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 Abstract 

 

 

The potential for designer analogue development in the NBOMe series of drugs of abuse 

is very high based on the methods used to synthesize this class of compounds, and the availability 

of a wide variety of precursor chemicals which would allow for significant structural variation. 

Also, since derivatives and isomers of the NBOMe drug class are difficult to differentiate by 

routine analytical methods, the production of designer analogues would pose significant challenges 

for those involved in drug detection and identification. In this study several series of NBOMe 

derivatives and regioisomers were synthesized with varying substituents and substitution patterns 

in the phenethyl aromatic ring, the N-benzyl aromatic ring, the ethyl side chain and nitrogen atom. 

These compounds were prepared using the basic synthetic methods reported in the literature. GC-

MS and other analytical methods were then explored to identify the specific NBOMe analogues 

and differentiate regioisomers within series of derivatives.  

 

All NBOMe derivatives prepared underwent the same fragmentation pathway in the electron 

ionization-mass spectrum (EI-MS) giving a base peak by the cleavage of the benzylic C-N bond 

to yield a benzyl cation, and ions of secondary abundance from dissociation of the phenethyl C-N 

bond to form an iminium cation, and from loss of CH2O from the methoxy benzyl cation. 

Derivatives of different molecular weight and atomic composition were readily differentiated by 

CI-MS and other spectroscopic means. Regioisomeric NBOME derivatives with a single methoxy 

group in the N-benzyl ring could be differentiated based on the relative abundances of the benzyl 

cation formed in the EI-MS. Regioisomeric NBOME derivatives with two methoxy groups in the 

N-benzyl ring were differentiated by EI-MS only after derivatization with TFA. TFA-

derivatization resulted in the formation of unique ions in the EI-MS as well as significant 

differences in the relative abundance of other key fragment ions. In addition to MS methods, 



iii 

regioisomeric NBOMe derivatives were also separated and identified by gas chromatographic 

methods.  

 

The new NBOMe compounds synthesized were tested for their receptor affinities in a variety of 

assays and several were found to have nanomolar affinities and high selectivity for 5-HT2 receptor 

subtypes. 
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1 Literature review 

 

1.1 Introduction : 

 

The use of illegal drugs continues to increase worldwide with nearly 275 million (5%) of the global 

population between the ages 15-64 years reported to have used drugs at least once a year [1]. 

Cannabis, cocaine, ecstasy and amphetamines remain the most frequently used illicit drugs [2]. 

Mortality related to illegal drug use increased by 60% from 2000 to 2015 [1], with nearly 450,000 

deaths reported in 2015 [3]. 

 

 

Figure 1 Global emergence of new psychoactive substances up to December 2018 [4]. 

 

Over the past decade and to the present, the number of new psychoactive substances (NPSs) 

identified in the illegal drug market across the globe has continued to grow [5]. For example, every 

week around one new psychoactive substance is being reported in Europe [6]. A total of 892 NPSs 

were reported between 2009-2019 with 492 NPS identified 2017 alone (Figure 1) [7]. Among all 

reported NPSs by the end of 2018, stimulants represented the largest fraction of drugs reported, 
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followed by synthetic cannabinoid, classic hallucinogens, opioids, and finally dissociatives and 

sedatives/hypnotics (Figure 2) [8]. The novel psychoactive drug 25I-NBOMe and related 

substances were reported by the largest number of countries (47) across the globe [3].  

 

 

Figure 2 Proportion of new psychoactive substances by psychoactive effect group as of December 2018 [8]. 

The NPSs category includes a large number of chemical substances from different structural 

classes that induce biological effects similar to controlled or historically scheduled illegal drug 

substances [2, 9, 10], In the clandestine market NPSs are often referred as legal highs [11], research 

chemicals [12], synthetic drugs, bath salts, plant fertilizers [2], designer drugs [13], plant food [9, 

10], insect repellents, and air fresheners. These new drugs often carry the disclaimer ñfor research 

purposes onlyò or ñnot for human consumptionò on their packaging [10]. There are four main 

structural and pharmacologic classes of NPSs which include cannabinoids, psychostimulants, 

opioids, and hallucinogens. The cannabinoids and psychostimulants remain the most widely 

abused substances. While less common, hallucinogens continued to be used and novel 

hallucinogenic drugs such as the NBOMEs continue to appear in the clandestine drug market [14]. 

 

The NPSs are defined as ñsubstances of abuse, either in a pure form or a preparation, that are not 

controlled by the 1961 Single Convention on Narcotic Drugs or the 1971 Convention on 
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Psychotropic Substances, and which may pose a significant public health threat [13]. While many 

NPSs are new chemical entities, not all are as the name may imply. For example, a number of 

NPSs are derivatives of amphetamine and MDMA that were synthesized and reported in the 

literature decades ago. The designation of ñnewò in NPS simply refers to the presence of a 

substance not previously identified in the clandestine market place across the world. Many of these 

NPSs, old and new, were produced to evade existing scheduling regulations in countries around 

the globe. [2, 13, 15]. 

 

Over the past decade the presence of NPSs have reached unprecedented levels [14] as a result of 

continuous analog design and ease of availability through cyber networks [12], head shops and 

from drug dealers [9, 10]. These substances are often promoted as either safe alternative to illicit 

drugs [9, 15] or were intended as psychotropic agents for the treatment of psychological problems 

[2]. NPS abuse have become a real problem [11, 12] since these drugs are often associated with 

serious medical and psychiatric issues [2, 9]. 

 

The terms ñpsychedelicsò or ñhallucinogensò typically refer to any substance that binds to 5-HT2A 

receptor and produce agonist effect [16]. Hallucinogen NPS drugs can be divided in three 

categories based on source and structural class: the ergolines such as LSD, the tryptamines or 

indoleamines such as psilocybin, and the phenylalkylamines [16]. The phenylalkylamine 

hallucinogens can be further subdivided in two broad classes: the phenylisoproyplamines or 

ñamphetamine classò, such as 2,5-dimethoxy-4-bromoamphetamine (DOB) and 2,5-dimethoxy-4-

methylamphetamine (DOM) and the phenethylamine class which includes substances of natural 

origin like mescaline the active constituent of Peyote cactus [9, 17] and the synthetic 4-substituted-

2,5-dimethoxyphenethylamines or so-called ñ2C-Xò compounds (Figure 3) [14]. The 

phenethylamine core structure is common to a large class of substances including the 

catecholamine neurotransmitters (dopamine, epinephrine and norepinephrine) as well as a number 

of stimulant and hallucinogenic drugs of abuse [10]. Interestingly the 2C-X compounds have 

psychedelic and stimulating effects based on the structure and dose [9-11].  
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Figure 3 Structures of LSD, psilocybin, DOB, DOM, mescaline, and 2C-X class. 

The NBOMes are N-2-methoxybenzyl substituted derivatives of the 2C-X class of hallucinogens. 

They were originally synthesized by Ralph Heim in 2004 for research purposes as potent agonists 

of 5-hydroxytryptamine receptor subtype 2A (5-HT2A) [18]. This series of compounds was further 

developed by Braden and Nichols in 2006 [19] who demonstrated that these compounds were 

highly potent hallucinogens with activity at microgram scale doses [11, 14, 20]. Because of their 

high affinity at 5-HT2A receptors, the 11C radiolabel isotope of NBOMes were developed as 

radioligands [21] to map the distribution of 5-HT2A receptors in the brain by positron emission 

tomography (PET) [22-24]. The NBOMes were subsequently shown to also act as agonists at Ŭ-

adrenergic receptors [25] and H1 histamine receptors [26]. As a result, they can produce both 

serotonergic and sympathomimetic effects [20, 25]. It has been speculated that the psychotropic 

features of these drugs reported in the scientific literature triggered the interest of the designer drug 

producers [11] to use them as recreational drugs in illicit  drug market. 

 

The clandestine marketed NBOMes are sold as ñresearch chemicalsò under various names N-

bomb, Smiles, Solaris, and Cimbi. The 2C-X hallucinogens (for example: 2C-B, 2C-I, etc.) are 

phenylethylamines with methoxy group (OCH3) substitutions at the 2- and 5-positions [9], that 

possess structure similarities with MDMA and mescaline, causing physical and psychological 

effects and hallucinations through serotonergic stimulation. The ñ2Cò series of hallucinogenic 

phenethylamines were first described by Alexander and Anne Shulgin [27] who used the term 

ñ2Cò to refer to the two carbons between the benzene ring and the amino group (Figure 4). In 

1991, Alexander Shulgin or ñthe godfather of psychedelicsò, published his famous book [27] 

ñPhenethylamines I Have Known And Loved (PIHKAL)ò, in which he described the synthesis of 

many phenethylamines and his own experience while testing these drugs [2]. Chemical structures 
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of phenethylamine, 2C-phenethylamine, 2 C-C and N-(2ô-methoxy)benzyl-2,5-dimethoxy-4-

chlorophenethylamine (25C-NBOMe) are given in Figure 4. 

 

 

Figure 4 Structures of 2C-X and 25X-NBOMe hallucinogens. 

 

The NBOMe series of drugs has practically no history of human consumption prior to 2010 when 

they first became available on the internet [28]. Blotter papers and powders containing these new 

psychedelics were detected on the Polish drug market in 2011. Among others, three representatives 

of the NBOMe compounds containing alkyl group at position 4 of the phenethyl ring [29] were 

identified first. Blotter papers impregnated with the chloro derivative 25C-NBOMe also entered 

the market in 2011. Between 2012-2013, a number of NBOMe exposures were reported to Texas 

poison centers. Of these 76% involved 25I-NBOMe, 12% 25C-NBOMe, and 12% an unknown 

NBOMe. The majority (88%) of patients were men and mean age was 17 years (range: 14-25 

years) [30].Currently, the most widely used NBOMe substances are 25I-NBOMe (street names: 

25I, INBMeO, N-bomb, Smiles, Solaris and Cimbi-5), followed by 4-bromo derivative (25B-

NBOMe) and 4-chloro analog (25C-NBOMe; street names C-Boom, Cimbi-82, Pandora and 

Dime) [28, 31]. However, a significant number of other 4-substituted NBOMEs have also been 

reported in the literature. 

 

1.2 Legal status: 

 

The wide variety and increased number of NPS has created significant challenges for regulatory 

agencies throughout the world [5, 15]. Over the years, designer drug manufacturers have shown 

great flexibility in altering the chemical structures of existing drugs of abuse to escape both the 

legal restriction and analytical detection [11]. Often as a new law is enacted to control one novel 
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NPS, another structurally related but chemically distinct analog appears on the illicit drug market 

[15]. In any attempt to address this problem some countries like the US and Canada have adopted 

legislation which attempts to schedule future, new designer drugs ñbased on chemical similarity 

to an already controlled substanceò, or a generic approach for ñcontrolling a family of substances 

that are precisely definedò to control substances not explicitly mentioned in the legislation [2]. 

Other countries have simply attempted to impose a blanket ban on all psychoactive substances [5]. 

The legal definitions used in such blanket bans are either ñeffect-basedò or ñpurpose basedò. For 

example, the effects-based ban of the UK [15], Australia and Ireland would in theory cover an 

NPS with ñthe capability of a substance to influence the userôs mind, mood, brain or behaviorò. 

The purpose-based ban in countries like Romania and Poland addresses NPS for substances that 

ñmay be used instead of, or for the same purpose, as controlled drugsò. 

 

The 2C-X hallucinogens, which can also serve as precursors for the synthesis of NBOMes, have 

been controlled by countries across the globe for some time. And now the production, distribution 

and use of NBOMes is regulated in most countries. The US classified 25I-NBOMe, 25B-NBOMe 

and 25C-NBOMe as a Schedule I controlled substance in 2016 [32]. This designation is reserved 

for substances that have a high potential for abuse and adverse health effects without any 

therapeutic benefits. Now 25I-NBOMe, 25B-NBOMe, and 25C-NBOMe are under controlled in 

Denmark, Slovenia, Russia, Sweden and areas of Australia (Queensland and New South Wales) 

[33-35] and UK [36]. Further legislative actions may be required to prevent continued spread of 

these drugs [9], and some countries have called for an international ban of these drugs [20]. 

 

1.3 Prevalence: 

 

According to the recent data published from System to Retrieve Information from Drug Evidence 

(STRIDE) ñwhich is a USA federal database for the seized drugs analyzed by Drug Enforcement 

Administration (DEA) forensic laboratoriesò and the National Forensic Laboratory Information 

System (NFLIS) ñwhich collects drug analysis information from state and local forensic 

laboratoriesò indicated that between January 2014 to April 2018, a total of 4326 reports for the 

NBOMe drugs. This included 2129 reports for 25I-NBOMe, 1273 reports for 25C-NBOMe, and 
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finally 924 reports for 25B-NBOMe. Some combination of NBOMe drugs have also been 

encountered in seized materials in US [32]. 

 

 

Figure 5 Blotter sheets presenting 3 different artwork patterns containing a mixture of 25I-NBOMe, 25C-

NBOMe and 25H-NBOMe [11]. 

 

Similar trends were reported in European Union countries according to the European Monitoring 

Centre for Drugs and Drug Addiction (EMCDDA). This agency is responsible for collating and 

distributing information related to drug use in European countries [37]. Interestingly no drugs of 

the NBOMe category were reported before June 2012 [38]. 

 

In an online questioner (Global Drugs Survey or formally known as MixMag) that was conducted 

in 2012 on 22289 respondents, 2.6% of the respondents reported they had tried one of the main 

three NBOMe, i.e. 25I-NBOMe, 25B-NBOMe, and 25C-NBOMe. 25I-NBOMe was the most 

commonly used of the NBOMe (2.0%), followed by 25B-NBOMe (1.2%) then 25C-NBOMe 

(0.8%). The participants of this survey were mainly from the US, Canada, and UK [31]. In another 

survey conducted on 2014 [39], the prevalence of use of NBOMe drugs showed a slightly higher 

result (4.8% compared with 2.6%) than the previous questioner discussed above from the Global 

Drug Survey.  

 

According to a 2013 online article published on Erowid Extracts [40], with a total of 314 reports 

on NBOMe use. The number of NBOMe use has increased from 5 reports in 2010 to 126 reports 

in the first six months of 2013 with more than 8,000 posts containing the word ñNBOMeò on the 

internet discussion forum [41].  
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1.4 Pharmacology and Structure-Activity Relationships: 

 

 

Figure 6 Plasma membrane monoamine reuptake transporters (DAT, SERT and NET). 

The primary mechanism of action for many psychotic drugs of abuse involves modulation of 

central nervous system neurotransmitter activity by actions at pre- or postsynaptic receptors or by 

inhibition or activation of neurotransmitter reuptake systems. The primary neurotransmitter targets 

involved in the effects of psychoactive drugs appear to be serotonin (5-HT), norepinephrine (NE) 

and dopamine (DA) receptor subtypes, and the serotonin (SERT), norepinephrine (NET) and 

dopamine (DAT) reuptake transporters [2]. 

 

Alterations in neurotransmitter levels in the brain often leads to either desirable or undesirable 

effects [2]. For example, the increases in serotonin levels can lead to entactogenic or 

hallucinogenic or effects, and in extreme cases to a life-threatening condition, serotonin syndrome 

[2]. Increases in NE levels can alter the cardiovascular functions (e.g., tachycardia and 

hypertension) and temperature regulation (hyperthermia) [2]. Finally, increased DA levels are 

associated with reinforcing and behavioral-stimulating effects of drugs [42-44] in addition to high 

abuse potential for drugs that affect dopamine reuptake [2, 45, 46] in contrast to high serotonin 

levels [44, 47]. 
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The monoamine neurotransmitter 5-hydroxytryptamine or serotonin (5-HT) is involved in 

mediating many physiologic and behavioral processes including mood, emotion, feeding behavior 

and food intake, sexual behavior, sleep and circadian rhythm, and the neuroendocrine system [48]. 

Serotonergic neuronal pathways in the CNS have also been reported to play important roles in 

numerous conditions such as addiction, schizophrenia, obsessive compulsive disorder, pain, 

inflammation, migraine, cluster headaches, [49] and GI tract function . Therefore, there has been 

continuing interest in developing ligands for the serotonin receptors and transporters to research 

and treat many disorders such as schizophrenia, depression, obesity, emesis, and irritable bowel 

syndrome (IBS) [48]. Serotonin receptors are sub-classified into seven subfamilies (5-HT1 to 5-

HT7) based on structure and signal transduction mechanism. With the exception of 5-HT3 

receptors, serotonin receptors are considered as G-protein-coupled receptors, while 5-HT3 

receptors are ligand-gated ion channel [50]. 

 

The 5-HT2 subfamily of receptors appears to be involved in many of the CNS actions of serotonin. 

This receptor family is further subdivided into 3 subtypes, 5-HT2A, 5-HT2B, and 5-HT2C [51]. It is 

thought that 5-HT2A receptors contribute to both central and peripheral physiological actions, 

mediating platelet aggregation, vasoconstriction, and intra-ocular pressure in the peripheral 

tissues, while regulating circadian rhythm, mood, cognitive states and the learning process in the 

CNS as well as the effects of psychoactive drugs [52]. The 5-HT2B receptors are mainly found in 

the gut with lower distribution in the lung and the heart and to the least possible extent in the brain 

Though 5-HT2B receptors are critical for organ structure development in the heart and the brain, 

activation of these receptors is also associated with heart disease [51]. Finally, 5-HT2C receptors 

appear to be responsible for regulating dopamine and serotonin release in the brain and therefore 

have been targeted for treating stimulant abuse and anxiety, and weight regulation [48]. The 5-

HT2C receptors share the closest structural homology to 5-HT2A receptors and have also been 

proposed to be a target for many psychoactive drugs [48].  

 

Modulation of 5-HT2A receptor function has been linked to complex CNS activities ranging from 

cognitive process and working memory to affective disorders [9, 11, 20]. Stimulation of 5-HT2A 

receptors is also strongly associated with the hallucinogenic effects of many illicit drugs [9]. 

However, hallucinogenic drugs can also interact with other 5-HT receptor subtypes with varying 
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selectivity and efficacy, as well as other non-serotonin targets. These complex receptor and 

transporter actions complicates the study of the relationships between receptor occupation and 

behavioral effects and hallucinogenic drugs after systemic administration [16].  

 

 

Figure 7 Serotonin 5-HT2 receptors. 

Structure-activity relationship (SAR) studies have led to the development of drugs with low 

nanomolar affinities for the 5-HT2A receptor, some of which are among the most potent partial 

agonists with hallucinogenic effects known to date [53-56]. Data suggest that 2C-X drugs interact 

effectively with serotonin receptors, most of which act as 5-HT2A receptor agonists. Typically, a 

2C-X drugs have a lipophilic substituent in the para or 4-position of the aromatic ring, which 

contributes to further enhance 5-HT2A affinity and partial agonistic action [57, 58]. The most active 

2C-X compounds identified to date possess an ether, alkylthio, alkyl, or halogen group at the 4-

position and their potency increases in the aforementioned sequence [59, 60]. The results retrieved 

from SAR studies suggest that N-substitution of common phenethylamines with short alkyl 

substituents (methyl or ethyl groups) considerably decreases the binding affinity for serotonin 

receptors compared to the unmodified compounds. However, the addition of an N-benzyl moiety 

increases the affinity and potency [19]. For example, Braden et al found that substitution of a N-

benzyl group to 2,5-dimethoxyphenethylamine (2C-H) resulted in a 13-fold increase in 5-HT2A 

receptor binding [61]. Furthermore, adding a methoxy or hydroxy functional group to the ortho or 

2ô-position on the N-benzyl group resulted in further increases receptor binding [9, 11, 14]. For 
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example, addition of the N-(2ô-methoxy)benzyl substituent to 2C-I as in 25I-NBOMe increased 5-

HT2A receptor affinity 17-fold; 2C-I has a Ki of 0.73 nM and 25I-NBOMe has a Ki of 0.044 nM. 

The same trend was observed when adding a N-(2ô-methoxy)benzyl substituent to 2C-B as in 25B-

NBOMe; 2C-B has a Ki of 6 nM while 25B-NBOMe as a Ki of 0.19 nM at 5-HT2A receptors. Also 

adding a N-(2-hydroxy) benzyl group to 2C-H as in the 25H-NBOH drugs resulted in an 82-fold 

increase in affinity. Silva et al prepared a number of NBOMe derivatives in which the phenyl ring 

was replaced with a heterocycle such as indole and quinazolinedione. In these studies, it was also 

found that the heterocyclic-ethylamines that were substituted with an N-(2ô-methoxy)benzyl 

substituent had the highest 5-HT2A receptor affinity, although as partial agonists [62]. Finally, in 

addition to high receptor affinity, the NBOMe and NBOH derivatives displayed high selectivity 

(> 1000-fold) for 5-HT2A receptors over 5-HT1A receptors, and moderate selectivity (up to 35-fold) 

for 5-HT2A over 5-HT2C receptors [11]. 

 

It is reported that the increase in 5-HT2A receptor affinity resulting from the substitution of a N-

benzyl group to the 2C-X structure as in the NBOMes is due to additional aromatic pi-stacking 

interactions between the added benzyl group and a Phe residue at position 339 on the receptor [19]. 

Furthermore, adding an appropriately positioned oxygenated functionality to the N-benzyl ring 

increases receptor affinity further by hydrogen bond formation [63]. The ortho or 2ô-position 

appears to be optimal for this hydrogen bonding interaction since moving it to the meta (3ô) or para 

(4ô) position is associated with a gradual and significant decline in affinity[14]. In addition to 

reduced hydrogen bonding, steric factors also appear to play a role in the reduction of binding 

affinity that occurs with meta and para methoxy substitution pattern [14]. For example, in NBOMe 

derivatives substituted with a bromine atom in the N-benzyl ring it was observed that 4ô-bromo 

isomer displayed 10-20 fold reduced affinity (Ki=52.5 nM) compared to corresponding 3ô-bromo 

isomer (Ki=3.98 nM) and 2ô-bromo isomer (Ki=2.34 nM) [63]. To further emphasize the 

importance of steric constrains around the para position of the N-benzyl ring within the binding 

pocket of the 5-HT2A receptor, Braden et al replaced the N-benzyl ring with N-naphthyl group 

which lead to reduction in 5-HT2A binding affinity by 20-fold (Ki napthyl = 4.83 vs Ki benzyl = 

0.25 nM) [19]. Finally, when the N-(2ô-methoxy)benzyl substituent of 25B-NBOMe was replaced 

with N-pyridinyl, an electron deficient heterocyclic system, a significant reduction in affinity was 
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reported, consistent with the observation that electron deficient ring systems have lower aromatic 

stacking interaction [14]. 

 

The NBOMe compounds have a high degree of structural flexibility based on their linear 

phenethylamine structure. Thus, they can exist in a variety of different conformational forms and 

adopt different binding poses at their target receptors [14]. To investigate the potential binding 

conformation of the NBOMe-type compounds Juncosa et al. [48] prepared a series of 

conformationally restricted analogues of 25B-NBOMes. These restricted derivatives showed the 

same relative receptor binding profiles as the NBOMes with more than 100-fold selectively for 5-

HT2A versus 5-HT2C receptors, but their 5-HT2A receptor affinity was significantly less than the 

unrestricted compounds and the data did not support the binding of one conformation versus 

another. 

 

A number of Ŭ-methyl substituted or amphetamine-type NBOMe derivatives have also been 

prepared and assessed in 5-HT2A receptor binding assays. These derivatives generally have 

significantly lower 5-HT2A receptor affinity than the corresponding NBOMe parent compound. 

For example, the addition of Ŭ-methyl group to 25I-NBOMe results in a decline in efficacy (Emax) 

and a 12-fold reduction of affinity for 5-HT2A receptors suggesting that substitution in this portion 

of the NBOMe molecule reduces receptor affinity [14, 19]. 

 

While the hallucinogenic effects of the NBOMes and other psychedelic drugs are attributed to 

agonist action at the serotonin 5-HT2A receptors, there is limited information correlating this 

receptor action with behavioral responses in animal models. Halberstadt and Geyer studied the 

effects of several 25I-NBOMe and 2C-I on the head twitch response (HTR) that is induced by 

activation of 5-HT2A receptor in rats and mice. This model is widely used as a behavioral proxy 

for hallucinogen effects in humans. In this assay 25I-NBOMe displayed 14-fold higher potency 

than 2C-I, consistent with the relative 5-HT2A receptor binding affinities of these two compounds 

[17]. The 11C radiolabeled form of 25C-NBOMe has been studied as a potential ligand to map the 

distribution of 5-HT2A receptors in the brain by positron emission tomography (PET) [22]. Because 

this drug has a nanomolar affinity at the 5-HT2A receptor (2.89 nM) in vitro it, along with other 

members of the NBOMe series, has been characterized as ñsuperpotentò agonist [22]. However, 
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the association between 5-HT2A receptor occupation and the pharmacological effects of these drugs 

remains to be established. 

