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SUMMARY

The solid molecular complexes formed between substituted acetanilides and trinit-
robenzenes are prepared and investigated by element analysis, IR and 'H NMR spectroscopy.
The results of element analysis confirm the formation of 1:1 complexes in a pure state. The
spectral changes reveal that picric acid forms complexes with w-n*, n-r* electronic interac-
tions and proton transfer while picrylchloride and trinitrobenzene result their complexes
through = — =* and n - w* transitions. The results are confirmed bv 'H NMR.

INTRODUCTION

The existence of molecular complexes between substituted
nitrobenzenes and aromatic hydrocarbons has long been recognized.
Mulliken suggested that the formation of molecular complexes
from two aromatic molecules can arise from the transfer of an elect-
ron from a = - molecular orbital of the donor to a vacant =*- mole-
cular orbital of the acceptor molecule(Mulliken, 1950; 1952; 1952).
The possibility of n-z* interaction was also illustrated.

Molecular complexes of N-substituted aniline derivatives as
donors and nitrobenzenes as acceptors were the subject of several
investigations (El-Kholy, 1980; Hindaway, 1980; Dale, 1954; Bailey,
1963; Ross, 1957). Some of these were concerned mainly with the
determination of their physical constants (K, AH, AS) using UV
absorption spectrophotometry. (Bailey, 1963;Ross, 1957).

In the present investigation, the solid complexes formed between
some acetanilide derivatives and picric acid, picrylchloride and

trinitrobenzene are prepared and characterized by element analysis,
IR and 'H NMR spectroscopy.
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EXPRIMENTAL

‘The compounds used in the present investigation were pure
grade chemicals from BDH. The substituted acetanilides were
prepared by the previously described method (Vogel, 1962). The
resulting compounds were recrystallized to constant melting point.
The following substituted acetanilides were used as donors:

where x = H (a), 0-C1 (b), m-C1 (c), p-Cl (d), p-Br (e), o-CH;(f),
m-CH;(g),p-CH; (h), 0o-OCH, (i), m-OCH;(j), p-OCH;(k),
0-N0,(1), m-NO,(m), p-NO,(n), 0-COOH(0), m-COOH (p)
p-COOH (q), p-N (CH),(r), 2,4-di-C1 (s), p-COCH ()

‘The acceptors used in this investigation are picric acid (I),
picrylchloride (II) and trinitrobenzene (III).

The solid complexes were prepared by mixing hot saturated
solutions of the donor and the acceptor (0.01 mole each) in absolute
ethanol. The solid complexes separate out readily with acceptor (I)
while with (IT) and (III) the complexes were obtained on standing.
The solids obtained were purified by either boiling with or recrys-
talization from ethanol.

The IR spectra were recorded in KBr matrix on a Unicam SP
1000 spectrometer. The 'H NMR spectra were obtained in DMSO
using Varian EM-390 90 MHz NMR spectrophotometer using
TMS as internal standard. The prepared molecular complexes were
subjected to element analyses at the microanalytical center, Cairo
University. The results are very satisfactory for 1:1 complex (donor:
acceptor) Tables (1 and 2). Melting points are uncorrected.
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RESULTS AND DISCUSSION

The results of .element analyses of the molecular complexes
under investigation, Tables 1 and 2 are in good agreement with
those required for 1:1 complexes. Compounds isolated from mixtures
containing twice as many acceptors than donors (in a trial to test
the possibility for the existence of 1:2 complexes) were only 1:1
complexes. This is in accordance with previous conclusions that the
presence of a donating = — system is essential for CT complex for-
mation (Issa, 1981).

The acceptors used in the present investigation are either acidic
molecules (I) or neutral molecules (II) and (III). Since the donor
molecules under investigation have obvious basic character, then it is
acceptable that their behaviour towards acceptor (I) would be diffe-
rent from that towards (II) and (III). In the former case, the charge
transfer interaction is expected to take place through electron transfer
from the donor molecule to the acceptor and proton transfer from
the acceptor molecule to the basic center in the donor, while electron
transfer only is expected with acceptors (II) and (III). Accordingly
cach type of molecular complexes is considered separately.

