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DESCRIPTION
Technical Field

Cross-Reference to Related Application

[0001] This application claims priority based on Japanese Patent Application No. 2013-149963 
filed on July 18, 2013.

[0002] The present invention relates to an antitumor agent comprising an FGFR inhibitor as an 
active ingredient and being intermittently administered.

Background Art

[0003] Various types of cancer show aberrant signaling (overexpression, gene amplification, 
mutation, and translocation) of fibroblast growth factors (FGFs)/fibroblast growth factor 
receptors (FGFRs). Many reports have been made about the contribution of aberrant 
FGF/FGFR signaling to the growth, development, and prognosis of cancer (e.g., NPL 1, NPL 2, 
or NPL 3). Therefore, inhibition of this signaling pathway is considered to lead to suppression 
of the growth of cancer, and to contribute to provision of an effective and novel therapy for 
cancer patients. Meanwhile, it is reported that in the kidney, Klotho/FGFR1 and its ligand 
FGF23 play an important role in the control of serum phosphate level (NPL 4). It is suggested 
that due to dysfunction of Klotho/FGFR1-FGF23, the reabsorption of phosphorus in the kidney 
increases, resulting in an increase in blood phosphorus levels, and subsequent calcification 
caused thereby (NPL 5 or NPL 6).

Citation List

Non-patent Literature

[0004]

NPL 1: J. Clin. Oncol. 24, 3664-3671 (2006)

NPL 2: Mol. Cancer Res. 3, 655-667 (2005)

NPL 3: Cancer Res. 70, 2085-2094 (2010)
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NPL 4: Bone. 40, 1190-1195 (2007)

NPL 5: J Clin Invest. 113, 561-568 (2004)

NPL 6: Nephrol Dial Transplant. 20, 2032-2035 (2005)

Summary of Invention

Technical Problem

[0005] The problem to be solved by the present invention is to provide a potent and highly 
selective novel FGFR inhibitor, and an antitumor agent having reduced side effects, such as 
weight loss and increased blood phosphorus levels, while maintaining the antitumor effect of 
the FGFR inhibitor.

Solution to Problem

[0006] The present inventors conducted extensive studies, and consequently found that an 
increase in blood phosphorus levels can be significantly suppressed when a specific 3,5- 
disubstituted benzene alkynyl compound or a salt thereof is intermittently administered on an 
administration schedule of a dosing interval of at least one day. The present invention is based 
on this novel finding.

[0007] Therefore, the following items are provided:

Item 1. An antitumor agent comprising a 3,5-disubstituted benzene alkynyl compound or a salt 
thereof that is used so that the 3,5-disubstituted benzene alkynyl compound or a salt thereof is 
administered on an administration schedule of at least twice a week and a dosing interval of at 
least one day, the 3,5-disubstituted benzene alkynyl compound being represented by Formula 
(I):

RiQ

(i)z
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wherein R-| is the same or different, and each represents C-i-Cß alkyl;

X-ι and X2 independently represent N or CH;

Y is a group represented by Formula (A):

R2-*"X __
—(CH2)Æ>n (A)
wherein the divalent moiety represented by

is a nitrogen-containing C3-C10 heterocycloalkylene group, a group represented by Formula

(B):

—(CH2)i-®"N ( β )
wherein the divalent moiety represented by

is a C3-C10 cycloalkylene group, or

a group represented by Formula (C):

—( c )
wherein the divalent moiety represented by

is a C6-C-12 arylene group;

R2 is hydrogen, C2-C6 alkynyl, -C(=O)ORX, -C(=O)N(Rx)(Ry), hydroxy-Ci-Cß alkyl, di (C-i-Cß 

alkyl) amino-C-i-Cß alkyl, or C2-Cg heteroaryl optionally having R3; and

R3 is C-i-Cß alkyl or di(C-|-C6 alkyl) amino-Ci-Cß alkyl;

Z is -C(R4)=C(R5)(R6) or -C^C-R7;

R4, R5, and Rß are the same or different, and each represents hydrogen, halogen, C-i-Cß alkyl 

optionally having R8, or a group represented by Formula (D):

(D)
wherein the monovalent moiety represented by 
-4¾

is a nitrogen-containing C3-C-10 heterocycloalkyl group,
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R7 is hydrogen, C-i-Cß alkyl, or hydroxy-C-i-Cß alkyl;

R8 is -ORX or -N(Rx)(Ry);

Rg is C-I-Ce alkyl, halogen, or -ORX;

Rx and Ry are the same or different, and each represents hydrogen, C-i-Cß alkyl, C3-C10 

cycloalkyl, di(C-|-C6 alkyl)amino-C-|-C6 alkyl, or C-i-Cß alkoxy-Ci-Cß alkyl;

I is an integer of 0 to 3;

m is an integer of 1 to 3; and

n is an integer of 0 to 2.

Item 2. A 3,5-disubstituted benzene alkynyl compound represented by Formula (I) above, 
wherein R-|, Χη, X2, Y, and Z are as defined above, or a salt thereof for treatment of a cancer 

patient administered on an administration schedule of at least twice a week and a dosing 
interval of at least one day.

Item 3. The antitumor agent according to item 1 or the compound or a salt thereof according to 
item 2, wherein in Formula (I), (1) when X2 is N, X) is N or CH, and (2) when X2 is CH, X) is 

CH.

Item 4. The antitumor agent or the compound or a salt thereof according to any one of items 1 
to -53, wherein in Formula (I), 1 is 0 or 1.

Item 5. The antitumor agent or the compound or a salt thereof according to any one of items 1 
to 4, wherein in Formula (I), (1) when Y is a group represented by Formula (A), the group 
represented by

is azetidinylene, pyrrolidinylene, piperidinylene, piperazinylene, or morpholinylene, (2) when Y 
is a group represented by Formula (B), the group represented by

is cyclopropylene or cyclobutylene, and (3) when Y is a group represented by Formula (C), the 
group represented by

is phenylene.

Item 6. The antitumor agent or the compound or a salt thereof according to any one of items 1 
to 5, wherein in Formula (I), (1) when Y is a group represented by Formula (A), Z is - 
C(R4)=C(R5)(R6) or -C^C-R7, and (2) when Y is a group represented by Formula (B) or (C), Z 

is -C(R4)=C(R5)(R6).

Item 7. The antitumor agent or the compound or a salt thereof according to any one of items 1
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to 6, wherein in Formula (I), R-| is methyl or ethyl.

Item 8. The antitumor agent or the compound or a salt thereof according to any one of items 1 
to 7, wherein in Formula (I), R2 is C2-C6 alkynyl, -C(=O)ORX, hydroxy-C-|-C4 alkyl, or C2-C9 

heteroaryl optionally having R3.

Item 9. The antitumor agent or the compound or a salt thereof according to any one of items 1 
to 8, wherein the 3,5-disubstituted benzene alkynyl compound is selected from the following 
group of compounds:

1. (1) (S)-1-(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1-
yl)pyrrolidin-1-yl)prop-2-en-1-one,

2. (2) (S)-1-(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1- 
yl)pyrrolidin-1-yl)prop-2-yn-1-one,

3. (3) (S)-1-(3-(4-amino-3-((3,5-diethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1-
yl)pyrrolidin-1-yl)prop-2-en-1-one,

4. (4) 1-(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1- 
yl)azetidin-1-yl)prop-2-en-1-one,

5. (5) 1-(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1-
yl)azetidin-1-yl)-4-hydroxybut-2-yn-1-one,

6. (6) 1-(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1-
yl)azetidin-1-yl)-4-(dimethylamino)but-2-en-1-one,

7. (7) 1-(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1-
yl)azetidin-1-yl)-4-(cyclopropylamino)but-2-en-1-one,

8. (8) 1-(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1-
yl)azetidin-1-yl)-4-(isopropylamino)but-2-en-1-one,

9. (9) 1-(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1-
yl)azetidin-1-yl)-4-(ethyl(methyl)amino)but-2-en-1-one,

10. (10) 1-(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1-
yl)azetidin-1-yl)-4-(cyclobutylamino)but-2-en-1-one,

11. (11) 1-(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1-
yl)azetidin-1-yl)-4-(diethylamino)but-2-en-1-one,

12. (12) 1-(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1-
yl)azetidin-1-yl)-4-(tert-butylamino)but-2-en-1-one,

13. (13) 1-(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1-
yl)azetidin-1-yl)-4-(isopropyl(methyl)amino)but-2-en-1-one,

14. (14) 1-(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1-
y l)azetid in-1 -y I )-4-( piperid i n-1 -yl)but-2-en-1 -one,

15. (15) (S)-1-(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1- 
yl)azetidin-1-yl)-4-(3-fluoropyrrolidin-1-yl)but-2-en-1-one,

16. (16) (R)-1-(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1- 
yl)azetidin-1-yl)-4-(3-fluoropyrrolidin-1-yl)but-2-en-1-one,

17. (17) 1-((2S,4S)-4-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-
d]pyrimidin-1-yl)-2-(hydroxymethyl)pyrrolidin-1-yl)prop-2-en-1-one,

18. (18) 1-(2S,4S)-4-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4- 
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d]pyrimidin-1-yl)-2-ethynylpyrrolidin-1-yl)prop-2-en-1-one,
19. (19) (S)-1-(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7- 

yl)pyrrolidin-1-yl)-4-(dimethylamino)but-2-en-1-one,
20. (20) (S)-1-(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7- 

yl)pyrrolidin-1-yl)prop-2-en-1-one,
21. (21) (S)-1-(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7- 

yl)pyrrolidin-1 -yl)-4-(pyrrolidin-1 -yl)but-2-en-1 -one,
22. (22) (S)-1-(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7- 

y I) py rrolid in-1 -yl)-4-(4-hydroxypiperidin-1 -yl)but-2-en-1 -one,
23. (23) (S)-1-(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7- 

yl)pyrrolidin-1-yl)but-2-yn-1-one,
24. (24) (S)-1-(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7- 

yl)pyrrolidin-1-yl)-4-hydroxy-4-methylpent-2-yn-1-one,
25. (25) 1-((S)-3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7- 

yl)pyrrolidin-1-yl)-4-((S)-3-fluoropyrrolidin-1-yl)but-2-en-1-one,
26. (26) (S)-1-(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7- 

yl)pyrrolidin-1 -yl)-4-(piperidin-1 -yl)but-2-en-1 -one,
27. (27) 1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-

yl)azetidin-1-yl)prop-2-en-1-one,
28. (28) 1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)

azetidin-1-yl)-4-(dimethylamino)but-2-en-1-one,
29. (29) 1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-

yl)azetidin-1 -yl)-4-(pyrrolidin-1 -yl)but-2-en-1 -one,
30. (30) 1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-

yl)azetidin-1-yl)-4-(azetidin-1-yl)but-2-en-1-one,
31. (31) 1-(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7- 

yl)azetidin-1-yl)-4-(ethyl(methyl)amino)but-2-en-1-one,
32. (32) 1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-

yl)azetidin-1-yl)-4-(isopropylamino)but-2-en-1-one,
33. (33) 1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-

yl)azetidin-1-yl)-4-(diethylamino)but-2-en-1-one,
34. (34) 1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-

yl)azetidin-1-yl)-4-((2-methoxyethyl)(methyl)amino)but-2-en-1-one,
35. (35) 1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-

y l)azetid in-1 -yl)-4-(4-hydroxypiperidin-1 -yl)but-2-en-1 -one,
36. (36) (S)-1-(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7- 

yl)azetidin-1-yl)-4-(3-hydroxypyrrolidin-1-yl)but-2-en-1-one,
37. (37) (R)-1-(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7- 

yl)azetidin-1-yl)-4-(3-hydroxypyrrolidin-1-yl)but-2-en-1-one,
38. (38) (2S,4S)-methyl-1-acryloyl-4-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-

pyrrolo[2,3-d]pyrimidin-7-yl)pyrrolidine-2-carboxylate,
39. (39) 1 -((2S,4S)-4-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-

7-yl)-2-(1,3,4-oxadiazol-2-yl)pyrrolidin-1-yl)prop-2-en-1-one, and
40. (40) (S)-1-(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrrolo[3,2-c]pyridin-1- 
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yl)pyrrolidin-1-yl)prop-2-en-1-one.

Item 10. The antitumor agent or the compound or a salt thereof according to any one of items 
1 to 9, wherein the 3,5-disubstituted benzene alkynyl compound is (S)-1-(3-(4-amino-3-((3,5- 
dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1-yl)pyrrolidin-1-yl)prop-2-en-1-one.

Item 11. The antitumor agent or the compound or a salt thereof according to any one of items 
1 to 10, wherein the administration schedule is based on a 1-week cycle, in which the 3,5- 
disubstituted benzene alkynyl compound or a salt thereof is administered at least twice every 
one to three days per cycle, and this cycle is performed once or repeated twice or more.

Item 124. The antitumor agent or the compound or a salt thereof according to any one of items 
1 to 113, wherein the administration schedule is based on a 14-day cycle, in which the 3,5- 
disubstituted benzene alkynyl compound or a salt thereof is administered 4 to 7 times every 
one to three days per cycle, and this cycle is performed once or repeated twice or more.

Item 13. The antitumor agent or the compound or a salt thereof, or use according to any one 
of items 1 to 12, wherein the administration schedule is based on a 14-day cycle, in which 
among 14 days contained in one cycle, (S)-1-(3-(4-amino-3-((3,5- 
dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1-yl)pyrrolidin-1-yl)prop-2-en-1-one or a 
salt thereof is administered on Day 1, Day 4, Day 8, and Day 11.

Item 14. The antitumor agent or the compound or a salt thereof according to any one of items 
1 to 12, wherein the administration schedule is based on a 14-day cycle, in which among 14 
days contained in one cycle, (S)-1-(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1H- 
pyrazolo[3,4-d]pyrimidin-1-yl)pyrrolidin-1-yl)prop-2-en-1-one or a salt thereof is administered 
on Day 1, Day 3, Day 5, Day 7, Day 9, Day 11, and Day 13.

Advantageous Effects of Invention

[0008] The 3,5-disubstituted benzene alkynyl compound or a salt thereof, which is the active 
ingredient of the present invention, has excellent FGFR inhibitory activity and exhibits cancer 
cell growth inhibitory effects. Accordingly, the compound or a salt thereof is useful as a 
preventive and/or therapeutic agent for cancer. Furthermore, the present invention provides 
compound (I) for use in an effective method of administration that inhibits FGFR, for exhibiting 
antitumor effects while reducing systemic toxicity expressed by a continuous increase in blood 
phosphorus levels and suppression of body weight gain observed when FGFR is inhibited. The 
maintenance of the effect and reduction of toxicity development lead to enhancement of 
therapeutic effects, and contribute to the benefit for cancer patients.

[0009] The present invention suggests that, compared with daily administration, administration 
at appropriate intervals (intermittent administration) can further increase the balance between 
the effects and toxicity of the FGFR inhibitor, leading to an improvement in treatment methods.



DK/EP 3023100 T3

Brief Description of Drawings

[0010]

Fig. 1 shows the measurement results of blood phosphorus levels in Test Example 6.

Fig. 2 shows relative phosphorus levels when the blood phosphorus level on Day 1 is taken as 
1 in Test Example 6.

Fig. 3 shows the average weight change [BWC (%)] relative to the body weight on Day 1 in 
Test Example 6.

Fig. 4 shows relative tumor volumes with respect to the tumor volume on Day 1 in Test 
Example 7.

Fig. 5 shows relative tumor volumes with respect to the tumor volume on Day 1 in Test 
Example 8.

Fig. 6 shows BWC (%) relative to the body weight on Day 1 in Test Example 8.

Description of Embodiments

[0011] The present invention provides an antitumor agent comprising a 3,5-disubstituted 
benzene alkynyl compound represented by Formula (I) above or a salt thereof that is used so 
that the 3,5-disubstituted benzene alkynyl compound or a salt thereof is administered on an 
administration schedule of at least twice a week and a dosing interval of at least one day. In the 
present specification, the compound represented by Formula (I), which is the active ingredient 
of the antitumor agent of the present invention, is also referred to simply as "Compound (I)."

[0012] The present invention exhibits an effect of reducing side effects, such as weight loss 
and increased blood phosphorus levels, while maintaining the antitumor effect, by using an 
administration schedule of at least twice a week and a dosing interval of at least one day.

[0013] In the present invention, the administration schedule is not particularly limited, as long 
as it satisfies the conditions of at least twice a week and a dosing interval of at least one day.

[0014] Examples of the administration schedule include:

an administration schedule based on a 1-week cycle, in which Compound (I) or a salt thereof is 
administered at least twice every one to three days per cycle, and this cycle is performed once 
or repeated twice or more;
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an administration schedule based on a 14-day cycle, in which Compound (I) or a salt thereof is 
administered 4 to 7 times every one to three days per cycle, and this cycle is performed once 
or repeated twice or more;

an administration schedule based on a 14-day cycle, in which among 14 days contained in one 
cycle, Compound (I) or a salt thereof is administered on Day 1, Day 4, Day 8, and Day 11;

an administration schedule based on a 14-day cycle, in which among 14 days contained in one 
cycle, Compound (I) or a salt thereof is administered on Day 1, Day 3, Day 5, Day 7, Day 9, 
Day 11, and Day 13;

an administration schedule based on a 14-day cycle, in which among 14 days contained in one 
cycle, Compound (I) or a salt thereof is administered on Day 1, Day 3, Day 5, Day 8, Day 10, 
and Day 12;

and the like.

[0015] In the present invention, the administration "at least twice a week" means that the 
number of doses in each week is always two or more, rather than that the average number of 
doses per week obtained by dividing the total number of doses in the administration schedule 
by the whole period is two or more. For example, in a 4-week administration schedule, when 
administration is performed 3 times in the first week, 4 times in the second week, once in the 
third week, and once in the fourth week, administration is performed 9 times in four weeks. In 
this case, the average number of doses per week exceeds two; however, the number of doses 
in the third and fourth weeks is less than two. Therefore, this case does not satisfy the 
condition of the present invention, i.e., "administration at least twice a week" (except for a case 
where drug holidays, described below, are provided).

[0016] When the last week of the administration schedule does not include 7 days, the 
administration "at least twice a week" means that the number of doses in each week from the 
first week to the week before the last week is always two or more, and that the number of 
doses per week converted from the number of doses in the last week is two or more (e.g., one 
or more in two days, one or more in three days, two or more in four days, two or more in five 
days, and two or more in six days) . When the last week includes only one day, the condition of 
the present invention, i.e., "at least twice a week," is satisfied as long as the number of doses 
in each week from the first week to the week before the last week is always two or more, 
regardless of whether administration is performed on the last day. Similarly, in the embodiment 
of an administration schedule based on a 14-day cycle, the last cycle does not necessarily 
include 14 days. In that case, it is sufficient that the number of doses for 14 days converted 
from the number of doses in the last cycle satisfies the condition of the present invention, as in 
the above case.

[0017] Moreover, in the administration schedule of the present invention, as long as the 
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medication is continued on the schedule of at least twice a week and a dosing interval of at 
least one day for a certain period of time (e.g., 1 week or more, 10 days or more, or 14 days or 
more), the medication may be stopped thereafter, and the medication may be restarted after a 
certain period of drug holiday. Similarly, the administration schedule of the present invention 
includes a schedule having a plurality of drug holidays. In an embodiment having such a drug 
holiday, it is sufficient that the conditions "at least twice a week and a dosing interval of at least 
one day" are satisfied in the dosing period before the drug holiday and in the dosing period 
after the drug holiday. When two or more drug holidays are provided, it is sufficient that the 
conditions "at least twice a week and a dosing interval of at least one day" are satisfied in the 
dosing period before the first drug holiday, in the dosing period between the drug holidays, and 
in the dosing period after the second drug holiday. The period of drug holiday is not particularly 
limited, and can be suitably set according to the patient's state, etc. The period of drug holiday 
can be suitably set, for example, within the range of 1 to 35 days, preferably 1 to 14 days, and 
more preferably 1 to 7 days.

[0018] The compound represented by the above Formula (I), which is particularly preferable 
as the active ingredient of the antitumor agent of the present invention, is a 3,5-disubstituted 
benzene alkynyl compound containing a condensed heteroaryl group substituted for an α,β- 
unsaturated amide via a spacer moiety.

[0019] In the present specification, the term "Ci-Cß alkyl" refers to a straight or branched alkyl 

group having 1 to 6 carbon atoms. Specific examples thereof include methyl, ethyl, n-propyl, 
isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl, hexyl, and the like. The C-i-Cß alkyl is 

preferably a straight or branched alkyl group having 1 to 4 carbon atoms (a C-1-C4 alkyl group), 

and more preferably methyl, ethyl, isopropyl, and tert-butyl.

[0020] In this specification, the term "C3-C10 cycloalkyl" refers to a monocyclic or polycyclic 

cycloalkyl group having 3 to 10 carbon atoms, and is preferably a monocyclic cycloalkyl group 
having 3 to 6 carbon atoms (a C3-C6 cycloalkyl group). Specific examples thereof include 

cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, decalyl, and the like. Cyclopropyl 
and cyclobutyl are preferable. In this specification, the divalent moiety represented by

of the group represented by Formula (A)

—(CHa-Q*,*- (a)

(wherein R2 and 1 are as defined above)

is a C3-C10 divalent heterocycloalkylene group containing at least one nitrogen atom in the ring 

and further containing 0 to 2 same or different heteroatoms selected from oxygen and sulfur 
atoms in the ring (a nitrogen-containing C3-C10 heterocycloalkylene group), and is preferably a 

C3-C5 heterocycloalkylene group containing 1 to 3 nitrogen atoms in the ring and further 

containing 0 to 1 oxygen atom in the ring (a nitrogen-containing C3-C5 heterocycloalkylene 
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group). Specific examples thereof include azetidinylene, pyrrolidinylene, piperidinylene, 
piperazinylene, morpholinylene, octahydroquinolinylene, octahydroindolylene, and the like. 
Among them, azetidinylene, pyrrolidinylene, piperidinylene, piperazinylene, and morpholinylene 
are preferable.

[0021] The group represented by Formula (A)

-W-Qfc*“ (A)
refers to a divalent nitrogen-containing C3-C10 heterocycloalkylene group represented by

/'"x
—0i/N~
wherein the nitrogen atom has one arm and the other arm is connected to a substituent (- 
(CH2)|-), and a substituent R2 is present on the ring.

[0022] In this specification, the divalent moiety represented by

of the group represented by Formula (B)

(wherein R2 and 1 are as defined above)

refers to a monocyclic or polycyclic divalent cycloalkylene group having 3 to 10 carbon atoms 
(a C3-C10 cycloalkylene group), and preferably a monocyclic divalent cycloalkylene group 

having 3 to 6 carbon atoms (a C3-C6 cycloalkylene group). Specific examples thereof include 

cyclopropylene, cyclobutylene, cyclopentylene, cyclohexylene, cycloheptylene, decalylene, and 
the like. Cyclopropylene and (1,2- or 1,3-)cyclobutylene are preferable.
Formula (B)

refers to a divalent C3-C10 cycloalkylene group represented by

wherein one arm is connected to an adjacent amino group (NH) and the other arm is 
connected to a substituent (-(CH2)|-), and a substituent R2 is present on the ring.

[0023] In the present specification, the divalent moiety represented by

of the group represented by Formula (C)

—(C)
(wherein R2 and I are as defined above)

refers to a divalent arylene group having 6 to 12 carbon atoms (a C6-C12 arylene group). 

Specific examples thereof include phenylene, naphthylene, biphenylene, and the like. 
Phenylene is preferable.
Formula (C)
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—(CHrfHO1 (C)
refers to a divalent C6-C-12 arylene group represented by

wherein one arm is connected to an adjacent amino group (NH) and the other arm is 
connected to a substituent (-(CH2)|-), and a substituent FQ is present on the ring.

[0024] In this specification, the monovalent moiety represented by

of the group represented by Formula (D)

(wherein Rg, m, and n are as defined above)

refers to a C3-C-10 heterocycloalkyl group containing at least one nitrogen atom in the ring and 

further containing 0 to 2 same or different heteroatoms selected from oxygen and sulfur atoms 
in the ring (a nitrogen-containing C3-C-10 heterocycloalkyl group), and is preferably a C3-C5 

heterocycloalkyl group containing 1 to 3 nitrogen atoms in the ring and further containing 0 to 1 
oxygen atom in the ring (a nitrogen-containing C3-C5 heterocycloalkyl group). Specific 

examples thereof include azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, 
octahydroquinolinyl, octahydroindolyl, and the like. Azetidinyl, pyrrolidinyl, piperidinyl, 
piperazinyl, and morpholinyl are preferable.
Formula (D)

denotes a nitrogen-containing C3-C10 heterocycloalkyl group represented by

wherein the nitrogen atom is bound to a substituent (-(CH2)m-), and n substituents (-(Rg)n) are 

present on the ring.

[0025] In this specification, the "C2-C9 heteroaryl" refers to a monocyclic or bicyclic C2-C9 

heteroaryl group containing 1 to 3 same or different heteroatoms selected from nitrogen, 
oxygen, and sulfur atoms; and is preferably a monocyclic C2-C5 heteroaryl group containing 1 

to 3 same or different heteroatoms selected from nitrogen, oxygen, and sulfur atoms (a C2-C5 

heteroaryl group). Specific examples thereof include thienyl, furyl, pyrrolyl, triazolyl, imidazolyl, 
pyrazolyl, oxadiazolyl, isothiazolyl, isoxazolyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, 
isobenzofuryl, indolizinyl, isoindolyl, indolyl, indazolyl, quinolyl, isoquinolyl, phthalazinyl, 
naphthyridinyl, and the like. 1,3,4-Oxadiazolyl is preferable.

[0026] In this specification, the term "C2-C6 alkynyl" refers to a straight or branched C2-C6 

alkynyl group having at least one carbon-carbon triple bond. Specific examples thereof include 
ethynyl, 2-propynyl, 2-hexynyl, and the like. Ethynyl is preferable.

[0027] In this specification, the term "hydroxy-C-i-Cß alkyl" refers to a straight or branched C-|- 

Cß alkyl group having one hydroxy group. Specific examples thereof include hydroxymethyl, 
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hydroxyethyl, hydroxypropyl, hydroxybutyl, hydroxypentyl, hydroxyhexyl, and the like. Among 
them, hydroxymethyl, 2-hydroxyethyl, 2-hydroxypropyl, and 2-hydroxybutyl are preferable.

[0028] In this specification, the term "di(C-|-C6 alkyl)amino-C-|-C6 alkyl" refers to a straight or 

branched C-i-Cß alkyl group having an amino group having two straight or branched C-i-Cß alkyl 

groups. A straight or branched C-1-C4 alkyl group having an amino group having two straight or 

branched C-1-C4 alkyl groups (a di(C-|-C4 alkyl)amino-C-|-C4 alkyl group) is preferable. Specific

examples thereof include dimethylaminomethyl, dimethylaminoethyl, dimethylaminopropyl,
dimethylaminobutyl, 
diethylaminoethyl, 
diethylaminohexyl,

dimethylaminopentyl, 
diethylaminopropyl, 

dipropylaminomethyl,

dimethylaminohexyl,
diethylaminobutyl, 

dibutylaminomethyl,

diethylaminomethyl 
diethylaminopentyl 

dipentylaminomethyl
dihexylaminomethyl, ethyl(methyl)aminomethyl, and the like. Dimethylaminomethyl and 
diethylaminomethyl are preferable.

[0029] In this specification, the term "C-i-Cß alkoxy-Ci-Cß alkyl" refers to a straight or branched 

C-i-Ce alkyl group having a straight or branched C-i-Cß alkoxy group. It is preferably a straight 

or branched C-1-C4 alkyl group having a straight or branched C-1-C4 alkoxy group (a C-1-C4 

alkoxy-C-|-C4 alkyl group). Specific examples of such groups include methoxymethyl, 

methoxyethyl, methoxypropyl, methoxybutyl, methoxypentyl, methoxyhexyl, ethoxymethyl, 
ethoxyethyl, ethoxypropyl, ethoxybutyl, ethoxypentyl, ethoxyhexyl, propoxymethyl, 
butoxymethyl, pentyloxymethyl, hexyloxymethyl, and the like. Among them, 2-methoxyethyl is 
preferable.

[0030] In this specification, examples of the "halogen" include chlorine, bromine, fluorine, and 
iodine. Fluorine is preferable.

[0031] In Formula (I), the following combinations of X) and X2 are preferable. (1) When X2 is

N, X) is N or CH. (2) When X2 is CH, X) is CH.

[0032] In Formula (I), 1 is preferably 0 or 1.

[0033] In Formula (I), Y is preferably a group represented by Formula (A)

(CH2)i-Q5<n (A)
(wherein R2 and 1 are as defined above) or a group represented by Formula (C)

—(c)
(wherein R2 and 1 are as defined above). More preferably, the divalent moiety represented by

of a group represented by Formula (A) is pyrrolidinylene, azetidinylene, or piperidinylene, or 
the divalent moiety represented by

of a group represented by Formula (C) is phenylene.
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[0034] In Formula (I), the following combinations of Y and Z are preferable. When Y is a group 
represented by Formula (A)

—(A)
(wherein FQ and 1 are as defined above), Z is -C(R4)=C(R5) (Rß) or - C^C-Ry. When Y is a 

group represented by Formula (B) or (C):

—(CHi),-®-'*“’ (B) or —(C)

(wherein R2 and 1 are as defined above), Z is -C(R4)=C(R5)(Rg).

[0035] In Formula (I), R1 is preferably C1-C4 alkyl, and more preferably methyl or ethyl.

[0036] In Formula (I), R2 is preferably hydrogen, C2-C6 alkynyl, -C(=O)ORX, hydroxy-C-|-C4 

alkyl, or C2-C9 heteroaryl optionally having R3, and more preferably ethynyl, methoxycarbonyl, 

hydroxymethyl, or 1,3,4-oxadiazolyl optionally having R3.

[0037] In Formula (I), R3 is preferably C1-C4 alkyl or di-(C-|-C4 alkyl)amino-C-|-C4 alkyl, and 

more preferably methyl or dimethylaminomethyl.

[0038] In Formula (I), R4 is preferably hydrogen or halogen, more preferably hydrogen or 

fluorine, and even more preferably hydrogen.

[0039] In Formula (I), R5 and Rß are preferably hydrogen, C-1-C4 alkyl group optionally having 

Rg, or a group represented by Formula (D)

(wherein Rg, m and n are as defined above), and more preferably hydrogen, methyl having Rs, 

or a group represented by Formula (D)
-(ΟΗ^-ιθ-ίΒΛ φ)

(wherein Rg, m, and n are as defined above).

[0040] In Formula (I), m is preferably 1.

[0041] In Formula (I), Rg is preferably C-1-C4 alkyl, fluorine, or hydroxy, and more preferably 

methyl, fluorine, or hydroxy.

[0042] In Formula (I), n is preferably 0 or 1.

[0043] In Formula (I), R7 is preferably hydrogen, C1-C4 alkyl, or hydroxy-C-|-C4 alkyl, and more 

preferably hydrogen, hydroxymethyl, methyl, or 2-hydroxy-2-methyl-ethyl.

[0044] In Formula (I), Rs is preferably hydroxy or -N(Rx)(Ry). In this formula, Rx and Ry are 
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preferably hydrogen, C1-C4 alkyl, C3-C10 cycloalkyl, or C1-C4 alkoxy-C-|-C4 alkyl, and more 

preferably hydrogen, methyl, ethyl, tert-butyl, isopropyl, cyclopropyl, cyclobutyl, or 2- 
methoxyethyl.

[0045] Preferable Compounds (I) are compounds represented by Formula (I) wherein R-| is 

C1-C4 alkyl; X-| and X2 are independently N or CH; Y is a group represented by Formula (A) or 

(C):

—(CHz),-®”- (A) or —(CH2v®"N~ (C).
R2 is hydrogen, C2-C6 alkynyl, -C(=O)ORX, hydroxy-C-|-C4 alkyl, or C2-C9 heteroaryl optionally 

having R3; R3 is C-1-C4 alkyl or di (C-1-C4 alkyl) amino-C-|-C4 alkyl; Z is -C(R4)=C(R5)(R8) or - 

C^C-Ry; R4 is hydrogen or halogen; R5 and R8 are the same or different, and each represents 

hydrogen, C-1-C4 alkyl optionally having R8, or a group represented by Formula (D)

tøj
/

R7 is hydrogen, C1-C4 alkyl, or hydroxy-C-|-C4 alkyl; R8 is hydroxy or -N(Rx)(Ry); Rg is C1-C4 

alkyl, fluorine, or hydroxy; Rx and Ry are the same or different, and each represents hydrogen, 

C1-C4 alkyl, C3-C-|o cycloalkyl, or C1-C4 alkoxy-C-|-C4 alkyl; and 1 is 0 or 1, m is 1, and n is 0 or

1.

