Speclfication .
2,3-Disubstituted Cyclopentanone Derivatives, Process For Producing The
Same, And Medicinal Use Thereof '

Technical Field _
This invention relates to 2,3-di-substituted cyclopentanone
derivatives, process for producing the same, and medicinal use thereof,

especially new neuron differentiation accelerator.

Background Art | |

It is demonstrated that the nerve growth factor (hereinafter - -
referred to as *NGF”) shows, in vitro, manifesting a regenerative activity
on nerve cells of senlle animals because NGF has an activity for elongating
neurapophysises and regulatlng a production of aneurotransmitter ((*Age,”
Vol. 8, page 19 (1985)) . On the other hand, it is known that the PC 12
cells which is the cells of the strain produced by cloning a species of |
brown cells of murir_;é adrenal medulla, are 'caiuSed' by addition of NGE to
cease propagation and_ succunb to differentiation into sympathetic
nerve-like cells having neurapophysises. Sinée the NGF has these
activities, this has been drawn attention as an a,ntidemenfial )
pharmaceutical compositions in recent years. It has been studied that -
fibroblast growth factor or Interleukin 6'Letc. besides NGF induces the
growth of neurapophysises by using these cell. Further also, recently, -
it has shown that SUTAROSUPORIN of a low molecular. substance ‘1ikewise
induce elongation of neurapophysises E”Neurochemlstry, Vol. 26, pp. 200 -
- 220 (1987)) . o

Since SUTAROSUPORIN mentioned above is a low molecular substance,

which differs from NGF, the development f'orl medical use is. expected.
However, this is not utilized at the present time because of a strong



toxicity.

Recently, the physiologically active substance NK 176203 produced by
the microorganism of Streptomyces sp. NK 175203 (FERM BP-4372) has been
found to have an activity for inducing elongation of neurapophysises (WO
95/31992). |

The physiologically active substance NK 175203 (hereinafter referred
to as Ycystacyclin”) is expected to develop into medicine because it is
a low molecular compound manifesting low toxicity. But the product amount
is only a little because it is produced by the _microorganiém. Thus, there
has been demanded for supply of a low molecular compound obtained by
chemical synthesis, which has low toxicity and has a strong activity for

promoting induction of neurapophysises.

Dlsclosure of the Inventlon

As the results of the various studies for the structure analysml
of cystacyclin and the derivatives thereof, the present inventors have
* found that cyclopentanone derivative needs at least one substituted loﬁer
alkyl group as substi£ﬁent on the ring of cyclopentanone in order to having
the actlvny for promoting nerve differentiation. The preferable compound
in the act1v1ty isa cyclopentanone demvatwe having one substltuted lower |
alkyl group on the ring of cyclopenta.none and an another substituent 1n' |
the next position. The. present llnventors have found that the more
preferable compounds aré 2,3~di-substituted cyclopentanone derivatives
shown as the general formula (I) described below or the pharmacologically -
acceptable salt thereof and completed the presént invention. |

The present invention relates to a'Z-substituted lower alkyl-
3-substituted cyclopentanone derivative or the pharmacolog.icallly
acceptable salt thereo_f, and the process for the production thereof an_d, |
& pharmaceutical composition comprising it.



In more detail, the present invemtion relates to 2,3-di-
substituted cyclopentanone derivative represented by the following the

general formula (I)

O

Y .
Q> o

Z

wherein X is O S, 80, S0, or NH,
Y is a hydrocarbon res1due having 1-6 carbon atoms, whlch is
- substituted or unsubstltuted, and‘havmg a whole molecula_r veight of from
15-400 in the residue, and nay contain 1 or 2 hetero atoms in the ring when
the hydrocarbon residue is a cyclic group, and |

Z is carboxyl group, a group- derived therefrom, an allphatlc'
hydrocarbon residue having 1-4 carbon atoms, which is substituted or
unsubstituted, | | |

or a pharmacologically acceptable salt thereof, and a process for
production thereof, and a pharmaceutical composition comprising, it.

The present invention provides a novel compound having an activity
for accelerating différeni;iation of neurons. The compound of the present
invention having two or more asymmetric carbon atoms therein méy be an
optically active substance or optically i.nacti'v_e'subs'tance. and it is
suitable that the present compound is a optically active substance.

Also, the present invention provides the pharmaceutical
composition which comprises the said compound and is useful as the
accelerator for differentiation of meurons. |

The compound of the present invention has the activity - for
differentiation of neurons and is useful as the antidemential agent, the
protector of neurons, the agent for curing peripheral neuropathy caused



by diabetes and other disease, therefore, the present invention provides

an agent and a method for the treatment of these disease.

Also, in detail, the present invention relates the following
inventions.
(1) The preseﬁt invention relates to a pharmaceutical composition
comprising a 2,3-di-substituted cyclopentanone derivative having en
activity for accelerating differentiation of neurons and the following

general formula ( I_)

(1)

wherein X 1s 0, §, SO, SOZ, or NH;.

Y is a hydrocarbon residue having 1-6 carbon atoms, which IS' :
substituted or unsubstltuted, and having the whole molecular weight of from * N

15-400 in the residue,_and may contain 1.or 2 hetero atoms in thé ring when
the residue is a cyclic group; and ' , - |

Z is carboxyl group, a group deﬁved therefr'om or an aliphafic
hydrocarbon residue having { to 4 carbon atoms whlch is substituted or
unsubstituted, |

or a pharmacologically acceptable salt thereof,

except for (1R, ZS)-2—((ZR)-(2-.acetylamino-2-carboxy ethyl)thio
methyl) -3-oxo-1-cyclopentanecarboxylic acid( cyétacycl in), |

as an active component. | o .

Furthermore, the present invention relatesto the pharmaceutic'a_l
composition comprising the active comporiént- and a pharmaceuticaily



acceptable carrier. ,
(2)  The present invention relates to = & neuron differentiation
accelerator comprising the 2,3-di-substituted cyclopentanone derivative
(except cystacyelin) of the general formula (1) in (1) mentioned above or
a phamacologically acceptable salt thereof as an active ingredient.
Furthermore, the present invention relates to the pharmaceutical
composition useful as d neuron differentiation accelerator in (1) |
mentioned above, | o
(3)  The present invention relates to the pharmaceutical composition
or a neuron differéntiation accelerator of (1) or :(2) mentioned above,
yherein the 2,3-di-substituted cyclopentanone derivative or a
pharmacologically acceptable salt thereof is characterized by that the :
hydrocarbon residue having 1 to 6 carbon atoms of Y in the general formula
(1) in (1) mentioned above is
(1) .an alkyl roup having 1-6 carbon atoms which is substituted by one
to three substltuents or _ | o
(2] pyridino group or pymmldlnyl group vhich may be- substltuted by one
to three substltuents,
and each substituent is selected from the group cons1st1ng of
(i) carboxyl group or a group derived therefrom,
(ii) amino group or a group-derived therefrom, and
(iii)  hydroxy group or a group derived therefrom. _

(4) The present 1nvent10n relates to the neuron dlfferentlatzon_
accelerator comprising the 2,3~di-substituted cyclopentanone derivative
or a phai‘macold_gicélly acceptable salt thereof in (3) mentioned above as
an active ingredient or thé pharmaceutical compo'sition fur_ther comprising
a pharmaceutically acceptable carrier, wherein

(A) the each substituent in Y of the general formula (1) in ( 1) mentxonod
above is '



(D) carboxyl group or a group derived therefrom, shown as
-COR,; R, s ~OR, or -NR;R,; B, is H or hydrocarbon residue having 1-6 carbon
atoms; R, and R, are H, alkyl group having 1-6 carbon atoms or acyl group
having 1-20 carbon atoms which may have one or more substitents,
respectively, |

(ii)  amino group or a group derived therefrom, shown as -NRsRs;
R; and Rg are H, alkyl group having 1-6 carbon atoms or acyl group havmg
1-20 carbon atoms respectively, or '

(111) hydroxy group or a group derived therefrom, shown as -
OR;; B, is H or, a hydrocarbon residue having 1-6 carbon atoms or an acyl
group having 1-20 carbon atoms, wherein they may have one or more
substituents; and o |

(B) a carboxyl group or a group derived therefrom of / m the general '

formula (1) in (1) mentioned above is the group shown as ~C0 B, or-_ CH,0Rs; |

and By is independently same as R;; R, is H, an alkyl group having 1-6 carbon
atoms or an acyl group having 1-2{) carbon atoms. ' '

(5) - The present invention relates to the neuron dlfferentlatmn_ o

accelerator compmsmg the 2,3-di-substituted cyclopentanone derivative N
or a pharmacologically acceptable salt thereof as an active ingredient or
" the pharmaceutical composition further compr'ising'a phar'maceutically'
acceptable carrier, wherem, in the general formula (I) m (1) mentioned
above , ' '
the hydrocarbon residue having 1-6 carbon afomé inyYis

(13 an alkyl group having 1-6 carbon atoms which is substituted
or | |

(2) apyridino group or pyrimidinyl group ,vhich is substi'tuted.,
and the substituent is at least one selécted from a group consisting of

(1) carboxyl group or an alkoxycarbonyl group having 1 to 6 |
carbon atoms, | | '



(11)  amino group or an acylamino group, and

(iii)  hydroxy group or an alkoxy group having 1 to 6 carbon
atoms, .
and, when the numbef of the substituents selected from these one are two
or more, those substituents may be same or different groups, and

7 is carboxyl group, an alkoxylcarbonyl gfoup having 1-6 carbon_
atoms, hydroxymethyl group or an acyloxymethyl group havmg 1-20 carbon

atoms. _ .
(6)  The present invention relates to the neuron differ_entiation'

accelerator comprising the 2,3-di-substituted cyclopentanone derivative
or a pharmacologically acceptable salt thereof as an active ingredieht_or
the pharmaceutical composition further compris'ing a pharmaceutiiéally
acceptable carrier, wherem, in the general formula (I) in (1) mentloned
above, |

X is 8, 0, 50 or 80, and |

the hydrocarbon residue having 1-6 carbon_atoxﬁs iﬁ_Y_ is
an alkyl group having 1-4 carbon atoms which have one oﬁ two substituents
and the each substituén_t is selected from a group consisting of .

(1) a carboxyl group or an alkoxycarbonyl group,

(ii) .amino group or an acylamino group, and |

(iii)  hydroxy group or an alkoxy group, | |
and, when there are two substituents, those subshtuents may be same or
different groups, and | '

Z is a carboxyl group, an alkoxycarbonyl Eroup, hydroxymethyl
group or acyloxymethyl group. '

(7) The present invention relates to thé' neuron differentiation
accelerator comprising the 2,3-di-substituted cyclopentanone derivative
or a pharmacologically acceptable salt thereof as an active ingredient or



the pharmaceutical composition further comprising- a pharmaceutically
acceptable carrier in (5) mentioned above, wherein, in the general formula
(1) in (1) mentioned above,
X is S, 0 or S0 and

Y is 2-carboxy-2-amino (or acylamino)-ethyl group, 2- o |
alkoxycarbony!l (or alkenyloxycarbonyl)—2~am1noethy1 group, 2- |
alkoxycarbonyl (or alkenyloxycarbonyl)—Z—acylaminoethyl group,
2,3~-dihydroxypropyl group, 2-hydroxyethyl group, or 2-amino{or
acylamino)ethyl group; and | .

Z is hydroxymethyl group or an acyloxymethyl group
(8) The present invention relates to the neuron dlfferentmtmn-
accelerator comprising the 2, 3-di-substituted cyclopentanone demvatlve
( except for cystacyclin)or a pharmacologmally acceptable salt ’chereof as
| an active ingredient or the phar_maceut-lcal composition _further' comprising
a pharmaceutically acceptable carrier, wher,ein, in the general fdrmula (I
in (1) mentioned above, '

(1) the group shown as -CHZ-X~Y is ~CHZ 5- CHz CH{OH)-CH,0H and 7
is -CH,0COCH,, . :
(II) the group shown as -CH,~X-Y is CHZ-S CHfCH(COOH)NHCOCHa and
7 is ~CH,0COCH,,

(I11) the group shown as -CHz-X—Y is CH2 -8~ CHZ-CH( COOH)NHCOCH3 and
Z is -CH,0H,

(IV) the group shown as -CH;~X-Y is *CHZ—S-CHZ-CHfNHCOCﬂa and Z is
~CH,000CH,, '

(V) the group shown as -CHZ-X~Y 1s --CH2 S~ CHZ-CHZ-OH and Z is -
CH,0C0CH,,

(Vi) the group shown as -CH-X-Y is -CH,-S- C 3-(COOCH;)-
pyridino-2-yl) and Z is -CH,0H,

(VII) the group shown as -CH,~X-Y is ~CH,~S-CH,~CH(COOCH; )NHCOCH;



and 7 is -COOH, |
(VIII) the group shown as -CHX-Y is -CH,-S-CH,~CH(COOCH,-
CH—CHZ)NHCOCH;; and 7 is -COOH, |

(1X) the group shown as ~CH,~X-Y is -CH,~S- CHZ—CH(COOH)NHCOCH:, and - -

Z is -COOH,
(X) the group ‘'shown as ~CH,-X-Y .is -CH,-S- CHz-CH( COOH)NHCOCH3 and
% is ~COOCH,, |
(X1) the group shown as ~C,X-Y is ~CH,-5-CH~CH,-NHCOCH, and 7 is
~COOCH,, -
(XI1I) the group shown as -CH,-X-Y is ~CH,- -CH2 CHZ,—I\IHC()CH3 and 7
is -COOH, or o
(XIII) the group shovm as —CHZ-X~Y is --CHZ-O-CHz CH(OH) CHZOH and
Z is ~CH,0H,
(9) The present invention relates ‘to a 2,3-di-substituted
cyclopentanone derivatives represented by the following gensral formula

(n), | .
-,
| - (D

Z

wherein X is 0, S, 80, 80, or NH;

Y is a hydrocarbon residue having 1- 6 carbon atoms, which is
substituted or unsubstituted, and having a whole molecular weight of from
15-400 in the residue, and way cohtain 1 or 2 lietero atoms in the ring when
the hydrocarbon residue is a cyclic group; and

Z is carboxyl group, a group derived therefrom or an aliphatic
hydrocarbon residue having 1 to 4 carbon atoms which is substifuted or
unsubstituted,



or a pharmacologically acceptable salt thereof,

except for that Z is unsubstituted hydrocarbon residue having 1-6
carbon atoms or aldehyde group when -X-Y is -S-Ph, that 7 is ~CO0CH; or
-CN when -X-Y is -S0~Ph or - S0,~Ph, that Z is ~COOCH, when -X-Y is - 50,~CHs,
and that the compound repreéented'by the general formula (1) is (IR, 28)-2-

C  {2R)-(2-acetylanino-2-carboxy)  ethylthio ) methy1-3-oxo-1-
cyclopentane-~ carboxylic- acid (cystaéyclin). | |

(10) The present invention relates to a 2,3-di-substituted
cyclopentanone derivatives or a pharmacologlcally acceptable sa.lt thereof
wherein, in the general formula (1) in (1) mentioned above,

X is a group shown as 0, S,50, or S0,, and the hydrocarbon residue having
1-6 carbon atoms in Y is (a) a substituted or unsubstituted and saturated
or unsaturated éliph'atic hydrocarbon residue or (b) a substituted or
unsubstituted aromatic hydrocarbon residue comprising 8 gix-member ring
containing N atom therein, and % is carboxyl group or a group derived
therefrom or an aliphatic hydrocarbon residue having 1-4 carbbn_ atoms,.
vhich is substituted or unsubstituted, ( ﬁroviding_that Z represents a group |
other than COOCH; wheﬁ X-Y is SO,CH,, and cystacyclin is excluded).

