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High spin states are commonly encountered among transition 
row metals and their complexes, arising from singly occupied d 
orbitals on the metal. High spin organic molecules, on the other 
hand, are a comparatively unnatural phenomenon, and their 
generation almost always results from a great deal of design and 
contrivance. In recent years, a series of organic molecules (1) 
with spin as high as 5 = 6 (multiplicity = 25 + 1 = 13; tridecet) 
has been documented, in which meta coupled phenyl carbenes 
provide the building blocks toward ever higher spin states.2 These 
delocalized systems are based on a design which predicts high spin 
(ferromagnetic) coupling between adjacent units when the con
tiguous IT topology of the molecule precludes the pairing of all 
electrons into bonds (non-Kekule), provided the nonbonding MO's 
span common atoms (nondisjoint).3 Similar w topology arguments 
have produced quintet tetraradical 2.4 
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Coupling between the two TMMs occurs through the ground-state 
triplet, localized1 biradical 1,3-cyclobutanediyl 5,8 as evidenced 
by resonance structure B. 
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The synthesis (Scheme I) of the precursor bisdiazene 69 required 

the bisfulvene, 7.9 This was prepared by capitalizing upon a 
creative application of Barton10a and Kelloggl0b cycloaddition 
chemistry, first employed in related systems by Freund and 
Hunig." 

Photolysis12 of 6 in either 2-methyltetrahydrofuran or poly
methylmethacrylate) matrices at temperatures between 4 and 
77 K in the cavity of an EPR spectrometer results, after as little 
as 15 s irradiation, in the triplet spectrum shown in Figure la. 
This is a typical "powder" or randomly oriented triplet spectrum. 
The zero-field splitting (zfs) values, thermal stability, and hyperfine 
splitting in the Ams = 2 region (ca. 14 G) allow us to assign 
monoazobiradical 8 as the carrier of the signal. In particular, 
the spectral parameters closely match those of biradical 9 (|Z)/hc| 
= 0.0255 cm-1; |£/hc| = 0.0030 cm"1; hyperfine splitting = 13.5 
G)13 and a variety of other 2-alkylidene-l,3-cyclopentanediyls 4.5 
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Further irradiation of the sample results in spectra typified by 
that shown in Figure lb. In the Aw8 = 1 region, the six lines due 
to 8 are still evident. There are also many new lines which we 
assign to the quintet state of 3, based on the following observations. 
The new lines, most clearly the two outer pairs (2600, 2710, 3830, 
and 3935 G), increase upon prolonged photolysis, while those due 
to 8 decrease in intensity. This suggests that the carrier of the 
new signal is photochemically derived from 8, as expected for 3. 
A quintet gives rise to a maximum of 12 transitions in the Ams 

= 1 region.2,14,15 The two outer pairs completely determine the 
zfs values of a quintet (Figure 1) and allow prediction of the other 
transitions using a simulation program.14* As shown in Figure 
lb, the quintet zfs values (|£>/hc| = 0.0207 cm"1; |£/hc| = 0.0047 
cm"1) produce good agreement between simulated and experi
mental spectra.16 Interestingly, a new line is also evident in the 
Am8 = 2 region of the spectrum (ca. 1700 G), a relatively unusual 
observation for 5 = 2 spectra.14" 

We believe that the quintet is the ground state of 3 based on 
two observations. First, the spectra are quite intense at tem-

We present herein an example of an alternative ferromagnetic 
coupling mechanism between two triplets to give the higher spin 
state quintet {S = 2, four parallel spins). Tetraradical 3 combines 
two triplet 2-alkylidenecyclopentanediyls 4,5 derivatives of the 
classic non-Kekule molecule, trimethylenemethane (TMM).6 
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"(a) Mixture of products (syn/anti dithiiranes, monothiirane and 7), 
4 weeks, room temperature, dark; (b) PPh3; (c) TV-methyl-
triazolinedione; (d) NH2NH2-H2O, O2; syn isomer unstable to hydro-
genation conditions; (e) KOH, 2-PrOH, reflux, 2 h; (f) NiO1. 
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peratures as low as 3.8 K. Second, a Curie plot is linear in the 
range 17-80 K.17 The usual interpretation of such observations 
is that the quintet is the ground state, although exact degeneracies 
among differing spin states cannot be ruled out. 

An especially intriguing feature of 3 is its thermal stability. All 
cyclobutanediyls (5) prepared to date, including those with rad
ical-stabilizing substituents, decay in the 20-55 K range and are 
not easily observed at temperatures above 60 K.18 However, 3 
is indefinitely stable at liquid nitrogen temperatures (77 K) and 
can be readily generated at this temperature. The cause of this 
enhanced stability is under further investigation. 

Clearly, the localized biradical, 1,3-cyclobutanediyl, does 
ferromagnetically couple the two T M M triplets. This is the first 
rationally designed organic quintet that does not owe its high spin 
preference to the topology of a delocalized K system.19 It has 
long been appreciated that magnetism, unlike conductivity, does 
not require dereal izat ion, but 3 is the first organic realization 
of this concept. Our results suggest that cyclobutane is a general, 
ferromagnetic coupling unit, and further studies of this effect and 
extensions to still higher spin states are underway. 
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Ab initio molecular orbital methods for chemical shielding have 
been extensively applied to first- and second-row elements1"5 but 
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Figure 1. (a) Triplet EPR spectrum of 8 obtained upon brief photolysis 
of 6. |0/hc| = 0-0253 cm"1 and |£/hc| = 0.0042 cm'1, (b) Quintet EPR 
spectrum of 3 obtained upon extended photolysis of 6. The vertical bars 
indicate the expected positions of the 12 transitions, from which the 
quintet zfs parameters can be obtained, as shown. Some 8 is also present, 
and the starred peaks are pure triplet 8 signals. 
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