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(tBu;SiO);Ta=AsPh, which was obtained via a 1,2-H,-

ABSTRACT: A proximate Lewis basic group facilitates eliminative process starting from PhAsH, as the arsenic source.®
the mild dehydrogenative P—As intramolecular coupling in In addition to its unprecedented thermal stability, 4 displays
the phosphine-arsine peri-substituted acenaphthene 3, arsinidene-like reactivity as demonstrated by the formation of
affording thermally and hydrolytically stable arsanylidine- the catenated products, cyclooligoarsines 5 and 6. As
phosphorane 4 with a sterically accessible two-coordinate mentioned by Weber recently, many of the current
arsenic atom. The formation of 4 is thermoneutral due to pnictinidene-transfer methods suffer from harsh conditions,
the dehydrogenation being concerted with the donor which limit their synthetic utility.® Hence 4, a new bottleable
coordination. Reaction of 4 with a limited amount of form of base-protected arsinidene, has the potential to become
oxygen reveals arsinidene-like reactivity via formation of a welcome alternative arsinidene transfer reagent.”

cyclooligoarsines, supporting the formulation of the Lithiation of 1 followed by coupling with AsCl; afforded the
bonding in 4 as base-stabilized arsinidene R;P—AsR. phosphonium-arsoranide 2 in a very good yield (Scheme 1). In

addition to the covalent zwitterionic structure of 2, the
compound can also be viewed as a phosphine-donor arsine-
he use of dehydrogenative coupling to build up catenated acceptor (DA) complex 2’ (R;P — AsR’;, Chart 1). Given the

structures (molecular and polymeric) has become a highly slightly increased Lewis acidity of arsenic halides compared to

topical area of main group chemistry. The newly developed the respective phosphorus halides, phosphine-arsine DA
dehydrogenative protocols are viable alternatives to the classical complexes should be more thermally stable than the related
coupling strategies, such as salt eliminations. The growing phosphine-phosphine DA complexes.'® Nevertheless, only two
interest in dehydrogenative coupling stems from the range of phosphine-arsine DA complexes have previously been structur-
possibilities it opens up for new milder and more efficient ally characterized."'
syntheses of p-block element based materials. The potential is Single crystal X-ray diffraction (Figure 1)'* confirmed 2 to
further strengthened by the amenability to catalysis, which is an have pseudotrigonal bipyramidal geometry around the arsenic
aspect that received ample attention especially in the past atom, with the two chlorine atoms occupying the axial positions
decade.! One of the main drivers of the dehydrogenative and the lone pair occupying one of the equatorial positions.
chemistry is its ability to generate unique new structures, such The As1—P1 bond (2.4029(7) A) is only slightly elongated
as the distinctive P,5 macrocycle reported by Stephan.” We when compared to a standard covalent P—As single bond."
have now used a dehydrogenative heterocoupling strategy to Sequestration of the phosphorus lone pair in bonding to the
synthesize a two-coordinate arsenic motif, namely the first —AsCl, group results in significant deshielding of the (donor)
room temperature stable arsanylidene-phosphorane 4. The phosphorus atom (8p 65.3 ppm in 2 vs p —2.2 ppm in 1).
dehydrogenative coupling appears to be indispensable in this The reduction of 2 with LiAlH, afforded the primary arsine 3
case, as 4 has so far been inaccessible by the traditional in good yield (Scheme 1). The *'P{'"H} NMR spectrum of 3
reductive strategies. consists of a singlet at 6, —11.3 ppm, indicating the phosphine

It is generally accepted that low-coordinate arsenic chemistry group is not involved in any DA interaction with the arsenic
is much less established than that of related phosphorus functionality. The crystal structure of 3 confirms a repulsive
congeners. Among two-coordinate arsenic species the most interaction is present between the phosphine andlarsine groups,
attention has been received by arsaalkenes R,C=AsR’, with a P-As distance of 3.157(2) A (Figure 2). 415
diarsenes RAs=AsR,> and phosphine- and carbene-stabilized The arsine 3 is obtained as a pale pink powder, ” which can
cationic species.” In a similar vein, in comparison to their be stored at —30 °C for months without any signs of
phosphorus relatives, only a very limited number of terminal decomposition. However, solid 3 has been found to release
arsinidene metal complexes L,M=AsR are known.® Obtaining hydrogen slowly at ambient temperature to form the
multiply bonded pnictogen species via dehydrocoupling is arsanylidene-phosphorane 4 (Scheme 1). This transformation

is observed visually as a color change of the solid material from

synthetically ambitious and, therefore, rare. The examples of a
pink to an intense dark red and can be followed by *'P{'H}

low coordinated arsenic species synthesized via H,-eliminative
strategies include the diarsene (dmp)As=As(dmp) (dmp =
2,6-dimesitylphenyl), which was obtained via a catalytic Received: March 14, 2014
dehydrogenation of dmpAsH,,’ and an arsinidene complex Published: April 15, 2014
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Scheme 1. Syntheses Described in the Paper
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Chart 1. Zwitterionic and Donor—Acceptor Description of
Bonding in 2 (Top); Ylide (Left) and Ylene (Right)
Resonance Structures of 4 (Bottom)
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Figure 1. Molecular structure of 2. Hydrogen atoms are omitted for

clarity.

