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(57) Abstract: A compound including a prodrug having a psychoactive base substance attached to an amino acid. A method of treating
an individual, especially in substance-assisted psychotherapy, by administering proMDMA or a proMDMA-like compound to the
individual, metabolizing the prodrug, and releasing the MDMA or MDMA-like substance in the individual. A method of reducing
anxiety while administering MDMA, by providing a slow release of MDMA or an MDMA -like substance and thereby reducing anxiety
in the individual at the onset of administration. A method of personalized medicine, by evaluating an individual and determining if
there are characteristics of the individual present that would not be suitable for MDMA treatment and administering proMDMA or a
proMDMA -like substance to the individual. A method of reducing abuse of MDMA, by administering proMDMA or a proMDMA-like
substance, and providing a delayed and attenuated effect of MDMA or a MDMA-like substance, thereby reducing abuse.
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MDMA PRODRUGS TO ASSIST PSYCHOTHERAPY

BACKGROUND OF THE INVENTION

1. FIELD OF THE INVENTION
[0001] The present invention relates to novel substances {compositions of matter) for substance-
assisted psychotherapy including (1) the description of new substances, (2) methods of synthesis of the
substances, and (3) applications of the substances in treating medical conditions.

2. BACKGROUND ART
[0002] 3,4-Methylenedioxymethamphetamine (MDMA) is a psychoactive drug that alters mood and
perception, and is investigated as an adjunct in psychotherapy for posttraumatic stress disorder (PTSD), social
anxiety, autism (Danforth, 2016; Danforth et al., 2018; Danforth et al., 2016; Mithoefer et al., 2019; Mithoefer
et al., 2010; Oehen et al., 2013), and may later also be studied and used for a range of other medical conditions.
Such conditions where MDMA or related substances may be useful include, but is not limited to, substance-use
disorder, depression, anxiety disorder, anxiety with life-threatening disease, personality disorder including
narcistic and antisocial disorder, and obsessive-compulsive disorder. MDMA or related substances can also be
used to enhance couple therapy.
[0003] MDMA and related substances are thought to produce positive therapeutic long-term effects in
the context of MDMA/substance-assisted psychotherapy by producing acute subjective positive mood effects
that also enhance the effectiveness of psychotherapy and can be beneficial on their own. Such acute beneficial
MDMA-effects include, but are not limited to, feelings of well-being, feelings of connectivity to others, feelings
of increased trust, feelings of love, enhanced emotional empathy, and enhanced feelings of pro-sociality and
prosocial behavior (Hysek et al., 2014; Liechti et al., 2001; Schmid et al., 2014; Vollenweider et al., 1998a).
[0004] Prior art discloses the use of substances in substance-assisted psychotherapy including MDMA,
psilocybin, and LSD (Carhart-Harris et al., 2017; Liechti, 2017; Luoma et al., 2020; Nichols et al., 2017; Sessa et
al., 2019; Trope et al., 2019). However, other substances may be more suitable with different therapeutic
benefits/tolerability profiles. Additionally, MDMA is the only empathogen-type substance currently investigated
for substance-assisted psychotherapy while psilocybin and LSD are psychedelics with a different effect profile
and mode of action (Holze et al., 2020). Alternatives to MDMA have been suggested (Oeri, 2020). These
alternative MDMA-like substances include many compounds that may share some similarity with MDMA based
on their in vitro pharmacological profiles and based on reports of their subjective effects by recreational users
(Oeri, 2020). 3,4-Methylenedioxamphetamine {MDA) is the only MDMA-like substance which has been used to
assist psychotherapy in the past {Baggott et al., 2019; Yensen et al., 1976).

[0005] The present invention includes an alternative approach to optimize effects of MDMA and MDA
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by using a pro-drug approach. This allows modification of the MDMA and MDA effects but at the same time the
novel compounds used will be transformed to the known and previously used active substances MDMA and
MDA in the body providing higher safety compared to a compound with a novel structure of the active entity.
MDMA may not be the only compounds suitable for substance-assisted therapy. In fact, MDMA may be
contraindicated in some subjects (for example due to cardiovascular side effects) and substance characteristics
slightly different from those of MDMA may be needed in some patients.

[0006] Substances with expected overall similar benefits as those of MDMA in MDMA-assisted therapy
are needed, while such novel substances could be improved regarding some of the adverse effects of MDMA or
may exhibit properties in addition to MDMA that are of therapeutic interest. Therefore, the present invention
describes novel MDMA-like compounds that could substitute for MDMA in selected patients.

[0007] Substances with overall MDMA-like properties are those with an overall similar in vitro
pharmacological profile and namely substances which release monoamines with a preference for release of
serotonin (5-HT) over dopamine (DA) {Liechti, 2014; Oeri, 2020; Simmler et al., 2013).

[0008] While MDMA acutely induces mostly positive subjective effects including heightened mood,
openness, trust, and enhanced empathy, there can also be negative drug effects including anxiety in particular
at the onset of the subjective response (Hysek et al., 2014; Liechti et al., 2001; Schmid et al., 2014; Vollenweider
et al., 1998a).

[0009] A possible solution to mitigate anxiety at onset consists of slowing the onset of the drug effect
by using a slow-release formulation of MDMA. The present invention newly uses a prodrug that is expected to
be slowly converted to MDMA or a MDMA-like substance in the body and thereby producing a slower and
attenuated response with reduced anxiety at onset of the subjective drug effect.

[00010] Amphetamines including MDMA carry a risk of abuse liability. This is evidenced by the fact that
MDMA is self-administered by animals, although not very robustly (Cole & Sumnall, 2003; Creehan et al., 2015),
promotes conditioned place preference (Cole & Sumnall, 2003} and releases dopamine (Kehr et al., 2011) in the
brain similar to, although not as robustly, as other drugs of abuse. The risk of abuse of a substance with central-
nervous system action is generally associated in part with the rapidity of the onset of the subjective drug effect,
which is linked to the rapidity of the drug-plasma concentration increase in the brain (or blood plasma) (Busto
& Sellers, 1986; Mumford et al., 1995).

[00011] One way of reducing the addictive property of a substance of abuse is by slowing the onset of
action and/or the increase in the blood concentration, for example, by using slow-release formulations
(Mumford et al., 1995).

