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AROMATIC AMIDINE DERIVATIVES AND SALTS THEREOF

. FIELD OF THE INVENTION

This invention xelates to aromatic amidine
derivatives and salts thereof, which are capable of showing
a strong antlcoagulant effect through rever31ble 1nh1brtlon
of activated blood coagulatlon factor X (hereinafter,
referred to as "FXa") and can be administered orally. The
invention also "relatés' to an anticoagulant, or a
thrombesis- 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 antithrombin agent as an antithrombotic agent.

However, it has been known that such an antithrombin agent

is apt to cause bleeding tendency and difficulty to manage

haemostasis because it inhibits blood coagulation and also

‘thrombin induced platelet aggregation. With the aim of

overcoming such problems, the.development of anticoagulent
agents has been attempted based on a inhibitory mechanism :
other than the thrombin inhibition. As a result of_such.
efforts, ln2-bis(S—emidino—Z—benzofuranyl)eﬁhane
(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.1l9,
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pp. 339-349, 1980):
NH2

HA

NH (2)

0

'However; DABE'hés the disaanntages that it has
both FXa and thrombin 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 whén administered orally. Consequently, great
.attention has been directed, from é'clinical point of view,
toward the developmenf of a drug which is highly épecific'
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 wvarious
types of_aromatic amidine derivatives and evaluated their
pharmacological propefties.. As a result of such effdrts,
they have found that: an aromatic amidine derivative
represented 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 casé of oral

administration, and is useful as a drug for the prevention
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and treatment of various thrombosis- and embolism-based
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 therxeof:

R? R3

R‘ . .
HN

A X~ (CH2) a-Y : (1)
HaN _

R4

wherein R! is a hydrogen atom or a lower alkoxy group; R is

a hydrogen atom, a lower alkyl group, a lower alkoxy group,
a cérhpxyl grdup, an alkoxycarbonyl group, a ca:boxyalkyl-
_group oOr an alkoxycarbonylalkyi group; R’ is a.hydrogen
atom, a carboxyl group, én élkoxycarbonyl group, a
carboxyalkyl group, an- alkoxycarbonylalkyl group, a
carboxyalkoxy group or an alkoxycarbonylalkoxy group; R is
a hydrogenlatom, a hydroxyl group, a lowe: alkyl group or-
a lower alkoxy group; n is an iﬂteger 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
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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, an

amino group optionally having a substituent, or an amino-

" alkyl group optionally having'a substituent; and the group

represented by L is a member selected from

the group consisting of indolyl, benzofuranyl, benzo-

thienyl, benzimidazolyl,- benszazolyl, benzothiazolyl,

naphthyl, tetrahydronaphthyl and indanyl, preferably an

indolyl, benzofuranyl, behzothienyl, benzimidazolyl,
benzothiazolyl, néphthyl or tetrahydronaphthyl group, moxre
éreferably an iﬁdolyl, benzothien&l ox naphthyl.group.

The present invehtibn also provides an anti-
coagulation agent, or a thrombosis- or embolism-preventing
of treating agent which contains a compound of general
formula (1) or a salt thereof ﬁs an active iﬁgredient.

DETAILED DESCRIPTION OF THE INVENTION

In the compound of the present invention repre-
sented by general formula (1), any straight chain, branched

chain or cyélic 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, cyclo-
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pentyl, cyclohexyl and the like. The lower alkoxy.group
" may have 1 to 6 carbon atoms. - illustrative. examples
include_methoxy, ethoxy, propoxy, isopropoxy, butoxy, sec-
or tert-butoxy and the like. The alkoxycarbonyl,
carboxyalkyl, alkoxycarbonylélkyl, 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, butoxycarbﬁnyl and the like. Illustfative
examples of the carboxyalkyl group include carboxymethyl,
carboxyefhyl,.carboxyprbpyl and the like. Illustrative
examples of the alkoxycarbonyialkyl group include .
methoxycarbonylmethyl, ethoxycarbdnylmethyl,
propoxycarbonylmethyl, méthoxycarbbnylethyl, | ethoxy-
carbonylethyl, methoxycarbonylpropyl, ethoxycarbonylpropyl
and fhe like. Illﬁstrative examples of the carboxyalkoxy
group include carboxymethoxy, carboxyethoxy, carboxypropoxy
and the like. Illustrative examples of the alkoxycarbonyl-
alkoxy group include methoxycarbonylmethoxy, ethoxy-
carbonylmethoxy; propo#ycarbonylmethoxy, methoxycaxrbonyl-
ethoxy, ethoxycarbonylethoxy énd the 1like. Illustrative
exambles 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) selected fram nitrogen and oxygen atoms.
Illustrati&e examples of such a preferred type of
heterocyclic rings include pyrrolidine, piperidine,
imidazoline, piperazine, tetrahydrofuran, hexahydro-
pyrimidine, pyrrole, imidazole,-pyrazine, pyrrolidinone,
piperidihone, morpholihe and the like. More preferable are
pyrrolidine and piperidiné 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. Iliustrative examples of
the aminoalkyl gxoup 'inciude, anminomethyl, aminoethyl,
aminopropyl and the like.. Illustrative examples of the
substituents applicable to these heterocyclic moieties and
cyclic hydrocarbon moieties include preferably lower alkyl,

lower alkanoyl, carbamoyl, mono- or dialkylcarbamoyl,

formimidoyl, alkanoimidoyl, benzimidoyl, - carboxyl,
alkoxycarbonyl, carboxyalkyl, alkylcarbonylalkyl
aminoalkyl, alkanoylamino, alkanoylamlnoalkyl imino,

alkoxycarbonyliﬁino and the like, more  preferably
formimidoyl and alkanoimidoyl groups. Illustrative

examples of the substituents 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,
alkanéimidoyl groups. In this insténce, each of the alkyl,
alkoxy, alkanoyl and_the'like listed above may prefeiably
have a carbon number of from 1 to 6.

The compound of formula (1) of the 'present
ihvention may have anl 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.

Salts of the compound of formula (l). of the
present invention are not-particﬁlarly,limited, provided
that they are pharmaceutically acceptable. Illustrative
examples of such salts include: inorganic acid salts such
as hydrocﬁloride, hydrobromide, hydroiodide, phosphate,
nitrate, sulfate and the like; oxrganic sulfonic acid salts
such as methane sulfonaté, 2-hydroxyethane sulfonate, p-
toluene sulfonate and the'like; and organic carboxylic acid
salts such as acetate, propanoate,' oxalate, malonate,
succinate, glutarate, adipaté, tartarate, maleate, malate,
mandelate and the like.

Most preferred examples of the compound of
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formula (1) of the present invention are as follows:

2-[4—[((3S)41-acetimidoyl-3—pyrrolidinyi)oxy]phenyl]-3-(7-
amidino-2-naphthyl)propionic acid;
(4)-2-[4-[((3S)-1-acetimidoyl-3-py;rolidinyl)oxy]phenyl]-3—
(7-amidino-2-naphthyl)propionic acid; |
(28)-2-[4~[((3S)~-1l-acetimidoyl-3-pyrrolidinyl )oxy]phenyl ]-
3-(7-amidino-2-naphthyl)propiqnic acid;
(2R)-2—[4-[((3R)—l—éCetimidoyl—3-pyrrolidinyl)6xy]phenyl]—
3—(7—amidino-2—naphth&l)propi&nic acid; |
2-[4-[(l-acetimidoyl-4-piperidinyl)oxy]phenyl]-3-(7-
amidino-2-naphthyl)propionic acid;
(+)—2-[4—[(1—acetimidoYl-4—piperidinyl)oxy]phenyl]—B-(?—
amidino—z—naphthyl)propionic-acid;
2—[4—[(1-acetimidoyl-4~piperidinyl)oxy]phenyl]-B-(5~
amidinobenzo[bjthien-2 -yl)proplonlc acid;

2-[4- [((28) l—acetlmldoyl 2-pyrrolld1nyl)methoxy]phenyl] 3-
(5- amldlnobenzo[b]thlen- -yl)propionic acid;
(+)—2;[4—[((ZS)-1-a¢etimidoyl—2—pyrrolidinyl)methoxy]—
phenyl]—3—(S—amidinobenzo[b}thién—Z—yl)propionic acid;
3—[4—[((BS)—1—acetimidoyl—3-pYrrplidinyl)oky]phenyl]—4—(5—
amidinobenzo[b]thien-2-yl)butyric acid;
2—[4—[((38)-l—acetimidoyl—3-pyrrolidinyl)oxy]phenyl]—B-(S—
amidino—1—ethy142-indolyl)propionic acid; |
2—[4—[((3R)-1—acetimidoyl—3—pyrrolidinyl)oxyjphenyl]—3—(6—

amidino-l-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 inventibn can be produced for example in accordance
with the folldwing reaction fqrmulae._ Namély, the nitrile
form of the formula (3) is reacted with an alcohol (R’0H) in
the presencé of a hydrogen halide. The resulting imidate
fqrm (4) is reacted with ammonia to obtain an aromatic

amidine derivative (la).

R2 R
R |
uc@ A X-(CH2) n-Y (3)
|
R4

REOH/H*
. Rz ) R:
R} .
Hy '
A—[X-x— (CHz2) a-Y (4)
RS0 .
. I, _
NHa

p‘z . R3
R}
HY
' A - X~ (CHz2) n~Y (1a)
HzH
. ' R‘.

In the above formulae, R!, R?, R}, R*, n, A, X, ¥
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and. are the same as described above, and

R’ is a lower alkyl group;

The above reaction sequence is described in
detail. Reaction of the nitrile form (3) with an alcoﬁol
(R°0H) may be effected for example by allowing the nitrile
form (3) to react w1th the equimolar or an excess amount of
an alcohol (R50H) having 1 to 6 carbon atoms, such as
methanol, ethanol, propanol ox 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 hydrdcarbons.such
as chloroform, dichloromethane and the like, aprotic
solvents sﬁch as benzene and the like, and mixtures there-
of. 1In 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 presencé of an excess amount of methanol or ethanol
using a halogenated hydrocarbon solvent such as chloroform.
or dichloromethane.

Reaction of the thus obtained imidate form (4).
with amﬁonia may be effected by allowing the imidate form

(4) to react with ammonia in a solvent or a mixed solvent

- 10 -
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system which is selected for example from alcohols having
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1l to 4 carbon atoms, such as ethanol, propanol and the
like, aliphatic ethers sgch as diethyl ether and the like,
halogenated hydroéarbons such as chloroform and the like,
aprotic solvents such,aé benzene and the like, and N,N’-
dimethylformamide—and dimethylsulfoxide. The reaction may
be carried out at a temperature oflfrom -10°C to 140°C for
a period of 0.5 to 200 hours, pieferably at a temperature
of from -8°C to 30°C for a period of 10 to 96 hours in
ethanol. |

When the nitrile foim (3) to be used as a start-
ing material has a carboxyl group or an alkoxycarbonyl
group, the carboxyl or alkoxycarbonyl Qroup is esterified
by a formation reaction of an imidate or exposed to ester-
interchange with the alcohol (R’0OH) to be used. As a
consequence, since a carbdxyl .group in a compound (la)
obtained by this reaction is esterified, it is necessary fo
subject the compound (la) to hydrolysis when an aromatic
amidine derivative having a free carboxyl - group is
produced.

The hydroljsis reéction 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,

- 11 -
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preferably from -5°C to a feflux temperéture; for a period
of from 0.5 to 550 hoﬁrs, preferably from 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 1like prior to the
hydrolysis reaction, thereafter carrying out estér'hydrolyh'
sis under basic conditions and subsequent deprotection.
Protection of the amidinq group méy be effected by allowing
the combouhd (la) to react with 2-(tert-butoxycarbonyloxy-
imino)-2-phenylacetonitrile in water, methanol, efhanol,
tetrahydrofuran, dioxane, acetone or a mixture thereof, in
the'presence of .a base such as 1,8-diazabicyclo[5.4.0]-7-
undecene or the like. The reactionlmay be carried out at
a temperature of from 0 to 56°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 deéiotection.may be-effected by treatment of
the protected compound with an agueous solﬁtion of sodium
hydroxide or potassium hydroxide and then with hydrochloric
acid, in water or-a waterécontaining solvent such as of
ethanol, methanol, tetrahydrofuran, dioxane or the like.
The ester hydrolysis reactién may be carried out at a

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

- 12 -
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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 temperaﬁure of from 0 to 60°C, preferably at 25°C, for a
period of from 0.5 t6'24 hours, preferably from 1 to 6
hours. |

When two alkoxycarbonyl groups are linked to one
carbon atom in group A of the compound (1a)( hydrolysis and
decarboxylation may be carried out at the same time in

accordance with the following reaction sequence:

R? . R3
Rl - ~ CBORS
HN 1 |
ho (CHz?z‘{I:“(CHz).{}X‘(CHz)n—Y
= . COORS (1b)
R4
| J " |
Rz ' R3
R! COOH '
HN |
(CHz)‘!CH(CHZ)m{}'X-(Cﬂz)n"Y (1e)
HoN
. T

In the above formulae, each of 1 and.m is O or 1,

while R!, R?, R?’, R% R’ n, X, Y and _ (::::J[:::j

are the same as described above.

This reaction may be carried out in an aqueous

- 13 -
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solution of an inorganic acid such as hydrochloric acid,
sulfuric acid or the like or an érganic 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 ffom 0.5 to 550 hours, prefer-
ably from 0.5 to 350 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 (1d) having.a primary or secondary amino group in
its group Y to react with an imidate c;orﬁpound (5) ih
accordance with the following reaction sequence:

1 R2 . R3
R .

HN
A{}X— (CH2) a-Y!
2K |

R*
] NR?
R —{
OR®

R? R3

(1d)

(3)

R|

HA ' '
A-4<:;- X~ (CH3) n—-Y?
HaN 3 (le)

R4

- 14 -~
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In the above formulae, Y! is a variety of the
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aforementioned Y-groups.having a primary or secondary amino
group as a substituent, Y? is another vafiety of the afore-
mentioned Y groups having an imidoyl group as a substiﬁu—
ent, each of R® and R’ is a hydrogen atom, a lower alkyl

group or a phenyl-group and R® is a lower alkyl group or a
benzyl group, while R!, R?, R’, R% n, A, X and

are the same as described above.-

This reaction may be effected for example by
allowing compound (1ld) to react with the equimolar or an
exce;s amount of imidate compound (5) in the presence of a
base such as triethylamine, sodiumlhydroxide, potassium
hydroxide oxr 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 éuch as ethanol, propanol and
the 1ike, aiiphatic ethers such as diethyl ether and the
like, halogenated hydrocarbons such as chloroform and the
- like, and N,N'Fdimethylformamide and dimethylsulfoxide.
The reaction may be carried out at a temperature of from
-20°C to 70°C for a period 6f 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 alkoxydarbonyl group may be hydrolyzed to a

- 15 -
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carboxylic group. _

The hydrolysis reaction may Be effected by
treating the compound (le) in an aquedus solution of an
inorganic acid such_aé hydfochloric 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 frdm -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
' réactions, and thereafter detaching the protective group.
On the other hand, the formation reaction of an amidine,
thé formation reaction of an imidate and the like may be
carried without protecting-such a functional group. In
this instance, protection of the priméry or secondary amino
group may be effected by use 6f a brbtective group such as
tert-butoxycarbonji, beﬁzyloxycarbonyl, p-nitrobenzyloxy-
carbonyl, triphenylmethyi or the like.

In addition, - an alkoxycarbonyl-substituted
compound may be obtaihéd for exaﬁple in accordance with the
following reaction sequence, by' carrying out ester
hydrolysis after the forﬁation reaction of an amidine or an

imidate, followed, if necessary, by re-esterification:

- 16 -—
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0 (EHz) cooRr’®

‘@@'(CH-J 2—®—x (CH:) a—Y (6)

1) RSCH/H*
2) OH-

0 (CH2) ,COOH

HHi ) _
RS0 (CH2) 2 X-(CH2) a-Y (7 )

tHa

0(CH2)-CODH

HN - - L
>—@@-(cuz)z@» X~ (CH2) a=Y - (1£)
HaN

RI9OH

0(CH2) ,COOR'®

HH '
y@'(cuz) 2‘@ x— (CHz)n-Y (lg)
HaN : _

In the above'formulae, R’ is a hydrogen atom or a

lower alkyl group, R is a lower alkyl group and p is an
integer of 1 or 2, while Rs, n, X, Y and

are the same as described above.

That is, a nitrile 'compbund represented by

- 17 -

( o | |
i =




Y

This Sheet Has Been R:eﬁléced Lot

[T

REPLACED
formula (6) is allowed to react with an alcohol (RSOH) in

the presence of a hydrogen halide  and the resulting
imidatesester compound is hydroiyzed by a base treatment to
obtain ari imidate-carboxylic acid derivative. (7) which is
subsequently reacted with amoni‘a to obtain an amidino
group-substituted aromatic conipound (1f-). By subjecting
compound (1f) to esterification, a compound (lg) is
.produced.

Reaction’ of the nitrile éompoﬁnd (6) wif.h an
alcohol (RSOH) may be effected for exainple by allowing the
nitrile éompound (6) to react with the equimolar or an
excess amount of an alcohol (RSOH) having 1 to 6 carbon
atoms, such as methanol, ethanoi, propanol or the like, in
the presence of a hydrogen halide such as hydrogen
chloride, hydrogen bromide 6r the like. If necessary, a
solvent or a solvent mixture may be used which is selected,
for example, fz;-om aliphatic ethers such as diethyl ether
and the like, halogénated 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 hydxrxocarbon .solvent such as chloroform oxr

dichloromethane in the presence of an excess amount of

- 18 -
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‘methanol or ethanol. After concentrating and drying the

' resulting reaction mixture, the remaiging solid material is
treated with a strong alkali solution to effect neutraliza-
tion and ester hydrolysis,' thereby obtaining the
imidate-éarboxylic acid derivative represented by formula
(7). The reaction may be carried out generallj at a
temperature of from -10°C to 60°C.for a period of from 0.2
to 5 hours, preferably at a temperature of from 0 to 25°C
for a period of from 0.5 to 2 hours, in an agueous 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 dexivative (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'ljto 4 carbon atoms such ae
ethanol, propanol and the like,.aliphatic ethers such as
diethyl ether and the like, halogenated hydrocarbons such
as chloroform and the like, aprotic .selvents such as
benzen‘e and the like and N,N-dimethylformamide and di-
methylsulfoxide. The reaction may be carxied out genexally
at a temperature oﬁ from -10°C to 140°C for a pexriod of

.from 0.5 to 200 hours, preferably at a temperature of from
-B8°C to 30°C for a .period of from 10 to 96 hours, 1in

ethanol.

- 19 -
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Esterification of the amidino compound repre-

P
By =

sented by formula (1f) 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 reflﬁx 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 invéntion‘ 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 6r the like, to adjust the
number of added salts, preferably to 1. The reéulting
solution is treated at a temperature of from -10°C to 30°C,
preferably from 0 to 25°C, in water or a solvent such as
methanol, ethanol, isopropanol, acetone or the like or.a
nmixture .thereof, preferably in a water/ethanol mixture
system.

| The thus obtained aromatic amidine derivative of
formula (1) or a salt thereof hés a specific and excellent
capacity to inhibit FXa and is useful as an anticoagulant

agent, as well as a preventive agent and a therapeutic

- 20 -
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agent for thrombosis and embolism. Sih_ce a compound of

formula (1) can exhibit its effect even when administered
orally, it can be app_lied to béth, oral and parenteral
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. 1In
the case of oral ad.miniétration, the compouhd may be
administered generally in a dose of from 5 to 1,000
mg/day/adult, preferably from 10 to 500 mg/day/adult.
Examples of dosage forms include tablets, cépsul_es ‘
powders, granules and the like which can be prepared in the
usual way using generally used additives such as fillers,
lubricants, binders ahd .the like. In the case of
parenteral admini's'.tration, the ,cbmpound may be administered
by subcutaneous injection, intravenous injection or
intravénous drip infusién in a dose of from 0.1 to 100
mg/day/adult, preferably from 0.5 to 30 mg/day/adult.
Since the compoimd of the present invention shbws
a high anticoagulant function based on its excellent FXa
inhibition activity, it does ﬁot reacf.with platelets and
can be applied to various diseases caused by thrombosis and
embolisn, lsu_ch as cerebral infaxction, cerebral thrombosis,
cerebral embolism, transient cerebral .ischemic attack
(TIA), myocardial infarction, unstable angina, pulmonary

infarction, pulmonary embolism, Berger disease, deep venous
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thrombosis, disseminated = intravascular coagulation

syndrome, thrombus formation after artificial blood vessel
operation, artificial valve reélacement, percutaneous
transluminal colonary angioplasty (PTCA), or percutanepﬁS'
transluminal coronary recanalizatioh (PTCR), obstruction
after recirculation of blood, thrombus formation during
extracorporeal circulation and the like.

The following reference, inventive and test
examples 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-methvl-2-benzofuranyl)methyltri-

phenvlphosphonium chloride

a) 13.31 g of 2—acetyl-4—bromophenol, 11.0 g of
ethyl bromeacetate and 9.7 g of anhydrous potassium
carbonate were refluxed under heating in 70 ml of acetone
for 2 hours. Insoluble naterials were removed by
filtration, and the resulting filtrate was concentrated and
‘dried. The residue thus obtained was dissolved in chloro-
form, washed with water, aﬁd theh 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. 1In this way, 16.82 g of ethyl (2-
acetyl-4-bromophenyl )oxyacetate was obtained in £he form of
colorless plate crystals.
mp: 66-68°C

b) 16.8 g of ethyl (2-acetyl—4-br6mophenyl)oxy-
acetate obtained in tﬁe above step a) was dissol#ed in 100
ml of anhydrous ethanol éo whichll.z,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 the5resu1ting organic layer was washed
with water, and then'dried. After distilling off fhe
solvent, precipitated crystals were collected by filtration
and washed with efhanél to obtain 5.3 g of ethyl 5-bromo-3-
methyl-2-benzofurancarboxylate in the form of colorléss
fine needle crystalé.

mp: 96-97°C

'H-NMR (CDCl;) 8: 1.44 (3H, t, J = 8Hz), 2.54 (3H, s), 4.45
(24, g, J = 8Hz), 7.43 (2H), 7.73 (1H, s)

-c¢) In a stream of nitrogen, 4.9 g of ethyl 5-
bromo-3-methyl—ZfbenzéfurancarboxYlate obtained in the
above step b), 2.0 g of cuprous cyénide and a catalytically
- effective amount of coppef sulfate.were étirred 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, 3.15
g of ethyl 5-cyano—3-methyl-2-benzofuranca£boxylate in the
form of light brown crystals.

mp: 156-158°C

'H-NMR (CDCl;) &: 1.45 (3H, t; J = 8Hz), 2.60 (3H, s), 4.45
(24, q, J = 8Hz), 7.67 (2H), 7.99 (1H, 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 caléium iodide (4H,0), 0.63 g of sodium
borbhydride 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 (4H,0) and 0.63_g of sodi'u.m_
borohydride and by additional Stirring at room temperature
for 18 hours.

The resulting reaction sblution was diluted with
ethyl acetate, washed with water and then dried to remove
the solvent. The residue thus oﬁtained was subjected to
silica gel column chromatography using chloroform as an
eluant. In this way, 1.96 g of-purified 2-hydroxymethyl-3-

methyl-5-benzofurancarbonitrile was obtained.
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IH-NMR (CDCl,) 6: 1.8 (1H, br), 2.28 (3H, s), 4.78 (2H, s),
7.52 (2H), 7.82 (1H, s)

e) 1.92 g of 2-hydroxymethyl-3-methyl-5-benzo-
furancarbonitrile obtained in the above step d) was added
to 50 ml of diethyl ether, followed by the addition of 3
drops of pyridine and 1.65 mi of ﬁhionyl chloride during
ice cooling, and the resulting mixture was étirred at room
temperature for 4.5 hours . The reaction solution was
poured:into ice water and extracted with chloroform, an@
the resulting organic layer was waéhed 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-méthyl-s—benzdfurancarbo—
nitrile was obtained. |

| £) 1.68 g of 2-chloromethyl-3-methyl-5-benzo-
- furancarbonitrile obtained in the above step e) and 3 g of
triphenylphosphine were.refluxed uﬁder heating in xylene
for 5 houré. After.cooling, precipitated crystals were
collected by filtration to obtain 3.63 g of the title
compound . |
mp: >270°C
IH-NMR (CDCl,) §: 2.0 (1;5H, s), 2.04 (1.5H, s), 6.09 (2H,

'd, J = 16Hz), 7.7 (18H, m)
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REFERENCE EXAMPLE 2

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 wés adjusted to pH 2 with dilute HCl solution, and
crystals thus precipitated were collected by filtration and
dried. In this waj; 10 6 g of 5-cyano-3-methyl-2-benzo-
furancarboxylic acid was obtalned in the form of colorless
prism crystals.
mp: (sublimation at 275-285°C)

'H-NMR (CDCl;) §: 2.54 (3H, s), 7.88 (2H), 8.44 (1H)

b) 10.64 g of 5-cyano-3-methyl-2-benzofuran-
carboxylic acid 6btained in fhe 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 reaction
mixture thus tfeated was extracted with chloroform, and the
resulting organic layer was dfied under a reduced pressure.
The residue thps obtained was subjected to silica gel

column chromatography using toluene as an eluant. In this
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way, 6.89 g of purified colorless 3—methy1-$-benzofuranf
cafbonitrile was obtained.

mp: 73°C _ _
g NMR (CDCl,) §: 2.26 (3H, d, J = 1.5Hz), 7.53 (3H), 7.85
(1H, s)

c) 7.28"g of 3-methyl-5-benzofurancarbonitrile
obtained in the above step b) was dissolved in 50 ml of
carbonﬂtetrachloride and subjected to'feflux under light
irradiation condition. To the resulting reaction solution
.was gradually added a mixture consisting of 8.25 g of N-
bromosucc1n1m1de and 160 mg of 2, 2-azobls ~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 purlflcatlon 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. 8.65 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 Qas 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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mp: >250°C
'4-NMR (CDCl,) &: 5.88 (2H, d, J = 16Hz), 7.0-8.0 (19H, m)

REFERENCE EXAMPLE 3

Preparation of (5-cvano-7-methoxy-2-benzofuranyl Ymethyltri-
phenylphosphonium chloride

- a) _10.0' g of 5-brbmoé2—hydroxy-3-methoxybenz-
aldehyde was dissolved in 39 ml of N,N—dimethylformamide,.
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 solutidn at the same temperature, followed
by additional 1 hour of stirring at an elevated temperature
of 80°C. The ;esulting reaction solution was diluted with
ethyl - acetate and adjustéd '?o pH 2 with concentrated
'hydrochloric acid, and the resulting organic layer was
collected. The organic layer was dried fo distill off the
solvent, and the resulting residue was purified by silica
gel column chromatogréphy,_thereby obtaining 4.0 g of 2-
acetyl-5-bromo-7-methoxybenzofuran.
mp: 107-109°C
'n-NMR (CDC1,) §: 2.62 (3H, s), 3.83 (3H, s), 7.02 (1H),
7.39 (2H)

b) To'107.6 ml of 5N sodium hYdroxide agqueous

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'm1 diokane solution containing 15.0 g of
2—acetyl-5—bromo-7-methoxybeﬁiofuran obtained in the above
step a). After completion of the dropwise addition, the
.temperature of - the resulting reaction solution was
-increaéed- gradually to 60°C and then stirred for 30
minutes. After cooling, the resulting reaction solution
was adjusted to pH 2 wiﬁh concentrated hydrochloric acid
and .then extracted with ethyl acetate. The resulting
organic layer was concentrated to drjneés, and crystals
thus precipitated were collected by filtration to obtain 5-
bromo—?—methoxy-2—benzofurahcarboxylic acid. The thus
obtained crystals were suspénded 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 héating-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
cryétals by filtration. The crystals thus collected were
pufified by silica gel.column chromatography using chloro-
form as an eluant tolobtain 11:33 g of ethyl 5-bromo-7-
methoxy—2—benzofurah¢arboxylate.

'i-NMR (CDC1,) §: 1.41 (3H, t, J = 7.0Hz), 4.00 (3H, s),
4.43 (2H, q, J = 7Hz), 7.02 (1H, d), 7.39 (1H, d), 7.42

(1H, s)
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c) a mixture consisting of 2.0 g of ethyl-s-

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 Catalytiéally effective amount
of copper sulfate was stirred at 180 to 190°C for 2 hours
in a stream of axgon. . ifte:: coéling, a toluene/ethyl
acetate mixture (1:1) and wéter were added to the reaction
‘solution to remove insoluble materials, and the resulting
organic layer was washed with water,'and then dried. After
distilling off the solvent, precipitated crystals were
céllected by filtration and washed with ethanol to obtain
1.2 g of ethyl 5-cyano-7-methoxy-2-benzofurancarboxylate.
'H-NMR (CDCl,) §: 1.43 (3H, t, J = 7.0Hz), 4.06 (3H, s),
4.46 (2H, t, J = 7.0Hz), 7.10 (1H, d, J = 1.0Hz), 7.53 (1H,
s), 7.64 (1H, 4d)

d) 8.55 g of ethyl 5-cyano-7-methoxy-2-benzo-
furancarboxylate obtained.'in the above step c¢) was
dissolved in 250 m} of tefrahydrofuran. During cooling on
-an ice bath, the resulting solution was mixed with 13.74 g
of calcium iodide (4H,0), 2.12 g of sodium borohydride and
a catalytically effective amount of sodium bicarbonate, and
the reéulting mixture was stirred at room temperature fox
1.5 hours, followed by further addition of 13.74 g of
calcium iodide (4H,0) and 2.12 g of sodium borohydridé and

additional stirring at room temperature for 1 hour. Duxing
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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 resulting
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 column chromato-
.graphy using a mixture of chloroform and ethanol as an
.eluant, thereby obtaining 1.96 g of 2-hydroxymethyl-7-
methoxy-5-benzofurancarbonitrile.
mp: 149-150°C | |
'H-NMR (CDC1,) &: 2.17 (1H, t, J = 6.1Hz), 4.02 (3H, s),
4.80 (2H, d, J = 6.1Hz), 6.71 (1lH, s), 6.99 (1H, 4, J =
1.3Hz), 7.50 (1H, d, J = 1.3Hz)

| e) 5.0 g of 2-hydroxymethyl-§-methoxy-S—benzo-
furancarbonitrile obtained in the above step d) was
dissolved in 100 ml of diethyl ethexr, followed by the
~addition of a few drqpe 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 contlnued for additional l 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 watexr and
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then dried to remove the solvent, tﬂereby obtaining 2-
6hloromethyl-7—methoxy—s-bénzbfﬁrancarbonitrile. The
chloroﬁethYl 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. |

_'H-NMR. (DMSO-d¢) &: 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 S—brombsalicylaldehyde'was dissolv-
ed in 100 ml of acetone, followed by the addition of 6.7 g
of anhydrous potassium cafbonate. 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 filﬁration, énd dried to obtain 9.2 g of
5-bromo-2-[ (N,N~-dimethylthiocarbamoyl)oxy]benzaldehyde.
mp: 141-143°C

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

'H-NMR (CDC1,) &§: 3.42 (3H, s), 3.47 (3H, s), 7.03 (1H, d,

J = 8.3Hz), 7.72 (1H, dd, J = 8.3 and 2.2Hz), 8.01 (1H, d,

-J 2.2Hz)
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b) 9.0 g of 5-bromo-2-[(N,N-dimethylthio-
carbamoyljoxy]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 '4.6 g of crude -S-bromd—Z-[(N,N—
dimethylcarbamoyl)thio]bénzéldehyde.

.mp: 118-120°C

IR (KBr): 1677, 1365, 1185 cm’'

'H-NMR  (CDC1,) &: 3.09 (6H, s), 7.31 (1H, d, J = 9.6Hz),
7.70 (1H, dd, J = 9.6 and 1.8Hz), 8.14 (1H, 4, J = 1.8Hz),
10.25 (1H, s) o |

c) 21.0 g of 5-bromo-2-{ (N,N-dimethylcarbamoyl)-
thiolbenzaldehyde was dissolved in 50 ml of methyl ortho-
formate. rhe resulting solution was mixed with 1.0 g of p-
toluenesulfonate, ana refluxed under _heatihg for 50
minutes. After cooling, the resulting reaction solution
was poured iﬁto satﬁrated sodium bicarbonate solution and
.extracted with benzene. The resulting organic layer was
dried to remove the solveﬂt. The residue thus obfained was
dissolved in 100 ml of methahol, followed by adding 37 ml
of 2N sodium hydrokide and by refluxing undex 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 drled 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 coﬁsisting
of 6.74 g of chloreacetone, 22.1 g of anhydrous potassium
carbonate and 150 ml 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 drynese. The thus obtained residue was:
purified by silica gel column chromatography using toluene
as an elution solvent and the resulting 'produet 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 cm’'
'H-NMR (CDCl;) &: 2.67 (34, s),.7.54 (1H, dd, J = 8.8 and
1.8Hz), 7.75 (14, d, J = 8.8Hz), 7.85 (1H, s), 8.03 (1H, d,
J = 1.8Hz) |

d) With stirring, 5.4 ml of bromine was added
dropwise to 5N sodium hydroxide equeous solution which has
been cooled to -5°C to 0°C. To this was added dropwise, at
a temperature of '-5°C or below, a 50 ml dioxane solution of
‘2-acetyl-5-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 édjusted
to pH'2 with concentrated hydrochloric acid, and crystals
thus precipitated ﬁere-collected by filtration and washed
with water. The crystals thus obtained were dissolved in
.ethyl acetate, and the solution was dried and concentrated.
Crystais thus precipitated were collected by filtration and
washed with toluené to obtain 6.6 g of 5-bromobenzo[b]-
thiophene-2-carboxylic acid.
mp: 238-241°C
IR (KBr): 1671, 1554, 1518, 1443 cm’
'H-NMR (CDCl;) &: 7.57 (1H, dd, J = 8.6 and 1.8Hz), 7.82
(1H, d, J = 8.6Hz), 8.00 (1H, s), 8.07 (1H, d, J = 1.8Hz)
e) 6.4 gof 5-bromobenzo[b]thiophene-2-carboxyl-
ic acid obtained in the above step d) was suspended in 250
ml of ethanol. With céoling on an ice bath and with
-stirring, 4.45 g of thionyl chloridé 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 céllected by filtration and

dried to obtain 7.0 g of ethyl S—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

'H-NMR (CDC1,) §: 1.42 (3H, t, J = 7.0Hz), 4.41 (2H, q, J

7.0Hz), 7.54 (1H, dd, J = 8.8 and 1.8Hz), 7.73 (1H, d, J =
.8.8Hz), 7.96 (1H, s), 8.01 (1H, d)

f) 7.0 g of ethyl 5-bromobenzo[bjthiophene-2-
carboxylate obtained in the above step e) and 5.4 g of
cuprous cyanide were suspended in 70 ml of N-methyl-2-
éyrrolidone, 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
ﬁith e£hyl acetate, insoluble materials were removed by
filtrétioh; 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]Jthiophene-2-carboxylate as crystals.
mp: 138-139°C

IR (KBr): 2232, 1728, 1262 cm™

'H-NMR (CDCl,) 6: 1.43 (3H, t, J = 7.0Hz), 4.45 (2H, q, J

7.0Hz), 7.70 (1H, dd, J = 9.0 and 1.8Hz), 8.04 (1H, d, J

9.0Hz), 8.08 (1H), 8.20 (1H)
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

(4H,0). With ice cooling and stirring, 1.0 g of sodium
borohydridé and a catalytically effective amount of sodium
bicarbdnate. were added to the above mixture, and the
resulting mixture was stirred at room temperature for 1
hour. After further éddition of 3.33 g of calcium iodide
(4H,0), 1.0 g of sodium borohydride was added to the mixtﬁre
which was cooled on an ice bath with stirring, and the
resuiting mixture Qas stirred at room temperature. After
stirring for 1 hour, 3.33 g of calcium iodide (4H,0) was
again added to the stirred mixture, followed by further
~addition of 1.0 g of sodium borohydride to the resulting
mixture which was cooléd on an ice bath with stirring énd
by subsequent stirring at room temperature for 1 hour. The -
thus obtained reéction 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 mixfure of
benzene and n-hexane to obtain 4.0 g of 2-hydroxymethyl-
benzo[b]thiophene-5-carbonitrile.

‘mp: 78-79°C

IR (KBr): 3496, 2236, 1026 cm’

'H-NMR (CDC1;) §: 4.97 (2H, s), 7.26 (1H), 7.51 (1H, dd, J
= 8.3 and 1.8Hz), 7.90 (1H, d, J = 8.3Hz), 8.03 (1lH)

h) 4.0 g of 2-hydroxymethylbenzo[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 mixturé was stirred
at room temperature for 2 hours. The résulting 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 reflu#ed under
heating for 10 hours. Thereafter, the thus precipitated
crystals were collected by filtration to obtain 6.3 g of
the title compound.

mp: 271-274°C (decomposition)

lH-NMR (CDCl,) &: 6.70 (2H, d, J = 15.1Hz), 7.30 - 8.10
(19H, m)

REFERENCE EXAMPLE 5

- Preparation of (7-cvano—2—naphthvl)methvltriphenyl—

phosphonium bromide

a) 11.0 g of 7-methyl-2-naphthalenecaxrboxylic

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
was concentrated to dryness. To the residue thus obtained
was added 360 ml of'concentrated aqueous ammonia under
cooling. The mixture was stirred at room temperature for
3 hours, - ahd then extracted with ethyl acetate. The
resulting organic'layer was washed with water and then with
saturated sodium chloxide aqueous solution, followed by
drying and removing the solvent. In this way, 8.5 g of 7-
methyl-2-naphthalenecarboxamide was obtained in the form of
colorless needle crystals.

‘mp: 210 to 212°C

'H-NMR (DMSO-d¢) 6: 2.50 (3ﬁ, sy, 7.4-8.5 (6H, m)

b) 8.0 g of 7—methyl—2-naphthaleneca£boxamide
obtained in the above sﬁep a) was suspended in 100 ml of
tetrahydrofuran, to which was further added, at room
temperature, a 100 ml caxbon fetrachloride solution
contéining 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 resulting filfrate.was éoncéntrated under a reduced
'p:essure. 28.35 g of the resulting residﬁe was applied to
silica gel column chromatography, and eluted with a mixed
solvent system of n-hexane and. ethyl acetate, fhereby

obtaining 5.73 g of 7-methyl-2-naphthalenecarbonitrile in
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the form of colorless crystals.

' 134-136°C

mp ’
'H-NMR (CDC1,) §: 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 tetrachloride. To this were added 6.37 g of N-
bromosuccinimide and 30 mg of'2,2-azobis-iso-butylonitrile.
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”éf light yellow needle crystals.
mp: 110-116°C | '
'H-NMR (CDCl,) 6: 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 crystals thus precipitated were
"collected by filtrétion and dried, thereby obtaining 12.10
g of the title cdmpound. |

'H-NMR (CDC1,) §: 5.96 (2H, d, J = 15.3Hz), 7.1-8.0 (21H, m)
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REFERENCE EXAMPLE 6

Preparationof (6-cyano-1-methyl-2-indolyl)methyltriphenyl-
phosphonium_bromide '

a) 1.5 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-dimethylfotmamide. 320 ﬁg 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 0.47 ml of methyl iodide, followed by stirring at
room temperature for 2 hours. Saturated ammonium chloride
agueous solution. was added to- the resulting reaction
sblution, and crystals thuslprecipitated‘were collected by
filtration, and washed "with methanol. The thus washed
crystals were recrystallized from 'a mixfﬁre of dichloro-
methane and methanol to obtain 1.4 g of methyl 6-cyano-1-
methyl-2-indolecarboxylate.

lH-NMR (DMSO-dg) &: 3.92 (3H, s), 4.10 (3H, s), 7.42 (1H,
. s), 7.52 (1H, dd),.7.98 (14, d), 8.38 (1H, br)

b) 5.7 g of meﬁhyl_6—cyanof1—methyl—2—indole—
éarboxylate obtained in the above step a) was dissolved in
120 ml of tetrah&drofuran. With cooling on an ice bath and
with stirring, a cataljtically 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 5 hours. 'The resulting reaction
solution was mixed with ice -water and acetic acid,
tetrahydrofuran was distilled off'fiom the mixture, and the
thus treated reaction solution was extracted with ethyl
acetate, followed -by drying. After distilling off the
solvent, the residue. thus obtained was dissolved in 50 ml
of dichloréﬁeihane. 10 ml dichloromethane solutibn
containing 1 ml of phosphorus tribromide was added dropwise
to the above reactioﬁ solutién 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. Thé thus treﬁted 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 féctor of about 2 under a reduced pressure,
mixed with 15 g of friphenylphosphine, and then refluxed
undexr héating for 12 hours. Thereafter, the precipitate
thus formed was collected by filtration to obtéin 10.5 g of
the title compound.
'H-NMR (DMSO-d4) &: 3.33 (3H, s), 5.55 (2H, d), 6.26 (1H,
.s), 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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REFERENCE EXAMPLE 7

(6-cyano-l-ethyl-2-indolyl)methyltriphenylphosphonium

bromide

'H-NMR (DMSO-d¢) 8: 1.01 (3H, t), 3.83 (2H), 5.57 (2H, d),
6.26 (1H, s), 7.39 (1H, d), 7.59 (1H, d), 7.70-8.00 (16H,

m)

REFERENCE EXAMPLE 8

[l1-(2-chloroethyl)-6-cvano-2-~indolylImethyltriphenyl-

phosphonium bromide

'H-NMR (DMSO-d¢) &: 3.40-3.80 (2H), 4.30-4.60 (2H), 5.60
REFERENCE EXAMPLE 9

Preparation of 2-bromomethvl-5-benzothiazolecarbonitrile

a) 28.0 g of 5-bromo-2-methylbenzothiazole was
_dissolvéd in 200 ml of N-methyl-2-pyrrolidone, the solution
thus prepared was mixed with l3§8 g of cuprous cyanide and
a catalytically 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 watexr, and lnsoluble
materials thus formed were collected by filtration. The
thus collected insoluble materials were mixed with a
mixture consistirig of 22 ml of ethylenediamine and 50 ml of
| water, and the resulting mixture was stirréd.thoroughly.

