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Tiivistelm& - Sammandrag - Abstract

The present invention relates compounds of general formula (1) and stereoisomers and pharmaceutically acceptable salts thereof; wherein R1, R2,
R7, Ra, Rb, R¢, and the dotted line is as defined in the claims. The invention also relates to pharmaceutical compositions comprising a compound
of formula (I) and to said compounds for use as a medicament

and particularly in the treatment or prevention of drug addiction and CNS related diseases and conditions. Further, the invention relates to
methods for the preparation of a compound of formula (1), or pharmaceutically acceptable salt or a sterecisomer thereof.

Tama keksinto koskee yhdisteitd, joilla on yleiskaava (1) ja niiden stereoisomeereja ja farmaseuttisesti hyvaksyttavia suoloja, jolloin R1, R2, R7, Ra,
Rb, Rc ja katkoviiva on maaritelty vaatimuksissa. Keksintd koskee my6s farmaseuttisia koostumuksia, jotka kasittavat yhdisteen kaavalla (1), ja
naitd yhdisteitd kaytettavaksi ladkkeiné ja erityisesti

huumeriippuvuuden ja keskushermostoon liittyvien sairauksien ja tilojen hoidossa tai ehkaisyssa. Lisdksi keksinto koskee menetelmia yhdisteen,
joilla on kaava (1), tai sen farmaseuttisesti hyvaksyttévén suolan tai stereoisomeerin valmistamiseksi.
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NOVEL HETEROCYCLIC COMPOUNDS AND THEIR USE

FIELD OF THE INVENTION

The present invention relates to novel compounds derived from
substituted  1,2,3,6-tetrahydropyridines and  2,3-dihydropyridines  and
pharmaceutical compositions comprising said compounds. More particularly, the
present invention relates to novel compounds derived from 1,2- or 2,3-
disubstituted 1,2,3,4-tetrahydroisoquinolines and -2,3,4,9-tetrahydro-1H-
pyrido[3,4-b]indoles, and 1-methyl-4,9-dihydro-3H-, and 1-methyl-2,3,4,9-
tetrahydro-1H-pyrido[3,4-b]indoles. The invention also relates to said compounds
for use in the treatment or prevention of drug addiction and CNS related diseases,

in addition to methods for the preparation of said derivatives.

BACKGROUND OF THE INVENTION

Among endogenous tetrahydropyridine derivatives, tetrahydroharman
(1-methyl-1,2,3,4-tetrahydro-f3-carboline) is an indole alkaloid that lowers blood
pressure. Reserpine, another indole alkaloid with a tetrahydropyridine structure,
is used as a drug for treating hypertension and has also shown to exhibit effects in
relieving psychotic symptoms. Furthermore, known tetrahydropyridine
derivatives with a fused indole ring are tryptoline (tetrahydro--carboline, 1,2,3,4-
tetrahydro-9H-pyrido[3,4-b]indole), pinoline (5-methoxytryptoline),
tetrahydroharmine ((1R)-7-methoxy-1-methyl-2,3,4,9-tetrahydro-1H-pyrido|[3,4-
b]indole), harmaline (7-methoxy-1-methyl-4,9-dihydro-3H-pyrido[3,4-b]indole),
and tetrahydroharmine ((1R)-7-methoxy-1-methyl-2,3,4,9-tetrahydro-1H-
pyrido[3,4-b]indole) that show various effects including psychoactivity,
monoamine oxidase inhibition activity, serotonin reuptake inhibition activity,
stimulating the central nervous system and promotion of neurogenesis. Among
synthetic tetrahydropyridine derivatives, gevotroline (8-fluoro-2-(3-(pyridin-3-
yl)propyl)-2,3,4,5-tetrahydro-1H-pyrido[4,3-b]indole) is an atypical antipsychotic
that was developed for the treatment of schizophrenia, however, the compound
never research the market. Another tetrahydropyridine derivative, latrepirdine
(dimebolin,  2,8-dimethyl-5-(2-(6-methylpyridin-3-yl)ethyl)-2,3,4,5-tetrahydro-
1H-pyrido[4,3-b]indole), is an antihistamine drug that failed in phase III clinical
trials for both the treatment of Alzheimer’s and Huntington’s disease.

The related endogenous isoquinolines show a various of effects

including sedative, psychotropic and analgesic properties, morphine and codeine
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being well known examples of isoquinoline alkaloids. Endogenous isoquinolines
are formed by condensation of biogenic amines - such as phenethylamine - and
simple aldehydes, such as formaldehyde or acetaldehyde. They are known to
modulate neurotransmission, central metabolism and motor activity. An
endogenous tetrahydroisoquinoline (TIQ) derivative salsolinol (SAL, 1-methyl-
1,2,3,4-tetrahydroisoquinoline-6,7-diol) is considered to be a causative factor of
Parkinson's disease (PD), while (R)-1MeTIQ (1-methyl-1,2,3,4-
tetrahydroisoquinoline) was shown to possess an antiparkinsonian activity. Until
recently 1-MeTIQ was the only known neuroprotective/PD preventing TIQ
derivative. In 2006 Katsuhiro OKUDA et al. (Biological and Pharmaceutical Bulletin
29 (2006) pp. 1401-1403) discovered that 5-/6-/7-monohydroxylated 1MeTIQ
derivatives are neuroprotective and PD preventing indeed, even more so than the
parent compound.

It has been demonstrated that concentrations of many endogenous TIQ
derivatives are significantly elevated in the urine and cerebrospinal fluid of
PD/ADHD (attention deficit hyperactivity disorder) patients compared to controls,
the content of 1MeTIQ however is significantly decreased in PD patients’
cerebrospinal fluid and brain.

SAL is formed enzymatically as well as non-enzymatically as a
condensation product of acetaldehyde - the primary metabolite of ethanol - with
dopamine in the brain of mammals. SAL affects the uptake of catecholamines into
nerve terminals, the release of stored catecholamines and the activity of
monoamine oxidase (MAO), catechol-O-methyl transferase (COMT) and tyrosine
hydroxylase. Ethanol induced elevation of salsolinol levels is known to participate
in the development of ethanol addiction /alcoholism.

SAL has been postulated to mediate some of the addictive properties of
alcohol. A number of studies have shown that primates self-administer SAL even in
nanomolar concentrations when intracranially injected to certain brain region.
Also acetaldehyde is self-administered when injected intracranially although much
higher concentrations are needed. Studies have confirmed that SAL is released
during suckling on lactating sheep. It is clear that SAL mediates reinforcing effects
on a number of primate species. Studies have shown that controlled amounts of
ethanol intake have only miniscule effect on brain SAL levels. Still it is clear that
ethanol intake elevates dopamine and acetaldehyde concentrations inside brain
and so the concentrations of starting materials for Pictet-Spengler reaction forming

SAL are elevated. In this light it seems certain that alcoholics with higher ethanol
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intake and generally higher aldehyde dehydrogenase (ALDH) activity (see Alcohol
Clin. Exp. Res. 2009 Nov.; 33(11):1935-44) try to compensate lower acetaldehyde
and SAL concentrations by increased drinking.

Most TIQs penetrate to the brain in pharmacologically relevant
amounts and induce a variety of effects. Most of the TIQ and 1MeTIQ exit the brain
(90.4% and 95.3%) and is excreted in urine (76% and 72%) unchanged. The
hydroxylated (C4 of the isoquinoline backbone) derivatives of TIQ and 1MeTIQ
were the most abundant metabolites in the urine (2.7% and 8.7%).

In European Journal of Medicinal Chemistry 41 (2006) pp. 241-252 6-
fluoro-1-methyl-1,2,3,4-tetrahydroisoquinoline has been reported as a possible
agent against Parkinson’s disease.

EP 2090576 A1l discloses certain 5,8- and 6,7-difluoro substituted
isoquinolines as intermediates in the preparation of pyrazolo[1,5-a]pyridines for
use as metabotropic glutamate receptor modulators.

WO 2002028865 A2 discloses certain specifically substituted 2,3,4,9-
tetrahydro-1H-pyrido[3,4-b]indoles as selective inhibitors of cyclic guanosine
3',5"-monophosphate specific phosphodiesterase.

EP 3 459 950 A1 discloses certain 3-carboline, dihydro-f3-carboline and
tetrahydro-B-carboline alkaloid compounds with anti-plant virus activity and are
disclosed to also have fungicidal and insecticidal activities.

WO 2012/020170 discloses 6,7-disubstituted-1-methyl-1,2,3,4-
tetrahydro- and -3,4-dihydroisoquinolines for use in the treatment of drug
addiction and CNS related diseases.

Mangalaraj, S. et al. discloses in J. Chem. Sci, 2015, Vol 15, No. 5, pp. 811-
819 (DOI: 10.1007/s12039-015-0836-8) the syntheses of fused tetrahydro-f3-
carboline analogues through imide carbonyl activation using BBr3.

Raheem, 1I.T. et al. discloses. in J. AM. CHEM. SOC. 2007, Vol 129, pp.
13404-13405 (DOI: 10.1021/ja076179w) enantioselective Pictet-Spengler-type
cyclizations of hydroxylactams.

It has now surprisingly been found that specifically substituted 1,2,3,6-
tetrahydropyridines and 2,3-dihydropyridines blocks the adverse metabolic
formation of dihydroxy compounds and thereby also improves the desired activity

of the isoquinoline derivative in question.

BRIEF DESCRIPTION OF THE INVENTION

An object of the present invention is to provide compounds useful in
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treating disorders and diseases associated with drug addiction and CNS related
diseases.

One of the problems associated with the known compounds is the
disposition, in particular the metabolic stability, of the compounds. It is therefore
yeta further object of the present invention to provide compounds with improved
metabolic stability.

The invention is based on the realization that the compounds of the
invention bind to and/or affect the activity of proteins thatare associated with drug
addiction and CNS related diseases.

The objects of the invention are achieved by compounds and said
compounds for use as a medicament that are characterized by what is stated in the
independent claims. The preferred embodiments of the invention are disclosed in

the dependent claims.

The present invention provides novel compounds of formula (1)
Ra

wherein the dotted line represents an optional bond;

R! and R?, together with the carbon atoms they are attached to, form a
group selected from a 1H-indole group and a benzene group, and said 1H-indole
group and benzene group being optionally substituted with one to four
substituent(s) each independently selected from the group consisting of R3, R4, R,
and R6, wherein each R3, R4 R>, and R® is independently selected from the group
consisting of halogen, OH, Cis-alkyl, Ciz-(per)haloalkyl, Ciz-alkoxy, Ciz-
(per)haloalkoxy;

Ra and RP, together with the carbon atom and nitrogen atom they are
attached to, form a group selected from a 5- and 6-membered cyclic amide, and

Reis H; or

Rais Me, and

Rb and Re¢, together with the nitrogen atom and carbon atom they are
attached to, form a group selected from a 5- and 6-membered cyclic amide; or

Rais Me,

Rb is H, or Rb is absent when the dotted line represents a bond, and

Re is H, provided that R! and R?, together with the carbon atoms they
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are attached to, form said optionally substituted 1H-indole group;

R” is selected from the group consisting of halogen, OH, oxo, SH, NORS,
Ci3-(per)haloalkyl, Ci.3-alkoxy, Ci-3-(per)haloalkoxy, CN, C(O)N(R®)2, and N(R8)2,
or

R7 may also be C1-4-alkyl with the provisio that said 1H-indole group or
benzene group is substituted with one to four substituent(s) each independently
selected from the group consisting of halogen, OH, Ci.s-alkyl, C1.3-(per)haloalkyl,
Ci13-alkoxy, C1.3-(per)haloalkoxy, or

R7 may also be H provided that

when R2 and R®, together with the carbon atom and nitrogen atom they
are attached to, form a group selected from a 5- and 6-membered cyclic amide, R¢
is H, then R* and RS is each independently selected from the group consisting of
halogen, C1.4-alkyl, C1.3-(per)haloalkyl, and Ci.3-(per)haloalkoxy, or

when R2 is Me, Rb and R¢, together with the carbon atom and nitrogen
atom they are attached to, form a 6-membered cyclic amide, then R! and R?,
together with the carbon atoms they are attached to, form said optionally
substituted 1H-indole group, or

when R2 is Me, Rb and R¢, together with the carbon atom and nitrogen
atom they are attached to, form a 5-membered cyclic amide, and R! and R?, together
with the carbon atoms they are attached to, form a 1H-indole group or a benzene
group, then said 1H-indole group or benzene group is substituted with one to four
substituent(s) each independently selected from the group consisting of halogen,
OH, C1.4-alkyl, C13-(per)haloalkyl, Ci.3-alkoxy, and Ci-3-(per)haloalkoxy, or

when R2 is Me, Re is H, R! and R?, together with the carbon atoms they
are attached to, form a substituted 1H-indole group, then R* and R> of said
substituted 1H-indole group is each independently selected from the group
consisting of halogen, C1.4-alkyl, C1.3-(per)haloalkyl, and Ci.3-(per)haloalkoxy;

each R® is independently selected from the group consisting of H, Cy.s-
alkyl, C1.4-alkenyl, C14-alkynyl, and Ci.3-(per)haloalkyl, or when part of any N(R?)»
both R® together with the nitrogen they are attached to may form a 3- to 6-
membered aliphatic or aromatic heterocyclic ring comprising 1 to 3 heteroatoms
each independently selected from N, O, and S;

or a stereoisomer or a pharmaceutically acceptable salt thereof.

The invention also relates to pharmaceutical compositions comprising

an effective amount of one or more compound(s) of formula (1), or a stereoisomer
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or a pharmaceutically acceptable salt thereof, together with one or more
pharmaceutically acceptable excipient(s).

Further the invention relates to a compound of formula (I), or a
stereoisomer or pharmaceutically acceptable salt thereof, for use as a medicament.

Further, invention relates to a compound of formula (I), or a
stereoisomer or pharmaceutically acceptable salt thereof, for use in treatment or
prevention of CNS related diseases or conditions.

The invention also relates to a compounds of formula (I), or a
stereoisomer or pharmaceutically acceptable salt thereof, for use in the treatment
or prevention of a disease selected from the group consisting of Alzheimer’s
disease, Parkinson’s disease, depression, anxiety, hyperactivity, narcolepsy, drug
addiction, alcoholism, anorexia, bulimia, and mitochondrial disease.

Finally, the invention provides a method for the preparation of

compounds of formula (I).

DETAILED DESCRIPTION OF THE INVENTION

Compounds of the invention are derivatives of 1,2,3,6-
tetrahydropyridine and 2,3-dihydropyridine that are fused at C4 and C5 to either
an optionally substituted 1H-indole ring or an optionally substituted benzene ring
that, together with the specific substitution pattern of the 1,2,3,6-
tetrahydropyridine and 2,3-dihydropyridine rings, provide the inventive
properties of the compounds of the present invention. Also, the substitution of said
1H-indole and benzene ring further enhance the metabolic and/or inhibitory
properties of the compounds of the present invention.

The term “halogen” as used herein and hereafter by itself or as part of
other groups refers to the Group Vlla elements and includes F, Cl, Br and I groups,
preferably F.

The term “alkyl” as used herein and hereafter is an aliphatic linear,
branched or cyclic, especially linear or branched, hydrocarbon group having the
indicated number of carbon atoms, for example Ci.¢-alkyl has 1 to 6 carbon atoms
in the alkyl moiety and thus, for example, C1.4-alkyl includes methyl, ethyl, n-propyl,
isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl and Cie-alkyl additionally
includes branched and straight chain pentyl and hexyl. Preferably the alkyl is
methyl or ethyl.
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The term “Ci.4-alkenyl” as used herein and hereafter is an unsaturated
linear or branched hydrocarbon group having at least one olefinic double bond
between any two carbon atoms and having suitably 1 to 4, preferably 1 to 3, carbon
atoms in the alkenyl moiety, such as ethenyl, 1-propenyl, 2-propenyl, 3-propenyl,
and butenyl. Examples of preferred alkenyls groups include, but are not limited to,
linear alkenyl groups having a terminal double bond such as vinyl and allyl groups.

The term “Ci.4-alkynyl” as used herein and hereafter is an unsaturated
linear or branched hydrocarbon group having at least one olefinic triple bond
between any two carbon atoms and having suitably 1 to 4, preferably 1 to 2, carbon
atoms in the alkenyl moiety, such as ethynyl, propynyl, and butynyl.

The term “Ci.3-(per)haloalkyl” as used herein and hereafter refers to
any of the above alkyl groups where one or more hydrogen atoms are replaced by
halogen(s): in particular |, Br, F or Cl. Examples of haloalkyl groups include without
limitation chloromethyl, fluoromethyl and -CH2CFs. The term “perhaloalkyl” is
understood to refer to an alkyl group, in which all the hydrogen atoms are replaced
by halogen atoms. Preferred examples include trifluoromethyl (-CF3) and
trichloromethyl (-CCl3).

The term “Ci.3-alkoxy” as used herein and hereafter refers to a -0-(C1-3-
alkyl) group where the “Ci.3-alkyl” has the above-defined meaning. Examples of
preferred alkoxy groups include, but are not limited to, methoxy, ethoxy, and iso-
propyloxy.

The term “Ci.3-(per)haloalkoxy” as used herein and hereafter refers to
a —-0-(Ci3-(per)haloalkyl) group where the Ci.3-(per)haloalkyl has the above-
defined meaning. Examples of preferred alkoxy groups include, but are not limited
to, trifluoromethoxy, 2,2,2-trichloromethoxy, and 1,1,1,3,3,3-hexafluoro-
isopropoxy.

The term “5- and 6-membered cyclic amide” as used herein and
hereafter refers to a 5- and 6-membered lactam that may or may not comprise
other heteroatoms, such as N, O, and S, and substituents, such as methyl, hydroxy,
amine, thiol and methoxy. Examples of preferred 5- and 6-membered cyclic amide
groups include, but are not limited to, 2-pyrrolidone, 2-piperidinone, imidazolidin-
2-one, oxazolidin-2-one, oxazolidin-4-one, imidazolidin-4-one,
tetrahydropyrimidin-2(1H)-one, 1,3-oxazinan-2-one, piperazin-2-one,
thiomorpholin-3-one, 4-methylpiperidin-2-one, and 5-hydroxypiperidin-2-one.

The term "ox0” as used herein and hereafter refers to a functional group

“=0", which, together with the carbon atom to which the oxygen of “oxo” is attached
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to and a carbon-oxygen double bond between said carbon atom and said oxygen
atom, forms a carbonyl group of a compound disclosed herein. Therefore, when R”
is “ox0”, it is to be understood that the carbon atom to which the oxygen atom of
“0x0” is attached to, does not contain one or more hydrogen atoms.

The term “NOR®” as used herein and hereafter refers to a functional
group, which, together with the carbon atom to which the nitrogen of NORS® is
attached to and a carbon-nitrogen double bond between said carbon atom and said
nitrogen atom, forms an oxime functional group of a ketoxime compound disclosed
herein and said oxime functional group may or may not be substituted at the
oxygen atom of the oxime functional group, wherein R® is as defined herein and
hereafter. Therefore, when R7 is NORS, it is to be understood that the carbon atom
to which the nitrogen atom of NORS is attached to, does not contain one or more
hydrogen atoms. Said NOR® may be synthesized e.g. by condensation of a
compound comprising a carbonyl group (R” is oxo) with e.g. hydroxylamine,
forming a compound, wherein R” is NOH. Examples of NOR® groups include, but are
not limited to, hydroxyimino, methoxyimino, (trifluoromethoxy)imino, and (2,2,2,-
trifluoroethoxy)imino, and (E)- and (Z)-isomers thereof.

The term “3- to 6-membered aliphatic or aromatic heterocyclic ring
comprising 1 to 3 heteroatoms each independently selected from N, O, and S” as
used herein and hereafter refers to a monocyclic ring which is saturated, partially
unsaturated, unsaturated or aromatic with 3 to 6 ring atoms that may or may not
comprise one or more double bond between the ring atoms and said monocyclic
ring comprises 1 to 3 heteroatom(s) each independently selected from the group
consisting of N, S, and O, while the remaining ring atoms are carbon atoms. It may
be substituted with one to four substituent(s) at any suitable ring atom, including
N. Preferred substituents groups include, but are not limited to halogen, in
particular fluoro, CN, methoxy, hydroxy, amino, and methyl. Examples of
heterocyclic rings include, but are not limited to, aziridinyl, azetidinyl, 1,3-
diazetidinyl, pyrazolidinyl, imidazolidinyl, imidazolyl, piperidinyl,
dihydrothiazolyl, piperazinyl, pyrrolidinyl, thiomorpholinyl, dioxide of
thiomorpholinyl, and methoxymethylpyrrolidinyl.

The term “optionally substituted” as used herein and hereafter denotes
that the group itrefers to is either unsubstituted or substituted independently with
one or more, preferably 1, 2, 3 or 4, substituent(s) attached at any available atom
to produce a stable compound. E.g. phenyl may be substituted once with a denoted

substituent attached to o0-, m- or p-position of the phenyl ring. In general,
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“substituted” refers to a substituent group as defined herein in which one or more
bonds to a hydrogen atom contained in the group if refers to are replaced by a bond
to a non-hydrogen atom of the substituent unless otherwise denoted. Preferred
substituents groups are each independently selected from the group consisting of,
but not limited to, halogen such as F, Cl, Br and |, in particular F and Cl; CO2H and
esters thereof; Ci4-alkyl, in particular methyl; OH, Cq.3-alkoxy, in particular OMe,
OEt and OCHCH=CH3; NOz, N3, NOH, and ethers thereof, in particular NOMe; CN,
NH;, and amides thereof, in particular NHC(O)Me; NH(Cy.6-alkyl), N(Ci-6-alkyl)2,
N*( Ci6-alkyl)s, in particular NHMe, N(Me),, N*(Me)s, and salts thereof; C(O)N(C1-
6-alkyl), in particular C(O)NHMe; NHC(O)-C1-6-alkyl, in particular NHC(O)Me; SH,
and thioethers thereof; Ci.4-alkenyl, Ci.4-alkynyl, C1.3-(per)haloalkyl, in particular
CF3z and CH2CF3; C1.3-(per)haloalkoxy, in particular OCFz and OCH2CF3; SC(0)-C16-
alkyl, OC(0)-Ci6-alkyl, NHC(O)NH-C1.6-alkyl, NHC(0O)O-C1.¢-alkyl. Preferably said
substituent group is optionally substituted with OH, NHz, CO;H and halogen.

“Optional” or "optionally" denotes that the subsequently described
event or circumstance may but need not occur, and that the description includes
instances where the event or circumstance occurs and instances in which it does
not. “Comprises” or “comprising” denotes that the subsequently described set may
but need not include other elements.

The term “stereocisomer” as used herein and hereafter refers to
stereoisomers of compounds. Examples of stereoisomers include, but are not
limited to, enantiomers, diastereomers, cis-trans-isomers, and E-Z-isomers.

The term “pharmaceutically acceptable salt” as used herein and
hereafter refers to salts which are known to be non-toxic and are commonly used
in the pharmaceutical literature. Typically, these are acid addition salts or base
addition salts of the referred compounds of the invention.

The expression “acid addition salt” includes any non-toxic organic and
inorganic acid addition salts that that the compounds of formula (1)-(V), (1a), (Ib),
(Ic), (Id), (Ie), (1f), (Ig), and (I') can form. lllustrative inorganic acids, which form
suitable acid addition salts, include, but are not limited to, hydrogen chloride,
hydrogen bromide, sulphuric and phosphoric acids. Illustrative organic acids,
which form suitable acid addition salts, include, but are not limited to, acetic acid,
lacticacid, malonicacid, succinicacid, glutaricacid, fumaricacid, malic acid, tartaric
acid, citric acid, ascorbic acid, maleic acid, benzoic acid, phenylacetic acid, cinnamic
acid, methane sulfonic acid, salicylic acid, and the like. The term “acid addition salt”

as used herein also comprises solvates which the compounds and salts thereof are
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able to form, such as, for example, hydrates, alcoholates, and the like. These salts
also include salts useful for the chiral resolution of racemates.

The expression “base addition salt” includes any non-toxic base
addition salts that the compounds of formula (1)-(V), (Ia), (Ib), (Ic), (1d), (Ie), (If),
(Ig), and (I') can form. Suitable base addition salts include, but are not limited to,
those derived from inorganic bases such as aluminum, ammonium, calcium,
copper, iron, lithium, magnesium, manganese, potassium, sodium, and zinc salts, in
particular sodium and ammonium salts. Further examples of organic base addition
salts include salts of trialkylamines, such as triethyl amine and trimethyl amine,
other salts of organic amines such as methylamine, dimethylamine,
trimethylamine, ethylamine, triethylamine, morpholine, and the like, and choline
salts.

Pharmaceutical compositions of the present invention may be
administered in an effective amount within the dosage range of about 0.1 pg/kg to
about 300 mg/kg, preferably between 1.0 pg/kg to 10 mg/kg body weight.
Compounds of the present invention may be administered in a single daily dose, or
the total daily dosage may be administered in divided doses of two, three or four
times daily.

The term "effective amount" refers to an amount of a composition or a
pharmaceutical composition that confers a therapeutic effect on the treated
subject. The therapeutic effect may be objective (i.e. measurable by some test or
marker) or subjective (i.e. subject gives an indication of or feels an effect). Such
treatment need not necessarily completely ameliorate the condition or disease.
Further, such treatment or prevention can be used in conjunction with other
traditional treatments for reducing the condition or disease known to those skilled
in the art. The effective amount will typically be determined by a physician, and
depend on the condition or disease to be treated, the chosen route of
administration, the actual compound administered, the age, gender, weight, and
response of the individual patient, the severity of the patient's symptoms, and like.

Skilled artisans possess the knowledge and skill in the art to enable
them to select suitable pharmaceutically acceptable excipients in appropriate
amounts for use in the invention. In addition, there are a number of resources that
are available to the skilled artisan which describe pharmaceutically acceptable
excipients and may be useful in selecting suitable pharmaceutically acceptable

excipients.
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Suitable pharmaceutically acceptable excipients include, but are not
limited to, the following types of excipients: diluents (for example starches,
mannitol), fillers (for example lactose, microcrystalline cellulose or calcium
hydrogen phosphate), binders (for example pre-gelatised corn starch,
polyvinylpyrrolidone or methylcellulose), additives (for example magnesium
stearate, talc, silica), disintegrants (for example potato starch), lubricants (for
example sodium lauryl sulphate), glidants (for example fumed silica, talc,
magnesium carbonate), granulating agents (for example water, ethanol), coating
agents (for example hydroxypropyl methylcellulose, gelatin, waxes, shellac,
plastics, plant fibers), wetting agents (for example sorbitan monopalmitate,
poloxamer 407), solvents (for example water), co-solvents (for example ethanol,
propylene glycol), suspending agents (for example sorbitol, cellulose derivatives,
edible hydrogenated fats), emulsifiers (for example lecithin or acacia), sweeteners
(for example sucrose), flavoring agents (for example cherry, lime), flavor masking
agents (for example vanilla, citrus), coloring agents (for example titanium oxide),
anti-caking agents (for example silicon dioxide), humectants (for example
glycerine, sorbitol), chelating agents (for example EDTA salts, histidine, aspartic
acid), plasticizers (for example tributyl citrate, diethyl phthalate), viscosity
increasing agents (for example methylcellulose), antioxidants (for example
(ascorbic acid, cysteine), preservatives (for example methyl or propyl p-
hydroxybenzoates, sorbic acid or ascorbic acid), stabilizers (for example
polysorbate 20 & 80, poloxamer 407), surfactants (for example polyethylene
glycol, polysorbate 80), and buffering agents (for example sodium and potassium
phosphates, citrate, acetate, carbonate or glycine buffers de-pending on the
targeted pH-range). Excipients and/or auxiliaries may facilitate processing of the
active agent(s) into preparations that can be used pharmaceutically. The skilled
artisan will appreciate that certain pharmaceutically acceptable excipients may
serve more than one function and may serve alternative functions depending on
how much of the excipient is present in the pharmaceutical composition and what
other ingredients are present in the pharmaceutical composition.

Pharmaceutical compositions of the invention are most preferably used
alone or in combination i.e. administered simultaneously, separately or
sequentially with other active ingredients, e.g. pharmaceutically active compounds
or biologic products. The amounts of the pharmaceutical composition(s) of the
invention, particularly a pharmaceutical composition comprising a compound of

formula (1), or pharmaceutically acceptable salts thereof, and the other active
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ingredient(s) and the relative timings of administration will be selected in order to
achieve the desired combined therapeutic effect. Pharmaceutical compositions of
the invention may be administered by various routes, for example, parenteral,
subcutaneous, intravenous, intraarticular, intrathecal, intramuscular,
intraperitoneal, topical, and by intradermal injections, and via transdermal, rectal,
buccal, oromucosal, nasal, ocular routes and via inhalation and via implant.

Pharmaceutical compositions may be formulated into suitable
pharmaceutical formulations; suitable administration forms include, for example,
solutions, dispersions, suspensions, powders, capsules, tablets, pills, controlled
release capsules, controlled release tablets and controlled release pills. In addition,
or alternatively, to pharmaceutically acceptable excipient(s) and/or other active
ingredients(s), the pharmaceutical formulations of the pharmaceutical
compositions may contain one or more suitable pharmaceutically acceptable
carrier(s).

The term “pharmaceutically acceptable carrier(s)“ as used herein and
hereafter refers to substrates comprised in pharmaceutical compositions for drug
delivery, which serves to improve the selectivity, effectiveness, and/or safety of
drug administration. Examples of pharmaceutically acceptable carriers include, but
are not limited to, pharmaceutically acceptable excipients, liposomes, (polymeric)
micelles, microspheres, nanoparticles, and protein-drug conjugates.

The pharmaceutical compositions of the invention are prepared using
techniques and methods known to those skilled in the art. Pharmaceutical
compositions of the invention include, but are not limited to, for parenteral and
topical administration that include, but are not limited to, sterile aqueous or non-
aqueous solvents, suspensions and emulsions. Examples of non-aqueous solvents
are propylene glycol, polyethylene glycol, vegetable oil, fish oil, and injectable
organic esters. Aqueous carriers include, but are not limited to, water, water-
alcohol solutions, including saline and buffered medial parenteral vehicles
including sodium chloride solution, Ringer’s dextrose solution, dextrose plus
sodium chloride solution, Ringer’s solution containing lactose, or fixed oils.
Intravenous vehicles include, but are not limited to, fluid and nutrient replenishers,
electrolyte replenishers, such as those based on Ringer’s dextrose and the like.
Aqueous pharmaceutical compositions according to the invention may comprise
suitable buffer agents, such as sodium and potassium phosphates, citrate, acetate,
carbonate or glycine buffers depending on the targeted pH-range. The use of

sodium chloride as a tonicity adjuster is also useful. Pharmaceutical compositions
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may include other excipients, such as stabilizing agents or preservatives. Useful
stabilizing excipients include surfactants (polysorbate 20 & 80, poloxamer 407),
polymers (polyethylene glycols, povidones), carbohydrates (sucrose, mannitol,
glucose, lactose), alcohols (sorbitol, glycerol propylene glycol, ethylene glycol),
suitable proteins (albumin), suitable amino acids (glycine, glutamic acid), fatty
acids (ethanolamine), antioxidants (ascorbic acid, cysteine etc.), chelating agents
(EDTA salts, histidine, aspartic acid) or metal ions (Ca, Ni, Mg, Mn). Among useful
preservative agents are benzyl alcohol, chlorbutanol, benzalkonium chloride and
possibly parabens. The pharmaceutical composition according to the present
invention may be provided in concentrated form or in form of a powder to be
reconstituted on demand. In such cases formulations of powder for solution for
injection/infusion excipients mentioned above may be used. In case of lyophilizing,
certain cryoprotectants are preferred, including polymers (povidones,
polyethylene glycol, dextran), sugars (sucrose, glucose, lactose), amino acids
(glycine, arginine, glutamic acid) and albumin. If solution for reconstitution is
added to the packaging, it may consist e.g., of pure water for injection or sodium
chloride solution or dextrose or glucose solutions.

The term "treatment or prevention" as used herein and hereafter
includes prophylaxis, or prevention of, as well as lowering the individual's risk of
falling ill with the named disorder or condition, or alleviation, amelioration,
elimination, or cure of the said disorder once it has been established.

The terms “administering” or “administered” to a subject or patient
includes dispensing, delivering or applying the composition or pharmaceutical
composition to the subject by any suitable route for delivery of the composition or
pharmaceutical composition to a site in the body where desired.

Compounds of formula (I) of the present invention may be useful in
therapy, especially in the treatment or prevention of CNS related diseases and
conditions in animals, in particular mammals, and humans. In particular,
compounds of formula (I) possess pharmacological properties for the treatment
and/or prophylaxis of CNS related diseases or conditions that include, but are not
limited to, Alzheimer’'s disease, Parkinson’s disease, depression, anxiety,
hyperactivity, narcolepsy, drug addiction, alcoholism, anorexia, bulimia,
mitochondrial disease, obesity, and multiple sclerosis.

