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Abstract 

 

     This thesis is primarily focused on analytical approaches to differentiate twenty isomeric 

compounds related to designer drugs of the1-pentyl-acylindoles class. The compounds 

investigated represent a series of synthetic cannabinoids substances associated mainly with 

naphthoylindole and benzoylindole structures. These compounds represent potential designer 

modification of banned drugs. Electron-ionization gas chromatography-mass spectrometry (EI-

GC-MS) was used as the initial method to differentiate and separate the target compounds. 

    Chapter one is a literature review of synthetic cannabinoids history, general pharmacology, 

metabolism and elimination, in addition to a brief review on the general analytical methods used 

on synthetic cannabinoids. The project rationale and statement of research objectives are also 

included. Chapter two compares the analytical properties of the first banned naphthoylindole 

compound in clandestine samples 1-n-pentyl-3-(1-naphthoyl)indole, JWH-018, with three 

possible regioisomers, 1-n-pentyl-3-(2-naphthoyl) indole, 1-(1-naphthoyl)-3-n- pentylindole and 

1-(2-naphthoyl)-3-n-pentylindole. Chapter three compares the six regioisomers of 1-n-pentyl-3-

(dimethoxybenzoyl)-indoles. Chapter four compares JWH-018 with eleven possible 

regioisomeric 1-n-pentyl-naphthoylindoles. 



iii 
 

 

 

 

 

Acknowledgments 
 

 

      Alhamdullilah, all the praises and thanks be to “Almighty Allah” for giving me the 

opportunity, determination and strength to complete my thesis. His continuous grace and 

mercy has been always with me throughout my life and during my research. 

      I submit my deepest gratitude to my thesis advisor, Professor C. Randall Clark for his 

support, guidance, patience and for giving me the opportunity to be part of his research group. 

My sincere appreciation is extended to the rest of the committee members, Professor Jack 

DeRuiter, Dr. Forrest Smith and Dr. Angela Calderon for their lessons, discussions and 

monitoring my progress throughout graduate school. Additionally, I would like to thank my lab 

Colleagues Dr. Karim Abdel-Hay and Dr. Younis Abiedalla for their help to develop my 

experimental skills. I would like to express my appreciation to my mother, Mattrh Alsegiani, my 

father, Saud Alsegiani, and also to my brothers and sisters, Hanan, Tahani, Maha, Saad, Nasser, 

Mansour, Reem and Fahad for their endless love, prayers and encouragement. Thank you for 

giving me strength to reach for the stars and chase my dreams. Great appreciation is expressed to 

my husband, Fahad Almutairi, who has been “my rock” and support throughout this journey and 

for being my all. I would not have been able to finish this study without him and our sweet kids, 

Saud and Fouz. They form the origin of my happiness and deserve my wholehearted thanks as 

well. In addition to all these people, my appreciation is extended to my scholarship sponsors, 

King Saud University and Saudi Arabia governments for providing me the opportunity to study 

abroad. 



iv 
 

 

 

Table of Contents 

 

Abstract  .......................................................................................................................................... ii 

Acknowledgments ......................................................................................................................... iii 

List of Tables  ............................................................................................................................... vii 

List of Figures  ............................................................................................................................. viii 

List of Abbreviations  .................................................................................................................... xi 

Chapter 1: literature review  ............................................................................................................1 

1.1 Introduction  ...................................................................................................................1 

1.2 History of synthetic cannabinoids  .................................................................................5 

1.3 General pharmacology ...................................................................................................9 

1.3.1 Pharmacodynamics  ........................................................................................9 

1.3.2 Route of administration ................................................................................10 

1.3.3 Toxicology and acute adverse effects  ..........................................................11 

1.3.4 Chronic and long Term Effects .....................................................................12 

1.3.5 Addictive potential and withdrawal syndrome  ............................................12 

1.4 Metabolism and elimination  .......................................................................................13 

1.5 General analytical methods used on synthetic cannabinoid substances  .....................15 

1.5.1 Gas chromatography-mass spectrometry (GC-MS) ......................................16 

1.5.2 Liquid chromatography–tandem mass spectrometry (LC–MS/MS) and 

liquid chromatography coupled to quadrupole time-of-flight mass spectrometry (LC-

QTOF-MS) .........................................................................................................................18 

1.5.3 Nuclear magnetic resonance (NMR) spectroscopy .......................................19 

1.6 Rationale and Statement for the Research  ..................................................................20 

Chapter 2: Analytical Studies of JWH-018, 2-n-pentyl-3-(1- naphthoyl)-indole, 1-(1-naphthoyl)-

3-n-pentylindole and 1-(2-naphthoyl)-3-n-pentylindol..................................................................23 

2.1 Introduction  .................................................................................................................23 

2.2 Differentiation of JWH-018 and three possible regioisomers  ....................................26 

2.2.1 Chromatography separation  .........................................................................26 



v 
 

2.2.1.1 GC separation ................................................................................26 

2.2.1.1 LC separation  ................................................................................32 

2.2.2 Mass Spectral Studies  ..................................................................................34 

2.2.2.1 EI-MS studies.................................................................................34 

2.2.2.2 CI-MS studies ................................................................................41 

2.2.2.3 LC-MS/MS mass spectral studies  .................................................42 

2.2.3 LC-TOF studies for exact mass determination  ............................................45 

2.3 Conclusion  ..................................................................................................................47 

Chapter 3: Analytical Studies of six regioisomeric 3-dimethoxybenzoyl-1-pentylindoles  ..........48 

3.1 Introduction  .................................................................................................................48 

3.2 Differentiation of six 1-n-pentyl-3- (dimethoxybenzoyl)-indole isomers  ..................48 

3.2.1 GC separation ...............................................................................................55 

3.2.2 Mass Spectral Studies  ..................................................................................53 

3.2.2.1 EI-MS studies ................................................................................53 

3.2.2.2 Deuterium labeling studies of m/z 200 and 334  ............................64 

3.2.2.3 GC-TOF analysis on 2,3-dimethoxybenzoyl isomer at m/z 200  ...68 

3.2.2.4 CI-MS studies  ...............................................................................69 

3.2.3 LC-TOF studies for exact mass determination  ............................................70 

3.3 Conclusion  ..................................................................................................................72 

Chapter 4: Analytical Studies on six 1-naphthoyl and six 2-naphthoy regioisomers  ...................73 

4.1 Introduction ..................................................................................................................73 

4.2 Differentiation of six 1-naphthoyl and six 2-naphthoyl regioisomers  ........................76 

4.2.1 GC separation ...............................................................................................76 

4.2.2 Mass Spectral Studies  ..................................................................................86 

4.2.2.1 EI-MS studies.................................................................................86 

4.2.2.2 GC-TOF analysis on 7-(1-naphthoyl) isomer at m/z 141  .............95 

4.2.2.3 CI-MS studies  ...............................................................................98 

4.2.2.4 LC-MS/MS mass spectral studies ................................................100 

4.2.3 LC-TOF studies for exact mass determination ...........................................101 

4.3 Conclusion  ................................................................................................................103 



vi 
 

Chapter 5: Materials, Instruments, GC-Columns, Temperature Programs  .................................104 

5.1 Materials  ...................................................................................................................104 

5.2 Instruments  ................................................................................................................104 

5.3 GC-Columns  .............................................................................................................106 

5.4 Temperature Programs  ..............................................................................................107 

References  ...................................................................................................................................108 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



vii 
 

 

 

List of Tables 

 

Table 1: The major GC-MS fragment ions for some synthetic cannabinoid compounds identified 

by Uchiyama ..................................................................................................................................16 

Table 2: Retention time (min.) of JWH-018 and three possible isomers .......................................26 

Table 3: Reversed phased LC separation of JWH-018 and the three possible regioisomers ........33 

Table 4: structures for the major fragment ions in the EI-MS in Figure 10 by Clark et al ............37 

Table 5: Results of the accurate mass measurement of JWH-018 and three regioisomers ...........46 

Table 6: Retention time (min.) of six dimethoxy benzoyl isomers ................................................55 

Table 7: GC-TOF data on m/z 200 fragment of 3-(2,5-dimethoixybenzoyl)-1-pentylindole ........68 

Table 8: Results of the accurate mass measurement of six dimethoxybenzoyl isomers ...............71 

Table 9: Retention time (min.) of the six 1-naphthoyl regioisomers .............................................82 

Table 10: Retention time (min.) of the six 2-naphthoyl regioisomers  ..........................................82 

Table 11: GC-TOF data on 7-(1-naphthoyl)-1-n-pentylindole m/z 141 fragment  ........................95 

Table 12: Results of the accurate mass measurement of JWH-018 and eleven isomers .............102 

Table 13: List of columns in GC used and their composition  ....................................................105 

Table 14: List of temperature programs used in this project .......................................................107 

 

 



viii 
 

 

 

List of Figures 

 

Fig. 1: Representative compound for each class of the synthetic cannabinoids  ............................ 2 

Fig. 2: Chemical structures of delta (9)-tetrahydrocannabinol (THC), 1-n-penthyl-3-(1-napthoyl) 

indole (JWH-018) and WIN55, 212-2 ............................................................................................ 4 

Fig. 3: The chemical structure of five synthetic cannabinoid drugs permanently placed in 

Schedule I of CSA by the Congress in 2012 .................................................................................. 8 

Fig. 4: Structures of JWH-018 and JWH-073 and their major metabolites  ................................. 14 

Fig. 5: The general structures of 20 compounds involved in this study ....................................... 22 

Fig. 6: The structures of four compounds in this study, 1= 1-n-pentyl-3-(1-naphthoyl) indole 

(JWH-018), 2= 2-n-pentyl-3-(1-naphthoyl) indole, 3= 1-(1-naphthoyl)-3-n-pentylindole, 4= 1-(2-

naphthoyl)-3-n-pentylindole ......................................................................................................... 24 

Fig. 7: Structure of 2, 3, 4, 5, 6 and 7-(1-naphthoyl)-1-n-pentylindole ........................................ 25 

Fig. 8: GC separation of the four regioisomers using column Rtx®-5 (panel A), Rxi®-17 (panel 

B), Rtx®-200 (panel C) and Rxi®-35Sil (panel D)  ..................................................................... 28 

Fig. 9: HPLC-UV separation of four isomers mixture by using allure PFP Propyl column, where 

peak 1 = JWH-018, peak 2 =1-n-pentyl-3-(1-naphthoyl) indole, peak 3 = 3-n-pentyl-1-(1-

naphthoyl) indole and peak 4= 3-n-pentyl-1-(2-naphthoyl) indole  ............................................. 33 

Fig. 10: EI- Mass spectra of the model compound of 1-n-pentyl-3-(1-and 2-naphthoyl) indole 

panel (A and B), 1-(1-and 2-naphthoyl) 3-n-pentylindole panel (C and D) respectively ............. 36 

Fig. 11: MS/MS spectrum of the m/z 214 fragment ion for JWH-018  ........................................ 40 

Fig. 12: CI Mass spectrum of the model compound JWH-018  ................................................... 41 

Fig. 13: (ESI+) MS/MS spectra (positive mode) of 1-n-pentyl-3-(1-and 2-naphthoyl) indole panel 

(A and B), 1-(1-and 2-naphthoyl)3-n-pentylindole panel (C and D), respectively  ..................... 44 

Fig. 14:Structures of the six regioisomeric 3-(dimethoxybenzoyl)-1-n-pentylindoles in this study, 

1= (2,3 dimethoxybenzoyl), 2= (2,4 dimethoxybenzoyl), 3= (2,5 dimethoxybenzoyl), 4= (2,6 

dimethoxybenzoyl), 5= (3,4 dimethoxybenzoyl) and 6= (3,5 dimethoxybenzoyl)  ..................... 49 



ix 
 

Fig. 15: The GC-MS separation of six isomers using, Rxi®-17sil, Rxi®-35sil and Rtx®-200 in 

panel (A, B and C) respectively  ................................................................................................... 54 

Fig. 16: MS for the individual 3-(dimethoxybenzoyl)-1-n-pentylindoles regioisomers .............. 58 

Fig. 17: General fragmentation scheme for the 3-(dimethoxybenzoyl)-1-n-pentylindoles .......... 59 

Fig. 18: MS/MS spectrum of the m/z 214 fragment for 3-(3,5 dimethoxybenzoyl) isomer  ........ 63 

Fig. 19: EI-MS of 1-pentyl-3-(2-D3-methoxy-5-methoxybenzoyl)-indole  ................................. 65 

Fig. 20:  Mechanism for the formation of the m/z 200 ion for 2,5-dimethoxybenzoylindole  ..... 66 

Fig. 21: Mechanism for the formation of the m/z 334 ion for 2,5-dimethoxybenzoylindole ....... 67 

Fig. 22: CI –MS spectra of 3-(2,3-dimethoxybenzoyl)-1-n-pentylindoles  .................................. 70 

Fig. 23: Structures of the six 1-naphthoyl regioisomeric  ............................................................. 74 

Fig. 24: Structures of the six 2-naphthoyl regioisomeric  ............................................................. 75 

Fig. 25: GC separation of 1-n-pentyl-3-(1-naphthoyl) indole mixture (panel A) and separation of 

1-n-pentyl-3-(2-naphthoyl) indole mixture (panel B) on Rtx®-5 stationary phase  ..................... 78 

Fig. 26: GC separation of 1-n-pentyl-3-(1-naphthoyl) indole mixture (panel A) and separation of 

1-n-pentyl-3-(2-naphthoyl) indole mixture (panel B) on Rxi®-17Sil stationary phase  .............. 79 

Fig. 27: GC separation of 1-n-pentyl-3-(1-naphthoyl) indole mixture (panel A) and separation of 

1-n-pentyl-3-(2-naphthoyl) indole mixture (panel B) on Rxi®-35Sil stationary phase  .............. 80 

Fig. 28: GC separation of 1-n-pentyl-3-(1-naphthoyl) indole mixture (panel A) and separation of 

1-n-pentyl-3-(2-naphthoyl) indole mixture (panel B) on Rtx®-200 stationary phase  ................. 81 

Fig. 29: GC separation of 1-n-pentyl and 2-naphthoyl mixture of the compounds at the 3-position 

(panel A) and 7-position (panel B)  .............................................................................................. 85 

Fig. 30: MS for the twelve (1-and 2-naphthoyl) 1-n-pentylindoles  ............................................. 92 

Fig. 31: Mechanism for the formation of the m/z 141 ion for 7-(1-naphthoyl)-1-n-pentylindole 

(compound 6)  ............................................................................................................................... 97 

Fig. 32: CI Mass spectrum of the model compound JWH-018 panel (A) 3-(2-naphthoyl)-1-n-

pentylindole panel (B) .................................................................................................................. 99 

 

 



x 
 

 

 

 

List of Abbreviations 

 

μl Micro liter  

μm Micrometer  

°C Degree centigrade  

EI Electron impact  

eV Electron volt  

GC-IRD Gas chromatography coupled to infrared detection  

GC-MS Gas chromatography- mass spectrometry  

GC-TOF-MS Gas chromatography with time of flight mass spectrometry  

  HPLC  High performance liquid chromatography 

i.d.  Internal diameter  

  IR  Infrared  

m  Meter  

 min  Minute  

ml  Milliliter  

mm  Millimeter  

MS  Mass spectrometry 

 

 



    

1 
 

 

 

 

 

 Chapter 1 

                                                          Literature review 

1.1. Introduction: 

     Over the last decade, a number of synthetic cannabinoid substances have emerged in the illicit 

drug market as alternatives to cannabis and represent a major class of “designer drugs”. These 

designer cannabinoids act as full agonists at two cannabinoid receptors, CB1 and CB2, and 

provide a psychoactive effect similar to delta (9)-tetrahydrocannabinol (THC), the main 

psychoactive component of the natural cannabis plant (Figure 2) [33]. The synthetic 

cannabinoids chemical structures are completely different from the cannabis plant component 

THC and represent a new category of drugs of abuse. Synthetic cannabinoid compounds are 

mainly available on the internet or in some open markets and marketed as “herbal incense” 

products as dried plant material [15]. These compounds are sold under many different brand 

names such as “Spice,” “K2” and “synthetic marijuana” and labeled “not for human 

consumption,” in an attempt to avoid drug laws and regulation [5, 53]. The synthetic 

cannabinoids can be classified based upon their chemical structure [18, 44] into the five main 

novel classes [1] classical cannabinoids (I) non-classical cannabinoids (II) hybrid cannabinoids 

(III) aminoalkylindoles (IV) and eicosanoids (V). A representative compound for each class of 

the synthetic cannabinoids is shown in the Figure 1. 
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        Figure 1: Representative compound for each class of the synthetic cannabinoids. 
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     Currently, the most prevalent class of synthetic cannabinoids in clandestine samples is the 

aminoalkylindole and this is perhaps due to the relative ease of synthesis compared to other 

classes of cannabinoid agonists. These compounds can be synthesized without advanced 

laboratory equipment by using commercially available reagents and chemicals [1]. The prototype 

compound in the aminoalkylindole series is WIN55, 212-2 (Figure 2) and it inspired the idea for 

synthesis of alkyacylindole substances. The aminoalkylindoles series can be further divided into 

many different groups including naphthoylindoles, benzoyl indoles, phenylacetylindoles and 

others, as well as many derivatives and analogs. The most popular group, in terms of abuse, in 

this class is the JWH series. This series contains one of the most prevalent and well-known 

cannabimimetic agent called 1-n-penthyl-3-(1-napthoyl) indole, JWH-018 (Figure 2). JWH-018 

was one of the first compounds synthesized in this series and reported as a potent cannabinoid 

receptor agonist by Huffman et al. in 1998 (Figure 1) [5].  