[0046] More preferable Compounds (I) are compounds represented by Formula (I) wherein 
R) is C1-C4 alkyl; X-| and X2 are such that (1) when X2 is N, X-| is N or CH, and (2) when X2 is 

CH, X-| is CH; in Y, the divalent moiety represented by

of the group represented by Formula (A)
R2/~\

—(A)
is pyrrolidinylene, azetidinylene, or piperidinylene, or the divalent moiety represented by

-@r
of the group represented by Formula (C)

—(CHJÆb"N— (c)
is phenylene;

1. (a) when Y is a group represented by Formula (A)

—(A)
(wherein R2 is hydrogen, ethynyl, methoxycarbonyl, hydroxymethyl, or 1,3,4-oxadiazolyl 

optionally having R3; R3 is C-1-C4 alkyl; and 1 is 0 or 1), Z is -C(R4)=C(R5)(R8) or -C^C- 

R7, (b) when Y is a group represented by Formula (C)

—(C)
(wherein R2 is hydrogen; and 1 is 0 or 1), Z is -C(R4)=C(R5)(R8); R4 is hydrogen or
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fluorine; R5 and Rg are the same or different, and each represents hydrogen, C-1-C4 alkyl 

optionally having R8, or a group represented by Formula (D)

R7 is hydrogen, hydroxymethyl, methyl, or 2-hydroxy-2-methylethyl; R8 is -N(Rx)(Ry); Rg 

is C-1-C4 alkyl, fluorine, or hydroxy; Rx and Ry are the same or different, and each 

represents hydrogen, C-1-C4 alkyl, C3-C-10 cycloalkyl, or C-1-C4 alkoxy-C-|-C4 alkyl, m is 1, 

and n is 0 or 1.

[0047] Even more preferable Compounds (I) are compounds represented by Formula (I) 
wherein R-, is methyl or ethyl; X-, and X2 are such that (1) when X2 is N, X-, is N or CH, and (2) 

when X2 is CH, X-, is CH; in Y, the divalent moiety represented by

is pyrrolidinylene, azetidinylene, piperidinylene, or the divalent moiety represented by 

is phenylene;

1. (a) when Y is a group represented by Formula (A) 
R2<\

—(a)
(wherein R2 is hydrogen, ethynyl, methoxycarbonyl, hydroxymethyl, or 1,3,4-oxadiazolyl 

optionally having methyl; and 1 is 0 or 1), Z is -C(R4)=C(R5)(R8) or -C^C-Ry, (b) when Y 

is a group represented by Formula (C)

-- (c)
(wherein R2 is hydrogen; and 1 is 1),

Z is -C(R4)=C(R5)(R6); R4 is hydrogen; R5 and Rg are the same or different, and each 

represents hydrogen, methyl having R8, or the monovalent moiety represented by 

of the group represented by Formula (D) 

-(CH,)m-NwV-(R9)n 

is pyrrolidinyl, piperidinyl, azetidinyl, piperazinyl, or morpholinyl; R7 is hydrogen, 

hydroxymethyl, methyl, or 2-hydroxy-2-methyl-ethyl; R8 is -N(Rx)(Ry); Rg is methyl, 

fluorine, or hydroxy and; Rx and Ry are the same or different, and each represents 

hydrogen, methyl, ethyl, tert-butyl, isopropyl, cyclopropyl, cyclobutyl, or 2-methoxyethyl; 
and m is 1, and n is 0 or 1.

[0048] Specific examples of preferable Compounds (I) include the following:



DK/EP 3023100 T3

1. (1) (S)-1-(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1-
yl)pyrrolidin-1-yl)prop-2-en-1-one (Compound of Example 2),

2. (2) (S)-1-(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1- 
yl) pyrrolidin-1-yl)prop-2-yn-1-one (Compound of Example 5),

3. (3) (S)-1-(3-(4-amino-3-((3,5-diethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1-
yl)pyrrolidin-1-yl)prop-2-en-1-one (Compound of Example 8),

4. (4) 1-(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1- 
yl)azetidin-l-yl)prop-2-en-1-one (Compound of Example 9),

5. (5) 1-(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1-
yl)azetidin-1-yl)-4-hydroxybut-2-yn-1-one (Compound of Example 10),

6. (6) 1-(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1-
yl)azetidin-1-yl)-4-(dimethylamino)but-2-en-1-one (Compound of Example 12),

7. (7) 1-(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1-
yl)azetidin-1-yl)-4-(cyclopropylamino)but-2-en-1-one (Compound of Example 13),

8. (8) 1-(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1-
yl)azetidin-1-yl)-4-(isopropylamino)but-2-en-1-one (Compound of Example 14),

9. (9) 1-(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1-
yl)azetidin-1-yl)-4-(ethyl(methyl)amino)but-2-en-1-one (Compound of Example 15),

10. (10) 1-(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1-
yl)azetidin-1-yl)-4-(cyclobutylamino)but-2-en-1-one (Compound of Example 16),

11. (11) 1-(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1-
yl)azetidin-1-yl)-4-(diethylamino) but-2-en-1-one (Compound of Example 17),

12. (12) 1-(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1-
yl)azetidin-1-yl)-4-(tert-butylamino)but-2-en-1-one (Compound of Example 18),

13. (13) 1-(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1-
yl)azetidin-1-yl)-4-(isopropyl(methyl)amino)but-2-en-1-one (Compound of Example 19),

14. (14) 1-(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1-
yl)azetidin-1-yl)-4-(piperidin-1-yl)but-2-en-1-one (Compound of Example 20),

15. (15) (S)-1-(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1- 
yl)azetidin-1-yl)-4-(3-fluoropyrrolidin-1-yl)but-2-en-1-one (Compound of Example 22),

16. (16) (R)-1-(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1- 
yl)azetidin-1-yl)-4-(3-fluoropyrrolidin-1-yl)but-2-en-1-one (Compound of Example 23),

17. (17) 1-((2S,4S)-4-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-
d]pyrimidin-1-yl)-2-(hydroxymethyl)pyrrolidin-1-yl)prop-2-en-1-one (Compound of 
Example 28),

18. (18) 1-(2S,4S)-4-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-
d]pyrimidin-1-yl)-2-ethynylpyrrolidin-1-yl)prop-2-en-1-one (Compound of Example 32),

19. (19) (S)-1-(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7- 
yl)pyrrolidin-1-yl)-4-(dimethylamino)but-2-en-1-one (Compound of Example 38),

20. (20) (S)-1-(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7- 
yl)pyrrolidin-1-yl)prop-2-en-1-one (Compound of Example 39),

21. (21) (S)-1-(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7- 
yl)pyrrolidin-1 -yl)-4-(pyrrolidin-1 -yl)but-2-en-1 -one (Compound of Example 40),
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22. (22) (S)-1-(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7- 
yl)pyrrolidin-1-yl)-4-(4-hydroxypiperidin-1-yl)but-2-en-1-one (Compound of Example 42),

23. (23) (S)-1-(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7- 
yl)pyrrolidin-1-yl)but-2-yn-1-one (Compound of Example 46),

24. (24) (S)-1-(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7- 
yl)pyrrolidin-1-yl)-4-hydroxy-4-methylpent-2-yn-1-one (Compound of Example 47),

25. (25) 1 -((S)-3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-
yl)pyrrolidin-1-yl)-4-((S)-3-fluoropyrrolidin-1-yl)but-2-en-1-one (Compound of Example 
49),

26. (26) (S)-1-(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7- 
yl)pyrrolidin-1 -yl)-4-(piperidin-1 -yl)but-2-en-1 -one (Compound of Example 50),

27. (27) 1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-
yl)azetidin-1-yl)prop-2-en-1-one (Compound of Example 51),

28. (28) 1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-
yl)azetidin-1-yl)-4-(dimethylamino) but-2-en-1-one (Compound of Example 52),

29. (29) 1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-
yl)azetidin-1-yl)-4-(pyrrolidin-1-yl)but-2-en-1-one (Compound of Example 53),

30. (30) 1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-
yl)azetidin-1-yl)-4-(azetidin-1-yl)but-2-en-1-one (Compound of Example 55),

31. (31) 1-(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7- 
yl)azetidin-1-yl)-4-(ethyl(methyl)amino)but-2-en-1-one (Compound of Example 56),

32. (32) 1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-
yl)azetidin-1-yl)-4-(isopropylamino)but-2-en-1-one (Compound of Example 57),

33. (33) 1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-
yl)azetidin-1-yl)-4-(diethylamino) but-2-en-1-one (Compound of Example 59),

34. (34) 1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-
yl)azetidin-1-yl)-4-((2-methoxyethyl)(methyl)amino)but-2-en-1-one (Compound of 
Example 60),

35. (35) 1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-
yl)azetidin-1-yl)-4-(4-hydroxypiperidin-1-yl)but-2-en-1-one (Compound of Example 61),

36. (36) (S)-1-(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7- 
yl)azetidin-1-yl)-4-(3-hydroxypyrrolidin-1-yl)but-2-en-1-one (Compound of Example 62),

37. (37) (R)-1-(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7- 
yl)azetidin-1-yl)-4-(3-hydroxypyrrolidin-1-yl)but-2-en-1-one (Compound of Example 63),

38. (38) (2S,4S)-methyl-1-acryloyl-4-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-
pyrrolo[2,3-d]pyrimidin-7-yl)pyrrolidine-2-carboxylate (Compound of Example 66),

39. (39) 1 -((2S,4S)-4-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin- 
7-yl)-2-(1,3,4-oxadiazol-2-yl)pyrrolidin-1-yl)prop-2-en-1-one (Compound of Example 68), 
and

40. (40) (S)-1-(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrrolo[3,2-c]pyridin-1- 
yl)pyrrolidin-1-yl)prop-2-en-1-one (Compound of Example 73).
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[0049] Next, the method for producing Compound (I), which is the active ingredient of the 
antitumor agent according to the present invention, will be explained. Compound (I) can be 
produced, for example, by the following production methods or by the methods described in 
Examples. However, the method for producing Compound (I) is not limited to these reaction 
examples.

Production method 1

[0050]

OR,

(III)(II)

(wherein P-| is a protecting group of the amino group contained in Y; and R-|, Χη, X2, Y, and Z 

are as defined above.)

[0051] (Step 1) In this step, the protected amino group of the compound of Formula (II) is 
deprotected to produce the compound of Formula (III). The method for the deprotection can 
be performed according to a known method, such as the method described in Protective 
Groups in Organic Synthesis, T.W. Greene, John Wiley & Sons (1981); or methods similar 
thereto. An example of the protecting group is tert-butyloxycarbonyl. If a ferf-butyloxycarbonyl 
group is used as a protecting group, the deprotection is preferably performed under acidic 
conditions. Examples of acids that can be used include hydrochloric acid, acetic acid, 
trifluoroacetic acid, sulfuric acid, methanesulfonic acid, tosic acid, and the like. Such an acid is 
preferably used in an amount of 1 to 100 moles per mole of Compound (II).

[0052] Any solvent that does not adversely affect the reaction can be used. Examples thereof 
include alcohols (e.g., methanol), hydrocarbons (e.g., benzene, toluene, and xylene), 
halogenated hydrocarbons (e.g., methylene chloride, chloroform, and 1,2-dichloroethane), 
nitriles (e.g., acetonitrile), ethers (e.g., dimethoxyethane and tetrahydrofuran), aprotic polar 
solvents (e.g., A/,A/-dimethylformamide, dimethyl sulfoxide, and hexamethylphosphoramide), or 
a mixture thereof. The reaction time is 0.1 to 100 hours, and preferably 0.5 to 24 hours. The 
reaction temperature is 0 to 120°C, and preferably 0 to 90°C.

[0053] The thus-obtained compound of Formula (III) can be subjected to the subsequent step 
after or without isolation and purification by known separation and purification means, such as 
concentration, vacuum concentration, crystallization, solvent extraction, reprecipitation, and 
chromatography.

[0054] (Step 2) In this step, the compound of Formula (III) is amidated with a carboxylic acid 
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represented by Z-COOH or with an acid halide represented by Z-C(=O)-L (wherein L is 
chlorine or bromine) to produce the compound of Formula (I).

[0055] When a carboxylic acid represented by Z-COOH is used as an amidation reagent, the 
reaction is performed by using the carboxylic acid in an amount of 0.5 to 10 moles, and 
preferably 1 to 3 moles, per mole of the compound of Formula (III) in the presence of a 
suitable condensing agent. The carboxylic acid may be a commercially available product, or 
can be produced according to a known method.

[0056] Any reaction solvent that does not adversely affect the reaction can be used. Examples 
of preferable solvents include isopropanol, tert-butyl alcohol, toluene, benzene, methylene 
chloride, chloroform, tetra hydrofuran, 1,4-dioxane, dimethylformamide, dimethylacetamide, N- 
methylpyrrolidinone, dimethyl sulfoxide, and mixed solvents thereof. The reaction temperature 
is usually -78 to 200°C, and preferably 0 to 50°C. The reaction time is typically 5 minutes to 3 
days, and preferably 5 minutes to 10 hours.

[0057] Examples of the condensing agent include diphenylphosphoryl azide, Λ/,Λ/'- 
dicyclohexylcarbodiimide, benzotriazol-1-yloxy-trisdimethylaminophosphonium salts, 4-(4,6-
dimethoxy-1,3,5-triazin-2-yl)-4-methylmopholinium chloride,
dimethylaminopropyl)carbodiimide, a combination of
dimethylaminopropyl)carbodiimide and 1-hydroxybenzotriazole,

1-ethyl-3-(3-
1- ethyl-3-(3-

2- chloro-1,3-
dimethylimidazolinium chloride, O-(7-azabenzotriazo-1-yl)-A/,A/,A/',A/-tetramethyluronium
hexafluorophosphate, and the like.

[0058] A base can be optionally added for the reaction. Examples of usable bases include 
organic bases such as triethylamine, diisopropylethylamine, pyridine, lutidine, collidine, 4- 
dimethylaminopyridine, potassium tert-butyrate, sodium tert-butyrate, sodium methoxide, 
sodium ethoxide, lithium hexamethyldisilazide, sodium hexamethyldisilazide, potassium 
hexamethyldisilazide, and butyl lithium; and inorganic bases such as sodium hydrogen 
carbonate, sodium carbonate, potassium carbonate, cesium carbonate, sodium hydroxide, and 
sodium hydride. Such a base is added in an amount of 1 to 100 moles, and preferably 1 to 10 
moles, per mole of the compound of Formula (III).

[0059] When an acid halide represented by Z-C(=O)-L (wherein L is chlorine or bromine) is 
used as an amidation reagent, the acid halide is used in an amount of 0.5 to 5 moles, and 
preferably 0.9 to 1.1 moles, per mole of the compound of Formula (III). The acid halide may be 
a commercially available product, or can be produced according to a known method.

[0060] Any reaction solvent that does not adversely affect the reaction can be used. Examples 
of preferable solvents include toluene, benzene, methylene chloride, chloroform, 
tetrahydrofuran, 1,4-dioxane, dimethylformamide, dimethylacetamide, /V-methylpyrrolidinone, 
and mixed solvents thereof. The reaction temperature is typically -78 to 200°C, and preferably 
-20 to 50°C. The reaction time is typically 5 minutes to 3 days, and preferably 5 minutes to 10 
hours.
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[0061] A base can be optionally added for the reaction. Examples of usable bases include 
organic bases such as triethylamine, diisopropylethylamine, pyridine, lutidine, collidine, 4- 
dimethylaminopyridine, potassium tert-butyrate, sodium ferf-butyrate, sodium methoxide, 
sodium ethoxide, lithium hexamethyldisilazide, sodium hexamethyldisilazide, potassium 
hexamethyldisilazide, and butyl lithium; and inorganic bases such as sodium hydrogen 
carbonate, sodium carbonate, potassium carbonate, cesium carbonate, sodium hydroxide, and 
sodium hydride. Such a base is added in an amount of 1 to 100 moles, preferably 1 to 10 
moles, per mole of the compound of Formula (III).

[0062] The thus-obtained compound of Formula (I) can be isolated and purified by known 
separation and purification means, such as concentration, vacuum concentration, 
crystallization, solvent extraction, reprecipitation, and chromatography.

[0063] Among Compounds (I), compound of Formula (I') or (I") can also be produced by 
production method 2 using, for example, Compound (III) obtained in step 1 of production 
method 1 as a starting compound, and using a specific amine.

Production method 2

[0064]

(I') (D
(wherein L-| and l_2 are halogen; H of Y-H is hydrogen directly bound to a nitrogen atom; and

Xi, X2, Y, Rx, Ry, Ri,

m, and n are as defined above.) 

[0065] (Step 3) In this step, the compound of Formula (III) is amidated with an acid halide 
represented by Formula (IV) to produce the compound of Formula (V).

[0066] Examples of halogen atoms represented by L-, or l_2 in Formula (IV) include bromine 

and chlorine. The compound represented by Formula (IV) may be a commercially available 
product, or can be produced according to a known method.

[0067] The compound of Formula (IV) is used in an amount of 0.5 to 5 moles, and preferably
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0.9 to 1.1 moles, per mole of Compound (III).

[0068] A base can be optionally added for the reaction. Examples of usable bases include 
organic bases such as triethylamine, diisopropylethylamine, pyridine, lutidine, collidine, 4- 
dimethylaminopyridine, potassium tert-butyrate, sodium ferf-butyrate, sodium methoxide, 
sodium ethoxide, lithium hexamethyldisilazide, sodium hexamethyldisilazide, potassium 
hexamethyldisilazide, and butyl lithium; and inorganic bases such as sodium hydrogen 
carbonate, sodium carbonate, potassium carbonate, cesium carbonate, sodium hydroxide, and 
sodium hydride. Such a base can be added in an amount of 1 to 100 moles, and preferably 1 
to 10 moles, per mole of the compound of Formula (III).

[0069] Any reaction solvent that does not adversely affect the reaction can be used. Examples 
of preferable reaction solvents include toluene, benzene, methylene chloride, chloroform, 
tetrahydrofuran, 1,4-dioxane, dimethylformamide, dimethylacetamide, /V-methylpyrrolidinone, 
and mixed solvents thereof. The reaction temperature is typically -78 to 200°C, and preferably 
0 to 50°C. The reaction time is typically 5 minutes to 3 days, and preferably 5 minutes to 10 
hours.

[0070] The thus-obtained compound of Formula (V) can be subjected to the subsequent step 
after or without isolation and purification by known separation and purification means, such as 
concentration, vacuum concentration, crystallization, solvent extraction, reprecipitation, and 
chromatography.

[0071] (Step 4) In this step, the compound of Formula (V) is alkylated with an amine 
represented by Formula (VI) or (VI') to produce the compound of Formula (I') or (I").

[0072] The compound of Formula (VI) or (VI') can be used in an amount of 1 to 20 moles, and 
preferably 1 to 10 moles, per mole of the compound of Formula (V).

[0073] Further, a base can optionally be added for the reaction. Examples of such bases 
include organic bases such as triethylamine, diisopropylethylamine, pyridine, lutidine, collidine, 
4-dimethylaminopyridine, potassium tert-butyrate, sodium fert-butyrate, sodium methoxide, 
sodium ethoxide, lithium hexamethyldisilazide, sodium hexamethyldisilazide, potassium 
hexamethyldisilazide, and butyl lithium; and inorganic bases such as sodium hydrogen 
carbonate, sodium carbonate, potassium carbonate, cesium carbonate, sodium hydroxide, and 
sodium hydride. Such a base can be added in an amount of 1 to 100 moles, and preferably 1 
to 20 moles, per mole of the compound of Formula (V).

[0074] Any reaction solvent that does not adversely affect the reaction can be used. For 
example, A/,/V-dimethylformamide, A/,A/-dimethylacetamide, dimethyl sulfoxide, tetra hydrofuran, 
1,4-dioxane, A/-methylpyrrolidin-2-one, acetonitrile, and the like can be used singly, or as a 
mixture. The reaction time is 0.1 to 100 hours, and preferably 0.5 to 24 hours. The reaction 
temperature is 0°C to the boiling temperature of the solvent, and preferably 0 to 100°C.
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[0075] The thus-obtained compound of Formula (I') or (I") can be isolated and purified by 
known separation and purification means, such as concentration, vacuum concentration, 
crystallization, solvent extraction, reprecipitation, and chromatography.

[0076] The compound of Formula (II) used for producing Compound (I) can be produced, for 
example, by production method 3 or 4.

Production method 3

[0077]

(wherein L3 and L4 are leaving groups; and R-,, Χη, X2, Y, and P-| are as defined above.)

[0078] (Step 5) In this step, the compound of Formula (VII) is subjected to a coupling 
(Sonogashira) reaction with the compound of Formula (VIII) to produce the compound of 
Formula (IX). This step can be performed according to a generally known method (see, for 
example, Chemical Reviews, vol. 107, p. 874, 2007), for example, in the presence of a 
transition metal catalyst and a base in a solvent that does not adversely affect the reaction.

[0079] In Formula (VII), the leaving group represented by L3 is bromine or iodine. The 

compound of Formula (VII) may be a commercially available product, or can be produced by a 
known method.

[0080] In this step, the compound of Formula (VIII) can be used in an amount of 1 to 10 moles, 
and preferably 1 to 3 moles, per mole of the compound of Formula (VII).

[0081] Examples of transition metal catalysts that can be used in this step include palladium 
catalysts (e.g., palladium acetate, tris(dibenzylideneacetone)dipalladium, and 1,1'- 
bis(diphenylphosphino)ferrocene-palladium(ll) dichloride dichloromethane complex). If 
necessary, a ligand (e.g., triphenylphosphine and tri-tert-butylphosphine) can be added and a 
copper reagent (e.g., copper iodide and copper acetate) can be used as a cocatalyst. The 
amount of the transition metal catalyst used may vary depending on the type of catalyst. The 
transition metal catalyst is typically used in an amount of 0.0001 to 1 mole, and preferably 0.01 
to 0.5 moles, per mole of the compound of Formula (VII). The amount of the ligand used is 
typically 0.0001 to 4 moles, and preferably 0.01 to 2 moles, per mole of the compound of 
Formula (VII). The amount of the cocatalyst used is typically 0.0001 to 4 moles, and preferably 
0.01 to 2 moles, per mole of the compound of Formula (VII).
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[0082] A base may optionally be added for the reaction. Examples of usable bases include 
organic bases such as triethylamine, diisopropylethylamine, pyridine, lutidine, collidine, 4- 
dimethylaminopyridine, potassium tert-butyrate, sodium ferf-butyrate, sodium methoxide, 
sodium ethoxide, lithium hexamethyldisilazide, sodium hexamethyldisilazide, potassium 
hexamethyldisilazide, and butyl lithium; and inorganic bases such as sodium hydrogen 
carbonate, sodium carbonate, potassium carbonate, cesium carbonate, sodium hydroxide, and 
sodium hydride. Among them, organic bases such as triethylamine and diisopropylethylamine 
are preferable. The amount of the base used is typically 0.1 to 50 moles, preferably 1 to 20 
moles, per mole of the compound of Formula (VII).

[0083] Any reaction solvent that does not adversely affect the reaction can be used. Examples 
of usable solvents include hydrocarbons (e.g., benzene, toluene, and xylene), nitriles (e.g., 
acetonitrile), ethers (e.g., dimethoxyethane, tetrahydrofuran, and 1,4-dioxane), alcohols (e.g., 
methanol and ethanol), aprotic polar solvents (e.g., dimethylformamide, dimethyl sulfoxide, and 
hexamethylphosphoramide), water, and mixtures thereof. The reaction time is 0.1 to 100 
hours, and preferably 0.5 to 24 hours. The reaction temperature is 0°C to the boiling 
temperature of the solvent, and preferably 0 to 150°C.

[0084] The thus-obtained compound of Formula (IX) can be subjected to the subsequent step 
after or without isolation and purification by known separation and purification means, such as 
concentration, vacuum concentration, crystallization, solvent extraction, reprecipitation, and 
chromatography.

[0085] (Step 6) In this step, the compound of Formula (IX) is used with the compound of 
Formula (X) or (XI) to produce the compound of Formula (II).

[0086] When the compound of Formula (X) is used as an alkylating reagent, the compound of 
Formula (II) can be produced in the presence of a base. In Formula (X), L4 may be a leaving 

group, such as chlorine, bromine, iodine, a methanesulfonic acid ester, or a p-toluenesulfonic 
acid ester. The alkylating reagent may be a commercially available product, or can be 
produced according to a known method. The compound of Formula (X) can be used in an 
amount of 1 to 10 moles, preferably 1 to 5 moles, per mole of the compound of Formula (IX).

[0087] Examples of usable bases include inorganic bases such as sodium hydrogen 
carbonate, sodium carbonate, potassium carbonate, cesium carbonate, cesium hydroxide, 
sodium hydride, and potassium hydride; and organic amines such as trimethylamine, 
triethylamine, tripropylamine, diisopropylethylamine, A/-methylmorpholine, pyridine, 4-(N,N- 
dimethylamino)pyridine, lutidine, and collidine. Such a base can be used in an amount of 1 to 
100 moles, preferably 2 to 10 moles, per mole of the compound of Formula (IX).

[0088] As the solvent, A/,/V-dimethylformamide, A/,A/-dimethylacetamide, dimethyl sulfoxide, 
tetrahydrofuran, 1,4-dioxane, A/-methylpyrrolidin-2-one, acetonitrile, and the like can be used 
singly, or as a mixture. The reaction time is 0.1 to 100 hours, and preferably 0.5 to 24 hours.
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The reaction temperature is 0°C to the boiling temperature of the solvent, and preferably 0 to 
100°C.

[0089] When the compound of Formula (XI) is used as an alkylating reagent, the compound of 
Formula (II) can be produced by using a Mitsunobu reaction. This step can be performed 
according to a generally known method (see, for example, Chemical Reviews, Vol. 109, p. 
2551,2009), for example, in the presence of Mitsunobu reagents and a phosphine reagent in 
a solvent that does not adversely affect the reaction. This step is performed using the 
compound of Formula (XI) in an amount of 1 to 10 moles per mole of the compound of 
Formula (IX).

[0090] Examples of Mitsunobu reagents include diethyl azodicarboxylate, diisopropyl 
azodicarboxylate, and the like. Such Mitsunobu reagents are used in an amount of 1 to 10 
moles, and preferably 1 to 5 moles, per mole of the compound of Formula (IX).

[0091] Examples of phosphine reagents include triphenylphosphine, tributylphosphine, and the 
like. Such a phosphine reagent is used in an amount of 1 to 10 moles, and preferably 1 to 5 
moles, per mole of the compound of Formula (IX).

[0092] Any reaction solvent that does not adversely affect the reaction can be used. Examples 
of preferable reaction solvents include toluene, benzenetetrahydrofuran, 1,4-dioxane, 
dimethylformamide, dimethylacetamide, /V-methylpyrrolidinone, dimethyl sulfoxide, and mixed 
solvents thereof.

[0093] The reaction temperature is typically -78 to 200°C, and preferably 0 to 50°C. The 
reaction time is typically 5 minutes to 3 days, and preferably 10 minutes to 10 hours.

[0094] The thus-obtained compound of Formula (II) can be utilized after or without isolation 
and purification by known separation and purification means, such as concentration, vacuum 
concentration, crystallization, solvent extraction, reprecipitation, and chromatography, to 
produce Compound (I).

Production method 4

[0095]

■OR,

w

(VII) (II)

(wherein L3, L4, R-,, X-,, X2, Y, and P-| are as defined above.)
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[0096] (Step 7) This step can be performed in a manner similar to step 6.

[0097] (Step 8) This step can be performed in a manner similar to step 5.

[0098] The compound of Formula (XII) used in the production of Compound (I) can also be 
produced, for example, by production method 5.

Production method 5

[0099]

(XIII)

P1-Y-L4 (X)
or

Ρ,-Υ-ΟΗ (XI)

(XIV)

NH3

(step 10)(step9)

(wherein L3, L4, Χη, Χ2, Y, and P-| are as defined above.) 

[0100] (Step 9) This step can be performed in a manner similar to step 6.

[0101] (Step 10) In this step, the compound of Formula (XIV) is reacted with ammonia or a salt 
thereof to produce the compound of Formula (XII).

[0102] The ammonia or a salt thereof is typically used in an equimolar to excessive molar 
amount per mole of the compound of Formula (XIII) in this step. Any reaction solvent that does 
not adversely affect the reaction can be used. Examples of preferable reaction solvents include 
water, methanol, ethanol, isopropanol, tert-butyl alcohol, tetrahydrofuran, 1,4-dioxane, 
dimethylformamide, /V-methylpyrrolidone, dimethyl sulfoxide, and mixed solvents thereof.

[0103] The reaction temperature is typically 0 to 200°C, and preferably room temperature 
150°C. The reaction time is typically 5 minutes to 7 days, and preferably 30 minutes to 24 
hours.

[0104] The thus-obtained compound of Formula (XIV) can be subjected to the subsequent 
step 8 after or without isolation and purification by known separation and purification means, 
such as concentration, vacuum concentration, crystallization, solvent extraction, reprecipitation, 
and chromatography.

[0105] The compound of Formula (IX) used in the production of Compound (I) can also be 
produced, for example, by production method 6.

Production method 6
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(wherein L3, Χη, and X2 are as defined above, and SEM is trimethylsilylethoxymethyl.)

[0107] (Step 11) In this step, the compound of Formula (XIII) is reacted with SEMCI 
(trimethylsilylethoxymethylchloride) in the presence of a base to produce the compound of 
Formula (XV). The compound of Formula (XIII) may be a commercially available product, or 
can be produced according to a known method.

[0108] SEMCI is typically used in an equimolar to excessive molar amount per mole of the 
compound of Formula (XIII) in this step. Any reaction solvent that does not adversely affect the 
reaction can be used. Examples of preferable reaction solvents include tetrahydrofuran, 1,4- 
dioxane, chloroform, methylene chloride, dimethylformamide, /V-methylpyrrolidone, and mixed 
solvents thereof.

[0109] Examples of usable bases include organic bases such as triethylamine, 
diisopropylethylamine, pyridine, and 4-dimethylaminopyridine; and inorganic bases such as 
sodium hydrogen carbonate, sodium carbonate, potassium carbonate, cesium carbonate, 
sodium hydroxide, sodium hydride, and potassium tert-butyrate.

[0110] Such a base is typically used in an equimolar to excessive molar amount, and 
preferably 1 to 3 moles, per mole of the compound of Formula (XIII).

[0111] The reaction temperature is typically -78 to 50°C, and preferably 0°C to room 
temperature. The reaction time is typically 5 minutes to 7 days, and preferably 10 minutes to 
24 hours.

[0112] The thus-obtained compound of Formula (XV) can be subjected to the subsequent step 
after or without isolation and purification by known separation and purification means, such as 
concentration, vacuum concentration, crystallization, solvent extraction, reprecipitation, and 
chromatography.

[0113] (Step 12) This step can be performed in a manner similar to step 10.
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[0114] The thus-obtained compound of Formula (XVI) can be subjected to the subsequent 
step after or without isolation and purification by known separation and purification means, 
such as concentration, vacuum concentration, crystallization, solvent extraction, reprecipitation, 
and chromatography.

[0115] (Step 13) This step can be performed in a manner similar to step 5.

[0116] (Step 14) In this step, the compound of Formula (XVII) is deprotected under acidic 
conditions to produce the compound of Formula (IX). The deprotection can be performed by a 
known method, such as the method described in Protective Groups in Organic Synthesis, T.W. 
Greene, John Wiley & Sons (1981); or a method similar thereto.

[0117] Examples of usable acids include hydrochloric acid, acetic acid, trifluoroacetic acid, 
sulfuric acid, methanesulfonic acid, tosic acid, and the like. Such an acid is used in an amount 
of 1 to 100 moles per mole of the compound of Formula (XVII).

