0G, g(x) ) 2.008, g(y) ) 2.005, g(z) ) 2.002. The interspin distance is estimated to ca. 12 Å by using the zero-field-splitting (ZFS) parameter D in the pointdipole approximation. In comparison to the interspin distance obtained from the crystal structure (14.6 Å, vide supra), this value reflects an effective spin delocalization through the aromatic rings.

The magnetic susceptibility of a polycrystalline sample of 3 was measured with a SQUID magnetometer in a field of 5 kOe, and the χ M T vs T plot is shown in Figure 3. The room-temperature value of χ M T of 0.72 emu K/mol is close to the expected value for two uncorrelated 1 / 2 spins (0.75). The curve was analyzed in term of a modified singlet-triplet two-spin model (H )-JS 1 'S 2 ):