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R represents an alkyl group or an aryl group, characterized in that a compound represented by the formula wherein R is as
defined above, or a compound represented by the formula [11] wherein R is as defined above is reduced by sodium borohydride
in the presence of a boron compound represented by the formula [111]: [111] wherein
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of an medicine with high purity in high yield.
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1

DESCRIPTION

METHOD FOR PREPARING A 7-QUINOLINYL-3,5-DIHYDROXYHEPT-6-

ENOATE

TECHNICAL FIELD

The present invention relates to a method for

preparing a 7-quinolinyl-3,5-dihydroxyhept-6-enoate.

More particularly, it relates to a method for

industrially advantageously and efficiently preparing an

(E)-7-[2-cyclopropyl-4-(4-fluorophenyl)-quinolin-3-yl]-

3,5-dihydroxyhept-6-enoate which is useful as an

intermediate for the synthesis of a HMG-CoA reductase

inhibitor as a cholesterol-reducing agent

BACKGROUND ART

An (E)-7-[2-cyclopropyl-4-(4-fluorophenyl)-quinolin-

3-yl]-3,5-dihydroxyhept-6-enoate is an intermediate which

is useful as an intermediate for the synthesis of a HMG-

CoA reductase inhibitor, and as its production method,

the following method employing sodium borohydride (NaBH4

is disclosed in JP-A-1-279866, U.S. patent 5,856,336 or

EP0304063B1:

F F

S OH O O OH OH O

NaBH4

Further, it has heretofore been known that at the

time of producing a 1,3-diol by reducing a 3-



hydroxyketone by sodium borohydride, a boron compound is

permitted to be present, as in the present invention,

whereby a selective reduction reaction will proceed, and

1) JP-A-61-40243 or EP0164049A2 discloses a reaction in

the presence of a triethylborane, 2) Chemistry Letters,

1980, 1415, discloses a reaction in the presence of a

tributylborane, and 3) Chemistry Letters, 1987, 1923,

discloses a reaction in the presence of

diethylmethoxyborane.

Further, at that time, for the treatment of the

boron compound after completion of the reduction reaction,

in 1) and the reaction solution with the

tetrahydrofuran reaction solvent is per se poured into a

aqueous solution of hydrogen peroxide, and then, a

solvent which separates from water, is added to carry out

an extraction operation to obtain a product, and in 3),

after the completion of the reaction, methanol is added,

and an azeotropic operation with methanol is carried out,

followed by a usual extraction operation to obtain a

product.

As in the foregoing, in the reduction reaction of a

/-hydroxyketone in the presence of a boron compound, it

is necessary to carry out treatment of the boron compound

after completion of the reduction reaction in order to

efficiently obtain the product.

By the method for treating the boron compound after

completion of the reaction as reported in the above 1),



2) and there is no particularly serious problem in

the production in a small amount at a laboratory

experimental level, but in scaling up, the methods of 1)

and 2) have an environmental waste liquid treatment

problem due to the use of a large amount of an aqueous

solution of hydrogen peroxide, and by the method of 3),

unless a large amount of methanol is used, treatment of

the boron compound can not completely be carried out, and

there is a difficulty from the viewpoint of the

production efficiency. Thus, either method can hardly be

regarded as an industrially advantageous production

method.

Further, with respect to the compound of the present

invention, it has also been found that in order to

isolate the desired substance from the product obtained

after completion of the reduction reaction, it is

necessary to carry out the treatment of the boron

compound after completion of the reduction reaction, and

otherwise, the desired substance can not easily be

20 isolated.2o

The present invention provides a method for simply and

industrially advantageously preparing an 

cyclopropyl-4-(4-fluorophenyl)-quinolin-3-yl]-3,5-

dihydroxyhept-6-enoate.

DISCLOSURE OF THE INVENTION

The present inventors have conducted various studies

to solve such problems and as a result, have found an



industrially advantageous production method from the

viewpoint of the above-mentioned waste liquid treatment

and production efficiency and have arrived at the present

invention..