[0118] Any solvent that does not adversely affect the reaction can be used. Examples of 
usable solvents include alcohols (e.g., methanol), hydrocarbons (e.g., benzene, toluene, and 
xylene), halogenated hydrocarbons (e.g., methylene chloride, chloroform, and 1,2- 
dichloroethane), nitriles (e.g., acetonitrile), ethers (e.g., dimethoxyethane, tetrahydrofuran, and 
1,4-dioxane), aprotic polar solvents (e.g., A/,/V-dimethylformamide, dimethyl sulfoxide, and 
hexamethylphosphoramide), and mixtures thereof. The reaction time is 0.1 to 100 hours, and 
preferably 0.5 to 24 hours. The reaction temperature is 0°C to the boiling temperature of the 
solvent, and preferably 0 to 100°C.

[0119] The thus-obtained compound of Formula (IX) can be used in step 6 after or without 
isolation and purification by known separation and purification means, such as concentration, 
vacuum concentration, crystallization, solvent extraction, reprecipitation, and chromatography.

[0120] In the above production methods 1 to 6, for functional groups having an active proton, 
such as amino, imino, hydroxy, carboxy, and amide groups, and indole, protected reagents can 
be used or a protecting group is introduced into such a functional group according to a usual 
method, and then the protecting group can be removed in an appropriate step in each 
production method.

[0121] The "protecting group of an amino group or protecting group of an imino group" is not 
particularly limited insofar as it has a protecting function. Examples of such protecting groups 
include aralkyl groups such as benzyl, p-methoxybenzyl, 3,4-dimethoxybenzyl, o-nitrobenzyl, 
p-nitrobenzyl, benzhydryl, trityl, and cumyl; lower alkanoyl groups such as formyl, acetyl, 
propionyl, butyryl, pivaloyl, trifluoroacetyl, and trichloroacetyl; benzoyl; arylalkanoyl groups 
such as phenylacetyl and phenoxyacetyl; lower alkoxycarbonyl groups such as 
methoxycarbonyl, ethoxycarbonyl, propyloxycarbonyl, and tert-butoxycarbonyl; 
aralkyloxycarbonyl groups such as p-nitrobenzyloxycarbonyl and phenethyloxycarbonyl; lower 
alkylsilyl groups such as trimethylsilyl and tert-butyldimethylsilyl; tetrahydropyranyl; 
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trimethylsilylethoxymethyl; lower alkylsulfonyl groups such as methylsulfonyl, ethylsulfonyl, and 
tert-butylsulfonyl; lower alkylsulfinyl groups such as tert-butylsulfinyl; arylsulfonyl groups such 
as benzenesulfonyl and toluenesulfonyl; and imido groups such as phthalimido. In particular, 
trifluoroacetyl, acetyl, tert-butoxycarbonyl, benzyloxycarbonyl, trimethylsilylethoxymethyl, 
cumyl, and the like are preferable.

[0122] The "protecting group of a hydroxy group" is not particularly limited insofar as it has a 
protecting function. Examples of such protecting groups include lower alkyl groups such as 
methyl, ethyl, propyl, isopropyl, and ferf-butyl; lower alkylsilyl groups such as trimethylsilyl and 
ferf-butyldimethylsilyl; lower alkoxymethyl groups such as methoxymethyl and 2- 
methoxyethoxymethyl; tetrahydropyranyl; trimethylsilylethoxymethyl; aralkyl groups such as 
benzyl, p-methoxybenzyl, 2,3-dimethoxybenzyl, o-nitrobenzyl, p-nitrobenzyl, and trityl; and acyl 
groups such as formyl, acetyl, and trifluoroacetyl. In particular, methyl, methoxymethyl, 
tetrahydropyranyl, trimethylsilylethoxymethyl, ferf-butyldimethylsilyl, acetyl, and the like are 
preferable.

[0123] The "protecting group of a carboxy group" is not particularly limited insofar as it has a 
protecting function. Examples of such protecting groups include lower alkyl groups such as 
methyl, ethyl, propyl, isopropyl, and tert-butyl; halo-lower-alkyl groups such as 2,2,2- 
trichloroethyl; lower alkenyl groups such as allyl; trimethylsilylethoxymethyl; and aralkyl groups 
such as benzyl, p-methoxybenzyl, p-nitrobenzyl, benzhydryl, and trityl. In particular, methyl, 
ethyl, ferf-butyl, allyl, benzyl, p-methoxybenzyl, trimethylsilylethoxymethyl, and the like are 
preferable.

[0124] The "protecting group of a carbonyl group" is not particularly limited insofar as it has a 
protecting function. Examples of such protecting groups include ketals and acetals, such as 
ethylene ketal, trimethylene ketal, dimethyl ketal, ethylene acetal, trimethylene acetal, and 
dimethyl acetal.

[0125] The method for removing such a protecting group may vary depending on the type of 
protecting group, stability of the desired compound (I), etc. For example, the following methods 
can be used: solvolysis using an acid or a base according to the method disclosed in a 
publication (Protective Groups in Organic Synthesis, third edition, T.W. Green, John Wiley & 
Sons (1999)) or a method similar thereto, i.e., a reaction method using, for example, 0.01 
moles or a large excess of an acid, preferably trifluoroacetic acid, formic acid, or hydrochloric 
acid, or an equimolar amount to a large excess of a base, preferably potassium hydroxide or 
calcium hydroxide; chemical reduction using a metal hydride complex or the like; or catalytic 
reduction using a palladium-carbon catalyst, Raney nickel catalyst, or the like.

[0126] Compound (I) can easily be isolated and purified by usual isolation and purification 
means. Examples of such means include solvent extraction, recrystallization, preparative 
reversed-phase high-performance liquid chromatography, column chromatography, 
preparative thin-layer chromatography, and the like.
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[0127] When Compound (I) has isomers such as optical isomers, stereoisomers, positional 
isomers, and rotational isomers, any of the isomers and mixtures thereof are included within 
the scope of Compound (I). For example, when Compound (I) has optical isomers, optical 
isomers separated from a racemic mixture are also included within the scope of Compound (I). 
Each of these isomers can be obtained as a single compound by known synthesis and 
separation means (e.g., concentration, solvent extraction, column chromatography, and 
recrystallization).

[0128] Compound (I) or a salt thereof may be crystalline. A single crystal form thereof and a 
polymorphic mixture thereof are both included within the scope of Compound (I) or a salt 
thereof. These crystals can be produced by crystallization according to a crystallization method 
known per se in the art. Compound (I) or a salt thereof may be a solvate (e.g., a hydrate) or a 
non-solvate. Any of such forms are included within the scope of Compound (I) or a salt thereof. 

Compounds labeled with an isotope (such as 3H, 14C, 35S, or 125l) are also included within the 

scope of Compound (I) or a salt thereof.

[0129] A prodrug of Compound (I) or a salt thereof refers to a compound that can be 
converted to Compound (I) or a salt thereof through a reaction with an enzyme, gastric acid, or 
the like under physiological conditions in vivo, i.e., a compound that can be converted to 
Compound (I) or a salt thereof by enzymatic oxidation, reduction, hydrolysis, or the like; or a 
compound that can be converted to Compound (I) or a salt thereof by hydrolysis with gastric 
acid or the like. Further, the prodrug of Compound (I) or a salt thereof may be compounds that 
can be converted to Compound (I) or a salt thereof under physiological conditions, such as 
those described in "lyakuhin no Kaihatsu [Development of Pharmaceuticals]," Vol. 7, Molecular 
Design, published in 1990 by Hirokawa Shoten Co., pp. 163-198.

[0130] The salt of Compound (I) refers to a common salt used in the field of organic chemistry. 
Examples of such salts include base addition salts to carboxyl when the compound has 
carboxyl, and acid addition salts to an amino or basic heterocyclic group when the compound 
has an amino or basic heterocyclic group.

[0131] Examples of base addition salts include alkali metal salts such as sodium salts and 
potassium salts; alkaline earth metal salts such as calcium salts and magnesium salts; 
ammonium salts; and organic amine salts such as trimethylamine salts, triethylamine salts, 
dicyclohexylamine salts, ethanolamine salts, diethanolamine salts, triethanolamine salts, 
procaine salts, and Λ/,Λ/'-dibenzylethylenediamine salts.

[0132] Examples of acid addition salts include inorganic acid salts such as hydrochlorides, 
sulfates, nitrates, phosphates, and perchlorates; organic acid salts such as acetates, formates, 
maleates, fumarates, tartrates, citrates, ascorbates, and trifluoroacetates; and sulfonates such 
as methanesulfonates, isethionates, benzenesulfonates, and p-toluenesulfonates.

[0133] Compound (I) or a salt thereof has excellent FGFR inhibitory activity, and is useful as 
an antitumor agent. Further, Compound (I) or a salt thereof has excellent selectivity toward 
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FGFR, and has advantageously fewer side effects caused by other kinases. Although the 
target cancer is not particularly limited, examples thereof include head and neck cancer, 
esophagus cancer, gastric cancer, colon cancer, rectum cancer, liver cancer, gallbladder 
cancer, cholangiocarcinoma, biliary tract cancer, pancreatic cancer, lung cancer, breast cancer, 
ovarian cancer, cervical cancer, endometrial cancer, renal cancer, bladder cancer, prostate 
cancer, testicular tumor, osteosarcoma, soft-tissue sarcoma, blood cancer, multiple myeloma, 
skin cancer, brain tumor, and mesothelioma. Preferably, the target cancer is blood cancers 
such as B-cell lymphoma, chronic lymphocytic leukemia, peripheral T-cell lymphoma, 
myelodysplastic syndrome, acute myeloid leukemia, and acute lymphocytic leukemia.

[0134] When Compound (I) or a salt thereof is used as a pharmaceutical preparation, a 
pharmaceutical carrier can be added, if required, thereby forming a suitable dosage form 
according to prevention and treatment purposes. Examples of the dosage form include oral 
preparations, injections, suppositories, ointments, patches, and the like. Of these, oral 
preparations are preferable. Such dosage forms can be formed by methods conventionally 
known to persons skilled in the art.

[0135] As the pharmaceutical carrier, various conventional organic or inorganic carrier 
materials used as preparation materials may be blended as an excipient, binder, disintegrant, 
lubricant, or colorant in solid preparations; or as a solvent, solubilizing agent, suspending 
agent, isotonizing agent, buffer, or soothing agent in liquid preparations. Moreover, 
pharmaceutical preparation additives, such as antiseptics, antioxidants, colorants, sweeteners, 
and stabilizers, may also be used, if required.

[0136] Oral solid preparations can be prepared as follows. An excipient, optionally together 
with a binder, disintegrant, lubricant, colorant, taste-masking or flavoring agent, etc., is added 
to Compound (I) or a salt thereof to produce tablets, coated tablets, granules, powders, 
capsules, or the like, using an ordinary method.

[0137] When an injection agent is prepared, a pH adjuster, buffer, stabilizer, isotonizing agent, 
local anesthetic, etc., may be added to Compound (I) or a salt thereof; and the mixture may be 
processed into a subcutaneous, intramuscular, or intravenous injection according to an 
ordinary method.

[0138] The amount of Compound (I) or a salt thereof to be contained in such a dosage unit 
form varies depending on the condition of the patient, the dosage form, etc. The desirable 
amount in dosage unit form is generally 0.05 to 1,000 mg in the case of an oral preparation, 
0.01 to 500 mg in the case of an injection, and 1 to 1,000 mg in the case of a suppository.

[0139] Moreover, the daily dose of the medicine having the above-described dosage form may 
vary depending on the condition, body weight, age, and sex of a patient, etc., and cannot be 
generalized. For example, the daily dose as Compound (I) or a salt thereof is 0.05 to 1000 mg, 
preferably 4 to 1000 mg, and more preferably 100 to 500 mg, per adult (body weight: 50 kg) 
per day. Such a dose of the medicine is administered once a day.
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[0140] Examples of mammals to which Compound (I) or a salt thereof is administered include 
humans, monkeys, mice, rats, rabbits, dogs, cats, cows, horses, pigs, sheep, and the like. 
Compound (I) or a salt thereof may be contained in a kit that is used so that Compound (I) or a 
salt thereof is administered on the above-mentioned administration schedule. The kit may also 
include an instrument (e.g., a syringe) for administering Compound (I) or a salt thereof, a 
document in which the above administration schedule is written, and the like.

Examples

[0141] The present invention is explained in more detail below with reference to Examples and 
Test Examples; however, the scope of the present invention is not limited to these Examples.

[0142] In the Examples, commercially available reagents were used, unless otherwise 
specified. Purif-Pack (registered trademark) SI, produced by Moritex Corp.; KP-Sil (registered 
trademark) Silica prepacked column, produced by Biotage; or HP-Sil (registered trademark) 
Silica prepacked column, produced by Biotage was used as the silica gel column 
chromatography. Purif-Pack (registered trademark) NH, produced by Moritex Corp; or KP-NH 
(registered trademark) prepacked column, produced by Biotage was used as the basic silica 
gel column chromatography. Kieselgel TM 60F 254, Art. 5744, produced by Merck, or NH2 

Silica Gel 60F254 Plate, produced by Wako, was used as the preparative thin-layer 
chromatography. NMR spectrum was measured by using AL400 (400 MHz; produced by 
JEOL), Mercury 400 (400 MHz; produced by Agilent Technologies, Inc.) spectrometer, or Inova 
400 (400 MHz; produced by Agilent Technologies, Inc.) model spectrometer equipped with an 
OMNMR probe (produced by Protasis). When its deuterated solvent contains 
tetramethylsilane, the tetramethylsilane was used as the internal reference; and when 
tetramethylsilane is not contained, an NMR solvent was used as the reference. All the delta 
values are shown by ppm. The microwave reaction was performed using Discover S-class, 
produced by CEM Corporation.

[0143] The LCMS spectrum was measured using an Acquity SQD (quadrupole), produced by 
Waters Corporation, under the following conditions.
Column: YMC-Triart C18, 2.0 x 50 mm, 1.9 μm (produced by YMC) 
MS detection: ESI positive
UV detection: 254 and 210 nm 
Column flow rate: 0.5 mL/min 
Mobile phase: Water/acetonitrile (0.1% formic acid) 
Injection volume: 1 μΙ_
Gradient (Table 1)

Time (min) Water Acetonitrile

θ 95 5

0.1 95 5
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Time (min) Water Acetonitrile
2.1 5 95
3.0 STOP

[0144] Preparative reversed-phase HPLC purification was performed using a preparative 
separation system available from Waters Corporation, under the following conditions.
Column: Connected YMC-Actus Triart C18, 20 x 50 mm, 5 μm (produced by YMC) and YMC- 
Actus Triart C18, 20 x 10 mm, 5 μm (produced by YMC).
UV detection: 254 nm
MS detection: ESI positive
Column flow rate: 25 mL/min
Mobile phase: Water/acetonitrile (0.1% formic acid)
Injection volume: 0.1 to 0.5 mL

[0145] Each symbol stands for the following.
s: Singlet
d: Doublet
t: Triplet
q: Quartet
dd: Double Doublet
dt: Double Triplet
td: Triple Doublet
tt: Triple Triplet
ddd: Double Double Doublet
ddt: Double Double Triplet
dtd: Double Triple Doublet
tdd: Triple Double Doublet
m: Multiplet
br: Broad
brs: Broad Singlet
DMSO-dß: Deuterated dimethyl sulfoxide

CDCI3: Deuterated chloroform

CD3OD: Deuterated methanol

THF: Tetrahydrofuran
DMF: N,N-dimethylformamide
NMP: 1-Methyl-2-pyrrolidinone
DMSO: Dimethyl sulfoxide
TFA: Trifluoroacetic acid
SEMCI: 2-(Trimethylsilyl)ethoxymethyl chloride
PdCl2 (dppf) CH2CI2 : 1,1'-bis(diphenylphosphino) ferrocene-palladium (II) dichloride­

dichloromethane complex
WSC: 1 -(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
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HOBt: 1-Hydroxybenzotriazole monohydrate
HATU: O-(7-azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium hexafluorophosphate
HBTU: O-benzotriazol-N,N,N',N'-tetramethyluronium hexafluorophosphate
DIAD: Diisopropyl azodicarboxylate
TBAF: Tetrabutylammoniumfluolide
DIPEA: Diisopropylethylamine
Boc2O: Di-tert-butyl dicarbonate

DMAP: Dimethylaminopyridine

Example 1

Synthesis of 1 -(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4- 
d]pyrimidin-1 -yl)pyrrolidin-1 -yl)prop-2-en-1 -one (compound of Example 1)

(Step 1) Synthesis of 3-((3,5-dimethoxyphenyl)ethynyl)-1H-pyrazolo[3,4-d]pyrimidin-4- 
amine

[0146] PdCI2 (dppf) CH2CI2 (163 mg) was added to a mixture of 3-iodo-1 H-pyrazolo[3,4- 

d]pyrimidin-4-amine (520 mg) synthesized by the method disclosed in WO 2007/126841, 1- 
ethynyl-3,5-dimethoxybenzene (504 mg), copper (I) iodide (57.3 mg), and triethylamine (0.56 
ml) in DMF (10 ml). After nitrogen purging, the resulting mixture was stirred at 90°C for 6 
hours. Chloroform and water were added to the reaction mixture to separate the organic layer. 
After being washed with a saturated sodium chloride solution, the organic layer was dried over 
anhydrous sodium sulfate, and the solvent was then distilled off under reduced pressure. The 
resulting residue was purified by basic silica gel column chromatography (developing solvent: 
chloroform/methanol) to obtain the title compound as a dark-brown solid (120 mg). Physical 

properties: m/z[M+H]+ 296.0

(Step 2) Synthesis of tert-butyl 3-(methylsulfonyloxy)pyrrolidine-1-carboxylate

[0147] N-Boc-3-pyrrolidinol (1000 mg) was dissolved in chloroform (20 ml). Triethylamine (1.15 
ml) and methanesulfonyl chloride (498 pl) were added thereto at 0°C. After stirring at room 
temperature for 1.0 hour, ethyl acetate and water were added thereto to separate the organic 
layer. After being washed with a saturated aqueous sodium bicarbonate solution, a saturated 
aqueous ammonium chloride solution and water, the organic layer was dried over anhydrous 
sodium sulfate. The solvent was distilled off under reduced pressure to obtain the title 

compound as a colorless, oily compound (1.2 g). Physical properties: m/z[M+H]+ 266.1
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(Step 3) Synthesis of tert-butyl 3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1H- 
pyrazolo[3,4-d]pyrimidin-1 -yl)pyrrolidine-1 -carboxylate

[0148] A suspension of 3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-4-amine 
(62 mg) obtained in Step 1, tert-butyl 3-(methylsulfonyloxy)pyrrolidine-1-carboxylate (217 mg) 
obtained in Step 2, and potassium carbonate (221 mg) in DMF (2.0 ml) was stirred at 70°C for 
1 hour. Ethyl acetate and water were added thereto to separate the organic layer. The organic 
layer was dried over anhydrous sodium sulfate, and the solvent was distilled off under reduced 
pressure. The resulting residue was purified by basic silica gel column chromatography 
(developing solvent: hexane/ethyl acetate) to obtain the title compound as a light-yellow, 

amorphous substance (36.2 mg). Physical properties: m/z[M+H]+ 465.1

(Step 4) Synthesis of compound of Example 1

[0149] 4N-Hydrochloric acid/1,4-dioxane (4 ml) was added to the tert-butyl 3-(4-amino-3-((3,5- 
dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1-yl)pyrrolidine-1  -carboxylate (32 mg) 
obtained in Step 3, and the mixture was stirred at room temperature for 1.5 hours. After 
distilling the solvent of the resulting reaction mixture off under reduced pressure, toluene 
azeotropic distillation was subsequently performed to obtain a crude product of 3-((3,5- 
dimethoxyphenyl)ethynyl)-1-(pyrrolidin-3-yl)-1 H-pyrazolo[3,4-d]pyrimidin-4-amine (32 mg). 
Chloroform (2.0 ml) and triethylamine (20 pl) were added to a portion of the resulting crude 
product (12 mg). After cooling to 0°C, acrylic chloride (2.3 pl) dissolved in chloroform (100 pl) 
was added thereto, and the mixture was stirred at room temperature for 10 minutes. After 
halting the reaction using a saturated aqueous sodium bicarbonate solution, the resulting 
product was extracted with ethyl acetate. After drying the result over anhydrous sodium sulfate, 
the solvent was distilled off under reduced pressure. The resulting residue was purified by 
silica gel column chromatography (developing solvent: ethyl acetate/methanol) to obtain the 
title compound as a white solid (6.5 mg). Table 1 shows the physical properties thereof.

Example 2

Synthesis of (S)-1 -(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4- 
d]pyrimidin-1 -yl)pyrrolidin-1 -yl)prop-2-en-1 -one (compound of Example 2)

(Step 1) Synthesis of (R)-tert-butyl 3-(methylsulfonyloxy) pyrrolidine-1-carboxylate

[0150] (R)-N-Boc-3-pyrrolidinol (935 mg) was dissolved in chloroform (15 ml), and 
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triethylamine (1.04 ml) and methanesulfonyl chloride (467 pl) were added thereto at 0°C. After 
stirring at room temperature for 1.5 hours, ethyl acetate and water were added thereto to 
separate the organic layer. After being washed with a saturated aqueous sodium bicarbonate 
solution, a saturated aqueous ammonium chloride solution and water, the organic layer was 
dried over anhydrous sodium sulfate, and the solvent was distilled off under reduced pressure 
to obtain the title compound as a colorless, oily compound (1.1 g). Physical properties: 

m/z[M+H]+ 266.1

(Step 2) Synthesis of (S)-tert-butyl 3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1H- 
pyrazolo[3,4-d]pyrimidin-1 -yl)pyrrolidine-1 -carboxylate

[0151] A suspension of 3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-4-amine 
(334 mg) obtained in Example 1 (Step 1), (R)-ferf-butyl 3-(methylsulfonyloxy)pyrrolidine-1- 
carboxylate (379 mg) obtained in (Step 1) above, and potassium carbonate (391 mg) in DMF 
(4.0 ml) was stirred at 70°C for 3 hours. Ethyl acetate and water were added thereto to 
separate the organic layer. The organic layer was dried over anhydrous sodium sulfate, and 
the solvent was then distilled off under reduced pressure. The resulting residue was purified by 
basic silica gel column chromatography (developing solvent: hexane/ethyl acetate) to obtain 
the title compound as a light-yellow, amorphous substance (149 mg). Physical properties: 

m/z[M+H]+ 465.1

(Step 3) Synthesis of compound of Example 2

[0152] In accordance with Example 1 (Step 4), except that (S)-tert-butyl 3-(4-amino-3-((3,5- 
dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1-yl)pyrrolidine-1  -carboxylate obtained 
in (Step 2) above was used in place of tert-butyl 3-(4-amino-3-((3,5- 
dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1-yl)pyrrolidine-1  -carboxylate, a crude 
product of (S)-3-((3,5-dimethoxyphenyl)ethynyl)-1-(pyrrolidin-3-yl)-1 H-pyrazolo[3,4-d]pyrimidin- 
4-amine was obtained by removing a Boc group under acidic conditions. Thereafter, amidation 
was conducted to obtain the title compound as a white solid. Table 1 shows the physical 
properties thereof.

Example 3

Synthesis of 1 -(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4- 
d]pyrimidin-1 -yl)pyrrolidin-1 -yl)but-2-en-1 -one (compound of Example 3)

[0153] In accordance with Example 1 (Step 4), except that 2-butenoyl chloride was used in 
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place of acrylic chloride, the title compound was obtained as a white solid. Table 1 shows the 
physical properties thereof.

Example 4

Synthesis of (S)-1 -(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4- 
d]pyrimidin-1 -yl)pyrrolidin-1 -yl)-4-(dimethylamino)but-2-en-1 -one (compound of 
Example 4)

[0154] The crude product (5.6 mg) of (S)-3-((3,5-dimethoxyphenyl)ethynyl)-1-(pyrrolidin-3- 
yl)-1 H-pyrazolo[3,4-d]pyrimidin-4-amine obtained in Example 2 as an intermediate, 4- 
(dimethylamino)but-2-enoic acid hydrochloride (6.3 mg), and HATU (15 mg) were dissolved in 
DMF (1.0 ml). DIPEA (50 pl) was added thereto, followed by stirring overnight. Chloroform and 
water were added to the reaction mixture to separate the organic layer. After being washed 
with a saturated sodium chloride solution, the organic layer was dried over anhydrous sodium 
sulfate, and the solvent was then distilled off under reduced pressure. The resulting residue 
was purified by preparative reversed-phase HPLC purification (water/acetonitrile (0.1% formic 
acid)) to obtain the title compound as a colorless, amorphous substance (2.3 mg). Table 1 
shows the physical properties thereof.

Example 5

Synthesis of (S)-1 -(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4- 
d]pyrimidin-1-yl)pyrrolidin-1-yl)prop-2-yn-1-one (compound of Example 5)

[0155] The crude product (16 mg) of (S)-3-((3,5-dimethoxyphenyl)ethynyl)-1-(pyrrolidin-3- 
yl)-1 H-pyrazolo[3,4-d]pyrimidin-4-amine obtained in Example 2 as an intermediate, 3- 
(trimethylsilyl)propionic acid (10 mg), HATU (28 mg) were dissolved in DMF (0.5 ml). DIPEA 
(31 pl) was added thereto, followed by stirring overnight. Ethyl acetate and a saturated 
aqueous sodium bicarbonate solution were added to the reaction mixture to separate the 
organic layer. After drying the organic layer over anhydrous sodium sulfate, the solvent was 
distilled off under reduced pressure. The resulting residue was purified by silica gel column 
chromatography (developing solvent: ethyl acetate/methanol) to obtain the title compound as a 
white solid (0.7 mg). Table 2 shows the physical properties thereof.

Example 6

Synthesis of (S)-1 -(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-



DK/EP 3023100 T3

d]pyrimidin-1 -yl)pyrrolidin-1 -yl)-2-fluoroprop-2-en-1 -one (compound of Example 6)

[0156] In accordance with Example 4, except that 2-fluoro-acrylic acid was used in place of 4- 
(dimethylamino)but-2-enoic acid hydrochloride, the title compound was obtained as a 
colorless, amorphous substance. Table 2 shows the physical properties thereof.

Example 7

Synthesis of (S)-1 -(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4- 
d]pyrimidin-1 -yl)pyrrolidin-1 -yl)-2-(pyrrolidin-1 -ylmethyl)prop-2-en-1 -one (compound of 
Example 7)

[0157] In accordance with Example 4, except that 2-(pyrrolidin-1-ylmethyl)acetic acid (Synth. 
Commun. 1995, 641) was used in place of 4-(dimethylamino)but-2-enoic acid hydrochloride, 
the title compound was obtained as a colorless, amorphous substance. Table 2 shows the 
physical properties thereof.

Example 8

Synthesis of (S)-1-(3-(4-amino-3-((3,5-diethoxyphenyl)ethynyl)-1H-pyrazolo[3,4- 
d]pyrimidin-1-yl)pyrrolidin-1-yl)prop-2-en-1-one (compound of Example 8)

(Step 1) Synthesis of 1,3-diethoxy-5-ethynylbenzene

[0158] Carbon tetrabromide (4.78 g) was dissolved in dichloroethane (14 ml_), and 
triphenylphosphine (7.56 g) was added thereto at 0°C. After stirring at 0°C for 5 minutes, a 
solution of 3,5-diethoxybenzaldehyde (1.40 g) in dichloromethane (7 mL) was added thereto, 
followed by stirring for 20 minutes. Without performing further treatment, the reaction mixture 
was purified by silica gel chromatography (developing solvent: hexane/ethyl acetate) to obtain 
1-(2,2-dibromovinyl)-3,5-diethoxybenzene. The obtained compound was used for the 
subsequent reaction without further purification. The compound obtained above was dissolved 
in THF (30 mL). A 1.63 M n-butyllithium solution in hexane (10.5 mL) was added thereto at 
-78°C. The resulting mixture was stirred at -78°C for 30 minutes. After adding a saturated 
aqueous ammonium chloride solution, the reaction mixture was subjected to extraction using 
ethyl acetate. The resulting organic layer was washed with a saturated sodium chloride 
solution, and the organic layer was then dried over anhydrous sodium sulfate. The solvent was 
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concentrated under reduced pressure. The resulting residue was purified by silica gel column 
chromatography (developing solvent: hexane/ethyl acetate) to obtain the title compound as a 

colorless, oily substance (1.31 g). Physical properties: m/z[M+H]+ 191.0

[0159] (Step 2) In accordance with Example 1, except that 1,3-diethoxy-5-ethynylbenzene 
obtained in Step 1 was used in place of 1-ethynyl-3,5-dimethoxybenzene, the title compound 
was obtained as a colorless, amorphous substance. Table 2 shows the physical properties 
thereof.

Example 9

Synthesis of 1 -(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4- 
d]pyrimidin-1 -yl)azetidin-1 -yl)prop-2-en-1 -one (compound of Example 9)

(Step 1) Synthesis of tert-butyl 3-(methylsulfonyloxy)azetidine-1 -carboxylate

[0160] N-Boc-3-hydroxyazetidine (1.73 g) was dissolved in chloroform (20 ml). Triethylamine 
(2.09 ml) and methanesulfonyl chloride (856 pl) were added thereto at 0°C. After stirring at 
room temperature for 0.5 hours, ethyl acetate and water were added thereto to separate the 
organic layer. After being washed with a saturated aqueous sodium bicarbonate solution, a 
saturated aqueous ammonium chloride solution, and water, the organic layer was dried over 
anhydrous sodium sulfate. The solvent was then distilled off under reduced pressure to obtain 

the title compound as a colorless, oily compound (2.32 g). Physical properties: m/z[M+H]+ 
252.0

(Step 2) Synthesis of tert-butyl 3-(4-amino-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-1- 
yl)azetidine-1 -carboxylate

[0161] A suspension of tert-butyl 3-(methylsulfonyloxy)azetidine-1-carboxylate (1.32 g) 
obtained in Step 1 above, 3-iodo-1 H-pyrazolo[3,4-d]pyrimidin-4-amine (1.37 g), and cesium 
carbonate (3.47 g) in DMF (10 ml) was stirred at 90°C for 10 hours. Ethyl acetate and water 
were added thereto to separate the organic layer. The organic layer was dried over anhydrous 
sodium sulfate, and the solvent was distilled off under reduced pressure. The resulting residue 
was purified by basic silica gel column chromatography (developing solvent: hexane/ethyl 
acetate) to obtain the title compound as a light-yellow amorphous substance (482 mg). 

Physical properties: m/z[M+H]+ 417.0

(Step 3) Synthesis of tert-butyl 3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1H-
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pyrazolo[3,4-d]pyrimidin-1 -yl)azetidine-1 -carboxylate

[0162] PdCl2 (dppf) CH2CI2 (39 mg) was added to a mixture of tert-butyl 3-(4-amino-3-iodo- 

1 H-pyrazolo[3,4-d]pyrimidin-1-yl)azetidine-1-carboxylate (200 mg) obtained in Step 2 above, 1- 
ethynyl-3,5-dimethoxybenzene (117 mg), copper (I) iodide (14 mg), and triethylamine (0.5 ml) 
in THF (5 ml). After nitrogen purging, the resulting mixture was stirred at 80°C for 1.5 hours. 
Ethyl acetate and water were added to the reaction mixture to separate the organic layer. After 
being washed with a saturated sodium chloride solution, the organic layer was dried over 
anhydrous sodium sulfate, and the solvent was distilled off under reduced pressure. The 
resulting residue was purified by basic silica gel column chromatography (developing solvent: 
hexane/ethyl acetate) to obtain the title compound as a colorless, amorphous substance (185 

mg). Physical properties: m/z[M+H]+ 451.1

(Step 4) Synthesis of compound of Example 9

[0163] In accordance with Example 1 (Step 4), except that tert-butyl 3-(4-amino-3-iodo-1 H- 
pyrazolo[3,4-d]pyrimidin-1-yl)azetidine-1 -carboxylate obtained in Step 3 above was used in 
place of tert-butyl 3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1- 
yl)pyrrolidine-1-carboxylate, a crude product of 1-(azetidin-3-y)-3-((3,5-
dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-4-amine was obtained by removing a 
Boc group under acidic conditions. Thereafter, amidation was conducted to obtain the title 
compound as a white solid. Table 2 shows the physical properties thereof.

Example 10

Synthesis of 1 -(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4- 
d]pyrimidin-1-yl)azetidin-1-yl)-4-hydroxybut-2-yn-1-one (compound of Example 10)

[0164] A crude product (6.0 mg) of 1-(azetidin-3-yl)-3-((3,5-dimethoxyphenyl)ethynyl)-1 H- 
pyrazolo[3,4-d]pyrimidin-4-amine obtained in Example 9 as an intermediate, 4-hydroxybut-2- 
ynoic acid (3.7 mg), and HATU (11 mg) were dissolved in DMF (1.0 ml). DIPEA (30 pl) was 
added thereto, followed by stirring overnight.