MOLECULAR COMPLEXES WITH PICRIC ACID (I)

The IR spectra of the molecular complexes formed when picric
acid is allowed to react with the donors under investigation exhibit
some dramatic changes which are used to elucidate both the type
of bonding and the structure of these complexes. These changes may
be summarized in the following:

The vyy bands of the donor appearing within the wave number

~ range 3300-3200 cm~1 are not observed in the IR spectra of the mole-

cular complexes (El-Ansary, 1985). Meanwhile a group of weak to

medium bands are observed within the 3000-2400 cm™! range. These
bands are attributed to the stretching vibration of a hydrogen atom

attached to a positively charged nitrogen atom (N*-H). This assig-

nment is in agreement with those previously reported for aniline

salts (Bellanato, 1960). This group is formed through the transfer of
a proton from the acidic OH-group of picric acid (pKa = 0.38) to
the basic nitrogen atom of the donor molecule (Weast, 1978; 1979).

This is also confirmed by the disappearance of the voy band of
PiOH.
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Table III :
Colour and melting point of molecular complexes of acetanilides with trinitrobenzene
: -Doqor Colour m.p.°C - | Donor Colour m.p.°C
a buff ' 75 k brown R
b brown 58 1 yellow 115
c buff 93 m buff 116
d buff 110 - n buff 168
L€ buff 120 0 buff 136
f pale brown 81 p buff 218
g buff 83 q buff 221
“ h_ Cbuff 85 r dark brown 151
1 yellow orange 119 H brown 102
j buff 76 t pale brown 129

For donors 1, m and n, IR spectra of the complexes display
the vy band of picric acid at 3370, 3310 and 3290 cm~! respectively.
Also the vyy of the donors ate observed at 3120 cm~1. This may be
taken as evident that proton transfer does not participate in the for-
mation of these complexes.

The amide T band (ve—,) mostly exhibit a shift to lower wave
number on complex formation. This is attributed to decreased pola-
rization of the Ci==O under the influence of the electron withdrawing
NH,* group especially in presence of electron donor group in the
acctanilides. For donors o,p and q containing a COOH group, a
slight shift to higher wave number is observed.

Picric acid exhibits three v,5,, NO> bands which shift to lower
wave number on complex formation with donors a, 1, m, n, s and
t. This shift indicates the increased polarization of the NO, groups
in the molecular complexes. This behaviour results from the © — 7*
charge transfer interaction. For other donors, the higher v,g,, NO;
band shifts to higher wave number. This can be explained by invo-
king the occurance of an n-m* interaction between an n-electron on
the substituent with a vacant n—level on the nitro group facing it.
This interaction has a high possibility for o- and p- substituents
having n-electrons. The v,,,, NO, band shifts to lower wave numbers,
which is in accordance with previous studies (Issa, 1981).

 The yom band of the acceptor (PiOH) is shifted to lower wave
numbers (Table 4) while those of acctanilides (Table 5) are mostly
shifted to higher wave numbers. These shifts are ascribed to increased
polarlzatlon of the CH bonds in the ‘acceptor part-and the reverse in
the donor part of the complex.

In general, the above results lead to the conclusion that picric
acid form molecular complexes with acetanilides through proton
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transfer from the phenolic OH group of PiOH: (except with' nitro
substituted derivatives 1, m and n) to the basic center (NH group)
on the acetanilides. Charge transfer interaction results from the
location of an electron from the highest occupied molecular. orbital
(HOMO) of the donor to the lowest unoccupied molecular orbital
(LUMO) on the acceptor. In addition n—=* interaction  occures
between substituents containing n-electrons and the nitro group facing
it. Thus the CT interaction in molecular complexes belonging to
this group may be represented as follows: o

s

2z = CL (II), H (III)

