
DESCRIPTION 

Title of the Invention: METHOD FOR PRODUCING 

HETEROARYLCARBOXYLIC ACID ESTER DERIVATIVE, AND PRODUCTION 

INTERMEDIATE OF SAME 

5 Technical Field 

[0001] 

The present invention relates to a novel production 

method of heteroarylcarboxylic acid ester derivatives, and 

production intermediates therefor. 	More particularly, the 

io present invention relates to an efficient production method of 

a heteroarylcarboxylic acid ester derivative as a therapeutic 

drug for diabetes and a production intermediate therefor, and a 

production intermediate useful for such production method. 

Background Art 

15 [0002] 

20 

At present, insulin secretagogue 	(sulfonylurea), glucose 

absorption inhibitor (a-glucosidase inhibitor), insulin 

sensitizer (biguanide, thiazolidine derivative) and the like 

are clinically used as therapeutic drugs for diabetes. 	However, 

all of them still have problems in that they are accompanied by 

side effects such as hypoglycemia, diarrhea, lactic acidosis, 

edema and the like, show insufficient effect, and the like. 	As 

a new treatment or prophylactic drug for diabetes that 

satisfies clinical needs, patent document 1 and patent document 

25 2 disclose heteroarylcarboxylic acid ester derivatives 

encompassed by the following formula (I), and it has been 

reported that representative compounds thereof show a superior 

blood glucose elevation suppressing effect in diabetes animal 

models. 

30 [0003] 
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[0004] 

In patent document 1, a method shown by the following 

scheme is disclosed as a general synthesis method of a 

5 heteroarylcarboxylic acid ester derivative encompassed by the 

formula (I) 	(refer to patent document 1 for symbols in the 

formula). 

[0005] 

A heteroarylcarboxylic acid ester derivative (F) of the 

io 	formula (I) wherein X is a lower alkylene group or a lower 

alkenylene group, A is -0R5, and R5 is a lower alkyl group can 

be produced as follows. 

[0006] 
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[0007]  

An object heteroarylcarboxylic acid ester derivative (F) 

wherein X is a lower alkenylene group can be produced by 

5 	esterification of carboxylic acid derivative (D) and 

amidinophenol derivative (E), and a heteroarylcarboxylic acid 

ester derivative (F) wherein X is a lower alkylene group can be 

produced by a step of treating with a catalyst such as 10% 

palladium/carbon, in a solvent that does not adversely 

/o 	influence this reaction, such as methanol, ethanol, ethyl 

acetate and the like, under a hydrogen atmosphere at some stage 

of the production step. 

[0008] 

A known method can be applied to the esterification 

is 	reaction and, for example, 	(1) a method using an acid halide, 

(2) a method using a condensing agent and the like can be 

mentioned. 

[0009] 
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The (1) method using an acid halide is performed by 

reacting a carboxylic acid with thionyl chloride, oxalyl 

chloride and the like in a solvent that does not adversely 

influence this reaction such as dichloromethane and the like or 

5 without solvent in the presence or absence of a catalyst such 

as N,N-dimethylformamide and the like to give an acid chloride, 

and reacting the obtained acid chloride with an alcohol in a 

solvent that does not adversely influence this reaction such as 

dichloromethane, tetrahydrofuran and the like, in the presence 

/o of a base such as pyridine and triethylamine. 

[0010] 

The (2) method using a condensing agent is performed by 

reacting a carboxylic acid and an alcohol in a solvent that 

does not adversely influence this reaction such as 

/5 tetrahydrofuran, N,N-dimethylformamide, dichloromethane and the 

like, in the presence or absence of a base such as pyridine, 

triethylamine and the like by using a condensing agent such as 

1-ethyl-3-(3'-dimethylaminopropyl)carbodiimide (WSC) or 1,3-

dicyclohexylcarbodiimide and the like. 

20 [0011] 

A heteroarylcarboxylic acid ester derivative (i) of the 

formula (I) wherein A is -0R5, and R5 is a hydrogen atom can be 

produced by subjecting ester derivative (H) obtained by using 

Wittig reagent (G) 	(wherein E2 is a protecting group such as 

25 methyl group, ethyl group, isopropyl group, tert-butyl group, 

benzyl group and the like) instead of Wittig reagent (B) to, 

for example, hydrolysis by a base such as sodium hydroxide and 

the like, hydrolysis by an acid such as hydrochloric acid, 

trifluoroacetic acid and the like or deprotection by a 

30 treatment with 10% palladium/carbon etc. under a hydrogen 

atmosphere, and the like. 

[0012] 
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[0013] 

Also, patent document 2 provides a similar description of 

a general synthesis method of a heteroarylcarboxylic acid ester 

5 derivative encompassed by the formula (I). 

[0014] 

However, in the Examples of patent document 1 and patent 

document 2, column chromatography is used for an isolation 

operation of ester derivative (F) and (i), and the yield 

io thereof is not appropriate for an industrial process. 	Thus, 

while a heteroarylcarboxylic acid ester derivative encompassed 

by the formula (I) is expected as a useful therapeutic drug for 

diabetes, economic efficiency and productivity are poor by a 

conventional production method, and a new method capable of 

is industrial production with good efficiency is desired. 

Document List 

Patent Documents 

[0015] 

patent document 1: WO 2011/071048 

20 patent document 2: WO 2013/187533 

Summary of the Invention 

Problems to be Solved by the Invention 

[0016] 

An industrial production method for producing a 

25 heteroarylcarboxylic acid ester derivative encompassed by the 

formula (I) in a better yield with better quality than 

5 



conventional methods is desired. 

Means of Solving the Problems 

[0017] 

To solve the above-mentioned problem, intensive studies 

s have been conducted and an industrial production method for 

producing heteroarylcarboxylic acid ester derivatives shown 

below and novel intermediates used therefor have been found, 

which resulted in the completion of the present invention. 

[0018] 

10 Therefore, the present invention provides a production 

method of a heteroarylcarboxylic acid ester derivative 

represented by the following formula (9) suitable for 

industrialization and intermediates useful for the production 

thereof. 

15 [0019] 

The present invention relates to the following. 

[1] A production method of an ester derivative represented by 

the formula (4), or a chemically acceptable salt thereof: 

[0020] 

0 

R5 
HC) 

R7  Fe 
2 

20 M4) 

[0021] 

wherein R2  and R3  are the same or different and each is 

25 

independently a hydrogen atom or a lower alkyl group, 

R5  is a tert-butyl group, 

R6  and R7  are the same or different and each is independently a 

hydrogen atom or a lower alkyl group optionally having a 

substituent(s), or R6  and R7  form a C3-8 cycloalkane ring 

together with a carbon atom bonded thereto, 

the method comprising the following steps 	(g) and (h): 

30 (g) reacting a compound represented by the formula (1) and a 
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compound represented by the formula (2) in the presence of (A) 

an alkyllithium or (B) a lithium complex prepared from an 

organic amine and an alkyllithium to give a compound 

represented by the formula (3): 

s [0022] 
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[0025] 

wherein R1  is a halogen atom, 

R4  is a methyl group, an ethyl group, an isopropyl group or an 

n-butyl group, 

is R12  is a hydrogen atom or a halogen atom, and 

other symbols are as defined above, and 

(h) hydrolyzing the compound represented by the formula (3) 

with a metal hydroxide in a solvent containing water and an 

alcohol to give an ester derivative represented by the formula 

7 



(4), or a chemically acceptable salt thereof. 

[2] The production method of the aforementioned [1], wherein 

the alkyllithium is n-butyllithium. 

[3] A production method of an ester derivative represented by 

s the formula (11), or a chemically acceptable salt thereof: 

[0026] 

0 

HO 
/ 

(41) 
[0027] 

the method comprising the following steps 	(k) and (1): 

/0 (k) reacting a compound represented by the formula (12) with a 

compound represented by the formula (13) in the presence of (A) 

n-butyllithium or (B) a lithium complex prepared from an 

organic amine selected from diisopropylamine and 

diisopropylethylamine, and n-butyllithium to give a compound 

is represented by the formula (10): 

[0028]  
0 

\ 

02) 
[0029] 

(13) 

20 [0030] 
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\ 	/ 

(10) , and 

[0031] 

(1) hydrolyzing the compound represented by the formula (10) 

with a metal hydroxide selected from sodium hydroxide, lithium 

5 hydroxide and potassium hydroxide in a solvent containing water 

and an alcohol to give an ester derivative represented by the 

formula (11), or a chemically acceptable salt thereof. 