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

Thereaftex, the residue thus formed was washed with ethanol
to obtain 10.22 g of 2-methyl-5-benzothiazolecarbonitrile
in the form of light brown crystals.
mp: 158-160°C _
'4_NMR (CDCl,) §: 2.90 (3H, s), 7.60 (1H, dd), 7.95 (1H, d),
8.25 (1H, d)

b) 7.46 g .of 2-methyl-5-benzothiazolecarbo-
nitrile obtained in the aﬁové step a) was dissolved in 250
ml of carbon fetrachlo;ide, and the solution was subjected
to reflux under a light irradiation condition. To the
resulting reaction solution was gradually added a mixture
.conéisting of 7.62 g of N-bromosuccinimide and 150 mg of
2,2—azobis—iso—butyloﬁitrilé, followed by refluxing under
heating for 20 hours. After cooling, insoluble materials
-wefe reméved by filtration, and the solvent was distilled
off. Thereafter, the residue thus formed was purified by
silica gel coiumn chromatography - using toluene as an
elution solvent, thereby obtaining 2.18 g of the title
compound in the form of light yeilow prism crystals.
mp: 185-186°C |
'H-NMR (CDCl;) §: 4.83 (2H, s), 7.67 (1H, dd), 8.02 (1, d),

8.34 (1H, d)
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methyltriphenvlphosphonium p-toluene sulfonate

a) 10.0 g of methyl 6—hYdroxymethyl-5,6,7,8f
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-l.oo g of
'2,3—dihydrop§rane and 3 'drops of concentrated sulfuric
acid, followed by stirring for 5 hours.  The resulping
reaction mixture was mixed with 100 ml of diethyl ether,
énd the mixture was washed .with saturated sodium bi-
carbonate agqueous solution,. water and saturated sodium
chloride agqueous solution in that order, followed by dry-
ing. By_distilling off the solvent, 13.72 g of methyl 6-
[(2—tetrahydropyranyl)oxymeﬁhyl]-s,6,7,8-tetrahydro—2—
naphthalenecarboxylate was obtained in the form of yellow
oil. |
'H-NMR (CDC1l;) &: 1.50-3.00 (13H, m), 3.30-4.10 (4H, m),
"3.86 (3H, s), 4.60 (1H, br), 7.10 (1H, d), 7.80-7.90 (2H,
m) -

b) 13.72 ¢ 6f methyl 6—[(2-tetrahydropyranyl)—'
oxymethyl]-5,6,7,8~tetrahydro-2-naphthalenecarboxylate
obtained in the above step a) was dissolved in.180 ml of

methanol. After further adding a solution containing 2.96
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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)oiymethyl]-s,s,7,8-tetrahydro—2¥naphthal-
enecarboxylic acid. |
H-NMR (CDC1,) 6: 1.50-3.00 (13H, m), 3.30-4.00 (4H, m),
-4.60 (1H, br), 7.16 (1H, d), 7.80-7.90 (2H, m)

- c) 12.0g;of6-[(2-t§trahydropyranyl)oxymethyl]~
5,6,7, 8é£etrahydro-2-—naphtha-leneca_rboxylic acid obtained in
the above step b) and 4.1 g of triethylémine 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 chlorofoimic 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 ammonia. After removing insoluble
materials by flltratlon, the resultlng 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 cohsisting of n-hexane and ethyl acetate as
.an elution solvent, and thelpurified product was crystal-
-lized in isopropyi ether to obtain 7.20 g of 6-[(2—tet:a-
hydropyranyl)oxymethyi]-S,G,7,8-tetrahydro-2—naphthalene-
carboxamide.

H-NMR (CDCl;) &: 1.40 - 3.00 (13H, m), 3.30-4.00 (4H, m),
4.60 (1H, br), 6.10 (2H, br), 7 20 (1H, d)y, 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, fhe'resulting suspension was
.codled down to -8°C to 0°C.

ihen, 7.89 ml of anhydrous trifluoroacetate waé
added dropwise thereto under stirring. The resulting
reaction solution was stirred at -5°C for 30 minutes and
then at room temperéture for 2 houré. The thus treated
reacfion solution waé diluted with chlproform, and then
washed with water and saturated sodium chloride aqueous
solution in that oxder. Thereafﬁer, the resulting organic
layer was dried and the solvent was distilled off to obtain
9.78 g of 6~[ (2-tetrahydropyranyl )oxymethyl}-5,6,7,8-tetra-
hydro—2-naphthaleneéarbonitrile in the form of oil.
'H-NMR (CDCl;) §: 1.50-3.00 (13H, m), 3.30-4.00 (4H, m),

4.61 (1H, br), 7.05-7.50 (3H, m)
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.5,6,7,8-tetrahydro-2-naphthalenecarbonitrile was dissolved
in 100 ml of ethanol. After adding 100 mg of p-tolueue—
sulfonic acid, the resulting mixture was stirred at room
temperature for 15 hours. The reéulting reaction solution
was neutralized with saturated sodium bicarbonate aqueous
solutlon, followed by the removal of the solvent by dlstll—
lation. The residue thus obtained was dissolved in chloro-
form, and the solution was washed wiuh water and then uith
saturated sodium chloride agueous solution. lThe resulting
organic layer was dried and the solvent was distilled off.
'Thereafter; 5.26 g of 6-hydroxymethyl-5,6,7,8-tetrahydro-2-
_naphthalenecarbonitrile.was crystallized from isopropanol
in the form of colorless crystals. |
mp: 83-85°C |
'H-NMR (CDCl,) &: 1.30-3.00 (7H, m), 3.64 (2H, d4; J =
6.0Hz), 7.05-7.50 (3H, m)

£) 15.0 g of 6-hydroxymethyl-5,6,7,8-tetrahydro-
2-naphthalenecarbonitrile 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 xoom
temperature for 15 houfs.. The resulting reaction solution
was poured into- ice watexr, and the thus precipitated
' cryStals were collected by filtration, washed with wafer

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—naphthalenecé:bonitrilewasobtained.
mp: 100-102°C | |
'H-NMR (CDCl,) §: 1.20-3.80 (7H, m), 2.47 (3H, s), 4.00 (2H,
d, J = 6.0Hz), 7.10 (1H, 4, § = 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-naphthalenecarbonitriie and 18.38 g
of triphenylphosphine were mixed, and then heated at a
temperature' of 130 to 140°C for 15 hou:s. 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.
{_NMR (CDCl,) §: 1.40-2.90 (7H, m), 2.27 (3H, s), 3.60-3.90
(2H, m), 5.80-7.30 (54, m), 7.40-8.00 (17H, in)

- REFERENCE EXAMPLE 11

Preparationof (6-cyvano—-2-naphthvl imethvltriphenvlphosphon-

ium bromide

a) 6.11 g of 6-methyl-2-naphthalenecarbonitrile
was dissolved in 100 ml of ca?bon_tetrachlo;ide, and the
solution was mixed with 6.63 g of N-bromosuccinimide and 30
mg of 2,2-azobis-iso-butylonitrile. After refluxing ﬁndér
- heating for 4 hours, the resulting reaction solution was
mixed with chloroform, washed with water, and fhen dried.

By distilling off the soivent, 7.07 g of colorless 6-
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bromomethyl-z-naphfhaieneéarbonitrile was obtained.
mp: 134-137°C
'IH—NMR (CDC1;) &: 4.65 (2H; s), 7.60-7.80 (2H, m), 7.80-8.00
(3H, m), 8.22 (1H, s)

by 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
'H-NMR (CDC1;) &: 5.93 (2H, d, J = 15.2Hz), 7.40-8.00 (21H,
m)

REFERENCE EXAMPLE 12

Preparation of (S)-(+)-3-hydroxytetrahydrofuran

0.23 g of p-toluenesulfonic acid was added to 25
g of (S)—(-)—1,2,4-butahetriol, and the mixture was stirred
at 100°C foxr 5 minutes and then at 180 to 200°C for 10
minutes. The resulting reaction mixture was subjected to
' .distillétibn to collect a fraction of 95-100°C/30 mmHg,
thereby obtaining 16.2 g_of the title compound as an oily.
material.
'H-NMR (CDCL,) §:1.80-2.20 (2H, m), 3.76 (2H, d), 3.70-4.10

(2H, m), 4.40-4.60 (1H, m)
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REFERENCE EXAMPLE 13

Preparation of ethvl 2-r4—r((38)-1-tert;butoxvcggbonv;—3-

'pxrrolidinxl)oxx]phenvl]-2;oxoacetate
To 40 ml of tetrahydrofuran were dissolved 1.8 g

of ethyl 2-(4-hydroxyphenyl)-2-oxoacetate, 1.74 g of (3R)-
' 1_tert-butoxycarbonyl-3-hydroxypyrrolidine and 2.92 g of
triphenylphosphine. At room temperature, 1.94 g of diethyl
azedicarboxylate:was added to rhe 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, andltﬁe resulting residue was purified by
"silica gel column chromatography using a toluene/chloroform
mixture as an eluant, thereby oﬁtaining 2.53 g of the title
compound as a viscous yellow oil.
'H-NMR (CDCl;) §: 1.41 (3H, t, J = 7.0Hz), 1.46 (9H, s),
2.00-2.40 (2H, in), 3.00-3.75 (4H, m), 4.43 (2H, q, J =
7.0Hz), 5.00 (1H, bx), 6.93 (2H, d, J = 9.0Hz), 8.00 (2H,
d, J = 9.0Hz)

The following cempounds.of Reference Examples 14
to 25 were prepared in the same manner as described in

Reference Example l3.
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REFERENCE EXAMPLE 14

methyl 2-[4-[((3S)-1- tert-butoxxcarbonxl -3-pyxrrolidinyl)-

‘oxylphenvl ]-2-oxoacetate

viscous yellow oil
REFERENCE EXAMPLE 15

ethyl 2-[4-[((3R)-1-tert-butoxycarbonyl-3-pyrrolidinyl)-

oxz]ghenyli-z-oxoacetate
viscous yellow oil
'H-NMR (CDC1,) 6§: 1.40 (3H, t, J = 7.0ﬁz), 1.46 (9H, 's),
2.00-2.35 (2H, m), 3.45-3.75 (4H, mj, 4.40 (24, q, J =
7.0Hz), 4.9-5.1 (1H, br), 6.95 (2H, d, J = 9.0Hz), 8.00
(2H, d, J = 9.0Hz) |

REFERENCE EXAMPLE 16

‘ethyl 2-[4-[((2S)-1-tert-butoxycarbonyl-2-pyrrolidinyl)-

methoxv]phenvl]52-oxoacetate

viscous yellow 011
'H-NMR (CDC1,) &: 1. 41 (3H, t), 1.47 (9H, s), 2.0 (4H, br),

3.37 (28, br), 4.20 (3H, br), 4.43 (2H, q), 7.0 (2H, d),
7.95 (2H, d)

REFERENCE EXAMPLE 17

ethvl 2—[4—[{(ZS,4S)-1—te:t—butoxvcarbonvl—2—carbamovl~4—

pvrrolidinvyl)oxy]lphenvl ]-2—-oxoacetate

viscous yellow oil
'H-NMR (CDC1,) &: 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 (1H, br),
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4.42 (2H, q, J = 7.0Hz), 5.06 (1H, br), 6.97 (2H, d, J =
9.0Hz), 8.07 (2H, d, J = 9.0Hz)
REFERENCE EXAMPLE 18

ethyl 2-14- [((28,4S)-1-tert-butoxxcarbonxl -2-dimethyl -
carbamoxl-4-gzrrolld1nxl)oxx]phenvl]-2-oxoacetate

viscous yellow oil

'H-NMR (CDC1;) &: 1.37-1.50 (12H, m), 1.96-2.30 (1H, m),
2.50-2.82 (1H, m), 2.90-3.15 (6H, br), 3.70 (1H, dd, J =
10.8 and 5.1Hz), 3.90-4.16 (1H, 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

ethvyl 2—[4—[2-(tert-butoxvcarbonvlamino)el-(tert-butoxv—

carbonvlamlnomethvl)ethoxv]phenvl] 2-oxoacetate

viscous yellow oil _ S

'H-NMR (CDCl;) &: 1.00-1.70 (21H, br), 2.80-3.80 (4H, m),
4.20-4.60 (3H, m), 7.10 (2H, d, J = 8.3Hz), 7.98 (2H, d, J
= 8. 3Hz)

REFERENCE_EXAMPLE 20

ethyl 2—r4—r(1-tert-butoxvcarbonvl-4—piperidinvl)oxv]-

phenvl] 2—oxoacetate

viscous yellow oil

'H-NMR (CDCl;) &: 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 (1H, m), 7.01 (2H, d, J = 9Hz), 8.04 (2H, d, J = 9Hz)
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REFERENCE EXAMPLE 21

ethyl 2-[4—(gétert—butoxzcarbonylaminoethoxx)ghenxl]-2-

.oxoacetate
viscous yellow oil
'H-NMR (CDCl,) §: 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 (1H, br), 6.98 (2H, d, J =
9.0Hz), 8.00 (2H, d, J = 9.0Hz)

REFERENCE EXAMPLE 22
ethyl 2—[4-r(1-tert—butoxvéarbonvl—4—piperidinvl}methoxvi—

phenvl1-2-oxocacetate

viscous yellow oil

'H-NMR (CDCl,) 8: 1.2-1.3 (2H, m), 1.42 (3H, t, J = 7.1Hz),
.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 = 7.1Hz), 6.95 (2H, d, J = 8.8Hz),
7.99 (2H, d, J = 8.8Hz)

REFERENCE EXAMPLE 23

ethyl 2-14-[((25)-1l-tert-butoxycarbonyl-5-o0x0-2-pyrrol—

idinvl)methoxv]phenvl1—2—oxoacetate

visdous yellow oil

'H-NMR (CDCl,) &:- 1.35 (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
(1H, m), 6.98 (2H, d), 8.00 (2H, d)
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REFERENCE EXAMPLE 24

ethvl 2-[4- f((2R,4S) 1-tert-butoxzcarbonxl ~2-methyl-4-
gggrolidlnxl)oxz]phenxl] 2-oxoacetate

viscous yellbw oil

'H-NMR (CDCl;) §: 1.20-1.42 (6H, m), 1.47 (9H, s), 2.20-2.60
(1H, m), 3.50-3.80 (2H, m), 3.90-4.22 (1H, m), 4.42 (2H,
q), 4.90-5.10 (1H, m), 6.95 (2H, d), 8.00 (2H, d)

REFERENCE EXAMPLE 25

methyl 2-0ox0-2-[4-[((3R)~-tetrahydro-3-furanvl)oxv]-

phenvl Jacetate

Viscous yellow oil
REFERENCE EXAMPLE 26

ethvl 2-[4-[((3S)-1-tert-butoxycarbonyl-3-pyrrolidinyl)-

oxv]phenyl1-2-ethoxvcarbonvlacetate_

a) 27.7_g.of ethyll4;methoxyphenylacetate and 34
ml of diethyl carbonate were dissolved in 150 ml of N,N-
dimethylformamide, 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 xreaction soiution was poured
into a mixture of ice water and hydrochloric acid, followed
by extraction with ethyl acetate. The resulting oxganic
layer was washed-with water, and then dried to diétill 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.

'H-NMR (CDC1,;) §: 1.25 (6H, t, J = 7.0Hz), 3.79 (3H, s),

4.20 (44, q, J = 7.0Hz), 4.55 (1H, 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
dbwn 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 stirred for
30 minutes. The resulting reaction solution was poured
into a,mixfure 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 silica gel column chromatography
using chloroform as anJeluant, thereby obtaihing 4.7 g of
ethyl 2-ethoxycarbonyl-2-(4-hydroxyphenyl)acetate in the

fbrm of colorless oil.

'H-NMR (CDCl,) §: 1.27 (6H, t, J = 7.0Hz), 4.22 (4H, q, J

7.0Hz), 4.55 (1H, s), 5.66 (lH, br), 6.76 (2H, d, J

'8.0Hz), 7.25 (2H; d, J = 8.0Hz)
-¢) 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 Q of triphenylphosphine
and 4.7 g | of (33)fl-tert—butoxycarbonyl-3-hydroxy-
pyrrolidine. With stirring, 4.37 g of diethyl azodi-
carboxylate was added to the thus prepared solution, and
the stirring was continued foxr l? hours. After distilling-
off the solvent, the resulting residue was purified by
silica gel column chromatography' using a . toluene/éthyl
- acetate mixture as an eluant, thereby obtaining 4.0 g of
the title compound in the férm of colorless oil.

'H-NMR (CDCl;) 8: 1.25 (6H, t, J = 7.0Hz), 1.46 (9H, s), 2.1
(2H, br), 3.55 (4H, br), 4.20 (4H, q, J = 7.0Hz), 4.52 (1H,
's), 4.82 (1H, br), 6.82 (2H, d, J = 8.0Hz), 7.28 (2H, d, J
= 8.0Hz)

REFERENCE EXAMPLE 27

ethvl 2—[4-[((2R\-l—tert—bufoxvcarbonvl-2-pvrrolidinv1)—

methoxv]lphenvl]1-2-ethoxycarbonvlacetate

This compound was prepaied in accordance with the
procedure described in Reference Example 26.
viscous oil
'H-NMR (CDCl;) 8: 1.25 (6H, t, J = 7.0Hz), 1.47 (9H, s), 2.0
(4H, bxr), 3.40 (2H, br), 3.9 (1H), 4.20 (6H), 4.54 (1H, s),
6.82 (2H, d, J = 8.sz), 7.28 (2H, d, J = 8.0Hz)
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REFERENCE EXAMPLE 28

ethyl 2-ethoxycarbonyl-2-74-[(2-imidazolin-2-vyl)imethoxy]-
phenvl Jacetate

a) To 150 ml of acetone were added 14.58 g.of
ethyl 2-ethoxycarbonyl—2-(4-hydroxyphenyl)aceﬁate, 8.8 g of
zbromoacetonitrilg 'aﬁd 9.6 g of anhydrous potassium
.carbonate. After refluxing under heating for.5 hours,
insoluble materials were removed by_filfration, and the
resulting filtrate was concenfrated 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.

'H-NMR (CDC1,) 6: 1.26 (6H, t, J = 8.0Hz), 4.22 (4H, q, J
8.0Hz), 4.58 (1H, s), 4.75 (2H, s), 7.02 (2H, d, J =
9.0Hz), 7.36 (2H, d, J = 9.0Hz)

| b) 14.2 g of ethyl 2—[4-(cyanomethbxj)phenyl]—2—
ethoxycarbonylacetate obtained in the above step a) was
dissolved in.a nixture consisting of 20 ml of ethanol and
150 ml of diethyl ether. The resulting solution was
stirred at room temperature fox 18 hours with ice cooling
 in a blowing stream of hydrogen chloride. By disfilling-
-off the solvent, '16.9 g of ethyl 2-ethoxycarbonyl-2-[4-(2-
ethoxy-Z—iminoethoxy)pheﬁYl]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-
carbonyléz-[4-(2-ethoxyf2-iminoethoxy]phenyl]acetafe
obtained in the abévé step b) was added droéwise.to a 10 ml
.ethanol solution containing 0,6 g of ethylenediamine, and
the resulting mixture was_stirred at room  temperature for
1.5 houfé, followed S& refluxing under heating for 0.5
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
.aqﬁeous solution, and ' crystals thus precipitated were
collected by filtration. 1In tﬁis 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)
'H-NMR (CDCl;) &: 1.23 (6H, t, J = 8.0Hz), 3.62 (4H, s),.
4.10 (4H, q, J ='8.0Hz), 4.52 (1H; s), 4.68 (2H, s), 6.94

(2H, d, J = 10.0Hz), 7.26 -(2H, d, J = 10.0Hz)

- 59 -



This Sheet Has Been Rep laced

KW 1

THIS SHEET HAS BEEN
REPLACED

| REFERENCE EXAMPLE 29
Preparation of ethvyl 2-[4-[((3515 -tert-butoxvcarbonvl-B-
pzrrolldlnzl)oxx]ghenvll -3-(5-cvano-2-benzofuranyl)-

EEQELQEEEQ

a) 3.12 g of ethyl.2—[4-[((3S)-1-tert-butoxy-
carbonyi-B-pyrrolidinyl)oxy]phényl]-2-oxoacetate was
dissolved in 100 ml of ﬁetrahydrofuran}'followed‘by the
addition of 4.65 g of (5—cyan6-2-benzofuranyl)methyltri—
phenylphosphonium chloride. .To the thus prepared solution
.was added 400 mg of 60% éodium hydride. With stirring, to
the resulting mixture was added dropwise 3 ml of ethanol,
followed by stirring at room ﬁemperature 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. fhereafter, the residue thus
obtained Qas subjected to silica gel column chromatography
using a toluene/ethyl acetate mixture as an elution
solvent, thereby obfaining 3.1 g of ethyl 2-[4-[((3S)-1-
tert—butoxycarbbnyl-3—pyrrolidinyl)oxy]phenyl]—B—(S—cyano-
2-benzofuranyl)acrylate in the form of viscous oil as a
.mixture of E and 2 forms. A portion of the thus -obtained
- compound was separated into E and 2 forms.
E form (less polér):
'H-NMR (CDCl,) &: 1.32 (3H, t, J = 7.6Hz), 1.49 (9H, s),

1.70-2.40 (2H, m), 3.30-3.80 (4H, m), 4.30 (2H, q, J =
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7.6Hz), 4.92 (1H, br), 6.62 (1H, s), 6.94 (2H, d, J =
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9.0Hz), 7.24 (2H, d, J = 9.0Hz), 7.38 (1H, d, J = 8.6Hz),
7.56 (1H, d, J = 8.6Hz), 7.74 (1H, s), 7.77'(1H, s)
Z form: _
1H-NMR (CDC135 §: 1.10-1.60 (12H, m), 2.00-?.30 (2H, m),
3.30-3. 80 (4H, m), 4.50 (2H, q, J = 7. 2Hz), 4.92 (1H, br),
6.76 (1H, s), 6.81 (1H, s), 6.88 (2H, d J = 8.75Hz), 7.88
(2H, d, J = 8.75Hz), 7.31-7.60 (2H), 7.85 (1H, s) |
b) 3.1 g of ethyl 2-[4- [((38) -l-tert-butoxy-
carbonyl -3- pyrrolldlnyl)oxy]phenyl] ~3-(5-cyano-2-benzo-
furanyl)acrylate obtained in the above step a) was
dissolved in a mlxed solvent system of 100 ml of tetra;
hydrofuran and 100 ml of ethanol To this was added 700 mg
of palladium oxide-1H,0-barium sulfate which had been

prepared in accordance with the procedure disclosed in

Angewandte Chemie, vol.67, p.785, 1955. After catalytic
hydrogenation under norﬁal pressure for 6 hours, the
cétalyst was removed by filfration, ‘and the resulting
filtrate was concentrated. Thereafter, the thus obtaiﬁéd
residue was sﬁbjeéted 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.

'H-NMR (CDC1;) &: 1.00-1.40 (3H, m), 1.46 (9H, s), 2.00-2.30

(2H, m), 3.16 (1H, dd, J = 14.4 and 7.2Hz), 3.40-3.80 (5H,
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m), 3.90-4.30 (3H, m), 4.94 (1H, br), 6.40 (1H, s), 6.80
(2H, d, J = 8.7Hz), 7.25 (2H,.d, J = 8.7Hz), 7.46 (2H, s),
7.76 (1H, s)

REFERENCE EXAMPLE 30

Preparation of ethyl 2-{4-[((BS)-l-tert-butoxvcarbonvi-3-

pvrrolidinyl\oxv]phenvll-3-{7-cvano-2-naphthvl)Dropionate

a) 8.40 g of (7-cyano-2-naphthyl)methyltri-
phenylphosphonium bromide and 5.0 g of ethyl 2-[4—[((38)-1-
tert—butoXycarbonyl-3-pyrrolidinyl)oxy]phenyl]—Z—oxoacetaté
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
temperatufe. Afterxr dlstllllng off the solvent the residue
thus obtained was subjected to silica. gel column
chromatography using a n-hexane/ethyl acetate mixture as an
elution solveht,.thereby obtaining 6.06 g of .ethyl 2-[4-
.[((35)-l—tert—butoxycarbonyi—B-éyrrolidinyl)oxy]phenyl]—3—
(7-cyano-2-naphthyl)acrylate as a mixture of E and 2 forms.
A portion of the thus obtained compound was separated into
E and 2 forms. |
E form: |
mp: 104-106°C.(crystallization in ethanol)

'H-NMR (CDC1,) &: 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, g, J =
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7.3Hz), 4.92 (1H, br), 6.86 (2H, d, J = 8.8Hz), 7.16 (2H,

. d, J = 8.8Hz), 7.20 (1H, dd, J' = 8.8 and 1.5Hz), 7.56 (=,

dd, J = 8.3 and 1.5Hz), 7.62 (lH, d, J = 8.8Hz), 7 73 (1H,
s), 7.80 (1H, d, J = 8.3Hz), 7.93 (1H, s8), 8.07 (1H, s)
Z form: |

'H-NMR (CDCl,) 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 (28, q, J =
7.3Hz), 4.93 (1H, br), 6.90 (2H, d, J = 8.8Hz), 7.09 (1H,
s), 7.44 (2H, d), 7.60 (1H, dd, J = 8.3 and 1.5Hz), 7.63
(1H, ad, J = 8.8 and 1.5Hz), 7.85 (1H, d, J = 8.8Hz), 7.88
.(1H, s), 7.90 (1H, d, J = 8.3Hz), 8.18 (1lH, s)

| b) 6.06 g of ethyl 2-[4-[((3S)-l-tert-butoxy-
: carbonyl-3-pyrroiidinyl Joxy]phenyl}-3-(7-cyano-2-naphthyl)-
acrylate obtained as a mixt.ure ‘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-1lH,0-barium sulfate. After
catalytic hydrogenation under normal pressure for 3.5
hours, the catalyst was removed by filtration, and the
Isolvent was distilled. off. There'after, the thus obtained
residue was subjected to silica gel column éhromatography
.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.

'H-NMR (CDCl;) &§: 1.11 (3H, t, J = 7.3Hz), 1.47 (9H, s),
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2.00-2.33 (2H, m), 3.18 (1H, dd, J = 14.2 and 6.8Hz), 3.40-
3.65 (5H, m), 3.88 (1H, t, J = 7.5Hz), 4.06 (2H, q, J =
7.3Hz), 4.85 (1H, br), 6.80 (2H, d, J = 8.8Hz), 7.24 (2H,
d), 7.42 (1H, dd; J = 8.8 and 1.5Hz), 7.54 (1H, dd, J = 8.3
and 1.5Hz), 7.62 (1H, s), 7.77 (1H, d, J = 8.8Hz), 7.85
(1H, d, J = 8.3Hz), 8.13 (lH, s) : |

o The foliowing compounds of Reference Exémples 31
to 39 were prepared in acco;dance with the procedure
described in Reference Example 30. | |

REFERENCE EXAMPLE 31

ethvl 2-[4-[((3R)fl-tert-butoxvcarbonvl-3-pvrrolidinvl)—

oxv1phenyl}-3-(7-cyano-2-naphthvl)propionate

!H-NMR (CDC1,) &: 1.11 (3H, t, J = 7.3Hz), 1.47 (9H, s),
2.00-2.35 (2H, m), 3.18 (1H, dq, J = 14.2 and 6.8Hz), 3.40-
3.70 (54, m), 3.88 (1H, bxr), 4.06 (2H, q, J = 7.3Hz), 4.85
(1H, br), 6.80 (2H, d, J.; 8.8Hz), 7.24 (2H), 7.42 (1H, dd,
J=8.8 and 1.5Hz), 7.54 (1H, dd, J = 8.3 and 1.5Hz), 7.62
" (1H, s), 7.77 (1H, d, J = 8.8Hz), 7.84 (1H, d, J = 8.3Hz),
8.11 (1H, s)

REFERENCE EXAMPLE 32

ethyl 2-{4-[(l-texrt-butoxycarbonvl-4-pipexridinvyloxy]-

phenvl]—3—(7-cvano—2-naphthvl)propionate

'H-NMR (CDCl;) &: 1.11 (3H, t), 1.49 (9H, s), 1.70-2.00 (4H,
m), 3.00-4.10 (94, m), 4.45 (1H, br), 6.80-8.10 (10H, m)

FAB MS (m/z): 418 (M' + 1)
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REFERENCE EXAMPLE 33

ethyl 2-[4-7((2S,4S)-1-tert-butoxycarbonyl- 2-carbamoxl—4-
| gxrrolidinzl)oxz]ghenxl]-3-(5-czano-2-benzofuranxl)-

propionate

viscous oil-
'H-NMR (CDCl,) &: 1.16 (3H, t, J = 7.0Hz), 1.47 (9H; s),
2.10-2.80 (2H, br), 3.16 (1H, dd, J = 14.4 and 7.2Hz),
3.40-4.50 (6H, m), 5.08 (1H, br), 5.80 (1H, br), 6.39 (1H,
's), 6.76 (2H, d, J = 8.35Hz), 7.26 (2H, d, J = 8.35Hz),
7.50 (2H, s), 7.80 (1H)

REFERENCE EXAMPLE 34

ethvyl 2-[4-[((25,4S)-1- tert-butoxvycarbonyl—-2- dlmethvl-

carbamoyl-4-pyrrolidinvl)oxyiphenyll-3—-(5-cvano-2-benzo-

furanvl )propionate

viscous o0il

'"H-NMR (CDCl;) §: 1.23 (3H, t), 1.44 (9H, s), 1.90-2.30 (1H,

br), 2.40-2.80 (1H, br), 2.98 (1H, s), 3.10 -4.23 (7H, m),

4.40-5.00 (2H, br), 6.38 (1H, s), 6.90 (2H, d, J = 8.3Hz),

7.20 (2H, d, J = 8.35Hz), 7.45 (2H, s), 7.76 (1H, s)
REFERENCE EXAMPLE 35

ethyl 2-T4-[{(3S)-1l-tert-butoxycarbonyl-3-pyrrolidinyl)-

oxv]phenvl]—Bé(5—cvano—3-methvl~2—benzofuranvl)propionate

viscous oil
'H-NMR (CDC1,;) 6: 1.16 (3H, t), 1.47 (9H, s), 2.02 (3H, s),

2.1 (2H, br), 3.1 (1H, br), 3.6 (5H, br), 4.1 (3H, m), 4.85
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(1H, br), 6.83 (2H, d4), 7-15 (2H, 4d), 7.46 (2H), 7.7 (1H,

s)

REFERENCE EXAMPLE 36

ethyl 2-[4-[((3S)-1-tert-butoxycarbonyl-3-pyrrolidinyl }-
oxylphenyl]-3-(5-cyano-7-methoxy-2-benzofuranyl )propionate

viscous yellow oil-

'H-NMR (CDC1,) 6: 1.17 (3H; t, J = 7Hz), 1.46 (94, s), 2.00-
2.30 (2H, m), 3.16 (1H, dd, J = 14.5 and 7.4Hz), 3.40-3.76
"(5H, m), 3.80-4.30 (3H, m), 4.02 (3H, s), 4.70-5.00 (1H,
br), 6.37 (1H, s), 6.80 (2H, d, J = 8.75Hz), 6.95 (lH, d,
J = 1.3Hz), 7.23 (2H, d, J = 8.75Hz), 7.41'(1H, d, J =
1.3Hz)

REFERENCE EXAMPLE 37

ethvl 2-[4-[((BS)—1-tert-butokvcarbonyl-B-pvrrolidinvl)-

oxvlphenyl]-3-(5-cyano-3-benzofuranyl )propionate

viscous oil

'H-NMR (CDCl;) 6: 1.14 (3H, t), 1.45 (9H, s), 2.12 (2H, bx),
12.90-4.00 (7H, m), 4.08 (2H, g), 4.84 (1H, br), 6.85 (2H,
d), 7.2 (2H, d), 7.41 (1H, s), 7.50 (2H), 7.72 (1lH)

REFERENCE EXAMPLE 38

ethvl 2—[4-[{(BS)—l—tert-butoxvcarbonvl—3—byrrolidinvl)—

oxv]phénvl]—B-(6—cvano—2—naphthvl)propiOnate

'H-NMR (CDCl,) &: 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
(1H, br), 6.80-8.20 (10H, m)
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REFERENCE EXAMPLE 39

ethyl 2-[4—[(1—tert-bgtoxvcarbbnvl-4-g;peridinvljmethoxv1-
phenyl ]-3-(7-cyano-2-naphthyl )propionate
IH-NMR (DMSO-dg) 6: 1.01 (3H, t, J = 7.1Hz), 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), 3.9-2.1 (5H, m), 4.55-4.65 (1H, m), 6.85 (2H,
d, J = 8.3Hz), 7.25 (2H, d, J = 8.3Hz), 7.55-7.65 (1H, m),
7.68-7.73 (1H, m), 7.82 (1H, s), 7.90-7.95 (1H, m), 8.03
(1H, d, J = 8.8Hz), 8.44 (1H, s)

'REFERENCE EXAMPLE 40

Preparation of ethyl (+)-2-[4-[((3S)-1-tert-butoxycarbonyl-

3—gzrroliain11)oxx]ghenyll-Bé(7—czano-2-naphthvl)propionate

and ethvl (~)=-2-[4-[((3S)-1l-tert-butoxyvcarbonyl-3-

pvrrolidinvl)oxv]phenvl]—B-(7—cvano-2—naphthvl)propionate_
2.0 gof éthyl 2f[4—[((3S)—1-tert—butoxycarbonyl—
3-pyrrolidinyl)oxy]phenylj-B-(7—cyano—2-naphthyl)propionate
was dissolved in 10 ml of ethanol under warming. After
éooling to room temperature, crystals thus precipitated
were collected by filtration, and fhen recrystallized from
ethanol twice to obtain 640 mg of ethyl (+)-2-[4-[((3S)-1-
tert-butoxycarbonyle3—pyrrolidinyl)oxy]?henyl]—3¥(7-cyano—
2—naphthy1)propionate. |
mp: 132-133.5°C°
[a]d® = +117.4° (c=1.0b8,.CHbl3)

'H-NMR (CDCl,) &: 1.11 (3H, t, J = 7.3Hz), 1.47 (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 (5H, m), 3.87 (1H, t, J = 7.6Hz), 4.00-4.10 (2H, m),

4.85 (1H, br), 6.80 (2H, d, J = 8.8Hz), 7.20-7.30 (2H, m),
7.42 (1H,d, J = 8.3Hz), 7.55 (1H, d, J = 8.3Hz), 7.63 (1H,
s), 7.77 (1H, d, J = 8.3Hz), 7.85 (1H, d, J = 8.3Hz), 8.12
(12, s) = -

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

separation of optiéél 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 tiﬁe; 31.37 minutes

The filtrate was concentrated to dxryness 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 ethyl (-)-2-[4-[((3S)-1-
tert-butoxycarbonyl-3-pyrrolidinyl joxy]phenyl]-3-(7-cyano—
2-naphthyl )propionate. |
mp 82.5-85.0°C
[«]2* = -85.0° (¢ = 0.53, CHCL,)

'H-NMR (CDC1,) &: 1.11 (3H, t, 3 = 7.3Hz), 1.47 (9H, s),
2.00-2.30 (2H, mj, 3.18 (1H, dd, J = 14.2 and 6.8Hz), 3.40-
- 3.66 (5H, m), 3.87 (1H, t, J = 7.6Hz), 4.00-4.10 (2H, m),

4.85 (1H, br), 6.80 (2H, d, J = B.BHz), 7.20-7.30 (2H, m),

- 68 -



g , Y

This Sheet Has Been Replaced

THIS SHEET
AS BEE
REPLACED

LTI

7.42 (1H, d, J = 8.3Hz), 7.56 (1H, d, J = 8.3Hz), 7.62 (1H,
s), 7.77 (1H, 4, J =.8.3ﬁz), 4.85 (1H, d, J = 8.3Hz), 8.12
(1H, s) o
HPLC: Column; an amylose-based column for use in the
separation of optical isomers (CHIRALPAK AD, 4.6¢ x
250 mm, Daicel_Chemica} Industries, Ltd.)
-Sol%ent; iso-propanol:n;hexane = 15:85 (v/v)
Flow rate; 1 ml/min |
Column temperature; 25°C
Retention ﬁime; 23.22 minutes
' REFERENCE EXAMPLE 41

Preparation of ethvl 31L5-cvano-2—benzofuranvl)-2-[4—

[((3S)-1-methyl-3-pyrrolidinyl)oxv]phenyl]propionate |

1.8 g of ethyl 2*[4-L((BS);1-tert-butoxycarbonyl—
3—pyrrolidinyl)oxyjphenyl]-3—(5—cyand—2-benzofuranyl)—
propionate was dissolved in 28 ml of formic acid, and the
solution was stifred at 70°C for i 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% forméldehyde was added thereto, and tﬁen
refluxed under heating for 4 hours. After cooling, the
reaction solution was mixed With chloroform, and then
gdjusted 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, 1.07'g-df'tﬁe title compound was
obtained in an oily form; |

'H-NMR (CDCl;) 8&: 1;16 (3H,lt, J = 7.2Hz), 1.60-2.30.(2H,
m), 2.38 (38, s), 2.00-4.00 (7H, m), 4.11 (2H, q, J =
7.2Hz), 4.60-4.90 (1H, br), 6.39 (1H, s), 6.78 (2H, d, J =

8.8Hz), 7.21 (2H, d, J ='8.8Hz), 7.47 (2H, s), 7.77 (1H, s)

REFERENCE EXAMPLE 42

Preparation of ethyl 2-[4-[((3S)-1l-acetyl-3-pyrrolidinyl)=-

oxyv]lphenvl ]1-3-(5-cvano-2-benzofuranvyl )propionate

2.3 g of ethYl 2-[4—[((33)—1-tert-butoxycarbonyl—
3-pyrrolidinyl)oxy]lphenyl]-3-(5-cyano-2-benzofuranyl)-
propionate was dissolved in '3 ml’ of anisole. 25 ml of
triflubroacetic acid was'added to the above solution with
ice cooling, and fhe'resulting nmixture was stirfed at room
temperature for 1 hour. - After distiiling off trifluoro-
acetic acid under réduéed pressure, the residue- thus
obtained was adjusted to pﬁ 10-11 with saturated sodium
;bicarbonate aqueous solution, extracﬁed with chloroform,
and then dried. At room temperature, the resultihg organic
layer was mixed with 2 m; 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.

IH-NMR (CDCl,) &: 1.17 (3H, t, J = 7.0Hz), 2.04 (1.5H) 2.08

(1.5H), 3.14 (1H, dd, J = 15.1 and 3. 6Hz), 3.40-4.30 (8H,

m), 4.70-5.04 (1H, br), 6.40 (1H, s), 6.60-6.92 (2H, m),

7.10 (2H, m), 7.47 (28, s), 7.77 (1H, s) . |
REFERENCE EXAMPLE 43

Preparation of ethyl  3-(S5-cyano-2-benzofuranyl)-2-{4-

[((3S)-1-dimethvlcarbamovl-3-pyvrrolidinvl)oxv]phenyli-

bropionate _

2.3 g of ethyl 2-[4-[((3S)-1-tert-butoxycarbonyl-
3—pyrrolidinyl)oxy]phenyl]—B-(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 resultlng mlxture was stirred at room
temperature for 1 hour. After distilling off trifluoro-
acetic acid under reduced pressure, the xresidue thus
obtained wos adjusted to pH 10-11 with saturated .sodiun.l
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
:760 mg of N,N-dimethylcarbamoyl chloride, followed by stix-
ring at the sameitemperatdre for 1 hour. Afterxr distilling_
off the solvent, the resulting residue was subjected to

silica gel column chromatography using a chloroform/ethanol

- 71 -



heet Has Been Replaced

T \II\

mixture as an eluant to obtain 1.7 g of the title compound.

I-NMR (CDCl,) &: 1.17 (3H, t, J = 7.0Hz), 1.9-2.20 (2H, m)
2.86 (6H, s), 3.14 (1H, dd, J = 16.0 and 7.2Hz), 3.30-4.50
(8H, m), 4.72-4.96 (1H, br), 6.41 (1H, 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-acetoxyphenyl)-2-oxoacetate

7.25 g of'ethyi 2-(4-hydroXyphenyl)-2-oxoacetate
Qas dissolved in 15 ml of pyridine, followed by adding 4 ml
of acetic anhydride and then stirring at room temperature
for 1 hour. Tﬁe resulting reaction éolution was poured
into water, and extracted with diethyl ether. Thé result-
ing organic léyer was washed with water; apd then cpncen;
trated to drynesé. Thereéfter,‘the_residue was dissolved
in benzene, and then concentrated to obtaih 8.3 g of the
“title compound in an oily form.
'‘H-NMR (CDCl;) &: 1.41 (3H, t), 2.32 (3H, s), 4.43 (2H, q),
- 7.29 (2H, d), 8.01 (2H, d) |

REFERENCE EXAMPLE 45

Preparation of ethyl 3:15—¢vano-2—benzofuranY;)—2—{4-

hvdroxvphenvl)p:opionate

a) -15.93 g of (5-cyano-2-benzofuranyl )methyltri-
phenylphosphonium chloride and 8.29 g of ethyl 2-(4-

acetoxyphenyl)-2-oxoacetate wexre dissolved in a mnixture
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solution of 80 ml of tetrahydrofuran and. 80 ml of ethanol.
At room temperature, 5.34 g of 1,8—diazabicyclo[5.4.0]-7-
undecene was added to the above solution, and the mixture
was stirred for 18 hours at the same temperature. The
iesulting reaction solution was concentrated to dryness,
and the residue was purified by silic& gel column chromato-

graphy u51ng 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 2 forms.
'H-NMR (CDCl,) §: 1.32 (3H, t), 2.36 (3H, s), 4.30 (2H, q),
6.30 (1H, s), 7.2-7.8 (8H, 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/tetrahydrofufan mixtﬁre
solvent. The resulting solution was mixed with 750 mg of
palladium oxide+1lH,O<barium sulfate and subjected to
catalytic hydrogenation under normal pressure. After

removing the catalyst by filtration, the resulting filtrate

was concentrated to dryness to 6btain 3.8 g of ethyl 2-(4-

acetoxyphenyl)-3-(S—cyano—2-benzofﬁranyl)propionate.