The compounds of formula (I) of the present invention bind to one or
more protein involved in a CNS related disease or condition, wherein examples of

the proteins include, but are not limited to, trace amine receptor, dopamine and
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serotonine receptors, their respective transporters and acyl and methyl
transferases, norpinephrine transporter, monoamino-oxidases, catecholine-O-
methylransferase, adrenergic receptors, tyrosine hydroxylase, histamine
receptors, orexin receptors, NMDA-receptors, sigma-1 receptor, muscarinic and
nicotinic acetylcholine receptors, opioid receptors, neuropeptide receptors,
melanocortin  receptors (excluding MC3R), neurokinin receptors and

Corticotropin-releasing factor receptor 1 to name a few.

The term "protected with a protecting group” as used herein and
hereafter refers to an atom or a functional group that is covalently attached to, or
has been modified by, a protecting group. Said protecting group enables
chemoselectivity in a reaction, therefore, the protecting group protects an atom or
a functional group from reacting in a reaction. It is to be understood that the
protecting group protects the atom or functional group fully or partly, i.e. the atom
or the functional group protected with a protecting group may react partly in a
reaction. Skilled artisans possess the knowledge and skill in the art to enable them
to select suitable protecting groups for the atoms or functional groups to be
protected. In addition, there are a number of resources that are available to the
skilled artisan which describe protecting groups and may be useful in selecting
suitable protecting groups for the atoms or functional groups to be protected. For
suitable protecting groups and methods to protect compounds with suitable
protecting groups, see, for example, Protective Groups in Organic Synthesis, 4th
Edition, 2007, John Wiley & Sons, Inc., Hoboken, New Jersey. Examples of atoms
and functional groups that may be protected with protecting groups include, but
are not limited to, optionally substituted 1H-indole, preferably the nitrogen of the
1H-indole, O, S, N, OH, SH, NH», carbonyls such as aldehydes and ketones, ethers,
esters, and amides. Examples of protecting groups include, but are not limited to,
carbobenzyloxy (Cbz), p-methoxybenzyl carbonyl, BOC, Fmoc, acetyl, benzoyl,
phenyl, benzyl, trityl, sulfonyls such as phenylsulfonyl, tosyl (Ts), mesyl, and trifyl;
tosylate, silyl ethers such as trimethylsilyl (TMS), tert-butyldimethylsilyl (TBDMS),
tri-iso-propylsilyloxymethyl (TOM), and triisopropylsilyl (TIPS) ethers;
tetrahydropyranyl (THP), p-methoxyphenyl ether (PMP), p-methoxybenzyl ether
(PMB), B-methoxyethoxymethyl ether (MEM), pivaloyl], thioethers, acetals, ketals,

dithianes, benzyl esters, tert-butyl esters, orthoesters, and photolabile groups.



20215387 PrRH 04 -07- 2023

10

15

20

25

30

15

The term “the nitrogen of said 1H-indole is optionally protected with a
protecting group” as used herein and hereafter refers to an optional protecting

group that replaces the hydrogen of the nitrogen of 1H-indole

H
R N-,
|
R4<\ \>’ i
R® R°

wherein R3, R4 R> and R¢ are as defined above and below, and therefore,
said protecting group protects said nitrogen from reacting, and said 1H-indole is
formed by R! and R?, together with the carbon atoms they are attached to, of the
compound of formula (I) (said 1H-indole is fused at positions 2 and 3 (indicated
with asterisks) with positions 4 and 5 of the substituted 1,2,3,6-
tetrahydropyridines and 2,3-dihydropyridines and, therefore, forming compounds
of the invention). Similarly, “the oxygen or sulphur of said OH or SH is optionally
protected with a protecting group” refers herein and hereafter to an optional
protecting group that replaces the hydrogen of said OH or SH and therefore, said
protecting group protects said oxygen or sulphur.

The term "activating group” as used herein and hereafter refers to a
functional group of a compound that promotes a reaction to occur and/or has a
positive influence of the overall reaction rate and/or have a directing effect on
positional isomer of the products that are formed. Said activating group may or
may not be part of the formed product, i.e. it is to be understood that the activating
group may be present in the product, or the activating group may be a leaving
group, or part of the leaving group, in e.g. Sn2, Sn1 and addition-elimination
reactions. A compound disclosed herein may have one or more activating group(s)
that may be the same or different. Examples of activating groups include, but are
not limited to, sulfonyls such as phenylsulfonyl, tosyl (Ts), mesyl, and trifyl;
halogen, (substituted) amino groups, amides, esters, hydroxy, alkoxy, acyloxy,
thiol, alkyl, (per)haloalkyl and photolabile groups.

The term “aldehyde” as used herein and hereafter refers to a compound
with an aldehyde functional group or a compound with a functional group that
forms an aldehyde functional group. Examples of aldehydes include, but are not
limited to, acetaldehyde, esters and anhydrides of 4-oxobutanoate and 5-
oxopentanoate, such as methyl 4-oxobutanoate and methyl 5-oxopentanoate, and
1,1-diethoxyethane (acetaldehyde diethyl acetal). It is to be understood that 1,1-

diethoxyethane, and other masked aldehydes useable in a method of the invention,
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forms acetaldehyde in situ in a ring formation reaction of a step of a method of the
invention.

The term "activating group reactant” as used herein and hereafter
refers to a reactant, comprising an activating group, that reacts with a compound
in a reaction to form a compound or an intermediate comprising said activating
group. It is to be understand that there may be different activating group reactants
comprising the same activating group. The reaction may comprise one or more
activating group reactant(s) that may be the same or different. Examples of
activating group reactants (with examples of the corresponding activating groups
in parenthesis) include, but are not limited to, sulfinic acids (sulfonyls) such as
phenylsulfinic acid (phenylsulfonyl) and p-toluenesulfinic acid (tosyl); mesyl
halides (mesyl) such as methanesulfonyl chloride (mesyl); trifyl azide (trifyl),
trifluoromethanesulfonyl chloride (trifyl), halogens (X) such as Brz (Br);
trifluoroacetyl chloride (TFA), and trifluoroacetic anhydride (TFA).

The term "activating agent" as used herein and hereafter refers to a
substance or compound added to a reaction to cause a chemical reaction. Said
activating agent may or may not be a catalyst. It is to be understood that said
activating agent may or may not be consumed in the reaction. Examples of
activating agents include, but are not limited to, Lewis acids such as TiCls, boron
trifluoride, and boron trifluoride diethyl etherate.

The term “a ring formation” as used herein and hereafter refers to a
reaction wherein one or more cyclic structures of a compound is formed, wherein
the formed compound has more (e.g. 1, 2, 3, or 4 more) cyclic structure(s) than the
starting material compound (e.g. a compound of formula (I')). Itis to be understand
that the ring formation reaction may comprise one or more reactions (steps), i.e.
the reaction may or may not first produce an intermediate compound, which may
or may not be isolated, and said intermediate compound reacts further forming a
compound with one or more cyclic structure(s), e.g. a compound of formula (I).
Alternatively, the compound with one or more cyclic structure(s), e.g. a compound
of formula (I), is formed by one or more ring formation reaction(s) of a one-pot
reaction. Additionally, or alternatively, an intermediate compound of a short-lived
intermediate is formed that produces a compound with one or more cyclic
structure(s) (e.g.a compound of formula (I)).

The term "deprotection reaction" as used herein and hereafter refers to
a reaction, wherein a protecting group is removed from a compound. Skilled

artisans possess the knowledge and skill in the art to enable them to select suitable
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reactants or reagents for the deprotection reaction(s). In addition, there are a
number of resources that are available to the skilled artisan which describe
suitable reagents and reactants and may be useful in selecting suitable reagents
and reactants for the protecting groups to be deprotected. For suitable
deprotecting reactions, reactants and reagents, see, for example, Protective Groups
in Organic Synthesis, 4th Edition, 2007, John Wiley & Sons, Inc, Hoboken, New
Jersey. Examples of reactants and reagents usable in the deprotection reaction(s)
(with examples of the protecting group to be deprotected in parenthesis) include,
but are not limited to, tetra-n-butylammonium fluoride (TMS), H2 (benzyl), bases
such as NaOH (acetyl), acids such as pyridinium p-toluenesulfonate and EtOH
(THP), and 2,3-dichloro-5,6-dicyano-p-benzoquinone (PMB).

The present invention provides a novel compound of formula (I)

wherein the dotted line represents an optional bond;

R! and R?, together with the carbon atoms they are attached to, form a
group selected from a 1H-indole group and a benzene group, and said 1H-indole
group and benzene group being optionally substituted with one to four
substituent(s) each independently selected from the group consisting of R3, R4, R,
and R6, wherein each R3, R4 R>, and R® is independently selected from the group
consisting of halogen, OH, Cis-alkyl, Ciz-(per)haloalkyl, Ciz-alkoxy, Ciz-
(per)haloalkoxy;

Ra and RP, together with the carbon atom and nitrogen atom they are
attached to, form a group selected from a 5- and 6-membered cyclic amide, and

Reis H; or

Rais Me, and

Rb and Re¢, together with the nitrogen atom and carbon atom they are
attached to, form a group selected from a 5- and 6-membered cyclic amide; or

Rais Me,

Rb is H, or Rb is absent when the dotted line represents a bond, and

Re is H, provided that R! and R?, together with the carbon atoms they
are attached to, form said optionally substituted 1H-indole group;

R” is selected from the group consisting of halogen, OH, oxo, SH, NORS,
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Ci3-(per)haloalkyl, Ci.3-alkoxy, Ci-3-(per)haloalkoxy, CN, C(O)N(R®)2, and N(R8)2,
or

R7 may also be C1-4-alkyl with the provisio that said 1H-indole group or
benzene group is substituted with one to four substituent(s) each independently
selected from the group consisting of halogen, OH, Ci.s-alkyl, C1.3-(per)haloalkyl,
Ci13-alkoxy, C1.3-(per)haloalkoxy, or

R7 may also be H provided that

when R2 and R®, together with the carbon atom and nitrogen atom they
are attached to, form a group selected from a 5- and 6-membered cyclic amide, R¢
is H, then R* and RS is each independently selected from the group consisting of
halogen, C1.4-alkyl, C1.3-(per)haloalkyl, and Ci.3-(per)haloalkoxy, or

when R2 is Me, Rb and R¢, together with the carbon atom and nitrogen
atom they are attached to, form a 6-membered cyclic amide, then R! and R?,
together with the carbon atoms they are attached to, form said optionally
substituted 1H-indole group, or

when R2 is Me, Rb and R¢, together with the carbon atom and nitrogen
atom they are attached to, form a 5-membered cyclic amide, and R! and R?, together
with the carbon atoms they are attached to, form a 1H-indole group or a benzene
group, then said 1H-indole group or benzene group is substituted with one to four
substituent(s) each independently selected from the group consisting of halogen,
OH, C1.4-alkyl, C13-(per)haloalkyl, Ci.3-alkoxy, and Ci-3-(per)haloalkoxy, or

when R2 is Me, Re is H, R! and R?, together with the carbon atoms they
are attached to, form a substituted 1H-indole group, then R* and R> of said
substituted 1H-indole group is each independently selected from the group
consisting of halogen, C1.4-alkyl, C1.3-(per)haloalkyl, and Ci.3-(per)haloalkoxy;

each R® is independently selected from the group consisting of H, Cy.s-
alkyl, C1.4-alkenyl, C14-alkynyl, and Ci.3-(per)haloalkyl, or when part of any N(R?)»
both R® together with the nitrogen they are attached to may form a 3- to 6-
membered aliphatic or aromatic heterocyclic ring comprising 1 to 3 heteroatoms
each independently selected from N, O, and S;

or a stereoisomer or a pharmaceutically acceptable salt thereof.

The term “the dotted line represents an optional bond” as used herein
and hereafter refers to abond that may or may notbe present. Itis to be understood
that when the dotted line is present then it forms, together with the single bond
next to it, a double bond and therefore, the compound of formula (1) is equal to a

compound of formula (1)
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Ra
R1
B
R2 R
R7 )

and when the dotted line is not present, the compound of formula (1) is equal to a

compound of formula (I1I)
Ra

R? RC
R7 (1

The term “1H-indole group” as used herein and hereafter refers to a 1H-
indole, which is fused at positions 2 and 3 with the carbons that R! and R? of the
compound of formula (I) are attached to. The term “benzene group” as used herein
and hereafter refers to benzene, which is fused with the carbons that R and R? of
the compound of formula (I) are attached to. Therefore, term “R! and R?, together
with the carbon atoms they are attached to, form a group selected from a 1H-indole
group and a benzene group” as used herein and hereafter refers to a 1H-indole ring
and a benzene ring fused with derivatives of 1,2,3,6-tetrahydropyridine and 2,3-
dihydropyridine of the invention. It is to be understood that when R! and R?,
together with the carbon atoms they are attached to, form a 1H-indole group, then

a compound of formula (I) is equal to a compound of formula (1V)

wherein R3, R4, R5 Ré, R7, R8, Ra, Rb, R¢, and the dotted line are as defined above, and
when R! and R?, together with the carbon atoms they are attached to, form a

benzene group, then a compound formula (1) is equal to a compound of formula (V)
R3 R2

R6 R7
wherein R3, R4, R5 R¢, R7, R8, Ra, Rb, R¢, and the dotted line are as defined above.

Accordingly, in embodiments, the compound has formula (la), (Ib), or

(Ic)
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wherein
Ra and RP, together with the carbon atom and nitrogen atom they are
attached to, form a group selected from a 5- and 6-membered cyclic amide, and
5 Reis H; or
Rais Me, and
Rb and Re¢, together with the nitrogen atom and carbon atom they are
attached to, form a group selected from a 5- and 6-membered cyclic amide;
Rdis H, or Rdis absent when the dotted line represents a bond; and
10 R3, R4, R>, Ré, R7, R8, and the dotted line are as defined above;
or a stereoisomer or a pharmaceutically acceptable salt thereof.
Furthermore, selection of the substituents R3, R4, R5, R¢, R7, and R8 is
particularly important for attaining the desired properties of the compounds of the
present invention.
15 Additionally, or alternatively, selection of the substituents R?, Rb, R¢, and
Rd is particularly important for attaining the desired properties of the compounds

of the present invention.

In embodiments, the compound has formula (Ic), (Id), (Ie), (If), or (Ig)
(CH2)n

N (@]
R4
RS R® (d)
R3 (CH)n R
R4 =0 R
N
RS R®
R¢ R’ R®
(I ,
20 wherein
mis1or?2;
nis1or?2;

Rdis H, or Rdis absent when the dotted line represents a bond; and
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the dotted line, R3, R4, R>, Ré, R7, and R8 are as defined above;

or a stereoisomer or a pharmaceutically acceptable salt thereof.

Furthermore, selection of the substituents R3, R4, R5, R¢, R7, and R8 is
particularly important for attaining the desired properties of the compounds of the
present invention.

Additionally, or alternatively, selection of m, n, and the substituents R?,
Rb, R¢, and R4 is particularly important for attaining the desired properties of the

compounds of the present invention.

In embodiments, the compound has formula (Id), (Ie), (If), or (Ig)
(CH2n

N
R4
RS R (Id)
R3 (C)H\\z)n R® 0
4 R4
R 0 A
(CH)m
RS R®
6 7 R® RY
R (9)
wherein
mis1or?2;

nis1or2; and

R3, R4, R>, R, R7, and R® are as defined above;

or a stereoisomer or a pharmaceutically acceptable salt thereof.

Furthermore, selection of the substituents R3, R4, R5, R¢, R7, and R8 is
particularly important for attaining the desired properties of the compounds of the
present invention. Additionally, or alternatively, selection of m, and n is
particularly important for attaining the desired properties of the compounds of the

present invention.

In embodiments, the compound has formula (Id), or (If), preferably (1d),
wherein

nis 1 or 2, preferably 1; and

R3, R4, R>, R, R7, and R® are as defined above;

or a stereoisomer or a pharmaceutically acceptable salt thereof. In a

preferred embodiment, the compound has formula (Id) and n is 1. Furthermore,
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selection of the substituents R3, R4, R>, R¢, R7, and R8 is particularly important for

attaining the desired properties of the compounds of the present invention.

In embodiments, the compound has formula (Ie), or (Ig), preferably (Ig),
wherein

m is 1 or 2, preferably 1; and

R3, R4, R>, R, R7, and R® are as defined above;

or a stereoisomer or a pharmaceutically acceptable salt thereof. In a
preferred embodiment, the compound has formula (Ig) and m is 1. Furthermore,
selection of the substituents R3, R4, R>, R¢, R7, and R8 is particularly important for

attaining the desired properties of the compounds of the present invention.

In embodiments, the compound has formula (Ic), wherein

Rdis H, or Rdis absent when the dotted line represents a bond; and

the dotted line, R3, R4, R>, Ré, R7, and R8 are as defined above;

or a stereoisomer or a pharmaceutically acceptable salt thereof.

Furthermore, selection of the substituents R3, R4, R5, R¢, R7, and R8 is
particularly important for attaining the desired properties of the compounds of the

present invention.

In embodiments, the compound has formula (I), wherein

R! and R?, together with the carbon atoms they are attached to, form a
group selected from a 1H-indole group, and said 1H-indole group being optionally
substituted with one to four substituent(s) each independently selected from the
group consisting of R3, R% R5 and RS wherein each R3, R4 R5 and RS is
independently selected from the group consisting of halogen, OH, Ci.4-alkyl, C1-3-
(per)haloalkyl, C1.3-alkoxy, C1-3-(per)haloalkoxy;

Rais Me;

Rb is H, or RP is absent when the dotted line represents a bond,
preferably Rb is H;

Reis H; and

the dotted line, R7, and R® are as defined above;

or a stereoisomer or a pharmaceutically acceptable salt thereof.

Furthermore, selection of the substituents R3, R4, R5, R¢, R7, and R8 is
particularly important for attaining the desired properties of the compounds of the

present invention.
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In embodiments, the compound has formula (1), (Ic), (1d), (Ie), (If), or
(Ig), wherein

R3 and R® are each independently selected from the group consisting of
H, halogen, C1.4-alkyl, C1.3-(per)haloalkyl, and Ci.3-(per)haloalkoxy, preferably each
independently selected from H and F;

R*and R® are both halogen, preferably F, or one of R* and R® is halogen,
preferably F, and the other is C1.4-alkyl, C1.3-(per)haloalkyl, or Ci3-(per)haloalkoxy,
preferably methoxy, methyl, or trifluoromethyl;

R”is selected from the group consisting of H, halogen, OH, oxo, NORS, C1.
s-alkyl, Ci3-(per)haloalkyl, Ci.3-alkoxy, and Ci.3-(per)haloalkoxy, preferably H, F,
OH, or methoxy, most preferably F; and

the dotted line, RY, R2, R3, Rb, R¢, RY, and R8 are as defined above;

or a stereoisomer or a pharmaceutically acceptable salt thereof.

In embodiments, the compound has formula (1), (Ic), (1d), (Ie), (If), or
(Ig), wherein

R3 and R® are each independently selected from the group consisting of
H, halogen, C1.4-alkyl, C1.3-(per)haloalkyl, and Ci.3-(per)haloalkoxy, preferably each
independently selected from H and F, most preferably H;

R*and R® are both F, or one of R* and R> is F and the other is Ci.4-alkyl
or C1.3-(per)haloalkyl, preferably both are F;

R”is selected from the group consisting of H, halogen, OH, oxo, NORS, C1.
s-alkyl, Ci3-(per)haloalkyl, Ci.3-alkoxy, and Ci.3-(per)haloalkoxy, preferably H, F,
OH, or methoxy, most preferably F; and

the dotted line, RY, R2, R3, Rb, R¢, RY, and R8 are as defined above;

or a stereoisomer or a pharmaceutically acceptable salt thereof.

In embodiments, the compound has formula (1), (Ic), (1d), (Ie), (If), or
(Ig), wherein

R3 and R® are each independently selected from the group consisting of
H, halogen, C1.4-alkyl, C1.3-(per)haloalkyl, and Ci.3-(per)haloalkoxy, preferably each
independently selected from H and F, most preferably H;

R#% and R® are both F, or one of R* and R® is halogen, preferably F, and
the other is H, Cis-alkyl or Cis-(per)haloalkyl, preferably one of R* and RS is
halogen and the other is H;

R” is selected from the group consisting of halogen, OH, Cy.3-alkoxy, Ci-
3-(per)haloalkoxy, preferably F, OH, methoxy, and ethoxy, most preferably F; and
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the dotted line, RY, R2, R3, Rb, R¢, RY, and R8 are as defined above;

or a stereoisomer or a pharmaceutically acceptable salt thereof.

In embodiments, R* and R> are both halogen, preferably F. In another
embodiments, R is H, R> is halogen, preferably F, and R” is selected from the group
consisting of halogen, preferably F and OH. In another embodiments, R* is halogen,
preferably F, R> is H, and R7 is selected from the group consisting of halogen,
preferably F and OH.

In embodiments, the compound has formula (1), (Ic), (1d), (Ie), (If), or
(Ig), wherein

R3 and R® are each independently selected from H and halogen,
preferably each independently selected from H and F;

R*and R® are both F, or one of R* and R> is F and the other is Ci.4-alkyl
or C1.3-(per)haloalkyl, preferably both are F; and

R” is selected from the group consisting of H, F, OH, Ci4-alkyl, and
methoxy, preferably H, F, OH, or methoxy, more preferably H, or F, most preferably
F; and

the dotted line, RY, R2, R3, Rb, R¢, RY, and R8 are as defined above;

or a stereoisomer or a pharmaceutically acceptable salt thereof.

In embodiments, the compound has formula (Ic), (Id), (Ie), (If), or (1g),
wherein

m is 1 or 2, preferably 1;

nis 1or 2, preferably 1;

R3 and R® are each independently selected from the group consisting of
H, halogen, OH, Ci4-alkyl, Ci3-(per)haloalkyl, Ci3-alkoxy, Ci-3-(per)haloalkoxy,
preferably each independently selected from H, F, meyhoxy, ethoxy, more
preferably each independently selected from H and F;

R*and R® are both halogen, preferably F, or one of R* and R® is halogen,
preferably F, and the other is H, Ci.3-alkoxy, Ci-s-alkyl, C1.3-(per)haloalkyl, or Ci.3-
(per)haloalkoxy, preferably H, methoxy, methyl, or trifluoromethyl, most
preferably H;

R” is selected from the group consisting of halogen, OH, oxo, NORS8, Cy.s-
alkyl, C1.3-(per)haloalkyl, C1.3-alkoxy, and Ci.3-(per)haloalkoxy, preferably H, F, OH,
or methoxy, most preferably F; and

R8, R4, and R8 are as defined above;
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or a stereoisomer or a pharmaceutically acceptable salt thereof.

In embodiments, the compound has formula (le), or (Ig), wherein

mis 1;

R3 and R® are each independently selected from the group consisting of
H, halogen, C1.4-alkyl, C1.3-(per)haloalkyl, and Ci.3-(per)haloalkoxy, preferably each
independently selected from H and F;

R*and R® are both halogen, preferably F, or one of R* and R® is halogen,
preferably F, and the other is H, Ci.3-alkoxy, Ci-s-alkyl, C1.3-(per)haloalkyl, or C1.3-
(per)haloalkoxy, preferably H, methoxy, methyl, or trifluoromethyl, most

preferably H;

R”is selected from the group consisting of H, halogen, OH, oxo, NORS, C1.
s-alkyl, Ci3-(per)haloalkyl, Ci.3-alkoxy, and Ci.3-(per)haloalkoxy, preferably H, F,
OH, or methoxy, most preferably F; and

R8 are as defined above;

or a stereoisomer or a pharmaceutically acceptable salt thereof.

In embodiments, the compound has formula (Id), or (If), wherein

nis 1or 2, preferably 1;

R3 and R® are each independently selected from the group consisting of
H, halogen, C1.4-alkyl, C1.3-(per)haloalkyl, and Ci.3-(per)haloalkoxy, preferably each
independently selected from H and F;

R*and R® are both halogen, preferably F, or one of R* and R® is halogen,
preferably F, and the other is C1.4-alkyl, C1.3-(per)haloalkyl, or Ci3-(per)haloalkoxy,
preferably methyl, trifluoromethyl, or trifluoromethoxy, most preferably

trifluoromethyl;

R”is selected from the group consisting of H, halogen, OH, oxo, NORS, C1.
s-alkyl, Ci3-(per)haloalkyl, Ci.3-alkoxy, and Ci.3-(per)haloalkoxy, preferably H, F,
OH, or methoxy, most preferably F; and

R8 is as defined above;

or a stereoisomer or a pharmaceutically acceptable salt thereof.

In embodiments, the compound has formula (Ic), wherein

R3 and R® are each independently selected from the group consisting of
H, halogen, C1.4-alkyl, C1.3-(per)haloalkyl, and Ci.3-(per)haloalkoxy, preferably each
independently selected from H and F;

R*and R® are both halogen, preferably F, or one of R* and R® is halogen,
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preferably F, and the other is C1.4-alkyl, C1.3-(per)haloalkyl, or C1.3-(per)haloalkoxy,
preferably methyl, trifluoromethyl, or trifluoromethoxy, most preferably
trifluoromethyl;

R”is selected from the group consisting of H, halogen, OH, oxo, NORS, C1.
s-alkyl, Ci3-(per)haloalkyl, Ci.3-alkoxy, and Ci.3-(per)haloalkoxy, preferably H, F,
OH, or methoxy, most preferably F;

Rb is H, or RP is absent when the dotted line represents a bond,
preferably Rb is H; and

R8 is as defined above;

or a stereoisomer or a pharmaceutically acceptable salt thereof.

In embodiments, the compound has formula (Ic), wherein

R3 and R® are each independently selected from the group consisting of
H, halogen, C1.4-alkyl, C1.3-(per)haloalkyl, and Ci.3-(per)haloalkoxy, preferably each
independently selected from H and F;

R*and R® are both halogen, preferably F, or one of R* and R® is halogen,
preferably F, and the other is H, Cis-alkyl, Ci3-(per)haloalkyl, or Ci.-
(per)haloalkoxy, preferably H, methyl], trifluoromethyl, or trifluoromethoxy, most
preferably H;

R” is selected from the group consisting of halogen, OH, oxo, NORS8, Cy.3-
alkoxy, and Cy.3-(per)haloalkoxy, preferably H, F, OH, or methoxy, most preferably
F;

Rb is H, or RP is absent when the dotted line represents a bond,
preferably RP is H; and

R8 is as defined above;

or a stereoisomer or a pharmaceutically acceptable salt thereof.

In embodiments, the compound has formula (1), (Ic), (1d), (Ie), (If), or
(Ig), wherein

R3, Ré, and R” are H;

R%and R® are F; and

the dotted line, RY, R2, R, Rb, R¢, and RY, are as defined above;

or a stereoisomer or a pharmaceutically acceptable salt thereof.

In preferred embodiments, the compound has formula (1d), (Ie), (If), or
(Ig), more preferably (le), or (Ig), most preferably (Ig), wherein
R3, Ré, and R7 are H; and
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R%and R> are F;

or a stereoisomer or a pharmaceutically acceptable salt thereof.

10. In embodiments, the compound has formula (1), (Ic), (1d), (1e), (1f),

or (Ig), wherein

wherein

R3 and R¢ are H;

R4 R> and R7 are F; and

the dotted line, RY, R2, R, Rb, R¢, and RY, are as defined above;

or a stereoisomer or a pharmaceutically acceptable salt thereof.

In embodiments, the compound has formula (1), (1d), (Ie), (If), or (Ig),

R3 and R¢ are H;
R4 R>and R7 are F;
Rais Me;

Rb and Re¢, together with the nitrogen atom and carbon atom they are

attached to, form a group selected from a 5- and 6-membered cyclic amide; and

R1, and RZ? are as defined above;
or a stereoisomer or a pharmaceutically acceptable salt thereof.

In preferred embodiments, the compound has formula (1d), (Ie), (If), or

(Ig), more preferably (le), or (Ig), most preferably (Ig), wherein

R3 and R¢ are H;

R4 R>and R7 are F;

m is 1 or 2, preferably 1; and

nis 1or 2, preferably 1;

or a stereoisomer or a pharmaceutically acceptable salt thereof.

In a preferred embodiment, the compound has formula (Ig), wherein
mis 1;

R3 and R¢ are H; and

R4 R>and R7 are F;

or a stereoisomer or a pharmaceutically acceptable salt thereof.

In embodiments, the compound of formula (1), (1a), (Ib), (Ic), (1d), (1e),

(If), or (Ig) is selected from the group consisting of:

5-Fluoro-1-methyl-2,3,4,9-tetrahydro-1H-pyrido|[3,4-b]indole;
6-Fluoro-1-methyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole;
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4,6-Difluoro-1-methyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole;
7-Fluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[ 2,3-a]quinolizin-4-
one;
7,8,9,10-Tetrafluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-
a]quinolizin-4-one;
(7R,12bS)-7,8,9,10-Tetrafluoro-1H,2H,3H,4H,6H,7H,12H,12bH-
indolo[2,3-a]quinolizin-4-one;
(7R,12bR)-7,8,9,10-Tetrafluoro-1H,2H,3H,4H,6H,7H,12H,12bH-
indolo[2,3-a]quinolizin-4-one;
(7S,12bR)-7,8,9,10-Tetrafluoro-1H,2H,3H,4H,6H,7H,12H,12bH-
indolo[2,3-a]quinolizin-4-one;
7,9-Difluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-a]quinolizin-4-
one;
7,8,10-Trifluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-
a]quinolizin-4-one;
4,5,6,7-Tetrafluoro-1-methyl-2,3,4,9-tetrahydro-1H-pyrido|3,4-
b]indole;
5,6-difluoro-1-methyl-4,9-dihydro-3H-pyrido[3,4-b]indole;
5,6,7-trifluoro-1-methyl-4,9-dihydro-3H-pyrido|[3,4-b]indole;
4,5,6,7-tetrafluoro-1-methyl-4,9-dihydro-3H-pyrido[3,4-b]indole;
7,8,10-Trifluoro-5-methyl-1,5,10,10a-tetrahydropyrrolo|[1,2-
b]isoquinolin-3(2H)-one;
(5S,10R,10aR)-7,8,10-Trifluoro-5-methyl-1,5,10,10a-
tetrahydropyrrolo[1,2-b]isoquinolin-3(2H)-one;
(5S,10R,10aS)-7,8,10-Trifluoro-5-methyl-1,5,10,10a-
tetrahydropyrrolo[1,2-b]isoquinolin-3(2H)-one;
(5S,10S,10aR)-7,8,10-Trifluoro-5-methyl-1,5,10,10a-
tetrahydropyrrolo[1,2-b]isoquinolin-3(2H)-one;
7,10-Difluoro-5-methyl-1,5,10,10a-tetrahydropyrrolo[1,2-
b]isoquinolin-3(2H)-one;
9,10-Difluoro-5-methyl-1,5,10,10a-tetrahydropyrrolo[1,2-
b]isoquinolin-3(2H)-one;
7,8-Difluoro-5-methyl-1,5,10,10a-tetrahydropyrrolo[1,2-
b]isoquinolin-3(2H)-one;
(5R,11S)-10,11-Difluoro-5-methyl-1,2,5,6,11,11a-hexahydro-3H-

indolizino[6,7-b]indol-3-one;
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(6R,12S)-12-Fluoro-6-methyl-6,9,10,11,11a,12-hexahydroindolol[3,2-
b]quinolizin-8(5H)-one;
(5R,11S)-11-Fluoro-5-methyl-1,2,5,6,11,11a-hexahydro-3H-
indolizino[6,7-b]indol-3-one;
(6R,12S)-1,12-Difluoro-6-methyl-6,9,10,11,11a,12-
hexahydroindolo[3,2-b]quinolizin-8(5H)-one;
(5R)-9-Fluoro-5-methyl-1,2,5,6,11,11a-hexahydro-3H-indolizino[6,7-
b]indol-3-one;
(6R)-2-Fluoro-6-methyl-6,9,10,11,11a,12-hexahydroindolo(3,2-
b]quinolizin-8(5H)-one;
(4S)-4,6-difluoro-1-methyl-4,9-dihydro-3H-pyrido[3,4-b]indole;
(5S,6S,10bS)-6,9-difluoro-5-methyl-1,5,6,10b-tetrahydropyrrolo[2,1-
alisoquinolin-3(2H)-one;
(5R,6R,10bS)-6,9-difluoro-5-methyl-1,5,6,10b-tetrahydropyrrolo[2,1-
alisoquinolin-3(2H)-one;
(5R,6S,10bR)-6,8,9-trifluoro-5-methyl-1,5,6,10b-
tetrahydropyrrolo[2,1-a]isoquinolin-3(2H)-one;
(12bS)-8,9-difluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo|2,3-
a]quinolizin-4-one (not part of the invention);
(7R,12bS)-7,8,9-trifluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[ 2,3-
a]quinolizin-4-one;
(7S,12bR)-7,8,9-trifluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[ 2,3-
a]quinolizin-4-one;
(7R,12bR)-7,8,9-trifluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-
a]quinolizin-4-one;
(12bS)-9,10-difluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-
a]quinolizin-4-one;
(7R,12bR)-7,8,9-trifluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-
a]quinolizin-4-one;
(7S,12bS)-7,8,9-trifluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[ 2,3-
a]quinolizin-4-one;
(5S,6R,10bS)-6,8-difluoro-5-methyl-1,5,6,10b-tetrahydropyrrolo[2,1-
alisoquinolin-3(2H)-one;
(5S,10S,10aR)-8,10-difluoro-5-methyl-1,5,10,10a-
tetrahydropyrrolo[1,2-b]isoquinolin-3(2H)-one;
(1R,4R)-4,6,7-trifluoro-1-methyl-2,3,4,9-tetrahydro-1H-pyrido|[3,4-
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b]indole;
(7R,12bS)-7,9,10-trifluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo|2,3-
a]quinolizin-4-one;
(7R,12bR)-7,8-difluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[ 2,3-
a]quinolizin-4-one;
(5R,6R,10bS)-6,9-difluoro-5-methyl-1,5,6,10b-tetrahydropyrrolo[2,1-
alisoquinolin-3(2H)-one; and
6-fluoro-1-methyl-4,9-dihydro-3H-pyrido[3,4-b]indole;

or a stereoisomer or a pharmaceutically acceptable salt thereof.