[4] A production method of an ester derivative represented by 

the formula (4), or a chemically acceptable salt thereof: 

/o [0032] 

0 

R5  
KJ  

R7 	R6  
2 

(4) 

[0033] 

wherein R2  and R3  are the same or different and each is 

independently a hydrogen atom or a lower alkyl group optionally 

/5 having a substituent(s), 

R5  is a lower alkyl group, and 

R6  and R7  are the same or different and each is independently a 

hydrogen atom or a lower alkyl group optionally having a.  

substituent(s), or R6  and R7  form a C3-8 cycloalkane ring 

20 together with a carbon atom bonded thereto, 

the method comprising step (m): 

(m) reacting a compound represented by the formula (5) with a 

compound represented by the formula (2) using a base to give an 

ester derivative represented by the formula (4), or a 

25 chemically acceptable salt thereof: 

[0034] 
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[0036] 

s wherein Rn  is a halogen atom, and 

other symbols are as defined above. 

[5] A production method of an ester derivative represented by 

the formula (11), or a chemically acceptable salt thereof: 

[0037] 

0 

Fib 
\ 	11  

[0038] 

the method comprising step (n): 

(n) reacting a compound represented by the formula (14) with a 

compound represented by the formula (13) using sodium hydride 

is and lithium diisopropylamide to give an ester derivative 

represented by the formula (11), or a chemically acceptable 

salt thereof: 

[0039] 
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B 

03) 	. 
[0041] 

5 [6] A production method of a heteroarylcarboxylic acid ester 

derivative represented by the formula (9), or a chemically 

acceptable salt thereof: 

[0042] 

NHZ iRs 

R9  
HN 

S 
1 	 OH 

i -  
0 R 	R6  

R2  

(g) 

/0 [0043] 

wherein R2  and R3  are the same or different and each is 

independently a hydrogen atom or a lower alkyl group optionally 

having a substituent(s), 

R6  and R7  are the same or different and each is independently a 

is hydrogen atom or a lower alkyl group optionally having a 

substituent(s), or R6  and R7  form a C3-8 cycloalkane ring 

together with a carbon atom bonded thereto, and 

R8, 	R9, 	R10  and -11  x 	are the same or different and each is 

11 



independently a hydrogen atom or a halogen atom, 

the method comprising the following steps 	(o) to (q): 

(o) reacting the compound represented by the formula (4) with a 

halogenating agent to give an acid halide represented by the 

5 formula 	(6): 
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[0045] 

0 
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/0 [0046] 

wherein R5  is a lower alkyl group, 

X is a halogen atom, and 

other symbols are as defined above, 

(p) reacting the acid halide represented by the formula (6) 

15 with a compound represented by the formula (7) 	to give a 

compound represented by the formula (8), or a chemically 

acceptable salt thereof: 

[0047] 
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[0048] 

NI-12  R8  

HN 0 0 
5 

Rya \ 	/ RI 	R8  
2  

(8)  
[0049] 

wherein the symbols are as defined above, and 

s (q) deprotecting the compound represented by the formula (8), 

or a chemically acceptable salt thereof under acidic conditions 

to give a heteroarylcarboxylic acid ester derivative 

represented by the formula (9), or a chemically acceptable salt 

thereof. 

10 [7] A production method of a heteroarylcarboxylic acid ester 

derivative represented by the formula (9), or a chemically 

acceptable salt thereof: 

[0050] 
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(9)  
/5 [0051] 

wherein R2  and R3  are the same or different and each is 

independently a hydrogen atom or a lower alkyl group optionally 

having a substituent(s), 

R6  and R7  are the same or different and each is independently a 

20 hydrogen atom or a lower alkyl group optionally having a 

substituent(s), or R6  and R7  form a C3-8 cycloalkane ring 

13 



together with a carbon atom bonded thereto, and 

R8, 	R9, RI°  and R1'  are the same or different and each is 

independently a hydrogen atom or a halogen atom, 

the method comprising the following steps 	(r) 	to 	(t): 

s (r) reacting a compound represented by the formula (4) with 

thionyl chloride or oxalyl chloride to give an acid chloride 

represented by the formula (16): 

[0052] 

C) 

S. Re 
HO , 

R7  Re  

(4) 
10 [0053] 

C) Q. 
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\ 	/ R7  Re 
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[0054] 

wherein R5  is a lower alkyl group, and 

other symbols are as defined above,  

is (s) reacting the acid chloride represented by the formula (16) 

with a compound represented by the formula (7) in the presence 

of an organic base to give a compound represented by the 

formula (8), or a chemically acceptable salt thereof: 

[0055] 
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5 wherein each symbol is as defined above, and 

(t) deprotecting the compound represented by the formula (8), 

or a chemically acceptable salt thereof with HC1, HBr, sulfuric 

acid, methanesulfonic acid or trifluoroacetic acid to give a 

heteroarylcarboxylic acid ester derivative represented by the 

lo formula 	(9), or a chemically acceptable salt thereof. 

[8] A production method of a heteroarylcarboxylic acid ester 

derivative represented by the formula (17), or a chemically 

acceptable salt thereof: 

[0058] 

NH2  

HN 

11111 O 
 \ 

OH 

15 
	 4171 
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[0059] 

the method comprising the following steps (u) to 	(w): 

(u) reacting a compound represented by the formula (11) 	with 

thionyl chloride to give an acid chloride represented by the 

s formula 	(18): 

[0060] 

(11) 

[0061] 

\ 

OS) , 
/o [0062] 

(v) reacting the acid chloride represented by the formula (18) 

with a compound represented by the formula (19) 	in the presence 

of pyridine to give a compound represented by the formula (15), 

or a chemically acceptable salt thereof: 

is [0063] 

NH2 

HN 

OH 

F 

(19) 

[0064] 
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110 

NH 

(15) 	 , 	and 

[0065] 

(w) deprotecting a compound represented by the formula (15), or 

a chemically acceptable salt thereof in the presence of HC1 to 

s 	give a heteroarylcarboxylic acid ester derivative represented 

by the formula (17), or a. chemically acceptable salt thereof. 

[9] A compound represented by the following formula (20), or a 

chemically acceptable salt thereof: 

[0066] 

0 

R° %%0 	
0 

R7 	R6  

/o (20) 

[0067] 

wherein R4a  is a methyl group, an ethyl group, an isopropyl 

group or an n-butyl group, 

R6a  and R7a  are the same and are methyl groups or ethyl groups, 

15 	or R6a  and R7a  form a cyclopropane ring, a cyclobutane ring or a 

cyclopentane ring together with a carbon atom bonded thereto. 

[10] The compound of the aforementioned [9], wherein R6a  and R7a 

are methyl groups, or a chemically acceptable salt thereof. 

[11] The compound of the aforementioned [9], wherein R4a  is a 

20 methyl group, or a chemically acceptable salt thereof. 

[12] A compound represented by the following formula (10), or a 

chemically acceptable salt thereof: 

[0068] 
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\ 	/ 

(10) . 

[0069] 

[13] A compound represented by the following formula (21), or a 

chemically acceptable salt thereof: 

5 [0070] 

0 

Rsa 
HO 0' 

\ 	/ Rea  

(21) 

[0071] 

wherein Rsa is a methyl group, an ethyl group, an isopropyl 

group, a tert-butyl group or an n-butyl group, 

10 R6a  and R7a  are the same and are methyl groups or ethyl groups, 

or R6a  and R7a  form a cyclopropane ring, a cyclobutane ring or a 

cyclopentane ring together with a carbon atom bonded thereto. 

[14] The compound of the aforementioned [13], wherein R6a  and 

R7a  are methyl groups, or a chemically acceptable salt thereof. 

is [15] The compound of the aforementioned [13], wherein Rsa  is a 

tert-butyl group, or a chemically acceptable salt thereof. 