      Clandestine or illegal manufacturing laboratories are often operated to circumvent legal 

restrictions with the goal of creating drugs for distribution on the black market. When synthetic 

drug substances such as the cannabinoids are controlled by governments, clandestine chemists 

are able to create or reformulate analogs or regioisomeric forms to replace the existing one. The 

Controlled Substances Analogue Act (CSA) provides enforcement laws with the authority to 

investigate and upgrade the penalties associated with clandestine chemists who had been 

manufacturing and distributing new analogs of a structural series. However, the most challenging 

aspect in forensic science laboratories these days is to identify the new synthetic cannabinoid 

compounds and other designer drugs as they appear in new street drug samples. 
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Figure 2: Chemical structures of delta (9)-tetrahydrocannabinol (THC), 1-n-penthyl-3-(1-

napthoyl) indole (JWH-018) and WIN55, 212-2 
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1.2 History of synthetic cannabinoids: 

 

     The use of marijuana and other constituents of the cannabis plant (e.g., hashish) has been 

reported for thousands of years for medicinal and recreational purposes and marijuana remains 

one of the most widely used psychoactive drugs throughout the world [30]. The cannabis plant 

contains more than 460 known chemical structures of which more than 60 structures belong to a 

class known as the cannabinoids [8, 27]. However, the production and administration of cannabis 

have been illegal in most countries since the early 20th century. A group of synthetic 

cannabinoids was synthesized in the research laboratory of Dr. John W. Huffman at Clemson 

University [22] in an effort to explore drug-receptor interactions in the cannabinoid system and 

to create new cannabimimetic compounds for medical research purposes [22-23]. These studies 

occurred over many years before these compounds appeared as abused drugs.  

    Most of synthetic cannabinoids in forensic samples are manufactured in foreign clandestine 

laboratories in Asia, especially in China, without advanced laboratory equipment and without 

quality control standards. The first use of the synthetic cannabinoid substances appeared in 

several European countries around 2004 as legal recreation and relaxation product alternatives to 

smoking marijuana [6, 38]. Two years later, these drugs were being sold predominantly as 

smoking tobacco substitute on the internet and in some open markets such as the local smoke 

shops and gas stations under the street name “Spice” and “K2”; these two names have persisted 

as the generic term for all synthetic cannabis products [38]. After two years, in November 2008, 

the first appearance of “spice” in the United States was officially reported and analyzed in 

government forensic laboratories by U.S. Customs and Border Protection [32]. 
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      The cannabicyclohexanol, C8 homolog of the non-classical cannabinoid CP-47,497(CP-

47,497-C8), and a cannabimimetic aminoalkylindole, 1-penthyl-3-(1-napthoyl) indole (JWH-

018) were identified as the main active ingredient of spice by Uchiyama et al. 2009 (Figure 2) 

[49]. Since then, synthetic cannabinoids have gained popularity in the United States and Europe 

marketed as “legal alternatives to cannabis” or “legal highs”. Numerous public health authorities 

and poison control centers in some countries have reported serious and dangerous side effects 

associated with the use of these compounds such as hypertension, agitation, hallucinations, 

recurring seizures and overdose deaths. Because these substances pose a threat to the public 

health and safety, many governments have focused on preventing the abuse of these compounds. 

At the beginning of 2009, legislation in several European countries subjected the synthetic 

cannabinoid compounds found in the spice products to the Narcotics Law and banned the selling 

of these compounds on the internet and open stores [1].  

     In the United States, the US Drug Enforcement Agency (DEA) used its temporary scheduling 

authority to place five of the most popular synthetic cannabinoids as the primary psychoactive 

components of spice on its Schedule I of CSA in March 1, 2011 and 10 states banned these five 

drugs: Alabama, Georgia, Illinois, Kansas, Kentucky, Louisiana, Michigan, Mississippi, 

Missouri and Tennessee. These five banned compounds are 1-pentyl-3-(1-naphthoyl)indole 

(JWH-018), 1-butyl-3-(1-naphthoyl) indole (JWH-073),  1-[2-(4-morpholinyl)ethyl]-3-(1-

naphthoyl)indole (JWH-200), 5-(1,1-dimethylheptyl)-2-[(1R,3S)-3-hydroxycyclohexyl]-phenol 

(CP-47,497) and 5-(1,1-dimethyloctyl)-2-[(1R,3S)-3-hydroxycyclohexyl]-

phenol(cannabicyclohexanol), CP- 47,497 /C8 homologue. Figure 3 shows the chemical 

structures of these compounds.  
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     One year later, these five drugs as the first generation of synthetic cannabinoids was 

permanently placed in Schedule I as controlled substance by the United States Congress in June 

2012. That means consumption and selling of these compounds or any products containing these 

substances are considered illegal in the United States [43,35]. Once the permanent ban was in 

place, first-generation synthetic cannabinoids were replaced by new compounds in the same 

class with similar structure. Thus, clandestine chemists were able to synthesize different analogs 

and derivatives over a very short period of time. Furthermore, the brand name of these new 

compounds was changed which makes these products difficult to identify and study. Therefore, 

the Controlled Substance Analog Act decided to place all cannabimimetic agents as Schedule I 

drugs in May 2012. 

    These new generations of restricted drugs often take a long time to be detected and regulated. 

Therefore, detection of new designer drugs remains an analytical challenge of many 

governments because the manufacturing of different analogs or isomers of banned compounds 

has been increasing with time. [9]. Recently, 51 synthetic cannabinoid compounds were 

identified and named in the Controlled Substances Analogue Act (CSA) compared to only five 

identified in 2009.  However, there are over 200 synthetic cannabinoid compounds sold on the 

street under different brand names and ingredients while only 51 of them are currently listed in 

the U.S. as federal Class I drugs [32].  
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Figure 3: The chemical structure of five synthetic cannabinoid drugs permanently placed in 

Schedule I of CSA by the Congress in 2012.   
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1.3. General pharmacology: 

           1.3.1 Pharmacodynamics: 

   The psychoactive component of natural marijuana and synthetic cannabinoid compounds 

activate two known subtypes of G-protein coupled receptors (GPCRs), CB1 and CB2. Most of 

the synthetic cannabinoid substances act as full agonists at the CB1 and CB2 with varying 

receptor potency, affinity and selectivity whereas the main psychoactive component of natural 

marijuana (THC) acts as a partial agonist at both CB receptors (CB1 and CB2) [7]. Many of the 

synthetic cannabinoids are more potent as agonists than THC at the CB1 receptor. For example, 

the indole JWH-018 has affinity for the cannabinoid brain (CB1) receptor five times greater than 

that of THC. However, there are very little data about the pharmacological action of these 

synthetic cannabinoids substances and few human studies have been published concerning their 

action in the human body. 

    The CB1 receptors are central receptors located mainly in the brain and are responsible for the 

psychoactive effect similar to THC and play a significant role in the modulation of GABA and 

glutamate neurotransmission [17]. The psychoactivity of CB1 is characterized by acute euphoria, 

relaxation, sensory and perceptual distortions and disruption of motor coordination, as well as 

appetite stimulation and analgesia [28]. The CB2 receptors are peripheral receptors located 

mainly on immune cells and act to modulate immunosuppression by inducing apoptosis 

inhibition of proliferation, and suppression of cytokine and chemokine production [37].  

      

 



    

10 
 

       Biologically, the activation of CB1and CB2 cannabinoid receptors results in the modulation 

of multiple intracellular signal transduction pathways resulting in neuronal hyperpolarization and 

a decrease in neurotransmitter release. This activation includes inhibition of cyclic adenosine 

monophosphate (c AMP) production, modulation of ion channels, and promotion of mitogen-

activated protein kinase (MAPK) activation [19, 48]. Therefore any ligand, such as the synthetic 

cannabinoid compounds, able to bind to CB1 and act as an agonist is considered an alternative to 

marijuana. 

 

     1.3.2 Route of administration: 

      Inhalation was reported as the most common route to administer the synthetic cannabinoids 

either by smoking like conventional cannabis or using a vaporizer. These compounds are 

synthesized in oil or a crystalline powder dosage form which is usually mixed directly with 

various herbal plants such as bay bean, blue lotus or red clover which act as a carrier for these 

substances. Synthetic cannabinoids powder dissolved in a chemical solvent and then sprayed 

onto dried plant material is another way to prepare the spice products. These compounds usually 

are smoked using a pipe or rolling in cigarette papers, or dissolved in a chemical solvent such as 

acetone to be vaporized and inhaled using e-cigarettes or hookah pens [31, 42]. However, there 

are few reports on the oral consumption, such as taken with food or prepared as a tea. Other 

types of administration, such as intravenous injection or snorting have not been reported [47]. 
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1.3.3 Toxicology and acute adverse effects: 

      Synthetic cannabinoid compounds provide a similar psychoactive effect to THC such as 

elevated mood, relaxation and altered perception. Synthetic cannabinoids can produce fatalities 

and life threating adverse health effects. According to the Drug Enforcement Agency (DEA) and 

the American Association of Poison Control Centers, fatalities have been reported associated 

with overdose intoxication of “spice” mixture. The overdose death associated with these street 

chemicals reportedly is related to heart attack, suicides, acute psychosis and panic attack [39].  

       In addition, the frequency and severity of synthetic cannabinoids adverse effects are much 

greater than natural marijuana, perhaps because the synthetic cannabinoids act as full agonists at 

the CB receptors [12, 13]. The DEA has also reported patients having severe kidney injury often 

requiring hospitalization and dialysis. Another case of severe toxicity associated with emesis, 

agitation, mydriasis, mild tachycardia and seizure was reported one hour after smoking Spice 

[39]. Furthermore, there are other serious and dangerous adverse effects reported including high 

blood pressure, increase of heart rate, tremors, palpitations, clenched muscles, dizziness, coma, 

unconsciousness, terrible headaches with vomiting and inability to speak [2, 3].  
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1.3.4 Chronic and long Term Effects 

     Unfortunately, there is no information about the chronic and long term toxicity of the spice 

while the acute adverse effects and toxicity of these compounds are reported. Nevertheless, one 

study reported that some of the aminoalkylindole metabolites, naphthylindole compounds in 

particular, may have carcinogenic potential [25]. The chronic effects associated with the use of 

spice products have been reported to be similar to cannabis use [9, 54].  The cardiovascular 

problems and psychological disorders associated with prolonged use of marijuana, and typically 

with spice, are dependent on the age of users and frequency of use [29]. A number of behavioral 

and psychological studies indicate that prolonged use of the synthetic cannabinoid compounds 

may increase the risk of psychosis symptoms. These symptoms are similar to those reported in 

prolonged use of marijuana, for example, increased risk of developing schizophrenia with 

adolescent use, impairments in memory and cognition, auditory and visual hallucinations, 

paranoid delusions, anxiety, violent behavior and stupor and suicidal ideation.  

 

1.3.5 Addictive potential and withdrawal syndrome:  

    Some studies have reported dependence and withdrawal syndrome associated with chronic use 

of spice because patients appear to develop tolerance very quickly. In comparing with marijuana, 

a number of synthetic cannabinoid substances have a higher dependence and withdrawal 

syndrome such as irritability, insomnia, decreased appetite, anxiety and drug craving [21]. In a 

case report published by Zimmermann et al. in 2009 from Germany [56], tolerance and 

dependence occurred after chronic and frequent use of spice with rapidly increasing dose to 3 g 

per day. Withdrawal symptoms include inner unrest, drug craving, nocturnal nightmares, profuse 
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sweating, nausea, tremor, and headache. Synthetic cannabinoid addiction is a serious medical 

condition that requires treatment by chemical dependency specialists. 

1.4 Metabolism and elimination: 

     There are few metabolic studies of synthetic cannabinoid compounds in the published 

literature to date. All of the published research articles on cannabinoid metabolism was 

performed based on human liver microsomes or biological samples of drug users, in vitro and in 

vivo studies [11, 41, and 55]. Altogether, in vivo and in vitro studies have generally showed 

consistent results [11, 55]. The aminoalkylindoles compounds are metabolized smoothly by 

various hepatic enzymes of CYP450 family, mainly by CYP2C9 and CYP1A2.  

   One of the first in vivo studies of human urinary metabolites of mixtures containing JWH-018, 

CP-47, 497C-8 homologs was reported by Sobolevsky et al. (2010) [41]. The investigators found 

that there are three metabolic target sites in parent drug: aryl or napthyl substituents (I) the indole 

ring (II) the alkyl side chains (III) and no unchanged drug was detected. These compounds 

undergo multiple metabolic pathways which included mainly N-dealkylation, multiple 

hydroxylation, (mono-, di- and tri- hydroxylation) a combination of hydroxylation and 

dealkylation and oxidation of the terminally hydroxylated N‐alkyl moiety to a carboxylic acid. 

Monohydroxylated compounds are the main metabolites for the aminoalkylindoles. In addition, 

all of the metabolites are mainly excreted in the urine by conjugation with glucuronic acid via 

uridine diphosphate-glucuronosyltransferase (UDP-UGT). Other elimination pathways, such as 

feces, sweat, oral fluid, and hair, have also been reported [10]. 
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    A later study was reported that omega-minus one (ω-1) monohydroxylation at the alkyl side 

chain is the main metabolite of JWH-018 and JWH-073 which was easily detected in human 

urine. This analysis was performed using LC-MS/MS and LC-TOF [26]. The structure of these 

primary metabolites are shown in Figure 4.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

Figure 4: Structures of JWH-018 and JWH-073 and their major metabolites [8]. 
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1.5 General analytical methods used on synthetic cannabinoid substances:  

     Since the emergence of synthetic cannabinoids, various analytical studies have been 

published to detect and identify these compounds in forensic products and their metabolites in 

biological samples. Different analytical methods have been reported in the chemistry and 

toxicology literature and gave successful results for identification and differentiation of synthetic 

cannabinoids from each other. The main analytical methods discussed in review articles of 

synthetic cannabinoids were performed by GC-MS and LC-MS/MS. Hudson et al. in 2011 [20] 

reported that EI-GC-MS was the preferred analytical technique because it provides extensive 

detail in fragmentation patterns that helps for initial identification of unknown compounds and 

structure elucidation. However, consecutive confirmation can be provided by using LC-MS/MS. 

In addition to the separation and fragmentation technique, the LC/GC-TOF provides the accurate 

mass determination for parent molecules as well as fragments that play an important role in 

facilitating structure elucidation and molecular formula determination. In addition, several 

articles described other methods used only to provide additional confirmation and structural 

elucidation by using GC-IR, NMR, and CI-MS [26, 49, 50]. 

    The mass spectrum (MS) technique often provides a high-quality analysis and specific 

“fingerprint” for an individual compound. However, most of the cannabinoid compounds are 

isomers and analogs and yield similar MS information. Therefore, there is a limitation of the MS 

technique to differentiate between the cannabinoid analogs and isomers. The alternative 

analytical method to distinguish these analogs and isomers is to separate them 

chromatographically or use other analytical techniques for those isomers overlapping or co-

eluting in the chromatography system such as the GC-IRD and IR.  
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1.5.1. Gas chromatography-mass spectrometry (GC-MS):  

    In forensic science, gas chromatography (GC-MS) is often called the “gold standard” 

analytical methods for detection and identification of unknown compounds due to its simplicity, 

sensitivity and effectiveness. Electron ionization (EI) is the preferred ionization method because 

it provides distinguishing detail in fragmentation patterns. The EI-GC was one of the different 

analysis techniques that Uchiyama et al. (2009) used to identify the JWH-018 and CP-47,497-C8 

as the main components of spice in Japan [49]. In a late study of the same group, Uchiyama et al. 

