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or its salt. This compound has activity to protect neurons, activity to accelerate nerve regeneration and activity to accel erate neurite extension and hence is useful as a therapeutic



agent for diseases in central and peripheral nerves.
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US RE43,676 E 1 ALKYL ETHER DERIVATIVES OR SALTS THEREOF



Matter enclosed in heavy brackets [ ] appears in the original patent but forms no part of this reissue speci?ca tion; matter printed in italics indicates the additions made by reissue. wherein each of R1 and R2, which may be the same or differ ent, represents one or more groups selected from a hydrogen



TECHNICAL FIELD



atom, a halogen atom, a substituted or unsubstituted alkyl,



aryl, aralkyl, alkoxy, aryloxy, alkylthio, arylthio, alkenyl, alk



The present invention relates to novel alkyl ether deriva tives or their salts, a process for production thereof, interme diates thereof and a therapeutic agent for central and periph



enyloxy, amino, alkylsulfonyl, arylsulfonyl, carbamoyl or heterocyclic group, a protected or unprotected amino, hydroxyl or carboxyl group, a nitro group, and an oxo group; R3 is a substituted or unsubstituted alkylamino group, or a



eral nerves.



protected or unprotected amino or hydroxyl group; the ring A



BACKGROUND ART 20



Dementia is divided into cerebrovascular dementia and neurodegenerative dementia, and various agents such as cere



bral blood ?ow improvers and nootropics are used for treating these dementias.



Senile plaques characteristic of AlZheimer’s disease,



25



is a S-membered or 6-membered heteroaromatic ring or a



benzene ring; each ofm and n is an integer of 1 to 6; and p is an integer of 1 to 3, or its salt has activity to protect neurons, activity to accelerate nerve regeneration and activity to accel erate axon extension, is excellent in stability to metabolism, and is useful as a therapeutic agent for diseases in central and



which is most typical as neurodegenerative dementia, are



peripheral nerves, whereby the present invention has been



mainly composed of amyloid [3 protein (AB) derived from [3



accomplished.



amyloid precursor protein. AB is considered as a substance that is deposited on the neurons or blood vessels of brain to cause a disease such as dementia. In addition, it has been



The present invention is explained below in detail. 30



The terms used in the present speci?cation have the fol



reported that AB itself injures neurons. Inhibitors of neuro



lowing meanings unless otherwise speci?ed. The term “halo



toxicity induced by A6 are investigated as therapeutic agents



gen atom” means a ?uorine atom, a chlorine atom, a bromine atom or an iodine atom; the term “alkyl group” means a



for AlZheimer’s disease.



As compounds having inhibitory activity against neurotox icity induced by AB, there are known, for example, the 1,2



35



straight chain or branched chain C1_l2alkyl group such as



methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl,



ethanediol derivatives disclosed in JP-A-3-232830 and JP-A



pentyl, hexyl, heptyl, octyl or the like; the term “lower alkyl



4-95070,



group” means a straight chain or branched chain Cl_6alkyl



and



the



N-alkoxyalkyl-N,N-dialkylamine



derivatives disclosed in International Publication WO 00/76957.



40



The 1,2-ethanediol derivatives disclosed in JP-A-3



group such as methyl, ethyl, propyl, isopropyl, butyl, isobu tyl, tert-butyl, pentyl, hexyl or the like; the term “alkoxy group” means a straight chain or branched chain C1_12alky



232830 and JP-A-4-95070, in particular, (R)-1-(benZo[b]



loxy group such as methoxy, ethoxy, propoxy, isopropoxy,



thiophen-5-yl)-2- [2-(N,N-diethylamino)-ethoxy]ethanol



butoxy, isobutoxy, tert-butoxy, pentyloxy, hexyloxy, hepty



hydrochloride has protective activity against the neuronal death caused by AB (SOCIETY FOR NEUROSCIENCE,



loxy, octyloxy or the like; the term “lower alkoxy group” 45



Abstracts, Vol. 24, Part 1, p. 228, 1998) and activity to enhance the activity of nerve growth factor (NGF) (W0 96/ 12717) and hence is useful as a therapeutic agent for diseases in central and peripheral nerves. However, there is desired the development of a compound possessing proper



such as methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobu toxy, tert-butoxy, pentyloxy, hexyloxy or the like; the term “alkenyl group” means a C2_12alkenyl group such as vinyl,



propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl or the 50



ties such as a higher activity to protect neurons and a higher activity to accelerate nerve regeneration, which are required as a therapeutic agent for diseases in central and peripheral



the like; the term “alkenyloxy group” means a C2_l2alkeny 55



DISCLOSURE OF THE INVENTION



are compounds having not only calcium-antagonistic activity but also inhibitory activity against neurotoxicity induced by AB, among the alkyl ether derivatives with calcium-antago nistic activity disclosed in WO 99/31056. The present inventors further investigated, and conse quently found that an alkyl ether derivative represented by the



following general formula [1]:



like; the term “lower alkenyl group” means a C2_6alkenyl



group such as vinyl, propenyl, butenyl, pentenyl, hexenyl or



nerves.



The present inventors earnestly investigated in order to solve the above problem, and consequently found that there



means a straight chain or branched chain C l_6alkyloxy group



60



loxy group such as vinyloxy, propenyloxy, butenyloxy, pen tenyloxy, hexenyloxy heptenyloxy, octenyloxy or the like; the term “lower alkenyloxy group” means a C2_6alkenyloxy



group such as vinyloxy, propenyloxy, butenyloxy, penteny loxy, hexenyloxy or the like; the term “alkynyl group” means a C2_6alkynyl group such as ethynyl, 2-propynyl, 2-bytynyl or the like; the term “cycloalkyl group” means a cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyl group; the term “alky lthio group” means a Cl_l2alkylthio group such as meth



ylthio, ethylthio, propylthio, isopropylthio, butylthio, isobu tylthio, tert-butylthio, pentylthio, hexylthio, heptylthio, 65



octylthio or the like; the term “lower alkylthio group” means a Cl_6alkylthio group such as methylthio, ethylthio, propy



lthio, isopropylthio, butylthio, isobutylthio, tert-butylthio,
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3 pentylthio, hexylthio or the like; the term “aryl group” means a phenyl, naphthyl, indanyl or indenyl group; the term



As the 5-membered or 6-membered heteroaromatic ring as



the ring A, there are exempli?ed 5-membered or 6-membered heteroaromatic rings Which contain at least one heteroatom selected from oxygen, nitrogen and sulfur atoms as the het



“aryloxy group” means a phenyloxy, naphthyloxy, indany loxy or indenyloxy group; the term “aralkyl group” means an



eroatom forming the ring, such as triaZine, pyridaZine, pyri



ar-Cl_6alkyl group such as benZyl, diphenylmethyl, trityl, phenethyl or the like; the term “arylthio group” means a



midine, pyraZine, pyridine, furan, thiophene, pyrrole,



phenylthio, naphthylthio, indanylthio or indenylthio group;



oxaZole, thiaZole, imidaZole, isoxaZole, isothiaZole, pyra Zole, pyran, and the like. As the substituent of each of the alkyl group, aryl group,



the term “acyl group” means a formyl group, a C2_l2alkanoyl



group such as acetyl, isovaleryl, propionyl, piValoyl or the



aralkyl group, alkoxy group, aryloxy group, alkylthio group, arylthio group, alkenyl group, alkenyloxy group, amino group, alkylsulfonyl group, arylsulfonyl group, carbamoyl



like, an aralkylcarbonyl group such as benZylcarbonyl or the like, or an aroyl group such as benZoyl, naphthoyl or the like; the term “alkylsulfonyl group” means a Cl_l2alkylsulfonyl



group and heterocyclic group for each of R1 and R2 and the alkylamino group for R3, there are exempli?ed groups



group such as methylsulfonyl, ethylsulfonyl, propylsulfonyl,



isopropylsulfonyl, butylsulfonyl, isobutylsulfonyl, sec-butyl sulfonyl, tert-butylsulfonyl, pentylsulfonyl, hexylsulfonyl, heptylsulfonyl, octylsulfonyl or the like; the term “loWer alkylsulfonyl group” means a Cl_6alkylsulfonyl group such



as methylsulfonyl, ethylsulfonyl, propylsulfonyl, isopropyl



sulfonyl, butylsulfonyl, isobutylsulfonyl, sec-butylsulfonyl,



20



unprotected carboxyl groups, acyl groups, heterocyclic



tert-butylsulfonyl, pentylsulfonyl or the like; the term “aryl sulfonyl group” means a phenylsulfonyl, p-toluenesulfonyl



groups, etc.



The protecting group for the carboxyl group includes all



or naphthylsulfonyl group or the like; the term “loWer alkyl sulfonyloxy group” means a Cl_6alkylsulfonyloxy group



such as methylsulfonyloxy, ethylsulfonyloxy, propylsulfony



conventional groups usable as carboxyl-protecting groups, 25



aryl groups such as phenyl, naphthyl and the like; ar-loWer alkyl groups such as benZyl, diphenylmethyl, trityl, 4-ni



sulfonyloxy or the like; the term “arylsulfonyloxy group”



trobenZyl, 4-methoxybenZyl, bis(4-methoxyphenyl)methyl



means a phenylsulfonyloxy, p-toluenesulfonyloxy or naphth 30



ethyl, 4-methanesulfonylbenzoylmethyl and the like; oxy



lamino, ethylamino, propylamino, isopropylamino, buty lamino, dimethylamino, diethylamino, diisopropylamino, 35



means a mono-Cl_6alkylamino group such as methylamino,



ethylamino, propylamino, isopropylamino, butylamino or the like; the term “dialkylamino group” means a di-Cl_6alky lamino group such as dimethylamino, diethylamino, diiso propylamino, dibutylamino or the like; the term “heterocyclic



40



group” means a 5-membered or 6-membered heterocyclic group containing at least one heteroatom selected from nitro



45



2, 3 -4H-l -thianaphthyl,



alkyl groups such as phenylthiomethyl and the like; loWer alkenyl groups such as l,l-dimethyl-2-propenyl, 3-methyl



3-butenyl, allyl and the like; and substituted silyl groups such 50



diphenylmethylsilyl, tert-butylmethoxyphenylsilyl and the like.



The protecting group for the hydroxyl group includes all 55



for example, alkoxy- and alkylthiocarbonyl groups such as



60



and may further contain one or more oxygen atoms or sulfur atoms or a condensed or crosslinked cyclic amino group



thereof, such as pyrrolidinyl, piperidinyl, piperaZinyl,



homopiperaZinyl, homopiperidinyl, morpholyl, thiomor pholyl, tetrahydroquinolyl, tetrahydroisoquinolyl, imidaZo lidinyl or the like.