 

There are relatively few studies characterizing the pharmacologic actions of NBOMe compounds 

in humans reported in the scientific literature. However, case reports in the medical literature and 

anecdotal reporting at internet sites such as Erowid highlight a number of pharmacologic actions 

experienced by those using these drugs. Reported effects range from relatively mild psychotropic 

actions to life threatening events [11, 20, 64] based on the route of administration and dose [64]. 

The CNS reported effects include euphoria, mental and physical stimulation, entactogen effects 

(feelings of love, empathy, and sociability), mystical experiences, alterations in cognition, audio-

visual hallucinations, time distortion, agitation, aggression, confusion and insomnia. Peripheral 

effects noted include nausea, tachycardia, hypertension, hyperthermia and hallucinations. There 

are several reports of associating NBOMes use with seizures, cardiac and/or respiratory arrest and 

death [9, 10, 20, 64]. And in some cases, the use of NBOMe drugs appeared to have triggered 

ñserotonin syndromeôô which is life threatening condition if not properly managed [9]. At this time 

there are no reports concerning the addiction or physical dependence potential of the NBOMe 

drugs [9, 33-35].  

 

1.5 NBOMe Related Toxicities and Mortality: 

 

Hospital admission data and case reports have described various toxic effects associated with the 

NBOMe drugs including tachycardia, hypertension, confusion, agitation, aggression, visual and 

auditory hallucinations, seizures, hyperpyrexia, clonus, metabolic acidosis, rhabdomyolysis and 

acute kidney injury [65-69]. Elevated creatine kinase and white cell counts were also noted by Hill 

et al in several patients admitted to the hospital after NBOMe use [68]. Non-fatal intoxications and 

deaths associated with 25I-NBOMe drug have been reported by Australia (at least 2 deaths), 

Belgium (3 non-fatal, 1 unconfirmed death), Poland (4 nonfatal, 1 unconfirmed death), Sweden 

(18 non-fatal), the United Kingdom (7 non-fatal, 1 death) and the USA (19 non-fatal, 11 combined 

NBOMe deaths, 5 25I-NBOMe deaths) [35]. Many but not all of these cases have been analytically 

confirmed. 
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In the US, Kelly et al reported that four males between the ages of 18 and 19 simultaneously 

presented to the emergency department (ED) after recreational use of 25I-NBOMe [65]. They 

purchased the drug from another individual who obtained it through the internet. Upon arrival, all 

patients were tachycardic and displayed varying levels of psychomotor agitation. None were 

capable of providing a clear history. Three of the patients experienced prolonged seizure activity 

which required pharmacologic therapy, intubation, and mechanical ventilation. 

 

A single non-fatal intoxication with 25B-NBOMe in the US was reported and there have been two 

case reports of death associated with 25B-NBOMe ingestion in the UK and Switzerland [34, 70]. 

In all three cases the presence of 25B-NBOMe was confirmed analytically. For the non-fatal case, 

a 19 year old male in prior good health was found by his roommates having ñjerking movementsò. 

He was taken to the hospital where he was observed to be experiencing tachycardia, hypertension, 

seizures and hyperpyrexia (Poklis et al. 2013). The patient required intensive medical treatment 

including intubation and sedation. A serum and urine specimen were obtained 39 hours after 

admission with 25B-NBOMe concentrations measured to be 180 pg/ml (0.18 ng/ml) in the serum 

and 1900 pg/ml (1.9 ng/ml) in the urine. This patient recovered and was fully alert and orientated 

six days after the reported ingestion.  

 

Poklis et al reported the presence of 25I-NBOMe in three emergency room patients [71]. The 

patients presented with signs and symptoms of drug intoxication including tachycardia, 

hypertension, severe agitation and seizures. In one case, only 25I-NBOMe was detected at 0.1 

ng/ml, with another case involving 25I-NBOMe (2.3 ng/ml) and 25C-NBOMe, and the final case 

involving 25I-NBOMe (1.2 ng/ml) and 25H-NBOMe. In addition to these reports described above, 

there are a large number of reports from the US and abroad detailing the toxic effects of NBOMe 

drugs involving individual patients in various settings. 

 

The Drug Enforcement Agency (DEA) obtained medical examiner and post-mortem toxicology 

reports from various states implicating some combination of 25I-NBOMe, 25C-NBOMe and 25B-

NBOMe in the death of 14 individuals [35]. The average age of these individuals was 20 years 

(range 15 to 29 years). The circumstances surrounding the deaths included acute toxicity (11 

cases), or unpredictable, violent behavior due to 25I-NBOMe toxicity, ultimately leading to death 
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(3 cases). Within this series, in June 2012 two teenagers fatally overdosed on a substance that was 

allegedly 25I-NBOMe and a 21-year-old man died of an apparent overdose in October 2012 after 

taking a liquid drop of 25I-NBOMe nasally at a music festival. Furthermore, an 18-year old died 

in January 2013 after ingesting 25I-NBOMe that was sold as LSD. With results from a post-

mortem toxicology screen, the cause of death in this case was attributed to acute 25I-NBOMe 

poisoning with no alcohol, prescription drugs or other illicit drugs. Walterscheid et al reported two 

deaths linked to 25I-NBOMe use in individuals who had recently attended a óóraveôô party [72]. 

The first case involved a 21-year-old male driver who had admitted to the passenger in his vehicle 

that he had taken óóacidôô. He then experienced a sudden surge of violent behavior that caused him 

to pull over and destroy the interior of the car, and then he became unresponsive. The post-mortem 

examination was unremarkable internally despite numerous external superficial injuries consistent 

with physical aggression. The second case involved a 15-year-old female who was socializing 

outside a rave party, became ill, and rapidly deteriorated as friends transported her to the hospital. 

The postmortem assessment showed external contusions but internal injuries were superficial. 

Comprehensive toxicological screens in both cases revealed the presence of cannabis and 25I-

NBOMe. 

 

1.6 Pharmacokinetics (ADME  Properties): 

 

The psychotropic effects of NBOMe substances are route of administration and dose dependent 

[10]. Due to their high psychotropic potency, NBOMe drugs, similar to LSD, are most commonly 

distributed on blotter papers [11]. Other forms have been reported including solutions, powder, 

capsule, and sprays [9, 11, 20, 33-35, 41]. Sometimes these dosage forms contain a mixture of 

NBOMe drugs [11].  

 

Blotter papers containing NBOMe drugs for sublingual or buccal administration are the most 

common dosage form [11]. Due to their high potency, very small quantities of the drug can be 

distributed in large number of doses in blotter form [9, 20]. In an apparent attempt to improve 

absorption from the oral cavity, NBOMes have been complexed with cyclodextrins in blotter 

papers in some dosage forms identified to date [9, 10, 38]. Powder dosage forms for sniffing or 

insufflation [9] and intravenous injectable forms have also been reported [20]. Oral ingestion of 
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solid dosage forms or foods containing NBOMe derivatives is less common [10] presumably due 

to the limited oral bioavailability of these drugs due to first pass metabolic degradation [9]. 

 

Different NBOMe doses are reportedly used based on the route of administration and specific 

NBOMe drug administered. It appears that mild hallucinogenic effects are felt at doses as low as 

50-250 µg with regular dose range between 500 to 800 µg [10, 11]. The onset and duration of 

action of the NBOMe drugs also appears to be dependent on routes of administration and the type 

of drug product used. The onset of hallucinogenic activity appears to range from 5-120 minutes, 

and the duration of effect is from 3-10 hours depending on whether the drug is insufflated or 

consumed orally [33-35, 73].  

 

The metabolism of NBOMe drugs has been the subject of a number of studies [69, 74-87]. The 

commonly abused NBOME derivatives, 25C-NBOMe, 25B-NBOMe and 25I-NBOMe, reportedly 

undergo metabolism by common pathways involving primarily O-demethylation, O, O-

bisdemethylation, and aromatic ring hydroxylation (Scheme 1). Another minor pathway after 

buccal administration includes N-dealkylation which can give rise to the corresponding 2C-X 

metabolite [14, 75, 76, 83]. To date in human and rat metabolism studies over 60 NBOMe 

metabolites have been detected [14]. While the hydroxylation reaction occurs preferentially at the 

N-benzylmethoxy ring, all three of the methoxy groups in a typical NBOMe drug are susceptible 

to O-dealkylation [85]. It appears that the primary enzymes of metabolism are CYP2C9 and 

CYP2C219 which catalyze O-demethylation, and CYP1A2 and CYP3A4 which are responsible 

for ring hydroxylation, and CYP3A4 which catalyzes N-dealkylation [14, 75, 83]. A number of 

these enzymes are heavily expressed in the liver and gut [14]. Most of this phase I CYP metabolites 

are conjugated with glucuronic acid and sulfate prior to excretion [10, 11, 14, 77, 85]. 
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Scheme 1 The metabolic pathways for 25I-NBOMe [74]. 

Grumann et al. published a study concluded that the poor oral bioavailability of the NBOMe drugs 

is likely due to extensive first pass metabolic inactivation as the drugs pass through the intestinal 

mucosa and liver following oral delivery [14]. Based on their structures and known structure-

activity data, most CYP metabolites would be expected to be less active than the parent drug. It 

was suggested that the N-dealkylation metabolic pathway may be more prominent after oral 

ingestion of NBOMe drugs in comparison to buccal or nasal administration and that this pathway 

does lead to formation of the corresponding 2C-X metabolite, itself an active hallucinogen. 

However, the 2C-X formed metabolically would be significantly less potent than the parent drug 

by at least 1-2 orders of magnitude [14] based on receptor binding and pharmacologic data.  

 

In another study to assess the low oral bioavailability of NBOMes, Leth-Petersen et al [88] found 

that the clearance rate for 25I-NBOMe was much higher (4.1 L/kg/h) than that for the 

corresponding 2C-I phenethylamine (0.20 L/kg/h) and that the NBOMe derivative had a higher 

hepatic extraction ratio (1.2 L/h/kg) [89]. From this the authors concluded that NBOMes are 



18 

subject to extensive first-pass metabolism, explaining why these drugs have low oral activity [14]. 

These findings were confirmed in another study [14] where it was observed that only 

subcutaneously administered 25I-NBOMe can produce significant pharmacologic effects while 

intra-peritoneal administration did not, strongly suggested that NBOMe underwent a first pass 

metabolism effect. 

 

Since NBOMes are metabolized by CYP enzymes, the potential for drug interactions exist when 

they are administered with other drugs or substances that are CYP inhibitors or inducers. While 

there are no literature reports of significant drug-drug interactions to date, co-administration of an 

NBOMe drug with a CYP inhibitor could result in significantly increased hallucinogenic and other 

pharmacologic effects [75, 76]. 

 

1.7 Analytical Detection: 

 

The specific identification of NPSs presents many analytical challenges. Due to the dynamic nature 

of the illicit drug market, NPSs are being generated all the time and often analytical reference 

standards are not available and there are no published spectra available in the literature. For some 

drugs, the potency is high and therefore the quantity of drug in a sample is so low that only the 

most sensitive instrumentation can detect its presence. Some NPSs can have stereoisomeric or 

regioisomeric forms which are not readily differentiated by standard forensic analysis. A number 

of NPSs can decompose due to thermal instability, complicating analysis. 

 

Electron-impact mass spectrometry (EI-MS) has been a routine analytical detection and 

identification method for drugs of abuse, however, continuous growth in the NPS market and the 

great similarities in the physical and chemical properties of NPS substances limits the effectiveness 

of this analytical method when used alone. Recently, more advanced MS techniques such as gas 

chromatography/tandem mass spectrometry (GC/MS/MS), liquid chromatography/electrospray 

ionization quadrupole time of flight mass spectrometry (LC/ESI-QTOF-MS), liquid 

chromatography/tandem mass spectrometry (LCïMS/MS) have been developed and applied 

successfully to address many of the challenges in new drug identification. One of the advantages 

of using ESI-QTOF-MS is great mass accuracy and high resolution. Based on exact mass 
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measurement of a molecule and its fragments, itôs possible to determine the chemical formula of 

an unknown substance [90]. Also, along with these MS techniques, additional information 

concerning drug structure can be obtained by using other analytical methods including infrared 

and NMR spectroscopy, although, these methods lack adequate sensitivity when complex mixtures 

have to be investigated [90]. 

 

While analytical laboratory testing methods are evolving as described above, widespread 

availability of this instrumentation and standardized testing for NPS drugs is not common in most 

forensic and clinical toxicology laboratories. However, a number of methods to identify and 

quantify NBOMe compounds in forensic and biological specimens have been reported in literature. 

The most commonly methods for detection in biologic samples involve chromatographic 

separation techniques such as high performance liquid chromatography (HPLC) or ultra-

performance liquid chromatography (UPLC) coupled to either tandem mass spectrometry (MS-

MS) or high-resolution time-of-flight mass spectrometry (HRTOFïMS). As extraction procedure 

both liquid-liquid extraction (LLE) and solid phase extraction (SPE) have been reported. In one 

approach a HPLCïMS-MS method for the detection and quantification of nine NBOMe 

compounds in urine (25H-NBOMe, 25CNBOMe, 25I-NBF, 25D-NBOMe, 25B-NBOMe, 2CT-

NBOMe, 25I-NBMD, 25G-NBOMe and 25I-NBOMe) using a rapid SPE was developed [71]. A 

similar analytical approach was reported for the identification and quantification of 25B-NBOMe 

in serum and urine, after a simple LLE technique using 25H-NBOMe as the internal standard [70]. 

Pasin et al developed and validated a method for the detection and identification of 37 new designer 

drugs, including 25B-NBOMe, 25C-NBOMe, 25HNBOMe and 25I-NBOMe, in whole blood 

using LCïQTOF-MS [91]. 

 

Identification of 25C-NBOMe and a demethylated and glucuronidated metabolite of 25C-NBOMe 

in urine and blood samples was achieved by using UPLCïHRTOFïMS. Also, quantification of 

these drugs in post-mortem specimens (peripheral whole blood, urine, vitreous humor, liver, and 

gastric content) and in antemortem whole blood sample was performed by UPLCïMS/MS [86]. 

Stellpflug et al used LC-MS/MS for the quantification of 25I-NBOMe and UPLCïTOF-MS for 

the identification of excreted metabolites of the same drug in urine samples collected from a 

clinical case [69].  
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Forensic analysis of blotters containing NBOMe compounds is normally performed by GCïMS 

or LCïMS [28, 92]. These techniques require sample preparation which involves extraction of the 

potential drug analytes by soaking blotters in organic solvents and filt ering prior to injection. These 

methods are time consuming and potentially can in some cases destroy the sample. Coelho reported 

a method that rapidly detects NBOMes and other NPS by taking ATR-FTIR spectra directly from 

the blotters [93]. In 39 blotter papers tested (out of 77) three types of NBOMe class (25B-NBOME, 

25C-NBOME and 25INBOME) were detected by this method. This analysis is a quick but only 

preliminary test since each blotter is a mixture of paper and one or more NPS, which reduces the 

discriminating power of IR spectrometry, therefore confirmation with analytical techniques such 

as GCïMS or LCïMS is still necessary. 

 

1.8 Mass Spectral  Analysis: 

 

Many forensic laboratories use gas chromatography/electron impact mass spectrometry (GC/EI-

MS) as the primary tool to identify the active ingredients in seized illicit drugs [90, 94]. The EI-

MS of several NBOMe compounds with varying substituents in the 4-position of the phenethyl 

ring have been published and representative examples are shown in Figure 8-10 below. 

 

 

Figure 8 EI mass spectrum of 25B-NBOM HCL salt [95]. 
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Figure 9 EI mass spectrum of 25I-NBOM HCL salt [96]. 

 

Figure 10 EI mass spectrum of 25C-NBOM HCL salt [28]. 

Interestingly, even though these compounds differ in the nature of the 4-substituent (Br, I, Cl) they 

yield very similar mass spectra with dominant ions observed at m/z = 121, 150 and 91, with the 

base peak at m/z 121. The EI-MS of these NBOMe derivatives do not show a molecular ion of 

significant abundance. The proposed fragmentation scheme for these compounds is shown in 

Scheme 2 and involves formation of ions of highest abundance from that portion of the NBOMe 

structure which is common to all three derivatives. The base peak m/z 121 appears to form by the 

cleavage of the N-C bond yielding the 2-methoxybenzyl cation. The ion at m/z 150 is likely the 

iminium cation formed by the dissociation of bond between Ŭ- and ɓ-carbon atoms, a common 
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pathway for phenethylamine compounds. Finally, the ion at m/z 91 appears to have formed from 

loss of CH2O from the methoxy benzyl cation. Thus, the EI-MS spectra of all three compounds 

are very similar. While none of the more abundant ions in the spectra of these distinct NBOMe 

compounds appeared to contain a halogen, there are halogen-containing minor fragments at the 

higher masses (> 180) which allow for differentiation of these compounds based on their 4-

substituents. For example, based on masses and isotopic abundance, the bromo analogue contains 

minor fragments at m/z 199/201, 230/232, and 243/245 for the bromine-containing imine and 

benzyl cations shown in Scheme 3 and comparable higher mass fragments containing halogen are 

also present in the 4-iodo and 4-chloro NBOMe derivatives. 

 

 

Scheme 2 Proposed EI-MS fragmentation pathway for the N-(monomethoxy)benzyl-4-bromo-2,5-di-

methoxyphenethylamines. 

 

 

Scheme 3 Proposed EI-MS fragmentation pathway for the N-(monomethoxy)benzyl-4-bromo-2,5-

dimethoxyphenethylamines.  
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Casale and Hays synthesized and analyzed 11 commonly encountered NBOMes with differing 4-

substitutuents as well their 3- and 4-methoxybenzyl regioisomers (Table 1) [97]. Again, the parent 

NBOMe compounds with differing 4-substituents (R1) but a common N-2-methoxybenzyl R2 

group (compounds 1, 4, 7, 10, 13, 16, 19, 22, 25, 28, and 31) all yielded similar mass spectra with 

dominant ions observed at m/z = 121, 150 and 91and with the base peak m/z 121. These 11 parent 

compounds could be differentiated by CI-MS based on differences in their molecular weight, as 

well as differences in their minor fragment ions in the higher mass regions of the spectra, fragments 

which vary depending on the nature of the 4-substituent as described above. 

 

Differentiation of the individual regioisomeric 2ô, 3ô and 4ô-methoxybenzyl derivatives within 

each series of 4-substituted NBOMe compounds (i.e. compounds 4, 5 and 6) proved to be more 

challenging. For example, the EI-MS of the three 2ô, 3ô and 4ô-methoxybenzyl derivatives of 25B-

NBOMe are shown in Figure 11. The MS spectra of all three of these regioisomers contain the 

same three dominant ions at m/z = 121 (base peak), 150 and 91, and same minor bromine-

containing fragment ions in the higher mass regions of the spectra. The only difference in the MS 

spectra of these three regioisomers is the relative abundance ratios of the m/z 150 and 91 ions and 

these differences are relatively small. Therefore, specific differentiation and identification of 

regioisomeric derivatives within a single 4-substituted NBOMe class presents a greater analytical 

challenge, particularly if the benzyl group were to contain more complex substitution patterns 

where even more regioisomers were possible. Also, there are no mass spectra reported for NBOMe 

derivatives where the substitution pattern on the phenethyl ring is varied or derivatives with 

modifications in the ethyl side or nitrogen atom. Thus, it is unclear if these fragmentation patterns 

would be observed for a broader range of NBOMe derivatives that could emerge in the clandestine 

market in the days to come. 
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Table 1 Structural formula of NBOMe Derivatives [97]. 

Compound R1 R2 R3 R4 

25H-NB2OMe H OCH3 H H 

25H-NB3OMe H H OCH3 H 

25H-NB4OMe H H H OCH3 

25B-NB2OMe Br OCH3 H H 

25B-NB3OMe Br H OCH3 H 

25B-NB4OMe Br H H OCH3 

25C-NB2OMe Cl OCH3 H H 

25C-NB3OMe Cl H OCH3 H 

25C-NB4OMe Cl H H OCH3 

25D-NB2OMe CH3 OCH3 H H 

25D-NB3OMe CH3 H OCH3 H 

25D-NB4OMe CH3 H H OCH3 

25E-NB2OMe C2H5 OCH3 H H 

25E-NB3OMe C2H5 H OCH3 H 

25E-NB4OMe C2H5 H H OCH3 

25I-NB2OMe  I OCH3 H H 

25I-NB3OMe I H OCH3 H 

25I-NB4OMe I H H OCH3 

25N-NB2OMe NO2 OCH3 H H 

25N-NB3OMe NO2 H OCH3 H 

25N-NB4OMe NO2 H H OCH3 

25P-NB2OMe CH2CH2CH3 OCH3 H H 

25P-NB3OMe CH2CH2CH3 H OCH3 H 

25P-NB4OMe CH2CH2CH3 H H OCH3 

25T2-NB2OMe CH3CH2S OCH3 H H 

25T2-NB3OMe CH3CH2S H OCH3 H 

25T2-NB4OMe CH3CH2S H H OCH3 

25T4-NB2OMe (CH3)2CHS OCH3 H H 

25T4-NB3OMe (CH3)2CHS H OCH3 H 

25T4-NB4OMe (CH3)2CHS H H OCH3 

25T7-NB2OMe CH3(CH2)2S OCH3 H H 

25T7-NB3OMe CH3(CH2)2S H OCH3 H 

25T7-NB4OMe CH3(CH2)2S H H OCH3 

  



25 

 

Figure 11 Mass spectra of (a) 2,5-dimethoxy-4-bromo-N-(2ô-methoxy)benzyl-phenethylamine (25B-NB2OMe) 

4, (b) 2,5-dimethoxy-4-bromo-N-(3ô-methoxy)benzyl-phenethylamine (25B-NB3OMe) 5, and (c) 2,5-dimethoxy-4-

bromo-N-(4ô-methoxy)benzyl-phenethylamine (25B-NB4OMe) [93].  
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1.9 Gas chromatography with infrared detection (GCïIRD):  

 

Mass spectrometry is usually the confirmatory piece of evidence for the chemical structure 

elucidation of many drugs in forensic laboratories [98]. One of the most important disadvantages 

of mass spectroscopy technique is the inability to differentiate closely related member of drugs 

with limited unique mass spectral characteristics [94, 98]. Infrared spectroscopy is considered as 

a useful tool for the identification of compounds with similar mass spectra such as positional [94] 

and geometric isomers [99] other than optical isomers [100]. The use of gas chromatography 

coupled to infrared detection (GCïIRD) provides the benefits of both instruments by combining 

separation power of gas chromatography with the identification power of infrared spectrometry 

[98]. Casale and Hays used FTIR to analyze 11 commonly encountered NBOMes with differing 

4-substitutuents as well as their 3- and 4-methoxybenzyl regioisomers [97]. All of these 

compounds were analyzed as their HCl salts and each compound exhibited characteristic 

secondary amine HCl ion-pair absorbances between 2500-3000 cm-1 (Figure 12). They also noted 

that while NBOMe derivatives with different 4-substituents yielded similar IR spectra, there were 

characteristic differences in the 400-1600 cm-1 region of the spectra, allowing for compound 

differentiation. They also observed significant differences between the 2ô-, 3ô and 4ô-methoxy 

regioisomers of NBOMEs with a common 4-substituent and that these were sufficient for isomer 

differentiation. At present there are only a few other studies on the IR properties of NBOMe 

derivatives [28, 29, 93, 97, 101]. 
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Figure 12 FTIR spectra of (a) 2,5-dimethoxy-4-bromo-N-(2ô-methoxy)benzyl-phenethylamine HCl (25B-

NB2OMe) 4, (b) 2,5-dimethoxy-4-bromo-N-(3ô-methoxy)benzyl-phenethylamine HCl (25B-NB3OMe) 5, and (c) 2,5-

dimethoxy-4-bromo-N-(4ô-methoxy)benzyl-phenethylamine HCl (25B-NB4OMe) [97].  
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1.10 Nuclear magnetic resonance (NMR): 

 

NMR spectroscopy can be very a very useful analytical instrument for structural identification of 

controlled substances. For example, it has the ability to distinguish between different stereoisomers 

and to analyze non-volatile materials [102], it can eliminate the need for sample derivatization to 

avoid thermal decomposition. It also allows the use of both forms of sample, salt and free base for 

sample analysis and it can estimate the percentage purity [103]. Furthermore, NMR has the 

capability of analyzing the chemical structure of a sample without destroying the compound [104, 

105] as long the sample is stable in the solvent chosen for the analysis. This can allow for sample 

recovery for further analysis by other means [105]. 

 

However, in spite of its benefits for forensic analysis, NMR has its limitations, including lack of 

sensitivity. While mass spectrometry requires only nanograms or less of the sample to be tested, 

NMR usually requires micrograms or more for drug analysis. Therefore, this limitation does affect 

the ability of the NMR to be used in forensic sample analysis of bodily fluids and their metabolites 

[105] as they tend to have very small concentration of the drug. Among other reasons that limit 

NMR use in many forensic labs is the high cost to own it [105, 106]. 

