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et al., 2002). Strong evidence in humans points to specific dysfunction in ASD of the limbic 

cortical regions known to form a coordinated functional network with GABAA 1 subunit-

containing extended amygdala/ hypothalamus regions. These areas: Cortical/lateral amygdala, 

Insula, PFC, and Cingulate are recognized key for processing of social and emotionally relevant 

stimuli. While subcortical subnuclei that form specific partnerships with these areas, 5 

coordinating behavioural outcomes, are often difficult to study due to spatial resolution 

limitations, many lines of evidence point to hyper-recruitment of these cortical- to sub cortical 

connections in ASD. Moreover, recent high resolution studies provide a clear link between 

extended amygdala activity /functional connectivity and emotional state (Kleinhans et al., 2009, 

2016; Swartz et al., 2013; Nordahl et al., 2016; Ehrlich et al., 2017; Avino et al., 2018; Ibrahim 10 

et al., 2019). Targeting such highly specific limbic subcortical regions, which exhibit substantial 

molecular and cellular diversity compared to the neocortex, will create a precision entry point for 

safe and specific therapeutic modulation of ASD-affected socio-affective circuits, while avoiding 

broad modulation of global brain state. Enhancement of GABAA receptor activity by non-

selective BZDs have been shown to ameliorate behavioral deficits in mouse models of ASD, 15 

however very narrow therapeutic margins were observed due to sedation mediated by the 

GABAA α12 subtype (Han et al., 2012, 2014; Soto et al., 2013). These findings support the 

notion that rebalancing of GABAergic transmission via GABAA 1 receptors can improve 

symptoms in ASD without the side effects of non-selective benzodiazepines. 

 Objects of the present disclosure are compounds of formula (I) and their pharmaceutically 20 

acceptable salts and esters, the preparation of the above mentioned compounds, medicaments 

containing them and their manufacture as well as the use of the above mentioned compounds in 

the treatment or prevention of diseases related to GABAA γ1 receptor dysfunction and diseases 

or conditions which can be treated by the enhancement of GABAA γ1 receptor activity, such as 

autism spectrum disorders (ASD), Angelman syndrome, Rett syndrome, Prader-Willi syndrome, 25 

fragile-X disorder, schizophrenia, tardive dyskinesia, anxiety, separation anxiety disorder, 

selective mutism, specific phobia, social anxiety disorder, panic disorder, agoraphobia, 

generalized anxiety disorder, substance/medication-induced anxiety disorder, disruptive, 

impulse-control and conduct disorders, Tourette’s syndrome (TS), obsessive-compulsive 

disorder (OCD), acute stress disorder, post-traumatic stress disorder (PTSD), attention deficit 30 

hyperactivity disorder (ADHD), sleep disorders including narcolepsy-cataplexy, 

neurodegenerative conditions including Parkinson’s disease (PD), Huntington’s chorea, 

Alzheimer’s disease (AD), mild cognitive impairment (MCI) dementia, behavioral and 

psychological symptoms (BPS) in  neurodegenerative conditions, multi-infarct dementia,   
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psychosis and aggression, eating disorders including anorexia nervosa, bullimia nervosa, binge 

eating disorder, depression and related conditions including treatment-resistant depression 

(TRD), chronic apathy, anhedonia, chronic fatigue, seasonal affective disorder, postpartum 

depression, drowsiness, sexual dysfunction, bipolar disorders, epilepsy and pain.  

 Compounds of the present disclosure are selective GABAA γ1 receptor positive allosteric 5 

modulators (PAMs) as they selectively enhance the function of γ1-containing GABAA receptors 

by increasing GABAergic currents (influx of chloride) at a given concentration (e.g. EC20) of 

gamma amino butyric acid (GABA). The compounds of the present disclosure have high PAM 

efficacy and binding selectivity for the γ1-containing subtypes (51, 21, 11) relative to the 

2-containing subtypes (e.g. α12, 22, α32 and 52). As such, compounds of the present 10 

disclosure are strongly differentiated from classical benzodiazepine drugs such as Alprazolam, 

Triazolam, Estazolam, Midazolam which are selective for the 2-containing GABAA subtypes 

and possess low affinity for the γ1-containing subtypes. Compatible with the γ1-subtypes brain 

distribution, selective GABAA γ1 PAMs will restore GABAergic signaling in key brain regions 

(e.g. extended amygdala: central, medial, and bed nucleus of the stria terminalis, lateral septum, 15 

hypothalamus, and pallidum/nigra) without the side-effects of non-selective GABAA modulators 

(e.g. benzodiazepines). 

