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An Investigation of a Possible C-H * - * F Interaction in 2-Fluorophenyl Cyanomethyl Sulfone
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Department of Chemistry, The University of Texas at Austin, Austin, Texas 18712, U.S.A.
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Determination of the structure of 2-fluorophenyl cyanomethyl sulfone, F(C¢H,)SO,CH,CN, was under-
taken to investigate a possible C-H: - -F interaction. Crystals of the compound are orthorhombic,
space group Pbca; a=9123 (2), b=19-384 (5), c=9-886 (2) A, V'=1748-2 A3, D,=1-462 g cm~3 at
—40°C, F. W. 199:20 and Z=8. Intensities were measured at —40°C on a Syntex P2, diffractometer
with Mo K¢ radiation. Full-matrix least-squares refinement of all positional and thermal (anisotropic
for non-hydrogen atoms and isotropic for hydrogen atoms) parameters converged at a conventional R
of 0-037 and a weighted R of 0-039 for 1586 reflections [/> 2a(I)]. No C-H - - - F interaction was observed.

Introduction

This structure represents the third in a series investi-
gating C-H---N, C-H-.-0, and C-H- . F interac-
tions in compounds in which the C-H bond is polar-
ized by adjacent electron-withdrawing groups. Such an
interaction, with a short O---H distance of 2:22 A,
was found in the first compound of the series, 2,4-dini-
trobenzyl 4'-tolyl sulfone (Harlow, Pfluger, Sammes &
Simonsen, 1974). The study, however, did not establish
whether the close contact was due to attractive forces
or to other influences. A study of a second compound,

cyanomethyl 2-picolyl sulfone, revealed no C-H---O
contacts shorter than 2:45 A (Harlow, Sammes & Si-
monsen, 1974). It was hoped that the present study of
2-fluorophenyl cyanomethyl sulfone, hereinafter ab-
breviated FCS, would reveal a geometry which would
not force, but would allow close contact between
methylene hydrogen atoms and the fluorine atom and
would yield additional information about the nature
of this type of interaction. A sample of FCS was
generously supplied to the authors by Dr M. P.
Sammes, who synthesized all three compounds of
this series.
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Experimental

Colorless crystals of FCS were grown by slow evapora-
tion from xylene solution. The crystal selected for data
collection measured 0-28 x 0-43 x 0-51 mm and was cut
from a large tabular crystal exhibiting {101} as the
primary form. The crystal was mounted on a Syntex
P2, diffractometer equipped with a low-temperature
apparatus and using Mo K radiation (1=0-71069 A)
monochromatized with a graphite crystal. The unit-
cell parameters were refined from Bragg angles of 43
reflections measured at —40°C using the Syntex cen-
tering program. Intensity data for 1997 independent
reflections (4° <26 < 55°) were collected at —40°C using
the w-scan technique with scan rate, S, varying from
1-0 to 4-0° min~* depending upon intensity. Total scan
range for each reflection was 1-0°, accumulating P
counts. Background measurements, B, and B,, were
taken at both ends of the scan with w displaced 1-0°
from the Ko peak, each for a time equal to one-half
of the scan time. The net intensity, I (relative to a 1-0°

C-H:..-F INTERACTION IN 2-FLUOROPHENYL CYANOMETHYL SULFONE

min~! scan rate), was calculated as follows: I=
S(P— B,— B,). Standard deviations in intensities, o(J),
and in structure amplitudes, o(F,), were derived from
counting statistics: o(I)=S(P+ B, + B;)'/* The inten-
sities of four standard reflections were measured every
96 reflections; the average intensity varied less than
1% and a correction as a function of exposure time
was applied. Lorentz and polarization corrections were
applied. Absorption corrections based on crystal shape
were made (#=3-48 cm~!, Mo Ku); transmission co-
efficients ranged from 0-87 to 0-92. The 1586 reflec-
tions for which 7> 2¢(I) were the only reflections used
in the solution and refinement of the structure; weights
for these reflections were assigned as 1/o%(F,).

