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Synthesis and Properties of 9-Anthryldiphosphene
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The first stable 9-anthryldiphosphene, TbtP=P(9-Anth) (1:
Tbt = 2,4,6-tris[bis(trimethylsilyl)methyl]phenyl, 9-Anth = 9-
anthryl), was synthesized and its properties were revealed by
spectroscopic and X-ray crystallographic analyses. The weak
fluorescence of 1 was observed in hexane solution.

The chemistry of low-coordinated compounds of heavier
group 15 elements has been one of the most attractive areas in
main group element chemistry.!?> Recently, much attention has
been focused on the unique properties of phosphaalkenes and
diphosphenes from the viewpoints of material science, e.g., they
are known to be more easily reduced than olefins or azo-com-
pounds.® To date, unique properties of phosphaalkenes and di-
phosphenes bearing an electrochemically reactive unit such as
amine,* p—phenylene,5 ferrocene,® another diphosphene,s‘7 and
thiophene® units have been reported. Particularly, Protasiewicz
et al. reported the synthesis and photochemical properties of
the “phospha-PPVs,” poly(p-phenylenephosphaalkene)s, which
exhibit unique fluorescence due to the 7r-conjugated P=C
units. >4 However, they reported 7r-conjugated polymer con-
taining P=P (instead of P=C) and p-phenylene units does not
exhibit appreciable photoluminescence.”® Since a P=P double
bond should possess apparently smaller HOMO-LUMO energy
gap compared with those of a P=C double bond, fundamental
studies on the properties of a 77-electron extended system of a di-
phosphene should also be interesting and important for opening
new chemistry of material science.

We have already reported the synthesis of kinetically stabi-
lized diphosphenes, TbtP=PTbt (2) and BbtP=PBbt,° and
revealed their chemical and physical properties together with
the systematic elucidation of redox behavior of the dipnictenes
(BbtE=EBbt, E = P, Sb, Bi).!? Under these circumstances, we
have designed a 9-anthryldiphosphene derivative as a candidate
of a novel m-conjugated diphosphene system, since an anthryl
group should be an extended 7r-electron system itself and pos-
sess unique fluorescent properties. We report here the synthesis
and properties of the first stable 9-anthryldiphosphene, TbtP=P
(9-Anth), which has a diphosphene unit tethered with a Tbt
group for steric protection and a 9-anthryl group for electronic
communications between the P=P 7r-electrons.

Condensation reaction of TbtPH, with (9-Anth)PCl, in the
presence of DBU as a base in toluene at rt afforded diphosphene
1 as stable red crystals in 71% yield (Scheme 1).!! It should be
noted that 1 is quite stable under inert gas conditions even in
solution (C¢Dg, 80 °C for 26 h) reflecting the superior steric pro-
tecting ability of the Tbt group for preventing from oligomeriza-
tion. The 3'PNMR of 1 showed characteristic AB quartet at §
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Scheme 1.

526 and 8 584 with 'Jpp = 581 Hz, supporting the P=P double
bond character similar to those of previously reported unsym-
metrically substituted diaryldiphosphenes.! X-ray crystallo-
graphic analysis of 1 revealed its molecular structure
(Figure 1),'' where the intermolecular 7—7 interaction (ca.
3.55 A) between the anthryl moieties of 1 can be seen in the
packing structure. The P=P bond length and P-P-C angles are
2.0352(16) A, 101.86(14)° (P2-P1-C1), and 100.79(13)° (P1-
P2-C15), respectively, which are within the range of the previ-
ously reported structural parameters of diaryldiphosphenes. It
should be noted that the anthryl group is nearly perpendicular
(81.7°) to the P=P axis probably due to the steric reason, indicat-
ing the less effective 7-electron conjugation between the P=P
and anthryl moieties in the solid state. In addition, optimized
structure of the model compound, DmpP=P(9-Anth) (3,
Dmp = 2,6-dimethylphenyl), shows the geometries similar to
those observed for 1. The observed vibrational frequency of
the P=P bond of 1 (619 cm™!) in the Raman spectrum is in good
agreement with the calculated value (vpp = 612 cm™1).'2 The
similarity between the molecular geometry observed for 1 in
the solid state and that optimized for 3 in the gas phase should
be supported.

