50z

c

Co-. -

&3

<J

—
el

N

- P/00/008 28/5/91
Section 29(1)
Regulation 3.2(2)

AUSTRALIA

Patents Act 1990

NOTICE OF ENTITLEMENT

We, YAMANOUCHI PHARMACEUTICAL CO., LTD. of 3-11, Nihonbashi-Honcho 2-
chome, Chuo-ku, Tokyo 103, Japan, the Applicant in respect of Australian Application No.
23465/92 state the following:

1. Yamanouchi Pharmaceutical Co., Ltd. is the Nominated Person in respect of the
application.
2. The actual inventors of the invention, the subject of the application, are Kunihiro

Niigata, Takumi Takahashi, Takashi Yoneda, Osamu Noshiro, Reiko K01ke and
~Akiyoshi Shimaya.

3. The Nominated Person, Yamanouchi Pharmaceutical Co., Ltd., is entitled to the
- grant of a patent in respect of the application because the said Nominated Person
derived title to the invention from the actual inventors by employment agreement.

4. The Nominated Person is entitled to claim priority from the applications listed in

the declaration under Article 8 of the PCT because the Nominated Person is the

- applicant in respect of the applications listed in the declaration under Article 8 of

the PCT, and because the said applications were the first applications made in a
Convention country in respect of the invention.

020

DATED this 4th day of August, 1995.

YAMANOUCHI PHARMACEUTICAL CO., LTD.
eo . By Its Patent Attorneys,
DAVIES COLLISON CAVE

-

JAMES G SIELY, FIPAA

p:\wpdoes\zra\d95623\jgs




«

TR

AU9223465

(12) PATENT ABRIDGMENT  (11) pocument No. AU-B-23465/92
(1 9) AUSTRALIAN PATENT OFFICE (1 0) Acceptance No. 663514

(54) Title
NOVEL BISHETERQCYCLIC DERIVATIVE OR SALT THEREOF

International Patent Classification(s)

(51)5 CO7D 263744 A61K 031/41 A61K 031/42 CO7D 263/46
CO7D 277/34 C07D 277/36 CO7D 417/12 CO7D 493/04
A61K 031/425

(21) Application No. : 23465/92 (22) Application Date : 28.07.92

(87) PCT Publication Number : WO93/03021
(80) Priority Data

(31) Number (32) - Date (33) Country
3-214326 30.07.91 JP JAPAN
4-93553 19.03.92 JP JAPAN

(43) Publication Date : 02.03.93
(44) Publication Date of Accepted Application: 12,10.95

(71) Applicant(s)
YAMANOUCHI PHARMACEUTICAL CO., LTD.

(72) Inventor(s)
KUNIHIRO NIIGATA; TAKUMI TAKAHASHI; TAKASHI YONEDA; OSAMU NOSHIRO; REIKO KOIKE;
AKIYOSHI SHIMAY A

(74)  Attorney or Agent
DAVIES COLLISON CAVE , GPO Box 3876, SYDNEY NSW 2001

(56) Prior Art Documents
AU 80795/91 CO7D 263/44 CO07D 277/34
AU 61285/90 CO7D 277/34 A61K 031/42

(57) Claim . .
1. A bisheterocyclic compound represented by the

following general formula (I)

L'—0 —B}— R!
1

L*—0O B5—R?

. L ‘
wherein R' and R’ may be the same or different from each
other and each represents a group of the formula:

Y! Y!

3
— CH— /k or — CH, /&
X YZ X YZ

. 3
wherein R represents a hydrogen atom or a protective group

1 2 .
X, Y and Y may be the same or different from one another

../2
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and each represents an oxygen atom or a sulfur atom,

B' and B’ each represents a phenylene group or a naphthylene group

B’ represents a phenylene group, a naphthylene group, a

cyclohexylene group or a furo(3,2-bjJfuranylene group,

L' and L’ each represents a group represented by the
formula -(0),-A~,

n represents an integer of 0 or 1, and

A represents a single bond or a lower alkylene group,
provided that when n is 1, A represents a lower alkylene
group and the oxygen atom of each of L' and L’ is bonded to
B"], or a stereoisomer thereof, a tautomer thereof, a
pharmaceutically acceptable salt thereof or a

pharmaceutically acceptable solvate thereof.
8. A method for the prevention and/or treatment of

diabetes or complications thereof wherein there is
administered, to a subject in need of such treatment, a

composition according to claim 6.
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(57) Abstract

A bisheterocyclic compound represented by general formula (1), stereoisomers thereof, tautomers thereof, a pharmaceuti-
cally acceptable salt or a pharmaceutically acceptable solvate thereof, a pharmaceutical composition containing the same, and a
process for the production thereof. In formula (I), R! and R? may be the same or different from each other and each repres-
ents (11) or (111), R3 represents hydrogen or a protective group, X, Y! and Y2 may be the same or different from one another
and each represents oxygen or sulfur, B! and B2 represent each phenylene, B3 represents phenylene, naphthylene, cyclohexy-
lene or furo[3,2-b]furanylene, L! and L2 represent each -(O)n-A-, n represents 0 or 1, and A represents a single bond or low-
er alkylene, provided that when n is 1, A represents alkylene and the oxygen atom of each of L! and L2 is bonded to B3, The

above compounds are useful as a hypoglycemic drug based on the activity of enhancing insulin sensitivity.
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SPECIFICATION
NOVEL BISHETEROCYCLIC DERIVATIVE OR SALT THEREOF

TECHNICAL FIELD

This invention relates to a novel bisheterocyclic
derivative which is useful as drugs especially as a
hypoglycemic drug, and to stereoisomers thereof, tautomers
thereof, a pharmaceutically acceptable salt thereof, a
pharmaceuf;icalli/ acceptable solvate thereof, a pharmaceutical
composition containing the same and a process for the
production thereof.

BACKGROUND ART

Synthetic hypoglycemic drugs currently used
clinically as therapeutic agents for the treatment of
diabetes are sulfonylurea prep'arations and biguanide
preparations. Biguanide preparations, however, are used only
in rare cases because of the limitation for their application
due to their aptness to cause lactic acidosis. Sulfonylurea
preparations, on the other hand, show solid hypoglycemic
function and markedly small side effects, but must be used
carefully because they sometimes cause hypoglycemia.

A number of studies have been made on the development
of hypoglycemic drugs which can be used as substitutes for
the sulfonylurea preparations, but with no success in putting
them into practical use.

In recent years, insulin sensitivity enhancing agents

which exhibit a hypoglycemic function by enhancing insulin

——.
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.sensitivity in peripheral tissues have received increased
attention as éubstitutes for the aforementioned synthetic
hypoglycemic drugs.

There are various compounds which have such an

insulin sensitivity enhancing function, of which a

thiazolidinedione compound disclosed in U.S. Patent 5,063,240
and represented by the following formula is known as a

bisheterocyclic type compound.

| 1 R g

| R | 1,?" I

| ol ] | IS
! N 0—(CH ) n—X—(CH,)m— 0 ~/

| 1 o I

(See.the above patent foxr the definition of each symbol in
this formula.) | |
DISCLOSURE OF THE INVENTION
The inventors of the present invention have conducted
screening works by creating various compounds and found that
a bisheterocyclic compound represented by the following

general formula (I) whose structure is different from the

compound disclosed in the aforementioned patent, as well as
pharmaceutically acceptable salts and the like thereof, can
show excellent hypoglycemic function based on the activity of

i enhancing insulin sensitivity and therefore can satisfy the




i i e, . i APl

clinical object. The present invention was accompiished

based on this finding.

[In the above formula, R! and R’ may be the same or different

from each other and each represents a group of the formula:

'e v
3 R3
N/R or N/
~ CH= - CH, /g
’gyz Yz

(wherein R’ represents a hydrogen atom or a protective group
and each of X, Y and Y’ represents a sulfur atom or an

oxygen atom), each of B' and B’ represents a phenylene group
or a naphthylene group, B’ represents a phenylene group, a

naphthylene group, a cyclohexylene group or a

furco[3,2-b]furanylene group represented by the following

formula
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and each of L' and L’ is a group represented by the formula
-(0),-A- (where A represents a single bond or a lower
alkylene group and n is an integer of 0 or 1, provided that
when n is 1, A represents a lower alkylene group and the
oxygen atom of each of L' and L’ is bonded to B3).]

Accordingly, the present invention relates to a
bisheterocyclic compound represented by the aforementioned
general formula (I), stereoisomers thereof, tautomers
thereof, a pharmaceutically acceptable salt thereof, a
pharmaceutically acceptable solvate thereof, a pharmacecutical
composition containing the same and a process for the
production thereof.

In this instance, the compound of the present
invention is characterized in that B’ in the above general
formula (I) is a phenylene group, a naphthylene group, a
cyclohexylene group or a furo[3,2-b]furanylene group, and the
inventive compound is therefore clearly different from the
compound disclosed in the aforementioned patent in view of
their structures. The following describes the compound of
the present invention in detail.

In the compound (I) of the present invention,
illustrative examples of the "phenylene group" represented by
Bl, B> and B’ include o-phenylene, m-phenylene and p-
phenylene, and illustrative examples of the “naphthylene
group" include 2,7-naphthylene, 2,6-naphthylene, 1,8-

:qaphthylene, 1,5-naphthylene and the like.
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Also, illustrative examples of the "cyclohexylene
group" represented by B> include 1,2-cyclohexylene, 1,3-
cyclohexylene and 1,4-cyclohexylene, and illustrative
examples of the "furo[3,2-b]furanylene group" include 3,6-
furo[3,2-b]furanylene, 2,5-furo[3,2-b]furanylene and the
like. |

In addition, the -A- moiety of the formula —(0)a-A-
represented by L' and 1? is a single bond or lower alkylene,
and this "lower alkylene" is an alkylene group having 1 to 6
carbon atoms, with its illustrative examples including
methylene, ethylene, propylene (trimethylenej, butylene
(tetramethylene), pentamethylene and hexamethylene. Thé
lower alkylene grohp may be substituted with one or two lower
alkyl groups. Examples of the substituted lower alkylene
group include methylmethylene, methylethylene, |
methylpropylené, dimethylmethylene, propylmethylene;
ethylmethylmethylene and the like.

