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(7) ABSTRACT

The present invention relates to a novel method for produc-
ing a compound of the formula [11]

[11]

(0]
o Me
R—<\ I/\ /NH
N o o (¢

wherein R is an optionally substituted aromatic hydrocarbon
group, an optionally substituted alicyclic hydrocarbon
group, an optionally substituted heterocyclic group or an
optionally substituted condensed heterocyclic group, which
is useful as a therapeutic agent for diabetes. The method of
the present invention is an industrially utilizable method that
enables efficient production of the objective compound [11]
from f-methyl L-aspartate via an important intermediate

compound [6]
o Me
N \r I/\
N oH

wherein R is as defined above, at high yield.
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PRODUCTION METHOD OF
ISOXAZOLIDINEDIONE COMPOUND

TECHNICAL FIELD

[0001] The present invention relates to a novel method for
producing a compound of the formula [11]

[11]

<Oyt

[0002] wherein R is an optionally substituted aromatic
hydrocarbon group, an optionally substituted alicyclic
hydrocarbon group, an optionally substituted heterocyclic
group or an optionally substituted condensed heterocyclic
group, which is useful as a therapeutic agent for diabetes,
and a method for producing an intermediate for producing
this compound [11].

BACKGROUND ART

[0003] The above-mentioned compound [11] useful as a
therapeutic agent for diabetes, an intermediate and a method
for producing them have been already disclosed in the
specification of W095/18125, and an intermediate com-
pound [6']

[0004] and a method for producing same have been spe-
cifically disclosed in Journal of Medicinal Chemistry, 1992,
Vol. 35, No. 14, 2625.

[0005] However, these conventional production methods
require many steps and the yields of the final product and
intermediates therefor are not sufficiently satisfactory. In
addition, solvent, base, catalyst and the like to be used in
each step suffice for use at laboratory levels but many of
them are problematically impractical and cannot be used in
industrial production.

DISCLOSURE OF THE INVENTION

[0006] Therefore, many attempts have been made in each
step to solve such problems. To be specific, Steps 1-4 of the
method (hereinafter to be referred to as A method) disclosed
in Journal of Medicinal Chemistry, 1992, Vol. 35, No. 14,
2625, which is the production method most similar to the
inventive method, were considered.

[0007] In A method, for example, compound [6'] wherein
R is phenyl, which is one of the intermediates in the present
invention, is produced by the following Steps 1 to 4.
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CO,Me
Ji N

HoN COH
Step 1 Cl
(21
e}
COMe
L [3’]
COH
Step 2
LCOZMe
Q— COMe 9
Step 3
©_< I/COZMe
Step 4

[0008] Step 1

[0009] According to A method, compound [1] is reacted
with compound [2'] in dichloromethane in the presence of
triethylamine to give compound [3']. Dichloromethane used
here as a solvent is impractical for industrial production
because a large amount thereof after use cannot be drained
out by regulation. The present inventors have found that a
safe and economical aqueous solvent (particularly water)
can be also used for this reaction and solved this problem.
Surprisingly, the use of an inorganic base, such as potassium
carbonate, sodium carbonate and the like, as a base here was
also found to increase the yield to 92-97%. Consequently,
the yield could be increased by 10% as compared to con-
ventional methods.

[0010] Step 2 and Step 3

[0011] According to A method, compound [3'] is reacted in
10 equivalents of acetic anhydride in the presence of 6-7
equivalents of triethylamine using dimethylaminopyridine
to give compound [4']. However, an aftertreatment step is
necessary for obtaining compound [4'], which comprises
adding water to the solvent, acetic anhydride, to convert
same to acetic acid, followed by isolation and purification.
This aftertreatment step requires a long time, during which
time the obtained compound [4'] becomes partially decom-
posed. The present inventors conducted intensive studies to
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solve this problem associated with the aftertreatment step, as
well as to improve yield. As a result, it has been found that,
by adding acetic anhydride in advance in an amount (about
4 equivalents) necessary in the next step and by using
dimethylaminopyridine in a toluene solvent in the presence
of 0.25 equivalent of N-methylmorpholine, compound [4']
can be obtained. The obtained compound [4'] can be used in
the next step without isolation or purification, and cycliza-
tion of compound [4'] using p-toluenesulfonic acid mono-
hydrate resulted in the production of compound [5'] at a high
yield (95-97%). Consequently, the yield of compound [5']
could be increased by about 40% as compared to A method.

[0012] Phosphorus oxychloride (POCL;) used in Step 3 of
A method is a toxic substance having high corrosiveness, so
that the use thereof is under considerable restriction, which
is greatly problematic for industrial use. The present inven-
tors have found that p-toluenesulfonic acid monohydrate
could afford safety and facilitated use, whereby an indus-
trially utilizable production method was found.

[0013] Step 4

[0014] According to A method, compound [5'] is reacted
with lithium aluminum hydride (LiAlH,) in diethyl ether to
give compound [6']. Both LiAIH, and diethyl ether used
here are highly inflammable, posing problems of safety
when they are used industrially. The present inventors have
solved this problem by using sodium borohydride (NaBH,,)
and tetrahydrofuran, as well as methanol as a reduction
accelerator (activator), whereby a method for obtaining
compound [6'] free of industrial problems has been estab-
lished.

[0015] Surprisingly, the use of this method was also found
to not only solve the problems of safety but also increase the
yield to 85-95%. Consequently, the yield could be improved
as compared to A method.

[0016] As the method to obtain the final compound [11']
from compound [6'], a method disclosed in W095/18125
(hereinafter this method is to be referred to as B method) is
most similar to the method of the present invention. The
present inventors concretely considered B method.

o Me
N OH

Step SJ
o Me
©_<\ | [7’]
N OTs
CHO
Step 6 [12]
HO'
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-continued
o Me CHO
©_<\ | [13]
N 0
CO,R!
Step 7 [14]
CO,R!
CO,R!
©_< I/\ CO,R!
Step 8
CO,R!
®_< I/\ CO,R!
Step 9
e IA Q/I{ .

