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AROMATIC AMIDINE DERIVATIVES AND SALTS THEREOF 

FIELD OF THE INVENTION 

This invention relates to aromatic amidine 

derivatives and salts thereof, which are capable of showing 

a strong anticoagulant effect through reversible inhibition 

of activated blood coagulation factor X (hereinafter, 

referred to as "FXa") and can be administered orally. The 

invention also relates. to an anticoagulant, or a 

thrombosis- or embolism-preventing or treating agent that 

contains the aromatic amidine derivative or a salt thereof 

as an active ingredient . 

BACKGROUND OF THE INVENTION 

Attempts · have been made in the prior art to· 

develop an antithrornbin agent as an antithrornbotic agent. 

However, it has be~n known that such an antithrornbin agent 

is apt to cause bleeding tendency and difficulty to manage 

haemostasis because it inhibits blood coagulation and also 

thrornbin induced platelet aggregation. With the aim of 

overcoming such problems, the development of anticoagulant 

agents has been attempted based on a inhibitory mechanism 
{t 

other than the thrornbin inhibition. As a result of such 

efforts, 1,_2-bis ( 5-amidino-2-benzofuranyl) ethane 

(hereinafter, referred to as "DABE") represented by the 

following formula (2) has been found as an anticoagulant 
;-·· 

agent based on FXa inhibition (Thrombosis Research, vol.19, 
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pp. 339-349, 1980): 

HH 
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NH (2) 

However,- DABE has the disadvantages that it has 

both FXa and thrornbin inhibitory activities which cannot be 

separated sufficiently from each other, it has a very low· 

water solubility, and it does not show its anticoagulant 

effect when administered orally . Consequently, great 

. attention has been directed, from a clinical point of view, 

toward the development of a drug which is highly specific 

and potent inhibitor for FXa, has a high water solubility, 

and is effective in oral administration. 

SUMMARY OF THE' INVENTION 

In view of the above, the present inventors have 

conducted intensive studies on the synthesis of various 

types of _aromatic amidine derivatives and evaluated their 

pharmacological properties.. As a result of. such ef farts, 

they have found that, an aromatic amidine derivative 

repres.ented by the following general formula (1) or a salt 

thereof possesses excellent water solubility, shows a 

strong anticoagulant effect through its highly specific and 

reversible FXa-inhibiting activity even in the case of oral 

administration, and is useful as a drug for the prevention 
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and treatment of various thrombosis- and embolism-base!=! 

diseases. The present invention has been accomplished on 

the basis of these findings • 

. That is, according to · the present invention, 

there is provided an aromatic amidine derivative repre-

sented by the following general formula (1) or a pharma-

ceutically acceptable salt thereof: 

R3 

A-¢-X- (CH2l .-Y 

R"' 

( 1) 

whe~ein R1 is a hydrogen atom or a lower alkoxy group; R2 is 

a hydrogen atom, a lower alkyl group, a lower alkoxy group, 

a carb.oxyl group, an alkoxycarbonyl group, a carboxyalkyl 

group or an alkoxycarbonylalkyl group; R3 is a hydrogen 

atom, a carboxyl group, an alkoxycarbonyl group, a 

carboxyalkyl group, an alkoxycarbonylalkyl group, a 

4 carboxyalkoxy group or an alkoxycarbonylalkoxy group; R is 

a hydrogen atom, a hydroxyl group, a lower alkyl group or 

a lower alkoxy group; n'is an integer of 0 to 4; A is an 

.alkylene group having a carbon number of 1 to 4, which may 

have 1 or 2 subst"i tuents selected from the group consisting 

of hydroxyalkyl, carboxyl, alkoxycarbonyl, carboxyalkyl and 

alkoxycarbonylalkyl; X is a single bond, an oxygen atom, a 

- 3 -



THIS SHEET HAS BEEN ' 
REPLACED 

sulfur atom or a carbonyl group; Y is a saturated or 

unsaturated 5- or 6-membered heterocyclic moiety or cyclic 

hydrocarbon moiety optionally having a subs ti tuent, an 

amino group optionally having a substituent, or an amino-

alkyl group optionally having a substituent; and the group 

-

represented by CB is a member selected from 

the group consisting of indolyl, benzofuranyl, benzo­

thienyl·, benzimidazolyl 1 • benzoxazolyl, benzothiazolyl, 

naphthyl, tetrahydronaphthyl and indanyl, preferably an 

indolyl, benzofuranyl, benzothienyl, benzimidazolyl, 

benzothiazolyl, naphthyl or tetrahydronaphthyl group, more 

preferably an indolyl, benzothienyl or naphthyl group. 

The present invention also provides an anti-

coagulation agent, or a thrombosis- or embolism-preventing 

or treating agent which contains a compound of gen_e.ral 

formula (1) or a salt the~eof as an active ingredient. 

DETAILED DESCRIPTION OF THE INVENTION 

In the compound of the present invention repre­

sented by general formula· (1), any straight chain, branched 

chain or cyclic alkyl group having 1 to 6 carbon atoms may 

be used as the lower alkyl group. Illustrative examples 

include methyl, ethyl, propyl, isopropyl, butyl, sec- or 

tert-butyl, pentyl, hexyl, cyclopropyl, cyclobutyl, cycle-
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pentyl, cyclohexyl and the like. 

may have 1 to 6 carbon atoms. 
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The lower alkoxy group 

-Illustrative examples 

include methoxy, ethoxy, propoxy, isopropoxy, butoxy, sec-

or tert-butoxy and the like. The alkoxycarbonyl, 

carboxyalkyl, alkoxycarbonylalkyl, carboxyalkoxy, 

alkoxycarbonylalkoxy and hydroxyalkyl groups preferably 

have 1 to 6 carbon atoms, more preferably 1 to. 4 carbon 

atoms, respectively. Illustrative examples of the alkoxy­

carbonyl group include methoxycarbonyl, ethoxycarbonyl, 

propoxycarbonyl, butoxycarbonyl and the like. Illustrative 

examples of the carboxyalkyl group include carboxymethyl, 

carboxyethyl, carboxypr6pyl and the like. Illustrative 

examples of the alkoxycarbonylalkyl group include 

methoxycarbonylmethyl, ethoxycarbbnylmethyl, 

propoxycarbonylmethyl, methoxycarbonylethyl, ethoxy-

carbonylethyl, methoxycarbonyl~ropyl, ethoxycarbonylpropyl 

and the like. Illustrative examples of the carboxyalkoxy 

group include carboxymethoxy, carboxyethoxy, carboxypropoxy 

and the like. Illustrative examples of the alkoxycarbonyl-

alkoxy group include rnethoxycarbonylmethoxy, ethoxy-

carbonylmethoxy, propoxycarbonylmethoxy, methoxycarbonyl-

ethoxy, ethoxycarbonylethoxy and the like. Illustrative 

examples of the"hydroxyalkyl group include hydroxymethyl, 

hydroxyethyl, hydroxypropyl, . hydroxybutyl and the like: 

Illustrative examples of the alkylene group having 1 to 4 
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carbon atoms and represented by A include methylene, 

ethylene, trimethylene, tetramethylene and the like. 

The saturated or unsaturated 5- or 6-membered 

heterocyclic moiety may contain preferably one or two 

hetero-atom(s) sele.cted from nitrogen and oxygen atoms. 

Illustrative examples of such a preferred type of 

heterocyclic rings include pyrrolidine, piperidine, 

imidazoline, piperazine, tetrahydrofuran, hexahydro-

py~imidine, pyrrole, imidazole, pyrazine, pyrrolidinone, 

piperidinone, morpholine and the like. More preferable are 

pyrrolidine and piperidine which contain one nitrogen atom 

as the hetero-atom. Illustrative examples of the saturated 

or unsaturated cyclic· hydrocarbon moiety include cyclo­

pentyl, cyclohexyl and the like. Illustrative examples of 

the aminoalkyl group include. aminomethyl, aminoethyl, 

aminopropyl and the like. Illustrative examples of the 

subs ti tuents applicable to these hete.rocyclic moieties and 

cyclic hydrocarbon moieties include preferably lower alkyl, 

lower alkanoyl, carbamoyl, mono- or dialkylcarbamoyl, 

formimidoyl, alkanoimidoyl, benzimidoyl, carboxyl, 

alkoxycarbonyl, carboxyalkyl, alkylcarbonylalkyl, 

aminoalkyl, alkanoylam1no, alkanoylarninoalkyl, imino, 

alkoxycarbonyliniino and the like, more preferably 

formimidoyl and alkanoimidoyl groups. Illustrative 

examples of the subs ti tuents applicable to these amino 
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groups and amino moieties of aminoalkyl groups include 

preferably lower alkyl, pyradinyl, pyrrolidinyl, carbamoyl, 

mono- or dialkylcarbamoyl, lower alkanoyl, formimidoyl, 

alkanoimidoyl, benzimidoyl, alkoxycarbonyl and the like, 

more preferably pyrazinyl, pyrrolidinyl, formimidoyl, 

alkanoimidoyl groups. In this instance, each of the alkyl, 

alkoxy, alkanoyl and the like listed above may preferably 

have a carbon number of from 1 to 6. 

The compound of formula ( 1) of the present 

invention may have an optical isomerism or a stereo-

isomerism due to the presence of an asymmetric carbon atom. 

An optical isomer, a· stereoisomer and a mixture thereof are 

included in the scope of the present invention. 

Sal ts of the compc::mnd of formula ( 1) of the 

present invention are not particularly. limited, provided 

that they are pharmaceutically acceptable. Illustrative 

examples of such salts include: ·inorganic acid salts such 

as hydrochloride, hydrobromide, hydroiodide, phosphate, 

nltrate, sulfate and the like; organic sulfonic acid salts 

such as methane sulfonate, 2-hydroxyethane sulfonate, p­

toluene sulfonate and the like; and organic carboxylic acid 

salts such as acetate, propanoate, oxalate, malonate, 

succinate, glutarate, adipate, tartarate, maleate, malate, 

mandelate and the like. 

Most ·pref erred examples of the compound of 
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formula (1) of the present invention are as follows: 

2-[4-[((3S)-1-acetimidoyl-3-pyrrolidinyl)oxy]phenyl]-3-(7-

amidino-2-naphthyl)propionic acid; 

(+)-2-[4-[((3S)-1-acetimidoyl-3-pyrrolidinyl)oxy)phenyl]-3-

(7-amidino-2-naphthyl)propionic acid; 

(2S)-2-[4-[((3S)-l~acetimidoyl-3-pyrrolidinyl)oxy]phenyl)-

3-(7-amidino-2-naphthyl)propionic acid; 

(2R)-2-[4-[((3R)-1-acetimidoyl-3-pyrrolidinyl)oxy)phenyl]-

3-(7-amidino-2-naphthyl)propionic acid; 

2-[4-[(l-acetimidoyl-4-piperidinyl)oxy]phenyl]-3-(7-

amidino-2-naphthyl)propionic acid; 

(+)-2-[4-[(1-acetimidoyl-4-piperidinyl)oxy]phenyl]-3-(7-

amidino-2-naphthyl)propionic acid; 

2-[4-[(l-acetimidoyl-4-pip~ridinyl)oxy)phenyl)-3-(5-

amidinobenzo[b]thien-2-yl)propionic acid; 

2-[4-[((2S)-1-aceti:tnidoyl-2-pyrrolidinyl)methoxy]phenyl]-3-

(5-amidinobenzo[b]thien-2-yl)propionic acid; 

(+)-2-(4-[((2S)-l-atetimidoyl-2-pyrrolidinyl)methoxy)­

phenyl]-3-(5-amidinobenzo[b]thien-2-yl)propionic acid; 

3-[4-[((3S)-1-acetimidoyl-3-pyrrolidinyl)oxy]phenyl]-4-(5-

amidinobenzo[b]thien-2-yl)butyric acid; 

2-[4-[((3S)-1-acetimidoyl-3-pyrrolidinyl)oxy]phenyl]-3-(6-

amidino-1-ethyl-"2-indolyl)propionic acid; 

2-[4-[((3R)-1-acetimidoyl-3-pyrrolidinyl)oxy]phenyl]-3-(6-

amidino-1-ethyl-2-indolyl)propionic acid; and 
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2-[4-[(l-acetimidoyl-4-piperidinyl)oxy]phenyl]-3-(6-

amidino-l-ethyl-2-indolyl)propionic acid. 

Basically, the compound of formula ( 1) of · the 

present invention can be produced for example in accordance 

with the following reaction formulae. Namely, the nitrile 

form of the formula (3) is reacted with an alcohol (R50H) in 

the presence of a hydrogen halide. The resulting imidate 

form ( 4) · is reacted with ammonia to obtain an aromatic 

amidine derivative (la). 

HC~A-6-X-(CR,).-Y (3) 

I 
R" · l .R'OR/R' 

RK, ~ A ~ X-CCR,J.-Y (4) 
R5o~-W- · 

I 
R-4 

j IH'3 

KK,R~ AA.X-(CH,J.-Y 

H2H~'+' 
( 1 a ) 

R ... 

In the above formulae, R1 , R2 , R3 , R4 , n, A, X, Y 
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are.the same as described above, and 

R5 is a lower alkyl group. 

The above ·reaction sequence is described in 

detail. Reaction of the nitrile form (3) with an alcohol 

(R50H.) may be effe~ted for example. by allowing the nitrile 

form (3) to react with the equimolar or an excess amount of 

an alcohol (R50H) having 1 to 6 carbon atoms, such as 

methanol, ethanol, propanol or the like, in the presence of 

a hydrogen halide such as hydrogen chloride, hydrogen 

bromide or the like. If necessary, a solvent may be used 

which is selected for example from aliphatic ethers such as 

diethyl ether and the like, halogenated hydrocarbons such 

as chloroform, dichloromethane and the like, aprotic 

solvents such as benzene and the like, and mixtures there-

of. In general, the reaction is carried at a temperature 

of from -20°C to 60°C for a period of 3 to 220 hours. 

Preferably, the reaction may be carried out at a tempera­

ture of from -8°C to 30°C for a period of 10 to 96 hours in 

the presence of an excess amount of methanol or ethanol 

using a halogenated hydrocarbon solvent such as chloroform 

or dichloromethane. 

Reaction of the thus obtained irnidate form (4) 

with anunonia may be effected by allowing the irnidate form 

(4) to react with anunonia in a solvent or a mixed solvent 
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system which is selected for example from alcohols having 

1 to 4 carbon atoms, such as . ethanol, propanol and the 

like, aliphatic ethers such as diethyl ether and the like, 

halogenated hydrocarbons such as chloroform and the like, 

aprotic solvents such.as benzene and the like, and N,N'­

dimethylformamide-and dimethylsulfoxide. The reaction may 

be carried out at a temperature of from -10°C to 140°C for 

a period of 0.5 to 200 hours, preferably at a temperature 

of from -8°C to 30°C for a period of 10 to 96 hours in 

ethanol. 

When the nitrile form (3) to be used as a start-

ing material has a carboxyl group or an alko"xycarbonyl 

group, the carboxyl or alkoxycarbonyl group is esterified 

by_ a formation reaction of an imidate or exposed to ester 

interchange with the alcohol (R50H) to be used. As a 

consequence, since a carboxyl . group ·in a compound (la) 

obtained by this reaction is esterified, it is necessary to 

subject the compound (la) to hydrolysis when an aromatic 

amidine derivative having a free carboxyl group is 

produced. 

The hydrolysis reaction may be effected by 

treating the compound (la) in an aqueous solution of an 

inorganic acid such as hydrochloric acid, sulfuric acid or 

the like or an organic acid such as tosyl acid or the like, 

at a temperature of from -10°C to a reflux temperature, 
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preferably from -5°C to a reflux temperature, for a period 

of from 0. 5 -to 550 hours, preferably frt?m 0. 5 to 350 hours. 

When the compound (la) contains a group which is 

susceptible to hydrolysis _by a strong acid, it is prefer-

able to protect the amidino group with a protective group 

such as tert-butoxycarbonyl or the like prior to the 

hydrolysis reaction, thereafter carrying out ester hydroly-

sis under basic conditions and subsequent deprotection. 

Protection of the amidino group may be effected by allowing 

the compound (la) to react with 2-(tert-butoxycarbonyloxy-

imino)-2-phenylacetonitrile in water, methanol, ethanol, 

tetrahydrofuran, dioxane, acetone or a mixture thereof, in 

the presence of a base such as 1,8-diazabicyclo[S.4.0]-7-

undecene or the like. The reaction may be carried out at 

a temperature of from 0 to 50°C, preferably from 5 to 30°C, 

for a period of from 0.5 to 48 hours, preferably from 1 to 

24 hours. 

Ester hydrolysis of the thus protected compound 

and subsequent deprotection may be effected by treatment of 

the protected compound with an aqueous solution of sodium 

hydroxide or potassium hydroxide and then with hydrochloric 

acid, in water or· a water-containing solvent such as of 

ethanol, methanol, tetrahydrofuran, dioxane or the like. 

The ester hydrolysis reaction may be carried out at a 

temperature of from 0 to 50°C, preferably from 5 to 30°C, 
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for a period of from 0.5 to 48 hours, preferably from 1 to 

24 hours. The deprotection reaction may be carried out at 

a temperature of from 0 to 60°C, preferably at 25°C, for a 

period of from 0. 5 to 24 hours, preferably from 1 to 6 

hours. 

When two alkoxycarbonyl groups are linked to one 

carbon atom in group A of the compound (la), hydrolysis and 

decarboxylation may be carried out at the same time in 

accordance with the following reaction sequence: 

R2 R3 
COOH I 

(CH,))H (CH,).-Q-X-(CH,) ,-Y 

I 
R-4 

(lb) 

(le) 

In the above formulae, each of 1 and rn is 0 or 1, 

while R 1 , R2 , R3 , R4
, R5 , n, X, Y and 

are the same as described above. 

This reaction may be carried out in an aqueous 
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solution of an inorganic acid such as hydrochloric acid, 

sulfuric acid or the like or an organic acid such as tosyl 

acid or the like, at a temperature of from -20°C to a 

reflux temperature, preferably from -5°C to a reflux 

temperature, for a period of from 0.5 to 550 hours, prefer­

ably from 0.5 to 3SO ·hours. 

When a compound (le) having an imidoyl group in 

its group Y is produced as a compound of formula (1) of the 

present invention, it may be obtained by allowing a 

compound (ld) having a primary or secondary amino group in 

its group Y to react with an imidate compound ( 5) in 

accordance with the following reaction sequence: 

R2 

R2 

R3 

A~X-(CH2l.-Y' 
R4 

-<NR 7 

R& 
OR 8 

(5) 

ff 3 

A 
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In the above formulae, Y1 is a variety of t~e 

aforementioned Y groups having a primary or secondary amino 

group as a substituent, Y2 is anotber variety of the afore-

mentioned Y groups having an ·imidoyl group as a substitu­

ent, each of R6 and R7 is a hydrogen atom, a lower alkyl 

group or a phenyl-group and R8 is a iower alkyl gro~p or a 

benzyl group, while R1 ; R2 , R', R;, n, A, X and oo· 
are the same as described above. 

This .reaction may be effected for example by 

allowing compound (ld) to react with the equimolar or an 

excess amount of imidate compound (5) in the presence of a 

base such · as triethylamine, sodium hydroxide, potassium 

hydroxide or the like, in water or a solvent or a mixed 

solvent system which _is selected for example from alcohols 

having 1 to 4 carbon atoms such as ethanol, propanol and 

the like, aliphatic ethers such· a·s diethyl ether and the 

like, halogenated hydrocarbons such as chloroform and the 

like, and N,N'-dimethylformamide and dimethylsulfoxide. 

The reaction may be carried out at a temperature of from 

-20°C to 70°C for a period of from 1 minute to 168 hours, 

preferably at a temperature of from -10°C to 40°C for a 

period of from 1 minute to 72 hours. 

When the imidoyl form (le) has a alkoxycarbonyl 

group, the alkoxycarbonyl group may be hydrolyzed to a 
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The hydrolysis reaction may be effected by 

treating.the compound (le) in an aqueous solution of an 

inorganic acid such as hydrochloric acid, sulfuric acid or 

the like or an organic acid such as tosyl acid or the like, 

at a temperature- of from -10°C to a reflux temperature, 

preferably from -5°C to a reflux temperature, for a period 

of from 0.5 to 550 hours, preferably from 0.5 to 350 hours. 

According to the present invention, when a 

material compound has a substituent ·such as a carboxyl 

group, an amino group or the like, it is preferable to 

protect such a functional group prior to necessary 

reactions, and thereafter detaching the protective group. 

On the other hand, the formation reaction of an amidine, 

the formation reaction of an imidate and the like may be 

carried without protecting such a functional group. In 

this instance, protection of the primary or secondary amino 

group may be effected by use of a protective group such as 

tert-butoxycarbonyl, benzyloxycarbonyl, p-nitrobenzyloxy-

carbonyl, triphenylmethyl or the like. 

In addition, · an alkoxycarbonyl-substituted 

compound may be obtained for example in accordance with the 

following reaction sequence, by carrying out ester 

hydrolysis after the formation reaction of an amidine or an 

imidate, followed, if necessary, by re-esterification: 
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1 
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· 2) DH-. 
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(6) 

( 7) 

(lf) 

(lg) 

·. 9 
In the above formulae, R is a hydrogen atom or a 

10 . lower alkyl group, R is a lower alkyl group and p is an 

integer of 1 or ~' while R5
, n, X, Y and co 

are the same as described above. 

That is, a nitrile compound represented by 
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formula (6) is allowed to react with an alcohol (R50H) i~ 

the presence of a hydrogen halide, and the resulting 

imidate•ester compound is hydrolyzed by a base treatment to 

obtain an imidate•carb6xylic acid derivative (7) which is 

subsequently reacted with ammonia to obtain an amidino 

group-substituted aromatic compound ( lf) . By subjecting 

compound (lf) to esterification, a compound (lg) is 

produced. 

Reaction- of the ni trile compound ( 6) with an 

alcohol (R50H) may be effected for example by allowing the 

ni trile compound . ( 6) to react with the equimolar or an 

excess amount of an alcohol (R50H) having 1 to 6 carbon 

atoms, such as methanol, ethanol, propanol or the like, in 

the presence of a hydrogen halide such as hydrogen 

chloride, hydrogen bromide or the like. If necessary, a 

solvent or a solvent mixture may be used which is selected, 

for example, from aliphatic ethers such as diethyl ether 

and the like, halogenated hydrocarbons such as chloroform, 

dichloromethane and the like and aprotic solvents such as 

benzene. The reaction may be carried out at a temperature 

of from -10°C to 60°C. for a period of from 3 to 120 hours. 

Preferably, it may be effected at a temperature of from 

-8°C to 30°C for a period of from 10 to 96 hours in a 

halogenated hydrocarbon solvent such as chloroform or 

dichloromethane in the presence of an excess amount of 
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·methanol or ethanol. After concentrating and drying the 

result~ng reaction mixture, the remai~ing solid material is 

treated with a strong alkali solution to effect neutraliza-

tion and ester hydrolysis, thereby obtaining the 

imidate•carboxylic acid derivative represented by formula 

(7). The reaction may be carried out generally .at a 

temperature of from -10°C to 60°C for a period of from 0.2 

to 5 hours, preferably-a~ a temperature of from 0 to 25°C 

for a period of from 0.5 to 2 hours, in an aqueous solution 

of.sodium hydroxide or potassium hydroxide. 

Reaction of the thus obtained imidate•carboxylic 

·acid derivative (7) with ammonia may be effected for 

example by allowing the derivative (7) to react with 

ammonium chloride, ammonia or a mixture thereof, in a 

solvent or a mixed solvent system which is selected for 

example from alcohols having 1 to 4 carbon atoms such as 

ethanol, propanol and the like, aliphatic ethers such as 

diethyl ether and the like, halogenated hydrocarbons such 

as chloroform and the like, aprotic sol vents such as 

benzene and the like and N, N-dimethylf ormamide and di-

methylsulfoxide. The reaction may be carried out generally 

at a temperature of from -10°C to 140°C for a period of 

.from 0.5 to 200 hours; preferaJ::lly at a temperature of from 

-8°C to 30°C for a period of from 10 to 96 hours, in 

ethanol. 
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Ester if ication of the amidino compound repre-

sented by formula (lf) may be effected, for example, by 

allowing compound (lf) to react with a thionyl halide such 

as thionyl chloride, thionyl bromide or the like in an 

alcohol having 1 to 4 carbon atoms such as ethanol, propan­

ol or the like. The reaction may be carried out generally 

at a temperature of from 0°C to a reflux temperature for a 

period of from 10 minutes to 36 hours, preferably at a 

temperature of from 10 to 60°C for a period of from 10 

minutes to 24 hours. 

Crystallization of a compound of formula (1) of 

the present invention may be effected for example by 

treating the reaction-completed solution with a strongly 

basic (OH) type ion exchange resin, or with sodium 

hydroxide, potassium hydroxide or the like, to ad.just the 

number of added salts, pref er ably to 1 . The resulting 

solution is treated·at a temperature of from -10°C to 30°C, 

preferably from 0 to 25°C, in wat~r. or a solvent such as 

methanol, ethanol, isopropanol, acetone or the like or a 

mixture . thereof, pref er ably in a water I ethanol mixture 

system. 

The thus obtained aromatic amidine derivative of 

formula (1) or a salt thereof has a specific and excellent 

capacity to inhibit FXa and is useful as an anticoagulant 

agent, as well as a preventive agent and a therapeutic 
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Since a compound of 

formula (1) can exhibit its effect even when administered 

orally, it can be applied to both . oral and parent~ral 

administrations. The compound of the present invention may 

be administered by optionally changing its dose depending 

on symptoms, age,-weight and the like of each patient. In 

the case of oral administration, the compound may be 

administered generally in a dos·e · of from 5 to 1, 000 

mg/day/adult, preferably from 10 to 500 mg/day/adult. 

Examples of dosage forms include tablets, capsules, 

powders, granules and the like which can be prepared in the 

usual way using generally used additives such as fillers, 

lubricants, binders and the like. In the case of 

parenteral administration, the compound may be administered 

by Subcutaneous injection, intravenous injection or 

intravenous drip infusion in a dose of from · 0 .1 to 100 

mg/day/adult, preferably from 0.5 to 30 mg/day/adult. 

Since the compound of the present invention shows 

a high anticoagulant function based on its excellent FXa 

inhibition activity, it does not react.with platelets and 

can be applied to various diseases caused by thrombosis and 

embolism, such as cerebral infarction, cerebral thrombosis, 

cerebral embolism, transient cerebral ischemic attack 

(TIA), myocardial infar.ction; unstable angina, pulmonary 

infarction, pulmonary embolism, Berger disease, deep venous 
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coagulation 

syndrome, thrombus formation after artificial blood vessel 

operation, artificial valve replacement, percutaneous 

transluminal colonary angioplasty (PTCA), or percutaneous· 

transluminal coronary .recanalization (PTCR), obstruction 

after recirculation of blood, thrombus formation during 

extracorporeal circulation and the like. 

The followirtg reference, inventive and test 

examp_les are provided to illustrate further the present 

invention. It is to be understood, however, that the 

examples are for the purpose of illustration only and are 

not intended as a definition of the limits of the 

invention. 

REFERENCE EXAMPLE 1 

Preparation of (5-cyano-3-methyl-2-benzofuranyl)methyltri­

phenylphosphonium chloride 

a) 13.31 g of 2-acetyl-4-bromophenol, 11.0 g of 

ethyl bromoacetate and 9.7 g of anhydrous potassium 

carbonate were refluxed under heating in 70 ml of acetone 

for 2 hours. Insoluble materials were removed by 

filtration, and the resulting filtrate was concentrated and 

dried. The residue thus obtained was dissolved in chloro-

form, washed with water, and then dried to remove the 

solvent. The thus treated residue was washed with a mixed 

solvent system of ethanol and n-hexane to isolate insoluble 
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crystals by filtration. In this way, 16.82 g of ethyl (2-

acetyl-4-bromophenyl)oxyacetate was obtained in the form of 

colorless plate crystals. 

mp: 66-68°C 

b) 16.8 g of ethyl (2-acetyl-4-bromophenyl)oxy-

acetate obtained in the above step a) was dissolved in 100 

ml of anhydrous ethanol to which 1.2 g of metallic sodium 

has been dissolved in advance, and the resulting solution 

was stirred at ·room temperature for 1. 5 hours.· The 

reaction solution.was poured into water and extracted with 

ethyl acetate, and the· resulting organic layer was washed 

with water, and then dried. After distflling off the 

solvent, precipitated crystals were collected by filtration 

and washed with ethanol to obtain 5.3 g of ethyl 5-bromo-3-

methyl-2-benzofurancarboxylate in the form of colorless 

fine needle crystals. 

mp: 96-97°C 

1H-NMR (CDC13 ) S: 1.44 (3H, t, J = 8Hz) '· 2.54 (3H, s), 4.45 

(2H, q, J = 8Hz); 7.43 (2H), 7.73 (lH, s) 

c) In a stream of nitrogen, 4.9 g of ethyl 5-

bromo-3-methyl-2-benzofurancarboxylate obtained in the 

above step b), 2.0 g of cuprous cyanide and a catalytically 

effective amount of copper sulfate were stirred in 40 ml of 

N-methyl-2-pyrrolidone for 6 hours at 200°C. After 

cooling, the reaction solution was poured into water to 
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remove insoluble materials by filtration. The resulting 

filtrate was extracted with ethyl acetate, and the organic 

layer was washed with water, and then concentrated and 

dried to collect precipitated crystals. In this way, 3.16 

g of ethyl 5-cyano-3-meth¥1-2-benzofurancarboxylate in the 

form of light brown crystals. 

mp: 156-158°C 

1H-NMR (CDC13 ) S: 1~45 (3H, t~ J = 8Hz), 2.60 (3H, s), 4.45 

(2H, q, J = 8Hz), 7.67 (2H), 7.99 (lH, s) 

d) 3 .1 g of ethyl 5-cyano-3-methyl-2-benzofuran-

carboxylate obtained in the above step c) was dissolved in 

60 ml of tetrahydrofuran. To this were added,· with ice 

cooling, 2 .1 g of calcium iodide ( 4H20.), 0. 63 g of sodium 

borohydride and a catalytically effective amount of sodium 

bicarbonate. The resulting mixture was stirred at room 

temperature for 18 hours, followed by further addition of 

2.1 g of calcium iodide (4H20) and 0.63 g of sodium 

borohydride and by additional stirring at room temperature 

for 18 hours. 

The resulting reaction solution was diluted with 

ethyl acetate, .:washed with water and then dried to remove 

the solvent. The residue thus obtained was subjected to 

silica gel column chr9rnatography using chloroform as· an 

eluant. In this way, 1.96 g of purified 2-hydroxymethyl-3-

methyl-5-benzofuranc;::arbonitrile was obtained. 

- 24 -



THIS SHEET HAS BEEN 
REPLACED 

1H-NMR (CDCl3) 6: 1.8 (lH, br), 2.28 (3H, s), 4.78 (2H, s), 

7.52 (2H), 7.82 (lH, s) 

e) 1.92 g of 2-hydroxymethyl-3-methyl-5-benzo­

furancarbonitrile obtained in the above step d) was ad~ed 

to 50 ml of diethyl ether, followed by the addition of 3 

drops of pyridine and 1.65 ml of thionyl chloride during 

ice cooling, and the resulting.mixture was stirred at room 

temperature for 4. 5 hours. The reaction solution was 

poured into ice water and extracted with chloroform, and 

the resulting organic layer was washed with water, 

saturated sodium bicarbonate aqueous solution and water in 

that order, followed by concentration and drying. In this 

way, 1.68 g of 2-chloromethyl-3-methyl-5-benzofurancarbo-

nitrile was obtained. 

f) 1. 68 g of 2-chloromethyl-3-methyl-5-benzo-

furancarbonitrile obtained in the above step e) and 3 g of 

triphenylphosphine were refluxed under heating in xylene 

for 5 hours. After cooling, precipitated· crystals were 

collected by filtration to obtain 3. 63 g of the title 

compound. 

mp: >270°C 

1H-NMR (CDC13 ) S: 2.0 (l.SH, s), 2.04 (l.SH, s), 6.09 (2H, 

'd, J = 16Hz), 7.7 (lBH, m) 
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Preparation of (5-cyano-3-benzofuranyl)methyltriphenyl-

phosphonium bromide 

a) 12 .15 g of ethyl_ 5-cyano-3-methyl-2-benzo-

furancarboxylate obtained in the step c) of Reference 

Example 1 was dissolved in 60 ml of ethanol, followed by 

the addition of 5 g of sodium hydroxide and 100 ml of 

water, and the resulting mixture was stirred at 30 to 40°C 

for 2 hours . After ice cooling, the resulting reaction 

. solution was adjusted to pH 2 with dilute HCl solution, and 

crystals thus precipitated were collected by filtration and 

dried. In this way, 10.6 g of 5-cyano-3-methyl-2-benzo-

furancarboxylic acid was obtained in the form of colorless 

prism crystals. 

mp: {sublimation at 275-285°C) 

1H-NMR (CDC13 ) S: 2.54 (3H, s), 7.88 (2H), 8.44 (lH) 

b) 10.64 g of 5-cyano-3-methyl-2-benzofuran-

carboxylic acid obtained in the above step a) and 2.5 g of 

copper powder were· added to 65 ml of quinoline, and the 

mixture was stirred at 210°C for 30 minutes. After adding 

. ice water and adjusting to pH 1 with HCl, the :t:"eaction 

mixture thus treated was extracted with chloroform, and the 

resulting organic layer was dried under a reduced pressure. 

The residue thus obtained was subjected to silica gel 

column chromatography using toluene· as an eluant. In this 
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way 1 6. 89 g of purified colorless 3-methyl-5-benzofuran-:­

carboni trile was obtained. 

mp: 73°C 

1H-NMR (CDC13 ) S: 2.26 (3H, d, J = 1.5Hz), 7.53 (3H), 7.85 

(lH, s) 

c) 7.28-g of 3-methyl-5-benzofurancarbonitrile 

obtained in the above step b) was dissolved in 50 ml of 

carbon tetrachloride and subjected to reflux under light 

.irradiation condition. To the resultin_g reaction solution 

.was gradually added a mixture consisting of 8.25 g of N-

bromosuccinimide and 160 mg of 2,2-azobis-iso-butylo-

nitrile. After refluxing under heating for .3 hours, 

precipitated materials were removed by filtration, and the 

resulting filtrate was dried. The thus dried residue was 

subjected to purification by silica gel column chromato­

graphy using toluene as an eluant, thereby obtaining 8.65 

g of a mixture (2:5) of the starting material 3-methyl-5-

benzofurancarbonitrile and 3-bromomethyl-5-benzofuran-

carbonitrile. 8 . 6 5 g of the thus obtained · crude bromo-

methyl compound was dissolved in xylene, 10 g of tri­

phenylphosphine was added to the resulting solution, and 

the thus prepared mixture :was heated for 20 minutes. After 

cooling, the precipitate thus formed was collected by 

filtration to obtain 14.73 g of the title compound in the 

form of colorless crystals. 
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1H-NMR (CDC13 ) S: 5.88 (2H, d, J = 16Hz), 7.0-8.0 (19H, m) 

REFERENCE EXAMPLE 3 

Preparationof CS-cyano-7-methoxy-2-benzofuranyllmethyltri­

phenylphosphonium chloride 

. a) 10. o- g of 5-bromo-2-hydroxy-3-methoxybenz­

aldehyde was dissolved in 39 ml of N,N-dimethylforrnamide, 

and the resulting solution was mixed with 11.9 g of 

anhydrous potassium carbonate and "stirred at room tempera-

ture. 5.0 g of chloroacetone was added dropwise to the 

above reaction solution at the same temperature, followed 

by additional 1 hour of stirring.at an elevated temperature 

of 80°C. The resulting reaction solution was diluted with 

ethyl · acetate and adjusted to pH 2 with concentrated 

hydrochloric acid, and the resulting organic layer was 

collected. The organic layer was dried to distill off the 

solvent, and the resulting residue was purified by silica 

gel column chromatography, thereby obtaining 4.0 g of 2-

acetyl-5-bromo-7-methoxybenzofuran. 

mp: 107-109°C 

1H-NMR ( CDCl3) s: 2. 6 2 ( 3H, s) , 3. 8 3 ( 3H I s) I 7 . 0 2 ( lH} I 

7. 39 ( 2H) 

b) To'107.6 ml of SN sodium hydroxide aqueous 

solution was added dropwise 26.8 g of bromine at a tempera­

ture of -5°C or below. To this was further added dropwise 
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and slowly a 100 ml dioxane solution containing 15.0 g of 

2-acetyl-5-bromo-7-methoxybenzofuran obtained in the above 

step a). After completion of the dropwise addition, the 

temperature of· the resulting reaction solution was 

increased gradually to 60°C and then stirred for 30 

minutes. After c6oling, the resulting reaction solution 

was adjusted to pH 2 with concentrated hydrochloric acid 

and then extracted with ethyl acetate. The resulting 

organic layer was concentrated to dryness, and crystals 

thus precipitated were collected by filtration to obtain s~ 

bromo-7-methoxy-2-benzofurancarboxylic acid. The thus 

obtained crystals were suspended in 200 ml of ethanol, and 

10 ml of thionyl chloride was added dropwise to the 

suspension with stirring at room_ temperature. · The result­

ing reaction solution was refluxed under heating ·for 2 

hours. After cooling, the thus treated reaction solution 

was neutralized with saturated sodium bicarbonate aqueous 

solution, and then mixed with water to collect precipitated 

crystals by filtration. The crystals thus collected were 

purified by silica gel column chromatography using chloro­

form as an eluant t.o obtain 11. 33 g of ethyl 5-brorno-7-

rnethoxy-2-benzofurancarboxylate. 

1 H-NMR ( CDC13 ) S :· . 1 . 41 ( 3H, t, J = 7 . OHz) , 4 . 0 0 { 3H, s ) , 

4.43 (2H, q, J = 7Hz), 7.02 (lH, d), 7.39 (lH, d), 7.42 

( lH I s) 
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c) a mixture con~isting of 2. 0 g of ethyl 5-

bromo-7-methoxy-2-benzofurancarboxylate obtained in the 

above step b), 1. 26 g of -cuprous cyanide, 100 ml of· N­

methyl-2-pyrrolidone and a catalytically effective amoul'l:t 

of copper sulfate was ~tirred.at 180 to 190°C for 2 hours 

in a stream of argon. Afte:i:: cooling, a toluene/ ethyl 

acetate mixture (1:1) and water were added to the reaction 

·solution to remove inso.luble materials, and the resulting 

organic layer was washed with water, and then dried. After 

distilling off the sqlvent, precipitated crystals were 

collected by filtration and washed with ethanol to obtain 

1.2 g of ethyl 5-cyano-7-methoxy-2-benzofurancarboxylate. 

1H-NMR ( CDC13 ) S: 1 . 4 3 ( 3H, t, J = 7 . OHz) , 4 . 0 6 ( 3H, s) , 

4.46 (2H, t, J = 7.0Hz), 7.10 (lH, d, J = l.OHz), 7.53 (lH, 

s), 7.64 (lH, d) 

d) 8. 55 g of ethyl 5-cyano-7-methoxy-2-benzo-

furancarboxylate obtained in the above step c) was 

dissolved in 250 ml of tetrahydrofuran. During cooling on 

·an ice bath, the resulting solution was mixed with 13.74 g 

of calcium iodide (4H20), 2.12 g of sodium borohydride and 

a catalytically effective amount of sodium bicarbonate, and 

the resulting mixture was stirred at room temperature for 

1.5 hours, followed by further addition of 13.74 g of 

calcium iodide (4H20) and 2.12 g of sodium borohydride and 

additional stirring at room temperature for 1 hour. During 
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cooling on an ice bath, the resulting reaction solution was 

adjusted to pH 2 with concentrated hydrochloric acid, and 

the solvent was removed by distillation. The resul tl:ng 

residue was extracted with chloroform, washed with water 

and then dried to distill off the solvent. The thus 

treated residue was purified by silica gel colwnn chromate-

. graphy using a mixture of chloroform and ethanol as an 

. eluant, thereby obtaining 1. 96 g of 2-hydroxyrnethyl-7-

methoxy-5-benzofurancarbonitrile. 

mp: 149-150°C 
1H-NMR (CDC13 ) S: 2.17 (lH, t, J = 6.lHz), 4.02 (3H, s), 

4 • 8 0 ( 2H, d, J = 6 • lHz ) , 6 . 7 1 ( lH, s ) , 6 . 9 9 ( lH, d, J = 

1.3Hz), 7.50 (lH, d, J = l.3Hz) 

·e) 5.0 g of 2-hydroxymethyl-7-methoxy-5-benzo-

furancarbonitrile obtained in the above step d) was 

dissolved in 100 ml of die~hyl ether, followed by the 

addition of a few drops of pyridine. With cooling on an 

ice bath and with stirring, 5~86 g of thionyl chloride was 

.added dropwise to the above. solution. After completion of 

the dropwise addition, temperature of the resulting 

solution was increased gradually to room temperature, and 

the stirring was continued for additional 1 hour at the 

room temperature; During cooling on an ice bath, water was 

added to the resulting reaction solution,· and the thus 

formed organic layer was collected, washed with water and 
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then dried to remove the solvent, thereby obtaining 2-

chloromethyl-7-methoxy-5-benzofurancarbonitrile. The 

chloromethyl compound thus obtained and 9. 67 g of tri­

phenylphosphine were refluxed under heating for 18 hours in 

50 ml of xylene. After cooling, crystals thus precipitated 

were collected by filtration to. obtain 10.54 g of the title 

compound . 

. 
1H-NMR. (DMSO-d6 ) 5: 3.89 (3H, s), 5.6-6.0 (2H, br) 

REFERENCE EXAMPLE 4 

Preparation of (5-cyanobenzo[b)thien-2-yl)methyltriphenyl-

phosphonium chloride 

a) 8 .13 g of 5-bromosalicylaldehyde was dissolv­

ed in 100 ml of acetone, followed by the addition of 6.7 g 

of anhydrous potassium carbonate. With stirring at room 

temperature, 5. 0 g of N,N-dimethylthiocarbamoyl .·chloride 

was added to the above solution, and the stirring was 

continued for two hours. The resulting reaction solution 

was poured into ice water, and crystals thus precipitated 

_were collected by filtration, and dried to obtain 9.2 g of 

5-bromo-2-[(N,N-dimethylthiocarbarnoyl)oxy]benzaldehyde. 

mp: 141-143°C 

IR (KBr): 1690, 1596, 1546, 1470, 1396 -1 cm 

1
H-NMR (CDC13 ) S:" 3.42 (3H, s), 3.47 (3H, s), 7.03 (lH, d, 

J = 8.3Hz), 7.72 (lH, dd, J = 8.3 and 2.2Hz), 8.01 (lH, d, 

· J = 2. 2Hz) 
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b) 9. 0 g of 5-brorno-2-[(N,N-dimethylthio-

carbamoyl)oxy]benzaldehyde obtained in the above step a) 

was melted by heating it for 10 minutes on an oil bath of 

210 to 220°C. The resulting product was dissolved in a 1 

ml of toluene, followed by the addition of 6 ml of 

methanol. Crystals thus· precipitated were collected by 

filtration to obtain 4.0 g of crude 5-bromo-2-[ (N,N­

dimethylcarbamoyl)thio]benzaldehyde. 

mp: 11a-120°c 

IR (KBr): 1677, 1365, 1185 
-1 cm 

1 H-NMR (CDC13 ) S: 3.09 (6H, s), 7.31 (lH, d, J = 9.6Hz), 

7.70 (lH, dd, J = 9.6 and l.8Hz), 8.14 (lH, d, J = 1.8Hz), 

10. 25 ( lH I s) 

c) 21.0 g of 5-bromo-2-[ (N,N-dimethylcarbamoyl)­

thio]benzaldehyde was dissolved in 50 ml of methyl ortho-

formate. The resulting solution was mixed with 1.0 g of p-

toluenesulf.onate, and refluxed under hea_ting for 50 

minutes. After cooling, the resulting reaction solution 

was poured into saturated sodium bicarbonate solution and 

extracted with benzene. The resulting organic layer was 

dried to remove the sol vent. The residue thus obtained was 

dissolved in 100 ml of ~ethanol, followed by adding 37 ml 

of 2N sodium hydroxide and by refluxing under heating for 

1 hour in a stream of nitrogen. After cooling, the result-

ing reaction solution was adjusted to pH 1 with 
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concentrated hydrochloric acid, extracted with benzene, and: 

then dried to remove the solvent. The residue thus 

obtained was dissolved in 20 ml of acetone and added drop-

wise, at room temperature, to a stirred mixture consisting 

of 6.74 g of chloroacetone, 22.1 g of anhydrous potassium 

carbonate and 150 -m1 of acetone. After 30 minutes of 

stirring, the resulting reaction mixture was refluxed under 

heating for 30 minutes. After cooling, insoluble materials 

were removed by filtration, and the resulting filtrate was 

concentrated to dryness. The thus obtained residue was 

purified by silica gel column chromatography using toluene 

as an elution solvent and the resulting product was. 

·recrystallized from ethanol to obtain 7.5 g of 2-acetyl-5-

bromobenzo[b]thiophene. 

mp: 120-121°C 

IR (KBr): 1668, 1512, 1326, 1266 -1 cm 

1H-NMR ( CDC13 ) S: 2. 67 ( 3H,. s), . 7. 54 ( lH, dd, J = 8. 8 and 

1.8Hz), 7.75 (lH, d, J = 8.8Hz), 7.85 (lH, s), 8.03 (lH, d, 

J = 1.8Hz) 

d) With stirring, 5.4 ml of bromine was. added 

dropwise to SN sodium hydroxide aqueous solution which has 

been cooled to -5°C to 0°C. To this was added dropwise, at 

a temperature of ·-s 0 c or below, a 50 ml dioxane solution of 

·2-acetyl-S-bromobenzo[b]thiophene obtained in the above 

step c). The resulting mixture was stirred for 30 minutes 
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at room temperature and then for 30 minutes at 50°C. With 

ice cooling, the resulting reaction· solution was adjusted 

to pH 2 with concentrated hydrochloric acid, and crystals 

thus "precipitated were collected by filtration and washed 

with water. The crystals·thus obtained were dissolved in 

·ethyl acetate, and the solution was dried and concentrated. 

Crystals thus precipitated were collected by filtration and 

washed with toluene to obtain 6 .6 g of 5-bromobenzo(b]­

thiophene-2-carboxylic acid. 

mp: 238-241°C 

IR "(KBr): 1671, 1554, 1518, 1443. cm-1 

1 H-NMR (CDC13 ) 5: 7.57 (lH, dd, J = 8.6 and l.8Hz), 7.82 

(lH, d, J = 8.6Hz), 8.00 (lH, s), 8.07 (lH, d, J = 1.8Hz) 

e) 6. 4 g of 5-bromobenzo[b]thiophene-2-carboxyl-

ic acid obtained in the above step d) was suspended in 250 

ml of ethanol . With cooling on an ice bath and with 

·stirring, 4.45 g .of thionyl chloride was added dropwise to 

the suspension prepared above, followed by refluxing .under 

heating for 1 hour. With ice cooling, 8.15 g of thionyl 

chloride was further added dropwise to the resulting 

mixture, followed by refluxing under heating 2 hours. The 

resulting reaction solution was concentrated and adjusted 

to pH 9 with saturated sodium bicarbonate aqueous solution. 

Crystals thus precipitated were collected by filtration and 

dried to obtain 7.0 g of .ethyl 5-bromobenzo(b]thiophene-2-
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carboxylate. A portion of the thus obtained compound was 

recrystallized from methanol to obtain needle crystals. 

mp: 94-95°C 

1H-NMR (CDC13 ) 6: 1.42 (3H, t, J = 7.0Hz), 4.41 (2H, q, J = 

7.0Hz), 7.54 (lH, dd, J = 8.8 and l.8Hz), 7.73 (lH, d, J = 

.a.BHz), 7.96 (lH, s), 8.01 (lH, d) 

f) 7. 0 g of ethyl 5-bromobenzo[b]thiophene-2-

carboxylate obtained in the above step e) and 5 . 4 g of 

cuprous cyanide were suspended in 70 ml of N-methyl-2-

pyrro~idone, and the suspension was stirred for 2 hours 

with heating at a temperature of 200°C in a stream of 

nitrogen. After cooling, the reaction mixture was diluted 

with ethyl acetate, insoluble materials were removed by 

filtration, and the resulting filtrate was washed with 

water and dried. After distilling off the solvent, the 

·crystals precipitated were collected by filtration and 

.washed with ethanol to obtain 5.02 g of ethyl 5-cyanobenzo-

[b]thiophene-2-carboxylate as crystals. 

mp: 138-139°C 

IR (KBr): 2232, 172H, 1262 cm-1 

1
H-NMR (CDC13 ) 6: 1.43 (3H, t, J = 7.0Hz), 4.45 (2H, q, J = 

7.0Hz), 7.70 (lH, dd, J = 9.0 and l.BHz), 8.04 (lH, d, J = 

9. OHz) , 8. 0 8 ( lH) , 8. 2 0 ( lH) 

g) To 150 ml of tetrahydrofuran were added 4.92 

g of ethyl 5-cyanobenzo(b]thiophene-2-carboxylate obtained 
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in the above step f) and then 3. 33 g of calcium iodide 

With ice cooling and stirring, 1. 0 g of sodium 

borohydride and a catalytically effective amount of sodi:urn 

bicarbonate were added. to the above mixture, and the 

resulting mixture· wa,s stirred at room temperature for 1 

hour. After further addition of 3.33 g of calcium iodide 

( 4H20) , 1. 0 g of sodium borohydride was added to the mixture 

which was cooled on an ice bath with stirring, and the 

resulting mixture was stirred at room temperature. After 

stirring for 1 hour,· 3. 33 g of calcium iodide ( 4H20) was 

again added to the stirred mixture, followed by further 

addition of 1. 0 g of ·sodium borohydride to the resulting 

mixture which was cooled on an ice bath with stirring and 

by subsequent stirring at room temperature for 1 hour. The 

thus obtained reaction solution was diluted with water, 

extracted with ethyl acetate, and then dried to remove the 

solvent. Thereafter, the crystals thus precipitated were 

collected by filtration and washed with a mixture of 

benzene and n-hexane to obtain 4.0 g of 2-hydroxyrnethyl­

benzo[b]thiophene-5-carbonitrile. 

mp: 78-79°C 

IR (KBr): 3496, 2236, 1026 -1 cm 

1H-NMR {CDCl3) s:· 4.97 (2H, s), 7.26 (lH), 7.51 (lH, dd, J 

= 8.3 and l.8Hz), 7.90 (lH, d, J = 8.3Hz), 8.03 (lH) 

h) 4.0 g of 2-hydroxyrnethylbenzo[b]thiophene-5-
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carbonitrile obtained in the above step g) was dissolved in 
. . 

100 ml of diethyl ether·, followed by the addition of 0.1 ml 

of pyridine. A 5 ml diethyl ether solution of 5.5 g_of 

thionyl chloride was added to the above solution under ice 

cooling and stirring, and the_resulting mixture was stirred 

at room temperature for 2 hours. The resulting reaction 

solution was poured into ice water and extracted with 

benzene. The resulting organic layer was washed with 

saturated sodium bicarbonate aqueous solution and 

concentrated to dryness. The residue thus obtained . was 

dissolved in 100 ml of xylene, and the solution was mixed 

with 7.2 g of triphenylphosphine, and refluxed under 

heating for 10 hours. Thereafter, the thus precipitated 

crystals we~e collected by filtration to obtain 6.3 g of 

the title compound. 

mp: 271-274°C (decomposition) 

1H-NMR (CDC13 ) S: 6.70 (2H-, d, J = 15.lHz), 7.30 - 8.10 

(19H, m) 

REFERENCE EXAMPLE 5 

Preparation of C7-cyano-2-naphthyl)methyltriphenyl-

phosphonium bromide 

a) 11. 0 g of 7-methyl-2-naphthalenecarboxylic 

acid obtained in"accordance with the procedure disclosed in 

Australian Journal of Chemistry (vol .18, pp. 1351-1364, 

1965) was mixed with 70 ml of thionyl chloride and refluxed 
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under heating for 4 hours. The resulting reaction solution 

wa,s concentrated to dryness. To the re.sidue thus obtained 

was added 300 ml o~ concentrated aqueous ammonia und.er 

cooling. The mixture was stirred at room temperature for 

3 hours, · and then extracted with ethyl acetate. The 

resulting organic rayer was washed with water and then with 

saturated sodium chloride aqueous solution, followed by 

drying and removing the. solvent. In this way, B.5 g of 7-

methyl-2-naphthalenecarboxamide was obtained in the f orrn of 

colorless needle crystals. 

mp: 210 to 212°C 

1H-NMR (DMSO-d6 ) o: 2.50 (3H, s)-, 7.4-8.5 (6H, m) 

b) B. 0 g of 7-methyl-2-naphthalenecarboxamide 

obtained in the above step a) was suspended in 100 ml of 

tetrahydrofuran, to which was further added, at room 

temperature, a 100 ml carbon tetrachloride solution 

containing 22.66 g of triphenylphosphine. The resulting 

mixture was stirred at room temperature for 30 minutes and 

then at 60°C for 40 hours. After cooling to room tempera-

ture, insoluble materials were removed by filtration, and 

the resu). ting filtrate was concentrated under a reduced 

pressure. 28.35 g of the resulting residue was applied to 

silica gel column chromatography, and eluted with a mixed 

solvent system of n-hexane and ethyl acetate, thereby 

obtaining 5.73 g of 7-methyl~2-naphthalenecarbonitrile in 
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1H-NMR (CDC13 ) 6: 2.54 (3H, s), 7.4-8.2 (6H, m) 

c) 5. 7 g of 7-methyl-2-naphthalenecarbonitrile 

obtained in the above step b) was suspended in 100 ml of 

carbon tetrachloriae. To this were added 6. 37 g of N-

bromosuccinimide and 30 mg of 2, 2-azobis-iso-butyloni trile. 

After refluxing under heating for 2 hours, the resulting 

reaction solution was diluted with dichloromethane, washed 

with water and then with saturated sodium chloride aqueous 

solution, followed by drying. By distilling off the 

solvent, 8.34 g of 7-bromomethyl-2-naphthalenecarbonitrile 

was obtained in the form· of light yellow needle crystals. 

mp: 110-116°C 

1H-NMR (CDC13 ) S: 4.65 (2H, s), 7.55 - 8.28 (6H, m) 

d) 8.34 g of 7-bromomethyl-2-naphthalenecarbo-

nitrile obtained in the above step c) was dissolved in 200 

ml of xylene, the solution was mixed with 11.6 g of tri-

phenylphosphine and the mixture was refluxed under heating 

for 16 hours. Diethyl ether was added to the resulting 

reaction solution, and c·rystals thus precipitated were 

·collected by filtration and dried, thereby obtaining 12.10 

g of the title co~pound. 