conventional groups usable as hydroxyl-protecting groups,



benZyloxycarbonyl,



1,3-benzodioxonyl, l,4-benZodioxanyl or the like; and the term “cyclic amino group” means a 5-membered, 6-mem bered or 7-membered cyclic amino group Which contains one or more nitrogen atoms as the heteroatoms forming the ring



as trimethylsilyl, triethylsilyl, triisopropylsilyl, diethyliso



propylsilyl, tert-butyldimethylsilyl, tert-butyldiphenylsilyl,



2 ,3 -



dihydrobenZofuranyl, benZo[b]dioxanyl, imidaZo[2,3-a] pyridyl, benZo[b]piperaZinyl, chromenyl, isothiaZolyl, isoxaZolyl, oxadiaZolyl, pyridaZinyl, isoindolyl, isoquinolyl,



and the like; loWer alkylthio-loWer alkyl groups such as meth



ylthiomethyl, 2-methylthioethyl and the like; arylthio-loWer



pyridyl, pyrimidyl, quinolyl, quinoliZinyl, thiaZolyl, tetra



dihydrobenZopyrrolyl,



phthalimidomethyl, succinimidomethyl and the like; cycloalkyl groups such as cyclohexyl and the like; loWer



gen, oxygen and sulfur atoms or a condensed or crosslinked



Zolyl, thiadiaZolyl, pyrrolinyl, pyraZolinyl, pyraZolidinyl, purinyl, furyl, thienyl, benZothienyl, pyranyl, isobenZofura nyl, oxaZolyl, isoxaZolyl, benZofuranyl, indolyl, benZimida Zolyl, benZoxaZolyl, benZisoxaZolyl, benZothiaZolyl, quinox alyl, dihydroquinoxalyl, 2,3-dihydrobenZothienyl, 2,3



gen-containing heterocyclic groups such as 2-tetrahydropy ranyl, 2-tetrahydrofuranyl and the like; halo geno -loWer alkyl groups such as 2,2,2-trichloroethyl and the like; loWer alkyl silyl-loWer alkyl groups such as 2-(trimethylsilyl)ethyl and the like; acyloxy-loWer alkyl groups such as acetoxymethyl, propionyloxymethyl, pivaloyloxymethyl and the like; nitro gen-containing heterocyclic loWer alkyl groups such as



alkoxy-loWer alkyl groups such as methoxymethyl, methoxy ethoxymethyl, 2-(trimethylsilyl)-ethoxymethyl and the like; ar-loWer alkoxy-loWer alkyl groups such as benZyloxymethyl



heterocyclic group thereof, such as pyrrolidinyl, piperidinyl,



piperaZinyl, homopiperaZinyl, homopiperidinyl, morpholyl, thiomorpholyl, tetrahydroquinolyl, tetrahydroisoquinolyl, quinuclidinyl, imidaZolinyl, pyrrolyl, imidaZolyl, pyraZolyl,



and the like; acyl-loWer alkyl groups such as acetylmethyl,



benZoylmethyl, 4-nitrobenZoylmethyl, 4-bromobenZoylm



means a mono- or di-Cl_6alkylamino group such as a methy



dibutylamino or the like; the term “monoalkylamino group”



for example, loWer alkyl groups such as methyl, ethyl, propyl,



isopropyl, l,l-dimethylpropyl, butyl, tert-butyl and the like;



loxy, isopropylsulfonyloxy, butylsulfonyloxy, isobutylsulfo nyloxy, sec-butylsulfonyloxy, tert-butylsulfonyloxy, pentyl ylsulfonyloxy group or the like; the term “alkylamino group”



selected from halogen atoms, loWer alkyl groups, cycloalkyl groups, aryl groups, loWer alkoxy groups, aryloxy groups, loWer alkylthio groups, arylthio groups, loWer alkenyl groups, loWer alkylsulfonyl groups, arylsulfonyl groups, alkylamino groups, protected or unprotected amino groups, protected or unprotected hydroxyl groups, protected or



65



4-nitrobenZyloxycarbonyl,



4-bro



mobenZyloxycarbonyl, 4-methoxybenZyloxycarbonyl, 3,4 dimethoxybenZyloxycarbonyl, methoxycarbonyl, ethoxycar bonyl, tert-butoxycarbonyl, l,l-dimethylpropoxycarbonyl, isopropoxycarbonyl, isobutyloxycarbonyl, diphenyl methoxycarbonyl, 2,2,2-trichloroethoxycarbonyl, 2,2,2-tri bromoethoxycarbonyl, 2-(trimethylsilyl)ethoxycarbonyl, 2-(phenylsulfonyl)ethoxycarbonyl, 2-(triphenylphosphonio) ethoxycarbonyl, 2-furfuryloxycarbonyl, l-adamantyloxycar bonyl, Vinyloxycarbonyl, allyloxycarbonyl, 4-ethoxy-l naphthyloxycarbonyl, 8-quinolyloxycarbonyl,
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6



S-benZylthiocarbonyl and the like; acyl groups such as acetyl,



The salts at the acidic groups include, for example, salts With alkali metals such as sodium, potassium and the like; salts With alkaline earth metals such as calcium, magnesium and the like; ammonium salts; and salts With nitrogen-con



formyl, chloroacetyl, dichloroacetyl, trichloroacetyl, tri?uo roacetyl, methoxyacetyl, phenoxyacetyl, pivaloyl, benZoyl and the like; lower alkyl groups such as methyl, tert-butyl,



2,2,2-trichloroethyl, 2-trimethylsilylethyl and the like; loWer



5



alkenyl groups such as allyl and the like; loWer alkynyl groups



tributylamine, pyridine, N,N-dimethylaniline, N-methylpip eridine, N-methylmorpholine, diethylamine, dicyclohexy lamine, procaine, dibenZylamine, N-benZyl-[3-phenethy



such as propargyl and the like; ar-loWer alkyl groups such as



benZyl, 4-methoxybenZyl, 3,4-dimethoxybenZyl, diphenylm ethyl, trityl and the like; oxygen-containing or sulfur-contain ing heterocyclic groups such as tetrahydrofuryl, tetrahydro pyranyl, tetrahydrothiopyranyl and the like; loWer alkoxy- or loWer alkylthio-loWer alkyl groups such as methoxymethyl,



lamine, l-ephenamine, N,N'-dibenZylethylenediamine and the like.



Of the above-exempli?ed salts, preferable salts are phar



macologically acceptable salts.



methylthiomethyl, benZyloxymethyl, 2-methoxyethoxym ethyl, 2,2,2-trichloroethoxymethyl, 2-(trimethylsilyl)



When the alkyl ether derivative of the general formula [1] or its salt has isomers (for example, optical isomers, geo metrical isomers and tautomers), the present invention



ethoxymethyl, l -ethoxyethyl, l-methyl-l -methoxyethyl and the like; loWer alkyl- or aryl-sulfonyl groups such as meth



includes all of these isomers, and the derivative or its salt may be in the form of a hydrate or solvate or in any crystal form.



anesulfonyl, p-toluenesulfonyl and the like; and substituted silyl groups such as trimethylsilyl, triethylsilyl, triisopropyl



Preferable examples of the alkyl ether derivative of the



silyl, diethylisopropylsilyl, tert-butyldimethylsilyl, ter‘t-bu



tyldiphenylsilyl, diphenylmethylsilyl, tert-butylmethox



taining organic bases such as trimethylamine, triethylamine,



20



yphenylsilyl and the like. The protecting group for the amino group includes all



general formula [1] or salt thereof of the present invention are



compounds of the general formula [1] in Which the portion



represented by



conventional groups usable as amino-protecting groups, for



example, alkoxycarbonyl groups such as methoxycarbonyl,



2,2,2-trichloroethoxycarbonyl, 2,2,2-tribromoethoxycarbo nyl, 2-trimethylsilylethoxycarbonyl, l,l-dimethylpropoxy carbonyl, tert-butoxycarbonyl, vinyloxycarbonyl, allyloxy carbonyl, l-adamantyloxycarbonyl, benZyloxycarbonyl, 4-nitrobenZyloxycarbonyl, 2-bromobenZyloxycarbonyl, 4-methoxybenZyloxycarbonyl, 2,4-dichlorobenZyloxycar bonyl, diphenylmethoxycarbonyl, 4-(phenylaZo)benZyloxy carbonyl, Z-furfuryloxycarbonyl, 8-quinolyloxycarbonyl and



25



/ 30



is any of the folloWing:



the like; acyl groups such as (mono-, di- or tri-) chloroacetyl,



tri?uoroacetyl, phenylacetyl, formyl, acetyl, benZoyl, phtha loyl, succinyl, alanyl, leucyl and the like; ar-loWer alkyl



35



groups such as benZyl, diphenylmethyl, trityl and the like; arylthio groups such as 2-nitrophenylthio, 2,4-dinitrophe nylthio and the like; alkyl- or aryl-sulfonyl groups such as



methanesulfonyl, p-toluenesulfonyl and the like; di-loWer alkylamino-loWer alkylidene groups such as N,N-dimethy laminomethylene and the like; ar-loWer alkylidene groups such as benZylidene, 2-hydroxybenZylidene, 2-hydroxy-5 chlorobenZylidene, 2-hydroxy-l -naphthylmethylene and the like; nitrogen-containing heterocyclic alkylidene groups such as 3-hydroxy-4-pyridylmethylene and the like; cycloalky lidene groups such as cyclohexylidene, 2-ethoxycarbonylcy



40



45



clohexylidene, 2-ethoxycarbonylcyclopentylidene, 2-acetyl cyclohexylidene, 3,3-dimethyl-5-oxycyclohexylidene and the like; diaryl- or diar-loWer alkylphosphoryl groups such as



diphenylphosphoryl, dibenZylphosphoryl and the like; oxy gen-containing heterocyclic alkyl groups such as 5-methyl 2-oxo-2H-l,3-dioxol-4-yl-methyl and the like; and substi



50



tuted silyl groups such as trimethylsilyl and the like.



The salt of the compound of the general formula [1] includes usually knoWn salts at basic groups such as amino group and the like and salts at acidic groups such as hydroxyl



In addition, compounds of the general formula [1] in Which 55



pounds of the general formula [1] in Which p:l~2 are more



60



acid, tartaric acid, aspar‘tic acid, trichloroacetic acid, tri?uo



sulfonic acid, mesitylenesulfonic acid, naphthalenesulfonic acid and the like.



The most preferable examples of the derivative or salt thereof of the present invention are compounds in Which each of R1 and R2 in the above group (A) is a hydrogen atom; R3 is



a hydroxyl group; m:2; n:3; and p:l. Processes for producing the alkyl ether derivative of the general formula [1] or its salt are explained beloW. The alkyl ether derivative of the general formula [1] or its



roacetic acid and the like; and salts With sulfonic acids such as



methanesulfonic acid, benZenesulfonic acid, p-toluene



m:2 and n:2~3 are preferable. Of such compounds, com



preferable.



group, carboxyl group and the like. The salts at the basic groups include, for example, salts With mineral acids such as hydrochloric acid, hydrobromic



acid, nitric acid, sulfuric acid and the like; salts With organic carboxylic acids such as formic acid, acetic acid, citric acid, oxalic acid, fumaric acid, maleic acid, succinic acid, malic



Of such compounds, preferable examples of the derivative or salt thereof of the present invention are compounds in which R1 is a hydrogen atom; and R2 is a hydrogen atom, a halogen atom or an alkoxy group.



65



salt can be produced, for example, by any of the folloWing production processes by adopting one or a proper combina tion of per se Well-knoWn methods.
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Production process 1



R311



Production process 2



R311



Production process 3



Production process 4



R311



[15]
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wherein R1, R2, R3 , A, m, n and p are as de?ned above; R3“ is a dialkylamino group, a protected monoalkylamino group, a protected amino group or a protected or unprotected hydroxyl



(1 -2) When R3“ is an unprotected hydroxyl group in the compound of the general formula [4], this compound can be converted to a compound of the general formula [4a] by subjecting it to a conventional reaction for protecting the



group; R31’ is a dialkylamino group, a protected monoalky lamino group, a protected amino group or a protected



5



hydroxyl group.



hydroxyl group; R36 is a protected hydroxyl group; R“ is a



This reaction may be carried out by a per se Well-knoWn



monoalkylamino group, an amino group or a hydroxyl group;



method, for example, the method described in Theodora W.



and each of X1, X2 and X3 is a leaving group.



Green, “Protective Groups in Organic Synthesis” pages



The leaving group includes, for example, halogen atoms,



10-118 (1991), John Wiley & Sons. Inc., or a method based thereon.



loWer alkylsulfonyloxy groups and arylsulfonyloxy groups.



A compound used in the reaction for protecting the



The individual production processes are explained beloW. Production Process 1.



hydroxyl group includes, for example, acid anhydrides such



(1- 1) A compound of the general formula [4] can be produced by reacting a compound of the general formula [2] or its



chloride, pivaloyl chloride, methoxycarbonyl chloride,



reactive derivative With a compound of the general formula



ethoxycarbonyl chloride and the like; halides such as meth



[3].



oxymethyl chloride, benZyloxymethyl chloride, benZyl chlo ride, benZyl bromide, trityl chloride, triethylsilyl chloride and



as acetic anhydride and the like; acid halides such as benZoyl



This reaction may be carried out by a per se Well-knoWn



method, for example, the method described in Japanese Chemical Association, “Jikken Kagaku KoZa” vol. 22, pages



20



137-173 (1992), MaruZen Co., Ltd. or a method based thereon.



yvinyl compounds such as 2-methoxypropene, 3,4-dihydro



The reactive derivative of the compound of the general



formula [2] includes, for example, acid halides, acid anhy drides, activated amides and activated esters.
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When the compound of the general formula [2] is used in the form of a free acid, the reaction is preferably carried out in the presence of a condensing agent.



