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Abstract 
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College:  Science and Humanities 

Date: July 2015 

Pages:108 

One of the greatest global health concerns since the development of antibiotics 

has been the ability of bacteria to become resistant to the drugs known to treat infection.  

Staphylococcus aureus, is one of the most common bacteria involved in infection in the 

United States and some strains of S. aureus have found ways to become resistant to 

many drugs.  Methicillin-resistant S. aureus, also known as MRSA, is hard to treat once 

an individual becomes infected due to its antibiotic resistance. A different approach to 

treating bacterial infections is needed to limit the possibility of resistance occurring.  

A compound that has shown promise is ML141, which is a pyrazoline derivative 

that was discovered to inhibit CDC42.  ML141 has a high specificity for CDC42, which is 

necessary to prevent the compound from binding to other similar sites which would 

cause unwanted interactions that would produce undesired side effects. Inhibition of 

CDC42 results in the inhibition of internalization of S. aureus. Goals of this research 

include developing compounds that have the same high selectivity for CDC42 while 

increasing the solubility and stability.  



iv 
 

Contents  

Chapter 1: Introduction and Background Literature ......................................................... 1 

1.1 Introduction of Staphylococcus aureus .............................................................. 1 

1.2 CDC42 and The RHO Family of GTPases ......................................................... 4 

1.3 ML141 Discovery ............................................................................................... 7 

1.4 Pyrazolines....................................................................................................... 12 

1.5 Previously Reported Inhibition of CDC42 and Resulting S. aureus Invasion 
Inhibition ..................................................................................................................... 15 
 

Chapter 2: Synthetic Precursors to 4,5-Dihydropyrazoles ............................................. 19 

2.1 Introduction of Chalcones .................................................................................... 19 

2.2 Preparations of Substituted Chalcones ............................................................ 20 

2.3 Unsuccessful Chalcone and Aldehyde Derivatives .......................................... 26 

2.4 Preparation of p-Sulfamylphenylhydrazine Hydrochloride ................................ 32 

2.5 Results and Discussion .................................................................................... 33 

2.6 Experimental .................................................................................................... 35 

2.7 Data ................................................................................................................. 37 
 

Chapter 3: Synthesis of Substituted Pyrazolines ........................................................... 50 

3.1 Introduction to 1,3,5-Triarylpyrazolines ............................................................ 50 

3.2 Preparations of Substituted Pyrazolines .......................................................... 51 

3.3 Results and Discussion .................................................................................... 54 

3.4 Cytotoxicity and Bactericidal Analysis .............................................................. 55 

3.5 Experimental .................................................................................................... 57 

3.6 Data ................................................................................................................. 58 

 

 

 

 



v 
 

Table of Figures 

Figure 1.1 Structures of Select Drugs for the Treatment of S. aureus Infection. ............. 4 

Figure 1.2 Structure of CDC42 Inhibitor Secramine. ....................................................... 5 

Figure 1.3 The Structure of Simvastatin. ......................................................................... 6 

Figure 1.4 The Hypothesized Internalization of S. aureus. .............................................. 7 

Figure 1.5 The Hypothesized Effect of  ML141 on Cells when Infected by S. aureus. .... 7 

Figure 1.6 The Structure of ML141.................................................................................. 8 

Figure 1.7 General Structure of a Pyrazole and 4,5-Dihydropyrazoline. ....................... 12 

Figure 1.8 The Structure of Celecoxib. .......................................................................... 13 

Figure 1.9 Structures and Potential Pharmaceutical Applications of Pyrazoline 

Derivatives. ................................................................................................................... 14 

Figure 1.10 Desired Novel 4,5-Dihydropyrazoline Derivatives. ..................................... 18 

Figure 2.1 General Structure of a Chalcone .................................................................. 20 

Figure 2.2  The Structure of the Desired β-Methylchalcone. ......................................... 26 

Figure 2.3 The Structure of a Chalcone with a 4-Dimethylaminoethoxy Linker. ............ 28 

Figure 3.1 The Structure of ML141................................................................................ 50 

 

  



vi 
 

Table of Schemes 

Scheme 1.1 The Synthesis of Chalcone Derivatives. ...................................................... 8 

Scheme 1.2 The Reaction of  an α,β-Unsaturated Ketone with  p-

Sulfamylphenylhydrazine Hydrochloride to Form a Pyrazoline. ...................................... 9 

Scheme 2.1 General Procedure for Base Catalyzed Chalcones. .................................. 21 

Scheme 2.2 Mechanism of the Base Catalyzed Aldol Condensation. ........................... 22 

Scheme 2.3 General Procedure for Acid Catalyzed Chalcones. ................................... 23 

Scheme 2.4 The Mechanism of the Acid Catalyzed Aldol Condensation. ..................... 24 

Scheme 2.5 The Hydrolysis of 4-Acetamidoacetophenone to Afford 4-

Aminoacetophenone. .................................................................................................... 25 

Scheme 2.6 The Synthesis of the 4-Propioamidoacetophenone from 4-

Aminoacetophenone and Propionic Anhydride. ............................................................ 26 

Scheme 2.7 The Synthesis of a β-MethylChalcone Derivative from 4-

Methoxyacetophenone and Thionyl Chloride. ............................................................... 27 

Scheme 2.8 The Attempted Synthesis of a Chalcone with a Dimethylaminoethoxy 

Linker. ........................................................................................................................... 29 

Scheme 2.9 The Attempted Synthesis of the Aldehyde Derivative from 4-

Hydroxybenzaldehyde and 2-Dimethyleminoethylchloride Hydrochloride. .................... 30 

Scheme 2.10 Second Attempted Synthesis of the Aldehyde Derivative from 4-

Hydroxybenzaldehyde and 2-Dimethyleminoethylchloride Hydrochloride. .................... 30 

Scheme 2.11 The Attempted Hydrolysis of a 4-Acetamidochalcone to a 4-

Aminochalcone. ............................................................................................................. 31 



vii 
 

Scheme 2.12 The Preparation of p-Sulfamylphenylhydrazine Hydrochloride from 

Sulfanilamide. ................................................................................................................ 32 

Scheme 2.13 The Formation of the Diazonium Salt from Sulfanilamide. ...................... 33 

Scheme 3.1 The Synthesis of 4,5-Dihydropyrazole Derivatives. ................................... 51 

Scheme 3.2 The Mechanism for the Formation of 4,5-Dihydropyrazole Derivatives. .... 53 

 

  



viii 
 

 

List of Tables 

Table 1.1 Structural Changes to the Phenyl Moiety of ML141 and Effects. ................... 10 

Table 1.2 The Structural Changes to the 4-Methoxyphenyl Moiety of ML141 and Effects.

 ...................................................................................................................................... 11 

Table 1.3 The Structures of RSM Compounds Synthesized by Other Group Members.

 ...................................................................................................................................... 16 

Table 1.4 Data for Internalized Bacteria and Inhibition of GTP Binding to CDC42. ....... 17 

Table 2.1 Yields of Synthesized Chalcone Derivatives. ................................................ 34 

Table 3.1 The Structures and Yields of Synthesized 4,5-Dihydropyrazolines. .............. 54 

Table 3.2 The Biological Data of the New RSM Compounds. ....................................... 56 

Table 3.3 The P Values Associated with the Inhibition of Invasion of S. aureus. .......... 56 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

Chapter 1 

Introduction and Background Literature 

 

1.1 Introduction of Staphylococcus aureus  

 

One of the largest health concerns of today is the prevalence of antibiotic 

resistant bacterial infections.1  According to some estimates, up to 70% of hospital 

acquired bacterial infections are resistant to common antibiotics such as methicillin, 

penicillin, and vancomycin.2 According to the United States Center for Disease 

Control and Prevention, one of the most common bacterial infections in the United 

States is caused by Staphylococcus aureus,1 which is a gram-positive bacterium that 

causes skin infections, food poisoning, and respiratory disease.3   
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 Methicillin-resistant Staphylococcus aureus (MRSA) is one such strain of 

antibiotic resistant bacteria that is common in hospital and long term care facilities.  

In 2011, the Journal of the American Medical Association reported an estimated 

80,461 cases of invasive MRSA nationwide.4  Of those patients, 11,285 (14%) died 

from the infection.  The infection and mortality rate has actually gone down from data 

collected in 2005 in which over 110,000 patients were diagnosed.  The mortality rate 

from MRSA in 2005 was approximately 19%, which translates to 21,138 deaths.4  

MRSA infections that are contracted during hospitalization are deemed hospital 

acquired (HA-MRSA); these infections are the most prevalent form of MRSA.5 

Hospital acquired MRSA is resistant to most beta-lactam antibiotics along with a 

similar class of drugs called cephalosporins.  Community acquired infections (CA-

MRSA) also exist, though it is hard to fully determine where community acquired 

MRSA began.  The difference between hospital acquired and community acquired 

MRSA infections is that community acquired infections are typically only resistant to 

beta-lactam antibiotics.5  Another subject to take into consideration when addressing 

MRSA is the financial burden it places not only on the patient, but the hospital, and 

society as a whole.  Studies estimate that in the United States, patient cost for 

treatment of an HA-MRSA infection can range from $27000 to $35000.6  Hospitals in 

the United States are thought to spend an extra $1.5 billion to $4.2 billion dealing 

with HA-MRSA infections.  MRSA does not only impact those infected, it also has an 

impact on the economy as a whole. Due to the infection, there are increased taxes 

and insurance charges  which have been estimated to be $17 billion to $30 billion 

annually in the United States alone.6 
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S. aureus infections have a wide range of symptoms and illnesses associated 

with them.  S. aureus infection causes boils, impetigo, cellulitis, food poisoning, 

bacteremia, toxic shock syndrome, and septic arthritis.3  Symptoms of this infection 

range from nausea and vomiting to fever, rash, and confusion.  Bacteremia, 

commonly referred to as blood poisoning, can occur after the surgery or in patients 

with indwelling catheters.  In this instance, the infection attacks internal organs, 

bones, surgically implanted devices, and muscles.3  Toxic shock syndrome involves 

high fever, along with low blood pressure, rash, and confusion. Septic arthritis 

occurs when the infection settles into a joint and causes swelling, fever, and severe 

pain.3 It is obvious that an infection of S. aureus can be serious, and if it is a 

methicillin-resistant strain, the outlook becomes much worse. 