 In one aspect, the present disclosure provides a compound of formula (I) 

 (I) 

wherein 20 
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R1 is selected from 

iii) H, 

iv) C1-6-alkyl, 

v) C1-6-alkoxy, 

vi) C1-6-alkoxy-C1-6-alkyl, 5 

vii) hydroxy, 

viii) hydroxy-C1-6-alkyl, 

ix) C3-8-cycloalkyl optionally substituted by R7, R8 and R9, 

x) amino-C1-6-alkyl 

xi) heteroaryl optionally substituted by R7, R8 and R9, and 10 

xii) heterocycloalkyl optionally substituted by R7, R8 and R9; 

R2 is selected from 

xiii) C1-6-alkyl, 

xiv) hydroxy 

xv) hydroxy-C1-6-alkyl, and 15 

xvi) C1-6-alkoxy-C1-6-alkyl; 

R3 is selected from 

i) Cl, and 

ii) F; 

X is selected from 20 

i) CR6, and 

ii) N; 
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R6 is selected from 

xvii) H, 

xviii) Cl, and 

xix) F; 

R4 is selected from 5 

xx) Br, and 

xxi) Cl; 

R5 is selected from 

xxii) C1-6-alkyl, 

xxiii) C1-6-alkoxy, 10 

xxiv) halogen, 

xxv) halo-C1-6-alkyl, 

xxvi) cyano, and 

xxvii) C3-8-cycloalkyl; 

 R7, R8 and R9 are independently selected from 15 

xxviii) C1-6-alkyl, and 

xxix) C1-6-alkoxy; 

or pharmaceutically acceptable salts. 

 In another aspect, the present disclosure provides a process for the preparation of a 

compound of formula (I) as described herein comprising the reaction of a compound of formula 20 

(III) with a compound of formula (IV) wherein R1, R2, R3, R4 and R5 are as described herein. 
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(IV)

(I)
(III)  

 In another aspect, the present disclosure provides a compound as described herein for use 

as therapeutically active substance. 

 In another aspect, the present disclosure provides a pharmaceutical composition 

comprising a compound as described herein and a therapeutically inert carrier. 5 

 In another aspect, the present disclosure provides a compound as described herein for use 

in the treatment or prophylaxis of autism spectrum disorder, Rett syndrome, post-traumatic stress 

disorder and fragile-X disorder. 

 In another aspect, the present disclosure provides use of a compound as described herein in 

the manufacture of a medicament for the treatment or prophylaxis of autism spectrum disorder, 10 

Rett syndrome, post-traumatic stress disorder and fragile-X disorder. 

 The term “amino” denotes a -NH2 group. 

The term “amino-C1-6-alkyl” denotes an C1-6-alkyl group wherein one of the hydrogen 

atoms of the C1-6-alkyl group has been replaced by an amino group. Examples of amino-C1-6-

alkyl include aminomethyl, amionethyl, aminopropyl, aminomethylpropyl, aminomethylethyl 15 

and aminobutyl. Particular example includes aminomethyl. 

 The term “C1-6-alkoxy” denotes a group of the formula -O-R’, wherein R’ is an C1-6-alkyl 

group. Examples of C1-6-alkoxy groups include methoxy, ethoxy, n-propoxy, isopropoxy, n-

butoxy, isobutoxy and tert-butoxy. Particular examples are methoxy and ethoxy. More particular 

example is methoxy. 20 

 The term “C1-6-alkoxy-C1-6-alkyl” denotes an C1-6-alkyl group wherein at least one of the 

hydrogen atoms of the C1-6-alkyl group has been replaced by an C1-6-alkoxy group. Exemplary 

C1-6-alkoxy-C1-6-alkyl groups include methoxymethyl, ethoxymethyl, methoxymethyl, 

ethoxyethyl, methoxypropyl and ethoxypropyl. Particular example includes methoxymethyl. 

