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The F,S=N—Xe--N=SF;" cation has been synthesized as the AsFg~ salt by rearrangement of [F3S=NXeF]-
[AsFg] in N=SF3 solvent at 0 °C. Deep yellow [F4S=N—Xe---N=SF;][AsFs], which crystallized from a N=SF;
solution at —10 °C, was characterized by Raman spectroscopy (—160 °C) and by smgle crystal X-ray diffraction
(—173°C). The Xe—N bond length (2. 079(3) A) of the F,S=N—Xe---N=SF;" cation is among the shortest Xe—N
bonds presently known. The F,S= NXe™ cation interacts with N=SF3 by means of a Xe---N donor-acceptor bond
(2.583(3) A) that is significantly longer than the primary Xe—N bond (2.079(3)A) but significantly shorter than the
sum of the Xe and N van der Waals radii (3.71 A) The F,S=N—Xe---N=SF;" cation undergoes a redox
decomposition in N=SF; at 0 °C, formmg [F3S(N=SF,) 2][AsF61 cis-NoF», and Xe, which were characterized by
low-temperature Raman spectroscopy in the solid state and by '>F NMR spectroscopy in N=SFj solvent (0 °C).
Colorless [F3S(N=SF;),][AsFg] crystallized from N=SF3 at —10 °C and was characterized by low-temperature,
single-crystal X-ray diffraction. The S(IV) atom of F3S(N=SF3), " has long contacts with the N atoms of two N=SF;
molecules and a F ligand of a neighboring AsF¢ ™ anion. The arrangement of long contacts avoids, to the maximum
extent, the F atoms of SF5™ and the nonbonding electron pair situated on the pseudo-3-fold axis opposite the F
ligands of SF53™, providing distorted octahedral coordination about the S(IV) atom. Quantum-chemical calculations
using MP2, B3LYP, and PBE1PBE methods were employed to arrive at the gas-phase geometries, charges, bond
orders, valencies, and vibrational frequencies for F4S=N—Xe---N=SF;" and F3S(N=SF3)," to aid in the
assignments of experimental vibrational frequencies. The F4S=N—Xe---N=SF;* cation expands the known
chemistry of the F,.S=N— group and is the first example of a N—Xe—N linkage to be structurally characterized by
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single-crystal X-ray diffraction.

Introduction

Until recently, the only xenon-nitrogen bonded species
having formally sp*-hybridized nitrogen bonded to xenon
were the XeF™' adducts of s-trifluorotriazine' and
several perfluoropyridines;” the u- 1m1d0b1s(sulfurylﬂuorlde)
(—N(SO,F),) derivatives of xenon(H; FXeN(SO,F),,*~
Xe[N(SO,F)s)b,*¢ F[XeN(SO,F),], ", **" and XeN(SO,F), "’

*To whom correspondence should be addressed. E-mail: schrobil@
mcmaster.ca.
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and the related trifluoromethyl derivative Xe[N(SOzCF;)z]
The pentacoordinated sulfur(VI) cations, F4S—N(CH3), ",
F4S N(CHQCH3)2+,10 and F4S NC5H10 ,10 have been
structurally characterized by 'F NMR spectroscopy, which
showed that rotation about their S—N bonds was rapid on the
NMR time scale. Most recently, the F,S=NXe® and
F,S=NH, " cations'' were reported from this laboratory and
represent the only known cationic derivatives of the F4S=N—
group and the first sp>-hybridized imido species in which the
nitrogen bonded to xenon is doubly bonded to sulfur. Neither
F,S=NXe" nor F,S=NH," exhibited rotation about their
S=N bonds on the NMR time scale.

The basicity of thiazyl trifluoride, N=SF;, has been
demonstrated by its reactions with BF;, AsFs, and SbFs in
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Scheme 1. Proposed Mechanism for the N=SF;-Promoted Fluoride Rearrangement of F;S=NXeF "
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F~S=N-Xe-F + :N=s—=F ——
F/ \F

SO, to form the Lewis acid-base adducts F;S=NBF;,'*!?
F3S=NAsFs,'"*!° and F;S=NSbFs;'* by the formation of
transition-metal comlglexes such as [M(N—SF;)4(ASF6)2]
(M = Mn,'® Re(CO)SN—SF3][AsF6] and
[CpFe(CO)zNESF3][AsF6] and more recently by the
synthesis and structural characterization of the noble-gas-
containing Lewis acid-base adduct F3S=NXeF"."

The present work investigates the reactivities of the
FiS=NXeF' and F,S=NXe" cations in N=SF; solvent.
The synthesis and detailed structural characterization of
[F4S=N—Xe---N=SF;][AsF¢], a rare example of xenon
bonded to an imido nitrogen and of a N—Xe—N linkage, is
reported along with those of [F3S(N=SF3),][AsF], a reduc-
tion product resulting from the reaction of [F4S=N—Xe---
N=SF;][AsF4] with N=SFs.

