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Hemihydrobromide Crystal Structure
at —160 °C
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The crystal structure of acetamide hemihydro-
bromide, (CH,CONH,),. HBr, was determined
(at room temperature) in 1969 by film meth-
ods.! However, the accuracy of that investiga-
tion was relatively poor, and in particular the
hydrogen atoms could not be localized. With
the main purpose of trying to establish whether
the short intermolecular O---O" hydrogen bond
is symmetrical or not, a redetermination has
been carried out at — 160 °C.

The crystals belong to the monoclinic system
with space group P2,/n, cell dimensions a=
6.443(2) A, b=8.632(3) A, ¢=17.979(3) A, B=
112.40(3)°, and Z=2 (D, =1.59 g em™, D;=
1.61 g em™3).

With 20,,,,=50° and MoKu-radiation 1584
independent reflections were measured on an
automatic four circle diffractometer at — 160
°C. Using an observed-unobserved cutoff at
2.50(I), 1165 reflections were recorded as ob-
served. The crystal size was (0.2 x 0.2 x 0.15)
mm?® and no absorption corrections were ap-
plied (u=52.5 em™).

The structure was solved by the heavy atom
method and refined by full-matrix least-squares
technique.?* Hydrogen atom positions were

* All programs used (except for ORTEP) are
included in this reference.
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localized in a difference Fourier map. Aniso-
tropic temperature factors were introduced for
the non-hydrogen atoms and weights in least-
squares were calculated from the standard
deviations in intensities, o(I), taken as

o(I)=[Crp+ (0.02 Cx)}t

where Oy is the total number of counts and
Cy the net count.

The hydrogen atom HO, being localized at
a position close to that of Table 1, was refined
with multiplicity factor 0.5. No shifts towards
the centre of inversion (to give a more sym-
metric hydrogen bond) occurred. When forcing
it closer to the centre of symmetry and refining,
the B-value increased rapidly.

HC23

Fig. 1. Schematic drawing showing the num-
bering of atoms. The atoms labelled HO and
HO’ correspond to ‘half’ hydrogen atoms.

Table 1. Final fractional coordinates and thermal parameters with estimated standard devia-
tions. The expression for anisotropic vibration is exp[— 2a2(h2a*2U11+ --- + 2klb*c*U23)].
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Table 2. Bond distances and angles with estimated standard deviations. i: +2, }+y, §+2. ii:
14z, y, 14+2. Values from the earlier investigation are also included.

Distance (A) (4)
0-Cl1 1.264(4) 1.27(9)
Cl-C2 1.497(5) 1.56(12)
N...Br; 3.439(3) 3.41(8)
0-HO 0.93(8)

N-HN2 0.83(5)

C2-HC22 0.92(4)

HO...0’ 1.55(9)

HN2...Br—; 2.67(5)

Angle ©) ©)
0-Cl-N 119.7(3) 117(1)
N-Cl1-C2 119.0(3) 118(1)
Cl1-N-.-Br7; 123.8(2) 114(1)
Cl1-0-HO 103(7)
Cl1-N-HN2 122(4)
Cl1-C2-HC21 114(3)
Cl-C2—-HC23 103(3)
HC21-C2-HC(C23 107(4)

O—-HO.--.0’ 159(11)
N—HN2"'Br—ii 171(5)

Distance (4) (A
N-C1 1.307(4) 1.35(11)
N---Br; 3.388(3) 3.41(8)
0.0’ 2.438(5) 2.48
N-HN1 0.86(5)

C2-HC21 0.94(5)

C2-HC23 0.95(5)

HN1..-Br 2.69(5)

Angle ) °)
0-Cl1-C2 121.3(3) 123(1)
C1-N---Br 7 115.6(2) 114(1)
C1-0...0’ 116.0(2) 113(1)
Cl1-N-HN1 120(3)
HN1-N-HN2 118(3)
C1-—C2—HC22 112(3)
HC21-C2-~HC22 107(4)

HC22 - C2-HC23 114(4)
N—HNI...Br 172(5)

The form factors used were those of Doyle
et al.® except for hydrogen.* The final R-value
was 4.5 9% (Ry=4.99%) for 1165 observed
reflections.

Final fractional coordinates and thermal
parameters are listed in Table 1. From the
thermal parameters of this table the principal
axes of the thermal vibration ellipsoids for
the non-hydrogen atoms were calculated. Max-
imum r.m.s. amplitudes range from 0.145 to
0.185 A (corresponding B-values are 1.65 and
2.70 A?). Bond distances and angles with

\

estimated standard deviations (calculated from
the correlation matrix of the final least-squares
refinement cycle) are given in Table 2. Fig. 1
is a schematic drawing showing the numbering
of atoms, and the stereoscopic illustration of
Fig. 2 indicates the hydroIgIen bonding system.

The refining scheme for HO mentioned above
strongly suggests that the O-..O’ hydrogen
bond of length 2.438(5) A is in fact asymmetric.
However, the uncertainty in the proton posi-
tion is large, and the degree of asymmetry is
not significantly larger than that of a corre-

Fig. 2. Stereoscopic illustration showing the hydrogen bonding system [Johnson, C. K. ORTEP
ORNL-3794, Oak Ridge National Laboratory, Oak Ridge 1965]. a-axis is across, b-axis down

the page.
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spondingly short intramolecular hydrogen bond
in the enol form of 5,6-diacetyl-2,9-dimethyl-
4,7-decanedione,® where O-.-0’=2.439(1) A,
0-HO=1.08(2) A, and HO-.-0=1.42(2) A.

Bond distances and angles of the acetamide
molecule in the present structure may be com-
pared with those of a recent low temperature
crystal structure redetermination of the separate
molecule.* The C1 — N bond of the present com-
pound (1.307(4) A) is somewhat shorter than
that of acetamide itself (1.330(1) A), and the
angle C2—Cl1—-N is more open (119.0(3)°%;
116.8(1)°). As to be exXected, the C1— 0 bond
is elongated (1.264(4) A; 1.247(1) A). No other
geometrical parameters show significant dif-
ferences. The four non-hydrogen atoms are
coplanar to within 0.008 A.

The two N..-Br— distances of length 3.388(3)
A and 3.439(3) A are normal for hydrobromides
of this type,” and the N—HN...Br~ bonds are,
within error limits, linear.
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