Specification 2,3-D substituted Cycl opentanone Derivatives, Process For
Produci ng The Sanme, And Medi ci nal Use Ther eof Technical Field

This invention relates to 2, 3-di-substituted cycl opentanone derivati ves,
process for producing the sane, and nedicinal use thereof, especially new
neuron differentiation accel erator. Background Art It is
denonstrated that the nerve growh factor (hereinafter referred to as
"NGF") shows, in vitro, manifesting a regenerative activity on nerve cells
of senile animals because NGF has an ggbéifitatiorf or el ongating

‘neur apophysi ses and regul ati ng a production of aneurotransmtter [("Age,"
Vol . - 8, pageidDisubshitutedfyelnpestananeRordvatives s Proceses Fwafrodmme'l%@

cells which s th l.s of .the rai n, produced by cloning a species of
brown cel | s %m%uﬁp@eé?a%lw& Bﬁ%iﬁiﬁr%& are caused by addition of NGF to
cease propagation and succunb to differentiation into synpathetic
nerve-|like cells having neurapophysi ses. Since the NG- has these

activities, {&lmibab e drawn attention as an antidemential
phar.maceuti cal conpositions in recent years. It has been studied that

fibroblast growth fHrtsorinwentivnerdedakés to e2,8-dbesubdbbtutiett icpollopentatone
growt h of neurapophysises by using these cell. Further also, recently, it
has shown t hderisetivessuparens otoraprasucing shelsame s windtnedieinalkuoe dherénfuce

el ongati on of neyrapophysi ses ['Neurochepjstry,” Vo}. 26, pp. 200 - 220 -
(1585 " Couadal B RANcEsUBoR 8 HERIG AL BIRRLOTSEGE | ow hoi ecul ar
substance, which differs from NG, the devel opnent for nedical use is..
expected. However, this is not utilized at the present tinme because of a

strong 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 senile animals_becaus.e NGF has_ an activity for elongating
neurapophysises and regulating 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 murine adrenal medulla, are 'caiuSed' by addition of NGF to
cease propagation and_ succumb 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 molecula'b substance 1ikevise
induce elongation of neurapophysises E”Neurdchemi'sti*y,” 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 175203
produced by the m croorgani smof Streptonyces sp. NK 175203 ( FERM BP-4372)
has been found to have an activity for inducing el ongation of

neur apophysi ses (WD 95/ 31992). The physiologically active substance NK
175203 (hereinafter referred to as "cystacyclin") is expected to devel op
into nedi cine because it is a | ow nol ecul ar conpound mani festing | ow
toxicity. But the product amount is'only a little because it is produced by
the m croorgggiicify, Thus, there has been demanded for supply of a |ow

nol ecul ar conpound obt ai ned by chem cal synthesis, which has | ow toxicity

and has a stron@eeentlyi thhefmhyspologicaty dotdee sitstante NEJTERGH Ayedused by

Di scl osure gf the Invention As ;he resul ts fR&h%Légééf%é tudies_
for the _strU@Q@niér%mm?%ogfswstwlw.sl@-amﬁli’&?ﬁd&fﬂ alth SRFEN  he
e cubst | t S0 FoYe ancaitish iisof dhaROaR EIMRR A oh BbipgBftaed ! (Hooas!

cyclopentanggygﬂgg Erder to. having the activity for pronoting nerve
differentiation. 4 e preferable conpound in the activity is a

cycl opent anone ¢he iphp§ioleghealilpmctive sulisthahtaNE476208e(herb knddfter veperredt he

ring of cyclopentanone and an another substituent in the next position. The
present i nvbmtasr 2cystacycldniy ishexpached rtor deyelop cindbl kediom basruser &t 1s
2,3-di -substituteq cycl opentangne deriyatives shq s, t.he general formnmul a
(1) descri bedoKdIOdfe &I‘t&@ma%ﬁf HaR eé‘g?i%h%%%&é Ya_@PE tﬁam“’roﬁmff BRgUnL,
conpl eted t ' [ QNsy s r | I 0 I s to a
2 subot 1 t ut b RGBT LA SEIRNS 15 prodused 07, BlsaRERboriEH; i B, | 2
phar macol oghglbieky GRRIGP! Brsaigolynet eof 1o ib1bhear Saftband Ubthlired by
production thereof and a pharnaeceutical conposition conprising it.

2 chemical synthesis, which has low toxicity and has a strong activity for

pronoting induction of neurapophysises.

Disclosure of the Inifentioh )
| As the results of the various studies for the structure analys'isl
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 activity for promoting nerve differentiation. The preferable compound
in thé dctivity is a cyclopentanone derivative having dne sub'sti'tuted lower
alkyl group,on the ring of cycloben‘ta.none aﬁd'an another substituent m
the next position. The. present ‘inventors 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.

2 .



In nore detail, the present invention relates to 2,3-di- substituted

cycl opent anone derivative represented by the follow ng the general formula
(1) [err] (1) wherein X is
0, S, SO S(err], or NH Y is a hydrocarbon residue having 1-6
carbon atons, which is substituted or unsubstituted, and having a mhole
nol ecul ar wei ght of from 15-400 in the residue, and may contain 1 or
hetero atonms in the ring when the hydrocarbon residue is a cyclic oup,
and Z is cdnbaoye gietﬁmpl, athg oprresdrt i irventhon ere}ﬁﬁeSarLOalz giwdtlrc

hydr ocar bon res avi -4 carbon,atqns, which | ed, or
Umsubst i t ut b tHtite & 3epn m&eagv@éwsywp@ewts gﬁetfqlﬁ\e\vw thend a
process for rod %I #%Z& and a pharnmaceuti cal conposition

conpri si ng, epera oy gresent i nventi on provides a novel conpound

“having an activity for accelerating differentiation of neurons. The
conmpound of the present invention havigg two or nmore asymmetric carbon

atons therein nmay be an optically actiVe bstﬁnce or optically inactive
substance and it is suitabl'e that thd m"conpound -is a optically
active substance. Al so, - the ent invention providé&) t he

phar maceut i cal conposition which conpris®s the said conpound and is useful
as the accelerator for differentiation of neurons. The conpound of
t he present invention has the activity for differentiation of neurons and
s useful as the antidenential agent, the protector of neurons, the agent

for curing peri phewﬁgréﬁuxop@tghys egbz’ or NH; ' . : 3
Y is a hydrocarbon res1due having 1-6 carbon atoms, whlch is
- substituted or unsubstltuted and havmg a whole molecular weight of from
16-400 in the residue, and may 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, | | |
ora pharmac_glogically acceptable salt thereof, and a process for
production thereof, and & 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 di abetes and ot her di sease, therefore, the present invention provides an
. agent and a nethod for the treatnent of these disease. Al'so, in
detail, the present invention relates the follow ng inventions. (1) The
present invention relates to a pharnmaceutical conposition conprising a

2, 3-di -substituted cycl opentanone derivative having an activity for
accelerating differentiation of neurons and the follow ng general formula

(1) [err] wherein X is 0 S, SO S(err], or NH Y
i's a hydroc t t or
2 Y OCBS AN 08 e VR U8, COlOREML IR o pMORY ShPRIBRADIIAG of

resi due, ananrmenfbomchlmmét}md %méherueatm of ﬁhlese rdisgagdien the residue
is a cyclic group; and Z is carboxyl group, a group derived
therefromor an aliphatic hydrocarbon resi due having 1 to.4 carbon atons
\zg{:]l:ggt :,i;| Zug;t'tt? Lgf o “”ﬁgé’ah gé%égtes%y 1(n_x{§gxtlon ?Qflatesc% gfoﬁow%’ng
23)‘2‘[(2R)1ﬁ@mﬁﬁ 6hy] Ian1no 2-carboxy ethyl)thio nethyl)

- 3-ox0- 1- cycl opent anecar boxyl i ¢ aci d(cystacyclin), as an active

conmponent. (1) Tl prbssnto i gvenition Piredgts w\/@@hamce&tm&sw@o@hmm

phar maceutical conposition conprising-the active conponent and

phar maceut i compnising a 2,3-di-substituted cyclopentanones derivative havmg an
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 havmg 1-6 carbon atoms, yhich is

substituted or unsubstltuted, and having the whole molecular weight, of from E
15-400 in the residue,_and may contain ! or 2 hetero atoms in the 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, 28)-2- -((2R)-(2-acetylamino-2- carboxy ethyl)thm'
methyl) -3-oxo-1-cyclopentanecarboxylic amd(cystacyclln), |

as an active component. . .

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 a neuron
differentiation accelerator conprising the 2,3-di-substituted -

cycl opent anone derivative (except cystacyclin) of the general fornula (1)
in (1) nentioned above or a phanmacol ogically acceptable salt thereof as an

active ingredient. Furthernore, the present invention relates to the
pharmaceutical conposition useful as a neuron differentiation accelerator
in (1) nentioned above. (3) The present invention relates to the

phar maceut iagebptablpoeiitriien. or a neuron differentiation accel erator of (1)
or (2) nentioned above, wherein the 2, 3-di-substituted g% | opent anone
derivative (2) or The presenicdnsentdenl v P&&&'@Qﬁt atl@l e ssdleuremed iderertiation

VT The g@REs LATALSF AoREria) drf?;x%?% PRribak i s “%éenttgn?rﬁcaéﬁ%%t?@
9roup havi gydaft EXGAICB T U éhe'rﬁl%HHﬁﬂht () O P 1bRd DGR or

substi t uent's”or oup or pyri group may be

substituteg, blia:ﬂﬁ@lbg)xcfaflW%c%@?ﬁém%u@a?lttsthereoﬁmhseaﬁ mcimta@tnngnedﬁenrts

sel ected fromthe group consisting of i) car boxyl group or a
group derived th@‘uethempre, the presént) 1nven&mmd*edabe1pt0rtha phasugceidiceld

therefrom and 1i.1) hydr oxy p- or,a .group ed ther rom

(4)  Théoppesidien ne@ﬁull %% & eureh dbfiereniation @W&&réﬁ%‘ amo&f

accel erator Cfg§{|8|§§§ the 2, 3-di-substituted cycl opentanone derivative or
- a pharnacoW@ @éptable salt thereof in (3) nmentioned above as an

e receut (8] T e priesfnl AAGERCIOH redutOED Ah6! ipfnadhit IEK) CORPIITION B

phar maceutical | e carrier,

Y-of the g@@eaaieufron rﬂilfﬁeféﬁtlaﬂldnlhcm@trawwdfamver'I(ﬁ) mentioned above,
(i) carboxyl group or a group derived therefrom shown as -CORL; Rl is

-OR2 or - Nwhemeinrothe H,Srdinsubstiiused roarsimtamnengdgrzwa&aw)on sPonk: R3
and R4 arepﬁhrn?alwk)fogpca(ﬁg t{]c%\éwgnle sa ta%ﬁere tfsn%hgrr-ac e¥'1zegH %ypthat 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 : '
(2) pyridino group or pymmldlnyl group which 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 pharmacologically 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 '



havi ng 1-20 carbon atoms which may have one or nore substitents,

respectively, (i) am no group or a group derived therefrom
showh as -NR5R6; R5 and R6 are H, al kyl group having 1-6 carbon atons or
acyl group having 1-20 carbon atons respectively, or (rii)

hydr oxy group or a group derived therefrom shown as - OR7; R7 is Hor, a
hydr ocar bon resi due having 1-6 carbon atons or an acyl group having 1-20
carbon atons, wherein they nay have one or nore substituents; and (B) a

carboxyl group or &iyroupcagsdzrydgidigr 6f roRreip aerﬁvé&thmﬁ*bﬂj dhonmds (1) -
in (1) mentioned above is the group shown as -CO R8 or - CH2OR9; and R8 is

i ndependent G0 Iharﬁg is-0Ry ; OI‘RQ\I&;&; B, iarH ar bydrapevben hesidug hovéng drbearberons

ST, U SR Bk ol BT

2, 3-di - SUbshé,ffﬁfdl-%dc%P%ﬁ% Rl bl‘{aﬁ%syeh@fe aon@h% %Oghﬁ it¥nts,
sa d

acceptable hereof ‘as an active I hgredient arnaceu I'ca

conposi ti onréspectéveygnpri sing a pharnaceutlcally acceptable carrier,
wherein, in the general formula (1) in (1) nentioned above, the hydrocarbon

resi.due havi ng 1- 6 £ boramimorgroip o¥ & group derived ﬂ:hc}red’mom kmwrgasaumisﬂa,\n ng

1-6 carbon mhlc sti‘tuted, or d|no
pyri ni di nyl &s i haﬂgﬁge’s@m aying. 1+ qarhon %{o@m& } ‘grqup day

o e e g A SR ) PO DO

(6I i) hydr oxy grgblpl()l)lr)}g’r?rgwgzgug%ﬂg %;\Blﬁrr:dé?ﬂb%‘@g@ggﬁo@ﬁps%@gg? ) and,

when t he nubBgrRois ther sadstdrocsrition sesidue éﬁvianﬁ lrasbopaéomy or tamoacydr

more, “OSeg$§u%s Iatvlijggn tf—z%aycaggoxf aa%m%[ %Ilglfe?{le%ltle)? rn?al;pshavg n((jnlne 'or more
substituents; and _ _

{B) a carboxyl group or a group derived therefrom of Z m the general
formula (1) in (1) mentioned above is the group shown as ~C0 B, or-_ CH,0R,;
and By is independently same as R;; B, is H, an alkyl group having 1-8 carbon |
atoms or an acyl group having 1-20 carbon atoms. | |
(5) - The present invention relates to the neuron dlfferentlatmn o
accelerator compmsmg the 2,3-di-substituted cyclopentanone derlvatlve
or a pharmacologically acceptable salt thereof as an active ingredient or

" the pharmaceutical composition further compr'ising'a phar'maceutically'
acceptable carrier, wherem, _1n the general formula (I) in (1) mentioned
above , '
the hydrocarbon residue having 1-6 carbon afomé inyYis

(1) an alkyl group having 1-6 carbon atons 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

(i) carboxyl group or an a_,lkoxycarbonyl group having 1 to 6
carbon atoms, | | -



Z is carboxyl group, an al koxyl carbonyl group having 1-6 carbon atons,

hydr oxymet hyl group or an acyl oxynet hyl group having 1-20 carbon atons.

(6) The present invention relates to the neuron differentiation

accel erator conprising the 2,3-di-substituted cycl opentanone derivative or
a pharmacol ogically acceptable salt thereof as an active ingredient or the
pharnaceutical conposition further conprising a pharnmaceutically

acceptable carrier, wherein, in the general formula (1) in (1) nentloned

above, X i1 0, anfi®00 ydr@car bon residue
havi ng 1-6 carbon gt?ms in Y |gsro§n92%1arkbﬂ ac;;lg%n%%@@%ﬁ‘ §h4 carbon atons
whi ch have .one or (m)subhydrtouprgmupndr tanea Xy srdupt haviogt 1i o $elcarhed

froma grouE consi sting of. (1) a carboxyl group or an
alkoxycarbo r oup, (i) am no group or an acylam no group,

fuo subst i t Gk Yoen (HYdGbEe HeHE: Bl RS teIBo B £rd Sped Bfp alfcielng
215 2 car bortors; olfbse oS IRIRIIRARANYE GHRUGY dRTFSRTEIGING, dRRUD Of

acyl oxynmet hyl group e present invention relate to the neuron

di fferentiation aczalsecatb@xyb@m‘pnp,s anmkkbxyﬂzai’b@hylsgmipl baieg 1-6 carbon
cycl opentanone derivative or a pharmacol o |Callg acceptabl e salt thereof as
an active i &bmsdi kydrogymethyl group or an acyloxymethyl group having ¥-20 carbon

t he pharnacegtlcal conposi tion. further conprising a pharnmaceutically -
accept abl e g I‘er in (5) nentioned above, wherein, in the general fornul.a -

) ok 5 o8, ARG imsntion FoiReSto 00 FUARC Atgpentigeit
_ al kenyl oxy candedeydfor2eoupriedighvhe @1 8ubi-sdbstituted 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, S0 or 80, and |

the hydrocarbon residue having 1-6 carbon atoxhs iﬁ Y is |
an alkyl group having 1-4 carbon atoms which have one or two substltuents _
and the each substltuent is selected from a group cons1st1ng of .

(i) & 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



al koxycar bonyl (or al kenyl oxycar bonyl )--2-acyl am noet hyl group,

2, 3-di hydroxypropyl group, 2-hydroxyethyl group, or 2-am no(or

acyl am no) et hyl group; and Z is hydroxynet hyl group or an

acyl oxymet hyl group. (8) The present invention relates to the neuron
differentiation accel erator conprising the 2,3-di-substituted

cycl opent anone derivative (except for cystacyclln)or a pharnmacol ogical ly
acceptabl e salt thereof as an active ingredient or the pharmaceutical

conposi ti onther plmacenticati oonpas phinngaetidre ablipriadngepd affiernaceutiieal ly
wherein, in the general formul a ( menti oned above,

the group sheesptable carriar)inx(b) m@umméa%qves wher ] 1@%@9“@?@ dor P‘éi@ and
Zis -CHerr, |1) the group shown as -CH2-X-Y is

_CH2- S- CH2- @f%ﬁ%@&i@% bé’q’s _ CH2OOOCHS, (111) the group
shown as -CH2-X-Y i 2- CII}DNHCOCHS and Z is -CH2CH

(I'V) the group shomg ﬁgﬁ éﬁ[gr$?§§@Y S

-CH S- CH .
(V) [ teLre] gr oup[ EL(r)JAmp;[sﬁ-zg-la[:ﬂeHr r]-xX-vY ml:ids (6Pc%oér1?i§1%?feyrq]r - [’[e%i ]r] OH err]

and Z is - m@mmmﬁ[ (amr ]a,lkenyloxycarbom']))-2ham1gwetiwlsanp,aﬁ -CHerr]-X-Y
Is -CHerr]-S - ) - _pyridi no- andZ| -CH err] OH, -

(VI1) the gabkws;nnbanyds oxua[l enyloxyoanbenyl)- -acylammoet yl group,

Lol S G S hEeaR L ehod, NE'%&)KYQ‘J‘W@%’FBUFPFSﬁo%im&é"r crierl X XY

Ut - CH=CH NHCOCH dZis -
I(|SX) tL:rg]rog%%ﬁv%éﬁlgﬁ(w[ - -Y is Lerr]) [err] an i s

-CH S- CH GPTF ggg;j gﬁﬁgﬂﬂ X) th
groL;e)r;]hovm a[setg-l%gr-%] X—\}Iylﬁ _ [Ff‘édp _@g?hnzab?l Mﬁquezr] gnd Z

is -COOCH e(8), The presept )1ntré1et1@nomplsmwrboasthecﬂ[eamm -dif¥erentiation
“GHerry-S g:_ltgeelrerr]atgl [cglgngm_slilxljgcc‘n%g ZerSr (lh-?srtlxgstltuted %?Slccl;_xla[entar]lone 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, wherein, in the general fdrmula (I
in (1) mentioned above, | | o
(1) the group shown as -CHZ-X~Y is ~CHZ 5- CHz CH{OH)-CH,0H and 7
is -CH,0C0CH,, | - |
(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
4 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;



(XI'1) the group shown as -CHerr]-X-Y is

-CHerr]-S-CHerr]-CHerr]-NHCOCH err] and Z is -COOH, or (Xr1r)
the group shown as -CHerr]-X-Yis -CHerr]-OCHerr]-CHOH-CH err] OH and
Zis -CHerr]O™, (9) ' The present invention relates to a

2,3-di -substituted cycl opentanone derivatives represented by the foll ow ng
general formula (lI), [err]

() wherein Xis O S, SO S(err], or NH ' Yis a
hydr ocar bon gmb#Zdie 4€80HNng 1-6 carbon atons, which is substituted or
unsubstituted, and having a whol e nol ecul ar wei %ht of from15-400 in the

resi due, and may cditldih the)rgﬁoupetshoanaasrrs()i{fr theisi nGHmietH,+CH COOCH,-
hydr ocar bon ILc p; and - Z is carboxyl group, a
group deri ve@f‘ihmpb@h ni%lT %Sﬁgmc hydr ocar bon residue having 1 to 4
carbon atons which 4 t InGURS: t :
0 () A O o Y 50 B OQH PO and

except for thdis ZC00H, unsubstltut ed hydrocarbon residue having 1-6 carbon -
atons or al dehyde group when -X-Y is -S-Ph, that Z is -COOCH3 or -CN when
-X-Y.is -SO Ph or -(X¥3CthePgrouphshowd as -CH;@MHSVMQ-S-EH\LCH&GOHSNHGODH,?» andnd
. that the conpqund, represented by the general forrrula (1) is (1R 29)- 2- |
(2R) - (2- acet Ilﬁmmcﬁa:car boxy) et hyIth| o met hyI 3- oxo- 1-

Fhvention rel ates tath el vssiaéﬁfe A Ry l(sloéﬂrs -Cry-CH-NGOEH, 3 & s

‘ ~CO0CH;,

(XI1I) the group shown as -CH,-X-Y is ~CH,- -CH2 CHZ ~NHCOCH, and 7

is -COOH, or '
(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

(1),

x~¥ - |

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,



cycl opent anone derivatives or a pharnmacol ogically acceptable salt thereof
wherein, in the general fornmula (I) in (1) nentioned above, X is a group
shown as O S, SO or S2, and the hydrocarbon residue having 1-6 carbon
atons in Yis (a) a substituted or unsubstituted and saturated or
unsaturated aliphatic hydrocarbon residue or (b) a substituted or
unsubstituted aromati c hydrocarbon resi due conprising a six-nenber ring
containing N atomtherein, and Z is carboxyl group or a group derived
therefromor an ali phaa iphatwabodogidaddy reesepteblbasaligthereofar bon at ons,

which is substituted or unsubstituted, (providin thaﬁ Z represents roup
other than coocH3 wReepixiar thatdrisrmsubsti tafed AEgracen Q&P@@@Nﬁi@&}ﬂg ?1@)-
Th t | ti t t 2,30k - subst i tut ¢ I t
dori vt | ves cafbON haRp or pfaciufe arofe ihen XY &5 ~S2Phy SRR 8 OBER, 8P
t abl t fad ' ' d - ' " 12
e present R Sris T2 oF SO, PR B B LRI Wen KL B 0RO e
deri vati ves and thakadRtcomb8iind Fofteas Ly the gerRFal fopRABTEH)HsOLlR AT 2-

acceptabl e salt thereof, erein ,in nti oned above , a hydrocarbon

resi due havi fg X28)e¢@-acotplaiino-@-cirboxy) [ éthydihid ky) grmethyliadiong-1-6
- carbon atons which is substityted or [2] pyridino group or pyrimdinyl
~group whi ch oyelepandaneutcagboxylianar idhéexababeelias. substituents are one to

:'E(raeg][ oup cor(épétﬁzg Ent] hzul}o}%één%(eﬁ;wg&itogglrg%s 3:"8% %g"iﬁéﬁgéﬁ%&%&%d
iy Chyarseiongiapbld deriyBBLS @ £ YBatincdI GHRHRI Y Boca oI SATT Aol
on the pyri qihape 8,09R tHe BYR&ELFoMMlu1E" héiondd pbver a group