[16] A compound represented by the following formula (11), or a 

chemically acceptable salt thereof: 

[0072] 

0 

HO 	
\ / 

20 01) • 

[0073] 

[17] A compound represented by the following formula (8), or a 

chemically acceptable salt thereof 

18 



[0074] 
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2 

fti): 
[0075] 

wherein R2  and R3  are the same or different and each is 

5 independently a hydrogen atom or a lower alkyl group optionally 

having a substituent(s), 

R5  is a lower alkyl group, 

R6  and R7  are the same or different and each is independently a 

hydrogen atom or a lower alkyl group optionally having a 

10 substituent(s), or R6  and R7  form a C3-8 cycloalkane ring 

together with a carbon atom bonded thereto, and 

R8, R9, R10  and R11  are the same or different and each is 

independently a hydrogen atom or a halogen atom. 

[18] The compound of the aforementioned [17], wherein, in the 

is formula (8), R2  and R3  are hydrogen atoms, and 

R6  and R7  are the same or different and each is independently a 

methyl group, an ethyl group or a propyl group, or R6  and R7  

form a cyclopropane ring, a cyclobutane ring or a cyclopentane 

ring together with a carbon atom bonded thereto, or a 

20 chemically acceptable, salt thereof. 

[19] A compound represented by the following formula (15), or a 

chemically acceptable salt thereof: 

[0076] 
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Effect of the Invention 

[0077] 

The present invention provides a production method 

s suitable for the mass synthesis of heteroarylcarboxylic acid 

ester derivatives and their novel synthetic intermediates. 	In 

the production method of the present invention, since an ester 

derivative protected by a lower alkyl group is used as an 

intermediate, the resultant product can be crystallized and 

10 isolated conveniently by filtration. 	Using the production 

method of the present invention, the object compound, a 

heteroarylcarboxylic acid ester derivative, can be produced in 

a high yield and with high purity. 

Description of Embodiments 

15 [0078] 

In the present specification, the term "optionally having 

a substituent(s)" means "being substituted or unsubstituted". 

Unless otherwise specified, the position and number of the 

substituents may be any, and are not particularly limited. 	The 

20 number of the substituents is preferably 1 to 5, more 

preferably 1 to 3. 	When substituted by two or more 

substituents, the substituents may be the same or different. 

Examples of the substituent include halogen atom, cyano group, 

phenyl group, lower alkyl group, lower acyl group, lower 

25 alkoxyl group, lower alkylthio group, and the like. 

[0079] 

The "lower alkyl group" is a straight chain or branched 

• 20 



chain or cyclic alkyl group having a carbon number of 1 to 6. 

5 

For example, methyl group, ethyl group, n-propyl group, n-butyl 

group, n-pentyl group, n-hexyl group, isopropyl group, isobutyl 

group, sec-butyl group, tert-butyl group, isopentyl group, 

tert-pentyl group, neopentyl group, 2-pentyl group, 3-pentyl 

group, 2-hexyl group, cyclopropyl group, cyclobutyl group, 

cyclopentyl group and the like can be mentioned. 

[0080] 

The "halogen atom" is, for example, a fluorine atom, a 

to chlorine atom, a bromine atom, an iodine atom and the like. 

[0081] 

15 

The "C3-8  cycloalkane ring" is a cycloalkane ring, having a 

carbon number of 3 to 8. 	For example, cyclopropane ring, 

cyclobutane ring, cyclopentane ring, cyclohexane ring, 

cycloheptane ring, and cyclooctane ring can be mentioned. 

[0082] 

20 

The "lower acyl group" is an acyl group having a straight 

chain or branched chain or cyclic alkyl group or alkenyl group 

having a carbon number of 1 to 6. 	For example, acetyl group, 

propionyl group, butyryl group, isobutyryl group, valeryl group, 

isovaleryl group, pivaloyl group, hexanoyl group, acryloyl 

group, methacryloyl group, crotonoyl group, isocrotonoyl group, 

cyclopropanoyl group, cyclobutanoyl group, cyclopentanoyl group 

and cyclohexanoyl group and the like can be mentioned. 

25 [0083] 

The "lower alkoxyl group" is an alkoxyl group having a 

straight chain or branched chain or cyclic alkyl group having a 

carbon number of 1 to 6. 	For example, methoxy group, ethoxy 

group, n-propoxy group, n-butoxy group, n-pentyloxy group, n- 

3o hexyloxy group, isopropoxy group, isobutoxy group, sec-butoxy 

group, tert-butoxy group, cyclopropyloxy group, cyclobutyloxy 

group, cyclopentyloxy group and cyclohexyloxy group can be 

mentioned. 

[0084] 

35 The "lower alkylthio group" is an alkylthio group having 

21 



a straight chain or branched chain or cyclic alkyl group having 

a carbon number of 1 to 6. 	For example, methylthio group, 

ethylthio group, n-propylthio group, isopropylthio group, n-

butylthio group, isobutylthio group, sec-butylthio group, tert- 

5 butylthio group, cyclopropylLhio group, cyclobutylthio group, 

cyclopentylthio group, cyclobutylthio group and the like can be 

mentioned. 

[0085] 

In the aforementioned formulas, preferable embodiments 

lo are as follows. 

R2  and R9  are the same or different and each is 

independently a hydrogen atom or a lower alkyl group optionally 

having a substituent(s). 	Preferably, R2  and R3  are hydrogen 

atoms. 

is R6  and R7  are the same or different and each is 

independently a hydrogen atom or a lower alkyl group optionally 

having a substituent(s), or R6  and R7  form a C3-8 cycloalkane 

ring together with a carbon atom bonded thereto. 	Preferably, 

R6  and R7  are the same and are methyl groups, ethyl groups or 

20 propyl groups, or R6  and R7  form a cyclopropane ring, a 

cyclobutane ring or a cyclopentane ring together with a carbon 

atom bonded thereto. 	More preferably, R6  and R7  are methyl 

groups. 

R4  is a lower alkyl group. 	Preferably, R4  is a methyl 

25 group, an ethyl group, an isopropyl group or an n-butyl group. 

More preferably, R4  is a methyl group. 

R5  is a lower alkyl group. 	Preferably, R5  is a tert-

butyl group. 

R8, R9, h-n  and R11  are the same or different and each is a 

30 hydrogen atom or a halogen atom. 	Preferably, R8, R9  and R11  are 

hydrogen atoms, and R1°  is a fluorine atom. 

X is a halogen atom. 	Preferably, X is a chlorine atom. 

[0086] 

When the compound of the present invention can form a 

35 salt, a pharmaceutically acceptable salt is preferable. 

22 



Examples of such pharmaceutically acceptable salt for a 

compound having an acidic group such as a carboxyl group and 

the like include ammonium salt, salts with alkali metals such 

as sodium, potassium and the like, salts with alkaline earth 

5 metals such as calcium, barium and the like, magnesium salt, 

aluminum salt, 	zinc salt, salts with organic amines such as 

triethylamine, ethanolamine, morpholine, pyrrolidine, 

piperidine, piperazine, dicyclohexylamine and the like, and 

salts with basic amino acids such as arginine, lysine and the 

/0 

15 

like. 	Examples of such pharmaceutically acceptable salt for a 

compound having a basic group include salts with inorganic 

acids such as hydrochloric acid, sulfuric acid, phosphoric acid, 

nitric acid, hydrobromic acid and the like, salts with organic 

carboxylic acids such as acetic acid, citric acid, benzoic acid, 

maleic acid, fumaric acid, tartaric acid, succinic acid, 

trifluoroacetic acid, tannic acid, butyric acid, hibenzic acid, 

pamoic acid, enanthic acid, decanoic acid, teoclic acid, 

salicylic acid, lactic acid, oxalic acid, mandelic acid, malic 

acid and the like, and salts with organic sulfonic acids such 

20 as methanesulfonic acid, benzenesulfonic acid, p-

toluenesulfonic acid and the like. 

[0087] 

As a salt used in the present invention, a chemically 

acceptable salt can be mentioned in addition to those recited 

25 as the above-mentioned pharmaceutically acceptable salt, and a 

salt with a chemically acceptable acid and a salt with a 

chemically acceptable base are included. 