Results and Discussion

Reactions of [F3S=NXeF]|[AsF¢] in N=SF; Solvent. (a)
Synthesis of [FsS=N-—Xe---N=SFj]|[AsF¢]. The salt
[F;S=NXeF][AsF] was prepared as previously described'’
by reaction of [XeF][AsFg] with N=SF; in neat N=SF; at
—20 °C for ca. 6 h to give a white solid, corresponding to
[F3S=NXeF]JAsF¢, and a colorless supernatant. When the
reaction mixture was warmed from —20 to 0 °C over ca. 15 h,
the solid dissolved and the solution turned deep yellow, coin-
ciding with the formation of [F;S=N—Xe---N=SF;][AsF]
(eq 1). The removal of excess N=SF; under dynamic vacuum

—50 °C yielded a deep yellow solid which was characterized
by Raman spectroscopy at —160 °C. A prior study reported the
F parameters for the F,S=NXe " cation in N=SF}; solvent at
0 °C;'"! however, a separate '°F resonance corresponding to
coordinated N=SF; was not observed. It may be concluded
that N=SF; ligand exchange with the solvent occurs and that
the donor-acceptor bond is labile under these conditions.

[F3S=NXeF][AsFs] + N=SF; 0°c,
N=SF3;
[F4S=N—Xe---N=SF;][AsFj] (1)

The solid-state rearrangement of F;S=NXeF' to
F4S=NXe" was shown to occur at 22 °C over a period
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of ca. 70 min.'" The X-ray crystal structure of

[F3S=NXeF][AsF]" reveals that a fluorine ligand of
AsFs has a short contact (2.871(5) A) with the sulfur
atom of an adjacent F;S=NXeF™ cation that is signifi-
cantly less than the sum of the sulfur and fluorine van der
Waals radii (3.27 A) 20 In the proposed rearrangement
mechanism, the short F---S contact leads to fluoride ion
transfer and formation of the [F4;S=NXe][AsF¢] ion
pair.!" As the rearrangement proceeds, solid-state dilu-
tion of [F3S=NXeF][AsF¢] and breakdown of the crystal
lattice prevent complete conversion to [F4,S=NXe][AsFg].
In the present solution study, the rearrangement proceeds
at 0 °C with complete conversion to [F;S=N—Xe---
N=SF;][AsFg]. In both cases, the reactions were moni-
tored by Raman spectroscopy (vide infra). Solvent-in-
duced rearrangement of F;S=NXeF ™ to F4S=NXe™ in
anhydrous HF (aHF) solution also occurs at a lower
temperature (—20 °C) with complete conversion.'' Un-
like the solid-state rearrangement of [F3S=NXeF]-
[AsFg],"! rearrangements of the F3S=NXeF" in N=SF;
and aHF solutions do not suffer from solid-state dilution
effects and proceed to completion.

Thiazyl trifluoride solvent likely promotes rearrange-
ment at lower temperatures by means of solvent-induced
SN2 displacement of the fluoride ion from the Xe—F
group, and concomitant fluoride ion coordination
to sulfur (Scheme 1). An alternative mechanism in
which N=SF; accepts a fluoride ion from the Xe—F
group of FiS=NXeF" to generate F4S=N~ as an
intermediate seems less likely because this anion has
not been experimentally observed. In the proposed
solid-state and HF solution rearrangement mechanisms
of [F3S=NXeF][AsF] to [F4S=NXe][AsF4], ! the sulfur
center is initially attacked by the coordination of fluoride
from AsF¢ and HF, respectively, followed by fluoride
ion abstraction from the Xe—F group by AsFs and HF,
respectively.

(b) Synthesis of [F3S(N=SF3),][AsF¢]. In the course of
growing single crystals of [F4S=N—Xe---N=SF;][AsF]
from N=SFj; solution for an X-ray structure determination,
colorless [F3S(N=SF;),][AsF¢] crystals were also ob-
tained and characterized by single-crystal X-ray diffrac-
tion. The latter salt resulted from redox decomposition of
the F,S=NXe ™ cation at 0 °C (eq 2), and liberated Xe and
N,F, exclusively as the cis- isomer. The synthesis of pure
[F3S(N=SF;),][AsF4] was accomplished by allowing a
N=SFj; solution of [F4S=N—Xe---N=SF;][AsF¢] (vide
supra) to stand at 0 °C for 6 h. Over this period of time,
the solution changed from yellow to colorless, accompa-
nied by slow gas evolution. Removal of excess
N=SF; by brief pumping under dynamic vacuum at
—50 °C yielded a friable white solid, comprised of

(20) Bondi, A. J. Phys. Chem. 1964, 68, 441-451.
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[F3S(N=SF3),]|[AsFg] and cis-N,F,, which were charac-
terized by Raman spectroscopy at —160 °C. The Raman
bands assigned to cis-N>F>2! are in excellent agreement
with previously reported values.*> Continued pumping at
—45 °C for 15 min resulted in complete removal of cis-
N,F, and N=SF; and formation of [SF3][AsFg], which
was confirmed by Raman Spectroscopy (Table S1 and
Figure S1).

