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The Structure of o-Nitrobenzoic Acid*

By T.D.SAKORE, S.S.TAVALE AND L. M. PANT
National Chemical Laboratory, Poona, India

(Received 18 October 1966)

o-Nitrobenzoic acid, NO,CsH4COOH, crystallized from aqueous alcohol mixture is triclinic, space

group PT with

a=17-55,b=499, c=1250 A;
«=122-5°, p=95-3°, y=108-9°;
20 (26°C), 1-567 g.cm=3; g, for Z=2, 1-568 g.cm~3;

u for Cu K«, 13-5 cm~1.

The structure has been refined with the help of three-dimensional data and the molecular dimensions
are compared with those of similar compounds. The effect of intramolecular overcrowding is to cause
the exocyclic carbon atom and the nitrogen atom to be displaced out of the aromatic plane in opposite
directions by 0-209 and 0-160 A respectively; the C—C and C-N bonds are displaced sideways as well.
The o-nitrobenzoic acid dimers are held in a stable structure by normal van der Waals interactions.

Introduction

The structure analysis of o-nitrobenzoic acid was under-
taken as part of a programme to determine the struc-
tures of substituted benzenes in order to study the ef-
fects of the substituted groups on the molecular geom-
etry. The structure of p-nitrobenzoic acid was recently
determined (Sakore & Pant, 1965, 1966) and the
analysis of p-nitrobenzaldehyde (Jose & Pant) is in
progress.

Experimental

The crystals, obtained from a water-alcohol mixture
are triclinic, space group P1 with

a=7-55 b=499, c=1250 A;

o=122-5°, f=95-3°, y=108-9°;

00(26°C), 1-567 g.cm—3; g, for Z=2, 1-568 g.cm3;
u for Cu Ka, 13-5 cm™1.

The axial lengths were obtained approximately from
rotation photographs along the three axes, more ac-
curate values being obtained from zero-layer Weissen-

* Communication No.1003 from the National Chemical
Laboratory, Poona, India.

berg photographs from which «, f, y were also deter-
mined. The data reported by Thaker ef al. (1939) are:

a=17-58, b=1401, c¢=5054A;
oa=131°11", B=109°37', y=61°54"; g4, 1-559 g.cm=3.

The b axis chosen by Thaker, Kapadia & Prasad (1939)
corresponds to the [101} direction according to the cell
chosen for the present analysis.

Reflexions of the type 40!/ and 0k! to 5k/ were ob-
tained from equi-inclination Weissenberg photographs,
using copper radiation. The crystals used were platy
with a maximum width of about 0-3 mm normal to
the oscillation axes. Intensities of 694 reflexions out
of nearly 1250 possible for these layers were estimated
visually from extended spots in higher layer photo-
graphs; intensities were corrected for the Lorentz—
polarization—-Tunell factor as well as the effect of spot
extension (International Tables for X-ray Crystallo-
graphy, 1962); absorption was neglected.

Determination and refinement of the structure

Possible trial structures in the (010) projection were
postulated with the help of the Patterson map, assum-
ing plane centrosymmetrical dimers and usual bond

Table 1. Final atomic and thermal parameters

X y z B
C(1) —0-2812 4+ 0-0009 —0-0628 + 0-0014 0-1928 4+ 0-0006 2-40 A2
C(2) —0-2308 + 0-0009 —0-0972+0-0014 0:2931 +0-0006 2:20
C(@3) —0-3639 4 0-0009 —0-1913+0-0014 0-3521 + 0-0006 3-22
C4 —0-5533 +0-0009 —0-2327+0-0014 0-3130+ 0-0006 3-53
C(5) —0-6118 +0-0009 —0-1928 +0-0014 0-2181 + 0-0006 3-66
C(6) —0-4758 + 0-0009 —0-1073+0-0014 0-1568 + 0-0006 3-05
C(T) —0-1553 4 0-0009 —-0-0234+0-0014 0-1125 + 0-0006 2:38
N —0-0243 4:0-0008 —0-0158 +0-0012 0-3470 + 0-0005 2:87
o(1) —0-0187 +0-0007 —0-1066 + 0-0010 0-1047 + 0-0004 3-27
0(2) —0-1984 1 0-0007 0-0952 4+ 0-0010 0-0486 + 0-0004 3-69
0(3) 0-1089 + 0-:0007 0-2759 +0-0010 0-3909 + 0-0004 4:12
0(4) 0:0045 + 0-0007 —0-2355+0-0010 0-3502 + 0-0004 3-78
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Table 2 (cont.)

lengths and angles. The Fourier transforms of these
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Table 2. Observed and calculated structure factors
The low angle reflexions not shown in the table were cut off

by the beam stop.
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* This reflexion was left out of the refinement owing to an

oversight.

Table 4

ab and ab’ planes are the same
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along with the angles between the different planes and
the deviation of the atoms from them. The least-
squares plane through the benzene ring was obtained
by the method of Schomaker, Waser, Marsh & Berg-
man (1959).