1H-NMR (CDC13 ) S: 5.96 (2H, d, J = 15.3Hz), 7.1-8.0 (21H, rn) 
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Preparationof (6-cyano-1-methyl-2-indolyl)methyltriphenyl-

phosphonium bromide 

a) 1·.s g of methyl 6-cyano-2-indolecarboxylate 

obtained in accordance with the procedure disclosed in 

Liebigs Annalen der Chemie ("1986, pp. 438-455) was 

dissolved in 20 ml of N,N-dimethylformamide. 320 mg of 60% 

sodium hydride was added to the above solution under ice 

cooling and stirring, and the resulting mixture was stirred 

at room temperature for 10 minutes. To this was further 

added 0. 4 7 ml of methyl iodide, followed by stirring at 

room temperature for 2 hours. Saturated ammonium chloride 

aqueous solution was added to the resulting reaction 

solution, and crystals thus precipitated were collected by 

f il tra ti on, and washed · with methanol . The thus washed 

crystals were recrystallized from'a mixture of dichloro-

methane and methanol to obtain 1.4 g of methyl 6-cyano-1-

methyl-2-indolecarboxylate. 

1H-NMR ( DMSO-d6) s: 3 • 9 2 ( 3H I s ) I 4 . 10 ( 3H I s ) I 7 . 4 2 . ( lH I 

s), 7.52 (lH, dd), 7.98 (lH, d), 8.38 (lH, br) 

b) 5. 7 g of methyl. 6-cyano-1-methyl-2-indole-

carboxylate obtained in the above step a) was dissolved in 

120 ml of tetrahydrofuran. With cooling on an ice bath and 

with stirring, a catalytically effective amount of sodium 

bicarbonate, 5.6 g of calcium iodide and 1.8 g of sodium 
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borohydride were added to the above solution, and the 

mixture was stirred for S hours. The resulting reaction 

solution was mixed ·with ice water and acetic acid, 

tetrahydrofuran was distilled off from the mixture, and the 

thus treated reaction solution was extracted with ethyl 

acetate, followed -by drying. After dis ti). ling off the 

solvent, the residue.thus obtained was dissolved in 50 ml 

of dichloromethane. 10 ml dichloromethane solution 

containing l·ml of phosphorus tribromide was added dropwise 

to the above reaction solution under ice cooling and 

.stirring, and the resulting mixture was stirred at the same 

temperature for 2 hours and then at room temperature for 2 

hours. The thus treated reaction solution was mixed with 

ice water, washed with sodium carbonate aqueous solution, 

and then dried. The resulting organic layer was concen-

trated by a factor of about 2 under a reduced pressure, 

mixed with 15 g of triphenylphosphine, and then refluxed 

under heating for 12 hours. Thereafter, the precipitate 

thus formed was collected by filtration to obtain 10.5 g of 

the title compound . 

. 
1H-NMR (DMSO-d6 ) S: 3.33 {3H, s), 5.55 (2H, d), 6.26 (lH~ 

.s) 1 7.20-8.10 (18H, m) 

The following compounds of Reference Examples 7 

and 8 were prepared in a manner similar to the procedure of 

Reference Example 6. 
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(6-cyano-1-ethyl-2-indolyllmethyltriphenylphosphonium 

bromide 

REFERENCE EXAMPLE 8 

£1-(2-chloroethyll-6-cyano-2-indolylJmethyltriphenyl-

phosphonium bromide 

1H-NMR (DMSO-c16 ) S: 3.40-3.80 (2H), 4.30-4.60 (2H), 5.60 

(2H, d), 6.25 (lH, s), 7.10-8.00 (18H, m) 

REFERENCE EXAMPLE 9 

Preparation of 2-bromomethyl-5-benzothiazolecarbonitrile 

a) 28.0 g of 5-bromo-2-methylbenzothiazole was 

dissolved in 200 ml of N-methyl-2-pyrrolidone, the solution 

thus prepared was mixed with 13."8 g of cuprous cyanide and 

a catalytici;illy effective amount of copper sulfate, and the 

mixture was stirred for 4 hours with heating at a tempera-

ture of 180 to 190°C in a stream of nitrogen. The result-

ing reaction solution was poured into water, and insoluble 

materials thus formed were collected by filtration. The 

thus collected insoluble materials were mixed with a 

mixture consisting of 22 ml.of ethylenediamine and 50 ml of 

water, and the resulting mixture was stirred. thoroughly. 

After extraction with benzene, the resulting organic layer 
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was washed with water, and dried to distill of benzene. 

Thereafter, the residue thus formed was washed ~ith ethanol 

to obtain 10. 22 g of 2-methyl-5-benzothiazolecarbonitri.le 

in the form of light brown crystals. 

mp: 158-160°C 

1H-NMR (CDC13 ) S: ;2.-90 (3H, s), 7.60 (lH, dd),· 7.95 (lH, d), 

8 .. 25 (lH, d) 

b) 7.46 g of 2-methyl-5-benzothiazolecarbo­

nitrile obtained in the above step a) was dissolved in 250 

ml of carbon tetrachloride, and the solution was subjected 

to reflux under a light irradiation condition. To the 

resulting reaction solution was gradually added a mixture 

consisting of 7.62 g of N-bromosuccinirnide and 150 mg of 

2,2-azobis-iso-butyloni.trile, followed by refluxing under 

heating for 20 hours. After cooling, insoluble materials 

were removed by filtration, and the solvent was distilled 

off. Thereafter, the residue thus formed was purified by 

silica gel colwnn chromatography using toluene as an 

elution solvent, thereby obtaining 2.18 g of the title 

compound in the form of light yellow prism crystals. 

mp: 185-186°C 

l 
H-NMR (CDC13 ) S: 4.83 (2H, s), 7.67 (lH, dd), 8.02 (lH, d), 

8.34 (lH, d) 
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Preparation of C6-cyano-1,2,3.4-tetrahydro-2-naphthyll­

methyltriphenylphosphonium p-toluene sulfonate 

a) 10.0 g of· methyl 6-hydroxymethyl-5,6,7,8-:­

tetrahydro-2-naphthalenecarboxylate was added to 3.82 g of 

2, 3-dihydropyrane. - After further adding 5 drops of 

concentrated sulfuric acid, the resulting mixture was 

stirred for 1 hour. To this were further added 1.00 g of 

2, 3-dihydropyrane and 3 drops of concentrated sulfuric 

acid, followed by sti.rring for 5 hours.· The resulting 

reaction mixture was mixed with 100 ml of diethyl ether, 

and the mixture was washed with saturated sodium bi-

carbonate aqueous solution, water and saturated sodium 

chloride aqueous solution in that order, followed by dry-

ing. By distilling off the solvent, 13.72 g of methyl 6-

[ (2-tetrahydropyranyl)oxyrnethyl]-5,6,7,8-tetrahydro-2-

naphthalenecarboxylate was obtained in the form of yellow 

oil. 

1H-NMR (CDC13 ) S: 1.50-3.00 (13H, m), 3.30-4.10 (4H, m), 

3. 8 6 ( 3H, s) , 4. 6 0 ( lH, br) , 7 . 10 ( lH, d) , 7 . 8 0-7 . 9 0 ( 2H, 

m) 

b) 13.72 g of methyl 6-[(2-tetrahydropyranyl)­

oxymethyl ]-5 ,· 6, 7, 8-tetrahydro-2-naphthalenecarboxyla te 

obtai~ed in the above step a) was dissolved in 180 ml of 

methanol. After further adding a solution containing 2.96 

- 45 -



· B n R;eplaced 

iii ill m\\\11\\I . 

THIS SHEET HAS BEEN 
REPLACED 

g of sodium hydroxide in 60 ml of water, the resulting 

·mixture was refluxed under heating for 3 hours. After 

cooling, the resulting reaction solution was concentrated 

under reduced pressure, mixed with chloroform and water, 

and then neutralized with acetic acid. The resulting 

organic layer was washed with water and then with saturated 

sodium chloride aqueous solution, followed by drying. 

After distilling off the solvent, the resulting residue was 

crystallized in isopropyl ether to obtain 10.51 g of 6-[(2-

tetrahydropyranyl)oxymethyl]-5,6,7,8-tetrahydro-2-naphthal-

enecarboxylic acid. 

1H-NMR (CDC13 ) 8: 1.50-3.00 (13H, m), 3.30-4.00 (4H, m), 

·4.60 (lH, ~r), 7.16 (lH, d), 7.80-7.90 (2H, m) 

c) 12. 0 g of 6-[ ( 2-tetrahydropyranyl) oxymethyl ]-

5, 6, 7, 8.-tetrahydro-2-naphthalenecarboxylic acid obtained in 

the above step b) and 4.1 g of triethylamine were dissolved 

in 100 ml of tetrahydrofuran, and the resulting solution 

was cooled down to -15°C. To this was added, with stirr-

ing, 5.64 g of chloroformic isobutyl ester. The resulting 

reaction solution was stirred for 20 minutes at the same 

temperature and then poured in 200 ml of ice-cold ethanol 

containing 14% (w/v) of anunonia. After removing insoluble 

materials by filtration, the resulting filtrate was dried 

.under a. reduced pressure. The residue thus obtained was 

purified by silica gel column chromatography using a mixed 
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solvent system consisting of ~-hexane and ethyl acetate as 

.an elution solvent, and the purified product was crystal-

lized in isopropyl ether to obtain 7.20 g of 6-[(2-tet~a­

hydropyranyl)oxymethyl]-5,6,7,8-tetrahydro-2-naphthalene-

carboxamide. 

1H-NMR (CDC13 ) S: 1-.40 - 3.00 (13H, m), 3.30-4.00 (4H, m), 

4.60 (lH, br), 6.10 (2H, br), 7.20 (lH, d), 7.50-7.70 (2H, 

m) 

d) 15 0 g of 6-[ (2-tetrahydropyranyl)oxymethyl]-

5, 6, 7, 8-tetrahydro-2-naphthalenecarboxamide obtained in the 

above step c) was suspended in 60 ml of dioxane. After 

adding 8.35 ml of pyridine, the resulting suspension was 

.cooled down to -8°C to 0°C. 

Then, 7.89 ml of anhydrous trifluoroacetate was 

added dropwise. thereto under stirring. The resulting 

reaction. solution wa·s stirred at -5°C for 30 minutes and 

then at room temperature for 2 hours. The thus treated 

reaction solution was diluted with chlorofonn, and then 

washed with water and saturated. sodium chloride aqueous 

solution in that order. Thereafter, the resulting organic 

layer was dried and the solvent was distilled off to obtain 

9. 7 8 g of 6- [ ( 2-tetrahydropyranyl) oxymethyl ]-5, 6, 7, 8-tetra­

hydro-2-naphthalenecarboni trile in the form of oil . 

. 
1H-NMR (CDC13 ) 6: .1.50-3.00 (13H, m), 3.30-4.00 (4H, m), 

4.61 (lH, br), 7.05-7.50 (3H, m) 
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e) 9. 7 8 g of 6- ( ( 2-tetrahydropyranyl) oxymethyl ]-

.5,6,7,8-tetrahydro-2-naphthalenecarbonitrile was dissolved 

in 100 ml of ethanol. After adding 100 mg of p-toluene-

sulfonic acid, the resulting mixture was stirred at room 

temperature for 15 hours. The resulting reaction solution 

was neutralized with saturated sodium bicarbonate aqueous 

solution, followed by the removal of the solvent by distil­

lation. The residue thus obtained was dissolved in chloro-

form, and the solution was washed with water and then with 

saturated soqium chloride aqueous solution. The resulting 

organic layer was dried and the solvent was distilled off. 

Thereafter, 5. 26 g of 6-hydroxyrnethyl-.5, 6, 7, 8-tetrahydro-2-

naphthalenecarbonitrile was crystallized from isopropanol 

in the form of colorless crystals. 

mp: 83-85°C 

1
H-NMR (CDC13 ) S: 1.30-3.00 (7H, m), 3.64 (2H, d; J = 

6.0Hz), 7.05-7.50 (3H, m) 

f) 15. 0 g of 6-hydroxyrnethyl-5, 6, 7, 8-tetrahydro-

2-naphthalenecarboni trile obtained in the above step e) and 

30.5 g of p-toluenesulfonyl chloride were dissolved in 150 

ml of pyridine, and the solution was stirred at room 

temperature for 15 hours .. The resulting reaction solution 

was poured into· ice water, and the thus precipitated 

crystals were collected by filtration, washed with water 

and isopropanol in that order, and then dried. In this 
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way, 24.72 g of colorless 5,6,7,8-tetrahydro-6-((p-toluene~ 

sulfonyl)oxymethyl]-2-naphthalenecarbonitrilewasobtained. 

mp: 100-102°C 

1
H-NMR (CDCl:d S: 1.20-3.80 (7H, m), 2~47 (3H, s), 4.00 (2H, 

d, J = 6.0Hz), 7.10 (lH, d, J = 9.0Hz), 7.30-7.50 (4H, m), 

7. 80 ( 2H, d) 

g) 24.00 g of 5,6,7,8-:-tetrahydro-6-[(p-toluene­

sulfonyl)oxymethyl]-2-naphthalenecarbonitrile and 18.38 g 

of triphenylphosphine were mixed, and then heated at a 

temperature of 130 to 140°C for 15 hours in a sealed 

container. The resulting reaction product was crystallized 

from an acetone/n-hexane mixture to obtain 23.3 g of the 

title compound in the form of light yellow powder. 
1 . 
H-NMR (CDC13 ) S: 1.40-2.90 (7H, m), 2.27 (3H, s), 3.60-3.90 

(2H, m), 6.80-7.30 (SH, m), 7.40-8.60 (17H, m) 

REFERENCE EXAMPLE 11 

Preparationof (6-cyano-2-naphthyl)methyltriphenylphosphon-

ium bromide 

a) 6.11 g of 6-methyl-2-naphthalenecarbonitrile 

was dissolved in 100 ml of carbon tetrachlo~ide, and the 

solution was mixed with 6.63.g of N-brornosuccinirnide and 30 

mg of 2,2-azobis-iso-butylonitrile. After refluxing under 

·heating for 4 hdurs, the resulting reaction solution was 

mixed with chloroform, washed with water, and then dried. 

By distilling off the solvent, 7. 07 g of colorless 6-
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bromomethyl-2-naphthalenecarbonitrile was obtained. 

mp: 134-137°C 
1H-NMR (CDC13 ) S: 4.65 (2H, s), 7.60-7.80 (2H, m), 7.80-8.00 

(3H, m), 8.22 (lH, s) 

b) 2.0 g of 6-bromomethyl-2-naphthalenecarbo­

nitrile obtained in the above step a) and 2.77 g of tri­

phenylphosphine were dissolved in 50 ml of xylene. After 

refluxing under heating for 18 hours, precipitated crystals 

were collected by filtration to obtain 3.31 g of the title 

compound. 

mp: >270°C 
1H-NMR (CDC13 ) S: 5.93 (2H, d, J = 15.2Hz), 7.40-8.00 (21H, 

m) 

REFERENCE EXAMPLE 12 

Preparation of CSl-C+l-~-hydroxytetrahydrofuran 

0.23 g of p-toluenesulfonic acid was added to 25 

g of (S)-(-)-1,2,4-butanetriol, and the mixture was stirred 

at 100°C for 5 minutes and then at 180 to 200°C for 10 

minutes. The resulting reaction mixture· was subjected to 

distillation to. collect· a fraction of 95-100°C/30 nunHg ,· 

thereby obtaining 16.2 g of the title compound as an oily. 

material. 

1H-NMR (CDC13 ) S: ·i.B0-2.20 (2H, m), 3.76 (2H, d), 3.70-4.10 

(2H, rn), 4.40-4.60 (lH, rn) 
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Preparation of ethyl 2-C4-CCC3Sl-1-tert-butoxycarbonyl-3-

pyrrolidinyl l oxyJphenyl 1-·2:...oxoacetate 

To 40 ml of tetrahydrofuran were dissolved 1.8 g 

of ethyl 2-(4-hydroxyphenyl)-2-oxoacetate, 1.74 g of (3R)­

·i-tert-butoxycarbonyl-3-hydroxypyrrolidine and 2. 9 2 g of 

triphenylphosphine. At room temperature, 1. 94 g of diethyl 

azodicarboxylate.'was added to the above solution, and the 

resulting mixture was stirred for 18 hours. After 

distilling off the solvent, the residue thus obtained was 

dissolved in ethyl acetate, and the solution was washed 

with water, and then dried. Thereafter, the solvent was 

distilled-off, and the resulting residue was purified by 

silica gel column chromatography using a toluene/chloroform 

mixture as an eluant, thereby obtaining 2.53 g of the title 

compound as a viscous yellow oil. 
1H-NMR (CDC13 ) S: 1.41 (3H, t, .J = 7.0Hz), 1.46 (9H, s), 

2 • 0 0-2 . 4 0 ( 2H, rn) , 3 • 0 0-3 . 7 5 ( 4 H, m) , 4 • 4 3 ( 2H, q, J = 

7.0H~), 5.00 (lH, b~), 6.93 (2H, d, J = 9.0Hz), 8.00 (2H, 

d, J = 9.0Hz) 

The following compounds of Reference Examples 14 

to 25 were prepared in the same manner as described in 

Reference Example 13. 

- 51 -



REFERENCE EXAMPLE 14 

THIS SHEET HAS REEN 
REPLACED 

methyl 2-£4-CC(3S)-1-tert-butoxycarbonyl-3-pyrrolidinyll-

oxyJphenylJ-2-oxoacetate 

viscous yellow oil 

REFERENCE EXAMPLE 15 

ethyl 2-C 4-C ( ( 3R )·-1-tert-butoxycarbonyl-3-pyrrolidinyl >-

oxyJphenylJ-2-oxoacetate 

viscous yellow oil 

1 H-NMR (CDC13 ) S: 1.40 (3H, t, J = 7.0Hz), 1.46 (9H, ·s), 

2.00-2.35 (2H, rn), 3.45-3.75 (4H, m), 4.40 (2H, q, J = 

7.0Hz), 4.9-5.1 (lH, br), 6.95 (2H, d, J = 9.0Hz), 8.00 

(2H, d, J = 9.0Hz) 

REFERENCE EXAMPLE 16 

"ethyl 2-C4-f ((2Sl-1-tert-butoxycarbonyl-2-pyrrolidinyll­

rnethoxyJphenyll-2-oxoacetate 

viscous yellow oil 

1
H-NMR (CDC13 ) ~: 1.41 (3H, t), 1.47 (9H, s), 2.0 (4H, br), 

3 . 3 7 ( 2H, br) , 4 . 2 0 ( 3H, br) , 4 . 4 3 ( 2H, q) , 7 . 0 ( 2H, d ) , 

7 • 9 5 ( 2H I cl: ) 

REFERENCE EXAMPLE 17 

ethyl 2- r 4- r .( ( 2S, 4S )-l-,tert-butoxycarbonyl-2-carbarnoyl-4-

pyrrolidinyl)oxyJphenylJ-2-oxoacetate 

viscous yell.ow oil 

1
H-NMR (CDC13 ) S: 1.42 (3H, t, J = 7.0Hz), 1.48 (9H, s), 

·2.20-2.90 (2H, br), 3.64-3.90 (2H, br), 4.30-4.60 (lH, br), 
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4.42 (2H, q, J = 7.0Hz), 5.06 (lH, br), 6.97 (2H, d, J = 

9.0Hz), 8.07 (2H, d, J = 9.0Hz) 

REFERENCE EXAMPLE 18 

ethyl 2-C4-C((2S,4S)-1-tert-butoxycarbonyl-2-dimethyl-

carbamoyl-4-pyrrolidinyl)oxyJphenylJ-2-oxoacetate 

viscous yellow oil 

1H-NMR (CDCl3) s:· 1.37-1.50 (12H, rn), 1.96-2.30 (lH, m), 

2.50-2.82 (lH, m), 2.90-3.15 (6H, br), 3.70 (lH, dd, J = 

10.8 and 5.lHz), 3.90-4.16 (lH, m), 4.46 (2H, q, J = 

7.0Hz), 4.60-5.14 (2H, m), .7.00 (2H, d, J = 9.4Hz), 8 .• 08 

(2H, d~ J = 9.4Hz) 

REFERENCE EXAMPLE 19 

ethyl 2-[4-[2-Ctert-butoxycarbonylaminol~l-Ctert-butoxy­

carbonylaminomethyllethoxyJphenylJ-2-oxoacetate 

viscous yellow oil 

1H-NMR (CDC13 ) 6: 1.00-1.70 (21H, br), 2.80-3.80 (4H, m), 

4.20-4.bO (3H, m), 7.10 (2H, d, J = 8.3Hz), 7.98 (2H, d, J 

= 8.3Hz) 

REFERENCE EXAMPLE 20 

ethyl 2-[4-[(1-tert-butoxycarbonyl-4-piperidinyl)oxyJ-

phenylJ~2-oxoacetate 

viscous yellow oil 

1H-NMR (CDC13 ) S: 1.35 (3H, t, J = 6Hz), 1.49 (9H, s), 1.8-

2.0 (4H, m), 3.2-4.0 (4H, m), 4.46 (2H, q, J = 6Hz), 4.6-

4.8 (lH, m), 7.01 (2H, d, J = 9Hz)., 8.04 (2H, d, J = 9Hz) 

- 53 -

·, 



THIS SHEET HAS BEEN 
, REPLACED 

REFERENCE EXAMPLE 21 

ethyl 2-£4-C2-tert-butoxycarbonylaminoethoxylphenylJ-2-

.oxoacetate 

viscous yellow oil 

1 H-NMR (CDC13 ) 6: 1.42 ("3H, t, J = 7.0Hz), 1.46 {9H, s), 

3.56 {2H, q, J = 5.4Hz), 4.12 (2H, quintet, J = 5.4Hz), 

4.44 {2H, q, J = 7.0Hz), 5.04 {lH, br), 6.98 (2H, d, J = 
9.0Hz), 8.00 (2H, d~ J = 9.0Hz) 

REFERENCE EX.AMPLE 22 

ethyl 2-£4-[(1-tert-butoxycarbonyl-4-piperidinyllrnethoxyJ-

phenylJ-2-oxoacetate 

viscous yellow oil 

1H-NMR (CDC13 ) 6: 1.2-1.3 (2H, m), 1.42 (3H, t, J = 7.lHz), 

.1.47 (9H, s), 1.65-1.80 (2H, m), 3.89 (2H, d), 4.10-4.25 

(2H, m), 4.43 (2H, q, J = 7.lHz), 6.95 (2H, d, J = B.BHz), 

7.99 (2H, d, J = 8.8Hz) 

REFERENCE EX.AMPLE 23 

ethyl 2-£4-[((2Sl-l-tert-butoxycarbonyl-5-oxo-2-pyrrol-

idinyllmethoxyJphenylJ-2~oxoacetate 

viscous yellow oil 

1H-NMR (CDC13 ) 6:· _l.35 (3H, t), 1.41 (9H), 1.80-2.20 (2H, 

m), 2.47 (2H, t), 4.05 (2H, br), 4.41 (2H, q), 4.70-5.00 

( lH, m) , 6 . 9 B ( 2H, d ) , B . 0 0 ( 2H, d) 
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ethyl 2-C4-CCC2R,4Sl-l-tert-butoxycarbonyl-2-methyl-4-

pyrrolidinyl)oxyJphenylJ-2-oxoacetate 

viscous yellow oil 

1H-N'MR: (CDC13 ) S: 1.20-l.42 (6H, m), 1.47 (9H, s), 2.20-2.60 

(lH, m), 3.50-3.8~ (2H, m), 3.90-4.22 (lH, m), 4.42 (2H, 

q), 4.90-5.10 (lH, m), 6.95 (2H, d), 8.00 (2H, d) 

REFERENCE EXAMPLE 25 

methyl 2-oxo-2-f4-f Ct3R)-tetrahydro-3-furanyl)oxyJ-

phenylJacetate 

Viscous yellow oil 

REFERENCE EXAMPLE 26 

ethyl 2-C4-f CC3S)-l~tert-butoxycarbonyl-3-pyrrolidinyll-

oxyJphenyll-2-ethoxycarbonylacetate 

a) 27.7. g of ethyl 4-rnethoxyphenylacetate and 34 

ml of diethyl carbonate were dissolved in 150 ml of N,N-

dirnethylformarnide, and the solution was subjected_ to reflux 

under heating, while gradually adding 6. 5 g of sodium 

hydride for 1 hour. After further refluxing under heating 

for 2 hours, the resulting reaction solution was poured 

into_a mixture of ice water and hydrochloric acid, followed 

by extraction with ethyl acetate. The resulting organic 

layer was washed·with water, and then dried to distill off 

the solvent. The residue thus obtained was purified by 

silica gel column chromatography using toluene as an 
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eluant, thereby obtaining 26. 7 g of ethyl 2-ethoxycarbonyl-

2-( 4-methoxyphenyl )acetate in the form of light yellow oil. 

1H-NMR (CDC13 ) S: 1.25 (6H, t, J = 7.0Hz), 3.79 (3H, s_), 

4.20 (4H, q, J = 7.0Hz), 4.SS (lH, s), 6.88 (2H, d, J = 
8.0Hz), 7.32 (2H, d, J = 8.0Hz) 

b) 5. 8 g- of ethyl_ 2-ethoxycarbonyl-2- ( 4-methoxy­

phenyl) acetate obtained in the above step a) was dissolved 

in 70 ml of dichloromethane, and the solution was cooled 

down to -40°C. With stirring, to this was added dropwise 

6.2 ml of boron tribromide dissolved in 5 ml. of dichloro-

methane. After completion of the dropwise addition, the 

solution was warmed up to room temperature, and sti.rred for 

30 minutes. The resulting reaction solution was poured 

into a.mixture of ice water and hydrochloric acid, followed 

by extraction with chloroform. The resulting organic layer 

was dried to distill off the solvent, and the residue thus 

obtained was purified by si_lica gel column chromatography 
. , 

using chloroform as an eluant, thereby obtaining 4.7 g of 

ethyl 2-ethoxycarbonyl-2- ( 4-hydroxyphenyl) acetate in the 

form of colorless oil. 
1H-NMR (CDC13 ) S: 1.27 (6H, t, J = 7.0Hz)-, 4.22 (4H, q, J = 

7 . OHz ) , 4 . 5 5 ( lH, s ) , 5 • 6 6 ( lH, br) , 6 • 7 6 ( 2H, d , J = 

8.0Hz), 7.25 (2H; d, J = 8.0Hz) 

c) In 150 ml of tetrahydrofuran were dissolved 

4.7 g of ethyl 2-ethoxycarbonyl-2-(4-hydroxyphenyl)acetate 
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obtained in the above step b), 6 .58 g of triphenylphosphine 

and 4.7 g of (3~)~1-tert-butoxycarbonyl-3-hydroxy-

pyrrolidine. With stirring / 4. 37 g of diethyl azo~i-

carboxylate was added to the ·thus prepared solution, and 

the stirring was continued for 18 hours. After distilling-

off the solvent, the resulting residue was purified by 

silica gel column chromatography using a . toluene/ethyl 

acetate mixture as an eluant, thereby obtaining 4.0 g of 

the title compound in the form of colorless oil. 

1H-NMR ( CDC13 ) ~ : 1 . 25 ( 6H, t, J = 7 . OHz ) , 1 . 4 6 ( 9H, s ) , 2 . 1 

(2H, br), 3.55 {4H, br), 4.20 (4H, q, J = 7.0Hz), 4.52 {lH, 

s), 4.82 {lH, br), 6.82 (2H, d, J = 8.0Hz), 7.28 (2H, d, J 

= 8.0Hz) 

REFERENCE EXAMPLE 27 

ethyl 2-f4-f CC2Rl-l-tert-butoxycarbonyl-2-pyrrolidinyl)-

rnethoxyJphenylJ-2-ethoxycarbonylacetate 

This compound was prepared in accordance with the 

pro_cedure described in Reference Example 26. 

viscous oil 

1 H-NMR (CDC13 ) S: 1.25 (6H, t, J = 7.0Hz), 1.47 (9H, s), 2.0 

(4H, hr), 3.40 (2H, br), 3.9 (lH), 4.20 (6H), 4.54 (lH, s), 

6.82 (2H, d, J = 8.0Hz), 7.28 (2H, d, J = 8.0Hz) 
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ethyl 2-ethoxycarbonyl-2-f4-f C2-imidazolin-2-yllmethoxyl­

pheny1Jacetate 

a) To 150 ml of acetone were added 14.58 g of 

ethyl 2-ethoxycarbonyl-2- ( 4-hydroxyphenyl) acetate, 8. 8 g of 

bromoacetonitrile -and 9.6 g of anhydrous potassium 

carbonate. After refluxing. under heating for 5 hours, 

insoluble materials were removed by. filtration, and the 

resulting filtrate was concentrated to dryness. The 

residue thus obtained was purified by silica gel column 

chromatography using toluene as an elution solvent, thereby 

·obtaining 14.2 g of ethyl 2-[4-(cyanomethoxy)phenyl]-2-

ethoxycarbonylacetate in the form of colorless oil. 

1H-NMR (CDC13 ) S: 1.26 (6H, t, J = 8.0Hz), 4.22 (4H, q, J = 

8 . OHz ) , 4 . 5 8 ( lH, s ) , . 4 . 7 5 ( 2H, s ) , 7 . 0 2 ( 2H, d, J = 
9.0Hz), 7.36 (2H, d, J = 9.0Hz) 

b) 14.2 g of ethyl 2-[4-(cyanomethoxy)phenyl]-2-

ethoxycarbonylacetate obtained in the above step a) was 

dissolved in a mixture consisting of 20 ml of ethanol and 

150 ml of diethyl ether. The resulting solution was 

stirred at room temperature for 18 hours with ice cooling 

in a blowing stream of hydrogen chloride. By distilling-

·off the solvent, ·16.9 g of ethyl 2_;ethoxycarbonyl-2-[4-(2-

ethoxy-2-iminoethoxy)phenyl]acetate hydrochloride in a 

solid form:. 
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c) ·With ice cooling and stirring, 40 ml of 

ethanol solution containing 3.6 g of ethyl 2-ethoxy­

carbonyl-·2- [ 4- ( 2-ethoxy-2-iminoethoxy] phenyl] aceta:te 

obtained in the above step b) was added dropwise to a 10 ml 

.ethanol solution_ containing 0,6 g of ethylenediamine, and 

the resulting mixture wa_s stirred at room temperature for 

1. 5 hours, followed by refluxing under heating for O. 5 

hours. After cooling, the resulting reaction solution was 

adjusted to an acidic pH with ethanol containing 13% (w/v) 

of ·hydrochloric acid, and then concentrated to dryness. 

The residue thus obtained was dissolved in water and washed 

with diethyl ether. Thereafter, the resulting water layer 

was adjusted to pH 9-10 with dilute sodium hydroxide 

.aqueous solution, and· crystals thus precipitated were 

collected by filtration. In this way, 1.83 g of the title 

,compound was obtained in the form of colorless crystals. 

mp: 72-110°C (gradual wetting) 

FAB MS (m/z): 335 (M+ + 1) 

1H-NMR (CDC13 ) S: 1.23 (6H, t, J = 8.0Hz), 3.62 (4H, s), 

4.10 (4H, q, J = 8.0Hz), 4.52 (lH, s), 4.68 (2H, s), 6.94 

(2H, d, J = 10.0Hz), 7.26 ·(2H, d, J = 10.0Hz) 
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Preparation of ethyl 2-C4-CCC3Sl-1-tert-butoxycarbonyl-3-

pyrrolid!nyl)oxyJphenylJ-3-C5-cyano-2-benzofuranyll-

propionate 

a) 3.12 g of ethyl 2-[4-[((3S)-1-tert-butoxy­

carbonyl-3-pyrrolidinyl)oxy]phenyl]-2-oxoacetate was 

dissolved in 100 ml of tetrahydrofuran; ·followed by the 

addition of 4.65 g of (5-cyano-2-benzofuranyl)methyltri­

phenylphosphonium chloride. To the thus prepared solution 

was added 400 mg of 60% sodium hydride. With stirring, to 

the resulting mixture was added dropwise 3 ml of ethanol, 

followed by stirring at room temperature for 1 hour. The 

resulting reaction solution was neutralized with 10% citric 

acid solution, extracted with ethyl acetate, and then dried 

to distill off the solvent. Thereafter, the residue thus 

obtained was subjected to silica gel colwnn chromatography 

using a toluene/ethyl acetate mixture as an elution 

solvent, thereby obtaining 3·.1 g of ethyl 2-[4-[((3S)-l­

tert-butoxycarbonyl-3-pyrrolidinyl)oxy]phenyl]-3-(5-cyano-

2-benzofuranyl)acrylate in the form of viscous oil as a 

mixture of E and z forms. A portion of the thus obtained 

compound was separated into E and z forms. 

E form (less polar): 

1H-NMR {CDC13 ) S: 1.32 (3H, t, J = 7.6Hz), 1.49 (9H, s), 

1 . 7 0-2 . 4 0 ( 2H, m) , 3 . 3 0-3 . 8 0 ( 4 H, rn) , 4 • 3 0 { 2H, g, J = 
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7.6Hz), 4.92 (lH, br), 6.62 (lH, s), 6.94 (2H, d, J = 

9.0Hz), 7.24 (2H, d, J = 9.0Hz), 7.38 (lH, d, J = 8.6Hz), 

7.56 (lH, d, J = 8.6Hz), 7.74 (lH, s), 7.77 (lH, s) 

z form: 

1H-NMR (CDC13 ) 5: 1.10-1.60 (12H, m), 2.00-2.30 (2H, m), 

3.30-3.80 (4H, m); 4.50 (2H, q, J = 7.2Hz), 4.92 (lH, br), 

6.76 (lH, s), 6.81 {lH, s), 6.88 (2H, d, J = 8.75Hz), 7.88 

(2H, d, J = 8.75Hz), 7.31-7.60 (2H), 7.85 (lH, s) 

b) 3 .1 g of ethyl 2-( 4-[ ( ( 35 )-1-tert-butoxy­

carbonyl-3-pyrrolidinyl) oxy] phenyl] -3- ( 5-cyano-2-benzo-

furanyl)acrylate obtained in the above step a) was 

dissolved in a ~ixed solvent system of 100 ml of tetra-

hydrofuran and 100 ml of ethanol. To this was added 7 00 mg 

of palladium oxide•lH20•bari~ sulfate which had been 

prepared in accordance with the procedure disclosed in 

Angewandte Chemie, vol.67, p.785, 1955. After catalytic 

hydrogenation under normal pressure for 6 hours, the 

catalyst was removed by filtration, and the resulting 

filtrate was concentrated. The_reafter, the thus obtained 

residue was subjected to silica gel column chromatography 

using a toluene/ethyl acetate mixture as an elution 

solvent, thereby· obtaining 1.9 g of the title compound as 

a viscous oil. 

1H-NMR (CDCl:Jl 6: 1.00-1.40 (3H, m), 1.46 (9H, s), 2.00-2.30 

(2H, m), 3.16 (lH, dd, J = 14.4 and 7.2Hz), 3.40-3.80 (SH, 
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m), 3.90-4.30 (3H, m), 4.94 (lH, br), 6.40 (lH, s), 6.8~ 

(2H, d, J = 8.7Hz), 7.25 (2H, .d, J.= 8.7Hz), 7.46 (2H, s), 

7.76 (lH, s) 

REFERENCE EXAMPLE 30 

Preparation of ethyl 2-C4-CCC3Sl-l-tert-butoxycarbonyl-3-

pyrrolidinylloxyJphenylJ-3-C7-cyano-2-naphthyllpropionate 

a) 8.40 g of (7-cyano-2-naphthyl)methyltri­

phenylphosphoni'1m bromide and 5.0 g of ethyl 2-[4-[((3S)-l­

tert-butoxycarbonyl-3-pyrrolidinyl)oxy]phenyl]-2-oxoacetate 

were suspended in a mixture of 100 ml of tetrahydrofuran 

and 100 ml of ethanol. With stirring, to the resulting 

suspension was added 2.51 g of 1,8-diazabicyclo[5.4.0]-7-

undecene, followed by stirring for 3 hours at room 

temperature. After distilling off the solvent, the residue 

thus obtained was subjected· to silica. gel column 

chromatography using a n-hexane/ethyl acetate mixture as an 

elution solvent, .thereby obtaining 6. 06 g of . ethyl 2-[ 4-

. [((3S)-1-tert-butoxycarbonyl-3-pyrrolidinyl)oxy]phenyl]-3-

(7-cyano-2-naphthyl)acrylate as a mixture of E and z forms. 

A portion of the thus obtained compound was separated into 

E and z forms. 

E form: 

mp: 104-106°C (crystallization in ethanol) 

1H-NMR (CDC13 ) S: 1.35 (3H, t, J = 7.3Hz), 1.48 (9H, s), 

2.05-2.30 (2H, m), 3.45-3.70 (4H, m), 4.31 (2H, q, J = 
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7.3Hz), 4.92 (lH, br), 6.86 (2H, d, J = 8.8Hz), 7.16 (2H, 

d, J = 8.8Hz), 7.20 (lH, dd, J'= 8.8 and 1.5Hz), 7.56 (lH, 

dd, J = 8 • 3 and 1 . SHz ) , 7 . 6 2 ( lH, d, J = 8 • 8Hz ) , 7 • 7 3 ( lH., 

s), 7.80 (lH, d, J = 8.3Hz), 7.93 (lH, ~), 8.07 (lH, s). 

z form: 

1H-NMR (CDC13 ) 6: 1..19 (3H, t, J = 7.3Hz), 1.48 (9H, s), 

2.05-2.30 (2H, m), 3.45-3.70 (4H, m), 4.29 (2H, q, J = 

7.3Hz), 4.93 (lH, br), 6.90 (2H, d, J = 8.8Hz), 7.09 (lH, 

s), 7.44 (2H, d), 7.60 (lH, dd, J = 8.3 and l.5Hz), 7.63 

(lH, dd, J = 8.8 and l.5Hz), 7.85 (lH, d, J = 8.BHz), 7.88 

. (lH, s), 7.90 (lH, d, J = 8.3Hz), 8.18 (lH, s) 

b) 6.06 g of ethyl 2-[4-[ ( (3S)-1-tert-butoxy­

carbonyl-3-pyrroiidinyl)oxy]phenyl]-3-(7-cyano-2-naphthyl)-

acrylate obtained as a mixture of E and z forms in the 

above step a) was dissolved in a mixed solvent system of 80 

ml of tetrahydrofuran and 80 ml of ethanol. To this was 

added 2.0 g of palladium oxide•lH20•barium sulfate. After 

c~talytic hydrogenation under normal pressure for 3.5 

hours, the catalyst was removed by f il t~ation, and the 

solvent was distilled off. Thereafter, the thus obtained 

residue was subjected to silica gel column chromatography 

.using a n-hexane/ethyl acetate mixture as an elution 

solvent, thereby·obtaining 6.24 g of the title compound in 

a partially solidified form. 

1H-NMR (CDC13 ) 6: 1.11 (3H, t, J = 7.3Hz), 1.47 (9H, s), 
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2.00-2.33 (2H, m), 3.18 (lH, dd, J = 14.2 and 6.8Hz), 3.40-

3.65 (SH, m), 3.88 (lH, t, J = J.SHz), 4.06 (2H, q, J = 
7.3Hz), 4~~5 (lH, br), 6.80 (2H, d, J = 8.8Hz), 7.24 (.2H, 

d), 7.42 (lH, dd, J = 8.8 and l.SHz), 7.54 (lH, dd, J = 8.3 

and l.SHz), 7.62 (lH, s), 7.77 (lH, d, J = 8.8Hz), 7.85 

(lH, d, J = 8.3HzJ, 8.13 (lHi s) 
.· . ..., ... 

The following compounds of Reference Examples 31 

to 39 were prepared in accordance with the procedure 

described .in Reference Example 30. 

REFERENCE EXAMPLE 31 

ethyl 2-£4-£((3R)~l-tert-butoxycarbonyl-3-pyrrolidinyll-

oxyJphenylJ-3-(7-cyano-2-naphthyl)propionate 

1H-NMR (CDC13 ) S: 1.11 (3H, t, J = 7.3Hz), 1.47 (9H, s), 

2.00-2.35 (2H, m), 3.18 (lH, dd, J = 14.2 and 6.8Hz), 3.40-

3. 70 (SH, m), 3.88 (lH, br), 4.06 (2H, q, J = 7.3Hz), 4.85 

(lH, br), 6.80 (2H, d, J = 8.8Hz), 7.24 (2H), 7.42 (lH, dd, 

J = 8.8 and 1.SHz), 7.54 (lH, dd, J = 8.3 and 1.SHz), 7.62 

(lH, s), 7.77 {lH, d, J = 8.8Hz), 7.84 {lH, d, J = 8.3Hz), 

8.11 {lH, s) 

REFERENCE EXAMP.LE 32 

ethyl 2-£4-[(l-tert-butoxycarbonyl-4-piperidinyl)oxyJ-

phenylJ-3-(7-cyano-2-naphthyllpropionate 

1H-NMR (CDC13 ) S:' 1.11 (3H, t), 1.49 (9H, s), 1.70-2.00 {4H, 

rn), 3.00-4.10 (9H, m), 4.45 (lH, br), 6.80-8.10 (lOH, rn) 

FAB MS (rn/z): 418 (M+ + 1) 
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ethyl 2-C4-CCC2S,4Sl-l-tert-butoxycarbonyl-2-carbamoyl-4-

pyrrolidinylloxyJphenylJ-3-C5-cyano-2-benzofuranyll-

propionate 

viscous oil· 

1H-NMR ( CDC13 ) S : l . 16 ( 3H, t, J = 7 . OHz) , 1 . 4 7 ( 9H, s ) , 

2.10-2.80 (2H, br), 3.16 (lH, dd, J = 14.4 and 7.2Hz), 

3.40-4.50 (6H, m), 5.08 (lH, ·br), 5.80 (lH, br), 6.39 (lH, 

s), 6.76 (2H, d, J = 8.35Hz), 7.26 (2H, d, J = 8.35Hz), 

7.50 (2H, S)I 7.80 (lH) 

REFERENCE EXAMPLE 34 

ethyl 2-[4-£((2S,4Sl-1-tert-butoxycarbonyl-2~dimethyl-

carbamoyl-4-pyrrolidinylloxyJphenylJ-3-(5-cyano-2-benzo-

furanyllpropionate 

viscous oil 

1H-NMR (CDC13 ) S: 1.23 (3H, t), 1.44 (9H, s), 1.90-2.30 (lH, 

br), 2.40-2.80 (lH, br), 2.98 (lH, s), 3.10 -4.23 (7H, m), 

4.40-5.00 (2H, br), 6.38 (lH, s), 6.90 (2H, d, J = 8.3Hz), 

7.20 (2H, d, J = 8.35Hz), 7.45 (2H, s), 7.76 (lH, s) 

REFERENCE EXAMPLE 35 

ethyl 2-[4-£((3Sl-l-tert-butoxycarbonyl-3-pyrrolidinyl)-

oxyJphenylJ-3-CS-cyano-3-rnethyl-2-benzofuranyl)propionate 

viscous oil 

1H-NMR (CDC13 ) S: 1.16 (3H, t), 1.47 (9H, s), 2.02 (3H, s), 

2.1 (2H, br), 3.1 (lH, br), 3.6 (SH, br), 4.1 (3H, m), 4.85 
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(lH, br), 6.83 (2H, d), 7.15 (2H, d), 7.46 (2H), 7.7 (lH, 

s) 

REFERENCE EXAMPLE 36 

ethyl 2-£4-£CC3Sl-l...;tert-butoxycarbonyl-3-pyrrolidinyll-

oxyJphenylJ-3-C5-cyano-7-methoxy-2-benzofuranyl)propionate 

viscous yellow oil-

1H-NMR (CDC13 ) S: 1.17 (3H, t, J = 7Hz), 1.46 (9H, s), 2.00-

2.30 (2H, m), 3.16 (lH, dd, J = 14.5 and 7.4Hz), 3.40-3.76 

. (SH, m), 3.80-4.30 (3H, m), 4.02 (3H, s), 4.70-5.00 (lH, 

br), 6.37 (lH, s), 6.80 (2H, d, J = 8.75Hz), 6.95 (lH, d, 

J = 1.3Hz), 7.23 (2H, d, J = 8.75Hz), 7.41 (lH, d, J = 
1.3Hz) 

REFERENCE EXAMPLE 37 

ethyl 2-[4-[CC3Sl-l-tert-butoxycarbonyl-3-pyrrolidinyl)-

oxyJphenylJ-3-CS-cyano-3-benzofuranyl)propionate 

viscous oil 
1H-NMR (CDC13 ) S: 1.14 (3H, t), 1;45 (9H, s), 2.12 (2H, br), 

2.90-4.00 (7H, m), 4.0B (2H, q), 4.84 (lH, br),· 6.85 (2H, 

d), 7.2 (2H, d), 7.41 (lH, s), 7.50 (2H), 7.72 (lH) 

REFERENCE EXAMPLE 38 

ethyl 2-[4-[({3S)-l-tert-butoxycarbonyl-3-pyrrolidinyl)­

oxy]phenyll-3-(6-cyano-2-naphthyl)propionate 
1H-NMR (CDC13 ) s:· 1.25 (3H, t, J = 7.0Hz), 1.46 (9H, s), 

2.00-2.20 (2H, m), 3.00-4._00 (7H, m), 4.08 (2H, q), 4.85 

(lH, br), 6.80-8.20 (lOH, m) 
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ethyl 2-£4-£Cl-tert-butoxycarbonyl-4-piperidinyllmethoxyJ­

phenylJ-3-C7-cyano-2-naphthyllpropionate 

1H-NMR (DMSO-d6 ) 6: 1.01 (3H, t,· J ~ 7.lHz), 1.1-1.2 (2H, 

m), 1.39 (9H, s), 1.68-1.76 (2H, m), 2.65-2.75 (2H, m), 

3.78 (2H, d), 3.9-~.1 (SH, m), 4.55-4.65 (lH, m),· 6.85 (2H, 

d, J = 8.3Hz), 7.25 (2H, d, J = 8.3Hz), 7.55-7.65 (lH, m), 

7.68-7.73 (lH, m), 7.82 (lH, s), 7.90-7.95 (lH, m), 8.03 

(lH, d, J = 8.8Hz), 8.44 (lH, s} 

REFERENCE EXAMPLE 40 

Preparation of ethyl C + l-2-[ 4-C CC 3S l-l-tert-butoxycarbonyl-

3-pyrrolidinyl l oxyJphenylJ-3~ C 7-cyano-2-naphthyl lpropionate 

and ethyl C-l-2-£4-[(C3Sl-l-tert~butoxycarbonyl-3-

pyrrolidinylloxyJphenylJ-3-C7-cyano-2-naphthyllpropionate 

2. 0 g of ethyl 2-[ 4-[ ( ( 3S )-1-tert-butoxycarbonyl-

3-pyrrolidinyl) oxy)phenyl ]-3- ( 7-cyano-2-naphthyl )propionate 

was dissolved in 10 ml of ethanol under warming. After 

cooling to room temperature, crystals thus precipitated 

were collected by filtration, and then recrystallized from 

ethanol twice to obtain 640 mg of ethyl (+)-2-[4-[((3S)-l­

tert-butoxycarbonyl~3-pyrrolidinyl)oxy]phenyl]-3-(7-cyano-

2-naphthyl)propionate. 

mp: 132-133. S°C · 

c~1r = +111.4° (c=1.ooa, cHcl3) 

1H-NMR ( CDC13 ) S: 1 .11 ( 3H, t, J = 7. 3Hz) , 1. 4 7 ( 9H, s) , 
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2.00 -2.30 ( 2H, m), 3.18:(1H, dd, J = 14.2 and 6.8Hz), 3.40 

-3.70 (SH, m) I 3.87 (lH, t, J = 7.6Hz), 4.00-4.10 (2H, m) I 

4.85 (lH, br) I 6.80 (2H, d, J = 8.8Hz), 7.20-7.30 (2H, ~)I 

7.42 (lH, d, J = ·8.3Hz), 7.55 (lH, d, J = 8.3Hz), 7.63 (1~, 

s), 7.77 (lH, d, J = 8.3Hz), 7.85 (lH, d, J"= 8.3Hz), 8.12 

( lH, s) 

HPLC: Column; an amylose-based column for use in the 

separation of optical isomers (CHIRALPAK AD, 4.6~ x 

250 mm, Daicel Chemical Industries, Ltd.) 

Solvent; iso-propanol:n-hexane = 15:85 (v/v) 

Flow rate; 1 ml/mi_n 

Column temperature; 25°C 

Retention time; 31.37 minutes 

The filtrate was concentrated to dryness and 

crystallized from a n-hexane/ ethanol mixture. The crystals 

thus collected were recrystallized from the same mixed 

solvent system to obtain 80 mg. of ~thyl (-)-2-[4-[((3S)-1-

te~t-butoxycarbonyl-3-pyrrolidinyl)oxy]phenyl]-3-{7-cyano­

_2;..naphthyl)propionate. 

mp 82.5-85.0°C 

24 
[a] 0 = -85.0° (c = 0.53, CHC13 ) 

1H-NMR (CDC13 ) S: 1.11 (3H, t, J = 7.3Hz), 1.47 (9H, s), 

2.00-2.30 (2H, m}, 3.18 (l·H, dd, J = 14.2 and 6.8Hz), 3.40-

3.66 (SH, rn), 3.87 (lH, .t, J = 7.6Hz), 4.00-4.10 (2H, rn), 

4.85 (lH, br), 6.80 (2H, d, J = 8.8Hz), 7.20-7.30 (2H, m), 
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7.42 (lH, d, J = 8.3Hz), 7.56 (lH, d, J = 8.3Hz), 7.62 (lH, 

s), 7.77 (lH, d, J = 8.3Hz), ?.85 11H, d, J·= 8.3Hz), 8.12 

(lH, ·s) 

HPLC: Column; an amylose..:.based column for use in the 

separation of optical isomers (CHIRALPAK AD, 4.6$ x 

250 mm, Daicel.Chemical Industries, Ltd.) 

Solvent; iso-propanol:n-hexane = 15:85 (v/v) 

Flow rate; 1 ml/min 

Column temperature; 25°C 

Retention time; 23.22 minutes 

· REFERENCE EXAMPLE 41 

Preparation of ethyl 3-{5-cyano-2-benzofuranyll-2-[4-

[{{35)-1-methyl-3-pyrrolidinyl)oxyJphenylJpropionate 

1.8 g of ethyl 2--(4-( ( (35).:..l-tert-butoxycarbonyl-

3-pyrrolidinyl)oxy)phenyl)-3-(5-cyano-2-benzofuranyl)-

propionate was dissolved in 28 ml of formic acid, and the 

solution was stirred at 70°C for 1 hour~ The resulting 

reaction solution was concentrated to dryness, and the 

residue thus obtained was dissolved in 8 ml of formic acid. 

0.29 ml of 37% formaldehyde was added thereto, and then 

refluxed under heating for 4 hours. After cooling, the 

reaction solution was mixed with chloroform, and then 

adjusted to pH 10-11 with aqueous ammonia, and the 

resulting organic layer was collected and dried. 

Thereafter, the solvent was distilled off, and the 
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resulting residue was purified by silica gel column 

chromatography using a chloroform/methanol mixture as an 

eluant. In this way I 1. 07 "g of . the title compound was 

obtained.in an oily form. 

1H-NMR (CDC13 ) S: l._16 (3H, t, J = 7.2Hz), 1.60-2.30 (2H, 

m), 2.38 (3H, s),- 2.00-4.00 (7H, m), 4.11 (2H, q, J = 

7.2Hz), 4.60-4.90 (lH, br), 6.39 (lH, s), 6.78 (2H, d, J = 

8.8Hz), 7.21 (2H, d, J ='8.8Hz), 7.47 (2H, s), 7.77 (lH, s) 

REFERENCE EXAMPLE 42 

Preparation of ethyl 2-£4-£C(3Sl-l-acetyl-3-pyrrolidinyll~ 

oxyJphenylJ-3-(5-cyano-2-benzofurahyllpropionate 

2. 3 g of ethyl 2-[ 4- [ ( ( 3S }-1-tert-butoxycarbonyl-

3-pyrrolidinyl} oxy] phenyl] -3- ( 5-cyano-2-benzofuranyl} -

propionate was dissolved in · ~ ml· of anisole. 25 ml of 

trifluoroacetic acid was added to the above solution with 

ice cooling, an~ the· resulting mixture was stirred at room 

temperature for 1 hour. After distilling off trifluoro-

acetic acid under reduced pressure, the residue thus 

obtained was adjusted to pH 10-11 with saturated sodium 

"bicarbonate aqueous solution, extracted with chloroform, 

and then dried. At room temperature, the resulting organic 

layer was mixed with 2 ml of triethylamine and then with 

555 mg of acetyl"chloride, followed by stirring at the same 

temperature for 0. 5 hours. After distilling off the 

solvent, the resulting residue was· subjected to silica gel 
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column chromatography using a chloroform/ethanol mixture as 

an eluant to obtain 1.8.-g.of the title compound. 

1H-NMR (CDC13 ) 8: 1.17 (3H, t, J = 7.0Hz), 2.04 (l.5H) 2.08 

(1.5H), 3.14 (lH, dd, J = 15.1 and 3.6Hz), 3.40-4.30 (SH, 

m), 4.70-5.04 (lH, br), 6.40 (lH, s), 6.60-6.92 (2H, m), 

7.10 (2H, m), 7.47 (2H, s), 7.77 (lH, s) 

REFERENCE EXAMPLE 43 

Preparation of ethyl · 3- C 5-cyano-2-benzofuranyl l-2- r 4-

C C ( 3S l -l-dimethylcarbamoyl-3-pyrrolidinyl \ oxy J phenyl l -

propionate 

2. 3 g of ethyl 2- [ 4-[ ( ( 35 )-1-tert-butoxycarbonyl-

3-pyrrolidinyl) oxy] phenyl ]-3- ( 5-cyano-2-benzofuranyl) -

propionate was dissolved in 3 ml of anisole. 25 ml of 

trifluoroacetic acid was added to the above solution with 

ice cooling, and the resulting mixture was stirred at room 

temperature for 1 hour. After distilling off trifluoro­

acetic acid under reduced pressure, the residue thus 

obtained was adjusted to pH" 10-11 with saturated sodium 

bicarbonate aqueo~s solution, extracted with chloroform, 

and then dried. At room temperature, the resulting organic 

layer was mixed with 2 ml of triethylamine and then with 

,760 mg of N,N-dimethylcarbamoyl chloride, followed by stir­

ring at the same· temperature for 1 hour. After distilling 

off the solvent, the resulting residue was subjected to 

silica gel column chromatography using a chloroform/ethanol 
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mixture as an.eluant to obtain 1.7 g of the title compound. 