. Pij
described in the substituent on the sai gqamfl(llqgroup and . >
car boxyl grodpi®a groupahovias 0,8, SheorSognand tB hydrocarbon rdtisuerlevdng

invention relates to a 2,3-di-substituted cycl opentanone derivatives _(

except for |-Gyearhogatons ip Y ds (ad phubstdty asor ansybsid betrdand sebunated

oo e tab T SRSk et B S RS Btson

SR S R RS SR e T T

: 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; when X-Y is S0,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
XisOors. o S
(12) _ The present invention relates to a 2,3-di-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) pyridino group or pyrimidinyl group which is substituted,
and the nuwber of substituents are one to three '

10



or an acyl group having 1-20 carbon atons respectively, (1) an
am no group or a group derived therefromis a group shown as -NR5R6; R5 or
R6 is H an al kyl group having 1-6 carbon atonms or an acyl group having
1-20 carbon atons respectively, (itii) a group derived from hydroxy
group is a group shown as - OR7; R7 is_hydrocarhbon residue havi 1-6
carbon atons dndaifhecsubsgituenthenithe alkylc grown ist éﬁihQCtéﬂdf%ngﬂ?ggngi ved
fron1carboleigrggﬁ i@ Zis a group shown as -COR8 or -CHO R9; and R8 is

i ndependent PSS EREIBOIRL: RO is H an al kyl group having 1-6. carbon atons

or 26 Sroup haviri 120, SHbhen B o Ebwe Apeeh BB e or
har ol cal |y ce0ont i g ehcelouy duHE) RRbtRSTagbove. wherelr

fromthe group congijgti nthydkoxy group or a group derived thersfirbmxyl group or an
al koxycar bonyl group having-1 to 6 car-bon atons, (1) an am no

group or an acypdaiersubstthment andhe pyridino group pr pytipd dinyd grosipg sar Lawer

Subst 1t bent SLETA) G AP SIRSEALERd b éhacbEUSBRL RBr(8 41dot A FRROP B
A koxyl car bony! orbas PRRA Rreuf it a-£rqug. eyl BRSAEN) “orote or an
Mvent Lon ridles To a 209, AESCIRPELRCR1utE o 2, 0-gLiveprOIRA

“except  forcyclpbrbohen depivaivesd HhakgBary odopal tystaegebimablle oalt a

t hereof wherein , in the general fornmula (1) of (1) nentioned above,

(1) the gropimrnsbologias) lyGhcetablessald-thesect P wimiedn), i orhersubati Ten of
- CH20C0oCHS, . (1) the group shown as -CH2-X-Y is . :
- CH2- S- CH2- LrmobbH) meatiomedaskdVe, i s - cHoOCOCH3, " (111) the group
(1) the aroup shol ash- GABUOKY} FLOUBCHD AcERORp St VRf (bBref ol & grow
- CH200CCHS, 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, |
(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 ~
ORs; B, is hydrocarbon residue having 1-6 carbon atoms or an acyl 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



(V) the group showmn as -CH2-X-Y is -CH2-S-CH2-CH2-OH and Z is - CH2OCOCHS,
(V1) the group shown as -CH2-X-Y is -CH2-(3-COOCH3) -pyridino and Z is

- CH2CH, (VIl) the group shown as -CH2-X-Y is

- CH2- S- CH2- CH( COOCH3) NHCOCH3 and Z is - COOH, (VI1l) the group shown
as -CH2-X-Y is -CH2- S- CH2- CH( COOCH2- CH=
12 CH2) NiibboH3 acsarbexy ks gramopr an alkoxycarbsgyk geoupr haningnbhA 6is

- CH2- X—YIS- 2- S; CH2- CH( COOH) NHCOCH3 and Z is - COOH, (X) the

group shown CAEPCICABOBS,y | s - CH2- S- CH2- CH( COOH) NHOOCH3 and Z i's - COOCHS,

.(XI) t he group show}? hg%&%@%@%ﬁ@éﬁgwagﬂzz&z NHCOCH3

and Z is - COOH or (11 ) %W' Asuy BERing Y t6 6 carbon
-CH2- O CH2- CH( OH) - andailijxly gf‘d&&Z% 16 g 'Phe prﬁéé:sent i nvention
‘relates to atomhod for t he productlon of a 2, -substituted

(2 Ferr] and, v %'@M e thﬁs?f@t%égnééﬁe&e&e&“i%ﬁﬂ 85 oterur i
described abgvﬁ rey those substltuents may be same or different groups, and B
% is carboxyl group, an alkoxylcarbonyl group havmg 1-6 carbon '
atoms, hydroxymethyl group or an acyloxymethyl group havmg 1-20 carbon
atoms. | |
. (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;, : |
(I1I) the group shown as —CHz-X~Y is -CHZ -CHZ-CH( COOH )NHCOCHa and

Z is -CHOH, | | |
- (1IV) the group shown as -CH,~X-Y is -CH,~S~CH,~CH,~NHCOCH, and Z is
~CH,0C0CH, ,
(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 CHZ—CI{(COOCﬂg)NHCOCHa a
and 7 is ~-CO0H, :
(VI11) the group shown as -cHg-ix~-Y, is ~CH,-S-CH,~CH(COOCH,~CH=

12



a pharmacol ogi cally acceptable salt thereof characterized by reacting a
reactive derivative of 2-hydroxynethyl group in the 2-hydroxynethyl -
3-substituted cycl opentanone shown as the general formula (I1) [err]
(1) (wherein Z° is sane as Z, and, when Z' has functional group, the
functi onal 13 group may be
prot ect ed when necessary) (1-carbonyl group may be protected when
necessary) (hereinafter referred to as nerely the reactive derivative )

with the cotibgNHCOGhamd 8sig REOGENeral formula (111) : HX2- Y

(rer) (Werein X2 and Y are sanme as defined above) and renovin

protecting group whBy bhecercuprshownus)-CH,-X-Y M%r&ﬁhtCﬁ(ﬂO%ﬂHSgCﬂ;,Mt es
to the methgd, for bﬁe production according to (15) characterized by that .
the reactio F%'@Q ed out in an inert organic solvent at a tenperature

eLacer 1111 ¥t Bl BT84 3R o

2, 3-di - subsyijisut-gg00CHycl opent anone derivative or a phar macol ogi cal | y
acceptable salt ther eof according to (15) nentioned above, wherein the

reactive derivati vigli)sthe &mbétuwntaseﬂ&mtwwl{}e&m%ﬁﬂmaﬁmnmd Zis
derivative iﬂﬁfﬂ as the general formulae (1V), (V), (M) or (V1) [err]
iy, '

(XII) 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,,-O CHZ—CH(OH) CHZOH and
% is ~CH,0H,
(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 (Ia) |

Q

(}sz”y (1)

Z

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

OH
i (II).

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

- 13



14 ( wherein R10 is a hydrocarbon residue having 1-10 carbon
atons; and Z' is the sane as Z and the functional group is protected when
necessary). (19) The present invention relates to a nethod for the
production of a (1R 2S)-2- [((2R)-2-protected or unprotected

am no- 2- car boxy ethyl) thionethyl]-3-o0x0-1-cycl opentanecarboxylic acid or
an al kyl ester thereof or a pharmacol ogically acceptable salt thereof
characterized by reacting N-protected-L-cysteine with a

(2S,3R) - 3- cgrdlwmayZbetplrb’oénﬂemien|nec@y@drwe(flt-6mmﬁyﬁgrow;amayvhemwcml the
general formula (XII) [err] ﬁXII
when necessary) (hereinafter referred to as merely the reactive

derivative ) with the compound shown as the general formula (111}
HX,-Y 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) |

vy L vy

14



(wherein R10 is an hydrocarbon residue having 1 to 9 carbon atons which may
be substituted, and, when the residue is substituted, the substituent nmay
be. one or a conbination of two or nore nmenbers selected fromthe group
consi sting of hal ogen atons, nitro group, cyano group, hydroxy group, an no
group, carboxyl group, an al koxycarbonyl 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 al kyl ester thereof, or

2- et hyl i dene( ﬁhé%lnlﬂfgyi%' Rﬁﬂfﬂi‘@mﬁt&%ﬂﬁé haeig §hf0"’6aﬁ%nt Eﬁmﬁ‘?”ﬁidi%’
formula (V) r| or a salt thereof or an al kyl ester thereof, and
renovi ng t helsprtbe eSahie vEs Grmwthmmnum%mup is protected ®pn necessary).
present invention relates to 3-substituted-2-nethylene cl opent anone
derivative s@&)nas t heTh®presantginyenticn rmftmrr@(a mythqdv}or(c Pr@ﬁlqupn)
Lerr] of a (1R, 28)-2- (( (2R)-2-protected or unprotected amino-2-carboxy ethyl)

thiomethyl)~3-oxo-1-cyclopentanecarboxylic acid or an alkyl ester thereof

or a pharmacologically acceptable salt thereof characterized by reacting

N-protected-L-cysteine with a  (28,3R)-3-carboxy-2-sulfonylmethyl-

cyclopentanone derivative shown as the gen_éral formula (XII)

o

_R1o
S0y : (XII)

%0011 |

(wherein By, is an hydrocarbon residue having 1to 9 carbon atons which may
be substituted, and, when the residue is subsfituted, the substituent may
be one or a combination of two or more members selected from the group =
consisting of halogen atons, nitro group, cyano group, hydroxy group, amino
group, carboxyl group, én alkoxycarbonyl group having 1-8 carbon. atons,
and an aryl group and these substituent may be protected' when the
substituent is a functional group), a sa_lt' thereof, or an alkyl ester
thereof, or 2-methylidene-3-oxo-1-cyclopentanecarboxylic acid shown as
the general formula (V') |

é.,/ oy

*Cooy

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

16



(wherein R10 is a hydrocarbon residue having 1-10 carbon atons; and Z' is

sane as Z providing that the functional group thereof is protected when

necessary), except that Z' is COOH or COOCH3 in the general formula (V),

and that Z° is COOH or COOCH3 and R10 is nethyl or phenyl in the general

formula (VI) or a pharmacol ogically acceptable salt thereof. (21)

The present invention relates to (2S, 3R)-3-protected

hydr oxynet hyl - 2-t hi onmet hyl cycl opentanone derivative shown as t he

: 12;)(: |)0Wl ng géR@y al for rMhbapreskbnt [mveﬂtlon relates to 3(subst1tutedR-i l—methylene
rein is

protective gy¢iqpeatanqn@d@ryvqpi@eﬁhemuﬁuﬁmhefoilguhmgganen@hfommuéa(dH&yéY)xar a

salt thereoE f22) The present invention relates to an

accel erat or \ b GWf‘%Ugntiation of neurons or a pharnteutical conposition

characterized by containing a cycl opentanone derivative which has at | east.

one substituted | ower al kyl group as substituent on the ri ng of

cycl opent anone and which has actjyvity for acceleration of dlfferentlatlon

of neurons, or a phar oLogii;Luz acceptabl e salt-thereo¥ as ingredient.

- R10
7 | . -Z,.
(W) > S (v) |
.'O (e) _ S ..0 §) Q
6 : : - 6R10_
Z' o o
(V1) S (vn)-

{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 cyclopentanone demvatlve shown as  the

following general formula (XI) |

.. (X1)
SR10

“OR11
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Best Mobde For Carrying Qut the Invention ‘The expression "an activity
for accelerating differentiation of neuron" as used in this invention neans
the activity for elongating nerve-like apophysi ses manifested on the PC 12
cells by the nethod of testing to be described hereinafter. The

cycl opent anone derivative of the present invention having at |east one
substituted | ower al kyl group as substituent on the ring of cycl opentanone
is not limted in the nunber of substituent , the kind of substituent and

the kind of (iasgbir Llﬁ?tlsoﬂréﬁb%ﬁﬁé GerloRpest fY@beﬂrg?Uﬁp drfd B, '?élssdnlbe as

activity for accelerating differentiation of neurons he nunber of
subst i tuentmerﬁ‘,lemd abbye} wo ®rsaibrthegeofyal Iy, and the positi on of

substitutio S suitably or 3 on the ring of the cycl opentano '
position of ?&)bst i tution ﬁw sm*ﬁaers’fubmvenmcmd nedakas affacyan fceape Hﬁorh@?rl ng .

et 1t o BNt R o otk 6708kt RS eRln chdipgRpRon ©

al kyl grou )pfc&?da(fnﬁ}]gbsé'%%%eh ea'dEyL a5 P&1Pyh Rcht N0 P] efait Clynies

_ renoved at east two hydrogen at ron1 e saturated or unsaturated, and
straight ¢ rmhstiituiredbmep lad Hy hg powaeay buimtdtwem dna’ulumguﬂg oD h@eb’oa:nomborrs

for exanple, met hyl ene group, ethylene group :

17 andovloio) haseacfiisipy for acpekmyxrtmmoﬁrdaﬁﬁemamwoamf RRUNOAB) Pr

et hyl ene gro And the .substit t sai,d sybsti d | ower al kyl
group is sd’rtgg QgHMiYi@%Hgﬁgﬁo %;ﬁe,ce,@f WE‘?‘h 8t X i's same neans
as nentioned above) When t he cyclopentanone derivative has a.said
‘substituted | ower al kyl group as substituent. on'the position 2 of the

cycl opent argyye Héd@l‘ot‘t(}dﬁyﬁ‘rﬁ 0ab! dhe | kppent anone derivative having
further substituent in the position 3 therein. The Z group, wherein Z is

same means as n’élmmapedssntmvéana@ctﬂvetwﬁm at:cdrﬁrabingpd&ffemtﬁatwn of
preferred. Jhe term "hydrocarbon residue" as used,in this _invention
_nmeans the g}e@apnms:msledm nhigr deventdenvaeanss theeathidibyetorardansaionga

saturated ;orve- -1ike 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 substituent on the ring of .
cyclopentanone is not limited in the number of substituent , 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 atbms from the saturated or
unsaturated, and straight chained or branched hydroéarbon group having 1
to 6 carbon atoms, for. example, methylene group, ethyléne group, 1,2-
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or unsaturated hydrocarbon (which, when it is cyclic, may contain one or
nore hetero-atons). Such groups of the upper |evel of conceptua

hi erarchy as, for exanple, hydrocarbon residues, aliphatic hydrocarbon
resi dues, al kyl groups, al kenyl groups, aromatic cyclic groups, acyl
groups, amno groups, alkylam no groups, acylamino groups, alkoxy groups,
and al koxycar bonyl groups etc. which are used in this invention are used in
the sense of enbracing both groups of an unsubstituted group and a group

havi ng one Poﬂﬂfe‘ﬁe%ﬁéﬁ?'tlus pbi'Péxﬁzs dﬁb%ﬂvsosﬁl s@eictiabl £ dethylene Broup.

substituted or unsubstit uted drocar on-residue containing 1 through 6

' carbon at ongndritie sbEbituent aif ‘u’ml amldasub\sm’tgiteddbwemalksds&rmmam sﬂfitahbv not
nmore than 400 which is represented by Y in the general fornula (

ment i oned albbeeSUbeyitiendhahon 8y ik, (@&f@lﬂhtYe isr smae@n%@édmemmened
hydr ocar bon ges idue, when cyclic group, may contaln such het.ero-atons as
oxygen, ni t f *and sulfur etc. in the ring thereof. Though this

hydr ocar bon resi duWhéﬁ%??k’ﬁ%bﬁ’%ht%%dﬁﬁvmw%ts' tél%?fh sthtfcu%&flﬁfvéled to

contain one or nore € vi'ewpolint O

activity. alkyl group as substituent on the po?ltlonjiﬁof the cyclogentanoﬁﬂ!\?linghe
hydr ocar bon resi due 1s an unsu stltuted | phat1 ¢ hydrocarbon residue

may be straijghts swbiahly aymlfwdntmhur@réﬁtluemmn@tf&ﬂthwrsxdyscthtu:entAm
exanpl es of the chain or cyclic 2£drocarbon residue of 1 -6 carbo 195%55
tyl,

(1), 21 kol ofbhmpesttiom shomsiny! . Tosthgroupy byt Lne sy Beangaser ieugt
' grou% and al f’?%/e’graﬁu eetsﬁgsmg’HB‘YYﬁ B‘}r%llté %l|3k§,§ %{egﬁgse%gﬁch as cycl ope%tyl .
cyclohexyl, and gl ”H%LO%PO n”Pé(s1lH§g’E'atseﬁls .% Mveh RACHENE Srar bon .

residues are preferre exanp es o he substituted

al i phatic hgﬂéua;mhb@m r@ﬁﬁi@ﬁfte&u@m@m% 086 hytiogehuRidn fpme@ Saturated

preferably 1 nore preferably 1-2 substituents on such

unsubsti t ut en mShjzurat&Hklwm’bcaKhonchimh, ghemds$ bs cyelitei, arwdcmtmn ongyobe
cited. The substituent h?ve no particular restriction, except a group
whi ch depr i Ber¢medepewgo activity of the conpound of this invention.

The total nol eCLgu%B g“r’gﬁ;%héf fettxglp%rglre%?of conceptual hierarchy as, for example,
hydrocarbon resxdues, ‘aliphatic hydrocarbon residues, alkyl -"gr)oups,
alkenyl groups, aromatic cyclic groups, acyl groups;. amino. groups,
alkylamino groups, acylamino groups, alkoxy groups, and alkoxycarbonyl
groups ete. 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, | '
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represented by Y including the substituent is not nore than 400, preferably
not nore than 300, and nore preferably not nore than 150. Exanpl es of
t he substituent are, (i) carboxyl group and groups derived therefrom
(ii) amno group and groups derived therefrom (ii1) hydroxy group and
groups derived therefrom and (iv) hal ogen atons etc. The groups
whi ch are derived fromthe carboxyl group stated in (i) above include (1)

al dehyde groups obtained by reducing the carboxyl group and (2) groups

resul ting from diiear i he nhydrocarbotat reddibe isarpxuhsubstitutedd aliphatidrile
group obtained by further oxidizing the am de group, for exanple. As the

carboxyl gr budrapadbomeregidups Herniayedet abrmghbmhaunchbmtméprmurat@d,as
e TR 0L e SRS e ™
fo o " FerbS e PERD ﬁ%ﬁt@é%Ilmé?or\@ﬁ%ﬁﬁﬁaﬁ@é@ﬁ&stm& gropv1,
oo bt o ER18NRRYSL Uky L SASTRRINS oby] 0o BE0R At Oy M2
t hrough 6 calb@matglfmpm/eu@}haﬁwmblegmuipﬁndtamyﬂgrmrp@trc mﬂ'(%rmboaﬂkﬁl

t hrough 20carbon atons which nay be substituted). The hgdrocarbon ﬁesidueof
1 t hr ough egﬁwmc&wmpmtmwméobeme andl prmeretdgmo gteusay beicited i s

Y, SR Tk

hydr ocar bon T EEAIRT Gt fE Bt i phr ot B0REI b, STk RhoRY,°

o e e
b tfi‘tﬁ@ed by qc] Pﬁé{)&iﬁﬂﬂa LY aftl fg%g Yroferaianoyl-2

pent anoyl , hept anoy heptadecanoy nzoyl , enzoy etc.

The hydr ocastiestiteenihuencsuch uﬂimxbts@httﬂiédC@lrlmF aeltk@nymbprcycshbogzmpscas he ..
|

car bonyl group nay be chai.n, branched, or cyclic and be substituted. In
t hese gr oupsentioped gabtws msty bet leibedsh 6Tlenrsubst btusnt ha*ee paef pardiiculamcyi
?nr)g? ps of 1.t rrollé%mn, %:?cr:e% na%',tr%{{g which ’H%meer-Sﬁfsh% ggelcaimgctal%%yy | of f1ie’P ks
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 ar.e derived from the éarboxyl group stated in (i)
~ above include (1) aldehyde groups obtained by reducing the carboxyl group
and { 2) groups resultmg from estemfymg 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 -OB, (wherein B, is a hydrocarbon residue of 1 through 6 carbon
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preferable. The substituent nay be the sane as those already descri bed
wWth respect to the aliphatic hydrocarbon residue. As the am no group
or the group derived fromthe amno group in (ii) nmentioned above, (1)

am no groups, nono or di-substituted am no groups represented by the
general fornula -NR6R6 (wherein R5 and R6 may be identical or different and
are each a hydrogen atom an alkyl group of 1 through 6 carbon atons which
may be substituted, or an acyl group of 1 - 20 carbon atons which may be

subst i t ut edat@msdyvhidiZiay be subbtbtudedhpradt anduddt biuted orosilsal tetedodminve

am no group may be cited. The specified exanples of R5 and R6 are the sane-
as those al gecipyrepresentied by ribepgenerad fremaled ofi4-NR,R, (wheFein §5 angR,cane ved

fromthe hydroxyl .grqup in (iii) mentioned above ipcluyde the groups, which
are obt aj nebi'“gi}’e&ﬂ?g(’!ﬁqat@élﬁdmge&c%%i&ihale)‘fylt Bloup of 1 through 6 carhonatons

20 r h..O . [y € | e, e | u i ch
S represen‘tv}(ra%%b@é%/r}fg %@%&?5§€@ér%§%§ Oq;cy}(%‘?)%?\léﬁ?g}ﬁ'o@l ??E%ﬂ{oglygﬁg}ggr bon
residue of ghitchriohe i to ' d I
group of 1 thlr ough 20522%%&;?0%%\5% Wgaeg%bdgq;%gggﬂfwﬁgb@h %@am '
hydr ocar bonatomsi whizchomay havaeoyie gr aopei subBYituenés sian®, ds theossmelasetht
mentioned with respect to the group represented by Y may be cited. T
The hal ogentidicdnkas heen abreaay slesaribed widhi respeeth doihergnesp dwepresented by

Typi cal ex |l es of the substituent .in these aliphatic hydrocarbon .residue -
of 1 through 6 carbon atons are carboxyl, an al koxycarbonyl of 1 through 4

al ogen subst | ¢ SR ke RN BT ®tugh | SRAU atpBTIL RO R Rilne he s 1 .

the  acyl agd BRose ﬂh‘é&lﬁi}’cite@ﬁ»ﬁ'ﬂﬂ?esp lefb Fl%@ti%iep}gaftﬁé Bhbfé%dh‘?bo? @8idue.

trifluoroacetylamno etc. are prefera oxycar bonyl groups,

groups suchlhesacet goeypsaobdnyhrough Rk yarbonombons i Bpend Garinodwde acetyd, .
al I yl oxycar bonyl,.etc. %e preferable, . . Wen the; hydrocarbon residue of .
1 through 61098y Kdn ORtigibalegennacatyimbreniopnt obubanerl, pentenasls heptanoyl,

car bon oY oo BERFA ST, B e RO B e e SR oo
DR ooyt R L ket DALY A K Aot o SRR £
may be chain, branched, or cyclic and may be substituted. In these groups, -

- acyl groups of 1 through 6 carbon atoms are 'preferable,'_'acyl groubs of 1
through 3 carbon atoms are more preferabzle; and ‘acetyl group is most
preferable. The substituent may be the same as those already described
with respect to the aliphatic hydrocarbon residue. | |

As the amino gfoup 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 By are the same as those already cited with respect to B, and R,.

