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Abstract

The potential for designer analogue development in B®Me 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 andosiers 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 I BOM
derivatives and regioisomers were synthesized with varying substituents and substitution patterns
in the phenethyl aromatic ring, theb¢nzyl aromatic ring, the ethyl side chain and nitrogen atom.
These compounds were prepared using the basic syntiegtiods 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 fragmentathway in the electron
ionizatiorrmass spectrum (BMS) giving a base peak by the cleavage of the benzyhtlond

to yield a benzyl cation, and ions of secondary abundance from dissociation of the pheethyl C
bond to form an iminium cation, and frolnss of CHO 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 Nbenzyl ing could be differentiated based on the relative abundances of the benzyl
cation formed in the EMS. Regioisomeric NBOME derivatives with two methoxy groups in the
N-benzyl ring were differentiated by #4S only after derivatization with TFA. TFA
derivaization resulted in the formation of unique ions in theM3 as well as significant

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



regioisomeric NBOMe derivatives were also separated and identified by gasatbgoaphic

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 selectivibyTioréeeptor

subtypes.
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1 Literature review

1.1 Introduction :

The use oillegal drugscontinues to increase worldwide witkarly275 million (5% of the global
population betweethe ages 154 yearsreported to haveised drgs at least once a yefl].

Cannabis, cocaine, ecstasy and amphetaméaraainthe mostfrequently used illicit drugf].

Mortality related to illegal drugseincreasedy 60%from 2000to 2015[1], with nearly450,000
deaths reportemh 2015[3].

Number of substances reported
no data available
1-10
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I 301 -428

Figurel Global emergence of new psychoactive substangds December 201/8].

Over thepast decadand to the presenthe number of new psychoactive substances NPS
identified in the illegal drug marketrossthe globehascontinied to grow5]. For example, every
week around one new psychoactive substance is being repoEaropg6]. A total of892NPSs
were reportedbetween 2002019 with 492 NPSidentified 2017 alone(Figure 1)[7]. Among all
reportedNPSs by the end of @18, stimulans represented thiargestfraction of drugs reported



followed by synthetic cannabinojdlassic hallucinogen®pioids andfinally dissociatives and
sedatives/hypnoticgFigure 2) [8]. The novel psychoaete drug 25I-NBOMe and related
substances were reported by the largest number of coudtrieacross the glod8].

Not yet assigned, 5% _

Opioids,
7%

Synthetic cannabinoid
receptor agonists, 30%

Stimulants, 36%

Dissociatives, 3%
lassic hallucinogens,

15%

Sedatives/Hypnotics,
3%

Figure2 Proportion of new psychoactive substanogpsychoactive effect group as of December 24818

The NPSs category includes #&rge number ofchemicalsubstancedrom different structural
classedhatinduce biological effects similar toontrolled orhistoricaly scheduledllegal drug
substancel, 9, 10] In the clandestine markBtP Ss areoften referredislegal highd11], research
chemicalqd12], synthetic drugsbathsalts plant fertilizerd2], designer druggl3], plant food[9,

10], insectrepellentsandair freshenersThese new drugs oft@arrythed i scl ai mer fAf or
purposes onl yo or fn orntheif packagingl0h dhere aredoursmaimp t i o n ¢
structual and pharmacologiclasses of NPSwhich includecannabinoids, psychostimulants,

opioids, and hallucinogend.he cannabinoids and psychostimulamtsmain themost widely

abused substancesWhile less common, dllucinogenscontinued to be used and novel

hallucinogenic drugs such as the NBOMEs continue to appear in the clandestine drugifhrket

The NPSs aredefineda ssubStances of abuse, either in a pure form or a preparation, that are not
controlled by the 961 Single Convention on Narcotic Drugs or the 1971 Convention on



Psychotropic Substances)dwhich may pose aignificantpublic health thredtl3]. While many

NPSs are newhemical entities, not all are as the name mayly. For example, a number of

NPSs are derivatives of amphetamine and MDMA that were synthesmcedeported in the
literaturedecades ago The designation of Anewd i na NPS s
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 presenchP® havereached unprecedented leveld] as a resulof
continuous analog design and ease of availability through cyber net{#@ik head shops and
from drug dealer§9, 10]. These substances are often promoteeitagrsafe alernative to illicit
drugs[9, 15] or were intendé as psychotropic agents fitve treatment gbsychological problems
[2]. NPSabusehave become eeal problem[11, 12] sincethese drugs are oftexssociated with

seriousmedical and psychiatric issugs 9].

The terms fAipsychedelicso or fAhallucinBlgeenso t°
receptor and produce agonist eff¢t6]. Hallucinogen NPS drugsan be divided inthree
categories based @ource andstructural classthe ergolines such as LSD, the tryptamines or
indoleaminessuch as psilocybin, and the phenylalkylamiié$]. The phenylalkylamine
hallucinogens can be further subdivided in two broad classes: the phenylisoproyplamines or
Aamphet ami ne cdinethaxydl-pronsoantphetamise (2OB)and Ajbnethoxy4-
methylamphetamine (DOM) and thégmethylamine class which includsgbstances of natural
origin like mescaline the active constituent of Peyote cd®{us’] and thesynthetic4-substitutee
2,5dimethoxyphenethylamines or -soa | | 2C¢K0 ddmpounds (Figure 3) [14]. The
phenethylamine core structure is common to a large class of substances including the
catecholamine ngotransmitters (dopamine, epinephrine and norepinephrine) as well as a number
of stimulant and hallucinogenic drugs of ab{i$@]. Interestingly the 2€&X compounds have
psychedelic and stiulating effects based on the structure and {®44].
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Figure3 Structures of LSD, psilocybin, DOB, DOM, mescaline, andX€lass.

The NBOMes are R-methoxybenzyl substituted derivatives of the 2€Class of hallumogens.
They were originally synthesizdyy Ralph Heim in 2004or research purposes as potent agonists
of 5-hydroxytryptamine receptor subtype 2AKH 24) [18]. This series of compounds was further
developed by Braden and Nichols in 20JA8] who demonstrated that these compounds were
highly potent hallucinogens with activity at microgram scale dfisgsl4, 20] Because of their
high affinity at 5HT.a receptors, thé!C radiolabel isotope of NBOMes were developed as
radioligandg[21] to map the distribution of-BIT2a receptors in the brain by positron emission
tomography (PET)22-24]. The NBOMes were subsequently showmlspactasagoni s-t s at
adrenergic recepto25] and H histamine receptorf26]. As a result, they can produce both
serotonergic and sympathomimetic effd@8, 25] It has beerspeculated that the psychotropic
features of these drugs reported ingbientificliteraturetriggered the interest of tltkesigner drug

producergl1] to use them as recreational drugdlicit drug market

The clandestine marketéddBOMesar e sol d as fAresearch chemical
bomb, Smiles, Solaris, and Cimbi. The-X(hallucinogens (for example: 2B, 2CH, etc.) are
phenylethylamines with methoxy group (O¢}t$ubstitutions athe 2 and 5positiors [9], that

possess structure similarities with MDMA and mescaline, causing physical and psychological
effects and hallucinations through seenctoner g
phenethylamines were first described by Alexander and Anne 8HaIgi who used the term

A2C0 to refer to the two carbons (Figutewelrn t he
1991, Alexander Shulgio rthej odf at her of psychedel i 280, pub
APhenet hyl amines | Have Known And Loved (PI HK

many phenethylamines and his own experience whilenteiese drugi]. Chemical structures



of phenethylamine, 2@henethylamine, 2 €€ and N(26methoxybenzyt2,5-dimethoxy4-
chlorophenetilamine (2%-NBOMe) are given in Figuré.

OCH,4 OCH, OCHs OCHj
NH,
OCH
I Cl OCH3 cl 3
OCH,4 OCH, OCHs OCHj
2C- 2Cc-C 25|-NBOMe 25C-NBOMe

Figure4 Structures of 2&X and 25%XNBOMe hallucinogens

The NBOMe seriesf drugshas practically no history of human consumption prior to 2010 when
they first became available on the intdrf#3]. Blotter papers and powders containing these new
psychedelics were detected on the Polish drug markefih 2Bnong others, three representatives
of the NBOMe compounds containing alkyl group at position 4 opttenethylring [29] were
identified first. Blotter papers impregnated with the chloro derivativel8BOMe also entered
the market in 2011. Beeen 2012013 a number oNBOMe exposures were reported to Texas
poison centersOf these76% involved 25INBOMe, 12% 25ENBOMe, and 12% an unknown
NBOMe. Themajority (88%) of patients were men and mean age was 17 years (rar@fe: 14
yearg [30].Currently, the most widely used NBOMe substances ardNB&Me (street names:
251, INBMeO, N-bomb, Smiles, Solaris and Cimb), followed by4-bromo derivative Z5B-
NBOMe) and4-chloro analog Z5GNBOMe; street names Boom, Cmbi-82, Pandora and
Dime) [28, 31] However,a significant number of other-dubstituted NBOMESs have also been

reported in the literature.

1.2 Legal status

The wide variety and increased number of NRaS created significaichallengedor regulatory
ageneesthroughout the world5, 15]. Over the years, designer drug manufacturers have shown
great flexibility in altering the chemical structures of existing drugs of abuse to eschpgédot

legal restriction and analytical detectidri]. Often as a new lavg enacted to control one novel



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 attempt® schedule future, e desi gner drugs fAbased o
to an already controlled substanceo, or a gen
that are precisely definedo to control2l. subst s
Other countries have simply attempted to impose a blanket ban on all psychoactive sufagtances

The | egal definitions used-biameswchhrblipruk @toskea
example, theeffectsbased ban of thelK [15], Australia and Irelanavould in theory cover an

NPS wiheh chapabil ity of a substance to influen
The purpos#ased ban in countries like Romania and Poland addresses NPS for substances that

Amay be used i nstperposeasf coatrbobt etdhdr ssgme.

The 2C-X hallucinogens, which can also serve as precursors for the synthesis of NBOMes, have
been controlled by countriesrass the globe for some time. And now the production, distribution

and use of NBOMes is regulatednmost countries. The US classified 28BOMe, 25BNBOMe

and 25GNBOMe as a Schedule | controlled substance in 282 This designation is reserved

for substances that have a high potential for abuse and adverse health effects without any
therapeutic benefits. Now 2BIBOMe, 25BNBOMe, and 25eNBOMe 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 drug§9], and some countries have called for an international ban of thesd2bligs

1.3 Prevalence:

According to the recent dapaublishedfrom System to Retrieve Information from Drug Evidence
(STRI'DE) fAwhich is a USA federal dat abase for
Admini stration (DEA) f oroeahFoiersic laboamry lformatione s 0 a
System (NFLI S) Awhi ch coll ects drug anal ysi ¢
| a b or arndiocated thabétween January 2014 to April 20E8tdal of 4326reportsfor the

NBOMe drugs This included2129 reprts for 25{NBOMe, 1273 reports for 2501BOMe, and



finally 924 reports for 25BNBOMe. Some combination of NBOMdrugs have alsobeen

encountered in seized materiaddJS[32].

Figure5 Blotter sheets presenting 3 different artwork patterns containmigtare of 25iNBOMe, 25C
NBOMe and 25HNBOMe [11].

Similar trendswerereported inEuropeariJnion countriesaccording to thé&curopean Monitoring
Centre for Drugs and Drug AddictiqgeMCDDA). This ayencyis responsible focollating and
distributinginformationrelated todrug use irEuropearcountries[37]. Interestingly nadrugs of
theNBOMe categorywere reportedefore June 201{38].

In an online quesiner(Global DrugsSurvey or formally known as MixMaghat was conducted
in 2012 on 22289 respondengs6% of therespondentseported tley hadtried one of the main
three NBOMe, i.e. 25NBOMe, 25BNBOMe, and 25eNBOMe. 25INBOMe was the most
commonly sed of the NBOMe (2.0%), followed by 28¥BOMe (1.2%) then 25@IBOMe
(0.8%). The participants of this sewwere mainly from the U&anada, andK [31]. In another
survey conducted on 287139], the prevalence of use of NBOMe drigiowed a slightly higher
result (4.8% compared with 2.6%)anthe previous questioner discussed above fitoelobal

Drug Survey.

According toa 2013online articlepublished orErowid Extractd40], with a total of 314 reports
on NBOMe use. fie numbeof NBOMe usehas increased from 5 reports in 2010 to 126 reports
in the first six months of 2013 with ntoer e

internet discussion forufd1].
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1.4 Pharmacology and Structure-Activity Relationships:
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Figure6 Plasma membrane monoamine reuptake transporters (BBERT and NET)

The primary mechanism of action for mamsychotic drugs of abudavolves modulationof
central nervous systeneurotransmitteactivity by actions at preor postsynaptic receptors or by
inhibition or activatiorof neurotransmitter reupke systemsrhe primary neurotransmitter targets
involved in the effects of psychoactive drugs appear to be serotehim)(5orepinephrine (NE)

and dopamine (DA)receptor subtypes, and the serotorERT), norepinephrineNET) and

dopamine DAT) reuptketransporter$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 entactamenic

hallucinogenic oeffects, and in extreme cases to afifeeateing condition, serotonin syndrome

2].

hypertensionand temperature regulation (hyperthernf2]) Finally, increased DA levels are
associated with reinforcing and behaviesaimulating efécts of drug$42-44]in addition to high

abuse potential for drugs that affect dopamine reud@k45, 46]in contrast tchigh serotonin

levels[44, 47]

Increass in NE levels can alter the cardiovascular functions (e.g., tachycardia and




The monoamine neurotransmitterh$draxytryptamine or serotonin {BT) is involved in
mediatingmanyphysiologic and behaviorgrocesss includingnood, emotion, feeding behavior
and food intake, sexual behavior, sleep and circadian rhythm, and the neuroendocrinpt8ystem
Serotonergic neuronal pathways in the CNS have also been repoplay important rolein
numerous conditionsuch asaddiction schizophreniapbsessive compulsive disorggrain,
inflammation migraine cluster headacheg!9] and Gl tract inction. Therefore therehas been
continuing interest in developirggands for the serotonin recepdoand transportets research
andtreat many disordsrsuch asschizophrenia, depression, obesity, emesislirritable bowel
syndrome (IBS)48]. Serotonin receptors are salassified intoaseven subfamilies (bIT1 to 5
HT;) based on structure and signal transduction mechanism. With the exceptioHTaf 5
receptors, serotonin receptors are considered -gso@incoupled receptors, vle 5HTs
receptorsareligand-gated ion channgb0].

The5-HT2 subfanily of receptors appears to be involved in many of the CNS actions of serotonin.
This receptor family isurthersuldivided into3 subtypes, #1T2a, 5-HT2g, and 5HT2c [51]. It is

thought that BHT.a receptors contribute to both central and peripheral physiological actions,
mediating platelet aggregation, vasoconstriction, and hoitalar pressure in the peripheral
tissueswhile regulatingcircadian rhythm, mood;ognitive stateand thelearning procesm the

CNS as well as the effects of psychoactive df6g@$ The 5HT2g 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 5HT2g receptors are dical for organ structure development in the heart and the brain,
activation of these receptors is also associaftt heart diseasgbl]. Finally, 5HT2c receptors
appear to be responsible for regulating dopamine and serotonin release in the brain and therefore
have been tgeted for treating stimulant abuse and anxiety, and weight regu[d8pnThe 5

HT2c receptors share the closest structural homology-HT 5 receptors and have also been

proposed to be a target for many psychoactive ddg]js

Modulation of5-HT2a receptorfunctionhas beetinked tocomplexCNS activities rangingrom
cognitive process and workjrmemory to Hective disorderg9, 11, 20] Stimulation of5-HT2a
receptorsis alsostrongly associated witlthe hallucinogenieffects of many illicit drugs[9].

However hallucinogenic drugsanalso interact wittother SHT receptorsubtype with varying



seletivity and efficay, as wellas other nosserotonin targets. These complex receptor and

transporter actionsomplicate the study 6 the relationships between receptor occupation and

behavioral effects and hallucinogenic dragiersystemic administratiof16].
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Figure7 Serotonin BHT, receptors

Structureactivity relationship (SAR) studies have led to the development of drugs with low
nanomolar affinities for the-bIT2a receptor, some of whichr@among the most potent partial
agonists with hallucinogenic effects known toedaB-56]. Data suggest that 2X drugs interact
effectively with serotonin receptors, most of which act -&6Tba receptor agonistsTypically, a
2C-X drugs have a lipophilic substituent in the para grodition of the aromatic ring, which
contributes to further enhancd 24 affinity and partial agonistic actig57, 58] The most active
2C-X compounds identified to dapossess an ether, alkylthio, alkyl, or halogen group at-the 4
position and their potency increases in the aforementioned sej&8n60] The results retrieved
from SAR studies suggest thatubstitution of common phenethylamines with short alkyl
substituents (methyl oethyl groups) considerably decreases the binding affinity for serotonin
receptors compared to the unmodified compounds. However, the addition diemzi moiety
increases the affinity and potend9]. For example, Braden et al found that substitution of a N
benzyl group to 28limethoxyphenethylamine (28) resulted in a 1-3old increase in 81T2a
receptor binding61]. Furthermore, adding a methoxy or hydroxy functional group to the ortho or

2 {position on the Noenzyl group resulted in further increases receptor byn@nll, 14] For
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example, addition of the 2ntethoxybenzyl substituent to 2Cas in 25{NBOMe increased-5
HT2a receptoraffinity 17-fold; 2C-I has a Ki of 0.731M and 25INBOMe has a Ki of 0.044M.

The samérend was observed when adding-& Nentethoxybenzyl substituent to 28 as in 25B
NBOMe; 2GB has a Ki of 6 nM while 258dBOMe as a Ki of 0.19 nM at-BT2a receptors. Also
adding a N(2-hydroxy) benzyl group to 2€l as in the 25F-NBOH drugs resulted ian 82fold
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. Isttitkesjt was also
found that the heterocychethylamines that wer substituted with an Hl 2n@ethoxybenzyl
substituent had the highestH >4 receptor affinity, although as partial agonig8]. Finally, in
addition to high receptor affinity, the NBOMe and NBOH derivatives displayed high selectivity
(> 1000fold) for 5-HT2a receptors over-5T1a receptors, and moderate selectiyiip to 35fold)

for 5-HT2a over 5HToc receptorg11].

It is reported tht the increase in-BT2a receptor affinity resulting from the substitution of a N
benzyl group to the 2& structure as in the NBOMes is due to additional aromatstguking
interactions between the added benzyl group and a Phe residue at position&88oeptdrl 9].

Furthermore, adding an appropriately positioned oxygenated functionality to-tle@z\ll ring

increases aceptor affinity further by hydrogen bond formatif@s]. The o+pasiiom or 2
appears to be optimal for this hydrogen bondi-r
(406) posi ti on agradualaasdssmmficamttdectine iw affifiy]. 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 methoxyssitlstion patterrjl4]. For example, in NBOMe

derivatives substituted with a bromine atom inthbd n z y | ring it-bwas obse

isomer displayed 320 fold reduced affinity (Ki=52.5 nM) compared to coe s p o n-bfomog 3 0

i somer ( Ki =3 .-bboBo isomMgr (Keeh3d nhMJ@3]. To further emphasize the
importance of steric constrains around the para position of {ibenilyl ring within the binding
pocket of the 8HT2a receptor, Braden et al replaced théod&hzyl ring with Nnaphthyl group
which lead to reduction in-B'T2a binding affinity by 26fold (Ki napthyl = 4.83 vs Ki benzyl =
0.25 nM)[19]. Finally, when the N 2niethoxybenzyl substituent of 25BIBOMe was replaced

with N-pyridinyl, an electron deficient heterocyclic system, a significant reduction in affinity was

11



reported, constent with the observation that electron deficient ring systems have lower aromatic

stacking interactiofil4].

The NBOMe compounds have a high degree of structural flexibility based on their linear
phenethylaminetructure . Thus,they can exist in a variety of different conformational forms and
adoptdifferent binding poses at their target recep{ar. To investigate the potential binding
conformation of the NBOM&ype ompounds Juncosa et gU8] prepared a series of
conformationally restricted analogues of 2BOMes. These restricted derivatives showed the
same relative receptor binding profiles as the NBOMes with more thafoltD€electively for 5

HT2a versus BHToc receptors, but their-BIT2a receptor affinity was significantly less than the
unrestricted compounds and the data did not support the binding of one conformation versus
another.

A n u mb emethyb $ubstiiuted or amphetamitype NBOMe derivatives have also been
prepared and assessed i#Hb2a receptor binding assays. These derivatives generally have
significantly lower 5HT2a receptor affinity than the corresponding NBOMe pamrhpound.
For exampl e, -methyegroapda2ENBOMerresuts in adlecline in efficacy (Emax)
and a 1Zold reduction of affinity for BHT2a receptorsuggesting that substitution in this portion

of the NBOMe molecule reduces receptor affirit4, 19]

While the hallucinogenic effects of the NBOMes and other psychedelic drugs are attributed to
agonist action at the serotonirHI 2a receptors, therés limited information correlating this
receptor aegbn with behavioral responses in animal models. Halberstadt and &egszd the
effects of several 28iBOMe and 2G on the head twitch response (HTR) that is induced by
activation of 5BHT.a receptor in rats and mice. This model is widely used as avioehlbproxy

for hallucinogen effects in humans. In this assayNBOMe displayed 14old higher potency

than 2Cl, consistent with the relative B T.a receptor binding affinitiesf these two compounds

[17]. ThellC radiolabeled form of 256IBOMe has been studied as a potential ligand to map the
distribution of 5HT2a receptors in the brain by positron emission tomography Y BEZ]. Because

this drug has a nanomolar affinity at théd%.a receptor (2.89 nMjn vitro it, along with other

members of the NBOMe seriestemas9 [2gHdoweveshar act
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the association betweerHbl 24 receptor occupation and thearmacological effects of these drugs

remains to be established.

There are relatively fewtudies characterizing the pharmacologic actions of NBOMe compounds
in humans reported in the scientific literature. However, case reports in the medical litendture
anecdotal reportingtinternet sites such as Erowid highlight@mber ofpharmacologic actions
experienced by those using these drugs. Reported effects rangelfrbowely mild psychotropic
actions tdife threateing eventq11, 20, 64]based ornhe route of administration andlose[64].

The CNS reporteceffects includesuphoria, mental and physical stimulation, entactogen effects
(feelings of loveempathy andscciability), mystical experiences, alterations in cognitiandio
visual hallucinations, time distortion, agitation, aggression, confuaimhinsomnia Peripheral
effects noted includeauseatachycardia, hypertension, hypertherrarad hallucinations There

are several reports of associatdiBOMesuse withseizures, cardiac and/or respiratory arrest and
death[9, 10, 20, 64] And in somecasesthe use oNBOMe drugsappeared to havieiggered
fiserotonin syndron@which is life threatening condition if not properly manag#dAt this time

there are no reports concerning the addiction or physical dependence potential of the NBOMe
drugs[9, 3335].