In one aspect of the present invention is provided a pharmaceutical
composition comprising an effective amount of one or more compounds of formula
(1), or a stereoisomer or a pharmaceutically acceptable salt thereof, together with

one or more pharmaceutically acceptable excipient(s).

Additionally, or alternatively, to pharmaceutically acceptable
excipient(s), pharmaceutical compositions of the present disclosure comprise an
effective amount of one or more compounds of formula (1), or a stereoisomer or a
pharmaceutically acceptable salt thereof, in combination with one or more
pharmaceutically  acceptable carrier(s). Therefore, in embodiments,
pharmaceutical compositions comprise an effective amount of one or more
compounds of formula (1), or a stereoisomer or a pharmaceutically acceptable salt
thereof, together with one or more pharmaceutically acceptable excipient(s)
and/or one or more pharmaceutically acceptable carrier(s), or any combination
thereof. Preferably, pharmaceutical compositions comprise one compound of
formula (I), or a stereoisomer or a pharmaceutically acceptable salt thereof,
preferably a pharmaceutically acceptable salt thereof, in combination with one or
more pharmaceutically acceptable excipient(s) and one pharmaceutically

acceptable carrier.

Additionally, or alternatively, to pharmaceutically acceptable
excipient(s) and/or pharmaceutically acceptable carrier(s), pharmaceutical
compositions of the present disclosure comprise an effective amount of one or
more compounds of formula (I), or a stereocisomer or a pharmaceutically
acceptable salt thereof, in combination with one or more other active ingredient(s).
Therefore, in embodiments, pharmaceutical compositions comprise an effective

amount of one or more compounds of formula (I), or a stereoisomer or a



20215387 PrRH 04 -07- 2023

10

15

20

25

30

31

pharmaceutically acceptable salt thereof, together with one or more
pharmaceutically acceptable excipient(s) and/or one or more pharmaceutically
acceptable carrier(s) and/or one or more other active ingredient(s), or any

combination thereof.

In embodiments, pharmaceutical compositions consist an effective
amount of one or more compounds of formula (I), or a stereoisomer or a
pharmaceutically acceptable salt thereof, preferably a pharmaceutically acceptable
salt thereof, together with one or more pharmaceutically acceptable excipient(s),
preferably 1, 2, or 3 pharmaceutically acceptable excipient(s), more preferably 1

pharmaceutically acceptable excipient.

In embodiments, pharmaceutical compositions consist an effective
amount of one or more compounds of formula (1), preferably an effective amount
of 1 or 2 compounds of formula (I), more preferably 1 compound of formula (1), or
a stereoisomer or a pharmaceutically acceptable salt thereof, preferably a
pharmaceutically acceptable salt thereof, together with one or more
pharmaceutically acceptable excipient(s), preferably 1, 2, or 3 pharmaceutically
acceptable excipient(s), and/or one or more pharmaceutically acceptable
carrier(s), preferably 1, 2, or 3 pharmaceutically acceptable carrier(s), more

preferably 1 pharmaceutically acceptable carrier.

In embodiments, pharmaceutical compositions consist an effective
amount of one or more compounds of formula (1), preferably an effective amount
of 1 or 2 compounds of formula (I), more preferably 1 compound of formula (1), or
a stereoisomer or a pharmaceutically acceptable salt thereof, preferably a
pharmaceutically acceptable salt thereof, together with one or more
pharmaceutically acceptable excipient(s), preferably 1, 2, or 3 pharmaceutically
acceptable excipient(s), and/or one or more pharmaceutically acceptable
carrier(s), preferably 1, 2, or 3 pharmaceutically acceptable carrier(s), more
preferably 1 pharmaceutically acceptable carrier, and /or one or more other active

ingredient(s), preferably one other active ingredient.

In one aspect of the present invention is provided a compound of
formula (1), or a stereoisomer or pharmaceutically acceptable salt thereof, for use

as a medicament.

In one aspect of the present invention is provided a compound of
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formula (1), or a stereoisomer or pharmaceutically acceptable salt thereof, for use

in treatment or prevention of CNS related diseases or conditions.

In embodiments of the present invention is provided a compound of
formula (1), or a stereoisomer or pharmaceutically acceptable salt thereof, for use
in the treatment or prevention of a disease or condition selected from the group
consisting of Alzheimer’s disease, Parkinson’s disease, depression, anxiety,
hyperactivity, narcolepsy, drug addiction, alcoholism, anorexia, bulimia, and

mitochondrial disease.

In one aspect of the present invention is provided methods for the
preparation of a compound of formula (1), or pharmaceutically acceptable salt or a
stereoisomer thereof, comprising the steps of:

- providing a compound of formula (I')

(1

’

wherein R, R2, and R7 are as defined herein and hereafter,

wherein when R! and R?, together with the carbon atoms they are
attached to, form a 1H-indole group, then the nitrogen of said 1H-indole group is
optionally protected with a protecting group,

wherein when R7is OH or SH, then the oxygen or sulphur of said OH or

SH is optionally protected with a protecting group,

Rb and R, together with the carbon atom and nitrogen atom they are

attached to, form a group selected from a 5- and 6-membered cyclic amide, or

RV is H or activating group, and R<" is H;

- reacting said compound of formula (I') with an aldehyde, optionally
in the presence of one or more activating group reactant(s),
which/that optionally together with one or more activating agent(s)
facilitate(s) a ring formation;

- optionally performing one or more deprotection reaction(s);

- to obtain the compound of formula (1)
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(0

’

wherein R}, RZ, R7, Ra, Rb, R¢, and the dotted line are as defined herein

and hereafter; and

- optionally converting the compound of formula (I) to a

pharmaceutically acceptable salt thereof.

Additionally, or alternatively, to converting the compound of formula

(I) to a pharmaceutically acceptable salt thereof, the method for the preparation of

a compound of formula (1), or pharmaceutically acceptable salt or a stereoisomer
thereof, further comprises the step of:

- converting the compound of formula (I) to another stereoisomer

thereof, wherein said step is performed before or after the step of

optionally converting the compound of formula (I) to a

pharmaceutically acceptable salt thereof.

In embodiments, the method for the preparation of a compound of
formula (1), or pharmaceutically acceptable salt or a sterecisomer thereof, one or
more activating group reactant(s), preferably one activating group reactant,
which/that together with optionally one or more activating agent(s), preferably

one activating agent(s), facilitate(s) said ring formation.

In embodiments, in the method for the preparation of a compound of
formula (1), or pharmaceutically acceptable salt or a sterecisomer thereof, one or
more activating group reactant(s), preferably one activating group reactant,
which /that together with one or more activating agent(s), preferably one activating

group reactant, facilitate said ring formation.

In embodiments, in the method for the preparation of a compound of
formula (I), or pharmaceutically acceptable salt or a stereoisomer thereof, the
aldehyde is selected from the group consisting of acetaldehyde, methyl 4-

oxobutanoate, methyl 5-oxopentanoate, and 1,1-diethoxyethane.

In embodiments, in the method for the preparation of a compound of
formula (I), or pharmaceutically acceptable salt or a stereoisomer thereof, the step

of reacting compound of formula (1I') with an aldehyde optionally further comprises
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one or more aldehydes, and optionally of one or more steps of separating and/or

purifying one or more compound(s) of formula (I).

The compounds of the invention can be synthesized using well
documented reactions and commercially available starting materials. We have
explored a series of new TIQ analogues primarily targeted to mimic the actions of
1MeTIQ and also SAL to some extent. These novel compounds can be used to
achieve many desirable pharmacological responses. Fluorination can alter the
bond strength, lipophilicity, conformation, electrostatic potential, dipoles, and pKa.

Substitution, especially fluorination, at the position of metabolic attack
- mainly at positions corresponding to substituents R4, R5 and R” of compounds
having formula (Ia), (Ib), and (Ic) - is used to alter the route and rate of metabolic
degradation. Fluorination may also alter the tissue distribution,
pharmacodynamics, and toxicology of the compound. It can be generalized that
replacing hydrogen with fluorine causes minimal steric effects at the receptor.

By replacing both of the catechol hydroxyls of SAL, especially with
fluorine, a better targeting of the drug distribution and smaller active dosages are
achieved. Unlike SAL, the compounds of the present invention are actively
transported over the blood brain barrier by organic cation transporters and are
concentrated in the brain. Most of the compounds of the present invention cannot
be oxidized to form epoxides thereby making them less prone to cause oxidative
stress. The compounds of the invention are associated with neuroprotective and
neuroregenerative properties instead of neurotoxicity or neurodegeneration,
which is the case with SAL. Further, the novel compounds are better in mimicking
desirable effects of SAL and treating alcoholism and Parkinson’s disease than e.g.
6-monofluorinated TIQ.

The novel compounds according to the invention show structural
similarities to 1MeTIQ. Thus, the novel compounds can be used, in addition to the
treatment of e.g. Alzheimer’s disease and Parkinson’s disease, to treat or prevent
addictions in general - from alcohol to cocaine and heroin. Number of positive
pharmacological responses can be achieved simultaneously. While decreasing the
tendency to relapse and likelihood of developing an addiction, these compounds
can act as general mood stabilizers and general neuroprotectants possessing

remarkable antiparkinsonian and antiepileptic character.

The compounds exhibit many pharmacological responses, such as
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- prolonging the duration of morphine without enhancing the peak
action;

- antagonizing the development of morphine tolerance;

- reducing the naloxone-precipitated withdrawal symptoms;

- inhibiting the reinstatement of cocaine self-administration;

- attenuating cravings, inhibiting the activity of monoamine-oxidases
(MAOs);

- inhibiting the activity of acetylcholinesterase (ACE);

- affecting the activity of one or more of trace amine receptor,
dopamine receptors and transporter, serotonine receptors and
transporter, serotonine acyl and methyltransferases,
norepinephrine transporter, monoamino-oxidases, catecholine-O-
methyltransferase, and shifting metabolism towards it; adrenergic
receptors, tyrosine hydroxylase, histamine receptors, orexin
receptors, NMDA-receptors, sigma 1 -receptor, muscarinic and
nicotinic acetylcholine receptors, opioid receptors, neuropeptide
receptors, melanocortin receptors (excluding MC3R), neurokinin
receptors, corticotropin release;

- neuroprotection;

- shifting the catabolism of catecholamine neurotransmitters towards
catechol-O-methyl transferase (COMT) -dependent methylation;

- inhibition or enhancement of the release of prolactin;

- releasing norepinephrine;

- inducing or inhibiting neuron related apoptosis and/or necrosis;

- abolishing cocaine induced inhibition of noradrenalin metabolism;

- ameliorating mitochondrial disease/dysfunction.

Further, the invention may also be for use in the treatment or

prevention of a disease or condition associated with HIV transcriptase.

Furthermore, compounds of formula (I) may be used as synthesis
intermediates for the preparation of other compounds, in particular of other
pharmaceutically active compositions, which are obtainable from compounds of
formula (I) and, for example by introduction of substituents or modification of

functional moieties.
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The compounds and pharmaceutical compositions of the invention may

also be useful in medical devices and medical kits.

GENERAL PREPARATION METHODS

The compounds according to the present invention may be prepared by
processes known per se as follows.

The following examples illustrate the preparation of compounds of

formula (1).

General procedure for the preparation of optionally substituted
phenethylamines, general procedure A

R R®
R R

RS H RS NH,
R6 O RG R?

Step 1. 1.0 mol eq. optionally subst. benzaldehyde, 1.2 mol eq.
nitromethane, 0.47 mol eq. ammonium acetate and 0.35 mol eq. glacial acetic acid
{GAA) was sonicated (40 kHz) at RT for 3 h. After removal of nitromethane,
partition between dichloromethane and water then brine gave a crude product
which was recrystallized from aq, (m)ethanol or AcOH; or

1.0 mol eq. optionally subst. benzaldehyde, 1.2 mol eq. nitromethane
and 0.1 mol eq. cyclohexylamine was mixed and kept in dark for 4 weeks, or until
H20 formation ceased. The crude product was ground, washed with brine and
recrystallized from aq. (m)ethanol or AcOH; or

in the case of R7-halogen substitution (preferably fluorine), the
synthesis proceeds via nitroalcohol intermediate, otherwise skip to step 4:

1.0 mol eq. optionally subst. benzaldehyde, with 1.0 mol eq. of
triethylamine and 1.2 mol eq. nitromethane was stirred in methanol at -12°C for
2.5 h, and the amine quenched with 1.0 mol eq. of GAA while still freezing cold. Most
of the solvent was stripped under vacuum, and the remains were dissolved in
dichloromethane (DCM) and washed two times with water and once with brine.

The DCM was stripped, leaving behind the crude nitroalcohol.



20215387 PrRH 04 -07- 2023

10

15

20

25

30

35

37

Step 2. (in the case of R7-halogen substitution) Sulfonating the aliphatic
OH-group to appropriate sulfonyl ester by stirring 1.0 mol eq. of subst. nitroalcohol
in DCM with 1.2 mol eq. of triethylamine (or using pyridine for the solvent) and
adding slowly 1.1 mol eq. of p-toluenesulfonyl chloride maintaining the
temperature at -5°C until conversion was complete. The product was washed
several times with brine, dried over anhydrous MgS0O4 and concentrated in vacuo.

Step 3. (in the case of R7-halogen substitution) Modified Finkelstein
reaction to the sulfonate ester with potassium halide (in this case KF) proceeded
by dissolving 1 mol eq. of sulfonyl-intermediate from the step 2 with 6 ml of
acetonitrile per gram of substrate, 0.5 mol eq. of 1-butyl-3-methylimidazolium
tetrafluoroborate and 5 mol eq. of H,0 which after 1.05 mol eq. amount of KF was
added and the solution was mixed and sonicated at RT for 180 min or until TLC
showed completion. The R7-halogen substituted compounds were then extracted
with DCM and washed several times with brine, dried over anhydrous MgS0O4 and
concentrated in vacuo prior proceeding.

Step 4. In the case of protected R7-OH groups, the synthesis proceeds
via nitroalcohol intermediate:

Protecting the aliphatic OH-group with appropriate protecting group
according to procedures well known in the art, e.g. as a silyl ether by stirring 1.0
mol eq. of optionally subst. nitroalcohol in DCM with 1.2 mol eq. of pyridine (or
using pyridine for the solvent) and adding slowly 1.1 mol eq. of trimethylsilyl
chloride maintaining the temperature at 0°C until conversion was complete. The
product was washed several times with brine, dried over anhydrous MgSO4 and
concentrated in vacuo; or

in the case of R7-alkoxy or -(per)haloalkoxy substitution, the synthesis
proceeds via nitroalcohol intermediate:

O-Alkylating the aliphatic OH-group with appropriate alkyl- or
(per)haloalkyl-group according to procedures well known in the art, e.g. as a O-
methyl ether by stirring 1.0 mol eq. of optionally subst. nitroalcohol in DCM (or
THF) with 1.05 mol eq. of diazomethane and 1.0 mol eq. of boron trifluoride diethyl
etherate at 0°C until conversion was complete. The product was washed several
times with brine, dried over anhydrous MgSO4 and concentrated in vacuo; or

skip to step 5.

Step 5. Reduction of the possible C=C bond and nitro-group to the

amino-group according to procedures well known in the art, e.g. with catalytic
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hydrogenation using platinum(1V) oxide (PtO2), Raney nickel and/or Platinum on
carbon (Pt/C).

General procedure for the preparation of optionally substituted 2-(1H-indol-

3-yl)ethan-1-amines, general procedure B
R R R R
R4 N R4 N
/ — /
R® R® NH,
6 6
R S H R R7
General procedure A was followed except that an optionally subst. 1H-
indole-3-carbaldehyde or N-protected 1H-indole-3-carboxaldehyde (e.g. 1-benzyl-
1H-indole-3-carboxaldehyde or 1-(triisopropylsilyl)-1H-indole-3-carbaldehyde)

was used instead of the optionally subst. benzaldehyde.

General procedure for the preparation of optionally substituted N-tosyl-
phenethylamines, general procedure C

R3 R3
0
\Y
R> NH, R> r}r N
R® R’ R® R” H

To 1.0 mol eq. of the product from step 5 of general procedure A in DCM with 1.2
mol eq. of triethylamine (or using pyridine for the solvent) was added slowly 1.1
mol eq. of p-toluenesulfonyl chloride maintaining the temperature at -5°C until
conversion was complete. The product was washed several times with brine, dried

over anhydrous MgSO4 and concentrated in vacuo.

General procedure for the preparation of substituted N-tosyl-2-(1H-indol-3-
yl)ethylamines, general procedure C’

R s R
RE N R N
| NH, R | NHTs
R4 R?
R5 R6 R7 R5 R6 R7

To 1.0 mol eq. of the product of general procedure B in DCM with 1.2
mol eq. of triethylamine (or using pyridine for the solvent) was added slowly 1.1

mol eq. of p-toluenesulfonyl chloride maintaining the temperature at -5°C until
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conversion was complete. The product was washed several times with brine, dried

over anhydrous MgSO4 and concentrated in vacuo.

General procedure for the preparation of optionally substituted 5-methyl-
1,5,10,10a-tetrahydropyrrolo[1,2-blisoquinolin-3(2H)-ones and 6-methyl-
1,2,3,6,11,11a-hexahydro-4H-pyrido[1,2-b]isoquinolin-4-ones (compounds
of formula (Ig)), general procedure D:

3
i ?  soPh Me R

0
J o) I . 4
3 PhSO,H TiCl R
CHa)r NH R 2 A re 4
(CH)m PN (CH2)m NNy (CHS)\;N
R? R* RS
R7 R7 R7 R6
6 5 5
RO R RS R (Ig)

Step 1. A synthesis method from Tetrahedron: Asymmetry 14 (2003)
1171-1178 was adapted; 1.0 mol eq. of optionally substituted 5-benzylpyrrolidin-
2-one (m = 1) or 6-benzylpiperidin-2-one (m = 2) (in the case of protected R7-OH
groups (e.g. R” = silyl ether), 1.0 mol eq. of the respective protected compound (m
=1 or 2)) was dissolved in dichloromethane (3 mL/mmol of optionally substituted
5-benzylpyrrolidin-2-one (m = 1) or 6-benzylpiperidin-2-one) and then 2.0 mol eq.
benzenesulfinic acid, 1.5 mol eq. acetaldehyde and anhydrous MgS04 (0.1 g/mmol
of optionally substituted 5-benzylpyrrolidin-2-one (m = 1) or 6-benzylpiperidin-2-
one) were sequentially added at room temperature. The mixture was stirred for 36
h at room temperature and then filtered over a short pad of Florisil. Removal of the
solvent afforded the crude sulfone, which was purified by column chromatography
(7:3 hexanes-ethyl acetate).

Step 2. 1.0 mol eq. of the above sulfone (2 mmol) was dissolved in
CH2Cl2 (10 mL/mmol of sulfone), and the solution was cooled at -78°C. 1.5 mol eq.
TiCls was then added dropwise in 5 min and after 45 min at -78°C the reaction
mixture was quenched with brine. The aqueous phase obtained after separation
was extracted with CHzCl, three times and the collected organic phase was dried
over MgS0.. After removal of the solvent at reduced pressure the optionally
substituted 5-methyl-1,5,10,10a-tetrahydropyrrolo[1,2-b]isoquinolin-3(2H)-one
or 6-methyl-1,2,3,6,11,11a-hexahydro-4H-pyrido[1,2-b]isoquinolin-4-one

obtained was purified by column chromatography (7:3 hexane-ethyl acetate).
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Step 3. In the case of protected R7-OH groups, the R7-OH protecting
groups were removed according to procedures well known in the art, e.g. in the
case of O-trimethylsilyl protected compounds, otherwise skip this step:

To a cold (0°C) solution of 1.0 mol eq. of the silyl ether in
tetrahydrofuran (THF, 10 mL/mol silyl ether) was added 1.1 mol eq. tetra-n-
butylammonium fluoride (TBAF) (1 M solution in THF), the resulting solution was
stirred for 45 minutes allowing the mixture to warm to room temperature and
stirring was continued until conversion was complete. The resulting solution was
diluted with DCM and quenched with water. The organic layer was extracted with
brine and dried over magnesium sulfate, followed by solvent reduction in vacuo.
The crude product was purified by column chromatography (hexane/ethyl acetate,
7:3 to 1:10) to give the alcohol.

Step 4. In the case of R7-SH group, otherwise skip this step:

The product from step 3 was converted to the tosylate following step 2
of the general procedure A. The formed tosylate was treated with excess sodium
hydrogen sulfide in acetone to give the crude thiol product (R” = SH). The crude
product was purified by column chromatography (hexane/ethyl acetate, 7:3 to
1:10) to give the thiol.

General procedure for the preparation of optionally substituted 5-methyl-
1,2,5,6,11,11a-hexahydro-3H-indolizino[6,7-b]indol-3-ones and 6-methyl-
6,9,10,11,11a,12-hexahydroindolo[3,2-b]quinolizin-8(5H)-ones (compounds
of formula (Ie)), general procedure E:

o}
0 PhSO,H O Me i O
(CHo)m NH RrR o+ M 2 )\sozth TiCl,
H™ “Me N N (CHy)
(CH2)m / R "
R7
RS R te)

The general procedure D was followed starting from optionally subst.
5-((1H-indol-3-yl)methyl)pyrrolidin-2-one (m = 1, R = H, Bn or TIPS) or 6-((1H-
indol-3-yl)methyl)piperidin-2-one (m = 2, R = H, Bn or TIPS) (in the case of
protected R7-OH groups (e.g. R7 = silyl ether), 1.0 mol eq. of the respective
protected compound (m = 1 or 2)). In the case of protecting groups at R and/or R?,
the protecting group(s) was/were removed according to procedures well known
in the art, e.g. step 3 of general procedure D was followed (in the case R = TIPS and
R7 = silyl ether, 2.2 mol eq. (TBAF) (1 M solution in THF) was used). In the case of
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R7-SH group; general procedure D, step 4, was followed using the deprotected R7-

OH compound.

General procedure for the preparation of optionally substituted 1,5,6,10b-
tetrahydropyrrolo[2,1-a]isoquinolin-3(2H)-ones and 1,2,3,6,7,11b-
hexahydro-4H-pyrido[2,1-a]isoquinolin-4-ones (compounds of formula (If),
general procedure F:

H._.©O
R3 \EM R3
R4 1202'\/'6 R4

NH,

R5 RS
RS R7 RS R7 R®
Optionally substituted 1,5,6,10b-tetrahydropyrrolo[2,1-a]isoquinolin-
3(2H)-ones and 1,2,3,6,7,11b-hexahydro-4H-pyrido[2,1-a]isoquinolin-4-ones
were prepared using methods described in ChemComm., 2018, 54(11), 1323-1326;
shortly, 1.0 mol eq. of optionally substituted phenetylamine from step 5 of general

()

procedure A and 1.5 mol eq. of aldehyde (e.g. methyl 4-oxobutanoate or methyl 5-
oxopentanoate) in aqueous potassium phosphate KPi buffer (0.3 M) in acetonitrile
(1:1) were stirred under argon for 18 h at 60°C at pH 6 in the presence of 1.0 mol
eq. of ascorbic acid, followed by the addition of sodium carbonate (1 M),
adjustment of pH to 7.5, and stirring the mixture for 4 h to give the lactams. The
lactams were purified by a basic and then acidic extraction procedure using EtOAc
and then MeOCO;Me, as described in Tetrahedron Lett, 2014, 55, 5047 and Nat.
Commun., 2017, 8, 14883.

In the case of protected R7-OH groups, the R7-OH protecting groups
were removed according to procedures well known in the art, e.g. in the case of O-
trimethylsilyl protected compounds step 3 of general procedure D was followed. In
the case of R7-SH group; general procedure D, step 4, was followed using the

deprotected R7-OH compound.

General procedure for the preparation of optionally substituted
1,2,5,6,11,11b-hexahydro-3H-indolizino[8,7-b]indol-3-ones and
2,3,6,7,12,12b-hexahydroindolo[2,3-a]quinolizin-4(1H)-ones (compounds
of formula (Id), general procedure G:
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(Id)

The general procedure F was followed except that optionally subst. 2-
(1H-indol-3-yl)ethan-1-amines (R = H) or N-protected 1H-indole-3-
carboxaldehydes (e.g. 1-benzyl-1H-indole-3-carboxaldehyde (R = Bn) or 1-

(triisopropylsilyl)-1H-indole-3-carbaldehyde (R = TIPS)) from general procedure
B were used instead of the optionally subst. phenetylamine. In the case of
protecting groups at R and/or R’, the protecting group(s) was/were removed
according to procedures well known in the art, e.g. step 3 of general procedure D
was followed (in the case R = TIPS and R” = silyl ether, 2.2 mol eq. (TBAF) (1 M
solution in THF) was used). In the case of R7-SH group; general procedure D, step

4, was followed using the deprotected R7-OH compound.

General procedure for the preparation of optionally substituted 1-methyl-
2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indoles and 1-methyl-4,9-dihydro-3H-
pyrido[3,4-b]indoles (compounds of formula (Ic), general procedure H:

RS R
R? N 0

5 A
R N~R

6
RR7

(Ie)
Step 1. Pictet-Spengler reaction - industrial scale (EP 0929527) was

adapted: 1.0 mol eq. optionally subst. N-tosyl-2-(1H-indol-3-yl)ethylamine (R = H
or protecting group, e.g. Bn or TIPS, R” = Ts) from general procedure C’ and 3.0
mol eq. boron trifluoride diethyl etherate was refluxed with 21.0 mol eq. of 1,1-
diethoxyethane for 12 h in N2 atmosphere or until TLC showed completion. The
tosyl was removed using e.g. sodium, naphthalene and dimethoxyethane, or using
KOH and MeOH; or

1.0 mol eq. optionally subst. 2-(1H-indol-3-yl)ethan-1-amine from
general procedure B was refluxed for 1h with 3.0 mol eq. acetaldehyde which after
1.2 mol eq. hydrochloricacid 37% was added and refluxing was continued until TLC

showed completion.
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Step 2. The reaction mixture was partitioned between ethyl acetate
(10 mL / 1 g substrate) and water (10 mL / 1 g substrate), separated, and the
organic layer was washed twice with saturated sodium bicarbonate and dried over
sodium sulfate (Na2SO4). The drying agent was filtered off and the filtrate was
distilled under reduced pressure to yield the desired compound. In the case of
protecting groups at R and/or R”: the protecting groups were removed according
to procedures well known in the art, e.g. protecting groups at R and/or R7 were
removed following e.g. step 3 of general procedure D (in the case R = TIPS and R” =
silyl ether, 2.2 mol eq. (TBAF) (1 M solution in THF) was used). In the case of R7-
SH group; general procedure D, step 4, was followed using the deprotected R7-OH

compound.

General procedure for the preparation of the compounds of the invention
using a one-pot chemoenzymatic reaction cascade method, the preparation
of optionally subst. 1,5,6,10b-tetrahydropyrrolo[2,1-a]isoquinolin-3 (2H)-
ones as an example:

R® R® R® R3
R4 R4 ’ R4 R4 o
N
5 o 5 5
R R 70 R 7" “NH, RS
R° H R® OH R® OH R6 R’

In a one-pot chemoenzymatic synthesis method of the compounds of
the invention, acetolactate synthase (ALS) converts an optionally subst.
benzaldehyde (e.g. 3,4-difluorobenzaldehyde) to an optionally subst. 2-hydroxy-2-
phenylacetaldehyde (e.g. (2R)-(3,4-difluorophenyl)(hydroxyl)acetaldehyde). A
transaminase (EC 2.6.1) then converts the formed optionally subst. (R)-2-hydroxy-
2-phenylacetaldehyde to the respective optionally subst. phenethylamine, which is
then converted by a norcoclaurine synthase ((S)-norcoclaurine synthase (EC
4.2.1.78)) to an optionally subst. 1,5,6,10b-tetrahydropyrrolo[2,1-a]isoquinolin-
3(2H)-one (e.g. 8,9-difluoro-6-hydroxy-1,5,6,10b-tetrahydropyrrolo[2,1-
alisoquinolin-3(2H)-one). Optionally, the products may be purified according to
procedures well known in the art. Optionally, the R7-OH may be converted to a
halogen, OH, oxo, SH, NORS, Ci.3-(per)haloalkyl, Ci-3-alkoxy, Ci.3-(per)haloalkoxy,
CN, C(O)N(R8)2, or N(R®)2 by synthesis methods described herein or conventional
processes well-known to the person skilled in the art.

The one-pot chemoenzymatic reaction cascade method can also be used
to synthesize other compounds with formula (1), (Ia), (Ib), (Ic), (1d), (1e), (If), and
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(Ig) of the invention. Therefore, e.g. an optionally subst. 1H-indole-3-carbaldehyde
or an optionally subst. N-protected 1H-indole-3-carboxaldehyde (e.g. 1-benzyl-1H-
indole-3-carboxaldehyde or 1-(triisopropylsilyl)-1H-indole-3-carbaldehyde) may
be used as a starting material in the one-pot chemoenzymatic synthesis method to
give optionally subst. 1,2,5,6,11,11b-hexahydro-3H-indolizino[8,7-b]indol-3-ones
and 2,3,6,7,12,12b-hexahydroindolo[2,3-a]quinolizin-4(1H)-ones:

R R R
R3 N R3 N RS N
| H— I W L | NH;
4
R R4 > o R4 X
R5 R6 @) R5 R6 Hé R5 R6 HO

(Id)
The one-pot chemoenzymatic synthesis method may also comprise

other enzymes, depending on the compound to be synthesized. Also, one or more
intermediate products (e.g. an optionally subst. phenethylamine or an optionally
subst. 2-(1H-indol-3-yl)ethan-1-amine) may be wused in the one-pot
chemoenzymatic synthesis method or the method may be used on a reaction
product of one or more of the above disclosed chemical methods for the
preparation of compounds.

Alternatively, or additionally, chemical reactions may be performed on
any of the above-mentioned products. E.g., the optionally subst. 2-hydroxy-2-
phenylacetaldehyde produced by an enzymatic reaction may be isolated, optionally
purified, and may be converted to the 2-fluoro-2-phenylacetaldehyde as described
in general procedure A. The formed 2-fluoro-2-phenylacetaldehyde may thereafter
be subjected to a one-pot chemoenzymatic synthesis method to give 6-fluoro-
1,5,6,10b-tetrahydropyrrolo[2,1-al]isoquinolin-3(2H)-one.

Additionally, or alternatively, protecting groups may be inserted by
chemical reactions on products produced, optionally isolated, and thereafter
subjected to a one-pot chemoenzymatic synthesis method. Additionally, the
compounds may be deprotected from protecting groups after the final enzymatic
reaction, or alternatively before, at or after any step of the enzymatic reactions.

One or more expression plasmid comprising genes encoding for the
required enzymatic activities in functional linkage with the required regulatory
sequences may be used in the one-pot chemoenzymatic synthesis method. A single
plasmid comprising all genes for the required enzymatic activities represents a

particular convenient embodiment. A plasmid suitable for use in such a method is
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exemplified in SEQ ID NO: 1 shown in the sequence protocol, which forms part of
the present disclosure.

As illustrated by SEQ ID NO: 1, said one or more plasmid encodes for

acetolactate synthase activity (e.g, AHAS 1, further exemplified by
nucleotides 1142 to 3097 of SEQ ID NO: 1),

for an enzyme with EC 2.6.1 activity (e.g. a suitable transaminase, for
example transaminase E1V913_HALED, in particular as further exemplified in
nucleotides 4603 to 5985 of SEQ ID NO: 1),

for an enzyme with salsolinol synthase activity (in particular as further
exemplified in nucleotides 6779 to 7009 of SEQ ID NO: 1),

for an enzyme with EC 4.2.1.78 activity (e.g. a suitable norcolaurine
synthase, such as the norcolaurine synthase as exemplified in nucleotides 10117 to
10689 of SEQ ID NO: 1), and

for an enzyme with EC 2.1.1.28 activity (e.g. a suitable
phenylethanolamine N-methyltransferase (PNMT), such as the P11086 PNMT, as
further exemplified in nucleotides 14784 to 15335 of SEQ ID NO: 1.

