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A B S T R A C T   

Polycyclic structures fused at a central carbon are of great interest due to their appealing conformational features 
and their structural implications in biological systems. Although progress in the development of synthetic 
methodologies toward such structures has been impressive, the stereo selective construction of such quaternary 
stereo centers remains a significant challenge in the total synthesis of natural products. From the computational 
calculations by Density Functional Theory along with the B3LYP as basis set, It is obvious that the all studied 
compounds are soft molecules and η varied from 0.069 for compound (10) to 0.087 for compound (15), while the 
compound (14) is treated as hard molecule, the value of η is 0.102, also the electronic transition within the soft 
compounds is easy as indicated from the △E, the compound (10) is absolute soft according to the (σ = 14.49 eV), 
while the compound (14) is treated as hard compounds (σ = 9.804 eV). The newly formed compounds exhibited 
both anti-inflammatory and antioxidant activities on HRBC homolytic and membrane stabilization and DPPH 
scavenging percent, respectively.   

1. Introduction 

Spiro heterocycles have important applications in drug industry [1]. 
Spiro heterocyclic structure is a unique feature of several natural and 
synthetic products that possess remarkable biological activities [2–4]. 
The potential use of spiro heterocycles in medicinal chemistry has been 
well documented owing to their prominent pharmacological properties 
[5–11], and geochemistry [12–14]. Recently, several piperidine de
rivatives along with the incorporation of hetero conjugate groups at the 
nitrogen atom of the piperidine ring have been well explored by spec
troscopic and X-ray analysis [15,16]. Earlier reports disclosed that with 
the blocking of a secondary nitrogen atom in the piperidine ring by 
electron donating or withdrawing groups, abrupt changes were 
observed in the ring conformations. the molecule displays different 
conformations such as a chair, boat, or twist-boat forms. One of the 
heterocycles, pyrrole, is not naturally derived, but its analogs are present 
in co-factors and natural products such as vitamin B12, bile pigments: 
bilirubin and biliverdin [17–22]. Apart from this, pyrrole and pyrroli
dine analogs have diverse therapeutic applications like fungicides, an
tibiotics, anti-inflammatory drugs, cholesterol-reducing drugs, anti- 

tubercular, and antitumor agents [23,24]. These are also known to 
inhibit reverse transcriptase in the case of human immune deficiency 
virus type 1 (HIV-1) and cellular DNA polymerase protein kinases 
[25,26]. The combination of different pharmacophores in a pyrrole and 
pyrrolidine ring system has led to more active compounds [27–32]. 
Therefore, the development of new spiroheterocycles having thiadiazol 
ring is worthwhile from the perspective of medicinal and material 
chemistry [33,34]. Increasing interest has been reported towards the 
biological activities of pyrrole and pyrrole derivatives [35–37]. The 
drugs containing pyrrole ring exert various pharmacological effects such 
as antipsychotic [38], anti-inflammatory [39,40], analgesic, antide
pressant [41], antihypertensive [42], antimicrobial [43,44], anticon
vulsant [45,46], antineoplastic [47,48], etc. Pyrroles and pyrrole 
derivatives contain an active hydrogen atom (N–H) and exhibit proven 
antioxidant activity [49–52]. The main goal of the research reported 
here was to synthesize and characterize spiro heterocyclic compounds 
and to estimate of the energies of these molecules which is very 
important both in theoretical studies and their chemical reactivity. 
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2. Results and Discussions: 

Spiro derivative 3 was prepared quantitatively by reacting an equi
molar amount of primary amine at room temperature. The reaction may 
be started via cyan acetylation, followed by intramolecular cyclization 
to furnish the major compound 4 (Scheme 1). Spectroscopic analysis of 
4show NH and CO stretching signal at 3278 cm-1and 1649 cm− 1 

respectively. The D2O exchangeable signals for NH2, NH were located at 
δ 8.10 ppm and δ 8.09 ppm, and the enaminic CH was shown at 3.56 
ppm. cyclic enaminone 4undergoes (3+ 3) cycloaddition with benzylicto 
phenone via the formation of Michael adduct 6, that cyclized intramo
lecularly providing pyridine derivative 7 (Scheme1). 

IR of compound 7 leads to peaks at 3301 cm-1and 1677 cm− 1 for NH, 
C––O respectively. The acidic NH signal was detected at δ 8.11 ppm in 
1H NMR. In addition to aromatic protons and cyclic sp3 protons. 
Moreover, The C––O and C––N carbon signals were located around δ 
192 ppm and δ 162 ppm in 13C NMR. 

Reactive enaminic carbon of 3 undergoes addition of a molecule of 
benzaldehyde forming compound 9 followed by cyclization with loss of 
a molecule of NH3 forming condensed pyrolopyridine derivative 10 
(Scheme 2). IR of 10 revealed peaks at 3350 cm− 1, 1647 cm− 1, and 1605 
cm− 1 due to NH, C––O, and C––N (due to the tautomeric form of com
pound 10); respectively. 

Acidic NH signal in 1H NMR was observed at δ 8.23 ppm, and δ 8.25 
ppm: respectively. Two carbon signals of the desired compound 10 were 
detected at δ 161.44 ppm, δ 161.36 ppm for C––O carbon. 

Compound 4 condensed with the more reactive site of ninhydrin via 
the departure of H2O followed by the addition of enaminic NH2 to 
carbonyl function leading to poly heterocyclic 11. IR of 11 contained 
OH, NH, and C––O. The OH involved in the hydrogen bond leads to a 
downfield signal in 1H NMR at δ 10.52 ppm while aliphatic OH is located 
at δ 3.85 ppm. in 13C NMR carbon signals appeared C––O at δ 167.26 and 
δ 168.50 ppm (Scheme 2). 

Pyrrole derivative 4 underwent addition of an enaminic function to 
the polarized double bond of maleic anhydride tofurnish15 (Scheme 3). 

Stretching peaks for the product revealed OH and C––O at 3277 
cm− 1,1648 cm-1respectively. NMR study provides OH and pyrrole-CH at 
δ 8.10 ppm, and δ 8.08 ppm, respectively. 

As depicted in (Scheme4) compound 4 underwent1,4 additions to 
Acyl isothiocyanate to produce pyrimidine cyclization. Cyclic enami
none 4 was added to heteroallene electrophilic carbon, followed by 
intramolecular cyclodehydration forming condensed pyrimidines 18a, 
b. The NH signals were detected in the region δ 9.52– 9.85 ppm. 

compound 18a condensed with urea to form cyclic urea 19. The, NH’s, 
NH2 signals were detected at δ 11.23 ppm, δ 9.85 ppm, and δ 9.55 ppm. 