1.5NBOMe 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 injury65-69]. Elevated creatine kinase and white cell counts were also noted by Hill

et al in several pants admitted to the hospital after NBOMe [&#]. Non-fatal intoxications and

deaths associated wibl-NBOMe drug have been reported by Australia (at least 2 deaths),
Belgium (3 nonfatal, 1 unconfirmed death), Poland (4 nonfatal, 1 unconfirmed dé&atleden

(18 nonfatal), the United Kingdom (7 neiatal, 1 death) and the USA (19 nfatal, 11 combined
NBOMe deaths, 5 29NBOMe deaths)35]. Many but notill 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 recreatiseadf251-NBOMe [65]. They
purchased the drug from another individual who obtained it through the internet. Upol) aliriva
patients were tachycardic and displayed varying levels of psychomotor agitation. None were
capable of providing a clear history. Thiefethe patients experienced prolonged seizure activity

which required pharmacologic therapy, intubation, and mrechlventilation.

A single nonfatal intoxication with 25BNBOMe in the US was reported and there have been two

case reports of death associated with-REBOMe ingestion in the UK and Switzerlaf@#, 70]

In all three cases the presence of 28BOMe was confirmed analytically. For the nfatal case,

a 19 year old male in prior good health was f
He was taken tthehospital vhere he was observed to be experientanotpycardia, hypertension,

seizures and hyperpyrexia (Poklis et al. 2013). The patient required intensive medical treatment
including intubation andgedation.A serum and urine specimemere obtained 39 hours after

admission with 25BNBOMe concentrations easured to be 180 pglii®.18 ng/nh) in the serum

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

six days after the reported ingestion.

Poklis et alreported the presence of 28BOMe in three emergenapom patientd71]. The
patients presented with signs and symmoof drug intoxication including tachycardia,
hypertension, severe agitation and seizures. In one case, orilyBZBVe was detected at 0.1
ng/ml, with another case involving 2BIBOMe (2.3 nghl) and 25GNBOMe, and the final case
involving 25FNBOMe (1.2 m/ml) and 25HNBOMe. In addition to these reports described apove
there are a large number of reports from the US and abroad detailing the toxic effects of NBOMe

drugs involving individual patienis various settings

The Drug Enforcement Agency (DEAptained medical examiner and posbrtem toxicology
reports from various states implicating some combination eNEZDMe, 25GNBOMe and 25B

NBOMe in the death of 14 individual85]. 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 teNESXDMe toxicity, ultimately leadng to death
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(3 cases). Within this series, in June 2012 two teenagers fatally overdosed on a substance that was
allegedly 25INBOMe and a 24yearold man died of an apparent overdos®utober2012 after

taking a liquid drop of 25NBOMe nasally at a musifestival. Furthermore, an 4&ar old died

in January2013 after ingesting 28BOMe that wassold as LSDWith results from a post
mortemtoxicology screenthe cause of deatin this case was attributed smute 25INBOMe
poisoning with no alcohol, pseription drugs or other illicit drug8Valterscheid et akportedwo
deathdinked to 25FNBOMe use in individuals who had recently attendedl @ r a v ¢[@2p. par t
The first case involved a 2fearold male drier who had admitteth the passenger in his vehicle

that he had taket 6 a cHe théné@xperiencedsaidden surge of violent behavibat caused him

to pull over and destroy the interior of the car, #r@hhe became unresponsive. The posttem
examiration was unremarkable internally despite numerous external superficial injuries consistent
with physical aggression. The second case involved-yedkgold female who was socializing

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

The postmortem assessment showed external contusions but internal injuries were superficial.
Comprehensive toxicological screens in both casesaled the presence cdnnabis 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 poten®§BOMe drugs, similar to LSD, araostcommonly
distributed on blotter papef$1]. Other formshave been reported inclundj solutiors, powder,
capsuleandspray [9, 11, 20, 3335, 41] Sometimeghese dosage fornontain a mixture of
NBOMe drugq11].

Blotter papers containg NBOMe drugs for sublingual or buccal administration are the most
common dosage forifi1]. Due to their high potency, very small quantities of the drug can be
distributed in large number of doses iotker form[9, 20]. In an apparent attempt to improve
absorption from the oral cavity, NBOMes have been complex#d cyclodextrins in blotter
papers in some dosage forms identified to §&td0, 38] Powder dosage forms for sniffing or
insufflation[9] and intravenous injectable forms have also been rep[@®dOral ingestion of
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solid dosage forms or foods containing NBOMe derivatives is less corfifippresunably due

to the limited oral bioavailability of these drugs due to first pass metabolic degrg@tion

Different NBOMe doses areeportedlyused based on the reutf administration andpecific
NBOMe drug adminitered. Itappears that mild hallucinogenic effeargfelt at doses as low as
50-250 pg with regular dose range between 500 to 80QLig11] The onset andurationof
action of the NBOMealrugs also appears te dependent oroutes of administration and the type
of drugproduct used. The onset of hallucinogenic activity appears to range fi@® BHinutes
and the duration of effect is from1® hours depending ornhetherthe drug isinsufflated or
consumed orédJ [33-35, 73]

The metabolism of ROMe drugs has been the subject of a number of sty@#s7/487]. The
commonly abusellBOME derivatives25GNBOMe, 25B-NBOMe and 25INBOMe, reportedly
undergo metabolism by common pathways involving primari@-demethylation, O,O-
bisdemethylation, andromatic ringhydroxylation (Scheme 1) Another minor pathwawfter
buccal administratiorncludes Ndealkylation which can give risé¢o the corresponding 2&
metabolite[14, 75, 76, 83] To date in hman and rat metabolisstudies over 60 NBOMe
metabolites have been detectgd]. While the hydroxylation reaction ocaupreferentiallyat the
N-benzylmethoxying, all threeof themethoxy group in a typical NBOMe drugresusceptible
to O-dealkylation[85]. It appears that the primary enzysnef metabolism are CYP2C9 and
CYP2C219 which catalyze -@emethylation, and CYP1A2 and CYP3A4 which are responsible
for ring hydroxylation, and CYP3A4 which catalyzesdBalkylation[14, 75, 83] A number of
theseenzymes arkeavily expressed in the liver and §fL4]. Most ofthis phasé CYP metabolites
are conjugated with glucanic acid and sulfatprior to excretiof10, 11, 14,77, 85]
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Schemel The metabolic pathways for 2BIBOMe [74].

Grumann et al. publishedséudy concluded thaihe poororal bioavailability of the NBOMe drugs

is likely due to extensw first passnetabolicinactivationas the drugs pass through the intestinal
mucosa and liver following oral delivefiL4]. Based on their structures and known structure
activity data, nest CYP metabolites would expected to be less active than the parent drug.
was suggested that tié-dealkylation metabolic pathwaymay be more prominent after oral
ingeston of NBOMe drugsin comparison tduccal omasaladministratiorand that this pathway
does lead to forman of the correspondin@C-X metabolite, itself an active hallucinogen
However, the 2€X formedmetabolicallywould besignificantlyless potenthan the parent drug

by at least 22 orders of magnitudéd 4] basedon receptor bindingnd pharmacologidata

In another studyo assess the low oral bioavailability of NBOMEesth-Petersen et §88] found
that the clearance rate f@5-NBOMe was much lgher (4.1 L/kg/h) than that for the
correspondin@C-1 phenethylamin€0.20 L/kg/h) andthat the NBOMe derivative had a higher
hepatic extraction ratigl.2 L/h/kg) [89]. From this the authors conclutiéhat NBOMes are
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subject to extensive firgtass metabolispexplainingwhy these drugbave loworal activity [14].
These findings were confirmed ianother study[14] where it was observed thatonly
subcutaneouslpdministered251-NBOMe can produce significant pharmacologic effects while
intra-peritoneal administration did nadtrongly suggested that NBOMe underwarftrst pass

metabolisneffect.

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 iniNiuéss.

there are nditeraturereports of significant drugrug interactions to datep@dministration of an
NBOMe drug with a CYP inhibitor could result in significanthcreased hallucinogenand other
pharmacologi@ffects[75, 76]

1.7 Analytical Detectiorn

The specific identification of NPSs presents many analytical challenges. Due to the dynamic nature
of the illicit drug maket, 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 segoléow 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 instapdaynplicating analysis.

Electronimpact mass spectrometry (EIS) has been a routine analytical detection and
identification method for drugs of abuse, however, continuous grovitle MPS market and the

great similarities in the physical and chemicalgerties of NPS substances limits the effectiveness

of this analyticamethodwhen used alone. Recently, more advanced MS techniques such as gas
chromatography/tandem mass spectrometry (GC/MS/MS), liquid chromatography/electrospray
ionization quadrupole ime of flight mass spectrometry (LC/EQTORMS), liquid
chromatography/tandem mass spectrometryi M6/MS) have been developed and applied
successfully to address many of the challenges in new drug identification. One of the advantages
of using ESIQTORMS is great mass accuracy and high resoluti®esed on exact mass
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measurement of a molecule and its fragments,6 s p o s s i htHe ehenical fodmeuta efr mi n e
an unknown substanc®0]. Also, along with these MS techniques, additional information
concerning drug structurean be obtainetly using other analytical methods including infrared

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

have to be investigatd€@o].

While analytical laboratory testingmethods are evolvings described aboyevidespread
availability of this instrumentation arsandadized testing foNPSdrugs isnot common irmost
forensic andclinical toxicology laboratoriesHowever,a number of methods to identify and
guantify NBOMe compounds fiorensic andbiological specimens have been reported in literature.
The most commonlymethods for detection in biologic samples involekrromatographic
separation techniquesuch as high performance liquid chromatography (HPLC) or ultra
performance liquid chromatography (UPLC) coupled to either tandem mass spectrometry (MS
MS) or highresoltion timeof-flight mass spectrometry (HRTOMS). As extraction procedure

both liquidliquid extraction (LLE) and solid phase extraction (SPE) have bemorted In one
approach a HPLOMS-MS method for the detection and quantification of nine NBOMe
compainds in urine (25HNBOMe, 25CNBOMe, 25NBF, 25D NBOMe, 25BNBOMe, 2CT
NBOMe, 25INBMD, 25G-NBOMe and 25INBOMe) using a rapid SPE was developéd]. A
similar analytical approach was reported for the identification and quantification eNB&B/e

in serum and urine, after a simple LLE technique using RB®Me as theriternal standarf¥0].

Pasin et afleveloped and validated a method for the detection and identification of 37 new designer
drugs, including 25BNBOMe, 25CNBOMe, 25HNBOMe and 25NBOMe, in whole blood
using LA QTOF-MS [91].

Identification of 25GNBOMe and a demethylated and glucuronidated metabolite cNECGMe

in urine and blood samples was aclei@\by using UPLCHRTOHR MS. Also, quantification of

these drugsn postmortem specimens (peripheral whole blood, urine, vitreous humor, liver, and
gastric content) and in antemortem whole blood sample was performed byi MBIIZS [86].
Stellpflug et al used LBIS/MS for the quantification of 28NBOMe and UPLCTOFR-MS for

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

clinical casg69].
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Forensic analysis of blottecontaining NBOMe compounds normally performed by GGAS

or LCi MS|[28, 92] These techniquagquire sample preparatiavhich involvesextraction otthe
potential druganalytes by soaking blotters in organic solvemidfilt eringprior toinjection. These
methods aréme consuming anpotentiallycanin some casegestroy the sampl€&oelho reported

a method that rapidly detects NBOMes and other NPS by takingiAITR spectra directly from

the blotterg93]. In 39 blotter papers tested (out of 77) thygges of NBOMe class (25BBOME,
25GNBOME and 25INBOME) were detectdyy this method This analysiss aquick but only
preliminary test since each blotter is a mixture of paper and one or more NPS, which reduces the
discriminating power of IR spectrometrperefore confirmation with analytical techniques such

as GG MS or LG MS is still necessary.

1.8 Mass Sgctral Analysis:

Many forensic laboratories use gas chromatogragbégtron impact mass spectrometry (GC/EI
MS) as the primary todb identify the active ingredientsn seizedillicit drugs [90, 94] The E}
MS of severaNBOMe compounds with varying substituents in thpaodition of the phenethyl

ring have been publishethd epresentative examples are shown in Figdié below.

EI Mass Spectrum: 25B-NBOMe HCl; lot N18-P1C
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Figure8 El mass spectrum of 25BBOM HCL salt[95].
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Interestingly, even though these compounds differ in the nature ofsiltestituent (Br, 1, Cl) they

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

base pealat m/z121. The EFMS of these NBOMe derivativedo not showa molecular ion of

significant abundancelhe proposed fragmentation scheme for these compounds is shown in

Scheme2 and involves formation of ions of highest abundance from that portion of the NBOMe

structure which is common to all three derivatives. The basempé&alk21 appears to form by the

cleavage of the NC bond yieldingthe 2-methoxybenzyl cation. The ion at/z150is likely the

i mi ni

um

cation for med

by
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pathway forphenethylamineompounds. Finally, the ion at/z91 appears to have formed from

loss of CHO from the methoxypenzylcation. Thus,the EFMS 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 haogemning minor fragments at the

higher masses (> 180) which allowr fdifferentiation of these compounds based on their 4
substituents. For example, based on masses and isotopic abundance, the bromo analogue contains
minor fragments ain/z 199/201,230/232, and243/245 for the brominecontaining imine and

benzyl cations ghwn in Schem& andcomparable higher mass fragments containing halogen are

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

OCH,

/©/\/NH
>3>‘OCH3

OCH,

/

m/z 150

H,C=N H,C H,C.
"D Do
OCH,4 OCH;
m/z 121 m/z 91

Scheme? Proposed EMS fragmentation pathway for the-(honanmethoxybenzyt4-bromo-2,5-di-

methoxypheathylamines.

Br

OCH;
®

Br
OCH3
|_m/z 243/245

CH,

OCHy

2 O
/

OCH,

AN

OCH3 HaCO

Br
OCH3
m/z 230/232

ey

m/z 199/201 |

@

Scheme Proposed EMS fragmentation pathway for tié-(monomethoxjbenzyt4-bromo-2,5

dimethoxypheathylamines
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Casale and Haysynthesize&nd analyzed1 commonly encouared NBOMes with differing4
substitutuents as well their 8d 4methoxybenzyl regioisomers (Taldlg[97]. Again,the parent
NBOMe compounds with differing-dubstituents (g but a commorN-2-methoxybenzylR>

group (compounds, 4, 7, 10, 13, 16, 19, 22, 25, 28, and31) all yielded similar mass spectra with
dominant ions observed a/’z= 121, 150 and 91andit the base peak/z121. These 11 parent
compounds could be differentiated by-K&5 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 dependg on the nature of thegubstituent as described above.

Di fferentiation of t he i nrdethoxybénzyh derivatieeg within s o me r
each series of-gubstituted NBOMe compounds (i.e. compounds 4, 5 and 6) proved to be more
challengig. For example, ®EFMS o f t h e t hmethexyb2nay derd/dtivesof 26B 4 6
NBOMe are shown in Figurell The MS spectra of all three of these regioisomers contain the
same threelominant ions atn/z = 121 (base peak), 150 and 91, and same mnnomine
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 ratiosé# 168 and 91 ions and

these differences are relatively small. Therefamecific differentiation and identification of
regioisomeric derivatives within a singlesdbstituted NBOMe class presents a greater analytical
challenge, particularly if the benzyl group were to contain more complex substitution patterns
where even moregioisomers 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 thegméntation 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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Tablel Structural formulaof NBOMe Derivativeg97].

Compound R1 R> Rs3 Ra
25H-NB20Me H OCHs H H
25H-NB30OMe H H OCHs H
25H-NB4OMe H H H OCHs
25B-NB20OMe Br OCHs H H
25B-NB30OMe Br H OCHs H
25B-NB40OMe Br H H OCHz
25GNB20Me Cl OCHs H H
25CNB30OMe Cl H OCHs H
25CGNB40Me Cl H H OCHz
25D-NB20Me CHs OCHs H H
25D-NB30OMe CHs H OCHs H
25D-NB40OMe CHs H H OCHs
25ENB20Me CaHs OCHs H H
25ENB30Me CoHs H OCHs H
25ENB4OMe CaHs H H OCHs
25I-NB20Me I OCHs H H
25I-NB30OMe [ H OCHs H
25I-NB40OMe I H H OCHz
25N-NB20Me NO: OCHs H H
25N-NB30OMe NO2 H OCHs H
25N-NB40OMe NO, H H OCHs
25RNB20Me CH2CH.CHs OCHs H H
25PNB30OMe CH2CH2CHs H OCHs H
25RNB40OMe CH2CH.CHs H H OCHs
25T22NB20Me CHsCH>S OCHs H H
25T22NB30OMe CHsCH>S H OCHs H
25T2-NB40OMe CHsCH.S H H OCHs
25T4NB20Me (CH3)2.CHS OCHs H H
25T4NB30OMe (CH3)CHS H OCHs H
25T4NB4OMe (CHs)2CHS H H OCHs
25T7-NB20Me CHs(CH2)2S OCHs H H
25T7-NB30OMe CHs(CH2)2S H OCHs H
25T7-NB4OMe CHs(CHo)2S H H OCHs
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Figure11 Mass spectra of (a) 2dimethoxy4-bromoN-(28dmethoxybenzytphenethylamine (25BIB20Me)
4, (b) 2,5dimethoxy4-bromao-N-(36methoxybenzytphenethylamine (25B8IB30Me) 5, and (c) 28imethoxy4-
bromaoN-(46 methay)benzytphenethylamine (25B8IB40Me) [93].
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1.9 Gas chromatography with infrared detection (GQ IRD):

Mass spectrometry is usually the confirmatory piece of evidence for the chemical structure
elucidation of many drugs in forendaboratoried98]. One of the most important disadvantages

of massspectroscopy technique tise inability to differentiate closely related member of drugs
with limited uniquemass spectral characterist[@g, 98] Infrared spectroscopy is considered as

a useful tool for the identification of compounds with similar mass spectra such as pogdpnal

and geometric isomel[®9] other than optical isomefd00]. The use of gas chromatography
coupled to infrared detection (G{RD) provides théenefits of both instruments by combining
separation power of gas chromatography with the identification pofvafrared spectrometry

[98]. Casaleand Hays used FTIR to analyt& commonly encountered NBOMes with differing
4-substitutuents as welhs their 3 and 4methoxypenzyl regioisomerd97]. All of these
compounds were analyzed as their HCI| salts and eaampound exhibited characteristic
secondary amine HCI iepair absorbances between 25D0 cm1 (Figurel12). They also noted

that while NBOMe derivatives with differentgubstitientsyieldedsimilar IR spectrathere were
characteristic differences the 4001600 cml region of the spectra, allowing for compound
differentiat o n . They also observed si-gn3d i-neethaky 4di f f
regioisomers of NBOMEwith a common 4ubstituent and that these were sufficient for isomer
differentiation. At pesent there are only a few other studies on the IR properties of NBOMe
derivativeg28, 29, 93, 97, 101]
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Figure 12 FTIR spectra of (a) 2;8imethoxy4-bromoN-(26methoxybenzytphenethylamine HCI (25B
NB20OMe) 4, (b) 2,5dimethoxy4-bromaN-(3&d methoxybenzytphenethylamine HCI (25BIB30OMe) 5, and (c) 2;5
dimethoxy4-bromoN-(46 methoxybenzytphenethylamine HCI (25BI\B40Me) [97].
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1.10Nuclear magnetic resonance (NMR):

NMR spectroscopgan be very a very usefahalytical instrument fortaicturalidentificationof
controlled substances. For example, it has the ability to distinguish betiffeeentstereocisomers
and to analyzeon-volatile material§102], it can eliminate the need for sample derivatization to
avoid thermal decompositioft also allove the use of botlfiorms of samplesalt and free bader
sample analysigind it can estimate the percentage pufip3]. Furthermore NMR has the
capability of analyzing thehemical structuref a samplevithout destroying the compoutio4,
105] as long the sample is stable in thésent chosen for the analysis. This camalifor sample

recovery for further analysisy other meangL05].

However,in spite of its benefits for forensic analyfi#IR has its limitatios, includinglack of
sensitivity While mass spectrometry requires ongnograms or less of the samfuebe tested
NMR usually requiremicrograms or more for drug analysis. Therefore, this limitation does affect
the ability of the NMR to be used in forensic sample analysis of bodilysfand their metabolites
[105] as they tend to have very smadincentratiorof the drug. Among other reasons that limit
NMR use in many forensic lalis the high costo own it[105, 106]

Severalreportshave beerpublished regarding NBOMe identiiion using NMR spectroscopy
[28, 29, 101, 10-409]. The proton NMR spectra for all 25XBOMes reported to date are very
similar and consistent with that of 28¥8BOMe shown in the Figur&3 below. Thee are six
aromatic protons in a multiplet centered at gpin and three singlefsom 36-3.75 ppm for the
three methoxy groups integrating for a total of nine protdhs 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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Figure13 NMR spectrum of 25BNBOMe HCI sat [95].
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1.11Synthesis and Chemistry of the NBOMes:

The NBOMe compounds are derivatives of the)X@allucinogens with a K -@inethoxybenzyl
substituentThesecompounds 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 stereoigxisers

The IUPAC nomenclature for compounds this structure class 2-(4-halo-2,5dimethoxy
phenyl}N-[(2-methoxphenyl)methyllethanamine. They are also referred to by the following
trivial chemical names:

1 2-(4-halo-2,5dimethoxyphenybN-(2-methoxylenzyl)ethanamine
2-(4-halo-2,5-dimethoxyphenybN-(2-methoxybenzyl)ethat-amine
4-halo-2,5-dimethoxyN-(2-methoxybenzyl)phenethylamine
4- halo-2,5-dimethoxyN-(o-methoxybenzyl)phenethylamine
4- halo-2,5-dimethoxyN-[(2-methoxyphenyl)methylbenzeneethamine
N-(2-methoxybenzyh2,5dimethoxy4-halophenethylamine

=4 =2 4 A4 -4 -2

N-(2-methoxybenzyb4- halo-2,5-dimethoxyphenethylamine

The synthesis of 25BIBOMe and 25¢{NBOMe was first described by Heim in 2003. It involved

a stepwise reductive alkylation where first amine was formed by reaction of- 2
methoxybenzaldehyde and -BJn an alcohol solvent. The imine was then reduced by addition of
sodium borohydride (NaBjl A number of NBOMes derivativeswith varying 4-substituents
(25X-NBOMes) have beerprepared bythis mehod usingreaction of 2methoxybenzaldehyde

with different2C-X intermediates

Thecorestructure of NBOMe molecules and the method used for their synthesis makes these drugs
ideal candidates for designer modification. For example, the phenethyl aromgtis easily
modified by simply preparing 2& precursors with differing ring substituents and substitution
patterns.The synthesis of a large number of-XG&ompounds is reported in the literature and
usually involves reaction of 2@imethoxybenzaldgide with nitromethane to form the 2,5
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dimethoxyphenyR-nitroethene intermediates which are then reduced to 2C by lithium aluminum
hydride. The X-substituent are then added at theosition by a variety of functionalization
reactions. Using this same bassynthetic approach but replacing nitromethavith other
nitroalkanes, NBOMe analogs with substitutions in the ethyl side chain could also be generated.
Also, NBOMe derivatives with modified Nbenzyl substituents could be synthesized by using any

of hundeds different commercially available or synthetically derived benzaldehyde or aromatic
ketone derivativesFinally, NBOMe designer analogs with additionatshbstituents could be
synthesized by simple-Slubstitution reactions of either NBOMe compoundsibelves or 2€X

precursorsThese types of modifications are illustrated by the generic synthetic séh&mgn

below:
OCH3 O OCHj, OCH, OCH,
NO
H RCH,NO, N2 LaH NH, NH;
—_— R —_—
NH,OAc THF R y R
OCH, OCHs OCHj OCHs
H
| So| NaBHa
R EtOH
OCHj
NH@R.
« R
OCHj

Schemel generalsyntheticschemdor 25X-NBOMes
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1.12Project Rationale and Specific Objectives:

A relative large number of NBOMigpe drugs of abuse haadreadybeen detected in forensic
samples and clinical case reports from across the globe. Furtheitrisoaaticipated thaattempts

to tighten legal control of the NBOMe cowmynds andhe general interest in designer drug
development will likely stimulate clandestichemiststo generatenovel NBOMe derivativesn

the future Such designer drug activity has already been observed for many drugs of abuse class
includingthe ampletamines, MDMA, bath salts and synthetic cannabinois the past several
decadesThe basic structure of the NBOMe molecules and the methods used for their synthesis
makes these drugs ideal candidates for designer modificAtiafytical studies withite NBOMe
compounds reported to date have already highlighted the challenges in identifying compounds of
this structural classand especially differentiating individual NBOMeerivatives within a
regioisomericeries. As notedhese compounds can exishimmologous 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 workvasto develop an analytical framework for the identification of individual
subsitutedNBOMe orN-benzytphenethylaminélerivatives to the exclusion of all other possible
isomeric and homologous forms of these compouG@serally, his analytical specificity &s
accomplished by the chemical synthesiseferal series @ubstitutedN-benzytphenethylamines
which vaied in their substitution pattern in all four regions of the core structure as described
below, andgeneration of manalytical profile for eachaiesof derivativesas well as thendividual
members of a seriesChromatgraphic studieswere undertakerio separateand resolve all
regioisomericnembers of eacN-benzylphenethylamineeries that hadverlapping analytical
profiles Also,based on initial results obtained during the course of the research, additional analogs
were synthesized and derivatization studies were conducightmced and validasnalytical
specificity. The approachesmployed to accomplish these goals are described in more detail

below.
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1.13Design and Synthesis of NBOMe derivatives:

The overall gal of this projectwasa comprehensive analytical study of isomeric and designer
analogues of the substituted NBOMe derivativdsthe N-benzytphenethylamine class of
synthetic drugs. The availability of timecessary compounds to establish and validatetsre
retention, structurfragmentation and other structyveoperty analytical relationships was
therefore the initial objective of this researElgure ¥4 shows thahovel NBOMe derivatives can
readily be generated by changing the nature of precuused in the synthesis or altering the
synthetic approach. Such synthetic modifications would yield new derivatives which would vary
from existing NBOMe compounds four general regionsf the moleculencluding thearomatic

ring substituents on the phethyl group(l: X, Y and 2, the aromatic ring substituents on the
benzyl group (I X & )aakkydlsubstidution of the phenethyl chdiil : R) and additionahlkyl
substitution of the nitrogeflvV: )R 6

v
>

Figure14 Generakkeleton oNBOMes derivatives.