1H-NMR (CDC13 ) S: 1.17 (3H, t, J = 7.0Hz), 1.9-2.20 (2H, m) 

2.86 (6H, s), 3.14 (lH, dd, J = 16.0 and 7.2Hz), 3.30-4.50 

(SH, m),· 4.72-4.96 (lH, br)., .6.~.l.(lH, s), 6.83 (2H, d, J 

= 8.7Hz), 7.25 (2H, d, J = 8.7Hz), _7.49 (2H, s), 7.78"(1H, 

s) 

REFERENCE EXAMPLE 44 

Preparation of ethyl 2-(4-acetoxyphenyll-2-oxoacetate 

7.25 g of ethyl 2-(4-hydroxyphenyl)-2-oxoacetate 

was dissolved in 15 ml of pyridine, followed by adding 4 ml 

of acetic anhydride and then Stirring at room temperature 

for 1 hour. The resulting reaction solution was poured 

into water, and extracted with diethyl ether. The result-

ing organic layer was washed ~ith water; and then concen­

trated to dryness. Thereafter, the residue was dissolved 

in benzene, and then concentrated to obtain 8.3 g of the 

. title compound in an oily form. 

1H-NMR (CDC13 ) S: 1.41 (3H, t), 2.32 (3H, s), 4.43 (2H, q), 

7 • 2 9 ( 2H I d ) I 8 • 01 ( 2H I d ) 

REFERENCE EXAMPLE 45 

Preparation of ethyl 3- ( 5-cyano-2-benzofuranyl )-2- C 4-

hydroxyphenyl)propionate 

a) is·. 93 g of ( 5-cyano-2-benzofuranyl )methyltri­

phenylphosphoniurn chloride and 8.29 g of ethyl 2-(4-

acetoxyphenyl)-2-oxoacetate were dissolved in a mixture 
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solution of 80 ml of tetrahydrof~ran and. 80 ml of ethanol. 

At .room temperature, 5.34 g of l,8-dia·zabicyclo[5.4.0]-7-

undecene was added to the above solution·, and the mixtU:re 

was stirred for 18 hours at the same temperature. The 

resulting reaction solution was concentrated to dryness, 

and ~he residue was· purified by silica gel column chromato­

graphy using a toluene/ethyl acetate mixture as an eluant 

to obtain 11.28 g of ethyl 2-(4-acetoxyphenyl)-3-(5-cyano-

2-benzofuranyl)acrylate in the form of light yellow 

crystals as a mixture of E and Z forms. 

1H-NMR ( CDCl3) s : 1 . 3 2 ( 3H I t ) I 2 . 3 6 ( 3H I s ) I 4 . 3 0 ( 2H I q) I 

6.30 (lH, s), 7.2-7.8 (SH, m) 

b) 3.8 g of ethyl 2-(4-acetoxyphenyl)-3-(5-

cyano-2-benzofuranyl)acrylate obtained in the above step a) 

was dissolved· in an ethanol/tetrahydrofuran mixture 

solvent. The resulting solution was mixed with 750 mg of 

palladium oxide•lH20•bariwn sulfate and subjected to 

catalytic hydrogenation under normal pressure. After 

removing the catalyst b;Y filtration, the resulting filtrate 

was concentrated to dryness to obtain 3.8 g of ethyl 2-(4-

acetoxyphenyl)-3-(5-cyano-2-benzofuranyl)propionate. 

1H-NMR ( CDC13) S: 1.16 (3H, t, J = 7.2Hz), 2.25 ( 3H, S) t 

3.20 (lH, dd, J ,,;. 16.2 and 7.0Hz), 3.40-4.30 (4H, m) I 6.50 

(lH, 5) I 7.10 (2H, d, J :::: 8.3Hz), 7.40 (2H, d, J = 8.3Hz), 

7.56 (2H, 5) I 7.86 (lH, s) 
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c) 8.1 g of e~hyl 2-(4-acetoxyphenyl)-3-(5-

cyano-2-benzofuranyl)propionate obtained in the above step 

b) was dissolved in 100 ml of ethanol solution containing 

15% of ammonia, and the resulting solution was allowed to 

stand still for 18 hours at room temperature. Thereafter, 

the resulting reaction soiution was concentrated to 

dryness, and the residue was purified by silica gel column 

chromatography using chloroform as an eluant. In this way, 

5.62 g of the title compound was obtained in the form of 

colorless crystals. 

mp: 140-142 °C 

1H-NMR (CDC13 ) S: 1.15 (3H, t), 3.0-4.0 (3H, m), 4~1 (2H, 

q), 4.98 (lH, s), 6.39 (lH, s), 6.76 (2H, d), 7.15 (2H, d), 

7.45 (2H), 7.75 (lH) 

REFERENCE EXAMPLE 46 

Preparation of ethyl 3-( 5-cyano-2-benzofuranyl )-3- C 4- · 

hydroxyphenyllpropionate 

a) To 150 ml of acetone were suspended 20 9 of 

5-bromosalicylaldehyde, 22.9 g of 2-bromo-4-methoxyaceto­

phenone and 27. 6 g of anhydrous potassium carbonate. After 

stirring at room temperature for 4 hours, the resulting 

reaction solution was concentrated to dryness, and then 

mixed with water to collect precipitated crystals by 

filtration. After washing with water and subsequent 

recrystallization from ethanol, 14.02 g of 5-bromo-2-(4-
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methoxybenzoyl)benzofuran was obtained in the form of 

.colorless prism crystals. 

mp: 143-146°C 

IR (KBr): 1644, 1605, 1257 cm-1 

1H-NMR (DMSO-d6 ) 6: 3.35 (3H, s), 7 .15 (2H, d, J = 9Hz), 

7.72 (3H, m), 8.0-8.2 (3H) 

b) 15.0 g of 5-bromo-2-(4-rnethoxybenzoyl)benzo­

furan obtained in the above step a) and 6.09 g of cuprous 

cyanide were suspended in 75 ml of N-methyl-2-pyrrolidone, 

and the suspension was stirred at 200 to 220°C for 5 hours 

in a stream of nitrogen. After cooling, the reaction 

solution was diluted with chloroform to remove insoluble 

materials by filtration, and the resulting filtrate was 

washed with dilute hydrochloric acid. After drying the 

?rganic layer and subsequent concentration under a reduced 

pressure, 6.60 g of 2-(4-rnethoxybenzoyl)-5-benzofuran-

carbonitrile was obtained as a brown powder. 

-1 IR (KBr): 2224, 1644 cm 

1H-NMR (DMSO-d6 ) S: 3.30 (3H, s), 7.15 (2H, d, J = 9Hz), 

7.83 (lH, s), 8.00 (2H, d),· 8.07 (2H, d, J = 9Hz), 8.42 

( lH, s) 

c) 1.85 g of ethyl diethylphosphonoacetate was 

dissolved in 20 "ml of tetrahydrofuran. With stirring at 

room temperature, 320 mg of 60% sodium hydride was added to 

the above solutio~, and the stirring was continued until 
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the reaction solution became clear. After 10 minutes, 1.75 

· g of 2- ( 4-methoxybenzoyl )-5-benzofurancarboni trile obtained 

in the above step b) was added to the above react~on 

solution, and the mixture was ·refluxed under heating for 30 

minutes . After cooling, the ·resulting reaction mixture was 

concentrated to dryness. The residue thus obtained was 

mixed with dilute hydrochloric acid, extracted with 

dichloromethane, washed with saturated sodium chloride 

aqueous solution, and then concentrated to dryness. The 

resulting residue was' purified by silica gel column 

chromatography using a n-hexane/dichloromethane mixture as 

an eluant, thereby obtaining 1.78 g of ethyl 3-(5-cyano-2-

. benzofuranyl )-3-·( 4-methoxyphenyl )acrylate as a mixture of 

E and Z for;ms. 

l H-NMR (CDC13 ) S: 1.20 (3H, t, J = 7Hz), 3.84 (3H, s), 4.18 

(2H, g, j_ = 7Hz), 6.32 (lH, s), 6.8-7.4 (SH, m), 7.56 (2H, 

s), 7.93 (lH, br) 

d) 1. 78 g of the E/Z mixture of ethyl 3-( 5-

cyano-2-benzofuranyl )-3-( 4-methoxyphenyl )acrylate obtained 

in the above step c) was dissolved in a solvent mixture of 

6 ml of tetrahydrofuran and 20 ml of ethanol. 200 mg of 5% 

palladium carbon catalyst was added to the above solution, 

and the mixture ·was subjected to catalytic hydrogenation 

.under normal pressure for 1.5 hours. After removing the 

catalyst by filtration, the resulting filtrate was concen-
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trated to dryness to obtain 1.79 g of ethyl 3-(S-cyano-2_­

benzofuranyl)-3-(4-methoxyphenyl)propionate. 

1H-NMR (CDC13 ) S: 1.29 (3H, t, J = 7Hz), 2.9-3.1 (2H, m), 

3.78 (3H, s), 4.09 (2H, g, J = 7Hz), 4.5-4.7 (lH, m), 6.47 

(lH, s), 6.88 (2H, d, J = 9Hz), 7.24 (2H, d, J = 9Hz), 7.47 

( 2H", s ) I 7 • 8 0 ( lH I - s ) 

e) 1. 79 g of ethyl 3- ( 5-cyano-2-benzofuranyl )-3-

(4-methoxyphenyl)propionate obtained in the above step d) 

was dissolved in 20 ml of anhydrous dichloromethane, and 

the solution was cooled down to -50°C. To this solution 

was added dropwise a 10 ml dichloromethane solution 

containing 1. 36 ml boron tribromide. The resulting mixture 

was gradually warmed up, and stirred at room temperature 

for 3 hours. Thereafter, the reaction solution was diluted 

with dichloromethane, and the resulting organic layer was 

washed with dilute hydrochloric acid and then with 

saturated sodium chloride aqueous solution, followed by 

concentration to dryness. · In this way, 1. 34 g of the title 

compound was obtained in an oily form. 
l . 
H-NMR (CDC13 ) S: 1.15 (3H, t, J = 7Hz), 2.9-3.3 (2H, rn), 

4.09 (2H, q, J = 7Hz), 4.5-4.7 {lH, m), 6.15 (lH, br), 6.46 

(lH, s), 6.80 (2H, d, J = 9Hz), 7.15 (2H; d, J = 9Hz), 7.42 

( 2H I s) I 7. 7 6 ( lH I s) . 
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Preparation of ethyl 2-C 2-<5-cyano-2-benzofuranyl )ethyl )-5-
. . 

hydroxybenzoate 

a) 4.87 g of 2-formyl-5-methoxybenzoic acid was 

dissolved in 30 ml of chloroform. With stirring at room 

temperature, a benzene/n-hexane (1:1) mixture solution of 

diphenyldiazomethane· prepared ·. in accordance with the 

procedure disclosed in Journal of the Chemical Society 

(Parkin I, pp. 2030-20~3, 1975) was added to the above 

solution until the reaction solution showed a purplish red 

color. The resulting reaction solution was subjected to 

purification by silica gel column chromatography using a 

toluene/ethyl acetate mixture as an eluant to obtain 8.2 g 

of diphenylmethyl 2-f ormyl-5-methoxybenzoate as a viscous 

oil. 

1H-NMR (CDC13 ) S: 3.87 (3H, s), 7.13 (lH, dd, J = 11.5 and 

2.9Hz), 7.20 (lH, s), 7.24 (llH, m), 7.97 (lH, d, J = 

11.5Hz), 10.45 (lH, ~) 

b) 6. O g of diphenylethyl 2-forrnyl-5-methoxy­

benzoate obtained in the above step a) and 8.1 g of (5-

cyano-2-benzofuranyl)methyltriphenylphosphonitim chloride 

were dissolved in a mixture solvent of 70 ml of tetra-· 

hydrofuran and 70 ml of methanol. With stirring at room 

temperature, 2.91 g of 1,H-diazabicyclo[5.4.0]-7-undecene 

was added to the above solution, and the mixture was 
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stirred for 2 hours at the same temperature. After 

distilling off the solvent, the resulting residue was 

subjected to purification by silica gel column chromato­

graphy using a toluene/chloroform mixture as an eluant to 

obtain 0·. 2 g of diphenylmethyl 2-[ 2-( 5-cyano-2-benzo­

furanyl )vinyl ]-5-methoxybenzoate as a mixture of E and z 

"forms. 

1H-NMR (CDC13) S: 3.84 (lH, s), ·3.88 (3H, s), 6.20-8.28 

(19H, m) 

c) 8. 2 g of the E/Z mixture of diphenylmethyl 2-

[ 2- ( 5-cyano-2-ben zofuranyl) vinyl ]~5-methoxybenzoate 

obtained in the above step b) was dissolved in a solvent 

mixture of 60 ml of tetrahydrofuran and 60 ml of ethanol. 

2.0 g of palladium oxide•lH20•barium sulfate was added to 

the above solution, and the mixture was subjected to 

catalytic hydrogenation under normal pressure. After 

removing the catalyst by filtration, the resulting filtrate 

was concentrated to collect precipitated crystals by 

filtration, thereby obtaining 4.45 g of 2-(2-(5-cyano-2-

benzofuranyl)ethyl]-S-methoxybenzoic acid. 

mp: 179-182°C 

1H-NMR (CDCl3) 6: 2.90-3.42 (4H, m), 3.75 (3H, s), 6.67 (lH, 

s), 7.01 (lH, dd, J = _8.7 and 2.2Hz), 7.24 (lH, d, J = 

8.7Hz), 7.34 (lH, d, J = 2.2Hz), 7.69 (2H, s), 8.06 (lH, 

s), 12.98 (lH, br) 
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d) 4.45 g of 2-(2-(5-cyano-2-benzofuranyl)­

ethyl]-5-methoxybenzoic acid obtained in the above step_c) 

was dissolved in.200 ml of ethanol, and the solution was 

mixed with 4 ml of concentrated sulfuric acid, and refluxed 

under heating for 16 hours. After cooling, the resulting 

reaction solution was neutralized . with saturated sodium 

bicarbonate aqueous solution, and ethanol was removed by 

distillation~ The residue thus obtained was extracted with 

ethyl acetate, and dried to distill off the solvent. The 

.resulting residue was purified by silica gel colwnn 

chromatography, and then recrystallized from n-hexane to 

obtain 4.11 g of ethyl 2-[2-(5-cyano-2-benzofuranyl)ethyl]-

5-methoxybenzoate in the form of colorless needle crystals. , 

mp: 92:--93°C 

1H-NMR (CDC13 ) S: 1.38 (3H, t, J = 7 .. 0Hz), 2.90-3.48 (4H, 

. m) , 3 • 8 2 ( 3H, s) , 4 . 3 4 ( 2H, q, J = 7 . OHz) , 6 . 41 ( lH, s ) , 

6.96 (lH, tld, J = 8.7 and 2.6Hz), 7.10 (lH, d, J = 8.7Hz), 

7 • 4 6 ( lH, d, J = 2 • 6Hz ) , 7 • 4 8 ( 2H, s ) , 7 • 7 9 ( lH, s ) 

e) 4 .11 g of ethyl 2-[ 2- ( 5-cyano-2-benzo-

furanyl)ethyl]-5-methoxybenzoate obtained in th~ above step 

. d) was dissolved in 40 ml of dichloromethane, and the 

solution was cooled down to -7 8 °C. 8. 85 g of boron 

tribromide was added dropwise to the above solution at the 

same temperature, and the mixture was gradually warmed up 

- 80 -

:·· 



(~ 
-,,.,, .. ---:"'.'.':"':':':-:-::::::;;: 

THIS SHEET HAS BEEl'I 
REPLACED 

to -5°C to 0°C, and stirred for 1 hour. The resulting 

reaction solution was poured into ice water, and extracted 

with ethyl acetate. The ~esulting organic layer was washed 

with 4N hydrochloric acid and tnen·with water, followed by 

drying and removal of the solvent. Thereafter, the 

resulting residue was purified by silica gel column 

chromatography to obtain 2.80 g of the title compound in 

the form of prism crystals. 

mp: 133-135°C 

1H-NMR (CDC13 ) S: 1.40 (3H, t, j = 7.0Hz), 2.96-3.50 (4H, 

m), 4.36 (2H, g, J = 7.0Hz), 6.45 (lH, s), 6.93 (lH, dd, J 

= 8.7 and 2.9Hz), 7.13 (lH, d, J = 8.7Hz), 7.50 (lH, d, J 

= 2.9Hz), 7.56 (2H, s), 7.84 (lH, s) 

REFERENCE EXAMPLE 48 

Preparation of ethyl 2~r2-r.2-(S-cyano-2-benzofuranyll-

ethylJ-5-hydroxyphenyllacetate 

a) 2. 0 g of 2- [ 2- ( 5-cyano-2-benzof uranyl) ethyl] -

5-methoxybenzoic acid was suspended in 10 ml of benzene, 

and the suspension was mixed with 1 ml of thionyl chloride. 

By refluxing under heating the resulting mixture for 1 hour 

and subsequently concentrating to dryness, crude acid 

chloride was obtained. 

A mixture solution consisting of 10 ml of n­

hexane solution containing 10% (w/v) trimethylsilyldiazo-

methane, 1.3 ml of triethylamine, 10 ml of acetonitrile and 
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10 ml of tetrahydrofuran was cooled to -5°C. With stirr-

ing, to this was added dropwise a 5 ml acetoni trile 

solution of· the crude acid c~loride prepared above. The 

resulting reaction solution was stirred at 0°C for 48 

-hours, and the solvent was subsequently distilled off under 

a reduced pressure-at a· low temperature. The residue thus 

obtained was dissolved in a mixture solvent of 4 ml of 

collidine and 4 ml of benzyl alcohol, and the resulting 

solution was stirred at 180°C for 7 minutes in a stream of 

nitrogen. The resulting reaction solution was dissolved in 

benzene, washed with ·10% citric acid, . and then dried. 

After distilling off the solvent, the resulting residue was 

subjected to silica gel colwnn chromatography using a 

toluene/ethyl acetate mixture as an eluant to obtain 830 mg 

ofbenzyl2-[2-[2-(5-cyano-2-benzofuranyl)ethyl]-5-methoxy­

phenyl)acetate. 

mp: 127-128°C 

1H-NMR (CDC13 ) S: 3.00 (4H), 3.68 (2H, s), 3.76 (3H, s), 

5 . 13 ( 2H , s ) , 6 . 3 2 ( lH , s ) , 6 . 7 6 ( lH, dd , J = 7 . 9 and 

1.3Hz), 6.80 (lH, s), 7.08 (lH, d, J = 7.9Hz), 7.30 (SH, 

s), 7.48 (lH, d, J = l.3Hz), 7.77 (lH, s) 

b) 855 mg of benzyl 2-[ 2- [ 2- ( 5-cyano-2-benzo-

furanyl)ethyl]-5-methoxyphenyl)acetate obtain~d in the 

abo~e step a) was dissolved in 20 ml of dichloromethane, 

and the solution was cooled down to -S0°C. · To this 
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solution was added dropwise a 5 ml dichloromethane solution 

containing 1.75 g of· boron tribromide, followed by 

gradually increasing temperature to 15°C and stirring at 

the increased temperature for 20 minutes. The resulting 

reaction solution was extracted with ethyl acetate, washed 

with dilute hydrochloric acid, and then dried. After 

concentration to dryness, the resulting residue was 

dissolved in 30 ml of ethanol, mixed with 2 ml of thiony.l 

chloride, and then refluxed ·under heating for 1 hour. 

After cooling, the reaction solution was diluted···with ethyl 

acetate, and the resulting organic layer was washed with 

water, and dried to distill. of the sol vent. The thus 

obtained residue· was purified by subjecting it to silica 

gel column chromatography using chloroform as an eluant. 

In this way, 680 mg of the title compound was obtained in 

the form of powder. 

mp: 84-86°C 

1H-NMR (CDC13 ) S: 1.25 (3H, t, J = 7.0Hz), 3.02 (4H), 3.59 

( 2H, s ) , 4 . 5 7 ( 2H, q, J = 7 . OHz ) , 6 . 19 ( lH, s ) , .· 6 . 41 ( lH, 

s), 6.55-6.84 (2H, m), 6.99 (lH, d, J = 7.9Hz), 7.48 (2H, 

s ) I 7 . 7 7 ( lH, s) 

REFERENCE EXAMPLE 49 

Preparation of ethyl ~-cyano-2-[2-(4~hydroxyphenyl)ethyll-

3~benzofurancarboxylate 

a) 91.5 g of (5-bromo-2-benzofuranyl)methyltri-
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phenylphosphonium chloride and 25 g of p-anisaldehyde were 

dissolved in a mixture solvent of 180 ml of tetrahydrofuran 

and 180 ml of ethanol. With stirring at room temperature, 

27.58 g of l,8-diazabicyclo[5.4.0]-7-undecene was added to 

'the above solution, and the mixture was stirred for 18 

hours. Thereafter, the reaction solution was concentrated 

to collect precipitated crystals by filtration, thereby 

obtaining 32.8 g of 5-bromo-2-(2-(4-methoxyphenyl)vinyl]-

benzofuran as one of the stereoisomers. 

mp: 190-194°C 

1H-NMR (CDCl3) S: 3.83 (3H, s), 6.54 (lH, s), 6.9 (3H), 7.25 

(lH, d, J = 17Hz), 7.31 (2H), 7.45 (2H, d), 7.62 (lH) 

The filtrate obtained above was concentrated to 

dryness, and the resulting residue was purified by subject-

ing it to silica gel column chromatography using toluene as 

·an· eluant, thereby obtaining 22 g of 5-bromo-2-[2-(4-

methoxyphenyl)vinyl]benzofuran as the other stereoisomer. 

1H-NMR (CDC13 ) S: 3.84 (3H, s), 6.35 (lH, d, J = 14Hz), 6.53 

(lH, s), 6.62 (lH, d, J = 14Hz), 6.9 (2H, d), 7.24 (2H), 

7.3 (2H, d), 7.38 (lH) 

b) 84 g of a mixture of the two stereoisomers of 

5-bromo-2-[2-(4-methoxyphenyl)vinyl]benzofuran obtained in 

the above _step a) was dissolved in 600 ml of dichloro­

methane. With ice cooling and stirring, 18.5 ml of acetyl 

chloride was added to the above solution, followed by 
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dropwise addition of 28.9 ml of titanium tetrachloric;le. 

The resulting reaction solution was poured into ice water, 

and extracted with chloroform, and the resulting orga~ic 

layer was washed with dilute hydrochloric acid and then 

_with water, followed by drying to distill off the solvent. 

Thereafter, the resulting residue was suspended in ether to 

collect insoluble crystals by filtration, thereby obtaining 

76 g of 3-acetyl-5-bromo-2-[2-(4-methoxyphenyl)vinyl]-

benzofuran in the form of yellow fine needle crystals (the 

same isomer is formed from both of.the E and z forms). 

mp: 163-165°C 

1H-NMR (CDCl3) S: 2.69 (3H, s), 3.85 (3H, s),.6.95 (2H, d, 

J = lOHz), 7.4 (2H, m), 7.6 (2H, d, J = lOHz), 7.65 (2H,· 

s), 8.08 (lH) 

c) A mixture of 20. 7 g of 3-acetyl-5-bromo-2-[ 2-

. (4-methoxyphenyl)vinyl]benzofuran .obtained in the above 

step b), 6 g of cuprous cyanide and 800 ml of N-methyl-2-

pyrrolidone was stirred at 210 to 220°C for 8.5 hours in a 

stream of nitrogen. The resulting reaction solution was 

.poured into ice water to remove precip~tated materials by 

filtration, and the resulting filtrate was extracted with 

ethyl acetate. After . removing insoluble materials by 

filtration, the ·resulting organic layer was washed with 

water and dried to distill off the solvent. The residue 

thus obtained was subjected to silica gel column chromate-
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graphy using toluene as an eluant, and the resulting 

product was washed with methanol. In this way, 7.82 g of 

3-acetyl-2-[ 2-( 4-methoxyphenyl)vinyl]-5-benzofurancar}?o­

nitrile was obtained in the form of yellow fine crystals~ 

mp: 190-191°C 

1H-~ (CDC13 ) S: 2·.69 .(3H, s), 3.85 (3H, s), 6.98 (2H, d, 

J = lOHz), 7.50-7.80 (6H, m), 8.36 (lH) 

d) 7.8 g of 3-acetyl-2-(2-(4-methoxyphenyl)-

vinyl]-5-benzofurancarbonitrile obtained in the above step 

c) was dissolved in a solv~nt mixture of 600 ml of tetra-

hydrofuran and 500 ml of ethanol. 900 mg of palladium 

oxide•lH20•barium sulfate was added to the above solution, 

and ·the mixture was subjected to catalytic hydrogenation 

under normal pressure for 3.5 hours. After removing the 

catalyst by filtration, . the resulting filtrate was 

concentrated to dryness. The residue thus obtained was 

extracted with ethyl acetate, and the resulting organic 

layer was washed with water, and dried to distill off the 

solvent. Thereafter, the residue thus obtained was washed 

with methanol to collect precipitated crystals by 

filtration, thereby obtaining 5.47 g of 3-acetyl-2-(2-(4-

rnethoxyphenyl)ethyl]-5-benzofurancarbonitrile in the form 

of colorless prism crystals. 

mp: 130-131°C 

1H-NMR (CDC13 ) S: 2.54 (3H, s), 3.04 (2H, rn), 3.4 (2H, m), 
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3.77 (3H, s), 6.85 (2Hr d, J = lOHz), 7.05 (2H, d), 7.57 

(2H, s), 8.33 (lH) 

e)" 5. 2 g of sodium .hydroxide was dissolved in 30 

ml of water, and the. solution· was cooled to a temperature 

of 0°C or below. With stirring, to this were added drop­

wise 2.7 ml of bromine and then 40 ml of a dioxane solution 

containing 4 .14 g. of .3-acetyl-2-[ 2-( 4-methoxyphenyl )ethyl]-

5-benzofurancarboni trile obtained in the above step d) . 

The resulting mixture was stirred at 0°C for 45 minutes 

with ice cooling for 1 hour. .. The resulting reaction 

solution was mixed with water, adjusted to pH 2 with 

concentrated hydrochloric acid, and then extracted with 

chloroform. The resulting organic layer was washed with 

water and dried to distill off the solvent. Thereafter, 

the resulting residue was purified by subjecting it to 

silica gel column chroma,tography using chloroform as an 

~luant, thereby obtaining 1.44 g of 5-cyano-2-(2-(4-

methoxyphenyl)ethyl]-3-benzofurancarboxylic acid. 

mp: 205-208°C (recrystallization from methanol, fine prism 

crystals) 

"
1H-NMR (CDCl3) S: 3.13 (2H, m), 3·.s (2H, m), 3.78 (3H, s), 

6 . 8 3 ( 2H I d ) I 7 . 0 7 ( 2H I d ) I . 7 . 5 6 ( 2H I 5 ) I 8 . 3 4 ( lH ) 

f) 1.81 g of 5-cyano-2-(2-(4-methoxyphenyl)-

ethyl )-3-benzofurancarboxylic acid obtained in the above 

step e) was added to 5 ml of thionyl chloride, and the 
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mixture was refluxed under heated for 1 hour. "The result-

ing reaction solution was con.cen~r~t~d to dryness, and the 

residue was mixed with ethanol and stirred at 50°C for 30 

·minutes. Crystals thus precipitated were collected . by 

filtration to obtain 1.82 g of . ethyl 5-cyano-2-(2-(4-

methoxyphenyl)ethyl)-3-benzofurancarboxylate. 

mp: 135-139°C (fine prism crystals) 

IR (KBr): 2224, 1695, 1614, 1587, 1515 cm-1 

g) 1.78. g of ethyl 5-cyano-2-[2-(_4-methoxy­

phenyl) ethyl] -3-benzofurancarboxylate obtained in the above 

step f) was treated in the same manner as described in step 

e) of Reference Example 46 to obtain-2.27 g of the title 

compound in the form of fine needle crystals. 

mp: 182-183°C 

1H-NMR (CDC13 ) S: 1.45 (3H, t, J = 8.0Hz), 3.0 (2H, m), 3.4 

( 2H, m) , 4 • 4 ( 2H, q, J = 8 . OHz ) , 6 • 7 ( 2H, d ) , 7 . 1 ( 2H, d) , 

7.55 (2H), 8.29 (lH) 

REFERENCE EXAMPLE 50 

Preparation of ethyl [ 5-cyano-2- ( 2-( 4-hydroxyphenyl )ethyl 1-

3-benzofuranyl)acetate 

a) 128 g of 5-brorno-2-[2-(4-methoxyphenyl)-

vinyl] benzofuran as a mixture of two stereoisomers was 

dissolved in a solvent mixture of 1.3 1 of tetrahydrofuran 

and 0.7 1 of ethanol. The resulting solution was mixed 

with 3.0 g of platinum dioxide and subjected to 4 hours of 
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catalytic hydrogenation under normal pressure. Thereafter, 

the catalyst was removed by filtration, the resulting 

·filtrate was concentrated, and crystals thus precipitated 

were collected by filtration and washed with ethanol. In 

this way, 97.08 g.of 5-bromo-2-(2-(4-methoxyphenyl)ethyl]­

benzofuran was obtained. 

mp: 109-111°C 

1H-NMR (CDC13 ) S: 3.00 (4H, s), 3.77 (3H, s), 6.28 (lH, s), 

6.88 (2H, d, J = 9.0Hz), 7.08 (2H, d, J = 9.0Hz), 7.32 

( 2H) I 7 . 6 0 ( lH) 

b) 97 g of 5-bromo-2-(2-(4-methoxyphenyl)ethyl]­

benzofuran obtained in the above.step a) was treated in the 

same manner as described in step b) of Reference Example 49 

·to obtain 79.9 g of 3-acetyl-5-bromo-2-[2-(4-methoxy­

phenyl)ethyl]benzofuran. 

mp: 100-101°C 

1H-NMR (CDC13 ) S: 2.52 (3H, s),_ 3.05 (2H, rn), 3.35 (2H, rn), 

3. 7 6 ( 3H, s) , 6. B 0 ( 2H, d, J = 9. OHz) , 7. 10 ( 2H, d, J = 

9.0Hz), 7.35 (2H,rn), 8.05 (lH) 

c) 79.9 g of 3-acetyl-5-brorno-2-(2-(4-methoxy-

phenyl)ethyl]benzofuran obtain~d in the above step b) was 

treated in the same manner as described in step e) of 

Reference Example 49 to obtain 64.2 g of 5-brorno-2-[2~(4-

rnethoxyphenyl)ethyl]-3-benzofurancarboxylic acid . 

. 
1H-NMR (DMSO-d6 ) S: 3.00 (2H, rn), 3.35 (2H, rn), 3.69 (3H, 
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s ) , 6 • 8 0 ( 2H, d, J = 8 • OHz ) , 7 • 0 7 ( 2H, d ,. J = 8 . OHz ) , 7 • 5 0 

(lH, dd), 7.55 (lH, d), 8.00 (lH! ~) 

d) 64.2 g of 5-bromo-2-[2-(4-methoxyphenyl)-

ethyl ]-3-benzofurancarboJ.tylic acid obtained in the above 

step c) was suspended in 900 ml of ethanol. 30 ml of 

thionyl chloride was added dropwise to the above suspension 

with ice cooling. ·After refluxing under heating for 5 

hours, 50 ml of thionyl chloride was further added dropwise 

to the resulting reaction mixture, followed by additional 

refluxing under heating. for 3 hours. The reaction solution 

thus obtained was concentrated to dryness, and the result-

ing residue was mixed with water to collect insoluble 

materials by filtration. The thus collected insoluble 

materials were dissolved in e~hyl acetate and washed with 

a saturated sodium bicarbonate aqueous solution, water, a 

saturated sodium chloride aqueous solution in that order, 

followed by drying to distill off the solvent. Thereafter, 

the resulting residue was suspended in ethanol and then 

collected by filtration to obtain 59.23 g of ethyl 5-bromo-

2-(2-(4-methoxyphenyl)ethyl]-3-benzofurancarboxylate. 

mp: 7 3-75 °C 

1H-NMR ( CDC13 ) S: 1. 4 3 ( 3H, t; J = B. 9Hz), 3. 10 ( 2H, rn) , 

3.40 (2H, m), 3;77 (3H, s), 4.40 (2H, q, J = 8.9Hz), 6.80 

(2H, d), 7.2 (2H, d), 7.33 (2H, rn), 8.10 (lH} 

e) 35.5 g of ethyl 5-bromo-2-(2-(4-methoxy-
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phenyl) ethyl )-3-benzofurancarboxylate obtained in the above 

-step d) was dissolved in _ 400 ml of tetrahydrofuran, 

followed by the gradual addition of 3.5 g of lithiµm-

aluminum hydride and, subsequently, 1 hour of _stirring at 

room temperature. The resulting reaction solution was 

poured into water,-ad)usted ~o pH 2 with hydrochloric acid 

and then extracted with benzene. Thereafter, the resulting 

organic layer was washed with water, and then concentrated 

to dryness to obtain 30 g of 5-bromo-3-hydroxymethyl-2-(2-

(4-methoxyphenyl)ethyl]benzofuran in the form of crystals. 

mp: 6·5-75°C 

1H-NMR (CDC13 ) S: 2.95 (4H, s), 3.69 (3H, s), 4.33 (2H, s), 

6 • 7 7 ( 2H, d} , 6 • 9 0 ( 2H, d} , 7 • 2-6 ( 2H, m} , 7 • 6 5 ( lH) 

f) 30 g of 5-br?~o-3-hydroxymethyl-2-[2-(4-

methoxyphenyl)ethyl]benzofuran obtained in the above step 

e) was suspended in 150 ml of diethyl ether. To this was 

added 12 drops of -pyridine . With ice cooling, 12 ml of 

thionyl chloride was further added dropwise. The reaction 

mixture thus prepared was stirred for 1 hour at room 

temperature. The resulting reaction solution was poured 

into ice water, and extracted with diethyl ether. 

Thereafter, the resQ.l ting organic _layer was washed with 

water and then with saturated sodium bicarbonate aqueous 

solution, - followed PY concentration to dryness, thereby 

obtaining 28. 3 g of 5-bromo-3-chloromethyl-2-[ 2-( 4-rnethoxy-
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1H-NMR (CDC13 ) S: 3.00 (4H, s), 3.76 (3H, s), 4.38 (2H, ~), 

6.82 (2H, d), 6.97 (2H, d), 7.31 (2H), 7.68 (lH) 

g) To 75 ml of acetonitrile were added 10.82 g 

of 5-bromo-3-chloromethyl-2-[ 2-( 4-methoxyphenyl)ethyl]-

benzofuran obtained in . the above step f) , 3 . 7 g of 

potassium cyanide and 0.6 g of 18-crown-6-ether. The thus 

prepared mixture was refluxed under heating for 2.5 hours. 

The reaction solution thus obtained was mixed with water, 

and extracted with benzene, and the resulting organic layer 

was washed with water, and dried to distill off the 

solvent. Thereafter, the resulting residue was purified by 

subjecting it to silica gel column chromatography using a 

toluene/n-hexane mixture as an eluant, thereby obtaining 

9.17 g of S-brom9-3-cyanomethyl-2-[2-(4-methoxyphenyl)­

ethyl]benzofuran. 

1H-NMR (CDC13 ) S: 2.95 (4H, s)', 3.20 (2H, s), 3.73 (3H, s), 

6 . 8 0 ( 2H I d) I 6 • 9 0 ( 2H; d) I 7 . 3 3 ( 2H) I 7 . 61 ( lH) 

h) 9 .17 g of 5-bromo-3-cyanomethyl-2-[ 2-·( 4-

methoxyphenyl)ethyl]benzofuran obtained in the above step 

g) was added to a mixture solution of 100 ml of ethanol and 

5 ml of concentrated sulfuric acid, and the resulting 

mixture was refluxed under heating for 18 hours. The 

resulting reaction solution was poured into water and 
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·extracted with ethyl acetate. Thereafter, the resulting 

organic layer was washed with water, a saturated sodium 

bicarbonate aqueous solution and water in that order, 

followed by drying to distill off the · sol vent. ·In this 

way, 8.96 g of ethyl ·cs-brorno-2-(2-(4-methoxyphenyl)ethyl]-

3-benzofuranyl]acetate was obtained. 

1H-NMR (CDC13 ) S: 1.21 (3H, t, J = 7.0Hz), 2.96 (4H, s), 

3.34 (2H, s), 3.74 (3H, s), 4.io (2H, q, J = 7.0Hz), 6.80 

(2H, d, J = 9Hz), 7.00 (2H; d, J = 7.0Hz), 7.28 (2H), 7.59 

(lH) 

i) 8.2 g of ethyl [5-bromo-2-(2-(4-methoxy­

'phenyl)ethyl]-3-benzofu~anyl]acetate obtained in the above 

step h) was treated in the same manner as described in step 

c) of Reference Example 4 9 to_ obtain 4 . 5 g of ethyl ( 5-

cyano-2- [ 2- ( 4-methoxyphenyl) ethyl ]-3-benzofuranyl] acetate 

in the form of colorless needle crystals. 

mp: 85-86°C 

1 H-NMR (CDC13 ) S: 1.23 (3H, t, J = 7.0Hz), 3.01 (4H, s), 

3.40 (2H, s), 3.75 (3H, s), 4.11 (2H, q, J = 7.0Hz), 6.80 

(2H, d, J = 9Hz), 7.00 (2H, d, J = 7.0Hz), 7.47 (2H), 7.81 

(lH) 

j) 4. 45 g of · ethyl [ 5'.""'cyano-2-[ 2-( 4-methoxy-

·phenyl)ethyl]-3-benzofuranyl]acetate obtained in the above 

step i) was treated in the same manner as described in step 

e) of Reference Example 46 to obtain 2.98 g of the title 
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compound in the form of colorless crystals. 

mp: 134-136°C 

1H-NMR (CDC13 ) B: 1.22 (3H, t, J = 7 .OHz), 2.98 (4H, .s), 

3.39 (2H, s), 4.12 (2H, q, J = 7~0Hz), 6.74 (2H, q, J = 

9.0Hz), 6.91 (2H, d, J = 7.0Hz), 7.48 (2H), 7.80 (lH) 

REFERENCE EXAMPLE 51 
. . 

Preparation of ethyl 3-£2-£2-CS-cyanobenzo[bJthien-2-

yllethylJ-4-ethoxy-5-hydroxyphenylJpropionate 

a) 20.0 g of Ferulic acid was dissolved in 250 

ml of methanol and ~ubjected to catalytic reduction under 

normal pressure for 3 hours in the . presence of 10% 

palladium carbon catalyst "(50% wet type). After removing 

the catalyst by filtration, the resulting filtrate was 

concentrated to collect preci.pitated crystals by filtra­

tion, thereby obtaining 19. 3 .g of 3-( 4-hydroxy-3-methoxy­

phenyl)propionic acid. 

mp: 87-89°C 

1H-NMR (CDC13 ) S: 2.5-3.0 (4H, rn)~ 3.85 (3H, s), 6.5-6.9 

( 3H, m) 

b) 19.3 g of 3-(4-hydroxy-3-methoxyphenyl)-

propionic acid obtained in the above step a) was dissolved 

in 300 ml of ethanol. After adding 2.0 ml of concentrate9 

sulfuric 'acid, the resulting mixture was refluxed under 

heating for 2 hours. The resulting reaction solution was 

concentrated under a reduced pressure, extracted with 
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chloroform, washed with water, and then dried. By 

distilling off the solvent, 23.0 of ethyl 3-(4-hydroxy-3-

methoxyphenyl)propionate was obtained in an oily form. 

1H-NMR (CDC13 ) S: 1.23 (3H, t, J = 7.2Hz), 2.4-3.0 (4H, m), 

3.85 (3H, s), 4.12 (2H, q, J = 7.12Hz), 6.6-6.9 (3H, m) 

c) io .-o g of ethyl 3-(4-hydroxy-3~ 

methoxyphenyl)propionate obtained in the above step b) was 

dissolved in 300 ml of tetrahydrofuran. 1. 96 g of 60% 

sodium hydride was subsequently added. The thus prepared 

mixture was stirred at 50°C for 30 minutes. To this was 

added dropwise 7.17 g of ethyl bromide. After refluxing 

under heating for 6 hours, the resulting reaction solution 

was poured into water, extracted with chloroform, washed 

with water, and then concentrated under a reduced pressure. 

Thereafter, the resulting residue was subjected to silica 

gel column chromatography using chloroform as an eluant, 

thereby obtaining 5.6 g of oily ethyl 3-(4-ethoxy-3-

methoxyphenyl)propionate. 

1H-NMR (CDC13 ) S: 1.23 (3H, t, J = 7.2Hz), 1.43 (3H, t, J = 

7.lHz), 2.4-3.0 (4H, rn), 3.85 (3H, s), 4.06 (2H, q, J = 

7.lHz), 4.11 (2H, q, J = 7.12Hz), 6.7-6.9 (3H, m) 

d) 9.3 g of ethyl 3-(4-ethoxy-3-rnethoxyphenyl)-

propionate obtained in the above step c) was dissolved in 

10 ml of acetic acid, followed by adding 7.4 g bf chloro-

methyl methyl ether·and subsequently stirring at room tem-
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perature for 22 hours. The resulting reaction solution wa~ 

poured into ice Water t extracted With" ethyl acetate I Washed 

with water and then dried to distill off the solvent. The 

residue thus obtained was dissolved in 10 ml of xylene, and 

the solution was mixed with 8. 54 ·g of triphenylphosphine. 

The resulting mixture was stirred at room temperature for 

18 hours and then at 70 to 80°C for 5 hours. After 

cooling, xyle~e was removed by decantation, and the 

remaining portion was· solidified by adding n-hexane to 

obtain 6.0 g of crude [S-ethoxy-2-(2-ethoxycarbonylethyl)-

4-methoxyphenyl]methyltriphenylphosphonium chloride. 

e) To a mixture solution of 50 ml of tetra­

hydrofuran and 50 ml_ of ethanol were· dissolved 1.5 g of 5-

cy.anobenzo[b]thiophene-2-carba~dehyde and 6.34 g of crude 

[S-ethoxy-2-(2-ethoxycarbonylethyl)-4-rnethoxyphenyl]-

methyltriphenylphosphonium chloride obtained in the above 

step d). 1.83 g of 1,8-dia~abicyclo[S.4.0]-7-undecene was 

added thereto, followed by stirring at room temperature for 

18 hours. The resulting reaction solution was concentrated 

under a reduced pressure, and the residue was dissolved in 

a mixture solution of 20 ml.of tetrahydrofuran and 20 ml of 

ethanol-. The thus prepared solution was mixed with 1. 70 g 

of 10% palladium carbon catalyst (50% wet type) and 

subjected to catalytic hydrogenation under normal pressure 

until hydrogen absorption was completed. After removing 
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the catalyst by filtration, the solvent was distilled off. 

By subjecting the resulting res.idue to silica gel column 

chromatography, 1.2 g of oily ethyl 3-[2-[2-(S-cyanoben~o­

[b]thien-2-yl)ethyl]-4-ethoxy:-5-methoxyphenyl)propiona,te 

was obtained. 

1H-~ (CDC13 ) 6: 1-.24 (3H, t, J = 7.lHz), 1.36 (3H, t, J = 

7 . OHz ) , 2 . 4-3 • 3 ( BH, m) , 3 . 8 4 ( 3H, s ) , 3 . 9 8 ( 2H, q, J = 

7.0Hz), 4.13 (2H, q, J = 7.lHz), 6.64 (lH, s), 6.70(1H, s), 

7.04 (lH, s), 7.46 (lH, dd, J = 8.4 and 1.SHz), 7.83(1H, d, 

~ = 8.4Hz), 7.96 (lH, s) 

f) 2.1 g of ethyl 3-[2-[2-(S-cyan.obenzo[b]thien-

2-yl)ethyl]-4-ethoxy-5-methoxyphenyl]propionateobtainedin 

the above step e) was dissolved in 20 ml of y-collidine, 

followed by adding 7. 94 g of lithium iodide and sub­

sequently refluxing under heating for 18 hours. The 

resulti~g reaction solution. was poured into water, 

extracted with chloroform, washed with water, and then 

dried. After distilling off the solvent, the residue thus 

obtained was dissolved in 100 ml of ethano·l, mixed with 0.3 

ml of concentrated sulfuric acid, and then refluxed under 

heating for 1 hour. After distilling off th~ sol vent under 

a reduced pressure, the resulting reaction solution was 

diluted with chloroform, washed with water, and then dried 

to distill off the solvent. Thereafter, the resulting 

residue was subjected to purification by subjecting it to 
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silica gel column chrom~tography using chloroform as an 

eluant. In this way, 2 •. 0 g of the title compound was 

obtained in an oily form .• 

1H-NMR (CDC13 ) 6: 1.24 (3H, t, J = 7.lHz), 1.35 (3H, t, J = 

7.0Hz), 2.4-3.3 (8H, m), 3.98 (2H, q, J = 7.0Hz), ~.13 (2H, 

q, J = 7.lHz), 6.60(1H, s), 6.75 (lH, s), 7.44 (lH, dd, J 

= 8.4 and 1.5Hz), 7.82 (lH, d, J = 8.4Hz), 7.96 (lH, s), 

7.94 (lH, s) 

REFERENCE EXAMPLE 52 

Preparation of ethyl 3-[2-[2-(5-cyanobenzo[bJthien-2-

yllethylJ-5-hydroxyphenylJpropionate 

a) 33.5 g of 6-methoxy-2-tetralone was dissolved 

in 27.6 ml of ethanol, followed by subsequently adding 37.8 

ml of et11yl orthoformate an~ one drop of concentrated 

sulfuric acid. The mixture thus prepared was .stirred at 

100°C for 4 hours. After distilling off the solvent under 

a reduced pressure, the resulting residue was subjected to 

silica gel column chromatography using chloroform as an 

eluant. Fractions. of interest were pooled and concentrated 

to collect precipitated crystals, thereby obtaining 5.82 g 

of 3,4-dihydro-2-ethoxy-6-methoxynaphthalene. 

1H-NMR (CDC13 ) S: 1.37 (3H, t, J = 7.0Hz), 2.20-3.00 (4H, 

m) , 3 . 7 9 ( 3H, s ) , 3 . 8 4 ( 2H, q, J = 7 . OHz ) , 5 . 4 8 ( lH, s ) , 

6.60-7.00 (3H, m) 

b) 5.8 g of 3,4-dihydro-2-ethoxy-6-methoxy-
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naphthalene obtained in the above step a) was dissolved i~ 

a mixture solution of 90 ml of ethanol and 10 ml of di-

chloromethane. With stirring at a cooled temperature _of 

-20°C, ozone was bubbled into·the solution prepared above 

to effect oxidation. 10 ml of dimethylsulf ide was added 

·dropwise and gradually to the resulting reaction solution 

at the same temperature, followed by stirring at room 

temperature for 30 minute~. After distilling off the 

solvent under a reduced pressure, the resulting residue was 

dissolved in 100 ml of a tetrahydrofuran/ethanol mixture 

(1:1). To this were added 12.5 g of (5-cyanobenzo[b]thien-

2-yl )methyl triphenylphosphonililn chloride and 4. 46 ml of 

1,8-diazabicyclo[S.4.0]-7-undecene in that· order, followed 

by 5 hours of stirring. The r.esul ting reaction solution 

was concentrated under a reduced pressure, and the residue 

thus obtained was purified by subjecting it to silica gel 

-colunm chromatography using chloroform as an eluant. The 

thus purified product was dissolved in 60 ml of ethanol/ 

tetrahydrofuran mixture (1:1), and the resulting solution 

was mixed with 3.9 g of 10% palladium carbon catalyst (50% 

wet type). By subjecting ·the thus prepared mixture to 

catalytic hydrogenation under normal pressure for 3 hours, 

2.75 g of ethyl 3-[2-[2-(5-cyanobenzo[b]thien-2-yl)ethyl]-

5-methoxyphenyl]propionate was obtained. 

l H-NMR (CDC13 ) S: 1.22 (3H, t, J = 7.2Hz), 2.2-3.4 (8H, m), 
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3.76 (3H, s), 4.16 (2H, q, J = 7.2Hz), 6.60-7.30 (4H, m), 

7.48 (lH, d, J = 8.2Hz), 7.85 (lH, d, J = 8.2Hz), 7.99 (lH, 

s) 

c) 2.75 g of ethyl 3-[2-[2-(5-cyanobenzo[b]­

thien-2-yl)ethyl]-5-methoxyphenyl)propionate ·obtained in 

the above step 15) w:as .treated in the same manner as 

described in step e) of Reference Example 46 to obtain 2.3 

g of the title compound in an oily form. 

1H-NMR (CDC13 ) S: 1.23 (3H, t, J = 7.lHz), 2.4-3.34 (SH, m), 

4.13 (2H, q, J = 7.2Hz), 5.60 (lH, s), 6.50-7.20 (3H, m), 

7.25 (lH, s), 7.44 (lH, d, J = 8.3Hz), 7.82 (lH, d, J = 

8.3Hz), 7.92 (lH, s) 

REFERENCE EXAMPLE 53 

Preparation of ethyl 2-(5-cyanobenzo[bJthien-2-yl l..:.3-C 4-

hydroxyphenyl l propionate ... 

a) 0.5 g of 5-bromo-2-hydroxymethylbenzo[b]-

thiophene was dissolved in 20 ml of dichloromethane, 

followed by the addition of 230 mg of phosphorus 

tribromide. After 1 hour of stirring at room temperature, 

the resulting reaction solution was mixed with water, 

washed with a saturated sodium bicarbonate aqueous 

solution, and then dried to distill off the solvent. The 

resulting residue was dissolved in a mixture solvent of 10 

ml of acetonitrile and 3 ml of dimethylsulfoxide, followed 

by the addition of 300 mg of cuprous cyanide and 
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subsequently refluxing under heating for 2 hours. After 

cooling, toluene was added to the reaction solution to 

remove insoluble materials by filtration, and the resulting 

filtrate was washed with water, dried, and concentrated. 

By collecting precipitated crystals by filtration, 200 mg 

of ·5-bromo-2-cyanomethylbenz~[b]thiophene was obtained. 

mp: 94-96°C 

. 
1H-NMR (CDC13 ) S: 3.98 (2H, s), 7.25 (lH, s), 7.42 (lH, dd, 

J = 8.5 and l.BHz), 7.65 (lH, d, J = B.5Hz), 7.90 (lH, d, 

J = 1.BHz) 

b) 12.0 g of 5-bromo-2-cyanomethylbenzo(b]­

thiophene obtained in the above step a) was dissolved in BO 

ml of ethanol, followed by the addition of 1.0 ml o.f water 

and 7 ml of concentrated sulfuric acid. After ref·luxing 

under heating for ·7 hours, the resulting reaction solution 

was mixed with 40 ml of ethanol, 15 ml of concentrated 

sulfuric acid and 0. 5 ml of water, and the mixture was 

refluxed under heating for 2 hours. After cooling, the 

resulting reaction solution was mixed with water, and 

extracted with an equal volume mixture of toluene and ethyl 

acetate. The resulting organic layer was washed with water 

and saturated sodium bicarbonate aqueous solution in that 

order, and then dried to distill off the solvent. There-

after, the resulting residue was subjected to silica gel 

column chromatography to obtain 8. 0 g of ethyl 2- ( 5-
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1;H-NMR (CDC13 ) S: 1.28 (3H, t, J = 7.0Hz), 3.88 (2H, _s), 

4.23 (2H, q, J = 7.0Hz), 7.11 (lH, s), 7.38 (lH, dd, J = 

8.3 and 1.8Hz), 7.68 (lH, d, J = 8.3Hz), 7.82 (lH, d, J = 

1.8Hz) 

c) 800 mg of ethyl 2-(5-bromobenzo_[b]thien-2-

yl)acetate obtained in the above step b) and 965 mg of 

diethyl carbonate were dissolved in 4 ml of N,N­

dimethylforrnamide. With heating in an oil bath of 120 to 

130°C, 162 mg of sodium hydride ( 60%) was added to the 

above solution. After 10 minutes of stirring at the same 

temperature, 30 mg of sodium hydride (60%) was added to the 

reaction solution, and the stirring was continued for 

another 10 minutes. The resulting reaction solution was 

diluted with an equal volume·mixture of toluene and ethyl 

acetate, washed with dilute hydrochloric acid and water in 

that order, and then dried. After distilling off the 

solvent, the, resulting residue was purified by subjecting 

it to silica gel column chromatography using a toluene/ 

ethyl acetate mixture as an eluant. In this way, 600 mg of 

ethyl 2-(5-bromobenzo[b]thien-2-yl)-2-ethoxy-

carbonylacetate. 

1H-NMR (CDC13 ) S: 1.28 (6H, t, J = 7.0Hz), 4.25 (4H, q, J = 

7.0Hz), 4.95 (lH, .s), 7.17 (lH, s), 7.35 (lH, dd, J = 8.3 
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and 2 • lHz ) , 7 • 6 2 ( lH, d , · J = 8 • 3Hz ) , . 7 • 8 3 ( lH, d , J = 

2.lHz) 

d) 6. 2 g of ethyl 2- ( 5-bromobenzo [ b] thien-2-y~ )-

2-ethoxycarbonylacetate obtained in the above step c) and . 

5.2 g of 4-methoxybenzyl chloride were dissolved in 30 ml 

of N,N-dimethylformamide. At room temperature, 1.34 g of 

sodium hydride (60%) was added to the above solution, and 

the mixture was stirred for 3 hours • With ice cooling, the 

resulting reaction solution was mixed with 10% citric acid 

aqueous solution, extracted with toluene, washed with 

·water, and then dried. After distilling off the solvent, 

the resulting residue was subjected to silica gel column 

chromatography using toluene as an elution solvent to 

obtain 8.2 g of ethyl 2-(S-bromobenzo[b]thien-2-yl)-2-

ethoxycarbonyl-3-(4-methoxyphenyl)propionate. 

mp: 58-60°C 
1H-NMR (CDC13 ) S: 1.22 (6H, t, J = 7.0Hz), 3.65 (SH, s), 

4.30 (4H, q, J = 7.0Hz), 6.60 (2H, d, J = 8.SHz}, 6.79 (2H, 

d, J = 8.SHz), 7.31 (lH, s), 7.35 (lH, dd, J = 8.8 and 

l.8Hz), 7.60 (lH, d, J = 8.8Hz), 7.82 {lH, d, J = l.8Hz) 

e) 3.0 g of ethyl 2-(5-brornobenzo(b]thien-2-yl)-

'2-ethoxycarbonyl-3-(4-rnethoxyphenyl)propionate obtained in 

the above step d) was dissolved in 25 ml of ethanol. 0.91 

g of potassium hydroxide dissolved in 2.5 ml of water was 

added to the above solution, and the mixture was stirred at 
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room temperature for 4 days. With ice cooling, the thus 

obtained reaction solution was mixed with dilute hydro­

chloric acid. and extracted with ethyl ac.etate, and ~he 

·resulting organic layer was washed with water, and dried to 

distill off the solvent. The resulting residue was 

dissolved in 60 -ml of ethanol, mixed with 4 ml of 

concentrated sulfuric acid, and then refluxed under heating 

for 1 hour. After ice cooling I the resulting reaction 

solution was washed with saturated sodium bicarbonate 

aqueous solution, and then with water, followed by drying 

to distill off the sol vent. Thereafter, the resulting 

residue was purified by subjecting it to silica gel column 

chromatography to obtain 1.6 g of ethyl 2-(5-bromo­

benzo[b]thien-2-yl)-3-(4-methoxyphenyl)propionate . 

