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Abstract 

In recent years, there has been a rise in the use of New Psychoactive Substances (NPS) that 

mimic the effects of controlled drugs and licensed medicines, which have become a significant 

public health concern globally. Synthetic cannabinoids, a rapidly expanding category of NPS, 

with much higher potency and binding affinity to the cannabinoid receptors than                           

∆9-tetrahydrocannabinol (THC), have led to serious psychiatric complications and other 

adverse effects. This project aims to synthesize and analyze four potential metabolites of a 

synthetic cannabinoid, ADB-5´Br-BUTINACA, to determine if the synthesized metabolites 

correspond to those produced in human hepatocytes. The metabolites were synthesized by 

alkylation, amide coupling, and hydrolysis/TFA treatment and analyzed using high-

performance liquid chromatography-mass spectrometry (HPLC-MS) and nuclear magnetic 

resonance (NMR). The reaction strategy combined all three steps into a single process, making 

it significantly easier to carry out and not requiring much expertise. The results suggest that the 

synthetic approach used in this project was successful in generating the desired potential 

metabolites, with overall yields varying from 27.5 % to 57.6 % and high purities ranging from 

95.6 % to 99.3 %. However, the overall yields were lower than expected due to product loss 

during the transfer of the solution mixture, the possibility of side reactions, and incomplete 

conversion. Further optimization of reaction conditions may be necessary to improve the yield 

of the synthesized metabolites. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Abbreviations 

THC ∆9-tetrahydrocannabinol  

NPS New psychoactive substances  

SCs Synthetic cannabinoids  

CB1 Cannabinoid receptor type-1  

CB2 Cannabinoid receptor type-2  

CBD Cannabidiol  

Q-TOF Quadrupole time-of-flight  

HPLC-MS High-performance liquid chromatography-mass spectrometry  

NMR Nuclear magnetic resonance  

LC-prep preparative liquid chromatography  

TFA Trifluoroacetic acid  

DMF Dimethylformamide  

NaH Sodium hydride  

SN2 Substitution nucleophilic bimolecular  

TBTU O-(benzotriazol-1-yl)-N,N,N′,N′-tetramethyluronium tetrafluoroborate 

TEA Triethylamine  

NaOH Sodium hydroxide  
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1. Introduction 
 

1.1 Background 
Cannabis, also known as marijuana, is a psychoactive plant that has been used for centuries as 

a source of fiber, food, oil, and medicine and has been used for recreational and religious 

purposes. The plant contains over 500 identified natural compounds, including cannabinoids, 

terpenoids, flavonoids, and alkaloids [1]. One of these compounds, ∆9-tetrahydrocannabinol 

(THC), is the primary psychoactive substance, leading to the extensive recreational use and 

misuse of cannabis [1, 2]. Cannabis is the third most used illicit drug globally, with an estimated 

192 million users worldwide [3]. The policies surrounding cannabis have changed drastically 

in recent years, with some countries legalizing its medical use or decriminalizing its recreational 

use [1, 3]. Despite the efforts of many countries to control illicit drugs, new psychoactive 

substances (NPS) continue to emerge and pose a significant burden on public health, which 

presents new challenges to drug policy [3]. 

 

NPS are a diverse groups of substances commonly known as designer or synthetic drugs or the 

colloquial term “legal highs”. Manufacturers create these substances by modifying the 

pharmacological structures of existing controlled drugs or synthesizing new chemicals that 

mimic the effects of controlled substances and licensed medicines [4, 5]. In recent years, an 

increasing number of NPS have appeared on the illicit drug market, often marketed towards 

teenagers and young adults due to their easy accessibility on the internet, low cost, and inability 

to be detected by standard drug screening tests [5]. NPS present significant global challenges 

for healthcare professionals, forensic toxicologists, researchers, and drug control policies. As a 

result, NPS have been described as a growing worldwide epidemic [4]. 

 

There is no universally agreed way to classify NPS. Traditionally, established recreational drugs 

and NPS have been categorized, based on their acute unwanted effects, into three functional 

groups: stimulants, hallucinogens, and depressants. However, due to the emergence of new 

NPS, they are now often divided into four categories that overlap in terms of chemical structure, 

desired effects, and unwanted effects: synthetic stimulants, synthetic hallucinogens, synthetic 

depressants, and synthetic cannabinoids [4, 6]. 
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1.2  Synthetic cannabinoids 
Synthetic cannabinoids (SCs) represent the largest, most diversified, and rapidly expanding 

category of NPS worldwide [4, 7, 8]. Although many of these compounds have been described 

in the literature for many years, their illicit use has appeared only in the last few years. SCs, 

also known as “Spice,” “K2,” or “Kronic,” are usually sprayed on herbal mixtures and sold on 

the internet. These products are often packaged in foil packets with warnings that they are not 

intended for human consumption. They are also marketed as nail polish removers, deodorizers, 

incense, or potpourri [8]. They were initially used as an alternative to herbal cannabis, 

especially in environments such as prisons, sports programs, and the military, where drug 

testing is common [4]. They have since spread throughout the world in many different 

structures, forms, and strengths [4, 7]. 

 

1.2.1 Pharmacology of SCs 
It has been observed that SCs interact with the endocannabinoid system, including its two 

specific G protein-coupled receptors: cannabinoid receptor type-1 (CB1) and cannabinoid 

receptor type-2 (CB2), just like THC. CB1 receptors exist mainly in the brain and spinal cord, 

regulating appetite, memory and reducing pain. CB2 receptors are distributed within the 

immune system, primarily reducing inflammation throughout the body. However, the main 

difference is that most SCs are full receptor agonists, while THC is a partial agonist. SCs have 

much higher potency and binding affinity to the receptors than THC, which explain why they 

often are associated with serious psychiatric complications and other adverse effects [4, 11]. In 

addition, natural cannabis contains other substances, such as cannabidiol (CBD), that are not 

found in SCs. CBD has been shown in recent studies to have protective effects by acting as an 

anxiolytic and antipsychotic agent, which can balance some of the negative effects associated 

with THC [4, 12]. The absence of CBD in SCs is another reason for its negative health effects. 