Current treatments for MRSA infection include wound drainage, removal of an 

infected device, or treatment with antibiotics.3  Current antibiotics include 

cephalosporins, nafcillin, sulfa drugs, vancomycin, teicoplanin, rifampicin, fusidic 

acid, and fluoroquinolones.  Though effective, the treatments discussed above are 

not selective for inhibition of S. aureus.  The lack of specificity allows the drugs to 

interact with other functions in the body causing undesired side effects.7  Structures 

of various treatment compounds are shown below in Figure 1.1.7  New drugs with 

less side effects and different mechanisms of action are needed for the treatment of 

S. aureus and MRSA infections. 
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Figure 1.1 Structures of Select Drugs for the Treatment of S. aureus Infection. 

 

1.2 CDC42 and The RHO Family of GTPases 

In 2010, the University of New Mexico and the University of Kansas released 

a probe report which detailed the discovery of a selective, reversible non-competitive 

inhibitor of CDC42 GTPase.8 The compound gave new insight for selective small 

molecule inhibitors of CDC42.8  CDC42 is a member of the RHO GTPase 

subfamily.9  A vast amount of cellular processes are controlled by the RHO family of 

GTPases including cell cycle progression, signal transduction, cell adhesion, 

proliferation, host-pathogen interactions, cytoskeletal organization and membrane 

protein traffic.10,8 It has been found that when over activated, CDC42 has been 

connected to the pathology of many cancers, immune diseases, and neuronal 

Vancomycin 

Teicoplanin 

Nafcillin Cephalosporin 

Core 
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disorders. Only a small portion of the RHO GTPases within a cell are active and 

near the membrane at any given time while inactive GTPases are maintained within 

the cytosol.10  Examples of the RHO family of GTPases are RHOA, RAC1, and 

CDC42. RAC1 has been found to regulate lamellipodia.11  CDC42 and RHOA 

regulate filopodia and stress fiber formation.11 Both lamellipodia and filopodia play 

an important role in the internalization of bacteria into the cell. These proteins are 

unique in that they bind to guanine nucleotides.10, 12  GTPases are characterized as 

hydrolase enzymes that bind to and hydrolyze GTP.  The RHO GTPases are 

considered molecular switches in which the inactive form occurs when bound to 

GDP, whereas the protein is considered active when bound to GTP.10  The only 

other reported small molecular inhibitor of CDC42 is secramine (Figure 1.2).13 

  

 

Figure 1.2 Structure of CDC42 Inhibitor Secramine. 

 

Secramine stabilizes CDC42 and RHOGDi interaction by locking CDC42 into 

its inactive state.  It is an indirect, non-selective inhibitor of CDC42, but it lacks 

specificity which causes off target effects.13-14 Its complexity that includes four 

chirality centers, also makes it challenging for drug development.  
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Another drug was discovered to affect CDC42. An interesting trait was 

observed in patients who were on the prescription cholesterol lowering drug 

simvastatin (Figure 1.3).15  Patients on simvastatin prior to hospitalization were 

found to have a lower risk of severe sepsis, which can be caused by bacterial 

infections such as S. aureus.  Simvastatin does not inhibit CDC42 but it does inhibit 

cholesterol biosynthesis and the formation of hydrophobic isoprenoids that are 

posttranslationally attached to CDC42 and anchor it to the membrane. Thus, 

simvastatin causes CDC42 to stay in the cytosol of the cell.16   

 

Figure 1.3 The Structure of Simvastatin. 

When CDC42 is in the active state and at the host cell membrane, this allows S. 

aureus to be internalized into the cell (Figure 1.4).17 When S. aureus infections occur, 

stress fibers in the cell disassemble which allows the bacteria to then internalize into the 

cell. Horn and colleagues determined that the simvastatin prevents stress fiber 

disassembly, therefore preventing S. aureus internalization.16   

 S. aureus is internalized into host cells by utilizing the α5β1 integrin receptor.18  The 

ligand of this receptor is fibronectin.  S. aureus binds to fibronectin, which then connects 

to the α5β1 receptor.  Once connected, internalization occurs taking both the fibronectin 

and the bacteria into the host cell.  During this process, actin stress fibers 

disassemble.16  
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Figure 1.4 The Hypothesized Internalization of S. aureus. 
 

It was hypothesized that if a compound could be found to inhibit the activation of 

CDC42, then it would in turn inhibit the host cell invasion of S. aureus. When treated 

with ML141 (Figure 1.5)17 it is assumed that CDC42 undergoes a conformational 

change, locking it into its inactive state, therefore not allowing S. aureus to internalize 

into the cell. 

 

Figure 1.5 The Hypothesized Effect of  ML141 on Cells when Infected by S. aureus. 

1.3 ML141 Discovery 

The compound ML141, 1-(4-Sulfamylphenyl)-5-(4-methoxyphenyl)-3-phenyl-4,5-

dihydropyrazole, was a 1,3,5-triaryl substituted 4,5-dihydropyrazole. The structure of 

ML141 is shown below in Figure 1.6. 
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Figure 1.6 The Structure of ML141. 

During the probe process, Surviladze et al. synthesized and screened a multitude 

of compounds for selectivity and inhibition of CDC42.8  Once ML141 was 

discovered, assays were completed to test the selectivity for CDC42.  ML141 was 

tested against a variety of other RHO GTPase proteins such as RAB7, RAS, 

RHO,and RAC.  The studies determined ML141 was only inhibiting CDC42 and 

none of the other proteins.8 

Surviladze et al used a multistep synthetic approach to obtain ML141 derivatives.  

First, chalcone derivatives were synthesized using a base catalyzed aldol 

condensation of a ketone and aldehyde, Scheme 1.1.8  

 

Scheme 1.1 The Synthesis of Chalcone Derivatives. 

The resulting chalcone derivatives were reacted with p-sulfamylphenylhydrazine 

hydrochloride in a microwave (Scheme 1.2).8 
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Scheme 1.2 The Reaction of  an α,β-Unsaturated Ketone with  p-Sulfamylphenylhydrazine 
Hydrochloride to Form a Pyrazoline. 

Though there are many ways to synthesize pyrazolines, the chemistry used in 

this work involved reacting an α,β-unsaturated ketone with  p-sulfamylphenylhydrazine 

hydrochloride (Scheme 1.2).  The reaction forms a hydrazone which then undergos 

cyclization.19  

 Once this promising compound was found, Surviladze et al. then began 

structure-activity relationship studies.8  Substituents were varied on the pyrazoline core. 

In addition, aromatization of the core was considered.  The modification of the 

sulfamylphenyl moiety to a sulphone, carboxylic acid, amide, or nitro group resulted in 

the total loss of inhibition. It was determined that the sulfamylphenyl group was 

paramount for the bioactivity.  The next set of modifications were made to the phenyl 

group attached to C3.  The studies focused on substituting the phenyl for groups such 

as 2-methoxyphenyl, 3-methoxyphenyl, 4-methoxyphenyl, along with thiophene groups, 

and alkyl chains (Table 1.1).8   
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Table 1.1 Structural Changes to the Phenyl Moiety of ML141 and Effects. 

-R CDC 42 ACT  
EC50 µM 

CDC 42 ACT  
Efficacy 

CDC 42 WT  
EC50 µM 

CDC 42 WT  
Efficacy 

Phenyl 5.4 57% 2.6 69% 

2-MeO-phenyl 5.5 42% 6 59% 

3-MeO-phenyl 1.6 30% 1.5 50% 

4-MeO-phenyl 2.5 23% 2.6 38% 

2-thiophene 4 42% 2.9 57% 

3-thiophene 7.3 33% 7.3 47% 

Methyl >100 16% >100 17% 

Tert-butyl >100 29% >100 33% 

 

The researchers found that with the exception of the 2-methoxyphenyl group, 

additions of groups other than the phenyl had a negative impact on efficacy compared 

to ML141.  When modifying the 4-methoxyphenyl group attached to C5, it was found 

that analogs gave comparable efficacy and inhibition to ML141.  The changes that 

yielded the best outcome included substitution of  the 4-methoxyphenyl for 4-

methylphenyl, 3-methylphenyl, 3-bromophenyl, 4-bromophenyl, Table 1.2.8 
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Table 1.2 The Structural Changes to the 4-Methoxyphenyl Moiety of ML141 and Effects. 

-R CDC 42 ACT  
EC50 µM 

CDC 42 ACT  
Efficacy 

CDC 42 WT  
EC50 µM 

CDC 42 WT  
Efficacy 

H 16.8 44% 31.6 56% 

2-MeO 78.9 34% 22.5 45% 

3-MeO 4.3 39% 4.8 53% 

4-MeO 
(ML141) 

5.4 57% 2.6 69% 

3,4-diMeO 6.1 56% 5.7 75% 

2-Me 13.6 42% 16.6 55% 

3-Me 5.3 50% 5 55% 

4-Me 5 46% 5 66% 

2-Br > 100 NA > 100 NA 

3-Br 3.7 50% 3.3 55% 

4-Br 1.7 52% 1.1 56% 

 

 The results also showed that when the central dihydropyrazoline core was 

aromatized resulting in a planar core rather than the original puckered core, there was 

no inhibition.8   
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1.4 Pyrazolines 

A pyrazoline, also referred to as a 4,5-dihydropyrazole, is a five membered 

heterocyclic ring characterized by two adjacent nitrogen atoms and one endocyclic 

double bond.  Of the many pyrazoline derivatives that have been studied, focus is 

often on 2-pyrazolines. Pyrazolines along with their close cousin, pyrazoles, have 

been shown to have antibiotic, anti-inflammatory, antidepressant, antiviral, 

analgesic, antidepressant, muscle relaxing, and antihypotensive activity.20  The 

general structure of a pyrazole and 4,5-dihydropyrazole are below in Figure 1.7.The 

pyrazolines in the probe report were 4,5-dihydropyrazoles. 

 

Figure 1.7 General Structure of a Pyrazole and 4,5-Dihydropyrazoline. 

The antimicrobial behavior of 2-pyrazoline derivatives was investigated by 

Ozdemir and collegues.21  They tested antimicrobial activity against many different 

strains of bacteria such as Staphylococcus aureus, Streptococcus faecalis, Escherichia 

coli, and Salmonella typhimurium. The 2-pyrazolines were determined to have 

significant activity against the bacteria studied.21   

Pyrazoles are already available in the pharmaceutical market.  The pyrazole 

derivative celecoxib, sold as Celebrex® (Figure 1.8) is a COX-2 inhibitor which has 

anti-inflammatory activity.22  Celecoxib is considered a non-steroidal anti-inflammatory 

drug (NSAID) and is marketed by Pfizer.23 Due to the nature of many NSAIDs, there are 



13 
 

off target activities observed that cause undesired side effects. Derivatives of celecoxib 

have been synthesized and studied with the goal of finding an alternative to celecoxib 

with less side effects.23 

 

Figure 1.8 The Structure of Celecoxib. 