. mp: 62-65°C 

1H-NMR (CDC13 ) 6: 1.15 (3H, t, J = 7.0Hz), 3.08 (lH, dd, J 

= 13.5 and 7.3Hz), 3.37 (lH, dd, J = 13.5 and 7.3Hz), 3.71 

(3H, s), 4.10 (2H, q, J = 7.0Hz), ~.14 (lH, t, J = 7.3Hz), 

6.75 (2H, d, J = B.7Hz), 6.83 (lH, s), 7.05 (2H, d, J = 

8.7Hz), 7.30 (lH, dd, J = 8.8 and 2.3Hz), 7.57 (lH, d, J = 

8.8Hz), 7.74 (lH~ d, J = 2.3Hz) 

f) 1.6 g of ethyl 2-(5-:Promobenzo[b]thien-2-yl)-

3-.(4-methoxyphenyl)propionate obtained in the above step e) 

was treated in the same manner as described in step c) of 

Reference Example 49 to obtain 1. 0 g of ethyl 2- ( 5-

._ 104. -



THIS SHEET -
HAS SEEN 1 

.REPLACED I 

cyanobenzo[b]thien-2-yl)-3-(4-methoxyphenyl)propionate. 

mp: 93-96°C 

1H-NMR (CDC13 ) 6: 1.17 (3H, t, J = 7.0Hz), 3.09 (lH, dd, J 

= 14.0 and 8.0Hz), 3.39 (lH, dd, J = 14.0 and 8.0Hz), 3.73 

(3H, s), 4.12_ (2H, q, J = 7.0Hz), 4.16 (lH, t), 6.75 (2H, 

d, J = 8.8Hz), 7.05 (2H, d, J = 8.8Hz)~ 7.13 (lH, s), 7.43 

(lH, dd, J = 8.3 and 1.3Hz), 7.81 (lH, d, J = 8.3Hz), 7.92 

(lH, br) 

g) 3.3 g of ethyl 2-(5-cyanobenzo[b]thien~2-yl)-

3-(4-methoxyphenyl)propionate obtained in the above step f) 

was treated in the same manner as described in step e) of 

Reference Example 46 to obtain 2.8 g of the title compound. 

mp: 146-147°C 

1H-NMR (CDC13 ) 6: 1.19 (3H, t,_ J = 7.0Hz), 3.09 (lH, dd, J 

= 13.5 and 7.SHz), 3.38 (lH, dd, J = 13.5 and 7.SHz), 4.13 

(2H, q, J = 7.0Hz), 4.18 (lH,· t)~ ~.70 [2H, d, J = 8.5Hz), 

7.00 (2H, d, J = 8.5Hz), 7.15 {lH, s), 7.47 (lH, dd, J = 

8.3 and 1.3Hz), 7.85 (lH, d, J = 8.3Hz), 7.95 (lH, br) 

REFERENCE EXAMPLE 54 

Preparation of. ethyl 2-I 4-C ( ( 25 l-1-tert-butoxycarbonyl-2-

pyr ro lid i nyl l methoxy J phenyl J - 3- ( 5-cyan o- 2-ben z o-

furanyllpropionate 

1.04 g of diethyl azodicarboxylate was added to 

300 ml of a tetrahydrofuran solution containing 1 g of 

ethyl 3-(5-cyano-2-benzofuranyl)-2-(4-hydroxyphenyl)-
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propionate, 1.2 g of (2S)-l-tert-butoxycarbonyl-2-

pyrrolidinemethanol and 1.56 g of triphenylphosphine, and 

the thus prepared mixture was stirred at room temperat~re 

for 18 hours. To the resulting reaction solution were 

added . O. 6 g of ( 2S )-1-tert-butoxycarbonyl-2-pyrrolidine­

methanol, 0. 7 8 g -of triphenylphosphine and 0 • 5 2 g of 

diethyl azodicarboxylate, followed by additional stirring 

at room temperature for 18 hours. Thereafter I the reaction 

solution thus obtained was concentrated to dryness, and the 

resulting residue was purified by subjecting it to silica 

gel column chromatogr~phy using a toluene/ethyl acetate 

mixture as an eluant. In this way, 7 9 0 mg of the title 

compound was obtained in the form of colorless oil. 
. 1 

H-NMR (CDC13 ) S: 1.15 (3H, t), 1.46 (9H, s), 1.98 (4H, br), 

3 • 0-4 . 2 ( SH, m) , 4 . 1 ( 2H) , 6 . 3 7 ( lH, s ) , 6 . 9 ( 2H, d) , 7 • 2 

(2H, d), 7.45 (2H), 7.76 (lH, s) 

The following compounds of Reference Examples 55 

to 61 were pr~pared in accordance with the procedure of 

Reference Example 54. 

REFERENCE EXAMPLE 55 

ethyl 3-[4-CCC3Sl-1-tert-butoxycarbonyl-3-pyrrolidinyll-

oxyJphenylJ-3-{5-cyano-2-benzofur_anyl)propionate 
l . . . . 
H-NMR (CDC13 ) S: ·1.16 (3H, t, J = 7Hz), 1.46 (9H, s), 2.0-

2.2 (2H, m), 2.8-3.2 (2H, m), 3.5-3.7 (4H, m), 4.10 (2H, q, 

J = 7Hz), 4.5-4.7 (lH, m), 4.9 (lH, m), 6.49 (lH, s), 6.82 
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(2H, d, J = 9Hz), 7.23 (2H, d, J = 9Hz), 7.47 (2H, s), 7.80 

(lH, s) 

REFERENCE EXAMPLE 56 

ethyl 5-f C(3Sl-1-tert-butoxycarbonyl-3-pyrrolidinylloxyJ-

2-f2-(5-cyano-2-benzofuranyl)ethylJbenzoate 

1H-NMR (CDC13 ) S: 1.38 (3H, t, J = 7.0Hz), 1.48 (9H, s), 

2.00-2.30 (2H, m), 2.96-3.76 (SH, m), 4.36 (2H, q), 4.90 

(lH, br), 6.44 (lH, s), 6.93 (lH, dd, J = 8.8 and 2.7Hz), 

7.15 (lH, d, J = 8.8Hz), 7.48 (lH, d, J = 2.7Hz), 7.52 (2H, 

s) I 7. 80 ( lH, s) 

REFERENCE EXAMPLE 57 

ethyl 2-f5-f ((3Sl-l-tert-butoxycarbonyl-3-pyrrolidinyll-

oxyJ-2-(2-(5-cyano-2-benzofuranyl)ethylJphenylJacetate 

1H-NMR ( CDC13 ) S: 1. 25 ( 3H, t, J = 7 • OHz) , 1. 4 7 · ( 9H, s) , 

1.90-2.30 (2H, rn), 3.04 (4H, s), 3.36-3.70 (6H, m), 4.16 

(2H, q, J = 7.0Hz), 4.90-5.12 (lH, br), 6.42 (lH, s), 6.60-

6 • 8 0 ( 2H I rn) I 7 . 0 8 ( lH I d I J = 7 • 6Hz ) I 7 . 4 8 ( 2H I 5 ) I 7 . 7 7 

(lH, d, J = 0.87Hz) 

REFERENCE EXAMPLE 58 

ethyl 2-[2-f4-f (C3Sl-l-tert-butoxycarbonyl-3-pyrrol-

idinyl)oxyJphenylJethylJ-5-cyano-3-benzofurancarboxylate 
l . . 
H-NMR (CDCl3) S: 1.46 (12H, m),· 2.05 (2H, rn), 2.95 (2H, rn), 

3. 5 ( 6H I rn) I 4 • 4 . ( 2H I q) I 4 . 8 0 ( lH I br) I 6 . 8 2 ( 2H I d) I 7. 0 8 

(2H, d) I 7 .SS (2H) I 8.30 (lH) 
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ethyl 3-C5-CCC3Sl-l-tert-butoxycarbonyl-3-pyrrolidinyll­

oxyJ-2-C2-C5-cyanobenzoCbJthien-2-yllethylJ-4-ethoxy-. . 

phenylJpropionate 

1H-NMR (CDC13 ) 8:.1.23 .(3H, t, J = 7.2Hz), 1.33 (3H, t, J = 

'7.0Hz), 1,47 (9H, s), 2.00-3.30 (lOH, m), 3.4-3.7 (4H, m), 

3.94 (2H, q, J = 7.0Hz), 4.12 (2H, q, J = 7.2Hz), 4.70-5.00 

(lH, br), 6.67 (lH, ·s), 6.72 (lH, s), 7.05 (lH, s), 7.46 

(lH, dd, J = 8.4 and 1.6Hz), 7.84 (lH, d, J = 8.4Hz), 7.95 

(lH, d, ~ = 1.6Hz) 

REFERENCE EXAMPLE 60 

ethyl 3-[5-[((3Sl-l-tert-butoxycarbonyl-3-pyrrolidinyll­

oxyJ-2-[2-CS~cyanobenzofbJthien-2-yllethylJphenylJ-

propionate 

mp: 117-11·9 °C 

1H-NMR (CDC13 ) 8: 1.24 (3H, t, J = 7.lHz), 1.47 (9H, s), 

·1.6-3.6 (14H, rn), 4.13 (2H, q, J = 7.lHz), ·4.6-4.9 (lH, rn), 

6.50-7.20 (4H, m), 7.45 (lH, d, J = 8.SHz), 7.83 (lH, d, J 

= 8.SHz), 7.95 (lH, s) 

REFERENCE EXAMPLE 61 

ethyl 3-[4-C(C3S)-l-tert-butoxycarbonyl-3-pyrrolidinyl)-

oxyJphenylJ-2-(5-cyanobenzo[bJthien-2-yllpropionate 

1H-NMR (CDC13 ) o:· 1.16 (3H, t, J = 7.0Hz), 1.45 (9H, s), 

3.08 (lH, dd, J = 13.7 and 7.4Hz), 3.30-3.70 (SH, rn), 4.11 

(2H, q, J = 7.0Hz), 4.00-4 .. 30 (lH), 6.72 (2H, d, J = 
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8.3Hz), 7.07 (2H, d, J = 8.3Hz), 7.10 (lH, s), 7.40. (lH, 

dd, J = 8 • 3 and 1 • 3Hz ) , 7 • 7 7 . ( lH, d, J = 8 . 3Hz ) , 7 • 8 9 ( lH, 

br) 

REFERENCE EXAMPLE 62 

Preparation of methyl 3-CS-cyano-2-benzofuranyll-2-f 4-

[ (tetrahydro-3-furanylloxyJphenylJpropionate 

In 30 ml of tetrahydrofuran were dissolved 3 g of 

3-hydroxytetrahydrofuran, 6. 5 g of methyl 2-( 4-hydroxy­

phenyl )-2-oxoacetate and 9 g of triphenylphosphine. The 

thus prepared solution was mixed with 6.5 go~ diethyl azo­

dicarboxylate, and the mixture ·was stirred for 2 hours. 

After distilling off the solvent, the resulting residue was 

purified by subjecting it to silica gel colwnn chromate~ 

graphy using dichloromethane as an eluant, thereby 

obtaining 7 .5 g of methyl 2-[4-[ (tetrahydro-3-furanyl)oxy]-

phenyl]-2-oxoacetate in an oily form. 

In a mixture solvent of 30 ml of tetrahydrofuran 

and 50 ml of methanol were dissolved 2.2 g of methyl 2-[4-

((tetrahydro-3-furanyl)oxy]phenyl]-2-oxoacetate obtained 

above and 3.6 g of (5-cyano~2-benzofuranyl)methyltri­

phenylphosphoniurn chloride. With ice cooling, to the thus 

prepared solution was added 1. 5 ml of 1_, a...,diazabicyclo-

[5.4.0]-7-undecene. After 18 hours of stirring at room 

temperature, the reaction solution was concentrated to 

dryness, and the. resulting residue was purified by 
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subjecting it to silica gel column chromatography using a 

chloroform/acetone mixture as an eluant, thereby obtaining 

methyl 3- ( 5-cyano-2-benzofuranyl )-2-[ 4- [ (tetrahydro.-3-

furanyl)oxy]phenyl]acrylate as a mixture of E and z fornis. 

The acrylic acid derivative thus.obtained was dissolved in 

80 ml of methanol, mixed with 4 g of palladium oxide•-

1H20•bariurn sulfate and then subjected to catalytic 

hydrogenation under normal pressure. Thereafter, the 

catalyst was removed by filtration, the resulting filtrate 

was concentrated to dryness, and the thus obtained residue 

was purified by subjecting it to silica gel column 

chromatography using a chloroform/acetone mixture as an 

eluant. In this way, 2. 5 g of the title compound was 

obtained. 

1H-NMR ( CDC13 ) S: 2. 0-2. 3 ( 2H, m) , 3. 2 ( lH, dd) , 3. 6 ( lH, 

dd), 3.65 (3H, s), 3.97 (2H, d), 3.8-4.2 (lH, rn), 4.8-5.0 

(lH, m), 6.40 (lH, s), 6.8 (2H, d), 7.25 (2H, d), 7.s· (2H, 

S ) 1 7 • 7 9 ( lH 1 S ) 

REFERENCE EXAMPLE·63 

Preparation of methyl 3-(5-cyano-2-indolyll-2-[4-C C C3Rl-

tetrahydro-3-furanyl)oxyJphenylJpropionate 

In 30 ml of tetrahydrofuran were dissolved 3.0 g 

of (S)-(+)-3-hydroxytetrahydrofuran, 6.6 g of methyl 2-(4-

hydroxyphenyl)-2-oxoacetate and 8.90 g of triphenyl-

phosphine. The thus prepared solution was mixed with 6.0 
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g of diethyl azodicarboxylate, and the mixture was stirred 

for 2 hours. After distilling off the solvent, the 

resulting residue was purified by subjecting it to sil~ca 

gel column chromatography·usi:ng chloroform as an eluant, 

thereby obtaining 4.60 g of methyl 2-[4-[((3R)-tetrahydro-

3-furanyl)oxy]phenyl]-2-oxoacetate in an oily form. 

In a mixture solvent of 30 ml of tetrahydrofuran 

and 30 ml of methanol were dissolved 1.70 g of methyl 2-[4-

[({3R)-te~rahydro-3-furanyl)-0xy]phenyl]-2-oxoacetate 

obtained above and 3. 0 g of ( 5-cyano-2-indolyl )methyl-

triphenylphosphonium bromide. To the thus prepared 

solution was added 2 .1 ml of 1, 8-diazabicyclo [ 5. 4. 0] - 7-

undecene during stirring under ice cooling, fallowed by 

stirring at room temperature for 2 hours. After distilling 

off the solvent, the resulting residue was purified by 

subjecting it to silica gel column chromatography using a 

chloroform/acetone mixture as an elution solvent, thereby 

obtaining methyl 3-(5-cyano-2-indolyl)-2-[4-[((3R)-
. . 

tetrahydro-3-furanyl)oxy]phenyl]acrylate as a mixture of E 

and Z forms. The E/Z mixture thus obtained was dissolved 

in 50 ml of methanol, mixed with 4. 0 g of palladium 

oxide•lH20•barium sulfate and then subjected to catalytic 

hydrogenation under normal pressure for 3 hours. 

Thereafter, the catalyst was removed by filtration, solvent 

in the resulting filtrate was distilled off, and the thus 
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obtained residue was purified by subjecting it to silica 

gel column ·chromatography using a chloroform/acetone 

mixture as an elution solvent. In this way, 1.50 g of .the 

title compound was obtained as a viscous oily material •. 

1H-NMR (CDC13 ) S: 3.10 (lH, dd), 3.60 (3H, s), 3.78-4.1~ 

(SH, m), 4.75-5.00 (lH, m), 6.25 (lH, br), 6.80 (2H, d), 

7.20 (2H, d), 7.30-7.90 (3H, m), 10.00 (lH, s) 

REFERENCE EXAMPLE 64 

Preparation of methyl · 3- C 5-cyano-2-indolyl )-2-£ 4-£ ( C 35 )-

tetrahydro-3-furanylloxyJphenylJpropionate 

a) In 80 ml of tetrahydrofuran were dissolved 

5.0 g of (S)-(+)-3-hydroxytetrahydrofuran, 3.3 g of formic 

acid and. 17 . 0 g of triphenylphosphine. With ice cooling 

and with stirring, 12. 0 g of _diethyl azodicarboxylate was 

added dropwise to the above solution. After stirring at 

room temperature for 2 hours, the sol vent was distilled 

off, and the resulting residue was purified by subjecting 

it to silica gel column chromatography using chloroform as 

an elution solvent, thereby obtaining (S)-(+)-tetrahydro-3-

furanyl formate which was subsequently dissolved in 50 ml 

of ethanol. With stirring, 5. 0 g of sodium hydroxide 

dissolved in 5 ml of water was added to the above ester 

solution, followed by stirring for· 3 hours. After 

distilling_ off .. the solvent, the resulting residue was 

dissolved in diethyl ether, and insoluble materials were 
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removed by filtration. ~y distilling off the solvent, 4.50 

g of crude (R)-(-)-3-hydroxytetrahydrofuran was obtained. 

b) The crude. (R)-(-)-3-hydroxytetrahydrofuran 

obtained in ·the above· step a) was treated in the same 

manner as described in Reference Example 63 to obtain 1.50 

g of the title compound as a viscous oily material. 

1H-NMR (CDC13 ) S: 3.15 (lH-, ?-d),_ 3.65 (3H, s), 3.80-4.20 

(SH, m), 4.80-5.05 (lH, m), 6.30 (lH, br), 6.82 (2H, d), 

7.22 (2H, d), 7.30-7.90 (3H, m), 9.30 (lH, br) 

REFERENCE EXAMPLE 65 

Preparation of methyl 3-f4-f C(3Sl-1-tert-butoxycarbonyl-3-

pyrrolidinyl)oxyJphenylJ-2-CS-cyano-2-benzofuranyll-

proplonate 

a) 21. 0 g · of· 2-acetyl-5-benzofurancarboni trile 

was dissolved in 300 ml of dichloromethane. With stirring 

at a temperature of -10°C, 30 ml of dichloromethane 

solution containing 18.2.g of bromine was added dropwise to 

the above solution. After gradually warming up to ice-cold 

temperature, the resulting reaction solution was mixed with 

chloroform and washed with 10% sodium thiosulfate aqueous 

solution. After drying the organic layer and subsequent 

concentration to ~ryness, the resulting residue was 

recrystallized from a benzene/n;...hexane mixture to obtain 

21.0 g of 2-(2-bromo-1-oxoethyl)-S-benzofurancarbonitrile 

in the form of colorless crystals. 
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IR _(KBr): 2228, 1696, 1616·, 1564, 1290, 1166, 1122 cm-
1 

1H-NMR (CDC13 ) S: 4.44 (2H, s), 7.60-7.90 (3H, m), 8.11 (l:H, 

s), 

FD MS ·(m/z): 263 (M+), 265 (M+) 

b) 444 mg of selenium dioxide was dissolved in 

10 ml of· dry methanol· with heating, followed by the 

·addition of 1.056 g of 2-(2-bromo-1-oxoethyl)-5-benzo-

furancarbonitrile obtained in the above step a). The thus 

prepared mixture was refluxed under heating for 12 hours. 

After cooling, · insoluble materials were removed by 

filtration, and the resulting filtrate was concentrated to 

dryness. Thereafter, the resulting residue was purified by 

subjecting it to silica gel c~lumn chromatography using a 

toluene/ethyl acetate mixture as an eluant, thereby 

obtaining 129 mg of methyl 2-(5-cyano-2-benzofuranyl)-2-

oxoacetate in the form of colorless needle crystals. 

mp: 196.:...199°C 

·IR (KBr): 1740, 1674_, 1614, 1552 cm-1 

1
H-NMR (CDCl3) S: 4 .. 03 (3H, s), 7.66-7.96 (2H, m), 8.17 (2H, 

s) 

FD MS (m/z): 321 (M+ + 92), 229 (M+) 

c) 3 .1 g of methyl 2- ( 5..,.cyano-2-benzofuranyl )-2-

oxoacetate obtained in the above step b) and 6.2 g of (4-

methoxyphenyl)methyltriphenylphosphonium chloride were 
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dissolved in a mixture solvent of 100 ml of tetrahydrofuran 

and 100 ml of methanol. With stirring at room temperature, 

2.19 g of 1,8-diazabicyclo[S.4.-0]-7-undecene was added.to 

the above solution, and the stirring was continued for.1 

hour. To this were further added 1. 3 g of ( 4-methoxy-

phenyl )methyl triphenylphosphonium chloride and 0 . 65 g of 

1,8-diazabicyclo[S.4.0]-7-undecene. After stirring for 1 

.hour and subsequently removing the solvent by distillation, 

the resulting residue was purified by subjecting it to 

silica gel colwnn chromatography using chloroform as an 

eluant, thereby obtaining a viscous and oily olefinic 

compound as a mixture of E and z forms. 

1H-NMR (CDC13 ) S: 3.78 (1.SH, s), 3.84 (3H, s), 3 .. 87 (1.SH, 

5) t 6 • 6 0. ( 9ff, m) 

The olef inic compound obtained above was 

dissolved in a solvent mixture of 100 ml of tetrahydrofuran 

and 100 ml of methanol, followed by the addition of 1.1 g 

of palladiurn• 1H20•bariurn sulfate and by subsequent catalytic 

. hydrogenation under normal pressure for 3 hours. .After 

removing the catalyst by ~iltration and distilling off the 

solvent, the resulting residue was purified by subjecting 

it to silica gel colwnn chromatography to obtain 4.2 g of 

viscous and oily methyl 2- ( 5-cyano-2-benzofuranyl )-3- ( 4-

methoxyphenyl )propionate. 

1H-NMR (CDC13 ) S: 3.20 (lH, dd, J = 14.4 and 7.8Hz), 3.41 
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{lH, d~, J = 14.4 and 7.4Hz), 3.69 {3H, s), 3.75 (3H, s), 

4.10 (lH, dd, J = 7.8 and 7.4Hz), 6.60 (lH, s), 6.76 (2H, 

d, J = 8.8Hz), 7.05 (2H, d, J = 8.8Hz), ·7.53 (2H), 7.82 

( lH, s) 

d) 4. 2 g of methyl 2-( 5-cyano-2-benzofuranyl )-3-

( 4-methoxyphenyl) propionate obtained i·n the above step c) 

was dissolved in 150 ml of dichloromethane, and the 

solution was cooled down to -50°C. With stirring, to. this 

was added dropwise 30 ml of a dichloromethane solution 

containing 9.97 g of boron tribromide. The temperature of 

the resulting reaction solution was gradually increased to 

15°C. After 30 minutes of stirring at this temperature, 

the reaction solution was diluted with chloroform, washed 

with dilute hydrochloric acid, and then dried to distill 

off the solvent. The resulting residue was subjected to 

silica gel column chromatography using a chloroform/ethanol 

mixture as an eluant, and the solvent in pooled fractions 

of interest was concentrated to precipitate crystals. The 

crystals thus precipit~ted were washed with benzene, and 

collected by filtration, thereby obtaining 3.1 g of methyl 

2-(5-cyano-2-benzofuranyl)-3-(4-hydroxyphenyl)propionate 

in the form of colorless crystals. 

mp: 110-111°C. 

IR (KBr): 2228, 1722, 1594, 1518, 1272 -1 cm 

l 
H-NMR ( CDC13 ) S : 3 • 18 ( lH, dd, J = 14 . 4 and 7 • BHz ) , 3 • 3 6 
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(lH, dd, J::: 14.4 arid 7.4Hz), 3.69 (3H, s), 4.09 (lH, dd,_ 

J = 7.8 and 7.4Hz), 6.60 (lH, s), 6.69 (2H, d, J = 8.4Hz), 

7.00 (2H, d, J = 8.4Hz), 7.53 (2H, s)~ 7.83 (lH, s) 

e) In 150 ml of dry tetrahydrofuran were 

dissolved 3.0 g of methyl 2-(5-cyano-2-benzofuran~l)-3-(4-

hyd;roxyp~enyl)propionate obtained in· the above ·step d), 

1.92 g of (3R)-1-tert-butoxycarbonyl-3-hydroxypyrrolidine 

and 2. 69 g of triphenylphosphine. With stirring at room 

temperature, 1.79 g of diethyl azodicarboxylate was added 

to the thus prepared solution, and the stirring was 

continued for 1 hour. After distilling off the solvent, 

the resulting residue was subjected to silica gel column 

chromatography using a toluene/ethyl acetate mixture as an 

eluant, thereby obtaining a mixture consisting of the 

starting m~terial methyl 2-(5-cyano-2-benzofuranyl)-3-(4-

hydroxyphenyl)propionate and the title compound. 

The mixture thus obtained was dissolved in 100 ml 

of tetrahydrofuran. To this were added 0.95 g of (3R)-1-

tert-butoxycarbonyl-3-hydroxypyrrolidine, 1. 35 g of tri-

phenylphosphine and 0.85 g of diethyl azodicarboxylate in 

that order. The resulting mixture was stirred at room 

temperature for 16 hours. Thereafter, the resulting 

reaction solution was treated and purified. in the same 

manner as described above to obtain 2. 02 g of the title 

compound in a viscous and oily form. 
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1H-NMR (CDC13 ) S: 1.46 (9H, s), 1.88-2.24 (2H, m), 3.10-3.60 

(6H, m), 3.69 (3H, s), 4.10 (lH, t), 4.81 (lH, br), 6.6~ 

(lH, s), 6.73 (2H, d, J = 8.3Hz)~ 7.04 (2H, d, J = 8.3Hz), 

7.54 (2H, s), 7.83 (lH, s) 

FD MS (m/z): 321 (M+) 

REFERENCE EXAMPLE 66 

Preparation of ethyl 3-[4-f (C3Sl-l~tert-butoxycarbonyl-3-

pyrrolidinylloxyJphenylJ-4-CS-cyanobenzoCblthien-2-yll-

butyrate 

a) 14.2 g of ethyl 2-ethoxycarbonyl-2-(4-

methoxyphenyl)acetate was dissolved in 150 ml of. 

tetrahydrofuran. 2.6 g of sodium hydride (oil type, 60%) 

was added to the above solution while stirring under ice 

cooling, and the stirring was continued for 20 minutes. To 

this was further added 17. 2 g of 5-bromo-2-bromomethyl-

benzo[b]thiophene. After stirring at room temperature for 

18 hours, the resulting reaction solution was mixed with 

ammonium chloride aqueous solution, and then extracted with 

ethyl acetate. After drying to distill off the solvent, 

the resulting residue was subject~d. to silica gel column 

chromatography using chloroform as an elution sol vent, 

thereby obtaining 24.2 g of ethyl 3-(5-bromobenzo[b]thien-

2-yl)-2-ethoxycarbonyl-2-(4-methoxyphenyl)propionate. 

1H-NMR (CDC13 ) S: 1.2 (6H, t), 3.78 (3H, s), 3.85 (2H, s), 

6.75-7.0 (3H, rn), 7.2-7.8 (SH, m) 
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b) A solution of 7.3 g of potassium hydroxide 

dissolved in 20 ml of water was added to 200 ml of an 

ethanol solution containing 24 . 2 g of 3- ( 5-bromobenzo-

.[b]thien-2-yl)-2-ethoxycarbonyl-2-(4-methoxyphenyl)-

propionate obtained in the above step a) , . and the thus 

prepared mixture was stirred for 4 days. The resulting 

reaction solution was poured into cooled dilute 

hydrochloric acid to collect precipitated crystals by 

filtration. The thus collected crystals were dissolved in 

ethyl acetate, and then dried. After distilling off the 

solvent, the resulting residue was dissolved in 200 ml of 

ethanol, mixed with 3 ml of concentrated sulfuric acid, and 

then refluxed under heating for 2 hours. After cooling, 

the resulting reaction solution was concentrated, mixed 

with chloroform, washed with water, and then dried. After 

distilling off the solvent, the resulting residue was 

purified by subjecting it to s·ilica gel column chroma to-

graphy using chloroform as an eluant, thereby obtaining 20 

g of ethyl 3-(5-bromobenzo(b]thien-2-yl)-2-(4-methoxy­

phenyl)propionate. 

1H-'"NMR ( CDCl3) 5: 1. 17 ( 3H, t) I 3. 2 ( lH, dd) I 3. 55 { lH, dd) I 

3·. 7 7 ( 3H, s ) , 3 . 81 ( lH, . dd ) , 4 . ·10 ( 2H I q) , 6 . 8 2 ( 2H, d ) , 

7.2-7.8 (6H, m) · 

c) 20 g of ethyl 3-(5-bromobenzo(b]thien-2-yl)-

2-(4-methoxyphenyl)propionate obtained in the above step b) 
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was dissolved in 200 ml of tetrahydrofuran, followed by th~ 

addition of 12 g of sodium borohydride. To the mixture was 

added dropwise 80 ml of methanol under ice cooling. After 

stirring for 3 hours, the resulting reaction solution was 

adjusted to pH 6 with concentrated hydrochloric acid, and 

then extracted with ethyl acetate. The resulting organic 

layer was dried to distill off the solvent, and the thus 

obtained residue was subjected to silica gel column 

chromatography using a chloroform/methanol mixture as an 

elution solvent to obtain 16 g of 3-(5-bromobenzo[b]thien-

2-yl)-2-(4-methoxyphenyl)-1-propanol. 

1 H-NMR (CDC13 ) S: 2.9-3.4 (3H, m), 3.73 (3H, .s), 3.62-3.90 

(2H, br), 6.70-7.80 (SH, m) . 

d) 16 g of 3-(5-bromobenzo[b]thien-2~yl)-2-(4-

methoxyphenyl)-l-propanol obtained in the above step c) was 

dissolved in 40 ml of dichloromethane. To the mixture were 

added 6.3 ml of triethylamine and 4 ml of methanesulfonyl 

chloride while stirring under ice cooling. After stirring 

at the same temperature for 2 hours, the resulting reaction 

solution was mixed with dichloromethane, washed with water 

and then dried. After distilling off the solvent, the 

resulting residue was purified by subjecting it to silica 

gel column chromatography using chloroform as an elution 

solvent, thereby obtaining 18.5 g of 3-(5-bromobenzo[b]­

thien-2-yl)-2-(4-methoxyphenyl)propyl methanesulfonate. 
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1H-NMR (CDCl3) S: 3.78 (3H, s), 3.9-4.5 _(3H, m), 3.70 (3H, 

s), 4.3 (2H, m), 6.70-7.80 (SH, m) 

e) 1.2 g of sodium cyanide was dissolved in 30 

ml of dimethyl sulfoxide at a temperature of 90°C. To this 

was gradually added 18.5 g of 3-(5-bromobenzo(b]thien-2-

yl )-2- ( 4-methoxyphenyl )propyl methanesulf onate, followed by 

stirring at 80°C for 1 hour. The resulting reaction 

solution was mixed with an ethyl acetate/toluene mixture, 

washed with water, and then dried to distill off the 

solvent. Crystals thus precipitated were washed with 

ethanol and dried to obtain 5 g of 3- ( 5-bromobenzo ( b] thien·-

2-yl )-2- ( 4-methoxyphenyl) butyroni trile. · The same compound 

was also obtained with a yield of 2 g, by concentrating the 

ethanol solution resulting.from the washing of crystals and 

subjecting the concentrate to silica gel column 

chromatography using chloroform as an elution solvent. 

l 
H-NMR (CDC13) .S: 2.5-2.7 _(2H, br), 3.2-3.4 (3H, br), 3.76 

(3H, s), 6.70-7.80 (BH, m) 

MS m/z: 386, 388 

f) 7 g of 3-(5-bromobenzo(b]thien-2-yl)-2-(4-

methoxyphenyl)butyronitrile obtained in the above step e) 

was suspended in 80 ml of ethanol, followed by the addition 

of 5 ml of concentrated sulfuric acid and a few drops of 

water. The thus prepared mixture was· refluxed under 

heating for 7 days. After distilling off the solvent, the 

- 121 -



I nus SHEET HAS B~BN' 
l REPLACED 

thus obtained reaction solu~ion was mixed with chloroform 

and water, and the resulting organic layer was dried to 

distill off the solvent. Thereafter, the· resulting resi~ue 

was subjected to silica gel column chromatography using 

chloroform as an elution solvent to obtain 6.3· g of ethyl 

4-(5-bromobenzo[b]thien~2-yl)-3-(4-methoxyphenyl)butyrate. 

1H-NMR (CDC13 ) S: 1.12 (3H, t), 2.65 {2H, dd), 3.10-3.80 

{3H, m), 3.76 (3H, s), 4.01 (2H, q), 6.70-6.95 (3H, m), 

'7.10 {2H, d), 7.20-7.40 (lH), 7.55 (lH, d), 7.72 {lH, d) 

FAB MS (m/z): 433, 435 

g) 6.0 g of ethyl 4-(5-bromobenzo[b]thien-2-yl)-

3-(4-methoxyphenyl)butyrate obtained in the above step f) 

was dissolved in 50 ml of N-methyl~2-pyrrolidone, followed 

by the addition of 1.6 g of cuprous cyanide and a 

catalytically effective amount of copper sulfate. The 

mixture thus prepared was stirred at a temperature of 190 

to 200°C in a stream of argon. After cooling, the 

resulting reaction solution was mixed with ethyl acetate 

and toluene and then washed with water, followed by drying 

·to distill off the solvent. Thereafter, the resulting 

residue was purified by subjecting it to silica gel column 

chromatography using a chloroform/acetone mixture as an 

elution solvent,· thereby obtaining 4.5 g of ethyl 4-(5-

cyanobenzo[b]thien-2-yl)-3-(4-methoxyphenyl)butyrate. 

1 H-NMR (CDC13 ) S: 1.18 (3H, t), 2.70 (2H, dd), 3.16-3.70 
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(3H, m), 3.78 (3H, s), 4.02 (2H, q), 6.85. (2H, d), 6.98 

. ( lH I 5 ) , 7 • 18 ( 2H I d) , 7 • 5 ( lH, . dd) I 7 • 8 ( lH I d) I 7 • 9 6 ( lH I 

d) 

h) 4.5 g of ethyl 4-(5-cyanobenzo[b)thien-2-yl)-

3-(4-methoxyphenyl)butyrate obtained in the above st~p g) 

was dissolved in 20 ml of dichlorornethane. .3. 4 ml of boron 

tribrornide was added to the above solution which has been 

cooled doWn to -70°C. The thus prepared mixture was warmed 

up to room temperature, and stirred for 1 hour. Chipped 

ice was added to the resulting reaction solution to collect 

a dichloromethane layer which was subsequently dried to 

distill off the solvent. The. resulting residue was 

dissolved in 50 ml of tetrahydrofuran. With stirring under 

ice cooling in a stream of argon, 1.9 g of (3R)-1-tert­

butoxycarbonyl-3-hydroxypyrrolidine 1 3. 2 g of triphenyl­

phosphine and 2.3 g of diethyl azodicarboxylate were added 

to the resulting mixture. ·The thus prepared mixture was 

stirred at room temperature for 18 hours. After distilling 

off the solvent, the resulting residue was purified by 

subjecting it to silica gel column chromatography using a 

n-hexane/ethyl acetate mixture as an elution solvent. In 

this way, 4 g of the title compound was obtained. 

1
H-NMR (CDC13 ) S:.1.48 (9H, S), 1.95-2.20 (iH, m), 2.65 (2H, 

_dd), 3.15-3.70 (7H, m), 4.78-5.00 (lH, rn), 6.80 (2H, d), 

6 • 9 a c iH, s > , 1 . i 1 c 2H, d > , 1 . s ·c iH, dd > , 1 . a 2 c iH, d > , 
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7.98 (lH, d) 

REFERENCE EXAMPLE 67 

Preparation of ethyl 2-r4·-r U3Sl-1-tert-butoxycarbonyl-3-

pyrrolidinyl)thioJphenylJ-3-(5-cyanobenzofbJthien-2-yll-2-

ethoxycarbonylpropionate 

a) 20.2 g of ethyl 4-mercaptophenylacetate was 

dissolved in 450 ml of tetrahydrofuran. With ice cooling 

and with stirring, 21.~ g of (3R)-l-tert-butoxycarbonyl-3-

hydroxypyrrolidine, 29.4 g of triphenylphosphine and 19.5 

g of diethyl azodicarboxylate were added to the above 

solution. The thus prepared mixture was stirred at room 

temperature for 18 hours. After distilling of£ the 

solvent, the resulting residue was purified by subjecting 

it to silica gel column .chromatography using a n-

hexane/ethyl acetate mixture as an elution solvent, thereby 

obtaining 7. 0 g of ethyl 2- [ 4-[ ( ( 3S )-1-tert-butoxycarbonyl-

3-pyrrolidinyl) thio ]phenyl"] acetate. 

1H-NMR (CDC13 ) S: 1.25 (3H, t, J = 7.2Hz), 1.45 (9H, s), 

1.7-2.4 (2H, m), 3.2-4.4 (SH, m), 3.58 (2H, s), 4.15 (2H, 

q, J = 7.2Hz), 7.0-7.6 (4H, m) 

b) 4.0. g of ethyl 2-[4-[((3S)-1-tert-

butoxycarbonyl-3-pyrrolidinyl)thio]phenyl]acetate obtained 

in the above step a) was dissolved in 21 ml of N,N-

dimethylformarnide, followed by the addition of 4.02 ml of 

diethyl carbonate. With stirring at a temperature of 
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130°C, 530 mg (60%) of sodium hydride was added to the thus 

prepared solution, and the resulting mixture was stirred 

for 10 minutes, followed by further adding 106 mg of sodium 
. . 

. hydride · and by additional stirring for 10 minutes. The 

resulting reaction solution was poured into ice water, 

neutralized with-dilute hydrochloric acid, extracted with 
'. 

ethyl acetate, and then dried. After distilling off the 

solvent, the resulting residue was purified by subjecting 

it to silica · gel column chromatography using a n­

hexane/ethyl acetate mixture as an elution solvent, thereby 

obtaining 1.74 g of ethyl 2-(4-(((35)-1-tert-butoxy­

carbonyl-3-pyrrolidinyl)thio]phenyl]-2-ethoxycarbonyl-

acetate in an oily form. 

1H-NMR (CDC13 ) S: 1.27 (6H, t, J = 7.2Hz), 1.46 (9H, s), 

.1.4-2.4 (2H, m), 3.0 -4.0 (SH, m), 4.22 (4H, q, J = 7.2Hz), 

4.58 (lH, s), ~.2-7.5 (4H, m) 

c) 1.7 g of ethyl 2-[4-[((3S)-1-tert-butoxy-

carbonyl-3-pyrrolidinyl)thio]phenyl]-2-ethoxycarbonyl­

acetate obtained in the.above step b) was dissolved in a 

solvent mixture of 20 ml of tetrahydrofuran and 1 ml of 

N,N-dimethylforrnamide, followed by the addition of 155 mg 

of sodium hydride (60%) and by subsequent stirring for 20 

minutes. 980 ·mg . of 2-bromomethylbenzo(b]thiophene-5-

carbonitrile was added to the above. reaction solution, and 

the mixture was stirred for 24 hours. The resulting 
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reaction solution was poured into ice water, extracted with 

ethyl acetate, and then dried. After distilling off the 

solvent, the resulting residue was purified by subjecting 

it to silica gel column chromatography using a n-

hexane/ethyl acetate mixture as an elution solvent, thereby 

obtaining 2. OS g of ·the ti tl.e compound in an oily form. 

1H-NMR (CDC13 ) S: 1.23 (6H, t, J = 7 .2Hz), 1.46 (9H, s), 

1.50-2.50 (2H, m), 3.2-4.4 (SH, m), 3.89 (2H, s), 4.25 (4H, 

q, J = 7.2Hz), 7.28 (4H, s), 7.44 (lH, dd, J = 8.4 and 

1.SHz), 7,78 (lH, d, J = 8.4Hz), 7.91 (lH, dd) 

REFERENCE EXAMPLE 68 

Preparation of ethyl 2-[4-[CC3Sl-1-tert-butoxycarbonyl-3-

pyrrolidinylloxyJphenylJ-3-CS-cyanobenzo[bJthien-2-yll-2-

propionate 

In a solvent mixture of 50 ml of tetrahydrofuran 

and 5 0 ml of ethanol were dissolved 3 . 0 g of ( 5-cyano-

benzo[b]thien-2-yl)methyltriphenylphosphonium chloride and 

2. 55 · g of ethyl 2-[ 4-[ ( ( 3S )-1-tert-butoxycarbonyl-3-

pyrrolidinyl)oxy]phenyl]-2-oxoacetate. With stirring at 

room temperature, 1.07 .g of 1,8-diazabicyclo[S.4.0]-7-

undecene was added· to the thus prepared solution, and the 

resulting mixture was stirred for 1 hour at room 

temperature. ·After distilling· off the solvent, the 

resulting residue was purified by subjecting it to silica 

gel column chromatography using a toluene/ethyl acetate 
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mixture as an eluant, thereby obtaining ethyl 2-[4-

[ ( (35)-1-tert-butoxycarbonyl-3-pyrrolidinyl )oxy]phenyl]-

3-(5-cyanobenzo[b]t}_lien-2-yl)acrylate as a mixture of E ~nd 

. z forms. The thus obtained compound was dissolved in . a 

solvent mixture of 50 ml of tetrahydrofuran and 50 ml of 

ethanol, and the ~esulting solution was mixed .with 5.0 g of 

10% palladium carbon catalyst (50% wet type), and subjected 

to catalytic hydrogenation under normal pressure. After 

removing the catalyst by filtration and distilling off the 

solvent, the resulting residue was purified by subjecting 

it to silica gel column chromatography using a toluene/ 

ethyl acetate mixture as an eluant, thereby obtaining 2.2 

g of the title compound in a viscous and oily form. 

1 . 
H-NMR ( CDC13 ) S: 1 . 1 7 ( 3H, t, J = 7 . OHz) , 1. 4 7 ( 9H, s ) , 

.1.90-2.20 (2H, m),. 3.10-3.95 (7H, m), 4.10 (2H, q, J = 

7.0Hz), 4.84 (lH, br), 6.81 (2H, d, J = 9.0Hz), 7.20 (lH, 

s), 7.25 (2H, d, J = 9.0Hz), 7.44 (lH, dd, J = 9.0 and 

1.6Hz), 7.81 (lH, dd, J = 9.0 and 1.6Hz), 7.94 (lH, s) 

The following compounds of Reference Examples 69 

to 75 were prepared in accordance with the procedure 

described in Reference Example 68. 
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ethyl 2-[4-[2-Ctert-butoxycarbonylaminol-1-Ctert-butoxy-

carbonylaminomethyllethoxyJphenylJ-3-C5~cyanobenzofbJthi~n-

2-yl lpropionate 

viscous oil 

1H-NMR (CDC13) S: 1.25 (3H, t, J = 7.0Hz), 1.45 (lSH, s), 

2.90-4.50 (SH, m), 6.S0-7.35 (SH), 7.45 (lH, dd, J = S.3 

and 1.3Hz), 7.SO (lH, d, J = S.3Hz), 7.93 (lH) 

REFERENCE EXAMPLE 70 

ethyl 2-£4-f CC2S)-l-tert-butoxycarbonyl-2-pyrrolidinyl)-

methoxyJphenylJ-3-(5-cyanobenzo[bJthien-2-yllpropionate 

1H-NMR (CDCl3) S: 1.17 (3H,. t), 1.47 (9H, s), 2.00 (4H, br), 

3.40 (2H, br), 3.60-4.30 (6H), 6.90 (2H, d, J = lOHz), 7.25 

(2H, d, J = lOHz),.7.00-S.OO (4H, m) 

REFERENCE EXAMPLE 71 

ethyl 2-[4-f Cl-tert-butoxycarbonyl-4-piperidinylloxyJ-

phenylJ-3-CS~cyanobenzo[bJthien-2-yl)propionate· 

solid 

1H-NMR (CDC13 ) S: 1.10 (3H, t, J = 6.0Hz), 1.50 (9H, s), 

1.70-2.00 (4H, m), 3.20-4.00 (4H, m), 4.15 (2H, q), 4.30-

4.60 (lH, br), 6.80-S.10 (SH) 

REFERENCE EXAMPLE 72 

ethyl 2-£4-(2-tert-butoxycarbonylaminoethoxy)phenyll-3-CS-

cyanobenzo[bJthien-2-yl)propionate 

viscous oil 

- 12S -



THIS SHEET h. 

11ii1i1~1r · REPLACED 

1H-NMR ( CDC13 ) S : 1 • 16 ( 3H, t, . J = 7 . OHz ) , 1 • 4 5 ( 9H, s ) 1. 

3.05-.4.40 (9H), 5.12 (lH, br), 6.84 (2H, d, J = 8.3Hz), 

7.01 (lH, s), 7.25 (2H, d, J = 8.3Hz), 7.41 (lH, dd, ~ = 

8.3 and 1.2Hz), 7~77 (lH, d, J = 8.3Hz), 7.89 (lH, s) 

REFERENCE EXAMPLE 73 

ethyl 2-C4-C(]2Sl-1-tert~butoxycarbonyl-5-oxo~2-

pyrrolidinyl)methoxyJphenyll-3-{5-cyanobenzo[bJthien-2-

yllpropionate 

viscous oil 

1H-NMR (CDC13 ) S: 1.17 (3H, t), 1.42 (9H,s), 1,80-2.25 (2H, 

m), 2.30-2.60 (2H, rn), 3.20 (lH, dd), 3.37 (lH, dd); 3.50-

3.82 (lH, dd), 3.82-4.50 (4H, m), 4.80-5.10 (lH, m), 6.75-

8 .10 ( BH, m) 

REFERENCE EXAMPLE 74 

ethyl 2-f4-f CC2R.4Sl-1-tert-butoxycarbonyl-2-rnethyl-4-

pyrrolidinyl)oxyJpheriylJ-3-{5-cyanobenzo[bJthien-2-

yllpropionate 

1H-NMR (CDC13 ) S: 1.15-1.50 (6H, m), 1.50"(9H, s), 1.80-2.60 

(2H, m), 3.00-4.50 (8H, m), 4.80-5.10 (lH, rn), 6.80-8.20 

(8H, m) 

REFERENCE EXAMPLE 75 

ethyl 2-[4-f ((3Sl-1-tert-butoxycarbonyl-3-pyrrolidinyl)-

oxyJphenylJ-3-(6~cyanobenzo[b)thien-2-yl)propionate 

1
H-NMR (CDC13 ) S: 1.17 .(3H, t), 1.46 (9H, s), 2.10 (2H~ rn), 

3.60 (6H, rn), 3.83 (lH, m), 4.10 (2H, q), 4.85 (lH, br), 
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6.86 (2H, d), 7.04 (lH, ·s), 7.25 (2H), 7.55 (lH, dd), 7.65 

(lH, d), 8.04 (lH) 

REFERENCE EXAMPLE 76 

Preparation of ethyl C+l-2-£4-£ C (25)-1-tert-butoxycarbonyl-

2-pyrrolidinyllmethoxyJphenylJ-3-C5-cyanobenzo[bJthien~2-

yl)propionate -and ethyl (-)-2-(4-(((28)-1-tert-

butoxycarbonyl-2-pyrrolidinyllmethoxyJphenyll-3-(5-

cyanobenzo[bJthien-2~yllpropionate 

5. 0 g of ethyl 2- [ 4- [ ( ( 28 )-1-tert-butoxycarbonyl-

2-pyrrolidinyl )methoxy]phenyl] -3- ( 5-cyanobenzo [ b] thien-2-

yl)propionate was separated into (+)·and(-) forms using a 

column for optical isomer separation, thereby obtaining 2.5 

g (+) and 1.7 g (-) of the title compounds. 

(-) form: 

mp: .102-104°C 

[a]~~ = -142. 00 (c = 1. 000, EtOH) 

1H-NMR (CDC13 ) S: 1.13-1.22 (3H, m), 1 .. 47 (9H, s), 1.80-2.10 

(4H, m), 3,25-3.50 (4H, m), 3._64-3.75 (lH, m), 3.70-3.90 

(lH, br), 3.90_(1H, b_r), 4.05-4.20 (4H, m), 6.88 (2H, d, J 

= 8.3Hz), 7.02 (lH, s), 7.23 (2H, d, J = 8.3Hz), 7.45 (lH, 

d, J = 8.3Hz), 7.80 (lH, d, J = 8.3Hz), 7.94 (lH, s) 

HPLC: Column; an amylose-based ·column for use in the 

separation of 0ptical isomers (CHIRALPAK AD, 20~ x 

250 mm, Daicel Chemical Industries, Ltd.) 

Solvent; n-hexane:iso-propanol = 70:30 
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1H-NMR (CDCl3) S: i.13-1.22 (3H, m), 1.47 (9H, s),. 1.80-2.10 

(4H, m), _3.25-3.50 (4H, m), 3.64-3.75 (lH, m), 3.70-3.90 

(lH, br), 3.90 (lH, br), 4.05-4.20 (4H, m), 6.88 (2H, d, J 

= 8.3Hz), 7.02 (lH, s), 7.23 (2H, d, J = 8.3Hz), 7.45 (lH, 

d, J = 8.3Hz), 7.80 (lH, d, J = 8.3Hz), 7.94 (lH, s) 

HPLC: Column; an amylose-based colwnn for use in the 

separation of opticai isomers (CHIRALPAK AD, 20$ x 

250 mm, Daicel Chemical Industries, Ltd.) 

Solvent; n~hexane:iso~propanol = 70:30 

Flow rate; 4 ml/min 

Retention time; 23 to 27 minutes 

REFERENCE EXAMPLE 77 

Preparation of ethyl (-)-2-(4-f Cl-tert-butoxycarbonyl-4-

piperidinyl)oxyJphenylJ-3-(7-cyano-2-naphthyl)propionate 

and ethyl {+)-2-[4-CCl-tert-butoxycarbonyl-4-piperidinyll­

oxyJphenylJ-3-{7-cyano-2-naphthyl)propionate 

These compounds were prepared in the same manner 

as described in' Reference Example 76. 

(-) form: 

[a]fi4 = -100.78° (c = 1.024, CHC1 3 ) 
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1H-NMR (CDC13 ) S: 1.11 (3H, t, J = 6.9Hz.), 1.47 (9H, s),_ 

1.70-1.80 (2H, m), 1.85-1.95 (2H, m), 3.15-3.20 (lH, m), 

3.30-3.40 (2H, m), 3.50-3.60 (lH, rn), 3.65-3.75 (2H, ~), 

3.85-3.90 (lH, br), 4.0-4.1 (2H, m), 4.40 -4.45 (lH, rn), 
.. 

6.85 (2H, d, J = 8.3Hz), 7.23 (2H, d), 7.40-7.45 (lH, m), 

7.53-7.58 (lH, m), -1.62 (lH, s), 7.77 (2H, d), 7.85 (lH, d, 

J = 8.3Hz), 8.12 (lH, s) 

HPLC: Colwnn; an amylose~based colwnn for use in the 

separation of.optical isomers (CHIRALPAK AD, 4.6~ x 

250 mm, Daicel Chemical Industries, Ltd.) 

Solvent; n-hexane:iso-propanol = 90:10 

Flow rate; 1 ml/min 

Retention time; 26.9 minutes 

(+) form: 

(a]~ = +95.84° (c = 1.010, CHC13 ) 

1H-NMR (CDC13 ) S: 1.11 (3H, t, J = 7.3Hz), 1.65-1.70 (2H, 

m), 1.85-2.00 (2H, m), 3.15-3.20 (lH, m), 3.30-3.35 (2H, 

m), 3.50-3.60 (lH, m), 3.,65-3.75 (2H, m), 3.85-3.90 (lH, 

br), 4.0-4.1 (2H, m), 4.40-4.45 (lH, m), 6.85 (2H, d, J = 

8.8Hz), 7.23 (2H, d, J = 8.3Hz), 7.40-7.45 (m, lH, Ar-H), 

7.52-7.57 (lH, m), 7.62 (lH,·s), 7.77 (lH, d, J = 8.3Hz), 

7.85 (lH, d, J = 8.3Hz), 8.11 (lH, s) 

HPLC: Colwnn; an amylose-based column for use in the 

separation of optical isomers (CHIRALPAI< AD, 4.6~ x 

250 mm, Daicel Chemical· Industries, Ltd.) 
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Solvent; n-hexarie:iso-propanol = 90:10 

Flow rate; 1 ml/min 

Retention time; 31 minutes 

REFERENCE EXAMPLE 78 

Preparation of ethyl C+l-2-f4-f C C2Sl-1-tert-butoxycarbonyl-

2-pyrrolidinyllmethoxyJphenylJ-3-CS-cyanobenzofbJthien-2-

yllpropionate 

54.0 g of 2-(4-[ ( (25)-1-tert-butoxycarbonyl-2-

pyrrolidinyl)methoxy]phenyl]-3-(5-cyanobenzo(b]thien-2-

yl)propionate was dissolved in 400 ml of dry ethanol during 

heating, and 800 ml of dry n-hexane was added to the 

resulting solution. To the thus prepared mixture were 

added 100 mg of sodium hydride and seed crystals of ethyl 

(+)-2-[4-[((25)-1-tert-butoxycarbonyl-2-pyrrolidinyl)­

methoxy]phenyl]-3-(5-cyanobenzo(b]thien-2-yl)propionate. 

After stirring at room temperature for 4 hours, the thus 

stirred mixture was further mixed with 100 mg of sodium 

hydride, and the stirring was continued for additional 18 

hours at room temperature, fallowed by collecting 

precipitated crystals by filtration. The thus collected 

crystals were recrystallized from 22 volumes (w/v) of an 

ethanol/n-hexane mixture . ( 30: 70, w/v). By . re pea ting the 

recrystallization step three times, 37. 0 g of the title 

compound was obtained with a diastereoisomer purity of 

99.5% or more. 
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REFERENCE EXAMPLE 79 

Preparation of ethyl C + l -2- r 4- r C C 35 l-tert-butoxycarbonyl-3-

pyrrolidinyl l oxyJphenyl J -3- C 7-cyano-2-naphthyl l propionate 

This compound was obtained in .similar manner· to 

the procedure of Reference· Example 78. 

- REFERENCE EXAMPLE 80 

Preparation of ethyl 2-C4-C(C2Rl-1-tert-butoxycarbonyl-2-

pyrrolidinyl)rnethoxyJphenylJ-3-CS-cyanobenzo[bJthien-2-yll-

2-ethoxycarbonylpropionate 

4 .1 g of ethyl 2-[ 4-[ ( ( 2R)-1-tert-butoxycarbonyl-

2-pyrrolidinyl)methoxy]phenyl]~2-ethoxycarbonylacetate was 

dissolved in 100 ml .of tetrahydrofuran. At room 

temperature, the thus prepared solution was mixed with 0.38 

g of 60% sodium hydride and stirred for 30 minutes. With 

stirring at room temperature, to the resulting reaction 

solution was added dropwise 10 ml o:t: a tetrahydrofuran 

solution containing 2.1 g of 2-bromornethylbenzo[b]-

thiophene-5-carbonitrile. After concentrating the reaction 

solution to dryness, the resulting. residue was purified by 

subjecting it to silica gel column chromatography using a 

toluene/chloroform mix.ture as an elution solvent, thereby 

obtaining 4.34 g of the title compound in an oily form. 

