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The solid state structure of the [(CHsCN).l]* cation in
[(CH3CN),l][AsFg] was determined using single crystal X-ray
diffraction. The highly reactive cation was prepared by reaction of
[I3][AsFg] with CHaCN in liquid SO,. In the solid state, the CNI
backbone consisting of seven atoms is linear and shows a
dicoordinate iodine center. The ability of [lI3][AsFe] to act as a
source of [I] " to CHzCN and N, is compared, and the computed
structures of the [CHzCNI]™, [(CH3CN),I]*, [IN2O]™ and [ION,] ™
cations are discussed.

Homopolyatomic halogen cations have been synthesized
and isolated in the solid state at room temperature for all of
the halogens except fluorine and astatine.! Out of the group
17 elements, the largest number of isolated and structurally
characterized (X-ray) examples of homopolyatomic cations
has been described for iodine, namely [I,]",** [I5]",*°
[La?F, %7 [1s]7,% and [I,5]*".%¢ The above-mentioned [I.]*"
cations can be prepared by the oxidation of elemental iodine
using AsFs or SbFs.' Salts of the “[I]" cation have so far
not been isolated under standard conditions. Although the
halogen cations have been of great interest for many years,
reports about their reactivity are scarce.

The ability of [I5]" salts to act as “[I]"” cation transfer
reagents has been previously discussed in the literature;’®
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however, the structure of a simple salt formed by the reaction
of a nitrile with [I5][AsFg] has not been determined. The first
reported complex, which had been formed using the isolated
salt of a homopolyatomic iodine cation as a reagent and
showed the coordination of a neutral nitrogen base to the
“[I]*” cation in a 1:1 stoichiometry, was [H;CCN-IJ*-
[AsF¢]~.** This report proposed that under the reaction
conditions applied, CH;CN had effectively displaced I, as
the better Lewis base to coordinate the [I]™ cation.’ It was
shown that [I5][AsF4] was able to react with CH;CN in liquid
SO, with the formation of the [CH;CNI]'[AsF4]™ or [CHs-
CN-I-NCCHj;] "[AsFg] ™ salts, in addition to I,, depending on
whether a 1:1 or 1:2 ratio of [I5]*[AsF¢]” with CH;CN in
liquid SO, was used,” and further related salts were reported.’

The solid state structures of salts containing [R-I-R]"
cations (R = neutral Lewis base with a nitrogen donor
atom) have been reported in the literature. These salts all
showed a dicoordinate iodonium center. These salts were
not prepared using [I5] [AsFe]~ or [I;]7[SbFe]™ as a start-
ing material and used other sources such as ICI instead.®
Therefore, the “[I]™” donor properties of isolated [I],*"
cations (x = 2,3,5,y=L;x =4,y =2;x =15,y = 3)
were not investigated. Recently, the use of [I(py),][BF4] as a
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Figure 1. ORTEP representation of the structure of the [CH;CN-I-
NCCHj;]" cation in 1 in the crystalline state. The thermal displacement
ellipsoids are shown at the 50% probability level.

useful reagent in organic synthesis has received consider-
able attention.’

The synthesis of the [CH;CN-I-NCCHj;]" cation in the
[MoF¢] and [UF4] ™ salts has already been reported via the
reaction of I, with the corresponding MF¢ (M = Mo, U) in
CH4CN solution.'® Although no solid state X-ray structure
determination was reported of these salts, a linear backbone
of the non-hydrogen atoms was proposed based on low
temperature Raman and EXAFS spectroscopy.!% ¢ A first
determination of the structure of the [I(NCMe),]" cation
using K-edge extended X-ray absorption fine structure
(EXAF S) revealed an I—N bond length of 2.17 &+ 0.03 Aloe
which is in reasonable agreement with our reported value of
2.198(3) A.

In related work, Roesky and co-workers reported the
synthesis and structures of [AsF¢]™ or [SbFg]  salts contain-
ing complexes of Ag" coordinated to the nitrogen atoms
of Lewis bases such as CICN, HCN and (CN)Z forming
linear cations in the complexes [Ag(NCCI),] [SbF¢]~,'"?
[Ag(NCH),]" [SbF¢]~,'"* and [Ag{(CN)o}alo[AsF ], €

In this report, the structure of the salt [CH3;CN-I-NCCHj;]-
[AsFg] (1), containing the dicoordinate iodine cation
[CH5CN-I-NCCH5;]" is reported for the first time using
single crystal X-ray diffraction. The cation in 1 may be
viewed as resulting from the complexation of a hypothetical
“I* (from [I5]*) by two molecules of CH;CN acting as
Lewis bases.

1 was prepared using a slight modification of the literature
procedure.** Two equivalents of CH;CN were reacted with
one equivalent of [I5][AsF] in liquid SO,, and after filtering
off the I, formed, the volatile material of the colorless filtrate
was slowly removed. This resulted in the formation of color-
less, highly air sensitive crystals of 1 which were suitable for
single crystal X-ray diffraction.'?