[0017]
[0018] Step 5

[0019] According to B method, compound [6'] is reacted
with p-toluenesulfonyl chloride (TsCl) in dichloromethane
in the presence of pyridine to give compound [7'].

wherein R! is a lower alkyl.

[0020] Dichloromethane used as a solvent here is subject
to great restriction of waste discharge when used in large
amounts, as mentioned in Step 1 of A method, so that it is
impractical in industrial production. The present inventors
have found that the compound can be also efficiently reacted
in toluene, which is safe, whereby this problem was solved.

[0021] As regards yield, B method accompanies, besides
the objective compound [7'], compound [15]

[15]

[0022] as a byproduct that reduces the yield of the objec-
tive compound [7']. To solve this problem, the method
generally exemplified in the specification of W095/18125,
but not concretely disclosed as an example, was employed.
To be specific, mesyl group was used as a leaving group
instead of tosyl group. Namely, methanesulfonyl chloride
(MsCl) instead of TsCl was reacted with compound [6'] to
surprisingly afford the objective compound [7"]
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[7]

[0023] at a yield of 99-100%.
[0024] Step 6 and Step 7

[0025] In B method, compound [7'] is reacted with 4-hy-
droxbenzaldehyde [12] to give compound [13], and com-
pound [13] is further reacted with malonic acid derivative
[14] to give compound [9']. In this step, compound [13] is
rather unstable and the yield of compound [9'] from com-
pound [7'] was 65%, which is not at all satisfactory. The
present inventors previously synthesized compound [8]
from compound [12] and compound [14]

CO,R!

A

CO,R!
HO

[0026] wherein R* is as defined above, to improve the
yield, and reacted the resulting compound and compound
[7"] to find that compound [9'] could be obtained at a high
yield (80-85%).

[0027] Step 8 and Step 9

[0028] In B method, compound [9'] is reduced under
hydrogen atmosphere using a catalyst to give compound
[10'], and compound [10'] is reacted with hydroxylamine in
anhydrous alcohol to give the final objective compound
[11']. According to this step, the yield (about 40%) of the
final compound is not satisfactory. To increase the yield, the
present inventors did not isolate compound [10'] but reacted
the compound with hydroxylamine in a mixed solvent of
tetraydrofuran, water and alcohol, in the presence of a base
(e.g., potassium carbonate, sodium carbonate or sodium
methoxide) to give the objective compound [11'] at a high
yield (80%).

[0029] While the foregoing relates to the method for
producing compound [11'] from compound [6'], it is need-
less to say that compound [6'] is also useful for the produc-
tion of the following compound [16]
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[0030] wherein X is oxygen atom or sulfur atom.

[0031] As mentioned above, the present inventors studied
the problems in each step in detail with the aim of improving
the yield of the objective compound and establishing the
method affording industrial production, they have found that
the use of the above-mentioned solvent, base, catalyst and
the like in each step results in the production of the objective
compound at a high yield and also an industrially practical
production method, which resulted in the completion of the
present invention. That is, the present invention provides the
following (1)-(7).

[0032] (1) A method for producing an isoxazolidinedione
compound of the formula [11]

[11]

O
o Me
R_<\IA S
N o o O

[0033] wherein R is an optionally substituted aromatic
hydrocarbon group, an optionally substituted alicyclic
hydrocarbon group, an optionally substituted heterocyclic
group or an optionally substituted condensed heterocyclic
group, or a salt thereof, comprising the steps of

[0034] (a) reacting compound [1]

L

LN CO,H

CO,Me

[0035] or a salt thereof with a compound of the formula [2]

(2]

R Cl

T

(0]

[0036] wherein R is as defined above, in the presence of an
inorganic base in an aqueous solvent to give an aspartate
derivative of the formula [3]

L

\”—N CO,H
H

(0]

CO,Me
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[0037] wherein R is as defined above;

[0038] (b) reacting this compound with acetic anhydride
using dimethylaminopyridine as a catalyst in the presence of
a base, followed by heating for decarboxylation to give a
compound of the formula [4]

COMe
R Ji

N COMe
H

(0]

[0039] wherein R is as defined above;

[0040] (c) adding p-toluenesulfonic acid without isolating
this compound to give an oxazolylacetate derivative of the
formula [5]

[0041] wherein R is as defined above;

[0042] (d) reducing this compound in tetrahydrofuran in
the presence of NaBH, as a reducing agent and methanol as
an activating agent to give an oxazolylethanol derivative of
the formula [6]

o Me
<1
N oH

[0043] wherein R is as defined above;

[0044] (e) reacting this compound with mesyl chloride in
toluene in the presence of triethylamine as a base catalyst to
give a methanesulfonate derivative of the formula [7]

o Me
<L
N OMs

[0045] wherein R is as defined above;
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[0046] () reacting this compound with a compound of the
formula [8]

CO,R!

x

CO,R!
HO

[0047] wherein R* is a lower alkyl, in the presence of
potassium carbonate and a quaternary ammonium salt or
tris[2-(2-methoxyethoxy)ethyl]amine as a catalyst to give a
benzylidene derivative of the formula [9]

Me CO,R!
_<o AN
R |
\ CO,R!
N o

[0048] wherein R and R* is as defined above;

[0049] (g) reducing this compound under hydrogen atmo-
sphere to give a malonic acid derivative of the formula [10]

o) Me
<1
N o

[0050] wherein R and R* is as defined above; and

[0051] (h) reacting this compound with hydroxylamine in
the presence of a base.

[0052] (2) A method for producing an oxazolylethanol
derivative of the formula [6]

o Me
: \: I/\
N OH

[0053] wherein R is as defined above, or a sat thereof
comprising the steps of (a) reacting a compound [1]

L

LN CO,H

[10]

CO,R!

CO,R!

