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ABSTRACT

The study examined a group of antibiotics called nitrofurans , Nitrofurantoin( NFT) and Nitrofurazone (NFZ ) used to
treat urinary and reproductive tract infections . A Gaussian mechanics program was used to arrive at theoretical
information related to these compounds. The study relied on the use of density function theory (DFT, B3LYP) with the
Gaussian program (09). It was applied to calculate the balanced geometric shape of nirofurazone e compound, as well as
calculating the thermodynamic functions (EO, HO, A0, SO, CV), as well as some physical properties (EHOMO, ELUMO,
IP). The vibrational spectra and frequencies were also studied. The aim of the study is to obtain theoretical information
that will help researchers in the practical field to reach the most effective compounds of nitrofurans and those with the
least harm to the human body.
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INTRODUCTION

Nitrofurans are a class of antimicrobial drugs containing
a furan ring with one or more nitro groups in their
chemical structure [1]. The most clinically important and
were used to treat bacterial infections in livestock
representative of this drug class is nitrofurantoin [2].
Nitrofurans are widely used as antibiotics against various
types of bacteria. They have been used to treat bacterial
infections in cattle and a range of other animals [4]. The
active component in their structure is the nitrofuran ring
[5]. Nitrofurantoin belongs to the nitrofuran class and is
used to treat uncomplicated urinary tract infections[6] .
Nitrofurantoin's structure contains hydantoin ring [ 2,4-
imidazolidinedione ] associated with an imine group (
N=CH) a to [5-nitofuran ring ] with nitro group in 5th
position[7] . Nitrofurantoin is produced by bacterial
enzymes and intermediate electrophilic compounds are
formed hindering metabolic processes within the bacterial
cell such as inhibiting the citric acid cycle ( Krebs cycle )
and the synthesis of nuclic acids ( DNA , RNA ) as well as
breaking down cell wall therefore [8], it prevents bacterial
proliferation and growth within the bladder . This drug is
more resistant to the development of bacterial resistance
because it acts on several targets simultaneously [9]. It is
an antibiotic effective against various types of bacteria and
has been widely available since 1953 [10]. Its effects are
limited to treating urinary tract infections and do not affect
other body systems[11]. Nitrofurantoin is one of the
antibiotics that can cause liver problems . It can cause
acute or chronic hepatitis syndrome, which can be severe

and lead to cirrhosis and liver failure [12] .Nitrofurazone
is a semi carbazone resulting from the formal
condensation of semi carbazide with 5-nitrofuraldehyde. A
broad spectrum antibacterial drug [13] . Although studies
have shown it to be antibacterial, there are potential health
risks associated with its use, particularly cancer (such as
causing tumors in the breast, ovaries, and skin) and
allergic reactions. Due to these concerns, it has been
banned in many food-producing animals [14]. The main
component of nitrofurazone is oxacillin, which has the
ability to inhibit bacterial growth within the urinary tract.
It prevents the formation of the bacterial cell wall, leading
to bacterial death or inhibiting their growth and
reproduction [15] . Previous studies have not shown that
nitro causes chromosomal aberrations in rats or congenital
malformations in sperm [16], while chromosomal
aberrations have been recorded in mammals, with both
positive and negative results obtained. While some studies
have indicated an increase in breast fibroids
whenNitrofurazone is taken orally in mammals, other
studies have shown no evidence of such an increase[17].

Action of nitrofurans

The action of nitrofurans involves bacterial enzymes
reactive  intermediate compounds. These intermediate
compounds bind nonspecifically to the ribonucleic acid
(DNA) and ribonucleic acid (RNA) in bacteria lead to
damage and inhibits their synthesis The active
ingredients also inhibit key bacterial enzymes involved in
the citric acid cycle and protein synthesis 8!, The drug's
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effectiveness stems from this inhibition of bacterial
enzyme activity, making it more difficult for bacteria to
develop resistance Bacterial cells can metabolize
nitrofurantoin. Bacterial enzymes nitroeductases convert
nitrofurantoin into highly active intermediate such as (
nitro-anion-free radical ) that damage and inhibits vital
cellular processes such as protein synthesis, DNA and
RNA synthesis, and cell wall synthesis . These enzymes
then damage bacterial ribosomes, proteins, and other
macromolecules, such as DNA, RNA, and cell wall
components.. It also inhibits other metabolic prosses such
as those involved in the citric acid cycle. As a result, this
damage the bacteria's vital functions leading to cell
death™ . Some mutations in nitroreductase genes may
lead to strong resistance against nitrofurans . Nitrofuran
compound in particular, exhibit high activity against
Gram-positive and Gram-negative bacteria, with narrow
toxicity to human cells and indications of carcinogenic
effects. Furthermore, the clear identification of nitrofurans
using functional groups and molecules can enhance the
efficacy of these compounds 1291,
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Fig 1: Action of nitrofurans

