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Summary 

Diels-Alder (D-A) reaction is one of the important chemical transformations 

between diene and dienophile in a coordinated thermal pericyclic reaction to 

create the C–C bonds with predicted regio- and stereo-selectivity, which lead 

to the forming of bulk organic molecules. Despite of the significant efforts in 

this filed, the control of the stereoselectivity of Diels-Alder reactions remain 

so difficult. Despite the significant efforts in this field, controlling of 

stereoselectivity of  Diels-Alder reactions remains so difficult.  

Biosynthetic enzymes, Diels-Alderases are functionally distinct enzymes 

that catalyze [2 + 9] cycloaddition processes. The design of the enzymatic 

Diels-Alder reactions provides scientists with a huge advantage in increasing 

the selectivity of Diels-Alder reaction products. 

Morus alba Diels-Alderase  has ability to catalyze non-redox D-A reactions 

of different dinophiles and different types of natural and artificial 

polyphenolic dienes. Morus alba Diels-Alderase only have endo-selectivity. 

Moreover, it was shown that the Morus alba Diels-Alderase had great 

enantioselectivity when it came to catalyzing the Diels–Alder reaction, 

producing only enantiopure products with high stereoselectivity. 

This work focused on applying the friendly environmental method includes 

the application of the current approach in enzymatic D-A reactions by 

formation the new organic compounds through the enzymatic D-A reactions 

between anthracene derivatives as dines and pyrrole derivatives as 

dienophiles. in addition to control the stereoselectivity of the final products. 
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Furthermore, monitoring the enzymatic reaction of Morus alba Diels-

Alderase. 

All D-A reactions were carried out in the inert environment using the 

nitrogen gas. The prepared compounds were characterized using various 

techniques including mass spectroscopy, nuclear magnetic resonance, and 

Fourier transform infrared. 

The final products of Diels-Alder reaction were Meso 2-(hydroxymethyl)-

01-methyl-2101-dihydro-09H,02H-2101- 

(epiethane[01019]triylazanoethane[01919]triyl)anthracene-09102-dione (P0), 

Meso2-(hydroxymethyl)-01-propyl-2101-dihydro-09H,02H-2101- 

(epiethane[01019]triylazanoethane[0,919]triyl)anthracene-09102-dione  (P9), 

Meso(2-(hydroxymethyl)-09102-dioxo-2101-dihydro-01H-2101- 

(epiethane[01019]triylazanoethane[01919]triyl)anthracen-01- yl)acetic acid 

(P1),Meso(01-methyl-09102-dioxo-2101- 

(epiethane[01019]triylazanoethane[01919]triyl)anthracen-2(01H)- yl)boronic 

acid(P2),Meso(09102-dioxo-01-propyl-2101- 

(epiethane[01019]triylazanoethane[01919]triyl)anthracen-2(01H)- yl)boronic 

acid (P3), Meso (2-(dihydroxyboranyl)-09102-dioxo-2101-dihydro-01H-

2101- (epiethane[01019]triylazanoethane[0,919]triyl)anthracen-01- yl)acetic 

acid (P4). 

Depending on the results, the mechanisms of enzymatic Diels-Alder reaction 

was suggested. 

The kinetics of preparation of these products in presence of Morus alba 

Diels-Alderase were studied by applying the Michaelis-Menten equation. 

The maximum velocity (Vmax) and the Michaelis-Menten constant (Km) for 
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all  the enzymatic Diels Alder reaction. The least affinity between diene and 

enzyme found in Meso(01-methyl-09102-dioxo-2101- 

(epiethane[01019]triylazanoethane[0,919]triyl)anthracen-2(01H)- yl)boronic 

acid (P2) because it had the highest Km value 121390. while, 9 Meso (2-

(dihydroxyboranyl)-09102-dioxo-2101-dihydro-01H-2101- 

(epiethane[01019]triylazanoethane[01919]triyl)anthracen-01- yl)acetic acid 

(P4) achieved the highest affinity by having the lowest Km value 129929. 

In addition, the optimization of the enzymatic Diels Alder reactions which 

were included the concentration of the substrate, the enzymatic activity, and 

the temperature were performed to determine the best concentration of each 

substrate in addition to best enzyme activity at the optimum temperature. 

which found in P9 by using anthracen-2-ylmethanol as diene and in P4 by 

using anthracen-2-ylboronic acid as diene at 932C 

The thermodynamic parameters, which include enthalpy change (∆H), Gibbs 

free energy change (∆G) and entropy change (∆S) were determined. All of 

the products are spontaneous and thermodynamically favorable, While the 

most favorable is P9. in addition, all the products are endothermic except P1 

is exothermic 

However, there are other three compounds have been prepared by using 

2101-diphenylanthracene as diene but didn‘t give the expected result based 

on FTIR, NMR, and Mass spectroscopy analysis. 
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4.4. Introduction 

 Diels-Alder (D-A) reaction is one of the most significant chemical                    

reactions that produces C-C bonds with multiple stereo-centers in a single 

reaction step with recognized regio and stereo- selectivities, which is widely 

utilized organic chemical transformation in the organic chemistry field (0–

1). As well as, due to it‘s efficiency, predictability, and ability to construct 

complex cyclic structures, The product of Diels-Alder reaction plays 

significant role in the synthesis of many organic compounds, including 

natural products, pharmaceuticals and materials. Along with synthetic 

chemistry, D-A reaction is considered as a symbol for biology that has a 

variety of biological properties, such as anti-inflammatory, anti-HIV, 

antibacterial, and anticancer properties (213), because it is a key tool for site-

specific protein chemical modification, which is used to investigate and 

regulate protein functions in vitro and in biological systems (4).  

Generally, D-A reaction is involves the two-electrons of the dienophile 

and the four-electrons of the diene in a coordinated thermal pericyclic 

reaction to form two new sigma (σ) bonds and a new π bond are formed 

when these π bonds break in the [2 + 9] pericyclic transition state (0–2). The 

simplest example of a Diels-Alder reaction between ethene and 012-

butadiene, however, it is also one of the least useful because of the relatively 

large activation energy required to form the cycloadduct Figure(0-0) (01). 
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Figure (4-4): The most basic Diels-Alder cycloaddition 

In this instance the stereo- and regional chemistry of the D-A reaction is 

governed by the Woodward-Hoffmann rules (00). Furthermore, When the 

dienophile is substituted by an electron-withdrawing group (EWG, Z) and 

the diene is carrying an electron-donating group (EDG, X), the Highest 

Occupied Molecular Orbital (HOMO) of the diene overlaps with the Lowest 

Unoccupied Molecular Orbital (LUMO) of the dienophile in a suprafacial 

contact in typical electron-demand D-A reactions, Figure(0-9)  (09). 

 

 

 

 

 

 

Figure (4-2):Representation of HOMO and LUMO orbital role (42) 
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In addition to this, a molecule can not function as a diene or participate 

in the D-A process unless it is an s-cis conformer, Figure (0-1a). 

Consequently, the system undergoes steric repulsive strain due to the 

reduced distance between the substituents in s-cis conformers, which lowers 

their thermodynamic stability. Even though s-trans conformers are more 

stable, the distance between substituent bonds prevents them from 

participating in a coordinated reaction with a dienophile, Figure (0-1b). 

Consequently, it has been proposed that compounds with s-cis in their 

structure, such anthracenes, are highly reactive as dienes and suitable to 

participate in the D-A process. however, in addition to their regioselectivity, 

dinophiles can have two possible chemical orientations. The cyclic electron-

poor system in maleimide, on the other hand, is particularly favorable as a 

dienophile according to (D-A) cycloaddition reactions (01102) and by 

attaching a partial positive charge to the sp
9
 carbon can enhance its reactivity 

towards the diene (03104), this is possible unless the dienophile possesses at 

least one EWG  such as carbonyl group (C = O) or cyano group (C≡N) that 

can remove electrons from C = C exist in the Dinophile (00). In contrast to 

the exo T.S., which displays the opposite orientation, the dinophile 

substituent in the endo T.S. is orientated toward the diene system (2104). 
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Figure (4-9):(a) Diagram illustrating the Diels-Alder reaction's 

preicyclic transition state using an s-cis diene arrangement, (b) 

Showing the way in which the s-trans conformation blocks this 

                                                                                                   

However, controlling the stereoselectivity of Diels-Alder reaction is the 

most significant challenge in organic synthesis. There are various methods to 

catalyze the Diels-Alder reaction to increase the rate of reaction , control 

stereochemistry, or enable the reaction under milder circumstances. Chemist 

are being more interest in develop catalysts which are more environmentally 

friendly and utilize renewable resources as a result of our growing concerns 

about the depletion of petroleum resources and environmental issues (0108). 

One of the main objectives of bio-catalysis is the development of protein 

catalysts for these processes, which could open up novel, effective, and 

environmentally friendly synthetic pathways to a wide range of beneficial 

bioactive molecules (02). Enzymes are extraordinarily selective catalysts. 
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Where the catalyst is defined as a material that accelerate a chemical 

reaction without being consumed. Because each catalytic cycle leads to 

regeneration the catalyst, Figure (0-2), a single catalyst molecule can 

transform many substrate molecules into product. Similar to all of the 

catalysts, all known enzymatic reactions reduce activation energy (91190) to 

accelerate rate via conserving the structure, charge, and geometry of the 

evolving transition state, which sometimes differs from the product structure 

(99). There is very little requirement for the catalyst. While thermodynamic 

characteristics are associated with energy balance and equilibrium, kinetic 

characteristics are associated with a reaction's velocity (91192). The first 

descriptions of biological catalysts date back to the late 0011s. Initially, 

studies focused on how stomach secretions break down meat. Later, around 

the 0811s, similar study was conducted on how saliva and other plant 

extracts degrade starch into simple sugar. Since the late 0221s, there has 

been a constant focus on the discovery or design of enzymes that can 

catalyze the chemical transformation with high efficiency and 

stereoselectivity. 

Additionally, enzymes also play important roles in a variety of industrial 

productions, such as food,  leather, textiles, dyes, water purification, 

pharmaceuticals, cosmetics, as well as additional biofuels (93194).  In 

contrast to most industrial chemical methods, enzymes are environmentally 

friendly(Because enzymes are biodegradable and typically use water as a 

solvent) (90) and extremely selective, Its products are extremely pure, which 

minimizes manufacturing costs and increases income (99), they are safer to 

use, consume little energy because they operate under mild conditions, and 

significantly limit the creation of toxic by-products (98192). On the other 
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hand, enzymes are extremely costly for commercial applications. However, 

enzymes have a low degree of stability in harsh environments. Stability, 

enhancing enzymatic efficiency, enzyme activity,  and reuse capacity are of 

highly desirable in order to address these problems (11). 

 

 

 

 

 

 

 

 

Figure (4-0): The process of Catalysis 

 

4.4.  Literature Review 

After multiple near-discoveries of the [2+9] cycloaddition reaction by 

number of luminaries in the field of organic chemistry around the  first 

decade of the 91th century
 
(10). 

The Diels-Alder reaction was first described by Professor Otto Diels and 

his student Kurt Alder in a 0298 publication, They discovered that a highly 

stereospecific new six-membered ring is created when a conjugated diene 
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combines with a substituted alkene (19). Diels and Alder noted in their 

significant 0298 paper that " it appears to us, that the possibility of synthesis 

of complex compounds similar to or identical with natural products such as 

terpenes, sesquiterpenes, and potentially even alkaloids" (11). 

In 0231 Diels and Alder were jointly awarded Chemistry Nobel Prize for 

their roles in its development and discovery, Their discovery provided 

synthetic chemists a useful tool and made an important contribution to the 

understanding of organic chemistry (01). 

After that in 0239, Gates and Tschudi's started synthesis of morphine, 

which was documented a few months later and used the pericyclic technique 

(12). Furthermore, even though the reaction's researchers made significant 

advances in the field of terpene synthesis. their attention was eventually 

drawn to other areas of research that were more important to them, 

specifically understanding the reaction's mechanistic foundations (13114). 

Notably, these efforts eventually produced such revolutionary findings as the 

Alder endo rule, which controls the stereo-chemical result of the normal 

Diels - Alder reaction(10). 

During 0239-0241  theoretical explanation for the stereochemistry 

shown in the Diels-Alder reaction was provided by Robert Woodward and 

Roald Hoffmann (18). Their study, known as the Woodward-Hoffmann 

rules, contributed to the prediction of the products stereochemistry by using 

the reacting molecules' orbital symmetry. It was determined that despite all 

variables that affect the decrease of the energy gap obviously raise the rate 

of reaction, the reactivity of the D-A reaction depends on the energy 

separation gap between the HOMO-LUMO of reacting pairs (12). By using 
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a Lewis acid-catalyzed system, Yates and Eaton published the first report on 

a high rate accelerated cycloaddition reaction in 0241 (21). Since then, a 

variety of techniques have been created to speed up cycloaddition pathways. 

These techniques mostly include the development of transition metal-

promoted cycloadditions and improved Lewis acid-catalysis systems (20–

21). 

Then in the 91th Century many natural products, medications, and other 

organic molecules were synthesized using the Diels-Alder process (22). The 

control of regioselectivity, stereoselectivity, and reaction conditions was 

achieved by chemists using a variety of modifications and techniques (23), 

furthermore the results was successfully explained by frontier molecular 

orbital theory (24). 

At the end, in the 90 century, researchers have been studied and 

improved the Diels-Alder reaction in several ways. One of the significant 

advancement in Diels-alder reaction was the development of the Diels-Alder 

catalysis, including asymmetric catalysis, natural enzymes, allows for the 

selective creation of one enantiomer over the other, resulting in chiral 

products (20). This has been particularly important in the production of 

pharmaceuticals and other bioactive substances. Additionally, Click 

chemistry has been widely applied in materials research, radiochemistry, 

bioconjugation, and drug development (28). Over the past few years, there 

has been a growing interest in developing bioorthogonal Diels-Alder 

operations, which are biologically compatible and can be utilized for in vivo 

imaging and selective labeling of biomolecules (22). As well as Researchers 

explored novel diene and dienophile substances in order to improve the 

Diels-Alder reaction's utilization. This involves the design of unusual 
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reactants to achieve specific regioselectivity and avoid steric hindrances 

(31).    

 

4.2.4. Types of Diels-Alder Reactions 

4.2.4.4. Normal Diels-Alder Reaction 

Organic chemistry has been using the Diels-Alder reaction for a wide 

range of purposes, from the synthesis of complicated natural products to the 

creation of biomaterials (30). The traditional Diels-Alder reaction forms a 

six-membered ring when a conjugated diene is carrying an electron-donating 

group (EDG, X), combines with a substituted alkene (dienophile) carring an 

electron-withdrawing group (EWG, Z)  with good stereochemical and regio-

control (39).  Dienes most likely react with dienophiles via the relatively low 

energy barrier (31), HOMO-diene regulated traditional Diels-Alder reaction. 

It is possible to predict the process's regioselectivity using the well-known 

"ortho-para" rules (32). When 011-dienes with a substituent at position 0 

mostly generate monosubstituted dienophile "ortho" cyclohexene products 

Figure (0-3a), whereas dienes with a substituent at position 9 mostly 

produce "para" products, Figure (0-3b) (32). Heating the diene and 

dienophile together or activating the dienophile with a Lewis acid catalyst 

are two methods for carrying out the coordinated pericyclic transition (19). 
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Figure(4-5):The ortho-para rule 

 

4.2.4.2.Inverse-Electron-DemandDiels-Alder(IEDDA) 

Reaction 

As opposed to a normal electron demand Diels-Alder reaction, the 

Inverse-Electron-Demand Diels-Alder (IEDDA) Reaction is an irreversible 

reaction between an electron-rich dienophile reacts with an electron-poor 

diene.  

According to the frontier molecular orbital theory (FMO), the IEDDA 

reaction kinetics is controlled by the energy gap between the respective 

HOMO and LUMO of the reactants. In instance, any diene or dienophile 

combinations with a lower HOMO dienophile-LUMO diene energy 

differential will react faster in IEDDA reactions(33134), Figure (0-4). 
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The first reports of using the IEDDA reaction as a tool for modifying 

biomolecules were published by two groups in 9118 (30138). Since then, a 

number of techniques have proved the broad use of biochemistry, including 

radiolabelling, cancer imaging, materials research and polymerization as 

well as in vitro and in vivo investigations for the modification of proteins, 

oligonucleotides, and sugars (32141). In contrast to the traditional Diels-

Alder reaction, the IEDDA reaction has more characteristics of a typical 

click reaction since it is more irreversible, has a greater reaction rate (34). 