The groups derived from the hydroxyl group in ( iii) mentioned abov.e
include the groups which are obtained by alkylation or acylation of the
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substituent are the aliphatic hydrocarbon residues of 1 through 6 carbon

atons and the sane substituent used in Y nentioned above. Pref erably,
the group represented by Y is an al kyl group having 1 through 4 carbon
atons and containing one or two substituents. The substituent is selected

fromthe group consisting of (i) carboxyl group or al koxycarbonyl groups,
(i) amno group or acylam no groups, and (iii) hydroxyl group or al koxy
groups. Wien there are two substituents in the alkyl group, they may be

i dentical whytirenyldigroapenforf rexmpben oﬁ'h@rexamﬁiset be thd ketioups owthichanis
"acyl group” which are nentioned _in these groups

| f reﬁml Ead rhyatiye aesenalbﬁm'rx]wﬁq Qfe‘%g@hﬁéﬁm By st hydrasarhen i
EX .
aaer 1t by oabhLaste: a7 ot HE U 6 L rBeR meRes WhEtt ey e Suey bt ol A BRI D

hexoxy, _and ggbhy 'Y, Shouah 0 oBIShes Bilelwi{i°HaP helolibauahaj, canaome o

may be cite I'e exanpl es of group representéd by Y are as

follows: 2-hedhwarbbiesidwior Chehueyloxyeihih Ky ouhe é’amnwdﬂ'xbba'lalgemdbp
2-acetyl - am noethyl group, 3-hydroxypropyl group, 3-carboxypropyl

group, 3- menhmn;edawitdmyespenmyto theognmup represenbed- 17y Jcemay dei eidiediay |
group, 2- carboxy-2-am noethyl group, 2-car boxlxgmz trifluoroacetyl .
ani noet hyl gr oud‘hezhmla}gbn@tomswmlade@depim Abwrige, gnddomine %ete..

3 gf LQ%ZS?LS?,SJ‘ 23@2 Xllg{},l, Bn@’(? %gqta %Lﬁt)ﬁlgﬂtj Inythese aliphatic hydrocarbon
pr opoxycar bagyl - et g&@ﬁgﬂ%eg%oy%@gﬁ& BhIDOhILY 6" PRBKY e BERL ¥E o

am noet hyl group, an group exanpl es of X

in the genethbrodgh Mfadbod )e;t&ns Oamflfa O#in S@?la%ﬁﬁo itef ehabigh 2nvarbopiatons s

‘nmost general . Preferred exarrp és of the group represented by -X-Y. in
t he general h&bwgam-aul(st)ltate}i aoy Hmipt tafi b thirought ¢ earben mdomsy and lvyhhrony.nny
have one or _.two substituents, an alkylsulfinyl of -1 to 4 cartion at ons i ch
may have onédllor theo SQBLaBINgenBEOURS al SRAUBSI f GHCh oRS 1 eeewlamingn 88bns

whi oh oy nabetBREoRfeth B R Eta RS taRd B ol e ali0srrtoty] Hofifnon
at oms vhi chgpRipd12en o8 MthbYFeatiBL, ' ¥iflreaPBth " bAKIL TR " o7
: allyloxycarbonyl etc. are preferable.,

When the hydrocarbon 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 cychc hydrocarbons of b or 6
carbon atoms. Those examples are phenyl, pyridyl, _pymm_ldyl, 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 other. As
the alkyl group” and *acyl group” which are mentioned in these groups,
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substituents on the ring thereof and pyrimdinylthio having one or two
substituents on the ring thereof. Mre preferable exanples thereof are an
‘al kylthio or al koxy group of two or three carbon atons which have one or
two substituents selected fromthe group consisting of (1) hydroxy, (2) (Cl
- &4) alkoxy, (3) amno, (4) (C1L - C4) acylam no, (5) carboxy, and (6) (Cl1
- C4)- al koxycar bonyl . 22

More preferabl e exanpl es thereof are 2-(carboxy or an al koxycarbonyl of 1

through 3 céhbsy adteady) dé’sdxﬁbemaaprbeaueed/heremovmbhvIcmengae .or Examplesyolyr oup
and 2-(am no or acetylam no)-ethylthio or -ethoxy group :

hydr oxy- et hiphe ral&ogy gz@unfme g?eiu,setmeé @ unsaiarated SE@W ﬁhl@dbave 1

t t
Cheref Lom i kzough & partGERLPR % B HiS; eEboRs STORSE TatPELAPEE: MBS ¢ h
respect 10 BT APEbL UER!,S ahd phelRIAsB0A S BREuDG cERiRSa TR ARSI o

by - CH20R9 'S ’a rogen a om "an‘a gr oup of rough 6
car bon at onpeWhitel, my be substltuted or an acyl group of 1 through 20
carbon atons which may be substltuted) Exanpl es of the aliphatic

hydrocar bon resiPdeersbie exmmpleh of the @oou;awepsesentmi buthY cm‘el 8s Sleddows ut ed-
or unsubstituted, are those h drocarbon reS|dues of, %y h 4, car bon

atons al r eadycaibosrewd sreupns-lpsroxythyl Eﬁwmez‘@mﬂw ied e
P hdependent ALY F o0 ens b RS ERGSY néﬁuﬁscebogmom?hggow o
ﬁﬁﬂb”gaﬁsaﬂ%&d}ﬁ o Torony], UG, DRSGRBRE SHABNRR IRt R P Breufo oy
?LZ“EaKZ‘ymZgﬁ‘f’f’n‘*ﬁdﬁs"ﬁéﬁﬁi?ﬁé‘é’S‘éJ??ﬁ?&b%ﬂ?ﬁ’?ﬁ?pﬁ?i’@?%t%’ Ez*‘ia‘f‘fﬁi"il S%“ZX@
"the acyl gr er%emﬁg-penha@canmslamnmthabcgmups %maﬂmxesaﬂ:ronxk
ot one. ar e nORLAGHEY by SENAD, a'%de%qaq'ygéﬁ”q%% o eéea?éﬁ‘éﬂgumhéai pon.
gerer al T{]grg&%&?zﬁggg%- By FiRth S0 et %@%f&%gmeﬁ-ae byl
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 which pay 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 which nay
have one or two substituents and an alkylamino of 1'to 4 carbon atoms which.
may have one or two substituents, and pyridylthio having one or two
substituents on the ring thereof and pyrimidinylthio having one or.two
substituents on the ring thereof. More prefera_ble 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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are not limted to the typical conpouds. (1) 3-Acetoxynethyl - 2-

[ (2, 3- bi shydr oxypropyl )thionethyl) -cyclo - pentanone (rn)
3- Acetoxynethyl -2- [ (2-acetyl am no-2-carboxyethyl) thio nethyl)

- cycl opent anone (rrr)y 2- [ (2-Acetyl am no-2-car boxyet hyl ) thionet hyl ]
- 3- hydroxy- net hyl cycl opent anone (I'V) 3-Acetoxynethyl-2- [
(2-acety|aninoethyl)thlonethyl ] cyclo- pent anone (V)

3- Acet oxynet hyl - [ (2- hydroxyet )t hi omet hyl ] cycl opent angne

(V1) 3- Hydr oxyrretMgne-IZ‘e efabl (eaxampfa@x geolband Zry(icatboryoryan athexpearhonnl| )

(v omot hyl aq’i"i‘%hromqare{pala&shﬁ FrCaning ot Aok fattio) e Lhy Thip o <oy

g( ﬁ’xﬁ?if X'yiafpgﬁﬁ ﬁgﬁ 'gY{ 0? %pg};l%ll%f(]leimﬁﬂgb] r -ethoxy group, 2-
o YO yRory Rhypti ?%I ?%“Rﬁ”?ﬁ%@?ﬁ?%@%ﬁt R hoxy-

car bonyl cygiropexy groug. (XI') 2- [(2-Acetyl am noet hyl )t hi onet hyl ]
- 3- met hoxycar bonyl cycl o- pent anone

(2- Acet yl ani noeEXagp e$n05 ¢ garboxyl cgneup - my&fx@;g@ﬁumrd@rmdbéb@mfm&dmdz

bent ahone [fztli"’aﬁ'v? Sl QPR TLLEY o iARs sltaa BeSeringipAE ovetaly k] the

" -3-hyd ;
3 hyarowy- oMY SPSnu AN abord @mehgws presented by -CH0%,
et hoxycar “Wf@ﬁ?ﬁo?fﬁtf?fﬂ? n, @) ALY 1 4tQUP e P thvough § barbon atons

(6- et hyl pyri di n-2- yI)thlo 6$bnamo__ cycl opent anone .
which may be substltuted 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
B, has the same meaning as defined above.

More preferred examples of 7 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 Z, 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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24 (1) (2S,3R) - 3-Acet oxynet hyl - 2- [

(2RS) - (2, 3-di hydroxypropyl) thiomethyl ] - cycl opentanone The

typi cal conpounds nenti oned -above are shown in the following table 1 using
the general formula (1). In the formulas, Ac represents acetyl group and
Me represents nmethyl group. GCeneral formula (1) [err]

(1) Table 1 No. X , Y Z
(1) s CH2 CH( OH) CH2OH CH20AC (1) s
CH2C}KIVHAC)CII}{II) 3-AcetoxymeChploge (  (@-htdtylamino-2~caboxyadtind ) Chiio
CH2OH vg CH2 CH2NHAC CH20AC (VI) S
3- Met hoxycatekonld -syelenentangne cH2OH (M1) S CH2 CH( NHAC) COOMe
S e 0 3 COTLBREBTERE ) oG
COOVe 2NHAC XI1) S
o A why1cyclopentalbiéH (XIr)
(IV) —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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CH2CH

(XIrrr)y o CH2CH( OH) CH2OH
25 (XIV) NH CH2CH( NHAc) COOH CH2OH (XV)
S CH2CH( NHAc) COOve - COOwe (Xvl) S

CH20AC The conpound of the

6- Met hyl pyri m di n- 2-yl
present invention contains one or nore asymmetric carbon atom in the ring
of cyclopentanone and in the substitutent thereof. Accordingly, the
present conpound gﬁ‘ni ai {15 al io an optically active substance and racenic
substance. It is Stitab 2558k 13-u‘\bethymeﬁ1yﬂ-20np@upms)s(y’sgq%gﬂﬁo&??mylg_
optically actypuen tance, in t he present specification, the conflguration
of asymmetri ¢ car at omVE 1 eRkANGEe R or S. The conpound whi ch has
S, © or NHfor Xin the formula (1) of this invention can be obtai ned by

causi ng a conpound represented by the follow ng general forrmula (111)

H - Y (17Th9 typicaheoapound efit fonear@ie bbb 36" s 135, bhF1S3NE (IBFL N9

as defined a o‘\l/éaé‘gt&per%act 8V2M th adrs&gtl ve deriva
2- hydr oxynet ky 0 enerad- fymiuday(ist, hyln 8he opii lagt '
sition thereof may bltea%bfﬁgzt gg@ee%@\ﬁgée%‘%eﬁ

th b the |..
ﬁlecgsgg;-y;)mr/gﬁg‘@ggﬁflj&f 591??@?@%8%@&?1 fgrompld a (11) [err].

(rr) General formula (I) : '
QZ\X/Y_ | o o .
, Y
Table {

No. X y -

() 8 ‘CH,CH(OH)CH,0H ' CH,04¢

(11) s CH,CH(NHAc ) COOH CH,0hc

(II1) 'S CH,CH(NHAC)COOH  CH,0H

(1v) s CH,CH,NHAC CH,0Ac

(V) S CH,CH,0H CH,0Ac

(VI) 'S 3-Methoxycarbonyl pyridin-2-yl CHgOH |

VID S CHCH(NHAC)COOMe - cooy -

(VLII) § CHCH(NHAC)COOCH,CH=CH, ©  COOH

(IX) 8 CH,CH(NHA¢ ) COOH COOH

Xy s . CH,CH(NHAc ) COOH ~ COO0Me

(XI) S CH,CH,NHAC | COOMe

(XII) S ° CH,CH,NHAc COOH

(XI11) 0 CH,CH(OH ) CH,0H CH,0H

25



(wherein Z° has the sane neaning as Z, provided that when the group

cont ai ns 26 a functional group,
the functional group nay be protected when necessary)(hereinafter-refer to-
as the reactive derivative ) and optionally renoving the protective group.
When 't he compound of HX2-Y of the general fornula(lll) contains an
asymetric carbon atom the optically active substance thereof can be used
to obtain a corresponding optically active conpound. Any net hod which

is capabl e of cofiddnsiNg t he OHeGH{NHAe@00Kds can be. us€H,0Hor the reaction.
Generally, this éﬂ@Ctlon is carried out in an inert or8anic sol vent under"

mld conditions f or COYEHPHAC)CAOMe: t enper at ur 00N t he range of from
-10 centigrade t ure t oilin of th vent, preferably
bet ween O[err]C:@ﬁﬁ?Q [err]% h%ﬁﬁa Pyl Hﬁ%%ﬁld of t (8@neral for mul a |
(I''l) is a thiol conmpound, the tenperature in the approxi mate range of from
"10[err] Cto 50 [err]C are nore appropriate. The reaction of the conpound

of the general forfhtacdipoundnef ttiee greBeMdiwbntite Gontsidls fdﬁé”bl‘améi'é 1)

may be carried out in equivalent amount. Actually in the reaction, the

conpound of aspmmedener abrbor naom .(Inl | Phenayinge afsmyclop@mammmesmhnnunthe( 1 to
2.mols per one npl ,of the conpound of the general formula(ll), for
exanpl e). substifatenhbhencelwhidsrordiagbin she prasenscoppoundiaeatabneato an

oxi-dat | on Lgﬁ’?ﬂceatiix HRRV0 Siurthnds b8 SehBRDo ARTRRE t 1h Sl Sl ey

Commaunds oFfFRURtOcocul® 163664 48 51 iBIGAIS R HEBSERVES S0P ShES

[err] present specification, the configuration of asymmetric carbon atom 1s
shown as R or S. . o ,

| 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 (1I1) | |

H, - Y (111)

(wherein X, is S, 0, or NH and Y has the same meaning as defined above)
to react with a reactive derivative of'_the'Z-hydroxymethyl group, of a -
2-hydroxymethyl-3-substituted cyclopentahone (the carbonyl group at the
I position thereof may be protected when necessary) represented by the

general formula (11)

(11)

- (vherein Z’ has the same meaning as Z, 'provided'that when the gfoup contains
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27 [err] (V1)

(Vi) (wherein, R10 is a hydrocarbon residue having 1 to 10 carbon atons
such as, for exanple, an al kyl group, an al kenyl group, or aryl group,

whi ch may be substituted or unsubstituted. Wien the substituent is a

- functional group, it may be protected by a protective group when necessary.
Z' has the sane neaning as nentioned above.) The hydrocar bon

d t 0 b R10 t |

hart oal art b 0L igell ERoudn dfen: FHRGE CRMAY: ETOUD S TRB! hec PRGECUhERE any

f th b

ohange. Ac BeCeRREETOreRb AR relet o8 0 B Bhb° sFatEs: edfﬁ%%aﬁﬁ ofpd ™
eyl orouCPERIEy rRYintE Brot BT ORbUS OWikn 11O bilo I T0
‘group may béhegynefaltfoenakatbl Bscontaldearsadyainttriendarbon bben ht’ffﬂmacbbly
resi due nentioned gbove. As exanpl es thereof, hal ogen atons, nitrqQ group,
cyano gr oup&chifg & &lgﬂtag%aber%qﬁwgewpd tootsinia gernespowtingl oabigabihony |

groups of 1 é rou h 9 c rbon atoms and aryl group may be cited. These
groups may B ther singly or in a conbination.

Any method which is capa.ble of condensing the both compounds can be g
used for the reaction. Generally, this reaction is carried out inan m_ert
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 the compoﬁnd'
of the general formula (III) is a thiol compound, the temperéture in fhe'
approximate range of from 10 °C to 60 °C are more appropriate.' The,
reaction of the compound of the general formula (iI) '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 Xﬁto 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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of two or nore nenbers. When the substituent is a functional group, it may
be protected with a protective group. Aryl group and al kenyl group etc.

al so may be cited as the hydrocarbon group of 1-10 carbon atons represented
by R10. For exanple, p-nethylphenyl group etc. nay be cited as a

substituted aryl gr.oup. A preferred exanpl es as the hydrocarbon group
containing 1-10 carbon 28

atons shown as R10 are nethyl group, ethyl group, 2, 3-isopropyl. dene-

di oxypropyl group, and p-nethyl phenyl group may be cited. . Wen Z' is

Is an acyl group of 1 t'roug 20 carbon atons a anyal kyl sighyl group of 1
t hrough 6 carbon atorns a6ljon® 1Y) an al kyl g of 1 tlfough 6 carbon
atoms or a substitut unsygbsti t ut ed. benzyl oup Bt O ugabl @.
Trimethyl silyl group, bqtdeiphenyIsinI grou nd t-butyl di met hyl
silyl group may be cited &s preferable al kyl silyl group. . Any of the .
protective groups for the hydroxy group mentioned above are usable as the
protective group for funct{aonal groups other than hydroxy)group , for
exanpl e, carboxyl group etc.. In the case of ‘an am no group, the sane’
protective groups except alkylsilyl groups are able to be used The term -
"acyl group" as used in the specification hereof is to be construed as
-enbraci ng such al koxycar,bonyl groups as toxy ,carpany| or benzyl ox

car bonyl uni{@Bereimy %AbnéISaﬂn drecar @mrmﬁp.ue ffavmgsf) dRaH) CAEDYY %ms Such

d d h | f la(l , ' h
f‘; ngéﬁm“(nécrg%ﬁée eﬁéﬁwﬁ%bé?mep G SEARLD erdify o Yo B0 Vit (e
,3-Bis ny . . _
3. Acot oxynothy PETBEL Uk AARRAPOREted,  WheH the sibstityent is a functional

[(2,3-isopr @Pwi(lj}b,dfiﬁ%?rggie’@i‘gmd[th(&lﬂyf 2protEdtiyk lerdup whed necysdaryentZinkas

car boxylic aci 2, 3-i sopropyl i denedi oxypropyl) .

sul fonyl met Kjie game3mearsinony aenbiongtcgieivepknt anone (e)
gx%e? E;YLSU@L%L ihéﬂyﬁ%(gcrﬁ%tnglr)e's%du% SonbRiSTIR" 1 XYY 6aszgﬁsa}@ohs shown as By,
is not limited particularly provided that an elimination group is formed,

hydr oxynet hyl group and_so on, the protective g%éuphgor'the hydr oxy group

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. MWhen the substituent is a fu‘ncﬁional'group, it
may be protected with a protective group. Aryl group and alkenyl group
ete. 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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(f) 2-nmethylidene 3-o0xo-1-cycl opentanecarboxylic acid (9)

3- Met hoxycar bonyl - 2- m et hyl i denecyl copent anone The conmpounds (a) and
(b) can be produced as foll ows. 29
[err] The conmpound (a) can be obtained by acetylating

2, 3-bi s- (hydroxynethyl) cycl opentanone and the conpound (b) can be easily
produced by treating the conpound (a) with a base or such a strong basic
am ne as triethyl am ne. The starting raw material, 1i.e.

2, 3- bi s(hydatensrehbwh )as Ry,Clare nethylneheup,i etiyls gbsi n2?34<irs@pmpyr11dene—
Ilteratures and can be p%duced by y?hg ITEPt’hOledI gcl oE?ed i n JP-A-05-1044 or

a.met hod wi dhoxmeplshrg&roupﬁ|ai1dclaﬂned)h$lphhnylegooup maydte cated.soner
(2S,3R) -2, 3-bis xymet hyl ) c Iopentanone can be obt b tj cal
resol ution of o | ySilvdzexyns hkgsgumnném%rébwraﬁwr}é oélroug

the (25, 3R) %tﬁwgﬁ SEbBE T RE ok PRt TouBoRE L baton G on 8 Bad oo
, too. TREkFISTRPL BRSO { ¥fbugH)s CBoR Bt AR IUGRAs 12V ] KB1ky PEFdup -

of 1 through 6 carbon atoms or a substituted or unsubstituted benzyl group
etc. is usable. Trimethyl silyl group, t-butyldiphenyl-si'lyl group, and
t-butyldimethyl silyl group may be cited as preférable 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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30 A conpound (a-1) can be obtained by causing the conpound
(a) to react with thioglycerin in the presence of one equival ent anount of
an al kali thereby deriving a conmpound (I1), then converting the two
hydr oxyl groups of the conmpound (I1) into isopropylidene . Subsequently a
conpound (a- 2) can be obtained by alkali treating the conmpound (a-1)
t hereby renoving the acetyl group. A conpound (a-3) can be obtained by
oxi di zing the sul fdgde of the compoundy(a-2) into sulfone A conmpound (c)
can be produced byjjoxi di zi ng the hydrjpxyl netyl group of tjhe cgonpound (a-3)
in the position & DAgiuced by £ryi ng the
carboxylic acid §f the conmpoun C) The conpoufd ( n be produced
as follows. In th ds, Ac repr ket yl group TB
~represents t-butyldin .
(D)

The compound (a) can be obtained by acetylating 2,3~bis—
(hydroxymethyl) cyclopentanone and the compoimd (b) can be easily produced . - |
by treating.the compound (a) with a base or such_é strong basic amine as
triethylamine. ' | .

The starting raw material, i.e. 2,3~bis(hydroxymethyl) 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. o | |

Optical isomer (2S,3R)~2,3-bis(hydroxymethyl) cyclopentanone can be - .
obtained by optical resolution of optically 'ina.cti\ie one by chfomdtbgraphy
and so on for opticallrgsolutiqn. Furthermore, the compound protected by
acyl group of the (25,3R) form can be obtained by the method diéclpsed in
JP~A-08-231469 , too. | .

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

2 - @

OOH C OOMo . .
(o) : o {d) .
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The conpound (a) is converted into ketal by the conventional nethod of
ketal ation to obtain a conpound (a-4) and the acetoxy group is saponified
to obtain a diol conpound (a-5). Thenono-silylation of the conpound (a-5)
affords a m xture of aconpound (a-6-1) of which the 3 position is silylated
and a conpound (a-6-2) of which the 2 position is silylated. Wen this
mxture is directly acylated, it produces a m xture of a conpound (a-7-1)
and a conpound (a-7-2). The mixture of a conpound (a-7-1) and a conpound
(a-7-2) can be skpagpsmd (2?9 chﬂ%e%’rh@ﬁ'&i“bxrwﬁﬁl%%% RihpSid (&) @6&*@@@5/
The conpound (a-7-1) is separated by this hen, the obtained conpound
(a-7-1) is sapbriioglycerinsii she paesermeoo@@néaeqﬁwalenByamma’yldt amalkabi
hydr oxyl gro%p of the pr oduced conpound%a 6-1), the conpound (e)_ can be
pr oduced. wwgasiradcwpoun@(ébhe han emwnntmg(thel worhydoxih Lraups

boxy| d h f th
comound (2t She ieoRpalift (0 IRES BEBraR LR o, ShosPupniA s Lomboupty Ca-
oovi g TS HIEHE obBh ol I BN (3R0UE Ple tORCIAT(ERL) SRB U eiRYing
conpound.  the aEbtybgmn@@mﬁﬁohnMé— )gc)apreﬂob&mb&%K@%@dmmmrecm&ﬂw the

conpounds (c) and (d) w such an al kali as sodi umhydroxi de etc

The congoun@é’ the tcnmp@mdefw)r &ntmgakqune\/) A Icmlt)mrgmd((aﬂ) )cambeeprommeldtme
?SFFSV:M”nZ i S 1Pk bt baeladoerads ¢ b emphuduberiont %ftiéhfpasgaﬁ%unds
Goner al tor dtiurhg onpabil, GCEAE be Mbelhedd By SRERPHIIRE HBL FREBTT helg e

Met hod for tplfetipy Qgﬁﬂ%mﬁn(@ a conpound having S for X in the general
formula (1) A conpoun haV|ng S for X can be obtained by causing a

mer capt o conpourither epupesnd!t (@) bamﬂobeplgﬂnewlasf;ﬁmlrmws. (Yh! the formulas, Ac
32 (viin) émhereln Y has the sane
meani ng as dePrefsataseotyl smupemtdtTmMSrrepn@eméa&t- w@ldlmethyl silyl group. -

Qe —= €r°
LOA0 .