Density functional theory (DFT)

Theoretical chemistry is a discipline derived from
theoretical physical chemistry, using computational
programs and algorithms to develop a deep understanding
of the molecular structure?!! and chemical reactions of
certain complex compounds that are difficult to determine
experimentally because they are costly and time-
consuming It utilizes quantum mechanics and advanced
computer applications to determine thel??l. properties of
complex systems that are difficult to wunderstand
experimentally . The theoretical density function theory is
considered one of the methods of quantum calculations in
chemistry and physics, and one of the means of computer
modeling for contemporary theoretical calculations!?! |
This theoretical approach allows us to identify the intrinsic
properties of relatively large, complex multi-particle
systems; including the total energy of the system, the
electron density of the orbitals, vibrational energies, and
dynamical properties., physical and optical parameters of
matter...). It is also one of the most widely used methods
in quantum chemistry calculations because it can be
applied to multi-particle systems at low cost and high
speed®!.  Density Function Theory (DFT) in quantum
mechanics is a method for calculating the quantum
databases of complex particles, and its calculations rely on

the density function of electrons p(r) instead of the wave
function(y) . This simplifies the calculations because it
transforms the problem from a multi-particle system to a
single-particle system and relies on the Cohn-Sam
potential. This simplifies the calculations because it
transforms the problem from a multi-particle system to a
single-particle system and relies on the Kohn - sham
potential 1251,

Kohn—Sham equation for the electronic structure is given
by
1

V2 ¢i(r) + Verr (r) = Eidi(r) =

2
V2 Laplacian Operator (82/dx? + 8%/dy* + 8% /02>

¢ (Phi): A scalar field, meaning it assigns a single value
(like temperature or potential) to every point in space.

i: Often denotes the i-th component of a vector or field,

>

Veti(r): The potential that affects a single electron and all
other electron.

it is consist of Vext ( The external potential attracts the
nucleus to the electron) and Vu (Hartree potential
represents electrostatic repulsion

In density function theory calculations 2], the system and

™ electronic structure are first determined, and then the

appropriate exchange-Correlation  functional, such as
B3LYP( Slater'! | Hartree -Fock , Bck s, and Lee- Yang
-parr function ) or GGA ( Generalized Gradient
Approximation ) , LDA ( Local Density A approximation)
, The function is chosen based on the nature of the system
and the electronic structure of the molecules being studied.
To calculate thermodynamic functions using density
function theory (DFT), the complex wave function is
replaced by electron density as the underlying variable 127,
where energies (e.g., total energy) and density are
calculated and then used to evaluate thermodynamic
properties 28, These functions are calculated using
functionals that describe chemical exchange and bonding ,
and VASP and Gaussian software are used to solve the
Kohn-Sham equation in order to obtain the electron
density and then the thermodynamic functions with high
accuracy Gibbs energy , entropy , and total energy . One
of the advantages of the density function theory method is
dimensionality reduction by transforming the multi-body
wave function problem into a three-dimensional electron
density problem, thus reducing computational complexity
291 in addition to the method's efficiency, low cost, and
accuracy . Density function theory (DFT) is commonly
applied in computational chemistry to study chemical
reactions, particularly organic reactions. Density function
theory (DFT) is widely applied in computational chemistry
to study many chemical reactions, especially organic
reactions. DFT can also be used to calculate the electronic
energies of various active compounds, making it easier for
chemists to determine the thermal and kinetic properties of
most chemical reactions with great accuracy™?!,
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RESULTS AND CALCULATIONS _ . .
Geometric Paramedic Nitrogen . Oxygen Hydrogen Carboz

In this theoretical study , the geometric shape has been
calculated (bond lengths and bond angels ) of nitrofurans Bond lengths and angles:

compound using DFT method (Fig1, Fig2, table 1 In table 1 and table 2 we observe that there is a great
table 2 ) similarity with a few differences , the bonds between C

and NO2 group in both compounds rang 1.418A° -
Nitrofurantion structure 1.415A° - the bonds in NO: group ranged 1.27A% 1.26 A°,