(2010) identified new synthetic cannabinoid compounds, JWH-073 and CP-47,497, found in a 

new generation of spice products using EI-GC-MS [50]. The structures of these compounds are 

shown in Figure 2 and the major GC-MS fragment ions of these synthetic cannabinoids are 

shown in Table 1.  

 

Table 1: The major GC-MS fragment ions for the synthetic cannabinoid identified by Uchiyama 

[49, 50]. 

Compound Major GC-MS ions (m/z) 

JWH-018 341M+, 324, 284, 214. 

JWH-073 327M+, 310, 284, 200. 

CP-47,497 318M+, 300, 233, 215. 

CP-47,497-C8 332M+, 314, 233, 215. 
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      In some published studies, the EI-GC has successfully differentiated a series of 

aminoalkylindole isomers. These isomers usually have identical molecular formulae, nominal 

mass and yield almost the same fragment ions in their EI mass spectra. The sensitivity of EI-GC 

mass spectra to differentiate between aminoalkylindole isomers was studied in five possible 

regioisomers of JWH-018 by Clark et al, 2015 [45]. The naphthoyl group of these sets of 

compounds is attached at each of the 6 possible ring substituent positions of the indole ring 2-, 3-

, 4-, 5-, 6- and 7-naphthoyl-1-n-pentylindole. These compounds have almost an identical mass 

spectral with a difference between them in their relative abundance and some major fragment 

ions. In this study, the EI- mass spectra of JWH-018 showed a higher relative abundance of both 

the m/z 144 ion and the m/z 324 ion compared with the other five regioisomers mass spectra [45].  

The difference among these compounds and their other 6 analogs will be discussed in detail in 

chapter 4. In a separate article, Clark et al. (2015) reported that EI mass spectra perfectly 

differentiates between JWH-018 and its specific inverse-isomer, 1 naphthoyl-3-n-pentylindole. 

The mass spectrum of the inverse isomer shows only two fragment ions at m/z 155 and m/a 127 

[46]. The difference among these two compounds and their analogs will be discussed in detail in 

chapter 2. In addition, analysis studies of identifying JWH-018 and JWH-073 metabolites in 

human blood and urine using GC-MS were reported by Stoykova S. et al in 2014 [40]. 
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1.5.2 Liquid chromatography–tandem mass spectrometry (LC–MS/MS) and high-

resolution liquid chromatography time-of-flight mass spectrometry (LC-TOF-MS):  

      Liquid chromatography–tandem mass spectrometry (LC-MS/MS) is a powerful technique 

that has a significant role for both qualitative and quantitative analysis of synthetic cannabinoids. 

Many forensic researchers have reported the use of LC-MS/MS for detection of herbal mixtures 

or pure powder. Liquid chromatography coupled to quadrupole time-of-flight (LC-QTOF) was 

used for accurate mass determination of these compounds and aided for molecular formula 

calculations, which is useful information for identifying novel or unknown compounds [20, 24]. 

These two instruments provided detailed information for identification and elucidation of the 

structure of compounds (JWH-018 and other compounds) found in pure bulk powder as reported 

in 2012 by Jankovics et al. 2012 [24]. In addition, LC-MS/MS is considered a basic method for 

detecting these compounds directly in a biological sample. One of the first in vivo studies of 

human urinary metabolites of mixtures containing JWH-018 and a CP-47 and 497C-8 homologs 

was reported by Sobolevsky et al. (2010) [41]. In addition, detection of some synthetic 

cannabinoids and their metabolites in human urine and blood sample using LC-MS/MS has been 

reported [5, 26]. However, these two techniques are not able to differentiate between isomers 

since LC-TOF identifies compounds based on their accurate molecular mass and LC-MS/MS 

provides less fragmentation patterns.  
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1.5.3. Nuclear magnetic resonance (NMR) spectroscopy.  

 

    Several researchers reported the use of NMR spectroscopy in their studies of cannabinoids. In 

forensic laboratories, this technique is utilized for further confirmation of structural elucidation 

of new compounds and synthesis confirmation purposes. Compared with other techniques, NMR 

has an advantage which allows for differentiation of isomers and analogues and the capability to 

analyze nonvolatile compounds. Ernst et al. (2011) reported using NMR to determine the 

structure of a new naphthoylindole compound (JWH-122) that had become popular in Germany 

and sold on the internet under the brand named “Lava Red” after the banning of “Spice” brand 

products [14]. However, NMR is not common in most forensic laboratories facilities due to the 

high cost of this instrumentation, the technical expertise required for analysis and the poor 

sensitivity comparing with other instruments.  
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1.6 Rationale and statement for the Research:  

     Designing new drugs of the synthetic cannabinoid class will continue and it is likely these 

will appear in clandestine drug samples. There are several factors which determine the 

development and growth of a new generation of banned compounds [35] including 

manufacturers' attempts to avoid drug laws and regulation, the demand for producing a high 

potent psychoactive drug and attempts to avoid the detection of these new drugs in traditional 

urine drug testing. 

   The overall goal of this study is to provide a complete analytical profile as well as methods of 

differentiation of isomeric and designer substances of well-known banned compounds in the 

indole class of synthetic cannabinoids that have not yet been found in clandestine samples. This 

complete data is important for rapid identification of these substances in order to include it in a 

database containing the indole class and to prevent misidentification in the future. Perhaps the 

US Controlled Substance Analog Act would include all these isomers in controlled substances.  

   This project will focus on the evaluation and differentiation of fourteen possible regioisomers 

and analogs of JWH-018 and six regioisomers of dimethoxy-benzoyl substituted-1-n-

pentylindole. The previous study has shown the MS differentiation and separation of JWH-018 

and its specific inverse-isomer, 1 naphthoyl-3-n-pentylindole [46]. In this study, these two 

compounds and their analogs with the 2-naphthoyl group instead of the 1-naphthoyl group, will 

be evaluated and differentiated. Another previous study has shown the MS differentiation and 

separation of JWH-018 with a number of compounds having the naphthoyl group attached at 

each of the 5 possible positions in the indole ring, 2-, 4-, 5-, 6- and 7-naphthoyl-1-n-pentylindole 

[45]. In this study, these 6 compounds will be compared and differentiated with their possible 6 

analogs where the 1-naphthoyl is replaced with 2-naphthoyl group. 
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     In addition, the research will provide the complete sets of six possible regioisomeric benzoyl-

ring substituted, 1-n-pentyl-3-dimethoxybenzoyl-indoles. These isomers and analogs compounds 

were synthesized in our lab. The general structure of 20 compounds involved in this study are 

shown in the Figure 5 which represents potential designer modifications of the synthetic 

cannabinoid drugs. This study will: 

1. Provide a complete mass spectral analytical profile for each compound. 

2. Provide a complete chromatographic study to separate/resolve the mixture of the 

interesting regioisomers in different types of stationary phases  

3. Provide complete structural confirmation methods of these compounds by chemical 

CI and LC-TOF. 

 

 

 

 

 

 

 

 



    

22 
 

 

 

 

 

 

 

2-, 3-, 4-, 5-, 6- and 7-(1-naphthoyl)-                                    2-, 3-, 4-, 5-, 6- and 7-(2-naphthoyl)- 

                    1-n-pentylindole.                                                             1-n-pentylindole. 

 

 

  

 

 

 

 

     1-(1-naphthoyl)-3-n-pentylindole                               1-(2-naphthoyl)-3-n-pentylindole 

 

 

  

 

 

 

 

                        Six possible regioisomers of 1-n-pentyl-3-(dimethoxybenzoyl)-indoles 

                

                    Figure 5: The general structures of 20 compounds involved in this study. 
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Chapter 2 

Analytical Studies of 1-n-pentyl-3-(1-naphthoyl) indole (JWH-018), 1-n-pentyl-3-(2-

naphthoyl) indole and the inverse isomer 1-(1-naphthoyl)-3-n-pentylindole and 1-(2-

naphthoyl)-3-n-pentylindole 

2.1 Introduction: 

    Identification of new synthetic isomers that have the structural features similar to controlled 

drugs is a continuous challenge for forensic scientists. One of the more common drugs of abuse 

is JWH-018, 1-n-pentyl-3-(1-naphthoyl) indole. As we have already mentioned, this drug has 

been listed as Schedule I in the Controlled Substances Act (CSA). However, clandestine 

chemists are able to create new regioisomers by small structural designer modifications often 

resulting in a new drug with similar pharmacological action. In this chapter, we will compare 

JWH-018 (compound 1) with three possible regioisomers. One of these regioisomers (compound 

3) differs with the JWH-018 by reverse positions of the alkyl and acyl substituents attached to 

the indole ring, 1-(1-naphthoyl)-3-n-pentylindole. The other two regioisomers have the 2-

naphthoyl group instead of 1-naphthoyl as in JWH-018 and compound 2. Compound 3, 1-(1-

naphthoyl)-3-n-pentylindole, is the inverse regioisomer of JWH-018. Compound 4, 1-(2-

naphthoyl)-3-n-pentylindole, is the inverse regioisomer of compound 2. Because of this 

structural similarity, it is easy to misidentify of JWH-018 with its other potential isomers. The 

structures of four compounds in this section are shown in Figure 6. 
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Figure 6: The structures of four compounds in this study, 1= 1-n-pentyl-3-(1-naphthoyl) indole 

(JWH-018), 2= 2-n-pentyl-3-(1-naphthoyl) indole, 3= 1-(1-naphthoyl)-3-n-pentylindole, 4= 1-(2-

naphthoyl)-3-n-pentylindole. 
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   The mass spectra of 1-n-pentyl-3-(1-naphthoyl) indole (JWH-018) and its specific inverse 

isomer 1 naphthoyl-3-n-pentylindole (compound 3) were reported by Clark et al. in 2015 [46]. 

The authors suggested structures for a number of the major fragment ions of these compounds as 

shown in Table 4 in section 2.2.2.1. Another previous study reported the EI-MS of the six  

regioisomers 2, 3, 4, 5, 6 and 7-(1-naphthoyl)-1-n-pentylindole as shown in Figure 7 [45]. 

 

 

 

 

 

 

 

 

              Figure 7: Structure of 2, 3, 4, 5, 6 and 7-(1-naphthoyl)-1-n-pentylindole.    
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2.2 Differentiation of JWH-018, 1-n-pentyl-3-(2-naphthoyl) indole and their inverse 

isomers:  

     In this chapter, we will discuss different kinds of analytical methods for the structural 

differentiation between these four regioisomers. Additionally, we will make a comparison 

between 1-n-pentyl-3-(1-and 2-naphthoyl) indole and their inverse isomers 1-(1-and 2-

naphthoyl)-3-n-pentylindole spectra, as well as the separation of the mixture of these four 

compounds by different chromatographic methods.  

2.2.1 Chromatography separation:  

    The separation of JWH-018 and its regioisomeric equivalents is challenging due to similarities 

in their structures. Chromatography is an important tool in forensic drug laboratories for 

separation and identification of forensic drugs. Gas chromatography (GC) coupled with mass 

spectrometry (MS) detector and high-performance liquid chromatography (HPLC) with UV/VIS 

were employed in this study to evaluate procedures for separation of the synthetic cannabinoid 

JWH-018 and its regioisomers (compounds 1- 4).  

    2.2.1.1 GC separation: 

   Several stationary phases and different temperature programs were evaluated in an effort to 

improve the separation of these four regioisomeric compounds. Four types of stationary phases 

were used in this study (Rtx®-5, Rxi®-35Sil, Rxi®-17 and Rtx®-200) and the retention 

properties of these four compounds were compared on these columns. The GC separation of 

these regioisomers is shown in Figure 8. The four regioisomers were chromatographed 

individually by a temperature program named TP1 first to record their retention times. Table 2 

shows the observed retention times of these four isomers 
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Figure 8: GC separation of the four regioisomers using column Rtx®-5 (panel A), Rxi®-17 

(panel B), Rtx®-200 (panel C) and Rxi®-35Sil (panel D). 
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Table 2: Retention time (min.) of compounds 1-4, using temperature program TP1 and TP2. 

Column Used Temperature 

programs* 

Compound Number 

   3                    4                  1                 2                      

Rtx®-5 

Rxi®-17Sil 

Rtx®-200 

Rxi®-35Sil 

 

TP1 

TP1 

TP1 

TP2 

10.379          10.950         11.439        12.104 

15.053         16.254           18.468       19.955 

11.043         11.824           13.275       14.354 

30.493         34.538           40.711       45.531 

 

 

Rt (min). 

 

*details of the programs are in the experimental section 

   

    All these stationary phases showed the same elution order with differences among them in the 

retention time. The elution order appears related to the position of two substituted groups (1- and 

2-naphthoyl- and pentyl-group). The amide isomers (the inverse isomer of compound JWH-018 

and compound 2) are the least retained and elute first on all the capillary columns used in this 

study, however, the compound with the 1-naphthoyl group eluted before the compound with the 

2-naphthoyl substituted groups. According to results in Figure 8, compound 3 with the 1-

naphthoyl group elutes first then compound 4 with the 2-naphthoyl group. These two early 

eluting compounds have the common substituted position, 1-naphthoyl-3-n-pentylindole. 

Compound 1 with (1-naphthoyl) then compound 2 with (2-naphthoyl) are the next eluted 

compounds, and each of these compounds has a naphthoyl group in position 3 in the indole ring.     
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     Column one was a 30m x 0.25mm-i.d coated with 0.5 μm 5% diphenyl and 95% dimethyl 

polysiloxane (Rtx®-5). The separation was performed using a temperature program consisting of 

an initial temperature hold at 80 °C for 1.0 min, ramped up to 300 °C at a rate of 30 °C/min, held 

at 300 °C for 0.5 min then ramped to 340 °C at a rate of 5.0 °C/min and held at 340 °C for 5.0 

min with a total runtime of 21 min. (TP1). The four regioisomers are completely resolved with 

full baseline resolution on this stationary phase. However, the last two peaks showed slightly 

tailing but this tailing does not affect the quality of the separation as shown in Figure 8 panel A. 

 

     Column two was a 30m x 0.25mm-i.d, capillary coated with 0.5 μm film of 50% phenyl and 

50% dimethyl polysiloxane (Rxi®-17Sil MS). Column three was a 30m x 0.25mm-i.d, capillary 

coated with 0.5 μm film of 100% trifluoropropyl methyl polysiloxane (Rtx®-200). The 

separation on these two columns was performed using the same temperature program as column 

one (TP1). Although the last two peaks showed some degree of tailing on the second column, the 

individual components of this mixture were well separated from each other. This tailing did not 

significantly influence the quality of separation as shown in Figure 8 panel B. However, the third 

column shows that the four regioisomers are completely resolved with symmetric peaks in this 

column with an observed slight upward shift of the baseline as shown in Figure 8 panel C. 
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   Column four was a 30m x 0.25mm-i.d, capillary coating with 0.5 μm film of of 35% phenyl, 

65% dimethyl polysiloxane (Rxi®-35Sil MS). The separation was performed using a 

temperature program consisting of an initial temperature hold at 80 °C for 1.0 min, ramped up to 

300 °C at a rate of 15 °C/min, held at 300 °C for 0.5 min then ramped to 340 °C at a rate of 1.0 

°C/min and held at 340 °C for 5.0 min with a total runtime of 61.0 min. (TP2). On this column, 

the run time was increased to allow for the complete elution of sample components. It takes more 

than forty minutes to get a complete separation with slow upward baseline shift as show in 

Figure 8 panel D. Otherwise, the separation was excellent with symmetric peak shape and 

complete baseline separation. 

 

     According to the data in Table 2, the temperature program was the same in the first three 

columns. The retention time of these compounds significantly differs according to differences in 

column polarity. The regioisomeric compounds are found to be less retained in nonpolar columns 

Rtx®-5 compared to the more polar column Rtx®-200 and Rxi®-17sil. On the other hand, a 

different temperature program was used in column Rxi®-35sil to prolong the runtime in order to 

get a complete separation.   
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2.2.1.2 LC separation: 

    High performance liquid chromatography coupled with UV/VIS is a less selective technique 

used to provide additional confirmation of identify and separate the target compounds. The 

HPLC-UV system consisted of an Agilent 1200 series (Agilent Technologies, Santa Clara, CA, 

USA). The instrument is composed of a binary pump, vacuum degasser and UV/VIS multiple 

wavelength detector and connected to a computer loaded with the Agilent ChemStation 

Software. The HPLC separation of JWH-018 and its regioisomers are shown in Fig 9. 

      The excellent separation was obtained by using the reversed phase column allure PFP Propyl 

(4.6x150 mm, 5µ particle size) purchased from Restek Corporation (Bellefonte PA, USA). 