'H-NMR (CDC1l,) &: 1.16 (3H, t, J = 7.2Hz), 2.25 (3H, s),

3.20 (1H, dd, J = 16.2 and 7.0Hz), 3.40-4.30 (4H, m), 6.50

(1H, s), 7.10 (2H, d, J = 8.3Hz), 7.40 (2H, d, J = 8.3Hz),

7.56 (2H, s), 7.86 (1H, s)
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c) 8.1 g of ethyl 2-(4-acetoxyphenyl)-3-(5-

cyano-z-benzofuranyl)propibnate obtained in the above step
b) was dissolved in 100 ml of ethanol solution containing
15% of ammonia, and the resﬁlfing solution was allowed to
stand sfill for 18 hours at room temperature. Thereafter,
the resulting réaction solution ‘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 .
'H-NMR (CDCl;) &: 1.15 (3H, t), 3.0-4.6 (3H, m), 4.1 (2H,
'q), 4.98 (1H, s), 6.39 (1H, s), 6.76 (2H, d), 7.15 (2H, d),
7.45 (2H), 7.75 (1H)

REFERENCE EXAMPLE 46

Preparation of ethvyl 3-(5-cvano-2-benzofuranvl)-3—(4-

hyvdroxvphenvl)propionate

a) To 150 ml of acetone were suspended 20 g of
5—bromoSalicyialdehyde, 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'solutioﬁ was concentratéd to dryness, and then
mixed with watér to collect precipitated crystals by
filtration. After washing - with water and subsequént

recrystallization from ethanol, 14.02 g of 5-bromo-2-(4-
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methoxybenzoyl )benzofuran was obtained in the form of
.colorless priém crystals.
mp: 143-146°C
IR (KBr): 1644, 1605, 1257 cm’'
'H-NMR (DMSO-d¢) 8: 3.35 (3H, s), 7.15 (2H, d, J = 9Hz),
7.72 (3H,.m), 8.0-8.2 (3H) |

| b) 15.0 g of S5-bromo-2-(4-methoxybenzoyl)benzo-
furan obtained in the above step a) and 6.09 g of cuprous
'cyanide were suspended in 75 ml of N-méthyl—z—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
organic layer and subsequent concentration under a reduced
pressure, 6.60 g of 2-(4—methoxybénzoyl)-S-benzbfﬁran—
carbonitrile was obtained as a brown powder.
IR (KBr): 2224, 1644 cm™
- NMR (DMSO-dg) &: 3.30 (3H, s), 7.15 (2H, d, J = 9Hz),
'7.83 (1H, s), 8.00 (2H, d), 8.07 (2H, d, J = 9Hz), 8.42
(14, s) _

c) 1.85 g of ethyl diethyiphospﬁonoacetate was
dissolved in 20 ml of tetrahydrofuran. With stirring at
room temperature, 320 mg of 60% sodium hydride was added to

the above solution, and the stirring was continued until
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the reaction solution became clear. After 10 minutes, 1.75
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-g of 2;(4—methoxybenzoyl )~5-benzofurancarbonitrile obtained
in the above step b) was added to the above reaction
solution, and the mixture was refluxed under heating for 30
minutes. After cooling, the-résulting reaction mixture was
concentrated to dryness. The residue thus obtained was
mixed with dilute hydrochloric aéid, extracted with
dichloromethane, washed with saturated sodium chloxride
aqueous solution, and then concentrated to dryness. The
resulting ‘residue was’ pﬁrified by silica gel coluﬁn
chromatography using a n-hexane/dichloromethane mixture as
an eluant, thereby obtaining 1.78 g of ethyl 3-(5-cyano-é-
.benzofuranyl)-3-(4-methoxyphenyl )acrylate as a mixture of
E and Z forms. o

'H-NMR (CDCl;) §: 1.20 (3H, t, J = 7Hz), 3.84 (3H, s), 4.18
(2H, q, j = 7Hz), 6.32 (1H, s), 6.8-7.4 (5H, m), 7.56 (2H,
s), 7.93 (1H, br)

d) 1.78 g of the E/Z mixture of ethyl 3-(5-
cyaho-Z—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 éatalyst was added to the above solution,
and the mixture-was subjected to catalytic hydrogenation -
_under normal pressure for 1.5 hours. Aftexr removing the.

catalyst by filtration, the resulting filtrate was concen-
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_benzofuranyl)-3-(4-methoxyphenyl )propionate.
'H-NMR (CDC1,) §: 1.29 (3H, t, J = 7Hz),.2...9-3.l (2H, m),
3.78 (3H, s), 4.09 (2H, q, J = 7Hz), 4.5-4.7 (1H, m), 6.47
(1H, s), 6.88 (2H, d, J = 9Hz), 7.24 (2H, d, J = 9Hz), 7.47
(24, s), 7.80 (1H, s) |

e) 1.79 g of ethyl 3-(5-cyano-2-benzofuranyl)-3-
(4-methoxyphenyl)pfépionate obtained in the above step d)
was dissolved in 20 ml of anhydroﬁs 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 temperatufe
for 3 hours. Thereafter, the reaction solution was dilﬁted.
with dichloromethane, and the.resulting organic layer was
.washed with dilute hydrochléric 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.
'H-NMR (CDC1,) &: 1.15 (3H, t, J = 7Hz), 2.9-3.3 (2H, m),
4.09 (2H., q, J = 7Hz), 4.5-4.7 (1H, m), 6.15 (1H, br), 6.46
(14, s), 6.80 (2H, d, J = 9Hz), 7.15 (2H, d, J = 9Hz), 7.42
(2H, s), 7.76 (1H, s)
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REFERENCE EXAMPLE 47

Preparation of ethyl 2-(2-(5-cvano-2-benzofuranvyl)ethvl)-5-

hvdrovaenJoate |

a) 4.87 g of _2—fo:chl-S-methdxybenzoic acid was
dissolved in 30 ml of chldroform. With stii:ring at room
temperature, a berizene/n-hexane (1:1) mixture solution of
diphenyldiazomethane prepared . in accordance with the

procedure disclosed in Journal of the Chemical Society

(Parkin I, pp. 2030-2033, 1975) was added to the above
solution until the reaction solution showed a purplish red
color. The resulting reactlion 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—fo:c.myl—s-l_nethc.)xybenzoate as a viscous
oil. ‘
H-NMR (CDCl,) §: 3.87 (3H, s), 7.13 (1H, dd, J = 11.5 and
2.9Hz), 7.20 (1H, s), 7.24 (11H, m), 7.97 (1H, d, J =
11.5Hz), 10.45 (1H, s)

b) 6.0 g of diphenylethyl 2-fomyl;5—méthoxy—
benzoate obtained in the above step a) and 8.1 g of (5-

cyano-2—benzofuranyl)inethyltriphenylphosphonitim 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 1,8-diazabicyclo[5.4.0]-7-undecene

was added to the above solution, and the mixture was

- 78 -
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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 8.2 g of diphenylméthyl' 2-[2-(5-cyano-2-benzo-
furanyl)vinyl ]-5-methoxybenzoate as a mixture of E and 2
'foims. |

'H-NMR (cbCcl,) &: 3.84 (1H, 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-benzofuranyl)vinyl]—Sémethoﬁybenzoate
obtained in the above step b) was dissolved in a solvent
mixture of 60 ml of tétrahydrofuran and 60 ml of ethanol.
2.0 g of palladium oxide-«lH,0<barium sulfate was added to
the abdve solutidn; and thé mixture was subjected to
catalytic hydrogenation undexr normal pressure. After
removing the catalyst by filtration, the resulting filtrate
'§a§ coricentrated to collect precipitated cxystals by
filtration, thereby obtaining 4.45 g of 2-[2-(5-cyano-2-
benzofuranyl)ethyl]és—methoxybenzoic acid.
mp: 179-182°C |

'H-NMR (CDCl,) 6: 2.90-3.42 (4H, m), 3.75 (3H, s), 6.67 (1H,

s), 7.01 (1H, dd, J = 8.7 and 2.2Hz), 7.24 (1H, d, J
8.7Hz), 7.34 (1H, d, J = 2.2Hz), 7.69 (2H, s), 8.06 (lH,

s), 12.98 (1H, br)
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FD MS (m/z): 321 (M'), 311, 283

d) 4.45 g of 2-[2-(5—cyano-2-benzofuranyl)-_

ethyl]-5-methoxybenzoic acid obtained in the above step c)
was dissblved in 200 ﬁl of ethanol, and the solution was
mixed with 4 ml of éoncentrated sulfuric acid, and refluxed
under heating for 16 hqurs. After cooling, the resulting
reaction solution was neutralized  with saturéted sodium
bicarbonate'aqueous solution, and ethanol was removed by
distillation. Thé residue thus obtained was extracted with
ethyl acetate, and dried to distill off the sol&ent. The
.resulting residue was purified by silica gel column
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

'H-NMR (CDCl;) &: 1.38 (3H, t, J = 7.0Hz), 2.90-3.48 (4H,
.m), 3.82 (3H, s), 4.34 (2H, g, J = 7.0Hz), 6.41 (1H, s),
6.96 (1H, dd, J = 8.7 and 2.6Hz), 7.10 (1H, d, J.= 8.7Hz),
7.46 (1H, d, J = 2.6Hz), 7.48 (2H, s), 7.79 (1H, s)

e) 4.11 g of ethyl 2-[2-(5-cyano-2-benzo-
fﬁranyl)ethyl]—S—methoxybenzoate obtained in the above step
.d) was dissolved in 40 ml of dichloromethane, and the
solution was cooled down to -78°C. 8.85 g of boxron
tribromide was added dropwise tg the above solution at the

same temperature, and the mixture was gradually warmed up
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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 resulting organic layer was washed
with 4N hydrochloric acid and then with water, followed by
drying and removal of the solvent. Thereafter, the
resulting zresidue 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 _ _

IH-NMR (CDC1,) &: 1.40 (3H, t, J = 7.0Hz), 2.96-3.50 (4H,
m), 4.36 (2H, q, J = 7.0Hz), 6.45 (1H, s), 6.93 (1H, dd, J
= 8.7 and 2.9Hz), 7.13 (1H, d, J = 8.7Hz), 7.50 (1H, d, J
= 2.9Hz), 7.56 (2H,'s), 7.84 (1H, s)

REFERENCE EXAMPLE 48

Preparation of ethyl 2-[2-[2-(5-cvano-2-benzofuranyl)-

ethvll:S-hvdroxvphen#lTacetate

a) 2.0 gof 2-[2-(5-cyano-2-benzofuranyl)ethyl]-
S—methoxybenzoic acid was suspended in 10 ml of benzene,
and the suspension was mixed with 1 ml of thionyl chloride.
By refluxing under heatihg-the resulting mixture for 1 hour
and subsequently concentrating to dryness, crude acid
chloride was obtained.

A mnixture solutJ.on 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 Qas added dropwise a 5 ml acetonitrile
solutién of the crude acid chloride prepared above. The
reSuiting reaction solution was stirred at 0°C for 48
‘hours, and the solvent wéé suﬁsequently distilled off under
a reduced pressure-at a'ldw temperature. The residue thus
obtained was dissolved in a mixture solvent of 4 ml of
collidine and 4 ml of.bénzyl alcohél, and the resulting
solution was stirred at 180°C for 7 minutes in a stréam of
nitrogen. The resulting reactibn solution was dissolved in
benzene, washéd. with 10% citric acid, and then dried.
.After distilling off the solvent, the resulting residue was
subjected to silica gel column chrdmatography using a
toluene/ethyl acetate mixture as an eluant to obtain 830 mg
.ofbenzyl2-[2-[2-(5—cyano—2—beﬁzofuranyl)ethyl];5—methoxy-
phenyljaceﬁateL |
mp: 127-128°C |
'H-NMR (CDCl,) &: 3.00 (4H), 3.68 (2H, s), 3.76 (3H, s),
5.13 (2H, s), 6.32 (1H, s), 6.76 (1H, dd, J = 7.9 and.
1.3Hz), 6.80 (1H, s), 7.08 (1H, d, J = 7.9Hz), 7.30 (5H,
s), 7.48 (1H, d, J = 1.3Hz), 7.77 (1H, s)

b) 855 mg of benzyl 2-[2—[2—(5-cyano—2-b¢nzo—
.furanyl)ethyl]—$~methoxyphenyl]acetate obtained in the
above step a) was dissolved in 20 ml of dichloromethane,

and the solution was cooled down to -50°C. To this
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solution was added dropw;se a 5 ml dlchloromethane 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 solﬁtion was extracted.with ethyl acetate, washed
with dilute hydrochléric acid, and then dried. After
concentration to dryness, the resulting residue was
dissolved in 30 ml of ethaﬁol, nixed wiﬁh 2 ml of thionyl
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 distili'of the solvent. The tﬁﬁs
obtained residue was purified by'subjecfing 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
'H-NMR (CDCl;) &: 1.25 (3H, t, J = 7.0Hz), 3.02 (4H), 3.59
(2H, sj, 4.57-(2H, q, J = 7.0Hz), 6.19 (1H, s),.6.41 (1H,
s), 6.55-6.84 (2H, m), 6.99 (1H, d, J = 7.9Hz), 7.48 (2H,
s), 7.77 (1H, s) |

REFERENCE EXAMPLE 49

Preparation of ethvl 5—cvano-2—r2-(44hvdroxvphenvl)ethvl]—

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 stirxring 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 précipitated crysfals by fiitration, thereby
obtaining 32.8 g of 5-bromo-2-[2-(4-methoxyphenyl)vinyl]-
benzofurén as one of the stefeoisomers,

mp: 190-194°C

'H-NMR (CDC1;) &: 3.83 (3H, s), 6.54 (1H, s), 6.9 (3H), 7.25
(1H, d, J = 17Hz), 7.31 (2H), 7.45 (2H, d), 7.62 (1H)

The filtrate obtained above was concentrated to
dryness, and the resulting residue-wés purified by subject-
ing it to silica gel column chrsmatography using toluene as
‘an- eluant, thereby obtaining 22 g of 5—bromo—2—[2—(4~
methoxyphenyl)vinyl]benzofufan as the other steieoisomer,

'H-NMR (CDC1,) §: 3.84 (3H, s), 6.35 (1H, d, J = 14Hz), 6.53

(1H, s), 6.62 (1H, d, J = 14Hz), 6.9 (2H, d), 7.24 (2H),
7.3 (2H, d), 7.38 (1H) |

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 tetrachloride.
The resulting reaction solﬁtion was poured into ice water,
and extracted with chloroform, and the resulting oxrganic
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)vinylj—

benzofuran in the form of yellow fine needle crystals (the
same isomer is formed from both of the E and 2 forms).
mp: 163-165°C

'H-NMR (CDC1;) §: 2.69 (3H, s), 3.85 (3H, s), 6.95 (2H, d,

J = 10Hz), 7.4 (2H, m), 7.6 (2H, d, J = 10Hz), 7.65 (2H,"

s), 8.08 (1H)

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 oan—methyl—Z-
pyrrolidone was stirred af 210 to 220°C for 8.5 hours in a
stream of nitrogen. The resulting reaction solution was
.poured into iée water to remove precipitated materials by
filtration, and the resulting filtrate was extracted. with
ethyl' acetate; After removing insoluble materials lby
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 chromato-
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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]-S—benzpfurancarbo—
nitrile was obtained in the.form of yeliow fine crystals.
mp: 190-191°C -

l4-NMR (CDCl;) &: 2.69 (3H, s), 3.85 (3H, s), 6.98 (2H, d,
J = 10Hz), 7.50-7.80 (6H, m), 8.36 (1H) _

d) 7.8 g of 3-acetyl-2-[2-(4-methoxyphenyl)-
vinyl]—S—benzofurancarbbhitrile obtained in the above step
.c) was dissolved in a solvent mixture of 600 ml of tetra-
hydrofuran and 500 ml of ethanol. 900’mg of palladium

oxide+1H,0+barium sulfate was added to the above solution,

and -the mixture was subjected to catalytic hydrogenation
undér normal pressure for 3.5.hours. After removing the
catalyst 'by filtfation, . the resulting filtrate was
concentrated to dryness. The residue thus obtained was
extracted with ethyl acetate, and the resulting organic
layex was wéshed with water, and dried to distill off the
solvent. Thereatter, the'residue thus obtained was washed
with methanol to collect precipitated crystals by
‘f£iltration, thereby obtaining 5.47 g of 3-acetyl-2-[2-(4-
methoxyphenyl )ethyl]-5-benzofurancarbonitrile in the form
of colorless prism crysﬁals.

mp: 130—1316C

'H-NMR (CDCl1,) §: 2.54 (3H, s), 3.04 (2H, m), 3.4 (2H, m),

- 86 -



EA This Sheet Has Been Re lac

[ lIIIM i I

3.77 (3H, s), 6.85 (2H, d, J = 10Hz), 7.05 (2H, d), 7.57

(2H, s), 8.33 (1H) |
e) 5.2 gof sodi'um_ﬁydrdxide was dissolved in 30

ml of watexr, and the soiutior{' was cooled to a temperature
of 0°C or below. With stiri‘ing, 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-benzofurancarbonitrile obtained in the above step d).
The resulting mixture was stirre.'d at 0°C for 45 minutes
‘with ice cooling for 1 hour. .The resulting reaction
solution was mixed .wi'.th water, adjusted to pH 2 with
concentrated hydrochloric .acid, and thén' extracted with
chlloroform.' The .resulting organic layer was washed with
water and dried to distill. off the solvent. Thereafter,
the resulting residue was pui'ified by subjecting it to
silica gel column cl_;roma_tography using chlorofoxrm as an
eluant, the.feby obtaining 1.44 g of 5-cyano-2-[2-(4-
methoxyphényl yethyl]-3-benzofurancarboxylic acid.
mp: 205-208°C (recrystallization from me.t:hanol, fine prism
crystals)
"'H-NMR (CDCl;) &: 3.13 (2H, m), 3.5 (2H, m), 3.78 (3H, s),
6.83 (2H, d), 7.07 (2H, d), 7.56 (2H, s), 8.34 (1H) |

~ f) 1.81 g of 5-cyano-2-[2-(4-methoxyphenyl)-
ethyl]—3-—benzofuranc':ar'boxyli'c acid obtained in the above

step e) was added to 5 ml of thionyl chloride, and the

- 87 -~




REPLACED

This Sheet Has Been R i HIS SHEET Has BEEI‘q ‘

T

mixture was refluxed under ‘heated for 1 hour. 'The result-

ing reaction solution was concentrated lto dryness, and the
residue was mixed with etha’_ﬁol_and stirred at 50°C for 30
‘minutes. Crysf.als ﬁhus px:ecipitated.were collected by
filtration to obtain 1.82 g of .ethyl 5—cyano-27-(2-(4—
methoxyphenyl yethyl) -3-benzofurancarboxylate .
mp: 135 139°C (fine prism crystals)

IR (KBr): 2224, 1695, 1614 1587, 1515 cm!

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
éompound in the form of fine needle crystals.
mp: 182-183°C _

Ig-NMR (CDCl,) &: 1.45 (3H, t, J = 8.0Hz), 3.0 (2H, m), 3.4
(2H, m), 4.4 (28, q, J = 8.0Hz), 6.7 (2H, d), 7.1 (2H, d),
7.55 (2H), 8.29 (1H)

REFERENCE EXAMPLE 50

Preparation of ethyl [5—-cvano-2-(2-(4-hydroxyvphenvl Jethvli-

3-benzofuranvl)acetate

a) 128 g of 5-bromo-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 houxs 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 ethanpl.. In
this way, 97.08 g .of 5—bromo-2—[§-(4?methoxyphenyl)eﬁhyl]—
benzofuran was obtained. |
mp: 109-111°C
'H-NMR (CDCl,) 6: 3.00 (4H, s), 3.77 (3H, s), 6.28 (1H, s),.
6.88 (2H, 4, J = 9.0Hz), 7.08 (2H, d, J = 9.0Hz), 7.32
(2H), 7.60 (1H)
b) 97 g of 5-bromo-2-[2-(4-methoxyphenyl)ethyl]-
benzofuran obtained in the abové'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

H-NMR (CDC13) §: 2.52 (3H, s), 3.05 (2H, m), 3.35 (2H m),
3.76 (3H,_s), 6.80 (2H, d, J = 9.0Hz), 7.10 (2H, d, J =
9.0Hz), 7.35 (2H, m), 8.05 (1H)

c) 79.9 g of 3-acetyl-5-bromo-2-[2-(4-methoxy-
phenyl)ethyl]benzofufan obfaingd_ in the above step b) was
treated in the same manner as described i.n step e) of
Reference Ekample 49 to obtain 64.2 g of S5-bromo-2-[2-(4-
methoxyphenyl )ethyl]-3-benzofurancarboxylic acid.

'H-NMR (DMSO-ds) §: 3.00 (2H, m), 3.35 (2H, m), 3.69 (3H,

- 89 -



[ s ST

This Sheet Has Béen Replaced . "

REPLAC

AR

s), 6.80 (2H, d, J = 8.0Hz), 7.07 (2H, d,, J = 8.0Hz), 7.50

(1H, dd), 7.55 (1H, d), 8.00 (1H, d4d)

d) 64.2 g of 5-bromo-2-[ 2-(4-methoxyphenyl)-
ethyl]-3-benzofurancarboxylic acid obtained in the above
step c) was suspended in 900 ml of ethanol. 30 ml of
thionyl chloride was added dfopwiée 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 ﬁater' to collect insolﬁble
- materials by filtration. The thus éollected’insoluble
materials were dissolved in ethyl.aéetafe and washed with
a saturated sodium bicarbonate aqueous solution, water, a
saturated sodium chloride aqueous solution in that order,
followed by drying to diétilluoff the solvent. Thereafter,
the resulting residue was suspended in ethanol and then
collected by filtration to obtain 59.23 g of ethyl.S—bromo—
2-[2-(4—methoxyphenyl)ethylj—3-benzofurancarboxylate.
mp: 73-75°C

b N
ED

Ig-NMR (CDCl;) 6: 1.43 (3H, t, J = 8.9Hz), 3.10 (2H, m), .

3.40 (2H, m), 3.77 (3H, s), 4.40 (2H, q, J = 8.9Hz), 6.80
(24, d), 7.2 (2H, d), 7.33 (2H, m), 8.10 (1H)

e) 35.5 g of ethyl 5—bromo—2—[2—(4-methoxy—

- 90 -



-
!

D

" “THIS SHEET e
This Sheet Has BeenR , REPLACEL

]

.

phenyl)ethyl]-3—benzofurénéa:boxylate obtained in the above
-step d) was dissolved in 400 ml of tetrahydrofuran,
followed by the gradual addition of 3.5 g of lithium-
aluminum hydride and, .subséquentl‘y, 1 hour of stirring at
room temperature. The resulting reaction sblution was
poured into water, adjusted to pH 2 with hydrochloric acid
and then extracted with benzene. | Thereafter, the resulting
orgaﬁic layér was washed with water, and then concentrated
to dryness to obtain 30 g of 5-bromo-3-hydroxymethyl-2-[2-
(4-methoxyphenyl)ethyl Jbenzofuran in the form of crystals.
mp: 65-75°C -

\H-NMR (CDCl,) §: 2.95 (4H, s), 3.69 (3H, s), 4.33 (2H, s),
6.77 (éH, d), 6.90 (2H, d), 7.26 (2H, m), 7.65 (1H)

f) 30 g of 5-bromo-3-hydroxymethyl-2-[2-(4-
methoxyphenyl )ethyl ]benzofuran obtained in the above step
e) was suspended in 150 ml of diethyl ethexr. 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 xoom
temperature. The resulting reaction solution was poured
into ice water, and extracted with diethyl ether.
Thereafter, the resulting organic layer was washed with
water and then with saturated sodium bicarbonate équeous
solution, foilowed by concentration to dr_yness, thereby

obtaining 28.3 g of 5-bromo-3-chloromethyl-2-[2-(4-methoxy-
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phenyi)ethyl]benzofuran.

mp: 70-75°C

'H-NMR (CDC1;) §: 3.00 (4H, s), 3.76 (3H, s), 4.38 (2H, s),
'6.82 (2H, d4), 6.97 (2H, d), 7.31 (2H), 7.68 (1H)

g) To 75 ml of acetonitrile were édded_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 énd 0.6 g of 18-crown-6-ether. The thus
prepared mixture was réfluxed uﬁder hea£ihg 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 aﬁ eluant, théreby obtaining
9.17 g of 5—bromp—3-cyanomethyl—2-[2-(4-methoxyphenyl)—
.ethyl]benzofuran.

'H-NMR (CDCl;) 6: 2.95 (4H, s), 3.20 (2H, s), 3.73 (3H, s),
"6.80 (2H, d), 6.90 (2H, d), 7.33 (2H), 7.61 (1H)

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 xrefluxed ﬁnder'heating foxr 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 oidgr,
followed by drying to distill off the solvent. 1In this
way, 8.96 g of ethyl‘[5-broﬁo—2-[2-(4-methoxyphenyl)ethyl]—
3-benzofuranyl]acetaté was obtained.

'L-NMR (CDCl,) 6: 1.21 (3H, t, J = 7.0Hz), 2.96 (4H, s),
3.34 (2H, s), 3.74 (3H€, s), 4.10 (2H, g, J = 7.0Hz), 6.80
(2H, d, J = 9Hz), 7.00 (2H, 4, J=1. 0Hz), 7.28 (2H), 7.59
(1H)

i) 8.2 g of ethyl [5-bromo-2-[2-(4-methoxy-
‘phenyl)ethyl]-3-benzofuranyl Jacetate obtained in the above
step h) was treated in the same manner as described in step
c) of Reference Example.49 to. obtain 4.5 g of ethyl [5-
cyaho—2—[2—(4—methoxyphenyl)ethyl]—3—benzofuranyl]acetaté
in the form of colorless needle crystals.
mp: 85-86°C
'H-NMR (CDC1,) &: 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
(24, d, J = 9Hz), 7.00 (2H, d, J = 7.0Hz), 7.47 (2H), 7.81
(1H) |

j) 4.45 g of " ethyl [5-cyano-2-[2-(4-methoxy-
'phenyl)ethyl]—3—benzofurany1]acetate.obtained in the above :
step 1) was treated in the.same manner és 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

IH-NﬁR (CDC1l;) 8: 1.22 (3H, t, J = 7.0Hz), 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 (1H)

" REFERENCE EXAMPLE 51

Preparation of ethyl 3—[2-[2—}5;cvanobenzojb1thien-g:_

vl)ethvl]—4—ethoxvéséhvdroxvphenvl]propionate

a) 20.0 g of Ferulic acid was dissolved in 250
ml of methanol and subjécted to catalytic reduction underx
normal pressure for 3 hours in the  presence of 10%
palladium carbon catalyst'(Sb% wet tybe). After removing
the catalyst by filtration, the resulting filtrate was
concentratéd to collect precipitated crystals by filtra-
tion, thereby obtaining 19.3 g of 3—(4-hydroxy—3-methoxy—
phenyl)propiénic acid.
mp: 87-89°C |
lH-NMR (CDC1l;) &: 2.5-3.0 (4H, m), 3.85 (3H, s), 6.5-6.9
(3H, m) | :

5) 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 concentrated
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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distilling off the solvent; 23.0 of ethyl 3-(4-hydroxy-3-
methoxyphenyl)propibnaté was obtained in an oily'form..
I§-NMR (CDCl,) §: 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) 10.0 g of ethyl | 3-(4-hydroxy-3-
methoxyphenyl )propionate obtained in the ébove step b) was
dissolved in 300 ml of tetrahydrofuran. 1.96 g of 60%
sodium hydride was subsequenﬁly addéd. The thus prepared
mixture was stirred at 50°C for 30 minutes. To this was
added dropwise 7.17 g of ethyl bromide. After refluxiﬁg
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.

'H-NMR (CDCl;) &: 1.23 (3H, t, J = 7.2Hz), 1.43 (3H, t, J
7.1Hz), 2.4-3.0 (4H, m), 3.85 (3H, s), 4.06 (2H, g, J =
7.1Hz), 4.11 (2H, q, J = 7.12Hz), 6.7-6.9 (3H, m)

d) 9.3 g of ethyl 3-(4-ethoxy-3-methoxyphenyl)-
propionate obtained in the above step c) was dissolved in
10 ml of acetic.acid, followed by adding 7.4 g of chloro-

methyl methyl ether and subsequently stirring at room tem-
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perature for 22 hours. The resulting reaction solution was
poured into ice water, extracted with ethyl acetate, washed
with water and then dried to distill off the solvent. The
residue thus obtéined was diésblved in 10 ml of xylene, aﬁd
tﬁe 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, xylene was removed by decantation, and the
reﬁaining portion was- solidified by addiﬁg n-hexane to
obtain 6.0 g of crude [S-éthoxy—z—(2-ethoxycarbonylethyl)—
4-methoxyphenyl Jmethyltriphenylphosphonium chloride.

e) To a mixture solution of 50 ml of tetra-
hydrofuran and 50 ml of ethanol were dissolved 1.5 g of 5-
cyanobenzo[b]thiophene-2-carbaldehyde aﬁd 6.34 g of crude
[5-ethoxy-2—(2—ethoxycarbonylethyl)—4—methoxyphenyi]¥
methyltriphenylphosphoniuﬁ'chloride obtained in the above
step d). 1.83 g of 1,8-diazabicyclo[5.4.0]-7-undecene was
added thereto, followed by stirring at room temperature for
18 hours. The resulting reaction.solution was concentrated
under a reduced pressure, ahd'the residue was dissolved in
a mixture soiution 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 catalytié 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 sﬁbjecﬁing.the resultiﬁg residue to silica gel column
chromatography, 1.2 g of oily ethyl 3-[2-[2-(5-cyanobenzo-
[b]thien-2-y1)ethyl]44-ethoxYeS-methbxyphenyl]propionate _

was obtained.

{-NMR (CDCl,) 8: 1.24 (3H, t, J = 7.1Hz), 1.36 (3, t, J
7.0Hz), 2.4-3.3 (8H, m), 3.84 (3H, s), 3.98 (2H, q, J =
7.0Hz), 4.13 (2H, q, J = 7.1Hz), 6.64 (1H, s), 6.70(1H, sj,
7.04 (1H, s), 7.46 (1H, dd, J = 8.4 and 1.5Hz), 7.83(1H, d,
J = 8.4Hz), 7.96 (1H, s) |

£) 2.1 g of ethyl 3-[2-[2-(5- cyanobenzo[b]th:.en-
2-yl)ethyl]-4—ethoxy— -methoxyphenyl]proplonateobtalnedln
.the above step e) was diésolved in 20 ml of y-collidine,
followed by adding 7.94 g of lithium iodide and sub-
sequently. refluxing uﬁder heating for 18 hours. The
resulting reaction solution._was poured into water,
extracted with chloroform, washed-with water, and then
dried. After distilliﬁg off the solvent, the residue thus
obtained was dissolved in 100 ml of ethanol, mixed ﬁiﬁh 0.3
ml of concentrated sulfuric acid,_anq then refluxed under
heating for 1 hour. ;After distilling off the solvent underx
a reduced pressure, the resulting xreaction 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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éluant. In this way, 2.0 g of the title compound was
obtained in an oily form. -

lH-NMR (CDCl;) &: 1.24 (3H, t, J = 7.1Hz), 1.35 (3H, t, J =
~7.0Hz), 2.4-3.3 (8H, m); 3.98 (2H, q, J = 7.0Hz), 4.13 (2H,
q, J = 7.1Hz), 6.60(1H, s), 6:75 (1H, s), 7.44 (1H, dd, J
- 8.4 and 1.SHz), 7.82 (1H, d, J = 8.4Hz), 7.96 (1H, s),
7.94 (1H, s)

REFERENCE EXAMPLE 52

Preparation of ethvyl fI -[2-(5-cyanobenzo[b]thien-2-

vl)ethvl]és-hvdroxvphenvl]propionate

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 ethyl orthoformate and one drop of concentrated
sulfuric acid. The mixture thus prepared was sfirred 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 intérest were pooled and concentrated
to collecf precipitated crystals, thereby obtaining 5.82 g
of 3,4-dihydro-2-ethoxy-6-methoxynaphthalene.
H-NMR (CDCl,) 8: 1.37 (3H, t, J = 7.0Hz), 2.20-3.00 (4H,
m), 3.79 (3H, s), 3.84 (2H, q, 3 = 7.0Hz), 5.48 (1lH, 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 ih the abové step a) was dissolved in
a mixture solution of 90 ml of ethanol and 10 mi 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 dimethylsulfide was added
"dropwise and gradually tb the resulting reaction solution
at the same temperature, followed by stirring at room
temperature for 30-nﬁnute$. After distilling off the
solvent under a reduced preséure, 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)methyltriphenylphosphoniu’m chloride and 4.46 ml of
1,8-diazabicyclo[5.4.0]—7-ﬁndecene in that ordexr, followed
by 5 hours of stirring. The resulting reaction solution
was concentrated under a reducéd pressure, and the residue
thus obtained was purified by subjecting it to silica gel
- column chromatogr_aphy using chloroform as aﬁ 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'lo% palladium carbon catalyst (50%
wet type). By subjecting the fhus 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]-
s—ﬁethoxyphenyl]propionate was obtained.

'H-NMR (CDC1,) &: 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 (1H, d, J = 8.2Hz), 7.85 (1H, d, J = 8.2Hz), 7.99 (1H,
5 -~ C

c) 2.75 g of ethyl 3-[2-[2~(5-cyanobenzo[b]-
thien-2-yl)ethyl]-s-methoxyphenyl)propionate ~obtained in
the above step b) was .treated in the same manner as
described in step e) of Referepce Example 46 to obﬁain 2.3
g of the title compound iﬁ an oily fofm.
H-NMR (CDC1;) §: 1.23 (3H, t, J = 7.1Hz), 2.4-3.34 (8H, m),
4.13 (2H, q, J = 7.2Hz), 5.60 (1H, s), 6.50-7.20 (3H, m),
7.25 (1H, s), 7.44 (1H, 4, J =-8..3Hz), 7.82 (1H, 4, J =
8.3Hz), 7.92 (1H, s) |

REFERENCE EXAMPLE 53

Preparation of ethvl 2-(5—cvanpbénzo[b1thien—2—vl)43—(4—

hydroxyphenvl)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 hdur,of stirring at room temperéture,

the resulting reaction solution was mixed with water,

washed with a saturated sodium bicarbonate agqueous

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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subsequentiy 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.ﬁatér, dried, and concentrated.
Byléollecting precipitated crystals by filtrétion, 200 mg
of-5-bromo-2-cyanomethylbénzp[b]thiophene was obtained.
mp: 94-96°C

'H-NMR (CDC1,) §: 3.98 (2H, s), 7.25 (1H, s), 7.42 (1H, dd,

J = 8.5 and 1.8Hz), 7.65 (1H, d, J.= 8.5Hz), 7.90 (1H, d,

dJd 1.8Hz) |

b) 12.0 g .of 5-bromo-2-cyanomethylbenzo[b]-
thipphene obtained in the above step a) was dissolved in 80
ml of ethanol, followed by the addition of 1.0 ml of water
and 7 ml of concentrated sulfuric acid. After refluxing

‘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 equa; volume mixture of toluene and ethyl

acetate. The resulting organic layer was washed with water
and saturated sodium bicarbonate agqueous solution in that
order, and then dried to distill off the solvent. There-
after, the resulting xesidue was subjected to silica gel

column chromatography to obtain 8.0 g of ethyl 2-(5-
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bromobenéo[b]thien—2-yl)acetate.'
mp: 56-57°C
.IH—NMR (CDC1l;) &: 1.28 (3H, t, J = 7.0Hz), 3.88 (2H, s),
4.23 (24, q, J = 7.0Hz), 7.11 (1H, s); 7.38 (1H, dd, J = |
8.3 and 1.8hz), 7.68 (1H, d, J = 8.3Hz), 7.82 (1H, d, J =
1.8Hz) T |

c) 800 mg of ethyl 2-(5-bromobenzo[b]thien-2-
yl)acetate.obtained iﬁ the above step b) and 965 mg of
diethyl carbonate were dissolved in 4 ml of N,N-
dimethylformamide. 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 sélution was
diluted with an equal volume mixture of toluene and ethyl
acetate, washed with dilute hydrbchlbric acid and water in
that order, and then dried. After distilling off the
solvenf, 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}lthien-2-yl)-2-ethoxy-
carbonylacetate.
H-NMR (CDCl,) 6: 1.28 (6H, t, J = 7.0Hz), 4.25 (4H, q, J =

7.0Hz), 4.95 (1H, s), 7.17 (1H, s), 7.35 (1H, dd, J = 8.3
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and 2.1Hz), 7.62 (1H, d, J = 8.3Hz), 7.83 (1H, d, J =

2.1Hz) _

d) 6.2 g of ethyl 2-(5-bromobenzo[b]thien-2-yl)-
2-ethoxycarbonylacetaté obtained in the above sfep c) and .
5.2 g of 4-methoxybenzyl chloride were dissolved inl30 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 solutioh was mixed with 10% citric acid
aqueous solution, extracted with toluene, washed with
"water, and then dried. Aftef 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-(5-bromobenzo[b]thien-2-yl)-2-
ethoxycarbonyl-B—(4-methoxypheﬁyl)propionate.
mp: 58-60°C | |
'H-NMR (CDCl,) &: 1.22 (6H, t, J = 7.0Hz), 3.65 (5H, s),
4.30 (4H, q, J = 7.0Hz), 6.60 (2H, d, J = 8.5Hz), 6.79 (2H,
d, J = 8.5Hz), 7.31 (1H, s), 7.35 (1H, dd, J = 8.8 and
1.8Hz), 7.60 (1H, d, J = 8.8Hz), 7.82 (1H, d, J = 1.8Hz)

e) 3.0 g of ethyl 2-(5-bromobenzo[b]thien-2-yl)-
'2-ethoxycarboﬁyl—3-(4-methoxyphenyl)propiohate obtained in
the abbve 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, £he thus
obtained reaction solution was mixed with dilute hydro-
chlbric acid. and extracted with. ethyl acetate, and the
-resulting organic layer was washed w_ith water , and dried to
distill off the solvent. The resulting residue was
dissolved in 60 ml of ethanol, mixed with 4 ml of
conéentrated sulfuric acid, and then refluxed under heating
for 1 hour. After ice cooling, the resulting reaction
solution ~was washed with . saturéted sodium bicarbonate
aqueous solution, and then with water, followed by drying
to distill off the solveﬁt; 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-z—yl)—B-(4—methoxypheﬁyl)propionate.
.mp: 62-65°C |
'H-NMR (CDC1,) §: 1.15 (3H, .t, J = 7.0Hz), 3.08 (1H, dd, J
= 13.5 and 7.3Hz), 3.37 (1H, dd, J = 13.5 and 7.3Hz), 3.71
(34, s), 4.10 (2H, q, J = 7.0Hz), 4.14 (1H, t, J = 7.3Hz),
6.75 (2H, 4, J = 8.7Hz), 6.83 (1H, s), 7.05 (2H, d, J =
8.7Hz), 7.30 (1H, dd, J = 8.8 and 2.3Hz), 7.57 (1H, d, J =
8.8Hz), 7.74 (1H, d, J = 2.3Hz) ‘

£) 1.6 g of ethyl 2-(5-bromobenzo[b]jthien-2-yl)-
3—(4—ﬁethoxyphenyl)prdpionate obﬁained 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-
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cyanobenzo[b]thien-z—yl)-3-(4-methoxyphenyl)propionate.

mp: 93-96°C

IH-NMR (CDCl;) &: 1.17 (3H, £, J = 7.0Hz), 3.09 (1H, dd, J
= 14.0 and 8.0Hz), 3.39 (1H, dd, J = 14.0 and 8.0Hz), 3.73
(38, s), 4.12 (2H, q, J = 7.0Hz), 4.16 (1H, t), 6.75 (2H,
d, J = 8.8Hz), 7.05 (2ﬁ, d, J = 8.8Hz), 7.13 (1H, s), 7.43
(1H, dd, J = 8.3 and i.3Hz), 7.81 (1H, d,lJ = 8.3Hz), 7.92
(1H, br)

g) 3.3 gof 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 ﬁo obtain 2.8 g of the title compound.
mp: 146-147°C |
'H-NMR (CDCl;) 6: 1.19 (3H, t, J = 7.0Hz), 3.09 (1H, dd, J
= 13.5 and 7.5Hz), 3.38 (1H, dd, J = 13.5 and 7.5Hz), 4.13
(24, q, J = 7.0Hz), 4.18 (1H, t), 6.70 (2H, d, J = 8.5Hz),
7.00 (24, d, J = 8.5Hz), 7.15 (1H, s), 7.47 (1H, dd, J =
8.3 and 1.3Hz), 7.85 (1H, 4, J = 8.3Hz), 7.95 (1H, br)

REFERENCE EXAMPLE 54

Preparation of. ethvl 2-{4-[((2S)-l-tert-butoxycarbonyl-2-

pyrrolidinvlimethoxyv]lphenvl]-3-(5-cvano-2-benzo-

furanvl )propionate
1.04 g of diethyl azodicarboxylate was added to

300 ml of a tetrahydfofuran solution containing 1 g of

ethyl 3-(5-cyano-2-benzofuranyl)-2-(4-hydroxyphenyl)-
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propionate, 1.2 g of (2S)-1l-tert-butoxycarbonyl-2-
pyrrolidineméthanol and 1.56 g of triphenylphosphine, and
the thus prepared mixtufe was stirred at room tempefatqre
for 18 hours. To the resulting reaction solution were
added 0.6 g of (2S);1—tert—butoxycarbonjl-2-pyrrolidine-
methanol, 0.78 g -of triphenylphosﬁhine and 0.52 g of
diethyl azodicarboxylate, followed by adgitional stirring
‘at room temperature for 18 hours. Thefeafter, the reaction
solution thus obtained was concentrated to dryhess, and the
resulting residue ﬁas purified by subjecting it to silica
gél column chromatography using a toluene/ethyl acetate
mixture as an eluant. In this way, 790 mg of the title
compound was obtained in the fo;m'of colorless oil.
'g-NMR (CDC1,) 6: 1.15 (3H, t), 1.46 (9H, s), 1.98 (4H, br),
3.0-4.2 (8H, m), 4.1 (2H), 6.37 (1H, s), 6.9 (2H, d), 7.2
(2H, d), 7.45 (2H), 7.76 (1H, s)

The following compounds of Reference Examples 55
to 61 weré prepared in accordance with the procedure of
‘Reference Example 54.