That is, the present invention provides a method for

preparing a 7-quinolinyl-3,5-dihydroxyhept-6-enoate

represented by the formula (IV):

OH OH

v (IV)

(wherein R represents an alkyl group or an aryl group),

characterized in that a compound represented by the

formula 

F

OH O Or 1 OH 0 0

OR

'N
(I)

(wherein R is as defined above), or a compound

represented by the formula (II):



F

0C OH O

OR

(II)

(wherein R is as defined above), is reduced by sodium

borohydride in the presence of a boron compound

represented by the formula (III):

R'OBR"2  (III)

(wherein R' and R" represent independently an alkyl

group), and then the resultant reaction mixture is

treated with an aqueous solution of hydrogen peroxide.

BEST MODE FOR CARRYING OUT THE INVENTION

Now, the present invention will be described in

further detail.

Firstly, various terms used in this specification

will be explained.

In this specification, means normal, iso,

secondary, tertiary, cyclo, para, and "o"

ortho.

Substituent R represents an alkyl group or an aryl

group.

The alkyl group is a linear, branched or cyclic

alkyl group and may, for example, be a C1-4 alkyl group,

such as methyl, ethyl, n-propyl, i-propyl, c-propyl, n-

butyl, i-butyl, s-butyl, t-butyl, c-butyl, 1-methyl-c-



propyl or 2-methyl-c-propyl.

The aryl group may, for example, be a phenyl group.

As substituent R, preferably, methyl and ethyl are,

for example, mentioned.

Substituents R' and R" represent independently an

alkyl group.

Such an alkyl group is a linear, branched or cyclic

alkyl group and may, for example, be a C1-4 alkyl group

such as methyl, ethyl, n-propyl, i-propyl, c-propyl, n-

butyl, i-butyl, s-butyl, t-butyl, c-butyl, 1-methyl-c-

propyl or 2-methyl-c-propyl.

As substituents R' and preferably, methyl and

ethyl are, for example, mentioned.

The compound represented by the formula or (II)

as the starting material, can be produced by e.g. the

methods disclosed in JP-A-1-279866, JP-A-8-92217 and JP-

A-8-127585.

The present invention is applicable to a production

method wherein the compound represented by the formula

or (II) as the starting material, is an optically

active substance. As such an optically active substance,

or 3R-form (II) may be mentioned.

As the boron compound of the formula (III), a

commercial product may usually be used. For example,

diethylmethoxyborane, dibutylmethoxyborane,

diethylethoxyborane or dibutylethoxyborane may be

mentioned. Preferably, diethylmethoxyborane may be



mentioned.

The amount of the boron compound to be used is

within a range of from 0.1 mol time to 5 mol times,

preferably within a range of from 0.8 mol time to 3 mol

times, more preferably within a range of from 1 mol time

to 1.5 mol times, based on the substrate of the starting

material.

The amount of sodium borohydride as the reducing

agent to be used, is within a range of from 0.5 mol time

to 5 mol times, preferably within a range of from 0.8 mol

time to 2.5 mol times, based on the substrate of the

starting material.

The solvent to be used for the reduction reaction is

not particular limited so long as it is inert to the

reaction. For example, an aromatic hydrocarbon such as

benzene, toluene, xylene, mesitylene, chlorobenzene or o-

dichlorobenzene, an aliphatic hydrocarbon such as n-

hexane, cyclohexane, n-octane or n-decane, a halogenated

hydrocarbon such as dichloromethane, dichloroethane,

chloroform or carbon tetrachloride, an ether such as

tetrahydrofuran (THF), diethyl ether, t-butyl methyl

ether or dimethoxyethane, or an alcohol such as methanol,

ethanol, n-propanol, i-propanol or n-butanol, may, for

example, be mentioned. Preferably, toluene,

tetrahydrofuran (THF) or methanol may, for example, be

mentioned. More preferred is a mixed solvent of

tetrahydrofuran and methanol.



The amount of the solvent for the reaction to be

used, is within a range of from 2 mass times to 100 mass

times, preferably within a range of from 5 mass times to

mass times, based on the substrate of the starting

material.

