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Controlling the oxidation state of arsenic in cyclic arsenic cations
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Reduction of AsCl; with SnCl,, followed by treatment of the
“AsCl” with a 1,4-diimine results in electron transfer and
formation of an arsenic(ll) salt, while treatment of this
arsenic(I) reagent or Asl; with an a,0'-diiminopyridine ligand
forms an arsenic(I) salt.

Cyclic triphosphenium ions have been known for several years.!
Subsequently, other related ring systems incorporating P-As-P
moieties exemplified by 1 have been reported,”> as have acyclic
systems of the genre [R;PEPR;]" (E = P, As).> In a recent
development, it has been demonstrated that the tertiary phos-
phines in these acyclic cations can be replaced by N-heterocyclic
carbenes (NHCs).* In general, two strategies have been employed
for the synthesis of these interesting species, namely (i) reduction of
ECl; (E = P, As) by SnCl, in the presence of a chelating
bis(phosphine),> monodentate phosphine® or NHC,* and (ii)
redox reactions of a chelating bis(phosphine) with El; (E = P,
As).2*¢ A major point of interest in each of the cations produced in
these reactions is the deduction that the central phosphorus or
arsenic atom is in the +1 oxidation state, a view that is supported
by the fact that the >'P NMR chemical shifts for this atom fall in
the range 0 —210 to —270,%” and the observation that the central
phosphorus atom of a triphosphenium ion is sufficiently basic to
undergo protonation.’ Collectively, these chemical and physical
propexges are suggestive of the predominance of the canonical
form D — E « D where D represents a phosphorus donor or
NHC and E is P or As. In each of the above cases, the P(1) or As(I)
moiety is supported by ligands that are not prone to facile
reduction. Our attention was therefore drawn to the possibility
that, by judicious choice of supporting ligand, it might be possible
to control the oxidation state of the pnicogen center, E.
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Treatment of an equimolar mixture of AsCl; and SnCl, with
MesDAD (2.4,6-Me;CeH,)NC(H)C(H)N(2.4,6-Me;CoH,)°
resulted, after work-up, in an 84% yield of brown, crystalline 2.
The CI mass spectroscopic data for 27 revealed the presence of
[SnCls]™ in the negative mode and [MesDADAS]" in the positive
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mode. The 'H NMR chemical shift data indicated that the
MesDAD ligand remained intact. Additional insight was gained
from a single-crystal X-ray diffraction study of 2% (Fig. 1) which
revealed that the solid-state structure features two independent
anion—cation pairs in the asymmetric unit. The closest anion—
cation contacts of 2.246(5) and 2.336(5) A are between the arsenic
atom and one of the axial chlorides of the [SnCls-THF] ™ anion.
Collectively, the X-ray structural data indicate that the oxidation
state of arsenic in 2 is +3. Thus, the C—C (av. 1.363(18) A), C-N
(av. 1.365(17) A) and N-As (av. 1.820(10) A) bond distances for
2 are in very good agreement with the range of literature values
of 1.338(15)-1.368(15), 1.316(18)-1.404(13) and 1.784(18)-
1.8377(14) A, respectively, reported for the metrical para-
meters for the C,N,As ring of the arsenium cations of the
salts [‘BuDADAS|[CI* and [MesDADAS][OTf].”> The
presence of the counterion [SnCls*THF]™ in 2 is indicative
of the initial formation of “AsCl” as a consequence of the
reduction of AsCl; by SnCl.'"" Although no mechanistic
information is available, a likely scenario is that the “AsCl1”
fragments are trapped by the bidentate MesDAD ligand
prior to or concomitant with abstraction of ClI~ by SnCly to
form [SnCls-THF]™ and two-electron transfer from As to
the LUMO of the diimine ligand.'!
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Attention was turned next to a diimine ligand that would not
undergo easy reduction. The o,0-diiminopyridine ligand, [o,0!'-
{2,6—iPr2PhN:C(Me)}2(C5H3N)] (DppDIMPY) was selected for
this purpose.'” This ligand, well known for its usefulness in