REFERENCE EXAMPLE 55

ethyl 3—J4~I{(3S)—1—tert—buthvcarbonvl—3-pvrrolidinvl)—

oxv]phenvl]—B-(5-cvano—2—benzofuranvl)propionate

'H-NMR (CDCl,) 8:-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 = 7THz), 4.5-4.7 (1H, m), 4.9 (1H, m), 6.49 (1H, s), 6.82
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(2H, d, J = 9Hz), 7.23 (2H, d, J = 9Hz), 7.47 (2H, s), 7.80

(1H, s)

REFERENCE EXAMPLE 56

ethvl 5-[((38)-l-tert—butoxvcaggonvl—3fpvrroliginvl)oxv]—

2-[2-(5-cyano-2-benzofuranyl )ethyl jbenzoate
'H-NMR (CDCl;) &: 1.38 (3H, t, J = 7.0Hz), 1.48 (9H, s),

2.00-2.30 (2H, m), 2.96-3.76 (8H, m), 4.36 (2H, q), 4.90
| (14, br), 6.44 (1H, s), 6.93 (1H, dd, J = 8.8 and 2.7Hz),
7.15 (1H, d, J = 8.8Hz), 7.48 (1H, d, J = 2.7Hz), 7.52 (2H,
s), 7.80 (1H, s)

REFERENCE EXAMPLE 57

ethyl Z—[S-[((3S)-1-te§t-butoxvcarbonvl—3—bvrrolidinvl)—

‘oxv]—2-r2-(5-cvano-2-benzofuran§l)ethvl1phenvl]écetate

'H-NMR (CDCl;) &: 1.25 (3H, t, J = 7.0Hz), 1.47 (9H, s),
1.90-2.30 (2H, m), 3.04 (4H, s), 3.36-3.70 (6H, m), 4.16
(2H, q, J = 7.0Hz), 4.90-5.12 (1H, br), 6.42 (1H, s), 6.60-

6.80 (2H, m), 7.08 (1H, d, J = 7.6Hz), 7.48 (2H, s), 7.77

(1H, d, J = 0.87Hz)
REFERENCE EXAMPLE 58

ethvl' 2-[2-14-[((3S)-1l-texrt-butoxycarbonvl-3-pyrrol-

idinvyl)oxy]lphenvljethyl]-5-cyano-3-benzofurancarboxylate

'H-NMR (CDCl;) 6: 1.46 (12H, m), 2.05 (2H, m), 2.95 (2H, m),
3.5 (6H, m), 4.4 (2H, q), 4.80 (1H, br), 6.82 (2H, d), 7.08

"(2H, d), 7.55 (2H), 8.30 (1lH)
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REFERENCE EXAMPLE 59

ethyl  3-[5-[((3S)-1-tert-butoxycarbonyl-3-pyrrolidinyl)-

g§v1-2;rg-(5-cvan9ben§ngl§hién~gfv;)ethvl]-4-ethoxy-
phenvyl jpropionate

'H-NMR (CDCl,) &: 1.23 (3H, t, J = 7.2Hz), 1.33 (3H, t, J =
“7.0Hz), 1,47 (94, s), 2.00-3.30 (10H, m), 3.4-3.7 (4H, m),
3.94 (2H, q, J = 7.0Hz), 4.12 (28, q, J = 7.2Hz), 4.70-5.00
(1H, br), 6.67 (1H, s), 6.72 (1H, s), 7.05 (1H, s), 7.46
(1H, dd, J = 8.4 and 1.6Hz), 7.84 (1H, d, J = 8.4Hz), 7.95
(1H, d, J = 1.6Hz)
' REFERENCE EXAMPLE 60

ethvl 3-[5-[{(3S)-1-tert-butoxycarbonyl-3-pyrrolidinvl}-

oxv]1-2-[2-(5-cyanobenzo[{blthien-2-vl)ethyliphenyl]-

propionate
mp: 117-119°C

'H-NMR (CDCl,) §: 1.24 (3H, t, J = 7.1Hz), 1.47 (9H, s),
'1.6-3.6 (14H, m), 4.13 (2H, q, J = 7.1Hz), 4.6-4.9 (1H, m),
6.50-7.20 (4H, m), 7.45 (1H, d, J = 8.5Hz), 7.83 (1H, d, J
= 8.5Hz), 7.95 (1H, s)

REFERENCE EXAMPLE 61

ethvl 3-T4-[ ({3S)-1-tert-butoxycarbonvl-3-pyrxolidinvl)—

oxvyvlphenvl 1-2-(5-cvanobenzo[blthien-2-v]l propionate

'H-NMR (CDC1,) §: 1.16 (3H, t, J = 7.0Hz), 1.45 (9H, s),
3.08 (1H, dd, J = 13.7 and 7.4Hz), 3.30-3.70 (5H, m), 4.11

(2H, q, J = 7.0Hz), 4.00-4.30 (1H), 6.72 (2H, d, J =
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8.3Hz), 7.07 (2H, d, J = 8.3Hz), 7.10 (1H, s), 7.40 (1H,

dd, J = 8.3 and 1.3Hz), 7.77 (1H, d, J = 8.3Hz), 7.89 (1H,
br)
REFERENCE EXAMPLE 62

Preparation of methvl_ 3-(5-cvano-2-benzofuranyl)-2-[4-

[(tetrahydro—B-fqggnvl)oxv]phenvl1propionate

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 g oﬁ diethyl azo-
dicarboxylate, and the mixture was stirred for 2 hours.
After distilling off the salvént, the resulting residue was
purified by subjecting it to silica gel column chromato-
graphy usihg dichloromethaqe as an eluant, thereby
obtaining 7.5 g of methyl 2-[4—[(tetrahjdro—B—furanyl)oxy]—
phenyl]-2-oxoacetate in an oil& fé&ml

In a mixtufe 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—cyan052—benzofuranyl)methyltii;
phenylphosphonium chloride. = With ice cooling, to the thus
prepared solution was added 1.5 ml of 1,8-diazabicyclo-
[5.4.0])-7-undeceéne. After 18 hours of stirring at xoom
temperature, the reaction solution was concentrated to

dryness, and the xresulting xesidue 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 7 forms.
The acrylic acid derivative thus.obtéined wasidissolved in
80 ml of methanol, mixed with 4 g of palladium oxidee--
1H,0-barium sulfate and then subjected .to catalytic
hydrogenation undexr normal pressure. Thereafter, the
catalyst was removed by filtration, the resulting fiitrate
was concéntrated to dryness, and the thus obtained residue
was purified by subjecting it to silica gel column
chromatography uging a chloroform/acetone mixture as an
eluant. In this way,. 2.5 g of .the title compound was
obtained. .
li-NMR (CDCl,) §: 2.0-2.3 (2H, m), 3.2 (1H, dd), 3.6 (1H,
dd), 3.65 (3H, s), 3.97 (2H, d), 3.8-4.2 (1lH, m), 4.8-5.0
(1H, m), 6.40 (1H, s), 6.8 (2H, d), 7.25 (2H, d), 7.5 (2H,
s), 7.79 (1K, s) |

\ REFERENCE EXAMPLE- 63

Preparation of methvyl 3-(5-cvano-2-indolyl)-2-{4-[((3R)-

tetrahvdro-3—furanvl)oxv]phenvl]propionate

.  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 silica
.gel column chromatography using chloroform as an elﬁant,
rhereby obtaining 4.60 g of methyl 2-[4-[((3R)-tetrahydro-
3-furanyl)oxy]phenyl]-2-oxoa¢etate 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 25[4-
[ ((3R)-tetrahydro-3-furanyl)oxy]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 l,8—diazabicy¢lo[5.4.0]—7—
uhdecene during stirriﬁg under ice cooling, followed by
stirring at room temperature for 2 hours. After distilling
"off the solvent, the resultiﬁg residue was purified by
subjecting it to silica gel column chromatography using a
chloroform/acetone mixture as an eiution solvent, thereby
obtaining methyi 3-(5—cyano—2—indolyl)—2—[4—[((3R)—
tetrahydro-B-furanyl)oxy]phenyl]acrjlate_as a mixture of E
and Zlforms. The E/Z mixture thus obtained was dissolved
in 50 ml of methanol, mixed with 4.0 g of palladium
oxide-1H,0-barium sulfate and then subjected to catalytic
hydrogenation .under normal pressure. for 3 houxrs.
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 'chromﬁtdgfaphy using a chloroform/acetone
mixture as an elution sﬁlVent. In this way, 1.50 g of the
title compound was obtalned as a viscous oily material.
'H-NMR (CDC1l,) &: 3.10 (1H, dd), 3.60 (3H, s), 3.78-4.10
(5H, m), 4.75-5.00 (1H, m), 6.25 (1H, br), 6.80 (2H, d),
7.20 (2H, d), 7.30-7.90 (3H, m), 10.00 (1H, s)

REFERENCE EXAMPLE 64

Preparation of methyl 3-(5-cvano-2-indolvyl)-2-[4-[((3S)-

tetrahvdro-B—furanvl)oxv]phenvl1propionate

a) In 80 ml of tetrahydrofuran were dissolved
5.0 g of (S)—(+)—3-hydroxytetréhydrofuran, 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 temperafure fbr 2 hours, the solvent was distilled
off, and the resulting residue was purified by subjecting
it to silica gel column chromatoéréphy using chlorofoxrm as
an elution solvent, thereby obtaining (S)-(+)-tetrahydro-3-
furanyl formate which was subsequently dissolved in 50lml
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 édlvent, .the resulting residue was

dissolved in diethyl ether, and insoluble materials were
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removed by filtration. By distilling off the solvent, 4.50

g-of crude (R)—(—)—3-hyd:oxytetrahydrofuran was obtained.
b) The crude, (R)-(-)—3-hydroxytetréhydrofuran
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.
!'H-NMR (CDCl;) &: 3.15 (1H, dd), 3.65 (3H, s), 3.80-4.20
(5H, m), 4.80-5.05 (iH, m), 6.30 (1H, br), 6.82 (2H, d),
7.22 (2H, d), 7.30-7.90 (3H, m), 9.30 (1H, br)

REFERENCE EXAMPLE 65

Preparation of methvl 3-[4-[((3S)-1l-tert-butoxvycarbonyl-3-

pvrrolidinvl)oxv]phenvl1—2-(5-cvano—24benzofuranvl)—

propionate

a) . 21.0 g'of'2—acetyl-5—benzofurancarbopitrile
was dissolved in 300 ml of diéhloromethane. With stirring
ét a temperature of -10°C, 30 ml of dichloromethane
solution containing 18.2.g of brominé was added dropwise to
the above éolution. After gradually warming up to ice-cold
temperature, the resulting réaction solution was mixed with
chloroform.and washed with 10% sodium thiosulfate aqueous
'solution. After drying the organic layer and subsequent
concentration to dryness, thé resulting residue was.
recrystallized from a benzene/n-hexane mixture to obtain
21.0 g of 2—(2-bromo—1—oxoethyl)—S—bénzofurancarbonitrile

in the form of colorless crystals.
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lmp: 156-158°C
IR (KBr): 2228, 1696, 1616, 1564, 1290, 1166, 1122 cm™
'n-MMR (CDCl;) §: 4.44 (2H, s), 7.60-7.90 (3H, m), 8.11 (1H,
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 l1.056 g of 2-(2-bromo-1l-oxoethyl)-5-benzo-
furancarbonitrile obtained in the above step a). The thus
prepared mixture was refluxed.undex heating for 12 hours.
.After' cooling, - insoluble materials were xremoved by
filtration, and the resulting filtréte was concentrated to
dryness. Thereafter, the reSulting résidue was purified by
subjecting it to silica gel chumn chromatography using a
toluene/ethyl acetate mixtﬁre 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’
'H-NMR (CDCl;) &: 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[5.4.0]-7-undecene was added to
the above solution, ahd the stirring was continued for 1
hour. To this were further added 1.3 g of. (4-methoxy-
phenyi)methyltriphenylphdsphonium chlori'de. and 0.65 g of
1,8-d'iazabicyclo[5.4.0];-7-1;indecene. After stirring for 1
_hour and subseqﬁently removing the solvent by d.;i.s'tillation '
the resulting residue was purified by subjectlng it to
s:.lJ.ca gel column chromatography using chloroform as an
eluant, thereby obta:.nlng a viscous and o0ily olefinic
compound as a mixture of E and Z forms

'H-NMR (cpcl,) &: 3.78 (1.5H, s), 3.84 (3H, s), 3.87 (1.5H,
s), 6.60 (SH, m)

The olefinic compound obtained above was
dissolved in a solveht mixtu.re of 100 ml of tetrahydrofuran
and 100 ml of methanol, followed by the addition of 1.1 g
of palladimh-lHZO-barium sulfatle and by subsequent catalytic
.hydrogenation under normal préssure for 3 hours. After
removing the catalyst by filtration and distilling off the
solvent, the resulting residue was purified by sub-jecting
it to silica gel column chromatography to obtain 4.2 g of
viscous and oily methyl 2—-(S-cyano-2-—benzofuranyl)—3-—(4-
methoxyphenyl )propionate.

'H-NMR (CDC1,) §: 3.20 (1H, dd, J = 14.4 and 7.8Hz), 3.41
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(1H, dd, J = 14.4 and 7.4Hz), 3.69 (3H, s), 3.75 (3H, s),
4.10 (1H, dd, J = 7.8 and 7.4Hz), 6.60 (1H, s), 6.76 (2H,
d, J = 8.8Hz), 7.05 (2H, d, J = 8.8Hz), 7.53 (2H), 7.82
(1H, s) |

d) 4.2 g of methyl 2-(5—cyano—2—benz.ofuranyl)-3-—

(4—methoxyphenyl)propionate_ obtained in 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 resultiﬁg residue was subjlected' to
silica gel column chromatography using a chloroform/ethanol
mixture as an eluant,' and the solvent in pooled fractions
of interest was conce_ntréted t_c; precipitate crystals. The
crystals thus precipitated were washed with benzene, and
collected by filtration p theréby obtz;iining 3.1 g of méthyl
2-(5-cyano-2-benzofuranyl)-3-( 4—hydroxypi1enyl )propionate -
in the form of colorless crystals..
mp: 110-111°C
IR (KBr): 2228, 1722, 1594, 1518, 1272 cm™

'H-NMR (CDCl,) 6: 3.18 (1H, dd, J = 14.4 and 7.8Hz), 3.36
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(1H, dd, J = 14.4 and 7.4Hz), 3.69 (3H, s), 4.09 (1H, dd,

e

J = 7.8 and 7.4Hz), 6.60 (1H, s), 6.69 (2H, d, J = 8.4Hz),
7.00 (2H, d, J = 8.4Hz), 7.53 (2H, s), 7.83 (1H, s)

e) In 150 ml of dry tetrahydrofuran were
dissolved 3.0 g of methyl 2-(5-cyano-2-benzofuranyl)-3-(4-
hydroxyphenyljpropionaté obtainéd in the above -step d),
.1.92 g of (3R)-1-tert-butoxycarbonyl-3-hydr6xypyrrolidine
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 conéisting of the
starting material methyl 2-(5;cyano-2—benzofuranyl)—3-(4-
hydroxyphenyl )propionate and theltitle 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 oxder. The resulting mixture was stirred at room
temperature fér' 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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lH-NMR (cnc13) §: 1.46 (9H, s), 1.88-2.24 (2H, m), 3.10-3.60
(GH, m), 3.69 (3H, s), 4.10 (1H, t), 4.81 (1H, br), 6. 61
(14, s), 6.73 (2H, d, J = 8. 3Hz), 7.04 (2H, d, J = 8.3Hz),
7.54 (2H, s), 7.83 (1H, s) -
FD MS (m/z): 321 (M') -

" REFERENCE EXAMPLE 66

Preparation of ethyl 3-[4-[((3S)-1l-tert-butoxycarbonyl-3-

pvrrolidinvl)oxylphenyl]l-4-(5-cyanobenzofb]thien-2-vl)-

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 ﬁype, 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 agqueous solﬁtion, and then extrécted witﬁ
ethyl acetate. After drying to distill off the solvent,
the resulting residue was subjected to silica gel column
chromatography using chloroform aé an elution solvent,
thereby.obtaining 24.2 g of ethyl 3-(5-bromobenzo[b]thien-
2-yl)-2-ethoxycarbonyl-2-(4-methoxyphenyl)propionate.

lH-NMR (CDCl,) &: 1.2 (6H, t), 3.78 (3H, s), 3.85 (2H, s),

6.75-7.0 (3H, m), 7.2-7.8 (5H, 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—z-yl)-2-ethoxycérbonyl-2-(4—methoxjphenyl)-
propionate 6btained in:the.above step a), and the thus
prepared mix£ure was stirred for 4 days. The resulting
‘reaction solution was poured into -cooled dilﬁfe
hydrochloric acid to collect precipitated crystals by
filtration. The thué collected crystalé 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. Afteflcooling,
the resulting reaction solution was c9ncentrated, mixed
with ch;oroform, washed with wéter, and then dried. After
distilling off the solvent, the resulting residue was:
purified by subjecting it to silica gel column chromato—
_graphy using chloroform as an eluant, thereby obtaining 20
g of ethyl 3—(S-bromobenzp[b]thien—2—yl)-2-(4—methoxy—
. phenyl)propionate.
'H-NMR (CDCl;) &: 1.17 (3H,_£), 3.2 (1H, dd), 3.55 (1H, dd),
3.77 (3H, s), 3.81 (1H,. dd), 4;16 (2H, q), 6.82 (2H, d),
7.2-7.8 (6H, m)

c) 20 g of ethyl 3—(S—brbmobenzo[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 the

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'disfill off the solvent, and the thus
obtained residue was subjected to silica gel coiumn
chromatography using a chloroform/methanol mixture as an
elution solvent to obtaln 16 g of 3 (5- bromobenzo[b]thlen—
—yl)—2-(4—methoxyphenyl)-1—propanol.

'H-NMR (CDC1;) &: 2.9-3.4 (3ﬁ, m), 3.73 (3H, s), 3.62-3.90
(2H, br), 6.70-7.80 (BH m) .

d) 16 g of 3-(5- bromobenzo[b]thlen 2-yl) -2-(4-
methoxyphenyl) 1-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 dichloromgthane, 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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lg-NMR (CDCly) 8: 3.78 (3H, s), 3.9-4.5 (3H, m), 3.70 (3H,
s), 4.3 (2H, m), 6.70-7.80 (8H, m)

.e) l.2 g of sodium 6yanide 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 m_ethane_sulf onate, followed by
stirring at 80°C for 1 hour. The resﬁlting reaction
solution was mixed with an ethyl acetate/toluene mixture,
washed ‘with. wéter, 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)butyronitrile. 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 conéentraté to  silica gel column
.chromatography using chlofoform as an elution solvent.
'H-NMR (CDC1;) §&: 2.5-2.;7‘(2H, br), 3.2-3.4 (3H, br), 3.76
(3H, s), 6.70-7.80 (8H, m)
MS m/z: 386, 388 |

£) 7 g of 3-(5-bromobenzo[b]thien-2-yl)-2-(4-
meth;xyphenyl)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
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thus obtained reaction solution was mixed with chloroform

and water, and the resulting b:ganic layexr was dried to
distill off the solvent. Thereaftef; the resulting residue
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—z-yl)43-(4-methoxyphenyl)butyrate.
'H-NMR (CDCl,) 6: 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 (1H), 7.55 (1H, d), 7.72 (1H, d)
FAB ﬁs (m/z): 433, 435

g) 6.0 gof ethyl 4—(S-brompbenzo[b]thien—z—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 lcyanide and a
catalytically effective amount of copper sulfate. The
mixture thus prepared was stirred at a temperaturezof 190
to 200°C in a stream 6f axgon. 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 xresulting
residue was pu£ified by subjecting it to silica gel column
chromatography using a chloroform/acetone mixture as an
elution solvent,- thereby obfaining 4.5 g of ethyl 4-(5-
cyanobenzo[b]thien—Z—yl)—3-(4—methoxyphenyl)butyrate.

'H-NMR (CDCl;) &: 1.18 (3H, t), 2.70 (2H, dd), 3.16-3.70
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(34, m), 3.78 (3H, s), 4.02 (2H, q), 6.85 (2H, d), 6.98
_(1H, s), 7.18 (2H, d), 7.5 (1H, dd), 7.8 (1H, d), 7.96 (1H,
d) | |
h) 4.5 glof ethyl 4-(5-cyanobenzo[bjthien-2-yl)-
3-(4-methoxyphenyl )butyrate obtained in the above step g)
was dissolved in 20 ﬁl of dichloromethane. 3.4 ml of boron
tribromide was added to the above solution which has been
cooled down to -70°C. The thus pfepared mixture was warmed
up to room temperature,. and stifred 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 streaﬁ of argon, 1.9 g of (3R)-1l-tert-
butoxycarbonyl—3—hydroxypyrrolidine, 3.2 g of tfiphenyl—
phosphine and 2.3 g of'diéthyl azodicarboxylate were added
to the resulting mixture. 'Thé thus prepared mixture was
stirred at room temperature for 18 hours. After distilling
off the solvent, the resulting residue was ﬁurified by
subjecting it to silica gei_column chromatography using a
n-hexane/ethyl acetate mixture és an elufion solvent. 1In
this way, 4 g of the title compound was obtained.
'H-NMR (CDCl;) 6:.1.48 (9H, s), 1.95-2.20 (2H, m),.2.65 (2H,
dd), 3.15-3.70 (7H, m), 4.78-5.00 (1H, m), 6.80 (2H, d),

6.98 (1H, s), 7.17 (2H, d), 7.5 (1H, dd), 7.82 (1H, d),
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7.98 (1H, d)

REFERENCE EXAMPLE 67

Preparation of ethyl 2-[4-[((3S)-1-tert-butoxycarbonyl-3-

pyrrolidinvl)thio]ghenzl]-3-(5-cvanobenzorb]thien-z—vl)—g:

ethoxycarbonylpropionate

a) 20.2 g of ethyl 4-mercaptophenylacetate was
dissolved in 450 ml of tetrahydrofuran. With ice cooling
and with stirring, 21.0 g of (3R)-1l-tert-butoxycarbonyl-3-
hydroxypyrrolidine, 29.4 g of triphenylphosphine and 19.5
g of diethyl :azbdicarboxylate were added to the above
solution. The thus prepared mixture was stirred at room
temperature for 18 hours. .After distilling off the
solvent, the resulting residue waé purified by subjecting
it to silica gel column .chfoﬁafography using a n-
hexane/ethyl acetate mi%ture'as an elution solvent, thereby
obtaining 7.0 g of ethyl 2—[4-[((3S)-l—tert-butéxycarbonyl—
3-pyrrolidinyl)thio]phenyl]acetate. |
IH-NMR (CDCl,) &: 1.25 (3H, t, J = 7.2Hz), 1.45 (9H, s),
1.7-2.4 (2H, m), 3.2-4.4 (5H, m), 3.58 (2H, s), 4.15 (2H,
g, J =-7.2H£), 7.0-7.6 (4H, m)

by 4.00 g of ethyl 2;[4—[((38)—1-—tert-—
bﬁtoxycarbonyl—3—pyrrolidinyl)thio]phenyl]acetate obtained
in the above step a) was dissolved in 21 ml of N,N-
dimethylformahide, 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 solutian was poﬁred into ice water,
neutralized w1th dllute hydrochlorlc 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-[((3S)-1-tert-butoxy-
- carbonyl-3-pyrrolidinyl)thio)phenyl]-2-ethoxycarbonyl-
acetate in an oily form. -

'5-NMR (CDCl;) 6: 1.27 (6H, t, J = 7.2Hz), 1.46 (9H, s),
.1.4-2.4 (2H, m), 3.0 -4.0 (5H, m), 4.22 (4H, q, J = 7.2Hz),
4.58 (1H, s), '1_.2;7.5 (4H, m)

c) 1.7 g of ethyl 2-[4-[((3S)-l-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-dimethylformamide, followed by the additioﬁ of 155 mg
of sodium hydride‘(so%)'and by Subsequent stirring for 20
minutes . 980 ‘mg . of 2—bromomethylbenzo[b]thiophené-s—
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
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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 2.05 g 6f'the ;it1é compound in an oily form.
IH-NMR (CDCl;) &: 1.23 (6H, t, J = 7.2Hz), 1.46 (9H, s),
1.50-2.50 (2H, m), 3.2-4.4 (5H, m), 3.89 (2H, s), 4.25 (4H,
q, J = 7.2Hz), 7.28 (4H, s), 7.44 (1H, dd, J = 8.4 and
1.5Hz), 7,78 (1H, d, J = 8.4Hz), 7.91 (1H, dd)
REFERENCE EXAMPLE 68

Preparation of ethyl 2-[4-[((3S)-1-tert-butoxycarbonyl-3-

pyrrolidinvl)oxvlphenyl}-3-(5-cvanobenzo[blthien-2-v1)-2-

propionate

In a sdivent mixture of 50 ml of tetrahydrofuran
and Sd ml of ethanol were dissolved 3.0 g of (5-cyano-
benzo[b]thien—Z—yl)methyltriphenylphosphonium chloride and
2.55 g of ethyl 2-[4-[((3S)-l1-tert-butoxycarbonyl-3-
pyrrolidinyl)oxy]phenyl]-2-oxoacetate. With stirring at
‘room temperature, 1.07 .g of 1,8-diazabicyclo[5.4.0]1-7-
undecene was added- to the thus prépared solution, and the
resulting ﬁixture was stirred .for_ i Hour at room
femperature. After distilling off the solvent, the
resulting residue was purified by subjebting_it to silica

gel column chromatography using a toluene/ethyl acetate
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mixture as an eluant,_ thereby obtaining ethyl 2-[4-

[((3S)-1-tért—butoxycarbonyl-3-pyrrolidinyl)oxy]phenylj—
3-(5-cyanobenzo[b]thien-z-yl)acrylate as a mixture of E and
.2 forms. The thus obtained compound was dissolved in a
solvent mixture of 50 ml of tetrahydrofuran and 50 ml of
ethanol, and tﬁe resulting solution was mixed with 5.0 g of
10% palladium carboﬁ catalyst (50% wet type), and subjected
to catadlytic hydrogenation under normallpressure. After
removing the catalyst by filtrétion and distilling off the
solveht, the resulting residue was purifiedlby subjecting
it to silica gel_colhmn chrdmatography using a toluene/
ethyl acetate mixture as an eluant, thereby obtaining 2.2
g of the title coméoﬁnd in a viscous and oily form.
'Hi-NMR (CDCl,) &: 1.17 (3H, t, J = 7.0Hz), 1.47 (9H, s),
_1.90—2.20-(2H, m), 3.10-3.95 (7H, m), 4.10 (2H, q, J =
7.0Hz), 4.84 (1H, br), 6.81 (2H, d, J = 9.0Hz), 7.20 (1H,
s), 7.25 (2H, d, J = 9.0Hz), 7.44 (1H, dd, J = 9.0 and
1.6Hz), 7.81 (1H, dd, J = 9.0 and 1.6Hz), 7.94 (1H, s)

The following compounds of Reference Examples 69
to 75 wexe prepared in accordance with the procedure

described in Reference Example 68.
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REFERENCE EXAMPLE 69

ethyl 2-[4-[2—(tert-butoxxcafbonxlamino)-1-(tert-butoxv-

carbonylaminomethyl)ethoxy]phenyl]-3-(5-cyanobenzo[blthien-

2-yl)propionate

viscous oil _ o
'H-NMR (cnc13)'s= 1.25 (3H, t, J = 7.0Hz), 1.45 (18H, s),
2.90-4.50 (8H, m), 6.60-7.35 (5H), 7.45 (1H, dd, J = 8.3
and 1.3Hz), 7.80 (1H, d, J = 8.3Hz), 7.93 (1lH) .

REFERENCE EXAMPLE 70

ethyl 2—-f4-[ ((2S)-1-tert-butoxvcarbonyl-2-pyrrolidinyl)-

methoxv1phenvl1-3—(S—CVanobenzojb]thien-2—vl)propionate

'H-NMR (CDCl;) &: 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 = 10Hz), 7.25
(2H, d, J = 10Hz),.7.00-8.00 (4H, m)

| REFERENCE EXAMPLE 71

ethyl 2-[4-[ (1l-texrt-butoxycarbonyl-4-piperidinvloxy]l-

~ phenyl}-3-(5-cvanobenzo[blthien-2-vl)propionate

solid

'H-NMR (CDC1,) §: 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 (1H, br), 6.80-8.10 (8H)

REFERENCE EXAMPLE 72

ethyl 2-[4-(2-tert-butoxycarbonylaminoethoxy)phenyl]—-3-(5-

cvanobenzo[b]thien—z—vl)propibnate

viscous oil
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'H-NMR (CDCl;) §: 1.16 (3H, t, J = 7.0Hz), 1.45 (9H, s),

3.05-4.40 (9H), 5.12 (1H, br), 6.84 (2H, d, J = 8.3Hz),
7.01 (1H, s), 7.25 (2H, d, J = 8.3Hz), 7.41 (1H, dd, J =
8.3 and 1.2Hz), 7.77 (1H, d, J = 8.3Hz), 7.89 (1lH, s)

REFERENCE EXAMPLE 73

ethvyl 2-[4—[(Tgs)—1—tert;butoxvcarbonvl—5-ox042:

Dvrroiidinvl)methoxv]phenvl1-3-(5-cvanobenzorb1thien—g:

yl)propionate

viscous oil

H-NMR (CDCl,) 8: 1.17 (3H, t), 1.42 (9H,s), 1,80-2.25 (2H,

m), 2.30-2.60 (2H, m), 3.20 (1H, dd), 3.37 (1H, dd), 3.50-

3.82 (1H, dd), 3.82-4.50 (4H, m), 4.80-5.10 (1H, m), 6.75-
8.10 (8H, m) |

REFERENCE EXAMPLE 74

ethyl 2—[4—r({2R,4S)—1-tert—butoxvcarbonvl—2-methvl—4—

pvrrolidinvl)oxv]pheﬁ?l1—3—15—¢vanobenzo[b]thien—2-

- vl)propionate

'H-NMR (CDC1,) &: 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 (1H, m), 6.80-8.20
'(BH, m) | | |

REFERENCE EXAMPLE 75

ethyl 2:}4—[({BS)—1—tert—bﬁtoxvcarbonvl—3—pvrrolidinvl)—

oxv]phenyl]-3-(6-cvanobenzo[blthien-2-yl)propionate
'H-NMR (CDC1,) §: 1.17 (3H, t), 1.46 (9H, s), 2.10 (2H, m),

3.60 (6H, m), 3.83 (1H, m), 4.10 (2H, q), 4.85 (1H, bx),
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6.86 (2H, d), 7.04 (lH,-é), 7.25 (2H), 7.55 (1H, dd), 7.65

(1H, d), 8.04 (1H)
REFERENCE EXAMPLE 76
Preparation of ethyl (+$-—2-|‘4-[ ((2S5)-1-tert-butoxycarbonyl-

2-pyrrolidinyl )methoxylphenyl]-3-(5-cyanobenzo[blthien-2-

vl)propionate ‘and ethyl = (-)-2-[4-[((2S)-1-texrt-

butoxycarbonyl-2-pyrrolidinyl Jmethoxy]lphenyli-3-(5-

cyanobenzo[blthien-2-yl)propionate

| 5.0 g of ethyl 2-[4-[ ((2S)-1-tert-butoxycarbonyl-

2-pyrrolidinyl)methoxy]phenyl]—3-(5—cyanobenzo[b]thiéh—2—

yl)propionate was separated into (+) and (-) forms using a

.column for optical isomer separation, thereby obﬁaining 2.5

g (+) and 1.7 g (-) of the title compounds.

(-) form: |

mp: 102-104°C

[¢]3* = -142.00 (c = 1.000, EtOH)

'H-NMR (CDCl,) §: 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 (1H, m), 3.70-3.90

(1H, br), 3.90_(1H,.b;i, 4.05-4.20 (4H, m), 6.88 (2H, d, J

= 8.3Hz), 7.02 (1H, s), 7.23 (2H, d, J = 8.3Hz), 7.45 (1H,

d, J = 8.3Hz), 7.80 (iH, d, J = 8.3Hz), 7.94 (1H, s)

HPLC: . Column; an amylose-based "column for use in the
separation of optical isomers (CHIRALPAK AD, 204 x
256 mm, Daicel Chemical Industries, Ltd.)

Solvent; n-hexane:iso-propanol = 70:30
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Flow rate; 4 ml/min

Retention time;.zo to 23 minutes
(+) form:
mp:‘lll—llZ?C
[@¢]3* = +55.19 (c = 1.000, EtOH)
IH-NMR (CDC1,) §: 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 (1H, m), 3.70-3.90
(1H, br), 3.90 (1H, br), 4.05-4.20 (4H, m), 6.88 (2H, d, J

= 8.3Hz), 7.02 (1H, s), 7.23 (2H, d, J = 8.3Hz), 7.45 (1H,

d, J = 8.3Hz), 7.80 (1K, d, J = 8.3Hz), 7.94 (1H, s)
HPLC: -Column; an amylosefbased _co;umn for use in the
separation of optical isomers (CHIRALPAK AD, 20¢ x
250 mm, Daicel Chemical Industries, Ltd.)
_ Solvent; nfhexane:isofprOPAnol = 70:30

Flow rate; 4 ml/min

Retention time; 23 to 27 minutes

REFERENCE EXAMPLE 77

Preparation of ethvl (-)-2-[4-[(l-tert-butoxycarbonyl-4-

piperidinvl)oxvi]phenvl]-3-(7-cyvano-2-naphthyl)propionate

and ethvl {(+)-2-[4-[ (1-tert-butoxycarbonyl-4-piperidinyl)-

oxv]phenvl]—3—17—cvano—2—naphthvljpropionate

These compounds wexre prepared in the same mannex
as described in Reference Example 76.
(=) form:

[@]2 = -100.78° (c = 1.024, CHCI,)
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'H-NMR (CDC1,) 6: 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 (1H, m),
3.30-3.40 (2H, m), 3.50-3.60 (1H, m), 3.65-3.75 (2H, m),
3.85-3.90 (1H, br), 4.0-4.1 (2H, m), 4.40 -4.45 (1H, m),
6.85 (2H, d, J = 8.3Hz), 7.23 (2H, d), 7.40-7.45 (1H, m),
.7.53-7.58I(1H, m),-7.62 (1H, s), 7.77 (2H, d), 7.85 (1H, 4,
J = 8.3Hz), 8.12 (1lH, s) '
HPLC: Column; an amyloserased column for use iﬁ the
separation 6f'optical isomers (CHIRALPAK AD, 4.6¢ x
250 mm, Daicel Chemical Industries, Ltd.)
Solvent; n—hexané:iso—propanol = 90:10
Flow rate; 1 ml/min
Retention time; 26 .9 minutes
(+) foﬁn: _
(]2 = +95.84° (c = 1.010, cndls)
'i-NMR (CDC1,) &: 1.11 (3H, t, J = 7.3Hz), 1.65-1.70 (2H,
m), 1.85-2.00 (2H, m), 3.15-3.20 (1H, m), 3.30-3.35 (2H,
m), 3.50-3.60 (1H, m), 3.65-3.75 (2H, m), 3.85-3.90 (1H,
br), 4.0-4.1 (2H, m), 4.40-4.45 (1H, m), 6.85 (2H, d, J =
8.8Hz), 7.23 (2H, d, J = 8.3Hz), 7.40-7.45 (m, 1H, Ar-H),
7.52-7.57 (14, m), 7.62 (1H, s), 7.77 (1H, d, J = 8.3Hz),
7.85 (1H, d, J = 8.3Hz), 8.11 (1H, 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.)

- 132 -



“his Sheg, ' THIS SHEET HAS .

LIS

Solvent; n-hexane:iso-propanol = 90:10
Flow rate; 1 ml/min
Retention time; 31 minutes

REf'ERENCE EXAMPLE 78

Preparation of ethyl (+)-2-[4-[((2S)-1-tert-butoxycarbonyl-

2-pyrrolidinyl Jméthoxy]phenyl]-3-(5-cyanobenzo[blthien-2-
xl)grogionaté _ o

54.0 g of 2-[4-[((2S5)-1l-tert-butoxycarbonyl-2-
pyrrolidinyl)methoxY]phényl}—3-(S—cyanobenzo[b]thien-Z—
vl)propionate was dissolved in 400-ﬁl of dry ethanol during
heating, and 800 ml of dfy' n-hexane was added to the
resulting solution. To the fhus'prepared mixture were
added 100 mg of sodium hydride and seed crystals of ethyl
(+)-2-[4—[((25)—l—tert—butéxycarbonyl—2-pyrrolidinyl)-
methoxy]phenyl]-3-(5-cyanobenzo[b]thien-2-yl)propionate.
After stirring at room temperatﬁre for 4 hours, the thus
stirred mixture was fufther mixed with 100 mg of sodium
hydride, and the stirring was contn.nued for additional 18
hours at room tempera?ure, followed by collecting
p;ecipitated crystals'by filtration. The thus collected
crystals were reérystallized from.22”volumes_(w/v) of an
ethanol/n-hexane mixture (30:70, w/v). By repeating the
récrystallizatibn step three times, 37.0 g of the title
compound wés obtained with ‘a cﬁasterebisomer purity of

99.5% or more.
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REFERENCE EXAMPLE 79

Preparation of ethyl (+)-2-14-[ ((3S)-tert-butoxycarbonyl-3-

pyrrolidinvl)oxvlphenyl]-3-(7-cvano-2-naphthyl)propionate

This compound was obtained in .similar manner to
the procedure of Reference Example 78.
~ REFERENCE EXAMPLE 80

Preparation of ethyl 2-[4-[((2R)-l-tert-butoxycarbonyl-2-

pvrrolidinvl)methoxvlphenvl]-3—(5—cvanobenzorb1thien-z-vl)—

2—ethdxycarbonxlgrogionate_

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 xoom
temperature, the thus prepared solution was mixed with 0.38
g of 60% sodium hydride and stirred for 30 minutes. With
stirring at xroom température, to.the resulting reaction
solution was added dropwise 10 ml of a tetrahydrofuran
solution containing 2.1 g of 2—bromomethylbénzo[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 mixture as an elution solvent, thexeby
obtaining 4.34 g of the title compound in.an oily form.
JH-NMR (CDCl,) §: 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 (1H), 7.78 (1H, d), 7.93 (1H, d)
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The following compounds of Reference Examples 81

and 82 were prepared in accordance with the procedure
described in Reference Example 80. _
REFERENCE EXAMPLE 81

ethvl 3-(5-cvanobenzo[b]lthien-2-yl)-2-ethoxycarbonyl-2-[4-—

[(Q-imidazolin-Z—Yl)methoxx]phenzl]Qrogionate

viscous oil

IH-NMR (CDCl,) §: 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 (1H),
7.76 (lH), 7.88 (1H) |

REFERENCE EXAMPLE 82

ethyl 2-T4-[((3S)-1l-tert-butoxycarbonyl-3-pyrrolidinyl)-

oxvlphenyl]-3-(5-cyvano-2-benzothiazolyl)~-2-ethoxycarbonyl-

propionate

viscous oil

'H-NMR (CDCl,) §: 1.22 (6H, t), 1.46 (9H, s), 2.09 (2H, br),
3.56 (4H, br), 4.13 (2H), 4.28 (4H, q), 4.85 (1H, br), 6.82
(2H, d), 7.26 (2H, d), 7.63 (1H, dd), 7.95 (1H, d), 8.25
(1H, d) :

REFERENCE EXAMPLE 83

Preparation of ethyl '3—(Secvanobenijb]thien—Z—vl)-2—[4—

T1[2-(ethoxvcarbonyliminolhexahydropyrimidine-5-vljoxy]-—

phenvl ]propionate

1.0 g of ethyl 2-[4-[2-(tert-butoxycarbonyl-

amino)—l—(tert—butoxycarbdnylaminomethyl)ethoxy]phenylj—B—
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(5-cyanobenzo[b]thien-2-y1)propionate‘was dissolved in 2 ml
of anisole. 10 ml of trifluoroacetic acid was édded to the
above solution while stirring under ice cooling,.and .the
thus prepared miXturé.was stirred at room temperature for
1 hour. The resulting xreaction solution was concentrated
uhder a reduced préssufe, and the thus obtained rgsidue was
dissolved in water and washed with n-hexane. The resulting
water layer was adjusted to pH 9410 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 preparéd soiution was added 300 mg of
ethyl N- (ethoxy(methylthlo)methylene) carbamate which has
been syntheSLZed in accordance thh the procedure disclosed

in Journal of the Chemical Society, Parkin I, 1973, pp.

2644-2646. Thereafter, the thus prepared mnixture was
stirred for 20 hours, and the resulting precipitate was
collected to obtain 560 mg of the title compound.

mp: 179-182°C . -

IR (XBr): 2230; 1725, 1638, 1512, 1337 cm!

H-NMR (CDCl,) §: 1.13 (3H, t, J = 7.0Hz), 1.17 (3H, t, J =
7.0Hz), 3.10-4.30 (11H, m), 4.50-4.80 (1H, m), 6.89 (2H, d,
J = 8.75Hz), 7.03 (1H, s), 7.26 (2H, d, J = 8.75Hz), 7.46
(1H, dd, J = 8.31 and 1.75Hz), 7.82 (1H, d, J = 8.31Hz),

7.95 (1H, d), 8.70-9.50 (2H, br)
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REFERENCE EXAMPLE 84

Preparation of ethyl 3-(5-cvanobenzo[blthien-2-y1)-2-[4~

[[2-(imino)hexahvdropyrimidin-5-vljoxy]phenyl jpropionate
hydrochloride

a) 2.9 g of potassium thiocyanate was dissolved

in 150 ml of dry d@cetone. With stirring under ice cooling,

to the above solution was added dropwise 6.8 g of p-

nitrobenzyl 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 precipitatéd were
collected by filtration -and washed. with chloroform to
obtain 2.88 g of p—nitrobgnzyl methoxy (thiocarbamoyl)
carbamate in the form of powder.

'H-NMR (CDCl;) &: 4.03 (3H, s), 5.33 (2H, s), 7.70 (2H, d,
J = 9.0H2),'8.80 (2H, d, J = 9.0Hz)

b) 3.5 g of p~-nitrobenzyl methoxy(thiocarbamoyl)
carbamate obtained in the above step a) and 1.79 g of
anhydrous pofassium carbonate were dissolved ih a mixture
solution of 40 ml of water and 40 ml of dioxane. 1.72 glof
dimethyl sulfate was gradually added dropwise to the thus
prepared solutién, 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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cérbonate, followed by the‘dropﬁise adaition of 300 mg of
dimethyl sulfate. The reaction solution thus obtained was
diluted with ethyl acetate,'washed with water and saturated
sodium chloride aqueous solution in th&t orxrder, and then
concentrated.. Theréafter, crystals thﬁs precipitated were
collected by filtration, and washed thoroughly with n-
pentane to obtain 3.23 g of p-nitrobenzyl N—(methOxy—.
(methylthio)methylene) carbamate. |
lH-NMR (CDC1,) 6: 2.40 (3H, s), 4.00 (3H, s), 5.28 (2, s),
+7.56 (2H, d, J = 9.0Hz), 8.22 (2H, d, J = 9.0Hz)

- ¢) In 10 ml portion of anisole was diésolved 2.0
g of 'ethyl 2-[4-[2-(tert-butoxycarbonylamino)-1-(tert-
butoxycarbonylaminomethyl)ethoxy]phenyl]—3—(5—cyanobenzo-
[b]thien-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
concentréted under a reduced pressure; and £he thus
obtained residue.was dissolved in water, and washed with n-
hexane. The resulting watexr 1ayer 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 waé dissolved in
50 ml of tétrahyd:ofuran. To the thus prepared solution

was added 921 mg of 1p-nitrobenzyl N-(methoxy (methyl-
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thio)methylene) carbamate obtained in the above step b),

followed by stirring for 18 hours. After distilling off
_the solvent, the resulting residue was purified by
subjectihg it to siliéa gel column chromatography using a
chloroform/ethanol mixture as an elﬁtion solvent, thereby
obtaining.l.s g of ethyl 3-(5-cyanobenzo[b]thienfz-yl)-2-
[4—[[2-(p-nitrobenzyloxycarbonylimino)hexahydrbpyrimidin-s—
yl]oxylphenyl]propionate in an viscous and oily form.

'B-NMR (CDCl;) &: 1.17 (3H, t, J = 7.0Hz), 3.00-4.30 (1H,

m), 4.40-4.70 (1H, m), 5.08 (2H, s), 6.81 (2H, d, J
8.3Hz), 7.03 (lH, s), 7.10-7.56 (SH, m), 7.8l (1H, d, J

9.3Hz); 7.94 (1H, s), 8.10 (2H, d, J =I8.7SHz), 8.70-9.40
(2H, br)

d) In 100 ml portion of ethanol was dissolved
1.5 g of ethyl 37(5—cyanobenzofb]thien~2—yl)—2—[4—[[2—(p—
nitrobenzyloxycarbonylimino)hexahydropyrimidin-5-ylj}-

oxy]phenyl ]Jpropionate 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 carbon catalyst (50%
wet type). The resultiﬁg 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 wusing a

chloroform/ethanol mixture as an elution solvent, thereby
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obtaining 1.0 g of the_title compound.