1H-NMR (CDC13 ) S: 1.21 (6H), 1.46 (9H, s), 2.0 (4H, br), 

3.40 (2H, br), 3.88 (3H), 4.22 (6H), 6.90 (3H), 7.20 (2H, 

d), 7.50 (lH), 7.78 (lH, d), 7.93 (lH, d) 
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The following compounds of Reference Examples 61 

and 82 were prepared in accordance with the procedure 

described in Reference Example 80. 

REFERENCE EXAMPLE 81 

ethyl 3-(5-cyanobenzoCbJthien-2-yl)-2-ethoxycarbonyl-2-£4-

C (2-imidazolin-2-yl)methoxyJphenylJpropionate 

viscous oil 

1H-NMR (CDC13 ) S: 1.22 (6H, t),· 3.63 (4H, s), 3.89 (2H, s), 

4.24 (4H), 4.69 (2H, s), 6.86 (3H), 7.27 (2H), 7.42 (lH), 

7.76 (lH), 7.88 (lH) 

REFERENCE EXAMPLE 82 

ethyl 2-C4-[C(3Sl-l-tert-butoxycarbonyl-3.:..pyrrolidinyll-

oxyJphenylJ-3-(5-cyano-2-benzothiazolyll-2-ethoxycarbonyl-

propionate 

viscous oil 

1H-~ ( CDC13 ) S: 1.22 (6H, t), 1.46 (9H, S) I 2.09 (2H, br) I 

3.56 (4H,_br), 4.13 ( 2H), 4.28 ( 4H 1 q) 1 4.85 (lH, br) I 6.82 

(2H, d) I 7.26 (2H, d) I 7.63 (lH, dd) t 7.95 ( lH, ·. d) I 8.25 

(lH, d) 

REFERENCE EXAMPLE 83 

Preparation of ethyl· 3-CS~cyanobenzo[bJthien-2-yl)-2-[4-

[[2-(ethoxycarbonylimino)hexahydropyrirnidine-5-ylJoxyJ­

phenylJpropionate· 

1.0 g of ethyl 2~[4-[2-(tert-butoxycarbonyl­

arnino)-1-(tert-butoxycarbonylarninornethyl)ethoxy)phenyl]-3-
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(5-cyanobenzo[b]thien-2-yl)propionate was dissolved in 2 ml 

of an·isole. 10 ml of trifluoroacetic acid was added to the 

above solution while stirring under ice cooling, and .the 

thus prepared mixture was stirred at room temperature for 

1 hour. The resulting reaction solution was concentrated 

under a reduced pressure, a~d the thus obtained residue was 

dissolved in water and washed with n-hexane. The resulting 

water layer was adjusted to pH 9-10 with concentrated 

aqueous ammonia and then extracted with chloroform. The 

resulting organic layer was concentrated to dryness, and 

the thus obtained residue was dissolved in 20 ml of dry 

ethanol. To the thus prepared solution was added 300 mg of 

ethyl N-(ethoxy{methylthio)methylene) carbamate which has 

be~n synthesized iri accordance· with the procedure disclosed 

in Journal of the Chemical Society, Parkin I, 1973, pp. 

2644-2646. Thereafter, the thus prepared mixture was 

stirred for 20 hours, arid ,the resulting precipitate was 

collected to obtain 560 mg of the title compound. 

mp: 179-182°.c 

IR (KBr): 2230, 1725, 1638, 1512, 13.37 cm-1 

1H-NMR (CDC13 ) S: 1.13 (3H, t, J = 7.0Hz), 1.17 (3H, t, J = 

7.0Hz), 3.10-4.30 (llH, rn), 4.50-4.80 (lH, m), 6.89 (2H, d, 

J = 8.75Hz), 7.03 (lH, s), 7.26 (2H, d, J = 8.75Hz), 7.46 

(lH, dd, J = S.31 and l.75Hz), 7.82 (lH, d, J = 8.31Hz), 

7.95 (lH, d), 8.70-9.50 (2H, br) 
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REFERENCE EXAMPLE 84 

Preparation of ethyl 3-CS-cyanobenzo[bJthien-2-yll-2-[4-

r [ 2- ( imino) hexahydropyrimidin-·5-yl 1oxy1phenyl1 propionate 

hydrochloride 

a) 2.9 g of potassium thiocyanate was dissolved 

in 150 ml of dry Cfcetone. With stirring under ice cooling, 

to the above solution was added dropwise 6. 8 g of p­

ni trobenzyl chloroformate which had been dissolved in 20 ml 

of acetone. The thus prepared mixture was stirred for 2 

hours with ice cooling, and the resulting mixture was mixed 

with 1. 15 . g of methanol, and stirred at room temperature 

for 20 hours. Thereafter, crystals thus precipitated were 

collected by filtration and washed with chloroform to 

obtain 2.88 g of p-nitrobenzyl methoxy(thiocarbamoyl) 

carbamate in the form of powder. 

1H-NMR (CDC13 ) S: 4.03 (3H, s), 5.33 (2H, s), 7.70 (2H, d, 

J = 9.0Hz), 8.80 (2H, d, J = 9.0Hz) 

b) 3. 5 g of p-nitrobenzyl methoxy(thiocarbarnoyl) 

carbamate obtained in the above step a) and 1. 7 9 g of 

anhydrous potassium car~onate were dissolved in a mixture 

solution of 40 ml of water ~nd 40 ml of dioxane. 1.72 g of 

dimethyl sulfate was gradually added dropwise to the thus 

prepared solution, and the resulting mixture was stirred at 

room temperature for 30 minutes. To the resulting reaction 

solution was added again 300 mg of anhydrous potassium 
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carbonate, followed by the dropwise addition of 300 mg o~ 

dimethyl sulfate. The reaction solution thus obtained was 

diluted with ethyl acetate, washed with water and saturated 

sodium chloride aqueous solution in that order, and then 

concentrated. Thereafter, crystals thus precipitated were 

collected by f il tr a ti on, and washed thoroughly with n­

pentane to obtain 3. 23 ·g of p-ni trobenzyl N- (methoxy­

(methyl thio )methylene) carbamate. 

1 H-NMR (CDC13 ) S: 2.40 (3H, s), 4.00 (3H, s), 5.28 (2H, s), 

·7.56 (2H, d, J = 9.0Hz), 8.22 (2H, d, J = 9.0Hz) 

c) In 10 ml portion of anisole was dissolved 2.0 

g of ethyl 2-[4-[2-(tert-butoxycarbonylamino)-1-(tert­

butoxycarbonylaminomethyl)ethoxy]phenyl]-3-(5-cyanobenzo­

[b]th~en-2-yl)propionate. 30 ml of trifluoroacetic acid 

was added to the above solution during stirring under ice 

cooling, and the mixture was stirred at room temperature 

for 2 hours. The resulting reaction solution was 

concentrated under a reduced pressure, and the thus 

obtained residue was dissolved in water, and washed with n-

hexane. The resulting water layer was adjusted to pH 10 

.with concentrated aqueous ammonia and then extracted with 

chloroform. The resulting organic layer was concentrated 

to dryness, and the thus obtained residuE;! was dissolved in 

50 ml of tetrahydx:ofuran. To the thus prepared solution 

was added 921 mg of p-nitrobenzyl N-(methoxy(methyl-

- 138 -



•. Qi l THISSHE-~ET-l. 
-'~~-RE_P~LA~C_E_o ____ ~ 

thio)rnethylene) carbarnate obtained in the above step b), 

followed by stirring for 18 hours. After distilling off 

the solvent, the resulting residue was purified .by 

subjecting it to silica gel column chromatography using.a 

chloroform/ethanol mixture as an elution solvent, thereby 

obtaining 1.5 g or ethyl 3-(5-cyanobenzo[b]thien-2-yl)-2-

[4-[ [2-(p-nitrobenzyloxycarbonylimino)hexahydropyrimidin-5-

yl]oxy]phenyl]propionate in an viscous and oily form. 

1H-NMR (CDC13 ) S: 1.17 (3H, t, J = 7.0Hz), 3.00-4.30 (lH, 

rn), 4.40-4.70 (lH, m), 5.08 (2H, s), 6.81 (2H, d, J = 

8.3Hz), 7.03 (lH, s), 7.10-7.56 (SH, rn), 7.81 (lH, d, J -

9.3Hz), 7.94 (lH, s), 8.10 (2H, d, J = 8.75Hz), 8.70-9.40 

(2H, br) 

d) In 100 ml portion of ethanol was dissolved 

1.5 g of ethyl 3~(5-cyanobenzo[b]thien-2-yl)-2-[4-[[2-(p­

nitrobenzyloxycarbonylimino)hexahydropyrimidin-5-yl]­

oxy]phenyl]propionate. obtained in the above step c). To 

the thus prepared solution were· added 0. 5 g of ammonium 

chloride and 0.5 g of 10% palladium carbo~ catalyst (50% 

wet type). The resulting mixture was subjected to 2 hours 

of catalytic hydrogenation under normal pressure. After 

removing the catalyst by filtration and distilling off the 

solvent, the resulting residue was purified by subjecting 

it to silica gel column chromatography using a 

chloroform/ethanol mixture as an elution solvent, thereby 
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obtaining 1.0 g of the title compound. 

1H-NMR (CDC13 ) S: 1.21 (3H, t, J = 7.0Hz), 3.00-3.90 (7H, 

m), 4.17 (2H, q, J = 7.0Hz), 4.50-4.80 (lH, br), 6.87 (2H, 

d, J = 8 • 7 Sliz ) , . 7 • 01 ( lH, s ) , 7 • 0 6-7 • 3 6 ( SH) , 7 • 4 4 ( lH, dd , 

J = 7.0 and 1.3Hz), 7.81 (lH, s), 8.07 (2H, s) 

- REFERENCE EXAMPLE 85 

Preparation of ethyl 3.;.cs-cyanobenzoCbJthien-2-yll-2-C4-C2-

C l-pyrrolin-2-yl l aminoethoxy J phenyl J propionate 

hydrochloride 

With stirring, 1.3 g of ethyl 2-[4-(2-tert­

butoxycarbonylaminoethoxy)phenyl]-3-(5-cyanobenzo(b]thien~ 

2-yl)propionate was dissolved in 50 ml of ethanol, and then 

stirred. To this solution was added 25 ml of ethanol 

c9ntaining 13% (w/v) of hydrochloric acid. The thus 

prepared mixture was stirred at 50°C for 30 minutes. After 

distilling off the solvent, the resulting residue was 

dissolved in 50 ml of ethanol, and then stirred. The thus 

prepared solution was mixed with 782 mg of 2-ethoxy-1-

pyrroline, and the mixture was refluxed under heating for 

1.5 hours. After cooling, crystals thus precipitated were 

collected by filtration to obtain 1.1 g of the title 

compound. 

mp: 212-215°C 

1H-NMR (CDC13 ) S:. 1.14 (l.SH, t, J = 7.0Hz), 1.16 (l.SH, t, 

J = 7.0Hz), 2.16 (2H, t, J = 7.SHz), 2.87 (2H, t, J = 
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8.0Hz), 3.20-4.40 (9H), 6.87 (2H, d, J = 8.3Hz), 7.13 (l~, 

s), 7.27 (2H, d_, J = 8.3Hz), 7.48 (lH, dd, J = 8.3 and 

1.3Hz), 7.92 (lH, d, J = 8.3Hz), 8.04 (lH, s), 10.04 (lH, 

br), 10.40 (lH, br) 

REFERENCE EXAMPLE 86 

Preparation of methyl 2-C4-C(C3Sl-l-tert-butoxycarbonyl-3-

pyrrolidinylloxyJphenylJ-3-C5-cyano-2-indolyl)propionate 

In a solvent mixture of 50 ml of tetrahydrofuran 

and 50 ml of methanol were d~ssolved 5.0 g of (5-cyano-2-

indolyl )methyl triphenylphosphonium bromide and 3. 6 g of 

methyl 2-[4-[((3S)-l-tert-butoxycarhonyl-3-pyrrolidinyl)-

oxy]phenyl]-2-oxoacetate. With stirring at room 

temperature, 1.07 g of 1,8-diazabicyclo[5.4.0]-7-undecene 

was added to the thus prepared solution, and the mixture 

was stirred at the s~me temperature for 2 hours. After 

distilling off the solvent, the resulting residue was 

purified by subjecting it to· silica gel column chromato­

graphy using a dichloromethane/acetone mixture as an 

eluant, thereby obtaining methyl 2-[4-[((35)-1-tert­

butoxycarbonyl-3-pyrrolidinyl)oxy]phenyl]-3-(5-cyano-2-

indolyl)acrylate as a mixture of E and z forms. The thus 

obtained compound was dissolved in a solvent mixture of 50 

ml of tetrahydrofuran and 50 ml of - methanol, and the 

resulting solution was mixed with 5. 0 g of palladium 

oxide•1H20•bariurn sulfate, and then subjected to catalytic 
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hydrogenation under normal pressure. After removing the 

catalyst by filtration and distilling off the solvent, the 

resulting residue was purified by subjecting it to si~ica 

gel column chromatography using a dichloromethane/acetone 

mixture as an eluant. · In this way, 3. 5 g of the title 

compound was obta-ined in a viscous and oily f orrn. 

1H-NMR (CDC13 ) S: 1.46 (9H, s), 2.00-2.20 (2H, m), 2.95-4.22 

(7H, m), 4.75-4.90 (lH, br), 6.23 (lH, d), 6.80 (2H, d), 

7.18 (2H, d), 7.20-7.40 · (2H, m), 7.80 (lH, s), 8.80 (lH, 

br) 

The following compounds_ of Reference Examples 87 

to 9 2 were prepared in accordance with the procedure 

described in Reference Example 86. 

REFERENCE EXAMP~E· 87 

methyl 2-f4-f C(3Sl-1-tert-butoxycarbonyl-3-pyrrolidinyll­

oxyJphenylJ-3-(6-cyano-2-indolyllpropionate 

viscous oil 

1H-NMR (CDC13 ) S: 1.50 (9H, s), 2.00-2.25 (2H, br), 3.13 

(lH, dd), 3.37-3.75 (3H, m), 3.97 (lH, dd), 4.70-4.90 (lH, 

br), 6.37 (lH, s), 6.80 (2H, d), 7.10-7.70 (SH, m), 9.25 

(lH) 

REFERENCE EXAMPLE 88 

methyl 2-f4-f (C3S)-l-tert-butoxycarbonyl-3-pyrrolidinyll-

oxyJphenylJ-3-(6~cyano-1-methyl-2-indolyl)propionate 

viscous oil 
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1H-NMR (CDCl3) 6: 1.45 (9H, s), 2.oo-2.2s. (2H, br), 3.13 

(lH, dd), 3.60 (3H, s),· 3.62 (3H, s), 3.90-4.10 (lH, dd), 

4.75-4.90 (lH, br), 6.30 (lH, s), 6.80 (2H, d), 7.10-7.70 

(SH, m), 9.25 (lH) 

REFERENCE EXAMPLE.89 

methyl 2-C4-C(C3Rl-l-tert-butoxycarbonyl-3-pyrrolidinyll­

oxyJphenyl J-3- ( 6--cyano-1-ethyl-2-indolyl )propionate 

viscous oil 

1H-NMR (CDC13 ) S: 1.34 (3H, t, J = 7.2Hz), 1.47 (9H, s), 

2.00-2.30 (2H, m), 2.90-3.30 (3H, m), 3.40-3.80 (4H, m), 

3.66 (3H, s), 4.15 (2H, q, J = 7.2Hz), 4.70-5.00 (lH, br), 

6 • 3 0 ( lH, s ) , 6 . 84 ( 2H, d, J = 8 • 8Hz ) , 7 . 2 7 ( ?H 1 d, J = 

8.8Hz), 7.26 (lH, d, J = 7.0Hz), 7~54 (lH, d, J = 7.0Hz) 

REFERENCE EXAMPLE 90 

methyl 2-[4-C((3Sl~l-tert-butoxycarbonyl-3-pyrrolidinyl)­

oxylphenyll-3-(6-cyano-1-ethyl-2~indolyl)propionate 

viscous oil 

1H-NMR (CDC13 ) S: 1.32 (3H, t, J = 7.2Hz), 1.48 (9H, s), 

2.00-2.30 (2H, m), 2.90-3.30 (3H, m), 3.40-3.8_0 (4H, m), 

3.64 (3H, s), 4.15 (2H, q, J = 7.2Hz), 4.70-5.00 (lH, br), 

6 . 3 o ( lH, s ) , 6 . 84 ( 2H, d,. J = 8 . 8Hz ) , 7 • 2 6 ( 2H, d, J = 

8.BHz), 7.26 (lH, d, J = 7.0Hz), 7.54 (lH, d, J = 7.0Hz) 
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REFERENCE EXAMPLE 91 

methyl 2-[4-f CC3Sl-l-tert-butoxycarbonyl-3-pyrrolidinyll­

oxyJphenylJ-3-Cl-C2-chloroethyll-6-cyano-2-indolylJ-

propionate 

viscous oil 

1H-NMR (CDC13 ) S: 1.47 (9H, s), 2.00-2.30 (2H, m), 3.00-4.20 

(9H, m), 3~66 (3H, s), 4.20-4.60 (2H, m), 4.80-5.00 (lH, 

m), 6.37 (lH, s), 6.84 (2H, d), 7.20-7.80 (SH, m} 

REFERENCE EXAMPLE 92 

methyl 2-[ 4-[ ( 1-tert-butoxycarbonyl-4-piperidinyl·)oxyJ-

phenylJ-3-(6-cyano-1-ethyl-2-indolyllpropionate 

1 . 
H-NMR (CDC13 ) S: 1.34 (3H, t), 1.60-2.00 (4H, m), 3.10 (lH, 

dd), 3.30-3.40 (2H, m), 3.57 (lH, dd), 3.62-3.75 (2H, m), 

3.90-4.30 (3H, m), 4.35 (lH,_m), 6.30 (lH, s), 6.90 (2H, 

d), 7.30 (3H, m), 7.54 (lH, d), 7.58 (lH, s) 

REFERENCE EXAMPLE 93 

Preparation of methyl 2-f4-f C£3Sl-1-tert-butoxycarbonyl-3-

pyrrolidinyl)oxyJphenylJ-3-{5..:..cyano-1-methyl-2-indolyll-

propionate 

3. 0 g of methyl 2-[ 4-[ (( 3S )-1-tert-butoxy­

c arbony l- 3-pyrro l idinyl) oxy] phenyl] -3- ( 5-cyano- 2-

indolyl}propionate was dissolved in 30 ml of N,N-dimethyl-

forrnamide, and then stirred under ice cooling. 270 mg of 

60% sodium hydride was added to the above solution, and the 

stirring was continued for 10 minutes. The resulting 
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reaction solution was mixed with 0.4 ml of methyl iodide, 

and the mixture was stirred at room temperature ·for 1 hour. 

The thus treated reaction solution was diluted with a 

toluene/ethyl acetate mixture, and then washed with . an 

aqueous solution of ammonium chloride. After drying the 

resulting organic-. layer to distill off the solvent, the 

residue thus obtained was ·purified by subjecting it to 

silica gel column chromatography using a dichloromethane/ 

acetone mixture as an elution solvent. In this way, 2.0 g 

of the title compound-was obtained in a viscous and oily 

form. 

1H-NMR (CDC13 ) S: 1.45 (9H, s), 2.00-2.22 (2H, m), 3.05 (lH, 

dd), 3.35-3.BO (SH, m), 3.63 ·(3H, s), 4.00 (lH, dd), 4.75-

5.00 (lH, br), 6.25 (lH, d), 6.85 (2H, d), 7.20-7.50 (2H, 

m), 7.90 (lH, s) 

REFERENCE EXAMPLE 94 

Preparation of ethyl· 2-[4-[(C3S)-1-tert-butoxycarbonyl-3-

pyrrolidinyl)oxyJphenylJ-3-C6-cyano-l,2,3,4-tetrahydro-2-

naphthyl)propionate 

9.0 g of (6-cyano-1,2,3,4-tetrahydro-2-

naphthyl )methyl triphenylph_osphonium p-toluenesulfona te was 

suspended in 150 ml of tetrahydrofuran, followed by gradual 

addition of 60'0 mg of 60% sodium hydride. The thus 

prepared mixture was refluxed under heating for 20 minutes. 

After cooling down to room temperature, to the resulting 
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reaction solution was added 10 ml· of a tetrahydrofuran 

solution containing 4 .16 g of ethyl 2-[ 4- ( ( ( 3S )-l-tert­

butoxycarbonyl.-3-pyrrolidinyl) oxy] phenyl ]-2-oxoaceta te. 

The resulting reaction mixture was stirred for 10 minutes, 

and then refluxed under heating for 2 hours. After cooling 

down to room temperature, the reaction product thus 

obtained was dissolved in ethyl acetate, and washed with 

water and saturated sodium chloride aqueous solution in 

that order. After drying the resulting organic layer to 

·distill off the solvent, the thus obtained residue was 

purified by subjecting it to silica gel column chromate-

graphy using a n-hexane/ethyl acetate mixture as an elution 

solvent, thereby obtaining 3.90 g of ethyl 2-[4-[((3S)-l­

tert-butoxycarbonyl-3-pyrrolidinyl)oxy]phenyl]-3-(6-cyano-

1,2,3,4-tetrahydro-2-naphthyl)acrylate in a yellow oily 

fortn as a mixture of E and Z forms. 2.58 g of the thus 

obtained E/Z mixture was dissolved in 40 ml of ethanol, and 

the resulting solution was mixed with .650 mg of palladium 

oxide• 1H20·bariurn sulfate, _and then subjected to catalytic 

hydrogenation under normal pressure for 5 hours. After 

·removing the catalyst by filtration and distilling off the 

solvent, the resulting residue was purified by subjecting 

it to silica gel column.chromatography using a n-hexane/ 

ethyl acetate mixture as an elution solvent. In this way, 

1.69 g of the title compound was obtained in a yellow oily 
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form. 

1H-NMR (CDC13 ) S: 1.20 (3H, t, J = 7.0Hz), 1.45 (9H, s), 

1.50-3.90 (16H, m), 4.10 (2H, q), 4.82 (lH, m), 6.81 (2H, 

q, J = 9.0Hz), 7.00-7.40 (SH, m) 

_ REFERENCE EXAMPLE 95 

Preparation of ethyl 2-£4-CCC3Sl-l-tert-butoxycarbonyl-3~ 

pyrrolidinyl)oxyJphenylJ-3-(5-cyano-2-benzimidazolyll-

propionate 

a) 3.42 g of 3,4-diaminobenzonitrile and 4.06 g 

of ethyl chloroacetoimidate hydrochloride were dissolved in 

ioo ml of ethanol, and the solution was refluxed under 

heating for 3 hours. After cooling and distilling off the 

solvent, the resulting residue was dissolved in ethyl 

acetate, washed with water, and then dried. After distill-

ing off the solvent, the crystals thus precipitated were 

collected by filtration to obtain 2.7 g of 2-chloromethyl-

5-benzimidazolecarbonitrile. 

mp: 144-146°C 

1H-NMR (CDC13 ) S: 4.83 (2H, s), 7.48 (lH, d, J = 7.lHz), 

7.57 (lH, d, J = 7.lHz), 7.95 (lH, s) 

b) 1. 0 g of 2-chloromethyl-5-benzimidazolecarbo­

nitrile obtained ,in the _above step a) and 2.19 g of tri­

phenylphosphine· were dissolved in 30 ml of 1, 2-dichloro-

ethane, and the solution was heated at a temperature of 

140°C for 1 hour. After cooling and distilling off the 
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solvent, the thus obtained .residue and 2.03 g of ethyl 2-

[4-[((3S)-l-tert-butoxycarbonyl-3-pyrrolidinyl)oxy)phenyl]-

2-oxoacetate were dissolved in a solvent mixture of 20 ml 

of tetrahydrofuran and 20 ml·of ethanol. With stirring at 

room temperature, 1.1 g of l,8-diazabicyclo[5.4.0]-7-

undecene was added-to the thus prepared solution, and the 

mixture was stirred at the same temperature for 72 hours. 

After distilling off the solvent, the resulting residue was 

purified _by subjecting it to silica gel column chromato­

graphy using a· chlorofonn/ethanoi mixture as an elution 

solvent, thereby obtaining 1.5 g of oily ethyl 2-[4-[((35)-

1-tert-butoxycarbonyl-3-pyrrolidinyl)oxy]phenyl]-3-(5-

cyano-2-benzimidazolyl) acrylate as a mixture of E and z 

forms. The thus obtained E/Z mixture was dissolved in a 

sol vent mixture consisting of .· 5 0. ml of tetrahydrofuran and 

50 ml of ethanol, and the resulting solution was mixed with 

1.5 g of palladium oxide•lH20•bariurn sulfate, and then 

subjected to catalytic hydrogenation under normal pressure. 

After removing the c~talyst by filtration and distilling 

off the solvent, the resulting residue was purified by 

subjecting it to silica gel column chromatography using a 

chloroform/ethanol mixture as an elution solvent. In this 

way, 320 mg of the title·compound was obtained in a viscous 

and oily form. 

1H-NMR ( CDCl3) 0: 1. 14 ( 3H I t I J 7. OHz) , 1. 4 8 ( 9H, s) , 
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1.90-2.30 (2H, br), 3.05-3.90 (6H, m), 4.12 (2H, q, J = 
7.0Hz), 4.00-4.30 (lH), 4.70-4.95 (lH, br}, 6.79 (2H, d, J 

= 8.8HZ)i 7.19 (2H, d, J = 8.8Hz), 7.35-8.10 (3H, m) 

FD MS (m/z): 504 (M+), 505 (M+ + 1) 

_ REFERENCE EXAMPLE 96 

Preparation of C+)-CC2Sl-l~p-toluenesulfonyl-2-pyrrolidin­

yl)methyl 2-[4-C(C3Sl-1-tert-butoxycarbonyl-J-pyrrolidin­

yl )oxyJphenylJ-3-( 6-cyano-2-indolyl )propionate and C-l-

(C2Sl-l-p-toluenesulfonyl-2-pyrrolidinyl)methyl . 2-[ 4-

[CC3S)-1-tert-butoxycarbonyl-3-pyrrolidinyl)oxyJphenylJ-3-

(6-cyano-2-indolyl)propionate 

a) An aqueous solution containing 3 g of sodium 

hydroxide dissolved in ·10 ml of water was added to 100 ml 

of a methanol solution containing 22 g of methyl 2-[ 4-

[((3S)-l-tert-butoxycarbonyl~3-pyrrolidinyl)oxy]phenyl]-3-

( 6-cyano-2-indolyl )propionate, and the resulting mixture 

was stirred at room temperature for 24 hours. After 

distilling off the solvent, the remaining portion was 

adjusted to pH 4-5 with citric acid and then extracted with 

ethyl acetate. By drying the extract to distill off the 

solvent, 20 g of 2-[4-[((35)-1-tert-butoxycarbonyl-3-

pyrrolidinyl) ox:yJphenyl ]-3-( 6-cyano-2-in_dolyl )propioriic 

acid was obtained. 

IR (KBr): 3352, 2218, 1710, 1677 cm-1 

b) In 300 ml of dioxane were dissolved 20 g of 
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2-[4-[((3S)-~-tert-butoxycarbonyl-3-pyrrolidinyl)oxy]~ 

phenyl ]-3-( 6-cyano-2-indolyl )propionic acid obtained in the 

above step a) and 11.9 g of ((2S)-1-p-toluenesulfonyl~2-

pyrrolidinyl)methanol. The thus prepared solution was 

"mixed with a catalytically effective amount of 4-dimethyl­

aminopyridine and 9 g of 1,3-dicyclohexylcarbodiimide while 

stirring under ice cooling, and the mixture was stirred at 

room· temperature for 24 hours. After removing precipitated 

materials by filtration and distilling off the solvent, the 

resulting residue was purified by subjecting it to silica 

gel column chromatography using a chloroform/acetone 

mixture as an elution solvent, thereby obtaining 10.5 g of 

(+)-((25)-1-p-toluenesulfonyl-2-pyrrolidinyl}methyl 2-[4-

[((35)-1-tert-butoxycarbonyl-3-pyrrolidinyl)oxy]phenyl]-3-

(6-cyano-2-indolyl)propionate. 

1 · H-NMR (CDC13 ) S: 1.00-1.80 (4H, m), 1.46 (9H, s), 2.00-2.30 

(2H, m), 2.43 (3H, s), 3~00-4.40 {12H, rn), 4.75-5.00 (lH, 

m), 6.30 (lH, s), 6.82 {2H, d), 7.10-7.90. (9H, m), 9.00 

( lH I s) 

By eluting the column again with the same solvent 

system, 9.5 g of (-)-((25)-1-p-toluenesulfonyl-2-

pyrrolidinyl)methyl 2-[4-[((3S)-1-tert-butoxycarbonyl-3-

pyrrolidinyl)oxy"]phenyl]-3-(6-cyano-2-indolyl)propionate 

was obtained. 

1H-NMR (CDC13 ) S: 1.10-2.00 (4H, m), 1.44 (9H, s), 2.00-2.25 
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(2H, m), ·2.41 (3H, s), 2.95-4.10 (lOH, m), 4.20 (2H, d), 

4.70-4.90 (lH, m), 6.25 (lH, s), 6.80 (2H, d), 7.10-7.80 

(9H, m), 9.20 (lH, s) 

REFERENCE EXAMPLE 97 

Preparation of methyl 2-£4-CCC3Sl-1-tert-butoxycarbonyl-3-

pyrrolidinylloxyJphenylJ-3-(6-cyano-1-ethoxycarbonylmethyl-

2-indolyl)propionate 

3.0 g of methyl 2-[4-[ ( (35)-1-tert-butoxy­

carbonyl-3-pyrrolidinyl )oxy)~h~nyl ]-3-( 6-cyano-2-

indolyl)propionate was dissolved in 30 ml of N,N-dimethyl­

formamide. The thus prepared solution was mixed with 280 

mg of 60% sodium hydride while stirring under ice cooling, 

and the stirring was· continued for 20 minutes at the same 

temperature. The resulting reaction solution was mixed 

with 0.7 ml of bromoacetate, and the mixture was stirred 

for 1 hour. The thus treated reaction solution was mixed 

with dilute hydrochloric acid, extracted with a toluene/ 

ethyl acetate mixture, washed with water, and then dried. 

After distilling off the solvent, the resulting residue was 

purified by subjecting it to silica gel column 

chromatography using a dichloromethane/acetone mixture as 

an elution solvent. In this way, 3. 2 g of the title 

compound was obtained in a viscous and oily form. 

1H-NMR (CDC13 ) S: J, •. 26 (3H, t), 1.46 (9H, s), 3.02 (lH, dd), 

3.30-3.70 (SH, m), 3.66 (3H, s), 4.00 (lH, dd), .4.20 (2H, 
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q), 4.80 (2H, s), 4.78-4.90 (lH, m), 6.40 (lH, s), 6.90 

( 2H, d ) , 7 • 2 0-7 • 7 0 ( SH, m )' 

REFERENCE EXAMPLE 98 

Preparation of 2-r4-f CC3S)-1-tert-butoxycarbonyl-3-

pyrrolidinylloxylphenyll-3-(6-cyano-2-indolyllpropanol 

2.7 of methyl 2-[4-[((35)-1-tert-

butoxycarbonyl-3-pyrrolidinyl)oxy)phenyl]-3-(6-cyano-2-

indolyl)propionate was dissolved in 30 ml of 

tetrahydrofuran, f9llowed by the addition of 660 mg of 

sodium borohydride. 12 ml of methanol was added dropwise 

to the thus prepared solution while stirring under ice 

cooling, and the resulting mixture was stirred at room 

temperature f~r 3 hours. The resulting reaction solution 

was mixed with 10% citric acid aqueous solution, extracted 

with dichloromethane, and then dried. After distilling off 

the solvent, the resulting residue was purified by 

subjecting 1t to silica gel column chromatography using a 

dichloromethane/rnethanol mixture as an elution solvent. In 

this way, 2.2 g of the title compound was obtained in an 

oily form. 

1H-NMR (CDC13 ) 6: 1.48 (9~.' s), 1.95-2.25 (2H, m), 2.48 (lH, 

t), 3.00-3.22 (2H, m), 3.40-3.69 (6H; m), 3.70-3.gt() (lH, 

m), 4.70-4.90 ('lH, m), 6.21 (lH, s), 6.80 (2H, d), 7.00-

7.65 (SH, rn), 9.20 (lH, s) 
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Preparation of ethyl 2-C2-C4-C(C3Sl-l-tert-butoxycarbonyl-

3-pyrrolidinylloxyJphenylJ-3-hydroxypropyl]-6-cyano-l-

indoleacetate 

2.0 g of 2-[4-[((3S)-1-tert-butoxycarbonyl-3-

pyrrolidinyl)oxy]phenyl]-3-(6-cyano-2-indolyl)propanol was 

dissolved in 30 ml of N,N-dimethylformamide. 280 mg o~ 60% 

sodium hydride was added to the above solution while 

stirring under ice cooling, and the stirring was continued 

for 20 minutes at the same temperature. The resulting 

reaction solution was mixed with 0.5 ml of ethyl 

bromoacetate, and the mixture was stirred for 1 hour. The 

thus treated reaction solution was mixed with an aqueous 

solution of ammonium chloride, extracted with a 

toluene/ethyl acetate mixture, washed with water, ·and then 

dried . After distilling off the solvent, the resulting 

. residue was purified by subjecting it to silica gel column 

chromatography using a dichloromethane/acetorie mixture as 

an elution solvent. In this way, 1. 5 g of the .title 

compound was obtained in a viscous and oily form. 

1H-NMR (CDC13 ) S: 1.23 (3H, t), 1.45 (9H, s), 1.90-2.20 (2H, 

s), 4.20 (2H, q), 4.50-4.90 (3H),"6.20 (lH, s), 6.78 (2H, 

d) 
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REFERENCE EXAMPLE 100 

Preparation of 2-£2-£4-£((38)-1-tert-butoxycarbonyl-3-

pyrrolidinylloxyJphenylJethylJ-6-indolecarbonitrile 

a) In 40 ml of tetrahydrofuran were dissolved 

1. 31 g of p-hydroxybenzaldehyde, 1. 87 g of ( 3R)-1-tert-

butoxycarbonyl-3-hydroxypyrrolidine and 2.88 g of 

triphenylphosphine. With stirring at room temperature, 

1.9~ g of diethyl azodicarboxylate was added to the thus 

prepared solution, and ·the mixture was stirred for 45 

minutes. After distilling off the solvent, the resulting 

residue was purified by subjecting. it to silica gel column 

chromatography using a benzene/ethyl acetate mixture as an 

elution solvent. In this way, 2.9 g of 4-[((38)-1-tert-

butoxycarbonyl-3-pyrrolidinyl_) oxy] benzaldehyde was obtained 

in an oily form. 

1H-NMR (CDC13 ) S: 1.48 (9H, s),. 2.00-::-2.40 (2H, rn), 3.30-3.80 

(4H, m), 4.90-5.10 (lH, m), 6.98 (2H, d, J = 9.0Hz), 7.84 

(2H, d, J = 9.0Hz), 9.89 (lH, s) 

b) 0.93. g of 4-[ ( (35)-1-tert-butoxycarbonyl-3-

pyrrolidinyl)oxy]benzal.dehyde obtained in the above step a) 

and 1.6 g of (6-cyano-2-indolyl)methyl~riphenylphosphonium 

bromide were dissolved in a solvent mixture of 20 ml of 

methanol and 2 0 ml of tetrahydrofuran. 4 9 0 mg of 1, 8-

diazabicyclo[S..4.0]-7-undecene was dissolved in the thus 

prepared solution while stirring under ice cooling, and the 
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resulting mixture was stirred at room temperature for 3 

hours. After distilling off· the solvent, the resulting. 

residue was purified by subjecting it to silica gel col~ 

chromatography using a chloroform/methanol mixture as an 

elution solvent, thereby obtaining 700 mg of 2-[2-[4-

[ ( ( 3S )-1-tert-buto·xycarbonyl-3-pyrrolidinyl) oxy]phenyl] -

vinyl]-6-indolecarbonitrile as a mixture of E and z forms. 

1H-NMR (CDC13 ) S: 1.43 (9H, s), 1.90-2.23 (2H, m), 3.30-3.70 

(4H, m), 4.75-4.95 (lH, m), 8.65 (lH,· br) 
) 

c) 700 mg of 2-[2-[4-[((35)-1-tert-butoxy-

·carbonyl-3-pyrrolidinyl)oxy]phenyl]vinyl]-6-indolecarbo-

nitrile obtained in the above step b) was dissolved in a 

solvent mixture of 20 ml of methanol and 40 ml of tetra-

hydrofuran. 70 mg of palladium oxide·lH20·barium sulfate 

was added to the solution prepared above, and the mixture 

was subjected to catalytic hydrogenation under normal 

pressure for 3 hours. After removing the catalyst by 

filtration and distilling off the solvent, the .resulting 

residue was purified by subjecting it to silica gel column 

chromatography using a chloroform/methanol mixture as an 

elution solvent. In this way, 650 mg of the title compound 

.was obtained in a viscous and oily form. 

1H-NMR (CDC13 ) S:·l.50 (9H, s), 1.95-2.20 (2H, rn), 4."70-4.90 

(lH, m), 6.30 (lH, s), 6.75 (2H, d), 7.10 (2H, d), 7.10-

7.65 (3H, m}, 9.46 (lH, br) 
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Preparation of ethyl 2-C2-C4-CCC35)-l-tert-butoxycarbonyl-

3-pyrrolidinylloxyJphenylJethylJ-6~cyano-1-indoleacetate 

2.4 g. of 2-[2-[4-[((35)-1-tert-butoxycarbonyl-3-

pyrrolidinyl)oxy]phenyi)ethyl]-6-indolecarbonitrile was 

dissolved in 50 ml of N,N-dimethylformamide. 300 mg of 60% 

sodium· hydride was added to the thus prepai:ed solution 

during stirring under ice cooling, and the resulting 

mixture was warmed up to room temperature and stirred at 

the same temperature for 20 minutes. 0. 76 ml of ethyl 

bromoacetate was added to the above mixture during stirring 

under ice coo~ing, followed by stirring for 1 hour. The 

resulting reaction solution was mixed with an ammonium 

chloride aqueous solution and extracted with a toluene/ 

ethyl ·acetate mixture, and the resulting organic layer was 

washed with water arid dried. After distilling off the 

solvent, the resulting residue was purified by subjecting 

it to silica gel column chromatography using a dichloro-

methane/acetone mixture as an elution solvent. In this 

way, 2.3 g of the title compound was obtained in a viscous 

and oily form. 

1H-NMR (CDC13 ) 6: 1.2 (3H, t), 2.00-2.20 (2H, rn), 2.95 (4H, 

s), 3.30-3.60 (4H, m), 4.18 (2H, q), 4.70 (2H, s), 6~36 

(lH, s), 6.75 (2H, d), 7.00-7.60 (SH, rn) 
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REFERENCE EXAMPLE 102 

Preparation of 2-f r 4-f( 1-tert-butoxycarbonyl-4-piperidin­

ylloxyJphenylJmethylJ-5-benzofurancarbonitrile 

a) 5.07 g of potassium hydroxide was added to.30 

ml of diethylene glycol, and the mixture was stirred at 

room temperature - during which 5. 5 g of 80% hydrazine 

dihydrate • 2H20 and 5. 0 g of 5-bromo-2- ( 4-methoxybenzoyl )-

benzofuran were further added. The thus prepared mixture 

was refluxed under heating. After cooling, the resulting 

reaction solution was adjusted to pH 4-5, extracted with. 

benzene, and then dried. After distilling off the solvent, 

the resulting residue was purified by subjecting it to 

silica gel column chroma_tography using a n-hexane/ iso-

propanol mixture as an eluti~n solvent, ther~by obtaining 

3.95 g of 5-bromo-2-(4-methoxybenzyl)benzofuran as a brown 

oily material. 

1H-NMR (CDC13 ) S: 3.80 (3H, s), 4.02 (2H, s), 6.23 (lH, s), 

6.90 (2H, d, J = 9.0Hz), 7.20-7.40 (4H, m), 7.57 (lH, rn) 

b) 3.95 g of 5-brorno-2-(4-rnethoxybenzyl)benzo-

furan obtained in the above step a). and 1.67 g of cuprous 

cyanide were suspended in 20 ml of N-methyl-2-pyrrolidone, 

and the suspension was heated at a temperature of 200 to 

220°C in a stream of nitrogen. After cooling, the 

resulting reaction product was dissolved in chloroform, and 

insoluble materials were removed by filtration. The 
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resulting organic layer was washed · with water and 

concentrated to dryness. Thereafter, · the thus obtained 

residue was purified by subjecting· it to silica gel column 

chromatography using a n-hexane/iso-propyl ether mixture as 

an elution solvent, thereby obtaining 3.10 g of 2-(4-

methoxybenzyl)-5-benzofurancarbonitrile. 

mp: 78-80°C 

1H-NMR (CDC13 ) S: 3.80 (3H, s), 4.10 (2H, s), 6.39 (lH, s),· 

6.90 (2H, d, J = 9.0Hz)~ 7.22 (2H, d), 7.46 (2H), 7.78 (lH, 

s) 

c) 3. 0 · g of 2- ( 4-methoxybenzyl )-5-benzofuran-

carbonitrile obtained in the above step b) was dissolved in 

30 ml of dichloromethane, and the solution was cooled down 

to -50°C. With stirring, to the above solution was added 

dropwise 20 ml of a dichloromethane solution containing 

2. 23 ml of boron tribromide .. After gradually warming up 

the mixture to room temperature, stirring was continued for 

1 hour. The resulting reaction solution was diluted with 

chloroform, washed with dilute hydrochloric acid, and then 

dried. After distl.lling off the solvent, the crystals thus 

precipitated were collected by filtration to obtain 2.48 g 

of 2-(4-hydroxybenzyl)-5-benzofurancarbonitrile in the form 

of yellow prism crystals. 

1H-NMR (CDC13 ) S: 4.02 (2H, s)., 6.45 (lH, s), 6.77 .(2H, d, 

J = 9.0Hz), 7.10 (2H, d), 7.48 (2H), 7.81 (lH, s) 
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d) In 50 ml of tetrahydrofuran were dissolved 

1.50 g of 2-(4-hydroxybenzyl)-5-benzofurancarbonitrile 

obtained in the above step c), 2.37 g of triphenylphosp~ine 

and 1. 21 g of l-tert-butoxyc.arbonyl-4-hydroxypiperidine. 

With stirring at room temperature, the thus prepared 

solution was mixed with 1.57 g of diethyl azodicarboxylate, 

and the stirring was continued for 4 0 hours ~ After 

distilling off ·the solvent, the resulting residue was 

purified by subjecting it to silica gel column chromate-

graphy using a n-hexane/ethyl acetate mixture as an elution 

solvent. In this way, 1.30 g of the title compound was 

obtained in the form of colorless needle crystals. 

mp: 144-146°C 

1H-NMR (CDC13 ) S: 1.47 (9H, s), 1.60-2.00 (4H, m), 3.20-3.90 

(4H, m), 4 .• os (2H, s), 4.44 (lH, m), 6.41 (lH, s), 6.87 

(2H, d, J = 9.0Hz), 7.20 (2H, d, J = 9.0Hz); 7.47 (2H), 

7.79 (lH, s) 

REFERENCE EXAMPLE 103 

Preparation of 3-C3-f4-£((3S)-1-tert-butoxycarbonyl-3-

pyrrolidinyl)oxyJphenylJpropylJ-S~benzofurancarbonitrile 

a) 2.14 g of (5-cyano-3-benzofuranyl)methyltri­

phenylphosphonium chloride and 0.7 g of 4-methoxyphenyl-

acetaldehyde were dissolved in a solvent mixture of 100 ml 

of tetrahydrofuran and 100 ml of ethanol. The thus 

prepared solution was mixed with 0. 71 g of 1, 8-diaza-
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bicyclo[S.4.0]-7-undecene and stirred for 24 hours. After 

distilling off the solvent, the resulting residue was 

purified by subjecting it to silica gel column chrom~to­

graphy using ·toluene· as an elution solvent, the~eby 

obtaining 0.86 g of yellow and oily 3-(3-(4-methoxyphenyl)-

ally! ]-5-benzofurancarboni trile as a mixture of E and Z 
. . 

forms. The thus obtained E/Z mixture was dissolved in 100 

ml of ethanol, and the solution was subjected to catalytic 

hydrogenation under normal pressure in the presence of 370 

mg of 5% palladium carbon catalyst. Thereafter, the 

catalyst was removed by filtration, and the solvent was 

distilled off to obtain 0.6 g of 3-[3-(4-methoxyphenyl)-

propyl]-5-benzofurancarbonitrile. The thus obtained 

methoxy compound was dissolved in 20 ml of dichloromethane. 

With stirring at -40°C, to the resulting solution was added · 

dropwise 10 ml of a dichloromethane solution containing 0.4 

ml of boron tribromide. The resulting mixture was warmed 

up to room temperature and stirred for 2 hours. The 

resulting reaction solution was poured into cold dilute 

hydrochloric acid and extracted with chloroform. After 

drying the resulting organic layer .and distilling off the 

solvent, the thus obtained residue was purified by 

subjecting it to silica gel column chromatography using 

toluene as an elution solvent. In this way, 280 mg of 3-

[3-( 4-hydroxyphenyl)propyl]-5-benzofurancarbonitrile. 
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1H-NMR (CDC13 ) S: 2.0 (2H, m)~ 2 .. 6~ (4H, m), 6.80 (2H, d), 

7.16 (2H, d), 7.52 (3H, m), 7.79 (lH) 

b) In 20 ml of tetrahydrofuran were dissolved 

280 mg of 3~[3-(4-hydroxyphenyl)propyl]-5-benzofurancarbo­

nitrile obtained in the above step a), 280 mg of (3R)-1-

tert-butoxycarbonyl-3.-hydroxypyrrolidine and 400 mg of 

triphenylphosphine. With stirring at room temperature, the 

thus prepared solution was mixed with 265 mg. of diethyl 

azodicarboxylate, and the stirring was continued for 24 

hours. After distilling off the sol vent, the resulting 

residue was purified by subjecting it to silica gel column 

chromatography using a n-hexane/ethyl acetate mixture as an 

elution solvent. In this way, 400 mg of the title compound 

was obtained in a yellow and _oily form. 

1H-NMR (CDC13 ) S: 1.46 (9H, s), 2.05 (4H, m), 2.66 (4H, m), 

3.60 (4H, br), 4.85 (lH, br), 6.85 (2H, d), 7.05 (2H, d), 

7.53 (3H, m), 7.83 (lH) 

REFERENCE EXAMPLE 104 

Preparation of 4-[(.(3Sl-l-tert-butoxycarbonyl-3-

pyrrolidinyl)oxyJ-3-methoxybenzaldehyde 

In 50 ml of tetrahydrofuran were dissolved 3.04 

g_ of vanillin, 3.74 g of (3R)-l-tert-butoxycarbonyl-3-

hydroxypyrrolidlne and 5.24 g of triphenylphosphine. The 

thus prepar.ed solution was mixed with 4. 00 g of diethyl 

azodicarboxylate, and the mixture was stirred at room 
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temperature for 18 hours .• After concentrating the 

resulting reaction solution, the thus obtained residue was 

purified by subjecting it to silica gel column chrom~to­

graphy using· an ethanol/chloroform mixture· as an elution 

solvent. In this way, 5 . 0 g of the title compound was 

obtained in an o~ly form. 

1H-NMR (CDC13 ) S: 1.47 (9H, s), 2.00-2.40 (2H, m), 3.50-3.80 

(4H, m), 3.90 (3H, s), 5.02 (lH, br), 6.80-7.60 (3H, m), 

9.86 (lH, s) 

REFERENCE EXAMPLE. 105 

Preparation of 4-££4-(N-acetyllaminomethylcyclohexyll-

methoxyJbenzaldehyde 

The title compound was prepared in accordance 

with the procedure as described in Reference Example 104. 

1H-NMR (CDC13 ) S: 0.80-2.10 (lOH, m), 3.13 (2H, dd, J = 6.1 

and 6.lHz), 3.84 (2H, d, J = 6.lHz), 5.56 (lH, br), 6.97 

(2H, d, J = 8.7Hz), 7.82 (2H, d, J = 8.7Hz), 9.88 (lH, s). 

REFERENCE EXAMPLE 106 

Preparation of 3-acetoxy-4-CCC3Sl-l-acetyl-3-pyrrolidin-

ylloxyJbenzaldehyde 

a) 5. 5 g of 4-( ( ( 3S )-1-tert-butoxycarbonyl-3-

pyrrolidinyl)oxy]-3-methoxybenzaldehyde was dissolved in 20 

ml of dichlorornethane, followed by the addition of 30 ml of 

formic acid. The thus prepared mixture was stirred at room 

temperature for 1 hour and then at 50°C for 1 hour. The 
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solvent and formic acid were distilled off under a reduced 

pressure, and the resuiting residue was dissolved in 100 ml 

of tetrahydrofuran. The thus prepared solution was m~xed 

with 2. 68 g of acetyl chloride, and 8. 63 g of triethylam_ine 

was added dropwise thereto while stirring under ice 

cooling. Thereafter, the solvent was distilled off, and 

the residue thus obtained was dissolved in chlorofonn, and 

washed with water, followed by drying of the resulting 

organic layer. After distilling off the solvent, the 

resulting residue was purified by subjecting it to silica 

gel column. C?hrornatog:r::aphy using toluene as an elution 

solvent, thereby obtaining 4.3 g·.of 4-[((38)-1-acetyl-3-

pyrrolidinyl)oxy]-3-methoxybenzaldehyde as a viscous oil. 

1H-NMR (CDC13 ) B: 2.04 (SH, m), 3.50-4.00 (4H, rn), 3.90 (3H, 

s), 5.10 (lH, br), 6.80-7.60 (3H, m), 9.86 (lH, s) 

b) 4.3 g of 4-[((38)-1-acetyl-3-pyrrolidinyl)-

oxy]-3-methoxybenzaldehyde obtained in the above step a) 

was dissolved in 40 ml of dichloromethane, and the solution 

was cooled down to -70°C. With stirring, to the above 

solution was added dropwise 12. 6 ·g of boron tribromide. 

The thus prepared reaction solution was warmed up to 0°C 

and then poured into_ ice water, followed by extraction with 

chloroform. The resulting organiG layer was concentrated. 

to dryness, and the thus obtained residue was crystallized 

from a chloroform/n-hexane · solvent system, thereby 
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obtaining 2.0 g of 4-[((35)-1-acetyl-3-pyrrolidinyl)oxy]-

3-hydroxybenzaldehyde. The thus obtained compound was used 

in the following reaction without further purification. 

1H-NMR (CDC13 :DMSO-d6 = 9:1) S: 2.00-2.50 (SH, m), 3.50-4.00 

(4H, m), 5.32 (lH, br), 6.96 (lH, d, J = 8.0Hz), 7.22-7.58 

(2H, m), 9.81 (lH, s) 

c) 1.1 g of 4-[((35)-1-acetyl-3-pyrrolidinyl)-

oxy]-3-hydroxybenzaldehyde obtained in the above step b) 

was suspended in 5 ml·of pyridine, followed by the addition 

of 0.86 g of acetic anhydride. The thus prepared mixture 

was stirred at room temperature for 1 hour. After drying 

the resulting reaction solution under a reduced pressure, 

the thus obtained residue.was purified by subjecting it to 

silica gel column chromatography using an ethanol/chloro-

form mixture as an elution solvent. In this way, 1.30 g of 

the title compound was obtained in an oily form. 

1H-NMR (CDCl3) S: 2.06 (3H, s), 2.28 (3H, s), 2.00-2.40 (2H, 

rn), 3.40-3.90 (4H, m), 5.60 (lH, br), 6.90-7.90 (3H, m), 

9. 90 ( lH, s) 

REFERENCE EXAMPLE 107 

Preparation of 4-f (l-trityl-4-irnidazolyl)rnethoxy]-

benzaldehyde 

1.22 g of p-hydroxybenzaldehyde and 4.08 g of 4-

chlorornethyl-1-tritylimidazole were dissolved in 40 ml of 

N,N-dimethylformamide, followed by adding 1.66 g of 
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anhydrous potassium carbonate and subsequently stirring ~t 

room temperature for 40 hours. The· thus prepared reaction 

solution were partitioned between water and benzene,_ and 

the resulting organic layer was concentrated to dryness. 

The resulting residue was purified by subjecting it to 

silica gel columil chromatography using chloroform as an 

elution solvent, and the thus purified product was 

crystallized from an-hexane/benzene.solvent system. In 

this way, 2.3 g of the title compoun~ was obtained. 

mp: 181-182°C 

1H-NMR (CDC13 ) S: 5.09 (2H, s), .6~90 (lH, d, J = l.lHz), 

7.90-7.40 (17H, m), 7.47 (lH, d, J = l.lHz), 7.81 (2H, d, 

J = 8.8Hz), 9.88 (lH, s) 

REFERENCE EXAMPLE 108 

Preparationof 2-f2-f4-f CC3Sl-l-acetyl-3-pyrrolidinyl)oxyJ-

3-hydroxyphenylJethylJ-5-benzofurancarbonitrile 

a) 1.3 g of 3~acetyloxy-4-[((3S)-1-acetyl-3-

pyrrolidinyl)oxy]benzaldehyde and 2.22 g of (5-cyano-2-

benzofuranyl)methyltriphenylphosphonium chloride were 

dissolved in a solvent mixture of 10 ml of tetrahydrofuran 

and 10 ml of ethanol, followed by the addition of 0.943 g 

of 1,8-diazabicyclo[S.4.0]-7-un~e~e~e and by subsequent 

stirring at room temperature for 2 hours. To the mixture 

obtained were further added 1. 88 g of 1, 8-diaza­

bicyclo[ 5. 4. 0 ]-7-undecene and 3 ml of water, followed by 
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stirring at room temperature for 2 hours. The thus 

prepared reaction solution was adjusted to pH 4-5 with 10% 

citric acid aqueous solution and conceritrated under a 

reduced pressure, and the resulting residue was extracted 

with chloroform, and then dried. After distilling off the 

solvent, the resulting residue was purified by subjecting 

it to silica.gel column chromatography using a chloroform/ 

ethanol mixture as an elution solvent, thereby obtaining 

1.8 g of 2-[2-[4~[((3S)-1-acetyl-3-pyrrolidinyl)oxy)-3-
. . 

hydroxyphenyl]vinyl)-5-benzofurancarbonitrile as a powdery 

mixture o·f E and z forms . 

1H-NMR (CDCl3) S: 2.00-2.50 (Sa, m), 3.40-4.00 (4H, m), 5.00 

(lH, br), 6.30-7.90 (9H, m) 

b) 1.8 g of 2-[2-[4-(((35)-1-acetyl-3-

pyrrolidinyl)oxy]-3-hydroxyphenyl]vinyl]-5-benzofuran-

carbonitrile obtained in the above step a) was dissolved in 

a solvent mixture of 300 ml of tetrahydrofuran and 300 ml 

of ethanol, and the solution was su~jected to catalytic 

reduction under normal pressure for 5 hours in the presence 

of 340 mg of palladium oxide•lH20•barium sulfate. After 

removing the catalyst by filtration.and concentrating the 

resulting filtrate, the crystals thus precipitated were 

collected by f il tr a ti on to obtain 1. 6 g of the title 

compound in the form of colorless crystals. 

mp: 191-i93°C 
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IR (KBr): 2224, 1644, 1512 cm-1 

1H-NMR (CDCl3) S: 2.09 (3H, s), 2.00-2.50 (2H, m), 3.04 (4H, 

s), 3.50-3.90 (4H, m), 4.96 (lH, br), 6.40 (lH, s), 6.50-

6.90 (3H, m), 7.50 (2H, s), 7.80 (lH, s) 

The following compounds of Reference Examples 109 

and 110 were prepared in accordance with the procedure as 

described in Reference.Example 108. 

