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RESONANCE-ASSISTED HYDROGEN BONDS IN NITROBENZENES §

De-Chun ZHANG* and Yan-Qiu ZHANG
Department of Chemistry, Suzhou University, Suzhou 215006, P.R.China

ABSTRACT
Based on crystal structural data of 155 substituted nitrobenzenes,
geometries of intramolecular hydrogen bonds were examined, which strongly
suggested that the hydrogen bonds were enhanced by the resonance which
exists in the conjugated system. The atomic partial charges calculated at STO-

3G level and other experimental data confirmed also the phenomenon.

INTRODUCTION
Nitrobenzene and its derivatives are a class of compounds, important in
industry, chemistry and biology. They are also important military and
commercial explosives. This class of compounds could be divided into two
subclasses according to whether or not there is alpha C-H finkage. They
behave quite ditferently in impact experiment and thermal decomposition 1.

The subclass with no alpha C-H linkage consists of mostly nitroanilines
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and nitrophenols, some of which are well known thermal stable explosives (e.g.
1,3,5-triamino-2,4,6-trinitrobenzene ,TATB ). The difference in their properties
must be originated from their structures, particularly molecular structures. In
this respect, intramolecular hydrogen bonding is an important factor to be
considered. Reported in this communication is the detailed study on
intramolecular hydrogen bonding geometries, ab initio atomic partial charges
and acidity of the invovled H atoms in this class of compounds. The device of
Resonance-Assisted Hydrogen Bond (RAHB), developed by Gilli and co-
workers 2.3 to study the covalent nature of strong homonuclear hydrogen bond
in a system of n-conjugated double bonds, was employed and the
characteristics could well be rationized in this class of compounds in which the
intramolecular hydrogen bonds are either homonuclear (O—H---O) or
heteronuclear (N-H--O) and the = - conjugated system is based on a benzene

ring.

THE DATABASE

A search for nitrobenzene crystal structures was done on the CSD 4
{1991 release) with the following criteria. In the structure there should be: 1).
only one benzene ring and no other ring; 2). at least one nitro group directly
attached to the benzene ring; 3). no other element than C, H, N, O, F, CI, Br,
I. Besides, the structure must be fully determined and disorder-free.
Structures containing complicated substitutent or COOH group were excluded
so that attention could be focused on the function of the nitro group. The
database thus obtained consists of 155 structures in which there are a total of

289 nitro groups 5.
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Table |. lntramolecular Hydrogen Bonding in Nitrobenzenes
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29 CDNPOL  OH €1 NO2 [.333 .036 .008 .037 2.558 .074 5.

30 BDNPOL  OH Br NO2 [.333 .012 .027 .013 2.599 9.

31 PICRAC  OH NO2 NO2 1.312 .005 .022 .026 2.553 .067 1.

1.358 .002 .0t5 .030 2.555 1.

32 PICRACI] OH NO2 NO2 1.309 .024 .0{3 .015 2.580 8.

1.369 .024 .000 .041 2.537 2.

33 BAKLIL  OH NO2 NHz NO7 NHz 1.332 .041 .053 .036 2.486 8.
34 BOCNEM  OH NO2 Nz OH 1.326 .032 .01l .018 2.593
1.326 .032 .011 .08 2.593

35 BAFLEL  CH3 NO72 €1 1.501 .012 .00} -.018 2.808 -.008 58

36 CMNBENig CH3 NO2 Ct CH3  1.523 .074 -.0i8 .012 2.807 .004 86

37 DOHCOS CH3I NOZ CH3 NOz T 1.502 3.652 84.

1.518 3.027 11.

38 DOHCOSi0 CH3 NO2 CH3 NOz T 1.502 3.052 84.

1.518 3.027 1.

39 DOHCUY CH3 CH3 CH3 NO2 T 1.512 .015 -.009 3.050 19.

40 DOHCUYio CH3 CH3 CH3 NO2 T 1.510 -.002 006 3.031 19.

41 FULYEQig CH3 CH3 CH3 CH3 N0z 1.516 -.023 .000 2.981 51.

1.507 -.020 -.016 2.971 58.

47 NIBZAL CHO 1.490 .005 -.006 2.701 .001 27.

43 TNOXYL CH3 NO2 CH3 NOZ 1.485 .010 ~.005 .000 2.834 15.

1.495 .010 ~.005 .000 2.834 12

44 17IMUCQ1 CH3 NO2 NO2 1.505 .036 -.006 -.035 2.849 -.000 51.

.026 ~.053 -.004 2.925 -.012 60.

45 NOMESL  CH3 CH3 CH3 66.

46 SAIHAC  CH3 NO7 CH3 CH3 CH3 90.

47 PMNTBZ  CH3 CH3 CH3 CH3 CH3 86.

: Symbols in column Groups Llists substitule groups in the positions 2 lo 6

with short nolalion: X1 NH-C(CH3)3, X2 NH-N=C(CH3)COCH3, X3 NHCOCH3, X4
NH-NH2, X5 NH-COOC2H5, X6 NH-N=CH-C2H5, K NHCOCH3, T C(CH3)3, V NHCH3 and
blank for H alom. In position | there is always a NOZ.
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(1) (11}

Fig. 1 Resonance-Assisted Hydrogen Bond in Nitrobenzenes
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Fig. 2 A scatter plot of pKa versus deo
in ortho-substituted phenols
{x: nitrophenols)
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RESULTS AND DISCUSSION

In a total of 155 structures, there are 34 structures in which at least a
hydrogen-bond donor group such as NH 5 or NHR (subclass 1) and OH
(subclass 2), is directly attached to the benzene ring and ortho- positioned to a
nitro group. Intramolecular hydrogen bond was found in all the structures with
no exception. There are alsc 25 structures in which there is a hydrogen-bond
donor group but not directly attached to the benzene ring (subclass 3) and 13
structures in which a CH3 group is directly attached to the benzene ring and
ortho- positioned to the nitro group (subclass 4).

