


2 
 

Abstract 

Synthesis of novel bivalent ligands, specifically consisting of µ-opioid agonists and NK-1 

antagonists, was attempted. Opioid analgesics are the current lifeblood of modern treatment in 

moderate to severe pain, however the extended use of opioids has many drawbacks, the most 

important of which is addiction and tolerance (3). NK-1 receptors play a vital role in pain signal 

transduction and have been a recent target for novel anti-nociceptive treatments (1). Research 

suggests that design of bivalent ligands, with multiple functions, might provide a tool to for 

aiding patients suffering from chronic pain (6). Acid chloride derivatives, 3A-C, were ultimately 

created from phthalamide-protected amino acids, 1A-C, in order to create opioid + amino acid 

bridges, 2A-C. Unfortunately, the production of opioid + amino acid bridges that would 

ultimately be bound to an NK-1 antagonists failed on multiple occasions. These failures 

occupied a majority of the time that was available to complete the research and the NK-1 

antagonist was never introduced and the bivalent ligand was never completed. With more time 

the bivalent ligand would be successfully synthesized and tested in biological assays to 

determine the activity and efficacy of the drug. 
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Introduction: 

In modern medicine, doctors and surgeons have relied heavily on opioid analgesics to 

relieve patients of severe pain. Opioids have been mainstay of the medicinal profession for 

decades, particularly µ-opioid agonists (4). However, these analgesics aren’t perfect, and in 

most cases they are ineffective in relieving chronic pain (6). The use of opioids as a long-

term pain reliever is simply out of the picture because of the many undesired side effects, 

some are even life threatening. Some common side effects of opioids include sedation, 

nausea, tolerance, and worst of all, addiction. Because of their unwanted side effects they 

are ineffective for those in chronic pain states, for which there is little treatment. Recently, 

there have been strides made in bivalent ligands with two pharmacophores with very 

specific G-Protein Coupled Receptor targets (7). Bivalent ligands range from two 

pharmacophores to a single pharmacophore linked to a non-active peptide unit. The very 

basis of the research is based on the work conducted by the mentor of the project Professor 

Ruben Vardanyan, whose work revolves around the synthesis and activity of ligands with 

multiple pharmacophores, typically two pharmacophores (6,7). Vardanyan suggests that 

bivalent ligands have the potential to modulate multiple targets simultaneously and 

enhance effectiveness and decrease unwanted side effects, or enhance the safety, compared 

to a drug with one target (6). In one journal article Vardanyan detailed the activity and 

synthesis of µ-opioid agonist and NSAID bivalent ligands (7). Vardanyan found little activity 

and affinity of the bivalent ligands, which he concluded was due to stereochemical changes 

that occurred due to the binding of two separate pharmacophores (7). More relative to the 

work conducted for this thesis was an article Vardanyan published in 2011. Vardanyan 

provides research suggesting the effectiveness of µ-opioid agonist bound to a NK-1 agonist, 
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essentially creating the starting line for the thesis (6). Although the research conducted in 

the past year has focused on the efficient synthesis of a µ-opioid agonist linked to a 

neurokinin-1 antagonist as a bivalent ligand, it is unique in its chemical makeup compared 

to the research compared to Vardanyan’s work. It was hypothesized then, that the novel 

bivalent ligands to be produced would have an enhanced efficacy and improved safety 

compared to each of the pharmacophores when used individually. The designed effect of 

this novel molecule is to produce antinociception without the undesired side effects that 

come along with traditional opioid drugs. The way that the drug is designed to function is 

to activate µ-opioid receptors, G-protein Coupled Receptors to be more specific, which 

facilitate the physiological effects of endogenous neuropeptides and synthetic opioid drugs. 

Furthermore, NK-1 receptors are typically co-expressed alongside the µ-opioid receptors, 

and the focus of my research is to take advantage of this close relationship (6). NK-1 

antagonists have recently been found to express antidepressant, anxiolytic and antiemetic 

properties, which have been crucial in assisting patients undergoing chemotherapy (1). 

The ultimate goal of the research is to develop a single ligand that regulates two unique 

targets simultaneously and to test the activity in a biological system. It is important to 

remember that the outcome of this research could, in the future, severely shift the way 

medicine is developed, in that one drug will be able to perform multiple actions, while 

minimizing the unwanted side effects typically associated with anti-nociceptive treatments. 

