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FERROPORTIN INHIBITORS 

DESCRIPTION 

INTRODUCTION 

The invention relates to novel ferroportin inhibitors of the general formula (I), pharmaceutical 

compositions comprising them and the use thereof as medicaments, in particular for the prophylaxis and/or 5 

treatment of diseases caused by a lack of hepcidin or iron metabolism disorders, such as particularly iron 

overload states such as in particular thalassemia and hemochromatosis.  

 

BACKGROUND AND PRIOR ART 

Iron is an essential trace element for almost all organisms and is relevant in particular with respect 10 

to growth and the formation of blood. The balance of the iron metabolism is in this case primarily regulated 

on the level of iron recovery from haemoglobin of ageing erythrocytes and the duodenal absorption of 

dietary iron. The released iron is taken up via the intestine, in particular via specific transport systems 

(DMT-1, ferroportin), transferred into the blood circulation and thereby conveyed to the appropriate tissues 

and organs (transferrin, transferrin receptors).  15 

In the human body, the element iron is of great importance, inter alia for oxygen transport, oxygen 

uptake, cell functions such as mitochondrial electron transport, cognitive functions, etc. and ultimately for 

the entire energy metabolism.  

On average, the human body contains 4 to 5 g iron, with it being present in enzymes, in 

haemoglobin and myoglobin, as well as depot or reserve iron in the form of ferritin and hemosiderin. 20 

Approximately half of this iron, about 2 g, is present as heme iron, bound in the haemoglobin of the 

erythrocytes. Since these erythrocytes have only a limited lifespan (75-150 days), new ones have to be 

formed continuously and old ones degraded (over 2 million erythrocytes are being formed per second). 

This high regeneration capacity is achieved by macrophages phagocytizing the ageing erythrocytes, lysing 

them and thus recycling the iron thus obtained for the iron metabolism. The majority of the iron required for 25 

erythropoiesis, about 25 mg per day, is provided in this way. 

The daily iron requirement of a human adult is between 0.5 to 1.5 mg per day, infants and women 

during pregnancy require 2 to 5 mg of iron per day. The daily iron loss, e.g. by desquamation of skin and 

epithelial cells, is low. Increased iron loss occurs, for example, during menstrual hemorrhage in women. 

Generally, blood loss can significantly reduce the iron level since about 1 mg iron is lost per 2 ml blood. In 30 

a healthy human adult, the normal daily loss of iron of about 1 mg is usually replaced via the daily food 

intake thus rebalancing the daily iron requirement to the adequate level.  

The iron level is regulated by absorption, with the absorption rate of the iron present in food being 

between 6 and 12 %, and up to 25 % in the case of iron deficiency. The absorption rate is regulated by the 

organism depending on the iron requirement and the size of the iron store. In the process, the human 35 

organism utilizes both divalent as well as trivalent iron ions. Usually, iron(III) compounds are dissolved in 

the stomach at a sufficiently acid pH value and thus made available for absorption. The absorption of the 

iron is carried out in the upper small intestine by mucosal cells. In the process, trivalent non-heme iron is 

first reduced in the intestinal cell membrane to Fe(II) for absorption, for example by ferric reductase 

(membrane-bound duodenal cytochrome b), so that it can then be transported into the intestinal cells by 40 

means of the transport protein DMT1 (divalent metal transporter 1). In contrast, heme iron enters the 

enterocytes through the cell membrane without any change. In the enterocytes, iron is either stored in 

ferritin as depot iron, or released into the blood by the transport protein ferroportin. Hepcidin plays a central 

role in this process because it is the essential regulating factor of iron absorption. The divalent iron 

transported into the blood by ferroportin is converted into trivalent iron by oxidases (ceruloplasmin, 45 

hephaestin), the trivalent iron then being transported to the relevant places in the organism by transferrin 

(see for example "Balancing acts: molecular control of mammalian iron metabolism". M.W. Hentze, Cell 

117,2004,285-297.). 
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hepcidin, diseases related to or caused by increased iron levels or iron overload and diseases associated 

with ineffective erythropoiesis.  