 

A compilation of pyrazoline derivatives and their potential for pharmaceutical 

activity was published by Rahmen and coworkers (Figure 1.9).20  Research is 

ongoing on properties of pyrazolines which have been found to exhibit 

antidepressant activity such as the structure 1a which possesses a pyrazoline core 

with three substituted phenyl moieties.24 The pyrazoline 1b, with two substituted 

phenyls along with a thioamide substituent, was determined to have antimicrobial 

activity.25 Another interesting pyrazoline derivative (1c) possesses antibacterial 

activity.26 Another trisubstituted pyrazoline (1d) displayed MOA-inhibitory behavior.27 

Along with possessing two substituted phenyl moieties compound 1e also contains 

an ethanone substituent. This unique structure exhibits amine oxidase inhibiting 

activity.28  Antioxidant activity was found from compound 1f which possesses a 

sulfamylphenyl substituent along with trifluoro moeity.29,20   
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Figure 1.9 Structures and Potential Pharmaceutical Applications of Pyrazoline Derivatives. 

 

Pyrazolines have also been found to possess many other pharmaceutical properties 

such as antiepilieptic,21 anti-inflammatory,30 antimycobacterial,31 anticancer,32 

antitubercular,33 and cholesterol inhibiting34.   
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1.5 Previously Reported Inhibition of CDC42 and Resulting S. aureus Invasion 

Inhibition 

With the knowledge gained from Surviladze, et al, our research group began to 

synthesize ML141 derivatives which became the RSM series of compounds.8  ML141 

has been studied and found not to be cytotoxic or bactericidal, but concerns of solubility 

and oxidation in in vivo studies have made it important to develop more soluble and 

more stable derivatives such as the RSM series of compounds.17  For previous studies 

of ML141 and RSM compounds, inhibition analysis was completed by Dr. Susan 

McDowell’s laboratory to compare ML141 to the RSM compounds.  During these 

studies, human umbilical vein endothelial cells (HUVEC) were grown in a media at 37 

°C and 5% CO2.  The cells were then incubated in the same media containing ML141 

(10 μM), RSM derivative (10 μM), or control of polyethylene glycol (PEG, 1%) or DMSO 

(1%).  After treatment, the cells were incubated again for 24 hours at 37 °C and 5% 

CO2.  Upon completion of the incubation, the cells were infected with fluorescently 

labeled S. aureus for one hour.  The bacteria were labeled to fluoresce at 488 nm.  The 

extracellular bacteria were killed using lysostaphin and gentamicin and removed from 

the sample and the cells were isolated. The internalized bacteria were then detected 

using flow cytometry.  The average fluorescence was then compared between the 

control, ML141 treated, and RSM treated compounds.  Ideally, a lower fluorescence 

would be shown which indicates S. aureus was inhibited from invading the cells.17, 35 

 The RSM series has been a collective effort from several group members. Table 

1.3 shows the structures of compounds synthesized by other group members.  A subset 
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of structures below have been characterized for inhibition of GTP binding to CDC42 

along with its percent inhibition of internalized bacteria.  

Table 1.3 The Structures of RSM Compounds Synthesized by Other Group Members. 

 
ID R1 R2 R3 R4 

ML141 H H 4-MeO H 

RSM 04 4-MeO H 4-Cl H 

RSM 05 H H 3,4-(OCH2O) H 

RSM 06 4-MeO H 3,4-(OCH2O) H 

RSM 07 4-MeO H H H 

RSM 13 H H 3,4,5-MeO H 

RSM 14 4-MeO H 3,4,5-MeO H 

RSM15 H H 3,4-MeO H 

RSM 16 4-MeO H 3,4-MeO H 

RSM 17 4-MeOCH2CH2O H 4-MeO H 

RSM 18 4-MeOCH2CH2O H 4-MeOCH2CH2O H 

RSM 19 H  4-MeO H 

RSM 20 4-MeOCH2CH2O Me 4-Cl H 

RSM 21 Ph-2-CH2 4-MeO H 

RSM 26 H H 4-MeO Me 

 

 

When interpreting the collective data of previous RSM compounds (Table 1.4) it 

was important to look at both columns together to determine if an analog was actually a 

viable option for treatment.  First, it was important to compare each derivative to ML141.  

Ideally, the derivative would yield a similar or higher percent of inhibition than ML141.  
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Once a compound was found to have the desired inhibition of internalized bacteria, it 

was necessary to determine the half maximal inhibitory concentration (IC50).   

Table 1.4 Data for Internalized Bacteria and Inhibition of GTP Binding to CDC42. 

 Internalized Bacteria 
(% inhibition ± SEM) 

   Analog                ML141 

Inhibition of GTP 
binding 

to CDC42 (IC50) 
(ML141 =2-4μM) 

RSM 04  89 ± 1*
†††

 65 ± 5* ND 

RSM 05  62 ± 3*
††

 58 ± 3* 3.4 μM 

RSM 06  77 ± 1*
†††

 61 ± 5* 10.1 μM 

RSM 07  66 ± 2*
††

 64 ± 3* 6.2 μM 

RSM 13  38 ± 5*
††

 37 ± 6* ND 

RSM 14  29 ± 3*
†
 49 ± 3* ND 

RSM 15  55 ± 1*
†††

 47 ± 3* 2.2 μM 

RSM 16  37 ± 4*
†††

 11 ± 3* 3.7 μM 

RSM 17  33 ± 8*
††

 34 ± 1* ND 

RSM 18  24 ± 7*
†
 48 ± 3* ND 

RSM 19  39 ± 2*
††

 42 ± 3* 13.5 μM 

RSM 20  39 ± 4*
††

 50 ± 14* 46.5 μM 

RSM 21  21 ± 3*
†
 39 ± 3* 5.5 mM 

RSM 26  60 ± 3*
††

 62 ± 3* ND 

 

The IC50 of ML141 was determined to be 2-4 μM,
8
 so the optimal RSM compound 

would be 4 μM or lower, because the new derivative should be the same or better than 

ML141.  Compounds such as RSM 05, RSM 15, and RSM 16 seemed to have exhibited 

similar of greater behavior than ML141 when analyzing both parameters.  With these 

structures in mind, more pyrazoline derivates were synthesized with the goal of 
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maintaining the inhibition of GTP binding to CDC42 along with a high percent inhibition 

of internalized bacteria. 

The research presented here focused on the findings in the probe report8 and data 

from previous RSM studies.17 The goal was to synthesize novel 4,5-dihydropyrazolines 

using insight from previously characterized compounds to be able to generate analogs 

with greater solubility, efficacy and stability than that of the parent ML141 compound.  

New pyrazolines with substituents containing amino and amide functional groups were 

pursued in an attempt to meet these goals (Figure 1.10).  

 

Figure 1.10 Desired Novel 4,5-Dihydropyrazoline Derivatives. 

 As discussed, the initial step to developing novel pyrazolines was to synthesize 

the precursors, p-sulfamylphenylhydrazine hydrochloride and the desired chalcone 

analogs. 
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Chapter 2 

Synthetic Precursors to 4,5-Dihydropyrazoles 

 

2.1 Introduction of Chalcones 

 A chalcone is a trans-1,3-diphenyl-2-propen-1-one. Chalcones themselves have 

medicinally relevant characteristics such as having antibacterial properties.36 Research 

has been completed in an attempt to determine if chalcones would be potential 

inhibitors of S. aureus.37,38,2 The goal of the project was to develop novel 4,5-

dihhydropyrazoles with greater solubility, stability, and increased potency for the 

inhibition of internalization against S. aureus than ML141.  For this work, chalcones 

were used as precursors for the synthesis of 4,5-dihydropyrazole derivatives. As 

precursors, it was necessary to develop chalcones with substituents that would help add 

the desired characteristics to the resulting 4,5-dihydropyrazoles.  An example of a 

chalcone is shown below in Figure 2.1.  Derivatives synthesized contained substitutions 

on one or both of the aromatic rings. 
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O

 

Figure 2.1 General Structure of a Chalcone 

The first step towards developing these novel pyrazolines was to synthesize 

chalcone derivatives with new and potentially medicinal substituents. The chalcones in 

this work were typically prepared using commercially available ketone and aldehyde 

derivatives. However, ketones containing propioamido functional groups were prepared 

in house to allow for a wider range of desired substituents. 

2.2 Preparations of Substituted Chalcones 

 Many reaction conditions exist for the aldol condensation of substituted 

acetophenones and substituted benzaldehydes.  In this work, both base and acid 

catalyzed approaches were utilized. A general procedure for the base catalyzed method 

is shown in Scheme 2.1.39  The reaction of ketone and aldehyde derivatives to form the 

desired α,β-unsaturated ketone was successful.  In the process of an aldol 

condensation, the α-carbon of the ketone attacks the carbonyl carbon of another ketone 

or aldehyde.  The reaction can occur under basic or acidic conditions.40 The mild 

conditions of the aldol reaction allow for more pure product formation and less side 

products.  For all of the new chalcones reported in this work, the base catalyzed 

approach was used. 
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Scheme 2.1 General Procedure for Base Catalyzed Chalcones. 
 

 For the purposes of this study, sodium hydroxide was used as the base (Scheme 

2.2).  Hydroxide itself is not typically a strong enough base to completely convert the 

ketone or aldehyde to their respective enolates fully, but enough enolate (2b) is formed 

to then react with the aldehyde to give the alkoxide intermediate 2c. After the addition, 

this intermediate is protonated to provide aldol 2d, which is deprotonated to give enolate 

2e. Loss of hydroxide completes mechanism and provides the final compound that 

precipitates to drive the reaction to completion.  
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Scheme 2.2 Mechanism of the Base Catalyzed Aldol Condensation.  

 

 In the base catalyzed procedure, equal molar amounts of ketone and aldehyde 

are added along with ethanol.  The procedure is carried out at 0 °C.  A prepared 

solution of 40% NaOH is then slowly added dropwise until a precipitate begins to form. 

Once formation of the precipitate begins, the reaction is allowed to stir for an additional 

thirty minutes.   

The acid catalyzed approach is very similar. Again, equal molar amounts of 

ketone and aldehyde are added along with absolute ethanol at 0 °C.  Absolute ethanol 

is necessary when using thionyl chloride because thionyl chloride is violently reactive 

with water and can produce HCl gas.  Thionyl chloride is slowly added to the reaction.  

