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Crystal Structures and Hydrogen Bonding Schemes
in Four Benzamide Derivatives
(2-Hydroxy-benzamide, 2-Hydroxy-thiobenzamide,
2-Hydroxy-N,N-dimethyl-benzamide,

and 2-Hydroxy-N,N-dimethyl-thiobenzamide)

Franz Pertlik
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Summary. 2-Hydroxy-benzamide, C;H,NQ,; monoclinic; 12/a~C$;; a = 12.901(2), b = 4.982(1),
c=20987(3)A; B=91.50(2); Z=8. 2-Hydroxy-thiobenzamide, C;H,NOS; monoclinic;
P2,/n—C3y; a=13.508(5), b=6.780(2), c=15878(6)A; B =93.74(5)°; Z=8. 2-Hydroxy-
N,N-dimethyl-benzamide, CoH;;NO,; orthorhombic; Pbca—DL; a = 11.752(2), b = 16.680(3),
c=9.079 (2)A; Z = 8. 2-Hydroxy-N,N-dimethyl-thiobenzamide, C,H;NOS; monoclinic; P2,/c—
G a=6.983(1), b =11.652(3), ¢ = 11.704 (3) A; B = 100.02(2)°; Z = 4. The crystal structures of
these four compounds were determined (respectively refined: 2-hydroxy-benzamide) by single crystal
X-ray data. The refinements of the structure parameters by least squares methods yielded in all cases
R < 0.056. The hydrogen atoms were located by means of difference Fourier summations. The
O—H ... O distances are 2.513(1) A in 2-hydroxy-benzamide (intramolecular) and 2.625 (1) A in 2-
hydroxy-N,N-dimethyl-benzamide (intermolecular). The two O—H ... S distances in 2-hydroxy-thio-
benzamide are 2.904(2) A and 2.918 (2) A (intramolceular, two molecules in the asymmetric unit) and
3.228(2) A in 2-hydroxy-N,N-dimethyl-thiobenzamide (intermolecular). Clear N—H ... O hydrogen
bonds with 2.926 (I)A and 3.006(1)1& occur only in the structure of 2-hydroxy-benzamide (inter-
molecular).

Keywords. 2-Hydroxy-benzamide; 2-Hydroxy-thiobenzamide; 2-Hydroxy-N,N-dimethyl-benzamide;
2-Hydroxy-N,N-dimethyl-thiobenzamide; Molecular structure; Crystal structure; Intramolecular hy-
drogen bond; Intermolecular hydrogen bond.

Die Kristallstrukturen und Wasserstoffbriicken-Bindungsschemata in vier Benzamid-Derivaten

Zusammenfassung. 2-Hydroxy-benzamid, C,H,NO,; monoklin; I2/a~C§,; a=12.901(2),
b=4982(1), ¢ =20.987(3)A; B = 91.50 (2)°; Z = 8. 2-Hydroxy-thiobenzamid, C;H,;NOS; mono-
klin; P2;/n—C3,; a = 13.508(5), b = 6.780(2), c = 15.878 (6) A; B = 93.74(5)°; Z = 8. 2-Hydroxy-
N,N-dimethyl-benzamid, CoH;;NO,; orthorhombisch; Pbca—DJ; a = 11.752(2), b = 16.680(3),
¢=9.079(2)A; Z=38. 2-Hydroxy-N,N-dimethyl-thiobenzamid, CyH,;NOS; monoklin; P2,jc—
G a=6.983(1), b= 11.652(3), c = 11.704(3)A; B = 100.02(2)°; Z = 4. Die Kristallstrukturen
dieser vier Verbindungen wurden mittels ROntgen-Einkristalldaten bestimmt (bzw. verfeinert: 2-
Hydroxy-benzamid). Die Verfeinerungen der Strukturparameter nach der Methode der kleinsten
Quadrate ergab in allen Fillen R < 0.056. Die Wasserstoffatome konnten anhand von Differenz-
Fourier-Summationen belegt werden. Die O—H ... O-Abstinde haben folgende Werte: 2.513 (1) A
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in 2-Hydroxy-benzamid (intramolekular) und 2.625 (1) A in 2-Hydroxy-N,N-dimethyl-benzamid (in-
termolekular). Die zwei O—H...S-Abstinde sind in 2-Hydroxy-thiobenzamid 2.904(2)A und
2.918(2) A (intramolekular, zwei Molekiile in der asymmetrischen Einheit) und 3.228 (2) A in 2
Hydroxy-N,N-dimethyl-thiobenzamid (intermolekular). Klar zuzuordnende N—H.. .. O-Wasserstoff-
briicken mit 2.926 (1) A und 3.006 ) A treten lediglich in der Struktur des 2-Hydroxy-benzamid auf
(intermolekular).