 

Several reports have been published regarding NBOMe identification using NMR spectroscopy 

[28, 29, 101, 107-109]. The proton NMR spectra for all 25X-NBOMes reported to date are very 

similar and consistent with that of 25B-NBOMe shown in the Figure 13 below. There are six 

aromatic protons in a multiplet centered at 7.1 ppm and three singlets from 3.6-3.75 ppm for the 

three methoxy groups integrating for a total of nine protons. The four coupled protons of the ethyl 

side chain are centered at 3.1 ppm and the two benzylic protons at 4.15 ppm. 
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Figure 13 NMR spectrum of 25B-NBOMe HCl salt [95]. 
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1.11 Synthesis and Chemistry of the NBOMes: 

 

The NBOMe compounds are derivatives of the 2C-X hallucinogens with a N-2ô-methoxybenzyl 

substituent. These compounds contain a single, basic nitrogen atom and therefore can be available 

in free base form or as salts of organic and inorganic acids. Both the free base forms and salt forms 

are solids. The NBOMes do not contain a chiral center and no stereoisomers exist.  

 

The IUPAC nomenclature for compounds of this structure class is 2-(4-halo-2,5-dimethoxy-

phenyl)-N-[(2-methoxyphenyl)methyl]ethanamine. They are also referred to by the following 

trivial chemical names: 

¶ 2-(4-halo-2,5-dimethoxyphenyl)-N-(2-methoxybenzyl)ethanamine 

¶ 2-(4-halo-2,5-dimethoxyphenyl)-N-(2-methoxybenzyl)ethan-1-amine 

¶ 4-halo-2,5-dimethoxy-N-(2-methoxybenzyl)phenethylamine 

¶ 4- halo -2,5-dimethoxy-N-(o-methoxybenzyl)phenethylamine 

¶ 4- halo -2,5-dimethoxy-N-[(2-methoxyphenyl)methyl]-benzeneethanamine 

¶ N-(2-methoxybenzyl)-2,5-dimethoxy-4-halophenethylamine 

¶ N-(2-methoxybenzyl)-4- halo-2,5-dimethoxyphenethylamine 

 

The synthesis of 25B-NBOMe and 25I-NBOMe was first described by Heim in 2003. It involved 

a stepwise reductive alkylation where first an imine was formed by reaction of 2-

methoxybenzaldehyde and 2C-B in an alcohol solvent. The imine was then reduced by addition of 

sodium borohydride (NaBH4). A number of NBOMes derivatives with varying 4-substituents 

(25X-NBOMes) have been prepared by this method using reaction of 2-methoxybenzaldehyde 

with different 2C-X intermediates. 

 

The core structure of NBOMe molecules and the method used for their synthesis makes these drugs 

ideal candidates for designer modification. For example, the phenethyl aromatic ring is easily 

modified by simply preparing 2C-X precursors with differing ring substituents and substitution 

patterns. The synthesis of a large number of 2C-X compounds is reported in the literature and 

usually involves reaction of 2,5-dimethoxybenzaldehyde with nitromethane to form the 2,5-
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dimethoxyphenyl-2-nitroethene intermediates which are then reduced to 2C by lithium aluminum 

hydride. The X-substituent are then added at the 4-position by a variety of functionalization 

reactions. Using this same basic synthetic approach but replacing nitromethane with other 

nitroalkanes, NBOMe analogs with substitutions in the ethyl side chain could also be generated. 

Also, NBOMe derivatives with modified N-benzyl substituents could be synthesized by using any 

of hundreds different commercially available or synthetically derived benzaldehyde or aromatic 

ketone derivatives. Finally, NBOMe designer analogs with additional N-substituents could be 

synthesized by simple N-substitution reactions of either NBOMe compounds themselves or 2C-X 

precursors. These types of modifications are illustrated by the generic synthetic scheme 4 shown 

below: 

 

 

Scheme 4 general synthetic scheme for 25X-NBOMes. 
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1.12 Project Rationale and Specific Objectives: 

 

A relative large number of NBOMe-type drugs of abuse have already been detected in forensic 

samples and clinical case reports from across the globe. Furthermore, it is anticipated that attempts 

to tighten legal control of the NBOMe compounds and the general interest in designer drug 

development will likely stimulate clandestine chemists to generate novel NBOMe derivatives in 

the future. Such designer drug activity has already been observed for many drugs of abuse class 

including the amphetamines, MDMA, bath salts and synthetic cannabinoids over the past several 

decades. The basic structure of the NBOMe molecules and the methods used for their synthesis 

makes these drugs ideal candidates for designer modification. Analytical studies with the NBOMe 

compounds reported to date have already highlighted the challenges in identifying compounds of 

this structural class, and especially differentiating individual NBOMe derivatives within a 

regioisomeric series. As noted, these compounds can exist in homologous and isomeric forms often 

sharing the same mass spectrum, the most common method of confirmation of drug identity in 

forensic drug analysis. 

 

The goal of this work was to develop an analytical framework for the identification of individual 

substituted NBOMe or N-benzyl-phenethylamine derivatives to the exclusion of all other possible 

isomeric and homologous forms of these compounds. Generally, this analytical specificity was 

accomplished by the chemical synthesis of several series of substituted N-benzyl-phenethylamines 

which varied in their substitution pattern in all four regions of the core structure as described 

below, and generation of an analytical profile for each series of derivatives as well as the individual 

members of a series. Chromatographic studies were undertaken to separate and resolve all 

regioisomeric members of each N-benzyl-phenethylamine series that had overlapping analytical 

profiles. Also, based on initial results obtained during the course of the research, additional analogs 

were synthesized and derivatization studies were conducted to enhanced and validate analytical 

specificity. The approaches employed to accomplish these goals are described in more detail 

below.  
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1.13 Design and Synthesis of NBOMe derivatives: 

 

The overall goal of this project was a comprehensive analytical study of isomeric and designer 

analogues of the substituted NBOMe derivatives of the N-benzyl-phenethylamine class of 

synthetic drugs. The availability of the necessary compounds to establish and validate structure-

retention, structure-fragmentation and other structure-property analytical relationships was 

therefore the initial objective of this research. Figure 14 shows that novel NBOMe derivatives can 

readily be generated by changing the nature of precursors used in the synthesis or altering the 

synthetic approach. Such synthetic modifications would yield new derivatives which would vary 

from existing NBOMe compounds in four general regions of the molecule including the aromatic 

ring substituents on the phenethyl group (I: X, Y and Z), the aromatic ring substituents on the 

benzyl group (II: Xô and Yô), alkyl substitution of the phenethyl chain (III : R) and additional alkyl 

substitution of the nitrogen (IV: Rô). 

 

 

Figure 14 General skeleton of NBOMes derivatives. 

 

Derivatives prepared included: 

I: Modifications of the aromatic ring substituents on the phenethyl group included: 

¶ Derivatives with no substituents (X = Y = Z = H) 

¶ Regioisomeric 2-, 3- and 4-monomethoxy derivatives (X = OCH3 ; Y = Z = H) 

¶ Regioisomeric 2,3-, 2,4-, 2,5-, 2,6-, 3,4- and 3,5-dimethoxy derivatives (X = Y = OCH3; 

Z = H) 

¶ 4-Bromo-2,5-dimethoxy derivatives (X = Y = 2,5-OCH3; Z = 4-Br) 

¶ 4-Iodo-2,5-dimethoxy derivatives (X = Y = 2,5-OCH3; Z = 4-I) 
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II: Modifications of the aromatic ring substituents on the benzyl group included: 

¶ Derivatives with no substituents (X = Y = Z = H) 

¶ Regioisomeric 2-, 3- and 4-monomethoxy derivatives (X = OCH3 ; Y = Z = H) 

¶ Regioisomeric 2,3-, 2,4-, 2,5-, 2,6-, 3,4- and 3,5-dimethoxy derivatives (X = Y = OCH3; 

Z = H) 

¶ Various bromo-dimethoxy derivatives (X = Y = OCH3; Z = Br) 

III. Modifications of phenethyl chain included methyl substitution (R = CH3) 

IV. Modifications of the substitution of the nitrogen (R = CH3) 

 

Initial Mass Spectral Analysis: Each of the NBOMe derivatives prepared was initially analyzed 

by CI-MS and EI-MS to establish molecular weight and characteristic fragment patterns. MS/MS 

studies were performed to identify the origin of the more abundant fragment ions 

 

Secondary Mass Spectral Studies: MS/MS studies were performed to identify the origin of the 

more abundant fragment ions. Additional NBOMe derivatives including deuterium and 13C-

labeled analogs were prepared and analyzed to establish specific MS-fragment structures and 

elemental composition. TFA-derivatization studies were performed in an attempt to individualize 

mass spectra of regioisomeric derivatives 

 

Chromatographic Separations: GC chromatographic conditions were explored to separate 

members of regioisomer series and their TFA-derivatives 
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2 Synthesis of the Target NBOMe Derivatives 

 

2.1 Synthesis of N-(Methoxy)-, N-(Dimethoxy)- and N-(Methylenedioxyphenyl)benzyl-

Substituted phenethylamines: 

 

The compounds of this series are NBOMe derivatives where the 4-halogen has been eliminated 

from the phenethylamine portion of the base NBOME structure, and the methoxy group 

substitution pattern in the phenethyl and benzyl aromatic rings has been varied as described below. 

The approach for the synthesis of the methoxy-, dimethoxy- and methylenedioxy-substituted N-

benzylphenethylamines series is shown in the Scheme 5 below and is based on standard 

methodology used to prepare compounds of the NBOMe structural class. This approach requires 

first the synthesis of substituted phenethylamines which are then subjected to reductive alkylation 

with substituted benzaldehydes to yield the desired products. The substituted phenethylamines are 

prepared by reaction of commercially available substituted benzaldehydes with nitromethane in a 

condensation reaction, followed by reduction of the intermediate phenylnitroethenes with lithium 

aluminum hydride (Scheme 5). 

 

 

Scheme 5 Synthetic approach for the methoxy-, dimethoxy- and methylenedioxy-substituted N-

benzylphenethylamines. 

Reaction of the three commercially available methoxybenzaldehydes (2-, 3- and 4-

methoxybenzyldehyde), six dimethoxybenzaldehydes (2, 3-, 2, 4-, 2, 5-, 2, 6-, 3, 4- and 3, 5-
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dimethoxybenzaldehydes and two methylenedioxybenzaldehydes (2,3- and 3,4-) with 

nitromethane in the presence of anhydrous ammonium acetate provided the intermediate 

substituted-phenyl-2-nitroethenes (Scheme 6 and Table 2, abbreviated as substituted ñPNEò for 

phenylnitroethenes). All of the nitroethene intermediates were crystallized and recrystallized from 

alcohol solvents or solvent mixtures and were obtained in adequate yield (except for the 2-MPNE 

isomer which required re-synthesis due to low yields) for subsequent reactions. The structures of 

all nitroethene intermediates were confirmed by mass spectroscopy and with NMR for selected 

members of this series. Figures 15-17 show the EI mass spectra of representative members of this 

series. Each structure type, the monomethoxypheny-2-nitroethenes (MPNE), dimethoxy-2-

nitroethenes (DMPNE) and methylenedioxy-2-nitroethenes (MDPNE) gave a molecular ion (M+) 

of high relative abundance (MPNE m/z 179, DMPNE m/z 209 and MDPNE m/z 193) and fragment 

ions characteristic for this structural class based on our previous research. 

 

 

Scheme 6 Synthetic approach for the methoxy-, dimethoxy- and methylenedioxy-substituted phenethylamine 

intermediates. 
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Table 2 Yields and Crystallization Solvents for the Methoxy (MPNEs)-, Dimethoxy (DMPNEs)- and 

Methylenedioxy (MDPNEs)- phenylnitroethenes. 

Product 
Crude product 

forms 

Crystallization 

solvent 

Recrystallization 

solvent 

2-MPNE Orange oil MeOH  iPrOH/Acetone (2.7 g) 

3-MPNE Orange oil iPrOH iPrOH (6.2 g) 

4-MPNE Dark red oil iPrOH MeOH (2.1 g) 

2,3-DMPNE Red oil iPrOH iPrOH ( 6.8 g) 

2,4-DMPNE Red oil iPrOH iPrOH (8.2 g) 

2,5-DMPNE Orange solid iPrOH iPrOH (8.7 g) 

2,6-DMPNE Yellow Solid iPrOH iPrOH (10.5 g) 

3,4-DMPNE Yellow Solid iPrOH iPrOH (10.8 g) 

3,5-DMPNE Yellow solid  iPrOH iPrOH (6.6 g) 

2,3-MDPNE Yellow Solid MeOH MeOH (5.2 g) 

3,4-MDPNE Yellow Solid iPrOH iPrOH (7.2 g) 
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Figure 15 Mass Spectra of the 2-monomethoxy nitroethene. 

 

 

Figure 16 Mass Spectra of the 2,5-dimethoxy nitroethene.   
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Figure 17 Mass Spectra of the 3.4-methylenedioxy nitroethene. 

 

Figure 18 shows the proton NMR spectrum for the 2,5-dimethoxynitroethene (25DMPNE), a 

representative member of the PNE synthetic intermediates. The protons of the two methoxy groups 

appear as singlets at 3.8 and 3.9 ppm, characteristic for protons on an ether carbon, and the two 

coupled vinylic protons appear as doublets in the 7.8-7.9 and 8.10-8.15 ppm region.  

 

 

Figure 18 NMR Spectra of the 2,5-dimethoxy nitroethene.  
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The three aromatic protons are present at a multiplet from 6.9-7.1 ppm, all consistent with spectra 

obtained from this structural class in our previous studies and reported in the literature.  

 

The recrystallized and dried nitroethenes were reduced with lithium aluminum hydride (LAH) in 

THF using standard literature protocol to give the three regioisomeric methoxyphenethylamines 

(2-, 3- and 4-MPEA), the six regioisomeric dimethoxyphenethylamines (2, 3-, 2, 4-, 2, 5-, 2, 6-, 3, 

4- and 3, 5-DMPEA) and two regioisomeric methylenedioxyphenethylamines (2, 3- and 3,4-

MDPEA). All of the phenethylamine intermediates, except the 2,3-DMPEA derivative, were 

converted to HCl salts for further purification by recrystallization. The products formed and their 

yields are shown in Table 3 below. 

 

 

Table 3 Yields for the Methoxy (MPNEs)-, Dimethoxy (DMPNEs)- and Methylenedioxy- (MDPNEs)- 

Phenethylamines. 

Product from reduction 

of 3 g of substituted 

PNE 

Crude product 

base after 

extraction 

Product yield of 

HCl salt 

2-MPEA HCl Oil 1.87 g 

3-MPEA HCl Oil 1.77 g 

4-MPEA HCl Oil 1.97 g 

2,3-DMPEA Oil 1.3 g (base) 

2,4-DMPEA HCl Oil 1.70 g 

2,5-DMPEA HCl Oil 1.48 g 

2,6-DMPEA HCl  Oil 1.57 g 

3,4-DMPEA HCl Oil 0.92 g 

3,5-DMPEA HCl Oil 1.8 g 

2,3-MDPEA HCl Oil 1.190 g 

3,4-MDPEA HCl Oil 2.17 g 

 

The structures of all phenethylamine intermediates were confirmed by mass spectroscopy and 

proton NMR. Figures 19-21 show the EI mass spectra of the representative members of this series 

including the 2-methoxy isomer (2MPEA), the 2,5-dimethoxy isomer (25DMPEA) and the 3,4-

methylenedioxy isomer (34MDPEA). A molecular ion is observed for each of these compounds 
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(2MPEA M = 151, 25DMPEA M = 181, 34MDPEA M =165), and each compound undergoes 

amine-dominated fragmentation to yield a benzyl cation base peak characteristic of the degree and 

nature of substitution on the aromatic ring and -29 mass units from the molecular ion (2MPEA m/z 

= 122, 25DMPEA M = 152, 34MDPEA M =136). The immonium cation formed by an alpha-

cleavage reaction is typically observed as the base peak for phenethylamines and would occur at 

m/z 30 for these isomers. However, the lower mass range limit for the scan range used was mass 

40, thus the spectra do not show a peak for the immonium cation fragment. The mass spectral data 

obtained for these intermediates were completely consistent with data obtained for substituted 

phenethylamines in earlier studies in our laboratories. 

 

 

Figure 19 Mass Spectra of the 2-monomethoxyphenethylamine. 
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Figure 20 Mass Spectra of the 2,5-dimethoxyphenethylamine. 

 

 

Figure 21 Mass Spectra of the 3.4-methylenedioxyphenethylamine. 
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amine protons at 7.25 ppm. This proton NMR spectrum is characteristic for substituted 

phenethylamines synthesized previously in our laboratories.  

 

 

Figure 22 NMR Spectra of the 2,5-dimethoxyphenethylamine. 

 

 

Figure 23 NMR spectrum of N-4-methoxybenzyl-2,5-Dimethoxyphenethylamines. 
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The three methoxy-, six dimethoxy- and two methylenedioxyphenethylamine hydrochloride salts 

were then used to prepare a large number of N-(substituted)benzyl-NBOMe derivatives, using the 

general reductive alkylation method shown in Scheme 7. The substituted benzaldehydes used for 

these reactions included the three commercially available methoxybenzaldehydes (2-, 3- and 4-

methoxybenzyldehyde), six dimethoxybenzaldehydes (2, 3-, 2, 4-, 2, 5-, 2, 6-, 3, 4- and 3, 5-

dimethoxybenzaldehydes and two methylenedioxybenzaldehydes (2,3- and 3,4- 

methylenedioxybenzaldehydes). Initially these reactions were attempted by combining the 

phenethylamine, appropriate benzaldehyde and sodium cyanoborohydride (NaBH3CN) in ethanol 

as a single step reaction. However, this method afforded only very low yields, presumably due to 

slow formation of the intermediate imine. This approach also left relatively large quantities of 

unreacted primary amine (substituted phenethylamine) in the mixture with the product secondary 

amine which complicated purification. Therefore, these reactions were performed stepwise, 

involving imine formation first in hot ethanol, followed by reduction with sodium borohydride 

(NaBH4) at room temperature. In this approach the substituted phenethylamine intermediates (1.0 

mmolar scale) were heated for 2 hours with one equivalent of triethylamine and one equivalent of 

the desired commercially available aldehyde in ethanol to yield the intermediate imine (not 

isolated). After initial imine formation, the reaction mixture was cooled to room temperature and 

an excess of NaBH4 (5.3 mmole) added and the resulting reaction mixture was stirred overnight at 

room temperature. The reactions were worked up by evaporation under reduced pressure and 

suspending the crude products in water which was neutralized by addition of a few drops of 

concentrated HCl. The products were extracted into dichloromethane (DCM) and the combined 

DCM extracts evaporated and dried under reduced pressure. All products were isolated in the free 

base form and were crystallized using the solvents listed in Tables 4-6 below. The specific products 

prepared are shown in Tables 4-6. The NMR of A representative member of NBOMes is shown in 

figure 23. 
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Scheme 7 Synthesis of the Methoxy-, Dimethoxy- and Methylenedioxy-N-Benzylphenethylamines. 
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Table 4 Yields and Crystallization Solvents for the N-(Methoxy)benzyl-methoxyphenethylamines. 

Compound 

abbreviation 

Phenethyl 

r ing 

substituent 

(R) 

Benzyl r ing 

substituent 

(Rô) 

Yield, mg 

(1st &  2nd 

crop) 

Crystallization 

solvent 

PEAB H H 148 Ether 

2MPEA2MB 2-MeO 2ô-MeO 154.6 Ether 

2MPEA3MB 2-MeO 3ô-MeO 103.8 Ether 

2MPEA4MB 2-MeO 4ô-MeO 119.3 Ether 

3MPEA2MB 3-MeO 2ô-MeO 147.5 Ether 

3MPEA3MB 3-MeO 3ô-MeO 124.5 Ether 

3MPEA4MB 3-MeO 4ô-MeO 103.6 Ether 

4MPEA2MB 4-MeO 2ô-MeO 139.1 Ether 

4MPEA3MB 4-MeO 3ô-MeO 130.8 Ether 

4MPEA4MB 4-MeO 4ô-MeO 128.6 Ether 
From 1 mmole amine HCl, + 1 mmole aldehyde and 1 mmole TEA and 200 mg NaBH4. 

 

 

 

Table 5 Yields and Crystallization Solvents for the N-(dimethoxy)benzyl- and N-(methylenedioxy)benzyl-2,5-

dimethoxyphenethylamines. 

Compound 

abbreviation 

Benzyl r ing 

substituent (Rô) 
Total yield (mg) Crystallization  solvent 

25DMPEA23DMB 2ô,3ô-DiMeO 117.6 Ether 

25DMPEA24DMB 2ô,4ô-DiMeO 86.5 Ether 

25DMPEA25DMB 2ô,5ô-DiMeO 158.4 Ether 

25DMPEA26DMB 2ô,6ô-DiMeO 25.4+oil Ether/acetone 

25DMPEA34DMB 3ô,4ô-DiMeO 165.5 Ether 

25DMPEA35DMB 3ô,5ô-DiMeO 148.7 Ether 

25DMPEA23MDB 2ô,3ô-MD 68.6+oil Ether/acetone 

25DMPEA34MDB 3ô,4ô-MD 5.3+oil Ether/EtOH 
*From 1 mmole amine HCl, + 1 mmole aldehyde and 1 mmole TEA and 200 mg NaBH4. 
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Table 6 Yields and Crystallization Solvents for the N-(methoxy)benzyl-dimethoxyphenethylamines. 

Compound 

abbreviation 

Phenethyl r ing 

subst. (R) 

Benzyl r ing 

substituent (Rô) 

Crystallization 

solvent 

Total yield 

(mg) 

23DMPEA2MB 2,3-DiMeO 2ô-MeO Benzene/Ether 124.0 

23DMPEA3MB 2,3-DiMeO 3ô-MeO Ether 124.8 

23DMPEA4MB 2,3-DiMeO 4ô-MeO Benzene 99.4 

24DMPEA2MB 2,4-DiMeO 2ô-MeO Oil Oil 

24DMPEA3MB 2,4-DiMeO 3ô-MeO Ether 16.8 

24DMPEA4MB 2,4-DiMeO 4ô-MeO Ether 70.6 

25DMPEA2MB 2,5-DiMeO 2ô-MeO Ether/acetone 109.3 

25DMPEA3MB 2,5-DiMeO 3ô-MeO Ether/acetone 126.8 

25DMPEA4MB 2,5-DiMeO 4ô-MeO Ether/acetone 29.8 

26DMPEA2MB 2,6-DiMeO 2ô-MeO Ether 142.9 

26DMPEA3MB 2,6-DiMeO 3ô-MeO Ether 153.7 

26DMPEA4MB 2,6-DiMeO 4ô-MeO Benzene 158.4 

34DMPEA2MB 3,4-DiMeO 2ô-MeO Ether/EtOAc 25.4 

34DMPEA3MB 3,4-DiMeO 3ô-MeO Ether 165.5 

34DMPEA4MB 3,4-DiMeO 4ô-MeO Ether 148.7 

35DMPEA2MB 3,5-DiMeO 2ô-MeO Ether 56.4 

35DMPEA3MB 3,5-DiMeO 3ô-MeO Ether/benzene 75.4 

35DMPEA4MB 3,5-DiMeO 4ô-MeO Ether 170.5 

23MDPEA2MB 2,3-MD 2ô-MeO Ether 127.6 

23MDPEA3MB 2,3-MD 3ô-MeO Ether 114.5 

23MDPEA4MB 2,3-MD 4ô-MeO Ether 99.9 

34MDPEA2MB 3,4-MD 2ô-MeO Ether/benzene 139.8 

34MDPEA3MB 3,4-MD 3ô-MeO Ether 87.2 

34MDPEA4MB 3,4-MD 4ô-MeO Ether 67.9 
*From 1 mmole amine HCl, + 1 mmole aldehyde and 1 mmole TEA and 200 mg NaBH4. 
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2.2 Synthesis of the N-(Substituted)benzyl-4-Bromo-2,5-Dimethoxyphenethylamines: 

 

The compounds of this series are derivatives of N-(2ô-methoxy)benzyl-4-bromo-2,5-

dimethoxyphenethylamine (25B-NBOMe) where the substitution pattern on the aromatic ring of 

the N-benzyl substituent is modified yielding the 11 compounds shown in Figure 24. This series 

can be divided into three subsets. The first subset includes 25B-NBOMe and its 3ô- and 4ô-

monomethoxy regioisomers (structures 1-3). In the second subset the N-benzyl aromatic ring is 

modified to include two methoxy groups at every possible position. Thus, this subset includes six 

regioisomeric compounds, the 2ô,3ô-, 2ô,4ô-, 2ô,5ô-, 2ô,6ô-, 3ô,4ô- and 3ô,5ô-dimethoxy regioisomers 

(structures 4-9). In the third subset in this series the N-benzyl aromatic ring is modified to contain 

the two possible methylenedioxy substitution patterns (structures 10-11). The N-benzyl 

substitution patterns selected for this series represent potential designer modifications since this 

functionality is commonly found in drugs of abuse. 