[00012] Another approach is to use a prodrug that is slowly converted to the active substance. For

example, this approach has been used with the prodrug lisdexamfetamine, which is converted to d-
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amphetamine after reaching the circulation (Jasinski & Krishnan, 2009a; Jasinski & Krishnan, 2009b).
[00013] Therefore, there remains a need for methods of administering MDMA to individuals safely and
minimizing unwanted side effects.
SUMMARY OF THE INVENTION

[00014] The present invention provides for a compound including a prodrug having a psychoactive base
substance attached to an amino acid.
[00015] The present invention provides for a method of treating an individual, especially in substance-
assisted psychotherapy, by administering proMDMA or a proMDMA-like compound to the individual,
metabolizing the prodrug, and releasing the MDMA or MDMA-like substance in the individual.
[00016] The present invention also provides for a method of reducing anxiety while administering MDMA,
by providing a slow release of MDMA or an MDMA-like substance and thereby reducing anxiety in the individual
at the onset of administration.
[00017] The present invention provides for a method of personalized medicine, by evaluating an
individual who is in need of MDMA treatment and determining if there are characteristics of the individual
present that would not be suitable for MDMA treatment and administering proMDMA or a proMDMA-like
substance to the individual.
[00018] The present invention provides for a method of reducing abuse of MDMA, by administering
proMDMA or a proMDMA-like substance, and providing a delayed and attenuated effect of MDMA or a MDMA-
like substance, thereby reducing abuse.

DESCRIPTION OF THE DRAWINGS
[00019] Other advantages of the present invention are readily appreciated as the same becomes better
understood by reference to the following detailed description when considered in connection with the
accompanying drawings wherein:
[00020] FIGURES 1A-1H show examples of MDMA-like substances. 3,4-
methylenedioxymethamphetamine (MDMA} (1A), 3,4-methylenedioxyamphetamine (MDA} (1B), 1-(1,3-
benzodioxol-5-yl)-methyl-2-butanamine (MBDB) (1C), 3,4-methylenedioxyethylamphetamine (MDEA) (1D),
methylone (1E), 5-(2-aminopropyl}-benzofuran (5-APB) (1F), N-methyl-1-(benzofuran-5-yl}-propane-2-amine (5-
MAPB) (1G), 5,6-methylenedioxy-2-aminoindane (MDAI) {1H);
[00021] FIGURE 2 shows lysMDA and lysMDMA as representative examples of proMDMA or proMDMA-
like compound structures, inactive lysMDA or lysMDMA is rapidly absorbed after oral administration in the
intestine as shown for related compounds (Hutson et al., 2014}, and peptidases in the blood metabolize lysMDA
or lysMDMA to lysine and active MDA or MDMA, respectively;

[00022] FIGURE 3 is a graph showing the plasma alprazolam levels after administration of immediate-
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release (IR) and extended-release (XR) formulation;
[00023] FIGURE 4 is a graph showing subjective effects of immediate-release (IR} and extended-release
(XR) formulations of alprazolam on the subjective effect-time curves (Mumford et al., 1995);
[00024] FIGURES 5A-5B are graphs showing the effect of immediate-release and extended-release
formulations of alprazolam on maximal drug-liking ratings (5A) and associated drug-reinforcement measures
(5B) (Mumford et al., 1995);
[00025] FIGURE 6 is a graph showing plasma levels of d-amphetamine after administration of the prodrug
lisdexamfetamine and d-amphetamine at equivalent molar doses (Jasinski et al., 2009b) in humans, the drugs
were administered intravenously;
[00026] FIGURE 7 is a graph showing subjective drug-liking ratings as a measure of abuse liability after
administration of the prodrug lisdexamfetamine and d-amphetamine at equivalent molar doses (Jasinski et al.,
2009b}, the drugs were administered intravenously;
[00027] FIGURE 8 is a graph showing subjective peak changes after administration of the prodrug
lisdexamfetamine at doses of 50 mg, 100 mg, and 150 mg and a 100 mg equivalent dose of d-amphetamine
(40 mg) orally;
[00028] FIGURE 9 is a graph showing systolic blood-pressure values after administration of the prodrug
lisdexamfetamine at doses of 50 mg, 100 mg, and 150 mg and a 100 mg equivalent dose of d-amphetamine
(40 mg) orally;
[00029] FIGURE 10 is a graph (semilog plot as inset) of the plasma concentrations of amphetamine after
administration of lisdexamfetamine and d-amphetamine at equivalent doses;
[00030] FIGURE 11 is a graph of the subjective liking-rating scores over time after administration of
lisdexamfetamine and amphetamine to healthy subjects;
[00031] FIGURE 12 is a graph of the systolic blood pressure over time after administration of
lisdexamfetamine and amphetamine to healthy subjects; and
[00032] FIGURE 13 is a graph of the acute effects of MDMA and amphetamine illustrating higher and
shorter MDMA effects on drug liking compared with amphetamine and indicating room for attenuating the
MDMA effect using a prodrug concept.

DETAILED DESCRIPTION OF THE INVENTION
[00033] The present invention generally provides for novel MDMA-like compounds, descriptions of their
production and of their use, and use advantages over existing substances used in substance (MDMA}-assisted
psychotherapy to treat medical conditions. Most generally, the present invention provides for a compound of a
prodrug including a psychoactive base substance attached to an amino acid. Preferably, the compounds are

prodrugs of MDMA and MDMA-like compounds.
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[00034] A “prodrug” as used herein, refers to a compound that includes a moiety attached to an active
drug substance that is metabolized after administration to an individual and the compound is converted into
the active drug substance. Using a prodrug allows for improving how the active drug is absorbed, distributed,
metabolized, and excreted. Prodrugs can be used to prevent release of the active drug in the gastrointestinal
tract upon administration so that the drug can be released more favorably elsewhere in the body. The prodrugs
in the present invention can be referred to as “proMDMA” or “proMDMA-like compound”.

[00035] More specifically, the compound includes an amino acid covalently attached to a psychoactive
base substance of MDMA or an MDMA-like compound (FIGURES 1A-1H). The addition of the amino acid makes
the active compound inactive mainly by preventing interaction with monoamine transporter, which is the site
of action but also affecting bioavailability/rate of absorption. The amino acid can be lysine or any other amino
acid such as alanine, arginine, asparagine, aspartic acid, cysteine, glutamine, glutamic acid, glycine, histidine,
isoleucine, leucine, methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine, or valine and
typically attached to the amine (N)-group of MDMA or the MDMA-like substance and hence reducing
pharmacological activity at the primary site of action (cell-membrane monocamine transporters including
serotonin, dopamine and norepinephrine transporter), and also altering extent and rate of absorption and
mainly releasing active substance in the circulation after absorption of the inactive compound. The amino acid
can be any other natural or synthetic amino acid. The invention will be described with lysine as amino acid
example combined with MDMA and MDA. However, the invention can use any other amino acid covalently
bound to any other MDMA-like substance via the amine group of the MDMA-like substance to form a peptide
bond.

