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ABSTRACT

A Huckel molecular orbital treatment of some halogen substituted formamide, acetamide
and benzamide series has been carried out to study the effect of substitutions (C1, Br, I) on

the charge delocalization in these molecules.

i

The net charges on carbon, oxygen, nitrogen and

halogen atoms and the bond orders of the C = O and C — N bonds have been calculated
and the results are discussed. The barrier heights for the internal rotation about the C — N
bond and resonance energies are also calculated.

INTRODUCTION
is well known that in amide molecules, no

ITsingle valence bond structure is consistent with
all their properties. This is due to the delocaliza-
tion of the <carbonyl w-electrons and lone pair
electrons of nitrogen, resulting in the double bond
character of the C — N bondi-5, Infrared, Raman
and NMR Spectroscopic studies of halogen sub-
stituted amides have been carried out by Petterson®,
Laches? and recently by Deklein®? and Devial9,
In the present work, the authors have attempted
to make a systematic study of electronic charges
on O, C, N and halogen atoms and bond orders
of C=0 and C— N groups to study the charge
delocalization due to different substitutions.

METHOD OF CALCULATION, RESULTS AND DISCUSSION

The Huckel molecular secular determinant of a
representative secondary amide is as shown in Fig. 1.
Where the « and f§ are the coulomb and resonance
integrals respectively of the atoms O, C, N and
the substituent to R, and X

The secular determinant was solved using a CDC
3600 computer. The solution of the determinanis
provides the eigen values and eigen functions of
the energy levels., Treating this as a six eleciron
problem, the three lowest levels are taken. as filled.

The mobile bond orders and the w-electronic
charge defined in the usual way were determined.
The net charge was determined as the difference
between the charge the atoms would have in the
absence of delocalization and its actual calculated
glectronic charge, A positive sign depotes a defict
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and a negative sign an excess of electronic charge.
T. Yanezawa et al.ll parameters are used in the
calculations.
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The results are tabulated in Tables T and 1L As
the aim of the present investigation is to study
the relative delocalization of the charge due to
the diferent  halopen  substitations, the  TIMO
method s used,  This method oy well suited for
comparative study and the esults depend upon the
choice of the parameters of the ¢oulomb and the
resonancg  inteerpls,



3

In halogen substuuted amides the net charge
on ovygen increases from formamide to acetamide
and acetamyide to benzamide whereas the corres-
ponding Jdcficit «n charge s decrecasing on carbon
atom. On the other hand the net charge on nitro-
ren atom shows an increase in the deficit of the
charge. In formamide series the net charge on
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benzamide seriecs. The C-~N bond order in
formamide sertes shows a decrcase from chloro to
bromo 1o iodo. Similar variation is found in
acetamide and benzamide series.

In Table 1I, the calculated bond orders of C= O
bonds and corresponding stretching frequenciesS
are presented. The net charge on nitrogen atom

TABLE I
Net charges of oxyeen, carbon, nitrogen and halogen atoms and bond orders of C = O and C — N
bonds in halogen substituted amides

Net Charges on

Bond Orders

Halogen C-0

Oxygen Carbon Nitrogen C-N

1. Chloro Formamide .. —0-729 -1 0344 +0-359 4-C-026 1-603 1:695
Chloro Acctamida —(0-764 +0-242 +0-663 +0-118 1-519 1-693
Chloro Benzamide .. —0-771 +0-238 +(-701 +0-134 1-516 1-685

2. Bromo Formamide .. —0-728 +(-348 J0-353 +0-027 1-606 1-6590
Bromo Acctamide —0-765 +0-220 +0 654 0-150 1-521 1-685
Bromo Benzamide —0-772 +0-226 40 690 +0-174 1-514 1:675

3., lodo Formamide —0-723 +0-365 +0- 345 +0-013 1-612 1-683
Jodo Acetamide —0-785 +0-242 30625 +0-148 1-530 1-683
lodo Benzamide —0-765 +0-237 -+0-658 10286 1-522 1-675

oxygen is increasing as we go from lodine to and N-H stretching frequencies® are correlated.