The regulatory sequences comprise sequences required to bring about
the expression, translation and secretion of the enzymes, such as enhancers,
promoters, sequences encoding for signal peptides (such as for the AmyE signal
peptide, sortase cleavage signal, or PrsA), terminators, 5’ untranslated regions (5’
UTR), 3’ untranslated regions (3’ UTR), and transcription regulatory sequences
(e.g. of the arabinose operon or the CUP operon). Usually, the plasmid will also
comprise additional sequences required for maintenance of the plasmid, for
example a replication origin (e.g., oriU) and/or a reporter or selection gene (such
as the mRaspberry reporter). Examples of such sequences are shown in SEQ ID NO:
1. However, the skilled person is aware of alternatives forming part of the skilled
person’s common general knowledge, the sequences of which are publicly available
in sequence databases.

Any suitable host which is compatible with the selected sequences and
codon usage of the plasmid may be used. For example, for the plasmid exemplified
in SEQ ID NO: 1, a suitable Bacillus strain, such as a suitable Bacillus subtilis strain,
may be used as the host. For example, Bacillus subtilis (WB-600) may be used as
the electrocompetent host. Methods for introducing the plasmid into the host cell
are generally known to the skilled person and are provided in reference text-books.
The host cell comprising the plasmid, such that the enzymatic activities are

expressed and secreted in the environment of the host cell, may then be used in the
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one-pot chemoenzymatic synthesis method. The host cell may be used directly in
the synthesis method, or only the supernatant of a fermentation of said host cell.
Suitable fermentation procedures are also known to the skilled person, and
publicly available, for example from catalogues of cell culture collections, and
depend on the selected host cell.

The pharmaceutically acceptable salts of the compounds of formula (1)
may be prepared by conventional processes well-known to the person skilled in the
art. For the preparation of pharmaceutical compositions and dosage forms as well
as the carriers, diluents and expedients used in the preparation, see, for example,
Remington's Pharmaceutical Sciences, 20th Edition, 2000, Marck Publishing
Company, Easton, Pennsylvania.

The pharmacological activity of the compounds of the invention can be
verified by methods known in the art. For example, the reducing effect on alcohol
seeking behavior can be verified using the procedure described by Heidbreder, C.A,,
etal.,, Addict Biol. 2007 Mar;12(1):35-50. The parkinsonism-preventing activity can
be shown, for example, as described by Okuda, K, et al. Biol Pharm Bull. 2006
Jul;29(7):1401-1403.

The following specific non-limiting examples will further identify the

compounds of the invention.

COMPOUND 1
5-Fluoro-1-methyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole
H
N
[ NH
F

The general procedure B was used starting from 4-fluoro-1H-indole-3-
carbaldehyde, followed by general procedures C’ and H.

THNMR: 6 1.21 (3H, d, ] = 6.8 Hz), 2.89 (1H, ddd, ] = 10.1, 7.4, 3.9 Hz), 2.91 (1H, ddd,
]=14.4,39,62.0Hz),2.76 (1H, ddd, ] = 14.4, 10.1, 3.7 Hz)), 3.01 (1H, ddd, ] = 7.4, 3.7,
2.0 Hz), 4.11 (1H, q,] = 6.8 Hz), 6.82 (1H,dd,] = 7.7, 1.8 Hz), 6.78 (1H, dd, ] = 7.5,
1.8 Hz)), 7.01 (1H, dd,] = 7.7, 7.5 Hz).

COMPOUND 2
6-Fluoro-1-methyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole
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ZT

F

The general procedure B was used starting from 5-fluoro-1H-indole-3-
carbaldehyde, followed by general procedures C’ and H.

THNMR: 6 1.21 (3H, d, ] = 6.8 Hz), 2.75 (1H, ddd, ] = 12.9, 10.1, 3.7 Hz), 3.00 (1H,
ddd, ] =7.4,3.7,2.0 Hz), 2.99 (1H, ddd, ] = 12.9, 3.9, 2.0 Hz), 2.89 (1H, ddd, ] = 10.1,
7.4,3.9 Hz), 4.14 (1H, q,] = 6.8 Hz), 6.86 (1H, dd, ] = 8.5, 0.4 Hz), 7.03 (1H, dd, ] =
8.5,1.1 Hz), 7.01 (1H, dd, ] = 1.1, 0.4 Hz)).

COMPOUND 3
1-Methyl-4,9-dihydro-3H-pyrido[3,4-b]indole
H
N

7 N

The general procedure B was used starting from 1H-indole-3-carbaldehyde,
followed by general procedures C’ and H.

TH NMR: 8 2.09 (3H, s), 3.09 (2H, ddd, ] = 14.8, 4.7, 1.7 Hz), 3.76 (2H, ddd, ] = 13.1,
9.7, 4.7 Hz), 6.96 (1H, ddd, ] = 8.3, 7.6, 1.3 Hz), 7.13 (1H, ddd, ] = 8.0, 1.3, 0.5 Hz),
7.19 (1H, ddd, ] = 8.0, 7.6, 1.3 Hz), 7.57 (1H, ddd, ] = 8.3, 1.3, 0.5 Hz).

COMPOUND 4
4,6-Difluoro-1-methyl-2,3,4,9-tetrahydro-1H-pyrido|[3,4-blindole

H
N
/' "NH

F F

The general procedure B was used starting from 5-fluoro-1H-indole-3-
carbaldehyde, followed by general procedures C’ and H.

1H NMR: 1.60 (s, 2H), 3.36 (dddd, J=4.6, 5.3, 13.9, 17.2 Hz, 1H), 3.55 (dddd, ]=1.8,
5.3,13.7,17.2 Hz, 1H), 4.01 (dtd, ]=3.3, 5.3, 6.2 Hz), 4.48 (dq, ]=3.8, 6.4 Hz, 1H), 6.75
(dd, ]=1.8, 4.6 Hz, 1H), 6.85 (dd, ]=1.8, 4.6 Hz, 1H), 7.16 (ddd, ]=2.7, 7.1, 9.9 Hz, 1H),
7.24 (dd, J=2.6,12.1 Hz, 1H), 7.28 - 7.34 (m, 1H), 8.36 (s, 1H)
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COMPOUND 5
7-Fluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-a]Jquinolizin-4-one
H
N
/N
@)
F

The general procedure B was used starting from 1H-indole-3-carbaldehyde,
followed by general procedure G.

THNMR: 6 1.86 (1H, ddddd, ] =13.0, 3.5, 3.2, 2.5, 2.2 Hz), 1.86 (1H, ddddd, ] = 13.0,
10.2,10.2, 3.5, 2.4 Hz)), 2.05 (1H, dddd, ] = 13.5, 4.9, 3.2, 2.4 Hz), 2.09 (1H, dddd, ]
=13.5,10.2,9.4,2.5 Hz)), 2.33 (1H, ddd, ] = 14.6, 3.5, 2.2 Hz), 2.29 (1H, ddd, ] = 14.6,
10.2,3.5Hz),4.14 (1H,dd, ] = 12.3, 1.7 Hz), 4.10 (1H, dd, ] = 12.3, 4.4 Hz), 5.22 (1H,
dd,] =9.4, 49 Hz), 592 (1H, dd, ] =4.4, 1.7 Hz), 6.94 (1H, ddd, ] =8.0, 7.6, 1.2 Hz),
7.10 (1H,ddd,] =7.8,1.2,0.6 Hz), 7.12 (1H, ddd, ] = 7.8, 7.6, 1.1 Hz)), 7.44 (1H, ddd,
]=8.0,1.1, 0.6 Hz).

COMPOUND 6 (NOT PART OF THE INVENTION)
10-Fluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-a]quinolizin-4-one

The general procedure B was used starting from 6-fluoro-1H-indole-3-
carbaldehyde, followed by general procedure G.

TH NMR: § 2.10 (1H, dddd, ] = 13.4, 10.2, 9.4, 2.5 Hz), 1.98 (1H, dddd, ] = 13.4, 4.8,
3.2,2.4Hz), 1.86 (1H, ddddd, ] = 13.0, 3.5, 3.2, 2.5, 2.2 Hz), 1.86 (1H, ddddd, ] = 13.0,
10.2,10.2, 3.4, 2.4 Hz), 2.31 (1H, ddd, ] = 14.3, 10.2, 3.5 Hz), 2.33 (1H, ddd, ] = 14.3,
3.4, 2.2 Hz)), 2.88 (1H, ddd, ] = 12.9,9.8, 4.4 Hz), 2.95 (1H, ddd, ] = 12.9, 4.4, 1.6 Hz),
3.62 (1H, ddd, ] = 13.1, 9.8, 4.4 Hz), 3.81 (1H, ddd, ] = 13.1, 4.4, 1.6 Hz), 5.28 (1H,
dd,] =9.4,4.8Hz),6.77 (1H,dd, ] = 1.9, 0.5 Hz), 6.79 (1H, dd, ] = 7.7, 1.9 Hz)), 7.35
(1H,dd, ] =7.7, 0.5 Hz).

COMPOUND 7

7,8,9,10-Tetrafluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-a]quinolizin-
4-one
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The general procedure B was used starting from 4,5,6-trifluoro-1H-indole-3-
carbaldehyde, followed by general procedure G.

TH NMR 6 1.73-1.85 (m, 1H), 2.06 (ddt, J=5.5, 8.1, 12.0 Hz, 1H), 2.21-2.44 (m, 3H),
2.49 (ddd, J=5.3, 7.7, 14.2 Hz, 1H), 4.02 (ddd, ]=5.3, 12.7, 17.0 Hz, 1H), 4.23 (ddd,
]=2.6,12.8, 17.0 Hz, 1H), 5.08 (dd, ]=2.6, 5.4 Hz, 1H), 6.75-6.82 (m, 2H), 6.88 (dd,
J=2.6, 5.3 Hz, 1H), 9.03-9.06 (s, 1H).

COMPOUND 8
7,9-Difluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-a]quinolizin-4-one
H
N
/N
@]
F F

The general procedure B was used starting from 5-fluoro-1H-indole-3-
carbaldehyde, followed by general procedure G.

THNMR: 6 1.87 (1H, ddddd, ] = 13.0, 3.5, 3.2, 2.5, 2.2 Hz), 1.86 (1H, ddddd, ] = 13.0,
10.2,10.2, 3.5, 2.4 Hz)), 2.05 (1H, dddd, ] = 13.4, 4.9, 3.2, 2.4 Hz), 2.03 (1H, dddd, ]
=13.4,10.2,9.4, 2.5 Hz), 2.33 (1H, ddd, ] = 14.6, 3.5, 2.2 Hz), 2.29 (1H, ddd, ] = 14.6,
10.2,3.5Hz), 398 (1H, dd, ] =12.2, 4.4 Hz), 4.11 (1H, dd, ] = 12.2, 1.7 Hz), 5.24 (1H,
dd,] =9.4,4.9 Hz), 598 (1H, dd, ] = 4.4, 1.7 Hz), 6.93 (1H, dd, ] = 8.5, 1.1 Hz), 7.12
(1H,dd, ] =8.5,0.5Hz), 7.32 (1H, dd, ] = 1.1, 0.5 Hz).

COMPOUND 9
7,8,10-Trifluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-a]quinolizin-4-
one

The general procedure B was used starting from 4,6-difluoro-1H-indole-3-

carbaldehyde, followed by general procedure G.
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1H NMR: § 2.00 (1H, dddd, ] = 13.2, 4.9, 3.2, 2.4 Hz), 1.85 (1H, ddddd, ] = 13.0, 10.2,
10.2, 3.5, 2.4 Hz), 1.86 (1H, ddddd, ] = 13.0, 3.5, 3.2, 2.5, 2.2 Hz), 2.00 (1H, dddd, ] =
13.2,10.2, 9.4, 2.5 Hz)), 2.33 (1H, ddd, ] = 14.6, 3.5, 2.2 Hz), 2.29 (1H, ddd, ] = 14.6,
10.2, 3.5 Hz)), 3.93 (1H, dd, ] = 12.1, 4.4 Hz), 4.08 (1H, dd, ] = 12.1, 1.7 Hz), 5.21 (1H,
dd, ] = 9.4, 49 Hz), 6.02 (1H, dd, ] = 4.4, 1.7 Hz), 6.79 (1H, d, ] = 2.2 Hz), 6.88 (1H, d,
] = 2.2 Hz).

COMPOUND 10
4,5,6,7-Tetrafluoro-1-methyl-2,3,4,9-tetrahydro-1H-pyrido|[3,4-b]indole
H
N
F [/ "NH
N

The general procedure B was used starting from 4,5,6-trifluoro-1H-indole-3-
carbaldehyde, followed by general procedures C’ and H.

THNMR: 6 1.25 (3H,d,] = 6.9 Hz), 3.06 (1H, dd, ] = 13.7, 3.9 Hz), 3.16 (1H, dd, ] =
13.7, 2.0 Hz), 4.24 (1H, q,] = 6.9 Hz), 5.88 (1H, dd, ] = 3.9, 2.0 Hz), 7.15 (1H, s).

COMPOUND 11
5,6-Difluoro-1-methyl-4,9-dihydro-3H-pyrido[3,4-b]indole
N
/N
F

F
The general procedure B was used starting from 5,6-difluoro-1H-indole-3-
carbaldehyde, followed by general procedures C' and H.

TH NMR 6 2.51 (s, 3H), 4.06 (dd, ]=5.4, 6.3 Hz, 2H), 4.22 (dd, ]=5.4, 6.3 Hz, 2H), 7.12
-7.23 (m, 2H), 8.94 (s, 1H).

COMPOUND 12
5,6,7-Trifluoro-1-methyl-4,9-dihydro-3H-pyrido[3,4-b]indole
H
N
F ! \N
F

F
The general procedure B was used starting from 4,5,6-trifluoro-1H-indole-3-

carbaldehyde, followed by general procedures C’ and H.
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1H NMR: § 2.08 (3H, s), 3.02 (2H, ddd, ] = 13.3, 4.7, 1.7 Hz), 3.45 (2H, ddd, ] = 12.9,
9.7, 4.7 Hz), 7.17 (1H, s).

COMPOUND 13
4,5,6,7-Tetrafluoro-1-methyl-4,9-dihydro-3H-pyrido[3,4-b]indole

N
F / \N
N
The general procedure B was used starting from 4,5,6-trifluoro-1H-indole-3-
carbaldehyde, followed by general procedures C' and H.
THNMR: 6§ 2.10 (3H, s), 3.82 (1H, dd, ] = 13.7, 1.7 Hz), 3.83 (1H, dd, ] = 13.7, 4.6 Hz),
597 (1H, dd, ] = 4.6, 1.7 Hz), 7.08 (1H, s).

COMPOUND 14
7,8,10-Trifluoro-5-methyl-1,5,10,10a-tetrahydropyrrolo[1,2-b]isoquinolin-

3(2H)-one
O
F

F
The general procedure D was used starting from  5-((3,4-

difluorophenyl)fluoromethyl)pyrrolidin-2-one.

TH NMR & 1.35 (s, 3H), 1.60-1.73 (m, 4H), 2.41-2.50 (dddd, ]=1.8, 6.4, 7.3, 13.9 Hz,
2H), 2.58-2.67 (ddd, J=6.4, 7.5, 13.8 Hz, 2H), 4.27-4.36 (m, 2H), 5.00-5.08 (dtd,
]=3.8,6.3,6.3,7.0 Hz, 2H), 5.53-5.57 (dd, ]=0.7, 3.3 Hz, 1H), 5.64-5.68 (d, ]=3.3 Hz,
1H), 7.04-7.11 (m, 2H), 7.16-7.24 (m, 2H).

COMPOUND 15

7,10-Difluoro-5-methyl-1,5,10,10a-tetrahydropyrrolo[1,2-b]isoquinolin-

3(2H)-one
O
F

F
The general procedure D was used starting from 5-(fluoro(4-

fluorophenyl)methyl)pyrrolidin-2-one.
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1H NMR: § 1.35 (3H, d, ] = 6.9 Hz), 2.13 (1H, dddd, ] = 14.0, 8.1, 4.2, 4.2 Hz), 2.02
(1H, dtd, ] = 14.0, 8.1, 4.1 Hz)), 2.41 (1H, ddd, ] = 16.8, 8.1, 4.2 Hz), 2.45 (1H, ddd, ]
= 16.8, 8.1, 4.1 Hz), 4.00 (1H, ddd, ] = 8.1, 4.5, 4.2 Hz), 5.00 (1H, q, ] = 6.9 Hz), 5.74
(1H, d,] = 4.5 Hz), 6.93 (1H, dd, ] = 8.5, 1.4 Hz), 7.17 (1H, dd, ] = 8.5, 0.5 Hz), 7.15
(1H, dd, ] = 1.4, 0.5 Hz)).

COMPOUND 16
9,10-Difluoro-5-methyl-1,5,10,10a-tetrahydropyrrolo[1,2-b]isoquinolin-

3(2H)-one
O

F F
The general procedure D was wused starting from 2 5-(fluoro(2-

fluorophenyl)methyl)pyrrolidin-2-one.

1H NMR: 6§ 1.35 (3H, d, ] = 6.9 Hz), 2.13 (1H, dddd, ] = 13.9, 8.1, 4.2, 4.2 Hz), 2.03
(1H, dtd, ] =13.9, 8.1, 4.1 Hz)), 2.41 (1H, ddd, ] = 16.8, 8.1, 4.2 Hz), 2.45 (1H, ddd, ]
=16.8, 8.1, 4.1 Hz)), 4.09 (1H, ddd, ] = 8.1, 4.5, 4.2 Hz), 5.06 (1H, q, ] = 6.9 Hz), 5.91
(1H,d,] =4.5Hz), 6.93 (1H, dd, ] = 8.3, 1.0 Hz), 6.97 (1H, dd, ] = 8.3, 7.7 Hz)), 7.05
(1H,dd, ] =7.7, 1.0 Hz).

COMPOUND 17

7,8-Difluoro-5-methyl-1,5,10,10a-tetrahydropyrrolo[1,2-b]isoquinolin-

3(2H)-one
O
F

F
The general procedure D was used starting from 5-(3,4-difluorobenzyl)pyrrolidin-

2-one.

IH NMR: 6 1.29 (3H, d, ] = 6.9 Hz), 2.06 (1H, dddd, ] = 13.7, 8.1, 4.2, 4.2 Hz), 2.09
(1H, dtd, ] =13.7, 8.1, 4.1 Hz)), 2.38 (1H, ddd, ] = 16.8, 8.1, 4.2 Hz), 2.40 (1H, ddd, ]
= 16.8, 8.1, 4.1 Hz)), 2.69 (1H, dd, ] = 14.8, 9.6 Hz), 2.88 (1H, dd, ] = 14.8, 4.5 Hz),
3.80 (1H, dddd, ] =9.6, 8.1, 4.5, 4.2 Hz), 5.06 (1H, q,] =6.9 Hz), 7.12 (1H,d,] = 0.5
Hz), 7.43 (1H, d,] = 0.5 Hz).
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COMPOUND 18
(5R,115)-10,11-Difluoro-5-methyl-1,2,5,6,11,11a-hexahydro-3H-
indolizino[6,7-b]indol-3-one

The general procedure E was followed starting from 5-((S)-fluoro(4-fluoro-1-
(triisopropylsilyl)-1H-indol-3-yl)methyl)pyrrolidin-2-one or 5-((S)-(1-benzyl-4-
fluoro-1H-indol-3-yl)fluoromethyl)pyrrolidin-2-one.

1H NMR: 6§ 1.42 (3H, d, ] = 6.9 Hz), 2.05 (1H, dddd, ] = 14.1, 8.1, 4.2, 4.1 Hz), 2.07
(1H, dtd, ] = 14.1, 8.1, 4.2 Hz)), 2.40 (1H, ddd, ] = 16.9, 8.1, 4.2 Hz), 2.43 (1H, ddd, ]
=16.9, 8.1, 4.2 Hz)), 4.27 (1H, ddd, ] = 9.4, 8.1, 4.1 Hz), 5.58 (1H, q, ] = 6.9 Hz), 5.59
(1H,d, ] =9.4 Hz)), 6.88 (1H,dd, ] = 7.5, 1.7 Hz), 7.03 (1H, dd, ] = 7.7, 7.5 Hz), 6.96
(1H,dd, ] =7.7, 1.7 Hz)).

COMPOUND 19

(6R,125)-12-Fluoro-6-methyl-6,9,10,11,11a,12-hexahydroindolo|[3,2-
b]quinolizin-8(5H)-one
O
N N
I
F
The general procedure E was followed starting from 6-((S)-fluoro(1-
(triisopropylsilyl)-1H-indol-3-yl)methyl)piperidin-2-one or 6-((S)-(1-benzyl-1H-
indol-3-yl)fluoromethyl)piperidin-2-one.
THNMR: § 1.46 (3H, d, ] = 6.9 Hz), 1.74 (1H, dddd, ] = 14.2, 10.3, 8.0, 2.6 Hz), 1.84
(1H, dtdd, ] = 13.1, 10.3, 3.0, 2.5 Hz), 1.73 (1H, dddd, ] = 14.2, 6.3, 3.1, 2.5 Hz), 1.94
(1H, ddddd, ] = 13.1, 3.1, 2.9, 2.6, 2.6 Hz), 2.33 (1H, ddd, ] = 14.7, 3.0, 2.6 Hz), 2.32
(1H, ddd, ] = 14.7, 10.3, 2.9 Hz), 4.29 (1H, ddd, ] = 9.9, 8.0, 6.3 Hz), 5.32 (1H, q, ] =
6.9 Hz), 5.90 (1H, d,] =9.9 Hz), 6.94 (1H, ddd, ] = 8.0, 7.6, 1.2 Hz), 7.10 (1H, ddd, ] =
7.8,1.2,0.6 Hz), 7.12 (1H, ddd, ] = 7.8, 7.6, 1.3 Hz)), 7.44 (1H, ddd, ] = 8.0, 1.3, 0.6
Hz).
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COMPOUND 20
(5R,115)-11-Fluoro-5-methyl-1,2,5,6,11,11a-hexahydro-3H-indolizino[6,7-

blindol-3-one
O

N N

|
F

The general procedure E was followed starting from 5-((S)-fluoro(1-
(triisopropylsilyl)-1H-indol-3-yl)methyl)pyrrolidin-2-one or 5-((S)-(1-benzyl-1H-
indol-3-yl)fluoromethyl)pyrrolidin-2-one.
THNMR: § 1.46 (3H, d, ] = 6.9 Hz), 1.74 (1H, dddd, ] = 14.2, 10.3, 8.0, 2.6 Hz), 1.84
(1H, dtdd, ] = 13.1, 10.3, 3.0, 2.5 Hz), 1.73 (1H, dddd, ] = 14.2, 6.3, 3.1, 2.5 Hz), 1.94
(1H, ddddd, ] =13.1, 3.1, 2.9, 2.6, 2.6 Hz), 2.33 (1H, ddd, ] = 14.7, 3.0, 2.6 Hz), 2.32
(1H, ddd, ] = 14.7, 10.3, 2.9 Hz)), 4.29 (1H, ddd, ] = 9.9, 8.0, 6.3 Hz), 5.32 (1H, g, ] =
6.9 Hz), 5.90 (1H, d,] =9.9 Hz), 6.94 (1H, ddd, ] = 8.0, 7.6, 1.2 Hz), 7.10 (1H, ddd, ] =
7.8, 1.2, 0.6 Hz), 7.12 (1H, ddd, ] = 7.8, 7.6, 1.3 Hz), 7.44 (1H, ddd, ] = 8.0, 1.3, 0.6
Hz).

COMPOUND 21

(6R,125)-1,12-Difluoro-6-methyl-6,9,10,11,11a,12-hexahydroindolo|[3,2-
b]lquinolizin-8(5H)-one

The general procedure E was followed starting from (S5)-6-((S)-fluoro(4-fluoro-1-
(triisopropylsilyl)-1H-indol-3-yl)methyl)piperidin-2-one or 6-((S)-(1-benzyl-4-
fluoro-1H-indol-3-yl)fluoromethyl)piperidin-2-one.

THNMR: 8§ 1.42 (3H,d, ] = 7.0 Hz), 1.74 (1H, dddd, ] = 14.2, 10.3, 8.0, 2.6 Hz), 1.84
(1H, dtdd, ] = 13.1, 10.3, 3.0, 2.5 Hz), 1.73 (1H, dddd, ] = 14.2, 6.3, 3.1, 2.5 Hz), 1.94
(1H, ddddd, ] =13.1, 3.1, 2.9, 2.6, 2.6 Hz), 2.33 (1H, ddd, ] = 14.7, 3.0, 2.6 Hz), 2.32
(1H, ddd, ] =14.7, 10.3, 2.9 Hz), 4.27 (1H, ddd, ] = 9.9, 8.0, 6.3 Hz), 531 (1H, q, ] =
7.0 Hz), 5.88 (1H, d,] = 9.9 Hz), 6.88 (1H, dd, ] = 7.5, 1.7 Hz), 7.03 (1H, dd, ] = 7.7,
7.5Hz),6.97 (1H, dd,] = 7.7, 1.7 Hz)).
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COMPOUND 22
(5R,11aS)-9-Fluoro-5-methyl-1,2,5,6,11,11a-hexahydro-3H-indolizino[6,7-
blindol-3-one

The general procedure E was followed starting from 5-((5-fluoro-1-
(triisopropylsilyl)-1H-indol-3-yl)methyl)pyrrolidin-2-one  or  5-((1-benzyl-6-
fluoro-1H-indol-3-yl)methyl)pyrrolidin-2-one.

1H NMR: 6§ 1.43 (3H, d, ] = 6.9 Hz), 2.05 (1H, dddd, ] = 13.8, 8.1, 4.2, 4.1 Hz), 2.13
(1H, dtd, ] = 13.8, 8.1, 4.2 Hz)), 2.38 (1H, ddd, ] = 16.8, 8.1, 4.2 Hz), 2.43 (1H, ddd, ]
=16.8,8.1,4.2 Hz), 2.81 (1H,dd,] = 14.5,9.4 Hz), 2.85 (1H, dd, ] = 14.5, 5.0 Hz), 4.27
(1H,dddd, ] =9.4, 8.1, 5.0, 4.1 Hz), 5.59 (1H, q,] = 6.9 Hz), 6.92 (1H,dd, ] =8.5, 1.1
Hz), 6.86 (1H, dd, ] = 8.5, 0.5 Hz), 7.24 (1H, dd, ] = 1.1, 0.5 Hz).

COMPOUND 23

(6R,11a8S)-2-Fluoro-6-methyl-6,9,10,11,11a,12-hexahydroindolo[3,2-
b]lquinolizin-8(5H)-one

The general procedure E was followed starting from 6-((5-fluoro-1-
(triisopropylsilyl)-1H-indol-3-yl)methyl)piperidin-2-one ~ or  6-((1-benzyl-5-
fluoro-1H-indol-3-yl)methyl)piperidin-2-one.

THNMR 6 1.39 - 1.43 (s, 3H), 3.50 - 3.62 (m, 2H), 4.15-4.23 (ddd, ]=0.8, 7.0, 13.9 Hz,
1H), 4.41-4.49 (ddd, ]=0.8, 4.4, 13.9 Hz, 1H), 4.66-4.74 (dtdd, ]=1.3, 2.4, 4.6, 4.6, 7.1
Hz, 1H), 5.18-5.25 (qd, ] = 2.4, 5.5, 5.5, 5.5 Hz, 1H), 5.84-5.95 (m, 2H), 7.12-7.20 (m,
2H), 7.22-7.29 (ddd, J=1.0, 4.8, 6.6 Hz, 1H), 8.61-8.64 (s, 1H).

COMPOUND 24
(4S)-4,6-difluoro-1-methyl-4,9-dihydro-3H-pyrido[3,4-b]indole
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F F

The general procedure H was used starting from (25)-2-fluoro-2-(5-fluoro-1H-
indol-3-yl)ethanamine.

1HNMR § 3.87 - 4.07 (m, 3H), 6.98 - 7.08 (m, 2H), 7.16 (dd, ]=3.4, 6.1 Hz, 1H), 7.37
- 7.44 (m, 3H), 9.04 (s, 1H).

COMPOUND 25
(5S,6S,10bS)-6,9-difluoro-5-methyl-1,5,6,10b-tetrahydropyrrolo[2,1-
alisoquinolin-3(2H)-one

H

F
N 0]

F
The general procedure A was used starting from 4-fluorobenzaldehyde followed

by procedure F.

THNMR: 8 1.19 (ddd, ]=1.5, 3.5, 7.7 Hz, 6H), 1.46 (ddt, ]=4.9, 4.9, 6.8, 12.6 Hz, 2H),
1.57-1.66 (m, 2H), 2.49 (ddd, ]=4.8, 6.7, 13.9 Hz, 2H), 2.63 (dddd, ]=1.8, 4.9, 6.8, 13.6
Hz, 2H), 4.17-4.29 (m, 2H), 4.99-5.05 (m, 2H), 5.45 (dq, J]=1.2, 1.2, 1.3, 6.9 Hz, 1H),
5.56 (ddt, J=1.4, 1.4, 2.8, 7.0 Hz, 1H), 6.96-7.05 (m, 4H), 7.34-7.42 (m, 2H).

COMPOUND 26

(5R,6S,10bR)-6,8,9-trifluoro-5-methyl-1,5,6,10b-tetrahydropyrrolo[2,1-
alisoquinolin-3(2H)-one

The general procedure F was used starting from 3,4-difluorobenzaldehyde.

1H NMR: & 1.18 (ddd, J=1.5, 3.5, 7.5 Hz, 6H), 1.46 (ddt, ]=4.9, 4.9, 6.8, 12.4 Hz, 2H),
1.57-1.66 (m, 2H), 2.49 (ddd, ]=4.8, 6.7, 13.9 Hz, 2H), 2.63 (dddd, ]=1.8, 4.9, 6.7, 13.6
Hz, 2H), 4.17-4.29 (m, 2H), 5.07 (ddt, ]=2.3, 2.3, 3.3, 4.9 Hz, 2H), 5.52-5.58 (m, 1H),
5.63-5.68 (m, 1H), 7.06-7.13 (m, 2H), 7.14-7.22 (m, 2H).
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COMPOUND 27 (NOT PART OF THE INVENTION)

(12bS)-8,9-difluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-a]quinolizin-
4-one

The general procedure G was used starting from 4,5-difluoro-1H-indole-3-
carbaldehyde.

'H NMR: § 1.67 - 1.78 (m, 1H), 2.04 (ddt, ]=5.6, 8.1, 12.1 Hz, 1H), 2.21 - 2.35 (m, 2H),
2.40 (ddd, J=5.3, 7.9, 14.1 Hz, 1H), 2.49 (ddd, ]=5.3, 7.7, 14.1 Hz, 1H), 3.86 - 3.97 (m,
2H), 4.00 (ddd, J=4.1, 6.1, 11.9 Hz, 1H), 4.22 (ddd, ]=4.4, 5.8, 11.9 Hz, 1H), 4.84 (dd,
]=2.9, 5.7 Hz, 1H), 7.07 (dd, ]=4.8, 8.2 Hz, 1H), 7.14 - 7.21 (m, 1H), 8.56 (s, 1H).

COMPOUND 28
7,8,9-trifluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[ 2,3-a]quinolizin-4-one
H
N
[ N
O
I

The general procedure G was used starting from 4,5-difluoro-1H-indole-3-
carbaldehyde.

1H NMR: § 1.73-1.85 (m, 2H), 2.03 (ddt, J=5.5, 5.5, 8.1, 12.1 Hz, 2H), 2.22-2.44 (m,
6H), 2.49 (ddd, J=5.3, 7.7, 14.1 Hz, 2H), 3.96 (ddd, ]=5.3, 12.8, 17.0 Hz, 2H), 4.29
(ddd, J=2.6, 12.8, 17.0 Hz, 2H), 4.96 (dd, ]=2.7, 5.5 Hz, 2H), 6.78 (dd, ]=2.6, 5.3 Hz,
1H), 6.88 (dd, J=2.6, 5.3 Hz, 1H), 7.15-7.25 (m, 4H), 8.76 (s, 2H).

