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A B S T R A C T S

Conventional synthesis of the phthalazine has already allowed affording the phthalazin-1-one phthalazin-1-ol
dynamic equilibrium that decreases the anticancer activity due to diminishing the concentration of the
phthalazin-1-ol product. Nowadays, pure phthalazin-1-ol (5) can be gaining by using green microwave tools that
increase the power of the phthalazine nucleus as an anticancer drug. A microscopic thermal kinetic parameter like
activation energy and the pre-exponential factor of the chemical plasma organic reactions affording pure
phthalazin-1-ol (5) is calculated by using DFT simulation is obtained. Then we fed these parameters into the exact
Arrhenius model to evaluate the distribution of chemical equilibrium conditions for producing phthalazin-1-ol.
The proposed novel models that matching between microscopic and macroscopic show that the thermal stabil-
ity of the equivalent temperature of phthalazin-1-ol is more stable than phthalazinone-1-one (4) in case of using
plasma organic effect (green microwave) at 485 K. The structures of the prepared compounds were explained by
physical and spectral data like FT-IR, 1H-NMR. Moreover, the theoretical calculations of Gibbs entropy of the
phase transfer confirmed the equilibrium state of phthalazin-1-ol with the experimental result is achieved. Briefly,
we introduce a good study for obtaining more stable phthalazin-1-ol isomer by using a green microwave method
which is considered as good anticancer reagents of phenolic group (OH) and p-propenyl-anisole precursor as anise
oil analogous.
1. Introduction

Phthalazin-1-ol and its substituted derivatives in position 1 were re-
ported to possess anticancer [1, 2, 3, 4, 5, 6, 7, 8], anticonvulsant [9],
cardiotonic [10], vasorelaxant activities [11] and the canonical Gibbs
entropy of residual mass is achieved. Our proposed novel dual system
which merges both microscopic (DFT simulation) and macroscopic (ki-
netic Arrhenius Model) show that phthalazin-1-ol (5) is more stable than
phthalzin-1-one (4). The results find a significant equilibrium tempera-
ture of the optimized structures of the phthalazine-1-ol inhibitors
mounted on the cancer cell [12, 13, 14, 15]. Geometry optimization of
phthalazine-1-ol and its derivatives inhibitors via plasma organic syn-
thesis loaded on cancer surface via molecular dynamics process yields
structures of low energies (i.e., stable structures) without loss byproduct,
where the structure stability is expressed in terms of negative values of
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total energy Figure 1. During the simulation process, phthalazine-1-ol
molecules are randomly rotated and translated around the cancer cell
[16, 17, 18, 19, 20]. In our theoretical study we will use the output pa-
rameters of DFT simulation then we fed these results as input parameters
in the exact analytical solution of kinetic Arrhenius model to find a
reliable mechanism of chemical reaction conclusion [21, 22]. The ther-
mal degradation of phthalazin-1-ol at heating rate

�
K/sec are presented

on Figure 2. From the TGA-curve: the first full half reaction at 404 K
which is related to 50.8% mass loss of the benzylidenephthalide (1)
outlined the thermal stability of the phthalazin-1-one (4) 50.9% than that
approximately produced phthalazine-1-ol (5) 40%. This result agreed
well with the phenomena of phthalazin-1-one¼ phthalazin-1-ol dynamic
equilibrium. The thermal kinetic control of the phthalazin-1-one (4) is
stabilized by 13 kcal/mol and so more yield formed (50.9%) more than
yield of phthalazin-1-ol (5) be 40%. It was accompanied by endothermic
ebruary 2021
ticle under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

mailto:abdelfattah.elgendy@sci.asu.edu.eg
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2021.e06220&domain=pdf
www.sciencedirect.com/science/journal/24058440
http://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2021.e06220
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.heliyon.2021.e06220


Figure 1. Physical ultrasound reaction via HOMO-LUMO of the phthalazine-1-
ol inserted and overlapped to the conduction band of the cancer cell.
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effect and burning via decarbonylation and decomposition of the
phthalzin-1-one (4) that produced from the thermal degradation during
the half lifetime of concentration [23, 24, 25]. In promoted microwave
reaction, the thermodynamic phthalazin-1-ol (5) is formed at 413 K that
stabilized by 36 kcal/mol due to aromaticity more than
phthalazine-1-one (4). Therefore, our proposed novel green synthesis
with dual systemwhich combines bothmicroscopic (DFT simulation) and
macroscopic (kinetic Arrhenius Model) show that phthalazin-1-ol (5) is
more stable than phthalzin-1-one (4). Based on these results we can also
calculate the activation energy (E) and pre-exponential factor (A) of
phthalazine-1-ol under the influence of promoted plasma organic reac-
tion condition. Therefore, the results find a significant equilibrium
temperature of the optimized structures of the phthalazine-1-ol inhibitors
mounted on cancer cell [26, 27, 28].

