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The title acid, C;9H;sFO,, crystallized in the centrosymmetric
space group P1 with one molecule as the asymmetric unit.
There is a single hydrogen bond, with an Op- - -O, distance of
2632 (2) A and an Op—H---O, angle of 177 (3)°, which
forms an R3(8) cyclic dimer about a center of symmetry. There
is a single leading intermolecular C—H- - - X interaction, with
an H- - -F distance of 2.49 A and a C—H- - -F angle of 147°.
Three leading intramolecular C—H- - -X interactions appear
to play a significant role in determining the orientation of the
methyl and carboxyl groups.

Comment

This report on the title acid, (I), is one of a series on hydrogen
bonding in carboxylic acids. It follows a report on the some-
what similar ortho-(1-naphthoyl)benzoic acid (Gerkin, 1998).
(I) crystallized in the centrosymmetric space group P1 with
one molecule as the asymmetric unit. The refined molecule
and the labeling scheme are shown in Fig. 1. In the carboxyl
group, the O atoms are ordered, as shown by the carboxyl C—
O distances (Table 1), as is the carboxylic H atom. There is a
single hydrogen bond in this structure, whose geometric
parameters are given in Table 2. This forms a first-level
(Bernstein et al., 1995) cyclic dimer, with descriptor R3(8),
about a center of symmetry. In addition, there is a single
leading intermolecular C—H---X interaction and three
leading intramolecular C—H---X interactions (Taylor &
Kennard, 1982; Steiner & Desiraju, 1998), whose geometric
parameters are also given in Table 2. The intermolecular C—
H:--X interaction produces, at first level, a C(9) chain
propagating along [100]. The second-level graph involving the
two tabulated intermolecular interactions is a ring,
R}(34)[R%(8)]. The stereodiagram, Fig. 2, shows a central
molecule and the three neighbors to which it is linked directly
by these two interactions. Two of the intramolecular C—
H. - -X interactions involve the two carboxyl O atoms, whose
distances O1—H6, O1—C6, O2—HS8, O2—C8 and O2—C2
are less than the corresponding Bondi (1964) van der Waals

radius sums. Significantly, a (small) counterclockwise rotation
of the carboxyl group about an axis directed from CI1 to C7
would reduce each of these deficits without simultaneously
causing any of the carboxyl group atoms to move closer than
the relevant van der Waals radius sum to any other atoms.
[The closest atoms and their present distances are:
H12(x — 1,y — 1,z7),2.73 A from H1 and 2.86 A from O1; and
Cl(—x,1 —y,1 —z),3.34 A from O2. These distances are,
respectively, 0.33, 0.16 and 0.14 A greater than the corre-
sponding van der Waals sums.] These facts indicate that the
C—H- - -O interactions are, in sum, attractive and significant in
determining the dihedral angle between the carboxyl group
plane and that of the benzene ring to which it is attached.
Thus, the present situation differs from that for 2-nitrobenz-
aldehyde, for which an attractive C—H- - -O interaction was
excluded (Coppens, 1964). The remaining tabulated intramo-
lecular C—H- - -X interaction in (I) involves the methyl group
C atom, C19, H19B and F1, and undoubtedly plays a role in
determining the observed orientation of the fully refined

methyl group.
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The benzene ring in (I) is slightly rumpled, the maximum
deviation of any of its atoms from the best-fit plane describing
them being 0.026 (2) A, while the average deviation is
0.018 (9) A. The dihedral angle between this best-fit plane and
that of the carboxyl group is 22.7 (3)°. The naphthalene ring is
also slightly rumpled, the maximum deviation of any of its
atoms from the best-fit plane describing them being
0.029 (2) A, while the average deviation is 0.017 (9) A. The
dihedral angle between the planes of the benzene and naph-
thalene rings is 88.79 (8)°. This near-perpendicularity is
apparent in Fig. 2.

Selected distances and angles are given in Table 1. For
structural comparisons, two similar 3-fluoroacids are available:
3-fluorobenzoic acid itself [hereafter (II)] (Taga et al., 1985)
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Figure 1
The structure of (I) showing the labeling scheme and displacement
ellipsoids at the 50% probability level.

