




�

�

��

�

(Sharron H. Francis, Mitsi A. Blount, and Jackie D. Corbin. Physiol Rev 2011, 91: 

651–690). 

On the basis of substrate specificity, the PDE families can be divided into three 

groups: 1) The cAMP-specific PDEs, which include PDE4, PDE7, and PDE8, 2) the 

cGMP-selective enzymes PDE5 and PDE9, and 3) the dual-substrate PDEs, PDE1, ��

PDE2, PDE3, as well as PDE10 and PDE11. 

Previously named calmodulin-stimulated PDE (CaM-PDE), PDE1 is unique in that it 

is Ca2+-dependently regulated via calmodulin (CaM, a 16 kDa Ca2+-binding protein) 

complexed with four Ca2+ (for review, Sharron H. Francis, Mitsi A. Blount, and 

Jackie D. Corbin. Physiol Rev 2011, 91: 651–690). Thus, this family represents an ���

interesting regulatory link between cyclic nucleotides and intracellular Ca2+. The 

PDE1 family is encoded by three genes: PDE1A (mapped on human chromosome 

2q32), PDE1B (human chromosome location, hcl: 12q13) and PDE1C (hcl: 7p14.3). 

They have alternative promoters and give rise to a multitude of proteins by 

alternative splicing which differ in their regulatory properties, substrate affinities, ���

specific activities, activation constants for CaM, tissue distribution and molecular 

weights. More than 10 human isoforms are identified. Their molecular weights vary 

from 58 to 86 kDa per monomer. The N-terminal regulatory domain that contains two 

Ca2+/CaM binding domains and two phosphorylation sites differentiate their 

corresponding proteins and modulate their biochemical functions. PDE1 is a dual ���

substrate PDE and the PDE1C-subtype has equal activity towards cAMP and cGMP 

(Km � 1-3 µM), whereas the subtypes PDE1A and PDE1B has a preference for 

cGMP (Km for cGMP � 1-3 µM and for cAMP � 10-30 µM). 

The PDE1 subtypes are highly enriched in the brain and located especially in the 

striatum (PDE1B), hippocampus (PDE1A) and cortex (PDE1A) and this localization ���

is conserved across species (Amy Bernard et al. Neuron 2012, 73, 1083–1099). In 

the cortex, PDE1A is present mainly in deep cortical layers 5 and 6 (output layers), 

and used as a specificity marker for the deep cortical layers. PDE1 inhibitors 

enhance the levels of the second messenger cNs leading to enhanced neuronal 

excitability.  ���
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Thus, PDE1 is a therapeutic target for regulation of intracellular signalling pathways, 

preferably in the nervous system and PDE1 inhibitors can enhance the levels of the 

second messengers cAMP/cGMP leading to modulation of neuronal processes and 

to the expression of neuronal plasticity-related genes, neurotrophic factors, and 

neuroprotective molecules. These neuronal plasticity enhancement properties ��

together with the modulation of synaptic transmission make PDE1 inhibitors good 

candidates as therapeutic agents in many neurological and psychiatric conditions. 

The evaluation of PDE1 inhibitors in animal models (for reviews see e.g. Blokland et 

al. Expert Opinion on Therapeutic Patents (2012), 22(4), 349-354; and Medina, A. E. 

Frontiers in Neuropharmacology (2011), 5(Feb.), 21) have suggested the potential ���

for the therapeutic use of PDE1 inhibitors in neurological disorders, like e.g. 

Alzheimer's, Parkinson's and Huntington's Diseases and in psychiatric disorders like 

e.g. Attention Deficit hyperactivity Disorder (ADHD), restless leg syndrome, 

depression, narcolepsy, cognitive impairment and cognitive impairment associated 

with schizophrenia (CIAS). There have also been patent applications claiming that ���

PDE1 inhibitors are useful in diseases that may be alleviated by the enhancement of 

progesterone-signalling such as female sexual dysfunction. 

The compounds of the invention may offer alternatives to current marketed 

treatments for neurodegenerative and/or psychiatric disorders, which are not 

efficacious in all patients. Hence, there remains a need for alternative methods of ���

treatment. 

 

SUMMARY  

PDE1 enzymes are expressed in the Central Nervous System (CNS), making this 

gene family an attractive source of new targets for the treatment of psychiatric and ���

neurodegenerative disorders. 