HPLC separation was performed using an isocratic elution [65% acetonitrile: 35% water] over 

twenty minutes. The best flow rate was at 1 mL/min. All studied compounds exhibited 

considerable UV absorption over the range 200-340, where 254 nm was found suitable for 

recording their chromatogram. In addition, the eluents were monitored by UV detector from 190 

to 400 nm. This chromatographic conditions showed symmetric peaks. Unlike the GC 

separation, 1-alkyl-3-acylindoles isomers eluted before the inverse regioisomers 1-naphthoyl-3-

n-pentylindole. The elution order is based on the relative lipophilicity of these compounds, thus 

retention time increases with compounds have the naphthoyl group on the nitrogen. JWH-018 

eluted first, followed by 1-n-pentyl-3-(2-naphthoyl)-indole then 3-n-pentyl-1-(1-

naphthoyl)indole eluted third, followed 3-n-pentyl-1-(2-naphthoyl)indole as shown in Table 3.  
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Figure 9: HPLC-UV separation of four isomers mixture by using allure PFP Propyl column, 

where peak 1 = JWH-018, peak 2 =1-n-pentyl-3-(1-naphthoyl) indole, peak 3 = 3-n-pentyl-1-(1-

naphthoyl) indole and peak 4= 3-n-pentyl-1-(2-naphthoyl) indole 

Table 3: Reversed phased LC separation of JWH-018 and the three possible regioisomers. 

Compound Rt (min). 

JWH-018 9.153 

1-n-pentyl-3-(1-naphthoyl) indole 11.050 

3-n-pentyl-1-(1-naphthoyl) indole 16.387 

3-n-pentyl-1-(2-naphthoyl) indole 20.465 
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2.2.2 Mass Spectral Studies: 

  2.2.2.1 Electron impact ionization-mass spectrometry (EI-MS): 

   Mass spectrometry is the primary method for confirming the identity of drugs in forensic 

samples. EI-MS yields significant fragmentation patterns that provide structural information to 

help identify and differentiate these compounds. Figure 10 shows the EI mass spectra of the four 

regioisomeric compounds (panels A, B, C and D). The EI mass spectral results clearly show a 

number of unique ions which allow for differentiation of 1-pentyl-3-(1-and 2- naphthoyl) indoles 

from the inverse isomers 1-(1-and 2- naphthoyl) - 3-pentylindoles. The structures of the major 

fragment ions in the spectrum for four compounds are shown in Table 4. 

 

    The EI mass spectra of 1-n-pentyl-3-(1-naphthoyl) indole (JWH-018) and its specific inverse 

isomer 1 naphthoyl-3-n-pentylindole was reported by Clark et al. in 2015 [45]. There are unique 

features in the mass spectra that can be used to easily differentiate1-alkyl-3-acylindoles from 1-

acyl-3-alkylindoles based on the fragment ions. However, the two inverse amide regioisomers, 1-

(1-and 2-naphthoyl)-3-n-pentylindoles, yield similar fragment ions in their EI mass spectra with 

similarity in their relative abundance. Thus, unfortunately, the mass spectra alone do not provide 

specific confirmation of identity or differentiate these two isomers. On the other hand, the two 

regioisomers of 3-(naphthoyl)-1-n-pentylindole yield very similar fragment ions in their mass 

spectra with only the 3-(1-naphthoyl)-1-n-pentylindole, JWH-018, showing one unique major 

fragment ion at m/z 324 [M-17]+.  

 

 

 



    

35 
 

A) 

 

 

 

 

 

 

 

 

 

 

 

 

B) 

 

 

 

 

 

 

 

 

 

 

 

  

 

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320

0

100000

200000

300000

400000

500000

600000

700000

800000

900000

m/ z-->

Abundanc e

Sc an 1748 (13.275 min): 151012-93.D \ data.ms

341.2

284.1214.1

127.0

155.0

254.1
43.1

77.0 101.0 186.1 312.2

N

O

(1)

4 0 6 0 8 0 1 0 0 1 2 0 1 4 0 1 6 0 1 8 0 2 0 0 2 2 0 2 4 0 2 6 0 2 8 0 3 0 0 3 2 0 3 4 0

0

1 0 0 0 0 0

2 0 0 0 0 0

3 0 0 0 0 0

4 0 0 0 0 0

5 0 0 0 0 0

6 0 0 0 0 0

7 0 0 0 0 0

8 0 0 0 0 0

9 0 0 0 0 0

1 0 0 0 0 0 0

m / z-->

A b u n d a n c e

S c a n  1 9 3 3  (1 4 .3 5 4  m in ): 1 5 1 0 1 2 -9 3 .D \ d a ta .m s

3 4 1 .2

2 1 4 .1

2 8 4 .1

1 2 7 .0
1 5 5 .0

1 8 6 .1
4 3 .1 2 4 1 .17 7 .0 1 0 2 .0 3 1 2 .2

N

O

(2)



    

36 
 

C) 

 

 

 

 

 

 

 

 

 

 

 

 

D) 

 

 

 

 

 

 

 

 

 

 

Figure 10: EI- Mass spectra of the model compound of 1-n-pentyl-3-(1-and 2-naphthoyl) indole 

panel (A and B), 1-(1-and 2-naphthoyl) 3-n-pentylindole panel (C and D) respectively. 
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Table 4: structures for the major fragment ions in the EI-MS in Figure 10 by Clark et al. [3]  
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      A number of studies have reported the EI mass spectra for 1-alkyl-3-acylindoles, JWH-018, 

and some reports have suggested structures for a number of the major fragment ions as shown in 

the Table 4 [45, 49, 50]. A direct comparison between 3-(1-naphthoyl)-1-n-pentylindole and 3-

(2-naphthoyl)-1-n-pentylindole isomers spectra (panel A and B in Figure 10) revealed a unique 

fragment ion in the JWH-018 compound at m/z 324 [M-17]+.  

    Previous stable isotope studies using the regionally deuterated analog 3-(1-(D7) naphthoyl)-1-

pentylindole [46] have reported that this ion primarily formed as a result of loss of a hydroxyl 

radical (•OH), the carbonyl oxygen and one hydrogen atom comes from the 8-position of 

naphthalene ring of the molecular radical ion M+•. The OH loss represents a hydrogen migration 

to the carbonyl oxygen followed by elimination of the OH radical to yield the m/z 324 fragment 

cation. However, this [M–17]+ ion is characteristic not only for JWH-018 but in many indole 

derivatives substituted at the 3-position with the 1-naphthoyl group such as JWH-122, JWH-210, 

and  AM-2201.  

    In 2-naphthoyl compound, because the thru-space proximity of the hydrogen at naphthalene in 

the 1-naphthoyl substituted indoles allows for migration but this distance appears to be too great 

for efficient hydrogen transfer in the 2-naphthoyl indoles. The fragment ion at m/z 324 for JWH-

018 indicated that it can be easily differentiated by EI-MS from the 2-naphthoyl isomers and 

other acyl substituted in the 3-position such as the benzoylindole series. 

     However, both isomers showed the base peak occurring at m/z 341, molecular ion peak. The 

major high-mass fragments in these two isomers were observed at m/z 284 [M-57]+ and 270 [M-

71]+ with the loss of a butyl radical [C4H9
•] and a pentyl radical [C5H11

•] from the molecular 

radical ion M+•. These ions occur by alpha-cleavage initiated on the indole nitrogen radical site.  
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     Other major fragment ions occurring at m/z 214, 186 and 144 and have been observed in a 

number of 1-pentyl-3-acylindoles and these fragment ions do not contain the substituted 

naphthoyl portion. The ions at m/z 214 and m/z 186 represent cleavage of either of the bonds to 

the carbonyl carbon with the charge remaining on the indole portion of the molecule. The m/z 

214 ion represents the loss of the naphthyl group and the m/z 186 represents the loss of the 

naphthoyl radical.  

       However, the m/z 144 ion is the product of a hydrogen rearrangement from the m/z 214 

cation with the elimination of the entire nitrogen substituted alkyl side chain [C5H10]. Thus, the 

m/z 144 is formed by the loss of 70 Da from the ion at m/z 214 and does not occur directly from 

the molecular ion. Labeling studies have confirmed these proposed structures and suggested a 

mechanism of these fragment ions by using deuterium isotope labeling of the naphthalene ring, 

indole ring and n-pentylindole groups of JWH-018 [46]. In addition, the ion trap mass 

spectrometry was used for the m/z 214 fragment in the JWH-018 isomer (compound 1) to 

confirm that the m/z 144 ion is a decomposition product of m/z 214 ion and does not occur 

directly from the molecular ion. The MS/MS spectrum of the m/z 214 fragment gave m/z 144 ion 

as the major peak and the only ion of significance in this MS/MS experiment as shown in Figure 

11. 
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      Figure 11: MS/MS spectrum of the m/z 214 fragment ion for JWH-018 (operated in MS/MS 

mode). 

 

       All these four regioisomeric compounds have in common two fragment ions at m/z 155 and 

m/z 127 which confirms the presence of an acyl group attached to the indole ring. However, the 

mass spectra of amide isomers (compound 3 and 4) show only these two fragments (m/z 155 and 

m/z 127) with the same relative abundance. Both ions result from cleavage of the amide bond 

attached to the indole ring with the base peak occurring at m/z 155. The base peak at m/z 155 is 

the naphthoyl cation [C10H7NO]+, and the m/z 127 is the naphthalene cation [C10H7]
+. Therefore, 

the 1-(1 and 2)-naphthoyl-3-n-pentylindole inverse regioisomers can be easily differentiated 

from the model compound, JWH-018, and other traditional synthetic cannabinoid compounds. 

However, the mass spectra cannot easily differentiate amide isomers from each other. 
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2.2.2.2 Chemical ionization (CI)-mass spectrometry: 

    Chemical ionization (CI) is a soft ionization technique in GC-MS. The main benefit of this 

technique is to provide a simpler mass spectrum that easily confirms the molecular weight of 

these compounds. Methanol was used as the CI gas reagent in this study. This reagent gas will 

interact with ionizing electrons and produce reagent ions, then the ionized methanol collides 

directly with the compound molecule and proton transfer occurs to generate ionized molecular 

[M+H]+ and produce one protonated molecular fragment ion. The protonated molecular ion of all 

these compounds show the expected ion in mass spectrum at m/z 342. The CI –MS spectrum of 

JWH-018, as an example of chemical ionization of this set of compounds is shown in Figure 12. 

This technique does not provide any additional data for discrimination among these four 

regioisomeric compounds which have the same elemental composition and only confirms the 

molecular weight of the compound.  

 

 

 

 

 

 

 

 

 

 

 

            Figure 12: CI Mass spectrum of the model compound JWH-018. 
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2.2.2.3 LC-MS/MS mass spectral studies: 

    Liquid chromatography–tandem mass spectrometry (LC–MS/MS) is a sensitive and specific 

technique and used in this study to give additional information to confirm the identity and 

discriminate JWH-018 from its regioisomers. The MS/MS investigates the ions of interest by 

collision-induced dissociation (CID) mass spectra of molecular ion colliding with a collision 

nitrogen gas by a different energy. The experiment was employed in positive ion mode by 

electrospray ionization (ESI+) and detection mode by multiple reaction monitoring (MRM). The 

LC-MS/MS analysis in this study was performed using an Agilent 1290 HPLC and reversed 

phase Zorbax Eclipse Plus C18 column (2.5 x 50 mm, 1.8 μm) with isocratic elution. Isocratic 

elution was performed using 0.1% formic acid in water (solvent A) and acetonitrile (solvent B) 

(35%:65%) at a flow rate of 0.5 mL/min. In general, the product fragment ions at m/z 155 and 

127 are expected for acylalkylindole derivatives. 

  All these four compounds gave [M+H]+ at 342 as a precursor ion and show major fragment ions 

at m/z 155 and m/z 127 called product ions. All these regioisomers show the major product ion at 

m/z 155 in 25 eV and at m/z 127 in 35 eV. These product ions reflect the chemical structures of 

the naphthoyl group resulting from cleavage of the acyl group attached to the indole ring. On the 

other hand, the LC–MS/MS mass spectra of 1-n-pentyl-3-naphthoylindole isomers have shown 

minor fragment ions at m/z 43, 116, 214 and 144. The m/z 214 ion represents the loss of the 

naphthyl group and the m/z 144 ion is a hydrogen rearrangement product of the m/z 214 ion 

resulting from the loss of pentene (C5H10) and does not come directly from the molecular radical 

ion. The structure and mechanism of these ions are described in the previous section. However, 

the isomer containing 1-naphthoyl substituted group attached to the indole ring could not be 

differentiated from the isomer containing the 2-naphthoyl group by LC-MS/MS mass spectra. In 
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conclusion, this technique did not provide any discrimination among these compounds since the 

main fragment ions are identical in these regioisomers. 
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C) 

 

 

D) 

 

 

Figure 13: Electrospray ionization (ESI+) MS/MS spectra (positive mode) of 1-n-pentyl-3-(1-

and 2-naphthoyl) indole panel (A and B), 1-(1-and 2-naphthoyl)3-n-pentylindole panel (C and 

D), respectively. 
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2.2.3 LC-TOF studies for exact mass determination: 

     LC-TOF provides accurate mass information (four decimal places) for these compounds to 

enable calculation of molecular formula. The accurate-mass information is essential for the 

structural elucidation which provides excellent information for identifying unknown compounds 

and for confirming the presence of a specific compound. The accurate-mass measurements of 

these compounds was achieved using an Agilent 6520 with TOF mass analyzer, and the 

protonated molecular ion information [M+H] from ESI+. This instrument allows determination of 

the m/z of ionic formula based on the mass sufficiency of the constituent atoms within the 

acceptable error limits ±5 ppm and the isotope abundance scores were above 95% for all ion 

compounds. The LC-TOF accurate mass results are shown in Table 5. These results are 

compatible with molecular formula C24H23NO and supported the results of LC–MS/MS and GC–

MS results. The four regioisomeric compounds have the same molecular formula of C24H23NO, 

nominal mass of 341, and the calculated measured mass of 341.1780. In conclusion, LC-TOF-

MS confirms the elemental composition of these four regioisomers within acceptable 

experimental error. 
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  Table 5: Results of the accurate mass measurement by LC–TOF–MS of compounds 1-4. 

Compound No. Generated 

formula 

Absolute difference 

(ppm) 

abundance 

score  

Exact 

mass 

Accurate 

mass 

1 C24H23NO 0 100 341.1780 341.1780 

2 C24H23NO -0.23 99.87 341.1780 341.1779 

3 C24H23NO -0.23 99.87 341.1780 341.1779 

4 C24H23NO -0.23 99.87 341.1780 341.1779 
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2.3 Conclusion: 

    JWH-018 and its possible regioisomeric involved in this study have the same molecular 

formula and nominal mass but are different in their structures. 1-n-pentyl-3-naphthoylindoles can 

be easily differentiated by EI mass spectra from 1-naphthoyl-3-n-pentylindoles. 1-n-pentyl-3-(1-

and 2-naphthoyl)indoles yield very similar fragment ions in their EI-GC-MS and ESI-LC-

MS/MS mass spectra with only the JWH-018 showing one unique major fragment ion [M-17]+ at 

m/z 324 by EI-GC-MS and this ion is essentially absent in the spectrum of the 2-naphthoyl 

isomer. On the other hand, 1-(1-and 2-naphthoyl)-3-n-pentyl indoles yield only two fragment 

ions at m/z 155 and 127 with the same relative abundance in their EI-MS and ESI-LC-MS/MS. 