For subclass 3, possible intramolecular hydrogen bonding geometry was
also examined and intramolecular hydrogen bonds were found in these
structures, but not listed in table 1 because no resonance was found. For
subclass 4, an attempt was made to search the weak intramolecular
hydrogen bond between C SP 3 - H and O in nitro group &, but none was
found. In subclass 4, the nitro group makes a large dihedral angle ( in table 1)
with benzene ring, showing no sign of forming a system of n-conjugated
double bonds. The average value is 68.4°, that is, the plane of NO 2 group is
more or less perpendicufar to the best plane of benzene ring 7. Instead, one
of the hydrogen atoms in CHs is approximately equidistantly positioned to two
oxygen atoms in NO 5 group.

The main results were listed in table 1. The column Group listed
substituents in position 2 to 6. In position 1 there is always a NO 5 group. For
the meanings of the symbols in table 1, see fig.1. d 4 is the bond length

between the donor group and its attached ring carbon atom invoived in
intramolecular hydrogen bonding. Donor group could be OH or NH o or NHR
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or CH 3. R is the contact distarice between the two electronegative atoms
involved. The = is the dihedral angle between the best planes of benzene
ring and NO 5 group involved in intramolecular hydrogen bonding. All the other
columns listed the differences: d2 = d2 - d2' ; d3 = d3' - d3 and d4 = d4 - d4".
The unprimed and primed values respectively are the bond lengths involved
and not-involved in hydrogen bonding in the same molecule. [f the comparison
is not possible, there is a blank in the table.

In subclasses 1 and 2, the ring formed by atoms involved in intramolecular
hydrogen bond is almost coplanar with the benzene ring plane in all structures.
The maximum deviation from the best plane of the benzene ring for a non-
hydrogen atom is 0.10 A, as shown also by the values of -r intable 1. The R
value of 2.48 to 2.65 in structures Nos. 1 to 34 suggested that the hydrogen
bonds were strong or even very strong.

After a close look at the bond lengths involved in intramolecular hydrogen

bond in subclasses 1 and 2, an inherent trend was found. The bond lengths d 4
and d 3 (fig. 1) are shorter with almost no exception when compared with those
corresponding values which are not involved in intramolecular hydrogen
bonding in the same molecule. On the other hand, the d 5 and d 4 ( fig.1) are
longer than those corresponding values. The differences are not very large, but
still statistically significant.

The regular shortening and lengthening of the bonds could be rationalized
if one considers the resonance between the structures | and Il shown in fig.1,
where donor group could be NH, or NHR or OH. The resonance was first
suggested by Gilli and co-workers 2:3 to explain the strong and very strong

hydrogen bonds in a system of n-conjugated double bonds. It was concluded
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that while the O---O distance is shortened, the hydrogen bond is transformed
from a dissymmetrical O-—--H-- - O electrostatic interaction to a covalent and
symmetrical O-—-H--- O bond and that such behavior is common to all
homonuclear hydrogen bonds, while heteronuciear ones can only give weaker
bonds of mostly electrostatic nature. In this study, the system of x- conjugated
double bonds is based on aromatic benzene ring, not a n-conjugated double
bonds, and hydrogen bonds are either homonuclear (O—H-..-- O) or
heteronuclear (N—H----- 0), and hydrogen bonds studied are limited to
intramolecular ones. Despite these differences, the hydrogen bonds are
similiar to the so-called Resonance-Assisted Hydrogen Bond (RAHB) indicated
by the following facts: (1) the atoms involved in the hydrogen bond are
basically coplanar. (2) the distance O....0 is shortened from 2.80 A to the
range of 2.48 to 2.65 A. (3) the shortening and lengthening of the bonds
involved are consistent with the resonance. (4) Nitroanilines and nitrophenols
are much more stable than other nitrobenzenes where no such a resonance
exists.

The data for subclass 4 (Nos.35 - 46) were also listed in table 1 for
comparison reason. As shown by the table, subclass 4 is completely differenet
from subclasses 1 and 2. There is no resonance at all. It is consistent with the
well known fact in explosives practice, that is, nitrobenzenes with a C--H
linkage in the position alpha to the nitro group are significantly different from
nitroanilines and nitrophenols used in explosive industry 1. The latter is
considerably more stable than the former because considerably extra stability
is gained if one considers the above resonance.

To verify further this hypothesis, atomic charges at STO-3G level were
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calculated with Gaussian-82 program 8 for structures studied within the
limitation for our computing facility. The molecular geometries used in the
calculation were directly taken from crystal structural data with hydrogen atoms
being placed and the bond lengths involving H atoms being chosen according
to standard geometry 9. o geometry optimation was performed. The de in
table 1 is the PC(O) -- PC(O"), PCs being the atomic partial charges for oxygen
O and O', respectively ( fig.1). The resonance not only lengthens the bond
(d4), but also makes the oxygen atom O charged more negatively . The
differences are impressive.

If the resonance makes the d 4 shorter( fig.1), the H atom should be more
acidic. In fig. 2, the relation between the d 1 and the pKa was plotted for ortho-
substituted phenols, pKa being the minus logarithm of dissociation constant as
an acid. Nitrophenols form strong intramolecular hydrogen bonds because
they meet the conditions for the resonance. Other phenols, ortho-substituted
by group such as halogen atom or alkyl group, does not meet the conditions.
The clustering in fig.2 confirms also that the rescnance does enhance the

hydrogen bonds.
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REFCODES POR 155 NITROBENZENS
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