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SUMMARY 20 

 

PROBLEM TO BE SOLVED BY THE DISCLOSURE 

 

[0011] 

 An object of the present disclosure is to provide a novel crystal of a pyrido[3,4-25 

d]pyrimidine derivative or a solvate thereof that exhibits excellent CDK4/6 inhibitory activity. 

 

MEANS TO SOLVE THE PROBLEM 

 

[0012] 30 

 Having conducted extensive studies for achieving the object above, the present inventors 

have found that pyrido[3,4-d]pyrimidine derivatives having specific structures exhibit excellent 

CDK4/6 inhibitory activity. 

 The present inventors have also found that some of these compounds can form crystals 

that are chemically stable and suitable as active pharmaceutical ingredients. 35 

[0013] 



4a 

 

 Thus, the present disclosure relates to a crystal of a compound represented by formula (I) 

or a solvate thereof. 

(I) 

 

[0014] 5 

 In the formula, R
1
 represents a hydrogen atom or a C1-3 alkyl group, R

2
 represents a 

hydrogen atom or an oxo group (in the case of a oxo group, R
2
 is bound to the piperazine ring 

via a double bond), L represents a single bond or a C1-3 alkylene group, and X represents CH or 

N. 

[0014a] 10 

 In one aspect, the present disclosure refers to a crystal of a compound represented by 

formula (I): 

(I) 

 wherein R
1
 represents a hydrogen atom or a C1-3 alkyl group, R

2
 represents a hydrogen 

atom or an oxo group, L represents a single bond or a C1-3 alkylene group, and X represents CH 15 

or N; 

 or a solvate thereof, 

wherein the compound represented by formula (I) is selected from the group 

consisting of: 

1-(6-((6((1R)-1-hydroxyethyl)-8-(isopropylamino)pyrido[3 ,4-d]pyrimidine-2-yl)amino)-20 

3-pyridyl)piperazine-2-one; 



4b 

 

1-(6-((6-((1R)-1-methoxyethyl)-8-(isopropylamino)pyrido[3,4-d]pyrimidine-2-yl)amino)-

3-pyridazyl)piperazine; and 

 (R)-N8-isopropy1-6-(1-methoxyethyl)-N2-(5-(piperazine-1-ylmethyl)pyridin-2-

yl)pyrido[3,4-d]pyrimidine-2,8-diamine. 

[0014b] 5 

 In another aspect, the present disclosure refers to a pharmaceutical composition 

comprising a crystal as described herein and a pharmaceutically acceptable carrier. 

[0014c] 

 In another aspect, the present disclosure refers to a pharmaceutical composition for use as 

a CDK4/6 inhibitor, comprising a crystal as described herein as an active ingredient. 10 

[0014d] 

 In yet another aspect, the present disclosure refers to a use of the crystal as described 

herein in the manufacture of a medicament for the prophylaxis or treatment of rheumatoid 

arthritis, arteriosclerosis, pulmonary fibrosis, cerebral infarction and/or cancer. 

[0014e] 15 

In yet another aspect, the present disclosure refers to a use of the crystal as described 

herein for use as a therapy. 

 

EFFECT OF THE DISCLOSURE 

[0015] 20 

 The present disclosure provides a crystal of a pyrido[3,4-d]pyrimidine derivative or a 

solvate thereof that exhibits excellent CDK4/6 inhibitory activity and is useful as a prophylactic 

or therapeutic drug of, e.g., rheumatoid arthritis, arteriosclerosis, pulmonary fibrosis, cerebral 

infarction and/or cancer. 

 The crystal according to the present disclosure can be used as an active pharmaceutical 25 

ingredient in the manufacture of a pharmaceutical product. 

 

BRIEF DESCRIPTION OF DRAWINGS 

 

[0016] 30 

 [FIG.1] Figure 1 is a powder X-ray diffraction spectrum of Crystal D of 1-(6-((6-((1R)-1-

hydroxyethyl)-8-(isopropylamino)pyrido[3,4-d]pyrimidine-2-yl)amino)-3-pyridyl)piperazine-2-

one.