2. Macroscopic study using theoretical Arrhenius model

In the macroscopic non-isothermal state, if an arbitrary material
ensemble dissolved thermally, then the mass conversion fraction of
degradable ensemble could be described in what follows [29, 30, 31, 32].

1� χ i ¼ exp½EðTÞ� (1)

Where, E(T) is dimensionless function can be calculated as:
Figure 2. TGA thermal decomposing full half decomposition of benzal phtha-
lide (3) and their capture half minimum phthalazinone production (4) [Red
point; 397 K). Plasma treatment (high temperature), saving in afforded the
phthalazine-1-ol (5) [Blue point; 413 K].
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Where, χ_i is the mass conversion fraction, 1-χ_iis the residual mass, λ ¼
β\/A and ρ ¼ Ei \/R, R is the gas constant. E_i is the activation energy and
the constant heating rate temperature dT/dt ¼ β. With regard to Eq. (1).
The residual mass fraction of degradable ensemble represents as follow:
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The equilibrium conversion of the rate constant of the Arrhenius
equation can be calculated as [16]:

ε¼ kf ðTÞ
1þ kf ðTÞ (4)

Finally, an important relationship in statistical mechanics, the en-
tropy of canonical ensemble which is the statistical ensemble that rep-
resents the possible states of our residual mass of our system in thermal
equilibrium with a heat rate of temperature can be evaluated as a ca-
nonical Gibbs entropy of residual mass like [17, 18, 19]:

SGBχ ¼ � KBð1� χiÞLogðð1� χiÞÞ (5)

The pervious Gibbs equation of entropy can be used to find the exact
temperature of transfer phase through our chemical reaction which get
the final component of chemical reaction with very low disorder of state.

3. Result and discussion

3.1. Chemistry

In chemistry, the thermodynamic stability of phthalazine-1-ol (5) by
36 kcal/mol is available under microwave-plasma reaction conditions
due to the aromaticity and stronger of intermolecular hydrogen bond
(O–H...O) than the corresponding (N–H…..O¼C) of phthalazine-1-one
(4) (Scheme 2). Sonication using polar solvent can strongly favor the
amide-like structure of phthalazin-1(2H)-one tautomer (4) in polar protic
solvent e.g. ethanol solution appears 100%, in polar aprotic solvent e.g.
DMSO appears 60% [2, 3]. Otherwise, reaction in nonpolar or less polar
solvent e.g. petroleum ether or acetone, it afforded the phthalazin-1-ol
lactim-like structure [20, 21, 22, 33, 34, 35]. In the absence of effec-
tive solvation and at concentration less than 10�5 M to minimize dimeric
hydrogen-bonded association, the lactam: lactim ratio is around 2:3
changing even further to 2:1 in the gas phase (Scheme 3) [23]. For
first-order reactions, the pre-exponential factor (A) can fluctuate from
105 to 106 min�1. In Figure 2, the residual mass decomposition of ben-
zylidene phthalide (1) intersected (red point) with the final product of
phthalazin-1-one (4) at 397 K and starting a new product of the
phthalazin-1-ol (5) (blue point) at 413 K. The mathematical equation can
indicate the typical value of the apparent activation energy(E) and
pre-exponential factor(A). The Arrhenius equation is higher for the first
stage of the thermal degradation of phthalazin-1-one (Table 1). The high
factors are a loose complex [26, 27]. The concentrations in phthalazinone
(4) are not controllable in many cases. It would have been convenient if
the magnitude of the pre-exponential factor (A) showed for reaction so
called molecularity. This performance is valid for non-surface-controlled
reactions are having low (<108 min�1) pre-exponential factors. So, the
reactions of elementary can only be bimolecular. The change of entropy
ΔS reflected for the activated complex configuration of the starting ma-
terials. Therefore, the formation of the phthalazine-2-ol (5) is to its
thermodynamic equilibrium. Scheme 2 outlined the stronger intermo-
lecular hydrogen bond in the phthalazine-1-ol (5) i.e. lower the entropy
ΔS and spontaneous free energy ΔG pushing toward the phthalazine-1-ol



Table 1. Outline activation energy and Entropy of the amide-amidate rearrangement.

