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SUMMARY

The crystal structure of [NSON(CF;),]4 has been determined by single
crystal X-ray diffraction. The crystals are tetragonal, 14, a = b = 16.73(1),
¢ = 4.73(1) A, Z = 2. The molecule possesses an eight-membered N,S, ring with
a crystallographic inverse tetrad axis at its centre; the nitroxyl radicals are attached
to the sulphur atoms. The two independent S-N bond lengths are 1.56(1) and
1.62(1) A; the geometry of the N,S,0, moiety is similar to that of N,S,F,.

INTRODUCTION

An X-ray crystallographic study of [NSON(CF;),]4 has been undertaken
in order to provide some structural insight into the chemistry of the thiazyl
nitroxides as reported in the preceding paper !. In particular, such a study was
necessary to establish the nature of the [NS], ring, and to discover whether there
was any stereochemical basis for the chemical inertness of this compound.

A conventional ¢-bonding scheme has been found adequate to account for
the crown structure? of S4N,H,, but the S-N-S angles of 122° imply some delo-
calisation of the nitrogen lone pairs into the vacant sulphur 3d orbitals. The
unusual D,; cage structure3 of S,N, itself, on the other hand, implies some
electron delocalisation over the whole molecule. Finally, in N,S4F,, the n-bonds
must be at least partly localised, since the two independent S-N bond lengths are
significantly different4.

In view of the stability of the ON(CF,), free radical, it was not obvious
whether one or none of these three structural models would be appropriate in
this case.
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EXPERIMENTAL

Needle-shaped crystals, suitable for single crystal X-ray diffraction, were
obtained ! directly from the reaction of NS, with liquid ON(CF;),, and were
sealed into Lindemann glass-capillary tubes. Intensities were determined visually
from equi-inclination Weissenberg photographs taken with a crystal mounted
about the Z (needle) axis and using Ni-filtered Cu-Ka radiation (layers AkO to
hk3 inclusive). Lorentz, polarisation and absorption corrections were applied, the
latter being calculated exactly for a cylinder with pur = 0.38, where yu is the linear
absorption coefficient and r the radius of the cylinder. Unit-cell dimensions were
obtained from powder photographs, taken with a Guinier focussing camera and
using silicon as an internal calibrant (¢ = 5.4306 A), and indexed using the
approximate unit-cell constants and intensity data from the Weissenberg photo-
graphs. The estimated standard deviations in the unit-cell dimensions were
multiplied by a factor of two to allow for possible systematic errors.

Crystal data

CgF,4NgO,S,, mol. wt. 856.4, tetragonal, Laue group 4/m,a = b = 16.73 (1),
c=4.73(1) A, U= 1323 A3, d. = 2.15 for Z = 2 (consistent with approximate
density determination by flotation). Systematic absences: Akl, h+k + 1 # 2n. The
space group is thus /4 or /4.

Structure solution and refinement

For either of the two possible space groups, the [001] projection of the unit-
cell is halved, and has the plane group p4. This projection was solved by a novel
least-squares multi-solution application of Sayre’s equation3; of the six sign-
combinations investigated, one was clearly more internally consistent than the
others. An E-map calculated from this combination gave essentially the correct
structure, with the exception of a few spurious peaks and some difficulties arising
from overlapping atoms in the CF; groups. Using the information from the
projection, the three-dimensional structure was solved by trial and error; the only
solution to refine successfully was in the space group /4. All the atoms lie in general
positions of the type (x, y, z; —x, —y, z; ¥, —x, —z; —y, x, z) + (0,0,0; 15,15,15).