850

© 2000 International Union of Crystallography «

Printed in Great Britain — all rights reserved

Acta Cryst. (2000). C56, 850-852



organic compounds

and potassium hydrogen 3-fluorophthalate [hereafter (III)]
(Mattes & Dorau, 1986). As expected for benzene rings
carrying such substituents, a significant range of benzene C—C
distances and C—C—C angles is displayed by these three
molecules. The range of C—C distances for the three is very
similar: 1.370 (2) to 1.403 (2) in (I), 1.363 (3) to 1.389 (3) in
(IT) and 1.372 (7) to 1.399 (6) Ain (IIT). However, the values
for corresponding individual bonds differ by as much as 0.021
for (I) versus (IT) and (III), and by 0.024 A for (IT) versus (I11).
These deviations are undoubtedly due, in part, to the differ-
ence in substituents at the 2-position: a substituted ethyl group
in (I), an H atom in (II) and a carboxylate ion in (III). Simi-
larly, the most widely different interior ring angle is that at the
2-position: 114.6 (2) in (I), 118.0 (2) and 118.0 (4)° in (II) and
(III). The significantly largest interior ring angle occurs at C3,
the fluorine-substituted C atom, in each case, being 125.4 (2)
in (I), 122.9 (2) and 123.2 (5)° in (IT) and (III). The C—F bond
distance in (I), 1.364 (2) A, agrees well with the values
1.358 (3) and 1.369 (5) A for (IT) and (IIT), and very well with
the mean value for C—F distances for monofluoroarenes
tabulated by Allen er al. (1987), 1.363 (8) A. Further good
agreement among (I), (IT) and (III) is seen for the length of
the other common bond exterior to the benzene ring, namely
C1—C7 (present nomenclature), whose values are 1.487 (2),
1.485(2) and 1.483 (6) A, respectively. All remaining
distances and angles in (I) fall within normal ranges. Excluding
pairs of atoms in hydrogen-bonded carboxyl groups or in the
tabulated C—H- - -X interactions, the closest intermolecular
approaches are between C5 and H13(x, y — 1, z), and are
0.14 A less than the corresponding Bondi (1964) van der
Waals radius sum.

Figure 2

Stereodiagram of (I), with displacement ellipsoids at the 50% probability
level. The finer interatomic lines depict the intermolecular interactions
given in Table 2.

Experimental

The title acid, whose synthesis is described by Newman & Khanna
(1979), was obtained from a sample in Dr M. S. Newman’s chemical
collection. An irregular chunk found there became the experimental
sample.

Crystal data

CioH;5FO,

M, = 29432
Triclinic, P1 .
a=75402 (6) A

b =104339 (12) A
¢ =10.8160 (11) A
o = 113.796 (8)°

B =91.867 (8)°

y = 103.108 (9)° _
V =750.92 (14) A®

Data collection

AFC-5S diffractometer
 scans

3729 measured reflections
3464 independent reflections
1938 reflections with I > 20,
R, = 0.019

Z=2

D, =1302Mgm™>

Mo Ko radiation

Cell parameters from 25
reflections

6 =14.4-17.5°

= 0.092 mm™"

T =29 K

Irregular chunk, colorless

0.38 x 0.27 x 0.19 mm

h=0—9
k=-13 - 13
I=—14 — 14

6 standard reflections
every 150 reflections
intensity decay: 1.7%

Omax = 27.55°

Refinement

Refinement on F? H atoms treated by a mixture of

R(F) = 0.050 independent and constrained
wR(F?) = 0.067 refinement
§=1.70 w = 1/[o% + (0.0041)%]

3464 reflections
215 parameters

(A/6) max < 0.001
Apmax =033e A7?
Apmin = —032¢ A™°

Table 1 .

Selected geometric parameters (A, °).

F1—C3 1.364 (2) c1—c7 1.487 (2)
01-C7 1.302 (2) C2—C3 1383 (2)
02-C7 12217 (19) C3—C4 1373 (2)
Ccl—-C2 1.403 (2) C4-Cs 1371 (3)
C1—C6 1.395 (2) C5—C6 1374 (2)
C2—C1-Cé6 121.05 (16) Cl1—-C6—C5 120.82 (18)
Cl-C2—C3 114.57 (16) 01-C7-02 121.96 (18)
C2—-C3—-C4 125.43 (19) 01-C7—-C1 115.07 (18)
C3—C4—C5 118.17 (18) 02—C7—Cl 122.85 (19)
C4—C5—-C6 119.73 (18)

Table 2 .
Hydrogen-bonding geometry and C—H- - -O interactions (A, °).

D—H A D—H H--A D---A D—H A
Ol1—HI.--02" 1.04 (3) 1.60 (3) 2,632 (2) 177 (3)
C15—H15- - -F1" 0.98 2.49 3.355(2) 147
C8—HS---02 0.98 2.24 2.903 (2) 124
C6—H6---01 0.98 2.35 2.698 (2) 100
C19—H19B- - -F1 1.03 (2) 2.54 (2) 3.126 (3) 115 (2)

Symmetry codes: (i) —x,1—y, 1 —z; (ii))x —1,y, z.

COOH and methyl H atoms were refined isotropically; C—H
distances were in the range 0.989 (17)-1.026 (17) A. For calculated H
atoms, C—H = 0.98 A and Uiso = 1.2U,q of the bonded C atom.

Data collection: MSC/AFC Diffractometer Control Software
(Molecular Structure Corporation, 1988); cell refinement: MSC/AFC
Diffractometer Control Software; data reduction: TEXSAN (Mole-
cular Structure Corporation, 1995); program(s) used to solve struc-
ture: SHELXS86 (Sheldrick, 1990); program(s) used to refine
structure: TEXSAN; molecular graphics: ORTEPII (Johnson, 1976);
software used to prepare material for publication: TEXSAN and
PLATON (Spek, 1990).
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I acknowledge with pleasure my use of the departmental
X-ray crystallographic facility, which is supervised by Dr J. C.
Gallucci. The diffractometer system was purchased with funds
provided in part by an NIH grant.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: FR1271). Services for accessing these data are
described at the back of the journal.
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