Compound 4condensed with an equimolar amount of benzaldehy
deto furnish α, β unsaturated cyclic compound 10. The condensed pyr
idine 10 reacts with two molecular amounts of hydrazine. The reaction 
may be started via ring opening formic non-isolable acyclic hydrazide 
21 followed by intramolecular cyclocondensationvia losing NH3 and 
subsequent oxidation.Thechemical structure of 23was provedby the 
presence of NH and carbonyl groups at 3293 cm-1and 1647 cm1 in IR and 
NH signalet δ 8.37 ppm (Scheme 5). 

The condensed pyridine 10 undergo cyclocondensation with two 
molecular amounts of acetylacetone providing an enamine system 24 
followed by condensation with exocyclic carbonyl resulting in a poly
cyclic system 25 (Scheme 6). Compound 25 showed absorption peaks at 
3278 cm− 1 for NH and 1640 cm -1 for α, β unsaturated carbonyl in IR 
spectra. Also, in 1H NMR, the same compound provides signals at δ 8.10 
ppm, δ 7.30–7.25 ppm for olefinic protons. upon treatment, the target 
10 resulted in ring transformation yielding polyheterocyclic. 

2.1. Structural parameters and models 

2.1.1. Compound (7) 2′,4′-Diphenyl-3′,4′-dihydrospiro[cyclohexane-1,7′- 
pyrrolo[3,4-b] pyridin]-5′(6′H)-one (7) 

The molecule is slightly sterically hindered, the atoms of this com
pound are distributed in the three planes as shown in Fig. 1. Thecyclo
hexane ring of the spiro ring system is lying in a perpendicular plane 
respected to the remaining part of the spiro ring system, the dihedral 
angles N20-C21-C23-C27 and N20-C21-C24-C25 are 69.54̊ and − 69.61̊, 
these values confirm that the two rings of spiro system are lying in the 
two perpendicular planes. Also, the dihedral angles C6-C21-C23-C27 
and C6-C21-C24-C25 are 178.28̊ and − 178.64̊, while the pyrazole ring 
of the spiro group and pyridine ring are completely planers, the dihedral 
angles, C4-N5-C6-C21 and C1-C2-C19-N20 are 175.04̊ and − 175.49̊, 
also the dihedral angles N5-C6-C21-C24 and N5-C6-C21-C23 are − 65.09̊
and 61.62̊, these values confirm that the pyridine ring is lying in the 
same plane of pyrazole ring of spiro system and lying in perpendicular 
plane respect to the cyclohexane ring of spiro system. There is a plane 
occupied by the first phenyl ring and the pyridine ring, the dihedral 
angles N5-C4-C13-C14 and N5-C4-C13-C15 are − 2.651̊ ≈ 0.00̊ and 
176.98̊ ≈ 180.00̊, also the dihedral angles C3-C4-C13-C15 and C3-C4- 
C13-C14 are 0.178̊ ≈ 0.00̊ and − 179.46̊ ≈ 180.00̊. While the second 
phenyl ring is lying in another plane occupied by the pyridine ring, the 
dihedral angles, C2-C1-C7-C12 and C2-C1-C7-C8 are 40.65̊ and 

Scheme 1. Synthesis of spiro compound4 and cycloaddition of 4 with chalcone5.  
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− 141.37̊, while the dihedral angles, C3-C1-C7-C8 and C3-C1-C7-C12 are 
100.16̊ and − 77.82̊, these values confirmed that the second phenyl ring 
is lying in perpendicular plane respect to the plane occupied by the 
pyridine ring and pyrazole ring of spiro system as seen in Fig. 1. 

The C––O group attached directly through C19 of the spiro system, 
the bond angle C21C19O22 is 119.68̊ ≈ 120̊, also all bond angles in this 
compound are varied from 106.38̊ for C2C1C3 to 136.37̊ for C1C2C9, 
these values reflect that the type of sp2 hybridization spreading over 
most atoms of the molecule, all bond angles, and dihedral angles are 
listed in Table S1. The non-planarity of the molecule playsan important 
role in its activity and biological activity, phenyl rings can be rotated 
around the carbon–carbon bonds, C4-C13 for the first phenyl ring and 
C1-C7 for the second phenyl ring. The value of the energy of this com
pound is − 16760.368 kcal/mol and the presence of strong withdrawing 
groups as –C––O group besides other strong donating nitrogen atoms as 
N5 and N20 causes the generation of weak dipole moment 5.54D. The 

all-bond lengths in the two phenyl groups varied between 1.341 and 
1.346 Å[58]and are the shortest C–C bonds in the whole molecule. The 
N5-C6 and C4-N5 bond lengths are 1.261 and 1.268 Å[56] are signifi
cantly shorter than the C19-N20 and N20-C21 bond lengths of 1.361 and 
1.462 Å[57], there is a single bond character between N20 and C19 
atoms and between N20 and C21 atoms [60], the bond lengths between 
nitrogen atom N5 and the neighbor carbon atoms C4 and C6 of the 
pyridine ring have double bond characters [61]. The bond lengths be
tween atoms are listed in Table S1, these values are compared nicely 
with the crystal structure of the molecule has a similar structure [62]. 
Detailed analysis of corresponding bond lengths in various heterocyclic 
compounds was given elsewhere [63–66]. All distances and angles be
tween the atoms of the ligand are given in Table S1. 

Scheme 2. Novel synthesis of condensed pyrroles 10 and 11.  

Scheme 3. Condensation of spiro pyrrole 4 with maleic anhydride.  
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2.1.2. Compound (10) 8′-Phenyl-4′,8′-dihydrodispiro[cyclohexane-1,3′- 
dipyrrolo[3,4-b:3′,4′-e] pyridine-5′,1′’-cyclohexane]-1′,7′(2′H,6′H)-dione 

Fig. 2 shows the optimized geometrical structures of the compounds 
(10). The molecule is nonplanar, the non-planarityis attributed to the 
presence of two spiro systems fused through the central pyridine ring. 
All bond lengths of this compound are like the bond lengths of com
pound (7). 

The dihedral angle of this compound as C1-C2-C13-N14 is 179.89̊, 
while the dihedral angles N14-C15-C6-N5and N23-C24-C4-N5 are 
179.19̊ and − 176.89̊ ≈ 180̊, respectively, also the dihedral angles C6- 

N5-C4-C24 and C15-C6-N5-C4 are − 160.56̊ and 160.11̊, respectively, 
these values confirmed that pyrazole rings of the two spiro systems and 
central pyridine ring are lying in the same plane. The dihedral angles 
C17-C15-N14-C13 and C3-C4-C24-C25 are − 116.17̊ and 115.93̊, 
respectively, these values confirmed that the two terminal rings of the 
two spiro systems are lying out of the plane occupied by the two pyr
azole rings and central pyridine ring. Also, the dihedral angles C12-C7- 
C1-C2 and C12-C7-C1-C3 are 51.81̊ and − 64.81̊, these values reflect that 
the phenyl ring is lying in a perpendicular plane occupied by the central 
fused aromatic system consisting of the two pyrazole rings of the two 

Scheme 4. Heterocyclization of spiro pyrrole 4 with aroyl isothiocyanates.  