 

1.2.2 Chemical structures of SCs 
Although SCs have several structures, they share some common structural features. The 

chemical structures of many SCs can be broken down into four components: core, tail, linker, 

and linked group (Figure 1) [9, 13, 14]. The core is primarily responsible for binding to the 

cannabinoid receptors, and compounds with indole or indazole cores are most common, 

although other core groups also exist. The tail is an alkyl chain attached to the core, often a 

pentyl side chain, sometimes with a terminal fluorine atom. The tail length affects the binding 
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and potency of the SCs with the CB1 receptor; generally, 4-6 carbon tails provide optimal CB1 

receptor potency. The linker connects the core and the linked group and is typically a ketone, 

amide, or ester. Finally, the linked group can be cyclic, such as a naphthalenyl group or non-

cyclic, with an amino acid-like structure [13]. 

 

 
Figure 1: Structural scheme of SCs with different principal cores (black), tails (green), linkers (red), and linked groups (blue). 
A few examples are provided for each component with ADB-5´Br-BUTINACA as an example. 

 

1.2.3 Metabolism of SCs 

Detecting SCs in routine urine screening methods can be difficult since they are rapidly 

metabolized in the body, which makes it challenging to detect their parent substances. However, 

their metabolites can be detected and are essential in identifying synthetic cannabinoid intake 

in urine analysis [9, 10]. Human hepatocytes, or liver cells, are crucial in evaluating drug 

metabolism and toxicity. They are the closest in vitro model to the human liver and can provide 

a metabolic profile of a drug similar to what is found in vivo. Human hepatocytes are a crucial 

resource for identifying and comprehending the metabolic pathways of synthetic cannabinoids 

and their metabolites. This information can assist in creating more precise and efficient urine 

screening techniques [15].  
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By synthesizing potential metabolites of a synthetic cannabinoid and comparing their 

chromatographic analysis results to the metabolites created in the in vitro test, conclusions can 

be drawn about whether or not they are actual metabolites of the synthetic cannabinoid. This 

approach can help confirm the metabolite's identity and increase the accuracy of urine screening 

methods for detecting synthetic cannabinoid intake. 

 

1.3  Aim 
The aim of this project was to synthesize and analyze four potential metabolites of ADB-5´Br-

BUTINACA, which is classified as a synthetic cannabinoid. These metabolites will be stored 

and analyzed in the future using quadrupole time-of-flight (Q-TOF), and the peaks in the 

resulting chromatogram will be compared with those of the in vitro human hepatocyte tests. By 

comparing the peaks, conclusions can be drawn about whether the synthesized metabolites 

correspond to the metabolites produced in human liver cells. In this project, the metabolites will 

be analyzed with high-performance liquid chromatography-mass spectrometry (HPLC-MS) 

and nuclear magnetic resonance (NMR) and purified using preparative liquid chromatography 

(LC-prep).  

 

1.4  Ethics 
The use and abuse of SCs have become a significant ethical concern in recent years due to their 

potential risks, variability in potency and effects, and lack of regulation. Marketed as legal 

alternatives to marijuana, synthetic cannabinoids are associated with a wide range of adverse 

effects, including overdoses and even death. One major ethical issue is the ease with which 

manufacturers can modify the chemical structures of these compounds to evade detection and 

regulation, leading to an unregulated market with unknown risks for consumers. Moreover, 

synthetic cannabinoids are often more potent than natural cannabinoids, increasing their abuse 

potential and addiction risk. This is especially concerning for teenagers, as the brain is still 

developing during adolescence, and long-term damage can occur. The misuse of synthetic 

cannabinoids also leads to negative economic consequences that affect both individuals and 

society, such as increased crime and unemployment. Therefore, it is essential to regulate the 

production and distribution of synthetic cannabinoids to mitigate their harmful effects and 

protect public health. 
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1.5  Targeted metabolites  
The chemical structures and general information about the metabolites, such as chemical 

formula, molecular weight, and compound number, can be seen in Table 1. Retrosynthesis was 

performed to obtain the starting materials for the metabolites, and Scheme 1 shows the 

retrosynthesis of metabolite 3a. The starting materials for the remaining three metabolites were 

also obtained similarly by breaking bonds at the same position (the red markings) and 

converting the synthons to actual reagents that can be used. Table 2 lists the starting materials 

needed for the synthesis of each metabolite.  

 

All these metabolites contain the same core, an indazole core (5-Bromo-1H-indazole-3-

carboxylic Acid) but have different linked groups and tails. The linked group in metabolites 3a 

and 3b contain an L-tert-leucin methyl ester, and in 3c and 3d, an L-tert-leucinamide. The tails 

contain the same number of carbon atoms, four carbons, but with different functional groups, 

except for 3b and 3c, which have the same functional group (Table 2). 
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Table 1: The chemical structures and general information of the four different targeted metabolites. 

 

Chemical formula: C18H24N3O3Br 

Molecular weight: 410.3055 Da 

Compound number: 3a 

  

Chemical formula: C18H24N3O4Br 

Molecular weight: 426.3049 Da 

Compound number: 3b 

 

Chemical formula: C18H25N4O3Br 

Molecular weight: 425.3201 Da 

Compound number: 3c 

 

Chemical formula: C18H23N4O4Br 

Molecular weight: 439.3036 Da 

Compound number: 3d 

 



7 

 
Scheme 1: Retrosynthesis of metabolite 3a. 