COMPOUND 29

(7R,12bR)-7,8,9-trifluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[ 2,3-
a]quinolizin-4-one

The general procedure G was used starting from 4,5-difluoro-1H-indole-3-
carbaldehyde.
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1H NMR: § 1.73-1.85 (m, 2H), 2.04 (ddt, ]=5.4, 5.4, 8.1, 12.1 Hz, 2H), 2.21-2.44 (m,
6H), 2.48 (ddd, ]=5.3, 7.7, 14.2 Hz, 2H), 3.97 (ddd, ]=5.3, 12.8, 17.0 Hz, 2H), 4.28
(ddd, J=2.7, 12.8, 17.0 Hz, 2H), 5.07 (dd, ]=2.7, 5.5 Hz, 2H), 6.78 (dd, ]=2.6, 5.3 Hz,
1H), 6.88 (dd, J=2.6, 5.3 Hz, 1H), 7.15-7.20 (m, 1H), 7.20-7.25 (m, 3H), 8.76 (s, 2H).

COMPOUND 30

(75,12bS)-7,8,9-trifluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-
a]quinolizin-4-one

H
NH

// N

N

The general procedure G was used starting from 4,5-difluoro-1H-indole-3-
carbaldehyde.

1'H NMR: § 1.73-1.85 (m, 2H), 2.03 (ddt, J=5.5, 5.5, 8.2, 12.1 Hz, 2H), 2.24-2.44 (m,
6H), 2.49 (ddd, J=5.3, 7.7, 14.1 Hz, 2H), 3.97 (ddd, J=5.3, 12.8, 17.0 Hz, 2H), 4.28
(ddd, J=2.7,12.8, 17.2 Hz, 2H), 4.99 (dd, ]=2.7, 5.5 Hz, 2H), 6.78 (dd, ]=2.6, 5.3 Hz,
1H), 6.88 (dd, J=2.6, 5.3 Hz, 1H), 7.15-7.24 (m, 4H), 8.76 (s, 2H).

COMPOUND 31

(7R,12bS)-7,8,9-trifluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-
a]quinolizin-4-one
M H

F F
The general procedure G was used starting from 4,5-difluoro-1H-indole-3-

carbaldehyde.

'H NMR: & 1.73-1.85 (m, 2H), 2.00 (ddt, J=5.5, 5.5, 8.1, 12.1 Hz, 2H), 2.24-2.43 (m,
6H), 2.49 (ddd, ]J=5.3, 7.6, 14.1 Hz, 2H), 3.97 (ddd, ]=2.6, 12.8, 17.0 Hz, 2H), 4.29
(ddd, J=5.3,12.8, 17.0 Hz, 2H), 5.10 (dd, ]=2.7, 5.5 Hz, 2H), 6.76 (dd, ]=2.7, 5.4 Hz,
1H), 6.86 (dd, J=2.6, 5.3 Hz, 1H), 7.14-7.24 (m, 4H), 8.76 (s, 2H).

COMPOUND 32

(5S,6R,10bS)-6,8-difluoro-5-methyl-1,5,6,10b-tetrahydropyrrolo[2,1-
alisoquinolin-3(2H)-one
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The general procedure F was used starting from 3-fluorobenzaldehyde.

1H NMR: § 1.33 (d, J=6.8 Hz, 6H), 1.59-1.73 (m, 4H), 2.45 (dddd, ]=1.8, 6.4, 7.3, 13.8
Hz, 2H), 2.63 (ddd, ]=6.2, 7.4, 13.7 Hz, 2H), 4.26-4.36 (m, 2H), 4.96-5.04 (m, 2H),
5.39 (dd, J=0.7, 6.0 Hz, 1H), 5.50 (dd, ]=0.7, 6.0 Hz, 1H), 7.00 (ddd, ]J=2.2, 8.1, 10.3
Hz, 2H), 7.12 (ddd, J=1.9, 2.7, 12.1 Hz, 2H), 7.25-7.32 (m, 2H).

COMPOUND 33

(55,10S,10aR)-8,10-difluoro-5-methyl-1,5,10,10a-tetrahydropyrrolo[1,2-

blisoquinolin-3(2H)-one
B 0

The general procedure D was used starting from 3-fluorobenzaldehyde.

1'H NMR: § 1.21 (ddd, J=1.6, 3.6, 7.5 Hz, 6H), 1.71-1.83 (m, 2H), 1.96 (ddt, ]=6.2, 6.2,
9.0, 12.5 Hz, 2H), 2.07-2.21 (m, 4H), 2.32 (ddd, ]=5.4, 8.2, 14.0 Hz, 2H), 2.45 (ddd,
J=5.5, 8.0, 13.8 Hz, 2H), 4.06-4.17 (m, 2H), 4.88-4.95 (m, 2H), 5.45-5.51 (m, 1H),
5.59 (ddt, J=1.1, 1.1, 2.1, 4.0 Hz, 1H), 6.99-7.11 (m, 4H), 7.20-7.26 (m, 2H).

COMPOUND 34
(1R,4R)-4,6,7-trifluoro-1-methyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole

N
F /' NH

j ¢

The general procedure H was used starting from 5,6-difluoro-1H-indole-3-
carbaldehyde.

1H NMR: § 1.60 (s, 6H), 3.31-3.42 (m, 2H), 3.55 (dddd, J=1.8, 5.3, 13.7, 17.2 Hz, 2H),
4.01 (dtd, ]=3.3, 5.3, 5.3, 6.2 Hz, 2H), 4.52 (dq, ]=3.8, 3.8, 3.9, 6.4 Hz, 2H), 6.75 (dd,
J=1.8, 4.6 Hz, 1H), 6.85 (dd, ]=1.8, 4.6 Hz, 1H), 7.15 (dd, J=4.2, 12.1 Hz, 2H), 7.35-
7.41 (m, 2H), 8.68 (s, 2H).
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COMPOUND 35
(7R,12bS)-7,9,10-trifluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-
a]quinolizin-4-one

H

N H

F /N

j ¢

The general procedure G was used starting from 5,6-difluoro-1H-indole-3-
carbaldehyde.

1'H NMR: § 1.84-2.08 (m, 6H), 2.22-2.35 (m, 4H), 2.44 (ddd, ]=5.8, 8.4, 14.8 Hz, 2H),
2.48-2.60 (m, 4H), 2.88-2.97 (m, 2H), 3.45 (ddd, J=2.7, 5.5, 6.8 Hz, 2H), 6.75 (ddd,
]=2.5,4.9,7.4 Hz, 1H), 6.85 (ddd, ]=2.5, 4.9, 7.6 Hz, 1H), 7.11-7.17 (m, 2H), 7.59 (dd,
]=4.7, 12.1 Hz, 2H), 8.54 (s, 2H).

COMPOUND 36

(7R,12bR)-7,8-difluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-
a]quinolizin-4-one

The general procedure G was used starting from 4-fluoro-1H-indole-3-
carbaldehyde.

1H NMR: § 1.73-1.85 (m, 2H), 2.03 (ddt, J=5.4, 5.4, 8.1, 12.1 Hz, 2H), 2.22-2.44 (m,
6H), 2.49 (ddd, ]J=5.3, 7.8, 14.2 Hz, 2H), 3.95 (ddd, J=5.3, 12.8, 17.0 Hz, 2H), 4.26
(ddd, J=2.6,12.8, 17.0 Hz, 2H), 4.96 (dd, ]=2.7, 5.5 Hz, 2H), 6.78 (dd, J=2.6, 5.3 Hz,
1H), 6.88 (dd, J=2.7, 5.4 Hz, 1H), 7.16 (ddd, ]=2.7, 7.1, 10.1 Hz, 2H), 7.26 (dd, ]=2.6,
12.1 Hz, 2H), 7.29-7.35 (m, 2H), 8.81 (s, 2H).

COMPOUND 37

(5R,6R,10bS)-6,9-difluoro-5-methyl-1,5,6,10b-tetrahydropyrrolo[2,1-
alisoquinolin-3(2H)-one

The general procedure F was used starting from 4-fluorobenzaldehyde.
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1H NMR: § 1.19 (ddd, J=1.5, 3.5, 7.7 Hz, 3H), 1.46 (ddt, ]=4.9, 4.9, 6.8, 12.5 Hz, 1H),
1.57-1.66 (m, 1H), 2.49 (dddd, ]=1.8, 4.9, 6.7, 13.8 Hz, 1H), 2.63 (ddd, ]=4.8, 6.7, 13.9
Hz, 1H), 4.25 (dtdd, ]=2.6, 4.0, 7.5, 7.5, 15.2 Hz, 1H), 5.00-5.06 (m, 1H), 6.96-7.05
(m, 2H), 7.35-7.42 (m, 1H).

COMPOUND 38
6-Fluoro-1-methyl-4,9-dihydro-3H-pyrido[3,4-b]indole
N

Y
=
The general procedure H was used starting from 5-fluoro-1H-indole-3-
carbaldehyde.
1H NMR: 8 1.96 (s, 2H), 2.24 (dddd, ]=4.8, 6.6, 9.3, 13.4 Hz, 1H), 2.49 (dddd, ]=4.8,
6.4,9.1, 13.2 Hz, 1H), 3.40 - 3.51 (m, 2H), 3.57 (ddd, ]=6.6, 9.2, 11.0 Hz, 1H), 3.75 (d,
J=5.9 Hz, 1H), 4.51 (tq, ]=1.5, 6.0 Hz, 1H), 5.88 (dd, ]=4.6, 7.8 Hz, 1H), 6.82 (ddd,
]=2.2,7.8,10.1 Hz, 1H), 6.92 - 6.99 (m, 1H).

COMPOUND 39

(7R,12bS)-7,8,9,10-Tetrafluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-
a]quinolizin-4-one

The general procedure G was used starting from 4,5,6-trifluoro-1H-indole-3-
carbaldehyde.

1'H NMR: § 1.73-1.85 (m, 2H), 2.07 (ddt, J=5.4, 5.4, 8.1, 11.9 Hz, 2H), 2.20-2.44 (m,
6H), 2.49 (ddd, J=5.3, 7.7, 14.2 Hz, 2H), 3.97 (ddd, ]J=2.6, 12.7, 17.0 Hz, 2H), 4.28
(ddd, J=5.5,12.8, 17.0 Hz, 2H), 4.95 (dd, ]=2.7, 5.5 Hz, 2H), 6.73-6.82 (m, 3H), 6.86
(dd, J=2.6, 5.3 Hz, 1H), 9.05 (s, 2H).

COMPOUND 40

(7R,12bR)-7,8,9,10-Tetrafluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-
a]quinolizin-4-one
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The general procedure G was used starting from 4,5,6-trifluoro-1H-indole-3-
carbaldehyde.

'H NMR: & 1.73-1.85 (m, 2H), 2.04 (ddt, J=5.5, 5.5, 8.0, 12.1 Hz, 2H), 2.21-2.53 (m,
8H), 3.97 (ddd, ]=5.4, 12.8, 17.0 Hz, 2H), 4.28 (ddd, ]=2.6, 12.8, 17.0 Hz, 2H), 4.96
(dd, J=2.7, 5.5 Hz, 2H), 6.75-6.82 (m, 3H), 6.88 (dd, ]=2.6, 5.3 Hz, 1H), 9.05 (s, 2H).

COMPOUND 41

(7S,12bR)-7,8,9,10-Tetrafluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-
a]quinolizin-4-one
H H,

The general procedure G was used starting from 4,5,6-trifluoro-1H-indole-3-
carbaldehyde.

1'H NMR: § 1.73-1.85 (m, 2H), 2.07 (ddt, J=5.4, 5.4, 8.1, 11.9 Hz, 2H), 2.20-2.44 (m,
6H), 2.49 (ddd, J=5.3, 7.7, 14.2 Hz, 2H), 3.97 (ddd, ]J=2.6, 12.7, 17.0 Hz, 2H), 4.28
(ddd, J=5.5,12.8, 17.0 Hz, 2H), 4.92 (dd, ]=2.7, 5.5 Hz, 2H), 6.73-6.82 (m, 3H), 6.86
(dd, J=2.6, 5.3 Hz, 1H), 9.05 (s, 2H).

COMPOUND 42

(5S5,10R,10aR)-7,8,10-Trifluoro-5-methyl-1,5,10,10a-tetrahydropyrrolo|[1,2-

blisoquinolin-3(2H)-one
B O

F :
J@Oﬁﬁ
F -
- H
F

The general procedure D was used starting from 5-[(R)-(3,4-
difluorophenyl) (fluoro)methyl]pyrrolidin-2-one.
1H NMR: § 1.37 (s, 6H), 1.69 (ddtd, J=3.3, 5.8, 5.8, 7.7, 11.7 Hz, 2H), 1.88-1.98 (m,
2H), 2.44 (dddd, ]=1.8, 6.0, 7.9, 13.9 Hz, 2H), 2.62 (ddd, ]=6.0, 7.8, 13.8 Hz, 2H), 4.22-
4.32 (m, 2H), 4.96 (dtd, ]=2.4, 6.3, 6.3, 7.0 Hz, 2H), 5.72-5.76 (m, 1H), 5.85 (dd, ]=0.7,
3.3 Hz, 1H), 7.02-7.08 (m, 2H), 7.08-7.16 (m, 2H).
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COMPOUND 43

(5S,10R,10aS)-7,8,10-Trifluoro-5-methyl-1,5,10,10a-tetrahydropyrrolo[1,2-

blisoquinolin-3(2H)-one
B 0

The general procedure D was wused starting from (5S)-5-[(R)-(3,4-
difluorophenyl)(fluoro)methyl]pyrrolidin-2-one.

1H NMR: § 1.39 (s, 6H), 4.76 (dtdd, J=1.8, 3.8, 5.8, 5.8, 16.3 Hz, 2H), 5.07-5.15 (m,
2H), 5.68-5.74 (m, 1H), 5.82 (ddd, ]=0.7, 1.8, 6.0 Hz, 1H), 6.12 (dd, ]=1.7, 9.4 Hz, 2H),
6.90 (dddd, J=1.8, 3.7, 5.5, 9.2 Hz, 2H), 7.05-7.12 (m, 2H), 7.25-7.33 (m, 2H).

COMPOUND 44

(55,10S,10aR)-7,8,10-Trifluoro-5-methyl-1,5,10,10a-tetrahydropyrrolo[1,2-

blisoquinolin-3(2H)-one
H 0

The general procedure D was wused starting from (5R)-5-[(S)-(3,4-
difluorophenyl)(fluoro)methyl]pyrrolidin-2-one.

'H NMR: 8 1.39 (s, 6H), 1.68 (ddtd, ]=3.3, 5.8, 5.8, 7.7, 11.9 Hz, 2H), 1.88-1.98 (m,
2H), 2.45 (dddd, ]=1.8, 6.0, 7.8, 13.9 Hz, 2H), 2.63 (ddd, ]=5.9, 7.7, 13.6 Hz, 2H), 4.30
(dtdt, J=2.2, 2.2, 4.2, 6.0, 6.0, 12.0 Hz, 2H), 4.91-5.00 (m, 2H), 5.49 (dd, ]=0.7, 6.0 Hz,
1H), 5.59 (d, J=6.0 Hz, 1H), 7.04-7.11 (m, 2H), 7.16-7.24 (m, 2H).

COMPOUND 45

(12bS)-9,10-difluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo|[2,3-
a]quinolizin-4-one

H
NH

F /N
o)

F
The general procedure B was used starting from 5,6-difluoro-1H-indole-3-

carbaldehyde, followed by general procedure G.
'H NMR: 8 1.39 (s, 6H), 1.68 (ddtd, ]=3.3, 5.8, 5.8, 7.7, 11.9 Hz, 2H), 1.88-1.98 (m,
2H), 2.45 (dddd, ]=1.8, 6.0, 7.8, 13.9 Hz, 2H), 2.63 (ddd, ]=5.9, 7.7, 13.6 Hz, 2H), 4.30
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(dtdt, J=2.2, 2.2, 4.2, 6.0, 6.0, 12.0 Hz, 2H), 4.91-5.00 (m, 2H), 5.49 (dd, ]=0.7, 6.0 Hz,
1H), 5.59 (d, ]=6.0 Hz, 1H), 7.04-7.11 (m, 2H), 7.16-7.24 (m, 2H).

Experiments relating to Binding Affinities of the Compounds of the Invention

Calculations of binding affinities of the compounds of the invention were
performed using QvinaZ using the value 5061982 for explicit random seed.
Exhaustiveness was 100. The method of performing binding affinity -calculations
of the compounds of the invention is well known in the art and also described in
Alhossary A. et al. Fast, Accurate, and Reliable Molecular Docking with QuickVina 2
Bioinformatics (2015) 31 (13) 2214-2216, O. Trott, A. ]. Olson, AutoDock Vina:
improving the speed and accuracy of docking with a new scoring function, efficient
optimization and multithreading, Journal of Computational Chemistry 31 (2010)
455-461, Feinstein WP, Brylinski M. Calculating an optimal box size for ligand
docking and virtual screening against experimental and predicted binding pockets.
J. Cheminform. (2015), 7 (1): 18, Tetko, I. V. et al. Virtual computational chemistry
laboratory - design and description, /. Comput. Aid. Mol. Des., 2005, 19, 453-63,
VCCLAB, Virtual Computational Chemistry Laboratory, hitp://www.ycciab.org

2005. The search space (X,Y,Z)-coordinates of the centre for the calculations of
binding affinities can be obtained with methods well known in the art. E.g. the the
search space (X)Y,Z)-coordinates for PDB ID 1bp3 and protein homolog
ClassA_5htla_human_Active_6G79_2018-07-10_GPCRDB were (13.730, 30.880,
13.170) and (91.84457623, 54.99481, 63.31365), respectively. The PDB IDs and
the protein homolog codes of proteins used in the calculations of the compounds
of the invention are listed in Table 1 and results of the calculations are presented
in Table 2.

Table 1. The PDB IDs and the protein homolog codes of proteins used in the

calculations of binding affinities of the compounds of the invention.

Entry PDB ID1 Entry Homolog?

1 1bp3 42 ClassA_5htla_human_ Active 6G79_2018-
07-10_GPCRDB

5 1h22 43 ClassA_5ht2a_human_Active_6BQG_2018-
07-10_GPCRDB

3 1kux 44 ClassA_adala_human_ Active 3SN6_2018-
07-10_GPCRDB

4 1n7i 45 ClassA_adalb_human_ Active 3SN6_2018-
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07-10_GPCRDB

c 2toh 46 ClassA_adaZa_human_Active 6G79 _2018-
07-10_GPCRDB

6 2vz2 47 ClassA_ada2b_human_Active 6G79_2018-
07-10_GPCRDB

7 2Xsn 48 ClassA_adaZ2c_human_Active 6G79 2018-
07-10_GPCRDB

g 275x 49 ClassA_hrh3_human_Active_4MQT_2018-
07-10_GPCRDB

9 3bwm 50 ClassA_mtrla_ human_ Active 3SN6_2018-
07-10_GPCRDB

10 3hcd cq ClassA_mtrlb_human_Active 5TUD _2018-
07-10_GPCRDB

11 3pbl £o ClassA_taarl human Active 3SN6_2018-
07-10_GPCRDB

12 3qel £3 ClassA_drd1 human_Active 3SN6_2018-
07-10_GPCRDB

13 3rze 54 NET_SLC6A2

14 3uon 55 neuropeptide_y2_receptor_2ik3

15 3Zpq 56 neuropeptide_y5_receptor_2he6

16 4abe &7 ClassA_acthr human_Active 5XRA_2018-
07-10_GPCRDB

17 4daj cg ClassA_mc3r_human_Active 5XRA_2018-
07-10_GPCRDB

18 4djh £g ClassA_mc4r_ human_Active 5XRA_2018-
07-10_GPCRDB

19 4kfq 60 ClassA_mc5r_ human_Active 5XRA_2018-
07-10_GPCRDB

20 4ldo 61 ClassA_mshr human_Active 5XRA_2018-
07-10_GPCRDB

1 4n6h 62 ClassA nklr human Active 6B73 2018-
07-10_GPCRDB

27 4rvm €3 ClassA nkZ2r human_Active 6B73 2018-
07-10_GPCRDB

23 4s0v 64 ClassA nk3r human Active 6B73 2018-

07-10_GPCRDB
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24 4xp1l 65 ClassA_oxyr_human_Active_5DYS_2018-
07-10_GPCRDB

25 47j8

26 5ain

27 5¢1m

28 5cxv

29 5dhh

30 5dsg

31 5hk1

32 5i73

33 5kxi

34 5pah

35 5tvn

36 5v54

37 S5wiu

38 6bqgg

39 6cm4

40 4Kk5y

41 5zbq
1 The PDB structures were obtained from the Protein Data Bank: www.rgesh
2 Protein homologs were obtained from GPCRdb
(hidfdossspordborgdndexd , Pandy-Szekeres G, Munk C, Tsonkov TM,

Mordalski S, Harpsﬂe K, Hauser AS, Bojarski A], Gloriam DE. GPCRdb in 2018:
addlng GPCR structure models and hgands 2017, Nucleic Acids Res., Nov 16.

e : . T e N AN
Wttty \ \ \ Aara I 1IN0 faar ¥ THG
DUERL S QXS Ore1g 083 fnar s \\ LUR ).

Table 2. Results of binding affinity calculations of compounds of the invention

erformed on proteins, logP and log$ values.

Docked protein!

Search
space
52 24 53 39 11 37
(x.xX)
in A
Com- logP | logS | Value*
pound Value AG (kcal/mol)

*Value
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1 207 |-281 11385 |-7.7 |-71 |-78 |-73 -69 |-79
2 219 |-3.07 [11960 |[-79 |-81 |-78 |-7.8 -7.1 | -7.7
3 264 |-331 | 11249 |-81 |-81 |-73 |-74 -74 | -7.6
4 206 | -3.11 | 11960 |-82 |-85 |-8 -8.1 -7.2 | -8.2
5 246 | -2.24 113339 |-88 |-75 |-86 |-85 -84 |-9.7
6 2.58 | -288 | 14195 |-91 |-82 |-85 |-87 -88 |-9.1
7 251 [-293 14851 |-96 |-77 |-76 |-9 -8.8 | -10.6
8 2.61 | -3.04 |13.120 | -9 -85 |-89 |-74 -7.1 | -9.2
9 262 |-3.18 14277 |-93 |-85 |-88 |-89 -9.1 | -10
10 217 |-3.76 12847 |[-89 |-77 |-83 |-84 -7.5 | -89
11 2,51 |-338 | 12106 |-88 |-72 |-78 |-7.8 -7.3 | -85
12 209 | -367 | 12661 |-85 |-71 |-7.7 |-7.8 -7.3 | -85
13 248 | -345 12699 |-86 |-71 |-79 |-8.2 -7.5 | -89
14 234 |-237 12513 |-85 |-74 |-84 |-84 -74 | -84
15 2.24 | -2.00 11945 -83 |-71 |-85 |-81 -7.2 | -8.8
16 226 |-202 11731 |-95 |-75 |-82 |-82 -7.5 | -84
17 225 |-2.76 112828 |-86 |-81 |-84 |-82 -7.5 | -85
18 248 |-2.28 12769 |-92 |-79 |-74 |-93 -82 |-9.7
19 298 | -2.65 | 13536 |-93 |-74 |-72 |-9.2 -89 |-98
20 261 | -2.21 |12.632 | -9 -7.5 |-73 |-89 -84 |-9.3
21 3.18 | -2.84 |13.794 |-96 |-72 |-68 |-9.6 -8.2 | -10.3
22 2.81 | -2.80 | 14.088 | -9 -76 |-75 |-94 -85 |-94
23 3.01 | -3.25 | 14575 |-99 |-78 |-79 [-95 -8.7 1-99
Docked protein!

54 10 4 32 3 16 42 43 36

Com-
AG (kcal/mol)

pound
1 -8 -7 -78 | -84 | -63 | -67 | -71 | -87 | -76
2 -78 | -81 | -8.2 -86 | -63 | -78 | -7.3 -88 | -7.7
3 -74 | -71 | -7.2 -8.1 | -58 | -7.2 -7 -7.7 | -7.8
4 -81 | -76 | -79 | -87 | -66 | -82 | -74 | -91 | -83
5 -85 | -89 | -7.2 -9.3 -7 -76 | -83 | -10.3 | -10.1
6 -88 | -96 | -7.3 -96 | -74 | -81 -8 -9.1 | -10.1
7 -89 | -67 | 42 |-106| -82 | -75 | 91 | -104 | -94
8 -86 | -22 | -4.2 -98 | -75 | -86 | -85 | -87 | -89
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9 -91 | -77 | -51 | 98 | -7.7 | -81 | -88 -10 -9.7
10 -84 | -67 | -67 | 96 | -72 | -79 -8 -99 | -87
11 -8.1 | -6.6 -7 -88 | -63 | -75 | -75 | -83 | -79
12 -82 | -71 | -64 | 92 | -67 | -7.7 | -82 -8.7 -8
13 -85 | -7.2 -7 -9.2 -7 -8 -84 | -89 | -85
14 -86 | -76 | -85 | 88 | -73 | -86 | -81 | -85 | -89
15 94 | -73 | -84 | -84 | -68 | -82 | -73 -83 | -85
16 -89 | -66 | -76 | -85 | -6.8 | -86 -8 -82 | -88
17 -83 | -83 | -83 -9 -72 | -85 | -81 | -86 | -9.2
18 -9 -3.7 | -37 |-103| -74 | -86 | -88 | -95 | -93
19 -85 | -58 | 41 | 98 | -75 | -78 -9 -85 | -95
20 -87 | -5.7 | -5.2 -97 | -71 | -83 | -86 -9 -9.5
21 -87 | -29 | -06 | -104 | -7.7 | -73 -9 -9 -10
22 -84 | -74 | 43 |-103| -73 | -7.7 | -81 | 95 | -94
23 -85 | -57 | -31 | -106 | -7.5 -8 -87 | -93 | -96
Docked protein!

35 38 26 8 6 9 44 45 46

Com-
AG (kcal/mol)

pound
1 -7.7 | -8.6 -8 -8 -79 | -58 | -71 | -7.3 | -55
2 -7.5 | -88 | -83 -76 | 81 | -57 | -71 | -7.2 | -54
3 -74 | ‘7.7 | -84 | -89 | -79 | -56 -7 -6.9 -5
4 -76 | 91 | -75 | -74 | -79 | -59 | -74 | -75 | -55
5 -9 -102 | -51 | -86 | -68 | -65 | -7.7 | -7.2 | -64
6 -9.4 -9 -53 | -106 | -7.2 | -66 | -83 -78 | -6.6
7 -10 -96 | -36 | -10.1 -6 -69 | -87 -8 -7.3
8 -89 | -81 | -4.2 -48 | -43 | -64 -8 -6.8 -6
9 95| 99 | 34| 96 | -67 | -7.2 | -84 | -7.7 | -69
10 -83 | -99 | -7.7 | -7.8 -7 -64 | -76 | -81 | -6.2
11 -82 | 83 | -89 | 93 | -88 | -58 | -7.2 -7.2 | -54
12 -82 | -86 | -83 -95 | 87 | -63 | -73 -74 | -5.6
13 -85 | -88 | -83 -94 | 85 | -61 | -74 | -77 | -58
14 -82 | -79 | 714 | -7.7 | 58 | -64 | -78 | -78 | -59
15 -7.9 -8 -68 | -74 | -66 | -62 | -76 | -76 | -54
16 -82 | -82 | -6.2 -76 | -66 | -59 -7 -7.5 | -5.2
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17 -82 | 84 | -85 | 85| -68 | -61 | -76 | -82 | -58
18 -9 -9.5 | -85 -9 -5 -6.7 | -91 | -78 | -6.1
19 -94 | -79 -6 -9.3 -4 -6.5 | -84 -7 -7
20 -87 | -89 | -82 -92 | -53 | -68 | -88 | -7.7 | -6.2
21 -9.6 -9 -49 | 99 | -38 | -66 | -85 | -69 | -7.2
22 -94 | 86 | -81 | 98 | 42 | -65 | -84 | -75 | -69
23 -96 | 85 | -67 | 96 | -28 | -71 | -87 | -65 | -71
Docked protein!

47 48 15 20 34 7 5 13 49

Com-
AG (kcal/mol)

pound
1 -69 | -19 -8 -6.7 | -8.1 3.5 -85 | -68 | -65
2 -69 | -23 | -81 | -61 | -8.1 0.2 -86 | -6.7 | -6.7
3 -7 -28 | -83 -6.6 | -7.6 0.9 -81 | -74 | -6.6
4 -71 | -18 | -81 | -54 | -83 | -04 -9 -69 | -69
5 -8 -1.3 | -7.6 -7 -8.7 2.1 -88 | -92 | -65
6 -79 | -18 | -78 | -68 | -87 | -16 -9 -96 | -71
7 -8.3 -2 -89 | -5.8 -9 -08 | -97 | -78 | -71
8 -76 | -11 | -84 | -51 | -88 4.5 -89 | -53 | -6.6
9 -82 | -18 | -81 | -67 | -86 | -0.7 | -93 -84 | -6.8
10 -73 | -21 | -86 | -58 | -87 0 -9 -69 | -7.3
11 -74 | -28 | -89 | -6.2 | -8.1 1.6 -84 | -68 | -6.7
12 -73 | -19 | -87 | -65 | -85 | -03 | -87 | -63 | -63
13 -7.6 -2 -88 | -75 | -89 4.3 91 | -64 | -64
14 -77 | -15 | -88 | -68 | -88 6.4 -9.3 -9.8 -7
15 -76 | -11 | -84 | 49 | -86 | 125 | -87 | 95 | -64
16 -79 | -14 | -89 | -59 | -88 13 -85 | -75 | -68
17 -74 | -24 | -89 -7 -8.5 2 -88 | -7.8 | -6.8
18 -7.7 1.3 -76 | -35 | -93 5.7 -9.2 -78 | -71
19 -81 | -0.7 | -87 | -76 | -95 4 -96 | -78 | -6.7
20 -7.7 0.1 -7.3 -5 -8.8 8.1 -89 | -85 | -71
21 -8.5 0.4 -9.2 -6.2 | -99 63 | -10.2 | -69 -7
22 -7.5 | -34 | 92 -86 | -89 0.8 -96 | -7.2 | -6.7
23 -79 | -31 | 95 | -88 | -95 1.2 | -103 | -66 | -6.8
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Docked protein!

25 23 1 19 12 33 31 29 27

Com-
AG (kcal/mol)
pound
1 -71 | -74 | 4.2 -75 | 47 | -58 | -84 | -59 | -7.2
2 -7.2 | ‘75 | -41 | -7.7 -5 -6.7 | -87 | -59 | -74
3 -69 | -71 | -36 | -79 | 45 | -67 | -83 -5.7 -7
4 -76 | -78 | -41 | -73 | -49 -6 -89 | -62 | -78
5 -9 -93 | 46 | -26 | -2.2 0.3 | -10.2 -7 -8.5
6 -88 | -88 | 49 | -22 | -36 | -19 | -10.7 | -75 | -85
7 -9.2 | -98 | -53 -14 | -31 | -0.2 -11 -7.7 | -93
8 -88 | -91 | -56 | -58 2.3 -06 | -9.2 -7.5 | -88
9 -92 | 95 | -51 | -24 | -48 03 |[-109 | -75 | -89
10 -81 | 82 | 49 | 68 | -48 | -62 | -95 | -66 | -82
11 -7.3 | ‘76 | -4.2 -7.8 | -53 -5 -89 | -62 | -74
12 77 | ‘7.7 | 47 | -76 | 56 | 48 | 91 | -66 | -78
13 -8 -7.7 | -4.8 -8 -47 | -43 | -91 | -6.8 -8
14 -8 -83 | 47 | 41 | 46 | -2.8 -9 -6.7 -8
15 -7.8 -8 -46 | 49 | -33 | -12 | -87 | -66 | -7.7
16 -8.1 -8 -39 | 64 | -14 | -13 | -85 | -63 | -78
17 -78 | -78 | 44 | -64 | -57 | -39 -9 -6.3 | -79
18 -85 | -94 | -6.1 -5 -26 | -03 | 95 | -71 | -89
19 -9 -93 | -5.2 -5.1 -5 -34 | 95 | -7.2 | 91
20 -84 | -91 | -58 | -6.6 -3 -1.4 -9 -6.7 | -8.7
21 92 | .92 | -49 | -37 | -31 | ‘11 | 99 | -74 | 9.2
22 -84 | -85 | -46 -5 -53 | -58 | 98 | -7.2 | -89
23 -88 | -89 | -48 -3 -49 | -58 | -101 | -74 | -93
Docked protein!