The reaction for protecting the hydroxyl group by the use of any of the acid anhydrides, the acid halides and the halides 30



the like; halogenating agents such as thionyl chloride, oxalyl



lamine, 1,8-diaZabicyclo[5,4,0]undec-7-ene (DBU), pyri dine, 4-dimethylaminopyridine, potassium tert-butoxide,



chloride and the like; agents for conversion to an activated



amide, such as carbonyldiimidaZole and the like; and agent 35



sodium hydroxide, potassium hydroxide, sodium hydride and the like. The dehalogenating agent includes silver compounds such as silver oxide and the like.



the general formula [2]. In the reaction, any solvent may be used so long as it has no undesirable in?uence on the reaction. The solvent includes,



is usually carried out in the presence of a base or a dehaloge



nating agent. The base used includes, for example, organic or inorganic bases such as triethylamine, N,N-diisopropylethy



chloride and the like; acid halides such as ethoxycarbonyl for conversion to an aZide, such as diphenylphosphoryl aZide and the like. The amount of the condensing agent used is 1 mole or more, preferably 1 to 5 moles, per mole of the compound of



2H-pyran and the like. The amount of the compound used in the reaction for protecting the hydroxyl group is 1 mole or more, preferably 1 to 2 moles, per mole of the compound of the general formula



[4a].



The condensing agent includes, for example, N,N'-dialky lcarbodiimides such as N,N'-dicyclohexyl-carbodiimide and



the like; organic carboxylic acid compounds such as benZoic acid and the like; dialkoxyalkyl compounds such as dimethoxymethane and the like; and acyclic or cyclic alkox



40



The reaction for protecting the hydroxyl group by the use of the organic carboxylic acid compound is carried out in the presence of a dehydrating agent. The dehydrating agent used



includes,



for



example



triphenylphosphine



for example, Water; halogenated hydrocarbons such as meth



diisopropyl:aZodicarboxylate.



ylene chloride, chloroform and the like; ethers such as tet



The reaction for protecting the hydroxyl group by the use of any of the acid anhydrides, the dialkoxyalkyl compounds and the acyclic or cyclic alkoxyvinyl compounds is usually



rahydro-furan, dioxane and the like; aromatic hydrocarbons such as benZene, toluene, xylene and the like; sulfoxides such as dimethyl sulfoxide and the like; amides such as N,N dimethylformamide and the like; esters such as ethyl acetate and the like; ketones such as acetone, methyl ethyl ketone and the like; nitrites such as acetonitrile and the like; and het eroaromatic compounds such as pyridine and the like. These



45



carried out in the presence of an acid catalyst. The acid used



includes organic sulfonic acids such as p-toluenesulfonic acid and the like; inorganic acids such as hydrochloric acid, sul furic acid and the like; and LeWis acids such as boron tri?uo 50



solvents may be used singly or as a mixture thereof. The reaction may be carried out in the presence of a base.



ride, boron tri?uoride diethyl ether complex, boron tri?uoride tetrahydrofuran complex and the like.



toxide, sodium carbonate, sodium hydrogencarbonate, potas



The amount of the base, dehalogenating agent or dehydrat ing agent used in the reaction is 1 mole or more, preferably 1 to 2 moles, per mole of the compound used in the reaction for protecting the hydroxyl group. The amount of the acid used as catalyst is 0.001 to 10 moles, preferably 0.01 to 1 mole, per



sium carbonate, sodium hydroxide and the like.



mole of the compound of the general formula [4a].



The base includes, for example, organic or inorganic bases such as triethylamine, diisopropylethylamine, 1,8-diaZabicy



clo[5,4,0]undec-7-ene (DBU), pyridine, potassium tert-bu



55



The amount of the base used is 0.5 mole or more, prefer



ably 1 to 10 moles, per mole of the compound of the general formula [2]. The amount of the compound of the general formula [3] is



In the reaction, any solvent may be used so long as it has no undesirable in?uence on the reaction. The solvent includes, 60



1 mole or more, preferably 1 to 20 moles, per mole of the



compound of the general formula [2]. The reaction is carried out at usually —100° C. to 2000 C., preferably —600 C. to 1000 C., for 10 minutes to 20 hours.



The compound of the general formula [4] obtained may be used as it is in the subsequent reaction Without isolation.
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for example, halogenated hydrocarbons such as methylene chloride, chloroform and the like; ethers such as tetrahydro furan, dioxane and the like; aromatic hydrocarbons such as benZene, toluene, xylene and the like; sulfoxides such as dimethyl sulfoxide and the like; amides such as N,N-dimeth ylformamide and the like; esters such as ethyl acetate and the like; ketones such as acetone, methyl ethyl ketone and the like; nitrites such as acetonitrile and the like; and heteroaro
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matic compounds such as pyridine and the like. These sol



In addition, the reaction may be carried out in the presence of a catalyst.



vents may be used singly or as a mixture thereof.



The reaction is carried out at usually —100° C. to 200° C., preferably —60° C. to 100° C., for 10 minutes to 30 hours. The reactants or base used in each of the above production methods may be used also as a solvent, depending on their



The catalyst includes, for example, potassium iodide and 5



erably 0.1 to 1 mole, per mole of the compound of the general formula [5]. The amount of the compound of the general formula [3]



properties. The compound of the general formula [4a] obtained may



used is 1 mole or more, preferably 1 to 20 moles, per mole of



be used as it is in the subsequent reaction Without isolation.



the compound of the general formula [5].



(1-3) A compound of the general formula [1] can be produced by subjecting the compound of the general formula [4] or



The reaction is carried out at usually 0° C. to 200° C., preferably 20° C. to 150° C., for 10 minutes to 20 hours. The reactants or base used in the above production process may be used also as a solvent, depending on their properties. Production Process 3.



the general formula [4a] to a conventional reduction. This reduction may be carried out by a per se Well-knoWn



method, for example, the method described in Japanese Chemical Association, “Shin Jikken Kagaku KoZa” vol. 15, [II], pages 29-244 (1977), MaruZen Co., Ltd. or a method based thereon. In the reaction, any solvent may be used so long as it has no undesirable in?uence on the reaction. The solvent includes,



A compound of the general formula [1b] can be produced by reacting a compound of the general formula [6] With a compound of the general formula [7] in the presence of a base. This reaction may be carried out by a per se Well-knoWn 20



for example, halogenated hydrocarbons such as methylene chloride, chloroform and the like; ethers such as tetrahydro furan, dioxane and the like; aromatic hydrocarbons such as benZene, toluene, xylene and the like; and alcohols such as methanol, ethanol, isopropanol and the like. These solvents



sodium iodide. The amount of the catalyst used is 0.01 to 10 moles, pref



method, for example, the method described in Tetrahedron Letters, vol. 38, pages 3251-3254 (1975) and Japanese Chemical Association, “Shin Jikken Kagaku KoZa” vol. 14, [I], pages 567-611 (1977), MaruZen Co., Ltd. or a method based thereon.
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The base includes, for example, sodium hydride, sodium



may be used singly or as a mixture thereof.



hydroxide, potassium hydroxide and potassium tert-butox



As a reducing agent, there are exempli?ed aluminum hydrides such as lithium aluminum hydride and the like; and boron hydrides such as diborane, borane-tetrahydrofuran



ide. In the reaction, any solvent may be used so long as it has no undesirable in?uence on the reaction. The solvent includes,



complexes, borane-dimethyl sul?de complexes, sodium



30



for example, halogenated hydrocarbons such as methylene
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chloride, chloroform and the like; ethers such as tetrahydro furan, dioxane and the like; aromatic hydrocarbons such as benZene, toluene, xylene and the like; sulfoxides such as dimethyl sulfoxide and the like; amides such as N,N-dimeth ylformamide and the like; and Water. These solvents may be



borohydride and the like. When sodium borohydride is used as the reducing agent, the reaction is preferably carried out in the presence of a LeWis acid such as boron tri?uoride, boron tri?uoride diethyl



ether complex, boron tri?uoride tetrahydrofuran complex or the like. The amount of the reducing agent used is 0.2 mole or more, preferably 0.5 to 10 moles, per mole of the compound of the



used singly or as a mixture thereof.



The reaction may be carried out in the presence or absence of a catalyst.



general formula [4] or the general formula [4a]. The amount of the LeWis acid used is 1 mole or more,



40



preferably 4/3 to 2 moles, per mole of the reducing agent.



The catalyst used includes usually knoWn phase transfer catalysts composed of a quaternary ammonium salt, and pref erable examples thereof are tetra-n-butylammonium hydro gensulfate and tetra-n-butylammonium bromide.



The reaction is carried out at usually —50° C. to 200° C., preferably 0° C. to 110° C., for 10 minutes to 20 hours. Production Process 2.



mula [7] and the base used in the reaction is 1 mole or more,



A compound of the general formula [1a] can be produced by reacting a compound of the general formula [5] With a compound of the general formula [3] in the presence or



preferably 1 to 20 moles, per mole of the compound of the general formula [6]. The amount of the catalyst is 0.001 to 1 mole per mole of the compound of the general formula [6].



absence ofa base. In this reaction, any solvent may be used so long as it has no undesirable in?uence on the reaction. The solvent includes,



The reaction is carried out at usually —50° C. to 200° C., preferably 0° C. to 150° C., for 10 minutes to 20 hours. Production Process 4.



The amount of each of the compound of the general for



50



A compound of the general formula [1b] can be produced by reacting a compound of the general formula [8] With a compound of the general formula [9] in the presence or



for example, Water; halogenated hydrocarbons such as meth ylene chloride, chloroform and the like; aromatic hydrocar bons such as benZene, toluene, xylene and the like; ethers such as tetrahydrofuran, dioxane and the like; alcohols such as methanol, ethanol and the like; nitrites such as acetonitrile and the like; amides such as N,N-dimethylformamide and the like; and sulfoxides such as dimethyl sulfoxide and the like. These solvents may be used singly or as a mixture thereof.



The base optionally used includes, for example, organic or inorganic bases such as triethylamine, diisopropylethy



absence ofa base. 55



cess 3.



Production Process 5. 60



lamine, 1,8-diaZabicyclo[5,4,0]undec-7-ene (DBU), pyri dine, potassium tert-butoxide, sodium carbonate, sodium



hydrogencarbonate, potassium carbonate, sodium hydroxide and the like. The amount of the base used is 0.5 mole or more, prefer



ably 1 to 20 moles, per mole of the compound of the general formula [5].



This reaction may be carried out by a per se Well-knoWn



method, for example, the same method as in production pro



(5-1) A compound of the general formula [1c] can be pro duced by subjecting a compound of the general formula [1a] and a compound of the general formula [1b] to a conventional deprotecting reaction. This reaction may be carried out by a per se Well-knoWn



method, for example, the method described in Theodora W. 65



Green, “Protective Groups in organic Synthesis” pages 10-118 and 309-405 (1991), John Wiley & Sons. Inc., or a method based thereon.
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13 The deprotecting reaction is carried out under conditions



This reaction is usually carried out in the presence of a



for, for example, hydrolysis and transesteri?cation reaction in



base, and the base includes, for example, organic or inorganic bases such as triethylamine, diisopropylethylamine, 1,8-di



the presence of an acid or a base, substitution and elimination



aZabicyclo[5,4,0]undec-7-ene (DBU), pyridine, potassium



reaction in the presence of an acid catalyst, or hydrogenolysis in the presence of a metal catalyst. The base used includes, for



tert-butoxide, sodium carbonate, sodium hydrogencarbonate, potassium carbonate, sodium hydride and the like.



example, inorganic bases such as sodium hydroxide, potas sium hydroxide, sodium hydride and the like. The acid



The amount of the base used is 0.5 mole or more, prefer



includes organic sulfonic acids such as p-toluenesulfonic acid and the like; organic carboxylic acids such as formic acid,



ably 1 to 10 moles, per mole of the compound of the general formula [1c].



acetic acid, tri?uoroacetic acid and the like; inorganic acids such as hydrochloric acid, sulfuric acid and the like; and



In the reaction, any solvent may be used so long as it has no undesirable in?uence on the reaction. The solvent includes,



LeWis acids such as boron tri?uoride, boron tri?uoride



for example, halogenated hydrocarbons such as methylene



diethyl ether complex, boron tri?uoride tetrahydrofuran com plex and the like. The metal catalyst includes, for example, transition metals such as platinum, palladium, palladium



chloride, chloroform and the like; ethers such as tetrahydro furan, dioxane and the like; aromatic hydrocarbons such as benZene, toluene, xylene and the like; sulfoxides such as dimethyl sulfoxide and the like; amides such as N,N-dimeth ylformamide and the like; esters such as ethyl acetate and the like; ketones such as acetone, methyl ethyl ketone and the



carbon, palladium hydroxide and the like. The base used in the reaction may be used in an amount of 1 mole or more, preferably 1 to 5 moles, per mole of a



combination of the compounds of the general formulas [1a]



20



and [lb]. The amount of the acid used is 1 mole or more, preferably 1.1 to 100 moles, per mole of a combination of the



like; nitrites such as acetonitrile and the like; alcohols such as methanol, ethanol and the like; and Water. These solvents may be used singly or as a mixture thereof.



compounds of the general formulas [1a] and [lb]. The



compounds of the general formulas [1a] and [1b].