[0088] 

As a salt with a chemically acceptable acid to be used in 

30 

35 

the present invention, salts with inorganic acids 	(e.g., 

hydrochloric acid, sulfuric acid, phosphoric acid, nitric acid, 

hydrobromic acid, etc.), organic carboxylic acids 	(e.g., 

carbonic acid, acetic acid, citric acid, benzoic acid, maleic 

acid, fumaric acid, tartaric acid, succinic acid, 

trifluoroacetic acid, tannic acid, butyric acid, decanoic acid, 

23 



salicylic acid, lactic acid, oxalic acid, 

acid, 	etc.), 	organic sulfonic acids 	(e.g., 

mandelic acid, malic 

methanesulfonic acid, 

p-toluenesulfonic acid, benzenesulfonic acid, etc.) and the 

like can be mentioned. 

5 [0089] 

As a salt with a chemically acceptable base, alkali metal 

salts 	(e.g., 	sodium salt, potasium salt, lithium salt, 	etc.), 

alkaline earth metal salts 	(e.g., calcium 

etc.), metal salts 	(e.g., magnesium salt, 

salt, barium salt, 

aluminum salt, etc.) 

10 and the like can be mentioned. 

[0090] 

The compound of the present invention also includes 

solvates of the compound such as hydrate, alcohol adduct and 

the like. 	As the alcohol adduct, methanol solvate, ethanol 

is solvate, isopropyl alcohol solvate and the like can be 

mentioned. 

[0091] 

A production method of a heteroarylcarboxylic acid ester 

derivative represented by the formula (9) is shown below. 

20 The present invention is a method of producing a compound 

represented by the formula (9) or a chemically acceptable salt 

thereof, using the following steps (a) to 

[0092] 

(f), 

(a) synthesizing a diester represented by the formula (3) by 

25 reacting a compound represented by the formula (1) with a 

compound represented by the formula (2): 

[0093] 
O  

144., 

Rz` 

N 	FR

R3  

(1) 
[0094] 
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A. 

Ri2. 	 5 

147  
R6  

(2):  

[0095] 

0 

R4 R5 

/ 	
RT  Re  

142 

(a), 

[0096] 

s (b) synthesizing an ester represented by the formula (4) by 

deprotecting the diester of the formula (3): 

[0097] 
0 

R5  
HO 	i 	0-  

1 	i 	R7  Fe 
2 R 

(4): 
[0098] 

10 (c) synthesizing an ester represented by the formula (4) by 

reacting a compound represented by the formula (5) with 

compound represented by (2): 

a 

[0099] 
0 

S. 

HO / 

(5) 
/5 [0100] 

25 



FO 

IR7  

(2) 

[0101] 

0 

R5 
HO 	i 

R7  Re 
2' 

(4). 

[0102] 

s (d) reacting the compound represented by the formula (4) with a 

halogenating agent to give an acid halide represented by the 

formula 	(6): 

[0103] 

0 
5 

/- ° RT 	Rs. 

R? 

(4 

10 [0104] 

(e) reacting the compound represented by the formula (6) with a 

compound represented by the formula (7) to give a compound 

represented by the formula (8) or a chemically acceptable salt 

thereof: 

is [0105] 

NH2 	Fe 

HN 

Ril OH 
-Rila 
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[0106] 

NH2 	R8  

9 
HN Q 

Rs „.. 
R 	

O . 
 

0 R7  Re 

R2  

RiY 

[0107] 

(f) deprotecting the compound represented by the formula (8) 

5 under acidic conditions to give a heteroarylcarboxylic acid 

ester derivative represented by the formula (9), or a 

chemically acceptable salt thereof: 

[0108] 

NH2 	R8  

R8  
HN C) 

izil  OH 
R Re  

R2  

(9) 	 . 

/o [0109] 

A preferable embodiment is described in more detail in 

the following. 

Step 	(a) 

This reaction is preferably performed in the presence of 

15 a base. 

As the base to be used for the reaction, 	(A) an 

alkyllithium, or (B) a lithium complex prepared from an organic 

amine such as diisopropylamine, diisopropylethylamine and the 

like, and an alkyllithium can be mentioned. 	Use of (A) n- 

20 butyllithium, or (B) a lithium complex prepared from an organic 

amine such as diisopropylamine, diisopropylethylamine and the 

like, and n-butyllithium is preferable. 	The amount of the base 

to be used is preferably about 1.0 mol to about 2.0 mol, per 1 
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mol of the compound of the formula (1). 

As the reaction solvent, ethers and hydrocarbons can be 

used, of which tetrahydrofuran is preferable. 

The reaction temperature is preferably -78°C to 0°C. 	The 

s reaction time is generally about 30 min. 

[0110] 

Step 	(b) 

As a reagent to be used for the deprotection, a metal 

hydroxide such as sodium hydroxide and the like is preferable. 

/o As the metal hydroxide, alkali metal hydroxide such as sodium 

hydroxide, lithium hydroxide, potassium hydroxide and the like 

can be mentioned. 	The amount of the metal hydroxide to be used 

is preferably about 1.0 mol to about 2.0 mol, per 1 mol of the 

diester of the formula (3). 

15 As the reaction solvent, a mixed solvent of an alcohol 

and water is preferable. 	As the alcohol, methanol, ethanol and 

the like can be mentioned. 

The reaction temperature is preferably 10°C to 40°C. 	The 

reaction time is generally about 12 hr to about 24 hr. 

20 [0111] 

Step 	(c) 

This reaction is preferably performed in the presence of 

a base. 

As the base to be used, a lithium complex prepared from 

25 an organic amine such as diisopropylamine, 2,2,6,6-

tetramethylpiperidine and the like and n-butyllithium, and an 

alkali metal hydride are preferable. 	As the lithium complex, 

lithium diisopropylamine (LDA) is preferable. 	As the alkali 

metal hydride, sodium hydride (NaH) is preferable. 	The amount 

30 of the lithium complex to be used is preferably about 1.0 mol 

to about 1.2 mol per l'mol of the compound of the formula (5), 

and the amount of the alkali metal hydride (e.g., sodium 

hydride) 	is also preferably about 1.0 mol to about 1.2 mol, per 

1 mol of the compound of the formula (5). 

35 As the reaction solvent, ethers and hydrocarbons can be 
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used, of which tetrahydrofuran is preferable. 

The reaction temperature is preferably -78°C to 0°C. 	The 

reaction time is generally about 30 min. 

[0112] 

5 Step 	(d) 

As the reaction solvent for producing an acid halide, an 

acetic acid ester is preferable, and as the halogenating agent, 

thionyl chloride or oxalyl chloride is preferable. 	As the 

additive, N,N-dimethylformamide (DMF) and N-methylpyrrolidone 

/o (NMP) 	are preferable. 

The amount of the halogenating agent to be used is 

preferably about 1.0 mol to about 1.5 mol, per 1 mol of the 

compound of the formula (4). 

/5 

The reaction temperature is between 0°C and 45°C, 

preferably 10°C to 30°C. 	The reaction time is generally about 

30 min to about 2 hr. 

[0113] 

Step 	(e) 

A diester derivative represented by the formula (8) is 

20 obtained by reacting acid halide (6) obtained in step (d) with 

amidinophenol derivative (7) preferably in the presence of a 

base. 	As the reaction solvent, acetonitrile is preferable. 

As the base, organic bases such as pyridine, 

triethylamine, diisopropylethylamine, lutidine and the like can 

25 be mentioned. 	As the base, pyridine is preferable. 	The amount 

of the base to be used is generally about 2.0 mol to about 3.0 

mol, per 1 mol of acid halide (6). 

The amount of the amidinophenol derivative (7) to'be used 

is generally preferably about 1.0 mol to about 1.2 mol, per 1 

30 mol of the acid halide (6). 

The reaction temperature is between -60°C and 30°C, 

preferably -25°C to 10°C. 	The reaction time is generally about 

30 min. 

