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Summary: Reactive arsenic analogues of Wittig reagents
(R.C=PR'3), arsanylidene-o*-phosphoranes (ArAs=PMej),
have been generated, and an example has been structur-
ally characterized; these highly reactive functionalities
produce diarsenes (ArAs=AsAr) in quantitative yield
upon thermolysis.

Wittig reagents R,C=PR’; have had a long and rich
chemistry since their demonstrated power for the
construction of new C=C bonds.! Heavier analogues of
Wittig reagents, however, are quite rare by comparison.
Mathey was the first to show that “phospha-Wittig”
reagents can be accessed by coordination to metal
centers.? Equally important was the ability of these
materials to affect P=C bond forming reactions. More
recently, we have reported that phospha-Wittig reagents
(phosphanylidene-o*-phosphoranes) of the form ArP=
PR3 are isolable when Ar is a sterically demanding aryl
group (Scheme 1).34 Reaction of ArP=PR3 with alde-
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hydes produces phosphaalkenes, while thermolysis pro-
duces diphosphenes (ArP=PAr) or other products at-
tributable to phosphinidene intermediates.>~7 While no
direct arsenic analogues of these materials appear to
have been reported, Cowley and co-workers® have
isolated carbene adducts of arsanylidenes (A, Figure 1).
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Figure 1. Carbene (A) and phosphine (B) adducts of
arsanylidenes.

Due to the similar o-donating properties of carbenes and
phosphines, adducts A may be thought of as analogues
of the phosphine adducts B (arsanylidene-o*-phospho-
ranes) that are the target of the current study, but with
an inverted distribution of steric bulk. We now report
on the preparation of the first heavier analogues featur-
ing the reactive ArAs=PR3 functionality which can be
considered the first true “arsa-Wittig” reagents® and
preliminary reports of their chemistry.

Reduction of 2,6-Trip,CsH3AsCl, 1 (Trip = 2,4,6-
iPrsCeHy>) in the presence of excess PMejs, the same route
employed for synthesis of ArP=PMes, rapidly afforded
solutions of the arsa-Wittig species la in quantitative
yields. 3P NMR spectroscopy shows a single resonance
for the phosphorane atom at 6 16.7 (compare 6 —1.6
ppm for the ArP=PMe; analogue). Compound 1la proved
somewhat labile, and purifications were plagued by the
presence of the known diarsene 2,6-Trip,CsHzAs=As-
2,6-CeH3Trip, (2a).1° Upon heating in THF solution for
a few minutes or standing (in solution or in the solid
state) for extended periods (days), compound la is
guantitatively converted to 2a (Scheme 2), as judged by
IH NMR spectroscopy.'? Regardless, samples of 1a could
be obtained as an orange solid of ca. =90% purity
contaminated only by the diarsene 2a.
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Although reactive and difficult to isolate in pure form,
crystals of 1a - 0.5hexane suitable for X-ray diffraction
were obtained from hexanes at —35 °C as nonmerohe-
dral twins. The structure (Figure 2) confirms the
expected formulation and shows an average (for the
twinned structure) As—P bond length of 2.221 A. This
value is somewhat longer than distances reported for
the true As=P double bond in structurally characterized
arsaphosphenes Mes*As=PMes* (2.1415 A, Mes* =
2,4,6-tri-tert-butylbenzene),1a 2 6-Trip,CeHzAs=PMes
(2.134 A),11b and [(MesSi),CH]As=PMes* (2.124 A).1icd
The IH NMR spectra of 1a reveal three distinct methyl
resonances for the inequivalent isopropyl groups, in
accord with the static structure observed in the solid
state.1?

The three As—P—C bond angles in la are notably
inequivalent (average values for two crystallographically
independent molecules are 105.8, 113.6, and 120.6°) and
reminiscent of those observed about the phosphorane
atom in 2,6-Mes,;CsH3P=PMe3z (P—P—C angles: 102.3(2),
117.4(2), and 121.5°).13 As previously discussed for the
Wittig and phospha-Wittig species, such features indi-
cate that an appropriate description of the E=P multiple
bonding involves more of the charge-separated reso-
nance structure (see Scheme 1) coupled with contribu-
tions from negative hyperconjugation of E lone pair(s)
into symmetry-adapted combinations of o* PC orbitals.