Compound Activation energy (KJ) Exponential factor A *106 Entropy
J/mol

To
oK Tf oK

4 53 1.13 413 288 528

5a 60 3.3 485 295 573

5b 70 7.1 480 296 531

Figure 4. 3D graphical up to (397
�
K) of benzykidenephthalic anhydride (1)

and 4-chlorobenzaldehyde (2).
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product. The reconstructed structure of the phalazin-1-ol using plasma
process afforded a more stable isomer (5) than isomer (4) [36, 37, 38].
Using the exact model of Arrhenius model can be confirmed by the DFT
simulation. Table 1 outlines that the E and A values for the thermal
degradation of phthalazin1-one (4) are higher than the phthalazine-1-ol
(5). The value of the activation energy E is approximately 60 kJ mol-1
that may enhance a diffusion-controlled kinetic process. For more pre-
sentation of 3D kinetic relation of variable degradation of residual mass
of thermal decomposing of phthalic anhydride with phenyl acetic acid
afforded benzylidene phthalide (1), the temperature and rate of reaction
at constant heat and constant activation energy (53 k j/mole) by
pre-exponential factor (1.1 106) Figures 3, 4, and 5. The graph shows
growth rate of decomposition of mass residual of reactants 1 and 2 with
increasing rate of heat constant. The thermodynamic equilibrium be-
comes far and yields the activated complex when reactants have higher
values of activation entropy. Therefore, we can observe the short reaction
times.

Also, the model shows the relation of heat constant rate and the pre-
exponential factor which can give a recommendation for a good mech-
anism of stable reaction of phthalazin-1-ol. From our study of exact
analytical solutions and the results of thermogravimetric analysis out-
lined in Figure 2. The addition-elimination reaction of the hydrazide (3)
afforded the phthalazine-1-one (4) and phthalazine-1-ol (5) products at
413 K and 485 K respectively under plasma organic reaction condition
(Scheme 1) (Figures 6, 7, and 8). The amide amidate of the
phthalazinone-phthalazin-1-ol dynamic equilibrium occur at 432 K (or-
ange line) (Figure 6). This shows the tautomer's unsolvated to be of
approximately equal thermodynamic stability of the phthalazine-1-ol (5).
The experimental results of the plasma organic synthesis of phthalazine-
1-ol (5) are confirmed and good agreement with 1H-NMR, theoretical
and simulation studies. As seen from Figures 3, 4, 5, 6, 7, and 8.
Figure 3. 3D graphical representation between the residual mass, pre-
exponential factor and heat constant rate (heat control) up to (350

�
K) of

phthalic anhydride (1) and phenyl acetic acid (2).

Figure 5. 3D graphical representation up to (404
�
K) 5 beta decomposing of

reactants (1) and (2).

3

4. DFT-characterization based on the thermodynamic aspects

Phthalazin-1(2H)-one is extremely unflavored in the lactam⇌lactim
dynamic in particular, the negative values of ΔS would indicate that the
formation of activated complex is connected with decrease of entropy,
i.e., the activated complex is “more organized” structure compared to the
initial substance and such reactions are classified as “slow” [28]. From
Figures 6 and 7, the authors advice that reaction takes place more
effective at lower heat constant flow (β) because the higher β will
decrease value of pre-exponential factor (A) which decrease the yield of
the phthalazin-1-ol (5). The thermal stability of the phthalazin-1-ol in
high energy of ultrasonic medium. The second singlet n-π* state has the
lowest energy in phthalazine. In this isomer, it is the second singlet
excited state, 0.46 eV above the S1 state. The S2 state in phthalazine
stems from the HOMO - LUMO. DFT indicated the proposal mechanism of
the phthalazine-1-ol via ring-opening of benzylidene phthalide (1) using



Scheme 1. Outline synthesis of the phthalazine-1-ol (5) via plasma organic reaction.

Figure 6. Decomposition of the reactants phthalazinone (4) (blue line), dy-
namic equilibrium (50-50) (orange line) and phthalazine-1-ol (5) (green line) by
plasma temperature control.