Derivatives prepared included:
I: Modificationsof thearomatic ring substituents on the phenethyl group included:
1 Derivatives with no substituenX =Y =Z = H)
1 Regioisomeric 2 3- and 4monomethoxy derivativeeX = OCHz ; Y = Z = H)
1 Regioisomeric 2,3 2,4, 2,5, 2,6, 3,4 and 3,5dimethoxy derivativegX =Y = OCHg;
Z=H)
1 4-Bromo-2,5dimethoxy derivativegX =Y =2,50CHs; Z = 4-Br)
4-lodo-2,5-dimethoxy derivativegX =Y =2,50CHs; Z = 4-1)
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[I: Modifications of thearomatic ring substituents on the benzyl group included:
1 Derivatives with no substituenX =Y = Z = H)
1 Regioisomeric 2 3- and 4monomethoxy derivativeg = OCHz ; Y = Z=H)
1 Regioisomeric 2,3 2,4, 2,5, 2,6, 3,4 and 3,5dimethoxy derivativeg¢X =Y = OCHg;
Z=H)
1 Various bromedimethoxy derivative§X =Y = OCHs; Z = Br)
lIl. Modifications of phenethyl chain included methyl substitution (R z)CH
IV. Modifications of the substitution of the nitrogen (R = £H

I nitial Mass Spectral Analysis Each of the NBOMe derivatives prepared was initially analyzed

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

studies were performed to identify the origin of the more abundaymhéat ions

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

more abundant fragment ions. Additional NBOMe derivatives including deuteriunt®g&nd
labeled analogs were prepared and analyzed to establish speSHfi@advhent structures and
elemental composition. TF4erivatization studies were performed in an attempt to individualize

mass spectra of regioisomeric derivatives

Chromatographic_Separations GC chromatographic conditions were explored to separate

membes of regioisomer serieand their TFAderivatives
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2 Synthesis of the Target NBOMe Derivatives

2.1Synthesis of N(Methoxy)-, N-(Dimethoxy)- and N-(Methylenedioxyphenyl)benzy}
Substituted phenethylamines

The compounds of this series are NBOMe derivativesrevtiee 4halogen 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 oé tmethoxy, dimethoxy and methylenedioxgubstituted N
benzylphepthylamines series is shown in the Scheféelow and is based on standard
methodology used to prepare compounds of the NBOMe structural class. This approach requires
first the synthesis afubstituted 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 vaithatitane in a
condensation reaction, followed by reduction of the intermediate phenylnitroethenes with lithium
aluminum hydride (Schents).

R@AA\H :> R@NNOZ

Substituted Substituted
Benzaldehydes Phenylnitroethenes

| N
IS wa o8 e

. Substituted
Substituted N-Benzyl- Phenylethylamines
Phenylethylamines

Schemes Synthetic approach for the methexgimethoxy and methylenedioxgubstituted N

benzylphepthylamines.

Reaction of the three commercially available methoxybenzaldehydes 3(2 and 4
methoxybenzyldehyde), six dimethoxybenzaldehydes (22,34, 2, 5, 2, 6, 3, 4 and 3, 5
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dimethoxybenzaldehydes @ntwo methylenedioxybenzaldehydes ¢2,and 3,4) with
nitromethane in the presence of anhydrous ammonium acetate provided the intermediate
substituteephenylt2-nitroethenes (Schenteand Table2, abbreviated as subst
phenylnitroethenes).lPof the nitroethene intermediates were crystallized and recrystallized from
alcohol solvents or solvent mixtures and were obtained in adequate yield (except fMRINE2

isomer which required fsynthesis due to low yields) for subsequent reactions stractures of

all nitroethene intermediates were confirmed by mass spectroscopy and with NMR for selected
members of this serieBigures 5-17 show the EI mass spectra of representative members of this
series. Each structure type, the monomethoxypi2emyroethenes (MPNE), dimethoxd¢
nitroethenes (DMPNE) and methylenedieg¥itroethenes (MDPNE) gave a molecular ion (M+)

of high relative abundance (MPN#&/z179, DMPNEmM/z209 and MDPNEN/z193) and fragment

ions characteristic for this structural clé#ssed on our previous research.

2
CO H CH3NO, L|AIH4 3 NH
s “NH,0Ac H3CO4

2-, 3-, 4-MPNE 2-, 3-, 4-MPEA

.co ‘©)J\H CH3NO, (HsCO) @\ L|AIH4 3CO)2_©/\/
NH,OAc

2,3, 2,4-, 2,5- 2,3, 2,4 , 2,5
2,6-, 3,4- 3,5- 2,6-, 3,4- 3,5-
DMPNE DMPEA
H CHNO, L|AIH4
NH4OAc
2,3- and 3,4-MDPNE 2,3- and 3,4-MDPEA

Schemes Synthetic approach for the methexgimethoxy and methylenedioxgubstituted phesthylamine

intermediates.

36



T

Table2 Yields andCrystallization Solvents for the Methoxy (MPNEspimethoxy (DMPNEs)and
Methylenedioxy (MDPNEs)phenylnitroethenes

Product Crude product | Crystallization Recrystallization
forms solvent solvent
2-MPNE Orange oll MeOH iPrOH/Acetone (2.7 g)
3-MPNE Orange oll iPrOH iPrOH (6.2 g)
4-MPNE Dark red oil iPrOH MeOH (2.1 g)
2,3DMPNE | Red oil iPrOH iPrOH (6.8 9)
2,4DMPNE | Red oil iPrOH iPrOH (8.2 9)
2,5DMPNE | Orange solid iPrOH iPrOH (8.7 g)
2,6DMPNE | Yellow Solid iPrOH iPrOH (10.5 g)
3,4DMPNE | Yellow Solid iPrOH iPrOH (10.8 9)
3,5DMPNE | Yellow solid iPrOH iPrOH (6.6 g)
2,3MDPNE | Yellow Solid MeOH MeOH (5.2 g)
3,4MDPNE | Yellow Solid iPrOH iPrOH (7.2 g)
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Figure 18 shows the proton NMR spectrum for the -Bjtehoxynitroethene (25DMPNE), a
representative member of the PNE synthetic intermediBbesprotons 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 appeas doublets in the 7-8.9 and 8.168.15 ppm region.

' i OCH;, i1313 :

,J"\J/ :l:;‘{/NO

S
|

OCHj

| |
| | ‘ F
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P

Figure18 NMR Spectra of the 2;8imethoxy nitroethene
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The three aromatic protons are present at a multiplet from.&.ppm, all consistent with spectra

obtained from thistructural 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 methoxyphaméties

(2-, 3- and 4MPEA), the six regioisomeric dimethoxyphenethylamines {2 34, 2, 5, 2, 6, 3,

4- and 3, SDMPEA) and two regioisomeric methylenedioxyphenethylamines {&n8 3,4
MDPEA). All of the phenethylamine intermediates, except tl&DMPEA derivative, were
converted to HCI salts for further purification by recrystallization. The products formed and their

yields are shown in Tabbelow.

®

©
NH5CI
R~©/\/

Table3 Yields for the Methoxy (MPNBs, Dimethoxy (DMPNEs)and Methylenedioxy(MDPNES)

Pherethylamines

Product from reduction | Crude product Product yield of
of 3 g ofsubstituted base after HCI <alt
PNE extraction
2-MPEA HCI Qil 1.87¢9
3-MPEA HCI Oil 1779
4-MPEA HCI Qil 1.97¢g
2,3DMPEA Oll 1.3 g (base)
2,4DMPEA HCI Oil 1.70 g
2,5DMPEA HCI Qil 1.48 g
2,6:DMPEA HCI Oil 1579
3,4DMPEA HCI Qil 0.92¢
3,5DMPEA HCI Oil 189
2,3MDPEA HCI Qil 1.190 g
3,4MDPEA HCI Qil 21749

The structures of all phethylamine intermedias were confirmed by mass spectroscopy and
proton NMR.Figures19-21 show the El mass spectra of the representative members of this series
including the 2methoxy isomer (2MPEA), the 2dimethoxy isomer (25DMPEA) and the 3,4

methylenedioxy isomer (34MDPBAA 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
aminedominated fragmentation to yield a benegtion base peak characteristic of the degree and
nature of substitutioon the aromatic ring ar9 mass units from the molecular ion (2MP&E#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/z30 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 wahotédined for substituted

phenethylamines in earlier studies in our laboratories.
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Figure19 Mass Spectra of the®onomethoxyphesthylamine
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Figure20 Mass Spectra of the 2dimethoxypheathylamine.
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Figure21 Mass Spectra of the 3methylenedioxyphesthylamine.

Figure22 shows the NMR spectrum for a selected member of thespitydgamine intermediate
series, 2,5limethoxyherethylamine Thetwo methoxy groups are pe#as singlets in the
characteristic region of 3.7 and 3.8 ppm, and the two coupled methylene units are triplets at 2.8

2.9 ppm and 3:3.1 ppm. The three aromatic protons ocsia multiplet at 6:6.8 ppm and the
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amine protons at 7.25 ppm. This protélR spectrum is characteristic for substituted

phenetlylamines synthesized previously in our laboratories.
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Figure23 NMR spectrum oN-4-methoxybenzyl2,5-Dimethoxyphepthylamines

43




The three methoxy six dimethoxy and two methylenedioxyphenethylamine hydrochloride salts
were then used to prepare a large number-(fulbstituted)benzyNBOMe derivatives, using the
general reductive alkylatiomethod shown in Schen?e The substituted benzaldehydes used for
these reactions included the three commercially available methoxybenzaldehy@ a2 4
methoxybenzyldehyde), six dimethoxybenzaldehydes (22,34, 2, 5, 2, 6, 3, 4 and 3, 5
dimethoxybenzaldehydes and two methylenedioxybenzaldehydes - (228d 3,4
methylenedioxybenzaldehydes). Initially these reactions were attempted by combining the
pherethylamine, appropriate benzaldehyde and sodium cyanoborohydride g8&Bkh ethanol

as a sigle 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 mixttiréhei 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
(NaBH;) at room temperature. In this approaeé 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 mitial imine formation, the reaction mixture was cooled to room temperature and
an excess of NaBH5.3 mmole) added and the resulting reaction mixture was stirred overnight at
room temperature. The reactions were worked up by evaporation under redwssedepend
suspending the crude products in water which was neutralized by addition of a few drops of
concentrated HCI. The products were extracted into dichloromethane (DCM) and the combined
DCM extracts evaporated and dried under reduced pressure. élighsovere isolated in the free
base form and were crystallized using the solvents listed in T&blbslow. The specific products
prepared are shown in Tabke$. The NMR of A representative member of NBOMes is shown in
figure 23.
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2
2 0] NH
3 NH 1.E©OH 003 /\©~R’
H,CO + H 2.NaBH, '3
4 R 4

2-, 3-, 4-MPEA

2
2
NH, Q 1. EtOH 3 NH -
3 R
(H5CO), + H 2.NaBH, (HsCO)2
. 5 R —— % 4 6
5
5

2,3-,2,4-, 2,5-
2,6-, 3,4- 3,5-
DMPEA
o 1. EtOH o 2
,/30 2 NH, 2. NaBH, [3 NH R
5 + H =% 9
4 R 4

2,3- and 3,4-MDPEA
R' = 2“OCHj, 3'-OCHj, 4'-OCH,

2, 3'-(OCHs),, 2',4'-(OCHj),, 2', 5'-(OCH,),,
2', 6'-(OCHs),, 3', 4'-(OCHs),, 3', 5'-(OCH3),,
2', 3'-(OCH,0) and 3', 4'-(OCH,0)

Schemer Synthesis of the MethoxyDimethoxy and MethylenedioxyN-Benzylpheethylamines.
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Table4 Yields andCrystallization Solvents for the {Methoxy)benzytmethoxyphenethylamines

Phenethyl Benzylring Yield, mg
Compound ring bstituent (1t &’ ond Crystallization
abbreviation substituent substiue solvent
(R) (R06) crop)
PEAB H H 148 Ether
2MPEA2MB | 2-MeO 2 MeO 154.6 Ether
2MPEA3MB | 2-MeO 3 -MeO 103.8 Ether
2MPEA4MB | 2-MeO 4 d1e0 119.3 Ether
SMPEA2MB | 3-MeO 2 -MeO 147.5 Ether
SMPEA3MB | 3-MeO 3 -MeO 1245 Ether
3MPEA4MB | 3-MeO 4 d1e0 103.6 Ether
AMPEA2MB | 4-MeO 2 dMeO 139.1 Ether
AMPEA3MB | 4-MeO 3 -MeO 130.8 Ether
AMPEA4AMB | 4-MeO 4 d1eO 128.6 Ether

From 1mmole amine HCI, + 1 mmole aldehyde and 1 mmole TEA and 200 mg NaBH

OCH,

@v“@rR

OCH;

Table5 Yields andCrystallization Solvents for the {tlimethoxy)benzyland N(methylenedioxy)benzy?,5

dimethoxypheathylamines

a%gp;sg:%?] suBt? nszyil rim% U e Total yield (mg) | Crystallization solvent

25DMPEA23DMB | 2 6 ;D860 117.6 Ether
25DMPEA24DMB | 2 6 ;D60 86.5 Ether
25DMPEA25DMB | 2 6 ;DBM&0O 158.4 Ether
25DMPEA26DMB | 2 6 ;D860 25.4+oil Ether/aceone
25DMPEA34DMB | 3 6 s-D#é0 165.5 Ether
25DMPEA35DMB | 3 6 ;DBM&0O 148.7 Ether
25DMPEA23MDB | 2 6 sMB 6 68.6+0il Ether/acetone
25DMPEA34MDB | 3 6 sMdb 6 5.3+l Ether/EtOH

*From 1 mmole amine HCI, + 1 mmole aldehyde and 1 mmole TEA and 200 mg.NaBH
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‘©/\/NH/\©‘OCH3
R

Table6 Yields andCrystallizationSolvents for the Nmethoxybenzytdimethoxyphenethylamines

Compound Phenethylring Benzylring Crystallization | Total yield
abbreviation subst. (R) substitu solvent (mg)

23DMPEA2MB | 2,3-DiMeO 2 MeO Benzene/Ether| 124.0
23DMPEA3MB | 2,3-DiMeO 3 MeO Ether 124.8
23DMPEA4MB | 2,3-DiMeO 4 dMeO Benzene 99.4
24DMPEA2MB | 2,4DiMeO 2 MeO Oil Oil
24DMPEA3MB | 2,4-DiMeO 3 -MeO Ether 16.8
24DMPEA4MB | 2,4-DiMeO 4 deO Ether 70.6
25DMPEA2MB | 2,5-DiMeO 2 MeO Ether/acetone | 109.3
25DMPEA3MB | 2,5DiMeO 3 MeO Ether/acetone | 126.8
25DMPEA4MB | 2,5DiMeO 4 dMeO Ether/acetone | 29.8
26DMPEA2MB | 2,6-DiMeO 2 dMeO Ether 142.9
26DMPEA3MB | 2,6-DiMeO 3 MeO Ether 153.7
26DMPEA4MB | 2,6-DiMeO 4 dMeO Benzene 158.4
34DMPEA2MB | 3,4-DiMeO 2 dMeO Ether/EtOAc | 25.4
34DMPEA3MB | 3,4DiMeO 3 MeO Ether 165.5
34DMPEA4MB | 3,4-DiMeO 4 deO Ether 148.7
35DMPEA2MB | 3,5DiMeO 2 MeO Ether 56.4
35DMPEA3MB | 3,5DiMeO 3 MeO Ether/benzene| 75.4
35DMPEA4MB | 3,5-DiMeO 4 d1eO Ether 170.5
23MDPEA2MB | 2,3MD 2 MeO Ether 127.6
23MDPEA3MB | 2,3MD 3 -MeO Ether 114.5
23MDPEA4MB | 2,3MD 4 deO Ether 99.9
34MDPEA2MB | 3,4MD 2 MeO Ether/benzene| 139.8
34MDPEA3MB | 3,4MD 3 MeO Ether 87.2
34MDPEA4MB | 3,4MD 4 d1eO Ether 67.9
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2.2 Synthesis of the N(Substituted)benzyt4-Bromo-2,5-Dimethoxypherethylamines

The compounds of this series are derivatives of(2&\methoxy)benzy-bromo2,5
dimethoxyphenethylame (25BNBOMe) where the substitution pattern on the aromatic ring of

the Nrbenzyl substituent is modified yielding the 11 compounds shown in FguiEhis series

can be divided into three subsets. The first subset includesNZBB® Me a n-da nidt s4 63 0
monomethoxy regioisomers (structure8)1 In the second subset thebnzyl aromatic ring is
modified to include two methoxy groups at every possible position. Thus, this subset includes six
regi oi somer i c €0 n2poo Mdd B,O,4Faned 2800etB5&Y regioisomers
(structures Q). In the third subset in this series thd&hzyl aromatic ring is modified to contain

the two possible methylenedioxy substitution patterns (structure$1)10The Nbenzyl
substitution patterns seledtéor this series represent potential designer modifications since this

functionality is commonly found in drugs of abuse.

OCH,
OCH;  H OCH;  H OCH; }ﬂ\/@/
N N N
OCH;
Br OCHjg Br ) Br s
OCH
OCH3 1 (25B-NBOMe) OCH, 3
OCH,
OCH
OCHz  H OCH;  H 3 OCH;  H
N N
OCHj4 N
OCH
. OCH,4 B ) OCH, Br ] 3
OCH3 4 OCHg, OCH3
OCH;
H,CO OCH
ocH,  H OCHs iﬂ\/@[ s ocH;  H
N
N OCHj,4 N OCHj
Br , e . Br .
OCHg OCHjg OCHj
/=0
o
OCH;,4 H > OCHj,3 H
N N
Br 10 Br 1

Figure24 Structures of the Nsubstituted)benzyl-bromo2,5-dimethoxyplkerethylamine Series
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The initial approach for the synthesis of compounds in this series is shown in the 8diedave

and is based on standard reaction sequence used to prepare compounds of the NBOMe series as
described above. It was reasoned that coroiér available 4bromo2,5
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 -Bromo2,5-dimethoxyplenethylamine. The -Bromo2,5
dimethoxyphenethylamine intermediate could then be used to make all eleven compounds of this
series by reaction with commercially available substituted benzaldehydes under reductive
amination conditionsAlso, with this approah it was envisioned that additional regioisomeric
derivatives could be prepared from other commercially availableromo

dimethoxybenzaldehydes.

OCH3 O CH3 OCHj3
~y g eL
Br
OCHj3 OCH3 OCH3 OCH;

Schemes Initial synthetic approach for the-($ubstituted)benzy#-bromo2,5-dimethoxypheathylamine

Series

Thus, reaction of commercially availablddomo2,5dimethoxybenzaldehyde with nitromethane

in the presence of anhydrous ammonium acetate provided the intermed(@gs 1
dimethoxyphenyh2-nitroethene in good vyield. 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-EE5 demonstrated that the nitroethene rextliced,

but also the bromine atom was eliminated, presumable by reductive displacement (Sclfeme
review of the literature revealed that this commonly occurs with aromatic bromine compounds
when treated with LAH.