 The term “C1-6-alkyl” denotes a monovalent linear or branched saturated hydrocarbon 25 

group of 1 to 6 carbon atoms. Examples of C1-6-alkyl include methyl, ethyl, n-propyl, isopropyl, 
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Claims 

1. A compound of formula (I)  

 (I) 

wherein 5 

R1 is selected from 

i) H, 

ii) C1-6-alkyl, 

iii) C1-6-alkoxy, 

iv) C1-6-alkoxy-C1-6-alkyl, 10 

v) hydroxy, 

vi) hydroxy-C1-6-alkyl, 

vii) C3-8-cycloalkyl optionally substituted by R7, R8 and R9, 

viii) amino-C1-6-alkyl 

ix) heteroaryl optionally substituted by R7, R8 and R9, and 15 

x) heterocycloalkyl optionally substituted by R7, R8 and R9; 

R2 is selected from 

i) C1-6-alkyl, 

ii) hydroxy 

iii) hydroxy-C1-6-alkyl, and 20 

iv) C1-6-alkoxy-C1-6-alkyl; 
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R3 is selected from 

i) Cl, and 

ii) F; 

X is selected from 

i) CR6, and 5 

ii) N; 

R6 is selected from 

i) H, 

ii) Cl, and 

iii) F; 10 

R4 is selected from 

i) Br, and 

ii) Cl; 

R5 is selected from 

i) C1-6-alkyl, 15 

ii) C1-6-alkoxy, 

iii) halogen, 

iv) halo-C1-6-alkyl, 

v) cyano, and 

vi) C3-8-cycloalkyl; 20 

 R7, R8 and R9 are independently selected from 

i) C1-6-alkyl, and 

ii) C1-6-alkoxy; 

or pharmaceutically acceptable salts. 

2. A compound of formula (I) according to claim 1, wherein 25 

R1 is selected from 

i) H, 
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ii) C1-6-alkyl, 

iii) C1-6-alkoxy, 

iv) C1-6-alkoxy-C1-6-alkyl, 

v) hydroxy, 

vi) hydroxy-C1-6-alkyl, 5 

vii) C3-8-cycloalkyl optionally substituted by R7, R8 and R9, 

viii) amino-C1-6-alkyl 

ix) pyrazolyl optionally substituted by R7, R8 and R9, 

x) pyridinyl optionally substituted by R7, R8 and R9, 

xi) pyrimidinyl optionally substituted by R7, R8 and R9, 10 

xii) pyridazinyl optionally substituted by R7, R8 and R9, and 

xiii) isoxazolyl optionally substituted by R7, R8 and R9; 

 R2 is selected from 

i) C1-6-alkyl, 

ii) hydroxy 15 

iii) hydroxy-C1-6-alkyl, and 

iv) C1-6-alkoxy-C1-6-alkyl; 

R3 is selected from 

i) Cl, and 

ii) F; 20 

X is selected from 

i) CR6, and 

ii) N; 

R6 is selected from 

i) H, 25 

ii) Cl, and 

iii) F; 
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R4 is selected from 

i) Br, and 

ii) Cl; 

R5 is selected from 

i) C1-6-alkyl, 5 

ii) C1-6-alkoxy, 

iii) halogen, 

iv) halo-C1-6-alkyl, 

v) C3-8-cycloalkyl; 

R7, R8 and R9 are independently selected from 10 

i) C1-6-alkyl, and 

ii) C1-6-alkoxy; 

or pharmaceutically acceptable salts. 