[00036] The MDMA-like compound can be MDMA (FIGURE 1A}, 3,4-methylenedioxyamphetamine (MDA)
(FIGURE 1B}, 3,4-methylenedioxyethylamphetamine (MDEA) (FIGURE 1D}, 1-(1,3-benzodioxol-5-yl)methyl-2-
butanamine (MBDB) (FIGURE 1C), 1-(1,3-benzodioxol-5-yl)-2-aminobutane (BDB, also known as MDB)
methylone (FIGURE 1E), ethylone, 5,6-methylenedioxy-2-aminoindane (MDAI} (FIGURE 1H), 5-iodo-2-
aminoindane (5-1Al}, 4-(2-aminopropyl)-benzofuran (4-APB), 5-(2-aminopropyl)-benzofuran (5-APB)
(FIGURE 1F), 6-(2-aminopropyl}-benzofuran (6-APB), N-methyl-1-(2,3-dihydrobenzofuran-5-yl}-propan-2-amine
(5-MAPDB), 6-(2-methylaminopropyl)}-benzofuran (6-MAPB) (FIGURE 1G), or other compounds, namely a
benzofuran, aminoindane or cathinone or mixed dopaminergic-serotonergic amphetamine and their N-
alkylated analogs, with an MDMA-like pharmacological profile (Rickli et al., 2015a; Rickli et al., 2015b; Simmler
et al.,, 2013) or active metabolites of such substances (Luethi et al., 2019). There is similarity of the structures in
FIGURES 1A-1H, all of the compounds contain a 3,4-substitution of the benzene ring in the phenethylamine
structure which is typical for MDMA-like compounds that preferably act on serotonin versus dopamine

transporters to primarily release serotonin. Compounds can be used in any suitable pharmaceutical salt form
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such as hydrochloride or dimesylate, etc. Any active metabolites can also be used.

[00037] The invention described herein describes in detail two examples of substances representing the
invention regarding substance matters including lysMDMA (for lysine covalently bound to MDMA) and lysMDA
(for lysine covalently bound to MDA).

[00038] Compounds in the field of the present invention can generally be prepared in analogy to known
routes such as described for lisdexamfetamine {patent numbers: W02005032474A2, W02006121552A2,
US7223735B2, US2009234002A1, US20120157706A1, WO02017098533A2) which is derived from the
combination of lysine as amino acid and dexamphetamine as psychoactive substance. Briefly, bis-N-protected
lysine or another amino acid is activated at the carboxyl group by introducing a leaving group such as O-
succinimide. In the present example, this activated lysine derivative is then allowed to react with a primary or
secondary amine such as MDA or MDMA, respectively, to form the corresponding amide in the presence of a
suitable non-protic base such as triethylamine, N-methylmorpholine or diisopropylethylamine. Tetrahydrofuran
(THF) or dioxane is used as a suitable solvent, but others such as dimethylformamide {DMF) or dimethylsulfoxide
(DMSO) may also be considered. After isolation and purification, the compounds such as bis-N-protected
lysMDA or lysMDMA are redissolved in a suitable solvent and treated with the corresponding conditions to allow
deprotection, e.g., the use of an acid to remove tert-butoxycarbonyl {(BOC) groups or hydrogen in the presence
of a catalyst such as palladium on activated charcoal (Pd-C) to remove hydrogen-sensitive protecting groups.
The final products can either be isolated as a salt from corresponding conditions or as their free base. An
optional further purification step and/or conversion to a salt such as hydrochlorides or mesylates by known
procedures will lead to the final products such as lysMDA or lysMDMA or any similar combination of an MDMA-
like psychoactive substance linked with an amino acid.

[00039] A problem relating to using MDMA in the treatment of medical conditions is that MDMA has
some abuse liability due to its amphetamine structure and pharmacology. Namely, MDMA releases dopamine
(Kehr et al., 2011), which is associated with dependence. MDMA also releases serotonin (Kehr et al., 2011),
which counteracts dependence (Suyama et al., 2016). Due to its combined dopaminergic and serotonergic
properties, MDMA is considered a moderate reinforcer compared to methylphenidate, cocaine or nicotine,
which are strong reinforcers (Liechti, 2014). Nevertheless, abuse of MDMA can be a medical concern.

[00040] A measure of abuse liability that can easily be measured is subjective drug liking (Jasinski, 2000;
Jasinski & Krishnan, 2009a; Jasinski & Krishnan, 2009b). Subjective effects of drug liking are thought to be
associated with abuse liability. In particular, higher drug-liking scores and more rapidly increasing scores after
substance administration are predictors of greater abuse liability. Consistently, immediate release formulations
increase liking more rapidly and to higher levels than extended releaser formulations of a given central-nervous-

system-acting substance. For example, this has been shown for alprazolam immediate-release and extended-
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release formulations with the extended-release formulation producing lower liking and less drug reinforcement
compared to the rapid-release formulation (Figures 3-5) (Mumford et al., 1995).

[00041] As illustrated for example in FIGURE 2, the proMDMA-like compound is inactive and absorbed
well after oral administration in the intestine where it is transported into the blood. In the blood, the proMDMA-
like compound is cleaved into an amino acid (lysine in the example) and the active MDMA-like compound (MDA
in the example in FIGURE 2) as shown for related compounds (Hutson et al., 2014).

[00042] The cleaved amino acids are physiologically available and metabolically needed substances
(protein synthesis) that are used by the body physiologically or metabolized as in the case of amino acids
administered within food (meat) or food supplements.

[00043] The amino acid tryptophan can also be used and can be particularly useful in the present
invention because it is the precursor amino acid used by the brain to produce the neurotransmitter serotonin
(5-hydroxytryptamine, 5-HT}. MDMA and MDMA-like substances release endogenous serotonin and can lead to
serotonin depletion which in turn can lead to depressed mood a few days after MDMA administration. The
tryptophan contained in tryptophan-MDMA prodrug helps prevent such serotonin depletion and associated
negative mood effects.

[o0044] ProMDMA compounds have a low bioavailability when used via parenteral routes such as
intranasal (snorting) or intravenous administration, limiting their abuse liability as shown for related compounds
(FIGURES 4 and 5A-5B). This concept has previously been employed for d-amphetamine (US7,655,630B2)
(Jasinski et al., 2009b) but not with MDMA or its analogs.

[00045] ProMDMA compounds can induce lower drug-liking ratings compared to equivalent doses of the
mother substance. This has been shown using lisdexamfetamine and an equivalent oral dose of d-amphetamine
(Jasinski et al., 2009a)}{FIGURE 8) and can be confirmed using lysMDMA/lysMDA and MDMA/MDA in the clinical
studies used to further support the present invention. In FIGURE 8, ratings of liking for lisdexamfetamine were
lower compared to d-amphetamine rating scores.