CH,0 o CH50 CH50
H _CHNO, L|AIH4
NH4OAC THF
CH;0 CH50 CH50

Schene9 Initial synthetic approach for thelromo-2,5-dimethoxypheathylamine intermediate
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While other reductive methods could have been explored to prepare-tbhemd2,5
dimethoxyphegthylamine intermediate, it was decided ta@onporate the bromine atom after
formation and reduction of the nitroethene as shown in Schéimelow and performed earlier in

our laboratories. The nitroethene intermediate was prepared by reaction of commercially available
2,5-dimethoxybenzaldehyde withitromethane as described before. The nitroethene was reduced
in good yield to form the desired 2¢imethoxypheathylamine intermediate using the standard
LAH/THF reduction approach. Bromination of the -2liinethoxyphenethylamine intermediate

with bromine in acetic acid gave-lromo2,5-dimethoxyphenethylamine in greater than 50%

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

CH,O © CH,O
|
NO
H  CH,NO, N2
NH,OAc
CH,0 CH,O
LAH | THF
CH,0 CH,0
NH, NH,
1. Br,, HOAc
Br 2. HCI, Ether
CH,0 CH,0

Schemel0 Second synthetic approach foet4bromo-2,5-dimethoxypheathylamine intermediate

The position of bromination was confirmed by proton NMR in comparison to standard spectra in
the literature. In the starting 2¢bmethoxyphenethylamine the aromatic protons are found in the
shift rangeof 6.7-6.8 and the protons at positionsahd 4 are split as doublets with a coupling
constant of 8.7 Hz (Figur25). The 4proton doublet is further split by meta coupling to the 6
proton (J = 3.3 Hz). In the final brominated product only two protopsapn the aromatic shift
region and these are clearly not coupled by ortho or long rangecowgtéing. The only way to
obtain such a pattern in the proton NMR would be if the bromine atom was added-fm#igoh.
Furthermore, the NMR spectrum of tpeoduct obtained compared to literature spectra for the
same compound (Figugs).
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Figure25: Proton NMR of the 2 limethoxypheathylamine and 4romo2,5-dimethoxyphenylamine

intermediates

The 4bromo2,5dimethoxyphenetylamine HCI intermediate was then used to prepare all three
subsets of the Nsubstituted)benzyd-bromo2,5dimethoxyphesthylamine series, using the
general reductive alkylation method shown in Schehie As for the unbrominated N
(substituted)benzyphenethylamines described earlier, these reactions were performed stepwise,
involving imine formation first, followed by reduction with sodium borohydride (NaBH this
approach the -bromo2,5dimethoxyphenethylamine HCI (1.0 mmolar scale) was heated for
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 temperaturaarekcess of NaBH5.3

mmole) added and the reaction stirred overnight at room temperature.
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OCHjs OCHj, H OCHjs

NH; NHz (Hc0) € ) © N (OCHa),
Br2 -
HOAc Br NaBH, Br

OCHj OCH, OCHj

Schemell Synthesis of the Nsubstituted)benzyd-bromo2,5-dimethoxypheathylamine 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 HCI. The products were extracted into ditigttrane (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 Tabklow and isolated by filtration.

The structures of all free base products werefioned by standard spectroscopic means, and
representative members were also evaluated by elemental analysis in their HCI salt forms. The
HCI salts of each compound were prepared for pharmacological testing by dissoiihgrglof

the free base in 5 Inof dried absolute ethanol and bubbling HCI gas into the solution #6030
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 ethestlzanabl as
indicated in the table below. In addition to the compound listed in the table;({th@niithoxy

4 @nethyl) and N( 3n@ethyt4 -Gnethoxy)benzyl derivatives were also prepared for mass spectral

derivative studies described in the chapters thaiviol
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OCHj

S

OCH,

Hﬁ(OCH3>n

Table7 Yields andCrystallizationSolvents for The NSubstitutegbenzyt4-Bromo-2,5

dimethoxyphenethylamines

. Recrystalliz
Compound Beg\zyl ring Tptal Crystallization MP, °C ation
abbreviation =u stltueint yield solvent free base free solvent HCI
(R6) | (mg) base salt
4Br25DMPEA2MB 2 MeO 160 | Ether 173175 | Ether*
4Br25DMPEA3MB 3 MeO 180 | Ether/Pet ether | 124126 | Ether/EtOH
4Br25DMPEA4MB 4 d1eO 176 | Ether 185186 | Ether*
4Br25DMPEA23DMB| 2 6 3biMeO | 216 EtOH/Ether 86-87 Ether/EtOH
4Br25DMPEA24DMB| 2 6 ;DMMé0 | 255 | Ether/pet ether | 118121 | Ether/EtOH
4Br25DMPEA25DMB| 2 6 sD®B60 | 193 | Ether/pet ether | 117118 | Ether*
4Br25DMPEA26DMB| 2 6 sDiMé0 | 141 Ether 164166 | Ether/EtOH
4Br25DMPEA34DMB| 3 6 -DiMé0O | 136 | Ether 165167 | Ether
4Br25DMPEA35DMB| 3 6 ;D860 | 103 | EtOAc/Pet ether | 7577 Ether/EtOH
4ABr25DMPEA23MDB| 2 6 -OBO | 271 | EtOAc/ether 192-193 | Ether
4Br25DMPEA23MDB| 3 6 ;O€HO | 72 Ether 188190 | Ether/EtOH
*

*From 1 mmole amine HCI, + 1 mmole aldehyated 1 mmole TEA and 200 mg NaBH

53




2.3Synthesis of the N(Bromo-Dimethoxysubstituted)benzytmonomethoxypherethyl-
amines (eMOBNSs)

The compounds of this series are derivatives of(2t&methoxy)benzy-bromo2,5
dimethoxyphenethylamine (25BBOMe) where thesubstitution pattern of the phenethylamine

and benzylamine aromatic rings are reversed, and the bdfonethoxy substituents in the benzyl
substituents are varied in their position. Therefore, the compounds of this series contain only a
single methoxy sudiituent in the phenethyl aromatic ring, and a bratimeethoxy substitution
pattern in the benzyl aromatic ring. We have
the reversal of the ring substitution patterns. All of these compounds are regisisuntiee-
(Substitutegbenzyt4-bromo2,5-dimethoxyphenethylamine since they have identical atomic

composition and only vary in the position of substituents.

These compounds could be prepared directly by reaction 8 @d 4methoxyphenethylamines
(synthesized as described earlier in this chapter or obtained commercially) with commercially
available (bromoadimethoxybenzaldehydes in the presence of sodium borohydridghianol
(Scheme 12)The only difference was the extended reaction time from 2shouovernight 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 wstallized using the solvents listed in
Table8 below and isolated by filtration. The structures of all free base products were confirmed

by standard spectroscopic means.

H
NH, @A\
(@] NH
R' R'
R~©/\/ . R<©/\/ /©

NaBH,, EtOH

R =-OMe
R'= - 5'-Br-2',3'-DiMeO

- 2'-Br-4'5'-DiMeO

- 5'-Br-2',4'-DiMeO

- 4'-Br-2",5'-DiMeO

- 3'-Br-4',5'-DiMeO

Schemel2 Synthesis ofthe N-(bromo-dimethoxy)benzyimonomethoxyphesthylamines
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Table8 Yields for the N(broma-dimethoxy)benzyimonomethoxyphesthylamines

Phenethyl Total
Compound ring Benzyl ring ield Crystallization solvent
abbreviation substituent | substi t ue Y° free base
(R) (mg)
2MPEA5Br23DMB 2-MeO 58r-2 6 ;DBM60 | 292 mg | Ether/EtOH
3MPEA5Br23DMB 3-MeO 5-®r-2 6 ;D80 | 151 mg | Ether/Benzene/iPrOH
4MPEA5Br23DMB 4-MeO 5 @r-2 6 ;DBM60 | 92 mg Ether
2MPEA2Br45DMB 2-MeO 2 ®Br-4 6 ;DBM60 | 150 mg | Ether
3MPEA2Br45DMB 3-MeO 2 ®Br-4 6 ;DBM60 | 92 mg Ether
4MPEA2Br45DMB 4-MeO 2 ®r-4 6 ;DBM60 | 173 mg | Ether
2MPEA5Br24DMB 2-MeO 5-®r-2 6 ;DM80 | 100 mg | Ether
3MPEA5Br24DMB 3-MeO 5 @®r-2 6 ;DME0 | 58 mg Ether
AMPEA5Br24DMB 4-MeO 5-®r-2 6 ;DM80 | 75 mg Ether
2MPEA4Br25DMB 2-MeO 4 ®Br-2 6 ;DBME0 | >100mg | EtOAC
3MPEA4Br25DMB 3-MeO 4 ®Br-2 6 ;DBME0 | >100mg | Ether
4AMPEA4Br25DMB 4-MeO 4 ®Br-2 6 ;DBME0 | >100mg | Ether
2MPEA3Br45DMB 2-MeO 3 ®Br-4 6 ;DBME60O | 28 mg EtherPet.Eher/Benzene
3MPEA3Br45DMB 3-MeO 3 ®r-4 6 -DBME60 | 150 mg | Ether
AMPEA3Br45DMB 4-MeO 3 ®r-4 6 ;DBME0 | 86 mg Ether/Benzene
*From 1 mmole amine HCI, + 1 mmole aldehyde and 1 mmole TEA and 200 mg.NaBH
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2.4 Synthesis of the N(Substituted)benzyt4-lodo-2,5-Dimethoxyphenrethylamines

The compounds of this series are derivatives of(2t&methoxy)benzy#-iodo-2,5
dimethoxyphenethylamine (28lBOMe) where the substitution pattern on the aromatic ring of
the Nrbenzyl substituent is modified yielding the ddmpounds in Figur6. This series can be
divided into three subsets. The first subset includesN\2BIO Me a nd n d-maha@artboxy
regioisomers (structures-3). In the second subset thebdnzyl aromatic ring is modified to
include two methoxy graqas at every possible position. Thus, this subset includes six regioisomeric
compounds-, 20.eAa 03 d&n d 6-8inbethdxP regioisomers (structures 4

9). In the third subset in this series théb&hzyl aromatic ring is modifiedtcontain the two
possible methylenedioxy substitution patterns (structure41)0The Nbenzyl substitution
patterns selected for this series represent potential designer modifications since this functionality

is commonly found in drugs of abuse.

OCH,
OCHs  H OCH; ﬁ\v/[::]\ OCH; ﬂ\v/[::]/
N N
N OCHs
| OCH, | , |
3
OCH
OCH; 1 (251.-NBOMe) OCH, 8
OCHj
OCH;  H OCH;  H O ocH, H
N N
OCH;4 N
| OCH,3 | OCHj,4 | 6 OCH3
OCH, 4 OCHj,4 5 OCHj;
OCH,
H4CO OCH
ocHy  H OCH; H\V/[::I: ’ OCH; M
N
N OCHg N OCH,
OCHj |
I 7 8 ! 9
OCHj,4 OCH, OCHj
/=0
o
OCH;  H 0> OCHs  H
N o N
| 10 | 1
OCHs OCH,

Figure26 Structures of the Nsubstituted)benzy-iodo-2,5-dimethoxypheathylamine Series
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The initial approach for the synthesis of compounds in this series is shown in the $8lbehosy

and is baed on standard reaction sequence used to prepare compounds of the NBOMe series as
described above. It was reasoned that commercially availabtérzgédhoxybenzyladehyde could

be converted to the nitroethene intermediate using standard condensatioticsyretiedology,

and reduction of this nitroethene with LAH would then provide the intermediate 2,5
dimethoxyphenethylamine. The 2Zfimethoxyphenethylamine intermediate could be then
converted to 4odo-2,5dimethoxypheathylamine by iodination reactionseported 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.

OCH3; O OCHj3 OCHj3 OCHg,
©/N\H :: ©/\/N02 ©/\/NH2 [ NH,
I
OCHj OCHj3 OCHj3 OCH,3
OCHg; H
N
R
I
OCHj

Schemel 3 Initial synthetic approach for the-{$ubstituted)benzyd-iodo-2,5-dimethoxypheathylamine
Series

Thus reaction of commercially available 2gbmethoxybenzaldehyde with nitromethane in the
presence of anhydrous ammonium acetate provided the intermeditedimethoxyphenyh2-
nitroethene in good yield. The recrystallized (iPrOH) and dried nitroethene was then reduced with
lithium aluminum hydride (LAH) in THF using standard literature pcotoThe iodination of the
2,5dimethoxyphenethylamine with either ICI/AQOOCSHOAcC [110] or I/AgSQy [111]
however proceeded in only vetgw yield (10%) and the product contained a number of

contaminants (Schemd)l
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OCHj ® o OCHj, ® o
NH;CI 12/AgSO,4 NH;CI
or

I-CL '
OCHj, AgOOCCFg OCH;
HOAc

\ J

Schemel4 Initial synthetic approach for theiddo-2,5-dimethoxypheathylamine intermediate

While other iodination methods could have been explored to prepare -ibéo-2,5
dimethoxypheathylamine, it was decided to protect the amino group of the
dimethoxypheathylamine 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 pro&ettas a trifluoroacetamide using trifluoroacetic
anhydride and trimethylamine as shown in Scheféotlination of the protected phenethylamine
with iodine monochloride in acetic acid gave-iodo-2,5dimethoxyphenethylamine
trifluoroacetamide in very googleld. This intermediate was purified by adidse extraan and
recrystallization from ethyl acetate. The trifluoroacetamide protecting group was then removed by
hydrolysis in KOH/iPrOH/HO to give 4iodo-2,5dimethoxypherethylamine in greater purified

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

OCHjs OCHjs j\ OCHj, j\
NH;CI NH™ ¢, NH™ >cF,
TFAA IC
Et;N HoAac !
OCHj DCM OCHj OCHj,3

KOH | H,0/2-PrOH

OCH;
NH,

OCH,

Schemel5 Second synthetic approach for théodo-2,5-dimethoxypheathylamine intermediate
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The position of iodination was cbrmed by proton NMR in comparison to standard spectra in the
literature. In the starting 2@methoxyphenethylamine the aromatic protons are found in the shift
range of 6.76.8 and the protons at positionsaBd 4 are split as doublets with a coupliognstant

of 8.7 Hz (figure27). The 4proton doublet is further split by meta coupling to theréton (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 losagge metacoupling. The only way to obtain such a
pattern in the proton NMR would be if the iodine atom was added toplsidon. Furthermore,

the NMR spectrum of the product obtained compared to literature spectra for the same compound
(Figure27).

OCH, OCH,

, NM, : NM,
c— 4
‘ “
I

OCH, OCH,

HI H4
H3 H-6

Figure 27 Proton NMR of the 2 &limethoxypheathylamine and 4odo-2,5-dimethoxypheathylamine

intermediates

The 4iodo-2,5dimethoxyphenethylamine HCI intermediate was then used to prepare all three
subsets of the MNsubstituted)bezyl-4-iodo-2,5-dimethoxyphesthylamine series, using the
general reductive alkylation method shown in Scherfe These reactions were performed

stepwise, as reported before, involving imine formation first, followed by reduction with sodium
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borohydride (N8&H4). In this approach the-ibdo-2,5dimethoxyphenethylamine HCI (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 irotne (n
isolated). After initial imine formation, the reaction mixture was cooled to room temperature and
an excess of NaBH5.3 mmole) added and the reaction stirred overnight at room temperature.
The reaction was worked up by evaporation of the solvent uedeced pressure and suspending

the crude product in water which was neutralized by addition of a few drops of concentrated HCI.
The products were extracted into dichloromethane (DCM) and the combined DCM extracts
evaporated and dried under reduced pressthe products in free base form were crystallized
using the solvents listed in Tal@delow and isolated by filtration. The structures of all free base
products were confirmed by standard spectroscopic means, and representative members were also
evaluded by elemental analysis in their HCI salt forms. The HCI salts of each compound were
prepared by dissolving 506 mg of the free base in 89 wf dried absolute ethanol and bubbling

HCI gas into the solution for 380 seconds. The ethanol solvent was teeaporated 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 Talblelow.

OCH, 2
R'= - monomethoxy NH %CH
- Dimethoxy > s
- Methylenedioxy | 4
OCH, 4125DMPEA-
o 2MB, 3MB, 4MB
HYY
XN
H 1 R OCH 2
QCHs 2. NaBH,/EtOH * NH 3
NH, /\©~(OCH3)Z
* 6' 4
| -
OCHg OCH, 4125DMPEA-
23, 24-, 25-,
26-, 34-, 35-DMB
OCH3 2'0
NH/\G\I
o)
—
| o
OCH; 4125DMPEA-
23- and 34-MDB

Schemel6 Synthesis of the Nsubstituted)benzyd-iodo-2,5-dimethoxypheathylamine Series
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I

OCH;

Table9 Yields andCrystallizationSolvents for the NSubstitutedbenzyt4-iodo-2,5

dimethoxyphenethylamines

Benzyl ring Yield, mg (1% Crylstalllz]:atlon Recrystallization
substituent & 2" crop) =0 vsgéeree solvent HCI salt
2 MeO 165.7 EtOAc/PE Ether/EtOH
3 -MeO 58 (+ ail) Ether Ether/EtOH*
4 dMeO 261.5 Ether Ether/EtOH
2 06 ;DB160 87 (+ ail) Ether/PE Ether/EtOAC
2 6 -DM6B0 265 Ether Ether
2 6 s-DBM60O 329 Ether Ether
2 6 -DBM60O 175 Ether Ether/acetone
3 6 ;D60 298 EtOAC/PE Ether/acetone
3 0 -DBM60 136 (+ oil) Ether Ether/acetone*
26-MBPO Oil Ether Ether*
36MDb6 Oil Ether Ether*

*From 1 mmde amine HCI, + 1 mmole aldehyde and 1 mmole TEA and 200 mg NaBH
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2.5 Synthesis of the N(Substituted)benzytDimethoxyphenpropylamines (DMPPAS)

The compounds of this series are derivatives of the NBOMes where the phenethylamine side chain

is substituted vth a methyl group alpha to the amine, and the substitution pattern on the aromatic

ring is varied to contain a variety of dimethoxy (2,2,5 and 2,6dimethoxy) or 3,4
methylenedioxy substituentélso, the substitution pattern of the-Ibdenzyl aromatiaing was

modi fied to incl-udaadmddmex WpxydiDéEd,oxd, 5062 0,
205, 6B3@an4dd6-8omédhoxy) and meatnhdy |-Besuhsid@nts. XTlese( 2 6, 3
derivatives can be dorpsioduesrobite NBBMedi(seenPabl®lt a mi n e
The rationale for inclusion of this series compounds is discussed further in the analytical chapters

of this dissertation.

- CH3CH2N02 AN NOZ LAH NH2
Ol S O Y
H NH,OAc CHj THF CHs
H
R = 2,5-Dimethoxy, N NaBH,
2,3-Dimethoxy R-4©/‘\O| EtOH
2,6-Dimethoxy
3,4-Methylenedioxy
NH/\©‘R'
R CHs

Schemel7 Synthesis of the NSubstitued)benzyldimethoxy 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 ommercially available 2;3 2,5, 2,6dimethoxy and 3,4methylenedioxybenzaldehydes

were allowed to react with nitroethane and anhydrous ammonium acetate to provide the
intermediate substituted phefBAnitropropenes in good yield (Table0). The nitroprpene
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 yieliihtdgproducts (Schemer7L The

free base form of the final products was crystallized using the solvents listed in TdidwWw

and isolated by filtration. The structures of all free base products were confirmed by standard

spectroscopic means.
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~NO2
R
CHj

Table10 Yields andCrystallizationSolvents for the dimethoxyand Methylenedioxyphema-nitropropenes

: Crystallization & .
PNP product Phergthyl ring Crude product recrystallization Total yield
substituent (R) form (9)
solvent
2,3DMPNP | 2,3DiMeO Oil (yellow) iPrOH 8.6
2,5DMPNP | 2,5DiMeO Oil (yellow) iPrOH 5.3
2,6DMPNP | 2,6:DiMeO Oil (reddish) iPrOH 9.1
3,4MDPNP | 3,40CHO- Solid iPrOH 8.6
R
CH,
Tablell Yields for the N(Substitutegbenzytphenpropylamines
Compound Phe_nethyl Benzylring | Total yield Crystallization
- ring ‘
abbreviation : substituent (mg) solvent free base
substituent
25DMPPA2MB 2,5DiMeO | 2 -deO 169 mg Ether
25DMPPA3MB 2,5DiMeO | 3 -deO 173 mg Ether
25DMPPA4MB 2,5DiMeO | 4 -MeO 119 mg Ether/EtOAc/Pet Ethe

25DMPPA23DMB | 2,5DiMeO 0 ;D160 | 128 mg Ether/iPrOH

2
25DMPPA24DMB | 2,5DiMeO | 2 6 ;DiME0 | 167 mg Ether/EtOH
25DMPPA25DMB | 2,5DiMeO | 2 6 sDBM60 | 157 mg Ether/EtOAc
25DMPPA26DMB | 2,5DiMeO | 2 6 ;DB160 | 159 mg Ether
25DMPPA34DMB | 2,5DiMeO | 3 6 sDiM60 | 154 mg Ether/EtOAc
25DMPPA35DMB | 2,5DiMeO | 3 6 sDB/160 | 50 mg Ether/EtOAc/Pet Ethe
25DMPPA23MDB | 2,5DiMeO |2 6 sMB 6 | 50 mg Ether/EtOAc/Pet Ethe
25DMPPA34MDB | 2,5DiMeO | 3 6 ;MD 6 126 mg Ether
23DMPPA2MB 2,3DiMeO | 2 -&1e0 146 mg Ether/EtOAC
23DMPPA3MB 2,3DiMeO | 3 -MeO 109 mg Ether/EtOAC
23DMPPA4MB 2,3DiMeO | 4 &1e0 160 mg Ether/EtOAC
26DMPPA2MB 2,6:DiMeO | 2 &1e0 15 mg Ether/EtOAC
26DMPPA3MB 2,6:DiMeO | 3 -MeO 95 mg Ether/EtOH/EtOAC
26DMPPA4MB 2,6-DiMeO | 4 &1e0 163 mg Ether
34MDMPPA2MB 3,4MD 2 MeO 209 mg Ether
34MDMPPA3MB | 3,4MD 3 -MeO 120 mg Ether/Pet.Ether/EtOA
34MDMPPA4AMB 3,4MD 4 d1eO 206 mg Ether

*From 1 mmole amine HCI, + 1 mmole aldehyde and 1 mmole TEA and 200 mgsNaBH

63



2.6 Synthesis éthe N-(Substituted)benzytBromo-2,5-Dimethoxyphenpropylamines

The compounds of this series are derivatives of(2&\methoxy)benzy-bromo2,5

dimethoxyphenethylamine (25BBOMe) where the phenethylamine side chain is substituted

with a methyl group @ha 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 F2§uiEhis series can
be divided into three subsets. The first subset includesNeBBO M e

andand Hs 30

monomethoxy regioisomers (structure8)1 In the second subset thebnzyl aromatic ring is

mo d i

fi

ed to i

ncl

ude

t wo met hoxy

gr oups20a,t4 0eve

205 5@&,0, @& n d 6-8irbethdxy regioisomers (struces 49). In the third subset in this

series the MNbenzyl aromatic ring is modified to contain the two possible methylenedioxy

substitution patterns (structures10L ) .
d er i v aNBOMes whicloWill alsdpeovide mdights into analytical profiles and

typeo

The compounds

differentiation among the NBOME type designer drugs.

of this seri
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Figure28 Structures of the Nmethoxy)benzydimethoxyphenpropylamine Ses

64



The original approach to synthesize the compounds of this series involved the same procedure
used for the preparation of the-(Substituted)benzyl-bromao2,5dimethoxypheathylamines
described above. The 2dtmethoxyphenpropylamine precursor was pared from 2,5
dimethoxybenzaldehyde as described in the previous section of this chapter. Direct bromination
of 2,5dimethoxyphenpropylamine with bromine in glacial acetic acid yielded a product mixture
as shown by the chromatogram in Figlge The largst peak in this chromatogram is the desired
amine intermediate as demonstrated by the moleculamidn2@0/232) and amirdominated
cleavage fragmentn{/z /44). Based on their molecular ions and fragmentation patterns, the
contaminants represented by ked 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 1

In attempt to improve yields was decided to use the method which provided the highest yields
of the 4iodo-2,5dimethoxyphenethylamine intermediate,-245DMPEA. Thus the 25
dimethoxyphenpropylamine was first converted to the trifluoroacetamide by treatment with
trifluoroacetic anhgride. The protected amide was obtained in very good yield with a simple acid
base workup (Schemedjl The Ntrifluoroacetytprotected amine was allowed to react with
bromine and acetic acid with heating to afford thbrdmo2,5-dimethoxyphenpropylamine
trifluoroacetamide (Scheme)l 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 dematttiybroduct, 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 groupsntéBrated cleavage has been
reported by others using this method torbmate aromatic methyl ethers. Which phenol formed

was not determined.
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Figure29 Gas chromatography and mass spectrometry of product obtained from reaction of 2,5

dimethoxyphenpropylamine with bromiaeetic acid.
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Schemel8 Initial synthetic approach for the Bromo-2,5-dimethoxyphenpropylamines intermediate

The 4bromo2,5dimethoxyphenpropylamine trifluoroacetamide intermediate was purified by

recrystallzation with 2propanol and then subjected to hydrolysis in propanol with aqueous KOH

(Scheme 9). Acid-base workup of this reaction after evaporation of th@dpranol gave the

desired intermediate;dromao2,5-dimethoxyphenpropylamine as the free basewbrystallized

upon standing.