A
c=0
4 00 e e ® 900 NH2

NO ‘

Ik

Molecular complexes with picrylchloride (II) and trinitrobenzene (1I1)
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The IR spectra of molecular complexes formed between acetanil-
ides and picrylchloride (II) of trinitrobenzene (III) are superposition
of the IR spectra of their constituents. The spectra of the complexes
compared with those of their components (Tables 4 and 5) reveal an
apparent shift of the Yy bands of the acceptor to lower wave numbers
while those of the donors are shifted to higher ones. This behaviour
results from the increased electron density on the benzene ring of the
the acceptor and its decrease on that of the donor which results from
intermolecular = —n* electron transfer from the HOMO of the donor
molecule to the LUMO of the acceptor molecule (Issa, 1981; Kross,
1957; Hindawey, 1983).

The NO; bands of the acceptors display some changes which
may be useful for elucidation of the bonding in the molecular comp-
lexes.

The asym NO, bands become broadened and splitin many cases.
This splitting indicate differentiation of the energy states of the NO,
groups. For complexes with II three peaks are observed while with
ITI only two peaks are present. The lower.cnergy band displays
a shift to lower wave numbers indicating increased polarization of
the NO, group corresponding to this band. The higher energy band
almost shift to higher wave numbers (specially for II complexes)
which can be accounted for by assuming the occurance of an n-w*
interaction involving the transfer of a lone electron pair from the
the nitrogen atom of the acetanilide to a NO, group facing it in the
charge transfer molecule (Kross, 1957). The n—=* would overcome
the effect of the n—=* CT interaction, hence the band is shifted to
higher values. For complexes of III, the asym NO, band splits to
two peaks, the first at lower wave number while the second shifts
either to lower or higher values. Sometimes it retains its position,
this may be due to the compansation of the n—=* effect by the n—r*
interaction (Hindawey, 1983). For complexes of IIT with 1, m, n, o,
p and q only one asym. NO, band is observed for the acceptor. This
may be attributed to the electron withdrawing effect of the substitu-
ents, thus diminishing the n-x* interaction.

The sym. NO, bands of both acceptors II and III display shifts
to higher wave numbers. This behaviour confirms the existence of
CT interaction.
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- The higher energy NH band of the donors shifts to higher wave
numbers while the low energy band exhibit counter shifts or disappe-
ars. This indicates the decreased electron density on the nitrogen
atom as a result of =—n* and n-z* electron interactions.

Based on the above discussion the molecular complexes “with
picrylchloride or trinitrobenzene may be represented by the following:

tH NMR

A further support for the conclusions gained from the IR spectra
is obtained from considering the 1H NMR spectra of molecular
complexes in comparison to those of their const1tuents

"The signals due to aromatic protons of the donor part are shxfted
to higher 3 values while those of the acceptor part exhibit reverse
displacement. Such shifts are due to the decreased electron density
on the donor ring and its increase on the acceptor one; which results
from the intermolecular CT interaction.

The free donors exhibit the NH signal at 10.28-9.8 ppm which
are shifted to higher field at 9.45-8.85 ppm on complex formation
(Bennett, 1969). This shift can be explained by COHS]dCrll’lg the
resonance of the donor as follows:

fo

N s C/
N_ C - N__
Scy T \CH
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Such resonance is prohibited or may be reversed as a results of the
charge transfer interaction from the donor ring (m-=*) and from the
nitrogen atom (n-m*).

The *H NMR spectrum of Ia exhibits broad signals at 8.9-9.2
ppm with an integration equivalent to two protons while that of
the OH group of picric acid no longer exist. These signals are likely
to be assigned to the —+NH, group formed through the proton transfer
from the acceptor to the donor molecule.

The spectrum of In displays two signals at 9.1 ppm and 9.35 ppm
the NH and OH protons. This indicates that In complex is formed
through electron transfer only confirming that strong withdrawing
substituents on the donor hindered the proton transfer from picric
acid molecule to the donor.

For complexes of acceptors IT and III the NMR spectra display
the signals of both donor and acceptor with those of the former shifted
downfields and of the later exhibit a reverse displacement. Such shifts
confirms the existence of the CT interaction as mentioned above.
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