[00046] MDMA and related substances increase blood pressure rapidly and, in some subjects, markedly
(Hysek et al., 2011; Vizeli & Liechti, 2017). This can be a problem for subjects or patients with cardiovascular
disease. MDMA-like substances with lower acute cardiovascular effects or an attenuated increase in blood
pressure are warranted. ProMDMA and proMDMA-like compounds exhibit an attenuated cardio-stimulant
response due to the slowed production of the active substance from the prodrug as similarly shown for
lisdexamfetamine and d-amphetamine (lasinski et al., 2009a) (FIGURE 9). In FIGURE 9, blood pressure after
100 mg lisdexamfetamine increased more slowly and later compared to administration of d-amphetamine.
[00047] ProMDMA compounds have attenuated acute effects including reduced and slowed increases in

drug liking, reduced and slowed increases in blood pressure, and reduced and slowed increases in any anxiety
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at effect onset. This is based on known data comparing effects of lisdexamfetamine and d-amphetamine
regarding abuse-related measures such as drug liking (Jasinski & Krishnan, 2009a; Jasinski & Krishnan, 2009b)
(FIGURES 6-9).

[00048] The present invention provides advantages with the prodrug concept not only regarding abuse-
related effects but also with reduced anxiety ratings and reduced cardiovascular stimulation with the prodrug
formulation and thus a better benefit versus adverse effect profile of the prodrug compared with the
administration of the active substance. This effect is obtained by the slowed release of the active substance
(MDMA) from the prodrug compound {proMDMA) producing moderated slowed increases in plasma levels of
psychoactive substance (MDMA) compared to direct administration of psychoactive substance. Additionally,
the published reports of reduced drug liking with orally administered lisdexamfetamine versus d-amphetamine
were observed only in one study (Jasinski et al., 2009a) but not in another (Dolder et al., 2017) {(FIGURE 8).
Unexpectedly, another very detailed and solid experimental study showed onset {10% of the individual maximal
response as threshold) and peak times of the amphetamine concentration-time curve were longer after
lisdexamfetamine administration compared with d-amphetamine, but no differences were found in the maximal
concentrations {Dolder et al., 2017} (FIGURE 10). Additionally, the subjective drug effect-time curves including
drug liking ratings were shifted to the right consistent with significantly longer time-to-effect-onset (Tonset) and
time-to-maximal-effect (Tmax) values after lisdexamfetamine administration compared with d-amphetamine
administration, consistent with the pharmacokinetics of the two drugs (Dolder et al., 2017) (FIGURE 11).
However, no differences in maximal effect (Emax) or area under the effect-time curve (AUEC) values were found
between lisdexamfetamine and d-amphetamine (Dolder et al., 2017). There was a slight non-significant
reduction and delay in the drug liking response after lisdexamfetamine vs. d-amphetamine (FIGURE 11).
Moreover, lisdexamfetamine and d-amphetamine produced similar increases in blood pressure (FIGURE 12),
heart rate, body temperature, and pupil size (Dolder et al., 2017). The blood pressure-time curves were shifted
to the right because of significantly longer Tonset values after lisdexamfetamine administration compared with
d-amphetamine administration {Dolder et al., 2017). Thus, this contradicting data shows that there may not be
a relevant difference between a prodrug and its active metabolite regarding peak effects or at least that such
differences may depend on dosing. Thus, the benefits of the present invention are not obvious based on existing
contradicting data (Dolder et al., 2017; lasinski & Krishnan, 2009a; Jasinski & Krishnan, 2009b) and need to be
specifically demonstrated and documented with experimental data for the prodrugs described in the present
invention.

[00049] d-amphetamine and MDMA are different regarding molecular structure and metabolism.
Importantly, lisdexamfetamine is converted to d-amphetamine which has a relatively long half-life of 8 hours

and presence in human plasma (Dolder et al., 2017) and is metabolized to 4-hydroxyamphetamine which is an
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active metabolite but d-amphetamine is also eliminated unchanged and as hippuric acid conjugate in urine
(Krishnan et al., 2008). In contrast, lysMDMA is converted to MDMA that is metabolized primarily at the
methylenedioxy group which is not present in d-amphetamine. In particular, MDMA is mainly inactivated to 3,4-
dihydroxymethamphetamine (HHMA) and then rapidly further metabolized to 4-hydroxy-3-
methoxymethamphetamine (HMMA) by cytochrome P450 enzyme (CYP) 2D6 and catechol-O-methyltransferase
(COMT) (de la Torre et al., 2000; Schmid et al., 2016b). This process will already take place during the formation
of MDMA from lysMDMA and thus the kinetics of MDMA formation and metabolism after administration of
lysMDMA are different from those of d-amphetamine formation and metabolism after administration of
lisdexamfetamine and are characterized in the study described in the present invention and cannot simply be
derived from past knowhow.

[00050] A direct comparison of the kinetics of the acute effects of d-amphetamine and MDMA also shows
“slowed” kinetics for d-amphetamine compared with MDMA including lower peak effects and longer lasting
subjective effects for example for ratings of liking (FIGURE 13). Thus, a prodrug of MDMA will likely be different
than a prodrug of d-amphetamine as there is more room for reducing Emax of liking and protracting the effect
compared with d-amphetamine further supporting the novelty of the present innovation regarding effect
modification after oral use.

[00051] Therefore, the present invention includes the design and detailed plan of an experimental study
experimentally supporting the claims made.