REFERENCE EXAMPLE 109 

2-C2-C4-CC4-CN-acetyllaminomethylcyclohexy1Jmethoxyl-

phenylJethylJ-5-benzofurancarbonitrile 

mp: 159-161°C 

1H-NMR (CDC13) S: 0.80-2.10 (lOH, m), 1.99 (3H, s), 3.04 

(4H, s), 3 .• 19 (2H, dd, J = 6.1 and 6.lHz), 3.63 (2H, d, J 

= 6.lHz), 5.50 (lH_, br)~ 6.40 (lH, s), 6.79 (2H, d, J = 

8.3Hz), 7.08 (2H, d, J = 8.3Hz), 7.49 (2H), 7.79 "(lH) 

REFERENCE EXAMPLE 110 

2-[2-[4-C(l-trityl-4-imidazolyl)methoxylphenylJethylJ-5-

benzofurancarbonitrile 

mp: 165-167°C 

1H-NMR (CDC13 ) S: 3.03 (4H, s), 4.97 (2H, s), 6.38 (lH, s), 

6.90-7.70 (22H, m), 7.78 (lH, s) 

REFERENCE EXAMPLE 111 

Preparation of 2- C 2- C 4- [ ( 1-imidazolyl ) methyl 1 phenyl 1ethyl1-

5-benzof urancarboni tr ile 

a) 911 mg of 4-hydroxymethylbenzaldehyde and 2. 0 
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g of (5-cyano-2-benzofuranyl)~ethyltriphenylphosphoni:um 

chloride were dissolved in a solvent mixture of 10 ml of 

tetrahydrofuran and 10 ml of ethanol, fallowed by . th~ 

addition of 845 mg of 1,8-diazabicyclo[S.4.0]-7-undecene 

and by subsequent stirring at room temperature for 1 hour. 

After distilling off the solvent, the resulting residue was 

purified by subjecting it to silica gel column chrornato-

graphy, thereby obtaining 2.3 g of 2-[2-(4-hydroxymethyl­

phenyl)vinyl]-5-benzofurancarbonitrile as a mixture of E 

and z forms. 2. 3 g of the thus obtained E/Z mixture was 

dissolved in a solvent mixture of ~0.rnl of tetrahydrofuran 

and 10 ml of ethanol, and the solution was subjected to 

catalytic hydrogenation under normal pressure for 7 hours 

in the presence of 800 mg of palladium oxide• 1H20•barium 

sulfate. After removing the catalyst by filtration and 

distilling off the solvent, the resulting residue was 

purified by subjecting it to silica gel column chromato-

graphy using chloroform as an elution solvent to obtain 835 

mg of 2-[ 2-( 4-hydroxymethylphenyl)ethyl]-5-benzofuran-

carbonitrile as crystals. 

mp: 123-124°C 

1H-NMR (CDC13 ) 6: 1.60 (lH, s), 3.10 (4H, s), 4.67 (2H, s), 

6.41 (lH, s), 7.20 (2H, d, J = 8.2Hz), 7.34 (2H, d, J = 

8.2Hz), 7.52 (2H, s), 7.82 (lH, s) 

b) 835 mg of 2-[2-(4-hydroxymethylphenyl)ethyl]-
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5-benzofurancarbonitrile obtained in· the above step a) was 

dissolved in 15 ml of thionyl chloride, and the solution 

was stirred at room temperature for 1 hour_. Thereaf ~er, 

thionyl chloride was distilled off, and the resulting 

residue was dissolved in 30 ml of acetonitrile, together 

with 550 mg of -N-acetylimidazole and 600 mg of sodium 

iodide. The thus prepared solution was refluxed for 3 

hours. After distilling, off the sol vent, the resulting 

residue was purified by subjecting it to silica gel colwnn 

chromatography using chloroform as an elution solvent. In 

this way, 800 mg of· the title compound was obtained in the 

form of brown crystals. 

mp: 72-73°C 

1H-NMR (CDC13 ) S: 3.08 (4H, s), 5.09 (2H, s), 6.40 (lH, s), 

6.89 (lH, s), 7.00-7.18 (SH, m), 7.49 (2H, s), 7.56 (lH, 

s), 7.79 (lH, s) -

REFERENCE EXAMPLE 112 

Preparation of 4-[2-CS-cyano-2-benzofuranyllethylJbenzoic 

a) 5.17 g of methyl 4-formylbenzoate and 13.97 

g of ( 5-cyano-2-benzofuranyl)methyl triphenylphosphonium 

chloride were dissolved in a solvent mixture of 50 ml of 

tetrahydrofuran and. 50 ml of methanol. A 5.02 g of 1,8-

diazabicyclo[S.4.0)-7-undecene was added to the thus 

prepared solution while stirring under ice cooling, 
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followed by s~irring at room temperature for 2 hours. By 

collecting the precipitated. crystals through a filter, 

methyl 4-[2-(S-cyano-2-benzofuranyl)vinyl]benzoate was 

obtained as a mixture of E and Z forms. The thus obtained 

crystals were dissolved in a solvent mixture of 300 ml of 

tetrahydrofuran and 100 ml of ethanol, and the solution was 

subjected to catalytic hydrogenation under normal pressure 

for 2 hours in the presence of 2.0 g of palladium 

oxide•lH20•barium sulfate. After removing the catalyst by 

filtration and concentrating the resulting filtrate, the 

thus obtained residue was purified by subjecting it to 

silica gel column chromatography using benzene as an 

elution solvent to obtain 8.f g of.methyl 4-[2-(S-cyano-2-. 

benz9furanyl)ethyl]benzoate in the form of prism crystals. 

mp: 114-115°C 

1H-NMR (CDC13 ) S: 3.13 (4H, s), 3.90 (3H, s), 6.31 (lH, s), 

7 . 2 6 ( 2H, d, J = 8 • 5Hz ) , 7 . 5 0 ( 2H, s ) , · 7 . 8 0 ( lH, s ) , 7 . 9 8 

(2H, d, J = 8.SHz) 

b) 1. 5 g of methyl 4-[ 2- ( 5-cyano-2-benzo-

~uranyl)ethyl]benzoate obtained in the above step a) was 

dissolved in a solvent mixture.of 20 ml of tetrahydrofuran 

and 20 ml of ethanol, followed by the addition of 11 ml of 

1 N sodium hydroxide aqueous solution and by subsequent 

stirring at room temperature for 14 hours. Thereafter, the 

resulting reaction solution was adjusted to pH 2 with 
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concentrated hydrochloric acid, and the thus precipitated 

crystals were·collected by filtration, washed with water, 

and then dried. In this way, 1.41 g of the title compound 

was obtained. 

mp: 234-235°C 

1H-NMR (DMSO-d6 ) S·: 3.13 (4H, s), 6.70 (lH, s), 7.44 (2H, d, 

J = B • OHz ) , 7 . 6 9 ( 2H, s ) , 7 . BB ( 2H, d , J = B • OHz ) , B • 0 6 

( lH, s) 

REFERENCE EXAMPLE 113 

Preparation of 2-C2-£4-C(4-methyl-1-piperazinyl)carbonylJ­

phenylJethylJ-5-benzofurancarbonitrile 

1. 35 g of 4-[ 2-( 5-cyano-2-benzofuranyl) ethyl]-

benzoic acid was refluxed for 2 hours in 15 ml of thionyl 

chloride. Thereafter, thionyl chloride was distilled off, 

and the thus obtained residue was dissolved in 10 ml of 

tetrahydrofuran. The thus prepared solution was added 

dropwise to 20 ml of a tetrahydrofuran solution containing. 

1. 0 g of l~methylpiperazine which was stirred under ice 

cooling. After stirring at room temperature for 1 hour and 

subsequent removal of the solvent by distillation, the 

resulting residue was dissolved in chloroform and washed 

with saturated sodium bicarbonate aqueous solution. After 

drying the resulting organic layer and distilling off the 

solvent, the thus obtained residue was purified by 

subjecting it to. silica gel column chromatography using a 
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chloroform/ethanol mixture as an elution solvent. In this 

way, 1.35 g of the title compound was obtained in the form 

of crystals. 

mp: 115-116°C 

1H-NMR (DMSO-d6) 6: 2.34 (3H, s), 2.43 (4H, br), 3.11 (4H, 

s ) , 3 . 6 4 ( 4H, br )-, · 6 • 4 2 ( lH, s ) , 7 • 2 6 ( 2H, d ,· J = 9 . OHz ) , 

7.40 (2H, d, J = 9.0Hz), 7~50 (2H, s), 7.80 (lH; s) 

REFERENCE EXAMPLE 114 

Preparation of 2-[ 2-[ 4·_ r r ( 2-pyrazinyl) amino 1carbonyl1-

phenylJethylJ-5-benzofurancarbonitrile 

a) At room temperature, 1 g of 4-(2-(5-cyano-2-

benzofuranyl)ethyl]benzoic acid and 578 mg of 1-

hydroxybenzotriazole were dissolved in 100 ml of dichloro-

methane, followed by the addition of 780 mg of 1,3-dicyclo­

hexylcarbodiimide and by subsequent· stirring at the same 

temperature for 3 hours. After distilling off the solvent, 

the· resulting residue was purified by subjecting it to 

silica gel column chromatography using a chloroform/ethanol 

mixture as an elution solvent, and the t.hus purified 

product was crystallized from a benzene/n-hexane mixture. 

In this way, 1.1 g of 2-[2-[4-[ [ (1-benzotriazolyl)oxy]-

carbonyl]phenyl)ethyl]-5-benzofurancarbonitrile was 

obtained in a powdery form. 

mp: 171-172°C 

1H-NMR (CDCl3) 6: 3.14 (4H, s), 6.48 (lH, s), 7.30-8.30 
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(llH, m) 

MS (m/z): 409 (M+ + 1) 

b) 100 mg of 2-[2-[4-[[(l-benzotriazolyl)oxy]-

carbonyl]phenyl]ethyl]-5-benzofurancarbonitrileobtainedin 

the above step a) and 23. 3 mg of aminopyrazine were 

dissolved in 2 ml of N,N-dimethylformamide. The thus 

prepared solution was mixed with 13. 0 mg of 60% sodium 

hydride and stirred at room temperature for 2 hours. The 

resulting reaction solution was diluted with ethyl acetate, 

washed with water, and then dried. After distilling off 

the solvent, the resulting residue was purified by subject-

ing it to silica gel column chromatography to obtain 55 mg 

of the title compound in a powde+Y form. 

mp: 183-185°C 

1H-NMR (CDC13 ) S: 3.17 (4H, s), 6.42 (lH, s), 7.34 (2H, d, 

J = 9.0Hz), 7.59 (2H, s), 7.81 (lH, s), 7.90 (2H, d, J = 

9.0Hz), 8.26 (lH, dd, J = 3.0 and 1.6Hz), 8.40 (lH, d, J = 

3.0Hz), 8.65 (lH, br), 9.74 (lH, d, J = 1.6Hz) 

REFERENCE EXAMPLE 115 

Preparation of methyl f 5-C ( ( 3S )-1-tert-butoxycarbonyl-3-

pyrrolidinyl l oxyJ -2- C 2- C 5-cyano-2-benzofuranyl) ethyl J -

phenylJoxyacetate 

a) In 40 ml of tetrahydrofuran were dissolved 

1.38 g of 2,4-dihydroxybenzaldehyde, 1.87 g of (3R)-l-tert­

butoxycarbonyl-3-hydroxypyrrolidine and· 2.88 g of tri-
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phenylphosphone. The thus prepared solution was mixed with 

1.91 g of diethyl· azodicarboxylate and stirred at room 

temperature for 1 hour. After distilling off the solv~nt, 

the resulting residue was purified by subjecting it to 

silica gel column chromatography, .thereby obtaining 1.2 g 

of 4-[((3S)-1-tert-butoxycarbonyl-3-pyrrolidinyl)oxy]-2-

hydroxybenzaldehyde in a viscous and oily form. 

1H-NMR (CDC13 ) S: 1.47 (9H, s); 2.00-2.36 (2H, m), 3.30-3.75 

(4H, m), 4.94 (lH, quint), 6.38 (lH, d, J = 2.lHz), 6.52 

(lH, dd, J = 8.0 and 2.lHz), 7.44 (lH, d, J = 8.0Hz), 9.72 

(lH, s), 11.45 (lH, s) 

b) 1.27· g of 4-[((3S)-1-tert-butoxycarbonyl-3-

pyrrolidinyl)oxy]-2-hydroxybenzaldehyde obtained in the 

above step a) and 0. ~84 g of ethyl bromoacetate were 

dissolved in 100 ml of acetone. The thus prepared solution 

was mixed with 1.12 g of anhy~rous po~assium carbonate, and 

the mixture was refluxed for 1.5 hours. After cooling, 

insoluble materials were removed by filtration, and the 

solvent was distilled off. T,hereaf ter, the resulting. 

residue was purified by subjecting it to silica gel column 

chromatography to obtain 1. 44 g of ethyl [ 2-formyl-5-

[ ( ( 3S )-1-tert-butoxycarbonyl-3-pyrrolidinyl) oxy]phenyl] -

oxyacetate in a viscous and oily form. 

1H-NMR (CDC13 ) S: l.30 (3H, t, J = 7.0Hz), 1.47 (9H, s), 

2 . 0 0-2 . 2 8 ( 2H, m) , 3 . 3 6-3 . 7 0 ( 4 H, m) , 4 . 2 8 ( 2H, q) , 4 . 71 
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(2H, s), 4.94 (lH, quint), 6.31 (lH, d, J = 2.2Hz), 6.53 

(lH, dd, J = 8.8 and 2.2Hz), 7.84 (lH, s), 10.39 (lH, s) 

c) 1. 44 g of ethyl ( 2-formyl-5-[ ( ( 3S )-1-t~rt­

bu toxycarbonyl-3-pyrrolidinyl) oxy] phenyl] oxyaceta te 

obtained in the above step b) and 1.71 g of (5-cyano-2-

benzofuranyl)methyltriphenylphosphonium chloride were 

dissolved in a solvent mixture of 10 ml of tetrahydrofuran 

and 10 ml of methanol. The. thus prepared solution was 

mixed with 0.664 g of 1,B-diazabicyclo[S.4.0]-7-undecene, 

and the mixture was stirreq for 1 hour. After distilling 

off the solvent, the resulting residue was purified by 

subjecting it to silica gel column chromatography using a 

benzene/ethyl acetate mixture as an eluant,. thereby 

obtaining 1.B g of an olefinic compound as a mixture of E 

and Z forms. 1 ·. B g ·of the thus obtained olef inic compound 

was dissolved in a solvent mixture of 40 ml of tetrahydro-

furan and 40 ml of ethanol, and the resulting solution was 

subjected to catalytic hydrogenation under normal pressure 

in the presence of 0.22 g of palladium oxide•barium 

sulfate•lH20. After removing the catalyst by filtration, 

the resulting residue was purified by subjecting it to 

silica gel column chromatography using a benzene/ethyl 

acetate mixture as an eluant. In this way, 1.6 g of the 

title compound was obtained in a viscous oily form. (Ester 

interchange ·was effected ~uring the reaction.) 
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1H-NMR (CDC13 ) S: 1.46 (9H, s), 1.96-2.08 (2H, m), 3.08 (4H, 

s), 3.36-3.68 (4H, m), 3.80 (3H, m), 4.62 (2H, s), 4.80 

( lH, br ) , 6 • 3 0 ( lH, s ) , 6 • 3 6 ( lH, d , J = 8 . OHz ) , 6 • 4 3 

(lH,s), 7.02 (lH, d, J = 8.0Hz), 7.46 (2H, S), 7.77 (lH,s) 

INVENTIVE EX.AMPLE 1 

ethyl 3-C5-amidino-2-benzofuranyll-2-[4-f (.C3Sl-3-

pyrrolidinyl)oxyJphenylJpropionate dihydrochloride 

1. 96 g of · ethyl 2-[ 4-[ ( ( 3S )-1-tert-butoxy­

carbonyl- 3-pyrro lidinyl) oxy] phenyl] - 3~(5-cyano-2-

benzofuranyl)propionate was dissolved in 150 ml of ethanol. 

With ice cooling and stirring, hydrogen chloride was 

bubbled into the thus prepared solution to a saturation 

level, followed by allowing it to stand for 18 hours. The 

resulting reaction solution was concentrated to dryness 

under a reduced pressure, the thus obtained residue was 

dissolved in 300 ml of an ethanol solution containing 15% 

(w/v) of ammonia and the solution was allowed to stand 

still for 18 hours. After distilling off the solvent, the 

resulting residue was subjected to column chromatography 

using a column packed with a highly porous polymer type 

synthetic adsorbent (styrene-di vinylbenzene polymer: Diaion . 

HP-20)" and using a water/acetonitrile mixture as an elution 

solvent. Fractions of interest thus pooled were subjected 

to reversed phase high performance liquid chromatography 

using a column packed with octadecyl-bonded silica gel and 
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·using a water/acetonitrile'mixture as an elution solvent. 

Thereafter, the thus eluted fractions of interest were 

pooled, mixed with dilute hydrochloric acid, and then 

concentrated to dryness. In· this way, 610 mg of the title 

compound was obtained in a solid form. 

1H-NMR (DMSO-d6 ) S: 1.08 (3H, t, J = 7.0), 1.90-2.30 (2H, 

m), 3.00-3.80 (6H, m), 3.80-4.30 (3H, m), 5.08 (lH, br), 

6 • 7 3 ( lH, s ) , 6 . 9 3 ( 2H, d , J = 8 • 3Hz ) , 7 . 3 3 ( 2H, d , J = 

8 . 3Hz ) , 7 • 7 3 ( 2H, s ) , 8 • 0 8 ( lH, s ) , 9 . 2 5 ( 2H, br ) , 9 • 4 0 

(2H, br), 9.50-10.00 (2H, br) 

The following compounds of Inventive Examples 2 

to 1 7 were prepared in accordance with the procedure of 

Inventive Example -1. 

INVENTIVE EXAMPLE 2 

ethyl 3-(5-arnidino-2-benzofuranyll-2-£4-£(C2S,4Sl-2-

carbamoyl-4-pyrrolidinyl)oxyJphenylJpropionate di hydro-

chloride 

(solid) 

1H-NMR (DMSO-d6 ) S: 1.10 (3H, t, J = 7.0 Hz), 1.70-3.20 (2H, 

rn), 3.00-4.50. (SH, m)~ 5.00-5.30 (lH, br), 6.71 (lH, s), 

6.87 (2H, d, J = 8.3Hz), 7.30 (2H, d, J = 8.3Hz), 7.72 (2H, 

s), 8.10 (lH, s), 9.00-10.00 (6H) 

INVENTIVE EXAMPLE 3 

ethyl 3-(5-amidino-2-benzofuranyll-2-[4-C(C2S,4S)-2-

dimethylcarbamoyl-4-pyrrolidinyl)oxyJphenylJpropionate 
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dihvdrochloride 

(solid) 

1H-NMR (DMSO-d6 ) S: 1.11 (3H, t, J = 7.0Hz), 1.70~3.30 (2H, 

·m), 2.91 (3H, s), 2.96 '(3H, s), 3.00-4.20 (7H, m), 4.70 

( lH, br) , 5 • 10 ( lH, br) , 6 • 6 9 ( lH, s ) , 6 . 8 6 ( 2H, d, J = 

8.7Hz), 7.29 (2H; d, J = 8~7Hz), 7.69 (2H, s), 8.07 (lH, 

s), 8.80 (lH, br), 9.10 (2H, br), 9.34 (2H, br), 10.08 (lH, 

br) 

INvENTIVE EX.AMPLE 4 

ethyl 2-C5~amidino-2-benzofuranyll-3-[4-CC(3S)-3-

pyrrolidinyl)oxyJphenylJpropionate dihydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) S: 1.08 (3H, t, J = 7.0Hz), 1.80-2.30 (2H, 

br), 2.70-3.70 (6H, m), 4.08 (2H, q, J = 7.0Hz), 4.35 (lH, 

t, J = 7.9Hz), 5.08 (lH, br), 6.84 (2H, d, J = 8.3Hz), 6.96 

(lH, s), 7.17 (2H, d, J = 8.3Hz), 7.79 (2H, s), 8.12 (lH, 

s ) I 9 . 3 3 ( 2H I br ) I 9 . 51 ( 2H I br ) I 9 . 8 0 ( 2H I br ) 

INVENTIVE EX.AMPLE 5 

ethyl 3-C5-amidino-2-benzofuranyl)-3-[4-CC(3S)-3-

pyrrolidinyl)oxyJphenylJpropionate dihydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) S: 1.17 (3H, t, J = 7Hz), 2.0-2.2 (2H, m), 

3.0-3.8 (6H, m), 4.07 (2H, q), 4.5-4.7 (lH, m), 5.13 (lH, 

m), 6.94 (1~, s), 6.94 (2H, d~ J = 9Hz), 7.32 (2H, d, J = 

9Hz), 7.73 (2H, s), 8.13 (lH, s), 9.21· (2H~ br), 9.40 (2H, 
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br), 9.4-10.0 (2H, br) 

INVENTIVE EXAMPLE 6 

ethyl ·3-CS-amidino-3-benzofuranyl}-2-C4-CCC3S)-3-

pyrrolidinylloxylpheny1Jpropionate dihydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) -S: 1.06 (3H, t), 2.10 (2H, br), 3.0-3.7 

(7H), 4.05 (2H, q), 5.09 (lH, br), 6.95 (2H, d), 7.28 (2H, 

d), 7.77 (3H), 8.21 (lH, ~), 9.2-9.8 (6H) 

INVENTIVE EXAMPLE 7 

ethyl 2-C2-(5-amidino-2-benzofuranyllethylJ-5-CCC3Sl-3-

pyrrolidinylloxyJbenzoate dihydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) S: 1.29 (3H, t, J = 7.0Hz), 2.00-2.35 (2H, 

m), 2.90-3.60 (8H, m), 4.18 (2H, q, J = 7.0Hz), 5.20 (lH, 

br), 6.75 (1H, s), 7.20 (lH, dd, J = 7.9 and 2.8Hz), 7.39 

(lH, d, J = 7.9Hz), 7.41 (lH, d, J = 2.8Hz), 7.74 (2H, s), 

8.09 (lH, s), 9.23 (2H, br), 9.40 (2H, br), 9.50-10.20 (2H, 

br) 

INVENTIVE EXAMPLE 8 

ethyl C2-C2-(5-amidino-2-benzofuranyllethylJ-5-CCC3Sl-3-

pyrrolidinylloxyJphenylJacetate dihydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) S: 1.18 (3H, t, J. = 7.0Hz), 2.0-2.3q (2H, 

in), 3.02 (4H, s), 3.00-4.00 (6H, m), 4.90 (2H, q, J = 

7.0Hz), 5.12 (lH, br), 6~80-7.00 (3H, m), 7.24 (lH, d, J = 
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8.64Hz), 7.76 (2H, s), 8.12 (lH,. s), 9.29 (2H, br), 9.45 

(2H, br), 9.40-10.10 (2H, br) 

INVENTIVE EXAMPLE 9 

ethyl 5-amidino-2-f2-f4~f ((35)-3-pyrrolidinylloxyJ-

phenylJethylJ-3-benzofurancarboxylate dihydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) 6: 1.36 (3H, t), 2.08 (2H, m); 4.30 (2H), 

5.00 (lH, br), 6.90 (2H, d), 7.10 (2H, d), 7.83 (2H), 8.34 

(lH, s), 9.27 (2H, br), 9.51 {4H, br) 

INVENTIVE EXAMPLE 10 

ethy~ 3-(5-amidinobenzofbJthien-2-yll-2-[4-[((35)-3-

pyrrolidinylloxyJphenylJpropionate. dihydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) 6: 1.19 (3H, t, J = 7.0Hz), 2.00-2.40 (2H, 

m), 3.00-4.20 (9H, m), 5.08 (lH, br), ·6.92 (2H, d, J = 

8.75Hz), 7.27 (lH, s), 7.31 (2H, d, J = 8.75Hz), 7.68 (lH, 

dd, J = 8.3 and 1.5Hz), 8.10 (lH, d, J = 8.3Hz), 8.27 (lH, 

d, J = 1 • 5Hz ) , 9 . 19 ( 2H, br) , 9 . 4 2 ( 2H, br) , 9 . 10-10 • 0 0 

(2H, br) 

INVENTIVE EXAMPLE 11 

ethyl 3-(6-amidinobenzo[bJthien-2-yl)-2-[4-[((3Sl-3-

pyrrolidinyi)oxyJphenylJpropionate dihydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) 6: 1.05 (3H, t), 2.10 (2H, m), 3.30 (7H, 

m), 4.0 (2H, q), 5.05 (lH, br), 6.90 (2H, d), 7.22 (3H, m), 
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7.60-7.90 (2H, m), 8.38 (lH, s), 9.10 (2H, br), 9.3S (2H, 

br) , 9 • 4 0 ( 2H, br) · 

INVENTIVE EXAMPLE 12 

ethyl 3-(6-amidino-1-ethyl-2-indolyl)-2-£4-£(4-piperidin­

yl)oxyJphenylJpropionate dihydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) S: 1.0S (3H, t)., 1.28 (3H), 1.83 (2H, br), 

2.08 (2H, br), 2.90-3.20 (SH~ br), 3.90-4.40 (3H, m), 4.62 

(lH, br), 6.34 (lH, s), 6.97 (2H, d), 7.34 (2H), 7.47 (lH, 

d), 7.S8 (lH, d), 8.13 (lH, s), 8.90-9.40 (6H, br) 

INVENTIVE EXAMPLE 13 

ethyl 3-(6-amidino-1-ethyl-2-indolyl)-2-[4-[((3R)-3-

pyrrolidinyl)oxyJphenylJpropionate dihydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) S: 1.08 (3H, t, J = 7.0Hz), 1.31 (3H, t, J 

= 7.0Hz), 2.10-2.30 (2H, br),.3.17.(lH,dd), 3.20-3.40 (2H, 

m), 3.9·0-4.40 (SH, m), 5.14 (lH, br), 6.37 (lH, s), 6.97 

(2H, d, J = 8.8Hz), 7.38 (2H, d, J = 8.8Hz), 7.49 (lH, d, 

J = 8.3Hz), 7.62 (lH, d, J = 8.3Hz), B.14 (lH, s), 8.99 

( 2H, br ) , 9 . 3 2 ( 2H, br ) , 9 . 5 0-9 . 7 0 ( 2H, br ) 

INVENTIVE EXAMPLE 14 

ethyl 3-C6-amidino-1-methyl-2-indolyll-2-[4-[((3S)-3-

pyrrolidinyl)oxyJphenylJpropionate dihydrochloride (ester 

interchange due to the use of ethanol solvent) 

(solid) 
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1H-NMR (DMSO-d6 ) S: 1.05 (3H, t), 1.95-2.30 (2H, m)' 3.76 

(3H, s), 4.02 (2H, q), 4.00-4.30 (lH, m), 5.00-5.20 (lH, 

m), 6.38 (lH, s), 7.00 (2Hi d), 7.40 (2H, d), 7.50-7.70 

(2H, m)' 8.25 (lH, s), 9.30-10.10 (6H) 

INVENTIVE EXAMPLE 15 

ethyl 3-C6-amidino-2-naphthyll~2~C4-C(C3Sl-3-pyrrolidin-

ylloxyJphenylJpropionate dihydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) S: 1.06 (3H, t, J = 7.0Hz), 2.00-2.20 (2H, 

m), 3.00-4.00 (7H, m), 3.99 (2H, q, J = 7.0Hz), 5.11 (lH, 

m), 6.92 (2H, d, J = 9.0Hz), 7.31 (2H, d, J = 9.0Hz), 7.55 

(lH, d, J = 8.0Hz), 7.80-8.10 (4H, m), 8.51 (lH, s), 9.40 

(2H, br), 9.58 (2H, br), 9.50-10.00 (2H, br) 

INVENTIVE EXAMPLE 16 

ethyl 3-(7-amidino-2-naphthyll-2-C4-CC(3Sl..:..3-pyrrolidin­

ylloxyJphenylJpropionate dihydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) S: 1.01 (3H, t, J = 7.0Hz), 2.00-2.20 (2H, 

m), 3.10-3.80 (7H, m), 3.98 (2H, q, J = i.OHz), 5.10 (lH, 

m), 6.93 (2H, d, ~ =9.0Hz), 7.32 (2H, d, J = 9.0Hz), 7.50-

8 . 10 · ( SH, m) , 8 . 4 4 ( lH, m) , 9 . 41 ( 2H, br) , 9 . 5 9 ( 2H, br) , 

9.30-10.00 (2H, br) 

INVENTIVE EXAMPLE 17 

ethyl 3-(7-amidino-2-naphthyll-2-[4-CC4-piperidinyll-

methoxyJphenylJpropionate dihydrochloride 
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1H-NMR (DMSO-d6 ) S: ·1.0l (3H, t, J = 7.lHz), 1.45-1.55 (2H, 

m), 1.85-1.95 (2H, m), 2.80-2.95 (2H, m), 3.15-3.50 (SH, 

m), 3.81 (2H, d), 3.95-4.05 (2H, m), 4 .. 05-4.15 (lH, m), 

£.87 (2H, d, J = 8.3Hz), 7.27 (2H, d, J = 8.3Hz), 7.58-

7.63 (lH, m), 7.75-7~80 (lH, rn), 7.84 (lH, s), 7.95 (lH, d, 

J = 8 • 8Hz ) , 8 • 0 7 ( lH, d, J = 8 • 8Hz ) , 8 . 4 0 ( lH, s ) , 9 • 2 9 

( 2H), 9. 53 ( 2H) 

INVENTIVE EXAMPLE 18 

3-C7-amidino-2-naphthyll-2-[4-C(4-piperidinyllmethoxyJ~ 

phenylJpropionic acid hydrochloride monohydrate 

1.51 g of ethyl 3-(7-amidino-2-naphthyl)-2-[4-

[ (4-piperidinyl)methoxy]phenyl)propionate dihydrochloride 

was dissolved in 50 ml of concentrated hydrochloric acid, 

and the solution was allowed to stand still in a sealed 

container at room temperature for 62 hours. After drying 

the resulting reaction solution under a reduced pressure, 

the thus obtained residue was purified by applying it to a 

column packed with a highly porous polymer type synthetic 

adsorbent (styrene-divinylbenzene polymer: HP-20). 

Thereafter, the thus eluted fractions of interest were 

pooled, and mixed with a small amount of ethanol, and then 

the crystals thus precipitated. were collected by 

filtration. In this way, 0.79 g of the title compound was 

obtained in the form of crystals. 
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(Since solubility of the thus formed product to any solvent 

was very low, the compound was made into dihydrochlo~ide 

with hydrochloric acid and then dried prior to the NMR 

measurement. ) 

1H-NMR (DMSO-d6 ) S: 1.45-1.60 (2H, m), 1.85-1.95 (2H, m), 

1.95-2.05 (lH, br), 2.8-2.9 (.2H,.m.),.3.1-3.2 (lH, m), 3.2-

3.3 (2H, m), 3.4-3.5 (lH, m), 3.80 (2H, d, J = 6.4Hz), 3.9-

4 . 0 ( lH, m) , 6 • 8 7 ( 2H, d , J = 8 ._ 8Hz ) , 7 • 2 7 ( 2H, d, J = 

8 • 8Hz ) , 7 • 6 0 ( lH, d, J = 8 . 8Hz ) , 7 • 7 5-7 • 8 0 ( lH, m) , 7 • 8 3 

(lH, s), 7.94 (lH, d, J = 8.8Hz), 8.07 (lH, d, J = 8.3Hz) 

8.40 (lH, s), 8.8-8.9 (lH, br), 9.33 (~H), 9.54 (2H) 

INVENTIVE EXAMPLE 19 

3-C5-amidino-2-benzofuranyl)-2-[4-CCC3Sl-3-pyrrolidinyl)-

oxyJphenylJpropionic acid dihydrochloride 

3. 2 g of ethyl 3- ( 5-amidino-2-benzofuranyl )-2- [ 4-

[ ( ( 3S )·-3.:.pyrrolidinyl )oxy]phenyl ]propionate dihydro-

chloride was dissolved in 80 ml o~ 2 N hydrochloric acid, 

and the solution was refluxed under heating for 30 minutes. 

After cooling and distilling off the solvent, the resulting 

res1due was purified by subjecting it to column 

chromatography using a column packed with a highly porous 

polymer type synthetic adsorbent (styrene-di vinylbenzene 

polymer: Diaion HP-20) and using 5-10% acetonitrile as an 

elution solvent. Thereafter, the thus eluted fractions of 

- 184 -



-.cl:-,, THIS SHEET HAS 8bt:.i ~ 
REPLACED 

interest were pooled, adjusted to pH 2-3 with dilute 

-hydrochloric acid, and then concentrated to dryness. In 

this way, 1.25 g of the title compound- was obtained in a 

solid form. 

1H-NMR (DMSO-d6 ) S: 2.0.0-2.30 (2H, m), 3.00-3.80 (6H, m), 

4.10 (lH, t, J = ~.2Hz), 5.10 (lH, br), 6.74 (lH, s), 6.94 

(2H, d, J = 8.3Hz), 7.40 (2H, d, J = 8.3Hz), 7.74 (2H, s), 

8.09 (lH, s), 9.22 (2H, br), 9.40. ("2H, br), 9.10-10.00 (2H, 

br) 

The following compounds of Inventive Examples 20 

to 26 were prepared in accordance with the procedure of 

Inventive Example 19. 

INVENTIVE EXAMPLE 20 

3-(5-amidino-2-benzofuranyll-2-C4-CCC2S,4S)-2-

dimethylcarbamoyl-4-pyrrolidinyl)oxyJphenylJpropionic acid 

dihydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) S: 1.80-3.00 (2H, m), 2.89 (3H, s), 2.95 

(3H, s), 3.00-3.70 (4H, m), 4.09 (lH, t, J = 7.9Hz), 4.70 

( lH, br) , 5 . 12 ( lH, · br) , 6 . 71 ( lH, s ) , 6 • 8 6 ( 2H, d, J = 

8 . 3Hz ) , 7 . 3 0 ( 2H, d, J = 8 . 3Hz ) , 7 . 7 3 ( 2H, s ) , 8 . 10 ( lH, 

s), 8.76 (lH, br), 9.30 (2H, br), 9.46 (2H, br), 10.80 (lH, 

br) 
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2-C5-amidino-2-benzofuranyll-3-C4-C(C3Sl-3-pyrrolidinyll-

oxyJphenylJpropionic acid dihydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) S: 1.90-2.30 (2H, m), 2.90-3.70 (6H, m), 

4.26 (lH, t, J = 7.9Hz), 5.06 (lH, br), 6.83 (2H, d, J = 
8 . 3Hz ) , 6 • 9 3 ( lH, s ) , 7 • 1 7 ( 2H, d, J = 8 . 3Hz ) , · 7 • 7 8 ( 2H, 

s), 8.14 (lH, s), 9.30 (2H, br), 9.47 (2H, br), 9.80 (2H, 

br) 

INVENTIVE EXAMPLE 22 

3-(5-amidino-2-benzofuranyl)-3-f4-f CC3S)-3-pyrrolidinyl)-

oxyJphenylJpropionic acid dihydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) S: 2.0-2.2 (2H, m), 3.0-4.0 (6H, rn), 4.6 

( lH, m) , 5 . 10 ( lH, rn) , 6 . 9 2 ( iH, s ) , 6 . 9 2 ( 2H, d , J = 

9 . OHz ) , 7 . 3 2 ( 2H, d, J = 9 . OHz ) , 7 . 7 3 ( 2H, s ) , 8 . 16 ( lH, 

s), 9.30 (2H, br), 9.46 (2H, br), 9.6-10.0 (2H, br) 

INVENTIVE EXAMPLE 23 

2-£2-(5-amidino-2-benzofuranyl)ethylJ-5-(((35)-3-

pyrrolidinyl)oxyJbenzoic acid dihydrochloride 

(solid) 

l H-NMR (DMSO-d6 ) S: 1.90-2.30 (2H, m), 2.90-3.70 (SH, rn), 

4 . 9 6 ( lH, br) , 6 . 7 5 ( lH, s ) , 7 . 0 8 ( lH, dd, J = 7 . 9 and 

2.8Hz)i 7.28 (lH, d, J = 7.9Hz), ?.41 (lH, d, J = 2.8Hz), 

7.75 (2H, s), 8.09 (lH, s), 9.25 (2H, br), 9.42 (2H, br), 
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INVENTIVE EXAMPLE 24 

·[2-f2-C5-amidino-2-be~zofuranyllethylJ-5-CCC3Sl~3-

pyrrolidinylloxyJphenylJacetic acid dihydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) 6: 1.95-2.30 (2H, m), 3.03 (4H, s), 5.04 

(lH, br), 6.68-6.90 (3H, m), 7.14 (lH, d, J = 8.3Hz), -7.74 

( 2H, s ) , 8 . 10 ( lH, s ) , 9 • 3 8 ( 2H, br) , 9 . 6 6 ( 2H, br) , 9 • 0 0 -

10.00 (2H, br) 

INVENTIVE EXAMPLE 25 

3-CS-amidinobenzo[bJthien-2-yll-2-(4-(((35)-3-pyrrolidin-

yl)oxyJphenylJpropionic acid dihydrochloride 

(solid) 

·
1H-NMR (DMSO-d6 ) S: 1.90-2.40 (2H, m), 3.00-4.10 (7H, m), 

5.14 (lH, br), 6.93 (2H, d, J = 8.2Hz), 7.28 (lH, s), 7.33 

(2H, d, J = 8.2Hz), 7.70 (lH, d, J = 8.8Hz), 8.09 (lH, d, 

J = 8.8Hz), 8.26 (lH, s), 9.24 (2H, br), 9.47 (2H, br), 

9.00-10.20 (2H, br) 

INVENTIVE EXAMPLE 26 

3-{7-amidino-2-naphthyll-2-[4-f ((3Sl-3-pyrrolidinyl)-

oxyJphenylJpropionic acid dihydrochloride 

(solid) 

1
H-NMR (DMSO-d6 ) ·S: 2.00-2.20 (2H, m)·, 3~00-3.70 (6H, m), 

4.01 (lH, m), 5.11 (lH, m), 6.92 (2H, d, J = 9.0Hz), 7.33 

· (2H, d, J = 9.0Hz), 7.50-8.20 (SH, rn), 8.43 (lH, s), 9.00-
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INVENTIVE EXAMPLE 27 

ethyl r+l-3-C7-amidino-2-naphthyll-2-T4-f CC3Sl-3-

pyrrolidinylloxylphenylJpropionate dihydrochloride 

123.1 g of ethyl (+)-2-[4-[((35)-1-tert-

butoxycarbonyl-3-pyrrolidinyl)oxy]phenyl]-3-(7-cyano-2-

_naphthyl)propionate was dissolved in a solvent mixture of 

480 ml of dichloromethane and 1286 ml of ethanol. With 

stirring at -10°C, hydrogen chloride was bubbled into the 

thus prepared solution to a saturation level, and the 

·resulting solution was allowed to stand still for 26 hours 

at a temperature of -8 to -5°C. Thereafter, the resulting 

reaction solution was concentrated under a reduced pressure 

at a temperature of 10°C or below to obtain 154 g of an 

oily material. The thus obtained oily material was 

dissolved in 1480 ml of ethanol and, while keeping the 

inner temperature at -10°C or below, anunonia gas was 

introduced until its concentration became 21% (w/w) or 

more. After maintaining at a temperature o~ -8 to -5 °C for 

107 hours, the resulting reaction solution was concentrated 

under a reduced pressure at a temperature of 10°C or below 

to distill off the solvent, and the thus obtained residue 

was dissolved in-200 ml of water. After adjusting to pH 3-

5 with dilute hydrochloric acid, the resulting solution was 

purified by subjecting it to column chromatography using a 
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column packed with a highly porous polymer type syntheti9 

adsorbent (styrene-divinylbenzene polymer: Diaion HP-20) 

and using· a water/acetonitrile mixture as an elution 

solvent. Thereafter, thus eluted fractions of interest 

were pooled, mixed with a small amount of -dilute 

hydrochloric acid,- and then concentrated to dryness. In 

this way, 107 g of 'the title compound was obtained in the 

fonn of a colorless solid. 

1H-NMR (DMSO-d6) S: 1.01 (3H, t, J = 7.2Hz), 2.00-2.30 (2H, 

m), 3.1-3.6 (6H, m), 3.90-4.05 (2H, m), 4.05-4.15 (lH, m), 

5 .10 ( lH, br) , 6 . 9 3 ( 2H, d, J = 8. 8Hz) , 7 . 3 2 ( 2H) , 7 . 6 0 

(lH, d, J = 8.3Hz), 7.78 (lH, d, J = 8.3Hz), 7.85 (lH, .s), 

7.96 {lH, d, J = 8.3Hz), 8.08 (lH, d, J = 8.3Hz), 8.41 (lH, 

s), 9.20-9.30. (2H, br), 9.40-9.70 (4H, br) 

The following compounds of Inventive Examples 28 

to 32 were prepared in accordance with the procedure of 

Inventive Example 27. 

INVENTIVE EXAMPLE 28 

ethyl C-l-3-(7-arnidino-2-naphthyl)-2-(4-(((35)-3-

pyrrolidinyl)oxyJphenylJpropionate dihydrochloride 

(solid) 

1 H-NMR (DMSO-d6) S: 1.02 (3H, t, J = 7.2Hz), 2.00-2.30 (2H, 

m), .3.1-3.6 (6H, ·m), 3.90-4.05 (2H, m), 4.05-4.15 (lH, m), 

5.10 (lH, br), 6.94 (2H, d, J = 8.8Hz),. 7.32 {2H), 7.60 

(lH, d, J = B.3Hz), 7.78 {lH, d, J = 8.3Hz), 7.86 (lH, s), 
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7.96 (lH, d, J = 8.3Hz), 8.08 (lH, d, J = 8.3Hz), 8.42 (lH, 

s), 9.20-9.30 (2H, br), 9.40-9.70 (4H, br) 

INVENTIVE EXAMPLE 29 

ethyl C+l~3-(5-amidinobenzo[bJthien-2-yll-2-C4-[({2Sl-2-

"pyrrolidinyllmethoxyJphenylJpropionate dihydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) S: 1.10 (3H, t, J = 7.3Hz), 1.73 (lH, dq, 

J = 12.3 and 8.3Hz), 1.84-2.05 (2H, m), 2.06-2.16 (lH, m), 

3.12-3.27 (2H, br), 3.39 (lH, dd,·J = 15.0 and 7.8Hz), 3.64 

(lH, dd, J = 15.0 and ?.BHz), 3.80-3.93 (lH, br), 4.0·0-4.24 

(SH, m), 6.93 (2H, d, J = 8.3Hz), 7 .. 30 (lH, s), 7.31 (2H, 

d), 7.67 (lH, d, J = 8.3Hz), 8.11 (lH, d, J = 8.3Hz), 8.23 

(lH, s), 9.12-9.30 (3H), 9.45 (2H, s), 9.43 (2H, s), 9.74~ 

9.94 (lH, br) 

INVENTIVE EXAMPLE 30 

'ethyl C-l-3-CS-amidinobenzo[bJthien-2-yll-2-f4-[CC2Sl-2-

pyrrolidinyl)methoxyJphenylJpropionate dihydrochloride 

(solid) 
1H-NMR (DMSO-d6 ) S: 1.09 (3H, t, J = 7.3Hz), 1.72 (lH, dq, 

J = 12.1 and 8.3Hz), 1.84-2.03 (2H, m), 2.06-2.16 (lH, m), 

3.12-3.27 (2H, br), 3.39 (lH, dd, J = lS.O and 7.8Hz), 3.64 

(lH, dd, J = 15.0 and 7.8Hz), 3.80-3.93 (lH, br), 4.00-4.24 

(SH, m) , 6 . 9 3 ( 2H, d, J = 8 . BHz, 2 x ArH} , 7 • 3 0 ( lH i s ) , 

7.31 (2H, d, J = 8.8Hz), 7.67. (lH, dd~ J = 8.~ and l.SHz), 

8.11 (lH, d, J = 8.3Hz), 8.23 (lH, d, J = l.5Hz), 9.10-9.2S 
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(lH, br), 9.21 (2H, s), 9.43 (2H, s), 9.74-9.84 (lH, br) 

INVENTIVE EXAMPLE 31 

ethyl (+l-3-C7-a~idino-2-naphthyll-2-C4-CC4-

. piperidinylloxyJphenylJpropionate dihydrochloride 

(solid) 

1H-NMR {DMSO-d6 ) S:-1. 01 (3H, t, .J = 7. !Hz), 1. 75-1. 85 ( 2H, 

rn), 2.05-2.15 (2H, rn), 3.0-3.1 (2H, rn), 3.1-3.2 (3H, rn), 

3.9-4.0 {2H, rn), 4.0-4.1 (lH,. br), 4.1-4.2 (lH, rn)_, 4.61 

· (lH, br), 6.95 (2H, d, J = 8.8Hz), 7.29 (2H, d, J = 8.BHz), 

7.61 (lH, d, J = 8.3Hz), 7.78 (lH, d, J = 8.3Hz), 7.84 (lH, 

s), 7.95 (lH, d, J = 8.3Hz), 8.07 (lH, d, J = 8.8Hz),· 8.38 

(lH, s),· 8.9-9.1 (2H, br), 9.20 (2H, br), 9.49 (2H, br) 

INVENTIVE EXAMPLE 32 

ethyl C-)-3-C7-amidino-2-naphthyll-2-[4-CC4-

piperidinyl)oxyJphenylJpropionate dihydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) S: 1.01 (3H, t, J = 7.lHz), 1.75-1.80 (2H, 

m), 2.05-2.15 (2H, rn), 3.0-3.1 (2H, rn), 3.1-3.3 (3H, m), 

3.50-3.60 (lH, m), 3.65-3.75 (2H, M), .3.9-4.0 (2H, m), 4.0-

.4~1 (lH, br), 4.1-4.2 (lH, m), 4.61 (lH, br), 6.95 (2H, d, 

J = 8.3Hz), 7.29 (2H, d, J = 8.3Hz), 7.61 (lH, d, J = 
8.8Hz), 7.78 (lH, d, J = 8.3Hz), 7.84 (lH, s), 7.95 (lH, d, 

· J = 8.3Hz), 8.07"(1H, d, J = 8.8Hz), 8.39 (lH, s), 8.9-9.1 

(2H; br), 9.23 (2H, br), 9.50 (2H, br) 
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INVENTIVE EXAMPLE 33 

ethyl (+l-2-[4-CCC3Sl-l-acetimidoyl-3-pyrrolidinylloxyl-

phenyll-3-(7-amidino-2-naphthyllpropionatedihydrochloride 

In 1,000 ml of ethanol was dissolved 105.3 g of 

ethyl (+)-3-(7-amidino-2-naphthyl)-2-(4-(((35)-3-

pyrrolidinyl)oxy]phenyl]propionate dihydrochloride. With 

stirring at room temperature, the thus prepared solution 

was mixed with 51. 5 ·· g of ethyl acetimidate hydrochloride. 

With ice cooling and stirring, 89 ml of triethylamine was 

added dropwise to the above solution while keeping the 

inner temperature at 3 to 5°C, and the stirring was 

continued for 2.5 hours while keeping the temperature at 

5 °C or below. After distilling off the solvent under a 

reduced_ pressure at a low temperature, the resulting 

reaction solution was. adjusted to pH 4-5 with dilute 

hydrochloric acid, followed by further distillation· under 

a reduced pressure to remove the solvent. The resulting 

residue was purified by subjecting it to column 

chromatography using a column packed with a highly porous 

polymer type synthetic adsorbent (styrene-divinylbenzene 

polymer: Diaion HP-20) and using a water/acetonitrile 

mixture as an elution solvent. Thereafter, thus eluted 

fractions of interest were pooled, mixed with a small 

amount of dilute hydrochloric acid, and then concentrated 

to dryness. In this way, 110.1 g of the title compound was 
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1H-NMR (D~SO-d6 ) S: 1.02 (3H, m), 2.10-2.35 (2H, m), 2.26 

(l.SH, s), 2.31 (l.SH, s), 3.19 (lH, m), 3.40-3.85 (SH,~), 

3.90-4.05 (2H, m), 4.05-4.15 (lH, m), 5.13 (O.SH, br), 5.20 

(O.SH, br), 6.90-6.97 (2H, m), 7.32 (2H, m), 7.61 (lH, d, 

J = 8.3Hz), 7.80 (!H, dd, J = 8.3 and 1.SHz), 7.8S (lH, s), 

7.96 (lH, d, J = 8.3Hz), 8.08 (lH, d, J = 8.3Hz), 8.43 (lH, 

s), 8.S2 (O.SH, br), .8.61 (O.SH, br), 9.28-9.40 (3H, br), 

9.S0-9.60 (2H, br) 

The following compounds of Inventive Examples 34 

to 38 were prepared in accordance with the pro_cedure of 

Inventive Example 33. 

INVENTIVE EXAMPLE 34 

ethyl C-l-2-C4-CCC3Sl~l-acetimidoyl-3-pyrrolidinylloxyJ-

phenylJ-3-(7-amidino-2-naphthyl)propionate dihydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) S: 1.0.2 (3H, m), 2.10-2.-·3S (2H, m), 2.26 

(1.SH, s), 2.30 (1.5H, s), 3·.19 (lH, m), 3.40-3.85 (SH, m), 

3.90-4.0S (2H, m), 4.0S-4.15 (lH, m), 5.13 (0.5H, br), 5.20 

( 0 . SH, br ) , 6 . 9 0-6 . 9 7 ( 2H , m) , 7 . 3 2 ( 2H, m ) , 7 . 61· ( lH, d , 

J = 8.3Hz), 7.80 (lH, dd, J = 8.3 and l.SHz), 7.84 (lH, s), 

7.96 (lH, d, J = 8.3Hz), 8.pB (lH, d, J = 8.3Hz), 8.42 {lH, 

s ) , 8 • 5 2 { 0 • SH, br) , 8 • 61 ( 0 • SH, br) , 9 . 2 ff-9 • 4 0 { 3H, br) , 

9.50-9.60 (2H, br) 
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INVENTIVE EXAMPLE 35 

ethyl (+l-2-f4-[((2Sl-l-acetimidoyl-3-pyrrolidinyll-

methoxyJphenylJ-3-(5-amidinobenzo[bJthien-2-yl)propionate 

dihydrochloride 

(solid) 

1H-NMR (DMSO-d6) ·s:-1.09 (3H, t, J = 7.3Hz), 1.95-2.60 (4H, 

m), 2.26 (lH, s), 2.47 (2H, s), 3.30-3.70 (4H, m), 3.90-

4.10 (SH, m), 4.40-4.60 (lH, m), 6.85-6.95 (2H, m), 7~28-

7.33 (3H, m), 7.67 (lH, d, J.= 8.3Hz), 8.11 (lH, d, J = 

8.3Hz), 8.23 (lH, s), 8.54 (2/3H, s), 8.69 (l/3H, s), 9.23 

(2H, s), 9.35-9.50 (3H, m) 

INVENTIVE EXAMPLE 36 

ethyl (-)-2-[4-f {{2Sl-1-acetimidoyl-3-pyrrolidinyl}-

methoxyJphenylJ-3-{5-amidinobenzo[bJthien-2-yl)propionate 

dihydrochloride 

(solid) 

1 H-NMR (DMSO-d6) S: 1.09 (3H, t, J = 7.3Hz), 1.95-2.60 (4H, 

m), 2.26 (lH, s), 2.47 (2H·, s), 3.30-3.70 (4H, m), 3.90-

4.10 (SH, m), 4.40-4.60 (lH, m), 6.85-6.95 (2H, m),· 7.28-

7 . 3 3 ( 3H, m) , 7 • 6 7 ( lH, d, J = 8 . 3Hz ) , 8 . 10 ( lH, d, J = 

8.3Hz), 8.23 (lH, s), 8.51_(2/3H, s), 8.66 (l/3H, s), 9.16 

(2H, s) 1 9.30-9.48 (3H, m) 
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ethyl C+l-2-f4-f Cl-acetimidoyl-4-piperidinyl)oxyJphenylJ-

3-C7-amidino-2-naphthyllpropionate dihvdrochloride 

(solid) 

1H-NMR (DMSO-d6 ) S: 1.01 (3H, t, J = 6.9Hz), 1.65-1.80 (2H, 

m), 2.0-2.1 (2H, m), 2.30 (3H, s), 3.1-3.2 (lH, m), 3.2-3.8 

(SH, m), 3.9-4.0 (2H, m), 4.0-4.1 (lH, br), 4.67 (lH, br), 

6.95 (2H, d, J = 8.8Hz), 7.30 (2H, d, J = 8.8Hz), 7.61 (lH, 

d, J = 8.3Hz), 7.78-7.84 (lH, m), 7.84 {lH, s), 7.95 (lH, 

d, J = 8.3Hz), 8.08 (lH, d, J = 8.3Hz), 8.40 (lH, s), 8.80-

9.55 (6H) 

INVENTIVE EXAMPLE 38 

ethyl (-)-2-£4-f Cl-acetimidoyl-4-piperidinyl)oxyJphenylJ-

3-(7-amidino-2-naphthyl)propionate dihydrochloride 

(solid) 

[a]D = -67.69° (c = 0.585, H20) 

INVENTIVE EXAMPLE 39 

(+l-2-[4-[(C3S)-1-acetimidoyl-3-pyrrolidinyl)oxy]phenyl]-3-

(7-amidino-2-naphthyllpropionic acid dihydrochloride 

While keeping the inner temperature at -5°C or 

below, 110.1 g of ethyl (+)-2-[4-[((35)-1-acetimidoyl-3-

pyrrolidinyl)oxy]phenyl]-3-(7-amidino-2-naphthyl)propionate 

· dihydrochloride was disso'lved in 3,300 ml of concentrated 

hydrochloric acid, and the resulting solution was allowed 

to stand still for 232 hours at 5 °C. The resulting 
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reaction solution was concentrated by distilling off 

hydrochloric acid and water under a reduced pressure. The 

resulting residue was purified by·subjectin~ it to column 

chromatography·using a column packed with a highly porous 

polymer type synthetic adsorbent (styrene-di vinylbenzene 

polymer: Diaion -HP-20) and using a water/ acetonitrile 

mixture as an elution sol vent. Thereafter, the thus eluted 

fractions of interest were pooled, mixed with a small 

amount of dilute hydrochloric ac.id, and then concentrated 

to dryness. In this way, 103.6 g of the title compound was 

obtained in the form of a light yellow solid. 