Scheme 5. Synthetic route of tricyclic compound 23.  
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spiro systems and the central pyridine ring. The value of bond angles 
around the carbon atoms in this compound varied between (110.38̊ for 
C7-C1-C3 and 134.67̊ for the C1-C2-C13 bond angle). Also, the angles 
around the nitrogen atoms of the two terminal pyrazole rings of the two 
spiro systems in the compound are varied between (127.28̊ and 129.42̊), 
also the bond angle around nitrogen atom N5 of the central pyridine ring 
is 125.67̊, these values reflect that the type of sp2 hybridization 
spreading over most atoms of this compound. The energy of the com
pound (10) has a more negative value of − 18733.94 kcal/mol less than 
that of the energy of compound (7), the energy difference between this 
compound and compound (7) is ≈ 2000 kcal/mol, so the compound (10) 
is considered as more stable than compound (7). The presence of two 
spiro systems containing two strong withdrawing carbonyl groups have 
the same direction causing producing a greater dipole moment of 
12.389D, this value is greater than the dipole moment of the compound 

(7). There is no large difference between the bond lengths between 
atoms in compound (10) and compound (7), the bond lengths between 
carbon atoms of the two terminal cyclohexane rings of the two spiro 
systems are varied from 1.533 to 1.536 [67] Å is the longest C–C bond 
in the whole molecule [68]. The bond distances between nitrogen atoms 
and neighboring carbon atoms are varied between 1.344 and 1.461 Å, 
respectively [69], whereas these bonds have a single bond character 
[70], there isa single bond character between N and C atoms [71]. The 
all-bond lengths, bond angles, and dihedral angles are listed in Table S2. 

2.1.3. Compound (11) 4a’,9b’-Dihydroxy-4′,4a’-dihydrospiro 
[cyclohexane-1,3′-indeno[2,1-b] pyrrolo[3,4-d] pyrrole]-1′,5′(2′H,9b’H)- 
dione 

show the optimized geometrical structures of the compound (11), 
this compound is like compound (10) in all parameters and structures 

Scheme 6. Synthetic route of poly heterocyclic compound 25.  

Fig. 1. Optimized geometrical structure of compound (7) by using DFT calculations.  
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with the replacement of with replacing of one spiro system by indigo 
system. The energy of the compound (11) has a higher value of 
− 13402.747 kcal/mol, this value greater than that of the energy of 
compound (10) by 5000 kcal/mol and higher than the energy of com
pound (7) by 3000 kcal/mol. All parameters of this compound are given 
in Table S3. The presence of two C––O groups have opposite directions 
as shown in Fig. 3 causing a lowering of the value of dipole moments, the 
value of dipole moment is 4.763D, this value is lower than both com
pounds (7) and (10). 

2.1.4. Compound (14) 3′-Methyl-3′H-spiro[cyclohexane-1,6′-pyrrolo[3,4- 
b] pyrrol]-4′-ol 

The optimized geometrical structures of the compounds (14) is 
shown in Fig. 4, this compound has the different structure features of the 
compound (1) although they have similar composition with replacement 
of pyridine ring in compound (1) by pyrole ring in compound (4), the 
cyclohexane ring of spiro system is lying out of the plane occupied by the 
fused aromatic system. The two fused pyrole rings are lying in the same 
plane, the dihedral angle N1-C5-C8-N4 is 178.65◦, all dihedral angles 
between atoms in the fused system are nearly from 0.00◦ or 180.00◦. But 
the dihedral angles C11-C8-C5-C1 and C11-C8-C5-N4 are 116.34◦ and 

− 63.19◦, these values reflect that the cyclohexane ring of spiro system is 
lying in perpendicular plane respect to the fused aromatic system of the 
two fused pyrole rings. Also, the methyl group is lying out the plane 
occupied by the central fused aromatic system, the dihedral angleC15- 
C2-C3-N4 is 169.41◦. The energy of this compound, − 9405.289 k cal/ 
mol is higher than the energy of compound (1), also the value of dipole 
moment, 2.689D less than compound (7). All geometrical parameters as 
bond lengths, bond angles and dihedral angles are given in Table S4. 

2.1.5. Compound (15) 3′-methyl-3′H-spiro[cyclohexane-1,6′-pyrrolo[3,4- 
b] pyrrol]-4′-ol 

The optimized geometrical structures of the compounds (15) are 
shown in Fig. 5, 

The presence of the –OH group causes rising in the total energy value 
by ≈ 1.00 kcal/mol. The presence of the –OH group attached to the 
pyrrole ring causes a lowering of the value of dipole moment, 2.298D. 
All these values are listed in Table S5. 

2.1.6. Compound (19) 7-methyl-2H-spiro[2,3,5,6,8- 
pentaazaacenaphthylene-1,1′-cyclohexan]-4(6H)-one 

Fig. 5 shows the optimized geometrical structures of the compound 

Fig. 2. Optimized geometrical structure of compound (10) by using DFT calculations.  

Fig. 3. Optimized geometrical structure of compound (11) by using DFT calculations.  
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(19), this compound is more polar than all studied compounds as given 
in Table S6, the value of dipole moment is 15.289 D, this greater valueis 
attributed to the presence of two carbonyl groups lying in the same side, 
they have the same direction, also the degree of planarity in this com
pound is greater than compounds (7, 10 and 11). The cyclohexane ring 
is lying in the perpendicular plane with respect to all atoms of this 
compound as shown in Fig. 5 and listed dihedral angles in Table S6. The 
energy of this compound is higher thanthe energies of compounds (7 and 
10) but lower than the energies of the compounds (11, 14, and 15), the 
energy of this compound is − 13950.527 kcal/mol. 

2.2. Molecular orbitals and frontier 

Molecular orbitals also play an important role in the electric prop
erties, as well as in UV–vis [72]. An electronic system with smaller 
values of HOMO-LUMO gap should be more reactive than one having a 
greater energy gap [73]. The energy gap is closely associated with the 
reactivity and stability of the executed compounds and shows the nature 
of the compound with low kinetic stability and slightly high chemical 
reactivity. On the other hand, the adjacent orbitals are often closely 
spaced in the frontier region. The energy gap, ΔE of the studied com
pounds varied between 0.138 for Compound (10) which more reactive, 
and 0.204 eV for compound (14) which less reactive, so electron 

movement between these orbitals could be easily occurred by decreasing 
the value of energy gap,so that there is a peak around 250 nm in the 
UV–vis spectra for all studied compounds. 

The nodal properties of molecular orbitals of studied compounds in 
Fig. 6 are illustrative and suggest orbital delocalization, strong orbital 
overlap, and a low number of nodal planes. Fig. 7.. 

The energy difference between HOMO and LUMO (energy gap, △E) 
for all studied compounds varied according to the type of substitutions 
as shown in Table 1. 