Thus, the mass spectral studies do not provide any additional information for discrimination 

between these two regioisomers. LC-TOF-MS and CI-MS provide an additional means of 

molecular formula confirmation. The four regioisomers were successfully resolved on the 

different GC and LC stationary phase involved in this study and temperature programming 

conditions. 
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Chapter 3 

Analytical Studies of six regioisomeric 3-dimethoxybenzoyl-1-pentylindoles 

3.1 Introduction: 

     The six regioisomeric 1-n-pentyl-3-(dimethoxybenzoyl)-indoles represent potential designer 

modifications in the synthetic cannabinoid drug category. These novel synthetic cannabinoid 

compounds contain two rings, a benzoyl ring and a substituted indole ring. The benzoyl ring 

possesses dimethoxy groups substituted in all possible positions on the aromatic ring. The six 

compounds have the same elemental composition C22H25NO3and the same substituents attached 

to the indole ring. This chapter compares the analytical properties of the six regioisomeric 1-n-

pentyl-3-dimethoxybenzoylindoles and describes different methods for separation and 

differentiation among these compounds. The structures of six compounds evaluated in this 

section are shown in Figure 14.  
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     Figure 14: Structures of the six regioisomeric 3-(dimethoxybenzoyl)-1-n-pentylindoles in this 

study, 1= (2,3 dimethoxybenzoyl), 2= (2,4 dimethoxybenzoyl), 3= (2,5 dimethoxybenzoyl),       

4= (2,6 dimethoxybenzoyl), 5= (3,4 dimethoxybenzoyl) and 6= (3,5 dimethoxybenzoyl). 
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3.2 Differentiation of six 1-n-pentyl-3- (dimethoxybenzoyl)-indole isomers: 

3.2.1 Gas Chromatography Separation: 

    The separation of the 1-n-pentyl-3-(dimethoxybenzoyl)-indole isomers is challenging due to 

the similarities in their structures. Chromatography is considered the method of choice in 

forensic drug laboratories for separation and identification of forensic drugs. Gas 

chromatography (GC) coupled with mass spectrometry (MS) was used in this study to provide a 

procedure for separation of these six regioisomers. GC separation of the six 1-n-pentyl-3- 

(dimethoxybenzoyl)-indole isomers using EI-MS detection was carried out using three stationary 

phases (Rtx®-200, Rxi®-35Sil and  Rxi®-17sil).  

    Column one was a 30m x 0.25mm-i.d coated with 0.5 μm midpolarity phase consisting of 50% 

phenyl and 50% dimethyl polysiloxane (Rxi®-17sil). The separation was performed using a 

temperature program consisting of an initial temperature hold at 80 °C for 1.0 min, ramped up to 

300 °C at a rate of 30 °C/min, held at 300 °C for 0.5 min then ramped to 340 °C at a rate of 5.0 

°C/min and held at 340 °C for 5.0 min with a total runtime of 21 min. (TP1). Although the peaks 

shapes showed slight tailing on this column, the individual components of the mixture were well 

separated from each other. This tailing did not significantly influence the quality of separation as 

shown in Figure 15 panel A. 
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     Column two was a 30m x 0.25mm-i.d, capillary coated with 0.5 μm film of midpolarity phase 

consisting of 35% phenyl and 65% dimethyl polysiloxane (Rxi®-35Sil). The temperature 

program for this column consisted of an initial temperature at 80 °C for 1.0 min, ramped up to 

300 °C at a rate of 30.0 °C/min, held at 300 °C for 0.5 min then ramped to 340 °C at a rate of 2.5 

°C/min and held at 340 °C for 5.0 min with a total runtime of 29.0 min. (TP3). The six 

regioisomers are completely resolved with symmetric peaks and full baseline resolution by this 

stationary phase (Rxi®-35sil) as shown in Figure 15 panel B. 

   Column three was a 30m x 0.25mm-i.d, capillary coating with 0.5 μm film of 100% 

trifluoropropyl methyl polysiloxane (Rtx®-200). The separation was performed using a 

temperature program consisted of an initial temperature at 80 °C for 1.0 min, ramped up to 300 

°C at a rate of 2.0 °C/min, held at 300 °C for 30.0 min with a total runtime of 141.0 min. (TP4). 

The complete mixture separation on this column required an extremely long runtime (over 2 

hours). It takes more than two hours to get a complete separation with slow upward baseline shift 

as show in Figure 15 panel C.  

   The six isomers were chromatographed individually by temperature program named TP1 first 

to record their retention times. All these stationary phases showed the same elution order with 

differences among them in their relative ersolution. The elution order appears to be related to the 

degree of substituent crowding in the dimethoxybenzoyl portion of the molecules. Table 6 shows 

the observed retention times of all six isomers on the three columns. 
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     The most sterically crowded substitution pattern in the 2,3- and 2,6-dimethoxybenzoyl 

isomers (compounds 1 and 4) are the least retained and elute first on all the capillary columns 

used in this study. Compound 1 elutes first then compound 4 and these two early eluting 

compounds have in common all three groups substituted in a 1,2,3 manner on the benzene ring. 

Compound 3 then compound 2 are the next eluted compounds, and each of these compounds has 

one methoxy group located ortho to the carbonyl group and one methoxy group as an isolated 

substituent, more distant from the carbonyl group. The compounds showing the highest retention 

and eluting last (compounds 6 and 5) do not have a methoxy group adjacent to the carbonyl. The 

GC separation of six isomers compounds is shown in Figure 15, the compound eluted first is                                   

2,3-Dimethoxybenzoyl-1-pentylindole, second is 2,6-Dimethoxybenzoyl-1-pentylindole, third is 

2,5-Dimethoxybenzoyl-1-pentylindole, fourth is 2,4-Dimethoxybenzoyl-1-pentylindole, fifth is 

3,5-Dimethoxybenzoyl-1-pentylindole and last is 3,4-Dimethoxybenzoyl-1-pentylindole. 
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Figure 15: The GC-MS separation of six isomers using, Rxi®-17sil, Rxi®-35sil and Rtx®-200 

in panel (A, B and C) respectively. The number over the peak corresponds to the compound 

number according to the elution order. Peak 1= (2,3-dimethoxybenzoyl), peak 2= (2,6-

dimethoxybenzoyl), peak 3= (2,5-dimethoxybenzoyl), peak 4= (2,4-dimethoxybenzoyl), peak 5= 

(3,5-dimethoxybenzoyl) and peak 6= (3,4-dimethoxybenzoyl). 
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Table 6: Retention time (min.) of six dimethoxybenzoyl isomers (1-6).  

Column 

Used 

Temperature 

programs* 

Compound Number 

1                     4                   3                  2                  6               5 

Rxi®-17sil 

Rxi®-35sil 

Rtx®-200 

TP1 

TP3 

TP4 

15.445        15.3974        16.292         17.016       17.427      17.75 

21.447        22.013           22.951        24.414        25.498     26.081 

90.686        91.507           93.990        96.887        98.991    100.029 

 

Rt 

(min) 

*details of the programs are in the experimental section 

 

3.2.2 Mass Spectral Studies: 

3.2.2.1 Electron impact ionization-mass spectrometry (EI-MS): 

      Mass spectrometry is the primary method for confirming the identity of drugs in forensic 

science and can provide a specific “fingerprint” for an individual forensic compound. During the 

course of this research project on these six regioisomeric dimethoxybenzoylindoles, the mass 

spectra provides excellent structural information that can be used to differentiate these 

compounds from each other. The EI mass spectra of the six regioisomeric 1-n-pentyl-3- 

(dimethoxybenzoyl)-indoles using GC-MS and the Rxi®-35sil stationary phase are shown in 

Figure 16. The structures for the major fragments ions in the spectra for these six regioisomeric 

compounds are shown in Figure 17 
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Figure 16: Mass spectra for the individual 3-(dimethoxybenzoyl)-1-n-pentylindoles 

regioisomers. 
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Figure 17: General fragmentation scheme for the 3-(dimethoxybenzoyl)-1-n-pentylindoles. 
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     There are a number of unique features in the mass spectra of these compounds that can be 

used to differentiate these regioisomers from each other. These unique features appear to be 

based on the relative position of the two regioisomeric methoxy groups in the benzoyl ring. The 

four isomers having at least one methoxy group at the 2-position (ortho to the carbonyl group) 

show unique fragments of significant relative abundance at m/z 334 [M-17]+ and at m/z 200 [M-

151]+. The two isomers having the second methoxy group in direct conjugation with the ortho-

methoxy substituent, compounds 1 and 3, show the m/z 200 fragment as the base peak. The other 

two isomers having the second methoxy group not in direct conjugation with the ortho-methoxy 

group (compounds 2 and 4) yield the m/z 334 ion as the base peak. The remaining two isomers 

(compound 5 and 6) that do not have a methoxy group ortho to the carbonyl group show the 

molecular ion as the base peak. Thus, we can subdivide these compounds into three groups based 

on their base peaks in the EI- mass spectra, each group contining two compounds: 

1. The m/z 200 ion is the base peak for the 2,3- and 2,5-dimethoxybenzoyl isomers 

(compounds 1 and 3). 

2. The m/z 334 ion is the base peak for the 2,4- and 2,6-dimethoxybenzoyl isomers 

(compounds 2 and 4). 

3. The m/z 351 ion is the base peak for the 3,4- and 3,5-dimethoxybenzoyl isomers 

(compounds 5 and 6). 
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    The first group includes compounds 1 and 3 having a fragment ion at m/z 200 as the base 

peak. As we have mentioned above, the fragment at m/z 200 represents the loss of 151 Da from 

the molecular ion. This ion is only significant in the four ortho-methoxy containing regioisomers 

and is completely absent for both compounds that do not contain an ortho methoxy group 

(compounds 5 and 6). We expected that methyl group migration from the ortho methoxy 

substituent to the indole ring with elimination of a hydroxyl-methoxy benzoyl group is the only 

obvious process for formation of m/z 200. However, the m/z 200 ion is accompanied by a 

significant m/z 201 radical cation in the EI spectra for these compounds. This ion likely arises 

from elimination of the substituted benzoyl group without hydrogen migration. Both deuterium 

(D) labeling and exact mass analysis of the m/z 200 ion was used to confirm the elemental 

composition of this fragment and will be discussed later in section 3.2.2 and 3.2.3, respectively. 

 

   The second group has a base peak at m/z 334 [M-17]+, this group includes compound 2 and 4. 

As shown in the mass spectra in Figure 16, the fragment ion at m/z 334 is a the major high mass 

fragment in these four compounds having at least one methoxy group ortho to the carbonyl on 

the benzene ring (compounds 1, 2, 3, and 4). However, previous studies on indole derived 

cannabinoids, that have structures similar to these compounds, have shown that the [M-17]+ ion 

result from the loss of a hydroxyl radical (•OH) from the molecular radical ion M+•. As a further 

proof to this mechanism, deuterium labels of 2-D3-methoxy-5-methoxybenzoyl)-indole was 

carried out during this research and is described in section 3.2.2.   
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     There is a common set of significant major and minor fragment ions observed in all the 

spectra of these six regioisomeic compounds with varying levels of relative intensity. The major 

fragment ions occur at m/z 294, m/z 214, m/z 186, m/z 165, m/z 144 and m/z 77, and the minor 

fragment ion occurs at m/z 320.The minor fragment at m/z 320 observed in many of the spectra is 

likely the result of the loss of a methoxy group from the molecular ion in this series of 

compounds. The major high mass fragment occurs at m/z 294 by the loss of a butyl radical 

[C4H9•] from the molecule by alpha-cleavage initiated at the indole nitrogen radical site. This 

mechanism was confirmed by one earlier study using deuterium isotope labeling of the pentyl 

side chain of JWH-018 [2]. Another major fragment ion occurs at m/z 165, representing a 

substituted benzoyl group ion and provides structural information about the nature of the acyl 

group substituent but not the position of the dimethoxy ring substituents. 

    The fragment ions at m/z 214, 186 and 144 have been observed in a number of 1-pentyl-3-

acylindoles. These fragment ions do not contain the substituted dimethoxybenzoyl ring portion 

of these compounds. The ions at m/z 214 and m/z 186 represent cleavage of either of the bonds to 

the carbonyl carbon with the charge remaining on the indole portion of the molecule. The m/z 

214 ion represents the loss of the substituted dimethoxybenzene radical, and the m/z 186 

represents the loss of the substituted dimethoxybenzoyl radical. The m/z 144 ion is the product of 

a hydrogen rearrangement from the m/z 214 cation with the elimination of the entire nitrogen 

substituted alkyl side chain as the alkene [C5H10]. The proposed structures and suggested 

mechanism of these fragment ions are previously confirmed by using deuterium isotope labeling 

studies of the deuterated naphthalene ring of JWH-018 [2]. 
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    The ion trap mass spectrometry was used for the m/z 214 fragment in the 3,5-

dimethoxybenzoyl isomer (compound 6) to confirm that this fragment ion is a decomposition 

product of m/z 214 ion and did not occur directly from the molecular ion. The MS/MS spectrum 

of the m/z 214 fragment gave an m/z 144 ion as the major peak and was the only ion of 

significance in this MS/MS experiment as shown in Figure 18. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18: MS/MS spectrum of the m/z 214 fragment for 3-(3,5 dimethoxybenzoyl)-1-

pentylindole (operated in MS/MS mode). 
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3.2.2.2 Deuterium labeling studies to confirm the fragment ions at 200 and m/z 334: 

   Deuterium labeled samples were used in this study to confirm the mass spectrometry 

fragmentation mechanisms and the elemental composition of fragment ions at m/z 200 and m/z 

334 in compounds 1, 2, 3 and 4. The proposed structure for the m/z 200 [C14H18N]+ and 334 

[C21H24NO2]
+ ions are shown in the fragmentation pattern in Figure 17. These ions of interest 

have been supported by the mass spectrum of trideutero labeled form of the 1-pentyl-3-(2-D3-

methoxy-5-methoxybenzoyl)-indole. 

     The suggested mechanism for fragment ion at m/z 200 is illustrated in Figure 20. It starts with 

a migration of the methyl group from the ortho methoxy group of the substituted benzoyl moiety 

to the 3-position of the indole ring followed by hydrogen radical transfer to form the eliminated 

hydroxy-methoxybenzoyl radical (151 Da).This mechanism can also be confirmed by the mass 

spectrum of the 1-pentyl-3-(2-D3-methoxy-5-methoxybenzoyl)-indole as shown in Figure 19 as 

the corresponding fragment is shifted 2 Da higher to become m/z 202 and represents the loss of 

152 Da from the molecular ion of this labeled compound. Thus, the m/z 202 ion confirms that 

only two deuterium atoms from the 2-D3 methoxy group remain in the fragment while the 

molecular ion increased by 3 Da as expected.  

 

 

 

 

 



    

65 
 

    In addition, the EI mass spectrum of 1-pentyl-3-(2-D3-methoxy-5-methoxybenzoyl)-indole 

further provided confirmation that the loss of a hydroxyl radical to yield m/z 334 is from the 

molecular radical ion M+•. The fragment of interest in Figure 19 occurs at m/z 336 and represents 

[M-18]+ for this D3-analogue with a molecular ion at m/z 354. Thus, the elimination of 18 Da in 

this deuterium labeled species identifies the ortho methoxy group as the source of the eliminated 

hydrogen in these compounds. The proposed mechanism for the formation of this [M-17]+ 

species is shown in Figure 21. 

 

 

 

 

 

 

 

 

 

                      Figure 19: EI-MS of 1-pentyl-3-(2-D3-methoxy-5-methoxybenzoyl)-indole. 
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Figure 20: Mechanism for the formation of the m/z 200 ion for 2,5-dimethoxybenzoylindole. 
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Figure 21: Mechanism for the formation of the m/z 334 ion for 2,5-dimethoxybenzoylindole. 
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3.2.2.3 GC-TOF analysis on 2,3-dimethoxybenzoyl-1-pentylindoles m/z 200 fragment: 

    GC-TOF is an analytical method that can provide high resolution exact mass molecular 

formula information for fragments in the mass spectrum. As further proof of this ion mechanism 

and structure, it is an important approach for confirming the elemental composition of m/z 200. 

As mentioned above the ion at m/z 200 is only significant in the four ortho-methoxy containing 

regioisomers (compounds 1, 2, 3 and 4) and the base peak for (compounds 1 and 3). TOF data on 

m/z 200 fragment of compound 3 is shown in Table 7.   

Table 7: GC-TOF data on m/z 200 fragment of 3-(2,5 dimethoixybenzoyl)-1-pentylindole 

Measured Mass 200.1431 

Calculated Mass 200.1439 

Deviation (in PPM) - 4.00 

Fragment Formula C14H18N (DBE=6.5) 

Best Fit Ion Structure  
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      Exact mass analysis using GC-TOF-MS confirmed the m/z 200 ion has the elemental 

composition C14H18N with the mass deviation of - 4.00 ppm (-0.8 mDa). The experimental mass 

deviation (- 4.00 ppm) is within the acceptable error limits ±5 ppm for high resolution mass 

spectral data. This fragment ions represents the loss of 151 Da [C8H7O3] from the molecular ion 

and it has a suggested formula of C14H18N. Thus, the methyl group migration from the ortho-

methoxy substituent to the indole ring with elimination of a hydroxyl-methoxy benzoyl group is 

a possible process for this fragment. The proposed structure and mechanism for the formation of 

the m/z 200 C14H18N ion is shown in Figure 20. However, the exact mass measurement of m/z 

200 does not differentiate between the four ortho-methoxy containing regioisomeric compounds. 