Once the addition is complete, the solution is stirred for two hours then slowly warmed 
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to room temperature.  The solution was allowed to stand at room temperature for 12 

hours after which a precipitate forms and is isolated. 

 

 

Scheme 2.3 General Procedure for Acid Catalyzed Chalcones. 
 

  

The acid catalyzed chalcone reactions in this work were synthesized using 

thionyl chloride (Scheme 2.3).  Initially, the ethanol reacts with the electrophilic 

thionyl chloride to form 2f which then allows a chloride to leave (Scheme 2.4).  

Compound 2g becomes the proton source for the oxygen of the ketone to become 

protonated. Once protonated (2h), ethanol deprotonates the alpha carbon of the 

ketone which drives the formation of the enol, 2i.  The enol (2i), then reacts with the 

protonated aldehyde (2j) to form 2k.  Ethanol deprotonates the alpha carbon of the 

compound to form the alkene.  Intermediate 2l reacts with a protonated ethanol to 

form 2m, which then allows for water to leave the compound (2n).  Finally, ethanol 

removes the proton from 2o forming the desired product. 
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Scheme 2.4 The Mechanism of the Acid Catalyzed Aldol Condensation. 

  

 

  

 

 In some instances it was necessary to synthesize a new acetophenone 

derivative.  The conversion of simple acetamido group to other amide groups such as 

propioamido substituents was explored.  Hydrolysis of the amide (Scheme 2.5) and 

acylation of the subsequent amine (Scheme 2.6) could theoretically be executed earlier 

or later in the synthesis.  Initially, reactions were carried out to determine the best place 
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in the synthesis to hydrolyze the amide.  After successful hydrolysis of the 

acetophenone derivative, the next step was to see if it was possible to be carried out on 

the chalcone. When attempting to hydrolyze the acetamido substituent of the chalcone, 

the alkene bond in the chalcone was broken to give the starting materials.  The 

procedure for hydrolyzing the amide group is shown below in Scheme 2.5.41  The 

reaction was successful with both 4-acetamidoacetophenone and 3-

acetamidoacetophenone as starting materials, during which these were refluxed in 

hydrochloric acid for two hours.  After the two hours, the solution was cooled to room 

temperature and extracted with ethyl acetate to remove any starting material. The 

aqueous layer was then made basic using NaOH to give the amine derivative.  A 

separation process including diethyl ether, water, and brine was then completed and the 

resulting organic layer was reduced under vacuum to give a solid product.  

 

Scheme 2.5 The Hydrolysis of 4-Acetamidoacetophenone to Afford 4-Aminoacetophenone. 

 

Once the aminoacetophenone derivative was isolated, the desired anhydride was 

added to achieve the corresponding acetophenone derivative.  The process of adding 

the anhydride to the aryl amine is shown in Scheme 2.6.42 The isolated 

aminoacetophenone derivative was added to distilled water along with propionic 

anhydride.  Upon refluxing for ten minutes, the mixture became homogenous.  The 
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solution was then allowed to cool to room temperature. During the cooling process, a 

precipitate forms.  The precipitate is isolated and washed with water to give the desired 

propioamidoacetophenone. 

 

Scheme 2.6 The Synthesis of the 4-Propioamidoacetophenone from 4-Aminoacetophenone and 
Propionic Anhydride. 

2.3 Unsuccessful Chalcone and Aldehyde Derivatives 

 During the course of this research, several desired chalcone derivatives were not 

able to be obtained.  The first chalcone that was not able to be isolated, 1,3-bis(4-

methoxyphenyl)2-buten-1-one (2a),  is shown in Figure 2.2. This chalcone was needed 

in an attempt to increase the stability of the 4,5-dihydropyrazole ring.  The methyl group 

at the beta carbon would have created a pyrazoline derivative that would not be able to 

aromatize easily.    

 

Figure 2.2  The Structure of the Desired β-Methylchalcone. 
 

The initial synthesis was adapted from Hu et al, but it was found to not produce 

the correct product when applied to the compounds used in this research.43  The 

attempted synthesis is shown in Scheme 2.7. The procedure called for a mixture of 
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ketones and absolute ethanol in a 1:5 molar ratio.  A 1.66 molar equivalent of thionyl 

chloride was added to the solution.  The procedure states that when the solution turned 

a deep red, the saturated sodium carbonate solution was added. The solution was then 

to be extracted with ether and the solvent to be removed under reduced pressure.43  

 

Scheme 2.7 The Synthesis of a β-MethylChalcone Derivative from 4-Methoxyacetophenone and 
Thionyl Chloride. 

It is unclear why this chalcone synthesis did not yield the desired compound but it 

was noted that the acetophenone would be much less electrophilic than a benzaldehyde 

which was typically used in this work. Modifications were made to the Hu et al 

procedure due to lack of temperature and time information in that article.43  The 

experimental described the reaction to be complete when a “deep red color”.  The first 

attempted reaction was carried out at room temperature and the solution turned a deep 

red immediately upon addition of thionyl chloride.  Trials were carried out to attempt to 

determine optimal reaction conditions. Initially, time was varied. The reaction was 

allowed to stir for longer periods of time to determine if that would provide a favorable 

result.  According to the corresponding TLC and 1H NMR, varying time did not have an 

impact on the result of the synthesis.  It was decided to perform the reaction under 

lower temperatures.  An ice bath was prepared and kept at approximately -5 °C while 

the reaction occurred.  The colder temperature did turn the deep red color to evolve 

over time instead of immediately, but doing this produced a similar product that after 1H 



28 
 

NMR analysis was assumed to be mostly the triarylbenzene compound due to the 

amount of aromatic hydrogen peaks present in the spectrum, not the desired chalcone 

intermediate. The 1H NMR spectrum did not show any evidence of a chalcone present 

in the sample when looking for the characteristic wide doublets found in all spectra of 

other successful chalcone derivatives. 

 Another desired chalcone was one in which a 4-dimethylaminoethoxy linker was 

added to the aldehyde side of the chalcone as shown in Figure 2.3.  

 

Figure 2.3 The Structure of a Chalcone with a 4-Dimethylaminoethoxy Linker. 

Several methods were used in an attempt to form this particular chalcone. 

Intially, a synthesis that gave the desired chalcone was attempted (Scheme 2.8).44  This 

method was adapted from a synthesis using chalcone derivatives as an example of a 

citrus bioregulator.44  



29 
 

 

 

Scheme 2.8 The Attempted Synthesis of a Chalcone with a Dimethylaminoethoxy Linker. 

 

The process involved first producing the chalcone, then adding the 

dimethylaminoethoxychloride hydrochloride linker via nucleophilic substitution.  The 

initial step led to a thick red paste.  The substance was difficult to fully dry therefore, 

when proceeding to the next step the presence of water could have had a negative 

impact on the outcome of the reaction, due to the final step which was carried out in 

organic solvents toluene and DMSO.  The second step of the procedure involved 

extracting the desired linker using water and toluene.  The toluene solution was then 

added to the thick paste which had been added to DMSO.  The resulting solution was 

heated and went through a thorough extraction process.  When looking at the resulting 

1H NMR spectrum, it did not show the characteristic wide doublets that are 

characteristic of chalcone derivatives.   
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When the initial synthesis (Scheme 2.8) did not work, further literature search 

was carried out to find a different method in which the 4-dimethylaminoethoxy linker was 

attached to the aldehyde before the aldol condensation. 

 

Scheme 2.9 The Attempted Synthesis of the Aldehyde Derivative from 4-Hydroxybenzaldehyde 
and 2-Dimethyleminoethylchloride Hydrochloride. 
 

The initial attempt at adding the linker to the aldehyde (Scheme 2.9) suggested 

using methyl ethyl ketone as the solvent and to have 4-hydroxybenzaldehyde and 2-

dimethylaminoethylchloride hydrochloride in solution with the sodium carbonate. The 

solution was to be stirred at 75 °C for 18 hours. After 18 hours, a residue was removed 

and the resulting filtrate was concentrated under vacuum.45  A pure oil was reported as 

the product45 and in this research an oil was observed, but was not pure and could not 

be purified using silica column chromatography.  After it was determined that the 

synthesis shown in Scheme 2.9 did not work, Scheme 2.10 was attempted.46 

 

Scheme 2.10 Second Attempted Synthesis of the Aldehyde Derivative from 4-
Hydroxybenzaldehyde and 2-Dimethyleminoethylchloride Hydrochloride. 
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 The reaction conditions in Scheme 2.10  had previously been successful for 

other researchers in the Sammelson lab and was reported in the work of Rachel Pelly.35  

The synthesis was similar to the above synthesis, but used N,N-dimethylformamide as 

the solvent.  The mixture was again stirred at 75 °C for 18 hours.  The resulting mixture 

then was extracted using water and ethyl acetate.  The organic layer was washed with a 

1M NaOH solution and then with brine.  The resulting organic layer was dried over 

sodium sulfate and the solvent was evaporated under reduced pressure.  Again, the 

product was found to be an oil. After 1H NMR analysis, the desired aldehyde appeared 

to be present, but after many attempts was not able to be isolated. 

 As mentioned above, an attempt to hydrolyze 1-(4-acetamido)-phenyl-3-(4-

methoxyphenyl)-2-propen-1-one, a chalcone derivative (9), was carried out (Scheme 

2.11).  

 

Scheme 2.11 The Attempted Hydrolysis of a 4-Acetamidochalcone to a 4-Aminochalcone. 

When attempting to hydrolyze the amide substituent of the chalcone, it was determined 

using the 1H NMR sprectrum that the chalcone hydrolyzes into the original ketone and 

aldehyde.  The spectrum did not show the characteristic wide doublets of chalcones, but 

did give all of the peaks associated with a solution of the starting materials. After the 

failure of the amide hydrolysis of the chalcone, it was decided to continue the process of 

hydrolyzing the acetophenone derivatives.   
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2.4 Preparation of p-Sulfamylphenylhydrazine Hydrochloride 

 The preparation of p-sulfamylphenylhydrazine hydrochloride was carried out 

following the procedure of Soliman et al, Scheme 2.12.47  The first part of the synthesis 

creates the diazonium salt para to the sulfamyl group.  The second step then uses tin 

(II) chloride and hydrochloric acid to reduce the diazonium salt to the hydrazine 

(Scheme 2.13).  Following work up, the product is isolated as the hydrochloride salt.  

 

Scheme 2.12 The Preparation of p-Sulfamylphenylhydrazine Hydrochloride from Sulfanilamide. 