The reaction is carried out at usually —100° C. to 200° C., preferably —60° C. to 1000 C., for 10 minutes to 20 hours. The alkylation of an amino group may be carried out by a per se Well-knoWn method, for example, the method



In the reaction, any solvent may be used so long as it has no undesirable in?uence on the reaction. The solvent includes,



described in Japanese Chemical Association, “Shin Jikken Kagaku KoZa” vol. 14, [III], pages 1332-1399 (1977),



amount of the metal catalyst used is a catalytic amount, pref erably 0.01 to 30% by Weight, relative to a combination of the
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for example, halogenated hydrocarbons such as methylene chloride, chloroform and the like; ethers such as tetrahydro furan, dioxane and the like; aromatic hydrocarbons such as



MaruZen Co., Ltd. or a method based thereon. 30



A compound used in the alkylation of an amino group



includes, for example, carbonyl compounds such as formal



benzene, toluene, xylene and the like; sulfoxides such as



dehyde, paraforrnaldehyde, acetaldehyde, acetone and the



dimethyl sulfoxide and the like; amides such as N,N-dimeth ylformamide and the like; esters such as ethyl acetate and the like; ketones such as acetone, methyl ethyl ketone and the



like. The amount of this compound used is 1 mole or more, preferably 1 to 5 moles, per mole of the compound of the



35



general formula [1c].



like; nitrites such as acetonitrile and the like; alcohols such as



methanol, ethanol and the like; organic carboxylic acids such



This reaction is usually carried out in the presence of a



as formic acid, acetic acid and the like; and Water. These



reducing agent, and the reducing agent includes boron



solvents may be used singly or as a mixture thereof.



The reaction is carried out at usually —100° C. to 200° C., preferably —60° C. to 120° C., for 10 minutes to 20 hours. The acid used in each of the above production methods may be used also as a solvent, depending on its properties. (5-2) The compound of the general formula [1c] can be con



40



verted to the compound of the general formula [1b] by



45



In the reaction, any solvent may be used so long as it has no undesirable in?uence on the reaction. The solvent includes,



subjecting it to any of conventional reactions for protection



such as methanol, ethanol and the like. These solvents may be



of an amino group.



used singly or as a mixture thereof. 50



method described in Theodora W. Green, “Protective Groups



in Organic Synthesis” pages 10-118 (1991), John Wiley & Sons. Inc., or a method based thereon, namely, the reaction may be carried out by the same method as in the above item



(1-2).



55



described in Theodora W. Green, “Protective Groups in



Organic Synthesis” pages 309-405 (1991), John Wiley &



general formula [1c].



there are exempli?ed the same salts as in the case of the



compound of the general formula [1]. When any of the compounds of the general formulas [1a],



[1b], [1c] and [2] to [9] has isomers (for example, optical isomers, geometrical isomers and tautomers), each of these



ride, benZoyl chloride, mesyl chloride, tosyl chloride and the like. The amount of the compound used is 1 mole or more,



In the above production processes, each of the compounds



the compounds of the general formulas [1a], [1b] and [1c], 60



A compound used in the reaction for protecting an amino group includes, for example, acid anhydrides such as acetic anhydride and the like; and acid halides such as acetyl chlo



preferably 1 to 2 moles, per mole of the compound of the



The reaction is carried out at usually —100° C. to 200° C., preferably 0° C. to 100° C., for 10 minutes to 30 hours. The reactants used in each of the above production meth ods may be used also as a solvent, depending on their prop erties.



of the general formulas [2] to [9] can be used in the form of a salt. As the salt, there are exempli?ed the same salts as in the case of the compound of the general formula [1]. As salts of



The reaction for protecting an amino group may be carried out by a per se Well-knoWn method, for example, the method



Sons. Inc., or a method based thereon.



for example, Water; halogenated hydrocarbons such as meth ylene chloride, chloroform and the like; aromatic hydrocar bons such as benZene, toluene, xylene and the like; ethers such as tetrahydrofuran, dioxane and the like; and alcohols



of a hydroxyl group and an amino group and the alkylation The reaction for protecting a hydroxyl group may be car ried out by a per se Well-knoWn method, for example, the



hydrides such as sodium borohydride and the like. The amount of the reducing agent used is 0.5 mole or more, preferably 1 to 10 moles, per mole of the carbonyl compound.
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isomers can be used. In addition, any of the compounds may be used in the form of a hydrate or solvate or in any crystal form.
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Each of the compounds of the general formulas [1a], [1b],



(A-1) A compound of the general formula [11] can be pro duced by reacting a compound of the general formula [6] With a compound of the general formula [10] in the pres



[1c] and [2] to [9] may be used as it is in the subsequent reaction Without isolation.



When any of the compounds of the general formulas [1], [1a], [1b], [1c] and [2] to [9] has a hydroxyl group, an amino group or a carboxyl group, it is possible to previously protect the hydroxyl group, the amino group or the carboxyl group With a conventional protecting group and, if necessary,



ence ofa base. 5



method, for example, the method described in Japanese Chemical Association, “Shin Jikken Kagaku KoZa” vol. 14, [1], pages 567-611 (1977), MaruZen Co., Ltd. or a method based thereon.



remove the protecting group by a per se Well-known method



after completion of the reaction. In addition, each of the alkyl ether derivatives of the gen



(A-2) A compound of the general formula [11] can be pro duced by reacting a compound of the general formula [8] With a compound of the general formula [12] in the pres



eral formulas [1], [1a], [lb] and [1c] or its salt can be con verted to another alkyl ether derivative of the general formula



ence ofa base.



This reaction may be carried out by a per se Well-known



[1] or its salt by a proper combination of per se Well-known



methods such as oxidation, reduction, alkylation, halogena



This reaction may be carried out by a per se Well-known



5



method, for example, the same method as in the production



tion, sulfonylation, substitution, dehydration, hydrolysis and



process (A-1).



the like.



(A-3) The compound of the general formula [2] can be pro



duced by subjecting the compound of the general formula



The alkyl ether derivatives of the general formulas [1], [1a], [lb] and [1c] or their salts can be isolated and separated



[1 1] to a conventional hydrolysis of nitrile, ester or amide.



according to one or more conventional operations Which may



This reaction may be carried out by a per se Well-known



method, for example, the method described in Japanese Chemical Association, “Shin Jikken Kagaku KoZa” vol. 14, [11], pages 930-950 (1977), MaruZen Co., Ltd. and Theodora W. Green, “Protective Groups in Organic Synthesis” pages



be selected from extraction, crystalliZation, distillation, col umn chromatography and the like.



Processes for producing each of the compounds of the general formulas [2] and [5], Which is a starting material for producing the compound of the present invention, are



152-192 (1981), John Wiley & Sons. Inc. or a method based thereon.



explained beloW. The compound of the general formula [2] can be produced,



(A-4) A compound of the general formula [11a] can be pro duced by subjecting a compound of the general formula [6]



for example, by the folloWing production process A by adopt



to Michael addition With a compound of the general for mula [16] in the presence of a base.



ing one or a proper combination of per se Well-known meth



ods.



Production process A.



[11]



I



Wherein R1, R2, A, X3, m and n are as de?ned above; R4 is a cyano group, a loWer alkoxycarbonyl group, a dialkylami nocarbonyl group or a cyclic aminocarbonyl group; and X4 is a leaving group.



This reaction may be carried out by a per se Well-known 65



method, for example, the method described in any of “Chemi cal & Pharmaceutical Bulletin” vol. 41, pages 1659-1663



(1993), Japanese Chemical Association, “Shin Jikken
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17 Kagaku KoZa” vol. 14, [1], pages 585-587 (1977), MaruZen



This reaction may be carried out by a per se Well-knoWn



method, for example, the same method as in production pro cess 3, and then the protecting group may be removed.



Co., Ltd. and JP-A-3-99038, or a method based thereon.



(A-5) A compound of the general formula [2a] can be pro



duced by subjecting the compound of the general formula [1 1a] to a conventional hydrolysis of nitrile, ester or amide.



5



This reaction may be carried out by a per se Well-knoWn



(B-3) A compound of the general formula [15] can be pro duced by subjecting a compound of the general formula [2] or a compound of the general formula [11b] to a conven



tional reduction.



method, for example, the same method as in (A-3).



The compound of the general formula [5] can be produced,



This reduction may be carried out by a per se Well-knoWn



for example, by the folloWing production process B by adopt ing one or a proper combination of per se Well-knoWn meth



method, for example, the method described in “Shin Jikken Kagaku KoZa” vol. 15, pages 26-244 (1977), MaruZen Co.,



ods.



Ltd. or a method based thereon.



Production process B.



R2



R



R1



[11b]



'



/



[2]



Wherein R1, R2, X1, A, m and n are as de?ned above; R4“ is an alkoxycarbonyl group; R5 is a hydroxyl-protecting group Which is stable under basic conditions; and each of X5 and X6 is a leaving group. The hydroxyl-protecting group stable under basic condi tions includes, for example, loWer alkyl groups such as tert



butyl and the like; loWer alkenyl groups such as allyl and the like; ar-loWer alkyl groups such as benZyl, 4-methoxybenZyl,



(B-4) The compound of the general formula [5] can be pro 40



A solvent used in this reaction includes, for example, halo



genated hydrocarbons such as methylene chloride, chloro form and the like; ethers such as tetrahydrofuran, dioxane and 45



50 or as a mixture thereof.



The base optionally used includes, for example, organic or inorganic bases such as triethylamine, diisopropylethy



1-methoxyethyl and the like; and substituted silyl groups



lamine, 1,8-diaZabicyclo[5,4,0]undec-7-ene, pyridine, potas



such as tert-butyldimethylsilyl, diphenylmethylsilyl and the like.



sium tert-butoxide, sodium carbonate, potassium carbonate, 55



60



removing the protecting group.



enylphosphine, and thionyl chloride. The sulfonylating agent includes, for example, methane sulfonyl chloride and p-toluenesulfonyl chloride. The amount of each of the halogenating agent or sulfony lating agent and the base used is 1 mole or more, preferably 1 to 2 moles, per mole of the compound of the general formula



[1], pages 567-611 (1977), MaruZen Co., Ltd. or a method based thereon.



(B-2) A compound of the general formula [15] can be pro duced by reacting a compound of the general formula [6] With a compound of the general formula [14], and then



sodium hydride and the like.



The halogenating agent includes, for example, phosphorus oxychloride, phosphorus oxybromide, phosphorus trichlo ride, phosphorus pentachloride, carbon tetrabromide-triph



This reaction may be carried out by a per se Well-knoWn



method, for example, the method described in Tetrahedron Letters, vol. 38, pages 3251-3254 (1975) and Japanese Chemical Association, “Shin Jikken Kagaku KoZa” vol. 14,



the like; aromatic hydrocarbons such as benZene, toluene, xylene and the like; sulfoxides such as dimethyl sulfoxide and the like; amides such as N,N-dimethylformamide and the like; esters such as ethyl acetate and the like; and nitrites such as acetonitrile and the like. These solvents may be used singly



methoxymethyl, 2-(trimethylsilyl)ethoxymethyl, 1-methyl



(B-1) The compound of the general formula [5] can be pro duced by reacting a compound of the general formula [6] With a compound of the general formula [13].



