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METHODS FOR SYNTHESIZING 1H-FURO[3,2-B]IMIDAZO[4,5-

D]PYRIDINE COMPOUNDS 

 

TECHNICAL FIELD 

The present invention relates to the field of pharmaceutical synthesis, in particular to methods for 

synthesizing 1H-furo[3,2-b]imidazo[4,5-d]pyridine compounds. 

 

BACKGROUND 

1H-furo[3,2-b]imidazo[4,5-d]pyridine compounds are highly selective JAK1 and TYK2 inhibitors 

that selectively inhibit the activity of one or more protein kinases relative to other related kinases. 

Therefore, they are expected to be used in the treatment of diseases mediated by the selectively 

inhibited kinase or kinases while avoiding the adverse side effects associated with the inhibitions 

of other kinases, e.g., for the treatment of disorders associated with the activity of JAK1/TYK2, 

such as autoimmune diseases or disorders, or inflammatory diseases or disorders, as well as cancers 

or tumor or disorders. 

Methods for synthesizing such compounds in the prior art have the problems of high cost and 

complex operation, so the methods are not suitable for industrial scale (WO 2018/067422 A1, WO 

2020/244348 A1 and WO 2020/244349 A1). In light of this, there is a need to develop a method 

for synthesizing 1H-furo[3,2-b]imidazo[4,5-d]pyridine compounds, which has the advantages of 

high yield, fewer impurities, easy control, cost saving, and simple operation, and is thus suitable 

for industrial scale. 

SUMMARY 

In view of the above problems existing in the prior art, the purpose of the present invention is to 

provide methods for synthesizing 1H-furo[3,2-b]imidazo[4,5-d]pyridine compounds, which save 

the cost, and are simple and convenient to operate, thus are suitable for industrial scale. 

In order to achieve the above purpose, the technical solutions adopted by the present invention are 

as follows. 

A method for synthesizing 1H-furo[3,2-b]imidazo[4,5-d]pyridine compounds (hereinafter referred 

to as "synthesis route 1", comprises the following steps of: 

step 1: 

 

 ratio of compound 1 to the compound 2 is from 1:0.8 to 1:1.2, for example, 1:0.8, 1:0.9, 1:1, 1:1.01, 

1:1.05, 1:1.1, and 1:1.2; 
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when the compound 2 is in the form of hydrochloride, the molar ratio of compound 1 to the base 

is from 1:2 to 1:2.5, preferably from 1:2.1 to 1:2.3, more preferably from 1:2.2 to 1:2.25, and most 

preferably from 1:2.2 to 1:2.23; 

when the compound 2 is in a salt-free form, the molar ratio of compound 1 to the base is from 1:1 

to 1:1.5, and preferably from 1:1.1 to 1:1.3; 

the mass-to-volume ratio (g/mL) of compound 1 to the solvent is from 1:9 to 1:10;  

the reaction of the step 1 is optionally carried out under the protection of an inert gas (such as 

nitrogen); 

the reaction is carried out at the temperature of 50-80°C, and lasts for 16-22 hours; and 

after the reaction is completed, the reaction solution is cooled, stirred and filtered, and the filter 

cake is washed and dried to obtain the compound 3 (for example, after the reaction is completed, 

the reaction solution is cooled to 20-30°C, water is added to the solution and the solution is stirred 

at 20-30℃ for 0.5-2 hours, then cooled to 0-15°C and stirred at 0-15℃ for 2-4 hours, then filtered, 

and the filter cake is washed and dried to obtain the compound 3). 

According to the embodiments of the present invention, in the step 2, 

the reducing agent used in the reduction reaction is a nitro-reducing agent other than H2/Pd; 

the reducing agent used in the reduction reaction is Fe/acetic acid, or B2(OH)4, or SnCl2; 

when the reducing agent is Fe/acetic acid, the solvent used in the reduction reaction is acetonitrile; 

the molar ratio of compound 3 to Fe is from 1:6 to 1:9, and the molar ratio of compound 3 to the 

acetic acid is from 1:12 to 1:14; and a mass-to-volume ratio (g/mL) of the compound 3 to the 

solvent is from 1:4 to 1:10, and preferably from 1:5 to 1:9; and  

when the reducing agent is B2(OH)4, the solvent used in the reduction reaction is a mixed solvent 

of water and methanol, wherein a volume ratio (mL/mL, or L/L) of water to methanol is from 1:1 

to 9:1, preferably from 3:1 to 5:1, more preferably 4:1; the molar ratio of compound 3 to B2(OH)4 

is from 1:3 to 1:5, and preferably 1:3.5; a mass-to-volume ratio (g/mL) of the compound 3 to the 

solvent is from 1:4 to 1:10, and preferably from 1:5 to 1:9; and B2(OH)4 is added portionwise; 

when the reducing agent is SnCl2, the solvent used in the reduction reaction is ethyl acetate, 

wherein the molar ratio of compound 3 to SnCl2 is from 1:2 to 1:9, and preferably from 1:3 to 1:6; 

and a mass-to-volume ratio (g/mL) of the compound 3 to the solvent is from 1:4 to 1:20, and 

preferably from 1:5 to 1:15; and 

when the reducing agent is B2(OH)4, 4,4'-bipyridine is optionally added; 

the reaction of the step 2 is optionally carried out under the protection of inert gas (such as nitrogen); 

the reaction is carried out at a temperature of 15-90°C, and lasts for 1-18 hours; 

when the reducing agent is Fe/acetic acid, after the reaction is completed, the reaction solution is 

filtered before cooling down, and rinsed with hot acetonitrile. The pH is adjusted to about 6 (for 

example, the pH is adjusted to 6) with sodium citrate solution, and then the pH is adjusted to 8-9 

with K3PO4 solution (for example, 30% K3PO4 solution). After concentration, celite, water and 

ethyl acetate are added to the reaction solution, and the solution is filtered and layered. The 

obtained aqueous phase is extracted with ethyl acetate and the obtained organic phases are 
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combined and washed with sodium citrate aqueous solution and brine respectively. Silica gel and 

anhydrous sodium sulfate are added, and the solution is filtered, washed with ethyl acetate, 

concentrated. Methyl tert-butyl ether is added, and the precipitate is filtered and dried to obtain the 

compound 4; 

when the reducing agent is B2(OH)4, after the reaction is completed, the temperature is reduced to 

35-45°C. Part of the solvent is concentrated under reduced pressure, then the temperature is 

reduced to 0-10°C and the reaction solution is stirred and filtered. The filter cake is rinsed with 

dichloromethane and the filtrate is collected. Sodium bicarbonate is added portionwise and stirred 

at 20-30℃. The system is allowed to settle, then the organic phase is separated and the aqueous 

phase is extracted with dichloromethane. The obtained organic phases are combined, dried with 

anhydrous sodium sulfate. Hydrogen chloride in ethanol solution is dropwise added at 15-25°C 

and stirred with the temperature kept at 15-25℃. Ethyl acetate is dropwise added at 15-25°C and 

stirred with the temperature kept at 15-25℃. The mixture is filtered, then the filter cake is rinsed 

with ethyl acetate, and dried to obtain compound 4 hydrochloride; and 

when the reducing agent is SnCl2, after the reaction is completed, the temperature is reduced to 

room temperature. Sodium bicarbonate is added with an ice bath, then the reaction solution is 

stirred and filtered. The filter cake is rinsed with ethyl acetate, and the filtrate is collected and 

washed for three times with aqueous solution of saturated sodium bicarbonate. The obtained 

organic phases are combined and washed for three times with brine, then the organic phases are 

combined, dried with anhydrous sodium sulfate, filtered, and the filtrate is concentrated under 

reduced pressure to obtain the compound 4. 

According to the embodiments of the present invention, in the step 3, 

the compound 5 is R-lactic acid ( ), and the compound 5' is acetic acid or acetic 

anhydride; 

the ring-closing reaction is carried out in a solvent, wherein the solvent is toluene, dioxane, acetic 

acid, methylcyclohexane or acetic anhydride; 

when the compound 4 is subjected to the ring-closing reaction with R-lactic acid, the molar ratio 

of compound 4 to the R-lactic acid is from 1:4 to 1:30, preferably from 1:4 to 1:20, and more 

preferably from 1:4 to 1:10; and a mass-to-volume ratio (g/mL) of the compound 4 to the solvent 

is from 1:1.5 to 1:40, preferably from 1:1.5 to 1:30, and more preferably from 1:1.5 to 1:15; 

when the compound 4 is subjected to the ring-closing reaction with acetic anhydride or acetic acid, 

the acetic anhydride or the acetic acid act as a reaction reagent and a solvent simultaneously, and 

the mass-to-volume ratio (g/mL) of the compound 4 to the acetic anhydride or the acetic acid is 

from 1:1 to 1:10, and preferably from 1:2 to 1:5; 

an acid catalyst is optionally added in the ring-closing reaction of the compound 4 with the 

compound 5 or the compound 5', wherein the acid catalyst is preferably methanesulfonic acid; 

in the ring-closing reaction between the compound 4 and the compound 5', when the reacting 

reagent/solvent is acetic anhydride, acetic acid (AcOH) or sodium acetate (NaOAc) is optionally 

added; 

in the ring-closing reaction between the compound 4 and the compound 5', when the reacting 

reagent/solvent is acetic acid, sodium acetate (NaOAc) is optionally added; 
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the reaction is carried out at a temperature of 80-120°C, and lasts for 5-24 hours, and preferably 

16-18 hours; and 

after the reaction is completed, the reaction solution is cooled and extracted, the pH is adjusted to 

7-10, and the obtained solid is dried to obtain the compound 6 or the hydrate of the compound 6. 

According to the embodiments of the present invention, the present invention provides a method 

for synthesizing 1H-furo[3,2-b]imidazo[4,5-d]pyridine compound (using "synthesis route 1", used 

for synthesizing compound 6A, 6C or a hydrate thereof, preferably a monohydrate), comprising 

the following steps of: 

step 1: 

 

reacting compound 1 with compound 2 or compound 2 hydrochloride in a solvent in the presence 

of a base to obtain compound 3; 

step 2: 

 

subjecting the compound 3 to a reduction reaction to obtain compound 4 or compound 4 

hydrochloride; and 

step 3: 

 

subjecting the compound 4 or compound 4 hydrochloride to a ring-closing reaction with the R-

lactic acid to obtain the compounds 6A and 6C, or the hydrates thereof. 

According to the embodiments of the present invention, in the method for synthesizing compounds 

6A and 6C or the hydrates thereof, the step 1 and the step 2 are as described above, and in the step 

3, 
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the ring-closing reaction is carried out in a solvent, wherein the solvent is toluene, dioxane, or 

methylcyclohexane, preferably toluene or methylcyclohexane, and more preferably 

methylcyclohexane; 

the molar ratio of compound 4 to R-lactic acid is from 1:4 to 1:30, preferably from 1:4 to 1:20, 

more preferably from 1:4 to 1:10, and most preferably from 1:5 to 1:7; 

a mass-to-volume ratio (g/mL) of the compound 4 to the solvent is from 1:1.5 to 1:40, preferably 

from 1:1.5 to 1:30, more preferably from 1:1.5 to 1:15, and most preferably from 1:1.5 to 1:5; 

the reaction is refluxed with a Dean–Stark apparatus at 87-110°C for 5-24 hours; and 

after the reaction is completed, methanol is added and the methanol layer is separated. Sodium 

hydroxide solution is added with stirring. Hydrochloric acid is dropwise added to adjust the pH to 

about 7. The solvent is removed under reduced pressure, and water is added with stirring. The solid 

is filtered, washed with water, and dried to obtain the compound 6A or 6C (for example, in the 

process of synthesizing the compound 6A, after the reaction is completed, methanol is added, the 

reaction solution is cooled to 20-30°C, methanol is added (for example, 3 times the volume), and 

the resulting mixture is stirred and layered to obtain a methanol layer. The methanol layer is cooled 

to -10 - 0°C, added sodium hydroxide solution, stirred, and dropwise added hydrochloric acid to 

adjust pH to 7, then the solvent is removed under reduced pressure, water is added and the obtained 

system is stirred, filtered, washed with water, and dried to obtain the compound 6A). 

According to the embodiments of the present invention, the present invention provides a method 

for synthesizing 1H-furo[3,2-b]imidazo[4,5-d]pyridine compound (using "synthesis route 1") for 

synthesizing compound 6B or 6D, comprising the following steps of: 

step 1: 

 

reacting compound 1 with compound 2 or compound 2 hydrochloride in a solvent in the presence 

of a base to obtain compound 3; 

step 2: 

 

subjecting the compound 3 to a reduction reaction to obtain compound 4 or compound 4 

hydrochloride; and 

step 3: 
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subjecting the compound 4 or compound 4 hydrochloride to a ring-closing reaction with the acetic 

anhydride and/or acetic acid to obtain the compound 6B or the compound 6D. 

According to the embodiments of the present invention, in the method for synthesizing compound 

6B or 6D, the step 1 and the step 2 are as described above, and in the step 3, 

when the compound 4 is subjected to the ring-closing reaction with acetic anhydride, acetic acid 

or sodium acetate is optionally added, wherein the molar ratio of compound 4 to acetic acid is from 

1:0.1 to 1:0.5, and preferably from 1:0.2 to 1:0.3, for example, 1:0.2; and the molar ratio of 

compound 4 to sodium acetate is from 1:0.2 to 1:1, and preferably from 1:0.4 to 1:0.8, for example, 

1:0.5; 

when the compound 4 is subjected to the ring-closing reaction with acetic acid, sodium acetate is 

optionally added, wherein the molar ratio of compound 4 to sodium acetate is from 1:1 to 1:3, and 

preferably from 1:1.5 to 1:2.5, for example, 1:2; 

when the compound 4 is subjected to the ring-closing reaction with acetic anhydride, the mass-to-

volume ratio of compound 4 to acetic anhydride is from 1:2 to 1:5, and preferably 1:3; 

when the compound 4 is subjected to the ring-closing reaction with acetic acid, the mass-to-volume 

ratio of compound 4 to acetic acid is from 1:3 to 1:8, and preferably 1:5; 

the reaction is carried out at a temperature of 80-120°C, and preferably 90-110°C, and lasts for 12-

24 hours, and preferably 12-18 hours; and 

after the reaction is completed, methyl tert-butyl ether is added to the reaction solution, and the 

obtained system is stirred evenly, and filtered. The filter cake is dissolved in a mixed solvent of 

water and dichloromethane, and NaOH aqueous solution is dropwise added to adjust pH to 7-10. 