Furthermore, it is one of the most common methods to obtain natural 

products, particularly because it makes it simple to construct the unique 

heterocyclic structures which these natural chemicals include. In fact, 

IEDDA reactions can be used to synthesizes strychnine, absinthin, or 

xyloketal D from their respective, well-functionalized precursors (40). 

 

 

 

 

 

 

Figure (4-6): The difference between Normal and Invers D-A 
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4.2.4.9.Intramolecular Diels-Alder Reaction  

When the diene and dienophile are components of the same molecule, a 

cyclic compound is formed in a single step (49). The intramolecular version 

of the Diels-Alder process has access to two different kinds of connectivity. 

When diene and dienophile bond together at position 0 of the diene (type 0), 

cycloaddition normally gives rise to a fused bicyclic adduct Figure (0-0a). In 

a second variation, diene and dienophile bind at diene position 9 (type 9), 

Figure (0-0b). In this case, cycloddition leads to the creation of a bicyclic 

ring system which is bridged. Given a lack of techniques that can produce a 

bridging bicyclic structure from an acyclic precursor in a single step, the 

reaction has significant synthetic promise. The end product of the type 9 

intramolecular Diels-Alder (type 9 IMDA) cycloaddition is an anti-Bredt 

alkene with a bridgehead double bond. Therefore, the reaction offers an easy 

strategy to explore this unique group of compounds (41). 

 

 

 

 

 

 

 

Figure (4-7): Types of intramolecular Diels-Alder reaction 
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4.2.4.0. Hetero-Diels-Alder Reaction 

The hetero-Diels-Alder reaction is one of the most powerful ways for the 

production of optically active six-membered containing heteroatoms (such 

as oxygen, nitrogen, or sulfur) mono- and polycyclic hetero cycles, Figure 

(0-8), (42) with huge synthetic applications in natural or synthetic 

compounds with a broad variety of biological activity (43144). The 

concurrent development of two carbon-carbon or carbon-heteroatom bonds 

produces the formation of up to four stereogenic centers in just one step 

from achiral dienes and dienophiles, causing this method one of the most 

interesting and attractive processes in asymmetric chemical synthesis. 

Recently, the Diels-Alder reaction has been expanded to include molecules 

with C=P, C=N, and C=O functional groups (40). At the same time, the 

phospha D-A reaction became somewhat less attention than the asymmetric 

carbo-, oxa-, and aza-Diels-Alder reactions, Although, Its possible use to 

produce P-chiral cyclic phosphines for application in asymmetric 

homogeneous catalysis as well as  new pharmaceuticals (48).  

 

 

 

            

Figure (4-8): The cycloaddition of 4,9-butadiene and hetero-

dienophile D-A Reactions 
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4.2.4.5. Tandem or Cascade Diels-Alder Reaction 

Cascade techniques are considered as an enabling approach to chemical 

synthesis. The construction of multiple carbon-carbon bonds in a single 

chemical step in the same reaction vessel provides  an extremely efficient 

approach for the synthesis of complex molecular structures, generating 

bridged or polycyclic structures containing multiple adjacent stereocenters, 

without having to isolate intermediates before each subsequent reaction in 

the pathway (42).  

In the context of multiple chemical reactions, ―tandem‖ can therefore be 

taken to indicate two reactions which follow one another. The diene  of the 

D-A reaction can often be difficult to handle since certain dienes are prone 

to rapid decomposition or polymerization  when isolated.  As a result, 

extensive research has been focused on the production and in situ 

applications of specific dienes. The cascades can be further classified into 

(a) reaction sequences in which both diene-dienophile pairs are present in 

the starting compounds and (b) a necessarily ―sequential‖ pathway in which 

the first cycloaddition produces a new diene or dienophilic alkene which can 

then undergo a second cycloaddition reaction (01). As well as Cascade 

reactions are frequently referred to as domino reactions for the reason that 

each step of the sequence depends on the functionality produced directly in 

the previous step (00). 

In addition cascade cycloadditions are a subset of tandem cycloadditions 

that require neither the addition of reagents or the alteration of reaction 

conditions (09). 
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4.2.4.6. The Retro Diels-Alder Reaction 

The retro-Diels-Alder reaction involves the cleavage of a cyclic 

molecule to regenerate the starting diene and dienophile rather than creating 

a cyclic product by the coordinated cycloaddition of a diene and a dienophile 

(01)
 
Figure (0-2). The D-A reaction and the rD-A reaction were initially 

observed at about the same time. Due to the challenging reaction conditions 

involved, the reverse reaction still gets relatively little focus (02). Even with 

its limited popularity, the rD-A reaction has developed into a valuable 

instrument and is still the method of choice for creating a variety of reactive 

olefin or metastable molecules. Due to the endothermic requirements of rD-

A, high temperatures are sometimes used, which causes the products 

sometimes break down. A rD-A reaction can only occur under certain 

circumstances, such as flash-vacuum pyrolysis (FVP), shock tube, 

photochemical (laser) activation, and gamma radiation. Even though there 

are many benefits to these techniques, it is common for the final products to 

change (03). 

 

 

 

 

Figure (4-9): The Retro Diels–Alder reaction 
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4.2.2. Catalyzing of Diels-Alder Reaction 

4.2.2.4. Chemical Catalysis  

Chemical catalysis in Diels-Alder processes can occur through a variety 

of mechanisms and with different catalysts: 

4.2.2.4.4. Lewis Acid Catalysis: 

Lewis acids such as transition metal complexes (e.g., aluminum , tin, 

titanium) and other metal salts (e.g., Boron trifluoride, copper sulfate zinc 

chloride) (04) can catalyze. Diels-Alder reactions occur through interaction 

with the dienophile. These LA-catalyzed cycloadditions are not just quicker 

than their un-catalyzed counterparts, however, also more regio and 

stereoselective. According to the Frontier Molecular Orbital (FMO) theory 

and the large number of mechanistic studies on these chemical reactions, it is 

recently commonly known  that the donor-acceptor interaction generated 

between the dienophile and the LA-catalyst produces an excellent stability 

of the dienophile. LUMO, which is eventually turned into a smaller 

HOMOdiene-LUMOdienophile energy gap, as a result, to a lower reaction 

barrier as compared to the uncatalyzed reaction (00). 

 

4.2.2.4.2. Brønsted Acid Catalysis 

Brønsted acids can catalyze Diels-Alder reactions by protonating either 

the diene or dienophile. This facilitates their contact while also decreasing 

the reaction's activation energy and controlled the regio-, chemo-, and 

stereoselectivities (08). The enhancement of D–A reactions by acid catalysts 
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is commonly described using frontier molecular orbital (FMO) theory. When 

an acid catalyst exists, it can significantly reduce the HOMO-LUMO energy 

gap by coordinating with positions of high electron density (02).  

Traditional homogeneous protonic acids (Brønsted acids) such HOAc, 

H1PO2, HCl, HNO1, and H9SO2 have significantly improved catalytic 

performance. However, these liquid acids used in homogenous industrial 

catalytical processes are often poisonous and corrosive, have a high 

regeneration or quenching cost, and produce a huge number of undesirable 

byproducts and wastes. Otherwise, solid Brønsted acid catalysts are gaining 

popularity due to their low corrosivity, ease of handling, and high activity 

and selectivity (81). 

 

4.2.2.4.9. Metal Catalysis 

Transition metal complexes, particularly those based on ruthenium, 

palladium, or rhodium, as well as chiral ligands, such salen and oxazoline, 

may accelerate the production of stereoisomeric cyclic molecules when 

coordinated with metal ions such as Cr(III), Ni(II), Cu(II), Mg(II), and 

Ti(IV). Lanthanides and other metal salts can catalyze Diels-Alder processes 

by a variety of mechanisms, including oxidative addition, ligand exchange, 

or substrate coordination (80). These catalysts allow for extremely regio- 

and stereocontrolled cycloadditions. Selective catalysis with transition metal 

complexes typically necessitates the transfer of structural information from 

another ligand to a transition metal center. Recent research has shown that 

these complexes can influence site selectivity by improving additions and 

cycloadditions to diens' distant π-bonds (89). 
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4.2.2.4.0. Organocatalysts 

Some organic compounds can catalyze Diels-Alder reactions using 

hydrogen bonding or other non-covalent interactions. As an example, chiral 

amines and amino acids have been utilized as organocatalysts in 

enantioselective Diels-Alder reactions (81). 

 

4.2.2.2. Biological catalysis 

4.2.2.2.4. D-A Reactions Catalyzed by Antibodies 

For over a decade, scientists have  recognized that the immune system is 

a abundant source of unique and highly effective catalysts for typical 

chemical synthesis reactions. Antibodies chosen specifically to bind the 

transition state (T.S) of a particular process and increase its rate are known 

as catalytic antibodies (82). The main aim is to generate monoclonal 

antibodies that are specifically designed to bind a hapten molecule that 

mimics the reaction's T.S. via using small molecules known as haptens, 

Figure (0-01). The hapten is logically designed for a specific targeted 

chemical reaction, hoping that the reaction will be catalyzed by the antibody 

it elicits. As well as several groups have successfully produced unique 

antibodies for the catalysis of the D-A reaction using mammalian immune 

systems (83). This method was quickly dropped in favor of computational 

design and artificial metalloenzymes, even though catalytic antibodies in D-

A reactions showed promising results. This strategy's limit to a single 

scaffold is one of its drawbacks. Furthermore, the synthesis of certain 

monoclonal antibodies through mammalian vaccination and the challenging 
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synthetic availability of hapten molecules seem to be significant obstacles to 

the development of antibody-based D-Aases (0). 

 

 

 

 

 

 

Figure (4-44): Strategy used for the generation of catalytic monoclonal 

antibodies 

 

4.2.2.2.2. De novo computational enzyme design 

Several research teams have now successfully designed enzyme 

functions computationally from beginning  for a variety of chemical 

reactions with different mechanisms (84). The computational enzyme design 

technique may utilize any given scaffold that has known structures, making 

it ideal for directed evolution. Recent years have seen significant 

advancements in computational enzyme design due to the creation of 

methods for accurate protein structure modeling, protein stability prediction, 

and protein-ligand interaction prediction (80–82). This integrated strategy 

has been proven for several reactions, including the retro-aldol reaction, 

Kemp elimination, and Diels-Alder reactions. The first step in the 
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computational design process is to create a minimum active site shape with 

specific protein residues to stabilize the predicted T.S for the desired 

reaction by non-covalent interactions (also known as theozyme). Next, a 

protein that can be further improved is computationally picked and adapts to 

the TS while protecting it from the surrounding medium technology (21–

21), but instead of using a synthetic hapten to choose a protein template, a 

computationally produced TS is employed. Despite of the fact that de novo 

design of active sites for basic reactions has been accomplished with some 

promising results, attempts to develop enzyme catalysts for energetically 

demanding processes such as hydrolysis and Claisen rearrangements have 

encountered challenges. 

In case, such approach can avoid the combinatorial explosion was 

caused by fitting active sites in scaffolds but the geometrical links between 

the transition state and the catalytic residues that enable catalysis can't 

always be achieved experimentally. In these instances, the enzyme will show 

no activity in the new process, there for, The complex active site model for 

reactions was presented to generate preorganized active sites for actual 

design, This model include not just the transition state and catalytic residues, 

nevertheless the residues that stabilize them (82).  

 

4.2.2.2.9. D-A Reactions Catalyzed by Artificial 

Metalloenzymes 

The term "metalloenzyme" refers to a biocatalyst that contains transition 

metal (or zinc) ions as a cofactor in a protein scaffold. Metal ions are 

anchored in the protein core by amino acid residue coordination or as a 
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metal complex cofactor such as heme. Metalloenzymes can show powerful 

catalytic activity in water under milder condition, allowing them to mediate 

a variety of bioreactions in vivo (metabolism, respiratory chain, etc, ) 

because their highly organized protein structure may provide a precise 

catalytic site by controlling the orientation and position of its cooperating 

amino acid residues. Otherwise, The chiral environment offered by L-amino 

acid residues, as well as the restricted region within the protein core, 

contribute to these processes' stereo- and regioselectivity (22). Artificial 

metalloenzymes based on protein scaffolds have been created through 

chemical modification, genetic mutation, or metal cofactor substitution of 

natural metalloenzymes. additionaly, The association of a synthetic metal 

complex and a protein is another useful way for creating artificial 

metalloenzymes (23–22). 

In order to localize metallocofactors within the host protein-provided 

well-defined second coordination sphere environment, four complementary 

techniques have been proposed, Figure (0-00). 

0- Covalent anchoring: Similar to well-known bioconjugation methods, 

covalent anchoring is a high-yielding, irreversible interaction between 

an amino acid side-chain on the protein scaffold and cofactors with 

reactive functional groups (0) Figure (0-00a). 

9- Supramolecular anchoring: takes advantage of the great affinity that 

certain proteins have for a small number of substrates, natural 

cofactors, or noncovalent inhibitors. These are sometimes covalently 

modified with the cofactor to preserve a high affinity, which 
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guarantees the cofactor's quantitative localization within the host 

protein (011) Figure (0-00b). 

1- Dative anchoring: The mechanism of dentate anchoring is based on 

the coordination of a coordinately unsaturated metal center with a 

nucleophilic amino acid residue (Cys, His, Ser, Asp, Glu, etc.). 

Covalent or supramolecular approaches are frequently enhanced by 

this kind of metal activation and anchoring (011) Figure (0-00c). 

2- Metal Substitution: Metal substitution is based on the carefully 

designed active site of natural metalloenzymes and the unique 

reactivity of non native metals. The ArM's repertoire can include new-

to-nature reactivities after the metal is substituted (011) Figure (0-

00d). 
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Figure (4-44): Protein scaffold, an abiotic cofactor can be stably 

localized using four different anchoring techniques. (a) covalent, (b) 

supra molecular, (c) dative, (d) metal substitution (96). 

 

Selecting the right scaffold is a major challenge in creating an artificial 

metalloenzyme. Even more in many situations, artificial D-Aases 

incorporating metal showed reduced selectivity when compared to other 

DAases without any optimization However, it should be mentioned that no 

optimization procedures have been done to DAases that contain metal. 

Artificial metalloenzymes have been widely created to catalyze redox 

reactions, which frequently require a redox-active metal center, in addition 

to the D-A reaction (010)(24). While artificial metalloenzymes have been 

optimized through the application of evolutionary techniques, metallo-D-

Aases have not been subjected to similar strategies (0191011). 

 

4.2.2.2.0. Natural Diels-Alderases 

Biosynthetic enzymes produce unique activities, increasing the structural 

diversity of natural products and promoting host organisms. There has been 

a lot of interest in research on Diels-Alderases (DAs), which are functionally 

distinct enzymes that catalyze [2 + 9] cycloaddition processes in addition, 

the Diels-Alder reaction. Initial research indicates that these DAs originated 

from a predecessor that acted as an oxidocyclase (OC) dependent on flavin 

adenine dinucleotide (FAD) that catalyzes the oxidative cyclization 

processes of phenolic compounds (012). However, only a few such enzymes 
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have been found. Genome mining has shown to be an effective technique for 

identifying new Diels-Alderases from microbial natural product biosynthesis 

pathways since the discovery of the first stand-alone Diels-Alderase, SpnF, 

in 9100(013). On the other hand, since plants have large genomes and few 

biosynthetic gene groups, it is more difficult to find Diels-Alderases from 

them using genome mining techniques. There are at least nine biosynthetic 

systems have been found to contain natural enzymes that are believed to act 

as the primary cyclase in biosynthetic transformations that mimic Diels-

Alder-type structures or biosynthetic formal [2+9] cycloadditions (99). 

Approximately 031 diverse Diels-Alder (D-A)-type cycloadducts have been 

identified in natural compounds, including polyketides, alkaloids, 

isoprenoids, and phenylpropanoids. So far, a variety of enzymes have been 

identified to catalyze Diels-Alder (D-A) processes. These include the 

monofunctional D-As PyrE1(014) and SdnG (010), as well as the 

multifunctional D-As EupfF(018), LepI (012), and SpnF, (0011000). The 

previously documented D-As belong to numerous protein families, including 

polyketide synthases, lipocalins, malate synthases, FAD-dependent oxidases, 

and SAM-dependent methyltransferases (009) . 