IH-NMR (CDC1,) 6: 1.21 (3H, t, J = 7.0Hz), 3.00-3.90 (7H,
m), 4.17 (2H, q, J = 7.0Hz), 4.50-4.80 (1H, br), 6.87 (2H,
d, J = 8.75Hz), 7.01 (1H, s), 7.06-7.36 (5H), 7.44 (1H, dd,
J = 7.0 and 1.3Hz), 7.81 (1H, s), 8. 07 (2H, s)

- REFERENCE EXAMPLE 85

Preparation of ethyl 3-(5-cyanobenzo[blthien-2-yl1)-2-[4—-[2~

(1-pyrrolin-2-vl)aminoethoxy]lphenvllpropionate

hydrochloride

| With stirring, 1.3 g of ethyl 2-[4-(2-tert-
butoxycarbonylaminoethoxy)phenyl]-3—(5—cyanobenzo[b]thienf
2-yl)propionate was dissolved in 50 ml of ethanol, and then
stirred. To this golution was.added 25 ml of ethanol
containing 13% (w/v) of hydrochloric acid. The thus
prepared mixture was stirréd at_50°C for 30 minutes. After
distilling off the- solvent, the fesulting residue was
dissolved in 50 ml of ethanol, and then stirred. Thé ﬁhus
prepared solution was mixed with 78'2 mg of 2—ethoxjr—l—'
pyrroline, and the mixture was refluxed under heating for
1.5 hours. After cooling, grystais thus precipitated were
collected bj filtration to obtain 1.1 g of the. title
compound . |

mp: 212-215°C

IH-NMR (CDCl;) &: 1.14 (1.5H, t, J ¥.7.QHz), 1.16 (1.5H, t,

J = 7.0Hz), 2.16 (24, t, J = 7.5Hz), 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 (1H,

s), 7.27 (24, 4, J = 8.3Hz), 7.48 (lH, dd, J = 8.3 and
1.3Hz), 7.92 (1H, d, J = 8.3Hz), 8.04 (1H, s), 10.04 (1H,
br), 10.40 (1H, br) |

REFERENCE EXAMPLE 86

Preparation of methyl 2-T4-[((358)-1-tert-butoxycarbonyl-3-

pyrrolidinyl)oxyiphenyl]-3-(5~cyano-2-indolyl)propionate

In a solvent mixture of 50 ml of tetrahydrofuran
and 50 ml of methanol were dissolved 5.0 g of (5-cyano-2-
indolyl)methyltriphenylphosphonium bromide and 3.6 g of
methyl 2-[4-[((3S)-l-tert-butoxycarbonyl-3-pyrrolidinyl)-
oxy]phenylj-2—oxoacetate. | With stirring at =~ room
temperature, 1.07 g of 1,8—diazébic§clo[5.4.0]-7-undecene
was added to the thus prepared solution, and the mixture
was stirred at the same 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-[((3S)-1-tert-
butoxycarbonyl—3—pyfrolidinyl)oxy]phenyl]—3—(5—cyano—2—
indolyl)acrylate as a ﬁixture of E and Z forms. The thus
obtained compbund.ﬁas dissolved in a solvent mixture of 50
ml of tetrahydrofuran .and 50 ml of methanol, and the
resuiting solution was mixed with 5.0 g of palladium

oxide-+1H,0-barium 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 silica
gel column chromatography using a dichloromethane/acetone
mixture as an eluant. - In this way, 3.5 g of the title
compound was obtained in a wviscous and oily form.

IH-NMR (CDCl,) &: 1.46 (9H, s), 2.00-2.20 (2H, n), 2.95-4.22
(7H, m), 4.75-4.90 (1H, br), 6.23 (1ﬁ, d), 6.80 (2H, d),
7.18 (2H, d), 7.20-7.40 (2H, m), 7.80 (1H, s), 8.80 (1H,
br)

The following compounds of ﬁeference Examples 87
to 92 were prepared in accordance with fhe procedure
described in Reference Example 86.

REFERENCE EXAMPLE 87

methvl 2-714-[{(38)-1-tert-butoxycarbonyl-3-pyrrolidinyl)-

oxv]phenvl]?3—(6—cvano—2—indolvl)Dropionate

viscous oil |

IH-NMR (CDCl,) &: 1.50 (9H, s), 2.00-2.25 (2H, br), 3.13
(1H, dd), 3.37-3.75 (3H, m), 3.97 (1H, dd), 4.70-4.90 (1H,
br), 6.37 (14, s), 6.80 (2H, d), 7.10-7.70 (5H, m), 9.25
(1H)

REFERENCE EXAMPLE 88

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

oxvlphenyl]-3-(6-cvano-l-methyl-2-indolvl)propionate

viscous oil
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'H-NMR (CDCl;) &: 1.45 (9H, s), 2.00-2.25 (2H, br), 3.13

(1H, dd), 3.60 (3H, s), 3.62 (3H, s), 3.90-4.10 (1H, dd),
4.75-4.90 (1H, br), 6.30 (1H, s), 6.80 (2H, d), 7.10-7.70
(5H, m), 9.25 (1H) | |
| REFERENCE EXAMPLE 89
methvl 2-T4-[((3R)-1~ tert—butokxcarbonzl 3-pxrrolidinyl)-
oxylphenyl]-3-(6-cyano-l-ethyl- -1ndolzl)proglonate

viscous oil

IH-NMR (CDCl,;) &: 1.34 (3ﬁ, 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),
3766 (3H, s), 4.15 (2H, q, J - 7.2ﬁzj, 4.70-5.00 (1H, bx),
6.30 (1H, s), 6.84 (2H, d, J = 8.8Hz), 7.27 (2H, d, J =
8.8Hz), ?.26 (14, 4, J = 7.0Hz), 7.54 (1H, d, J = 7.0Hz)
REFERENCE EXAMPLE 90 _ |
methyl '2—[4—[((35)f1—tert—butoxzcarbonxl—3-pxrrolidinxl)-
oxylphenyl ]-3-(6-cyano-l-ethyl-2-indolvl)propionate

viscous oil

'H-NMR (CDCl;) &: 1.32 (3H, t, J = 7.2Hz), 1.48 (QH, s),
2.00-2.30 (2H, m), 2.90-3.30 (3H} m), 3.40-3.80 (4H, m),
3.64 (3H, s), 4.15 (2H, q, J = 7.2Hz), 4.70-5.00 (1H, bx),
6.30 (1H, s), 6.84 (2H,.d,'J = 8.8Hz), 7.26 (2H, d, J =
8.8Hz), 7.26 (1H, d, J = 7.0Hz), 7.54 (1H, d, J = 7.0Hz)
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REFERENCE EXAMPLE 91

methyl 2- [4 I((3S) 1-tert-butoxxcarbonxl -3-pyrrolidinyl)-

oxvlphenylj-3-[1-(2-chlorocethyl)-6-cyvano-2-indolyl]-

propionate

viscous oil

IH-NMR (CDCl;) 6: 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 (1H,

m), 6.37 (1H, s), 6.84 (2H, d), 7.20-7.80 (5H, m)
REFERENCE EXAMPLE 92

meth?l_ 2-[4-[(1—tert-gutbxvcarbonvl-4-piperidinvl)oxv]-

phenvl ]1-3-(6-cyvano-l—-ethyvl-2-indolyl)propionate

IH-NMR (CDCl,) &: 1.34 (3H, t), 1.60-2.00 (4H, m), 3.10 (1H,
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 (1H, m), 6.30 (1H, s), 6.90 (2H,
d), 7.30 (3H, m), 7.54 (1H, d), 7.58 (1H, s)

REFERENCE EXAMPLE 93

Preparation of methvyl 2-[4F[((3S)—l-tert—butoxvcarbonvl—Bs

S5~cvano-l-methyl-2-indol l_—

propionate

3.0 g of methyl 2-[4-[((3S)-l-tert-butoxy-
carbonyl-B—pyrrolidinyl)oky]phenyl]—B—(5—cyano—2—
indolyi)propionate was dissolved in 30 ml of N,N-dimethyl-
formamide, and then stirfed under ice cooling. 270 mg-of.
60% sodium hydride was aaded 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 aceﬁate.mixture, and then washed with an
aqueous solution of ammonium chloride. After drying the
resulting oxrganic. layexr to disfill 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. | ) |
'H-NMR (CDCl;) §&: 1.45:(9H,'s), 2.00-2.22 (2H, m), 3.05 (1H,
'dd), 3.35-3.80 (5H, m), 3.63 (3H, s), 4.00 (1H, dd), 4.75-
5.00 (1H, br), 6.25 (1H, d), 6.85 (2H, d), 7.20-7.50 (2H,
m), 7.90 (1H, s) |

REFERENCE EXAMPLE 94

Preparation of ethyl 2-[4-[((3S)-1-tert-butoxycarbonyl-3-

pvrrolidinvl)oxv]phenvl]—B-(6-cvano—l,2,3,4—tetrahvdro¥2—

naphthvl Ypropionate

9.0 g of (6—cyano¥1,2;3,4—tetrahydro—2—
naphthyl )methyltriphenylphosphonium p-toluenesulfonate was
suspended in 150 ml of tetrahydrofuran, followed by gradual
addition of 600 .mg of 60% sodium hydxride. 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 xmr-of a tetrahydrofuran
solution containing 4.16 g of ethyl 2—[4-[((38)-1—tert-
butoxycarbonyl—3-pyrrolidinyl)oxy]phenyl]—2-oxoacetate.
The resulting reaction mixture wes stirred for 10 minutes,
and then refluxed under heeting for 2 hours. After cooling
down to room temperature, the reaction ptoduct thus
obtained was dissolved in ethyl acetate, and washed with
-water and saturated sodlum 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 chremato-
graphy using a n-hexane/ethyl acetate mixture as an elution
solvent, thereby obtaining 3.90 g of ethyl 2—[4—[((35)—1—
tert-butoxycarbonyl-3-pyrrolidinyl)oxy]phenyl]-3-(6-cyano-
1,2,3,4-tetrahydro—2-naphthyl)acrylate in a yellow oily
form as a mixture of E and 2 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
okidef1130~barium sulfate, and then subjected to catalytic
hydrogenation under normal preSsure fot 5 hours. After
'removiﬂg the catalyst by filtratioﬁ and distilling off the
selvent, the resulting residue was purified by subjecting .
it to silica gei coltmn'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.
Ii-NMR (CDCl,) §: 1.20 (3H, t, J = 7.0Hz), 1.45 (9H, s),
1.50-3.90 (16H, m), 4.10 (2H, q), 4.82 (1H, m), 6.81 (2H,
g, J = 9.0Hz), 7.00-7.40 (5H, m) ' '

| - REFERENCE EXAMPLE 95

Preparation of ethyl 2-[4-[((3S)-1-tert-butoxycarbonyl-3-

pyrrolidinyl)oxviphenvli}-3-(5-cyano-2-benzimidazolyl)-

propionate

a) 3.42 g of 3,4-diaminobenzonitrile and 4.06 g
of ethyl chloroacetoimidate hydrochloride were dissolved in
100 ml of ethanol, and the solution was refluxed under
heatihg for 3 hours. Aftér cooling'and distilling off the
solvent, the resultiﬁg residue Qas 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-benzimidazolecarbonitrilé.
mp: 144-146°C
Ig-NMR (CDCl,) 6: 4.83 (2H, s), 7.48 (1H, d, J = 7.1Hz),
7.57 (1H, d, J = 7.1Hz), 7.95 (1H, s)

b) 1.0gof 2—chloromethyl-s-;benzimid'azolecar.bo-
nitrile obtained .in the above step a) and 2.19 g of tri-
phenylphosphine wexe dissoived in 30 ml of 1,2-dichloro-
ethane, and the solution was heated at a.fe@perature 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)-1—tert-butoxycarbonyl-3-§yrrolidinyl)oxy]phenyl]~
2-oxoacetate were dissolved in a,sleenf mixture of 20 ml
- of tetrahydrofuran and 20 ml of ethanol. With stirring at
room temperature, 1.1 g of 1,8-diazabicyclo[5.4.0]-7-
undecene was added- to the thus prepared solution, and fhe
'mixture was stirred at the same temperature for 72 hours.
After distilling.off the solvent, the resulting iesidue was
purified by subjecting it to silica gel column chromato-
graphy using a chloroform/ethanol mixture as an elution
solvent, thereby 6btaining 1.5 g of oily ethyl 2-[4-[((3S)-
l-tert-butoxycarbonyl-3-pyrrolidinyl)oxy]phenyl]-3-(5-
cyano-2-benzimidazolyl)acrylate as a mixture of E and 2
forms. The thus obtained E/Z mixture was dissolved in a.
solvent mixture coﬁsisting offso.ml of tetrahydrofuran and
50 ml of éthanol, and the resulting solutidn'was mixed with
1.5 g of palladium oxide-1H,0-barium sulfate( and then
.subjected to caéalytic hydrogenation under normal pressure.
After removing the catalyst by filtration énd_distilling
off the solvent, the resultlng 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.

'H-NMR (CDCl;) &: 1.14 (3H, t, J = 7.0Hz), 1.48 (9H,. s),
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.90-2.30 (2H, br), 3.05-3.90 (6H, m), 4.12 (2H, q, J =

|

7.0Hz), 4.00-4.30 (1H), 4.70-4.95 (1H, br), 6.79 (2H, d, J

8.8Hz), 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 (+)-((2S)~1-p-toluenesulfonyl-2-pyrrolidin-
yvl)methyl 2-[4-[((3S)-1-tert—butoxvcarbonvl—3-pvrrolidin-

vl)oxylphenyl}-3-(6-cvano-2-indolyl)propionate and (-)-

((2S)-1-p-toluenesulfonyl-2-pyrrolidinvl )methvl - 2-T4-~

[((3S)-1—tert—butoxvcarbonvl-3—pvrrblidinvl)oxv]ﬁhgnvl]-B—
(6-cvano-2-indolvl )propionate |

@) An aqueous solution éontaining 3 g of sodium
hydroxide dissolved in-ld ml of water was added to 100 ml
of a methanol solution contalnlng 22 g of methyl 2-[4-
[((38) -l1-tert- butoxycarbonyl 3—pyrrolld1nyl)oxy]phenyl] 3-
(6-cyano-2-indolyl)propionate, and the resulting mixture
was stirred at xroom temperatﬁre for 24 hours. Aftér
distilling off the éolvent, the remaining _portion. was
adjuéted 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-[((3S)-l-tert-butoxycarbonyl-3-
pyrrolidinyl)oxy]phenyli—B—(6—cyano-2-indolyl)propionic
acid was obtaiﬁed.
IR (KBr): 3352, 2218, 1710, 1677 cm™

b) In 300 ml of dioxane were dissolved 20 g of
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2-[4-[((3S)-;-terthutoxYCarbonyl;3-pyrrolidinyl)oxy]f
phenyl]—3-(6—cyano-2-ipdolyl)pidpionic'acid.obtained.ithhe
abofe step a) and 11.9 g of'((28)—l-p-tolﬁenesﬁlfonylf2-
pyrrolidinyl)methanoi. The thus prepared solution was
‘'mixed with a catalytically effective amount of 4-dimethyl-
amiriopyridine and 9 g of 1,3-dicyclohexylcarb.odiimide while
. stirring under ice cooling, and the mixture was stirred aﬁ
room temperature for 24 hours. After removing precipitated
materials by filtration and distilling off fhe solvent, fhe
resulting residue was pﬁrified by subjecting iﬁ to silica
gel column chromatégraphy using a chloroform/acetone
mixture as an elution solvent, thereby obtaining 10.5-g of
(+)—((ZS)-1—p-toluenesﬁlfonyl—2—pyrrolidinyl)methyl 2-[4~
[((38)- l—tert-butoxycarbonyl 3—pyrrolldlnyl)oxy]phenyl] -3-
(6-cyano-2-indolyl)propionate. .

- TH-NMR (CDC1,) &: 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, m), 4.75-5.00 (1H,
m), 6.30 (1H, s), 6.82 (2H,-d), 7.10-7.90 (9H, m), 9.00
(1H, s)

By eluting the colﬁmn:again_with the same solvent
system, 9.5 g of (-)-((28)-1-p-toluenesulfonyl-2-
pyrrolidinyl)methyl 2-[4-[((3S)-1l-tert-butoxycarbonyl-3-
pyrrolldlnyl)oxy]phenyl] ~3-(6-cyano-2- lndolyl)proplonate
was obtained.

'H-NMR (CDC1,) §: 1.10-2.00 (4H, m), 1.44 (9H, s), 2.00-2.25
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(2, m), 2.41 (3H, s), 2.95-4.10 (10H, m), 4.20 (2H, d),

4.70-4.90 (1H, m), 6.25 (1H, s), 6.80 (2H, d), 7.10-7.80
(98, m), 9.20 (1H, s)
REFERENCE EXAMPLE 97

Pregaratlon of methvl -[4- [{(SS) 1—tert—butoxvcarbonvl 3-

pyrrolidinyl)oxylphenyl]-3-(6-cyano-l-ethoxycarbonylmethyl-

2-indolyl)propionate

3.0 g of methyl 2-[4-[((3S)-1-tert-butoxy-
carbonyl—34pyrfolidinyl)oxy]phgnyl]-B-(6—cyano—2—
indolyl)propionate was dissolved in 30 ml of N,N-dimethyl-
formamide. The thus érepared 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 dilutelhydrochloric écid, extracted with a toluene/
ethyl acetate mixture, washed with water, and then dried.
After distilling off the solvent, the resulting residﬁe was
purified by subjecting i£ to silica gel column
chfomatography 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 foxm.
IH-NMR (CDCl;) §: 1.26 (3H, t), 1.46 (9H, s), 3.02 (lH; dd),

3.30-3.70 (5H, m), 3.66 (3H, s), 4.00 (1H, dd), 4.20 (2H,
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q)’ 4-80 (2H’ S), 4.78"'4-90 (lH’ m), 6.40 (1H' s)' 6-90

' REFERENCE EXAMPLE 98

Preparation of  2-14-[((3S)-1-tert-butoxycarbonyl-3-

pyrrolidinyl)oxy]lphenyl]-3-(6-cyano-2-indolyl )propanol

2.7 g of methyl 2-[4-[((33)-1-tert-

butoxycarbonyl—B-pyrrblidinyl)oxy]phenyl]-3—(6—cyano-2-
indolyl)propionate  was dissolved in 30 ml of
tetrahydrofuran, followed by the addition of 660 mg of
sodium borohydride. 12 ml of methanol w&s added dropwise
to the thus prepared solution while stirring under ice
cooling, and the resulting mixture was stirred at xroom
temperature for 3 hours. The resulting reaction solution
was mixed with 10% citric adid aquéous solution, extracted
with dichloromethane, and then dried. After distiiling off
the solvent, the resulting residue was purified by
subjecting it to silica gel column chromatography using a
_ dichlorémethane/methanol mixfure as an elution solvent. In
~this way, 2.2 g of the title compound was obtained in an
oily form.
'H-NMR (CDCl;) 8: 1.48 (9H, s), 1.95-2.25 (2H, m), 2.48 (1H,
t), 3.00-3.22 (2H, m), 3.40-3.69 (6H, m), 3.70-3.90 (1H,
m), 4.70-4.90 (1H, m), 6.21 (1H, s), 6.80 (2H, d), 7.00-
7.65 (5H, m), 9.20 (1H, s) '
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REFERENCE EXAMPLE 99
Pfegaratién of ethyl 2-[2-[4~-[({3S)~1-tert-butoxycarbonyl-
3-pyrrolidinvl)oxylphenyl]-3-hydroxypropyl]-6-cyano-1-

indoleacetate

2.0 g of 2-[4—[((38)—1-tert-bﬁtoxycarbonyl—3—
pyrrolidinyl)oxy]ﬁhenyl]-3-(6-cyano—2-indolyl)propanol.was
dissolved in 30 ml of N,N-dimethylformamide. 280 mg of 60%
sodium hydride was added to the abo?e solution while
stirfing 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 agueous
:solution_ of-' ammonium .ch;oride, extracted with a ’
toluene/ethyl acetate mixtu:e,'washed wifh water, 'and then
dried. After distilling off the solvent, the resulting
.residue was pﬁrified by.subjecting it to silica gel column
chromatography using a dichloromethane/acetone mixture as
an elution solvent. In this way, 1.5 g of the ztitle-
compound was obtained in a viscous and oily form.

'H-NMR (CDCl,;) &: 1.23 (3H, t), 1.45 (9H, s), 1.90-2.20 (2H,
s), 4.20 (Zﬁ, q), 4.50-4.90 (3H), 6.20 (1H, s), 6.78 (2H,
d)
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REFERENCE EXAMPLE 100

Pregaratibn of 2-[ 2-14-1 ((3S)-1-tert-butoxycarbonyl-3-
pyrrolidinyl)oxylphenyllethyl]-6-indolecarbonitrile

a) In 40 ml of tetrahydrofuran were dissolved

1.31 g of'p-hydroxybehzaldehfde,.1.87 g of (3R)-1l-tert-
butoxycarbonyl-3-hydroxypyrrolidine and 2.88 g of
tripheny'lphosphine. With stirring at room temperature,
1.91 g of diethyl azodicarquyiate was added to the thus
prepared solution, aﬁd the mnixture 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 benzéne/e£h&l-acetate mixture as.an
elution solvent. In this way, 2.9-g of 4-[((3S)-1-tert-
butoxycarbonyl-3—pyrrolidiny;)oxy]benzaldéhydewasbbtained
in an oily form. |

!H-NMR (CDCl;) 6: 1.48 (9H, s), 2.00-2.40 (2H,.m); 3.30-3.80
(4H, m), 4.90-5.10 (1H, m), 6.98 (2H, d, J = 9.0Hz), 7.84
(2H, d, J = 9.0Hz), 9.89 (1H, s)

b) 0.93 g of 4-[((3S)-1l-tert-butoxycarbonyl-3-
pyrrolidinyl)oky]benzaldehyde obtained in the above step a)
and 1.6 g of (6—cyanb—2—indolyl)methyl?riphenylphbsphonium
bromide were dissolved in a solvent mixture of 20 ml of
methanol and 20 ml of tetrahydfofuran. 490 mg of 1,8-
diazabicyélo[5;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 ofﬁ'the solvent, the resulting:
residue was purified by subjeéting it to silica gel column‘
chromatography using a éthroform/methanol mixture as an
elution solvent, thereby obtaining 700 mg of 2-[2-[4-
[((3S)-l—tert-butoxycafbonyl—3-pyrrolidinyl)oxy]phenyl]—
vinyl]-6-indolecarbonitrile as a mixture of E and Z forms.
'H-NMR (CDCl,) §: 1.43 (9H, s), 1.90-2.23 (2H, m), 3.30-3.70
(4H, m), 4.75-4.95 (1H, m), 8.65 (1H, br) |

c) ’700 mg of 2-[2-[4-[((3S)-l-tert-butoxy-
-carbﬁnyl—B—pyrrolidinyl)oxy]phenyl]vinyl]—E—indolecarbo—
' nitrile obtained.in the above step b) was dissolved in a
solvent mixture of 20 ml of methanol and 40 ml of tétra-
hydrofuran. 70 mg of palladigm oxide-1H,0+-barium sulfate
was added to the solution prepared.above, and the mixture
was subjected to catalytic hydrogenation under normal
. pressure for 3 hours. After rembving the catalysﬁ by
filtration and distilling off the solvent, the resulting
residue was purified by subjectiné it to silica gel column
chromatography using a chloroform/methanol mixture as an
elutioh solvent. In this way, 650 mg of the title compound.
.was obtained in a viscous and oily foxm.
'y-NMR (CDC1,) §:°1.50 (9H, s), 1.95-2.20 (2H, m), 4;76—4.90
(1H, m), 6.30 (1H, s), 6.75 (2H, d), 7.10 (2H, d), 7.10-
7.65 (3H; m), 9.46 (1H, br)
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REFERENCE EXAMPLE 101

Preparation of ethyl 2-[2-[4-[((38)-l-tggy-bﬁtoxvcarbonxl-

3-pyrrolidinvl)oxylphenyljethyl]-6-cyano-l-indoleacetate
2.4 g of 2-[2-[4-[((3S)-1-tert-butoxycarbonyl-3-

pyrrolidinyl)oxy]phenyl]ethyl]—S-indolecarbonitrile was
dissolved in 50 ml of N,N-dimethylformamide. 300 mg of 60%
sodium- hydride was added to the thus prepared solution
dufing stirring under ice cooling, and the resulting -
 mixture was warmed up to room temperature and stirred at
the same temperature for 20 minutes. 0.75 ml of ethyl
bromoacetate was added to the above mixture during stirring
under ice cooling, 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 mixturé, and the resulting organic layer was
washed with water and dried. After distilling off the
solveht, the resﬁlting residue was purified by subjecting
it to silica gel column chromatography using a dichlorxro-
methane/acetone mixture as an elﬁtion solvent. In this
way, 2.3 g of the title compound was obtained in a viscous
and oily form.

'H-NMR (CDCl,) &: 1.2 (3H, t), 2.00-2.20 (2H, m), 2.95 (4H,
s), 3.30-3.60 (4H, m), 4.18 (2H, q), 4.70 (2H, sj,l6;36

(1H, s), 6.75 (2H, d), 7.00-7.60 (5H, m)
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REFERENCE EXAMPLE 102

Preparation of 2-[[4-[(1-tert-butoxycarbonyl-4-piperidin-
yl)oxviphenylimethyl]-5-benzofurancarbonitrile |
a) 5.07g¢g 6f 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«2H,0 and 5.0 g of 5-bromo-2-(4-methoxybenzoyl)-
benzofuran were further added. The thﬁs piepared mixﬁure
was refluxed under heating. After coollng, 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
siiica gél column chromatography using a n-hexane/iso-
propanol mixture as an elution solvent, thereby obtaining
3.95 g of 5-bromo-2—(4—me£hoxybenzyljbenzofuran as a brown
oily material. |
lH-NMR (CDCl;) &: 3.80 (3H, s), 4.02 (2H, s), 6.23 (1H, s),
6.90 (2H, d, J = 9.0Hz), 7.20-7.40 (4H, m), 7.57 (1H, m)
b) 3.95 g of 5-bromo-2-(4-methoxybenzyl)benzo-
fﬁran obtained in the above step a). and 1.67 g of cuprous
cyanide were suspended in 20 ﬁl 6f‘N;methyl—Z—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 xremoved by filtration. The
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resulting organic laye._r was washed with water and
. concentrated to dryness. Thereafter, the thus .obtai'n'ed
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) -S—I;enzofurancarbonitri le.

mp: 78-80°C

lH-NMR (CDC1l,;) &: 3.80 (3H, s), 4.10 (2H, s), 6.39 (1H, s),
6.90 (2H, d, J = 9.0Hz), 7.22 (2H, 4), 7.46 (2H), 7.78 (1H,
s) '

c) 3.0 g of 2-(4-methoxybenzyl)-5-benzofuran-
carbonitrilé obtained in the above s{:ep b) was dissolved in
30 ml of dichlorométhane, 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 distilling 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.

I§-NMR (CDCl,) 6: 4.02 (2H, s), 6.45 (1H, s), 6.77 (2H, d,

J = 9.0Hz), 7.10 (2H, d), 7.48 (2H), 7.81 (1H, s)
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d) In 50 ml of tetrahydrofuran were dissolved

1.50 g of 2-(4-hydroijenzyl)-5-benzofurancarbonitrile
obtained in the above step c¢), 2.37 g of triphenylphosphine
and 1.21 g of 1l-tert-butoxycarbonyl-4-hydroxypiperidine.
With stirring at room temperature, the thus prepared
sdlution was mixed with 1.57 g of diethyl azodicarboxylate,
and the stirriﬁg ‘'was continued for 40 hours. After
distilling off the solvent, the resulting residue was
purified by subjecting it to silica gel column chromato-
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

'H-NMR (CDCl,) 6: 1.47 (9H, s), 1.60-2.00 (4H, m), 3.20-3.90
(4H, m), 4.05 (2H, s), 4.44 (l.H, m), 6.41 (1H, s), 6.87
(2, d, § = 9.0Hz), 7.20 (2H, d, J = 9.0Hz), 7.47 (2H),
7.79 (1H, s) |

REFERENCE EXAMPLE 103

Pfeparation of 3-[3-14-[((3S)-1-tert-butoxycarbonyl-3-
gyrrolidinxl)o#y]phenzl]Eropxl]-5;benzofurancarbonitrile
a) 2.14 g of (5-cyano-3- benzofuranyl)methyltrl—
phenylphosphonlum 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[5.4.0]-7-undecene and stirred for 24 hours. After

distilling off the solvent,. the resulting residue was
purified by subjecting it to silica gel column chromato-
graphy using toluene  as an elution soJ.vent, thereby
obtaining 0.86 g of yellow and oily 3-[3-(4-methoxyphenyl)-
allyl]-5—-benzofuranc_ari>onitrile as a mixture of E and 2
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 thé sélvent was
distilled off to obtain. O.G g of 3-[3-(4-methoxyphenyl)-
'propyl];S—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 solutibn was poured intd cold dilute
hydrochloric acid and extracted with chloroform. After
drying the resulting ox_*ganic 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 -hydroxyphenyi )ypropyl] ~5-benzofurancarbonitrile.
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IH-NMR (CDCl;) 6: 2.0 (2H, m), 2.64 (4H, m), 6.80 (2H, d),
7.16 (2H, d), 7.52 (3H, m), 7.79 (iH)

b) In 20 ml of tétrahydrofuran 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—butoxycarbon&l-3ehydroxypyrrolidine and 400 mg of
triphenylphosphine.' With stirring at room teﬁperature, the
thus prepared solution was mixedlwith 265 mg of diethyl
azodicarboxylate, and the stirring was continued for 24
 hours. After distiilihg off the solvent, the resulting
residue was purified by subjecting it to silica gel column
chromatography using a n-hexane/ethyl acetaﬁe mixture as an
elution solvent. In this way, 400 mg of the title éompound
was obfained in a yellow and'pily form.
1H-NMR (CDC13) §: 1.46 (9H, s), 2.05 (4H, m), 2.66 (4H, m),
3.60 (4H, br), 4.85 (1H, br), 6.85 (2H, d), 7.05 (2H, d),
7.53 (3H, m), 7.83 (1H)

REFERENCE_ EXAMPLE 104

Preparation 6f 4-1((3S)-1l-tert-butoxycarbonyl-3-
errolidinzl)oxz]-3-me£hox1benzaldehzde

In 50 ml of tetrahydrofuran were dissolved 3.04
g. of wvanillin, 3.74 g of (3R)-1-texrt-butoxycarbonyl-3-
- hydroxypyrrolidine and 5.24 g of triphenylphosphine. The
thus prepared solution was mixed'with 4.00 g of diethyl

azodicarboxylate, and the mixture was stirred at xroom
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temperature for 18 hours. After concentrating the
resulting réaction sélution, the thus obtained residue was
purified by subjecting.it to silica gel column chromato-
graphy using an ethanol/éhloroform mixture'as.an elution
solvent. In this way, 5.0 g of the title compound was
obtained in an oily form.

'H-NMR (CDCl,) &: 1.47 (9H, s), 2.0042.40 (2H, m), 3.50-3.80
(44, m), 3.90 (3H, s), 5.02 (1H, brj, 6.80-7.60 (3H, m),
9.86 (1H, s)

REFERENCE EXAMPLE 105

Preparation of 4-[[4-(N-acetyl)aminomethylcyclohexyl]-

methoxylbenzaldehyde

The title compound was prepared in accordance

.with the procedure as described in Reference Example 104.
'H-NMR (CDC1,) 6: 0.80-2.10 (10H, m), 3.13 (2H, dd, J = 6.1
and 6.1Hz), 3.84 (2H, d, J = 6.1Hz), 5.56 (1H, br), 6.97
(2H, d, J = 8.7sz, 7.82 (2H, d, J = 8.7Hz), 9.88 (1H, s)

REFERENCE EXAMPLE 106
Preparation of 3-acetoxy-4-[((3S)-l-acetyl-3-pyrrolidin-

yl)oxyibenzaldehvde
a) 5.5 g of 4-[((3S)-1-tert-butoxycarbonyl-3-

pyrrolidinyl)oxy]-3-methoxybenzaldehyde*was dissolved in 20
ml of dichloromethane, 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
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pressure, and the resulting residue was dissolved in 100 ml
of tetrahydrofuran. The thus frepared solution was mixed
.with 2.68 g of acetyl chloride, and 8.63 g of triethylamine
was added dtopwise thereto while stirring under ice
cooling. Thereafter, the solvent was distilled off, and
the residue thus obtained was dissolved in-chloroform, 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 chromatography using toluene as an elution
solvent, thereby obtaining 4.3 gfof 4-[((3S)~-1l-acetyl-3-
pyrrolidinyl)oxy]-3-methoxybenzaldehyde as a viscous oil..
!H-NMR (CDCl;) &: 2.04 (5H,. m), 3.50-4.00 (4H, m), 3.90 (3H,
s), 5.10 (1H, br), 6.80-7.60 (3H, m), 9.86 (1H, s)

" b) 4.3 g of 4-[ ((38)-1l-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
chloreform. The resultinglorganie layer was concenerated'
toﬂdrjness, end the thus obtained residue was'crystallized

from a chloroform/n—hexane "solvent system, thereby
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| obtaining 2.0 g of 4-[((3S)-l-acetyl-3-pyrrolidinyl)oxy]-

3-hydroxybenzaldehyde. The thus obtained compound was used
in the following reaction without further purification.
'H-NMR (CDC1,:DMSO-dg = 9:1) §: 2.00-2.50 (5H, m), 3.50-4.00
(4H, m), 5.32 (1H, br), 6.96 (1H, d, J = 8.0Hz), 7.22-7.58
(2, m), 9.81 (1lH, s) | |

c) 1.1 g of 4-[((3S)-l-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 prepéred mixture
was stirred at room temperature for 1 hour. After diying
the resulting reaction solution ﬁﬁder a reduced pressure,
the thus obtained residue. was purified by.subjecting it to
silica gel column chromatogfaphy ﬁsing an ethanol/chloro-
form mixture as an elution.solvent. In'this way,.1.30 g pf
the title compound was obtained in an oily form.
H-NMR (CDCl;) §: 2.06 (3H, s), 2.28 (3H, s), 2.00-2.40 (2H,
m), 3.40-3.90 (4H, m), 5.60 (1H, bf), 6.90-7.90 (Bﬁ, m),
' 9.90 (1H, s) |

REFERENCE EXAMPLE 107

Preparation of. 4-T(1—tritvl—4-imidazolvl)methoxv]-

benzaldehvyde

1.22 g of p-hydroxybenzaldehyde and 4.08 g of 4-
chloromethyl-l-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 at

room temperature for 40 hours. The thus prepared reaction
solution were partitioned between wafer and benzene, and
the resulting organic layer was concentrated to dryness.
The resulting residue was purlfled by subjecting it to
silica gel column chromatography using chloroform as an
elution solvent, and the thus purified product was
crystallized from a n-hexane/benzene solvent system. In
this way, 2.3 g of the title compound was obtained.

mp: 181-182°C | | |

1H—NMR (CDC1;) &:- 5.09 (24, s), .6.90 (1H, d, J = 1l.1lHz),
7.00-7.40 (17H, m), 7.47 (1H, d, J = 1.1Hz), 7.81 (2H, d,
J = 8.8Hz), 9.88 (1H, s) |

REFERENCIE EXAMPLE 108

Preparationof 2-[2-[4-[((3S)-1l-acetyl-3-pyrrolidinvljoxvy]-

3-hvdroxyphenyl jethyl j-5-benzofurancarbonitrile

a) 1.3 g of 3-4acetyloxy-4—[((35)—1—acetyl-'3-—
pyrrolidinyl)oxylbenzaldehyde and 2.22 g of (5-cyano-2-
benzofuranyl )methyltriphenylphosphonium chloride were
dissolved ih a solvent mixture of 10 ml of tetrahydrofuran
a'nd 10 ml of ethanol, followed by the addition of 0.943 g
of 1,8-diazabicyclo[5.4.0]-7-undecene and by subsequent
- stirring at rooin temperature fox 2-hoﬁrs. 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 concentrated under a
reduced pressure, and the resultlng 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 ehromatography using a chloroform/
ethanol mixture as an elutien solvent, thereby obtaining
1.8 g of 2-[2-[4-[((3S)-1l-acetyl-3-pyrrolidinyl)oxy]-3-
hydroxyphenyl]vinyl]—5-benzofurahcérbonitrile as a powdery
'mixture of E and 2 forms.
!H-NMR (CDC1,) S: 2.00-2.50 (5H, m), 3.40-4.00 (4H, ﬁ), 5.00
(1H, br), 6.30-7.90 (9H, mj |
'b) 1.8 g of  2-[2-[4—[((3S)-1-acetyl-3-
pyrrolidinyl)oxy]-3-hydroxyphenyl]vinyl]-S-benzofﬁran—
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 subjected to catalytic
reduction under normal pressure for 5 hours in the presence
of 340 mg of palladium oxide+l1H,0+-barium sulfate. After
removing the catalyst by filtration and concentrating the
resulting filtrate, the crystals thus preeipitated were
collected by filtration to obtain 1.6 g of the title
compound in the form of colorless crystals.

mp: 191-193°C
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IR (KBr): 2224, 1644, 1512 cm*

IH-NMR (CDCl;) §: 2.09 (3H, s), 2.00-2.50 (2H, m), 3.04 (4H,
s), 3.50-3.90 (4H, m), 4.96 (1H, br), 6.40 (1H, s), 6.50-
6.90 (3H, m), 7.50 (2H, s), 7.80 (1H, s)

- The following compounds of Referencé Examples 109
and 110 were prepared in accordance with the.procedure as
described ianeference,Example 108. |

REFERENCE EXAMPLE 109

gerz-r4—[r4-(N-acetvl)aminomethvlcvclohéxvl1methoxv1-

- ghenxl]ethzl]-5-bén£ofurancarbonitrile |

"mps: 159-161°C | o _

IH-NMR (CDCl,) &: 0.80-2.10 (10H, m), 1.99 (3H, s), 3.04

(4H, s), 3.19 (2H, dd, J = 6.1 and 6.1Hz), 3.63 (2H, d, J

= 6§.1Hz), 5.50 (1H, br), 6.40 (1H, s), 6.79 (2H, d, J =

8;3Hz), 7.08 (2H, d, J = 8.3Hz), 7.49 (2H), 7.79 (1H)
REFERENCE EXAMPLE 110 |

2-[2-[4=[ (l-trityl-4-imidazolyl)methoxylphenyljethyl]-5-

benzofurancarbonitrile

mp: 165-167°C

!H-NMR (CDCl;) &: 3.03 (4H; s), 4.97 (2H, s), 6.38 (1H, s),
6.90-7.70 (22H, m), 7.78 (1lH, s)

REFERENCE EXAMPLE 111

Preparationon—[?-[4—r{l-imidazolvl)methvl]phenvl]ethvl]-
S-benzofurancarbonitrile

a) 911 mg of 4-hydroxymethylbenzaldehyde and 2.0
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g of (5-cyano-2—benzpfurényl)methyltriphenylphosphoninm

chloride were dissolved in a solvent mixture of 10 ml of
tetrahydrofuran and 10 ml of ethanol, followed by the
addition of 845 mg of 1,8-diazabicyclo[5.4.0]-7-undecene "
and by subsequent stirring at room temperatﬁre for 1 hour.
After distilling off the solvent, the resulting'residue was
purified by subjecting it to silica gel polumn chromato-
graphy, thereby obtaihing 2.3.g of 2—[2—(4éhydroxymethyl-
pheﬁyl)vinyl]—Sébénzofurancarbdnitrile 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 10 ml of ietrahydrofuran
and 10 ml of ethanol, and the éolution was subjected to
catalytic hydroggnation under_normal pressure for 7 hours
in the presence of 800 mg bf palladium oxide-+1H,0<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

!H-NMR (CDC1,;) 6: 1.60 (1H, s), 3.10 (4H, ;), 4.67 (2H, s),
6.41 (1H, s), 7.20 (2H, d, J = 8.2Hz), 7.34 (2H, d, J =
8.2Hz), 7.52 (2H, s), 7.82 (1H, s)

b) 835 mg of 2-[2-(4-hydroxymethylphenyl)ethyl]-
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5-benzofurancarbonitrile obtained in the above step a) was
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dissolved in 15 ml of thionyl chloride, and the solution
was stirred at room temperéturé for 1 hour. Thereafter,
thionyl chloride was distilled off, and the resulting
residue was dissolved in 30 ml 6f acetonitrile, together
with 550 mg of -N—acetjrli_midazble and 600 mg of sodium
- iodide. The thus prepafed solution was refluxed for.3
hours. After distilling off the solvent, the resulting
residue was éurified by subjecting it to silica gel column
chromatography using chloroform as.an elution solvent. 1In
this way, 800 mg of the title coﬁpound was obtained in the
form of brown crystals.

mp: 72-73°C

'H-NMR (CDCl;) §: 3.08 (4H, s), 5.09 (2H, s), 6.40 (1H, s),
6.89 (1H, s), 7.00-7.18 (5H, m), 7.49 (2H, s), 7.56 (1H,
s), 7.79 (1H, s)

REFERENCE EXAMPLE 112

Preparation of 4-[2-(5—cvano—2—benzofuran§l)ethvl]benzoic
acid : _

a) 5.17 g of.methYl 4-formylbenzoate and 13.97
g of (5—cyaho—2—benzofuranyl)methyltriphehylphosphonium
chloride were dissolved in a solvent ﬁixture of 50 ml of
tetrahydrofuran and. 50 ml of methanol. A 5.02 g of 1,8-
diazabicyclo[5.4.0]—7—undecéne was added to the thus

prepared solution ‘while stirring under ice cooling,

- 169 -



‘f“—¥-—_~_____‘_ {}
This Sheet Has B

g )

followed by stirring at room temperéture for 2 hours. By

collecting the precipitatedi crjsfais through a filter,
methyl 4-[2-(5-cyano-2-benzofuranyl)vinyl]benzdate _was
obtained as a mixture of E and 2 forms. The thus 6btained
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<«1H,0-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 'chromatogréphy using benzene as an.
elufion solvent to obtain 8.1 g of methyl 4-[2-(5-cyano-2-.
benzofuranyl )ethyl lbenzoate in the form of piism crystals.
“mp: 114-115°C
'H-NMR (CDCl;) &: 3.13 (4H, s), 3.90 (3H, s), 6.31 (1H, s),
7.26 (2H, d, J = 8.5Hz), 7.50 (2H, s), -7.80 (1H, s), 7.98
(2H, d, J = 8.5Hz) |

b) 1.5 g of methyl 4-[2-(5-cyano-2-benzo-
furanyl )ethyl ]Jbenzoate 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 aquebus solution and by subsequent
stirring at room £emperature for 14 hours. Thereafter, the

resulting reaction solution was adjusted to pH 2 with
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concentrated hyd;ochloric aéid, and the ihus precipitated
crystals were collected by,filtration, washed with water,
and then dried.. In this way,.l.éllg-of the title compound
was obtained;

mp: 234-235°C

lH-NMR (DMSO-d;) &: 3.13 (4H, s), 6.70 (1H, s), 7.44 (2H, d,
J = 8.0Hz), 7.69 (2H, s), 7.88 (2H, d, J = 8.0Hz), 8.06
(lH, s)

REFERENCE EXAMPLE 113

Preparation of 2-{2-[4-[(4-methyl-l-piperazinyl)carbonyl]-
ghenzl]ethzl]-5—benzofuranca£bonitrile

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, thionjl chloride was.distilled off,
and the thus obtained fesidue 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 hoﬁr and
subsequent removal of the solvent by distillatidn; the
resultiﬁg residue was dissolved in chloroform and washed
with saturated sodium bicarbonate aqueous solution. After
drying the resulting é:ganic layer and distilling off the
solvent, the thus ébtained 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
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way, 1.35 g of the title cémpound was obtained in the form
of crystals.

mp: 115-116°C |
lH-NMR (DMSO-d¢) &: 2.34 (3H, s), 2.43 (4H, br), 3.11 (4H,
s), 3.64 (4H, br), 6.42 (1H, s), 7.26 (2H, d, J = 9.0Hz),
7.40 (2H, d, J = 9.0Hz), 7.50 (2H, s), 7.80 (1lH, s)

REFERENCE EXAMPLE 114

Preparation of 2-[2—[4—[[(2—pvrazinvl)amino]carbonzl]-

phenzl]éthxl]-S-benzofurancarbonitrile

a) At room temperature, 1 g of 4—[2—(5-cyano-2-l
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 ch;omatography'using a chloroform/ethanol
mixture as an elution solvent, and the thus purified
product waé crystallized from a benzene/n-hexane mixture;
In thié way, 1.1 g éf 2-[2—[44[[(1—benzotriazolyl)oxy]—
carbonyl]phenyl]ethyl]-5—benzofurancarbohitrile was
obtained in a powdery form. |
mp: 171-172°C .