The resulting solution is layered and separated. Then the obtained aqueous layer is extracted with 

dichloromethane, and the obtained organic phases are combined, dried with anhydrous Na2SO4, 

filtered, and concentrated. To the system was added ethanol, and water with stirring. The obtained 

system is filtered, then the filter cake is dried to obtain the compound 6B or 6D (for example, in 

the reaction of synthesizing the compound 6B, after the reaction is completed, the reaction solution 

is added with methyl tert-butyl ether, stirred evenly at 0-10°C, and filtered, the filter cake is 

dissolved in the mixed solvent of water and dichloromethane, 10% NaOH aqueous solution is 

dropwise added to adjust the pH to 7-10. The resulting solution is layered and separated. Then the 

obtained aqueous layer is extracted with dichloromethane, and the obtained organic phases are 

combined, dried with anhydrous Na2SO4, filtered, concentrated. Ethanol is added and the obtained 

system becomes clear at 45-55°C. The solution is cooled to 0-10°C for precipitation, then water is 

added with stirring. The mixture is filtered, and the filter cake is dried to obtain the compound 6B). 

According to the embodiments of the present invention, the present invention further provides a 

method for synthesizing compound 1, comprising the following steps of: 

step 1-1: 
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reacting compound 1-1 with triphenylphosphine to obtain compound 1-2; 

step 1-2: 

 

reacting the compound 1-2 with ethyl formate to obtain compound 1-3; 

step 1-3: 

 

subjecting the compound 1-3 to a demethylation and acetalization reaction to obtain compound 1-

4; 

step 1-4: 

 

subjecting the compound 1-4 to a ring-closing reaction under acidic condition to obtain compound 

1-5; 

step 1-5: 

 

subjecting the compound 1-5 to a nitration reaction to obtain compound 1-6; and 

step 1-6: 
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subjecting the compound 1-6 to a chloro-substitution reaction to obtain the compound 1. 

According to the embodiments of the present invention, in the method for synthesizing the 

compound 1, preferably, 

in the step 1-1: 

 

sodium carbonate is added to a mixture of compound 1-1, toluene and water in batches. The 

resulting mixture is stirred under room temperature, and layered. The obtained aqueous phase is 

extracted with toluene, and the obtained organic phases are combined, washed with brine, dried 

with anhydrous sodium sulfate, and filtered. Triphenylphosphine is added to the filtrate, and the 

obtained system is heated to 110-120°C (preferably 108-115°C) with a Dean–Stark apparatus for 

14-20 hours (preferably 16-18 hours). The reaction is cooled to 20-30°C, filtered and rinsed with 

toluene, and then the wet product is dried under reduced pressure to obtain the compound 1-2; 

in the step 1-2: 

 

the mixture of compound 1-2 and dimethyl sulphoxide is cooled to 18-25°C, an alkali metal tert-

butoxide is added in batches and the temperature is controlled at 20-35°C, then the reaction 

solution is stirred at room temperature for 1-2 hours after the addition. Ethyl formate is dropwise 

added, and the obtained system is stirred at 40-50°C for 8-12h before cooling to room temperature. 

Organic solvent and water are added, and the obtained system is extracted and layered. The 

obtained organic phase is washed with water, adjusted pH to 5-6 with hydrochloric acid, and 

layered. The obtained aqueous phase is extracted with an organic solvent, adjusted pH is to be 

greater than or equal to 8 with a base, and layered. The obtained aqueous phase is extracted with 

organic solvent, and the obtained organic phases are combined, washed with water, dried with 

anhydrous sodium sulfate, filtered, and concentrated to obtain the compound 1-3; 

in the step 1-3: 
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a mixture of the compound 1-3 and dichloromethane is cooled to 10-20°C, and boron tribromide 

is dropwise added at 20-30°C. The reaction solution is stirred for 1-1.5 hours at 20-30°C before 

quenched by dropwise adding the reaction solution into ethanol at 10-35°C and the resulting 

mixture is stirred for 0.5-2.5 hours. The solvent is removed under reduced pressure, then ethanol 

is added and the solvent is removed under reduced pressure. The system is cooled to 15-20°C, and 

an ethanol solution of sodium ethoxide is dropwise added. The temperature is controlled at 15-

30°C, and the dropwise addition is stopped until the pH is 5-6. The reaction solution is filtered, 

and rinsed with ethanol. To the filtrate is dropwise added an ethanol solution of sodium ethoxide 

at 15-30°C, and the dropwise addition is stopped until the pH of the material is 8-9. The solvent is 

removed under reduced pressure, and methyl tert-butyl ether is added. The obtained system is 

cooled to 5-15°C, stirred for 0.5-1 hour, and filtered. The filter cake is rinsed with methyl tert-

butyl ether, and dried to obtain the compound 1-4; 

in the step 1-4: 

 

benzoyl chloride is dropwise added to a dichloromethane solution of the compound 1-4 at 0-10°C. 

The obtained system is stirred for 1-1.5 hours at 0-10°C. The reaction solution is dropwise added 

into concentrated sulfuric acid at 15-25°C, and stirred for 0.5-1.5 hours at 15-25°C. The reaction 

solution is dropwise added into water, and the temperature is controlled to be not higher than 25°C 

during the dropwise addition. The resulting mixture is filtered, and the filtrate is dropwise added 

into aqueous ammonia (the pH is adjusted to 7-8), stirred for 0.5-1 hour, and filtered. The filter 

cake is rinsed with water, and dried to obtain the compound 1-5; 

in the step 1-5: 

 

Nitric acid is dropwise added to a mixture of acetic acid and acetic anhydride, the temperature is 

controlled at 15-30°C during the dropwise addition. The reaction solution is stirred evenly at 20-

30°C after the dropwise addition. The mixed solution of acetic acid, acetic anhydride and nitric 

acid is dropwise added into an acetic acid solution of the compound 1-5. The temperature is 

controlled at 110-120°C during the dropwise addition. The reaction solution is stirred for 1-1.5 

hours at 110-120℃. The reaction solution is cooled to 20-30°C, and methyl tert-butyl ether is 

added. The obtained system is stirred evenly, and filtered. The filter cake is rinsed with methyl 

tert-butyl ether, and dried to obtain the compound 1-6; and 
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in the step 1-6: 

 

phosphorus oxychloride is dropwise added to a mixture of the compound 1-6, N,N-

dimethylformamide and toluene, and the resulting mixture is stirred at 35-75°C for 1-2 hours. Then 

the reaction solution is cooled to room temperature and toluene is removed. Dichloromethane and 

10% potassium carbonate aqueous solution or 5% sodium bicarbonate aqueous solution are added, 

and the obtained system is allowed to be layered. The obtained organic phases are washed with 

brine, dried with anhydrous sodium sulfate, filtered, and the solvent is removed to obtain the 

compound 1. 

According to the embodiments of the present invention, further, in the step 1-1, 

in a mixture of the compound 1-1, toluene and water, a mass-to-volume ratio (g/mL) of the 

compound 1-1 to toluene and water is from 1:5 to 1:6, and a volume ratio of toluene to water is 

from 8:1 to 9:1; 

the molar ratio of compound 1-1 to the sodium carbonate is from 1:1.1 to 1:1.2; 

the molar ratio of compound 1-1 to the triphenylphosphine is from 1:1.1 to 1:1.2; and 

the reaction of the step 1-1 is optionally carried out under the protection of an inert gas (such as 

nitrogen). 

According to the embodiments of the present invention, further, in the step 1-2, 

the alkali metal tert-butoxide is potassium tert-butoxide or sodium tert-butoxide; 

the base used for adjusting the pH is aqueous ammonia or sodium carbonate; 

the organic solvent used for the extraction is methyl tert-butyl ether or ethyl acetate; 

the mass-to-volume ratio of compound 1-2 to dimethyl sulphoxide is from 1:3 to 1:5; 

the molar ratio of compound 1-2 to the alkali metal tert-butoxide is from 1:1.05 to 1:1.15, and 

preferably 1:1.1; 

the molar ratio of compound 1-2 to ethyl formate is from 1:4 to 1:5; and 

the reaction of the step 1-2 is optionally carried out under the protection of an inert gas (such as 

nitrogen). 

According to the embodiments of the present invention, further, in the step 1-3, 

A mass-to-volume ratio (g/mL) of the compound 1-3 to the dichloromethane is from 1:6 to 1:10; 

the molar ratio of compound 1-3 to the boron tribromide is from 1:2.0 to 1:3.5, and preferably from 

1:2.5 to 1:3.2; and 
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the reaction of the step 1-3 is optionally carried out under the protection of an inert gas (such as 

nitrogen). 

According to the embodiments of the present invention, further, in the step 1-4, 

a mass-to-volume ratio (g/mL) of the compound 1-4 to the concentrated sulfuric acid is from 1:2 

to 1:5; 

a mass-to-volume ratio (g/mL) of the compound 1-4 to dichloromethane is from 1:25 to 1:26; and 

the molar ratio of compound 1-4 to the benzoyl chloride is from 1:1.5 to 1:2.5, and preferably 1:2. 

According to the embodiments of the present invention, further, in the step 1-5, 

in the acetic acid solution of the compound 1-5, the mass ratio of compound 1-5 to the acetic acid 

is from 1:9 to 1:11, and preferably 1:10; 

the mass ratio of compound 1-5 to the acetic acid in the mixed solution of acetic acid, acetic 

anhydride and nitric acid is from 1:3 to 1:5; 

the molar ratio of compound 1-5 to the acetic anhydride is from 1:2 to 1:5, and preferably from 

1:2.6 to 1:4.2; 

the molar ratio of compound 1-5 to the nitric acid is from 1:2 to 1:5, and preferably from 1:2.5 to 

1:4.0; and 

the reaction of the step 1-5 is optionally carried out under the protection of an inert gas (such as 

nitrogen). 

According to the embodiments of the present invention, further, in the step 1-6, 

the molar ratio of compound 1-6 to N,N-dimethylformamide is from 1:1 to 1:1.2; 

the mass-to-volume ratio of compound 1-6 to toluene is from 1:9 to 1:11, and preferably 1:10; 

the molar ratio of compound 1-6 to phosphorus oxychloride is from 1:1.8 to 1:2.2, and preferably 

1:2; and 

the reaction of the step 1-6 is optionally carried out under the protection of an inert gas (such as 

nitrogen). 

According to the embodiments of the present invention, when the compound 2 is compound 2a, 

the present invention further provides a method for synthesizing compound 2a hydrochloride, 

comprising the following steps of: 

step 2-1: 

 

subjecting compound 2-1 to a ring-closing reaction under the catalysis of sodium methoxide to 

obtain compound 2-2; and 
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step 2-2: 

 

reacting the compound 2-2 with hydrochloric acid to obtain the compound 2a hydrochloride. 

According to the embodiments of the present invention, in the method for synthesizing the N, N 

compound 2a hydrochloride, preferably, 

in the step 2-1: 

 

a methanol solution of sodium methoxide is dropwise added to a mixture of compound 2-1 and 

tetrahydrofuran, and the temperature of the system is controlled at 0-10°C during the dropwise 

addition. The system is stirred at 20-30°C for 3-8 hours. After the reaction is completed, an 

ammonium chloride solution is dropwise added into the reaction solution at 15-25°C to adjust the 

pH to 7-8. The resulting mixture is extracted with methyl tert-butyl ether, washed with sodium 

chloride solution, dried with anhydrous sodium sulfate, cooled to 0-10°C, and filtered, and then 

the filter cake is dried to obtain the compound 2-2; and 

in the step 2-2: 

 

an ethanol solution of hydrogen chloride is dropwise added to a mixture of the compound 2-2 and 

dichloromethane. The reaction is stirred at 20-25℃ for 4-8 hours. The reaction mixture is cooled 

to 0-5°C, and filtered, and then the filter cake is rinsed with dichloromethane, and dried to obtain 

the compound 2a hydrochloride. 

According to the embodiments of the present invention, further, in the step 2-1, 

the mass-to-volume ratio (g/mL) of compound 2-1 to tetrahydrofuran is from 1:10 to 1:12, and 

preferably from 1:10 to 1:11; 

the molar ratio of compound 2-1 to sodium methoxide in methanol solution is from 1:0.2 to 1:0.3, 

and preferably 1:0.25; and 

the reaction of the step 2-1 is optionally carried out under the protection of an inert gas (such as 

nitrogen). 

According to the embodiments of the present invention, further, in the step 2-2, 

the mass-to-volume ratio of compound 2-2 to dichloromethane is from 1:5 to 1:7, and preferably 
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1:6; 

the molar ratio of compound 2-2 to hydrogen chloride in ethanol solution is from 1:2 to 1:5, and 

preferably 1:3; and 

the reaction of the step 2-2 is optionally carried out under the protection of an inert gas (such as 

nitrogen). 

According to the embodiments of the present invention, the present invention provides another 

method for synthesizing a 1H-furo[3,2-b]imidazo[4,5-d]pyridine compound (hereinafter referred 

to as "synthesis route 2" for synthesizing compounds 6A and 6B), comprising the following steps 

of: 

step 1A: 

 

reacting compound 1 with cis-trans isomer mixture 7 in a solvent in the presence of a base to obtain 

cis-trans isomer mixture 8; 

step 2A: 

 

subjecting the cis-trans isomer mixture 8 to a reduction reaction to obtain cis-trans isomer mixture 

9 or the mixture 9 hydrochlorides; 

step 3A: 

 

subjecting the cis-trans isomer mixture 9 or the mixture 9 hydrochlorides to a ring-closing reaction 

with compound 5 or compound 5' to obtain a mixture 10 or hydrates of the mixture 10, wherein R 

is methyl or ethyl, the methyl or ethyl is optionally substituted by hydroxyl, and preferably, R is 

methyl or 1-hydroxyethyl, and the hydrates of the mixture 10 is preferably monohydrates of the 

mixture 10; and 
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step 4A: 

 

subjecting the mixture 10 or the hydrates of the mixture 10 to an isomer transformation reaction 

under basic condition to obtain compound 6 or a hydrate of the compound 6, wherein the hydrate 

of compound 6 is preferably a monohydrate of compound 6. 

According to the embodiments of the present invention, in the synthesis route 2, the steps 1A, 2A 

and 3A are in accordance with the steps 1, 2 and 3 of the synthesis route 1. In the step 4A, the 

reaction is carried out under basic condition, and the base is alkoxide base, preferably alkali metal 

C1-6 alkoxide, more preferably, potassium tert-butoxide. 

According to the embodiments of the present invention, the present invention provides another 

method for synthesizing the compound 6A, comprising step 1A, step 2A, step 3A and step 4A, 

wherein the steps 1A, 2A and 3A are in accordance with the methods described in the steps 1, 2 

and 3 for preparing the compound 6A (synthesis route 1) above, wherein: 

step 1A: 

 

reacting compound 1 with cis-trans isomer mixture 7 in a solvent in the presence of a base to obtain 

cis-trans isomer mixture 8; 

step 2A: 

 

subjecting the cis-trans isomer mixture 8 to a reduction reaction to obtain cis-trans isomer mixture 

9 or the mixture 9 hydrochlorides; 

step 3A: 
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subjecting the cis-trans isomer mixture 9 or the mixture 9 hydrochlorides to a ring-closing reaction 

with R-lactic acid to obtain mixture 6Aa or hydrates of the mixture 6Aa; and 

step 4A: 

 

subjecting the mixture 6Aa or the hydrates of the mixture 6Aa to an isomer transformation reaction 

under basic condition to obtain a hydrate of compound 6A. The base is alkoxide base, preferably 

alkali metal C1-6 alkoxide, and more preferably, potassium tert-butoxide; and the hydrate of the 

compound 6A is preferably a monohydrate of compound 6A. 