CO,Me
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[0054] or a salt thereof in an aqueous solvent with a
compound of the formula [2]

R Cl

T

(0]

[0055] wherein R is as defined above, in the presence of an
inorganic base to give an aspartate derivative of the formula

(3]

[0056] wherein R is as defined above;

[0057] (b) reacting this compound with acetic anhydride
using dimethylaminopyridine as a catalyst in the presence of
a base, followed by heating for decarboxylation to give a
compound of the formula [4]

L

A

(0]

CO,Me

COMe

[0058] wherein R is as defined above;

[0059] (c) adding p-toluenesulfonic acid without isolating
this compound to give an oxazolylacetate derivative of the
formula [5]

[0060] wherein R is as defined above; and

[0061] (d) reducing this compound in tetrahydrofuran in
the presence of NaBH, as a reducing agent and methanol as
an activating agent.

Nov. 8, 2001

[0062] (3) Amethod for producing an aspartate derivative
of the formula [3]

CO,Me
R L

\”—N CO,H
H

(0]

[0063] wherein R is as defined above, or a salt thereof,
comprising reacting a compound [1]

L

HLN COH

CO,Me

[0064] or asalt thereof with a compound of the formula [2]

(2]

R Cl

T

(0]

[0065] wherein R is as defined above, in an aqueous
solvent in the presence of an inorganic base.

[0066] (4) A method for producing an oxazolylacetate
derivative of the formula [5]

o) Me
R |
\: I/cone
N

[0067] wherein R is as defined above, or a salt thereof,
comprising reacting a compound of the formula [3]

[0068] wherein R is as defined above, with acetic anhy-
dride using dimethylaminopyridine as a catalyst in the
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presence of a base, heating for decarboxylation to give a
compound of the formula [4]

COMe
R L

N COMe
H

(0]

[0069] wherein R is as defined above, and adding p-tolu-
enesulfonic acid without isolating this compound.

[0070] (5) A method for producing an oxazolylethanol
derivative of the formula [6]

o Me
<0
N oH

[0071] wherein R is as defined above, or a salt thereof,
comprising reacting an oxazolylacetate derivative of the
formula [5]

[0072] wherein R is as defined above, in tetrahydrofuran
in the presence of NaBH, as a reducing agent and methanol
as an activating agent.

[0073] (6) A method for producing a methanesulfonate
derivative of the formula [7]

o Me
<1
N oM

[0074] wherein R is as defined above, or a salt thereof,
comprising reacting an oxazolylethanol derivative of the
formula [6]

S
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o Me
I
N oH

[0075] wherein R is as defined above, with mesyl chloride
in toluene in the presence of triethylamine as a base catalyst.

[0076] (7) A method for producing a benzylidene deriva-
tive of the formula [9]

Me CO,R!
_<o ~
R |
\ CO,R!
N 0

[0077] wherein R and R? are as defined above, or a salt
thereof, comprising reacting a methanesulfonate derivative
of the formula [7]

o Me
R_<\NI/\
OM;

[0078] wherein R is as defined above, with a compound of
the formula [8]

S

CO,R!

CO,R!
HO

[0079] wherein R' is as defined above, in the presence of
potassium carbonate and a quaternary ammonium salt or
tris[2-(2-methoxyethoxy)ethyl]amine as a catalyst.

[0080] The terms used in the present specification are
explained in the following.

[0081] The aromatic hydrocarbon group means phenyl,
biphenylyl, naphthyl and the like. It may be an aralkyl group
such as benzyl. Preferred is phenyl.

[0082] The alicyclic hydrocarbon group means alicyclic
hydrocarbon group having 3 to 7 carbon atoms, and is
exemplified by cyclopropyl, cyclobutyl, cyclopentyl, cyclo-
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hexyl, cycloheptyl, cyclopropenyl, cyclobutenyl, cyclobuta-
dienyl, cyclopentenyl, cyclopentadienyl, cyclohexenyl,
cyclohexadienyl, cycloheptenyl, cycloheptadienyl and the
like, with preference given to alicyclic hydrocarbon group
having 5 to 7 carbon atoms. Specific examples thereof
include cyclopentyl, cyclohexyl, cycloheptyl, cyclopente-
nyl, cyclopentadienyl, cyclohexenyl, cyclohexadienyl,
cycloheptenyl and cycloheptadienyl, with particular prefer-
ence given to cyclopentyl and cyclohexyl.

[0083] The heterocyclic group is a 5- or 6-membered
heterocycle having, as an atom constituting the ring, 1 to 3,
preferably 1 or 2, hetero atoms selected from nitrogen atom,
oxygen atom and sulfur atom, besides carbon atom, prefer-
ably an aromatic heterocycle. Specific examples thereof
include thienyl, furyl, pyrrolyl, imidazolyl, pyrazolyl, thia-
zolyl, isothiazolyl, oxazolyl, isoxazolyl, oxadiazolyl, thia-
diazolyl, triazolyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazi-
nyl, triazinyl, dithiazolyl, dioxolanyl, dithiolyl, pyrrolidinyl,
dithiadiazinyl, thiadiazinyl, morpholinyl, oxazinyl, thiazi-
nyl, piperazinyl, piperidinyl, pyranyl and thiopyranyl, with
preference given to thienyl, furyl, pyrrolyl, imidazolyl,
pyridyl and pyrimidinyl, and particular preference given to
pyridyl, pyrimidinyl and imidazolyl.