(11) The present invention 'rela’r,e_s to a 2,3-di-substituted
cyclopentanone derivatives ( except. for cystacyelin ) of a
pharmacologically acceptable salt thereof in (9) mentioned above, wherein
X is 0 or 8. | ' o . |
(12) ~ The present invention relates to a Z,'_3-d'i—substituted
cyclopentanone dérivétives ( exbept for cystacyclin ) or a
pharmacologically acceptable salt thereof, wherein ,in (9) menti_oned
above , a bydrocarbon residue having 1-6 carbon atoms of Y is

(1) an alkyl group having 1-6 carbon atoms which is: substituted or
2] pyrldmo group or pyrimidinyl group which is substltuted,
and the number of substituents are one to. three '
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and the substituent on the alkyl group is selected from the group
consisting of | |
(i) carboxyl group or a group derived therefrom,
(ii)  amino group or & group derived therefr-om, -and
(iii) hydroxy group or a group derived therefrom
and the substituent on the pyrldmo Eroup or pyr1m1d1ny1 group is a lover
.alkyl or a group described in the substituent on the said alkyl group at_l_d
Z is carboxyl group or a group derived therefrom. | |

(13) The present invention relates to a 2,3- d1-—subst1tuted |
cyclopentanone derivatives ( except for cystacyclin ) or- a
pharmacologically acceptable salt thereof, wherein ,in the substituent of
Y in (11) mentioned above, | i |

(i) a carboxyl group or a group derived therefrom is a group
shown as ~COR,; B, is -OB, or ~NBR,; B; is H or a hydrocarbon residue having

1-6 carbon atoms; B or B, is H, an alkyl group having {-6 carbon atoms
or an acyl group having 1-20 carbon atoms respectively, N

(1) an amino group or a group derived therefrom is a group shown
as -NRiR,; Bs or B is H, an alkyl group having 1%6 carbon atoms or an acyl
group having 1-20 carbon atoms respectively, o o |

(i11) a group derived from hydroxy group is a group shown as ~
OB,; By is hydrocarbon residue having 1-68 carbon atoms or an acy_l group
having 1-6 carbon atoms; and | '

a group derived from carboxyl group in Z is a group shown as ~COR, or ~CHO
Ry and By is 'in_dependently same as B;; By is H, an alkyl gb_oup having 1-6. :
carbon atoms or acyl group having 1-20 carbon atoms. .
(14) The present invention relates to a 2,3-di-substituted
cyclopentanone derivatives or a pharmacologically acceptable salt
thereof, in (12) mentioned above, wherein ,in Y of (12) mentioned above,
the substituent is at least a group selected from the group consisting of

11



(i} & carboxyl group or an alkoxycarbonyl group having I to 6
carbon atoms, '

(1i) an amino group or an acylamino group, and

(iii)  hydroxy group or an alkoxy group having 1 to 6 carbon
atoms,
and, when the number of the substituents selected from these one are two
or more, those substltuents may be same or different groups, and

% is carboxyl group, an alkoxylcarbonyl group havmg 1-6 carbon '
atoms, hydroxymethyl group or an acyloxymethyl group havmg 1-20 carbon
atons. ' | ' |
. (16) The present invention relates to a 2,3-di- ~substituted
cyclopentanone - demvatlve A except for cystacyelin ) or 8
pharmacologically acceptable salt thereof wherein , in the general for_mula
(I) of (1) mentioned above, |

(1) the group shown as ~CH,-X-Y is -CHZ S- CHZ-CH(OH) CHZOH and 2 -
is ~CH,0C0CH,, ' -

(I1) the group shown as ~CH,~X-Y is -CHz S~CH2-CH(COOH)NHCOCH3 and. |
Z is ~CH,0COCH,, . . |

(III) the group shown as —CHz-X~Y is -CHZ -CHZ-CH( COOH )NHCOCHa and
Z is ~CHyOH, | | |
- (1V) the group shown as -CH,~X-Y is -CH,~S~CH,~CH,~NHCOCH, and is
~CH,0COCH,, | o

(V) the group shown as -CHz-X—Y is -CHZ-S CHZ-CHz-OH and 2'is -
CH,0COCH,, : ‘

(VI) the group shown as -CH2-%-Y is -CH-(3- COOCH3)~pyr1d1no and
Z is -CH,0H,

(VII) the group shown as -CHZ-X-Y is -CHZ-S CH;CH(COOCHQNHCOCHa a

and 7 is -COOH, :
(VII1) the group shown as -cHg~x~-Y, is -CH,~S~CH,~CH(COOCH,~CH=

12



CH, )NHCOCH, and Z is -COOH,
(IX) the group shown as -CH,-X-Y is -CHZ;S-CI{Z-(I_H( COOH ) NHCOCH; and
Z is -COOH, _
(X) the group shown as ~CH,X-Y is -CH_Z-S-CH;—CH(COOH)NHCOCHs and
I is ~COOCH,, | | |
(XI) the group shown as ~CH~X-Y is ~CH,-S-CH,~CH,-NHCOCH, and % is
~C00CH,, | - | o
(XI1) the group shown as -CH-X-Y is -CH,~S-CH,~CH,~NHCOCH, and Z
is -COOH, or . |
(XIII) the group shown as ~CH,-X-Y-is ~CH,~0-CH,-CH(OH)-CH,0H and
Z is ~CHOH, | | | -
(16) The present invention relates to a method for the production
of a 2,3-di~substituted cyclopentanone derivative 'represented .'by the

following general formula (la)
O

Z

( wherein X, is S, 0 or NH; and Y-and % are the same described ahove) or
a pharmacologically acceptable salt thefeof'charactgri-zed by reacting a
reactive derivative of 2-hydroxymethyl group in the 2-hydroxymethyl-
J-substituted cyc'lnopentanon'é shown as the general formula (II).

o
| ' (II).

Z

( vherein 2’ is same as %, and, when 2 has functional group, the functional

- 13



group may be protected when necessary) (1-carbonyl group may be protected
when necessary) (hereinafter referred to as merely the reactive
derivative ) with the compound shown as the general formula (II1)

WY o

{(Wherein X2 and Y are same' as defined above) and removing protecting group
when necessary. | |

(17) The present invention relates to the method for thé production
according to (15) characterized by that the reaction is carried out' inan -
inert organic solvent at a ﬁempérature_’betﬁeen 0°C and the boiling point
of the solvent. | | I

(18) The present invention relates to the method for the prodﬁction B
of a 2,3-di-substituted cyclopentanone derivative or a plxarmacologically
acceptable' salt thereof according to (15) mentioned ﬁhove, wherein the.
reactive derivative is a 3~sub$ti_tuted—2?methy,1enecyclopenetanone' .
derivative shown as the genéral formﬁlae--'(IV), (V), (VI) or (VII) |

. )OL ) ,-.. | ' | ....
07 R10 ..
(w) Sy
f . Yy o
~R10 : g .
& é/\o’i\mo
A | .
7}
(V) ()
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( wherein B, is a hydrocarbon residue having 1-10 carbon atoms; and Z’
is the same as 7 and the functional group is protected when necessary).
(19) The present invention relates to a method for the production
of a (1R, 28)-2- (( (2R)-2-protected or unprotected amino-2-carboxy ethyl)
thibmethyl}-3-oxo—1-cyc1opentanecarboxylic acid or an alkyl ester thereof
or a pharmacologically acceptable salt thereof characterized by reacting
N-protected-L-cysteine with a (ZS,3R)'—3—cafboxyf2—su1fonylmeth_yl-

cyclopentanone derivative shown as the gen_éral formula (XII)

o |
~R10
S0, : (XII)
o '%boow o

(wherein By, is an hydrocarbon residue'having_lto 9 carbon atoms vhich may
be substituted, and, when the residue is substituted, the substituent may

be one or a combination of two or more members selected from the group =

consisting of halogen atoms, nitro group, cyano group, hydroxy group, amino
group, carboxyl group, an alkoxycarbonyl group having 1-9-carbon. atons,
and an aryl group and. these substituent may be protected when the

substituent is a functional group), a salt thereof, or an alkyl ester

thereof, or Z-methylidene—3-oxo-1-Cyélopentanecarboxylic acid shown as
the general formula (V) |

e -
é/ oy
““Cooy

or a salt thereof or an alkyl ester thei'eof,. and removing the prt_itective '
group when necessary. | |

16



(20) The present invention relates to 3-substituted-2-methylene
cyclopentanone derivative shown as the following general formula (IV), (V},
(VI) or (VII)

o. .9 - o
Y o g

(W) > S (v) |

.'O O _ - ! §) o
g/Rlo > /g\

6 b R10

Z’ : . . Z,) . '

(V1) S (my . -

{wherein R, is a hydrocérbon residue having 1-10 carbon atoms; and Z’ is

same as Z providing that the functional group thereof is protected when
necessary), except that 2’ is COOH or COOCH;,. in the general formula (V),

and that 2 is COOH or COOCH, and R,, is methyl or phenyl in the general

formula (VI) or a phamﬁacologically acceptable salt thereof. |
(21) The present invention relates to (25, 3R)-3-protected
hydroxymethyl-2-thiomethyl cyélépentanone derivativé- shown as  the
following general formula (XI) '

&/\ ; (X1)
SR 10
"%—OR11 L
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(wherein R, is protective group of hydroxy group and Ry, is same as
mentioned above) or a salt thereof,

(22) The present invention relates to an accelerator of
differentiation of neurons or a pharmceutical composition characterized
by containing a cyclopentanone derivative which has at least ome
substituted lower alkyl group as substituent on the' ring of cyclopentanone -
and which has activity for acceleration of differentiation of neurons, or
a pharmacologically acceptable salt thereof as ingredient.

Best Mode For Carrymg Out the Invention

The expression ”an activity for accelerating dszerentlatlon of
neuron” as used in this invention means the activity for elongat;ng
nerve-like apophysises manifested.on the PC 12 cells by the method of
testing to be descrlbed hereinafter.

The cyclopentanone derivative of the present 1nvent1on having at
least one substituted lower alkyl group as substltuent on the ring of -
cyclopentanone is not limited in the number of substztuent the kind of
substituent and the kind of substituent on the said lower alkyl group, if
it has the activity for accelerating differentiation of neurons,

The number of substituent is suitably two or more generally, and
the position of substitution is suitably 2 or 3 on the ring of the
cyclopentanone. The position of substitution of said su_bstitu‘bed lower
alkyl group on the ring of cyclopentanone is not limited especially, and
preferably the pos:1t10n of subst1tut1on is 2 on the ring of the
cyclopentanone. |

The lower alkyl group of said substituted lower alkyl group is the
group which is removed at least two hydrogen atoms from the saturated or
unsaturated, and straight chained or branched hydrocarbon group having 1
to 6 carbon atoms, for. example, methylene group, ethyléne group, 1,2-
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propylene grbup, 1, 3-propylene group and so on, suitably nethylene group.
And the substituent of the said substituted lower alkyl group is suitably
the substituent shown as Y-X- (vherein Y, X is salie means as mentioned
above). . , . -

When the cyclopentanone derivative has a sai_d substituted lover
alkyl group as subei'tuent on the position 2 of the cyclopentanone ring, |
it is suitably a cyclopentancne derivative having further substituent in
the positioﬁ 3 therein.  The Z group, wherein Z is same means as mentioned
above, as the substituent of position 3 is preferred.

The term “hydrocarbon residue” as used in this invention means the
group which remains after rembval éf one hydrogen atom from a saturated
or unsaturated hydrocarbon (which, when it is cyclic, may c_dntain one or
more hetero-atoms).

Such groups of the upper level of conceptual hierarchy as, for example,
hydrocarbon residues, ‘aliphatic hydrocarbon residues, alkyl -"gr)oups,
alkenyl groups, aromatic cyclic groups, acyl groups;. amino. groups,
alkylamino groups, acylamino groups, alkoxy groups, and alkoxycarbonyl
groups etc. which are used in this invention are used in the sense of
embracing both groups of an unsubstituted group and a group haviﬁg one
or more substituents unless otherwise specified. | |

The substituted or unsubstitufed hydrocarbon residue containing 1
'thro'ugh 6 carbon atoms and having total molecular iveight of not less than
16 _a,nd not more than 400 which is represented by _Y' in the_general formula
(n mentioned_ above may be chain, 'cyélic, sat_uratéd, or unsaturated. The
hydrocarbon residue, when cyclic group, may'contain__such hetero-atoms as
oXygen, nitrogen, and sulfur ete. in the. ring thereof. Though this
hydrocarbon residue may be substituted or unsubstituted, it is préferred
to contain one or more substituents from the viewpoint of physiological
activity, B
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When the hydrocarbbn residue is an unsubstituted alipbatic
hydrocarbon residue, it may be straight chain, brapched, saturated,
unsaturated, or cyclic. As examples of the chain or cyclic hydrocarbon
residue of 1 -6 carbon atoms, (1) alkyl gro,ups.such asmethyl, ethyl, propyl,
isopropyl, butyl, isobutyl, pentyl, Z—methyi~butyl', and hexyl etc., (2)
alkenyl groups such as vinyl group and allyl group etc., and (3) eyelo alkyl '
groups such as cyclopentyl, cyclohexyl, and pipérid_inyl etc. may be cited.
Generally, these hydrocarbon residues are preferred to be a chain, As
examples of the substituted aliphatic hydrocarbon residue, such groups as |
are substituted by 1-4, preferably 1—3', and more preferably 1-2
substituents on such unsubstituted aII{yI, alkenyl, or cyclic groups as
mentioned above may be cited. The substituent have no partic.u_lalr_.

restriction, except a group which deprive physiological act"ivit'y of the

compound of this invention. The total molecular weight of the group
represented by Y including the substituent is not more than 400, preferably
not more than 300, and more preferably not more than 150.
Examples of the substituent are,
(i) carboxyl group and groups derived therefi*om,
(ii) amino group and groups derived therefrom,
(iii) hydroxy group and groups derived therefrom, and
(iv) halogen atoms ete.

The groups which are derived from the é'arboxyl group stated in (i)
~ above include (1) aldehyde groups obtained by reducing the bar’boxﬂ group
and (2) groups resuliing from estérifying or amidating the carboxyl group
and the nitrile group obtained'by further oxidizing the amide group, for .
example. As the carboxyl group and the groups derived therefrom which are
appropriate as the substituent mentioned above, the gr_oups represented by
~COR, are cited, wherein R, is an alkoxy groﬁp represented by the general
formula of -OR, (wherein B, is a hydrocarbén residue of 1 through 6 carbon
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atoms which may be substituted) or an unsubstituted or substituted amino
group represented by the general formula of -NR,R, (wherein B, and R, are
independently a hydrogen atom, an alkyl group of 1 through 6 carbonatoms
which may be substitufed, or an acyl group of 1 through 20carbon atoms
which may' be substituted). The hydrocarbon residueof 1 through 6 carbon
atoms which may have ‘one .or more substituents in B, is the same as that
which has been already described with respect to the group represented by
g | _ A
The alkyl group of 1 through 6 carbon atoms in R, and R, are the same
as those already cited with respect to the aliphatic hydrocarbon residue.
The acyl groups of 1 through 20 carbon atoms in R, and R,; include acetyl, .
mono, di, or trihalogenoé'cetyl, propionyl, Butanpyi, pentanoyl, heptanoyl ’
heptadecanoyl, benzoyl, and. halogenobensoyls ete.. The hydflocarbon '
residue of 1 through 20 carbon atom which is bound to the carbonyl group
may be chain, branched, or cyclic and may be substituted. In these groups, -
~acyl groups of 1 through 6 carbon atoms are 'preferable,'_'acyl groups of 1
through 3 carbon atoms are more preferabzle; énd acetyl grOUp_is'mos_t
preferable. The substituent may be the same as those already described
with respect to the aliphatic hydrocarbon residue. | |
As the amino group 6r_the group derived from the amino group in (ii)
mentioned above, (1) amino groups, mono or di-substituted amino groups
represented by the general formula ~NBsBs (wherein By and R, may be identical
or different and are each a hydrogen atom, an alkyl group of 1 through
6 carbon atoms which may be substituted, or an acyl group of 1 - 20 carbon
atoms which may be substituted) and (2) the nitro group obtained by the
oxidation of the amino group may be cited. The specified examples of B
and Ry are the same as those already cited with respect to By and R,. |
The groups derived from the hydroxyl group in ( iii) mentioned above
include the groups which are obtained by alkylation or acylation of the
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hydroxyl group, for ezemple. The example is the groups which is
represented by the general formula of -0, (wherein R, is an hydrocarbon

residue of 1 through 6 carbon atoms which may be substituted or an acyl .

group of 1 through 20 carbon atoms which may be substituted). As the
hydrocarbon residue or the acyl group in B;, the same as those already
mentioned with respect to the group represented by Y may be cited.

The halogen at_dms include chlorine, fluorine, and broming etc..

Typical examples of the substituent in_ these aliphatic hydrocarbo_n'

residue of 1 through 6 carbon atoms are _cqrboxyl, an alkoxycarbonyl of 1

through 4 carbon atoms, amino, an acylamino of 1 through 4 carbon atoms, -

halogen-substituted acylamino of 1 through 4 carbon atoms, and hydroxyi_
In the acylamino groups, groups such as acetylamino | and
trifluoroacetylamino ete. are preferable. In the alkoxycarbonyl groups,

groups such as methoxycarbonyl, ethoxy'carbonyl, propoxycarbonyl and

allyloxycarbonyl etc. are preferable.,

When the hydrocar'bon residue of 1 through 6 carbon atoms is an aromatlc '

hydrocarbon, that may be carbon-cyclic or hetero-cyclic aromatic

hydrocarbon, usually, such as unsaturated cyclic hydrocarbons of 6 or 6
carbon atoms. Those examples are phenyl, pyridyl, pyrimidyl, piradinyl and

pyrolyl etc.. These may contain one or more substituénts Exémples of the
substituent are the aliphatic hydrocarbon residues of 1 through 6 carbon
atoms and the same substituent used in Y mentioned above.
Preferably, the group represented by Y is a_,n alkyl group having 1
through 4 carbon atoms and containing one or two substifuents. The
substituent is selected from the group consisting of (i) carboxyl group
or alkoxycarbonyl groups, (ii) amino group or acylamino groups, and (iii)
hydroxyl group or alkoxy groups. When there are two substituents in the
alkyl group, they may be identical with or different from each qther. As

the "alkyl group” and ”aéyl group” which are mentioned in these groups,
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those already deseribed may be used herein without change. Examples of
the alkoxy group are such saturated or unsaturated groups which have I
through 6 carbon atoms as methoxy, ethoxy, propoxy, butox&, pentoxy, hexoxy,
and allyloxy etc., and preferably those of 1 through 4 carbon atoms may
be cited. | | | ' . .