[0165] Chloroform and water were added to the reaction mixture to separate the organic layer. 
After being washed with a saturated sodium chloride solution, the organic layer was dried over 
anhydrous sodium sulfate, and the solvent was distilled off under reduced pressure. The 
resulting residue was purified by preparative reversed-phase HPLC purification 
(water/acetonitrile (0.1% formic acid)) to obtain the title compound as a colorless, amorphous 
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substance (1.4 mg). Table 3 shows the physical properties thereof.

Example 11

Synthesis of 1 -(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4- 
d]pyrimidin-1 -yl)azetidin-1 -yl)-4-hydroxy-4-methylpent-2-yn-1 -one (compound of 
Example 11)

[0166] In accordance with Example 10, except that 4-hydroxy-4-methylpent-2-ynoic acid was 
used in place of 4-hydroxybut-2-ynoic acid, the title compound was obtained as a colorless, 
amorphous substance. Table 3 shows the physical properties thereof.

Example 12

Synthesis of 1 -(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4- 
d]pyrimidin-1 -yl)azetidin-1 -yl)-4-(dimethylamino)but-2-en-1 -one (compound of Example 
12)

[0167] In accordance with Example 10, except that 4-(dimethylamino)but-2-enoic acid 
hydrochloride was used in place of 4-hydroxybut-2-ynoic acid, the title compound was obtained 
as a colorless, amorphous substance. Table 3 shows the physical properties thereof.

Example 13

Synthesis of 1 -(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4- 
d]pyrimidin-1 -yl)azetidin-1 -yl)-4-(cyclopropylamino)but-2-en-1 -one (compound of 
Example 13)

(Step 1) Synthesis of 4-bromobut-2-enoyl chloride

[0168] Thionyl chloride (3.0 ml) was added to 4-bromocrotonic acid (329 mg), and the mixture 
was stirred at 80°C for 5 hours. The reaction mixture was concentrated under reduced 
pressure, and toluene azeotropic distillation was subsequently performed to obtain the title 
compound as a crude product (394 mg).
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(Step 2) Synthesis of 1-(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1H-pyrazolo[3,4-  
d]pyrimidin-1 -yl)azetidin-1 -yl)-4-bromobut-2-en-1 -one

[0169] A crude product (140 mg) of 1-(azetidin-3-yl)-3-((3,5-dimethoxyphenyl) ethynyl) -1H- 
pyrazolo [3, 4-d] pyrimidin-4-amine obtained in Example 9 as an intermediate was suspended 
in THF (4.5 ml), DIPEA (178 μΙ) was added thereto, and the mixture was cooled to 0°C. A 
solution of 4-bromobut-2-enoyl chloride (66 mg) obtained in Step 1 above in THF (0.5 ml) was 
added to the mixture dropwise and stirred at room temperature for 15 minutes. After halting 
the reaction using a saturated aqueous sodium bicarbonate solution, the resulting product was 
extracted with ethyl acetate. After drying the result over anhydrous sodium sulfate, the solvent 
was distilled off under reduced pressure to obtain the title compound as a crude product (160 

mg). Physical properties: m/z[M+H]+ 497.0, 499.0

(Step 3) Synthesis of compound of Example 13

[0170] The crude product (12 mg) of 1-(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1H- 
pyrazolo[3,4-d]pyrimidin-1-yl)azetidin-1-yl)-4-bromobut-2-en-1-one obtained in Step 2 above 
was dissolved in DMF (0.5 ml). Cyclopropylamine (5 μΙ) and DIPEA (10 μΙ) were added thereto, 
and the mixture was stirred at room temperature for 1 hour. After concentrating under reduced 
pressure, the resulting residue was purified by preparative reversed-phase HPLC purification 
(water/acetonitrile (0.1% formic acid)) to obtain the title compound as a colorless, amorphous 
substance (3.4 mg). Table 3 shows the physical properties thereof.

Example 14

Synthesis of 1 -(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4- 
d]pyrimidin-1 -yl)azetidin-1 -yl)-4-(isopropylamino)but-2-en-1 -one (compound of 
Example 14)

[0171] In accordance with Example 13 (Step 3), except that isopropylamine was used in place 
of cyclopropylamine, the title compound was obtained as a colorless, amorphous substance. 
Table 4 shows the physical properties thereof.

Example 15

Synthesis of 1 -(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4- 
d]pyrimidin-1 -yl)azetidin-1 -yl)-4-(ethyl(methyl) amino)but-2-en-1 -one (compound of
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Example 15)

[0172] In accordance with Example 13 (Step 3), except that ethylmethylamine was used in 
place of cyclopropylamine, the title compound was obtained as a colorless, amorphous 
substance. Table 4 shows the physical properties thereof.

Example 16

Synthesis of 1 -(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4- 
d]pyrimidin-1 -yl)azetidin-1 -yl)-4-(cyclobutylamino)but-2-en-1 -one (compound of 
Example 16)

[0173] In accordance with Example 13 (Step 3), except that cyclobutylamine was used in place 
of cyclopropylamine, the title compound was obtained as a colorless, amorphous substance. 
Table 4 shows the physical properties thereof.

Example 17

Synthesis of 1 -(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4- 
d]pyrimidin-1 -yl)azetidin-1 -yl)-4-(diethylamino)but-2-en-1 -one (compound of Example
17)

[0174] In ac cordance with Example 13 (Step 3), except that diethylamine was used in place of 
cyclopropylamine, the title compound was obtained as a colorless, amorphous substance. 
Table 5 shows the physical properties thereof.

Example 18

Synthesis of 1 -(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4- 
d]pyrimidin-1-yl)azetidin-1-yl)-4-(tert-butylamino)but-2-en-1-one (compound of Example
18)

[0175] In accordance with Example 13 (Step 3), except that tert-butylamine was used in place 
of cyclopropylamine, the title compound was obtained as a colorless, amorphous substance.
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Table 5 shows the physical properties thereof.

Example 19

Synthesis of 1 -(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-
d]pyrimidin-1-yl)azetidin-1-yl)-4-(isopropyl(methyl) amino)but-2-en-1 -one (compound of 
Example 19)

[0176] In accordance with Example 13 (Step 3), except that isopropylmethylamine was used in 
place of cyclopropylamine, the title compound was obtained as a colorless, amorphous 
substance. Table 5 shows the physical properties thereof.

Example 20

Synthesis of 1 -(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4- 
d]pyrimidin-1 -yl)azetidin-1 -yl)-4-(piperidin-1 -yI)but-2-en-1 -one (compound of Example 
20)

[0177] In accordance with Example 13 (Step 3), except that piperidine was used in place of 
cyclopropylamine, the title compound was obtained as a colorless, amorphous substance. 
Table 5 shows the physical properties thereof.

Example 21

Synthesis of 1 -(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4- 
d]pyrimidin-1 -yl)azetidin-1 -yl)-4-morpholinobut-2-en-1 -one (compound of Example 21)

[0178] In accordance with Example 13 (Step 3), except that morpholine was used in place of 
cyclopropylamine, the title compound was obtained as a colorless, amorphous substance. 
Table 6 shows the physical properties thereof.

Example 22

Synthesis of (S)-1 -(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4- 
d]pyrimidin-1 -yl)azetidin-1 -yl)-4-(3-fluoropyrrolidin-1 -yl)but-2-en-1 -one
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[0179] In accordance with Example 13 (Step 3), except that (S)-3-fluoropyrrolidine was used in 
place of cyclopropylamine, the title compound was obtained as a colorless, amorphous 
substance. Table 6 shows the physical properties thereof.

Example 23

Synthesis of (R)-1 -(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4- 
d]pyrimidin-1 -yl)azetidin-1 -yl)-4-(3-fluoropyrrolidin-1 -yl)but-2-en-1 -one

[0180] In accordance with Example 13 (Step 3), except that (R)-3-fluoropyrrolidine was used in 
place of cyclopropylamine, the title compound was obtained as a colorless, amorphous 
substance. Table 6 shows the physical properties thereof.

Example 24

Synthesis of 1-(3-(4-amino-3-((3,5-diethoxyphenyl)ethynyl)-1H-pyrazolo[3,4- 
d]pyrimidin-1 -yl)azetidin-1 -yl)prop-2-en-1 -one (compound of Example 24)

[0181] In accordance with Example 9, except that 1,3-diethoxy-5-ethynylbenzene was used in 
place of 1-ethynyl-3,5-dimethoxybenzene, the title compound was obtained as a colorless, 
amorphous substance. Table 7 shows the physical properties thereof.

Example 25

Synthesis of 1-(3-(4-amino-3-((3,5-diethoxyphenyl)ethynyl)-1H-pyrazolo[3,4- 
d]pyrimidin-1 -yl)azetidin-1 -yl)-4-(dimethylamino)but-2-en-1 -one (compound of Example 
25)

[0182] In accordance with Example 12, except that 1,3-diethoxy-5-ethynylbenzene was used in 
place of 1-ethynyl-3,5-dimethoxybenzene, the title compound was obtained as a colorless, 
amorphous substance. Table 7 shows the physical properties thereof.

Example 26
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Synthesis of 1 -(3-((4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4- 
d]pyrimidin-1 -yl)methyl)pyrrolidin-1 -yl)prop-2-en-1 -one (compound of Example 26)

(Step 1) Synthesis of tert-butyl 3-((4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1H- 
pyrazolo[3,4-d]pyrimidin-1-yl)methyl)pyrrolidine-1-carboxylate

[0183] DIAD (197 pl) was added to a suspension of 3-((3,5-dimethoxyphenyl)ethynyl)-1 H- 
pyrazolo[3,4-d]pyrimidin-4-amine (148 mg) obtained in Example 1 (Step 1), N-Boc-3- 
hydroxymethylpyrrolidine (154 mg), polymer supported triphenylphosphine (upto 3.0 mmol/g, 
334 mg) in THF (5.0 ml), followed by stirring at room temperature for 3 hours. The insoluble 
matter was filtered out, and the solvent was distilled off under reduced pressure. The resulting 
residue was purified by basic silica gel column chromatography (developing solvent: 
hexane/ethyl acetate) to obtain the title compound as a colorless, amorphous substance (94.5 

mg). Physical properties: m/z[M+H]+ 479.1

(Step 2) Synthesis of compound of Example 26

[0184] In accordance with Example 1 (Step 4), except that tert-butyl 3-((4-amino-3-((3,5- 
dimethoxyphenyl)ethynyl)-1 H-pyrazolo [3, 4-d]pyrimidin-1-yl)methyl)pyrrolidine-1 -carboxylate 
obtained in Step 1 above was used in place of tert-butyl 3-(4-amino-3-((3,5- 
dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1-yl)pyrrolidine-1  -carboxylate, the title 
compound was obtained as a white solid. Table 7 shows the physical properties thereof.

Example 27

Synthesis of (S)-1 -(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4- 
d]pyrimidin-1-yl)piperidin-1-yl)prop-2-en-1-one (compound of Example 27)

[0185] In accordance with Example 26, except that (R)-1-Boc-3-hydroxypiperidine was used in 
place of N-Boc-3-hydroxymethylpyrrolidine, the title compound was obtained as a white solid. 
Table 7 shows the physical properties thereof.

Example 28

Synthesis of 1 -((2S,4S)-4-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4- 
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d]pyrimidin-1 -yl)-2-(hydroxymethyl)pyrrolidin-1 -yl)prop-2-en-1 -one (compound of 
Example 28)

(Step 1) Synthesis of (2S,4R)-tert-butyl 2-((tert-butyldiphenylsilyloxy)methyl)-4-  
hydroxypyrrolidine-1-carboxylate

[0186] 1-N-Boc-(2S,4R)-4-hydroxy-2-(hydroxymethyl)-pyrrolidine (500 mg) was dissolved in 
DMF (4.0 ml), and imidazole (164 mg) was added to the disolution. After cooling to 0°C, tert- 
butylchlorodiphenylsilane (616 pl) was added to the mixture, and stirred for 1 hour. Ethyl 
acetate and a saturated aqueous sodium bicarbonate solution were added to the reaction 
mixture to separate the organic layer. After being washed with a saturated sodium chloride 
solution, the organic layer was dried over anhydrous sodium sulfate, and the solvent was 
distilled off under reduced pressure. The resulting residue was purified by silica gel column 
chromatography (developing solvent: hexane/ethyl acetate) to obtain the title compound as a 

colorless, oily substance (655 mg). Physical properties: m/z[M+H]+ 456.2

(Step 2) Synthesis of (2S,4S)-tert-butyl 2-((tert-butyldiphenylsilyloxy)methyl)-4-  
(methylsulfonyloxy)pyrrolidine-l-carboxylate

[0187] (2S,4R)-tert-Butyl 2-((tert-butyldiphenylsilyloxy)methyl)-4-hydroxypyrrolidine-1- 
carboxylate (300 mg) obtained in Step 1 above was dissolved in chloroform (3.0 ml). 
Triethylamine (137 pl) and methanesulfonyl chloride (56 pl) were added to the solution at 0°C. 
After stirring at room temperature for 2.0 hours, chloroform and water were added thereto to 
separate the organic layer. The organic layer was dried over anhydrous magnesium sulfate, 
and the solvent was distilled off under reduced pressure to obtain the title compound as a 

colorless, oily compound (389 mg). Physical properties: m/z[M+H]+ 534.1

(Step 3) Synthesis of (2S,4S)-tert-butyl 4-(4-amino-3-iodo-1H-pyrazolo[3,4-d]pyrimidin- 
1-yl)-2-((tert-butyldiphenylsilyloxy)methyl)pyrrolidine-1-carboxylate

[0188] (2S,4S)-tert-butyl 2-((tert-butyldiphenylsilyloxy)methyl)-4-(methylsulfonyloxy)pyrrolidine- 
1-carboxylate (389 mg) obtained in Step 2 above, 3-iodo-1 H-pyrazolo[3,4-d]pyrimidin-4-amine 
(188 mg), and potassium carbonate (363 mg) were suspended in DMF (4.0 ml), followed by 
stirring overnight at 80°C. Ethyl acetate and water were added thereto to separate the organic 
layer. The organic layer was dried over anhydrous magnesium sulfate, and the solvent was 
distilled off under reduced pressure. The resulting residue was purified by basic silica gel 
column chromatography (developing solvent: hexane/ethyl acetate) to obtain the title 

compound as a colorless, oily substance (191 mg). Physical properties: m/z[M+H]+ 699.1
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(Step 4) Synthesis of (2S,4S)-tert-butyl 4-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1H-  
pyrazolo[3,4-d]pyrimidin-1-yl)-2-((tert-butyldiphenylsilyloxy)methyl)pyrrolidine-1-  
carboxylate

[0189] PdCI2 (dppf) CH2CI2 (13 mg) was added to a mixture of (2S,4S)-ferf-butyl 4-(4-amino-3- 

iodo-1 H-pyrazolo[3,4-d]pyrimidin-1-yl)-2-((ferf-butyldiphenylsilyloxy)methyl)pyrrolidine-1- 
carboxylate (113 mg) obtained in Step 3 above, 1-ethynyl-3,5-dimethoxybenzene (52 mg), 
copper (I) iodide (6 mg), and triethylamine (0.4 ml) in THF (4 ml). After nitrogen purging, the 
mixture was stirred at 85°C for 3 hours. Ethyl acetate and water were added to the reaction 
mixture to separate the organic layer. After washing with a saturated sodium chloride solution, 
the organic layer was dried over anhydrous sodium sulfate, and the solvent was distilled off 
under reduced pressure. The resulting residue was purified by basic silica gel column 
chromatography (developing solvent: hexane/ethyl acetate) to obtain the title compound as a 

colorless, amorphous substance (100 mg). Physical properties: m/z[M+H]+ 733.3

(Step 5) Synthesis of (2S,4S)-tert-butyl 4-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1H-  
pyrazolo[3,4-d]pyrimidin-1-yl)-2-(hydroxymethyl)pyrrolidine-1-carboxylate

[0190] (2S,4S)-fert-butyl 4-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4- 
d]pyrimidin-1-yl)-2-((fert-butyldiphenylsilyloxy)methyl)pyrrolidine-1-carboxylate (25 mg) 
obtained in Step 4 above was dissolved in THF (1.0 ml). Silica gel-supported 
tetrabutylammonium fluolide (upto 1.5 mmol/g, 34 mg) was added thereto, followed by stirring 
overnight. Silica gel-supported tetrabutylammonium fluolide (upto 1.5 mmol/g, 30 mg) was 
further added thereto, and the mixture was further stirred for 2 days. After filtering the reagent 
off, the solvent was distilled off under reduced pressure. The resulting residue was purified by 
basic silica gel column chromatography (developing solvent: hexane/ethyl acetate) to obtain 
the title compound as a colorless, amorphous substance (62 mg). Physical properties: 

m/z[M+H]+ 495.1

(Step 6) Synthesis of compound of Example 28

[0191] In accordance with Example 1 (Step 4), except that 4-(4-amino-3-((3,5- 
dimethoxyphenyl)ethynyl)—1 H-pyrazolo[3,4-d]pyrimidin-1-yl)-2-(hydroxymethyl)pyrrolidine-1- 
carboxylate obtained in Step 5 above was used in place of tert-butyl 3-(4-amino-3-((3,5- 
dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1-yl)pyrrolidine-1  -carboxylate, the title 
compound was obtained as a white solid. Table 8 shows the physical properties thereof.

Example 29
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Synthesis of 1 -(3-((4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-
d]pyrimidin-1 -yl)methyl)azetidin-1 -yl)prop-2-en-1 -one (compound of Example 29)

[0192] In accordance with Example 26, except that 1-Boc-3-hydroxymethylazetidine was used 
in place of N-Boc-3-hydroxymethylpyrrolidine, the title compound was obtained as a light­
yellow, amorphous substance. Table 8 shows the physical properties thereof.

Example 30

Synthesis of N-(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-
d]pyrimidin-1 -yl)cyclobutyl)acrylamide (compound of Example 30)

[0193] In accordance with Example 1, except that tert-butyl 3-hydroxycyclobutylcarbamate was 
used in place of N-Boc-3-hydroxypyrrolidine, the title compound was obtained as a light-yellow, 
amorphous substance. Table 8 shows the physical properties thereof.

Example 31

Synthesis of 1 -(4-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4- 
d]pyrimidin-1-yl)piperidin-1-yl)prop-2-en-1-one (compound of Example 31)

[0194] In accordance with Example 1, except that fert-butyl 4-bromopiperidin-1 -carboxylate 
was used in place of fert-butyl 3-(methylsulfonyloxy)pyrrolidine-1 -carboxylate, the title 
compound was obtained as a white solid. Table 8 shows the physical properties thereof.

Example 32

Synthesis of 1 -((2S,4S)-4-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4- 
d]pyrimidin-1 -yl)-2-ethynylpyrrolidin-1 -yl)prop-2-en-1 -one (compound of Example 32)

(Step 1) Synthesis of (2S,4S)-tert-butyl 4-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1H-  
pyrazolo[3,4-d]pyrimidin-1-yl)-2-ethynylpyrrolidine-1-carboxylate
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[0195] 3-((3,5-Dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-4-amine (14 mg)
obtained in Example 1 (Step 1), (2S,4R)-tert-butyl 2-ethynyl-4-hydroxypyrrolidine-1-carboxylate 
(15 mg) synthesized by the method disclosed in W02005/007083, and triphenylphosphine (23 
mg) were suspended in THF (1.0 ml). DIAD (18 pl) was added to the suspension, and the 
mixture was stirred at room temperature for 1 hour. The reaction mixture was concentrated 
and dissolved in a solution of DMSO. The resulting solution was purified by preparative 
reversed-phase HPLC purification (water/acetonitrile (0.1% formic acid)) to obtain the title 

compound as a colorless, amorphous substance (5.0 mg). Physical properties: m/z[M+H]+ 
489.2

(Step 2) Synthesis of compound of Example 32

[0196] In accordance with Example 1 (Step 4), except that (2S,4S)-tert-butyl 4-(4-amino-3- 
((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1-yl)-2-ethynylpyrrolidine-1- 
carboxylate obtained in Step 1 above was used in place of tert-butyl 3-(4-amino-3-((3,5- 
dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1-yl)pyrrolidine-1  -carboxylate, the title 
compound was obtained as a white solid. Table 9 shows the physical properties thereof.

Example 33

Synthesis of 1 -(4-((4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4- 
d]pyrimidin-1-yl)methyl)piperidin-1-yl)prop-2-en-1-one  (compound of Example 33)

[0197] In accordance with Example 26, except that 1-Boc-4-hydroxymethylpiperidine was used 
in place of N-Boc-3-hydroxymethylpyrrolidine, the title compound was obtained as a light­
yellow, amorphous substance. Table 9 shows the physical properties thereof.

Example 34

Synthesis of N-(3-((4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4- 
d]pyrimidin-1 -yl)methyl)phenyl)acrylamide (compound of Example 34)

[0198] In accordance with Example 26, except that (3-aminophenyl)methanol was used in 
place of N-Boc-3-hydroxymethylpyrrolidine, the title compound was obtained as a colorless, 
amorphous substance. Table 9 shows the physical properties thereof.
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Example 35

Synthesis of 1 -(3-((4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4- 
d]pyrimidin-1 -yl)methyl)azetidin-1 -yl)-4-(dimethylamino)but-2-en-1 -one (compound of 
Example 35)

[0199] In accordance with Example 4, except that 1-(azetidin-3-ylmethyl)-3-((3,5- 
dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-4-amine (i.e., the intermediate obtained 
in Example 29) was used in place of (S)-3-((3,5-dimethoxyphenyl)ethynyl)-1-(pyrrolidin-3- 
yl)-1 H-pyrazolo[3,4-d]pyrimidin-4-amine, the title compound was obtained as a light-yellow, 
amorphous substance. Table 9 shows the physical properties thereof.

Example 36

Synthesis of 1 -(4-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4- 
d]pyrimidin-1 -yl)piperidin-1 -yl)-4-(dimethylamino)but-2-en-1 -one (compound of 
Example 36)

[0200] In accordance with Example 4, except that 3-((3,5-dimethoxyphenyl)ethynyl)-1- 
(piperidin-4-yl)-1 H-pyrazolo[3,4-d]pyrimidin-4-amine (i.e., the intermediate obtained in Example 
31) was used in place of (S)-3-((3,5-dimethoxyphenyl)ethynyl)-1-(pyrrolidin-3-yl)-1 H- 
pyrazolo[3,4-d]pyrimidin-4-amine, the title compound was obtained as a light-yellow, 
amorphous substance. Table 9 shows the physical properties thereof.

Example 37

Synthesis of 1 -(4-((4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4- 
d]pyrimidin-1 -yl)methyl)piperidin-1 -yl)-4-(dimethylamino)but-2-en-1 -one (compound of 
Example 37)

[0201] In accordance with Example 4, except that 3-((3,5-dimethoxyphenyl)ethynyl)-1- 
(piperidin-4-ylmethyl)-1 H-pyrazolo[3,4-d]pyrimidin-4-amine (i.e., the intermediate obtained in 
Example 33) was used in place of (S)-3-((3,5-dimethoxyphenyl)ethynyl)-1-(pyrrolidin-3-yl)-1 H- 
pyrazolo[3,4-d]pyrimidin-4-amine, the title compound was obtained as a light-yellow, 
amorphous substance. Table 10 shows the physical properties thereof.
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Example 38

Synthesis of (S)-1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-
d]pyrimidin-7-yl)pyrrolidin-1 -yl)-4-(dimethylamino)but-2-en-1 -one (compound of 
Example 38)

(Step 1) Synthesis of (S)-tert-butyl 3-(4-chloro-5-iodo-7H-pyrrolo[2,3-d]pyrimidin-7- 
yl)pyrrolidine-1 -carboxylate

[0202] DIAD (1.41 ml) was added to a solution of 4-chloro-5-iodo-7H-pyrrolo[2,3-d]pyrimidine 
(1.00 g), (R)-N-Boc-3-pyrrolidinol (1.01 g), and triphenylphosphine (1.88 g) in tetrahydrofuran 
(40 ml), and the reaction mixture was stirred for 1 hour. The reaction mixture was concentrated 
and washed with ethyl acetate to obtain the title compound as a white solid (1.04 g). Physical 

properties: m/z[M+H]+ 448.9

(Step 2) Synthesis of (S)-tert-butyl 3-(4-amino-5-iodo-7H-pyrrolo[2,3-d]pyrimidin-7- 
yl)pyrrolidine-1 -carboxylate

[0203] Tetrahydrofuran (2.5 ml) and 28% aqueous ammonia (2.5 ml) were added to (S)-tert- 
butyl 3-(4-chloro-5-iodo-7H-pyrrolo[2,3-d]pyrimidin-7-yl)pyrrolidine-1 -carboxylate (400 mg) 
obtained in Step 1 above. The reaction mixture was stirred at 100°C for 1.5 hours using a 
microwave reactor. Chloroform and water were added thereto to separate the organic layer. 
The organic layer was dried over anhydrous sodium sulfate, and the solvent was distilled off 
under reduced pressure to obtain the title compound as a white, solid compound (382 mg). 

Physical properties: m/z[M+H]+ 430.3

(Step 3) Synthesis of (S)-tert-butyl 3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H- 
pyrrolo[2,3-d]pyrimidin-7-yl)pyrrolidine-1-carboxylate

[0204] PdCl2(dppf)2CH2Cl2 (122 mg) was added to a mixture of (S)-tert-butyl 3-(4-amino-5- 

iodo-7H-pyrrolo[2,3-d]pyrimidin-7-yl)pyrrolidine-1-carboxylate (660 mg) obtained in Step 2 
above, 1-ethynyl-3,5-dimethoxybenzene (374 mg), copper (I) iodide (44 mg), and triethylamine 
(2.0 ml) in THF (15 ml). After nitrogen purging, the resulting mixture was stirred at 80°C for 3.5 
hours. Ethyl acetate and water were added to the reaction mixture to separate the organic 
layer. After washing with a saturated sodium chloride solution, the organic layer was dried over 
anhydrous sodium sulfate, and the solvent was distilled off under reduced pressure. The 
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resulting residue was purified by basic silica gel column chromatography (developing solvent: 
hexane/ethyl acetate) to obtain the title compound as a colorless, amorphous substance (714 

mg). Physical properties: m/z[M+H]+ 464.1

(Step 4) Synthesis of compound of Example 38

[0205] 4N-Hydrochloric acid/1,4-dioxane (2 ml) was added to the (S)-tert-butyl 3-(4-amino-5- 
((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)pyrrolidine-1-carboxylate (30 
mg) obtained in Step 3 above, and the mixture was stirred at room temperature for 1.5 hours. 
After distilling the solvent of the resulting reaction mixture off under reduced pressure, toluene 
azeotropic distillation was subsequently performed to obtain a crude product of (S)-5-((3,5- 
dimethoxyphenyl)ethynyl)-7-(pyrrolidin-3-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine (30 mg). A 
portion of the resulting crude product (10 mg), 4-(dimethylamino)but-2-enoic acid 
hydrochloride (5.9 mg), and HATU (14 mg) were dissolved in DMF (1.0 ml). DIPEA (50 pl) was 
added thereto and stirred at room temperature for 5 minutes. Chloroform and water were 
added to the reaction mixture to separate the organic layer. After being washed with a 
saturated sodium chloride solution, the organic layer was dried over anhydrous sodium sulfate, 
and the solvent was distilled off under reduced pressure. The resulting residue was purified by 
preparative reversed-phase HPLC purification (water/acetonitrile (0.1% formic acid)) to obtain 
the title compound as a colorless, amorphous substance (3.9 mg). Table 10 shows the physical 
properties thereof.

Example 39

Synthesis of (S)-1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-  
d]pyrimidin-7-yl)pyrrolidin-1-yl)prop-2-en-1-one (compound of Example 39)

[0206] In accordance with Example 1 (Step 4), except that (S)-tert-butyl 3-(4-amino-5-((3,5- 
dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)pyrrolidine-1-carboxylate obtained in 
Example 38 (Step 3) was used in place of ferf-butyl 3-(4-amino-3-((3,5- 
dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1-yl)pyrrolidine-1  -carboxylate, a crude 
product of (S)-5-((3,5-dimethoxyphenyl)ethynyl)-7-(pyrrolidin-3-yl)-7H-pyrrolo[2,3-d]pyrimidin- 
4-amine was obtained by removing a Boc group under acidic conditions. Thereafter, amidation 
was conducted to obtain the title compound as a white solid. Table 10 shows the physical 
properties thereof.

Example 40

Synthesis of (S)-1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-
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d]pyrimidin-7-yl)pyrrolidin-1 -yl)-4-(pyrrolidin-1 -yl)but-2-en-1 -one (compound of
Example 40)

(Step 1) Synthesis of 4-(pyrrolidin-1-yl)but-2-enoic acid hydrochloride

[0207] Methyl 4-bromocrotonate (1.79 g) was dissolved in tetrahydrofuran (40 ml), pyrrolidine 
(1.67 ml) was added thereto at 0°C, and the mixture was stirred at room temperature for 1 
hour. Diethyl ether and water were added to the reaction mixture to separate the organic layer. 
After being washed with a saturated sodium chloride solution, the organic layer was dried over 
anhydrous sodium sulfate, and the solvent was distilled off under reduced pressure. 3N 
Hydrochloric acid (40 ml) was added to the resulting product, and the mixture was heated 
under reflux at 100°C for 1 hour. The reaction mixture was concentrated under reduced 
pressure, and then the resulting residue was washed with a mixed solvent of isopropanol and 
ethyl acetate to obtain the title compound as a white solid (939 mg). Physical properties: 

m/z[M+H]+ 156.0

(Step 2) Synthesis of compound of Example 40

[0208] In accordance with Example 4 (Step 1), except that (S)-5-((3,5- 
dimethoxyphenyl)ethynyl)-7-(pyrrolidin-3-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine (the
intermediate obtained in Example 38 (Step 4)) and 4-(pyrrolidin-1-yl)but-2-enoic acid 
hydrochloride obtained in Step 1 above were used, the title compound was obtained as a 
colorless, amorphous substance. Table 10 shows the physical properties thereof.

Example 41

Synthesis of (S)-1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-  
d]pyrimidin-7-yl)pyrrolidin-1 -yl)-4-(4-methylpiperazin-1 -yl)but-2-en-1 -one (compound of 
Example 41)

(Step 1) Synthesis of (S)-1-(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H- 
pyrrolo[2,3-d]pyrimidin-7-yl)pyrrolidin-1-yl)-4-bromobut-2-en-1-one

[0209] The crude product (100 mg) of (S)-5-((3,5-dimethoxyphenyl)ethynyl)-7-(pyrrolidin-3- 
yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine (i.e., the intermediate obtained in Example 38 (Step 4)) 
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was suspended in chloroform (3.0 ml). DIPEA (117 μΙ) was added to the suspension, and the 
mixture was cooled to 0°C. A solution of 4-bromobut-2-enoyl chloride (46 mg) obtained in 
Example 16 (Step 1) in chloroform (0.3 ml) was added thereto dropwise, and the resulting 
mixture was stirred at room temperature for 15 minutes. After halting the reaction using a 
saturated aqueous sodium bicarbonate solution, the resulting product was extracted with ethyl 
acetate. The organic layer was dried over anhydrous sodium sulfate, and the solvent was 
distilled off under reduced pressure to obtain the title compound as a crude product (140 mg). 

Physical properties: m/z[M+H]+ 509.9, 511.9

(Step 2) Synthesis of compound of Example 41

[0210] The crude product (12 mg) of (S)-1-(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H- 
pyrrolo[2,3-d]pyrimidin-7-yl)pyrrolidin-1-yl)-4-bromobut-2-en-1-one obtained in Step 1 above 
was dissolved in DMF (0.5 ml). N-methylpiperazine (4 mg) and DIPEA (10 μΙ) were added 
thereto, followed by stirring at room temperature overnight. After concentrating under reduced 
pressure, the resulting residue was purified by preparative reversed-phase HPLC purification 
(water/acetonitrile (0.1% formic acid)) to obtain the title compound as a colorless, amorphous 
substance (3.0 mg). Table 11 shows the physical properties thereof.