All studied compounds have relatively lower energy gaps than the 
compound (15), which has relatively higher energy gap values, so these 
two compounds are less reactive. The values of η and △E(HOMO- 
LUMO) are given in Table 1. It is obvious that all studied compounds are 
soft molecules and η varied from 0.069 for compound (10) to 0.087 for 
compound (15), while the compound (14) is treated as a hard molecule, 
the value of η is 0.102, also the electronic transition within the soft 
compounds is easy as indicated from the △E. There are some quantum 
chemical parameters depending upon the energy values of HOMO and 
LUMO were calculated as global softness (S), electro negativity (χ), 
absolute softness (σ), chemical potential (Pi), global electrophilicity (ω), 
and additional electronic charge (△Nmax) of all studied compounds. 
From these values, the compound (10) is soft according to the (σ =
14.49 eV), while the compound (14) is treated as a hard compound (σ =

Fig. 4. Optimized geometrical structure of compound(14)by using DFT calculations.  

Fig. 5. Optimized geometrical structure of compound (15) by using DFT calculations.  
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9.804 eV). 
All compounds have the same spiro system nucleus and different 

substations, these compounds are divided into different parts according 
to their composition as given in Table S7. 

In compound (7), there are five parts, the 1st part is the spiro rings 
system, 2nd part is the carbonyl group, the 3rd part is the pyridine ring, 
the remaining 4th part is phenyl ring-1 and the 5th part is the phenyl 
ring-2. The electron density of HOMO of compound (7) is localized 
mainly on all atoms of the phenyl ring-2 with a percent of 59.8 %, the 
remaining percent is spreading over all the residual atoms. The electron 
density of the LUMO is also localized overall carbon atoms of Phenyl 
ring − 2, with a percent (52.5 %) as given in Table S7.In the compound 
(10), there are four parts as given in Table S7, the electron density of the 
HOMO of the compound (10) is delocalized over all atoms, and the 
maximum percent is localized on the atoms of the Pyridine ring with 
percent 47.9 %, while in case of LUMO, the electron density delocalized 
over all atoms of the compound with maximum percent on pyridine ring 
with 31.1 %. 

In the compound (11), there are five parts as given in Table S7, the 
electron density of the HOMO delocalized over all atoms with maximum 
percent on the atoms of Pyridine ring with percent 47.5 %, the electron 
density localized mainly over atoms of Pyrrole ring with percent 60.7 %. 
In the LUMO, the electron density delocalized over all atoms, the most 
percent 48.1 % is localized on the atoms of the pyrrole ring also. In 
compound (15), there are four parts, in the HOMO, the electron density 
is localized over atoms of the pyrrole ring with a percent of 55.4 %, and 
the electron density in the LUMO is delocalized overall atoms with a 
high percent 41.3 % on the atoms of the Pyrrole ring also. In compound 
(19), the electron density of HOMO is delocalized over all atoms of the 
molecule with a maximum percent localized on the diazine ring at 41.2 
%, while the electron density of the LUMO is delocalized over all atoms 
of the molecule with a high percentage on atoms of the phenyl ring 41.0 
%. 

2.3. Excited state 

The TD-DFT at the B3LYP level by using the G03W program proved 
to give an accurate description of the UV–vis. spectra [69,70]. Time- 
dependent density functional response theory (TD-DFT) has been 
recently reformulated [68] to compute discrete transition energies and 
oscillator strengths and has been applied to several different atoms and 
molecules. Bauernschmitt and Ahlrichs [72] included hybrid functionals 
proposed in the calculation of the excitation energies. These hybrid 
methods typically constitute a considerable improvement over 

conventional Hartree- Fock (HF) based methods. In this work, the 
optimized geometry was calculated and used in all subsequent calcula
tions; the wave functions of SCF MOs were explicitly analyzed. The 
calculated wave functions of the different MOs reflect and suggest the 
fraction of the different fragments of the complex contributing to the 
total wave functions of different states. The results indicate that there is 
an extent of electron delocalization in the different molecular orbitals. 

The electronic transition could be described as a mixed n → π* and π 
→ π* transitions. The energies of HOMO and LUMO states for all studied 
compounds are listed in Tables S8 and S9. The HOMO can perform as 
an electron donor and the LUMO as the electron acceptor in the reaction 
profile. 

There are seven excited states involved in the case of all studied 
compounds as given in Table S8 for compounds (7, 10, and 11) and in 
Table 8 for compounds (14, 15, and 19). In the case of compound (7), 
the first exited state results from a combination of several transitions, H- 
6 → L + 4(7 %), H-4 → L(10 %), H-4 → L + 1(13 %), H-4 → L + 3(11 %), 
H-3 → L(16 %), H-3 → L + 3(24 %), H-2 → L + 4(13 %), this excited state 
assigned to π-π* at 154.69 nm and 8.0151 eV. The second excited state 
result from the interaction between electronic configurations, which 
represent the π → π* transition. This is transition results from H-7 → L 
(11 %), H-6 → L (9 %), H-5 → L + 2 (12 %), H-1 → L + 4 (8 %), H → L + 4 
(10 %) and can be observed around 158.57 nm and 7.8191 eV. The third 
excited state is assigned to n → π* transition, represents a transition 
appears at 172.36 nm and 7.1932 eV, H-7 → L + 2 (12 %), H-5 → L (8 
%), H-5 → L + 1 (11 %), H-5 → L + 4(13 %), H-1 → L + 2 (24 %), H → L 
+ 2(23 %). The fourth excited state at 181.48 nm and 6.8319 eV, results 
in H-1 → L + 4 (11 %), H-1 → L (9 %), H → L (13 %), and assigned to π 
-π*. the fifth exited state results from a combination of transitions, H-6 
→ L (11 %), H-2 → L + 5 (9 %), H-1 → L + 1 (12 %), H → L (8 %), this 
excited state assigned to π-π* at 255.16 nm and 4.8591 eV. The sixth 
excited state result from the interaction between electronic configura
tions, which represent the π → π* transition. This is transition results 
from H-6 → L (11 %), H-4 → L + 4 (9 %), H-4 → L + 6 (12 %), H-2 → L +
4 (8 %), H-2 → L + 5 (10 %), H → L (8 %) and can be observed around 
272.50 nm and 4.5499 eV. The seventh excited state is assigned to the π 
→ π* transition, which represents a transition that appears at 324.48 nm 
and 3.821 eV, H-6 → L (11 %), H-6 → L + 5 (9 %), H-2 → L (12 %), H-2 
→ L + 4 (8 %), H-2 → L + 6 (10 %), H → L (8 %). Also, all electronic 
transition configurations of the compounds (10) and (11) are given in 
Table S8. Also, all electronic transition configurations of compounds 
(15) and (19) are given in Table S9. 