(12) To a suspension of zinc dust (80 mg, 1.3 mmol) and 2,6-
Trip,CsH3ASCl; (200 mg, 0.32 mmol) in THF (10 mL) was added PMej;
(150 mg, 1.9 mmol) with rapid stirring. Over a 24 h period the mixture
slowly changed from colorless to light orange. The mixture was then
filtered, and all volatiles were removed in vacuo to produce an orange
solid (170 mg), which was determined by *H NMR to be approximately
~90% la. This material could be further purified by recrystallization
from a saturated hexanes solution at —35 °C, producing single crystals
of 1a suitable for X-ray diffraction. '"H NMR (C¢Dg): o 0.67 (d, 9H,
J = 12 Hz), 1.22 (d, 12H, J = 7 Hz), 1.26 (d, 12H, J = 7 Hz), 1.51
(d, 12H, J = 7 Hz), 2.80—3.00 (m, 4H), 3.15—-3.30 (m, 2H), 7.08—7.13
(m, 3H), 7.23 (s, 4H). 3P NMR: ¢ 16.7.
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Figure 2. ORTEP diagram of 1a - 0.5hexane (30% prob-
ability; hydrogens and hexane molecule omitted for clarity,
values given for only one of two crystallographically
independent molecules). Select angles (deg) and distances
(A): P(1)—As(1), 2.2190(17); P(1)—C(1), 1.793(6); P(1)—C(2),
1.822(6); P(1)—C(3), 1.804(6); C(1A)—As(1)—P(1), 101.53-
(17); C(1)—P(1)—As(1), 106.0(2); C(2)—P(1)—As(1), 120.1-
(2); C(3)—P(1)—As(1), 113.2(2); C(2A)—C(1A)—As(1), 127.0-
(4); C(6A)—C(1A)—As(1), 114.2(4); C(6)—C(LA)—C(2A)
117.7(5).

Detailed discussions of bonding in Wittig4~16 and
phospha-Wittig!31718 type reagents are presented else-
where.

Attempts to synthesize the arsa-Wittig reagent 2,6-
Mes,CsH3zAs=PMej; (1b) by reduction of 2,6-Mes,CgH3-
AsCl, with Zn and PMe; led instead to isolation of the
previously reported diarsene 2b (Scheme 2) in quantita-
tive yield.1%19 It might thus be assumed that 1b is
generated but immediately breaks down to yield the
diarsene. This hypothesis was corroborated by the
observation of a 3'P NMR signal attributable to 1b at 6
16.1 ppm in a slurry of 2,6-Mes,CgH3AsCl,, Zn, and
PMes in THF immediately upon mixing. Interestingly,
reaction of 2,6-Mes,CgH3AsCI, with Zn alone does not
produce the diarsene, and 2,6-Mes,CgH3AsCl, was
recovered after 24 h. Suspecting that the actual initial
reduction of ArAsCl, might involve PMe3 (and formation
of Me3PCly), the reduction was repeated with a catalytic
(10%) amount of PMes. Indeed, the reaction proceeds
to efficiently produce the diarsene in high yield. An
overall mechanism for this PMes-promoted reduction is
presented in Scheme 3. Catalytic chlorine atom trans-
fers between ArPCl, and ArP=PMe; mediated by PMe;
have been previously noted.20

Scheme 3
ArAsCl, + 2PMe; — Me;PCl, + ArAs=PMe,

2ArAs=PMe; — ArAs=AsAr + 2PMe,
Me,PCI, + Zn — ZnCl, + PMe,
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trapping with benzaldehyde by an “arsa-Wittig” reaction
that might generate an arsaalkene (ArAs=C(H)Ph) and
O=PMes. Attempts to trap DmpAs=PMes with 3 equiv
of benzaldehyde, however, were inconclusive. Although
the presence of O=PMe; in the 31P NMR spectrum
suggested that the reaction had taken place, significant
amounts of 2b complicated analysis, and the desired
arsaalkene was not cleanly separated and identified.
Arsaalkenes are far less stable than phosphaalkenes,
and materials of the type ArAs=C(H)Ph do not appear
to be known. It may also be that these materials are
themselves unstable, even with the bulky substitu-
ents.?

Finally, preliminary efforts have also been under-
taken to extend the “pnicta-Wittig” analogy to antimony.
In this vein, reaction of 2,6-Mes,CgH3SbCl, with Zn and
PMes does produce 2,6-Mes,CgH3Sb=SbMes,C¢H3-2,6
(possibly through a 2,6-Mes,CsH3;Sb=PMe; intermedi-
ate), but only in about 80% yield (as judged by 'H NMR),
along with unidentified side products. Further efforts
are underway to explore the possibility of utilizing this
protocol to prepare other heavy-element multiple bonds.

In conclusion, we have isolated and structurally
characterized the first example of the arsanylidene-o*-
phosphorane 1la by employing the bulky 2,6-Trip,CsHs

(21) Weber, L. Chem. Ber. 1996, 129, 367.

Communications

ligand. The less bulky 2,6-Mes,CsH3As=PMejs (1b) is
not isolable but proceeds directly to the diarsene 2b in
guantitative yields at room temperature. Compound la
also proceeds quantitatively to a diarsene upon ther-
molysis. This method represents a new route to di-
arsenes, materials that remain relatively few in num-
ber_18,22
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