 

3.2.2.4 Chemical ionization (CI)-mass spectrometry 

    The chemical ionization (CI) is a soft ionization technique in GC-MS. The main benefit of this 

technique is to provide a simpler mass spectrum that easily identifies and confirms the structure 

of these compounds. Methanol was used as the reagent gas in this study. The ion trap (GC-CI-

MS) utilizes chemical ionization to identify the molecular ion of these regioisomers. The reagent 

gas will interact with ionizing electrons and produce reagent ions and the ionized methanol 

collides directly with the dimethoxybenzoylindole molecule where the proton transfer generates 

the protonated molecular fragment ion [M+H]+ at m/z 352. The CI-MS spectra of all six 

compounds were the same. The CI-MS spectrum of 2,3-dimethoxybenzoyl-1-pentylindoles, as 

an example of chemical ionization of these compounds, is shown in Figure 22. This technique 

does not provide any additional data for discrimination among these six regioisomeric 

compounds which have the same elemental composition. 
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                Figure 22: CI –MS spectra of 3-(2,3-dimethoxybenzoyl)-1-n-pentylindoles. 

 

3.2.3 LC-TOF studies for exact mass determination: 

    LC-TOF provides accurate mass information (four decimal places) for these compounds to 

enable calculation of molecular formula. The accurate-mass information is essential for the 

structural elucidation which provides excellent information for identifying unknown compounds 

and for confirming the presence of a specific compound. The accurate-mass measurements of 

these compounds was achieved using an Agilent 6520 with TOF mass analyzer, and the 

protonated molecular ion information [M+H]+ from ESI. This instrument allows the 

determination of the m/z of ionic formula based on the mass sufficiency of the constituent atoms 

within the acceptable error limits ±5 ppm and the isotope abundance scores were above 95% for 

all ion compounds. The LC-TOF accurate mass results are shown in Table 8. These results are 
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compatible with molecular formula C22H25NO3 and supported the results of LC–MS/MS and 

GC–MS results. The four regioisomeric compounds have the same molecular formula of 

C22H25NO3, nominal mass of 351, doubled bond equivalent of 11, and the calculated measured 

mass of 351.1834. In conclusion, LC-TOF-MS confirms the elemental composition of these four 

regioisomers within acceptable experimental error. 

 

    Table 8: Results of the accurate mass measurement by LC–TOF–MS of six dimethoxybenzoyl 

isomers. 

Compound No. Generated 

formula 

Absolute difference 

(PPM) 

Abundance 

score 

Exact mass Accurate mass  

1 C22H25NO3 -0.2848 77.58 351.1834 351.1833 

2 C22H25NO3 3.1323 86.68 351.1834 351.1845 

3 C22H25NO3 -4.2713 81.73 351.1834 351.1819 

4 C22H25NO3 -3.4170 83.61 351.1834 351.1822 

5 C22H25NO3 4.5560 76.04 351.1834 351.1850 

6 C22H25NO3  1.4238 98.02 351.1834 351.1839 
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3.3 Conclusion: 

    The six regioisomeric 3-(dimethoxy benzoyl)-1-pentyl-indoles involved in this study have the 

same molecular formula and nominal mass but are different in their chemical structures. The six 

isomers in this series display fragment ions at equivalent masses with some differences in 

relative abundance of these ions. The ortho-substituted isomers (compounds 1- 4) show unique 

fragment ions occurring at m/z 334 [M-17]+ and m/z 200 [M-151]+ which are completely absent 

in compounds 5 and 6. The fragment ion at m/z 334 [M-17]+ is considered as the base peak in 

compounds 2 and 4 while fragment ion at m/z 200 is the base peak in compound 1 and 3. Stable 

isotope deuterium labeling studies of the ortho-methoxy group allow confirmation of the 

structures of these two fragments. In addition, the exact mass determination analysis of the m/z 

200 ion allow confirmation of the elemental composition of m/z 200 ion. LC-TOF-MS and CI-

GC-MS provide an additional confirmation of the molecular formula determination. These six 

regioisomers were well resolved on three different GC stationary phases involved in this study, 

Rxi®-35Sil, Rtx®-200 and Rxi®-17, and under different temperature programming conditions. 
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Chapter 4 

Analytical Studies on six regioisomeric 1-naphthoyl and six 2-naphthoyl substituted-1-n-

pentylindoles: Regioisomeric related to the synthetic cannabinoid JWH-018 

4.1 Introduction:  

     Many of the synthetic cannabinoid drugs of abuse are 1-alkyl-3-acyl indole derivatives. One 

of the most commonly encountered drugs in this series is JWH-018, 1-n-pentyl-3-(1-naphthoyl)- 

indole. As we have already mentioned before, this drug has been listed as Schedule I in the 

Controlled Substances Act (CSA). In this chapter, we will compare JWH-018 (compound 2) with 

its eleven possible regioisomeric 1-n-pentyl-naphthoylindoles. These twelve regioisomeric 

compounds contain both naphthyl and indole rings joined by a carbonyl group in the center of 

the compound with the pentyl side chain substitution attached directly to the nitrogen atom of the 

indole ring. The carbonyl group in these compounds attached to the two possible positions in the 

naphthalene ring: (I) 1-naphthyl also called “alpha-naphthol” (II) 2-naphthyl also called “beta-

naphthol” to give compounds having the 1-and 2-naphthoyl-group. These groups are attached at 

each of the 6 possible ring substituent positions of the indole ring 2-, 3-, 4-, 5-, 6- and 7-

naphthoyl-1-n-pentylindole. The structures of these regioisomeric compounds of the 1-naphthoyl 

group are shown in Figure 23 (compound 1- 6) while the 2-naphthoyl group compounds are 

shown in Figure 24 (compounds 7- 12).   
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     2-(1-naphthoyl)-1-n-pentylindole              3-(1-naphthoyl)-1-n-pentylindole (JWH-018) 

 

 

 

 

 

       4-(1-naphthoyl)-1-n-pentylindole             5-(1-naphthoyl)-1-n-pentylindole 

 

  

  

 

    6-(1-naphthoyl)-1-n-pentylindole                  7-(1-naphthoyl)-1-n-pentylindole 

Figure 23: Structures of the regioisomeric 2-, 3-, 4-, 5-, 6-, and 7-(1-naphthoyl)-1-pentylindoles. 
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     2-(2-naphthoyl)-1-n-pentylindole              3-(2-naphthoyl)-1-n-pentylindole 

 

 

  

 

 

     4-(2-naphthoyl)-1-n-pentylindole             5-(2-naphthoyl)-1-n-pentylindole 

 

 

 

 

    6-(2-naphthoyl)-1-n-pentylindole                  7-(2-naphthoyl)-1-n-pentylindole 

Figure 24: Structures of the regioisomeric 2-, 3-, 4-, 5-, 6-, and 7-(2-naphthoyl)-1-pentylindoles. 

N

O

(7)

N

O

(8)

N

O

(9)

N

O

(11)

N

O

(12)



    

76 
 

 

4.2 Differentiation of six regioisomeric 1-naphthoyl and six regioisomeric 2-naphthoyl 

substituted-1-n-pentylindoles: Regioisomeric related to the synthetic cannabinoid JWH-

018. 

   The six regioisomers of 1-naphthoyl substituted 1-n-pentyl-indoles (compounds 1-6), were 

reported previously by Clark et al in 2015. This study showed that these compounds could be 

separated and differentiated by GC-MS [45]. This chapter compares the GC separation, EI / CI-

MS spectral, LC-MS/MS spectral studies and exact mass determination of all 6 regioisomeric 1-

naphthoyl and all 6 regioisomeric 2-naphthoyl substituted-1-n-pentylindoles compounds (1-12). 

 

4.2.1 Gas Chromatography Separation: 

   GC-MS was used in this study to separate these twelve regioisomers. GC separation of the six 

regioisomeric 1-naphthoyl mixture and all six regioisomeric 2-naphthoyl substituted-1-n-

pentylindoles mixture using EI-MS detection was carried out using four stationary phases (Rtx®-

5, Rtx®-200, Rxi®-35Sil and  Rxi®-17sil). The separation of JWH-018 and its eleven 

regioisomeric equivalents has been challenging due to similarities in their structures. The twelve 

regioisomers were chromatographed individually by temperature program named TP1 first to 

record their retention times. Table 9 shows the observed retention times of the 1-naphthoyl 

isomers and Table 10 shows the observed retention times of the 2-naphthoyl isomers.  
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     Both mixtures showed the same elution order on all four stationary phases with differences 

among them in the retention time and resolution. The elution order appears related to the degree 

of substituent crowding on the indole ring (pentyl-group and naphthoyl-group). The compounds 

with the minimum distance between the two groups attached to the indole ring are the least 

retained and elute first on all the capillary columns used in this study. Starting with 1-naphthoyl 

mixture separation, compound 6 elutes first then compound 1 and these two early eluting isomers 

have in common the most sterically crowded substitution patterns on the indole ring (the 

naphthoyl group at position 7 and position 2, respectively). The pentyl and 1-naphthoyl groups 

substituted on the same side of the indole ring and the interaction between these two substituent 

groups is expected in these two isomers which elute first. The other four isomers show minimum 

intramolecular crowding between pentyl and 1-naphthoyl groups and the retention time 

obviously increases in these isomers with 6-(1-naphthoyl)-1-n-pentylindole (compound 5) 

followed by 4-(1-naphthoyl)-1-n-pentylindole (compound 3) being the next eluting compounds. 

The compounds showing the highest retention and eluting last are 3-(1-naphthoyl)-1-n-

pentylindole (compound 2) and 5-(1-naphthoyl)-1-n-pentylindole (compound 4). The six 2-

naphthoyl regioisomers showed the same elution order as that reported for the 1-naphthoyl 

series.  
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Figure 25: GC separation of 1-n-pentyl-3-(1-naphthoyl) indole mixture (panel A) and separation 

of 1-n-pentyl-3-(2-naphthoyl) indole mixture (panel B) on Rtx®-5 stationary phase. 
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Figure 26: GC separation of 1-n-pentyl-3-(1-naphthoyl) indole mixture (panel A) and separation 

of 1-n-pentyl-3-(2-naphthoyl) indole mixture (panel B) on Rxi®-17Sil stationary phase. 
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Figure 27: GC separation of 1-n-pentyl-3-(1-naphthoyl) indole mixture (panel A) and separation 

of 1-n-pentyl-3-(2-naphthoyl) indole mixture (panel B) on Rxi®-35Sil stationary phase. 
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Figure 28: GC separation of 1-n-pentyl-3-(1-naphthoyl) indole mixture (panel A) and separation 

of 1-n-pentyl-3-(2-naphthoyl) indole mixture (panel B) on Rtx®-200 stationary phase. 
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Table 9: Retention time (min.) of compounds 1-6, using temperature program TP1 on Rtx®-5, 

Rtx®-200 and Rxi®-17sil columns and TP2* on Rxi®-35Sil column. 

Column 

Name 

Compounds No. 

    6                 1                     5                  3                     2                   4 

Rtx®-5 

Rxi®-17Sil 

Rxi®-35Sil 

Rtx®-200 

10.215         10.542           11.071         11.503           11.503         11.888 

13.986        14.342           16.143         17.233           17.233          17.903 

21.080        22.263          27.083         30.073           30.073           32.125 

10.553        10.897           12.220         12.517           12.978          13.223 

 

Rt 

(min.) 

*details of the programs are in the experimental section 

 

Table 10: Retention time (min.) of compounds 7-12, using temperature program TP1 on Rtx®-5, 

Rtx®-200 and Rxi®-17sil columns and TP2* on Rxi®-35Sil column. 

Column 

Name 

Compounds No. 

  12                  7                 11                   9                      8                 10 

Rtx®-5 

Rxi®-17Sil 

Rxi®-35Sil 

Rtx®-200 

10.332          10.862         11.602          11.830             12.337          12.517  

14.132          15.013         17.175          17.827            18.439            18.818 

21.610          24.344         30.371         32.055             33.722            34.836 

10.979           11.439         13.246          13.485            14.459           14.459 

 

Rt 

(min.) 

*details of the programs are in the experimental section. 
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     Column one was a 30m x 0.25mm-i.d coated with 0.5 μm 5% diphenyl and 95% dimethyl 

polysiloxane (Rtx®-5). Column two was a 30m x 0.25mm-i.d coated with 0.5 μm midpolarity 

phase consisting of 50% phenyl and 50% dimethyl polysiloxane (Rxi®-17sil).  Column three 

was a 30m x 0.25mm-i.d, capillary coating with 0.5 μm film of 100% trifluoropropyl methyl 

polysiloxane (Rtx®-200). The separation was performed using the same temperature program on 

all these stationary phases. The temperature program used for separation consisted of an initial 

temperature hold at 80 °C for 1.0 min, ramped up to 300 °C at a rate of 30 °C/min, held at 300 

°C for 0.5 min then ramped to 340 °C at a rate of 5.0 °C/min and held at 340 °C for 5.0 min with 

a total run 21 min. (TP1). Column four was a 30m x 0.25mm-i.d, capillary coated with 0.5 μm 

film of midpolarity phase consisting of 35% phenyl and 65% dimethyl polysiloxane (Rxi®-

35Sil). The temperature program for this column consisted of an initial temperature at 80 °C for 

1.0 min, ramped up to 300 °C at a rate of 15 °C/min, held at 300 °C for 0.5 min then ramped to 

340 °C at a rate of 1.0 °C/min and held at 340 °C for 5.0 min with a total run 61.0 min (TP2).  

      Figure 25, 26, 27 and 28 show the separation of the 1-naphthoyl mixture in panel A and 2-

naphthoyl mixture in panel B on Rtx®-5, Rxi®-17sil , Rxi®-35Sil and Rtx®-200, respectively. 

The 1-naphthoyl group mixture was completely separated on only the Rtx®-200 column with an 

observed slight upward shift of the baseline. Unfortunately, the separation of this mixture of 

compounds was not successful on any of the other three columns due to the extensive overlap 

and co-elution of the JWH-018 and 4-(1-naphthoyl)-1-pentylindole (compound 2 and 3). To 

make sure of this observation, mixtures of these co-eluted isomers were prepared and run in 

these three columns and as expected only one peak appeared and give the mass spectra like 

JWH-018. 
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     Unlike 1-naphthoyl, the 2-naphthoyl regioisomers mixture were well resolved on all 

stationary phase columns except Rtx®-200. There is an extensive overlap and co-elution of the    

3-(1-naphthoyl)-1-pentylindole and 5-(1-naphthoyl)-1-pentylindole (compound 8 and 10) on 

Rtx®-200. The mixture is completely resolved with full baseline resolution on Rtx®-5 and 

Rtx®-17Sil. However, the last four peaks showed slight tailing but this tailing does not affect the 

quality of the separation. On the other hand, the run time was increased on the Rxi®-35Sil 

column to allow for the complete elution of sample components. It takes more than thirty minute 

to get a complete separation with slow upward baseline shift. Otherwise, the separation was 

excellent with slightly tailing in the last four compounds, but this tailing does not affect the 

quality of the separation.  

      According to the data in Table 9 and 10, the retention times of the studied compounds differ 

due to differences in column polarity. Alkylacylindoles are found to be less retained in non-polar 

columns such as Rtx®-5 compared to the polar column Rtx®-200 and Rxi®-17Sil. However, we 

used a different temperature program to prolong the runtime in column Rxi®-35silM in order to 

get a complete separation.   

     The 1-naphthoyl compounds usually eluted before the 2-naphthoyl compounds in 

regioisomeric comparison between the 1-naphthoyl and 2-naphthoyl compounds substituted at 

the equivalent indole position. Figure 29 shows the separation of 1-naphthoyl and 2-naphthoyl 

mixtures of the compounds at the 3-position (panel A) and 7-position of the indole ring (panel 

B). In the both example 1-naphthoyl isomer elutes before the 2-naphthoyl isomer. 
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Figure 29: GC separation of 1-n-pentyl and 2-naphthoyl mixture of the compounds at the 3-

position (panel A) and 7-position (panel B) on Rxi®-17Sil stationary phase. 
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4.2.2 Mass Spectral Studies: 

     4.2.2.1 Electron impact ionization-mass spectrometry (EI-MS): 

       The electron ionization mass spectra of these compounds show equivalent regioisomeric 

major fragments resulting from cleavage of the groups attached to the central indole nucleus. 

Figure 30 shows the EI mass spectra of all twelve 1-n-pentyl-3-naphthoylindole regioisomers, 

compounds 1-12. The mass spectra of all these compounds are almost identical to each other, 

especially for those compounds having a naphthyl group at the same position. A previous study 

reported the deuterium labeling studies on the d11-n-pentyl-, d5-indole- and d7-naphthoyl-

analogues of JWH-018 in order to confirm the EI-MS fragmentation processes for these 

compounds [3].  
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Figure 30: mass spectra for the twelve (1-and 2-naphthoyl) 1-n-pentylindoles, isomeric 

compounds 1-12. 
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   All twelve compounds show a major molecular ion peak at m/z 341 with a high relative 

abundance and this ion is the base peak for all the regioisomers involved in this study except the 

compounds that have a naphthoyl group at the 2-position of the indole ring (compound 1 and 7). 