Preferable examples of the group represented by Y'er.e as follows:
2-carboxyethyl group, 2~hydroxyethy1 group, Zﬁminoethyl _group, Z-ecetyl-
aminoethyl group, 3-hydroxypropyl group, 3-carboxypropyl group, 3-
methoxycarbonylpropyl group, Z~carboxy—2-acetylamino_ethy1 gi'eup, 2~
carboxy-2-aminoethyl group, 2-carboxy-2-trifluoroacetyl aninoethyl group, .
- 2-carboxy-2-pentadecanoylaminoethyl group, Z—metho:tycarbonyl_~2-acety1-
aminoethyl group, 2-ethoxycarbonyl-2-acetylaminoethyl group, 2~
propoxycarbonyl~2-acetylaminoethyl group, 2~ally10xycarbonyl 2-acetyl-
aminoethyl group, and 2,3-dihydroxy propyl group. :

In the examples of X in the general formula (I),S, 0, SO,or 50, are
preferable and S or 0 is most general. ' o | _

Preferred examples of the group represented by -X~Y in the general

formula (1) are an alkylthio of 1 to 4 carbon atoms wh1ch may have one or

two substltuents, an alkylsulfinyl of 1 to 4 carbon atoms which may have -

one or two substituents, an alkylsulfonyl of 1 to 4 carbon atoms which may _
have one or two substituents, an alkoxy of 1 to 4 carbon atoms whlch nay
have one or two substituents and an alkylamino of 1 to 4 carbon atoms which
may have one or two eubstituents, and pyridylthio having one or two
substituents on the ring thereof and pyrimidinylthio having one or.two
substituents on the ring thereof. More preferable examples thereof are
an alkylthio or alkoxy group of two or three carbon atoms which have one
or two substituents selected from the group consisting of ( 1) hydroxy, (2)
(C; - C4) alkoxy, (3) amino, (4) (C, - C,) acylamino, (5) carboxy, and (6)
(C, - C;) alkoxycarbonyl. |
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More preferable examples thereof are Z-( carboxy or an a.’_lkoxycarbonyl
of 1 through 3 carbon atoms)-2-(amino or acetylamino)éthylthio or -ethoxy
group and 2-(amino or acetylamino)-ethylfhio or -ethoxy group, 2-
hydroxy-ethylthio or -ethoxy group, and 2,3-dihydroxy-propylthio or -
propoxy group.

Examples of the carboxyl group or the group derived therefrom in Z
of the general formula (I) are those already descrlbed with respect to the |
substituents in Y mentioned above and the groups represented by ~-CH,0R,
(wherein B, is a hydrogen atom, an alkyl group of 1 through 6 carbqn atoms
which may be substituted, or an acyl group of 1'through 20 carbon atoms .
which may be substituted). Examples of the aliphatic hydrocarbon residue
of 1 through 4 carbon atoms in Z, which is substituted or unsubstituted,
are those hydrocarbon residues of 1 through 4 carbon atoms already
described in the part of Y may be cited. |

Preferred examples of 7 are the groups represented by -COR, or -
CH,0R,, wherein independently from R, RB,has the same neaning as R; and
R, has the same meaning as defined above.’

More preferred eﬁiamples of Z are a carboxyl group, an alkoxycarbonyl |
group, hydroxymethyl group, and acyloxymethyl group may be cited. The
terms *alkoxy” and "acyl” used in these groups have the same meanings as .
already described with respect to the alkoxy group and the acyl group. |
Anong the groups cited above as examples of I, 6arboxy group, hydroxymethyl
group, and acyloxymethyl group of 1 through 3 carbon atoms are more
preferable. |

Typical compounds represented by the general formula (I) of this
invention are following compounds of (1) to (XVI). The present compounds
are not limited to the typical compouds. |

(1) 3-Acetoxymethyl-2- ((2, 3-blshydroxypropy1)thwmethyl] ~cyclo -

- pentanone
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(11) 3-Acetoxymethyl-2- ( (2-acetylamino-2-carboxyethyl) thip
wethyl) -cyclopentanone
(111) 2- ( (2-Acetylamino-2-carboxyethyl) thiomethyl) -3-hydroxy-
methylcyclopentanone ' |
(1V) —Acetoxymethyl 2- C (2~ acetylamlnoethyl)thiomethyl] cyclo-
pentanone .
(V)3~Acetexymethyl Z- E(Z—hydroxyethyl)th1omethy1] cyclopentanone
(V1)3-Hydroxymethyl-2- ( (S-methoxycarbonylpyr1d1n~2~y1) thio~
methyl ) -cyclopentanone _ |
(Vi1) 2- ¢ (Z—Acety1am1no-2-methoxycarbonylethyl) thiomethyl ) -
3- oxo-1-cyclopentanecarboxylic acid : '
(VIII) 2- ((2-Acety1am1no-2-a1lyloxycarbonylethyl)thlomethyIJ -
3-oxo-1-cyclopentanecarboxylic acid
(IX) 2~ ((2-Acetylamino~ 2~carboxyethyl)thlomethyl ) —3 -0x0-1~
cyclopentanecarboxylic acid
(X) 2-C (Z-Acetylamlno—z-carboxyethyl) thlomethyl J -3—methoxy-
carbonylcyclopentanone
(XI1) 2- ((2 -Acetylamlnoethyl)th1omethy1) —S-methoxycarbonylcyclo-
pentanone .
(X1 2-¢ (2~Acety1am1noethy1)thlomethylJ 3—oxo-1 cyclopentane
carboxylic acid . | . :
(XI11) 2-C 2,3- Bls(hydroxypropyl)oxymethyl) 3~hydroxymethy1cyclo-
pentanone :
(X1v)2- (N- (Z~acety1am1no~2—carboxyethyl)am1nomethy1J -3-hydroxy~
methylcyclopentanone
(Xv) 2- ¢ (Z—Acety1am1no~2—methoxycarbony1ethyl)thlomethyl J -3-
methoxycarbonylcyclopentanone
(XVI) 3-Hydroxymethyl-2- ( (6-methylpyridin- Z-yl)thlomethle -
cyclopentanone '
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(I) (ZS,3R)—3-Acetoxymethyl-2-

thiomethyl ) - cyclopentanone

C (2R8)-(2, 3-dihydroxypropyl)

The typical compounds mentioned above are shqwn in the.following table
1 using the general formula (I). In the formulas, Ac represents acetyl

group and Me represents methyl group.

General formula (I)

Table 1

No.
(1)
(11)
(111)
(1V)
(V)
(V1)
(VII)
(VIII)
(IX)
(X)
(XI)
(XI1)
(X111)

ommmmmmmmmmmmx

Y
CH,CH(OH ) CH,0H
CH,CH(NHAc ) COOH
Cit,CH(NHAc )COOH

 CH,CH,NHAC

CH,CH,0H

3-Nethoxycarbonyl pyridin-2-yl

CH,CH{NHAc }COOMe
CH,CH(NHAc ) COOCH,CH=CH,
CH,CH(NHAc )COOH

.CH,CH(NHAc ) COOH

CH,CH,NHAc
CH,CH,NHAc
CH,CH(OH ) CH,0H
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' CH,0Ac
CH,0Ac

- CH,0H

CH,0Ac
CH,0Ac
CH,0H

- COCH -

COOH
CooH
COOMe
CO0Me
COOH

CH,0H



(XIV) NH CH,CH(NHAc )COOH - CH,0H
(XV) §  CHCH(NHAC)COOMe COOMe
(XVI) 8§ 6 -Methylpyrimidin-z—yl CH,0Ac

The compound of the present invention contains one or 1zore
asymmetric carbon atom _in the ring of _cy'clopentanone' and in the
substitutent thereof. Accordingly, the present compound contains also an
optically active substance and racemic substanc.” It is suitable that the
present compound is used as- the optically active substance. In the
present specification, the configuration of asymmetric carbon atom is

shovn as R or §. | - |
| The compound which has S, 0, or NH for X in the formula (1) of this
invention can be obtained by causing a compound represented by the
following general formula (111) ' '

H, - Y (III)

(wherein X, is S, 0, br'NH and Y has the same meaning as defined. above)
to react with a reactive derivative of'_the'Z-hydroxymethyl group, of a-
Z-hydroxymethyl-3-substituted cyclopen’cahone (the carbonyl group at the
1 position thereof may be protected when necessary) represented by the
general formula (I1) | o

- (vherein Z’ has the same meaning as Z, 'provided'that when the gfoup contains
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8 functional group, the functional group may be protected when
necessary)(hereinafter refer to as the reactive derivative ) and
optionally removing the protective group. When the compound of HX,~Y of
the general formula (I11) contains an asymmetric carbon atom, the optically
active substance thereof can be used to obtain a corresponding optically
active compound. _ | o o
Any method which is capable of condensing the both compounds can be
used for the reaction. Genef'ally, this reaction is carried out inan inert
organic solvent under mild conditions such as, for example, at a
temperature in the range of from -10 centigrade temperature to the boiling
point of the solvént, preferably between 0°C and 90 °C. When ’phe compoi_md'
of the genefal formula (II1) is a thiol compound, the temperature in the

approximate range of from 10 °C to 50 °C are more appropriate. The,

reaction of the compound of the general formula (1I) 'and the compound of
the general formula (111) may be carried out in equivalent. amount.
Actually in the reaction, the compound of the general formula (II1I) may
be used in an excess amount (1 to 2 mols per one mol of the compound of
the general formula(II), for example) |

The compound which has S0 or 80, for X in the general formula (I) can
be obtained by subjecting a compound having § for X_. to oxidation by the
conventional method thereby converting § into SO or $0,. | _

Preferred examples of the reactive derivative mentioned above are the
- compounds of the following general formulas (IV), (V), (VI) and (VII).

(V) D (V)
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(wherein, R,, is a hydrocarbon residue having 1 to 10 carbon atoms such
as, for example, an alkyl group, an alkenyl group, or aryl group, vhich
may be substituted or unsubst1tuted ¥hen the substltuent isa functmnal
group, it may be protected by a protective group when necessary. %’ has
the same meaning as mentioned above.) . o '
The hydrocarbon residue containing 1-10 carbon atoms shown as R
is not limited particularly provided that an elimination groﬁp' is formed,
for example, any of the examples already cited with reference to ¥ can be
used wituout any change. As examples of the unsub,sti_tuted alkyl group of
1 - 10 carbon atoms, methyl group, ethyl group, isopropyl group, -t'—_bu_tyl
group, and pentyl groﬁp etc, may be cited. The substituent ;o'f ‘the
substituted.alkyl group may be any of the examples of the substituent on
the hydrocarbon residue mentioned above. As examples thereof, halogen
atoms, nitro group, cyano group, hydroxyl group, amino group, carboxyl :
group, or alkoxycarbonyl groups of | through-g carbon atoms and aryl group
may be cited, These groups may be present either singly or in a combination
of two or more members When the substituent is a functlonal group, it
may be protected with a protective group. Aryl group and alkenyl group
etc. also may be cited as the hydrocarbon group of 1-10 carbon atoms |
represented by By . For example, p-methylphenyl group etc. may be cited
as a substituted aryl group. | '
A preferred examples as the hydrocarbon group containing 1-10 carbon
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atows shown as R,, are methyl group, ethyl group, 2 '3-isopropy1idene_—
dioxypropyl group, and p-methylphenyl group may be cited.

When Z’ is hydroxymethyl group and so on, the protective group for
the hydroxy group is an acyl group of 1 through 20 carbon atoms and an
alkylsilyl group of 1 through 6 carbon atoms. Occasionally, an alkyl group -
of 1 through 6 carbon atoms or a substituted or unéubstituted benzyl group
etc. is usable. Trimethyl silyl group, t-butyldiphenyl-silyl group, and
t-butyldimethyl sily’l.group may be cited as preferable alkylsilyl group.

Any of the protective groups for the hydroxy group mentioned above
are usable as the protective group for functional groups other than hydroxy
group , for example, carboxy! group etc.. In the case of an amino group,
the same protective groups except alkylsilyl groups are able to be used .
The term”acyl group” as used in the specification hereof is tobe construed
as embracing such alkoxycarbonyl groups as butoxy carbonyl or benzyloxy'
carbonyl unless any hindrance is incurred. _

As examples of the compounds represented by the general formula (IV),
(V}, (VI), and (VII), the following compounds may be cited, for example.

" (a) 2,3-Bis(acetoxymethyl) cyclopentanone

(b) 3—Acetoxymethy1 1-methylidene cyclopentanone _

(¢) 2- €(2,3~ 1sopropy11dened1oxypropy1)sulfonylmethyl] ~3-o0x0~1-
cyclopentane carboxylic acid . .

(d) 2- ((2,3- 1sopropy11dened10xypropy1) sulfonylmethyl ] -3-
methoxycarbonylcyclopenta.none

(e) 3- (t—Bu’cyldmethyl&1yloxymethy1) ~1,1- ethylened10xy-—2—mesy1~
oxymethylcyclopentane .

(f) 2-methylidene 3~oxo-1-cyc1opehtanecarboxylic acid

{g) S-Metho:iycarbonyl-Z-methylidenecyl_copentanone

The compounds (a) and (b) can be prodﬁced as follows..
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oH _ QAc -
on OAc _OAC
(a) ()

The compound (a) can be obtained by acetylating 2,3¥bis—

( hydr'oxymet_hyl) cyclopentanone and the compoimd (b) can be easily produced . - |

by treating the compound (a) with a base or such a strong basic amine as
triethylamine. ' | .
The starting raw material, i.e. 2,3—bis_(hyd1'oxymethyl) cyclo-
pentanone, is a substance known in literatu_res _ahd can be produced by the
method disclosed in JP-A-05-1044 or a method with neéessary_ modifications
thereto. ' | |

Optical isomer (28;3R)—2,3~bis(hydroxymethyl)_ cycl'openi'_,anone. can be - .

obtained by optical resolution of optically inactive one by chromatography
and so on for optical resolut'ion Furthermore, the compound protected by
acyl group of the (28,3R) forn can be obtamed by the method dlsclosed in
JP-A-08-231469 » too,

The compounds (c¢) and {d) can be produced as follows.

(o) ~ | )
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A compound (a-1) can be obtained by causing the compound {a) to react
with thioglycerin in the presence of one eqﬁival_ent amount of an alkali
thereby deriving a compound (I1), then converting the two hydroxyl groups
of the compound (II) into isopropylidene . Subsequently a compound (a-
2) can be obtained by alkali treating the oompound (a-1) thereby removing
the acetyl group. A compound (a-3) can be obtained by oxidizing the sulfide
of the compound (a-2) into sulfone . A compound (c) can be produced by | )
oxidizing the hydroxylmetyl group of the compound (a-3) in the position
3. The compound {d) can be produced by esterlfymg the carboxylic acid
of the compound (c). |

The compound (e) can be produced as follows. In the formulas, Ac
represents acetyl group and TBDMS represents t-Butyldimethyl silyl group.

&;OAO JR——— Ao St Q:‘O
OAo .