The structure was refined by a full-matrix least-squares procedure, with the
initial use of isotropic temperature factors for all the atoms; the weighting scheme
adopted on the basis of an analysis of variance was: @ = 1/(1 + |Fy| + 0.0003 Fy2).
In the final stage of the refinement a total of 88 parameters was varied simulta-
neously, including three interlayer scale factors, anisotropic temperature factors
for the sulphur and fluorine atoms only, and the Zachariasen secondary extinction
coefficient®. The introduction of anisotropic temperature factors for the fluorine
atoms was found to be highly significant. Complex neutral-atom scattering
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CRYSTAL AND MOLECULAR STRUCTURE OF [NSON(CF3),]4

OBSERVED AND CALCULATED STRUCTURE FACTORS*
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(which are on an absolute scale) by 1.771, 1.632, 1.428 and 1.048 forhk O, hk1, hk2and

* Since the interlayer scale factors have been refined, it is necessary to multiply these values
h k 3 for use in the weighting scheme.
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TABLE 2

ATOM COORDINATES AND ISOTROPIC VIBRATIONAL AMPLITUDES (A% X 10%)
WITH ESTIMATED STANDARD DEVIATIONS*

R. A. FORDER, G. M. SHELDRICK

Atom x/a y/b z/c U

N(Q) 0.9372 (4)  0.0701 (5) —0.1482(17) 55(2)
O 0.8174 (4 0.0195 4 0.1696 (14) 65 (2)
N(2) 0.7552 (5) 0.0621 (4) 0.0328 (16) 55 (2)
C(1) 0.6841 (7) 0.0123 (6) 0.0476 (29) 72 (3)
C(2) 0.7489 (7) 0.1402 (7) 0.1724 (30) 71 (3)

* The Zachariasen secondary extinction coefficient refined to the value 14.4 (1.6) x 10¢.

TABLE 3

ATOM COORDINATES AND ANISOTROPIC VIBRATIONAL AMPLITUDES (A2 X 10%)
WITH ESTIMATED STANDARD DEVIATIONS

Atom x/a yib z/e Un Uiz Uss Uas Uis Ui,

S 0.8865 (1) —0.0057(1) —0.0819( 6) 54(1) 59(1) 68(4) I -1 —=2@1)
FQ) 0.6274(4) 0.0471(5) —0.0895(26) 76(4) 111(5) 149(7) —-3(6) —11(5) 13(3)
F(2) 0.6612(5) —0.0055(5) 0.2955(20) 126(7) 125(6) 124(9) 28(5) 51(5) —23(5
F(3) 0.7013 (4) —0.0552(4) —0.0829(22) 824 79(4) 158(7) —23(5) —8(5) —8(3)
F(4) 0.8155(5) 0.1784(4) 0.1283(29) 99(5) 83(4) 222(9) —39(6) 35(6) —13(4)
F(5) 0.6906 (4) 0.1797(4) 0.0483(22) 97(5) 86(4) 153(8) 25(5 12(5) 23(3)
F(6) 0.7368 (6) 0.1388(5) 0.4326(22) 167(8) 102(5) 95(8) —24(5) 23(6) 25(5
TABLE 4

INTERATOMIC DISTANCES (A) AND BOND ANGLES (DEGREES)

S-N(1) 156 (1)  S-NQy 1.62 (1)
S-O 171 (1)  O-NQ) 1.42 (1)
NQ-C1) 146(2) N@-C2) 147Q)
C()-F1) 129() CA-FQ) 127()
C()-F(3) 132(Q) C@-F@) 130
CQ-F() 132(2) CQ-FE  125(2)
N(D)-S-N(1) 111.8 (0.5)  S-N()-§
N(1)-S-0 107.9 (0.4)  N(1Y-S-O
S-O-N(2) 107.6 (0.5)  O-N2)-C()
O-N@2)»-C(2) 1072 (0.7)  C(1)-N@)-C(2)
N@)-CA)-FQ) 109 (1) N(2)-C(1)-F(2)
N@)-CA)-F@3) 107 (1) F)-C(1)-F(2)
FQ)-C()-F3) 107 (1) F(3)-C(1)-F(1)
NQ)-C2)-F@4) 108 (1) N@2)-C(2)-F(5)
N@)-C(2)-F6) 116 (1) F(#)-C(2)-F(5)
FGRCQ-F@©) 109 (1)