0°C
N=SF;

[F4S=N—Xe---N=SF;][AsF,] + N=SF;

[F3S(NESF3)2][ASF6] + Xe + cis-NyF, (2)

The presence of cis-N,F, was also established in
the solution '"F NMR spectrum of the decomposi-
tion mixture (vide infra). The '"F NMR spectrum of a
[F3S=NXeF][AsF¢] sample that had been allowed to
react to completion in liquid N=SF; solvent at 0 °C
(egs 1 and 2) showed a broad (Aw 1, =500 Hz) resonance
at 38.6 ppm assigned to SF3 , in agreement with the
reported value of 30.5 ppm in aHF at 25 °C.>* The '°F
NMR spectrum also confirmed the formation of cis-N,F»
(singlet, 137.6 ppm, Avi;, = 30 Hz), in agreement with the
previously reported chemical shift (broad triplet at
133.7 ppm, 'J("’F—'¥N) = 145 Hz, 25 °C, CFCl; sol-
vent).”* Failure to observe the 'J('’F—'*N) coupling in
the present study is likely a consequence of quadrupolar
relaxation resulting from a higher solvent viscosity and
lower temperature. No frans-N,F, was observed in the
sample (broad triplet at 94 9 ppm, 'J("’F—"*N)=136 Hz,
25 °C, CFCI; solvent) Nitrogen trifluoride was also
observed by 'F NMR spectroscopy (20 mol % when
compared with the total molar amounts of NF5 and cis-
N,F, soluble in the sample at 0 °C).

The proposed decomposition of [F;S=N-—Xe---
N=SF;][AsF] involves 2e reductions of xenon (+II to
0) and sulfur (+VI to +1V) and a 4¢ oxidation of nitrogen
(—III to +1), that give Xe gas, SF3", and NF radicals that
combine to form cis-N,F,.>> The series of reactions
responsible for these products may be initiated by fluor-
ide ion transfer from an AsFg anion to the xenon atom
of F4,S=NXe*, forming F;S=NXeF as an intermedi-
ate (eq 3), which decomposes to Xe, cis-N,F,, and
SF,(eqs 4, 5). Fluoride ion abstraction by AsFs generated
in eq 3 leads to SF;' (eq 6). Nitrogen trifluoride
may result from oxidation of cis-N,F, by F,S=NXe™"
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O0(F4S2F5)] and [0(S1F2 — SI1F3) + O(S2F6 — S2F4)] bands of F;S-
(N=SF3),", and the band at 1519 cm ™ is coincident with the »(S=N) band
of unreacted F4S=N—Xe---N=SF;". The presence of cis-N,F, after pump-
ing at —50 °C was surprising in view of the vapor-pressure of cis-N,F, at
=50 °C (1.19 x 10* mm Hg), suggesting it may be adducted to unreacted
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Marco, R. A.; Shreeve, J. M. Inorg. Chem. 1973, 14, 34-39.

(22) King, S.-T.; Overend, J. Spectrochim. Acta 1967, 234, 61-66.

(23) Azeem, M.; Brownstein, M.; Gillespie, R. J. Can. J. Chem. 1969, 47,
4159-4167.

(24) Noggle, J. H.; Baldeschwieler, J. D.; Colburn, C. B. J. Chem. Phys.
1962, 37, 182-189.

(25) Diesen, R. W. J. Chem. Phys. 1964, 41, 3256-3257.

Smith and Schrobilgen

Table 1. Summary of Crystal Data and Refinement Results for [F4S=N—Xe---
NESF;][ASFG] and [F‘gS(NESF';)z][ASFG]

[F4S=N-—Xe---N=SF;]-  [F3S(N=SF3),]-

[AsFg] [AsFg]
empirical formula F13N>S>XeAs F5N>S;As
space group (no.) P2,/n (14) P2,/n (14)
a(A) 7.3107(5) 7.4722(5)
b (A) 12.0219(8) 16.264(1)
c(A) 13.5626(9) 10.4247(7)
i (deg) 94.647(1) 97.919(1)
V(A% 1188.08(1) 1254.84(3)
molecules/unit cell 4 4
mol wt (g mol™") 545.36 484.12
calcd density (g cm ) 3.049 2.563
T (°C) —-173 —173
u(mm™") 6.17 3.39
R 0.0294 0.0324
WwRy? 0.0709 0.0633

“ Ry is defined as X || F,|— |F [|/2|Fo| for I > 2a(I).® wR, is defined as
[EW(F2 — FAX/2wF,SA” for I > 20(I).

F4S=NXe' + AsFg~ =< [F4S=NXeF] + AsFs
N=SF;
(3)
[F4S=NXeF] —=< .NF + Xe + SF;,  (4)
N=SF;
2-NF LS. (is-NyF, (5)
N=SF;
SFy + AsFs 2. SF{ + AsFg~ (6)
N=SF;
F4S=NXe' + cis-NoF, —<
N=SF;

NF; + Ny + SF;" + Xe (7)

according to eq 7.

X-ray Crystal Structures of [F4S=N—Xe---N=SFj]-
[AsFg¢] and [F3S(N=SFj3),]|AsFg]. A summary of the
refinement results and other crystallographic informa-
tion are provided in Table 1. Important bond lengths
and angles for [F;S=N-—Xe---N=SF;][AsF¢] and
[F3S(N=SF3),|[AsFg], along with calculated values (see Com-
putational Results), are listed in Tables 2 and 3, respectively.