@ (a~4) {a-6)
o ﬂ . -
Q\OH .- €Z~
J-'-({:Gg';'.BDMS . @ OTBDMS : @ 6 .’C;TBDII.WS
mmnms“ . oz:BDMS' . \ )

(n~6-2) o {0-7-2) _ Q\nms
' - ' OTBDMS:

(®)

81



derivative nmentioned above, preferably a conpound represented by the

general fornmula (IV), (V), or (VI) in water, an al cohol type solvent such
as net hanol, ethanol, or propanol, a water-soluble solvent such as acetone,
tetrahydrofuran, or dinethyl formam de, or a m xture of the solvents

" nentioned above, preferably a water-nethanol nmxed solvent, a water-
acetone m xed solvent, or a water-nethanol -acetone m xed sol vent, adding an
al kali; e.g. an alkali metal hydroxide or an alkali netal salt of a weak
acid such as, foffhexampbund fw} asconverhedrimtd detal dyithe konventionsl pethedsi um
carbonate, or sodiumcarbonate at a ten‘EeraBture in the approxi mate r %e of
from - 10[ er r pEketa katdon & obhainbrenpoynd {azd lswnd deracefort | 4P S{%’Pﬂkﬁ% 0 C

and 50 [err]C. apd femvi,ng a protect v r _When_nece T
conmpounds r eﬁ? ggg%ne*gab?/l ?‘%’@"é‘ﬁ&?g) *f aw&g(mﬁﬁ?@emeﬁ%’&? g“rllndcg)?’r{)sgunds
having a Subgf-fdﬁd%%mi\&tﬂﬁ@gm% a&m/@a-swq 8f YREGH theRbbyiti8HSd1T @tthdor
unsubstituted aliphatic hydrocar Bon mer capt an conpounds of 1-through 6,
preferably 2anhmovgipotndafas8r? podrehioh thebd triosition dndilykatieds i thheadthis
aromati c hydrocarbon épptlo.nall contai ning one qQr two hetero- at(ggg')‘,é_ﬂ{)

r e

mer capt an colbduRasisotivecthy saylatede digpodieessd THRFUIROL Bt GRRPORR e
exanpl es are_al kyl nercapt coptai ni.ng 2 4 hr ough arb 0, '
havi ng one 0@114 %CWBEP(? Rﬁ?éﬂ?@.'oﬁ&\wté@e(ﬂf ?t‘r’@mg%étf ng @beﬁyﬁﬁm -
groups, | owef,a o) ' 9@1{.{ ' S,
am no group, (aé?d 520%9%?%%?@?‘&%@ Bﬂ%tt@g %b@%%éng?g%mggh}éﬁéygr%w WO 0§g§@’g’2n
~atoms of am T goppdundel8T-IYbEd iskpaedew By this alTkyh, Sheéwbtain&h cagydund
group. These substituents may be protected when necessary. As the |ower
al koxy groupés-Tsd uisaseponidfied<at 1scdete satbapoundrianfsl of By mesplajting the =
preferably out 1 through 4, carbon atons y be cited. Generally, the _
nunber of - caRBHRXEl EFOUP Pt ke Rre Ce&r@ﬁ?}?%ﬁm@ﬁg‘%}oy he, comppungd éehiy_p%%e L
33 r%i mate range of 1.to 16. Typi cal exanpl es of the
conpounds re%&g@g ed by the general formula (VII1) include ethyl

I AL PO THRRALEES O parce (VAR e arbo] o
: E for Z° can be obtained by removing the Ac group of the compound (a-7-2)
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 en alkali as sodium hydroxide etc.. a
The compounds of the general formulas (IV);through'(VII) other than .
the ccmpounds.(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 S for X in ﬁhe
general formula (1) o | |
A compound having $ for X can be obtained by cau#ing a mercapto

compound represented by the general formula (VIII)
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mer capt an, nercaptoacetic acid, mercapto propionic acid, nethoxycarbonyl
et hyl ner capt an, am noet hyl nmer capt an, 3- am nopr opyl nmer capt an,
acet yl am noet hyl nercaptan, nethyl am noet hyl nercaptan, 1-acetyl am no-
2-mercapto propionic acid (N-acetyl cysteine), 2-acetylam no-2-nethoxy-
carbonyl ethyl mercaptan (N-acetylcysteine nethyl ester), 2-acetyl

am no- 2-al | yl oxycar bonyl ethyl nercaptan (N-acetylcysteine allyl ester),
3- met hoxycar bonyl - 2- mer eapt opyri dine etc.. (2) Method for the
production of a conpound BR@i-A§ SO ¢YII9Q2 for X in the general formula (1)
This conpound is obtained by oxidation_, accordi

d - he ..
convent i onall vheraigdl bas the semsnaraning e dehijed yeﬂg@ ﬁte‘ngfewﬁé]nfé}teﬂ%@y%l a

having sce P iaySSCRANRRRTAPRTE, ABRretive 2 EmSIRE e hReBT BT Y, .,
“inert sol vegbnefr 164AITR! EV)2 (9] @genAlerh Wrekrocar BRivhedltypsisodent sush as

di chl oronet hane etc. wth sdch an oxidi'zing agent as m chl or oper benzoi c

acid etc.. THsaethayodyrethhnyl ngr @@panol X watearbsalubdd soyventesuchrag adedone,
conpound having S for X with hydrogen peroxide in a,water-sol ubl e solvent

such as acettﬁérﬁbﬁddonPmlhp%'rﬂ%eéhY dornam de e nfie réa diiKBUNes 0 oit"h‘%)a?qliv_ém?f'arl y
or oxi rat RG] 8O, cBrefisabe 4 HatSEBeng Hixdl RIRERG & Sqir' [he
f ti | o, 1 . - L
FUhelTore st BPAIRhRS, oL PR AFL Sk AL At

having O foan’alkalie.gearadkalondtalchydrdxide or an alkali metal salt of a weak
34 This conpound i s obtained generally by allown

1, 1- et hyl enaciidl osyels- ps.ot fan eekanplie oxpotashiin drydsepidest ewdium hYl?ro?iide,

Che gener ai DEASRIIE OOFbInALE) CQRASASLIN CaThORRG: (Slack v EPRDERAER Tl Kol

P eoe <t 5 92195h A2 0ty e d n maint A8 e L
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 a substituent Y mentioned above. More 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 nunber of carbon atoms in the alkyl group or the acyl group is in the
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said al cohol to the al coholate thereof and to renove the protective group
~when necessary. As the inert solvent, a substituted or unsubstituted
hydr ocar bon sol vent havi ng-no reactive group such as hydroxy group is

generally used. Aromatic solvents such as, for exanple, benzene, toluene,
and xylene etc.are used, and benzene is preferably used. The reaction is
carried out generally in the approximate range of fromO [err]C to the
boiling point of the solvent, preferably from20 [err]Cto 90 [err]C
‘The al cohol aperaximpbeimdngé afhé td d6hol of the general fornula (IX)
nment i oned above cap he easilg Eb ai ned by the conven%ional-net o%, fq{ o
exanpl e, by caudVRicahexapdens qogpeunds Tepresandad by dheLone B i%ned

var rae. L SR Seult b ol AupdcBERABED, Bl SRPRPAT, 1
(10, 'subst i téafopenaibe ORRLHAARLRUAAGE! 1080 1ADTAYEE B, CRERRIBHIATE or e

cited. They may be saturat or "unsat'urate atic'or aromati c al cohol s.

The substi t yerdapithn} hereaptohédticatidl @@h@dﬁowﬁb@i@%i@t niefoxpoarbbgd of.

the substituent already cited with respect to the nercapto conpound. :

The typi cal etliydalentaptanpr esenimmbthyl t hemermaptan, 3-aninopaoglx) amercaptamnol ,
et hanol , prop ngl,,butanol, et hyl ene %;XCQ|’ ropylene'glyiol, gl,ycerin,

- 3-acyl am no@'#@a aBinoedhnl mexegntam, neethy taniposystinperoapban 1-acetylamino-

R e
dor | vat i ve Fam R by e P L BT S Bt L e

r epr esent edamino-Pea bigriexypdarbonyiubthyl fiercaptan (N-acetylcystédnblallyl ester),
~{(X) (wherein Y has the sanme neaning as defined above) in an inert solvent, -
under heat $tapthoxycarbohyixi2nmerdaphopprddmaregc. and renmoving a protecti ve

group when nece r As exanpl es of the am ne representedq by the
genef;ﬂ f or mul a?é;) ?ﬁethod for the prora?lct_lson of a. compound havi)ng S0 or gOZ ¥or_r)]( -

in the general formula (I) , |
This compound is obtained by 6xidation according to the
conventional method of the compound having § for X in the general formula
(I) which is obtained as described above. | o
For example, the compound having S0, for X is obtained by oxidizing
 the compound having § 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 combound having SO |
for X is obtained by treating the compdund having § for X with hydrbgen
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 appfdximate range
of -20 *Cto 50 °C, preferably -5 °Cto 10 °C. When the functional group
is protected, the prbtectiou of the protected group is removed when
necessary. | . | o
(3) Method for the production of a compound having 0. for X in the
general formula (I) '
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am nes having substituted or unsubstituted hydrocarbon residues containing
1 through 6 carbon atons may be cited. They may be saturated or unsaturated
al i phatic or aromatic am nes. The substituent may be any of the exanples
already cited with respect to the nercaptan conpound. Al so, the conpounds
of which OHis changed into NH2 , cited above as exanples of the al cohol of
the general formula (1X), can be cited. The configul ati on of the
substituents at the 2 positign and the 3 posjtign g& 2“3-di-zufst%&xted
cycl opent anone ddvisy sorpasadr apr eltained gsperakblygduesdloniggndl 4> LTOLOYACRS, i s

obt ai ned as crd bed, aho be.either_ci,s or;tran 0% M1, I , the
o pans T or m GLERFE RO s tR Y it B G ntn o chBIOATE PRI TARTRIY o1 ¢
W th an aci ! ' ri : f
the goner al Craie Sy REFClonptau® durSerited ehRERHyARL the'REferal HARIRO KDL
Wien obt ai nitoccondensy igahl edt so¥eertonithiiica foohol 2eprysehted by thegeneral
conpound, the optically active conpound can be obtali ned by optical

resol uti on formukehéIXbptically .- inactive conpound by means of the .

chr omat ogr aphy etc. adaptﬁ for ,opti&aﬂ resol ution. The optical resolution
may be conducted in the f I gt.ep ot ¥n a st ep -of internmedi ate thereof.:

The opti cal t hes) + LUS) ' i S
The opt cal (GRURANNY pER RS AIBTE 9 Rttt oyt A8LE SPhARh et
cystacycl i n syt allodtid]l t&ehe'a3654d188, MERIIAIETo ohdvEREBAGEELive group
modi fi cati ons. ynt hesi s of cystacyclin and synthesis of internediate
t her eof : héy 2B S) - 2- 2R)-(2-protected or unprotected

am no- 2- car"“tgo;(;(eet hiﬁr?hi) 0 ] Ere'g hyl) - g ogo- 1- cycl opent anecl?ar boxylic acid

or a phar machs the dnéitysolventpaaubet itaked or uheihsdt tuledyhydrogatibon solment the

Dbti onal |y BROVIRSEY REAOASS EDR FUSHRS IGB0R BIoW JeHeneDRLy isean: AToRREls
o oy e Btentst iR, Yo dagRer bRAARE, WRTLRY,' a KPRRG R Bfe ed"
and benzene is preferably used. The reaction is carried out generally in
the approximate range of from 0 °C to the boiling point of the solvent,
preferably from 20 °C to 90 °C. ' o |
The alcoholate compound of the alcohol of the general formula (1X)
nentioned above can be easily obtained by the conventional method, for
example, by causing the aleohol to react in the rea_é_tion solvent mentioned .
above with an alkali metal hydride such as sodiun hydride or _potaséium |
hydride. | e
As examples of the al,cdhol_represented by the general formula (IX),
- substituted or unsubstituted alcohols of 1 through 6' carbon atoms are cited.
They may be saturated or unsaturated aliphatic or aromatic alcohols. 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, propano_l,'butanol, ethyleﬁe 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
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(XI) (wherein RI11 is the protective group for a hydroxy group and R10
has the sanme neani ng as defined above) or a salt thereof, then selectively

renoving the protective group of the protected hydroxynet hyl

group at the 3

position, next oxidizing the thiomethyl group at the 2 position into a
sul fonyl nethyl group, subsequently oxidizing the hydroxynmethyl group at
the 3 position into carboxyl group thereby obtaining a (2S,

3R) - 3- car boxy-2- sul fonyl net hyl cycl opent anone derivative represented by the

following gefemeshl forgula ((XI 1) [err]

(XI1)

(wherein h?§ t he

sane meani ng as 'He}fs rn@upamtd/ec)anobeaobwmedhesmiarhrad@l ﬁbeaﬁeth()d Of

N-protected-L

_ cys to react with the bta ed derlvatlve 0
t hereof , andiedpip ﬂﬁ?"%erhﬁ'wcﬂ@skmeapr%ﬁ dY§ AETdVRtY represgp{qd;%y the

3R)-3-prote
r epr esent ed

P T e

can be synt hgs Eﬂ( 39 fol | ows. The (2S, 3R)-3-protected.
hydroxynethyl- -thi'omet hyl cycl opentane derivative or the salt thereof is
formed by stirring a (2S, H; 3Rr-2: _ (X)

(wherein Y has the same meaning as detined gbove)
in an inert solvent, under heating and refluxing when necessary, and
removing a protective group when necessary. '

As examples of the amine represented by the general formula (%),
amines having substituted or unsubstituted hydrocarbon ;‘esldues
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 cited. | |

The conflgulatlon of the substltuents at the 2 position and the 3
position of 2,3~ d1-subst1tuted cyclopentanone derivatives represented by
the general formula (I) which is obtained as described above may be either
cis or trans form. Generaily,'the trans fofm is preferred. When this
cyclopentanonéhderi\iatives forms a salt with an acid or a base, the salt
is also comprised. When the compound of the ‘general formula (1) forms a
hydrate, the hydrate is also comprised. _

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
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acyl oxymet hyl - 3- prot ect ed hydr oxynet hyl cycl opent anone represented by the
follow ng general formula (XII1) [err]

(X)) (wherein R11 is the protective group of a hydroxy group and
R11" is an acyl group of 1 through 10 carbon atons and they may be
identical with or different fromeach other) and a nercapto conpound
represented by the general formula (XIV) HS - R10

(XI'V) (wherein R10 has the sanme neaning as defined above) in an inert

sol vent S“C'i'aﬁsmatfe‘i’?al%?%'l%m ' Bfe e pribeBlifOor thy RnbMsienst tysdmayelimnol

et hanol , or propano a’ wat e solvent |ike acetone

t et r ahydr of w:h&ah sﬂrlldbérelbb&ﬁlﬁedrmﬂﬁte@rwamwsam wedif icasiens.,
preferably in a water- acetone m xed solvent-in the, prese £ a bgse such
as an al kal i hydiymthesis oRecxsdacymhinyandsyadiesips aé%’frqmﬁwgﬁ hefgo

| ithium hydroxide or,.an %) al [ a(?fﬁcinf’i—pmteceteﬁm aﬁs'uﬂﬁ}@%tﬁg&'ateﬁnlﬂb E_Ddl um

carbonate,lpref adﬂy d d addi ng
MR e e S i e
poi nt of th‘i‘)géﬁh%&'lbgld%ﬂ?}'era?é?:'elbtﬂﬁtewe@ﬁ‘ltp[‘Eﬁéﬂe@ft o(&dtheyollis: iltem coimpound

r epr esent ed e general fornuta (XI) Is isolated by: concentrating &e :
resul tant rqxroteanveognmpomf dhe emuheegmepulsya@txyilfgnoug) toas beegmntmlze

U e a8, B
hydroxymet h \éC' Ope%'fbge@ SRRy T ey Sitpatt anor?e ﬁ&rﬁfa@&vé REfsBnted 15)‘ thet he

fol |l owi ng c
following general formula (XI)

“Nsr10 (3D

H?»*Olll 1

(wherein R,, is the _protéctive 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 1110
eg 8% (x11)

"toom

general formula (XII)
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(2S, 3R) - 2, 3-
(2S, 3R) - 2, 3-

3R) -2, 3-bis
t he nercapt
followng c
mer capto et
As exanpl es
cycl opent an
mentioned a
1. . (2S

t hi onet hyl ]
[ (2-acetyl a
3R) - 3- Acet o
cycl opent an
(2-hydroxye
3R) - 3-Acet o
39
[(2R-(2-pro
met hyl - 3- ox
protective
accept abl e
hydr oxynet h
general for
functi onal

t hi onet hyl c
formul a(Xl)
protected h
t he protect

bi s(acet oxynet hyl ) cycl opent anone,
bi s(propi onyl oxynet hyl ) cycl opentanone, (2S,

(benzyl oxycar bonyl oxymet hyl ) cycl opent anone. As exanpl es of

o conpound represented by the general formula (XIV), the

onpounds may be cited; Propyl nercaptan, al pha-thioglycerin,

hanol , 2-am no-ethyl nercaptan, and 2-carboxyethyl nercaptan.
of the (2S, 3R)-3-protected hydroxynethyl -2-thi onet hyl

one derivative represented by the general fornmula (XI)
bove, the follow ng cyclopentanone derivatives may be cited.

3Rhe®IACB{00hMT¢hbysam meanfing (&REpf tyed- abdwedr oxygpiseply| thereof,
FER prgggrﬁ %?8{‘{@1,&911) eg%( Zse‘q,ff ?%@%e(?fﬁ{ %ﬁé”%%a{@g derivative
SKTRIY ook, (B obeiRely BRI A TREMSL O B! oot Y]

t hyl )4 hi t -B- lo t 2
cyethyl G5E A5 BKReERa MARRomethy p-{hicaefiylerelopentane
derlvatﬁé eepmdended by thy afdrmeztlmedtgéﬁﬂala”srmﬂa (XI)ora salt
tected or unprotected am no-2-carboxy) ethylthio ]

& Qfﬁfcp@pém amtheaim)as@ e\@\‘fﬂi (cystacyclin when t he

Jar't e ) AR 4TpERe gR)hyérg&g{e@@ezlth%méu%*l%fysffocp%hégﬁ gal

7 d t t b
H PP 080 B SRS T 0,
acploxyatthiyie 3tptedRd Byditfoﬁyxﬁ@ﬁh?@cm%@m&ﬁ@wvépr%sented by the
yclopentanone derivative represented- by the general .
Teblovwingegenebal formika (XdIExt ed when necessary, and the

ly

ydroxynmet hyl group at the 3 position is selectively deprived of

ive group. The renoval of the protective group can be

(wherein B,; is the pretective group of a hydroxy group and Ry is an acyl
group of 1 through 10 carbon atoms and they may be identical with or

- different from each other)

and a mercapto compound represented by the general formula (XIV)

HS - Ry (X | | |
(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 formamide, or a 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
elkali carbonate like potassium carbonate or sodium cai'bonate, preferably
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effected by the conventional nmethod according to the kind of the protective
group. When the protective group is acyl group, for exanple, the
hydrolysis with an acid or an alkali in such a water-sol uble solvent as

met hanol or acetone. Then, the thionethyl group at the 2 position is
oxidized into a sulfoxide nethyl group or sulfonyl nmethyl group to obtain a
(2S, 3R)-3-hydroxynet hyl - 2-sul f oxi de- or sul fonyl - met hyl cycl opent anone
derivative or a salt thereof corresponding to the general formula (XI). The
hydr oxymet hyidd o efuivhter(tk igBRof Jotjrdr ippdroridenindgr adld condidd ons such

sul fonyl - met hyl cycl opent anone derivative is oxidized into_ a carb%@yg group
by .t he convesi i fmaexmmlleooaﬁ a tenperatakeimibamange of viten 8sC %

by the chrom ¢ acid i dation usi Jones re nt e etone SO vent
or by the r@Phehiqimt 2 sRlest |m‘e£ef‘rﬁ%>h§ob9$&}ﬁ‘%’é c&ﬁsé‘itp Ze com d

o i | G S BNl 417 5TSPHIS0 ) P

sul fonyl - metplayd; Ciégl 0 PEAHBANS0 1 1@ €6 Vam \“BBsdqrh Be pue ffdngt biee gmmeant

- formula (XI1) nmentioned above. hen, the derivative Is caused to react

with an N-proneattedte-by chromatography w1th Sephadex or silica gejoor the like.

cystei ne and optjonal | epriv d of the rot |ve ou 0.0 tal
2%)-2- [((2R) - 2-&& ot@t%ﬂ@ egr 8ct éa 'z'&@a Mﬁrwﬁ?rm SP{]

nccept abl SX % Hﬁnﬁrg‘éf’ i i’gpraecsen&&%‘ P»ﬁﬁfﬁs SRR e, P07 e
a0 97O g lﬂég%xf@c@ﬁefwgﬂéy BB S D oL e o
fol l owi ng f|(2&§31‘€)92, 3-bis(acetoxymethyl) cyclopentanone, -
(25, 3R)~2, 3-bis(propionyloxymethyl) cyclopentanone,
(28, 3R)-2,3-bis(benzyloxycarbonyloxymethyl) cyclopentanone.
As examples 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, 8R)-3-Acetoxymethyl-2- ( (2-carboxyethyl)thiomethyl
cyclopentanone ' ) -
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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-hydroxymethyl-2-sulfoxide- 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 oxidationusingaJ ones reagent etc. in aéetone
solvent or by the ruthenium oxidation in a mixed solvent consisting of
carbon tetrachloride, acetonitrile and
water in the presence of sodium metaperiodate (Nal0,) to obtam 8 (28, 3R)
3- carboxy-z-sulfomde- or sulf_onyl-methylcyclopentanone derivatives
represented by the general fofmula (XIT) mentioned above.