OCHj OCHs Jol\ OCHs 0 OCHs JOI\
NH, NH CF, NHJLCF NH CF3
L. TFAA L “Bry, : CH
* Et,N/DCM 3 HOAC g CHs + g °
KOH
2-PrOH
H,0
OCHj OCH;
H NH
/\©—OCH3)n o 2
(HsCO), CHy
OCH, NaBH, OCHj,

Schemel9 Synthesis of the NSubstituted)benzybromo-2,5-dimethoxyphenpropylamines

The 4bromo-2,5-dimethoxyphenpropylamine intermediate was subjected to iedwhination

with the three monomethoxysix 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 HCI. The ygelhd crystallization solvents are listed

in the table 2 below.
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OCH,

NH/A\I::EF .
R
CH
Br 3

OCH,

Tablel2 Yields andCrystallizationSolvents for the NSubstituted)benzyd-bromo2,5-di-

methoxyphenpropylamines

Compound Benzylring Yield, mg (1% Crystallization

abbreviation substitue|l & 2Ycrop) solvent free base
4Br25DMPPA2MB 2 MeO 174 mg Ether/EtOAc/Pet.Ethe)
4Br25DMPPA3MB 3 -MeO 199 mg Ether/EtOH
4Br25DMPPA4MB 4 d1eO 214 mg Ether
4Br25DMPPA23DMB| 2 6 ;D180 347 ny EtOH/Ether
4Br25DMPPA24DMB| 2 6 sDM&0 230 mg Ether/EtOH
4Br25DMPPA25DMB| 2 6 ;D880 114 mg Ether/Pet.Ether
4Br25DMPPA26DMB| 2 6 ;Dié0 225+ 50 mg Ether
4Br25DMPPA34DMB| 3 6 sDM&0 189 mg Ether
4Br25DMPPA35DMB| 3 6 ;DB&0 89 mg Ether/EtOH/Pet.Ether
4Br25DMPPA23MDB| 2 6 sMB 6 112 mg Ether/EtOAC/EtOH
4Br25DMPPA34MDB| 3 6 ;MD 6 194 + 27 mg Ether/EtOAC/EtOH

*From 1 mmole amine HCI, + 1 mmole aldehyde and 1 mmole TEA and 200 mgsNaBH

2.7 Synthesis of the N(Substituted)benzytN-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 dadtained from analytical studies described

in the chapters that follow.

The initial approach for the synthesis of compounds in this series is shown in the S0Hehosy

and is based on standard reaction sequence used to prepare compounds of the &eOMs s
described above. The 2dtmethoxyphenethylamine could be prepared by from commercially
available 2,5dimethoxybenzyladehyde via the intermediate -drbethoxyphenethy?-
nitroethene as described previously. Thedibethoxyphenethylamine couldan be converted

to N-methyt2,5-dimethoxypheathylamine analogue via formamide derivative as reported in the
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literature and performed previously in our laboratories. Finally, tmeethyl intermediate could
be used to make all eleven compounds of thiesdyy reaction with commercially available

substituted benzaldehydes under reductive amination conditions.to form the final product.

OCH30 3 3

©)‘\ ©/\/NOQ ©N ©/\/NHCH3
OCH, OCH, OCH, OCH,
OCH;  CHy
N
k&)
OCH,

Scheme20 Initial synthetic approach for the (substituted)bgfig-methyt2,5-dimethoxypheathylamines

series

Thus, reaction of commercially available 2inethoxybenzaldehyde with nitromethane in the
presence of anhydrous ammonium acetate provided the intermedtedimethoxyphenyh2-
nitroethene in good yidl The recrystallized (iPrOH) and dried nitroethene was then reduced with
lithium aluminum hydride (LAH) in THF using standard literature prototmatment of the 2;5
dimethoxyphenethylamine a mixture of formic acid and acetic anhydride yielded tmeddiate
formamide in excellent yiel®Reducing the formamide intermediate with LAH gave the required
intermediate, Nmethyt2,5-dimethoxypheathylamine (Schemé&l).

Reaction of Nmethyl2,5dimethoxypheathylamine with substituted benzaldehydes followed
sodium borohydride reduction was not successful.

OCHj OCH; OCH,
NH NHCH
_HCOOH_ _%% #ﬁﬁ 3
ACzo
OCHjs OCHj OCHj,

Scheme21 Synthesis of the Nnethyt2,5-dimethoxypheathylamine

69



Analysis of the products from these reactions byl revealed not only very lowield of the

desired product, but also the presence of a number of contaminants (X2)enmereasing
reaction times or performing the reaction under dehydration conditions -Rage) with acid
catalysis p-TsOH) did not improve yields. While otheradifications of the reductive alkylation
reaction described could have been explored to enhance product yields and purity, it was decided

to pursue alternative synthetic strategies

OCH, H OCHj

NHCH;4
OCH3 b\
NaBH,/EtOH OCHs

OCHj,4 OCHjs

Scheme2?2 Initial synthetic approach for the synthesis of (substituted)beésaykethyl2,5-di-
methoxypheathylamines

One alternate method pursued involved first acylating the amino group-roéthi2,5
dimethoxyphesthylamine with the desire@substituted methoxpenayl chloride to yield the
benzoylamide intermediates, and then reduce these amides to the desired final products (Scheme
231). A second method investigated direct alkylation of the-méthyt2,5
dimethoxyphesthylamine with selected substituted methoxy hdbromide to make the final
product (schem23-11). 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.

OCH,4 OCH, CH3
NHCH; ©
II. OCH3 THF b\
“TEADCM OCHj,4 OCHjs
OCHj OCHjs OCHj;
OCHj, OCHj,3
NHCHs Br
OCH3
OCHj,
Et;N, DCM
OCH,4 OCH,

Scheme&3 Synthesis of the (substituted)benNdmethyt2,5-dimethoxypheathylamines
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First for the benzoylamide method;methyt2,5-dimethoxypheathylamine (1 mmole) and TEA

(2 mmole) was reacted with 1 mmoletbé desired substituted methoxy benzoyl chloride to make
the benzoylamide intermediates which were purified by-bagk extraction. The pure and dry
amides were then reduced with LAH in THF to yield the desired amine products. The products
formed in thigeaction are listed in Tabl&&nd were isolated in the free base form. The structures

of all free base products were confirmed by standard spectroscopic means.

OCHs

e
©” “ e
(OCH3),

OCH;

Table13Yields for the (substitetd)benzyN-methyt2,5-di-methoxypheathylamines

Benzyl Ring Yield, mg (1% Crystallization
. nd solvent free
substituent & 2" crop) b
ase
2 -MeO Oll Ether/EtOH
3 -MeO Oll Ether/EtOH
4 deO Oll Ether/EtOH

*From 1 mmole amine HCI, + 1 mmole aldehyde andnabe TEA and 200 mg NaBH

The alternative method to make the final products of this series involved direct alkylation of the
N-methyt2,5-dimethoxypheathylamine with the desired substituted methoxy benzylbromide. In
these reactions, the desired subtiiumethoxy benzylbromide (1 mole) was added to a mixture

of N-methyt2,5-dimethoxypheathylamine (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 n free base form by acilase 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 origatalrdductive
alkylation method.
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2.8 Synthesis of the (Substituted)benzyN-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 nitroged the phenethylamine alpbarbonare
substituted with a methyl grouphese derivativesere prepared primarily to aid in interpretation

of data obtained from analytical studies described in the chapters that follow.

The approach for the synthesis lostseries was the same as those described previously involving
the preparation of an alpimethyl substituted phenethylamine @@Bnethoxyphenpropylamine)

and then Nmethylating this intermediate (Schem®.2The alphamethytN-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 theseoreastere isolated in the free

base form as listed in Tabld.IThe structures of all free base products were confirmed by standard
spectroscopic means.

OCHj o OCHj3 OCHg3
_CH3CHoNO, NozLAH
H  NHOAc
OCHs OCHs
HCOOH
ACzo
CI OCH, OCH, o
NHCH; _LAH. NH—
OCH? “THE H
Et;N, DCM CHs
OCH, OCH,
OCH;  CH; O OCH;  CHs
N N
_LAH CHs
CH, OCH, _ THF OCH,
OCH; OCH,

Scheme24 Synthesis of the (substituted)bghi-methyl2,5-dimethoxyphenpropylamines
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OCHs

7
N
(OCHjs),

OCHs

Tablel14 Yields for the N(methoxy)benzyN-methyl2,5-dimethoxyphenpropylamines

Benzyl Ring Yield, mg (15t Crystallization
' nd sdvent free
substituent & 2"° crop) b
ase
2 MeO Oil Ether/EtOH
3 -MeO Oil Ether/EtOH
4 -d1e0 Oil Ether/EtOH

*From 1 mmole amine HCI, + 1 mmole aldehyde and 1 mmole TEA and 200 mg:NaBH

2.9 Synthesis of the deuterium and'3C labeled 2,3Dimethoxybenzaldehydes for mass

spectral fragmentation studies.

To aid in interpretation of mass spectral data, several deuteriutiCGitabeled NBOME analogs
were prepared. The-QCDz and 30CDs derivatives of 2,3limethoxybenzyaldehyde were
synthesized by treating the approprigtgdroxylmettoxy)benzaldehyde withzemethyl iodine

with potassium carbonate in dry acetone at room temperature (Scheme 2

H  K,COs H
—

HCO  OH CDsl/acetone  H3CO ~ OCDj

Scheme25 Synthesis of deuterated 2d8methoxybenzyaldehyde

The product was isoletl by filtration and evaporation of the reaction solvent and used without
further purification. The structures of the deuterated products were confirmed-MS3Eigure
30):
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The 20%CH; and 30'CH; derivatives of 2,3limethoxybenzyaldehyde were synthesized by
treating the appropriatbydroxyltmethoxybenzaldehyde with 13@ethyl iodine with potassium
carbonate in dry acetone at room temperature (Schéme 2

O O

H  K,COs3 H
—_—

HsCO ~OH  '3CHl/acetone H;CO ~ O'CHj

Scheme26 Synthesis of deuterated 2d8methoxybenzyaldehyde

The product was isolated by filtration and evaporation of the reactionns@d used without
further purification. The structures of the deuterated products were confirmed-MSGEigure
31).
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3 Analysis of the N(Methoxy)benzytmethoxypherethylamine Series

3.1 Introduction:

The compounds of this series (structure®) hre simplified derivatives of NBOMes where the
halogen atom was deleted from the structure and therengla snethoxy 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 maobstituted, the -2 3-, and 4positions of the phegihyl
aromati c r-j n§ 6aarpoditichdofehe Bénzyl ring. Monomethoxy substitution at
each of these positions on each ring gives rise to nine regioisomeric monomathroyethoxy
derivatives as shown in FiguB2. The synthesis of these compounds was described in theysev

chapter.

OCH,
N N N
OCHj

OCHs
1 2 3

OCHj;
|
N H3CO N
OCH,4 3 \©/\/

5 6

\/©/OCH3

Z-T

9 |T|\/©\
|
N
/@/\/N /@/\/ OCHg; /@/\/
H3CO OCHs H,co HACO

7 8 9

Figure32 Structures of the Nmethoxy)benzymethoxypheathylamine Series
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3.2Mass Spectral Analysis

All nine regioisomeric members yielded nearly identical mass spectra as shbigorgs33-36.

The molecular ion (MW = 271) is not apparent in thévVE8 spectrum of any of these compounds,
however the molecular mass was confirmed bSl as illustrated for thN-( 2n@ethoxy)benzyl
2-methoxypheathylamine isomer irfFigure33where aVi+1 ion of 272 was present. As reported

for other 25NBOMe compounds and illustrated in Chapter 1, the dominant ions-MSEI
spectrum of all nine compounds in this series are observetzatl21, 150 and 91, with the base
peakm/z 121 (Figure34-36). Them/z91 i on was present in t+the hi
met hoxy i somer a n da nddemeth@axy samérs. Other tham éhe R:lative
abundance of the/z91 ions, there are no other features in the mass spectra of these regioisomers

which alows for specific differentiation

Spectrum 1A 0[]
BP: 272.3 (2.490e+6=100%). 2 mmpea n 2 mba 9-5-2018 3-36-41 pm.sms 10.636 min, Scan: 928, 50:500, lon: 69 us, RIC: 4.094e+6, BC
100%-] 27123 |
1 H 249046
1 | OCH;4
: N
75%] @\/ ]
] OCH,4

(14| 50% 9

25% .

wf | .
r-——+—71"—*—+—+—r T T T T T e T T T
50 100 150 200

50
Acqu?red Range m/z

Figure33 CI-MS of Mass Spectra of the-Rl-@nethoxybenzyP-methoxypheathylamines
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Figure36 Mass Spectra of the-finonomethoxjbenzyt4-methoxypheathylamines

A proposed fragmenti@n pathway showing the dominant ions for the monomethoxy subseries of
compounds is shown in Sche@g The ion ain/z150is likely the iminium cation formed by the

di ssociati on -odn docasbordatoimse & eommmom pathway for phenethylamine
compounds.

NH
-0

OCH,

® HaC

@
HC=N HC
O™ O™ O
OCH; OCHs

miz 150 miz 121 miz 91

Scheme&7 Proposed EMS fragmentation pathway for the-(fhethoxybenzytmethoxypheathylamines.

80



The base peat/z121 can be formed by the cleavage of th€ Hond yielding 2nethoxylenzyl

cation butcould possibly form by cleavage of theGbond of the phenethyl side chain. Finally,

the ion atim/z91 appears to have formed from loss of-2OHrom the methoxyenzylcation.

Spectrum 1A
BP: 121 {158516=100%). pea n 2 mba (150) 5-15-2018 12-59-42
121

12.058 min, Scan: 2080, 150.0>100:160 [0.40V]. lon: 2985 us, RIC: 177844, BC
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Figure37 MS-MS of the 150 ion (topand 121 ion (bottom) of the-finethoxybenzyt

methoxypheathylamines.

Support for this fragmentation pathway was provided byNSstudies which demonstrate that

them/z121 ion is formed from then/z150 fragment anch/z91 ion is formed from then/z121

fragment as shown in FiguBs.

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 Wwhich contains no methoxy substituents, compounds 11 and 12

which contain only a single methoxy group in either the benzyl orgthdraromatic rings,

compounds 13 and 14 where the nitrogen atom is substituted with a methyl group and lastly

compound 15 wich contains a single methoxy group in the benzyl aromatic ring with additional

methyl group on the benzyl substituent (FigB8&g
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©/v w@ ©/v VQ j/rom

OCHj 5 CHs

Figure38 Structures of the simplified derivatives

The EFMS of these compounds are shown in FiguB8gl4. If the fragmentation pathway shown

in Scheme7is 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 S@BeRiace lmth
compounds 10 and 1llhck a benzyl methoxy substituent they would be expected to give an
iminium cationat m/z 120 by pherethyl side U/ Hsarbon bond dissociatiospnsistent with the
fragmentation pathways in Schen#sand B. This ion is presnt 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 (Figure39 and40). Similarly, compound 12 which contains a benzyl methoxy
substituent like the nine remsomers of this series would be expected to givenamum cation

at m/z150, as is present in the-MIS (Figure4l). The Nmethyl derivative lacking a methoxy
substituent (compound 13) should yield an iminium catiom/atL34 (14 mass units higher than
compound 10 Figure 42), and the Nmethyl derivative containing a benzyl methoxy group
(compound 14) should yield an iminium ionnafz 164 (30 mass units higher than compound 13

as shown in Figurd3). Again, both of these ions are present in the M&oafipound 13 and 14,
Finally, since compound 15 contains an additional methyl group on theadpban of the benzyl
substituent, it is expected to generate iminium cation/al64, similar to compound 14 (Figure

44), providing support for the originat@posed fragmentation pathway.

The base peakm/z 121 ion present in the spectra of all nid(methoxy)benzyl
methoxyherethylamines (compounds-9) was proposed to be tizmethoxybenzyl cation
formed by cleavage of the-8 bond. Again, fi the original fagmentation pathway shown in
Scheme27 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 SdeBiac2
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compounds 10, 11 and 1&ck a benzyl methoxgubstituent, they would be expected to give a
benzyl cation base peakratz91. This ion is present in the MS of all three compounds 10, 11 and
13, and is 30 mass units less/£121) than observed for nine regioisomers containing a methoxy
substituent inthe benzyl ring (Figure89, 40 and42). Similarly, compounds 12 and 14 which
contain a benzyl methoxy substituent like the nine regioisomers of this series would be expected
to give a benzytation base peak at/z121, as is present in the-EIS (Figures 41 and 43).
Furthermore, due to additional benzylic methyl group in compound 15 it would be expected to
give a benzytation base peak at/z135, 14 mass units higher than observed for nine regioisomers
containing only a methoxy substituent in the béming as is present in the 1S (Figure44).
Therefore EIMS analysis of these structurally simplified derivatives supports the original
fragmentation pathway proposed in Schere@d demonstrates that compounds of this series
undergo characteristic fganentation.

Rs

| R

N
R1‘©/\/ Ra

Compounds 10-15

@ R4 @
R3;—HC=N R;—CH
o — o
R, =R3=R4=H: m/z120 (Cmpds 10,11) Ry = R4 =H: m/z 91 (Cmpds 10,11)
R, = OCHs, Ry = R, = H: m/z 150 (Cmpd 12) R, = OCHg, Ry = H: m/z 121 (Cmpd 12)
R, = R4 = H, R3 = CH3: m/z 134 (Cmpd 13) R, = R4 =H: m/z91 (Cmpd 13)
R, = OCHg, R3 = CH3, R4 = H: m/z 164 (Cmpd 14) R, = OCHg, Ry = H: m/z 121 (Cmpd 14)
R, = OCHs, R3 = H, Ry = CHg: m/z 164 (Cmpd 15) R, = OCHj, Ry = CHg: m/z 135 (Cmpd 15)

Scheme&28 Proposed EMS fragmentation pathway for the ring aneshbstituteebenzyt

methoxypheathylamines.
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Figure39 EI-MS of Mass Spectra of the-benz/l-pherethylamine (Compound 10)
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Figure40 EI-MS of Mass Spectra of the-benzyt2-methoxypheathylamine (Compound 11)
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Figure41 EI-MS of Mass Spectra of the-(\ 2niethoxy)benzypherethylamine(Compound 12)
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Figure42 EI-MS of Mass Spectra of the-benzytmethylpheethylamine (Compound 13)
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3.3Gas 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 thegihgning was held constant while the

methoxy group of benzyl ring was varied. Separations wazenaplished on 30m x 0.25mm ID
capillary column coated wi t h®silrylénéphasecortdiningn o f |
a 50% phenyl and 50% dimethyl polysiloxane polymer §RXISiIl MS). Separations were

achieved over 22 minutes startifigm 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 excellentggar ati on of each s ubs et-mathbxy isdmerelatingc o mp o
bef or e stohnee r3 6-iasnodmet rh eb eBfdoer ie eathltase (Bigu4b).

H H H
| 1
N N N
7TOCH; 9= OCH3 3 75t OCH; Hs; GO 7 UEHS
7 4 OCH, 3 4 g 4
L] 4I
3' 3 2- 3-
2 ,
4 "
5
DU A i "|""|""'"L_|"'
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Figure45 Gas chromatographic separation of thénhbnomethoxjbenzytmethoxypheathylamines.
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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 thegthgrring was varied while the

methoxy group of phenethyl ring was et (Figure46). The same column and temperature
programwereu sed as above with s i-mathoxyisomerlelutingbefore or d et
t hei 3cddmer , -iasnamerh eb eifduer ia eathicase. Attempts to separate all nine
regioisomerswere not successful, with multiple regioisomersetating under a variety of
chromatographic conditions. However, based on differences in chromatographic retention times

and relative abundance dfetm/z91 ion, it is possible to differentiate membersath subset of

the N-(monomethoxjbenzytmethoxypheathylamines.

3
OCH;4

- NH OCH; P NH - NH
. = HaCO 1
Hsco ], HaCO |2. ocH, TP |2u
Sy 4 4
N
-

3

11.00 12.00 1300 11.00 12.00 13.00 1200 13.00 1400
Time (Min) Time (Min) Time (Min)

Figure46 Gas chromatographic separation of thémbnomethoxjbenzytmethoxypheathylamines
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4 Analysis of the N(Methoxy)benzytdimethoxypherethylamine and N-(Methoxy)benzyt

methylenedioxypherethylamine Series

4.1 Introduction :

The compounds of HNmethoxy)benzydimethoxypheathylamines series are simplified
derivatives of the NBOMes where the halogen atom is eliminated and there are two methoxy
substituents on thehpnethyl 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 compadtsis.

series can be divided into six subsets based primarily on the position of the dimethoxy substituents
on the phenethyl aromatic ring (the 2,3,4, 2,5, 2,6, 3,4 and 3,5positions) and secondarily

on the position of the single methoxy groupondhen zyl ar o-ma,8 dacpasshmog ( 20
in Figure47. All of these compounds were synthesized as described in the previous chapter.

The compounds of Nimethoxy)benzyimethylenedioxpherethylamine series are derivatives of

the NBOMes where thealbgen 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 positieas@,3,4 as show 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 (Figuré8). These methylenedioxy derivatives weregared because this substitution
pattern is common in a number of drugs of abuse families including the MDMA and the

cathinones.
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4.2 Mass Spectral Analysis

All eighteen regioisomerid-(methoxy)benzyddimethoxypheathylamine compouds (Structures

1-18) yielded nearly identical mass spectra as shown in Figi&&&. The molecular ion (MW =

301) is not apparent in the S spectrum of any of these compounds, however the molecular

mass was confirmed by ®AS where a M+1 ion of 302 wasesent (Figurd9). As reported for

the 25NBOMe compounds and thé-(monomethoxy)benzyionomethoxyphesthylamines in

the previous chaptethe dominant ions in GGAS spectrum of all eighteen compounds in this

series are observedrafz= 121, 150 and B, with the base peak/z121 (Figure$0-52). Them/z

91 ion was present i n-nehehohxiygh essotmearb vanalda rdceec rier
4 @nethoxy isomers as observed in the previous monomethoxy series. Other than the relative
abundance ahem/z91 ions, there are no other features in the mass spectra of these regioisomers

which allows for specific differentiation.