 

Table 2: The starting materials needed for the synthesis of each metabolite. 

Metabolite Starting materials 

 The core The linked group The tail 

3a 

  
     

  
        

3b 

  
      

3c 

        

3d 
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2. Synthetic approaches and mechanisms 
 

The most common approach for synthesizing metabolites that belong to synthetic cannabinoids 

involves alkylation followed by amide coupling. Alkylation and amide coupling are two main 

steps, and additional subsequent steps may need to be done depending on the target metabolite. 

In this project, the four metabolites will be synthesized using the same method: an alkylation, 

then an amide coupling, and finally, hydrolysis. The exception is that metabolite 3d will be 

treated with trifluoroacetic acid (TFA) instead of hydrolysis. The total synthesis of all 

metabolites is shown in Scheme 2. 

 
Scheme 2: A general plan for the total synthesis of the four potential metabolites. R1 is the alkyl chain after alkylation; R2 can 
either be OCH3 or NH2 depending on which amino acid derivative was used in the amide coupling; R3 and R4 show if hydrolysis 
has been carried out after hydrolysis/TFA treatment. 

 

2.1 N-Alkylation  
Alkylation is a chemical reaction that involves adding an alkyl group to a molecule, typically 

by reacting an alkyl halide with a nucleophile. N-alkylation is a specific type of alkylation that 

involves the addition of an alkyl group to the nitrogen atom of a molecule [16]. In this project, 

the N-alkylation was carried out by dissolving the core, 5-Bromo-1H-indazole-3-carboxylic 

acid, in dimethylformamide (DMF). DMF was chosen as a solvent due to its aprotic nature, low 

volatility, and ability to dissolve both polar and nonpolar compounds [17, 18], making it an 

appropriate choice for synthesizing the targeted metabolites. Sodium hydride (NaH) was then 

added, a strong base that readily deprotonates both the nitrogen and carboxylic acid part of the 

core, producing hydrogen gas and the corresponding anions. Finally, the desired alkyl halide 
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was added to the mixture, which was attacked by the deprotonated nitrogen in a substitution 

nucleophilic bimolecular (SN2) reaction. A proposed mechanism for the N-alkylation is 

presented in Scheme 3. 

 

 
Scheme 3: A proposed mechanism for the N-alkylation where R1 is the alkyl chain of choice. 

 

2.2 Amide coupling 
Amide coupling is a commonly used chemical reaction that is ubiquitous in nature. This is 

because forming proteins, the basic building blocks of all living organisms, involves linking 

amino acids through peptide (amide) bonds. Amide bonds are present not just in biological 

systems but also in a variety of molecules, including drugs [19, 20]. 

 

Amide coupling is a condensation reaction between an amine and a carboxylic acid, which is 

not thermodynamically favorable. Directly mixing the reagents produces only a stable salt, so 

a prior activation of carboxylic acids is required [19]. This activation forms an intermediate that 

undergoes rapid coupling with the amino acid of choice [21]. 

 

In the laboratory, amide coupling can be carried out with numerous activation reagents. In this 

project, TBTU (O-(benzotriazol-1-yl)-N,N,N′,N′-tetramethyluronium tetrafluoroborate) was 

used due to its high efficiency and low epimerization rates, which is commonly used when 

synthesizing metabolites. Triethylamine (TEA) was added to enhance stability, which is the 

most widely used organic base in amide coupling [21]. The mixture was left stirring until the 

intermediate was formed, and then the amino acid, either L-tert-leucine methyl ester or L-tert-

leucinamide, was finally added. A proposed mechanism for the amide coupling is presented in 

Scheme 4. 
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Scheme 4: A proposed mechanism for the amide coupling where R1 is the alkyl chain from the N-alkylation and R2 is OCH3 or 
NH2 depending on which amino acid was used.  

 

2.3 Basic ester hydrolysis 
Basic hydrolysis of esters is a chemical reaction in which an ester is reacted with a strong base, 

typically sodium hydroxide (NaOH), to produce either an alcohol or a carboxylic acid, 

depending on the specific type of ester being hydrolyzed. The mechanism of basic hydrolysis 

of esters involves the attack of the hydroxide ion from the strong base on the carbonyl carbon 

of the ester molecule. This results in forming a tetrahedral intermediate, which then undergoes 

a breakdown to form the alkoxide ion or carboxylate ion, which in the final step will be 

protonated [22]. A proposed mechanism for the ester hydrolysis is presented in Scheme 5. 

 

 
Scheme 5: A proposed mechanism for the basic ester hydrolysis with two different types of esters as examples. 



11 

3.  Materials and methods 
 

3.1 Chemicals  
The chemicals and reagents used in this project are described here, and information on where 

they were purchased, and their purity is also included. 

 

5-Bromo-1H-indazole-3-carboxylic acid from BLDpharm (97.0 %), dimethylformamide 

(DMF) from VWR Chemicals (≥ 99.8 %), sodium hydride (NaH) (57–63 % dispersion in 

mineral oil) from Sigma Aldrich, 1-bromobutane from MERCK (99 %), 4-bromobutyl acetate 

from Alfa Aesar (97.0 %), tert-butyl-4-bromobutanoate from Fluorochem (98.0 %), L-tert-

Leucine methyl ester hydrochloride from Fluorochem (97.0 %), (S)-2-Amin-3,3-

dimethylbutanamide hydrochloride from Fluorochem (95.0 %), O-(Benzotriazol-1-yl)-

N,N,N',N'-tetramethyluronium tetrafluoroborate (TBTU) from Fluorochem (98.0 %), 

triethylamine (TEA) from Sigma Aldrich (≥ 99.5 %), sodium hydroxide (NaOH) from 

MERCK, trifluoroacetic acid (TFA) from Sigma Aldrich (≥ 99.0 %), dichloromethane (DCM) 

from Sigma Aldrich (≥ 99.0 %), acetonitrile (CH3CN) from VWR Chemicals (≥ 99.9 %), 

deuterated chloroform (CDCl3) from VWR Chemicals (99.8 %), deuterated methanol (MeOD) 

from VWR Chemicals (99.8 %), toluene from Sigma Aldrich (99.8 %), Hydrochloric acid (HCl) 

(12 M) from Sigma Aldrich.  