[0084] The condensed heterocyclic group is a ring wherein
5- or 6-membered heterocycles having, as an atom consti-
tuting the ring, 1 to 3, preferably 1 or 2, hetero atoms
selected from nitrogen atom, oxygen atom and sulfur atom,
besides carbon atom, preferably aromatic heterocycles have
been condensed, or a ring wherein such heterocycle, pref-
erably an aromatic heterocycle, and a 4- to 6-membered
aromatic hydrocarbon ring, preferably a benzene ring, have
been condensed. Specific examples thereof include furoisox-
azolyl, imidazothiazolyl, thienoisothiazolyl, thienothiazolyl,
imidazopyrazolyl, cyclopentapyrazolyl, pyrrolopyrrolyl,
cyclopentathienyl, thienothienyl, oxadiazolopyrazinyl, ben-
zofurazanyl, thiadiazolopyridinyl, triazolothiazinyl, triazol-
opyrimidinyl, triazolopyridinyl, benzotriazolyl, oxazolopy-
rimidinyl, oxazolopyridinyl, benzoxazolyl,
thiazolopyridazinyl, thiazolopyrimidinyl, benzisothiazolyl,
benzothiazolyl, pyrazolotriazinyl, pyrazolothiazinyl, imida-
zopyrazinyl, purinyl, pyrazolopyridazinyl, pyrazolopyrim-
idinyl, imidazopyridinyl, pyranopyrazolyl, benzimidazolyl,
indazolyl, benzoxathiolyl, benzodioxolyl, dithiolopyrimidi-
nyl, benzodithiolyl, indolidinyl, indolyl, isoindolyl, furopy-
rimidinyl, furopyridinyl, benzofuranyl, isobenzofuranyl,
thienopyrazinyl, thienopyrimidinyl, thienodioxinyl,
thienopyridinyl, benzothienyl, isobenzothienyl, cyclopen-
taoxazinyl, cyclopentafuranyl, benzothiadiazinyl, benzotri-
azinyl, pyridoxazinyl, benzoxazinyl, pyrimidothiazinyl,
benzothiazinyl, pyrimidopyridazinyl, pyrimidopyrimidinyl,
pyridopyridazinyl, pyridopyrimidinyl, cinnolinyl, quinazoli-
nyl, quinoxalinyl, benzoxathiinyl, benzodioxinyl, ben-
zodithiinyl, naphthyridinyl, isoquinolyl, quinolyl, benzopy-
ranyl, benzothiopyranyl, chromanyl, isochromanyl,
indolinyl and the like, with preference given to benzox-
azolyl, benzisothiazolyl, benzothiazolyl, benzimidazolyl,
indazolyl, benzoxathiolyl, benzodioxolyl, benzodithiolyl,
indolyl, isoindolyl, benzofuranyl, isobenzofuranyl, ben-
zothienyl, isobenzothienyl, benzothiadiazinyl, benzotriazi-
nyl, benzoxazinyl, benzothiazinyl, cinnolinyl, quinazolinyl,
quinoxalinyl, benzoxathiinyl, benzodioxinyl, benzodithii-
nyl, isoquinolyl, quinolyl, benzopyranyl, benzothiopyranyl,
chromanyl, isochromanyl and indolinyl, and particular pref-
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erence given to indolyl, isoindolyl, benzofuranyl, isobenzo-
furanyl, benzothienyl, isobenzothienyl, isoquinolyl and
quinolyl.

[0085] The lower alkylis a linear or branched alkyl having
1 to 6 carbon atoms, such as methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, neo-
pentyl, tert-pentyl, hexyl, isohexyl, 3,3-dimethylbutyl, 2,2-
dimethylbutyl and the like, with preference given to alkyl
having 1 to 4 carbon atoms such as methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, sec-butyl and tert-butyl, and par-
ticular preference given to methyl.

[0086] The optionally substituted means that the group
may be substituted by 1 to 3 substituents which may be the
same or different. Specific examples thereof include lower
alkyl such as methyl, ethyl, propyl, butyl, tert-butyl and the
like; lower alkoxy such as methoxy, ethoxy, propoxy,
butoxy, tert-butoxy and the like; halogen atom; nitro; cyano;
hydroxy; acyl (e.g., lower alkanoyl such as formyl, acetyl,
propionyl, butyryl, isobutyryl and the like, aroyl such as
benzoyl, naphthoyl and the like, and the like); acyloxy (acyl
moiety being as defined above) such as formyloxy, acety-
loxy, propionyloxy, butyryloxy, isobutyryloxy, benzoyloxy
and the like; aralkyloxy such as benzyloxy, phenethyloxy,
phenylpropyloxy and the like; mercapto; lower alkylthio
such as methylthio, ethylthio, propylthio, butylthio, isobu-
tylthio, tert-butylthio and the like; amino; lower alkylamino
such as methylamino, ethylamino, propylamino, isopropy-
lamino, butylamino and the like; di(lower)alkylamino such
as dimethylamino, diethylamino, dipropylamino, diisopro-
pylamino, dibutylamino and the like; carboxy; lower
alkoxycarbonyl such as methoxycarbonyl, ethoxycarbonyl,
propoxycarbonyl, isopropoxycarbonyl, butoxycarbonyl,
tert-butoxycarbonyl and the like; acylamnino (acyl moiety
being as defined above); trifluoromethyl; phosphoryl; sul-
fonyl; sulfonyloxy; carbamoyl; sulfamoyl; lower alkylphos-
phonamide such as methylphosphonamide, ethylphospho-
namide, propylphosphonamide, isopropylphosphonamide
and the like; methylenedioxy; lower alkoxyphosphoryl such
as methoxyphosphoryl, ethoxyphosphoryl, propoxyphos-
phoryl, isopropoxyphosphoryl and the like; lower alkylsul-
fonyl such as methylsulfonyl, ethylsulfonyl, propylsulfonyl,
butylsulfonyl, tert-butylsulfonyl and the like; lower alkyl-
sulfonylamino such as methylsulfonylamino, ethylsulfony-
lamino, propylsulfonylamino, butylsulfonylamino, tert-bu-
tyrylsulfonylamino and the like; and the like, with
preference given to hydroxy, lower alkyl, lower alkoxy,
aralkyloxy, mercapto, lower alkylthio, nitro, halogen atom,
trifluoromethyl, amino, di(lower)alkylamino, lower alky-
lamino, acyl, cyano, carbamoyl, acyloxy, sulfonyl, carboxy
and lower alkoxycarbonyl, and particular preference given
to hydroxy, lower alkyl and lower alkoxy. As used herein, by
lower is meant that the number of carbon atoms is preferably
1 to 6, more preferably 1 to 4.

[0087] The salts of the compounds of the formulas [3],
[5]H7], [9] and [11] may be any as long as they form
nontoxic salts with the compounds of the above-mentioned
formulas [3], [5]-[7],[9] and [11]. Specific examples thereof
include alkali metal salts such as sodium salt, potassium salt
and the like; alkaline earth metal salts such as magnesium
salt, calcium salt and the like; ammonium salt; organic base
salts such as trimethylamine salt, triethylamine salt, pyridine
salt, picoline salt, dicyclohexylamine salt, N,N'-dibenzyl-
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ethylenediamine salt and the like, and amino acid salts such
as lysine salt, arginine salt and the like.