Spectrum 1A
BP: 302.2 (1.303e+6=100%), 2.5dmpeanmixmba 9-5-2018§ 3-11-57 11.992 min, Scan: 1100, 50:500, lon: 86 us, RIC: 2.557e+6, BC
100%] 302.2
1 1.3034+6
] OCH,
75% ©/\/NHﬂ< EOCHa ]
] OCH,

| R :

26% .

UOJ,-': 1 1 in il

L P L L L L L L L L DL |
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Figure49 Representative @S of Mass Spectra of the-N 2n@ethoxybenzyt2,5-dimethoxypheathylamines
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A proposed fragmentation pathway showing the dominant ions folNtfrmethoxy)benzyl
dimethoxyphegthylamine subseries of compounds is shown in Sch@®and is simiar to that
proposed for th&l-(methoxy)benzyimonomethoxyphesthylamines in the previous chaptéihe
base peakn/z121 can be formed by the cleavage of th€ Mond yielding 2nethoxybenzyl
cation. The ion ain/z150is likely the iminium cation formed e dissociation of bond between
U a n dcarbon atoms, a common pathway for pheratihjne compounds. Finally, the ionnatz

91 appears to have formed from loss of-2OHrom the methoxypenzylcation.

NH
(cho)z@m b
i OCH,
/ .
HzczéD HoC HsC
et
@Ocm OCHs

m/z 150 m/z 121 m/z 91

Scheme&29 Proposed EMS fragmentation pathway for the-(fnonomethoxy)benzyl

dimethoxyphenethylamias.

Support for this fragmentation pathway was provided by tandem mass spectroscopyM8 MS
studies. With this technique, ions formed in the iomrse during the first stage of mass
spectrometry (MS1) are separated by their ri@sharge ratiolons of a particular mags-

charge ratio are then selected and secondary fragment ions or product ions formed from these ions
are separated and detectedhie second mass spectrometry stage (MBI&-MS experiments

with the 23DMPEA2MB derivative yielded the results in Figus@&-C showing that then/z121

ion is formed from the molecular iom(z302) and then/z150 fragment ion, and that the/z91

ion is formed from then/z121 ion.
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Figure53 MS-MS results of for 23DMPEA2MB and fragment ioméz121 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 structally simplified derivatives were prepared and analyzed.

OCHj OCHjs OCH,4

OCHs CHs OCH3
OCHj

OCHj, OCHj,3

Figure54 Structures of the simplified derivatives

The derivatives prepared included compound2@vhich contain no methoxy substittem

either the benzyl or phethyl 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 phethyl aromatic ring, and compodn28 which is a derivative of
compound 27 containing an additional methyl substituent at thepbsition of the of the
phenethyl side chain (Figubs).
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Figure55 EI-MS of Mass Spectra of the-benzyt2,5dimethoxyphenethylamie (Compound 25)

97



|l Abundance

i z—

Scan 1847 (13.852 min): 180504-0013.D\ data.ns

151.1
1600000
OCHj
1400000/ H
|
1200000/ N
OCHj
1000000
800000
180.1
600000
400000 =11
o1.1
2000001 65.1
lo) 41.1 I \‘ “‘ aly \‘\\ i I . 211.1 240.1 271.1
el el e e e e T ST
40 60 80 100 120 140 160 180 200 220 240

Figure56 EI-MS of Mass Spectra of the-(\ 2 &dintethoxy)benzypherethylamine (Compound 26)

Abundance

m/z-->

Scan 1320 (10.781 min): 171108-0083.D\data.ms
3200000 121.1

3000000
2800000 OCH3 CH3
2600000
2400000

2200000 OCH3

2000000 164.1

OCH,
1800000
1600000
1400000
91.1
1200000
1000000
800000
600000
400000

200000
0 L B | L1421y 208.1 253.0 282.1 315.2

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

Figure57EI-MS o f Ma s s S pnoiomethoxy)benzyN-rhethytZ,5diinethoxypherethylamine

(Compound 27)
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Figure58EI-MS of Ma s s S pnoiomethoxy)benzyiN-rhethytZ,5diinethoxyphenpropylamine
(Compound 28)

The EFMS of compounds 228 are shown in Figuréss-58. If the fragmentation patvay shown

in Scheme&9is 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 S@eBirececompound

25 lacks a benzyl methoxy substituent it would beested to give aiminium cationatm/z120

by pherethyl side U/ 4oarbon bond dissociatiospnsistent with the fragmentation pathways in
Scheme&9and30. This ion is present in the MS of compound 25 and it is 30 mass units less than
observed for derivates containing a methoxy substituent in the benzyl ring (FigbreOn the

other hand, compound 26 which contains two methoxy substituents on the benzyl ring, would be
expected to give amminium cationat m/z 180, as is present in the-HIS (Figure56). For
compound 27, since it contains botknMthyl group and a single methoxy benzyl substituent, it

is expected to havieinium cationat m/z164, 44 mass units higher than the corresponding ion
from compound 25 (Figurg?). Finally, it would be expected f@ompound 28 to yield iminium
cation at 178n/z(14 mass units higher than compound 27) due to the additional methyl substituent
on the alkyl side chain of the phathyl aromatic rings (Figur&8), providing support for the

original proposed fragmentatigrathway.
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The base peakn/z 121 ion present in the spectra of all eightedr(methoxy)benzyl
dimethoxyphenethylamias (compounds-18) was proposed to be tRemethoxybenzyl cation
formed by cleavage of the-® bond yielding. Againfithe original fragmatation pathway shown

in Scheme&9is accurate and characteristic for compounds of this structure class, then compound
25 would be expected to give benzyl cation base peaks as shown in Sth&imeecompound

25 lacks a benzyl methoxy substituent, it Wsbbe expected to givelzenzyl cation base peak at
m/z91. This ion is present in the-EIS of compound 25 and it is 30 mass units legg{21) than
observed for 18 regioisomers containing a methoxy substituent in the benzyl ring GHgWwea

the otler hand, compound 26 contains two methoxy substituents in the benzyl ring. Therefore, it
would be expected to give a benzgtion base peak at/z151, 30 mass units higher than the
eighteen compounds of the (fethoxybenzyltdimethoxypheathylamine serie. However, since

both compounds 27 and 28 have a single methoxy substituent on the benzyl aromatic ring, they
should give a benzytation base peak ah/z 121, similar to the 18 compounds of the N
(methoxybenzyldimethoxypherthylamine series. Therefokd-MS analysis of these structurally
modified derivatives supports the original fragmentation pathway proposed in S28esnd

demonstrates that compounds of this series undergo characteristic fragmentation.

AR

Compound 25: Ry =2,5-DiOMe, R, =R3=R; =

Compound 26: R{=R3=R;=H, R, =2,5- D|OMe

Compound 27: Ry =2,5-DiOMe, R, =2-MeO, R3=CHj;, R4=H
Compound 28: Ry =2,5-DiOMe, R, =2-MeO, R3=CHj;, R4 =CHj;

R,—HC= N H,C
—

Compound 25 (R, = R3 = Ry = H): m/z 120 m/z 91

Compound 26 (R, = 2,5-DiMeO, R3 = R4 = H): m/z 180 m/z 151
Compound 27 (R, = 2-MeO, Rz = CHj3, R4 =H): m/z 164 m/z 121
Compound 28 (R, = 2-MeO, R3=CHj3, Ry =C Hj3): m/z 178 m/z 121

Scheme30 Proposed EMS fragmentation pathway for CompoundsZa
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In conclusion, since all the eighteen compounds of this series cannot be differentiated from each

other by simple EMS, other analytical methods are required for speaiffamound identification.

The EFMS for the all six regioisomeridN-(methoxy)benzymethylenedioxyphesthylamine
compounds (Structures -31) yielded nearly identical mass spectra as shown in Fidiféd.

Again, the molecular ion (MW = 285) is not appatrém the EFMS spectrum of any of these
compounds, however the molecular mass was confirmed-§30hhere a M+1 ion of 286 was

present (Figur&9). As reported for the 28lBOMe compounds and the eighteen regioisomers in

the preceding section, the dominamts in EFMS spectrum of all six compounds in this series are
observed am/z= 121, 150 and 91, with the base pealkz 121 (Figure0-61). Them/z91 ion

was present in the -meghesy Bbomdanaeamndietsd eat
mettoxy isomers. Other than the relative abundance ahia®1 ions, there are no other features

in the mass spectra of these regioisomers which allows for specific differentiation.

Spectrum 1A
BP: 286.2 (1.540e+6=100%). 2.3 mdopea n 2 mba 9-5-2018 4-01-26 __ 11.547 min, Scan: 1013, 50:500, lon: 89 us, RIC: 3.033e+6, BC
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Figure59 Representative @WS of Mass Spectra of the-N 2ngethoxybenzyl2,3-

methylenedioxphenethylamias

The three most abundant ions in theNES of this methylenedioxy seriem(z121, 150 and 91)
are the same as the most abundant ions dfltfreethoxy)benzyimonomethoxyphesthylamine
series reported in the previous chapter andNHenethoxy)benzydimethoxypheethylamines

series described earlier in this chapiénis similarity in MS fragmentation is a result of all of
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these derivativediaving thesame core NBOME structurand common Nmethoxy)benzyl

substitution patterns.
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Figure60 Mass Spectra of the-finethoxy)benzyPR,3-methylenedioxyphesthylamines
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Figure61 Mass Spectra of the-finethoxy)benzy3,4-methylenedixypherethylamines

Thus, it appears that the six methylenedioxy regioisomers undergo fragmentation under EI
conditions similar to th&l-(methoxy)benzylmonomethoxyphesthylamineseries reported in the
previous chapter and tie(methoxy)benzyldimethoxyplkenethylamines described in this chapter

as illustrated in Schen®l. Again, the predominant ion at/z121 can be formed by the cleavage

of the NC bond yielding 2methoxybenzyl cation and the ionrafz 150 is likely the iminium

cation formed by the dissoi at i on of -k o dcdrbon atams.dieatly, the ion awz

91 appears to have formed from loss o,OHrom the methoxpenzylcation. The fragmentation
pattern observed for these methylenedioxy derivatives also supports the fragmentation
mechaisms  proposed earlier in this chapter for thdN-(methoxy)benzyl
dimethoxyphegthylaminesand in theN-(methoxy)benzyimonomethoxyphegthylamine series
described in the previous chapter.
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H,C=N HZC H3C
H OCH; OCHj
— — @

m/z 150 m/z 121 m/z 91

Scheme31 Proposed EMS fragmentation pathway for the-(shethoxybenzyt
monomethoxyphegthylamines.

In conclusion, all of thé\-(methoxy)benzymethylenedioxyphegthylamines, as well as the-N
(methoxy)benzydimethoxyphesthylamines and  N(methoxy}benzytmonomehoxyphen
ethylaminesappear to undergo the same fragmentation undd3tonditions and based on their
common methoxybenzyl substitution pattern they cannot easily be differentiated from one another.
Thus, other analytical methods including GC separati@rs 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
dimethoxyphegthylamine regioisomers of th series. The compounds were divided into six
subsets for initial separation studies, where the position of the dimethoxy group in tegéyhen

ring was held constant while the methoxy group of benzyl ring was varied. Separations were
accomplishedon30m O. 25mm | D capill ary column coated
Crossbon silarylene phase containing a 50% phenyl and 50% dimethyl polysiloxane polymer
(Rxi®-17Sil MS). Separations were achieved over 22 minutes stértimginitial temperaturef

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 bf diset of three compounds
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Figure62 Gas chromatographic separation of thénhbnomethoxjbenzytdimethoypherethylamines.

Similar separations were achieved for all six of the methylenedioxyphenethylamine regioisomers.

he

The compounds were divided into two subsets, based on the position of the methylenedioxy group

in the phepthyl ring was held constant whillhé methoxy group of benzyl ring was varied for

initial separation studies. The same capillary column was used with the same temperature program

conditions and si

t heiso®dgr,ad t-hseo@ér

mi | ar el ut-methoxy isomer elutingddforet h e

b eidoroer ia eathicase. Fh& compounds again eluted
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over a 2 minute window as shown in Fig@®64. This is the same elution pattern that was

observed in the Nmonomethoxjbenzytmonomethoxyphegthylamines series.

| Abundance
TIC: 160614-0080.D\ data.ms
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Figure63 Gas chromatographic separation of thénhbnomethoxjbenzyt2,3-
methylenedioxyphegthylamines.
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Figure64 Gas chromatographic separation of thénhbnomethoxjbenzyt3,4-
methylenedioxyphesthylamines.
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5 Analysis of the N(dimethoxy)benzyl and N-(methylenedioxy)benzyi2,5

dimethoxypherethylamine Series

5.1 Introduction:

The compounds of this series (structured) Are simplified derivatives of NBOMes with the 2,5
dimethoxy substituents on the plegyl 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
regi oi so-mep6, 48,065,683 & &n d 0-8irdethdx§, structures-&) representing

one subset and the 2y3ethylenedioxy and 3;thethlenedioxy regioisomers representing the
second subset (structures 7 and 8, FigiBe All of these compounds were syntizesl as

described in the previous chapter.

OCH,
OCH
OCHj,4 'Tl OCHgj; 'TI 3 OCH; 'T'
N N N
OCH,4
OCHj3 OCHg3 OCH,4
OCH,
OCH
och, HCO OCHs I;i\/@: 3 OCH, q\/@\
N N
N OCH, OCHj,
H OCHs
OCHj,4 OCHj,4 OCH;4
4 5 6
OCH H OCH H 0O
3 | 3 | >
N N o
0
o—/
OCH,4 OCHjg
7 8

Figure65 Structures of the Nmethoxy)benzyP,5-dimethoxypheathylamine Series
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5.2Mass Spectral Analysis of the N-(dimethoxy)benzyl2,5dimethoxyphenethylamine
Series

The EFMS of all members of this series of compounds are shown in Figitesall six
regioisomeric members of the dimethoxybenzyl subset of derivatives (compo)dselded
nearly identical mass spectra as shown in Fig@rdhe molealar ion (M") also is not apparent
in the EFMS spectrum (MW 331), however the mass was confirmed W€ (Figure66) where
a M+1 ion of 332. The dominant ions in T@S spectrum of the six dimethoxybenzyl

regioisomeric subset are observedn&= 151, 1® and 121, with the base pealz151 (Figure
67).

Spectrum 1A lo[x]

BP: 332.3 (287471=100%). 2.5dmpeanmixmba 9-5-2018 3-11-5¥ pm.sms 13.624 min, Scan: 1283, 50:500, lon: 203 us, RIC: 886543, BC
1 3323
100%] 2874711

OGH, OCH,

75%] ]

OGH, OCH,

I 50%‘2 151.2 ]
] 114231

25%] .

[]OJ,FZ 1 | L |‘| L 1L Lill

Figure66 CI-MS of Mass Spectra of the-R§56dimethoxybenzyR,5-dimethoxyphenethylamia.

A proposed fragmentation pathway showing the dominant ioneéanbnomethoxy subseries of
compounds is shown in Sche32 The base peatk/z151 can be formed by the cleavage of the
N-C bond yielding dimethoxybenzyl cation. The iom#z180is likely the iminium cation formed

by t he di ssoci at i oan decérbonb atamd, a cartmere pathwayJ for
phenethiamine compounds. Finally, the ionmmatz121 appears to have formed from loss obOH
from the dimethoxybenzylcation. These majdiragments 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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OCH;

0 /

N

G S @ @
(OCHjs), (OCHg), OCHs

m/z 180 m/z 151 m/z 121

H2C:

Scheme32 Proposed EMS fragmentation pathway for the-(dimethoxybenzyl2,5
dimethoxyhenethylamias

The EIMS obtained for the Nmethoxy)benzyimethoxypheathylamines and derivatives
(Chapter 3), MNdimethoxy)benzyimethoxypheathylamines (Chapter 4) and the -N
(dimethoxy)benzyldimethoxypheathylamines in this chapter show a consistent fragmentation
patern. For all derivatives of this general structural class the base peak inkie iElderived

from cleavage of the X bond yielding benzyl cation. The mass of this benzyl cation is determined

by the nature and degree of substitution on tHeeNzyl sibstituent as illustrated in Tablé 1

below. lons of secondary abundance in th&/i5l of these compounds include the imine formed

by the di ssoci ata madcarfofi atoms, and a feendargbenryl dation which

is derived from loss of C#D 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)benzyR,5-dimethoxypheathylamines described ithis chapter.
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Secondary
benzyl

H o —
N
e — |

Benzyl cation
J

Iminium cation

Table15 Common Fragmentation Pathways for the methoxy/dimethoxy substituted NBOMe derivatives

Secondary Benzyl
B%seenzPﬁak Imine cation (loss of CHO
from Benzyl Base Pehk
R1 R2 ® H ®
HaC H,C=N HaC
The| U0
H H 91 120 | e
CHs0O H 91 120 | e
H CH:O 121 150 91
CHs30 CHs0O 121 150 91
(CHz0)2 | CH3O 121 150 91
(CH3O)2 | (CH3O)2 151 180 121

The digussion above highlights the similarities in theME of the N(methoxy)benzyl
methoxypheathylamines (Chapter 3), fdimethoxy)benzyinethoxypheathylamines (Chapter
4) and the Nldimethoxy)benzyR,5dimethoxyphenethylamias of this chapter. Analysis tie
spectra of the individual regioisomers in  the -(dimethoxy)benzyPR,5
dimethoxyphenethylamias series (Figuré7) revealed the presence unique iomé&t136 for the

2 0 ;dithéthoxy regioisomer. This ion differentiates this particular regioisomer fotmer
members of the Ndimethoxy)benzyR,5dimethoxyphenethylamia series as well as derivatives

of the previous series which contained only a single methoxy group inllea2yl substituent.

Mass Calc. Mass mDa PPM DBE i-FIT Formula

136. 0613  136. 0524 -1.1 -8. 1 5.0 18.2 C8 H8 02

Figure68 Exact mass determiniah for them/z136 ion using high resolution mass spectrometery (HRMS).
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Exact mass analysis using GOFMS confirmed then/z136 ion has an elemental composition

of CgHgO- (degree of agreement between calculated and experimental restltdéroDa, 8.1

ppm) Figure68. 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 Sche88eThe fact that thisragment ion is only present

inthe EIMS o f  tdhimethoRyadegiBisbmer strongly indicates that it formed from tHie &3 6
dimethoxybenzyl substituent rather than from thedimbethoxy ring of the phesthyl group. If
them/z136 fragment formed fromhé 2,5dimethoxypheathyl portion on the molecule, then the

mass spectra of all six regioisomers of this series, as well as dimethoxy pheeetrgtivesin

the previous series (Chapter 4) would be expected to contain this ion. Since this compounsl contai

t wo methoxy groups, i-br im8tbogyaneteyl goolipe migrdtesinthis i t h e |
fragmentation process.

To confirm the fragmentation pathway proposed in Schg®aand in attempt to identify which of

the two methyl groups is lost inishpathway, derivatives dfl-( 2 &din@tboxybenzyt2,5
dimethoxyphenethylamia wer e prepared and anal ymethdxy wher e
gr oug’CH®)6 or -meh é o 8CH:@) YJrdup carbon atom was labeled wific

isotope.

OCH,  H ® o
N OCH3 H2C OCH3 H2C O
+e .

OCHj,4 m/z 136

Scheme33 Proposed Mechanism for the formation of thiz136 ion.

Thus, each of these labeled derivatives had one mass unit added to the paréné N 3 6
dimethoxybenzyt2,5-dimethoxyhenethylamia structureThe EFMS of these twd*C-labelled
derivatives are shown in Figur68 A-B. The base peak in these spectra, formed by the cleavage
of the NC bond to yield the dimethoxybenzyl cation, occumm&l52, one mass unit higher than

the corresponding ion irhé unlabeled compound as shown above. Also, the fragment ion of
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secondary abundance, the iminium cat-iamm foor me
carbon atoms, now appearsrdz182, one mass higher than the corresponding ion in the unlabeled

compound.

Finally, each of the spectra fthre 1*C-labeled derivatives containna/’z137 ion corresponding to
the uniquam/z136 ion in the unlabeled compound. Taken together, these data provide support for
the original fragmentation proposed in Sche8and in earlier chapters.

The mass spectra for thi€ labeled derivatives also provides some insight into the fragmentation
pathway which results in formation of the/z 136 ion present only in the-N2 6, 306
dimethoxybenzyl isomer of this series. If only & -n2thoxy methyl group migrates in the
formation of them/z 136 ion, then the EMS o f t h e-*CHs® lerivadved wanld be

expected to have m/z1 36 i on, whi | e tnheet hsop<XE@pHi@) Aenvaticef t he
would have am/z137 ion.Conve s el vy, i fmetbomyl gyouptmethyl ndighates in the
formation of them/z 136 ion, then the EMS o f t h e-*CHs® lerivadve wadld be

expected to have m/z1 37 i on, whi | e tnheet hsop<XE@pHi@) Aenvaticef t he
would have an/z 136 ion. The mass spectra of each of these labeled derivatives shom/both

136 and 137 ions, s-0g gm@ddxy mmethyl grdu@mdan négrate bodarm t h e
this unique ion. However, the relative abundance of these two ions suggedtsearpre n c-e  f or
methoxy group migration sina@/z 137 ion formation is greater than/z1 36 i on -i n t he
13CH;0) derivative, anan/z136 ion formation is greater thamz1 37 i on-méhhokg G860
BCH:0) derivati ve. -méhoxypgropenigation probablyfresults frdnd the

greater electronic stability of this product ion.
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Figure69 Mass Spectra of 13C labeled(N2 édintethoxybenzyt2,5-dimethoxyhenethylamias
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5.3Mass Spectral Analysisof the N-(methylenedioxy)benzyi2,5-dimethoxyphenethylamine

Series

The EFMS for the two methylenedioxy reggobmers in this series are shown in Figti@eOnce

again both regioisomeric members of this subset of compounds derivatives (compe)nds 7
yielded nearly idential mass spectra. No molecular ion (M) was observed, however the molecular
weight was confirmed by M+1 ion at 316 as shown in Figdrélfie dominant ions in this series

were observed ah/z= 135, 164 and 105, as observed in the dimethoxy subseries.

Thethree most abundant ions in the methylenedioxy seré=l@5, 164 and 105), each represent
fragments 16 mass units lower than the most abundant ions in the mass spectra of the dimethoxy
subset ifn/z 151, 180 and 121). The mass difference between eadtesé 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 tetdimethoxy compounds).

Abrciance: Sz 2E0) (2003 rrin)c TS0 05 Dh oty rres
140000

130000

OCH;
120000

MNH
110000
= R
20000 2 —

BO000 QOCH, 34

A 1641

— - 21-,31-

201 151
: : .