A diester derivative (8) can be crystallized as a TFA 

35 salt from the reaction system by adding trifluoroacetic acid 
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(TFA) and water dropwise to the reaction mixture, and can be 

isolated and purified by filtration separation. 	The amount of 

TFA to be used is generally about 2.0 mol to about 3.0 mol, per 

1 mol of acid halide (6). 

s The temperature of dropwise addition and crystallization 

is preferably 0°C to 20°C. 	The crystallization time is 

generally about 2 to about 24 hr. 

The precipitated diester derivative (8) or a salt thereof 

can be conveniently isolated and purified by filtration. 

10 [0114] 

Step 	(f) 

A heteroarylcarboxylic acid ester derivative represented 

by the formula (9) is obtained by deprotecting the diester 

derivative (8) obtained in step (e) under acidic conditions. 

15 As the acid to be used for the reaction, HCl, HBr, 

sulfuric acid, methanesulfonic acid, trifluoroacetic acid and 

the like can be mentioned. 	Preferred is HCl. 

As the reaction solvent, 1,4-dioxane and acetone are 

preferable, and as the additive, water is preferably added. 

20 The reaction temperature is preferably 10°C to 60°C. 	The 

reaction time is generally about 6 hr to about 24 hr. 

By the reaction, a heteroarylcarboxylic acid ester 

derivative can be crystallized and isolated by filtration. 

[0115] 

25 The term "reaction system" means a reaction mixture after 

performing a reaction or a reaction mixture obtained by 

filtering an insoluble material (e.g., catalyst and the like) 

off from a reaction mixture. 

[0116] 

30 The compounds of the formula (1) and the formula (5) can 

be produced by a method known per se. 

[0117] 

The present invention also provides the following 

intermediate to be used for the method of the present invention. 

35 A compound represented by the following formula (20), or 
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a chemically acceptable salt thereof: 

[0118] 

0. 
A 	S  
P 	

9 , 	R7a 	R6a 

PO 
[0119] 

5 wherein Pea  is a methyl group, an ethyl group, an isopropyl 

group or an n-butyl group, and 

R6a and R7a  are the same and are methyl groups or ethyl groups, 

or R6a  and R7a  form a cyclopropane ring, a cyclobutane ring or a 

cyclopentane ring together with a carbon atom bonded thereto. 

/o [0120] 

As a preferable embodiment of the compound represented by 

the formula (20), the following compounds can be mentioned. 

Compounds having the following structures, or chemically 

acceptable salts thereof. 

/5 [0121] 

0 	0 	0 	0 	0 0 	0 	0 

Mee 	1
5

O'Bu 	BO 	\ 	OIB 	40,r0 	k :otBu- 	93'10 	\ 	°tau 

0 	0 	0 	0 	0 0 	0 	0 

OtBu 	. 	, Me0 	/ 	OIEW 	00 	41,„vm 

0 	O. 	0: 	0 0 

* OtEW 	"BuO 	
. 	

44  OIEW 

O. 	9: 0 a 
MeCiA tFM(1  'E  ° 	

WOU: 	*0 nI3110 	 OtEW 0 u  

'0; 	
o0

0 	0 
A....,)-$.:.:i 	o 	a 	0 .. 	o i 

,s, ,-:.. )v13 	Eta 	tif 	A '0 BU 	I 	_ E 	,$, -11. WO Ur AL 	u 	 PrO Ver HAL OIBu :n°"°)Iiinettl.  

o 	0- 	0 	0 	a 0; 	P 	0 
Met). 	Otu 	EC.15! 0 B 	'PrO  (au 	natiO 	lit  (Au 

[0122] 

Compounds having the following structures, or chemically 

acceptable salts thereof. 

20 [0123] 

0 	0 	0 	0 	0 0 	0 	0 
Me0)CO"XkOlBu EtCrkfrktelau 1 PrO 	\ \ 	/ OtBu 	"BOB' 	(ABM 
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[0124] 

Compounds having the following structures, or chemically 

acceptable salts thereof. 

[0125] 

0 	P 	- 	o_ 	o 	o o 	0 	o 	0 	0 
MeOjCenc 019u 	lie0A"CreOlBil wo ots 	meoNcy eegu. 	Me0-1 0tBli 

[0126] 

A compound represented by the following formula (10), or 

a chemically acceptable salt thereof. 

[0127] 

0 
s. 

\ 	
0 - 

10 OM 

[0128] 

A compound represented by the following formula (21), or 

a chemically acceptable salt thereof. 

[0129] 

0 
sa 

HO 	\ 	 0 / 	
R7a 	R 

15 (2M) 

[0130] 

wherein Rya  is a methyl group, an ethyl group, an isopropyl 

group, a tert-butyl group or an n-butyl group, 

Pea  and R7a  are the same and are methyl groups or ethyl groups, 

20 or R6a  and R7a  form a cyclopropane ring, a cyclobutane ring or a 

cyclopentane ring together with a carbon atom bonded thereto. 

[0131] 

As a preferable embodiment of the compound represented by 

the formula (21), the following compounds can be mentioned. 

25 Compounds having the following structures, or chemically 

acceptable salts thereof. 

[0132] 
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0 	0 	0 	0 	0 	0 	 0 	0 
HO 	

s/ 
	OMe 	lHOtS/,..OEt 	HO 	°'13r HO 	\ / 	0 Bu 	/ 

	

CI 
 i

s 	° 	 0 	° 	
0 	

HO 	
0  

HO 	/ 	OMe 	 Et  HO)CeiredPr 	l 	0tBu HO 	\ / ca-..,61C. 	(7,81, n  
\ / 	 0 Bu 

0 	0 	0 	0 	0 	 0 	O. 	0 	0 0 
HO 	\ 	OMe 	HO 	/ 	OEt 	H 	\ 	013r HO 	OtBu 	HO 	093u 

0 	0 	0 	0 	0 	0 	0 	0 	0 	0 
HO 	1 i 	OM 	HO 	1 	° 	HO)  ‘in'A-01Pr HC sctyH'X.  `OSP Haittrit'Ol'Bu 

0 	0 	0 	0 	0 	Ct 	 0 
18/ 	°Me 	HOjiSiZA0Et 	Ho 	8 	dp 	HO

0 
 ‘r3/ 	0 B 	Ho 	

‘,
S
i, 
	ongu  v  / 	r 

[0133] 

Compounds having the following structures, or chemically 

acceptable salts thereof. 

s [0134] 

0 	0 	0 	0 	0 	o 	o 	o 	o 	o 
HO 	OMe 	HO 	IS. 	OEt HO 	OlPr H 	is 	eau 	El 	 OnBu 

[0135] 

Compounds having the following structures, or chemically 

acceptable salts thereof. 

/o [0136] 

o 	o 	o 	o 	o 	0 	o 	o 	o 	0 
HO 	/ 	OtBu 	HO -le5.."-611-0tB 	HO \ / 	u 	 OlBu HCriCerepttl HO 	‘8/ 	OtBu 

[0137] 

A compound represented by the following formula (11), or 

a chemically acceptable salt thereof. 

/5 [0138] 

0  

HO 	

\`(11;):  

Examples 

[0139] 

While the present invention is explained in detail in the 

20 following by referring to Examples, the present invention is 

not limited to the following Examples. 
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(Analysis conditions) 

The analysis in the following Examples was performed 

using the following measuring apparatus and according to a 

conventional method. 

5 (1) 1H-NMR 

apparatus: Avance III 400, manufactured by Burker 

(2) high performance liquid chromatography (HPLC) 

HPLC: LC-2010AHT (manufactured by Shimadzu Corporation) 

column used: InertSustain C18 9 4.6 mmx150 mm, particle size 3 

10 pm (manufactured by GL-Sciences) 

detection wavelength: UV 254 nm 

column temperature: 40°C 

injection volume: 10 pL 

analysis time: 18 min 

15 flow rate: 	1.5 mL/min 

eluent: solution A: water/trifluoroacetic acid mixed solution 

(1000:1) 

solution B: acetonitrile/trifluoroacetic acid mixed solution 

(1000:1) 

20 gradient: 	0 min: 20%B, 	0-*13 min: 	20->90%B, 	13-315 min: 	90%B, 

15-315.1 min: 	90-320%B, 	15.1-3.18 min: 	20%B 

The yield in each step of synthesis is a value calculated 

based on the HPLC area value of the standard product. 