1H-NMR (DMSO-d6 ) S: 2.10-2.4 (2H, m), 2.28 (l.SH, s), 2.31 

(1.5H, s), 3.10-3.30 (lH, m), 3.40-4.10 (6H, m),: 5.14 

(0.5H, br), 5.20 (O.SH, br), 6.90-7.00 (2H, m), 7.35-7.40 

(2H, m), 7.60 (lH, d, J = 8.3Hz), 7.80 (lH, d, J = 8.3Hz),· 

7.84 (lH, s), 7.94 (lH, d, J = 8.3Hz), 8.06 (lH, d, J = 

8.3Hz), 8.42 (lH, s), 8.55 (0.SH, br), 8.65 (0.SH, br), 

9.30-9.70 (SH) 

HPLC: Column; a ligand exchange type column with D-

penicillamine as the optically active site 

(SUMICHIRAL OA-5000, 4.6~ x 150 mm, Sumika Analysis 

Center) 

Solvent; 2 mM copper sulfate aqueous solution: 

acetonitrile = 85:15 (v/v) 

Flow rate; 1 ml/min 
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The following compounds of Inventive Examples 40 
. . 

to 44 were prepared in accordance with the procedure of 

Inventive Example 39. 

INVENTIVE EXAMPLE 40 

(-l-2-C4-CCC3Sl-1-acetirnidoyl-3-pyrrolidinylloxyJphenylJ-3-

(7-amidino-2-naphthyl)propionic acid dihydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) S: 2.05-2.4 (2H, m), 2.28 (l.SH, s), 2.31 

(l..5H., s), 3.10-3.30 (lH, m), 3.40-4.10 (6H, m), 5.13 

(0.5H, br), 5.20 (O.SH, br), 6.90-7.00 (2H, m), 7.35-7.40 

(2H, m), 7.60 "(lH, d, J = B.3Hz), 7.81 (lH, d, J = B.3Hz), 

7.84 (lH, s), 7.94 (lH, d, J_= 8.3Hz), 8.06 (lH, d, J = 

B . 3Hz ) , B . 4 2 ( lH, s ) , B • SS ( 0 . SH~ br) , 8 • 6 4 ( 0 . SH, br) , 

9.30-9.70 (SH) 

HPLC: Column; a ligand exchange type column with D­

penicillamine as the optically active site 

(SUMICHIRAL OA-50QO, 4.60 x 150 mm, Sumika Analysis 

Center) 

Solvent; 2 mM copper. sulfate aqueous solution: 

acetonitrile = 85:15 {v/v) 

Flow rate; 1 ml/min 

Column temperature; 60°C 

Retention time; 38.14 minutes 
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(+l-2-[4-C(C2Sl-l-acetimidoyl-2-pyrrolidinyl)meth­

oxyJphenylJ-3-(5-amidinobenzoCbJthien-2-yllpropionic acid 

dihydrochloride 

(solid) 

-1H-NMR (DMSO-d6 ) S: 1.95-2.60 (4H, m), 2.25 (lH, S), ·2.44 

(2H, s), 3.15-3.80 (SH, m), 4.40-4.60 (lH, m), 6.83-6.95 

(2H, m), 7.26 (lH, s), 7.32 .(2H, d, J = 8.8Hz), 7.61 (lH, 

d, J = 8.5Hz), 8.04 (lH, d, J = 8.SHz)·, 8.21 (lH, s), 8.40-

10. 90 ( 6H) . 

INVENTIVE EXAMPLE 42 

(-l-2-£4-CC(2Sl-l-acetimidoyl-2-pyrrolidinyl)meth-

oxyJphenylJ-3-(5-amidinobenzo(bJthien-2-yllpropionic acid 

dihydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) S: 1.95-2.60 (4H, m), 2.25 (lH, s), 2.44 

(2H, s), 3.15-3.75 (4H, m), 3.82 (lH, t, J = 7.SHz), 4.40-

4.60 (lH, m), 6.83-6.95 (2H, m), 7.27 (lH, s), 7.31 (2H, d, 

J = 8 . 8Hz ) I 7 . 6 4 ( lH I d I J = 8 . 8Hz ) I 8 . 0 6 ( lH I d I J = 
8.8Hz), 8.21 (lH, s), 8.4B-10.40 (6H) 

INVENTIVE EXAMPLE 43 

{+)-2-(4-((1-acetimidoyl-4-piperidinyl}oxy]phenylJ-3-(7-

amidino-2-naphthyllpropionic acid dihydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) S: 1.65-1.80 (2H, m), 1.95-2.05 (2H, m), 
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2.31 (3H, s), 3.1-3.2 (lH, m), 3.3-3.9 (SH, m), 3.95-4.05 

(lH, m), 4.66 (lH, br), 6.95 (2H, d, J = 8.8Hz), 7.29 (2H, 

d, J = 8.3Hz), 7.60 (lH, d, J = 8.8Hz), 7.81 (lH, d, J = 

8.8Hz), 7.84 (lH, s), 7.95 (lH, d, J = 8.8Hz), 8.07 (lH, d, 

J = 8.8Hz), 8.43 (lH, s), 8.80-9.6.5 (6H) 

INVENTIVE EXAMPLE 44 

(-)-2-[4-[(1-acetimidoyl-4-piperidinylloxyJphenylJ-3-(7-

amidino-2-naphthyl)propionic acid dihydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) S: 1.65-1.8() (2H, m), 2.00-2.10 (2H, m), 

2.30 (3H, s), 3.1-3.2 (lH, m), 3.3-3.85 (SH, m), j.95-4.05 

(lH, m), 4.66 (lH, m), 6.95 (2H, d, J = 8.8Hz), 7.30 (2H, 

d, J = 8.8Hz), 7.61 (lH, d, J = 8.8Hz), 7.78 (lH, d, J = 

B.8Hz), 7.85 (lH, s), 7.95 (lH, d, J = 8.8Hz), 8.08 (lH, d, 

J = 8.BHz), 8.40 (lH, s), 8.60-9.65 (6H) 

INVENTIVE EXAMPLE 45 

C+)-2-[4-f {C3S)-l-acetimidoyl-3-pyrrolidinyl)oxyJphenylJ-3-

{7-amidino-2~naphthyl)proplonic acid hydrochloride 

.Pentahydrate 

102.6 g of (+)-2-[4-[((35)-1-acetimidoyl-3-

pyrrolidinyl)oxy]phenyl]-3-(7-amidino-2-naphthyl)propionic 

acid dihydrochloride was dissolved in 1,000 ml of water~ 

With stirring, the thus prepared solution was adjusted to 

pH 4.8 by gradually adding a strongly basic OH type ion 

exchange resin {Amberlite IRA-410). Thereafter, the resin 
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was removed by filtration, and the resulting filtrate was 

concentrat.ed to dryness. The thus obtained residue ( 94. 6 

g) was dissolved in i42 ml ~f water, and the solution was 

mixed with 1,570 ml of . ethanol, and stirred at room 

temperature for 1 hour. After removing thus formed 

crystals by filtration, the resulting mother liquor was 

seeded with the crystals of interest, and stirred at 8°C 

for 40 hours. Thereafter, the thus precipitated crystals 

were collected by suction filtration, washed with ethanol, 

and then air-dried for 6.5 hours under normal pressure at 

a relative.humidity. of 60 to 70%. In this way, 70.3 g of 

the title compound was obtained in the form of colorless 

prism crystals. 

[a.]~4 = +57.4° (C = 1.000, H20) (solubilization at 40°C, 

measured after 30 minutes of heating at this temperature) 

1H~NMR (DMSO-d6 ) 6: 2.20-2.35 (2H, m), 2.29 (l.5H, s), 2.32 

(l.5H, s), 2.80-2.95 (lH, m), · 3.30-4.00 (6H, m), 5.16 

(0.SH, br), 5.22 (0.5H, br), 6.90-7.00 (2H, m), 7.45-7.51 

{2H, m), 7.57 (lH, d, J = 8.3Hz), 7.66 (lH, d, J = 8.0Hz), 

7.93 (lH, d, J = 8.3Hz), 7.97 (lH, d, J = 8.3Hz), .8.11 (lH, 

s), 8.68 (lH, br), 8.70-9.30 (br), 11.50-12.20 (br) 
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Elementary analysis 

theoretical value ( C2,H28N403 • HCl ·• 5H20) : _,. 
c, 54.68; H, 6.88; N, 9.80; Cl, 6.21 

analytical value: c, 54.77; H, 6.76; N, 9. 68 .; Cl, 6.42 

Based on the results of crystal X-ray analysis, 

the thus obtained title compound was judged to be (2S)-2-

[4-[ ( (3S)-1-acetimidoyl-3-pyrrolidinyl)oxy]phenyl]-3-(7-

amidino-2-naphthyl)propionic acid 

INVENTIVE EXAMPLE 46 

methyl (+)-3-(6-amidino-2-indolyll-2-(4-(((3$)-3-

pyrrolidinyl)oxyJphenylJpropionate dihydrochloride 

During ice cooling, hydrogen chloride was bubbled 

into a solvent mixture of 10 ml of dichloromethane and 20 

ml of methanol. To the thus saturated solution was added 10 

ml of a dichloromethane soiution containing 450 mg of (+)-

((2S}-1-p-toluenesulfonyl-2-pyrrolidinyl)rnethyl 2-[4-

(((35)-1-tert-butoxycarbonyl-3-pyrrolidinyl)oxy)phenyl]-3-

(6-cyano-2-indolyl)propionate. The thus prepared mixture 

was allowed to stand still for 72 hours at 5°C. After 

concentration to dryness under a reduced pressure at. a 

temperature of 40°C or below, the resulting residue was 

dissolved in 20 ml of _ethanol solution containing 14% (w/v} 

of ammonia and stirred at· room temperature for 24 hours. 

After distilling off the solvent, the thus obtained residue 

was subjected to reversed phase high performance liquid 
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chromatography using a column packed with octadecyl-bonded 

silica gel and using a water/acetonitrile mixture as an 

e~ution solvent. Thereafter, the thus eluted fractions of 

interest were pooled, mixed with dilute hydrochloric acid, 

and then concentrated to dryness. In this way, 9S mg of 

the title compound was obtained in a solid form. 

1H-NMR (DM50-d6) S: 2.30 (2H, m) t 3.30 (lH, dd) t 3.S0-3.60 

(SH, m) I 3.70 (3H, S) I 4.20 (lH, t) I S.20 (lH, m) I 6.33 

(lH, S) I 6.96 (2H, d) t 7.33 (2H, d) I 7.40 (lH, d) I 7.64 

(lH, d) I 7.80 (lH, S) I 9.30~9.80 (6H, m) 

INVENTIVE EXAMPLE 47 

methyl C-)-3-(6-amidino-2-indolyll-2-[4-f ({35)-3-

pyrrolidinyl)oxyJphenylJpropionate dihydrochloride 

This compound was prepared in accordance with the 

procedure of Inventive Example 46. 

(solid) 

l 
H-NMR (DM50-d6 ) S: 2.30 (2H, m), 3.30 (lH, dd), 3.S0-3.60 

(SH, m) , 3 . 7 0 ( 3H, s ) , 4 . 2 0 ( lH, t) , 5 . 2 0 ( lH, m) , 6 . 3 3 

( lH / S ) 1 6 . 9 6 ( 2H / d) / 7 . 3 3 ( 2H 1 d) / 7 . 4 0 ( lH t d) 1 '7 • 6 4 

(lH, d), 7.80 (lH, s), 9.30-9.80 (6H, m) 

INVENTIVE EXAMPLE 48 

(+)-3-(6-amidino-2-indolyl)-2-[4-f (C35)-3-pyrrolidinyll-

oxyJphenylJpropionic acid dihydrochloride 

1. 8 g of methyl ( + )-3- ( 6-amidino-2-indolyl )-2-[ 4-

[((35)-3-pyrrolidinyl)oxy]phenyl]propionate dihydro-
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chloride was dissolved in . 60 ml of concentrated 

hydrochloric acid, and the solution was stirred at 5°C for 

~ days. After concentrating the resulting reaction 

solution to dryness under a reduced pressure at a 

temperature of 50°C or below, the thus obtained residue was 

subjected to reversed phase high performance liquid 

chromatography using a column packed with octadecyl-bonded 

silica gel and using a water/acetonitrile mixture as an 

elution solvent. Thereafter, thus eluted fractions of 

interest w~re pooled, mixed with dilute hydrochloric acid, 

and then concentrated to dryness. In this way, 1.3 g of 

the title compound was obtained in a solid form. 

IR (KBr): 3600-3300, 1730, 1680 -1 cm 

INVENTIVE EXAMPLE 49 

C-l-3-C6~amidino-2-indolyll-2-[4-[((3S)-3-pyrrblidinyll-

oxyJphenylJpropionic acid dihydrochloride 

This compound was prepared in accordance with the 

procedure of Inventive Example 48. 

(solid) 

IR (KBr): 3600-3300, 1730, 1680 -1 cm 

INVENTIVE EXAMPLE 50 

3-C5-amidino~2-benzofuranyll-2-£4-CCC3Sl-l-methyl-3-

pyrrolidinyl)oxyJphenylJpropionic acid dihydrochloride 

1.0 g of ethyl 3~(S~cyano-2-benzofuranyl)-2-[4-

[ ( (3S)-l-methyl-3-pyrrolidinyl)oxy]phenyl]propionate was 
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dissolved in 70 ml of ethanol. During -ice cooling anq 

stirring, hydrogen chloride was bubbled into the thus 

p"'l:epared solution to a saturation level. The thus 

·saturated solution was allowed to stand still at. 25°C for 

20 hours. After distilling off the solvent under a reduced 

pressure, the thus obtained residue was dissolved in 50 ml 

of ethanol containing 14% (w/v) of ammonia, and the 

resulting solution was allowed to st~nd still at 25°C for 

20 hours. Thereafter, the solvent was removed by 

distillation to obtain ethyl 3-(5-amidino-2-benz6furanyl)-

2-[4-[ ( (3S)-l-methyl-3-pyrrolidinyl)oxy)phenyl]propionate 

dihydrochloride. The thus obtained ester compound was 

dissolved in 50 ml of 2 N hydrochloric acid and refluxed 

under heating for 30 minutes. After distilling off the 

.solvent under a reduc~d pressure, the resulting residue was 

subjected to column_ chromatography using a c9lumn packed 

with_ a highly porous polymer type synthetl.c adsorbent 

(styrene-divinylbenzene polymer: Diaion HP-20) and using a 

water/acetonitrile mixture as an elution solvent. 

Fractions of interest thus pooled were subjected to 

reversed phase high performance liquid chromatography using 

a column packed.with octadecyl-bonded silica gel and using 

a water/acetonitrile mixture as an elution solvent. 

Thereafter, thus eluted fractions of interest were pooled, 

mixed with dilute hydrochloric acid, and then concentrated 

- 204 -



Q. 
:. .. ·;... 

nus SHEET HAS BEEN 
REPLACED 

to dryn.ess. In this way, 200 mg of the title compound was 

obtained in a solid form. 

· 1R-.... NMR (DMSO-d6 ) 6: 2. 40-3. 40 ( 6H, m), 2. 92 ( 3H, m), 5 .1.0-

5 . 4 0 ( lH, br) , 6 • 8 2 ( lH, s ) , 7 • 01 ( 2H , d , J = 8 • 4Hz ) , 7 . 4 3 

(2H, d, J = 8.4Hz), 7.82 (2H, s), 8.17 (lH, s), 9.34 (2H, 

br), 9.53 (2H, br) 

The following compounds of Inventive Examples 51 

to 8 2 were prepared in accordance with the procedure of 

Inventive Example 50. 

INVENTIVE EXAMPLE 51 

2-C4-[{{3Sl-1-acetyl-3-pyrrolidinyl)oxyJphenylJ-3-{5-

·arnidino-2-benzofuranyllpropionic acid hydrochloride 

(solid) 

1
H-NMR (DMSO-d6 ) 6: 1.90-2.38 (SH, rn), 3.00-3.90 (6H, m), 

4 . 0 6 ( lH, t , J = 7 . 2Hz ) , 4 . 8 8 ( lH , br ) , 6 . 6 7 ( lH , s ) , 6 . 8 7 

("2H, d, J = 8 . 3Hz ) , 7 . 2 9 ( 2H, d, J = 8 . 3Hz ) , 7 . 7 0 ( 2H, s ) , 

8.08 (lH, s), 9.20 (2H, br), 9.41 (2H, br) 

INVENTIVE EXAMPLE 52 

.3-CS-amidino-2-benzofuranyll-2-[4-[({35)-1-dimethyl-

carbamoyl-3-pyrrolidinyl)oxyJphenylJpropionic acid 

hydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) S: 1.84-2.20 (2H, m), 2.75 (6H, s), 3.00-

3.90 (6H, m), 4.09 (lH, t, J = 7.2Hz), 4.87-5.10 (lH, br), 

6.68 (lH, s), 6.87 (2H, d, J = 8.75Hz), 7.29 (2H, d, J = 
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8.75Hz), 7.70 (2H, s), 8.07 (lH, s), 9.23 (2H, br), 9.39 

(2H, br) 

INVENTIVE EXAMPLE 53 

3-(5-amidino.,...2-benzofuranyll-2-£4-£(C2Sl-2-pyrrolidinyll­

methoxyJphenylJpropionic acid dihydrochloride 

(solid) 

1H-NMR (DMSO-d6) S: 1.95 (4H, br), 6.71 (lH, s), 6.97 (2H, 

d), 7.27 (2H, d), 7.71 (2H, s), 8.06 (lH, s), 9.15-9.35 

(SH) I 9 • 7 ( lH) 

INVENTIVE EXAMPLE 54 

·3-C5-amidino-2-benzofuranyll-2-£4~[(tetrahydro-3-

furanyl)oxyJphenylJpropionic acid hydrochloride 

(solid) 

1H-NMR (DMSO-d6) S: 1.6-2.4 (2H, m), 3.0-3.9 (6H, m), 4.0 

(lH, dd), 4.8-5.1 (lH, m), 6.75 (lH, s), 6.9 (2H, d), 7.32 

(2H), 7.77 (2H, s), 8.1 (lH, s), 9.37 (4H, d) 

INVENTIVE EXAMPLE 55 

3-C5-arnidino-3-rnethyl-2-benzo£uranyll-2-[4-[CC3Sl-3-

pyrrolidinyl)oxyJphenylJpropionic acid dihydrochloride 

(solid) 

1H-NMR (DMSO-d6) S: 2.06 (SH, m), 5.05 (lH, br), 6.94 (2H, 

·d), 7.22 (2H, d), 7.70 (2H, s), 8.08 (lH, s), 9.10-9.50 

( 6H, m) 
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3-(5-amidino-7-methoxy-2-henzofuranyll-2-£4-CCC3Sl-3-

'j)yrrolidinylloxyJphenylJpropionic acid dihydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) 6: 1.90-2.40 (.2H, m), 2.90-3.80 (6H, m), 

4.03 (3H, s), 5.00-5.20 (lH, hr), 6.65 (lH, s), 6.91· (2H, 

d, J = 8.3Hz), 7.31 (2H, d, J = 8.3Hz), 7.32 (lH, s), 7.68 

(lH, s), 9.16 (2H, br), 9~40 (2H, hr), 9.20-10.0 (2H, br) 

INVENTIVE EXAMPLE 57 

3-C5-amidino-3-henzofuranyll-2-[4-[CC3Sl-3-pyrrolidinyll-

oxyJphenylJpropionic acid dihydrochloride 

(solid} 

1H-NMR (DMSO:-d6 ) S: 2.1 (2H, br), 3.00-4.00 (7H, m), 5.08 

(lH, hr), 6.90 (2H, d, J = 8Hz), 7.30 (2H, d, J = 8Hz), 

7.77 (3H), 8.22 (lH, s), 9.0-10.00 (6H) 

INVENTIVE EXAMPLE 58 

5-amidino-2-[2-[4-£(C3S)-3-pyrrolidinyl")oxyJphenylJethylJ-

3-benzofurancarboxylic acid dihydrochloride 

(solid) 

1 H-NMR (DMSO-d6 ) S: 2.07 (2H, m), 3.00-3.50 (BH), 5.05 (lH, 

br), 6.85 (2H, d, J = 8.0Hz), 7.15 (2H, d, J = 8.0Hz), 7.82 

(2H, s), 8.35 {lH, s), 9.30 (2H, br), 9.50 (4H, br) 
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3-C2-C2-CS-amidinobenzoCbJthien-2-yl)ethylJ-4~ethoxy-5-

[('c3Sl-3-pyrrolidinylloxyJphenylJpropionic acid dihydro­

chloride 

(solid) 

1H-NMR (DMSO-d6 ) S: 1.30 (3H, t, J ~ 7.0Hz), 2.00-3.90 (14H, 

m), 4.01 (2H, q, J = 7.0Hz), 6.94 (lH, s), 6.96 (lH, s), 

7 . 3 9 ( lH, s ) , 7 . 7 9 ( lH, d , J = 9 . OHz ) , 8 . 2 0 ( lH , d , J = 

9.0Hz), 8.37 (lH, s), 9.41 (2H, br), 9.59 (2H, br), 9.0-

. 10 . 0 ( 2H , br ) 

INVENTIVE EXAMPLE 60 

3-[2-[2-CS-amidinobenzo[bJthien-2-yl)ethylJ-5-[(C3Sl-3-

pyrrolidinyl)oxyJpheny!Jpropionic acid dihydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) S: 2.00-4.80 (14H, m), 5.08 (lH, rn), 6.77 

(lH, d, J = 8.SHz), 6~82 (lH, s), 7.18 (lH, d, J = 8.SHz), 

7. 35 ( lH, s), 7. 72 ( lH, d, J = 8. ?Hz), 8 .16 ( lH, d, J = 

8.7Hz), 8.29 (lH, s), 9.31 (2H, br), 9.51 (2H, br), 9.3-9.8 

(2H, br) 

INVENTIVE EXAMPLE 61 

.4-{5-amidinobenzo[bJthien-2-yl)-3-[4-CC C3S)-3-

pyrrolidinyl)oxyJphenyl]butyric acid dihydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) 5: 2. 00-2. 30 ( 2H, rn), 5. 00-5. 20 ( lH, m), 

6.85 (2H, d), 7.20 (lH, s.), 7.25 (2H, d), 7.65 (lH, dd), 
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8.05-8.25 (2H, m) 

INVENTIVE EXAMPLE 62 

·~(5-amidinobenzofblthien-2-yll-2-£4-££2-Cethoxycarbonyl­

imino)hexahydropyrimidine-5-ylJoxyJphenylJpropionic acid 

dihydrochloride 

(solid.) 

1 . H-NMR (DMSO-d6 ) S: 1.27 (3H, t, J = 7.0Hz), 3.00-4.04 (br), 

4.24 (2H, q, J = 7.0Hz), 4.90~5.10 (lH, br), 6.99 (2H, d, 

J = 8 . 3Hz ) , 7 . 3 4 ( 2H, d, J = 8 . 3Hz ) , 7 . 3 9 ( lH, s ) , 7 . 6 8 

(lH, dd, J = 9.0 and 1.8Hz)~ 8.10 (lH, d, J = 9.0Hz), 8.24 

(lH, d, J = 1.BHz), 8.98 (2H, br), 9·.23 (2H, br), 9.44 (2H, 

br), 11.65 (lH, s) 

INVENTIVE EXAMPLE 63. 

3-(5-amidinobenzo[bJthien-2-yl)-2-£4-££2-Cimino)hexahydro-

pyrimidine-5-ylJoxyJphenylJpropionic acid dihydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) 6: 3.20-4.20 (3H, m), 3.44 (4H), 4.80-5.00 

(lH, br), 6.98 (2H, d, J = 8.31Hz), 7.17 (2H, s), 7.29 (lH, 

s ) , 7 . 3 4 ( 2H , d , J = 8 . 3 lHz ) , 7 . 7 0 ( lH , dd, J = 8 . 2 and 

2 .. 0Hz), 8.06 (2H, s), 8.12 (lH, d, J = 8.2Hz), 8.25 (lH, 

s) , 9 . 4 6 ( 2H, br) , 9 . 5 7 ( 2H, br) 

INVENTIVE ExAMPLE 64 

. 3-{5-amidinobenzo[bJthien-2-yll-2-[4-[({2S)-2-pyrrol-

idinyl)methoxyJphenylJpropionic acid dihydrochloride 

(solid) 
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1 
H-~ (DM~O-d6 ) S: 1.95 (4H, m), 3.00-4.20 (SH, m), 6.95 

!~H, d, J = 8.0Hz), 7.28 (3H), 7.70 (lH, d, J = 8.0Hz), 

8.06 (lH, d, J = 8.0Hz), B.23 (lH, s), 9.20-9.50 (6H) 

INVENTIVE EXAMPLE 65 

3-(5-amidinobenzo[bJthien-2-yl)-2-(4-((4-piperidinyl)oxyJ­

phenylJpropionic acid dihydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) S: 1.80-2.15 (4H, m), 3.00-3.25 (4H, m), 

3.30-4.00 (3H, m), 4.60-4.70 (lH, m), 6.97 (2H, d, J = 

8 . 3Hz ) , 7 . 31 ( 3H, m) , 7 . 6 9 ( lH, dd) , B . 13 ( lH, d, J = 

8 . 8Hz ) , 8 . 2 6 ( lH, s ) , 9 . 31 ( 2H, br ) , 9 . 5 0 ( 2H , br ) , 9 . 0 0-

10. 00 (2H, br) 

INVENTIVE EXAMPLE 66 

3~(5-amidinobenzo[bJthien-2-yll-2-£4-((2-aminoethyl)oxyJ­

phenylJpropionic acid dihydrochloride 

(solid) 
l . 
H-NMR (DMSO-d6 ) S: 3.00-4.40 (7H, m), 6.93 (2H, d 1 J = 

8.3Hz), 7.29 (lH, s), 7.32. (2H, d, J = 8.3Hz), 7.67 (lH, 

dd, J = 9.0 and l.OHz) 1 8.20 (lH, d, J = 9.0Hz), 8.32 (lH, 

s), 8.10-8.60 (3H, br),· 9.24 (2H, br), 9.46 (2H, br) 

INVENTIVE EXAMPLE 67 

3-C5-amidinoben~ofbJthien-2-yl)-2-[4-[2-Cl-pyrrolin-2-

yl)aminoethoxyJphenylJpropionic acid dihydrochloride 

(solid) 

l H-NMR (DMSO-d6 ) 6: 1. 88...;2. 30 ( 2H, m), 2. 60-3. 00 ( 2H 1 m) / 
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3.00-4.30 (9H, m), 6.90 (2H, d, J = 8.3Hz), 7.30 (lH, s), 

7 . 31 ( 2H, d , J = 8 . 3Hz ) , 7 . 7 0 ( lH, dd , J = 8 • 5 0 and 

1~0 OHz ) , 8 • 11 ( lH, d , J = 8 . 5 OHz ) , 8 . 2 5 ( lH , s) , 9 • 2 8 . ( ~H, 

br ) I 9 • 4 8 ( 2H I br) I 10 . 0 0 . ( lH I br ) I 10 . 19 ( lH I br ) 

INVENTIVE EXAMPLE 68 

3-C5-amidino-2-indolyll-2-C4-C(C3S)-3-pyrrolidinylloxyJ­

phenylJpropionic acid dihydrochloride 

(solid) 

1H-NMR (DMSO-d~) S: 2.00-2.35 (2H, m), 4.00-4.30 (lH, m), 

5.00-5.30 (lH, br), 6.37 (lH, s), 7.00 (2H, d), 7.40 (2H, 

d), 7~60 (2H; d), 8.10 (lH, s), 11.60 (lH, s) 

rNVENTIVE EXAMPLE 69 

3-C6-amidino-2-indolyll-2-C4-CCC3Sl-3-pyrrolidinyl)oxyl-

phenylJpropionic acid dihydrochloride 

(solid) 

1 H-NMR (DMSO-d6 ) S: 2. 20 ( 2H, rn), 3. 40 ( 4H, m}, 5 .16 ( lH, 

br ) , 6 . 3 6 ( lH, s ) , 7 : 0 0 ( 2H , d ) , 7 • 2 7 ( 2H , d ) , 7 • 3 6-7 . 9 6 

(3H, m), 9.20-9.50 (6H, rn), 11.80 (lH, s) 

INVENTIVE EXAMPLE 70 

3-CS-arnidino-2-indolyll-2-[4-[({3R)-tetrahydro-3-

furanyl)oxyJphenylJpropionic acid hydrochloride 

(solid) 

"
1H-NMR (DMSO-d6 ) S: 5.00 (lH,· br), 6.28 (lH, s), 6.82 (2H, 

d) I 7 • 3 0 ( 2H I d) I 7 • 5 8 ( 2H I s ) , 8 • 0 0 ( lH I s ) I 9 . 10 ( 4 H) I 

11. 8 ( lH, s) 
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3-C5-amidino-2-indolyll-2-C4-CCC3Sl-tetrahydro-3-

"furanylloxylphenyllpropionic acid hydrochloride 

(solid) 

• 
1H-NMR { DMSO-d6 ) S : 5 . 10 . ( lH, br) , 6 . 2 7 ( lH, s ) , 6 . 8 2 { 2H, 

d), 7.29 (2H, d),· 7.58 (2H, s), 8.00 (lH, s), 9.12 (4H), 

11. 8 ( lH, s) 

INVENTIVE EXAMPLE 72 

3-(5-amidino-1-methyl-2-indolyll-2-C4-CCC3Sl-3-

pyrrolidinyl)oxyJphenylJpropionic acid dihydrochloride 

(solid) 

1 H-NMR (DMSO~d6 ) S: 1.90-2.25 (2H, m), 3.73 (3H, s), 5.00-

5 • 2 0 ( lH / br ) 1 6 • 4 0 ( lH / S ) 1 6 • 9 5 { 2H 1 d ). 1 7 • 4 Q ( 2H 1 d ) 1 

7.62 {2H, s), 8.10 {lH, s), 9.00-9.80 (6H, br) · 

INVENTIVE EXAMPLE 73 

.3-C6-~mid~no-l-ethyl-2-indolyll-2-[4-CC(3S)-3-

pyrrolidinyl)oxyJphenylJpropionic acid dihydrochloride 

(solid) 
l . 
H~NMR (DMSO-d6 ) S: 1.30 (3H, t), 1.95-2.30 (2H, m), 5.10 

(lH,-m), 6.37 (lH, s), 6.92 (2H, d), 7.30-7.70 (4H, m), 

8.10 (lH, s), 9.30-9.90 (6H, br) 

INVENTIVE Ex.AMP.LE 7 4 

3-(6-amidino-1-ethyl-2-indolyl)-2-[4-f ((3R)-3-

pyrrolidinyl)oxyJphenylJpropionic acid dihydrochloride 

(solid) 
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1H-NMR (DMSO-d6 ) S: 1.31 (3H, t), 2.00-4.50 (llH), 5.11 (lH, 

br), 6.38 (lH, s), 6.96 (2H, .d, J = 8.4Hz), 7.30-7.70 (4H, 

·~, 8.17 (lH, s), 9.07 (2H, br), 9.34 (2H, br), 9.30-10.00 

(2H, br) 

INVENTIVE EXAMPLE 75 

3-[6-amidino-1-(2-chloroethyl)-2-indolylJ-2-[4-C((3Sl-3-

pyrrolidinylloxyJphenylJpropionic acid dihydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) S: 2.00-5.00 (13H), 5.13 (lH, br), 6.42 

(lH, s), 6.97 (2H, d, J = 8.4Hz), 7~40 (2H, d, J = B.4Hz), 

7.50-7.70 (2H, m), 8.22 (lH, s), 9.13 (2H, br), 9.39 (2H, 

br), 9.50-10.00 (2H, br) 

INVENTIVE EXAMPLE 76 

3-(6-amidino-l,2,3,4-tetrahydro-2-naphthyll-2-[4-[((38)-3-. 

pyrrolidinyl)oxyJphenylJpropionic ·acid dihydrochloride 

(solid) 

1 H-NMR (DMSO-d6 ) S: 1.30-4.00 (16H, m), 5.10 (lH, m), 6.94 

(2H, d, J = 9.0Hz), 7.20-7.70 (SH, m), .9.18 (2H, br), 9.34 

(2H, br), 9.50-10.00 (2H, br) 

INVENTIVE EXAMPLE 77 

3-C5~amidino-2-benzimidazolyll-2-[4-[ (C3S)-3-

pyrrolidinyl)oxyJphenyl)propionic acid dihydrochloride 

(solid) 

l H-NMR (DMSO-d6 ) S: 1.98-2.28 (2H, br), 3.00-4.80 (7H, rn), 

5.00-5.20 (lH, br), 6.93 (2H, d, J = 9.0Hz), 7.34 (2H, d, 
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J = 9.0Hz), 7.91 (2H, s), 8.28 (lH, s), 9.36 (2H, br), 9.61 

(2H, br), 9.40-10.10 (2H, br)" 

INVENTIVE EXAMPLE 78 

3-C7-amidino-2-naphthyll-2-f4-f CC3Rl-3-pyrrolidinylloxyJ­

phenylJpropionic acid dihydrochloride 

(solid) 

1H-NMR (DMSO-d6) S: 2.00-2.20 "(2H, m), 3.00-4.20 (7H, m), 

5.10 (lH, br), 6.92 (2H, d, J = 9.0Hz), 7.33 (2H, d, J = 

9.0Hz), 7.50-8.20 (SH, m), 8.43 (lH, s), 9.39 (2H, br),. 

9.60 (2H, br), 9.50-10.00 (2H, br) 

INVENTIVE EXAMPLE 79 

3-(7-amidino-2-naphthyll-2-(4-[(4-piperidinyl)oxyJ-

phenylJpropionic acid dihydrochloride 

(solid) 

1 H-NMR (DMSO-d6 ) S: 1.70-2.20 (4H, m), 2.80-4.10 (.7H, m), 

4.50-4.80 (lH, m), 6.95 (2H, d, J = 8.0Hz), 7.30 (2H, d, J 

= 8.0Hz), 7.60-8.50 (6H, m), 9.35 (2H, br), 9.57 (2H, br), 

9.10-9.80 (2H, br) 

INVENTIVE EXAMPLE 80 

_3-(6-amidino-1-carboxyrnethyl-2-indolyll-2-[4-[((3Sl-3-

pyrrolidinyl)oxyJphenylJpropionic acid dihydrochloride 

(solid) 

l H-NMR (DMSO-d6) ·s: 1.98~2.30: (2H, m), 2.80-3.80 (6H, m), 

3.90-4.25 ("lH, t), 5.00-5.50 (3H, br), 6.41 (.lH, s), 7.00 

(2H, d), 7.42 (2H, d), 7.60-7.90 (2H, m), 8.30 (lH, s), 
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INVENTIVE EXAMPLE 81 

~amidino-2-C3-hydroxy-2-C4-CCC3S)-3-pyrrolidinylloxyJ-

phenyllpropyll-1-indoleacetic acid dihydrochloride 

(solid) 

1H--NMR (DMSO-d6 ) S: 1.95-2.20 (2H, m), 4.90-5.15 (3H, m), 

'6.20 (lH, s), 6.90 (2H, d), 7.25 (2H, d), 7.57 (2H, m), 

8.20 (lH, s), 9.20-9.90 (6H, br) 

INVENTIVE EXAMPLE 82 

6-amidino-2-[2-[4-f CC3Sl-3-pyrrolidinyl)oxyJphenylJethylJ­

i-indoleacetic acid dihydrochloride 

(solid) 

1 H-NMR (DMSO-d6 ) S: 1.90-2.30 (2H, m), 3.10-3.50 (4H, m), 

4.80-5.30 (3H, br), 6.42 (lH, s), 6.90 (2H,. d), 7.25 (2H, 

d), 7.60 (3H, m), 8.25 (lH, s), 9.20-10.00 (6H, br) 

INVENTIVE EXAMPLE 83 

ethyl 3-{5-amidinobenzo[bJthien-2-yll-2-ethoxycarbonyl-2-

·r4-[CC2Rl-2-pyrrolidinyl)methoxylpheny1Jpropionate 

dihydrochloride 

4.34 g of ethyl 2-(4-( ( (2R)-1-tert-butoxy-,. 

carbonyl-2-pyrrolidinyl)methoxy]phenyl]-3-(5-cyano-

benzo(b]thien-2-yl)-2-ethoxycarbonylpropionate was 

dissolved in 150 ml of ethanol. During ice cooling and 

stirring, hydrogen chloride was bubbled into the thus 

prepared solution to a saturation level. The thus 
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saturated solution was allowed to stand still at room 

temperature for 18 hours. After distilli!lg off the solvent 

'Under a reduced pressure, the. thus obtained residue was 

dissolved in 100 ml of ethanol solution containing 13% 

(w/v) of ammo~ia, and the resulting solution was allowed to 

stand still for 24 hours . After distilling off the 

. solvent, the resulting residue w~s subjected to colwnn 

chromatography using a column packed with a highly porous 

polymer type synthetic adsorbent (styrene-divinylbenzene 

polymer: Diaion HP-20) and using a water/acetonitrile 

mixture as an elution solvent. Fractions of interest thus 

pooled were subjected to reversed phase high performance 

liquid chromatography_ using a column packed with octadecyl-

bonded silica gel and using a water/acetonitrile mixture as 

an elution solvent. There.after, the thus eluted fractions 

of interest were pooled, mixed with dilute hydrochloric 

acid and then concentrated to dryness. In this way, 1.0 g 

.of the title compound was obtained in the form of light 

yellow solid. 

l 
H-NMR (DMSO-d6 ) S: 1.15 (6H, t, ~ = 7.0Hz), 2.0 (4H, br), 

3.00-4.00 (3H), 3.95 (2H), 4.2 (4H), 7.00 · (2H, d), 7.16 

{lH), 7.31 (2H, d), 7.70 (lH, dd), 8.1·0 (lH, d), 8.26 (lH, 

d), 9.20-9.60 (SH)~ 9.9·(1H) 
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INVENTIVE EXAMPLE 84 

3-(5-amidinobenzo£blthien-2-yl)-2-C4-CC2-imidazolin-2-

-'\:vl)methoxyJphenylJpropionic acid dihydrochloride 

1.6 g of ethyl 3-:-(5-cyanobenzo[b]thien-2-yl)_-2-

ethoxycarbonyl-2-[ 4-[ { 2-imidazolin-2-yl )methoxy]­

phenyl]propionate was dissolved in 100 ml of ethanol. 

During ice cooling and stirring, hydrogen chloride was 

bubbled into the thus prepared solution to a saturation 

level. The thus saturated solution was allowed to stand 

still at S°C for 18 hours. After distilling off the 

solvent under a reduced pressure, the thus obtained residue 

was dissolved.in 100 ml of ethanol solution containing 13% 

(w/v) of ammonia, and the resulting solution was allowed to 

stand still at room temperature for 24.hours. Thereafter, 

the solvent was distilled off to obtain ethyl 3-(S­

amidinobenzo(b]thien-2-yl )-2-ethoxycarbonyl-2-[ 4-[ ( 2-

imidazolin-2-yl)methoxy]phenyl]propionate dihydrochloride. 

· The thus obtained ester compound was dissolved in 50 ml of 

SN hydrochloric acid, and the solution was refluxed under 

heating for 1 hour. After distilling off the solvent, the 

resulting residue was subjected to column chromatography 

using a column packed with a highly porous polymer type 

synthetic adsorbent (styrene-di vinylbenzene polymer: Diaion 

HP-20) and using a water/acetonitrile mixture as an elution 

solvent. Fractions of interest thus pooled were subjected 
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to reversed phase high performance liquid chromatography 

using a column packed with octadecyl-bonded silica gel and 

-"1.ising a water/acetonitrile mixture as an elution solvent. 

Thereafter, the thus eluted fractions of interest were 

pooled, mixed with dilute hydrochloric acid, and then 

concentrated to dryness. In this way, 200 mg of the title 

compound was obtained in the form of a light yellow solid. 

1H-NMR (DMSO-d6) S: 3.35· (.lH, dd) I 3.65 (lH, dd) I 3.89 (4H, 

s ) , 3 . 9 9 ( lH I t ) I 5 . 0 7 ( 2H, s ) , 6 . 9 8 . ( 2H, d ) , 7 . 3 2 ( lH I s ) I 

7.37 (2H, d), 7.66 (lH, d), 8.12 (lH, d), 8.21 (lH, s), 

9.10 (2H), 9.39 (2H)~ 10.j8 (2H) 

The following· compounds of Inventive Examples 85 

and 86 were prepared in accordance with the procedure of 

Inventive Example 82. 

INVENTIVE EXAMPLE 85 

3-(5-amidinobenzo[bJthien-2-yl)-2-[4-C((3Sl-3-

pyrrolidinyl)thioJphenylJpropionic acid dihydrochloride 

(solid) 

1H-NMR (DMSO-d6) S: 1.5-4.5 (lOH, m), 6.95 (2H, d), 7.32 

( lH I s ) , 7 . 4 0 ( 2H I d) I 7 . 71 . ( lH I . d) I . 8 . 13 ( lH I d) I 8 . 2 8 

(lH, s), 9.3 (2H, br), 9.5 (2H, br), 9.8 (2H, br) 

INVENTIVE EXAMPLE 86 

3-(5-amidino-2-benzothiazolyl)-2-C4-C((3Sl-3-

pyrrolidinyl)oxyJphenylJpropionic acid dihydrochloride 

(solid) 
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1H-NMR (DMSO-d6 ) ·6: 2.08 (2H, br), 3.00-4.25 (7H), 5.10 (~H, 

br), 6.95 (2H, d), 7.34 (2H, ·d), 7.82 (lH, dd), ~.29 (lH, 

-~), 8.41. (lH, d), 9.20-9.60 (6H) 

FAB MS (m/z): 411 (~ + l) 

INVENTIVE EXAMPLE 87 

2-C4-CCC3S)-1-acetimidoyl-3-pyrrolidinylloxyJphenylJ-3-(5-

amidino-2-benzofuranyl)propionic acid dihydrochloride 

1.1 g of 3-(5-amidino-2-benzofuranyl)-2-[4-

[((35)-3-pyrrolidinyl)oxy]phenyl]propionic acid dihydro-

chloride was dissolved in 20 ml· of water. During ice 

cooling and stirring, 1. 4 g of ethyl acetimidate 

hydrochloride was added gradually to the thus prepared 

solution while adjusting the pH of the solution to 8.5 with 

1 N sodium hydroxide aqueous· solution. The resulting 

mixture was stirred for 15 minutes with ice cooling, and 

then adjusted to pH 2. 0 with dilute hydrochloric acid. 

After concentrating the· resulting reaction solution to 

dryness, the thus obtained: residue was subjected to 

reversed phase high performance liquid chromatography using 

a column packed with octadecyl-bonded silica gel and using 

a water/acetonitrile mixture as ·an elution solvent. 

Thereafter, the thus eluted fractions of interest were 

pooled, mixed with dilute hydrochloric acid, and then 

concentrated to dryness. ·In this way, 780 mg of the title 

compound was obtained in a solid form. 

- 219 -



THIS SHEET HAS BEEN 
REPLACED 

1H-NMR (DMSO-d6) 6: 1.90-2.40 (SH, m), 2.90-4.30 (7H, br), 

4.96 (lH, br), 6.73 (l~, s), 6.93 (2H, d, J = 8.BHz), 7.33 

.... '-(2H, d, J = 8.8Hz), 7.73 (2H, s), 8.10 (lH, s), 8.50-8.80 

( lH, br) , 9 • 3 3 ·c 2H, br) , 9 • 4 6 ( 3H, br) 

The following compounds· of Inventive Examples BB 

to 91 were prepared in accordance with the. procedure of 

Inventive Example 87. 

INVENTIVE EXAMPLE 88 

2-£4-f CC3S)-l-acetimidoyl-3-pyrrolidinyl)oxyJphenylJ-3-(5-

amidinobenzo[bJthien-2-yl)propionic acid dihydrochloride 

(solid) 

1H-NMR (DMSO-d6) S:· 2.00-2.50 (SH, m), 3.10-4.20 (7H, m), 

4.96 (lH, br), 6.93 (2H, d, J = 7.9Hz), 7.29 (lH, s), 7.34 

(2H, d, J = 7.9Hz), 7.73 (lH, d, J = 8.3Hz), 8.10 (lH, d, 

J = 8.3Hz), 8.30 (lH, s), 8.50-9.30 (lH, br), 9.37 (2H, 

br), 9.54 (2H, br) 

INVENTIVE EXAMPLE 89 

2-[4-[((3Sl-l-acetimidoyl-3-pyrrolidinyl)oxyJphenylJ-3-C5-

amidino-2-benzothiazolyl)propionic acid dihydrochloride 

(solid) · 

1H-NMR (DMSO-d6 ) S: 2.00 (2H, br), 2.26 (1.5H.), 2.30 (l.SH), 

3.00-4.25 (7H), 5.17 (lH, br), 6.99 (2H, d), 7.31 (2H, d), 

7 . 8 8 ( lH, d) I 8 . _2 5 ( 1~, d) I 8 . 4 4 ( lH I d) I 8 . 5 0 ( lH) , 9 . 3 3 

(2H, hr), 9.55 (2H, br) 

INVENTIVE EXAMPLE 90 
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2-C4-CCC3Rl-l-acetimidoyl-3-pyrrolidinylloxyJphenylJ-3-C6-

amidino-1-ethyl-2-indolyl)propionic acid dihydrochloride 

~solid) 

1H-NMR (DMSO-d6) 6: 1 .. 31 (3H, t, J = 7 .OHz), 2.lS-2.40 (2H, 

m), 2.28 (l.SH), 2.31 (l.SH), 3.15 (lH, dd), 3.40-4.05 

(SH), 4.10 (lH, t), 4.28 (2H, m), S.16 (O.SH, br), S.22 

( 0 • SH, br) , 6 . 4 0 ( lH, s ) , 6 . 9 7 ( 2H, · dd) , 7 . 4 0 ( 2H) , 7 • 4 8 

(lH, d, J = 8.3Hz), 7.62 (lH, d, J = 8.3Hz), 8.13 (lH, s), 

8 . s 0 ( 0 . SH I s) I 8 . s 9 ( 0 . SH I s) I 8 . 9 8 ( 2H I s ) I 9 . 3 2 ( 2H I s) I 

9.2S-9.35 (lH) 

INVENTIVE EXAMPLE 91 

2-f4-CC(3Sl-l-acetimidoyl~3-pyrrolidinyl)oxyJphenylJ-3-(7-

amidino-2-naphthyllpropionic acid dihydrochloride 

(solid) 

1H-NMR (DMSO-d6) 6: 2.00-2.40 (SH, m), 2.90-4.10 (7H,_ m), 

S.15 (lH, br), 6.93 (2H, d, J = 8.0Hz), 7.33 (2H, d, J =· 

8.0Hz), 7.S0-8.40 (6H, m), 8.50-8.70 (lH), 9.30 (3H, br), 

9.55 (2H, br) 

INVENTIVE EXAMPLE 92 

2-[4-C({2Rl-1-acetimidoyl-2-pyrrolidinyl)methoxyJphenylJ-3-

CS-amidinobenzo[bJthien-2-yl)propionicaciddihydrochloride 

1. 0 g of ethyl 3-(5-amidinobenzo[b]thien-2-yl) ~2-

. ethoxycarbrinyl-2-[4-[((2R)-2-pyrrolid~nyl)methoxy]-

phenyl]propionate dihydrochloride was dissolved in 20 ml pf 

ethanol, followed by the addi.tion of 0. 4 2 g . of ethyl 
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acetimidate hydrochloride. · 0. 51 · g · of triethylamine was 

added to the thus prepared solution during stirring under 

-'ice cooling, and the resulting mixture was warmed up to 

room temperature and stirred for 18 hours. Thereafter I the 

solvent was distilled off to obtain ethyl 2-[4-[((2R)-l­

acetimidoyl-2-pyrrolidinyl )methoxy)phenyl ]-2-

ethoxycarbonyl-3-(5-amidinobenzo[b]thien-2-yl)propionate 

dihydrochloride. The thus obtained ester compound was 

dissolved in 50 ml of 5 N hydrochloric acid and refluxed 

under· heating for 60·minutes. After distilling off the 

sol vent, the resulting residue was subjected to column 

chromatography using a column packed with a highly porous 

polymer type synthetic adsorbent (styrene-divinylbenzene 

polymer: Diaion H~-20) and using a water/acetonitrile 

mixture as an elution solvent. Fractions of interest were 

pooled and concentrated, and· the resulting residue was 

subjected to reversed phase high performance liquid 

chromatography using a column packed with octadecyl-bonded 

silica gel and using a water/acetonitrile mixture as an 

elution solvent. Thereafter, the thus.eluted fractions of 

interest were pooled, mixed with dilute hydrochloric acid, 

and then concentrated to dryness. In this way, 360 mg of 

the title compound was obtained in the form of a light 

yellow solid. 

1H-NMR (DMSO-d6 ) S: 2.00 (4H, br), 2.24-2.43 (3H), 3.00-4.00 
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( SH) , 4 • 0 0 ( 2H ) , 4 • 5 0 ( lH, br) , 6 • 9 0 ( 2H, d ) , 7 • 3 0 ( 3H ) , 

7.70 (lH, d), 8.10 (lH, d), 8.23 (lH, s), 9.20-9.60 "(SH, m) 

INVENTIVE EXAMPLE 93 

3-C5-amidinobenzoCblthien-2-yll-2-£4-CCC38)-l-benzimidoyl-

3-pyrrolidinyl)oxyJphenylJpropionic ~cid dihydrochloride 

1.0 g of ethyl 3-_(5-amidinobenzo[b]thien-2-yl)-2-

[ 4- [ ( ( 38 )-3-pyrrolidinyl) oxy] phenyl] propionate 

dihydrochloride was dissolved in 15 ml of ethanol. To this 

solution was added 773 mg of ·ethyl benzimidate hydro­

chloride which has been prepared by allowing benzonitrile 

to react with ethanol in the presence of hydrogen chloride. 

631 mg of triethylamine was· added .·to the thus prepared 

solution during stirrin9 under ice cooling, and the mixture 

was warmed up to ·room temperature, and stirred for 18 

hours. Thereafter, the sol vent was distilled off to obtain 

ethyl 3-(5-arnidinobenzo[b]thien-2-yl)-2-[4-[((3S)-1-

benzimidoyl-3-pyrrolidinyl)oxy]phenyl]propionate 

dihydrochloride. · The. thus obtained ester compound· was 

dissolved in 60 ml of 3 N hydrochloric acid and refluxed 

under heating for 30 minutes. After distilling off the 

solvent, the resulting residue was subjected to column 

chromatography using a colllillil packed with a highly porous 

polymer type synthetic adso.rbent · (styrene-di vinylbenzene 

polymer: Diaion HP-20) and using a water/acetonitrile 

mixture as an elution solvent. Fractions of interest were 
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pooled and concentrated, an~· t~~ ;-esul ting residue was 

subjected to reversed phase· high performance liquid 

-'~hromatography using a column packed with octadecyl-bonded 

silica gel and· using a water/acetonitrile mixture as an 

elution solvent. Thereafter, the thus eluted fractions of 

interest were pooled, mixed with dilute hydrochloric acid, 

and then concentrated to dryness. In this way, 350 mg of 

the title compound was obtained in the form ·of a light 

yellow solid. 

1H-NMR (DMSO-d6 ) S: 2.00-2.80 (2H, m), 3.00-3.30 (7H, m), 

4.04 (O.SH, br), 4.30 (O.SH, br), 6.80-7.90 (llH, m), 8.12 

(lH, d, J = 8.3Hz), 8.30 (lH, s), 9.20-9.70 (6H, rn) 

The following compounds of Inventive Examples 94 

to 100 were prepared in accordance with the procedure of 

Inventive Example 93. 