Structure solution and refinement

The structure was solved by direct methods. No sym-
bols were necessary in determining 531 phases: 262
positive and 269 negative. An E map clearly showed
the positions of all non-hydrogen atoms. A difference

Table 1. Positional and thermal parameters for non-hydrogen atoms with estimated standard deviations
in parentheses

All U’s are x 10* except those of sulfur which are x 10% and are in the form exp [ —2n¥(i2a** Uy, + . . . +2kIb*c*Up)l.

x y z
S(1) —0-03404 (5) 0-20207 (2) 0-43201 (5)
0(2) —0-1637 (1) 0-2114 (1) 0-3513 (2)
0@3) —0:0456 (2) 0-2118 (1) 0-5745 (1)
C4) 0-1054 (2) 0-2586 (1) 0-3679 (2)
C(5) 0-0751 (2) 0-3291 (1) 0-4112 (2)
N(6) 0-0529 (3) 0-3838 (1) 0-4457 (2)
C(h 0-0392 (2) 0-1199 (1) 0-3969 (2)
C(8) —0:0142 (2) 0-0838 (1) 0-2862 (2)
C(9) 0-0385 (3) 0-0184 (1) 0-2596 (3)
C(10) 0-1430 (3) —0-0105 (1) 0-3423 (3)
C(1n 0:1971 (3) 0-0247 (1) 0-4512 (3)
C(12) 0-1453 (2) 0-0897 (1) 0-4774 (2)
F(13) 0:1991 (2) 0-1256 (1) 0-5836 (1)

Ul.l UZZ U33 UIZ U13 U23
224(2) 349(2) 302 (2) 11 (2) 27 (2) 9 (2)
25 (1) 52 (1) 62 (1) 2(1) —8(1) 6 (1)
51 (1) 57 (1) 34 (1) 6 (1) 101y -2
27 (2) 41 (1) 40(1) -5 a1y  =2Q1)
38 (1) 43 (1) 44(1) -=3(1) -0() 5(1)
77 (2) 41 (1) 76 (1) 1(1) 1(1) -0Q)
29 (1) 33 (1) 31 (1) 0 (1) 2 (1) 1)
4a(1)  45() 39 (1) 1(1) =5 =3Q)
54 (1) 54 (1) 54(1) =5(1) 2()  —-17(1)
51 (1) 37 (1) 68 (2) 5(1) 17() =3Q)
40 (1) 50 (1) 55 (1) 13 (1) 4 (1) 11 (1)
33 (1) 48 (1) 34 (1) 2() —-0(D) 1(1)
58 (1) 76 (1) 59 (1) 17() =27(1) —12(1)

Fig. 1. A stereoscopic view of 2-fluorophenyl cyanomethyl sulfone. The shapes of all non-hydrogen atoms represent 50 % prob-
ability contours of thermal motion.
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Fourier map was used to locate hydrogen atoms after
several cycles of isotropic refinement. Full-matrix least-
squares refinement (NUCLS: J. A. Ibers’s modifica-
tion of ORFLS) of all positional and thermal (aniso-
tropic for non-hydrogen atoms and isotropic for hydro-
gen atoms) parameters converged at a conventional
R=C|IF,|—|F.||/2IF,l) of 0-037 and a weighted R,,=
[Dw(F,| —|F. )}/ 2w|F,*]'* of 0-039. When all 1997
reflections were included, the conventional R was 0-050.
The largest shift of any parameter in the final cycle
was 0-240. The largest peak in the final difference map
(all data) had a magnitude of 036 ¢ A~* and was
located near an oxygen atom, O(3). Extinction was not

PLANE OF
PHENYL RING

Fig. 2. A view of the orientation around the S-C(7) bond
showing the dihedral angle and the close contact of O(2) and
H(8).

96(3)

1.376(4)
.90(2)

1.367(4)

1.371(3)
1.352(2)

85(3)

Fig. 3. Bond distances (&) with standard deviations in paren-
theses,

126(1)
125(2)

120(2)

121.0(2) o

119(2)

02~ 8| - C4
03 -8l —C7
Sl - €4 ~ Ha
C5 - C4 — Hb

108.1(1)
110.1 (1)
108 (1)

111 (1)

Fig. 4. Bond angles (°) with standard deviations in parentheses.
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a problem. For S, O, N, C, and F the scattering factors
of Cromer & Waber (1965) were used; those of Stew-
art, Davidson & Simpson (1965) were used for hydro-
gen atoms. The final positional and thermal param-
eters are given in Tables 1 and 2.*