'H-NMR (CDCl,) &: 3.14 (4H, s), 6.48 (1H, s), 7.30-8.30
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(11H, m)
MS (m/z): 409 (M' + 1)

b) 100 mg of 2-[2-[4—[[(1-benzotria201y1)6xy]-
carbonyl]phenyl]ethyl]-5—behgofu;qnc§rbonitrileobtainédin
the above step a) and 23.3 mg of amino?yrazine were
dissolved in 2 ml of N,N-dimethylformamide. The thus
prepared solution was mixed w;th 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 reSuiting residue was purified by subject-
ing it to silica gel column chromatography to obtain 55 mg
of the title compound in_a powdery férm. |
mp: 183-185°C

'H-NMR (CDCl;) &: 3.17 (4H, s), 6.42 (1H, s), 7.34 (2H, d, .

J = 9.0Hz), 7.59 (2H, s), 7.8l (1H, s), 7.90 (2H, d, J

9.0Hz), 8.26 (1H, dd, J = 3.0 and 1.6Hz), 8.40 (1H, d, J
3.0Hz), 8.65 (1H, br), 9.74 (1H, d, J = 1.6Hz)
 REFERENCE EXAMPLE 115

Preparation of methvyl r5—[((BS3-l-tért-butoxvcarbonvl—B-

pvrrolidinvl)oxv]—2—r2-(5—cvano—2—benzofurénvl)ethvl]-

phenyl Joxvacetate

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 azodlcarboxylate and stirred at room
temperature for 1 hour. After distilling off the solvent,
.the resulting residue was purified by subjecting it to
silica gel column chromatography,.thereby obtaining 1.2 g
of 4-[((3S)-l-tert-butoxycarbonyl-3-pyrrolidinyl)oxy]-2-
hydroxybenzaldehyde in e viscous and oily form. | |
lH-NMR (CDCl;) &: 1.47 (9H, s), 2.00-2.36 (2H, m), 3.30-3.75
(4H, m), 4.94 (1H, quint), 6.38 (1H, d, J = 2.1Hz), 6.52
(1H, dd, J = 8.0 and 2.1Hz), 7.44 (1H, d, J = 8.0Hz), 9.72
(1H, s), 11.45 (1H, s)

b) 1.27 g of 4-[((3S)el-tert—butoxycarbonyl-3—
pyrrolidinyl)oxy]-2-hydroxybenzaldehyde obtained in the
above etep a) and. 0.884 g of ethyl bromoacetate were
" dissolved in 100 ml of acetone. The thus prepared solution
was mixed.with 1.12 g of anhydrous potassium carbonate, and
the mixture was refluxed for 1.5 hours. After cooling,
insocluble materials were removed by fiitration, and the
solvent was distilled off. Thereafter, -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.

IH-NMR (CDCl,) &: 1.30 (3H, t, J = 7.0Hz), 1.47 (9H, s),

2.00-2.28 (2H, m), 3.36-3.70 (44, m), 4.28 (2H, q), 4.71
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(2H, s), 4.94 (1H, quint), 6.31 (1H, d, J = 2.2Hz), 6.53

(1H, dd, J = 8.8 and 2.2Hz), 7.84 (1H, s), 10.39 (1H, s)
c) 1.44 g of ethyl [2-£ormyl—5-[((3S)-1-t_ert-
butoxycarbonyl-3-pYrrolidinyl)oxy]phenyl]oxyacetate
obtained in the above step b) and 1.71 g of (5-cyano-2-
benzofuranyl)methyltriphenylphosphonium chloride  were
dissolved in a solvent mi#ture of 10 ml of tetraﬂydrofuran
and 10 ml of methanol. The thus prepared solution was
mixed with 0.664 g of l,8-diazabicyclo[5.4.0]-7-undecene,
and the mixture was stitred 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
obtaininé l.8 g of an olefinic compound as a mixture of E
and % forms. 1.8 g of the thus obtained olefinic 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+1H;,0. After removing.the catalyst by filtration,
the resulting residue was'purified by subjecting it to
silica gel column chromatégraphy' 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 during the reaction.)
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!H-NMR (CDC1;) &: 1.46 (9H, s), 1.96-2.08 (2H, m), 3.08 (4H,

s), 3.36-3.68 (4H, m), 3180‘(3H, m), 4.62 (2H, s), 4.80
(1H, br), 6.30 (1H, s), 6.36 (1H, d, J = 8.0Hz), 6.43
(1H,s), 7.02 (1H, d, J = 8.0Hz), 7.46 (2H, s), 7.77 (1H,s) |

INVENTIVE EXAMPLE 1 |
ethyl 3-(5- amldlno 2- benzofuranvl)—z [4-[((38)-3-

pyxrrolidinvl )oxy]phenyl ]propionate dihydrochloride
1.96 g of ethyl 2-[4-[((3S)-l-tert-butoxy-

carbonyl—3-pyrroiidinyl)oxy]phenyl]—34(5-cyano-2—
'benzofuranyl)propionate was dissolved in 150 ml of ethanol.
With ice cooling and stirring, hydrogen chloride was
bubbled into the thus ?:epared 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-divinylbenzene polymer: Diaion.
HP-20) and using a watér/acefdnitrile mixture as an elution
solvent. Fractions of inteiest fhus 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 6f interést 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. .‘
lH-NMR (DMSO-dg) §&: ;.68 (3, t, J = 7.0), 1.90-2.30 (2H,
m), 3.00-3.80 (6H, m), 3.80-4.30 (3H, m), 5.08 (1lH, br),
6.73 (14, s), 6.93 (2H, d, J = 8.3Hz), 7.33 (2H, d, J =
8.3Hz), 7.73 (2H, éj, 8.08 (1H, s), 9.25 (2H, br), 9.40
(24, br), 9.50-10.00 (2H, br)

The following compounds of Inventive Examples 2
to 17 were prepared in accordaﬂcé with the procedure.of
Inventive Example 1.

INVENTIVE EXAMPLE 2

ethvl 3-(5~-amidino-2-benzofuranvl)-2-[4-[((25,4S)-2-

carbamoyl-4-pyrrolidinvl )oxv]lphenvl ]propionate dihvdro-

chloride

(solid)

!H-NMR (DMSO-d¢) 6: 1.10 (3H, t, J = 7.0 Hz), 1.70-3.20 (2H,
m), 3.00-4.50° (8H, m), 5.00-5.30 (1H, br), 6.71 (1H, s),
6.87 (2H, d, J = 8.3Hz), 7.30 (2H, d, J = 8.3Hz), 7.72 (2H,
s), 8.10 (1H, s), 9.00-10.00 (6H)

INVENTIVE EXAMPLE 3

ethyl 3-(5-amidino-2-benzofuranyl)-2-[4-[((2S,4S)=2-

dimethvlcarbamovl—4—pvrrolidinvl)oxyjphenvl]propionate
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'H-NMR (DMSO-dg¢) &: 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
(14, br), 5.10 (1H, br), 6.69 (1H, s), 6.86 (2H, d, J =
8.7Hz), 7.29 (2H; d, J = 8.7Hz), 7.69 (2H, s), 8.07 (1H,
s), 8.80 (1H, br), 9.10 (2H, br), 9.34 (2H, br), 10.08 (1H,
br) |

INVENTIVE EXAMPLE 4 -

ethyl 2-(5-amidino-2-benzofuranvl)-3-[4-7((3S)-3-

pyrrolidinvl)oxyliphenvl Jpropionate dihvdrochloxride

IH_NMR (DMSO-d¢) §: 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 (1H,
t, J = 7.9Hz), 5.08 (1H, br), 6.84 (2H, d, J = 8.3Hz), 6.96
(1H, s), 7.17 (2H, d, J = 8.3Hz), 7.79 (2H, s), 8.12 (1H,
s), 9.33 (2H, br), 9.51 (2H, br), 9.80 (2H, br)

'INVENTIVE EXAMPLE 5

ethvl 3-(5-amidino-2-benzofuranvl)-3-[4-[((3S)-3-

pyrrolidinyl)oxy]phenyl Jpropionate dihydrochloride
(solid) |
'H-NMR (DMSO-d¢) &: 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 (1H, m), 5.13 (1H,
m), 6.94 (1H, s), 6.94 (23, d, J = 9Hz), 7.32 (2H, d, J =
9Hz), 7.73 (2H, s), 8.13 (1H, s), 9.21 (2H, br), 9.40 (2H,
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br), 9.4-10.0 (2H, br)

INVENTIVE EXAMPLE 6
ethyl '3—(5-amidino-3-benzofuranv1f—z-r4-r((35)-3-

pyrrolidinyl)oxylphenvl jpropionate dihydrochloride
(solid) | | '

IH-NMR (DMSO-dg) $: 1.06 (3H, t), 2.10 (2H, br), 3.0-3.7
(7H), 4.05 (2H, q), 5.09 (1H, br), 6.95 (2H, d), 7.28 (2H,
d), 7.77 (3H), 8.21 (1H, s), 9.2-9.8 (6H)

- INVENTIVE EXAMPLE 7

ethyl 2-[2-(5-amidino-2-benzofuranyl)ethyl]-5-[((35)=3~

pyrrolidinyloxvlbenzoate dihvdrochloride

(solid)
I§_NMR (DMSO-dg) §: 1.29 (3H, t, J = 7.0Hz), 2.00-2.35 (2H,
m), 2.90-3.60 (8H, m), 4.18 {zn; q,'J = 7.0Hz), 5.20 (1H,
br), 6.75 (1#, s), 7.20 (1H, dd, J - 7.9 and 2.8Hz), 7.39
(1H, d, J = 7.9Hz), 7.41 (1H, d, J = 2.8Hz), 7.74 (2H, s),
8.09 (1H, s), 9.23 (2H, br), 9.40 (2H, br), 9.50-10.20 (2H,
br) |

INVENTIVE EXAMPLE 8

ethvl r2-[2-(5—amidino—2—benzofuranvl)ethvl1-5;[((3S)-3-

pyvrrolidinvl)oxy]phenvl lacetate dihydrochloride

(solid) _

'H-NMR (DMSO-dg¢) &: 1.18 (3H, t, J = 7.0Hz), 2.0-2.30 (2H,
m), 3.02 (4H, s), 3.00-4.00 (6H, m), 4.90 (2H, q, J =
7.0Hz), 5.12 (1H, br), 6,80—7.00'(3H, m), 7.24 (1H, d, J =
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8.64Hz), 7.76 (2H, s), 8.12 (1H, s), 9.29 (2H, br), 9.45

INVENTIVE EXAMPLE 9

ethyl S-amidino-gerg-r4;r((3S)-3—pvrrolidinvl)oxv]—

phenyl Jethylj-3-benzofurancarboxylate dihydrochloride
(solid) S | |
'H-NMR (DMSO-d¢) &: 1.36 (3H, t), 2.08 (2H, m), 4.30 (2H),.

'5.00 (1H, br), 6.90 (2H, d), 7.10 (2H;'d), 7.83 (2H), 8.34
(1H, s), 9.27 (2H, br), 9.51 (4H, br)

INVENTIVE EXAMPLE 10

ethyl  3-(5-amidinobenzo[blthien-2-y1)-2-[4~[((3S)-3-

pyrrolidinyl)oxylphenyl ]jpropionate dihydrochloride

(solid)

'H-NMR (DMSO-ds) &: 1.19 (3H, t, J = 7.0Hz), 2.00-2.40 (2H,
m), 3.00-4.20 (94, m), 5.08 (1H, br), 6.92 (2H, d, J =
8.75Hz), 7.27 (1H, s), 7.31 (2H, d, J = 8.75Hz), 7.68 (1H,
dd, J = 8.3 and 1.5Hz), 8.10 (1H, d, J = 8.3Hz), 8.27 (1H,
d, J = 1.5Hz), 9.19 (2H, br), 9.42 (2H,.brj, 9.10-10.00
(2H, br) |

INVENTIVE EXAMPLE 11

ethvl 3-(6~ amidinobenzo[blthien-2-y1)-2-[4- [((BS) 3~

pvrrolidinyl)oxy]phenyl propionate dihvdrochloride
(solid)

'H-NMR (DMSO-d¢) §: 1.05 (3H, t), 2.10 (2H, m), 3.30 (7H,

m), 4.0 (2H, q), 5.05 (1H, br), 6.90 (2H, d), 7.22 (3H, m),
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7060-7090 (2H’ m)' 8038 (1H' S), 9-10 (ZH, br)' 9035 (2H’

INVENTIVE EXAMPLE 12

ethyl 3-(6- midino-l?ethxl-Z-indolvl)-grl4-[(4—piperidin-

vl)oxyvl1phenvl ipropionate dihydrochloride

(solid) - _ - _

IH-NMR (DMSO-dg) &: 1.05 (3H, t), 1.28 (3H), 1.83 (2H, br),
 2.08 (2H, br), 2.90-3.20 (5H, br), 3.90-4.40 (3H, m), 4.62
(1H, br), 6.34 (1H, s), 6.97 (2H, d), 7.34 (2H), 7.47 (1H,
d), 7.58 (1H, d), 8.13 (1H, s), 8.90-9.40 (6, br)

INVENTIVE EXAMPLE 13

ethyl  3-(6-amidino-l-ethyl-2-indolyl)—2-[4-[((3R)-3=

pyrrolidinyl)oxy]lphenvl ]propionate dihydrochloride

(solid) |

!H-NMR (DMSO-d¢) §: 1.08 (3H, t, J = 7.0Hz), 1.31 (3H, t, J
= 7.0Hz), 2.10-2.30 (2H, br),.3.17 .(1H, dd), 3.20-3.40 (2H,
m), 3.90-4.40 (5H, m), 5.14 (1H, br), 6.37 (1H, s), 6.97

(2H, d, J = 8.8Hz), 7.38 (2H, d, J = 8.8Hz), 7.49 (1H, d,

J = 8.3Hz), 7.62 (l1H, 4, J = 8.3Hz), 8.14 (1H, s), 8.99

(2H, br), 9.32 (2H, br), 9.50-9.70 (2H, br) |
INVENTIVE EXAMPLE 14

ethyl 3-(6-amidino-l-methvl-2-indolvl)—2—-[4—[ ({3S)-3—

pyrrolidinyl)oxylphenyl ]propionate dihydrochloride (éster
interchange due to the use of ethanol solvent)

(solid)
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'H-NMR (DMSO-d¢) &: 1.05 (3H, t), 1.95-2.30 (2H, m), 3.76
(34, s), 4.02 (2H, q), 4.00-4.30 (1H, m), 5.00-5.20 (1H,
m), 6.38 (1H, s), 7.00 (2H, d), 7.40 (2H, d), 7.50-7.70
(2H, m), 8.25 (1H, s), 9.30-10.10 (6H)

INVENTIVE EXAMPLE 15

ethyl 3- (6-am1d1no-2-naphthvl) -2-[4- [((BS) 3-Dvrrolld1n-

vl)oxv]phenvl]proplonate dlhvdrochlorlde

(solid) _
!H-NMR (DMSO-ds) 8: 1.06 (3H, t, J = 7.0Hz), 2.00-2.20 (2H,

m), 3.00-4.00 (7H, m), 3.99 (2H, g, J = 7.0Hz), 5.11 (1H,

m), 6.92 (2H, d, J = 9.0Hz), 7.31 (2H, d, J = 9.0Hz), 7.55
(1H, d, J = 8.0Hz), 7.80-8.10 (4H, m), 8.51 (1lH, s), 9.40
(2H, br), 9.58 (2H, br), 9.50-10.00 (2H, br)

INVENTIVE EXAMPLE 1.6

ethyl  3-(7-amidino-2-naphthyl)-2-[4-[((38)-3-pyrrolidin-

yl)oxvyiphenvyllpropionate dihydrochloride

(solid) |

IH-NMR (DMSO-d¢) &: 1.01 (3H, t, J = 7.0Hz), 2.00-2.20 (2H,
m), 3.10-3.80 (7H, m), 3.98 (2H, q, J = 7.0Hz), 5.10 (1H,

m), 6.93 (2H, d, J =9.0Hz), 7.32 (2H, d, J = 9.0Hz), 7.50-

8.10°(5H, m), 8.44 (1H, m), 9.41 (2H, br), 9.59 (2H, br), -

9.30-10.00 (2H, br)

INVENTIVE EXAMPLE 17_

ethyl 3-(7-amidino-2-naphthyl)-2-[{4-[ (4-piperidinyl)-—

methoxvlphenvl ]propionate dihydrochloride
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(solid) .
'H-NMR (DMSO-d) §:-1.01 (3H, t, J = 7.1Hz), 1.45-1.55 (28,
m), 1.85-1.95 (2H, m), 2.80-2.95 (2H, m), 3.15-3.50 (5H,
m), 3.81 (2H, d), 3.95-4.05 (2H, m), 4.05-4.15 (1H, m),
6.87 (2H, d, J = 8.3Hz), 7.27 (2H, d, J = 8.3Hz), 7.58-
7.63 (1H, m), 7.75-7.80 (1H, m), 7.84 (1H, s), 7.95 (1H, d,
J = 8.8Hz), 8.07 (1H, d, J = 8.8Hz), 8.40 (1H, s), 9.29
(2H), 9.53 (2H) | |

INVENTIVE EXAMPLE 18

3—(7—amidino—2-naphthvl)-2—[4—[(4-piperidinvl)methoxv]f

phenyl lpropionic acid hydrochloride monohvdrate
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. 1In this way, 0.79 g of the title compound was

obtained in the form of crystals.
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(Since solubiiity of the thus formed product to any soivent
was very low, the compound was made into dihydrochloride
with hydrochloric acid and then drled prior to the NMR
measurement. ) _

H-NMR (DMSO-dg) &: 1.45-1.60 (2H, m), 1.85-1.95 (2H, m),
1.95-2.05 (1H, br), 2.8-2.9 (2H, m),.3.1-3.2 (1H, m), 3.2-
3.3 (2H, m), 3.4-3.5 (1H, m), 3.80 (2H, d, J = 6.4Hz), 3.9-

4.0 (1H, m), 6.87 (2H, d, J = 8.8Hz), 7.27 (2H, d, J =

8.8Hz), 7.60 (1H, d, J = 8.8Hz), 7.75-7.80 (1H, m), 7.83

(1, s), 7.94 (1H, d, J = 8.8Hz), 8.07 (1H, d, J = 8.3Hz)

8.40 (1H, s), 8.8-8.9 (1H, br), 9.33 (2H), 9.54 (2H)
lE!EEElXE_EZAMBLE_li |

3-~(5-amidino- 2 benzofuranzl) —-2- [4—[((38)-3—pxrrolld1nyl)-

oxy]lphenvl lpropionic acid dihvdrochloride

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 of 2 N hydrochloric acid,
aﬁd the solution was refluxed under heatinQ for 30 minutes.
After cooling and distilling off the solvent, the resulting
residue was purified by_ subjecting it to column
chromatography using a column packed with a highly porous
pdlymer type synthetic adsorbeﬁt (styrene—di?inylbenzene
_polymer: Diaion HP-20) and using 5-10% acetonitrile as an

elution solvent. Thereafter, the thus eluted fractions of
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interest were pooled,' édjusted to pH 2-3 with dilute
-hydrochloric acid, and then concentrated fo dfyness. In
this way, 1.25 g of the title compound was obtained in a
solid form.

!lH-NMR (DMSO-d¢) 8: 2.00-2.30 (2H, m), 3.00-3.80 (6H, m),
4.10 (1H, t, J = 7.2Hz), 5.10 (1H, br), 6.74 (1H, s), 6.94
(2H, 4, J = 8.3Hz), 7.40 (2H, d, J = 8.3Hz), 7.74 (2H, s),
8.09 (1H, s), 9.22 (2H, br), 9.40 (2H, br), 9.10-10.00 (2H,
br)

The following compounds of Invenfive Examples 20
to 26 were prepared in accordance with the procedure of
Inventive Example 189.

INVENTIVE EXAMPLE 20

3—(5—amidino—2—benzofuranvl)-2-[4—[((28,45)-;;

dimethflcarbamovl—4-p%rrolidinvl)oxv]phenvl]propionic acid

dihvdrochloride

(solid)

'H-NMR (DMSO-d¢) &: 1.80-3.00 (2H, m), 2.89 (3H, s), 2.95
(3H, s), 3.00-3.70 (4H, m), 4.09 (1H, t, J = 7.9Hz), 4.70
(1H, br), 5.12 (1H, br), 6.71 (1H, s), 6.86 (2H, d, T =
8.3Hz), 7.30 (2H, d, J = 8.3Hz), 7.73 (2H, s), 8.10 (1H,
s), 8.76 (lH,. br), 9.30 (2H, br), 9.46 (2H, br), 10.80 (1H,
br)
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INVENTIVE EXAMPLE 21
-(S-amidino—grbenzofgranvl)-3-[4-[113S)-3-pxrrol;ginvl)-

oxylphenyl ]propionic acid dihzdrochloride
(solid)

i-NMR (DMSO-dg) §: 1.90-2.30 (2H, m), 2.90-3.70 (6H, m),
- 4.26 (1H, t, J = 7.9Hz), 5.06 (1H, br), 6.83 (2H, d, J =
8.3Hz), 6.93 (1H, s), 7.17 (2H, d, J = 8.3Hz), 7.78 (2H,
s), 8.14 (1H, s), 9.30 (2H, br), 9.47 (2H, br), 9.80 (2H,
or) | |

INVENTIVE EXAMPLE 22

3—(5-amidino-2—benzofuranvl)—3—[4-[((3S)—3—Dvrrolidinv1)—

oxv]phenvl Jpropionic acid dihydrochloride

(solid) | _

'H-NMR (DMSO-d¢) §: 2.0-2.2 (2H, m), 3.0-4.0 (6H, m), 4.6

(1H, m), 5.10 (1H, m), 6.92 (1H, s), 6.92 (2H, d, J =

9.0Hz), 7.32 (2H, d, J = 9.0Hz), 7.73 (2H, s), 8.16 (1H,

s), 9.30 (2H, br), 9.46 (2H, br), 9.6-10.0 (2H, br)
INVENTIVE EXAMPLE 23

2-[2-(5-amidino-2-benzofuranyl)ethyl]1-5-[((3S)-3-

.pzrrolidinxl)oxz]benzoic acid dihvydrochloride

" (solid) |

'H-NMR (DMSO-dg) &: 1.90-2.30 (2H, m), 2.90-3.70 (8H, m),
4.96 (14, br), 6.75 (l1H, s), 7.08 (1H, dd, J = 7.9 and
2.8Hz), 7.28 (1H, d, J = 7.9Hz), 7.41 (1H, d, J = 2.8Hz),

7.75 (2H, s), 8.09 (1H, s), 9.25 (2H, br), 9.42 (2H, br),
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9.50-10.00 (2H, br) '

INVENTIVE EXAMPLE 24

-[2-[2-(5-amidino-2-benzofuranyljethyl]-5-[((3§)=-3-

gzrrolidinxl)oxz]ghenzl]acetic acid dihvdrochloride
(solid)

'H-NMR (DMSO-dg) §: 1.95-2.30 (2H, m), 3.03 (4H, s), 5.04
(1H, br), 6.68-6.90 (3H, m), 7.14 (1H, d, J = 8.3Hz), .7.74
(2H, s), 8.10 (1H, s), 9.38 (2H, br), 9.66 (2H, br), 9.00 -
10.00 (2H, br) |

INVENTIVE EXAMPLE 25

3—(5—amidinobenzorb]thieh—Z—vl)—2-[4—[((35)—3-pvrrolidin-

vl)oxylphenyllpropionic acid dihvdrochloxride
(solid)

'H-NMR (DMSO-dg) &: 1.90-2.40 (2H, m), 3.00-4.10 (7H, m),
5.14 (1H, br), 6.93 (2H, d, J = 8.2Hz), 7.28 (1H, s), 7.33
(2, d, J = 8.2Hz), 7.70 (1H, d, J = 8.8Hz), 8.09 (1H, d,
J = 8.8Hz), 8.26 (1H, s), 9.24 (2H, br), 9.47 (2H, br),
9.00-10.20 (2H, br).

INVENTIVE EXAMPLE 26

3-(7-amidino-2-naphthyl)}-2-[4-[((3S)-3-pyrrolidinyl)-

oxvliphenvl IJpropionic acid qihvdrochloride

(solid)
'H-NMR (DMSO-dg) ‘§: 2.00-2.20 (2H, m), 3.00-3.70 (6H, m),
4.01 (1H, m), 5.11 (1H, m), 6.92 (2H, d, J = 9.0Hz), 7.33

“(2H, d, J = 9.0Hz), 7.50-8.20 (5H, m), 8.43 (1H, s), 9.00-
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10.50 (6H)
INVENTIVE EXAMPLE 27

ethyl (+\-3-(7—amigino:2—néphthvi)-2—[4—[((38)-3—

pvrrolldlnvl)oxv]phenvl]proplonate dihyvdrochloride

123.1 g of ethyl (+)-2- [4 [((3S) -l-tert-
butoxycarbonyl-3-pyrrolidinyl)oxy]phenyl]-3—(7—cyano—2—
~naphthyl)propionate was'dissolvea in a solvent mixture of
480 ml of dichlofomethane 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 td ~-5°C. Thereéfter, the resulting
reaction solution was concentrated under a reduced pressure
at a temperature of 10°C or below to obtain 154 g of an
011y material. The thus obtalned oily material was
dissolved in 1480 ml of ethanol and, while keeping the
inner temperature at -10°C or below, ammonia gés was
!introduced until its concentration became 21% (w/w) orx
more. After maintaining at a temperatuie_of -8 to -5°C forx
107 hours, the resultind reaction solution was concentrated
under a reduced pressure at a temperatute 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 ﬁacked with a highly porous polymer tjpe synthetic
adsorbent (styrene-divinylbenzene polymer: Diaion HP-20)
and using a water/acetoﬁitrile_ mixture as an elution
solvent. Thereafter, thus eluted fraqtions of interest
were pooled, mixed with a small amount ~of .dilute
hydrochloric acid,- and then concentrated to dryness. 1In
this way, 107 g of the title compound was obtained in the
form of a colorless solid. |

'H-NMR (DMSO-d¢) §: 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 (1H, m),
5.10 (1H, br), 6.93 (2H, 4, J = 8.8Hz), 7.32 (2H), 7.60
.(1H, d, J = 8.3Hz), 7.78 (1H, d, J = 8.3Hz), 7.85 (1H, .s),
7.96 (1H, d, J = 8.3Hz), 8.08 (1H, d, J = 8.3Hz), 8.41 (1H,
s), 9.20-9.30 (2H, br),.9.40-9f70 (4H, bx)

The following compounds of Inventive Examples 28
to 32 were prepared in accordance with the procedure of
Inventive Example 27.

INVENTiVE EXAMPL.E 28

ethvl (=)-3—-(7-amidino-2-naphthvl)-2-74-[((3S)-3—-

pyvrrolidinyl)oxylphenvl ]propionate dihvyvdrochloride

(solid) | |

'H-NMR (DMSO-d¢) 8: 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 (1H, m),
5.10 (1H, br), 6.94 (2H, d, J = 8.8Hz), 7.32 (2H), 7.60

(1H, d, J = 8.3Hz), 7.78 (14, d, J = 8.3Hz), 7.86 (1H, s),
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7.96 (1H, d, J = 8.3Hz), 8.08 (1H, d, J = s.éﬁz), 8.42 (1H,
s), 9.20-9.30 (2H, br), 9.40-9.70 (4H, br)

INVENTIVE EXAMPLE 29

ethyl  (+)-3-(5-amidinobenzo[b]thien-2-y1)-2-[4-[ ({2S)-2-

‘pyrrolidinyl)methoxviphenvl Jpropionate dihyvdrochloxide
(solid) -

ly NMR (DMSO-dg) 6: 1.10 (3H, t, J = 7.3Hz), 1.73 (1H, dg,
3 = 12.3 and 8.3Hz), 1.84-2.05 (2H, m), 2.06-2.16 (1H, m),
3.12-3.27 (2H, br), 3.39 (1H, dd, J = 15.0 and 7.8Hz), 3.64
(1H, dd, J = 15.0 and 7.8Hz), 3.80-3.93 (1H, br), 4.00-4.24
(5H, m), 6.93 (2H, d, J = 8.3Hz), 7.30 (1H, s), 7.31 (2H,
d), 7.67 (1H, d, J = 8.3Hz), 8.11 (1H, d, J = 8.3Hz), 8.23
(1H, s), 9.12-9.30 (3H), 9.45 (2H, s), 9.43 (2H, s), 9.74-
9.94 (1H, br)

- INVENTIVE EXAMPLE 30

"ethyl (-Y-3-(5-amidinobenzo{blthien-2-v1)-2-[4-[((2S)-2-

pyxrrolidinvl ymethoxy]lphenvl jpropionate dihvdrochloride
(solid)

'H-NMR (DMSO-d¢) 8: 1.09 (3H, t, J = 7.3Hz), 1.72 (iH, dq,
J = 12.1 and 8.3Hz), 1.84-2.03 (2H, m), 2.06-2.16 (1H, m),
3.12-3.27 (2H, br), 3.39 (1H, dd, J = 15.0 and 7.8Hz), 3.64
(1H, dd, J = 15.0 and 7.8Hz), 3.80-3.93 (1H, br), 4.00-4.24
(5H, m), 6.93 (2, d, J = 8.8Hz, 2 x ArH), 7.30 (1H, s),
7.31 (2H, d, J = B.BHz), 7.67.(1H, dd, J = 8.3 and 1.5Hz),

8.11 (1H, d, J = 8.3Hz), 8.23 (1H, d, J = 1.5Hz), 9.10-9.25
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(1H, br), 9.21 (2H, s), 9.43 (2H, s), 9.74-9.84 (1H, br)

INVENTIVE EXAMPLE 31 ‘
ethyl (+)-3-(7-amidino-2-naphthyl)~-2-74-[(4-

. piperidinvl)oxy]phenyl Ipropionate dihvdrochloride
(solid)

'"H-NMR (DMSO-d¢) 6:-1.01 (3H, t, J = 7.1Hz), 1.75-1.85 (2H,
m), 2.05-2.15 (2H, m), 3.0-3.1 (2H, m), 3.1-3.2 (3H, m),
3.9-4.0 (2H, m), 4.0-4.1 (1H, br), 4.1-4.2 (1H, m), 4.61
4(1ﬁ; br), 6.95 (2H, d, J = 8.8Hz), 7.29 (2H, d, J = 8.8Hz),
7.61 (1H, d, J = 8.3Hz), 7.78 (1H, d, J = 8.3Hz), 7.84 (1H,
s), 7.95 (1H, d, J = 8.3Hz), 8.07 (1H, d, J = 8.8Hz), 8.38
(1H, s), 8.9-9.1 (2H, br), 9.20 (2H, br), 9.49 (2H, br)

INVENTIVE EXAMPLE 32

ethyl (~-)-3-(7-amidino-2-naphthyvl)-2-[14-[(4-

piperidinyl)oxy]lphenvl Jpropionate dihvdrochloride

(solid)

'H-NMR (DMSO-d¢) §: 1.01 (3H, t, J = 7.1Hz), 1.75-1.80 (2H,
m), 2.05-2.15 (2H, m), 3.0-3.1 (2H, m), 3.1-3.3 (3H, m),
3.50-3.60 (1H, m), 3.65-3.75 (2H, M), 3.9-4.0 (2H, m), 4.0-
.4.1 (1H, br), 4.1-4.2 (1H, m), 4.61 (1H, br), 6.95 (2H, d,
J = B.3Hz), 7.29 (2H, d, J = 8.3Hz), 7.61 (1H, d, J =
. 8.8Hz), 7.78 (1H, d, J = 813&2), 7.84 (1H, s), 7.95 (1H, d,
~J = 8.3Hz), 8.07°(1H, 4, J = 8.8Hz), 8.39 (1H, s), 8.9-9.1
(2, br), 9.23 (éH, br), 9.50 (2H, br)
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INVENTIVE EXAMPLE 33

ethyl  (#)-2-[4-[((3S)-l-acetimidoyl-3-pyrrolidinyl)oxy]-

phenvl]-3—(7—amidino-2énaphthvl)propionate«dihzdrochloride

In 1,000 ml of ethanol was dissolved 105.3 g of
ethyl  (+)-3-(7-amidino-2-naphthyl)-2-[4-[((3S)-3-
: pyrrolidinyl)oxy]phenyljpropiohate 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, ahd 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 fur£her distillation undex
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—divinylbehzene
polymer: Diaion HP-20) and using a water/acetoniﬁrile
- mixture as an elution sqlvent. Thexreafter, thus eluted
fractions of interest .were pooled, mixed with a small
amount of dilute hydrochloxic acid; and then concentrated

. to dryness. In this way, 110.1 g of the title compound was
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'obtained in the form of a colorless solid. |
'H-NMR (DMSO-d¢) 8: 1.02 (3H, m), 2.10-2.35 (2H, m), 2.26
(1.5H, s), 2.31 (1.5H,.s), 3.19 (1H, m), 3.40-3.85 (5H, m),
3.90-4.05 (2H, m), 4.05-4.15 (1H, m), 5.13 (0.5H, br), 5.20
(0.5H, br), 6.90-6.97 (2H, m), 7.32 (2H, m), 7.61 (1H, d,
- 8.3Hz), 7.80 (IH, dd, J = 8.3 and 1.5Hz), 7.85 (1H, s),
7.96 (1H, d, J = 8.3Hz), 8.08 (1H, d, J = 8.3Hz), 8.43 (1H,
s), 8.52 (0.5H, br), 8.61 (0.5H, br), 9.28-9.40 (3H, br),
9.50-9.60 (2H, br) |
The following compounds of Inventive Examples 34
to 38 were prepared in accordance with the procedure of
Inventive Example 33. |

INVENTIVE EXAMPLE 34

ethvl (=)=2-[4-T((38)=-1l-acetimidovl-3-pyrrolidinvloxvy]-

phenyl]-3-(7-amidino-2-naphthyl )propionate dihydrochloride

" (solid)
lH-NMR (DMSO-dg) 6: 1.02 (3H, m), 2.10-2.35 (2H, m), 2.26
(1.5, s), 2.30 (1.5H, s), 3.19 (1H, m), 3.40-3.85 (5H, m),
. 3.90-4.05 (2H, m), 4.05-4.15 (1H, m), 5.13 (0.5H, br), 5.20
(0.5H, br), 6.90-6.97 (2H, m), 7.32 (2H, m), 7.61 (1H, 4,
= 8.3Hz), 7.80 (1H, dd, J = 8.3 and 1.5Hz), 7.84 (1H, s),
7.96 (1H, 4, J = 8.3Hz), 8.08 (1H, d, J = 8.3Hz), 8.42 (1H,
s), 8.52 (0.5H, br), 8.61 (0.5H, br), 9.28-9.40 (3H, br),
9.50-9.60 (2H, br) | |
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INVENTIVE. EXAMPLE 35

ethyl  (+)-2-[4-[((2S)-1-acetimidoyl-3-pyrrolidinyl)-

methoxylphenyl]-3-(S-amidinobenzo[b]thien-2-yl)propionate

dihvdrochloxide

(solid)

'H-NMR (DMSO-dg) §:-1.09 (3H, t, J = 7.3Hz), 1.95-2.60 (4H,
‘m), 2.26 (1H, s), 2.47 (2H, s), 3.30-3.70 (4H, m), 3.90-
4.10 (5H, m), 4.40-4.60 (1H, m), 6.85-6.95 (2H, m), 7.28-
7.33 (3H, m), 7.67 (1H, d, J = 8.3Hz), 8.11 (1H;, d, J =
8.3Hz), 8.23 (1H, s), 8.54 (2/3H, s), 8.69 (1/3H, s), 9.23
(2H, s), 9.35-9.50 (3H, m)

INVENTIVE EXAMPLE 36

ethyl  (-)-2-[4-[((2S)-l-acetimidoyl-3-pyrrolidinyl)-

methoxv]phenvl1-3-(5-amidinobenzo[blthien-2-v]l )propionate

dihydrochloride

(solid)

‘H;NMR (DMSO-dg) §: 1.09 (3H, t, J = 7.3Hz), 1.95-2.60 (4H,
‘m), 2.26 (1H, s), 2.47 (2H, s), 3.30-3.70 (4H, m), 3.90-
4.10 (5H, m), 4.40-4.60 (1H, m), 6.85-6.95 (2H, m), 7.28-
7.33 (3H, m), 7.67 (1H, d, J = B.3Hz), 8.10 (1H, d, J =
8.3Hz), 8.23 (lH, s), 8.51 (2/3H, s), 8.66 (1/3H, s), 9.16
(2H, sj, 9.30-9.48 (3H, m)

..]_9_4-
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INVENTIVE EXAMPLE 37

ethyl (+)-2-[4-[(l-acetimidoyl-4-piperidinyl)oxy]phenyl]-

3—(7-amidino-2-naphthyl )propionate dihydrochloride
(solid)
IH-NMR (DMSb—ds) §: 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 (1H, m), 3.2-3.8
(5H, m), 3.9-4.0 (2H, m), 4.0-4.1 (1H, br), 4.67 (1H, bx),
6.95 (2H, d, J = 8.832), 7.30 (28, d, J = 8.8Hz), 7.61 (1H,
d, J = 8.3Hz), 7.78-7.84 (1H, m), 7.84 (1H, s), 7.95 (1H,
d, J = 8.3Hz), 8.08 (1H, d, J = 8.3Hz), 8.40 (1lH, s), 8.80-
9.55 (6H) |

| INVENTIVE EXAMPLE 38

ethyl (~)-2-[4-[(l-acetimidoyl-4-piperidinyl)oxyilphenyl]~

3—(7-amidino-2-naphthvl )propionate dihydrochloride

(solid)
[@]p = -67.69° (c = 0.585, H,0)

INVENTIVE EXAMPLE 39

(+)-2-[4—[ ((3S)-1-acetimidoyl-3-pyrrolidinvl)oxy]phenyli-3-

(7-amidino-2-naphthvl)propionic acid dihvdrochloride

While keeping:the inner temperature at -5°C or
below, 110.1 g of ethyl (+)-2-[4-[((3S)-l-acetimidoyl-3-
pyrrolidinyl)oxy]phenyl]—3-(7—amidino-2;naphthyl)propionate
‘dihydrochloride was disso’ivéd 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 watef under a reduced pressure. The
resulting residue was purified by subjecting it to column
chromatography using a column packed with a highly porous
polymer type 5ynthetic adsorbent (styrene-divipylbenzene
polymer: Diaion -HP-20) and using a water/ acetonitrile
mixture as an elution'solvent._ Thereafte:, the thus eluted
fractions of interest were pooled, mixed with a small
amount of dilute hydrochloric acid, and then concentratéd

“to dryneés. In this way, 103.6 g of the title coﬁpound was

obtained in the form of a light yellow solid.

.IH-NMR (DMSO-ds) &: 2.10-2.4 (2H, m), 2.28 (1.5H, s), 2.31

(1.5, s), 3.10-3.30 (1H, m), 3.40-4.10 (6H, m), 5.14

(0.5H, br), 5.20 (0.5H, br), 6.90-7.00 (2H, m), 7.35-7.40

(2H, m), 7.60 (1H, d, J = 8.3Hz), 7.80 (1H, d, J = 8.3Hz),

7.84 (1H, s), 7.94 (1H, d, J = 8.3Hz), 8.06 (1H, d, J =

.8.3Hz), 8.42 (1H, s), 8.55 (0.5H, br), 8.65 (0.5H, br),

9.30-9.70 (5H)

HPLC: Column; a ligand exchange type column with D-
penicillamine as the oétically active site
(SUMICHIRAL OA-SbCO, 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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Column temperature; 60°C
Retention time; 43.60 minutes
lThe following cOmppunds of Inventive Examples 40
to 44 were prepared in accordance with the procedure of
~ Inventive Example 39.

-INVENTIVE EXAMPLE 40

(—)-2—[4-[((351—1—acetim;dovl—B:pvrrolidinvl)oxv]phenle—B—

{71-amidino-2-navhthyl propionic acid dihvdrochloride

(solid)

H-NMR (DMSO-ds) &: 2.05-2.4 (2H, m), 2.28 (1.5H, s), 2.31.