According to the embodiments of the present invention, in the method for synthesizing the 

compound 6A through steps 1A to 4A, in the step 4A, 

the reaction is carried out in a solvent, wherein the solvent is preferably tetrahydrofuran; 

the molar ratio of mixture 6Aa to the base is from 1:0.05 to 1:0.2, and preferably from 1:0.1 to 

1:0.2; 

the reaction is carried out at room temperature; and 

after the reaction is completed, dilute hydrochloric acid is added to adjust the pH to 6-7, the solvent 

is removed by rotary evaporation. Water is added to the reaction solution, the obtained system is 

stirred, filtered, and washed with water. The filter cake is collected and dried at 50°C to obtain the 

hydrate of the compound 6A. 

According to the embodiments of the present invention, the present invention provides another 

method for synthesizing the compound 6B, comprising step 1A, step 2A, step 3A and step 4A, 

wherein the steps 1A, 2A and 3A are in accordance with the methods described in the steps 1, 2 

and 3 for preparing the compound 6B (synthesis route 1) above, wherein: 

step 1A: 
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reacting compound 1 with cis-trans isomer mixture 7 in a solvent in the presence of a base to obtain 

cis-trans isomer mixture 8; 

step 2A: 

 

subjecting the cis-trans isomer mixture 8 to a reduction reaction to obtain cis-trans isomer mixture 

9 or the mixture 9 hydrochlorides; 

step 3A: 

 

subjecting the cis-trans isomer mixture 9 or the mixture 9 hydrochlorides to a ring-closing 

reaction with acetic anhydride and/or acetic acid to obtain mixture 6Ba; and 

step 4A: 

 

the mixture 6Ba is subjected to an isomer transformation reaction under basic condition to obtain 

the compound 6B. The base is alkoxide base, preferably alkali metal C1-6 alkoxide, and more 

preferably, potassium tert-butoxide. 

According to the embodiments of the present invention, in the method for synthesizing compound 

6B through steps 1A to 4A, in step 4A, 
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the reaction is carried out in a solvent, wherein the solvent is preferably tetrahydrofuran; 

the molar ratio of mixture 6Ba to the base is from 1:0.05 to 1:0.2, and preferably from 1:0.1 to 

1:0.2; 

the reaction is carried out at room temperature; and 

after the reaction is completed, dilute hydrochloric acid is added to adjust the pH to 6-7, the solvent 

is removed by rotary evaporation. Water is added to the reaction solution, the obtained system is 

stirred, filtered, and washed with water. The filter cake is collected and dried at 50°C to obtain the 

compound 6B. 

The present application further provides a mixture of formula 8 (cis-trans isomer mixture 8): 

, 

or salts of the mixture of formula 8, wherein the mixture of formula 8 comprises a compound of 

formula 3a and a compound of formula 8A: 

. 

The present application further provides a mixture of formula 9 (cis-trans isomer mixture 9): 

, 

or salts of the mixture of formula 9, wherein the mixture of formula 9 comprises a compound of 

formula 4a and a compound of formula 9A: 

. 

The present application further provides a mixture of formula 6Aa (mixture 6Aa): 
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, 

or hydrates of the mixture of formula 6Aa, or salts of the mixture of formula 6Aa, wherein the 

mixture of formula 6Aa comprises a compound of formula 6A and a compound of formula 6Ab: 

. 

The present application further provides a mixture of formula 6Ba (mixture 6Ba): 

, 

or salts of the mixture of formula 6Ba, wherein the mixture of formula 6Ba comprises a compound 

of formula 6B and a compound of formula 6Bb: 

. 

 

Beneficial effects 

The methods for synthesizing the 1H-furo[3,2-b]imidazo[4,5-d]pyridine compounds of the present 

invention have the advantages of high yield, less impurities and are easy to control, save the cost. 

The methods are simple, convenient to operate, and are suitable for industrial scale. 

 

DESCRIPTION OF THE DRAWINGS 
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FIG. 1 is the 1H NMR spectrogram of compound 1 prepared in Example 6 of the present invention. 

FIG. 2 is the LCMS spectrogram of compound 1 prepared in Example 6 of the present invention. 

FIG. 3 is the 1H NMR spectrogram of compound 2a prepared in Example 8 of the present invention. 

FIG. 4 is the TsCl-derived HPLC spectrogram of compound 2a prepared in Example 8 of the 

present invention. 

FIG. 5 is the Nα-(2,4-dinitro-5-fluorophenyl)-L-valinamide-derived HPLC spectrogram of 

compound 2a prepared in Example 8 of the present invention. 

FIG. 6 is the 1H NMR spectrogram of compound 6A prepared by method A in Example 13 of the 

present invention. 

FIG. 7 is the HPLC spectrogram of compound 6A prepared by method A in Example 13 of the 

present invention. 

FIG. 8 is the HPLC spectrogram of the isomer of compound 6A prepared by method A in Example 

13 of the present invention. 

FIG. 9 is the 1H NMR spectrogram of compound 6B prepared by method A in Example 15 of the 

present invention. 

FIG. 10 is the HPLC spectrogram of compound 6B prepared by method A in Example 15 of the 

present invention. 

FIG. 11 is the 1H NMR spectrogram of the tartrate of compound 6B prepared in Example 16 of the 

present invention. 

FIG. 12 is the HPLC spectrogram of the tartrate of the compound 6B prepared in Example 16 of 

the present invention. 

FIG. 13 is the HPLC spectrogram of compound 1 prepared in Example 6 of the present invention. 

FIG. 14 is the 1H NMR spectrogram of compound 6C prepared in Example 14 of the present 

invention. 

FIG. 15 is the TGA spectrogram of compound 6A prepared in Example 13 of the present invention. 

EMBODIMENT 

The sources of main materials in the following examples are shown in the following table: 

Material name Source 

Compound 1-1 Rivocean Jiangsu Pharmaceutical 

Compound 2-1 Hangzhou Allsino Chemicals 

Toluene Letian Chemistry 

Sodium carbonate Hangzhou Longshan Chemical 

Sodium chloride Jiangxi JINGHAO Salt Chemical 
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Anhydrous sodium sulfate Huaian Nanfeng Salt Chemical 

Triphenylphosphine Shaoxing Huawei Chemical 

Dimethylsulfoxide Hubei Xingfa Chemicals 

Sodium tert-butoxide Changzhou GenChem & GenPharm 

Ethyl formate Linmu Huasheng Chemical 

Ethyl acetate Jinyimeng Group 

Hydrochloric acid Lanxi Xuri Chemical 

Normal heptane Yueyang Jiaxing Chemical 

Dichloromethane Zhejiang Juhua 

Boron tribromide Shandong Yanfeng New Material Technology 

Absolute ethyl alcohol Jiangsu Huating Biotechnology 

18% sodium ethoxide/ethanol Linyi Zhenfeng Chemical 

Methyl tert-butyl ether Sinopec 

Benzoyl chloride  Jiangsu Wanlong Chemistry 

Sulphuric acid Zhejiang Jiangtong Fuye Heding Copper 

25-28% aqueous ammonia Hangzhou Allsino Chemicals 

Acetic acid (glacial acetic acid) Shanghai Wujing Chemical 

Acetic anhydride Ningbo Wanglong Technology 

98% nitric acid Lanxi Xuri Chemical 

Methyl tert-butyl ether Sinopec Qilu Petrochemical Company 

Sodium bicarbonate Hangzhou Longshan Chemical 

Diatomite Yixing Junlian Diatomite 

Normal heptane Yueyang Taixin Chemical 

Tetrahydrofuran Jiangsu Changchun Chemical 

Sodium methoxide in methanol solution Anhui Jinbang Chemical 

Ammonium chloride Zhejiang Dayang Biotech 

Activated carbon Liyang Jiangyang Activated Carbon Factory 

DIPEA 
Hangzhou Xinde Environmental Protection 

Technology 

Acetonitrile Shanghai SECCO 



21 

Reduced iron powder Jiangsu Feixing Powder Metallurgy 

Acetic acid Yankuang Lunan Chemicals 

Sodium citrate Weifang ENSIGN Industry 

Potassium phosphate Jiangsu KOLOD Food Ingerdients 

Silica gel Rushan Shangbang New Material 

Isopropyl alcohol Zhejiang Xinhua Chemical 

R-lactic acid Musashino Chemical 

Methylcyclohexane Jiangsu Yangnong Chemical 

2-(trans-4-aminocyclohexyl)acetonitrile Bidepharm 

Test and inspection methods of compound 1 

Test method 1 

Instruments: 

Agilent1200 high performance liquid chromatograph or similar liquid chromatograph 

Chromatography column: Poroshell 120 EC-C18 (4.6 × 50 mm × 2.7 μm) 

Method: 

Area normalization method was used for the test. 

Chromatography analysis conditions were as follows: 

Flow rate: 1.0 ml/min 

Column temperature: 30°C 

Detector: UV (210 nm) 

Post-run: 1 minute 

Mobile phase A: 100% water + 0.1% TFA; and B: 100% acetonitrile 

Time (min) A% B% 

0 95 5 

5.0 5 95 

6.67 5 95 

6.70 95 5 

8.33 95 5 
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Test method 2 

Testing moisture with Karl Fischer method: 

According to the operating procedures of the moisture determination method, about 0.2-0.5g of a 

test sample of compound 1 was weighted, and the result was accurate to 0.1 mg. The test sample 

was added into a titration cup of a titrator for determination. The result was recorded. The test 

sample was determined twice in parallel with the same method, an average value of the two results 

was taken as the moisture content of the test sample, and one decimal place of the result was kept. 

Test method 3 

Gas chromatograph, such as Shimadzu GC-2014C or similar gas chromatograph 

Gas column: HP-5 30m × 320 μm × 0.25 μm column. 

Column temperature: 40°C, kept for 3 minutes; and heated to 260°C at 10°C/min, kept for 2 

minutes 

Injector temperature: 230°C 

Detector temperature: 260°C 

Air flow: 400 mL/min 

Hydrogen flow: 40 mL/min 

Tail blowing nitrogen: 25ml/min 

Chromatography column flow (nitrogen): 1 mL/min 

Test method 4 

Weight loss on drying: 

A test sample of evenly mixed compound 1 (if the sample was a relatively large crystal, it should 

be quickly mashed into particles of about 2mm) was taken and 1-2 gram of the sample was 

accurately weighed, and placed in a dried flat shape weighing bottle with a plug under the same 

condition as the sample, the weighing bottle was weighed while it is empty first, and a bottle cup 

was covered after the sample was added, and then a total weight was weighed. The weighing bottle 

was shaken parallelly in a gentle way, so that the sample could be evenly spread as much as possible, 

and the thickness of the sample should not exceed 5 mm. The weighing bottle with the sample was 

placed in a drying oven under constant temperature and reduced pressure (the bottle cap was taken 

out and put in a dryer) and dried at 50°C for 4 hours at -0.09 - -0.1 MPa. The dried sample in the 

oven was covered with the bottle cap immediately after drying, moved into a dryer, cooled to room 

temperature, and then weighed. 

The calculation formula of the weight loss on drying 

Weight loss on drying = (W1-W2)/W1*100%. 

W1 was the sample weight before drying, and W2 was the sample weight after drying. 

Method for detecting finished product of compound 1 
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1. Appearance 

This product was put under natural light for visual inspection. 

2. Detection 

A nuclear magnetic resonance method was employed 

Detection was conducted by an external unit according to USP<761> by using CDCl3 as the solvent. 

3. Purity and related substances 

Instrument and equipment 

Name Specifications and model 

High-Performance 

liquid chromatography 
DAD or VWD system, Agilent 1260 or equivalent 

Analytical balance 
METTLER TOLEDO XPR205 or equivalent instrument, d = 0.01 

mg or above 

Chromatography 

column 

Agilent Zorbax SB C18 4.6 mm × 250 mm, 5 μm or similar 

columns 

Ultrapure water system Milli-Q IQ7000 or equivalent instrument 

 

Reagent 

Name Grade/purity 

Acetonitrile (ACN) HPLC grade or equivalent 

Pure water Milli-Q grade or equivalent 

Trifluoroacetic acid (TFA) HPLC grade or equivalent 

 

Sample information 

Sample Test sample of compound 1 

 

Chromatographic condition 

Instrument Agilent 1260 HPLC System 

Chromatography 

column 
Agilent Zorbax SB C18 4.6 mm × 250 mm, 5 μm or similar columns 

Mobile phase A 0.1% TFA aqueous solution 

Mobile phase B Acetonitrile 

Column temperature 25°C 

Flow rate 1.0 ml/min 

Detector DAD or VWD 

Wavelength 300 nm 

Injection volume 5 µL 

Data acquisition time 37 min 

Gradient 

Time (min) A (%) B (%) 

0 90 10 

20 10 90 

30 10 90 

30.1 90 10 

37 90 10 
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Detection method of compound 2a 

Determination of compound 2a by GC chromatographic detection 

Instrument Shimadzu GC-2014C 

Chromatography column Agilent DB1701 30 m × 0.32 mm × 0.25 μm 

Injection temperature 260°C 

Detector temperature 280°C 

Detector  FID 

Injection volume 5.0 μL 

Temperature program 

Initial temperature:50°C for 1 min 

Heated to 280°C at a rate of 10°C/min 

Maintain at 280°C for 3 mins 

Carrier gas flow rate (in column) 1.87 mL/min 

Split ratio 30:1 

Gas Flow H2:40 mL/ min; Air:400 mL/ min 

Exhaust gas purging 30 mL/ min 

 

Determination method of HPLC purity and d.e value of finished product of compound 2a 

Operating procedure 

A mixture of 100 mg of compound 2a, 1 mL of acetonitrile, 1 mL 

of water, 120 mg of sodium carbonate and 129.5 mg of p-

toluenesulfonyl chloride was stirred at room temperature for 1-2 

hours, then sampled and detected by HPLC. 

A mixture of 100 mg of compound 2a-diastereomer standard 

sample, 1 mL of acetonitrile, 1 mL of water, 120 mg of sodium 

carbonate and 129.5 mg of p-toluenesulfonyl chloride was stirred 

at room temperature for 1-2 hours, then sampled and detected by 

HPLC (control). 