(a) [F4S=N-—Xe---N=SF;]|AsFg]. The crystal struc-
ture of [F4S=N—Xe---N=SF;][AsF¢] consists of well-
separated F,S=N—Xe---N=SF;" cations and AsF¢"
anions, with closest cation-anion contacts occurring be-
tween the equatorlal fluorine F(3) of the cation and F(12)
and F(14) of the anion (F(3)---F(12), 2.755(4) A; F(3)---F
(14),2.757(4) A) which are somewhat less than the sum of
the fluorine van der Waals radii (2.94 A) 20 The AsFq~
anion shows little distortion from octahedral symmetry,
with As—F bonds ranging from 1.713(2) to 1.735(2)
A and F—As—F bond angles ranging from 89.3(1)
to 91.0(1)° and 178.8(1) to 179.2(1)°, in good agree-
ment with previously reported values.'”?® The ligand
arrangement at the sulfur atom of the cation is a distorted

(26) Fir, B. A.; Whalen, J. M.; Mercier, H. P. A.; Dixon, D. A
Schrobilgen, G. J. Inorg. Chem. 2006, 45, 1978-1996.
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Table 2. Experimental Geometry for [F4S=N—Xe---N=SF;][AsF4] and Calculated Geometries for F4,S=N—Xe---N=SF;"“

bond lengths (A)

caled”
exptl MP2 PBEIPBE B3LYP exptl

Xe(1)—N(1) 2.079(3) 2.062 2.079 2.131 As(1)—F(8) 1.726(2)
N(1)=S(1) 1.539(3) 1.563 1.557 1.573 As(1)—F(©) 1.714(2)
S(1)—F(1) 1.586(3) 1.576 1.577 1.593 As(1)—F(10) 1.722(2)
S(DH—F(?2) 1.520(3) 1.545 1.544 1.558 As(1)—F(11) 1.721(2)
S(H)—F(3) 1.529(3) 1.545 1.544 1.558 As(1)—F(12) 1.718(2)
S(1)—F(4) 1.577(3) 1.619 1.611 1.625 As(1)—F(13) 1.735(2)
Xe(1)---N(2) 2.583(3) 2.524 2.547 2.623

N(2)=S(2) 1.398(3) 1.428 1.413 1.417

S(2)—F(5) 1.524(3) 1.545 1.541 1.558

S(2)—F(6) 1.521(3) 1.545 1.541 1.558

S(2)—F(7) 1.526(3) 1.545 1.541 1.559

bond angles (deg)
caled”
exptl MP2 PBE1PBE B3LYP exptl

Xe(1)—N(1)=S(1) 119.8(2) 119.3 119.8 119.8 F(8)—As(1)—F(9) 179.0(1)
N(D=S(1)—F(1) 87.6(2) 88.1 87.9 87.3 F(8)—As(1)—F(10) 89.6(1)
N(D=S(1)-F(2) 126.4(2) 127.1 126.8 127.0 F(8)—As(1)—F(11) 89.7(1)
N(D)=S(1)—F(@3) 128.2(2) 127.1 126.8 127.0 F(8)—As(1)—F(12) 90.4(1)
N(1)=S(1)-F4) 99.7(1) 98.8 99.1 99.1 F(8)—As(1)—F(13) 89.3(1)
F(1)=S(1)—F(2) 88.0(2) 88.7 88.6 88.7 F(9)—As(1)—F(10) 90.3(1)
F(1)=S(1)—F(@3) 87.2(1) 88.7 88.6 88.7 F(9)—As(1)—F(11) 90.4(1)
F(1)—S(1)—F(4) 172.7(1) 173.1 173.0 173.6 F(9)—As(1)—F(12) 90.6(1)
F(2)—S(1)—F(3) 104.9(1) 105.7 106.1 105.6 F(9)—As(1)—F(13) 89.8(1)
F(2)—S(1)—F4) 88.2(1) 87.1 87.2 87.4 F(10)—As(1)—F(11) 178.8(1)
F(3)—S(1)—F(4) 87.7(1) 87.1 87.2 87.4 F(10)—As(1)—F(12) 91.0(1)
N(1)—Xe(1)---N(2) 168.4(1) 173.2 173.5 173.1 F(10)—As(1)—F(13) 89.7(1)
Xe(1)---N(2)=S(2) 148.0(2) 178.6 178.3 178.6 F(11)—As(1)—F(12) 90.0(1)
N(Q2)=S(2)—F(5) 120.4(2) 121.1 120.9 121.1 F(11)—As(1)—F(13) 89.4(1)
N(2)=S(2)—F(6) 122.8(2) 121.2 121.1 121.3 F(12)—As(1)—F(13) 179.2(1)
N(Q2)=S(2)—F(7) 120.9(2) 121.3 121.1 121.3

F(5)—S(2)—F(6) 95.5(2) 95.6 95.8 95.5

F(5)—S(2)—F(7) 95.2(2) 95.6 95.8 95.5

F(6)—S(2)—F(7) 95.5(2) 95.6 95.8 95.6

“The atom labels correspond to those used in Figure 1. ” aug-cc-pVTZ(-PP) basis set.