INVENTIVE EXAMPLE 94 

3-(5-arnidinobenzofbJthien-2-yll-2-f4-f ((3S)-1-n-hexan-

irnidoyl-3-pyrrolidinyl)oxyJphenylJpropionic acid di-

· hydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) S: 0.80-0.95 (3H, m), 1.20-1.40 (4H, m), 

1.45-1.70 (2H, m), 2.15-2.40 (2H, m), 2.45-2.60 (2H, m), 

3.25-3.90 (6H,:m), 3.96 (lH, t, J = 7.5Hz), 6.85-7.00 (2H, 

m), 7.25-7.40 (3H, m), 7.69 (lH,.dd, J = 8.3 and 1.5Hz), 

8.1'1 (lH, d, J = 8.3Hz), 8.25 (lH, s), 8.58 (0.5H, s), 8.66 
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(0.5H, s), 9.20-9.30 (3H, br), 9.47 (2H, br) 

·INVENTIVE EXAMPLE-95 

... '-3- ( 5-amidinobenzo f blthien-2-yl l-2-r 4-r ( C 3S l-1-cyclo-

propanecarboximidoyl-3-pyrrolidinylloxyJphenylJpropionic 

acid dihydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) S: 0.90-1.30 (3H, m), 1.80-4.10 (lOH, m), 

5.10-5.30 (lH, m), 6.96 (2H, d, J = 8.4Hz), 7.32 (lH, s), 

7.36 (2H, d, J = 8.4Hz), 7.71 (lH~ d, J = 7.4Hz)·, 8.14 (lH, 

d, J = 7.4Hz), 8.29 (lH, s), 8.40-8.70 (2H, m), 9.36 (2H, 

br), 9.52 (2H, br) 

INVENTIVE ExAMPLE 96 

2-[4-f CC2Sl-l-acetimidoyl-2-pyrrolidinyl)methoxyJphenylJ-

3-CS-amidinobenzo[bJthien-2-yllpropionic acid dihydro-

chloride 

(solid) 

1H-NMR (DMSO-d6 ) S: 2.05 (4H, br), 2.25-2.43 (3H), 3.00-4.50 

( 8H) ' 6 . 9 5 ( 2H} , 7 • 3 0 ( 3H) I 7 . 7 0 ( lH, d) ' 8 . 10 ( lH, d) ' 

8.25 (lH, s), 8.60 (lH, s), 9.20-9.60 (SH, m) 

INVENTIVE EXAMPLE 97 

2-[4-C(l-acetimidoyl-4-piperidinyl)oxyJphenylJ-3-fS-

amidinobenzo[bJthien-2-yl)propionic acid dihydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) S: 1.65-2~10 (4H, .rn), 2.32 (3H, s), 3.20-

4. 00 ( 7H, m), 4. 60-4. 70 ( lH, m), 6. 96 ( 2H, d, J = 8. 3Hz), 
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7.30 (3H, m), 7.69 (lH, d, J = 8.3Hz), 8.10 (lH, d, J = 

8 • 3Hz ) , 8 • 2 6 ( lH, s ) , 8 • 9 5 ( lH, s ) , 9 • 3 2 ( 2H, br ) , 9 • 5 2 

··"-c 2H, br) 

INVENTIVE EXAMPLE 98 

2-£4-£(1-acetimidoyl-4-piperidinylloxyJphenylJ-3-(6-

amidino-l-ethyl-2-indolyl)propionic acid dihydrochloride 

1H-NMR (DMSO-d6 ) S: 1.30 (3H, t, J = 7.0Hz), 1.73-2.10 (4H, 

m), 2.31 (3H, s), 3.10 (lH, m), 3.30-3.80 (SH), 4.05 (lH, 

t) , 4 • 3 0 ( 2H, m) , 4 . 7 0 ( lH, br) 1 6 • 3 8 ( lH, s ) 1 6 . 9 7 ( 2H, d' 

J = 8.5Hz), 7.37 (2H, d, J = 8.SHz), 7.48 (lH, d, J .= 

8 . 3Hz ) , 7 . 61 ( lH, d, J = 8 • 3Hz) , 8 . 14 ( lH, s ) , 8 . 8 6 ( lH, 

br), 9.15-9.50 (SH, m) 

INVENTIVE EXAMPLE 99 

3-(7-amidino-2-naphthyl)-2-[4-[((3Sl-l~butanimidoyl-3-

pyrrolidinylloxyJpheny1Jpropionic acid dihydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) S: 0. 60-4. 00 ( 16H) 1 S. 00 ( lH, br) 1 6. 79 

(2H, d, J = 8.0Hz), 7.21 (2H, d, J = 8.0Hz), 7.30-8.10 (SH, 

m), 8.34 (lH, s), 8.30 (lH~ s), 8.40-8.70 (lH), 9.00-10.00 

(SH) 

INVENTIVE .EXAMPLE 100 

J-(7-amidino-2-naphthyl)-2-£4-f ((3S)-l~benzimidoyl-3-

pyrrolidinyl)oxyJphenylJpropionate acid dihydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) S: 2.00-4.10 (9H)·, 4.90 (O.SH, br), 5.20 
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(0.5H, br), 6.70-8.10 (14H, m), 8.32 (lH, s), 9.10-9.50 

(4H) 

INVENTIVE EXAMPLE .101 

3-CS-amidinobenzoCbJthien;..2-yl)-2-C4-CCC3S)-l-CN-methyl-

acetimidoyll-3-pyrrolidinylJoxyJphenylJpropionic acid 

dihydrochloride 

2. 0 g of 3- ( 5-amidinobenzo [ b] thien-2-yl )-2-[ 4-

[ ( ( 3S )-3-pyrrolidinyl) oxy] phenyl] propionic acid dihydro-

chloride was dissolved in a solvent mixture of 10 ml of 

water and 10 ml of acetonitrile. With stirring, to the 

thus prepared solution was gradually added 20 g of ethyl 

(N-methyl)acetimidate hydrochloride which has l:1e"'en ... 'prepared 

in accordance with the procedure disclosed in The Journal 

of Organic Chemistry (vol. 33_, ~P-.16.79--1681, 1968), while 

maintaining the pH level of the solution at 8. 5 with 2 N 

sodium hydroxide aqueous solution. After distilling off 

the solvent, the resulting residue was washed with di-

chloromethane and then subjected to column chromatography 

using a column packed with a highly porous polymer type 

synthetic adsorbent (styrene-di vinylbenzene polymer: Diaion 

HP-20) and using a water/acetonitrile mixture as an elution 

solvent, thereby effecting desalting. Fractions of 

interest thus pooled were sub)ected to reversed phase high 

performance liquid chromatography using a column packed 

with octadecyl-bonded silica gel. Thereafter, the thus 
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eluted fractions of interest were pooled and then 

concentrated to dryness by passing through a Cl type of 

-~trongly basic ion exchang~ resin (Diaion SA-10, Nippon 

Rensui Co., Ltd.). In this way, . 370 mg of the title 

compound was obtained in a solid form. 

1H-NMR (DMSO-d6 ) S: 2.00-2.44 (2H, m), 2.30 (l.5H), 2.33 

(l.5H), 2.98 (3H), 3.06-4.20 (7H, m), 5.00-5.40 (lH, br), 

6 • 9 2 ( 2H, d, J = 8 . 3Hz ) , 7 . 2 8 ( lH, s ) , 7 . 3 3 ( 2H, d, J = 

8.3Hz), 7.72 (lH, d, J = 9.0Hz), 8.06 (lH, d, J = 9.0Hz), 

8 • 2 8 ( lH, s ) , 8 . 8-9 • 2 0 ( lH, br ) , 9 • 2 3 ( 2H, br ) , 9 . 5 0 ( 2H, 

br) 

INVENTIVE EXAMPLE 102 

3-<5-amidino-2-benzofuranyll-2-£4-CC(2Rl-2-amino-l-

butyl)oxyJphenylJpropionic acid dihydrochloride 

In 300 ml of tetrahydrofuran were dissolved 1.1 

. g of ethyl 3-(5-cyano-2-benzofuranyl)-2-(4-hydroxyphenyl)­

propionate, 1.24 g of (2R)-2-tert-butoxycarbonyl-amino-l-

butanol and 1.72 g of triphenylphosphine. The thus 

prepared solution was mixed with 1.14 g of diethyl 

azodicarboxylate and stirred at room temperature for 18 

hours. The resulting solution was further mixed with 0.83 

g of (2R)-2-tert-butoxycarbonylamino-l-:-butanol, 1.2 g of 

triphenylphosphine and 0.76 g of diethyl azodicarboxylate, 

and the mixture was stirred at room temperature for 18 

hours. After concentrating the thus prepared reaction 
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solution to dryness_, the resulting re~idue was purified by 

subjecting it to silica gel column chromatography using a 

~toluene/ethyl acetate mixture as a developing solv~nt, 

thereby obtaining 660 mg of ethyl 2-[ 4-[ ( ( 2R)-2-tert­

butoxycarbonylamino-1-butyl) oxy] phenyl ]-3- ( S-cyano-2-

benzofuranyl)propionate in a colorless and oily form. 

Thereafter, 660 mg of ethyl 2-[4-[((2R)-2-tert­

butoxycarbonylamino-1-butyl)oxy]phenyl]-3-(5-cyano-2-

·benzofuranyl)propionate obtained above was 
. . 

treated and 

purified in the same manner as described in Inventive 

Example 50 to obtain 78 mg of the title compound in a solid 

form. 

1H-NMR (DMSO-d6 ) S: 1.04 (3H, t), 1.70 (2H), 3.0-4.2 (6H), 

6.71 (lH, s), 6.99 (2H, d), 7.27 (2H, d), 7.72 (2H, s), 

8.07 (lH, s), 8.3 (3H, br), 9.34-9.40 (4H) 

INVENTIVE EXAMPLE 103 

3- ( 5-amidino-2-benzofuranyl )-2-[ 4.,... r ( ( 2S )-2-amin·o-1-

butyl)oxyJphenylJpropionate acid dihydrochloride 

This compound was obtained in a solid form with 

a yield of 620 mg by repeating the .process of Inventive 

Example 102, except that ( 2S )-2-tert-butoxycarbonylamino-1-

butanol was used instead of ( 2R )-2-tert-butoxycarbonyl-

amino-1-butanol. 

1H-NMR (DMSO-d6 ) S: 1.04 (3H, t), 1.70 (2H), 3.0-4.2 (6H), 

6 . 6 8 ( lH I s ) I 6 . 9 6 ( 2H' d ) , 7 . 2 4 ( 2H I d ) ' 7 . 7 0 ( 2H I s ) , 
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INVENTIVE EXAMPLE 104 
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-·'3-£4-CC(3Sl-1-acetimidoyl-3-pyrrolidinyl)oxyJphenylJ-4-

(5-amidinobenzofbJthien-2-yllbutyric acid dihydrochloride 

1 ml of thionyl chl9riqe.w~s added dropwise to 50 

ml of ethanol. With stirring at room temperature, to this 

solution .was added 1. 0 g of 4- ( 5-amidinobenzo [ b] thien-2-

yl)-3-[4-[ ( (35)-3-pyrrol.idinyl)oxy]phenyl]butyric dihydro-

chloride, followed by refluxing under heating for 1 hour. 

After cooling and subsequent removal of the sol vent by 

distillation, the thus prepared reaction solution was 

thoroughly dried under a reduced pressure to obtain ethyl 

4-(5-amidinobenzo[b]thien-2-yl)-3-[4-[((35)-3-pyrrolidin-

yl)oxy]phenyl]butyrate dihydrochloride. The thus obtained 

ester compound was dissolved in 20 ml of tetrahydrofuran. 

During ice cooling and stirring, the thus prepared solution 

was mixed with triethylamine and then with 360 mg of ethyl 

acetimidate hydrochloride, and the resulting mixture was 

stirred for 1 hour. After distilling off the solvent, the 

resulting residue was ·subjected to column chromatography 

using a column packed with a highly porous polymer type 

synthetic adsorbent (styrene-di vinylbenzene polymer: Diaion 

HP-20) and using~ water/acetonitrile mixture as an elution 

solvent. Fractions of interest were pooled and concen-

trated to dryness, and the resulting residue was dissolved 
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·in 50 ml of 2 N hydrochloric acid and refluxed under 

heating for 1 hour. After distilling off the solvent, the 

-~esulting residue was subjected to column chromatography 

using a column packed with a highly porous polymer type 

synthetic adsorbent (styrene-di vinylbenzene polymer: Diaion 

HP-20) and using a water/acetonitrile mixture as an elution 

solvent. The fractions of interest were pooled and 

subjected to reversed . phase high performance liquid 

chromatography using a column packed with octadecyl-bonded 

silica gel and using a water/acetonitrile mixture as an 

elution solvent. Thereafter, the thus eluted fractions of 

interest were pooled, mixed with dilut~ hydrochloric acid, 

and then concentrated to dryness. In this way, 850 mg of 

the title compound was obtained in a solid form. 

1H-NMR (DMSO-d6 ) o: 2.0-2.45 (2H, m), 2.32 (3H, d), 2.5-2.9 

(2H, m), 3.1-4.0 (7H, m), 5~1-5.35 (lH, m), 6.92 (2H, d), 

7.30 (2H, d), 7.8 (lH, d), 8.20 (lH, d), 8.37 (lH, s), 8.6-

8.9 (lH, m), 9.30-9.80 (SH) 

FAB MS (m/z): 465 

INVENTIVE EXAMPLE 105 

2·-[4-C ( ( 3S )-1-(acetimidoyl-3-pyrrolidinyl )oxyJphenyl J-3-

( 6-amidino-l-ethyl-2-indolyl) propionic acid dihydrochloride 

This compound was prepared in accordance with the 

procedure of Inventive Example 104. 

(solid) 
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1H-NMR (DMSO-d6 ) 8: 1.35 (3H, t), 2.37 (3H), 4.10-4.40 (lH, 

m) , 6 • 4 2. ( lH, s ) , 7 • 0 0 ( 2H, d ) ~ 7 • 4 5 ( 2H, d ) , 7 • 6 0 ( 2H, m) , 

~'S.30 (lH, s), 8.70 (lH; br), 9.25-9.80 (SH) 

INVENTIVE EXAMPLE 106 

3~f4-f ((3Sl-1-acetimidoyl-3-pyrrolidinyl)oxyJphenylJ-2-(5-

amidinobenzorbJthien-2-yl)propionic acid dihydrochloride 
. . 

2. 0 g of ethyl 3-[ 4-[ ( ( 35 )-1-tert-butoxycarbonyl-

3-pyrrolidinyl) oxy] phenyl] -2- ( 5-cyanobenzo [ b] thien-2-

yl)propionate was dissolved in 100 ml of ethanol. With ice 

cooling and stirring, hydrogen chloride was bubbled into 

the thus prepared solution to a saturation level. The 

resulting. solution was allowed to stand still at room 

temperature for 18 hours. After distilling_ off the 

solvent, the thus obtained residue was dissolved in 100 ml 

of ethanol solution containing 13% ammonia, and the · 

solution was allowed to stand still for 18 hours. After 

distilling off the solvent, the resulting residue was 

subjected to column chromatography using a column packed 

with a highly porous polymer type synthetic adsorbent 

(styrene-divinylbenzene polymer: Diaion HP-20) and using a 

water/acetonitrile mixture as an elution solvent, thereby 

obtaining 1.1 g of ethyl 2-(5-amidinobenzo[b]thien-2-yl)-

3-[4-[ ( (35)-3-pyrrolidinyl)oxy]phenyl]propionate dihydro-

chloride. 1.1 g of the thus obtained compound was 

dissolved in 15 ml of ethanol, and the solution was mixed 
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with 566 mg of ethyl acetimidate hydrochloride and ·694 mg 

of triethylamine ·in that order,. followed by 18 hours of 

-~tirring at room temperature. After distilling off .the 

solvent, the thus obtained residue was dissolved in 50 ml 

of 2 N hydrochloric acid, and then refluxed under heating 

for 30 minutes. After cooling and subsequently distilling 

off the sol vent, the . resulting residue was subjected to 

column chromatography using a column packed with a highly 

porous polymer type synthetic adsorbent (styrene-

di vinylbenzene polymer: Diaion HP-20) and using a 

water/acetonitrile mixture as an elution solvent. 

Fractions of interest. thus pooled were subjected to 

reversed phase high performan~e l~qui~ chromatography using 

a column packed with octadecyl-bonded silica gel and using 

· a water/acetonitrile mixture as an elution solvent. 

Thereafter, the thus eluted fractions of interest were 

pooled, mixed with dilute hydrochloric acid, and then 

concentrated to dryness. In this way, 490 mg of the title 

compound was obtained in a solid form. 

1H-NMR (DMSO-d6 ) S: 2.1-2.4 (2H, m), 2.22 (l.5H), 2.29 

(1.5H), 3.08 (lH, dd, J = 13.7 and 7.8Hz), 3.30-4.00 (SH, 

m), 4.36 (lH), 5.00-5.20 (lH), 6.80-6.90 (2H, m), 7.15-7.25 

(2H, m), 7.44 (lH, s), 7.72 (lH,·d, J = 8.3Hz), 8.15 (lH, 

_d, J = 8. 3Hz) , 8 . 3 2 ( lH,. s ) , 8 ~ 5 8 ( 0 . SH) , 8 . 6 6 ( 0 . SH) , 9 . 3 2 

(2H, br), 9.38. (O.SH), 9.45 (O.SH), 9.50 (2H, br) 
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The following compoqnds of Inventive Examples 107 

to 110 were prepared in accordance with the procedure of 

-"'+nventive Example 106. 

INVENTIVE EXAMPLE 107 

2-C4-C((3R)-l-acetimidoyl-3-pyrrolidinyl)oxyJphenylJ-3-(7-

amidino-2-naphthyl)propionic acid dihydrochloride 

(solid) 

1H-NMR {DMSO-d6 ) S: 2.00-2.40 (SH, m), 2.90-4.10 {7H, m), 

· 5 • 2 0 ( lH, br) , 6 • 9 3 { 2H, d, J = 8 . OHz ) , 7 • 3 3 ( 2H, d, J = 

8.0Hz), 7.56 (:!..H, d), 7.70-8.20 (4H, m), 8.45 (lH, s), 

8.50-8.80 (lH), 9.45 (3H, br), 9.63 (2H, br) 

INVENTIVE EXAMPLE 108 

2-[4-C(_l-acetimidoyl-4-piperidinyl)oxyJphenylJ-3-(7-

amidino-2-naphthyl)propionic acid dihydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) S: 1.50-2.10 (4H, m), 2.31 (3H, s), 3.00-

4.20 {7H, m), 4.60-4.80 (lH, m), 6.95 (2H~ d, J = 9.0Hz)~ 

7.31 (2H, d, J = 9.0Hz), 7.50-8.50 (6H, rn), 8.93 (lH), 9.45 

(3H, br), 9.62 (2H, br) 

INVENTIVE EXAMPLE 109 

3-(7-amidino-2-naphthyl)-2-(4-C(l-butanimidoyl-4-

piperidinyl)oxyJphenylJpropionic acid dihydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) S: 0.96 -(3H, t, J = 7.0Hz), 1.57 (2H, rn), 

1 • 71 ( 2H, br) , 2 . 0 3 ( 2H, _br) , 2 . 5 2 ( 2H, t) , 3 . ·1 a ( lH, m) , 
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3·.40-3.90 (SH), 4.·oo (lH, t), ·4.68 (lH, br), 6.96 (2H, d, 

J = 8.0Hz), 7.30 (2H, ·d, J = 8.0Hz), 7.60-8.40 (6H, m), 

~~.86 (lH), 9.32 (3H, br), 9.58 (2H, br) 

INVENTIVE EXAMPLE 110 

2-f4-C((2R,4Sl-l-acetimidoyl-2-methyl-4-pyrrolidinyl)-

oxyJphenylJ-3-(5-amidinobenzoCbJthien-2-yllpropionic acid· 

dihydrochloride 

(solid) · 

1H-NMR (DMSO-d6 ) S: 1.35 (3H, m), 2.27 (1.SH, s), 2.37 

(1.SH, s), 5.10-5.50 (lH, br), 7.00 (2H, d), 7.10-8.70 (6H, 

m), 9.10-9.60 (6H, br) 

FAB MS (m/z): 465 (M+ + 1) 

INVENTIVE EXAMPLE 111 

3-C5-amidinobenzofbJthien-2~yll-2-[4-C(C2Sl-5-oxo-2-

pyrrolidinyl)methoxyJphenylJpropionic acid hydrochloride 

a) 3. 2 g of ethyl 2-[ 4-[ ( ( 2S )-1-tert-butoxy­

carbonyl-5-oxo-2-pyrrolidinyl) methoxy] phenyl] -3- ( 5-

cyanobenzo[b]thien-2-yl)propionate was dissolved in a 

solvent mixture of 50 ml of ethanol and 50 ml of 

dichloromethane. During· ice cooling and stirring, hydrogen 

chloride was bubbled into . this solution to a saturation 

level. The thus prepared reaction mixture was allowed to 

stand still at 5°C for 48.hours. After distilling off the 

solvent, the thus obtained residue was dissolved in 100 ml 

of ethanol solution containing 13% (w/v) of ammonia, and 
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the solution was maintained at room temperature . for 24 

liours. Thereafter, the solvent was removed by distillation 

··'+o obtain ethyl 3-(5-amidinobenzo[b]thien-2-yl)-2-:-[4-

[ ( (25)-5-oxo-2-pyrrolidiny~)m~t~o~y]phenyl]propionate 

hydrochloride. The thus obtained ester compound was 

dissolved in a solvent mixture of 30 ml of tetrahydrofuran 

and 30 ml of water. To the ~esulting mixture was added 1. 6 

g of 2-(tert-butoxycarbonylimino)-2-phenylacetonitrile and 

2 ml of 1,8-diazabicyclo[5.4.0]-7-undecene. After stirring 

at room temperature for 24 hours, the resulting reaction 

solution was extracted with ethyl acetate al).d dried. After 

distilling off the solvent, the thus obtained residue was 

purified by subjecting it to silica gel column chromato­

graphy using a chloroform/methanol mixture as an eluant, 

thereby obtaining 2. 4 g of ethyl 3-[ 5- (N-tert-butoxy- · 

carbonyl)aminoiminomethyl~enzo[bJthien-2-yl]-2-[4-[((25)-5-

oxo-2-pyrrolidinyl)methoxy]phenyl]propionate in a solid 

form. 

1H-NMR (CDC13 ) S: 1.18 (3H, t), 1.58 (9H, s), 1.80-2.50 (4H, 

m), 3.28 (lH, dd), 3.70 (lH, dd), 3.80-4.50 (6H, m) 

b) 2.4 g of ethyl 3-[5-(N-tert-butoxycarbonyl)­

aminoiminomethylbenzo["b]thien-2-yl]-2-[4-[ ( (25)-5-oxo-2-

pyrrolidinyl)methoxy]phenyl]propionate obtained in the 

above step a) was dissolved in 30 ml of tetrahydrofuran. 

The thus prepared solution was mixed with an aqueous 
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solution of 200 mg of sodium hydroxide dissolved in 5 ml of 

water, and the mixture was stirred for 72 hours. After 

~"'4istilling off the solvent, the thus obtained residue was 

dissolved in 10 ml of concentrated hydrochloric acid~ and 

the solution was stirred at -room -temperature for 1 hour. 

After distilling off the solvent, the resulting residue was 

subjected to column chromatography using a column packed 

with a highly porous polymer type synthetic adsorbent 

(styrene-divinylbenzene polymer: Dia.ion HP-20) and using a 

water/acetonitrile mixture as an elution solvent. 

Thereafter, thus eluted fractions of interest were pooled, 

mixed with hydrochloric acid, and then concentrated to 

dryness. In this way, 1 . 1 g of the title compound was 

obtained. 

1H-NMR (DMSO-d6 ) S: 1.70-2.30 (4H, m), 6.90 (2H, d), 7.29 

(2H, d), 7.30 (lH, s) 

FAB MS (m/z): 438 (M+ + 1) 

INVENTIVE EXAMPLE 112 .,,. 

2-f 2-f 4-£ ( 4-imidazolyl.lmethoxyJphenyl J ethyl J-5-benzofuran-· 

carboxamidine dihydrochloride 

3.53 g portion of 2-[2-[4-[(1-trityl-4-

imidazolyl)methoxyJphenyl]ethyl]-5-benzofurancarbonitrile 

was dissolved in a solvent mixture of 150 ml of ethanol and 

100 ml of dichloromethane. Hydrogen chloride acid gas was 

bubbled into the thus prepared solution while stirring 
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under ice cooling, and the thus saturated solution was 

maintained at room temperature for 24 hours. After 

-'distilling off the solvent, the thus obtained residue.was 

dissolved in an ethanol solution containing 15% (w/v). of 

ammonia, and the solution was stirred at room temperature 

for ·ao hours. After distilling off the solvent, the 

resulting· residue was dissolved in a mixture of 100 ml of 

formic acid and 2 ml of concentrated hydrochloric acid, and 

the thus prepared solution was stirred for 6 hours. After 

removing formic acid by distillation, the thus obtained 

residue was dissolved in hot water, and insoluble materials 

·were removed by filtration. After concentrating the thus 

obtained filtrate to dryness, the resulting residue was 

subjected to column chromatography using a column packed 

with a highly porous polymer type synthetic adsorbent 

(styrene-divinylbenzene polymer: Diaion HP-20) and using a 

water/acetonitrile mixture · as · an elution splvent. 

Fractions of interest were pooled and concentrated, and the 

resulting- residue was subjected. to reversed phase high 

perfo~ance liquid chromatography using a column packed 

with octadecyl-bonded silica gel and using a water/aceto-

nitrile mixture as an elution solvent. Thereafter, the 

thus eluted fractions of interest ~ere pooled, mixed with 

dilute hydrochloric acid, and then concentrated to dryness. 

In this way, 730 mg of the title compound was obtained in 
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1H-NMR (DMSO-d5) 6: 2.95. (4H; m), 5.12 (2H, s), 6.72 (lH, 

-~), 6.94 (2H, d, J = 8.7Hz), 7.20 (2H, d, J = 8.7Hz), 7.72 

(2H, s), 7.75 (lH, s), 8.08 ·(lH1 ·s)·, 9.13 (3H, hr), 9.38 

(2H, hr) 

INVENTIVE EXAMPLE 113 

2-[2-[4-£((35)-3-pyrrolidinyl)oxyJphenylJethylJ-6-

indolecarhoxamidine dihydrochloride 

650 mg of 2-[2-[4-[ ( (35)-1-tert-butoxycarbonyl-3-

pyrrolidinyl)oxy]phenyl]ethyl]-6-indolecarbonitrile was 

. dissolved in a solvent mixture of 100 ml of ethanol and 30 

ml of dichloromethane. During ice cooling and stirring, 

hydrogen chloride was bubbled into · the thus prepared 

solution to a saturation level. The resulting solution was 

allowed to stand still at room temperature for 24 hours. 

· After distilling off the solvent, the resulting residue was 

dissolved in an ethanol solution containing 11% (w/v) of 

ammonia, and the solution was stirred at room temperature 

for 24 hours. After distilling off the solvent, the 

resulting residue was subjected to reversed phase high 

performance liquid chromatography using a column packed 

with octadecyl-bonded silica gel and using a water/aceto-

nitrile mixture as an elution solvent. Thereafter, the 

thus eluted fractions of interest were pooled, mixed with 

dilute hydrochloric acid, and then concentrated to dryness. 
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In this way, 90 mg of the title compound was obtained in 

the form of crystals. 

-·'i\lp: 229 to 233°C 

1H-NMR (DMSO-d6)" S: 1.95-2.35 (2H, m), 5.00-5.3.0 (lH, br), 

6.36 (lH, s), 6.80-7.80 (7H, m), 8.00 (lH, s), 9.30-9.60 

(6H., br) 

The following compounds of Inventive Examples 114 

to 121 were prepared in accordance with the procedure of 

Inventive Example 113. 

INVENTIVE EXAMPLE 114 

2-[3-hydroxy-2-C4-C((3S)-3-pyrrolidinyl)oxyJphenylJpropylJ-

6-indolecarboxamidine dihydrochloride 

(solid) 

1H-NMR (DMSO-d6) S: 1.97-2.30 (2H, m), 2.90-4.60 (9H, m), 

5.00-5.20 (lH, br), 6.22 (lH, s), 6.90 (2H, d), 7.18-7.70 

(2H, m), 7.96 (lH, s), 9.10-9.90. (6H·, br), 11.05 (lH, s) 

INVENTIVE EXAMPLE 115 

2-[2-[4-[[(2-pyrazinyl)aminoJcarbonylJphenylJethylJ-5-

benzof urancarboxamidine dihydrochloride 

(solid) 

1H-NMR (DMSO-d6) S: 3.20 (4H, s), 6.78 (lH, s), 7.08 (lH, 

br), 7.48 (2H, d, J = 7.9Hz), 7.80 (2H, s), 8.03 (2H, d, J 

= 7.9Hz), 8.12 (lH, s), 8.40-8.60 (2H, m), 9.25 (2H, br), 

9.39 (3H, br), 11.05 -(lH, s) 

INVENTIVE EXAMPLE 116 
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2-C2-C4-CC1-imidazolyl\inethyllpheny1Jethyll-5-benzofuran-

carboxamidine dihydrochloride 

-'<solid) 
l . H-NMR (DMSO-d6 ) S: 3.10 (4H, s), 5.45 (2H,·s), 6.72 (lH, 

s), 7.24 (2H, d, J = 8.3H~), 7.40 (2H, d, J = 8.3Hz), 7.66 

( lH, s ) , 7 • 7 2 ( 2H, s. ) , 7 • 8 0 ( lH I s ) I 8 • 1 ~ ( lH I s ) I 9 . 3 0 

(2H, br), 9.45 (3H, br) 

INVENTIVE EXAMPLE 117 

2-£2-(4-£(4-methyl-1-piperazinyl}carbonylJphenylJethylJ-5-

benzofurancarboxamidine dihydrochloride 

1H-NMR .(DMSO-d6 ) S: 2.80 (3H, s), 4.09 (4H, s), 3.10 (4H, 

br), 4.00 (4H, br), 6.74 (lH, s), 7.36 (4H, s), 7.74 (2H, 

s ) , 8 • 12 ( lH, s ) , 9 • 2 8 ( 2H, br) , 9 . 4 8 ( 2H, br) 

INVENTIVE EXAMPLE 118 

3-[3-[4-f C(3S)-3-pyrrolidinyl)oxyJphenylJpropyll-5-. 

benzofurancarboxamidine dihydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) S: 2.10 (4H, m), 2. 70 (4H, m), 3.30 (4H), 

5.07 (lH, br), 6.90 (2H, d),. 7.15 (2H, d), 7.79 (2H, s), 

8.00 (lH, s), 8.23 (lH, s), 9.20-9.80 (6H, br) 

INVENTIVE EXAMPLE 119 

2-[[4-[(4-piperidinyl)oxyJphenylJmethylJ-5-benzofuran-

carboxamidine dihydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) S: 1.70-2.20 (2H, m), 2.70-3.30 (4H, m), 
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4.14 (2H, s), 4.60-4.80 (lH, m), 6.79 (lH, s), 6.97 (2H, d, 

J = 9.0Hz), 7.26 (2H, d, J = 9.0Hz), 7.74 (2H, s), 8.13 

-·"'{lH, s), 9.30 (2H, br), 9.44 (2H, br), 9.00-9.60 (2H, br) 

INVENTIVE EXAMPLE 120 

2-[2-[4-rC(3Sl~l-acetyl-3-pyrrolidinyl)oxyJ-3-hydroxy­

phenylJethylJ-5-benzofurancarboxamidine hydrochloride 

mp: 17S-176°C 

1H-NMR (DMSO-d6 ) S: 1.80-2.20 (SH, m), 2,.70-3.80 ·(SH, m), 

4.88 (lH, br), 6.60 (lH, d, J = 8.3Hz), 6.77 (lH, s), 6.82 

(lH, d, J = 8.3Hz), 7.72 (lH, d, J = 8.lHz), 7.80 (lH, d, 

J = 8.lHz), 8.08 (lH, s), 8.90-Bi.98 (lH), 9.23 (2H, br), 

9.40 (2H, br) 

INVENTIVE EXAMPLE 121 

2-[2-[4-[(4-(N-acetyllaminomethylcyclohexyl)methoxyJ­

phenylJethylJ-5-benzofurancarboxamidine hydrochloride 

(solid) 

1H-NMR (DMSO-d6 ) S: 0.70-2.00 _(10~~- m), 1.83 (3H, s·), 2.75-

3.20 (6H, m), 3.70 (2H, d, J = 5.7Hz), 6.64 (lH, s), 6.77 

(2H, d, J = 8.8Hz), 7 .15 (2H, d, J = 8.8Hz), 7 .65-7 .68 

(3H), 8.04 (lH, s), 9.00 (2H, br), 9.31 (2H, br) 

INVENTIVE EXAMPLE 122 

2-[2-[4-C(C3S)-1-formimidoyl-3~pyrrolidinylloxyJphenylJ-

ethylJ-5-benzofurancarboxamidine dihydrochloride 

a) The procedure of Inventive Example 100 was 

followed to synthesize 2-[2-[4-[((3S)-1-tert-butoxy-
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carbonyl_-3-pyrrolidinyl) oxy]phenyl] ethyl] -5-benz?­

furancarbonitrile. 

-~-NMR (CDC13 ) S: 1.66 (9H, s), 3.04 (4H, s), 3.30-3.70 (_4H, 

br), 4.85 (lH), 6.40 (lH, s), 6.80 (2H, d), 7.12 (2H, d), 

7.52 ·(2H, s), 7.82 (lH, s) 

b) 1.66 g ·of 2-[2-[4-[((3S)-l-tert-butoxy­

carb6nyl-3-pyrrolidinyl)oxy]phenyl]ethyl]-5-benzo-

furancarbonitrile obtained in the above step a) was treated 

and purified in accordance with the procedure of Inventive 

Example 113, thereby obtaining BOO mg of 2-[2-[4-[((35)-3-

pyrrolidinyl)oxy]phenyl]ethyl]-5-benzofurancarboxamidine 

dihydrochloride. 

1H-NMR (DMSO-d6 ) S: 1.90-2.30 (2H, m), 3.06 (4H, br), 3.00-

3.80 (4H, br), 5.08 (lH, br), 6.73 (lH, s), 6.88 (2H, d), 

7 . 19 ( 2H, d) , 7 . 7 4 ( 2H, s ) , 8 • 11 ( lH, s ) , 9 . 2 6 ( 2H, br) , 

9.47 (2H, br) 

c) 1.0 g .of 2-[2-[4-[((3S)-3-pyrrolidinyl)-

oxy]phenyl]ethyl]-5-benzofurancarboxamidine:iihydrochloride . 

obtained in the above step b) was dissolved in 15 ml of 

water. During ice cooling and stirring, 1.83 g of benzyl 

methaneimidate hydrochloride was added to the above 

solution while maintaining the reaction solution at pH 8 

with 1 N sodium hydroxide aqueous solution. The thus 

prepared mixture was stirred for 20 minutes with ice 

cooling on an ice bath. The resulting reaction solution 
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was adjusted to pH 2. 0 with dilute hydrochloric acid, 

washed· with diethyl ether, and then concentrated to 

-'Qryness. Thereafter, the resulting residue was subjected 
. . . .. 

to column chromatography using a column packed with a 

highly porous polymer type synthetic adsorbent (styrene­

di vinylbenzene polymer: Diaion HP-20) and using a 

water/acetonitrile mixture as an elution solvent. In this 

way, 0.76 g of the title compound was obtained in a solid 

form. 

1H-NMR (DMSO-d6 ) S: 1.80-2.60 ( 2H, m), 3.08 (4H, br), 3.20-

4.00 (4H, br)., 5.14 (lH, br), 6.80 (lH, s), 6.92 (2H, d), 

7.25 (2H, d) t 7.76 (lH, d), 7.86 (lH, d), 8.21 (lH, S) t 

8.40 (lH, br) I 9.08 (lH, br), 9.18 (2H, br), 9.57 (3H, br) 

INVENTIVE EXAMPLE 123 

2-[2-[3-hvdroxy-4-[CC3S)-3-pyrrolidinyl)oxyJphenylJethylJ-

·5-benzofurancarboxamidine dihydrochloride 

1. 0 g of 2-[ 2-[ 4-[ ( ( 3S )-1-acetyl-3-pyrrolidinyl )- . 

oxy]-3-hydroxyphenyl]ethyl]-5-benzofurancarboxarnidine 

hydrochloride was dissolved in 30 ml of 6 N hydrochloric 

acid, and.the solution was refluxed under heating for 4 

hours. After distilling off the sol vent,· the resulting 

residue was subjected to column chromatography using a 

column packed with a highly porous polymer type synthetic 

adsorbent (styrene-di vinylbenzene polymer: Diaion HP-2 O) 

and using a water/acetonitrile mixture as an . elution 
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In this way, 320 mg of the title compound was 

obtained in a solid form. 

··'(solid) 

1H-NMR (DMSO-d6) S: 1.90-2.20 (2H, m), 2.70-3.50 (BH, m), 

5.08 (lH, br), 6.66 (lH, dd, J = 9.0 and 1.BHz), 6.80 (2H,· 

s ) I 6 . 9 4 ( lH, s ) , 7 . 7 6 ( 2H I s ) , B • 12 ( lH I s ) I 9 . 2 6 ( 2H, 

br), 9.44 (2H, br), 9.74 (2H, br) 

INVENTIVE EXAMPLE 124 

2-C2-C4-CC4-aminomethylcyclohexyllmethoxyJphenylJethylJ-5-

benzofurancarboxamidine dihydrochloride 

This compound was obtained in similar manner to 

the procedure of Inventive Example 123. 

(solid) 

1H-NMR (DMSO~d6) S: 0.80-2.00 (lOH, m), 2.90-3.20 (4H, m), 
" 

3.73 (4H, m), 6.72 (lH, s), 6.79 (2H, d, J = 8.5Hz), 7.14 

(2H, d, J = 8.5Hz), 7.73 (2H, s), 8.07 (3H, br), 9.18 (2H, 

br), 9.38 (2H, br) 

INVENTIVE EXAMPLE 125 

[2-C2-(5-amidino-2-benzofuranyl)ethyll-5-C((3S)-3-

pyrrolidinyl)oxyJphenylJoxyacetic acid dihydrochloride 

1.6 g of methyl [5-[((35)-1-tert-butoxycarbonyl-

3-pyrrolidinyl)oxy)-2-[2-(5-cyano-2-benzofuranyl)ethyl)­

phenyl]oxyacetate was dissolved in 100 ml of ethanol. With 

ice cooling and stirring, hydrogen chloride was bubbled 

into the thus prepared solution to a saturation level. The 
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thus treated solution was warmed up to room temperature and 

then maintained at this temperature for 18 hours. After 

-'<;listilling off the solvent, the thus obtained residue was 

dissolved in 20 ml of ethanol, and the solution was added 

dropwise to an aqueous solution. c;>f . 5 N sodium hydroxide 

under stirring; After 10 minutes of stirring, the 

resulting reaction solution was saturated with sodium 

chloride, extracted with chloroform three times (200 ml, 

100 ml and 100 ml in that order), and then dried on a 

potassium carbonate/magnesium sulfate mixture. After 

distilling off the solvent, the thus obtained residue was 

dissolved in 50 ml of ethanol. The resulting solution was 

mixed with 1.0 g of ammonium chloride and then with 200 ml. 

of ethanol solution containing 12% ammonia, and the mixture 

was stirred for 96 hours. After distilling off the 

solvent, the thus obtained residue was subjected to 

reversed phase high performance liquid chromatography using 

a column pa.eked with octadecyl-bonded silica gel and using 

a water/acetonitrile · mixture as an elution solvent. 

Thereafter, thus eluted fractions of interest were pooled, 

mixed with dilute hydrochloric acid, and then concentrated 

to dryness. In this way, 0.7 g of the title compound was 

obtained in a powdery form. 

1H-NMR (DMSO-d6) S: 1.96-2.32 (2H, br), 2.80-3.60 (8H, hr), 

4.75 (2H, s), 5.10 (lH, br), 6.48 (lH, d, J = 8.8Hz), 6.51· 
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(lH, s), 6.76 (lH, s)~ 7.54 (lH, d, J = 8.8Hz), 7.74 (2Hi 

s), 8.10 (lH, s), 9.27 (2H, br), 9.42 (2H, br), 9.00- 10.20 

··"(.2H, br) 

·INVENTIVE EXAMPLE 126 

ethyl f2-f2-C5-amidino-2-benzofuranyllethyll-5-f ((3S).-3-

pyrrolidinylloxyJphenylJoxyacetate dihydrochloride 

0. 65 g of [ 2-[ 2- ( 5-amidino-2-benzofuranyl) ethyl]-

5- [ ( ( 3 S) - 3-pyrrol idinyl) oxy] phenyl] oxyaceti c acid 

dihydrochloride was dissolved in 50 ml of ethanol. 0.2 ml 

of thionyl chloride was added to the above solution with 

ice cooling, and the resulting mixture was stirred at room 

temperature for 18 hours. Thereafter, the _resulting 

reaction solution was concentrated to dryness, dissolved 

once in water, and then concentrated again to dryness. In 

this way, 0.65 g of the title compound was obtained in a 

solid form. 

1H-NMR (DMSO-d6 ) S: 1.20 (3H,.t),. 2.11 (2H, br),· 3.30 (4H, 

br)~ 4.20 (2H, g), 4.84 (2H, s), 5.08 (lH, br), 6.53 (2H, 

s ) I 6 • 7 5 ( lH, s ) I . 7 • 10 ( lH I d) I 7 • 7 2 ( 2H I s ) I 8 . 0 7 ( lH I s ) I 

9.18 (2H), 9.38 (2H), 9.66 (2H, br) 

TEST EX.AMPLE 1 

Measurement of solubility in water 

A fixed amount of water was added to a varying 

amounts of each sample, and the mixture was agitated on a 

shaker at 25°C for 10 minutes. The results are shown in 
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Table 1. 

Table 1 

.. , Compound· Solubility in Water 

DABE*1 5 mg/1 ml or less 

Compound of Inventive Example 19 450 mg/1 ml or more 

Compound of Inventive Example 21 600 mg/1 ml or more 

Compound of Inventive Example 25 sod mg/1 ml or more 

Compound of Inventive Example 45 200 mg/1 ml or more 

Compound of Inventive Example 73 450 mg/1 ml or more 

Compound of Inventive Example 96 400 mg/1 ml or more 

Compound of Inventive Example 104 450 mg/1 ml or more 

Compound of Inventive Example 108 350 mg/1 ml or more 

*l: DABE, 1,2-bis(S-amidino-2-benzofuranyl)ethane 

Thus, the compounds of the present invention are 

clearly more soluble in water than the prior art. 

TEST EXAMPLE 2 

Measurement of anticoagulant activity 

A blood plasma sample. was prepared from human 

blood usin~ a centrifuge. A 100 µl portion of the blood 

plasma preparation. was added to 100 µl of physiological 

saline solution containing with or without a compound to be 

tested, and the mixture was allowed to stand still ·at 37°C 

for ~ minutes. 100 µl of 0.02 M calcium chloride solution 

which has been incubated at 37°C in advance was added to 

the mixture. Thereafter, clotting time was measured using 
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CLOTEC (Sanko Junyaku Co. , Ltd. ) • A clotting time measured 

without adding a compound to· be tested was· used· as a 

·~ontrol, and a concentration of the test compound which 

doubles the control cl~tting time was calculated 

(hereinafter ref erred to as "CT2" ) as an index of the 

anticoagulant activity. 

are shown in Table 2. 

Typical examples of the results 

TEST EXAMPLE 3 

Measurement of activated blood coagulation factor X (FXa) 

inhibition activity 

A lBO µl portion of physiological saline solution 

containing a compound to be tested.was mixed with 200 µl of 

Tris-HCl buffer (pH 8.4) and 100 µl of 1 mM S-2222 

(KabiVitrum AB) aqueous solution, and the mixture was 

incubated at 37°C .. 20 µl of Tris-HCl buffered saline (pH 

7.45) containing 0.6 unit/ml of human FXa was added to the 

mixture. . . After 15 minutes of incubation at the same 

temperature, the reaction was stopped by adding 100 µl of 

60% acetic acid, and absorbance of the reaction mixture was 

measured. A ·reaction mixture with no addition of a test . ·. 

compound was used as a blank, and another reaction mixture 

in which 60% acetic acid was added.prior to the addition of 

FXa was used as a control. A concentration of each 

compound to be tested which inhibits 50% of the FXa 

activity was calculated (hereinafter, ref erred to as "IC50 " ) 
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as an index of the FXa inhibition activity. 

examples of the results are shown in Table 2. 

TEST EXAMPLE 4 

Measurement of.thrombin inhibition activity 

Typical 

A 100 µl portion of Tris-HCl buffered saline (pH 

·1 .45) (TBS) containing 6 mg/ml of fibrinogen (Type 1, 

Daiichi Pure Chemicals Co., Ltd.) was mixed with 100 µl of 

physiological saline solution. At .37.°C~ -100 µl of Tris-HCl 

buffered saline (pH 7.45) (TBS) containing varying amounts 

of thrombin (for topical application use, Sankyo Co., Ltd.) 

was added to the mixture prepared above to measure clotting 

time using CLOTEC (Sanko Junyaku Co., Ltd.) and to prepare 

a calibration curve. Inhibition ratio ( % ) of each compound 

to be tested was obtained by measuring clotting time using 

100 µl. of physiological saline solution to which ·each 

compound has been added. A concentration of each compound 

which inhibits 50% of the thrombin activity was calculated 

based on the inhibition percentage (hereinafter, referred 

to as "IC50 ") and concentration· of the compound was 

determined as an index of the Anti-thrornbin activity. 

Typical examples of the results are also shown in Table 2. 
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Table 2 

Anti-

-~ Com12ound 
Coagulation 

CT2 
(µM) 

DABE 1.6 

Compound of Inventive 0.32 
Example 41 

Compound of Inventive 0.18 
Example 43 

Compound of Inventive 0.49 
Example 45 

Compound of Inventive 3 
Example 48 

Compound of Inventive 1.45 
Example 68 

Compound of Inventive 5 
Example 89 

Compound of Inventive 1.1. 
Example 94 

Compound of Inventive 0.8 
Example 95 

Compound of Inventive 0.54 
Example 96 

Compound of Inventive 0.23 
Example 97 

Compound of Inventive 0.3 
Example 98 

Compound of Inventive 0.64 
Example 104 

Compound of Inventive 0.35 
Example 105 
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FXa 
Inhibition 

IC so 
(µM) 

0.095 

0.032 

0.013 

0.041 

0.36 

0.17 

0.6 

0.1 

0.16 

0.044 

0.045 

0.011 

0.086 

0.054 

Tms SHEET HAS BEEN 
'~ 1.~f>f. .\CF:'D 
·-· .... ····---:----J 

Thrombin 
Inhibition 

IC5o__ 

(µM) 

5 

9.0 

>400 

>2000 

50 

190 

>600 

370 

26 

29 

170 

2.5 

230 

6.8 
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Table 2 (cont'd) 

Anti- FXa Thrombin 
Coagulation Inhibition Inhibition 

--~ Com~ound CT2 IC50 IC50--

(µM) (µM) (µM) 

Compound of Inventive 2.3 0.56 100 
Example 106 

Compound of Inventive 0.3 0.018 250 
Example 108 

As is evident from the results shown in Table 2, 

each compound of the present invention shows a strong 

anticoagulant activity through .its specific Anti-FXa 

activity, in comparison with DABE which is generally known 

as an anticoagulant agent. 

TEST EXAMPLE 5 

Measurement of anticoagulant activity in oral 

administration 

An aqueous solution of each compound to be tested 

was administered orally to each male STD:Wistar rat 

individual under an anesthetic, at a dose of 10 ml/kg body 

weight. Blood samples were collected periodically and 

blood plasma preparations were obtained from the samples to 

measure activated partial th~o~o~l~stin time (APTT). In 

the same manner, APTT was measured by administering pure 

water and used as a control. . A test/ control APTT ratio was 

calculated and used as an index of the anticoagulant 

activity. Typical examples of the results are shown in 

Table 3. 

- 252 -



This Sheet lias B 

111/U Ill fiiiJiced 

Table 3 

I THIS SHEET HAS BEEN 
REPLACED 

Test/Control APTT Ratio 
Compound (dose) 0.5 hr 1 hr 2 hr 4 hr 

.. , 
Compound of Inventive 1.63 
Example 45 ( 100 mg/kg.) 

1.52 1.48 1.28 

Compound of Inventive 1.46 
Example 48 (100 mg/kg) 

1.42 1.41 1.18 

Compound of Inventive · 1 . 4 0 1.28 1.21 1.09 
Example 61 (100 mg/kg) 

Compound of Inventive 1.24 1.22 1.17 1.14· 
Example 89 (100 mg/kg) 

Compound of Inventive 1.68 1.64 1.57 1.42 
Example 96 (100 mg/kg) 

Compound of Inventive 4.07 3.96 3.37 2.19 
Example 98 (100 mg/kg) 

Compound of Inventive 2.69 3. 60" 2.41 1.66 
Example 105 (100 mg/kg) 

Compound of Inventive 2.12 2.18 1.69 1.39 
Example. 108 ·. (100 mg/kg) 

As shown in Table 3, a prolongation ef feet on 

plasma clotting time was observed clearly by the oral 

administration of each compound of the pres~nt invention. 

TEST EXAMPLE 6 

Toxicity test by single oral administration to rat 

The compound of Inventive Example 45 was 

dissolved in distilled water, and administered orally to 

each ·of two six-week old male Slc: SD rats, at a dose of 

2,000 mg/kg body weight. No mortal case was found during 

14 days of observation. 
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Toxicity test by repeated oral administration to rat 

Each of the compounds of the present invention 

was dissolved in distilled water and administered orally to 

each of five· five-week old male Slc:SD rats, at a dose of 

800 mg/kg body weight. The oral administration was carried 

out once a day and repeated for 10 .days to observe 

mortality. The results.are shown in Table 4. 

Table 4 

Individual Numbers Mortal 
Compound Administered Case 

Compound of Inventive 5 0 
Example 19 

Compound of Inventive 5 0 
Example 25 

Compound of Inventive 5 0 
Example 45 

Compound of ·Inventive 5 0 
Example 69 

Compound of Inventive 5 0 
Example BB 

TEST EXAMPLE B 

Antithrombotic effect by oral administration to rat in an 

arteriovenous shunt model 

Amtithrombotic effect by oral administration of 

the compound of the present inv.ention was measured by 

slightly modifying the procedure disclosed in Thrombosis 

Research, vol. 54, pp. 399-410, 19B9. 
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A predetermined amount of a compound to be tested 

was dissolved in purified water and administered orally to 

-~ male STD :Wistar rat, and the rat was anesthetized 15 

minutes - after · the administration. An artery clip was 

attached to proximally the carotid artery of the thus 

anesthetized rat to stop blood circulation and to insert 

and fix an end of a shunt filled with physiological saline, 

while the other end of the shunt was inserted into the 

jugular vein and fixed. In this instance, the shunt was 

prepared by indwelling a copper-wire (0.17 mm in diameter 

and 20 cm in length) in a polyethylene tube (Hibiki No. 5; 

5/3 mm in outer diameter and 21 cm in length) and 

connecting each end of the tube.with a polyethylene.tube 

(Hibiki No. 3; 1 mm in. outer diameter and 3 cm in length) 

-using a 3 mm silicone tube-. After 30 minutes of the 

administration, the artery clip was removed to flow blood 

into the shunt. After 7 minutes pf the blood recircula­

tion, ~he copper wire was pulled out together with formed 

thronibus and washed with 10 ml of physiological saline. 

Thereafter, the amount of thrombus formed on the copper 

wire was determined as protein in accordance with the 

procedure disclosed in Journal of Biological Chemistry, 

vol. 193, pp. 265-275, 1951. As a control, water was 

administered instead of the compound to be tested to 

calculate thrombosis inhibition rate after administration 
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of the compound. The results are shown in 

Table 5 

.. , Thrombus 
Com12ound Dose formed 

. (mg/kg) (µg) 

Water 890±102 

Tffls sun . 
ncET HAS BEEN 
~EPl.ACFn -...... . ..... ______ _ 

Table 5. 

Thrombosis 
inhibition 

(%) 

Compound of Example 45 10 585±85*1 34 

II 30 356±51*1 60 

mean±S.E. (n=6) 

*1
: p < 0.05 (per control) 

As shown· in Table 5, a significant thrombosis 

inhibition effect was observed with oral administration. 

While the invention has been described in detail 

and with reference to specific embodiments thereof, it will 

be apparent to one skilled in the art that various changes 

and modifications can be made therein without departing 

from the spirit and scope thereof. 
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1. An aromatic amidine derivative represented 

-~y the following general formula. "( 1) . or a pharmaceutica.lly 

acceptable salt thereof: 

R2 . R3 

A~X-(CHaln-Y 
R4 

(1) 

wherein R1 is a hydrogen atom or a lower .alkoxy group; R2 is 

a hydrogen atom, a lower alkyl group, a lower alkoxy group, 

a carboxyl group, an alkoxycarbonyl group, a carboxyalkyl 

group or an alkoxycarbonylalkyl group; R3 is a hydrogen 

atom, a carboxyl group, an .a~kqxycarbonyl group, a 

carboxyalkyl group, an alkoxycarbonylalkyl group, a 

carboxyalkoxy·group or an alkoxycarbonylalkoxy group; R4 is 

a hydrogen atom, a hydroxyl group, a lower alkyl group or 

a lower alkoxy group; n is an integer of 0 to 4; A is an 

alkylene group having a carbon number of 1 to 4, which may 

have 1 or 2 substituents selected from the group consisting 

of hydroxyalkyl, carboxyl, alkoxycarbonyl, carboxyalkyl and 

alkoxycarbonylalkyl; X is a single bond, an oxygen atom, a 

sulfur atom or a carbonyl group; Y is a saturated or 

unsaturated 5- or 6-membered heterocyclic moiety or cyclic 

hydrocarbon moiety optionally having a substituent group, 
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an amino group optionally having a substituent group, or an 

aminoalkyl group optionally having a substituent group; and 

.. , 
the group represented by is a member 

selected from the group consisting of indolyl, benzo-

furanyl, benzothienyl, benzimidazolyl, benzoxazolyl, 

benzothiazolyl, naphthyl, tetrahydronaphthyl and indanyl. 

2. The aromatic amidine derivative or salt 

thereof according to claim 1, wherein said group 

represented by is a member selected 

from the group consisting of indolyl, benzofuranyl, 

benzothienyl, .benzimidazolyl, benzothiazolyl, naphthyl and 

tetrahydronaphthyl. 

3. The aromatic · amidine derivative or salt 

thereof according to claim t, wherein said saturated or 

unsaturated 5- or 6~membered heterocyclic moiety contains 

1 or 2 hetero atom selected form nitrogen and oxygen atoms. 

4. An aromatic amidine derivative, 2-[4-[ (1-

acetimidoyl-3-pyrrolidinyl)oxy]phenyl]-3-(7-amidino-2-

naphthyl)propionic acid, or a salt thereof. 

5. An aromatic amidine derivative, (+)-2-(4-

[((3S)-1-acetimidoyl-3-pyrrolidinyl)oxy]phenyl]-3-(7-

amidino-2-naphthyl)propionic acid, or a salt thereof. 

6. An aromatic amidine derivative, (2S)-2-[4-
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[((35)-1-acetimidoyl-3-pyrrolidinyl)oxy]phenyl]-3-(7-

amidino-2-naphthyl)propionic acid, or a salt thereof. 

7. An aromatic amidine derivative, (2R)-2-[4-

[((3R)-1-acetimidoyl-3-pyrrolidinyl)oxy]phenyl]~3-(7-

amidino-2-naphthyl)propionic acid, or a salt thereof. 

8. An. aromatic amidine derivative, 2-[4-[(l­

acetimidoyl-2-pyrrolidinyl)methoxy]phenyl]-3-(5-

amidinobenzo[b]thien-2-yl)propionic acid, 

thereof. 

or a salt 

Q An aromatic amidine derivative, (+)-2-[4-

[((25)-1-acetimidoyl-2-pyrrolidinyl)methoxy]phenyl]-3-(5-

amidinobenzo[b]thien-2-yl)propionic 

thereof. 

acid, or a -salt 

10. An aromatic amidine derivative, 2-[4~[(1-

acetimidoyl~4-piperidinyl)oxy]phenyl]-3-(7-amidino-2-

naphthyl)propionic acid, or a salt thereof. 

QV An aromatic amidine derivative, (+)-2-[4-

[ (1-acetimidoyl-4-piperi.dinyl)oxy]phenyl]-3-(7-amidino-2-

naphthyl)propionic acid, or a salt thereof. 

12. An anti·coagulation agent or an agent useful 

for preventing or . treating thrombosis or embolism, which 

contains a compound of claim 1 or a salt thereof as an 

active ingredient. 

13. An anticoagulation agent or an agent useful 

for preventing or treating thrombosis or embolism, which 
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contains a compound of claim 2 or a salt thereof as an 

active ingredient. 

14. An antico~gulation agent or an agent us~ful 

for preventing ·or treat.ing thrombosis or embolism, which 
/"") 

contains a compound of claim! 3/ or a salt thereof as an 
. \.__..... . 

active ingredient. 

15. An anticoagulation agent or an agent useful 

for preventing or treating thrombosis or embolism, which 

contains the compound of claim ·4': or a salt thereof as an 
\../! 

active ingredient. 

16. An anticoagulation agent or an agent ·useful 

for preventing or treating thrombosis or embolism, which 

contains the compound of claimQ or. a salt thereof as an 

active ingredient. 

17. An anticoagulation agent or an agent useful 

for preventing or treating thrombosis or embolism, which 

contains the compound of claim© .or. a salt. thereof as an 

active ingredient. 

. G~ An anticoagulation agent or an agent useful 

for preventing or treating thrombosis or embolism, which 

contains the compound of c.laim 9 · or a salt thereof as an 

active ing;'.ed~ent. 
/ ' / \ 

(__~9~An anticoagulation agent or an agent useful 

for preventing or treating thrombosis or embolism, which 

contains the compound of claim 11 or a salt thereof as an 
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active ingredient. 
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