Then, the derivative is caused to react with an N-prot‘ected-ﬂL-
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[err] 42 When t he conpound of
the present invention is to be used as neuron differentiation accel erator,
it is admnistered in the formof injections,

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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oral preparations, suppositories, etc., either alone or as a m xture
thereof with pharnmaceutical additives such as excipient(s) or carrier(s).
Any of the pharmaceutical additives which are pharnmaceutically acceptable
ones and which are usually used can be used and proper additives are
determ ned depending on the adm nistration route and the adm nistration
nethod etc.. As a liquid carrier, for exanple, used nmay be water,

al cohol s, animal and vegetable oils and synthetic .oils. As a solid carrier,
used may be, for exanple, saccharide sygh /as nonosacchari de, :

ol i gosacchari de or pol ysacchari de. I he case of injection, it is

general |y desirable toy physi ol ogi cgl.¢salt sol ution, various buffers,
sol utions of sugars s cﬁjgs gl ucose, ipositol and mannitol etc. or glycols
such as ethyl ene glyc I<3progxlene gl ygoJoand Dol yet hyl ene gl ycol . It

may be al so possible that the conmpound @i %ﬁe present invention is.
4 appropri ate sol vent for

di ssol ved, prior to tRe aqpiffistratio
||tr@ nous adm ni stration such as

injection (for exanpl ey ax iggid for
i ol sapy. t| on, a glucose solution, an

sterilized water, phyg
el ectrolyte solution §r a# amno acid utlon) together wi th .an exci pi ent

such as a sugar, .nple ‘inositol, mannitol, ose mannose, maltose
or sucrose, or an am\pgJdacid, for exanplke phenylalan§? The cont ent
of this conmpound in the pharnmaceutical sjis usually i &the

grange fromo0. 1
to 100% by wei ght, preferably from1 toe[98% by melgh H%ugh it varies
dependi ng on the phar euticals. In the case of an in} ion, for exanple,.
the content of the actifjve ingredient is ysually in thg range from0.1 to

30% by weight, preferally from1l to wei'ght. Wex oral |y~ .

adm ni stered, the conmpound is fornmulQted together mﬁth‘?h&)abqﬁe ment i oned
solid or liquid carrjer(s).into table caggules 8etc“4 The

43 conposﬂﬂlon generally c nta|ns~the activ YJredient. in the

of the patient, the urpose of the t t nL; etc. The therapeutlc dose -
gg'b)quroml 10 rrg/kg day

range from5 to 10086 by wei ght prefe y fPom 250t Do by meight. :

The dose may be dete ed dependi ng Gm ge bodyMwei ght and conditions’
ea

is generally in the WA

\'\

O i . o l.ﬁ )
: : 0\/ :
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parenteral ly adm nistered, and from2 to 500 ng/kg. day when orally

adm ni st er ed. Al'l the conmpounds of the present invention are -
characterized by having a low toxicity and showing only a small accunulated
toxicity when continuously adm nistered. Wen intraperitoneally
adm ni stered at once to a nouse in a dose of 500 ng/kg, the conmpound of the
present invention shows no synptom of toxicity. Now, the physi ol ogi cal
activity of 2,3-di-substituted cycl opentanone derivatives of the general

formia (1) of t%@n'@e%ﬂg&ﬂn&“o’f' tlﬁf‘gf&‘éﬁg DAY A i@ toBé ue¥d Y ReuronTest

Exanple - Activity conpoun present invention to el ongate
neuroi d apoplyBfeveathitiBeat2ehaiakor, it is Beimetmmdnih tife form qf Agjentions,

i'nvention was assayed by norphol ogi cal , change in_accordance wth the method
of Green et @ral [preaparatEonsNesuppositorins, € C-pagbth%BalmBOy]as a mixfyrey

Dul b di d E | t t t al
ser um and L0SUGGIG WbATREHBRAFR o tioE SHICAs kOB ro it enl €T
f 10000 I

mul i pl at Eeuh@er @%ééﬁ%ﬁ@oﬁ%ﬂvﬁﬁﬂ?%r*ﬁ*}%*‘fﬁ&%*%%?fﬁlxg%ﬁﬁgtfﬂe
conpound Msoﬁ@@%dtﬂliﬁchear@uishul ubé@tdanab@' usefitaipt apebpey bditdves fare one_
day. At the end of the stan , cultured broth was

m cr oscopi catléferuined dependlngxmmthe aﬂmnmtsdbmbnonal‘outlaamgbthe admzmtaa‘wemn t,

the mni mum ef fective doses (MED, ug/ w th which

44 m@%%mﬁ&hh&ﬁlﬁ@@&@@mf@ﬁg&@mm,dnseﬁaarBpa%%c@scgl}gl%f
the PC 12 cel] iMe& S08EnES ol [ al P by iMeRee S84 2 a%‘i‘i‘ﬁ carri eqb'vfse%l nay

be, for example, saccharide such as monosaccharlde, 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 such as ethylene glycol,
. propylene glycol and polyethylene glycol. | o
| It may be also possible that the compound of the present 1nvent10n
is dissolved, prior to the admmlstratlon, in a appropriate _so_lvent 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, mannose, naltose
or sucrose, or an amino acid, for example phenylalamne o
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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M ni mum ef fecti ve dose to induce el ongation neuroid apophysises of PC 12
' I

cells
0. 39
0.78
VI
1.56
Xl

Conmpound No. MED (ug/ m)
|1 0. 39 I 111
|V 0. 39 . Vv
- 0.20 VI | ' 1.56 Vi
X 3.13 : X
0. 39 ' Xl | 1. 56 X

0.78 Exarrmo«m@osmoﬁ%nfe@hiwfvcagaafiﬁgrﬂab%ﬁ@e qﬁgﬁédlb@t tiAether esget from 5

.invention specifically are not 1ntended

I nventi on.

he scope of this
toEL00% by waight, preferéblyddron GE tmﬂS%tbyamsxghi:acet oxyrret hyl -

'[ (2 3- di hydrox pr dpyI )thionethyl ], cycl oper&t,anone {w eoub dy waght and

trans 2,3-bis
Tr ans- 2, 3- bi

di ssol ved [ nt ﬁqudo%ril

ppe may be defiorpings depending o t

%ﬁm‘h‘% 8. RYe) DePeRbpo Rt RaREStes OFo BS Dbaiibdlioc s T

1% the R5EAGHeELMRE Toi ZD0aMYIKE! Iddsa whep

at cool. And s stlrredth ro%tenperature for four hours.
par‘enterally admmistered, and from 2 to 500 ng/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 phy_siological activity of 2, Sf-di-'substi_tuted cyclopentanone
derivatives of the general formula (I) of this invention will be shown below -

by a test example.

0.78
|1
0. 39
|1

2-

m_ )

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)]. o

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 morphological change.

As a result, the minimum effective doses (MED, ug/ml) with which each -
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reacti on solution was concentrated under a reduced pressure. The residue
was added water (100 ml) and extracted three tinmes with ethyl acetate (70
m ). The ethyl acetate |ayer waswashed w th saturated sodi um chl oride
solution (100 nm) and dried over anhydrous sodium sul fate, and concentr ated
under a reduced pressure to obtain a residue. The residue was purified by

silica gel colum chromatography (250 m, chloroform:  -methanol = 50 :1) to
obtain the conpound (a) (4.89 g, 21.4 mmol, yield 83.4%. 1H NWVR
(200 MHz, CIxE Bhe compounds 1nduce|tieafllbhgaﬂ1056)f -nelird R priddesyus &f @Be PGHZme112. 08
(3H, s), 04 - 2.31 (3H, 2.35 - 2.55 (2H, m,

4.14 - 4.26 WeX\, fmnd4aa7the ﬁohbwqmﬂTabie 2 shom (FAB, POS) nfz: 229 (M +
H[err] The raw material trans-2, 3-bi s(hydroxynet hyl ) - cyclopentanone

was obtained by firstly protecting the ketone noiety of trans-2, 3-
bls(nethoxycqrgqu )-cycl opentanone [W L. Wite, P.B. Anzeveno and F.
Tohnson, é} em, 47, 2379 (1982)] ,and then reducing to
hydronethyl group by the general nethod, and renoving the protecting group
of ket one. The nethod for protection of the ketone noiety is, for

exanmpl e, to Mimiwen effeetivetdose tomirducet oldngationaurobd aquphyesllsens o§tPGrd2hy |
ort hof ormat e t he presence of 0.05 equival ent of p-toluenesul phonic acid -
i.n nethanolﬁ“ﬂﬁﬁther al so, the nethod for t he reduction to hydronethyl
group is, for ' : 46 e exanple, to -
reduce with 2 equival ent of I|th|un1alun1nun1hydr|de i n anhydrous -et her
under ice cooling. Th in f ketone noi ety nay be renopved

wi th hydrochl oric aC|gmﬁﬁmggg%ongmg{quggﬁltenperature - (2) :
Production of trans-3-dcetoxynethyl §239 [ (2, 3- dlhydroxy-

11 0.39
111 0.8
Iv o 0.39
V 0.78
VI 0.20
VII 1,56
VI 1.56
X 313
X - 0.39
X1 0,39
XII . 166

X111 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)}

45



propyl)thiomethyl] cycl opentanone [ Conpound (1)] A sol ution of
trans- 2, 3- bi s(acet oxynet hyl ) - cycl opent anone (Conpound (a)] (18.72 g, 81.8
mmol s) in acetone (160 nl)was added to al pha- thioglycerin (8.7 g, 81.8
mol s), and stirred at roomtenperature for 20 mnutes.  The reaction

sol ution was concentrated under a reduced pressure to obtain a residue.
The residue was dissolved in nethanol and added silica gel (100g), and

t hen dried under the reduced pressure. The dry residue was purified with
silica gel col umilghromat ogrRnedycki®zno m of di cirensnde8hbisdacetasynabinl)= 20

05, 8oy | CICIoBERAARORL0G COOTERRE) | o [err] : 156 179
gjlf*’ g g77g3§‘5$_ﬁs zzs%s(hﬁx%‘}ymewl Mﬂogen;agﬁ{é‘ @og-z%?vm@,gmggﬂ
PCS) f z: 2751§§M'I¢ed")1§xef§ﬂ}ﬂydr0@<gﬁﬁéi‘§ng (20 nﬁr)Odéfﬁt é&H&dOBCSPfGJBMBFHrﬁHé (oY

anot her met hod uction

Trans- 3- (acenbxy} rebhy! ﬂadrﬂﬁim stirred at! mmrﬁemp@mw&f@wmd Hoory. The
Trans- 2, 3- bi s(acet oxynet hyl.) - cycl ogent anone [ Conpound(a)]- (2350 ng, 10.3

nmrol s) was dmwd»nomomtmtwmymwn rafred(@slenis) re décpressmehyThmHeS‘ldu(ez 87

m) to the sol ut and r ed for one The reactio ol utjon was
concent r at ed"dhad 3@@#&%&380@ @A@xtm‘cea 1%E@er’r’1"1)me“i/a‘§1th &ysl acetate :

ac etate (20 W’ﬁiﬂ? @]ﬁm u%@tﬁ’é”ﬁﬁ@%ﬁ&é&éﬁ%%& #egasto@p\ifp éﬂl 03&3?4 um

chloride sol éBl'ugi‘oﬁ ?POUT%I)) a!gi ABLdVVeh a ?Qﬁédﬁﬁpéull '&%é‘onc@ ted
concentrated un uce pressure O obtarn res e resi ue was
- purified by widercmreduced pressure to obtain a residue. The residue was purified by
silica gel column chromatography (250 ml, chloroform :-methanol =60 : 1)

to obtain the compound (a) (4.89 g, 21.4 mmol, yield 83.4%).

'H-NMR (200 MHz, CDCI,) o -
§ -1 1.56 - 1.8 (1H, w), 2.03 (3H,m), 2.08 (38, s),
2.04 - 2.31 (34, m), 2.36 - 2.55 (2H, m),
4.14 - 4.28 (2H, m), 4.27 - 4.43 (24, n)
MS (FAB, POS) m/z: 229 (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 protectlng 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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gel colum chromat ography (40m , hexane : ethyl acetate = 4 :1) to obtain

t he conmpound (b) (1575mg, 9.37 mmol, yield 91%. 1H NWR (60
MHz, CDd 3) [err] :1.48 - 1.81 (1H, m, 2.10 (3H,s), 2.16-

2.73 (3H m, 2.73 - 3.40 (1H m, 4.00 - 4.31 (2H, m,
5.34 (1H, d, J = 3 Hz), 6.15 (1H, d, ' J = 3 Hz) \Y%S;
(FAB, POS) m z: 169 (I\/H—|)[err] (2) Productlon of the conpound (I).

A solution - acet oxynget h 2- et hyl i dene- cycl opent anone  (Conpound
(b)] (1780 W@mpim 5‘@ medues “with aéeﬂ@lﬂ@a@w al) ladkivgde wnltn@m hydride in

Cemper at ur o. RO DUt EERG RIS GRcrpalans o Fo S ERE e ot RSty
(isoo' m, 5 B IFEM b SyPial LI, o' ot g ptfoutte.

trans-3-acetoxynethyl-2- [ (2-acetyl- am no-2-carboxy-ethyl)thionethyl]
-cycl opent anone [Corrpound (rr)] A sol ution of

trans- 2, 3- bi s(acéZbX)Prmdmyﬂl)mcym:ﬂ omeﬂmmeaeeﬂowmmwﬁﬂ-( aY] (Z,ZDthgiroﬁyBQQ .
mmol) in acetone S ded to N acetyl - steine (147 ny, 0. 899 '

- mmol ), and tw@mé&%@znﬂwﬁﬂc RoRfiearngle @qmmwnd)( %tl rred at room .

aa e e o A Ba TS, RS LGB N revedoriiomapn Chomponnd oo
(11.80% aque(%% "R4hanply, B, P4hR1E N GREPME {160 'n1)haT dRd Yo dipha-

0
5.9 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 me_fhod.

(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 thg solution, and refluxed for one hour. The reaction
solution was concehtxfated under & reduced préssure. Water .(ZO nl) 'ﬁas .
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1H NMR (200 MHz, DRO) [err] : 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, n), 4.16 - 4.28
(2H, m, 4.29 - 4.38 (1H, m M5 (FAB, NEG nfz: 331 (MH)[err]
Exanple 4 Production of trans-3-acetoxynethyl-2- [ (2-acetyl-

am no-et hyl ) thi onet hyl] cycl opentanone [ Conpound (1V)].
Trans- 2, 3- bi s(acet oxynet hyl ) - cycl opent anone [ Conpound (a)] (205 ng, 0.898
mol ) was di ssolved in acetone (7.2 m ), added N-acetyl -L-cysteam ne-(113

my, 0.948 nmedlded and thésoddtion, hadk extrdeted GhBeertineamdth feéhybacetai &20 room

tenperature for one hour. The reaction solution was concentrated. The
resi due was llﬂﬂrlfled by Sephadex LH20 (11. 80% aqueous net hanol) to obtain

coor sy 0 R HBY) pretlateTaren v Vpshad wifh saburstedsodiun ilonlqegligion

2. ?52' 7§ 313((2?_% ?Hdrﬁsé %ver' an?xgdl(o%fg sga%xg su]sfagfi, (a'gﬁ co&%ex@t}a&g& Jni géﬁ"( 2K,
”) LG ced’%éssd%zto &ﬁﬁlﬁ“ﬁ*f‘%&l@ﬁé] The %gfﬁiieewa@pur]lfled bfreddyed i on

of trans-2- (2-acetyl am no- 2- car boxy- et t hi onet hyl

- 3- hydroxymdiwolmmnlodlpemamomn Gﬂmlpmedamd I:Ie)thyl acetate =4 : 1) to obtain

Tr ans- 3- acet oxynet hyl - % et yl am no- 2- car boxy- et hyl ) - .

t hi onet hyl ] U’@y@ﬂ%}%\hﬂa@wnéi ﬁmoﬁp&uﬁ'ﬁ mnol‘l)]ymdézmn@ 0. 072mml ) was

49 di ssolved in nethanol (0.6 m), added 1N sodi um hydroxi de
under ice cooling, and then stirred for three hours. The reaction solution

was- adj usted to pH 7. %—MW%%W%MW” c acid, and added silica gel (100 |

rrg) t her et o,
§ : 1.48 - 1,81 (iH, m}, 2. 10 (3H,s), 2.16-
273(3H m), 273-340(1H, m),400~431
(ZH m), 5.34 (14, d, J = 3 Hz), 6.16 (1H, d,
= 3 Hz)
MS (FAB, POS) m/z: 169 (M+H)*

(2) Production of the compound .(I ). | -
A solution | of 3-acetoxyme_thyl~2-methy1idene_—cyclopentanone
CCompound (b)) (1780 mg, 10. 59 mmols) in acetone (50 ml) was added to
alpha—thloglycemn (1122 mg,10.59 mmols), stirred overnight at roon
temperature. The reaction solution was concentrated The residue was B
purified by Sephadex LH-20 (300 ml, methanol) to obtain the compound
(I) (1569 mg, 5. 68. mmol, 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 muol) in acetome (7.2 ml) was added to N-acetyl-
L-cysteine (147 mg, 0,899 mmol), and then added 1N-sodium hydroxide (1.8
wl), stirred at room temperature for 15 minutes. The reaction solution -
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concentrated to dryness. The residue was purified by silica gel colum
chromat ography (15 m, butanol : acetic acid : water = 10 : 1 : 1) to

obtain the conmpound (I11) (14.7 ny, yield 69.4%. 1H NMR (200 MHz,
D20) [err] :1.55 1.81 (1H, m, 2.08 (3H,5s), 2.08
- 2.61 (5H, m, 2.85 - 3.18 (4H, m, _ 3.58 - 3.90 (2H, M, 4.56

- 4.69 (1H m Exanple 6 Production of trans-3-acetoxynethyl-2- [
(2- hydroxy- ethyl)thiomethyl] -cycl opentanone [ Conpound .
Trans- 3-acet mwe@mltﬁamhyrhamsxdlwcmwafmwy[Swhﬁémaﬂb?q (13280vg,

0.184 mmol ) was added acetone met hanol - m nd mey cap, hanol
(0.018 ), swueows! methansdm tcembéam Ghe (TOQPO‘ﬁﬁe{hHw&%aﬂge ¥1§§3t$‘g§%

sol ution was concentrated. The residue was purified by silica gel colum
chromat ography (20 m, hexane : ethyl acetate = 1 : 2) to obtain the

d 22 . | | d 48. 69 1H NMR (60 Mz,
(c::ODgpg;m (W [eﬁ?]mxf (%8 m’%“g%z"?'lﬁ m, 1/%8 (3H, s) ( 2.02 -

251 (5H m, 2.52 - % 951(8p41 8D(1H,m),1.59 - 2.60(8H, QRH2.6D(3Ms0L - 4. 18
(2H, m Exanmple 7 Product’i on

trans- 3- hydr oxynet hyl - 2- [ 30%Edhos); 2c% boﬂyl(l(ﬂﬁﬂmbi,nélzlﬁyl')ﬂ%orret hyl ]
cycl opent anone [ Conpound éVI)]

3- acetoxynethyl 2- nethylld Heiﬁ&cﬂdﬁkntﬁﬁﬁn Ii:‘oﬁ]?mund (b)] (60ny,
>0 0.35 1 m), added a sol uti
of 3- 355 THRb) MRS % Soééﬁe‘?m f)-acetone (1), added a sol ution,

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%).. '

H-NHR (200 Mz, CDCL,)
-6t 1.51 - 1.81 (14, m), 2.00 (3H,s), 2.09 (34, s),
2.05 - 2.31 (3H, m), 2.32 - 2,60 (2H, m),
2.61 - 2,75 (2H, m), 2.78 - 3.05 (24, m),
+3.38 - 3.62 (2H, m), 4.08 - 4.35 (2H, m)
MS (FAB, POS) m/z: 288 (M)" |

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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met hoxycar bonyl - 2- ner capt opyri dine (60 ng, 0.357 mmol) in nethanol (2 m),
and then stirred at roomtenperature for 15 hours. The reaction solution
was concentr at ed. The residue was purified by silica gel columm

chromat ography (20m , hexane : ethyl acetate = 2 : 1) to obtain the
condensate (85 ng, yield 70.8% . The obtai ned condensate (5 ng) was

di ssolved in nethanol (1.5 m ), added concentrated-hydrochloric acid
(0.5m ), and then stirred at roomtenperature for two hours. The reaction
sol ution wadlmrice«hunmbéhhno‘ﬂ(@ 6 @3 ) ducdedeldi-pod iuitydrénidsiunden i getoaldngm
chr omat ogr aph , dichl oronethane :nmethanol = 20 :1) to obtain the -

conpound (vm)al (Lgen; stgrred éor thoembpurs. The resetimmspbet iopvascotivgted to

[err] :1.52 1 2 3. -.3.66
(3H, rf), 3 191(1) 11%« ﬁﬂlﬂ%m&lomc acid, aﬁgl\/gdtgl%gqa %31 (Jyoooggffaer%f@,
5.0 Hz, 8.0

o o ik dtéb‘&)entrated to,drgp%s |—|z)@hé thkalr%@ewa%spurﬁléd E?O%ijléglao"%él colum
trans-2- [ cliromadegndphyi(16-1fl, ntthnoly + acet oayid etvbﬂyelr): HBanet Hyl to obtam

- 3- ox0- 1- cycl opent anecar boxylic acid [Co%ound (Vi)]. (1)

Producti on thefcompeundnél Bl)as &4 Sk paetiigld (2,3

i sopropyl i denedi oxy- propyl )t hionethyl] cycl opent anone [Corrpound (a D]

Tr ans- 3- acet oxynet hyl -2- [ (2, 3-di hydroxypropyl)thionethyl ] -

cycl opent anone ﬁpqq?@ gzml) @2] .9 g, 79.27 mol s) was dissolved in
anhydr ous acetone 200m ag d p-toluene sulfonic acid (1.4 g) and

di met hoxy propane §29. 4,86 ) Urgle{Hca)scoplogn@st,and then stirred at room
tenperature for 30 m nutes. The reaction solution was added water (140 m)

and ethyl acetate (2802mM8 - 3fd éﬁﬂue@ﬂs Zéﬁef d8 edi,ugled to pH 7.0 with-

(280 M) - The etnyl Act &t & fayeh Washviberih O HosB ur at ed’ Sodi am

chloride solution (150 nm), dried over anhydrous sodiumsulfate, .and then

Example 6 Production of - trans—S-acétbxymethyl-Z-— C (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
etharnol (0.018ml), stirred at room temperature for one hour. The reaction
solution was cgnc'entra'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),
(3.67 (28, m), 4.01 - 4.18 (2H, m)

an.mpl'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,

b0



concentrated under a reduced pressure to obtain the conpound (a-1) (23.34

g, 73,87 mmols, yield 93.2%. 1H NWVR (200 WHz, CDO 3) | [err]:
1.35 (3H, s), 1.42 (3H, s), 1.50 - 1.76 (1H, m, ~2.08 (3H, m,
2.10 - 2.96 (9H, m, 3.65 - 3.74 (1H, m, 4.05 - 4.18 (2H, m,
4.18 - 4.29 (2H, m M5 (FAB, PQS) niz: 317 (NMFD[err] (2)
Production of t rans- 3- hydr oxynet hyl - [ (2,3

|sopropyl|dened|oxypropyl)thlonethyl] cyclopentanone [Cbnpound (a-2)] .
Tr ans- 3- acetloR§Traminll}- Ras dissolve®.if- hespnepyl i midnedidody r spiudion of 3-

t hi omet hyl ] cyc)] opent anone [ Conpound (a (1097mgy, 3.47mmol s) obtained in
above. descr k0 h@rﬁflcrzsrmcaﬁbpnymdrmeh&@ag o 1d daere thanelotd wikn »

hyd id 4 d d d.,a

REATER W gy S ggzwua& e A

IN- hyd hi d d
B o i T ?hzbs@mg}due,

and ext ract etiroiategraphyed 20l ,h hekhyd ace%th?xl e{ckbatd )= 2 The)ethydbtadet tlie
| ayer was washed with saturated sodi um chl ori de sol ution (10 gg) dried
over anhydr 6Qadensaitend 8umeat Iéleldnaﬂoﬂ%')cenﬂ'haatobtﬂamadecomdemdm mgésme to

obtain a resegedu The resid S e i ca.gel, col um
chr omat ograaws e@@fh mclpﬁfg‘lﬂﬁ?ﬁ Phﬂj en nated- QFNQPI%E @%H"’bound
(a 2) (739 69 (7.5
T8 515 afms&ggém rogﬁfxg’n)erature fory o jours. o The reggticn
é ﬁ Eiﬂ 3)}011&1@& vasledhbefibtdtet) . The residue was uti®iad By&i1(Shige Mol dnP2 -
chromatography (20 ml, dichloromethane :methanol = 20 : 1) to obtain the
compound (VI) (9.3 mg, yield 70.8%). |

