J

A|CIS

COMMUNICATIONS

Published on Web 03/17/2010

Phosphorus Can Also Be a “Photocopy”
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Organophosphorus compounds featuring p—p s bonds be-
tween phosphorus and carbon display close similarities to related
materials having corresponding carbon—carbon sz bonds, and
thus, phosphorus has come to be called a “carbon copy”.*® While
many properties are mirrored between the two sets of com-
pounds, there remain some that are not reflected when C=C units
are replaced by P=C (or P=P) units. The widespread attention
on m-conjugated polymers for applications in areas such as
molecular electronics, sensors, organic light-emitting diodes
(OLEDs), and solar photovoltaics led to a recent Nobel prize
awarded to the three pioneers of these materials.? It would thus
seem natural to expect that related sz-conjugated materials
incorporating other sp?-hybridized elements as participatory units
could be realized. We and others have been seeking to exploit
and extend the analogies between carbon and phosphorus to
create extended conjugated materials,® such as phospha-PPVs
(Chart 1).

These materials, however, show minimal photoluminescence
relative to that displayed by materials such as poly(phenyle-
nevinylene)s (PPVs). Nevertheless, phospholes have been shown
to exhibit significant luminescence and also electrolumines-
cence.* Because of their pyramidal phosphorus atoms, phosp-
holes do not exhibit significant planarization and n—p =

Chart 1. Examples of phospha-PPVs
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conjugation. Furthermore, many of the materials with interesting
luminescent properties feature tetracoordinate phosphorus in
which the phosphorus is often oxidized in the form of P=E
functionalities (E = O, S) or by formation of AuCl adducts.
Noting that incorporation of ring structures (and rigidity) into
pendant vinyl units on phenyl rings can bring forth desirable
properties, such as those found in benzodifurans and benzo-
bisoxazoles, we now communicate the synthesis and elaboration
of benzoxaphospholes and benzobisoxaphospholes that display
blue fluorescence and high quantum yields for photolumines-
cence. These materials feature bona fide P=C p—p sz bonds
suitable for conjugated materials having phosphorus as a
participatory atom.
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1,3-Benzoxaphospholes constitute a class of heterocycles that
is a subclass of oxaphospholes and have been known for some
time.*> One paper in particular piqued our interest: select
benzoxaphospholes were reported to exhibit intense blue
fluorescence.®® Though this particular facet of the report seems
to have garnered little attention, it led us to examine these
materials in further detail. By means of the described synthesis
(the reaction of 2-phosphinophenols and N-phenyl imidoylchlo-
rides; eq 1), some of these compounds and several new
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representatives were prepared. Most of these materials are
distinctly fluorescent (Table 1). Measurement of the excited-
state lifetimes allowed for confident assignment of the emission
as fluorescence. All but the alkyl-substituted derivative 1d
displayed significant photoluminescence (PL) intensity (the PL
intensity of 1d was enhanced in MeOH relative to CH,CI,).

With an eye toward the eventual synthesis of extended
materials, we set out to synthesize and characterize the previously
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R % Yield *'P 3 (ppm)
5a Ad 31 76.7
5b '‘Bu 69 78.1
Sc¢ 2,4,6-Me;CsH; 42 99.7
5d 2,6-M62C6H3 40 99.3

unknown benzobisoxaphospholes. The novel precursor 2,5-
diphosphinohydroquinone (4) was readily accessed by reduction
of 3 (Scheme 1), which itself can be readily accessed by
an anionic double Fries rearrangement of 1,4-{OP(=0)-
(OEt),}C¢H,4.® Reaction of 4 with 2 equiv of select imidoyl-
chlorides led to the corresponding 2,6-substituted benzo[1,2-
d;4,5-d"]bisoxaphospholes (Scheme 1, Table 1). Compounds 1
and 5 display greater air and water stability than previously
reported phospha-PPVs.

The benzobisoxaphospholes were characterized by 3P NMR
spectroscopy, and resonances near those of their simpler
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analogues were found (Scheme 1). The single-crystal structure
of 5b is shown in Figure 1. The P=C bond length of 1.694(1)
A is somewhat longer than that found in most phosphaalkenes
and shorter than the P—C(2) single-bond distance of 1.782(1)
A, but consistent with such distances found in benzoxaphosp-
holes. The angle about the phosphorus atom is 88.34(5)°. The
results of a density functional theory (DFT) study of the model
diphenyl-substituted benzobisoxaphosphole 5e showed that the
frontier orbitals consist largely of phosphorus—carbon s and z*
orbitals (Figure 1).

The photoluminescence data for 5a—d are provided in Table
1 and again show that aryl-substituted analogues display much
greater PL intensity than alkyl-substituted materials.

Table 1. Selected Data for Compounds

R R’ lmax (nm)a /‘LF,max (nm)a @7 T (ns)b
la CgHs H 337 425 0.57 12.0
1b  4-CICsH, H 343 427 0.62 11.8
1c  4-MeOCgH, H 348 437 0.63 13.5
1d Ad H 281° 426° 0.04°¢ 9.0¢
le  4-BrCgH, H 343 426 0.62 11.9
1f  4-MeCgH, H 343 426 0.69 7.0
1g CgHs iPr 339 421 0.55 5.8
1h  4-CICgH, iPr 345 424 0.58 28.0
i 4-MeOCgH,4 iPr 351 438 0.56 25.0
1j 4-MeCgH, iPr 342 429 0.56 4.8
5a Ad H 306 367 0.03 3.9
5b  'Bu H 304 372 0.04 4.6
5c  2,4,6-MesCeH, H 337 432 0.27 3.7
5d  2,6-Me,CeH3 H 336 436 0.22 2.3

a Measurements were performed in CH,Cl,. ® Values were determined
in hexanes. © Measurements were performed in CH3;OH.

The benzobisoxaphospholes thus mimic the PL characteristics
of their two closest phosphorus-free analogues, benzodifurans
and benzobisoxazoles (Chart 2). While studies of the former are
limited in number despite the fact that they show interesting

Chart 2

properties,” benzobisoxazoles, in contrast, have been extensively
studied and found broad use in robust materials having high
mechanical strength and important photophysical and electronic
properties.® Preliminary electrochemical studies of 1a and 1g
revealed reversible reductions occurring at —1.90 and —1.93 V
versus SCE, respectively (see the Supporting Information), which
are analogous to those reported for other phosphaalkenes and
also suggests possibilities for the use of these materials as
components in n-type conjugated materials.

In summary, we have shown that benzoxaphospholes and
benzobisoxaphospholes are materials that have bona fide P=C
double bonds, do indeed possess interesting and significant PL
properties, and can “photocopy” the properties of other conju-
gated molecules. We are currently preparing extended conjugated
materials for examination in applications such as OLEDs.
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Figure 1. (top) X-ray structure of 5b and (bottom) selected molecular
orbitals (DFT B3LYP/6-31+G**) for the minimized structure of 5e.
Selected experimental bond distances (A) and angles (deg): P(1)—C(2),
1.694(1); P(1)—C(5), 1.782(1); C(2)—P(1)—C(5), 88.34(5).
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