21 18 2 22 28 14 17 30 41

Com-
AG (kcal/mol)

pound
1 -76 | -76 | -85 | -78 | -86 | -82 | -84 | -87 | -73
2 -77 | -72 | -88 | -78 | -88 | -85 | -84 | 91 | -74
3 -7.3 -7 -8.2 -76 | -83 | -81 | -8.2 -85 | -68
4 -79 | -7.7 | -9.3 -82 | 91 | -85 | -87 | 93 | -76
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5 -92 | 82 |-103| 95 |-102 | -99 | -94 | -10.3 | -85
6 -85 | 86 |-103| 96 | 96 | -91 | 94 | 97 | -89
7 -9 -9 -11.2 | -103 | 97 | 94 | -89 | -96 | -9.2
8 -77 | -7.7 | -101 | -82 |-104 | -92 | -99 | -105 | -89
9 -81 | -86 | -105|-102| -99 | -96 | -97 -10 -9.1
10 -84 | -82 -9 -87 | -99 | -91 | -93 -99 | -82
11 -7.5 | -76 | -87 -8 -9 -88 | -89 | -93 | -75
12 -77 | -75 | 91 | -85 | 97 | -91 | 9.2 -10 -7.6
13 -79 | -7.7 | 94 -9 -97 | 95 | 95 | 97 | -79
14 -83 | -75 | 9.2 -86 | -9.7 -9 -9.3 -9.7 | -84
15 -78 | -7.3 | -9.3 -86 | -91 | -93 | 94 | 93 | -7.8
16 -78 | -73 | 94 | 85 | -93 | -88 | -87 | -95 -8
17 -82 | -74 | 91 | -86 | -99 | 94 | 9.1 -10 -8.3
18 -91 | -81 | -99 | 92 | -109 | -98 104 | -11 -8.9
19 -93 | -88 | -102| 94 |-103 | -96 | -92 | -105 | -91
20 -87 | -79 | -97 | -89 | -104 | 96 | -98 | -10.7 | -8.6
21 -9.3 -9 -104 | 9.7 | -104 | 91 | -95 | -102 | -9.7
22 -92 | -88 |-102 | 97 | 96 | 91 | -94 | -10.1 | -8.8
23 -9.7 | -89 |-103 | -97 | -95 -9 -94 | 97 | -9.2
Docked protein!

55 56 50 51 56 57 59 60 62

Com-
AG (kcal/mol)

pound
1 -85 | -63 | 49 | -79 -7 -55 | -7.7 | -7.3 | -6.6
2 -85 | -64 -5 -8.5 -7 -5.7 | -78 | -7.7 | -6.8
3 -83 | -63 | -43 -74 | -68 | -56 | -7.7 -7 -6.7
4 -88 | 66 | -57 | -89 | -72 | -58 | -78 | -75 | -69
5 -10 -6.6 | -7.6 -8 -78 | -6.7 | -79 | -86 | -83
6 -99 | -71 -7 -91 | -76 | -65 | -87 | -82 | -84
7 114 | -65 -7 -8 -83 | -69 | -86 | -84 -9
8 -92 | -76 | -7.3 -97 | 84 | -65 | -85 | -91 | -85
9 106 | -71 | -74 | -85 | -81 -7 -86 | -84 | -9.1
10 -96 | -68 | -54 | -78 | -7.7 | -58 -8 -7.5 | -74
11 -91 | 65 | -58 | 84 | -66 | -59 | -74 | -71 | -7.2
12 -95 | -63 | -61 | -7.7 | -69 -6 -7.7 | ‘74 | -7.6
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13 -9.9 -6.6 -6.4 -8 -74 | -6.2 -7.6 -7.7 -7.9
14 -9.5 -7 -6.3 -8.6 -7.2 -6.3 -8.2 -84 | -79
15 -9.6 -6.7 -6.5 -8.5 -7.1 -6.1 -7.9 -84 | -7.2
16 -9.6 -6.9 -4.5 -7.7 -7.1 -6.6 -7.2 -7.5 -7.6
17 94 | -6.7 -5.4 -8.2 -7.2 -6.2 -8.4 -8.2 -7.8
18 106 | -74 | -3.2 -9.3 -8.1 -7.2 -8.4 -8 -8.4
19 11.3 -7 -5.9 -7.9 -7.9 -7.4 -9 -8 -8.8
20 10.5 | -7.3 -4.6 -8.2 -8.1 -6.9 -9.2 -7.8 -8.1
21 11.5 -7 -4.5 -8.5 -8 -7.7 -8.7 -8.4 -9
22 10.8 | -6.6 -6.3 -7.8 -7.7 -7.2 -8.5 -7.7 -8.5
23 113 | -6.7 -6.8 -7.3 -7.8 -7.7 -8.7 -7.9 -8.6
Docked protein?

63 64 65 40

Com-
AG (kcal/mol)

pound
1 -8.2 -8.2 -3.3 -6.6
2 -8.1 -7.8 -4.3 -7
3 -8.3 -7.8 -3 -6.7
4 -8.5 -7.9 -5.1 -7
5 -9.7 -9.3 -3.9 -9.2
6 -9.8 94 | -44 -8.2
7 10.5 | -10.5 | -2.7 -8.1
8 -9.6 -9.9 -4.6 -8
9 10.1 | -9.8 -4 -7.7
10 -9.1 -8.1 -3 -7.4
11 -8.6 -8.1 -3.7 -7.2
12 -9 -8.3 -3.4 -7.5
13 -9.6 -8.6 -3.6 -7.3
14 -9.3 -9 -2.4 -7.2
15 -9 -8.6 -3.3 -7.2
16 -9.8 -8.3 -3.7 -7
17 -9 -8.8 -2.5 -7.5
18 -10 -9.5 -4.2 -7.8
19 10.1 | -10 -3.3 -7.9
20 -9.9 -9.7 -3 -6.5
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21 -10.5 | -10.2 -4 -8.3
22 -9.7 -9.9 -4.7 -7.9
23 -10.3 | -104 | -1.7 -8.5

1 The number of the docked protein corresponds to the entry number found in
Table 1.

The compound with strongest binding affinity for dopamine transporter is
(7R,12bR)-7,8,9,10-tetrafluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[ 2,3-
a]quinolizin-4-one (40).

The compound with strongest binding affinity for dopamine 1 receptor is
(5S,6S,10bS)-6,9-difluoro-5-methyl-1,5,6,10b-tetrahydropyrrolo[2,1-
a]isoquinolin-3(2H)-one (25).

The compound with strongest binding affinity for dopamine 2 receptor is
(5R,6S,10bR)-6,8,9-trifluoro-5-methyl-1,5,6,10b-tetrahydropyrrolo[2,1-
alisoquinolin-3(2H)-one (26).

The compound with strongest binding affinity for dopamine 3 receptor is
(5S,10R,10aR)-7,8,10-trifluoro-5-methyl-1,5,10,10a-tetrahydropyrrolo[1,2-
b]isoquinolin-3(2H)-one (42).

The compound with strongest binding affinity for dopamine 4 receptor is
(7R,12bS)-7,8,9,10-tetrafluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-
a]quinolizin-4-one (39).

The compound with strongest binding affinity for norepinephrine transporter is
(12bS)-8,9-difluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo|[2,3-a]quinolizin-4-one
(27).

The compound with strongest binding affinity for phenylethanolamine N-
methyltransferase is 7,8-difluoro-5-methyl-1,5,10,10a-tetrahydropyrrolo[1,2-
blisoquinolin-3(2H)-one (17), preferably the (5S,10aR)-7,8-difluoro-5-methyl-
1,5,10,10a-tetrahydropyrrolo[1,2-b]isoquinolin-3(2H)-one isomer.

The compound with strongest binding affinity for serotonin transporter is
(75,12bS)-7,8,9-trifluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[ 2,3-a]quinolizin-
4-one (30).

The compound with strongest binding affinity for serotonin N-acetyltransferase is
(7R,12bS)-7,8,9,10-tetrafluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-
a]quinolizin-4-one (39).

The compound with strongest binding affinity for N-acetylserotonin
methyltransferase is (5S,10R,10aS)-7,8,10-trifluoro-5-methyl-1,5,10,10a-
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tetrahydropyrrolo[1,2-b]isoquinolin-3(2H)-one (43).

The compound with strongest binding affinity for 5-HT1A receptor is (7R,12bR)-
7,8,9-trifluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[ 2,3-a]quinolizin-4-one (29).
The compound with strongest binding affinity for 5-HT2A receptor is 7,8,9,10-
tetrafluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-a]quinolizin-4-one (7),
preferably the (7S,12bS)-7,8,9,10-tetrafluoro-1H,2H,3H,4H,6H,7H,12H,12bH-
indolo[2,3-a]quinolizin-4-one isomer.

The compound with strongest binding affinity for 5-HT1B receptor is (12bS)-8,9-
difluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[ 2,3-a]quinolizin-4-one (27).

The compound with strongest binding affinity for 5-HT2B receptor is (7R,12bS)-
7,8,9-trifluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[ 2,3-a]quinolizin-4-one (31).
The compound with strongest binding affinity for 5-HT2C receptor is
(5S,10S,10aR)-7,8,10-trifluoro-5-methyl-1,5,10,10a-tetrahydropyrrolo[1,2-
b]isoquinolin-3(2H)-one (44).

The compound with strongest binding affinity for 5-HT3 receptor is (4S)-4,6-
difluoro-1-methyl-4,9-dihydro-3H-pyrido[3,4-b]indole (24).

The compound with strongest binding affinity for monoamino-oxidase A is 7,10-
difluoro-5-methyl-1,5,10,10a-tetrahydropyrrolo[1,2-b]isoquinolin-3(2H)-one
(15), preferably the (5R,10R,10aS)-7,10-difluoro-5-methyl-1,5,10,10a-
tetrahydropyrrolo[1,2-b]isoquinolin-3(2H)-one isomer.

The compound with strongest binding affinity for monoamino-oxidase B is (1S,4S)-
4,6-difluoro-1-methyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole (4).

The compound with strongest binding affinity for catechol-O-methyltransferase is
7,8,9-trifluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[ 2,3-a]quinolizin-4-one (28),
preferably the (7S5,12bR)-7,8,9-trifluoro-1H,2H,3H,4H,6H,7H,12H,12bH-
indolo[2,3-a]quinolizin-4-one isomer.

The compound with strongest binding affinity for alpha-1A adrenergic receptor is
(7S,12bR)-7,8,9,10-tetrafluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-
a]quinolizin-4-one (43).

The compound with strongest binding affinity for alpha-1B adrenergic receptor is
(12bS)-9,10-difluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-a]quinolizin-4-
one (45).

The compound with strongest binding affinity for alpha-2A adrenergic receptor is
(12bS)-8,9-difluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo|[2,3-a]quinolizin-4-one
(27).

The compound with strongest binding affinity for alpha-2B adrenergic receptor is
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(5S,6R,10bS)-6,8-difluoro-5-methyl-1,5,6,10b-tetrahydropyrrolo[2,1-
alisoquinolin-3(2H)-one (32).

The compound with strongest binding affinity for alpha-2C adrenergic receptor is
5,6,7-trifluoro-1-methyl-4,9-dihydro-3H-pyrido[3,4-b]indole (12).

The compound with strongest binding affinity for beta-1 adrenergic receptor is
(5S,10S,10aR)-8,10-difluoro-5-methyl-1,5,10,10a-tetrahydropyrrolo[1,2-
b]isoquinolin-3(2H)-one (33).

The compound with strongest binding affinity for beta-2 adrenergic receptor is
(1R,4R)-4,6,7-trifluoro-1-methyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole (34).
The compound with strongest binding affinity for phenylalanine hydroxylase is
(7R,12bS)-7,9,10-trifluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo|2,3-
a]quinolizin-4-one (35).

The compound with strongest binding affinity for tyrosine hydroxylase is
(75,12bS)-7,8,9-trifluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[ 2,3-a]quinolizin-
4-one (30).

The compound with strongest binding affinity for H1 histamine receptor is
(7R,12bR)-7,8-difluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[ 2,3-a]quinolizin-4-
one (36).

The compound with strongest binding affinity for H3 histamine receptor is
(7S,12bR)-7,8,9,10-tetrafluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-
a]quinolizin-4-one (41).

The compound with strongest binding affinity for OX1 orexin receptor is
(7R,12bS)-7,8,9-trifluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-a]quinolizin-
4-one (31).

The compound with strongest binding affinity for OX2 orexin receptor is
(7R,12bS)-7,8,9-trifluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-a]quinolizin-
4-one (31).

The compound with strongest binding affinity for prolactin receptor is (7R,12bR)-
7,8,9-trifluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[ 2,3-a]quinolizin-4-one (29).
The compound with strongest binding affinity for NMDA receptor GluN1 is
(5R,6R,10bS)-6,9-difluoro-5-methyl-1,5,6,10b-tetrahydropyrrolo[2,1-
alisoquinolin-3(2H)-one (37).

The compound with strongest binding affinity for NMDA receptor Glu2B is 4,5,6,7-
tetrafluoro-1-methyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole (10), preferably
the (1S,4R)-4,5,6,7-tetrafluoro-1-methyl-2,3,4,9-tetrahydro-1H-pyrido|3,4-

b]indole isomer.
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The compound with strongest binding affinity for alpha-4-beta-2 nicotinic receptor
is 6-fluoro-1-methyl-4,9-dihydro-3H-pyrido[3,4-b]indole (38).

The compound with strongest binding affinity for sigma-1 receptor is (7S,12bS)-
7,8,9-trifluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[ 2,3-a]quinolizin-4-one (30).

The compound with strongest binding affinity for nociceptin / orphanin receptor
is (7R,12bR)-7,8,9,10-tetrafluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-
a]quinolizin-4-one (40).

The compound with strongest binding affinity for mu-opioid receptor is (7S,12bR)-
7,8,9,10-tetrafluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[ 2,3-a]quinolizin-4-one

(41).

The compound with strongest binding affinity for delta-opioid receptor is 7,8,9,10-
tetrafluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-a]quinolizin-4-one (7),
preferably the (7S,12bS)-7,8,9,10-tetrafluoro-1H,2H,3H,4H,6H,7H,12H,12bH-

indolo[2,3-a]quinolizin-4-one isomer.

It will be obvious to a person skilled in the art that, as the technology
advances, the inventive concept can be implemented in various ways. The
invention and its embodiments are not limited to the examples described above

but may vary within the scope of the claims.
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CLAIMS

1. A compound of formula (I)

wherein the dotted line represents an optional bond;

R! and R?, together with the carbon atoms they are attached to, form a
group selected from a 1H-indole group and a benzene group, and said 1H-indole
group and benzene group being optionally substituted with one to four
substituent(s) each independently selected from the group consisting of R3, R4, RS,
and R6, wherein each R3, R4 R>, and R® is independently selected from the group
consisting of halogen, OH, Cis-alkyl, Ciz-(per)haloalkyl, Ciz-alkoxy, Ciz-
(per)haloalkoxy;

Ra and RP, together with the carbon atom and nitrogen atom they are
attached to, form a group selected from a 5- and 6-membered cyclic amide, and

Reis H; or

Rais Me, and

Rb and Re¢, together with the nitrogen atom and carbon atom they are
attached to, form a group selected from a 5- and 6-membered cyclic amide; or

Rais Me,

Rb is H, or RP is absent when the dotted line represents a bond, and

Re is H, provided that R! and R?, together with the carbon atoms they
are attached to, form said optionally substituted 1H-indole group;

R” is selected from the group consisting of halogen, OH, SH, NORS, Cy.3-
(per)haloalkoxy, CN, C(O)N(R®8)2, and N(R®8),, or

R7 may also be C1-4-alkyl with the provisio that said 1H-indole group or
benzene group is substituted with one to four substituent(s) each independently
selected from the group consisting of halogen, OH, Ci.s-alkyl, C1.3-(per)haloalkyl,
Ci13-alkoxy, C1.3-(per)haloalkoxy, or

R7 may also be H provided that

when R2 and R®, together with the carbon atom and nitrogen atom they
are attached to, form a group selected from a 5- and 6-membered cyclic amide, R¢

is H, then R* and RS is each independently selected from the group consisting of
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halogen, C1.4-alkyl, C1.3-(per)haloalkyl, and Ci.3-(per)haloalkoxy, or

when R2 is Me, Rb and R¢, together with the carbon atom and nitrogen
atom they are attached to, form a 6-membered cyclic amide, then R! and R?,
together with the carbon atoms they are attached to, form said optionally
substituted 1H-indole group, or

when R2 is Me, Rb and R¢, together with the carbon atom and nitrogen
atom they are attached to, form a 5-membered cyclic amide, and R? and R?, together
with the carbon atoms they are attached to, form a 1H-indole group or a benzene
group, then said 1H-indole group or benzene group is substituted with one to four
substituent(s) each independently selected from the group consisting of halogen,
OH, C1.4-alkyl, C13-(per)haloalkyl, Ci.3-alkoxy, and Ci-3-(per)haloalkoxy, or

when R2 is Me, Re is H, R! and R?, together with the carbon atoms they
are attached to, form a substituted 1H-indole group, then R* and R> of said
substituted 1H-indole group is each independently selected from the group
consisting of halogen, C1.4-alkyl, C1.3-(per)haloalkyl, and Ci.3-(per)haloalkoxy;

each R® is independently selected from the group consisting of H, C1.s-
alkyl, C1.4-alkenyl, C14-alkynyl, and Ci.3-(per)haloalkyl, or when part of any N(R?)»
both R® together with the nitrogen they are attached to may form a 3- to 6-
membered aliphatic or aromatic heterocyclic ring comprising 1 to 3 heteroatoms
each independently selected from N, O, and S;

or a stereoisomer or a pharmaceutically acceptable salt thereof.

2. A compound as claimed in claim 1, wherein the compound has
formula (Ia), (Ib), or (Ic),

H Ra X R3 Ra
-R R4 b
N’R
R4 R¢ 5 c
R’ R 6 p7 R
RS R® (o) RE R by
a
wherein

Ra and RP, together with the carbon atom and nitrogen atom they are
attached to, form a group selected from a 5- and 6-membered cyclic amide, and

Reis H; or

Rais Me, and

Rb and Re¢, together with the nitrogen atom and carbon atom they are
attached to, form a group selected from a 5- and 6-membered cyclic amide;

Rdis H, or Rdis absent when the dotted line represents a bond; and
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R3, R4, R>, R, R7, R8, and the dotted line are as defined in claim 1;

or a stereoisomer or a pharmaceutically acceptable salt thereof.

3. A compound as claimed in claim 1 or 2, wherein the compound has
formula (Ic), (Id), (Ie), (If), or (Ig),

(CH2)n
N (@]
R4
RS R® (d)
R3 (CH)n R
R4 =0 R?
N
RS R®
R6 R7 R6
U] ,
wherein
mis1or?2;
nis1or?2;

Rdis H, or Rdis absent when the dotted line represents a bond; and

the dotted line, R3, R4, R>, Ré, R7, and R8 are as defined in claim 1;

or a stereoisomer or a pharmaceutically acceptable salt thereof.

4. A compound as claimed in claim 2 or 3, wherein the compound has
formula (1d), (Ie), (If), or (Ig), wherein

mis1or?2;

nis1or2; and

R3, R4, R>, R, R7, and R8 are as defined in claim 1;

or a stereoisomer or a pharmaceutically acceptable salt thereof.

5. A compound as claimed in claim 2 or 3, wherein the compound has
formula (Ic), wherein

Rdis H, or Rdis absent when the dotted line represents a bond; and

the dotted line, R3, R4, R>, Ré, R7, and R8 are as defined in claim 1;

or a stereoisomer or a pharmaceutically acceptable salt thereof.

6. A compound as claimed in any of the previous claims, wherein

R3 and R® are each independently selected from the group consisting of
H, halogen, Ci.4-alkyl, C1.3-(per)haloalkyl, and C1.3-(per)haloalkoxy;

R*and R5 are both halogen, or one of R* and R? is halogen and the other
is C1.4-alkyl, C1.3-(per)haloalkyl, or Ci.3-(per)haloalkoxy; and

R” is selected from the group consisting of H, halogen, OH, NORS, Cy.s-
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alkyl, , and C1.3-(per)haloalkoxy;

or a stereoisomer or a pharmaceutically acceptable salt thereof.

7. A compound as claimed in any of the previous claims, wherein

R3 and R® are each independently selected from the group consisting of
H, halogen, Ci.4-alkyl, C1.3-(per)haloalkyl, and C1.3-(per)haloalkoxy;

R*and R® are both F, or one of R* and R> is F and the other is Ci.4-alkyl
or C1.3-(per)haloalkyl; and

R” is selected from the group consisting of H, halogen, OH, NORS, Cy.s-
alkyl, , and C1.3-(per)haloalkoxy;

or a stereoisomer or a pharmaceutically acceptable salt thereof.

8. A compound as claimed in in any of the previous claims, wherein

R3 and R are each independently selected from H and halogen;

R*and R® are both F, or one of R* and R> is F and the other is Ci.4-alkyl
or C1.3-(per)haloalkyl; and

R” is selected from the group consisting of H, F, OH, and Ci.s-alkyl;

or a stereoisomer or a pharmaceutically acceptable salt thereof.

9. A compound as claimed in in any of the previous claims, wherein

R3, Ré, and R7 are H; and

R%and R> are F;

or a stereoisomer or a pharmaceutically acceptable salt thereof.

10. A compound as claimed in any of claims 1 to 8, wherein

R3 and R¢ are H; and

R4 R>and R7 are F;

or a stereoisomer or a pharmaceutically acceptable salt thereof.

11. A compound as claimed in claim 10, wherein

Rais Me; and

Rb and Re¢, together with the nitrogen atom and carbon atom they are
attached to, form a group selected from a 5- and 6-membered cyclic amide;

or a stereoisomer or a pharmaceutically acceptable salt thereof.

12. A compound as claimed in any of claims 1 to 5, wherein

R3 and R® are each independently selected from the group consisting of
H, halogen, Ci.4-alkyl, C1.3-(per)haloalkyl, and C1.3-(per)haloalkoxy;

R* and R5 are both F, or one of R* and RS is halogen and the other is H,
Ci4-alkyl or C13-(per)haloalkyl; and

R7 is selected from the group consisting of halogen, OH, Ci.s-

(per)haloalkoxy;
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or a stereoisomer or a pharmaceutically acceptable salt thereof.

13. A compound as claimed in any of claims 1-5 or claim 12, wherein

R3 and R® are each independently selected from the group consisting of
H and F;

R*and R>are both F, or one of R*and R> is F and the other is H, C1-s-alkyl
or C1.3-(per)haloalkyl; and

R” is selected from the group consisting of F, OH;

or a stereoisomer or a pharmaceutically acceptable salt thereof.

14. A compound as claimed in in any of the previous claims, wherein the
compound is selected from a group consisting of:

5-Fluoro-1-methyl-2,3,4,9-tetrahydro-1H-pyrido|[3,4-b]indole;

6-Fluoro-1-methyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole;

4,6-Difluoro-1-methyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole;

7-Fluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[ 2,3-a]quinolizin-4-
one;

7,8,9,10-Tetrafluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-
a]quinolizin-4-one;

(7R,12bS)-7,8,9,10-Tetrafluoro-1H,2H,3H,4H,6H,7H,12H,12bH-
indolo[2,3-a]quinolizin-4-one;

(7R,12bR)-7,8,9,10-Tetrafluoro-1H,2H,3H,4H,6H,7H,12H,12bH-
indolo[2,3-a]quinolizin-4-one;

(7S,12bR)-7,8,9,10-Tetrafluoro-1H,2H,3H,4H,6H,7H,12H,12bH-
indolo[2,3-a]quinolizin-4-one;

7,9-Difluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-a]quinolizin-4-
one;

7,8,10-Trifluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo|2,3-
a]quinolizin-4-one;

4,5,6,7-Tetrafluoro-1-methyl-2,3,4,9-tetrahydro-1H-pyrido|3,4-
b]indole;

5,6-difluoro-1-methyl-4,9-dihydro-3H-pyrido[3,4-b]indole;

5,6,7-trifluoro-1-methyl-4,9-dihydro-3H-pyrido|[3,4-b]indole;

4,5,6,7-tetrafluoro-1-methyl-4,9-dihydro-3H-pyrido[3,4-b]indole;

7,8,10-Trifluoro-5-methyl-1,5,10,10a-tetrahydropyrrolo|[1,2-
b]isoquinolin-3(2H)-one;

(5S,10R,10aR)-7,8,10-Trifluoro-5-methyl-1,5,10,10a-
tetrahydropyrrolo[1,2-b]isoquinolin-3(2H)-one;
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(5S,10R,10aS)-7,8,10-Trifluoro-5-methyl-1,5,10,10a-
tetrahydropyrrolo[1,2-b]isoquinolin-3(2H)-one;
(5S,10S,10aR)-7,8,10-Trifluoro-5-methyl-1,5,10,10a-
tetrahydropyrrolo[1,2-b]isoquinolin-3(2H)-one;
7,10-Difluoro-5-methyl-1,5,10,10a-tetrahydropyrrolo[1,2-
b]isoquinolin-3(2H)-one;
9,10-Difluoro-5-methyl-1,5,10,10a-tetrahydropyrrolo[1,2-
b]isoquinolin-3(2H)-one;
7,8-Difluoro-5-methyl-1,5,10,10a-tetrahydropyrrolo[1,2-
b]isoquinolin-3(2H)-one;
(5R,11S)-10,11-Difluoro-5-methyl-1,2,5,6,11,11a-hexahydro-3H-
indolizino[6,7-b]indol-3-one;
(6R,12S)-12-Fluoro-6-methyl-6,9,10,11,11a,12-hexahydroindolol[3,2-
b]quinolizin-8(5H)-one;
(5R,11S)-11-Fluoro-5-methyl-1,2,5,6,11,11a-hexahydro-3H-
indolizino[6,7-b]indol-3-one;
(6R,12S)-1,12-Difluoro-6-methyl-6,9,10,11,11a,12-
hexahydroindolo[3,2-b]quinolizin-8(5H)-one;
(5R)-9-Fluoro-5-methyl-1,2,5,6,11,11a-hexahydro-3H-indolizino[6,7-
b]indol-3-one;
(6R)-2-Fluoro-6-methyl-6,9,10,11,11a,12-hexahydroindolo(3,2-
b]quinolizin-8(5H)-one;
(4S)-4,6-difluoro-1-methyl-4,9-dihydro-3H-pyrido[3,4-b]indole;
(5S,6S,10bS)-6,9-difluoro-5-methyl-1,5,6,10b-tetrahydropyrrolo[2,1-
alisoquinolin-3(2H)-one;
(5R,6R,10bS)-6,9-difluoro-5-methyl-1,5,6,10b-tetrahydropyrrolo[2,1-
alisoquinolin-3(2H)-one;
(5R,6S,10bR)-6,8,9-trifluoro-5-methyl-1,5,6,10b-
tetrahydropyrrolo[2,1-a]isoquinolin-3(2H)-one;
(7R,12bS)-7,8,9-trifluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-
a]quinolizin-4-one;
(7S,12bR)-7,8,9-trifluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-
a]quinolizin-4-one;
(7R,12bR)-7,8,9-trifluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[ 2,3-
a]quinolizin-4-one;
(12bS)-9,10-difluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-
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a]quinolizin-4-one;

(7R,12bR)-7,8,9-trifluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-
a]quinolizin-4-one;

(7S,12bS)-7,8,9-trifluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[ 2,3-
a]quinolizin-4-one;

(5S,6R,10bS)-6,8-difluoro-5-methyl-1,5,6,10b-tetrahydropyrrolo[2,1-
alisoquinolin-3(2H)-one;

(5S,10S,10aR)-8,10-difluoro-5-methyl-1,5,10,10a-
tetrahydropyrrolo[1,2-b]isoquinolin-3(2H)-one;

(1R,4R)-4,6,7-trifluoro-1-methyl-2,3,4,9-tetrahydro-1H-pyrido|[3,4-
b]indole;

(7R,12bS)-7,9,10-trifluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo|2,3-
a]quinolizin-4-one;

(7R,12bR)-7,8-difluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[ 2,3-
a]quinolizin-4-one;

(5R,6R,10bS)-6,9-difluoro-5-methyl-1,5,6,10b-tetrahydropyrrolo[2,1-
alisoquinolin-3(2H)-one; and

6-fluoro-1-methyl-4,9-dihydro-3H-pyrido[3,4-b]indole;

or a stereoisomer or a pharmaceutically acceptable salt thereof.

15. A pharmaceutical composition comprising an effective amount of
one or more compounds, or a stereoisomer or a pharmaceutically acceptable salt
thereof, as claimed in any of the previous claims, together with one or more
pharmaceutically acceptable excipient(s).

16. The pharmaceutical composition as claimed in claim 15 comprising
one or more compounds, or a stereoisomer or a pharmaceutically acceptable salt
thereof, as claimed in any one of claims 1 to 14, in combination with one or more
pharmaceutically acceptable carrier(s).

17. The pharmaceutical composition as claimed in any one of claims 15
to 16 comprising one or more compounds, or a stereoisomer or a pharmaceutically
acceptable salt thereof, as claimed in any one of claims 1 to 14, in combination with
one or more other active ingredient(s).

18. A compound, or a stereoisomer or pharmaceutically acceptable salt
thereof, as claimed in any one of claims 1 to 14, for use as a medicament.

19. A compound, or a stereoisomer or pharmaceutically acceptable salt
thereof, as claimed in any one of claims 1 to 14, for use in treatment or prevention

of CNS related diseases or conditions.
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20. A compound, or a stereoisomer or pharmaceutically acceptable salt
thereof, as claimed in any one of claims 1 to 14, for use in the treatment or
prevention of a disease or condition as claimed in claim 19, wherein the disease
and condition is selected from the group consisting of Alzheimer’s disease,
Parkinson’s disease, depression, anxiety, hyperactivity, narcolepsy, drug addiction,
alcoholism, anorexia, bulimia, and mitochondrial disease.

21. A method for the preparation of a compound of formula (I), or
pharmaceutically acceptable salt or a stereoisomer thereof, as defined in claim 1,
comprising the steps of:

- providing a compound of formula (I')

1 b
R | HN’R

R2 RS

18 ™)

’

wherein R, R2, and R7 are as defined in claim 1,

wherein when R! and R?, together with the carbon atoms they are
attached to, form a 1H-indole group, then the nitrogen of said 1H-indole group is
optionally protected with a protecting group,

wherein when R7is OH or SH, then the oxygen or sulphur of said OH or

SH is optionally protected with a protecting group,

Rb and R, together with the carbon atom and nitrogen atom they are

attached to, form a group selected from a 5- and 6-membered cyclic amide, or

RV is H or activating group, and R<" is H;

- reacting said compound of formula (I') with an aldehyde, optionally
in the presence of one or more activating group reactant(s),
which/that optionally together with one or more activating agent(s)
facilitate(s) a ring formation;

- optionally performing one or more deprotection reaction(s);

- to obtain the compound of formula ()

wherein R, R?, R7, Ra, Rb, R¢, and the dotted line are as defined in claim
1; and
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pharmaceutically acceptable salt thereof.
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of formula

(M

to
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PATENTTIVAATIMUKSET
1. Yhdiste, jolla on kaava (1)

jossa katkoviiva esittda valinnaista sidosta;

R! ja R? yhdessa hiiliatomien, joihin ne ovat liittyneet, kanssa
muodostavat ryhmdn, joka valitaan 1H-indoliryhmadsta ja bentseeniryhmasts, ja
mainittu 1H-indoliryhma ja bentseeniryvhmé on valinnaisesti substituoitu 1 - 4
substituentilla, joista kukin on riippumattomasti valittu ryhmastd, joka koostuu
R3:sta, R*:std, R>:std ja Ré:sta, jolloin kukin R3, R4 R5 ja R® on riippumattomasti
valittu ryhmadstd, joka koostuu seuraavista: halogeeni, OH, Ci.s-alkyyli, Ci.s-
(per)haloalkyyli, C1.3-alkoksi, C1.3-(per)haloalkoksi;

Ra ja RP, yhdesséa hiiliatomin ja typpiatomin, joihin ne ovat liittyneet,
kanssa muodostavat ryhman, joka valitaan 5- ja 6-jasenisestd syklisestd amidista,
ja

R¢ on H; tai

Ra on Me, ja

Rb ja R¢, yhdessa typpiatomin ja hiiliatomin, joihin ne ovat liittyneet,
kanssa muodostavat ryhman, joka valitaan 5- ja 6-jdsenisestd syklisestd amidista;
tai

Ra on Me,

Rb on H, tai RV ei ole 1dsn4, kun katkoviiva esittda sidosta, ja

Re¢ on H, edellyttden ettd R! ja R? yhdessa hiiliatomien, joihin ne ovat
liittyneet, kanssa muodostavat mainitun valinnaisesti substituoidun 1H-
indoliryhman;

R” on valittu ryhmastd, joka koostuu seuraavista: halogeeni, OH, SH,
NORS, C1.3-(per)haloalkoksi, CN, C(O)N(R®)2 ja N(R?®), tai

R7 voi myos olla Cis-alkyyli silla edellytykselld, ettd mainittu 1H-
indoliryhma tai bentseeniryhma on substituoitu 1 - 4 substituentilla, joista kukin
on riippumattomasti valittu ryhmastd, joka koostuu seuraavista: halogeeni, OH, C1.
s-alkyyli, C1.3-(per)haloalkyyli, Ci.3-alkoksi, C1.3-(per)haloalkoksi, tai

R7 voi myos olla H edellyttéen, ettad
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kun Raja Rb, yhdessa hiiliatomin ja typpiatomin, joihin ne ovat liittyneet,
kanssa muodostavat ryhman, joka valitaan 5- ja 6-jasenisesta syklisestd amidista,
R¢ on H, niin R* ja R5 on kukin riippumattomasti valittu ryhmastd, joka koostuu
seuraavista: halogeeni, Ci.s-alkyyli, Ci3-(per)haloalkyyli ja Ci3-(per)haloalkoksi,
tai

kun R2 on Me, RP ja R¢, yhdessa hiiliatomin ja typpiatomin, joihin ne ovat
liittyneet, kanssa muodostavat 6-jasenisen syklisen amidin, niin R? ja R?, yhdessa
hiiliatomien, joihin ne ovat liittyneet, kanssa muodostavat mainitun valinnaisesti
substituoidun 1H-indoliryhman, tai

kun R2 on Me, RP ja R¢, yhdessa hiiliatomin ja typpiatomin, joihin ne ovat
liittyneet, kanssa muodostavat 5-jdsenisen syklisen amidin, ja R! ja R?, yhdessa
hiiliatomien, joihin ne ovat liittyneet, kanssa muodostavat 1H-indoliryhman tai
bentseeniryhmén, niin mainittu 1H-indoliryhmd tai bentseeniryhma on
substituoitu 1 - 4 substituentilla, joista kukin on riippumattomasti valittu
ryhmastd, joka koostuu seuraavista: halogeeni, OH, Cis-alkyyli, Ci3-
(per)haloalkyyli, C1.3-alkoksi ja Ci-3-(per)haloalkoksi, tai

kun R2 on Me, R¢ on H, R! ja R?, yhdessa hiiliatomien, joihin ne ovat
liittyneet, kanssa muodostavat substituoidun 1H-indoliryhmén, niin mainitun
substituoidun 1H-indoliryhmdn R* ja R> on kukin riippumattomasti valittu
ryhmastd, joka koostuu seuraavista: halogeeni, C1-4-alkyyli, C1.3-(per)haloalkyyli ja
C1-3-(per)haloalkoksi;

kukin R® on riippumattomasti valittu ryhmastd, joka koostuu
seuraavista: H, Ci.4-alkyyli, Ci-4-alkenyyli, C1.4-alkynyyli ja C1.3-(per)haloalkyyli, tai
kun se on minka tahansa N(R®)2:n osa, kumpikin R® yhdessa typen, johon ne ovat
liittyneet, kanssa voi muodostaa 3-6-jasenisen alifaattisen tai aromaattisen
heterosyklisen renkaan, joka késittdd 1 - 3 heteroatomia, jotka kukin on
riippumattomasti valittu N:n, O:n ja S:n joukosta;

tai sen stereoisomeeri tai farmaseuttisesti hyvaksyttava suola.