'E-NMR (60 MHz, CDC1,) ._ .
6 :1.52 - 2.20 (1H, m), 2.18 - 2.70 (5K, n),
3.33 - 3.66 (3H, 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~acety1amino~2-methéxy-'
~ carbonyl-ethyl)thiomethyl) -3-oxo-1-cyclopentanecarboxylic acid =~
(Compound (VII)) . - |
(1) Production  of trans—S—a._r_:‘etoxymeth&l~2~ € (2,3
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 room
temperature for 30 minutes. The reaction solution was added water (140 ml.) |
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J =23.5 13.2 Hz), 3.64 - 3.73 (1H m, 3.76 - 3.91 (2H, m,

4.06 - 4.34 (2H, m M5 ( FAB, PCS) mz: 275 (MrH)[err] (3)
Production of trans-3-hydroxynethyl-2- [(2,3-
isopropylidenedioxypropyl)sulfonylnethyl] cycl opent anone [ Conpound
(a-3)] - Trans- 3- hydroxymet hyl -2- [ (2, 3-i sopropyl i denedi oxypropyl)thio-

met hyl ] cycl opentanone [ Conpound (a-2)] (5140 ng, 18.76mmols) obtained in
above-descri bed %2 was di ssol ved in dichloronmethane(50 n), added

m chl or oper bakétkyl acetate(@80%mul)n &hneua;q,vmouBM&rwas afjusedritopH)7. O|ﬁth

di chl th o,m d I )

Cenper af ur ¢ FORUBRE! st ot pate o iR AR GS I Er s&hh"mtate
filtrat ZOW dij h at.ed
Sodi um car otBis it ut TG HTH NCLARSILRHY hE el A BeioetedSLHAET
separated t hehrbmhb@o%’@idiﬁ(ﬁd ﬂyﬁrdrleaftﬁeﬁ'&h#&‘dﬁﬁﬁédﬂ@m@shme V@ﬁl ’Umhed
W th saturated sodium chloride solution , dried over anhydrous o

sodi um sul facmceaamdatddenndﬂnaemdlmeé@msslmre éio r(ﬂxtamed:hpressure to -obtain a
resi due. The reS|due wa zgarated by siljca gel col chr omat ogr aphy (160
m, hexane : ceMind o Stéz 34 g, 58, g’bm&@l%l ﬁlQ]tde% ound (a-3) (4610 ny,
15.06 mol , yield 80.3% 1H NWMR (200 MHz, CDd 3) [err]. - .
:1.37 (3H, s), 1.46 (3H s) 1.73 - 1.92 (1H, rﬁ,

2.368 4.08 (4%@"% (599 édiz?j:fmﬂ%( ﬁ (gg M. 310 3J4? g3T4 m)7 42 H),
456 - 4.68 (1H m&: 1.30BIMFAD, PUD (BH7's)307,50MH.Igr (i, m),
2.08 (3H, m), 2.10 ~ 2.96 (OH, m),
3.66 - 3.74 (1H, u), 4.05 - 4.18 (2H, m),
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 . N
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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(4) Production of trans-2- [ (2,3-isopropylidenedi oxypropyl)

sul fonyl net hyl ] -3-o0xo-1-cycl opentanecarboxylic acid [Conpound (c)].

Tr ans- 3- hydr oxynet hyl - 2- [ (2, 3-i sopropyl i denedi oxypropyl)

sul fonyl net hyl ] cycl opentanone [ Conpound (a-3)] (2630 ng, 8.59mmmvl)

obtai ned in above-described (3) was dissolved in acetone (150 m ), added
Jones reagent until the color of the solution turned orange. And 2-propanol
was added to the reaction solution until the color turned green under ice
"cooling. The solution was concentrated under a reduced pressure. Water (60
m) was added to the residue, extracted three tinmes with dichl oronethane
(100 m). The HidMRot2PettznéDihyer was washed with saturated sodi um

et I G L T B
6. 08 7 0
T, 0,03 LS. Y1l T8 Wt ToRS gt e el ag, (he next Scep

err] |+ 137 (31 $)J 438 (13.3Hiz)) 3. 64473(733 ¢, 1) . 2,02
(1H, m, 2.22 - 2.65 (3H, 273 32 3H nm, 3.32 - 3.84
(4H, ), 3. z@—(sﬂn fRH, 41)404.(0ﬁl+ 4)r34)(2H4 BY (1H m . . MB

ESI, NEG mz: 31 Production of trans-2 :
-EZ acetylénlno ¥s n&ﬂé I27%tﬁ@ﬁ§thlonethyl | ' [
- 3- 0X0- cyclopentanecarboxyllc aci d. [ Conpound
54 (M1)]. Trans- 2-

[(2, 3- |sopropyl|denedloxypropyl)sulfonylnethyl) - 3- dxo-'~ '
1- cycl opent anecar boxylic acid [ Conpound(c)] (261ng,0.81 mmol) obtained - in

above- descri bg@)( 4roindt Mraoet trans-3hytdeixyae tiptlrg (e(ﬂt,&f {(144.5 ng, 0.81
mmol ) were dissolved in acetone (8 nm ) and nethano ), and added :
isopropyl 1dened10xypropy1 )sulfonylmethyl) cyc lopentanone
(Compound (a-3)) .
Trans-3—hydroxymethy1-2-l { (2, 3~isobro§y1idenedioxypropyl)thio-j.
‘methyl) eyclopentanone (Compound (a-2)) (5140 ng, 18.76mmolﬂs) obtain_ed
in above-described (2) was dissolved in dichloromethane(50 ml), added .
m-chioroperbenzoic acid (80% in purity, 8093mg, 37.32 mmols) im
dichloromethane (80 ml) under ice cooling, and then stirred_at'rooxﬁ
temperature for two .;l-iburs. The reaction solution was filter_ed_.' 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 layer Wgs'
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, CDC_L,) .
d ¢ 1.37 (3, s), 1.46 (3H, s), 1.73 - 1.92 (IH, m),
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IN-sodi um hydroxide (1.62 m) and water (4 ml), and then stirred at room
tenperature for one hour and half. The solution was concentrated. Water (3
m ) was added to the residue, and adjusted to pH 2.0 with 1IN hydrochloric
racid, and then extracted three times with dichloronethane (4 m). The .

di chI oronet hane | ayer was washed with saturated sodi um chloride solution (5
m), then dried over sodiumsulfate, and concentrated to dryness to obtain -
a residue. This residue was purified by silica gel colum chromat ography
(80 ni, di chl or onet hanet . 98ret hat3o(6H, &0, :3.1P ~t(3 éHt{BHn mhe target compound.
Thi s corrpound was dissolved in t hanol (10 gnd w:é[gr (3 m), adjusted .
to pH 6.8 with 1N sodi 3wfithydt I Qﬁd‘iﬂ@n“ él@a ddtly Abhd to dryness to

bt th di It _of th d LI 8 | d 75. 89

TF AR (200 M. D20y 9 % 6.1F, °7°fo1&3 456 L AR ) 2000 (oH ),
2.05 - 2.60 (3H, AR 3.72 (3H, , 4.52 -
4.66 (1H, rr)( MmﬁAﬁFiés)Né'g)%‘é@ g@(ml—b[err] Exarrpl(e 9 °) .

Production of trans-2- [(2-acetyl anm no-2-allyt oxycar bonyl - et hyl
)thiomet hyl] -3-o0x0-1-cycl opent anecar boxylic acid Conpound (VII1I1)].

Trans-2- [ (2, 3-1 éppr oprboiidetiedi Qﬁyptmms#asutf@w’rmhmhdénmoxypropyl)
1-cycl opent ane car boxgl ic acid (Conmpound (c))  (228.6 1rrrcg Q.714 and

N-acet yl - L- cytddfenylmeshyl) -8soxo- ('mﬂomimneqwb@ﬂbll)c aei® Gfemoup q
| gtS room teﬁpe?;te'hgaglgré%ygaféxl‘ﬂﬁ%ﬂgf le'ﬁtas?gct |d% gfﬁxoltl?gg l B cﬁb%r@%f?&’ﬂ
et o R L 08 gt b PR T, ot ”%3 5 mpl) .
- rent ;‘y' aaget ﬁtcﬁatbi‘ﬂé‘d 1}&%0‘0@5@&%%&&"(5?%‘53&&90&%&' iﬁ”a%@’c&ié G%(ﬁﬁl Yddded (5 -
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
dichloronethane (100 ml). The dichloromethane layer was washed with
saturated sodium chloride solution (40 ml), theréafﬁer dried over anhydrous -
sodium 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. ( Compound
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dried over sodiumsulfate to dryness and concentrated to obtain a residue.
This residue was purified by silica gel columm chromatography (50 m,
di chl oronet hane : nethanol = 20 :1) to obtain the conmpound (VII1) (95 ng

yield 38.4%. 1H NWVR (200 MHz, CDCl 3) [err] :1.93 - 2.18 (1H,
m, 2.08 (1.5H, s), 2.11 (1.5H, s), 2.20 - 2.68 (3H, m,

2.69 - 3.18 (6H, m, 4,63 - 4.69 (2H, m, 4.80 - 4.94 (1H, m,
5.23 - 5.44 (2H, m, 5.81 - 6.04 (1H, m, 6.78 (0.5H, d, J =

6.9 Hz), (V11)3 . 6.90 (0.5H, d, J =6.9 Hz), 9.00 (1H brs) MS
‘(ESI, NEG m z; 342 (MH)[err Exarrple 10 Production of trans-2-

[ (2-acetyl am ncTranm&—b éﬂ,%xshpt’()pygudmmdhyx:)]propyl)sulfonylmethyl] ~3-0x0~-
3 0xo-1- c nt anecar boxyl i ¢ acj
of  t14n pept a(z@c@rhog%m@md &&emubd({(c)b%mgsm&ldmﬁ@gh@med

m??of’é? .lncéihc’%wg BEREA () T ap SRR VRE B s L el Sy,
£ 200! ) 018U HPPRLTINNOH 98 ackih (Tl o ettt (7 001 TR U

wWith a Seph&ﬂ%dhhinQﬁdfdaﬂidﬁo%lam@;ﬁt)saﬂﬂewt@ﬁo(‘@mm it then $tirrdd wtdroom sal t.
of the target conpound (I1X) (1 ngy

.56 temperature FonoRe (000 amdzhéllédhe solutlon jas cpncentrated.- Walos ( 1H,
?_ ’302'( ({ﬂ ﬁ%—b mﬂ was added to the re51d0ue, anﬁ adjus tela to pH 22 312 th lfhyczrocgromc
acid, and then extracted three times with dlc_hloromethane (4 ml). The
dichloromethane laﬁrer was vashed with saturated sodium chloride 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 m_etha_ﬁol' (10m1) and water
(3ml), adjusted to pH 6.8 with 1N-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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M5 (FAB, NEG nfz: 302 (MHJ[err] Exanpl e 11 - Production of trans-2-

[ (2-acetyl am no- 2- car boxyl - et hyl )t hi onet hyl ] - 3- net hoxycar bonyl

cycl opent anone [ Conpound (X)]. (1) Production of trans-2-

(2, 3-i sopropylidenedi oxypropyl - sul f onyl net hyl ] - 3- met hoxycar bony!
cycl opent anone[ Conpound (d)]. - Trans- 2-

[ (2, 3-isopropyl i denedi oxypropyl)sul fonyl net hyl ] -3-oxo-
1-cycl opent anecarboxylic acid [Conpound (c)] (160 ng, 0.5 nmml) was -
di ssol ved i aowtbhen(@ mi L5 adtdd Nededimnhpdregidsol(dt42>mlof shizred radt room

until the reaction solution turned yellow, Thereafter, the sol utlon was
concent r at ediemiperatwrer foguenadhoires sThereastion sohutd oaolagt eaneentraiedy &éﬁ%e

hootate = 1 (3B ¥as Shel thor ato, b taf Lo g oAb o g RERY
88. 69 . 3 3

(1 5H/? s) | Pn%wygﬁaé %ﬁ%%me%@et&yb&cetg} gfl enﬁ( é‘)hé é}hirg)ace%ag% |
(3H m, layer Jas wa%h@@ w1t§ s&ﬂux(a?c'éﬁifﬁoduﬁn Eﬁlcrlae%%lﬁ’é%n @ nl), and then
3.77 (3H, s), 8 (1 (2) Pr oducti on

trans- 2- [dr(iﬁd mer )sbdmlmsuﬁ’axtartbcdmhessaaﬂrd/b()ndenbrmteldyth obtaina res1due

- 3- met hoxyc ,lrbonyl .cycl opent apgne

57 his resipdyasugs pprplied; h)brﬁrléﬂa% .g&én@hﬂuany@}r@wt%"m)hbr&ﬁon@ihy| ]

i ssorved | G LRme e BRI D 2obr P Sptelluts fulund SV IR E ude

nol ) di ssolﬁ%g_idlgg 11%5 sodi um hydroxide (0.191 m), and then stirred at

'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—1sopropy11dened10xy— _
propyl )sulfonylmethyl) —3-oxo-1—cyclopentangcarboxyl1c 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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roomtenperature for one hour. The solution was concentrated, and then
purified with Sephadex LH 20 (250 ml, 80% aqueous nethanol) to obtain the

sodium salt of the conpound (X) (60 ng, yield 92.1%. 1H NMR (200
VHz, D20 [err] :1.82 - 2.06 (1H, m, 1.86 (3H, s), 2.00 (3H, s),
2.16 - 2.58 (3H m, 2.62 - 3.20 (6H m, 3.72 (3H, s), 4.30
(1H, m M5 (ESI, NEG nmfz: 316 (MH)[err] Exanpl e 12 Production of
trans-2-(2-acetyl am noethyl) thionmethyl ] -

3- et hoxycar bonyl - cycl opent anone [ Conpound (Xt)]. By using

N-acet yl am no- et the place of the NN acetyl-L-cysteine in
the exanple 11, M&“’@E@@ﬁhﬁz(% was obt ai ned by the sane manner as that
of Exanple 11. 1N [err] :1.89 - 2.08 .
(1H, m. 2.00 (3HO &) I 7R, b8 Vo 200, g, M my, 2,45 - 2.83 (4H,

?)?,H s), 6.15 (1& 8§r32) 66122(%(@)3 m)go%)ﬁszm"?w 611|v|+ﬂi26[err] 578
58 ’ Exanple 4130 (1H, m) Production of trans-2- '
(2-acetyl am noe thiomet hyl ] -3-o0x0-1-cycl opent ane car boxyl ic acid

[ Compound (X1 1) (I)AB, NBGhnB 23 92(@1-§3ety| ami no) ethyl thio ]

met hyl - 3- et hoxycarbonyl

- 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 gcid (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 silica 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),

1.9 - 2,09 (14, w), 2.20 - 2.65 (3H, n),

2.90 ~ 3.24 (3, u), 3.27 - 3.89 (41, m),

3.77 (3, s), 4.18 (1H, m), 4.57 (1K, m).

(2) Production of trams-2- ( (Z-acetylamino-2-carboxyl-
ethyl)thiomethyl) -3-methoxycarbonyl-cyclopentanone (Compound (X)) .
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cycl opent anone [ Conpound (XI)] (60 ng, 0.219 mmol) was dissolved in
nmet hanol (3 ml ), added 3N hydrochloric acid (2 m), stirred at room
tenperature for eight hours and then stirred at 10 C for 15 hours. The
reaction solution-was adjusted to pH 7.0 with 1IN sodi um hydroxi de, and
concentrated until drying. The residue was purified by silica gel colum
chromat ography (20 m, dichl oronethane nethanol =10 :1) to obtain the
conpound (XI'1) (20 ng). 1H- NVR (200 MHz, CD30D) [err]:

1.86 - 2.10 (1HTrahs-2~ 94 (38-i i ; 105 né3l 1) , -2 60 -
3.18 (2H, (17 Trahs-2 94 ((3%81%@%@%’%1%%&0”1) rapﬂgf/% %225,%2@)3) m z:

, 2H, m
258 (M H) [ eitethoxyesabgiyd cyedopentanoner c{éiunpdwnd o)t r dsmg, (. 191mmol) was:

2, 3-di hydr gx I thyl] -3-hyd hyl oA d
T O FRU R 1 e Benia{powon added NavetyT-L-Gystetne (3172 N, bRIPOU"
trans- 2, 3- bi . h 1.1 -, di ho t 3 :
[Cowpound(a@ﬁé?ygag§¥$§ﬁsﬁ£?§%%l%?ﬁgﬁbg§§¥%th@%??f¥ﬁlfgﬁﬁy98ﬁﬁg?%§§§ at
cycl opent angooh Geapertsire afo?) dne hour. The solution was concentrated, and then
Trans-2,3-b|s(acetgégnethyL)fcyclopentanone[Canound(a ] (4980ny, 21.4
mol s) was @usifiledeni thrSephagex bi<2beienk 80D agqigousardbanglyrtaipbtain the
p-tol uenesul fonic acjd (1062 ng) and et hyl ene glyc .8 m, 42.8 mol s),
and ref | ux§88Wmt ﬁaﬁl vt the %Bm%ﬁi gé) Jgﬁtmgat Yh%ll%legét(o the ref |ux
condenser. The reaction solution was concentrated. Thereafter water
(30 M) was added to the residue, extracted three tines with ethyl
acetate(40 m). The ethyl acetate |ayer was washed with saturated sodi um
chl oride solution 59 (30 m),

then dried over 'HeNMBuf2&WIMHai €),0Rnd concentrated to dries to obtain a crude

conpound (a-4 5200 . This crude conpound was di ssol ved in methanol (60
m;rP ;d_de((:l 1N)S(()@i um ﬁ%%-xﬂ:a@ﬁ( u,nm)), g?ﬁr(aa,f b é.d)On{giLtéé; . (e

2.16 - 2.58 (3H, m), 2.62 - 3.20 (6H, m),
3.72 (BH, ), 4.30 (1H, m) o
MS (ESI, NEG) m/z: 316 (M-H)

Example 12 Production of trans-z-(Z-aeet&laminoethyl).thioniethyl_] -
3-methoxycarbonyl-cyclopentanone (Compound (XI)J . _

By using N-acetylamino-ethyl merc_aptﬁn in the place of the N-
acetyl-L-cysteine in the 'example 11, the compound (XI) was obtained by the
salle manner as that of Example 11. | :

'I-NMR (200 MHz, CDCI,) :

6 :1.89 - 2.08 (1H, m), 2.00 (34, s),
2.09 - 2.43 (3H, m), 2.45 - 2.83 (44, m),
2.88 - 8,12 (2H, m), 3.36 - 3.49-(2H, m),

| 3.78 (3, s), 6.16 (1H, brs)
MS (FAB, POS) wm/z: 274 (M)
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and then neutralized with 0.1N hydrochloric acid. The resultant solution
whi ch was added silica gel (15 g) were concentrated to dryness. The residue
was purified by silica gel colum chromatography (200 m, chloroform

met hanol = 20 :1) to obtain the conpound (a-5) (2902 ny). 1H NWVR
(200 MHz, CD30D) [err] : 1.20 - 1.43 (1H, m, 1.68 - 2.22 (5H m,
3.38 - 3.80 (6H, m, 3. 85- 403(4H m (2) Production

of the m xture of trans-3-(t-butyl dimeth

?;I 3é| (iﬁ/ gﬁﬁmmg e1, 13et hﬁtfnﬁ?@g?ﬁﬁmn hSI I o%p&hﬂ*ﬁyl E:y(&r—op@ﬁytlammqe@byrbbund
et hyl enedi ogyi @Xﬁ% y(chéggq‘, ha ﬁrg) undEC({mQQBan (X§1)7..

i oxy- cyel opont AIBRE R pol eV R AT BY TR O et biEh R BB

(t-butyl di meyblydpenkaheney - Ereé Whnd (X1) 3t Fesloeﬂ@,dlmzys a6l PRRBE afwyed veCoimpound
(a-7-2)]. The conpound nol s) obtai ned by the

met god Ff t methanode (8 10l hvasad eci;s.%»ldﬁedrmohl%xmtmdl (:blrmiﬁm eFu(r@gnay I'thjed
I'ZEPI 15" ol SfouBa s ApE £ TERE oGRS mefrek THBrac Rt clith daF olb horiis - ol § o
Festdue. anBeESEOTCHIR SR é@sﬁﬁ%m ol Lo Tt 95Rcki,

di chl or omet RaReentPyesd WRSi] W'T?x? x%gi&ueaﬁda%d%ncéhmg %g?g%éiggﬁebumxpn

(100 n), then dried over so umsu ate entra tarn a
resi due. Thihromedbgraphyal0pnl, fiedobynsthbiea wthagsl antd £y ormdogriapthe

60 hexane ; ethyl acetate= 3:1) to obtain the m xture of
t he corrpounﬁommdngxur)d(zmélg&orrpound (a-6-2) (3450 ny). This mxture
was di ssol ved in dichloromethane (50 nl), added di et hyI am nopyri d| ne (144
ng), acetic anhydride (1.33 m) and pyridi ne

'H-NMR. (200 Mz, CD,0D) |
6: 1.86 - 2.10 (1H, n), 1.94 (3H, s),
2.10 - 2.62 (34, m), 2.60 - 3.18 (2H, m),
3.28 - 3.37 (2H, m) |
M. (FAB, NEG) n/s: 258 (4-H) -