 
3.2 Analysis 
Two different methods were employed to analyze the synthesized metabolites: HPLC-MS and 

NMR. 

 

3.2.1 HPLC-MS 

HPLC-MS was utilized to perform analyses during the synthesis process to confirm the 

completion of the reactions and identify any side reactions. HPLC-MS separates the 

components of a mixture using chromatography and detects them using mass spectrometry. It 

is a highly sensitive and selective technique that can provide structural information about the 

compounds in a sample by their mass-to-charge (m/z) ratios and relative abundances [23]. 

Analyses were explicitly performed after alkylation, amide coupling, and hydrolysis/TFA 

treatment. 
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HPLC-MS was performed on a Waters system (Column: X-Bridge, C18, 3.5 µm, 4.6 × 50 mm) 

Mobile phase: water phase A: acetonitrile:water 5:95, with 10 mM ammonium acetate; organic 

phase B: acetonitrile:water 90:10, with 10 mM ammonium acetate.  

 
3.2.2 NMR 

NMR was used to identify the metabolites. It determines the molecular structure of a sample at 

the atomic level by focusing on nuclei, not electrons. Nuclei have multiple spins and are 

electrically charged. Under an external magnetic field, energy can be transferred between their 

energy levels, creating an absorption at a specific radio frequency. The frequency depends on 

the nucleus type, chemical environment, and location in the magnetic field. As the nuclei return 

to their base position, they emit energy at the same frequency, which can be detected and 

processed to yield the corresponding NMR spectrum [24]. 

 

NMR was used after purification and isolation with preparative liquid chromatography (LC-

prep). The sample was evaporated three times with acetonitrile (CH3CN) to remove any 

interference from the solvents used before analysis. The 1H and 13C-NMR screenings were done 

by using a Varian Mercury 500/126 MHz (1H/13C) instrument at 25 °C in deuterated chloroform 

(CDCl3) or deuterated methanol (MeOD) as the NMR solvent. 

 
3.3 Purification  
When all metabolites were completely synthesized, LC-prep was used, which is a powerful tool 

to purify and isolate a specific compound from complex mixtures by separating and collecting 

large quantities of it. Preparative LC systems use the same basic principles as analytical LC 

systems. The sample mixture is injected into a chromatographic column, separating the 

components based on their specific chemical or physical properties. The difference is that LC-

prep uses larger columns, higher sample loads, and more robust instrumentation. Fraction 

collectors are often added to automate the collection process [25]. 

 

Before purification, the reaction mixture was filtered with cotton wool in a pipette and 

transferred to three vials filled with 1 ml of sample each. LC-prep was performed on a Waters 

system (Column: X-Bridge, prep phenyl, 5 µm, 19 × 250 mm) Mobile phase: water phase A: 

acetonitrile:water 5:95, with 10 mM ammonium acetate; organic phase B: acetonitrile:water 

90:10, with 10 mM ammonium acetate.  
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4. Results and discussion 
 

The results from the 1H-NMR and 13C-NMR (see Appendix 1a–4f) suggest that the synthetic 

approach used in this project was useful in generating the desired potential metabolites           

(3a–3d), with overall yields varying from 27.5 % to 57.6 %, and high purities ranging from 

95.6 % to 99.3 % (Table 3). 

 
Table 3: Comparison of the overall yield and purity of the different potential metabolites. 

Metabolite Yield (mg) Yield (%) Purity (%) 

3a 28.8  57.6  95.6  

3b 19.4  38.8  97.1  

3c 15.0  30.0 99.3  

3d 13.8 27.5 96.4 

 

The synthetic approach used in this project combined all three steps into a single process, 

making it significantly easier to carry out. Although the overall yields achieved were lower than 

expected, the yields obtained for each individual step demonstrated promising results. For 

instance, the overall yield of 57.6 % for metabolite 3a indicates an average yield of 

approximately 83 % per specific step, which is considered good. Similarly, for metabolites 3b, 

3c, and 3d, the average yields are approximately 73 %, 67 %, and 65 %, respectively. 

 

However, it is important to consider several reasons that may have affected the overall yield for 

each metabolite. One reason is the loss of product during the transfer of the solution mixture to 

vials before purification using LC-prep and the transfer of the pure solution fractions from the 

LC-prep to round-bottom flasks for evaporation. In addition, there were losses during the 

transfer of the product to NMR vials for analysis, where chloroform-D was not always the 

optimal solvent and left behind a significant amount of the product in the round-bottom flask. 

After NMR analysis, the product was transferred to two glass vials, evaporated, and stored for 

future Q-TOF analysis, potentially leading to further product loss. 

 

Moreover, there is a possibility that the overall yield was affected by side reactions, particularly             

O-alkylation rather than N-alkylation, during the alkylation step. A proposed mechanism for         

O-alkylation can be seen in Scheme 6. Another possible side reaction is when the second 
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nitrogen of the indazole core does the SN2 attack instead of the first nitrogen and forms an 

isomer. A proposed mechanism for alkylation on the second nitrogen can be seen in Scheme 7. 