The average C-C bond length in the benzene ring is
1-394 A which is very close to the value found in crys-
talline benzene (1-393 A; Cox, Cruickshank & Smith,
1958) and in p-nitrobenzoic acid (1-396 A). However,
the individual aromatic C-C bonds are of significantly
different lengths in o-nitrobenzoic acid [Fig.2(a)]; the
bonds parallel to the exocyclic C-C bond are longest
(1-406 and 1-427 A) while those further away are the

THE STRUCTURE OF o-NITROBENZOIC ACID

shortest (1-362 and 1-377 A); the remaining two bonds
are nearly of normal length (1-389 and 1-403 A). The
general picture thus resembles the molecule of benzoic
acid [Fig.2(b)] where the corresponding bond lengths
are 1-41 and 1-42 A, 1-36 and 1:37 A, 1-39 and 1-39 A
respectively. It thus appears that the substitution of
the nitro group in the ortho position leaves the aro-
matic bonds of benzoic acid molecule almost undis-
turbed while its substitution in the para position has
the effect of making the different aromatic bonds of
nearly equal length.

It may be of interest to mention that the distribution
of valency angles in the aromatic ring in o-nitrobenzoic

Table 3. Intramolecular distances and angles

Intramolecular
distances

C(1)-C(2) 1-389+ 0010 A
C(2)-C@3) 1406 +0-010
C(3)-C% 1-:377+0-010
C(4)-C(5) 1-362+0-010
C(5)-C(6) 1-427 +0-010
C(6)-C(1) 1-403 +0-010
C(H)-C(D 1:489+0-010
C(2)-N 1-466 + 0-009
N-—0(3) 1-234 + 0-008
N-——O0(4) 1-204 +0-008
C(7)-0(1) 1-:223 +0-009
C(7)-0(2) 1-295 +0-009
C(1)-0(3) 2:931 + 0-009
0(1)-0(3) 2-864 +0-007
C(1H-N 2:980 + 0-009
O(1)-N 2:817 £ 0-008
O(1)-0(2) 2645+ 0-007

(x,,2) (X,5,2)

Bond angles

0(1)-C(N-0(2) 1211+0-6°
C(1)-C(7)-0(2) 117-4+0-6
C(1)-C(7)-0(1) 12144406
C(1)-C(1)-C(2) 1254+ 0-6
C(7)-C(1)-C(6) 1184+ 06
C(6)-C(1)-C(2) 1157406
C(1)-C(2)-C(3) 1243306
C(2)-C(3)-C(4) 1176+ 0-6
C(3)-C(4)-C(5) 1213307
C(4)-C(5)-C(6) 120-0+0-6
C(1)-C(6)-C(5) 121:0+ 06
C(3)-C(2)-N 1167406
C(1)-C(2)-N 119-120-6
C(2)-N-—0(3) 1189406
C(2)-N-—0(4) 1175306
0(3)-N-—0(4) 123-6+0-6

Table 4.
Equations of planes

" (1) Benzene ring
(2) Nitro group
(3) Carboxylic group
(4) Plane through O(1),
0O(2) & dimer centre

—0-1674x+0-6816y+0:7123z—0:567=0

—~0-4019x—0-1876y +0-89652—3-817=0
0:2159x4-0-5748y 4+ 0-7895z—0:062=0
0:2456x +0-5989y +0-76222=0

Angles between different planes

2 3) ()]

1) 54-7° 23-4° 24-5°

2) — 59-1 —

3) — — 26

Deviations of atoms from different planes
Planes
¢V ¢))] (©)) @

c) —0013 A —0:034 A —-0-133 A
C(2) - 0020 0-065 A
C(3) —0-012
C@4) —0-002
C(5) 0:006
C(6) —0-001
C(7) —0-209 —0-029
N 0-160
o(l) — 0689
0(2) 0-121
0(3) 1-104
o) —0:635
Dimer
centre —0-567 —-3-187 -~0:062
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acid is similar to that found in nitrobenzene (Trotter,
1959a) and nitrobenzene derivatives such as o-nitro-
benzaldehyde (Coppens, 1964; Coppens & Schmidt,
1964), B-p-nitrophenol (Coppens & Schmidt, 1965),
nitromesitylene (Trotter, 19596) and p-nitrobenzoic
acid (Sakore & Pant, 1966); in each case the angle at
the carbon atom where the nitro group is attached is
greater than 120°, the angles at the ortho positions are
less than 120° and the other three angles are generally

723

close to 120°; the effect is less marked in p-nitroaniline
(Trueblood, Goldish & Donohue, 1961). Trotter (1960)
has attempted a correlation between the valency angles
and the effective covalent radii in the aromatic ring
of simple substituted benzenes on the postulate that
changes in the hybridization of aromatic carbon atoms
from those in benzene result in changes in the C-C
bond lengths; he has given a graph of valency angle
against covalent radius, which was obtained from the

Fig. 1. Electron density projected onto (010). Contours are at intervals of 1 e.A-2, starting from 2 e.A-2.
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Fig.2. Bond lengths and angles in (@) o-nitrobenzoic acid, (b) benzoic acid, and (¢) p-nitrobenzoic acid.