 

 

Figure 24 Structures of the N-(substituted)benzyl-4-bromo-2,5-dimethoxyphenethylamine Series.  
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The initial approach for the synthesis of compounds in this series is shown in the Scheme 8 below 

and is based on standard reaction sequence used to prepare compounds of the NBOMe series as 

described above. It was reasoned that commercially available 4-bromo-2,5-

dimethoxybenzyladehyde could be converted to the nitroethene intermediate using standard 

condensation synthetic methodology, and reduction of this nitroethene with LAH would then 

provide the intermediate 4-bromo-2,5-dimethoxyphenethylamine. The 4-bromo-2,5-

dimethoxyphenethylamine intermediate could then be used to make all eleven compounds of this 

series by reaction with commercially available substituted benzaldehydes under reductive 

amination conditions. Also, with this approach it was envisioned that additional regioisomeric 

derivatives could be prepared from other commercially available (bromo-

dimethoxy)benzaldehydes. 

 

 

Scheme 8 Initial synthetic approach for the N-(substituted)benzyl-4-bromo-2,5-dimethoxyphenethylamine 

Series. 

Thus, reaction of commercially available 4-bromo-2,5-dimethoxybenzaldehyde with nitromethane 

in the presence of anhydrous ammonium acetate provided the intermediate 1-(2,5-

dimethoxyphenyl)-2-nitroethene in good yield. The recrystallized (iPrOH) and dried nitroethene 

was then reduced with lithium aluminum hydride (LAH) in THF using standard literature protocol. 

Analysis of the product of this reaction by EI-MS demonstrated that the nitroethene had reduced, 

but also the bromine atom was eliminated, presumable by reductive displacement (Scheme 9). A 

review of the literature revealed that this commonly occurs with aromatic bromine compounds 

when treated with LAH. 

 

 

Scheme 9 Initial synthetic approach for the 4-bromo-2,5-dimethoxyphenethylamine intermediate. 
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While other reductive methods could have been explored to prepare the 4-bromo-2,5-

dimethoxyphenethylamine intermediate, it was decided to incorporate the bromine atom after 

formation and reduction of the nitroethene as shown in Scheme 10 below and performed earlier in 

our laboratories. The nitroethene intermediate was prepared by reaction of commercially available 

2,5-dimethoxybenzaldehyde with nitromethane as described before. The nitroethene was reduced 

in good yield to form the desired 2,5-dimethoxyphenethylamine intermediate using the standard 

LAH/THF reduction approach. Bromination of the 2,5-dimethoxyphenethylamine intermediate 

with bromine in acetic acid gave 4-bromo-2,5-dimethoxyphenethylamine in greater than 50% 

purified yield. The intermediate was isolated and purified as the HCl salt. 

 

 

Scheme 10 Second synthetic approach for the 4-bromo-2,5-dimethoxyphenethylamine intermediate. 

The position of bromination was confirmed by proton NMR in comparison to standard spectra in 

the literature. In the starting 2,5-dimethoxyphenethylamine the aromatic protons are found in the 

shift range of 6.7-6.8 and the protons at positions 3- and 4- are split as doublets with a coupling 

constant of 8.7 Hz (Figure 25). The 4-proton doublet is further split by meta coupling to the 6-

proton (J = 3.3 Hz). In the final brominated product only two protons appear in the aromatic shift 

region and these are clearly not coupled by ortho or long range meta-coupling. The only way to 

obtain such a pattern in the proton NMR would be if the bromine atom was added to the 4-position. 

Furthermore, the NMR spectrum of the product obtained compared to literature spectra for the 

same compound (Figure 25).  
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Figure 25 : Proton NMR of the 2,5-dimethoxyphenethylamine and 4-bromo-2,5-dimethoxyphenyl-amine 

intermediates. 

 

The 4-bromo-2,5-dimethoxyphenethylamine HCl intermediate was then used to prepare all three 

subsets of the N-(substituted)benzyl-4-bromo-2,5-dimethoxyphenethylamine series, using the 

general reductive alkylation method shown in Scheme 11. As for the unbrominated N-

(substituted)benzyl-phenethylamines described earlier, these reactions were performed stepwise, 

involving imine formation first, followed by reduction with sodium borohydride (NaBH4). In this 

approach the 4-bromo-2,5-dimethoxyphenethylamine HCl (1.0 mmolar scale) was heated for 2 

hours with one equivalent of triethylamine and one equivalent of the desired commercially 

available aldehyde in ethanol to yield the intermediate imine (not isolated). After initial imine 

formation, the reaction mixture was cooled to room temperature and an excess of NaBH4 (5.3 

mmole) added and the reaction stirred overnight at room temperature. 
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Scheme 11 Synthesis of the N-(substituted)benzyl-4-bromo-2,5-dimethoxyphenethylamine Series. 

 

All of the reductive alkylation reactions in this series were worked up by evaporation under 

reduced pressure and suspending the crude product in water which was neutralized by addition of 

a few drops of concentrated HCl. The products were extracted into dichloromethane (DCM) and 

the combined DCM extracts evaporated and dried under reduced pressure. The products in free 

base form were crystallized using the solvents listed in Table 7 below and isolated by filtration. 

The structures of all free base products were confirmed by standard spectroscopic means, and 

representative members were also evaluated by elemental analysis in their HCl salt forms. The 

HCl salts of each compound were prepared for pharmacological testing by dissolving 50-75 mg of 

the free base in 5 ml of dried absolute ethanol and bubbling HCl gas into the solution for 30-60 

seconds. The ethanol solvent was then evaporated and the products dried thoroughly on a rotary 

evaporator. The resulting oils were crystallized from ether or mixtures of ether and ethanol as 

indicated in the table below. In addition to the compound listed in the table, the N-(3ô-methoxy-

4ô-methyl) and N-(3ô-methyl-4ô-methoxy)benzyl derivatives were also prepared for mass spectral-

derivative studies described in the chapters that follow.  
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Table 7 Yields and Crystallization Solvents for The N-(Substituted)benzyl-4-Bromo-2,5-

dimethoxyphenethylamines. 

Compound 

abbreviation 

Benzyl r ing 

substituent 

(Rô) 

Total 

yield 

(mg) 

Crystallization 

solvent free base 

MP, oC 

free 

base 

Recrystalliz

ation 

solvent HCl 

salt 

4Br25DMPEA2MB 2ô-MeO 160 Ether 173-175 Ether* 

4Br25DMPEA3MB 3ô-MeO 180 Ether/Pet ether 124-126 Ether/EtOH 

4Br25DMPEA4MB 4ô-MeO 176 Ether 185-186 Ether* 

4Br25DMPEA23DMB 2ô,3ô-DiMeO 216 EtOH/Ether 86-87 Ether/EtOH 

4Br25DMPEA24DMB 2ô,4ô-DiMeO 255 Ether/pet ether 118-121 Ether/EtOH 

4Br25DMPEA25DMB 2ô,5ô-DiMeO 193 Ether/pet ether 117-118 Ether* 

4Br25DMPEA26DMB 2ô,6ô-DiMeO 141 Ether 164-166 Ether/EtOH 

4Br25DMPEA34DMB 3ô,4ô-DiMeO 136 Ether 165-167 Ether 

4Br25DMPEA35DMB 3ô,5ô-DiMeO 103 EtOAc/Pet ether 75-77 Ether/EtOH 

4Br25DMPEA23MDB 2ô,3ô-OCH2O 271 EtOAc/ether 192-193 Ether 

4Br25DMPEA23MDB 3ô,4ô-OCH2O 72 Ether 188-190 Ether/EtOH

* 
*From 1 mmole amine HCl, + 1 mmole aldehyde and 1 mmole TEA and 200 mg NaBH4. 
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2.3 Synthesis of the N-(Bromo-Dimethoxysubstituted)benzyl-monomethoxyphenethyl-

amines (eMOBNs): 

 

The compounds of this series are derivatives of N-(2ô-methoxy)benzyl-4-bromo-2,5-

dimethoxyphenethylamine (25B-NBOMe) where the substitution pattern of the phenethylamine 

and benzylamine aromatic rings are reversed, and the bromo-dimethoxy substituents in the benzyl 

substituents are varied in their position. Therefore, the compounds of this series contain only a 

single methoxy substituent in the phenethyl aromatic ring, and a bromo-dimethoxy substitution 

pattern in the benzyl aromatic ring. We have designated these derivatives as ñeMOBNsò based on 

the reversal of the ring substitution patterns. All of these compounds are regioisomers of the -

(Substituted)benzyl-4-bromo-2,5-dimethoxyphenethylamine since they have identical atomic 

composition and only vary in the position of substituents. 

 

These compounds could be prepared directly by reaction of 2-, 3- and 4-methoxyphenethylamines 

(synthesized as described earlier in this chapter or obtained commercially) with commercially 

available (bromo-dimethoxy)benzaldehydes in the presence of sodium borohydride in ethanol 

(Scheme 12). The only difference was the extended reaction time from 2 hours to overnight to 

allow for complete formation of the intermediate imine. This increase in reaction time was 

necessary due to the increased steric bulk of the halogenated benzaldehyde which reduces 

reactivity. The free base form of the final products was crystallized using the solvents listed in 

Table 8 below and isolated by filtration. The structures of all free base products were confirmed 

by standard spectroscopic means. 

 

 

Scheme 12 Synthesis of the N-(bromo-dimethoxy)benzyl-monomethoxyphenethylamines.  
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Table 8 Yields for the N-(bromo-dimethoxy)benzyl-monomethoxyphenethylamines. 

Compound 

abbreviation 

Phenethyl 

r ing 

substituent 

(R) 

Benzyl r ing 

substituents (Rô) 

Total 

yield 

(mg) 

Crystallization  solvent 

free base 

2MPEA5Br23DMB 2-MeO 5ô-Br-2ô,3ô-DiMeO 292 mg Ether/EtOH 

3MPEA5Br23DMB 3-MeO 5ô-Br-2ô,3ô-DiMeO 151 mg Ether/Benzene/iPrOH 

4MPEA5Br23DMB 4-MeO 5ô-Br-2ô,3ô-DiMeO 92 mg Ether 

2MPEA2Br45DMB 2-MeO 2ô-Br-4ô,5ô-DiMeO 150 mg Ether 

3MPEA2Br45DMB 3-MeO 2ô-Br-4ô,5ô-DiMeO 92 mg Ether 

4MPEA2Br45DMB 4-MeO 2ô-Br-4ô,5ô-DiMeO 173 mg Ether 

2MPEA5Br24DMB 2-MeO 5ô-Br-2ô,4ô-DiMeO 100 mg Ether 

3MPEA5Br24DMB 3-MeO 5ô-Br-2ô,4ô-DiMeO 58 mg Ether 

4MPEA5Br24DMB 4-MeO 5ô-Br-2ô,4ô-DiMeO 75 mg Ether 

2MPEA4Br25DMB 2-MeO 4ô-Br-2ô,5ô-DiMeO >100mg EtOAc 

3MPEA4Br25DMB 3-MeO 4ô-Br-2ô,5ô-DiMeO >100mg Ether 

4MPEA4Br25DMB 4-MeO 4ô-Br-2ô,5ô-DiMeO >100mg Ether 

2MPEA3Br45DMB 2-MeO 3ô-Br-4ô,5ô-DiMeO 28 mg Ether/Pet.Ether/Benzene 

3MPEA3Br45DMB 3-MeO 3ô-Br-4ô,5ô-DiMeO 150 mg Ether 

4MPEA3Br45DMB 4-MeO 3ô-Br-4ô,5ô-DiMeO  86 mg Ether/Benzene 
*From 1 mmole amine HCl, + 1 mmole aldehyde and 1 mmole TEA and 200 mg NaBH4. 
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2.4 Synthesis of the N-(Substituted)benzyl-4-Iodo-2,5-Dimethoxyphenethylamines: 

 

The compounds of this series are derivatives of N-(2ô-methoxy)benzyl-4-iodo-2,5-

dimethoxyphenethylamine (25I-NBOMe) where the substitution pattern on the aromatic ring of 

the N-benzyl substituent is modified yielding the 11 compounds in Figure 26. This series can be 

divided into three subsets. The first subset includes 25I-NBOMe and its 3ô- and 4ô-monomethoxy 

regioisomers (structures 1-3). In the second subset the N-benzyl aromatic ring is modified to 

include two methoxy groups at every possible position. Thus, this subset includes six regioisomeric 

compounds, the 2ô,3ô-, 2ô,4ô-, 2ô,5ô-, 2ô,6ô-, 3ô,4ô- and 3ô,5ô-dimethoxy regioisomers (structures 4-

9). In the third subset in this series the N-benzyl aromatic ring is modified to contain the two 

possible methylenedioxy substitution patterns (structures 10-11). The N-benzyl substitution 

patterns selected for this series represent potential designer modifications since this functionality 

is commonly found in drugs of abuse. 

 

 

Figure 26 Structures of the N-(substituted)benzyl-4-iodo-2,5-dimethoxyphenethylamine Series.   
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The initial approach for the synthesis of compounds in this series is shown in the Scheme 13 below 

and is based on standard reaction sequence used to prepare compounds of the NBOMe series as 

described above. It was reasoned that commercially available 2,5-dimethoxybenzyladehyde could 

be converted to the nitroethene intermediate using standard condensation synthetic methodology, 

and reduction of this nitroethene with LAH would then provide the intermediate 2,5-

dimethoxyphenethylamine. The 2,5-dimethoxyphenethylamine intermediate could be then 

converted to 4-iodo-2,5-dimethoxyphenethylamine by iodination reactions reported in the 

literature for methoxyphenethylamines, and the iodo intermediate could be then used to make all 

eleven compounds of this series by reaction with commercially available substituted 

benzaldehydes under reductive amination conditions. 

 

 

Scheme 13 Initial synthetic approach for the N-(substituted)benzyl-4-iodo-2,5-dimethoxyphenethylamine 

Series. 

Thus, reaction of commercially available 2,5-dimethoxybenzaldehyde with nitromethane in the 

presence of anhydrous ammonium acetate provided the intermediate 1-(2,5-dimethoxyphenyl)-2-

nitroethene in good yield. The recrystallized (iPrOH) and dried nitroethene was then reduced with 

lithium aluminum hydride (LAH) in THF using standard literature protocol. The iodination of the 

2,5-dimethoxyphenethylamine with either ICl/AgOOCCF3/HOAc [110] or I2/Ag2SO4 [111] 

however proceeded in only very low yield (10%) and the product contained a number of 

contaminants (Scheme 14). 
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Scheme 14 Initial synthetic approach for the 4-iodo-2,5-dimethoxyphenethylamine intermediate. 

 

While other iodination methods could have been explored to prepare the 4-iodo-2,5-

dimethoxyphenethylamine, it was decided to protect the amino group of the 

dimethoxyphenethylamine intermediate as an amide prior to iodination. Then once the iodine was 

added, the amide intermediate could be deprotected to give the desired intermediate for the final 

reductive amination reactions. 

 

Therefore, the amine functionality was protected as a trifluoroacetamide using trifluoroacetic 

anhydride and trimethylamine as shown in Scheme 15. Iodination of the protected phenethylamine 

with iodine monochloride in acetic acid gave 4-iodo-2,5-dimethoxyphenethylamine 

trifluoroacetamide in very good yield. This intermediate was purified by acid-base extraction and 

recrystallization from ethyl acetate. The trifluoroacetamide protecting group was then removed by 

hydrolysis in KOH/iPrOH/H2O to give 4-iodo-2,5-dimethoxyphen-ethylamine in greater purified 

yield. The intermediate was isolated and purified as the HCl salt.  

 

 

Scheme 15 Second synthetic approach for the 4-iodo-2,5-dimethoxyphenethylamine intermediate. 
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The position of iodination was confirmed by proton NMR in comparison to standard spectra in the 

literature. In the starting 2,5-dimethoxyphenethylamine the aromatic protons are found in the shift 

range of 6.7-6.8 and the protons at positions 3- and 4- are split as doublets with a coupling constant 

of 8.7 Hz (figure 27). The 4-proton doublet is further split by meta coupling to the 6-proton (J = 

3.3 Hz). In the final iodinated product only two protons appear in the aromatic shift region and 

these are clearly not coupled by ortho or long range meta-coupling. The only way to obtain such a 

pattern in the proton NMR would be if the iodine atom was added to the 4-position. Furthermore, 

the NMR spectrum of the product obtained compared to literature spectra for the same compound 

(Figure 27). 

 

 

Figure 27 Proton NMR of the 2,5-dimethoxyphenethylamine and 4-iodo-2,5-dimethoxyphenethylamine 

intermediates. 

The 4-iodo-2,5-dimethoxyphenethylamine HCl intermediate was then used to prepare all three 

subsets of the N-(substituted)benzyl-4-iodo-2,5-dimethoxyphenethylamine series, using the 

general reductive alkylation method shown in Scheme 16. These reactions were performed 

stepwise, as reported before, involving imine formation first, followed by reduction with sodium 
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borohydride (NaBH4). In this approach the 4-iodo-2,5-dimethoxyphenethylamine HCl (1.0 

mmolar scale) was heated for 2 hours with one equivalent of triethylamine and one equivalent of 

the desired commercially available aldehyde in ethanol to yield the intermediate imine (not 

isolated). After initial imine formation, the reaction mixture was cooled to room temperature and 

an excess of NaBH4 (5.3 mmole) added and the reaction stirred overnight at room temperature. 

The reaction was worked up by evaporation of the solvent under reduced pressure and suspending 

the crude product in water which was neutralized by addition of a few drops of concentrated HCl. 

The products were extracted into dichloromethane (DCM) and the combined DCM extracts 

evaporated and dried under reduced pressure. The products in free base form were crystallized 

using the solvents listed in Table 9 below and isolated by filtration. The structures of all free base 

products were confirmed by standard spectroscopic means, and representative members were also 

evaluated by elemental analysis in their HCl salt forms. The HCl salts of each compound were 

prepared by dissolving 50-75 mg of the free base in 5 ml of dried absolute ethanol and bubbling 

HCl gas into the solution for 30-60 seconds. The ethanol solvent was then evaporated and the 

products dried thoroughly on a rotary evaporator. The resulting oils were crystallized from ether 

or mixtures of ether and ethanol as indicated in Table 9 below. 

 

 

Scheme 16 Synthesis of the N-(substituted)benzyl-4-iodo-2,5-dimethoxyphenethylamine Series.  
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Table 9 Yields and Crystallization Solvents for the N-(Substituted)benzyl-4-iodo-2,5-

dimethoxyphenethylamines. 

Benzyl r ing 

substituent 

Yield, mg (1st 

&  2nd crop) 

Crystallization 

solvent free 

base 

Recrystallization 

solvent HCl salt 

2ô-MeO 165.7 EtOAc/PE Ether/EtOH 

3ô-MeO 58 (+ oil) Ether Ether/EtOH* 

4ô-MeO 261.5 Ether Ether/EtOH 

2ô,3ô-DiMeO 87 (+ oil) Ether/PE Ether/EtOAc 

2ô,4ô-DiMeO 265 Ether Ether 

2ô,5ô-DiMeO 329 Ether Ether 

2ô,6ô-DiMeO 175 Ether Ether/acetone 

3ô,4ô-DiMeO 298 EtOAc/PE Ether/acetone 

3ô,5ô-DiMeO 136 (+ oil) Ether Ether/acetone* 

2ô,3ô-MD Oil Ether Ether* 

3ô,4ô-MD Oil Ether Ether* 
*From 1 mmole amine HCl, + 1 mmole aldehyde and 1 mmole TEA and 200 mg NaBH4. 
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2.5 Synthesis of the N-(Substituted)benzyl-Dimethoxyphenpropylamines (DMPPAs): 

 

The compounds of this series are derivatives of the NBOMes where the phenethylamine side chain 

is substituted with a methyl group alpha to the amine, and the substitution pattern on the aromatic 

ring is varied to contain a variety of dimethoxy (2,3-, 2,5- and 2,6-dimethoxy) or 3,4-

methylenedioxy substituents. Also, the substitution pattern of the N-benzyl aromatic ring was 

modified to include monomethoxy (2ô-, 3ô- and 4ô-methoxy), dimethoxy (2ô,3ô-, 2ô,4ô-, 2ô,5ô-, 

2ô,6ô-, 3ô,4ô- and 3ô,5ô-dimethoxy) and methylenedioxy (2ô,3ô- and 3ô,4ô-) substituents. These 

derivatives can be considered as ñamphetamine typeò analogues of the NBOMes (see Table 11). 

The rationale for inclusion of this series compounds is discussed further in the analytical chapters 

of this dissertation. 

 

 

Scheme 17 Synthesis of the N-(Substituted)benzyl-dimethoxy- and methylenedioxyphenpropylamines. 

The approach for the synthesis of this series is the same as that described previously and is based 

on the same reaction sequence used to prepare other compounds of the NBOMe series. In this 

series commercially available 2,3-, 2,5-, 2,6-dimethoxy- and 3,4-methylenedioxybenzaldehydes 

were allowed to react with nitroethane and anhydrous ammonium acetate to provide the 

intermediate substituted phenyl-2-nitropropenes in good yield (Table 10). The nitropropene 

intermediates were then reduced to the corresponding amines with LAH/THF as described earlier. 

The substituted phenpropylamine intermediates were then subjected to reductive alkylation with 

sodium borohydride and substituted benzaldehydes to yield the final products (Scheme 17). The 

free base form of the final products was crystallized using the solvents listed in Table 11 below 

and isolated by filtration. The structures of all free base products were confirmed by standard 

spectroscopic means.  
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Table 10 Yields and Crystallization Solvents for the dimethoxy- and Methylenedioxyphenyl-2-nitropropenes. 

PNP product 
Phenethyl r ing 

substituent (R) 

Crude product 

form 

Crystallization &  

recrystallization 

solvent 

Total yield 

(g) 

2,3-DMPNP 2,3-DiMeO Oil (yellow) iPrOH 8.6 

2,5-DMPNP 2,5-DiMeO Oil (yellow) iPrOH 5.3 

2,6-DMPNP 2,6-DiMeO Oil (reddish) iPrOH 9.1 

3,4-MDPNP 3,4-OCH2O- Solid iPrOH 8.6 

 

 

 

Table 11 Yields for the N-(Substituted)benzyl-phenpropylamines. 

Compound 

abbreviation 

Phenethyl 

r ing 

substituent 

Benzyl r ing 

substituent 

Total yield 

(mg) 

Crystallization  

solvent free base 

25DMPPA2MB 2,5-DiMeO 2ô-MeO 169 mg Ether 

25DMPPA3MB 2,5-DiMeO 3ô-MeO 173 mg Ether 

25DMPPA4MB 2,5-DiMeO 4ô-MeO 119 mg Ether/EtOAc/Pet Ether 

25DMPPA23DMB 2,5-DiMeO 2ô,3ô-DiMeO 128 mg Ether/iPrOH 

25DMPPA24DMB 2,5-DiMeO 2ô,4ô-DiMeO 167 mg Ether/EtOH 

25DMPPA25DMB 2,5-DiMeO 2ô,5ô-DiMeO 157 mg Ether/EtOAc 

25DMPPA26DMB 2,5-DiMeO 2ô,6ô-DiMeO 159 mg Ether 

25DMPPA34DMB 2,5-DiMeO 3ô,4ô-DiMeO 154 mg Ether/EtOAc 

25DMPPA35DMB 2,5-DiMeO 3ô,5ô-DiMeO 50 mg Ether/EtOAc/Pet Ether 

25DMPPA23MDB 2,5-DiMeO 2ô,3ô-MD 50 mg Ether/EtOAc/Pet Ether 

25DMPPA34MDB 2,5-DiMeO 3ô,4ô-MD 126 mg Ether 

23DMPPA2MB 2,3-DiMeO 2ô-MeO 146 mg Ether/EtOAc 

23DMPPA3MB 2,3-DiMeO 3ô-MeO 109 mg Ether/EtOAc 

23DMPPA4MB 2,3-DiMeO 4ô-MeO 160 mg Ether/EtOAc 

26DMPPA2MB 2,6-DiMeO 2ô-MeO 15 mg Ether/EtOAc 

26DMPPA3MB 2,6-DiMeO 3ô-MeO 95 mg Ether/EtOH/EtOAc 

26DMPPA4MB 2,6-DiMeO 4ô-MeO 163 mg Ether 

34MDMPPA2MB 3,4-MD 2ô-MeO 209 mg Ether 

34MDMPPA3MB 3,4-MD 3ô-MeO 120 mg Ether/Pet.Ether/EtOAc 

34MDMPPA4MB 3,4-MD 4ô-MeO 206 mg Ether 
*From 1 mmole amine HCl, + 1 mmole aldehyde and 1 mmole TEA and 200 mg NaBH4.  
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2.6 Synthesis of the N-(Substituted)benzyl-Bromo-2,5-Dimethoxyphenpropylamines: 

 

The compounds of this series are derivatives of N-(2ô-methoxy)benzyl-4-bromo-2,5-

dimethoxyphenethylamine (25B-NBOMe) where the phenethylamine side chain is substituted 

with a methyl group alpha to the amine and the substitution pattern on the aromatic ring of the N-

benzyl substituent is modified yielding the 11 compounds shown in in Figure 28. This series can 

be divided into three subsets. The first subset includes 25B-NBOMe and its 3ô- and 4ô-

monomethoxy regioisomers (structures 1-3). In the second subset the N-benzyl aromatic ring is 

modified to include two methoxy groups at every possible position, including the 2ô,3ô-, 2ô,4ô-, 

2ô,5ô-, 2ô,6ô-, 3ô,4ô- and 3ô,5ô-dimethoxy regioisomers (structures 4-9). In the third subset in this 

series the N-benzyl aromatic ring is modified to contain the two possible methylenedioxy 

substitution patterns (structures 10-11). The compounds of this series are basically ñamphetamine-

typeò derivatives of the 25B-NBOMes which will also provide insights into analytical profiles and 

differentiation among the NBOME type designer drugs. 