However, since alkylation was the initial step performed in the synthesis, the likelihood of 

alkylation occurring on the second nitrogen is low. If the amide coupling had been performed 

first, the probability of alkylation on the second nitrogen would have been higher. These 

hypothetical explanations remain since possible O-alkylation and alkylation on the second 

nitrogen were not analyzed in this project. 

 
Scheme 6: A proposed mechanism for O-alkylation where R1 is the alkyl chain of choice.  

 

 
Scheme 7: A proposed mechanism for alkylation on the second nitrogen where R1 is the alkyl chain of choice. 

 

HPLC-MS was used to monitor and ensure the completion of the reactions for the synthesized 

metabolites, particularly after the alkylation, amide coupling, and hydrolysis/TFA treatment. 

After these steps, analysis of the resulting chromatograms showed that some reagents remained 

unreacted. This indicates incomplete conversion, which is another reason for the lower overall 

yields. Even when the reaction mixtures were stirred for a long time, and additional reagents 

were added, there was sometimes no significant improvement in the conversion rate. Possible 

reasons for incomplete conversion include insufficient reaction conditions and degraded 

reagents due to expiration or improper storage. 

 

From the start, the plan was to carry out all syntheses using the same reaction conditions. 

Initially, room temperature was considered sufficient as only small amounts of reagents were 

needed to synthesize 50 mg of products. However, additional reagents were required for all 

synthesis steps, leading to the decision to carry out N-alkylation at 0 °C for metabolite 3c. A 

lower temperature for N-alkylation, such as 0 °C, is preferred as it helps to control the reaction 

and prevent unwanted side reactions or decomposition of reagents. Even after stirring for 6 
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hours at 0 °C, there were no noticeable differences, and thus no clear conclusions could be made 

about the effectiveness of this temperature. For metabolites, 3b, 3c, and 3d, amide coupling 

and/or hydrolysis were carried out at 55 °C resulting in faster reactions, but additional reagents 

were still required. Further optimization of the reaction conditions may be necessary to improve 

the overall yields of the synthesized metabolites. 

 

HPLC-MS was also used to determine the purity of the synthesized metabolites. All metabolites 

had high purity, over 90 % (Table 3), which indicates that LC-prep is a powerful tool for 

purifying and separating compounds effectively. In addition to HPLC-MS, NMR was also used 

to assess the purity of the synthesized metabolites. NMR spectra provide information on the 

chemical environment of a molecule, and the absence of impurities can be seen by the presence 

of sharp and well-defined peaks in the spectra. The NMR spectra of the synthesized metabolites 

showed, for the most part, well-defined peaks, indicating high purity levels, consistent with the 

results obtained from HPLC-MS analysis. 

 

The identification of the different peaks in the 1H-NMR spectrum is shown in Figure 2, with 

metabolite 3a as an example, where the colors correspond to the specific protons in the 

molecule. It can be seen that protons belonging to the indazole core and the amide usually have 

higher chemical shifts. In comparison, protons from the alkyl chain and the tertiary butyl group 

tend to have lower chemical shifts. A zoomed version of this 1H-NMR spectrum can be seen in 

Appendix 1b and 1c. The corresponding 13C-NMR spectrum for metabolite 3a is presented in 

Appendix 1d–1f and displays 16 peaks. This number of peaks is consistent with the expected 

number of carbon atoms (18) in the molecular structure. Notably, the tertiary butyl group is 

detected as a single peak in the spectrum. 
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Figure 2: The identification of the different peaks in the 1H-NMR spectrum, with metabolite 3a as an example. The protons and 
their corresponding peaks are marked in different colors.  

 

There are a few ways to improve the strategy for synthesizing metabolites. Firstly, optimizing 

the reaction conditions and using instruments that keep the temperature constant can be helpful. 

Using ice baths for alkylation is not ideal because the ice melts and makes it hard to monitor 

the reaction, especially after a day's work. Secondly, using uncontaminated and unexpired 

solvents and reagents is important, which requires careful examination and control. 

Investigating potential side reactions during the synthetic steps would also be useful. This can 

provide valuable insights into improving the synthetic steps and reducing the formation of 

unwanted products. 

 

Another way to improve the process is to perform HPLC-MS analysis after adding 5-Bromo-

1H-indazole-3-carboxylic acid and NaH in the alkylation step to ensure protonation is complete. 

HPLC-MS analysis could also be done after adding TBTU to confirm that the intermediate is 

formed before adding the desired amino acid. This would ensure that the reaction is proceeding 

correctly. 

 

A further improvement would be to carry out alkylation, amid coupling and hydrolysis/TFA 

treatment separately, followed by purification after each step. This could improve the yield, as 

purification with LC-prep produced partially pure and pure fractions. For metabolites 3c and 
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3d, the samples from partially pure fractions could be combined with those from pure fractions, 

which did not significantly affect the yield and purity of the final product. Conversely, for 

metabolite 3b, the NMR results showed substantial contamination, rendering it impossible to 

combine the samples and resulting in product loss.  