[0140] 

25 (Example 1) 

Synthesis of 5-(2-tert-butoxycarbony1-2-methylpropyl)thiophene- 

2-carboxylic acid methyl ester 

[0141] 

DMA, n-BuLt, THE 	0 C) 
A 	

. 

fl,--, 	
10  --0- 	‘If 	Br 	C) 	 11 	

O 

-78 °C 
r 	

1 

30 [0142] 

To a solution of diisopropylethylamine 	(46.8 mL, 	1.87 eq) 

in tetrahydrofuran (THF, 169 mL) was added dropwise n-BuLi 
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(95.1 mL, 	1.75 eq, 	2.65 M in hexane) 	at -78°C over 5 min, and 

the mixture was directly stirred for 15 min. 	Thereafter, 2-

bromo-2-methylpropanoic acid tert-butyl ester (43.8 mL, 1.63 

eq) was added dropwise, and the mixture was directly stirred 

s for 30 min. 	Thereafter, a solution of 5-bromomethylthiophene- 

2-carboxylic acid methyl ester in cyclopentyl methyl ether 

(CPME) 	(gross 95.43 g, net 33.86 g, 	144.0 mol) was added and 

the mixture was stirred for 1 hr. 	Water (169 mL) was added, 

and the mixture was extracted with heptane (339 mL), washed 

io with a mixture of ethanol (112 mL) and water (223 mL), and 

concentrated to give the title compound (gross 59.28 g, net 

37.10 g) 	(yield 86.3%). 

lli NMR 	(400 MHz, 	Chloroform-d) 	6 7.62 	(d, 	J = 3.8 Hz, 	1H), 	6.79 

is 

(d, 	J = 	3.8 	Hz, 	1H), 	3.85 	(s, 	3H), 	3.04 	(s, 	2H), 	1.45 	(s, 	9H), 

1.18 	(s, 	6H). 

[0143] 

(Example 2) 

Synthesis of 5-(2-tert-butoxycarbony1-2-methylpropyl)thiophene- 

2-carboxylic acid 

20 [0144] 

O 	O 	 NaOH aq 	0 
s 

k 	 Et0H, 30 °C 	11 	\ i 

[0145] 

25 To 5-(2-tert-butoxycarbony1-2-methylpropyl)thiophene-2-

carboxylic acid methyl ester (gross 59.28 g, net 37.10 g, 124.3 

mmol) were added water 	(80.2 mL) 	and ethanol 	(111.3 mL), and 6 

N NaOH aqueous solution (31.1 mL, 1.5 eq) was added and the 

mixture was stirred at 30°C for 16 hr. 	After completion of the 

30 reaction, and the mixture was neutralized with 6 N HC1 (31.1 mL, 

1.5 eq), and extracted with cyclohexane 	(371 mL). 	After 

washing with a mixture of ethanol (122 mL) and water (245 mL), 

activated carbon (1.86 g) was added. 	After stirring at 25°C 

for 22 hr, activated carbon was removed by celite filtration, 
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and concentration under reduced pressure and dropwise addition 

of heptane (371 mL) were performed. 	The mixture was heated to 

60°C, cooled to 20°C, 	stirred for 30 min, and then cooled to 5°C. 

After stirring for 20 hr, the precipitated crystals were 

s collected by filtration, washed with cold heptane 	(74.2 mL, 

10°C), and dried under reduced pressure at 50°C to give the 

title compound 	(22.74 g) 	(yield 64.3%). 

111 NMR 	(400 MHz, 	Chloroform-d) 	6 7.70 	(d, 	J = 3.8 Hz, 	1H), 	6.83 

10 

(d, 	J = 3.8 	Hz, 	1H), 	3.06 	(s, 	2H), 	1.46 	(s, 	9H), 	1.19 	(s, 	6H). 

[0146] 

(Example 3) 

Synthesis of 5-(2-tert-butoxycarbony1-2-methylpropyl)thiophene- 

2-carboxylic acid 

[0147] 

i — _S 	Na 0-1  ecH 0 
Na0kir  

	

0 	L. 

	

cr,c, 	0,0eq) 
. 	 0 LDA(105eq) 	Be  

fr....B.,. 	
tz 

Ills  ok HO-  Thr 
H0 

THF, rt - 	130  78°C 
15 

[0148] 

A mineral oil dispersion of NaH (NaH concentration 60 

mass%, 840 mg) was suspended in THF (19.9 mL), and a solution 

of 5-methylthiophene-2-carboxylic acid (2.84 g, 20.0 mmol) in 

20 THF (11.3 mL) was added dropwise at room temperature. 	The 

mixture was heated to 60°C and stirred for 10 min, cooled again 

to room temperature, and diisopropylamine 	(3.1 mL, 1.1 eq) was 

added. 	After cooling to 0°C, n-BuLi 	(10.5 mL, 	1.05 eq, 	in 2.0 

M cyclohexane) was added dropwise, and the mixture was directly 

25 stirred for 10 min. 	After cooling to -78°C, 2-bromoisobutyric 

acid tert-butyl ester (3.72 mL, 20.0 mol) 	was added and the 

mixture was stirred for 30 min. 	After warming to 0°C, 6 N HC1 

(11.7 mL, 	3.5 eq) 	and heptane 	(28.4 mL) were added, and the 

mixture was stirred at 0°C for 1 hr. 	The resulting solid was 

30 collected by filtration, the mother liquor was washed with 

water (17 mL), and the solvent (about 25 mL) was evaporated 

under reduced pressure. 	Heptane (28.4 mL) was added, and the 

mixture was washed with methanol/water =2/3 (volume ratio, 17 
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mL) and methanol/water =7/8 	(volume ratio, 	17 mL), and the 

solvent (about 60 mL) was evaporated under reduced pressure. 

Heptane (28.4 mL) and activated carbon (142 mg) were added, and 

the mixture was heated to 60°C and stirred for 1 hr. 	Activated 

s carbon was removed by celite filtration, and the filtrate was 

concentrated under reduced pressure to give about 30 mL of a 

solution, which was stirred at room temperature for 1 hr. 

Thereafter, the solution was cooled to 10°C, and stirred for 16 

hr. 	The precipitated crystals were collected by filtration, 

10 washed with cold heptane (2.8 mL, 	10°C), and dried under 

reduced pressure at 40°C for 6 hr to give the title compound 

(2.44 	g) 	(yield 42.9%). 

1H NMR 	(400 MHz, 	Chloroform-d) 	6 7.71 	(d, 	J = 3.8 Hz, 	1H), 	6.83 

15 

(d, 	J = 3.8 	Hz, 	1H), 	3.06 	(s, 	2H), 	1.46 	(s, 	9H), 	1.19 	(s, 	6H). 

[0149] 

(Example 4) 

Synthesis of 5-(2-tert-butoxycarbony1-2-methylpropyl)thiophene- 

2-carboxylic acid 4-carbamimidoyl-2-fluorophenyl ester 

[0150] 

OH MIT 

0 
0 	0 	1) SO a2, Ac0a, DMF 2) H2N 	NH 	J'Ir, Me 0  N 
HONYA% 

°-6"-k° 3) IFA 
TM 

20 HA NH 

[0151] 

To a solution of 5-(2-tert-butoxycarbony1-2- 

methylpropyl)thiophene-2-carboxylic acid (2.84 g) 	in ethyl 

acetate (AcOEt, 11.4 mL) were added dropwise N,N- 

25 dimethylformamide (DMF, 284 pL) and thionyl chloride 	(1.1 mL, 

1.5 eq) 	at 25°C, and the mixture was stirred at 25°C for 30 min. 

The production of acid chloride was confirmed, and the reaction 

solution was concentrated, and acetonitrile (MeCN, 	8.5 mL) was 

added. 	This solution was added dropwise to a suspension of 

30 ammonia-hydrogen chloride mixture of 3-fluoro-4- 

hydroxybenzamidine 	(2.26 g, 	1.1 eq) 	in acetonitrile 	(17.0 mL) 

at 0°C. 	After the completion of the dropwise addition, 
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pyridine 	(2.0 mL, 	2.5 eq) 	was added. 	After 30 min, water 	(25.6 

mL) 	and trifluoroacetic acid (TFA, 1.9 mL, 2.5 eq) 	were added 

dropwise at 15°C. 	After crystallization, water (25.6 mL) was 

added, and the mixture was stirred at 10°C overnight. 	The 

s precipitated crystals were collected by filtration, washed with 

water (5.7 mL), and dried under reduced pressure at 50°C to 

give the title compound (4.83 g) 	(yield 90.4%). 