Example 14 Productmn of trans-2- E(Z 3- dlhydroxypropyl)oxy
methyl) -3-hydroxymethyl cyclopentanone (Compound (XIIT)) .
(1) ~ Productionof trans-2,3-bis(acetoxymethyl)- 1,1~ethy1ene~

dioxy-cyclopentane { Compound(a-4)) and trans-2,3-bis(hydroxymethyl)-
1, 1-ethylenedioxy- 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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(1.97 m) under ice cooling, stirred at roomtenperature for two hours. The
reaction solution was concentrated. Thereafter, the residue was purified
by silica gel columm chromatography (300 m, hexane : ethyl acetate = 4 : 1
- 2: 1) to obtain the conpound (a-7-1) (2720 ng, 8.14 mmols) and the
conpound (a-7-2) (884 ng, 3.02 mol s). TLC (Rf, ‘hexane : ethyl acetate
=4 :1) Conmpound(a-7-1) 0.47, Compound(a-7-2) = 0.56
AIH-NWR [(a-7-1), 200 M4z, CDO 3) | [err]: 0.04 (GI&,S), 0 %8.(9H,
s), 1.38 - 138ml}amhenyiried over sodium sulfage, andcarsepbratedyto drigs toshtaly
3.59 (2H, m, 3. 89 , 8 -, 4..22 (2H, : - oj.ation
- of (:orrpounda(ﬁr‘&elfowkalr_tﬂfghﬁ@m?d‘fg)traﬁ@-s cruder@ompound was \dbso1Yed L
3-(t-butyl di S} Y, h) crndin 1= ' I 2
cycl opent anéngF@rﬁp}o{Jén%%) %H)m spﬂ}%&% gﬁ%&‘%@?!ﬁﬂﬁ%ﬁ(}ﬁ%i%?%@Eﬁs’
process desentb@napameal 2ed(WiAR00 1Y, hylirdéh Ioret Skivaghdiresol tead soiutibomanol
(30 m), added 1N Sodi um hydroxide (8.14 m), stirred for 15 m nutes. The -
reaction sombitlwasaddedaiFizaigedd hig)hwerw eopgentanted te dagnessy nderresidue

cool ing, and then ,concentrafed. ter (50, M) was added.to,the.resi due,
SR A ¥ R e by SRR S T3S e
was washed wi turgt ed,;sadi ym chl orid t}omy( then dried over
sodi um sul fﬁegﬂ d"c Ceg&‘ﬂ §g%ac @p@ﬁ@@éﬂl@ {)%'Ml ﬁbﬁcg}%he conpound
(a-6-1,2130 ng, yield 89.6%. . ' 61 -
The conpound (a-6-1, 278 ng, 0.95 mml) was dissolved in pyridine (3 nl) o
under ice cool i rg-Ngidgdo gy ! Czoppride (80[err]l, 0.53 mmol), and stirred ..
for one hour. The reaction solution was concentrated, then wat e%zgsd) _
H

was added, and extd adt.8 +t hi4fe(1H,th),di A8 orkeB2tRHna)( 50361~ 3.80 )
di chl or onet hane_ I ayers.vg%g X\@O%h?gl{’wmt)h .sat ur at epl sodi um th oride so[_utll on

(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-methyl-cyclopentane . { 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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(10 m), then dried over sodiumsulfate, and concentrated to obtain a
residue. The residue was purified by silica gel colum chronatography (20
m , dichl oromethane : nethanol = 60:1) to obtain the conpound (e) (351nyg,

yi el d 99.85% . 1H NWR (60 MHz, CDd 3) [err]: 0.03 (6H, s), 0.19
(9H, s), 1.32 - 2.35 (5H, m, 2.98 (3H, s), 3.59 (2H, m,3.75
- 3.89 (4H, m, ' 4.30 (2H, m (4) Production of trans-2-

[ (2, 3-di hydr oxypropyl oxy) met hyl ] -3- hydroxynet hyl - cycl opent anone [ Conpound
(XI11)]. (230mdpdieramms diebky hadetate=di okbt@obbhinlthewt nbure of i cmpoun

0. 497nmol ) s d ssol d in anh d ous ané n 15 m), added sodi um hydride
(60% i n pur| € CopRayad 5l 5'160% g%éﬂg ture for 30 mnutes and then

2t but 3?&&%?%3&%@9% Qi8GNS i, Atohhangigfyads” AR ot ol 1
cycl opent angy{ mbﬁwmwﬂsbma e (?@Pﬁm aeeléi%ﬂﬂyaﬂde 7120} g Paidene

(5m) was added thereto, then ted and ref [uxed for eight hours. The

reaction sol(dt B'bmlv)/aandaroiw cool img, i stirbed At mbdetenpebyturactomteo (ROrsd ),
ethanol (0.5 m) and water (20 nl), and se arated l.ayers. _Thereafter,
aqueous | aydhewaeadtionhseludion awacSeaomantr ab@t@tf&er(,zcthm yesldpae¥es hyl

acetate | ayer shed Wi th satyrated sodj um chl or utlon (1
then dried OWELTLesPinsbhiceagel @ﬁ@m&oﬂw@m@fwam Jabiintn hakands g g
62 | dug was rifie b Lic 0 (75
m , . dichl or@ﬁﬁ?%&%ea Wﬁe‘tg ddl %A‘@anck? CP@‘%@@%»% 2&?@2’{% ?g%{mﬁﬁ from
(43 mg).  andTHR %%pmaa(?m;? (saSfy,v aco2 imfR§ Nancl (3 m), added p-
t ol uenesul fonic acid (10 , and sti rre at roomtenperature for 15 hours.
The reaction solTi( Q&f,mxmceet}rﬂt edeta’ﬁbe: r463|ﬁ).1e was pur| fied by silica:
" Compound(a~7-1) = 0,47, '
Compound(a-7-2) = 0.56 |
H-NMR  ((a-7-1), 200 MHz, CDCLy)
6: 0.04 (6H s), 0.88 (9H s), 1.38 - 1. 51 (1H, m),
1.69 - 2.18 (5H, m), 2.03 (3H, s), 8.59 (ZH m)
3.89 (4, m), 4.08 - 4.22 (2H, m) -

(3) Isolatioii of compound (a-6-1) and production of traﬁs—
3-(t-butyldimethylsilyloxymethyl)-1,1- ethylenedloxy—Z-mesyloxymethyl)- .
cyclopentane (Compound (e))

The compound (a-7-1) obtained by the process described above (2) (2780
ng, 8.14 mmols) was dissolved in methanol (30 ml), added 1N-Sodium
hydroxide (8.14 ml1), stirred for 16 minutes. The reaction 'solufion was
neutralized with IN bydrochloric acid uhder ice cooling, and then
concentrated. Water (50 ml) was added to the residue, extracted twice with
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 clude compound (a-6-1,2130 mg,
vield 89.6%). ' '
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gel colum chromatography (20 m, dichloronethane : nethanol 20: 1) to

obtain the conpound (XII1) (6.3 ny). 1H NWVR (60 MHz CDO 3)
[err]:1.35 - 2.30 (4H, m, 3.30 - 4.80 (1H m M5 (FAB, POS) mz: 201
(MtH-H2O) [err] Exanple 15 Production of trans-2- [

(2-acetyl am no- 2- met hoxy- carbonylethyl ) thionethyl ] - 3 -

met hoxycar bonyl - 1 - cycl opentanone [ Conpound XV)].

3- Met hoxycar bonyl - 2- met hyl i dene cycl opent anone [corrpound(g)] (3.0nyg,
0.0195 rmmol ) andTh¢ aomponnd (aegst eZ’?‘&mgrpOhS‘J uesl evay 8 Godyed 10497 idine §3vvere
di ssolved in acetonitrile (50 [err]l), 2,2-azabis- is mtyromtrl
(0.1 ny), and ﬂnderd@emoémgeraqd@msylzahlmmd&(80m1eOré&&m skirsed was

o ot ogr el CRORPITot e TRSCAIERAIO bIGHoVE FORGRILTAce: D dﬁ@&ﬁﬁré‘@alb o,
e 2 06 (1 W A eibbed GYIPL with gicnLiBbpnant 307 yPhE0 SEPT)
2-378 - 4.90 d&li'lox‘&newgh%r}:ep\gayelg 388 ?ﬁsﬁféd wﬁh%&g&#@d”%odmm Ch;(r)r%ldg 5061ut10n

Production dff0dinspdithen saiedobver sodiud- s{lIi%.-tapemdl concentrated to obtain a

am no- 2- car boxy- et hyl %t hi omet hyl - ] - 3-0x0-1- cycl oi)ent ane..car boxyl ic ?de

[ Conpound (Ibgplidue. ~ The residue was pur1f1ed by silica gel column chromatography (2
ul, dichloromethane : methanol =60 : 1) to obtain the compound (e) (351mg,

yield 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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(1) Trans-2- [(2-acetyl am no-2-net hoxycarbonyl et hyl)- thionethyl]
- 3-met hoxycar bonyl - 1- cycl opent anone [ Conpound (XV)] (4 ng, 0.012 mml) and

3N hydrochloric acid (1 m) were added thereto, stirred at roomtenperature .

for 18 hours. The reaction solution was neutralized with 1N sodi um

hydr oxi de, and then concentrated to dryness. The residue was purified with

Sephadex LH20 (20 nl, 80% hydrated nmethanol) to obtain the target conpound

(IX)y (1.8 nmg, 0.0051 nmol, yield 43%. 1H NWVR (200 MHz, D20

[ZeZ5 r2]: %.84 pegid@% ﬂdﬂd,puﬁifiaiaﬁzr(ﬁlﬂ%g&%gel cr%lumn chron&tﬁﬁ’&phz GTS(!BH ?n% A '
. - 3.07 (6H , 4. 1H, ) NE

(MH[err] élchlormjthane 2-medhapol de4ﬂa-!31b)@@-qht@%ﬂ@iﬁeqﬂg'@ﬂ@saf@aﬁ%ﬁfﬁg{ £}

acid was d#§%0|vfd i n net hanol, added 1 equival ent wei ght of sodium -

hydr oxi de a ‘aqueous solutlon of sodiumsalt of N-acetyl-cysteine.

The target compond Chnflniee SRhE 12adiBRL3NSRMOAINS(P HF) TR ARK OF-  he

condensati on pr ocedure as necess 1 on.

(3) Trans- anaaeﬁeslﬁmnpddﬂ d(qrm )9>smarstt@vﬁddsw mmy{idﬁipéi‘wﬂur&f@mﬁ hours.

1-cycl opentane carboxylic acid nmpound was di ssolved in_acetone and
added 2 equul&mlmtm ghtut iof was;dommitydtenku reSoduamaspurnifded by silica

3- 1- I d dj

Sa| t of Conlﬁ?gerﬁpmlfﬂ ngmftq%)égphy %% fpﬁl("h %?‘gn?ét ang Imet aInOl ('tgbe SCﬁ {_'UFTI
sodi um( 2, 3-i |dened| Y ulflnate was obt aj ned by the reaction
of them obiRd 3é@y?ml 89§ﬁ§ﬁigfé qU|vaIent wei ght of - sodi um
hydr oxi de were . _ : '

'H-NMR (60 MHz CDC1,)

d: 1.36 - 2.30 (44, m),330~480 (11H, m)
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 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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added to the reaction solution to produce the disodiumsalt of trans-2- [
(2-acetyl am no- 2-carboy-et hyl)-thionmethyl ] -3-o0xo0-1-cyclopentane

carboxylic acid [Conpound (I'X)]. The formation of the sodium
salt of 2-nethylidene-3-0x0-1- cycl opentane carboxylic acid [ Conpound
()] and the sodium (2, 3- isopropylidenedi oxy)propylsulfinate wer e
confirnmed by t he chronmat ogr aphy. Col um: Wakosil-115C 18AR
(trademark), dianeter 4.6, length 250 nm Devel opi ng sol vent: Met hanol
. water : phospmﬁ (@A&plms) n/z: 332 (M) * = 75: 425: 1 Fl ow
rate: 0.8 m/mn Retention tine: Sodi um sal t of .
2- et hyl i dene- 3- oxo- 1- cycl opent ane carboxyllc aci d

[ Conpound ( S Sodi

(2, 3-isopr o&hﬁ@ne‘)%r opy PEQAucE en eoAfb (ﬁso “of trangpen e C ﬁ%ﬁ'aéeir}’ﬂ]ut es

3- aeot oxyroth yP&??%fﬂ?‘*%f‘lﬁ@lﬂ%ﬁfwﬁfﬂp*“Q’EO 317)%¥ﬁ1%t5{}$? i Bhidinone

[ Conpound (XYCM ound (Ix)g Acet oxymet hyl - 2- met hyl i dene- cycl opent anone _
[ compound(b) ] AP 47 mol ) and 2- nercapt o- 6- met hyl pyri m di ne(41

nmy; 0.247 mrml) (vle)r eTrans-Z- 2 acetylammo-Z-methoxycarbonyletl@BI)
di ssol ved in, et hanol ( acet one iﬂ and wat er ando(stl rred

at room t enmpbBiemaihl 3013“!’2@%11%61%1‘13081(111(:'&3'9 pe(ltwnﬁg)tcmwdc{élé{ g
reaction solupi Py PG BPSF RIS fCatld PTS) were AdRia HRersEs, RHikheFY

at room temperature for 18 hours. The reaction solution was neutralized
with IN-sodium hydroxide, and'then concentrated to dfyness The residue
was purified w1th 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-—pk6-1-cycl_opeﬁtane carboxylic acid -was
dissolved in methanol, added 1 equivalent 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 sa;me'
manner of the condensatlon procedure as that of E Example 6 with necessary
modification. '

(3) Trans-2-(2,3~isopropyl idenedioxypropyl_ )sulfqnylmethy1_~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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by col um chromat ography [20 ml, hexane: ethyl acetate 2 :1 ] to obtain
the target conpound, 3-acetoxynet hyl -2- [ (6-nethyl pyrimdin-2-.
yl)thi omet hyl] -cycl opentanone [Conpound (XVI)] (13 ng, yield 17.99%.

1H NMR (200 Hwe, CDd 3) [err]: 1.58 - 1.81 (1H, m, 2.03 - 2.56
(5H m, 2.06 (3H, s), 2.45 (3H s), ' 3.35 - 3.40
(1H, dd, J = 4.43, 14.09Hz), 3.61 - 3.74 (1H, dd, J = 4. 43,
14.09 Hz), 6.84 (1H, d, J = 5.13 Hz), 8.35 (1H, d,

J = 5.13 Hz)methiFkiaienke3-dko-1- cycﬂ’mmgﬁemb@iymsam $-theesokdmeishyt - f
[((2RS) 2, 3- di hydroxypropyl)thiomethyl] -cycl opentanone [Conpound (11")].

A  sol u:j i orcompottnd (i()z]&,r&lﬁ)l}ezsoﬁim éz,aﬁfesmpmpﬁidpmdmwpmmnriﬂt)mﬂcfnaat% w(x;asd
0.56 g, 90.17 t 178

L ohocthf ooicpbatned b5 Bis Taackion1of Wheis) . and second!y. added et hanol

20n d N id 7., t .

Lonperatur e for Tehinecyotine A e Patsh heian At SR R dxiionPe

by the addi tijged %o ¢ r@!@ﬁﬁﬁhé&lugggﬁ%%zd?ﬁaﬁcé Ibcge FAORRR saLe S LUERE-2-

reduced pressure to obtain a resi s residue was disso ved in .

met hanol  (20Q {A-acetylandaodp!  dakdOy-thatipetiomsthel O Thexsel-eytbopantase
concentrated to dryness. The residue was purified by siliica gel colum-
chr omat ogr agay QMGCMCIddlE(Fﬂﬂmﬁmfbt(ﬂK)ﬂs met hanol = 25: 1 - 5: 1) to obtain

gge target CoOMPay 6@1800¥,H§t|h%0[gq£88 }ﬁl salt of %él}ert]IYE_i@@Q:&:p_X?gl'(l_H,
m, 2.07 (3|6|ycf3pen%aﬂg &ﬁ’ﬂox?flc acid [Compound? (]BJ % theMsodum 28~ -

3.60 (2H,

1sopropy11dened10xy)propylsulfmate_ were: conflrmed by the
chromatography. |

Colum: Wakosil-115C 18AR (trademark ), diameter 4.6, length 260 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 -
: 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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.66 - 3.78 (1H, m, 4.21 - 4.34 (2H m M5 (FAB, PQOS) mz: 277

MtH) [ err] Exanpl e 19 Production of (2S, 3R)-3-acetoxynet hyl - 2-

(2RS) - (2, 3- isopropylidenedi oxypropyl )thl onet hyl ] - cycl opent anone [ Conpound
a-1')]. (2S, 3R) - 3- acet oxynet hyl - [ ( .

2RS) - 2, 3-di hydr oxypropyl ) - thionethyl ] -cycl opent anone [conpound(l1')]
,(22.06 g, 79.92 mols) was dissol ved in anhydrous acetone (120 m ), added
p toluenesul fonic acid (1.5 g) and di met hoxypropane (29.46 m, 240 nmol s)

under ice CQﬁlssegveesﬁnmreeHaxﬁﬂ(zqﬂm ta@ermrea(pm?) fand waBermi( hutles. andégterred
(150m ) and ethyl acetate(300m) were added to the reaction solution. The

vat er |ayer atagoomjtesperhatuve dar710® haoirsh aSBh&ﬂr@leﬁZﬁihmebMQSs&ﬂd@dl*im the

sodi um carbonat e, and then extracted twice with ethyl aceta é ‘gsoom a‘
et hyI acet atReachjen sokittinnshad concentrates ta deynssa; urhe megidureRasPiRitdRd (160

dth d d h f
T icand NS SR e RTERE 0T iRt H2hey o BRALEaneeRy Scdhotner >
W t hout t t - o
I N(I\)/lli (ggg'%a ﬂg%%et hé&p%ﬁﬁﬂ),ot‘gﬂia}é:@%xﬂﬂétﬁeﬂ %z}se Engﬁ%tﬂﬁ}ﬁ)’ﬁhm{l %1 )
1.76 (1H, n)yl)tluomethyl) -cgc DipefiBanions) , (Compsund (ZKVQGJ(S(HB 119, Yleld 17.9%).

3.65 -3.74 (1H, m), 4.05 - 4.18 (1H m), . 4.18 - 4.29 (2H ™"
M5 (FAB, PCS) miz: 317 (MrH)[err] 67

P W i e H AR ot SR S T S
(2S,3R) - 3 acet oxyneghyy - %L(ﬁ%ﬂszn? ﬁnl sPRROPY, Egecm,dlhpxypropyl)
2.05 (34, s), 2.456 (3, s),
3,35 - 3.40 (1H, dd, J = 4.43, 14, osnz),_
3.61 - 3.74 (10, dd, J = 4.43, 14.09 Hz),
6.84 (1H, d, J = 5.13 Hz), '
8.35 (1H, d, J = 5.13 Hz)

Example 18 Production of (ZS,3R)-3-_acetoxymethyl-2- E((ZB,S)-Z,S* "

dihydroxypropyl)thiomethyl) —byclopentan_one (Compound (1I’)) .
A solution of (28,3R)~,2,3~bis(acetoxymethyl)-cyclopex;tanbne

Ccompound (2’ ) I (20.56 g, 90.17 miols) in acetone (178 ul) was added
alpha-thioglycerin (9.558 g, 90.17 mmols), and secondly added methanol
(20m1) and aquous IN-Sodium hydroxide (90. 17 nl), and stirred at room
temperature for 40 minutes. The reaction solution waé.adjust'ed topH 7.0
by the addition of IN hydrochloric acid and then concéntrate'd under a
reduced pressure to obtain a residue. This residue was dlssolved in
methanol (200 ml). Silica gel (120 g) added thereto. The solution were
concentrated 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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t hi onet hyl] -cycl opentanone [ Conpound (a-1'") ] , (25.22 g, 79.81 mmol s) was
di ssolved in nethanol (253 nl), added 1N-aqueous solution of sodium

hydr oxi de (50 m ) under ice cooling, stirred at roomtenperature for 18

m nutes. The reaction solution was adjusted to pH 5.8 with 1N hydrochloric
acid under ice cooling, and then concentrated under a reduced pressure to
obtain a residue. Water (50 m) was added thereto ,and extracted three
tinmes with ethyl acetate &ﬁoo Md§. The ethyl acetate |ayer was washed with
sat ur at ed sodluﬂfémmo(ﬂﬂb bJﬁwg i (100 m), dried over anhydrous sodium

| f at dth t bt d
The res due was purri scbby 5174 edigad; %‘?nﬁs‘fﬁ 8 e BB Gy o300 mt
di chl or onet hane : nEt?gﬂ&NR (§g69% bo Q3%Beﬂﬁpn¥g$nd (a123é Eég 67)g
yield 85.3%. : S
R M g R SO
3.76 - 3.91 (2HMSn61‘,AB POS) w/z: 27’D6M+H)4+ 34 (2H m M5 (FAB, PQS)

mz: 275 (MtH)[err] Exanple 21 Production of
(2S,3R) - 3- hydroxynethyl -2-  [. ((2RS)- 2, 3-isopropyl idenedioxypropyl

(58 STk 0 SRS RS i -0
Lo o LS emSEhR TN (-l g g TRLE Dptes |

'aC|(j (80%in DU(ZSA&R)834&%e§0crﬂ%}ﬁﬁﬂ4ZWD|SI i ¢ d|angjpgpgndjﬁﬂ&rdﬁggpépjﬂ)under

ice cooling, and then stirre roomtenperature for one hour

reaction so@M@ﬂ@ﬁlMéls -6 d lnpexe@normetmmpnmd(d s , 48206 2,070 HJummods ) vadi um
hydrogen dissolved in anhydrous acetone (120 m1), added p-toluenesulfonic 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(300ml) 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 was washed with saturated sodium chloride solution (160 ul), and then
dried over anhydrous'éodium sulf&te, and concentrated under a'rpduced
pressure to obtaih-the'cbmpéund (a-1") (24.00 g, yieid:95.0%). ‘Without

purification, this compouhd 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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sulfite solution (6.48 n), a saturated aqueous sol ution of sodium
carbonate (16.2 m), and further water (50 m), and was stirred for 10

m nutes. The m xed sol uti on was separated. The dichl oronet hane | ayer was
washed with saturated sodiumchloride solution (100 m ), dried over
anhydrous sodium sul fate, and then concentrated under a reduced pressure to
obtain a residue. This residue was purified by S|I|ca gel col um
chronatograpig3 (150 nml, hexane : ethyl acetate = to ﬁEﬁa'n t he
conpound ( a-lgepple s’ gPWd@QtGOEBOﬁ%ZS 3R) -3~h¥dm%m9&kﬂ05" (2&Dc23$-
[err] : 1.38 1.99

- 2.76 (6H, g#pr%p@édengh@@(rﬁgpyfi#hmmet%yl}cycioxge@aq&e Eme@guqul(qu Zm)J

510 e am (RISt tenl A (Bhs) 2. B dpprovy ién R gr iy £
(1R 29)-2- [th(lbﬂafwyia Zyclbpatanend ch@ﬁmnél(@xy’pr gpyl(mm‘ gpyﬁmﬂmbw)

-3-0x0-1- cyclopentane carboxylic acid [Conpound

SR) 3- hydr?)wrs:e? lzed [m(M)mqllz(zS:i adpy added danaqueogs solutxon o§ sodium
3
CaaiProny N dnsein CE Y b el oot oo Trao s tiboct sacn Srobetatube or,fh |
so° °0 1&“& 2T Foad ot salifibH AE sl Gogm B wifl W vafoitorie
reaCt'O” sol tlti dbi”l’&@ﬁ: gﬁ‘% and IH&P Jbﬁtfﬁ?e‘&tdrﬂ@rsaoféﬁp'ﬁ:‘é& pi@Ssure to

concentrate I’ are ressure renove acetone ue was

?gggd \r%a; er o(bl;aih i resitde, t Wager Q&Urxﬂqtﬁ‘&b alldd Ehetdtoh, and! extraceediipee
txmes w1’ch ethyl acetate (200 ml). The ethyl acetate layer was washed with
saturated sodium chloride solution (100 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, yleld 85.3%) .