3. A compound of formula (I) according to claim 1 or 2, wherein 

R1 is selected from 15 

i) H, 

ii) C1-6-alkyl, 

iii) hydroxy, 

iv) hydroxy-C1-6-alkyl, 

v) C3-8-cycloalkyl optionally substituted by R7, R8 and R9, 20 

vi) pyrazolyl optionally substituted by R7, R8 and R9, 

vii) pyrimidinyl optionally substituted by R7, R8 and R9, 

viii) pyridazinyl optionally substituted by R7, R8 and R9, and 

ix) isoxazolyl optionally substituted by R7, R8 and R9; 

 R2 is selected from 25 

i) C1-6-alkyl, 

ii) hydroxy 
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iii) hydroxy-C1-6-alkyl, and 

iv) C1-6-alkoxy-C1-6-alkyl; 

R3 is F; 

X is selected from 

i) CR6, and 5 

ii) N; 

R6 is selected from 

i) H, and 

ii) F; 

R4 is selected from 10 

i) Br, and 

ii) Cl; 

R5 is selected from 

i) C1-6-alkyl, 

ii) halogen, and 15 

iii) halo-C1-6-alkyl; 

R7, R8 and R9 are independently selected from C1-6-alkyl,  

or pharmaceutically acceptable salts. 

4. A compound according to any one of claims 1 to 3, wherein  

R1 is C1-6-alkyl; 20 

R2 is C1-6-alkyl; 

R3 is F; 

X is CR6; 

R6 is F; 

R4 is Cl; 25 

R5 is halo-C1-6-alkyl; 

or pharmaceutically acceptable salts. 
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5. A compound according to any one of claims 1 to 4, selected from 

(4S)-8-bromo-7-chloro-6-(2-fluorophenyl)-4-methyl-4H-[1,2,4]triazolo[4,3-

a][1,4]benzodiazepine; 

8-bromo-7-chloro-6-(2,6-difluorophenyl)-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepin-4-ol; 

(4S)-8-bromo-7-chloro-6-(2-fluorophenyl)-4-methyl-1-pyridazin-3-yl-4H-[1,2,4]triazolo[4,3-5 

a][1,4]benzodiazepine; 

8-bromo-7-chloro-6-(2-fluorophenyl)-1-pyridazin-3-yl-4H-[1,2,4]triazolo[4,3-

a][1,4]benzodiazepin-4-ol; 

(4S)-8-bromo-7-chloro-6-(2,6-difluorophenyl)-4-methyl-4H-[1,2,4]triazolo[4,3-

a][1,4]benzodiazepine; 10 

(4S)-7,8-dichloro-6-(2,6-difluorophenyl)-4-methyl-1-pyrimidin-4-yl-4H-[1,2,4]triazolo[4,3-

a][1,4]benzodiazepine; 

(4S)-7,8-dichloro-6-(2,6-difluorophenyl)-4-methyl-1-(1-methylpyrazol-4-yl)-4H-

[1,2,4]triazolo[4,3-a][1,4]benzodiazepine; 

(4S)-7,8-dichloro-6-(2,6-difluorophenyl)-4-methyl-1-pyridazin-3-yl-4H-[1,2,4]triazolo[4,3-15 

a][1,4]benzodiazepine; 

(4S)-7,8-dichloro-6-(3-fluoro-2-pyridyl)-4-methyl-1-pyridazin-3-yl-4H-[1,2,4]triazolo[4,3-

a][1,4]benzodiazepine; 

(4S)-7,8-dichloro-6-(2,6-difluorophenyl)-4-methyl-2,4-dihydro-[1,2,4]triazolo[4,3-

a][1,4]benzodiazepin-1-one; 20 

(4S)-7,8-dichloro-6-(3-fluoro-2-pyridyl)-4-methyl-1-pyrimidin-4-yl-4H-[1,2,4]triazolo[4,3-

a][1,4]benzodiazepine; 

(4S)-7,8-dichloro-6-(3-fluoro-2-pyridyl)-4-methyl-1-(1-methylpyrazol-4-yl)-4H-

[1,2,4]triazolo[4,3-a][1,4]benzodiazepine; 

(4S)-7,8-dichloro-1-cyclopropyl-6-(3-fluoro-2-pyridyl)-4-methyl-4H-[1,2,4]triazolo[4,3-25 

a][1,4]benzodiazepine; 