[0088] The salt of compound [1] may be any and includes,
for example, inorganic acid addition salt such as hydrochlo-
ride, sulfate, phosphate, hydrobromide and the like; acid
addition salt with organic acid such as oxalic acid, malonic
acid, citric acid, fumaric acid, lactic acid, malic acid, suc-
cinic acid, tartaric acid, acetic acid, ascorbic acid, methane-
sulfonic acid, benzylsulfonic acid and the like; alkali metal
salts such as sodium salt, potassium salt and the like;
alkaline earth metal salts such as magnesium salt, calcium
salt and the like; ammonium salt; organic base salt such as
trimethylamine salt, triethylamine salt, pyridine salt,
picoline salt, dicyclohexylamine salt, N,N'-dibenzylethyl-
enediamine salt and the like; and the like.

[0089] In the following, the production method of com-
pound [11] and an intermediate compound is described in
detail.

CO,Me
[
H,oN CO,H
R Cl
Step 1 \ﬂ/ 2]
e}
CO,Me

CO,Me

COMe
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-continued
o Me
— |
N\ [7]
N OMs
CO,R!
AN
Step 5 [8]
CO,R!
HO
CO,R!
\ I/\ COsR!
Step 6
CO,R!
\: I/\ COsR?
Step 6

o Me
R%\ I/\ Vo
N o o o

[0090] wherein R and R* are as defined above.

General Production Method
[0091] Step 1

[0092] Compound [1] or a salt thereof is reacted with
compound [2] in an aqueous solvent in the presence of an
inorganic base to give compound [3].

[0093] The aqueous solvent to be used for the reaction is
specifically water which may contain a polar solvent, such
as methanol, ethanol, acetic acid and the like, in an amount
which does not interfere with the reaction.

[0094] The inorganic base is potassium carbonate, sodium
carbonate, potassium hydrogencarbonate, sodium hydrogen-
carbonate, sodium hydroxide, potassium hydroxide and the
like, with preference given to sodium carbonate.

[0095] The reaction temperature is —20° C.-50° C., pref-
erably 0° C.-30° C. The reaction time is 2-24 hours, pref-
erably 2-5 hours.

[0096] Step 2

[0097] Compound [4] can be obtained by reacting com-
pound [3] with acetic anhydride in an organic solvent in the
presence of a base and using a catalyst, followed by heating.
The obtained compound is cyclized by adding an acid such
as p-toluenesulfonic acid and the like, without isolation,
whereby compound [5] can be obtained.

[0098] Preferable organic solvent to be used for the reac-
tion is toluene. To proceed to the next reaction without
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isolating compound [4], the amount necessary for the next
reaction, preferably about 4 equivalents, of acetic anhydride
is used.

[0099] The base is exemplified by tertiary amine. Pre-
ferred is N-methylmorpholine or pyridine and more pre-
ferred is N-methylmorpholine. The base is preferably used
in an amount of 0.25-1.0 equivalent.

[0100] The catalyst is preferably dimethylaminopyridine.

[0101] The acid necessary for obtaining compound [5]
from compound [4] is preferably p-toluenesulfonic acid
monohydrate.

[0102] The heating temperature of decarboxylation is 40°
C.-70° C., preferably 55° C.-60° C. The reaction time of
decarboxylation is 4-48 hours, preferably 4-24 hours.

[0103] The reaction temperature of cyclization is 70°
C.-100° C., preferably 85° C.-90° C. The reaction time of
cyclization is 2-24 hours, preferably 4-6 hours.

[0104] Step 3

[0105] Compound [5] is reduced in a solvent using a
reducing agent to give compound [6]. By using an activating
agent for the reducing agent, the reaction can proceed
smoothly.

[0106] The solvent to be used for the reaction is preferably
tetrahydrofuran.

[0107] The reducing agent is preferably sodium borohy-
dride (NaBH,).

[0108] The activating agent for the reducing agent is
preferably methyl alcohol.

[0109] The reaction temperature is 30° C.-100° C., pref-
erably 40° C.-80° C. The reaction time is 1-10 hours,
preferably 1-2 hours.

[0110] Step 4

[0111] Compound [6] is reacted with methanesulfonyl
chloride (mesyl chloride) in a solvent in the presence of a
base to give compound [7].

[0112] The solvent to be used for the reaction is preferably
organic solvent such as toluene, dichloromethane and the
like, with preference given to toluene.

[0113] The base is exemplified by tertiary amine. Pre-
ferred is triethylamine and N-methylmorpholine, with par-
ticular preference given to triethylamine.

[0114] The reaction temperature is 0° C.-100° C., prefer-
ably 0° C.-50° C. The reaction time is 0.5-24 hours, pref-
erably 1-10 hours.

[0115] Step 5

[0116] Compound [7] is reacted with compound [8] in a
solvent in the presence of a base and using a catalyst to give
compound [9].

[0117] The solvent to be used for the reaction is preferably
toluene.
[0118] Preferred base is potassium carbonate.

[0119] The catalyst is a quaternary ammonium salt such as
tetrabutylammonium bromide, tetramethylammonium bro-
mide, tetracthylammonium bromide, tetracthylammonium
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chloride, benzyltrimethylammonium chloride, benzyltri-
ethylammonium chloride, benzyltriethylammonium bro-
mide and the like, or tris[2-(2-methoxyethoxy)ethyl]amine,
with preferance given to tetrabutylammonium bromide and
tris[2-(2-methoxyethoxy)ethyl]amine.

[0120] The reaction temperature is 0° C.-150° C., prefer-
ably 10° C.-120° C. The reaction time is 5-24 hours,
preferably 6-10 hours.

[0121] Step 6

[0122] Compound [9] is reduced under hydrogen atmo-
sphere in a solvent using a reducing catalyst to give com-
pound [10]. Without isolation, this compound is reacted with
hydroxylamine in a solvent in the presence of a base from
under cooling to heating to give compound [11].