Example 42

Synthesis of (S)-1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-  
d]pyrimidin-7-yl)pyrrolidin-1-yl)-4-(4-hydroxypiperidin-1-yl)but-2-en-1-one (compound 
of Example 42)

[0211] In accordance with Example 41 (Step 2), except that 4-hydroxypiperidine was used in 
place of N-methylpiperazine, the title compound was obtained as a colorless, amorphous 
substance. Table 11 shows the physical properties thereof.

Example 43

Synthesis of (S)-1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-
d]pyrimidin-7-yl)pyrrolidin-1 -yl)-4-(4-fluoropiperidin-1 -yl)but-2-en-1 -one (compound of 
Example 43)

[0212] In accordance with Example 41 (Step 2), except that 4-fluoropiperidine was used in 
place of N-methylpiperazine, the title compound was obtained as a colorless, amorphous 
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substance. Table 11 shows the physical properties thereof.

Example 44

Synthesis of (S)-1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-  
d]pyrimidin-7-yl)pyrrolidin-1 -yl)-4-(3,3-difluoropyrrolidin-1 -yl)but-2-en-1 -one 
(compound of Example 44)

[0213] In accordance with Example 41 (Step 2), except that 3,3-difluoropyrrolidine was used in 
place of N-methylpiperazine, the title compound was obtained as a colorless, amorphous 
substance. Table 12 shows the physical properties thereof.

Example 45

Synthesis of (S)-1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-  
d]pyrimidin-7-yI)pyrrolidin-1 -y 1)-4-(4,4-difluoropiperidin-1 -yl)but-2-en-1 -one (compound 
of Example 45)

[0214] In accordance with Example 41 (Step 2), except that 4,4-difluoropiperidine was used in 
place of N-methylpiperazine, the title compound was obtained as a colorless, amorphous 
substance. Table 12 shows the physical properties thereof.

Example 46

Synthesis of (S)-1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-
d]pyrimidin-7-yl)pyrrolidin-1 -yl)but-2-yn-1 -one (compound of Example 46)

[0215] In accordance with Example 4 (Step 1), except that (S)-5-((3,5- 
dimethoxyphenyl)ethynyl)-7-(pyrrolidin-3-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine (i.e., the 
intermediate obtained in Example 38 (Step 4)) and 2-butynoic acid were used, the title 
compound was obtained as a colorless, amorphous substance. Table 12 shows the physical 
properties thereof.

Example 47
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Synthesis of (S)-1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-  
d]pyrimidin-7-yl)pyrrolidin-1 -yl)-4-hydroxy-4-methylpent-2-yn-1 -one (compound of 
Example 47)

[0216] In accordance with Example 4 (Step 1), except that (S)-5-((3,5- 
dimethoxyphenyl)ethynyl)-7-(pyrrolidin-3-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine (i.e., the 
intermediate obtained in Example 38 (Step 4)) and 4-hydroxy-4-methylpent-2-ynoic acid were 
used, the title compound was obtained as a colorless, amorphous substance. Table 12 shows 
the physical properties thereof.

Example 48

Synthesis of 1 -((S)-3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-
d]pyrimidin-7-yl)pyrrolidin-1 -yl)-4-((R)-3-fluoropyrrolidin-1 -yl)but-2-en-1 -one 
(compound of Example 48)

[0217] In accordance with Example 41 (Step 2), except that (R)-3-fluoropyrrolidine was used in 
place of N-methylpiperazine, the title compound was obtained as a colorless, amorphous 
substance. Table 13 shows the physical properties thereof.

Example 49

Synthesis of 1 -((S)-3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-  
d]pyrimidin-7-yl)pyrrolidin-1-yl)-4-((S)-3-fluoropyrrolidin-1-yl)but-2-en-1-one (compound 
of Example 49)

[0218] In accordance with Example 41 (Step 2), except that (S)-3-fluoropyrrolidine was used in 
place of N-methylpiperazine, the title compound was obtained as a colorless, amorphous 
substance. Table 13 shows the physical properties thereof.

Example 50

Synthesis of (S)-1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-  
d]pyrimidin-7-yl)pyrrolidin-1 -yl)-4-(piperidin-1 -yl)but-2-en-1 -one (compound of Example 
50)
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[0219] In accordance with Example 41 (Step 2), except that piperidine was used in place of N- 
methylpiperazine, the title compound was obtained as a colorless, amorphous substance. 
Table 13 shows the physical properties thereof.

Example 51

Synthesis of 1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-  
d]pyrimidin-7-yl)azetidin-1 -yl)prop-2-en-1 -one (compound of Example 51)

(Step 1) Synthesis of tert-butyl 3-(4-chloro-5-iodo-7H-pyrrolo[2,3-d]pyrimidin-7- 
yl)azetidine-1 -carboxylate

[0220] DIAD (1.41 ml) was added to a solution of 4-chloro-5-iodo-7H-pyrrolo[2,3-d]pyrimidine 
(1.00 g), N-Boc-3-hydroxyazetidine (930 mg), and triphenylphosphine (1.85 g) in 
tetrahydrofuran (40 ml), and the reaction mixture was stirred for 1 hour. After concentrating, 
the reaction mixture was washed with ethyl acetate to obtain the title compound as a white 

solid (1.07 g). Physical properties: m/z[M+H]+ 435.0

(Step 2) Synthesis of tert-butyl 3-(4-amino-5-iodo-7H-pyrrolo[2,3-d]pyrimidin-7- 
yl)azetidine-1 -carboxylate

[0221] Tetrahydrofuran (2.5 ml) and 28% aqueous ammonia (2.5 ml) were added to the tert­
butyl 3-(4-chloro-5-iodo-7H-pyrrolo[2,3-d]pyrimidin-7-yl)azetidine-1 -carboxylate (350 mg) 
obtained in Step 1 above. The reaction mixture was stirred at 100°C for 1.5 hours using a 
microwave reactor. Chloroform and water were added thereto to separate the organic layer. 
The organic layer was dried over anhydrous sodium sulfate, and the solvent was distilled off 
under reduced pressure to obtain the title compound as a white solid (340 mg). Physical 

properties: m/z[M+H]+ 416.0

(Step 3) Synthesis of tert-butyl 3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H- 
pyrrolo[2,3-d]pyrimidin-7-yl)azetidine-1-carboxylate

[0222] PdCl2(dppf)CH2Cl2 (122 mg) was added to a mixture of tert-butyl 3-(4-amino-5-iodo- 

7H-pyrrolo[2,3-d]pyrimidin-7-yl)azetidine-1-carboxylate (639 mg) obtained in Step 2 above, 1- 
ethynyl-3,5-dimethoxybenzene (374 mg), copper (I) iodide (44 mg), and triethylamine (2.0 ml) 



DK/EP 3023100 T3

in THF (15 ml). After nitrogen purging, the resulting mixture was stirred at 80°C for 3.5 hours. 
Ethyl acetate and water were added to the reaction mixture to separate the organic layer. After 
being washed with a saturated sodium chloride solution, the organic layer was dried over 
anhydrous sodium sulfate, and the solvent was distilled off under reduced pressure. The 
resulting residue was purified by basic silica gel column chromatography (developing solvent: 
hexane/ethyl acetate) to obtain the title compound as a colorless, amorphous substance (704 

mg). Physical properties: m/z[M+H]+ 450.1

(Step 4) Synthesis of compound of Example 51

[0223] In accordance with Example 1 (Step 4), except that tert-butyl 3-(4-amino-5-((3,5- 
dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)azetidine-1 -carboxylate obtained in 
Step 3 was used in place of ferf-butyl 3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H- 
pyrazolo[3,4-d]pyrimidin-1-yl)pyrrolidine-1-carboxylate, a crude product of 7-(azetidin-3-y)-5- 
((3,5-)dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine was obtained by removing 
a Boc group under acidic conditions. Thereafter, amidation was conducted to obtain the title 
compound as a white solid. Table 13 shows the physical properties thereof.

Example 52

Synthesis of 1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-  
d]pyrimidin-7-yl)azetidin-1 -yl)-4-(dimethylamino) but-2-en-1 -one (Example Compound 
52)

[0224] In accordance with Example 4 (Step 1), except that the tert-butyl 3-(4-amino-5-((3,5- 
dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)azetidine-1 -carboxylate obtained in 
Example 51 (Step 3) was used in place of ferf-butyl 3-(4-amino-3-((3,5- 
dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1-yl)pyrrolidine-1  -carboxylate, the title 
compound was obtained as a colorless, amorphous substance. Table 14 shows the physical 
properties thereof.

Example 53

Synthesis of 1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-  
d]pyrimidin-7-yl)azetidin-1 -yl)-4-(pyrrolidin-1 -yl)but-2-en-1 -one(Example Compound 53)

[0225] In accordance with Example 4 (Step 1), the 7-(azetidin-3-yl)-5- 
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((3,5-)dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine obtained in Example 51 
(Step 4) as an intermediate, and the 4-(pyrrolidin-1-yl)but-2-enoic acid hydrochloride obtained 
in Example 40 (Step 1) were used to obtain the title compound as a colorless, amorphous 
substance. Table 14 shows the physical properties thereof.

Example 54

Synthesis of 1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-  
d]pyrimidin-7-yl)azetidin-1 -yl)but-2-yn-1 -one (Example Compound 54)

[0226] In accordance with Example 4 (Step 1), the 7-(azetidin-3-yl)-5- 
((3,5-)dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine obtained as an 
intermediate in Example 51 (Step 4) and 2-butynoic acid were used to obtain the title 
compound as a colorless, amorphous substance. Table 14 shows the physical properties 
thereof.

Example 55

Synthesis of 1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-  
d]pyrimidin-7-yl)azetidin-1 -yl)-4-(azetidin-1 -yl)but-2-en-1 -one (Example Compound 55)

(Step 1) Synthesis of 1-(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-  
d]pyrimidin-7-yl)azetidin-1 -yl)-4-bromobut-2-en-1 -one

[0227] A crude product of 7-(azetidin-3-yl)-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3- 
d]pyrimidin-4-amine (160 mg) obtained in Example 52 (Step 4) as an intermediate was 
suspended in THF (3.0 ml). DIPEA (202 pl) was added thereto, and the mixture was cooled to 
0°C. A solution of 4-bromobut-2-enoyl chloride (75 mg) obtained in Example 16 (Step 1) in 
THF (0.5 ml) was added to the mixture dropwise, and stirred at room temperature for 15 
minutes. After halting the reaction using a saturated sodium bicarbonate solution, the resulting 
product was extracted with ethyl acetate. After drying the result over anhydrous sodium sulfate, 
the solvent was distilled off under reduced pressure to obtain the title compound as a crude 

product (204 mg). Physical properties: m/z[M+H]+ 496.0, 498.0

(Step 2) Synthesis of Example Compound 55
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[0228] The crude product of 1-(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3- 
d]pyrimidin-7-yl)azetidin-1-yl)-4-bromobut-2-en-1-one (10 mg) obtained in Step 1 above was 
suspended in THF (0.5 ml). Azetidine (7 pl) was added thereto, and the resulting mixture was 
stirred for 1 hour at room temperature. After concentrating under reduced pressure, the 
resulting residue was purified by reversed-phase HPLC purification (water/acetonitrile (0.1% 
formic acid)) to obtain the title compound as a colorless, amorphous substance (1.6 mg). Table 
14 shows the physical properties thereof.

Example 56

Synthesis of 1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-  
d]pyrimidin-7-yl)azetidin-1 -yl)-4-(ethyl(methyl)amino)but-2-en-1 -one (Example
Compound 56)

[0229] In accordance with Example 55 (Step 2), except that ethylmethylamine was used in 
place of azetidine, the title compound was obtained as a colorless, amorphous substance. 
Table 15 shows the physical properties thereof.

Example 57

Synthesis of 1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-  
d]pyrimidin-7-yl)azetidin-1 -yl)-4-(isopropylamino)but-2-en-1 -one (Example Compound 
57)

[0230] In accordance with Example 55 (Step 2), except that isopropylamine was used in place 
of azetidine, the title compound was obtained as a colorless, amorphous substance. Table 15 
shows the physical properties thereof.

Example 58

Synthesis of 1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-  
d]pyrimidin-7-yl)azetidin-1 -yl)-4-(isopropyl(methyl)amino)but-2-en-1 -one (Example
Compound 58)

[0231] In accordance with Example 55 (Step 2), except that isopropylmethylamine was used in 
place of azetidine, the title compound was obtained as a colorless, amorphous substance.



DK/EP 3023100 T3

Table 15 shows the physical properties thereof.

Example 59

Synthesis of 1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-
d]pyrimidin-7-yl)azetidin-1 -yl)-4-(diethylamino)but-2-en-1 -one (Example Compound 59)

[0232] In accordance with Example 55 (Step 2), except that diethylamine was used in place of 
azetidine, the title compound was obtained as a colorless, amorphous substance. Table 16 
shows the physical properties thereof.

Example 60

Synthesis of 1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-  
d]pyrimidin-7-yl)azetidin-1-yl)-4-((2-methoxyethyl)(methyl)amino)but-2-en-1-one 
(Example Compound 60)

[0233] In accordance with Example 55 (Step 2), except that 2-methoxy-N-methylethanamine 
was used in place of azetidine, the title compound was obtained as a colorless, amorphous 
substance. Table 16 shows the physical properties thereof.

Example 61

Synthesis of 1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-  
d]pyrimidin-7-yl)azetidin-1-yl)-4-(4-hydroxypiperidin-1-yl)but-2-en-1-one (Example 
Compound 61)

[0234] In accordance with Example 55 (Step 2), except that 4-hydroxypiperidin was used in 
place of azetidine, the title compound was obtained as a colorless, amorphous substance. 
Table 16 shows the physical properties thereof.

Example 62

Synthesis of (S)-1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-  
d]pyrimidin-7-yl)azetidin-1 -yl)-4-(3-hydroxypyrrolidin-1 -yl)but-2-en-1 -one (Example
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Compound 62)

[0235] In accordance with Example 55 (Step 2), except that (S)-3-hydroxypyrrolidine was used 
in place of azetidine, the title compound was obtained as a colorless, amorphous substance. 
Table 17 shows the physical properties thereof.

Example 63

Synthesis of (R)-1 -(3-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-  
d]pyrimidin-7-yl)azetidin-1 -yl)-4-(3-hydroxypyrrolidin-1 -yl)but-2-en-1 -one (Example 
Compound 63)

[0236] In accordance with Example 55 (Step 2), except that (R)-3-hydroxypyrrolidine was used 
in place of azetidine, the title compound was obtained as a colorless, amorphous substance. 
Table 17 shows the physical properties thereof.

Example 64

Synthesis of 1 -(4-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-
d]pyrimidin-7-yl)piperidin-1-yl)prop-2-en-1-one (Example Compound 64)

[0237] In accordance with Example 39, except that N-Boc-4-piperidinol was used in place of 
(R)-N-Boc-3-pyrrolidinol, the title compound was obtained as a light-yellow, amorphous 
substance. Table 17 shows the physical properties thereof.

Example 65

Synthesis of 1 -(4-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-  
d]pyrimidin-7-yl)piperidin-1 -yl)-4-(dimethylamino)but-2-en-1 -one (Example Compound 
65)

[0238] In accordance with Example 38, except that N-Boc-4-piperidinol was used in place of 
(R)-N-Boc-3-pyrrolidinol, the title compound was obtained as a light-yellow, amorphous 
substance. Table 17 shows the physical properties thereof.
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Example 66

Synthesis of (2S,4S)-methyl 1-acryloyl-4-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-  
pyrrolo[2,3-d]pyrimidin-7-yl)pyrrolidine-2-carboxylate (Example Compound 66)

(Step 1) Synthesis of 4-chloro-5-iodo-7-((2-(trimethylsilyl)ethoxy)methyl)-7H-  
pyrrolo[2,3-d]pyrimidine

[0239] 4-Chloro-5-iodo-7H-pyrrolo[2,3-d]pyrimidine (7.01 g) synthesized by the method 
disclosed in W02005/042556 was dissolved in anhydrous THF (125 ml). After cooling to 0°C, 
60% sodium hydride (4.02 g) was added to the result, and the resulting mixture was stirred for 
20 minutes. Subsequently, SEMCI (13.3 ml) was added thereto, and the mixture was stirred at 
room temperature overnight. After cooling to 0°C again, water was added to the mixture, and 
the reaction was halted. The resulting product was extracted with ethyl acetate, and the 
organic layer was washed with a saturated sodium chloride solution. After drying the result 
over anhydrous sodium sulfate, the solvent was distilled off under reduced pressure. The 
resulting residue was purified by silica gel column chromatography (developing solvent: 
hexane/ethyl acetate) to obtain the title compound as a white solid (7.28 g). Physical 

properties: m/z[M+H]+ 410.0

(Step 2) Synthesis of 5-iodo-7-((2-(trimethylsilyl)ethoxy)methyl)-7H-pyrrolo[2,3- 
d]pyrimidin-4-amine

[0240] The 4-chloro-5-iodo-7-((2-(trimethylsilyl)ethoxy)methyl)-7H-pyrrolo[2,3-d]pyrimidine 
(200 mg) obtained in Step 1 above was dissolved in THF (2.0 ml). 28% Aqueous ammonia (2 
ml) was added thereto, and the reaction mixture was then stirred at 105°C for 1.5 hours using 
a microwave reactor. The resulting product was extracted with ethyl acetate, and the organic 
layer was washed with a saturated sodium chloride solution. After drying the result over 
anhydrous sodium sulfate, the solvent was distilled off under reduced pressure to obtain the 

title compound as a white solid (192 mg). Physical properties: m/z[M+H]+ 391.0

(Step 3) Synthesis of 5-((3,5-dimethoxyphenyl)ethynyl)-7-((2-
(trimethylsilyl)ethoxy)methyl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine

[0241] In accordance with Example 1 (Step 1), except that the 5-iodo-7-((2- 
(trimethylsilyl)ethoxy)methyl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine obtained in Step 2 above was 
used in place of 3-iodo-1 H-pyrazolo[3,4-d]pyrimidin-4-amine, the title compound was obtained 
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as a colorless solid. Physical properties: m/z[M+H]+ 425.4

(Step 4) Synthesis of 5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-4- 
amine

[0242] A solution of 5-((3,5-dimethoxyphenyl)ethynyl)-7-((2-(trimethylsilyl)ethoxy)methyl)-7H- 
pyrrolo[2,3-d]pyrimidin-4-amine (4.27 g) obtained in Step 3 in methylene chloride (20 ml) was 
cooled to 0°C, and TFA (10 ml) was added thereto. The reaction mixture was stirred at room 
temperature for 5 hours, and the solvent was distilled off under reduced pressure. THF (50 ml) 
was added to the residue, and the mixture was cooled to 0°C. 4N aqueous sodium hydroxide 
(12.5 ml) was added thereto, and the mixture was stirred at room temperature overnight. The 
result was extracted with ethyl acetate, and dried over anhydrous magnesium sulfate. 
Subsequently, the solvent was distilled off under reduced pressure, and chloroform was added 
to the resulting residue. The mixture was subjected to filtration to obtain the title compound as 

a white solid (2.60 g). Physical properties: m/z[M+H]+ 295.3

(Step 5) Synthesis of (2S,4R)-4-(methylsulfonyloxy)-pyrrolidine-1,2-dicarboxylic acid 1- 
tert-butylester-2-methylester

[0243] In accordance with Example 1 (Step 2), except that (2S,4R)-4-hydroxy-pyrrolidine-1,2- 
dicarboxylic acid 1-tert-butylester-2-methylester was used in place of N-Boc-3-pyrrolidinol, the 
title compound was obtained as a colorless, amorphous substance.

(Step 6) Synthesis of (2S,4S)-1-tert-butyl 2-methyl 4-(4-amino-5-((3,5- 
dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)pyrrolidine-1,2-dicarboxylate

[0244] In accordance with Example 1 (Step 3), except that the 5-((3,5- 
dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine obtained in Step 4, the 
(2S,4R)-4-(methylsulfonyloxy)-pyrrolidine-1,2-dicarboxylic acid 1 -tert-butylester-2-methylester 
obtained in Step 5, sodium hydride, and NMP were individually used in place of 3-((3,5- 
dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-4-amine, tert-butyl 3-
(methylsulfonyloxy)pyrrolidine-l-carboxylate, potassium carbonate, and DMF, the title 

compound was obtained as a colorless, amorphous substance. Physical properties: m/z[M+H]+ 
522.4

(Step 7) Synthesis of (2S,4S)-methyl 4-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-  
pyrrolo[2,3-d]pyrimidin-7-yl)pyrrolidine-2-carboxylate
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[0245] A solution of (2S,4S)-1-tert-butyl 2-methyl 4-(4-amino-5-((3,5- 
dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)pyrrolidine-1,2-dicarboxylate (24 mg) 
obtained in Step 6 above in methylene chloride (2.0 ml) and TFA (2.0 ml) was stirred at room 
temperature for 30 minutes. The solvent was distilled off under reduced pressure, and the 
resulting residue was purified by basic silica gel column chromatography (developing solvent: 
chloroform/methanol). The title compound was thus obtained as a light-yellow, amorphous 

substance (11.9 mg). Physical properties: m/z[M+H]+ 422.1

(Step 8) Synthesis of Example Compound 66

[0246] Methylene chloride (2.0 ml) and triethylamine (16 pl) were added to the (2S,4S)-methyl 
4-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)pyrrolidine-2- 
carboxylate (12 mg) obtained in Step 7 above. After cooling to 0°C, chloroform (100 pl) in 
which acryloyl chloride (5 pl) was dissolved was added to the resulting mixture, and stirred at 
room temperature for 10 minutes. After halting the reaction using a saturated sodium 
bicarbonate solution, the resulting product was extracted with ethyl acetate. After drying the 
result over anhydrous sodium sulfate, the solvent was distilled off under reduced pressure. The 
resulting residue was purified by silica gel column chromatography (developing solvent: ethyl 
acetate/methanol) to obtain the title compound as a colorless, amorphous substance (4.2 mg). 
Table 18 shows the physical properties thereof.

Example 67

Synthesis of 1 -((2S,4S)-4-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3- 
d]pyrimidin-7-yl)-2-((dimethylamino)methyl)pyrrolidin-1 -yl)prop-2-en-1 -one (Example 
Compound 67)

(Step 1) Synthesis of (2S,4S)-tert-butyl 2-((tert-butyldiphenylsilyloxy)methyl)-4-(4- 
chloro-5-iodo-7H-pyrrolo[2,3-d]pyrimidin-7-yl)pyrrolidine-1-carboxylate

[0247] A solution of triphenylphosphine (443 mg) in THF (25 ml) was cooled to 0°C, and DIAD 
(340 pl) was added thereto dropwise. The reaction mixture was stirred at 0°C for 1 hour. 4- 
Chloro-5-iodo-7H-pyrrolo[2,3-d]pyrimidine (363 mg) and the (2S,4R)-fert-butyl 2-((ferf- 
butyldiphenylsilyloxy)methyl)-4-hydroxypyrrolidine-1-carboxylate (651.6 mg) obtained in 
Example 28 (Step 1) were added thereto, and stirred at room temperature overnight. Ethyl 
acetate and water were added to separate the organic layer. The organic layer was dried over 
anhydrous magnesium sulfate, and the solvent was distilled off under reduced pressure. The 
resulting residue was purified by silica gel column chromatography (developing solvent: 
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hexane/ethyl acetate) to obtain the title compound as a light-yellow, amorphous substance 

(400 mg). m/z[M+H]+ 718.5

(Step 2) Synthesis of (2S,4S)-tert-butyl 4-(4-amino-5-iodo-7H-pyrrolo[2,3-d]pyrimidin-7- 
yl)-2-((tert-butyldiphenylsilyloxy)methyl)pyrrolidine-1-carboxylate

[0248] THF (10 ml) and an 8N ammonia methanol solution (5 ml) were added to the (2S,4S)- 
tert-butyl 2-((tert-butyldiphenylsilyloxy)methyl)-4-(4-chloro-5-iodo-7H-pyrrolo[2,3-d]pyrimidin-7- 
yl)pyrrolidine-1 -carboxylate (400 mg) obtained in Step 1. The mixture was stirred at 120°C for 
2 hours under microwave irradiation, and the solvent was distilled off under reduced pressure. 
The resulting residue was purified by silica gel column chromatography (developing solvent: 
chloroform/ethanol) to obtain the title compound as a light-yellow solid (293 mg). Physical 

properties: m/z[M+H]+ 698.5

(Step 3) Synthesis of (2S,4S)-tert-butyl 4-(4-(bis(tert-butoxycarbonyl)amino)-5-iodo-7H-  
pyrrolo[2,3-d]pyrimidin-7-yl)-2-((tert-butyldiphenylsilyloxy)methyl)pyrrolidine-1- 
carboxylate

[0249] BOC2O (188 mg) and DMAP (7 mg) were added to a solution of (2S,4S)-tert-butyl 4-(4- 

amino-5-iodo-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-2-((tert-butyldiphenylsilyloxy)methyl)pyrrolidine-
1-carboxylate (200 mg) obtained in Step 2 in THF (5 ml), and the resulting mixture was stirred 
at room temperature overnight. Ethyl acetate and water were added to the reaction mixture to 
separate the organic layer. The organic layer was dried over anhydrous magnesium sulfate, 
and the solvent was distilled off under reduced pressure. The resulting residue was purified by 
silica gel column chromatography (developing solvent: hexane/ethyl acetate) to obtain the title 

compound as a light-yellow, amorphous substance (238 mg). m/z[M+H]+ 898.5

(Step 4) Synthesis of (2S,4S)-tert-butyl 4-(4-(bis(tert-butoxycarbonyl)amino)-5-iodo-7H-  
pyrrolo[2,3-d]pyrimidin-7-yl)-2-(hydroxymethyl)pyrrolidine-1-carboxylate

[0250] Silica gel-carrying tetrabutyl ammonium fluoride (700 mg) (up to 1.5 mmol/g) was 
added to a solution of (2S,4S)-tert-butyl 4-(4-(bis(tert-butoxycarbonyl)amino)-5-iodo-7H- 
pyrrolo[2,3-d]pyrimidin-7-yl)-2-((tert-butyldiphenylsilyloxy)methyl)pyrrolidine-1-carboxylate
(237.5 mg) obtained in Step 3 in THF (5 ml), and the resulting mixture was stirred at room 
temperature overnight. Silica gel was separated by filtration, and the solvent of the filtrate was 
distilled off under reduced pressure. The resulting residue was purified by silica gel column 
chromatography (developing solvent: hexane/ethyl acetate) to obtain the title compound as a 

light-yellow, amorphous substance (185 mg). Physical properties: m/z[M+ H]+ 660.2
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(Step 5) Synthesis of (2S,4S)-tert-butyl 4-(4-(bis(tert-butoxycarbonyl)amino)-5-iodo-7H-  
pyrrolo[2,3-d]pyrimidin-7-yl)-2-formylpyrrolidine-1-carboxylate

[0251] Dess-Martin periodinane (51 mg) was added to a solution of (2S,4S)-tert-butyl 4-(4- 
(bis(tert-butoxycarbonyl)amino)-5-iodo-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-2-
(hydroxymethyl)pyrrolidine-l-carboxylate (66 mg) obtained in Step 4 in methylene chloride (2 
ml), and the resulting mixture was stirred at room temperature for 1 hour. Dess-Martin 
periodinane (100 mg) was further added to the mixture, and stirred at room temperature for 1 
hour. Dess-Martin periodinane (70 mg) was additionally added thereto, and the resulting 
mixture was stirred at room temperature for 1 hour. Water was added to the reaction mixture to 
separate the organic layer. The organic layer was washed with a sodium hydrogen carbonate 
aqueous solution and a 10% sodium thiosulfate aqueous solution, and dried over anhydrous 
sodium sulfate. The solvent was distilled off under reduced pressure to obtain the title 

compound as a light-yellow, amorphous substance (68 mg). Physical properties: m/z[M+H]+ 
658.1

(Step 6) Synthesis of (2S,4S)-tert-butyl 4-(4-(bis(tert-butoxycarbonyl)amino)-5-iodo-7H-  
pyrrolo[2,3-d]pyrimidin-7-yl)-2-((dimethylamino)methyl)pyrrolidine-1-carboxylate

[0252] A 1M dimethylamine THF solution (0.3 ml) and acetic acid (0.2 ml) were added to a 
solution of (2S,4S)-tert-butyl 4-(4-(bis(tert-butoxycarbonyl)amino)-5-iodo-7H-pyrrolo[2,3- 
d]pyrimidin-7-yl)-2-formylpyrrolidine-1-carboxylate (68 mg) obtained in Step 5 in methylene 
chloride (2 ml), and the resulting mixture was cooled to 0°C. Sodium triacetoxyborohydride 
(127 mg) was added to the reaction mixture, and stirred at 0°C for 2 hours. The reaction 
mixture was neutralized using a sodium hydrogen carbonate aqueous solution, and the organic 
layer was dried over anhydrous sodium sulfate. The solvent was distilled off under reduced 
pressure to obtain the title compound as a light-yellow, amorphous substance (31.9 mg). 

Physical properties: m/z[M+H]+ 687.2

(Step 7) Synthesis of (2S,4S)-tert-butyl 4-(4-(bis(tert-butoxycarbonyl)amino)-5-((3,5- 
dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-2- 
((dimethylamino)methyl)pyrrolidine-1-carboxylate

[0253] In accordance with Example 1 (Step 1), except that the (2S,4S)-tert-butyl 4-(4-(bis(tert- 
butoxycarbonyl)amino)-5-iodo-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-2-
((dimethylamino)methyl)pyrrolidine-1-carboxylate obtained in Step 6 was used in place of 3- 
iodo-1 H-pyrazolo[3,4-d]pyrimidin-4-amine, the title compound was obtained as a light-yellow, 

amorphous substance. Physical properties: m/z[M+H]+ 721.5
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(Step 8) Synthesis of 5-((3,5-dimethoxyphenyl)ethynyl)-7-((3S,5S)-5- 
((dimethylamino)methyl)pyrrolidin-3-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine

[0254] In accordance with Example 66 (Step 7), except that the (2S,4S)-tert-butyl 4-(4- 
(bis(tert-butoxycarbonyl)amino)-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin- 
7-yl)-2-((dimethylamino)methyl)pyrrolidine-1  -carboxylate obtained in Step 7 was used in place 
of (2S,4S)-1-tert-butyl 2-methyl 4-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3- 
d]pyrimidin-7-yl)pyrrolidine-1,2-dicarboxylate, the title compound was obtained as a light­

yellow, amorphous substance. Physical properties: m/z[M+H]+ 421.1

(Step 9) Synthesis of Example Compound 67

[0255] In accordance with Example 66 (Step 8), except that the 5-((3,5- 
dimethoxyphenyl)ethynyl)-7-((3S,5S)-5-((dimethylamino)methyl)pyrrolidin-3-yl)-7H-pyrrolo[2,3- 
d]pyrimidin-4-amine obtained in Step 8 was used in place of (2S,4S)-methyl 4-(4-amino-5- 
((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)pyrrolidine-2-carboxylate, the 
title compound was obtained as a colorless, amorphous substance. Table 18 shows the 
physical properties thereof.