[00052] A clinical experimental study can be performed to compare the effects of lysMDMA and lysMDA
with those of MDMA and MDA, respectively, within the same participants using a randomized balanced-order
(placebo-controlled} cross-over design in healthy participants. Molar equivalent doses of lysMDMA and MDMA
or lysMDA and MDA are administered with a content of active drug (MDMA or MDA} corresponding to 125 mg
of MDMA as the hydrochloride salt. The primary outcome measures are the plasma pharmacokinetics of MDMA
and MDA, subjective drug effects including any, good, and bad drug effects as well as drug liking and anxiety;
autonomic drug effects including heart rate and diastolic and systolic blood pressure. The relevant
pharmacokinetic parameters regarding this invention are Cmax, Tmax, Tonset, and AUC (area under the
concentration-time curve). The relevant parameters regarding the effects of the substances are Emax, Tmax, Tonset
and AUEC. lysMDMA/lysMDA vs MDMA/MDA will produce lower Cmax, higher Tmax, longer T onset, and similar AUC
values for plasma levels of active MDMA/MDA as well as: lower Emay, longer Tmax, longer Tonset and similar AUEC
levels for ratings of subjective effects and for measures of autonomic responses. This outcome would
correspond to a prolonged and attenuated response to administration of lysMDMA/lysMDA as compared with
MDMA/MDA. The cross-over study can include only lysMDMA and MDMA or only lysMDA and MDA or all four

conditions or an additional placebo condition. The relevant comparisons regarding the present invention are
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lysMDMA versus MDMA and lysMDA versus MDA. The study can also include a comparison between MDMA
and MDA and between lysMDMA and lysMDA to derive additional information on the difference between
MDMA and MDA. Specifically, the clinical experimental data on the difference between MDMA and MDA is not
available from a study validly comparing the two and such a comparison can either be integrated into the study
including lysMDMA and lysMDA or can even be performed as a separate experimental study comparing only
MDMA and MDA. The novel aspect of such an experimental study is presented in the following.

[00053] MDA is a psychoactive amphetamine and MDMA analog. MDA is also an active metabolite of
MDMA. Peak plasma concentrations of MDA are approximately 7-10% of those of MDMA after administration
of MDMA (Hysek et al., 2011; Schmid et al., 2016a). Plasma levels of MDA increase more slowly and reach a
maximum later compared with levels of MDMA after administration of MDMA. Trmax values are 2.6 and 4.7 for
MDMA and MDA after administration of 125 mg MDMA to healthy subjects (Hysek et al., 2011). Additionally,
the elimination half-life of MDA is 10-16 hours and longer than that of MDMA (7-10 hours) (Baggott et al., 2019;
Hysek et al., 2011; Kolbrich et al., 2008). This means that effects of MDA can last longer than those of MDMA
when MDA is administered as a drug. It also means that levels of the MDMA-metabolite MDA in plasma are
relatively higher compared with MDMA levels towards the end of an MDMA experience and effects of MDA may
contribute to some extent to the MDMA experience, in particular towards the end of the experience.

[00054] The MDMA metabolite MDA is psychoactive (Baggott et al., 2019) and has been used in the past
in MDA-assisted psychotherapy similarly to MDMA (Pentney, 2001; Turek et al., 1974; Yensen et al., 1976). The
pharmacology of MDA is overall relatively similar to MDMA supporting the view that MDA is an MDMA-like
compound (Hysek et al,, 2012; Oeri, 2020). The relative dopamine over serotonin transporter inhibition
(DAT/SERT) potency ratio is a key determinant of the type of psycho-activity produced by an amphetamine
compound.

[00055] Specifically, substances with a low DAT/SERT-ratio {(<1) are MDMA-like empathogenic
compounds while substances with a high DAT/SERT-ratio (>10) and therefore a predominant dopaminergic
action are amphetamine/methamphetamine-like stimulants (Liechti, 2015; Simmler et al., 2013). For example,
compounds that are MDMA-like and included in the present invention like MDMA, MBDB, MDEA and MDA have
DAT/SERT ratios of 0.08, 0.09, 0.14, 0.24, respectively (Simmler et al., 2013). The benzofurans 5-APB, 6-APB have
DAT/SERT ratios of 0.05 and 0.29, respectively (Rickli et al., 2015b). The aminoindane MDAI has a DAT/SERT-
ratio of 0.2 (Simmler et al., 2014).

[00056] All these substances also release serotonin similar to MDMA (Rickli et al., 2015b; Simmler et al.,
2013; Simmler et al., 2014). Thus, all these compounds are alike with regarding to their main action which is to
release monoamines with a preference for serotonin over dopamine.

[00057] However, there are notable differences: MDA is slightly more dopaminergic than MDMA (Hysek

10



WO 2022/106947 PCT/1IB2021/060227

et al., 2012; Rickli et al., 2015b). MDA also activates the 5-HT.a receptor, which mediates psychedelic effects
(Preller et al., 2017; Vollenweider et al., 1998b)}, with significantly greater potency than MDMA (Rickli et al.,
2015b}. Concentrations producing half-maximal effect (ECso) values of 5-HT2a receptor activation are 6.1 and
0.63 for MDMA and MDA, respectively (Rickli et al., 2015b}. Thus, based on the pharmacological profile, MDA
would be expected to exert mare LSD-like psychedelic effects than MDMA.

[00058] A direct comparison of MDMA and MDA within a clinical experimental study is outstanding.
[00059] One previous study tested the effects of MDA (1.4 mg/kg orally) in 12 healthy subjects and also
provided indirect comparisons with the effects of MDMA (Baggott et al., 2019). Importantly the data was
obtained in different subjects and studies and is therefore not a valid comparison. The effects of MDA reportedly
shared features with MDMA as well as with classical psychedelics (Baggott et al., 2019} in line with the in vitro
pharmacological profile (Rickli et al., 2015b). MDA self-reported effects lasted longer than those of MDMA and
up to 8 hours while MDMA effects resolved by 6 hours. MDA also produced greater perceptual changes than
MDMA on the 5-Dimensions of Altered States of Consciousness Scale (Baggott et al., 2019} indicating more
psychedelic-like properties.

[00060] Based on these previous data, a difference exists between MDMA and MDA and namely more
psychedelic-like and longer lasting effects of MDA compared with MDMA.

[00061] Additionally, the use of lysMDA can further prolong and attenuate the MDA response and create
an experience distinct from that of MDA and MDMA and desired in some patient populations. Specifically,
lysMDA is useful in situations where a longer and more mixed empathogenic-psychedelic response is desired
compared to the shorter and more empathogenic response to MDMA.

[00062] Other compounds with an MDA-like structure or their prodrug compositions can be used as
described for MDMA or MDA within the present invention. Specifically, MDA-like compounds include MBDB,
BDB, and fluorine-containing analogs of MDMA such as 2F-MDA, 5F-MDA, 6F-MDA. BDB and the fluorinated
MDA compounds release 5-HT and exhibit DAT/SERT-inhibition ratios between 0.1 and 1 and are therefore
similar to MDMA regarding their main pharmacological property to stimulate the serotonin over dopamine
system (data on file).

[00063] The present invention provides generally for a method of treating an individual, by administering
proMDMA or a proMDMA-like compound to the individual, metabolizing the prodrug, and releasing the MDMA
or MDMA-like substance in the individual. This method can provide a way around or avoid metabolism in the Gl
tract of MDMA for metabolism elsewhere in the body, such as the liver or circulation. There are many beneficial
effects of administering proMDMA or a proMDMA-like compound as opposed to the psychoactive substance
without the prodrug described below.