Fig. 6. Optimized geometrical structure of compound (19) by using DFT calculations.  
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2.4. anti-inflammatory and antioxidant activities 

Recently, the synthesis of biologically active polycyclic compounds 
is gaining attention to modulate side effects of reactive oxygen species 
that damage biomolecules and subsequently increase the incidence of 
inflammation which may progress to chronic form resulting in cancer. 
Heterocyclic compounds can be used in a variety of biomedical appli
cations. They can be used as antitumor agents, anti-inflammatory, anti- 
infective, antidiabetic, antiproliferative, antiosteoporosis, and receptor 
agonists[73].In this study, results revealed that the newly formed 
compounds exhibited both anti-inflammatory and antioxidant activities 
on HRBC hemolytic and membrane stabilization and DPPH scavenging 
percent, respectively. 

Previous studies [39] reported that the mechanism of action of 
compounds containing pyrrole rings is due to the inhibition of COX2. 

Also, many heterocyclic compounds showed a variety of biological 
activities like anti-inflammatory, antioxidant, anticonvulsant, 

Fig. 7. Molecular orbital surfaces and energy levels of all studied compoundsby using DFT calculations.  

Table 1 
Calculated quantum global descriptors of the studied compounds by using DFT 
calculations.  

Parameters 7 10 11 15 19 

HOMO, H 
LUMO, L 
I 
A 
△E 
η 
χ 
σ 
S 
Pi 
ω 
△Nmax 

− 0.351 
− 0.193 
0.351 
0.193 
0.158 
0.079 
0.272 
12.66 
6.329 
− 0.272 
0.468 
3.443 

− 0.331 
− 0.193 
0.331 
0.193 
0.138 
0.069 
0.262 
14.49 
7.246 
− 0.262 
0.497 
3.797 

− 0.336 
− 0.192 
0.336 
0.192 
0.144 
0.072 
0.264 
13.89 
6.944 
− 0.264 
0.484 
3.667 

− 0.332 
− 0.159 
0.332 
0.159 
0.173 
0.087 
0.246 
11.494 
5.747 
− 0.246 
0.348 
2.828 

− 0.345 
− 0.196 
0.345 
0.196 
0.149 
0.0745 
0.271 
13.423 
6.711 
− 0.271 
0.493 
3.638 

(I) is ionization energy. 
(A) is an electron affinity. 
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antiparasitic, and anti-HIV. Their anti-inflammatory activity may be 
attributed to its active centers of hydrazones (carbon and nitrogen) 
which monitor its properties and activities [40]. 

The phenyl and pyrazole derivatives have anti-inflammatory activity 
both in vitro and in vivo as reported [73]. They decreased 
lipopolysaccharide-induced inflammation in vitro. They also suppress 
the pro-inflammatory cytokines and prostaglandins and subsequently, 
they can protect dopaminergic neurons so that they can be used effec
tively in the treatment of Parkinson’s disease. Furthermore,[75] 
concluded that newly synthesized pyrazole derivatives had significant 
COX-2 inhibitory activities more than celecoxib as a standard drug. Also, 
novel pyrimidine –pyridine exerted a potent cyclooxygenase inhibition 
and was less ulcerogenic than indomethacin [74]. In vivo anti- 
inflammatory activity in mice revealed that novel pyridine derivatives 
decreased induced sepsis by lipopolysaccharide in both lung and liver 
injury models. They also attenuate inducible pain and inflammation in 
both acetic acids induce vascular permeability and formalin-induced 
paw edema [75]. Another study by [76] reported that derivatives of 
pyrimidine can be used as potential ankyrin 1 (TRPA1) channel antag
onists, consequently, they can be used effectively in the treatment of 
pain and inflammation. 

The newly synthesized compounds have pyrrole rings that showed 
potent anti-inflammatory and antioxidant activities (Tables 2, 3). In this 
concern, previous research reported that macrocycles that consist of 
pyrrole rings linked through the pyrrolic 2- and 5-positions by sp3 hy
bridized carbon atoms showed cellular accumulation by EPR analysis of 
cellular fractions and high antioxidant activity in angiotensin II model of 
hypertension in transgenic mice expressing mitochondria-targeted 
catalase (m CAT), SOD2 overexpressing mice (TgSOD2) and their 
wild-type littermates [77]. Compounds7&10&19 contain phenyl rings 
that exhibited antioxidant and anti-inflammatory activity. In this 
concern, previous research mentioned that compounds with phenyl 
rings showed a potent anti-inflammatory and antioxidant activity in 
DPPH protocol and acetic acid-induced writhing assay in mice, respec
tively [77]. Also [79] reported that newly synthesized compounds 
containing both phenyl and pyrazole rings showed a significant DPPH 
scavenging activity. They also possess central and peripheral anti
nociceptive responses in tail immersion tests and acetic acid-induced 
writhing, respectively in mice. 

Newly synthesized compounds numbers 7&10&15 and 19 contain 
spiro rings in a percentage ranging from 13.6 to 34.5 %. Spiro com
pounds are of great importance in medicinal chemistry as potent anti
oxidants. Both naturally occurring and synthetic compounds showed 
significant activity by using DPPH (2,2-diphenyl-1-picrylhydrazyl), 
ABTS ((2, 2′-azino-bis (3-ethylbenzthiazoline-6-sulphonic acid), LPO 
(Lipid Peroxidation),NO(Nitric oxide),SOD(Superoxide Dismutase) and 
CUPRAC(Cupric ion reducing antioxidant capacity) assays[78]. 

Also, the presence of the carbonyl group in compounds numbers 
7&10&17 resulted in their antioxidant activity. In this concern,[79] 
concluded that Evolvulusalsinoideshad a significant in vitro antioxidant 
activity by estimating Thio barbituric acid reactive substances as it 
contains biologically active carbonyl molecules. In addition, [80] re
ported that compounds containing the carbonyl group exhibited anti- 
inflammatory and antioxidant properties in a turpentine oil-induced 

inflammation model through decreasing synthesis of NO via blocking 
the attachment of L. Arg in iNOS active sites. 

2.5. The structure activity relation (SAR) 

The structure–activity relationship (SAR) on candidates exhibited a 
various range of potentially promising antioxidant activities., these 
synthesized compounds were categorized into groups of antioxidants 
based on the results of their biological scavenging abilities against the 
evaluated radicals in vitro. the presence of the carbonyl group in com
pounds numbers 7&10&17 resulted in their antioxidant activity. 

3. Conclusion 

Out of our vision, we have designed and synthesized a novel com
bination of compounds starting from Spiro derivative 3 was prepared 
quantitatively by reacting an equimolar amount of primary amine at 
room temperature. The compound (10) is absolute soft according to the 
(σ = 14.49 eV), while the compound (14) is treated as hard compounds 
(σ = 9.804 eV). In this study, results revealed that the newly formed 
compounds exhibited both anti-inflammatory and antioxidant activities 
on HRBC hemolytic and membrane stabilization and DPPH scavenging 
percent, respectively. All synthesized compound structures were eluci
dated via most different elemental and spectral analytical methods. 