NMR, where the initial singlet of 3 (8, —11.3 ppm) is gradually
replaced with a singlet of 4 (8, 75.3 ppm). While the full
conversion in the solid state takes ca. 6 months, full and clean
conversion of 3 into 4 was also achieved by heating a solution
of 3 in MeCN under reflux for 12 h, or by standing the MeCN
solution of 3 at room temperature for 7 days. The
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Figure 2. Molecular structure of 3. Carbon-bound hydrogen atoms are
omitted for clarity.

transformation of 3 to 4 is very clean under all of the above
conditions, with no other side products (except H,, &y 4.55
ppm in CD;CN) being found in the mixtures after the reaction
by 'H and *'P NMR. Indeed, analytically pure 4 was obtained
from these reactions as confirmed by microanalysis.

Single crystal X-ray diffraction confirmed the ylidic structure
of 4 (Figure 3). The P9—Asl bond lengths in 4 (2.260(1) and
2.262(2) A in the two molecules in the asymmetric unit) are

Figure 3. Molecular structure of 4. Hydrogen atoms are omitted for

clarity.
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consistent with a P—As single bond with mild double-bond
contribution.”® DFT calculations (see Supporting Information
(SI)) reveal that the electronic structure of 4 resembles that of
its phosphorus counterpart.'® Due to the lower electro-
negativity of arsenic, the P—As bond is less polarized; however,
it also has slightly lower double bond character (see calculated
natural charges and Wiberg bond indices in Table S1 in the SI).
Overall, structural, spectroscopic, and computational data
confirm the dominance of the ylidic mesomeric structure 4
over its ylene counterpart 4’ (Chart 1). The electronic structure
of (hypothetical) arsanylidene-phosphoranes was the subject of
several theoretical papers recently; the theoretical investigations
were stimulated by interest in the bonding as well as potential
Wittig-like reactivity.'”

Compound 4 represents the first isolable arsanylidene-
phosphorane. The only previously structurally characterized
species of this type is 2,6-Trip,CH;As=PMe; (Trip = 2,4,6-
iPryCeH,) 7.'® Despite the excessive steric shielding provided
by its bulky terphenyl ligands, arsa-Wittig complex 7 is rather
thermally labile, eliminating PMe; under ambient conditions to
give the corresponding diarsene. This precluded isolation of 7
in pure state and limited its synthetic potential. In sharp
contrast, 4 is indefinitely stable at ambient temperature, despite
containing a sterically accessible (“naked”) two-coordinate
arsenic atom. In addition, no reaction takes place between 4
and degassed water at ambient temperature. We attribute the
unprecedented stability of 4 to the special peri-geometry, with
the C;PAs ring fused into the rigid acenaphthene moiety
locking the donor (phosphine) group in close proximity of the
low coordinate center.

Although the decomposition pathway via elimination of the
phosphine is blocked in 4, achieving the synthetically attractive
deprotection of the arsinidene moiety is possible via quenching
the electron-donating ability of the phosphorus atom. Thus,
exposure of 4 to a limited amount of air resulted in formation
of cyclooligoarsines 5 and 6 (Scheme 1 and Figure 4) as major
products. The mechanism of this transformation is likely to
involve sequestration of the electron density from the
phosphorus atom (via its oxidation to phosphine oxide). This
exposes the “free” arsinidene, which undergoes cyclooligome-
rization to give S and 6. Notably, only three out of four
phosphorus atoms are oxidized in 6; i.e., one of the molecules 4
is incorporated into the ring structure without being oxidized
first.

The dehydrogenative transformation of 3 to produce
arsanylidene 4 represents a new synthetic strategy to low
coordinate arsenic species, namely dehydrocoupling facilitated
by a geometrically constrained proximate base. The phosphine
group plays a dual role; it acts as a base to stabilize the low-
coordinate arsinidene center, and by doing so, it facilitates the
dehydrocoupling by making it energetically accessible. Calcu-
lations (M06-2X level)'® show the loss of dihydrogen from 3 to
be an essentially thermoneutral process (3 — 4 + H,, AH =
—0.7 kcal mol™).*® On the other hand, loss of H, from
acenaphthene-5-arsine to give the corresponding arsinidene is
highly endothermic (AH = +52.2 kcal mol™"), illustrating the
importance of harmonizing the dehydrogenation with the
donor coordination.

Notably, our system is conceptually similar to the recently
reported reversible P(III)—P(V) redox system, where innova-
tive phosphorus-catalyzed transfer hydrogenation activity was
demonstrated.”’ The similarity with our system is that the
favorable energetics of the hydrogenation/dehydrogenation
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Figure 4. Molecular structures of 5 (top) and 6 (bottom). Hydrogen
atoms are omitted, and the isopropyl groups are drawn as wireframe
for clarity.

process is facilitated by geometrical constraints at the pnictogen
center.

We have not been able to reverse the hydrogen evolution
from 3 by increasing the H, pressure at room temperature.
Mechanistic studies are underway to elucidate the reaction
pathway of this process and investigate possible ways to
facilitate the reversibility of the reaction or to achieve low-
valent arsenic catalyzed transfer hydrogenation activity.
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