Experimental/Methods: 

In order to produce the desired bivalent ligand a handful of methods were attempted in 

order to create the most efficient method to create the ligand. To create the effective bridge 

for the two pharmacophores phthalamide-protected amino acids were synthesized by 
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refluxing phthalic anhydride (0.1 mol) with glycine (1A - 0.1 mol), β-alanine (1B - 0.1 mol), 

or γ-aminobutyric acid (1C - 0.1 mol) in 60mL of toluene and 1mL of triethylamine under a 

Dean-Stark apparatus for three hours (5). The organic solvents were then removed under 

reduced pressure using a Rotavap, and a solid was formed (5). 150mL of water with 2mL of 

HCl were added to the solid and stirred for 30 minutes (5). The solution was then filtered 

and dried for 24 hours. The resulting solid was then recrystallized from ethanol (5). The 

phthalamide-protected amino acids were confirmed using melting point found in 

literature; 1A – 197-198°C, 1B – 151-152°C, 1C – 116-117°C (3).  

 

 

 

In early stages of the research the phthalamide-protected amino acids (0.0025 mol) were 

combined with EDAC (0.0025 mol) in chloroform (10mL) in cold conditions (ice bath) in 

order to activate the amino acids; 4A-C. A µ-opioid agonist (0.0025 mol in 10mL of 

chloroform) would then be added drop-wise and stirred overnight. The resulting solution 

would be worked up by adding a 5% solution of sodium bicarbonate in water to the 

product. After agitating the mixture, the organic layer was kept and the aqueous layer 



 

6 
 

removed. This was repeated three times and magnesium sulfate was added to dry the 

mixture, essentially removing any remaining molecules of water in the solution. A sample 

of the mixture would then be sent to the Mass Spectrometry lab to confirm the sample was 

the correct chemical structure. However, this is typically when issues arose. Although we 

did create the desired product there was a lack of percent abundance, and Vardanyan 

thought it best to restart the reaction using heat and pressure when adding the opioid to 

the amino acid. However, the original product was used to create a baseline for the 

following research and was purified using column chromatography, in which the opioid + 

amino acid bridge; 2A, 2B, 2C was successfully isolated. The Rf values observed were; 2A – 

~0.81, 2B - ~0.76, 2C - ~ 0.73 and the Rf value of the µ-opioid agonist was ~0.58. The 

resulting products from adding heat and pressure was then compared to the known 

product using TLC analysis. It was determined that the original method to synthesize the 

opioid + amino acid bridges (Phthalamidofentanyl) was ineffective and a new approach 

was developed.  

  

Phthalamide protected amino acids (0.0025 mol) were added to chloroform (10mL) 

followed by EDAC (0.0025 mol) and stirred for an hour. Then HOBt (0.00275 mol) was 

added to chloroform (10mL) and added drop-wise to the amino acid solution and stirring 

was continued for another hour. The opioid (0.0025 mol) in chloroform (5mL) was then 
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added drop-wise to the solution and stirred overnight. The resulting solution was worked 

up in a similar fashion as the prior set of procedures. TLC was then used to determine the 

composition of the solution and once again the results were underwhelming, that is the 

desired Rf was obtained but was clearly a minimal portion of the mixture, and the reaction 

was repeated under heat and pressure. TLC was repeated after heating and pressure, and 

the results were not very convincing. A mass spectrometry was performed and confirmed 

that the relative abundance was minimal and Vardanyan then suggested another method.  

 

Phthalamide protected amino acids (0.00375 mol) was dissolved in chloroform (10mL) 

and stirred. HBTU (0.005 mol) in chloroform (5mL) was added to the mixture and heat was 

added to dissolve the solid. Opioid (0.0025 mol) in chloroform (10mL) was then added 

drop-wise to the mixture and the solution was then heated under pressure for two hours 

and stirred overnight. The solution was worked up using the same methods as above and 
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both TLC and mass spectrometry were performed on the sample but the results were still 

the same.  

Finally, Vardanyan determined that the best method to complete the reaction was to create 

acid chloride derivatives, 3A-C, from the protected amino acids, 1A-C. To synthesize the 

acid chloride derivatives the phthalamide-protected amino acids (0.1 mol) were added to 

chloroform (50mL) and triethylamine (1mL) and stirred. A drop of DMF was then added 

and thionyl chloride (0.4 mol) in chloroform (20mL) was added to the mixture drop-wise. 