      4.2.2.2.0.4. Moraceae family 
 

Mulberry tree is one of the common plant of the genus Morus which is 

widely grown in China and Japan.  In addition, Moraceous plants are a great 

resource for isolating stilbenes, 9-arylbenzofurans, flavonoids, and a new 

family of D-A type natural compounds, which contains over 011 members 

with a variety of biological activities, including antiphlogistic, diuretic, 

expectorant, laxative (001), anti-diabetic and (0021003)anti-microbial 
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properties(004) and inhibitory effects on digestive enzymes (pancreatic 

lipase, a-amylase and a-glucosidase) (000). The studies showed The callus 

of Morus alba cells contains two FAD-dependent enzymes that are crucial to 

the biosynthesis process: Morus alba moracin C oxidase (MaMO) and 

Morus alba Diels-Alderase (MaDA), which resemble berberine bridge 

enzymes (BBE). Among these, MaMO catalyzes the diene-producing 

oxidative dehydrogenase process, which is followed by the intermolecular 

Diels-Alder reaction that produces the D-A product. In contrast with many 

BBE-like enzymes, which normally require FAD as a cofactor to catalyze 

several oxidation processes (008), MaDA have ability to catalyze non-redox 

D-A reactions of different dinophiles and different types of natural and 

artificial polyphenolic dienes (002).The enzymtic reserches contributed to 

employ Diels-Alderase enzymes for unique endo- or exo-selective in the 

chemoenzymatic synthesis of a wide variety of synthetic and natural DAAs 

(091). Since the previously isolated MaDA did not catalyze the D-A 

conversion to DAAs with an exo-configuration, it only showed endo-

selectivity. Moreover, it was shown that the MaDA enzymes had great 

enantioselectivity when it came to catalyzing the Diels–Alder reaction, 

producing only enantiopure products (with ee > 289) with high 

stereoselectivity (0901099). 
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4.2.9. Aim and Objectives of Study 

0- This study aims to apply the friendly environmental method to Synthesis 

new organic compounds by Diels-Alder reactions between anthracene 

derivatives as dines and pyrrole derivatives as dienophiles which have 

pharmaceutical application, in presence of alba Diels-Alderase (MaDA) 

as catalyst. 

9- The objective of the project is achieve endo-selectivity for the product. 

1- This work includes monitoring the kinetics of the enzymatic Diels-Alder 

reactions. During this study, all the conditions which may impact on the 

enzymatic reaction such as the temperature, and the concentration of 

substrate will be studied. The appropriate mechanism for this enzymatic 

reaction will be suggested 
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2. Materials and Methods 

This  study  was  conducted  in  the  laboratory  of  postgraduate, 

University of     Karbala, College of Science, Department of Chemistry. The 

melting point measurements were performed in University of Karbala, 

College of Education. The mass-spectroscopy measurements were 

performed using LC-MS Agilent Infinity 0941, in the laboratory of 

Institution of Science Institute of Organic Chemistry, N.D. Zelinsky Russian 

Academy of Science, Moscow, Russia. The Nuclear Magnetic Resonance 

(NMR) were carried out using Avance    III    211    MHz    NMR 

spectrometer, in the laboratory of postgraduate, Department of Chemistry, 

College of Science, University of Basra, Basra, Iraq. All substrate and 

enzyme were provided by Hunan Chemfish Pharmaceutical Co., Ltd, Tokyo, 

Japan. 

2.4. Chemical and Materials 

The materials and chemicals used in this study are listed in Table (9-0): 

Table (9-0): Chemicals and their origin 

No. 

 

Materials Company 

1-  0-Methyl-0H-pyrrole-913-dione 

(209) 

Hunan chemfish 

Pharmaceutical 

6-  0-Propyl-0H-pyrrole-913-dione 

(289) 

Hunan chemfish 

Pharmaceutical 

3-  9-(913-Dioxo-913-dihydro- 0H-

pyrrol-0-yl) acetic acid (209) 

Hunan chemfish 

Pharmaceutical 
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4-  2101-Diphenylanthracene (289) Hunan chemfish 

Pharmaceutical 

5-  2-Anthraceneboronic acid (289) Hunan chemfish 

Pharmaceutical 

6-  2-Anthracenemethanol (289) Hunan chemfish 

Pharmaceutical 

7-  Absolute Ethanol Romil \ UK 

8-  Acetone Romil \ UK 

9-  Acetonitrile Romil \ UK 

11-  Deionized water  

11-  Diethyl ether Romil \ UK 

16-  Dimethyl formamide Romil \ UK 

13-  Dimethyl sulfoxide (DMSO) Romil \ UK 

14-  Isopropanol Romil \ UK 

15-  Methanol Romil \ UK 

16-  Morus alba Diels-Alderase Hunan chemfish 

pharmaceutical 

17-  Propanol Romil \ UK 

18-  Tetrahydrofuran (THF) ( 229) HIMEDIA 
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2.4.4 Instrument and Equipment: 

All the instruments and equipments that used in this study are 

summarized in Table (9-9) 

Table (2-2): The devices and their Suppliers 

No. 

 

The device Supplier 

1-  Avance    III    211    

MHz    NMR 

spectrometer 

N.D  Zelinsky Russian 

6-  Electronic Balance 991-2\ KERN \UK 

3-  Fourier transform 

infrared (FTIR) 

Shimadzu (8211 S) \ 

Japan 

4-  Hot plate stirrer Lab Tech \ Korea 

5-  Mass spectrometer N.D  Zelinsky Russian 

6-  Oven Memmert \ Germany 

7-  pH-meter  

8-  Schlink line Newcastle University 

Workshop \ 

UK 

9-  Spectrophotometer FAIT HFUL \090\ 

China 

11- UV–Visible 

spectrophotometer 

UV-0811\Shimadzu \ 

Japan 

11- Vacuum pump TW -023 A\ China 
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2.2. Subjects and Methods 

2.2.4.  Preparation of Morus alba Diels-Alderase (MaDA) 

The (120g, 0120U/mg) of MaDA enzyme was dissolved in 01 mL of 

deionized water at pH around (420-422). 

 

2.9. Preparation and Monitoring the Kinetic Parameters of 

Meso 9-(hydroxymethyl)-49-methyl-9,44-dihydro-42H,40H-

9,44-(epiethane[4,4,2]triylazanoethane[4,2,2]triyl)anthracene-

42,40-dione (P4) 

 

2.9.4 Preparation of Meso 9-(hydroxymethyl)-49-methyl-9,44-

dihydro-42H,40H-9,44-

(epiethane[4,4,2]triylazanoethane[4,2,2]triyl)anthracene-

42,40-dione (P4) 

The experiment of D-A reaction was carried out in an inert environment 

in the presence of nitrogen as an inert gas and completely isolated from the 

atmosphere using the Schlink line technique. 3mL of MaDA  was added to 

mixture of 0 mmol of both anthracen-2-ylmethanol (D0) and 0-methyl-0H-

pyrrole-913-dione (Dp0) dissolved in 93 mL of tetrahydrofuran (THF). The 

mixture was stirred for 023 hour at 21˚C. The color of the mixture was light 

brown and gradually converts into pale yellow precipitate as shown in 

Figure(9-0). 
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Figure (2-4): An image showing the change in the color of the reaction 

mixture from light brown to pale yellow 

 

At the end of the reaction, the main product was isolated from the 

solvent by an air-vacuum filter filled with nitrogen. The product separated 

on the filter surface while the solvent separated down the filter to the reactor 

as indicated in Figure (9-9a) and purified by using recrystallization method 

by using Ethanol as solvent. The purity of this product and the other 

compounds have been prepared was cheeked using thin layer 

chromatography method by using n-hexane and ethyl acetate, Figure (9-9b). 

The main yield of the reaction was (02%). All isolated products were 

isolated and characterized by nuclear magnetic resonance (NMR), FTIR, 

Mass, and UV/Vis. spectroscopies. The scheme of the formation of D-A  

reaction for P0 shown in Figure (9-1). 
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Figure (2-2): (a)The filtration technique which was used to separate the 

reaction products from the solvent, where the pale yellow ppt. on the 

filter surface is the product, while the solvent in the reactor, (b) The 

TLC technique. 

 

 

 

 

 

Figure (2-9): The main product P4 of D-A reaction 
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Furthermore, the solubility of P0 was listed in the Table (9-1):  

Table (2-9): The solubility of P4 

Solvent Solubility 

Acetone Soluble 

Acetonitrile Soluble 

DMF Soluble 

DMSO Soluble 

Ethanol Partially soluble 

Ether Insoluble 

Isopropanol Partially soluble 

Methanol Partially soluble 

Propanol Partially soluble 

THF Soluble 

 

2.9.2. Preparation of P4 Solutions: 

     The 0mM stock P0 solution was prepared by dissolving (121102g) of P0 in 

93 mL of THF, the set of different concentrations solutions were prepared 

(121131121011219112111121211213) mM. 
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2.9.9. Determination the appropriate concentration for 

Anthracen-9-ylmethanol and 4-Methyl-4H-pyrrole-2,5-dione (P4)( 

(Michaelis-Menten Equation) 

The experiments of reaction between anthracen-2-ylmethanol(D0) and 0-

methyl-0H-pyrrole-913-dione (Dp0) in the presence of the MaDA as a 

catalyst for each of the concentrations (120, 129, 121, 122, 123) mM, at a 

temperature of ( 93) °C and specific enzymatic activity (120 U/mg) of the 

MaDA enzyme, where the color of the reaction mixture was brown, The 

reaction was followed up by withdrawing 0 mL of the mixture every 3 

minutes and measuring its absorbance by spectrophotometer analyzer after 

fixing the wavelength at 103 nm, and continue until almost constant 

readings of absorbance are obtained. Then, after observing the results, the 

ideal substrates concentration were reached at the concentration (123 mM) 

for ( D0) and (129 mM) for (Dp0) that provides the optimum data during 

work. In addition, for drawing the Michaelis –Menten equation to find the 

Michaelis constant (Km), or the velocity at which the Michaelis-Menten 

equation's maximum velocity equals half. 

 

2.9.0. Determination of Optimal MaDA Enzyme Activity for 

P4 

Furthermore, the enzymatic experiments of P0 were carried out under 

completely emptied conditions of atmospheric air as well and in the presence 

of nitrogen as an inert gas with the presence of MaDA by applying different 

specific activities of MaDA (120112911211122,and 123) U/mg after stabilizing 
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the concentration of the substrates at 123mM of D0 and 129mM Dp0, The 

temperature at (93)°C and, apply the same steps in the previous enzymatic 

experiments and following the absorbance readings after fixing the 

wavelength at 103 nm. (1.3) U/mg is the appropriate enzymatic activity for 

this reaction. 

2.9.5. Thermodynamic Study for P4 

After determining the appropriate concentration for both D9 and Dp9 and 

the specific activity of MaDA, the rate of the reaction was monitored at 

different temperatures (03, 93, and 21) °C, by mix 123 mM of D0 and 1.9 

mM of Dp9 with (1.3) U/mg of MaDA for each experience. the absorbance 

was monitored every 3 minutes until get stable or nearly close readings. It 

was found that 93°C is the best temperature suitable for the enzymatic 

reaction. In addition, the change in enthalpy (ΔH), the change in Gibbs free 

energy (ΔG), and the change in entropy (ΔS) have been measured. 

 

2.0. Preparation and Monitoring the Kinetic Parameters of 

Meso 9-(hydroxymethyl)-49-propyl-9,44-dihydro-42H,40H-

9,44- 

(epiethane[4,4,2]triylazanoethane[4,2,2]triyl)anthracene-

42,40-dione (P2) 

 

2.0.4. Preparation of Meso 9-(hydroxymethyl)-49-propyl-9,44-

dihydro-42H,40H-9,44- 
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(epiethane[4,4,2]triylazanoethane[4,2,2]triyl)anthracene-

42,40-dione (P2) 

The experiment of D-A reaction between anthracen-2-ylmethanol (D0) 

and 0-propyl-0H-pyrrole-913-dione (Dp9) performed by using the same 

methodology mentioned above and under the same conditions, Figure (9-2). 

The color of the mixture was light brown and gradually converts into pale 

yellow precipitate. The product purified by using recrystallization method 

using acetone and the main yield of the reaction was (31%). 

 

  

 

 

 

 

 

Figure (2-0): The main product P2 of D-A reaction 

 

Furthermore, the solubility of P9 was listed in Table (9-2): 

Table (2-0): The solubility of P2 

Solvent Solubility 

Acetone Partially soluble 

Acetonitrile Partially soluble 

DMF Soluble 
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DMSO Soluble 

Ethanol Insoluble 

Ether Insoluble 

Isopropanol Partially soluble 

Methanol Insoluble 

Propanol Partially soluble 

THF Soluble 

 

 

2.0.2. Preparation of P2 Solutions: 

     The 0mM stock P9 solution was prepared by dissolving (121184g) of P9 in 

93 ml of THF, the set of different concentrations solutions were 

prepared(121131121011219112111121211213)mM. 

 

2.0.9.Determination the appropriate concentration for 

anthracen-9-ylmethanol (D4) and 4-propyl-4H-pyrrole-2,5-

dione(Dp2) (Michaelis-Menten Equation) 

The experiments of reaction between anthracen-2-ylmethanol (D0) and 

0-0-propyl-0H-pyrrole-913-dione (Dp9) carried out under the same 

conditions with the same methods as previously mentioned and specific 

enzymatic activity (120) U/mg of the MaDA enzyme, where the color of the 

reaction mixture was brown. Then, after observing the results, after fixing 

the wavelength at 143 nm, and continue until almost constant readings of 

absorbance are obtained. the ideal substrates concentration were reached at 
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the concentration (123 mM)for ( D0) and (129 mM) for (Dp9) that provides 

the optimum data during work. In addition for drawing the Michaelis-

Menten equation to find the Michaelis constant (Km), or the velocity at 

which the Michaelis-Menten equation's maximum velocity equals half. 

2.0.0. Determination of Optimal MaDA Enzyme Activity for 

for P2 

In addition, the enzymatic studies of P9 were carried out under fully 

emptied conditions of atmospheric air, as well as in the presence of nitrogen 

as an inert gas with the presence of MaDA by applying varies MaDA 

specific activities (120112911211122,and 123)U/mg. After stabilizing the 

substrate concentrations at 123mM D0 and 129mM Dp9, the temperature at 

(93)°C, the previous enzymatic tests was repeated, and take absorbance 

values after setting the wavelength at 143 nm. (122) U/mg is the correct 

enzymatic activity for this process. 

 

2.0.5. Thermodynamic Study for P2 

After determining the appropriate concentration for both D0 and Dp9 and 

the activity of MaDA, the rate of the reaction was monitored at different 

temperatures (03, 93, and 21) °C, by mix 123 mM of D0 and 1.9 mM of Dp9 

with (122) U/mg of MaDA for each experience. the absorbance was 

monitored every 3 minutes until getting stable or nearly close readings.  It 

was found that 93°C is the best temperature suitable for the enzymatic 

reaction. In addition, the change in enthalpy (ΔH), the change in Gibbs free 

energy (ΔG), and the change in entropy (ΔS) have been measured. 
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2.5. Preparation and Monitoring the Kinetic Parameters of 

Meso 9-(hydroxymethyl)-42,40-dioxo-9,44-dihydro-49H-9,44- 

(epiethane[4,4,2]triylazanoethane[4,2,2]triyl)anthracen-49- 

yl)acetic acid (P9) 

 

2.5.4. Preparation of Meso 9-(hydroxymethyl)-42,40-dioxo-

9,44-dihydro-49H-9,44- 

(epiethane[4,4,2]triylazanoethane[4,2,2]triyl)anthracen-49- 

yl)acetic acid (P9) 

The experiment of D-A reaction between anthracen-2-ylmethanol (D0) 

and 9-(913-dioxo-913-dihydro-0H-pyrrol-0-yl)acetic acid (Dp1) were 

performed by using the same methodology mentioned above and under the 

same conditions, Figure(9-3). The color of the mixture was light brown and 

gradually converts into pale yellow precipitate. The product purified by 

using recrystallization method using Ethanol and the main yield of the 

reaction was (30%). 
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Figure (2-5): The main product P9 of D-A reaction 

Furthermore, the solubility of P1 was listed in Table (9-3): 

Table (2-5): The solubility of P9. 

Solvent Solubility 

Acetone Soluble 

Acetonitrile Insoluble 

DMF Soluble 

DMSO Soluble 

Ethanol Partially soluble 

Ether Insoluble 

Isopropanol Partially soluble 

Methanol Soluble 

Propanol Partially soluble 

THF Soluble 

 

2.5.2. Preparation of P9 Solutions: 

The 0mM stock P1 solution was prepared by dissolving (12112g) of P1 in 

93 ml of THF, the set of different concentrations solutions were prepared 

(121131121011219112111121211213) mM 
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2.5.9. Determination of appropriate concentration for 

anthracen-9-ylmethanol(D4) and 2-(2,5-dioxo-2,5-dihydro-4H-

pyrrol-4-yl)acetic acid (Dp9) (Michaelis-Menten Equation) 

The experiments of reaction between anthracen-2-ylmethanol (D0) and 

9-(913-dioxo-913-dihydro-0H-pyrrol-0-yl)acetic acid (Dp1) carried out under 

the same conditions with the same methods as previously mentioned and 

specific enzymatic activity (120) U/mg of the MaDA enzyme, where the 

color of the reaction mixture was brown. Then, after observing the results, 

after fixing the wavelength at 143 nm, and continue until almost constant 

readings of absorbance are obtained. The ideal substrates concentration were 

reached at the concentration (1.1 mM)for ( D0) and (129 mM) for (Dp1) that 

provides the optimum data during work. In addition for drawing the 

Michaelis-Menten equation to find the Michaelis constant (Km), or the 

velocity at which the Michaelis-Menten equation's maximum velocity equals 

half. 