IH NMR 	(400 MHz, 	DMSO-d6) 	5 9.57 	(s, 	2H), 	9.45 	(s, 	2H), 	8.02 - 

10 

	

7.91 	(m, 	2H), 	7.81 - 	7.73 	(m, 	2H), 	7.09 	(d, 	J = 3.8 	Hz, 	1H), 

	

3.13 	(s, 	2H), 	1.42 	(s, 	9H), 	1.15 	(s, 	6H). 

[0152] 

(Example 5) 

Synthesis of 3-[5-(4-carbamimidoy1-2-fluorophenoxy)carbony1-2-

thieny1]-2,2-dimethylpropanoic acid hydrochloride 

15 [0153] 

0 	 0 	0 S'  
/ 	 HOUdicocane 	0 	\S./ 	OH 

®H2° 	IP 
TFA, 

H2N 	NH 	 H2N 	NH
HCI  

[0154] 

To a suspension of 5-(2-tert-butoxycarbonyl-2-

methylpropyl) thiophene-2-carboxylic acid 4-carbamimidoyl-2- 

20 fluorophenyl ester (3.21 g) 	in 1,4-dioxane 	(9.6 mL) were added 

4 M HC1/1,4-dioxane 	(9.6 mL) and Milli Q water (96 }IL), and the 

mixture was stirred at 50°C for 15 hr. 	After the reaction, the 

slurry was filtered, and the solid collected by filtration was 

washed with acetone (6.4 mL), and dried under reduced pressure 

25 at 50°C to give the title compound (2.26 g) 	(yield 92.1%). 

IH NMR 	(400 MHz, 	DMSO-d6) 	5 12.58 	(s, 	1H), 	9.62 	(s, 	2H), 	9.47 

(s, 	2H), 	8.08 	- 	7.90 	(m, 	2H), 	7.87 	- 	7.71 	(m, 	2H), 	7.09 	(d, 	J = 

3.8 	Hz, 	1H), 	3.14 	(s, 	2H), 	1.17 	(s, 	6H). 

[0155] 

30 (Example 6) 

Purification of 3-[5-(4-carbamimidoy1-2-fluorophenoxy)carbonyl- 
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2-thieny1]-2,2-dimethylpropanoic acid hydrochloride 

[0156] 

0 	0 	 0 	c) 
S 

/ 	OH 	Me0H/AcOEt O 	1 / 	OH  

lb 
F 

recrystallization 
HCI 	 HCI 

H2N 	NH 	 H2N 	NH 
[0157] 

5 The crude crystals (1.50 g) obtained in Example 5 were 

dissolved by adding a mixed solvent 	(21.0 mL) of Me0H/AcOEt=1/1, 

Milli Q water (45 pL) 	and methanol 	(1.5 mL). 	Thereafter, 

concentration substitution with ethyl acetate was performed 

(total 37.5 mL of ethyl acetate was used). 	The precipitated 

/o crystals were collected by filtration, washed with ethyl 

acetate (6.0 ml), and dried under reduced pressure at 50°C to 

give the title compound (1.42 g) 	(yield 96.6%). 

IH NMR 	(400 MHz, 	DMSO-d6) 	5 12.56 	(s, 	1H), 	9.54 	(s, 	2H), 	9.36 

(s, 	2H), 	8.10 	- 	7.87 	(m, 	2H), 	7.84 	- 	7.68 	(m, 	2H), 	7.09 	(d, 	J = 

/5 3.8 	Hz, 	1H), 	3.14 	(s, 	2H), 	1.16 	(s, 	6H). 

Industrial Applicability 

[0158] 

Using the production method of the present invention, the 

object compound, a heteroarylcarboxylic acid ester derivative, 

20 can be produced in a high yield and with high purity. 	The 

compound of the formula (20), the compound of the formula (10), 

the compound of the formula (21), the compound of the formula 

(11), the compound of the formula (8), and the compound of the 

formula (15) are useful as intermediates for producing a 

25 heteroarylcarboxylic acid ester derivative (9). 

[0159] 

This application is based on patent application No. 2014- 

48091 filed in Japan, the entire contents of which are 

incorporated by reference herein. 
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CLAIMS 

1. A production method of an ester derivative represented by 

the formula (4), or a chemically acceptable salt thereof: 

0 0 

HO 

R7  Re  
1:e ._ 

5 MI 

wherein R2'and R3  are the same or different and each is 

independently a hydrogen 

R5  is a tert-butyl group, 

atom or a lower alkyl group, 

R6  and R7  are the same or different and each is independently a 

/0 hydrogen atom or a lower alkyl group optionally having a 

substituent(s), or R6  and R7  form a C3-8 cycloalkane ring 

together with a carbon atom bonded thereto, 

the method comprising the following steps 	(g) 	and 	(h): 

(g) reacting a compound represented by the formula (1) and a 

is compound represented by the formula (2) 	in the presence of (A) 

an alkyllithium or (B) a lithium complex prepared from an 

organic amine and an alkyllithium to give a compound 

represented by the formula (3): 

O 
Fik 

.!... 

(1) 
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SO 2  

R7  

(2) 

O 
4 

R7 Re 

R 
(3) 

wherein R1  is a halogen atom, 
4 R 	is a methyl group, an ethyl group, an isopropyl group or an 

5 n-butyl group, 
12 	• R 	is a hydrogen atom or a halogen atom, and 

other symbols are as defined above, and 

(h) hydrolyzing the compound represented by the formula (3) 

with a metal hydroxide in a solvent containing water and an 

/0 alcohol to give an ester derivative represented by the formula 

(4), 	or .a chemically acceptable salt thereof. 

2. The production method according to claim 1, wherein the 

alkyllithium is n-butyllithium. 

15 

3. A production method of an ester derivative represented by 

the formula (11), or a chemically acceptable salt thereof: 

0 	 0 

HO 	
\ / 

01) 

the method comprising the following steps 	(k) 	and 	(1): 

20 (k) reacting a compound represented by the formula (12) with a 

compound represented by the formula (13) 	in the presence of 	(A) 
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n-butyllithium or (B) a lithium complex prepared from an 

organic amine selected from diisopropylamine and 

diisopropylethylamine, and n-butyllithium to give a compound 

represented by the formula (10): 
0 

/ 

5 (12) 
0 

-----N-, 
B 

(13) 

(10) , and 

(1) hydrolyzing the compound represented by the formula (10) 

with a metal hydroxide selected from sodium hydroxide, lithium 

/0 hydroxide and potassium hydroxide in a solvent containing water 

and an alcohol to give an ester derivative represented by the 

formula (11), or a chemically acceptable salt thereof. 

4. A production method of an ester derivative represented by 

is the formula (4), or a chemically acceptable salt thereof: 

0 	 O.  

HO 
5 

(4) 

wherein R2  and R3  are the same or different and each is 

independently a hydrogen atom or a lower alkyl group optionally 

having a substituent(s), 
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R5 	• R 	is a lower alkyl group, and 

R6  and R7  are the same or different and each is independently a 

hydrogen atom or a lower alkyl group optionally having a 

substituent(s), or R6  and R7  form a C3-8 cycloalkane ring 

5 together with a carbon atom bonded thereto, 

the method comprising step (m): 

(m) reacting a compound represented by the formula (5) with a 

compound represented by. the formula (2) using a base to give an 

ester derivative represented by the formula (4), or a 

10 chemically acceptable salt thereof: 

HO 

(5) 

R12  R5  ...,. 

R7 
Re  

(2) 
wherein Ru  is a halogen atom, and 

other symbols are as defined above. 