@ (a~4) (a-6)
o ﬂ . .
o - o — R
-(msg';'.BDMS : @ 1())TBDMS : @ 6 .,C;TBD.llViS

éj‘OTBD.MS,* A OTBDMS \
L Ol N OAo Y« }J :
(n-6-2) {0-7-2) o Q‘Dm
' - ' OTBDMS:

(®)

81



The compound (a) is converted into ketal by the conventional method
of ketalation to obtain a compound (a-4) and the acetoxy group is saponified .
to obtaina diol compound (a~5). The mono-silylation of the compound (a-5)
affords a mixture of a compound (a~6-1) of which the 3 position is silylated
and a compound {a~6-2) of which the 2 position is silylated. When this
mixture is directly acylated, it produces a mixture of a compoupd (a~7-_1)_ )
and a compound (a-7-2). The mixture of a compound (a-7-1) and a compound i
(a-7-2) can be separated into the componént compounds by chromatography. |
The compound (a-7-1) is separated by this. Then, the'_obtained compound_
(a~7-1) is saponified to isolate a compound (a-6-1). By mesylating the -
hydroxyl. group of the produced compound(a-6-1), the compound (e) can be -
produced. | | SR | o

The compound of the general formula (VII) which has a cax_‘box_yl group
for 7> can be obtained by removing the Ac gboup of the co_mpound_'(a~742)
by the conventional method, oxidizing the resultant hydroxymethyl group
into a carboxyl group by the conventional method; removing TBDHS, and -
mesylating the hydroxyl group of the resultant compound. |

The compounds (f) and (g) can be obtained by hydrolyzing the cox_npounds' S
(c¢) and (d) with such an alkali as sodium hydroxide etc.. a

The compounds of the general formulas (IV)_' through (VII) other than .
the compounds. (a) through (g) mentioned above can be produced by suitably
following the aforementioned procedures for the production. of the
compounds (a) through (g). S |

The production of the compounds rebresented by thé general formula
(I) will be described more specifically below. | _

(1) Method for the production of a compound having § for X in ﬁhe
general formula (1) o | | |

A compound having $ for X can be obtained by causing a mercapto
compound represented by the general formula (VIII)
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HS—-Y  (VIII)

(wherein Y has tﬁe same meaning as defined above) to react with the reactive
derivative mentioned above, preferably a compound represented by the
general formula (IV), (V), or (VI) in water, an alcohol type solvent such
as methanol, ethanol, or propanol, a water-soluble solvent such as acétone,
tetrahydrofuran, or dimethyl! formemide, or a mi_xture of the solveﬁ_’c_s_.
mentioned above, preferdbly a water-methanol mixed solvent, a water-
acetone mixed solvent, or a water-methanol-acetone mixed solveﬁt, adding
an alkali, e.g. an alkali metal hydroxide or an alkali metal salt of a weak
acid such as, for example, potassiim hydroxide, sodium hydroxide,
potassiun carbonate, or sodium carbonate at a temperature in the
approximate range of from -10°C to the boiling point of the 'solven’c,
preferably between 0 °C and 50 °C and removing a protective group when
necessary. | o .

The compounds _represented by the general formula (VRI)'are mefcaptan
compounds having 2 substituent Y mentioned above. Mbre specifically,
substituted or unsubstituted aliphatic hydrocarbon mercaptan compounds
of 1 through 6, prefé'fably 2 through 4, carbon atoms or substituted and
unsubstituted aromatic hydrocarbon (optionally containing one orf.tw_o.
hetero-atoms) mercaptan compounds of 4 through 6 carbon atoms l.nay'b‘é cited.
Preferable examples are alkyl mercaptans cohtaining 2 through 4 ,carﬁon
atoms and having one or two substituents. Examples of the substituent are
hydroxy groups, Iéwer alkoxy groups, carﬁpxy groups, lower alkoxycarbonyl
groups, amino group, and mono or di-substituted amino .'groups', one or two
hydrogen atoms of amino group being substituted with an alkyl group or an
acyl group. These substituents may be protected when necessary. As the
lower alkoxy groups, saturated or unsaturated alkoxy groups of 1 through
6, preferably about 1 through 4, carbon atoms méy be cited. Generally,
the number of carbon atoms in the alkyl group or the acyl group is in the
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'approximate range of 1 to 16. o
Typical examples of the compounds represented by the general formula
(VIl ) include ethyl mercaptan, propyl mercaptan, butyl mercop‘oan,
mercaptoethanol, 3-mercaptopropanol, alpha~thio glycerin, methoxyethyl |
mercaptan, mercnptoacetm acid, mercapto proplonlc acid, methoxycarbonyl
ethylmercaptan,  aminoethyl  mercaptan,3- amlnopropyl meroaptan, |
acetylaminoethyl mercaptnn_, methylaminoethyl mercaptan, 1-acetylam1no-
2-mercapto propionic acid (N-acetylcysteine), 2~lacety1am1no~2-methoxy— :
carbonyl ethyl mercaptan -(N—acetylcysteine met_hyl' ester), ._Z-acetyl
amino-2-allyloxycarbonyl ethyl mercaptan (N-—ace_tylcysteixie allyl ester),
3-methoxycarbonyl- -2-mercaptopyridine etc.. )
(2} Method for the productlon of a compound having SO or SOZ for X -
in the general formula (I) , | o
This compound is obtained by oxidation according to the
conventional method of the compound having § for X in the general formula
(1) which is obtained as described above. o
For example, the compound having 80, for X is obtalned by ox1d1z1ng
- the compound having S for X in an inert solvent, for example, a halogenated |
hydrocarbon solvent ete. such as dichloromethane etc. with such an
oxidizing agent as m-chloroperbenzoic acid etc.. The compound havmg S0
for X is obtained by treating the compound havmg S for X with hydrogen
peroxide in a water-soluble solvent such as acetic acid.

Though the reaction temperature is not particularly restricted;- the
reaction is carried out generally at a temperature in the appfoximate range
of -20 *Cto 50 °C, preferably -5 °Cto 10 °C. When the functional group
is protected, the protection of the protected group is removed when
necessary. | L . L
(3) Method for the production of a compound having 0. for X in the
general formula (I) ‘
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This compound is obtained generally by allowing-a I,1-ethylene
dioxy-3-protected hydroxymethyl or protected carboxyl-z—alkylsulfonyl-
oxymethylcyclopentane represented generally by the general formula (VII)
to condense in an inert solvent with an alcohol represented by the general
formula (IX) |

HO-Y (IX)
(vherein Y has the same meanmg as defined above) after convertion of the |
said alcohol to the alcoholate thereof and to remove the protective group
vhen necessary.

As the inert solvent, a substituted or unsubstituted hydrocarbon solvent
havingno reactive group such as hydroxy group is generally used. Aromatlc .
solvents such as, for example, benzene, toluene, and xylene etc.are used,
and benzene is preferably used. The reactmn is carried out generally in
the approximate range of from 0 °C to the b0111ng pomt of the solvent,
preferably from 20 °C to 90 °C. |

The alcoholate compound of the alcohol of the general formula (1X)
mentioned above can be easily obtained by the conventional method,,_ for

example, by causing thé alcohol to react in the reaétion solvent mentioned - .

above with an alkali metal hydride such as sodium hydride or potasswm
hydride, ' | ' |

As examples of the alcohol represented by the general formula (IX),

- substitutedor unsubstituted alcohols of 1 through 6 carbon atoms are cited.
They may be saturated or unsaturated aliphatic or aromatic alecohols. The
substituent in the substituted alcohols may be any of the examples of the
substituent already cited with respect to the mercapto compound.

The typicall alcohols represented by the general formula (IX) are
methanol, ethanol, propanol, butanol, ethylene glycol, propylene glycol,
glycerin, 3-acylaminopropanol, and 2~acy1aﬁino~_2-carboxyethylalcohol._

(4) Method for the production of a compound having NH ‘for X in the

36



general formula (I)

This compound can be obtained, similarly to the method of (3)
mentioned above, by causing a reactive derivative represented by the
general formula (VII) to react with an amine represented by the general -
formula (X) _

HoN-Y. | W
(wherein Y has the same meaning as detined ghove)
in an inert solvent, under heating and refluxing when necessary, and
removing a protective group when necessary.

As examples of the amine representéd 'b.y thg general formula (%),
amines having substituted or unsubstituted hydrocarbon ;‘esidues
containing 1 through 6 carbon atoms may be cited. They may be saturated -
or unsaturated aliphatic or aromatic amines. The substituent may be any
of the examples already cited with respect to the mercaptan compound. Also,
the compounds of which OH is changed into NH, , cited above as examples
of the alcohol of the general formula (IX), can be c_it'edf |

The configulation of the substituents at the 2 position and the 3
position of 2, 3-di-subétituted cycllopentan('ulne derivatives represented by
the general formula (I) which is obtained as described above may be either
cis or trans form. Generalhly, the trans f'or.m is preferred. When this
cyclopentanonéHderiv’at_ives forms a salt with an acid or a base, the salt
is also comprised. When the coﬁ;pound of the general formula (1} forms a
hydrate, the hydrate is also compfised. | | '_

When obtaining an optically active compound from an optically
inactive compound, the optically active compound can be 'obtained by optical
resolution of the optically inactive compound by means of the
chromatography etc. aﬁapﬁed for optical resolution. The optical resolution.
way be conducted in the final step or in a step of intermediate theréof.

The optical compound can be synthesized by using an optically active

36



raw material by following the procedure for the Synthesis of cystacyclin
which will be described hereinafter with necessary modificafcions.
Synthesis of cystacyclin and synthés_is of intermediate thereof: .
A (IR, 28)-2- C (2B)-(2-protected or unprotected amino-2-
carboxy)ethylthio ) methyl-3-oxo-1-cyclopentanecarboxylic acid or a
pharmacologically "accep’_cable salt thereof (cystacyclin when the
protective group of the amino group is acetyl_' group) can be synthesized
by optionally protecting the functional group of a (28, 3R)-3-protected
hydroxy- methy1-2~thiométhyl_cyclopentanone derivative represented by the
following general formula (XI) . : |

(wherein R,, is the protective group for a hydro_xy' group and Ry, has the
same neaning as def ined above) or a salt thereof, then sele_cti-vely removing

' the protective group of the protected hydroxymethyl group at the 3 position, '
next oxidizing the thiomethyl group at the 2 position into a sulfonyl methyl
group, subsequently oxidizing the hydroxymethyl group at the 3 posi.tion
into carboxyl group thereby obtaining a (28, - 3R)-8-carboxy-2- |
sulfonylmethylcyclépentanone derivative repreSented by the following |

N RIO
eg 8% (x11)

"toom

general formula (XII)
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" (vherein Ry, has the same meaning as defined above) or a salt thereof,
causing an N-protected-L-cysteine to react with the obtained derivative
or salt thereof, and optionally removing the protective group.

A (28, 3R)- 3—protected hydroxymethyl-2-thiomethylcyclopentane

derivative represented by the aforementloned general formula (X1 ) or a salt_

thereof can be synthesized as follows.
The (28, 3R)-3-protected hydroxymethyl -2 th1omethy1cyclopentane

derivative or the salt thereof is formed by stirring a (28, 31_{) 2-

acyloxymethyl-3-protected hydroxymethylcyc'lopentanoixe represented by the
following general formula (XIII) | |

(wherein B,; is the protective group of a hydroxy group and Ry is an acyl

group of 1 through 10 carbon atoms and they may be identical w1th or

- different from each other)
and a mercapto compound represented by the general formula (XIV)
HS - Ry S §:415)

(wherein Ry has the same meaning as defined above) in an inert solvent

such as, for example, water, analcohol type s'olvent 1ike methanol, ethanol,
or propanol, a water-soluble solvent like aceton‘e, tetrahydrofuran, or
dimethyl formamde, or 8 mixed solvent thereof, preferably in a water~

acetone mixed solvent in the presence of a base such ag an alkali hydroxzde .

like sodium hydroxide , potassium hydroxide or lithium hydroxxde or an
alkali carbonate like potassium carbonate or sodium cai'bonate, preferably
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adding one equivalent weight of sodium hydroxide under mild conditions such
as, for example, at a temperature in the range of from 0 °C the boiling
point of the solvent, preferably between 0°C to 50 °C. The compound
represented by the general formula (XI) is isolated by concentrating the
resultant reaction solution and subsequently purifying the resultant
concentrate by chrbmatography with Sephadex or silica gel or the lik_e..

As examples of the (25, 3B)-2-acyloxymethyl-3-protected
hydroxymethylcyclopentanone represented by the genéré.l _for,mxila (XI111),
the following compounds may be cited: B
{28,3R)-2,3-bis( adetoxymethyl ) cyclopentanone, -

(25, 3R)~2, 3-bis(propionyloxymethyl) cyclopentanone,
(28, 3R)-2,3-bis(benzyloxycarbonyloxymethyl) cyclopentanone.

As exanmples of the mercapto compound represented by the general
formula (XIV), the following compounds may be cited: |

Propyl mercaptan, alpha-thioglycerin, mercapto ethanol, 2-amino-ethyl
mercaptan, and 2-carboxyethyl mercaptan. '

As examples of the (25, 3R)-3-protected hydroxymethyl -2- th1omethy1
cyclopentanone derivative represented by the gemeral formula - (XI)
mentioned above, the following cyclopentanone derivatives may be .cited. :

1. (25, 3R)-3-Acetoxymethyl-2- ( (2BS)-2,3-dihydroxypropyl-
thiomethyl) cyclopentanone | .'

2. (28, 3R)-3-Acetoxymethyl-2- {(2-acetylamino)ethylthiomethyl) -
cyclopentanone L | | -

3. (28, 3R)-3-Acetoxymethyl-2- C (2R)-(2- acetylammo—z carboxy
ethyl)thiomethyl) cyclopentanone

4, (25, 3R)-3-Acetoxymethyl-2- E(Z-hydroxyethyl)thiomei;hyl] a
cyclopentanone | _

5. (28, 3R)-3-Acetoxymethyl-2- E(Z—carbo_xyethyl)thiomethyl)
eyclopentanone ' " | |
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The method for synthesizing a (1R, 25)-2- ((2R)-(2-protected or
unprotected amino-2-carboxy) ethylthio J methyl-3-oxo-1-cyclopentane
carboxylic acid (cystacyclin when the protective group of the amino group
is acetyl group) or a pharmacologically acceptable salt thereof from a
(28, 3R)~3-protected hydroxymethyl-2-thiomethylcyclopentanone derivative
represented by the general formula (XI) will be described more specifically
below. . |

The functional group of the (28, 3R)-3-protected hydroxymethyl-2-
thiomethylcyclopentanone derivative represented by the general
formula(XI) mentioned above, is protected when necessary, and the __
protected hydroxymethyl group at the 3 position is selectively deprived - |
of the protective group. The removal of the protective group can be
effected by the conventional method according to the kind of the protective
group. When the protective group is acyl group, for examplle,. the
hydrolysis with an acid or an alkali’in such a vater-soluble solvent as |
methanol or acetone. Then, the thiomethyl group at the 2 position is
oxidized into a sulfoxide methyl group or s_ulfonyll methjrl group to o_b_tai;l
a (285, SR)-3-hydr0xyméfhyl-2—su1f0xide- oi"sulfonyl—methyicy‘clopentanone
derivative or a salt thereof corresponding to the general formula (XI).

The hydroxymethyl group of the (28, 3R)—3~hydrox$rmethy1~2—su1foxide- or

~sulfonyl-methylcyclopentanone derivative is oxidized into a carboxyl
group by the conventional method in a éuitfable organic solvent as, for
example, by the chromic acid oxidation using a Jones reagent ete. in acetone
solvent or by the ruthenium oxidation in a mized solvent consisting of
carbon tetrachloride, acetonitrile and - | _ ._
water in the presence of sodium metaperiodate (Nal0,) to obtain a. (28, 3R)-
3—carboxy-2—sulfoxidé- or sulfonyl-methylcyclopentanone derivatives
represented by the general fofmﬁla (XIT) mentioned above.

Then, the derivative is caused to react with an N-protected-L-
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cysteine and optionally deprived of the protective group to obtain the (1R,
28)-2~ [({2R}-2-protected or unprotected amino-2-carboxy) ethylthio) -
methyl-3-oxo-1-cyclopentanecarboxylic acid or the pharmaceutically
acceptable salt thereof as aimed at. '

As the protective group of the aminoc group, any of the acyl groups -
etc. which are in popular use can be used,

Specifically, the cystacyclin is synthes1zed as shown by the |
following flowsheet. '
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When the compound of the present invention is to be used as neuron
differentiation accelerator, it is administered in the form of injections,
oral preparations, suppositories, etc., either alone or as a mixture

_thereof with pharmaceutical additives such as éxéipient(s) or carrier(s).
Any of the pharmaceutical additives which are pharmaceutically acceptable
ones and which are usually used can be used and proper additives are
determined depending on the administration route and the administration |
method etc.. Asaliquidcarrier, for example, used may be water; alcohols,
animal and vegetable oils and synthetic oils. As a solid carrier, used nay
be, for example, saccharide such as monosaccharide, oligosaccharide or
polysaccharide, . .

In the case of injection, it is generally desirable to use

. physiological salt solution, various buffers, solutions of sugars such as
glucose, inositol and mannitol etc. or glycols sp'ch as ethylene glycol,

. propylene glycol and polyethylene glycol. | ' ,

It may'be also possible that the compound of the present .in\}ention
is dissolved, prior to the administrétion, in a appropriate _so_lven"c for
injection (for. exampié, a liquid for intravenous adminilétr'atibn,such as

'sterilized water, physiological salt solution, a glu'cose- solution, -an
electrolyte solution or an emino acid solution) together with an excipient -
such as a sugar, for exé.mple, inositol, mannitol, glucoSe, manhose, naltose
or sucrose, or an amino acid, for example phenylal_ahine. . |

The content of this compound in the pharmaceuticals is usually in the’
range from 0.1 to 100% by weight, preferably from 1 to 98% by weight, though
it varies depending on the pharmaceuticals. In the case of an injection,
for example, the content of the active ingredient is usually in the range
from 0.1 to 30% by weight, preferably from 1 to 10% by iveight. When orally -
administered, the compound is formulated together with the above-mentioned
solid or liquid carrier(s) into tablets, capsules, powders etc.” The
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composition generally contains the active ingredient in the range from 5
to 100% by weight, preferably from 25 to 98% by weight.