Figure 7. Outline the formation of the products of pure phthalazinone (4) (blue
line), pure phthalazine-1-ol (5) (green line) and dynamic equilibrium (50-50)
(orange line) between the compounds 4 and 5 at plasma temperature control.

Figure 8. Outline the Gibbs entropy which indicate the phase transfer of pure
phthalazinone (4) 413 K (blue line), pure phthalazine-1-ol (5) 485 K (green line)
respectively under plasma treatment and dynamic equilibrium (50-50) 432 K
(orange line) between the compounds 4 and 5 at plasma temperature control.

S.A. Rizk et al. Heliyon 7 (2021) e06220
hydrazine hydrate followed by 4-chlorobenzaldehyde (2) to afford the
hydrazide (3) that is confirmed thermodynamic parameters the electro-
philicity of the benzylidene phthalide was more than 4-chlorobenzalde-
hyde (Figure 9). Therefore, we can support the experimental
suggestion [29] that the second singlet excited state of phthalazine is an
np* state with a small oscillator strength. Finally, we can give also a good
reason for the higher activity of phthalazin-1-ol in the cytotoxicity of
anticancer due to this reaction is include the reactive speeches of OH
group. The relation of equation 6 of the residual mass Gibbs entropy of
the thermal degradation of the lowest disorder of the three components
(benzylidene phthalide (1) transition phase at 410 K, phthalazine-1-one
(4) 436 K and phthalazine-1-ol (5) 485 K as follow blue, yellow and
Green curves respectively in Figure 8. On the other hand, the density
function theory (DFT) and differential thermogravimeter DGA (Figure 7)
transition phase at 406, 433 and 481 K was also confirmed the
4

mathematical calculation in which ΔE -(EHO-ELU) was corresponding to
the activation energy of the phthalazinone-phthalazin-1-ol dynamic
equilibrium and the reaction was pushing to the phthalazin-1-ol 70% as
major product. 1H-NMR of the microwave product confirmed the pres-
ence of the phthalazin-1-ol (5) as a major product δ OH in the
phthalazine-1-ol is 10.23 that higher than 6.46 ppm of the
phthalazine-1(2H)-one that is approved with dihedral angle. In the
phthalazine-1-ol, the dihedral angle in the structure III (Scheme 2) is
decrease and repel with the lone pair of nitrogen of the phthalazine
nucleus causing the little out of planarity and decrease the chemical shift
at 3.15 ppm and 75 ppm in the 1H- and 13C-NMR respectively. So, in the
phthalazine-1-ol (5), a larger dihedral angle and more planar of the
benzyl moiety that agreed with the experimental 1H-NMR of the micro-
wave product appear (see more in the supplementary file). 1H-NMR
outline the NH appears only due to DMSO solvent is allowing for lactam
lactim dynamic equilibrium and is supporting by 13C-NMR that lactam
form CONH is not present. 1H-NMR and 13C-NMR outline the dynamic
equilibrium of the structures I, II and III in the DMSO solution. The lac-
tam II-lactim I dynamic equilibrium appears in the 1H-NMR in DMSO
solvent and 13C-NMR appears the configuration III structure (see Scheme
3).

Regioselective synthesis of 1-benzyl-4-(oxiran-2-ylmethoxy) phtha-
lazine 6 was obtained via the interaction of phthalazine-1-ol 5a with
epichlorohydrin in anhydrous K2CO3 in dry DMF via the mechanism of
nucleophilic addition, ring opening followed by ring closure through
neighboring group participation devoid any band in the carbonyl region
in IR spectra of the reactant 5 [30]. Moreover, synthesis
of1-benzyl-4-(prop-2-yn-1-yloxy) phthalazine derivatives 7 was
emanated from the reaction of phthalazine-1-ol derivatives 5 with 3-bro-
mopropyne in the existence of K2CO3 anhydrous in dry acetone. Reaction
of the phthalazine 7 as dipolarophile with 1,3-dipolar of phenyl azide
afforded the triazole derivative 8 (Scheme 4). The dihedral angle of the
phthalazine-1-ol rises the obtuse angle from 109.5o to 116.9o and 117.6o



Figure 9. Outline the mechanism of drug action as inhibitor of the cancer cell.