[0123] The solvent to be used for the reaction is an organic
solvent such as methanol, ethanol, propanol, isopropanol,
tetrahydrofuran, dioxane, dichloromethane, acetic acid and
the like, or a mixed solvent thereof, which is preferably
tetrahydrofuran.

[0124] The reducing catalyst is palladium carbon, palla-
dium black and the like, which is preferably palladium
carbon.

[0125] The reaction time of reduction is 4-24 hours, pref-
erably 6-10 hours.

[0126] The solvent to be used for the reaction of from
compound [10] to compound [11] is methanol, ethanol,
propanol, isopropanol, tetrahydrofuran, dioxane, dichlo-
romethane, acetic acid, water and the like, or a mixed
solvent thereof. Preferred is a mixed solvent of methanol,
tetrahydrofuran and water.

[0127] The base is, for example, potassium carbonate,
sodium carbonate, sodium methoxide or sodium ethoxide.
Preferred is potassium carbonate.

[0128] The reaction temperature is 0° C.-50° C., prefer-
ably 20° C.-30° C. The reaction time is 4-24 hours, prefer-
ably 6-10 hours.

EXAMPLE

Example 1

[0129] Production of f-methyl N-benzoyl-L-aspartate
(compound [3] (R=phenyl))

[0130] p-Methyl L-aspartate hydrochloride (compound
[1]; 183.6 g) was dissolved in water (800 mL). This solution
was cooled to 5° C. while stirring and a solution of sodium
carbonate (265 g) in water (1 L) was added. To this reaction
mixture was added benzoyl chloride (121.9 mL) at 5° C.
over 1 hr 20 min. After sting at 10° C.-18° C. for 2 hours,
water (1.2 L) was added to the reaction mixture and the
reaction mixture was made homogeneous. Thereto was
added dichloromethane (0.5 L) to partition the solution and
the organic layer was removed. Conc. hydrochloric acid was
added to the aqueous layer to adjust to pH=2, and ethyl
acetate (1.5 L) was added and extracted. The aqueous layer
was further extracted with ethyl acetate (0.5 L) and the
organic layers were combined. The organic layer was
washed successively with water (1 L) and saturated brine (1
L) and dried over anhydrous magnesium sulfate. After
filtration, the filtrate was concentrated under reduced pres-
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sure to about half the amount and the precipitated crystals
were collected by filtration. The filtrate was further concen-
trated under reduced pressure to about half the amount and
the precipitated crystals were collected by filtration. The
obtained crystals were dried to give the title compound
(compound [3]; 229.9 g, yield 91.5%).

[0131] m.p. 124-125° C.
[0132] 'H-NMR (300 MHz, DMSO-d,, TMS)

[0133] & 2.80 (1H, dd, J=16.2, 8.1 Hz), 2.94 (1H, dd,
J=16.2, 6.3 Hz), 3.61 (3H, s), 4.79 (1H, m), 7.45-7.58 (3H,
m), 7.83-7.86 (2H, m), 8.77 (11, d, J=7.8 Hz), 12.82 (1H,
br-s)

[0134] FAB-MS: 252.1 (M+H)+

Example 2

[0135] Production of methyl 2-(5methyl-2-phenyl-4-ox-
azolyl)acetate (compound [5] (R=phenyl))

[0136] To p-methyl N-benzoyl-L-aspartate (compound
[3];229.9 g) obtained in Example 1 were successively added
toluene (1.2 L), acetic anhydride (346 mL), N-methylmor-
pholine (4.7 mL) and 4-dimethylaminopyridine (1.04 g) and
the mixture was stirred at internal temperature of 55-60° C.
for 4 hr to give a solution of methyl 3-benzoylamino-4-
oxopentanoate (compound [4]) in toluene. Without isolating
compound [4], p-toluenesulfonic acid monohydrate (31.8 g)
was added to this solution of methyl 3-benzoylamino-4-
oxopentanoate (compound [4]) in toluene. The mixture was
stirred at 85-90° C. for 5 hr and cooled to room temperature.
To the reaction mixture was added, with stirring, an aqueous
solution of sodium carbonate (75.6 g) in water (303 mL),
and the mixture was adjusted to pH 7-7.5. After standing
still, the aqueous layer was removed and the organic layer
was concentrated to give the title compound (compound [5];
206.7 g, yield 97.7%).

Example 3

[0137] Production of 2-(5methyl-2-phenyl-4-oxazolyl)e-
thanol (compound [6] (R=phenyl))

[0138] Methyl 2-(5-methyl-2-phenyl-4-oxazolyl)acetate
(compound [5]; 170 g) obtained in Example 2 was dissolved
in tetrahydrofuran (935 mL) and sodium borohydride (27.81
g) was added at room temperature. This suspension was
heated to 60° C. and stirred, and methyl alcohol (57.9 mL)
was added dropwise over 1 hr. After dropwise addition, the
reaction mixture was cooled to room temperature and water
(35 mL) was added dropwise. The mixture was stirred at
room temperature for 1 hr and filtered to remove solid
components. The solid components were washed with tet-
rahydrofuran and the washing was combined with the pre-
vious filtrate, which was followed by concentration under
reduced pressure. Ethyl acetate (1 L) was added to the
residue and after dissolution, water (1 L) was added for
partitioning. The aqueous layer was again extracted with
ethyl acetate (0.5 L), and the organic layers were combined
and washed successively with saturated sodium hydrogen-
carbonate solution (1 L) and saturated brine (1 L) and dried
over anhydrous magnesium sulfate. After filtration, the
filtrate was concentrated under reduced pressure to give
crude crystals (compound [6]; 149 g). The crystals were
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recrystallized from a mixed solvent of n-hexane (1 L) and
ethyl acetate (0.2 L) to give the title compound (compound
[6]; 134 g, yield 89.7%).