[15] With a halogenating agent or a sulfonylating agent in the presence or absence of a base.



3,4-dimethoxybenZyl, diphenylmethyl, trityl and the like; oxygen-containing or sulfur-containing heterocyclic groups such as tetrahydrofuryl, tetrahydropyranyl, tetrahydrothiopy ranyl and the like; loWer alkoxy-loWer alkyl groups such as



duced by reacting the compound of the general formula



65



[1 5] .



The reaction is carried out at usually —500 C. to 2000 C., preferably 0° C. to 500 C., for 10 minutes to 30 hours.
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When any of the compounds of the general formulas [2],



tonite, silicic acid anhydride, hydrated silicon dioxide, mag



[2a], [6], [8], [10] to [16], [11a] and [11b] in production



nesium aluminate metasilicate, colloidal silica and the like.



processes A and B has a hydroxyl group, an amino group or a



If necessary, tablets can be made into tablets having a



carboxyl group, it is possible to previously protect the



conventional coating, such as sugar coated tablets, gelatin coated tablets, gastric coated tablets, enteric coated tablets



hydroxyl group, the amino group or the carboxyl group With a conventional protecting group and, if necessary, remove the protecting group by a per se Well-knoWn method after



and Water-soluble-?lm coated tablets.



The capsules are prepared by mixing the compound of the present invention With the above-exempli?ed various phar maceutical additives and packing the resulting mixture into hard gelatin capsules, soft capsules or the like.



completion of the reaction. When any of the compounds of the general formulas [2],



[2a], [6], [8], [10] to [16], [11a] and [11b] has isomers (for example, optical isomers, geometrical isomers and tau



The compound of the present invention can be formulated into an aqueous or oily suspension, solution, syrup or elixir by



tomers), each of these isomers can be used. In addition, any of the compounds may be used in the form of a hydrate or solvate or in any crystal form.



a conventional method by using the above-exempli?ed vari ous additives for liquid preparation, such as solvents, ?llers,



isotonicity agents, solubiliZers, emulsifying agents, suspend



Each of the compounds of the general formulas [2], [2a], [6], [8], [10] to [16], [11a] and[llb] maybeusedas it is inthe subsequent reaction Without isolation.



ing agents, thickening agents and the like. The suppositories are prepared by adding a suitable absorption accelerator to, for example, a polyethylene glycol,



The compound of the present invention can be formulated



cacao butter, lanolin, a higher alcohol, a higher alcohol ester,



into pharmaceutical preparations such as oral preparations



(e. g. tablets, capsules, poWders, granules, ?ne granules, pills, suspensions, emulsions, solutions and syrups), injections,



20



using pharmaceutical additives for liquid preparation, for



suppositories, external preparations (e.g. ointments and patches), aerosols and the like by blending thereWith various



example, diluents such as Water, ethanol, Macrogol, propy



pharmaceutical additives such as excipients, binders, disinte



grators, disintegration inhibitors, consolidation'adhesion inhibitors, lubricants, absorption'adsorption carriers, sol vents, ?llers, isotonicity agents, solubiliZers, emulsifying agents, suspending agents, thickening agents, coating agents,



25



sodium pyrosul?te, ethylenediaminetetraacetic acid, thiogly colic acid, thiolactic acid and the like; isotonicity agents such as sodium chloride, glucose, mannitol, glycerol and the like; 30



thane, ethanolamine, glycerol and the like; soothing agents such as calcium gluconate, chlorobutanol, glucose, benZyl alcohol and the like; and local anesthetics. 35



The above various pharmaceuticals are prepared by con ventional methods. The oral solid pharmaceuticals such as tablets, poWders



and granules are prepared by a conventional method by using pharmaceutical additives for solid preparation, for example, excipients such as lactose, sucrose, sodium chloride, glucose,



method by using pharmaceutical additives, for example, base ingredients such as White soft para?in, polyethylenes, paraf



?n, glycerol, cellulose derivatives, polyethylene glycols, sili 40



cone, bentonite and the like; preservatives such as methyl



p-oxybenZoate, ethyl p-oxybenZoate, propyl p-oxybenZoate and the like; stabiliZers; and Wetting agents. When the patch is prepared, the above-mentioned oint 45



solution, polyvinyl alcohols, polyvinyl ethers, polyvinylpyr rolidones, carboxymethyl cellulose, shellac, methyl cellu lose, ethyl cellulose, sodium alginate, gum arabic, hydrox ypropylmethyl cellulose, hydroxypropyl cellulose, Water, ethanol and the like; disintegrators such as dried starch, alg



The ointments in the form of paste, cream or gel are pre



pared by mixing and formulation according to a conventional



starch, calcium carbonate, kaolin, crystalline cellulose, anhy drous calcium secondary phosphate, partly pregelatiniZed starch, corn starch, alginic acid and the like; binders such as simple syrup, a glucose solution, a starch solution, a gelatin



solubiliZers such as carboxymethyl cellulose sodium salt,



propylene glycol, sodium benZoate, benZyl benZoate, ure



agents, antistatic agents, buffering and pH-adjusting agents, etc.



lene glycol, citric acid, acetic acid, phosphoric acid, lactic acid, sodium lactate, sulfuric acid, sodium hydroxide and the like; pH adjustors and buffers, such as sodium citrate, sodium acetate, sodium phosphate and the like; stabiliZers such as



absorption accelerators, gelation. coagulation accelerators, light stabiliZers, preservatives, dehumidi?ers, emulsion.sus pension.dispersion stabiliZers, color protectors, deoxygen ation.oxidation inhibitors, sWeetening?avoring agents, col oring agents, foaming agents, defoaming agents, soothing



gelatin, a semi-synthesized glyceride or Witepsol. The injections are prepared by a conventional method by



ment, cream, gel or paste is applied on a conventional support by a conventional method. As the support, there can be used Woven or nonWoven fabrics made of cotton, staple ?ber or



chemical ?ber; and ?lms or foamed sheets of soft vinyl chlo ride, a polyethylene, a polyurethane or the like. 50



inic acid, agar poWder, starch, crosslinked polyvinylpyrroli



A method for administering the above-mentioned pharma ceutical preparation is not particularly limited and is properly determined depending on the pharmaceutical form, the age,



dones, crosslinked carboxymethyl cellulose sodium salt, car



sex and other conditions of a patient, and the symptom of the



boxymethyl cellulose calcium salt, starch sodium glycolate and the like; disintegration inhibitors such as stearyl alcohol,



patient.



stearic acid, cacao butter, hydrogenated oil and the like; con solidation.adhesion inhibitors such as aluminum silicate, cal



55



The dose of active ingredient of the pharmaceutical prepa ration of the present invention is properly chosen depending on administration route, the age, sex and pathosis of a patient,



cium hydrogenphosphate, magnesium oxide, talc, silicic acid



and other conditions. Usually, the active ingredient may be



anhydride and the like; lubricants such as carnauba Wax, light



administered to an adult in a dose of 0.1 to 500 mg per day in one portion or several portions.



silicic acid anhydride, aluminum silicate, magnesium sili cate, hydrogenated oil, hydrogenated vegetable oil deriva



60



BEST MODE FOR CARRYING OUT THE INVENTION



tives, sesame oil, White beesWax, titanium oxide, dried alu



minum hydroxide gel, stearic acid, calcium stearate, magnesium stearate, talc, calcium hydrogenphosphate, sodium lauryl sulfate, polyethylene glycols and the like; absorption accelerators such as quaternary ammonium salts, sodium lauryl sulfate, urea, enZymes and the like; and absorp tion-adsorption carriers such as starch, lactose, kaolin, ben



The present invention is illustrated With reference to the 65



folloWing examples, reference examples and test examples, Which should not be construed as limiting the scope of the invention.
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In the examples and reference examples, the mixing ratios



hydrochloric acid, and the resulting mixture Was heated



in the eluents are all by volume, and B. W. Silica gel, BW-127ZH or FL-100DX (mfd. by FUJI SILYSIA CHEMI CAL LTD.) Was used as a carrier in the column chromatog



under re?ux for 2 hours. After the reaction mixture Was cooled, Water and ethyl acetate Were added thereto and the pH Was adjusted to 13 With a 2 mol/L aqueous sodium



raphy.



hydroxide solution, and the organic layer Was separated.



The symbols used in the reaction schemes have the folloW



The organic layer Was Washed With a saturated aqueous sodium chloride solution and then dried over anhydrous magnesium sulfate. The solvent Was distilled off under reduced pressure to obtain 1.13 g of 1-{2-[2-(1-ben Zothiophen-5-yl)ethoxy]ethyl}-3-aZetidinol as a yelloW oil.



ing meanings: Ac: acetyl, Boc: tert-butoxycarbonyl, BZ: benZoyl, Piv: pivaloyl, Bn: benZyl, Tr: trityl, MOM: methoxymethyl, BOM: benZyloxymethyl, TES: triethylsilyl, THP: tetrahydropyranyl, Ms: mesyl, Me: methyl, Et: ethyl, Ph: phenyl, t-Bu: tert-butyl.



IR(neat)cm_l: 3378,2943,1438,1198,1119,703 NMR (CDCl3)6 values: 2.66(2H,t,J:6 HZ), 2.9-3.1(2H,m), 2.99



(2H,t,J:7 HZ), 3.46(2H,t,J:6 HZ), 3.6-3.7(2H,m), 3.67(2H, t,J:7 HZ), 4.41(1H,qn,J:6 HZ), 7.20(1H,dd,J:2,8 HZ), 7.27 (1H,d,J:5 HZ), 7.41(1H,d,J:5 HZ), 7.66(1H, d, 1:2 HZ), 7.78



EXAMPLE 1



(1H,d,J:8 HZ)



Production of 1-{2-[2-(1-benZothiophen-5 -yl) ethoxy]ethyl} -3 -aZetidinol



EXAMPLE 2



20



OVCOZH



Production of 1-{2-[2-(1-benZothiophen-5 -yl) ethoxy] ethyl} -3 -aZetidinol hydrochloride



+



30



35



In 4.2 mL ofethyl acetate Was dissolved 1.03 g of 1-{2-[2



(1 -benZothiophen-5-yl)ethoxy]ethyl}-3-aZetidinol, and to the solution Was added 0.86 mL of a 4.76 mol/L dried hydro



gen chloride-ethyl acetate solution. The resulting mixture 40



(1) In 12 mL of methylene chloride Was dissolved 1.20 g of



for 1 hour. The crystals precipitated Were collected by ?ltra tion, Washed With ethyl acetate and then dried to obtain 0.98



2-[2-(1-benZothiophen-5-yl)ethoxy] acetic acid, and 2.3 mL of triethylamine and 0.38 g of imidaZole Were added to the solution. The resulting mixture Was cooled to 5° C. and



0.41 mL of thionyl chloride Was added dropWise thereto, folloWed by stirring at the same temperature for 1 hour.



45



After the reaction mixture Was cooled to —600 C., 0.82 mL



of triethylamine and 0.72 g of 3-aZetidinol hydrochloride Were added thereto, and the resulting mixture Was stirred at the same temperature for 1 hour and then at room tempera ture for 1.5 hours. Water Was added to the reaction mixture



Was stirred at room temperature for 1 hour and then at 50 C.