The base peak of the two compounds that have the naphthoyl group attached to the indole ring at 

the 2-position is observed at m/z 284. The fragment ion at m/z 284 [M-57]+ occur with the loss of 

a butyl radical [C4H9•] from the molecular radical ion M+• and is observed as a major fragment 

ion in all compounds. However, all 1-pentylindole compounds of varying acyl groups attached to 

the indole ring show fragmentation of the acyl and/or pentyl groups to yield the cations at m/z 

270, 214 and 186. The proposed structure and the fragmentation mechanism of these ions was 

described in detail in Chapter 2. However, the relative abundances for the ions in the spectra for 

the twelve isomers are slightly different and these results indicate that very little specific 

structural information is available for differentiation among these isomers. 

    The EI mass spectral results show a number of ions which allow for differentiation of some of 

these compounds. The regioisomers having the naphthoyl group substituted at the 3-position, 3-

(1- and 2-naphthoyl)-1-n-pentylindole, show a significant fragment ion at m/z 144 fragment. This 

ion is the product of a hydrogen rearrangement from the m/z 214 cation with the elimination of 

the entire nitrogen substituted alkyl side chain [C5H10]. Labeling studies have confirmed these 

proposed structures and a possible mechanism of formation of these fragment ions was reported 

in a previous study [46].   

       JWH-018 and compounds 1, 3, 4, and 5 show a significant fragment ion at m/z 324. As 

mentioned in chapter 2, this ion is primarily formed as a result of loss of a hydroxyl radical 

(•OH), the carbonyl oxygen and one hydrogen atom which comes from the 8-position in the 

naphthalene ring of the molecular radical ion M+•. The OH loss represents a hydrogen migration 
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to the carbonyl oxygen followed by elimination of the OH radical to yield the m/z 324 fragment 

cation. However, this ion is significant only in 1-naphthoyl series because the close proximity of 

the hydrogen at the 8-position in the naphthalene ring in the 1-naphthoyl substituted indoles 

allows for migration, but this distance appears to be too great for efficient hydrogen transfer in 

the 2-naphthoyl indoles.  On the other hand, compound 2 (JWH-018) has the greatest relative 

abundance for this ion, perhaps, due to the efficiency of indole-nitrogen resonance stabilization 

of the carbocation species at the 3-position of indole. Thus, the major point of differentiation of 

the cannabinoid isomer JWH-018 (compound 2) from the other elven isomers is the high relative 

abundance of both the m/z 144 ion and the m/z 324 ion as shown in the JWH-018 (compound 2) 

spectrum.  

    The four crowded compounds having the naphthoyl group on the same side of the indole ring 

at position 7 and 2 (compound 1,6 ,7 and 12) also showed a unique fragment ion at m/z 141 in 

their mass spectra as a major fragment with high relative abundance. This ion may occur by 

intramolecular interaction of the two substituted groups since it is not seen in the other less 

crowded indole isomers. The ions at m/z 141 are of very high relative abundance in compounds 

1, 6, 7 and 12 as seen in the EI-MS for these four compounds. Previous deuterium (D) labeling 

studies [3] of the 7-(1-naphthoyl)-1-(D11)-pentylindole reported that the fragment ion at m/z 141 

shifted to m/z 143 and is the product of migration of the methylene moiety from the N-1 position 

in m/z 284 to the naphthalene aromatic ring followed by fragmentation of the entire indole ring 

with carbonyl moiety to yield the expected unique fragment ion. Exact mass analysis of the m/z 

141 ion was carried out in this study to confirm the elemental composition of this fragment and 

will be discussed later in section 4.2.2. 
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    4.2.2.2 GC-TOF analysis on 7-(1-naphthoyl)-1-n-pentylindole m/z 141 fragment: 

      GC-TOF is an analytical method that can provide high resolution accurate and elemental 

composition information for any fragments in the mass spectrum. As a further proof to this ion 

mechanism and structure, it is an important approach for confirming the elemental composition 

of m/z 141. As mentioned above the ion at m/z 141 is only significant in the compounds that have 

the naphthoyl group at the 7 and 2 positions (compounds 1, 6, 7 and 12). TOF data on the m/z 

141 fragment of compound 6 is shown in Table 11.   

Table 11: GC-TOF data on m/z 141 fragment of 7-(1-naphthoyl)-1-n-pentylindole 

Measured Mass 141.0700 

Calculated Mass 141.0704 

Deviation (in PPM) -2.8 

Fragment Formula C11H9 (DBE=7.5) 

Best Fit Ion Structure  

 

 

 

 



    

96 
 

      Exact mass analysis using GC-TOF-MS confirmed the m/z 141 ion as the elemental 

composition [C11H9]
+ with the mass deviation of [-2.8] ppm (-0.4 mDa). The experimental mass 

deviation (-2.8 ppm) is within the acceptable error limits ±5 ppm for high resolution mass 

spectral data. This fragment ion represents the loss of 143 Da [C9H7NO] from the fragment ion at 

m/z 284 and it has a suggested formula of [C11H9]
+. Thus, the migration of the methylene moiety 

at the N-1 position in the m/z 284 cation to the naphthalene aromatic ring followed by 

fragmentation of the entire indole ring with carbonyl moiety is the expected process for this 

fragment. The proposed structure and mechanism for the formation of the m/z 141 ion is shown 

in Figure 31. However, the exact mass measurement of m/z 141 does not differentiate between 

the 1- and 2-naphthoyl groups containing regioisomeric compounds. 
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 Figure 31: Mechanism for the formation of the m/z 141 ion for 7-(1-naphthoyl)-1-n-

pentylindole (compound 6). 
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4.2.2.3 Chemical ionization (CI)-mass spectrometry: 

   The chemical ionization (CI) is a soft ionization technique in GC-MS. The main benefit of this 

technique is to provide a simpler mass spectrum that easily identifies and confirms the molecular 

weight of these compounds. The ion trap (GC-CI-MS) utilizes chemical ionization to identify the 

molecular ion of these regioisomers. Methanol was used as the CI gas reagent in this study. This 

reagent gas will interact with ionizing electrons and produce reagent ions and then the ionized 

methanol collides directly with the molecule of interest for the proton transfer to generate the 

ionized molecule [M+H]+ and produce the protonated molecular fragment ion. The protonated 

molecular ion of these compounds shows the expected m/z 342. All these twelve compounds 

have identical CI mass spectra. The CI-MS spectrum of JWH-018, as an example of chemical 

ionization of 1-naphthoyl compounds and the 3-(2-naphthoyl)-1-n-pentylindole mass spectrum 

as an example of 2-naphthoyl compounds, are shown in Figure 32 panels A and B, respectively. 

This technique does not provide any additional data for discrimination among these twelve 

regioisomeric compounds which have the same elemental composition and only confirms the 

molecular weight of the compound. 
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      Figure 32: CI Mass spectrum of the model compound JWH-018 panel (A) 3-(2-naphthoyl)-

1-n-pentylindole panel (B).  
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4.2.2.4 LC-MS/MS mass spectral studies 

     Liquid chromatography–tandem mass spectrometry (LC–MS/MS) was used in this study to 

give additional information to confirm the identity and potentially discriminate JWH-018 and its 

regioisomers. LC-MS/MS mass spectral studies used the data concerning the precursor mass 

[M+H]+ ion and product fragment ions. In general, the product fragment ions at m/z 155 and 127 

are expected for alkylaminoindoles derivatives. The MS/MS investigates the ions of interest by 

collision-induced dissociation (CID) mass spectra of molecular ion colliding with a collision 

nitrogen gas by a different energy. In addition, it was employed in positive ion mode by 

electrospray ionization (ESI+) and detection mode by multiple reaction monitoring (MRM). The 

LC-MS/MS analysis in this study was performed using an Agilent 1290 HPLC and reversed 

phase Zorbax Eclipse Plus C18 column (2.5 x 50 mm, 1.8 μm) with isocratic elution. Isocratic 

elution was performed with of 0.1% formic acid with water (solvent A) and acetonitrile (solvent 

B), (35%:65%) at a flow rate of 0.5 mL/min. 

    The twelve compounds involved in this study gave [M+H]+ at 342 as a precursor ion and show 

major fragment ions at m/z 155 and m/z 127 called product ions. These regioisomers show the 

major product ion at m/z 155 at 25 eV and m/z 127 at 35 eV. These product ions reflect the 

chemical structures of the naphthoyl group resulting from cleavage of the acyl group attached to 

the indole ring.  LC–MS/MS mass spectra of these compounds have shown minor fragment ions 

at m/z 186, m/z 116, m/z 214 and m/z 144. However, the isomer containing the 1-naphthoyl 

substituted group attached to the indole ring could not be differentiated from the isomer 

containing the 2-naphthoyl group by LC-MS/MS mass spectra. In conclusion, this technique did 

not provide any discrimination among these compounds since the main fragment ions are 

identical in all these regioisomers. The LC-MS/MS mass spectrum of JWH-018, as an example 
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of the 1-naphthoyl compounds and the 3-(2-naphthoyl)-1-n-pentylindole mass spectrum as an 

example of the 2-naphthoyl compounds, is shown in chapter 2 Figure 13 panles A and B, 

respectively. 

 

4.2.3 LC-TOF studies for exact mass determination: 

    LC-TOF provides accurate mass information (four decimal places) for these compounds to 

enable calculation of molecular formula. The accurate-mass information is essential for the 

structural elucidation which provides excellent information for identifying unknown compound 

and for confirming the presence of a specific compound. The accurate-mass measurements of 

these compounds was achieved using an Agilent 6520 with TOF mass analyzer, and the 

protonated molecular ion information [M+H] from ESI+. This instrument allow for the 

determination of the m/z of ionic formula based on the mass sufficiency of the constituent atoms 

within the acceptable error limits ±5 ppm and the isotope abundance scores were above 95% for 

all ion compounds. The LC-TOF accurate mass results are shown in Table 12. These results are 

compatible with molecular formula C24H23NO and supported the results of LC–MS/MS and GC–

MS results. The four regioisomeric compounds have the same molecular formula of C24H23NO, 

nominal mass of 341, and the calculated measured mass of 341.1780. In conclusion, LC-TOF-

MS confirms the elemental composition of these four regioisomers within acceptable 

experimental error. 
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Table 12: Results of the accurate mass measurement by LC–TOF–MS of JWH-018 and eleven 

isomers. 

Compound 

No. 

Generated 

formula 

Absolute 

difference  

(PPM) 

Abundance 

score 

Exact mass Accurate mass 

1 C24H23NO 0.23 98.53 341.1780. 341.1781 

2 C24H23NO 0 100 341.1780. 341.1780 

3 C24H23NO -0.46 98.43 341.1780. 341.1778 

4 C24H23NO 0.93 97.5 341.1780. 341.1784 

5 C24H23NO -0.46 98.43 341.1780. 341.1778 

6 C24H23NO 0.93 97.5 341.1780. 341.1784 

7 C24H23NO 0.64 99.48 341.1780. 341.1782 

8 C24H23NO -0.23 97.87 341.1780. 341.1779 

9 C24H23NO 0.46 97.03 341.1780. 341.1782 

10 C24H23NO 0 100 341.1780. 341.1780 

11 C24H23NO 0.93 95.12 341.1780. 341.1784 

12 C24H23NO -0.23 99.87 341.1780. 341.1779 
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4.3 Conclusion:  

     The twelve compounds involved in this chapter have the same elemental composition 

C24H23NO yielding identical nominal, exact masses and the same substituents attached to the 

indole ring. The EI-GC mass spectra of all these regioisomers share equivalent major fragment 

ions resulting from cleavage of the groups attached to the central indole nucleus with slight 

difference in the relative abundances. However, some mass spectra show a number of unique 

ions which allow for differentiation of these compounds from each other. The regioisomers 

having the naphthoyl group substituted at the 3-position, 3-(1- and 2-naphthoyl)-1-n-

pentylindole, show a significant fragment ion at m/z 144 fragment. The compounds that have the 

1-naphthoyl group at the 2-,3-,4-,5-, and 6-position show significant fragment ions at m/z 324. 

The major point of differentiation of the model cannabinoid isomer JWH-018 (compound 2) 

from the other eleven isomers in this study is the high relative abundance of both the m/z 144 ion 

and the m/z 324 ion as shown in the JWH-018 mass spectrum. The four crowded ring 

compounds, those with the naphthoyl group and the pentyl group on the same side of the indole 

ring at position 7 and 2 (compound 1,6 ,7 and 12) also showed a unique fragment ion at m/z 141 

in their mass spectra with high relative abundance. The elemental composition and suggested 

structure for the m/z 141 fragment ion formation are supported by accurate mass analysis. CI-

MS, LC-MS/MS and LC-TOF were used in this study in order to provide confirmation of 

structure for these compounds. The 6 regioisomers of the 1-naphthoyl group mixture were 

successfully resolved on the Rtx®-200 GC column while The 6 regioisomers of the 2-naphthoyl 

group mixture were successfully resolved on three GC columns (Rtx®-5, Rxi®-17Sil and Rxi®-

35Sil). 
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Chapter 5 

Materials, Instruments, GC-Columns, Temperature Programs 

5.1. Materials: 

      The twenty synthetic cannabinoid compounds involved in this research were prepared in our 

laboratory as a part of a project supported by Award No. 2012-DN-BX-K026, awarded by the 

National Institute of Justice, Office of Justice Programs, U.S. Department of Justice. All solvents 

used in the study (acetonitrile, isopropyl alcohol and water) were HPLC-grade (Fisher Scientific, 

Fairlawn, NJ). Individual solutions and mixture of the studied compounds were prepared in 

acetonitrile (HPLC grade). All samples were dissolved and diluted in high performance liquid 

chromatography-grade acetonitrile. In GC instruments, the sample was introduced via the auto 

injector using an injection volume of 1 μL.  

5.2. Instruments: 

        GC−MS System 1 consisted of an Agilent Technologies (Santa Clara, CA) 7890A gas 

chromatograph and an Agilent 7683B auto injector coupled with a 240 Agilent Ion Trap mass 

spectrometer. The mass spectral scan rate was 2.86 scans/s. The GC was operated in splitless 

mode with a helium (grade 5) flow rate of 0.7 mL/min and the column head pressure was 10 psi. 

The MS is composed of a combination ion source which allows electron impact (EI) /chemical 

ionization (CI) mode of analysis. Methanol was used as the reagent gas in CI mode. In addition, 

tandem mass spectrometry (MS/MS) were performed in the ion trap. Both modes were operated 
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using an ionization voltage of 70 eV and a source temperature of 230 °C. The GC injector was 

maintained at 250 °C and the transfer line at 280 °C. 

          GC−MS System 2 consisted of an Agilent Technologies (Santa Clara, CA) 7890A gas 

chromatograph and an Agilent 7683B auto injector coupled with a 5975C VL Agilent mass 

selective detector. The mass spectral scan rate was 2.86 scans/s. The GC was operated in splitless 

mode with a helium (grade 5) flow rate of 0.7 mL/min, and the column head pressure was 10 psi. 

The MS was operated in the electron impact (EI) mode using an ionization voltage of 70 eV and 

a source temperature of 230 °C. The GC injector was maintained at 300 °C and the transfer line 

at 325 °C. 

     Liquid chromatography- ultraviolet detection (HPLC-UV) system consisted of Agilent 1200 

series (Agilent Technologies, Santa Clara, CA, USA).  The instrument is composed of binary 

pump, vacuum degasser and UV/VIS multiple wavelength detector and connected to a computer 

loaded with Agilent ChemStation Software. A Rheodyne manual injector with 20 μL loop was 

used in HPLC-UV. The eluents were monitored by the UV detector from 190 to 400 nm. 

      A rapid resolution LC 1200 series coupled with Agilent 6520 accurate mass Q-TOF 

spectrometer (Agilent Technologies, Little Falls, DE, USA) equipped with dual electrospray 

ionization (ESI) source was used for the analysis. Data acquisitions were collected under positive 

(+) mode. For the mass spectrometer conditions, the nebulizing and drying gases were nitrogen 

supplied at a flow rate of 25 Psig and 10 ml/min, respectively. Drying gas temperature was 350 

°C. Ionization source was dual ESI (electrospray ionization) in the positive mode with a capillary 

voltage of 3200 V. for tandem mass spectrometry MS/MS condition, the ions of interest detected 

by collision-induced dissociation (CID). The nebulizing and drying gases were nitrogen supplied 

at a flow rate of 45 Psig and 10 ml/min, respectively. The drying gas temperature was 400 °C. 
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Ionization source was ESI (electrospray ionization) in the positive mode with a capillary voltage 

of 4000V and detection mode by multiple reaction monitoring (MRM). 