Example 68

Synthesis of 1 -((2S,4S)-4-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3- 
d]pyrimidin-7-yl)-2-(1,3,4-oxadiazole-2-yl)pyrrolidin-1 -yl)prop-2-en-1 -one (Example
Compound 68)

(Step 1) Synthesis of (2S,4S)-4-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H- 
pyrrolo[2,3-d]pyrimidin-7-yl)-1-(tert-butoxycarbonyl)pyrrolidine-2-carboxylic acid

[0256] The (2S,4S)-1-tert-butyl 2-methyl 4-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H- 
pyrrolo[2,3-d]pyrimidin-7-yl)pyrrolidine-1,2-dicarboxylate (393.8 mg) obtained in Example 66 
(Step 6) was dissolved in methanol (6 ml). After cooling to 0°C, 4N aqueous sodium hydroxide 
(3 ml) was added thereto. The reaction suspension was stirred at room temperature for 3 
hours. 5N hydrochloric acid was added to the reaction mixture to a pH of 5, and ethyl acetate 
and water were added to separate the organic layer. The organic layer was dried over 
anhydrous magnesium sulfate, and the solvent was distilled off under reduced pressure to 

obtain the title compound as a light-yellow solid (280 mg). Physical properties: m/z[M+H]+ 
508.3



DK/EP 3023100 T3

(Step 2) Synthesis of (2S,4S)-tert-butyl 4-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-  
pyrrolo[2,3-d]pyrimidin-7-yl)-2-(hydrazine carbonyl)pyrrolidine-1 -carboxylate

[0257] DIPEA (73 pl) and hydrazine monohydrate (46 pl) were added to a solution of
(2S,4S)-4-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-1-(tert- 
butoxycarbonyl)pyrrolidine-2-carboxylic acid (106 mg) obtained in Step 1 above and TBTU 
(100 mg) in DMF (2 ml), and the resulting mixture was stirred at room temperature for 10 
minutes. Ethyl acetate and water were added to the reaction mixture to separate the organic 
layer, and the organic layer was dried over anhydrous magnesium sulfate. The solvent was 
distilled off under reduced pressure to obtain the title compound as a light-yellow, amorphous 

substance (93.6 mg). Physical properties: m/z[M+H]+ 522.4

(Step 3) Synthesis of (2S,4S)-tert-butyl 4-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-  
pyrrolo[2,3-d]pyrimidin-7-yl)-2-(1,3,4-oxadiazole-2-yl)pyrrolidine-1-carboxylate

[0258] Toluene (3 ml) and trimethyl orthoformate (79 pl) were added to the (2S,4S)-tert-butyl 
4-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-2-(hydrazine 
carbonyl)pyrrolidine-1-carboxylate (93.6 mg) obtained in Step 2, and the resulting mixture was 
stirred at 110°C overnight. Acetic acid (400 pl) was added to the reaction mixture, and stirred 
at 110°C for 6 hours. Ethyl acetate and water were added to the reaction mixture to separate 
the organic layer. The organic layer was dried over anhydrous magnesium sulfate, and the 
solvent was distilled off under reduced pressure. The resulting residue was purified by silica gel 
column chromatography (developing solvent: chloroform/methanol) to obtain the title 

compound as a light-yellow, amorphous substance (50 mg). Physical properties: m/z [M+H]+ 
532.2

(Step 4) Synthesis of 7-((3S,5S)-5-(1,3,4-oxadiazole-2-yl)pyrrolidin-3-yl)-5-((3,5-  
dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine

[0259] In accordance with Example 66 (Step 7), except that the (2S,4S)-ferf-butyl 4-(4-amino- 
5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-2-(1,3,4-oxadiazole-2- 
yl)pyrrolidine-1 -carboxylate (50 mg) obtained in Step 3 was used in place of (2S,4S)-1-ferf- 
butyl 2-methyl 4-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7- 
yl)pyrrolidine-1,2-dicarboxylate, the title compound was obtained as a light-yellow, amorphous 

substance (30.3 mg). m/z[M+H]+ 432.0

(Step 5) Synthesis of Example Compound 68
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[0260] In accordance with Example 66 (Step 8), except that 7-((3S,5S)-5-(1,3,4-oxadiazole-2- 
yl)pyrrolidin-3-yl)-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine 
obtained in Step 4 was used in place of (2S,4S)-methyl 4-(4-amino-5-((3,5- 
dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)pyrrolidine-2-carboxylate, the title 
compound was obtained as a light-yellow, amorphous substance. Table 18 shows the physical 
properties thereof.

Example 69

Synthesis of 1 -((2S,4S)-4-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3- 
d]pyrimidin-7-yl)-2-(5-methyl-1,3,4-oxadiazole-2-yl)pyrrolidin-1 -yl)prop-2-en-1 -one 
(Example Compound 69)

(Step 1) Synthesis of (2S,4S)-tert-butyl 4-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-  
pyrrolo[2,3-d]pyrimidin-7-yl)-2-(5-methyl-1,3,4-oxadiazole-2-yl)pyrrolidine-1-carboxylate

[0261] In accordance with Example 68 (Step 3), except that triethyl orthoacetate was used in 
place of trimethyl orthoformate, the title compound was obtained as a light-yellow, amorphous 

substance. Physical properties: m/z[M+H]+ 546.5

(Step 2) Synthesis of 5-((3,5-dimethoxyphenyl)ethynyl)-7-((3S,5S)-5-(5-methyl-1,3,4-  
oxadiazole-2-yl)pyrrolidin-3-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine

[0262] In accordance with Example 66 (Step 7), except that the (2S,4S)-tert-butyl 4-(4-amino- 
5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-2-(5-methyl-1,3,4- 
oxadiazole-2-yl)pyrrolidine-1-carboxylate obtained in Step 1 was used in place of (2S,4S)-1- 
tert-butyl 2-methyl 4-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7- 
yl)pyrrolidine-1,2-dicarboxylate, the title compound was obtained as a light-yellow, amorphous 

substance. Physical properties: m/z[M+H]+ 466.0

(Step 3) Synthesis of Example Compound 69

[0263] In accordance with Example 66 (Step 8), except that the 5-((3,5- 
dimethoxyphenyl)ethynyl)-7-((3S,5S)-5-(5-methyl-1,3,4-oxadiazole-2-yl)pyrrolidin-3-yl)-7H- 
pyrrolo[2,3-d]pyrimidin-4-amine obtained in Step 2 was used in place of (2S,4S)-methyl 4-(4- 
amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)pyrrolidine-2- 
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carboxylate, the title compound was obtained as a light-yellow, amorphous substance. Table 
18 shows the physical properties thereof.

Example 70

Synthesis of 1 -((2S,4S)-4-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3- 
d]pyrimidin-7-yl)-2-(5-((dimethylamino)methyl)-1,3,4-oxadiazole-2-yl)pyrrolidin-1- 
yl)prop-2-en-1-one (Example Compound 70)

(Step 1) Synthesis of (2S,4S)-tert-butyl 4-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-  
pyrrolo[2,3-d]pyrimidin-7-yl)-2-(2-(2-(dimethylamino)acetyl)hydrazine 
carbonyl)pyrrolidine-1-carboxylate

[0264] In accordance with Example 68 (Step 2), except that 2-(dimethylamino)acetohydrazide 
was used in place of hydrazine monohydrate, the title compound was obtained as a light­

yellow, amorphous substance. Physical properties: m/z[M+H]+ 607.3

(Step 2) Synthesis of (2S,4S)-tert-butyl 4-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-  
pyrrolo[2,3-d]pyrimidin-7-yl)-2-(5-((dimethylamino)methyl)-1,3,4-oxadiazole-2- 
yl)pyrrolidine-1 -carboxylate

[0265] DIPEA (105 pl) and tosyl chloride (56 mg) were added to a solution of (2S,4S)-tert-butyl 
4-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-2-(2-(2- 
(dimethylamino)acetyl)hydrazine carbonyl)pyrrolidine-1-carboxylate (100 mg) obtained in Step 
1 in acetonitrile (3 ml), and the mixture was stirred at 40°C for 1 hour. Ethyl acetate and water 
were added to the reaction mixture to separate the organic layer. The organic layer was dried 
over anhydrous magnesium sulfate, and the solvent was distilled off under reduced pressure. 
The resulting residue was purified by silica gel column chromatography (developing solvent: 
chloroform/methanol) to obtain the title compound as a light-yellow, amorphous substance 

(40.5 mg). Physical properties: m/z[M+H]+ 589.2

Synthesis of (Step 3) 5-((3,5-dimethoxyphenyl)ethynyl)-7-((3S,  5S)-5-(5-
((dimethylamino)methyl)-1,3,4-oxadiazole-2-yl)pyrrolidin-3-yl)-7H-pyrrolo[2,3- 
d]pyrimidin-4-amine

[0266] In accordance with Example 66 (Step 7), except that the (2S,4S)-tert-butyl 4-(4-amino-
5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-2-(5-
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((dimethylamino)methyl)-1,3,4-oxadiazole-2-yl)pyrrolidine-1-carboxylate obtained in Step (2) 
was used in place of (2S,4S)-1-tert-butyl 2-methyl 4-(4-amino-5-((3,5- 
dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)pyrrolidine-1,2-dicarboxylate, the title 
compound was obtained as a light-yellow, amorphous substance. Physical properties: 

m/z[M+H]+ 489.2

(Step 4) Synthesis of Example Compound 70

[0267] In accordance with Example 66 (Step 8), except that the 5-((3,5- 
dimethoxyphenyl)ethynyl)-7-((3S,5S)-5-(5-((dimethylamino)methyl)-1,3,4-oxadiazole-2- 
yl)pyrrolidin-3-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine obtained in Step 3 was used in place of
(2S,4S)-methyl 4-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7- 
yl)pyrrolidine-2-carboxylate, the title compound was obtained as a light-yellow, amorphous 
substance. Table 18 shows the physical properties thereof.

Example 71

Synthesis of (2S,4S)-1 -acryloyl-4-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-  
pyrrolo[2,3-d]pyrimidin-7-yl)-N-(2-(dimethylamino)ethyl)-N-methylpyrrolidine-2- 
carboxamide (Example Compound 71)

(Step 1) Synthesis of (2S,4S)-tert-butyl 4-(4-amino-5-((3,S- 
dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-2-((2-(dimethylamino)ethyl) 
(methyl)carbamoyl)pyrrolidine-1  -carboxylate

[0268] A solution of (2S,4S)-4-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3- 
d]pyrimidin-7-yl)-1-(tert-butoxycarbonyl)pyrrolidine-2-carboxylic acid (25.4 mg) obtained in 
Example 68 (Step 1), TBTU (17.7 mg), N,N,N'-trimethylethane-1,2-diamine (13 pl), and DIPEA 
(26 pl) in acetonitrile (3 ml) was stirred at room temperature for 1 hour. Ethyl acetate and water 
were added to separate the organic layer. The organic layer was dried over anhydrous sodium 
sulfate, and the solvent was distilled off under reduced pressure. The resulting residue was 
purified by basic silica gel column chromatography (developing solvent: chloroform/methanol) 
to obtain the title compound as a light-yellow, amorphous substance (3 mg). Physical 

properties: m/z[M+H]+ 592.4

(Step 2) Synthesis of (2S,4S)-4-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H- 
pyrrolo[2,3-d]pyrimidin-7-yl)-N-(2-(dimethylamino)ethyl)-N-methylpyrrolidine-2- 
carboxamide
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[0269] In accordance with Example 66 (Step 7), except that the (2S,4S)-tert-butyl 4-(4-amino- 
5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-2-((2-(dimethylamino)ethyl) 
(methyl)carbamoyl)pyrrolidine-1 -carboxylate obtained in Step 1 above was used in place of
(2S,4S)-1-tert-butyl 2-methyl 4-(4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3- 
d]pyrimidin-7-yl)pyrrolidine-1,2-dicarboxylate, the title compound was obtained as a colorless, 

amorphous substance. Physical properties: m/z[M+H]+ 492.4

(Step 3) Synthesis of Example Compound 71

[0270] In accordance with Example 66 (Step 8), except that the (2S,4S)-4-(4-amino-5-((3,5- 
dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-N-(2-(dimethylamino)ethyl)-N- 
methylpyrrolidine-2-carboxamide obtained in Step 2 was used in place of (2S,4S)-methyl 4-(4- 
amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)pyrrolidine-2- 
carboxylate, the title compound was obtained as a colorless, amorphous substance. Table 19 
shows the physical properties thereof.

Example 72

Synthesis of 1 -(4-((4-amino-5-((3,5-dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-  
d]pyrimidin-7-yl)methyl)piperidin-1 -yl)-4-(dimethylamino)but-2-en-1 -one (Example
Compound 72)

[0271] In accordance with Example 38, except that N-Boc-4-hydroxymethylpiperidin was used 
in place of (R)-N-Boc-3-pyrrolidinol, the title compound was obtained as a light-yellow, 
amorphous substance. Table 19 shows the physical properties thereof.

Example 73

Synthesis of (S)-1 -(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrrolo[3,2-
c]pyridin-1-yl)pyrrolidin-1-yl)prop-2-en-1-one (Example Compound 73)

(Step 1) Synthesis of 4-chloro-3-iodo-1H-pyrrolo[3,2-c]pyridine

[0272] 4-Chloro-1 H-pyrrolo[3,2-c]pyridine (247 mg) synthesized by the method disclosed in 
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W02007/095223 was dissolved in DMF (7.0 ml). After cooling to 0°C, N-iodosuccinimide (382 
mg) was added thereto. The resulting mixture was stirred at room temperature for 1 hour, and 
then chloroform and water were added thereto to separate the organic layer. After the organic 
layer was dried over anhydrous magnesium sulfate, the solvent was distilled off under reduced 
pressure. The resulting residue was purified by silica gel column chromatography (developing 
solvent: hexane/ethyl acetate) to obtain the title compound as a dark-brown solid (455 mg). 

Physical properties: m/z[M+H]+ 279.1

(Step 2) Synthesis of (S)-tert-butyl 3-(4-chloro-3-iodo-1H-pyrrolo[3,2-c]pyridin-1- 
yl)pyrrolidine-1 -carboxylate

[0273] The 4-chloro-3-iodo-1 H-pyrrolo[3,2-c]pyridine (225 mg) obtained in Step 1 was 
dissolved in DMF (3.0 ml). After cooling to 0°C, 60% sodium hydride (64.5 mg) was added 
thereto. The (R)-tert-butyl 3-(methylsulfonyloxy)pyrrolidine-1 -carboxylate (322 mg) obtained in 
Example 2 (Step 1) was added to the reaction mixture using DMF (2.0 ml), and the mixture 
was stirred overnight. 60% Sodium hydride (64.5 mg) was additionally added, and the mixture 
was stirred at 85°C overnight. Ethyl acetate and water were added to the reaction mixture to 
separate the organic layer. The organic layer was dried over anhydrous magnesium sulfate, 
and the solvent was distilled off under reduced pressure. The resulting residue was purified by 
silica gel column chromatography (developing solvent: hexane/ethyl acetate) to obtain the title 

compound as a crude product (192 mg). Physical properties: m/z[M+H]+ 448.3

(Step 3) Synthesis of (S)-tert-butyl 3-(4-chloro-3-((3,5-dimethoxyphenyl)ethynyl)-1H-  
pyrrolo[3,2-c]pyridin-1 -yl)pyrrolidine-1 -carboxylate

[0274] PdCl2(dppf)CH2Cl2 (33 mg) was added to a mixture of the crude product of (S)-tert- 

butyl 3-(4-chloro-3-iodo-1 H-pyrrolo[3,2-c]pyridin-1-yl)pyrrolidine-1-carboxylate (180 mg) 
obtained in Step 2, 1-ethynyl 3,5-dimethoxybenzene (97 mg), copper (I) iodide (15 mg), and 
triethylamine (1.0 ml) in THF (4.0 ml). After nitrogen purging, the resulting mixture was stirred 
at 50°C for 30 minutes. Ethyl acetate and water were added to the reaction mixture to separate 
the organic layer. After being washed with a saturated sodium chloride solution, the organic 
layer was dried over anhydrous sodium sulfate, and the solvent was then distilled off under 
reduced pressure. The resulting residue was purified by silica gel column chromatography 
(developing solvent: hexane/ethyl acetate) to obtain the title compound as a colorless, 

amorphous substance (133 mg). Physical properties: m/z[M+H]+ 482.4

(Step 4) Synthesis of (S)-tert-butyl 3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1H- 
pyrrolo[3,2-c]pyridin-1 -yl)pyrrolidine-1 -carboxylate
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[0275] Under a nitrogen atmosphere, the (S)-tert-butyl 3-(4-chloro-3-((3,5- 
dimethoxyphenyl)ethynyl)-1 H-pyrrolo[3,2-c]pyridin-1-yl)pyrrolidine-1-carboxylate (120 mg) 
obtained in Step 3, 2,2'-bis(diphenylphosphino)-1 ,Τ-binaphthalene (BINAP) (26 mg), sodium 
tert-butoxide(72 mg), benzophenone imine (92 mg), and tris 
(dibenzylideneacetone)dipalladium (36 mg) were suspended in toluene (10 ml), and the result 
was stirred at 115°C for 90 minutes. After dilution with ethyl acetate, celite filtration was 
performed. The solvent was distilled off under reduced pressure. Hydroxyaminehydrochloride 
(366 mg), sodium bicarbonate (442 mg), methanol (16 ml), and water (4 ml) were added to the 
resulting residue, and the resulting mixture was stirred at room temperature for 2 hours. The 
solvent was distilled off under reduced pressure. Thereafter, ethyl acetate and a saturated 
sodium chloride solution were added to separate the organic layer. The organic layer was 
dried over anhydrous sodium sulfate, and the solvent was distilled off under reduced pressure. 
The resulting residue was purified by basic silica gel column chromatography (developing 
solvent: hexane/ethyl acetate) to obtain the title compound as a colorless, amorphous 

substance (35 mg). Physical properties: m/z[M+H]+ 463.4

(Step 5) Synthesis of Example Compound 73

[0276] In accordance with Example 1 (Step 4), except that the (S)-tert-butyl 3-(4-amino-3- 
((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrrolo[3,2-c]pyridin-1-yl)pyrrolidine-1-carboxylate obtained 
in Step (3) was used in place of ferf-butyl 3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H- 
pyrazolo[3,4-d]pyrimidin-1-yl)pyrrolidine-1-carboxylate, the title compound was obtained as a 
white solid. Table 19 shows the physical properties thereof.

Reference Example 1

Synthesis of (R)-1 -(3-(4-amino-3-(4-phenoxyphenyl)-1 H-pyrazolo[3,4-d]pyrimidin-1 - 
yl)piperidin-1-yl)prop-2-en-1-one (Reference Example Compound 1)

[0277] The compound was synthesized according to the method disclosed in 
WO2008/121742. Table 20 shows the physical properties thereof.

Reference Example 2

Synthesis of 3-cyclobutyl-1-(phenylethynyl)imidazo [1,5-a]pyrazin-8-amine (Reference 
Example Compound 2)
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[0278] The compound was synthesized according to the method disclosed in 
W02007/087395. Table 20 shows the physical properties thereof.

Reference Example 3

Synthesis of (S)-1 -(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-1 H-pyrazolo[3,4- 
d]pyrimidin-1-yl)pyrrolidin-1-yl)propan-1-one (Reference Example Compound 3)

[0279] In accordance with Example 1, (S)-3-((3,5-dimethoxyphenyl)ethynyl)-1-(pyrrolidin-3- 
yl)-1 H-pyrazolo[3,4-d]pyrimidin-4-amine and propionyl chloride were used to obtain the title 
compound as a white solid. Table 20 shows the physical properties thereof.

Reference Example 4

Synthesis of (S)-1 -(3-(4-amino-3-((3,5-diisopropylphenyl)ethynyl)-1  H-pyrazolo[3,4- 
d]pyrimidin-1 -yl)pyrrolidin-1 -yl)-4-(dimethylamino)but-2-en-1 -one (Reference Example 
Compound 4)

(Step 1) Synthesis of 1-ethynyl-3,5-diisopropylbenzene

[0280] PdCl2(dppf)CH2Cl2 (163 mg) was added to a mixture of trimethylsilylacetylene (589 

mg), 1-bromo-3,5-diisopropylbenzene (480 mg), copper (I) iodide (76 mg), and triethylamine 
(0.11 ml) in THF (4 ml). After nitrogen purging, the resulting mixture was stirred at 80°C for 4 
hours. Ethyl acetate and water were added to the reaction mixture to separate the organic 
layer. After drying the result over anhydrous sodium sulfate, the solvent was distilled off under 
reduced pressure. A 2% potassium hydroxide methanol solution (10 ml) was added to the 
resulting residue, and the result was stirred at room temperature overnight. Chloroform and 
water were added to the reaction mixture to separate the organic layer. After drying the result 
over anhydrous sodium sulfate, the solvent was distilled off under reduced pressure. The 
resulting residue was purified by silica gel column chromatography (developing solvent: 
hexane) to obtain the title compound as a yellow, oily substance (181 mg).

(Step 2) Synthesis of (S)-tert-butyl 3-(4-amino-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-1- 
yl)pyrrolidine-1 -carboxylate

[0281] A suspension of 3-iodo-1 H-pyrazolo[3,4-d]pyrimidin-4-amine (446 mg), (R)-tert-butyl 3- 
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(methylsulfonyloxy)pyrrolidine-l-carboxylate (450 mg), potassium carbonate (692 mg) in DMF 
(5.0 ml) was stirred at 85°C for 6 hours. Ethyl acetate and water were added thereto to 
separate the organic layer. The organic layer was dried over anhydrous sodium sulfate, and 
the solvent was distilled off under reduced pressure. The resulting residue was purified by 
basic silica gel column chromatography (developing solvent: hexane/ethyl acetate) to obtain 
the title compound as a light-yellow, amorphous substance (354 mg). Physical properties: 

m/z[M+H]+ 431.1

(Step 3) Synthesis of (S)-tert-butyl 3-(4-amino-3-((3,5-diisopropylphenyl)ethynyl)-1H-  
pyrazolo[3,4-d]pyrimidin-1 -yl)pyrrolidine-1 -carboxylate

[0282] PdCl2(dppf)CH2Cl2 (8.2 mg) was added to a mixture of 1-ethynyl-3,5- 

diisopropylbenzene (56 mg) obtained in Step 1, (S)-ferf-butyl 3-(4-amino-3-iodo-1 H- 
pyrazolo[3,4-d]pyrimidin-1-yl)pyrrolidine-1  -carboxylate (43 mg) obtained in Step 2, copper (I) 
iodide (3.8 mg), and triethylamine (0.2 ml) in THF (2.0 ml). After nitrogen purging, the resulting 
mixture was stirred at 80°C for 1.5 hours. Ethyl acetate and water were added to the reaction 
mixture to separate the organic layer. The organic layer was washed with a saturated sodium 
chloride solution. After drying the result over anhydrous sodium sulfate, the solvent was 
distilled off under reduced pressure. The resulting residue was purified by basic silica gel 
column chromatography (developing solvent: hexane/ethyl acetate) to obtain the title 

compound as a colorless, amorphous substance (42 mg). Physical properties: m/z[M+H]+ 
489.2

(Step 4) Synthesis of (S)-3-((3,5-diisopropylphenyl)ethynyl)-1-(pyrrolidin-3-yl)-1H- 
pyrazolo[3,4-d]pyrimidin-4-amine

[0283] In accordance with Example 66 (Step 7), except that the (S)-tert-butyl 3-(4-amino-3- 
((3,5-diisopropylphenyl)ethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1-yl)pyrrolidine-1  -carboxylate 
obtained in Step (3) was used in place of (2S,4S)-1-tert-butyl 2-methyl 4-(4-amino-5-((3,5- 
dimethoxyphenyl)ethynyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)pyrrolidine-1,2-dicarboxylate, the title 
compound was obtained as a light-yellow, amorphous substance.

(Step 5) Synthesis of Reference Example Compound 4

[0284] In accordance with Example 4, except that the (S)-3-((3,5-diisopropylphenyl)ethynyl)-1- 
(pyrrolidin-3-yl)-1 H-pyrazolo[3,4-d]pyrimidin-4-amine obtained in Step (4) was used in place of 
(S)-3-((3,5-dimethoxyphenyl)ethynyl)-1-(pyrrolidin-3-yl)-1 H-pyrazolo[3,4-d]pyrimidin-4-amine,  
the title compound was obtained as a light-yellow, amorphous substance. Table 20 shows the 
physical properties thereof.
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Reference Example 5

Synthesis of (S)-1 -(3-(4-amino-3-((3-methoxyphenyl)ethynyl)-1 H-pyrazolo[3,4- 
d]pyrimidin-1 -yl)pyrrolidin-1 -yl)-4-(dimethylamino)but-2-en-1 -one (Reference Example 
Compound 5)

(Step 1) Synthesis of (S)-1-(3-(4-amino-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-1- 
yl)pyrrolidin-1 -yl)-4-(dimethylamino)but-2-en-1 -one

[0285] 4N-Hydrochloric acid/1,4-dioxane (4 ml) was added to the (S)-tert-butyl 3-(4-amino-3- 
iodo-1 H-pyrazolo[3,4-d]pyrimidin-1-yl)pyrrolidine-1-carboxylate (488 mg) obtained in 
Reference Example 4 (Step 2), and the resulting mixture was stirred for 1 hour. The solvent 
was distilled off under reduced pressure. A solution of 4-(dimethylamino)but-2-enoic-acid 
hydrochloride (281 mg) and HATU (647 mg) in DMF (5.0 ml) was added to the resulting 
residue. Further, DIPEA (0.78 ml) was added thereto, and the mixture was stirred overnight. 
The reaction mixture was concentrated under reduced pressure, and chloroform (50 ml) and 
ethanol (50 ml) were added to the resulting residue. The insoluble matter was removed by 
filtration, and the filtrate was concentrated under reduced pressure. The resulting residue was 
washed with ethyl acetate (5.0 ml) and dried to obtain the crude product of the title compound 

(458 mg). Physical properties: m/z [M+H]+ 442.0

(Step 2) Synthesis of Reference Example Compound 5

[0286] PdCl2(dppf)CH2Cl2 (1.3 mg) was added to a mixture of (S)-1-(3-(4-amino-3-iodo-1H- 

pyrazolo[3,4-d]pyrimidin-1-yl)pyrrolidin-1-yl)-4-(dimethylamino)but-2-en-1-one (8.0 mg) 
obtained in Step 1, 1-ethynyl-3-methoxybenzene (4.0 mg), copper (I) iodide (0.6 mg), and 
triethylamine (8.6 pl) in THF (1.0 ml). After nitrogen purging, the resulting mixture was stirred 
at 80°C overnight. The reaction mixture was diluted with ethyl acetate and methanol. The 
resulting diluted solution was treated with basic silica gel, and then concentrated. The resulting 
residue was purified by reversed-phase HPLC purification (water/acetonitrile (0.1% formic 
acid)) to obtain the title compound as a colorless, amorphous substance (1.4 mg). Table 20 
shows the physical properties thereof.

Reference Example 6

Synthesis of (S)-N-(3-((4-amino-1 -(1 -(4-(dimethylamino)but-2-enoyl)pyrrolidin-3-yl)-1 H- 
pyrazolo[3,4-d]pyrimidin-3-yl)ethynyl)phenyl)acetamide (Reference Example Compound
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6)

[0287] In accordance with Reference Example 5, except that N-(3-ethynylphenyl)acetamide 
was used in place of 1-ethynyl-3-methoxybenzene, the title compound was obtained as a 
colorless, amorphous substance. Table 20 shows the physical properties thereof.

Reference Example 7

Synthesis of (S)-1 -(3-(4-amino-3-(pyridin-3-ylethynyl)-1 H-pyrazolo[3,4-d]pyrimidin-1 - 
yl)pyrrolidin-1 -yl)-4-(dimethylamino)but-2-en-1 -one (Reference Example Compound 7)

Table 1

[0288] In accordance with Reference Example 5, 3-ethynyl pyridine was used in place of 1- 
ethynyl-3-methoxybenzene, the title compound was obtained as a colorless, amorphous 
substance. Table 20 shows the physical properties thereof.

Ex.
Comp

Structural formula Physical properties

1H-NMR (DMSO-d6) δ: 2.29-2.50 (2H, m), |
3.55-4.10 (4H, m), 3.77(6H,s), 5.40-5.55 
(1H,m), 5.62-5.72 (1H, m), 6.10-6.20 (1H,

1 i I m), 6.50-6.70 (1H, m), 6.64(1 H, d, J = 2.3
nh2

\

Hz), 6.90 (2H, d, J = 2.3 Hz), 8.26 (1H, s).

--0 m/z [M+H]+ 419.0

0 1 H-NMR (DMSO-d6) δ: 2.29-2.50 (2H, m), I
3.55-4.10 (4H, m), 3.77 (6H,s), 5.40-5.55 
(1H,m), 5.62-5.72 (1H, m), 6.10-6.20 (1H,

2
nh2 1

m), 6.50-6.70 (1H, m), 6.64 (1H, d, J = 2.3 i 
Hz), 6.90 (2H, d, J = 2.3 Hz), 8.26 (1H, s).

~-o
m/z [M+H]+ 419.0

1 H-NMR (DMSO-d6) δ: 1.81 (1,5H, dd, J = i
o 6.8, 1.6 Hz), 1.85 (1,5H, dd, J = 6.8, 1.6 Hz), i

2.29-2.50 (2H, m), 3.56-3.92 (3.5H, m), 3.77 i
(6H, s), 4.02-4.10 (0.5H, m), 5.42-5.53 (1H, i

3 7NYrN'J. zN m), 6.26 (0.5H, dd, J = 15.1, 1.6 Hz), 6.34
(0.5H, dd, J = 15.1, 1.6 Hz), 6.60 (1H, t, J = iNH2 k 2.4 Hz), 6.64-6.74 (1H, m), 6.91 (2H, d, J = ί
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Table 2

Ex.
Comp

Structural formula Physical properties

2.4 Hz), 8.26 (0.5H, S), 8.27 (0.5H, S).

m/z [M+H]+ 433.1

4

~"O

1H-NMR (DMSO-d6) δ: 2.06 (3H, s), 2.09 
(3H, s), 2.20-2.45 (2H, m), 2.95 (1H, d, J = i 
5.9 Hz), 2.99 (1H, d, J = 5.9 Hz), 3.30-4.10 
(4H, m), 5.30-5.50 (1H, m), 6.29 (0.5H, d, J i 
= 15.0 Hz), 6.38 (0.5H, d, J = 15.0 Hz) 6.53- i 
6.65 (3H, m), 6.84 (2H, s), 8.12 (1H, s).

m/z [M+H]+ 476.1

5

0

nJGn

cp ί~C> :

m/z [M+H]+ 417.0

6

nV

W
nh2

1 H-NMR (CDCI3) 0:2.37-2.68 (2H,m), 3.74-3.82 (2H,m), 
3.82 (6H,s), 4.07-4.21 (2H.m), 5.11-5.19 (1 H,m), 5.50- 
5.56 (1H,m), 5.58 (1H, t, J=46.8, 2.0Hz), 5.85 (2H,s), 6.54^ 
(1H, t, J=2.0Hz), 6.74 (2H, d, J=2.4Hz), 8.37 (1H, s)

m/z [M+H]+ 437.2

7

nVo

Lb

1 H-NMR (CDCI3) δ:1.70-1.80 (4H,m), 2.42-2.66 (6H, m), 
3.20-3.32 (1 H,m), 3.40-3.46 (1 H,m), 3.76-3.82 (2H, m), 
3.82 (6H,s), 3.91 -4.15 (3H,m), 5.32-5.56 (3H,m), 5.91 
(2H,s), 6.54 (1H,t,J=2.0Hz)

nh2 ΐ 6.73(2H, d, J=2.4Hz), 8.36 (1 H,s)

m/z [M+H]+ 502.2

8
9 :

9VN'LjGn

NH2 V

1 H-NMR (CDCI3) δ: 1.42 (6H, t, J = 6.8 Hz), 2.39-2.72 
(2H, m), 3.71 -3.84 (1H, m), 3.96-4.12 (3H, m), 4.03 (4H, i 
q, J = 6.8 Hz), 5.48-5.76 (2H, m), 5.84 (2H, br s), 6.38- 
6.56 (3H, m), 6.70-6.73 (2H, m), 8.36-8.38 (1H, m).

bL-o7'''

/"o ;
m/z [M+H]+ 447.2
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1 H-NMR (DMSO-d6) δ: 3.78 (6H, s), 4.20-4.35 (1H, m), 
4.40-4.50 (1H, m), 4.55-4.65 (1H, m), 4.70-4.80 (1H, m), 
5.70-5.80 (2H, m), 6.16 (1H, dd, J = 17.1,2.1 Hz), 6.38 
(1H, dd, J = 17.1, 10.2 Hz), 6.61 (1H, t, J = 2.4 Hz), 6.94 
(2H, d, J = 2.4 Hz), 8.26 (1H, s).

m/z [M+H]+ 405.1

Table 3

Table 4

10
£ I

CQ I
nh2 4

1 H-NMR (DMSO-d6) δ: 3.73 (6H, s), 4.12- 
4.28 (3H, m), 4.35-4.50 (2H, m), 4.55-4.65 
(1H, m), 5.55 (1H, brs), 5.67 (1H, brs), 6.56 i 
(1H, s), 6.87 (2H, s), 8.40(1 H, s).

m/z [M+H]+ 433.3

.N §
1 H-NMR (DMSO-d6) δ: 1.32 (6H, s), 3.70
(6H, s), 4.14-4.19 (1H, m), 4.33-4.44 (2H,

P I m), 4.57 (1H, t, J = 9.3 Hz), 5.61-5.70 (2H,
11 rn m), 6.53 (1H, s), 6.87 (2H, d, J = 2.2 Hz),

nh2
8.18 (1H,s).