The dose may be determined depending on the age, body weight and
conditions of the patient, the purposé of the treatment, etc. The
therapeutic dose is generally in the range of from 1 to 200 ng/kg. day when
parenterally admih'i'stere'd, and from 2 to 500 mg/kg. day when orally
administered. | |

ALL the compounds of the present invention are characterized by having
a low toxicity and showing only a small accumulated toxicity when
continuously administefed. When intraperitcnea_l_ly administered at onee to
a mouse in a dose of 500 mg/kg, the compound of the present invention shows

- no symptom of toxicity.

Now, the physiological activityof 2, Sfdi4substit1ited cyclopentanone
derivatives of the general formula (I) of this invention will be shown below -

by a test example.

Test Example - Act1V1ty of the compound of the present invention to
elongate neuroid apophys1ses of PC 12 cells .

The compound of the present invention was assayed by morphologlcal
change in accordance with the method of Green et al. [Ann. REV. Neurosi.,
Vol. 3, page 353 (1980)]. -

In a Dulbecco modified Eagle culture med1um, 1ncorporat1ng 10% of

bovine fetal serum and 10% equme serum therein, PC 12 cells were inoculated - |

at a rate of 10000 cells/ml and cultured overnight with a collagen coat
96-hole multlplate under the conditions of 37 °C and 5% CO,. A sample
compound was added to the cultured broth and left standing therein for
one day. At the end of the standing, the cultured broth was
microscopically observed to examine morﬁhologicél change.

As a result, the minimum effective doses (MED, ug/ml) with which.ea.ch :
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of the compounds induced elongation of neuroid processus of the PC 12 cells
vere found as the following Table lehows.

Table 2

Minimun effective dose to induce elongation neuroid apophysises of PC 12

cells

Compound No. MED (ug/ml)
| I 0.9
11 0.39
111 0.8
Iv o 0.39
v 0.78
VI 0.20
VII 1.56
v 1.56
X 313
X - 0.39
XI 0.39
XII . 166
XIII 0.78

Examples

The following examples to describe the present invention specifically
are not intended to limit the scope of this invention.

Example 1 Production of trans~3—acetokymethy1—2- { (2,3~
dibydroxypropyl)thiomethyl) cyelopentanone (Compound (1)}
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(1) - Production of trans-2, 3-bis(acetoxymethyl)-
cyclopentanone (Compound (a)) |

Trans-2, 3-bis(hydroxymethyl )—cyclOpent'anone (3.70 g, 25.7Tmols) was
dissolved in anhydrous pyridine (20 ml), and added acetic anhydri(_ie (20
ml) at cool. And it was stirred at room temperature for four hours. The
reaction solution was concentrated under a reduced pr_essﬁre. The residue
vas added water (100 ml ). and extracted three times with ethyl acetate
(7T0ml). The ethyl acetate layer was washed with saturated sodium chloride
solution (100 ml) and dried over anhydrous sodium sulfate , and 'concentr_ated
under a reduced pressure to obtain_a residue, The residue was purified by
silica gel column éhromatography (250 ml, chlorofornm :-methanol =60 : 1)
to obtain the compound (a) (4.89 g, 21.4 mmol, yield 83.4%).

'H-NMR (200 MHz, CDCI,) o -
6 - 1.56 - 1.78 (1H, m), 2.03 (3H,m), 2.08 (3H, s),
2.04 - 2.3 (3H, m), 2.36 - 2.55 (2, m),
4.14 - 4.28 (2H, m), 4.27 - 4.43 (24, n)

MS (PAB, POS) m/z: 220 (M + H)*

The raw material,trans—z,3~bis(hydroxymethy_1')~cyclopentanone,- vas
obtained by firstly protecting the ketone  moiety of ‘trans-2,3-
bis(methoxycarbonyl)-cyclopentanone (W. L. White', P.B. Anzeveno and F.. -
Tohnson, J. Org. Chem., 47, 2379 (1982)) ,and then reducing  to
hydromethyl group by the general method, and removing the protecting group
of ketone. _ '

The method for protection of the ketone moiety is, for example, to
convert the ketone moiefy to ketal with 2 equivalent of methyl ortho_fofmate
in the presence of 0.05 equivalent of p-toluene'sulphoni'c acid in methanol.
Further also, the method for the reduction to hydromethyl group is, for
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example, to reduce with 2 equivalent of lithium aluminum hydride in
anhydrous ether under ice cooling. The proteqting group of ketone moiety

may be removed with hydrochloric acid in acetone at room temperature.

(2) Production of trans- 3-acetoxymethyl-2- C (2,3-dihydro;_cy-'
propyl)thiomethyl) cyclopentanone CCompound (nJ

A solutionof trans—z S*bzs(acetoxymethyl) cyclopentanone ECompound
(a)) (18.72 g, 81.8 mmols) in acetone (160 ml)was added to alpha-
thioglycerin (8.7 g, 81.8 mmols), and stirred at room temperature for 20
ninutes. The reactwn solution was concentrated under a reduced pressure
to obtain a residue. The residue was dissolved in methanol and added
silica gel (100g), and then dried under the reduced pressure. The dry
* residue was purified with silica gel column chromatography (_300 ml,
dichloromethane : methanol = 20 : 1, 5 : 1) to obtain the target compound
(1) (21.88 g, 79.27 mmol, yield 96.8%).

'H-NMR (200 MHZ, CDSOD) |
. 1.56 - 1.79 (1H, m), 2.07 (3H,s), 2,10 - 2.96 -
(O, m), 3.56 - 3.60 (2H, m), 3. 66 - 3.78 (1H,
m), 4.21 - 4.34 (24, u)
MS (FAB, POS) m/z: 277 (M + H)*

Example 2 Production of compound (I) by énother nethod.

(1) .Productio'n of  Trans-3-(acetoxy)methyl-2-methylene-
cyclopentanone (Compound (b)) |

Trans-2, 3-bis(acetoxymethyl) — cyclopentanone (Compound (a)) (2350
ng, 10.3 mmols) was dissolved in tetrahydrofuran (25 ml), added triethyl
amine (2.87 ml) to the solution, and refluxed for one hour. The reaction
solution was concehtifated under & reduced préssure. Water .(ZO nl) was -
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added to the solution, and extracted three times with ethyl acetate (20
ml). ' )

The ethyl acetate layer was washed with saturated sodium chloride solution
(20 m1), dried over anhydrous sodium sulfate, and concentrated under a
reduced pressure to obtain a residue. The residue was purified by silica
gel column chromatography (40ml, hexane ; ethyl acetate =4 : 1) to obtain
the compound (b) (1575m g, 9.37 mmol, yleld 91%).

H-NMR (60 MHz, CDCI,) '
6 :1.48 - 1.81 (IH, m), 2.10 (3H,s), 2.16-
2.73 (31, m), 2.73 - 3.40 (1H, n), 4,00 ~ 4. 31
(ZH m), 5.34 (14, d, J = 3 Hz), 6.15 (18, d,
= 3 Hz)
MS (FAB, POS) m/z: 169 (M+H)*

(2) Production of the compound (I). _
A solution .Of 3-acetoxymethyl~2~methy1idenercyclopentanone
(Compound (b)) (1780 ng, 10'59 mmols) ih acetone (50 ml) was added to
alpha—thloglycerln (1122 mg,10.59 mmols), stirred overnight at roon

temperature. The reaction solution was concentrated The residue was .
purified by Sephadex LH-20 (300 ml, methanol) to obtain the compound

(I) (1569 ng, 5. 68 muo], yleld 63. 6%)

Example 3 Production of trans—3—acetoxymethyl 2- C (z-acetyl-
‘amino-2-carboxy~ethyl)thiomethyl) -cyclopentanone [Compound (11))

A solution of trans-2,3-bis(acetoxymethyl)-cyclopentanone (Compound
{a)) (205 mg, 0.899 mmol) in acetome (7.2 ml) was added to N-acetyl-
L-cysteine (147 mg, 0.899 mol), and then added 1N-sodium hydroxide (1.8

wl), stirred at room temperature for 15 minutes. The reaction solution -
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was concentrated. The residue was purif_ied by Sephadex LH-20 (11.80%
aqueous methanol) to obtain the compound (11) (276 mg, yield 86 9%).

IH-NMR. (200 Mz, D0) |
& : 1.50-1.80(1H,m),1.59 - 2.60(5H, m), 2.00(3H,s),
2.07(3H, s), 2.73 - 3.10(4H, m), 4.16 - 4.28
(20, m), 4.29 - 4.38 (11, m) |
MS (FAB, NEG) m/z: 331 (M-H)"

Example 4 Production of trans—S-acetoxymethyl—Z- C (Zfacetyl-
amino~ethyl)thiomethy1].cyclopentanohe (Compound (IV)J . |
Trans-z,3-bis(acetoxymethy1)—cyclopentanoneECompound(a)J (205 ng,
0.898 mmol) was dissolved in acetone (7.2 ml),added N-acetyl-L-cysteamine
(113 mg, 0.948 mmol) and IN-sodium hydroxide (0.9 ml), and then stirred
at room temperature for one hour. The reaction solution vas concentrated.
The residue was purified by Sephadex LH20 (11.80% aqueous methanol) to
obtain the target compound {IV) (250 mg, yield 98.0%)... ' |

§-NMB (200 Mz, CDC1,)
6 1.51 - 1.81 (1H, m), 2.00 (3H,5), 2.09 (3H, s),
2.05 - 2.31 (3H, u), 2.32 - 2.60 (2H, m),
2.61 - 2,75 (2H, m), 2.78 - 3.05 (24, m),
8,38 - 3.62 (2H, m), 4.08 - 4.35 (24, m)

M5 (FAB, POS) m/z: 288 (MHi)*.

Example 5 Production of trans-2- L (Z—acetylamino-z-carboxy-'

ethyl)thiomethyl] -3-hydroxymethyl-cyclopentanone (Compound (I11 )]
Trans-3-acetoxymethyl-2- (  (2-acetylamino-2-carboxy-ethyl)-

thiomethyl) -cyclopentanone {Compound (II)) (24 ng, 0.072mmol) was
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dissolved inmethanol (0.6 ml), added 1N-sodium hydroxide under ice cooling,
and then stirred for three hours. The reaction solution was adjusted to
pl 7.0 with 1N-hydrochloric écid, and added silica gel (100 mg) thereto,
concentrated to dryness. The residue was purified by silica gel column
chromatography (15 ul, butanol : acetic acid : vater =10 : {': 1) to obtain
the compound (II11) (14.7 ng, yield 69.4%). |

'H-NMR (200 MHz, D,0)
& : 1.55 = 1.81 (1H, m), 2.08 (3H,s),
2.08 - 2.61 (5H, m), 2.85 - 3.18 (4, m),
3.58 - 3.90 (2H,m), 4.56 - 4.69 (1H, m)

Example 6 Production of - trans-3-acetoxymethyl-2- ( (thydrOXy—
ethyl)thlomethylj ~cyclopentanone (Compound (V)3 .

Trans-3-acetoxymethyl~ Z—methyl1dene—cyclopentanone [Compound(b))
(31 mg, 0.184 mmol) was added acetone (1 ml), methanol (1 ml) and mercapto
ethanol (0.018ml), stirred at room temperature for one hour. The reaction
solution was cgnc'entfa'ted. The residue vas purified by s.ilica gel column
chrouatography (20 ml, hexane : ethyl acetate=1: 2) to obtain the compound
(V) (22 mg, 0.089 mmol, yield 48.6%).

"H-NMR (60 MHz, CDCL,)
&: 1,40 - 1,98 (1H, m), 1.98 (3H,s),
2.02 - 2.51 (6H, m), 2.62 - 2.95 (4H, n),
(8.67 (2H, m), 4.01 - 4,18 (24, m)

anmpl'e 7  Production of trans-3- hydfoXyinethyl. 2= C (3-methoxy---
carbonyl—pymdm—z-yl)thlomethylj cyclopenta.none ECompound (VI)J .
3-acetoxymethyl-2-methylidene- cyclopentanone[()ompound (b)] (60 mg,
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0.357 mmol) was dissolved in acetone (1 ml), added a solution of 3-
methoxycarbonyl-2-mercaptopyridine (60 mg,0.357 mmol) in methanol (2 ml),
and then stirred at room temperature for 15 hours. The reaction solution
was concentrated. The residue was purified by silica gel column
chromatography (20ml, hexane : ethyl acetate = 2 : 1) to obtain the
condensate (85 mg, yield 70.8%). The obtained condensate (5 mg)-was |
dissolved in methanol (1.5 ml), added concentrated-hydrochloric acid
(0.5m1), and then stirred at roon temperature for two hours. The' reaction
solution was concentrated. The residue was purifiéd'by silica.gél column
chromatography (20 ml, dichloromethane :methanol = 20 : 1) to obtain the
compound (VI) (9.3 mg, yield 70.8%). |

'§-NMR. (60 MHz, CDCL,) | : o
& : 1.52 - 2.20 (H, m), 2.18 - 2.70 (5H, m),
3.33 - 3.66 (3, m), 3.70 - 4.10 (1H, m),
3.91 (3H, s), 7.08 (1H, dd, J = 5.0 Hz, 8.0 Hz),
8.20 (1, dd, J = 2.1 Hz, 8.0 Be), |
8.54 (i, dd, J = 2.1 Hg, 8.0 Hz)

Example 8 Production of trans-2-~ ( (2-acetylamino-2-methoxy-
~ carbonyl-ethyl)thiomethyl) -3-oxo-1-cyclopentanecarboxylic acid =~
(Compound (VII)) . ‘ - _

(1) Production of  trams-3-acetoxymethyl-2- ( (2,8-
isopropylidenedioxy_-*propyl)thiomethyl] cyclopentanone (Compound (a-1))

Trans-3-acetoxymethyl-2- ( (2,3-dihydroxypropyl)thiomethyl ) -
cyclopentanone (Compound (1)) (21.9 g, 79.27 mmols) was dissolved in
anhydrous acetone (120 ml), added p-toluehe sulfonic acid (1.4 g) and
dimethoxy propane (29_.4 ml) under ice cooling, and then stirred at réo_m N
“temperature for 30 minutes. The reaction solution was added water (140 ml)
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and ethyl acetate (280.m1). The aqueous layer was adjusted to pH 7.0 with
saturated sodium carbonate, and then extracted twice with ethyl acetate
(280 ml). The ethyl acetate layer was washed with saturated sodium
chloride solution (150 ml), dried over anhydrous sodium sulfate, and then
concentrated under a reduced pressure to obtain the |
compound (a~1) (23.34 g, 73,87 mmols, yield 93.2%).

'H-NMR (200 MHz, CDC1,) |
6: 1.35 (3H, s), 1.42 (34, s), 1.50 - 1.76 (1H, m),
2.08 (3H, m), 2.10 ~ 2.96 (OH, m),
3.65 - 3.74 (1K, m), 4.05 - 4.18 (2H, n),
4.18 - 4.29 (24, m) | |
MS (FAB, POS) m/z: 317 (M#H)*

(2) Production of  trans-3- -hydroxymethyl-2-  C (2, 3- .
isopropyl1dened10xypropyl)thwmethyl] cyclopentanone (Compound (a-2)]J . |

Trans-3-acetoxymethyl-2-  ( (2,3-1sopropy1_1dengd1oxypropyl_)-"
thiomethyl) cyclopentanone E_Coinpound (a-1)) (1097 mg, 3.47mmols) ohtained
in above-described (1) was dissolved in methanol (20 ml),added "1N—s§dium
hydroxide solution (3.47 ml ) under ice cooling, _an_d' then stirred at room
temperature for 15 minutes. The solution was 'ad.]’usted to pH 7.0 with
IN-hydrochloric acid under ice cooling, aﬁd then concentrated under a
reduced pressure to obtaina resedue. Water (3mi) v_ias added to the residue,
and extracted three times with ethyl acetate(15 ml). The ethyl acetate
layer was washed with saturated sodiﬁm chloride solution (10 ml), dried
~over anhydrous sodium sulfate, and concentrated uhder a reduced pressure
to obtain a resedue. The residue was purified by silica gel column
chromatography (50ml, chloroform methanol = 30 : 1) to obtam the compound.
(a-2) (739 mg, 2.69 mmols, yleld 7. 5,6)
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I§-NMR (200 Miz, CDCI,)
5 : 1.35 (3H, s), 1.43 (34, s), 1.58 - 1.81 (14, m),
2.00 - 2.81 (9H, m), 3.02 - 3.11 (1H, dd,
J = 3.5, 13.2 Hz), 3.64 - 3.73 (1H, m),
3.76 - 3.91 (2H, m), 4.06 - 4.34 (2H, m)
MS (FAB, POS) m/z: 275 (M+H)*

(3} Production of trans-3~hy_dr6xymethy1-2~ 2,3~
isopropylidenedioxypropyl)sulfonylmethyl) éyélopentanone
(Compound (a-3)) .