Brcmine to Chlorine. But in acetamide series the
net charge on oxygen is decreasing as we go from
iodine to bromine to chlorine. Compared to chloro
and bromc benzamide the iodobenzamide has less
charge on oxygen, the variation of charge on oXy-
oen being small.

The charge on nitrogen atom in all the three
series (i.e.) formamide, acetamide and benzamide
show less deficit as we go from Chloro to Bromo
to lodo substitutions, These results indicate that
a relatively large delocalization is taking place
from nitrogen lone pair electrons to carbonyl bond.

The bond orders of the C = O and -~ N bonds
as obtained by the authors in these studies are
of the same order as obtained by Morris et all
in case of primary amides like formamide and
acetamide. 'The carbonyl bond orders in all halo-
gen substituted amides show decreas:ng tendency
from formamide to benzamide. The carbonyl bond
order in formamide shows an increase from chloro
to bromo to icdo substituted amides. Similar varia-
tions are observed in the case of acetamide and

The more positive the nitrogen atom means, the
lesser the strength of the N-H bond and hence a
decrease In the N —H stretching frequency.

TasLE 11
frequencles and bond orders of carbonyl bond in
halogen substituted geetamide and benzamide

N-H

Amide WC = Q) Bond Chargeon stretching

order N atom frequency
N-Cl Acetamide 1,728 1-519 +0-663 3,420
N-Ci Benzamide 1,714 1-516 30-701 3,416
N-Br Acetamide 1,717 1-521 Gd:-654 3,422
N-Br Benzamide 1,704 1-514 0-690 3,418

—_————— e ——— —

The barriers to internal rotation about C-N
bond of these amides are calculated using the
concept of cis-frans localization energy. In order
to undergo ¢is-trans jsomerization the system muyst
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pass through a stage in which N-X m-electrons on
one hand and carbonyl m-electrons on other band
are uncoupled. This stage may be taken as transi-
tion stage and the energy needed to bring the

371

pronounced in N-iodo amides compared to those

of the corresponding N-chloroamides.

The resonance energies are calculated as the
difference between the total energy of delocalized

TaBLE III

The pielectronic energy of N-halogen substituted amiide

barrier to internal rotation gnd C~N bond order

and its fragments along with calculated

electronic energy of the Barrier {o C—N Resonance

Electronic fragments Internal bond energy
Amide encrgy —— 1 rotation order in B
Structure Structure in 8

1. N-Chloroformamide  6¢+11:9038 2a-}5-4648 4a+5-6008 0-839 1-695 0-839
N-Chloroacetamide 6a+12-2608 2a--5-6168 4a-+5-6008 1-044 1-683 1-196
N-Chlorobenzamide  6a+12-2878 2a-+5:6218 4a4-5-6008 1-066 1-685 1-223
2. WN-Bromoformamide  6a+11-0948 22154648 4a-+4-8008 0-830 1-690 0-830
N-Bromoacetamide 6a+11-4568 2¢-+5-6168 4a-14-80078 1-04C 1-685 1-192
N-Bromobenzamide  6a+11:4868 2a-+5-6215 4a44-8G08 1-065 1:675 1-222
3. N-Iodoformamide 6at+10-6818 20454643 4a-14-4008 0-817 1-683 0-817
N-lodoacetamide 6c+11:0288 2¢+5:-6168 4a+4-400§ 1-012 1-683 1-164
N-Iodobenzamide 6a+11-056 8 2a+5:6218 4a+4-4008 1-035 1-675 1-192

amide system to this particular stage as a measure
of barrier. Since uncoupled w-electrons remain
conjugated to moleécular fragment on its side, the
representation of transition stage involves two
radical fragments (structure II and 1II).

—

system and the energy the system would have if
carbonyl double bond, and nitrogen and halogen
lone pairs were localized. The results of the
calculations are also included in  Table IIL
The resonance energy increases in all halogen sub-
stituted amudes from formamide to acetamide to
benzamide. On the other hand in all the formamide,
acetamide and benzamide series the resonance
energy decreases as we go Irom chlorine to bromine
to . 10dine substitutions at the N-position.
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