Introduction

The crystal structure determination of the four title compounds by single crystal
X-ray techniques were performed to get clear cut information on the conformation
of the molecules, as well as on the hydrogen bonding scheme within and between
the molecules. In the two compounds, 2-hydroxy-benzamide and 2-hydroxy-thio-
benzamide, not only the O—H ...O and O—H ... S bonds were of interest, but
also the possible N—H ... O bonds or N—H ... S bonds of the NH, groups in

which the N atom acts as the donor atom.

The crystal structure of the compound 2-hydroxy-benzamide (= salicylamide)
was determined by Sasada etal. [1] from single crystal X-ray data, but without
determination of the H atom positions.

Experimental

Single crystals of 2-hydroxy-benzamide (Fluka AG, Nr. 84230) and 2-hydroxy-thiobenzamide [2, 3]
suitable for X-ray work were obtained from an ethanol-water solution, of 2-hydroxy-N,N-dimethyl-

Table 1. Summary of crystal data and experimental conditions for 2-hydroxy-benzamide (1), 2-hydroxy-thiob-
enzamide (2), 2-hydroxy-N,N-dimethyl-benzamide (3), and 2-hydroxy-N,N-dimethyl-thiobenzamide (4)

1 2 3 4
a[A] 12.901(2) 13.508(5) 11.752(2) 6.983(1)
b[A] 4.982(1) 6.780(2) 16.680(3) 11.652(3)
c[A] 20.987(3) 15.878(6) 9.079(2) 11.704(3)
B[] 91.50(2) 93.74(5) - 100.02(2)
Volume [A%] 1348.4 1451.1 1779.8 937.8
Peatc Lg-cm ™3] 1.351 1.403 1.233 1.284
Cell content 8 {C;H,NO,} 8 {C;H,NOS} 8 {C,H;NO,} 4 {C,H,;NOS}
Space group 12/a—C§, P2,/n—C3, Pbca—DJ}) P2,/c—C3,
u (MoKa) [cm™1] 0.62 3.17 0.52 2.50
28/ scan mode with step width in [} 0.03 0.035 0.03 0.03
Steps/reflection + (u;, ay)-splitting 50 60 45 60
Time/step [s] 0.5t0 1.5 0.5t0 1.5 0.5to0 1.5 0.5t0 1.5
Range of data: 20 max [7] 70 50 60 65
Range of 4, k, [ h, +k, *I +h k, —1 +h k, £1 +h k, x/
Measured reflections 6167 2885 5681 4061
Unique reflections 2970 2535 2597 3397
R, | I—- (D 1 0.052 - 0.048 0.061
Reflections with F, > 36 F, 1917 1809 1875 2463
Number of variables 119 237 153 153
Rand wR; w=[oc(F,)]"? 0.056; 0.048 0.052; 0.050 0.053; 0.048 0.046; 0.049
Least-squares shift to error (A/6)max <1073 <1073 <1073 <1073
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Fig. 1. The five molecules of the four different amides in projections onto the plane C(2) — C(4) C(6)
with interatomic distances in A. The e.s.d.’s for the distances between C, N, O and S atoms are
<0.014, for the N—H and O—H distances < 0.05A. The numbering scheme used in text and
tables corresponds with the scheme drawn in this figure. The intramolecular hydrogen bonds are
given as broken lines: a 2-hydroxy-benzamide; b molecule 1 and ¢ molecule 2 of 2-hydroxy-thio-
benzamide, d 2-hydroxy-N,N-dimethyl-benzamide; e 2-hydroxy-N,N-dimethyl-thiobenzamide