With regard to the protective group represented by

R3, protective groups for acidic nitrogen which can be

"eliminated easily by reduction or with an acid may be used,

with their preferred iilustrative examples including trityl,
benzhydryl, methoxycarbonyl, benzylokycarbonyl,
methoxybenzyl, p-nitrobenzyl and the like.

Since the compound (I) of the present invention has
double bonds and asymmetric carbén atoms and contains

carbonyl and thiocarbonyl groups, their presence results in




the formation of stereoisomers such as geometrical and
optical isomers and tautomers.  All of these isomers,

isolated or as a mixture, are included in the present

invention.

Since a compound in which a thiazolidine ring or a
oxazolidine ring has an acidic nitrogen is included in the
compound (I) of }:he present invention, it can form a salt
with a base. The present invention includes pharmaceutically
acceptable salts of the compound (I), and examples of these
salts include those with metals such as sodium, potassium,
calcium, magnesium, aluminium and the like and those with
organic bases such as methylamine, ethylamine, dimethylamine,
diethylamine, trimethylamine, triethylamine,
monoethanolamine, diethanolamine, triethanolamine,
cyclohexylamine, amino acids such as lysine and ornithine and
the like.

The present invention also includes pharmaceutically
acceptable various solvates, such as hydrates, of the
compound (I), as well as polymorphic forms thereof.

Particularly preferred among the inventive compounds

represented by the aforementioned general formula (I) is a
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compound in which R' and R? are —-CH:zi:jié or
@]

©)

—CH, ji? and B is a phenylene group or a cyclohexylene
0

group. ‘

Typical examples of the compound of the present
invention are as follows.

Trans-1,4-bis[[4-[(2,4-dioxo-5-thiazolidinyl)methyl]-
phenoxy]methyl Jcyclohexane

Trans-1,4-bis[[4~[(2,4-dioxo-5-oxazolidinylidene)-
methyl Jphenoxy ]methyl]cyclohexane

Trans-1,4-bis[[4-[(2,4-dioxo-5-oxazolidinyl)methyl]-
phenoxy]methyl Jcyclohexane

1,3-Bis(4-[(2,4-dioxo-5-0xazolidinyl )methyl]phenoxy]-
benzene

1,3-Bis[4-[(2,4-dioxo-5-0oxazolidinylidene)methyl]-
phenoxy ]benzene

1,3-Bis[4-[(2,4-dioxo-5-0xazolidinyl )methyl Jphenoxy]-
cyclohexane

1,3-Bis{4-[(2,4-dioxo-5-thiazolidinyl )methyl]-
phenoxy]cyclohexane

The compound (1) of the present invention can be
produced making use of varicus processes, by taking into

consideration its chemical structure characteristics such as




basic skeleton, substituent groups and the like. The

folloWing illustrates typical production processes.

Production process 1
L'—0—{B)—cH

0 -
l éN/Ra
. 4+ £ *YZ

0 B R (11D
. R
N
1 ~__[Aﬁ__CH
___ﬂ_—'-%
L?*—0—{B2 _R?
(Ta)
vl

v?2
®
L*— 0—(B)—R?
(Ib)
(In the above reaction formuiae, each of Bl, Bz, B3,
1

L, L} X, ¥, v ., R* and R® has the same mear.ing as described '

I
in the foregoing, and R® is a formyl group or a group




represented by the aforementioned R®. In addition, ¢ is 2
when R* is a formyl group or 1 in other cases.)

The heterocyclic derivative represented by the
general formula (Ia) is produced by a usual condensation
reaction (Knoevenagel condensation) in which a mono- or
bisaldehyde derivative represented by the general formula
(II) is allowed to react with a thiazoline or oxazoline
derivative represented by the formula (III).

Another heterocyclic derivative represented by the
general formula (Ib) is produced by reducing the compound
(Ia).

It is desirable to carry out the condensation
reaction at room temperature or with heating, preferably with
heating, using the compounds (II) and (III) in an
approximately equal or two-fold mol basis, or either one in a
slightly excess amount than its chemical equivalent, in an
organic solvent including an alcohol such as ethanol,
methanol or the like, tetrahydrofuran, diethyl ether,
methylene chloride, chloroform, benzene, toluene,

acetonitrile or the like, or in water or a mixture thereof,

in the presence of an acetic acid-piperidine mixture, B-

alanine, alumina, titanium tetrachloride, tin tetrachloride,
boron tetrafluoride, potassium fluoride, sodium hydroxide,
potassium hydroxide, sodium carbonate, ammonium acetate, an

alkali metal alkoxide such as sodium ethoxide, potassium t-

. /‘ . .
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butoxide or the like or a base such as diethylamine,
triethylamine, pentylamine, pyridine or the like.

The compound (Ib) of the present invention is
produced by reduction of carbon-to-carbon double bond making
use of, for example, a hydrogenation reaction with a catalyst
such as a palladium on carbon or the like, or a reduction
reaction with a petal hydride such as lithium borohydride,
sodium borohydride or the like. The reduction reaction with
a metal hydride may be carried out preferably using
dimethylimidazolidinone as the solvent and sodium borohydride
as the reducing agent at usually an elevated reaction
temperature.

In this instance, an unsymmetric compound having
different heterocyclic groups can be produced easily by
allowing a starting compound (II) in which R® is R’ to react
with a starting compound (III) having a heterocyclic group

which is different from the heterocyclic group of R%.




Production process 2

Li— O——{Bl}—— CH,—Z 1
| 2 X Rr?
CB? I }N/
T - m - /‘&
X

av)

‘ L'—0 @—CHZ—Q\\N/Ra
~ Ay

|

12—0 —{B}—R?

(Ic)
[In the above reaction formulae, each of Bl, Bz, B3,

Ll, Lz, X, Yl, Yz, R*> and R® has the same meaning as described

in the foregoing, Z represents a halogen atom, R” is a group
represented by a formula -CH,-Z (where Z has the just

described meaning) or the group R? and m is 2 when R® is the
group represented by the formula -CH,~-Z2 or 1 in other cases.]

The compound of the present invention represented by
the general formula (Ic) is produced by allowing a mono- or
bishalide represented by the general formula (IV) to react
with an oxazolidine or thiazolidine compound represented by
the general formula (III).

Examples of the halogen atoms include iodine,

bromine, chlorine and the like.

- 11 -




It is advantageous to carry out the reaction by
making the compound (III) into an active methylene compound,
in the presence of a base such as n-butyl lithium, magnesium
methylcarbonate, lithium diisopropylamide, potassium
hexamethyldisilazide or the like, using the compound (III) in
an approximately equal mol or two-fold mols based on the
compound (IV), or either one in a slightly excess amount than
its chemical equivalent, in an inert organic solvent such as
ether, dimethyl ether, tetrahydrofuran, dioxane,
dimethylformamide, an alcohol such as methanol, ethanol,
isopropanol or the like or a mixture thereof.

The reaction temperature varies depending on the
reaction conditions such as the type of base used, but it may
generally be in the range of from -78°C to 100°C.

The reaction time may be set appropriately taking the
reaction conditions into consideration.

In this instance, it is possible to produce an
unsymmetric compound having different heterocyclic groups in

the same manner as the procedure of the production process 1.




Kx

A%

Pararayet
/%,)Jb.‘..l £ ,;\

Production process 3

L'—z
(B) + a- 5o —{B)—rR!
(V)

L‘—O—@-—R1 |
| |
L— 0 —(B)—r?

(Id)

[In the above reaction formulae, each of Rl, Rz, Ll,

LZ,‘BI, B? and B® has the same meaning as described in the

foregoing, Z represents a halogen atom, R®° is a group
represented by a formula — O—{ B3 R?(where each of B’ and R

has the same meaning as described in the foregoing) or a
halogen atom and q is 2 when R is a halogen atom or 1 in
other cases.]

The compound of thé present invention represented by
the general formula (Id) is produced by allowing a mono- or
bishalide represented by the general formula (V) to react

with a phenol derivative represented by the formula (VI) in

- 13 -




the presence of a base. This is a well known method for the
synthesis of aromatic ether compounds.

The reaction conditions should be selected depending
on the compound used, but it is preferable to use
dimethylformamide as the solvent and potassium carbonate as
the base. The reaction may be carried out with cooling
depending on the base, but generally at room temperature or
with heating.

In this instance, it is possible to produce an
unsymmetric compound having different heterocyclic groups in
the same manner as the procedure of the production process 1.

Production process 4

1 - 14 -
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[In the above reaction formulae, each of Bl, BZ, B%

LE If, X and R’ has the same meaning as described in the

foregoing, ! and 17 may be the same or different from each
other and each represents a methine group (-CH=) or a
methylene group, at least one of Y3, Y4, Y’ and Y® is sulfur
atom and each of the rest is sulfur atom or oxygen atom, at

least one of Y7,.Y8, Y’ and Y'° is an oxygen atom and each of

represents a single bond or a double bond.]

The carbonyl compound represented by the general
formula (If) can be synthesized by an exchange reaction of
thiocarbonyl for carbonyl in which the corresponding
thiocarbonyl compound (Ie) is treated with an oxidizing
agent.

The reaction can be effected in the absence of
solvent, but preferably in an inert solvent including
dimethylformamide, acetone, methylethylketone or an alcohol
such as methanol, ethanol, isopropanol or the like.
Preferred oxidizing agent may be selected from hydrogen
peroxide and organic peroxides such as m-chloroperbenzoic
acid, perbenzoic acid, monoperoxyphthalic acid, performic
acid, peracetic acid, trifluoroperacetic acid and the like.

Though bases are not particularly required for the

synthesis of the compound of this invention, it is possible

to allow the compound (Ie) to undergo the reaction as an
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metal enolate of thiocarbonyl by adding a base such as sodium
hydride.

The reaction can be fully effected at room
temperature, or with cooling if necessary. The reaétion time
varies dépending on the reaction conditions and therefore are
set appropriately.