 

SUMMARY 

In one aspect of the invention, there is provided the use of compounds according to formula (IVd)  5 

; 

or pharmaceutically acceptable salts thereof, in the manufacture of a medicament for prophylaxis and/or 

treatment of iron metabolism disorders leading to increased iron levels, increased iron absorption, and/or 

iron overload,  

 10 

wherein the compounds act as ferroportin inhibitors;  

 

R1 and R2 are the same or different and are independently selected from the group consisting of 

- hydrogen, 

- optionally substituted alkyl, 15 

- optionally substituted aryl, 

- optionally substituted heteroaryl, or  

- R1 and R2 together with the nitrogen atom to which they are bonded form an optionally substituted 3- to 6-

membered ring, which may optionally contain further heteroatoms, or  

- one of R1 and R2 is an alkanoyl-group, which together with Z being an amino group (-NH-) forms a 5- or 20 

6-membered heterocyclic diketone containing two nitrogen atoms; 

 

Z is a cyclic group or a linear group and is selected from 

- optionally substituted 5-or 6-membered heteroaryl 

- optionally substituted aryl, 25 

- optionally substituted 5- or 6-membered heterocyclyl, 

- amino (-NH-), 

- an alkylaminocarbonyl group [-(CH2)-NH-(C=O)-], or 

- an alkylcarbonylamino group [-(CH2)-(C=O)-NH-];  

 30 

A1 is optionally substituted alkanediyl; 

 

A2 is 

- optionally substituted alkanediyl, 

- a direct bond, or 35 

- a sulfonyl group; 

 

R3 is 

- hydrogen, or 

- optionally substituted alkyl; or  40 

 

A1 and R3 together with the nitrogen atom to which they are bonded form an optionally substituted 4- to 6-

membered mono- or bicyclic ring; or 
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R3 and A2 together with the nitrogen atom to which they are bonded form an optionally substituted 4- to 7-

membered ring; and 

 

wherein the bicyclic heteroaryl ring may carry 1 to 3 substituents, preferably 1 or 2 substituents; and 5 

wherein the bicyclic heteroaryl ring may be fused with a ring formed by R3 and A2 together with the 

nitrogen atom to which they are bonded. 

 

In another aspect of the invention there is provided a use of compounds according to formula (IIa-c) 

  10 

 

and according to formula (IIa-d) 

 ; 

or pharmaceutically acceptable salts thereof, in the manufacture of a medicament for prophylaxis and/or 

treatment of iron metabolism disorders leading to increased iron levels, increased iron absorption, and/or 15 

iron overload, wherein the compounds act as ferroportin inhibitors; with X4 being C, which may carry a 

further substituent; and R1 and R2 are the same or different and are independently selected from the group 

consisting of hydrogen, optionally substituted alkyl or cycloalkyl or a heteroaryl-substituted cycloalkyl group 

selected from , optionally substituted aryl, optionally substituted 

heteroaryl, or R1 and R2 together with the nitrogen atom to which they are bonded form an optionally 20 

substituted 3- to 6-membered ring, which may optionally contain further heteroatoms; A1 is optionally 

substituted alkanediyl; A2 is optionally substituted alkanediyl, a direct bond, or a sulfonyl group; R3 is 

hydrogen, or optionally substituted alkyl; or optionally substituted alkyl; or A1 and R3 together with the 

nitrogen atom to which they are bonded form an optionally substituted 4- to 6-membered mono- or bicyclic 

ring; or R3 and A2 together with the nitrogen atom to which they are bonded form an optionally substituted 25 

4- to 7-membered ring; and Ar is optionally substituted bicyclic heteroaryl of the formula , 

wherein such bicyclic heteroaryl ring may carry 1 to 3 substituents; and wherein the bicyclic heteroaryl ring 

may be fused with a ring formed by R3 and A2 together with the nitrogen atom to which they are bonded. 