34"

Figure70 Mass Spectra of the-finethylenedioxjbenzyt2,5-dimethoxypheathylamines
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Thus, it appears that the methylenedioxy regioisomers undergo fragmentation under El conditions
similar to the dimetbxy compounds as illustrated in Schende Bgain, the predominant ion at

m/z 135 can be formed by the cleavage of th€ Mond yielding 8 , -rBedhylenedioxybenzyl

cation and the ion an/z164 is likely the iminium cation formed by the dissociation of bond

b et wea mdcatbon atoms. Finally, the ion m'z105 appears to have formed from loss of

CH.0O from the metjlenedioxybenzylcation.

Spectrum 1A lo[x]
BP: 316.3 (819990=100%), 2.5dmpeanmixmba 9-5-2018 3-11-57 13.178 min, Scan: 1232, 50:500, lon: 119 us. RIC: 2.148e+6, BC
100%] 3163 4
1 819990
75% OCH3; n ]
1 N
: o
] o—/
= Lo, _
25% ]
00,-": || ‘ |I |I Lill
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Acquireganange miz

Figure71 CI-MS of Mass Spectraofdd 6 , 3 6 met hy | erbdimdethoxplyebethylamia.l

OCH,4
NH
o)
>
o
OCH,
/ l 2,3-MD isomer  3,4-MD isomer
®
HQCZ% H,C HC O HC
H o 0
y T y —— ® OR ®
o o
miz 164 miz 135 miz 105 o

Scheme34 Proposed EMS fragmentation pathway for the-(khethylenedioxjbenzyt2,5

dimethoxypheathylamines.
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5.4 Gas Chromatographic Separations

Gas chromatographic sepaoas 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 2iBnethoxy group in the phettyl ring was held cortant

while the methoxy group of benzyl ring was varied. In an attempt to differentiate the compounds
in each of the six MNdimethoxy)benzyR,5dimethoxypheethylamine subsets, gas
chromatographic separations of dimethoxybenzyl regioisomers subset wierenpdron Rxi®

17Si | MS 30m x 0.25mm I D capillary <col umn

Crossbond® silarylene phase containing a 50% phenyl and 50% dimethyl polysiloxane polymer.

Our initial attempt to separate them failed to separate all theregjioisomers since the
chromatogram showed five peaks for the six regioisomers where two regioisore@rtedoat the

same retenti on dimethexyberzy regiotsomars).dWe 3déntified the exact
regiasomers based on previous injections 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 hen 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 (figur).
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Figure 72 Gas chromatographic separation of the(diNnethoxybenzyt2,5-dimethoxypheathylamine
regioisomers.

To improve the separation of the six regioisomarderivatization technique was applied. This
technique is used in our lab separate chromatographic challenging samples by meercting

the sample with perfluoro acid anhydride to make the perfluoroacetamidiesoegéric sample to
separate them again (Sche@.

OCH; H R’ OCHO\C

o e = D 4

R= CF3, C2F5, C3F7, etc.
OCH,4 OCHjg

Schemed5 Derivatization technique.
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This set of chromatographic conditions yielded an excellent separation of all six regioisomers,
using the same chromatograpeiateomdirtsitondn odd oa
t hen-a3ndd 5tOh leefar3ed ,t4h6¢ h2d, 6 & n adinlethoxyt régasonzed (Figuie

73).
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Figure 73 Gas chromatographic separation of the derivatizettifNoroacetamidgdimethoxybenzyt2,5

dimethoxypheathylamines.

Lastly, the las chromatogram (Figur&4) 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 3@ut€imith a

total 32 minutes ramethiymeneldn o lyi-nethdetediokg & e 2 0
regioisomer the two regioisomers under similar separation condition as above. This is the same

relative elution pattern that was observed indimeethoxy bromo NBOME series.
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Figure74 Gas chromatographic separation of thénethylenedioxjbenzyt2,5-dimethoxypheathylamines.
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6 The N-(Substituted)benzyt4-bromo-2,5-dimethoxyphenethylamine Series

6.1 Introduction :

The compounds of this series are derivatives of(28methoxy)benzy-bromo2,5
dimethoxyphenethylamine (25BBOMe) where the substitution pattern on the aromatic ring of
the Nrbenzyl substituent is modified yielding the 11 compounds in Fighré&his serie can be
divided into three subsets. The first subset includesi@BBMe and its 3and 4monomethoxy
regioisomers (structures-3). In the second subset thebdnzyl aromatic ring is modified to
include two methoxy groups at every possible position. Tthisssubset includes six regioisomeric
compounds, the 2532,4, 2,5, 2,6, 3,4 and 3,5dimethoxy regioisomers (structure®} In the
third subset in this series thebénzyl aromatic ring is modified to contain the two possible
methylenedioxy subdtition patterns (structures ). The N-benzyl substitution patterns
selected for this series represent potential designer modifications since this functionality is
commonly found in drugs of abus&ll of these compounds were synthesized as describia in

previous chapter.

OCH;
OCH; H OCH3 ﬂ\/@ OCH,4 h{V@/
N
/@/\/N /<>/\/N OCH3; /<>/\/

OCHj Br Br

Br

OCH
OCH; 1 (25B-NBOMe) OCHs 3

OCH,

OCH, OCH, OCHs ocH;  H
OCH N
3
OCHj3; OCHj 6 OCHj3

OCHs OCHj OCH,

Br Br Br
7 8 9
OCHjg OCHjz OCHjs
/0
o
OCH;  H °> OCH; H
N N
Br 10 Br 1
OCH, OCH;

Figure75 Structures of the Nsubstituted)benzyd-bromao2,5-dimethoxypheathylamine Series
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6.2 Mass Spectral Analysis

The EFMS of all members of this series of compoundassdrown in Figure®6-79 (2-5). All three

regioisomeric members of the monomethoxybenzyl subset of derivatives (compeg)ndsided

nearly identical mass spectra as shown in Figarés reported for other 2§BOMe compounds,

the dominant ions in G@/S spectrum of the23-a n d-mahdmethoxy derivatives in this series
are observed an/z= 121, 150 and 91, with the base peak121 (Figure76). Them/z91 ion was

present in the

hi-gételsd x @ biusnnamerc ea-raml Hdnditxy @ s e d

isomers. It is interesting to note that none of the dominant ions in these spectra appeared to contain

bromine.
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Figure76 Mass Spectra of the-fiinonomethoxjbenzyt4-bromao-2,5-dimethoxyphenethylamias
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The molecularon (M) also is not apparent in the-MIS spectrum, however the mass was
confirmed by CIMS (Figure77) where a M+1 ioaof 380/382 (bromine isotope).

Spectrum 14 0[]
BP: 121.2 (33798=100%). mix bromo 2b-nbome §-20-2018 3-20-31 14.181 min, Scan: 1266, 50:500, lon: 604 us, RIC: 163061, BC
100%] 121.2 ]
1 33798
- 2
] NH OCHj
oy ] a
] OCH,
] 150.3
] 18047
[ 50+ i
25% .
[]OJ,FZ |‘. ‘. L | L ul w L . L 1 A I|““I vl
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Acqguired Range  m/z

Figure77 CI-MS of Mass Spectra of the-Rl-Gnethoxybenzyk-bromo2,5-dimethoyphenethylamias

A proposed fragmentation pathway showing the dominant ions for the monomethoxy subseries of
compounds is shown in Schei®@ The base peain/z121 can be formed by the cleavage of the
N-C bond yielding 2methoxybenzyl cation. The ionmtz 150is likely the iminium cation formed

by the dissociation ofhe bond betweerthe U a n d-carbon atoms, a common pathway for
phenethylamine compoundsnally, the ion atn/z91 appears to have formed from loss of,OH

from the methoxyenzylcation.

OCH;

Br OCH,

OCH3

4

©) ©)
H,C=N H,C H,C
IR Tt o
OCH, OCHg
m/z 150 m/z 121 m/z 91

Schemed6 Proposed EMS fragmentation pathway for the-(fhonomethoxjbenzytd-bromo-2,5-di-

methoxyhenethylamias.
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Support for this fragmentation pathway was provided byN¥&studies which denmstrate that

them/z91 ion is formed from then/z121 fragment as shown in Figu#8.

Spectrum 1A 0[]
BP: 91 (822210=100%). pea n me ba (121) 5-15-2018 1-26-10 12.374 min, Scan: 2130, 121.0=70:131 [0.80V], lon: 613 us, RIC: 1.313e+6, BC

o Ell .
100”5_; 824210

75% .

[
273316

(1A} 50% :

25% .
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130
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Figure78 MS-MS of the 121 ion

Additional support for this proposed fragmentation pathway of the monomethoxysoegars

was derived fromtsadies with isomers where the substitution pattern on the two aromatic rings of
the monomethoxy NBOMe derivatives were revdr$ethe sec al | e d e MOBNsO.
compounds were prepared in a single stepreductive alkylation procedure with commercially
available methoxyphenethylamines andrmo2,5dimethoxybenzaldehyde. A representative
mass spectrum for ther@ethoxy eMOBN derivative is shown in Figuré below compared to

the original 2methoxy NBOMe compoundlhe dominant ions in the eMOBN derivagivow

occur aim/z229/231 and 258/26@hese 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 his fragmentation pathway is shownScheme 3.

A closer analysis of the/z200-400 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 (FBQur€here are two natural isotopes of

bromine with nearly equal relative abundarf@r (50.69% natural abundance) &38r (49.31%
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natural abundance)hus, fragments containing these masses would appear @/ walues with

very similar abundance. €Il MS below shows such fragment ion painn&t243/245, 230/232

and 199/201. These fragment ions likely form by the fragment pathways shown in 3heme
below:
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Figure79 Fragmentation pathway of thel2e t h o x y
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OCH,
H3CO Br
) ®
H2C:H OCHgj; H,C OCH;
—_—
H3;CO Br H;CO Br
m/z 258/260 m/z 229/231

Schemed7 Proposed EMS fragmentation pathway for the-(N 4béomo2 6 ;disnéthoxybenzyl2-

methoxyphenethylamia.
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Figure80 High mass region of bromireontaning fragment ions in the BVIS of the N(monomethoxjbenzy}t

4-bromo-2,5-dimethoxyphenethylamias
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OCH,

RoaR:%

OCH,

OCHj ®
CH2 H3CO CH2
CH2
OCHj OCHj
miz 243/245 miz 230/232 miz 199/201

Scheme38 Proposed EMS fragmentation pathway for the-(fhonomethoxjbenzyt4-bromo-2,5
dimehoxypherthylamines

The EFMS for the six dimethoxy regioisomers in this series are shown in Fgju@nce again,

al regioisomeric members of this subset of compounds derivatives (compotf)dgielded

nearly identical mass spectra as shown in E§UrThe dominant ions in this series were observed
atm/z= 151, 180 and 121 and none of these ions appear to contain bromine, as observed in the
monomethoxy subserie&lso, like the monomethoxy subset, no molecular ion (M) was observed,

however the macular weight was confirmed by M+1 wat 410/412 as shown in FiguB&.
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Spectrum 1A 0[]
BP: 151.3 (27427=100%), mix bromo 2b-nbome §-20-2018 3-20-31 16.283 min, Scan: 1480, 50:500, lon: 639 us, RIC: 109856, BC
100%-] 151.3 ]
1 27427
] OCHs
] NH
] Br (OCH),
] OCHj3
[ 5o ]
] 180.3 410.4
] 9693 9874
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——— ] ————— T —
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Figure82 CI-MS of Mass Spectra d-(dimethoxybenzyt4-bromo-2,5dimethoxyphenethylamia.

The most abundant ions in the dimethoxy seri@s/at51, 180 and 121, each represent fragments

30 Da higher than the most abundant ions in the mass spedtira mbnomethoxy compounds
(m/z121,150 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 El conditions similar to the monomethoxy compounds stsatial in
Scheme39. The predominant ioat m/z151 can be formed by the cleavage of th€ Nond

yielding dimethoxybenzyl cation. The ionrafz180is likely the iminium cation formed by the

di ssoci ati on -afm ddadban atonisntlly ¢he ion abh/z121 appears to have

formed from loss of CED from the dimethoxypenzylcation.
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(OCH3), (OCH3) OCH3
m/z 180 m/z 151 m/z 121

Scheme39 Proposed EMS fragmentation pathway for the-(dimethoxybenzyt4-bromo2,5-di-

methoxyhenethylamias

I n t his s er idimsthoxy negigisontehgave a igniicant fragmeniné&t136. This
fragment ion was also observed in the nanbinated N-(dimethoxybenzyt2,5-di-
methoxyhenethylamia series described in Chapter 5, and its structure was estalilis 0
TOFRMS and deuterium labeling studies described in Chapter 10.

The EFMS for the two methylenedioxy regsaimers in this sees are shown in Figu&3. Once

again bothregioisomeric members of this subset of compounds derivatives (compoudd$ 10
yielded nearly identical mass specirae dominant ions in this series were observed/at 135,

164 and 105 and none of theses@ppear 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
Figure84.
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Figure 83 Mass Spectra of the-finethylenedioxyWenzyt4-bromo2,5-dimethoxypheathylamines

The three most abundant ions in the methylenedioxy senigd 85, 164 and 105), each represent
fragments 14 mass units higher than the naimindant ions in the mass spectratioé
monomethoxy subsetn(z121, 150 and 91) and 16 mass units lower thamibst abundant ions

in the mass spectra tiie dimethoxy subsefhe mass difference between each of these ions
relative to the monomethoxynd 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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Spectrum 1A 0[]
BP: 135.3 (21915=100%). mix bromo 2b-nbome §-20-2018 3-20-31 15.806 min, Scan: 1430, 50:500, lon: 730 us, RIC: 116980, BC
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Figure84 CI-MS of Mass Spectra {{inethylenedioxjbenzyt4-bromo2,5-dimethoxypherthylamine series.

Thus, it appears that the methylenedioxy regioisomers undergo fragmentation under El conditions
similar to the monomethoxy compounds as illustrated in ScH8mAgain, the predominant icat

m/z135 can be formed by the cleaeaof the NC bond yielding 2nethylenedioxybenzyl cation
andtheionam/z164i s | i kely the i minium cation f-or med
a n dcarbon atomdr-inally, the ion am/z105 appears to have formed from loss of,OHrom

the metlylenedioxybenzylcation.

OCH,

OCH,

/ 2,3-MD isomer 3,4-MD isomer
®
HC=N HzC
R R T R
(6]

m/z 164 m/z 135 m/z 105

Schemet0 Proposed EMS fragmentation pathway for the-(shethylenedioxjbenzyt4-bromo2,5

dimethoxypheathylamines.
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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 #ech 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 substitutio.hese spectra also demonstrate that the individual members of each
structurd 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 Separatiors.

In an attempt to further differentiate the compounds in each of the thfgabbtituted)benzyi-
bromo2,5dimethoxypheathylamine  subsets, gas chromatographic separations of
(monomethoxybenzyl regioisomers subset were performed on 30m x 0.25mm |Dacap
column coated with 0. 25 & siaryfienel phaseccontaimingchpa®d ar i t
phenyl and 50% dimethyl polysiloxane polymer (R4i7Sil MS).
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Figure 85 Gas chromatographic separation of the -(Mhbnomethoxybenzyt4-bromo2,5-di-
methoxypheathylamines.
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Separations were achieved over 33 minutes stafitomg 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 upgain to reach 340 °C at a rate of 10 °C/minute which held again for 2 minutes

with elution over a 2 minute windowhis set of chromatographic conditions yielded an excellent
separation of al |l t fmeteoryisoneegeluting eotmle eiso@a, andt h t h
t hei s3cdme r b dasbmoer (Bigutedb) eSimilad separations were achieved for all six of the
dimethoxy regioisomers using the same capillary column but with different temperature program
conditions. The temperature program stdnvith 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
minutesrun time. The compounds eluted over a 2 minute window as shown in Bigurethis
series those dmertihvaxtyi vge so 2vpi, @& 08 @adeth6xy eluted
before the two regi oi smethexy group. fsa, the tdvo dirivatives con't
with the greatest degree of steric crowding relative to the benzyl side chaina(2, 3,6

dimethoxy) eluted prior to all other members of the series.
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Figure86 Gas chromatographic separatiorhs N-(dimethoxybenzyt4-bromo2,5 dimethoxyphesthylamines.
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Lastly, the last chromatogram (Figu83) shows the separation of the two methylenedioxy
regioisomers using the conditions described above in the separatitmsraimethoxjbenzyl
regioisomes.I n t hi s -nseetrhi yel se n2ebd, i300x y -methylehediaky regeoitomere 3 0 ,

the two regioisomers under similar separation condition as above.
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Figure 87 Gas chromatographic separation of the -(nethylenedioxjbenzy-4-bromo2,5

dimethoxypheathylamines.
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7 The N-(Bromo-Dimethoxy)benzytMonomethoxyphenethylamine Series (eMOBN)

7.1 Introduction :

The compounds of this series are derivatives g2dNnethoxy)benzyd-bromo2,5-dimethoxy
phenethylamine (25BIBOMe) where thesubstitution 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 baimethoxy substitution pattern
inthebenzyar omati c ring and are referred to as fneM
25B-NBOMe (compound10), other regioisomers were prepared where both the @irostboxy

substitution pattern of the benzyl ring was varied as well as the methoxy gidispattern in the

phenethyl ring.

Br Br Br
OCH;  H
co
N OCH, H3 \©/\/ OCHj4 /@/\/ OCH3
OCH, OCHg3 OCHjs
1
B OCH OCH
co
(j/VN ocH, \©/\/ OCH;4 /©/\/ OCH;
OCH
H,CO 3

H3CO OCH H3CO OCH
OCHj4 3CO OCH3 3 3 li 3
@/\/ H3CO\©/\/ /©/\/N Br
H;CO
9

99l
OCH, /©/V OCH,
H4CO
Br

\/<>[OCH3 i :OCH3
OCHs OCHs

H3;CO
@/\/ OCH; 3 \©/\/
3CO\©/\/ /@/\/

H,CO

13

Figure88 Structures of the Nbroma-dimethoxy)benzyimonomethoxyphesthylamine series
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The substitution patterns included in this series were based on theeccial availability of
bromadimethoxy benzaldehydes. All of these derivatives were prepared as described in the
previous chapter by direct reductive alkylation gf2or4met hoxyphenet Byl ami ne
2 6 -DBMEOT 2 Br-4 6 ;DBIEO T 5-Br-2 6 ;DIMEO T 4 Br-2 6 ;D5 Me O -Br4 63560
'‘DiMeO benzaldehyde. Based on available bratimethoxy benzaldehydes this yielded five

subsets of compounds as shown in Fi@8e

7.2Mass Spectral Analysis

As reported for the original NBOMe drugs of abuse andrdtiiB®OMe derivatives prepared in this
research, compounds of this structural class typically do not display a molecular ion (MW 279/381)
in the EIMS spectrum. However, the molecular masses of these regioisomers were confirmed by
CI-MS as illustrated for ammember of this series in FiguB8 where a M+1 iosof m/z380/382

was present. As reported for the 2BIBOMe compound, two of the more abundant ions in El

MS spectra of all fifteen of these regioisomers contained bromine based on isotopic distribution
and were observed at/z=229/231 (base peak) and 258/260. Also fragments that did not contain
bromine were present at/z91 and 121 in the spectra of all fifteen of these compounds.

Spectrum 1A
BP: 380.4 (2.610e+6=100%), 2mmpea n4 br2.5dmba 10-16-2018 5-36-57 21.774 min, Scan: 2151, 50:500, lon: 68 us, RIC: 7.621e+6, BC
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Figure89 CI-MS of Mas Spectra of the {46bromo-2§56 dimethoxy)benzyR-methoxypheathylamines
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Within each subseries the relative abundance ainita®1 was highest for the-@ethoxy isomer

and lowest for the 4nethoxy isomer. Also, within each subseries the relativeddnce of the

m/z121 fragment was highest in thenethoxy isomerA proposed fragmentation pathway for

the fourm/zions noted above for all fifteen regioisomers is shown in SchAmM&he ion atm/z

258/260is likely the iminium cation formed by thedioci at i on

of-abdcarbon bet we

atoms, a common pathway for phenethylamine compounds. The basat pg¢akR29/231 can be

formed by the cleavage of the®lbond yielding 2methoxybenzyl cation but could possibly

form by cleavage of the-C bondof the phenethyl side chain. Finally, the ionsn#t91 and 121

likely are derived from fragmentation of the pbé#wnyl side chain (121) and then loss of methoxy

(-30) from the 121 ion. This fragmentation pathway is the same as

NBOMe structural class as described in previous chapters.

all members of the basic

Br

NH
mco@m ?32
(OCHgz),

m/z 258/260

®
H,C=N
(OCHg),

—_—

H,C

@

Hs;C
Br
®
OCHj4

m/z 199/201

&3
(OCHg),

m/z 229/231

weof |

m/z 121

©)

CH, ® CH,
—

m/z 91

Schemetl Proposed EMS fragmentation pathway for the-(dromo-dimethoxy)benzyimonomethoxy

pherethylamines.

While the E¥MS of all fifteen of the regicssomers in this series contained a number of common

ions, there are significant differences in the mass spectra among the various subseries. For

exampl e,

al

t h r -bremo2né ;cithéhoxy sulosériestghve a fsagment of

relatively high abundance a/z214/216 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 sctiere
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similar fragment ion was observed in the mass spectra of all otherdiethoxybenzyl

NBOMes prepared in this research as noted in earlier chaptarz186.

CHs X ® .-
NH OCHj, H@ 0 H,C O
—> H,CO -
HSCO@N bOCHa ’ @N OCHj OCHj
Br Br Br
miz 214/216

Scheme42 Proposed formation of then/z 214/216 ion from the N 5béomo2 6 ;dithéthoxy)benzyl
mononethoxyphepthethylamines.

Al s o, t he ma s s -bsom@2cot;d4aine o th o x yhrene 26db8irddtiioxy
regioisomers contained an additional fragment ion containing bromine at 199/201 not present in
the other subseries. The relative abundance/p99/201 is nearly the same for each regimier

i n each subser,i eXaomethddgpheatylaminerregioisomer.6

Spectrum 1A
BP: 122 3 (660329=100%), 2mmpea n4 br2 5dmba 22 081 min, Scan: 3458, 229 0>87:239 [1.20V], lon- 336 us, RIC: 2 739e+6, BC
100% 1223 .
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Figure90 MS-MS of them/z229 ion
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Based orMS-MS studies shown in Figu@®, this ion appearto form by loss of a methoxy group

(-30) from them/z229 benzyl cation. Interestingly, tine/z199/201 ion appears to form only in
subseries where there is a methoxy group positioned ortho to the benzylic carbon, with exception
of the 5 -dromo2 6 ditvéthoxy isomer where methyl migration appears to predomimate (
214/216).