trigonal bipyramid, with the nitrogen and two fluorine
atoms occupying the equatorial plane and two axial
fluorine atoms approximately perpendicular to that plane
(Figure 1a). The xenon atom is coplanar with the ortho-
gonal plane defined by the N, S, and axial F atoms, and
the Xe—N=S angle is bent (119.8(2)°) as a result of the
sterically active valence electron lone pair on nitrogen.
The Xe—N(1) bond length (2.079(3) A) is equal, within
+30, to those of [F4S=NXe][AsFg] (2.083(3) A)'" and
[FsSN(H)Xe][AsFg] (2.069(4) A),”’ somewhat longer
than the Xe—N bond of [FsTeN(H)Xe][AsF¢] (2.044(4)
A) %6 but considerably shorter than the Xe—N bonds of
nitrogen base adducts of XeF™' (vide infra). The S= N
bond length of F4S=N—Xe---N=SF;* (1.539(3) A)
is also equal, within experimental error, to those
of [F,S=NXe][AsF¢] (1.556(3) A)'" and F,S=NF
(1.520(9) A)28 but is longer than those of F,S= NH, "
(1.511(6) A)"" and F,S=NCHj; (1.480(6) A).>> All of the

(27) Smith, G. L.; Mercier, H. P. A.; Schrobilgen, G. J. Inorg. Chem. 2008,
47,4173-4184.

(28) DesMarteau, D. D.; Eysel, H. H.; Oberhammer, H.; Giinther, H.
Inorg. Chem. 1982, 21, 1607-1616.

(29) Giinther, H.; Oberhammer, H.; Mews, R.; Stahl, 1. Inorg. Chem.
1982, 21, 1872-1875.

SFs-group bond lengths of F,S=N—Xe---N=SF;*
are the same within +30 as those of [F;S=NXe]-
[AsFg]."" The Xe—N(1)=S(1) and N(1)=S(1)—F(1) an-
gles of F4S=N—Xe---N=SF;" (119.8(2) and 87.6(2)°) are
slightly greater than those of [F4S=NXe][AsFg] (118.0(2)
and 86.4(2)°).!" All other angles that are in common with
the two structures are equal within +0.9°. Comparisons
of F4S NXe with F4S NH2 s F4S NCH3, and
F4,S=NF have been discussed in detail in ref 11.

The short Xe---N(2) contact (2.583(3) A) is well within
the sum of the nitrogen and xenon van der Waals radii (3.71
A)20 but considerably longer than the Xe—N bond lengths
of the related cations [ FgS—NXeFl AsFg] (2.236(4) A),"”
[HC=NXeF][AsF¢] (2.235(3) A),” [(CH3);C=NXeF]-
[AsFg] (2. 212(4) A),*® and [CH;C=NXeF][AsF¢]-HF
(2.179(7) A) 30 while somewhat shorter than the Xe---
N contacts in the CH3C—N solvated salts of the more
weakly acidic CgFsXe™ cation, [CeFsXe---N=CCHj;]-
[B(CeFs)]  (2.610(11)  A)*' [CeFsXe---N=CCH;}-
[B(CF3)4] (2.640(6) A),"" [CoFsXe---N=CCH;][(C¢F3)-BF]