 

 The initial step of the synthesis (Scheme 2.13) involves the protonation of nitrite 

(2r) by the acid to give compound 2s.  Compound 2s is protonated again with acid, 

creating a good leaving group.  Next, electrons move to create a triple bond between 

the carbon and the nitrogen which allows for the removal of water from the compound to 

give 2t. A resonance structure of 2t gives 2u.  The amine of the sulfanilamide (2v) 

attacks the positively charged nitrogen of 2u to give compound 2w.  Finally, 2x 

undergoes a proton transfer to give compound 2y. More proton transfers lead to 

compound 2z, which has a good leaving group.  Once the water leaves, the diazonium 

salt formation is complete. 
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Scheme 2.13 The Formation of the Diazonium Salt from Sulfanilamide. 

2.5 Results and Discussion 

 Small modifications, such as changing the amount of base added, were made to 

the synthesis of chalcones published by Robinson et al.39 The researchers reported 

adding 10 mL of 40% KOH, but previous experiments in this work showed that NaOH 

was also a useful base, and that the chalcone would precipitate from the solution before 

all 10 mL were added. During this reaction, the ketone and aldehyde derivatives were 

added to a flask and cooled in ethanol. A solution of 40% sodium hydroxide was slowly 

added dropwise over 15 to 30 minutes until a precipitate began to form.  It was 

observed that if the sodium hydroxide was added too quickly, the reaction would not 
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precipitate but would oil out and create a mixture that could not be easily separated.  It 

was also determined that the amount of ethanol was important for keeping the reaction 

from oiling out.  If too little ethanol was present, the reaction tended to give an oil.  If the 

solution did lead to an oil, the addition of more ethanol usually allowed for a solid 

product to then precipitate from the solution.  Once a precipitate began to form, the 

sodium hydroxide addition was ceased and the reaction was allowed to stir for an 

additional 15 minutes in the ice bath after which, the reaction was slowly brought to 

room temperature and the precipitate was collected using vacuum filtration. Table 2.1 

shows the respective yields of all chalcones synthesized using the base catalyzed 

method. R1 originating from the acetophenone moiety and R2 from the aryl aldehyde. 

 

 

 

 

Table 2.1 Yields of Synthesized Chalcone Derivatives. 

 

Compound R1 R2 Yield 

5 H 4-Methoxy 69% 

6 H 4-Acetamido 63% 

7 H 4-Dimethylamino 74% 
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8 3-Acetamido 4-Methoxy 61% 

9 4-Acetamido 4-Methoxy 94% 

10 4-Propioamido 4-Methoxy 43% 

11 3-Propioamido 4-Methoxy 59% 

 

 Most of the chalcones synthesized had a similar yield with the exception of the 

compounds containing the propioamido substituents.  It was hypothesized that these 

chalcones were lower yielding due to a difference in scale of the reaction.  Compounds 

5-9 were done on a 10 mmol scale, whereas compounds 10 and 11 were done on a 2 

mmol scale. 

 All chalcones synthesized were then used as precursors to synthesize 4,5-

dihydropyrazoles.  By adding new substituents to the chalcones derivatives, it allowed 

for the potential to increase the efficacy, stability, and solubility of the corresponding 

4,5-dihydropyrazoles. 

2.6 Experimental 

   All chemicals used were purchased from Sigma-Aldrich or Fisher Scientific.  

Characterization of the chalcone products was performed utilizing both proton nuclear 

magnetic resonance (1H NMR) and carbon-13 nuclear magnetic resonance (13C NMR) 

with a JEOL Eclipse spectrometer at 400 MHz or 300 MHz for 1H NMR, and 100 MHz or 

75 MHz for 13C NMR.  Infrared spectroscopy was also used utilized. All synthesized 

materials were purified via recrystallization or column chromatography if necessary. 

Chemical shifts are reported in ppm. 
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Procedure for the Preparation of Chalcones via Base Catalyzed Aldol 

Condensation 

 Equimolar amounts of acetophenone and benzaldehyde derivatives were 

combined in 95% ethanol (1.5 mL ethanol per mmol of substrates), usually carried out 

at 10 mmol of substrates and 15 mL of ethanol) and placed in an ice bath to cool to 0 

°C.  Once cool, a solution of 40% sodium hydroxide was added dropwise via addition 

funnel until a solid precipitate began to form.  Once the precipitate began to form, the 

solution was left to stir at 0 °C for an additional 30 minutes.  The precipitate was then 

isolated via vacuum filtration.  If necessary, the solid was washed with a portion of cold 

95% ethanol.  The solid was left to air dry overnight.39   

Procedure for the Preparation of Chalcones via Acid Catalyzed Aldol 

Condensation 

 Equimolar amounts of acetophenone (10 mmol) and benzaldehyde (10 mmol) 

derivatives were added to a round bottom flask along with 5 mL of absolute ethanol.  

Thionyl chloride (0.5 mL, 6.89 mmol) was slowly added dropwise via pipette over 15 

minutes. The solution was allowed to stir for 2 hours until a precipitate was observed.  

After stirring, the solution was left to stand at room temperature overnight.  Upon return, 

5 mL of distilled water was added along with 5 mL of cold ethanol and stirred.  The 
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resulting solid precipitate was isolated via vacuum filtration and allowed to air dry 

overnight. 

 

 

Procedure for the Synthesis of p-Sulfamylphenylhydrazine Hydrochloride 

The general procedure for the synthesis of p-sulfamylphenylhydrazine 

hydrochloride was as follows. Sulfanilamide (3.42 g, 19.859 mmol), concentrated 

hydrochloric acid (10 mL, 408.667mmol) and ice (20 g) were added to a flask and 

stirred at 0 °C.  Sodium nitrite (1.4 g, 20 mmol) dissolved in water (2.5 mL) was slowly 

added dropwise over 30 minutes.  The resulting mixture was added to a stirred solution 

of stannous chloride (10 g, 52.74 mmol) in hydrochloric acid (15 mL, 613.001mmol).  

After stirring, the solution was left in the freezer overnight.  The resulting solid was 

isolated utilizing vacuum filtration and left to dry overnight. 

2.7 Data  

p-Sulfamylphenylhydrazine Hydrochloride 

 



38 
 

The general procedure for the synthesis of p-sulfamylphenylhydrazine 

hydrochloride was as follows. Sulfanilamide (3.435 g, 19.9 mmol), concentrated 

hydrochloric acid (10 mL) and ice (20 g) were added to a flask and stirred at 0 °C.  Then 

sodium nitrite (1.411 g, 20.3 mmol) was dissolved in water (2.5 mL).  The sodium nitrate 

solution was then slowly added dropwise over 30 minutes.  The resulting mixture was 

added to a stirred solution of stannous chloride (10.0021 g, 52.75 mmol) in hydrochloric 

acid (15 mL).  After stirring, the solution was left in the freezer overnight.  The resulting 

solid was isolated utilizing vacuum filtration and left to dry overnight. The resulting solid 

yielded 3.049 g, 13.6 mmol, and 68%. 1H NMR (400 MHz, Chloroform-d) δ 10.47 (s, 

2H), 8.88 (s, 1H), 7.70 (d, J= 8.8 Hz, 2H), 7.21 (s, 2H), 7.03 (d, J= 8.8 Hz, 2H). 
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Hydrolysis of Amidoacetophenones 

4-Aminoacetophenone (1)48 

 

Into a 100 mL round bottom flask was added 4-acetamidoacetophenone (1.006 g, 5.67 

mmol) along with 50 mL of 4M HCl solution prepared by adding 16.6 mL concentrated 

HCl, then diluting to final volume. The mixture was refluxed for 2 hours until TLC 

showed no starting material.  Upon cooling, the solution was washed with 20 mL of 

EtOAc and the resulting aqueous layer containing the desired ammonium salt was 

made basic using a 60% KOH solution.  The solution was then extracted with 50 mL 

diethyl ether, washed with 50mL water, washed with 50 mL of brine, and dried over 

sodium sulfate.  The resulting solution was concentrated under reduced pressure to 

give a yellow powder (0.594 g, 4.40 mmol, 77%). 1H NMR (400 MHz, Chloroform-d): δ 

7.78 (d, J= 11.3 Hz, 2H), 6.63 (d, J= 11.3 Hz, 2H), 4.13 (s, 2H), 2.49 (s, 3H). 
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3-Aminoacetophenone (2)49 

 

To a 100 mL round bottom flask was added 3-acetamidoacetophenone (1.001 g, 5.65 

mmol) along with 50 mL of a prepared 4M HCl solution.  The mixture was refluxed for 2 

hours until TLC showed no starting material.  Upon cooling, the solution was washed 

with 20 mL of EtOAc and the aqueous layer containing the desired ammonium salt was 

made basic using a 60% KOH solution.  The solution was then extracted with 50 mL 

diethyl ether, washed with 50mL water, washed with 50 mL of brine, and dried over 

sodium sulfate.  The resulting solution was concentrated under reduced pressure to 

give a yellow powder (0.445 g, 3.29 mmol, 58%). 1H NMR (400 MHz, Chloroform-d): 

7.33 (dt, J= 7.7 Hz, 1.1 Hz, 1H), 7.27-7.22 (m, 2H), 6.87 (ddd, J= 8.1 Hz, 2.6 Hz, 1.1 Hz, 

1H), 3.80 (s, 2H), 2.56 (s, 3H). 
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Addition of Anhydride to Aminoacetophenone Derivatives 

4-Propioamidoacetophenone (3) 

 

4-Aminoacetophenone (0.271 g, 2.00 mmol) was added to 10 mL of water in a flask and 

stirred. To the suspension was added propionic anhydride (0.325 g, 2.55 mmol).  A 

homogeneous solution occurred upon reflux for 10 minutes. The solution was allowed to 

cool to room temperature and a precipitate formed.  The precipitate was isolated using 

vacuum filtration and washed with 4x15 mL of H2O. The resulting off white powder was 

found to be 0.290 g, 1.51 mmol, 76% yield. 1H NMR (400 MHz, Chloroform-d): δ 7.93 

(d, J= 8.8 Hz, 2H), 7.63 (d, J= 8.8 Hz, 2H), 7.51 (s, 1H), 2.57 (s, 3H), 2.44 (q, J= 7.7 

Hz), 1.25 (t, J= 7.7 Hz, 3H). 