. . the bonds in C=N group ranged 1.304A%1300 A°- and the
Macrobid, Macrodantin and others bonds in C=0 group 1.233A°% 1.246A° .
Chemical formula CsHeN4Os (NFT) The bond lengths calculated from theoretical study by
@ using DFT method help estimate the energy of diuretics
' Homo and Lumo , which may increase the drug's efficacy
in inhibiting bacterial DNA . Knowing the bond energies
allows us to determine the biological activity, chemical
stability, and reactivity of the functional groups of both
compounds. This explains the difference in the medical
use of the two antibiotics, This explains the difference in
the use of the two antibiotics in medicine, where is
nitrofurantoin (NFT) is used to treat urinary tract
infections while the nitrofurazone (NFZ) is used for
localized infections. Even slight differences in angles, due
to the presence of functional groups and hydrogen bonds,
may alter the energy gap between the Homo and Lumo,
affecting the stability of the antibiotic or potentially
increasing its biological activity against bacteria. It may
also influence the entropy value and its activity against

bacterial enzymes.
Table 1: Geometric parameters (bond lengths, angles) in

N \ N /
2 . .
_ Angstrom for nitrofurantoin

S

ce

o bond lengths Valu in Angstrom angles Value in Angstrom
Fig 2: [(E)-(5-nitrofuran-2- R(1-2) 1.234 A(l-2-3) 126.9
yl)methylideneamino]imidazolidine-2,4-dione R(2-3) 1.406 A(1-2-6) 127.8
R(2-6) 1.403 A(3-2-6) 105.2
Nitrofurazone structure R(3-4) 1.390 A(2-3-4) 114.0
R(3-18) 1.009 A(2-3-18) 121.9
Chemical formula C6H5N404 (NFZ) R(4-5) 1.526 A(2-6-5) 111.8
R(4-17) 1.233 A(2-6-7) 125.7
‘f R(5-6) 1.469 A(4-3-18) 124.1
ﬁ( L R(5-19) 1.093 A(3-4-5) 105.6
. o R(5-20) 1.096 A(3-4-17) 126.9
i 3 1 R(6-7) 1.385 A(5-4-17) 127.5
b G R(7-8) 1.304 A(4-5-6) 102.9
&_. 2 R(8-9) 1.440 A(4-5-19) 110.9
R(8-21) 1.086 A(4-5-20) 111.4
J’“ R(9-10) 1.386 A(6-5-19) 111.6
R(9-16) 1.394 A(6-5-20) 111.0
R(10-11) 1.422 A(5-6-7) 117.5
R(10-22) 1.079 A(19-5-20) 108.9
R(11-12) 1.373 A(6-7-8) 120.9
0 R(11-23) 1.077 A(7-8-9) 132.6
R(12-13) 1.418 A(7-8-21) 112.9
9 )k R(12-16) 1.376 A(9-8-21) 114.3
R(13-14) 1.265 A(8-9-10) 130.5
N R(13-15) 1.272 A(8-9-16) 120.3
/ \ angles Value in Angstrom angles Value in Angstrom
N NHz A(10-9-16) 109.0 A(11-12-13) 131.1
L H A(9-10-11) 107.6 A(11-12-16) 111.2
1 A(9-10-22) 125.8 A(13-12-16) 117.7
Fig 3: [(E)-(5-nitrofuran-2-yl)methylideneamino]urea A(9-16-12) 106.3 A(12-13-14) 118.7
A(11-10-22) 126.6 A(12-13-15) 116.0
A(10-11-12) 105.9 A(14-13-15) 125.3
A(10-11-23) 128.2 A(14-13-15) 125.3
A(12-11-23) 125.9
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Table 2: Geometric parameters (bond lengths, angles) in
Angstrom for nitrofurazone