(30) Fir, B. A. M. Sc. Thesis, McMaster University, Hamilton, ON, 1999.
(31) Koppe, K.; Frohn, H.-J.; Mercier, H. P. A.; Schrobilgen, G. J. Inorg.
Chem. 2008, 47, 3205-3217.
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Table 3. Experimental and Calculated Geometries for [F3S(N=SF;),][AsF4]"
bond lengths (A)
caled? caled”
exptl PBEIPBE B3LYP exptl PBEIPBE B3LYP
S(3)—F(7) 1.511(1) 1.557 1.573 S(3)--N(1) 2.554(2) 2.610 2.689
S(3)—F(8) 1.519(1) 1.544 1.555 N(1)—=S(1) 1.384(2) 1.416 1.421
S(3)—F(9) 1.520(1) 1.544 1.555 S()—F(1) 1.518(2) 1.562 1.580
S(3)--F(10) 2.558(2) 2223 2217 S(1)-F(2) 1.521(1) 1.545 1.566
As(1)—F(10) 1.745(1) 1.832 1.863 S()—F(3) 1.518(2) 1.552 1.570
As(1)—F(11) 1.723(1) 1.743 1.756 S(3)--N(2) 2.511(2) 2.610 2.689
As(1)—F(12) 1.708(2) 1.728 1.741 NQ2)—S(2) 1.392(2) 1.416 1.421
As(1)—F(13) 1.684(2) 1.705 1.717 S(2)—F(4) 1.516(2) 1.552 1.570
As(1)—F(14) 1.706(1) 1.706 1.719 S(2)—F(5) 1.525(2) 1.562 1.580
As(1)—F(15) 1.7142) 1.728 1.741 S(2)—F(6) 1.525(2) 1.548 1.566
bond angles (deg)
caled” caled”
exptl PBEIPBE B3LYP exptl PBEIPBE B3LYP
F(7)-S(3)—F(8) 96.2(1) 94.5 94.4 F(10)—As(1)—F(11) 88.2(1) 86.6 86.3
F(7)-S(3)—F(9) 96.8(1) 94.5 94.4 F(10)—As(1)—F(12) 87.9(1) 87.1 86.9
F(8)—S(3)—F(9) 96.3(1) 95.0 95.5 F(10)—As(1)—F(13) 179.0(1) 178.6 178.6
F(7)—S(3)--F(10) 174.3(1) 174.9 175.4 F(10)—As(1)—F(14) 89.7(1) 87.6 87.3
F(7)—S(3)--N(1) 83.1(1) 83.9 84.5 F(10)—As(1)—F(15) 87.4(1) 87.1 86.9
F(7)—-S(3)--N(2) 81.1(1) 83.9 84.4 F(11)—As(1)—F(12) 89.8(1) 88.4 88.4
F(8)—S(3)--F(10) 78.4(1) 82.1 82.5 F(11)—As(1)—F(13) 91.1(1) 92.0 92.3
F(8)—S(3)--N(1) 83.2(1) 79.4 79.2 F(11)—As(1)—F(14) 177.8(1) 174.2 173.5
F(8)—S(3)--N(2) 177.3(1) 174.0 174.5 F(11)—As(1)—F(15) 89.2(1) 88.4 88.4
F(9)—S(3)--F(10) 82.3(1) 82.1 82.5 F(12)—As(1)—F(13) 92.9(1) 92.9 93.1
F(9)—S(3)--N(1) 179.5(1) 174.0 174.5 F(12)—As(1)—F(14) 89.8(1) 91.3 91.2
F(9)—S(3)-N(2) 84.2(1) 79.4 79.2 F(12)—As(1)—F(15) 175.2(1) 173.4 173.1
F(10)--S(3)--N(1) 97.7(1) 99.1 98.3 F(13)—As(1)—F(14) 91.0(1) 93.8 94.1
F(10)--S(3)--N(2) 104.4(1) 99.1 98.3 F(13)—As(1)—F(15) 91.9(1) 92.9 93.1
N(1)--S(3)--N(2) 96.3(1) 106.1 106.0 F(14)—As(1)—F(15) 91.0(1) 91.3 91.2
S(3)--N(1)—S(1) 158.3(1) 141.5 142.7 S(3)--N(2)—-S(2) 132.2(1) 141.6 1427
N(D)—=S(1)—F(1) 121.7(1) 119.4 119.7 N(Q2)—S(2)—F(4) 121.8(1) 122.8 122.9
N(1)-S(1)—F(2) 121.9(1) 123.6 123.7 N(2)—-S(2)—F(5) 120.2(1) 119.4 119.7
N(1)—S(1)—F(3) 120.9(1) 122.8 122.9 N(2)—S(2)—F(6) 122.2(1) 123.6 123.7
F(1)-S(1)—FQ) 95.3(1) 94.2 94.0 F(4)-S(2)—F(5) 95.2(1) 94.3 94.1
F(1)=-S(1)—F(3) 95.3(1) 94.3 94.1 F(4)—-S(2)—F(6) 95.2(1) 95.2 95.0
F(2)—S(1)—F(3) 94.8(1) 95.2 95.0 F(5)—S(2)—F(6) 95.5(1) 94.2 94.0

“The atom labels correspond to those used in Figure 2. ® Calculated for the gas-phase ion-pair using the aug-cc-pVTZ(-PP) basis set.

(2.681(8) A),*2 and [C¢FsXe--NCsH;F,J[AsFg] (2.694(5) A).
The donor-acceptor bond length trends are in accordance
with the gas-phase donor-acceptor dissociation energies
calculated for F3S=NXeF ", HC=NXeF ', F,S=N—Xe---
N=SF;", and F;S=NASsF; (see Computational Results).

The bent Xe---N=S angle (148.0(2)°) is similar to that
of [F3S=NXeF][AsF] (142.6(3)° )2 and to the Xe---N=C
angles in_  [CeFsXeN=CCH;][B(CsFs)] (150.3()° )
and [C¢FsXe--N=CCH;][B(CF5)4] (155.0(7)°)*" but con-
trasts with the nearly linear Xe---N=C angles in
[HC=NXeFJ[AsFs]  (177.7(3)°),>°  [CH;C=NXeF]-
[AsF¢]-HF (175.0(8)°),>° and [(CH3);C=NXeF][AsF]
(166.9(4)°)*° and with the near-linear gas-phase geometries
predicted by quantum-chemical calculations (MP2/aug-
cc-pVTZ(-PP)) for the gas-phase ions. The N—Xe---N
angle (168.4(1)°) deviates somewhat more from linearity
than the C—Xe---N angles of [CgFsXe---N=CCH;]-
[(CeFs),BF] (174.5(3)°),* [C6F sXe---N=CCH;][B(CF3),]

(32) Frohn, H.-J.; Jakobs, S.; Henkel, G. Angew. Chem., Int. Ed. Engl.
1989, 28, 1506-1507.

(33) Frohn, H. J.; Schroer, T.; Henkel, G. Z. Naturforsch. 1995, 50b,
1799-1810.

(174.92)°).3'  and  [C4FsXe---N=CCH;][B(C¢Fs)4]
(176.9(3)°).>' The out-of-plane and in-plane N—Xe---N
bending frequencies are assigned at 144 and 255 cm ™,
respectively, and the Xe---N=S bends, which were too low
in frequency to be observed in the Raman spectrum, were
calculated at 64 and 72 cm™ !, respectively, showing that
these angles are highly deformable and that their nonlinea-
rities likely arise from crystal packing (see Computational
Results).