 

 30 
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In yet another aspect there is provided a use of the compounds of formulae (IIa-c) and (IIa-d) as described 

herein in the manufacture of a medicament for the inhibition of iron transport mediated by ferroportin. 

 

In a further aspect, there is provided a use of the compounds of formulae (IIa-c) and (IIa-d) as described 

herein in the manufacture of a medicament for the prophylaxis and/or treatment of diseases related to or 5 

caused by increased iron levels, increased iron absorption or iron overload. 

 

In yet another aspect there is provided a a use of the compounds of formulae (IIa-c) and (IIa-d) as 

described herein in the manufacture of a medicament for the prophylaxis and/or treatment of cardiac, liver 

and endocrine damage caused by iron overload and/or inflammation triggered by excess iron. 10 

 

DESCRIPTION OF THE INVENTION 

The inventors have surprisingly found that specific compounds having the general structural 

formula (I) as defined herein, act as ferroportin inhibitors, thus effectively inhibiting iron transport and 

accordingly being particularly suitable for the use as medicaments, in particular for the use in the treatment 15 

and/or prophylaxis of diseases caused by a lack of hepcidin, diseases associated with ineffective 

erythropoiesis or iron metabolism disorders leading to increased iron levels, such as particularly iron 

overload states such as in particular thalassemia and hemochromatosis. Very particularly the new 

compounds turned out to be suitable for treating thalassemia and hemochromatosis. The new compounds 

are also suitable for the treatment of diseases caused by pathologically low hepcidin-levels and for the use 20 

in the inhibition of iron transport. 

Accordingly, the invention relates to compounds of general formula (I) 

 

or pharmaceutically acceptable salts thereof, for the use as ferroportin inhibitors, wherein  

 25 

R1 and R2 are the same or different and are independently selected from the group consisting of 

- hydrogen, 

- optionally substituted alkyl, 

- optionally substituted aryl, 

- optionally substituted heteroaryl,  30 

- optionally substituted heterocyclyl, or  

- R1 and R2 together with the nitrogen atom to which they are bonded form an  

optionally substituted 3- to 6-membered ring, which may optionally contain further heteroatoms, or  

- one of R1 and R2 is an alkanoyl-group, which together with Z being an amino group (-NH-) forms a 5- or 

6-membered heterocyclic diketone containing two nitrogen atoms; 35 

 

Z is a cyclic group or a linear group and is selected from 

- optionally substituted 5-or 6-membered heteroaryl 

- optionally substituted aryl, 

- optionally substituted 5- or 6-membered heterocyclyl, 40 

- amino (-NH-), 
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- an alkylaminocarbonyl group [-(CH2)n-NH-(C=O)-], preferably with n = 1, or 

- an alkylcarbonylamino group [-(CH2)n-(C=O)-NH-], preferably with n = 1;  

A1 is optionally substituted alkanediyl; 

 

A2 is 5 

- optionally substituted alkanediyl, 

- a direct bond, or
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CLAIMS: 

 

1. Use of compounds according to formula (IIa-c) 

 

 

and according to formula (IIa-d) 

; 

or pharmaceutically acceptable salts thereof,  

in the manufacture of a medicament for prophylaxis and/or treatment of iron metabolism disorders 

leading to increased iron levels, increased iron absorption, and/or iron overload, wherein  

 

the compounds act as ferroportin inhibitors; 

 

with X4 being C, which may carry a further substituent; and 

 

R1 and R2 are the same or different and are independently selected from the group consisting of 

- hydrogen, 

- optionally substituted alkyl or cycloalkyl or a heteroaryl-substituted cycloalkyl group selected from 

, 

- optionally substituted aryl, 

- optionally substituted heteroaryl, or  

- R1 and R2 together with the nitrogen atom to which they are bonded form an optionally substituted 3- 

to 6-membered ring, which may optionally contain further heteroatoms,  

 

A1 is optionally substituted alkanediyl; 

 

A2 is 

- optionally substituted alkanediyl, 

- a direct bond, or 

- a sulfonyl group; 
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R3 is 

- hydrogen, or 

- optionally substituted alkyl; or  

 