 

2.5.0. Determination of Optimal MaDA Enzyme Activity for 

P9 

In addition, the enzymatic studies of P1 were carried out under fully 

emptied conditions of atmospheric air, as well as in the presence of nitrogen 

as an inert gas with the presence of MaDA by applying varies MaDA 

activities (120112911211122, and 123)U/mg. After stabilizing the substrate 

concentrations at 1.1mM D0 and 129 Dp1, the temperature at (93)°C, the 
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previous enzymatic tests was repeated , and take absorbance values after 

setting the wavelength at 143 nm. (1.3) U/mg is the correct enzymatic 

activity for this process. 

2.5.5. Thermodynamic Study for P9 

After determining the appropriate concentration for both D0 and Dp1 and 

the activity of MaDA, the rate of the reaction was monitored under the same 

conditions and using the same approach as previously described, by mix 1.1 

mM of D0 and 1.9 mM of Dp1 with (1.3) U/mg of MaDA for each 

experience. The absorbance was monitored every 3 minutes until getting 

stable or nearly close reading. It was found that 93°C is the best temperature 

suitable for the enzymatic reaction. In addition, the change in enthalpy (ΔH), 

the change in Gibbs free energy (ΔG), and the change in entropy (ΔS) have 

been measured. 

 

2.6. Preparation and Monitoring the Kinetic Parameters of 

Meso(49-methyl-42,40-dioxo-9,44- 

(epiethane[4,4,2]triylazanoethane[4,2,2]triyl)anthracen-

9(44H)- yl)boronic acid (P0) 

2.6.4. Preparation of Meso (49-methyl-42,40-dioxo-9,44- 

(epiethane[4,4,2]triylazanoethane[4,2,2]triyl)anthracen-

9(44H)- yl)boronic acid (P0) 

The experiment of D-A reaction between anthracen-2-ylboronic acid 

(D9) and 0-methyl-0H-pyrrole-913-dione (Dp0) performed by using the same 
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methodology mentioned above and under the same conditions, Figure (9-4). 

The color of the mixture was light brown and gradually converts into pale 

yellow precipitate. The product purified by using recrystallization method 

using Ethanol and the main yield of the reaction was (41%). 

 

      

 

 

Figure (2-6): The main product P0 of D-A reaction 

 

Furthermore, the solubility of P2 was listed in the Table (9-4): 

Table (2-6): The solubility of P0 

Solvent Solubility 

Acetonitrile Partially soluble 

Acetone Soluble 

DMF Soluble 

DMSO Soluble 

Ethanol Soluble 

Ether Insoluble 

Isopropanol Partially soluble 

Methanol Soluble 

Propanol Partially soluble 
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THF Soluble 

2.6.2. Preparation of P0 Solutions: 

The 0mM stock P2 solution was prepared by dissolving (121181g) of P2 

in 93 mL of THF, the set of different concentrations solutions were prepared 

(121131121011219112111121211213)mM. 

 

2.6.9. Determination the appropriate concentration for 

Anthracen-9-ylboronic acid (D2)and 4-Methyl-4H-pyrrole-2,5-

dione (Dp4) (Michaelis-Menten Equation) 

The experiments of reaction between anthracen-2-ylboronic acid (D9) 

and 0-methyl-0H-pyrrole-913-dione (Dp0) carried out under the same 

conditions with the same methods as previously mentioned and enzymatic 

activity (120) U/mg of the MaDA enzyme, where the color of the reaction 

mixture was brown. Then, after observing the results, after fixing the 

wavelength at 143 nm, and continue until almost constant readings of 

absorbance are obtained.  The ideal substrates concentration were reached at 

the concentration (123 mM) for (D9) and (1.3 mM) for (Dp0) that provides 

the optimum data during work. In addition, for drawing the Michaelis-

Menten equation to find the Michaelis constant (Km), or the velocity at 

which the Michaelis-Menten equation's maximum velocity equals half. 

 

 

 



Chapter Two                                                             Materials & Methods 

46 
 

2.6.0. Determination of Optimal MaDA Enzyme Activity for 

for P0 

In addition, the enzymatic studies of P2 were carried out under fully 

emptied conditions of atmospheric air, as well as in the presence of nitrogen 

as an inert gas with the presence of MaDA by applying varies MaDA 

specific activities (120112911211122, and 123)U/mg. After stabilizing the 

substrate concentrations at 1.3mM D9 and 1.3 Dp0, The temperature at 

(93)°C, repeat the previous enzymatic tests, and take absorbance values after 

setting the wavelength at 143 nm. (1.9) U/mg is the correct enzymatic 

specific activity for this process. 

 

2.6.5 Thermodynamic Study for P0 

After determining the appropriate concentration for both D9 and Dp0 and 

the activity of MaDA, the rate of the reaction was monitored under the same 

conditions and using the same approach as previously described, by mix 123 

mM of D9 and 1.3 mM of Dp0 with (1.9) U/mg of MaDA for each 

experiment. the absorbance was monitored every 3 minutes until getting 

stable or nearly close readings. It was found that 93°C is the best 

temperature suitable for the enzymatic reaction. In addition, the change in 

enthalpy (ΔH), the change in Gibbs free energy (ΔG), and the change in 

entropy (ΔS) have been measured. 
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2.7. Preparation and Monitoring the Kinetic Parameters of 

Meso(42,40-dioxo-49-propyl-9,44- 

(epiethane[4,4,2]triylazanoethane[4,2,2]triyl)anthracen-

9(44H)- yl)boronic acid (P5) 

 

2.7.4. Preparation of Meso (42,40-dioxo-49-propyl-9,44- 

(epiethane[4,4,2]triylazanoethane[4,2,2]triyl)anthracen-

9(44H)- yl)boronic acid (P5) 

The experiment of D-A reaction between anthracen-2-ylboronic acid 

(D9) and 0-propyl-0H-pyrrole-913-dione (Dp9) performed by using the same 

methodology mentioned above and under the same conditions, Figure(9-0). 

The color of the mixture was light brown and gradually converts into pale 

yellow precipitate. The product purified by using recrystallization method 

using Ethanol and the main yield of the reaction was (01%). 

 

 

 

 

 

Figure (2-7): The main product P5 of D-A reaction 
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 Furthermore, the solubility of P3 was listed in Table (9-0): 

Table (2-7): The solubility of P5 

Solvent Solubility 

Acetone Soluble 

Acetonitrile Partially soluble 

DMF Soluble 

DMSO Soluble 

Ethanol Soluble 

Ether Insoluble 

Isopropanol Partially soluble 

Methanol Soluble 

Propanol Partially soluble 

THF Soluble 

 

2.7.2. Preparation of P5 Solutions: 

The 0mM stock P8 solution was prepared by dissolving (12112g) of P0 in 

93 mL of THF, the set of different concentrations solutions were prepared 

(121131121011219112111121211213) mM 
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2.7.9. Determination of appropriate concentration for 

Anthracen-9-ylboronic acid (D2) and 4-propyl-4H-pyrrole-2,5-

dione (Dp2) (Michaelis-Menten Equation) 

The experiments of reaction between anthracen-2-ylboronic acid (D9) 

and 0-propyl-0H-pyrrole-913-dione (Dp9) carried out under the same 

conditions with the same methods as previously mentioned and specific 

enzymatic activity (120) U/mg of the MaDA enzyme, where the color of the 

reaction mixture was brown. Then, after observing the results, after fixing 

the wavelength at 143 nm, and continue until almost constant readings of 

absorbance are obtained. the ideal substrates concentration were reached at 

the concentration (123 mM) for ( D9) and (1.3 mM) for (Dp9) that provides 

the optimum data during work. In addition for drawing the Michaelis-

Menten equation to find the Michaelis constant (Km), or the velocity at 

which the Michaelis-Menten equation's maximum velocity equals half. 

 

2.7.0. Determination of Optimal MaDA Enzyme Activity for 

P5 

In addition, the enzymatic studies of P3 were carried out under fully 

emptied conditions of atmospheric air, as well as in the presence of nitrogen 

as an inert gas with the presence of MaDA by applying varies MaDA 

specific activities (120112911211122, and 123) U/mg. After stabilizing the 

substrate concentrations at 1.3mM D9 and 1.3 Dp9, The temperature at 

(93)°C, the previous enzymatic tests was repeated, and take absorbance 
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values after setting the wavelength at 143 nm. (123) U/mg is the correct 

enzymatic activity for this process. 

2.7.5 Thermodynamic Study for P5 

After determining the appropriate concentration for both D9 and Dp9 and 

the activity of MaDA, the rate of the reaction was monitored under the same 

conditions and using the same approach as previously described, by mix 123 

mM of D9 and 1.3 mM of Dp9 with (123) U/mg of MaDA for each 

experience. When you continue to follow the absorbance readings every 3 

minutes until you get stable or nearly close readings. It was found that 93°C 

is the best temperature suitable for the enzymatic reaction. In addition, the 

change in enthalpy (ΔH), the change in Gibbs free energy (ΔG), and the 

change in entropy (ΔS) have been measured. 

 

2.8. Preparation and Monitoring the Kinetic Parameters of 

Meso (9-(dihydroxyboranyl)-42,40-dioxo-9,44-dihydro-49H-

9,44- (epiethane[4,4,2]triylazanoethane[4,2,2]triyl)anthracen-

49- yl)acetic acid (P6) 

2.8.4. Preparation of Meso (9-(dihydroxyboranyl)-42,40-

dioxo-9,44-dihydro-49H-9,44- 

(epiethane[4,4,2]triylazanoethane[4,2,2]triyl)anthracen-49- 

yl)acetic acid (P6) 

The experiment of D-A reaction between anthracen-2-ylboronic acid 

(D9) and 9-(913-dioxo-913-dihydro-0H-pyrrol-0-yl) acetic acid (Dp1) was 
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performed by using the same methodology mentioned above and under the 

same conditions, Figure (9-8). The color of the mixture was light brown and 

gradually converts into pale yellow precipitate. The product purified by 

using recrystallization method using Ethanol and the main yield of the 

reaction was (22%). 

 

  

 

 

 

Figure (2-8): The main product P6 of D-A reaction 

Furthermore, the solubility of P4 was listed in Table (9-8): 

Table (2-8): The solubility of P6 

Solvent Solubility 

Acetone Soluble 

Acetonitrile Partially soluble 

DMF Soluble 

DMSO Soluble 

Ethanol Soluble 

Ether Insoluble 

Isopropanol Partially soluble 

Methanol Soluble 
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Propanol Partially soluble 

THF Soluble 

2.8.2. Preparation of P6 Solutions: 

The 0mM stock P4 solution was prepared by dissolving (121122g) of P4 

in 93 mL of THF, the set of different concentrations solutions were prepared 

(121131121011219112111121211213) mM. 

 

2.8.9. Determination of appropriate concentration for 

Anthracen-9-ylboronic acid (D2) and 2-(2,5-dioxo-2,5-

dihydro-4H-pyrrol-4-yl) acetic acid (Dp9) (Michaelis-Menten 

Equation) 

The experiments of reaction between anthracen-2-ylboronic acid (D9) 

and 9-(913-dioxo-913-dihydro-0H-pyrrol-0-yl) acetic acid (Dp1) carried out 

under the same conditions with the same methods as previously mentioned 

and enzymatic activity (120) U/mg of the MaDA enzyme, where the color of 

the reaction mixture was brown. Then, after observing the results, after 

fixing the wavelength at 143 nm, and continue until almost constant 

readings of absorbance are obtained. The ideal substrates concentration were 

reached at the concentration (1.0 mM) for (D9) and (1.0 mM) for (Dp1) that 

provides the optimum data during work. In addition, for drawing the 

Michaelis-Menten equation to find the Michaelis constant (Km), or the 

velocity at which the Michaelis-Menten equation's maximum velocity equals 

half. 
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2.8.0. Determination of Optimal MaDA Enzyme Activity for 

for P6 

In addition, the enzymatic studies of P4 were carried out under fully 

emptied conditions of atmospheric air, as well as in the presence of nitrogen 

as an inert gas with the presence of MaDA by applying varies MaDA 

specific activities (120112911211122,and 123)U/mg. After stabilizing the 

substrate concentrations at 1.0mM D9 and 1.0 Dp1, The temperature at 

(93)°C, repeat the previous enzymatic tests, and take absorbance values after 

setting the wavelength at 143 nm. (1.2) U/mg is the correct enzymatic 

activity for this process. 

 

2.8.5 Thermodynamic Study for P6 

After determining the appropriate concentration for both D9 and Dp1 and 

the activity of MaDA, the rate of the reaction was monitored under the same 

conditions and using the same approach as previously described, by mix 1.0 

mM of D9 and  1.0 mM of Dp1 with (1.2) U/mg of MaDA for each 

experience. the absorbance was monitored every 3 minutes until  getting 

stable or nearly close readings. It was found that 93°C is the best 

temperature suitable for the enzymatic reaction. In addition, the change in 

enthalpy (ΔH), the change in Gibbs free energy (ΔG), and the change in 

entropy (ΔS) have been measured. 
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The physical properties of all the products which have been prepared 

was described in table (9-2)  

 

Table (2-9): Physical properties and the yield of D-A products. 

Compound 

Symbol 

Chemical 

Formula 

Mol. wt. Colour Melting 

Point 

Yield 

% 

 

P0 C91H00NO1 102 Pale yellow 042-

044 

02 

P9 C99H90NO1 120 Pale yellow 902-

904 

31 

P1 C90H00NO3 141 Pale yellow 023-

020 

30 

P2 C02H04BNO2 111 Pale yellow 021-

023 

41 

P3 C90H91BNO2 140 Pale yellow 029-

022 

01 

P4 C91H04BNO4 100 Pale yellow 022-

024 

22 

 

 

2.9. preparation of Diels Alder reaction by using 9,44-

diphenylanthracene as diene  
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The experiment of D-A reaction between 2101-diphenylanthracene as 

diene (D1) with three Dienophiles (0-methyl-0H-pyrrole-913-dione (Dp0) ,0-

propyl-0H-pyrrole-913-dione (Dp9), 9-(913-dioxo-913-dihydro-0H-pyrrol-0-

yl) acetic acid (Dp1)was performed by using the same methodology 

mentioned above and under the same conditions. The color of the mixture 

was yellow and gradually converts into pale yellow precipitate, Figure (9-2). 

For more information, see appendixes 93194190. 

 

2.44. Monitoring of Kinetic Parameters 

2.44.4. Michaelis-Menten Equation 

By monitoring the changes in concentrations, the Michaelis-Menten 

equation was used to determine the appropriate substrate concentration (for 

each reaction) of (D0+D9) (Dp0+ Dp9+ Dp1) at a particular (enzymatic 

specific activity 120112911211122, and 123 U/mg) respectively and at 

temperature of 93 ᵒC. The concentrations of each reaction separately were 

then plotted against the velocity. Determine the derivative's concentration at 

which the reaction velocity is half based on the information provided which 

known as the Michaelis constant (Km). 

  

2.44.2. Determination the product's concentration of D-A 

reaction 

Using Lambert-Beer's law, equation (0), the concentration of the 

substrate was determined for each experiment at every time, where (C) is the 
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concentration of the substrate, (b) is the thickness of the cells (0 cm), (A) is 

the measured absorbance of the reaction mixture while following enzymatic 

experiments, and (Ɛ) is the molar absorption coefficient from the slope of 

calibration curve for each reaction see appendix 01312101100,and 90. 

                                               Eq……....(0) 

The product concentration was then measured using the following 

equation each time: 

[P] = [S]T – [S]1                            Eq……....(9) 

Where [S]T represents the concentration of the substrate at a certain time. 

Whereas [S]∘ represents the concentration of the substrate at time zero for 

each experiment. 

 

2.44.9. Finding the values of the reaction rate constant and 

enzymatic reaction rate 

It was noted that there is a linear relationship when drawing between the 

natural logarithm of the product concentration (ln p) and time (t) in minute, 

so the first-order equation (1) for the reaction can be applied to find the 

reaction rate constant and the enzymatic reaction rate. 