5.3. Columns: 

        Different capillary GC columns were evaluated throughout the course of this work, however 

only columns showed best results between resolution and analysis time are illustrated in Table 

13. All columns used were purchased from Restek Corporation (Bellefonte PA, USA) and have 

the same dimensions, 30m x 0.25mm-i.d. Inlet pressure was converted according to the constant 

flow mode and the total flow was 60 ml/min. The injection was in the splitless mode with an 

injector temperature at 250 °C.      

Table 13: List of columns in GC used and their composition. 

Column Name  Column Composition  

Rtx®-5 Coated with 0.10 μm film of 5% diphenyl, 95% dimethyl polysiloxane. 

Rxi®-35Sil MS Midpolarity phase with 0.10 μm of 35% phenyl, 65% dimethyl polysiloxane. 

Rxi®-17Sil MS  Midpolarity phase with 0.10 μm of 50% phenyl, 50% dimethyl polysiloxane 

Rtx®-200 Coated with 0.5 μm film of 100% trifluoropropyl methyl polysiloxane. 

 

        In addition, different LC stationary phase columns were evaluated throughout the course of 

this work. In LC-UV/VIS, only 3 stationary phases (allure PFP Propyl column, Ultra Cyano 

Columns, and Kromasil C18) showed best results between resolution and analysis time. All 

columns used were purchased from Restek Corporation (Bellefonte PA, USA) and have the same 

dimensions, 150x 4.6mm-i.d, 5 μm particle size. In the LC-MS/MS, analysis was performed 

using reversed phase Zorbax Eclipse Plus C18 column (2.5 x 50 mm, 1.8 μm) and was purchased 
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from Agilent. All separations were carried out at room temperature, and the best flow rate was 

from 0.5 mL/min to 1 mL/min. A Rheodyne manual injector with 20 μL loop was used.  

5.4. Temperature Programs: 

    In GC/MS, different temperature programs were evaluated throughout the course of this work, 

however only programs showing the best results between resolution and analysis time are 

illustrated in Table 14. 

Table 14: List of temperature programs used in this project. 

Temperature 

program name 

Program set up  

TP1 hold column temperature at 80 °C for 1.0 min, ramped up to 300 °C at a 

rate of 30 °C/min, held at 300 °C for 0.5 min then ramped to 340 °C at a 

rate of 5.0 °C/min and held at 340 °C for 5.0 min with a total run 21 min. 

TP2 hold column temperature at 80 °C for 1.0 min, ramped up to 300 °C at a 

rate of 15 °C/min, held at 300 °C for 0.5 min then ramped to 340 °C at a 

rate of 1.0 °C/min and held at 340 °C for 5.0 min with a total run 61.0 min. 

TP3 hold column temperature at 80 °C for 1.0 min, ramped up to 300 °C at a 

rate of 30.0 °C/min, held at 300 °C for 0.5 min then ramped to 340 °C at a 

rate of 2.5 °C/min and held at 340 °C for 5.0 min with a total run 29.0 min. 

TP4 Hold column temperature at 80 °C for 1.0 min, ramped up to 300 °C at a 

rate of 2.0 °C/min, held at 300 °C for 30.0 min with a total run 141.0 min. 

 

 



    

108 
 

 

 

References 

 

1- Advisory Council on the Misuse of Drugs (ACMD), Consideration of the Major Cannabinoid 

Agonists (2009) at: 

<https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/119128/a

nnual-report-2008-09.pdf>. 

2- American Association of Poison Control Centers, Synthetic Cannabinoids at: 

<http://www.aapcc.org/alerts/synthetic-cannabinoids>. 

3- Angus Chen, Chemical Change in Synthetic Marijuana Suspected of Causing Illnesses, NPR 

at: <http://www.npr.org/sections/health-shots/2015/04/27/402052478/chemical-change-

in-synthetic-marijuana-suspected-of-causing-illnesses>. 

4- Aung M.M., Griffin G., Huffman J.W., Wu M., Keel C., Yang B., Showalter V.M., Abood 

M.E and Martin B.R. Abood, B.R.Martin. Influence of the N-1 alkyl chain length of 

cannabimimetic indoles upon CB1 and CB2 receptor binding. Drug Alcohol Depend. 60 

(2000), 133–140. 

5- Auwarter V., Dargan P.I and Wood DM. Synthetic Cannabinoid Receptor Agonists. In: Novel 

Psychoactive Substances. Academic Press. 13 (2013), 317-343. 

6- Auwarter V., Dresen S., Weinmann W., Muller M., Putz M and Ferreiros N. ‘Spice’ and other 

herbal blends: Harmless incense or cannabinoid designer drugs. Journal of Mass 

Spectrometry. 44 (2009), 832-837.  



    

109 
 

7- Banister S., McGregor l.S and Gerona R. Labs Make New, Dangerous Synthetic Cannabinoid 

Drugs Faster Than We Can Ban Them. Science & Tech. Medical Daily. Nov. 26–Dec. 2, 

2015.  

8- Ben Amar M.  Pharmacology of cannabis and synthetic analyzes of key committees of 

experts. Drugs, Health and Society. 2 (2004), 9–60. 

9- Burillo‐Putze G., Garciab B.C and Gonzalezc V. New cannabinoids use (Spice) and their 

detection in emergency departments. Annals of pediatrics. 37(2010), 287‐288. 

10- Chimalakonda K.C., Bratton S.M and Le V.H.Conjugation of synthetic cannabinoids JWH-

018 and JWH-073, metabolites by human UDP-glucuronosyltransferases. Drug 

Metabolism and Disposition. 39 (2011), 1967-1976. 

11- Chimalakonda K.C., Seely K.A., Bratton S.M., Brents L.K., Moran C.L., Endres G.W., 

James L.P., Hollenberg P.F., Prather P.L., Radominska-Pandya A and Moran J.H. 

Cytochrome P450-Mediated Oxidative Metabolism of Abused Synthetic Cannabinoids 

Found in K2/Spice: Identification of Novel Cannabinoid Receptor Ligands. Drug 

Metabolism and Disposition. 40 (2012), 2174-2184. 

12- Compton, D.R., et al., Pharmacological profile of a series of bicyclic cannabinoid analogs: 

classification as cannabimimetic agents. The Journal of Pharmacology and Experimental 

Therapeutics. 206 (1992), 201‐209. 



    

110 
 

13- D' Ambra T.E., Josef K.A., Ward S.J., Haycock D.A., Baizman E.R., Casiano F.M., Beglin 

N.C., Chippari S.M., Grego J.D., Kullnig R.K and Daley T.G. Conformationally 

restrained analogues of pravadoline: nanomolar potent, enantioselective, 

aminoalkylindole agonists of the cannabinoid receptor. Journal of Medicinal Chemistry. 

35 (1992), 124‐135. 

14- Ernst L., Schiebel H., Theuring C., Lindigkeit R and Beuerle T. Identification and 

characterization of JWH-122 used as a new ingredient in “Spice-like” herbal incenses; 

Forensic Science International. 208 (2011), 31-35. 

15- Fattore L and Fratta W. Beyond THC: the new generation of cannabinoid designer drugs. 

Frontiers in Behavioral Neuroscience. 5(2011), 60. 

16- Fonseca F. R., Arco D., Bermudez-Silva F. J., Bilbao A., Cippitelli A and Navarro M. The 

endocannabinoid system: physiology and pharmacology. Alcohol Alcoholism. 40 (2005), 

2- 14. 

17- Hajos N and Freund TF. Distinct cannabinoid sensitive receptors regulate hippocampal 

excitation and inhibition. Chemistry and Physics of Lipids. 121 (2002), 73–82. 

18- Howlett A.C., Barth F., Bonner T.I., Cabral G., Casellas P., Devane W.A., Felder C.C., 

Herkenham M., Mackie K., Martin B.R., Mechoulam R and Pertwee R.G. International 

Union of Pharmacology. XXVII. Classification of cannabinoid receptors. 

Pharmacological Reviews. 54 (2002), 161‐202. 

19-  Howlett A.C., Breivogel C.S., Childers S.R., Deadwyler S.A., Hampson R.E and Porrino 

L.J. Cannabinoid physiology and pharmacology: 30 years of progress. 

Neuropharmacology.  47 (2004), 345–358. 



    

111 
 

20- Hudson S and Ramsey J. The emergence and analysis of synthetic cannabinoids; Drug 

Testing and Analysis. 3 (2011), 466-478. 

21- Hurst D., Loeffler G and McLay R. Psychosis associated with synthetic cannabinoid 

agonists: a case series. The American Journal of Psychiatry. 168 (2011), 1119-1119. 

22- Huffman J.W., Dai D., Martin B.R and Compton DR. Design, synthesis and pharmacology 

of cannabimimetic indoles. Bioorganic & Medicinal Chemistry Letters. 4 (1994), 563–

566. 

23- Huffman J.W. Cannabimimetic indoles, pyrroles and indenes. Current Medicinal Chemistry. 

6 (1999). 705–720. 

24- Jankovics P., Varadi A., Tolgyesi L., Lohner S., Nemeth- Palotas J and Balla J. Detection 

and identification of the new potential synthetic cannabinoids 1-pentyl-3-(2-iodobenzoyl) 

indole and 1-pentyl-3-(1-adamantoyl)indole in seized bulk powders in Hungary. Forensic 

Science International. 214 (2012), 27–32. 

25- Lina C.Y., Wheelock A.M., Morina D., Baldwina R. M., Leea M.G., Taff A., Plopper C.,  

Buckpitt A and Rohde A. Toxicity and metabolism of methylnaphthalenes: comparison 

with naphthalene and 1‐nitronaphthalene. Toxicology. 260 (2009), 16–27. 

26-  Logan B.K., Kacinko S.L., Matthew M., Mc-Mullin M.S., Xu A., Robert A., Berg M. 

Technical Bulletin: Identification of primary JWH-018 and JWH-073 metabolites in 

human urine. NMS Labs. (2011) 1-6. 

27- Mechoulam R. Plant cannabinoids: A neglected pharmacological treasure trove. British 

Journal of Pharmacology. 146 (2005), 913–915. 



    

112 
 

28- Mechoulam R and Parker LA. The endocannabinoid system and the brain.  Annual Review of 

Psychology. 64 (2012), 21–47. 

29- McGrath J., Welham J., Scott J., Varghese D., Degenhardt L and Hayatbakhsh MR. 

Association between cannabis use and psychosis-related outcomes using sibling pair 

analysis in a cohort of young adults. Arch Gen Psychiatry. 67 (2010), 440–447. 

30- McKim W.A. Drugs and Behavior: An Introduction to Behavioral Pharmacology (4th Ed.) 

Upper Saddle River N.J: Prentice Hall publications. (2000), pp 155-156. 

31- National Institute on Drug Abuse, Drug Facts: Synthetic Cannabinoids at: 

<http://www.drugabuse.gov/publications/drugfacts/synthetic-cannabinoids>. 

32- Office of National Drug Control Policy, Synthetic Drugs at: 

<https://www.whitehouse.gov/ondcp/ondcp-fact-sheets/synthetic-drugs-k2-spice-bath-

salts>. 

33- Perez-Reyes M, White WR, McDonald SA, Hicks RE, Jeffcoat AR and Cook CE. The 

pharmacologic effects of daily marijuana smoking in humans. Pharmacology and 

Biochemistry Behavior. 40 (1991), 691-694 

34- Pertwee R. G. Pharmacology of cannabinoid CB1 and CB2 receptors. Pharmacology and 

Theraputics. 74 (1997), 129-180. 

35- Presley B.C., Jansen-Varnum S.A and Logan B.K. Analysis of Synthetic Cannabinoids in 

Botanical Material: A Review of Analytical Methods and Findings. Forensic Science 

Review. 25 (2013). 27-46. 



    

113 
 

37- Rieder SA, Chauhan A, Singh U, Nagarkatti M, Nagarkatti P. Cannabinoid-induced 

apoptosis in immune cells as a pathway to immunosuppression. Immunobiology. 215 

(2010),598–605. 

38- Seely K., Lapoint J., Moran J and Fattore L. Spice drugs are more than harmless herbal 

blends: A review of the pharmacology and toxicology of synthetic cannabinoids. 

Progress in Neuro-Psychopharmacology & Biological Psychiatry. 39 (2012), 234–243. 

39- Simmons J., Cookman L., Kang C. and Skinner C. Three cases of “spice” exposure. Clinical 

Toxicology. 49 (2011), 431–3.  

40- Stoykova S., Atanasov V and Kanev K. Analysis of synthetic cannabinoid JWH-018 in blood 

and urine by gas chromatography with mass spectrometry, MD-Medical Data. 7 (2015), 

075-078. 

41- Sobolevsky T., Prasolov I and Rodchenkov G. Detection of JWH-018 metabolites in 

smoking mixture post administration urine. Forensic Science International. 200 (2010), 

141-147. 

42- Spice Addiction Support, What is Spice/K2? The Facts on Synthetic Marijuana at: 

<http://spiceaddictionsupport.org/what-is-spice>. 

43- Text of the Food and Drug Administration Safety and Innovation Act S.3187.  Subtitle D- 

Synthetic Drugs (2012) at: < https://www.govtrack.us/congress/bills/112/s3187/text> 

44- Thakur G.A., Nikas S.P and Makriyannis A. CB1 cannabinoid receptor ligands. Mini-

Reviews in Medicinal Chemistry. 5 (2005), 631-640. 



    

114 
 

45- Thaxton A., Belal T., Smith F., DeRuiter J., Abdel-Hay K and Clark R.C. GC–MS studies on 

the six naphthoyl-substituted 1-n-pentyl-indoles: JWH-018 and five regioisomeric 

equivalents. Forensic Science International. 252 (2015), 107–113. 

46- Thaxton A., Belal T., Smith F., DeRuiter J., Abdel-Hay K and Clark R.C. Mass spectral 

studies on 1-n-pentyl-3-(1-naphthoyl)indole (JWH-018), three deuterium-labeled 

analogues and the inverse isomer 1-naphthoyl-3-n-pentylindole. Rapid Communication in 

Mass Spectrometry. 29 (2015), 871–877. 

47- The Australian Drug Foundation, Synthetic Cannabis at: 

<http://www.druginfo.adf.org.au/drug-facts/synthetic-cannabis>. 

48- Turu G and Hunyady L. Signal transduction of the CB1 cannabinoid receptor. Journal of 

Molecular Endocrinology. 44 (2010), 75–85. 

49- Uchiyama N., Kikura-Hanajiri R., Kawahara N., Haishima Y., and Goda Y. Identification of 

a cannabinoid analog as a new type of designer drug in a herbal product. Chemical and 

Pharmaceutical Bulletin. 57 (2009), 439–441. 

50- Uchiyama N., Kikura-Hanajiri R., Kawahara N and Goda Y. Identification of a 

cannabimimetic indole as a designer drug in a herbal product. Forensic Toxicology. 27 

(2009), 61-66. 

 51- Uchiyama N., Kikura-Hanajiri R., Ogata J and Goda Y. Chemical analysis of synthetic 

cannabinoids as designer drugs in herbal products. Forensic Science International. 198 

(2010), 31–38. 



    

115 
 

52- U.S. Department of Justice Drug Enforcement Administration, Drugs of Abuse, A DEA 

Resource Guide at:  

<http://www.dea.gov/pr/multimedialibrary/publications/drug_of_abuse.pdf#page=64>. 

53- Vardakou I., Pistos C and Spiliopoulou C. Spice drugs as a new trend: mode of action, 

identification and legislation. Toxicology Letters. 197 (2010), 157–162. 

54-  Vearrier D and Osterhoudt K. C. A teenager with agitation: higher than she should have 

climbed. Pediatric Emergency Care. 26 (2010), 462‐465. 

55-  Wintermeyer A., Moller I., Thevis M., Jubner M., Beike J., Rothschild M. A and Bender K. 

In vitro phase I metabolism of the synthetic cannabimimetic JWH-018. Analytical and 

Bioanalytical Chemistry. 398 (2010), 2141-2153. 

56- Zimmermann U. S., Winkelmann P. R., Pilhatsch M., Nees J. A., Spanagel R and Schulz K. 

Withdrawal phenomena and dependence syndrome after the consumption of "spice gold". 

Deutsches Arzteblatt International. 106 (2009), 464‐ 467. 

 

 

 