(1.5H, s), 3.10-3.30 (1H, m), 3.40-4.10 (6H, m), 5.13

(0.5H, br), 5.20 (o.sﬁ, br), 6.90-7.00 (2H, m), 7.35-7.40

(2H, m), 7.60 (1H, d, J = 8.3Hz), 7.81 (1H, d, J = 8.3Hz),

7.84 (1H, s), 7.94 (1H, d, J = 8.3Hz), 8.06 (1H, d, J =

8.3Hz), 8.42 (1H, s), 8.55 (0.5H, br), 8.64 (0.5H, br),

9.30-9.70 (5H)

HPLC: Column; a ligaﬁd exchange fype column with D-
penicillamine as the optically active site
(SUKICHIRAL 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 ﬁl/min |

Column temperatuxe; 60°C

Retention time; 38.14 minutes
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INVENTIVE EXAMPLE 41

(+)-2-r4-r((2S)-l:gcetimidovl:g—pv:rolidinxl)meth—

oxv]phenv11-3-(5-amig;nobenzo[b]thien-g—vl)propionic' acid

dihydrochloride

(solid)

IH-NMR (DMSO-d;) 57 1.95-2.60 (4H, m), 2.25 (1H, s), 2.44
(2H, s), 3.15-3.80 (5H, m), 4.40-4.60 (1H, m), 6.83-6.95
(2H, m), 7.26 (1H, s), 7.32 (24, d, J = 8.8Hz), 7.61 (1H,
d, J = 8.5Hz), 8.04 (1H, d, J = 8.5Hz), 8.21 (1H, s), 8.40-
10.90 (6H) .

INVENTIVE EXAMPLE 42

(=)-2-[4-[((2S)-1-acetimidoy]l-2-pyrrolidinvl)meth-

oxv]phenvl]—B-(S—amidinobenzb[b]thien—2—vl)propionic acid
dihydrochloride |

(sOiid)

'H-NMR (DMSO-d4) &: 1.95-2.60 (4H,‘m), 2.25 (1H, s), 2.44
(2H, s), 3.15-3.75 (4H, ﬁ), 3.82 (1H, t, J = 7.5Hz), 4.40-
4.60 (1H, m), 6.83-6.95 (2H, m), 7.27 (1H, s), 7.31 (2H, d,
J = 8.8Hz), 7.64 (1H, d, J = 8.8Hz), 8.06 (1H, d, J =
8.8Hz), 8.21 (1H, s), 8.40-10.40 (6H)

INVENTIVE EXAMPLE 43

(+)-2-[4-[ (l-acetimidoyl-4-piperidinyl)oxylphenyl}-3-(7-

amidino-2-naphthyl )propionic acid dihvdrochloride
(solid)

'H-NMR (DMSO-d¢) §: 1.65-1.80 (2H, m), 1.95-2.05 (2H, m),
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2.31 (34, s), 3.1-3.2 (1H, m), 3.3-3.9 (5H, m), 3.95-4.05
'(1H, m), 4.66 (1H, br), 6.95 (2H, d, J = 8.8Hz), 7.29 (2H,
d, J = 8.3Hz), 7.60 (1H, d, J = 8.8Hz), 7.81 (1H, d, J =
8.8Hz), 7.84 (1H, s), 7.95 (1H, d, J = 8.8Hz), 8.07 (1H, d,
. J = 8.8Hz), 8.43 (1H, s), 8.80-9.65 (6H)

INVENTIVE EXAMPLE 44

(=)-2-[4-{(1l-acetimidoyl-4-pipexridinvl)oxylphenyl]-3—-(7~

amidino¥2—naphthvl)prqp;gnic acid dihydrochloxide

(solid) |

'H-NMR (DMSO-dg) &: 1.65-1.80 (2H, m), 2.00-2.10 (2H, m),
2.30 (3H, s), 3.1-3;2'(1H, m), 3.3-3.85 (5H, m), 3.95-4.05
(1H, m), 4.66 (1H,.m), 6.95 (24, d, J = 8.8Hz), 7.30 (2H,
d, J = 8.8Hz), 7.61 (1H, d, J = 8.8Hz), 7.78 (1H, d, J =
8.8Hz), 7.85 (1H, s), 7.95 (1H, d, J = 8.8Hz), 8.08 (1H, d,
J = 8.8Hz), 8.40 (1H, s), §.60-9.65 (6H)

INVENTIVE EXAMPLE 45

iil:Z—r4—[((3S)—l—acetimidovl-3:pvrrolidinvl)oxvlphenvl]—B—

17—amidino—24naphthvi)prqpionic acid hydrochloride

‘pentahvydrate

10.2.6 g of (+)—2-—[4—-[((35)—i-acetimidoy1-3-
pyrrolidinyl)oxy]phenyl]-3-(7-amidino-2-naphthyl)propionic
abid dihydrochloride was dissolved in 1,000 ml of Qater;
With stirring, the thus prepared solution was adjusted to
pH 4.8 by gradualiy 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

concentrated to dryness. The thus obtained residue (94.6
E} was dissolved iﬁ 142 ml 6f water, and the solution was
mixed with 1,570 ml of ~ethanol, and stirred at xoom
.temperature for 1 hour. After removing thus formed
crystals by filtration, the resulting mother liquor was
seeded with fhe crystals of interest, and stirred at 8°C
for 40 hours. Thereafter, the thus precipitated crystals
were collectéd 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%. 1In this way, 70.3 g of
the title compound was obtained in the form of colorless
prism crystals.

[@]3* = +57.4° (C = 1.000, H,0) (solubilization at 40°C,
measured affer 30 minﬁtés of heating at this temperature)
IH-NMR (DMSO-dz) 6: 2.20-2.35 (2H, m), 2.29 (1.5H, s), 2.32.
(1.5, s), 2.80-2.95 (1H, m), -3.30-4.00 (6H, m), 5.16

(0.5H, br), 5.22 (0.5H, br), 6.90-7.00 (2H, m), 7.45-7.51

]

(2H, m), 7.57 (1H, d, J = 8.3Hz), 7.66 (1H, d, J = 8.0Hz),
7.93 (1H, d, J = 8.3Hz), 7.97 (1H, d, J = 8.3Hz), 8.11 (1K,

s), 8.68 (1H, br), 8.70-9.30 (br), 11.50-12.20 (bx)
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Elementary analysis _

theoretical value (CstzaN,,b;, +HC1+5H,0):
N | C, 54.68; H, 6.88; N, 9.80; Cl, 6.21

analytical value: C, 54.77; H, 6.75; N, 9.68; Cl, 6.42

| Based on the results of crystal X-ray'énalysis,

the thus obtained titlé compound was judged to be (2S)-2-
_[4—[((3S)-1—acetimidoyl-3—pjrrolidinyl)oxy]phenyl]-B-(7-
amidino-2-naphthyl )propionic acid

INVENTIVE EXAMPLE 46

methvl (+)-3—(6—amiding-24indolvl)—2-[4-[((391-3—

pyrrolidinvl)oxyvlphenvl lpropionate dihydrochloride

During ice cooliné, hydrbgeh_chioride 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 solution containing 450 mg of (+)-
((2S)—l;p—toluenesulfonyl—2—pyr:olidinyl)methyl 2-{4-
[((35)—1—teft—butocha£bonyl—3—pyrrolidinyl)oxy]phenyl]-B;
(6-cyano-2-indolyl )propionate. The thus prepared mixture
was allowed to stand still for 72 hours at 5°C. Afterx
concentration to dryness under a reduced pressure at. a
temperature of 40°C orlbelow, 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.
_Affe; distilling off the solvent, the thus obtained residue

was subjected to réverséd 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
glhtion solvent. Thereafter, the thus eluted fractions of
interest were pooled,.mixedﬂwith dilute hydrochloric acid,
and then concentrated to dryness. in this way, 95 mg'of
the title compound was obtained in a solid form.

poNMR (DMSO-dg) §: 2.30 (2H, m), 3.30 (1H, dd), 3.50-3.60
(5H, m), 3.70 (3H, s), 4.20 (1H, t), 5.20 (1H, m), 6.33
(1H, s), 6.96 (2H, d), 7.33 (2H, d), 7.40 (1H, d), 7.64
(1H, d), 7.80 (1H, s), 9.30-9.80 (6H, m)

INVENTIVE EXAMPLE 47

nmethyl (=)-3-(6-amidino-2-indolyl)-2-[4-[((38)-3-

i llll I

pyrrolidinyl)oxylphenvl ]propionate dihydrochloride

This compound was prepared in accordance with the

proceduré of Inventive Example 46. |
(solid)
'H-NMR (DMSO-d¢) §: 2.30 (2H, m), 3.30 (1H, dd), 3.50-3.60
(58, m), 3.70 (3H, s), 4.20 (1H, t), 5.20 (1H, m), 6.33
(14, s), 6.96 (2H, d), 7.33 (2H, d), 7.40 (1H, d), 7.64
(1H, d), 7.80 (1H, s), 9.30-9.80 (6H, m)

INVENTIVE EXAMPLE 48

(+)-3—(6-amidino-2-indolyl)-2—[4- ((3S)-3-pyrrolidinyl)-

oxvlphenvyl lpropionic acid dihvdrochloride

1.8 g of methyl (+)-3-(6-amidino-2-indolyl)-2-[4-

[((3S)-3-pyrrolidinyl)oxy]phenyl]propionate dihydro-
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chloride was dissolved in . 60  ml of concentrated

hydrochloric acid, and the solﬁtion was stirred at 5°C for
N daYs. After concéntrating the resulting reaction
solution to dryness undex é reduced pressure at a
temperatﬁre of 50°C or beiow, the thus obtained residue was
subjected to reversed phase high performance 1liquid
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 to drfness. In this way, 1.3 g of

the title compound was obtained in a solid form.

IR (KBr): 3600-3300, 1730, 1680 cm’

INVENTIVE EXAMPLE 49

(=}-3-(6-amidino-2-indolyl)-2-{4-[((3S)-3-pyrrolidinyl)-

oxi]ghenyl]progiqnic aéid dihydrochloxide
This compdund was preparxed in accordance with the
procedure of Inventive Example 48.
(solid)
IR (KBr): 3600-3300, 1730, 1680 cm™

INVENTIVE EXAMPLE 50

"3-(5-amidino~2-benzofuranvl)-2-[4-[((3S)-1-methyl-3-

pyrrolidinyl)oxylphenvl]lpropionic acid dihydrochloride -
1.0 g of éthyl 3-(5-cyano-2-benzofuranyl)-2-[4-

[((35)-l—methyl—B—pyrrolidinyl)oxy]phényl]propionaﬁe was

- 203 -



Iy
“[Z

This Sheet Has Been R

[

dissolved in 70 ml of ethanol. During ice cooling and
stirring, hydrogen chloride was bubbled into the thus
Siepared 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 stand still at 25°C f&r
20 hours. Theréafter, the solvent was removed by
distillation to obtain ethyl 3-(5-amidino-2-benzofuranyl)-
2-[4—[((BS)-1—methyl—3—pyrrolidinyl)oxf]phenyl]propioﬁate
dihydrochloride. The ‘ﬁhus .obtained ester compound was
dissolved in 50 ml of 2 N hydrochloxic acid and refluxed
under heating for 30 minutes. After distilling off the
-solvent under a reduced pressufe, the resulting residue wﬁs
subjected to column chromatography using a cpiumn 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 dctadecyl-bqnded silica gel and using
a water/acetonitrile mixture as an elution solvent.
Thereafterx, thu§ eluted fractions qf interest wexre pooled,

mixed with dilute hydrochloric acid, and then concentrated
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to dryness. In this way, 200 mg of the title compound was
obtainéd in a solid form. - '

MR (DMSO-d;) §: 2.40-3.40 (6H, m), 2.92 (3H, m), 5.10-
5.40 (1H, br), 6.82 (1H, s), 7.01 (2H, d, J = 8.4Hz), 7.43
(2H, d, J = 8.4Hz), 7.82 (2H, s), 8.17 (1H, s), 9.34 (2H,
br), 9.53 (2H, br)

?he foliowing compounds of Inventive Examples 51

.to 82 were prepared in accordance with the procedure of
Inventive Example 50.

INVENTIVE EXAMPLE 51

2-[4-[((3S)-1-acetyl-3-pyrrolidinyl)oxylphenyl]-3-(5-

amidino-2-benzofuranyl )propionic acid hydrochloride

(solid)
'H-NMR (DMSO-dg) §: 1.90-2.38 (5H, ﬁ), 3,00;3.90 (6H, m),
4.06 (1H, t, J = 7.2Hz), 4.88 (1H, br), 6.67 (1H, s), 6.87
(28, d, J = 8.3Hz), 7.29 (2H, d, J = 8.3Hz), 7.70 (2H, s),
8.08 (1H, s), 9.20 (2H, br), 9.41 (2H, br)

_INVENTIVE EXAMPLE 52

3-(5-amidino-2-benzofuranyl)-2-7{4-[((3S)-1-dimethvyl-

carbamovl-3-pyvrrolidinyvlloxy]lphenvllpropionic acid

hvdrochloxide

(solid)
'H-NMR (DMSO-d¢) §: 1.84-2.20 (2H, m), 2.75 (6H, s), 3.00-
3.90 (6H, m), 4.09 (1H, t, J = 7.2Hz), 4.87-5.10 (1H, br),

6.68 (1H, s), 6.87 (2H, d, J = 8.75Hz), 7.29 (2H, d, J =
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§.75Hz), 7.70 (2H, s), 8.07 (1H, s), 9.23 (2H, br), 9.39
(2H, br)

“N INVENTIVE EXAMPLE 53

3-({5-amidino-2-benzofuranyl)-2-[(4-[ ((2S)-2-pyrrolidinvyl)-

methoxy]phenyl 1propionic acid dihydrochloride

(solid) _
!y NMR (DMSO-d¢) §: 1.95 (4H, br), 6.71 (1H, s), 6.97 (2H,
dy, 7.27 (2H, d), 7.71 (2H, s), 8.06 (1H, s), 9.15-9.35
(5H), 9.7 (1H) |

INVENTIVE EXAMPLE 54

'3—(5-amidino-2—benzofurénvl)-2—[4;[(tetrahvdro-3—

furanvl1oxv]phenvllpropionic acid hvdrochloride

(solid)

'H-NMR (DMSO-dg) 6: 1.6-2.4 (2H, m), 3.0-3.9 (6H, m), 4.0
(1H, dd), 4.8-5.1 (1H, m), 6.75 (1H, s), 6.9 (2H, d), 7.32
(2H), 7.77 (2H, s), 8.1 (1H, s), 9.37 (4H, d)

INVENTIVE EXAMPLE 55

3-(5-—amidino-3-methyl-2-benzofuranvyl}—-2—-[4—-[((3S)—-3—

pzrrolidingl)oxy]ghenxl]progidnic acid dihvdrochloride
(solid) | |

'H-NMR (DMSO-d;) §: 2.06 (5H, m), 5.05 (1H, br), 6.94 (2H,
.d), 7.22 (2H, d), 7.70 (2H, s), 8.08 (1H, s), 9.10-9.50
(6H, m)
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INVENTIVE EXAMPLE 56
3-(5-amidino-7-methoxy-2-benzofuranyl)-2-[4-f((3S)-3~

Pyrrolidinvl )oxylphenyl 1propionic acid dihzdrochloride_
(solid) o

4_NMR (DMSO-d¢) 5: 1.90-2.40 (2H, m), 2.90-3.80 (6H, m),
'4.03 (3H, s), 5.00-5.20 (1H, br), 6.65 (1H, s), 6.91 (2H,
d, 3 = 8.3Hz), 7.31 (2H, d, J = 8.3Hz), 7.32 (1H, s), 7.68
(1H, s), 9.16 (2H, br), 9.40 (2H, br), 9.20-10.0 (2H, br)

INVENTIVE EXAMPLE 57

- 3—(S5-amidino-3-benzofuranvl}-2-[4-[ ((3S)-3-pvrrolidinvl}-

oxylphenvylipropionic acid dihvdrochloride

(solid) | |

'H-NMR (DMSO-dg) 6: 2.1 (2H, br), 3.00-4.00 (7H, m), 5.08
(1H, br), 6.90 (2H, d, J = 8Hz), 7.30 kzn, d, J = 8Hz),
7.77 (3H), 8.22 (1H, s), 9.0-10.00 (6H)

INVENTIVE EXAMPLE 58

'5-amidino—2-[2—r4—[((38)-3-pvrrolidinvl)oxv]phenvl]ethvll—

3-benzofurancarboxvlic acid aihydrochloride

(solid)

'H-NMR (DMSO-dg¢) &: 2.07 (2H, m), 3.00-3.50 (8H), 5.05 (1H,
br), 6.85 (2H, d, J = 8.0Hz), 7.15 (2H, d, J = B8.0Hz), 7.82

(2H, s), 8.35 (1H, s), 9.30 (2H, br), 9.50 (4H, br)
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INVENTIVE EXAMPLE 59

3-[2-[2-(5-amidinobenzo[b]lthien-2-yl)ethyl]-4-ethoxy-5-

FP(35)-3—Dv;rolidinvl)oxv]phenvl]grogionic acid dihydro-

chloride
(solid)
l4-NMR (DMSO-dg) 8: 1.30 (3H, t, J = 7.0Hz), 2.00-3.90 (1l4H,
m), 4.01 (2H, q, J = 7.0Hz), 6.94 (1H, s), 6.96 (1H, s),
7.39 (1H, s), 7.79 (1H, d, J = 9.0Hz), 8.20 (1H, d, J =
9.0Hz), 8.37 (1H, s), 9.41 (2H, br), 9.59 (2H, br), 9.0-
-10.0 (2H, br)

INVENTIVE EXAMPLE 60

3-[2-[2-(5-amidinobenzo[blthien-2-y1)ethyl]l-5-((3S)=3-

pvrrolidinvl)oxV]phenvllpropionic acid dihvdrochloride

(solid) _

'Y NMR (DMSO-d;) §: 2.00-4.80 (14H, m), 5.08 (1H, m), 6.77
(1H, d, J = 8.5Hz), 6.82 (1H, s), 7.18 (1H, d, J = 8.5Hz),
7.35 (1H, s), 7.72 (1H, d, J = 8.7Hz), 8.16 (1H, d, J =
8.7Hz), 8.29 (1H, s), 9.31 (2H, br), 9.51 (2H, br), 9.3-9.8
(2H, br) | | |

INVENTIVE EXAMPLE 61

4—(S—amidinobenzo[b]thien—2—vl)—3—[4—[((38)—3—

pvrrolidinvl)oxv]phenvl]but?xic acid dihydrochloride

(solid)
'H-NMR (DMSO-dg) §: 2.00-2.30 (2H, m), 5.00-5.20 (1H, m),

6.85 (2H, d), 7.20 (lH, s), 7.25 (2H, d), 7.65 (1lH, dd),
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8.05-8.25 (2H, m)
‘ INVENTIVE EXAMPLE 62

55(5—amidinobenzo[b]thien-g:yl)—2-[4-[[ge(ethoxvca;bonvl—

imino)hexahvdropvrimidipe-Shvl]oxv]phenvllprogionic acid

dihvdrochloride

(solid) _

!'H-NMR (DMSO-dg) 6: 1.27 (3H, t, J = 7.0Hz), 3.00-4.04 (br),
4.24 (2H, q, J = 7.0Hz), 4.90-5.10 (1H, br), 6.99 (2H, d,
J = 8.3Hz), 7.34 (2H, d, J = 8.3Hz), 7.39 (1H, s), 7.68
(1H, dd, J = 9.0 and 1.8Hz), 8.10 (1H, d, J = 9.0Hz), 8.24
(1, d, J = 1.8Hz), 8.98 (2H, br), 9.23 (2H, br), 9.44 (2H,
br), 11.65 (1H, s)

INVENTIVE EXAMPLE 63

3-(5-amidinobenzo[blthien-2-y1)~2-[4-[[2-(imino)hexahydro-

pyrimidine-5-vljloxv]lphenyl Jpropionic acid dihydrochloride

(solid)

IH-NMR (DMSO-dg) §: 3.20-4.20 (3H, m), 3.44 (4H), 4.80-5.00
(14, br), 6.98 (21, &, J = 8.31Hz), 7.17 (2H, s), 7.29 (1H,
s), 7.34 (2H, d, J = 8.31Hz), 7.70 (1H, dd, J = 8.2 and
2.0Hz), 8.06 (2H, s), 8.12 (1H, d, J = B8.2Hz), 8.25 (1H,
s), 9.46 (2H, br), 9.57 (2H, br)

INVENTIVE EXAMPLE 64

13—{S-amidinobenéo[b]thien—Z-vl)—2—]4—[((ZS)—Z:pvrrol—

idinvl)methoxvlphenvl]prbpionic acid dihydrochloride

'(solid)
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l5-NMR (DMSO-dg) &: 1.95 (4H, m), 3.00-4.20 (8H, m), 6.95
(2, d, J = 8.0Hz), 7.28 (3H), 7.70 (IH, d, J = 8.0Hz),
8.06 (1H, d, J = 8.0Hz), 8.23 (1H, s), 9.20-9.50 (6H)

INVENTIVE EXAMPLE 65

3_(5-amidinobenzo[b]thien-2-yl)-2-[4-[ (4-piperidinyl)oxy]-

phenvllpropionic acid dihvdrochloride
(solid)

'H-NMR (DMSO-dg) &: 1.80-2.15 (4H, m), 3.00-3.25 (4H, m),

3.30-4.00 (3H, m), 4.60-4.70 (1H, m), 6.97 (2H, d, J
8.3Hz), 7.31 (3H, m), 7.69 (1H, dd), 8.13 (1H, d, J =
8.8Hz), 8.26 (1H, s), 9.31 (2H, br), 9.50 (2H, br), 9.00-
10.00 {2H, br) |

INVENTIVE EXAMPLE 66

3?1S—amidinobenzorb1thien—2-vl)—2—[4—[(2—aminoethvl)oxv]—

phenvl ]propionic acid dihvdrochloride

(solid)

'H-NMR (DMSO-d¢) &: 3.00-4.40 (7ﬁ, m), 6.93 (2H, 4, J =
8.3Hz), 7.29 (1H, s), 7.32 (2H, d, J = 8.3Hz), 7.67 (1H,
-dd, J = 9.0 and 1.0Hz), 8.20 (1H,ld, J = 9.0Hz),.8.32 (1H,
s), 8.10-8.60 (3H, br), 9.24 (2H, br), 9.46 (2H, br)

INVENTIVE EXAMPLE 67

3—(S—amidinobengorb]thien—2fvl)—2—[4—[2—(1—pvrrolin—2—

vllaminoethoxv]phenvl]propionic.acid dihvdrochloride

(solid)

'H-NMR (DMSO-dg) &6: 1.88-2.30 (2H, m), 2.60-3.00 (2H, m),
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"3.00-4.30 (9H, m), 6.90 (2H, d, J = 8.3Hz), 7.30 (1H, s),
7.31 (24, d, J = 8.3Hz), 7.70 (1H, dd, J = 8.50 and
1\00Hz), 8.11 (1H, d, J = 8.50Hz), 8.25 (1H, s5, 9.28 (2H,
" br), 9.48 (2H, br), 10.00 (1H, br), 10.19 (1H, br)

INVENTIVE EXAMPLE 68

3—(5-amidino-2-indolyl)-2-[4-[ ((3S)-3-pyrrolidinvloxy]-

phenvl]propionic acid dihvdrochloride

(solid) _ H

'H-NMR (DMSO-dg) &: 2.00-2.35 (2H, m), 4.00-4.30 (1H, m),
5.00-5.30 (1H, br), 6.37 (1H, s), 7.00 (2H, d), 7.40 (2H,
d), 7.60 (2H, d), 8.10 (1H, s), 11.60 (1H, s)

INVENTIVE EXAMPLE 69

3-(6—amidino-2- lndolvll 2-[4-[((3S)- 3-pvrrolld1nvl)oxv]—

phenvl Ipropionic ac1d dlhvdrochlorlde

(solid)

'H-NMR (DMSO-d¢)8: 2.20 (2H, m), 3.40 (4H, m), 5.16 (1H,
br), 6.36 (1H, s), 7:00 (2H, d), 7.27 (2H, d), 7.36-7.96
(3H, m), 9.20-9.50 (6H, m), 11.80 (1H, s)

INVENTIVE EXAMPLE 70

3-(5-amidino-2-indolv1)-2-[4-[((3R)-tetrahydro-3-

furanvloxv]phenvl Jpropionic acid hydrochloride

(solid)

‘'H-NMR (DMSO-d¢) 6: 5.00 (1H, br), 6.28 (1H, s), 6.82 (2H,

d), 7.30 (2H, d), 7.58 (2H, s), 8.00 (1H, s), 9.10 (4H),

11.8 (1H, s)
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INVENTIVE EXAMPLE 71
3_(5-amidino-2-indolyl)-2-[4-[((3S)-tetrahydro-3-

furanvl)oxylphenyllpropionic acid hydrochloride
(solid) |

H-NMR (DMSO-ds) §: 5.10 .(1H, br), 6.27 (1H, s), 6.82 (2H,
d), 7.29 (2H, d), 7.58 (2H, s), 8.00 (1H, s), 9.12 (4H),
11.8 (1H, s)

INVENTIVE EXAMPLE 72

3-(5-amidino-1-methyl-2-indolyl)-2-[4-[((3S)-3-

pyrrolidinvl)oxviphenvljpropionic acid dihydrochloride
(solid) |

'§-NMR (DMSO-d;) §: 1.90-2.25 (2H, m), 3.73 (3H, s), 5.00-
5.20 (1H, br), 6.40 (1H, s), 6.95 (2H, d), 7.40 (2H, d),
7.62 (2H, s), 8.10 (1H, s), 9.00-9.80 (6H, br).

INVENTIVE EXAMPLE 73

.3—-(6-amidino-—l-ethyl-2-indolyl)-2-~[4—-[((3S)=3-

pvrrolidinvl)oxy]phenvl]propionic'acid dihyvdrochloxide
(solid) | |

'H-NMR (DMSO-d¢) 6: 1.30 (3H, t), 1.95-2.30 (2H, m), 5.10
(1H, -m), 6.37 (1H, s), 6.92 (2H, d), 7.30-7.70 (4H, m),
8.10 (1H, s), 9.30-9.90 (6H, bxr)

INVENTIVE EXAMPLE 74

3_(6-amidino-l-ethyl—-2-indolyl)—-2-[4-[((3R)=3~

- pyrrolidinyl)oxylphenyllpropionic acid dihydrochloride

(solid)
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H-NMR (DMSO-d;) 8: 1.31 (3H, t), 2.00-4.50 (11H), 5.11 (1H,
" br), 6.38 (1H, s), 6.96 (2H, .d, J = 8.4Hz), 7.30-7.70 (4H,
™), 8.17 (1H, 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-indolyl]-2-[4—[((3S)}-3-

pyrrolidinyl)oxy]phenvlipropionic acid dihvdrochloridg
(solid) |

CH-MMR (DMso-dsj §: 2.00-5.00 (13H), 5.13 (1H, br), 6.42
(1H, s), 6.97 (2H, d, J = 8.4Hz), 7.40 (2H, d, J = 8.4Hz),
7.50-7.70 (2H, m), 8.22 (1H, s), 9.13 (2H, br), 9.39 (2H,
br), 9.50-10.00 (2H, br)

INVENTIVE EXAMPLE 76

3-(6-amidino-1,2,3,4-tetrahydro-2-naphthyl)-2-[4-[((3S)~-3-

pyrrolidinvloxv]phenvl]propionic acid dihvdrochloride

(solid)

'H-NMR (DMSO-dg) §: 1.30-4.00 (16H, m), 5.10 (1H, m), 6.94
(2H, d, J = 9.0Hz), 7.20-7.70 (5H, m), 9.18 (2H, br), 9.34
(2H, br), 9.50-10.00 (2H, br)

 INVENTIVE EXAMPLE 77

3—(5Aamidino-2—benzimidazolvl)—2—[4—[((331—3—

py;rolidinvl)oxylphenvl]prbpionic acid dihydrochloride

(solid)
'H-NMR (DMSO-dg) §: 1.98-2.28 (2H, br), 3.00-4.80 (7H, m),

 5.00-5.20 (1H, 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 (1lH, s), 9.36 (2H, br), 9.61

(2H, br), 9.40-10.10 (2H, br)

“~N INVENTIVE EXAMPLE 78

3-(7-amidino-2—naphth?l)-2—[4—[((3R)-3-Dvrrolidinv;)oxv]—

phenvyl Jpropionic acid dihydrochloride
(solid)

" '5_NMR (DMSO-dg) §: 2.00-2.20 (2H, m), 3.00-4.20 (7H, m),
5.10 (1H, br), 6.92 (2H, d, J = 9.0Hz), 7.33 (2H, d, J =
9.0Hz), 7.50-8.20 (5H, m), 8.43 (1H, s), 9.39 (2H, br),
9.60 (2H, br), 9.50-10.00 (2H, br)

INVENTIVE EXAMPLE 79

3—(7-amidino—2-naphthvl)—2—[4-[(4-piperidinvl)oxv]—-

phenvl]propionic acid dihvdrochloxide

" (solid)

'H-NMR (DMSO-d,) §: 1.70-2.20 (4H, m), 2.80-4.10 (7H, m),
4.50-4.80 (1H, 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

‘3116—amidino—l—carboxvmethvl—2—indolvl)—2—[4—[((35)—3—

p#rrolidinvl)oxv]phenvl]propionic acid dihvydrochloride

(solid)
'H-NMR (DMSO-dg) '6: 1.98-2.30. (2H, m), 2.80-3.80 (6H, m),
3.90-4.25 (1H, t), 5.00-5.50 (3H, br), 6.41 (1H, s), 7.00

'(2H, d), 7.42 (2H, d), 7.60-7.90 (2H, m), 8.30 (1H, s),
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9.10-10.00 (6H, br)
w_&l
tnamidino-2- r3—hvdrox -2-14-1((38)- 3-errolld1nvl)oxv1-

ghenzl]groggl]—1-indoleacetic acid dihvdrochloride
(solid)

'H-NMR (DMSO-dg) &: 1.95-2.20 (2H, m), 4.90-5.15 (3H, m),
*6.20 (1H, s), 6.90 (2H, d), 7.25 (2H, d), 7.57 (2H, m),
8.20 (1H, s), 9.20-9.90 (6H, bx)

INVENTIVE EXAMPLE 82

6-amidino—2;12—r4~r((3S)—3—Dvrrolidinvl)oxy]phenvl]ethvl]—

l—indoleacetic acid dihydrochloride

(solid) |

'H-NMR (DMSO-dg) §: 1.90-2.30 (2H, m), 3.10-3.50 (4H, m),
4.80-5.30 (3H, br), 6.42 (1H, s), 6.90 (2H, d), 7.25 (2H,
d), 7.60 (3H, m), 8.25 (1H, s), 9.20-10.00 (6H, br)

INVENTIVE EXAMPLE 83

ethvyl 3—(S—amidindbenzofb]thien-2—vl)Fz—ethoxvcarbonvl—2—

"[4~-[((2R)-2-pyrxrolidinv]l)imethoxylphenvl]l lpropionate

dihvdrochloride

4.34 g of ethyl 2-[4-[((2R)-1-tert-butoxy-
carbonyl-2-pyrrolidinyl)methoxy]phenyl]-3-(5-cyano-
benzo[b]thien;Z-yl)-2—ethoXycarbonylpropionate ' was
dissolved in 150 ml éf eﬁhanol. 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 distilling off the solvent
thder a reduced pressure; the thus obtained residue was
dissolved in 100 ml of ethanol solution containing 13%
(w/v) of ammonia, and the resulting sblution was ailowed to
stand still for 24 hours. "After distilling off the
.solvent, the resulting residue was subjected to column
chromatography using a qolumn packed with a highly porous
polymex ty?e synthetic adsorbent (styrene-divinylbenzene
.polymer: Diaion HP;20) and using a water/acetonitrile
hixture as an elution solvent. Fractions of interest thus
pooied were subjected to reversed phase high performance
liquid chromatography1using a column packed with octadecyl-
bonded silica gel and using a water/acetonitrilelmixture as
an elution solvent. 'Thereaftef, 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
yvellow solid.

'H-NMR (DMSO-d) &: 1.15 (6H, t, J = 7.0Hz), 2.0 (4H, br),
3.00-4.00 (3H), 3.95 (2H), 4.2 (4H), 7.00  (2H, d), 7.16
(1H), 7.31 (2H, d), 7.70 (1H, dd), 8.10 (1H, d), 8.26 (1H,
d), 9.20-9.60 (5H), 9.9-(iH)
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INVENTIVE EXAMPLE 84

3-(5-amidinobenzofbithien~2-yl)-2-[4~[ (2-imidazolin-2-

“\y1)methoxv]phenyl Jpropionic acid dihydrochloride

1.6 g of ethyl 3e(S—CYanobenzo[b]thien-z;yl)-2—
ethoxyéarbonyl-z-[4—[(2—imidazolin-2-yl)methoxy]-
phenyl]prbpionate was dissolved in- 100 ml of ethanol.
During ice cooling and stirring, hydrogen chloride was
bubbled into the thus prepafed solution to a saturation
level. The thus saturated éolufiﬁn-was allowed to stand
still at 5°C for 18 hours. After disfilling off the
solvent under a reduced pressure, the thus obtained residue
was dissolved.in 100 ml of ethanol solution containing.l3%
(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-(5-
amidinobenzo[b]thien-2-yl)-2-ethoxycarbonyl-2-[4-[ (2-
imidazolin-2-yl)methoxy]pheényl ]propionate dihydrochloride.

'The thus obtained ester compound was dissolved in 50 ml of
Sﬁ hydrochloric acid, and the solution was refluxed under
heating for 1 hour. After diétiiliné off the solvent, the
resulting residue was éubjected to column chromatography
using a column packed with a highly pbrous polymer type
synthetic adsorbent (stYrene—divinylbenzene polymer: Diaion
_ﬁP-ZO)_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 pe;férmance liquid chromatography

using a column packed with octadecyl-bonded silica gel and
“\using a water/acetonitrile mixture as an elution solvent.
Thereafter, the thus éluted-fractions of interest were
pooled, mixed. with dilute hydrochloric acid, and then
concentrated to dryness. Ih this way, 200 mg of the title
compound'was obtained in the form of a light yellow solid.
'{_NMR (DMSO-dg) 6: 3.35- (1H, dd), 3.65 (1H, dd), 3.89 (4H,
s), 3.99 (1H, t), 5.07 (2H, s), 6.98 (2H, d), 7.32 (1H, s),
7.37 (2, d), 7.66 (1H, d), 8.12 (iH, d), 8.21 (1H, s),
9.10 (2H), 9.39 (2H); 10.38 (2H)
The following compounds of Invehtive Examples 85
and 86 were prepared in accordance with the procedure of
Inventive Example 82.

INVENTIVE EXAMPLE 85

3—(S—amidinobenzorb]thien—zévl)—2—[4—[((38)—3—

pyrrolidinyl)thio]lphenyljpropionic acid dihydrochloride

(solid)

'H-NMR (DMSO;ds) §: 1.5-4.5 (10H, m), 6.95 (2H, d), 7.32
(1H, s), 7.40 (2H, d), 7.71 (1H, d),  8.13 (1H, d), 8.28
(1H, s), 9.3 (2H, br), 9.5 (2H, br), 9.8 (2H, br)

INVENTIVE EXAMPLE 86

3—(S—amidino—2—benzothiazolvl)-2-[4—[(135)—3-

pvrrolidinvl)oxv]phenvl]prqpionic acid dihyvdrochloxide

(solid)
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'H-NMR (DMSO-d;) §: 2.08 (2H, br), 3.00-4.25 (7H), 5.10 (1H,
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br), 6.95 (2H, d), 7.34 (2H, d), 7.82 (1H, dd), 8.29 (1H,
~d), 8.41 (1H, d), 9.20-9.60 (6H)
| FAB MS (m/z): 411 (M* + 1)
INVENTIVE EXAMPLE 87
2-[4-1((3S)-1-acetimidoyl-3-pvrrolidinyl)oxy]phenvl] ;3— (5-

amidino-z-benzofurénzl )propionic acid dihydrochloride
1.1 g of 3-(5-amidino'-z—benzofuranyl)—2—[4-

[(( 38 )-3-pyrrolidinyl )oxy]phenyl ]Jpropionic acid dihydro-
chloride was dissolved_.ih 20 ml  of water. During ice
cqoling and stirring, 1.4 'g of ethyl acetimidate
hydrochloride was add_ed gradually to the thus prepared
solution while adjusting the pﬁ of the solution to 8.5 with
1l N sodium hydroxide agueous solution. The resulting
mixture was stirred for 15 ininutes with ice cooling, and
then adjusted to pH 2.0 with dilute hyd.rochloric acid.
After concentrating the resulting reaction solution to
dryness, the thus obtained ' residue .was subjected to
reversed phase high performance liquid chromatography usihg_
a colﬁmn packed with octadecyl-bonded silica gel and using.
a water/écetonitrile mixture as -an elution solvent.
Thereafter, the thus eluted fractions of interes.t wére
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.
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JH-NMR (DMSO-d;) &: 1.90-2.40 (5H, m), 2.90-4.30 (7H, br),

4.36 (1H, br), 6.73 (1H, s), 6.93 (2H, d, J = 8.8Hz), 7.33
“\(2H, d, J = 8.8Hz), 7,73-(2H,'s); 8.10 (1H, s), 8.50-8.80
(1H, br), 9.33 (2H, br), 9.46 (3H, br)

The following compoundsfof Inventive Examples 88
to 91 were preéared in accordance with the_procedufe of
Inventive Example 87. |

INVENTiVE EXAMPLE 88
2-f4-T((3S)-1-acetimidoyl-3-pyrrolidinyl)oxy]phenyl]-3-(5-
ggidinobenzorb1thien~2-zl)Qrogionic acid dihydrochloride
(solid) -

'H-NMR (DMSO-ds) §: 2.00-2.50 (5H, m), 3.10-4.20 (7H, m),
4.96 (1H, br), 6.93 (2H, d, J = 7.9Hz), 7.29 (1H, s), 7.34
(24, d, J = 7.9Hz), 7.73 (1H, d, J = 8.3Hz), 8.10 (1H, d,
J = 8.3Hz), 8.30 (1H,.s),_8.50;9.30 (18, br), 9.37 (2H,
br), 9.54 (2H, br)

INVENTIVE EXAMPLE 89

2-[4-[((3S)-1l-acetimidoyl-3-pyrrolidinyl)oxy]phenyl ]—-3—(5-

amidino-2-benzothiazolyl )propionic acid dihydrochloride
(solid) e

'H-NMR (DMSO-ds) §: 2.00 (2H, br), 2.26 (1.5H), 2.30 (1.5H),
3.00-4.25 (7H), 5.17 (1H, br), 6.99 (2H, d), 7.31 (2H, d),
7.88 (1H, d), 8.25 (1H, d), 8.44 (1H, d), 8.50-(1H), 9.33
(2H, br); 9.55 (2H;-br)

INVENTIVE EXAMPLE 90
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2-[4-[((3R) - 1-acetimidoxl-3-pxrrolidinzl)oxz]phenvl]—3—{6-
amidino-l-ethyl- 2—1ndolzl)groplon1c ac1d dlhydrochlorlde

*\(solld)
IH_NMR (DMSO-dg) &: 1.31 (3H, t, J = 7.0Hz), 2.15-2.40 (2H,
m), 2.28 (1.5H), 2.31 (1.5H), 3.15 (1€, 4d), 3.40-4.05
(5H), 4.10 (1H, t), 4.28 (2H, m), 5.16 (0.5H, br), 5.22
' (0.5H, br), 6.40 (1H, s), 6.97 (2H, dd), 7.40 (2H), 7.48
(1H, d, J = 8.3Hz), 7.62 (1H, d, J = 8.3Hz), 8.13 (1H, s),
8.50 (0.5H, s), 8.59 (0.5H, s), 8.98 (2H, s), 9.32 (2H, s),
© 9.25-9.35 (1H)

INVENTIVE EXAMPLE 91

2—[4—[((BS)—1—acetimidovl;3-DVrrolidinvl)oxv]phenvl1—3-(7-

amidino-2-naphthvl propionic acid dihydrochloride

(solid)

IH-NMR (DMSO-d¢) 6: 2.00-2.40 (5H, m), 2.90-4.10 (7H, m),
5.15 (1H, br), 6.93 (2H, d, J = 8.0Hz), 7.33 (2H, d, J =
8.0Hz), 7.50-8.40 (6H, m), 8.50-8.70 (1H), 9.30 (3H, br),
9.55 (2H, br) |

INVENTIVE EXAMPLE 92

2:{4—[((2R)—1—acetimidovi—2-pvrrolidinvl)methoxv]phenvl]—B—

(5-amidinobenzo[b]lthien-2-vl)propionicacid dihvdrochloride

1.0 g of. ethyl'3-—(5-amidinobenzo[b]thien-—2—yl ) -'_2—
_ethoxycarbonyl-2-[4-[((2R)-2-pyrrolidinyl)methoxy]-
phenyl ]propionate dihydrochloride was dissolved in 20 ml of

ethanol, followed by the addition of 0.42 g of ethyl
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acetimidate hydrochloride. 0.51 'g-of triethylamine was

added to the thué preparedisolﬁtion during stirring under

“4ce cooling, and the reéulting mixturé was warmed up to
room temperature and stirred for 18 hours. Thereafter, the
solvent was distilled off to obtain ethyl 2-[4-[((2R)-1-
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
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. Fractions of interest were
pooled'and concentrated, and the resulting residue was
subjected to reversed phase high performance 1liquid
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. 1In this waf, 360 mg of
the title compound was obtained in the form of a light
yellow solid. |

'H-NMR (DMSO-d¢) 6: 2.00 (4H, br), 2.24-2.43 (3H), 3.00-4.00
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(5H), 4.00 (2H), 4.50 (1H, br), 6.90 (2H, d), 7.30 (3H),

7.70 (1€, 4), 8.10 (1H, d), 8.23 (1H, s), 9.20-9.60 (5H, m)
“N INVENTIVE EXAMPLE 93 |
3-(S-amidinobenzo[b]thien;g—vlS-Z-[4-I((3S)-1—behzimidozl—
3-pyrrolidinyl )oxy]phenyl ]propionic qcid dihydrochloride
1.0 g of ethyl 3-(5-amidinobenzo[b]thien-2-yl)-2-

[4-[((3S)-3-pyrrolidinyl)oxy]lphenyl ]propionate
dihydrochloride was dissolved in 15 ml of ethanol. To this
solution was added 773 mg of ethyl benzimidate hydro-
chloride which has -beenl 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 stirring under' ice cooling, and the -mixture
was warmed up to -room temperature, and stirred for 18
hours. Thereafter, the solvent was distilled off to obtain
ethyl  3-(5-amidinobenzo[b]thien-2-yl)-2-[4-[((38)-1-
benzimidoyl-3-pyrrolidinyl)oxy]phenyl]propionate
dihydrochloride. The thus obtainea ester compound was
dissolved in 60 ml of 3 N hydréchloric acid and refluxed
under heating for 30 ‘minutes. After- distilling off the
solvent, the resulting residue was subjected to column
chromatography using a column packed with a highly porous
polymer type syntﬁetic adsorbent ° (styrene-divinylbenzene
pélymer: Diaion HP—.20) and using a water/acetonitrile

mixture as an elution solvent. Fractions of interest were
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pooled and concentrated, and the ;esulting.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 hydrochlorlc acid,
end then concentrated to dryness. In this way, 350 mg of
the title compound was obtained in the form 'of a light
yellow solid.
IH_-NMR (DMSO-d) 8: 2.00-2.80 (2H, m), 3.00-3.30 (7H, m),
4.04 (0.5H, br), 4.30 (0.5H, br), 6.80-7.90 (11H, m), 8.12
(1H, d, J = 8.3Hz), 8.30 (1H, s), 9.20-9.70 (6H, m)

| The foliowing compounds of Inventive Examples 94
to 100 were prepared in accordance with the procedure of
Inventive Example 93.