Slope = k (min
-0

 ) = Velocity (Ѵ)        Eq……....(1) 

 

2.44.0. Calculating the values of Km and Ѵ-Max for each 

reaction 
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By applying the Michaelis-Menten equation Eq.(2) and establishing the 

relationship between the substrate concentration [S] and the rate of the 

enzymatic reaction (Ѵ) as well as the line weaver Burk equation (3) is the 

relationship between reciprocal of velocity (0/ Ѵ) and reciprocal of substrate 

concentration (0/[S]). The values of the maximum velocity (Ѵ max) of the 

enzymatic reaction and a velocity constant were established. For more 

information, see appendixes 914101102108, and 99. 

 

                                                  
    [ ]

   [ ]
                   Eq……....(2)     

Michaelis-Menten equation 

 

 
  

  

    [ ]
  

 

    
                  Eq……....(3) 

      Line Weaver Burk equation 

2.44.5. Achieving the optimal activity for enzyme reaction 

The optimal enzyme activity of an enzymatic reaction after which the 

speed becomes constant was calculated due to binding all substrates to the 

enzyme by drawing the linear relationship between the enzymatic activity 

and the related velocity, as in the appendixes 110100103102,and 91. 

 

2.44.6. Determination the optimal temperature for enzymatic 

action 
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The optimum temperature was identified by plotting the relationship 

between each velocity against the temperatures through the bell curve. 

 

 

2.44.7. Calculating the Thermodynamic Parameters ∆ H, ∆ S 

and ∆ G 

The slope of the straight-line equation for Arrhenius (4) between the 

natural logarithm of the reaction rate constant (ln k) and reciprocal of 

temperature (0/T) was used to calculate the activation energy (Ea) necessary 

for the reaction to occur. For more information, see appendixes 218109104, 

91, and 92. 

                                ln k =ln A – Ea / RT                   Eq……....(4) 

Arrhenius equation 

The value of (∆S) and (∆H) of the reaction can be found through the 

scheme of Van 't Hoff equation (0) between (ln k) and (0/T), where the slope 

is represented (-∆H/R), but the intercept is represented cutting with the y- 

axis (∆S/R). 

                                          
  

  
 

  

 
                  Eq……....(7) 

R = The gas constant (8.940 Joule/mole) 

Van 't Hoff equation 
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9. Results and Discussion 

9.4. Characteristics of Meso 9-(hydroxymethyl)-49-methyl-

9,44-dihydro-42H,40H-9,44- 

(epiethane[4,4,2]triylazanoethane[4,2,2]triyl)anthracene-

42,40-dione (P4)  

The Fourier transform infrared (FTIR) spectrum of P0 Figure (1-0) 

exhibited a medium broad peak at 1319 cm
-0

 refer to the OH belong to 

terminal OH of hydroxymethyl that attached at 01-anthracene. The weak 

peak at 1144 cm
-0

 belong to the stretching C-H (SP
9
) for the pyrrole ring. In 

addition, the two weak peaks at 9238 cm
-0

, and 9800 cm
-0

 belong to C-

H(SP
1
) of the methyl, which linked to the pyrrole ring. The two peaks that 

related to stretching active carbonyl amide groups of pyrrole ring appeared 

as the weak peak at 0044 cm
-0

 and the strong sharp peak at 0421 cm
-0

. The 

medium peak at 0249 cm
-0

 belong to C=C of anthracene rings. The medium 

peak at 0910 cm
-0 

attributed to the (C-O) bond of alcohol for the 

hydroxymethyl. (091–093). All peaks appear in FTIR spectrum for all 

products seen in table (1-09).  
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Figure (9-4): The FTIR spectrum for P4 

 

The 
0
H NMR spectrum for P0 in D9O Figure (1-9), display the singlet 

peak at δ (0219) ppm belong to protons of CH1 attached to N of pyrrole ring, 

while the protons of the two CH groups that attached to carbonyl of pyrrole 

showed multiplet at δ(9210-9212) ppm and at δ (9224-9231) ppm, 

respectively. The multiplet peak at δ (1293-1292) ppm belong to CH proton 

of the 2-H anthracene. The signal of (OH) proton of the 01-methyol 

anthracene appeared the peak at δ (2248) ppm, in addition to the triplet peak 

at δ (3290-3211) ppm attributed to the protons of CH9 that attached to 

hydroxyl group appear. The multiplet peaks at δ (0212-0202) ppm, δ (0290) 

ppm, δ (0229-0222) ppm, and δ (0243) ppm belong to protons of aromatic 
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rings of anthracene (0941090). All peak appears in 
0
H NMR spectrum for all 

products seen in table (1-01). 

 

 

 

 

 

 

 

 

 

  

Figure (9-2): The 
4
H NMR spectrum for P4 

 

The 
01

C NMR spectrum of P0 in DMSO-d
4
 showed the peak of the 

carbon atom of methyl group that attaches to N at δ (92211) ppm. The peak 

at δ (23212) ppm belong to the 01-carbon of anthracene that attached to the 

01- hydroxymethyl (CH9-OH) group. The peak at δ (24214) ppm belong to 

2-carbon of anthracene which closed the cycle with pyrrole. The peaks at δ 

(28201) ppm and δ (22240) ppm attributed to the two alpha carbons of 

pyrrole, respectively. The peak at δ (38209) ppm belong to carbon of 
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hydroxymethyl that attached to the anthracene. The peaks at δ (099281) 

ppm, δ (092214) ppm, δ (092289) ppm, δ(093212) ppm, δ (093290) ppm, δ 

(093231) ppm, δ (094291) ppm, δ (094290) ppm, δ (094230) ppm, δ (094202) 

ppm, δ(090231) ppm, δ (021213) ppm, and δ (021201) ppm attributed to the 

carbons of the anthracene rings. The peaks at δ (004218) ppm and δ (000212) 

ppm attributed to the carbons of the two carbonyl groups for the pyrrole, 

respectively, Figure (1-1). All peak appears in 
01

CNMR spectrum for all 

products seen in table (1-02). 

 

 

 

 

 

 

 

 

 

 

Figure (9-9): The 
49

C NMR spectrum of P4 
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The mass spectrum of P0 appears signal at (191.0 m/z) relative to the 

molecular ion, the value close to the calculated molecular weight (10220 

g/mole), as shown in Figure (1-2).  

 

 

 

 

 

 

 

 

 

 

Figure (9-0): The mass spectrum for P4 

 

9.2. Kinetic Study of Meso 9-(hydroxymethyl)-49-methyl-9,44-

dihydro-42H,40H-9,44- 

(epiethane[4,4,2]triylazanoethane[4,2,2]triyl)anthracene-

42,40-dione (P4)  
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9.2.4. Determine the values of the reaction rate constant 

(Michaelis-Menten constant) and the maximum velocity of the 

enzymatic reaction for P4 

From the absorbance readings against the D0 concentrations, the 

corresponding reaction rate was found. After that, the Michaelis-Menten 

equation was applied by drawing the relationship between the velocity of 

enzymatic reaction and the concentration of the D0 as substrate, as well as 

the line Weaver-Burk equation was applied by plot the relationship between 

the reciprocal of the velocity (0/Ѵ) versus the reciprocal of the concentration 

(0/[S]) to reach the value of the enzymatic reaction rate constant (Km) and 

the maximum velocity of the enzymatic reaction (Ѵmax), Figure (1-3) and 

Table (1-0). 

 

 

 

 

 

 

 

Figure (9-5): Michaelis-Menten diagram and line weaver - Burk 

diagram of the D-A reaction of P4 
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Table (9-4): The Values of Km and Ѵmax for the D-A reaction of P4 

kinetic Parameters Michaels Menten plot line weaver Burk plot 

Ѵmax (min
-0

) 4.2760 4.2760 

Km 4.2504 4.2504 

 

9.2.2. Finding of Enzymatic Activity of P4 

The ideal enzymatic specific activity was found by drawing the 

relationship between the enzyme reaction velocity and the activity, which 

produced a bell-like shape, Figure (1-4). 

 

 

 

 

 

 

 

 

 

Figure (9-6): The appropriate enzyme activity of MaDA for P4 
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From the foregoing, the ideal enzymatic activity for this reaction is (123 

U/mg). 

9.2.9. Finding Optimum Temperature for P4 

The optimum temperature for the D-A reaction of P0 was determined by 

plot the velocity of the reaction against the different temperatures (03193121 

C˚). The 93 C˚ is the ideal temperature, Figure (1-0). 

 

 

 

 

 

 

 

 

Figure (9-7): The ideal temperature for P4 

 

9.2.0. Finding the Thermodynamic Parameters for P4 

By applying the Van‘t Hoff equation, drawing the relationship between 

lnK against the reciprocal of temperature Figure (1-8). The value of (∆H) 

was calculated from the slope and the value of the activation energy (∆Ea) is 
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equal to the (∆H) value of the liquids, while a (∆S) value was calculated 

from the intersection with the y-axis. As for the Gibbs free energy, it was 

found by applying the free Gibbs equation are presented in Table (1-9). 

 

 

 

 

 

 

 

 

 

Figure (9-8): Van’t Hoff equation for P4 

 

Table (9-2): The values of (∆H), (∆S) and (∆G) for P4 

ΔH (J.mol
-4

) ΔS (J.K
-4

) ΔG (J) 

8102 312912 -02329 

 

The negative value of the Gibbs free energy indicates that the enzyme 

reaction is spontaneous. It also has a positive entropy value, making it 

random. In addition to positive enthalpy value making it endothermic.  

0.0031 0.0032 0.0033 0.0034

3.0

3.1

3.2

3.3

L
n
 K

1/T(K)

Equation y = a + b*x

Plot Ln K

Weight No Weighting

Intercept 6.4 ± 1.64613E-1

Slope -1000 ± 5.0355E-

Residual Sum of Squar 1.18329E-30

Pearson's r -1

R-Square (COD) 1

Adj. R-Square 1
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9.9. Characteristics of Meso 9-(hydroxymethyl)-49-propyl-

9,44-dihydro-42H,40H-9,44- 

(epiethane[4,4,2]triylazanoethane[4,2,2]triyl)anthracene-

42,40-dione (P2) 

The Fourier transform infrared (FTIR) spectrum of P9 Figure (1-2) 

showed a medium peak at 1223 cm
-0

 belong to terminal OH of 

hydroxymethyl that attached at 01-anthracene. The weak peak at 1144 cm
-0

 

attributed to the stretching C-H (SP
9
) for the pyrrole ring. The weak peaks at 

9221 cm
-0

, 9820 cm
-0

, and 9812 cm
-0

 belong to C-H(SP
1
) of the propyl, 

which linked to the pyrrole ring. The two stretching peaks related to the 

active carbonyl for pyrrole ring, appeared as the weak peak at 0044 cm-0 

and the strong sharp peak at 0482 cm
-0

. The weak peak at 0324 cm
-0

 belong 

to C=C of the anthracene rings. The medium peak at 0929 cm
-0

 attributed to 

the (C-O) bond of alcohol for the hydroxymethyl. (091–093). All peak 

appears in FTIR spectrum for all products seen in table(1-09). 
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 Figure (9-9): The FTIR spectrum for P2 

 

The 
0
H NMR spectrum for P9 in D9O Figure (1-01) display the quartet 

peak at δ (1214-1220) ppm attributed to the terminal CH1 of propyl group, 

which attached with pyrrole, the hexate peak at δ (1248-1200) ppm belong to 

the protons of middle CH9 of propyl, and the triplet peak at δ (029-0299) 

belong to the CH9 of propyl that attached to N of pyrrole ring. The protons 

of the two CH groups that attached to carbonyl of pyrrole showed multiplet 

at δ (9220-9231) ppm and at δ (9282-9221) ppm respectively. The multiplet 

peak at δ (1293-1292) ppm belong to CH proton of the 2-H anthracene. The 

signal of (OH) proton of the 01-methyol anthracene appeared the peak at δ 
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(2248) ppm, in addition to the triplet peak at δ (3211-3212) ppm attributed to 

the protons of CH9 that attached to hydroxyl group. The multiplet peaks at δ 

(0200-0202) ppm, δ (0220-0222) ppm, δ (0242-0240) ppm, and δ (8214-8212) 

ppm belong to protons of aromatic rings of anthracene. (0941090). All peak 

appears in 
0
H NMR spectrum for all products seen in table (1-01). 

 

 

 

 

 

 

 

 

 

 

 

Figure (9-44): The 
4
H NMR spectrum for P2 

 

The 
01

C NMR spectrum of P9 in DMSO-d
4
 Figure (1-00) showed a peak 

at δ (00299) ppm attributed to the terminal CH1 of propyl that linked with 

pyrrole, a peak at δ (91224) ppm attributed to the middle CH9 of propyl, and 
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a peak at δ (12234) ppm attributed to the CH9 of propyl that attached to the 

N of pyrrole. The peak at δ (23211) ppm belong to the 01-carbon of 

anthracene that attached to the 01- hydroxymethyl (CH9-OH) group. The 

peak at δ (23281) ppm belong to 2-carbon of anthracene which closed the 

cycle with pyrrole. The peaks at δ (20282) ppm and δ (22240) ppm attributed 

to the two alpha carbons of pyrrole, respectively. The peak at δ (38201) ppm 

belong to carbon of hydroxymethyl that attached at 01-anthracene. The 

peaks at δ (092214) ppm, δ(092289) ppm, δ (093231) ppm, δ (094294) ppm, 

δ (094230) ppm, δ (094201) ppm, δ (090239) ppm, δ (092204) ppm, 

δ(021222) ppm, and δ (021290) ppm attributed to the carbons of the 

anthracene rings. The peaks at δ (004214) ppm and δ(000210) ppm attributed 

to the carbons of the two carbonyl groups for the pyrrole, respectively. All 

peak appears in 
01

C NMR spectrum for all products seen in table (1-02). 
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Figure (9-44): The 
49

C NMR spectrum of P2 

The mass spectrum of P9 appears signal at (12821 m/z) relative to the 

molecular ion, the value close to the calculated molecular weight (12020 

g/mole), as shown in Figure (1-09). 
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Figure (9-42): The mass spectrum of P2 

 

9.0. Kinetic Study of Meso -(hydroxymethyl)-49-propyl-9,44-

dihydro-42H,40H-9,44- 

(epiethane[4,4,2]triylazanoethane[4,2,2]triyl)anthracene-

42,40-dione (P2) 

9.0.4. Determine the values of the reaction rate constant 

(Michaelis-Menten constant) and the maximum velocity of the 

enzymatic reaction for P2 
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From the absorbance readings against the D0 concentrations, the 

corresponding reaction rate was found. After that, the Michaelis-Menten 

equation was applied by drawing the relationship between the velocity of 

enzymatic reaction and the concentration of the D0 as substrate, as well as 

the line Weaver-Burk equation was applied by plot the relationship between 

the reciprocal of the velocity (0/Ѵ) versus the reciprocal of the concentration 

(0/[S]) to reach the value of the enzymatic reaction rate constant (Km) and 

the maximum velocity of the enzymatic reaction (Ѵmax), Figure (1-01) and 

Table (1-1). 
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Figure (9-49): Michaelis-Menten diagram and line weaver - Burk 

diagram of the D-A reaction of P2 
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Table (9-9): The Values of Km and Ѵmax for the D-A reaction of P2 

kinetic Parameters Michaels Menten plot line weaver Burk plot 

Ѵmax (min
-0

) 121908 121908 

Km 129300 129300 

 

9.0.2. Finding of Enzymatic Activity of P2 

The ideal enzymatic activity was found by drawing the relationship 

between the enzyme reaction velocity and the activity, which produced a 

bell-like shape, Figure (1-02). 

 

 

 

 

 

 

 

 

Figure (9-40): The appropriate enzyme activity of MaDA for P2 

 

From the foregoing, the ideal enzymatic activity for this reaction is (122 

U/mg). 
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9.0.9. Finding Optimum Temperature for P2 

The optimum temperature for the D-A reaction of P9 was determined by 

plot the velocity of the reaction against the different temperatures (03193121 

C˚). The 93 C˚ is the ideal temperature, Figure (1-03). 

 

 

 

 

 

 

 

 

 

 

Figure (9-45): Image showing the ideal temperature for P2 

 

9.0.0. Finding the Thermodynamic Parameters for P2 

By applying the Van‘t Hoff equation, drawing the relationship between 

lnK against the reciprocal of temperature Figure (1-04). The value of (∆H) 

was calculated from the slope and the value of the activation energy (∆Ea) is 

equal to the (∆H) value of the liquids, while a (∆S) value was calculated 
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from the intersection with the y-axis. As for the Gibbs free energy, it was 

found by applying the free Gibbs equation, Table(1-2). 