(4S)-7-bromo-8-chloro-6-(2,6-difluorophenyl)-4-methyl-1-pyridazin-3-yl-4H-

[1,2,4]triazolo[4,3-a][1,4]benzodiazepine; 

(4S)-7-bromo-8-chloro-6-(2,6-difluorophenyl)-4-methyl-1-pyrimidin-4-yl-4H-

[1,2,4]triazolo[4,3-a][1,4]benzodiazepine; 30 
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(4S)-8-bromo-7-chloro-6-(2,6-difluorophenyl)-1,4-dimethyl-4H-[1,2,4]triazolo[4,3-

a][1,4]benzodiazepine; 

(4S)-7-bromo-8-chloro-6-(2,6-difluorophenyl)-4-methyl-1-(1-methylpyrazol-4-yl)-4H-

[1,2,4]triazolo[4,3-a][1,4]benzodiazepine; 

(4S)-7-bromo-8-chloro-6-(2,6-difluorophenyl)-1,4-dimethyl-4H-[1,2,4]triazolo[4,3-5 

a][1,4]benzodiazepine; 

(4S)-7-bromo-8-chloro-6-(2,6-difluorophenyl)-4-methyl-1-(1-methylpyrazol-3-yl)-4H-

[1,2,4]triazolo[4,3-a][1,4]benzodiazepine; 

(4S)-7,8-dichloro-6-(2,6-difluorophenyl)-1,4-dimethyl-4H-[1,2,4]triazolo[4,3-

a][1,4]benzodiazepine; 10 

(4S)-8-bromo-7-chloro-1-cyclopropyl-6-(3-fluoro-2-pyridyl)-4-methyl-4H-

[1,2,4]triazolo[4,3-a][1,4]benzodiazepine; 

(4S)-8-bromo-7-chloro-6-(3-fluoro-2-pyridyl)-4-methyl-4H-[1,2,4]triazolo[4,3-

a][1,4]benzodiazepine; 

(4S)-8-bromo-7-chloro-6-(3-fluoro-2-pyridyl)-1,4-dimethyl-4H-[1,2,4]triazolo[4,3-15 

a][1,4]benzodiazepine; 

(4S)-7,8-dichloro-6-(2,6-difluorophenyl)-4-methyl-1-(6-methylpyridazin-3-yl)-4H-

[1,2,4]triazolo[4,3-a][1,4]benzodiazepine; 

5-[(4S)-7,8-dichloro-6-(2,6-difluorophenyl)-4-methyl-4H-[1,2,4]triazolo[4,3-

a][1,4]benzodiazepin-1-yl]-3-methyl-isoxazole; 20 

(4S)-7-bromo-8-chloro-6-(2,6-difluorophenyl)-4-methyl-1-(6-methylpyridazin-3-yl)-4H-

[1,2,4]triazolo[4,3-a][1,4]benzodiazepine; 

(4S)-7-bromo-8-chloro-6-(2,6-difluorophenyl)-4-methyl-2,4-dihydro-[1,2,4]triazolo[4,3-

a][1,4]benzodiazepin-1-one; 

(4S)-7-chloro-6-(2,6-difluorophenyl)-1,4-dimethyl-8-(trifluoromethyl)-4H-25 

[1,2,4]triazolo[4,3-a][1,4]benzodiazepine; 

(4S)-7-chloro-8-(1,1-difluoroethyl)-6-(2,6-difluorophenyl)-1,4-dimethyl-4H-

[1,2,4]triazolo[4,3-a][1,4]benzodiazepine; 

(4S)-7,8-dichloro-6-(2,6-difluorophenyl)-4-methyl-1-(6-methylpyrimidin-4-yl)-4H-

[1,2,4]triazolo[4,3-a][1,4]benzodiazepine; 30 
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(4S)-7,8-dichloro-6-(2,6-difluorophenyl)-4-methyl-1-(2-methylpyrimidin-4-yl)-4H-

[1,2,4]triazolo[4,3-a][1,4]benzodiazepine; 

(4S)-7,8-dichloro-6-(2,6-difluorophenyl)-1-(2,6-dimethylpyrimidin-4-yl)-4-methyl-4H-