724

nitrobenzene results. In some instances, the graph gives
reasonable agreement with observed bond lengths;
however, in the cases of benzoic acid and o-nitroben-
zoic acid, there is no agreement between the observed
values and those to be expected from the graph.

The carbon atom C(1) and the centre of the dimer
are not exactly in the plane of the carboxylic group;
these are on the same side of the plane and respectively
0-034 and 0-062 A away from it. This suggests that, as
in the case of p-nitrobenzoic acid, the oxygen atoms
O(1) and O(2) of the carboxyl group are drawn towards

THE STRUCTURE OF o-NITROBENZOIC ACID

the centre of the dimer, presumably because of the
force exerted by the hydrogen bonds. The angle be-
tween the plane of the carboxyl group and the one
passing through O(1), O(2) and the dimer centre is
2:6° (2-4° in the case of p-nitrobenzoic acid).

The intramolecular overcrowding between the nitro
group and the carboxyl group is relieved partly by the
rotation of the substituted groups away from the aro-
matic plane and partly by the displacement of the
nitrogen atom and the exocyclic carbon atom C(7)
away from each other. The nitro group is rotated 54-7°

asin Y

R 4
C(7) &%\?3-\9\?4
A

S 1exyz

344A" 2
R W C(4)
S e N Rz 393
S B 7K o@ e
§ i g
GAT S0
/," :' [ o’
e@® g e
C(4)

0 1A
—e g

Fig. 3. Structure of o-nitrobenzoic acid projected onto (010).

1
t
1

0(2) 2¢65A 0(1)

xy=1:Z ,0(4)

=~ esinB

04 xyi-z

4 vz O 1A
xX1-y.1-2

Fig.4. Structure of o-nitrobenzoic acid projected onto (100).
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and the carboxyl group 23-4° from the aromatic plane.
The exocyclic carbon atom and the nitrogen atom are
displaced 0-209 and 0-160 A respectively from the aro-
matic plane in opposite directions. The carbon atoms
C(1) and C(2) are displaced respectively 0-013 and
0-020 A from the least-squares plane; the displace-
ments of these atoms are, as expected, small and in
the same directions as the atoms C(7) and N respec-
tively (Table 4). The C(1)-C(7) and C(2)-N bonds are
displaced sideways as well (Fig.2).

The dimensions of the carboxyl group and the nitro
group in o-nitrobenzoic acid show only minor differ-
ences from those in p-nitrobenzoic acid (Fig.2).

The projections of the structure along the b and a
axes are shown in Figs.3 and 4 respectively, in which
the principal intermolecular distances are also shown.
The o-nitrobenzoic acid dimers are held in a stable
structure by normal van der Waals interactions. The
hydrogen bonds forming dimers are 2:645 A in length
(2653 A in p-nitrobenzoic acid).

We are grateful to Dr A.B.Biswas for his interest
in this work.
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The Crystal Structure of D-Galactono-y-lactone

By G. A.JEFFrEY, R.D. ROSENSTEIN AND M. VLASSE
The Crystallography Laboratory, The University of Pittsburgh, Pittsburgh, Pa. 15213, U.S.A.

(Received 6 June 1966)

The crystal structure of D-galactono-y-lactone, CsH100s, has four molecules in a cell, a=6-746, b=
10-67, c=10-98 A, with space group P2:2:2;. The structure was determined from three-dimensional
photographic data by means of a resolved centrosymmetric projection and the Harker sections of the
Patterson synthesis. The molecule consists of a 1,4 lactone ring to which is attached a CHOH.CH,OH

o
I

chain. While the lactone group, C-C-O-C, is planar, the fifth atom of the lactone ring is 0-64 A out of
this plane, forming the puckered furan-type configuration very similar to that found in furanose sugars.
The C-O bond adjacent to the carbonyl is 0-10 A shorter than the other C-O bonds, which do not

differ significantly from a mean of 1-421

A. The intermolecular hydrogen bonding forms a three-dimen-

sional network which includes all the hydroxyl groups as donors and acceptors, but excludes the two

oxygen atoms of the lactone group.

Introduction

This crystal structure determination of D-galactono-y-
lactone forms part of a program aimed at providing
data pertaining to the effects of intermolecular and
intramolecular environments on the stereochemistry of
groups of atoms commonly found in the carbohydrates
and their derivatives. In this structure (I), and that of
D-glucurono-y-lactone (II) described in the following
paper (Kim, Jeffrey, Rosenstein & Corfield, 1967), the

lactone group C-C-0O-C is observed in a 1,4 lactone
l
0
ring, which in the former is attached to a chain and
in the latter is fused to a furanose ring. Therefore, the
postulate that this group is generally planar, by reason

+
of the valence-bond resonance form C-C=0-C (cf.

|
O_