A1 and R3 together with the nitrogen atom to which they are bonded form an optionally substituted 4- to 

6-membered mono- or bicyclic ring; or 

 

R3 and A2 together with the nitrogen atom to which they are bonded form an optionally substituted 4- to 

7-membered ring; and 

 

Ar is optionally substituted bicyclic heteroaryl of the formula 

 

 

 

wherein such bicyclic heteroaryl ring may carry 1 to 3 substituents; and wherein the bicyclic heteroaryl 

ring may be fused with a ring formed by R3 and A2 together with the nitrogen atom to which they are 

bonded. 

 

 

2. The use according to claim 1, wherein 

R1 and R2 are the same or different and are independently selected from the group consisting of 

- hydrogen, 

- optionally substituted alkyl, or 

- R1 and R2 together with the nitrogen atom to which they are bonded form an optionally substituted 3- 

to 6-membered ring, which may optionally contain further heteroatoms; 

 

 

A1 is optionally substituted alkanediyl; 

 

A2 is 

- optionally substituted alkanediyl, or 

- a direct bond; 

 

R3 is 

- hydrogen, or 

- C1-C3-alkyl; or  
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A1 and R3 together with the nitrogen atom to which they are bonded form an optionally substituted 4- 

membered monocyclic ring; or 

 

R3 and A2 together with the nitrogen atom to which they are bonded form an optionally substituted 4- to 

7-membered aliphatic ring. 

 

3. The use according to any one of the preceding claims, wherein the compounds are selected 

from compounds defined by formula (A-IIIa) 

 

 

and compounds defined by formula (A-IIIb-f) 

 

wherein  

i is 0, 1, 2 or 3 and 

R5 indicates 1 to 3 optional substituents, which may be selected from C1-C3-alkyl and halogen, 

preferably fluorine; 

 

and compounds defined by formula (A-IIIb-g) 
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wherein R5 is selected from hydrogen, C1-C3-alkyl and halogen, preferably fluorine;  

 

and compounds defined by 

 

- formula (A-IIIb-c) 

 

 

- formula (A-IIIb-d), 

  

, 

 

wherein in the formulae (A-IIIb-c) and (A-IIIb-d) the pyrimidinyl and pyridazinyl ring each may carry 1 to 

3, preferably 1 or 2 further substituents,  

and wherein in each of formulae (A-IIIa), (A-IIIb-f), (A-IIIb-g), (A-IIIb-c) and (A-IIIb-d)  
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Z has the meaning of the 5-membered heteroaryl ring or as defined in 

formula (IIa-c) or (IIa-d) of claim 1; 

n is an integer of 1, 2 or 3; 

Q is independently selected from hydrogen and C1-C4-alkyl; 

Ar is a bicyclic heteroaryl of the formula 

 

R1 is selected from hydrogen and optionally substituted alkyl; and 

R3, A1, and A2 have the meaning as defined in any one of the preceding claims. 

 

4.  The use according to any one of the preceding claims, wherein 

A1 and A2 are optionally substituted alkanediyl and are the same or different and are independently 

selected from optionally substituted  

 - methylene and 

 - ethane-1,2-diyl, or wherein 

- A1 and R3 together with the nitrogen atom to which they are bonded form an optionally 

substituted 4- membered aliphatic monocyclic ring. 

 

5.  The use according to any one of the preceding claims, wherein the compounds are selected 

from 
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or pharmaceutically acceptable salts thereof. 

 

 

6.  The use according to any one of the preceding claims, wherein the compound has the 5 

formula  

or pharmaceutically acceptable salts thereof. 

 

7. Use of the compounds according to formulae (IIa-c) and (IIa-d) as defined in any one of claims 1 to 

6 in the manufacture of a medicament for the prophylaxis and/or treatment of diseases related to or caused 10 

by increased iron levels, increased iron absorption or iron overload. 