INVENTIVE EXAMPLE 94

3-(5-amidinobenzol[b]lthien-2-y1l)-2-[4-]((3S)-1-n-hexan-

imidovl—3—pvrrolidinvi)okv]phenvl]propionic acid di-
" hydrochloride |

(solid)

'H-NMR (DMSO-ds) &: 0.80-0.95 (34, m), 1.20-1.40 (4H, m),
1.4541.70 (2H, m), 2.15-2.40 (2H, m), 2.45-2.60 (2H, m),
3.25-3.90 (6H, .m), 3.96 (1H, t J = 7 5Hz), 6.85-7.00 (2H,
m), 7.25-7.40 (3H, m), 7.69 (1H,. dd J = 8.3 and 1.5Hz),

8.11 (1H, d, J = 8.3Hz), 8.25 (1H, 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[bjthien-2-y1)-2-[4-[((3S})-1l-cyclo-

propanecarboximidoyl-3-pyrrolidinyl)oxviphenvl Ipropionic

acid dihvdrochloride

(solid)

H-NMR (DMSO-dg) §: 0.90-1.30 (3H, m), 1.80-4.10 (10H, m),
5.10-5.30 (1H, m), 6.96 (2H, d, J = 8.4Hz), 7.32 (1H, s),
7.36 (2H, d, J = 8.4Hz), 7.71 (1H, d, J = 7.4Hz), 8.14 (1H,
d, J = 7.4Hz), 8.29 (1H, s), 8.40-8.70 (2H, m), 9.36 (2H,
br), 9.52 (2H, br) | |

INVENTIVE EXAMPLE 96

2-[4-T1((28)-1-acetimidoyl-2-pyvrrolidinyl )methoxy]lphenvl ]-

3-({5-amidinobenzo{bithien-2-v1)propionic acid dihydro-

chloride

(solid) ,

'H-NMR (DMSO-d¢) 6§: 2.05 (4H, br), 2.25-2.43 (3H), 3.00-4.50
(8H), 6.95 (2H), 7.30 (3H), 7.70 (1H, d), 8.10 (1H, d),
8.25 (1H, s), 8.60 (1H, s), 9.20-9.60 (5H, m)

INVENTIVE EXAMPLE 97

2-[4-[(1-aCetimidon—4—piperidinvl)oxv]ﬁhenv11—3—t5-

amidinobenio[b]thien—z-vl)propionic acid dih&drochloride
(solid)
'H-NMR (DMSO-d¢) §: 1.65-2.10 (4H, m), 2.32 (3H, s), 3.20-

4.00 (7H, m), 4.60-4.70 (1H, m), 6.96 (2H, d, J = 8.3Hz),

.~ 225 -




_—
This Sheet Has Been R, THIS SHEET HAS BEEN

i

7.30 (3H, m), 7.69 (1H, d, J = 8.3Hz), 8.10 (1H, d, J =

8.3Hz), 8.26 (1H, s), 8.95 (1H, s), 9.32 (2H, br), 9.52
(28, br) Lo
INVENTIVE EXAMPLE 98

g:r4-1(1-acetimidov1-4-piperidinvl)oxvinhehvl1-3—(6-

amidino-l-ethyl-2-indolyl )propionic acid dihvdrochloride
H-NMR (DMSO-dg) &: 1.30 (3H, t, J =.7.0Hz), 1.73-2.10 (4H,
m), 2.31 (3H, s),.3.10 (1H, m), 3.30-3.80 (S5H), 4.05 (1H,
t), 4.30 (2H, m), 4.70 (1H, br), 6.38 (1H, s), 6.97 (2, d,
J = 8.5Hz), 7.37 ;2H; d, J = 8.5Hz), 7.48 (1H, d, J =
8.3Hz), 7.61 (1H, 4, J = 8.3Hz), 8.14 (1H, s), 8.86 (1H,
br), 9.15-9.50 (5H, m)

INVENTIVE EXAMPLE 99

3<L7—amidino-2—naphthyl)-2:14:1((3S)-14butanimidqyl—3-

pyrrolidinyl)oxy]phenyljpropionic acid dihydrochloxide
(solid)

IH-NMR (DMSO-ds) &: 0.60-4.00 (16H), 5.00 (1H, br), 6.79
(2H, d, J = 8.0Hz), 7.21 (2H, d, J = 8.0Hz), 7.30-8.10 (5H,
m), 8.34 (1H, s), 8.30 (1H, s), 8.40-8.70 (1H), 9.00-10.00
(5H) |

INVENTIVE EXAMPLE 100

3—17—amidino—2—naphthvl)—2:;4—[1135)-1;benzimidovl—3—

gzrrolidinzl)oxz]ghenxl]gropionate acid dihydrochloride
(solid) |

IH-NMR (DMSO-d;) §: 2.00-4.10 (9H), 4.90 (0.5H, br), 5.20
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(0.5H, br), 6.70-8.10 (14H, m), 8.32 (1H, s), 9.10-9.50

(4H)
“N INVENTIVE EXAMPLE .101

3-(5 —amldlnobenzorb]thlen- -v1)-2-[4-[[(38)-1-(N-methyl-

acetimidoxl)-3-gxrrolidinvl]oxvlphenvl]Dropionic acid
dihydrochloride |
2.0 g of 3;(S—amidinobenzo[b]th..:Len—Z—;-yl)-2—[4—
[((3S)-3—pyrrolidinyl)6xY]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 B@én&prepared

in accordance with the procedure disclosed in The Journal

of Organic Chemistry (vol.33, ppﬂ1679—i681, 1968), while
maintaining the pH ievel of the solution at 8.5 with 2 N
sodium hydroxide aqueous solution. After distilling off
the solvent, the resulting residue Qas washed with di—
chloromethane.and then 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 watexr/acetonitrile mixture as an elution
solvént, thereby effecting desalting. "Fractions of
interest thus pooled were subjected to reversed phase high
performance liquid chromatography using a éolumn 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 pasSihg through a Cl1 type of
“strohgly basic ion'exéhange resin (Diaion SA-10, Nippon

Rensui Co., Ltd.); I‘n this way, 370 mg of the title

compound was obtained in a solid form.

IH-NMR (DMSO-dg) &: 2.00-2.44 (2H, m), 2.30 (1.5H), 2.33

(1.5H), 2.98 (3H), 3.06-4.20 (7H, m), 5.00-5.40 (1H, br),

6.92 (2H, d, J = 8.3Hz), 7.28 (1H, s), 7.33 (2H, d, J =

8.3Hz), 7.72 (1H, d, J = 9.0Hz), 8.06 (1H, d, J = 9.0Hz),

8.28 (1H, s), 8.8-9.20 (1H, br), 9.23 (2H, br), 9.50 (2H,

be) .

INVENTIVE EXAMPLE 102

3-(5-amidino-2-benzofuranyl)-2-[4-[ ((2R)-2-amino-1-

butvloxviphenvl lpropionic acid dihvdrochloride

In 300 ml of tétrahYdrofuran 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-1-
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 xroom temperature for 18

hours. After concentrating the thus prepared xeaction

- 228 -



e _q.r

THmsmmTHA

S
R EPLACr BEEN

eet Has Been Replaced

T

. solution to dryness, tﬁe resultihg residue was pﬁrified by
subjecting it to siliéa gél-column chromatography using a
-toluene/ethyl acetate mixture as a developing solvent,
thereby obtaining 660 mg of ethyl 2-[4-[((2R)-2-tert-
butoxycarbonylamino-1- butyl)oxy]phenyl] ~3-~(5-cyano-2-
benzofuranyl)propionate in a colorless and oily form.
Thereafter, 660 mg of ethyl 2-[4-[((2R)-2-tert-
butoxycarbonylaminofl—butyi)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 titie compound in a solid
form. . |
H-NMR (DMSO-d) 6: 1.04 (3H, t), 1.70 (2H), 3.0-4.2 (6H),
6.71 (1H, s), 6.99 (2H, d), 7.27 (2H, d), 7.72 (2H, s),
8.07 (1H, s), 8.3 (3H, br), 9. 34-9.40 (4H)
INVENTIVE EXAMPLE 103

3-({5-amidino-2-benzofuranyl)-2-{4-[((28)-2-amino-1-

butyl)oxy]phenvl]propionate 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-l-butanol.
H-NMR (DMSO-dg) &: 1.04 (3H, t), 1.70 (2H), 3.0-4.2 (6H),

6.68 (1H, s), 6.96 (2H, d), 7.24 (2H, d), 7.70 (2H, s),
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8.05 (1H, s), 8.4 (3H, br), 9.40 (4H, br)

INVENTIVE EXAMPLE 104

““3-[4=[ ((3S)-1l-acetimidoyl-3-pyrrolidinyl)oxylphenyl]-4-

{S-QQLdinobenzorb]th;en-zézl)butvf;g acid dihydrochloride

"1 ml of thionyl chloride was added dropwise to 50
ml of ethanol. With sﬁirring at room temperature, to this
solution was added 1.0 g of 4-(5-amidinobenzo[b]thien-2-
yl)—3-[4—[((3S)-3-pyrrolidinyl)oxy]phenyl]buﬁyric dihydro-
chloride, followed by refluxing under heéting for 1 hour.
After cooling and subsequent removal of the solvent by
distillation, the thus prepared reaction ‘solution was
thoroughly dried under a'reduced pressure to obtain ethyl
4-(S-amidinobeﬁzo[b]thién—2-yl)—3—[4—[((35)—3—pyrrolidin—
yl)oxy]lphenyl]butyrate dihydrochloride. The thus obtained
ester compound was dissolved in 20 ml of tetrahydrofuran.
During ice cooling aﬁd stirring, Fhe ;hus prepared solution
was mixed with triethylamine and then with 360 mg of etﬁyl
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 (sﬁyrene—divinylbenzene'polymer: Diaion
HP-20) and using a water/acetonitrile mixture as an elution
solvent. Fractions of inﬁerest 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 distiiling off the solvent, the
-“resulting residue was subjected to célumn chromatogréphy
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
sol&ent.  The fractions of interest were pooled and
subjected to reversed ~phase high performance liquid
chrdmatography 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 wére pooled, mixed with dilute hydrochloric acid,
and then concentrated to dryness. In this wéy, 850 mg of
the title compound was obtained in a solid form..
H-NMR (DMSO-dg) 8:.2.0-2.45 (24, m), 2.32 (3H, d), 2.5-2.9
(24, m), 3.1-4.0 (7H, m), 5.1-5.35 (1H, m), 6.92 (2H, d),
7.30 (2H, d), 7.8 (1H, d), 8.20 (1H, d), 8.37 (1H, s), 8.6-
8.9 (1H, m), 9.30—9.80 (5H)
FAB MS (m/z): 465

INVENTIVE EXAMPLE 105

2_[4—[ ((38)-1-(acetimidoy]l—3-pyrrolidinyl)oxy]phenyl]=3-

{6—amidino—l—ethvl—z—indolvl)propionicaciddihvdrochloride
This compouﬁd was prepared in accordance with the
procedure of Inventive Example 104.

(solid)
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m), 6.42 (1H, s), 7.00 (2H, d), 7.45 (2H, d), 7.60 (2H, m),
*'\8 30 (1H, s), 8.70 (1H, br), 9.25-9.80 (5H)
INVENTIVE EXAMPLE 106

3-[4-[((3S)-1-acetimidoyl- 3-gzrrolld1nxl)oxz]phenzl]-z-(s-_

amidinobenzo[blthien-2-vl)propionic acid dihydrochloride

2.0 g of ethyl 3-[4~-[ ((3S)-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; hydrogeﬁ chloride was bubbled into
the thus prepared solution to a saturation level. The
resulting solution was allowed to stand still at xroom
temperature for 18 hours. After distilling off the
solvent,'thelthus obtained residue was dissolved in 100 ml
of ethanol solution containing 13% ammonia, ahd the -
solution was allowed to stand still for 18 hours. After
distilling off thé solvent, the resulting residue was
subjected to column chromatography using a column packed
with a highly porous polymer type synthetic adsorbent
(styréne—divinylbénzene_polymér: Diaion HP-20) and using a
water/acetonitrile mixture as én elution solvent, thereby
obtaining 1.1 g'of ethyl 2-(5-amidinobenzo[b]thien-2-yl)-
3—[4—[((3S)—3—pyrrolidinyl)oxy]phenYl]propiohate 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
“ﬁtirring 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'subsequentl& 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.
Fractions of interest thus pooled were subjected to
reversed phase hlgh.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, 490 mg of the title
compound was obtained in a solid form.
'H-NMR (DMSO-d¢) &: 2.1-2.4 (2H, m), 2.22 (1.5H), 2.29
(1.5H), 3.08 (1H, dd, J = 13.7 and 7.8Hz), 3.30-4.00 (5H,
m), 4.36 (1H), 5.00-5.20 (1H), 6.80-6.90 (2H, m), 7.15-7.25
| (2H, m), 7.44 (1H, s), 7.72 (1H, d, J = 8.3Hz), 8.15 (1H,
d, J = 8.3Hz), 8.32 (1H, s), 8'.158_ (0.5H), 8.66 (0.5H), 9.32
(2, br), 9.38 (0.5H), 9.45 (0.5H), 9.50 (2H, br):
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The following compounds of Inventive Examples 107

to 110 were prepared in accordance with the procedure of
“\Inventive Example 106.

INVENTIVE EXAMPLE 107

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

amidino-?—ﬁaphthxl)progionic acid dihzdrochloridé

(solid)

lH-NMR (DMSO-d;) &: 2.00-2.40 (5H, m), 2.90-4.10 (7H, m),
' 5.20 (1H, br), 6.93 (2H, d, J = 8.0Hz), 7.33 (2H, d, J =

e;oﬁz), 7.56 (1H, d), 7.70-8.20 (4H, m), 8.45 (1H, s),

8.50-8.80 (1H), 9.45 (3H, br), 9.63 (2H, br)

INVENTIVE EXAMPLE 108

2-[4-[(1l-acetimidoyl-4-piperidinyl)oxylphenyl]-3-(7-

gmidino-zénaphthvl)Dropionic acid dihydrochloride

(solid) _

IH-NMR (DMSO-dg) 6: 1.50-2.10 (4H, m), 2.31 (3H, s), 3.00-
4,20 (7H, m), 4.60-4.80 (1H, m),'s.ss (26, d, J = 9.0Hz),

7.31 (2H, d, J = 9.6Hz), 7.50-8.50 (6H, m), 8.93 (1H), 9.45

(3H, br), 9.62 (2H, br)

INVENTIVE EXAMPLE 109

3-(7-amidino-2- naphthvl)—2 (4-[ (1~ butanlmldovl 4 —

piperidinvl)oxv]phenvl]propionic acid dihvdrochloride
(solid) |
'H-NMR (DMSO-d¢) &: 0.96 (3H, t, J = 7.0Hz), 1.57 (2H, m),

1.71 (2H, br), 2.03 (2H, br), 2.52 (2H, t), 3.18 (1H, m),
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3.40-3.90 (5H), 4.00 (1H, t), 4.68 (1H, br), 6.96 (2H, d,

J = 8.0Hz), 7.30 (2H, d, J = 8.0Hz), 7.60-8.40 (6H, m),
-<8.86 (1H), 9.32 (3H, br), 9.58 (2H, br)

INVENTIVE EXAMPLE 110

g—[4-r((2R,4S)-1-acetimidovlfg-methvl—4-pvrrolidinvl)-'

Q§V1Dhenvl]-3—{5-amidinobenzofb1ihien-2-vl)propionic acid
dihydrochloride |

(solid)

'H-NMR (DMSO-d¢) &: 1.35 (3H, m), 2.27 (1.5H, s), 2.37
(1.5H, s), 5.10-5.50 (1H, 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-(S—amidinobenzo[b]thien—Z—vl)-2;14-[((25)—5—oxo-g:
pzrrolidihzl)methoxz]ghenyl]éroéiohié acid hydrochloride

a) 3.2 g of ethyl 2-[4-[((2S)-l-tert-butoxy-

éarbonyl—seoxo-2—pyrrolidinyl)methoxy]phenyl]-B-(S-
.cyanobenzo[b]thien-z-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 reéction 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

hours. Thereafter, the solvent was removed by distiliation
~go obtain ethyl 3-(S-amidinobenzo[b]thien—2-yl)-2-[4-
[((2S)—5—oxo-2—pyrrolidiny1)metho;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 resulting mixture was added 1.6
g of 2—(tert-butoxycarbonylimino)-2-phenylacetqnitrile 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 and 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—butdxy-"
carbonyl)aminoiminomethflpenzo[b}thien—Z-yl]—ZQ[4—[((28)—5~
oxo-2—pyrrolidinyl)methoxf]phenyl]propionate in a solid
form.
1H-NMR (cnci3) §: 1.18 (3H, t), 1.58 (9H, s), 1.80-2.50 (4H,
m), 3.28 (1H, dd), 3.70 (1H, 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-ox0-2-
pyrrolidinyl)methbxy]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
“distilling off ﬁhe solvent, the thus obtained residue was
dissolved in 10 ml 6f concentrated hydrochloric acid, and
the solution was stirred at room-temperature for 1 hour.
After distilling dff the solvent, the resulting residue was
subjected to column chfomatography using a column packed
with a highly poroﬁs 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 hydrochloric acid, and then concentfated to
dryness. In this way, 1.1 g of the fitle compound was
obtained." ' .
IH-NMR (DMSO-dg) &: 1.70-2.30 (4H, m), 6.90 (2H, d), 7.29
(28, d), 7.30 (1H, s) | |
FAB MS (m/z): 438 (M" + 1)

INVENTIVE EXAMPLE 112

_ oy
| 2—[2—[4—[14—imidazolvl)methoxv1Dhenvl1ethvl]-S-benzofuran—“

carboxamidine dihydrochloride

3.53 g portion of 2-[2—[4—[(1-tri£yl—4—
imidazolyl)methoxj]phenyl]ethyl]—S—benzofurancarbonitrile
was dissolved in a solvent mixtﬁre of 150 ml of ethanol and'
100 ml of dichloromethane. Hydrogen chléride 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'solﬁent, the thus obtained residue was
dissolved in an ethanol solution oontaining 15% (w/v). of
ammonia, and the solution was stirred at room temperaturé
for 80 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
(styrené—divinylbenzene polymér: Diaion HP-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 ﬁsing a column oacked
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. .

In this way, 730 mg of the title compound was obtained in
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the form of a light yellow solid.

IH-NMR (DMSO-d¢) §: 2.95 (4H, m), 5.12 (2H, s), 6.72 (1H,
~¢), 6.94 (2H, d, J = 8.7Hz), 7.20 (2H, d, J = 8.7Hz), 7.72
(2H, s), 7.75 (1H, s), 8.08 ‘(1H, s), 9.13 (3H, br), 9.38
(2H, br) .
' INVENTIVE EXAMPLE 113

2-r2rr4-r((3S)-3-Dvrrolidinvl)oxv]phenvl]ethvl1—6-

' indolecarboxamidine dihvdrochloride

650 mg of 2-[2-[4-[( (lBS)-l-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.sﬁbjected to reversed phase high
performance liquid chromatography using a column packed
with octadecyl-bonded silica gel and using a water/aéeto—
nitrile mixture aé an elution solvent. Thereafter, the
thus eluted fractions of intereSt were pooled, mixed with

dilute hydrochloric acid, and then concentrated to drynmess.
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In this way, 90 mg of the title compound was obtained in

the form of cryspals.

“mp: 229 to 233°C
IH-NMR (DMSO-d¢) §: 1.95-2.35 (2H, m), 5.00-5.30 (1H, br),
6.36 (1H, s), 6.80-7.80 (7H, m), 8.00 (1H, s), 9.30-9.60
(6H, br)

The following compounds of Inventive Examples 114
to 121 were prepared in accordance witﬁ-the procédure of
Inventive Example 113.

INVENTIVE EXAMPLE 114

2-[3~ hvdroxv—2 [4-T((3S)- 3—pvrrolld1nvl)oxv1phenvl1propvl]—

6— 1ndolecarboxam1d1ne dihvdrochloride

(solid)

'H-NMR (DMSO-dg) &: 1.97-2.30 (2H, m), 2.90-4.60 (9H, m),
5.00-5.20 (1H, br), 6.22 (1H, s), 6.90 (2H, d), 7.18-7.70
(2H, m), 7.96 (1H, s), 9.10-9.90 (6H, br), 11.05 (1H, s)

INVENTIVE EXAMPLE 115

2—[2—[4—[1(2—pvrazinvl)amino]carbonv}1Dhenvl]ethvl]—5-
benzofurancarboxamidine dihydrochloride

(solid)

%H;NMR (DMSO-d¢) &: 3.20 (4H, s), 6.78 (1H, s), 7.08 (1H,
br), 7.48 (2H, d, J = 7.9Hz), 7.80 (2H, s), 8.03 (2H, d; J
= 7.9Hz), 8.12 (1H, s), 8.40-8.60 (2H, m), 9.25 (2H, br),
9.39 (3H, br), 11.05 (1H, s)

INVENTIVE EXAMPLE 116
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2-[2-[4-[(l—imidazolgl)methxl]ghenzl]ethvl]—S-behzofﬁran--
carboxamidine dihvdrochloride
“Nsolid)

'H-NMR (DMSO-d,) §: 3.10 (4H, s), 5.45 (2H, s), 6.72 (1H,
s), 7.24 (24, d, J = 8.3Hz), 7.40 (28, d, J = 8.3Hz), 7.66
(1H, s), 7.72 (2H, s), 7.80 (1H, s), 8.12 (1H, s), 9.30
(2H, br), 9.45 (3H, br) '

AINVENTIVE EXAMPLE 117

2-[2-[4-[ (4-methyl-l-piperazinyl)carbonyl jphenyljethyl]1-5-

benzofurancarboxamldlne dihydrochloride
'H_NMR (DMSO-dg) 8: 2.80 (3H, s), 4.09 (4H, s), 3.10 (4H,
br), 4.00 (4H, br), 6.74 (1H, s), 7.36 (4H, s), 7.74 (2H,
s), 8.12 (1H, sj, 9.28 (2H, br), 9.48 (2H, br)

INVENTIVE EXAMPLE 118

3-[3-[4-[((3S)-3-pyrrolidinyl)oxy]phenvl ]lpropyli-5-

benzofurancarboxamidine dihydrochloxride

(solid)

!H-NMR (DMSO-d,) §: 2.10 (4H, m), 2.70 (4H, m), 3.30 (4H),
5.07 (1H, br), 6.90 (2H, d), 7.15 (2H, d), 7.79 (2H, s),
8.00 (1H, s), 8.23 (1H, s), 9.20-9.80 (6H, br)

INVENTIVE EXAMPLE 119

2-[[4-[(4-piperidinv]loxv]phenvl Imethvl]-5-benzofuran-

carboxamidine dihydrochloride

(solid)

'H-NMR (DMSO-dg) §: 1.70-2.20 (2H, m), 2.70-3.30 (4H, m),
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4.14 (2H, s), 4.60-4.80 (1H, m), 6.79 (1H, s), 6.97 (2H, d,

J = 9.0Hz), 7.26 (2H, d, J = 9.0Hz), 7.74 (2H, s), 8.13
~(1H, s), 9.30 (2H, br), 9.44 (2H, br), 9.00-9.60 (2H, br)
INVENTIVE EXAMPLE 120

2-12-14-[ ((38)-1-acetyl-3-pyrrolidinyl)oxy]-3-hydroxy-

phenvyljethyl]- 5-benzofurancarboxamldlne hydrochlorlde

mp: 175 176°C _
'H-NMR (DMSO-ds).S: 1.80-2.20 (54, m), 2.70-3.80 (8H, m),
4.88 (1H, br), 6.60 (1H, d, J = 8.3Hz), 6.77 (1H, s), 6.82
(1H, d, J = 8.3Hz), 7.72 (1H, d, J = 8.1Hz), 7.80 (1H, d,
J = 8.1Hz), 8.08 (1H, s), 8.90-8.98 (1H), 9.23 (2H, br),
'9.40 (2H, br)

: INVENTIVE EXAMPLE 121

2-[2-[4-[(4-(N-acetyl)aminomethyvlcyclohexyl)methoxy]-

phenvl lethyl 1-5-benzofurancarboxamidine hydrochloride

(solid) |

H-NMR (DMSO-ds) §: 0.70-2.00 (10H; m), 1.83 (3H, s), 2.75-
3.20 (6H, m), 3.70 (2H, d, J = 5.7Hz), 6.64 (1H, s), 6.77
(2H, d, J = 8.8Hz), 7.15 (2H, d, J = 8.8Hz), 7.65-7.68
(3H), 8.04 (1H, s), 9.00 (2H, br), 9.31 (2H, br)

INVENTIVE EXAMPLE 122

2-[2-[4-[ ((3S)-1-formimidoyl-3-pyrrolidinvl)oxy]phenyl]-

ethyl]-5-benzofurancarboxamidine dihydrochloride
a) The procedure of Inventive Example 100 was

followed to synthesize 2-[2-[4-[((3S)-l-tert-butoxy-
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carbonyl-3-pyrrolidinyl)oxy]phenyl]lethyl]-5-benzo-

furancarbonitrile.

“4H-NMR (CDCl;) 6: 1.66 (9H, sj,'3.04 (4H, s), 3.30-3.70 (4H,
br), 4.85 (1H), 6.40 (1H, s), 6.80 (2H, d), 7.12 (2H, d),

7.52 (24, s), 7.82 (1H, s)

b) 1 66 g ‘of 2-[2-[4-[((3S)-1l-tert-butoxy-
carbonyl-3- pyrrolldlnyl)oxy]phenyl]ethyl] -5-benzo-
furancarbonitrile obtalned in the above step a) was treated
and purified in accordance with the procedure of Inventive
Example 113, fhereby obtaining 800 mg of 2-[2—[4—[((38)43-
pyrrolidinyl)oxy]phenyl]ethyl]-5-benzofurancarboxamidine
dihydrochloride.

. 'H-NMR (DMSO-d¢) &: 1.90-2.30 (2H, m), 3.06 (4H, br), 3.00-
3.80 (4H, br), 5.08 (1H, br), 6.73 (1H, s), 6.88 (2H, d),
7.19 (2H, d), 7.74 (2H, s), 8.11 (1H, s), 9.26 (2H, br),
9.47 (2H, br)

c) 1.0 g of 2-[2-[4-[((3S)-3~pyrrolidinyl)-
oxy]phenyl]ethyl]—5—bénzofurancarboxamidineiihydrochloride_
obtained in the above step b) was diSsolved in 15 ml of
water. During ice cooling and stirring, 1.83 g of benzyl
methaneimidate hydrocﬁloride was added to the above
solution while maintaining the reaction solution at pPH 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 diethyi ether, and then concentrated to
“dryness. 'Thereafter, the resulting residue was subjected
to column chro'matogi:éphy using a column packed with a
highly porous polymer fype synthetic adsorbent (styrene-
divinylbenzene polymér: .Diaion HP-20) and wusing .a
water/acetonitrile mixture as an elution solvent. 1In this
way, 0.76 g of the title compound was obtained in a solid
form.
IH-NMR (DMSO-dg) 5: 1.80-2.60 (2H, m), 3.08 (4H, br), 3.20-
4.00 (4H, br), 5.14 (1H, br), 6.80 (1H, s), 6.92 (2H, d),
7.25 (2H, d), 7.76 (1H, d), 7.86 (1H, d), 8.21 (1H, s),
8.40 (1H, br), 9.08 (1H, br), 9.18 (2H, br), 9.57 (3H, br)

INVENTIVE EXAMPLE 123

' 2-[2-[3-hydroxy-4-[ ((3S)-3-pyrrolidinyl)oxy]phenyllethyl]-

S-benzofurancarboxamidine dihvdrochloride
1.0g;of.2—[2-[4—[((3S)-1;acetyl—3—pyrrolidinyl)-_
oxy]-3-hydroxyphenyl]ethyl]—5-benzofurancarboxamidiné
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 solvent, the resulting_
. residue was subjected to column chromatography using a
column pabked with a highly porous polymer type synthetic
adsoxrbent (styrene—divinylben?ene polymer: Diaion HP--20)

and using a water/acetonitrile mixture as an elution
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- solvent. 1In this way, 320 mg of the title compound was

obtained in a solid form.

“(solid) | |
'H-NMR (DMSO-d¢) &: 1.90-2.20 (2H, m), 2.70-3.50 (8H, m),
5.08 (1H, br), 6.66 (1H, dd, 3 =.9.0 and 1.8Hz), 6.80 (2H,:
s), 6.94 (1H, s)] 7.76 (2H, s), 8.12 (1H, s), 9.26 (2H,
br), 9.44 (2H, br); 9.74 (2H, br)

lNVENEiVE EXAMPLE 124

2-[2~[4-[ (4-aminomethylcyclohexyl )Ymethoxy]phenyl]ethyl]-5-
benzofurancarboxamidine dihydrochloride

This compound was obtained in similar manner to

the procedure of Inveﬁtive Example 123.

(solid)

'H-NMR (DMSO-ds) &: 0.80-2.00 (10H, m), 2.90—3.20 (4, m),
3.73 (4H, m), 6.72 (1H, s), 6.79 (2H, d, J = B.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-[2-(5-amidino-2-benzofuranyl)ethylj-5-[((35)~3-
'errolidinzl)oxz]ghehyl]oxzacetic-acid dihydrochloride

1.6 g of methyl [5—[((35)—1—tert—butoxycarbonyl-'
3-pyrrolidinyl)oxy]-2-[2-(5-cyano-2-benzofuranyl)ethyl]-
phenyl Joxyacetate was dissolved in 100.ml of ethanol. With
ice cooling and stirring, hydrogen chlor}de 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

theﬁ maintained at this temperature for 18 hours. After
“\distilling off the solvent, the thus obtained residue was
~dissolved in 20 ml of ethanol, and the soluﬁion was added
dropwise to an aqueous solution of 5 N sodium hydroxide
under stirring. After 10 minutes of stirring, the
resulting reaction éolution was saturated with sodium
chloride, extracted with chloroform three times (200 ml,
ldO 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 thu$ 6btained residue was subjected to
reversed phase high perforﬁance liquid chromatography using
a column packed with octédecyl-bonded silica gel and using
a water/acetonitrile - mixture as an- elution solvent.
Thereaftexr, thus éluted ffactions of interest were pooled,
mixed with dilute hydrochloric acid, and then concentrated
to dryness. 1In this way, 0.7 g of the title compound was
ébtained in a powdery form. _
'H-NMR (DMSO-d¢) &: 1.96-2.32 (2H, br), 2.80-3.60 (8H, bx),

4.75 (2H, s), 5.10 (1H, br), 6.48 (1H, d, J = 8.8Hz), 6.51.
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s), 8.10 (1H, s), 9.27 (2H, br), 9.42 (2H, br), 9.00- 10.20
- *\(2H, br)

. INVENTIVE EXAMPLE 126

ethyl [2-[2-(5-amidino~2-benzofuranvl)ethyl]-5-[((3S)-3~

pyrrolidinvl)oxv]phenvi]oxvacetate dihvdrochloride

| 0.65 g of [2-[2-(5~amidino-2-benzofuranyl )ethyl ]-
5-[((3S)-3-pyrrolidinyl)oxy]phenyl Joxyacetic acid
dihydrochloride was dissolved in 50 ml of ethanol. 0.2 ml
of thionyl chloride'ﬁas added to the above solution with
ice cooling, and the resultiﬁg mixture was stifred 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. 1In
this way, 0.65 g of.the title compound was obtained in a

solid form. |

 ¥H-NMR (DMSO-dg) 6: 1.20 (3H,.t), 2.11 (2H, br), 3.30 (4H,

br), 4.20 (2H, q), 4.84 (2H, s), 5.08 (1lH, br), 6.53 (2H,

s), 6.75 (1H, s), 7.10 (1H, d), 7.72 (2H, s), 8.07 (1H, s),

9.18 (2H), 9.38 (2H), 9.66 (2H, br)
| TEST EXAMPLE 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 minufes.' The results are shown in
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. Table 1.
Table 1
N Compound : _Solubility in Water
| 'DABE"! S "+ 5 mg/l1 ml or less
Compound of Inventive Example 19 450 mg/l ml or more
Compound of Inventive Example 21. 600 mg/1 ml or more
- Compound of Inventive Examéle 25 " 500 mg/1l ml or more
Compound 6f Inventive Example 45 ° 200 mg/l1 ml or moxe
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 Examéle 108 - 350 mg/1 ml or more
+l: DABE, 1,2-bis (5-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 ﬁuman
blood using a centrifuge. A 100 pl portion of the blood
plasma_preparation.waé added to 100 ul of physiological
saline solution containing with ox without a compound to be
tested, and the mixture was alloved to stand still at 37°C
for 2 minutes. 100 ﬁl of 0.02 M calcium chloride solution
which has been incubated.at 37°C in advance was added to

the mixture. Thefeafter, clotting time was measured using
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CLOTEC (Sanko Junyaku Co., Ltd.). A clotting time measured
without add:.ng a compound to be tested was used ‘as a

“gontrol, and a concentratlon of the test compound.whlch‘
doubles the control clotting time was caiculated
(hereinafter referred to as "CT2") as ap index of the
anticoagulant activiﬁy. Typical examples of the results
are shown in Table 2. |

TEST EXAMPLE 3

Measurement of acti#ated blood coaqulation factor X {FXai
inhibition activity
A 180 pl portion of physiological saline solution
containing a compound to be tested was mixed with 200 pl of
Tris-HCl buffer (pH 8.4) and 100 pl of 1 mM S-2222
(Kabivitrum AB) aqueous solution, and the mixture was
. incubated at 37°C. - 20 ui of Tris-HCL buffered saline (pH
7.45) containing 0.6 unit/ml of human FXa was added to the
mixture.. . After 15 mlnutes of incubation at the same
temperature, the reaction was stopped by addlng 100 pl of
60% acetic acid, and absorbance of the reaction mixture was
measured. A reactlon 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, referred to as "ICs")
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as an index of the FXa inhibition activity. Typical

examples of the results are shown in Table 2.
"N . . TEST EXAMPLE 4

Measurement of thrombin inhibition activity

A 100 pl portion of Tris-HCl buffered saline (pH
7.45) (TBS) containing 6 mg/ml of fibrinogen (Type' 1,
paiichi Pure Chemicals Co., Ltd.) was mixed with 100 pl of
physiological saline solution. At.37°C,.100 pl of Tris-HC1
buffered saliné (pH 7.45) (TBS) containing varying amounts
of thrombin (for topical application use, Sankyo Co., Ltd.)
was added to the mixture ﬁrepared above to measure clotting
time using CLOTEC (Sanko Junyaku Co., Ltd.) and to prepare
a qalibration curve. Inhibition ratio (%) of each compound
to be tested was obtéinéd by measuring clotting time using
100 lul_ of physiological saline solution to which ‘each
Compound has been added. A concentration of eaéh compound
which inhibits 50% of the.thrombin activity was calculated
based on the inhibition percentage (hereinafter, referred
to as "ICs,") and concentration of the compound was
determined as an index of the Anti-thrombin activity.

Typical examples of the results are also shown in Table 2.
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~Table 2

Anti- FXa Thrombin

. Coagulation Inhibition Inhibition
Compound CT2 ICso ICso_
(n) (nM) (ni)

- DABE 1.6 0.095 5
Compound of Inventive 0.32 0.032 9.0
Example 41
Compound of Inventive 0.18 0.013 >400
Example 43 '

Compound of Inventive 0.49 0.041 >2000
Example 45 '

Compound of Inventive 3 0.36 50
Example 48

Compound of Inventive 1.45 0.17 190
Example 68 :
Compound of Inventive 5 0.6 .. >600
Example 89

Compound of Inventive 1.1 0.1 370
Example 94

Compound of Inventive 0.8 0.16 26
Example 95

Compound of Inventive = 0.54 0.044 29
Example 96

Compound of Inventive 0.23 0.045 170
Example 97 :

Compound of Inventive 0.3 0.011 2.5
Example 98

Compound of Inventive 0.64 0.086 230
Example 104

Compound of Inventive 0.35 0.054 6.8
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Table 2 (cont’d
Anti- FXa . Thrombin
Coagulation ‘Inhibition Inhibition
“\\ ___Compound _ CT2 ICsq ICsa
(M) (M) - (M)
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 showh in Table 2,
each compound of thel_present invention shows a sfrong
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 thromboplastin 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 aﬂd used as an. index of the anticoagulant
activity. Typical examples'of the results are shown in

Table 3.
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Test/Control APTT Ratio
Compound (dose) 0.5 hr 1 hx 2 hr 4 hr
Compound of Inventive 1.63 1.52 1.48 1.28

Example 45 (100 mg/kg)

Compound of Inventive 1.46 1.42 1.41 1.18
" Example 48 (100 mg/kg) '

Compound of Inventive ©1.40 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) ’ I

Compound of Inventive 2.69  3.600 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 effect on
plasma clotting time was observed clearly by the oral
administration 6f each compound of the present 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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. TEST EXAMPLE 7'

Toxicity test by regeated oral administration to rat

RSN Each of the compounds of the present invention
was dissolved in distilled water and administered orally to
each of five-fivg—week.old male Slc:SD rats; at a dose of
800 mg/kg body weight. The oral administration was carried

_oﬁt 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'Invehtive 5 0
Example 69 '
Compound of Inventive 5 : ' 0
Example 88 ‘

TEST EXAMPLE 8

Antithrombotic effect by oral administration to rat in an

arteriovenous shunt model

Antithrombotic effect by oral administration of

the compound of the present invention was measured by

slightly modifying the pfocedure disclosed in Thrombosis

Research, vol. 54, pp. 399-410, 1989.
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A predetermined amount of a compound to be tested

was dissolved in purified water and administered orally to

-a 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_diametér 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 of the blood recircula.—
tion, the copper wire was pulled out together with formed
tﬁrom'bus and washed with 10 ml of physiological saline.
Thereafter, the amount of thrombus formed on the copper
wire was determlinéd as prétein 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.
Tsble 5
“N ' : Thrombus Thrombosis
Compound Dose formed inhibition
| | (mg/kg) = (ng) (%)
Water - 890102 -
Compound of Example 45 10 585:85" 34
" - 30 356+51*! 60

meantS.E. (n=6)

*l: p < 0.05 (per control)
As shown-iﬁ Table 5, a significant thrombosis

inhibition effect was observed wifh 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 npdifications can be made therein without departing

from the spirit and scope thereof.
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WHAT IS CLAIMED IS:

1. An aromatlc amidine derlvatlve represented
“by the following general formula {1).or a pharmaceutlcally
acceptable salt thereof:
R2 ' . R3
. Rl .
HN
HzN

A X- (CH2) n-Y (1)

_R*

wherein R! is a hydrogen atom or a lower alkoxy group; R? is
a hydrogen atom, a lower alkyl group, é lower alkoxy group,
a carboxyl group, an alkoxycarbonyl group, a carboxyalkyl
group Or an alkoxycarbonylalkyl group; R® is a hydrogen
atom, a carboxyl group, an alkoxycarbonyl group, a
carboxyalkyl group, an alkoxycarbonylalkyl group, a
carboxya;koxy-group or an élkbxycarbonylalkoxy 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'ié an
alkylene group haﬁing a carbon number of 1 to 4, which may
have 1 ox 2 éubstituents_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; Yl is a saturated or
_unsaturated 5- or 6-membered heterocyclic moiety or cyclic

hyd:ocarbon 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
N -
~ the group represented by _ 71— is a member
selected from the group cénsisting of indolyl, benzo-
furanyl,  benzothienyl, benzimidazolyl, benzoxazolyl,
benzéthiazolyl, naphthyl, tetrahydronaphthyl and indanyl.
2. The aromafic. amidine derivative or salt

thereof according to «claim 1, wherein said group

‘represented by E:::]I:::;}—- is a member selected

from the group consisting of indolyl, benzofuranyl,
bénzothienyl,_benzimidazolyl, benzothiazolyl, naphthyl and
tetrahydronaphthyl.

3. The aromatic -amidine derivative or salt
thereof acéording to claim 1, 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 derivétive, 2-[4-[(1-
acetimidbyl-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)pxy]phenyl]—B—(7-
amidino-z—naphthyl)propionic acid, or a salt thereof.

6. An aromatic amidine derivative, (2S)-2-[4-
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[((35)-l-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—acetimidoy1-3—pyrrolidiny1)oxy]phenYl]f3-(7-
amidino—2-naph£hyl)propionic'acid; or a salt thereof.

8. An aromatic amidine derivative,.Z-[4-[(1-
acetimidoyl-2-pyrrolidinyl)methoxy]phenyl]-3-(5-
aﬁidinobenzo[b]thien-2-y1)propionic acid, or a salt
thereof. |

<:;:> An aromatic amidine derivative, (+)-2-[4-

[((ZS)-1-acetimiddyl-2-pyrrolidinyl)methoxy]phenyl]—3-(5—

amidinobenzo[b]thien-2-yl)propionic acid, or a -salt

thereof.

10. An aromatic amidine derivative, 2-[4-[(1-
acetimidoyl—4-piperidinyl)oxyjphenyl]—3-(7—amidiho-2—
naphthyl)propionic acid, or a salt thereof. | _

CEED An aromatic amidine derivati&e, (+)-2-[4-
[(1-acetimidoyl-4-piperidinyl)oxy]phenyl]-3-(7-amidino-2-
naphthyl )propionic acid, or a salt thereof.

12. BAn anticoagulation 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.

“S . 14. An anticoagulation agent or an agent useful
for preventing or treating thrombosis or embolism, which
gontains a compound of claim(é?qr_a salt thereof as an
active ingredient. .

15. An anticoagulation agent or an agent uéeful
fo: preventing_or treating thrombosis or embolism, which
confains the coﬁpound of claimigﬁor a salt thereof as an
active ingredient.

16. An anticoagulation agent or an agent useful
for prevenﬁing or treating thrombosis or embolism, which
contains the compound of claim<§)or.a salt thereof as an
active ingredient; |

17. An anticoégulation agent or an agent useful
for preventing or treating thrombosis or embolism, which
contains the compound of cla.im-or. a salt. thereof as an
active 1ngred1ent. '

<;8 An anticoagulation agent or an agent useful
fér preventing or treating thrombosis or embolism, which
contains the compound of claim 9 or a salt thereof as an
active ingredient.

19v/)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 ngr edient.

a\ |
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