15 

5. A production method of an ester derivative represented by 

the formula (11), or a chemically acceptable salt thereof: 

0 0 

HO 
‘c. 	/ 

(11  ) 
the method comprising step (n): 

20 (n) reacting a compound represented by the formula (14) with a 

compound represented by the formula (13) using sodium hydride 

and lithium diisopropylamide to give an ester derivative 
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represented by the formula (11), or a chemically acceptable 

salt thereof: 

HO \ 	/ 

(14) 

CI 

(13) 	. 
5 

6. A production method of a heteroarylcarboxylic acid ester 

derivative represented by the formula (9), or a chemically 

acceptable salt thereof: 

NH2 Rs  

HN 

1  

iillp 

OH 
/ 

R7  R6  
R2  

(9) 

io wherein R2  and R3  are the same or different and each is 

independently a hydrogen atom or a lower alkyl group optionally 

having a substituent(s), 

R6  and R7  are the same or different and each is independently a 

hydrogen atom or a lower alkyl group optionally having a 

15 substituent(s), or R6  and R7  form a C3-8 cycloalkane ring 

together with a carbon atom bonded thereto, and 

R8, R9, 	R1°  and R11  are the same or different and each is 

independently a hydrogen atom or a halogen atom, 
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the method comprising the following steps 	(o) to (q): 

(o) reacting the compound represented by the formula (4) with a 

halogenating agent to give an acid halide represented by the 

formula 	(6): 

0 

HO ...- R5  

/ 	R7  R6  

R 

5 (4) 

R5  
1. 

R7  R6  

R2  

(6)11.  

wherein R5  is a lower alkyl group, 

X is a halogen atom, and 

other symbols are as defined above, 

/o (p) reacting the acid halide represented by the formula (6) 

with a compound represented by the formula (7) to give a 

compound represented by the formula (8), or a chemically 

acceptable salt thereof: 

NH2 W 

HN 
• IR11  OH 

io 
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NH2  

Rs 
HN 0 

S. 5 R1,1 

FV° 
\ / Ag 	138' 

R 

(8)  
wherein the symbols are as defined above, and 

(q) deprotecting the compound represented by the formula (8), 

or a chemically acceptable salt thereof under acidic conditions 

5 to give a heteroarylcarboxylic acid ester derivative 

represented by the formula (9), or a chemically acceptable salt 

thereof. 

7. A production method of a heteroarylcarboxylic acid ester 

/0 derivative represented by the formula (9), or a chemically 

acceptable salt thereof: 

NH2 	R8  

R9  
HN 

OH 
R7  R6  

2 

(9)  
wherein R2  and R3  are the same or different and each is 

independently a hydrogen atom or a lower alkyl group optionally 

15 having a substituent(s), 

R6  and R7  are the same or different and each is independently a 

hydrogen atom or a lower alkyl group optionally having a 

substituent(s), or R6  and R7  form a 03-8 cycloalkane ring 

together with a carbon atom bonded thereto, and 

20 R6, R9, Rl°  and R11  are the same or different and each is 

independently a hydrogen atom or a halogen atom, 
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the method comprising the following steps 	(r) 	to 	(t): 

(r) reacting a compound represented by the formula (4) with 

thionyl chloride or oxalyl chloride to give an acid chloride 

represented by the formula (16): 

0  

S_ 
r

R5 
HP 

\ 
R7  Re.  

5 

R? , 

(4 
. 
) 

5  
K, 

I 

R7  FRP 

(I -6),  
wherein Fe is a lower alkyl group, and 

other symbols are as defined above, 

(s) reacting the acid chloride represented by the formula (16) 

10 with a compound represented by the formula (7) in the presence 

of an organic base to give a compound represented by the 

formula 	(8), 	or a chemically acceptable salt thereof: 

NH2 	..W,  

HN 

R1'1  OH 

RV' 
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NH7 R8 

HN 

140 

7 R6 

R2  

(81 
wherein each symbol is as defined above, and 

(t) deprotecting the compound represented by the formula 	(8), 

or a chemically acceptable salt thereof with HC1, HBr, sulfuric 

5 acid, methanesulfonic acid or trifluoroacetic acid to give a 

heteroarylcarboxylic acid ester derivative represented by the 

formula 	(9), or a chemically acceptable salt thereof. 

8. A production method of a heteroarylcarboxylic acid ester 

/0 derivative represented by the formula (17), or a chemically 

acceptable salt thereof: 

NH2  

HN 
41 

/ 
OH 

(17) 
the method comprising the following steps (u) to (w): 

(u) reacting a compound represented by the formula (11) with 

is thionyl chloride to give an acid chloride represented by the 

formula 	(18): 

0 

HO \  
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S. 
CI 

Ili i 

(18) , 

(v) reacting the acid chloride represented by the formula (18) 

with a compound represented by the formula (19) in the presence 

of pyridine to give a compound represented by the formula (15), 

5 or a chemically acceptable salt thereof: 

NH2 

HN 

MP 
OH 

F 

(19) 

\ 	/ 

IS 

H2N NH 

(15) , and 

(w) deprotecting a compound represented by the formula (15), or 

a chemically acceptable salt thereof in the presence of HC1 to 

/0 give a heteroarylcarboxylic acid ester derivative represented 

by the formula (17), or a chemically acceptable salt thereof. 

9. A compound represented by the following formula (20), or a 

chemically acceptable salt thereof: 
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R4a N 

\ 	7R 	Rea 

(20) 

wherein R" is a methyl group, an ethyl group, an isopropyl 

group or an n-butyl group, 

R6a  and R7a  are the same and are methyl groups or ethyl groups, 

5 or R6a  and R7a  form a cyclopropane ring, a cyclobutane ring or a 

cyclopentane ring together with a carbon atom bonded thereto. 

10. The compound according to claim 9, wherein R6a  and R7a  are 

methyl groups, or a chemically acceptable salt thereof. 

10 

11. The compound according to claim 9, wherein R4a  is a methyl 

group, or a chemically acceptable salt thereof. 

12. A compound represented by the following formula (10), or a 

/5 chemically acceptable salt thereof: 

0 0 

\ 	/ 

13. A compound represented by the following formula (21), or a 

chemically acceptable salt thereof: 

0 	 0 

R5a 

HO 	
\ 	7 	

Wa 	Rea  

20 (21) 

wherein R5a  is a methyl group, an ethyl group, an isopropyl 

group, a tert-butyl group or an n-butyl group, 

R6a  and R7a  are the same and are methyl groups or ethyl groups, 
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or R6a  and R7a  form a cyclopropane ring, a cyclobutane ring or a 

cyclopentane ring together with a carbon atom bonded thereto. 

14. The compound according to claim 13, wherein R6a  and R7a  are 

5 methyl groups, or a chemically acceptable salt thereof. 

15. The compound according to claim 13, wherein Rya  is a tert- 

butyl group, or a chemically acceptable salt thereof. 

10 16. A compound represented by the following formula 	(11), or a 

chemically acceptable salt thereof: 

0 C) 

HO \ 	/ 

(11) • 

17. A compound represented by the following formula 	(8), or a 

/5 chemically acceptable salt thereof 

NH2 	R8  

HN 

1 

so Fe 

R5 

0 R7 Rs 

R2  

(8) 
wherein R2  and R3  are the same or different and each is 

independently a hydrogen atom or a lower alkyl group optionally 

having a substituent(s), 

20 R5  is a lower alkyl group, 

R6  and R7  are the same or different and each is independently a 

hydrogen atom or a lower alkyl group optionally having a 

substituent(s), or R6  and R7  form a C3-8 cycloalkane ring 

together with a carbon atom bonded thereto, and 
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R8, R9, Rl°  and R11  are the same or different and each is 

independently a hydrogen atom or a halogen atom. 

18. The compound according to claim 17, wherein, in the formula 

s. (8), R2  and R9  are hydrogen atoms, and 

R6  and R7  are the same or different and each is independently .a 

methyl group, an ethyl group or a propyl group, or R6  and R7  

form a cyclopropane ring, a cyclobutane ring or a cyclopentane 

ring together with, a carbon atom bonded thereto, or a 

/o chemically acceptable salt thereof. 

19. A compound represented by the following formula (15), or a 

chemically acceptable salt thereof: 

0  0 

\ 	/ 

1101  

H2 N 	NH 

(15) . 
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