Stable Localized Biradicals
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Whereas cyclobutane-1,3-diyl A is quite reactive even at low temperatures, the heavier congener B
exhibits considerable thermal stability (Niecke 1995) due to “phosphorus trick” leading to singlet
ground state. We found that suitable positioning of the substituents effectively stabilize the exotic
open-shell P-heterocycle B even in air (ANIE 2003). The high stability has promoted further
investigations in relation to applications based on electronic functionalities. So far studies on the air-
stable B have revealed high electron-donating properties as well as considerable stability of the
resulting cationic species. The procedures for B are suitable to install various substituents on the
phosphorus, and the electronic properties of B can be widely tuned. Furthermore, the synthetic
protocol of the air stable B can be appropriable for synthesis of air-tolerant P-heterocyclic
monoradicals. Quite recently, we established procedures for exchanging the RP moiety of the
biradical system.
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Ambident Character of Cyclobutenylanion (CBA)
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Molecular Orbital: Tunable
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See also: https://pubs.acs.org/doi/10.1021/acs.joc.0c00512



Electron Density Analysis

Localized Radicalic Electrons
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Stable Monoradical (Rad) from Cyclobutenylanion (CBA)
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op=—11.3 (MeP), 55.9 (+-BuP)

2Jpp = 3628 HZ
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BR for Electronics
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The air-stable phosphorus congener of cyclobutane-1,3-diyl shows highly electron-donating property
(= low oxidation potential) and considerable stability of the corresponding radical cation (Chem. Lett.
2006). Therefore, the open-shell singlet P-heterocycle would be available as a p-type organic
semiconductor. As predicted, several stable derivatives worked as Field-Effect Transistors (FETs) via
hole transfer under the relatively low gate (threshold) voltage. The facile generation holes would
correspond to the open-shell character.



Biradicals (BR) as Electron-Donors

Iz‘-Bu Iz‘-Bu
R BAHA (Magi R
gic Blue)
Mes*—<e >—Mes* » Mes*™—< >—Mes*
P CHCl; EFJ;)
| _
BAHA = (4-BrCSH4)3N+'SbCI6‘
apq1 = 395G
Eq,x=+0.35V A= 22.3 G
vs. Ag/AgCl a(3C) = 30 G
Chem. Lett. 2006
Cyclic Voltammetry EPR spectrum g =2.0025
S I | '| "l .” 1,.(| (a)
R : i lb/ v L' L'I ){ : vrﬁ Rea;::[ion mixture
: | ) @
" Y ol /J J | e
_ l' l ( Substraction of the starting
1 I L material spectrum from (a)
411074 l‘ | | , (
N J||‘ / , ,/' - (0
e 1075700 62)0 52]0 42]0 32}0 22)0 12]0 2] -100 ('( l' U l"' SImUIated SpeCtrum

mV vs Ag/AgCI r v T v - - .
3100 3150 3200 3250 3300
Magnetic Field / Gauss



p-Type OFET Property
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Hole Transfer: Hopping Model

Searching Valuable Hole Coupling Matrix Element 1.67 x 107 cm2V-1s™
JACS 2013
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