The reaction temperature is usually within a range

of from -1000C to 0°C, preferably within a range of from

-100°C to -300 C, more preferably within a range of from

to -600C.

The reaction mode of the reduction by sodium

borohydride in the present invention may be either one

wherein the substrate of the formula or (II) and the

boron compound of the formula (III) are dissolved in a

solvent, and then, at a set temperature, sodium

borohydride may be added, or a method wherein the boron

compound of the formula (III) and sodium borohydride are

firstly put into a solvent, and then, the substrate of

the formula or (II) is dropwise added thereto.

The present invention is characterized in that after

completion of the reduction reaction, treatment with an

aqueous solution of hydrogen peroxide is carried out for

the treatment of the boron compound. However, in a case

where an aromatic hydrocarbon, an aliphatic hydrocarbon,

a halogenated hydrocarbon, a water-insoluble ether or the

like is used as the solvent for the reaction, it is

preferred that the reaction mixture is once subjected to

water washing treatment and then, an aqueous solution of



hydrogen peroxide is added thereto to carry out the

treatment.

Further, in a case where a water-soluble solvent

such as tetrahydrofuran or an alcohol is used for the

reduction reaction, it is preferred that a solvent which

separates from water, such as toluene is once added, and

the solvent for reaction which is soluble in water is

distilled off, whereupon an aqueous solution of hydrogen

peroxide is added to carry out the treatment.

As the solvent for the treatment with an aqueous

solution of hydrogen peroxide, a solvent which separates

from water, is preferred. For example, an aromatic

hydrocarbon such as benzene, toluene, xylene, mesitylene,

chlorobenzene or o-dichlorobenzene, an aliphatic

hydrocarbon such as n-hexane, cyclohexane, n-octane or n-

decane, or a halogenated hydrocarbon such as

dichloromethane, dichloroethane, chloroform or carbon

tetrachloride, may, for example, be mentioned.

Preferably, toluene may be mentioned.

The amount of the solvent to be used is within a

range of from 2 mass times to 100 mass times, preferably

within a range of from 5 mass times to 30 mass times,

based on the substrate of the starting material.

With respect to the aqueous solution of hydrogen

peroxide, the concentration is not particularly limited,

but from the viewpoint of the handling efficiency, etc.,

a commercially available 35% hydrogen peroxide aqueous



solution which is easy to handle, is usually preferred.

The amount of the aqueous solution of hydrogen

peroxide to be used may be large excess in order to

accelerate the reaction, but from the viewpoint of the

environment, it is within a range of from an equal mol

time to 50 mol times, preferably within a range of from

an equimol time to 20 mol times, based on the substrate.

The temperature is within a range of from 0°C to

1000C, preferably within a range of from 100C to 500C.

The treating time may vary depending upon the

solvent to be used, the amount of hydrogen peroxide and

the temperature, but is from 1 to 100 hours.

Further, it is possible to accelerate the reaction

by permitting an inorganic base to be present at the time

of the treatment with an aqueous solution of hydrogen

peroxide.

The inorganic base may, for example, be a hydroxide

such as sodium hydroxide, potassium hydroxide, magnesium

hydroxide or calcium hydroxide, or a carbonate such as

sodium carbonate, potassium carbonate, magnesium

carbonate or calcium carbonate. Preferably, sodium

carbonate or potassium carbonate may be mentioned.

The amount of the inorganic base to be used is

within a range of from 0.1 mol time to 20 mol times,

preferably within a range of from 0.5 mol time to 5 mol

times, based on the substrate.

After completion of the reaction, an aqueous



solution of hydrogen peroxide is separated, and then,

water washing treatment is further carried out, and if

necessary, treatment with a reducing agent such as sodium

sulfite, is carried out, followed by recrystallization

from toluene or a mixed solvent of toluene with another

solvent, to isolate an (E)-7-[2-cyclopropyl-4-(4-

fluorophenyl)-quinolin-3-yl]-3,5-dihydroxyhept-6-enoate.