[0139] m.p. 73.0-73.8° C.
[0140] 'H-NMR (300 MHz, CDCL,, TMS)

[0141] 234 (3L, s), 2.72 (2H, t, J=5.4 Hz), 3.27 (1H,
br-s), 3.92 (2H, t, J=5.4 Hz), 7.38-7.47 (311, m), 7.95-7.99
(2H, m)

[0142] IR (KBr): 3294, 1647, 1556, 1447, 1338, 1056,
778, 715, 691 cm™*

[0143] FAB-MS: 204.1 (M+H)+

Example 4

[0144] Production of 2-(5-methyl-2-phenyl-4-oxazolyl-
)ethyl methanesulfonate (compound [7] (R=phenyl))

[0145] 2-(5-Methyl-2-phenyl-4-oxazolyl)ethanol  (com-
pound [6]; 108.6 g) obtained in Example 3 was dissolved in
toluene (600 mL), and methanesulfonyl chloride (45.4 mL)
was added, which was followed by stirring under ice-
cooling. To this solution was added dropwise triethylamine
(81.7 mL) under ice-cooling. After stirring for 1 hr, toluene
(1 L) was added and 1N hydrochloric acid (1L) was added
for partitioning. The aqueous layer was extracted again with
toluene (0.5 L). The combined organic layers were washed
successively with water (1 L), saturated sodium hydrogen-
carbonate solution (1 L) and saturated brine (1L), and dried
over anhydrous magnesium sulfate. The desiccant was fil-
tered off and the filtrate was concentrated under reduced
pressure to give the title compound (compound [7]; 150 g,
yield 100%) as crystals.

[0146] m.p. 88.2-89.0° C.
[0147] 'H-NMR (300 MHz, CDCL,, TMS)

[0148] §2.36 (3H, s), 2.96 (3H, 5), 2.96 (2H, t, 1=6.6 Hz),
4.53 (2, t, J=6.6 Hz), 7.39-7.47 (3H, m), 7.94-7.99 (2H, m)

[0149] IR (KBr): 1637, 1340, 1160, 981, 961, 869, 692
1

cm™

[0150] FAB-MS: 282.1 (M+H)+

Preparation Example 1

[0151] Production of dimethyl 2-(4-hydroxybenzyliden-
e)malonate (compound [8])

[0152] To a mixture of 4-hydroxybenzaldehyde (280.9 g),
dimethyl malonate (289.2 mL) and toluene (1.12 mL) were
successively added acetic acid (13.2 mL) and piperidine
(11.4 mL). After dehydration under refluxing at internal
temperature of 70° C.-75° C. for about 4 hr, the mixture was
cooled to internal temperature of not more than 10° C. and
stirred further for 1 hr. The precipitated crystals were
collected by filtration and washed with toluene (350 mL) to
give the title compound (compound [8]; 523.7 g, yield
96.4%).

[0153] m.p. 157.4-158.0° C.
[0154] 'H-NMR (300MHz, CDCL,, TMS)

[0155] §3.84(3H,s),3.87 (3H,s),5.71 (1H, m), 6.81-6.84
(2H, m), 7.26-7.34(2H, m), 7.70 (1H, s)
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[0156] IR (KBr): 3340, 1740, 1670, 1320, 1070, 840 cm™*

Example 5

[0157] Production of dimethyl [42-(5-methyl-2-phenyl-
4-oxazolylethoxy]benzylideneJmalonate  (compound[9]
(R=phenyl, R'=methyl))

[0158] 2-(5-Methyl-2-phenyl-4-oxazolyl)ethyl methane-
sulfonate obtained in Example 4 (compound [7]; 24.4 g) and
dimethyl 2-(4-hydroxybenzylidene)-malonate obtained in
Preparation Example 1 (compound [8]; 20.5 g) were mixed
with tetrabutylammonium bromide (1.4 g) and toluene (210
mL). The mixture was heated to 90° C. and dissolved. Then
potassium carbonate (13.2 g) was added and the mixture was
stirred at 110° C. for 6 hr. The reaction mixture was
ice-cooled and water (210 mL) was added, which was
followed by stirring. After standing still, the aqueous layer
was removed and 10% aqueous sodium chloride solution
(210 mL) was added to the organic layer with stirring. The
reaction mixture was allowed to stand and the aqueous layer
was removed. The organic layer was concentrated and the
concentrated residue was dissolved in methanol (150 mL)
under heating. The reaction mixture was cooled to 10° C. or
less and the reaction mixture was stirred for 1 hr. The
obtained crystals were collected by filtration and washed
with methanol (65 mL) to give the title compound (com-
pound [9]; 31.1 g, yield 85.0%).

[0159] m.p. 104.0-105.0° C.
[0160] 'H-NMR (300 MHz, CDCL,, TMS)

[0161] §2.37 (3H, ), 2.99 (2H, t, J=6.7 Hz), 3.82 (3H, 5),
3.85 (3H, s), 4.28 (2H, t, J=6.7 Hz), 6.89 (2H, d, J=6.8 Hz),
7.35-7.43 (5H, m), 7.70 (1H, s), 7.97 (2H, m)

[0162] IR (KBr): 1729, 1706, 1606, 1252, 1066 cm™
[0163] FAB-MS: 422.1 (M+H)+

Example 6

[0164] Production of 4{4{2-(5-methyl-2-phenyl-4-ox-
azolylethoxy]benzyl]3,5-isoxazolidinedione ~ (compound
[11] (R=phenyD))

[0165] Dimethyl [4{2-(5-methyl-2-phenyl-4-0x-
azolyl)ethoxy]benzylidene Jmalonate (compound [9]; 2.5 g)
obtained in Example 5 was dissolved in tetrahydrofuran (20
ml) and 5% Pd-C (150 mg) was added. The mixture was
vigorously stirred under hydrogen atmosphere at normal
temperature and normal pressure. After 8 hr, the catalyst was
filtered off and hydroxylamine (360 mg), methanol (4 ml)
and potassium carbonate (574 mg) were added to the filtrate.
Water (4 ml) was added dropwise and the mixture was
stirred at room temperature for 6 hr.

[0166] The solvent was evaporated and 1N aqueous HCl
solution (50 ml) was added to the residue for acidification.
The mixture was extracted twice with ether and dried over
magnesium sulfate. The solvent was evaporated and the
obtained solid was recrystallized twice from methanol to
give the title compound (compound [11]; 650 mg, yield
80%).