50



g of 1-{2-[2-(1-benZothiophen-5-yl)ethoxy]ethyl}-3-aZetidi nol hydrochloride. Melting point: 101-1020 C. IR(KBr)cm_1: 3132,2952, 1423,1340,1158,814,701 NMR(CDCl3)6 values: 2.97(2H,t,



1:7 HZ), 3.2-3.3(2H,m), 3.69(2H,t,J:7 HZ), 3.6-3.8(2H,m), 3.9-4.1(2H,m), 4.2-4.4(2H,m), 4.6-4.8(1H,m), 7.18(1H,dd, J:1,8 HZ), 7.29(1H,d,J:5 HZ), 7.41(1H,d,J:5 HZ), 7.65(1H, d,J:1 HZ), 7.78(1H,d,J:8 HZ)



and the pH Was adjusted to 1.0 With 6 mol/L hydrochloric EXAMPLE 3



acid, after Which the organic layer Was separated. The organic layer Was Washed With a saturated aqueous sodium chloride solution and then dried over anhydrous magne sium sulfate. The solvent Was distilled off under reduced pressure to obtain 2-[2-(1-benZothiophen-5-yl)ethoxy]-1



Production of 1-{3-[2-(1-benZothiophen-6-yl)



55



ethoxy]propyl} -3-aZetidinol



(3 -hydroxy-1 -aZetidinyl)-1 -ethanone as a yelloW oil.



(2) The aforesaid 2-[2-(1-benZothiophen-5-yl)ethoxy]-1-(3 hydroxy-1-aZetidinyl)-1-ethanone Was dissolved in 12 mL of tetrahydrofuran and the resulting solution Was cooled to 5° C., after Which 12.7 mL of a 1 mol/L solution of a



60



borane-tetrahydrofuran complex in tetrahydrofuran Was added dropWise thereto and the resulting mixture Was stirred at room temperature for 17 hours. To the reaction mixture Was added 10 mL of acetone, and stirred for 30



minutes, folloWed by adding thereto 6.0 mL of 6 mol/L



65



S



O\/\/Cl



+
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EXAMPLE 5



Production of 1-{3-[2-(1-benZothiophen-2-yl) In 5 mL of dimethyl sulfoxide Was dissolved 1.00 g of



ethoxy]propyl} -3-aZetidinol



6-[2-(3-chloropropoxy)ethyl]-1-benZothiophene, and 0.86 g of 3-aZetidinol hydrochloride and 1.63 g of potassium car bonate Were added to the solution. The resulting mixture Was stirred at 75° C. for 2.5 hours and then at 95° C. for 1.5 hours. After the reaction mixture Was cooled, Water and ethyl acetate Were added thereto and the pH Was adjusted to 1 With 6 mol/L



hydrochloric acid, and the aqueous layer Was separated. Ethyl acetate Was added to the aqueous layer and the. pH Was adjusted to 10 With a 2 mol/L aqueous sodium hydroxide



solution, after Which the organic layer Was separated. The



20



organic layer Was Washed With Water and then a saturated aqueous sodium chloride solution, dried over anhydrous magnesium sulfate, and then distilled under reduced pres sure to remove the solvent. The residue Was puri?ed by a column



chromatography (eluent; chloroform: methanol:30:1 to 5:1) to obtain 0.28 g of 1-{3-[2-(1-benZothiophen-6-yl)ethoxy] propyl}-3-aZetidinol as a colorless oil.



In the same manner as in Example 3, 1-{3-[2-(1-ben Zothiophen-2-yl)ethoxy]propyl}-3-aZetidinol Was obtained 30 as a colorless oil.



35



EXAMPLE 4



Production of 1- {3 -[2-(1-benZothiophen-6-yl)



ethoxy] propyl } -3 -aZetidinol hydrochloride



40



EXAMPLE 6



Production of 1-{3-[2-(1-benZothiophen-2-yl) ethoxy]propyl } -3 -aZetidinol hydrochloride 45



50



In 3.0 mL ofethyl acetate Was dissolved 0.28 g of 1-{3-[2



55



(1 -benZothiophen-6-yl)ethoxy]propyl } -3 -aZetidinol, and to the solution Was added 0.35 mL of a 3.25 mol/L dried hydro



In the same manner as in Example 4, 1-{3-[2-(1-ben



gen chloride-ethyl acetate solution, after Which the resulting mixture Was stirred at room temperature for 1 hour. Then, the solvent Was distilled off under reduced pressure to obtain 0.30



Zothiophen-2-yl)ethoxy] propyl} -3 -aZetidinol hydrochloride 60



g of 1-{3 -[2-(1-benZothiophen-6-yl)ethoxy]propyl}-3 -aZeti dinol hydrochloride as a light-yelloW oil.



IR(neat)cm_l:



3264,2866,2596,1398,1109,1048,821



NMR(CDCI3)6 values: 1.81 (2H,qn,J:6 HZ), 2.92(2H,t,J:6 HZ), 2.98(2H,t,J:6 HZ), 3 .46(2H,t,J:6 HZ), 3 .68(2H,t,J:6 HZ), 3 .8-3 .9(2H,m), 3 .8-4.0(2H,m), 4.4-4.6(1H,m), 7.23(1 H,



65



Was obtained as a light-yelloW oil.
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EXAMPLE 7



EXAMPLE 9



(a) Production of 1-{3 -[2-(1-benZothiophen-5 -yl)



Production of 1- {3 -[2-(1-benZothiophen-7-yl) ethoxy]propyl} -3 -aZetidinol



ethoxy]propyl} -3-aZetidinol 1



Cl



+



OH



—>



HCl



HN& OH



Meow



/



HCl



S 20



OH



In 30 mL of dimethyl sulfoxide Was dissolved 6.50 g of



5-[2-(3-chloropropoxy)ethyl]-1-benZothiophene, and to the



25



In the same manner as in Example 3, 1-{3-[2-(1-ben Zothiophen-7-yl)ethoxy]propyl}-3-aZetidinol Was obtained as a colorless oil. 30



solution Were added 5 .60 g of 3-aZetidinol hydrochloride and 15.3 mL of a 5.mol/L aqueous sodium hydroxide solution, after Which the resulting mixture Was stirred at 650 C. for 3 .5 hours. After the reaction mixture Was cooled, Water and ethyl acetate Were added thereto and the pH Was adjusted to 1 With



6 mol/L hydrochloric acid, and the aqueous layer Was sepa rated. Ethyl acetate Was added to the aqueous layer and the pH Was adjusted to 10 With a 5 mol/L aqueous sodium hydroxide



solution, after Which the organic layer Was separated. The organic layer Was Washed With Water and then a saturated aqueous sodium chloride solution, dried over anhydrous magnesium sulfate, and then distilled under reduced pres sure 35



to remove the solvent. The residue Was puri?ed by a column



chromatography (eluent; chloroform:methanol:30:1 to 10: 1) to obtain 4.77 g of 1-{3-[2-(1-benZothiophen-5-yl)ethoxy]



propyl}-3-aZetidinol.



EXAMPLE 8



Production of 1- {3 -[2-(1-benZothiophen-7-yl)



(b) Production of 1-{3 -[2-(1-benZothiophen-5 -yl) ethoxy]propyl}-3-aZetidinol 2



40



ethoxy] propyl } -3 -aZetidinol hydrochloride



50



HCl



0



55



@A/ \/\“/



N



o



s



/



OWN



OH



—>



In the same manner as in Example 2, 1-{3-[2-(1-ben



Zothiophen-7-yl)ethoxy]propyl}-3-aZetidinol hydrochloride 60



Was obtained as colorless crystals.



Melting



point:



105- 1 06°



C.



IR(KBr)cm_ 1:



3252,2806,2620,1398,1130,1106,811,708 NMR(CDCl3)6 values: 1.82 (2H,qn,J:6 HZ), 2.8-3.0(2H,m), 3.16(2H,t,J:6 HZ), 3.47 (2H,t,J:6 HZ), 3.83(2H,t,J:6 HZ), 3.7-4.1(4H,m), 4.5-4.7 (1H,m), 7.21(1H,d,J:8 HZ), 7.36(1H,t,J:8 HZ), 7.38 (1H,d, 1:5 HZ), 7.46(1H,d,J:5 HZ), 7.73 (1H,d,J:8 HZ)



/ 65



S



OWN
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(1) In 300 mL of tetrahydrofuran Was dissolved 100 g of



reduced pressure to remove the solvent. The residue Was



3-[2-(1-benZothiophen-5-yl)ethoxy]propionic acid, and



puri?ed by a column chromatography (eluent; chloroform:



0.1 mL of N,N-dimethylformamide Was added thereto, after Which 41.8 mL of oxalyl chloride Was added thereto



methanol:20:1 to 10:1) and crystallized from 40 mL of diisopropyl ether to obtain 16.0 g of 1-{3-[2-(1-ben



over a period of 10 minutes and the resulting mixture Was stirred at room temperature for 1.5 hours. The resulting solution Was added dropWise to a solution of 65.7 g of



Zothiophen-5-yl)ethoxy]propyl}-3-aZetidinol as a solid.



Melting point: 60-620 C. IR(KBr)cm_l: 3095,2944,2769, 1361,1191,1098,810,709 NMR(CDCl3)6 values: 1.61(2H,



3-hydroxyaZetidine hydrochloride and 59.5 g of sodium hydroxide in 600 mL of Water at 100 C., folloWed by stirring at room temperature for 1 hour. To the reaction solution Were added 600 mL of Water, 500 mL of ethyl acetate and sodium chloride, and the organic layer Was separated. To the aqueous layer Was added 100 mL of ethyl acetate and the organic layer Was separated. The organic layers thus obtained Were combined. To the combined organic layer Was added 100 mL of Water and the pH Was adjusted to 3 .5 With 6 mol/ L hydrochloric acid, after Which



qn,J:7 HZ), 2.45(2H,t,J:7 HZ), 2.7-2.9(2H,m), 2.99(2H,t, 1:7 HZ), 3.45(2H,t,J:7 HZ), 3.5-3.6(2H,m), 3.66(2H,t,J:7 HZ), 4.3-4.4(1H,m), 7.22(1H,dd,J:1,8 HZ), 7.28(1H,d,J:5 HZ), 7.41(1H,d,J:5 HZ), 7.67(1H,d,J:1 HZ), 7.79(1H,d,J:8 HZ) EXAMPLE 10



Production of 1-{3-[2-(1-benZothiophen-5 -yl) ethoxy]propyl } -3 -aZetidinol hydrochloride



the organic layer Was separated. The organic layer Was concentrated to a volume of about 200 mL, Washed With a



saturated aqueous sodium hydrogen-carbonate solution



20



and then a saturated aqueous sodium chloride solution,



dried over anhydrous magnesium sulfate, and then distilled



{UVOWN&OH —>



under reduced pressure to remove the solvent. To the resi



due Was added 300 mL of toluene, and the resulting mix ture Was heated at 500 C. to effect dissolution, after Which



25



seed crystals Were added at 400 C. and the resulting mixture Was sloWly cooled and then stirred under ice-cooling for 30 minutes. The crystals precipitated Were collected by ?ltra tion to obtain 96.6 g of 3-[2-(1-benZothiophen-5-yl)



ethoxy] -1 -(3 -hydroxy-1 -aZetidinyl)-1 -propanone as light broWn crystals.



30



In the same manner as in Example 2, 1-{3-[2-(1-ben



(2) In 60 mL of tetrahydrofuran Was dissolved 30.0 g of



Zothiophen- 5 -yl)ethoxy] propyl} -3 -aZetidinol hydrochloride



3-[2-(1-benZothiophen-5-yl)ethoxy]-1-(3 -hydroxy-1-aZe tidinyl)-1-propanone, folloWed by adding dropWise thereto 275 mL of a 1 mol/L solution of a borane-tetrahy



Was obtained as colorless crystals.