Instrument  Agilent1260 HPLC System or Similar configuration 

Column  Agilent Eclipse EC-C18 (4.6mm × 150mm, 2.7 μm) 

Column temperature 30°C 

Detector wavelength 220 nm 

Mobile phase velocity 1.0 ml/min 

Mobile phase A 0.1% TFA aqueous solution 

Mobile phase B Acetonitrile 

Diluent Acetonitrile 

Running time 25.00 min 

Gradient elution 

procedure 

Time (min) A% B% 

0 95.0 5.0 

15.0 5.0 95.0 

20.0 5.0 95.0 

24.0 95.0 5.0 

25.0 95.0 5.0 
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Compound ID Retention time (min) 

Compound 2a 9.9 

Diastereomer of 

compound 2a 
10.1 

 

Determination method of e.e value of finished product of compound 2a 

Operating procedure 

100 mg of compound 2a, 30 ml of tetrahydrofuran and 1.61 g of 

N,N-diisopropylethylamine were added, the mixture was stirred 

evenly and then 1.87 g of Z8032 derivative reagent was added to 

the mixture, and the obtained mixture was stirred at 20-30°C for 1-

2 hours, then samples were detected by HPLC. 

100 mg of compound 2a-enantiomer standard sample, 30 ml of 

tetrahydrofuran, 1.61 g of N,N-diisopropylethylamine were added, 

the mixture was stirred evenly and then 1.87 g of Z8032 derivative 

reagent was added to the mixture, and the obtained mixture was 

stirred at 20-30°C for 1-2 hours, then samples were detected by 

HPLC (control) 

Instrument  Agilent1260 HPLC System or Similar configuration 

Column  Agilent Poroshell 120 EC-C18 (4.6mm × 100mm, 2.7 μm) 

Column temperature 35°C 

Detector wavelength 214 nm 

Mobile phase velocity 1.2 ml/min 

Mobile phase A 0.1% TFA aqueous solution 

Mobile phase B Acetonitrile 

Diluent Acetonitrile 

Running time 25.00 min 

Gradient elution 

procedure 

Time (min) A% B% 

0.0 85.0 15.0 

15.0 40.0 60.0 

16.0 5.0 95.0 

21.0 5.0 95.0 

21.1 85.0 15.0 

25.0 85.0 15.0 

Compound ID Retention time (min) 

Compound 2a 11.7 

Enantiomer of compound 

2a 
12.0 

 

Detection methods of compounds 3a, 4a and 6A 

Detection method 1 

Test purpose 
Intermediate control of compound 3a and compound 4a and 

purity analysis of product 

Instrument model Agilent 1200 

Column model Agilent Eclipse XDB-C18 (4.6 mm × 150 mm × 5.0 μm) 

Column temperature 35°C 

Detector wavelength 220 nm 

Mobile phase velocity 1.0 mL/min 

Mobile phase solvent A 0.05% TFA aqueous solution 

Mobile phase solvent B 100% acetonitrile 
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Running time 30 min 

Post-running time 1 min 

Gradient elution 

procedure 

Time (min) B% 

0 5 

15 25 

22 95 

25 95 

25.1 5 

30 5 

 

Compound number Retention time (min) 

Compound 1 19.43 

Compound 3a 15.56 

Compound 4a 9.52 

 

Detection method 2 

Detection purpose Intermediate control of compound 6A and purity analysis of product 

Instrument model Agilent 1200 

Column model Poroshell 120 PheHex (4.6mm × 250 mm × 4.0 μm) 

Column temperature 40°C 

Detector wavelength 220 nm 

Mobile phase velocity 1.0 mL/min 

Mobile phase solvent A 20 mmol ammonium acetate aqueous solution 

Mobile phase solvent B 100% methanol 

Running time 45 min 

Post-running time 1 min 

Gradient elution 

procedure 

 

Time (min) B% 

0 30 

14 53.5 

30 75 

35 90 

40 90 

40.1 30 

45 30 

 

Compound ID Retention time (min) 

Compound 4a 10.47 

Compound 6A 14.6 

 

Detection method 3 

Detection purpose Purity Analysis of isomer of compound 6A  

Instrument model Agilent 1200 

Column model CHIRALPAK AD-H (4.6mm × 150 mm × 5.0 μm) 

Column temperature 40°C 

Detector wavelength 244 nm 

Mobile phase velocity 1.0 mL/min 

Mobile phase solvent A Normal hexane 

Mobile phase solvent B Ethanol 

Running time 45 min 
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Post-running time 1 min 

Gradient elution 

procedure 

Time (min) B% 

0 30 

45 30 

 

Compound ID Retention time (min) 

Compound 6A 10.99 

Isomer of compound 6A 21.33 

 

Detection method 4 

Analysis purpose Determination of residual solvent in finished baking material 

Instrument model Agilent 7890A gas chromatograph 

Chromatography 

column information 
Agilent DB-624 (30 m × 0.53 mm ID × 3.0 μm) 

Injection temperature 200°C 

Detector temperature 250°C 

Detector Flame ionization detector FID 

Column oven 

programmed 

temperature 

The initial temperature was 45°C, and the temperature was kept for 

5 minutes, then the system was heated to 120°C at a rate of 10°C 

per minute, and the temperature was kept for 5 minutes, and then 

the system was heated to 220°C at a rate of 35°C per minute, and 

the temperature was kept for 3 minutes. 

Flow rate in the column 2 mL/ min 

Gas flow rate  

Air:400 ml/min 

Hydrogen:40 ml/min 

Auxiliary gas flow rate:25.0 ml/min. 

Blank solvent DMF (N,N-dimethylformamide) 

Diluent DMF(N,N-dimethylformamide) 

Injection volume: 2 μl 

Split ratio: 20:1 

Carrier gas: Helium or nitrogen 

Data acquisition time: 30 min 

Analytical balance Accurate to 0.01 mg 

Grade of volumetric 

flask 
Grade A 

 

Detection method for compound 6B and the tartrate of compound 6B 

Chromatograph: Agilent 1260 high performance liquid chromatograph. 

Column model: Waters XBridge C18 250 mm × 4.6 mm × 5 μm. 

Mobile phase A: 20 mM dipotassium hydrogen phosphate aqueous solution 

Mobile phase B: methanol 

Gradient: 

Time (min) Mobile phase A(%, V/V) Mobile phase B(%, V/V) 

0 80 20 

20 50 50 
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30 30 70 
40 30 70 

40.01 80 20 
50 80 20 

Column temperature: 40°C 

Sample room temperature: room temperature 

Flow rate: 1 mL/min 

Injection volume: 5 μL 

Running time: 50 min 

Test sample concentration: about 1 mg/mL 

Detection wavelength: UV 230 nm. 

 

The present invention is further illustrated hereinafter with reference to the following examples, 

but the examples do not constitute a limitation or restriction on the scope of the present invention. 

Example 1: Preparation of compound 1-2 

2-chloromethyl-3,4-dimethoxypyridinium hydrochloride (250 kg, 1.0 eq) was added to reaction 

vessel 1 under the protection of nitrogen, and toluene (1050 kg) and drinking water (150 kg) were 

added. The reaction solution was stirred and cooled to 20-25°C. Sodium carbonate (68.8 kg, 0.58 

eq) was added in batches, the temperature in the vessel was controlled to be less than or equal to 

30°C, then the reaction solution was stirred for 0.5 hour. The system was allowed to settle for 20 

minutes and layered. The upper organic phase was reserved, and the lower aqueous phase was 

transferred to reaction vessel 2 and extracted with toluene (435 kg), the organic phase was 

combined in the reaction vessel 1. The aqueous phase was extracted with toluene (225 kg) again, 

the lower aqueous phase was discarded, and the organic phase was combined in the reaction vessel 

1. The combined organic phase was washed with brine (204 kg) and dried with anhydrous sodium 

sulfate (150 kg). The obtained filtrate after filtering was transferred to reaction vessel 3, and the 

obtained solid was rinsed with toluene (50 kg). Triphenylphosphine (350 kg, 1.2 eq) was added to 

the reaction vessel 3, the system was stirred, the internal temperature was heated to 108-115°C, 

the reaction solution was refluxed with a Dean–Stark apparatus for 18 hours. After the reaction 

was completed, the materials in the reaction vessel 3 were cooled to 20-30°C. The materials were 

centrifuged, and the obtained solids were rinsed with toluene (100 kg). The wet product was dried 

with double cones, the temperature of the hot water in the jacket was 50-60°C, a vacuum degree 

was below -0.090 Mpa, until water was less than or equal to 0.2%. The product was collected, 

packed with two-layer PE bags and put into a fibreboard drum (output: 489.8 kg, yield: 97.4%, 

and HPLC purity: 99.8%). 

Example 2: Preparation of compound 1-3 

Compound 1-2 (489.8 kg, 1.0 eq), and dimethylsulphoxide (1614.2 kg, 3V) were added in reaction 

vessel 1, stirred, and then cooled to 20-25°C. Sodium tert-butoxide (114.9 kg, 1.1 eq) was added 

in batches, the obtained system was heated to 25-32°C after the addition. The reaction solution 

was stirred for 1.5 hours with the temperature kept at 25-32℃. Ethyl formate (397.8 kg, 5.0 eq) 

was dropwise added to the reaction vessel 1, the reaction vessel 1 was heated to 40-50°C, the 
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reaction solution was stirred for 8 hours with the temperature kept at 40-50℃. After the reaction 

was completed, the reaction vessel 1 was cooled to a temperature less than or equal to 25°C. The 

reaction mixture was extracted with ethyl acetate (1320.7 kg, 3V) and drinking water (1467.4 kg, 

3V), the obtained organic layer was separated, the obtained aqueous phase was extracted with ethyl 

acetate twice. The organic phases were combined, and washed with water (978.3 kg). Water 

(1467.4 kg) was added to the organic phase and hydrochloric acid (108.7 kg) was dropwise added 

to adjust the pH to 5-6. The organic phase was separated and washed with water (250.0 kg), the 

aqueous phases were combined and extracted with ethyl acetate (1320.2 kg) twice. To the aqueous 

phase was added ethyl acetate (1320.7 kg, 3V) and sodium carbonate (54.0 kg) in batches to adjust 

the pH to be greater than or equal to 8. The organic phase was separated, and the obtained aqueous 

phase was extracted with ethyl acetate (880.4 kg, 2V). The combined organic phases were washed 

with brine (341.3 kg), dried with anhydrous sodium sulfate (217.4 kg), filtered under vacuum, and 

rinsed with ethyl acetate (81.5 kg). The filtrate was collected and the solvent was removed. The 

residue was triturated with n-heptane (337.0 kg) and centrifuged. The obtained solid was rinsed 

with n-neptane (76.0 kg), and dried to obtain the compound 1-3 (output: 202.0 kg, yield: 88.8%, 

and HPLC purity: 97.3%). 

Example 3: Preparation of compound 1-4 

Compound 1-3 (200.0 kg, 1.0 eq) and dichloromethane (1431.0 kg, 6 V) were added in reaction 

vessel 1 under the protection of nitrogen, keeping the temperature of the materials in the reaction 

vessel at 15-20°C. Boron tribromide (600.0 kg, 2.5 eq) was added, keeping the temperature of the 

materials in the reaction vessel at 20-30°C. After the addition, the reaction solution was stirred for 

1 hour with the temperature kept at 20-30°C. At 15-30°C, and under the protection of nitrogen, the 

mixed solution in the reaction vessel 1 was slowly added dropwise into reaction vessel 2 containing 

ethyl alcohol (1422.0 kg, 10 V). The reaction system was stirred for 2 hours with the temperature 

kept at 30-35°C. The solvent was removed under reduced pressure to 1600 L. To the resulting 

solution was added ethyl alcohol (570.0 kg 4 V) twice and concentrated to volume of 1,600 L for 

each addition. The temperature was controlled at 15-30°C, and 18% sodium ethoxide in ethanol 

solution (1367.0 kg) was added to adjust the pH to 5-6. The solid was separated and rinsed with 

anhydrous ethanol (143.0 kg, 1 V). To the mother liquid was added 18% sodium ethoxide in 

ethanol (1378.4 kg) to adjust the pH to 8-9. The solvent was removed under reduced pressure, and 

methyl tert-butyl ether (540.0 kg, 4 V) was added. The solid was separated, rinsed with methyl 

tert-butyl ether (135.0 kg, 1 V), and dried to obtain the compound 1-4 (output: 170 kg, yield: 78.3%, 

and HPLC purity: 97.9%). 

Example 4: Preparation of compound 1-5 

Benzoyl chloride (214.6 kg, 2.0 eq) was slowly dropwise added to a dichloromethane solution 

(3271.0 kg, 25.5 V) containing compound 1-4 (170.0 kg, 1.0 eq) at 0-10°C. The reaction solution 

was stirred at 0-10°C for 1 hour. At 15-25°C, the reaction solution was slowly added dropwise into 

a reaction vessel containing sulfuric acid (1518.0 kg, 4.85 V), and the resulting mixture was stirred 

for 1 hour. The reaction solution was quenched with water (850.0 kg, 5 V) at 0-10°C. The solid 

was separated and rinsed with water (85.0 kg, 0.5 V), and the mother solution was cooled to 0-

10°C and dropwise added with aqueous ammonia (1841.3 kg) to adjust pH to 7-8. The mixture 

was stirred at 53-57°C for 0.5 hour and then cooled to 20-25°C. The solid were separated and 

rinsed with water (170.0 kg, 1 V). The thus obtained solids were dried to obtain the compound 1-

5 (output: 92.7 kg, yield: 91.7%, and HPLC purity: 98.3%). 

Example 5: Preparation of compound 1-6 

Nitric acid (52.5 kg) was dropwise added into reaction vessel 1 containing acetic acid (141.0 kg) 

and acetic anhydride (89.25 kg) at 15-30°C and stirred at 20-30°C for 0.5 hour. The mixed solution 
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was slowly added dropwise into an acetic acid solution (450.0 kg, 10W) containing compound 1-

5 (45.0 kg, 1.0 eq) at the temperature of 113-116°C under the protection of nitrogen for more than 

2 hours, keeping the temperature at 112-117°C. The mixed solution was stirred for 1 hour with the 

temperature kept at 112-117℃. After the temperature was cooled to 20-30°C, methyl tert-butyl 

ether (337.5 kg, 10 V) was added and the mixture was stirred for 0.5 hour. The solid was separated 

and rinsed with methyl tert-butyl ether (100.8 kg 3 V). The thus obtained solids were dried to 

obtain the compound 1-6 (output: 44.4 kg, yield: 74.0%, and HPLC purity: 94.7%). 