 

 

 

  



42 
 

3-Propiomidoacetophenone (4)50 

 

3-Aminoacetophenone (0.445 g, 3.30 mmol) was added to 10 mL of water in a flask and 

stirred. To the suspension was added propionic anhydride (0.518 g, 3.98 mmol).  A 

homogeneous solution occurred upon reflux for 10 minutes. The solution was allowed to 

cool to room temperature and a precipitate formed.  The precipitate was isolated using 

vacuum filtration and washed with 4x15 mL of H2O. The resulting off-white powder was 

found to give 0.340 g, 1.78 mmol, 54%. 1H NMR (400 MHz, Chloroform-d): δ 8.03 (s, 

1H), 7.86 (d, J= 8.0 Hz, 1H), 7.68 (d, J= 8.0 Hz, 1H), 7.42 (t, J= 8.0 Hz, 1H), 7.27 (s, 

1H), 2.60 (s, 3H), 2.42 (q, J= 7.7 Hz, 2H), 1.26 (t, J= 7.7 Hz, 3H). 

 

 

 

  



43 
 

Base Catalyzed Aldol Condensation of Acetophenone and Benzaldehyde 

Derivatives 

3-(4-Methoxyphenyl)-1-phenyl-2-propen-1-one (5) 

 

 The base catalyzed Aldol condensation procedure was followed using 

acetophenone (1.208 g, 10.1 mmol), p-anisaldehyde (1.384 g, 10.2 mmol), ethanol (15 

mL).  The solution was stirred in an ice bath. A 40% solution of NaOH was slowly added 

using an addition funnel over 30 minutes until a precipitate formed.  The pale yellow 

solid was collected using vacuum filtration and allowed to air dry overnight.  The 

reaction gave a pale yellow powder (1.644 g, 6.90 mmol, 69%).1H NMR (400 MHz, 

Chloroform-d): δ 8.01 (d, J=8.0 Hz, 2H), 7.78 (d, J= 15.8 Hz,1H), 7.57 (m, 3H), 7.49 (t, 

J=14.6, 7.3 Hz, 2H), 7.40 (d, J=15.8 Hz, 1H), 6.92 (d, J= 8.8, 2H), 3.85 (s, 3H). 13C 

NMR (100 MHz, Chloroform-d) δ 190.7, 161.8, 144.8, 138.7, 132.7, 130.4, 128.7, 128.5, 

127.8, 120.0, 114.6, 55.6. 
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3-(4-Acetamidophenyl)-1-phenyl-2-propen-1-one (6)51 

 

 The base catalyzed Aldol condensation procedure was followed using 

acetophenone (1.215 g, 10.1 mmol), 4-acetamidobenzaldehyde (1.632 g, 10.0 mmol), 

ethanol (15 mL).  The solution was stirred in an ice bath. A 40% solution of NaOH was 

slowly added using an addition funnel over 30 minutes until a precipitate formed.  The 

pale yellow solid was collected using vacuum filtration and allowed to air dry overnight.  

The reaction gave a pale yellow powder (1.692 g, 6.38 mmol, 63%). 1H NMR (400 MHz, 

Chloroform-d): δ 8.01 (d, J=7.3 Hz, 2H), 7.76 (d, J= 15.8 Hz,1H), 7.59 (m, 5H), 7.51 (d, 

J=7.8 Hz, 3H), 7.46 (d, J=15.8 Hz, 1H), 2.21 (s, 3H). 13C NMR (100 MHz, Chloroform-d) 

δ 190.8, 168.7, 144.4, 140.3, 138.4, 132.9, 130.7, 129.6, 128.8, 128.6, 121.1, 119.9, 

24.8. 
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3-(4-Dimethylaminophenyl)-1-phenyl-2-propen-1-one (7)52 

 

The base catalyzed Aldol condensation procedure was followed using acetophenone  

(1.223 g, 10.2 mmol), 4-dimethylaminobenzaldehyde (1.494 g, 10.0 mmol), ethanol (15 

mL).  A 40% solution of NaOH was slowly added using an addition funnel over 30 

minutes until precipitate began to form.  The reaction was then warmed to room 

temperature and a crystalline precipitate was observed.  The precipitate was collected 

using vacuum filtration and allowed to air dry overnight.  The reaction gave an orange 

crystalline solid (1.850 g, 7.36 mmol, 74%). 1H NMR (400 MHz, Chloroform-d) δ 8.00 (d, 

J= 8.4 Hz, 2H), 7.79 (d, J= 15.8 Hz, 1H), 7.55 (m, 3H), 7.48 (t, J= 7.7 Hz, 2H), 7.33 (d, 

J=15.8 Hz, 1H), 6.70 (d, J=12.1 Hz, 2H), 3.05 (s, 6H). 13C NMR (100 MHz, Chloroform-

d) δ 190.8, 152.2, 146.0, 139.2, 132.3, 130.5, 128.6, 128.4, 122.8, 117.1, 112.0, 40.3. 
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1-(3-Acetamido)-phenyl-3-(4-methoxyphenyl)-2-propen-1-one (8)53 

 

The base catalyzed Aldol condensation procedure was followed using 3-acetamido- 

acetophenone (1.773 g, 10.0 mmol), p-anisaldehyde (1.372 g, 10.1 mmol), ethanol (15 

mL).  A 40% solution of NaOH was slowly added using an addition funnel over 30 

minutes until precipitate began to form.  The precipitate was collected using vacuum 

filtration and allowed to air dry overnight.  The reaction gave a light yellow powder 

(1.810 g, 6.13 mmol, 61%).  1H NMR (400 MHz, Chloroform-d) δ 8.02 (s, 1H), 7.91 (d, 

J= 9.2 Hz, 1H), 7.79 (d, J=12.8 Hz, 1H), 7.74(d, J= 7.7 Hz, 1H), 7.60 (d, J=8.8 Hz, 2H), 

7.46 (t, J= 7.7 Hz, 2H), 7.39 (d, J=15.8 Hz, 1H), 6.93 (d, J=8.8 Hz, 2H), 3.86 (s, 3H), 

2.22 (s, 3H). 13C NMR (100 MHz, Chloroform-d) δ 162.3, 154.9, 145.3, 139.3, 138.5, 

130.5, 129.5, 127.6, 124.3, 124.1, 119.7, 119.6, 114.6, 55.6, 26.2, 24.8. 
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1-(4-Acetamido)-phenyl-3-(4-methoxyphenyl)-2-propen-1-one (9)54 

 

 

The base catalyzed Aldol condensation procedure was followed using 4-

acetamido- acetophenone (1.773 g, 10.0 mmol), p-anisaldehyde (1.366 g, 10.0 mmol), 

ethanol (15 mL).  A 40% solution of NaOH was slowly added using an addition funnel 

over 30 minutes until precipitate began to form. The solution was placed into the fridge 

overnight. The precipitate was collected using vacuum filtration and allowed to air dry 

overnight.  The reaction gave a light yellow powder (2.794 g, 9.46 mmol, 95%).  1H 

NMR (400 MHz, Chloroform-d) δ 8.03 (d, J= 8.8 Hz, 2H), 7.78 (d, J= 15.4 Hz, 1H), 7.65 

(d, J= 8.4 Hz, 2H), 7.60 (d, J= 14.3 Hz, 2H), 7.41 (d, J= 15.8 Hz, 1H), 7.40 (s, 1H), 6.93 

(d, J= 14.3 Hz, 2H),  3.89 (s, 3H), 2.23 (s, 3H).   13C NMR (100 MHz, Chloroform-d) δ 

189.3, 168.6, 161.5, 144.4, 141.8, 134.1, 130.6, 129.8, 127.5, 119.5, 118.8, 114.3, 55.4, 

24.9 
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1-(4-Propioamido)-phenyl-3-(4-methoxyphenyl)-2-propen-1-one (10) 

 

The base catalyzed Aldol condensation procedure was followed using prepared 4-

propioamidoacetophenone (0.384 g, 2.01 mmol), p-anisaldehyde (0.298 g, 2.19 mmol), 

ethanol (10 mL).  A 40% solution of NaOH was slowly added using an addition funnel 

over 30 minutes until precipitate began to form. The solution was placed into the fridge 

overnight. The precipitate was collected using vacuum filtration and allowed to air dry 

overnight.  The reaction gave a light yellow powder (0.264 g, 0.854 mmol, 43%).  1H 

NMR (400 MHz, Chloroform-d) δ 8.02 (d, J= 8.8 Hz, 2H), 7.78 (d, J= 15.8 Hz, 1H), 7.67 

(d, J= 8.8 Hz, 2H), 7.60 (d, J= 8.8 Hz, 2H), 7.42 (d, J= 15.8 Hz, 1H), 7.38 (s, 1H), 6.93 

(d, J= 8.8 Hz, 2H),  3.84 (s, 3H), 2.45 (q, J= 7.7 Hz, 3H), 1.27 (t, J= 7.7 Hz, 3H).   13C 

NMR (100 MHz, Chloroform-d) δ 189.2, 172.5, 161.8, 144.5, 142.3, 134.0, 130.3, 129.9, 

127.7, 119.5, 119.0, 114.5, 55.5, 30.9, 9.6. 
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1-(3-Propioamido)-phenyl-3-(4-methoxyphenyl)-2-propen-1-one (11) 

 

 

The base catalyzed Aldol condensation procedure was followed using prepared 3-

propioamidoacetophenone (0.386 g, 2.02 mmol), p-anisaldehyde (0.292 g, 2.14 mmol), 

ethanol (15 mL).  A 40% solution of NaOH was slowly added using an addition funnel 

over 30 minutes until precipitate began to form. The solution was placed into the fridge 

overnight. The precipitate was collected using vacuum filtration and allowed to air dry 

overnight.  The reaction gave an off white powder (0.368 g, 1.19 mmol, 59 %).  1H NMR 

(400 MHz, Chloroform-d) δ 8.03 (s,1H), 7.87 (d, J= 18.4 Hz, 1H), 7.69 (d, J= 8.0 Hz, 

1H), 7.42 (t, J= 8.0 Hz, 1H), 7.28 (s, 1H),  3.86 (s, 3H), 2.43 (q, J= 7.7 Hz, 2H), 1.27 (t, 

J= 7.7 Hz, 3H). 13C NMR (100 MHz, Chloroform-d) δ 190.5, 172.8, 161.9, 145.2, 139.1, 

138.9, 130.4, 129.3, 127.5, 124.2, 124.0, 119.7, 114.5, 77.3, 55.5, 30.8, 9.7. 
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Chapter  3 

Synthesis of Substituted Pyrazolines 

3.1 Introduction to 1,3,5-Triarylpyrazolines 

 Pyrazolines have many potential medicinal qualities making them a worthy target 

for research, ranging from antimicrobial to antidepressant to anticancer among many 

others.20  Certain substituted pyrazolines have also been shown to be small molecule 

inhibitors of CDC42, which allows CDC42 to undergo a conformational change, 

therefore inhibiting the internalization of S. aureus.8 

In this research, the ultimate target was to be able to synthesize novel analogs to 

the parent compound, ML141.  The structure of ML141 is shown in Figure 3.1. It was 

desired to develop new derivatives to be able to increase efficacy to the inhibition of S. 

aureus, increase solubility of the compound to enable future in vivo studies, and to 

increase the stability of the 4,5-dihydropyrazole to prevent the ring to oxidize and 

become aromatic. 