Scheme 2. Outline the stability of the phthalazine-1-ol (5) via plasma organic reaction.

Scheme 3. Outline the stability of the phthalazine-1-ol (5) more than phthalazine-1-one (4) via intermolecular hydrogen bond.
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in both of O-prop-2-ynoxy-and oxiran-2-ylmethoxyphthalazine de-
rivatives 6 and 7 respectively can be possible deriving force to rapidity
the charge transfer and become most potent for the cytotoxicity [31, 32].
Nevertheless, in the phthalazine-1)2H)-one due to dipole and Vander
Waals interactions increase between the propagyl and propeneoxide
precursors with the benzyl moiety lead to decrease the dihedral angle
from 107.5o to 104.5o and 100o respectively. Shrinking the dihedral
angle in the phthalazinone derivatives may decrease their potential
5

antagonist with the cancer cells due to wrapping and flatten of the
phthalazine moiety.

5. Cytotoxic activity of some compounds against human tumor
cells

The synthesized phthalazine-1-one (4), plasma-sonicated phthala-
zine-1-ol (5), Alkylated phthalazinol (6) and triazole derivative (8)
compounds were tested for cytotoxic activities against three human



Scheme 4. Outline the synthesis of phthalazine (6,7, 8) as anticancer reagents via plasma organic reactions.

Table 2. Cytotoxic activity of phthaazin-1-ol and phthalazine-1-one compounds against human tumor cells.

Compounds In vitro Cytotoxicity IC50 (μM)

HePG2 HCT-116 MCF-7

DOX 4.50 ± 0.2 5.23 ± 0.3 4.17 ± 0.2

5 with tautomer 4 21.31 � 1.8 23.90 � 2.0 27.43 � 2.5

Pure 5 6.81 � 0.1 6.16 � 0.9 5.12 � 0.2

6 7.23 � 0.9 6.43 � 0.8 7.21 � 0.7

8 4.43 ± 0.2 5.20 ± 0.2 4.21 ± 0.2

IC50 (μM) (Half-maximal inhibitory concentration): 3–8.9 (very strong). 9–20 (strong). 21–50 (moderate). 51–100 (weak) and above 100 (non-cytotoxic); DOX(-
Doxorubicin) ¼ Doxorubicin. Compound 8 can be used as anticancer clinical trials in the future as DOX where Figure 9 describes the mechanism of action of the
synthetic drugs 5–8 and show that the most potent is compound 8.
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tumor cells. The best results were observed for compounds phthalazine-
1-ol (5) and their O-alkyl derivatives which found very strong cytotoxic
compound. Phthalazine-1-ol 5 was considered strongly cytotoxic than
phthalazine-1-one 4 which was moderate in their cytotoxic activity
(Table 2). There is correlation between the cytotoxicity and the dihedral
angle (C10–C11–C13) of the benzyl substituent in the phthalazine nucleus.
Effect of the dihedral angle depends on the substitution in the position 1
or 2 i.e., the presence of phthalazine-1-ol or phthalazine-1(2H)-one. The
cytotoxic activity is influenced by the intermolecular hydrogen bond
formation with DNA bases [39]. In addition, the positive charge on the
tested synthesized compounds attracted to the negative charge on the
cancer cell wall. The experimental cytotoxicity of the compounds
described in this study with their structures is in good agreement. The
structure-activity relationship of phthalazine 5 showed strong activity.
Figure 10. Outline the phthalazine-1-ol deriv

6

The presence of this hardness is due to the existence of the phenolic
group (OH) that may form a hydrogen bond with one of the nucleobases
of the DNA and causes its damage (Figure 9). Deterioration of DNA
improved via the phthalazine-OH (5) that facilitated the elimination
reaction linking oxygen of the phosphate group at the position 3 (Figure
10) directed to single strand break of DNA molecule to prevent its repair
by ligation led to inhibition of the cell cycle. So, the phthalazine-1-ol (5)
has controlled inadequate DNA through replication leads to single-strand
breaks directly caused by elimination. Moreover, the phthalazine deriv-
ative (5) has the same effect of DOX reference as the higher anticancer
activity drug from the electronic structure (see in the Fig supplementary)
that outline the HOMO and LUMO values are -2.83 and -2.60 eV
respectively imitate the higher conserved thermal energy (see later in
Arrhenius model) of the oxirane and triazole structures 6 and 8 as
ative as blocker the DNA carcinomic cell.
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anticancer reagent. In the future research, our lab is irritating to syn-
thesize the phthalazin-1-ol and 1-alkyl derivatives to investigate them as
anticancer reagents.