bond lengths | Valu in Angstrom angles Value in Angst
R(1-2) 1.373 AQ2-19) 106.1
R(1-4) 1.423 A(2-1-15) 125.8
R(1-15) 1.077 A(1-2-11) 111.1
R(2-11) 1.383 A(1-2-12) 130.9
R(2-12) 1.415 A®4-1-15) 128.1
R(3-4) 1.386 A(1-4-3) 107.5
R@3-5) 1.434 A(1-4-16) 126.6
R(3-11) 1.393 A(11-2-12) 118.0
R(4-16) 1.078 A(2-11-3) 106.2
R(5-6) 1.300 A(2-12-13) 118.9
R(5-17) 1.092 A(2-12-149) 116.0
R(6-7) 1.348 A(4-3-5) 131.5
R(7-8) 1.414 A(4-3-11) 109.2
R(7-18) 1.017 A(3-4-16) 125.9
R(8-9) 1.246 A(5-3-11) 119.3
R(8-10) 1.357 A(3-5-6) 121.3
R(10-19) 1.006 A(3-5-17) 116.2
R(10-20) 1.009 A(6-5-17) 122.5
R(12-13) 1.265 A(5-6-7) 120.4
R(12-14) 1.274 A(6-7-8) 121.0
A(6-7-18) 123.2
A(8-7-18) 115.8
A(7-8-9) 119.1
A(7-8-10) 114.4
A(9-8-10) 126.5
A(8-10-19) 118.3
A(8-10-20) 120.8
A(19-10-20) 120.9
A(13-12-14) 125.2

Charge and electronic density

In table 3,4 we observe that nitrogen and oxygen atoms
have the highest electron density And high electronic
cloud , which makes the carbon atoms bonded to them
more positive and bond between them more polar . The
oxygen atoms in the hydantoin ring (nitrofurantoin) more
electronegative than the oxygen atoms in nitrofurazone)
due to the double bond in C=0O group in hydantoin ring .
Therefore nitrofurantoin antibiotic more polar than
nitrofurazone, as the electron density in nitrofurazone
distribution along the side chain. this electron density
distribution is the reason for difference in the
effectiveness of the tow antibiotics and there ability to
bind to bacterial proteins and enzyme.

Table 3: Charges and Electronic densities of nitrofurantoin
NFT (CsHeN4Os)

Atom  Charge Electronic Density = Atom
01 -0.417 6.417 Cl12
C2 0.774 3.226 N13
N3 -0.685 5.685 014
C4 0.530 3.470 015
C5 -0.128 4.128 016
N6 -0.507 5.507 017
N7 -0.153 5.153 H18
C8 -0.008 4.008 H19
9 0.338 3.662 H20
C10 -0.156 4.156 H21
C11 -0.073 4.073 H22
C12 0.565 3.435 H23

Table 4: Charges and Electronic densities of nitrofurazone
NFZ (CgHeN4Os)

Atom  Charge Electronic Density  Atom
Cl1 -0.076 4.076 o1
C2 0.550 3.440 N12
C3 0.301 3.699 013
C4 -0.164 4.164 014
(& 0.018 3.981 H15
N6 -0.168 5.168 Hl16
N7 -0.519 5.518 H17
C8 -0.706 4.706 H18
09 -0.452 6.452 H19
N10 -0.726 5.726 H20

Physical properties

Homo and Lumo are types of molecular orbital, Homo
(highest occupied molecular orbital )

and Lumo (lowest unoccupied molecular orbital) , the
energy difference (Lumo - Homo) reprecents to energy gap
that can be used to determine the chemical stability and
biological activity of the antibiotics against bacterial
proteins and enzymes .The results in this study indicate
that the energy gap in Nitrofurantoin equal 3.384 while
the energy gap in Nitrofurazone equal 3.418 .

the energy gap reflected chemical stability and charge
transfer capacity , which contributes to the antibiotic s
activity against bacteria. When the energy gap is small,
the compound's activity increases, making it easier to
oxidation-reduction reactions to generate free radicals that
kill bacteria. Therefore, the results show that
Nitrofurantoin is more effective than Nitrofurazone
against bacteria.( table 5)

Table 5: E nomo , E umo and cap energy, (IP) of NFT and
NFZ in (ev) unite
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0.565
0.028
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0.178
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0.323
0.344
0.365



A Comparative DFT (B3LYP)Analysis of the Spectroscopic and Thermodynamic properties of Nitrofurantoin and Nitrofurazone