2. Patenttivaatimuksen 1 mukainen yhdiste, jolloin yhdisteelld on kaava
(1a), (Ib) tai (Ic),

jolloin
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Ra ja RP, yhdesséa hiiliatomin ja typpiatomin, joihin ne ovat liittyneet,
kanssa muodostavat ryhman, joka valitaan 5- ja 6-jasenisesta syklisestd amidista,
ja

R¢ on H; tai

Ra on Me, ja

Rb ja R¢, yhdessa typpiatomin ja hiiliatomin, joihin ne ovat liittyneet,
kanssa muodostavat ryhman, joka valitaan 5- ja 6-jdsenisesta syklisestd amidista;

Rd on H, tai R? ei ole lasnd, kun katkoviiva esittda sidosta; ja

R3, R4 R5 R¢, R7, R8 ja katkoviiva on méadritelty patenttivaatimuksessa 1;

tai sen stereoisomeeri tai farmaseuttisesti hyvaksyttava suola.

3. Patenttivaatimuksen 1 tai 2 mukainen yhdiste, jolloin yhdisteelld on
kaava (Ic), (I1d), (Ie), (If) tai (Ig),

(CH2)n
N O
R4
RS R® (d)
R3 (CH)n R®
R4 N><o R?
RS R®
6 7 R®
R¢ R ) ’
jolloin

mon 1 tai 2;

non1tai?2;

Rd on H, tai R? ei ole lasnd, kun katkoviiva esittda sidosta; ja

katkoviiva, R3, R4, R®, R¢, R7 ja R® on médritelty patenttivaatimuksessa 1;

tai sen stereoisomeeri tai farmaseuttisesti hyvaksyttava suola.

4. Patenttivaatimuksen 2 tai 3 mukainen yhdiste, jolloin yhdisteelld on
kaava (1d), (Ie), (If) tai (Ig), jolloin

mon 1tai?2;

non1tai?z;ja

R3, R%, R5, R%, R7 ja R® on madritelty patenttivaatimuksessa 1;

tai sen stereoisomeeri tai farmaseuttisesti hyvaksyttava suola.

5. Patenttivaatimuksen 2 tai 3 mukainen yhdiste, jolloin yhdisteelld on
kaava (Ic), jolloin

Rd on H, tai R? ei ole lasnd, kun katkoviiva esittda sidosta; ja
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katkoviiva, R3, R4, R®, R¢, R7 ja R® on médritelty patenttivaatimuksessa 1;

tai sen stereoisomeeri tai farmaseuttisesti hyvaksyttava suola.

6. Jonkin edellisistd patenttivaatimuksista mukainen yhdiste, jolloin

R3? ja R® on kukin riippumattomasti valittu ryhmaéstd, joka koostuu
seuraavista: H, halogeeni, Cis-alkyyli, Ciz-(per)haloalkyyli ja  Ci3-
(per)haloalkoksi;

R*ja R> ovat kumpikin halogeeni, tai yksi R*:std ja R%:std on halogeeni ja
toinen on Ci.4-alkyyli, C1.3-(per)haloalkyyli tai C1.3-(per)haloalkoksi; ja

R”7 on valittu ryhmadstd, joka koostuu seuraavista: H, halogeeni, OH,
NORS, Cy.4-alkyyli ja C13-(per)haloalkoksi;

tai sen stereoisomeeri tai farmaseuttisesti hyvaksyttava suola.

7.]Jonkin edellisista patenttivaatimuksista mukainen yhdiste, jolloin

R3? ja R® on kukin riippumattomasti valittu ryhmaéstd, joka koostuu
seuraavista: H, halogeeni, Cis-alkyyli, Ciz-(per)haloalkyyli ja  Ci3-
(per)haloalkoksi;

R% ja R5 ovat kumpikin F, tai yksi R*:std ja R>:std on F ja toinen on Ci.4-
alkyyli tai C13-(per)haloalkyyli; ja

R”7 on valittu ryhmadstd, joka koostuu seuraavista: H, halogeeni, OH,
NORS, Cy.4-alkyyli ja C1.3-(per)haloalkoksi;

tai sen stereoisomeeri tai farmaseuttisesti hyvaksyttava suola.

8. Jonkin edellisistd patenttivaatimuksista mukainen yhdiste, jolloin

R3ja R® on kukin riippumattomasti valittu H:n ja halogeenin joukosta;

R% ja R5 ovat kumpikin F, tai yksi R*:std ja R>:std on F ja toinen on Ci.4-
alkyyli tai C13-(per)haloalkyyli; ja

R” on valittu ryhmastd, joka koostuu seuraavista: H, F, OH ja C1.4-alkyyli;

tai sen stereoisomeeri tai farmaseuttisesti hyvaksyttava suola.

9.]Jonkin edellisista patenttivaatimuksista mukainen yhdiste, jolloin

R3, R¢ja R ovat H; ja

R*ja R5 ovat F;

tai sen stereoisomeeri tai farmaseuttisesti hyvaksyttava suola.

10. Jonkin patenttivaatimuksista 1 - 8 mukainen yhdiste, jolloin

R3ja Ré ovat H; ja

R4 R>ja R7 ovat F;

tai sen stereoisomeeri tai farmaseuttisesti hyvaksyttava suola.

11. Patenttivaatimuksen 10 mukainen yhdiste, jolloin

Ra on Me; ja
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Rb ja R¢, yhdessa typpiatomin ja hiiliatomin, joihin ne ovat liittyneet,
kanssa muodostavat ryhman, joka valitaan 5- ja 6-jdsenisesta syklisestd amidista;

tai sen stereoisomeeri tai farmaseuttisesti hyvaksyttava suola.

12. Jonkin patenttivaatimuksista 1 — 5 mukainen yhdiste, jolloin

R3? ja R® on kukin riippumattomasti valittu ryhmaéstd, joka koostuu
seuraavista: H, halogeeni, Cis-alkyyli, Ci3-(per)haloalkyyli ja  Ci3-
(per)haloalkoksi;

R%ja R®> ovat kumpikin F, tai yksi R*:std ja R>:std on halogeeni ja toinen
on H, Ci4-alkyyli tai C1.3-(per)haloalkyyli; ja

R” on valittu ryhmastd, joka koostuu seuraavista: halogeeni, OH, Ci.3-
(per)haloalkoksi;

tai sen stereoisomeeri tai farmaseuttisesti hyvaksyttava suola.

13. Jonkin patenttivaatimuksista 1-5 tai patenttivaatimuksen 12
mukainen yhdiste, jolloin

R3? ja R® on kukin riippumattomasti valittu ryhmaéstd, joka koostuu
seuraavista: H ja F;

R%ja R> ovat kumpikin F, tai yksi R*:std ja R5:std on F ja toinen on H, Cs-
s-alkyyli tai C1.3-(per)haloalkyyli; ja

R” on valittu ryhmadstd, joka koostuu seuraavista: F, OH;

tai sen stereoisomeeri tai farmaseuttisesti hyvaksyttava suola.

14. Jonkin edellisistd patenttivaatimuksista mukainen yhdiste, jolloin
yhdiste on valittu ryhmasts, joka koostuu seuraavista:

5-Fluoro-1-metyyli-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indoli;

6-Fluoro-1-metyyli-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indoli;

4,6-Difluoro-1-metyyli-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indoli;

7-Fluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[ 2,3-a]kinolitsin-4-oni;

7,8,9,10-Tetrafluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-
a]kinolitsin-4-oni;

(7R,12bS)-7,8,9,10-Tetrafluoro-1H,2H,3H,4H,6H,7H,12H,12bH-
indolo[2,3-a]kinolitsin-4-oni;

(7R,12bR)-7,8,9,10-Tetrafluoro-1H,2H,3H,4H,6H,7H,12H,12bH-
indolo[2,3-a]kinolitsin-4-oni;

(7S,12bR)-7,8,9,10-Tetrafluoro-1H,2H,3H,4H,6H,7H,12H,12bH-
indolo[2,3-a]kinolitsin-4-oni;

7,9-Difluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[ 2,3-a] kinolitsin-4-

oni;
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7,8,10-Trifluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-
a]kinolitsin-4-oni;
4,5,6,7-Tetrafluoro-1-metyyli-2,3,4,9-tetrahydro-1H-pyrido[3,4-
b]indoli;
5,6-difluoro-1-metyyli-4,9-dihydro-3H-pyrido[3,4-b]indoli;
5,6,7-trifluoro-1-metyyli-4,9-dihydro-3H-pyrido[3,4-b]indoli;
4,5,6,7-tetrafluoro-1-metyyli-4,9-dihydro-3H-pyrido[3,4-b]indoli;
7,8,10-Trifluoro-5-metyyli-1,5,10,10a-tetrahydropyrrolo[1,2-
blisokinolin-3(2H)-oni;
(5S,10R,10aR)-7,8,10-Trifluoro-5-metyyli-1,5,10,10a-
tetrahydropyrrolo[1,2-b]isokinolin-3(2H)-oni;
(5S,10R,10aS)-7,8,10-Trifluoro-5-metyyli-1,5,10,10a-
tetrahydropyrrolo[1,2-b]isokinolin-3(2H)-oni;
(55,10S,10aR)-7,8,10-Trifluoro-5-metyyli-1,5,10,10a-
tetrahydropyrrolo[1,2-b]isokinolin-3(2H)-oni;
7,10-Difluoro-5-metyyli-1,5,10,10a-tetrahydropyrrolo[1,2-
blisokinolin-3(2H)-oni;
9,10-Difluoro-5-metyyli-1,5,10,10a-tetrahydropyrrolo[1,2-
blisokinolin-3(2H)-oni;
7,8-Difluoro-5-metyyli-1,5,10,10a-tetrahydropyrrolo[1,2-b]isokinolin-
3(2H)-oni;
(5R,11S)-10,11-Difluoro-5-metyyli-1,2,5,6,11,11a-heksahydro-3H-
indolitsino[6,7-b]indol-3-oni;
(6R,12S)-12-Fluoro-6-metyyli-6,9,10,11,11a,12-
heksahydroindolo[3,2-b]kinolitsin-8(5H)-oni;
(5R,11S)-11-Fluoro-5-metyyli-1,2,5,6,11,11a-heksahydro-3H-
indolitsino[6,7-b]indol-3-oni;
(6R,12S)-1,12-Difluoro-6-metyyli-6,9,10,11,11a,12-
heksahydroindolo[3,2-b]kinolitsin-8(5H)-oni;
(5R)-9-Fluoro-5-metyyli-1,2,5,6,11,11a-heksahydro-3H-
indolitsino[6,7-b]indol-3-oni;
(6R)-2-Fluoro-6-metyyli-6,9,10,11,11a,12-heksahydroindolo(3,2-
b]kinolitsin-8(5H)-oni;
(4S)-4,6-difluoro-1-metyyli-4,9-dihydro-3H-pyrido|[3,4-b]indoli;
(5S,6S,10bS)-6,9-difluoro-5-metyyli-1,5,6,10b-tetrahydropyrrolo[2,1-

a]isokinolin-3(2H)-oni;
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(5R,6R,10bS)-6,9-difluoro-5-metyyli-1,5,6,10b-tetrahydropyrrolo[2,1-
alisokinolin-3(2H)-oni;

(5R,6S,10bR)-6,8,9-trifluoro-5-metyyli-1,5,6,10b-
tetrahydropyrrolo[2,1-a]isokinolin-3(2H)-oni;

(7R,12bS)-7,8,9-trifluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[ 2,3-
a]kinolitsin-4-oni;

(7S,12bR)-7,8,9-trifluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[ 2,3-
a]kinolitsin-4-oni;

(7R,12bR)-7,8,9-trifluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-
a]kinolitsin-4-oni;

(12bS)-9,10-difluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-
a]kinolitsin-4-oni;

(7R,12bR)-7,8,9-trifluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[2,3-
a]kinolitsin-4-oni;

(7S,12bS)-7,8,9-trifluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[ 2,3-
a]kinolitsin-4-oni;

(5S,6R,10bS)-6,8-difluoro-5-metyyli-1,5,6,10b-tetrahydropyrrolo[2,1-
alisokinolin-3(2H)-oni;

(5S,10S,10aR)-8,10-difluoro-5-metyyli-1,5,10,10a-
tetrahydropyrrolo[1,2-b]isokinolin-3(2H)-oni;

(1R,4R)-4,6,7-trifluoro-1-metyyli-2,3,4,9-tetrahydro-1H-pyrido[3,4-
b]indoli;

(7R,12bS)-7,9,10-trifluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo|2,3-
a]kinolitsin-4-oni;

(7R,12bR)-7,8-difluoro-1H,2H,3H,4H,6H,7H,12H,12bH-indolo[ 2,3-
a]kinolitsin-4-oni;

(5R,6R,10bS)-6,9-difluoro-5-metyyli-1,5,6,10b-tetrahydropyrrolo[2,1-
alisokinolin-3(2H)-oni; ja

6-fluoro-1-metyyli-4,9-dihydro-3H-pyrido[3,4-b]indoli;

tai sen stereoisomeeri tai farmaseuttisesti hyvaksyttava suola.

15. Farmaseuttinen koostumus, joka késittdd yhden tai useamman
jonkin edellisistda patenttivaatimuksista mukaisen yhdisteen tai sen
stereoisomeerin tai farmaseuttisesti hyvaksyttdvan suolan tehokkaan maédran,
yhdessa yhden tai useamman farmaseuttisesti hyvaksyttdvdn apuaineen kanssa.

16. Patenttivaatimuksen 15 mukainen farmaseuttinen koostumus, joka

kdsittda yhden tai useamman jonkin patenttivaatimuksista 1 - 14 mukaisen
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yhdisteen tai sen stereoisomeerin tai farmaseuttisesti hyvaksyttdvan suolan,
yhdistelmdnd yhden tai useamman farmaseuttisesti hyvdksyttdvdn kantajan
kanssa.

17. Jonkin patenttivaatimuksista 15 - 16 mukainen farmaseuttinen
koostumus, joka kasittdd yhden tai useamman jonkin patenttivaatimuksista 1 - 14
mukaisen yhdisteen tai sen stereoisomeerin tai farmaseuttisesti hyvaksyttdvan
suolan, yhdistelmana yhden tai useamman muun aktiivisen aineosan kanssa.

18. Jonkin patenttivaatimuksista 1 - 14 mukainen yhdiste tai sen
stereoisomeeri tai farmaseuttisesti hyvaksyttava suola, kdytettdvaksi ladkkeena.

19. Jonkin patenttivaatimuksista 1 - 14 mukainen yhdiste tai sen
stereoisomeeri tai farmaseuttisesti hyvaksyttava suola, kaytettavaksi
keskushermostoon liittyvien sairauksien tai tilojen hoidossa tai ehkaisyssa.

20. Jonkin patenttivaatimuksista 1 - 14 mukainen yhdiste tai sen
stereoisomeeri tai farmaseuttisesti hyvaksyttdva suola, kdytettdvaksi sairauden tai
tilan hoidossa tai ehkdisyssa patenttivaatimuksen 19 mukaisesti, jossa sairaus ja
tila on valittu ryhmastd, joka koostuu Alzheimerin taudista, Parkinsonin taudista,
depressiosta, ahdistuneisuudesta, hyperaktiivisuudesta, narkolepsiasta,
huumeriippuvuudesta, alkoholismista, anoreksiasta, bulimiasta ja
mitokondriotaudista.

21. Menetelma patenttivaatimuksessa 1 maaritellyn yhdisteen, jolla on
kaava (I), tai sen farmaseuttisesti hyvaksyttdvan suolan tai stereoisomeerin
valmistamiseksi, kdsittden vaiheet, joissa:

- jarjestetadn yhdiste, jolla on kaava (I')

(1

’

jolloin R1, R? ja R7 on madritelty patenttivaatimuksessa 1,

jossa silloin, kun R1 ja R?, yhdessa hiiliatomien, joihin ne ovat liittyneet,
kanssa muodostavat 1H-indoliryhmaén, niin mainitun 1H-indoliryhmadn typpi on
valinnaisesti suojattu suojaryhmalla,

jossa silloin, kun R7 on OH tai SH, niin mainitun OH:n tai SH:n happi tai
rikki on valinnaisesti suojattu suojaryhmalla,

RV ja R<”, yhdessa hiiliatomin ja typpiatomin, joihin ne ovat liittyneet,
kanssa muodostavat ryhman, joka valitaan 5- ja 6-jasenisesta syklisestd amidista,
tai
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RV on H tai aktivoimisryhmd, ja R¢" on H;

- annetaan mainitun yhdisteen, jolla on kaava (I'), reagoida aldehydin
kanssa, valinnaisesti siten, ettd lasnda on yksi tai useampi
aktivoimisryhmaéreaktantti, joka valinnaisesti yhdessa yhden tai

5 useamman aktivoimisryhman kanssa edistda renkaanmuodostusta;

- valinnaisesti suoritetaan yksi tai useampi suojauksenpoistoreaktio;

- niin ettd saadaan yhdiste, jolla on kaava (1)

10 jolloin R, R2? R7, Ra Rb, Rc ja katkoviiva on maédritelty
patenttivaatimuksessa 1; ja
valinnaisesti konvertoidaan yhdiste, jolla on kaava (I), sen
farmaseuttisesti hyvaksyttavaksi suolaksi.

15
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<120>

<130>

<160>

<170>

<210>
<211>
<212>
<213>

<220>
<223>

<220>
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<223>

<220>
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<222>
<223>

<220>
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<220>
<221>
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<223>

<220>
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<222>
<223>

<220>

SEQUENCE LISTING
Equinorm Ltd
NOVEL HETEROCYCLIC COMPOUNDS AND THEIR USE

2200327FI

PatentIn version 3.5

1

18795

DNA

Artificial Sequence

Synthetic circular DNA construct suitable for Bacillus subtilis

rep_origin
(1)..(546)
p15A ori

promoter
(549)..(990)
pGAL1

5'UTR
(991)..(1015)
5'UTR 12 (doi: 10.1021/acssynbio.9b00355)

sig_peptide
(1016)..(1114)
AmyeE sig.pept (d0i:10.1128/mmbr.64.3.515-547.2000)

enhancer
(1115)..(1141)
propeptide (doi: 10.5772/29256)
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<221> gene
<222> (1142)..(3097)
<223> AHAS1 (Q5VB45_HELAN) doi: 10.1002/bit.10728

<220>

<221> sig_peptide

<222> (3098)..(3199)

<223> sortase cleavage signal (10.1128/)B.186.16.5376-5383.2004)

<220>

<221> 3'UTR

<222> (3203)..(3222)

<223> 3'UTR (doi: 10.1093/bioinformatics/15.7.578)

<220>

<221> terminator

<222> (3223)..(3261)

<223> Terminator BBa_B1006

<220>

<221> CDS

<222> (3262)..(4140)

<223> araC, L-arabinose regulatory protein

<220>

<221> promoter

<222> (4167)..(4451)

<223> araBAD, promoter of the L-arabinose operon of E. coli

<220>

<221> primer_bind
<222> (4374)..(4393)
<223> pBAD Forward

<220>

<221> 5'UTR

<222> (4452)..(4476)

<223> 5'UTR 12 (doi: 10.1021/acssynbio.9b00355)(8)

<220>

<221> sig_peptide

<222> (4477)..(4575)

<223> AmyE sig.pept (d0i:10.1128/mmbr.64.3.515-547.2000)(4)

<220>
<221> enhancer
<222> (4576)..(4602)
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<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

propeptide (doi: 10.5772/29256)(4)

gene
(4603)..(5985)
Transaminase E1V913 HALED (EC 2.6.1)

sig_peptide
(5986)..(6087)
sortase cleavage signal (10.1128/JB.186.16.5376-5383.2004)(4)

3'UTR
(6091)..(6110)
3'UTR (doi:10.1093/bioinformatics/15.7.578)(8)

terminator
(6111)..(6149)
Terminator BBa_B1006(8)

promoter
(6150)..(6627)
alcA promoter (GB: KC189906.1)

5'UTR
(6628)..(6652)
5'UTR 12 (doi: 10.1021/acssynbio.9b00355)(1)

sig_peptide
(6653)..(6751)
AmyeE sig.pept (d0i:10.1128/mmbr.64.3.515-547.2000)(1)

enhancer
(6752)..(6778)
propeptide (doi: 10.5772/29256)(1)

gene
(6779)..(7009)
Salsolinol synthase (d0i:10.1021/acschemneuro.8b00023)
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<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>

sig_peptide
(7010)..(7111)

sortase cleavage signal (10.1128/JB.186.16.5376-5383.2004)(1)

3'UTR
(7115)..(7134)
3'UTR (doi:10.1093/bioinformatics/15.7.578)(2)

terminator
(7135)..(7173)
Terminator BBa_B1006(2)

promoter
(7174)..(7229)
p43 promoter (iGEM: BBa_K143013)

5'UTR
(7230)..(7254)
5'UTR 12 (doi: 10.1021/acssynbio.9b00355)(7)

gene
(7255)..(9720)
alcR

3'UTR
(9721)..(9740)
3'UTR (doi:10.1093/bioinformatics/15.7.578)(1)

terminator
(9741)..(9779)
Terminator BBa_B1006(1)

promoter
(9780)..(9965)
CUP1 promoter

5'UTR
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<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

(9966)..(9990)
5'UTR 12 (doi: 10.1021/acssynbio.9b00355)(2)

sig_peptide
(9991)..(10089)
AmyeE sig.pept (d0i:10.1128/mmbr.64.3.515-547.2000)(2)

enhancer
(10090)..(10116)
propeptide (doi: 10.5772/29256)(2)

gene
(10117)..(10689)
Norcolaurine synthase (EC 4.2.1.78, DOI: 10.1039/c7cc08024g) A79I

sig_peptide
(10690)..(10791)
sortase cleavage signal (10.1128/JB.186.16.5376-5383.2004)(3)

3'UTR
(10795)..(10814)
3'UTR (doi:10.1093/bioinformatics/15.7.578)(5)

terminator
(10815)..(10853)
Terminator BBa_B1006(5)

promoter
(10854)..(10950)
Pveg promoter (igem: BBa_K143012)

5'UTR
(10951)..(10975)
5'UTR 12 (doi: 10.1021/acssynbio.9b00355)(5)

gene
(10976)..(11650)
CUP2 regulator (GB: DAA07947.1 doi: 10.1128/mcb.9.9.4091)
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<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>

3'UTR
(11654)..(11673)
3'UTR (doi:10.1093/bioinformatics/15.7.578)(6)

terminator
(11674)..(11712)
Terminator BBa_B1006(6)

primer_bind
(11713)..(11745)
FerFOW1

promoter
(11728)..(14632)
FO-Fer Promoter (doi:10.1186/s13071-019-3574-9)

primer_bind
(14614)..(14632)
FerREV1

5'UTR
(14633)..(14657)
5'UTR 12 (doi: 10.1021/acssynbio.9b00355)(4)

sig_peptide
(14658)..(14756)
AmyeE sig. pept (doi:10.1128/mmbr.64.3.515-547.2000)(3)

enhancer
(14757)..(14783)
propeptide (doi: 10.5772/29256)(3)

gene
(14784)..(15335)
P11086 PNMT (EC 2.1.1.28)
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<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>

sig_peptide
(15336)..(15437)
sortase cleavage signal (10.1128/JB.186.16.5376-5383.2004)(2)

3'UTR
(15441)..(15460)
3'UTR (doi:10.1093/bioinformatics/15.7.578)(3)

terminator
(15461)..(15499)
Terminator BBa_B1006(3)

misc_feature
(15500)..(16504)
RepB

rep_origin
(16657)..(16683)
OriU(https://www.ncbi.nIm.nih.gov/nuccore/U3236 9.1)

promoter
(17001)..(17036)
Bacillus phage SPO1 promoter (NC_011421.1,iGEM BBa_K780003)

5'UTR
(17037)..(17061)
5'UTR 12 (doi: 10.1021/acssynbio.9b00355)(6)

misc_feature
(17062)..(17742)
mRaspberry reporter ex 598nm

3'UTR
(17743)..(17762)
3'UTR (doi:10.1093/bioinformatics/15.7.578)(7)

terminator
(17763)..(17801)
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<223> Terminator BBa_B1006(7)

<220>

<221> promoter

<222> (17802)..(17850)

<223> pBLY promoter (d0i:10.1007/s10529-017-2304-7)

<220>

<221> 5'UTR

<222> (17851)..(17875)

<223> 5'UTR 12 (doi: 10.1021/acssynbio.9b00355)(3)

<220>

<221> sig_peptide

<222> (17876)..(17935)

<223> Signalling peptide PrsA (WP_015383240.1)

<220>

<221> misc_feature

<222> (17936)..(18733)

<223> PrsABI-Bn (doi: 10.1186/s12934-019-1203-0)
<220>

<221> 3'UTR

<222> (18737)..(18756)

<223> 3'UTR (doi:10.1093/bioinformatics/15.7.578)(4)
<220>

<221> terminator

<222> (18757)..(18795)

<223> Terminator BBa_B1006(4)

<400> 1
ttgagatcgt titggtctge gegtaatcte ttgetctgaa aacgaaaaaa cegecttgea 60

gggcggtttt tcgaaggttc tetgagetac caactcetttg aaccgaggta actggettgg 120
aggagcgcag tcaccaaaac ttgtecttte agtttagect taaccggege atgacttcaa 180
gactaactcc tctaaatcaa ttaccagtgg ctgetgecag tggtgcetttt geatgtettt 240
ccgggttgga ctcaagacga tagttaccgg ataaggegea geggteggac tgaacggggg 300
gttcgtgeat acagtccage ttggagegaa ctgectacee ggaactgagt gtcaggegtg 360

gaatgagaca aacgcggcca taacagegga atgacaccgg taaaccgaaa ggcaggaaca 420
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ggagagcgea cgagggagec gecaggggga aacgectggt atctttatag tectgteggg 480
tttcgecacc actgatttga gegtcagatt tegtgatget tgtcaggggg geggagecta 540
tggaaaaacg gattagaagc cgecgagegg gtgacagecc tecgaaggaa gactctecte 600
cgtgegtect cgtettcace ggtegegtte ctgaaacgea gatgtgecte gegeegecact 660
gctccgaaca ataaagattc tacaatacta gettttatgg ttatgaagag gaaaaattgg 720
cagtaacctg gccccacaaa ccttcaaatg aacgaatcaa attaacaacc ataggatgat 780
aatgcgatta gtttittagce cttatttctg gggtaattaa tcagcgaage gatgatttit 840
gatctattaa cagatatata aatgcaaaaa ctgcataacc actttaacta atactttcaa 900
cattttcggt ttgtattact tcttattcaa atgtaataaa agtatcaaca aaaaattgtt 960
aatatacctc tatactttaa cgtcaaggag gtatattaga aaggaggaat atataatgtt 1020
tgcaaaaaga tttaaaacat cactgetgec getgtttgea ggetttctge tgetgtttca 1080
tctggtictg gcaggeccgg cageageate agcactggaa atttcatcaa catgegatge 1140
aatggccgct ccacctaacc caagtatcte gttcaaaccg ccttcteegg cggetgegtt 1200
acctectegt tcagegttte ttecgegcett tgecttgeca atcacgteca caactcagaa 1260
aaggcaccgc ttgecatatca geaatgtctt gagtgacagt aaatccacca caacaaccac 1320
acaaccgect ctgcaagecce aaccgtttgt cagcagatat getccggate aaccteggaa 1380
aggagccgac gttctegteg aagegetgga acgtgaagga gttacagacg tgtttgegta 1440
tccgggaggg getictatgg aaatccatca ggeattaacc cgecagecaaca cgattcggaa 1500
tgttttacct cgtcatgaac agggaggagt ctttgcagcea gagggatatg cgagagegtc 1560
aggactccce ggegtatgea ttgeaacttc tggeectgga getacgaact tagtgtetgg 1620
tcttgcagat gegetgetgg actetgtice gatggtageg attacgggtc aagtcccaag 1680
acggatgatt ggcactgatg tgttccaaga aacacccatc gtggaagtga ccagatccat 1740
cacaaagcac aattatctgg tcttagatgt tgaggatata ccgaggattg tacgcgaage 1800

attttatctt gectegtcag ggegtectgg cectgtetig attgatgtic ctaaagacat 1860



20215387 PrH 31 -03- 2021

ccaacagcaa ctggtggtce cgaaatggga tgagecgatg cggettcecg gatacttate 1920
acggatgcca aaaccgceaat atgatggeca tctggaacag atcgtteget tagtaggtga 1980
agctaagegg ccggttctgt acgtaggegg tgggtgtctg aaticagatg atgagetgag 2040
aagatitgtg gaactcacag gcataccagt tgctagecacg ttgatgggat tgggagegta 2100
tccggegtea tcagatcetgt ctcttcatat gectggggatg catggeacag tgtacgccaa 2160
ctatgctgtt gacaaatctg atttactctt ggecatttgge gttcgttttg atgacagagt 2220
tactggcaaa cttgaagcgt ttgcgagecg agecaaaatt gtccacatag acatcgatce 2280
tgccgagatt gggaagaaca aacaaccgcea tgtgtcaatt tgeggggaca tcaaagttge 2340
acttcaagga cttaacaaaa tccttgagga aaagaattcg gtaacaaacc ttgatitcag 2400
caattggcgce aaggaactgg atgaacagaa agtgaaattt ccgcttaget tcaagacgtt 2460
tggtgaagca atcccaccge ageatgecat acaggtgttg gatgagetta caggtggcaa 2520
tgcgattatt tcgacaggtg ttggtcaaca tcagatgtgg geagctcaat tttataagta 2580
caacaaacct cgacagtggc tcacgagtgg aggtttagge gcaatggggt ttggtctgee 2640
agctgecatt ggegetgegg ttgctagace ggatgeggte gtegtegaca tegatggaga 2700
tggatcctic atgatgaatg tacaggaatt agcaacgata cgtgttgaga atttgceggt 2760
caaaatcctt ctgctcaata accageactt aggaatggta gtacagtggg aagatcgett 2820
ctacaaagct aatcgagctc atacctacct tggcaatecg tccaaagaga gegagatttt 2880
cccaaacatg gtcaaatttg ccgaagcatg tgacaticcg getgecacgag tgactcaaaa 2940
ggccgattta agggecgeaa ttcagaaaat getggataca ccgggeccect atctectgga 3000
cgtgattgtg cctcatcaag aacacgtatt gcccatgatt ccagcaggag geggcttttc 3060
agacgtaatt accgaaggcg atgggagaac gaagtatctg ccggatacat cagcaggeta 3120
ttataatgaa atggttatig gcgcagceagt tacaatttca ggcacatate tggttagaag 3180