Thus, while there are similarities in the 5 of all fifteen of these eMOBN regioisoméFRgures

91 - 95), there are unique fragments between the subseries which allow for sgrae df isomer

di ffer ent i-lmomod;dithéMdxye subSedies can lbfferentiatedfrom all other
subseries by the presencemifz 214/216 of high abundance, most likely the result of methyl
mi grati on. -brédmo 6 ;d4 dné £ h dxéhromandd;disvtboxy regioisomeric
subseries containra/z199/201 fragment ion not present in the same abundance in the spectra of
the other eMOBNSs. Finally, within subseries, the2 and 4methoxyphenethyl isomers can be

differentiated to some degrbg the relative abundance of thgz91 and 121 ion.
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Figure94 Mass Spectra of the-fMi&bromo2§56 dimethoxy)bemyl-monomethoxyphesthylamines.
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Figure95 Mass Spectra of the-RB&bromo44§56dimethoxy)benzyimonomethoxyphesthylamines.

These spectra also demonstrate that some of individual members of each structural subset cannot
be diferentiated 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 companoh each of the five Nbromo
dimethoxy)benzyimonomethoxyphegthylamines subsets, gas chromatographic separations of
monomethoxyphesthylamine regioisomeric subsets were performed on 30m x 0.25mm ID
capillary column coatediwt h 0. 25 em f i | m 8dilarylenepipaselcantainingy Cr o
a 50% phenyl and 50% dimethyl polysiloxane polymer ¢RXISiIl MS). Separations were
achieved over 30 minutes startifigm initial temperature of 70 °C held for 1 minute then
graduallyincreased 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 Fig@@- 100 This set of chrontagraphic conditions
yielded an excellent separation of all three regioisomers, with-thetBoxy isomer eluting before

the 3isomer, and the-Bomer before the-fsomer in each subseries (Fig@&- 100). Attempts

to separate more complex mixtures ilwag multiple subsets of the eMOBN regioisomers were

not successful.
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Figure96 Gas chromatographic separation of thé5&bromo-2436dimethoxy)benzyimonomethoxy

pherethylamines.
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Figure97 Gas chromatographic separation of thé28broma4856dimethoxy)benzyimonomethoxy

pherethylamines.
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Figure98 Gas chromatographic separation of thé5&broma2§46dimethoxy)benzyimonomethoxy
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8 The N-(Substituted)benzyt4-iodo-2,5dimethoxypherethylamine Series

8.1 Introduction :

The compounds of this series are derivatives @RdNmnethoxy)benzyéd-iodo-2,5dimethoxy
phenethylamine (25NBOMe) where the substitutigrattern on the aromatic ring of theldénzyl
substituent is modified yielding the 11 compounds in Figlxe This series can be divided into
three subsets. The first subset includesNBBOMe and its 3and 4monomethoxy regioisomers
(structures 13). In the second subset the-bé¢nzyl aromatic ring is modified to include two
methoxy groups at every possible positiorhus, this subset includes six regioisomeric
compounds, the 2532,4, 2,5, 2,6, 3,4 and 3,5dimethoxy regioisomers (structure®i In the
third subset in this series thebénzyl aromatic ring is modified to contain the two possible

methylenedioxy substitution patterns (structured.1))
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Figure101 Structures of the Nsubstitued)benzyl4-iodo-2,5dimethoxypheathylamine Series
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The Nbenzyl 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 synthesd as described in the previous chapter.

8.2 Mass Spectral Analysis

The EFMS of all members of this series of compounds are shown in FigGeand105. All
three regioisomeric members of {fmonomethoxjbenzyl subset of derivatives (compoune3)1

yielded nearly identical mass spectra as shown in Fite
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Figure102Mass Spectra of the-finonomethoxjbenzyt4-iodo-2,5dimethoxyphenethylamias
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As reported for other 2BlIBOMe compounds, and the Zhomo NBOME derivativesn the

previous chapter, the dominant ions in IGLS spectrum of the-2 3- a n d-mah@amethoxy
derivatives in this series are observetha= 121, 150 and 91, with the base peak121 (Figure

102). Them/z91 ion was present in the highest abundantehnemethdxy isomer and decreased

i n t-h B d-BRedhdOXy 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 (Malso is not apparent in the-EIS spectrum, however the mass was
confirmed by CIMS (Figurel03) where a M+1 ion of 428.

Spectrum 1A
BP: 428 (1.208e+6=100%), 4i 2.5 dmpea n 2mba 9-13-2017 1-43-19 pm.sms 15.527 min, Scan: 1686, 50:500, lon: 97 us, RIC: 2.300e+6, BC
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Figure103CI-MS of Mass Spectra of the-Rl-inethoxybenzy-iodo-2,5dimethoxyphenethylamias

A proposed fragmentation pathway showing the dominant ions for the monomethoxy subseries of
compounds is shown in Sched#& The base peain/z121 can be formed by the cleavage of the
N-C bond yielding 2Znethoxybenzyl cation. The ionmtz150is likely the imnium cation formed

by t he di ssoci at i oan decarbonb atamd, a certmere gathwayJ for
phenethiamine compounds&inally, the ion aim/z91 appears to have formed from loss of>OH

from the methoxyenzylcation.

151



OCH;
/©/\/ @OCH3
OCH;
73 @ @
OCH; OCH;
m/z 150 m/z 121 m/z 91

Schemed3 Proposed EMS fragmentation pathway for the-(fhonomethoxjbenzyt4-iodo-2,5
dimethoxyphenethylamias.

Support for this fragmentation pathway was provided byN&studies which demonstrate that
them/z91 ion isformed from then/z121 fragment as shown in Figut84 as wa®bserved in
the monomethoxy bromo NBOME series

Spectrum 1A EI
BP: 91 (822210=100%). pea n me ba (121) 5-15-2018 1-26-10 12.374 min, Scan: 2130, 121.0=70:131 [0.80V]. lon: 613 us, RIC: 1.313e+6, BC
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Figure104MS-MS of the 121 ion
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A closer analysis of the/z200-400 range of the mass spectra of the monomethergssdoes
reveal the presence of several ion fragments of very low abundance that do appear to contain iodine

based on mass abundances (Fidu¥s.

The EI MS below shows such fragment ion pairm&396, 278 and 247. These fragment ions

likely form bythe fragment pathways shown in schefddelow:
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Figure 105 High mass region iodineontaining fragment ions in the #4S of the N(monomethoxjbenzyt4-
iodo-2,5-dimethoxyphenethylamias
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Schemeld4d Proposed EMS fragmentation pathway for the-(fhonomethoxjbenzyt4-iodo-2,5
dimethoxypheathylamines

The EFMS for the six dimethoxy regioisomers in this series are shown in Figdr®©nceagain,
al regioisomericmembers of this subset of compounds derivatives (compou®isyitlded
nearly identical mass spectra as shown in Figud@ The dominant ions in this series were
observed ain/z= 151, 180 and 121 and none of these ions appear to contain iodine, ragwdbse

in the monomethoxy subseries and also the dimethoxy bromo NBOME series.
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Figure106 Mass Spectra of the-flimethoxybenzyt4-iodo-2,5-dimethoxypheathylamines
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Also, like the monomethoxy subset, no molecular ion (M+) eleserved, however the molecular

weight was confirmed by M+1 icat 458 as shown in Figudé€7.

Spectrum 1A 0[]
BP: 458.1 (121486=100%), 4i2 5dmpeanmixmba 8-30-2018 5-07-47 17.937 min, Scan: 1657, 50:500, lon: 314 us, RIC: 385081, BC
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Figure107 CI-MS of Mass Spectra of 48,5-dimethoxybenzy¥-iodo-2,5-dimethoxyphenethylamia.

The most abundamins in the dimethoxy seriesmatz151, 180 and 121, each represent fragments
30 Da higher than the most abundant ions in the mass spetira mbnomethoxy compounds
(m/z121, 150 and 91). The mass difference between each of these ions is 30 Dagrdingsp

the mass of a methoxy equivalent

OCH,4
OCH,4
HZC:(I:? Hzc H2C
IR Sk @ T @
(OCH3), (OCH3) OCH3
m/z 180 m/z 151 m/z 121

Schemed5 Proposed EMS fragmentation pathway for the-(dimethoxybenzyt4-iodo-2,5
dimethoxyhenethylamias
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Thus, is appears that the dimethoxyioegpmers undergo fragmentation under El conditions

similar to the monomethoxy compounds as illustrated in ScH&mEhe predominant ioat m/z

151 can be formed by the cleavage of th€ Hond yieldinghedimethoxybenzyl cation. The ion
atm/z180islik el y t he i minium cation f or med dasbont he di
atoms Finally, the ion am/z121 appears to have formed from loss ohbOHrom the dimethoxy
benzylcation.] n t hi s s e r idimathoxy regigisontehgave 2 difyoaBtdragment at
m/z136.The structure of this fragment ion was discussed in Chapter 5.
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Figure108Mass Spectra of the-finethylenedioxyenzyt4-iodo-2,5-dimethoxypheathylamines

The EFMS for the two methylenedioxy geisomers in this series are shown in FiglLo8. Once

again bothregioisomeric members of this subset of compounds derivatives (compou#d$ 10
yielded nearly identical mass specirae dominant ions in this series were observed/at 135,

164 and 05 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 urd=i@9. The three most
abundant ions in the methylenedioxy serm@#z(135, 164 and 105), each represent fragments 14
mass units higher than the most abundant ions in the mass spé#utranoihomethoxy subseh(z

121, 150 and 91) and 16 mass units lothen themost abundant ions in the mass spectrthef
dimethoxy subsefThe 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 differenes 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 tvgemyatoms

relative to the dimethoxy compounds.

Spectrum 1A 0[]
BP: 135.2 (68299=100%), 4i2 5dmpeanmixmba 8-30-2018 5-07-47 17.374 min, Scan: 1591, 50:500, lon: 390 us, RIC: 282026, BC
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Figure109CI-MS of Mass Spectra2,3-methylenedioxjbenzyt4-iodo-2,5-dimethoxypheathylamine

series.

Thus,it appears that the methylenedioxy regioisonueidergo fragmentation under EI conditions
similar to the monomethoxy compounds as illustrated in ScHénfeyain the predominant ioat
m/z135 can be formed by the cleavage of th€ Ildond yielding 2nethylenedioxybenzyl cation

and the ion ain/z164is | i kel y the i minium cation for med
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a n dcarbon atomgrinally, the ion atm/z105 appears to have formed from loss of,OHrom

the metlylenedioxybenzylcation.

OCHj

SO RaRG’

OCHj

/ l 2,3-MD isomer  3,4-MD isomer
® H,C O H,C

®
H2C:|[:j| H2C
__TZ:igg — zt:§§g . ® OR ®
O 0]

m/z 164 miz 135 miz105 O |

Schemed6 Proposed EMS fragmentation pathway for the-(fhethylenedioxjpenzyt4-iodo-2,5

dimethoxypheathylamines.

The mass spectra for the 11 compounds of this series demonstrate that all members appear to
undergo the same fragmentation and teth 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 substitutiofhese spectra also demonstrate that the individual members of each
structuralsubset cannot be differentiated based on their mass spEtrs,. 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 th{gabktituted)benzyd-
iodo-2,5-dimethoxyphenthylamine  subsets, gas chromatographic  separations  of
(monomethoxjbenzyl regioisomers subset were performed off-RXiSil MS 30m x0.25mm ID

capillary columnSeparations were achieved over 33 minutes stdrtmg 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°G4& 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 separ at i-methoxyisoma kElitingt hr e e
bef or eisomdr,eand3hbei s3adme r b eifomer ¢Figurenld). THiHsame relative

elution pattern was observed in the monomethoxy bromo NBOME series.
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Figure 110 Gas chromatographic  separation of the -(nhbnomethoxjbenzyt4-iodo-2,5

dimethoxypherethylamines.

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 fominute then gradually increased to reach 290

°C at a rate of 30 °C/minute and held for 30 minutes with a total 38 minutetime. The
compounds eluted over a 5 minute window as shown in Fidurdrithis series those derivatives

wi t h -mathoxy @roup( 2 6,, 33,06, 2@&,nx0 -Airbeth6xy eluted before the two
regi oi somer s t h arethoty gibupnAdso, the tawvanderavatives veith tRedgreatest
degree of steric crowding relative to the benzyl side chain 42@82,6dimethoxy) elutegbrior to

all other members of the seriddis is the same relative elution pattern that was observed in the

dimethoxy bromo NBOME series.
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Figure111Gas chromatographic separation of thédknethoxybenzyt4-iodo-2,5dimethoxyphenethylamias.

Lastly, the last chromatogram (Figur&2) 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 250atG 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 r u n ti me. I n-mehihyl sre diesx y2 doenBlylereedioxyb e f o r e
regioisomer tk two regioisomers under similar separation condition as abtieis the same

relative elution pattern that was observed in the dimethoxy bromo NBOME series.
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Figure112 Gas chromatographic separation of thénhethylenediay)benzyt4-iodo-2,5

dimethoxypheathylamines.
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9 The N-(Methoxy)benzyl, N-(Dimethoxy)benzyt and N-(Methylenedioxy)benzyt

dimethoxyphenpropylamine Series

9.1 Introduction:

The primary compounds of-finethoxy)benzydimethoxyphenpropylamingeries are simpliéd
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 theldénzyl substituensimodified yielding the 11 compounds in
Figure 11.3. This series can be divided into three subsets. The first subset inclu@esad 4
monomethoxy regioisomers (structure8)1
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N N N
OCH,4
CHs OCH, CHs CH,
2 3
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Figure113 Structures of the Nmethoxy)benzyldimethoxyphenpropylamine Series
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In the second subset theldénzyl aromatic ring is modified to include two methoxy groups at
every possible position. Thus, this subset includes six regioisomeric compounds; tf2e42,3
2,5, 2,6, 3,4 and 3,5dimethoxy regioisomers (structure®X In the third subset in this series
the N-benzyl aromatic ring is modified to contain the two possible methylenedioxy substitution
patterns (structures 411). The Nbenzyl substitution patns selected for this series represent

potential designer modifications since this functionality is commonly found in drugs of abuse.

OCH
OCH3 H OCH3 hi\/@\ OCH3 IT' 3
|
H-CO N H4CO N
H3CO\©/\/N 3 \@/\/ OCH3 :

CHs OCHs CHs CHs
13 14
12

OCH
OCH;  H OCHj OCHs  H 3
N N
OCHj
CH CH
OCHj ° OCHs o " OCH; * 47
15

OCH

H 3
|T| N\/©\ \/©/

<O N <O OCH; <

o CH, OCHj, o CHs CH3

18 19

Figure 114 Structures of the Nmethoxy)benzydimethoxyphenmpylamine and Nmethoxy)benzyl
methylenéioxyphenpropylamine Series.

Three additional subsets of derivatives of this basic structural class were also synthesized for
analytical comparisons. The first and second subsets (compowidy dPthis additionaseries

are a simplified derivatives of the NBOMes where the dimethoxy substitution pattern on the
phenpropylamine aromatic ring was changed from thg@sitions to the 2;3and 2,6 positions,
respectively, while the substitution pattern on the aromaig of the Nbenzyl substituent is
modi fied to -i n8Dbadndnomdihbxy redodomers, yielding a total of 6
compounds (Figurd14). The third subset of derivatives (compounds203 in this additional
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series are also NBOMes analogues mghéhe 2,5dimethoxy substitution pattern on the
phenpropylamine aromatic ring is replaced with arBgthylenedioxy group, and theldénzyl
Substituent contains a -si-B8 @ b-positdrs,tyleldingythreg r o u p
compounds (Figurelld). 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 EFMS of all members of this series of compounds arevehno Figuresl157 117, 120, 122,

124. All three regioisomeric members of tHenonomethoxjbenzyl subset of derivatives
(compounds 83, 1217) yielded nearly identical mass spectra as shown in FIgLB4.17. As

reported for other 2BIBOMe compounds, théominant ionsin GOMS s pect r gy m 300f t
a n d-mahd@methoxy derivatives in this series are observed/at 121, 164 and 91, with the

base pealkn/z121 (Figurell5- 117). Them/z91 ion was present in the highest abundance in the

2 inethoxyisomea nd d e c r e aa reddmethoxy isomers. Thémolecular ion (M) is not
apparent in the EMS spectrum, however the mass was confirmed bWSI(Figure118) where

a M+1 ion of 315.
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Figure115Mass Spectra of the-finonomethoxy)benzy2,5-dimethoxyphenpropylamines
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Figure116Mass Spectra of the-finonomethoxy)benzy2,3-dimethoxyphenpropylamines
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Spectrum 1A 0[]
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Figure118 CI-MS of massspectra of the N2 -inethoxybenzyR,5-dimethoxyphepropylamines

A proposed fragmentation pathway showing the dominant ions for the monomethoxy subseries of
compounds is shen in Schemé7 and is consistent with the NBOME derivatives reported in the
previous chapters. The base padakl121 can be formed by the cleavage of th€ Hond yielding
2-methoxybenzyl cation. The ionmtz164is likely the iminium cation formed b¥yé dissociation

of bond -metdoaebennatoris, a common pathway for pherlethjne compounds.

Finally, the ion aim/z91 appears to have formed from loss of,OHrom the methoxyenzyl

cation.
NH

OCHj

® ® ®
—N HZC H2C
SR E St @ S
3
OCH;, OCHs4
m/z 164 m/z 121 m/z 91

Schemet7 Proposed EMS fragmentation pathway for the-(khonomethoxy)benzydlimethoxy

phenpropylamines.
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Support for this fragmentation pathway was provided byN¥Sstudies which demonstrate that

them/z91 ion is formed from then/z121 fragment ashown in Figurel 19,

Spectrum 1A 0[]
BP: 91 (822210=100%). pea n me ba (121) 5-15-2018 1-26-10 12.374 min, Scan: 2130, 121.0=70:131 [0.80V], lon: 613 us, RIC: 1.313e+6, BC
100%] 3 .
1 824210
75% .
- = :
] T
] 273316
25% .
0% 1 L. | | L
M T T T T T L L L L L AL T
70 80 90 100 110 120 130
Acquired Range m/z

Figure119MS-MS of the 121 ion

The EFMS for the 3,4methylenedioxy regisomers in this series are shown in Figi28 Once
again bothregioisomeric members of this subset of compounds derivativegp@romds 180)

yielded nearly identical mass spectra. The dominant ions in this series were obserizedlatl,

164 and 91, as shown in FigutegX). The molecular ion (M) is not apparent in theNEb spectrum
of any of these compounds, however the mdégamass was confirmed by -®MS where a M+1
ion of 299 was present (Figut@1l).
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Figure120Mass Spectra of the-fimnonomethoxjbenzyt3,4-methylenedioxyphenpropylamines

As reported withthe N-(monomethoxy)benzydimethoxyphapropylaminescompounds earlier
the dominant ions in G®IS spectrum of all three compounds in this series are almost identical
atm/z=121, 164 and 91, with the base peak 121 (Figurel20). Them/z91 ion was present in

the highest

Other than the relative abundance ofrtliz91 ions, there are no other features in the mass spectra

abhathldaxy ei $ oame h ea +&ad ddnetboxydsansessd

of these regioisomers which allows for specific differentiation.
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Spectrum 1A
BP: 300.3 (589256=100%), 3.4 mdoppa n mix md 10-1-2018 3-05-28  21.043 min, Scan: 2006, 50:500, lon: 147 us, RIC: 1.105e+6, BC
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Figure121CI-MS of Mass Spectra & methoxybenzyt3,4-methylenedioxyphenpropylamine series.

Thus, it appears that the methylenedioxy regioisomers undergo fragmentation under El conditions
similar to the dimethoxy compounds as illustrated in Sché8négain, the predominant icat

m/z121 can be formed by the cleavage of th€ Wond yielding 2nethoxybenzyl cation and the
ionatm/z164i s | i kely the iminium cation f-aarnded by
carbon atoms. Finally, the ion at/z91 appears to have formed from loss of,OHrom the
methylenedioxybenzylcation.

0 NH
{ jg/\/ OCH,

/ ®
®
% H,C H,C
/:
HsC H?}OC% OCHj4
o0 S
m/z 164 m/z 121 m/z 91

Schemelt8 Proposed EMS fragmentation pathway for the-(fhonomethoxy)benzyi3,4-

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 simplifiederivatives were prepared and analyzed. The derivatives
prepared included compound-23 which contains no methoxy substituents in either the benzyl

or pherethyl aromatic rings (Figuré22).

OCH, OCH, ;
- i ~ i OCH,
< W OCH; ( D/\( CHs 3CO/©/\/
OCH,

Figure122 Structures of the simplified derivatives
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Figure 123 EI-MS of Mass Spectra of the-N 2 &dinethoxy)benzy3,4-methylenedioxyphenpropylamines
(Compound 21)
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Figure1l25EI-MS of Mass Spectra of the-N 2nionomethoxjbenzyt2-Bromo-4,5-dimethoxyphepropylamine
(Compound 23)

The EFMS of these compounds are shown in Figut@8-125. If the fragmentation pathway
shown in Schemd7 and48is accurate and characteristic for compounds of this structure class,

then compounds 223 would be expected to yield ions of high abundance as shown em8ch
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49. Sincecompounds 2have a benzyl dimethoxy substituent they would be expected to give an
iminium cationat m/z 194 by pherethyl side U/ farbon bond dissociatiogpnsistent with the
fragmentation pathways in Sche#&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 ringFigures 23). On the other hand, 22 which contains one bromine atom and two
benzyl methoxy substituents would be expected to givameaium cationatm/z272, as is present

in the EIMS (Figure 24). Finally, compounds 23 would expected to show sinfiilegments to
compounds 8,1220 since thg share the exact substitution pattern of a single methoxy

substituent in the benzyl ring.

The base peaxtm/z121 ionpresent in the spectra of all twelde(methoxy)benzydimethoxy
phenpropylamines (compounti,12-20) was proposed to be tRhenethoxybenzyl cation formed

by cleavage of the IC bond. Again,fithe original fragmentation pathway shown in Scheime

48is accurate and characteristic for compounds of this structure class, then compounds 21 would
beexpected to give benzyl cation base peaks as shown in Sdi®eBiacecompounds 2have a

benzyl dimethoxy substituent, they would be expected to gl¥enayl cation base peak &'z

121. This ion is present in the-EIS of both compounds 21 and is 3@ss units highemng/z121)

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 le&pected to give a benzgation base peak at/z229,

78 mass units higher than the 12 compounds of the(mé&lhoxybenzy}
dimethoxyphenpropylamine series. Finally, compound 23 contains a single methoxy substituent
in the benzyl ring. Therefore, it woulle expected to give the same beratlon base peak at/z

121 regardless of the substituents on the aromatic ring of the phenpropylamine. Ther&fSre El
analysis of these structurally modified derivatives supports the original fragmentation pathway
proposed in Schemé7-48 and demonstrates that compounds of this series undergo characteristic

fragmentation.
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Schemed9 Proposed EMS fragmentation pathway for Compounds2Za

In conclusion, althe twelve compounds (Compound8,11220) of the N(monomethoxy)benzyl
series canboét be distinguished from each othe

Therefore, other technigs@reneeded

The EFMS for the six dimethoxy regioisomers ingdlseries are shown in Figut2é. Once again,

al regioisomeric members of this subset of compounds derivatives (compotf)dgielded

nearly identical mass spectra as shown in Figid@ The dominant ions in this series were
observed atn/z= 151, 194 ad 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.
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