4. Materials and methods 

4.1. General information 

All chemicals were purchased from Sigma-Aldrich (Taufkirchen, 
Germany), and all solvents were purchased from El-Nasr Pharmaceutical 
Chemicals Company (analytical reagent grade, Egypt). 2-thiobarbituric 
acid was purchased from the Central Laboratory of the Health Minis
try. All chemicals were used as supplied without further purification. 
The melting points were measured by a digital Electrothermal IA 9100 
Series apparatus Cole-Parmer, Beacon Road, Stone, Staffordshire, ST15 
OSA, UK) and were uncorrected. C, H, and N analyses were carried out 
on a PerkinElmer CHN 2400.IR spectra were recorded on FT-IR 460 
PLUS (KBr disks) in the range from 4000 to 400 cm− 1. 1H and 13C NMR 
spectra were recorded on a Bruker 400 MHz NMR Spectrometer using 
tetramethylsilane (TMS) as the internal standard, chemical shifts are 
expressed in δ (ppm), and DMSO‑d6 was used as the solvent. The mass 
spectrum was carried out on a direct probe controller inlet part to a 
single quadrupole mass analyzer in Thermo scientific GCMS model 
(ISQLT) using Thermo X-Calibur software. At the Regional Center for 
Mycology & Biotechnology (RCMB) Al-Azhar University, Naser City, 
Cairo. 

4.2. Synthesis 

4.2.1. 4-Amino-1-azaspiro[4.5]dec-3-en-2-one (4) 
A mixture of cyclohexyl amine (0.02 mol) and ethyl cyanoacetate 

(0.02 mol) was kept at room temperature for 24 h and the formed pre
cipitate was filtered off, dried, and recrystallized from dilute ethanol to 
give compound 4as a white powder. 

Table 2 
Hemolysis inhibition (%) of the synthesized compounds at different 
concentrations.  

Sample concentration (μg/ml) 100 200 400 600 800 1000 

Comp. 7  40.3  49.1 57.5 67.1  72.7 82.8 
Comp. 10  56.8  66.5 73.6 79  87.9 95.1 
Comp. 11  40.6  48.4 54.6 60.9  69.2 75.3 
Comp. 18a  47.8  53.1 57 61.6  68.7 72.8 
Comp. 19  47.8  55.3 67.9 75.8  83.9 91.1 
Comp. 23  43.8  50.8 57.3 63.8  70.3 78.1 
Standard  75.3  81.2 85.7 92.2  94.6 98  

Table 3 
Antioxidant assay for the tested compounds.  

Compounds Absorbance of samples % of inhibition 

7  0.665  59.8 
10  0.592  64.2 
11  0.311  81.2 
18a  0.354  78.6 
19  0.451  72.7 
23  0.375  77.4  
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m.p.120–123 ◦C, Yield: 96 %.IR (KBr) υmax: 3300 (NH2), 3278 (NH), 
2933 (CH aliphatic), 1649 (C––O) cm− 1. 1H NMR (400 MHz, DMSO‑d6) 
δ(ppm): 8.10 (s, 1H, NH), 8.09 (s, 2H, NH2), 3.56 (s, 1H, pyrrole-CH), 
1.75 – 1.27 (m, 10H, cyclohexane-H).13C NMR (400 MHz, DMSO‑d6) 
δ(ppm): 24.48, 25.24, 25.51, 32.24, 48.38, 116.49, 160, 161.19. Anal. 
Calcd. for C9H14N2O (166.22): C, 65.03; H, 8.49; N, 16.85; Found: C, 
65.00; H, 8.48; N, 16.85. 

4.2.2. 2′,4′-Diphenyl-3′,4′-dihydrospiro[cyclohexane-1,7′-pyrrolo[3,4-b] 
pyridin]-5′(6′H)-one (7) 

A mixture of compound 4 (0.01 mol), Benza acetophenone (0.01 
mol), and triethyl amine (TEA) (4 drops) in dimethyl formamide (DMF) 
(15 ml) was heated under reflux for 5 h. The reaction mixture was 
acidified with HCl the precipitate formed was filtered off, dried, and 
recrystallized from ethanol to give compound 7 as a white powder. 

m.p:180 ◦C, Yield:93 %.IR (KBr) υmax: 3301 (NH), 2929 (CH 
aliphatic), 1677 (C––O) cm− 1.1H NMR (400 MHz, DMSO‑d6) δ (ppm): 
8.11 (s, 1H, NH), 8.09 – 7.18 (m, 10H, 2Ph-H), 3.48 d, 2H, pyridine- 
CH2), 3.97, 1H, pyridine-CH), 1.64 – 1.06 (m, 5H, cyclohexane-H).13C 
NMR (400 MHz, DMSO‑d6) δ (ppm): 24.12, 25.11, 31.90, 41.31, 43.86, 
48.38, 127.23, 127.99, 128.16, 128.44, 128.85, 133.45, 136.46, 139.64, 
139.73, 162.70, 162.78, 197.06. Anal. Calcd. for C24H24N2O (356.47), 
C, 80.87; H, 6.79; N, 7.86; Found: C, 80.86; H, 6.79; N, 7.87. 

4.2.3. 8′-Phenyl-4′,8′-dihydrodispiro[cyclohexane-1,3′-dipyrrolo[3,4- 
b:3′,4′-e] pyridine-5′,1′’-cyclohexane]-1′,7′(2′ H,6′ H)-dione (10) 

A mixture of compound 4 (0.01 mol), benzaldehyde (0.01 mol), and 
TEA (4 drops) in ethanol (20 ml) was heated under reflux for an hour. 
the precipitate formed after concentration was filtered off, dried, and 
recrystallized from hot ethanol to give compound 10 as white crystals. 

m.p: 150 ◦C, Yield: 79.5 %. IR (KBr) υmax: 3350, 3289 (NH), 2927 
(CH aliphatic), 1647 (C––O), 1605 (C––N) cm− 1.1H NMR (400 MHz, 
DMSO‑d6) δ (ppm): 8.25 (s, 2H, 2NH), 8.23 (s,1H, NH), 7.24–7.94 (m, 
5H, Ph-H), 4.35 (s, 1H, pyridine-CH), 1.05 – 1.81 (m, 20H, cyclohexane- 
H).13C NMR (400 MHz, DMSO‑d6) δ (ppm): 24.88, 32.10, 43.04, 47.70, 
49.17, 107.25, 128.17, 129.35, 132,33, 134.37, 161.36, 161.44.Anal. 
Calcd. for C25H29N3O2 (403.53): C, 74.41; H, 7.24; N, 10.41; Found: C, 
74.41; H, 7.24; N, 10.40. 