Table 2. Positional and thermal parameters for hydrogen
atoms with estimated standard deviations in parentheses

x y z U
H(44) 0-202 (2) 0-243 (1) 0-405 (2) 0-041 (6)
H@4B) 0-105 (2) 0-255 (1) 0-272 (2) 0-043 (6)
H(8) —0-087 (2) 0-113 (1) 0-221 (2) 0-024 (5)
H(9) 0003 (3) —0-002(1) 0178 (3) 0-073 (8)
H(10) 0-175 2) —0-054 (1) 0-327 (2) 0-051 (7)
H(11) 0263 (3)  0007(1)  0-502 (2) 0-060 (8)
Discussion

Fig. 1, a stereo view of FCS, shows the geometry of
the molecule. Significantly short contacts, which would
indicate hydrogen bonding, were not found in this
study. The shortest intramolecular and intermolecular
contacts between the fluorine atom and methylene
hydrogen atoms were respectively 2-88 (2) and 3-09 (2)
A. Both of these distances are much longer than the
van der Waals contact distance of 2:60 A fora F-.-H
interaction. Intermolecular distances of 2:58 (2),
247 (2), and 247 (2) A were observed between methyl-
ene hydrogen atoms and oxygen atoms of neighboring
molecules. These distances are only slightly shorter
than the 2:60 A van der Waals distance listed for an
O-..-H contact and, therefore, cannot be considered
as hydrogen-bonding interactions. Intramolecular
O- - -H distances were all greater than 2:70 A.

The geometry of the molecule seems to be deter-
mined by several interacting forces. Maximum con-
jugation between C(7) and the sulfur atom is pre-
dicted to occur when S(3d) and C(2p) orbital overlap
is maximized. This orbital overlap is predicted to be
greatest when the dihedral angle, the angle of the phenyl
plane to the C-S-C plane, is 90° (Koch & MofTitt,
1951). Fig. 2 shows the conformation about the S-C(7)
bond. The dihedral angle of 78-64° is significantly
smaller than 84-49°, the average of nine dihedral an-
gles (range: 72-6-89-0°) of similar sulfone structures
(Sime & Woodhouse, 1974) and clearly shows the
effect of repulsion between F(13) and O(3). This de-
crease in dihedral angle turns the methylene group
toward the fluorine atom, but not enough to allow in-
teraction. The very short non-bonded contact, 2-40 (2)
A, between O(2) and H(8) suggests that steric repul-
sion between these atoms may be acting as an energy
barrier preventing further decrease in the dihedral
angle.

Bond distances and angles for FCS are shown in

* A list of structure factors has been deposited with the
British Library Lending Division as Supplementary Publication
No. SUP 31488 (11 pp., 1 microfiche). Copies may be obtained
through The Executive Secretary, International Union of
Crystallography, 13 White Friars, Chester CH1 1NZ, England.
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Fig. 5. A stereoscopic packing diagram of FCS.

Figs. 3 and 4. Values associated with the sulfur atom
in general agree well with those obtained from the
first two studies and from studies of related compounds
(Ammon, Watts & Stewart, 1970; Dickinson, Stewart
& Ammon, 1970; Hummelink, 1974; Langs, Silverton
& Bright, 1970; Sammes, Harlow & Simonsen, 1976;
Sime & Woodhouse, 1974; Towns, 1969). The O-S-O
angle, 118-1 (1)°, is larger than the tetrahedral value
while the C-S-C angle, 102-3 (1)°, is smaller, an effect
which has been seen in many sulfone structures. The
S-O bond lengths, 1-439 and 1425 A, are within the
range reported in the previous studies. The difference
in S-C bond lengths, 1-795 vs. 1763 A, is attributable
to the different hybridizations of the carbon atoms.
The C=N bond appears short, a typical problem in
X-ray studies. This effect is due to thermal motion of
the atoms and to the high electron density between
the triple-bonded atoms. The C-C=N angle of 179-3 (2)°
is normal (Little, Pautler & Coppens, 1971; Mathews,
Swanson, Muelier & Stucky, 1971). Fig. 5 shows a
stereo view of the cell packing scheme.

The authors would like to thank the Robert A.
Welch Foundation for support of this work; the Syn-
tex P2, diffractometer was purchased with funds pro-
vided by the National Science Foundation (Grant GP-
37028).
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