Trans-3—hydroxymethy1-2- { (2, 3~isobro§y1 idenedioxypropyl)thio- .
‘methyl) eyclopentanone ECompbund(a—Z)] (5140 ng, 18..76mmols) obtéin_ed

in above-described (2) was dissolved in dichloromethane(50 ml), added .

m-chloroperbenzoic acid (80% in purity, 8093mg, 37.32 mmols) in
dichloromethane (80 ml) under ice cooling, and then stirred_at'rooxﬁ
temperature for two hours. The reaction solution was filtered, The
filtrate vas added 20% sodiun hydrogen sulfite solution (6 ml), saturated
sodium carbonate solution (6 ml) and water (50 ml), and stirred, and then
separated the dichloromethane layer.. The dichloromethane l_ayer. was
washed with saturated sodium chloride solution (30ml), dried over
anhydrous sodium sulfate, and then concentrated under a reduced pressure
to obtain a residue. The residue was separated by Silica gel column
 chromatography (160 ml, hexanme : ethyl acetate = 1 : 3) to obtain the
compound (a~3) (4610 mg, 15.06 mmol, yield 80.3%).

H-NMR (200 MHz, CDCl;) .
d ¢ 1.37 (3, s), 1.46 (3H, s), 1.73 - 1.92 (IH, m),
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1.98 - 2.73 (6H, m), 3.10 - 3.49 (3H, m),

3.68 - 4.08 (4, m), 4.16 - 4.24 (1H, dd,

J = 6.14, 7.42 Hz), 4.56 ~ 4.68 (1H, m)
MS (FAB, POS) m/z: 307 (M#H)*

_ (4)  Production of trans-2- ( (2,3—isopropy1idenedioxypropyl__)_
sulfonylmethyl) -3-oxo-1;cyclopentanecarboxylic acid (Compound (¢)) . -
| Trans-3-hydroxymethyl-2- C '(2,3—isoprop'y_1idenedioxyprt;py_l)
sulfonylmethyl) cyclopentanone (Compound (a-3)) (2630 mg, 8.59%mol)
obtained in above-described (3) was dissolved in acetpné (150 ml),added
Jones reagent until the color of the solution turned orange, And 2-propanol
was added to the reaction solution until fhe color turned green under ice |
cooling. The solution was concentrated under a reduced pressure. Water
(60 ml) was added to the residue, extracted three times with
dichloromethane. (100 ml). The dichloromethane .layer_ was washed .with
saturated sodium chloride solution (40 ml), thereafter dried over anhydrous -
sodiun sulfate, and concentrated under a reduced pressure to obtain the
compound (c) (1948 mgl,- 6.08 mmols, yie.ld 70.8%). This product was used

in the next step without further purification.

'H-NMR. (200 MHz, CDCL,) |
& : 1.37 (3H, s), 1.43 (1.58, s), 1.47 (1.6H, s),
2.02 (1§, m), 2.22 - 2.65 (34, w), -
2.94 - 3.32 (3H, m), 3.32 - 3.84 (4, m),
4.19 (1, m), 4.40 (18, brs), 4,59 (14, m)
MS (ESI, NEG) m/z: 319 (W-H)™

(5) Production of trans-2- E(Z-acety1aniino~2-methoxycarbony1-
ethyl)thiomethyl } -3—oxo-l-cyclopentanecarboxylic acid. (Qompound
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(VI1)J . |

Trans-2- ((2,3-isopropylidenedioxypropyl)sulfonylmethyl} -3-oxo-
1-cyclopentanecarboxylic acid (Compound (¢)) (261 mg,0.81 mmol) obtained
in above-deseribed (4) and N-acetyl-L-cysteine methyl ester (144.5 mg,
0.81 mmol) were dissolved in acetbne (8 ml) and methanol (2 ml), and added
iN-sodium hydroxide '(1.6.2 nl) and water (4 ml), and then stirred at room
temperature for one hour and half. The solution was concentrated. Water
(3 ml) was addéd to the residue, and adjusted_ topH 2.0 with IN hydrochlqric
acid, and then extracted three times with dic_hlorométhane (4 ml). The
dichloromethane laﬁrer was washed with saturated sodium é_hlorit_ie solution |
(6 ml), then dried over sodium sulfate, and concentrated to dryness to
obtain a residue. This residue was purified by silica gel column
chromatography- (80 ml,dichloromethane : methanol = 20 : 1) to obtain the
target compound. This compound was dissolved in metha_ilql' (10mi) and water
(3m1), adjusted to pl 6,8 with IN-sodiun hydroxide , and then concentrated
to dryness to obtain the sodium salt of the compound (VII) (208.2 ng, yield
75.8%). ' ' :

H-NMR (200 MHz, D,0)
& : L.75 - 1.95 (14, m), 2.00 (34, s),
2.05 - 2.60 (3H, m), 2.65 - 3.25 (6H, n),
3.72 (3, ), 4.52 - 4.66 (11, m)
MS (FAB, NEG) m/z: 316 (m-H)"

Example 9 Production of trans-2- ((2-acetylamino-2-allyloxycarbonyl-
ethyl)thiomethyl) -73*ox0'-*1~cyclopentanecarboxylic acid Compound (VIII)]).

Trans-2- ((2, 3-isoprdpy1idenedioxypropyl )sulfonylmethyl} -3-oxo-
1-cyclopentane carboxylic acid (Compound (c)) (228.6 ng,0.714 mmol) and
N-acetyl-L-cysteine allyl ester (145 mg,0.714 mmol) vere dissolved in
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acetone (5 ml), added IN-sodium hydroxide (1.42 ml), stirred at room
temperature for one hour. The reaction solution was concentrated. Water
(3 ml) was added thereto, then adjusted to pH 2.5 with 1N hydrochloric acid,
and extracted three times with ethyl acetate (3 ml). The ethyl acetate
layer was washed with saturated sodium chloride solution (5 ml), and then
dried over sodium sulfate to dryness and concentrated to obtain a residue. |
This residue was pur1f1ed by silica gel column chromatography (50 mil,
dichloromethane : methanol = 20 : 1) to obtain the compound (VIII) (95 ug,
vield 38.4%). '

'4-NMR (200 Mz, CDCL,)

& : 1.93 - 2.18 (1H, m), 2.08 (1.5H, s),
2.11 (1.5H, 8); 2.20 - 2.68 (3, m),
2.69 - 3.18 (GH, m), 4,63 - 4.69 (21, ),
4.80 - 4.94 (1H, m), 5.23 - 6.44 (2H, m),
5.81 - 6.04 (1H, m), 6.78 (0.6H, d, J = 6.9 Hz),
6.90 (0.5H, d, J = 6.0 Ha), 9.00 (1K, brs)

S (BT, NEG) m/z; 342 (H-H)'

Example 10 Production - of .tran-s-z— C (Z-acetylamino—z carboxy— .
ethyl)thiomethyl) -3-ox0-1- cyclopentanecarboxyllc ac:ld ECompound(IX)] N

A solution (51 ml) of trans-2- E (2,3-isopropylidenedioxy-
propyl )sulfonylmethyl) —3-oxo-1—cyclopentangcarboxyli'c acid (Compound |
(c)J (1366 mg, 4.268 mmols) in acetone was added to .a sollut_i.on' of N-
acetyl-L-cysteine (695 ug, 4.268 mmols) in IN-sodium hydroxide (12.8ml),
stirred at room temperéture for two hours. The reaction solution was
concentrated, and then purified with a Sephadex LH~20 (11.80% aqueous '
methanol) to obtain the disodium salt of the target compound (IX) (1185
ng, yield 80.0%).
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{-NMR (200 MHz, D,0)
& : 1.74 - 1.95 (1H, m), 2.00 (3, s),
2.06 - 2.61 (3H, m), 2.62 - 3.07 (6H, m),
4.30 (14, m)
MS (FAB, NEG) w/z: 302 (M-H)"

- Example 11 - Production of frans-2- ((2-acetylamino-2-carboxyl-
ethyl)thiomethyl) ~3-methoxycafbony1 cyclopentanone (Compound (X)),
(1) Production of trans-2- (2,3-isopropyl idenedioxypropyl-
sulfonylmethyl]~3¥methoxycarbony1 Cyclopentanoné((lompound (d)).
Trans-2- ((2,3-isopropylidenedioxypropyl)sulfonylmethyl) -3-oxo-
1-0&0lopentanecarboxylic acid (Compound (c)) (160 mg,0.5 mmol) was
dissolved in methanol (15 ml), added an ether solution of diazo-methane - |
until the reaction solution turned yellow. Thereafter, the solution was
concentrated under a reduced pressure to obtain a solution. The residue |
" was purified by siliéé gel column'_chromatography (15 ml, hexane : ethyl
acetate = 1 ; 2) to obtain the compound (d)f. (148 mg, 0.443 mmol, yield o
88.6%). '

H-NMR (200 MHz, CDCL,) |
O : 1.37 (3H, s), 1.43 (1.5H, s), 1.46 (L.5H, s),
1.90 - 2,09 (1H, m), 2.20 - 2.65 (34, m),
2.90 - 3.24 (31, m), 3.27 - 3.8% (4H, m),
3.77 (34, s), 4.18 (1H, ), 4.57 (1H, n)

(2) Production of trams-2- ( (Z-acetylamino-2-carboxyl-
ethyl)thiomethyl) -3-methoxycarbonyl-cyclopentanone ECpmpdund (X)J «
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Trans-2~ ( (2,3-isopropylidenedioxypropyl)sulfonylmethyl 3 -3-
methoxycarbonyl cyclopentanone ECémpound (d)) (64 mg, 0.191mmol) was:
dissolved in acetone (2 ml), added N-acetyl-L-cysteine (31.2 umg, 0.191
mmol) dissolved in IN-sodium hydroxide (0,191 ml), and then stirred at
room temperature for one hour. The solution was concentrated, and then
purified with Sephadex LH-20 (250 ml, 80% aqueous methanol) to obtain the
sodium salt of the compound (X) (60 me, yield 92.1%). | |

H-NMR (200 MHz, D,0) | o
& :1.82 - 2.06 (18, m), 1.86 (3H, s), 2.00 (3H, s),
2.16 - 2.58 (3, m), 2.62 - 3.20 (6H, m),

3.72 (3H, s), 4.30 (1H, m) o
MS (ESI, NEG) m/z: 316 (M-HY

Example 12 Productmn of trans-2-(2- aeetylammoethyl) thxomethyl J -
-methoxycarbonyl cyclopentanone (Compound (XI1)3 .

By using N-acetylamino-ethyl mercaptan in the place of the N-
acetyl-L-cysteine in the example 11 the compound (XI) was obtained by the
same manner as that of Example 11 |

'H-NMR (200 MHz, CDCI,) |

S & 1.89 - 2.08 (1H, m), 2.00 (34, s),
zw—zAswmmy24s-zm(m,m,
2.88 - 3.12 (2H, m), 3.36 - 3.49-(2H, m),
3.78 (3H, s), 6.15 (1, brs) |

MS (FAB, POS) w/z: 274 (M)
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Example 13 Production of trams-2- ( (Z-acetylaminoethyl)-
thiomethyl) -3-oxo-1-cyclopentane carboxylic acid (Compound (XI1)) .

Trans-2- ( (2-acetylamino)ethylthio ) methyl-3-methoxycarbonyl-
cyclopentanone (Compound (XI)J) (60 mg, 0.219 mmol) was. dissolved in
methanol (3 ml), added 3N hydrochloric acid (2 ml), stirred at room
temperature for eight hours and then stirred at 10 °C for 15 hours. The
reaction solution was adjusted to pH 7.0 with IN sodium hydroxide, and
concentrated until drying.  The residue was purified by silica gel co_lumn
chromatography (20 ml, dichloromethane : methanol = 10 : 1) to obtain the
~ compound (XiI) (20 mg). .

'g-NMR (200 Mz, CD,0D) |
6: 1.8 - 2.10 (1H, m), 1.94 (34, s),
2.10 - 2.62 (3H, m), 2.60 - 3.18 (2K, u),
3.28 - 3.37 (2H, m)
MS (FAB, NEG) m/z: 258 (M-H) -

Example 14 P_I;bdu(_:tion of trans-2- '(2,3—di_hydroxy§ro1?yl)oxy
wethyl) -3-hydroxymethyl cyclopentanone (Compound (XII1)3 _. o )
(1) ~ Productionof trans-2,3-bis(acetoxymethyl)-1, {~ethylene~

dioxy-cyclopentane (Compound(a~4)) and trans-2,3-bis(hydroxymethyl)-
1, 1-e'l;hy1enedioxy- cyclopentane ({Compound (a-5)) . .
Trans-2, 3-bis( acetoxymei;hyl)-cyclopentanone {Compound(a)) (4980 ng, '
21.4 mmols) was dissolved in anhydrous benzene (30 ml), added pyridium-
p-toluenesulfonic acid (1062 mg) and ethylene glycol (2.8 ml, 42.8 mmols),
and refluxed with a water separating unit attached to the reflux condenser.
The reaction solution was concentrated. Thereafter water (30 ml)
vas added to the residue, extracted three times vith ethyl acetate(40 ml).
- The ethyl acetate layer was washed with saturated sodium chloride solution
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(30ml), then dried over sodium sulfate, and concentrated to dries toobtain
a crude compound (a-4) (5200 mg). This crude compound was dissolved in
methanol (60 ml), added IN sodium hydroxide (43 ml) stirred for 10 minutes,
and then neutralized wiﬁh 0. 1N hydrochloric acid. The resultant solution
which was added silica gel (15 g) were concentrated to dryness. The residue
was purified by silica gel column chromatography (200 ml, chloroform :
methanol = 20 : 1) to obtain the conpound (a~5) (2902 mg).

H-NMR. (200 MHz, CD,0D) | |
6: 1,20 ~ 1.43 (1H, m), 1.68 - 2.22 (5H, m), 3.38 - 3.80 (6H, n),
3.85- 4.03 (44, m) o - |

(2) Production of the mixture of trans-3-(t-butyldimethyl-
silyloxy-methy1)~1,1-ethylenediqufz—hydroxymethy1~cyc1opentane o
CCompound (a-6-1}3 and-trans—Z-(t-butyl—dimethyISilyloxymethyl)—1,1-
ethylenedioxy-3-hydroxy-methy1*cyclopentane. C Compound (a-6-2) J ;-
trans-2-acetoxymethyl-3-(t-butyldimethylsilyloxymethyl)-1, 1~ethylene-
dioxy~cyclopentane fCompound (a~7-1)) ; and trans~3—acetoxymethyl-2-'
(t—bﬁtyldimethylsilyloxy-methyl)—1,l-ethylénedioxy—cyc10pentanone_
(Compound (a-~7-2)) . - | : |
The compound. (a-5) (4300 g, 24.15 mnols) obtained by the method of
the above (1) was dissolved in dimethyl formamide (5 ml), added imidazole
(3641 mg, 50.7 mmol) and t-butyldimethylsilyl chloride (3641 mg, 24.15
mmols), and stirred at room temperature for two hours. The reaction
solution was concentrated to dryness. Water'(loﬁ ml) was added to the
residue, and extracted twice with dichloromethane (200 ml). The
dichloromethane layer was vashed with saturated sodium chloride solution .
(100 ml), then dried over sodium sulfate, and concentrated to obtain a
residue. This residue was purified by silica gel column chromatography
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(230 ml, hexane : ethyl acetate=3:1) to ob'ta-in' the mixture of the compound
(a-6-1) and the compound (a-6-2) (3450 mg). '

This mixture was dissolved in dichloromethane (50 ml),added
dimethylaminopyridine (144 mg), acetic anhydride (1.33 ml) and pyridine
(1.97 ml) under ice cooling, stirred at room temperature for two hours.
The reaction solution was concentrated. Thereafter, the residue was
purified by silica gel colum chromatography (300 ml, hexane : ethyl
acetate=4 : 1-2: 1) to obtain the compound (a-7-1) (2720 mg, 8.14 mmols)
and the compound (a~7-2) (884 mg, 3.02 mmols).