Production process 5

X
|

G%} | 2 + H,N—C— NH,
(VII)

12— 0 —LBY)— CH,—CH—COOR"
|

(VD) T

L'— 0 —{B)— CH,— CH—COOR'

(Ig)
0]
NH
L CH ——2%\
L 0] ——“‘ 2 X/&o
In the case where Y°=NH
. N
@)
NH
o (@ cn— ]

G ‘ - 16 -




(In the above reaction formulae, each of Bl, BZ, B3,

If, Lz, X and R’ hasbthe same meaning as déscribed in the
foregoing, R represents a hydrogen atom or an ester residue,
7® represents a halogen atom or hydroxyl group and Y°
represents an imino group or an oxygen atom.)

The bis(oxazolidine or thiazolidine) derivative
represented by the general formula (Ig) is produced by
allowing a bis(halogenopropionic acid) derivative represented
'by the general formula (VII) to react with a thiourea or urea
compound represented by the formula (VIII), and, when Y° of
the compound (Ig) is an imino group, this is further
hydrolyzed to produce the compound of the present invention
bis(0xazolidine or thiazolidine) derivative represented by
the general formula (Ih).

The ester residue represented by R" may be any group
capable of forming an ester, which include lower alkyl groups
such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl, sec-
pentyl, tert-pentyl, hexyl, isohexyl and the like and aralkyl
groups such as benzyl and the like.

This reaction is a heterocycle forming reaction and
may be carried out in the absence or presence of an inert
organic solvent which includes an alcohol such as methanol,
ethanol, propanol, isopropanol, methoxyethanol, ethoxyethanol

or the like, dimethylsulfoxide, dimethylformamide, N,N’-




dimethylimidazolidinone or the like. Of these, alcohols are
particularly preferable, when a case is taken into
consideration in which the reaction solution is subjected
directly to the subsequent acid hydrolysis step.

With regard to the amount of the starting compounds,
the easily available compound (VIII) may be used in an excess
amount. ‘

The reaction may be carried out at a temperature of
from 50 to 200°C, advantageously at the reflux temperature of
the solvent used.

Though the reaction progresses sufficiently by
heating only, it may be carried out generally in the presence
of a catalyst such as sodium acetate or potassium acetate or
sodium methoxide, potassium tert-butoxide or the like.

The reaction time may be set appropriately, taking
the type of starting compounds, reaction conditions and the
like into consideration.

In the case of the reaction when Y° in the formula
(Ig) is an imino group, it is an exchange reaction of the
imino group for carbonyl group, and the reaction is carried
out in an inert solvent, particularly an alcohol, in the
presence of excess amounts of water and an acid (e.g.; strong
acid such as hydrochloric acid, hydrobromic acid or the like)

and generally with heating, preferably with reflux.



Production process 6

2 (2 {
P—O0—BE/—R
Ix) Y
l _( NH
—0 B—CHyj
L u - X/kYZ
Reduction I

A\
=
<~

[In the above reaction formulae, each of Bl, Bz, BJ,
Ll, Lz, 2%, X, YI, Y? and R’ has the same meaning as described

in the foregoing and R' is a group represented by a formula:
g p

YA !
| 3 V/RJ _?\V/
—_CH ! or — CH, /&

X*YZ Yz

(where each of X, Yl, Y% R3, z° and R® has the same meaning as

described in the foregoing).]

Among the compounds of the present invention, the
bisheterocyclic derivative represented by the general formula
(Ii) is produced by carrying out reduction of a mono or

.
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bishalogeno- or hydroxy-bisheterocyclic derivative
represented by the general formula (IX).
In this reaction, a halogenomethylene group or a

Ze
hydroxymethylene group < | > is converted into a

— CH —
methylene group gnd, when R’ is a protective group, the
protective group is simultaneously eliminated, advantageously
by making use of a hydrogenation reaction with a catalyst
such as palladium on carbon or the like in an organic solvent
such as alcohol (e.g., methanol, ethanol or the like)
generally at room temperature or with warming.

Production process 7

L' —OH

+ r-Ho—@-—R'

L?_ge (XD) i
(xX)

P(Ph); , Et0,C -~ N =N - CO,Et

(1j) i

(In the above reaction formulae, each of B% Bz, B%

L' and L’ has the same meaning as described in the foregoing,

L
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R® is a hydroxyl group or a group represented by a formula
-0-B®-R* and r is 2 when R® is a hydroxyl group or 1 in other
cases.)

The compound (Ij) of the present invention can be
synthesized by the Mitsunobu reaction in which an ether
compound is formed by allowing a mono- or bishydroxy compound
represented by the general formula (X) to react with a phenol
compound represented by the general formula (XI) in the
presence of triphenylphosphine and diethyl azodicarboxylate.

It is desirable to carry out this reaction using one
mol or two mols of the compound (XI) based on one mol of the
compound (X), or either one in a slightly excess amount than
its chemical equivalent, in an inert organic solvent such as
ether, tetrahydrofuran, dioxane, benzene, toluene, xylene,
dimethylformamide or the like, with cooling or at room

temperature.




Production process 8

RS
L'—o—{B)— L jN/
| | XNy
.
6
| —

R N T N
N A

(1D

(In the above reaction formulae, each of B” Bz, B%

Ll, LZ, LdJ, Lmz, X, Yl, y? and === has the same meaning as

4

described in the foregoing and at least one of R’ and R® is a

protective grbup and the other is a hydrogen atom or a

protective group.)

The compound of the present invention represented by
the general formula (Il) is produced by eliminating the
protective group from a protective group-containing
bisheterocyclic compound represented by the general formula
(Ik).

Elimination of the protective group can be made
easily by treating the compound with an acid, preferably with

- 22 -
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an organic peracid or mineral acid such as trifluoroperacid,
hydrochloric acid or the like.

The thus produced compound (I) of the present
invention is isolated and purified in its free form oi as a
salt.

Isolation and purification are carried out by making
use of usual chemical procedures such as extraction,
crystallization, recrystallization and Various.tyées of
column éhfomatography, especially silica gel column
chromatography. |

INDUSTRIAL APPLICABILITY

Since the compound (I) according to the present
invention and salfs and the like thereof have excellent
hypoglycemic effect based on their insulin sensitivity
enhancing function and have low'toxicity, they are useful as
drugs for the prevention and treatment of diabetes,
especially insulin-independent diabetes mellitus (type II),
and various complications of diabetes and as concomitant
drugs of insulin.

The hypoglycemic effect based on the insulin
sensitivity enhancing function according to the present
invention has been confirmed by the following test.
Hypoglycemic activity

Male kk mice of 4 to 5 weeks of age were purchased

from Clea Japan Inc. The animals were iandividually reared



with a high calorie food (CMF, Oriental Yeast Co., Ltd.) and
used in the test when their body weights reached around 40 g.

The blood sugar level was determined by collecting 10

pl of a blood sample from the tail vein, removing protein
from the sample with 100 pl of 0.33 N perchloric acid,
subjecting the thus treated sample to centrifugation and then
measuring gluco§e content in the resulting supernatant fluid
by the glucose oxidase method. Six animals with a blood
sugar level of 200 mg/dl or more were used as a group for the
test.

Each drug was suspended in 0.5% methyl cellulose
solution, and its daily oral administration was carried out
for 4 days. Blood samples were collected from the tail vein
before and on the fifth day of the drug administration to
m measure their sugar levels in the same manner as described

above.

The hypoglycemic activity was calculated as a
decreasiny ratio of the blood sugar level to the level before
the drug administration and evaluated statistically setting

the significant threshold value as p = 0.05.

*

é o

*#%% = p<0.001

p<0.05

p<0.01

Results of the test are shown in Table 1.
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Table 1
Example Dose Blood sugar decreasing ratio
compound No. mg/day (%)
1-b 10 56 **x*
19-b 30 32 %
19-c 10 51 **
20-c 10 50 *%
20-b 30 32 *%
22 30 57 *k%
9 10 53 **%*

A pharmaceutical preparation containing one or more
of the compounds represented by the general formula (I) or
the like as active ingredients may be prepared by making use
of carriers, vehicles and other additives generally used in
the drug making.

Solid or liquid nontoxic materials for pharmaceutical
use may be used as carriers and vehicles in the
pharmaceutical preparation. Their illustrative examples
include lactose, magnesium stearate, starch, talc, gelatin,
agar, pectin, gum arabic, olive oil, sesame oil, cacao
butter, ethylene glycol and the like and other usually used
materials.

In crxder to avoid troublesome handling such as
insulin injection, similar to the case of the prior art

synthetic hypoglycemic drugs such as sulfonylurea preparation
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and the like, the inventive pharmaceutical preparation may
advantageously be made into oral dosage forms such as
tablets, capsules, powders, fine subtilaes, granules, pills
and the like, but it is also possible to make it into
parenteral dosage forms such as injections, suppositories,
plasters (including intraoral use), nasal forms and the like.
Clinical dose of the compound of the'préseﬁt
invention is set optionally by taking into consideration
symptoms, body weight, age, sex and the like of each patient
to be treated, but it may generally be administered orally in
a daily'dose of from 10 to 2,000 mg per adult once a day or
by dividing the daily dose into two to several times.
BEST MODE FOR CARRYING OUT THE INVENTION
The following examples (chemical structures: Tables 1
to 7) are provided to further illustrate the present
invention.
Example 1

In 100 ml of dimethylformamide were dissolved 21.02 g

of trans 1,4-bis(4-formylphenoxy)methylcyclohexane, 14.04 g

of 2,4-thiazolidinedione énd 1.84 g of ammonium acetate,
followed by 24 hours of reflux. Precipitated crystals were
collected by filtration to obtain 20.14 g of trans'1,4—
bis[[(4-[(2,4-dioxo-5-thiazolidinylidene)methyl]phenoxy]-
methyl]cyclohexane (l-a). This coméound was suspended in 100
ml of dimethylimidazolidinone and 6.33 g of sodium

borohydride was added to the suspension, subsequently

~.
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stirring the mixture for 2 hours at 80°C. The resulting
reaction solution was added to a mixture of 23 ml of
concentrated hydrochloric acid with ice water and ethyl
acetate to collect the organic layer. After washing with
water, the organic layer was dried over magnesium sulfate and
the solvent was. distilled off. Thereafter, the resulting
residue was puri‘fied by su'bje.cting it to silica gel column
chromatography (toluene:ethyl acetate (2:1).) to obtain 16.8 g
of trans l,4-bis[[(4—[(2,4—d_ioxo—5—thiazolidinyl)methyl]—
phenoxy]methyl]cyclohexane (1-b).
Physicochemical properties (1l-a)

Melting point: >300°C

Mass 'spectrometry data (m/z): 550 (M-H) FAB (Neg.)