Further, if necessary, recrystallization from a

mixed solvent of ethyl acetate and n-heptane is carried

out to obtain a highly pure (E)-7-[2-cyclopropyl-4-(4-

fluorophenyl)-quinolin-3-yl]-3,5-dihydroxyhept-6-enoate.

EXAMPLES

Now, the present invention will be described in

detail with reference to Examples, but the present

invention is by no means restricted by such Examples.

Here, the quantitative analysis of an 

cyclopropyl-4-(4-fluorophenyl)-quinolin-3-yl]-3,5-

dihydroxyhept-6-enoate by means of HPLC (high performance

liquid chromatography) was carried out under the

following conditions.

Column: L-Column ODS (manufactured by Foundation

Chemical Evaluation and Research Institute, Japan)

Eluent: Ethanol/THF/0.01 M ammonium acetate=45/3/52

Column temperature: 400C

Flow rate: 1.0 mL/min

Measuring wavelength: 254 nm

Retention time: About 27 minutes



EXAMPLE 1

After flushing a reactor flask with nitrogen, ethyl

(E)-7-[2-cyclopropyl-4-(4-fluorophenyl)-quinolin-3-yl]-5-

hydroxy-3-oxohept-6-enoate (hereinafter referred to as

MOLE) (29.90 g, 66. 8 mmol) was dissolved in THF (148.7

g) and methanol (54.9 followed by cooling to -750C.

After flushing another reactor flask with nitrogen,

THF (43.2 g) and diethylmethoxyborane (1.0 M/THF solution,

mL) were charged, and sodium borohydride (3.31 g, 87.5

mmol) was further added. The resultant suspension was

cooled to -750 C, and the previous MOLE/THF/methanol

solution was dropwise added thereto at a temperature of

from -750 C to -700 C.

After completion of the dropwise addition, stirring

was further continued for 1 hour at -750C, and then the

reaction solution was dropwise added to a reactor flask

having acetic acid (6.5 mL) and toluene (10 g) charged to

quench the reaction.

The reaction solution was heated to a temperature of

from 350C to 400C, and then, THF and methanol were

distilled off under reduced pressure. After the

distilling off, toluene (311 g) was added for dissolution,

and the organic layer was washed twice with water (230 g).

As a result, 379.6 g of an organic layer was

obtained.

The obtained organic layer was quantified by HPLC,

whereby a reduced form of the product (inclusive of a



borane-coordinated form) was contained in an amount of

27.93 g (yield: 93%).

Further, the organic layer was examined by NMR for

the product ethyl (E)-7-[2-cyclopropyl-4-(4-

fluorophenyl)-quinolin-3-yl]-3,5-dihydroxyhept-6-enoate

(hereinafter referred to simply as DOLE) and its borane-

coordinated form, whereby 20% of the borane-coordinated

form was found to be present.

Then, out of the obtained organic layer, 17.7 g

(containing 1.30 g, 2.9 mmol, of DOLE) was taken, and

anhydrous sodium carbonate (307 mg, 2.9 mmol) and a 

hydrogen peroxide aqueous solution (2.8 g, 29 mmol) were

added thereto, followed by stirring at a temperature of

from 30°C to 350C for 3 hours.

The reaction solution was examined by NMR for the

borane-coordinated form, whereby it was found to be 0%.

After completion of the treatment with the hydrogen

peroxide aqueous solution, liquid separation was carried

out, and water (3.8 g) was further added for washing with

water, followed by washing with a 4% sodium pyrosulfite

aqueous solution (4.0 g) and then further by washing

twice with water (3.8 g).

The obtained organic layer was quantified by HPLC,

whereby DOLE was contained in an amount of 1.28 g.

The organic layer was heated to a temperature of

from 400C to 500C, and then, toluene was distilled off

under reduced pressure.



After the distilling off, the product was

recrystallized from ethyl acetate (2.56 g) and n-heptane

(4.39 g) to obtain 1.22 g of DOLE as crystals.