Example 6: Preparation of compound 1 

Phosphorus oxychloride (72.8 kg, 1.2 eq) was dropwise added into an N,N- dimethylformamide 

solution (214.2 kg, 3.0 W) containing compound 1-6 (71.8 kg) at 15-25°C under the protection of 

nitrogen. The reaction mixture was stirred at 38-43°C for 1 hour and then cooled to 15-20°C. The 

reaction solution was dropwise added into water (714.0 kg, 10 W) for quenching, and the reaction 

solution was stirred for 1 hour with the temperature kept at 20-30°C. The solid was separated, 

rinsed with water (214.2 kg, 3 W), and then stirred in dichloromethane (1224.0 kg, 13 V) for 15 

minutes. 5% sodium bicarbonate aqueous solution (357.0 kg) and celite (35.7 kg) were added, and 

the mixture was stirred for 0.5 hour. The solid was separated and rinsed with dichloromethane 

(195.3 kg, 2 V). The filtrate was collected. The dichloromethane layer was separated, and the water 

layer was extracted with dichloromethane (474.3 kg, 5 V). Dichloromethane layers were combined, 

washed with brine (485.5 kg), dried with anhydrous sodium sulfate (107.0 kg, 1.5 W) for 1 hour, 

filtered, and rinsed with dichloromethane (188.7 kg, 2V). The filtrate was collected and activated 

carbon (7.0 kg, 0.1 W) was added. The resulting mixture was stirred for 1 hour at 20-30°C, filtered 

and rinsed with dichloromethane (93.8 kg, 1 V). The solvents were removed, and n-heptane (242.8 

kg, 5 V) was added for trituration. The separated solid was rinsed with n-heptane (47.9 kg, 1 V) 

and dried to obtain the compound 1 (output: 62.2 kg, yield: 78.5%, and HPLC purity: 99.96%). 

The 1H NMR spectrogram was shown in FIG. 1, the LCMS spectrogram was shown in FIG. 2, and 

the HPLC spectrogram was shown in FIG. 13. 

Example 7: Preparation of compound 2-2 

A methanol solution of sodium methoxide (19.18 kg, 0.25 eq) and tetrahydrofuran (91.1 kg, 1.0 V) 

were added to a tetrahydrofuran solution (911.4 kg, 10 V) containing compound 2-1 (102.4 kg, 1.0 

eq) at 0-5°C.The reaction was stirred at 20-25°C for 4-8 hours. The reaction was monitored by GC 

and HPLC until the starting material was less than or equal to 1.0%. The temperature was reduced 

to 15-20°C, and an aqueous solution (13.3 kg, 0.13 V) of ammonium chloride (5.69 kg, 0.25 eq) 

was added to the reaction to adjust the pH to 7-8, keeping the temperature at 15-25°C. Methyl tert-

butyl ether (166.7 kg, 2.2 V) and 20% sodium chloride solution (61.4 kg sodium chloride, 0.6 W 

and 245.8 kg drinking water, 2.4 W) were added to the mixed solution respectively. The organic 

phase was separated, and the aqueous phase was extracted with methyl tert-butyl ether (75.8 kg, 1 

V), and the organic phases were combined. The organic phases were washed with 30% sodium 

chloride aqueous solution (43.0 kg,0.42 W sodium chloride solid, 100.4 kg, 0.98 W drinking water), 

and then separated. The aqueous phase was extracted with methyl tert-butyl ether (75.8kg, 1V). 

The organic phases were combined, and anhydrous sodium sulfate (51.2 kg, 0.5 W) and activated 

carbon (10.24 kg, 0.1 W) were added. The mixture was filtered and rinsed with methyl tert-butyl 

ether (41.0 kg, 0.4W). The filtrate was collected, concentrated, and added methyl tert-butyl ether 

(227.3 kg, 3.0 V). The mixture was triturated at 50-55°C for 2 hours, and slowly cooled to 0-10°C. 

The thus obtained solid was filtered, collected and dried to obtain the compound 2-2 (output: 43.2 

kg, and yield: 42.2%). 

Quality standards of compound 2-2: appearance: off-white solid; purity (GC): 96.0%; maximum 

unknown single impurity: 1.6%; and moisture: 0.0%. 
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Example 8: Preparation of compound 2a hydrochloride 

Compound 2-2 (43.21 kg, 1.0 eq) and dichloromethane (192 kg, 6 V) were added to reaction vessel 

R01and the obtained system was cooled to 0-5°C; then 35% hydrogen chloride in ethanol solution 

(hydrogen chloride:19.3 kg, absolute ethyl alcohol: 35.9 kg) was dropwise added. After the 

dropwise addition, the system was heated to 20-25°C, and the temperature was kept for 4-8 hours. 

Upon detection by TLC and GC, the system was cooled to 0-5°C after the content of the raw 

material compound 2-2 was less than or equal to 1.0%. The system was centrifuged to obtain a wet 

product of the hydrochloride of the compound 2a, and then the wet product was rinsed with 

dichloromethane (32.0 kg, 1 V), and centrifuged to dryness; double-cone jacket was at 55-65°C 

and the obtained material was dried under vacuum with a vacuum degree of less than or equal to -

0.095 MPa for 12 hours to obtain the compound 2a hydrochloride (output: 28.96 kg, and yield: 

91.2%). The 1H NMR spectrogram was shown in FIG. 3, the TsCl-derived HPLC spectrogram was 

shown in FIG. 4, and the Nα-(2,4-dinitro-5-fluorophenyl)-L-valinamide-derived HPLC 

spectrogram was shown in FIG. 5. 

Quality standards of the compound 2a hydrochloride: appearance: white solid; purity (TsCl-

derived HPLC): 99.8%; d.e value (TsCl-derived HPLC): 99.8%; e.e value (Nα-(2,4-dinitro-5-

fluorophenyl)-L-valinamide-derived HPLC): 99.9%; maximum single impurity: 0.2%; and 

moisture:0.1%. 

Example 9: Preparation of compound 3a 

Method A 

Anhydrous ethanol (110.6 kg, 5 V), acetonitrile (109.2 kg, 5 V), compound 1 (27.97 kg, 1.0 eq) 

and the compound 2a hydrochloride (25.07 kg, 1.0 eq) were pumped into a 1000L reaction vessel 

(R01), and then N,N-diisopropylethylamine (40.0 kg, 2.2 eq) was pumped into the mixture under 

the protection of nitrogen. The reaction solution was reacted at 50-60°C for 16 hours, and samples 

were tested by HPLC until compound 1 was not higher than 1.0%. The reaction solution was cooled 

to 20-30°C, and water (560 kg, 20 V) was dropwise added at 20-30°C. After the dropwise addition, 

the reaction solution was continuously stirred for 1.0 hour with the temperature kept at 20-30°C. 

The materials were centrifuged after stirred for 2 hours at 0-5°C, and the filter cake was rinsed 

once with a mixed solvent of acetonitrile and water (pre-cooled at 0-10°C, 25 kg of acetonitrile + 

56 kg of water). The filter cake was dried in a vacuum oven at 45-55°C to obtain the compound 3a 

(output: 37.51 kg, moisture: 0.03%, and yield: 88.1%). 

Method B 

To a flask was added with ethanol (1.9 L), compound 1 (200 g, 1.0 eq), compound 2a hydrochloride 

(179.7 g, 1.01 eq) and sodium bicarbonate (188 g, 2.23 eq) under nitrogen atmosphere. The 

reaction solution was reacted at 70-80°C for 16 hours. The reaction solution was cooled to 20-

30°C, and water (2.9 L) was slowly added. The resulting mixture was stirred for 2 hours, and 

cooled to 5-15°C. The mixture was stirred for 4 hours with the temperature kept at 5-15℃, and 

filtered. The filter cake was eluted with water and ethanol (600 mL, water/ethanol = 1:2), and dried 

to obtain the compound 3a as a yellow solid (output: 286.9 g, and yield: 94%). 

Method C 

The compound 3a was prepared by the same preparation method as that of the method B, except 

that the added base was different from that of the method B, wherein the added base was sodium 

carbonate (2.2 eq), and the compound 3a detected by HPLC was 72%. 

Method D 
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The compound 3a was prepared by the same preparation method as that of the method B, except 

that the added base was different from that of the method B, wherein the added base was potassium 

bicarbonate (2.2 eq), and the compound 3a detected by HPLC was 83%. 

Method E 

Anhydrous ethanol (1 mL), acetonitrile (1 mL), compound 1 (200 mg, 1.0 eq), compound 2a 

hydrochloride (179 mg,1.0 eq), 1,8-diazabicyclo[5.4.0]undec-7-ene (339 mg, 2.2 eq) were added 

to a 40 mL flask, and reacted for 16 hours at 55°C. Then, the reaction solution was cooled to room 

temperature, concentrated and separated by column chromatography to obtain the compound 3a 

(output: 198 mg, and yield: 65.1%). 

Example 10: Preparation of compound 3b 

Under nitrogen atmosphere, ethanol (27 mL), compound 1 (2.84 g, 1.0 eq), compound 2b (2-(trans-

4-aminocyclohexyl)acetonitrile, 2 g, 1.01 eq) and sodium bicarbonate (1.44 g, 1.2 eq) were added 

to a flask, and reacted at 75°C for 16 hours. The reaction solution was cooled to 20-30°C, water 

(30 mL) was added slowly and the obtained system was stirred for 2 hours, and filtered. The filter 

cake was eluted with water and ethanol (6 mL, water/ethanol = 1:2), and dried to obtain the 

compound 3b as a yellow solid (output: 3.694 g, and yield: 86%). 

Example 11: Preparation of compound 4a/compound 4a hydrochloride 

Method A 

Under the protection of nitrogen, acetonitrile (264 kg, 9 V), acetic acid (90 kg, 12 eq) and 

compound 3a (37.43 kg, 1.0 eq) were added into a 1000L glass-lined reactor. Iron powder (41.17 

kg, 6.0 eq) was added in batches at 60-70°C and stirred for 1 hour with the temperature kept at 60-

70℃. Iron powder (14 kg, 2.02 eq) and acetic acid (10 kg, 1.34 eq) were added again until the 

reaction was complete. The reaction solution was cooled to 30-40°C, filtered and eluted with hot 

acetonitrile (50-60°C, 176 kg, 6 V). 30% sodium citrate aqueous solution (sodium citrate 164.56 

kg, 5.15 eq, water 380 kg) was added to the filtrate at 10-25°C until the pH was 6, and then 30% 

potassium phosphate aqueous solution (potassium phosphate 224.46 kg, 8.5 eq, and water 522 kg) 

was added until the pH was 8. After vacuum distillation, ethyl acetate (167.8 kg, 5 V) and water 

(112 kg, 3 V) were added. The organic phase was separated, and the aqueous phase was extracted 

with ethyl acetate (101 kg, 3 V). The organic phases were combined, washed with 20% sodium 

citrate aqueous solution (water, 60 kg, and sodium citrate, 15 kg, 0.47 eq) and 15% sodium chloride 

aqueous solution (water, 61.3 kg, and sodium chloride, 10.8 kg) subsequently. Anhydrous sodium 

sulfate (41.5 kg) and silica gel (5.23 kg) were added and the resulting mixture was stirred for 30 

minutes. The mixture was filtered and rinsed with ethyl acetate (67 kg). After distillation under 

reduced pressure, 30 kg of isopropanol was added into the system, and evaporated to dryness under 

reduced pressure, then another 30 kg of isopropanol was added and evaporated to dryness under 

reduced pressure. 101.15 kg of isopropanol was added, and the thus obtained system was stirred at 

80°C for dissolving and obtaining a clear solution. After dissolving to clear, the reaction solution 

was slowly cooled to 0-10°C and stirred for 2 hours. The thus obtained solid were separated, and 

the filter cake was washed with 18.72 kg of isopropanol and dried to obtain the compound 4a 

(21.15kg, yield: 55%). The content of the isopropanol was: 12.65%. 

Method B 

To a reaction flask was added compound 3a (210 g, 1.0 eq), water (840 mL) and methanol (210 

mL), and the temperature was increased to 65-75°C with stirring. Hypoboric acid (218 g, 3.5 eq, 

added in 7 times) was then added in batches at 65-75°C and the reaction was carried out overnight. 

Samples were taken for detection (additional hypoboric acid was added until the reaction was 
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completed). After the reaction was completed, the reaction solution was cooled to 35-45°C, part 

of the solvent was concentrated under reduced pressure, the temperature was decreased to 0-10°C. 

The thus obtained system was stirred for 1-2 hours, and filtered. The filter cake was eluted with 

1000 mL of dichloromethane, the filtrate was collected, and sodium bicarbonate (105 g) was added 

in batches at 20-30°C and the system was stirred with the temperature kept at 20-30℃ for 1 hour, 

and the system was allowed to settle for 0.5 hour. The obtained organic phase was separated, and 

the obtained aqueous phase was extracted with dichloromethane (660 mL × 3). The thus obtained 

organic phases were combined, dried with anhydrous sodium sulfate (210 g). Hydrochloric acid in 

ethanol solution (230 mL, 30%) was dropwise added at 15-25°C and the obtained system was 

stirred for 8 hours with the temperature kept at 15-25℃. Ethyl acetate (1050 mL) was dropwise 

added at 15-25°C and the obtained system was stirred for 1 hour with the temperature kept at 15-

25℃, then filtered. The filter cake was eluted with ethyl acetate (420 mL) and dried in a vacuum 

drying oven at 30-40°C to obtain the compound 4a hydrochloride, i.e., 2-((2R,5S)-5-(6-

aminofuro[3,2-b]pyridine-7-ylamino)tetrahydro-2H-pyran-2-yl)acetonitrile hydrochloride (output: 

232.8 g, and yield: 85.3%). 

Method C 

At room temperature, compound 3a (1.00 g, 3.31 mmol), 4,4'-bipyridine (2.58 mg, 0.0165 mmol) 

and solvent DMF (20 mL) were added into a 50 mL multi-necked flask. The mixture was purged 

with nitrogen for three times with stirring, and B2(OH)4 (0.89 g, 9.92 mmol) was added. The 

mixture was reacted at 15-25°C for 5 hours. The reaction solution was detected with HPLC. After 

the compound 3a was fully consumed, the reaction was stopped, and 200 mL of water was added. 

The obtained system was extracted with ethyl acetate five times (50 mL each time), washed with 

100 mL of brine, dried with anhydrous sodium sulfate, and concentrated to obtain a crude product. 

The crude product was further separated by column chromatography with dichloromethane and 

methanol (30:1 (v/v)) to obtain the compound 4a, with a yield of 44.4%. 

Method D 

Ethyl acetate (2 mL), compound 3a (198 mg, 1.0 eq) and stannous chloride (373 mg, 3.0 eq) were 

added into a reaction flask, and reacted at 85°C for 3 hours, then cooled to room temperature. 

Sodium bicarbonate was added with an ice bath, and the obtained system was stirred and filtered. 

The filter cake was rinsed with 2 mL of ethyl acetate. The filtrate was collected, and washed with 

aqueous solution of saturated sodium bicarbonate for three times. The organic phases were 

combined and then washed with brine for three times. The thus obtained organic phases were 

combined, dried with anhydrous sodium sulfate, filtered, and concentrated under reduced pressure 

to obtain the compound 4a (output:123 mg, and yield:69%). 