[00064] The compositions described herein can be used in any type of substance-assisted psychotherapy
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similar to the intended use of MDMA or LSD or psilocybin (Danforth et al., 2018; Luoma et al., 2020; Mithoefer
et al., 2016; Mithoefer et al., 2018; Trope et al., 2019).

[00065] Specifically, the compounds can be used in compound-assisted therapy for medical disorders
including post-traumatic stress disorder, social anxiety, autism spectrum disorder, substance use disorder,
depression, anxiety disorder, anxiety with life-threatening disease, personality disorder including narcistic or
antisocial personality disorder, obsessive compulsive disorder, couple therapy, enhancement of any
psychotherapy by inducing feelings of well-being connectivity, trust, love, empathy, openness, and pro-sociality,
and enhancing therapeutic bond in any psychotherapy of patients or neurotic/healthy subjects.

[00066] In comparison with the use of MDMA or related psychoactive substances, the prodrug
compounds described herein have a slower onset of action due to retarded kinetic properties, have longer
duration of action. have reduced peak effects and thereby an attenuated effect profile, produce lower
apprehension anxiety at the onset of the subjective drug effect, produce lower apprehension anxiety at the
onset of the subjective drug effect, produce a slower increase in drug-liking rating scores over their acute effects,
have a reduced risk of abuse and dependence, have a delayed and attenuated effect when used parenterally
and thereby are abuse deterrent, and have a delayed and attenuated cardio-stimulant effect and therefore are
safer to use in patients with cardiovascular disease and risk factors. Combinations of these effects can also be
present.

[00067] The present invention also provides for a method of reducing anxiety while administering MDMA,
by providing a slow release of MDMA or an MDMA-like substance and thereby reducing anxiety in the individual
at the onset of administration. The slow release can be provided with the proMDMA or proMDMA-like
substance since the pro-compound is enzymatically split into the amino acid and the psychoactive substance
within the body by peptidases mainly in the circulation and release the psychoactive substance at a slowed rate
compared to levels achieved by absorption rates of the psychoactive substance administered in its direct active
form.

[00068] The present invention provides for a method of personalized medicine, by evaluating an
individual who is in need of MDMA treatment and determining if there are characteristics of the individual
present that would not be suitable for MDMA treatment and administering proMDMA or a proMDMA-like
substance to the individual. For example, if the individual has cardiac issues, it would be better to treat them
with proMDMA instead of MDMA. Also, if the individual had experienced anxiety at treatment onset with
regular MDMA, treatment with proMDMA would be advised. A further example is indicated if a subject suffers
from high levels of administered MDMA due to poor metabolism conditions: proMDMA can address and/or
prevent altogether the onset effects. An even further indication can be considered if a subject has any type of

gastrointestinal disorder expected to impair MDMA absorption. Hence, proMDMA, which is absorbed likely
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more easily and may be more suitable, is resulting in better controlled availability of MDMA in the body. This
approach provides maximum efficiency and minimizes toxicity to the individual.

[00069] The present invention provides for a method of reducing abuse of MDMA, by administering
proMDMA or a proMDMA-like compound and providing a delayed and attenuated effect of MDMA or a
proMDMA-like compound, thereby reducing abuse. The use of a prodrug can provide, but is not limited to,
reduced and slowed increases in drug liking, reduced and slowed increases in blood pressure, and reduced and
slowed increases in any anxiety at effect onset because there is a delayed onset of the drug.

[00070] In comparison with MDMA, any of the other psychoactive compounds described herein and
namely MDA have unique effect profiles partly distinct from MDMA making them useful alternatives to MDMA
in substance-assisted therapy.

[00071] Namely, MDA can show an effect profile different from MDMA and including a longer time of
action and more psychedelic effects than MDMA and desirable in selected patients. Such a distinct effect profile
of MDA versus MDMA is predicted based on in vitro data and preliminary experimental data.

[00072] The compound of the present invention is administered and dosed in accordance with good
medical practice, considering the clinical condition of the individual patient, the site and method of
administration, scheduling of administration, patient age, sex, body weight and other factors known to medical
practitioners. The pharmaceutically "effective amount" for purposes herein is thus determined by such
considerations as are known in the art. The amount must be effective to achieve improvement including but not
limited to more rapid recovery, or improvement or elimination of symptoms and other indicators as are selected
as appropriate measures by those skilled in the art.

[00073] In the method of the present invention, the compound of the present invention can be
administered in various ways. It should be noted that it can be administered as the compound and can be
administered alone or as an active ingredient in combination with pharmaceutically acceptable carriers,
diluents, adjuvants and vehicles. The compounds can be administered orally, subcutaneously or parenterally
including intravenous, intramuscular, and intranasal administration. Implants of the compounds are also useful.
The patient being treated is a warm-blooded animal and, in particular, mammals including man. The
pharmaceutically acceptable carriers, diluents, adjuvants and vehicles as well as implant carriers generally refer
to inert, non-toxic solid or liquid fillers, diluents or encapsulating material not reacting with the active
ingredients of the invention.

[00074] The doses can be single doses or multiple doses over a period of several days, weeks or months.
The treatment generally has a length proportional to the length of the disease process and drug effectiveness
and the patient species being treated.

[00075] When administering the compound of the present invention parenterally, it will generally be
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formulated in a unit dosage injectable form (solution, suspension, emulsion). The pharmaceutical formulations
suitable for injection include sterile aqueous solutions or dispersions and sterile powders for reconstitution into
sterile injectable solutions or dispersions. The carrier can be a solvent or dispersing medium containing, for
example, water, ethanol, polyol (for example, glycerol, propylene glycol, liquid polyethylene glycol, and the like),
suitable mixtures thereof, and vegetable oils.

[00076] Proper fluidity can be maintained, for example, by the use of a coating such as lecithin, by the
maintenance of the required particle size in the case of dispersion and by the use of surfactants. Nonaqueous
vehicles such a cottonseed oil, sesame oil, olive oil, soybean ail, corn oil, sunflower oil, or peanut oil and esters,
such as isopropyl myristate, may also be used as solvent systems for compound compositions. Additionally,
various additives which enhance the stability, sterility, and isotonicity of the compositions, including
antimicrobial preservatives, antioxidants, chelating agents, and buffers, can be added. Prevention of the action
of microorganisms can be ensured by various antibacterial and antifungal agents, for example, parabens,
chlorobutanol, phenol, sorbic acid, and the like. In many cases, it will be desirable to include isotonic agents, for
example, sugars, sodium chloride, and the like. Prolonged absorption of the injectable pharmaceutical form can
be brought about by the use of agents delaying absorption, for example, aluminum monostearate and gelatin.
According to the present invention, however, any vehicle, diluent, or additive used would have to be compatible
with the compounds.