6. Experimental synthesis and characterization of the organic
product of phthalazine-1-ol

All melting points were measured on a Gallen Kamp electric melting
point apparatus are uncorrected-The infrared spectra were recorded in
potassium bromide disks on a pye-Unicam SP-3-300, Shimdazu FT IR
8101 PC infrared spectrophotometers and microwave device (6000W,
Italy) at the central laboratory of faculty of science, Ain Shams Univer-
sity. The 1H-NMR spectra were recorded on a Varian Mercury VX-300
MHz, using TMS as internal standard in deuterated dimethylsulphoxide
(DMSO-d6). Chemical shifts are measured in (δ) ppm. Sonication was
performed in a Toshcon model SW 4 cleaner with a frequency of 37 KHz
and operating at maximum power of 150 W. The purity of compounds
was checked by TLC using silica gel (60–120) mesh as adsorbent, UV
light, or iodine to accomplish visualization. All common reagents and
solvents were used as obtained from commercial suppliers without
further purification. The reaction flask was then placed in the maximum
energy area in the microwave at the vertical tuning of flask depth dis-
plays the optimum position in which maximum surface reaction distur-
bance occurs. The temperature has controlled at 110–130�C, and the
reaction progress was checked by TLC using CHCl3: EtOAc v/v 95:5. The
reaction has continued until the starting reactants disappeared and
yielded a white crystal product within 20–25 min. Once the reaction
completion, the mixture was decanted into crushed ice with constant
stirring, filtered, dried, and recrystallized from proper solvent.
6.1. Synthesis of 4-(Z)-4-(1-(4-chloro/methoxyphenyl) prop-1-en-2-yl)
phthalazin-1-ol (5)

(Z)-3-benzylideneisobenzofuran-1(3H)-one (0.01 mol), 4-chloro-
and/or 4-methoxy-benzaldehyde (0.01 mol) in the presence of potas-
sium acetate and hydrazine hydrate (0.015 mol, 0.75mL) in ethanol (5
mL) were grinded together in a mortar with pestle were ground together
in a mortar. Then, this mixture was transferred into a 250-mL round
bottom flask with the addition of ethanol (5 mL). recrystallized from
acetic acid. the phthalazin-1-ol 5a Yield (93%), mp. 182–184 �C.FT-IR
(KBr) (ν cm�1): 3365 (OH), disappeared (CO). 1H-NMR (DMSO-d6):
δH(ppm) 10.22 (s, 1H, OH, D2O exchangeable), 7.7 (s, 1H, H-olifenic),
7.32–7.75 (m, 13H, ArH), 6.44 (s, 1H, NH, D2O exchangeable). MS, m/z
(%): 358 (M.þ,100.0%).13C-NMR (DMSO-d6) δ 178.7, 149.7, 141.2,
132.2, 131.9, 130.1, 129.2, 128.4, 127.8, 126.4, 120.1, 39.8. Anal. Calc.
for C22H15ClN2O (358): %C, 73.64; %H, 2.21; Cl, 9.88; %N, 7.81; Found:
%C, 73.42; %H, 1.95; Cl, 9.71; %N, 7.54.
6.2. Synthesis of 4-(Z)-4-(1-(4-chlorophenyl) prop-1-en-2-yl)-1-
methoxyoxiran-2-yl phthalazin-1-ol (6)

phthalazin-1-ol 5a (0.01 mol), epichlorohydrin (0.01 mol) in the
presence of potassium carbonate (0.015mol, 0.75mL) in dioxane (20mL)
were refluxed together into a 250-mL round bottom flask. recrystallized
from pet.ether 80–100. Yield (86%), mp. 110–112 �C.FT-IR (KBr) (ν
cm�1): disappeared (OH). 1H-NMR (DMSO-d6): δH(ppm) 8.88 (dd, 1H,
Ha geminal oxirane, J¼ 16.3, 5.2 Hz), 8.63 (dd, 1H, Hb geminal oxirane,
J ¼ 13.7, 5.2 Hz), 7.92 (s, 1H, H-olifenic), 6.94–7.78 (m, 13H, ArH),
6.39–6.87 (dd, 1H, Hc, J ¼ 16.3, 13.7 Hz). MS, m/z (%): 414
(M.þ,100.0%). 13C-NMR (DMSO-d6) δ 160.7 (C), 149.7 (C), 141.2 (C),
132.2 (CH), 131.9 (C), 130.1(CH), 129.2(CH), 128.4(CH), 126.8(CH),
123.4 (CH), 118.1 (CH), 77.43 (CH), 58.33 (CH2). Anal. Calc. for
7