 

 

Figure 28 Structures of the N-(methoxy)benzyl-dimethoxyphenpropylamine Series.  



65 

The original approach to synthesize the compounds of this series involved the same procedure 

used for the preparation of the N-(substituted)benzyl-4-bromo-2,5-dimethoxyphenethylamines 

described above. The 2,5-dimethoxyphenpropylamine precursor was prepared from 2,5-

dimethoxybenzaldehyde as described in the previous section of this chapter. Direct bromination 

of 2,5-dimethoxyphenpropylamine with bromine in glacial acetic acid yielded a product mixture 

as shown by the chromatogram in Figure 29. The largest peak in this chromatogram is the desired 

amine intermediate as demonstrated by the molecular ion (m/z 230/232) and amine-dominated 

cleavage fragment (m/z /44). Based on their molecular ions and fragmentation patterns, the 

contaminants represented by peaks 1 and 2 in the chromatogram were determined to be ring 

brominated side products forming from oxidative deamination of the amine (compound 2) and 

bromine displacement (compound 3). These products are shown in Scheme 18.  

 

In attempt to improve yields it was decided to use the method which provided the highest yields 

of the 4-iodo-2,5-dimethoxyphenethylamine intermediate, 4I-2,5-DMPEA. Thus the 2,5-

dimethoxyphenpropylamine was first converted to the trifluoroacetamide by treatment with 

trifluoroacetic anhydride. The protected amide was obtained in very good yield with a simple acid-

base workup (Scheme 19). The N-trifluoroacetyl-protected amine was allowed to react with 

bromine and acetic acid with heating to afford the 4-bromo-2,5-dimethoxyphenpropylamine 

trifluoroacetamide (Scheme 19). This product was contaminated with a small amount of a side 

product with an apparent mass 14 units lower than the desired product. Based on mass spectral 

fragmentation the side product was tentatively identified as a demethylated product, a phenol 

formed by cleavage on one of the two ether moieties. This phenol side product most likely formed 

as a result of HBr cleavage of one of the methyl ether groups. HBr-mediated cleavage has been 

reported by others using this method to brominate aromatic methyl ethers. Which phenol formed 

was not determined. 
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Figure 29 Gas chromatography and mass spectrometry of product obtained from reaction of 2,5-

dimethoxyphenpropylamine with bromine-acetic acid. 
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Scheme 18 Initial synthetic approach for the 4- bromo-2,5-dimethoxyphenpropylamines intermediate. 

The 4-bromo-2,5-dimethoxyphenpropylamine trifluoroacetamide intermediate was purified by 

recrystallization with 2-propanol and then subjected to hydrolysis in propanol with aqueous KOH 

(Scheme 19). Acid-base workup of this reaction after evaporation of the 2-propranol gave the 

desired intermediate, 4-bromo-2,5-dimethoxyphenpropylamine as the free base which crystallized 

upon standing. 

 

 

Scheme 19 Synthesis of the N-(Substituted)benzyl-bromo-2,5-dimethoxyphenpropylamines. 

 

The 4-bromo-2,5-dimethoxyphenpropylamine intermediate was subjected to reductive amination 

with the three monomethoxy-, six dimethoxy- and two methylenedioxybenzaldehydes using the 

method reported earlier. All products were isolated by ether extraction after evaporation and 

neutralization of the reaction mixture with HCl. The yields and crystallization solvents are listed 

in the table 12 below. 
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Table 12 Yields and Crystallization Solvents for the N-(Substituted)benzyl-4-bromo-2,5-di-

methoxyphenpropylamines. 

Compound 

abbreviation 

Benzyl r ing 

substituent (Rô) 

Yield, mg (1st 

&  2nd crop) 

Crystallization  

solvent free base 

4Br25DMPPA2MB 2ô-MeO 174 mg Ether/EtOAc/Pet.Ether 

4Br25DMPPA3MB 3ô-MeO 199 mg Ether/EtOH 

4Br25DMPPA4MB 4ô-MeO 214 mg Ether 

4Br25DMPPA23DMB 2ô,3ô-DiMeO 347 mg EtOH/Ether 

4Br25DMPPA24DMB 2ô,4ô-DiMeO 230 mg Ether/EtOH 

4Br25DMPPA25DMB 2ô,5ô-DiMeO 114 mg Ether/Pet.Ether 

4Br25DMPPA26DMB 2ô,6ô-DiMeO 225 + 50 mg Ether 

4Br25DMPPA34DMB 3ô,4ô-DiMeO 189 mg Ether 

4Br25DMPPA35DMB 3ô,5ô-DiMeO 89 mg Ether/EtOH/Pet.Ether 

4Br25DMPPA23MDB 2ô,3ô-MD 112 mg Ether/EtOAc/EtOH 

4Br25DMPPA34MDB 3ô,4ô-MD 194 + 27 mg Ether/EtOAc/EtOH 
*From 1 mmole amine HCl, + 1 mmole aldehyde and 1 mmole TEA and 200 mg NaBH4. 

 

 

2.7 Synthesis of the N-(Substituted)benzyl-N-Methyl -2,5-Dimethoxyphenethylamines: 

 

The compounds of this series are basically derivatives of the NBOMes and compounds described 

earlier in this chapter where the nitrogen is substituted with a methyl group. These derivatives 

were prepared primarily to aid in interpretation of data obtained from analytical studies described 

in the chapters that follow. 

 

The initial approach for the synthesis of compounds in this series is shown in the Scheme 20 below 

and is based on standard reaction sequence used to prepare compounds of the NBOMe series as 

described above. The 2,5-dimethoxyphenethylamine could be prepared by from commercially 

available 2,5-dimethoxybenzyladehyde via the intermediate 2,5-dimethoxyphenethyl-2-

nitroethene as described previously. The 2,5-dimethoxyphenethylamine could then be converted 

to N-methyl-2,5-dimethoxyphenethylamine analogue via formamide derivative as reported in the 
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literature and performed previously in our laboratories. Finally, the N-methyl intermediate could 

be used to make all eleven compounds of this series by reaction with commercially available 

substituted benzaldehydes under reductive amination conditions.to form the final product. 

 

 

Scheme 20 Initial synthetic approach for the (substituted)benzyl-N-methyl-2,5-dimethoxyphenethylamines 

series. 

Thus, reaction of commercially available 2,5-dimethoxybenzaldehyde with nitromethane in the 

presence of anhydrous ammonium acetate provided the intermediate 1-(2,5-dimethoxyphenyl)-2-

nitroethene in good yield. The recrystallized (iPrOH) and dried nitroethene was then reduced with 

lithium aluminum hydride (LAH) in THF using standard literature protocol. Treatment of the 2,5-

dimethoxyphenethylamine a mixture of formic acid and acetic anhydride yielded the intermediate 

formamide in excellent yield. Reducing the formamide intermediate with LAH gave the required 

intermediate, N-methyl-2,5-dimethoxyphenethylamine (Scheme 21). 

 

Reaction of N-methyl-2,5-dimethoxyphenethylamine with substituted benzaldehydes followed 

sodium borohydride reduction was not successful.  

 

 

Scheme 21 Synthesis of the N-methyl-2,5-dimethoxyphenethylamine.  
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Analysis of the products from these reactions by EI-MS revealed not only very low yield of the 

desired product, but also the presence of a number of contaminants (Scheme 22). Increasing 

reaction times or performing the reaction under dehydration conditions (Dean-Starke) with acid 

catalysis (p-TsOH) did not improve yields. While other modifications of the reductive alkylation 

reaction described could have been explored to enhance product yields and purity, it was decided 

to pursue alternative synthetic strategies. 

 

 

Scheme 22 Initial synthetic approach for the synthesis of (substituted)benzyl-N-methyl-2,5-di-

methoxyphenethylamines. 

One alternate method pursued involved first acylating the amino group of N-methyl-2,5-

dimethoxyphenethylamine with the desired (substituted methoxy)benzoyl chloride to yield the 

benzoylamide intermediates, and then reduce these amides to the desired final products (Scheme 

23-I). A second method investigated direct alkylation of the N-methyl-2,5-

dimethoxyphenethylamine with selected substituted methoxy benzylbromide to make the final 

product (scheme 23-II). This second method was considered as a backup method in case of failure 

of the first method which involved using a substituted methoxy benzoyl chloride to make the 

intermediate amide.  

 

 

Scheme 23 Synthesis of the (substituted)benzyl-N-methyl-2,5-dimethoxyphenethylamines.  
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First for the benzoylamide method, N-methyl-2,5-dimethoxyphenethylamine (1 mmole) and TEA 

(1 mmole) was reacted with 1 mmole of the desired substituted methoxy benzoyl chloride to make 

the benzoylamide intermediates which were purified by acid-base extraction. The pure and dry 

amides were then reduced with LAH in THF to yield the desired amine products. The products 

formed in this reaction are listed in Table 13 and were isolated in the free base form. The structures 

of all free base products were confirmed by standard spectroscopic means. 

 

 

Table 13 Yields for the (substituted)benzyl-N-methyl-2,5-di-methoxyphenethylamines. 

Benzyl Ring 

substituent 

Yield, mg (1st 

&  2nd crop) 

Crystallization 

solvent free 

base 

2ô-MeO Oil Ether/EtOH 

3ô-MeO Oil Ether/EtOH 

4ô-MeO Oil Ether/EtOH 
*From 1 mmole amine HCl, + 1 mmole aldehyde and 1 mmole TEA and 200 mg NaBH4. 

 

The alternative method to make the final products of this series involved direct alkylation of the 

N-methyl-2,5-dimethoxyphenethylamine with the desired substituted methoxy benzylbromide. In 

these reactions, the desired substituted methoxy benzylbromide (1 mole) was added to a mixture 

of N-methyl-2,5-dimethoxyphenethylamine (1 mmole) and TEA (1 mmole) in methylene chloride 

and the reaction allowed to proceed overnight at room temperature. The products were isolated 

and purified in free base form by acid-base extraction and structures of all products were confirmed 

by standard spectroscopic means. Both of the benzoylamide and direct alkylation methods 

provided purer products in higher yields and cleaner products than the original direct reductive 

alkylation method. 
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2.8 Synthesis of the (Substituted)benzyl-N-Methyl -2,5-Dimethoxyphenpropylamines: 

 

The compounds of this series are basically derivatives of the NBOMes and earlier compounds 

described in this chapter where both the nitrogen and the phenethylamine alpha-carbon are 

substituted with a methyl group. These derivatives were prepared primarily to aid in interpretation 

of data obtained from analytical studies described in the chapters that follow. 

 

The approach for the synthesis of this series was the same as those described previously involving 

the preparation of an alpha-methyl substituted phenethylamine (2,5-dimethoxyphenpropylamine) 

and then N-methylating this intermediate (Scheme 24). The alpha-methyl-N-methyl intermediate 

was then converted to the desired products by forming the appropriately substituted benzoylamides 

and reducing these amides to the amines. All of these reactions were carried out as described 

previously in the same quantities. The products formed in these reactions were isolated in the free 

base form as listed in Table 14. The structures of all free base products were confirmed by standard 

spectroscopic means. 

 

 

Scheme 24 Synthesis of the (substituted)benzyl-N-methyl-2,5-dimethoxyphenpropylamines.  
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Table 14 Yields for the N-(methoxy)benzyl-N-methyl-2,5-dimethoxyphenpropylamines. 

Benzyl Ring 

substituent 

Yield, mg (1st 

&  2nd crop) 

Crystallization 

solvent free 

base 

2ô-MeO Oil Ether/EtOH 

3ô-MeO Oil Ether/EtOH 

4ô-MeO Oil Ether/EtOH 
*From 1 mmole amine HCl, + 1 mmole aldehyde and 1 mmole TEA and 200 mg NaBH4. 

 

 

2.9 Synthesis of the deuterium and 13C labeled 2,3-Dimethoxybenzaldehydes for mass 

spectral fragmentation studies. 

 

To aid in interpretation of mass spectral data, several deuterium and 13C-labeled NBOME analogs 

were prepared. The 2-OCD3 and 3-OCD3 derivatives of 2,3-dimethoxybenzyaldehyde were 

synthesized by treating the appropriate (hydroxyl-methoxy)benzaldehyde with d3-methyl iodine 

with potassium carbonate in dry acetone at room temperature (Scheme 25).  

 

 

Scheme 25 Synthesis of deuterated 2,3-dimethoxybenzyaldehyde 

The product was isolated by filtration and evaporation of the reaction solvent and used without 

further purification. The structures of the deuterated products were confirmed by GC-MS (Figure 

30):  
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Figure 30 Mass spectra of A) 2,3-dimethoxybenzyaldehyde, B) 2-OCD3,3-methoxybenzyaldehyde, C) 3-

OCD3,2-methoxybenzyaldehyde.  
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The 2-O13CH3 and 3-O13CH3 derivatives of 2,3-dimethoxybenzyaldehyde were synthesized by 

treating the appropriate (hydroxyl-methoxy)benzaldehyde with 13C-methyl iodine with potassium 

carbonate in dry acetone at room temperature (Scheme 26).  

 

 

Scheme 26 Synthesis of deuterated 2,3-dimethoxybenzyaldehyde. 

 

The product was isolated by filtration and evaporation of the reaction solvent and used without 

further purification. The structures of the deuterated products were confirmed by GC-MS (Figure 

31).  
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Figure 31 Mass spectra of A) 2,3-dimethoxybenzyaldehyde, B) 2-O13CH3,3-methoxybenzyaldehyde, C) 3-

O13CH3,3-methoxybenzyaldehyde. 
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3 Analysis of the N-(Methoxy)benzyl-methoxyphenethylamine Series 

 

3.1 Introduction : 

The compounds of this series (structures 1-9) are simplified derivatives of NBOMes where the 

halogen atom was deleted from the structure and there is a single methoxy substituent on each of 

the aromatic rings of the core NBOMe structure. Each aromatic ring of the base NBOMe structure 

has three positions that can be mono-substituted, the 2-, 3-, and 4-positions of the phenethyl 

aromatic ring and the 2ô-, 3ô-, and 4ô-positions of the N-benzyl ring. Monomethoxy substitution at 

each of these positions on each ring gives rise to nine regioisomeric monomethoxy-monomethoxy 

derivatives as shown in Figure 32. The synthesis of these compounds was described in the previous 

chapter. 

 

 

Figure 32 Structures of the N-(methoxy)benzyl-methoxyphenethylamine Series. 
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3.2 Mass Spectral Analysis: 

All nine regioisomeric members yielded nearly identical mass spectra as shown in Figures 33-36. 

The molecular ion (MW = 271) is not apparent in the EI-MS spectrum of any of these compounds, 

however the molecular mass was confirmed by CI-MS as illustrated for the N-(2ô-methoxy)benzyl-

2-methoxyphenethylamine isomer in Figure 33 where a M+1 ion of 272 was present. As reported 

for other 25-NBOMe compounds and illustrated in Chapter 1, the dominant ions in EI-MS 

spectrum of all nine compounds in this series are observed at m/z = 121, 150 and 91, with the base 

peak m/z 121 (Figure 34-36). The m/z 91 ion was present in the highest abundance in the 2ô-

methoxy isomer and decreased in the 3ô- and 4ô-methoxy isomers. Other than the relative 

abundance of the m/z 91 ions, there are no other features in the mass spectra of these regioisomers 

which allows for specific differentiation. 

 

 

Figure 33 CI-MS of Mass Spectra of the N-2ô-methoxybenzyl-2-methoxyphenethylamines. 
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Figure 34 Mass Spectra of the N-(monomethoxy)benzyl-2-methoxyphenethylamines. 

 

Figure 35 Mass Spectra of the N-(monomethoxy)benzyl-3-methoxyphenethylamines.  
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Figure 36 Mass Spectra of the N-(monomethoxy)benzyl-4-methoxyphenethylamines. 

 

A proposed fragmentation pathway showing the dominant ions for the monomethoxy subseries of 

compounds is shown in Scheme 27. The ion at m/z 150 is likely the iminium cation formed by the 

dissociation of bond between Ŭ- and ɓ-carbon atoms, a common pathway for phenethylamine 

compounds.  

 

 

Scheme 27 Proposed EI-MS fragmentation pathway for the N-(methoxy)benzyl-methoxyphenethylamines.  
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The base peak m/z 121 can be formed by the cleavage of the N-C bond yielding 2-methoxybenzyl 

cation but could possibly form by cleavage of the C-C bond of the phenethyl side chain. Finally, 

the ion at m/z 91 appears to have formed from loss of CH2O from the methoxy benzyl cation. 

 

Figure 37 MS-MS of the 150 ion (top) and 121 ion (bottom) of the N-(methoxy)benzyl-

methoxyphenethylamines. 

Support for this fragmentation pathway was provided by MS-MS studies which demonstrate that 

the m/z 121 ion is formed from the m/z 150 fragment and m/z 91 ion is formed from the m/z 121 

fragment as shown in Figure 37. 

In an attempt to investigate the fragmentation pathways for this series of compounds in more detail 

a number of structurally simplified derivatives were prepared and analyzed. The derivatives 

prepared included compound 10 which contains no methoxy substituents, compounds 11 and 12 

which contain only a single methoxy group in either the benzyl or phenethyl aromatic rings, 

compounds 13 and 14 where the nitrogen atom is substituted with a methyl group and lastly 

compound 15 which contains a single methoxy group in the benzyl aromatic ring with additional 

methyl group on the benzyl substituent (Figure 38).  
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Figure 38 Structures of the simplified derivatives. 

The EI-MS of these compounds are shown in Figures 39-44. If the fragmentation pathway shown 

in Scheme 27 is accurate and characteristic for compounds of this structure class, then compounds 

10-15 would be expected to yield ions of high abundance as shown in Scheme 28. Since both 

compounds 10 and 11 lack a benzyl methoxy substituent they would be expected to give an 

iminium cation at m/z 120 by phenethyl side Ŭ-/ɓ-carbon bond dissociation, consistent with the 

fragmentation pathways in Schemes 27 and 28. This ion is present in the MS of both compounds 

10 and 11 and is 30 mass units less than observed for derivatives containing a methoxy substituent 

in the benzyl ring (Figures 39 and 40). Similarly, compound 12 which contains a benzyl methoxy 

substituent like the nine regioisomers of this series would be expected to give an iminium cation 

at m/z 150, as is present in the EI-MS (Figure 41). The N-methyl derivative lacking a methoxy 

substituent (compound 13) should yield an iminium cation at m/z 134 (14 mass units higher than 

compound 10 - Figure 42), and the N-methyl derivative containing a benzyl methoxy group 

(compound 14) should yield an iminium ion at m/z 164 (30 mass units higher than compound 13 

as shown in Figure 43). Again, both of these ions are present in the MS of compound 13 and 14, 

Finally, since compound 15 contains an additional methyl group on the alpha-carbon of the benzyl 

substituent, it is expected to generate iminium cation at m/z 164, similar to compound 14 (Figure 

44), providing support for the original proposed fragmentation pathway. 

The base peak m/z 121 ion present in the spectra of all nine N-(methoxy)benzyl-

methoxyphenethylamines (compounds 1-9) was proposed to be the 2-methoxybenzyl cation 

formed by cleavage of the N-C bond. Again, if the original fragmentation pathway shown in 

Scheme 27 is accurate and characteristic for compounds of this structure class, then compounds 

10-15 would be expected to give benzyl cation base peaks as shown in Scheme 28. Since 
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compounds 10, 11 and 13 lack a benzyl methoxy substituent, they would be expected to give a 

benzyl cation base peak at m/z 91. This ion is present in the MS of all three compounds 10, 11 and 

13, and is 30 mass units less (m/z 121) than observed for nine regioisomers containing a methoxy 

substituent in the benzyl ring (Figures 39, 40 and 42). Similarly, compounds 12 and 14 which 

contain a benzyl methoxy substituent like the nine regioisomers of this series would be expected 

to give a benzyl cation base peak at m/z 121, as is present in the EI-MS (Figures 41 and 43). 

Furthermore, due to additional benzylic methyl group in compound 15 it would be expected to 

give a benzyl cation base peak at m/z 135, 14 mass units higher than observed for nine regioisomers 

containing only a methoxy substituent in the benzyl ring as is present in the EI-MS (Figure 44). 

Therefore EI-MS analysis of these structurally simplified derivatives supports the original 

fragmentation pathway proposed in Scheme 28 and demonstrates that compounds of this series 

undergo characteristic fragmentation. 

 

 

Scheme 28 Proposed EI-MS fragmentation pathway for the ring and N-substituted-benzyl-

methoxyphenethylamines. 
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Figure 39 EI-MS of Mass Spectra of the N-benzyl-phenethylamine (Compound 10). 

 

 

 

Figure 40 EI-MS of Mass Spectra of the N-benzyl-2-methoxyphenethylamine (Compound 11). 
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Figure 41 EI-MS of Mass Spectra of the N-(2ô-methoxy)benzyl-phenethylamine (Compound 12). 

 

 

Figure 42 EI-MS of Mass Spectra of the N-benzyl-methylphenethylamine (Compound 13). 
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Figure 43 EI-MS of Mass Spectra of the (2ô-methoxy)benzyl-N-methylphenethylamine (Compound 14). 

 

 

 

Figure 44 EI-MS of Mass Spectra of the N-2-(3ô-methoxy)phenethyl-N-phenethylamine (Compound 15). 
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3.3 Gas Chromatographic Separations: 

Gas chromatographic separations were performed in an attempt to further differentiate the nine 

regioisomers of this series. The compounds were divided into three subsets for initial separation 

studies, where the position of the methoxy group in the phenethyl ring was held constant while the 

methoxy group of benzyl ring was varied. Separations were accomplished on 30m x 0.25mm ID 

capillary column coated with 0.25 ɛm film of midpolarity Crossbond® silarylene phase containing 

a 50% phenyl and 50% dimethyl polysiloxane polymer (Rxi®-17Sil MS). Separations were 

achieved over 22 minutes starting from initial temperature of 70 °C held for 1 minute then 

gradually increased to reach terminal temperature at 250 °C at a rate of 30 °C/minute and held for 

15 minutes with elution over a 1 minute window. This set of chromatographic conditions yielded 

an excellent separation of each subset of three compounds with the 2ô-methoxy isomer eluting 

before the 3ô-isomer, and the 3ô-isomer before the 4ô-isomer in each case (Figure 45). 

 

 

Figure 45 Gas chromatographic separation of the N-(monomethoxy)benzyl-methoxyphenethylamines. 
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A second series of separations was accomplished by dividing the nine regioisomers into three 

subsets where the position of the methoxy group in the phenethyl ring was varied while the 

methoxy group of phenethyl ring was varied (Figure 46). The same column and temperature 

program were used as above with similar elution order with the 2ô-methoxy isomer eluting before 

the 3ô-isomer, and the 3ô-isomer before the 4ô-isomer in each case. Attempts to separate all nine 

regioisomers were not successful, with multiple regioisomers co-eluting under a variety of 

chromatographic conditions. However, based on differences in chromatographic retention times 

and relative abundance of the m/z 91 ion, it is possible to differentiate members of each subset of 

the N-(monomethoxy)benzyl-methoxyphenethylamines. 