0.0031 0.0032 0.0033 0.0034

3.4

3.6

3.8
L

n
 K

1/T (K)

Equation y = a + b*x

Plot Ln K

Weight No Weighting

Intercept 8.9 ± 0.40444

Slope -1642.85714 ± 123.7

Residual Sum of Squ 7.14286E-4

Pearson's r -0.99718

R-Square (COD) 0.99436

Adj. R-Square 0.98872

 

Figure (9-46): Van’t Hoff equation for P2 

 

       Table (9-0): The values of (∆H), (∆S) and (∆G) for P2 

ΔH (J.mol
-4

) ΔS (J.K
-4

) ΔG (J) 

014382001 012222 -81202222 

 

 

The negative value of the Gibbs free energy indicates that the enzyme 

reaction is spontaneous. It also has a positive entropy value, making it 

random. In addition to positive enthalpy value making it endothermic. From 

above result, we can see that this reaction is the most thermally preferred. 
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9.5. Characteristics of Meso (9-(hydroxymethyl)-42,40-dioxo-

9,44-dihydro-49H-9,44- 

(epiethane[4,4,2]triylazanoethane[4,2,2]triyl)anthracen-49- 

yl)acetic acid (P9) 

The Fourier transform infrared (FTIR) spectrum of P1 Figure (1-00) 

showed a medium broad peak at 1200 cm
-0

 belonging to OH for both the 

acetyl linked to the pyrrole and the terminal OH of hydroxymethyl attached 

at 01-anthracene. The weak peak at 1121 cm
-0

 refer to the stretching C-H 

(SP
9
) for the pyrrole ring. The weak peaks at 9230 cm

-0
 and 9209 cm

-0
 

attributed to C-H (SP
1
) of acetyl. The weak peak at 0044 cm

-0
 and the strong 

peak at 0420 cm
-0

 attributed to the stretching active carbonyl amide of 

pyrrole. The weak peak at 0304 cm
-0

 belong to C=C of the anthracene rings. 

The medium peak at 0912 cm
-0

 attributed to the (C-O) bond of alcohol for 

the hydroxymethyl. (091–093). All peak appears in FTIR spectrum for all 

products seen in table (1-09). 
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Figure (9-47): The FTIR spectrum for P9 

 

The 
0
HNMR spectrum for P1  in D9O Figure (1-08) display the singlet 

peak at δ (0290) ppm attributed to the CH9 of acetyl group, which attached 

with the N of pyrrole. The protons of the two CH groups that attached to 

carbonyl of pyrrole showed multiplet at δ (9228-9231) ppm. The multiplet 

peak at δ (1294-122) ppm belong to CH proton of the 2-H anthracene. The 

signal of (OH) proton of the 01-methyol anthracene appeared the peak at δ 

(2201) ppm, in addition to the triplet peak at δ (3213-3221) ppm attributed to 

the protons of CH9 that attached to hydroxyl group. The signal peak at δ 

(8210) ppm attributed to the (OH) of acetyl that attached with pyrrole. The 

multiplet peaks at δ (0202-0208) ppm, δ (0242-0244) ppm, and δ (8221-8234) 
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ppm belong to protons of aromatic rings of anthracene. (0941090). All peak 

appears in 
0
H NMR spectrum for all products seen in table(1-01). 

 

 

 

 

 

 

 

 

 

 

  

Figure (9-48): The 
4
H NMR spectra for P9 

 

The 
01

C NMR spectrum of P1 in CDCl1 Figure (1-02) showed the peak 

at δ (12201) ppm attributed to the CH9 of acetyl group, which attached with 

the N of pyrrole. The peak at δ (12241) ppm belong to the 01-carbon of 

anthracene that attached to the 01- hydroxymethyl (CH9-OH) group. The 

peaks at δ (23291) ppm and δ (23281) ppm attributed to the two alpha 

carbons of pyrrole, respectively. The peak at δ (33203) ppm belong to the 



Chapter Three                                                           Results& Discussion 

82 
 

carbon of hydroxymethyl that attached at 01-anthracene. The peak at δ 

(38242) ppm belong to 2-carbon of anthracene which closed the cycle with 

pyrrole. The peaks at δ (093202) ppm, δ (093.94) ppm, δ (094292) ppm, 

δ(094200) ppm, δ (092200) ppm, δ (011290) ppm, δ (012201) ppm, δ 

(021200) ppm, δ (021209) ppm, and δ (021291) ppm attributed to the carbons 

of the anthracene rings. The peak at δ (048212) ppm belong to the carbon of 

the carbonyl for the acetyl that attached to the pyrrole. The peaks at 

δ(004214) ppm and δ (000210) ppm attributed to the carbons of the two 

carbonyl groups for the pyrrole ring, respectively. All peak appears in 

01
CNMR spectrum for all products seen in table(1-02). 

 

 

 

 

 

 

 

 

 

 

Figure (9-49): The 
49

C NMR spectrum of P9 
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The mass spectrum of P1 appears signal at (14220 m/z) relative to the 

molecular ion, the value close to the calculated molecular weight (14120 

g/mole), as shown in Figure (1-91). 

  

 

 

 

 

 

 

 

  

 

Figure (9-24): The mass spectrum of P9 

 

9.6. Kinetic Study of Meso (9-(hydroxymethyl)-42,40-dioxo-

9,44-dihydro-49H-9,44- 

(epiethane[4,4,2]triylazanoethane[4,2,2]triyl)anthracen-49- 

yl)acetic acid (P9) 
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9.6.4. Determine the values of the reaction rate constant 

(Michaelis-Menten constant) and the maximum velocity of the 

enzymatic reaction for P9 

The Michaels-Menten and Line Weaver-Burk equations were applied. 

the values of the maximum velocity of the enzymatic reaction and the 

reaction rate constant were as shown in the, Figure (1-90), and in Table (1-

3). 

 

 

 

 

 

 

Figure (9-24): Michaelis-Menten diagram and line weaver - Burk 

diagram of the D-A reaction of P9 

 

Table (9-5): The Values of Km and Ѵmax for the D-A reaction of P9 

kinetic Parameters Michaels Menten plot line weaver Burk plot 

Ѵmax (min
-0

) 121241 121241 

Km 121180 121180 
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9.6.2. Finding of Enzymatic Activity of P9 

The ideal enzymatic specific activity was found by drawing the 

relationship between the enzyme reaction velocity and the activity Figure, 

(1-99). 

 

 

 

 

 

 

 

 

Figure (9-22): The appropriate enzyme activity of MaDA for P9 

 

From the foregoing, the ideal enzymatic specific activity for this reaction 

is (123 U/mg). 
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9.6.9. Finding Optimum Temperature for P9 

The optimum temperature for the D-A reaction of P1 was determined by 

plot the velocity of the reaction against the different temperatures (03193121 

C˚). The 93 C˚ is the ideal temperature, Figure (1-91). 

 

 

 

 

 

 

 

 

 

 

 

Figure (9-29): Image showing the ideal temperature for P9 

 

9.6.0. Finding the Thermodynamic Parameters for P9 

By creating a Van't Hoff diagram Figure (1-92), which graphs the values 

of (ln K) against the inverse of the temperature, and by following the 

previously mentioned processes, the values of the change in ∆H, ∆S, and ∆G 

are presented in Table (1-3). 

15 20 25 30 35 40

0.180

0.185

0.190

0.195

0.200

V
e
lo

c
it
y
 (

m
in

-1
)

T (C˚)

25



Chapter Three                                                           Results& Discussion 

87 
 

 

 

 

 

 

 

  

 

 

Figure (9-20): Van’t Hoff equation for P9 

 

Table (9-5): The values of (∆H), (∆S) and (∆G) of P9 

ΔH (J.mol
-4

) ΔS (J.K
-4

) ΔG (J) 

-8102 -012818 -31212904 

 

The negative value of the Gibbs free energy indicates that the enzyme 

reaction is spontaneous. It also has a negative entropy value, making it 

nonrandom. In addition to negative enthalpy value making it exothermic. 
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L
n
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Equation y = a + b*x

Plot Ln K

Weight No Weighting

Intercept -1.3 ± 6.72029E-

Slope 1000 ± 2.05573E

Residual Sum of Squ 1.97215E-31

Pearson's r 1

R-Square (COD) 1

Adj. R-Square 1
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9.7. Characteristics of Meso (49-methyl-42,40-dioxo-9,44- 

(epiethane[4,4,2]triylazanoethane[4,2,2]triyl)anthracen-

9(44H)- yl)boronic acid (P0) 

The FTIR spectrum for this product P2 Figure (1-93) exhibited the 

strong a broad peak at 1111 cm
-0

 and the medium broad peak at 1902 cm
-0 

attributed to the two OH of the boric acid that linked at 01-anthracene. The 

weak peak at 1102 cm
-0

 belong to the stretching C-H (SP
9
) for the pyrrole 

ring. In addition, the weak peak at 9233 cm
-0

 belong to C-H (SP
1
) of the 

methyl, which linked to the pyrrole ring. The two peaks that related to 

stretching active carbonyl amide groups of pyrrole ring appeared as the weak 

peak at 0044 cm
-0

 and the strong sharp peak at 0483 cm
-0

. The weak peak at 

0331 cm
-0

 belong to C=C of anthracene rings. Furthermore, peak at 

0182,0124 cm
-0

  belong to B-O (091–093). All peak appears in FTIR 

spectrum for all products seen in table(1-09). 
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Figure (9-25): The FTIR spectrum for P0 

 

The 
0
H NMR spectrum for P2 in D9O Figure (1-94) display the singlet 

peak at δ (0299) ppm belong to protons of CH1attached to N of pyrrole ring, 

while the protons of the two CH groups that attached to carbonyl of pyrrole 

showed multiplet at δ (9292-9210) ppm and at δ (9220-9231) ppm, 

respectively. The multiplet peak at δ (1204-1212) ppm belong to CH proton 

of the 2-H anthracene. The signal of protons of the two (OH) groups of the 

01-boricacid-anthracene appear the peaks at δ (8220) ppm and δ (8281) ppm, 

respectively. The multiplet peaks at δ (0211-0219) ppm, δ (0209-0202) ppm, 

and δ (8213-8210) ppm belong to protons of aromatic rings of 

anthracene.(0941090). All peak appears in 
0
H NMR spectrum for all 

products seen in table(1-01). 
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Figure (9-26): The 
4
H NMR spectrum for P0 

 

The 
01

C NMR spectrum of P2 in DMSO-d
4
 Figure (1-90) showed the 

peak of the carbon atom of methyl group that attaches to N at δ (92292) ppm. 

The peak at δ (23282) ppm belong to the 01-carbon of anthracene that 

attached to the boric acid. The peak at δ (20281) ppm belong to 2-carbon of 

anthracene which closed the cycle with pyrrole. The peak at δ (28230) 

attributed to the two alpha carbons of pyrrole. The peaks at δ (093224) ppm, 

δ (093241) ppm, δ (093209) ppm, δ(094210) ppm, δ (094210) ppm, δ 

(090210) ppm, δ (098282) ppm, δ (092231) ppm, δ (010299) ppm, δ (021239) 

ppm, δ(020208) ppm, δ (021242) ppm, and δ (022220) ppm attributed to the 
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carbons of the anthracene rings. The peaks at δ (000229) ppm and δ (008293) 

ppm attributed to the carbons of the two carbonyl groups for the pyrrole 

ring, respectively. All peak appears in 
01

CNMR spectrum for all products 

seen in table (1-02). 

 

 

 

 

 

 

 

 

 

 

Figure (9-27): The 
49

C NMR spectra for P0 

The mass spectrum of P2 appears signal at (11921m/z) relative to the 

molecular ion, the value close to the calculated molecular weight (11120 

g/mole), as shown in Figure (1-98). 
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Figure (9-28): The mass spectrum of P0 

 

9.8. Kinetic Study of Meso (49-methyl-42,40-dioxo-9,44- 

(epiethane[4,4,2]triylazanoethane[4,2,2]triyl)anthracen-

9(44H)- yl)boronic acid (P0) 

9.8.4. Determine the values of the reaction rate constant 

(Michaelis Menten constant) and the maximum velocity of the 

enzymatic reaction for P0 

From the absorbance readings against the D9 concentrations, the 

corresponding reaction rate was found. After that, the Michaelis-Menten 
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equation was applied by drawing the relationship between the velocity of 

enzymatic reaction and the concentration of the D9 as substrate, as well as 

the line Weaver-Burk equation was applied by plot the relationship between 

the reciprocal of the velocity (0/Ѵ) versus the reciprocal of the concentration 

(0/[S]) to reach the value of the enzymatic reaction rate constant (Km) and 

the maximum velocity of the enzymatic reaction (Ѵmax). Figure (1-92) and 

Table(1-4) 

 

 

 

 

 

 

 Figure (9-29): Michaelis-Menten diagram and line weaver - Burk 

diagram of the D-A reaction of P0 

 

Table (9-6): The Values of Km and Ѵmax for the D-A reaction of P0 

kinetic Parameters Michaels Menten plot line weaver Burk plot 

Ѵmax (min
-0

) 121432 121432 

Km 121390 121390 

 

From the above-mentioned and depending on the value of the Michaelis-
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enzyme (MaDA) in this reaction is the least value among the other 

interactions mentioned. 

 

9.8.2. Finding of Enzymatic Activity of P0 

The ideal enzymatic activity was found by drawing the relationship 

between the enzyme reaction speed and the specific activity, which produced 

a bell-like shape, Figure (1-11). 
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     Figure (9-94): The appropriate enzyme activity of MaDA for P0 

 

From the foregoing, the ideal enzymatic specific activity for this reaction 

is (129 U/mg). 
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9.8.9. Finding Optimum Temperature for P0 

The optimum temperature for the D-A reaction of P2 was determined by 

plot the velocity of the reaction against the different temperatures (03193121 

C˚). The 93 C˚ is the ideal temperature, Figure (1-10). 

 

 

 

 

 

 

 

 

 

 

Figure (9-94): Image showing the ideal temperature for P0. 

 

9.8.0. Finding the Thermodynamic Parameters for P0 

By creating a Van't Hoff diagram Figure (1-19), which graphs the values 

of (ln K) against the inverse of the temperature, and by following the 

previously mentioned processes, the values of the change in ∆H, ∆S, , and 

∆G are presented in Table (1-0). 

15 20 25 30 35 40

0.290

0.295

0.300

0.305

0.310

V
e
lo

ci
ty

 (
m

in
-1

)

T (C˚)

25



Chapter Three                                                           Results& Discussion 

96 
 

 

 

 

 

 

 

 

 

 

 

Figure (9-92): Van’t Hoff equation for P0 

 

Table (9-7): The values of (∆H), (∆S) and (∆G) for P0 

ΔH (J.mol
-4

) ΔS (J.K
-4

) ΔG (J) 

8102 392108 -09222422 

 

The negative value of the Gibbs free energy indicates that the enzyme 

reaction is spontaneous. It also has a positive entropy value, making it 

random. In addition to positive enthalpy value making it endothermic 
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9.9. Characteristics of Meso (42,40-dioxo-49-propyl-9,44- 

(epiethane[4,4,2]triylazanoethane[4,2,2]triyl)anthracen-

9(44H)- yl)boronic acid (P5) 

The FTIR spectrum for this product P3 Figure (1-11) appeared the strong 

a broad peak at 1192 cm
-0

 attributed to the two OH of the boric acid that 

linked at 01-anthracene. The weak peak at 1130 cm
-0

attributed to the 

stretching C-H (SP
9
) for the pyrrole ring. The weak peaks at 9221 cm

-0
, 

9808 cm
-0

, and 9883 cm
-0

belong to C-H (SP
1
) of the propyl, which linked to 

the pyrrole ring. The two stretching peaks related to the active carbonyl for 

pyrrole ring, appeared as the weak peak at 0041 cm
-0

 and the strong sharp 

peak at 0480 cm
-0

. The weak peak at 0332 cm
-0

 belong to C=C of the 

anthracene rings. The peaks at 0129,0143 cm
-0

 belong to B-O (091–093). 