 

 

5. Conclusion  
In this project, four potential metabolites of ADB-5´Br-BUTINACA were synthesized using a 

useful synthetic approach with overall yields ranging from 27.5 % to 57.6 % and high purities 

from 95.6 % to 99.3 %. The reaction strategy combined all three steps into a single process, 

making it significantly easier to carry out and not requiring much expertise. The overall yields 

were lower than expected, possibly due to product loss during the transfer of the solution, the 

possibility of side reactions, such as O-alkylation or alkylation on the second nitrogen, and 

incomplete conversion. HPLC-MS was used to monitor and ensure the completion of the 

reactions, and the purity of the synthesized metabolites was confirmed by both HPLC-MS and 

NMR analysis. The optimization of reaction conditions may be necessary to improve the yield 

of the synthesized metabolites. Overall, the project was successful in generating the desired 

potential metabolites. 
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5. Experimental  
 

Metabolite 3a: 
N-Alkylation was done by dissolving 5-Bromo-1H-indazole-3-carboxylic acid (1.0 equiv, 30.4 

mg, 0.13 mmol) in DMF (2 mL) at rt. NaH (57 %) (3.2 equiv, 16.3 mg, 0.39 mmol) was added 

and the mixture was stirred for 10 min. 1-bormobutane (1.3 equiv, 17 μL, 0.16 mmol) was 

added and the mixture was stirred at rt for 3 h. The reaction was determined to be incomplete 

by HPLC-MS analysis, therefore additional 1-bromobutane (0.5 equiv, 7.0 μL, 0.065 mmol) 

was added, and the mixture was left to stir for another 20 h. Amide coupling was done by adding 

TBTU (1.3 equiv, 52.5 mg, 0.16 mmol) and the mixture was stirred for 15 min. L-tert-Leucine 

methyl ester hydrochloride (1.3 equiv, 29.8 mg, 0.16 mmol) was added and the mixture was 

stirred for 7 h. The reaction was monitored by HPLC-MS, TEA (3 equiv, 50 μL, 0.36 mmol) 

was added, and the mixture was stirred for another 17 h. Hydrolysis was done by adding NaOH 

(4 equiv, 487 μL, 1M) to the mixture. Additional NaOH (2 equiv, 244 μL, 1M) was added and 

the mixture was left stirring. After conformation from HPLC-MS that the reaction was 

complete, the mixture was filtered with cotton wool in a pipette and transferred to vials before 

purification with LC-prep. The pure fractions were evaporated together with small amount of 

CH3CN to give metabolite 3a (28.8 mg, 57.6 % yield). 1H-NMR (500 MHz, CDCl3) δ 8.662 (s, 

1H), 8.489 (d, J= 1.5 Hz, 1H), 7.502 (d, J= 9.0 Hz, 1H), 7.432 (dd, J= 8.5, 1.5 Hz, 1H), 7.260 

(d, J= 9.0 Hz, 1H), 4.673 (d, J= 9.5 Hz, 1H), 4.360 (t, J= 7.0 Hz, 2H), 1.941–1.862 (m, 2H), 

1.375–1.310 (m, 2H), 1.28 (s, 9H), 0.949 (t, J= 7.0 Hz, 3H). 13C-NMR (126 MHz, CDCl3) δ 

176.1, 162.2, 139.6, 136.0, 130.0, 125.3, 124.4, 116.2, 110.8, 60.1, 49.6, 35.0, 31.9, 26.9, 20.1, 

13.7.  

 

Metabolite 3b: 
N-Alkylation was done by dissolving 5-Bromo-1H-indazole-3-carboxylic acid (1.0 equiv, 28.3 

mg, 0.12 mmol) in DMF (2 mL) at rt. NaH (57 %) (3.0 equiv, 14.9 mg, 0.35 mmol) was added 

and the mixture was stirred for 10 min. 4-bromobutylacetate (1.3 equiv, 22 μL, 0.15 mmol) was 

added and the mixture was stirred at rt for 23 h. The reaction was determined to be incomplete 

by HPLC-MS analysis, therefore additional NaH (0.9 equiv, 2.5 mg, 0.10 mmol) and                           

4-bromobutylacetate (0.3 equiv, 5.1 μL, 0.035 mmol) was added, and the mixture was left to 
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stir for another 19 h. Amide coupling was done by adding TBTU (1.3 equiv, 48.9 mg, 0.15 

mmol) and TEA (3 equiv, 49 μL, 0.35 mmol),  and the mixture was stirred for 15 min.  

L-tert-leucine methyl ester hydrochloride (1.3 equiv, 28 mg, 0.15 mmol) was added and the 

mixture was stirred over weekend. The reaction was monitored by HPLC-MS. Additional 

TBTU (0.5 equiv, 18.1 mg, 0.056 mmol), L-tert-leucine methyl ester hydrochloride (0.5 equiv, 

10.65 mg, 0.059 mmol) and TEA (1 equiv, 16 μL, 0.11 mmol) was added, and the mixture was 

stirred for another 6 h at 55 °C. Hydrolysis was done by adding NaOH (4 equiv, 470 μL, 1M) 

to the mixture and was left to stir over night at rt. HPLC-MS analysis indicated that the reaction 

was incomplete, therefore solid NaOH (4 equiv, 18.8 mg, 0.47 mmol) was added and the 

mixture was stirred in 4 h at 55 °C. Subsequently, two portions of solid NaOH (2 equiv each, 

9.4 mg and 9.5 mg, respectively, totaling 0.48 mmol) were added sequentially, and the solution 

was stirred overnight at room temperature and for an additional 2 hours. Once HPLC-MS 

confirmed complete hydrolysis, HCl (30 μL, 12M) was added to neutralize the solution. The 

mixture was filtered with cotton wool in a pipette and transferred to vials before purification 

with LC-prep. The pure fractions were evaporated together with small amount of CH3CN to 

give metabolite 3b (19.4 mg, 38.8 % yield). 1H-NMR (500 MHz, CD3OD) δ 8.358 (d, J= 1.0 

Hz, 1H), 7.587 (d, J= 9.0 Hz, 1H), 7.513 (dd, J= 9.0, 1.5 Hz, 1H), 4.502 (t, J= 7.0 Hz, 2H) , 

4.417 (s, 1H), 3.561 (t, J= 6.5 Hz, 2H), 2.058–1.948 (m, 2H), 1.570–1.043 (m, 2H), 1.080 (s, 

9H). 13C-NMR (126 MHz, CD3OD) δ 176.6, 163.4, 141.1, 137.5, 130.9, 125.5, 125.2, 116.9, 

112.9, 63.3, 62.3, 50.4, 35.8, 30.7, 27.6, 27.4. 