The bond lengths of adducted N=SF; in F;S=N—Xe---
N=SF;" (S=N, 1.398(3) and S—F, av., 1.524(3) A) are
shorter than those in free N=SF; (S=N, 1 A415(3) and S—F,
av., 1.547(1) A).*** Similar S=N and S—F bond length

(34) Borrmann, T.; Lork, E.; Mews, R.; Parsons, S.; Petersen, J.; Stohrer,
W.-D.; Watson, P. G. Inorg. Chim. Acta 2008, 361, 479-486.

(35) The geometrlcdl parameters of N=SF3 have also been determined by
microwave spectrocopy: d(N—S)=1.416(3) A; dS—F)=1. 552(3)A ZFSF=
94.0(3)°; £NSF = 122.4(3)° [Kirchhoff, W. H.; Wilson, E. B., Jr. J. Am.
Chem. Soc. 1962, 84, 334-336.] The recently published low—temperature X-ray
crystal structure was obtained at —153 °C,* which is similar to the data collection
temperature used for the present work (—173 °C). Moreover, the X-ray crystal
structure is more precise than the microwave structure and is used for comparison
in the present discussion.
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Figure 1. (a) The structural unit in the X-ray crystal structure of
[F4S=N—Xe---N=SF;][AsFg]. Thermal ellipsoids are shown at the 50%
probability level. (b) The gas-phase geometry of the F;S=N-—Xe---
N=SF;" cation calculated at the MP2/aug-cc-pVTZ level of theory
(Table 2).

contractions have been observed in other main-gro ;) ad-
ducts,'® namely, F;8=NAsFs (1.383 and 1.439 A) and
[F:S=NXeFJ[AsFy] (1.397(5) and 1.503(3) A)," and in the
transition metal adducts [Mn(N=SFj3)4][AsFg], (1.365(11)
and 1.506(5) A)'® and [Re(CO)sN=SF;][AsF] (1.384(14)
and 1.499(10) A;*® see Computational Results)

The N=S—F and F—S—F angles in the adducted
N=SF; molecule average 121.4(2)° and 95.4(2)°, respec-
tively, comprising a distorted tetrahedral arrangement
about sulfur that is similar to those of free N=SF; (av.,
122.2(2)° and 94.2(1)°),>* and of adducted N=SFj, as in
F3S=NAsFs (122.2° and 94.3°)" and [F3;S=NXeF]-
[AsF¢] (av., 119.8(2) and 97.4(2) A 19 also see Computa-
tional Results).

(b) [F 3S(NESF3)2][ASF6]. The SF;* cation has been
previousl 3/ characterized as its ASF{,B’”*40 SbF, 27
PF, 2% BF,,>*¥% and GeF¢> *! salts. A series of
mixed CF3/F adduct cations, (CF3)ng )3—,5---N=SFs]-
[AsFg] (n = 0—2), has been studied by '’F NMR spectros-
copy in SO, solvent at temperatures below —30 °C where
the cations corresponding to n=0 or 1 are labile and weakly
coordinated.** In contrast, the (CF3),FS---N=SF;" cation
is nonlabile and pentacoordinate at sulfur in SO, solvent at
temperatures below —30 °C.

(36) Schnepel, F. M.; Mews, R.; Glemser, O. J. Mol. Struct. 1980, 60, 89—
92.

(37) Bartlett, N.; Robinson, P. L. J. Chem. Soc. 1961, 3417-3425.

(38) Gibler, D. D.; Adams, C. J.; Fischer, M.; Zalkin, A.; Bartlett, N.
Inorg. Chem. 1972, 11, 2325-2329.

(39) Brownstein, M.; Shamir, J. Appl. Spectrosc. 1972, 26, 77-80.

(40) Barr, M. R.; Dunell, B. A. Can. J. Chem. 1970, 48, 895-903.

(41) Mallouk, T. E.; Rosenthal, G. R.; Miiller, G.; Brusasco, R.; Bartlett,
N. Inorg. Chem. 1984, 23, 3167-3173.

(42) Erhart, M.; Mews, R. Z. Anorg. Allg. Chem. 1992, 615, 117-122.
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Figure 2. (a) The structural unit in the X-ray crystal structure of
[F3S(N=SF3),][AsF¢]. Thermal ellipsoids are shown at the 50% prob-
ability level. (b) The gas-phase geometry of [F3S(N=SF;),][AsF] calcu-
lated at the PBEIPBE/aug-cc-pVTZ level of theory (Table 3).

The crystal structure of [F3S(N=SF;),][AsF¢] consists
of an SF5 " cation having three long contacts to S(IV), one
to a fluorine atom of a neighboring AsF¢ ™ anion, and two
to the nitrogen atoms of the N=SF; molecules (Figure 2).
Ignoring the S---N and S---F contacts, the SF5* cation
is very close to C3, symmetry, as has been observed for
[SF5][BF.]*® and [SF3],[GeF),*! the only other SF; " salts
to have been structurally characterized by single-crystal
X-ray diffraction. In the latter salts, the S(IV) coordina-
tion sphere includes three long contacts to fluorine
ligands of their anions.®® As in the [SF;][BF,] and
[SF;3],[GeFg] salts, the arrangement of long contacts in
the present structure avoids, to the maximum extent, the
F atoms and the nonbonding electron pair situated on the
pseudo-3-fold axis opposite the F ligands of SF;", pro-
viding distorted octahedral coordination at the S(IV)
atom.