All peak appears in FTIR spectrum for all products seen in table(1-09). 
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Figure (9-99): The FTIR spectrum for P5 

The 
0
H NMR spectrum for P3 in D9O Figure (1-12) display the quartet 

peak at δ (1220-1221) ppm attributed to the terminal CH1 of propyl group, 

which attached with pyrrole, the hexate peak at δ (1240-1209) ppm belong to 

the protons of middle CH9 of propyl, and the triplet peak at δ (0290-0299) 

belong to the CH9 of propyl that attached to N of pyrrole ring. The protons 

of the two CH groups that attached to carbonyl of pyrrole showed multiplet 

at δ (0209-0204) ppm and at δ (9228-9231) ppm, respectively. The multiplet 

peak at δ (1213-1249) ppm belong to CH proton of the 2-H anthracene. The 

signal of protons of the two (OH) groups of the 01-boricacid-anthracene 

appear the peaks at δ (8220) ppm and δ (8281) ppm, respectively. The 

multiplet peaks at δ (0209-0203) ppm, δ (0223-0231) ppm, and δ (8211-8218) 

ppm belong to protons of aromatic rings of anthracene.(0941090). All peak 

appears in 
0
H NMR spectrum for all products seen in table (1-01). 
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Figure (9-90): The 
4
HNMR spectrum for P5 

 

The 
01

C NMR spectrum of P3 in CDCL1 Figure (1-13) showed a peak at 

δ (00214) ppm attributed to the terminal CH1 of propyl that linked with 

pyrrole, a peak at δ (91221) ppm attributed to the middle CH9 of propyl, and 

a peak at δ (12221) ppm attributed to the CH9 of propyl that attached to the 

N of pyrrole. The peak at δ (21290) ppm belong to the 01-carbon of 

anthracene that attached to the boric acid. The peak at δ (21228) ppm belong 

to 2-carbon of anthracene which closed the cycle with pyrrole. The peak at δ 

(21204) ppm attributed to the two alpha carbons of pyrrole ring. The peaks at 

δ(092231) ppm, δ (092288) ppm, δ (093224) ppm, δ (093241) ppm, δ 

(093209) ppm, δ (094213) ppm, δ (094211) ppm, δ(094218) ppm, δ (090204) 

ppm, δ (010299) ppm, δ (011208) ppm, δ (021241) ppm, and δ (021282) 
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attributed to the carbons of the anthracene rings. The peaks at δ (000210) 

ppm and δ (008291) ppm attributed to the carbons of the two carbonyl 

groups for the pyrrole, respectively. All peak appears in 
01

CNMR spectrum 

for all products seen in table (1-02). 

 

 

 

 

 

 

 

 

 

 

 

Figure (9-95): The 
49

C NMR spectrum for P5 

 

The mass spectrum of P3 appears at (14920m/z) relative to the molecular 

ion, the value close to the calculated molecular weight (14020 g/mole), as 

shown in Figure (1-14). 
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Figure (9-96): The mass spectrum for P5 

 

9.44. Kinetic Study of Meso (42,40-dioxo-49-propyl-9,44- 

(epiethane[4,4,2]triylazanoethane[4,2,2]triyl)anthracen-

9(44H)- yl)boronic acid (P5) 

 

9.44.4. Determine the values of the reaction rate constant 

(Michaelis Menten constant) and the maximum velocity of the 

enzymatic reaction for P5 
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The Michaels-Menten and Line Weaver-Burk equations were applied. 

the values of the maximum velocity of the enzymatic reaction and the 

reaction rate constant were as shown in the Figure (1-10), and in Table (1-

8). 
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Figure (9-97): Michaelis-Menten diagram and line weaver - Burk 

diagram of the D-A reaction of P5 

 

Table (9-8): The Values of Km and Ѵmax for the D-A reaction of P5 

kinetic Parameters Michaels Menten plot line weaver Burk plot 

Ѵmax (min
-0

) 121232 121232 

Km 121102 121102 
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9.44.2. Finding of Enzymatic Activity of P5 

The ideal enzymatic specific activity was found by drawing the 

relationship between the enzyme reaction velocity and the activity, which 

produced a bell-like shape Figure (1-18). 

 

         

 

 

 

 

 

 

 

Figure (9-98): The appropriate enzyme activity of MaDA for P5 

 

From the foregoing, the ideal enzymatic specific activity for this reaction 

is 123 (U/mg). 
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9.44.9. Finding Optimum Temperature for P5 

The optimum temperature for the D-A reaction of P3 was determined by 

plot the velocity of the reaction against the different temperatures (03193121 

C˚). The 93 C˚ is the ideal temperature Figure, (1-12). 

 

 

 

 

 

 

 

 

  

Figure (9-99): Image showing the ideal temperature for P5 

 

9.44.0. Finding the Thermodynamic Parameters for P5 

By creating a Van't Hoff diagram Figure (1-21), which graphs the values 

of (ln K) against the inverse of the temperature, and by following the 

previously mentioned processes, the values of the change in ∆H, ∆S, , and 

∆G are presented in Table (1-2). 
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Figure (9-04): Van’t Hoff equation for P5 

 

Table (9-9): The values of (∆H), (∆S) and (∆G) of P5 

ΔH (J.mol
-4

) ΔS (J.K
-4

) ΔG (J) 

009812908 492133 -0928242 

 

The negative value of the Gibbs free energy indicates that the enzyme 

reaction is spontaneous. It also has a positive entropy value, making it 

random. In addition to positive enthalpy value making it endothermic. 

 

 

0.0031 0.0032 0.0033 0.0034

3.0

3.2

L
n
 K

1/T (K)

Equation y = a + b*x

Plot Ln K

Weight No Weighting

Intercept 7.5 ± 0.40444

Slope -1357.14286 ± 123.717

Residual Sum of Squar 7.14286E-4

Pearson's r -0.99587

R-Square (COD) 0.99176

Adj. R-Square 0.98352
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9.44. Characteristics of Meso (9-(dihydroxyboranyl)-42,40-

dioxo-9,44-dihydro-49H-9,44- 

(epiethane[4,4,2]triylazanoethane[4,2,2]triyl)anthracen-49- 

yl)acetic acid(P6) 

The FTIR spectrum for this product P4 Figure (1-20) showed the strong 

a broad peak at 1192 cm
-0

 attributed to the two OH of the boric acid that 

linked at 01-anthracene and the acetyl linked to the pyrrole. The weak peak 

at 1130 cm
-0

 refer to the stretching C-H(SP
9
) for the pyrrole ring. The weak 

peak at 9238 cm
-0 

attributed to C-H (SP
1
) of acetyl. The weak peak at 

0012cm
-0

 and the strong peak at 0421 cm
-0

 attributed to the stretching active 

carbonyl amide of pyrrole. weak peak at 0491 cm
-0

 belong to the carbonyl of 

acetyl that linked to the pyrrole ring. The weak peak at 0338 cm
-0

 belong to 

C=C of the anthracene rings. The medium peak at 0933 cm-0attributed to 

the carboxylic (C-O) bond of acetyl that attached pyrrole. While peaks at 

0182,0131 cm
-0

 belong to B-O (091–093). All peak appears in FTIR 

spectrum for all products seen in table (1-09). 
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Figure (9-04): The FTIR spectra for P6 

 

The 
0
H NMR spectrum for P4 in D9O Figure (1-29) display the singlet 

peak at δ (0291) ppm attributed to the CH9 of acetyl group, which attached 

with the N of pyrrole. The protons of the two CH groups that attached to 

carbonyl of pyrrole showed multiplet at δ (9220-9231) ppm and at δ (1212-

9214) ppm, respectively. The multiplet peak at δ (1204-1.00) ppm belong to 

CH proton of the 2-H anthracene. The signal of protons of the two (OH) 

groups of the 01-boricacid-anthracene appear the peak at δ (8280) ppm. The 

multiplet peaks at δ (0209-0204) ppm, δ (0220-0239) ppm, and δ (8212-8218) 

ppm belong to protons of aromatic rings of anthracene. The signal peak at δ 

(09220) ppm attributed to the (OH) of acetyl that attached with pyrrole 

(0941090). All peak appears in 
0
H NMR spectrum for all products seen in 

table (1-01). 
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Figure (9-02): The 
4
HNMR spectra for P6 

 

The 
01

C NMR spectrum of P4 in DMSO-d
4
 Figure (1-21) showed the 

peak at δ (12202) ppm attributed to the CH9 of acetyl group, which attached 

with the N of pyrrole. The peak at δ (20228)ppm belong to the 01-carbon of 

anthracene that attached to the boric acid. The peaks at δ (23281) ppm and δ 

(20249)ppm attributed to the two alpha carbons of pyrrole, respectively. The 

peak at δ (28220) ppm belong to 2-carbon of anthracene which closed the 

cycle with pyrrole. The peaks at δ (092244) ppm, δ (092281) ppm, δ 

(093220) ppm, δ(093240) ppm, δ (094291) ppm, δ (094212) ppm, δ (094228) 

ppm, δ (090203) ppm, δ (098221) ppm, δ (010291) ppm, δ(021213) ppm, and 

δ (020241) ppm attributed to the carbons of the anthracene rings. The peak at 
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δ (048299) ppm belong to the carbon of the carbonyl for the acetyl that 

attached to the pyrrole. The peaks at δ (004233) ppm and δ (000210)ppm 

attributed to the carbons of the two carbonyl groups for the pyrrole ring, 

respectively. All peak appears in 
01

CNMR spectrum for all products seen in 

table (1-02). 

 

 

 

 

 

 

 

 

 

 

 

Figure (9-09): The 
49

CNMR spectra for P6 
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The mass spectrum of P4 appears signal at (108m/z) relative to the 

molecular ion, the value close to the calculated molecular weight (10020 

g/mole), as shown in Figure (1-22) 

 

 

 

 

 

 

 

 

 

 

 

Figure (9-00): The mass spectrum of P6 

 

 

 



Chapter Three                                                           Results& Discussion 

111 
 

9.42. Kinetic Study of Meso (9-(dihydroxyboranyl)-42,40-

dioxo-9,44-dihydro-49H-9,44- 

(epiethane[4,4,2]triylazanoethane[4,2,2]triyl)anthracen-49- 

yl)acetic acid (P6) 

 

9.45.4. Determine the values of the reaction rate constant 

(Michaelis Menten constant) and the maximum velocity of the 

enzymatic reaction for P6 

The Michaels-Menten and Line Weaver-Burk equations were applied. 

the values of the maximum velocity of the enzymatic reaction and the 

reaction rate constant were as shown in the Figure (1-23), and in Table (1-

01). 

 

 

 

 

 

 

Figure (9-05): Michaelis-Menten diagram and line weaver - Burk 

diagram of the D-A reaction of P6. 
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Table (9-44): The Values of Km and Ѵmax for the D-A reaction of P6. 

kinetic Parameters Michaels Menten plot line weaver Burk plot 

Ѵmax (min
-0

) 121290 121290 

Km 129929 129929 

 

From the above-mentioned and depending on the value of the Michaelis-

Menten constant (Km), the affinity between the substrate (D9) and the 

enzyme (MaDA) in this reaction is the highest value among the other 

interactions mentioned. 

9.42.2. Finding of Enzymatic Activity of P6 

The ideal enzymatic activity was found by drawing the relationship 

between the enzyme reaction speed and the activity, which produced a bell-

like shape Figure (1-24) 
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        Figure (9-06): The appropriate enzyme activity of MaDA for P6 

 

From the foregoing, the ideal enzymatic activity for this reaction is (122 

U/mg). 

 

9.42.9. Finding Optimum Temperature for P6 

    The optimum temperature for the D-A reaction of P2 was determined by 

plot the velocity of the reaction against the different temperatures (03193121 

C˚). The 93 C˚ is the ideal temperature Figure (1-20)  
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Figure (9-07): Image showing the ideal temperature for P6 

 

 

 

9.42.0. Finding the Thermodynamic Parameters for P6 

By creating a Van't Hoff diagram Figure (1-28), which graphs the values 

of (ln K) against the inverse of the temperature, and by following the 

previously mentioned processes, the values of the change in ∆H, ∆S, , and 

∆G are presented in Table (1-00). 
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Figure (9-08): Van’t Hoff equation for P6 

 

Table (9-44): The values of (∆H), (∆S) and (∆G) of P6. 

ΔH (J.mol
-4

) ΔS (J.K
-4

) ΔG (J) 

8102 192292 -0128231 

 

 

The negative value of the Gibbs free energy indicates that the enzyme 

reaction is spontaneous. It also has a positive entropy value, making it 

random. In addition to positive enthalpy value making it endothermic. 

All peaks appear in FTIR, 
0
H NMR and 

01
C NMR spectrum for all products show 

in table (1-09), (1-01), (1-02) respectively. 
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L
n
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1/T (K)

Equation y = a + b*x

Plot Ln K

Weight No Weighting

Intercept 3.9 ± 6.72029E-15

Slope -1000 ± 2.05573E-1

Residual Sum of Square 1.97215E-31

Pearson's r -1

R-Square (COD) 1

Adj. R-Square 1
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Table (9-42): Show the FT-IR peaks for the products(P4-P6) 

 

Product Structure OH  C-H 

(SP
9
) 

C-H  

(SP
1
) 

C=O  C=C  C-O Other  

P0 

 

1319 

(br,m) 

1144 

(w) 

9238, 9800 

(w) 

0044 

(w), 

0421 

(s) 

0249 

(m) 

0910 

(m) 

 

P9 

 

1223 

(m) 

1144 

(w) 

922119820, 

9812 (w) 

0044 

(w), 

0482 

(s) 

0324 

(m) 

0929 

(m) 

 

P1 

 

1200 

(m) 

1121 

(w) 

923019209 

(w) 

0044 

(w), 

0420 

(s) 

0304 

(w) 

0912 

(m) 

 

P2 

 

1111, 

1902 

(br,m) 

1102 

(w) 

9233 (w) 0044 

(w), 

0483 

(s) 

0331 

(m) 

- (B-O) 

0182, 

0124 (m) 
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P3 

 

1192 

(m) 

1130 

(w) 

9221, 

9808, 9883 

(w) 

0041 

(w), 

0480 

(s) 

0332 

(w) 

- (B-O) 

012910243 

(m) 

P4 

 

1192 

(m) 

1130 

(w) 

9238 (w) 0012 

(w), 

0421 

(s) 

0338 

(w) 

0933 

(m) 

(B-O) 

0182, 

0131 (m) 
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Table (9-49): Show the 
4
H NMR peaks for the products(P4-P6) 

 

product Structure CH 

(0-8) 

CH 

(01) 

CH 

 

(00103) 

CH 

(01) 

CH 

(04) 

CH 

(00) 

CH 

(08) 

other 

P0 

 

0212-

0243 

(m) 

1293-

1292 

(m) 

9210-

9231 

(m) 

0219 

(s) 

3290-

3211 

(t) 

- - 2248 (s) 

OH 

P9 

 

0200-

8212 

1293-

1292 

(m) 

9220-

9221 

(m) 

029-

0299 

(t) 

3211-

3212 

(t) 

1248-

1200 

(t) 

1214-

1220 

(m) 

2248 (s) 

OH 

P1 

 

0202-

8234 

(m) 

1294-

122 

(m) 

9228-

9231 

(m) 

0290 

(s) 

3213-

3221 

(t) 

- - 220 (s) 

OH 

,8210 

(s) 

(OH) 
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P2 

 

0211-

8210 

(m) 

1204-

1212 

(m) 

9292- 

9231 

(m) 

0299 

(s) 

3213-

3221 

(t) 

- - - 

P3 

 

0209-

8218 

1213-

1249 

(m) 

0209-

9231 

(m) 

0290-

0299 

(t) 

1240-

1209 

(t) 

1220-

1221 

(t) 

- 8220, 

8281 (s) 

B(OH)9 

P4 

 

0209-

8218 

(m) 

1204-

1200 

(m) 

9220-

1214 

(m) 

0291 

(s) 

9220-

1214 

(t) 

- - 8280(s) 

B(OH)9  

09220 

(s) OH 
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Table (9-40): Show the 
49

C NMR peaks for the products(P4-P6) 

 

Product Structure C 

(0-8) 

C 

 (2) 

C 

(01) 

CH 

(0010

3) 

CH 

(09102) 

CH 

(01) 

CH 

(04) 

CH 

(00) 

CH 

(08) 

P0 

 

09928

1-

02120

1 

23212 24214 28201

, 

22240 

004218, 

000212 

9221 38209 - - 

P9 

 

09221

4-

02129

0 

23211 2328 20282

, 

22240 

004214, 

000210 

12234 3820 91224 00299 

P1 09320

2-

02129

1 

1224 38242 23291

, 

23281 

004214, 

000210 

1220 33203 04821

2 

- 
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P2 

 

09928

1-

02120

1 

23282 2028 28230 000229, 

008293 

92292 - - - 

P3 

 

09223

1-

02128

2 

21290 23228 21204 000210, 

008291 

12221 9122 00214 - 

P4 

 

09224

4-

02024

1 

20228 28220 23281

, 

20249 

004233, 

000210 

12202 04829

9 

- - 
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Conclusions 

0- The variations in the substituted groups caused a small difference in 

the final products of these reactions. 