Electrochemical data of 1 were determined by cyclic
voltammetry, showing two reversible one-electron redox cou-
ples at E; = —1.73 and —2.32'V (vs Ag/Ag") (Figure 2a)."!

Figure 1. (a) ORTEP drawing of 1 (50% probability). Hydro-
gen atoms were omitted for clarity. (b) Packing structure of 1.
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Figure 2. (a) Cyclic voltammogram of 1 (0.1M BuyNBF4
in THF, E;, (Cp,Fe/Cp,Fe™) = 4+0.20V vs Ag/Ag®). (b)
UV-vis, excitation (em. 432nm), and fluorescence (ex. 400
nm) spectra of 1 in hexane solution.

It should be worthy of note that the first reduction potential of 1
(E1/2 = —1.73) at less negative region than those of TbtP=PTbt
(2,E1p=—193vs Ag/Ag") and anthracene (E1jp = —2.42vs
Ag/Ag") demonstrates the stability of the anion radical species
of 1 due to the delocalization of the unpaired electron on the
P=P and the anthryl moieties in solution. In addition, theoretical
calculations for electron affinity (EA) of the model compounds
of DmpP=P(9-Anth) (3) and DmpP=PDmp (4) show that the
one-electron reduction of 3 should be more exothermic
(1.27 eV) than that of 4 (1.06eV), supporting the experimental
results.!> Whereas the optimized structure of the anion radical
species of 4 shows geometry similar to that of 4 with the aryl-
rings of the Dmp group perpendicularly oriented to the P=P
Jr-orbitals, the optimized geometry of the anion radical species
of 3 exhibits considerable coplanarity between the 7-electron
planes of the anthryl and P=P moieties in contrast to the geom-
etry of 3, indicating the extension of 7r-orbitals in [3"~].

In the UV—vis spectrum of 1 in hexane solution, the compli-
cated pattern due to 77—7T* electron transitions of the anthryl and
P=P moieties was observed in the longer wavelength region than
those of anthracene, indicating somewhat extended 7-electron
conjugation in solution (Figure 2b). The weak absorptions ob-
served at longer wavelengths (530 and 438 nm) can be attribut-
able to the symmetry forbidden 77(9-Anth)-7*(P=P) and n—
7*(P=P) transitions, respectively, based on the TDDFT calcula-
tions for 3.!3 Interestingly, 9-anthryldiphosphene 1 shows weak,
but apparent, fluorescence emissions (® = 1.2 x 107*)!* in the
range of ca. 400-500 nm (A nax = 432 nm)," though ThtP=PTbt
(2) exhibits no appreciable luminescence under the same condi-
tions. The emission can be conceivable to be due to S, — Sy
(n#1) transitions, since the HOMO-LUMO and HOMO—1-
LUMO transitions should be symmetry forbidden. The observed
lifetime of the photoluminescence of 1 is ca. 8~10ns,!! which is
slightly longer than that of anthracene, indicating the lumines-
cence of 1 should be not phosphorescence but fluorescence. In
addition, the quantum yield of fluorescence of 1 increases (ca.
1.3 times) at —100°C as compared with that at room tempera-
ture. The weakness of the fluorescence of 1 should be due to
quenching by the phosphorus lone pair'® or the deformation of
the structure in the excited state.

In summary, the first stable 9-anthryldiphosphene (1) was
synthesized and its structure and physical properties were
revealed. The cyclic voltammetry and UV-vis spectrum of 1
indicate the effective 7r-electron communication between the
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P=P and anthryl moieties in solution. In addition, 1 showed
weak fluorescence. These results on the fundamental studies
of 1 should be important for the molecular design of novel
materials utilizing the characteristic properties of a P=P 7r-bond.
Further investigations on the chemical and physical properties of
1 are currently in progress.
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