Melting point: 71-730 C. IR(KBr)cm_l: 3301,2937,2809, 35



drofuran complex in tetrahydrofuran, and the resulting



2631,1125,1099,818, 765,710 NMR(CDCl3)6 values: 1.8



1.9(2H,m), 2.98(2H,t,J:7 HZ), 2.9-3.1(2H,m), 3.48(2H, t,J:6 HZ), 3.69(2H,t,J:7 HZ), 3.6-4.4(4H,m), 4.5-4.7(1H, m), 7.22 (1H,dd,J:1,8 HZ), 7.31(1H,d,J:5 HZ), 7.44(1H,d, 1:5 HZ), 7.68(1H,d,J:1 HZ), 7.81 (1H,d,J:8 HZ)



mixture Was stirred at room temperature for 5 hours. To the



reaction solution Was added dropWise 81.9 mL of 6 mol/L



hydrochloric acid, and the resulting mixture Was re?uxed for 1.5 hours. After cooling, the solvent Was concentrated to be reduced by about 290 mL, and the insoluble materials



CEDMVYW



40



EXAMPLE 11



Were ?ltered off. To the ?ltrate Were added 120 mL of Water



and 60 mL of toluene, and the aqueous layer Was separated and then Washed With 60 mL of toluene. To the aqueous layer Was added 90 mL of ethyl acetate, and the pH Was adjusted to 9.5 With a 5 mol/L aqueous sodium hydroxide



Production of 1-{3-[2-(1-benZothiophen-4-yl)



ethoxy]propyl} -3-aZetidinol 45



solution, after Which the organic layer Was separated. The organic layer Was Washed With a saturated aqueous sodium



chloride solution and dried over anhydrous magnesium sulfate. The solvent Was distilled off under reduced pres sure and 5.35 g of fumaric acid and 54 mL of ethanol Were



added to the resulting residue. The resulting mixture Was heated at 740 C. to effect dissolution, and then 161 mL of ethyl acetate Was added dropWise thereto. The mixture thus obtained Was sloWly cooled and then stirred at 5 to 100 C.



50



55



for 30 minutes, and the crystals precipitated Were collected by ?ltration to obtain 22.7 g of 1-{3-[2-(1-benZothiophen 5-yl)ethoxy]propyl}-3 -aZetidinol 1/ 2 fumarate as light



broWn crystals. (3) In 45 mL of Water Was suspended 22.7 g of 1-{3-[2-(1



benZothiophen-5 -yl)ethoxy]propyl } -3 -aZetidinol



60



1/ 2



fumarate, and 68 mL of ethyl acetate Was added thereto, after Which the pH Was adjusted to 9.5 With a 1 mol/L



aqueous sodium hydroxide solution and then the organic layer Was separated. The organic layer Was Washed With a saturated aqueous sodium chloride solution, dried over



anhydrous magnesium sulfate, and then distilled under



In the same manner as in Example 3, 1-{3-[2-(1-ben Zothiophen-4-yl)ethoxy]propyl}-3-aZetidinol Was obtained 65 as a colorless oil.



IR(neat)cm_l: 3368,2946,2856,1457,1107,759 NMR (CDCl3)6 values: 1.60(2H,qn,J:7 HZ), 2.44(2H,t,J:7 HZ),



US RE43,676 E 30 Which the organic layer Was separated. The organic layer Was Washed With Water and then a saturated aqueous sodium



chloride solution, dried over anhydrous magnesium sulfate, and then distilled under reduced pressure to remove the sol



vent. The residue Was puri?ed by a column chromatography (eluent; chloroform:methanol:30:1 to 10:1) to obtain 0.55 g



EXAMPLE 12



of 1-{3-[2-(1-benZothiophen-3-yl)ethoxy]propyl}-3-aZetidi Production of 1- {3 -[2-(1-benZothiophen-4-yl)



nol as a colorless oil.



ethoxy] propyl } -3 -aZetidinol hydrochloride



S



OWN



IR(neat)cm_l:



15



3368,2942,2845,1427,1191,1109,759



NMR(CDCI3)6 values: 1.62(2H,qn,J:7 HZ), 2.47(2H,t,J:7 HZ), 2.7-2.9(2H,m), 3.11(2H,t,J:7 HZ), 3.48(2H,t,J:6 HZ), 3.5-3.7(2H,m), 3.74(2H,t,J:7 HZ), 4.3-4.5(1H,m), 7.18(1H, s), 7.33(1H,dt,J:1,7 HZ), 7.39(1H,dt,J:1,7 HZ), 7.77(1H,dd, J:1,7 HZ), 7.86 (1H,dd, J:1,7 HZ) EXAMPLE 14



Production of 1-{3-[2-(1-benZothiophen-3 -yl) ethoxy]propyl } -3 -aZetidinol hydrochloride



In the same manner as in Example 4, 1-{3-[2-(1-ben



25



WOWN&OH —>



Zothiophen-4-yl)ethoxy]propyl}-3-aZetidinol hydrochloride



S



Was obtained as a light-yelloW oil.



IR(neat)cm_l:



3302,2966,2877,2594,1412,1108,766



/



NMR(CDCI3)6 values: 1.78(2H,qn,J:6 HZ), 2.82(2H,t,J:7 HZ), 3.21(2H,t,J:6 HZ), 3.43(2H,t,J:6 HZ), 3.73(2H,t,J:6 HZ), 3.7-3.9(2H,m), 3.8-4.0(2H,m), 4.5-4.7(1H,m), 7.21 (1H,d,J:7 HZ), 7.30(1H,t,J:7 HZ), 7.49(2H,s), 7.78(1H,d, 1:7 HZ) 35



EXAMPLE 13



Production of 1- {3 -[2-(1-benZothiophen-3 -yl) ethoxy]propyl} -3 -aZetidinol



Was obtained as a light-yelloW oil.



IR(neat)cm_l: 3284,2966,2596,1428,1112,1049,765,734 40



Q/VOWCI + S



In the same manner as in Example 4, 1-{3-[2-(1-ben



Zothiophen-3 -yl)ethoxy] propyl} -3 -aZetidinol hydrochloride



NMR(CDCI3)6 values: 1.83(2H,qn,J:6 HZ), 2.96(2H,t,J:6 HZ), 3.12(2H,t,J:6 HZ), 3.48(2H,t,J:6 HZ), 3.76(2H,t,J:6 HZ), 3.8-3.9(2H,m), 3.9-4.1(2H,m), 4.5-4.7(1H,m), 7.21 (1H,s), 7.35(1H,dt,J:1,7 HZ), 7.40(1H,dt,J:1,7 HZ), 7.78 (1H,dd,J:1,7 HZ), 7.86(1H, dd,J:1,7 HZ) EXAMPLE 15



/



HN



OH



Production of N-(1-{3-[2-(1-benZothiophen-5 -yl) ethoxy]propyl} -3 -aZetidinyl)acetamide



—>



50



O\/\/Cl



*



55



I—IN&NHAC —>



In 5 mL of dimethyl sulfoxide Was dissolved 1.00 g of



3-[2-(3-chloropropoxy)ethyl]-1-benZothiophene, and 1.10 g of 3-aZetidinol tri?uoroacetate and 1.63 g of potassium car bonate Were added to the solution, after Which the resulting



60



mixture Was stirred at 70° C. for 2 hours. After the reaction mixture Was cooled, Water and ethyl acetate Were added



thereto and the pH Was adjusted to 1 With 6 mol/L hydrochlo ric acid, and the aqueous layer Was separated. Ethyl acetate Was added to the aqueous layer and the pH Was adjusted to 10 With a 2 mol/L aqueous sodium hydroxide solution, after



CED” S
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In 8 mL of N,N-dimethylformamide Was dissolved 0.80 g



of 5-[2-(3 -chloropropoxy)ethyl] -1 -benZothiophene, and 1.20 g of N-(3-aZetidinyl)acetamide Was added to the solution,
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32



after Which the resulting mixture Was stirred at 90° C. for 12 hours. After the reaction mixture Was cooled, Water and ethyl acetate Were added thereto and the organic layer Was sepa rated. The organic layer Was Washed With Water and then a saturated aqueous sodium chloride solution, dried over anhy



(2) The aforesaid 2-[2-(1-benZothiophen-6-yl)ethoxy]-1-(3 hydroxy-1-pyrrolidinyl)-1-ethanone Was dissolved in 7.4 mL of tetrahydrofuran, and 7.4 mL of a 1 mol/L solution of



drous magnesium sulfate, and then distilled under reduced



stirring at room temperature for 17 hours. To the reaction mixture Was added 10 mL of acetone, and stirred for 30



a borane-tetrahydrofuran complex in tetrahydrofuran Was



added dropWise thereto under ice-cooling, folloWed by



pressure to remove the solvent. The residue Was puri?ed by a



column chromatography (eluent; chloroform: methanol:7: 1)



minutes, after Which 1.5 mL of 6 mol/L hydrochloric acid



to obtain 0.39 g of N-(1-{3-[2-(1-benZothiophen-5-yl) ethoxy]propyl}-3 -aZetidinyl)acetamide as a light-yelloW oil.



Was added thereto and the resulting mixture Was heated under re?ux for 2 hours. After the reaction mixture Was cooled, Water and ethyl acetate Were added thereto and the aqueous layer Was separated. Ethyl acetate Was added to the aqueous layer and the pH Was adjusted to 9.5 With a 2



lR(neat)cm_l: 3276,2941,2860,1654,1559,1111,756,703 NMR(CDCl3)6 values: 1.59(2H,qn,J:7 HZ), 1.97(3H,s), 2.42 (2H,t,J:7 HZ), 2.7-2.9(2H,m), 2.98(2H,t,J:7 HZ), 3.45 (2H, t,J:7 HZ), 3.4-3.6(2H,m), 3.66(2H,t,J:7 HZ), 4.4-4.5 (1H,m),



mol/L aqueous sodium hydroxide solution, after Which the organic layer Was separated. The organic layer Was Washed



7.22(1H,dd,J:1,8 HZ), 7.29(1H,d,J:5 HZ), 7.42(1H, d,J:5 HZ), 7.67(1H,d,J:1 HZ), 7.80(1H,d,J:8 HZ)



With Water and a saturated aqueous sodium chloride solu



tion, dried over anhydrous magnesium sulfate, and then EXAMPLE 16



distilled under reduced pressure to remove the solvent. The



residue Was puri?ed by a column chromatography (eluent;



20



Production of 1-{2-[2-(1-benZothiophen-6-yl)



chloroform:methanol:30:1 to 20:1) to obtain 0.53 g of



ethoxy] ethyl } -3 -pyrrolidinol



1- {2- [2-( 1 -benZothiophen-6-yl)ethoxy] ethyl} -3 -pyrroli dinol as a yelloW oil. 25



cozn



+



OH 30



lR(neat)cm_l: 3386,2940,2867,1110,820,756 NMR (CDCl3)6 values: 1.6-1 .8(1H,m), 2.0-2.2(1H,m), 2.31(1H, dt,J:7,9 HZ), 2.53(1H,dd,J:5,10 HZ), 2.6-2.7(3H,m), 2.85 (1H,dt,J:5,9 HZ), 3.01 (2H,t,J:7 HZ), 3.58(2H,t,J:6 HZ), 3.71 (2H,t,J:7 HZ), 4.2-4.3(1H,m), 7.23(1H,d,J:8 HZ), 7.29 (1H, d,J:5 HZ), 7.37(1H,d,J:5 HZ), 7.73(1H,d,J:8 HZ), 7.73 (1H,



S) EXAMPLE 17 OH



O



0% G —>



S



Production of 1-{2-[2-(1-benZothiophen-6-yl)



ethoxy] ethyl } -3 -pyrrolidinol oxalate



N



OH 40 OH



S



O\/\ N



s



06)”



(1) In 7.4 mL of methylene chloride Was dissolved 0.74 g of



2-[2-(1-benZothiophen-6-yl)ethoxy] acetic acid, and 1.36



s



mL of triethylamine and 0.22 g of imidaZole Were added to the solution. Then, the resulting mixture Was cooled to 50 C., after Which 0.24 mL of thionyl chloride Was added



OWN/j —> OH



OWN/j



dropWise thereto, folloWed by stirring at the same tempera ture for 1 hour. After the reaction mixture Was cooled to



—50° C., 0.45 mL of triethylamine and 0.32 mL of 3-pyr
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rolidinol Were added thereto, and the resulting mixture Was stirred at the same temperature for 1 hour and then at room temperature for 1 hour. Water Was added to the reaction



mixture and the organic layer Was separated. The organic layer Was Washed successively With 1 mol/L hydrochloric



the solution Was added a solution of 0.15 g of oxalic acid in



2.8 mL of ethyl acetate. The resulting mixture Was stirred at room temperature for 1 hour and then at 5° C. for 1 hour. The 60



acid, a 2 mol/L aqueous sodium hydroxide solution and a saturated aqueous sodium chloride solution, and then dried



crystals precipitated Were collected by ?ltration, Washed With ethyl acetate and then dried to obtain 0.42 g of 1-{2-[2-(1 benZothiophen-6-yl)ethoxy]ethyl}-3-pyrrolidinol oxalate as



over anhydrous magnesium sulfate. Subsequently, the sol



colorless crystals.



vent Was distilled off under reduced pressure to obtain



2-[2-(1-benZothiophen-6-yl)ethoxy]-1 -(3 -hydroxy-1 -pyr



In 2.0 mL ofethyl acetate Was dissolved 0.48 g of 1 -{2-[2



(1-benZothiophen-6-yl)ethoxy]ethyl}-3-pyrrolidinol, and to
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lR(KBr)cm_l:



3384,2862,2687,1717,1636,1400,1200,



rolidinyl)-1-ethanone as a light-yelloW oil.