 

 

Figure 46 Gas chromatographic separation of the N-(monomethoxy)benzyl-methoxyphenethylamines. 
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4 Analysis of the N-(Methoxy)benzyl-dimethoxyphenethylamine and N-(Methoxy)benzyl-

methylenedioxyphenethylamine Series 

 

4.1 Introduction : 

The compounds of N-(methoxy)benzyl-dimethoxyphenethylamines series are simplified 

derivatives of the NBOMes where the halogen atom is eliminated and there are two methoxy 

substituents on the phenethyl aromatic ring and a single methoxy substituent on the benzyl ring of 

the core NBOME structure. There are six possible dimethoxy substitution patterns and three 

possible monomethoxy substitution patterns, for a total of 18 regioisomeric compounds. This 

series can be divided into six subsets based primarily on the position of the dimethoxy substituents 

on the phenethyl aromatic ring (the 2,3-, 2,4-, 2,5-, 2,6-, 3,4- and 3,5-positions) and secondarily 

on the position of the single methoxy group on the benzyl aromatic ring (2ô-, 3ô-, and 4ô-) as shown 

in Figure 47. All of these compounds were synthesized as described in the previous chapter. 

 

The compounds of N-(methoxy)benzyl-methylenedioxyphenethylamine series are derivatives of 

the NBOMes where the halogen atom is eliminated and the dimethoxy substituents in the 

phenethyl aromatic ring are replaced with a methylenedioxy group. In the phenethyl aromatic ring 

there are two possible methylenedioxy substitution patterns, at positions 2,3- and 3,4- as shown in 

Figure 48. Combining these two possible methylenedioxy substitutions with substitution of a 

single methoxy group at each position of the benzyl aromatic ring gives rise to 6 regioisomeric 

compounds (Figure 48). These methylenedioxy derivatives were prepared because this substitution 

pattern is common in a number of drugs of abuse families including the MDMA and the 

cathinones. 
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Figure 47 Structures of the N-(methoxy)benzyl-dimethoxyphenethylamine Series. 

 

 

Figure 48 Structures of the N-(methoxy)benzyl-methylenedioxyphenethylamine Series.  
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4.2 Mass Spectral Analysis: 

All eighteen regioisomeric N-(methoxy)benzyl-dimethoxyphenethylamine compounds (Structures 

1-18) yielded nearly identical mass spectra as shown in Figures 49-52. The molecular ion (MW = 

301) is not apparent in the EI-MS spectrum of any of these compounds, however the molecular 

mass was confirmed by CI-MS where a M+1 ion of 302 was present (Figure 49). As reported for 

the 25-NBOMe compounds and the N-(monomethoxy)benzyl-monomethoxyphenethylamines in 

the previous chapter, the dominant ions in GCïMS spectrum of all eighteen compounds in this 

series are observed at m/z = 121, 150 and 91, with the base peak m/z 121 (Figures 50-52). The m/z 

91 ion was present in the highest abundance in the 2ô-methoxy isomer and decreased in the 3ô- and 

4ô-methoxy isomers as observed in the previous monomethoxy series. Other than the relative 

abundance of the m/z 91 ions, there are no other features in the mass spectra of these regioisomers 

which allows for specific differentiation.  

 

Figure 49 Representative CI-MS of Mass Spectra of the N-(2ô-methoxy)benzyl-2,5-dimethoxyphenethylamines. 

  



92 

 

Figure 50 Mass Spectra of the N-(2ô-methoxy)benzyl-dimethoxyphenethylamines.  
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Figure 51 Mass Spectra of the N-(3ô-methoxy)benzyl-dimethoxyphenethylamines.  
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Figure 52 Mass Spectra of the N-(4ô-methoxy)benzyl-dimethoxyphenethylamines.  
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A proposed fragmentation pathway showing the dominant ions for the N-(methoxy)benzyl-

dimethoxyphenethylamine subseries of compounds is shown in Scheme 29 and is similar to that 

proposed for the N-(methoxy)benzyl-monomethoxyphenethylamines in the previous chapter. The 

base peak m/z 121 can be formed by the cleavage of the N-C bond yielding 2-methoxybenzyl 

cation. The ion at m/z 150 is likely the iminium cation formed by the dissociation of bond between 

Ŭ- and ɓ-carbon atoms, a common pathway for phenethylamine compounds. Finally, the ion at m/z 

91 appears to have formed from loss of CH2O from the methoxy benzyl cation. 

 

 

Scheme 29 Proposed EI-MS fragmentation pathway for the N-(monomethoxy)benzyl-

dimethoxyphenethylamines. 

 

Support for this fragmentation pathway was provided by tandem mass spectroscopy or MS-MS 

studies. With this technique, ions formed in the ion source during the first stage of mass 

spectrometry (MS1) are separated by their mass-to-charge ratio. Ions of a particular mass-to-

charge ratio are then selected and secondary fragment ions or product ions formed from these ions 

are separated and detected in the second mass spectrometry stage (MS2). MS-MS experiments 

with the 23DMPEA2MB derivative yielded the results in Figures 53A-C showing that the m/z 121 

ion is formed from the molecular ion (m/z 302) and the m/z 150 fragment ion, and that the m/z 91 

ion is formed from the m/z 121 ion. 
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Figure 53 MS-MS results of for 23DMPEA2MB and fragment ions m/z 121 and 91.  
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In an attempt to investigate the fragmentation pathways for this series of compounds in more detail 

a number of structurally simplified derivatives were prepared and analyzed.  

 

 

Figure 54 Structures of the simplified derivatives. 

 

The derivatives prepared included compounds 25-26 which contain no methoxy substituents in 

either the benzyl or phenethyl aromatic rings, compound 27 where the nitrogen atom is substituted 

with a methyl group and a single methoxy group is present in the benzyl aromatic ring and two 

methoxy groups on the phenethyl aromatic ring, and compound 28 which is a derivative of 

compound 27 containing an additional methyl substituent at the beta-position of the of the 

phenethyl side chain (Figure 54). 

 

Figure 55 EI-MS of Mass Spectra of the N-benzyl-2,5-dimethoxyphenethylamine (Compound 25).  
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Figure 56 EI-MS of Mass Spectra of the N-(2ô,5ô-dimethoxy)benzyl-phenethylamine (Compound 26). 

 

 

Figure 57 EI-MS of Mass Spectra of the (2ô-monomethoxy)benzyl-N-methyl-2,5-dimethoxyphenethylamine 

(Compound 27).  
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Figure 58 EI-MS of Mass Spectra of the (2ô-monomethoxy)benzyl-N-methyl-2,5-dimethoxyphenpropylamine 

(Compound 28). 

 

The EI-MS of compounds 25-28 are shown in Figures 55-58. If the fragmentation pathway shown 

in Scheme 29 is accurate and characteristic for compounds of this structure class, then compounds 

25-28 would be expected to yield ions of high abundance as shown in Scheme 30. Since compound 

25 lacks a benzyl methoxy substituent it would be expected to give an iminium cation at m/z 120 

by phenethyl side Ŭ-/ɓ-carbon bond dissociation, consistent with the fragmentation pathways in 

Scheme 29 and 30. This ion is present in the MS of compound 25 and it is 30 mass units less than 
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other hand, compound 26 which contains two methoxy substituents on the benzyl ring, would be 

expected to give an iminium cation at m/z 180, as is present in the EI-MS (Figure 56). For 
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is expected to have iminium cation at m/z 164, 44 mass units higher than the corresponding ion 

from compound 25 (Figure 57). Finally, it would be expected for compound 28 to yield iminium 
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on the alkyl side chain of the phenethyl aromatic rings (Figure 58), providing support for the 

original proposed fragmentation pathway.  
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The base peak m/z 121 ion present in the spectra of all eighteen N-(methoxy)benzyl-

dimethoxyphenethylamines (compounds 1-18) was proposed to be the 2-methoxybenzyl cation 

formed by cleavage of the N-C bond yielding. Again, if the original fragmentation pathway shown 

in Scheme 29 is accurate and characteristic for compounds of this structure class, then compound 

25 would be expected to give benzyl cation base peaks as shown in Scheme 30. Since compound 

25 lacks a benzyl methoxy substituent, it would be expected to give a benzyl cation base peak at 

m/z 91. This ion is present in the EI-MS of compound 25 and it is 30 mass units less (m/z 121) than 

observed for 18 regioisomers containing a methoxy substituent in the benzyl ring (Figure 55). On 

the other hand, compound 26 contains two methoxy substituents in the benzyl ring. Therefore, it 

would be expected to give a benzyl cation base peak at m/z 151, 30 mass units higher than the 

eighteen compounds of the N-(methoxy)benzyl-dimethoxyphenethylamine series. However, since 

both compounds 27 and 28 have a single methoxy substituent on the benzyl aromatic ring, they 

should give a benzyl cation base peak at m/z 121, similar to the 18 compounds of the N-

(methoxy)benzyl-dimethoxyphenethylamine series. Therefore EI-MS analysis of these structurally 

modified derivatives supports the original fragmentation pathway proposed in Scheme 29 and 

demonstrates that compounds of this series undergo characteristic fragmentation.  

 

Scheme 30 Proposed EI-MS fragmentation pathway for Compounds 25-27. 
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In conclusion, since all the eighteen compounds of this series cannot be differentiated from each 

other by simple EI-MS, other analytical methods are required for specific compound identification. 

 

The EI-MS for the all six regioisomeric N-(methoxy)benzyl-methylenedioxyphenethylamine 

compounds (Structures 19-24) yielded nearly identical mass spectra as shown in Figures 59-61. 

Again, the molecular ion (MW = 285) is not apparent in the EI-MS spectrum of any of these 

compounds, however the molecular mass was confirmed by CI-MS where a M+1 ion of 286 was 

present (Figure 59). As reported for the 25-NBOMe compounds and the eighteen regioisomers in 

the preceding section, the dominant ions in EI-MS spectrum of all six compounds in this series are 

observed at m/z = 121, 150 and 91, with the base peak m/z 121 (Figures 60-61). The m/z 91 ion 

was present in the highest abundance in the 2ô-methoxy isomer and decreased in the 3ô- and 4ô-

methoxy isomers. Other than the relative abundance of the m/z 91 ions, there are no other features 

in the mass spectra of these regioisomers which allows for specific differentiation.  

 

Figure 59 Representative CI-MS of Mass Spectra of the N-(2ô-methoxy)benzyl-2,3-

methylenedioxyphenethylamines. 

The three most abundant ions in the EI-MS of this methylenedioxy series (m/z 121, 150 and 91) 

are the same as the most abundant ions of the N-(methoxy)benzyl-monomethoxyphenethylamine 

series reported in the previous chapter and the N-(methoxy)benzyl-dimethoxyphenethylamines 

series described earlier in this chapter. This similarity in MS fragmentation is a result of all of 



102 

these derivatives having the same core NBOME structure and common N-(methoxy)benzyl 

substitution patterns. 

 

 

Figure 60 Mass Spectra of the N-(methoxy)benzyl-2,3-methylenedioxyphenethylamines. 
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Figure 61 Mass Spectra of the N-(methoxy)benzyl-3,4-methylenedioxyphenethylamines. 

Thus, it appears that the six methylenedioxy regioisomers undergo fragmentation under EI 

conditions similar to the N-(methoxy)benzyl-monomethoxyphenethylamine series reported in the 

previous chapter and the N-(methoxy)benzyl-dimethoxyphenethylamines described in this chapter 

as illustrated in Scheme 31. Again, the predominant ion at m/z 121 can be formed by the cleavage 

of the N-C bond yielding 2-methoxybenzyl cation and the ion at m/z 150 is likely the iminium 

cation formed by the dissociation of bond between Ŭ- and ɓ-carbon atoms. Finally, the ion at m/z 

91 appears to have formed from loss of CH2O from the methoxy benzyl cation. The fragmentation 

pattern observed for these methylenedioxy derivatives also supports the fragmentation 

mechanisms proposed earlier in this chapter for the N-(methoxy)benzyl-

dimethoxyphenethylamines and in the N-(methoxy)benzyl-monomethoxyphenethylamine series 

described in the previous chapter.  
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Scheme 31 Proposed EI-MS fragmentation pathway for the N-(methoxy)benzyl-

monomethoxyphenethylamines. 

 

In conclusion, all of the N-(methoxy)benzyl-methylenedioxyphenethylamines, as well as the N-

(methoxy)benzyl-dimethoxyphenethylamines and N-(methoxy)-benzyl-monomethoxyphen-

ethylamines appear to undergo the same fragmentation under EI-MS conditions and based on their 

common methoxybenzyl substitution pattern they cannot easily be differentiated from one another. 

Thus, other analytical methods including GC separations were explored for further differentiation 

within each regioisomeric subseries.  

 

4.3 Gas Chromatographic Separations: 

Gas chromatographic separations were performed in an attempt to further differentiate the eighteen 

dimethoxyphenethylamine regioisomers of this series. The compounds were divided into six 

subsets for initial separation studies, where the position of the dimethoxy group in the phenethyl 

ring was held constant while the methoxy group of benzyl ring was varied. Separations were 

accomplished on 30m x 0.25mm ID capillary column coated with 0.25 ɛm film of of midpolarity 

Crossbond® silarylene phase containing a 50% phenyl and 50% dimethyl polysiloxane polymer 

(Rxi®-17Sil MS). Separations were achieved over 22 minutes starting from initial temperature of 

70 °C held for 1 minute then gradually increased to reach terminal temperature at 250 °C at a rate 

of 30 °C/minute and held for 15 minutes with elution over a 2 minute window. This set of 

chromatographic conditions yielded an excellent separation of each subset of three compounds 



105 

with the 2ô-methoxy isomer eluting before the 3ô-isomer, and the 3ô-isomer before the 4ô-isomer 

in each case. (Figure 62). 

 

Figure 62 Gas chromatographic separation of the N-(monomethoxy)benzyl-dimethoxyphenethylamines. 

Similar separations were achieved for all six of the methylenedioxyphenethylamine regioisomers. 

The compounds were divided into two subsets, based on the position of the methylenedioxy group 

in the phenethyl ring was held constant while the methoxy group of benzyl ring was varied for 

initial separation studies. The same capillary column was used with the same temperature program 

conditions and similar elution order of the compounds with the 2ô-methoxy isomer eluting before 

the 3ô-isomer, and the 3ô-isomer before the 4ô-isomer in each case. The compounds again eluted 
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over a 2 minute window as shown in Figure 63-64. This is the same elution pattern that was 

observed in the N-(monomethoxy)benzyl-monomethoxyphenethylamines series.  

 

Figure 63 Gas chromatographic separation of the N-(monomethoxy)benzyl-2,3-

methylenedioxyphenethylamines. 

 

 

Figure 64 Gas chromatographic separation of the N-(monomethoxy)benzyl-3,4-

methylenedioxyphenethylamines. 
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5 Analysis of the N-(dimethoxy)benzyl- and N-(methylenedioxy)benzyl-2,5-

dimethoxyphenethylamine Series 

 

5.1 Introduction : 

The compounds of this series (structures 1-8) are simplified derivatives of NBOMes with the 2,5-

dimethoxy substituents on the phenethyl aromatic ring but no halogen atoms, and either a 

dimethoxy or methylenedioxy substitution pattern on the benzylic ring of the core NBOME 

structure. This series can be divided into two subsets, with the six possible dimethoxybenzyl 

regioisomers (2ô,3ô-, 2ô,4ô-, 2ô,5ô-, 2ô,6ô-, 3ô,4ô- and 3ô,5ô-dimethoxy, structures 1-6) representing 

one subset and the 2,3-methylenedioxy and 3,4-methlenedioxy regioisomers representing the 

second subset (structures 7 and 8, Figure 65). All of these compounds were synthesized as 

described in the previous chapter. 

 

 

Figure 65 Structures of the N-(methoxy)benzyl-2,5-dimethoxyphenethylamine Series. 
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5.2 Mass Spectral Analysis of the N-(dimethoxy)benzyl-2,5-dimethoxyphenethylamine 

Series: 

The EI-MS of all members of this series of compounds are shown in Figures 67. All six 

regioisomeric members of the dimethoxybenzyl subset of derivatives (compounds 1-6) yielded 

nearly identical mass spectra as shown in Figure 67. The molecular ion (M+) also is not apparent 

in the EI-MS spectrum (MW 331), however the mass was confirmed by CI-MS (Figure 66) where 

a M+1 ion of 332. The dominant ions in GCïMS spectrum of the six dimethoxybenzyl 

regioisomeric subset are observed at m/z = 151, 180 and 121, with the base peak m/z 151 (Figure 

67).  

 

Figure 66 CI-MS of Mass Spectra of the N-2ô,5ô-dimethoxybenzyl-2,5-dimethoxyphenethylamine. 

A proposed fragmentation pathway showing the dominant ions for the monomethoxy subseries of 

compounds is shown in Scheme 32. The base peak m/z 151 can be formed by the cleavage of the 

N-C bond yielding dimethoxybenzyl cation. The ion at m/z 180 is likely the iminium cation formed 

by the dissociation of bond between Ŭ- and ɓ-carbon atoms, a common pathway for 

phenethylamine compounds. Finally, the ion at m/z 121 appears to have formed from loss of CH2O 

from the dimethoxy benzyl cation. These major fragments correspond to those observed in the 

previous section with NBOMes derivatives containing only a single methoxy group in the N-

benzyl ring except now the masses are increased by 30 due to the presence of a second methoxy 

group.  
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Figure 67 Mass Spectra of the N-(dimethoxy)benzyl-2,5-dimethoxyphenethylamines.  
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Scheme 32 Proposed EI-MS fragmentation pathway for the N-(dimethoxy)benzyl-2,5-

dimethoxyphenethylamines. 

 

The EI-MS obtained for the N-(methoxy)benzyl-methoxyphenethylamines and derivatives 

(Chapter 3), N-(dimethoxy)benzyl-methoxyphenethylamines (Chapter 4) and the N-

(dimethoxy)benzyl-dimethoxyphenethylamines in this chapter show a consistent fragmentation 

pattern. For all derivatives of this general structural class the base peak in the EI-MS is derived 

from cleavage of the N-C bond yielding benzyl cation. The mass of this benzyl cation is determined 

by the nature and degree of substitution on the N-benzyl substituent as illustrated in Table 15 

below. Ions of secondary abundance in the EI-MS of these compounds include the imine formed 

by the dissociation of bond between Ŭ- and ɓ-carbon atoms, and a secondary benzyl cation which 

is derived from loss of CH2O from those derivatives which contain at least methoxy group in the 

base peak benzyl cation. The varying nature and degree of benzyl ring substitution determines the 

masses of the base peak, the imine cation and secondary benzyl cation fragment ions in these 

derivatives and allows for general differentiation of structural types. However, these data do not 

allow for differentiation among regioisomers within a structural series such as all of the six N-

(dimethoxy)benzyl-2,5-dimethoxyphenethylamines described in this chapter. 

  



111 

 

Table 15 Common Fragmentation Pathways for the methoxy/dimethoxy substituted NBOMe derivatives. 

R1 R2 

Base Peak 

Benzyl 
Imine 

Secondary Benzyl 

cation (loss of CH2O 

from Benzyl Base Peak 

   

H H 91 120 -------- 

CH3O H 91 120 -------- 

H CH3O 121 150 91 

CH3O CH3O 121 150 91 

(CH3O)2 CH3O 121 150 91 

(CH3O)2 (CH3O)2 151 180 121 

 

The discussion above highlights the similarities in the EI-MS of the N-(methoxy)benzyl-

methoxyphenethylamines (Chapter 3), N-(dimethoxy)benzyl-methoxyphenethylamines (Chapter 

4) and the N-(dimethoxy)benzyl-2,5-dimethoxyphenethylamines of this chapter. Analysis of the 

spectra of the individual regioisomers in the N-(dimethoxy)benzyl-2,5-

dimethoxyphenethylamines series (Figure 67) revealed the presence unique ion at m/z 136 for the 

2ô,3ô-dimethoxy regioisomer. This ion differentiates this particular regioisomer from other 

members of the N-(dimethoxy)benzyl-2,5-dimethoxyphenethylamine series as well as derivatives 

of the previous series which contained only a single methoxy group in the N-benzyl substituent.  

 

 

Figure 68 Exact mass determination for the m/z 136 ion using high resolution mass spectrometery (HRMS).  
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Exact mass analysis using GC-TOF-MS confirmed the m/z 136 ion has an elemental composition 

of C8H8O2 (degree of agreement between calculated and experimental results of -1.1mDa, 8.1 

ppm) Figure 68. MS-MS studies showed that this fragment ion formed from the molecular ion, 

presumably as a result of bond cleavage between the nitrogen and benzylic carbon atom after loss 

of a methyl group radical as shown in Scheme 33. The fact that this fragment ion is only present 

in the EI-MS of the 2ô,3ô-dimethoxy regioisomer strongly indicates that it formed from the N-2ô3ô-

dimethoxybenzyl substituent rather than from the 2,5-dimethoxy ring of the phenethyl group. If 

the m/z 136 fragment formed from the 2,5-dimethoxyphenethyl portion on the molecule, then the 

mass spectra of all six regioisomers of this series, as well as dimethoxy phenethyl derivatives in 

the previous series (Chapter 4) would be expected to contain this ion. Since this compound contains 

two methoxy groups, it is possible that either the 2ô- or 3ô-methoxy methyl groups migrates in this 

fragmentation process. 

To confirm the fragmentation pathway proposed in Scheme 33 and in attempt to identify which of 

the two methyl groups is lost in this pathway, derivatives of N-(2ô,3ô-dimethoxy)benzyl-2,5-

dimethoxyphenethylamine were prepared and analyzed where either the benzylic 2ô- methoxy 

group (2ô-13CH3O) or the 3ô-methoxy (3ô-13CH3O) group carbon atom was labeled with 13C 

isotope. 

 

 

Scheme 33 Proposed Mechanism for the formation of the m/z 136 ion. 

 

Thus, each of these labeled derivatives had one mass unit added to the parent N-(2ô,3ô-

dimethoxy)benzyl-2,5-dimethoxyphenethylamine structure. The EI-MS of these two 13C-labelled 

derivatives are shown in Figures 69 A-B. The base peak in these spectra, formed by the cleavage 

of the N-C bond to yield the dimethoxybenzyl cation, occurs at m/z 152, one mass unit higher than 

the corresponding ion in the unlabeled compound as shown above. Also, the fragment ion of 
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secondary abundance, the iminium cation formed by the dissociation of bond between Ŭ- and ɓ-

carbon atoms, now appears at m/z 182, one mass higher than the corresponding ion in the unlabeled 

compound.  

Finally, each of the spectra for the 13C-labeled derivatives contain a m/z 137 ion corresponding to 

the unique m/z 136 ion in the unlabeled compound. Taken together, these data provide support for 

the original fragmentation proposed in Scheme 32 and in earlier chapters. 

 

The mass spectra for the 13C labeled derivatives also provides some insight into the fragmentation 

pathway which results in formation of the m/z 136 ion present only in the N-(2ô,3ô-

dimethoxy)benzyl isomer of this series. If only the 2ô-methoxy methyl group migrates in the 

formation of the m/z 136 ion, then the EI-MS of the labeled 2ô-13CH3O derivative would be 

expected to have a m/z 136 ion, while the spectrum of the 3ô-methoxy (3ô-13CH3O) derivative 

would have a m/z 137 ion. Conversely, if only the 3ô-methoxy group methyl migrates in the 

formation of the m/z 136 ion, then the EI-MS of the labeled 2ô-13CH3O derivative would be 

expected to have a m/z 137 ion, while the spectrum of the 3ô-methoxy (3ô-13CH3O) derivative 

would have a m/z 136 ion. The mass spectra of each of these labeled derivatives show both m/z 

136 and 137 ions, suggesting that either the 2ô- or 3ô-methoxy methyl group can migrate to form 

this unique ion. However, the relative abundance of these two ions suggests a preference for 3ô-

methoxy group migration since m/z 137 ion formation is greater than m/z 136 ion in the (2ô-

13CH3O) derivative, and m/z 136 ion formation is greater than m/z 137 ion in the 3ô-methoxy (3ô-

13CH3O) derivative. The preference for 3ô-methoxy group migration probably results from the 

greater electronic stability of this product ion. 
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Figure 69 Mass Spectra of 13C labeled N-(2ô,3ô-dimethoxy)benzyl-2,5-dimethoxyphenethylamines. 
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5.3 Mass Spectral Analysis of the N-(methylenedioxy)benzyl-2,5-dimethoxyphenethylamine 

Series: 

The EI-MS for the two methylenedioxy regioisomers in this series are shown in Figure 70. Once 

again both regioisomeric members of this subset of compounds derivatives (compounds 7-8) 

yielded nearly identical mass spectra. No molecular ion (M) was observed, however the molecular 

weight was confirmed by M+1 ion at 316 as shown in Figure 71. The dominant ions in this series 

were observed at m/z = 135, 164 and 105, as observed in the dimethoxy subseries.  

 

The three most abundant ions in the methylenedioxy series (m/z 135, 164 and 105), each represent 

fragments 16 mass units lower than the most abundant ions in the mass spectra of the dimethoxy 

subset (m/z 151, 180 and 121). The mass difference between each of these ions relative to the 

dimethoxy compounds is precisely the difference in mass corresponding to the molecular weight 

differences in these three series (a reduction in 16 mass units corresponds to the loss of a carbon 

and two hydrogen atoms relative to the dimethoxy compounds). 