benzamide [4] from a chloroforme-hexane solution and of 2-hydroxy-N,N-dimethyl-thiobenzamide
[5] from a benzene-hexane solution. In all four cases cut crystal chips (cubes) of approximately
0.027 mm? were used for preliminary X-ray work by oscillation and Weissenberg-film methods. These
investigations yielded the lattice constants, Laue symmetry and extinction rules. Further the “quality”
of the crystals to be investigated were proved by these methods. The intensities of three-dimensional
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X-ray data for structure determinations were collected on an automatic four-circle diffractometer.
The crystals of all four compounds are stable at room temperature and atmospheric conditions. The
compounds 2-hydroxy-thiobenzamide and 2-hydroxy-N,N-dimethyl-thiobenzamide decompose
slowly, when exposured to X-ray radiation. Therefore in both cases only one set of unique X-ray
data could be measured without greater intensity damage.

Table 1 presents crystal data for the four title compounds and experimental conditions for their
structure determinations. In all four cases the collected intensities were corrected for Lorentz and
polarization effects. Especially for 2-hydroxy-benzamide the atomic coordinates given by Sasada et al.
[1] were used in a starting set of refinement of these coordinates, for the other three compounds the
positions of the nonhydrogen atoms were determined by direct methods. The atomic coordinates of
all atoms in consideration, of the anisotropic displacement factors for the atoms C, N, O, and S as
well as isotropic ones for the hydrogen atoms were refined by least-squares techniques. Complex
scattering functions for neutral atoms were taken from [6].

In Table 2 the atomic coordinates and anisotropic displacement factors (hydrogen atoms isotropic)
of the form

3 3
exp(— 22 Y 2 Uljhz-hja:fa}‘>
22

i=1j=

are compiled.
The e.s.d.’s are given in parentheses. Lists of structure factors have been deposited at the “Institut
fiir Mineralogie und Kristallographie” of the University of Vienna, Austria.

Table 3. Distances (A) within the different hydrogen-bonding systems and angles (°) at the hydrogen
atom. The e.s.d.’s are given in parentheses: (a) Donor-hydrogen; (b) donor-acceptor; (c) acceptor-
hydrogen; (d) angle donor-hydrogen-acceptor

2-Hydroxy-benzamide 2-Hydroxy-N,N-dimethyl-benzamide

(@) O@)—H() 0.94(2) (a) O2)-H®O) 0.90(2)

b)) 0(2)—0() 2.513(D) (b) O(2)—0O(1) 2.625(D)
©) O(H—HQO 1.67(2) () O(1)~-H®) 1.72(2)

@ Oo@-H(1)—0O() 148.4(2) @ o@-H1®)-0W) 174.4(10)

2-Hydroxy-thiobenzamide 2-Hydroxy-N,N-dimethyl-thiobenzamide

(@ O)—H() 0.91(3) (& O—-H(D 0.86(3)

(b)) O()—-S() 2.904(2) (b) O-S 3.228(2)
() S(H—-H() 2.01(3) (¢ S—HQO) 2.40(2)

d Oo()—-HM)-SO) 167.0(10) (d) O—H@)-S 164.2(10)

(@ O@)—-H(®) 1.04(3)

b)) 0@)—S(2) 2.918(2)

{c) S@)—H®) 1.954(3)

d) O(2)-H(2)-S(Q) 153.8(5)

>
»