Example 12: Preparation of compound 4b 

Compound 3b (3.69 g, 1.0 eq), water (14.8 mL) and methanol (3.7 mL) were added into a reaction 

flask, and the temperature was increased to 65-75°C with stirring. Hypoboric acid (4.51 g, 4.1 eq, 

added in 4 times) was added in batches, and the mixture was reacted at 65-75°C overnight. After 

the reaction was completed, the reaction solution was cooled to 20-30°C. Sodium bicarbonate (1.85 

g) was added in batches, and the mixture was stirred for 0.5 hour at 20-30℃. The organic phase 

was separated, and the aqueous phase was extracted with dichloromethane (10 mL × 3), and then 

the thus obtained organic phases were combined, washed with water (10 mL × 3) and brine (10 

mL × 3), dried with anhydrous sodium sulfate (3.7 g), filtered, and concentrated to obtain the 

compound 4b (output 3.02 g, and yield:90.9%). 

Example 13: Preparation of compound 6A 
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Method A 

R-lactic acid (30.5 kg, 5.0 eq, isomer content: 0.25%), compound 4a (21.14 kg, 1.0 eq) and 

methylcyclohexane (37.0 kg) were added into 300L reaction vessel R01, and the obtained system 

was stirred and heated to reflux at 87.2-101°C for 5 hours with a Dean–Stark apparatus, and then 

samples were taken for In-Process Control. After the reaction was completed, steam heating was 

stopped and methanol (43.8 kg, 3 V) was slowly dropwise added into the reaction vessel R01, and 

the system was cooled to 20-30°C. The reaction solution was allowed to settle for layering. The 

lower layer was separated, and methanol (29.6 kg, 2 V) was added. Sodium hydroxide solution 

(25.3 kg of water, and 10.9 kg of sodium hydroxide) was dropwise added at -10-0°C and the 

materials were reacted with the temperature kept at -10-0℃ until HPLC detection qualified. 

Hydrochloric acid (4.81 kg of concentrated hydrochloric acid + 45.03 kg of water) was dropwise 

added to adjust the pH to 7. After the solvent was removed under vacuum, water (277.5 kg, 15 V) 

was added. The resulting mixture was stirred for 1 hour, and then centrifuged. The filter cake was 

washed with water (55.5 kg, 3V). The obtained wet product was put into 185 kg of water. The 

mixture was stirred for 2 hours at about 30°C, centrifuged, washed with 30 kg of water, and dried 

to obtain a crude product of the compound 6A. HPLC purity of compound 6A: 97.24%; HPLC 

content of the isomer of compound 6A: 1.95%; water: 5.2%. 

Refining compound 6A: 

A mixture of 20.49 kg of the crude product of the compound 6A, 116 kg of isopropanol and 50 kg 

of water was stirred and refluxed for dissolving to clear. The system was cooled to -5 - 5°C, stirred 

for 3 hours with the temperature kept at -5 - 5°C, and centrifuged. The filter cake was rinsed once 

with a mixed solvent (isopropanol (12 kg) and water (5 kg), pre-cooled to 0-10°C) to obtain a 

primary recrystallized compound 6A. HPLC purity of compound 6A: 99.03%; and HPLC content 

of the isomer of compound 6A: 1.03%. Recrystallization (107.16 kg of isopropanol, and 45.36 kg 

of water) was carried out again to obtain a secondary recrystallized compound 6A. HPLC purity 

of compound 6A: 99.66%; HPLC content of the isomer of compound 6A: 0.43%. 87.7 kg of 

methanol and 1.2 kg of activated carbon were added to 17.1 kg of the wet product of the compound 

6A, and the obtained system was refluxed with stirring for 1 hour. The mixture was filtered with 

pressure (through polishing filter) and rinsed with 13.5 kg of methanol. The solvent was removed 

under reduced pressure. 13.5kg of isopropanol was added, and then the solvent was removed under 

reduced pressure again. Recrystallization was carried out by the same recrystallization method as 

above. The compound 6A was obtained after drying (the compound 6A was characterized as a 

monohydrate of the compound 6A, and thermogravimetric analysis (TGA) thermogram was shown 

in FIG 15. The TGA thermogram showed that there was 5.353% weight loss when heating from 

25°C to 133°C, corresponding to the loss of the weight of one molecule of water), output: 14.76 

kg, water: 5.2%, isopropanol residue: 0.0405%. HPLC purity of compound 6A: 99.94%; HPLC 

content of the isomer of compound 6A: 0.21%; yield: 66.2%. The 1H NMR spectrogram was 

shown in FIG. 6, the HPLC spectrogram of the compound 6A was shown in FIG. 7, and the HPLC 

spectrogram of the isomer of the compound 6A was shown in FIG. 8. 

Method B 

Except for the following differences from the method A, the compound 6A was prepared by the 

same preparation method as the method A, wherein the amount of the compound 4a was 1 g; the 

reaction solvent was 1,4-dioxane (6 mL); and R-lactic acid (20 eq) and methanesulfonic acid (2 g) 

were added. HPLC: 91.1%; HPLC after sodium hydroxide hydrolysis: 98.2%. 

Method C 

Except for the following differences from the method A, the compound 6A was prepared by the 
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same preparation method as the method A, wherein the amount of the compound 4a was 1 g; the 

reaction solvent was 1,4-dioxane (10 mL); R-lactic acid (30.2 eq) was added; and the reaction 

solution was heated for 16 hours at 95-105°C. HPLC: 70%, HPLC after sodium hydroxide 

hydrolysis: 99.6%; chiral purity: 99.0%. 

Method D 

Except for the following differences from the method A, the compound 6A was prepared by the 

same preparation method as the method A, wherein the amount of the compound 4a was 10 g; the 

reaction solvent was toluene (75 mL); and the reaction solution was heated for 10 hours at 108-

113°C. HPLC: 97%; chiral purity: 96%. 

Example 14: Preparation of compound 6C 

R-lactic acid (1.66 g, 5.0 eq), compound 4b (1 g, 1.0 eq) and methylcyclohexane (5.25 g) were 

added into a reaction flask, and the reaction mixture was refluxed with stirring at 110°C for 24 

hours. The reaction was cooled to 20-30°C, and methanol was added. The resulting mixture was 

allowed to settle for layering. The obtained upper organic phase was discarded, and the obtained 

lower layer was collected. Sodium hydroxide solution (1.2 g of water, and 0.52 g of sodium 

hydroxide) was dropwise added with an ice bath and the mixture was stirred for 0.5 hour. 

Hydrochloric acid (0.23 g of concentrated hydrochloric acid + 2.15 g of water) was dropwise added 

to adjust the pH to 7. The solution was concentrated under reduced pressure, water was added, the 

obtained system was stirred for 0.5 hour, and filtered. The filter cake was dried to obtain the 

compound 6C (output: 0.984 g, and yield: 82%). The 1H NMR spectrogram of the compound 6C 

was shown in FIG. 14. 

Example 15: Preparation of compound 6B 

Method A 

Compound 4a hydrochloride (200 g) and acetic anhydride (600 mL) were combined in a reaction 

vessel, stirred and heated at 90°C for 12 hours. The reaction solution was cooled to 0-10°C, methyl 

tert-butyl ether (2 L) was added. The mixture was stirred at 0-10°C for 1 hour, and filtered. The 

filter cake was rinsed with methyl tert-butyl ether (400 mL), and then placed in water (600 mL) 

and stirred. Dichloromethane was added. Sodium hydroxide (10% aqueous solution) was added in 

batches at 15-25°C to adjust the pH to 7-9. After the system was allowed to settle for 0.5 hour, the 

obtained organic phase was separated, and the obtained aqueous phase was extracted with 

dichloromethane for three times (600 mL). The organic phases were combined, dried with 

anhydrous sodium sulfate (200 g), and filtered. The filtrate was concentrated to 400 mL at 30-40°C, 

and ethanol (400 mL) was added. The resulting solution was concentrated under reduced pressure 

to 400 mL, and ethanol (400 mL) was added again. The mixture was concentrated under reduced 

pressure to 600 mL, heated to 45-55°C, stirred until the compound was dissolved to clear. The 

mixture was cooled to 0-10°C, and water (2L) was slowly added dropwise in about 1 hour. The 

mixture was stirred at 0-10℃ for 1 hour, and filtered. The filter cake was eluted with aqueous 

solution of ethanol (400 mL, ethanol:water = 1:5), and dried in a vacuum oven at 35-45°C to obtain 

the compound 6B, i.e., 2-((2R,5S)-5-(2-methyl-1H-furo[3,2-b]imidazo[4, 5-d]pyridine-1-

yl)tetrahydro-2H-pyran-2-yl)acetonitrile (output:134.6 g, and yield:89%). 1H NMR (400 MHz, 

Chloroform-d) δ 8.96 (s, 1H), 7.90 (d, J = 2.3 Hz, 1H), 7.17 (d, J = 2.3 Hz, 1H), 4.61 – 4.48 (m, 

1H), 4.33 (t, J = 11.1 Hz, 1H), 4.11 – 3.99 (m, 2H), 2.78 (dd, J = 12.6, 4.2 Hz, 1H), 2.73 (s, 3H), 

2.70 (t, J = 5.2 Hz, 2H), 2.30 – 2.06 (m, 2H), 1.93 – 1.78 (m, 1H). The 1H NMR spectrogram was 

shown in FIG. 9, and the HPLC spectrogram was shown in FIG. 10. 

Method B 
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Except for the following differences from the method A, the compound 6B was prepared by the 

same preparation method as the method A, wherein the amount of the compound 4a hydrochloride 

was 0.5 g; the reagent/solvent was acetic acid (2.5 mL); the temperature was controlled at 100-

110°C; reaction time was 23 hours. HPLC: 26%. 

Method C 

Except for the following differences from the method A, the compound 6B was prepared by the 

same preparation method as the method A, wherein the amount of the compound 4a hydrochloride 

was 0.5 g; the reagent/solvent was acetic acid (2.5 mL); sodium acetate (0.24 g, 2 eq) was added; 

reaction time was 23 hours. HPLC: 93%. 

Method D 

Except for the following differences from the method A, the compound 6B was prepared by the 

same preparation method as the method A, wherein acetic acid (0.2 eq) was added to the system; 

reaction time was 18 hours. HPLC: 99%. 

Method E 

Except for the following differences from the method A, the compound 6B was prepared by the 

same preparation method as the method A, wherein sodium acetate (0.5 eq) was added to the 

system; reaction time was 18 hours. HPLC: 99%. 

Example 16: Preparation of the L-tartrate of compound 6B 

Compound 6B (100 g) and acetone (500 mL) were combined in a reaction vessel, and heated at 

40-50°C with stirring for 1 hour until a clear solution was obtained. Acetone (1L) solution 

containing L-tartaric acid (30 g) was added and the obtained system was stirred for 4 hours at 40-

50°C. The solution was cooled to 15-25°C and stirred for 1 hour, then cooled to 0-10°C and stirred 

for 1 hour. The reaction solution was filtered. The filter cake was eluted with acetone (500 mL), 

and dried in a vacuum oven at 45-55°C for 24 hours to obtain the L-tartrate of the compound 6B 

(output: 122.3 g, and yield: 81%). 1H NMR (400 MHz, DMSO-d6) δ 8.80 (s, 1H), 8.31 (d, J = 2.3 

Hz, 1H), 7.24 (d, J = 2.2 Hz, 1H), 4.65-4.57 (m, 1H), 4.33 (s, 1H), 4.20 – 4.08 (m, 2H), 3.95 – 3.88 

(m, 1H), 3.06 – 2.76 (m, 2H), 2.71 (s, 3H), 2.57 – 2.47 (m, 1H), 2.21 – 2.14 (m, 1H), 2.03-1.97 (m, 

1H), 1.81 – 1.66 (m, 1H). The 1H NMR spectrogram was shown in FIG. 11, and the HPLC 

spectrogram was shown in FIG. 12. 

Example 17: Preparation of cis-trans isomer mixture 8 

Cis-trans isomer mixture 7 (25.1 g, cis:trans = 1:1.7, 1.01 eq), compound 1 (28 g, 1.0 eq), 

anhydrous ethanol (210 g, 9.5 V) and sodium bicarbonate (54.9 g, 4.5 eq) were combined in a 

reaction flask, and heated at 70-80°C for 6-10 hours. After the temperature was cooled to room 

temperature (20-30°C), 20 V of water was dropwise added. The resulting mixture was stirred for 

0.5-1.0 hour, stirred for additional 0.5-1.0 hour at 0-10℃. The mixture was filtered, and the filter 

cake was rinsed with 4 V of water (20-25°C). The filter cake was triturated with 5 V of water at 

20-25°C for 0.5-1.0 hour. The mixture was filtered, and rinsed with 4 V of water (20-25°C). The 

wet product was dried at 50°C to obtain the cis-trans isomer mixture 8 (41.9 g, yield: 98%, purity: 

97.9%, and water: 0.26%, wherein the compound 8A: the compound 3a = 1:1.7). 

Example 18: Preparation of cis-trans isomer mixture 9 

Cis-trans isomer mixture 8 (19 g, 1.0 eq), water (76 g, 4 V) and methanol (15.0 g, 1 V) were mixed 

and heated to 60-70°C. Hypoboric acid (20 g, 1.0 eq + 1.0 eq + 1.0 eq + 0.5 eq) was added in 
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batches, and the reaction mixture was heated at 70-80°C for 1-3 hours. The reaction was stopped 

when mixture 8 was less than or equal to 1%. The reaction solution was cooled to 45°C and 

concentrated under reduced pressure to 4-5 V (this process is mainly for removing part of 

methanol). The reaction solution was cooled to 0-10°C, stirred for 1.0 hour, and filtered under 

reduced pressure. The filter cake was eluted with 6V of DCM, and then sodium bicarbonate (35.43 

g, 0.5 W) was added to the filtrate with stirring. After being stirred for 0.5 -1.0 hour, the aqueous 

layer was extracted with 3 V of DCM for four times respectively. The obtained organic phases 

were combined, dried with 1W anhydrous sodium sulfate, and filtered. The filtrate was 

concentrated to 2 V of DCM, and 10 V of TBME was slowly dropwise added at less than or equal 

to 30°C. The resulting mixture was mechanically stirred for 1-2 hours, cooled to 1-10°C and kept 

for 1-2 hours. The mixture was filtered under reduced pressure, and dried at 50°C to obtain the cis-

trans isomer mixture 9 (12.77 g, yield: 74.64%, purity: 98.9%, water: 0.79%, and the compound 

9A: the compound 4a =1:1.4). 

Example 19: Preparation of mixture 6Aa 

R-lactic acid (13.2 g, 5 eq), cis-trans isomer mixture 9 (8 g, 1 eq), and methylcyclohexane (20 g) 

were combined and refluxed with a Dean–Stark apparatus until that IPC: isomer intermediate 

amide was less than 3%. 24 mL of methanol was dropwise added, and the reaction solution was 

cooled to room temperature. The methanol layer was separated, and 15 mL of methanol was added. 