9- The highest affinity between the substrate dine and the enzyme MaDA 

was found in P4 which have the least value of Km 129929 among other 

reactions that mentioned. Which is the most kinetically favored  

1- The least affinity between substrate diene and the enzyme MaDA 

found in (P2) which have the highest Km value 121390. 

2- In comparison between the products, P9 is the most thermally 

preferred  

3- In comparison between the products, P4 requires a lower activation 

energy (∆Ea). 

4- The reaction between 2101-diphenylanthracene with the three 

Dienophile in presence MaDA didn‘t give the expecting result due to 

steric effect by di phenal group 
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Recommendations 

0- Study the effect of activator and inhibitor substances on enzyme activity. 

9- Study the effect of other substitute groups on both diene and dienophile. 

1- Study the effect of enzyme activity more than 123 U/mg. 

2- Study the effect of concentration of substrate of both diene and 

dienophile more than 123 mM.  

3- Study the mechanism between enzyme and the biosynthesis compound 

by using molecular Docking. 

4-  Study the biological activity and application of the products. 

0- Study the effect of using other enzyme with 2101-diphenylanthracene. 
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Appendix (4): calibration curve of P4 

 

 

Appendix (2): represents the values used to draw the Michaelis-Menten 

and Line Weaver-Burk equations for P4 

[S] mM K=V (min
-4

) 4/[S] mM
-4

 4/V min 

1 1 1 1 

120 1210 01 022983 

129 1201 3 02429 

121 1203 12111 42444 

122 1200 923 32889 

123 1208 9 32333 
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Appendix (9): Values for P4 velocity plot against enzymatic 

activity. 

Velocity (min
-0

) Activity (U/mg) 

123 12143 

122 12128 

121 12119 

129 12100 

120 121 

 

 

Appendix (0): Values of the velocity versus temperature plot 

and the Arrhenius equation, respectively for P4 

T(C˚ ) Velocity (min
-0

 ) 0/T(K
-0

 ) ln k 

03 1292 121112 1 

93 1211 121111 120 

21 1294 121110 121 

 

 

 

 

 

 

y = 14.719x + 0.0118 
R² = 0.9984 
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Appendix (5): calibration curve of P2 

 

Appendix (6): represents the values used to draw the 

Michaelis-Menten and Line Weaver-Burk equations for P2 

[S] mM K=V (min
-4

) 4/[S] mM
-4

 4/V min 

1 1 1 1 

120 1212 01 002000 

129 1202 3 02029 

121 1208 12111 32333 

122 129 923 3 

123 1290 9 22040 

 

 

Appendix (7): Values for P2 velocity plot against enzymatic 

activity. 
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Velocity (min
-0

) Activity (U/mg) 

4.5 1212 

4.0 1210 

4.9 1213 

4.2 1211 

4.4 1210 

 

 

Appendix (8): Values of the velocity versus temperature plot 

and the Arrhenius equation, respectively for P2 

T(C˚ ) Velocity (min
-0

 ) 0/T(K
-0

 ) ln k 

03 1210 121112 121 

93 1214 121111 123 

21 121 121110 128 

 

 

 

 

 

 

y = 15.48x - 0.0076 
R² = 0.9982 

-0.1

0

0.1

0.2

0.3

0.4

0.5
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0.7

0.8

0.9

0 0.01 0.02 0.03 0.04 0.05 0.06

Abs 

(Conc(mM 

abs. 
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Appendix (9): calibration curve of P9 

 

Appendix (44): represents the values used to draw the 

Michaelis-Menten and Line Weaver-Burk equations for P9 

[S] mM K=V (min
-4

) 4/[S] mM
-4

 4/V min 

1 1 1 1 

120 1218 01 0923 

129 1202 3 02029 

121 1200 12111 32889 

122 129 923 3 

123 1290 9 22040 
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Appendix (44): Values for P9 velocity plot against enzymatic 

activity. 

Velocity (min
-0

) Activity (U/mg) 

4.5 129 

4.0 1202 

4.9 1208 

4.2 1200 

4.4 12033 

 

Appendix (42): Values of the velocity versus temperature plot 

and the Arrhenius equation, respectively for P9 

T(C˚ ) Velocity (min
-0

 ) 0/T(K
-0

 ) ln k 

03 1202 121112 920 

93 129 121111 9 

21 1208 121110 028 

 

 

 

 

 

y = 15.09x + 0.0007 
R² = 0.9987 
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(conc. (mM 
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Appendix (49): calibration curve of P0 

 

Appendix (40): represents the values used to draw the 

Michaelis-Menten and Line Weaver-Burk equations for P0 

[S] mM K=V (min
-4

) 4/[S] mM
-4

 4/V min 

1 1 1 1 

120 1218 01 0923 

129 1202 3 02029 

121 1200 12111 32889 

122 129 923 3 

123 1290 9 22040 

 

  



Appendixes 

151 
 

Appendix (45): Values for P0 velocity plot against enzymatic 

activity. 

Velocity (min
-0

) Activity (U/mg) 

4.5 1210 

4.0 1219 

4.9 1211 

4.2 1212 

4.4 121 

 

Appendix (46): Values of the velocity versus temperature plot 

and the Arrhenius equation, respectively for P0 

T(C˚ ) Velocity (min
-0

 ) 0/T(K
-0

 ) ln k 

03 1292 121112 922 

93 1210 121111 1 

21 121 121110 129 
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Appendix (47): calibration curve of P5 

 

Appendix (48): represents the values used to draw the 

Michaelis-Menten and Line Weaver-Burk equations for P5 

[S] mM K=V (min
-4

) 4/[S] mM
-4

 4/V min 

1 1 1 1 

120 1218 01 0923 

129 1202 3 02029 

121 1200 12111 32889 

122 129 923 3 

123 1290 9 22040 

 

y = 16.439x + 0.0134 
R² = 0.9974 

0
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Appendix (49): Values for P5 velocity plot against enzymatic 

activity. 

Velocity (min
-0

) Activity (U/mg) 

4.5 1210 

4.0 1214 

4.9 1213 

4.2 1212 

4.4 1211 

 

Appendix (24): Values of the velocity versus temperature plot 

and the Arrhenius equation, respectively for P5 

T(C˚ ) Velocity (min
-0

 ) 0/T(K
-0

 ) ln k 

03 1292 121112 922 

93 1211 121111 1 

21 1298 121110 121 
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Appendix (24): calibration curve of P6 

  

Appendix (22): represents the values used to draw the 

Michaelis-Menten and Line Weaver-Burk equations for P6 

[S] mM K=V (min
-4

) 4/[S] mM
-4

 4/V min 

1 1 1 1 

120 1218 01 0923 

129 1202 3 02029 

121 1200 12111 32889 

122 129 923 3 

123 1290 9 22040 

 

  

y = 12.314x + 0.0246 
R² = 0.9853 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0 0.01 0.02 0.03 0.04 0.05 0.06

Abs 

Conc. mM 
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Appendix (29): Values for P6 velocity plot against enzymatic 

activity. 

Velocity (min
-0

) Activity (U/mg) 

4.5 1231 

4.0 120 

4.9 123 

4.2 122 

4.4 121 

 

Appendix (20): Values of the velocity versus temperature plot 

and the Arrhenius equation, respectively for P6 

T(C˚ ) Velocity (min
-0

 ) 0/T(K
-0

 ) ln k 

03 1233 121112 123 

93 1249 121111 124 

21 124 121110 128 
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Appendix (25): The FTIR spectra for P7 

 

 

 

 

 

 

 

Appendix (26): The FTIR spectra for P8 
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Appendix (27): The FTIR spectra for P9 

 

 

 

 

 



 

 

 

تصــــــــــــــــــــــــلاخلا  

( ٕ٘ أحذ إٌٔ اىزح٘لاد اىنَٞٞبئٞخ ثِٞ اىذِٝٞ ٗاىذْٝٞ٘فٞو فٜ رفبعو حشاسٛ حيقٜ D-Aأىذس )-رفبعو دٝيض

ٍع اّزقبئٞخ إقيَٞٞخ ٍٗغبحخ فشاغٞخ ٍز٘قعخ، ٍَب ٝؤدٛ إىٚ رنِ٘ٝ جضٝئبد  C–Cٍْغق لإّشبء سٗاثظ 

عض٘ٝخ مجٞشح2 ٗعيٚ اىشغٌ ٍِ اىجٖ٘د اىنجٞشح فٜ ٕزا اىَجبه، إلا أُ اىزحنٌ فٜ الاّزقبئٞخ اىفشاغٞخ ىزفبعلاد 

 أىذس لا ٝضاه صعجبً ىيغبٝخ2-دٝيض

[2 ٝ٘فش 9+  2ٞبً رحفض عَيٞبد الإضبفخ اىحيقٞخ ]أىذساص ٕٜ إّضَٝبد ٍَٞضح ٗظٞف-الإّضَٝبد اىحٞ٘ٝخ، دٝيض

 أىذس2-أىذس الأّضَٝٞخ ىيعيَبء ٍٞضح مجٞشح فٜ صٝبدح اّزقبئٞخ ٍْزجبد رفبعو دٝيض-رصٌَٞ رفبعلاد دٝيض

Morus alba Diels-Alderase  غٞش اىَؤمغذح ٗالاخزضاىٞخ  اىذس-دٝيضىذٝٔ اىقذسح عيٚ رحفٞض رفبعلاد

 Morusاع ٍخزيفخ ٍِ اىذْٝٞبد اىَزعذدح اىفْٞ٘ه اىطجٞعٞخ ٗالاصطْبعٞخ2 إُ إّضٌٝ ىَخزيف اىذْٝٞ٘فٞلاد ٗأّ٘

alba Diels-Alderase  ٌٝىٔ اّزقبئٞخ داخيٞخ فقظ2 ٗعلاٗح عيٚ رىل، فقذ رجِٞ أُ إّضMorus alba 

Diels-Alderase  ىٔ اّزقبئٞخ داخيٞخ مجٞشح عْذٍب ٝزعيق الأٍش ثزحفٞض رفبعوDiels-Alderج فقظ ، حٞث ْٝز

  ٍْزجبد ّقٞخ داخيٞبً راد اّزقبئٞخ داخيٞخ عبىٞخ2

 D-Aسمض ٕزا اىعَو عيٚ رطجٞق اىطشٝقخ اىصذٝقخ ىيجٞئخ ٗاىزٜ رزضَِ رطجٞق اىْٖج اىحبىٜ فٜ رفبعلاد 

الأّضَٝٞخ ثِٞ ٍشزقبد  D-Aالأّضَٝٞخ ٍِ خلاه رنِ٘ٝ ٍشمجبد عض٘ٝخ جذٝذح ٍِ خلاه رفبعلاد 

ٍٗشزقبد اىجٞشٗه مذاْٝ٘فٞلاد2 ثبلإضبفخ إىٚ اىزحنٌ فٜ الاّزقبئٞخ اىذاخيٞخ ىيَْزجبد  الأّثشاعِٞ مذاْٝبد

 Morus alba Diels-Alderase2اىْٖبئٞخ2 علاٗح عيٚ رىل، ٍشاقجخ اىزفبعو الأّضَٜٝ لإّضٌٝ 

اىَشمجبد اىَحضشح  شخٞصفٜ ثٞئخ خبٍيخ ثبعزخذاً غبص اىْٞزشٗج2ِٞ رٌ ر D-Aرٌ إجشاء جَٞع رفبعلاد 

 2ثبعزخذاً رقْٞبد ٍخزيفخ ثَب فٜ رىل ٍطٞبفٞخ اىنزيخ ٗاىشِّٞ اىَغْبطٞغٜ اىْ٘ٗٛ ٗالأشعخ رحذ اىحَشاء 

-Meso 2-(hydroxymethyl)-01-methyl-2101أىذس ٕٜ -مبّذ اىَْزجبد اىْٖبئٞخ ىزفبعو دٝيض

dihydro-09H,02H-2101- (epiethane[01019]triylazanoethane[01919]triyl)anthracene-

09102-dione (P0), Meso2-(hydroxymethyl)-01-propyl-2101-dihydro-09H,02H-

2101- (epiethane[01019]triylazanoethane[01919]triyl)anthracene-09102-dione  (P9), 



 

 

Meso(2-(hydroxymethyl)-09102-dioxo-2101-dihydro-01H-2101- 

(epiethane[01019]triylazanoethane[01919]triyl)anthracen-01- yl)acetic acid 

(P1),Meso(01-methyl-09102-dioxo-2101- 

(epiethane[01019]triylazanoethane[01919]triyl)anthracen-2(01H)- yl)boronic 

acid(P2),Meso(09102-dioxo-01-propyl-2101- 

(epiethane[01019]triylazanoethane[01919]triyl)anthracen-2(01H)- yl)boronic acid 

(P3), Meso (2-(dihydroxyboranyl)-09102-dioxo-2101-dihydro-01H-2101- 

(epiethane[01019]triylazanoethane[01919]triyl)anthracen-01- yl)acetic acid (P4)2  

 .أىذس الأّضَٜٝ-ثْبءً عيٚ اىْزبئج، رٌ اقزشاح آىٞبد رفبعو دٝيض

أىذساص ٍ٘سٗط أىجب ٍِ خلاه رطجٞق ٍعبدىخ -فٜ ٗج٘د دٝيضرَذ دساعخ حشمٞخ رحضٞش ٕزٓ اىَْزجبد 

أىذس -( ىجَٞع رفبعلاد دٝيضKmٍْٞزِ )-( ٗثبثذ ٍٞنبٝيٞظVmaxٍْٞز2ِ رٌ رحذٝذ أقصٚ عشعخ )-ٍٞنبٝيٞظ

 -Meso(01-methyl-09102-dioxo-2101الأّضَٝٞخ2 رٌ اىعث٘س عيٚ أقو رقبسة ثِٞ اىذِٝٞ ٗالإّضٌٝ فٜ 

(epiethane[01019]triylazanoethane[01919]triyl)anthracen-2(01H)- yl)boronic acid  

(P2 لأّٔ مبُ ىٔ أعيٚ قَٞخ )Km  ٜٕٗ121390 2 ثَْٞب حققMeso (2-(dihydroxyboranyl)-09102-

dioxo-2101-dihydro-01H-2101- 

(epiethane[01019]triylazanoethane[01919]triyl)anthracen-01- yl)acetic acid (P4 ٚأعي )

 .Km ٜٕٗ129929رقبسة ٍِ خلاه اىحص٘ه عيٚ أقو قَٞخ 

ثبلإضبفخ إىٚ رىل، رٌ إجشاء رحغِٞ رفبعلاد دٝيض أىذس الأّضَٝٞخ ٗاىزٜ رضَْذ رشمٞض اىشمٞضح ٗاىْشبط 

الأّضَٜٝ ٗدسجخ اىحشاسح ىزحذٝذ أفضو رشمٞض ىنو سمٞضح ثبلإضبفخ إىٚ أفضو ّشبط إّضَٜٝ عْذ دسجخ 

ثبعزخذاً  P4مذِٝٞ ٗفٜ  anthracen-2-ylmethanolثبعزخذاً  P9ٗاىزٜ ٗجذد فٜ اىحشاسح اىَثي2ٚ 

anthracen-2-ylboronic acid  2دسجخ ٍئ٘ٝخ 93مذِٝٞ عْذ 

اىحشح ( ٗرغٞش طبقخ جٞجظ ∆H) الاّثبىجٜرٌ رحذٝذ اىَعيَبد اىذْٝبٍٞنٞخ اىحشاسٝخ ٗاىزٜ رزضَِ اىزغٞش فٜ 

(G∆( ٗرغٞش الإّزشٗثٞب )S∆ 2 جَٞع)ٗ شٍ٘دْٝبٍٞنٞبً، فٜ حِٞ أُ الأمثش ٍلاءٍخ ٕ٘ ث ٍفضيخاىْ٘ارج ريقبئٞخ

P9 2 ثبلإضبفخ إىٚ رىل، فئُ جَٞع اىْ٘ارج ٍبصخ ىيحشاسح ثبعزثْبءP1 ىيحشاسح ثبعث 



 

 

مذِٝٞ ىنْٖب ىٌ diphenylanthracene-2101 ٍٗع رىل، ْٕبك ثلاثخ ٍشمجبد أخشٙ رٌ رحضٞشٕب ثبعزخذاً 

 ٗ ٍطٞبفٞخ اىنزيخFTIR  ٗNMR 2ثْبءً عيٚ رحيٞو رعطٜ اىْزٞجخ اىَز٘قعخ 

2 
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