EXAMPLE 2

Out of 379.6 g of the organic layer containing 27.93

g of the product (inclusive of 20% of the borane-

coordinated form), obtained in Example i, 17.7 g

(containing 1.30 g, 2.9 mmol, of DOLE) was taken, and a

potassium carbonate aqueous solution (800 mg, 2.9

mmol) and a 35% hydrogen peroxide aqueous solution (2.8 g,

29 mmol) were added thereto, followed by stirring for 3

hours at a temperature of from 300C to 350C.

The reaction solution was examined by NMR for the

borane-coordinated form, whereby it was 0%.

After completion of the treatment with the hydrogen

peroxide aqueous solution, washing with water, etc. were

carried out in the same manner as in Example i.

The obtained organic layer was quantified by HPLC,

whereby DOLE was contained in an amount of 1.20 g.

The organic layer was heated to a temperature of

from 40'C to 500C, and then, toluene was distilled off

under reduced pressure.

After the distilling off, the product was

recrystallized from ethyl acetate (2.56 g) and n-heptane

(4.39 g) to obtain 1.14 g of DOLE as crystals.

REFERENCE EXAMPLE 1

Out of 379.6 g of the organic layer containing 27.93



g of the product (inclusive of 20% of the borane-

coordinated form), obtained in Example 1, 17.7 g

(containing 1.30 g, 2.9 mmol, of DOLE) was taken and

directly heated to a temperature of from 400C to 500C

without subjecting it to treatment with a hydrogen

peroxide aqueous solution of the present invention, and

then, toluene was distilled off under reduced pressure.

After the distilling off, the product was tried to

be recrystallized from ethyl acetate (2.56 g) and n-

heptane (4.39 but was not crystallized, and an oil

layer was simply separated, whereby it was impossible to

isolate DOLE as crystals.

INDUSTRIAL APPLICABILITY

According to the present invention, it is possible

to produce an (E)-7-[2-cyclopropyl-4-(4-fluorophenyl)-

quinolin-3-yl]-3,5-dihydroxyhept-6-enoate which is an

intermediate useful for the synthesis of a HMG-CoA

reductase inhibitor, in good yield and industrially

advantageously.
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Throughout this specification and the claims which

follow, unless the context requires otherwise, the word

"comprise", and variations such as "comprises" and

"comprising", will be understood to imply the inclusion of a

stated integer or step or group of integers or steps but not

the exclusion of any other integer or step or group of

integers or steps.

The reference in this specification to any prior

publication (or information derived from it), or to any

matter which is known, is not, and should not be taken as an

acknowledgment or admission or any form of suggestion that

that prior publication (or information derived from it) or

known matter forms part of the common general knowledge in

the field of endeavour to which this specification relates.



THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method for preparing a 7-quinolinyl-3,5-

dihydroxyhept-6-enoate represented by the formula (IV):

F

OH OH 0

OR

(IV)

(wherein R represents an alkyl group or an aryl group),

wherein a compound represented by the formula 

F

S OH 0 0

OR

(I)

(wherein R is as defined above), or a compound

represented by the formula (II):

F

S O OH O

OR

S(II)

(wherein R is as defined above), is reduced by sodium
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-17-

borohydride in the presence of a boron compound represented

by the formula (III):

R'OBR' '2 (III)

(wherein R' and represent independently an alkyl group),

and then the resultant reaction mixture is treated with an

aqueous solution of hydrogen peroxide.

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

represented by the formula or (II) is an optically

active substance.

3. The method according to either claim 1 or claim 2,

wherein in the formula (III), R' is a methyl group, and R''

is an ethyl group.

4. The method according to any one of claims 1 to 3,

wherein the resultant reaction mixture is treated with an

aqueous solution of hydrogen peroxide in the presence of an

inorganic base.

The method according to claim 4, wherein the inorganic

base is sodium carbonate or potassium carbonate.

6. The method according to any one of claims 1 to 

wherein the treatment with an aqueous solution of hydrogen

peroxide is carried out in a two phase system with an

organic solvent which separates from water.

7. The method according to claim 6, wherein the organic

solvent which separates from water, is toluene.

8. The method according to claim 1 substantially as

hereinbefore described with reference to either Example 1 or

Example 2.
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