aaaaagagca tcaagaacat aaggctggat cacctccttt ctaaaaaaaa accccgeece 3240
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tgacagggcg gggtttttit t tta tga caa ctt gac ggc tac atc att cac 3291
Leu GlIn Leu Asp Gly Tyr lle lle His
1 5

ttt ttc ttc aca acc gge acg gaa cte get cgg get gge cec ggt gea 3339
Phe Phe Phe Thr Thr Gly Thr Glu Leu Ala Arg Ala Gly Pro Gly Ala
10 15 20 25

ttt ttt aaa tac ccg cga gaa ata gag ttg atc gtc aaa acc aac att 3387
Phe Phe Lys Tyr Pro Arg Glu lle Glu Leu lle Val Lys Thr Asn lle
30 35 40

gcg acc gac ggt gge gat agg cat ccg ggt ggt get caa aag cag ctt 3435
Ala Thr Asp Gly Gly Asp Arg His Pro Gly Gly Ala GIn Lys GIn Leu
45 50 55

cgc ctg get gat acg ttg gte cte geg cca get taa gac get aat cec 3483
Arg Leu Ala Asp Thr Leu Val Leu Ala Pro Ala  Asp Ala Asn Pro
60 65 70

taa ctg ctg gcg gaa aag atg tga cag acg cga cgg cga caa gca aac 3531
Leu Leu Ala Glu Lys Met  GIn Thr Arg Arg Arg GIn Ala Asn
75 80 85

atg ctg tgc gac get gge gat atc aaa att get gte tge cag gtg atc 3579
Met Leu Cys Asp Ala Gly Asp lle Lys lle Ala Val Cys GIn Val lle
90 95 100

gct gat gta ctg aca agc ctc geg tac ccg att atc cat cgg tgg atg 3627
Ala Asp Val Leu Thr Ser Leu Ala Tyr Pro lle lle His Arg Trp Met
105 110 115

gag cga ctc gtt aat cgc ttc cat gcg ccg cag taa caa ttg ctc aag 3675
Glu Arg Leu Val Asn Arg Phe His Ala Pro GIn  GIn Leu Leu Lys
120 125 130

cag att tat cgc cag cag ctc cga ata geg ccc tic cec ttg ccc gge 3723
GlIn lle Tyr Arg GIn GIn Leu Arg lle Ala Pro Phe Pro Leu Pro Gly
135 140 145

gtt aat gat titg ccc aaa cag gtc gct gaa atg cgg ctg gtg cgce tic 3771
Val Asn Asp Leu Pro Lys GIn Val Ala Glu Met Arg Leu Val Arg Phe
150 155 160 165

atc cgg gcg aaa gaa ccc cgt att ggec aaa tat tga cgg cca gtt aag 3819
lle Arg Ala Lys Glu Pro Arg lle Gly Lys Tyr  Arg Pro Val Lys
170 175 180
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cca ttc atg cca gta gge geg cgg acg aaa gta aac cca ctg gtg ata 3867
Pro Phe Met Pro Val Gly Ala Arg Thr Lys Val Asn Pro Leu Val lle
185 190 195
ccg ttec geg age cte cgg atg acg acc gta gtg atg aat ctc tec tgg 3915
Pro Phe Ala Ser Leu Arg Met Thr Thr Val Val Met Asn Leu Ser Trp
200 205 210
Cgg gaa cag caa aat atc acc cgg tcg gea aac aaa tic teg tee ctg 3963
Arg Glu GIn GIn Asn lle Thr Arg Ser Ala Asn Lys Phe Ser Ser Leu
215 220 225
att ttt cac cac ccc ctg acc gecg aat ggt gag att gag aat ataacc 4011
lle Phe His His Pro Leu Thr Ala Asn Gly Glu lle Glu Asn lle Thr
230 235 240
ttt cat tcc cag cgg tcg gtc gat aaa aaa atc gag ata acc gtt ggc 4059
Phe His Ser GIn Arg Ser Val Asp Lys Lys lle Glu lle Thr Val Gly
245 250 255 260
ctc aat cgg cgt taa acc cge cac cag atg ggc att aaa cga gta tcc 4107
Leu Asn Arg Arg  Thr Arg His GIn Met Gly lle Lys Arg Val Ser
265 270 275
cgg cag cag ggg atc att ttg cgc ttc age cat acttttcata ctecccgecat 4160
Arg GIn GIn Gly lle Ile Leu Arg Phe Ser His
280 285
tcagagaaga aaccaattgt ccatattgca tcagacattg ccgtcactge gtettttact 4220
ggctcttcte getaaccaaa ccggtaacce cgettattaa aageattctg taacaaageg 4280
ggaccaaagc catgacaaaa acgegtaaca aaagtgtcta taatcacgge agaaaagtce 4340
acattgatta tttgcacgge gtcacacttt getatgecat agcattttta tccataagat 4400
tagcggatcc tacctgacgce tttttatcge aactctctac tgtttcteca tgtatattag 4460
aaaggaggaa tatataatgt ttgcaaaaag atttaaaaca tcactgetge cgetgtttge 4520
aggctttctg ctgctgtttc atctggtict ggcaggeccg gcageageat cagecactgga 4580

aatttcatca acatgcgatg caatgcaaac acaggactat caggctitag accgagcaca 4640

tcatcttcac ccttttacgg atttcaaage ccttggggaa gaagggtcca gagtegtcac 4700
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ccatgcagaa ggegtatata tccacgattc agagggtaat cgeatttigg atgggatgge 4760
tggactctgg tgtgtgaacc tcggatatgg ccgtagagaa ctcgtagaag ccgecaacgge 4820
tcaattggaa cagcttccgt actataacac ctictttaaa acgacgceatc caccagetgt 4880
gegtcttgeg gagaagcetgt gegatttage accggcetcac attaategeg tgtictttac 4940
cggttccggg agtgaagega acgataccgt attacgtatg gtcaggeget attgggeect 5000
taaaggacaa ccggataaac agtggattat cggacgcgag aatgcatatc atgggagcac 5060
attagcgggt atgagecttg gaggtatgge acctatgeac getcaaggeg gaccatgtgt 5120
tcctggeatt geccatatec gtcaaccgta ctggtitgga gaaggtcgag atatgtcace 5180
ggaggcgttt ggccagacat gtgecgaage acttgaagag aaaatctigg aactcggega 5240
ggagaaagtt gcecgegttta tagetgaacc agticaaggt gcaggaggtg caattatgec 5300
tccggaaagce tactggectg cecgtcaagaa ggtgetgget aaatacgaca ttttgettgt 5360
agcggacgaa gttatttgeg gatttggacg gttaggagaa tggtitggct ctcagcacta 5420
tggattagaa ccggatctga tgcccatage gaaaggactt tegtcagget atttgecgat 5480
tggcggagtc ctigtiggeg atagagttge ggagacactg atcgaggagg geggtgaatt 5540
ctttcatggce tttacgtact cgggecatec gacatgegcet getgtegegt taaagaacct 5600
tgaactgctg gaagctgaag gggtagtgga tcgegtgaga gatgatctgg geecttatct 5660
cgccgaaagg tgggectcte tggtagatca teccategtt ggtgaageta ggagtctggg 5720
attgatgggc gcattggaat tagtcgegga caaaactact ggecaacggt ttgacaaatc 5780
attgggcgca gggaatctgt gtcgggatct gtgettcgeg aatgggetgg ttatgegttc 5840
tgtgggagat acgatgatca ttagcccgec actggtgatt cgaagagaag agatagacga 5900
actcgtcgag ttagccagac gggcattaga cgaaacageg agacagcetga cacaagttcc 5960
gcatacacag gaagagccta ctgeactgece ggatacatca gcaggcetatt ataatgaaat 6020
ggttattggc gcagcagtta caatttcagg cacatatctg gttagaagaa aaagagcatc 6080

aagaacataa ggctggatca cctectttct aaaaaaaaac cccgeecectg acagggeggg 6140
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gtttttttta tgcatgegga accgecacgag gatgeatgeg gaaccgeacg aggatgeatg 6200
cggaaccgca cgaggatgcea tgeggaacceg cacgaggatg catgeggaac cgecacgaggt 6260
cgatagttgt gatagttccc acttgtcegt ccgeategge atccgeaget cgggatagtt 6320
ccgacctagg attggatgcea tgeggaaccg cacgagggeg gggeggaaat tgacacacca 6380
ctecteteca cgeaccegtic aagaggtacg cgtatagage cgtatagage agagacggag 6440
cactttctgg tactgtccge acgggatgtc cgcacggaga gecacaaacg ageggggeee 6500
cgtacgtgct ctectaccec aggatcgeat ccccgeatag ctgaacaggg atgacgcaca 6560
atcccactat ccticgcaag acccticcte tatataagga agttcatttc atttggagag 6620
gacctcggta tattagaaag gaggaatata taatgtttgec aaaaagattt aaaacatcac 6680
tgctgecgct gtttgeagge tttetgetge tgtttcatet ggttctggea ggeccggecag 6740
cagcatcagce actggaaatt tcatcaacat gcgatgcaat gecagattttc gtcaaaacac 6800
ttacagggaa aacgataaca ctggaagtag aaccgtctga taccatcaag aatgtgaaag 6860
cgaagattca ggataaagag ggtattcctc cagatcaaca acggtigatc titgcaggca 6920
aacaactcga agatggaaga actctgtcag actacaacat ccagaagaaa agcacgttac 6980
atctggttct tcgettacgt gttgactatc tgeccggatac atcagecagge tattataatg 7040
aaatggttat tggcgcagea gttacaattt caggcacata tctggttaga agaaaaagag 7100
catcaagaac ataaggctgg atcacctect ttctaaaaaa aaaccccgec cctgacaggg 7160
cggggttttt tttattttac atttitagaa atgggcegtga aaaaaagege gegattatgt 7220
aaaatataag tatattagaa aggaggaata tataatggca gatacaagaa gaagacaaaa 7280
tcattcatge gatccgtgea gaaaaggcaa aagaagatge gatgcaccgg aaaatagaaa 7340
tgaagcaaat gaaaatggct gggtttcatg ctcaaattge aaaagatgga ataaagattg 7400
cacatttaat tggctgtcat cacaaagatc aaaagcaaaa ggegcageac cgagagcaag 7460

aacaaaaaaa gcaagaacag caacaacaac atcagaaccg tcaacatcag cagcaacaat 7520
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tccgacaccg gaatcagata atcatgatge accgecggtt attaattcac atgatgcact 7580
geegtcatgg acacaaggcec tgetgtcaca tecgggegat ctgtttgatt titcacattc 7640
agcaattccg gcaaatgcag aagatgcage aaatgticaa tcagatgeac cgtttecgtg 7700
ggatctggca attccgggeg atttttcaat gggecaacaa ctggaaaaac cgetgtcace 7760
gctgtcattt caagcagttc tgetgecgec geattcaccg aatacagatg atctgattag 7820
agaactggaa gaacaaacaa cagatccgga ttcagttaca gatacaaatt cagttcaaca 7880
agttgcacaa gatggctcac tgtggtcaga tagacaatca ccgetgetge cggaaaatic 7940
actgtgcatg gcatcagatt caacagcaag aagatatgca agatcaacaa tgacaaaaaa 8000
tctgatgaga atttatcatg attcaatgga aaatgcactg tcatgctgge tgacagaaca 8060
taattgcccg tattcagatc aaatttcata tetgecgecg aaacaaagag cagaatgggg 8120
cccgaattgg tcaaatagaa tgtgcattag agtitgcaga ctggatagag tttcaacatc 8180
actgagaggc agagcactgt cagcagaaga agataaagca gcagcaagag cactgcatct 8240
ggcaattgtt gcatttgcat cacaatggac acaacatgca caaagaggeg caggectgaa 8300
tgttccggea gatattgcag cagatgaaag atcaattaga agaaatgcat ggaatgaage 8360
aagacatgca ctgcaacata caacaggcat tccgtcattt agagttatit ttgcaaatat 8420
tattttttca ctgacacaat cagtictgga tgatgatgaa caacatggca tgggcgcaag 8480
actggataaa ctgctggaaa atgatggege accggttttt ctggaaacag caaatagaca 8540
actgtataca tttagacata aatitgcaag aatgcaaaga agaggcaaag catttaatag 8600
actgceggge ggcteagttg catcaacatt tgcaggceatt tttgaaacac cgacaccgtc 8660
atcagaatca ccgcaactgg atccggttgt tgcatcagaa gaacatagat caacactgtc 8720
actgatgttt tggctgggcea ttatgtttga tacactgtca gcagcaatgt atcaaagacc 8780
gctggttgtt tcagatgaag attcacaaat ticatcagea tcaccgecga gaagaggege 8840
agaaacaccg attaatctgg attgctggga accgecgaga caagttcegt caaatcaaga 8900

aaaatcagat gtttggggcg atctgtttct gagaacatca gattcactge cggatcatga 8960
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atcacataca caaatttcac aaccggcage aagatggeceg tgcacatatg aacaagcagc 9020
agcagcactg tcatcagcaa caccggttaa agttctgetg tatagaagag ttacacaact 9080
gcaaacactg ctgtatagag gcgcatcacc ggcaagactg gaagcagcaa ttcaaagaac 9140
actgtatgtt tataatcatt ggacagcaaa atatcaaccg tttatgcaag attgegttge 9200
aaatcatgaa ctgctgecgt caagaattca atcatggtat gttattctgg atggecattg 9260
gcatctggcea gcaatgetge tggeagatgt tctggaatca attgatagag attcatattc 9320
agatattaat catattgatc tggttacaaa actgagactg gataatgcac tggcagtttc 9380
agcactggca agatcatcac tgagaggcca agaactggat ccgggcaaag catcaccgat 9440
gtatagacat tttcatgatt cactgacaga agttgcattt ctggttgaac cgtggacagt 9500
tgttctgatt cattcatttg caaaagcage atatattctg ctggattgee tggatctgga 9560
tggccaagge aatgcactgg caggcetatct gcaactgaga caaaattgea attattgcat 9620
tagagcactg caatttctgg gcagaaaatc agatatggca geactggttg caaaagatct 9680
ggaaagaggc ctgaatggca aagttgattic atttctgtaa ggetggatca cctectitct 9740
aaaaaaaaac cccgeeectg acagggeggg gtttitttta tgticagega attaattaac 9800
ttccaaaatg aaggtcatga gtgccaatge caatgtggta gectgcaaaaa taatgaacaa 9860
tgccaaaaat catgtagetg cccaacgggg tgtaacageg acgacaaatg cecctgeggt 9920
aacaagtctg aagaaaccaa gaagtcatgce tgctctggga aatgagtata ttagaaagga 9980
ggaatatata atgtttgcaa aaagatttaa aacatcactg ctgecgetgt ttgecaggett 10040
tctgetgetg tttcatetgg tictggecagg cccggeagea geatcageac tggaaattte 10100
atcaacatgc gatgcacaaa aactgattct gacaggcaga ccgtttctge atcatcaagg 10160
cattattaat caagtttcaa cagttacaaa agttattcat catgaactgg aagttgcage 10220
atcagcagat gatatttgga cagtttatic atggccgggce ctggcaaaac atctgeecgga 10280

tctgetgecg ggeatttitg aaaaactgga aattatigge gatggeggeg ttggcacaat 10340
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tctggatatg acattigtic cgggcegaatt tccgecatgaa tataaagaaa aatttattct 10400
ggttgataat gaacatagac tgaaaaaagt tcaaatgatt gaaggcggcet atctggatct 10460
gggcgttaca tattatatgg atacaattca tgttgttccg acaggcaaag attcatgegt 10520
tattaaatca tcaacagaat atcatgttaa accggaattt gttaaaattg ttgaaccget 10580
gattacaaca ggcccegetgg cagcaatgge agatgcaatt tcaaaactgg tictggaaca 10640
taaatcaaaa tcaaattcag atgaaattga agcagcaatt attacagttc tgccggatac 10700
atcagcaggc tattataatg aaatggttat tggcgcagea gttacaattt caggcacata 10760
tctggttaga agaaaaagag catcaagaac ataaggctgg atcacctect tictaaaaaa 10820
aaaccccgece cctgacaggg cggggttttt tttaattttg tcaaaataat tttattgaca 10880
acgtcttatt aacgttgata taatttaaat tttatttgac aaaaatgggc tcgtgtigta 10940
caataaatgt gtatattaga aaggaggaat atataatggt tgttattaat ggegttaaat 11000
atgcatgcga aacatgcatt agaggccata gagcagceaca atgcacacat acagatggee 11060
cgctgcaaat gattagaaga aaaggcagac cgtcaacaac atgeggecat tgcaaagaac 11120
tgagaagaac aaaaaatttt aatccgtcag geggetgeat gtgegeatca gcaagaagac 11180
cggcagtigg ctcaaaagaa gatgaaacaa gatgcagatg cgatgaaggce gaaccgtgeca 11240
aatgccatac aaaaagaaaa tcatcaagaa aatcaaaagg cggctcatge catagaagag 11300
caaatgatga agcagcacat gttaatggcc tgggceatige agatctggat gttctgetgg 11360
gcctgaatgg cagatcatca gatgtigata tgacaacaac actgecgtca ctgaaaccge 11420
cgctgcaaaa tggegaaatt aaagcagatt caattgataa tctggatcetg geatcactgg 11480
atccgetgga acaatcaccg tcaatttcaa tggaaccggt ttcaattaat gaaacagget 11540
cagcatatac aacaacaaat acagcactga atgatattga tattccgttt tcaattaatg 11600
aactgaatga actgtataaa caagtttcat cacataattc acattcacaa taaggctgga 11660
tcacctectt tctaaaaaaa aaccccgecce ctgacaggge ggggtttttt ttggegtaga 11720

ggatcgatcc cggttcgaca ccctgatata tatatatata tatatatata tatatatata 11780
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tatatatata tacaggaaca aagtitttcc tggacgccgg tagaatatac acaaaaatgg 11840
tttcgaccag gtttcgacca tgactgeatg gtcgaaacca aaaatggttt cgaccatgca 11900
gtcataagca ccatgggtig caggacttta cgecagtgte ctgettaatt tgtcatttaa 11960
tgctatcage agtcttcacce cgtgttcggt ccgacggtat gtgecccacce gtttaactta 12020
tggtgtcaat tigtccteca aaccaacttg gtagagtggt aaagtggtag aacggaccgg 12080
atggatgggt ggaagagcecg gtiggacaac acaaatatac tigtatcacg accagaaaag 12140
tgctatagac atcacataga cagtcatcgg ctictgectg cgtttttttt ctttcatcac 12200
acacatcatc aacctcatac attgcccatc aactaaaaaa caacgcagea geggatagee 12260
cccaagcatt tgcgaagaac gtaaaaacaa aacaaaaaag ctcgacgaat ggtttgcaaa 12320
catcacacgc tgctcattta cgttagtatt atcttttact gtatatatat atatatatat 12380
atatatacga taatgaacca ttttgcagca gtttccctga aaaacgaaaa tgegggaaat 12440
taatagtacg gttgtgtagg gtacgtctcc gacgtttitg tttcticaac attttaattg 12500
atttttggtt gtcttcttac tttetttict ctattatgtt tcccgaccte tetttecttt 12560
ttgtaggctc tctecgatga gatectgegt actectetct ggaaacggaa accagaacaa 12620
ggctaaataa aaaagaagta gtacgtagcg aaacaaggac gecggagceta cgtcgeatat 12680
gctcacatac gtaatgtatt ttaaaaaaca agcaaaatcc gagactgcaa aggetctggg 12740
tatcgtcgge gtttttcege catttgettt acagaagtta ttgegticct tegttttttt 12800
gagcagtgtc gegeatggec gegecttatg taccaaggea gacacgggtt aacccageet 12860
tttggtgatg gectacgteg ttgaaacact gecctgeaag tatggggegt tettttttte 12920
cctccaagte aattacggaa gecaccccgga tgegttagtg tcgagttgea ccccgaaaga 12980
gaaacgccac ttgtgtgege gtgactictg ccgagegecc accatgagtce atctgecatac 13040
cgcccatgtce ctgacacgeg ctttcggata ageggagtat cggatcgage tectaaacag 13100

ctgeggacct acctaaccac tacatgcaat gtcgacgtag tgagcetcaag tgetttttaa 13160
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cccaactgtg acctggtggg ggagttcgec ggacatgeca cgetgecatt gaatggetee 13220
gcacgaatag accttctctc gagcaaacaa atacaccgaa cgtggaaaaa aaaaaaaaaa 13280
aaaaaaggat ggcaatggtc agccggtgta acgaccaaaa actatcegec atgeattaac 13340
caccatgcga gtggttccga cggttgetgt agagtttcaa agaacctigt tcgtcaatca 13400
cgctgttgeg getctgaatt cagcaaattc acagtattce gegeccatte ageccgataa 13460
tgtcaggcegg ggtacagaat tgatatttat agtaaactaa accgtggacg aatcaggega 13520
cgaatggttg tactggtggg tggtgtaggg tggcagggaa ageatttigt acactagect 13580
ccctgeggcea cteectgect tatttttgece tgegecgage acagacgaga cgaaccaggt 13640
ttagctggtt tagtacccca actgatggaa aatgctacgt gtgetgggge tgaaacagag 13700
attttttgct agaatcttaa ttcgticaaa cacagaaaat gtttgggaaa aataagetta 13760
tcgeattgct cagttaattg atttctgcag aaagegggec acgecagetge gtttaggege 13820
caaaaattga ggcggeceggce ccactcetect tectgecaaag gtgttctget gaagggaatc 13880
atgggaaagc gttgctegta atgaaataac ccaacatgge gectgeaaat gtgegeagtt 13940
ctggactgct tgtittgage tcgtgaaaac aatatctgga geatcatacce ategtittaa 14000
agctataaac agcgtgtgat tacgctaaac actgeccage acgtggattg ttgtcgcaga 14060
cctegagttg ttgcaaagac aatggtactg cgaagcegtaa caggctegta tacatgtaag 14120
gtgggatttg gtaagcgtaa ctattggttt tactagtata getgegtagg ttcacgegtg 14180
caaggccgct tagtatgtgt ttaccageca atgtgcetatg caaaacaaag gaaaagtata 14240
aaaacggcct cgeagecectt ggtggecaac tgaaagtcaa caacaaacgt gatcacgtga 14300
cctcttagta agegcetaatce accgttaaat tatatgaaat tacacttcat tgegttttat 14360
ctaaacatga acgcagttta aggctatgcet aaacagttcc gtacagaaat caaacattta 14420
gagtagggag tgcaagcaac tgggagaaca gecggeggaat cgtatataaa cggtitccga 14480
tegtctecge catgtttigg tegatgttat gettcaacag tgattgaacg agcatcgeca 14540

aactgctttc ctetctecee caaatctite tcactgeata tttctigaag aaagtacagt 14600
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tggacgttcc gttccggaaa taaccgacga aagtatatta gaaaggagga atatataatg 14660
tttgcaaaaa gatttaaaac atcactgctg ccgetgtttg caggcetttct getgetgttt 14720
catctggttc tggcaggece ggecageagea tcagcactgg aaatttcatc aacatgegat 14780
gcaatgactg actttctcga ggttaatcgg caagagttag ggagatggcet gcaagaagaa 14840
ccaggagcct ttaactggag catgtattcec cagcatgegt gtctgataga gggaaaagge 14900
gaatgctggc aagataagga acgacagttg cgagctcgtg ttaaacgegt actgecgatt 14960
gacgtccacc aaccgcaacc gttaggtgea ggatctectg caccattace ggeggatgee 15020
ttagtctcag cctittgett ggaagecegtt tcaccggatce tggegtettt ccagagageg 15080
cttgatcaca tcacgacctt gcttegtect ggtggacatc tecttetgat tggegeactg 15140
gaagagagct ggtatttgge tggtgaagct cgecttacag tggtaccegt gtcggaggaa 15200
gaagtgaggg aagctctcgt tagaagtggg tataaggttc gegatitacg gacgtacatc 15260
atgcctgeac atcttcagac aggegtggat gacgtcaaag gegtatictt tgecatgggeg 15320
cagaaagtcg gectgetgec ggatacatca gcaggcetatt ataatgaaat ggttattgge 15380
gcagcagtta caatttcagg cacatatctg gttagaagaa aaagagcatc aagaacataa 15440
ggctggatca cctectttct aaaaaaaaac cecgecectg acagggeggg gtttttittce 15500
tactctttaa taaaataatt tttccgtice caattccaca ttgcaataat agaaaatcca 15560
tcttcategg ctttttcgtc atcatctgta tgaatcaaat cgecttctte tgtgtcatca 15620
aggtttaatt ttttatgtat ttcttttaac aaaccaccat aggagattaa cctittacgg 15680
tgtaaacctt cctccaaatc agacaaacgt ttcaaattct tttcttcatc atcggtcata 15740
aaatccgtat cctttacagg atattttgea gtttcgtcaa tigecgattg tatatccgat 15800
ttatatttat ttttcggtcg aatcatttga acttttacat ttggatcata gtctaatttc 15860
attgectttt tccaaaattg aatccattgt tittgattca cgtagttttc tgtattctta 15920

aaataagttg gttccacaca taccaataca tgcatgtget gattataaga attatcttta 15980
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ttatttattg tcacttccgt tgcacgeata aaaccaacaa gatttttatt aatttittta 16040
tattgcatca ttcggegaaa tecttgagec atatctgaca aactcttatt taaticttcg 16100
ccatcataaa catttttaac tgttaatgtg agaaacaacc aacgaactgt tggctittgt 16160
ttaataactt cagcaacaac ctittgtgac tgaatgccat gtttcattge tctectccag 16220
ttgcacattg gacaaagcct ggatttacaa aaccacactc gatacaactt tetttcgeet 16280
gtttcacgat tttgtitata ctctaatatt tcagcacaat cttttactct ttcagecttt 16340
ttaaattcaa gaatatgcag aagttcaaag taatcaacat tagcgatttt cttttctctc 16400
catggtctca cttttccact ttttgtctig tccactaaaa cectigattt ttcatctgaa 16460
taaatgctac tattaggaca cataatatta aaagaaaccc ccatctattt agttatttgt 16520
ttggtcactt ataactttaa cagatggggt ttttctgtge aaccaatttt aagggtittc 16580
caatacttta aaacacatac ataccaacac ttcaacgcac ctttcagcaa ctaaaataaa 16640
aatgacgtta tttctatatg tatcaagata agaaagaaca agttcaaaac catcaaaaaa 16700
agacaccttt tcaggtgctt tttttatttt ataaactcat tccctgatet cgacttcgtt 16760
ctitttttac ctctcggtta tgagttagtt caaattcgtt ctttttaggt tctaaatcgt 16820
gtttttctig gaattgtget gtittatect ttaccttgtc tacaaacccce ttaaaaacgt 16880
ttttaaaggc ttttaagegt ctgtacgtic cttaaggaat tattccttag tgctitctag 16940
gttaatgtca tgataataat ggtttcttag acgtcaggtg gecacttttcg gggaaatgtc 17000
ttgacaaatt gcagtaggca tgacaaaatg gactcagtat attagaaagg aggaatatat 17060
aatggtgtct aaaggcgaag aggttatcaa ggagtttatg cgetttaagg tacggatgga 17120
aggatcagta aatggccacg aattcgaaat tgagggtgaa ggggaaggaa ggeegtatga 17180
agggacacaa actgcgaaac tgaaagtcac aaaaggaggt cctttaccct ttgectggga 17240
tatcttaagc ccacaatgcea tgtatggcag caaaggctac gtgaaacatc cagetgacat 17300
tccggattat ctcaaactga getitccgga aggcettcaaa tgggaaagag tgatgaactt 17360

tgaggatgga ggagtagtga ctgtcaccca ggactctagt ttgcaggatg gagaattcat 17420
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ctacaaggtc aagcttcgtg gaaccaactt tccgtcagat ggecctgtta tgcaaaagaa 17480
aacgatgggg tgggaagctt cgtcagaacg tatgtatect gaggatggtg cacttaaagg 17540
cgagatgaaa atgcgcttga aactgaaaga tggaggccat tatgacgcag aagtcaaaac 17600
gacgtatatg gcgaagaaac cggttcaact gectggtgece tacaaaacag acattaaget 17660
tgacattaca tcccacaatg aagattacac gatagttgag cagtatgaaa gagcagaagg 17720
gcgacattcc acaggtgegt aaggetggat cacctecttt ctaaaaaaaa acceegecce 17780
tgacagggcg gggtttttit tcccgaacct gttggaacgg ctecttcage atgatataag 17840
taaattgtaa gtatattaga aaggaggaat atataatgaa aaaaattgca attgcagcaa 17900
ttacagcaac atcaattctg gcactgtcag catgetcagg cggegattca gaagtigttg 17960
cagaaacaaa agcaggcaat attacaaaag aagatctgta tcaaacactg aaagataatg 18020
caggcgcaga tgcactgaat atgetggttc aaaaaaaagt tctggatgat aaatatgatg 18080
tttcagataa agaaattgat aaaaaactga atgaatataa aaaatcaatg ggcgatcaac 18140
tggatcaact gattaaacaa aaaggcgaag attttgttaa agaacaaatt aaatatgaac 18200
tgctgatgaa aaaagcagca aaagataata ttaaagttac agatgatgat gttaaagaat 18260
attatgatgg cctgaaaggc aaaattcatc tgtcacatat tctggttaaa gaaaaaaaaa 18320
cagcagaaga agttgaaaaa aaactgaaaa aaggcgaaaa atttgaagat ctggcaaaag 18380
aatattcaac agatggcaca gcagaaaaag geggegatct gggetgggtt ggcaaagatg 18440
ataatatgga taaagatttt gttaaagcag catttgcact gaaaacaggc gaaatttcag 18500
geceeggttaa atcacaattt ggetatcata ttattaaaaa agatgaagaa agaggcaaat 18560
atgaagatat gaaaaaagaa ctgaaaaaag aagttgaaga acaaaaactg aatgatcaaa 18620
cagaactgca atcagttatt gataaactgg ttaaagatgc agatctgaaa gttaaagata 18680
aagaactgaa aaaacaagtt gatcaaagac aagcacaaac atcatcatca tcataagget 18740

ggatcacctc ctttctaaaa aaaaaccccg ccectgacag ggeggggttt tittt 18795
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<210> 2

<211> 67

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 2

GIn Leu Asp Gly Tyr lle lle His Phe Phe Phe Thr Thr Gly Thr Glu
1 5 10 15

Leu Ala Arg Ala Gly Pro Gly Ala Phe Phe Lys Tyr Pro Arg Glu lle
20 25 30

Glu Leu lle Val Lys Thr Asn lle Ala Thr Asp Gly Gly Asp Arg His
35 40 45

Pro Gly Gly Ala GIn Lys GIn Leu Arg Leu Ala Asp Thr Leu Val Leu
50 55 60

Ala Pro Ala
65

<210> 3

<211> 4

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 3
Asp Ala Asn Pro

1

<210> 4
<211> 6
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<212> PRT
<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 4

Leu Leu Ala Glu Lys Met
1 5

<210> 5

<211> 51

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 5

GIn Thr Arg Arg Arg Gln Ala Asn Met Leu Cys Asp Ala Gly Asp lle
1 5 10 15

Lys lle Ala Val Cys GIn Val lle Ala Asp Val Leu Thr Ser Leu Ala
20 25 30

Tyr Pro lle lle His Arg Trp Met Glu Arg Leu Val Asn Arg Phe His
35 40 45

Ala Pro GIn
50

<210> 6

<211> 47

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 6
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GIn Leu Leu Lys GIn lle Tyr Arg GIn GIn Leu Arg lle Ala Pro Phe
1 5 10 15

Pro Leu Pro Gly Val Asn Asp Leu Pro Lys Gln Val Ala Glu Met Arg
20 25 30

Leu Val Arg Phe lle Arg Ala Lys Glu Pro Arg lle Gly Lys Tyr
35 40 45

<210> 7

<211> 88

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 7
Arg Pro Val Lys Pro Phe Met Pro Val Gly Ala Arg Thr Lys Val Asn

1 5 10 15

Pro Leu Val lle Pro Phe Ala Ser Leu Arg Met Thr Thr Val Val Met
20 25 30

Asn Leu Ser Trp Arg Glu GIn GIn Asn lle Thr Arg Ser Ala Asn Lys
35 40 45

Phe Ser Ser Leu lle Phe His His Pro Leu Thr Ala Asn Gly Glu lle
50 55 60

Glu Asn lle Thr Phe His Ser GIn Arg Ser Val Asp Lys Lys lle Glu
65 70 75 80

lle Thr Val Gly Leu Asn Arg Arg
85
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<210> 8

<211> 22

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 8
Thr Arg His GIn Met Gly lle Lys Arg Val Ser Arg GIn GIn Gly lle

1 5 10 15

lle Leu Arg Phe Ser His
20
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