 [FIG.2] Figure 2 is a powder X-ray diffraction spectrum of Crystal A of 1-(6-((6-((1R)-1-

hydroxyethyl)-8-(isopropylamino)pyrido[3,4-d]pyrimidine-2-yl)amino)-3-pyridyl)piperazine-2-35 

one. 
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CLAIMS 

1. A crystal of a compound represented by formula (I): 

(I) 

wherein R1 represents a hydrogen atom or a C1-3 alkyl group, R2 represents a hydrogen 

atom or an oxo group, L represents a single bond or a C1-3 alkylene group, and X represents CH 

or N; 

or a solvate thereof, 

wherein the compound represented by formula (I) is selected from the group consisting of: 

1-(6-((6((1R)-1-hydroxyethyl)-8-(isopropylamino)pyrido[3 ,4-d]pyrimidine-2-yl)amino)-3- 

pyridyl)piperazine-2-one; 

1-(6-((6-((1R)-1-methoxyethyl)-8-(isopropylamino)pyrido[3,4-d]pyrimidine-2-yl)amino)-3- 

pyridazyl)piperazine; and 

  (R)-N8-isopropy1-6-(1-methoxyethyl)-N2-(5-(piperazine-1-ylmethyl)pyridin-2-yl)pyrido[3,4- 

d]pyrimidine-2,8-diamine. 

2. The crystal according to claim 1, wherein the compound is 1-(6-((6-((1R)-1-  

hydroxyethyl)-8-(isopropylamino)pyrido[3 ,4-d]pyrimidine-2-yl)amino)-3-pyridyl)piperazine-2-one. 

3. The crystal according to claim 2, which exhibits peaks at diffraction angles 2θ = 6.3°, 6.6°, 11.6°, 

16.9° and 20.0° on a powder X-ray diffraction spectrum, and preferably further exhibits one of more of 

the following (i) to (iv): 

(i) an extrapolated onset temperature for an endothermic peak of 277°C according to differential 

scanning calorimetry; 

(ii) distinctive absorption peaks with wave numbers of 703 cm-1, 896 cm-1 and 3418 cm-1 on an  

infrared absorption spectrum using the KBr method; 
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 (iii) distinctive peaks at 136.0ppm, 111.2ppm, 105.1ppm, 101.8ppm, 52.7ppm, 49.6ppm, 42.9ppm,  

23.8ppm and 18.5ppm on a solid 13C NMR spectrum; 

(iv) distinctive peaks at 248.6ppm, 245.7ppm, 229.2ppm, 214.5ppm, 174.3ppm, 86.5ppm, 54.7ppm 

and -12.4ppm on a solid 15N NMR spectrum. 

4. The crystal according to claim 2, which exhibits peaks at diffraction angles 2θ = 5.3°, 7.3°, 10.3°, 

15.1° and 17.4° on a powder X-ray diffraction spectrum, and preferably further exhibits one or more of 

the following (i) to (iv): 

(i) an extrapolated onset temperature for an endothermic peak of 277°C according to differential 

scanning calorimetry; 

 

(ii) distinctive absorption peaks with wave numbers of 874 cm-1, 1330 cm-1 and 3314 cm-1 on an 

infrared absorption spectrum using the KBr method; 

 

(iii) distinctive peaks at 154.7ppm, 138.8ppm, 133.6ppm, 113.2ppm, 101.6ppm, 100.4ppm, 67.4ppm, 

51.8ppm, 26.6ppm and 23.3ppm on a solid 13C NMR spectrum; 

(iv) distinctive peaks at 243.6ppm, 86.7ppm, 56.7ppm and -12.4 ppm on a solid 15N NMR          

spectrum.  

5. The crystal according to claim 2, which exhibits peaks at diffraction angles 2θ = 5.3°, 6.0°, 6.7°, 

10.4° and 20.8° on a powder X-ray diffraction spectrum, and preferably further exhibits an extrapolated 

onset temperature for an endothermic peak of 271°C according to differential scanning calorimetry. 

6. The crystal according to claim 2, which exhibits peaks at diffraction angles 2θ = 6.0 °, 10.0°, 

13.7°, 20.3° and 23.0°on a powder X-ray diffraction spectrum and preferably further exhibits one or 

more of the following (i) and (ii): 

 

(i) an extrapolated onset temperature for an endothermic peak of 100°C and 278°C according to 

 differential scanning calorimetry; 
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(ii) distinctive absorption peaks with wave numbers of 840 cm-1, 904 cm-1, 955 cm-1, 1490 cm-1 and 

3281 cm-1 on an infrared absorption spectrum using the KBr method. 

 

7. The crystal according to claim 2, which exhibits peaks at diffraction angles 2θ = 5.2°, 7.2°, 9.5°, 

14.5°, 16.5°, 20.9°, 25.0° and 27.9° on a powder X-ray diffraction spectrum, and preferably further 

exhibits one or more of the following (i) and (ii): 

(i) an extrapolated onset temperature for an endothermic peak of 272°C according to 

differential scanning calorimetry; 

(ii) distinctive absorption peaks with wave numbers of 1081 cm-1 and 1260 cm-1 on an infrared 

absorption spectrum using the KBr method. 