1114,720 NMR(DMSO-d6)6 values: 1.7-1.8(1H,m), 1.9-2.



lR(neat)cm_l: 3386,2942,1636,1106,758



(114,111), 2.96(2H,t,J:7 HZ), 3.0-3.2(1H,m), 3.1-3.4(5H,m),
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EXAMPLE 18



EXAMPLE 20



Production of 1-{2-[2-(1-benZothiophen-5 -yl)



Production of 1-{2-[2-(1-benZothiophen-4-yl)



ethoxy] ethyl } -3 -pyrrolidinol



OVCOZH



/



ethoxy] ethyl }-3 -pyrrolidinol



+



S



mg



OH



O OH O



/



N



—>



S OH O



25



\/\ N



OH



In the same manner as in Example 16 (1), 2-[2-(1-ben Zothiophen- 5 -yl)ethoxy] -1 - (3 -hydroxy-1 -pyrrolidinyl) -1 -



30



ethanone Was obtained.



In the same manner as in Example 16 (1), 2-[2-(1-ben



NMR(CDCl3)6 Values: 1.6-2.2(2H,m), 2.9-4.0(8H,m),



4.0-4.2(2H,m), 4.2-4.5(1H,m), 7.1-7.4(2H,m), 7.42(1H,d,



Zothiophen-4-yl)ethoxy] -1 -(3 -hydroxy-1 -pyrrolidinyl)-1 -



1:5 HZ), 7.69(1H,s), 7.79(1H,d,J:8 HZ)



ethanone Was obtained as an oil.



Then,



1-{2-[2-(1-benZothiophen-5 -yl)ethoxy]ethyl } -3 -



IR(neat)cm_l: 3374,2944,1637,1107,761



pyrrolidinol Was obtained as a light-yellow oil in the same



Then,



manner as in Example 16 (2).



1- {2- [2-(1 -benZothiophen-4-yl)ethoxy]ethyl } -3 -



pyrrolidinol Was obtained as a light-yellow oil in the same



IR(neat)cm_l: 3386,2941,2864,1438,1112,755,702 NMR (CDCl3)6 Values: 1.5-2.0(1H,m), 2.0-2.9(7H,m), 3.00(2H, t,J:7 HZ), 3.58(2H,t,J:6 HZ), 3.71(2H,t,J:7 HZ), 4.2-4.4 (1H, m), 7.21(1H,d,J:8 HZ), 7.28(1H,d,J:5 HZ), 7.42(1H,d, 1:5 HZ), 7.67(1H,s), 7.79 (1H, d, 1:8 HZ)



manner as in Example 16 (2). 40



EXAMPLE 19



Production of 1-{2-[2-(1-benZothiophen-5 -yl) ethoxy] ethyl} -3 -pyrrolidinol oxalate



EXAMPLE 21 50



Production of 1-{2-[2-(1-benZothiophen-4-yl)



ethoxy] ethyl} -3 -pyrrolidinol hydrochloride



OH



CQNOWU a



55



S



S



OH



OH O



(:Q/VOWNO/ S



(COZH);



\/\ NQ/



i



60



S



OH O



In the same manner as in Example 17, 1-{2-[2-(1-ben



Zothiophen- 5 -yl)ethoxy] ethyl } -3 -pyrrolidinol oxalate Was obtained as colorless crystals.



IR(KBr)cm_l:



3347,2943,2687,1719,1404,1119,720



NMR(CDCl3)6 values: 1.7-2.2(2H,m), 2.9-3.8(6H,m), 2.94
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\/\ NO/ HCl
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36 EXAMPLE 23



In 5.0 mL ofethyl acetate Was dissolved 0.63 g of 1-{2-[2



(1-benZothiophen-4-yl)ethoxy]ethyl}-3-pyrrolidinol, and to



Production of 1-{2-[2-(1-benZothiophen-7-yl)



the solution Was added 0.80 mL of a 3.25 mol/L dried hydro



ethoxy] ethyl} -3 -pyrrolidinol hydrochloride



gen chloride-ethyl acetate solution. The resulting mixture Was stirred at room temperature for 1 hour and then at 5° C.



for 1 hour, after Which the crystals precipitated Were collected by ?ltration. The crystals precipitated Were Washed With ethyl acetate and then dried to obtain 0.43 g of 1-{2-[2-(1-ben



Zothiophen-4 -yl)ethoxy] ethyl } -3 -pyrrolidinol hydro chloride as colorless crystals.



IR(KBr)cm_l:



S



HCl



3229,2872,2625,1451,1413,1119,771



NMR(DMSO-d6)6 Values: 1.7-2.2(2H,m), 2.9-3.6(6H,m), 3.22(2H,t,J:7 HZ), 3.74(4H,t,J:7 HZ), 4.3-4.4(1H,m), 7.27 (1H,d,J:8 HZ), 7.30(1H,t,J:8 HZ), 7.61(1H,d,J:5 HZ), 7.77 (1H,d,J:5 HZ), 7.86 (1H,d,J:8 HZ)



In the same manner as in Example 21, 1-{2-[2-(1-ben



Zothiophen-7-yl)ethoxy] ethyl} -3 -pyrrolidinol hydrochloride EXAMPLE 22



20



Was obtained as colorless crystals.



IR(KBr)cm_l: 3283,2938,2706,1395,1358,1125,810,720 NMR(DMSO-d6)6 Values: 1.7-2.2(2H,m), 2.8-3.7(6H,m), 3.12(2H,t,J:7 HZ), 3.7-3.8(2H,m), 3.82(2H,t,J:7 HZ), 4.3 4.4(1H,m), 7.29(1H,d,J:7 HZ), 7.36(1H,t,J:7 HZ), 7.49 (1H,



Production of 1-{2-[2-(1-benZothiophen-7-yl)



ethoxy] ethyl } -3 -pyrrolidinol



d,J:5 HZ), 7.76(1H,d,J:5 HZ), 7.77(1H,d,J:7 HZ)



25



EXAMPLE 24



Production of 1-{2-[2-(1-benZothiophen-2-yl)



ethoxy-] ethyl } -3 -pyrrolidinol 0



cont



I



+



&@H



HN



—>



woykloiwa In the same manner as in Example 16 (1), 2-[2-(1-ben Zothiophen-7 -yl)ethoxy] -1 - (3 -hydroxy-1 -pyrrolidinyl) -1 -



GSJNOWUOH



50



ethanone Was obtained as an oil.



NMR(CDCl3)6 Values: 1.8-2.0(2H,m), 3.1-3.3(3H,m),



In the same manner as in Example 16 (1), 2-[2-(1-ben



3.3-3.6(3H,m) 3.8-4.0(2H,m), 4.0-4.2(2H,m), 4.3-4.5(1H, m), 7.23(1H,d,J:7 HZ),7.3-7.4(2H,m), 7.4-7.5(1H,m), 7.6



7.8(1H,m) Then,



Zothiophen-2-yl)ethoxy] -1 -(3 -hydroxy-1 -pyrrolidinyl)-1 ethanone Was obtained. 55



1-{2-[2-(1-benZothiophen-7-yl)ethoxy]ethyl}-3 -



m), 7.10(1H,s), 7.2-7.4(2H,m), 7.6-7.7(1H,m), 7.7-7.8(1H,



pyrrolidinol Was obtained as a colorless oil in the same man



in



Then,



ner as in Example 16 (2).



IR(neat)cm_l: 3385,2941,2867,1459,1395,1106,795, 754,



60



701 NMR(CDCl3)6 values: 1.6-1.8(1H,m), 2.1-2.2(1H,m),



2.30(1H,dt,J:7,9 HZ), 2.52(1H,dd,J:5,10 HZ), 2.6-2.7(3H, m), 2.85(1H,dt,J:5,9 HZ), 3.19(2H,t,J:7 HZ), 3.59(2H,t,J:6 HZ), 3.84(2H,t,J:7 HZ), 4.2-4.4(1H,m), 7.20(1H,d,J:8 HZ), 7.32(1H,t,J:8 HZ), 7.35(1H,d,J:5 HZ,), 7.42(1H,d,J:5 HZ), 7.69 (1H,d,J:8 HZ)



NMR(CDCI3)6 Values: 1.8-2.0(2H,m), 3.1-3.3(3H,m), 3.3-3.7(3H,m), 3.8-4.0(2H,m), 4.1-4.2(2H,m), 4.2- 4.5(1H,
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1- {2- [2-(1 -benZothiophen-2-yl)ethoxy]ethyl } -3 -



pyrrolidinol Was obtained as a light-yellow oil in the same



manner as in Example 16 (2).



IR(neat)cm_l: 3396,2939,1458,1438,1113,747,727 NMR (CDCl3)6 Values: 1.6-1.8(1H,m), 2.1-2.2(1H,m), 2.34(1H, dt,J:6,9 HZ), 2.55(1H,dd,J:5,10 HZ), 2.6-2.8(3H,m), 2.85 (1H,dt,J:5,9 HZ), 3.18(2H,dt,J:1,7 HZ), 3.62(2H,t,J:6 HZ), 3.77(2H,t,J:7 HZ), 4.2-4.4(1H,m), 7.07(1H,s), 7.26(1H,dt, J:1,8 HZ), 7.31(1H,dt,J:1,8 HZ), 7.67(1H,dd,J:1,8 HZ), 7.76 (1H,dd,J:1,8 HZ)
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Production of l- {2-[2-(1 -benZothiophen-2 -yl) ethoxy] ethyl} -3 -pyrrolidinol oxalate



EXAMPLE 27



Production of l- {2- [2-(1 -benZothiophen-3 -yl) ethoxy] ethyl } -3 -pyrrolidinol oxalate



O



I



\/\N



OH —>



S



In the same manner as in Example 17, l-{2-[2(l-ben Zothiophen-2-yl)ethoxy]ethyl}-3-pyrrolidinol oxalate Was obtained as colorless crystals.



20



In the same manner as in Example 17, l-{2-[2-(l-ben Zothiophen-3-yl)ethoxy]ethyl}-3-pyrrolidinol oxalate Was obtained as colorless crystals.



EXAMPLE 26



Production of l- {2-[2-(1 -benZothiophen-3 -yl)



ethoxy] ethyl } -3 -pyrrolidinol EXAMPLE 28



Production of l-{2- [2-( l -naphthyl)ethoxy] -ethyl} -3 O



COH



pyrrolidinol



+



W\/ 2 S



HN OH



—>



L



In the same manner as in Example 16 (l), 2-[2-(l-ben Zothiophen-3 -yl)ethoxy] -l - (3 -hydroxy-l -pyrrolidinyl) -l -



55



ethanone Was obtained as an oil.



60



Then,



1- {2-[2-(1 -benZothiophen-3 -yl)ethoxy]ethyl } -3 -



pyrrolidinol Was obtained as a light-yellow oil in the same



In the same manner as in Example 16 (l), 2-[2-(l-naph thyl)ethoxyl] - l -(3 -hydroxy-l -pyrrolidinyl)-l -ethanone Was



manner as in Example 16 (2).



obtained as a yelloW oil.



IR(neat)cm_l: 3392,2946,l645,l133,800,779 65



Then, 1 - {2- [2-(1 -naphthyl)ethoxy] ethyl} -3-pyrrolidinol Was obtained as a light-yellow oil in the same manner as in



Example 16 (2).
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