Nuclear magnetic resonance spectrum (DMSO-dg, TMS

internal standard):
§: 1.00 - 1.20 (43, m, cyclohexyl)
| 1.70 - 1.95 (6H, m, cyclohexyl)
3.89 (4H, d, O-CH,)
7.09 (4H, d, phenyl)

7.54 (4H, d, phenyl)

7.73 (2H, s, — CH :< )

12.45 (2H, bs, NH)
Physicochemical properties (1l-b)

Melting point: 247 - 8°C

el . - 27 -




Elemental analysis data (for ngthg%sz):
C (%) H(%) N(%) S(%)
calculated 60.63 5.45 5.05 11.56
found 61.08 5.48 4.84 11.73

+

Mass spectrometry data (m/z): 553 (M-1) FAB (Neg.)
Nuclear magnetic resonance spectrum (DMSO—d6, TMS

internal standard):

§: 1.00 - 1.15 (4H, m, cyclohexyl)

H,C
1.65 - 1.80 (2H, m, >CP{—-CH2)
| H,C/ —

1.80 - 1.95 (4H, m, cyclohexyl)

3.00 - 3.33 (4H, m, <::>»— CH: ~~ )

4.86 (2H, q, —CH —)
I
6.86 (4H, d, phenyl)

7.13 (4H, d, phenyl).
12.00 (2H, bs, NH)
The following compounds of Examples 2 to 7 were
obtained in the same manner.

7% Example 2

1,4-Bis[5-[4-[(2,4-dioxo-5-thiazolidinyl )methyl]phenoxy]-
pentoxy]benzene '
Starting compound: 1,4-bis[5-(4-formylphenoxy)pentoxy]-

benzene




Physicochemical properties

Melting point: 104 - 5°C methanol

Elemental analysis data (for Cj3gH,oN,0S;):
C (%) H(%) N(%) S(%)
calculated 62.41 5.82 4.04 9.26
found 62.36 5.83 3.85 9.38
Mass spectrometry data (m/z): 691 (M-H) FAB (Neg.)
Nuclear magnetic resonance spectrum (DMSO-dy, TMS
internal standard):

§: 1.44 - 1.80 (12H, m, OCH,CH,CH,CH,CH,0)

2.98 - 3.36 (4H, m, @ CIE-<)

3.84 - 4.00 (8H, m, O-CH,-)

)
: S

6.80 - 7.20 (12H, m, phenyl)

12.00 - (2H, bs, NH)
Example 3
1,3-Bis[5-[4~[(2,4-dioxo-5~-thiazolidinyl )methyl phenoxy]-

pentoxy]benzene

Starting compound: 1,3-bis[5-(4-formylphenoxy)pentoxy]-
benzene
Physicochemical properties

Melting point: 79 - 80°C (methanol)

"-:’[,‘; \‘ - 2 9 -




Elemental analysis data (for Cj3gH,oN,04S;) ¢

C (%) H(%) N(%) S(%)

calculated 62.41 5.82 4.04  9.26
found 62.15 5.82 3.86 9.40

Mass spectrometry data (m/z): 691 (M-H) FAB (Neg.)
Nuclear magnetic resonance spectrum (DMSO-dys, TMS
internal‘standaxd):

§: 1.44 - 1.84 (12H, m, OCH,CH,CH,CH,CH,0)

2.98 - 3.36 (4H, m,@—CH2-<)

3.96 (8H, t, O-CH,-)

@)
4.86 (2H, q, PQNL_ )
| sf_o

6.46 - 7.24 (12H, m, phenyl)

12.00 - (2H, bs, NH)
Example 4
1,2-Bis[5-[4~[ (2,4-dioxo-5-thiazolidinyl)methyl]phenoxy]- |
pentoxy]benzene

Starting compound: 1,2-bis[5-(4~-formylphenoxy)pentoxy]-

benzene

Physicochemical properties
Melting point: resinous

Mass spectrometry data (m/z): 691 (M-H) FAB (Neg.)

o
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Nuclear magnetic resonance spectrum (DMSO-ds, TMS
internal standard):

§: 1.44 - 1.80 (12H, m, OCH,CH,CH,CH,CH,0)

.86 - 3.36 (4H, m, <::j>—-C}I —<)

3.84 - 4.00 (8H, m, O-CH,-
o)

4.84' (2H, q, Ig;EfPL_ 0)

6.76 - 7.12 (12H, m, phenyl)

i\)

11.99 (2H, bs, NH)
Exaﬁple 5
1,2-Bis[4-[(2,4-dioxo-5-thiazolidinyl)methyl]phenoxy]benzene
Starting compound: l,2—bis(4—formylphenoxy)benzene
Physicochemical properties
Melting point: resinous
Elemental analysis data (for CygH,oN,04S,+0.7H,0):
C (%) H(3) N(¥)  S(%)
calculated 58.57 4.05 5.25 12.03
found 58.31  3.78 5.15  12.14
Mass spectrometry data (m/z): 519 (M-H)" FAB (Neg.)
Nuclear magnetic resonance spectrum (DMSO-dg, TMS

internal standard)

§: 3.02 - 3.38 (4H, m, <::>>——CH2-—<)

< - 31 -
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J -\
4.87 (2H, q, H:;sz )
=0
; S

6.78 (4H, d, phenyl)

| 7.08 - 7.26 (8H, m, phenyl)

12.02 (2H, bs, NH)
Example 6 ‘
1,4-Bis[4;[(2,4;dioxo—5-thiazolidinyl)methyl]phenoxy]benzene

Starting compound: 1,4-bis(4-formylphenoxy)benzene

Physicochemical properties
Melting point: 203 - 4°C
Elemental analysis data (for CyHyoN,065;):
C (%) H(%) N(%) S(%)
calculated 59.99 3.87 5.38 12.32

it found 59.83 4.03 5.21 12.24
Mass spectrometry data (m/z): 521 (MH') FAB (Pos.)
Nuclear magnetic resonance spectrum (DMSO-d¢, TMS

internal standard):

§: 3.02 - 3.20 (4H, m,<::>}—-c§3-—<)
O .

i | 4.90 (24, q, BN o)
s

6.90 - 7.38 (12H, m, phenyl)

12.04 (2H, bs, NH)




Example 7

Cis 1,4-bis[[4-[(2,4-dioxo-5-thiazolidinyl )methyl ]phenoxy]-
methyl]cyclohexane

Starting compound: cis 1,4-bis[ (4-formylphenoxy)methyl]-
cyclohexane

Physicochemical properties

Melting\point: 186 - 7°C (methanol)
Elemental analysis data (for C,gH3oN,04S;):
C (%) H(%) N(%) S(%)
calculated 60.63 5.45 5.05 11.56
found 60.53 5.50 4.96 11.43
Mass spectrometry data (m/z): 553 (M-H) FAB (Neg.)
Nuclear magnetic resonance spectrum (DMSO-dy, TMS

internal standard):

&: 1.40 - 1.60 (B8H, m, cyclohexyl}

H H
1.85 - 2.00 (2H, m, )

3.00 - 3.35 (4H, m, CH. \\r/)

/
!

3.87 (4H, d, O—CH:—-\ )

K N
4.86 (2H, q, L 0)
7

6.87 (4H, d, phenyl)

7.14 (4H, d, phenyl)
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12.00 (2H, bs, NH)

Example 8

A 5.6 g portion of 1,3-bis(4-aminophenoxy)benzene was
dissolved in 100 ml of acetone and 15 ml of water, and 11.2
ml of concentrated hydrochloric acid was added to the
resulting solution. With cooling on an ice bath and with
stirring, to th%s was added dropwise 3.04 g of sodium nitrite
dissolved in 10 ml of water. To this were added 24 ml of
methyl acrylate and, after heating to 40°C, 0.55 g of cuprous
oxide, followed by 15 minutes of stirring at the same
temperature. After spontaneous cooling, ethyl acetate was
added to the reaction mixture to separate and collect the
organic layer which was subsequently washed with 1 N
hydrochloric acid, water and saturated sodium chloride
solution in that order, dried over magnesium sulfate and then
subjected to distillation to remove the solvent. The
resulting residue was dissolved in 100 ml of ethanol,
followed by the addition of 3.06 g of thiourea and 3.30 g of
sodium acetate and subsequent overnight reflux. After adding
120 ml of 4 N hydrochloric acid, the mixture was subjected to
overnight reflux and then the solvent was removed by
distillétion. Water and ethyl acetate were added to the
resulting residue to‘separate and collect the organic layer
which was subsequently washed with saturated sodium chloride
solution, dried over magnesium sulfate and then subjected to
distillation to remove the solvent. The resulting residue

T RN
A
A .

;e o - 34 -
. ‘



was subjected to silica gel column chromatography

(benzene:ethyl acetate (3:1)) to obtain 2.10 g of 1,3-bis[4-

[(2,4-dioxo-5-thiazolidinyl)methyl]phenoxy]benzene.
Physicochemical properties
| Melting point: resinous
Mass spectrometry data (m/z): 519 (M-H)' FAB (Neg.)