The S—F bond lengths of SF;™ (1.511(1), 1.519(1),
1.520(1) A) in [F3S(N_SF3)2][ASF6] are equal, within
experimental error, to those in [SF;],[GeFg] (1.515(2),
I. 519(2) 1.519(2) A)41 and are somewhat longer than
those in [SF3][BF,4] (1.495(2), 1.495(2), 1.499(2) A), but
are within £30 for the thermally corrected values of the
latter salt (1.518, 1.518, 1.514 A).*® The F—S—F bond
angles of the cation (96.2(1)°, 96.3(1)°, 96.8(1)°) are in
agreement with those in [SF;],[GeFg] (96.2(1)°)*' and
[SF5][BF4] (97.62(7)°, 97.62(7)°, 97.39(12)°)*® and are
significantly greater than 90°, as is predicted for the gas-
phase cation (94.5°, 94.5°, 95.0°; also see Computational
Results). The short S---F contact between the cationand a
fluorine of AsF4 (2.558(2) A) of [F3S(N=SF5),][AsFg] is
well within the sum of the sulfur and fluorine van der
Waals radii (3.27 A)20 and is bracketed by the S---F
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Figure 3. The Raman spectrum of [F4S=N—Xe---N=SF;][AsF] recorded at —160 °C using 1064-nm excitation. Symbols denote FEP sample tube lines

(*) and an instrumental artifact ().

contact distances reported for [SF3],[GeFq] (2.367(2) and
2.420(1) A)*' and for [SFs][BF4 (2.593(3) and
2.624(2) A) 3% The short S---N contacts between SF;" and
the nitrogen atoms of the N=SF; molecules (2.511(2) and
2.554(2) A) are significantly less than the sum of the sulfur
and nitrogen van der Waals radii (3.35 A) and are similar
to the S---F contact distances. The N---S---N (96.3(1)°)
and F---S---N (97.7(1) and 104.4°) angles are significantly
greater than 90°, forming a distorted octahedral geometry
about sulfur such that the contacts to N=SF; and
AsF¢ avoid the stereochemically active valence electron
lone pair and fluorine ligands of SF;" to the maximum
extent and are similar to the long contacts observed in the X-
ray crystal structures of [SF3][BF,]*® and [SF5,[GeFq]."!

The bond lengths and angles of the adducted N=SF;
molecules (S=N, 1.384(2) and 1.392(2); S—F, av,
1.5202) A; N—S—F, av., 121.4(1)°; F—S—F, av., 95. 2(1)0)
show the expected contractions1 relative to tbose of free
N=SF; (S=N, 1.415(3); S—F, av., 1.547(1) A; N—S—F,
122.2(1)°;, F—S—F, 94.2(1)°)** and are very similar to those
of adducted N=SF; in F,S=N—Xe---N=SF;" and in
related adducts (vide supra).

Raman  Spectroscopy. (a) [F4;S=N-—Xe---N=SF;]-
[AsFg]. The Raman spectrum of the F;S=N-—Xe---
N=SF;" cation in its AsF4_ salt (Figure 3) was assigned
by co 1pdrlson with those of £F4S NXe][AsFg],"!
N=SF;,"” and [F3;S=NXeF][AsF¢],"”” as well as by com-
parison with the calculated frequencies for the gas—
phase energy-minimized %eometrles of F4,S=NXe™,
F,S=NF,' F;S=NXcF*,” N=SF,,"” and F,S=N—Xe
---N=SF;" (see Table 4, Computational Results). The
vibrational modes of the uncoordinated AsFqs anion
were assigned by comparison with those of [O,][AsFg],*
[HC=NXeF][AsF¢],* [F3S=NXeF][AsFg],"” [FsTeNH;]-
[AsF¢],%° and [FsSNH;][AsFg].?” Calculated frequencies
at the MP2/aug-cc-pVTZ(-PP) level of theory provided
the best overall agreement with experimental values

(43) Naulin, C.; Bougon, R. J. Chem. Phys. 1976, 64, 4155-4158.
(44) Emara, A. A. A.; Schrobilgen, G. J. Inorg. Chem. 1992, 31, 1323~
1332.

(see Computational Results) and are considered in the
ensuing discussion (indicated in square brackets).

The F,S=N—Xe---N=SF;" cation possesses C; sym-
metry for the calculated gas-phase and X-ray structures,
which is predicted to give rise to 30 Raman- and infrared-
active fundamental vibrational modes belonging to A
irreducible representations. The AsFg  anion possesses
15 fundamental vibrational modes, which were assigned
under O, symmetry and belong to the irreducible repre-
sentations A, + E, + Ty + 2T, + Ty, where the A, B,
and T,, modes are Raman-active and the T;, modes are
infrared-active. The formally Raman-inactive T, modes
were, however, observed as weak bands at 702, 707, 714,
and 720 cm™! and at 401, 403