 

8. The crystal according to claim 1, wherein the compound is 1-(6-((6-((1R)-1-methoxyethyl)-8-

(isopropylamino)pyrido[3,4-d]pyrimidine-2-yl)amino)-3-pyridazyl)piperazine. 

9. The crystal according to claim 8, which exhibits peaks at diffraction angles 2θ = 5.2°, 

7.6°, 8.4°, 10.5°, 15.2°, 16.9°, 20.1°, 21.0°, 23.3° and 26.6° on a powder X-ray diffraction  

spectrum, and preferably further exhibits one or more of the following (i) to (iv): 

(i) an extrapolated onset temperature for an endothermic peak of 225°C according to differential 

scanning calorimetry; 

(ii) distinctive absorption peaks with wave number of 1369 cm-1, 1424 cm-1, 1508 cm-1, 1545 cm-1 and 

1566 cm-1 on an infrared absorption spectrum using the KBr method; 

(iii)  distinctive peaks at 163.4ppm, 157.6ppm, 155.5ppm, 117.8ppm, 82.2ppm, 56.1ppm and 

42.3ppm on a solid 13C NMR spectrum; 

(iv)   distinctive peaks at 311.7ppm, 232.4ppm, 168.5ppm, 79.5ppm, 53.3ppm, 32.9ppm and -4.3ppm on 

a solid 15N NMR spectrum. 

10. The crystal according to claim 8, which exhibits peaks at diffraction angles 2θ = 5.2°, 6.6°, 

8.1°, 15.2°, 15.9°, 16.2°, 18.8°, 20.5°, 20.8° and 21.7°, on a powder X-ray diffraction spectrum, and  

preferably further exhibits an extrapolated onset temperature for an endothermic peak of 221°C 
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according to differential scanning calorimetry. 

11. The crystal according to claim 8, which exhibits peaks at diffraction angles 2θ =5.2°, 

7.6°, 8.4°, 10.0°, 10.5°, 11.9°, 15.2°, 17.0°, 20.9° and 21.2°, on a powder X-ray diffraction  

spectrum, and preferably further exhibits one or more of the following (i) and (ii): 

(i) an extrapolated onset temperature for an endothermic peak of 223°C according to differential 

scanning calorimetry; 

 

(ii) distinctive absorption peaks with wave numbers of 1369 cm-1, 1424 cm-1, 1507cm-1, 1546 cm-1  
 

and 1566 cm-1 on an infrared absorption spectrum using the KBr method. 

12. The crystal according to claim 1, wherein the compound is (R)-N8-isopropyl-6-(1- 

methoxyethyl)-N2-(5-(piperazine-1-ylmethyl)pyridin-2-yl)pyrido[3,4-d]pyrimidine-2,8-diamine. 

13. The crystal according to claim 12, which exhibits peaks at diffraction angles 2θ = 4.8°, 

7.6°, 8.2°, 9.7°, 15.3°, 16.6°, 19.1°, 19.8°, 22.4°and 26.2° on a powder X-ray diffraction 

spectrum, and which preferably exhibits one or more of the following (i) to (iv): 

(i) an extrapolated onset temperature for an endothermic peak of 182°C according to 

differential scanning calorimetry;  

(ii) distinctive absorption peaks with wave numbers of 1115 cm-1, 1446 cm-1, 1508 cm-1, 1560 

cm-1 and 1601 cm-1 on an infrared absorption spectrum using the KBr method; 

(iii) distinctive peaks at 161.3ppm, 150.8ppm, 138.9ppm, 128.1ppm, 109.8ppm, 82.7ppm, 

47.6ppm, 42.5ppm, 41.5ppm, 24.5ppm and 21.7ppm on a solid 13C NMR spectrum; 

(iv) distinctive peaks at 242.8ppm, 233.8ppm, 219.0ppm, 171.7ppm, 86.9ppm, 54.9ppm, 

11.3ppm and -5.5ppm on a solid 15N NMR spectrum. 

14. A pharmaceutical composition comprising a crystal according to any one of claims 1 to 13 and a 

pharmaceutically acceptable carrier. 
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15. A pharmaceutical composition for use as a CDK4/6 inhibitor, comprising a crystal according to 

any one of claims 1 to 13 as an active ingredient. 

16.  Use of the crystal according to any one of claims 1 to 13 in the manufacture of a medicament for 

the prophylaxis or treatment of rheumatoid arthritis, arteriosclerosis, pulmonary fibrosis, cerebral 

infarction and/or cancer. 

17. The crystal according to any one of claims 1 to 13 for use as a therapy. 
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