Nuclear magnetic resonance spectrum (DMSO-dg, TMS

internal standard):

§: 3.00 - 3.40 (4H, m,@—CH2‘<)

4.90 (2H, g, —CH-

6.50 - 7.40 (12H, m, phenyl)

The following compounds of Examples 9 to 11 were
obtained in the same manner.
Example 9
1,3-Bis[4-[ (2, 4-dioxo-5-thiazolidinyl)methyl]phenoxy]-
cyclohexane |
Starting compound: 1,3-bis(4-aminophenoxy)cyclohexane
Physicochemical properties

Melting point: resinous

Mass spectrometry data (m/z): 525 (M-H) FAB (Neg.)

Nuclear magnetic resonance épeétrum (DMSO-d,, TMS
internal standaxd):

§: 1.20 - 2.50 (8H, m, cyclohexyl)

3.00 - 3.35 (4H, m, @ CH. ~)

) . ‘
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O\
4.86 (2H, q, }gii—x__ )
S/——O

6.90 (4H, d, phenyl)

4.35 - 4.50 (2H, m, )

7.13 (4H, d, phenyl)
12.00 (2H, bs, NH)
Example 10
Cis 1,4-bis[4-[(2,4-dioxo-5-thiazolidinyl)methyl)phenoxy]-
cyclohexane
Starting compound: 1,4-bis(4-aminophenoxy)cyclohexane
Physicochemical properties
Melting point: 241 - 2°C
Mass spectrometry data (m/z): 515 (M-H) FAB (Neg.)
Nuclear magnetic resonance spectrum (DMSO-d;, TMS
internal standard):

§: 1.60 - 2.00 (8H, m, cyclohexyl)

2.88 - 3.52 (4H, m,<::>-CF2

4.32 - 4.64 (2H, m, j><;8 )

‘ 0]
4.88 (2H, q, H;fN\_ )
g ©

6.92 (4H, d, phenyl)

7.16 (4H, d, phenyl)
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12.02 (2H, bs, NH)

Example 11
Trans 1,4-bis[4-[(2,4-dioxo-5-thiazolidinyl)methyl]phenoxy]-
cyclohexane
Starting compound: 1,4-bis(4-aminophenoxy)cyclohexane
Physicochemical properties

Melting\point: 259 - 260°C

Mess spectrometry data (w/z): 553 (M-H) FAB (Neg.)

Nuclear magnetic resonance spectrum (DMSO-dq, TMS
internal standard):

§: 1.44 - 1.90 (8H, m, cyclohexyl)

2.50 - 3.48 (4H, m,.—cm«()

.30 - 4.56 (2H, m,kg)

O
4.88 (2H, q, HQ’NL_ )
s

6.90 (4H, d, phenyl)

NN

7.16 (4H, d, phenyl)
12.01 (2H, bs, NH)
Example 12
A 2.23 g portion of 2,4-dicxo-5-[ (p-hydroxyphenyl)-
methyl]thiazolidine was dissolved in 25 ml of
dimethylformamide, and the solution was mixed with 0.8 g of
sodium hydride and maintained at 60°C for 3 hours. Under

cooling with ice water, 1.32 g of p-xylylene dibromide was

M - 37 -
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added to the solution, and the mixture was incubated at room
‘temperature for 3 hours and then at 80°C for 3 hours. A 100
- ml portion‘of‘water and 100 ml of ethyl acetate were added to
the reaction mixture to diséolve insoluble contents, and the
resulting organic layer was collected and washed with water,
followed by distillation to remove ethyl acetate.
Thereafter, the‘resulting res-.due was subjected to silica gel
column chromatography (eluent: chloroform) to obtain 1,4-
bis[[4-[(2,4-dioxo-5~-thiazolidinyl)methyl]phenoxy]methyl]-
benzene.
Physicochemical properties

Melting point: 221 - 224°C (methanol)

Elemental analysis data (for C,gH;N,0,S,):

C (%) H(%) N(%) S(%)
calculated 61.30 4.41 5.11 11.69
found 61.19 4.46 4.99 11.67

Mass spectrometry data (m/z): 547 (M-H) FAB (Neg.)

Nuclear magnetic resonance spectrum (DMSO-dys, TMS
internal standafd):

§: 3.05 (2H, dd, -CHH-)

3.30 (2H, dd, -CHH-)

4.88 (2H, dd, —CH- )
5.1 (4H, s, -0-CH,-)

6.97 (4H, d, phenyl)

7.18 (4H, d, phenyl)




7.48 (4H, s, phenyl)
12.01 (2H, brs, NH)
The following compounds of Examples 13 and 14 were
obtained in the same manner.
Example 13
1,3-Bis[[4-[(2,4-dioxo-5-thiazolidinyl)methyl ]phenoxy]methyl]-
benzene
Starting compound: m-xylylene dibromide
Physicochemical properties
Melting point: 159 - 164°C (methanol)
Elemental analysis data (for C,gHy;N,04S,):
C (%) H(%) N(%) S(%)
calculated 61.30 4.41 5.11 11.69
found 61.29 4.49 2,91 11.63
Nuclear magnetic resonance spec* := (DMSO-d,, TMS
internal standard):

§: 3.05 (2H, dd, -CHH-)

4.86 (2H, dd, —-CH— )
5.08 (4H, s, -0-CH,-)
6.95 (4H, d, phenyl)
7.16 (4H, d, phenyl)
7.40 (3H, s, phenyl)
7.52 (1H, s, phenyl)

12.01 (2H, s, NH)

(A




Example 14
1,2-Bis[[4-[(2,4-dioxo-5-thiazolidinyl )methyl ]phenoxy]methyl]-
benzene
Starting compound: o-xylylene dibromide
Physicochemical properties
Melting point: resinous
Elémentél analysis data (for C,gH;,N,04S,):
| C (%) H(%) N(%) 5(%)
calculated 61.30 4.41 5.11 11.69
found 61.09 4.50 4.88 11.57
Mass spectrometry data (m/z): 547 (M-H) FAB (Neg.)

- Nuclear magnetic resonance spectrum (DMSO-d,, TMS

internal standard):

§: 3.05 (2H, dd, -CHH-)

4.87 (2H, dd, —CH- )
5.20 (4H, s, -0-CH,-) - l
6.97 (4H, d, phenyl)
7.16 (4H, d, phenyl)
7.36 (2H, m, phenyl)

7.52 (2H, m, phenyl)

12.01 (2H, brs, NH)
Example 15
A 14.6 g portion of isosorbide, 35 g of p-

fluorobenzaldehyde and 34 g of anhydrous potassium carbonate

were added to 100 ml of dimethylsulfoxide and heated at 160°C




for 24 hours with stirring. After completion of the

reaction, 200 ml of water and 300 ml of ethyl acetate were
added to the reaction solution to separate liquid phases, the
resulting organic layer was washed with water and subjected
to distillation to remove ethyl acetate and then the

resulting oily material was subjected to silica gel column
chromatography Qeluent: chloroform) to collect eluates after
elution of excess p-fluorobenzaldehyde, thereby obtaining 4.5
g of 0,0’'-bis(p-formylphenyl)isosorbide.

A 4.5 g portion of the thus obtained formylphenyl
derivative was subjected to 72 hours of reflux with stirring
together with 3.5 g of 2,4-dioxothiazolidine, 0.7 g of
ammonium acetate and 50 ml of acetic acid, and crystals thus
formed were collected by filtration while hot and washed with
acetic acid to obtain crude 0,0’-bis[4-[(2,4-dioxo-5-
thiazolidinylidene)methyl]phenyl]isosorbide (15-a).

A 5.5 g portion of the thus obtained
thiazolidinylidene derivative and 5.5 g of sodium borohydride
were dissolved in 50 ml of dimethylimidazolidinone and heated
at 70°C for 12 hours. After completion of the reaction, the
reaction solution was dispersed in a mixed solvent consisting
of 100 ml of ice water, 200 ml of ethyl acetate and 20 ml of
hydrochloric acid, and the thus formed organic layer was
collected, washed with water and then subjected to
distillation to remove ethyl acetate. The resulting residue

was subjected to silica gel column chromatography (eluent:

........
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chloroform) to collect eluates of Rf = 0.1, thereby obtaining
0,0'-bis[4-[(2,4-dioxo-5-thiazolidinyl)methyl]phenyl]-
isosorbide (15-b).
Physicochemical properties (15-a)
Mass spectrometry data (m/z): 551 (M-H) FAB (Neg.)
Nuclear magnetic resonance spectrum (DMSO-dg, TMS
internal standard):
8: 3.92 (2H, m)
4.03 (2H, m)
4.59 (1H, d)
5.06 (3H, m)
7.1 - 7.2 (4H, dd, phenyl)

7.5 - 7.6 (4H, m, phenyl)

7.76 (2H, s, ——CH:< )

12.53 (2H, brs, NH)

Physicochemical properties (15-b)
Melting point: resinous
Elemental analysis data (for C,¢Hy;N,04S,):
C (%) H(%) N(%) S(%)

calculated 56.10 4.35 5.03 11.52

found 55.63 4.63 5.85 11.19
Mass spectrometry data (m/z): 555 (M-H) FAB (Neg.)
Nuclear magnetic resonance spectrum (DMSO-d,, TMS
internal standard):

i §: 3.03 - 3.1 (2H, m, -CHH-)
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3.7 - 4.0 (2H, m)

4.0 - 4.1 (2H, m)

4.5 (1H, m)

4.8 - 4.9 (S5H, m)

6.94 (4H, m, phenyl)

7.17 (4H, m, phenyl)

12.0% (2H, brs, NH)

The following compounds of Examples 16 to 18 were

obtained in the same manner.
Example 16
0,0'-Bis[4-[(2,4-dioxo-5-thiazolidinyl)methylJphenyl]-
isomannide

Physicochemical properties

Melting point: 269 - 70°C (methanol)

ce ema
-

oo Elemental analysis data (for C,sH;,N,04S,):

C (%) H(%) N(%) S(%)

e®a =

calculated 56.10 4.35 5.03 11.52
found 56.03 4.35 5.03 11.73
Mass spectrometry data (m/z): (M-H) FAB (Neg.)
: Nuclear magnetic resonance spectrum (DMSO-dy, TMS
internal standard):
§: 3.06 (2H, dd, -CHH-)
3.31 (2H, dd, -CHH-)
3.74 (2H, t-like)
4.02 (2H, t-like)

4.8 - 4.9 (6H, m)

e S
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6.97 (4H, m, phenyl)
7.15 (4H, m, phenyl)
12.02 (2H, bxrs, NH)
Example 17
2,7-Bis[4-[(2,4-dioxo-5-thiazolidinyl)methyl]phenoxy]-
naphthalene
Starting compound: 2,7-dihydroxynaphthalene
Physicochemical properties
Melting point: resinous
Elemental analysis data (for C;oH,;N,06S,):
C (%) H(%) N(%) S(%)
calculated 63.14 3.89 4.91 11.24
found 63.20 4.00 4.91 11.34
Mass spectrometry data (m/z): 569 (M-H) FAB (Neg.)