The reaction solution was cooled to be less than 0°C, a water solution of sodium hydroxide (4.72 

g of sodium hydroxide and 11 g of water) was dropwise added, and the resulting mixture was 

stirred until the reaction was completed. Dilute hydrochloric acid was dropwise added to adjust 

the pH to 7-8. The solvents were removed, and 120 mL of water was added. The mixture was 

filtered. The obtained wet product was put into 120 ml of water, stirred for 2 hours, filtered, and 

dried at 50°C to obtain 5 g of the solid. The filtrates were combined, extracted with 

dichloromethane (100 ml*3), and concentrated to obtain 3.5 g of the solid. The solids were 

combined to obtain the mixture 6Aa (8.5 g, yield: 88.6%, the compound 6Ab:the compound 6A = 

1:2). 

Example 20: Preparation of compound 6A 

The mixture 6Aa (6.5 g) and a potassium tert-butoxide solution (0.39 g, 10.5 mL of tetrahydrofuran) 

were combined, stirred until the isomer 6Ab was less than 2.85%. Diluted hydrochloric acid was 

added to adjust the pH to 6-7. The solvents were removed by rotary evaporation, and 98 mL of 

water was added. The resulting mixture was stirred for 2 hours, filtered, and washed with water 

(20ml*2). The filter cake was collected and dried at 50°C to obtain the compound 6A (5.35 g). 5 

g of the compound 6A, 28.3 g of isopropanol, and 12 g of water were refluxed to a clear solution. 

The reaction solution was cooled at less than 5°C for 3 hours, filtered, washed with a mixed solvent 

to obtain 4.35 g of wet product. 28.3 g of isopropanol and 12 g of water were added to the wet 

product, and refluxed to a clear solution. The reaction solution was cooled at less than 5°C for 3 

hours, and filtered to obtain the compound 6A (3.5 g, purity: 99.62%, isomer: 0.49%, and yield: 

54%). The 1H NMR spectrogram of the compound 6A obtained was consistent with FIG. 6. 



38 

Claims 

1. A method for synthesizing 1H-furo[3,2-b]imidazo[4,5-d]pyridine compounds, comprising the 

following steps of: 

step 1: 

 

reacting compound 1 with compound 2 or compound 2 hydrochloride in a solvent in the presence 

of a base to obtain compound 3; 

step 2: 

 

subjecting the compound 3 to a reduction reaction to obtain compound 4 or compound 4 

hydrochloride; and 

step 3: 

 

subjecting the compound 4 or compound 4 hydrochloride to a ring-closing reaction with compound 

5 or compound 5' to obtain compound 6 or a hydrate of the compound 6, wherein R is methyl or 

ethyl, the methyl or ethyl is optionally substituted by hydroxyl, and preferably, R is methyl or 1-

hydroxyethyl; and 

X=CH2, or O. 

2. The method according to claim 1, wherein the compound 5 is R-lactic acid, and the step 3 is: 

or 
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subjecting the compound 4 or compound 4 hydrochloride to a ring-closing reaction with the R-

lactic acid to obtain compound 6A or compound 6C, or a hydrate of the compound 6A or the 

compound 6C. 

3. The method according to claim 1, wherein the compound 5' is acetic acid or acetic anhydride, 

and the step 3 is: 

 

subjecting the compound 4 or compound 4 hydrochloride to a ring-closing reaction with the acetic 

acid and/or acetic anhydride to obtain compound 6B or compound 6D. 

4. The method according to claim 1, wherein in the step 1, the base is an inorganic base. 

5. The method according to claim 4, wherein in the step 1, the inorganic base is sodium carbonate, 

potassium bicarbonate or sodium bicarbonate. 

6. The method according to claim 1, wherein in the step 1, the base is an organic base other than 

N,N-diisopropylethylamine. 

7. The method according to claim 6, wherein in the step 1, the organic base is 1,8-

diazabicyclo[5.4.0]undec-7-ene (DBU). 

8. The method according to claim 1, wherein in the step 1, the base is N,N-diisopropylethylamine, 

the solvent is a mixed solvent of ethanol and acetonitrile, and preferably, a volume ratio of 

acetonitrile to ethanol is from 1:0.8 to 1:1.2. 

9. The method according to claim 1, wherein in the step 1, the solvent is ethanol and/or acetonitrile, 

preferably, the solvent is ethanol, or a mixed solvent of acetonitrile and ethanol, wherein a volume 

ratio of acetonitrile to ethanol is from 1:0.8 to 1:1.2; 

the molar ratio of compound 1 to the compound 2 is from 1:0.8 to 1:1.2; 

when the compound 2 is in the form of a hydrochloride, the molar ratio of compound 1 to the base 

is from 1:2 to 1:2.5, and preferably from 1:2.1 to 1:2.3; 

when the compound 2 is in a salt-free form, the molar ratio of the compound 1 to the base is from 

1:1 to 1:1.5, and preferably from 1:1.1 to 1:1.3; 
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the mass-to-volume ratio of compound 1 to the solvent is from 1:9 to 1:10; 

the reaction of the step 1 is optionally carried out under the protection of an inert gas; 

the reaction is carried out at a temperature of 50-80°C; and 

after the reaction is completed, the reaction solution is cooled, stirred and filtered, and the filter 

cake is washed and dried to obtain the compound 3. 

10. The method according to any one of claims 1 to 9, wherein the reducing agent in the step 2 is 

a nitro reducing agent other than H2/Pd; 

the reaction of the step 2 is optionally carried out under the protection of an inert gas; and 

the reaction is carried out at a temperature of 15-90°C. 

11. The method according to claim 10, wherein in the step 2, the reducing agent is Fe, B2(OH)4, or 

SnCl2. 

12. The method according to claim 11, wherein in the step 2, when the reducing agent is Fe, 

the solvent used in the reduction reaction is acetonitrile; the molar ratio of compound 3 to Fe is 

from 1:6 to 1:9, and the molar ratio of compound 3 to the acetic acid is from 1:12 to 1:14; and the 

mass-to-volume ratio of compound 3 to the solvent is from 1:4 to 1:10, and preferably from 1:5 to 

1:9; and 

after the reaction is completed, the reaction solution is filtered, the pH is adjusted to about 6 with 

sodium citrate solution, and then adjusted to 8-9 with dilute K3PO4 solution; after concentration, 

celite, water and ethyl acetate are added to the reaction solution, and the solution is filtered and 

layered; the obtained aqueous phase is extracted with ethyl acetate, and the obtained organic phases 

are combined, washed with sodium citrate aqueous solution, and brine respectively; silica gel and 

anhydrous sodium sulfate are added, and the solution is filtered, washed with ethyl acetate, and 

concentrated; methyl tert-butyl ether is added , and the precipitate is filtered and dried to obtain 

the compound 4. 

13. The method according to claim 11, wherein in the step 2, when the reducing agent is B2(OH)4, 

the solvent used in the reduction reaction is a mixed solvent of water and methanol, wherein a 

volume ratio of water to methanol is from 1:1 to 9:1, preferably from 3:1 to 5:1, more preferably 

4:1; the molar ratio of compound 3 to B2(OH)4 is from 1:3 to 1:5, and preferably 1:3.5; the mass-

to-volume ratio of the compound 3 to the solvent is from 1:4 to 1:10, and preferably from 1:5 to 

1:9; and B2(OH)4 is added in batches; 

4,4'-bipyridine is optionally added; and 

after the reaction is completed, the reaction solution is filtered, and the filter cake is washed with 

dichloromethane; the filtrate is collected and sodium bicarbonate is added; the obtained system is 

stirred evenly, and is allowed to settle; the organic phase is separated, and the aqueous phase is 

extracted with dichloromethane; then the organic phases are combined, dried with anhydrous 

sodium sulfate, and hydrochloric acid in ethanol solution is dropwise added; the obtained system 

is stirred evenly, and ethyl acetate is dropwise added; the obtained system is stirred evenly, and 

filtered, then the filter cake is rinsed with ethyl acetate, and dried to obtain the compound 4 

hydrochloride. 
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14. The method according to claim 11, wherein in the step 2, when the reducing agent is stannous 

chloride SnCl2, 

the solvent used in the reduction reaction is ethyl acetate; the molar ratio of compound 3 to the 

stannous chloride is from 1:2 to 1:9, and preferably from 1:3 to 1:6; and the mass-to-volume ratio 

of compound 3 to the solvent is from 1:4 to 1:20, and preferably from 1:5 to 1:15; and 

after the reaction is completed, sodium bicarbonate is added, and the obtained system is stirred, 

filtered, and rinsed with ethyl acetate; then the filtrate is collected, and washed with aqueous 

solution of saturated sodium bicarbonate; the obtained organic phases are combined and then 

washed with brine, dried with anhydrous sodium sulfate, and filtered; the filtrate is concentrated 

under reduced pressure to obtain the compound 4. 

15. The method according to claim 2 or 3, wherein in the step 3, 

the ring-closing reaction is carried out in a solvent, wherein the solvent is toluene, dioxane, acetic 

acid, methylcyclohexane or acetic anhydride; 

when the compound 4 is subjected to the ring-closing reaction with R-lactic acid, the molar ratio 

of compound 4 to the R-lactic acid is from 1:4 to 1:30, preferably from 1:4 to 1:20, and more 

preferably from 1:4 to 1:10; and the mass-to-volume ratio of compound 4 to the solvent is from 

1:1.5 to 1:40, preferably from 1:1.5 to 1:30, and more preferably from 1:1.5 to 1:15; 

when the compound 4 is subjected to the ring-closing reaction with acetic anhydride or acetic acid, 

the acetic anhydride or the acetic acid act as a reaction reagent and a solvent simultaneously, and 

the mass-to-volume ratio of compound 4 to the acetic anhydride or the acetic acid is from 1:1 to 

1:10, and preferably from 1:2 to 1:5; 

an acid catalyst is optionally added in the ring-closing reaction of the compound 4 with the 

compound 5 or the compound 5', wherein the acid catalyst is preferably methanesulfonic acid; 

the reaction is carried out at a temperature of 80-120°C; and 

after the reaction is completed, the reaction solution is cooled and extracted, the pH is adjusted to 

7-10, and the obtained solid is dried to obtain the compound 6 or the hydrate of the compound 6. 

16. The method according to claim 2, wherein in the method for synthesizing the compound 6A, 

in the step 3, the compound 4 is compound 4a, 

the ring-closing reaction is carried out in a solvent, wherein the solvent is toluene, dioxane, or 

methylcyclohexane, preferably toluene or methylcyclohexane, and more preferably 

methylcyclohexane; 

the molar ratio of compound 4a to the R-lactic acid is from 1:4 to 1:30, preferably from 1:4 to 1:20, 

more preferably from 1:4 to 1:10, and most preferably from 1:5 to 1:7; 

a mass-to-volume ratio (g/mL) of the compound 4a to the solvent is from 1:1.5 to 1:40, preferably 

from 1:1.5 to 1:30, more preferably from 1:1.5 to 1:15, and most preferably from 1:1.5 to 1:5; and 

after the reaction is completed, methanol is added, the methanol layer is separated; sodium 

hydroxide solution is added with stirring, subsequently hydrochloric acid is dropwise added to 

adjust the pH to about 7; the solvent is removed under reduced pressure, and water is added with 

stirring; the solid is filtered, washed with water, and dried to obtain the compound 6A. 
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17. The method according to claim 2, wherein in the method for synthesizing the compound 6C, 

in the step 3, the compound 4 is compound 4b, 

the ring-closing reaction is carried out in a solvent, wherein the solvent is toluene, dioxane, or 

methylcyclohexane, preferably toluene or methylcyclohexane, and more preferably 

methylcyclohexane; 

the molar ratio of compound 4b to the R-lactic acid is from 1:4 to 1:30, preferably from 1:4 to 1:20, 

more preferably from 1:4 to 1:10, and most preferably from 1:5 to 1:7; 

a mass-to-volume ratio (g/mL) of the compound 4b to the solvent is from 1:1.5 to 1:40, preferably 

from 1:1.5 to 1:30, more preferably from 1:1.5 to 1:15, and most preferably from 1:1.5 to 1:5; and 

after the reaction is completed, methanol is added, and the methanol layer is separated; sodium 

hydroxide solution is added with stirring, subsequently hydrochloric acid is dropwise added to 

adjust the pH to about 7; the solvent is removed under reduced pressure, and water is added with 

stirring; the solid is filtered, washed with water, and dried to obtain the compound 6C. 

18. The method according to claim 3, wherein in the method for synthesizing the compound 6B, 

in the step 3, the compound 4 is compound 4a, 

when the compound 4a is subjected to the ring-closing reaction with acetic anhydride, acetic acid 

or sodium acetate is optionally added, wherein the molar ratio of compound 4a to the acetic acid 

is from 1:0.1 to 1:0.5, and preferably from 1:0.2 to 1:0.3, and the molar ratio of compound 4a to 

the sodium acetate is from 1:0.2 to 1:1; and 

when the compound 4a is subjected to the ring-closing reaction with acetic acid, sodium acetate is 

optionally added, wherein the molar ratio of compound 4a to the sodium acetate is from 1:1 to 1:3. 

19. The method according to claim 3, wherein in the method for synthesizing the compound 6B, 

in the step 3, the compound 4 is compound 4a, 

when the compound 4a is subjected to the ring-closing reaction with acetic anhydride, the mass-

to-volume ratio of compound 4a to the acetic anhydride is from 1:2 to 1:5; 

when the compound 4a is subjected to the ring-closing reaction with acetic acid, the mass-to-

volume ratio of compound 4a to the acetic acid is from 1:3 to 1:8. 

the reaction is carried out at a temperature of 80-120°C, and preferably 90-110°C; and  

after the reaction is completed, methyl tert-butyl ether is added, the obtained system is stirred 

evenly, and filtered; the filter cake is dissolved in a mixed solvent of water and dichloromethane, 

and NaOH aqueous solution is dropwise added to adjust the pH to 7-10; then the reaction solution 

is layered, and the obtained aqueous layer is extracted with dichloromethane; the obtained organic 

phases are combined, dried with anhydrous Na2SO4, filtered, and concentrated; ethanol and water 

are added with stirring, and filtered, then the filter cake is dried to obtain the compound 6B. 

20. The method according to claim 3, wherein in the method for synthesizing the compound 6D, 

in the step 3, the compound 4 is compound 4b, 

when the compound 4b is subjected to the ring-closing reaction with acetic anhydride, acetic acid 

or sodium acetate is optionally added, wherein the molar ratio of compound 4b to the acetic acid 

is from 1:0.1 to 1:0.5, and preferably from 1:0.2 to 1:0.3; and the molar ratio of compound 4b to 

the sodium acetate is from 1:0.2 to 1:1, and preferably from 1:0.4 to 1:0.8; and 
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when the compound 4b is subjected to the ring-closing reaction with acetic acid, sodium acetate is 

optionally added, wherein the molar ratio of compound 4b to the sodium acetate is from 1:1 to 1:3, 

and preferably from 1:1.5 to 1:2.5. 