 

Figure 3.1 The Structure of ML141. 
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 The first step in the synthesis process was to prepare the chalcone derivative.  

The following step in the process was to react the prepared chalcone with p-

sulfamylphenylhydrazine hydrochloride.  The p-sulfamylphenylhydrazine hydrochloride 

compound also was prepared from commercially available sulfanilamide.  Upon the 

reaction of the chalcone with the p-sulfamylphenylhydrazine hydrochloride, the resulting 

product is a 4,5-dihydropyrazole derivative. 

3.2 Preparations of Substituted Pyrazolines 

 The 4,5-dihydropyrazole derivatives, also referred to as pyrazolines, synthesized 

in this work were part of the RSM series.  The derivatives were synthesized by reacting 

p-sulfamylphenylhydrazine hydrochloride with a substituted chalcone.  The reaction took 

place in ethanol with a catalytic amount of sodium acetate as Bashir et al indicated,  

Scheme 3.1.55 

 

Scheme 3.1 The Synthesis of 4,5-Dihydropyrazole Derivatives. 

 The desired chalcone derivatives and p-sulfamylphenylhydrazine hydrochloride 

were prepared, as described in Chapter 2,before the proceeding to the synthesis of 4,5-

dihydropyrazole derivatives. The mechanism for the synthesis of the pyrazoline 

derivatives is shown below in Scheme 3.2.  The first step in the mechanism is the 

attack of the hydrazine on the protonated carbonyl carbon of the chalcone which then 
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forms the hydrazone compound.  After the hydrazone formation, the cyclization occurs 

to form the 4,5-dihydropyrazole. 
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Scheme 3.2 The Mechanism for the Formation of 4,5-Dihydropyrazole Derivatives. 
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3.3 Results and Discussion 

 A general procedure for the formation of 4,5-dihydropyrazoles published by 

Bashir and associates was followed using the chalcones derivatives described in 

chapter 2.  The structures and yields for the synthesized RSM compounds are shown 

below in Table 3.1.  

Table 3.1 The Structures and Yields of Synthesized 4,5-Dihydropyrazolines. 

 

Compound R1 R2 Yield 

ML141 (12) H 4-Methoxy 58% 

RSM 28 (13) H 4-Dimethylamino 68% 

RSM 29 (14) H 4-Acetamido 69% 

RSM 30 (15) 3-Acetamido 4-Methoxy 55% 

RSM 31 (16) 4-Acetamido 4-Methoxy 76% 

RSM 32 (17) 4-Propioamido 4-Methoxy 79% 

RSM 33 (18) 3-Propioamido 4-Methoxy 82% 

 

 All derivatives gave a similar yield with solid products easily obtained once the 

solution was concentrated via simple distillation to one half volume.  Once isolated, the 

derivatives were biologically tested for cytotoxicity, antibacterial activity, and then 



55 
 

inhibition of CDC42 and the effect on the internalization of S. aureus.  New substituents  

at positions R1 and R2 were added in the effort to increase solubility in future in vivo 

studies.  The substituents were also chosen in the hope to increase the efficacy and 

stability in both in vitro and in vivo tests. 

3.4 Cytotoxicity and Bactericidal Analysis 

 Due to the nature of the RSM compounds, it was important to make sure they did 

not exhibit cytotoxic behavior.  It was also important that the compounds were not found 

to be bactericidal.  The goal was for the compound to bind to CDC42 and inhibit 

invasion of S. aureus into the cell, not to kill the bacteria.  It has been found that ML141 

is neither cytotoxic nor bactericidal, but concerns of solubility and oxidation when 

performing in vivo studies has deemed it necessary to develop more soluble and more 

stable derivatives such as the RSM series of compounds.17 All of the biological studies 

presented here were executed in collaboration with Dr. Susan McDowell’s laboratory.  

For the RSM compounds unique to this research, cytoxicity and bactericidal studies 

were completed before inhibition studies.   

When undergoing cytotoxicity and bactericidal assays, the RSM compounds are 

compared to the control, DMSO that is neither cytotoxic nor bactericidal (Table 3.2).  If 

the difference between the two tests is not statistically significant, the P value will be 

greater than 0.05.  If the difference was significant, with a P value less than 0.05, it 

would indicate the RSM compound was either cytotoxic or bactericidal depending on 

which test was performed.  The RSM compounds in this work are in the process of 

being biologically characterized.  
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Table 3.2 The Biological Data of the New RSM Compounds. 

Compound Cytotoxicity 

(P Value) 

Bactericidal 

(P Value) 

RSM 28 (13) 0.5373 0.7115 

RSM 29 (14) 0.3655 0.637 

RSM 30 (15) 0.7441 ND 

RSM 31 (16) 0.0865 ND 

RSM 32 (17) ND ND 

RSM 33 (18) ND ND 

 

 Along with cytotoxicity and bactericidal assays, the compounds are in the 

process of undergoing testing to determine the inhibition of S. aureus invasion.  RSM 29 

(14) has undergone this testing (Table 3.3).   

Table 3.3 The P Values Associated with the Inhibition of Invasion of S. aureus. 

Comparison P Value 

DMSO vs. ML141 0.003 

DMSO vs. RSM 29 0.004 

RSM 29 vs. ML141 0.293 

 

As shown in Table 3.3, the same statistical parameter P is used to determine if the 

difference between the control, DMSO, and the tested compounds, is statistically 

significant.  The control, DMSO, does not inhibit invasion therefore, a P value of less 

than 0.05 would indicate that the compound is indeed inhibiting the invasion of S. 



57 
 

aureus into the cell.  Both ML141 and RSM 29 (14) are shown to inhibit invasion, but 

when compared to each other, they are not statistically different according to the P 

value associated with that test.  The results indicate that adding the amido and amino 

substituents was a worthy decision. Further biological analysis will be able to give more 

information on which substituents are better than others, with the goal of the 

compounds being more inhibitory than ML141. 

The data presented here indicated that the goals of this project were indeed met. 

Novel pyrazoline derivatives with select amino and amide groups were synthesized with 

good yields.  The derivatives were electron rich as desired.  The lack of cytotoxicity and 

bactericidal behavior signify that adding these new substituents did not change the 

biological activity in terms of those two studies.  The data provided from inhibition of 

invasion of S. aureus analysis of RSM 29 further suggests that this work was furthering 

the RSM series in a positive direction. 

3.5 Experimental 

   All chemicals used were purchased from Sigma-Aldrich or Fisher Scientific.  

Characterization of the pyrazoline products was performed utilizing both proton nuclear 

magnetic resonance (1H NMR) and carbon-13 nuclear magnetic resonance (13C NMR) 

with a JEOL Eclipse spectrometer at 400 MHz or 300 MHz for 1H NMR, and 100 MHz or 

75 MHz for 13C NMR.  Infrared spectroscopy was also used utilized.  A Perkin Elmer 

Spectrum 100 FT-IR spectrometer was used along with an attenuated total reflectance 

(ATR) attachment. All synthesized materials were purified via recrystallization or column 

chromatography if necessary. Chemical shifts are reported in ppm. 
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3.6 Data  

General Preparation for the Synthesis of Substituted 4,5-dihydropyrazoles 

 Equimolar amounts of substituted chalcones (1 mmol) and p-

sulfamylphenylhydrazine hydrochloride (1 mmol) were added to a flask along with 95% 

ethanol (25 mL per mmol of substrate), along with a catalytic amount of sodium acetate.  

The flask was covered in foil do to the photoreactive nature of of pyrazolines and the 

resulting mixture was then refluxed for 24 hours.  After 24 hours, the solution was 

concentrated via simple distillation to approximately ½ of the volume.  The solution was 

then allowed to slowly cool to room temperature and the resulting solid product was 

isolated via vacuum filtration. 
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Reactions of Hydrazine Hydrochloride with Chalcone Derivatives 

5-(4-Methoxyphenyl)-3-phenyl-1-(4-sulfamylphenyl)-4,5-dihydropyrazole (ML141) 

(12) 

 

  

 The general procedure for reacting chalcones with p-sulfamylphenylhydrazine 

hydrochloride was followed.  3-(4-Methoxyphenyl)-1-phenyl-2-propen-1-one (0.2385 g, 

1.001 mmol), p-sulfamylphenylhydrazine hydrochloride (0.2243 g, 1.003 mmol), sodium 

acetate, and 25 mL of ethanol were added to a flask. The resulting solid was collected 

using vacuum filtration.  A yellow powder was yielded from the reaction ( 0.2359 g, 

58%). 1H NMR (400 MHz, Chloroform-d) δ 7.74 (d, J=9.9 Hz, 2H), 7.69 (d, J=9.1 Hz, 

2H), 7.43-7.35 (m, 3H), 7.17 (d, J=8.8 Hz, 2H), 7.09 (d, J=14.2 Hz, 2H), 6.86 (d, J=11.7 

Hz, 2H), 5.33 (dd, J=12.1 Hz, 5.9 Hz, 1H),  4.60 (s, 2H), 3.87 (dd, J=17.2 Hz, 12.1 Hz, 

1H), 3.78 (s, 3H), 3.19 (dd,  J= 17.2 Hz, 5.9 Hz, 1H).  
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5-(4-dimethylaminophenyl)-3-phenyl-1-(4-sulfamylphenyl)-4,5-dihydropyrazole 

(RSM 28) (13) 

 

The general procedure for reacting chalcones with p-sulfamylphenylhydrazine 

hydrochloride was followed.  3-(4-dimethylaminophenyl)-1-phenyl-2-propen-1-one 

 (0.2523 g, 1.004 mmol), p-sulfamylphenylhydrazine hydrochloride (0.2241 g, 1.002 

mmol), sodium acetate, and 25 mL of ethanol were added to a flask. The resulting solid 

was collected using vacuum filtration.  A yellow powder was yielded from the reaction 