Nuclear magnetic resonance spectrum (DMSO-d;, TMS

internal standard):
§: 3.13 (2H, dd, -CHH-)

3.38 (2H, dd, -CHH-)

 4.91 (2H, dd, —CH- )

6.9 - 7.4 (12H, m, phenyl)

7.95 (2H, d, phenyl)

12.04 (2H, brs, NH)
Example 18 (18-a)
2,6-Bis[4~[(2,4-dioxo-5-thiazolidinylidene)methyl Jphenoxy]-

naphthalene
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Starting compound: 2,6-dihydroxynaphthalene
Physicochemical properties
Mass spectrometry data (m/z): 565 (M-H) FAB (Neg.)
Nuclear magnetic resonance spectrum (DMSO-dg, TMS |
internal standarxd):
§: 7.1 - 7.3 (4H, m, phenyl)
7.35 - 7.4 (2H, m, phenyl)
7.6 - 7.67 (6H, d-like, phenyl)
7.9 - 8.02 (2H, m, phenyl)
7.8 (28, s, —CH=( )
12.57 (2H, brs, NH)
(18-b)
2,6-Bis[4-[(2,4-dioxo-5-thiazolidinyl)methyl]-
phenoxy)naphthalene
Starting compound: 2,6-dihydroxynaphthalene
Physicochemical properties
Melting point: 212 - 6°C (methanol)
Elemental analysis data (for C;H;N;0¢S;):
C (%) H(%) N(%) S(%)
calculated 63.14 3.89 4.91 11.24
Rl found 62.94 3.99 4.63 11.54

Mass spectrometry data (m/z): 596 (M-H) FAB (Neg.)
Nuclear magnetic resonance spectrum (DMSO-ds, TMS

internal standard):

§: 3.14 (2H, dd, -CHH-)

} (\P y“'i 3
-
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4.92 (2H, dd, —CH- )
6.9 - 7.9 (14H, m, phenyl)
12.05 (2H, brs, NH)
Example 19
(1) A mixture consisting of 3.52 g of trans-1,4-
bis[ (4-formylphenoxy)methyl]cyclohexane, 2.34 g of 4-oxo-2-
thioxooxazolidine, 0.31 g of sodium acetate and 50 ml of
acetic acid was subjected to overnight reflux. After
spontaneous cooling, crystals thus formed were collected by
filtration and recrystallized from dimethylformamide to
obtain 3.75 g of trans-1,4-bis[[4-[(4-0x0-2-thioxo-5-
oxazolidinylidene)methyl ]phenoxy]methyl]cyclohexane (19-a).
(2) A 4.85 g portion of the compound obtained in the
above step (1) was dissolved in 150 ml of dimethylformamide,
and 7.60 g of methachloroperbenzoic acid was added to the
solution and stirred for 2 hours at room temperature. After
adding water to the reaction solution, the resulting
precipitate was collected by filtration and recrystallized
from dimethylformamide to obtain 3.23 g of trans-1,4-bis[[4-
[(2,4-dioxo-5-0oxazolidinylidene)methyl]phenoxy]methyl]-
cyclohexane (19-b).
(3) A 3.2 g portion of the compound obtained in the
above step (2) and 3.5 g of 10% palladium on carbon were
added to 100 ml of dimethylformamide and stirred for 3 hours

in an atmosphere of hydrogen. After passing the reaction
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mixture through Celite to remove the catalyst, the filtrate
was concentrated and the resulting residue was subjected to
silica gel column chromatography (hexane-tetrahydrofuran
(1:1)) to obtain 460 mg of trans-1,4-bis[[4-[(2,4-dioxo-5~
oxazolidinyl)methyl ]phenoxy]methyl]cyclohexane (19-c).
Physicochemical properties (19-a)

Nuclear magnetic resonance spectrum (DMSO-dy, TMS
internal standard):

§: 0.95 - 1.30 (4H, m, cyclohexyl),

1.60 - 2.05 (6H, m, cyclohexyl),

3.80 (4H, m, >—CH,0~ x 2),

O

H
6.76 (2H, s, h x 2),

O—QO

7.10 (4H, d, phenyl), 7.80 (4H, d, phenyl)
Physicochemical properties (19-b)
Melting point: >300°C
Mass spectrometry data (m/z): 517 (FAB (Neg.))
§: 1.00 - 1.20 (4H, m, cyclohexyl),

1.70 - 1.95 (6H, m, cyclohexyl),

3.86 (4H, 4, >—CH,0- x 2),
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H
6.55 (2H, s, x 2),

7.03 (4H, d, phenyl), 7.70 (4H, d, phenyl)
Physicochemical properties (19-c)
Melting point: 218 - 9°C
Elemental analysis data (for C,gHsoN,0p) :
C (%) H(%) N(%)
calculated 64.36 5.79 5.36
found 64.28 5.99 5.12
Mass spectrometry data (m/z): 521 (FAB (Neg.))
Nuclear magnetic resonance spectrum (DMSO-dy;, TMS
internal standard):
&: 1.05 - 1.11 (4H, m, cyclohexyl),

1.65 - 1.90 (6H, m, cyclohexyl),

0
2.95 - 3.14 (4H, m, @-Cﬁ ——J\N x 2),
2 O—-§
O

3.76 “(4H, d, >—C§ZO— x 2),

H 0
5.20 (2H, t, AXKN x 2),

6.85 (4H, d, phenyl), 7.10 (4H, d, phenyl)
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\){( Y\/.\L,:{{\“\‘\

N o e
NL e .
Tl




STt

The following compounds of Example 20 were obtained
in the same manner.
Example 20
20-a:
1,3-Bis[4-[(2-thioxo-4-0x0-5-0xazolidinylidene)methyl]-
phenoxy]benzene
Physicochemical properties

Nuclear magnetic resonance spectrum (DMSO-dg):

§: 6.75 - 7.00 (3H, m, phenyl),

O
H

6.80 (2H, s, = _* Y x 2),
7.19 (4H, d, phenyl), 7.39 - 7.60 (1H, m, phenyl),
7.89 (4H, d, phenyl)
20-b:
1,3-Bis[4-[(2,4-dioxo-5-0xazolidinylidene)methyl]phenoxy]-
benzene |
Physicochemical properties
Melting point: 273 - 4°C
Nuclear magnetic resonance spectrum (DMSO—dG, TMS

internal standard):

§: 6.70 - 7.00 (3H, m, phenyl),

O

H
6.74 (2H, s, >::(ﬂ\N

X
O
-—<b

2),
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7.15 (4H, d, phenyl x 2),
7.35 - 7.60 (1H, m, phenyl),
7.81 (4H, d, phenyl)
20~-c:
1,3-Bis[4-[(2,4-dioxo-5-0oxazolidinyl)methyl]phenoxy]benzene
Physicochemical properties
Melting‘point: 183 -~ 4°C
Elemental analysis data (for C,¢H,oN;0g):
C (%) H(%) N(%)
calculated 63.93 4.13 5.74
found 63.97 4.30 5.59
Mass spectrometry data (m/z): 487 (FAB (Neg.))
Nuclear magnetic resonance spectrum (DMSO-dg, TMS

internal standaxrd):

o)
§: 3.00 - 3.22 (4H, m, ———CEZ-—HJ\N x 2),
O

HO
5.23 (2H, q, —\)LN x 2),
0

_<&

O
6.58 - 6.71 (3H, m, phenyl), 7.01 (4H, d, phenyl),
7.25 (4H, d, phenyl), 7.32 - 7.38 (1H, m, phenyl)
Example 21 |
(1) To a mixed solution consisting of 0.83 ml of n-

butyllithium (1.6 mol hexane solution), 0.25 ml of

P —
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diisopropylamine and 2 ml of tetrahydrofuran, cooled at
—78°C; was added 0.31 g of 2,4-dioxo-3-trityloxazolidine
which has been dissélved in 4 ml of tetrahydrofuran, followed
by 30 minutes of stirring at the éame temp~rature. A 0.14 g
portion of l,4—bis(4~fo£mylphenoxy)benzene diséolved in 4 ml
of tetrahydrofuran was added to the reaction solution and
stirred for 30 minutes at the same temperature. After
completion of the reaction, the reaction mixture was
dispersed in 10 ml of saturated ammonium.chloride agqueous

solution and 20 ml of ethyl acetate to separate and collect

the resulting organic layer. After washing the organic layer
F and distilling off the solvent, the resulting residue_was
% .mixed with 5 ml of acetonitrile and 0.087 ml of thionyl
chloride and étirred for 1 hour at room temperature. - By

distilling off the solveht,.1,4—bis[4—[(2,4—dioxo—3“trityl—5—

oxazolidinylchloromethyl)]phenoxy]benzene was obtained in an
oily form. This compound was subjected to the subsequent
step without'purificatioh.

(2) The compound obtained ih the above step (1) and
0.2 g of 10% palladium on carbon were added to 3 ml of acetic
acid and stirred for 12 hours in an atmosphere of hydrogen.

s After passing the reaction mixtuie through Celite to remove

the catalyst, the filtrate was concentrated and the resulting
residue was subjected to silica gel column chromatography
(hexane-tetrahydrofuran (1:1)) to obtain 50 mg of l,4—bis[4¥

[(2,4-dioxo-5-0xazolidinyl)methyl ]phenoxy]benzene.