 

Metabolite 3c: 
N-Alkylation was done by dissolving 5-Bromo-1H-indazole-3-carboxylic acid (1.0 equiv, 28.3 

mg, 0.12 mmol) in DMF (2 mL) at rt. NaH (57 %) (3 equiv, 16.3 mg, 0.35 mmol) was added 

and the mixture was stirred for 10 min. 4-bromobutylacetate (1.3 equiv, 22 μL, 0.15 mmol) was 

added and the mixture was stirred at rt for 20 h. The reaction was not finish according to HPLC-

MS analysis, therefore additional NaH (57 %) (1 equiv, 5 mg, 0.12 mmol) and                                   

4-bromobutylacetate (0.4 equiv, 6.8 μL, 0.047 mmol) was added. After stirring at 0 °C for 6 h, 

the reaction mixture was left to stir at rt over the weekend to ensure complete conversion. Amide 

coupling was done by adding TBTU (1.3 equiv, 49.8 mg, 0.16 mmol) and TEA (3 equiv, 49 

μL, 0.35 mmol), and the mixture was stirred for 15 min. (S)-2-Amino-3,3-dimethylbutanamide 

hydrochloride (1.3 equiv, 19.9 mg, 0.15 mmol) was added and the mixture was stirred at rt for 

24 h. The reaction was monitored by HPLC-MS, additional TBTU (0.5 equiv, 18.9 mg, 0.059 
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mmol), TEA (1 equiv, 16 μL, 0.11 mmol) and (S)-2-Amino-3,3-dimethylbutanamide 

hydrochloride (0.5 equiv, 7.65 mg, 0.059 mmol) was added, and the mixture was stirred for 

another 23 h. After completion of the reaction, the mixture was quenched with 0.5 mL of water 

and stirred at rt for 2 h. Hydrolysis was done by adding NaOH (2 equiv, 235 μL, 1M) to the 

mixture, followed by additional NaOH (2 equiv, 235 μL, 1 M). It was no change after                    

19 h according to HPLC-MS, therefore NaOH(s) (4 equiv, 18.8 mg, 0.47 mmol) was added and 

the mixture was stirred at 55 °C for 6 h. After conformation from HPLC-MS that the reaction 

was complete, the mixture was filtered with cotton wool in a pipette and transferred to vials 

before purification with LC-prep. The pure fraction was evaporated, and some mostly pure 

factions were also evaporated together with small amount of CH3CN, and then combined to 

give metabolite 3c (15.0 mg, 30.0 % yield). 1H-NMR (500 MHz, CDCl3) δ 8.438 (s, 1H), 7.658 

(d, J= 9.5 Hz, 1H), 7.459 (dd, J= 9.0, 1.5 Hz, 1H), 7.297 (d, J= 9.0 Hz, 1H), 6.435 (s, 1H), 5.956 

(s, 1H), 4.595 (d, J= 10.0 Hz, 1H), 4.405 (t, J= 7.0 Hz, 2H), 3.678 (t, J= 6.5 Hz, 2H), 2.081–

2.013 (m, 2H), 1.616–1.553 (m, 2H), 1.128 (s, 9H). 13C-NMR (126 MHz, CDCl3) δ 173.2, 

162.3, 139.7, 136.1, 130.1, 125.2, 124.4, 116.3, 110.9, 62.2, 59.9, 49.6, 34.8, 29.8, 26.9, 26.4.  

 

Metabolite 3d: 
N-Alkylation was done by dissolving 5-Bromo-1H-indazole-3-carboxylic acid (1 equiv, 27.1 

mg, 0.11 mmol) in DMF (2 mL) at rt. NaH (57 %) (3.2 equiv, 15.5 mg, 0.37 mmol) was added 

and the mixture was stirred for 10 min. tert-butyl-4-bromobutanoate (1.3 equiv, 26 μL, 0.15 

mmol) was added and the mixture was stirred at rt for 23 h. The reaction was not completed 

according to HPLC-MS, therefore additional NaH (1 equiv, 4.9 mg, 0.11 mmol) and tert-butyl-

4-bromobutanoate (1 equiv, 20 μL, 0.11 mmol) was added, and the mixture was stirred at rt for 

20 h. Additional tert-Butyl-4-bromobutanoate (0.5 equiv, 10 μL, 0.056 mmol) was added and 

the mixture was stirred for 3 h. Amide coupling was done by adding TBTU (1.3 equiv, 48 mg, 

0.15 mmol) and TEA (3 equiv, 48 μL, 0.34 mmol), and the mixture was stirred for 15 min. (S)-

2-Amino-3,3-dimethylbutanamide hydrochloride (1.3 equiv, 25.3 mg, 0.15 mmol) was added 

and the mixture was stirred for 20 h. The reaction was not completed according to HPLC-MS, 

so the mixture was heated to 55 °C and stirred for 3 h. Additional TBTU (0.5 equiv, 19.1 mg, 

0.059 mmol) and (S)-2-Amino-3,3-dimethylbutanamide hydrochloride (0.5 equiv, 9.3 mg, 

0.056 mmol) was added and the mixture was left to stir over the weekend at rt. Additional TEA 

(1.5 equiv, 24 μL, 0.17 mmol) was added and stirred at 55 °C for 3 h. After conformation from 

HPLC-MS that the reaction was complete, the mixture was filtered with cotton wool in a pipette 
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and transferred to vials before purification with LC-prep. The pure fractions, and the mostly 

pure fractions were evaporated separately with a small amount of CH3CN. Based on NMR, the 

mostly pure fractions were sufficiently pure and could be combined. T-Butyl protected 3d: 1H-

