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N-Phenylformamide, C;H;NO, crystallizes with two molecules
in the asymmetric unit which have different conformations of
the formylamino group, one being cis and the other trans. This
is the first example of an arylformamide crystal containing
both conformational isomers and it may thus be considered a
cocrystal of the two conformers. The two molecules in the unit
cell are linked through N—H- - -O hydrogen bonding to two
other molecules, thereby forming hydrogen-bonded tetramers
within the crystal structure.

Comment

The study of the title compound, (I), has attracted consider-
able interest in recent years. However, no crystallographic
studies on N-phenylformamide have been reported previously.
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Previous studies of the compound have been largely theo-
retical (Moreno et al., 2006; Moisan & Dannenberg, 2003;
Kobko & Dannenberg, 2003; Vargas et al., 2001; Bock et al.,
1996; Manea et al., 1997), including density functional theory
(DFT) studies (Doerksen et al, 2004), and experimental
investigations on resonant two-photon ionization spectros-
copy (Federov & Cable, 2000) and laser-induced fluorescence
excitation (Dickinson et al., 1999). The study of (I) has also
been important as a model for the understanding of the
structure, folding and stability of proteins. This understanding
has typically been gained from an interpretation of IR, Raman
or NMR spectra of model systems such as formamide
(the simplest representative of this class of compounds) and

N-alkyl- or N-phenylamide-water clusters, either isolated in a
matrix or dispersed in an aqueous solution (Dickinson et al.,
1999). The solution NMR spectrum of a powdered sample of
(I) in CDCl; showed equal concentrations of the cis and trans
isomers, which is in agreement with the dynamic solution
behaviour of amide systems reported previously (Siddall et al.,
1968, and references therein; Omondi et al., 2005).
N-Phenylformamide crystallizes with two molecules in the
asymmetric unit (Fig. 1). One of the molecules adopts a cis
conformation, while the other shows a trans conformation.
The formation of a cocrystal of the two conformations is
unusual as N-phenylformamides and N-phenylthioamides
usually crystallize as only one of these isomers (Omondi, 2007,
Omondi et al., 2005), even though both conformers exist in
solution. The two conformers show similar bond lengths and
angles that compare well with those of related compounds in
the literature. The N—C(=0) and C—O bond lengths are, as
expected for conjugated m-systems, in the region of 1.33 and
122 A, respectively. Both molecules adopt the almost planar
geometry that would be preferred in order to extend -
conjugation from the ring system to the formamide group.
This, in turn, shortens the N—C,, single-bond length. The
shortening of this bond is, however, not very significant. A
notable difference between the two conformers is in the angle
between the plane defined by the phenyl ring (C11-C16 or
C21-C26) and the plane defined by the formamide group
(C11—N11—-C17—011 or C21 —N21—C27—021). In the cis
isomer, the angle between the two mean planes is approxi-
mately equal to zero, whereas in the frans isomer the form-
amide group is slightly out of the plane of the phenyl ring by
about 9.1 (1)°. This angle varies in related compounds, such as
acetanilide, and also in the calculated structures of the cis and
trans isomers of N-phenylformamide. The gas-phase confor-
mation of the trans isomer is reported to be nonplanar (Manea
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Figure 1
View of (I) down the a axis, showing an N—H- - -O hydrogen-bonded
tetramer (50% probability displacement ellipsoids).
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et al., 1997), in contrast to what is observed here in the crys-
talline phase.

The two molecules in the unit cell have a dihedral angle of
19.07 (6)° between their mean planes. Each molecule of a
particular conformation (cis or trans) is related to its nearest
neighbour of the same conformation through a glide plane.

Each molecule is connected to another molecule of a
different conformation through N—H-. - -O hydrogen bonding,
resulting in a tetrameric arrangement [graph-set R3(16)], with
each tetramer containing two molecules of each conformation.
Due to the nearly planar backbone of the molecule, the
hydrogen bonds are almost linear, with N—H- - -O angles of
178 and 176° for the two isomers, respectively. The intra-
molecular N---O distances are slightly shorter than those in
acetanilide and related acetamides, such as paracetamol
(2.894-2.967 A; Wasserman et al., 1985; Johnson et al., 1995),
all of which adopt only the trans conformation in the solid
state.

Experimental

N-Phenylformamide was synthesized according to the procedure of
Ugi et al. (1965). Commercially available aniline (Aldrich, purity >
95%) was heated in a tenfold excess of formic acid for a period of
15 h at 363 K. The excess formic acid was removed under vacuum to
give a brown liquid which was treated with dilute hydrochloric acid
(0.1 M HCI) and ethyl acetate. The organic layer was separated from
the aqueous layer, dried over magnesium sulfate and distilled under
vacuum. An off-white solid was obtained in good yield. The first
suitable single crystals of N-phenylformamide were obtained by
crystallization from ethyl acetate on work-up of the reaction mixture.
Only subsequent to their growth, which took almost a year, was it
possible to grow the same crystals (as established by X-ray powder
diffraction) from various solvents by slow evaporation (chloroform,
ethanol, dichloromethane, ethyl acetate, dimethyl sulfoxide and
tetrahydrofuran). The powder was recrystallized from a variety of
solvents, giving crystals suitable for single-crystal X-ray diffraction
studies. '"H NMR (DMSO): § 7.02, 7.22, 7.47 (m; cis and trans, para,
meta and ortho Ar—H; trans, NH), 8.37 (d, trans, CHO, Jg_g =
1.13 Hz), 8.70 (d, cis, CHO, Jy_y = 11.38), 8.46 (s, broad, cis, NH).

Crystal data

CH,NO V =2504.1 (4) A
M, = 121.14 Z=16
Monoclinic, CZZC Mo Ka radiation
a=31177 (3) A =009 mm™’

b =6.1229 (5) A T=173 2) K

c=143335(12) A
B =113771 (2)°

0.53 x 0.20 x 0.14 mm

Data collection

Bruker SMART CCD area-detector
diffractometer
7327 measured reflections

2732 independent reflections
1953 reflections with I > 20(I)
Rine = 0.026

Refinement

R[F? > 20(F?%)] = 0.040
wR(F?) = 0.110

S =1.03

2732 reflections

163 parameters

H-atom parameters constrained
APmax =019 e A7

ApPmin = —0.18 ¢ A7

Table 1 .

Hydrogen-bond geometry (A, °).

D-H--A D—H H--A D---A D-H--A
N11—-HI11---021 0.88 1.97 2.844 (2) 176
N21—H21---011" 0.88 1.94 2.821 (2) 178

Symmetry code: (i) —x +1, =y +2, —z + 1.

H atoms were positioned geometrically and allowed to ride on
their respective parent atoms, with bond lengths of 0.95 (C—H) and
0.88 A (N—H), and isotropic displacement parameters 1.2 times Ueq
of the parent atom.

Data collection: SMART-NT (Bruker, 1998); cell refinement:
SAINT-Plus (Bruker, 1999); data reduction: SAINT-Plus; program(s)
used to solve structure: SHELXS97 (Sheldrick, 2008); program(s)
used to refine structure: SHELXL97 (Sheldrick, 2008); molecular
graphics: PLATON (Spek, 2003) and ORTEP-3 (Farrugia, 1997);
software used to prepare material for publication: WinGX (Farrugia,
1999).
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