Bis-(acetonitrile)-iodonium-(I)-hexafluoroarsenate, [CHs-
CN-I-NCCH35][AsFg]™ (1), crystallizes in the cubic space
group Pa3(#205) and shows a NaCl-like face centered cubic
lattice. The arsenic atoms of the anions (O, symmetry) are
arranged in a cubic close-packing (corresponding to the
chloride anions in sodium chloride), whereas the iodine
atoms of the cations (D;; symmetry) are arranged in
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Figure 2. ORTEP representation of the cubic unit cell of 1. The thermal
displacement ellipsoids are shown at the 50% probability level.

the octahedral gaps (corresponding to the sodlum cations
in the crystal structure of sodium chloride)'® (Figure 2).
The bis-(acetonitrile)-iodonium-(I)-cation shows a linear
coordination of two CH3CN molecules to the iodine center
(Flgurel) The N—Ibond lengthsin 1 (d(N—1I) = 2.198(3) A)
are in good agreement with the value reported for the
[(CsHsN),IT* cation (2.16(10) A)Sb but are shorter than the
average N—I bond lengths reported for the solid state
structures of other [R-I-R] " cations (R = neutral Lewis base
with nitrogen donor atom): for example, d(N—1I) = 2. 29 Ain
[(C7H13N)2I][BF4] 82229 A (average) in [(2,4,6-Me;py),I]-
[ClO4] dand 2.30 A in [(Hexamethylenetetramine),I][I5]).%
It is worthwhile to compare the I—=N bond lengths ob-
served in 1 with those reported for IN; in the crystalline
state,' since the latter shows a polymeric structure with a
linear N—I—N bridge. The I-N bond lengths observed for 1
(2. 198(3) A)are considerably shorter than those observed for
IN; in the solid state (d(N—I) = 2.264(23), 2.30(3) A
although dicoordinate iodine atoms are present in both
compounds. The structural parameters for the CH;CN
groups in 1 (d(C—C) = 1.453(6) A, d(C—N) = 1.142(4) A,
Z(CCN) = 180.0(4)°) show no significant differences in
comparison with the single crystal structures of the a- and
p-polymorphs of acetonitrile reported previously in the
literature (d(C—C) = 1.448(6) A (0-CH;3CN), 1.436(12) A
(B-CH3CN); d(C—N) = 1. 141(5)A(a CH;CN), 1. 149(12)A
(B-CH3CN); £Z(CCN) = 179.3(4)° (a-CH;CN), 178.9(12)°
(B-CH5CN))."” In addition, the experimentally determined
structural parameters for the [[(NCCH3),]* cation in 1 in the
crystalline state are found to be in good agreement with
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Table 1. Selected Experimentally Determined (X-ray Diffraction)'® Structure
Parameters for [(CH;CN),I]™ in 1, As Well As Calculated (B3LYP Level of
Theory)'® Structure Parameters for the [CH;CNI]" and [CH;CN-I-NCCH5]"
Cations

structural

parameter [CH;CNIJ®  [(CH3CN),II"  [(CH3CN)I*

dIA, £/° cale cale exp (X-ray)
I-N 1.988 2.226 2.198(3)
N-C 1.147 1.145 1.142(4)
Cc-C 1.439 1.446 1.453(6)
C-C— 180 180 180.0(4)
C—N-I 180 180 180.0(3)
N—-I-N’ 180 180 180¢

“The [(CH3;CN),I]" cation is centrosymmetric.

the calculated (B3LYP,'® Dy, symmetry) gas phase values
(Table 1).

As was previously mentioned, the reactivity of [I5][AsFg]
toward only a few other Lewis bases with nitrogen donor
atoms has previously been reported in the literature. Using
weak Lewis bases such as CF;CN, CsFsN, and BrCN, no
reaction was observed under the conditions used.”® Attempts
to prepare the related [IN,O]"[AsF¢] ™ salt (2) have so far
been unsuccessful, with no reaction being observed to occur
between [I3][AsF¢] and N,O in liquid SO, at room tempera-
ture under the conditions applied."’

(16) The structure and frequency calculations were performed with
Becke’s B3 three parameter hybrid functional using the LYP correlation
functional (B3LYP). For all H, C, N, and O a correlation consistent
polarized triple-C basis set was used (cc- pVTZ). For I an energy consistent
multielectron Wood-Boring pseudopotential (ECP-46-MWB) treating 46
core electrons was used. The valence electrons of iodine were calculated with
a basis set using the following contraction: (16s12p4d2f)/[3s3p2d2f]. Further
details and the literature citations for the computational section are given in
the Supporting Information.

(17) Attempted preparation of [IN,O][AsF4]: In a two-bulb vessel in
the glovebox, 0.570 g (1.0 mmol) of [I5][AsFg] solid and a stirrer bar were
added. Using a Monel vacuum line, approximately 5.0 mL of predried
(CaH,, distillation) SO, were condensed in at —196 °C, followed by 1.0 mmol
(0.044 g) N,O. The reaction vessel was allowed to slowly warm to room
temperature whereby a chocolate brown solution was observed and stirred at
this temperature overnight. No change in the contents of the reaction vessel
or the precipitation of elemental iodine were observed, indicating that no
reaction had occurred.
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Figure 3. Optimized (B3LYP level of theory) gas phase structures of the
(left) [IN,O] ™" (2a) (C, symmetry) and (right) [ION,] " (2b) (C, symmetry)
isomers.'®

Table 2. Sclected Calculated (B3LYP Level of Theory) Structure Parameters for
2a and 2b'°

structural parameter d/A, £/° [IN,O]" (2a) [TON,]" (2b)

I-N 2.024 -

N—N 1.128 1.106
N-O 1.150 1.239
O0-1 - 2.154
I-N—N 160.2 -

N—-N-O 175.7 174.7
N—-O-1 - 118.2

The gas phase structures of two possible isomers at the
B3LYP level of theory were calculated as described in the
Supporting Information,'® and the optimized structures for
the [IN,O]" (2a) and [ION,]" (2b) cations are shown in
Figure 3, and a comparison of the calculated gas phase
structure parameters for 2a and 2b is given in Table 2. From
the calculations at the B3LYP level of theory, the [TON,]"
cation 2b s 8.5 kcal mol ™' higher in energy than 2ain the gas
phase at this level of theory.
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