(0.2850 g,  0.6677 mmol, 67.8%). 1H NMR (400 MHz, DMSO-d6) δ 7.79 (d, J=6.6 Hz, 

2H), 7.56 (d, J=8.8 Hz, 2H), 7.44 (m, 3H), 7.07 (dd, J=12.1 Hz, 9.2 Hz, 4H), 7.01 (s, 

2H), 6.66 (d, J=8.8 Hz, 2H), 5.51 (dd, J=16.8 Hz, 5.1 Hz, 1H), 3.91 (dd, J=18.0 Hz, 12.1 

Hz, 1H), 3.14 (dd, J=17.6 Hz, 5.1 Hz, 1H), 2.83 (s, 6H). 13C NMR (100 MHz, DMSO-d6) 

δ 149.8, 149.5, 146.0, 132.8, 132.0, 129.1, 128.7, 127.0, 126.5, 126.0, 112.7, 112.0, 

62.1, 43.0, 40.0.  IR: 3371, 3264, 1587 cm-1. Melting Point: 226-228 °C. 
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5-(4-acetamidophenyl)-3-phenyl-1-(4-sulfamylphenyl)-4,5-dihydropyrazole (RSM 

29) (14) 

 

The general procedure for reacting chalcones with p-sulfamylphenylhydrazine 

hydrochloride was followed.  3-(4-acetamidophenyl)-1-phenyl-2-propen-1-one 

 (0.2665 g, 1.005 mmol), p-sulfamylphenylhydrazine hydrochloride (0.2248 g, 1.005 

mmol), sodium acetate, and 25 mL of ethanol were added to a flask. A small amount of 

acetic anhydride was added after the 24 hour reflux to make sure the acetamido group 

remained on the pyrazoline. The resulting solid was collected using vacuum filtration.  

An off white solid was yielded from the reaction (0.3018 g,  0.6946 mmol, 69.15%). 1H 

NMR (400 MHz, DMSO-d6) δ 9.93(s, 1H), 7.79 (d, J=8.4 Hz, 2H), 7.58 (d, J=8.8 Hz, 

2H),7.57 (d, J=8.4 Hz, 2H), 7.43 (m, 3H), 7.17 (d, J=8.8 Hz, 2H), 7.07 (d, J=8.8 Hz, 2H), 

7.01 (s, 2H), 5.57 (dd, J=12.1 Hz, 5.5 Hz, 1H), 3.95 (dd, J=17.9 Hz, 12.1 Hz, 1H), 3.18 

(dd, J=18.0 Hz, 5.5 Hz, 1H), 1.96 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ 168.2, 

149.6, 145.9, 138.6, 136.1, 133.0, 131.8, 129.3, 128.7, 127.0, 126.2, 126.1, 119.7, 

112.0, 62.1, 42.9, 23.9. IR: 3343, 3209, 1673 cm-1. Melting Point: 250-253 °C 
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5-(3-acetamidophenyl)-3-(4-methoxyphenyl)-1-(4-sulfamylphenyl)-4,5-

dihydropyrazole (RSM 30) (15) 

 

The general procedure for reacting chalcones with p-sulfamylphenylhydrazine 

hydrochloride was followed.  1-(3-acetamido)-phenyl-3-(4-methoxyphenyl)-2-propen-1-

one (0.2975 g, 1.007 mmol), p-sulfamylphenylhydrazine hydrochloride (0.2256 g, 1.009 

mmol), sodium acetate, and 25 mL of ethanol were added to a flask. The resulting solid 

was collected using vacuum filtration.  An off white solid was yielded from the reaction 

(0.2593 g,  0.5582 mmol, 55%). 1H NMR (400 MHz, DMSO-d6) δ 10.09(s, 1H), 8.07 (s, 

1H), 7.64(d, J=6.6 Hz, 1H), 7.58(d, J=8.8 Hz, 2H), 7.36(m, 2H), 7.17 (d, J=8.8 Hz, 2H), 

7.06 (d, J=8.8 Hz, 2H), 7.03 (s, 2H), 6.89 (d, J=8.8, 2H), 5.59 (dd, J=12.1 Hz, 4.8 Hz, 

1H), 3.93 (dd, J=17.2 Hz, 12.1 Hz, 1H), 3.70 (s, 3H), 3.09 (dd, J=17.6 Hz, 5,1 Hz, 1H), 

2.06 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ 168.5, 158.6, 149.5, 145.8, 136.6, 133.4, 

133.0, 132.2, 129.1, 127.1, 127.0, 121.0, 120.0, 116.1, 114.4, 112.0, 61.9, 55.0, 43.1, 

24.0. IR: 3408, 3359, 3194, 1671 cm-1. Melting Point: 254-256 °C. 
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 5-(4-acetamidophenyl)-3-(4-methoxyphenyl)-1-(4-sulfamylphenyl)-4,5-

dihydropyrazole (RSM 31) (16) 

 

The general procedure for reacting chalcones with p-sulfamylphenylhydrazine 

hydrochloride was followed.  1-(4-acetamido)-phenyl-3-(4-methoxyphenyl)-2-propen-1-

one (0.2981 g, 1.009 mmol), p-sulfamylphenylhydrazine hydrochloride (0.2247 g, 1.005 

mmol), sodium acetate, and 25 mL of ethanol were added to a flask. The resulting solid 

was collected using vacuum filtration.  An off white solid was yielded from the reaction 

(0.3535 g,  0.761 mmol, 76%). 1H NMR (400 MHz, DMSO-d6) δ 10.15 (s, 1H), 7.64 (dd, 

J=8.8 Hz,  4H), 7.56 (d, J=9.2 Hz, 2H), 7.16 (d, J=8.8 Hz, 2H), 7.05 (d, J=9.2 Hz, 2H), 

7.01 (s, 2H), 6.89 (d, J= 8.8 Hz, 2H), 5.55 (dd, J=12.1 Hz, 5.1 Hz, 1H), 3.90 (dd, J= 17.6 

Hz, 12.1 Hz, 1H), 3.70 (s, 3H), 3.12 (dd, J= 17.6 Hz, 5.1 Hz, 1H), 2.06 (s, 3H).  13C 

NMR (100 MHz, DMSO-d6) δ 168.5, 158.6, 149.5, 146.0, 140.4, 133.6, 132.7, 127.1, 

127.0, 126.7, 126.4, 118.8, 114.4, 111.8, 61.7, 55.0, 43.1, 24.1. IR: 3319, 3287, 3198, 

1680 cm-1. Melting Point: 255-258 °C. 
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5-(4-propioamidophenyl)-3-(4-methoxyphenyl)-1-(4-sulfamylphenyl)-4,5-

dihydropyrazole (RSM 32) (17) 

 

The general procedure for reacting chalcones with p-sulfamylphenylhydrazine 

hydrochloride was followed.  1-(4-propioamido)-phenyl-3-(4-methoxyphenyl)-2-propen-

1-one (0.2478 g, 0.801 mmol), p-sulfamylphenylhydrazine hydrochloride (0.1803 g, 

0.8061 mmol), sodium acetate, and 25 mL of ethanol were added to a flask. The 

resulting solid was collected using vacuum filtration.  An off white solid was yielded from 

the reaction (0.3032 g,  0.6336 mmol, 79.1%). 1H NMR (400 MHz, DMSO-d6) δ 10.07 

(s, 1H), 7.69 (dd, J= 15.4 Hz, 8.8 Hz, 4H), 7.56 (d, J= 8.8 Hz, 2H), 7.16 (d, J= 8.8 Hz, 

2H), 7.05 (d, J= 8.8 Hz, 2H), 7.01 (s, 2H), 6.88 (d, J= 8.8 Hz, 2H), 5.55 (dd, J=  12.1 Hz, 

5.1 Hz, 1H), 3.89 (dd, J= 17.6 Hz, 12.1 Hz, 1H), 3.70 (s, 3H), 3.11 (dd, J= 17.6 Hz, 5.1 

Hz, 1H), 2.34 (q, J= 7.7 Hz, 2H), 1.08 (t, J= 7.7 Hz, 3H). 13C NMR (100 MHz, DMSO-d6) 

δ 172.8, 159.2, 150.1, 146.6, 141.0, 134.2, 133.2, 127.7, 127.6, 127.3, 126.9, 119.4, 

115.0, 112.4, 62.3, 55.6, 43.7, 39.7, 30.1, 10.1. IR: 3303, 3198, 3097, 1677 cm-1. 

Melting Point: 213-215 °C. 
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5-(3-propioamidophenyl)-3-(4-methoxyphenyl)-1-(4-sulfamylphenyl)-4,5-

dihydropyrazole (RSM 33) (18) 

 

The general procedure for reacting chalcones with p-sulfamylphenylhydrazine 

hydrochloride was followed.  1-(3-propioamido)-phenyl-3-(4-methoxyphenyl)-2-propen-

1-one (0.3099 g, 1.002 mmol), p-sulfamylphenylhydrazine hydrochloride (0.2248 g, 

1.005 mmol), sodium acetate, and 25 mL of ethanol were added to a flask. The resulting 

solid was collected using vacuum filtration.  An off white solid was yielded from the 

reaction (0.3915 g,  0.8181 mmol, 81.7%). 1H NMR (400 MHz, DMSO-d6) δ 10.02 (s, 

1H), 8.11 (s, 1H), 7.64 (dd, J= 8.8 Hz, 2.2 Hz, 1H), 7.61 (d, J= 8.8 Hz, 2H), 7.35 (m, 

2H), 7.16 (d, J= 8.8 Hz, 2H), 7.06 (d, J= 8.8 Hz, 2H), 7.03 (s, 2H), 6.89 (d, J= 8.8 Hz, 

2H), 5.59 (dd, J=  12.1 Hz, 5.1 Hz, 1H), 3.92 (dd, J= 17.6 Hz, 12.1 Hz, 1H), 3.70 (s, 3H), 

3.09 (dd, J= 17.6 Hz, 5.1 Hz, 1H), 2.34 (q, J= 7.3 Hz, 2H), 1.09 (t, J= 7.3 Hz, 3H). 13C 

NMR (100 MHz, DMSO-d6) δ 172.9, 159.2, 150.1, 146.1, 140.3, 134.0, 133.6, 132.8, 

129.7, 127.5, 121.6, 120.6, 116.7, 115.0, 112.6, 62.4, 55.6, 43.7, 30.1, 10.2. IR: 3356, 

3206, 2990, 1677 cm-1. Melting Point: 203-205 °C 
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