The objective of the present disclosure is to provide compounds that are PDE1 

inhibitors, and as such are useful to treat neurodegenerative disorders and 

psychiatric disorders. In a preferred embodiment the compounds are selective PDE1 

inhibitors. ���
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Claims 

1. A compound having the structure 

 

Compound (I) 

wherein  ��

R1 is selected from the group consisting of H and C1-C3 alkyl; 

R2 is selected from the group consisting of H and C1-C3 alkyl  

wherein the C1-C3 alkyl optionally is substituted with phenyl or   C3-C6 

cycloalkyl; 

R3 is selected from the group consisting of H, methyl and ethyl  ���

R4 is selected from the group consisting of H, , hydroxyl, methoxy and ethoxy 

and; 

R5, R6 and R7 are H  

 R8 is selected from the group consisting of H, methyl, ethyl and cyclopropyl 

R9 is selected from the group consisting of H, methyl and ethyl ���

and pharmaceutically acceptable acid addition salts of Compound I, racemic 

mixtures of Compound I, or the corresponding enantiomer and/or optical 

isomer of Compound I. 

2.  The compound according to claim 1, wherein R2 is H. 

 ���
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3. The compound according to claim 1, wherein R2 is methyl. 

4. The compound according to claim 3, wherein R2 is substituted with phenyl or 

cyclopropyl. 

5. The compound according to claim 1 selected from the group consisting of 

7,8-Dimethoxy-N-(tetrahydrofuran-3-yl)quinazolin-4-amine ��

trans-N-(-2-cyclopropyltetrahydrofuran-3-yl)-7,8-dimethoxyquinazolin-4-amine 

7,8-dimethoxy-N-(-2-methyltetrahydrofuran-3-yl)quinazolin-4-amine 

(7,8-dimethoxy-N-methyl-N-(tetrahydrofuran-3-yl)quinazolin-4-amine 

(R)-7,8-dimethoxy-N-methyl-N-(tetrahydrofuran-3-yl)quinazolin-4-amine 

(S)-7,8-dimethoxy-N-methyl-N-(tetrahydrofuran-3-yl)quinazolin-4-amine ���

N-(2,3-dimethyltetrahydrofuran-3-yl)-7,8-dimethoxyquinazolin-4-amine 

7,8-dimethoxy-N-(3-methyltetra- hydrofuran-3-yl)quinazolin-4-amine 

(S)-7,8-dimethoxy-N-(tetrahydrofuran-3-yl)quinazolin-4-amine 

(S)-N-ethyl-7,8-dimethoxy-N-(tetrahydrofuran-3-yl)quinazolin-4-amine 

(S)-7,8-dimethoxy-N-propyl-N-(tetrahydrofuran-3-yl)quinazolin-4-amine ���

(S)-N-benzyl-7,8-dimethoxy-N-(tetrahydrofuran-3-yl)quinazolin-4-amine 

(S)-N-(cyclopropylmethyl)-7,8-dimethoxy-N-(tetrahydrofuran-3-yl)quinazolin-4-

amine 

(R)-7,8-dimethoxy-N-(tetrahydrofuran-3-yl)quinazolin-4-amine 

(R)-N-ethyl-7,8-dimethoxy-N-(tetrahydrofuran-3-yl)quinazolin-4-amine ���

(R)-7,8-dimethoxy-N-propyl-N-(tetrahydrofuran-3-yl)quinazolin-4-amine 

(R)-N-(cyclopropylmethyl)-7,8-dimethoxy-N-(tetrahydrofuran-3-yl)quinazolin-4-

amine 

(R)-N-benzyl-7,8-dimethoxy-N-(tetrahydrofuran-3-yl)quinazolin-4-amine 

trans-7,8-dimethoxy-N-4-methoxytetrahydrofuran-3-yl)quinazolin-4-amine ���

trans-4-((7,8-dimethoxyquinazolin-4-yl)amino)tetrahydrofuran-3-ol 

cis-4-((7,8-dimethoxyquinazolin-4-yl)amino)tetrahydrofuran-3-ol 
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N-(2,3-Dimethyltetrahydrofuran-3-yl)-7,8-dimethoxy-N-methylquinazolin-4-

amine 

N-(2,2-dimethyltetrahydrofuran-3-yl)-7,8-dimethoxyquinazolin-4-amine 

7,8-dimethoxy-N-methyl-N-(2-methyltetrahydrofuran-3-yl)quinazolin-4-amine 

7,8-dimethoxy-N-methyl-N-(3-methyltetrahydrofuran-3-yl)quinazolin-4-amine ��

N-(3-Ethyltetrahydrofuran-3-yl)-7,8-dimethoxyquinazolin-4-amine 

N-(2-Cyclopropyltetrahydrofuran-3-yl)-7,8-dimethoxyquinazolin-4-amine 

6. The compound of any of claims 1 to 5, for use as a medicament. 

7. Use of the compound of any of claim 1 to 5 in the manufacture of a 

medicament for the treatment of ADHD, schizophrenia or cognitive ���

impairment associated with schizophrenia. 
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