Fig. 1 View of the [MesDADAs]" cation of 2 showing the atom
numbering scheme and thermal ellipsoids at 50% probability (hydrogen
atoms omitted for clarity). Selected bond distances (A) and angles (°) with
the corresponding values for the second molecule in the unit cell shown in
brackets. C(1)-N(1) 1.372(16) [1.357(17)], C(1)-C(2) 1.375(18) [1.351(18)],
C(2)-N(2) 1.339(16) [1.393(15)], N(1)-As(1) 1.823(10) [1.818(10)], N(2)-
As(1) 1.831(11) [1.809(10)], C(1)-N(1)-As(1) 114.2(8) [113.6(9)], C(2)-
N(2)-As(1) 113.4(9) [114.1(8)], N(1)-As(1)-N(2) 84.9(5) [85.0(5)].
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Fig. 2 View of the [DppDIMPYAs|" cation of 3 showing the atom
numbering scheme and thermal ellipsoids at 50% probability (hydrogen
atoms omitted for clarity). Selected bond distances (A) and angles (°) with
the corresponding values for the other half cation shown in brackets. C(2)—
N(2) 1.302(6) [1.285(6)], C(2)-C(3) 1.424(7) [1.415(7)], C(3)-N(1) 1.395(5)
[1.382(5)], N(1)-As(1) 1.862(5) [1.879(5)], N(2)-As(1) 2.095(4) [2.076(4)],
C(3)-C(2)-N(2) 113.0(4) [113.0(4)] N(2)-As(1)-N(2A) 154.2(2) [154.2(2)].
Symmetry transformations used to generate equivalent atoms: x, —y + %2,
z. The related metrical parameters for the [DppDIMPYAs[" cation of 4
are as follows: C(2)-N(2) 1.310(12), C(2)-C(3) 1.424(15), C(3)-N(1)
1.395(13), N(1)-As(1) 1.877(8) N(2)-As(1) 2.080(9), C(3)-C(2)-N(2)
111.3(10), N(2)-As(1)-N(3) 154.9(3).

polymerization catalysis,'* will, in fact, react with Li and
Li(naphthalenide) to give trilithiated products.!* However, these
reactions do not involve straightforward two-electron reduction
processes.

Following the synthetic method described above for 2, “AsCl”
was generated in THF solution prior to the addition of
DppDIMPY. After isolation and crystallization, the product (3)
was characterized on the basis of spectroscopic data’ and an X-ray
diffraction study.® The asymmetric unit of 3 features two half
[DppDIMPYAs]" cations and one [SnCls"THF]™ anion (Fig. 2).
Within experimental error, the AsN3;C; skeleton is planar and the
flanking aryl groups are twisted by an average of 89.5° with respect
to this plane. The arsenic atom is bonded to the pyridine nitrogen
and both imino nitrogen atoms. The bond to pyridine is ~0.2 A
shorter than the other two; however, a survey of the Cambridge
Structural Database reveals that all three bonds fall within the
range observed for N—As dative bonds. The designation of the
latter as dative bonds implies that intramolecular arsenic—ligand
electron transfer has not taken place and hence that arsenic is in
the +1 oxidation state. Further support for this view stems from
examination of the metrical parameters for the remainder of the
cationic skeleton. Thus, the average nitrogen—carbon distance of
1.294(6), which is ~0.02 A larger than that in the free ligand,"” is
consistent with a bond order of 2. Moreover, the average C-C and
C-N bond distances for the pyridine ring of 3 are virtually
identical to those in the free ligand."?

A second arsenic(l) salt, [DppDIMPY As],[As,Ig] (4), has been
prepared via the reaction of the free ligand with Asls. In this case,
the counterion is [As,Ig]*” and forms as a consequence of the
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redox reaction 4Asl; — 2As™ + [AsIg”~ + 2I,. Compound 4 was
characterized by single-crystal X-ray diffraction and the metrical
parameters for the cation were found to be identical to those found
for 3 within experimental error (see Fig. 1 caption).

In summary, it has been found that an in situ generated
arsenic(l) intermediate reacts with a 14-diimine to form an
arsenium cation by a redox reaction. On the other hand, the
arsenic(I) species retains the +1 oxidation state when coordinated
to a diiminopyridine.
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