4.2.4. 4a’,9b’-Dihydroxy-4′,4a’-dihydrospiro[cyclohexane-1,3′-indeno 
[2,1-b] pyrrolo[3,4-d] pyrrole]-1′,5′(2′H,9b’H)-dione (11) 

A mixture of compound 4 (0.005 mol) and ninhydrin (0.005 mol) in 
ethanol (15 ml) was stirred at room temperature for 2 h. The precipitate 
formed after concentration was filtered off, dried, and recrystallized 
from dilute ethanol to give compound 11 as a violet powder. 

m.p: 220 ◦C, Yield:92 %.IR (KBr) υmax: 3350 (OH), 2932 (CH 
aliphatic), 1711 (C––O) cm 1. 1H NMR (400 MHz, DMSO‑d6) δ(ppm): 
10.52 (s, 1H, OH), 8.64 (s, 2H, 2NH), 7.41 – 7.97 (m, 4H, Ar-H), 3.85 (s, 
1H, OH), 1.82 – 1.00 (m, 10H, cyclohexane-H).13C NMR (400 MHz, 
DMSO‑d6) δ(ppm): 25.37, 28.47, 32.11, 41.20, 61.90, 91.82, 100.48, 
111.07, 111.64, 123.15, 125.95, 132.63, 136.97, 147.86, 167.26, 
168.50. Anal. Calcd. for C18H18N2O4 (326.35): C, 66.25; H, 5.56; N, 
8.58; Found: C, 66.25; H, 5.55; N, 8.57. 

4.2.5. 3′-Methyl-3′H-spiro[cyclohexane-1,6′-pyrrolo[3,4-b] pyrrol]-4′-ol 
(15) 

A mixture of compound 4 (0.003 mol), maleic anhydride (0.003 
mol), and TEA (3 drops) in DMF (10 ml) was heated under reflux for 3 h. 
The formed precipitate after acidification with HCl, was filtered off, 
dried, and recrystallized from dilute ethanol to give compound 15as 
white crystals. 

m.p: 190 ◦C, Yield: 45 %.IR (KBr) υmax: 3350 (OH), 2933 (CH 
aliphatic), cm 1. 1H NMR (400 MHz, DMSO‑d6) δ (ppm): 8.10 (s,1H,

 OH), 8.08 (d, 1H, pyrrole-CH), 3.56 (m, 1H, pyrrole-CH), 1.75 ضورفملا
– 1.24 (m, 13H, cyclohexane-H + pyrrole-CH3). Anal. Calcd. for 
C12H16N2O (204.27): C, 70.56; H, 7.90; N, 13.71; Found: C, 70.57; H, 

7.90; N, 13.70. 

4.2.6. 2′- Phenyl-4′-thioxo-3′,4′-dihydrospiro[cyclohexane-1,7′-pyrrolo 
[3,4-d] pyrimidin]-5′(6′H)-one (18a) and 2′-(thiophen-3-yl)-4′-thioxo- 
3′,4′-dihydrospiro[cyclohexane-1,7′-pyrrolo[3,4-d]pyrimidine]-5′(6′H)-one 
(18b)General method: 

Amixture of compound 4 (0.0125 mol), aroyl isothiocyanate (pre
pared by refluxing benzoyl chloride or thiophene-2‑carbonyl chloride 
(0.0125) with NH4SCN (0.0125) in dioxane for 15 min.) in dioxane (20 
ml) was heated under reflux for 2hr. The precipitate formed after 
acidification with acetic acid and concentration was filtered off, dried, 
and recrystallized from dilute ethanol to give compounds18a, b. 

4.2.7. Compound (18a) 
as white crystals.m.p: 100 ◦C, Yield: 86.4 %. IR (KBr) υmax: 3278 

(NH), 2933 (CH aliphatic), 1650 (C––O) cm 1. 1H NMR (400 MHz, 
DMSO‑d6) δ(ppm): 9.85 (s, 1H, NH), 9.55 (s, 1H, NH), 8.10 – 7.48 (m, 
5H, Ph-H), 1.75 – 1.21(m, 10H, cyclohexane-H).13C NMR (400 MHz, 
DMSO‑d6) δ(ppm): 24.32, 25.09, 32.11, 48.15, 116.33, 128.40, 128.58, 
132.27, 132.98, 160.96, 167.80, 182.08.Anal. Calcd. for C17H17N3OS 
(311.40): C, 65.57; H, 5.50; N, 13.49; Found: C, 65.56; H, 5.50; N, 13.48. 

4.2.8. Compound (18b) 
as yellowish crystals. m.p: 110 ◦C, Yield: 80.5 %. IR (KBr) υmax: 3278 

(NH), 2933 (CH aliphatic), 1650 (C––O) cm 1. 1H NMR (400 MHz, 
DMSO‑d6) δ (ppm): 9.72 (s, 1H, NH), 9.52 (s, 1H,NH), 8.00 – 7.20 (m, 
3H, thiophene-H), 1.75 – 1.11 (m, 10H, cyclohexane-H). 13C NMR (400 
MHz, DMSO‑d6) δ(ppm): 24.33, 25.09, 32.11, 48.16, 116.34, 128.68, 
132.44, 135.06, 136.95, 160.96, 161.69, 181.75.Anal. Calcd. for 
C15H15N3OS2 (317.43): C, 56.76; H, 4.76; N, 13.24; Found: C, 56.75; H, 
4.75; N, 13.23. 

4.2.9. Z)-1-(5′-oxo-2′-phenyl-5′,6′-dihydrospiro[cyclohexane-1,7′-pyrrolo 
[3,4-d]pyrimidin]-4′(3′H)-ylidene)urea (19) 

A mixture of compound 18a (0.005 mol), urea (0.005 mol), and TEA 
(3 drops) in butanol (10 ml) was heated under reflux for 3hr. The pre
cipitate formed after acidification with acetic acid was filtered off, dried, 
and recrystallized from dilute ethanol to give compound 19 as white 
crystals. 

m.p: 150 ◦C, Yield: 89 %. IR (KBr) υmax: 3300 (NH), 3220, 3146 
(NH2), 1676 (C––O) cm− 1. 1H NMR (400 MHz, DMSO‑d6) δ(ppm): 11.23 
(s, 1H, NH), 9.85 (s, 1H, NH), 9.55 (s, 2H, NH2), 7.93 – 7.48 (m, 5H, Ph- 
H), 1.75 – 1.11 (m, 10H, cyclohexane-H). 13C NMR (400 MHz, 
DMSO‑d6) δ(ppm): 24.13, 25.37, 32.11, 48.17, 116.35, 128.42, 128.58, 
132.28, 133.00, 160.98, 167.81, 182.09.Anal. Calcd. for C18H19N5O2 
(337.38): C, 64.08; H, 5.68; N, 20.76; Found: C, 64.07; H, 5.67; N, 20.75. 