'H-NMR (200 MHz, CDCL) - o
61 1.36 (3, ), 1.43 (3, 5), 1.58 - 1.81 (1, w),
2.00 - 2.8 (9H, m), :
3.02 - 3.11 (1§, dd, J = 3.6 Hz, 13.2 Hz), .
3.64 ~ 3.73 (14, w), 3.76 - 3.1 (2, w),
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-3")) . :

(28, 3R)-3-hydf~oxymethy1-—2-( (ZRS)QZ, 3-isopfopy1 idene—dioxypropyl }-
thiomethyl) ~eyclopentanone (Compound {a-2’ .)] (5.558 g, 20,28 mmols) “was
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di chl oronet hane | ayer was washed with saturated sodi um chl oride solution
(80 m), dried over anhydrous sodium sulfate, and then concentrated under a
reduced pressure to obtain the conpound [compound (c'), 4.59 g, yield
75.7%9 . Wthout purification, this conpound was put to use in the next

st ep. 1H NMR (200 MHz, CDd 3) [err]: 1.37 (3H, s), 1.43
(1.5H, s), 147(1 5H s), 2.02 (1H m, 2.22 - 2.65 (3H m,
2.94 - 3.32 (_3H - 3.84 (4H, 4.19 (1H, n), 4. 40

(1H, brs), 1ssaol(v1ensh Jtmt;hchlorom@h(xm(ar HLJG) addedf-ch Bro-perhenpeic peid 80l e
23 Pr odyct f AR, 2
acet yl amr goug é‘gf 58x§/ y‘;f(ijg]ﬁ )hWé Cﬁ}soﬁgﬂl@ihﬂgﬂ: @Qt%dér 468 s8eling.

(o SO R %w&@%i@ §eBbgratas Ao phi o reabtfhn®S) 2 L
- 3- 0x0- 1- cy@bmra)ham Pﬁrt*é%d{' The @91%&@%%6% (zgsfgbl[\;lx_xeods"s&ﬁuﬂ hybfofh

nmmols] in acetone (1 m ) was added a solution o acetyl -L-cystelne
(2.28 g, 14suhfmean§.mt10n &6 . 48 uebys alasuriteth byasousi dolutiont lodin sodlmml m )
~and water (15 m) élrred at roomtenperature for two hours. ction

sol ution wa§a'6‘2m1@éﬁt 6 @il dand durtharc satey £6Q wrld, and ?’%rﬁ’tﬂﬁ’ée@ Z'Q
S R AR SR A

70 lﬁd‘ (Conpound (I X') sodiumsalt, 200 Mz, D20) [err]:
1.75 - 1.93"¢1 1.98 (3H, s),- 2.08 - 257(3Hm)262-292_

(5H m, satura%e&@oﬂlﬁh cHlorilesoAudion 81600 H¥), 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 (¢’ )) . |

(25, 3R)-3-hydroxymethyl-2~ ({{2RS)-(2,3-isopropylidens-
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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4.30 (1H, dd, J = 4.5, 7.8 Hz)  13C-NMR (50 Mz, D20 [err]  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 VB (FAB, POS) mz: 348 (M+H)[err]

71

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 |
& 1.37 (3, s), 1.43 (L.5H, s), 1.47 (1.5H, 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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CLAIMS 1. A pharnmaceutical conposition conprising a

2,3-di -substituted cycl opentanone derivative represented by the foll ow ng
general formula(l) [err] wherein Xis 0, S, SO SO, or NH
Y is a hydrocarbon residue having 1-6 carbon atons, which is substituted or
unsubstituted, and having the whol e nol ecul ar weight of from 15-400 in the
resi due, and which nmay contain 1 or 2 hetero atons in the ring when the

residue is a cyclic group; and Z is carboxyl group, a group derived
therefromor an aliphatic hydrocar bon residue having 1 to 4 carbon atons
ik i L RIS e e el "
Ergf?wl( 23ag)e('z)yllagly2|%peﬁa7r£ec 3 @Tag} ggc(ﬂl? a%%fcl in), and a

o cl'ai m 1. C%{e?e?ﬁcfﬁéf“’?oﬁp%?ﬂ.‘% PE %82 PO P i Feront ot on of

neurons. 3. The ph@,rg'racﬁgt ddalJ e:o;lrp@sugjﬁ)lﬁzg)j cI al m1l-or 2, wherein Y

in the general fornula-(l) is an al ky roup contai ning 1-6 carbon atons
and having at |east ond 3ubBi, ddenk -—sélg Hzjom the group consisting of
(i) car boxyl group or a group derived ther efrom (i) am no-
group or a group derived therefrom and '

72 BC-NMR (50 Mz, D,0)
& 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) wm/z: 348 (MH)*
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(iii) hydroxy group or a group derived therefrom or pyridino group or
pyrim di nyl group which may have one or nore substituents. 4. The
pharmaceutical conposition of claim3, wherein the substitutent on the
al kyl group having 1-6 carbon atons of Y in the general formula (1) is

(1) carboxyl group or a group shown as -COR1; Rl is
-OR2 or -NR3R4; R2 is a.hydrogen agmmﬁmmnﬁl n residue having 1-6
carbon atons; R3 and R4 are hydrogen atons, "An %al Kyl group having 1-6
~carbon at omgrgiy@n acyl group having 1-20 carbon atons respectively,
(i) amino group or a group derived therefrom, shown as -NRS5R6; R5 and
R6 are hydrogen atons, al kyl group havi ng 1-6 car bon atons or an acyl group
havi ng 1-20 carbon atons respectively, : (1ii) hydr oxy %ro%o or
a group derilved t heAepharmpcetfdnal a@mpmmlomconmrasmgdlaoae%r irewhstatute

Chr bon at ongy C R itanche d¥hixe s eprsis R by dhe FoLvine FotiBLBrRRRAT ) 2

of the general fornula (I) is the group shown as -COR8 or -CH2COR9; and R8
i s independently same as RL, RO is a hydrogen atom an al kyl group having
1-6- carbon atoms or an acyl grouf having 1-20 carbon atons. 5. The
phar maceuti cal conposition of ap¥one of clains 1-4, wherein Z inthe - .
general formula (l) is carboxyl plpYx 2 al koxycarbﬁr*)yl group having 1-6
carbon atons, hydroxynet hyl growp-{or an acyl oxymet hyl group having 1-20
carbon atons. 6. The pharmacedti cal conposition of any.one of clains:
1-5, wherein X in the general fornmula (I) is S, O SO or SQ2. 7. The
pharmaceutical conposition of any one of clains 1-6, wherein X in the
géneral formula (1) is S, Oor SO Y in the general formula (l) is

~2-car boxy- 2-am noet hyl group, 2-car boxy- 2- ( C1- C20) acyl am noet hyl

73 vherein X is 0, S, S0, S0, 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 aliphatic
hydrocarbon residue having 1 to 4 carbon atoms whiéh 1is substifuted or
unsubstituted, - - | o

or a pharmacologlcally acceptable salt thereof,

except for (IR, 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 derivéd therefrom,
(i1)  amino group or a group derived therefrom, and
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group, 2- (C1- C6) al koxycar bonyl or (C2- Co6) al kenyl oxycar bonyl - 2-
am noet hyl group, 2- ( Cl1- C6) al koxycar bonyl (C2-Co)
al kenyl oxyal koxycar bonyl - 2- ( C1- ijmﬂulﬂ ﬂﬁlﬂ group, 2, 3-
di hydr oxypropyl group, 2-hydroxy noet hyl group or _
(C1-C20) acyl am noet hyl group; and * h t'he general fornula (1) is

hydr oxynmet hyl group or acyl oxynet hyl group of 1-20 carbon atons. 8.
The pharnaceutical conposition of any one of clainms 1-7, wherein the

compound shown as thpugene};moﬁ}orgwﬁla ofl & gr@ﬂp derived thél)eflrbm, group shown

as -CH2-X-Y is -CH2-S- CH2- CH( OH) - OH and Z 1 s - CH20COCH3, (rn)
the group shpwnidiso- mpxowmmm@mylsg@ma @hi chomay NNTECHE QRJIOTS s

- CH2OCOCH3, (J11) the group shown as -CH2-X-Y is

- CH2- S- CHo- Rl eisecHs and Z is - CH2OH, (1V) the group shown as

oroun shown & Coplie pRGREEIA ettty TABEE wanthd

(V1) the gr C&'?kﬁ ﬁ'ﬂ%’ Bon( &X3KsBdf Y in the
pyri di no- 2- ygﬁt%talﬁ'gm gﬁ_t(l]rglz é’rodpsha VIl iLS.ﬁt ﬁgrg_r oup shown as -CH2-X-Y

is - CH2- S-G@eﬁmmmawﬂq@cm and Z is - COOH, (M) the group
shown as -CH2-X-Y is - CH2- S CH2- CH( COOCH2- CH=CH2) NH%Z
(I1X) the group showhilas - @arbpayl grourCH?-&&ceEP dertmdHf Wy afss

] 839_*5_ &;C&é@%{f yst B on ”ﬁn&,, R J@@&g&ért}ggﬁ o2 Por® RPN A Rbon-ras 1l is
e orp- BV wﬁ&ﬁlﬁbkata?@yﬁ%ﬁom }?y?iroﬁﬂza%mx 'afl alkyl group having

- CH2- S
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 L
(iii) hydroxy group or a group derived therefrom, shown as
-0R,; B, is a hydrogen atom, a hydrocarbon residue having -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 (1)
is Z—carboxy-Z—amihoethyl group, Z~carbox:;r—2—(Cl-—'CZO)acylaminoe'thyl o
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- COOCH3, (XI'l') the group shown as -CH2-X-Y.i_s
-CH2- S- CH2- CH2- NHCOCH3 and Z is - XIII) the group shown as

_CH2-X-Y i s - CH2- O CH2- CH( OH) - CH2 ﬂw Hmnumﬁgui
3-di -substituted cyel opent anone dgﬂ! ; | ted by the foI | owi ng

general formula (1) [err]
wherein Xis 0, S, SO SG2, or NH Yis a hydrocar bon resi due havi ng
1-6 carbon atonms, which is substituted or unsubstituted, and having the

shol o ol eoulgupre! 0BL(Of-ob) FRCATedBayT {1 T CIUILE) oy TEXYGBBBYPZL O

2 hetero atons I'n the ring e residue is a cyclic group

i s carboxyl gnm@pthyal grougp@lqr,r ved zﬂe&eﬂe)@hk@{ycanb@iylphat Tory hydr()@hrCBc)n
resi due havi nﬁ carbon atons which is substituted or unsubstituted,

or a phar mac iY @X}T@kaﬂmﬂbmle%@ﬂlr%%%bﬁml@@ﬁﬁé’dt t ha&TOMPy s an 253~

unsubstitute drocar bo resi du -G carbon atons o n al dehyde

group when (ilhyydg‘g XY RES Bﬂ gﬁ%ﬂp’zeq Bygﬁ’ﬁﬁﬁy or8TOER wﬁeaﬂnmﬁeﬁlﬁ &gégPég or

- SG2- Ph, thatg SO2- CH3, and that ‘the conpoud
Cﬁe genera e\ff'ﬁfpmﬁ I?(I aﬁd

represented ) I's (1R, 25)-2- [ (2R -(2-
acet yl am no- 2 car boxyth elténg‘ehéml fomiuly! (B QSQWHTQMeQﬂFDtg@UWEUrbOXW ic

acid (cystacyclin)).
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,-§- CHZ-CH(COOH)NHCOCH;, and
Z is -CH,0COCH;,
(111) the group shown as -CHZ—X-Y is -CHZ—S CH,- CH(COOH)NHCOCH3 and
Z is -CH,0H,
(IV) the group shown as -CHZ—X-Y is —CHz S-CHZ CH,- 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~ CH2-011(0000113 YNHCOCH,
and Z is ~COOH,
(VIII) the group shown as "CHg"'X"’Y is -CH2 --CHz CH(COOCH,-
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)NHCOCﬂs and
Z is ~COOCH,,
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10. The conpound or the pharmacol ogically acceptable salt thereof of
~claim9, wherein Xis 0 or S. 11. The conpound or the pharmacol ogically
acceptabl e salt thereof of cl m ein Y in the general formula
. (') is an al kyl group havi ngl mwluﬂmmﬂ[m ch has at | east one
substituent selected fromthe yrduptcohsidti’ng of (i) carboxyl
group or a group derived thereof, -(i1) amno group or a group
derived thereof, and (iii) hydroxy group or a group derived
therefrom or pyri {¥n9 tQsup shBs ad-SHPRLY GsCUR, hORR CHPNHETH; WRd 1 fait ed.
12. The conpound or the pharmacol ogital ly acceptable salt thereof of
any one of ciC800M;,9-11, wherein the substitutent on the al kyl group having
1-6 carbon atons of,_Y in the general forpula (I) is i
car boxyl " group or e(XéIM&ed@nqupe‘zhowne%r@lbnﬂénmCHa-sg-Cldaoﬁiz'&h‘e)iO(‘iﬂs aded or
-NR3R4; R2 i% %g&%ﬂrgﬁen atom or a hydrocarbon residue having 1-6 carbon
atons; R3 a e nhydrogen atons, al kyl groups having 1-6 carbon atons

or acyl groups havi 4 i ti ety w-CH - i m no
aroup. or a gt oup. detry Bl His BRORP ShOERS CRART\LE B -cChy - CHOY GO and T 0
atons, al kylz ggoumﬁ()mavi ng 1-6 carbon atons or acyl groups having 1-20 :
carbon atons respectively, (i) hydr oxy group or a group derived
therefrom $hown as 2,3 -:suhﬁtitntedbydlmﬂmerdeaimwecepmntatgﬁﬁhe-
having 1-6 ca E)on, atons or an ai%l aroup havi ng 1-20 carbon atons; and

car boxyl (f@éa o#ing genarglatommidd (Herefromin z of the general formula (1)
is the group shown as -COR8 or -CH20R9; and R8 is independently sanme as Ri;
RO is H an al kyl group having 1-6 carbon atoms or an acyl group having 1-20
carbon atons. 13. The conpound @r the pharmacol ogically acceptabl e salt
thereof of any one of clains 9-12 erein Zin the general formula (1) is

-car boxyl group, an al koxycar bonyl w PR

aYing 1-6 c@fpon atonms,.

hydr oxymet hyl _ group or 2 cyl oxymet-hyl - group havi ng 1-20 carbon
atons. 14. The conpound or the pWarmacol ogical |y acceptable salt
‘thereof of claim9, wherein the conpound shown as the general fornula (1)
i S; (1) the group shown as -CH2-X-Y is -CH2-S-CH2- CH(OH) - CH2OH and

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

'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 7 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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I s - CHOCOCHS, (1) the group shown as -CH2-X-Y is

- CH2- S- CH2- CH( COOH) NHCOCH3 and Z is - CHR (1) the group
shown as -CH2-X-Y is -CH2- S—CHZM“EW nd Zis -CH2OH, _
(I'V) the group shown as - CH2- X- 2- NHCOCH3 and Z is

- CH20OCQOCH3, (V) the group Shown as -CHZ X-Y is -CH2-S- CH2- CH2- CH
and Z is - CH20OCOCHS, (VI) the group shown as -CH2-X-Y is -CH2-S-
[ 3-(COOCH3) - pyridino-2-yl] and Zis -CH2OH, (VIl) the group

shown as - CHGX-Y iThe éétobndios- ﬁﬂé( Wmilga%ﬂd #abls sal®ereof of
(VI11) the group shome/;1 as -C2-X-Y is -C2-S CH%OOCHZ CH=CH2

) NHCOCH3 andclaims9; aberein X is 0 of1X) the group shown as -CH2-X-Y is

- CH2- S- CH2- COOH) NHCOCH3 d Z - t t I
(X) the grou (shoM@scomﬂgg@Y tléspma®1@(s§3( P ooy m% 'n)@f of

NIRRT ST AT
Gpoxyis lGEg 0%9—1?5%11 Bag, & Pebs{%tne subst] fudn¥lsell dctotel @it shgpn as

77 ddnsisting o€t hod for the production of a 2,3-di-substituted
cycl opent anone deriyvative represented by the follow ng general formula
(la) [err] (i) carboxyl group or a group derived thereoi?d a)

(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 (I) is
(i) carboxyl group or a group demved therefrom, shown as
~COR,; R, is -OB, or -NR;R,; B, is a hydrogen atom ora hydrocarbon 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 respectlvely,
| (ii)  amino group or a group derived therefrom, shown as ~NBsRs;
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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( wherein X2 is S, Oor NH, and-Y and Z are the sane described above) or a
phar macol ogi cal | y acceptabl e salt thereof characterized by reacting a
reactive derivative of 2- hydrgwmgmﬁuﬂjﬂlun t he 2- hydr oxynet hyl -
3-substituted cycl opent anone ral formula (11) [err]

(rr) ( wherein Z' is sane as and", when* 2 has functi onal group ,the
functional group nay be protected when necessary) (1-carbonyl group may be
prot ected when necessary) (hereinafter referred to as nerely the reactive

derivative ) gnouph orhan mﬂ)oxmxéthyb\gnom hahingf ¢+Zbwvargpgebensal fornula (111)
HX2-Y (V\hereln X2 and Y are sane ats: defi ned

above) and rdfovi ngThe @ommundgoxgthmp &mnomgd@@blarrgzccep@able saife thanerd @
described in Ial 54 wher |nthes react&bnlsc r'ei ed ou{‘| n_an inert
organi ¢ sol v& @1"5[‘&’aw Gidlr %F%‘mﬁ’@fl LRSS ﬁ ggﬂgr éomlﬁl Uﬁ&r nt of

t he said sol vent - - The
nmet hod for the prodl(Jc%lon u@r l}?‘“& ?’Sn g{{ y. Y 1% CH?M'(EH Oél g%dcg
reactive der ijyat(ly@COCH, t he conpound shown as the foI | owi ng general forrrul ae

(1V) (V), (M) or (M3 [err]
(I1) the group shown as -CH,~X-Y is -CHZ S—CHZ-CH(COOH)NHCOCHa and.

Z is -CH,0COCH,, . .
(I11) the group shown as —CHZ-X-Y is -CHZ -5~ 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 ~8- [ 3 (COOCH;,)-
pyridino-2-yl) and Z is -CH,0H, _

(VII) the group shown as ~CH,-%-Y is ~Ch,=S-Ch cn(co.oc'n3 )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 —CHZ-X-_Y is ':CHZ"S"CHZ‘CH['NHCOCH3 and 7 is
-COOCH,, :
(X11) the group shown as ~CH,-X-Y is ~CH,-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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. (wherein R10 is a hydrocarbon restdue having 1-10 carbon atons; and Z' is

"the sane as Z and when Z' has f l_group ,the functional group nay be
prot ected when necessary). 18. Immgﬁ ﬂﬂ &ﬂ he production of a (1R,
2S)-2- [(2R)-(2-protected or unpfe - car boxy) et hyl t hi 0]

met hyl - 3- oxo- 1- cycl opent ane- carboxylic aci or an al kyl ester thereof or a-

- pharmacol ogi cally acceptable salt thereof characterized by reacting
N- pr ot ect ed- :x cysteine with a (2S, SRQ- 3-car boxy- 2-sul fonyl nethyl -
cycl opent anod@. der i dateithed Sorythe produnbi agerfen &) 3-ddrsubishitutied)cyptopgutanone

(L) ey CRGELCTHS epr SRt RS RS e Sl 15 on 2o

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 (I11)

. (11)

( wherein I’ is same as 7, and swhen 7’ has ft_mdtiohal group , the -fux_lctional
group may be protected vhen necessary) (1-carbonyl group may be prof_ected 3
when necessary) (hereinafter. referred to as merely the reactive
derivative ) with the compound shown as the following general formula (111)

HX,-Y S

- (Wherein X, and Y are same._a.s' defined above) and removing protecting group
when necessary. .- ' : :

16. The method described in claim 15, vherein the said reaét'ion is
carried out in an inert organic solvent at a temperature between 0°C and
the boiling point of the said solvent. | '
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be substituted, and, when the residue is substituted, the substituent is
one or a conbination of two or nore nenbers—-sel-eeted fromthe group

consi sting of hal ogen atons, nit roup, hydroxy group, an no
group, carboxyl. group, an al koxyﬂmﬂmmuﬂgga{‘ﬁvi ng 1-9 carbon atons, and
an aryl group and these substituent amay ted when the substituent
is a functional group), a salt thereof, or an alkyl ester thereof, or

(1R) - 2- net hyl i dene- 3- oxo- 1- cyclopentanecarboxyl ic acid shown as the
general fordWla (VThe Enetludd for the production described in claim 15 ¢tv1§, vhereina
salt thereof or an alk ester thereof, and re Vi ng tg pgﬁiectlve r,oup
when necess&h¢ Sal@f‘eac wezdegm‘reiuggﬂltdlatc@mpwé gm@aﬁ p S0 L1 BERRI A own

as the general or ’ (ﬂ/) OI‘(WI)I)Or (V) Jerr]

80 PBrmd 136 T, _ W
&\- Aeso
z'

(V) | : : (.v'_)-':

. g_/R.IO | © E /é)\
8 - é/\o b R10
z E

(V1) : (V)
(wherein R, is a hydrocarbon residue having 1-10'carbc')n 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)-(2-protected
or unprotected amino-Z-carboxy)ethylthiol methyl-3-oxo—1-cyclopentane-'
carboxylic acid or an alkyl ester thereof or a pharmacologically acéepi;able
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

a‘)/\ _Rio |
s, (D)

%OOH

(wherein B, is an hydrocarbon residue having 1to 9 éarbon atoms which may

79



(wherein R10 is a hydrocarbon residue having 1-10 car bon atons; and Z' is
sane as Z and a functional group thereini's protected when necessary)

(except that Z° is COOH or CIEK}B rmula (V),- and that Z
is COOH or COOCH3 and R10 is neth l!]m‘@ﬁﬁ@“ l Fue general formula (Vl1)).
20. A (2S, 3R)-3-protected hydr -t hi'onet hyl cycl opent anone

derivative shown as the general fornula (XI) [err]

(XI) (wherein R11 is protective group of hydroxy group and R10 has t he
same meani ng bassuhsttit fetedabands) when thﬂer&%ﬂdﬂetﬂﬁesﬁsﬁlmteﬂl the sukstabeanteisit or
of differentiation of nequrons characterized b conpr sin clopentanone
derivative WMHENORaS GAUOLBALIONOAE EHH T MRl %Q&B@%

2ccel er at 1 on COReliik el be YRR MBS °§ﬁe%o§afé@%§€9@am§§b§% dinino
accept abl e sairbup N@aeRéxyASgAtpaCi ¥ekdYeARHnG M 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) |

g o

“cooH
or a salt thereof or an alkyl ester thereof, and removing the protective
group when necessary.

19. A 2,3-Disubstituted cyclopentanone derivative shown as the general
formula (1), (V), (VI) or (VII) '

A
0" R10
Z'. . Z!" .
() S (vy-'
- N
é/.\o”g R10
Z'
(vi :
) (Vi)
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T

(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) ‘

)

"SR10 (X1)

(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.

81



v e a0

ABSTRACT _
The present invention relates to a combound represented by
the following general formula (1) '

: ii X,Y ‘

Z .

(vherein X represents 0, S, §0, §0;, or NH, ¥ is a substituted or
unsubstituted'hydiocarbon residue containing 1 through 6 carbon
atoms and having an overall molecular weight of not less than 15
and not more than 400, and the hydrocarbon_résidue, when the
residue is ring, may contain one or two hetero-atoms in the ring,
and 7 is a carboxyl group , a group derived therefrom or an
aliphatic hydrocarbon residue having from 1 to 4 carbon atoms which
may be substituted or unsabstituted ) or a pharmacologically -
acceptable salt thereof (excluding (IR,28)-2- C (2R)-(2-acetyl- -
anino-2-carboxyethyl) - £hiomethyl } -3-ox0-1-cyclopentane-.
carboxylic acid {(cystacyclin)), a method for production thereof
and a medicinal use thereof.  The compound of the present
invention is useful as a neuron'differentiation accelerator.