 

Figure 70 Mass Spectra of the N-(methylenedioxy)benzyl-2,5-dimethoxyphenethylamines.  
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Thus, it appears that the methylenedioxy regioisomers undergo fragmentation under EI conditions 

similar to the dimethoxy compounds as illustrated in Scheme 34. Again, the predominant ion at 

m/z 135 can be formed by the cleavage of the N-C bond yielding 2ô,3ô-methylenedioxybenzyl 

cation and the ion at m/z 164 is likely the iminium cation formed by the dissociation of bond 

between Ŭ- and ɓ-carbon atoms. Finally, the ion at m/z 105 appears to have formed from loss of 

CH2O from the methylenedioxy benzyl cation. 

 

 

Figure 71 CI-MS of Mass Spectra of N-2ô,3ômethylenedioxybenzyl-2,5-dimethoxyphenethylamine. 

 

 

Scheme 34 Proposed EI-MS fragmentation pathway for the N-(methylenedioxy)benzyl-2,5-

dimethoxyphenethylamines.  
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5.4 Gas Chromatographic Separations: 

 

Gas chromatographic separations were performed in an attempt to further differentiate the eight 

regioisomers of this series. The compounds were divided into two subsets for initial separation 

studies, where the position of the 2,5-dimethoxy group in the phenethyl ring was held constant 

while the methoxy group of benzyl ring was varied. In an attempt to differentiate the compounds 

in each of the six N-(dimethoxy)benzyl-2,5-dimethoxyphenethylamine subsets, gas 

chromatographic separations of dimethoxybenzyl regioisomers subset were performed on Rxi®-

17Sil MS 30m x 0.25mm ID capillary column coated with 0.25 ɛm film of midpolarity 

Crossbond® silarylene phase containing a 50% phenyl and 50% dimethyl polysiloxane polymer.  

 

Our initial attempt to separate them failed to separate all the six regioisomers since the 

chromatogram showed five peaks for the six regioisomers where two regioisomers co-eluted at the 

same retention time (2ô,4ô and 3ô,4ô-dimethoxybenzyl regioisomers). We identified the exact 

regioisomers based on previous injections for each isomer separately to record their unique 

retention time then a sample contains all the six regioisomers were prepared to separate them. Our 

best separation were achieved over 30 minutes starting form initial temperature of 70 °C held for 

1 minute then gradually increased to reach 245 °C at a rate of 70 °C/minute and held for 5.5 minutes 

then ramped up again to reach 300 °C at a rate of 5 °C/minute which held again for 10 minutes 

with elution over a 3 minute window (figure 72). 
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Figure 72 Gas chromatographic separation of the N-(dimethoxy)benzyl-2,5-dimethoxyphenethylamine 

regioisomers. 

 

To improve the separation of the six regioisomers, a derivatization technique was applied. This 

technique is used in our lab to separate chromatographic challenging samples by micro-reacting 

the sample with perfluoro acid anhydride to make the perfluoroacetamide regioisomeric sample to 

separate them again (Scheme 35). 

 

 

Scheme 35 Derivatization technique.  
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This set of chromatographic conditions yielded an excellent separation of all six regioisomers, 

using the same chromatographic condition as above with the 2ô,3ô-elute first followed by 2ô,5ô- 

then 3ô,5ô- and the 3ô,4ô- before the 2ô,6ô- then finally the 2ô,4ô-dimethoxy regioisomer (Figure 

73). 

 

 

Figure 73 Gas chromatographic separation of the derivatized N-trifluoroacetamide-(dimethoxy)benzyl-2,5-

dimethoxyphenethylamines. 

 

Lastly, the last chromatogram (Figure 74) shows the separation of the two methylenedioxy 

regioisomers. The temperature program started with initial temperature of 70 °C held for 1 minute 

then gradually increased to reach a final temperature of 250 °C at a rate of 30 °C/minute with a 

total 32 minutes run time. In this series 2ô,3ô-methylenedioxy eluted before 3ô,4ô-methylenedioxy 

regioisomer the two regioisomers under similar separation condition as above. This is the same 

relative elution pattern that was observed in the dimethoxy bromo NBOME series. 
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Figure 74 Gas chromatographic separation of the N-(methylenedioxy)benzyl-2,5-dimethoxyphenethylamines. 
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6 The N-(Substituted)benzyl-4-bromo-2,5-dimethoxyphenethylamine Series 

 

6.1 Introduction : 

The compounds of this series are derivatives of N-(2ô-methoxy)benzyl-4-bromo-2,5-

dimethoxyphenethylamine (25B-NBOMe) where the substitution pattern on the aromatic ring of 

the N-benzyl substituent is modified yielding the 11 compounds in Figure 75. This series can be 

divided into three subsets. The first subset includes 25B-NBOMe and its 3- and 4-monomethoxy 

regioisomers (structures 1-3). In the second subset the N-benzyl aromatic ring is modified to 

include two methoxy groups at every possible position. Thus, this subset includes six regioisomeric 

compounds, the 2,3-, 2,4-, 2,5-, 2,6-, 3,4- and 3,5-dimethoxy regioisomers (structures 4-9). In the 

third subset in this series the N-benzyl aromatic ring is modified to contain the two possible 

methylenedioxy substitution patterns (structures 10-11). The N-benzyl substitution patterns 

selected for this series represent potential designer modifications since this functionality is 

commonly found in drugs of abuse. All of these compounds were synthesized as described in the 

previous chapter. 

 

Figure 75 Structures of the N-(substituted)benzyl-4-bromo-2,5-dimethoxyphenethylamine Series.  
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6.2 Mass Spectral Analysis: 

The EI-MS of all members of this series of compounds are shown in Figures 76-79 (2-5). All three 

regioisomeric members of the monomethoxybenzyl subset of derivatives (compounds 1-3) yielded 

nearly identical mass spectra as shown in Figure 76. As reported for other 25-NBOMe compounds, 

the dominant ions in GCïMS spectrum of the 2-, 3- and 4ô-monomethoxy derivatives in this series 

are observed at m/z = 121, 150 and 91, with the base peak m/z 121 (Figure 76). The m/z 91 ion was 

present in the highest abundance in the 2ô-methoxy isomer and decreased in the 3ô- and 4ô-methoxy 

isomers. It is interesting to note that none of the dominant ions in these spectra appeared to contain 

bromine.  

 

Figure 76 Mass Spectra of the N-(monomethoxy)benzyl-4-bromo-2,5-dimethoxyphenethylamines.  
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The molecular ion (M) also is not apparent in the EI-MS spectrum, however the mass was 

confirmed by CI-MS (Figure 77) where a M+1 ions of 380/382 (bromine isotope). 

 

Figure 77 CI-MS of Mass Spectra of the N-2ô-methoxybenzyl-4-bromo-2,5-dimethoxyphenethylamines. 

A proposed fragmentation pathway showing the dominant ions for the monomethoxy subseries of 

compounds is shown in Scheme 36. The base peak m/z 121 can be formed by the cleavage of the 

N-C bond yielding 2-methoxybenzyl cation. The ion at m/z 150 is likely the iminium cation formed 

by the dissociation of the bond between the Ŭ- and ɓ-carbon atoms, a common pathway for 

phenethylamine compounds. Finally, the ion at m/z 91 appears to have formed from loss of CH2O 

from the methoxy benzyl cation. 

 

Scheme 36 Proposed EI-MS fragmentation pathway for the N-(monomethoxy)benzyl-4-bromo-2,5-di-

methoxyphenethylamines.  
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Support for this fragmentation pathway was provided by MS-MS studies which demonstrate that 

the m/z 91 ion is formed from the m/z 121 fragment as shown in Figure 78. 

 

 

Figure 78 MS-MS of the 121 ion. 

Additional support for this proposed fragmentation pathway of the monomethoxy regioisomers 

was derived from studies with isomers where the substitution pattern on the two aromatic rings of 

the monomethoxy NBOMe derivatives were reversed ï the so-called ñeMOBNsò. These 

compounds were prepared in a single step by a reductive alkylation procedure with commercially 

available methoxyphenethylamines and 4-bromo-2,5-dimethoxybenzaldehyde. A representative 

mass spectrum for the 2-methoxy eMOBN derivative is shown in Figure 79 below compared to 

the original 2-methoxy NBOMe compound. The dominant ions in the eMOBN derivative now 

occur at m/z 229/231 and 258/260. These ions clearly contain bromine as indicated by the isotopic 

multiplicity, and form by the same fragmentation noted in the scheme above for the parent 2-

methoxy NBOMe compound. This fragmentation pathway is shown in Scheme 37. 

 

A closer analysis of the m/z 200-400 range of the mass spectra of the monomethoxy series does 

reveal the presence of several ion fragments of very low abundance that do appear to contain 

bromine based on mass and isotopic abundances (Figure 80). There are two natural isotopes of 

bromine with nearly equal relative abundance, 79Br (50.69% natural abundance) and 81Br (49.31% 
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natural abundance). Thus, fragments containing these masses would appear at two m/z values with 

very similar abundance. The EI MS below shows such fragment ion pairs at m/z 243/245, 230/232 

and 199/201. These fragment ions likely form by the fragment pathways shown in scheme 38 

below:  

 

 

Figure 79 Fragmentation pathway of the 2-methoxy ñeMOBNò Derivative. 
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Scheme 37 Proposed EI-MS fragmentation pathway for the N-(4ô-bromo-2ô,5ô-dimethoxy)benzyl-2-

methoxyphenethylamine. 

 

 

 

Figure 80 High mass region of bromine-containing fragment ions in the EI-MS of the N-(monomethoxy)benzyl-

4-bromo-2,5-dimethoxyphenethylamines.  
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Scheme 38 Proposed EI-MS fragmentation pathway for the N-(monomethoxy)benzyl-4-bromo-2,5-

dimethoxyphenethylamines. 

 

 

The EI-MS for the six dimethoxy regioisomers in this series are shown in Figure 81. Once again, 

all regioisomeric members of this subset of compounds derivatives (compounds 4-9) yielded 

nearly identical mass spectra as shown in Figure 81. The dominant ions in this series were observed 

at m/z = 151, 180 and 121 and none of these ions appear to contain bromine, as observed in the 

monomethoxy subseries. Also, like the monomethoxy subset, no molecular ion (M) was observed, 

however the molecular weight was confirmed by M+1 ions at 410/412 as shown in Figure 82. 
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Figure 81 Mass Spectra of the N-(dimethoxy)benzyl-4-bromo-2,5-dimethoxyphenethylamines.  
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Figure 82 CI-MS of Mass Spectra of N-(dimethoxy)benzyl-4-bromo-2,5-dimethoxyphenethylamine. 

 

The most abundant ions in the dimethoxy series at m/z 151, 180 and 121, each represent fragments 

30 Da higher than the most abundant ions in the mass spectra of the monomethoxy compounds 

(m/z 121, 150 and 91). The mass difference between each of these ions is 30 Da, corresponding to 

the mass of a methoxy equivalent. Thus, it appears that the dimethoxy regioisomers undergo 

fragmentation under EI conditions similar to the monomethoxy compounds as illustrated in 

Scheme 39. The predominant ion at m/z 151 can be formed by the cleavage of the N-C bond 

yielding dimethoxybenzyl cation. The ion at m/z 180 is likely the iminium cation formed by the 

dissociation of bond between Ŭ- and ɓ-carbon atoms. Finally, the ion at m/z 121 appears to have 

formed from loss of CH2O from the dimethoxy benzyl cation. 
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Scheme 39 Proposed EI-MS fragmentation pathway for the N-(dimethoxy)benzyl-4-bromo-2,5-di-

methoxyphenethylamines. 

 

In this series only the 2ô,3ô-dimethoxy regioisomer gave a significant fragment at m/z 136. This 

fragment ion was also observed in the unbrominated N-(dimethoxy)benzyl-2,5-di-

methoxyphenethylamine series described in Chapter 5, and its structure was established by GC-

TOF-MS and deuterium labeling studies described in Chapter 10. 

 

The EI-MS for the two methylenedioxy regioisomers in this series are shown in Figure 83. Once 

again both regioisomeric members of this subset of compounds derivatives (compounds 10-11) 

yielded nearly identical mass spectra. The dominant ions in this series were observed at m/z = 135, 

164 and 105 and none of these ions appear to contain bromine, as observed in the monomethoxy 

subseries. Also, like the monomethoxy and dimethoxy subsets, no molecular ion (M) was 

observed, however the molecular weight was confirmed by M+1 ions at 394/396 as shown in 

Figure 84. 
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Figure 83 Mass Spectra of the N-(methylenedioxy)benzyl-4-bromo-2,5-dimethoxyphenethylamines. 

 

The three most abundant ions in the methylenedioxy series (m/z 135, 164 and 105), each represent 

fragments 14 mass units higher than the most abundant ions in the mass spectra of the 

monomethoxy subset (m/z 121, 150 and 91) and 16 mass units lower than the most abundant ions 

in the mass spectra of the dimethoxy subset. The mass difference between each of these ions 

relative to the monomethoxy and dimethoxy compounds is precisely the difference in mass 

corresponding to the molecular weight differences in these three series (an additional 14 mass units 

corresponds to the addition of an oxygen atom with removal of two hydrogen atoms relative to the 

monomethoxy compounds, and a reduction in 16 mass units corresponds to the loss of a carbon 

and two hydrogen atoms relative to the dimethoxy compounds. 
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Figure 84 CI-MS of Mass Spectra N-(methylenedioxy)benzyl-4-bromo-2,5-dimethoxyphenethylamine series. 

 

Thus, it appears that the methylenedioxy regioisomers undergo fragmentation under EI conditions 

similar to the monomethoxy compounds as illustrated in Scheme 40. Again, the predominant ion at 

m/z 135 can be formed by the cleavage of the N-C bond yielding 2-methylenedioxybenzyl cation 

and the ion at m/z 164 is likely the iminium cation formed by the dissociation of bond between Ŭ- 

and ɓ-carbon atoms. Finally, the ion at m/z 105 appears to have formed from loss of CH2O from 

the methylenedioxy benzyl cation. 

 

 

Scheme 40 Proposed EI-MS fragmentation pathway for the N-(methylenedioxy)benzyl-4-bromo-2,5-

dimethoxyphenethylamines.  
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The mass spectra for the 11 compounds of this series demonstrate that all members appear to 

undergo the same fragmentation and that each subset can de differentiated from the other two 

subsets by the most abundant ions based on differences in the degree of methoxy substitution or 

methylenedioxy substitution. These spectra also demonstrate that the individual members of each 

structural subset cannot be differentiated based on their mass spectra. Thus, other analytical 

methods including GC separations and FTIR spectral analysis were explored for further 

differentiation within each regioisomeric subseries. 

 

6.3 Gas Chromatographic Separations: 

In an attempt to further differentiate the compounds in each of the three N-(substituted)benzyl-4-

bromo-2,5-dimethoxyphenethylamine subsets, gas chromatographic separations of 

(monomethoxy)benzyl regioisomers subset were performed on 30m x 0.25mm ID capillary 

column coated with 0.25 ɛm film of midpolarity Crossbond® silarylene phase containing a 50% 

phenyl and 50% dimethyl polysiloxane polymer (Rxi®-17Sil MS). 

 

 

Figure 85 Gas chromatographic separation of the N-(monomethoxy)benzyl-4-bromo-2,5-di-

methoxyphenethylamines. 
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Separations were achieved over 33 minutes starting from initial temperature of 70 °C held for 1 

minute then gradually increased to reach 250 °C at a rate of 30 °C/minute and held for 15 minutes 

then ramped up again to reach 340 °C at a rate of 10 °C/minute which held again for 2 minutes 

with elution over a 2 minute window. This set of chromatographic conditions yielded an excellent 

separation of all three regioisomers, with the 2ô-methoxy isomer eluting before the 3ô-isomer, and 

the 3ô-isomer before the 4ô-isomer (Figure 85). Similar separations were achieved for all six of the 

dimethoxy regioisomers using the same capillary column but with different temperature program 

conditions. The temperature program started with initial temperature of 70 °C held for 1 minute 

then gradually increased to reach 250 °C at a rate of 30 °C/minute and held for 25 minutes then 

ramped up again to reach 340 °C at a rate of 15 °C/minute and held for 10 minutes with a total 48 

minutes run time. The compounds eluted over a 2 minute window as shown in Figure 86. In this 

series those derivatives with a 2ô-methoxy group (2ô,3ô-, 2ô,4ô-, 2ô,5ô- and 2ô,6ô-dimethoxy eluted 

before the two regioisomers that did not contain a 2ô-methoxy group. Also, the two derivatives 

with the greatest degree of steric crowding relative to the benzyl side chain (2,3- and 2,6-

dimethoxy) eluted prior to all other members of the series. 

 

 

Figure 86 Gas chromatographic separation of the N-(dimethoxy)benzyl-4-bromo-2,5 dimethoxyphenethylamines. 
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Lastly, the last chromatogram (Figure 87) shows the separation of the two methylenedioxy 

regioisomers using the conditions described above in the separations of (monomethoxy)benzyl 

regioisomers. In this series 2ô,3ô-methylenedioxy eluted before 3ô,4ô-methylenedioxy regioisomer 

the two regioisomers under similar separation condition as above.  

 

 

Figure 87 Gas chromatographic separation of the N-(methylenedioxy)benzyl-4-bromo-2,5-

dimethoxyphenethylamines. 
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7 The N-(Bromo-Dimethoxy)benzyl-Monomethoxyphenethylamine Series (eMOBN) 

 

7.1 Introduction : 

The compounds of this series are derivatives of N-(2ô-methoxy)benzyl-4-bromo-2,5-dimethoxy-

phenethylamine (25B-NBOMe) where the substitution pattern of the phenethylamine and 

benzylamine aromatic rings are reversed. Therefore, derivatives of this series contain only a single 

methoxy substituent in the phenethyl aromatic ring, and a bromo-dimethoxy substitution pattern 

in the benzyl aromatic ring and are referred to as ñeMOBNsò. In addition to the direct analogue of 

25B-NBOMe (compound10), other regioisomers were prepared where both the bromo-dimethoxy 

substitution pattern of the benzyl ring was varied as well as the methoxy substitution pattern in the 

phenethyl ring.  

 

Figure 88 Structures of the N-(bromo-dimethoxy)benzyl-monomethoxyphenethylamine series.  
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The substitution patterns included in this series were based on the commercial availability of 

bromo-dimethoxy benzaldehydes. All of these derivatives were prepared as described in the 

previous chapter by direct reductive alkylation of 2-, 3- or 4-methoxyphenethylamine with 5ô-Br-

2ô,3ô-DiMeOï 2ô-Br-4ô,5ô-DiMeO ï 5ô-Br-2ô,4ô-DiMeO ï 4ô-Br-2ô,5ô-DiMeO or 3ô-Br-4ô,5ô-

'DiMeO benzaldehyde. Based on available bromo-dimethoxy benzaldehydes this yielded five 

subsets of compounds as shown in Figure 88.  

 

7.2 Mass Spectral Analysis: 

As reported for the original NBOMe drugs of abuse and other NBOMe derivatives prepared in this 

research, compounds of this structural class typically do not display a molecular ion (MW 279/381) 

in the EI-MS spectrum. However, the molecular masses of these regioisomers were confirmed by 

CI-MS as illustrated for one member of this series in Figure 89 where a M+1 ions of m/z 380/382 

was present. As reported for the 25B-NBOMe compound, two of the more abundant ions in EI-

MS spectra of all fifteen of these regioisomers contained bromine based on isotopic distribution 

and were observed at m/z = 229/231 (base peak) and 258/260. Also fragments that did not contain 

bromine were present at m/z 91 and 121 in the spectra of all fifteen of these compounds.  

 

 

Figure 89 CI-MS of Mass Spectra of the N-(4ô-bromo-2ô,5ô-dimethoxy)benzyl-2-methoxyphenethylamines.  
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Within each subseries the relative abundance of the m/z 91 was highest for the 2-methoxy isomer 

and lowest for the 4-methoxy isomer. Also, within each subseries the relative abundance of the 

m/z 121 fragment was highest in the 4-methoxy isomer. A proposed fragmentation pathway for 

the four m/z ions noted above for all fifteen regioisomers is shown in Scheme 41. The ion at m/z 

258/260 is likely the iminium cation formed by the dissociation of bond between Ŭ- and ɓ-carbon 

atoms, a common pathway for phenethylamine compounds. The base peak at m/z 229/231 can be 

formed by the cleavage of the N-C bond yielding 2ô-methoxy benzyl cation but could possibly 

form by cleavage of the C-C bond of the phenethyl side chain. Finally, the ions at m/z 91 and 121 

likely are derived from fragmentation of the phenethyl side chain (121) and then loss of methoxy 

(-30) from the 121 ion. This fragmentation pathway is the same as all members of the basic 

NBOMe structural class as described in previous chapters. 

 

 

Scheme 41 Proposed EI-MS fragmentation pathway for the N-(bromo-dimethoxy)benzyl-monomethoxy-

phenethylamines. 

 

While the EI-MS of all fifteen of the regioisomers in this series contained a number of common 

ions, there are significant differences in the mass spectra among the various subseries. For 

example, all three members of the 5ô-bromo-2ô,3ô-dimethoxy subseries gave a fragment of 

relatively high abundance at m/z 214/216 and this ion is present only in this subseries. This ion 

forms most likely by a methyl migration reaction after initial ionization as shown in scheme 42. A 
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similar fragment ion was observed in the mass spectra of all other 2ô,3ô-dimethoxybenzyl 

NBOMes prepared in this research as noted in earlier chapters at m/z 136. 

 

 

Scheme 42 Proposed formation of the m/z 214/216 ion from the N-(5ô-bromo-2ô,3ô-dimethoxy)benzyl-

monomethoxyphenethethylamines. 

 

Also, the mass spectra of the 5ô-bromo-2ô,4ô-dimethoxy and 4ô-bromo-2ô5ô-dimethoxy 

regioisomers contained an additional fragment ion containing bromine at 199/201 not present in 

the other subseries. The relative abundance of m/z 199/201 is nearly the same for each regioisomer 

in each subseries, whether it is 2ô-, 3ô-, or 4ô-methoxyphenethylamine regioisomer.  

 

 

Figure 90 MS-MS of the m/z 229 ion.  
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Based on MS-MS studies shown in Figure 90, this ion appears to form by loss of a methoxy group 

(-30) from the m/z 229 benzyl cation. Interestingly, the m/z 199/201 ion appears to form only in 

subseries where there is a methoxy group positioned ortho to the benzylic carbon, with exception 

of the 5ô-bromo-2ô,3ô-dimethoxy isomer where methyl migration appears to predominate (m/z 

214/216). 

 

Thus, while there are similarities in the EI-MS of all fifteen of these eMOBN regioisomers (Figures 

91 - 95), there are unique fragments between the subseries which allow for some degree of isomer 

differentiation. The 5ô-bromo-2ô,3ô-dimethoxy subseries can be differentiated from all other 

subseries by the presence of m/z 214/216 of high abundance, most likely the result of methyl 

migration. Also, the 5ô-bromo-2ô,4ô-dimethoxy and 4ô-bromo-2ô,5ô-dimethoxy regioisomeric 

subseries contain a m/z 199/201 fragment ion not present in the same abundance in the spectra of 

the other eMOBNs. Finally, within subseries, the 2-, 3- and 4-methoxyphenethyl isomers can be 

differentiated to some degree by the relative abundance of the m/z 91 and 121 ion.  
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Figure 91 Mass Spectra of the N-(5ô-bromo-2ô,3ô-dimethoxy)benzyl-monomethoxyphenethylamines. 
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Figure 92 Mass Spectra of the N-(2ô-bromo-4ô,5ô-dimethoxy)benzyl-monomethoxyphenethylamines. 
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Figure 93 Mass Spectra of the N-(5ô-bromo-2ô,4ô-dimethoxy)benzyl-monomethoxyphenethylamines. 
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Figure 94 Mass Spectra of the N-(4ô-bromo-2ô,5ô-dimethoxy)benzyl-monomethoxyphenethylamines. 
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Figure 95 Mass Spectra of the N-(3ô-bromo-4ô,5ô-dimethoxy)benzyl-monomethoxyphenethylamines. 