19
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Physicochemical properties
Melting point: 93 - 96° .
Mass spectrometry data , 487 (M-H) (FAB (Neg.))

Nuclear magnetic resonance spectrum (TMS intexrnal

standard):

0
N
§: 3.06 - 3.18 (4H, m, <C:j>——C}I —<»\ X 2)
s O/L§o

u o)
5.22 (2H, dd, —>2LN x 2)
O/KO

6.90 - 7.30 (12H, m, phenyl)

Example 22

A mixture consisting of 2.5Q0 g of 1,3-bis[4-[(2-
ethoxycarbonyl-2-hydroxy)ethyl]phenoxy]cyclohexane, 0.66 g of
urea, 2.1 ml of sodium methylate (28% methanol solution) and
30 ml of ethanol was stirred at room temperature for 1 hour
and then subjected to 3 hours of reflux. After spontaneous
cooling and subsequent removal of the solvent by
distillation, the resulting residue was mixed with water and
ethyl acetate and neutralized with 4 N hydrochloric acid to
collect the separated organic layer. The organic layer was
washed with saturated sodium chloride aqueous solution and I
dried over magnesium sulfate, followed by distillation

removal of the solvent. The resulting residue was subjected
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to silica gel column chromatography (hexane-tetrahydrofuran
(1:1)) to obtain 0.84 g of 1,3-bis[4-[(2,4-diox0-5-
oxazolidinyl)methyl]phenoxy]cyclohexane.
Physicochemical properties
Melting point: amorphous
Elemental analysis data (for C,¢H,sN,0g):
‘ C (%) H(%) N(%)
calculated 63.15 5.30 5.67
found 63.17 5.48 5.45
Mass spectrometry data (m/z): 493 (M-H) (YAB (Neg.))
Nuclear magnetic resonance spectrum (DMSO-d;, TMS
internal standard):

§: 1.25 - 2.50 (8H, m, cyclohexyl)

O

!
Fi 2.95 - 3.35 (4H, m, CH,

NN

H
.35 - 4.71 (2H, m, —-Q-—k: x 2)

] i;LN
ﬁ 5.19 (2H, t, S 2)
0

6.84 - 7.11 (8H, m, phenyl)
Example 23
A 2.52 g portion of 4-[(2,4-dioxo-3-trityl-5-

i oxazolidinyl)methyl]phenol, 329 mg of p-xylene glycol and
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triphenylphosphine were mixed with 50 ml of dry
tetrahydrofuran in an atmosphere of argon. To the thus
obtained homogeneous solution was added 977 mg of diethyl
azodicarboxylate in a dropwise manner at 0°C. After 3 days
of stirring at room temperature, the solvent was removed from
the reaction mixture and the resulting residue was purified
by silica gel c?lumn chromatography (chloroform) to obtain
1,4-bis[[4-[(2,4-diox0-3-trityl-5-oxazolidinyl)methyl]-
phenoxy]methyl ]Jbenzene.
Physicochemical properties
Mass spectrometry data (m/z): 999 (M-H) (FAB (Neg.))
Nuclear magnetic resonance spectrum (CDCl,, TMS

internal standard):

O .
§: 3.14 - 3.25 (4H, m, —OOCHZ NTr x 2)
go

0

H
4.75 - 4.89 (2H, m, __CHZAQ\\N“ x 2)
O”go

5.04 (4H, s, — O—CH, CH,—0—)

6.96 - 7.73 (42H, m, Tr group and other benzene
rings)
Example 24
A 10 ml portion of trifluoroacetic acid was added to

220 mg of the product of Example 23, and the mixture was

SRR N - 54 -
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stirred for 4 hours at room temperature. The reaction
mixture was diluted with ethyl acetate (100 ml), washed with
water, saturated sodium bicarbonate aqueous solution, water
and saturated sodium chloride aqueous solution in that order
and then dried over anhydrous sodium sulfate. After
distilling off the solvent, the resulting residue was
purified by subjecting it to silica gel column chromatography
(toluene-ethyl acetate, 1:1) to obtain 1,4-bis[[4-[(2,4-
dioxo-5-oxazolidinyl)methyl ]phenoxy Jmethylbenzene.
Physicochemical properties

Mass spectrometry data (m/z): 515 (M+—H) (FAB (Neg.))

Nuclear magnetic resonance spectrum (DMSO-d,, TMS

internal standard):

0
§: 2.99 - 3.13 (4H, m, _O—Q—CHZ_)\NH x 2)
2 O—ﬁé
0

4.50 (4H, s, —CH, —QCHZ—O X 2)
0
B A n
5.19 - 5.21 (2H, m, _CHZA}’ x 2)

6.90 - 7.20 (8H, m, —Q )==O benzene

ring 4H x 2)

<TRAT
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7.45 (4H, S:'—-OCHZ——<Z;>%— CH;O0 benzene ring 4H)

To 6.8 g of 3-trityl-2,4-oxazolidinedione dissolved

Example 25

in 200 ml of tetrahydrofuran were added 13.6 ml of n-
butyllithium and, after 15 minutes of stirring at -78°C, 3.9
g of trans-1,4-bis[ (4-chloromethylphenoxy)methyl]cyclohexane
which has been dissolved in 20 ml of tetrahydrofuran,
followed by additional 2 hours of stirring at -78°C. After
completion of the reaction, the reaction mixture was
dispersed in saturated ammonium chloride agueous solution and
ice layers and extracted with ethyl acetate. The ethyl
acetate layer was washed with saturated sodium chloride
aqueous solution, dried over anhydrous sodium sulfate and
then evaporated to dryness, thereby obtaining crude trans-
1,4-bis[[4-[(3-trityl-2,4-dioxo-5-0oxazolidinyl)methyl]-
phenoxy]methyl ]Jcyclohexane.

The oily material thus obtained was dissolved in
30 ml of trifluoroacetic acid, allowed to stand still for 1
hour at room temperature, evaporated to dryness under a
reduced pressure and then subjected to silica gel column
chromatography (hexane-tetrahydrofuran (1:1)) to obtain
trans-1,4-bis[[4-[(2,4-dioxo-5-0xazolidinyl)methyl ]phenoxy]-
methyl]cyclohexane. Physicochemical properties of this
compound coincided with those of the aforementioned compound

of Example 19-c.
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Table 2

Example
No.

Chemical Formula
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Table 3

Example

No.

Chemical Formula
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Example Chemical Formula
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Table 5
Example Chemical Formula
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Table 6

Example Chemical Formula
No.
H 0
o, oo Yoo Oyt
H O
o | b %
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Table 7

Example | Chemical Formula
No.
O
0
Do OO
21 HN}/O . 0
.0
. 0
oy, L
a | w(y O N
0 ' o
o \2]\‘
O i 1—'TI'
23 Tr—Nw /\Q/\OO o4,
4 .
24

Jw-o@om

- 63 -



The claims defining the invention dre as follows:

| 1. A bisheterocyclic compound represented by the

following general formula (I)

L'—0 —(B}—R'
L— 0 —{BY—R?

wherein R' and R’ may be the same or different from each

other and each represents a group of the formula:

Y! 3 R}
N ‘2\\1\,/
or — CH
— CH -X’kyz 2 /&

wherein R’ represents a hydrogen atom or a protective group,

X, v' and Y? may be the same or different from one another

and each represents an oxygen atom or a sulfur atom,

B' and B* each represents a phenylene group or a naphthylene group,
B’ represents a phenylene group, a naphthylene group, a
cyclohexylene group or a furo(3,2-bjfuranylene grnup,

L' and L* each represents a group represented by the

formula -(0O),—-A~,

v n represents an integer of 0 or 1, and
A represents a single bond or & lower alkylene group,
provided that when n is 1, A represents a lower alkylene !

group and the oxygen atom of each of L' and L? is bondeéd to ‘
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s

3 .
B'], or a stereoisomer thereof, a tautomer thereof, a

pharmaceutically acceptablé salt thereof or a
pharmaceutically acceptable solvate theréof.
| 2. The compound according to claim 1, wherein B’ is a
phenylene group or a cyclohexylene group.
3. The compound according to claim 1, wherein R' and

R® may be the same or different from each other and each

represents a grt p of the formula:

o %
NH
—CH =2kl‘|\IH or — CH, ‘QO

\X&O

(wherein X has the same meaning as described above).
. 4. The compound according to claim 1, wherein each of

R' and R’ is a group represented by the formula:

v O : @)
NH NH
—-CH:#?\ or _ !
X/go : CHZ X/go

(wherein X has the same meaning as described above) and B’ is

a phenylene group or a cyclohexylene group.

5. The compound according to claim 1, wherein said

compound is:

trans-1,4-bis[[4~-[(2,4-dioxo-5-thiazolidinyl )methyl]-
phenoxy]methyl Jcyclohexane,
trans-1,4-bis[[4-[(2,4-dioxo-5-0xazolidinylidene)methyl]-

phenoxy]methyl ]cyclohexane,
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trans—l,4-bis[[4—[(2,4—d10xo—5—oxazolidinyl)methyl]—
phenoxy]methyl]cyclohexane, |

l,3—bis[4—[(2,4—dioxo—5—oxazolidinyl)methyl]phenoky]—
benzene,

1,3~-bis[4-[(2,4-dioxo-5-0xazolidinylidene)methyl ]phenoxy]-
benzene, |

l,3—bis[4—[(2,}—dioxo—5—oxazolidinyl)methyl]phenoxy]—
cyclohexane, or

1,3-bis[4-[(2,4-dioxo-5-thiazolidinyl )methyl ]phenoxy]-
cyclohexane.

| 6. A pharmaceutical composition which comprises the

bisheterocyclic cdmpound of claiﬁ 1, a stereoisomer thereof,
a tautomer thereof, a pharmaceutically acceptable salt
ﬁhereof or a pharmaceutically acceptable solvate thereof, and
a pharmaceuticélly acceptable carrier.