C25H19ClN2O2(414): %C, 72.37; %H, 4.62; Cl 8.54; %N, 6.75; Found: %
C, 72.42; %H, 4.95; Cl 8.22; %N, 6.54.

6.3. Synthesis of 4-(Z)-4-(1-(4-chloro/methoxyphenyl) prop-1-en-2-yl)-1-
methoxyprop-1-yn-2-yl phthalazin-1-ol (7)

phthalazin-1-ol derivatives 5 (0.01 mol), propagyl chloride (0.01
mol) in the presence of potassium carbonate (0.015 mol, 0.75mL) in
dioxane (20 mL) were refluxed together into a 250-mL round bottom
flask. recrystallized from pet.ether 80–100/benzene. Compound 7 has
Yield (80%), mp. 124–126 �C.FT-IR (KBr) (ν cm�1): disappeared (OH).
1H-NMR (DMSO-d6): δH(ppm) 8.88 (dd, 1H, Ha geminal oxirane, J¼ 16.3,
5.2 Hz), 8.63 (dd, 1H, Hb geminal oxirane, J ¼ 13.7, 5.2 Hz), 7.92 (s, 1H,
H-olifenic), 6.94–7.78 (m, 13H, ArH), 3.80 (s, 3H, OCH3), 2.87 (s, 2H,
CH2), 1.67 (s, 1H, HCalkyne). MS, m/z (%): 392 (M.þ,100.0%). Anal. Calc.
for C26H20N2O2 (392): %C, 79.57; %H, 5.14; %N, 7.14; Found: %C,
79.42; %H, 4.95; % N, 7.00.

6.4. Synthesis of 4-(Z)-4-(1-(4-chlorophenyl) prop-1-en-2-yl)-1-
methoxyoxiran-2-yl phthalazin-1-ol (8)

phthalazin-1-ol 7a (0.01 mol), phenyl azide (0.01 mol) in the pres-
ence of potassium amide (0.015 mol, 0.75mL) in ethanol (20 mL) were
refluxed together into a 250-mL round bottom flask. recrystallized from
acetic acid. Yield (93%), mp. 182–184 �C.FT-IR (KBr) (ν cm�1): dis-
appeared (OH), (CO). 1H-NMR (DMSO-d6): δH(ppm) 7.99 (s, 1H, H-
olefinic), 7.18–7.97 (m, 18H, ArH), 6.11 (s, 2H, CH2). MS, m/z (%): 514
(M.þ,100.0%). Anal. Calc. for C31H22N5OCl (514): %C, 75.13; %H, 4.93;
%N, 13.69; Found: %C, 75.02; %H, 4.75; %N, 13.54.

7. Conclusion

Efficient green synthesis promoted microwave via organic plasma
synthesis afforded the Phthalazine-1-ol (5) more than phthalzin-1-one
(4) without byproduct due to study the significant kinetic microscopic
and macroscopic behavior. The study shows that (Figure 2.) the
phthalazin-1-ol (5) has thermal equilibrium interact with lower rate of a
residual mass of reaction at 485 K than the phthalazinone (4) at 413 K.
Also, the temperature of the equilibrium state of phthalazinone (4) is less
than the DFT (432 K). Therefore, the thermal equilibrium temperature at
a lower residual mass of phthalazin-1-ol (5) using a green microwave is
more stable. Moreover, the computed results of DFT simulation and
experimental results are in good agreement with our macroscopic study
of the exact Arrhenius model. In addition, to increase the rate of pro-
ducing phthalazin-1-ol (5) we could use lower heat rate of temperature β
(Figure 3.). Finally, the condition for good obtain phthalazin-1-ol (5) and
why is exceed than phthalazinone (4) is achieved. The results obtained
by using a plasma process can assist a better understanding of the new
field of the chemical plasma organic reactions behavior behind the
experiments.
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