 

 

8. The use according to claim 7, wherein the diseases related to or caused by increased iron levels, 

increased iron absorption or iron overload are diseases associated with ineffective erythropoiesis, such as 15 

preferably myelodysplastic syndromes (MDS, myelodysplasia), polycythemia vera and congenital 

dyserythropoietic anemia. 

 

9. The use according to any one of the preceding claims, wherein said medicament is to be used as 

an adjunctive therapy by limiting the amount of iron available to pathogenic microorganisms, such as the 20 

bacterium Vibrio vulnificus, thereby treating infections caused by said pathogenic microorganisms. 

 

10. The use according to claim 7, wherein the diseases related to or caused by increased iron levels, 

increased iron absorption or iron overload are selected from thalassemia, including alpha-thalassemia, 

beta-thalassemia and delta-thalassemia, hemoglobinopathy, hemoglobin E disease, hemoglobin H 25 

disease, haemochromatosis, hemolytic anemia, including in particular sickle cell anemia and congenital 

dyserythropoietic anemia. 

 

11. The use according to claim 7, wherein the diseases related to or caused by increased iron levels, 

increased iron absorption or iron overload are selected from neurodegenerative diseases such as 30 

Alzheimer’s disease and Parkinson’s disease, therein limiting the deposition or increase of iron in tissue or 

cells. 
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12. Use of the compounds according to formulae (IIa-c) and (IIa-d) as defined in any one of claims 1 to 

6 in the manufacture of a medicament for the prophylaxis and/or treatment of cardiac, liver and endocrine 

damage caused by iron overload and/or inflammation triggered by excess iron. 

 

13.  The use according to any one of the preceding claims, further comprising one or more 5 

pharmaceutical carriers and/or auxiliaries and/or solvents and/or at least one additional pharmaceutically 

active compound, which is preferably selected from active compounds for the prophylaxis and treatment of 

iron overload, thalassemia, or haemochromatosis, active compounds for the prophylaxis and treatment of 

neurodegenerative diseases, such as Alzheimer’s disease or Parkinson’s disease, and the associated 

symptoms, and iron-chelating compounds. 10 

 

14. The use according to claim 15, wherein the medicament is in the form of a formulation for oral or 

parenteral administration. 

 

15. The use according to any one of the preceding claims, wherein said medicament is to be used in a 15 

combination therapy, wherein the compounds as defined in any of the preceding claims are to be co-

administered with at least one additional pharmaceutically active compound, wherein  

 

said  combination therapy comprises a fixed dose combination therapy, wherein the compounds as 

defined in any of the preceding claims are to be co-administered with at least one additional 20 

pharmaceutically active compound in a fixed-dose formulation; or  

 

said combination therapy comprises a free dose combination therapy, wherein the compounds as 

defined in any of the preceding claims are to be co-administered with at least one additional 

pharmaceutically active compound in free doses of the respective compounds; wherein the individual 25 

compounds are to be administered simultaneously; or the individual compounds are to be administered 

sequentially, distributed over a time period; and  

 

wherein the one or more other pharmaceutically active compounds are preferably active 

compounds for reducing iron overload, which are selected from Tmprss6-ASO, iron chelators, curcumin, 30 

SSP-004184, Deferitrin, deferasirox, deferoxamine and/or deferiprone; and/or pharmaceutically active 

compounds which are selected from antioxidants, such as n-acetyl cysteine; anti-diabetics, such as GLP-1 

receptor agonists; antibiotics, such as vancomycin (Van) or tobramycin; drugs for the treatment of malaria; 

anticancer agents; antifungal drugs; drugs for the treatment of neurodegenerative diseases such as 

Alzheimer’s disease and Parkinson’s disease, comprising dopamine agonists such as Levodopa; anti-viral 35 

drugs, such as interferon-α or ribavirin; immunosuppressents, such as cyclosporine A or cyclosporine A 

derivatives; iron supplements; vitamin supplements; red cell production stimulators; anti-inflammatory 

biologies; anti-thrombolytics; statins; vasopressors; and inotropic compounds. 
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