—Q7 m/z [M+H]+ 461.4

—0 1 H-NMR (DMSO-d6) δ: 2.08 (6H, s), 2.97
/0 (2H, d, J = 6.2 Hz), 3.72 (6H, d, J = 3.7 Hz), I

4.15-4.25 (1H, m), 4.30-4.48 (2H, m), 4.67
12 /

N =( NH2

/ / \ N $'V\ZyN'-' n=/
I 0

(1H, t, J = 9.0 Hz), 5.60-5.70 (1H, m), 6.11 
(1H, d, J = 15.0 Hz), 6.55-6.61 (2H, m), 6.88 i 
(2H,d, J = 1.8 Hz), 8.20 (1H, s).

m/z [M+H]+ 462.1

1 H-NMR (DMSO-d6) δ: 0.00-0.03 (2H, m),
0.12-0.18 (2H, m), 1.84-1.90 (1H, m), 3.59
(6H, s), 4.04-4.09 (1H, m), 4.22 (1H, t, J =

yr  °\ 9.3 Hz), 4.32-4.38 (1H, m), 4.52 (1H, t, J =
13 8.4 Hz), 5.48-5.54 (1H, m), 5.93 (1H, d, J = i

15.4 Hz), 6.41 (1H, t, J = 2.3 Hz), 6.54 (1 Η, i
dt, J = 15.4, 5.5 Hz), 6.75 (2H, d, J = 2.3 Hz), i

N-_/N 8.07 (1H,s).
H: J Ϊo § m/z [M+H]+ 474.2

14 1H-NMR (DMSO-D6) δ: 0.98 (6H, d, J = 6.2
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Table 5

—0

/

Hz), 2.70-2.76 (1H, m), 3.79 (6H, s), 4.24-
4.29 (1H, m), 4.43 (1H), t, J = 9.3 Hz), 4.54- i 
4.58 (1H, m), 4.72 (1H, t, J = 8.6 Hz), 7.70- i 
5.74 (1H, m), 6.17 (1H, d, J = 15.4), 6.61 
(1H, t, J =2.5 Hz), 6.68-6.80 (1H, m), 6.95 
(2H,d, J = 2.5 Hz), 8.33 (1H,s).X

H

ΝΑ NH, :

O

O i

m/z(M+H)+ 476.2
15

—0

1H-NMR (DMS0-D6) δ: 0.98 (3H, t, J = 7.1 
Hz), 2.13 (3H, s), 2.36 (2H, q, J = 7.1 Hz), 
3.11 (2H, d, J = 6.2 Hz), 3.79 (6H, s), 4.23- 
4.30(1 H, m), 4.43 (1H, t, J = 8.8 Hz), 5.70-

-/ 5.74 (1H, m), 6.18 (1H, d, J = 15.4 Hz), 6.60- i
6.70 (2H, m), 6.95 (2H, d, J = 2.6 Hz), 8.28

N=

T .N
'"'"''Ν'

I o
N—# :

m/z [M+H]+ 476.3

16

—o

1 H-NMR (DMS0-D6) δ: 1.70-1.70 (4H, m), 
2.02-2.10 (2H, m), 3.08-3.15 (1H, m), 3.20- 
3.25 (2H,m), 3.79 (6H, s), 4.24-4.29 (1H, m), i

q-a
I

4.42 (1H, t, J = 9.0 Hz), 4.53-4.58 (1H, m),
4.72 (1H, t, J = 8.6 Hz), 5.70-5.74 (1H, m),
6.13 (1H, d, J = 15.4 Hz), 6.61 (1H, t, J =2.3 i

NHj Hz), 6.67-6.74 (1H, m), 6.95 (2H, d J = 2.3"C.Q I
Hz), 8.27 (1H, s).

0
m/z[M+H]+ 488.1

17 f
NH2

b o

1 H-NMR (DMSO-d6) δ: 0.96 (6H, t, J = 7.1 
Hz), 2.42-2.49 (4H, m), 3.19 (2H, d, J = 4.8 
Hz), 3.79 (6H, s), 4.25-4.30 (1H, m), 4.43 (1H, i 
t, J = 9.2 Hz), 4.52-4.57 (1H, m), 4.73 (1H, t, J i 
= 8.6 Hz), 5.69-5.74 (1H, m), 6.19 (1H, d, J =
15.4 Hz), 6.60-6.72 (2H, m), 6.95 (2H, d, J = 
2.2 Hz), 8.26 (1H, s).

m/z [M+H]+ 490.2

18

—o
Pa

/
' X./NH2

n-A

1 H-NMR (DMSO-d6) δ: 1.07 (9H, s), 3.78 (6H, 
s), 4.24-4.29 (1H, m), 4.43 (1H, t, J = 9.5 Hz), 
4.50-4.60 (1H, m), 4.72 (1H, t, J = 8.2 Hz), 
5.68-5.75 (1H, m), 6.21 (1H, d, J = 15.4 Hz), 
6.61 (1H, t, J = 2.3 Hz), 6.70-6.77 (1H, m), 
6.94 (2H, d, J = 2.3 Hz), 8.26 (1H, s).

m/z [M+H]+ 490.2

1 H-NMR (DMSO-d6) δ: 0.94 (6H, d, J = 6.6 
Hz), 2.09 (3H, s), 2.73-2.80 (1H, m), 3.13 (2H, i 
d, J = 5.1 Hz), 3.78 (6H, s), 4.24-4.29 (1H, m), i
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Table 6

19
NH2

1 0

4.40-4.45 (1H, m), 4.53-4.57 (1H, m), 4.70-
4.74 (1H, t, J = 8.4 Hz), 5.69-5.73 (1H, m),
6.17 (1H, d, J = 15.4 Hz), 6.60-6.67 (2H, m), i
6.95 (2H, d, J = 2.2 Hz), 8.32 (1H, s).

m/z [M+H]+ 490.2

20

0

fx>
nh2 k

Ck~OZ

1H-NMR (DMSO-d6) δ: 1.36-1.50 (6H, m), 
2.32 (4H, brs), 3.05 (2H, d, J = 6.2 Hz), 3.78 
(6H, s), 4.24-4.30 (1H, m), 4.42 (1H, t, J = 9.5 i 
Hz), 4.53-4.57 (1H, m), 4.72 (1H, t, J = 8.8 
Hz), 5.68-5.74(1 H, m), 6.16 (1H, d, J = 15.4 
Hz), 6.60-6.68 (2H, m), 6.94 (2H, d, J = 2.2 
Hz), 8.29 (1H, s).

m/z [M+H]+ 502.2

21

Ö 

Ν'""

nh2 k

LXoz

~~c>

1 H-NMR (DMSO-d6) δ: 2.31 -2.39 (4H, m), 3.10 (2H, d, i 
J = 5.5 Hz), 3.50-3.60 (4H, m), 3.78 (6H, s), 4.23-4.31 
(1H, m), 4.43 (1H, t, J = 9.2 Hz), 4.45-4.58 (1H, m), 4.73 i 
(1H, t, J = 8.8 Hz), 5.67-5.75 (1H, m), 6.20 (1H, d, J = 
15.0 Hz), 6.61-6.70 (2H, m), 6.94 (2H, d, J = 1.8 Hz), 
8.26 (1H,s).

m/z [M+H]+ 504.1

22

9"

A·"·
II

NH2 \

■^O

1 H-NMR (DMSO-d6) δ: 1.75-1.95 (1H, m), 2.07-2.15 
(1H, m), 2.32-2.83 (4H, m), 3.20-3.25 (2H, m), 3.78 (6H, 
s), 4.25-4.30 (1H, m), 4.43 (1H, t, J = 9.3 Hz), 4.55-4.60 
(1H, m), 4.73 (1H, t, J = 8.8 Hz), 5.09-5.13 (0.5H, m), 
5.22-5.27 (0.5H, m), 5.69-5.73 (1H, m), 6.19 (1H, d, J = i 
15.4 Hz), 6.60-6.72 (2H, m), 6.95 (2H, d, J = 2.2 Hz), 
8.37 (1H,s).

m/z [M+H]+ 506.1

23

t*r

V 

M

1 H-NMR (DMSO-d6) δ: 1.75-1.95 (1H, m), 2.07-2.15 
(1H, m), 2.32-2.83 (4H, m), 3.20-3.25 (2H, m), 3.78 (6H, 
s), 4.25-4.30 (1H, m), 4.43 (1H, t, J = 9.3 Hz), 4.55-4.60 
(1H, m), 4.73 (1H, t, J = 8.8 Hz), 5.09-5.13 (0.5H, m), 
5.22-5.27 (0.5H, m), 5.69-5.73 (1H, m), 6.19 (1H, d, J = 
15.4 Hz), 6.60-6.72 (2H, m), 6.95 (2H, d, J = 2.2 Hz),
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Table 8

24

v I

9 I
OD4

nh2 \

/·'· o j

1H-NMR (DMSO-d6) δ: 1.31 (6H, t, J = 7.0 
Hz), 4.04 (4H, q, J = 7.0 Hz), 4.30 (1H, dd, J 
= 10.5, 5.4 Hz), 4.41-4.48 (1H, m), 4.58 (1H, i 
dd, J = 9.3, 5.4 Hz), 4.71-4.78 (1H, m), 5.68- 
5.76 (2H, m), 6.16 (1H, dd, J = 17.0, 2.1 Hz), 
6.38 (1H, dd, J = 17.0, 10.4 Hz), 6.57 (1H, t, 
J = 2.2 Hz), 6.90 (2H, d, J = 2.2 Hz), 8.26 
(1H,s).

m/z [M+H]+ 433.2
1 H-NMR (DMSO-d6) δ: 1.31 (6H, t, J = 7.1

0 Hz), 2.14 (6H, s), 3.00-3.05 (2H, m), 4.04
(4H, q, J = 7.1 Hz), 4.27 (1H, dd, J = 10.4,
5.0 Hz), 4.39-4.46 (1H, m), 4.55 (1H, dd, J = i

25 / 9.3, 5.4 Hz), 4.68-4.76 (1H, m), 5.66-5.75
H ,NH2 (1H, m), 6.13-6.20 (1H, m), 6.54-6.69 (2H,

m), 6.87-6.91 (2H, m), 8.25 (1H, s).

m/z [M+H]+ 490.2

1 H-NMR (DMSO-d6) δ: 1.57-1.92 (2H, m),
N ; - i 2.64-2.85 (1H, m), 3.10-3.65 (4H, m), 3.72
rn ° (6H, s), 4.28-4.35 (2H, m), 5.53-5.59 (1H, m), i

26 5.95-6.06 (1H, m), 6.38-6.55 (2H, m), 6.83- i
nh2 k ; 6.86 (2H, m), 8.16-8.19 (1H, m).

cw

^-o m/z [M+H]+ 433.1

J 1 H-NMR (DMSO-d6) δ: 1.55-2.32 (4H, m),
2.87-4.71 (5H, m), 3.78(6H, m), 5.50-5.75

M J ;^NX--N : (1 H,m), 6.05-6.20 (1H, m), 6.61 (1H, t, J =
27 2.2 Hz), 6.65-6.91 (1H, m), 6.91 (2H, d, J = i

2.2 Hz), 8.27(1 H, s).

: m/z [M+H]+ 433.1

28

1 H-NMR (DMSO-d6) δ: 2.48-2.50 (2H, m), 3.27-4.35
(11H, m), 4.89 (0.5H, t, J = 5.7 Hz), 5.02 (0.5H, t, J = 5.7 
Hz), 5.28-5.37 (1H, m), 5.66-5.71 (1H, m), 6.13-6.20
(1H, m), 6.60 (1H, t, J = 2.3 Hz), 6.93 (2H, d, J = 2.3 Hz), 
8.26 (1H, s).
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Table 9

—ο
m/z [M+H]+ 449.1

29 NyL/

NH2

'-Q

1H-NMR (CDCI3) δ: 3.20-3.35 (1H, m), 3.81 (6H, s), 
3.91-4.02 (1H, m), 4.14-4.38 (3H, m), 4.58-4.70 (2H, m), i 
5.66 (1H, d, J = 10.5 Hz), 5.85-6.05 (2H, m), 6.16 (1H, i 
dd, J = 17.0, 10.4 Hz), 6.33 (1H, d, J = 17.1 Hz), 6.54 
(1H, s), 6.74 (2H, dd, J = 3.3, 2.6 Hz), 8.35 (1H, s).

m/z [M+H]+ 419.1

30
«Ϊ
m

nh2 t

Ων
~-Q

m/z [M+H]+ 419.2

31

°yJ
Q

Z>-NsI I NNyAy 
nh2 \

1 H-NMR (CDCI3) δ: 2.08-2.10(2H, m), 2.20-2.30(4H,m),
2.81-2.98 (1H,m), 3.22-3.40(1 H,m), 3.82(6H,s), 4.15-
4.25 (1H,m), 4.80-4.88(1 H,m)

4.96-5.04 (1H,m), 5.72(1 H, dd, J=10.8, 2.0Hz), 6.30(1 H, |
dd, J=16.8, 2.0Hz), 6.54(1 H, t, J=2.0Hz) 6.61 (1H,dd,
J=17.2, 10.8Hz), 6.73(2H, d, J=2.4Hz), 8.42 (1H, s)

m/z [M+H]+ 433.2

32 i I 'n

Nh2 t

—.o

1 H-NMR (CDCI3) δ: 2.34-2.42 (1H, m), 2.80- i
3.10 (2H, m), 3.82 (6H, s), 4.05-4.20 (2H, m), i
4.20-4.50 (1H, m), 4.70-4.95 (1H, m), 5.30-
5.40 (1H, m), 5.75-5.80 (1H, m), 5.98 (2H,
brs), 6.40-6.50 (1H, m), 6.54 (1H, s), 6.70-
6.73 (2H, m), 8.38 (1H, m).

m/z [M+H]+ 443.1

33 9t" I
NH2 &

—0

m/z [M+H]+ 447.2
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Table 10

34
nh2 i

Q-oZ

~~o'

1H-NMR (DMS0-d6) δ: 3.77 (6H, s), 5.50 (2H, i 
s), 5.72 (1H, dd, J = 10.2, 2.1 Hz), 6.22 (1H, i 
dd, J = 17.1,2.1 Hz), 6.38 (1H, dd, J = 17.1, i 
10.2 Hz), 6.59 (1H, t, J = 2.3 Hz), 6.90 (2H, d, i 
J = 2.3 Hz), 7.00 (1H, d, J = 7.8 Hz), 7.29 (1H, i 
t, J = 7.8 Hz), 7.45 (1H, s), 7.63-7.66 (1H, m), i 
8.28 (1H, s), 10.12 (1H, s).

m/z [M+H]+ 455.2

35

—o

Ch
I 0 /

N=X NH2

n-.zn

m/z [M+H]+ 476.2

36

—o

Ch
/

(J NH2

I o

1 H-NMR (CDCI3) δ: 2.09 (2H, d, J = 10.7 Hz),
2.29 (8H, m), 2.80-2.98 (1H, m), 3.12 (2H, d, 
= 4.9 Hz), 3.19-3.40 (1H, m), 3.81 (6H, s), 
4.12-4.32 (1H, m), 4.74-4.90 (1H, m), 4.94-
4.96 (1H, m), 5.74-5.85 (2H, m), 6.43-6.55 
(2H, m), 6.73 (2H, s), 6.80-6.80 (1H, m), 8.37 i 
(1H,s).

m/z [M+H]+ 490.2

37

—0

I ? f \ m/z [M+H]+ 504.2

38
/Μ

jxzCvy ry

Cj \>y-NH2 ;
Νχ,Ν

1H-NMR (DMSO-d6) δ: 2.13 (3H, s), 2.17 
(3H, S), 2.29-2.49 (2H, m), 3.01 (1H, d, J =
6.3 Hz), 3.06 (1H, d, J = 6.3 Hz), 3.40-4.10 
(4H, m), 3.76 (6H, m), 5.23-5.37 (1H, m), 6.36 i 
(0.5H, d, J = 15.0 Hz), 6.43 (0.5H, d, J = 15.0 i 
Hz), 6.54 (1H, t, J = 2.2 Hz), 6.60-6.69 (1H, 
m), 6.74 (2H, d, J = 2.2 Hz), 7.71 (0.5H, s),
7.76 (0.5H, s), 8.16 (1H, t, J = 2.2 Hz).

m/z [M+H]+ 475.1

39
nh2 k

1 H-NMR (DMSO-d6) δ: 2.30-2.50 (2H, m), 
3.40-4.15 (4H, m), 3.77 (6H, m),5.20-5.40 
(1H, m),5.60-5.80 (1 H,m), 6.10-6.20(1 H,m), i 
6.54 (1H, s), 6.54-6.74 (1H, m), 6.74 (2H, s), i 
7.72 (0.5H, s), 7.76 (0.5H, s), 8.18 (1H, s).
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Table 11

m/z [M+H]+ 418.0

1 H-NMR (DMSO-d6) δ: 1.62-1.72 (4H,m),
2.28-2.51 (6H, m), 3.17 (1H, d, J = 5.9 Hz),

X N

3.21 (1H, d, J = 5.9 Hz), 3.52-3.90 (9.5H, m),

40
4.02-4.12 (0.5H, m), 5.20-5.35 (1H, m), 6.30- i

f A 6.45 (1H, m), 6.53 (1H, t, J = 2.4 Hz), 6.60-
nh2 k 6.80 (3H, m), 7.71 (0.5H, s), 7.75 (0.5H, s),

8.17(0.5H, s), 8.18 (0.5H, m).

Ά m/z [M+H]+ 501.1

Table 12

41 A
nh2

0 
<A~ 

^•N

I

"OZ

1 H-NMR (DMSO-d6) δ: 2.15 (1,5H, s), 2.17 (1,5H, i 
s), 2.18-2.42 (10H, m), 3.05 (1H, d, J = 6.2 Hz),
3.10 (1H, d, J = 6.2 Hz), 3.47-3.94 (9.5H, m), 4.02- i
4.10 (0.5H, m), 5.22-5.38 (1H, m), 6.32-6.45 (1H, i 
m), 6.54 (1H, d, J = 1.8 Hz), 6.57-6.70 (1H, m),
6.74 (2H, d, J = 1.5 Hz), 7.70 (0.5H, s), 7.75 (0.5H, i 
s), 8.14-8.17 (1H, m).

m/z [M+H]+ 530.2

1 H-NMR (DMSO-d6) δ: 1.32-1.42 (2H, m), 1.60-
,OH 1.75 (2H, m), 1.95-2.06 (2H, m), 2.29-2.52 (2H, m), i

1 ,-lk / 2.60-2.70 (2H, m), 3.04 (1H, d, J = 6.2 Hz), 3.08
øx (1H, d, J = 6.2 Hz), 3.35-3.94 (10.5H, m), 4.05-
y 4.10 (0.5H, m), 5.23-5.37 (1H, m), 6.34 (0.5H, d, J i

42 A-N
/ = 15.4 Hz), 6.41 (0.5H, d, J = 15.4 Hz), 6.53 (1H, t, i

J = 2.4 Hz), 6.59-6.68 (1H, m), 6.74 (2H, d, J = 1.5 i
NHs·

λ Hz), 7.71 (0.5H, s), 7.75 (0.5H, s), 8.15-8.17 (1H, i
/A m).

0
oz m/z [M+H]+ 531.1

1 H-NMR (DMSO-d6) δ: 1.60-1.90 (4H, m), 2.20-
o 2.50 (6H, m), 3.07 (1H, d, J = 6.1 Hz), 3.12 (1H, d, i

07 J = 6.1 Hz), 3.52-3.89 (9.5H, m), 4.03-4.10 (0.5H, i
r m), 4.55-4.80 (1H, m), 5.20-5.40 (1H, m), 6.35-

43 A--N 6.46 (1H, m), 6.53 (1H, t, J = 2.2 Hz), 6.55-6.70
A (1H, m), 6.74 (2H, d, J = 2.2 Hz), 7.71 (0.5H, s),

nh2 7.76 (0.5H, s), 8.17(0.5H, s), 8.18 (0.5H, m).

~O
-V m/z [M+H]+ 533.1

1 H-NMR (DMSO-d6) δ: 2.18-2.54 (2H, m), 2.66-
2.93 (4H, m), 3.18-3.24 (2H, m), 3.65-3.93 (9.5H,

0 I m), 4.04-4.10 (0.5H, m), 5.24-5.38 (1H, m), 6.35-
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44
¢4

NH2

-~O

6.50 (1H, m), 6.53 (3H, t, J = 2.2 Hz), 6.59-6.69 
(1H, m), 6.74 (2H, d, J = 2.2 Hz), 7.71 (0.5H, s),
7.76 (0.5H, s), 8.17(0.5H, s), 8.18 (0.5H, m).

m/z [M+H]+ 537.1

F 1 H-NMR (DMSO-d6) δ: 1.88-2.02 (4H, m), 2.42-

L 2.54 (6H, m), 3.15 (1H, d, J = 6.1 Hz), 3.20 (1H, d, i
J = 6.1 Hz), 3.49-3.92 (9.5H, m), 4.05-4.10 (0.5H, ;

9 m), 5.22-5.38 (1H, m), 6.38-6.48 (1H, m), 6.54 (1H, i
45 ΛΑ

NH2 k

CP
—o

t, J = 2.4 Hz), 6.60-6.70 (1H, m), 6.74 (2H, d, J = i
2.4 Hz), 7.71 (0.5H, s), 7.76 (0.5H, s), 8.17(0.5H, 
s), 8.18 (0.5H, m).

m/z [M+H]+ 551.1

¢--

N M

1 H-NMR (DMSO-d6) δ: 1.97 (1,5H, s), 2.04 (1,5H,
s), 2.37-2.43 (2H, m), 2.97-3.89 (9.5H, m), 4.05-
4.12 (0.5H, m), 5.25-5.35 (1H, m), 6.54 (1H, d, J =

46 2.4 Hz), 6.74 (2H, d, J = 2.4 Hz), 7.74 (0.5H, s),
nh2

7.76 (0.5H, s), 8.16 (0.5H, s), 8.17 (0.5H, s).

CP m/z [M+H]+ 430.1

o

<pB
N κι

1 H-NMR (DMSO-d6) δ: 1.30 (3H, s), 1.37 (3H, s), |
2.30-2.50 (2H, s), 3.06-4.10 (4H, m), 3.70(6H,s),
5.20-5.35 (1H, m), 5.56 (0.5H, s), 5.64 (0.5H, s),

47 rx> 6.47 (1H, s), 6.68 (2H, d, J = 2.2 Hz), 7.70 (0.5H, i

NH2
s), 7.73 (0.5H, s), 8. 8.10(0.5H, s), 8.11 (0.5H, m). j

CP~oz m/z [M+H]+ 474.4

48

9 O-F 1 H-NMR (DMSO-d6) δ: 1.76-2.85 (8H, m), 3.16-4.08 
(12H, m), 5.05-5.38 (2H, m), 6.35-6.48 (1H, m), 6.53 
(1H, t, J = 2.3 Hz), 6.62-6.72 (1H, m), 6.74 (2H, d, J 
= 2.3 Hz), 7.71 (0.5H, s), 7.76 (0.5H, s), 8.17(0.5H, 
s), 8.18 (0.5H, m).

9
NH2 &

P m/z [M+H]+ 519.1

0 Γ’Λ-.-ρ 1 H-NMR (DMSO-d6) δ: 1.76-2.85 (8H, m), 3.16-4.08 I
(12H, m), 5.05-5.38 (2H, m), 6.35-6.48 (1H, m), 6.53 i
(1H, t, J = 2.3 Hz), 6.62-6.72 (1H, m), 6.74 (2H, d, J i
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49 vQ
nh2 ft

W'ö'
~~ΰ

= 2.3 Hz), 7.71 (0.5H, s), 7.76 (0.5H, s), 8.17(0.5H, i 
s), 8.18 (0.5H, m).

m/z [M+H]+ 519.1

50

0

NyW
nh2 %

b-v 

"OZ

1H-NMR (DMSO-d6) δ: 1.20-1.50 (6H, m), 2.19-2.431 
(6H, m), 2.96 (1H, d, J = 6.2 Hz), 3.00 (1H, d, J = 5.5^ 
Hz), 3.31-4.02 (4H, m), 3.73 (6H, s), 5.15-5.30 (1H, 
m), 6.31 (1H, dd, J = 28.7, 15.0 Hz), 6.47 (1H, d, J = 
2.1 Hz), 6.50-6.65 (1H, m), 6.66 (2H, d, J = 2.1 Hz), 
7.63 (0.5H, s), 7.68 (0.5H, s), 8.10 (1H, s).

m/z [M+H]+ 515.1

51

°y7

- N
Ϋ

Ln

nh2 k

- o

1 H-NMR (DMSO-d6) δ:3.76 (6H, s,), 4.20-4.27 (1 Η, I 
m), 4.30-4.39 (1H, m), 4.50-4.60 (1H, m), 4.62-4.68 i 
(1H, m), 5.50-5.60 (1H, m), 5.64 (1H, dd, J = 10.3, i 
2.3 Hz), 6.08 (1H, dd, J = 16.9, 2.3 Hz), 6.29 (1H, 
dd, J = 16.9, 10.3 Hz), 6.47 (1H, t, J = 2.1 Hz), 6.67 i 
(2H, d, J = 2.1 Hz), 7.98 (1H, s), 8.09 (1, s).

m/z [M+H]+ 404.0

52

—o

f
Γ\_ NH2

I Q:

52

1 H-NMR (DMSO-d6) δ: 2.72 (6H, s), 3.76 
(6H, s), 3.84 (2H, d, J = 6.8 Hz), 4.30-4.35 
(1H, m), 4.44 (1H, t, J = 9.5 Hz), 4.60-4.75 
(2H, m), 5.50-5.60 (1H, m), 6.42 (1H, d, J = 
15.4 Hz), 6.54 (1H, t, J = 2.4 Hz), 6.59-6.67 
(1H, m), 6.73 (2H, d, J = 2.4 Hz), 8.03 (1H, 
s), 8.15 (1H, s).

m/z [M+H]+ 461.1

53

chr

9 I- I
nh2

I

1 H-NMR (DMSO-d6) δ: 1.69 (4H, brs), 2.35- I 
2.55(4H, m), 3.22 (2H, brs), 3.76 (6H, s), 
4.25-4.45 (2H, m), 4.55-4.75 (2H,m), 5.49- 
5.59 (1H, t, m), 6.15 (1H, d, J = 15.5 Hz), 
6.54 (1H, t, J = 2.3 Hz), 6.66 (1H, dt, J =
15.5, 6.0 Hz), 6.74 (2H, d, J = 2.3 Hz), 8.05 i 
(1H, s), 8.15 (1H, s).

m/z [M+H]+ 487.1

0 1 H-NMR (DMSO-d6) δ: 2.01 (3H, s), 3.77 
(6H, s), 4.25-4.41 (1H, m), 4.38 (1H, t, J =
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Y 9.3 Hz), 4.52-4.63 (2H, m), 5.52-5.57 (1H,
54 -NJ' m), 6.54 (1H, t, J = 2.2 Hz), 6.74 (2H, d, J = i

2.2 Hz), 8.03 (1H, s), 8.16 (1H, s).
nh2 \

m/z [M+H]+ 416.4

7 I
1 H-NMR (DMS0-d6) δ: 1.94-2.00 (2H, m),
3.11-3.15 (6H, t, J = 7.0 Hz), 3.77 (6H, s),
4.25-4.28 (1H, m), 4.39 (1H, t, J = 9.3 Hz),

55 Y> 4.58-4.75 (2H, m), 5.50-5.58 (1H, m), 6.07
z- (1H, d, J = 15.4 Hz), 6.50-6.58 (2H, m), 6.74 i

INh

o

2 \
(2H, d, J = 2.6 Hz), 8.05 (1H, s), 8.15 (1H, s)J

Y-' i m/z [M+H]+ 473.1

Table 16

56

0a
/

I 0

1 H-NMR (DMS0-d6) δ: 0.98 (3H, t, J = 7.1 
Hz), 2.13 (3H, s), 2.35 (2H, q, J = 7.2 Hz), 
3.10 (2H, d, J = 6.2 Hz), 3.77 (6H, s), 4.24- 
4.29 (1H, m), 4.40 (1H, t, J = 9.5 Hz), 4.65- 
4.75 (2H, m), 5.53-5.57 (1H, m), 6.15 (1H, d, Ji 
= 15.4 Hz), 6.54 (1H, t, J = 2.5 Hz), 6.64 (1H, i 
dt, J = 15.4, 6.1 Hz), 6.74 (2H, d, J = 2.5 Hz), i 
8.05 (1H, s), 8.15 (1H, s).

m/z [M+H]+ 475.1

57

—0
CH

/

NH2i ndi

1 H-NMR (DMS0-d6) δ: 0.95 (3H, d, J = 6.6 
Hz), 1.14 (3H,d, J = 6.6 Hz), 3.05-3.15 (1H, i 
m), 3.64 (2H, d, J = 5.9 Hz), 3.77 (6H, s), 
4.22-4.70 (4H, m), 5.50-5.60 (1H, m), 6.25- 
6.36 (1H, m), 6.52-6.57 (1H, m), 6.63-6.70 
(1H, m), 6.73-6.79 (2H, m), 8.02 (0.5H, s), 
8.04 (0.5H, s), 8.16 (1H, s).

m/z [M+H]+ 475.1

58

—0

/ 

/NH2i Hl

1 O

1 H-NMR (DMS0-d6) δ: 0.94 (6H, d, J = 6.6 
Hz), 2.09 (3H, s), 2.74-2.80 (1H, m), 3.13 (2H, i 
d, J = 5.1 Hz), 3.77 (6H, s), 4.24-4.29 (1H, m), i 
4.40 (1H, t, J = 9.2 Hz), 4.63-4.72 (1H, m), 
5.53-5.57 (1H, m), 6.15 (1H, d, J = 15.3 Hz), i 
6.54 (1H, t, J = 2.2 Hz), 6.62 (2H, dt, J = 15.3, i 
6.0 Hz), 6.74 (2H, d, J = 2.2 Hz), 8.05 (1H, s), i 
8.15 (1H,s).

m/z [M+H]+ 489.2

I Hz), 2.45 (4H, q, J = 7.1 Hz), 3.18 (2H, d, J = |
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59

—0 !

N^N ;
J Ö ;

5.9 Hz), 3.76 (6Η, s), 4.25-4.29 (1 Η, m), 4.40 i 
(1 Η, t, J = 9.5 Hz), 4.57-4.59 (1H, m), 4.68 
(1 Η, t, J = 8.8 Hz), 5.52-5.70 (1H, m), 6.17 
(1 Η, d, J = 15.0 Hz), 6.53-6.56 (1H, m), 6.66 i 
(1H, dt, J = 15.0, 6.1 Hz), 6.74-6.75 (2H, m), i 
8.06 (1H,s), 8.15(1 H, s).

m/z [M+H]+ 489.2

60

■— ο ΐ
(A

Γ\_ /NH2 /ΎΝΤΪ

' ο ΐ

1 H-NMR (DMSO-d6) δ: 2.18 (3H, s), 3.15 
(2H, d, J = 5.5 Hz), 3.22 (3H, s), 3.77 (6H, s), i 
4.25-4.30 (1H, m), 4.40 (1H, t, J = 9.7 Hz), 
4.55-4.75 (2H, m), 5.51 -5.59 (1H, m), 6.17 
(1H, d, J = 15.4 Hz), 6.54 (1H, t, J = 2.4 Hz), i 
6.63 (1H, dt, J = 15.4, 6.0 Hz), 6.74 (2H, d, J i 
= 2.4 Hz), 8.05(1 H, s), 8.15(1 H, s).

m/z [M+H]+ 505.1

61

OH :

ό iISA
0-y/^

,Ν
?