TLC (Rf, hexane : ethyl acetate = 4 : 1)

" Compound(a-7-1) = 0.47,
Compound(a-7-2) = 0.56 |

'H-NMB.  ((a-7-1), 200 Miz, CDCLy)

6: 0.04 (6H s), 0.88 (9H s), 1.38 - 1.51 (1H, m),
1.69 - 2.18 (5H, m), 2.03 (3, ), 3. 59 (2H, m)
3.89 (4if, m), 4.08 - 4,22 (2H, mn) '

(3) Isolatioii of compound (a-6-1) and production of traﬁs—
3-(t-butyldimethylsilyloxymethyl)-1,1- ethylened10xy—2-mesy1oxymethyl)
cyelopentane (Compound (e)) -

The compound (a-7-1 )obta1nedbytheprocessdescribedébove(2)(2780
ng, 8.14 mmols) was dissolved in methanol (30 ml), added IN—Sodium
hydroxide (8.14 ml), stirred for 15 minutes. The reaction solution was
neutralized with IN bydrochloric acid uhder ice cooling, and then
concentrated. Water(50m1)wasaddedtotheresidue,extraotedtwicewith
dichloromethane (100 ml), The dichloromethane layer was washed with
saturated sodium chloride solution (50 ml), then dried over sodium sulfate,

and concentrated to dryness to obtain a crude compound (a-6-1,2130 mg,
vield 89.6%). ' '
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The compound (a-6-1, 278 mg, 0.95 mmol) was dissolved in pyridine (3
ml) under ice cooling, added mesyl chloride _(80,u1, 0.53 mmol ), and stirred
| for one hour. The reaction solution vas concentrated, then water (20ml)
was added, and extracted twice with dichloromethane (20 ml). The
dichloromethane layer was washed .with saturated sodium chloride soluticm .
(10 ml), then dried over sodium sulfate, and concentrated to _ob’pain, a
residue. The residue vas :purified by silica gei column Chromatography (20
ml, dichloromethane : methanol =60 : 1) to obtain the compound (e) (351mg,
vield 99.85%). | |

'H-NMR (60 Miz, CDCL,)
51 0.03 (61, 89, 0.19 (S8, &), 1.32 - 2.35 (56, m),
12.98 (34, 5), 3.69 (2H, m), 3.75 - 3.89 (44, m),
4.30 (28, ) |

(4) Production of trans-2- ((2,3- dlhydroxypropyloxy)methylJ -3-
hydroxymethyl-cyclopentanone {Compound (XI11)J .

Trans-2, 2-dimethyl-1, 3~d10xolan-4-y1~methanol (65.6 mg, 0.497 mmol)”
was dissolved in anhydrous benzene (15 ml), added sodium hydride (60% in
purity, 49.7 mg), stood at room temperature for 30 minutes and then heated
at 50 °C  for 10 minutes. - And ‘the solution of 3-(t-
butyldimethylsilyloxymethyl)-1, l-ethylenedioxy-?2~-(mesy1oxymethyl )-
cyclopentane (Compound (e)) (230 mg, 0,497 mmol) in anhydrous.benzene'
(bml) was added thereto', and then heated and refluxed for eiéht hours. The
reaction solution was cooled in an.ice bath, added ethyl acetate (20 m1),
- ethanol (0.5 ml) and water (20 inl),_ and separated layers. Thereafter,
aqueous layer was further extracted with ethyl acetate (20 ml)., The ethyl
acetate layer was washed with saturated sodium chloride solution (10 ml),
then dried over sodium sulfate, and concentrated to obtain a residue. The
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residue was purified by silica gel column chromatography - (756 nl,
dichloromethane : methanol = 40 : 1) to obtain the condensate therefrom
(43 nmg). |

The condensate was dissolved in methanol (3 =ml), added p-
toluenesulfonic acid (10 mg), and stirred at room temperature for 15 hours.
The reaction solution was concentrated. The residue was purified by silic_a
gel column chromatography (20 ml, dichloromethane : methanol = 20 : 1) to
obtain the compound (XIII) (6.3 mg). | '

'H-NMR (60 MHz CDCL,)
5: 1.35 - 2.30 (48, m), 3.30 - 4.80 (118, )
MS (FAB, POS) m/z: 201 (M+H-I,0)*

Example 15 ~ Production of trans 2- ( (2'acety1amino—2~methoxy-
carbonylethyl ) thiomethyl ] - 3 = methoxycarbonyl - 1 - cyclopentanone
(Compound XV)J . | o
-Methoxycarbonyl 2—methylidéne cyclopentahone Ccompound(g) ]
(3.0mg, 0.0195 mmol) and N-acetyl-L-cysteine methyl ester (8 6mg, 0.0487
mol) were dissolved in acetonitrile (50 « 1),added 2,2-azabis-
isobutyronitrile (O.IImg), and stirred at 80°C for 24 hours. . The reaction
solution was concentrated. And then the residue was purified by silica -
gel column chromatography (10ml, ethyl' acetate) to obtain the target
compound (4.0 mg, yield 61.9%). |

'H-NMR (200 MHz, CDCL,)
&: 1.83 - 3.18 (10H, m), 2.06 (1.5H, s),
2.08 (1.5H, m), 3.76 (3H, s), 3.78 (3H, s),
4.78 - 4,90 (1H, m), .
6.56 - 6.58. (1H,m)
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MS (FAB, POS) wm/z: 332 (MH)*

Example 16 Production of disodium salt of trams-2- ((2-acetyl-
amino-z-carboxy-ethyl)thiomethyl]~3-oxo-1-cyciopentanecarboxyliqacid
(Compound (IX)} . | o

(1) Trans~2¥'E(Z-acetylamino-Z-methoxycarbonylethyl)— |
thiomethyl) -3-methoxycarbonyl-1-cyclopentanone (Compound (XV)} (4 mg,
0.012 mmol) and 3N hydrochloric acid (1 ml) were added thereto, stirred
at room temperature for 18 hours. The reaction solution was neutralized
with IN-sodium hydroxide,_and'then concentrated to dfyness. The residue
was purified wilth Sephadex LH-20 (20 ml, 80% hydrated methanol) to obtain
the target compound (IX) (1.8 mg, 0.0051 mmol, yield 43%)._.

H-NR (200 MHz, D,0)
& 1.74 - 1.95 (1H, ), 2.00 (3, S,
2.06 - 2.61 (34, m), 2.62 - 3.07 (6H, m),
4.30 (18, n) -
MS (FAB, NEG) m/z: 302 (M-H)-

(2) 2~Methy1idene~3~ok6-1-cyclopeﬁtane carboxylic. acid -was
dissolved in methanol, added 1 equivaleht weight;df sodium hydroxide and
the aqueous solution of sodium salt of N-acetyl-cysteine.

The target compound (IX) was able to be obtained by the sdmé
manner of the condensatlon procedure as that of E Example 6 with necessary
modification. '

(3) Trans-Z-(Z,3—isopropy1idenedioxypropyl)sulfonylmethy1~3—oxo—_.
1~cyclopentane carboxylic acid (Compound (¢)) was dissolved in acetone
and added 2 equivalent weights of sodium hydroxide. Sodium salt of 2~
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methylidene-3-oxo~1~cyclopentanecarboxylic acid (the sodium salt of
compound (£)3 and the sodium (2, 3-isopropylidenedioxypropyl)sulf in@te was
obtained by the reaction of them.

| N-acetyl-L-cysteine and 1 equ_iyalent weight of sodium hydroxide were

added to thé reaction solutioﬁ to proaude the disodium salt of trans-2-

{ (2-acetylamino-2- carboy-ethyl)-thiomethyl_)_ *3-010-1-cyclopenténg
carboxylic acid C(Compound (IX)) . | |

The formation of the sodiun salt of 2—methy11dene~3 oxo—l-._

cyclopentane carboxyllc acid (Compound (f)]' and the sodium (2,3- - -

isopropylidenedioxy)propylsulfinate  were-  confirmed by 'the
chromatography.

Column: Wakosil-1I5C 184R (trademark ), diameter 4.6, length 250 mn
Developing solvent: Methanol : water : phosphoric acid
=542t

Flow rate: 0.8 ml/min '
Retention time: | :

Sodium salt of Z—methyl1dene-3-oxo—1—cyclopentane

carboxylic acid ECompound (£))
: About 12.5 minutes _
Sodium (2,3~isopropy1idene)propjlsulfonate N
: About 10.6 minutes .
Compound (c) : About 14.4 minutes

Example 17 Production of = 3-acetozymethyl-2- ( (B-methyl-
pyrimidin-2-yl)thiomethyl) -cyclopentanone {Compound (XVI)) |

3~Acetoxymethyl-2-methylidene-cyclopentanone (compound(b)) (41.5
ug, 0.247 mmol) and 2-mércapto-6-methylpyrimidine(41 mg, 0.247 nmol) were -
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dissolved in methanol(2 ml), acetone (1 ml) and water (1 ml), and stirred
at room temperature for 10 hours. Silica gel (250 mg) was added to the
reaction solution, and concentrated to dryness. The residue was purified -
by column chromatography (20 ml, hexane : ethyl acetate =2 :_1) to obtain
the target compound, 3—acetoxymethy1—2—' L (G—mefhylpyrimidin—z-
y1)thiomethyl) -cyclopentanone (Compound (XVI)) (13 mg, yield 17.9%).

'H-NMR (200 HMz, CDCI,)
S: 1.58 - 1.81 (1H, m), 2.03 - 2.56 (5H, n),
2.05 (3H, s), 2.45 (3H, s), .'
| 3.35 - 3.40 (1H, dd, J = 4.43, 14.00Hs),
3.61 - 3.74 (10, dd, J = 4.43, 14.09 Hz),
6.84 (1H, d, J = 5.13 Hz), |
8.95 (14, d, J = 6.13 Hz)

Example 18 Production of (ZS,31{)-3-_acetoxymethyl—2- C((2RS)-2,3-
dibydroxypropyl)thiomethyl) —byclopentan_one (Compound (11’ )) .
A solution of (28,3R)~,2,3~bis(acetoxymethyl)-cyclopex;tanbne
Ccompound (a’ ) J  (20.56 g, 90.17 mmols) in acetone (178 ml) was added
alpha-thioglycerin (9.558 g, 90.17 mmolé), and secondly added methanol
(20m1) and aquous 1N-—Sqdium hydroxide (90..'17 ml),. and stirred at room
temperature for 40 minutes. The reaction soliution waé.adjust'ed topH 7.0
by the addition of 1IN hydrochloric acid and then concentrated under a
reduced pressure to obtain a residue. This residue'wa's dissolved in
methanol (200 ml). Silica gel (120 g) added thereto. The solution vere
concentraf;ed to dryness. The residue was purified by silica gel column
chromatography (330 ml, dichloromethane :methanol=26:1-5:1) toobtain
the target compound (22.06 g, yie_ld 88.6%). |
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H-NMR (200 MHz, CD,0D) | |
&: 1.66 - 1,79 (18, m), 2.07 (3H, s), 2.07 (3H, s),
2.10 - 2.16 (SH, m), 3.50 - 3.60 (2H, m),
3.66 - 3.78 (1H, m), 4.21 - 4.34 (2H, n)
MS (FAB, POS) wmw/z: 277 (M#H)*

Example 19 Production of (25,3R)-3-acetoxymethyl-2- C(2BS)-(2,3~
isopropyl iden_edi_oxypropyl )thiomethyl]—cycIopéntanoxie EC_ompOund (a-1>)].
(28,3R)-3-acetoxymethyl-2- C ( - (2B8)-2,3~dihydroxypropyl)-
~ thiomethyl) -cyclobentanone Ccompound(11°))-, (22.06 g, 79.92 muols) was
dissolved in anhydrous acetone (120 ml),' added p—toluenesulfpnic acid
(1.5 g) and dimethoxypropane (29.46 ml, 240 mmols) under ice cooling,
stirred at room temperature for: 30 minutes. Water (150ml) and ethyl
acetate(300m1) were added to the reaction solution. The water layer was
adjusted to pH 7.0 with a saturated aqueous solution of sodiun carbonate
and then extracted twice with ethyl acetate (300ml1). The ethyl acetate
layer vwas washed with saturated sodium chloride solution (160 ul), and then
dried over anhydroué"éodium sulf&te, and concentrated under a 'r.educed
pressure to obtain the compound (a-1’ ) (24.00 g, yiel.d"95.0%). _,Without
purification, this compound was put to use in the next step. |

'H-NMB. (200 MHz, CDC1,) -
5: 1.35 (3H, s), 1.42 (3H, s), 1.51 - 1.76 (1H, m),
2.08 (3H, ), 2.10 - 2.96 (9H, m),
3.65 -3.74 (1H, m), 4.05 - 4.18 (1K, m),
4.18 - 4.29 (2H, m)
MS (FAB, POS) m/z: 317 (M+H)*
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Example 20  Production of (25,3R)-3-hydroxymethyl-2- C ((2RS)-2,3- -
isopropylidenedioxypropyl)thiomethyl)-cye IQpéntanone (Compound (a-2' ).

(28, 3R)-3-acetoxymethyl-2-(((2BS)-2, 3~isopropylidene~dioxypropyl)
thiomethyl) —cyciopentanone {Compound (a~1’) Y, (25.22 g, 79.81 mmols)

was dissolved in methanol (253 ml), added IN-aqueous solution of sodium .

hydroxide (50 ml) under ice cooling, stirred at room temperature for 18
minutes. The reaction _soiution vas adjusted topH 5.8 with IN hydrochloric' '
acid under ice cooling, and then concentrated under a reduced pressure to
~obtain a residue. Water (50 ml) vas added thereto ,and extracted three
times with ethyl acetate (200ml). The ethyl acetate layer was washed with
saturated sodium chloride _solution.(i()ﬂ ul), dried over anhydrous sodium
- sulfate, and then concentrated under a reduced pressure to obtain a residue.
- The residue was purified by silica gel column chromatography (300 ml,
dichloromethane : methanol = 30 : 1) to obtain the compound (a—~2’) {18.87
g, yield 85.3¢) . |

'H-NMR (200 MHz, CDCL,) VR
6: 1.36 (3H, s), 1.43 (34, s), 1.58 - 1.81 (1H, m),
2.00 - 2.8 (9H, m), :
3.02 - 3.11 (1§, dd, J = 3.6 Hz, 13.2 Hz), .
3M—373ﬂ&mh376-3%(w n),
4,06 - 4.34 (2H, m) .
MS (FAB, POS) m/z: 276 (MH)*

Example 21 Production of (28,3R)-3-hydroxymethyl-2- { ((2BS)-

2, 3*1sopropy11dened10xypropyl)sulfonylmethyl] cyclopentanone (Compound
(a-8")) . »
(28, 3R)-3-hydf~oxymethy1-—2-( (ZRS)QZ, 3-.isop.ropy1 idene—dioxypropyl }-
thiomethyl) ~cyclopentanone (Compound (a-2’)) (5.558 g, 20.28 mmols) was

68



dissolved in dichloromethane (55 ml), a’dde_d‘mfchloro—‘pex‘benzoic acid (80%
inpurity, 8.74 g, 40.56 mmols) in dichloromethane (85 mll) under ice cooling,
and then stirred at room temperature for onme hour. The reaction -
solution was filtered. The filtrate was added 20% aqueous sodium hydrogen
sulfite solution (6.48 ml), a saturated aqueous solution of sodium
carbonate (16.2 ml), and further water (50 ml), and was stirred for _10‘
minutes. The mixed sol_utidn was separated.' The'd.ichloromethane layer was |
washed with _ .

saturated sodium ch'ioride solution (100 ml), dried over anhydrous sodium
sulfate, and then concentrated under a reduced pressure to obtain a residue.
This residue was purified by silica gel column chromatography (150 ml,
hexane : ethyl acetate = 1 : 3) to obtain the compound (a—3’) (5.798 g,
vield 93.4%).

*'H-NMR (200 MHz, CDCL,) - |
&: 1.38 (3H, ), 1.45 (34, s), 1.68 - 1.92 (1H, m),
1.99 - 2.76 (6H, m), 3.10 - 3.50 (34, m),
3,70 - 4.08 (4H, m), |
410 - 4.24 (18, dd, J.= 6.14 He, 7.42 H),
4.56 - 4.68 (1H, m)
MS (FAB, POS) m/z: 307 (M#H)* -

Example 22  Production of (1R,28)-2- [ ((2BS)-2,3- isopropylidéne~ |
dioxypropyl)sulfonylmethyl ) -3-oxo~1- . cyclopentane carboxylic acid
(Compound (¢’ )) . |

(28, 8R)-3-hydroxymethyl-2~ C{(2RS)-(2, 3-isopropylidene-
dioxypropyl)sulfonylmethyl) -cyclopentanone (Compound (a-3’ )) (5.80 g,
18.94 mmols] was dissolved in acetone (320 ml),added Jones reagent until
the color of the reaction solution turned orange color, and stirred.
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2-Propanol was added to the nixture until the color of the reaction solution
turned green. Then, the reaction solution was concentrated under &
reduced pressure to remove acetone. The residue was added water (120 ml)
and then extracted twice with dichloromethane (200 ml).  The
dichloromethane layer was washed with saturated sodium chloride solution -
(80 ml), dried over anhydrous sodium sulfate, and then concentrated und_erﬂ
8 reduced pressure to obtain the compound [compbund (¢’ }, 4.59 g, yield
756.7%) . Without purification, th_is compdund was put to use ih the next

step.