7. The pharmaceuticai composition according to claim
6, wherein said composition is a hypoglyceﬁic druc.

8. A method for_the prevention and/or treatment of
diabetes or complications thereof wherein there is
administered, to a subject in need of such treatment, a
composition according to claim 6. |

9. A process for producing a bisheterocyclic compound

represented by the general formula (I):

|
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(1)

[wherein R' and R® may be the same or different from each

other and each represents a group of the formula:
Y RS
- N
— CH _>\N or — CHZ /k
XNy

wherein R’ 1 resents a hydrogen atom or a protective group,
X, Y' and Yzlnay be the same or different from one another
and each represents an oxygen atom or a sulfur atom,

B' and B? each represents a phenylene group,

B3represents a phenylene group, a naphthylene group, a
cyclohexylene group or a furo[3,2-b]furanylene group,

L' and L’ each represents a group represented by the
formula -(0),-A-,

n represents an integer of 0 or 1, and

A represents a single bond or a lower alkylene group,
provided that when n is 1, A represents a lower alkylene

group and the oxygen atom of each of L' and L’ is bonded to
Bﬁ, or a stereoisomer thereof, a tautomer thereof, a

pharmaceutically acceptable salt thereof or a

pharmaceutically acceptable solvate thereof,
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said process comprising:
(a) allowing a mono or bisaldehyde derivative represented by

the general formula (II):

II,'—O—@—CHO
| (11)
' L 0—{B)—r

[wherein each of B!, B?, B®, L! and L? has the same meaning as
described in the foregoing and R* is a formyl group or a
group represented by the formula

! 'Ra Y! R?
Y et
— or — CH;
_—\X/kYZ X/&YZ
(where each of X, Y', Y’ and R® has the same meaning as

described in the foregoing)]
to react with an oxazolidine or thiazolidine derivative

represented by the géneral formula (III):

1

R?
}N/ :
III
’gyz . ( )

X

(where each of R?®, X, Y' and Y? has the same meaning as
described in the foregoing) to produce a bisheterocyclic

derivative represented by the general formula (Ia):
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L e e ot

R3
o e N |
10 _@_ o —‘\X/kYz ' (Ia)

(wherein each of Bl, BZ, B3, Ll, LZ, X, Yl, Yz, R* and R® has
the same meaning as described in the foregoing) and, if
necessary, further subjecting the product to reduction to

produce another bisheterocyclic derivative represented by the

general formula (Ib):

(Ib)

(wherein each of ', B?, B*, ', 1%, x, Y', Y*, R® and R® has

the same meaning as described in the foregoing);

(b) allowing a mono or bishalide represented by the

general formula (IV):




)

wherein each of Bl, B’ B% 1! and L® has the same meaning as
. : ! g

described in the foregoing, Z is a halogen atom and R® is a

halogen atom or a group represented by the formula:

or X

(where each of X, Y', ¥* and R’ has the same meaning as

described in the foregoing))]

to react with an oxazolidine or thiazolidine derivative

represented by the general formula (III):
-
R? '
e .
?\N | (III)
/gYZ )

X

(where each of X, Yl, ¥? and R’ has the same meaning as

described in the foregoing) to produce a bisheterocyclic

derivative represented by the general formula (Ic):

(wherein each of Bﬂ Bz,-Bﬂ If, Lz, X, Yn ¥’ and R’ has the

same meaning as described in the foregoing);
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(c) allowing a mono or bishalide represented by the

general formula {V):

L'—2Z
LZ___RC

(wherein each of B% If, L} and 2 has the same meaning as

described in the foregoing and R® is a halogen atom or a

group represented by the formula - O R? (where each of

B’ and R’ has the same meaning as described in the

foregoing)]

to react, in the presence of a base, with a phenol derivative

represented by the general formula (VI):

HO R (VI)

(where each of B' and R1 has the same meaning as described in

the foregoing) to produce a bisheterocyclic derivative

represented by the general formula (Id):

E—O—‘—R'

B (1d)

Lz——O——@—RZ

- 71 -




/¢
PR ) WY
NG : - -
'qv /é i 72

(wherein each of Bl, Bz, B3, Ll, Lz, R' and R? has the same

meaning as described in the foregoing);
(d) treating a thiocarbonyl group-containing
oxazolidine or thiazolidine derivative represented by the

general formula (Ie):

¢:> . (Ie)
Y N/R3

[wherein each of Bl, Bz, B3, Ll, LZ, X and R’ has the same

-1

meaning as described in the foregoing, L' and 172 may be the

same or different from each other and each represents a
methine group (-CH=) or a methylene group, at least one of !

Y3, Y‘, Y’ and Y° is a sulfur atom and each of the rest is an

or a double bond] with an oxidizing agent to produce a
bisheterocyclic derivative represented by the general formula

(If):

Y? R?

Ll— 0 . Ld‘l ..... N/
i
@ YB ; ( If ) ’

R

=& eeees N/

L*—0 __’__ Ld 2 X*YIO i
TN




dJ, X, R> and == has

(where each of B', B?, Bj, L', Y, LU
the same meaning as described in the foregoing, and at least
one of Y7,‘Y% Y’ and‘Ym is an oxygen atom and each of the
rest is an oxygen atom or a sulfur atom);

(e) allowing a bis-halogeno or -hydroxypropionic acid

derivative represented by the general formula (VII):

[y

L'— 0 —{B)— CH,—CH—COOR!
| l

A -
@ | (VII)
L*— 0 —{B%— CH,—CH — COOR*

Ze

(wherein each of Bl, BZ, B% L' and 1% has the same meaning as
described in the foregoing, R“ is a hydrogen atom or an ester
residue and %z° is a halogen atom or a hydroxyl group)
to react with an urea br thiourea compqund represented by the
general formula (VIII):

X

l
H,N—C—NH, (VIII)

(where X has the same meaning as described in the foregoing)

to produce a bis(oxazolidine or thiazolidine) derivative

represented by the géneral formula (Ig):
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o)
o @cn
® .
Lz___O CHZ—?X\iH

Yt

(Ig)

2 1

(wherein each of Bl, B, BJ, L, L’ and X has the same meaning
as described in the foregoing and Y° represents an imino
group or an oxygen atom) and when Y® of compound (Ig) is an

imino group, subsequently subjecting said derivative to
hydrolysis to obtain a bisheterocyclic derivative represented

by the general formula (Ih):

0
L'—0o CH, ‘%i};
(3 o (Th)
L’-——O CH, ‘%i}{
0

(wherein each of Bl, BZ, BJ, Ll, L% and X has the same

meaning as described in the foregoing);
(£f) reducing a mono or bishalogeno- or hydroxy-
bisheterocyclic derivative represented by the general formula

(IX):
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ze Y! X
i 1 ‘ N/R
——o—@vCH
L X/'ng
® (53
L’— 0 —{BY—R!
(wherein each of B', B?, B, L!, L?, X, Y!', ¥?, R’ and 2° has
the same meaning as described in the foregoing and Rf is a
group represented by the forr la
zt ! 3 Y! 3
. R R
| N7 o _?\N/
— CH— or —
X/ng : X/KYZ
(where each of X, Y', ¥Y?, R’ and 2°® has the same meaning as
j* described in the foregoing)] to produce a bisheterocyclic
) derivative represented by the general formula (Ii):
N Yl
NH
1 1
___o__[h\ CH
L—o —{B)—cr (I,
<é§ v! (1)
S lz 0 —{B)—cH NE
0. 2 /&YZ
. (wherein each of B!, B?, B, L', L?, X, Y' and Y? has the same
i rneaning as described in the foregoing);

I

094

(g) allowing a mono or bishydroxy compound

represented by the general formula (X):
[




L'— OH
| |
(X)
.
L>— R:

[wherein ea.ch of B’, L' and L® has the same meaning as -
described in the foregoin(j and R® is a hydroxyl group or a
group represented by the formula —O—IIBZ—R.2 (where each of B’
and R’ has the same meaning as described in the fofegéing)]
to react, in the presence of triphenylphosphine and diethyl
azodicarboxylate, with phenols represented by the general

formula (XI):
HO —B8)— (XI)

(where each of B' and R' has the same meaning as described in
the foregoing) to produce a bisheterocyclic derivative

represented by the general formula (Ij):

L'—0 —{B}—R!

O e

r— ———r —
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/v.' r‘k-.l \ - 77 -
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. Ll
&

W

(wherein each. of B!, BZ, BJ, L', LZ, R' and R® has the same

meaning as described in the foregoing); or
(h) acid-treating a protective group-containing

compound represented by the general formula (Ik):

L'—o0
l X
1 ()
| /3 ) N
L2— 0 —LBY 14! Y
\./ X/\\Y7

(wherein each of B', B?, B°, L', 1, 1*', %%, x, v, ¥* and

at least one of R’ and R® is a protective group and the other

is a hydrogen atom or a protective group) to produce a

bisheterocyclic derivative represented by the general formula

(I1l):
YI
Tl_O—BI Ldl X*Yz
‘E’ Y!

(L1)

(wherein each of B!, Bz, BJ, L', Lz, Lml, L*z, X, Yl, v® and i

== has the same meaning as described in the foregoing).
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ABSTRACT

A _/RY_ pi
L'—O \Ej R

z)

Y’l /R3 —}\I/RK
}N (I1) — CH, 1 (III)
Y

% A Dbisheterocyclic compound represented by general
% formula (I), stereoisomers thereof, tautomers thereof, a

pharmaceutically acceptable salt or a pharmaceutically

acceptable solvate thereof, a pharmaceutical composition

containing the same, and a process for the production

thereof. 1In formula (I), R' and R?* may be the same or
different from each other and each represents (II) or (III),
R® represents hydrogen or a protective group, X, Y''and Y? may
be the same or different from one another and each represents
oxygen or sulfur, B! and B? represent each phenylene, B?
represents phenylene, naphthylene, cyclohexylene or furo(3,2-

bjfuranylene, L' and L? represent each -(0),-A-, n represents

0 or 1, and A represents a single bond or lower alkylene,
provided that when n is 1, A represents alkylene and the

oxygen atom of each of L! and L? is bonded to B?. The above
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compounds are useful as a hypoglycemic drug based on the

activity of enhancing insulin sensitivity.
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