 

These spectra also demonstrate that some of individual members of each structural subset cannot 

be differentiated based on their mass spectra. Thus, other analytical methods such as GC 

separations is needed for further differentiation within each regioisomeric subseries.  
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7.3 Gas Chromatographic Separations: 

In an attempt to further differentiate the compounds in each of the five N-(bromo-

dimethoxy)benzyl-monomethoxyphenethylamines subsets, gas chromatographic separations of 

monomethoxyphenethylamine regioisomeric subsets were performed on 30m x 0.25mm ID 

capillary column coated with 0.25 ɛm film of midpolarity Crossbond® silarylene phase containing 

a 50% phenyl and 50% dimethyl polysiloxane polymer (Rxi®-17Sil MS). Separations were 

achieved over 30 minutes starting from initial temperature of 70 °C held for 1 minute then 

gradually increased to reach 245 °C at a rate of 70 °C/minute and held for 5.5 minutes then ramped 

up again to reach 300 °C at a rate of 5 °C/minute and held for 10 minutes. The compounds eluted 

over a 2 minute window as shown in Figure 96 - 100. This set of chromatographic conditions 

yielded an excellent separation of all three regioisomers, with the 2-methoxy isomer eluting before 

the 3-isomer, and the 3-isomer before the 4-isomer in each subseries (Figure 96 - 100). Attempts 

to separate more complex mixtures involving multiple subsets of the eMOBN regioisomers were 

not successful. 

 

  

Figure 96 Gas chromatographic separation of the N-(5ô-bromo-2ô,3ô-dimethoxy)benzyl-monomethoxy-

phenethylamines. 
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Figure 97 Gas chromatographic separation of the N-(2ô-bromo-4ô,5ô-dimethoxy)benzyl-monomethoxy-

phenethylamines. 

 

 

 

Figure 98 Gas chromatographic separation of the N-(5ô-bromo-2ô,4ô-dimethoxy)benzyl-monomethoxy-

phenethylamines. 
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Figure 99 Gas chromatographic separation of the N-(4ô-bromo-2ô,5ô-dimethoxy)benzyl-monomethoxy-

phenethylamines. 

 

 

  

Figure 100 Gas chromatographic separation of the N-(3ô-bromo-4ô,5ô-dimethoxy)benzyl-monomethoxy-

phenethylamines. 
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8 The N-(Substituted)benzyl-4-iodo-2,5-dimethoxyphenethylamine Series 

 

8.1 Introduction : 

 

The compounds of this series are derivatives of N-(2ô-methoxy)benzyl-4-iodo-2,5-dimethoxy-

phenethylamine (25I-NBOMe) where the substitution pattern on the aromatic ring of the N-benzyl 

substituent is modified yielding the 11 compounds in Figure 101. This series can be divided into 

three subsets. The first subset includes 25I-NBOMe and its 3- and 4-monomethoxy regioisomers 

(structures 1-3). In the second subset the N-benzyl aromatic ring is modified to include two 

methoxy groups at every possible position. Thus, this subset includes six regioisomeric 

compounds, the 2,3-, 2,4-, 2,5-, 2,6-, 3,4- and 3,5-dimethoxy regioisomers (structures 4-9). In the 

third subset in this series the N-benzyl aromatic ring is modified to contain the two possible 

methylenedioxy substitution patterns (structures 10-11). 

 

 

Figure 101 Structures of the N-(substituted)benzyl-4-iodo-2,5-dimethoxyphenethylamine Series.  
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The N-benzyl substitution patterns selected for this series represent potential designer 

modifications since this functionality is commonly found in drugs of abuse. All of these 

compounds were synthesized as described in the previous chapter. 

 

8.2 Mass Spectral Analysis: 

 

The EI-MS of all members of this series of compounds are shown in Figures 102 and 105. All 

three regioisomeric members of the (monomethoxy)benzyl subset of derivatives (compounds 1-3) 

yielded nearly identical mass spectra as shown in Figure 102.  

 

 

Figure 102 Mass Spectra of the N-(monomethoxy)benzyl-4-iodo-2,5-dimethoxyphenethylamines.  
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As reported for other 25-NBOMe compounds, and the 2,5-bromo NBOME derivatives in the 

previous chapter, the dominant ions in GCïMS spectrum of the 2-, 3- and 4ô-monomethoxy 

derivatives in this series are observed at m/z = 121, 150 and 91, with the base peak m/z 121 (Figure 

102). The m/z 91 ion was present in the highest abundance in the 2ô-methoxy isomer and decreased 

in the 3ô- and 4ô-methoxy isomers, a pattern also observed in the monomethoxy bromo NBOME 

series. It is interesting to note that none of the dominant ions in these spectra appeared to contain 

iodine. The molecular ion (M) also is not apparent in the EI-MS spectrum, however the mass was 

confirmed by CI-MS (Figure 103) where a M+1 ion of 428.  

 

 

Figure 103 CI-MS of Mass Spectra of the N-2ô-methoxybenzyl-4-iodo-2,5-dimethoxyphenethylamines. 

 

A proposed fragmentation pathway showing the dominant ions for the monomethoxy subseries of 

compounds is shown in Scheme 43. The base peak m/z 121 can be formed by the cleavage of the 

N-C bond yielding 2-methoxybenzyl cation. The ion at m/z 150 is likely the iminium cation formed 

by the dissociation of bond between Ŭ- and ɓ-carbon atoms, a common pathway for 

phenethylamine compounds. Finally, the ion at m/z 91 appears to have formed from loss of CH2O 

from the methoxy benzyl cation. 
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Scheme 43 Proposed EI-MS fragmentation pathway for the N-(monomethoxy)benzyl-4-iodo-2,5-

dimethoxyphenethylamines. 

 

Support for this fragmentation pathway was provided by MS-MS studies which demonstrate that 

the m/z 91 ion is formed from the m/z 121 fragment as shown in Figure 104 as was observed in 

the monomethoxy bromo NBOME series 

 

 

Figure 104 MS-MS of the 121 ion. 
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A closer analysis of the m/z 200-400 range of the mass spectra of the monomethoxy series does 

reveal the presence of several ion fragments of very low abundance that do appear to contain iodine 

based on mass abundances (Figure 105). 

 

The EI MS below shows such fragment ion pairs at m/z 396, 278 and 247. These fragment ions 

likely form by the fragment pathways shown in scheme 44 below: 

 

 

 

Figure 105 High mass region iodine-containing fragment ions in the EI-MS of the N-(monomethoxy)benzyl-4-

iodo-2,5-dimethoxyphenethylamines. 
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Scheme 44 Proposed EI-MS fragmentation pathway for the N-(monomethoxy)benzyl-4-iodo-2,5-

dimethoxyphenethylamines. 

 

 

The EI-MS for the six dimethoxy regioisomers in this series are shown in Figure 106. Once again, 

all regioisomeric members of this subset of compounds derivatives (compounds 4-9) yielded 

nearly identical mass spectra as shown in Figure 106. The dominant ions in this series were 

observed at m/z = 151, 180 and 121 and none of these ions appear to contain iodine, as observed 

in the monomethoxy subseries and also the dimethoxy bromo NBOME series. 
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Figure 106 Mass Spectra of the N-(dimethoxy)benzyl-4-iodo-2,5-dimethoxyphenethylamines.  
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Also, like the monomethoxy subset, no molecular ion (M+) was observed, however the molecular 

weight was confirmed by M+1 ion at 458 as shown in Figure 107. 

 

 

Figure 107 CI-MS of Mass Spectra of N-2,5-dimethoxybenzyl-4-iodo-2,5-dimethoxyphenethylamine. 

The most abundant ions in the dimethoxy series at m/z 151, 180 and 121, each represent fragments 

30 Da higher than the most abundant ions in the mass spectra of the monomethoxy compounds 

(m/z 121, 150 and 91). The mass difference between each of these ions is 30 Da, corresponding to 

the mass of a methoxy equivalent. 

 

 

Scheme 45 Proposed EI-MS fragmentation pathway for the N-(dimethoxy)benzyl-4-iodo-2,5-

dimethoxyphenethylamines.  
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Thus, is appears that the dimethoxy regioisomers undergo fragmentation under EI conditions 

similar to the monomethoxy compounds as illustrated in Scheme 45. The predominant ion at m/z 

151 can be formed by the cleavage of the N-C bond yielding the dimethoxybenzyl cation. The ion 

at m/z 180 is likely the iminium cation formed by the dissociation of bond between Ŭ- and ɓ-carbon 

atoms. Finally, the ion at m/z 121 appears to have formed from loss of CH2O from the dimethoxy 

benzyl cation. In this series only the 2ô,3ô-dimethoxy regioisomer gave a significant fragment at 

m/z 136. The structure of this fragment ion was discussed in Chapter 5.  

 

 

Figure 108 Mass Spectra of the N-(methylenedioxy)benzyl-4-iodo-2,5-dimethoxyphenethylamines. 

 

The EI-MS for the two methylenedioxy regioisomers in this series are shown in Figure 108. Once 

again both regioisomeric members of this subset of compounds derivatives (compounds 10-11) 

yielded nearly identical mass spectra. The dominant ions in this series were observed at m/z = 135, 

164 and 105 and none of these ions appear to contain iodine, as observed in the monomethoxy 

subseries.  
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Also, like the monomethoxy and dimethoxy subsets, no molecular ion (M) was observed, however 

the molecular weight was confirmed by M+1 ion at 442 as shown in Figure 109. The three most 

abundant ions in the methylenedioxy series (m/z 135, 164 and 105), each represent fragments 14 

mass units higher than the most abundant ions in the mass spectra of the monomethoxy subset (m/z 

121, 150 and 91) and 16 mass units lower than the most abundant ions in the mass spectra of the 

dimethoxy subset. The mass difference between each of these ions relative to the monomethoxy 

and dimethoxy compounds is precisely the difference in mass corresponding to the molecular 

weight differences in these three series (an additional 14 mass units corresponds to the addition of 

an oxygen atom with removal of two hydrogen atoms relative to the monomethoxy compounds, 

and a reduction in 16 mass units corresponds to the loss of a carbon and two hydrogen atoms 

relative to the dimethoxy compounds.  

 

 

Figure 109 CI-MS of Mass Spectra N-(2,3-methylenedioxy)benzyl-4-iodo-2,5-dimethoxyphenethylamine 

series. 

 

Thus, it appears that the methylenedioxy regioisomers undergo fragmentation under EI conditions 

similar to the monomethoxy compounds as illustrated in Scheme 46. Again, the predominant ion at 

m/z 135 can be formed by the cleavage of the N-C bond yielding 2-methylenedioxybenzyl cation 

and the ion at m/z 164 is likely the iminium cation formed by the dissociation of bond between Ŭ- 
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and ɓ-carbon atoms. Finally, the ion at m/z 105 appears to have formed from loss of CH2O from 

the methylenedioxy benzyl cation. 

 

 

Scheme 46 Proposed EI-MS fragmentation pathway for the N-(methylenedioxy)benzyl-4-iodo-2,5-

dimethoxyphenethylamines. 

 

The mass spectra for the 11 compounds of this series demonstrate that all members appear to 

undergo the same fragmentation and that each subset can de differentiated from the other two 

subsets by the most abundant ions based on differences in the degree of methoxy substitution or 

methylenedioxy substitution. These spectra also demonstrate that the individual members of each 

structural subset cannot be differentiated based on their mass spectra. Thus, other analytical 

methods including GC separations and FTIR spectral analysis were explored for further 

differentiation within each regioisomeric subseries. 

 

 

8.3 Gas Chromatographic Separations: 

 

In an attempt to further differentiate the compounds in each of the three N-(substituted)benzyl-4-

iodo-2,5-dimethoxyphenethylamine subsets, gas chromatographic separations of 

(monomethoxy)benzyl regioisomers subset were performed on Rxi®-17Sil MS 30m x 0.25mm ID 

capillary column. Separations were achieved over 33 minutes starting from initial temperature of 
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70 °C held for 1 minute then gradually increased to reach 250 °C at a rate of 30 °C/minute and 

held for 15 minutes then ramped up again to reach 340 °C at a rate of 10 °C/minute which held 

again for 2 minutes with elution over a 2 minute window. This set of chromatographic conditions 

yielded an excellent separation of all three regioisomers, with the 2ô-methoxy isomer eluting 

before the 3ô-isomer, and the 3ô-isomer before the 4ô-isomer (Figure 110). This same relative 

elution pattern was observed in the monomethoxy bromo NBOME series. 

 

 

Figure 110 Gas chromatographic separation of the N-(monomethoxy)benzyl-4-iodo-2,5-

dimethoxyphenethylamines. 

Similar separations were achieved for all six of the dimethoxy regioisomers using the same 

capillary column but with different temperature program conditions. The temperature program 

started with initial temperature of 70 °C held for 1 minute then gradually increased to reach 290 

°C at a rate of 30 °C/minute and held for 30 minutes with a total 38 minutes run time. The 

compounds eluted over a 5 minute window as shown in Figure 111. In this series those derivatives 

with a 2ô-methoxy group (2ô,3ô-, 2ô,4ô-, 2ô,5ô- and 2ô,6ô-dimethoxy eluted before the two 

regioisomers that did not contain a 2ô-methoxy group. Also, the two derivatives with the greatest 

degree of steric crowding relative to the benzyl side chain (2,3- and 2,6-dimethoxy) eluted prior to 

all other members of the series. This is the same relative elution pattern that was observed in the 

dimethoxy bromo NBOME series.  
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Figure 111 Gas chromatographic separation of the N-(dimethoxy)benzyl-4-iodo-2,5-dimethoxyphenethylamines. 

 

Lastly, the last chromatogram (Figure 112) shows the separation of the two methylenedioxy 

regioisomers. The temperature program started with initial temperature of 70 °C held for 1 minute 

then gradually increased to reach 250 °C at a rate of 30 °C/minute and held for 25 minutes then 

ramped up again to reach 340 °C at a rate of 15 °C/minute and held for 10 minutes with a total 48 

minutes run time. In this series 2ô,3ô-methylenedioxy eluted before 3ô,4ô-methylenedioxy 

regioisomer the two regioisomers under similar separation condition as above. This is the same 

relative elution pattern that was observed in the dimethoxy bromo NBOME series. 
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Figure 112 Gas chromatographic separation of the N-(methylenedioxy)benzyl-4-iodo-2,5-

dimethoxyphenethylamines. 
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9 The N-(Methoxy)benzyl-, N-(Dimethoxy)benzyl- and N-(Methylenedioxy)benzyl-

dimethoxyphenpropylamine Series 

 

9.1 Introduction : 

The primary compounds of N-(methoxy)benzyl-dimethoxyphenpropylamine series are simplified 

derivatives of the NBOMes where the halogen atom is eliminated from the structure and there are 

two methoxy substituents on 2 and 5 positions of the phenpropyl aromatic ring and the substitution 

pattern on the aromatic ring of the N-benzyl substituent is modified yielding the 11 compounds in 

Figure 113. This series can be divided into three subsets. The first subset includes 2-, 3-, and 4-

monomethoxy regioisomers (structures 1-3).  

 

Figure 113 Structures of the N-(methoxy)benzyl-dimethoxyphenpropylamine Series.  
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In the second subset the N-benzyl aromatic ring is modified to include two methoxy groups at 

every possible position. Thus, this subset includes six regioisomeric compounds, the 2,3-, 2,4-, 

2,5-, 2,6-, 3,4- and 3,5-dimethoxy regioisomers (structures 4-9). In the third subset in this series 

the N-benzyl aromatic ring is modified to contain the two possible methylenedioxy substitution 

patterns (structures 10-11). The N-benzyl substitution patterns selected for this series represent 

potential designer modifications since this functionality is commonly found in drugs of abuse. 

 

Figure 114 Structures of the N-(methoxy)benzyl-dimethoxyphenpropylamine and N-(methoxy)benzyl-

methylenedioxyphenpropylamine Series. 

Three additional subsets of derivatives of this basic structural class were also synthesized for 

analytical comparisons. The first and second subsets (compounds 12-17) of this additional series 

are a simplified derivatives of the NBOMes where the dimethoxy substitution pattern on the 

phenpropylamine aromatic ring was changed from the 2,5-positions to the 2,3- and 2,6- positions, 

respectively, while the substitution pattern on the aromatic ring of the N-benzyl substituent is 

modified to include only 2ô-, 3ô-, and 4ô-monomethoxy regioisomers, yielding a total of 6 

compounds (Figure 114). The third subset of derivatives (compounds 18-20) in this additional 
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series are also NBOMes analogues where the 2,5-dimethoxy substitution pattern on the 

phenpropylamine aromatic ring is replaced with a 3,4-methylenedioxy group, and the N-benzyl 

substituent contains a single methoxy group at the 2ô-, 3ô-, or 4ô-positions, yielding three 

compounds (Figure 114). These methylenedioxy derivatives were prepared because this 

substitution pattern is common in a number of drugs of abuse families including the MDMA and 

the cathinones. 

 

9.2 Mass Spectral Analysis: 

The EI-MS of all members of this series of compounds are shown in Figures 115 ï 117, 120, 122, 

124. All three regioisomeric members of the (monomethoxy)benzyl subset of derivatives 

(compounds 1-3, 12-17) yielded nearly identical mass spectra as shown in Figure 115-117. As 

reported for other 25-NBOMe compounds, the dominant ions in GCïMS spectrum of the 2ô-, 3ô- 

and 4ô-monomethoxy derivatives in this series are observed at m/z = 121, 164 and 91, with the 

base peak m/z 121 (Figure 115 - 117). The m/z 91 ion was present in the highest abundance in the 

2ô-methoxy isomer and decreased in the 3ô- and 4ô-methoxy isomers. The molecular ion (M) is not 

apparent in the EI-MS spectrum, however the mass was confirmed by CI-MS (Figure 118) where 

a M+1 ion of 315.  
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Figure 115 Mass Spectra of the N-(monomethoxy)benzyl-2,5-dimethoxyphenpropylamines. 
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Figure 116 Mass Spectra of the N-(monomethoxy)benzyl-2,3-dimethoxyphenpropylamines. 
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Figure 117 Mass Spectra of the N-(monomethoxy)benzyl-2,6-dimethoxyphenpropylamines. 
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Figure 118 CI-MS of mass spectra of the N-2ô-methoxybenzyl-2,5-dimethoxyphenpropylamines. 

A proposed fragmentation pathway showing the dominant ions for the monomethoxy subseries of 

compounds is shown in Scheme 47 and is consistent with the NBOME derivatives reported in the 

previous chapters. The base peak m/z 121 can be formed by the cleavage of the N-C bond yielding 

2-methoxybenzyl cation. The ion at m/z 164 is likely the iminium cation formed by the dissociation 

of bond between Ŭ- and ɓ-carbon atoms, a common pathway for phenethylamine compounds. 

Finally, the ion at m/z 91 appears to have formed from loss of CH2O from the methoxy benzyl 

cation. 

 

Scheme 47 Proposed EI-MS fragmentation pathway for the N-(monomethoxy)benzyl-dimethoxy-

phenpropylamines.  
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Support for this fragmentation pathway was provided by MS-MS studies which demonstrate that 

the m/z 91 ion is formed from the m/z 121 fragment as shown in Figure 119. 

 

 

Figure 119 MS-MS of the 121 ion. 

 

The EI-MS for the 3,4-methylenedioxy regioisomers in this series are shown in Figure 120. Once 

again both regioisomeric members of this subset of compounds derivatives (compounds 18-20) 

yielded nearly identical mass spectra. The dominant ions in this series were observed at m/z = 121, 

164 and 91, as shown in Figures 120. The molecular ion (M) is not apparent in the EI-MS spectrum 

of any of these compounds, however the molecular mass was confirmed by CI-MS where a M+1 

ion of 299 was present (Figure 121).  
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Figure 120 Mass Spectra of the N-(monomethoxy)benzyl-3,4-methylenedioxyphenpropylamines. 

 

As reported with the N-(monomethoxy)benzyl-dimethoxyphenpropylamines compounds earlier 

the dominant ions in GCïMS spectrum of all three compounds in this series are almost identical 

at m/z = 121, 164 and 91, with the base peak m/z 121 (Figure 120). The m/z 91 ion was present in 

the highest abundance in the 2ô-methoxy isomer and decreased in the 3ô- and 4ô-methoxy isomers. 

Other than the relative abundance of the m/z 91 ions, there are no other features in the mass spectra 

of these regioisomers which allows for specific differentiation. 
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Figure 121 CI-MS of Mass Spectra N-(2ô-methoxy)benzyl-3,4-methylenedioxyphenpropylamine series. 

 

Thus, it appears that the methylenedioxy regioisomers undergo fragmentation under EI conditions 

similar to the dimethoxy compounds as illustrated in Scheme 48. Again, the predominant ion at 

m/z 121 can be formed by the cleavage of the N-C bond yielding 2-methoxybenzyl cation and the 

ion at m/z 164 is likely the iminium cation formed by the dissociation of bond between Ŭ- and ɓ-

carbon atoms. Finally, the ion at m/z 91 appears to have formed from loss of CH2O from the 

methylenedioxy benzyl cation. 

 

 

Scheme 48 Proposed EI-MS fragmentation pathway for the N-(monomethoxy)benzyl- 3,4-

methylenedioxyphenpropylamines.  
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In an attempt to investigate the fragmentation pathways for this series of compounds in more detail 

a number of structurally simplified derivatives were prepared and analyzed. The derivatives 

prepared included compound 21-23 which contains no methoxy substituents in either the benzyl 

or phenethyl aromatic rings (Figure 122).  

 

 

Figure 122 Structures of the simplified derivatives. 

 

 

 

Figure 123 EI-MS of Mass Spectra of the N-(2ô,5ô-dimethoxy)benzyl-3,4-methylenedioxyphenpropylamines 

(Compound 21). 
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Figure 124 EI-MS of Mass Spectra of the N-(4ô-Bromo-2ô,5ô-dimethoxy)benzyl-3,4-

methylenedioxyphenpropylamines (Compound 22). 

 

 

Figure 125 EI-MS of Mass Spectra of the N-(2ô-monomethoxy)benzyl-2-Bromo-4,5-dimethoxyphenpropylamine 

(Compound 23). 

The EI-MS of these compounds are shown in Figures 123-125. If the fragmentation pathway 

shown in Scheme 47 and 48 is accurate and characteristic for compounds of this structure class, 

then compounds 21-23 would be expected to yield ions of high abundance as shown in Scheme 
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49. Since compounds 21 have a benzyl dimethoxy substituent they would be expected to give an 

iminium cation at m/z 194 by phenethyl side Ŭ-/ɓ-carbon bond dissociation, consistent with the 

fragmentation pathways in Scheme 47-49. This ion is present in the MS of compounds 21 and it 

is 30 mass units higher than observed for derivatives containing a single methoxy substituent in 

the benzyl ring (Figures 123). On the other hand, 22 which contains one bromine atom and two 

benzyl methoxy substituents would be expected to give an iminium cation at m/z 272, as is present 

in the EI-MS (Figure 124). Finally, compounds 23 would expected to show similar fragments to 

compounds 1-3,12-20 since they share the exact substitution pattern of a single methoxy 

substituent in the benzyl ring. 

 

The base peak at m/z 121 ion present in the spectra of all twelve N-(methoxy)benzyl-dimethoxy-

phenpropylamines (compounds 1-3,12-20) was proposed to be the 2-methoxybenzyl cation formed 

by cleavage of the N-C bond. Again, if the original fragmentation pathway shown in Scheme 47-

48 is accurate and characteristic for compounds of this structure class, then compounds 21 would 

be expected to give benzyl cation base peaks as shown in Scheme 49. Since compounds 21 have a 

benzyl dimethoxy substituent, they would be expected to give a benzyl cation base peak at m/z 

121. This ion is present in the EI-MS of both compounds 21 and is 30 mass units higher (m/z 121) 

than observed for 12 regioisomers containing a methoxy substituent in the benzyl ring (Figures 

123). On the other hand, compound 22 contains one bromine atom and two methoxy substituents 

in the benzyl ring. Therefore, it would be expected to give a benzyl cation base peak at m/z 229, 

78 mass units higher than the 12 compounds of the N-(methoxy)benzyl-

dimethoxyphenpropylamine series. Finally, compound 23 contains a single methoxy substituent 

in the benzyl ring. Therefore, it would be expected to give the same benzyl cation base peak at m/z 

121 regardless of the substituents on the aromatic ring of the phenpropylamine. Therefore EI-MS 

analysis of these structurally modified derivatives supports the original fragmentation pathway 

proposed in Scheme 47-48 and demonstrates that compounds of this series undergo characteristic 

fragmentation.  
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Scheme 49 Proposed EI-MS fragmentation pathway for Compounds 25-27. 

 

In conclusion, all the twelve compounds (Compounds 1-3, 12-20) of the N-(monomethoxy)benzyl 

series canôt be distinguished from each other just by simply looking at their mass spectra. 

Therefore, other techniques are needed 

 

The EI-MS for the six dimethoxy regioisomers in this series are shown in Figure 126. Once again, 

all regioisomeric members of this subset of compounds derivatives (compounds 4-9) yielded 

nearly identical mass spectra as shown in Figure 126. The dominant ions in this series were 

observed at m/z = 151, 194 and 121 and none of these ions appear to contain bromine, as observed 

in the monomethoxy subseries. Also, like the monomethoxy subset, no molecular ion (M) was 

observed, however the molecular weight was confirmed by M+1 ion at 345 as shown in Figure 

127. 

  
















































































































































































































