Industrial Applicability

[0167] As is evident from the above, the method of the
present invention enables extremely efficient production of
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a compound of the formula [11] and an intermediate com-
pound thereof, that are useful as therapeutic agents for
diabetes, at high yield, as compared to conventional meth-
ods. The production method of the present invention is
highly practical and industrially very useful.

[0168] This application is based on application No.
104098/1998 filed in Japan, the content of which is incor-
porated hereinto by reference.

What is claimed is:

1. A method for producing an isoxazolidinedione com-
pound of the formula [11]

[11]

(0]
o) Me
R—<\ j[/\ /NH
N 0 o (o]

wherein R is an optionally substituted aromatic hydrocarbon
group, an optionally substituted alicyclic hydrocarbon
group, an optionally substituted heterocyclic group or an
optionally substituted condensed heterocyclic group, or a
salt thereof, comprising the steps of

(a) reacting compound [1]

L

HN COH

CO,Me

or a salt thereof with a compound of the formula [2]

R Cl

T

(0]

wherein R is as defined above, in the presence of an
inorganic base in an aqueous solvent to give an aspar-
tate derivative of the formula [3]

COMe

\[rN COLH
H

(0]

wherein R is as defined above;
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(b) reacting this compound with acetic anhydride using
dimethylaminopyridine as a catalyst in the presence of
a base, followed by heating for decarboxylation to give
a compound of the formula [4]

COMe
R Ji

N COMe
H

(0]

wherein R is as defined above;

(c) adding p-toluenesulfonic acid without isolating this
compound to give an oxazolylacetate derivative of the

formula [5]

wherein R is as defined above;

(d) reducing this compound in tetrahydrofuran in the
presence of NaBH, as a reducing agent and methanol as
an activating agent to give an oxazolylethanol deriva-

tive of the formula [6]

o Me
<1
N OH

wherein R is as defined above;

(e) reacting this compound with mesyl chloride in toluene
in the presence of triethylamine as a base catalyst to
give a methanesulfonate derivative of the formula [7]

o Me
<1
N OMs

wherein R is as defined above;
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(f) reacting this compound with a compound of the
formula [8]

CO,R!

X

CO,R!
HO

wherein R' is a lower alkyl, in the presence of potassium
carbonate and a quaternary ammonium salt or tris[2-
(2-methoxyethoxy)ethyl]amine as a catalyst to give a
benzylidene derivative of the formula [9]

Me CO,R!
4<o ~
R |
\ CO,R!
N o

wherein R and R is as defined above;

(g) reducing this compound under hydrogen atmosphere
to give a malonic acid derivative of the formula [10]

o Me
<
N 0

wherein R and R* is as defined above; and

(h) reacting this compound with hydroxylamine in the

presence of a base.
2. A method for producing an oxazolylethanol derivative

of the formula [6]

o Me
R‘<\Nj[/\
oH

wherein R is as defined in claim 1, or a salt thereof
comprising the steps of

(b) reacting a compound [1]

]

[10]

CO,R!

CO,R!

CO,Me

HN COH
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or a salt thereof in an aqueous solvent with a compound
of the formula [2]

R Cl

T

(0]

wherein R is as defined above, in the presence of an
inorganic base to give an aspartate derivative of the
formula [3]

COMe
R L

\[rN COLH
H

(0]

wherein R is as defined above;

(b) reacting this compound with acetic anhydride using
dimethylaminopyridine as a catalyst in the presence of
a base, followed by heating for decarboxylation to give
a compound of the formula [4]

wherein R is as defined above;

(c) adding p-toluenesulfonic acid without isolating this
compound to give an oxazolylacetate derivative of the
formula [5]

wherein R is as defined above; and

(d) reducing this compound in tetrahydrofuran in the
presence of NaBH,, as a reducing agent and methanol as
an activating agent.
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3. A method for producing an aspartate derivative of the
formula [3]

wherein R is as defined in claim 1, or a salt thereof,
comprising reacting a compound [1]

L

HN COH

CO,Me

or a salt thereof with a compound of the formula [2]

R Cl

T

(0]

wherein R is as defined above, in an aqueous solvent in the
presence of an inorganic base.

4. A method for producing an oxazolylacetate derivative
of the formula [5]

o Me
R |
\: I/cone
N

wherein R is as defined in claim 1, or a salt thereof,
comprising reacting a compound of the formula [3]

COMe
R L

N CO,LH
H

(0]

wherein R is as defined above, with acetic anhydride using
dimethylaminopyridine as a catalyst in the presence of a
base, heating for decarboxylation to give a compound of the
formula [4]
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R

A

(0]

Lcone

COMe

wherein R is as defined above, and adding p-toluenesulfonic
acid without isolating this compound.

5. A method for producing an oxazolylethanol derivative
of the formula [6]

o Me
R_<\NI/\
OH

wherein R is as defined in claim 1, or a salt thereof,
comprising reacting an oxazolylacetate derivative of the
formula [5]

wherein R is as defined above, in tetrahydrofuran in the
presence of NaBH, as a reducing agent and methanol as an
activating agent.

6. A method for producing a methanesulfonate derivative
of the formula [7]

o Me
R{\NI/\
oM

wherein R is as defined in claim 1, or a salt thereof,
comprising reacting an oxazolylethanol derivative of the
formula [6]

S

14
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o Me
R{\Nj[/\
OH

wherein R is as defined above, with mesyl chloride in
toluene in the presence of triethylamine as a base catalyst.

7. A method for producing a benzylidene derivative of the
formula [9]

Me CO,R!
{O \
R |
\N CO,R!
0

wherein R is as defined in claim 1 and R is a lower alkyl,
or a salt thereof, comprising reacting a methanesulfonate
derivative of the formula [7]

o Me
R{\Nj[/\
OM;

wherein R is as defined above, with a compound of the
formula [8]

]

S

CO,R!

x

CO,R!
HO

wherein R* is as defined above, in the presence of potassium
carbonate and a quaternary ammonium salt or tris[2-(2-
methoxyethoxy)ethyl]amine as a catalyst.