'H-NMR (200 MHz, CDC1,) o
61 137 (3H, s), 1.43 (L.5H, s), 1.47 (L.5H, s),
2.02 (18, m), 2.22 - 2.65 (3§, m), .
2.94 - 3.32 (3H, m), 3.32 - 3.84 (44, m),
| 4.19 (14, m), 4.40 (1H, brs), 4.59. (1H, n)
MS (BSI, NEG) m/z: 319 (M-H)- |

Example 23 Production of disodium salt of (IR,25)-2- C((2R)-2-
acetylamino-2-carboxy-ethyl)thiomethyl) -3—0x¢1-_$clopentane carboxylic
acid Ccompound (IX¥' ), (cystacyclin)) . | o

A solution of (1B,28)}-2- ( ( (ZRS)-Z,S-isopropylidenedioxy—
propyl)sulfonylmethyl) .-3-oxo-1-cycllopentane carboxylic acid {Compound
(¢’)) (4.49 g, 14.04 mmols} in acetone (168 ml) was added a solution
of N-acetyl-L-cysteine (2.28 g, 14.04 m.mols) in an ‘aqueous IN sodium
hydroxide solution (42.1ml) and water (15 ml), stirred at room temperature
for two hours. The reaction solution was concentrated under a reduced
pressure and then the residue purified with Sephadex LH-20 (2.3 L, 80%
aqueous methanol) to obtain the disodium salt of compound (IX’) (8.72 g,
yield 82.2%). | -
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H-NMR (Compound (IX’) sodium salt, 200 MHz, D,0)
6: 1.7 - 1,93 (1H, m), 1.98 (3H, s),
2.08 - 2.57 (31, m) 2.62 - 2.92 (5H, m)s
2.97 (14, dd, J = 4.4, 13.6 Hz),
4.30 (16, dd, J = 4.5, 7.8 Hz)

50-NMR, (50 Mz, DZO)
& ppm: 226.9, 185.2, 179.9, 176.6, 57. 5, 56.0, 52.6,

40.8, 37.9, 33.6, 28.0, 24.8
MS (FAB, POS) m/z: 348 (MtH)*
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CLAIMS

1. A pharmaceutical composition comprising a 2,3-di-substituted
cyclopentanone derivative represented by the following general formula (1)

0

4

wherein X is 0, S, S0, 50,, or NH,

Y is a hydrocarbon residue having 1-6 carbon atoms, .whlch is
substituted or unsubstltuted, and having the whole molecular weight of from
15-400 in the residue, and which may contain 1 or 2 hetero atoms in the
ring when the residue is a cyclic group; and

Z is carboxyl group, a group derived therefrom or an a_liphatic
hydrocarbon residue having 1 to 4 carbon atoms which is substituted or
unsubstituted, . | . |

or a pharmacologlcally acceptable salt thereof, o
except for (1R, 28)-2- [ (2R) (z—acetylammo—z carboxy) |

ethylthio) methyl- 3—oxo~1~cyclopentanecarboxy11c acld(cystacyclln), and

& pharmaceutically acceptable carrier. s
be The pharmaceutical composition of claim 1, wherein the compos1t10n
is an accelerator of differentiation of neurons.
3. The pharmaceutical composition of claim 1 or 2, wherein Y in the
general formula (I) isan alkyl group containing 1-6 carbon atous and having
at least one substituent selected from the_grdup consisting of '
(i) carboxyl group or a group derived therefrom,
(ii)  amino group or a group derived therefrom, and

72



R

(1ii)  hydroxy group or a group derived therefrom, or
pyridino group or pyrimidinyl group vhich may have one or more
substituents. | - |
4. The pharmaceutical composition.of claim 3, wherein the
substitutent on the alkyl group having 1-6 carbon atoms of Y in the
general formula (I)'is . | -

(1) carboxyl group or a group .derivéd' therefrom, shown as
~COR;; R, is -OB,or -NRR,; R, is a hydrogen atom or hydrocarbon residue
having 1-6 carbon atoms; R, and R, are hydrogeﬁ atoms, an alkyl group having
1-6 carbon atoms or an acyl group having 1-20 carbon atoms respectively,

(i1)  amino group or a group derived therefrom, shown as ~NRRg;
R; and R, are hydrogen atoms, alkyl group having 1-6 carbon atoms or an .
acyl group having 1-20 carbon atoms respectwely, or -

(iii) hydroxy group or a group derived therefrom, shown as
-0R;; B; is a hydrogen atom, a hydrocarbon residue having 1-6 carbon atoms
~or an acyl group having 120 carbon atoms; and | '

carboxyl group or a group derived therefrom in 7 of the general
formula (1) is the group shbwn as -COR; or ~CH20R9; and R; is '_indepepdently
~ same as B,; B, is a hydrogen atom, an alkyl group having 1-6 carbon atoms
or an acyl group having 1-20 carbon atoms. ' ' |
5. The pharmaceuucal compos1t1on of any one of claims 1- 4, whereln :
Z in the general formula (I) is carboxyl group, an alkoxycarbonyl group
having 1-6 carbon atoms, hydroxymethyl group or an acyloxymethyl group
having 1-20 carbon atoms.

6. The pharmaceutical compomtmn of any one of claims 1- 5 wherein
X in the general formula (I) is §, 0, 80 or §0,.

7. The pharmaceutical composition. of any one of clalms 1 -6, wherein
X in the general formula (I) is 8, 0 or 80; Y in the general formula (I)
is 2- carboxy-Z—ammoethyl group, ~carboxy-2-—(Cl-CZO)acylammoethyl o
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group, 2—(01506)a1koxycarbony1 ~ or  (C2~C6)alkenyloxycarbonyl-2-
aminoethyl group, 2-(C1-C6)alkoxycarbonyl or (C2-C8)
alkenyloxyalkoxycarbonyl-2~(C1-C20)acylaminoethyl group,  2,3-
dihydroxypropyl group, 2-hydroxyethyl group,' 2-aminoethyl group or
(C1-C20)acylaminoethyl group; and '

Z in the general formula (I) is hydroxymethyl group or
acyloxymethyl group of 1-20 carbon atoms'.
8. The pharmaceutical composition of any one of claims 1-7, wherein
the compound shown as the general formula (I) is; - |

(1) the group shown as -CHz-X'-Y is -CHy- S CH,,-CH(OH) CH,08 and Z
is -CH,0C0CH,,

(11) the group shown as *CHZ—X-Y is -CH,-§- CH2 CH(COOH)NHCOCH:, and
Z is -CH,0COCH;, | .

(111) the group shown as -CHZ—X-Y is ~CH,-S~CH,- CH(COOH)NHCOCH3 and
Z is -CH,0H,

(IV) the group shown as -CHZ—X-Y is —CHz S-CHZ-CHz NHCOCH;, and Z 1s'
~CH,0C0CH; |

(V) the group shown as -CH,-X-Y is -CHZ—S-CHZ—CHZ-OH and 7 is -
CH,0COCH,, . _ |
(VI) the group shown. as —CHz-X-Y is --CHz S- E 3- (COOCHQ-*
pyridino-2-yl) and Z is —CHZOH, ,

(VI1) the group shown &5 ~CH;-X-Y. 15 ~CHy-5~ cm-cn(coocna YNHCOCH,
and Z is ~COOH,

(VIII) the group shown as "CHg"'X"’Y is -CH2 --CHfCH(COOCHz
CH=CH, )NHCOCH; and Z is -COOH,

(IX) the group shown as -CH,-X-Y is -CHz-S—CHz-CH( COOH)NHC()CHs and
7 is ~COOH (excepting. cystacychn),
(X) the group shown as -CH,-X-Y is ~CH,~S- CHZ-CH(COOH)NHCOCHs and
7 is ~COOCH,, -
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~ (XI) the group shown as ~CH,-X-Y is ~CH,~8~CH,~CH,-NHCOCH, and Z is
~CO0CH,, o |
(XII)} the group shown as -CH,-X-Y is -CH,-S-CH,~CH,-NHCOCH, and Z
is -COOH, or |

(KI1I) the group shown as ~CH-X-Y is ~CH,-0-~CH,~CH(OH)-CH,O0H ar.x_d
Z 1s ~CH,OH, o - !
9. A2, 3-di-substituted cyclopentanone derivative represented by the

following general formula (I)

&AX“‘Y | .(I)

Z

wherein X is 0, S, 0,80, or Ni;

'Y is a hydrocarbon residue having 1-6 carbon atoms, which is
substituted or unsubstituted, and having the whole molecular veight of from
15-400 in the residue,. and may contain 1 or 2 hetero atoms in the ring when
the residue is a cyclic group; and |

L is carboxyl group, a group derived therefrom or.an aliphatic
hydrocarbon residue having 1 to 4 carbon atoms which is substituted .or
unsubstituted, _ | _ | S

or a pharmacologically acceptable salt thereof (except that Z is
an unsubstituted hydrocarbon residue having. 1-6 carbon atoms or an aldehyde
group when -X-Y is -S8-Ph, that Z is -COOCH, or -CN when -X-Y is -S0-Ph or
~30,-Ph, that Z is -COOCH, when -X-Y-is -¥SOZ~CH3, and thdf, the compoud
represented by the general formula (1) is (iR, 28)-2- ( (2R)-(2-
acetylamino-2-carboxy) ethylthio) methyl-3-oxo-1-cyclopentanecarboxylic
acid (cystacyclin)). n
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10. The compound or the pharmacologically acceptable salt thereof of
claim 9, wherein X is 0 or 3. |
11. The compound or the pharmacologically acceptable salt thereof of
claim 9 or 10, wherein Y in the general formula (1) is an alkyl group having
1-6 carbon atoms which has at least one substituent selected from the group
consisting of | |

(i) carboxyl group or a group derived thereof,_

(ii) amino group or a group derived thereof, and

(1i1) hydroxy group or a grouﬁ derived therefrom, or
pyridino group or pyrimidinyl group which may be substituted.
12, The compound or the'pharmacologidally acceptable salt thereof of
any one of claims 9-11, wherein the substitutent on the alkyl group having
1-6 carbon atoms of Y in the general formula_'(l)' is |

(i) carboxyl group or a group derived therefrom, shown as
~COR,; R, is -OB, or -NR;R,; B, is a hydrogen atom ora hydrocarboxi residue
having 1-6 carbon atoms; R; and B, are hydrogen atonis, alkyl groups having
1-6 carbon atoms or acyl groups having 1-20 carbon atoms pespectively,
| (i1)  amino group or a group derived. therefrom, shown as ;~NR5R6;
Rs and By are hydrogen atoms, alkyl groups having 1-6 carbon atoms or acyl
~ groups having 1-20 carbon atoms respectively, . / |

(iii) hydroxy group or a group derived therefrom, shown as -
OR;; B, is a hydrogen atom,a hydrocarbon r*e_sidu'-e haviné 1-6 carbon atoms
or an acyl group having 1-20 carbon atoms; and carboxyi group or a group
derived therefrom in Z of the general formula (I} is the grbup shown as
~CORg or -CH,0Ry; and By is independently same as R;; B, is H,an alkyl group
having 1-6 carbon atoms or an acyl group having 1-20 carbion atoms.
13. The compound or, the pharmacologically acceptable sélt thereof of
any one of claims 9-12, wherein Z in the general formula (I) is carboxyl
group, an alkoxycarbonyl group having 1-6 carbon atoms, hydroxymethyl
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group or an acyloxymethyl group having 1-20 carbon atoms.
14. The ‘compound or the pharmacologically acceptable salt thereof of
claim 9, wherein the compound shown as the general 'formula (1) is;

(I) the group shown as -CH-%-Y is -CHz S~ CHz-CH(OH) ~CH,0H and Z
- is -CH,0COCH,,

(11) the group shown as -CH,~X-Y is -CHZ S—CHZ-CH(COOH)NHCOCHa and.
% is -CH,0C0CH,, | |

(III) the group shown as —CHZ-X-Y is -CHZ -S- CHZ-CH(COOH)NHCOCH;, and
Z is ~CH,0H,
(1V) the group shown as -CH;~X-Y is -CH,-5~CH,-CH,-NHCOCH; and Z is
~CH,0COCH,, -

(V) the group shown as ~CH,-X-Y 1s —CHZ—S-CHZ-CHZ—OH and Z is .-
CH,0C0CH;,

(VI) the group shown as -CH2~X—Y is --CHz ~S- E 3- (COOCH;,)-
pyridino-2-yl) and Z is -CHOH, . -

(VII) the group shown as ~CH,X-Y is -CHz S-CH,~CH{ COOCH, )NHCOCH;,
and 7 is -COOH,

(VIII) the group shown as -CHZ-X-Y is -CH‘2 §- CHz—CH(COOCHz
CH=CH, )NHCOCH, and Z is -COOH, , _

(IX) the group shown as -CH2~X~Y is —CH,z —CHz-CH(COOH)NHCOCH3 and
Z is -COOH, (excepting cysta.cyclm), L
(X) the group shown as -CH;-X-Y is -CH,- S—CHZ-CH(COOH)NHCOCHS and
Z is -COOCH,, - _ _' . | o .

(XI) the group shown as ~CH,-X-Y is JCH,-S-CHz—CHz-NHCOCHs and 7 is
~COOCH,, | -
(XI1) the group shown as ~CH,-X-Y is ~CHy-S~CH,~CH,~NHCOCH, and 7.
is -COOH, or

(XIII) the group shown as -CHZ—X-Y is -CH,-0- CHz CH(OH) ~CH,0H and
Z is ~CH,0H.
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15. A method for the production of a 2, 3-di-substituted cyclopentanone
derivative represented by the following general formula (la)

Q

Cj/* X z?"’ (1a)

z

( wherein X, is S, 0 or NH; and Y and % are the same described above) or
a pharmacologically .aéceptable salt thereof characterized by reacting a
reactive derivative of 2-hydroxymethyl group in the 2-hydroxymethyl-
3-substituted cyclopentanone shown as the general formula (I1I)
OH
&/,\ (11)

Z

( wherem T is same as Z and ,when 7’ has functmnal group ,the functlonal
group may be protected when necessary) ( I-carbonyl group may be protected :
when necessary) (hereinafter. referred to as merely the reactive
derivative ) with the compound shown as the following general formula (111)

- (Wherein X, and Y are saie. as defined above) and removing protecting group
when necessary. ' ' |

186. The method deécribed in claim 15, wherein the said reaction is
carried out in an inert orgamc solvent at a temperature between 0°C and
the boiling point of the said solvent '
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17. The method for the production descﬁbed in claim 16 or 16, wherein

the said reactive derivative is the compound shown as the following general
formulae (IV), (V), (VI) or (VII)

&\_QiR 10

(W) | ' -(_v_).'_- .'

0 o3
~R10 S
§ | é/\?"'.%ﬁuo
zZ! . . Nl .
_ | : e
(V1) - e b

(wherein By, is a hydrocarbon residue having 1-10 carbon atoms; and 7 is
the same as Z and when Z' has functional group ,the functional group may
be protected when necessary) | ' |
18. A method for the production of a (1B, ZS) -2~ ({2R)- (Z—-protected‘ o
or unprotected amino-Z-carboxy)ethylthiol methyl-3-oxo-1-cyclopentane-
carboxylic acid or an alkyl ester thereof or a pharmacologically acceptable
salt thereof characterized by reacting N—;irotectéd-L—cysteine with a
(28, 3R)~3-carboxy-2-sulfonylmethyl- cyclopentanone derivative shown as
the general formula (XII) | B h

O

AN _Rig |
LA 400

%OOH

(wherein B, is an hydrocarbon residue having 1to 9 carbon atoms which may
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be substituted, and, when the residue is substituted, the substituent is
one or a combination of two or more members selected from the group
consisting of halogen atoms, nitro group, cyano group, hydroxy group, amino
group, carboxyl group, an alkoxycafbonyl group having 1-9 carbon atoms,
and an aryl group and these substituent may be protected when the
substituent is a functional group), a salt thereof, or an alkyl ester

thereof, or (1B)-2-methylidene-3-oxo-1-cyclopentanecarboxylic acid shown
as the general formula (V) |

& W
“cooy

or a salt thereof or an alkyl ester thereof, and removing the protective
group when necessars}. |

19. A 2,3-Disubstituted cyclopentanone derivative shown as the general
formula (1), (V), (VI) or (VII) '
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(wherein Ry, is a hydrocarbon residue having 1-10 carbon atoms; and 7’ is
same as % and a functional group therein is protected when necessary),
(except that 7’ is COOH or COOCH, in the general formula (V), and that 7’
is COOH or COOCH, and R, is methyl or phenyl in the general formula (VI)).
20. A (28, 3R)-3-protected hydroxymethyl-2-thiomethyl cyclopentanone
derivative shown as the general formula (XI) ‘

(XI)

(wherein By, is protecfive group of hydroxy“_group and R, has the same
meaning as defined above) or the salt thereof. |

AR An accelerator of d_iffefentiati(m of neourons characterized by
comprising a cyclopentanone derivative which has at least one substituted
Jower alkyl group as Substituents on the ring of cyclopentanone and which
has activity for acceleration .of differentiation of neourons ‘or a
pharinacologically'acceptdbie sélt thereof as an active ingredient.
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