[00077] Sterile injectable solutions can be prepared by incorporating the compounds utilized in practicing
the present invention in the required amount of the appropriate solvent with various of the other ingredients,
as desired.

[00078] A pharmacological formulation of the present invention can be administered to the patientin an
injectable formulation containing any compatible carrier, such as various vehicle, adjuvants, additives, and
diluents; or the compounds utilized in the present invention can be administered parenterally to the patient in
the form of slow-release subcutaneous implants or targeted delivery systems such as monoclonal antibodies,
vectored delivery, iontophoretic, polymer matrices, liposomes, and microspheres. Examples of delivery systems
useful in the present invention include: 5,225,182; 5,169,383; 5,167,616; 4,959,217; 4,925,678; 4,487,603;
4,486,194; 4,447,233; 4,447,224, 4,439,196; and 4,475,196. Many other such implants, delivery systems, and
modules are well known to those skilled in the art.

[00079] Throughout this application, various publications, including United States patents, are referenced
by author and year and patents by number. Full citations for the publications are listed below. The disclosures
of these publications and patents in their entireties are hereby incorporated by reference into this application
in order to more fully describe the state of the art to which this invention pertains.

[00080] The invention has been described in an illustrative manner, and it is to be understood that the
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terminology, which has been used is intended to be in the nature of words of description rather than
of limitation.

[00081] Obviously, many modifications and variations of the present invention are possible
considering the above teachings. It is, therefore, to be understood that within the scope of the
appended claims, the invention can be practiced otherwise than as specifically described.

[00082] Reference to any prior art in the specification is not an acknowledgement or suggestion
that this prior art forms part of the common general knowledge in any jurisdiction or that this prior art
could reasonably be expected to be combined with any other piece of prior art by a skilled person in
the art.

[00083] By way of clarification and for avoidance of doubt, as used herein and except where the
context requires otherwise, the term "comprise" and variations of the term, such as "comprising",
"comprises" and "comprised”, are not intended to exclude further additions, components, integers or

steps.
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CLAIMS

What is claimed is:

1. A compound comprising a prodrug including a psychoactive base substance attached to an
amino acid, wherein said psychoactive base substance is chosen from the group consisting of MDMA,
MDA, MDEA, MBDB, BDB, MDB, 2F-MDA, 5F-MDA, 6F-MDA, ethylone, MDAI, 5-1Al, 4-APB, 5-APB, 6-
APB, 5-MAPDB, 6-MAPB, mixed dopaminergic-serotonergic amphetamine and their N-alkylated
analogs, and active metabolites thereof, and wherein said amino acid is chosen from the group
consisting of lysine, alanine, arginine, asparagine, aspartic acid, cysteine, glutamine, glutamic acid,
glycine, histidine, isoleucine, leucine, methionine, phenylalanine, proline, serine, threonine,

tryptophan, tyrosine, and valine.

2. The compound of claim 1, wherein the amino acid is chosen from the group consisting of natural

or synthetic.

3. A method of treating an individual, including the steps of:

administering a proMDMA or proMDMA-like compound comprising a prodrug and an MDMA or
MDMA-like substance to the individual;

metabolizing the prodrug in the proMDMA or proMDMA-like compound; and

releasing the MDMA or MDMA-like substance in the individual, wherein the proMDMA or proMDMA-
like compound includes a MDMA or MDMA-like substance chosen from the group consisting of MDA,
MDEA, MBDB, BDB, MDB, 2F-MDA, 5F-MDA, 6F-MDA, ethylone, MDAI, 5-1Al, 4-APB, 5-APB, 6-APB, 5-
MAPDB, 6-MAPB, mixed dopaminergic-serotonergic amphetamine and their N-alkylated analogs, and
active metabolites thereof, and wherein the proMDMA or proMDMA-like compound includes an amino
acid chosen from the group consisting of lysine, alanine, arginine, asparagine, aspartic acid, cysteine,
glutamine, glutamic acid, glycine, histidine, isoleucine, leucine, methionine, phenylalanine, proline,

serine, threonine, tryptophan, tyrosine, and valine.

4, Use of a proMDMA or proMDMA-like compound comprising a prodrug and an MDMA or MDMA-
like substance in the manufacture of a medicament for the treatment of an individual by metabolizing
the prodrug in the proMDMA or proMDMA-like compound and releasing the MDMA or MDMA-like
substance in the individual, wherein the proMDMA or proMDMA-like compound includes a MDMA or
MDMA-like substance chosen from the group consisting of MDA, MDEA, MBDB, BDB, MDB, 2F-MDA,
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S5F-MDA, 6F-MDA, ethylone, MDAI, 5-IAl, 4-APB, 5-APB, 6-APB, 5-MAPDB, 6-MAPB, mixed
dopaminergic-serotonergic amphetamine and their N-alkylated analogs, and active metabolites
thereof, and wherein the proMDMA or proMDMA-like compound includes an amino acid chosen from
the group consisting of lysine, alanine, arginine, asparagine, aspartic acid, cysteine, glutamine, glutamic
acid, glycine, histidine, isoleucine, leucine, methionine, phenylalanine, proline, serine, threonine,

tryptophan, tyrosine, and valine.

5. The method of claim 3, or the use of claim 4, wherein the treatment is substance-assisted
psychotherapy and the proMDMA or proMDMA-like compound produces at least one favorable effect

compared to administering an active MDMA or MDMA-like substance alone.

6. The method or use of claim 5, wherein the favorable effect is chosen from the group consisting
of producing less anxiety at onset of subjective effects, producing slower or smaller increases in
cardiovascular activation, producing slower or smaller increases in drug liking, producing longer effects,

producing more psychedelic effects, reduced abuse liability, and combinations thereof.

7. The method or use of any one of claims 3 to 6, wherein the individual is treated for a medical
condition chosen from the group consisting of post-traumatic stress disorder, social anxiety, autism
spectrum disorder, substance-use disorder, depression, anxiety disorder, anxiety with life-threatening
disease, personality disorder including narcistic or antisocial personality disorder, obsessive compulsive

disorder, couple therapy, and combinations thereof.