antibiotic

1 ; Number | IR intensities | Frequency cm- Number IR intensities
C,omp. E HOMO (ev) E LUMO (e‘) F q 1 :
1 2.4998 34.6543 36 15.0441
Nitrofurantoin -6.818 -3.434 2 1.1324 42.8208 37 10.1093
Nitrofurazone -6.720 -3.302 = IR 62'1’_397 ol S
4 2.0686 81.9543 39 24.4423
Thermodynamic Functions a e 10‘:'24?8 . 3'6499
The study showed higher thermodynamic values G( Gibbs _‘; ig;i: ig;'gg;; :; 231'241395
free energy ) , A (Helmholtz energy ), H (Enthalpy ) for s 8:2 442 202:2739 43 33:8593
NFT compared to NFZ due to NFT having additional 9 5.604 214.6244 44 $6.1833
sites for strong hydrogen bonds compared to the linear 10 5.6186 259.0099 45 143.5052
structure of NFT . Since these functions are indicators of 11 5.099 271.0215 46 55.6527
chemical stability and activity so NFT is more active 12 1.951 312.8648 47 160.5701
against bacteria An increase in the entropy of 13 15.2035 383.0119 48 95.5545
nitrofurantoin compound may indicate multiple pathways 14 2.4041 424.7305 49 219.1516
through which the antibiotic weakens the bacterial cell. It = 19'87_89 5_15'9911 §° bl
targets vital pathways within the bacterial cell (protein :: 1150;5343746 535208'1188235 ;; i;:;;g;
synthe§is, cell \yall construction, DNA synthesi.s) , thus 18 23:56 49 556..629 53 18.;5776
hindering bacterial growth and leading to bacterial death. 19 6.8756 570.5639 54 52.2867
In other words, the greater the entropy, the stronger the 20 1.7023 504.5764 55 10.5273
antibiotic's effect on bacteria .(Table 6 ) 21 7.2362 634.8223 56 134.4667
Table 6: Standard Thermodynamic Function at 298.15K ;; 2'394129 :;(7);3?): ;; g;;;i;
of the NFTand NFZ 24 7.3337 708.0167 59 19.1334
Comp. S0 EO H 25 19.884 715.5439 60 7.8126
J /mol . K K.J /mol KJ A 26 83.9128 742.3111 61 548.5209
- - 27 13.5536 780.8875 62 213.2207
Nitrofurantoin 502.080 451.717 454.1 28 31.7316 797.1592 63 13.3375
Nitrofurazoin 469.164 396.371 398.¢ 29 35.4353 842.642 64 2.2728
30 45.2395 852.1357 65 4.6916
IR intensities 31 83.9128 742.3111 66 0.3637
32 13.5536 780.8875 67 5.3783
In (table 7), The study showed agreement between the 33 31.7316 707.1592 63 31.8427
values calculated theoretically using density function 34 35.4353 842.642
theory DFT and the experimental values, noting a slight 35 45.2395 852.1357
difference in the theoretical calculations since they are ) o
performed at standard temperature and in the gaseous Table 8: IR intensities and Frequency cm™ of NFT
phase, while the experiments are carried out under Nitrofurantoin Theoreticall = experimenta Nitrofura:
laboratory conditions , in addition to the effect of y 1
hydrogen bonds which leads to a shift in the vibrations. 3670-3139 3281-3300 N-H (NH.
The measurement coefficient can be used to adjust the N-H (hydantoin) 3300-3139 3400-3200 N-H (hydar
frequencies to accurately match the experimental results . C-H 3139-3082 3100-2850 C-H
The table 7 shows the most important infrared spectral C=0 1797-1761 1808-1770 C=0
Vaéues flor cgmpound NFT farllld compound NFg, \%/Eich NO, 1570-1323 1550-1340 NO,
retlect the unique structure of these two compounds. These . . . = 1n= " .
spectra are us(z:d to confirm the identity ofpthe antibiotic C-N (aliphatic) 1125-1070 3 Tl T C-N (aliph
C-N(aromatic) 1000-1250 1340-1250 C-N (aliph

and compare them with experimental values.

Table 7: Comparison of the most Important infrared
spectral values for NFT compound and NFZ compound
experimentally and theoretically using DFT

Table 9: IR intensities and Frequency cm™ of NFZ
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Studying the infrared absorption spectra of antibiotics is
theoretically a powerful tool in pharmaceutical chemistry
for investigating biological activity, monitoring antibiotic
quality, detecting impurities, and saving time and effort in
developing antibiotics.

Vibrational spectrum

650 |
600 -
550

500

450

400

,B44.968

IR intensity
&
o

w
o
o

[ 735.96]

1,500 2,0
Frequency, cm*

Fig 4: nitrofurantoin of IR Spectrum of Important values

1,000

geometric structures. Therefore, we recommend further
theoretical studies of nitrofurans and comparing them with
laboratory results to determine their biological activity and
identify the antibiotic with the lowest toxicity, fewest side
effects, and most effective targeting of bacteria.
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