21. The method according to claim 3, wherein in the method for synthesizing the compound 6D, 

in the step 3, the compound 4 is compound 4b, 

when the compound 4b is subjected to the ring-closing reaction with acetic anhydride, the mass-

to-volume ratio of compound 4b to the acetic anhydride is from 1:2 to 1:5; 

when the compound 4b is subjected to the ring-closing reaction with acetic acid, the mass-to-

volume ratio of compound 4b to the acetic acid is from 1:3 to 1:8; 

the reaction is carried out at a temperature of 80°C - 120°C, and preferably 90°C - 110°C; and 

after the reaction is completed, methyl tert-butyl ether is added, the obtained system is stirred 

evenly, and filtered; the filter cake is dissolved in a mixed solvent of water and dichloromethane, 

and NaOH aqueous solution is dropwise added to adjust the pH to 7-10; then the reaction solution 

is layered, and the obtained aqueous layer is extracted with dichloromethane; the obtained organic 

phases are combined, dried with anhydrous Na2SO4, filtered, and concentrated; ethanol and water 

are added with stirring, and filtered, then the filter cake is dried to obtain the compound 6D. 

22. The method according to claim 1, wherein the compound 1 is synthesized by the following 

steps of: 

step 1-1: 

 

reacting compound 1-1 with triphenylphosphine to obtain compound 1-2; 

step 1-2: 

 

reacting the compound 1-2 with ethyl formate to obtain compound 1-3; 

step 1-3: 
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subjecting the compound 1-3 to a demethylation and acetalization reaction to obtain compound 1-

4; 

step 1-4: 

 

subjecting the compound 1-4 to a ring-closing reaction under acidic condition to obtain compound 

1-5; 

step 1-5: 

 

subjecting the compound 1-5 to a nitration reaction to obtain compound 1-6; and 

step 1-6: 

 

subjecting the compound 1-6 to a chloro-substitution reaction to obtain the compound 1. 

23. The method according to claim 22, wherein in the method for synthesizing the compound 1, 

in the step 1-1: 

 

sodium carbonate is added to a mixture of the compound 1-1, toluene and water; the obtained 

system is stirred at room temperature, and layered; the obtained aqueous phase is extracted with 

toluene, and the obtained organic phases are washed with brine, dried with anhydrous sodium 

sulfate, and filtered; triphenylphosphine is added to the filtrate, and the obtained system is heated 

at 110-120°C with a Dean-Stark apparatus; then the reaction solution is cooled to 20-30°C after 

the reaction is completed, and filtered; the obtained wet product is dried under reduced pressure to 

obtain the compound 1-2; 



45 

in the step 1-2: 

 

alkali metal tert-butoxide is added to a mixture of the compound 1-2 and dimethyl sulphoxide, and 

the obtained system is stirred evenly at room temperature; ethyl formate is dropwise added, and 

the reaction solution is stirred at 40-50°C; then the reaction solution is cooled to room temperature 

after the reaction is completed; the reaction solution is added into an organic solvent and water for 

extraction, and the obtained organic phases are washed with water, adjusted the pH to 5-6 with 

hydrochloric acid, and layered; the obtained aqueous phase is extracted with an organic solvent, 

and the pH is adjusted to be greater than or equal to 8 with a base; then the system is layered, and 

the obtained aqueous phase is extracted with an organic solvent; the obtained organic phases are 

combined, washed with water, dried with anhydrous sodium sulfate, filtered, and concentrated to 

obtain the compound 1-3; 

in the step 1-3: 

 

boron tribromide is dropwise added into a mixture of the compound 1-3 and dichloromethane, and 

the reaction solution is stirred at 20-30°C after the dropwise addition; the reaction solution is 

dropwise added into ethanol, stirred evenly, and concentrated under reduced pressure; After 

ethanol is added, the solution is concentrated under reduced pressure, adjusted the pH to 5-6 with 

dropwise addition of an ethanol solution of sodium ethoxide, filtered, and the filter cake is rinsed 

with ethanol; an ethanol solution of sodium ethoxide is dropwise added to the filtrate to adjust the 

pH to 8-9, and the solvent is removed under reduced pressure; methyl tert-butyl ether is added, and 

the obtained system is stirred evenly, filtered, and then the filter cake is rinsed with methyl tert-

butyl ether, and dried to obtain the compound 1-4; 

in the step 1-4: 

 

benzoyl chloride is dropwise added to a dichloromethane solution of the compound 1-4, and the 

obtained system is stirred evenly after the dropwise addition; the reaction solution is dropwise 

added into concentrated sulfuric acid, and the obtained system is stirred evenly, then the reaction 

solution is dropwise added into water; the obtained system is filtered, and the pH of the filtrate is 

adjusted to 7-8; the reaction solution is stirred evenly after the dropwise addition, filtered, and then 

the filter cake is rinsed with water, and dried to obtain the compound 1-5; 
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in the step 1-5: 

 

nitric acid is dropwise added to a mixed solution of acetic acid and acetic anhydride, the resulting 

mixture is stirred evenly after the dropwise addition; the mixed solution of acetic acid, acetic 

anhydride and nitric acid is dropwise added into an acetic acid solution of the compound 1-5; the 

obtained system is stirred evenly after the dropwise addition, then methyl tert-butyl ether is added 

to the reaction solution after the reaction is completed; the obtained system is stirred uniformly 

and filtered, and then the filter cake is rinsed with methyl tert-butyl ether, and dried to obtain the 

compound 1-6; and 

in the step 1-6: 

 

phosphorus oxychloride is dropwise added to a mixture of the compound 1-6, N,N-

dimethylformamide and toluene; the obtained system is stirred at 35-75°C, and the reaction 

solution is cooled to room temperature after the reaction is completed; toluene is removed, and 

dichloromethane and potassium carbonate aqueous solution or sodium bicarbonate aqueous 

solution are added; the system is allowed to be layered; the obtained organic phases are washed 

with brine, dried with anhydrous sodium sulfate, filtered, and concentrated to obtain the compound 

1. 

24. The method according to claim 22, wherein in the step 1-1, 

in the mixture of the compound 1-1, toluene and water, the mass-to-volume ratio of compound 1-

1 to toluene and water is from 1:5 to 1:6, and a volume ratio of toluene to water is from 8:1 to 9:1; 

the molar ratio of compound 1-1 to sodium carbonate is from 1:1.1 to 1:1.2; 

the molar ratio of compound 1-1 to triphenylphosphine is from 1:1.1 to 1:1.2; and 

the reaction of the step 1-1 is optionally carried out under the protection of an inert gas. 

25. The method according to claim 22, wherein in the step 1-2, 

the alkali metal tert-butoxide is potassium tert-butoxide or sodium tert-butoxide; 

the base used for adjusting the pH is aqueous ammonia or sodium carbonate; 

the organic solvent used for extraction is methyl tert-butyl ether or ethyl acetate; 

the mass-to-volume ratio of compound 1-2 to dimethyl sulphoxide is from 1:3 to 1:5; 
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the molar ratio of compound 1-2 to alkali metal tert-butoxide is from 1:1.05 to 1:1.15, and 

preferably 1:1.1; 

the molar ratio of compound 1-2 to ethyl formate is from 1:4 to 1:5; and 

the reaction of the step 1-2 is optionally carried out under the protection of an inert gas. 

26. The method according to claim 22, wherein in the step 1-3, 

the mass-to-volume ratio of compound 1-3 to dichloromethane is from 1:6 to 1:10; 

the molar ratio of compound 1-3 to boron tribromide is from 1:2.0 to 1:3.5, and preferably from 

1:2.5 to 1:3.2; and 

the reaction of the step 1-3 is optionally carried out under the protection of an inert gas. 

27. The method according to claim 22, wherein in the step 1-4, 

the mass-to-volume ratio of compound 1-4 to concentrated sulfuric acid is from 1:2 to 1:5; 

the mass-to-volume ratio of compound 1-4 to dichloromethane is from 1:25 to 1:26; and 

the molar ratio of compound 1-4 to benzoyl chloride is from 1:1.5 to 1:2.5, and preferably 1:2. 

28. The method according to claim 22, wherein in the step 1-5, 

the mass ratio of the compound 1-5 to the acetic acid in the acetic acid solution of the compound 

1-5 is from 1:9 to 1:11, and preferably 1:10; 

the mass ratio of compound 1-5 to the acetic acid in the mixed solution of acetic acid, acetic 

anhydride and nitric acid is from 1:3 to 1:5; 

the molar ratio of compound 1-5 to acetic anhydride is from 1:2 to 1:5, and preferably from 1:2.6 

to 1:4.2; 

the molar ratio of compound 1-5 to nitric acid is from 1:2 to 1:5, and preferably from 1:2.5 to 1:4.0; 

and 

the reaction of the step 1-5 is optionally carried out under the protection of an inert gas. 

29. The method according to claim 22, wherein in the step 1-6, 

the molar ratio of compound 1-6 to N,N-dimethylformamide is from 1:1 to 1:1.2; 

the mass-to-volume ratio of compound 1-6 to toluene is from 1:9 to 1:11, and preferably 1:10; 

the molar ratio of compound 1-6 to phosphorus oxychloride is from 1:1.8 to 1:2.2, and preferably 

1:2; and 

the reaction of the step 1-6 is optionally carried out under the protection of an inert gas. 

30. The method according to claim 1, wherein when the compound 2 is a compound 2a, the 

compound 2a hydrochloride is synthesized through the following steps of: 

step 2-1: 
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subjecting compound 2-1 to a ring-closing reaction under the catalysis of sodium methoxide to 

obtain compound 2-2; and 

step 2-2: 

 

reacting the compound 2-2 with hydrochloric acid to obtain the compound 2a hydrochloride. 

31. The method according to claim 30, wherein in the method for synthesizing the compound 2a 

hydrochloride, 

in the step 2-1: 

 

a methanol solution of sodium methoxide is dropwise added to a mixture of the compound 2-1 and 

tetrahydrofuran, and the obtained system is stirred evenly after the dropwise addition; after the 

reaction is completed, ammonium chloride solution is dropwise added to the reaction solution to 

adjust the pH to 7-8; the mixture is extracted with methyl tert-butyl ether, washed with sodium 

chloride solution, dried with anhydrous sodium sulfate, filtered, and dried to obtain the compound 

2-2; and 

in the step 2-2: 

 

an ethanol solution of hydrogen chloride is dropwise added to a mixture of the compound 2-2 and 

dichloromethane; the obtained system is stirred evenly after the dropwise addition, and filtered 

after the reaction is completed; the filter cake is rinsed with dichloromethane, and dried to obtain 

the compound 2a hydrochloride. 

32. The method according to claim 30, wherein in the step 2-1, 

the mass-to-volume ratio of compound 2-1 to tetrahydrofuran is from 1:10 to 1:12, and preferably 

from 1:10 to 1:11; 

the molar ratio of compound 2-1 to sodium methoxide in methanol solution is from 1:0.2 to 1:0.3, 
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and preferably 1:0.25; and 

the reaction of the step 2-1 is optionally carried out under the protection of an inert gas. 

33. The method according to claim 30, wherein in the step 2-2, 

the mass-to-volume ratio of compound 2-2 to dichloromethane is from 1:5 to 1:7, and preferably 

1:6; 

the molar ratio of compound 2-2 to hydrogen chloride in ethanol solution is from 1:2 to 1:5, and 

preferably 1:3; and 

the reaction of the step 2-2 is optionally carried out under the protection of an inert gas. 

34. A method for synthesizing 1H-furo[3,2-b]imidazo[4,5-d]pyridine compounds, comprising the 

following steps of: 

step 1A: 

 

reacting compound 1 with cis-trans isomer mixture 7 in a solvent in the presence of a base to obtain 

cis-trans isomer mixture 8; 

step 2A: 

 

subjecting the cis-trans isomer mixture 8 to a reduction reaction to obtain cis-trans isomer mixture 

9 or the cis-trans isomer mixture 9 hydrochlorides; 

step 3A: 

 

subjecting the cis-trans isomer mixture 9 or the cis-trans isomer mixture 9 hydrochlorides to a ring-

closing reaction with compound 5 or compound 5' to obtain mixture 10 or hydrates of the mixture 

or 
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10, wherein R is methyl or ethyl, the methyl or ethyl is optionally substituted by hydroxyl, and 

preferably, R is methyl or 1-hydroxyethyl; and 

step 4A: 

 

subjecting the mixture 10 or the hydrates of the mixture 10 to an isomerization reaction under basic 

condition to obtain compound 6 or a hydrate of the compound 6. 

35. The method according to claim 34, wherein the reaction condition of the step 1A are as defined 

in any one of claims 4 to 9. 

36. The method according to claim 34, wherein the reaction condition of the step 2A are as defined 

in any one of claims 10 to 14. 

37. The method according to claim 34, wherein the reaction condition of the step 3A are as defined 

in any one of claims 2, 3 and 15 to 21. 

38. The method according to claim 34, wherein the step 4A is: 

 

subjecting mixture 6Aa or hydrates of the mixture 6Aa to an isomer transformation reaction under 

basic condition to obtain a hydrate of compound 6A. 

39. The method according to claim 38, wherein the base is an alkoxide base, preferably alkali metal 

C1-6 alkoxide, and more preferably, potassium tert-butoxide. 

40. The method according to claims 38 to 39, wherein in the method for synthesizing the hydrate 

of the compound 6A, in the step 4A, 

the reaction is carried out in a solvent, wherein the solvent is preferably tetrahydrofuran; 

the molar ratio of mixture 6Aa to the base is from 1:0.05 to 1:0.2, and preferably from 1:0.1 to 

1:0.2; 

the reaction is carried out at room temperature; and 

after the reaction is completed, dilute hydrochloric acid is added to adjust the pH to 6-7; the solvent 

is removed by rotary evaporation, and water is added with stirring; the mixture is filtered, and 

washed with water; the filter cake is collected and dried to obtain the hydrate form of the compound 
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6A. 

41. The method according to claim 34, wherein the step 4A is: 

 

subjecting mixture 6Ba or the mixture 6Ba hydrochlorides to an isomer transformation reaction 

under basic condition to obtain compound 6B. 

42. The method according to claim 41, wherein the base is an alkoxide base, preferably alkali metal 

C1-6 alkoxide, and more preferably, potassium tert-butoxide. 

43. The method according to claims 41 to 42, wherein in the method for synthesizing the compound 

6B, in the step 4A, 

the reaction is carried out in a solvent, wherein the solvent is preferably tetrahydrofuran; 

the molar ratio of mixture 6Ba to the base is from 1:0.05 to 1:0.2, and preferably from 1:0.1 to 

1:0.2; 

the reaction is carried out at room temperature; and 

after the reaction is completed, dilute hydrochloric acid is added to adjust the pH to 6-7; the solvent 

is removed by rotary evaporation, and water is added with stirring; the mixture is filtered, and 

washed with water; the filter cake is collected and dried to obtain the compound 6B. 