[1,2,4]triazolo[4,3-a][1,4]benzodiazepine; 

(4S)-7-chloro-6-(2,6-difluorophenyl)-1,4,8-trimethyl-4H-[1,2,4]triazolo[4,3-5 

a][1,4]benzodiazepine; 

(4S)-8-bromo-7-chloro-6-(2,6-difluorophenyl)-4-ethyl-1-methyl-4H-[1,2,4]triazolo[4,3-

a][1,4]benzodiazepine; 

(4S)-7-chloro-8-(difluoromethyl)-6-(2,6-difluorophenyl)-1,4-dimethyl-4H-

[1,2,4]triazolo[4,3-a][1,4]benzodiazepine; 10 

(4R)-8-bromo-7-chloro-6-(2,6-difluorophenyl)-4-(methoxymethyl)-1-methyl-4H-

[1,2,4]triazolo[4,3-a][1,4]benzodiazepine; 

[(4R)-8-bromo-7-chloro-6-(2,6-difluorophenyl)-1-methyl-4H-[1,2,4]triazolo[4,3-

a][1,4]benzodiazepin-4-yl]methanol; 

(4S)-7-chloro-6-(2,6-difluorophenyl)-8-iodo-1,4-dimethyl-4H-[1,2,4]triazolo[4,3-15 

a][1,4]benzodiazepine; 

[(4S)-7-chloro-6-(2,6-difluorophenyl)-4-methyl-8-(trifluoromethyl)-4H-[1,2,4]triazolo[4,3-

a][1,4]benzodiazepin-1-yl]methanol; 

(4R)-7-chloro-6-(2,6-difluorophenyl)-4-(methoxymethyl)-1-methyl-8-(trifluoromethyl)-4H-

[1,2,4]triazolo[4,3-a][1,4]benzodiazepine; 20 

[(4R)-7-chloro-6-(2,6-difluorophenyl)-1-methyl-8-(trifluoromethyl)-4H-[1,2,4]triazolo[4,3-

a][1,4]benzodiazepin-4-yl]methanol; 

(4S)-7-chloro-6-(2,6-difluorophenyl)-4-methyl-8-(trifluoromethyl)-4H-[1,2,4]triazolo[4,3-

a][1,4]benzodiazepine; 

(4S)-7-chloro-6-(2,6-difluorophenyl)-1-ethyl-4-methyl-8-(trifluoromethyl)-4H-25 

[1,2,4]triazolo[4,3-a][1,4]benzodiazepine; 

(4S)-7-chloro-6-(2,6-difluorophenyl)-8-ethyl-1,4-dimethyl-4H-[1,2,4]triazolo[4,3-

a][1,4]benzodiazepine; 

or pharmaceutically acceptable salts. 

6. A compound according to any one of claims 1 to 5, wherein the compound is  30 
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(4S)-7-chloro-6-(2,6-difluorophenyl)-1,4-dimethyl-8-(trifluoromethyl)-4H-

[1,2,4]triazolo[4,3-a][1,4]benzodiazepine. 

or pharmaceutically acceptable salts. 

7. A process for the preparation of a compound of formula (I)  according to any one of claims 

1 to 6 comprising the reaction of a compound of formula (III) with a compound of formula 5 

(IV) wherein R1, R2, R3, R4 and R5 are as defined in anyone of the claims 1 to 4. 

(IV)

(I)
(III)  

8. A compound according to any one of claims 1 to 6 for use as therapeutically active 

substance. 

9. A pharmaceutical composition comprising a compound according to any one of claims 1 to 10 

6 and a therapeutically inert carrier. 

10. A compound according to any one of claims 1 to 6 for use in the treatment or prophylaxis of 

autism spectrum disorder, Rett syndrome, post-traumatic stress disorder and fragile-X 

disorder. 

11. Use of a compound according to any one of claims 1 to 6 in the manufacture of a 15 

medicament for the treatment or prophylaxis of autism spectrum disorder, Rett syndrome, 

post-traumatic stress disorder and fragile-X disorder. 