F(6)-C(2»-F4)

123.4 (0.4)

88.9 (0.4)
106.9 (0.7)
115.4 (0.9)

115 (1)
110 (1)
108 (1)

108 (1)
108 (1)
115 (1)

J. Fluorine Chem., 1 (1971/72) 23-29



CRYSTAL AND MOLECULAR STRUCTURE OF [NSON(CF3),]4 27

TABLE 5
SHORTEST NON-BONDED DISTANCE (&)

I Within the same asymetric unit

Six F-F within same CF; group 2.06-2.12
Six N(2)-F 2.23-2.31
0-C(1), 0-C(2) 2.31, 2.32
C(H-C(2) 2.47
S-N(@2) 2.53
F(1)-F(5) 2.54
0O-F(3), O-F(4), O-F(6), O-F(2) 2.60-2.71
N(1)-0 2.65
F(2)-F(6) 2.80
C(1)-F(5), C(2)-F(1), C(2-F(2), C(1)-F(6) 2.80-2.93
N(1)-F(4) 3.02
N(1)-NQ2) 3.17

II Other intramolecular distances

N(I-O 2.33
N(1)-N1)” 2.63 and 3.15
S-S 2.80
F(3)-F(4) 2.96
S-N(1) 3.15

I Intermolecular distances

F(5)-F(6) 3.09
F()-FQ2) 3.09
F(4)-F(5) 3.10
F(1)-F(Q) 3.12
F(2)-F(3) 3.13
N(2)-F(6) 3.13

factors”-8 were employed for all atoms. The final value of

R, =T o*

Rl | |12

Fo|

was 0.074 for a total of 436 unique observed reflections; the correspond-
ing unweighted “R index” was 0.066. A final difference Fourier analysis
revealed no pronounced features. Observed and calculated factors are shown in
Table 1, and the results from the final full-matrix least-squares cycle are given in
Tables 2 and 3. These results, together with the full covariance matrix and the
estimated standard deviations in the unit-cell dimensions, were used to calculate
the bond lengths and angles given in Tables 4 and 5; no corrections have been
applied for libration. Figure 1 shows the structure in projection down the Z axis.

DISCUSSION

The geometry of the N4S,0,4 moiety is remarkably similar to that of NS,F,4
(S-N = 1.66 and 1.54 A, < N-S-N = 111.7°, < S-N-S = 123.9°, < N-S-F =
91.5° and 106.2°). A significant alternation in the S-N bond lengths is found in

J. Fluorine Chem., 1 (1971/72) 23-29



28 R. A. FORDER, G. M. SHELDRICK

Fig. 1. The crystal structure seen in projection down the Z axis.

both compounds, and implies appreciable localisation of N-S pr-dr bonding.
The stereochemistry at sulphur atom is consistent with the Nyholm-Gillespie
hypothesis? of electron pair repulsions (Fig. 2), if it is assumed that there is one
lone pair of elections on the sulphur atom; as expected, the wider N-S-O angle
involves the shorter N-S bond. The N-O and S-O bond lengths appear to be
consistent with “single” bonds, although it is difficult to find suitable reference

Fig. 2. The molecule of tetrathiazyl tetra [bis-(trifluoromethyl) nitroxide], showing one of the
bis-(trifluoromethyl) nitroxide substituents.

J. Fluorine Chem., 1 (1971/72) 23-29
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compounds. The ON(CF3;), dimensions are similar to those in the free radicall0,
except that the N-O bond is longer, and the angles at the nitrogen atom are closer
to the tetrahedral values. The CF; groups are staggered with respect to the C-N
bonds, as found for the free radical.

The non-bonded distances are given in Table 5. The packing can be compared
with that in N,S,F, (space group P42,c, a = 9.19, ¢ = 4.30 A)4. All the shortest
intermolecular contacts in [NSON(CF3),]; are between fluorine atoms, which
would tend to push the [NS], rings apart, resulting in a longer Z axis than in
N,S,Fa.
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