The mixture was then heated to reflux for two hours and stirred overnight. Excess thionyl 

chloride was removed in vacuo and the acid chloride derivatives were washed in hexanes 

and were confirmed by melting points (provided by literature); 3A – 83-85°C, 3B – 107-

108°C, 3C – 105-106°C. Opioid (0.0025 mol) in chloroform (10mL) and triethylamine 

(1mL) was stirred and acid chloride derivatives (0.00275 mol) in chloroform (10mL) was 

added drop-wise and stirred overnight. The excess solvents were then removed in vacuo 

and TLC and mass spectrometry was performed. This method produced the largest relative 

abundance, but further research could not be conducted due to time restraints. 
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Discussion & Future Research: 

Clearly, a majority of the research remained in the embryonic stages due to a lack of 

efficient synthesis, and the NK-1 antagonist was never introduced. However, a successful 

method of producing the opioid + amino acid bridge was finally developed, despite 

numerous hiccups. On numerous occasions the viability of the starting amino acids was 

questioned and synthesis of the phthalamide-protected amino acids was repeated on 

several occasions. Vardanyan had performed similar experiments in the past and was 

befuddled when the experiments yielded low abundance and guided the research to 

produce the most effective methods (6). Because of the time constraints the hypothesis 

could neither be confirmed nor refuted. Clearly there were weaknesses in the research 

conducted simply because of the shear amount of time that was lost trying to determine 

why the original and succeeding methods to create the ligand were inefficient and did not 

match similar studies in the same area of research.  

 
Future research would clearly involve the completion of the synthesis of the bivalent ligand 

after polishing the procedure to synthesize the amino acid + opioid bridge. Once that is 

completed the NK-1 antagonist would be introduced and the bivalent ligand would be 
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worked up and analyzed. After successful analysis the ligand would be subject to biological 

assays in order to test the anti-nociceptive properties. Biological assays would then be 

prepared to further test the efficacy of the novel drug created in the lab. This biological 

assay would essentially allow for the determination of efficacy of the drug in question.  The 

pharmacological effects of the drug would be observed in vitro, and, if successful, could 

lead to more fruitful research in the search for an effective replacement to modern day 

opioids. Bioassays come in quite a few flavors; the one most useful for this situation would 

most likely be graded. Graded bioassays would demonstrate that with an increase in 

concentration or dosage there is an equal or proportionate increase in the observed 

response, given there is a response at all. Once the efficacy of the bivalent ligand is 

determined, further research could be conducted. More specifically, manipulating the 

bridge between the NK-1 antagonist and µ-opioid agonist and comparing the efficacy could 

be used as follow up research. Furthermore, either one or both of the pharmacophores 

could be altered. If either manipulations of the prior research yielded positive results the 

drug could eventually find its way to be FDA testing. 

Conclusions: 

Although the research ultimately ended prematurely, the value of the research was not lost. 

I learned that the scientific process is a grueling and challenging process. The massive 

amount of time that is put into the synthesis and testing of novel drugs is something that I 

greatly appreciate. This thesis provided me with a clearer vision of the merit of peptide 

chemistry and presented me with the skills to understand the effort that went into the 

production of a new drug on the market. Some scientists may dedicate their entire career 

to research to a specific task and never complete, and there are some scientists who 
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stumble upon the rare combination of conditions that helps them produce the next cure for 

a devastating illness.  

 
Although I am not pursuing a career in biochemistry, I am pursuing a career in the medical 

field. The value of my thesis is not limited to graduating with honors. My research will 

allow me to critically think of the drugs administered to patients and the energy it went for 

that drug to even be created. I will understand on a fundamental biochemical level the 

process that a drug might modulate or alter. Obviously medicinal chemistry is a vital aspect 

of the medical field and is a priceless field to understand, as it could assist me in making 

key decisions in determining how to treat patients.   

 
I am disappointed that my research was not completed, however I am grateful for the 

opportunity I had to work with Professor Ruben Vardanyan and in the Hruby Peptide 

Group. There is much to learn in the realm of bivalent ligands and they may be the future of 

modulating moderate to severe pain and aid those suffering from chronic pain. 
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