8. The method of any one of claims 3, or 5 to 7, further including the step of inducing feelings
chosen from the group consisting of well-being, connectivity, trust, love, empathy, pro-sociality, and
combinations thereof, or the use of any one of claims 4 to 7, wherein the treatment is further for
inducing feelings chosen from the group consisting of well-being, connectivity, trust, love, empathy,

pro-sociality, and combinations thereof.
9. The method of any one of claims 3, or 5 to 8, further including the step of enhancing therapeutic

bonds with patients and neurotic/healthy subjects, or the use of any one of claims 4 to 8, wherein the

treatment is further for enhancing therapeutic bonds with patients and neurotic/healthy subjects.
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10. The method of any one of claims 3, or 5 to 9, wherein said metabolizing step further includes
the step of avoiding metabolism of MDMA or the MDMA-like substance in the Gl tract of the individual,
or the use of any one of claims 4 to 9, wherein the medicament does not result in metabolism of MDMA

or the MDMA-like substance in the Gl tract of the individual.

11. The method of any one of claims 3, or 5 to 10, or the use of any one of claims 4 to 10, wherein

the amino acid is chosen from the group consisting of natural or synthetic.

12. A method of reducing anxiety while administering MDMA, including the steps of:

providing a slow release of MDMA or an MDMA-like substance and thereby reducing anxiety in
the individual at the onset of administration, wherein the MDMA or MDMA-like substance is chosen
from the group consisting of MDA, MDEA, MBDB, BDB, MDB, 2F-MDA, 5F-MDA, 6F-MDA, ethylone,
MDA, 5-1Al, 4-APB, 5-APB, 6-APB, 5-MAPDB, 6-MAPB, mixed dopaminergic-serotonergic amphetamine
and their N-alkylated analogs, and active metabolites thereof, and wherein the MDMA or MDMA-like
compound is attached to an amino acid chosen from the group consisting of lysine, alanine, arginine,
asparagine, aspartic acid, cysteine, glutamine, glutamic acid, glycine, histidine, isoleucine, leucine,

methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine, and valine.

13. Use of MDMA or an MDMA-like substance in the manufacture of a medicament for reducing
anxiety in an individual, wherein the medicament provides a slow release of MDMA or an MDMA-like
substance, wherein the MDMA or MDMA-like substance is chosen from the group consisting of MDA,
MDEA, MBDB, BDB, MDB, 2F-MDA, 5F-MDA, 6F-MDA, ethylone, MDAI, 5-1Al, 4-APB, 5-APB, 6-APB, 5-
MAPDB, 6-MAPB, mixed dopaminergic-serotonergic amphetamine and their N-alkylated analogs, and
active metabolites thereof, and wherein the MDMA or MDMA-like compound is attached to an amino
acid chosen from the group consisting of lysine, alanine, arginine, asparagine, aspartic acid, cysteine,
glutamine, glutamic acid, glycine, histidine, isoleucine, leucine, methionine, phenylalanine, proline,

serine, threonine, tryptophan, tyrosine, and valine.

14. The method of claim 12, or the use of claim 13, wherein the amino acid is chosen from the group

consisting of natural or synthetic.

15. A method of personalized medicine, including the steps of:
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evaluating an individual who is in need of MDMA treatment and determining if there are
characteristics of the individual present that would not be suitable for MDMA treatment; and

administering proMDMA or a proMDMA-like compound to the individual, wherein the
proMDMA or proMDMA-like compound includes a MDMA or MDMA-like substance chosen from the
group consisting of MDA, MDEA, MBDB, BDB, MDB, 2F-MDA, 5F-MDA, 6F-MDA, ethylone, MDAI, 5-1Al,
4-APB, 5-APB, 6-APB, 5-MAPDB, 6-MAPB, mixed dopaminergic-serotonergic amphetamine and their N-
alkylated analogs, and active metabolites thereof, and wherein the proMDMA or proMDMA-like
compound includes an amino acid chosen from the group consisting of lysine, alanine, arginine,
asparagine, aspartic acid, cysteine, glutamine, glutamic acid, glycine, histidine, isoleucine, leucine,

methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine, and valine.

16. The method of claim 15, wherein the individual has a condition chosen from the group
consisting of cardiac issues, anxiety experienced at treatment onset with regular MDMA, high levels of
administered MDMA due to poor metabolism conditions, and gastrointestinal disorders that impair

MDMA absorption.

17. The method of claim 15 or claim 16, wherein the amino acid is chosen from the group consisting

of natural or synthetic.

18. A method of reducing abuse of MDMA, including the steps of:

administering proMDMA or a proMDMA-like compound; and
providing a delayed and attenuated effect of MDMA or a MDMA-like substance, thereby reducing
abuse, wherein the proMDMA or proMDMA-like compound includes a MDMA or MDMA-like substance
chosen from the group consisting of MDA, MDEA, MBDB, BDB, MDB, 2F-MDA, 5F-MDA, 6F-MDA,
ethylone, MDAI, 5-lAl, 4-APB, 5-APB, 6-APB, 5-MAPDB, 6-MAPB, mixed dopaminergic-serotonergic
amphetamine and their N-alkylated analogs, and active metabolites thereof, and wherein the
proMDMA or proMDMA-like compound includes an amino acid chosen from the group consisting of
lysine, alanine, arginine, asparagine, aspartic acid, cysteine, glutamine, glutamic acid, glycine, histidine,
isoleucine, leucine, methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine, and

valine.
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19. Use of a proMDMA or a proMDMA-like compound in the preparation of a medicament for
providing a delayed and attenuated effect of MDMA or a MDMA-like substance and reducing abuse of
MDMA, wherein the proMDMA or proMDMA-like compound includes a MDMA or MDMA-like
substance chosen from the group consisting of MDA, MDEA, MBDB, BDB, MDB, 2F-MDA, 5F-MDA, 6F-
MDA, ethylone, MDAI, 5-lAl, 4-APB, 5-APB, 6-APB, 5-MAPDB, 6-MAPB, mixed dopaminergic-
serotonergic amphetamine and their N-alkylated analogs, and active metabolites thereof, and wherein
the proMDMA or proMDMA-like compound includes an amino acid chosen from the group consisting
of lysine, alanine, arginine, asparagine, aspartic acid, cysteine, glutamine, glutamic acid, glycine,
histidine, isoleucine, leucine, methionine, phenylalanine, proline, serine, threonine, tryptophan,

tyrosine, and valine.

20. The method of claim 18 or the use of claim 19, wherein the proMDMA or proMDMA-like

compound has a low bioavailability in parenteral routes.

21. The method or use of any one of claims 18 to 21, wherein said providing step is further defined
as providing an effect chosen from the group consisting of reduced and slowed increases in drug liking,
reduced and slowed increases in blood pressure, and reduced and slowed increases in any anxiety at

effect onset.

22. The method or use of any one of claims 18 to 21, wherein the amino acid is chosen from the

group consisting of natural or synthetic.
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