4.2.10. 10′-phenyl-5′,10′-dihydro-1′H,9′H-dispiro[cyclohexane-1,4′- 
pyrido[2,3-d:5,6-d’] dipyridazine-6′,1′’-cyclohexane]-1′,9′-dione (23) 

A mixture of compound 10 (0.02 mol) and hydrazine hydrate (0.02 
mol) in DMF (10 ml) was heated under reflux for 6 h. The precipitate 
formed after acidification with acetic acid was filtered off, dried, and 
recrystallized from hot ethanol to give compound 23 as white crystals. 

m.p: 150 0C, Yield: %75. IR (KBr) υmax: 3293 (NH), 2935 (CH 
aliphatic), 1647 (C––O) cm 1. 1H NMR (400 MHz, DMSO‑d6) δ (ppm): 
8.37 (s, 1H, exchangeable with D2O, NH), 7.57 – 7.22 (m, 5H, Ph-H), 
4.33 (s, 1H, pyridine-CH-Ph), 1.64 – 1.13 (m, 20H, cyclohexane-H). 
Anal. Calcd. for C25H27N5O2 (429.52): C, 69.91; H, 6.34; N, 16.31; 
Found: C, 69.91; H, 6.33; N, 16.31. 

4.2.11. 4′,10′-dimethyl-14′-phenyl-7′,14′-dihydro-2′H,12′H-dispiro 
[cyclohexane-1,6′-pyrido[3,2-a:5,6-a’] diindolizine-8′,1′’-cyclohexane]- 
2′,12′-dione (25) 

A mixture of compound 10 (0.02 mol), Acetyl Acetone (0.02 mol), 
and TEA (4 drops) in DMF (10 ml) was heated under reflux for 6 h. The 
precipitate formed after acidification with acetic acid was filtered off, 
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dried, and recrystallized from dilute ethanol to give compound 25 as 
white crystals.m.p: 110 0C, Yield:79 %.IR (KBr) υmax: 3278 (NH), 3087 
(CH aromatic), 2933 (CH aliphatic), 1649 (C––O) cm− 1 1640 
(C––C–C––O). 1H NMR (400 MHz, DMSO‑d6) δ (ppm): 8.10 (s, 1H, NH), 
7.30 – 7.25 (m, 9H, Ph-H + pyridine olefinic CH), 3.56 (s, 1H, pyridine- 
CH-Ph), 1.75 – 1.24 (m, 26H, cyclohexane-H + pyridine-CH3). Anal. 
Calcd. for C35H37N3O2 (531.70): C, 79.06; H, 7.01; N, 7.90; Found: C, 
79.05; H, 7.00; N, 7.89. 

5. Computational details 

5.1. Computational method 

The geometric parameters and energies were computed by density 
functional theory at the B3LYP/CEP-31G level of theory, using the 
GAUSSIAN 98 W package of the programs [53], on geometries that were 
optimized at the CEP-31G basis set. The high basis set was chosen to 
detect the energies at a highly accurate level. The atomic charges were 
computed using the natural atomic orbital populations. The B3LYP is the 
keyword for the hybrid functional [54], which is a linear combination of 
the gradient functionals proposed by Becke [55] and Lee, Yang, and Parr 
[56], together with the Hartree-Fock local exchange function [57]. 

5.2. anti-inflammatory activity 

Anti-inflammatory activity of the newly synthesized com
pounds by using membrane stabilization test [81–84]. 

5.3. Preparation of erythrocyte suspension: 

Fresh whole blood (3 ml) collected from healthy volunteers into 
heparinized tubes was centrifuged at 3000 rpm for 10 min. A volume of 
normal saline equivalent to thatof the supernatant was used to dissolve 
the red blood pellets. The volume of the dissolved red blood pellets 
obtained was measured and reconstituted as a 40 % v/v suspension with 
isotonic buffer solution (10 mM sodium phosphate buffer,PBS, pH 7.4). 
The buffer (PBS) solution contained 0.2 g of NaH2PO4, 1.15 g of 
Na2HPO4, and 9 g of NaCl in 1 L of distilled water. The reconstituted red 
blood cells (resuspended supernatant) were used as such. 

5.4. Hypotonicity-induced hemolysis: 

Samples used in this test were dissolved in distilled water (hypotonic 
solution). The hypotonic solution (5 ml) containing graded doses of the 
samples (100, 200, 400, 600, 800, and 1000 μg/ml) was put into 
duplicate pairs (per dose) of the centrifuge tubes. Isotonic solution (5 
ml) containing graded doses of the samples (100 – 1000 μg/ml) was also 
put into duplicate pairs (per dose) of the centrifuge tubes. Control tubes 
contained 5 ml of the vehicle (distilled water) and 5 ml of 200 μg/ml of 
indomethacin respectively. Erythrocyte suspension (0.1 ml) was added 
to each of the tubes and mixed gently. The mixtures were incubated for 1 
hr at room temperature (37 ◦C), and afterward, centrifuged for 3 min at 
1300 g. Absorbance (OD) of the hemoglobin content of the supernatant 
was estimated at 540 nm using Spectronic (Milton Roy) spectropho
tometer. The percentage of hemolysis was calculated by assuming the 
hemolysis produced in the presence of distilled water as 100 %. The 
percent of hemolysis inhibition by the samples was calculated as the 
following: 

% Inhibition of hemolysis = 1-((OD2-OD1)/ (OD3-OD1)) *100. 
Where OD1 = absorbance of the test sample in an isotonic solution. 
OD2 = absorbance of the test sample in a hypotonic solution. 
OD3 = absorbance of control sample in a hypotonic solution. 

6. Antioxidant activity 

6.1. Evaluation of antioxidant activity by DPPH radical scavenging 
method 

Free radical scavenging activity of different samples was measured 
by 1, 1- diphenyl-2‑picryl hydrazyl (DPPH). In brief, 0.1 mM solution of 
DPPH in ethanol was prepared. This solution (1 ml) was added to 3 ml. 
of different samples in ethanol at different concentration (3.9, 7.8, 
15.62, 31.25, 62.5, 125, 250, 500, 1000 μg/ml). Here, only those sam
ples used which are soluble in ethanol and their various concentrations 
were prepared by dilution method. The mixture was shaken vigorously 
and allowed to stand at room temperature for 30 min and then the 
absorbance was measured at 517 nm by using a spectrophotometer 
(UV–vis Milton Roy). The used reference standard compound was 
ascorbic acid, and the experiment was carried out in triplicate. The IC50 
value of the sample, which is the concentration of sample required to 
inhibit 50 % of the DPPH free radical, was calculated using the Log dose 
inhibition curve. The lower absorbance of the reaction mixture indicated 
higher free radical activity. The percent DPPH. 

The scavenging effect was calculated by using the following 
equation: 

DPPH scavenging effect (%) or. 
Percent inhibition = A0 - A1 / A0 × 100. 
Where A0 was the absorbance of the control reaction. 
A1 was the absorbance in presence of a test or standard sample. 
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