NMR (500 MHz, CDCl3) δ 8.471 (s, 1H), 7.634 (d, J= 9.5 Hz, 1H), 7.481 (dd, J= 9.0, 2.0 Hz, 

1H), 7.345 (d, 8.5 Hz, 1H), 4.623–4.578 (m, 2H), 4.448 (t, J= 7 Hz, 2H), 2.263–2.173 (m, 4H), 

1.444 (s, 9H), 1.146 (s, 9H). 13C-NMR (126 MHz, CDCl3) δ 172.8, 172.0, 162.2, 139.9, 136.5, 

130.2, 125.2, 124.4, 116.4, 111.0, 81.0, 59.9, 48.7, 34.8, 32.0, 28.2, 26.9, 25.0. A solution of 

DCM (800 μL) and TFA (200 μL) was added and stirred for 2 h at rt. After the reaction was 

confirmed to be complete by HPLC-MS, it was evaporated. Small amounts of toluene were 

then used and evaporated two times. Normal chloroform was used and evaporated two times 

giving metabolite 3d (13.8 mg, 27.5 % yield). 1H-NMR (500 MHz, CDCl3) δ 8.402 (s, 1H), 

7.691 (d, J= 9.0 Hz, 1H), 7.444 (dd, J= 9.0, 1.0 Hz, 1H), 7.294 (d, J= 8.5 Hz, 1H), 6.797 (s, 

1H), 6.686 (s, 1H), 4.696 (s, 1H), 4.491–4.400 (m, 2H), 2.432–2.327 (m, 2H), 2.256–2.212 (m, 

2H), 1.122 (s, 9H). 13C-NMR (126 MHz, CDCl3) δ 176.4, 162.4, 139.7, 136.2, 130.4, 125.1, 

124.3, 116.5, 110.9, 60.1, 48.7, 34.8, 31.3, 28.2, 26.8, 24.7. 
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Appendix 
Appendix 1a: 1H-NMR for metabolite 3a. 

 
 

Appendix 1b: 1H-NMR for metabolite 3a, 9–7 ppm. 

 
 

Appendix 1c: 1H-NMR for metabolite 3a, 5–0 ppm. 
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Appendix 1d: 13C-NMR for metabolite 3a. 

 
 

Appendix 1e: 13C-NMR for metabolite 3a, 180–110 ppm. 

 
 

Appendix 1f: 13C-NMR for metabolite 3a, 62–12 ppm. 
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Appendix 2a: 1H-NMR for metabolite 3b. 

 
 

Appendix 2b: 1H-NMR for metabolite 3b, 8.6–7.4 ppm. 

 
 

Appendix 2c: 1H-NMR for metabolite 3b, 4.6–1 ppm. 
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Appendix 2d: 13C-NMR for metabolite 3b. 

 
 

Appendix 2e: 13C-NMR for metabolite 3b, 180–112 ppm.  

 
 

Appendix 2f: 13C-NMR for metabolite 3b, 64–27 ppm.  
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Appendix 3a: 1H-NMR for metabolite 3c. 

 
 

Appendix 3b: 1H-NMR for metabolite 3c, 8.5–5 ppm. 

 
 

Appendix 3c: 1H-NMR for metabolite 3c, 5–1 ppm. 
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Appendix 3d: 13C-NMR for metabolite 3c. 

 
 

Appendix 3e: 13C-NMR for metabolite 3c, 180–110 ppm. 

 
 

Appendix 3f: 13C-NMR for metabolite 3c, 64–26 ppm. 
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Appendix 4a: 1H-NMR for metabolite 3d. 

 
 

Appendix 4b: 1H-NMR for metabolite 3d, 8.5–6.6 ppm. 

 
 

Appendix 4c: 1H-NMR for metabolite 3d, 5–1 ppm. 
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Appendix 4d: 13C-NMR for metabolite 3d. 

 
 

Appendix 4e: 13C-NMR for metabolite 3d, 180–110 ppm.  

 
 

Appendix 4f: 13C-NMR for metabolite 3d, 62–24 ppm.  
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Appendix 5a: HPLC-MS purity spectrum for metabolite 3a. 

 
 

 
 

14-Apr-2023  12:05:48

Time
-0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00

AU

0.0

5.0e-1

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

 ADB_5Br_ButINACA_hydrolysis metabolite_3a Sm (Mn, 2x3)  3: Diode Array 
 235 2.0000Da
 Range: 5.568

 Area

2.19
649886.1

1.68
2283.2

3.99
17311.23.63

1748.0
3.44

1696.4
3.12
409.3

4.49
4366.7

4.64
2439.4

ACQ-SQD2#LCA415 14-Apr-2023  12:05:48

m/z
100 200 300 400 500 600 700 800 900 1000

%

0

100

m/z
100 200 300 400 500 600 700 800 900 1000

%

0

100
 ADB_5Br_ButINACA_hydrolysis metabolite_3a 128 (2.211)  1: Scan ES+ 

 1.29e8412.32

410.40

366.31158.36 178.37 279.27 843.32450.44 470.52 827.13567.18 725.12588.01 659.79 865.25 959.26 986.881020.65

 ADB_5Br_ButINACA_hydrolysis metabolite_3a 126 (2.185)  2: Scan ES- 
 4.77e7410.29

408.26

207.62144.95 267.09 331.26 383.42

819.35

491.98444.12 556.33 626.60 642.38 739.11 821.27 885.21 1027.73921.48



35 

Appendix 5b: HPLC-MS purity spectrum for metabolite 3b. 
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Appendix 5c: HPLC-MS purity spectrum for metabolite 3c. 
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Appendix 5d: HPLC-MS purity spectrum for metabolite 3d. 
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