Fig. 2. Stacking of the molecules in different projections. The hydrogen bonds are drawn as broken
lines. The notation of the different atoms is in correspondence with Table 2: a 2-hydroxy-benzamide;
b 2-hydroxy-thiobenzamide; ¢ 2-hydroxy-N,N-dimethyl-benzamide; d 2-hydroxy-N,N-dimethyl-
thiobenzamide
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Results and Discussion

Figure 1 gives the bond lengths within each molecule of the four title compounds
and the intramolecular hydrogen bond distances in 2-hydroxy-benzamide and 2-
hydroxy-thiobenzamide. Interatomic distances and angles of the hydrogen-bonding
systems are given in Table 3, some selected torsional angles are summarized in
Table 4. The interatomic distances as well as the bond angles between the non-
hydrogen atoms are in accordance with crystal chemical experience: related liter-
ature, interatomic distances and bond angles of salicylamide derivates were compiled
by Etter etal. [7]. The values of the C—H and O—H distances are, as usual,
somewhat short in comparison with results from neutron diffraction structure
determinations [8]. Responsible for this shortening is the delocalization of the
binding electrons between carbon, oxygen and hydrogen, respectively.

The molecules of the two amids with unsubstituted NH, groups are more or
less planar and the hydrogen bonds of the hydroxy groups are built up within the
same molecule with O resp. S atom as acceptors. Further in 2-hydroxy-benzamide
there are two N-H...O bonds to a neighbouring molecule
[N=H(ln)...0(1) = 2.926(1)A and N—H (2n)... 0(2) = 3.006 (1) A]. In 2-hy-
droxy-thiobenzamide one intermolecular N—H ... S distance from each one mol-
ecule can be interpreted as a hydrogen bond [N (1) ~ H(11)...S(2) = 3.458 3) A
and N (2) ~ H(12) ... S(1) = 3.474(3) A]. For the atoms H (21) and H (22) no atom
neighbours within the range up to 3.6 A from the central N atom and with a
plausible orientation to form a N~H ... S or O bond were found.

This hydrogen bonding scheme shows that in the amides with unsubstituted
NH, groups (in both cases) the molecules are connected to endless chains by
N-—-H...Oand N—H ... S bonds, respectively. In the amides with substituted NH,
groups the molecules are also combined to chains in one direction, but contrary
to the compounds with unsubstituted NH, groups, by hydrogen bonds of the type
O—H...Oand O—H... S, respectively. In the other two directions the molecules
are combined by van der Waals forces in all four compounds (cf. Fig. 2).

Table 4. Selected torsional angles (°) with e.s.d.’s in parentheses

2-Hydroxy-benzamide 2-Hydroxy-N,N-dimethyl-benzamide
oR)-C(H—-CQ)—-C( 0.2(1) oQQ)—-C(H—-Cc@)—-Cc 4.4(1)
C)-C2)-C(MH-01) 2.1 CH-C)—-C(MH-N 69.7(1)
C(3))-C(2)—-C(H—N 2.0(1) C(2)—C(H—N-C(@8) 179.1(1)
C2)—C(7)—N-C©®) 1.3(H)
C(3)-C2)—-C(M—-0() 61.3(1)
2-Hydroxy-thiobenzamide 2-Hydroxy-N,N-dimethyl-thiobenzamide
o-Can—-C2D-C(7DH) 2.003) oO-C(h—-C@-C(M 6.4(D)
Can-Cc2n-c@n—sq 19.3(2) C(1H)—-C(2)—C(7)—N 70.4(1)
CBRD~-CQRH—-CIH-NO) 18.9(3) C2Q)—C(T)—N-C(3) 8.7(1)
C(Q)—C(H—N-C©9) 177.2Q1)
0(2)—C(12)—-C(22)— C(72) 1.6(4) C(3)-C)-C(DH-S 64.9(1)

C(12)—C(22)—C(72)—S(2) 19.3(2)
C(32)-C(22)—C(72)-N(2) 18.9(3)
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