ν.,^Νζ ;

νη2 Υ

Ρ-οΖ

"ΌΖ

1 H-NMR (DMSO-d6) δ: 1.30-1.42 (2H, m),
1.65-1.75 (2H, m), 2.03 (2H, t, J = 10.3 Hz), i 
2.62-2.70 (2H, m), 3.06 (2H, d, J = 5.1 Hz), 
3.77 (6H, s), 4.22-4.30 (1H, m), 4.40 (1H, t, J 
= 9.2 Hz), 4.55-4.72 (2H, m), 5.52-5.58 (1H, 
m), 6.13 (1H, d, J = 15.0 Hz), 6.54 (1H, t, J = 
2.3 Hz), 6.58-6.65 (1H, m), 6.74 (2H, d, J = 
2.3 Hz), 8.06 (1H, s), 8.15 (1H, s).

m/z [M+H]+ 517.1

62

A
9 IrV>

nh2 \

CAΆ

1 H-NMR (DMSO-d6) δ: 1.48-1.58(1 H, m), 
1.92-2.00 (1H, m), 2.31-2.71 (4H, m), 3.19 
(2H, brs), 3.77 (6H, s), 4.15-4.30 (2H, m), 
4.35-4.44 (1H, m), 4.55-4.72 (2H, m), 5.50- 
5.60 (1H, m), 6.15 (1H, d, J = 15.4 Hz), 6.54 
(1H, t, J = 2.2 Hz), 6.60-6.70 (1H, m), 6.75 
(2H, d, J = 2.2 Hz), 8.05 (1H, s), 8.15 (1H, d A 
= 1.8 Hz).

m/z [M+H]+ 503.1

63

cr
N

uA
A>N $

rNT> 
n^A-A

nh2 %

1 H-NMR (DMSO-d6) δ: 1.48-1.58(1 H, m), 
1.92-2.00 (1H, m), 2.31-2.71 (4H, m), 3.19 
(2H, brs), 3.77 (6H, s), 4.15-4.30 (2H, m), 
4.35-4.44 (1H, m), 4.55-4.72 (2H, m), 5.50- 
5.60 (1H, m), 6.15 (1H, d, J = 15.4 Hz), 6.54 i 
(1H, t, J = 2.2 Hz), 6.60-6.70 (1H, m), 6.75 
(2H, d, J = 2.2 Hz), 8.05 (1H, s), 8.15 (1H, d A 
= 1.8 Hz).
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—o m/z [M+H]+ 503.1

64

9

nh2 k
Ö-9

'-Ό

1 H-NMR (CDC13) δ: 1.67-2.22 (4H, m), 2.71- |
2.95 (1H, m), 3.19-3.35 (1H, m), 3.81 (6H, s), I 
4.09-4.25 (1H, m), 4.83-4.95 (2H, m), 5.61 -
5.78 (3H, m), 6.28-6.68 (5H, m), 7.24 (1H, s), I 
8.31 (1H, s).

m/z [M+H]+ 432.2

65

-- o

f

Γχ-ζΝΗ2

0

1 H-NMR (CDC13) δ: 1.65-2.00 (4H, m), 2.29 I 
(6H, s), 2.77-2.92 (1H, m), 3.12 (2H, d, J = 5.9^ 
Hz), 3.22-3.38 (1H, m), 3.81 (6H, s), 4.14-4.30^ 
(1H, m), 4.85-4.97 (2H, m), 5.66 (2H, br s), 
6.44-6.55 (2H, m), 6.65 (2H, d, J = 2.2 Hz), 
6.84-6.95 (1H, m), 7.24 (1H, s), 8.31 (1H, s). |

m/z [M+H]+ 489.2

jv- 1 H-NMR (CDC13) δ: 2.37-2.48 (1H, m), 2.82-2.93 (1H, 
m), 3.41-3.52 (1H, m), 3.82 (9H, s), 3.86-3.95 (1H, m), 
4.25-4.38 (1H, m), 4.69 (1H, t, J = 8.3 Hz), 5.43-5.56

66 99-Z
NH2

(1H, m), 5.65-5.83 (2H, m), 6.36-6.50 (3H, m), 6.65 (2H, i 
d, J = 2.0 Hz), 7.37 (1H, s), 8.30 (1H, s).

~~o7
m/z [M+H]+ 476.2

V'

67 m/z [M+H]+ 475.2
NHj

~^Q

68

V_Y° N'T
oAo 

iV>
nh2 1

1 H-NMR (CDCI3) δ: 2.75-2.95 (1H, m), 2.99-3.15 (1H,
m), 3.82 (6H, s), 4.00 (1H, t, J = 9.8 Hz), 4.32-4.50 (1H, | 
m), 5.44-5.85 (5H, m), 6.44 (2H, d, J = 5.9 Hz), 6.49 (1H J 
t, J = 2.2 Hz), 6.66 (2H, d, J = 2.2 Hz), 7.44 (1H, br s), 
8.30 (1H, s), 8.40(1 H, s).

O-o7
--0 m/z [M+H]+ 486.1
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69

Ö 0

i TNyk/
nh2 1

0V

m/z [M+H]+ 500.2

70

tv"’ 
O' ° 

CÖ
NHz

1 H-NMR (CDCI3) δ: 2.36 (6H, br s), 2.69-2.90 (1H, m), i 
2.94-3.10 (1H, m), 3.69-3.80 (2H, m), 3.82 (6H, s), 3.92- i 
4.05 (1H, m), 4.32-4.47 (1H, m), 5.39-5.83 (5H, m), 6.35-^ 
6.47 (2H, m), 6.49 (1H, t, J = 2.1 Hz), 6.65 (2H, d, J = 
2.2 Hz), 7.44 (1H, br s), 8.30 (1H, s).

Ον"Ό m/z [M+H]+ 543.2

Table 20

71 h2n
ό

N

i0
p-0"

/

k........■

=

1 H-NMR (CDCI3) δ: 2.30 (6H, d, J = 7.6 Hz), i 
2.35-2.68 (3H, m), 2.77-2.92 (1H, m), 3.14 
(3H, d, J = 79.5 Hz), 3.31-3.47 (1H, m), 3.69- i 
3.81 (1H, m), 3.82 (6H, s), 3.95 (2H, q, J = 9.9i 
Hz), 4.35 (1H, t, J = 8.9 Hz), 5.08 (1H, t, J = i 
7.3 Hz), 5.50-5.79 (4H, m), 6.37-6.52 (3H, m), i 
6.65 (2H, t, J = 2.2 Hz), 7.59 (1H, d, J = 28.0 i 
Hz), 8.30 (1H, s). m/z [M+H]+ 546.3

72

—0

ο-λ 
o /P m/z [M+H]+ 503.3

A " tx A

W z.N ;N-X

1 H-NMR (DMSO-d6) δ: 2.21 -2.44 (2H, m),
3.34-3.87 (9.5H, m), 4.00-4.10 (0.5H, m),

73
^N : 5.02-5.18 (1H, m), 5.58-5.68 (1H, m), 5.88

n^AX ί (2H, brs), 6.05-6.18 (1H, m), 6.45-6.65 (4H, i
nh2 m), 6.82-6.88 (1H, m), 7.60-7.63 (2H, m). m/z :

λ
Ppoz [M+H]+417.5
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Ex. Comp Structural formula Physical properties

1

qX

..A-N :
Qb

NH2:

°O

m/z [M+H]+ 441.2

2 nh2 ί ΐ
N-^TX I

I I ,N :n

m/z [M+H]+ 289.1

3 ί N :N.
nh2 i ί

xL~oz
—0 ;

m/z [M+H]+ 421.2

4

Ly yX,NH2 ;
Ό

m/z [M+H]+ 500.3

5
Ow

I ? X

Ly \Χγ>ΝΗ2
'X.N

m/z [M+H]+ 446.2

6
(XX

LY yX,NH2 :
N-^N :

m/z [M+H]+ 473.2

7 x-A-vX

U yyNH2

m/z [M+H]+ 417.2
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Test Example 1

Measurement of Inhibitory Effect on FGFR2 Kinase Activity

[0289] When setting conditions for the measurement of the inhibitory effect of the compounds 
on FGFR2 kinase activity, FL-Peptide 22 (Caliper Life Sciences, Inc.) was used as a substrate. 
The purified recombinant human FGFR2 protein used in the test was purchased from Carna 
Biosciences, Inc. In the measurement of the inhibitory effect of the compounds, first, a test 
compound was gradually diluted with dimethylsulfoxide (DMSO) to a concentration that was 20 
times higher than the final concentration. Next, the purified human FGFR2 protein, FL-Peptide 
22 (final concentration: 1.5 μΜ), magnesium chloride (final concentration: 5 mM), ATP (final 
concentration: 75 μΜ), and the test compound DMSO solution (final concentration of DMSO: 
5%) were added to a reaction buffer (15 mM Tris-HCI pH 7.5, 0.01% Tween-20, 2 mM DTT), 
and the mixture was incubated at 25°C for 120 minutes to perform a kinase reaction. EDTA 
(final concentration: 30 mM) diluted with a separation buffer (Caliper Life Sciences, Inc.) was 
added thereto to terminate the kinase reaction. Finally, using a LabChip (registered trademark) 
3000 system (Caliper Life Sciences, Inc.; excitation wavelength: 488 nm, detection wavelength: 
530 nm), phosphorylated peptides and non-phosphorylated peptides were separated, and the 
amount of each peptide was measured. The level of phosphorylation was determined from the 
quantitative ratio. The compound concentration at which phosphorylation was inhibited by 50% 
was defined as the IC50 value (nM). Table 21 shows the results.

[0290] The results demonstrated that all of the compounds of the present invention, 
represented by the test compounds, which had a dialkoxy benzene ethynyl group and a partial 
structure of α,β-unsaturated amide, exhibited a high FGFR2 inhibitory effect. Conversely, the 
compounds of the Reference Examples, which did not have a dialkoxy benzene ethynyl group 
or a partial structure of α,β unsaturated amide, showed a remarkably lower FGFR2 inhibitory 
effect.
Table 21

Test compound IC50 value (nM)

Ex. Compound 1 2.4
Ex. Compound 2 1.1
Ex. Compound 5 1.1
Ex. Compound 8 6.9
Ex. Compound 9 1.1
Ex. Compound 10 1.2
Ex. Compound 12 2.2
Ex. Compound 14 3.8
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Test compound
Ex. Compound 15

IC50 value (nM)

Ex. Compound 16 3.8
Ex. Compound 17 4.1
Ex. Compound 18 4.3
Ex. Compound 19 2.7
Ex. Compound 20 3.3
Ex. Compound 22 5.6
Ex. Compound 23 6.8
Ex. Compound 24 7.2
Ex. Compound 28 3.7
Ex. Compound 29 9.3
Ex. Compound 32 0.4
Ex. Compound 38 4.7
Ex. Compound 39 0.4
Ex. Compound 40 3.2
Ex. Compound 42 6.6
Ex. Compound 46 4.3
Ex. Compound 47 2.0
Ex. Compound 48 6.8
Ex. Compound 49 7.0
Ex. Compound 50 5.8
Ex. Compound 51 <0.3
Ex. Compound 52 1.0
Ex. Compound 53 0.6
Ex. Compound 55 2.5
Ex. Compound 56 1.5
Ex. Compound 57 1.5
Ex. Compound 59 1.2
Ex. Compound 60 1.5
Ex. Compound 61 2.3
Ex. Compound 63 1.0
Ex. Compound 64 7.9
Ex. Compound 65 7.0
Ex. Compound 66 <0.3
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Test compound
Ex. Compound 68

IC50 value (nM)

Ex. Compound 69 8.8
Ex. Compound 73 4.9
Ref. Ex. Compound 1 280
Ref. Ex. Compound 2 270
Ref. Ex. Compound 3 190
Ref. Ex. Compound 4 >10000
Ref. Ex. Compound 5 190
Ref. Ex. Compound 6 110
Ref. Ex. Compound 7 1600

Test Example 2

Cell Growth-Inhibitory Effect on Human-Derived Gastric Cancer Cell Line with High 
Expression of FGFR

[0291] Human-derived gastric cancer OCUM-2MD3 cells, which overexpressed FGFR2, were 
subcultured daily in a Dulbecco's modified Eagle's medium (DMEM) containing 10% fetal 
bovine serum (FBS) at a cell density of not more than 80%. In order to initiate a test of the cell 
growth-inhibitory effect of the compounds, the OCUM-2MD3 cells were suspended in the 
above DMEM medium and seeded in a 96-well flat-bottom plate so that each well contained 
3,000 cells. Then, the cells were cultured in an incubator containing 5% carbon dioxide gas at 
37°C for one day. On the following day, the test compound was gradually diluted with DMSO to 
a concentration 100 times higher than the final concentration. The DMSO solution of the test 
compound was diluted with the medium used for cultivation, and the diluted solution was added 
to each well of the cell culture plate so that the final concentration of DMSO became 0.5%. 
Then, the cells were cultured in an incubator containing 5% carbon dioxide gas at 37°C for 72 
hours. The number of cells was measured at the time of the addition of the test compound and 
72 hours later after culture by using a Cell Counting Kit-8 (produced by Dojindo Laboratories) 
according to a protocol recommended by Dojindo Laboratories. The reagent of the kit was 
added to each plate, and a color reaction was performed in an incubator containing 5% carbon 
dioxide gas at 37°C for a predetermined time. After completion of the reaction, the absorbance 
at a wavelength of 450 nm was measured by a microplate reader. The cell-growth inhibition 
rate was calculated by the following formula, and the concentration of the test compound at 
which the cell growth was inhibited by 50% (GI50 (nM)) was determined. Table 22 shows the 

results.
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[0292] The results demonstrated that all of the compounds of the present invention, 
represented by the test compounds, showed a high growth inhibitory effect on the human- 
derived gastric cancer OCUM-2MD3 cell line.
Growth inhibition rate (%) = (C-T) / (C-CO) X 100

T: absorbance of well to which test compound was added

C: absorbance of well to which test compound was not added

CO: absorbance of well measured before addition of compound

Table 22

Test compound GI5q (nM)

Ex. Compound 2 <4.6
Ex. Compound 4 17
Ex. Compound 8 5

Ex. Compound 12 <4.6
Ex. Compound 15 <4.6
Ex. Compound 17 4.6
Ex. Compound 19 <4.6
Ex. Compound 24 13
Ex. Compound 25 13
Ex. Compound 28 5
Ex. Compound 29 20
Ex. Compound 32 <4.6
Ex. Compound 39 <4.6
Ex. Compound 40 7
Ex. Compound 64 12
Ex. Compound 65 13
Ex. Compound 66 <4.6
Ex. Compound 68 8
Ex. Compound 73 7

Test Example 3

Measurement of Inhibitory Effect on FGFR1 Kinase Activity
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[0293] When setting conditions for the measurement of the inhibitory effect of the compounds 
on FGFR1 kinase activity, a biotinylated peptide (biotin-EEPLYWSFPAKKK) was synthesized for 
use as a substrate by utilizing the amino acid sequence of FL-Peptide 22 (Caliper Life 
Sciences, Inc.) with biotin. The purified recombinant human FGFR1 protein used in the test 
was purchased from Carna Biosciences, Inc. In the measurement of the inhibitory effect of the 
compounds, first, a test compound was gradually diluted with dimethylsulfoxide (DMSO) to a 
concentration 20 times higher than the final concentration. Next, the purified human FGFR1 
protein, substrate peptide (final concentration: 250 nM), magnesium chloride (final 
concentration: 5 mM), ATP (final concentration: 190 μΜ), and the test compound DMSO 
solution (final concentration of DMSO: 5%) were added to a reaction buffer (15 mM Tris-HCI 
pH 7.5, 0.01 % Tween-20, 2 mM DTT), and the mixture was incubated at 25°Cfor 120 minutes 
to perform a kinase reaction. EDTA was added thereto to a final concentration of 40 mM to 
thereby terminate the reaction. Then, a detection solution containing Eu-labeled anti­
phosphorylated tyrosine antibody PT66 (PerkinElmer) and SureLight APC-SA (PerkinElmer) 
was added, and the resulting mixture was allowed to stand at room temperature for 2 hours or 
more. Finally, the intensity of fluorescence when excitation light with a wavelength of 337 nm 
was irradiated was measured by a PHERAstar FS (BMG LABTECH) at two wavelengths of 620 
nm and 665 nm. The amount of phosphorylation was determined from the fluorescence 
intensity ratio of the two wavelengths. The compound concentration at which phosphorylation 
was inhibited by 50% was defined as the IC50 value (nM). Table 23 below shows the results.

Test Example 4

Measurement of Inhibitory Effect on FGFR3 Kinase Activity

[0294] The inhibitory effect of the compounds on FGFR3 kinase activity was measured 
according to the method of Test Example 3. Purified recombinant human FGFR3 protein was 
purchased from Carna Biosciences, Inc. The final concentration of ATP was 50 μΜ. Table 23 
shows the results.

Test Example 5

Measurement of Inhibitory Effect on FGFR4 Kinase Activity

[0295] The inhibitory effect of the compounds on FGFR4 kinase activity was measured 
according to the method of Test Example 3. Purified recombinant human FGFR4 protein was 
purchased from Carna Biosciences, Inc. The final concentration of ATP was 200 μΜ. Table 23 
shows the results.
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[0296] The results of Test Examples 3 to 5 demonstrated that all of the compounds of the 
present invention, represented by the test compound, showed a high inhibitory effect on 
FGFR1, FGFR3, and FGFR4, and served as pan-FGFR inhibitors.
Table 23

Test compound
IC50 value (nM)

Test Example 3 Test Example 4 Test Example 5
Ex. Compound 2 3.6 0.5 3.4
Ex. Compound 5 1.4 0.2 0.5
Ex. Compound 9 3.2 0.3 4.9
Ex. Compound 47 20 0.5 11
Ex. Compound 51 1.2 0.1 1.7
Ex. Compound 52 2.8 0.7 21
Ex. Compound 62 3.1 0.7 19

Test Example 6

Suppression of Increase in Blood Phosphorus Levels and Reduction of Systemic 
Toxicity by Intermittent Administration

[0297] Female SD rats (9 weeks after birth) were assigned to six groups so that the average 
body weight of each group was equivalent. The day in which the grouping (n = 3) was 
conducted was taken as Day 1. The compound of Example 2 was prepared as follows: 15, 30, 
and 100 mg/kg/day. The compound was orally administered daily, and intermittently 
administered, from Day 1 (Table 24).

[0298] Blood sampling (about 100 pL/rat) was conducted in each group on Day 1, Day 5, Day 
9, and Day 15, and blood phosphorus levels were measured. Blood sampling on each day was 
conducted before the administration of the compound on that day. Fig. 1 shows the 
measurement results of blood phosphorus levels, and Fig. 2 shows relative phosphorus levels 
when the blood phosphorus level on Day 1 is taken as 1. In Fig. 2, the symbol * indicates that a 
statistically significant difference (Dunnett's test, p<0.05) from the control group was observed 
on each measurement day. As the index of toxicity during the dosing period, The body weight 
was sequentially measured, and the average body weight change [BWC (%)] until the last 
evaluation day relative to the body weight on Day 1 was calculated by the following formula (n: 
day of body weight measurement performed twice a week; the last measurement day 
corresponds to Day 15, which is the last evaluation day). Fig. 3 shows the results. The symbol 
* indicates that a statistically significant difference (Dunnett's test, p<0.05) from the control 
group was observed on the last measurement day of each group.
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BWC (%) = [(BW on Day n) - (BW on Day 1)] / (BW on Day 1) x 100
Table 24

Group Compound Dose 
(mg/kg/day) Administration schedule

Blood 
sampling 

day

Last 
evaluation 

day

Control - Days 1,
5, 9, 15 Day 15

2
Ex.

Compound 
2

15
Daily administration (Days

1-14)
Days 1,
5, 9, 15 Day 15

3
Ex­

Compound
2

30 Daily administration (Days
1-8)

Days 1, 
5, 9 Day 9

4
Ex-

Compound
2

30 Intermittent administration 
(Days 1,3, 5, 7, 9, 11, 13)

Days 1,
5, 9, 15 Day 15

5
Ex.

Compound 
2

30 Intermittent administration 
(Days 1,4, 8, 11) - Day 15

6
Ex.

Compound 
2

100 Intermittent administration 
(Days 1,4, 8, 11) Day 15 Day 15

Test Example 7

Antitumor Effect of Intermittent Administration Schedule in Rats

[0299] Human gastric cancer (OCUM-2MD3) cells were implanted in the right thorax of male 
nude rats (6 weeks after birth). After implantation of the tumor, the major axis (mm) and minor 
axis (mm) of the tumor were measured, and the tumor volume (TV) was calculated. Then, the 
rats were assigned to groups so that the average TV of each group was equivalent. The day in 
which the grouping (n = 5) was conducted was taken as Day 0. The compound of Example 2 
was prepared as follows: 3 mg/kg/day, 30 mg/kg/day, and 100 mg/kg/day. The compound was 
orally administered daily at 3 mg/kg/day, orally administered every other day at 30 mg/kg/day, 
and orally administered twice a week at 100 mg/kg/day, from Day 1. The evaluation period was 
set to 14 days, and the last evaluation day was set to Day 15.

[0300] As the index of antitumor effects, TV on Day 15 was measured in each group, and the 
relative tumor volume (RTV) with respect to TV on Day 0 was calculated by the following 
formula to evaluate the antitumor effects. The evaluation assessment of effects was as follows: 
when the average RTV value of the administration group was statistically significantly 
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(Dunnett's test, p<0.05) less than the average RTV value of the control group, it was 
determined that there were antitumor effects. Fig. 4 shows the results. In the figure, the symbol 
* indicates that a statistically significant difference from the control group was observed.
TV (mm3) = (major axis x minor axis2) / 2

RTV = (TV on Day 15) / (TV on Day 0)

Test Example 8

Antitumor Effect of Intermittent Administration Schedule in Mice

[0301] Human gastric cancer (SNU-16) cells were implanted in the right thorax of male nude 
mice (6 weeks after birth) . After implantation of the tumor, the major axis (mm) and minor axis 
(mm) of the tumor were measured, and TV was calculated. Then, the mice were assigned to 
groups so that the average TV of each group was equivalent. The day in which the grouping (n 
= 6) was conducted was taken as Day 0. The compound of Example 2 was prepared as 
follows: 100 mg/kg/day, 350 mg/kg/day, and 700 mg/kg/day. The compound was orally 
administered daily at 100 mg/kg/day, orally administered twice a week at 350 mg/kg/day, and 
orally administered once a week at 700 mg/kg/day, from Day 1. The evaluation period was set 
to 14 days, and the last evaluation day was set to Day 15.

[0302] As the index of antitumor effects, TV on Day 15 was measured in each group, and RTV 
with respect to TV on Day 0 was calculated to evaluate the antitumor effects. The evaluation 
assessment of effects was as follows: when the average RTV value of the administration group 
was statistically significantly (Dunnett's test, p<0.05) less than the average RTV value of the 
control group, it was determined that there were antitumor effects. Fig. 5 shows the results. In 
the figure, the symbol * indicates that a statistically significant difference from the control group 
was observed.

[0303] As the index of toxicity during the dosing period, BW (g) was measured with time, and 
BWC (%) until the last evaluation day relative to the body weight on Day 0 was calculated. Fig. 
6 shows the results. The symbol * indicates that a statistically significant difference (Dunnett's 
test, p<0.05) from the control group was observed on the last measurement day.

Discussion

[0304] As is clear from Figs. 1 and 2, regarding the blood phosphorus level change after 
administration of the compound of Example 2, the trough blood phosphorus levels of the 15- 
mg/kg/day daily administration group and the 30-mg/kg/day daily administration group 
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increased about 1.3 times and 1.7 times, respectively, higher than the blood phosphorus level 
before initial administration on Day 1. These levels were maintained until the last evaluation 
day. In contrast, the blood phosphorus levels of the 30-mg/kg/day intermittent administration 
(alternate-day administration) group were comparable with the blood phosphorus level before 
initial administration. No increase was observed in trough levels. Although the 100-mg/kg/day 
intermittent administration group (twice a week) was not measured for the blood phosphorus 
level before initial administration, the blood phosphorus level on the last evaluation day (Day 
15) was equivalent to that of the control group. It was suggested that no increase in trough 
levels was continued. This demonstrated that a continuous increase in blood phosphorus 
levels was avoided by intermittent administration, rather than by daily administration.

[0305] Fig. 3 shows the body weight changes in this case. As for the influence of compound 
administration on body weight, body weight gain was suppressed in the 15-mg/kg/day 14-day 
daily administration group, and body weight loss was observed in the 30-mg/kg/day 8-day daily 
administration group. On the other hand, body weight gain was observed in all of the 
intermittent administration groups, similar to the control group. This demonstrated that 
intermittent administration had less influence on body weight than daily administration.

[0306] Fig. 4 shows the antitumor effects of the intermittently administered compound of 
Example 2 in the rats. The tumor was eliminated in all the animals during the evaluation period 
in all of the test compound administration groups. It was shown that intermittent administration 
could exhibit antitumor effects equivalent to those of daily administration.

[0307] Fig. 5 shows the antitumor effects of the intermittently administered compound of 
Example 2 in the mice. Compared with the control group, more significant antitumor effects 
were observed in the 100-mg/kg/day daily administration group and the 350-mg/kg/day 
intermittent administration group (twice a week). No significant antitumor effects were observed 
in the 700-mg/kg/day intermittent administration group (once a week). Further, when the 
antitumor effects were compared between the 350-mg/kg/day intermittent administration group 
(twice a week) and the 100-mg/kg/day daily administration group (Student's t-test), no 
significant difference was observed between the two groups, showing that the antitumor effects 
of these groups were equivalent.

[0308] Fig. 6 shows the body weight changes in this case. As for the influence of compound 
administration on body weight, body weight loss was observed in the 100-mg/kg/day daily 
administration group, and one case died. On the other hand, the 350-mg/kg/day intermittent 
administration group (twice a week) and the 700-mg/kg/day intermittent administration group 
(once a week) showed body weight changes similar to that of the control group. These results 
demonstrated that among the intermittent administration groups, the 350-mg/kg/day oral 
administration group (twice a week) exhibited antitumor effects without suppression of body 
weight gain.

[0309] The above results revealed that by administration at appropriate intervals, such as 
alternate-day administration or intermittent administration twice a week, the 3,5-disubstituted 
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benzene alkynyl compound represented by Formula (I) and a salt thereof reduced a 
continuous increase in blood phosphorus levels and suppression of body weight gain, and 
exhibited antitumor effects similar to those of daily administration. The method for 
administering a compound having FGFR inhibitory activity is sufficiently expected to become a 
very useful method that exhibits antitumor effects while avoiding toxicity resulting from FGFR 
inhibition in clinical treatment.
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ANTITUMORLÆGEMIDDEL TIL INTERMITTERENDE ADMINISTRATION AF FGFR-HÆMMER

PATENTKRAV

1.

5

10

15

20

25

3,5-disubstitueret benzenalkynylforbindelse eller et salt deraf til anvendelse i behandling af 

en administrationplan med mindst to gange pr. uge og 

hvor den

cancerpatient med administration ifølge 

doseringseinterval på mindst én dag, 

repræsenteret ved formlen (I):

3,5-disubstituerede benzenalkynylforbindelse

en

et

er

hvor R er de samme eller forskellige, og hver repræsenterer CrC6-alkyl;

Xi og X2 uafhængigt repræsenterer N eller CH;

Y er en gruppe repræsenteret ved formlen (A):

--- (CH2), (A)
hvor den divalente del repræsenteret ved

-@N—

er en nitrogen-holdig C3-C10-heterocycloalkylengruppe, en gruppe repræsenteret ved formlen (B):

-CCH,»-®-'*
( B )

hvor den divalente del repræsenteret ved

-@r~
er en C3-C10-cycloalkylengruppe, eller en gruppe repræsenteret ved formlen (C):

HN------ (CH2)|

.Af

(C)
hvor den divalente del repræsenteret ved

er en C6-C12-arylengruppe;

R2 er hydrogen, C2-C6-alkynyl, -C(=O)ORX, -C(=O)N(Rx)(Ry), hydroxy-Ci-C6-alkyl, di(Ci-C6- 

alkyl)amino- CrC6-alkyl eller C2-C9-heteroaryl eventuelt med R3; og

R3 er CrC6-alkyl eller di(( 'i-( V,-all<yl )amino-( ’i-( '6-all<yl:

Z er -C(R4)=C(R5)(R6) eller -(=C-R7:

R4, R5 og Rg er de samme eller forskellige, og hver repræsenterer hydrogen, halogen, C1 -C7,-alkyl 

eventuelt med Rs, eller en gruppe repræsenteret ved formlen (D):

-(CH2)m-l@-<RB)n D
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-2-

hvor den monovalente del repræsenteret ved

5

10

15

20

25

30

er en nitrogen-holdig C3-Cio-heterocycloalkylgruppe,

R7 er hydrogen, C i-alkyl eller hydroxy-C i -Ce-alkyl;

Rs er -ORX eller -N(Rx)(Ry);

R9 er CrC6-alkyl, halogen eller -ORX;

Rx og Ry er de samme eller forskellige, og hver repræsenterer hydrogen, Ci-C6-alkyl, C3-Clo- 

cycloalkyl, di(Ci-C6-alkyl)amino-Ci-C6-alkyl eller C -(\-alkoxy-C|-C3-alkyl;

1 er et heltal på 0 til 3;

m er et heltal på 1 til 3; og

n er et heltal på 0 til 2.

2. Forbindelse eller et salt deraf til anvendelse ifølge krav 1, hvor den 3,5-disubstituerede 

benzenalkynylforbindelse er (S)-1-(3-(4-amino-3-((3,5-dimethoxyphenyl)ethynyl)-lH-pyrazolo[3,4- 

d]pyrimidin-l-yl)pyrrolidin-l-yl)prop-2-en-l-on.

3. Forbindelse eller et salt deraf til anvendelse ifølge krav 1 eller 2, hvor administrationsplanen er 

baseret på en én uges cyklus, hvori den 3,5-disubstituerede benzenalkynylforbindelse eller et salt deraf 

administreres mindst to gange hver én til tre dage pr. cyklus, og denne cyklus udføres én gang eller 

gentages to eller flere gange.

4. Forbindelse eller et salt deraf til anvendelse ifølge et hvilket som helst af krav 1 til 3, hvor 

administrationsplanen er baseret på en 14 dages cyklus, hvori den 3,5-disubstituerede 

benzenalkynylforbindelse eller et salt deraf administreres 4 til 7 gange hver én til tre dage pr. cyklus, og 

denne cyklus udføres én gang eller gentages to eller flere gange.

5. Forbindelse eller et salt deraf til anvendelse ifølge et hvilket som helst af krav 1 til 4, hvor 

administrationsplanen er baseret på en 14 dages cyklus, hvori inden for de 14 dage i én cyklus (S)-l-(3-(4- 

amino-3-((3,5-dimethoxyphenyl)ethynyl)-lH-pyrazolo[3,4-d]pyrimidin-l-yl)pyrrolidin-l-yl)prop-2-en-l-on 

eller et salt deraf administreres på dag 1, dag 4, dag 8 og dag 11.

6. Forbindelse eller et salt deraf til anvendelse ifølge et hvilket som helst af krav 1 til 5, hvor 

administrationsplanen er baseret på en 14 dages cyklus, hvori inden for de 14 dage i én cyklus (S)-l-(3-(4- 

amino-3-((3,5-dimethoxyphenyl)ethynyl)-lH-pyrazolo[3,4-d]pyrimidin-l-yl)pyrrolidin-l-yl)prop-2-en-l-on 

eller et salt deraf administreres på dag 1, dag 3, dag 5, dag 7, dag 9, dag 11 og dag 13.
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DRAWINGS

Fig. 1
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Control

. ♦.. . 15 mg/kg/day daily administration (Days 1-14}

30 mg/kg/day daily administration (Days 1-8)

-φ- 30 mg/kg/day intermittent administration {Days 1, 3, 5, 7, 9, 11, 13)

'♦1 100 mg/kg/day intermittent administration (Days 1, 4, 8, 11)
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Fig. 2

15 mg/kg/day dally administration (Days 1-14)

30 mg/kg/day daily administration (Days 1-8)

■ Ά. 30 mg/kg/day intermittent administration (Days 1, 3, 5, 7, 9, 11, 13}
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Fig. 3

15 mg/kg/day daily administration {Days 1-14}

“·“ 30 mg/kg/day daily administration {Days 1-8)

-*-30 mg/kg/day intermittent administration. (Days 1, 3, 5, 7, 9,

-0-30 mg/kg/day intermittent administration (Days 1, 4, 8, 11)

—♦—100 mg/kg/day intermittent administration (Days 1, 4, 8, 11)

11, 133
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Fig. 4

—Η- Control

—3 mg/kg/day daily administration (Days 1-14}

-φ· 30 mg/kg/day intermittent administration (Days 1, 3, 5, 7, 9,

100 mg/kg/day intermittent administration (Days lr 5, 8, 12)

llr 13}
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350 mg/kg/day intermittent administration (Days 1 , 4r , ID
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Fig.

mg/kg/day daily administration (Days 1-14)100

350 mg/kg/day intermittent administration (Days

700 mg/kg/day intermittent administration (Days 1,

4, 8, 11)
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